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Oz

Bingol ili Binkap sicak su kaynaklarindan izole edilen bakteriler karakterize edilerek, bunlara ait endiistriyel
alanda 6nem arz eden proteaz ve amilaz gibi enzimleri iizerinde ¢aligmalar yapilmistir. Bu g¢aligmada su ve toprak
orneklerinden iki bakteri susu izole edildi. Bu bakterilerin ¢esitli biyokimyasal testleri ile morfolojik ve fizyolojik
analizleri yapildi. izole edilen 4NK bakterisinin gubuk seklinde Gram pozitif oldugu, SNK bakterisinin de Gram pozitif
ve gubuk seklinde oldugu belirlenmistir. Izole edilmis bu iki bakteri igin optimum pH degerinin 6.0 oldugu tespit edildi.
Optimum iireme sicakliklari ise sirasiyla 40 ve 45 °C olarak belirlenmistir. izole edilen bakterilerin optimum kosullar:
belirlendikten sonra bunlarin iirettikleri enzimlerin optimum kosullar1 belirlendi. Buna gore 4NK bakterisinin proteaz ve
amilaz enzimlerini {iretim agisindan optimum siireleri sirastyla 18. saatte (195.80 U mg™) ve 15. saatte (428.33 U mg™)
oldugu belirlenmistir. Proteaz ve amilaz enzimlerinin optimum pH’s1 8.0, optimum sicakliklari sirastyla 40-50 °C ve 50-
60 °C olarak bulunmustur. Ayrica, SNK bakteri varyetesi i¢in proteaz ve amilaz enzimlerini {iretim agisindan optimum
siiresi, proteaz i¢in 260.93 U mglve amilaz igin 380.58 U mglolmak iizere 24. saat olarak belirlenmistir. Proteaz ve
amilaz enzimlerinin optimum pH’lar1 8.0, optimum sicakliklar1 50 °C olarak bulunmustur. izolasyonu yapilan 4NK ve
SNK bakterilerinin 16S rRNA dizi analizi yapilmig, buna gore 4NK bakterisinin Bacillus subtilis tiiriine yakin, SNK
bakterisinin ise Bacillus paralicheniformis tiiriine filogenetik olarak yakin oldugu tespit edilmistir.

Anahtar kelimeler: Amilaz, proteaz, sicak su kaynaklari, enzim, Bacillus

Identification of Bacteria from Bingol Hot Springs and Characterization of
Protease and Amylase

Abstract

Bacteria isolated from Binkap hot spring from Bingol Province were characterised and studies were carried out
on their industrially important enzymes such as protease and amylase. In this study, two bacteria were isolated in the
water and soil samples. Various morphological, physiological and biochemical tests of these bacteria were applied. It was
determined that the isolated 4NK bacteria were Gram positive in the form of rods, and the 5NK bacteria were Gram
positive and rod shaped. It was determined that the optimum pH value for both isolated bacteria was 6.0. Optimum growth
temperatures for 4ANK and 5NK were determined as 40 °C and 45 °C, respectively. After determinaton of the optimum
conditions for the isolated bacteria, the optimum conditions of the enzymes produced were also detected. Accordingly,
the optimum production times of protease and amylase enzymes by 4NK bacteria were determined as 18th hour (195.80
U mg™) and 15th hour (428. U mg), respectively. The optimum pH of protease and amylase enzymes were found to be
8.0, while optimum temperatures were as 40-50 °C and 50-60 °C, respectively. The optimum production time of protease
and amylase enzymes by 5NK bacteria was determined to be 24 hours with activities of 260.93 U mg* for protease and
380.58 U mg*for amylase. The optimum pH of protease and amylase enzymes was determined as 8.0 and their optimum
temperature as 50 °C. 16S rRNA sequence analysis of isolated 4NK and 5NK bacteria was performed and it was
determined 4NK bacteria were close to Bacillus subtilis and 5NK bacteria were phylogenetically close to Bacillus
paralicheniformis.
Keywords: Amylase, protease, enzyme, hot spring, Bacillus
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GIRIS

Mikroorganizmalar, hemen hemen biitiin dogal
habitatlardan ve diger pek c¢ok kaynaktan izole
edilebilirler. Yaygin olarak toprakta saprofit olarak ve
bitki dokiintiilerinin oldugu yerlerde bulunurlar fakat
kutup bolgeleri, sicak su kaynaklari, kaplicalar, tath
su, deniz suyu, ¢0l topraklar1 da bu cinslerin yasam
alanlarindandir (Maugeri ve ark., 2001; Yilmaz,
2002; Ozsahin, 2006). Bacillus tiirleri ¢esitli
kompleks substratlara karst aktivite gosteren g¢ok
saylida ve cesitli hidrolitik enzimler iiretmekte ve
salgilamaktadirlar. Bu nedenle Bacillus cinsindeki
organizmalar, endiistriyel alanda o-amilaz, proteaz,
glukanaz, glukoz izomeraz ve endoniikleaz gibi
enzimlerin iretiminde yaygin sekilde
kullanilmaktadirlar (Uhlig, 1998).

Bakterilerin salgiladig1 ve biyoteknolojik olarak
onemi olan enzimlerden biri amilazlardir. Yapilan
calismalarda ticari olarak ilk kullanilan enzimin
amilaz oldugu belirlenmistir (Giil Giiven, 2011).
Amilaz enzimi nisastayr molekiillerine parcalayan
kuvvetli bir enzimdir. Nisasta molekiiliinii
parcalamasiyla maltoz ve dekstrin molekiilleri
meydana gelir. Endiistriyel alanda 6zellikle Bacillus
cinsi bakteriler tarafindan salgilanan amilaz enzimi
kullanilir. Bu enzim 6zellikle gida endistrisinde
ekmek ve unlu mamullerde kabarma, yumusak iiriin
elde etmede, ekmegin tat ve kalitesini diizeltici
etkilerde bulunur. Tekstil endiistrisinde ipliklerin
saglam olmasi i¢in kullanilir ve kagit endiistrisinde
kagidin nigasta ile kaplanmasi ile kagidi hasarlara
kars1 korur, kagidin sertligini, direncini ve kalitesini
de artirmaktadir. Deterjan endiistrisinde ise; kirliligin
temizlenmesi amaciyla kullanilir. Amilazlar ayrica
tibbi alanda da ila¢g sanayinde kullanilmaktadir
(Kandra, 2003).

Proteaz canlilarda bulunmasi gereken, biiyiime
ve ¢ogalma i¢in 6nemli olan bir enzimdir. Dogada
bitkisel, hayvansal ve bakteriyel kokenli olabilir.
Bunlar arasinda en etkili olanlar bakterilerden elde
edilen proteazlardir. Proteazlar optimum pH araligina
gore notr, alkali ve asidik proteazlar olarak
gruplandirilir. Son zamanlarda arastirmacilar bu
Ozelliginden dolay1 endiistriyel alanlarda kullanilmak
lizere uygun proteazlari iireten mikroorganizmalar
iizerinde calismaktadir (Ozsahin, 2006; Najafi ve
Sariri, 2006). Bacillus’lardan elde edilen proteazlar
endiistrinin  ¢esitli alanlarinda  kullanilmaktadir.
Bunlardan alkali proteazlar 6zellikle deterjan
sanayisinde kullanilmaktadir. Ayrica etlerin

[JPAS

jjpas@@munzur.edu.tr
ISSN: 2149-0910

yumusatilmasi, lekelerin giderilmesi, DNA
teknolojisinde kullanilmaktadir (Ozsahin, 2006).

Bu c¢alismada, Bing6l sicak su kaplicalarindan
alman su ve camur Orneginden bakteri izolasyon
islemi yapilip bakterilerin biyokimyasal, fizyolojik,
morfolojik ve genetik o6zelliklerinin belirlenmesi
tizerine ¢alisilmistir. Tanimlama sonucunda, bu elde
edilen izolatlarin Bacillus subtilis ve Bacillus
paralicheniformis tiiriine ait varyeteler oldugu tespit
edilmistir. Ayrica, amilaz ve proteaz enzimlerinin
tretimi ve enzim karakterizasyonu c¢aligmast
yapilmustir.

MATERYAL VE METOT
Izolasyon Islemi ve Saf Kiiltiir Bakteri Uretimi
Bu calismada Bingdl ilinin Ilisu beldesinin
Binkap kaplicalarindan bakteri izolasyonu yapildi.
Sicak su kaynagindan alinan su ve gamur 6rneklerinin
pH ve sicakligi olciilerek 6rnekler 50 mL’lik steril
siselerde aseptik ortam kosullarinda saklanarak
laboratuar ortamina tagindi. Camur érneklerinden 10
gr alinarak 90 mL steril su ile karistirlarak 107, 102,
103, 104,10 lik diliisyonlar yapilarak 80 °C ‘de 10
dakika boyunca kaynatildi. Orneklerlen 1 mL
almarak Nutrient Agar (NA)’a aktarildi ve 55 °C’de
3-6 giin boyunca inkiibe edildi. Bu siire de bekletilen
mikroorganizmalardan spor olusturabilenler
canliliklarint ~ korurken, spor olusturamayanlar
canliliklarini yitirir. Elde edilen karisik kiiltiirlerden
farkli morfolojik 6zelliklere sahip koloniler secilerek
saf kiiltiir elde etmek i¢in NA ortamina aktarildi ve 55
°C’de gelisen kolonilerin tanimlanmasina yonelik
testler yapildi.

Mikroorganizmalarin Morfolojik,
biyokimyasal Karakterizasyonu

Elde edilen saf kiiltiirlerdeki kolonilerin sekil,
renk, boyut, yiizey ve kenar Ozellikleri incelendi.
Hiicre morfolojileri Gram boyama ve spor boyama
yapilarak 1s1k mikroskobu yardimiyla incelendi.
Secilen izolatin biyokimyasal ozellikleri katalaz,
iireaz aktivitesi, jelatin, nisasta, kazein, kullanim test
edildi. Biitin fizyolojik, biyokimyasal testler ikili
olarak ti¢ defa tekrar edildi.

Farkli morfolojik 6zelliklere sahip izolatlara
kodlar verilerek fizyolojik 6zelliklerinin belirlenmesi
amaciyla optimum iretim kosullar1 belirlendi.
Mikroorganizmalarin gelisimi {izerine inkiibasyon
siiresinin etkisinin aragtiritlmast i¢in elde edilen

Fizyo-
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suslardan 1 mL ayr1 ayr1 alinarak 100 mL Nutrient
Broth (NB) sivi besiyerine inokiile edildi ve 160
rpm’de 55 °C’ de calkalayici su banyosunda 3-48
arasinda inkiibe edildi ve her 3 saatte bir ornek
almarak 600 nm’ de  spektrofotometrede
absorbanslar1 ol¢iildii.

Sicakligin bakteri iiremesine etkisini belirlemek
icin NB s1v1 besiyerine izolatlardan ekim yapilarak
farkli sicakliklarda (20-55 °C) optimum iireme
zamaninda calkalayici su banyosunda inkiibe edildi.
Optimum iireme zamani sonunda 6rneklerden 1 mL
alinarak 600 nm’de spektrofotometrede absorbanslari
olciildii.

Mikroorganizmalarin =~ gelisiminde  pH’nin
etkisini belirlemek i¢in 100 mL NB sivi besiyerleri
farkli pH’da (4.0-11.0) hazirlanarak izolatlardan 1
mL alinarak ayr1 ayri ekim yapildi. Izolasyonu
yapilan mikroorganizmalar optimum sicaklikta ve
optimum {ireme zamaninda 160 rpm’ de inkiibasyon
icin calkalayic1 su banyosunda inkiibe edildi. Daha

sonra optimum pH’nin tespiti icin
spektrofotometrede 600 nm’de absorbans dlgiimleri
yapild1.

Bakterilerin tanimlanmasinda kullanilan diger
bir yontem olan antibiyotik duyarlilig1 disk difiizyon
yontemine gore test edildi. 1zole edilen bakteriler NB
sivi besiyerinde kiiltiire edildi. Gecelik kiiltiirii
hazirlanan bakteriler 5 ml steril %0.9 tuz ¢ozeltisi
kullanilarak toplandi, spektrofotometre kullanilarak
absorbanst 0.5 McFarland bulaniklik standardina
ayarlandi. Bakteriler ayr1 ayr1 NA besiyerine inokiile
edildi ve ortam yiizeyinin kurumasi igin 3-5 dk.
bekletildi. Fucidic acid (10 pg), Chloramphenicol (30
ug), Kanamycin (5 pg), Novobiocin (5 pg), Penicillin
(2, 10 units), Nystatin (100 units), Gentamicin (10
ug), Streptomycin (10 pg), Tilmecocin (15 pg),
Bacitracin (10 unit), Ampicillin (10 pg), Lincomycin
(15 pg), Tetracyclin (30 pg), Neomycin (10 pg)
antibiyotik diskleri kiiltiir yayillan NA iceren
petrilerinin {izerine belirli araliklarla birakildi 2 giin
siireyle inkiibe edildi. inkiibasyon siiresi sonunda
antibiyotik disklerinin etrafinda olusan inhibisyon
zonlar1 mm olarak dl¢iilerek antibiyotik duyarliliklart
degerlendirildi. Tiim deneyler i¢ tekrarli olacak
sekilde yapildi ve standart sapmalar elde edilen
verilerin  aritmetik  ortalamasindan  farklarinin
karelerinin toplamiin verilerin eleman sayisinin bir
eksigine boliimiiniin karekokii seklinde Microsoft
Excel kullanilarak hesaplanmustir.
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16S rRNA Gen Dizi Analizi

Bakterilerin 16S rRNA dizi analizi igin izole
edilen bakterilerin 6rnekleri Ankara Universitesi Gen
Arastirma ve Biyoteknoloji Laboratuar1 REFGEN’e
gonderilmigtir. Elde edilen diziler bir BLAST arama
aract [NCBI: Biyoteknoloji  Ulusal Merkezi
(http://www.ncbi.nlm.nih.gov)] veritabani
kullanilarak karsilastirilch. izole susunun 16SrRNA
dizi ¢oklu sekans hizalama program: kullanilarak
NCBI veritabanindan dizi homolojisi gosteren bir
referans dizisi ile hizalandi. izolat 16S rRNA dizi
verilerine dayanarak EzTaxon sunucusu
(http://www.ezbiocloud.net/eztaxon; Kim ve ark.,
2012) kullanilarak tanimlandi.

a-Amilaz aktivitesi

Bakterilerin  enzim  aktivite  tayinlerinin
yapilmasi i¢in NB s1vi1 besi yeri hazirlandi. Daha 6nce
kiiltiirii hazirlanan bakterilerden 6ze yardimiyla sivi
besi yerine ekim yapildi. Bakterilerin optimum iireme
siiresi ve sicakliginda 24 saat bekletildikten sonra
besiyeri 10 000 rpm’de 5 dakika santrifiij edilerek
siipernatant enzim kaynagi olarak kullanildi. o-
Amilaz aktivitesi Bernfeld (1955)’e gore yapildi. Bu
yonteme gore 100 ulL enzim kaynagi olarak
kullanilan stipernatant ve 200 pL % 0.5’lik nisasta
cozeltisi (pH 7.0) 50 °C‘de 30 dakika inkiibe edildi.
Siire sonunda reaksiyonu durdurmak igin, 400 pL 3,5
dinitro salisilik asit (DNS) ilave edilerek 5 dakika
kaynar su banyosunda bekletildi. Daha sonra 3 mL
distile su ile seyreltme yapilarak spektrofotometre ile
489 nm’de absorbans 6l¢iildii. a-Amilaz i¢cin Unite
Enzim: 1 pmol nisastayr 30 dakikada maltoz
birimlerine parcalayan a-amilaz enzim miktaridir (U

mg™).

Proteaz Aktivitesi

Proteaz aktivitesi Leighton ve ark. (1973) gore
yapildi. Bu yonteme gore 100 pL enzim kaynagi
olarak kullanilan siipernatant ve substrat olarak 500
pL azokazein kullanilarak 50 °C‘de 30 dakika inkiibe
edildi. Siire sonunda reaksiyonu durdurmak igin, 2
mL trikloroasetikasit (TCA) ilave edilerek 4 °C’de 15
dakika bekletildi. Daha sonra santrifiij edildi ve
siipernatanttan 400 plL siiziinti alindi. Alinan st
stvinin tizerine 800 pL 1,8 M NaOH eklendi ve 420
nm’de absorbansi 6l¢iildii. Proteaz icin Unite Enzim:
1 pumol azokazeini 30 dakikada aminoasitlerine
pargalayan proteaz enzim miktaridir (U mg?). Hem
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Sekil 1a. 4ANK’nin gram boyamasi 1b. SNK’nlln gram boyamasi

(1951) gore yapildi. Tiim deneyler ii¢ tekrarli olacak
sekilde yapildi.
Proteaz ve Amilaz Enzimleri Aktivitesine
Zamanin Etkisi

100 mL NB s1v1 besiyerinden (pH 7.0) her birine
1’er mL bakteri ekimi yapild1 ve 3-48 saat siireyle
inkiibasyona birakildi ve her 3 saatte bir Ornek
alinarak 10 000 rpm’de 10 dk. santrifiyj edildi. Elde
edilen siipernatantlarda Bernfeld (1955) yontemine
gore o-amilaz aktivite tayini ve Leighton ve ark.
(1973) gore proteaz enzimi aktivitesi belirlendi.
Proteaz ve Amilaz Aktivitesine
Etkisinin incelenmesi

Enzimlerin aktivitesi iizerine sicakligin etkisini
incelemek i¢in NB s1v1 besi yerinde optimum {iretim
stirelerinde  iiretilen bakteriler santrifiij edilip
stipernatant alindi ve farkli sicakliklarda (20-60 °C)
inkiibe edilerek enzim aktiviteleri belirlendi.

Sicakhi@in

Proteaz ve Amilaz Aktivitesine pH’ min Etkisinin
Incelenmesi

Proteaz ve amilaz aktivitesine pH’ nin etkisini
6lgmek icin NB sivi besi yerinde optimum iiretim
stiresinde iiretilen bakterilerin santrifiijii sonrasinda
elde edilen siipernatant alindi. Proteaz ve amilaz
aktivitesini  belirlemede kullanilan  substratlar
(sirasiyla  azokazein ve nisasta) farklh pH
tamponlarinda [0.1 M sitrik asit (pH 4.0, 5.0, ve 6.0),
0.1 M Tris-HCI (pH 7.0, 8.0 ve 9.0) ve 0.1 M

karbonat/bikarbonat (pH 10.0 ve 11.0) hazirlandi.
Farkli tamponlarda hazirlanan substratlar kullanilarak
enzim aktiviteleri belirlendi.

BULGULAR ve TARTISMA
Bakterilerin izolasyonu
Bing6l’tin  Ilicalar  ilgesinin  sicak  su

kaynaklarindan alinan su Orneklerinden bakteri
izolasyonu yapilarak elde edilen izolatlara 1NK
(normal katidan), 2NK, 3NK, 4NK ve 5NK ve 6D
kodu verilerek gliserol igeren cryotiiplerde -80 °C’de
muhafaza edildi. Bunlardan en iyi iireme gosteren
4NK ve B5NK suslar1 morfolojik, fizyolojik,
biyokimyasal ve 16S rRNA analizlerine gore
karakterize edildi. Ulkemizde c¢ok sayida sicak su
kaynagi bulunmaktadir. Bu c¢alisma, Bingdl ili
Binkap kaplicas1 termofilik bakterilerin gesitliliginin
belirlenmesi agisindan 6nemlidir.

4NK ve SNK izolatlarinin, koloni morfolojisi
incelendiginde yuvarlak, mat ve krem oldugu, 1s1k
mikroskobuyla yapilan hiicre morfoloji
incelemelerine gore Gram pozitif, ¢ubuk seklinde,
hareketli ve sporlu oldugu belirlendi (Sekil 1a, Sekil
1b). Sicak su kaynaklarindan bakteri izolasyonu ile
ilgili yapilan tanimlamalarda genellikle cubuk sekilli,
Gram pozitif, hareketli ve sporlu bakteriler olduklar
belirtilmistir (Kevbrin ve ark., 2005; Poli ve ark.,
2006; Derekova ve ark., 2007).
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Tablo 1: Morfolojik ve fizyo-biyokimyasal ozellikler

ANK 5NK
Hiicre Sekli Cubuk Cubuk
Gram Boyama (+) (+)
Sicaklik (°C) 25-55 25-55
pH 5.0-9.0 5.0-10.0
Katalaz Aktivitesi (+) (+)
Oksidaz aktivitesi (+) (+)
Ureaz Aktivitesi (+) (+)
Sitrataz aktivitesi (+) (+)
Jelatin Hidrolizi ) )
Kazein Hidrolizi (+) (+)
Nisasta Hidrolizi (+) (+)

(+): pozitif, (-): negatif

Yapilan biyokimyasal testlerin sonuglarina gore;  iireaz, sitrataz, jelatin, kazein ve nisasta hidrolizi
4NK ve 5NK suslarinin katalaz aktivitesi, oksidaz, pozitif oldugu Tablo 1’de goriilmektedir.

Tablo 2. 4NK ve 5NK suslarinin antibiyogram sonug¢lar

Antibiyotik adi 4NK (zon ¢ap1 mm) 5SNK (zon ¢ap1 mm)
Lincomycin (15 pg) 19+1.4 10£2.8
Penicilin (2 unit) 6+2.8 9+1.4
Bacitracin (10 unit) 11.5£0.7 9.5+2.1
Ampicillin (10 pg) 16+1.4 13+1.4
Tilmecosin (15 ug) 20.543.5 14.540.7
Chloramphenicol (30 pg) 22.5+0.7 12.540.7
Kanamycin (5 pg) 13.5+0.7 28+2.8
Streptomycin (10 pg) 15.5+0.7 3114
Novobiocin (5 ug) 11.5+0.7 14+1.4
Gentamicin (10 pg) 14+0.1 28+7.1
Fusidic Asid (10 pg) 17+1.4 13.542.1
Tetracycline (10 pg) 16+1.4 26+1.4
Neomycin (10 ng) 11.5+0.7 20+2.8
Penicilin (10 unit) 11.5+0.7 9+1.4
Nystatin (100 pg) 0 11.5+£0.7

Bakterilerin Antibiyotiklere Kars1 Duyarhhg
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Tablo 2’de elde edilen izolatlarin antibiyogram
sonuclar1 goriilmektedir. 1zole edilen 4NK ve SNK
bakterilerinin antibiyogram sonuglarina gore; 4NK

izolatinin Lincomycin, Tilmecocin,
Chloramphenicol, Ampicilin, Gentamicin,
Tetracyclin, Fucidic acid, ve Streptomycin

antibiyotiklerine duyarli oldugu, Bacitracin, Penicilin
(20 unit), Neomycin ve Novobiocin antibiyotiklerine
yart duyarli oldugu, Peniciline (2 unit) karsi az
duyarli oldugu ve Nystatin antibiyotigine karst
direncli oldugu belirlenmistir.

5NK izolatinin antibiyogram sonuglarina gore;
Kanamycin, Novobiocin, Gentamicin, Fucidic acid
ve Neomycin, antibiyotiklerine duyarli oldugu,
Ampicillin, Tilmecocin, Chloramphenicol,
Streptomycin, Tetracyclin ve Nystatin
antibiyotiklerine yar1 duyarli oldugu, Lincomycin,
Penicillin (2, 10 unit), Bacitracin antibiyotiklerine az
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gostermeleri zamandan tasarruf saglanmasi agisindan
biyoteknolojik uygulamalar i¢cin 6nemlidir.

Sicakligin  izole edilen suslar iizerinde
tiremelerine etkisine bakildiginda 4NK susu 25-50 °C
arasinda (optimum 40 °C), 5NK susu 20-55 °C
arasinda (optimum 45 °C) iireme gosterdigi ve (Sekil
2b). Her iki susun da 1limhi termofil oldugu
gortilmektedir. Dunlap ve ark. (2015) izole ettikleri B.
paralicheniformis’in tireme kosullarin1 15-60 °C ve
pH 6.0-11.0 (optimum pH 7.0-8.0) olarak
belirlemislerdir. Poli ve ark. (2006) izole ettikleri
bakterilerin termofilik oldugunu ve bakterilerin
bliylime sicakligini ve pH’sini sirasiyla 45-55 °C ve
pH 5.0-6.5 olarak bulmuslardir.

Sekil 2¢’de goriildiigii gibi 4NK susu pH 5.0-9.0
arasinda (optimum 6.0), 5NK susu pH 5.0-10.0
arasinda (optimum 6.0) gelisme gostermektedir
(Sekil 2¢). Her iki susun da genis pH araliginda tireme

duyarli oldugu belirlenmistir. Elde ettigimiz 4NK ve  gostermeleri  biyoteknolojik — alanlarda  avantaj
S5NK suslarinin zamana bagli ilireme grafigine saglamaktadir.
bakildiginda (Sekil 2a) maksimum iiremenin 24.
saatte elde edildigi goriilmektedir. Kisa siirede iireme
15 ——iNK —o—3NK ’5 _ _ ’5
, ’ —o—iNK —=3NK ” ——4NK  —o—5NK
E' 2 2
15 A f
=5 -
3 ald o151
5! € g,
00,5 g g
05 0,5 |
0
36 9 121518 M 30 3% 48 0 : - 0——
Zaman (saat) 0013 30 ¥ 40 £ N 5 40 50 60 7.0 80 9.0 10.0 1L0
Sicakhk (°C) H
a b C

Sekil 2a. 4NK ve 5NK suslarinin zamana baglh tireme grafigi, 2b. 4NK ve 5NK suglarinin sicakliga baglh tireme
grafigi, 2c. 4NK ve 5NK suslarinin pH’ya bagl iireme grafigi

16S rRNA Dizi Analizi

16S rRNA dizi analizi sonuglarina gore elde
edilen izolatlardan 4NK susunun Bacillaceae
familyasina ait B. subtilis, 5NK susunun ise B.
paralicheniformis tiirene yakin oldugu belirlenmistir
(Sekil 3). B. paralicheniformis Gram (+), fakiiltatif
anaerob, hareketli ve endospor olusturan B.
licheniformis ve B. sonorensis’e filogenetik olarak
yakin olan bir tiirdiir.

B. paralicheniformis biyoteknoloji endiistrisinde
enzimler, antibiyotikler, biyokimyasallar ve tiiketici
tiriinleri liretmek icin kullanilmaktadir (Rey ve ark.,
2004; Dunlap ve ark., 2015; Du ve ark. 2019). Bu
calismada izole edilen SNK  susunun B.
paralicheniformis’e benzerlik gostermesi bu susun
biyoteknolojik alanlarda kullanilma potansiyelini
gostermektedir.
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Bacillus paralicheniformisNR137421
6D2-1

5NK10-2

6D2

0.002

|
| 4NK-10-2

Bacillus subtilisKX950748

Sekil 3: 16S rRNA analizine gore filogenetik agac

Proteaz ve Amilaz Enzimleri Aktivitesine
Zamanin Etkisi

Sekil 4a’da goriildiigii gibi 4NK ve 5NK
suslarinin amilaz aktivitesi 9. saatten itibaren hizla
artmis 4NK i¢in amilaz aktivitesi 15. saatte (428.33 U
mg?), SNK igin 18. Saatte (380.58 U mg?)
maksimum degere ulagmis, daha sonra yavas yavas
azalmustir.

Sekil 4b’de goriildiigii gibi proteaz aktivitesi
4NK ve 5NK suslari icin 3. saatten itibaren yavas
yavas artmis 4NK i¢in 195.80 U mg? ve SNK igin
260.93 U mg* olarak 24. saatte maksimum degere

—p—4NK amilaz =—o—5NK amilaz

W L tn
2 8 8

g

Fnzim Aktivitesi (Umg?)
[ & ]

=

32 6 9 12 15 18 24 36 48
Zaman (saat)

da

ulasmigtir. 24. Saatten sonra proteaz aktivitesi
azalmaya baglamstir.

Her iki sus i¢in de hem amilaz hem de proteaz iiretimi
maksimum iretim gerceklestikten sonra
azalmaktadir. Her iki sus i¢cin de amilaz ve proteaz
enzimlerinin  sentezinin artis1  bakteri iireme
fazlarindan logaritmik fazin sonuna denk geldigi
goriilmektedir.

Enzim  dretiminin, besiyerindeki  diger
bilesenlerle etkilesime girmesi, pH'In degismesi ve
mikroorganizmaya yararli besinlerin tiiketilmesi
nedeniyle azaldigi disiiniilmektedir (Matpan Bekler
ve ark., 2020).

fad
=

—o—4NK proteaz —o—5SNK proteaz

E

g2 3

Enzim aktivitesi (Umg?)
tn
[==]

=

3 6 9 12 15 18 24 36 48
Zaman (saat)

b

Sekil 4a. 4NK ve SNK suslarinin a-Amilaz aktivitesine zamanin etkisi, 4b. 4NK ve 5NK suslarinin proteaz aktivitesine
zamanin etkisi

Proteaz ve Amilaz Enzim Aktivitesine
Sicakhigin Etkisi

Sekil 5a’da gorildiigi gibi 4NK ve S5NK
suslarmin sicakliga bagl amilaz aktivitesi 20 °C’de
artmaya baglamig, 4NK susu i¢in 40-50 °C’de, SNK

susu i¢in 50-60 °C’de optimum degere ulasmis ve
bundan sonra ise azalmaya baglamistir. Kiran ve
Comlekgioglu (2003), termofilik Bacillus sp. K-
12°nin amilaz lretimi {izerinde yaptiklar1 ¢alismada
enzimin optimum sicakhigmm 42 °C olarak
bulmusglardir. Raul ve ark. (2014), maksimum a-
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amilaz aktivitesini 40 °C’de, Cordeiro ve ark. (2002)
50 °C’de bulmuglardir. Sonuglar incelendiginde,
enzimin Ozellikle fermantasyon sonucu enzimleri
inaktif hale getirmek i¢in yapilan pastdrizasyon i¢in
gerekli sicakliklarda da aktivite gosterebildiginden
(Stamford ve ark., 2001) gida isleme ve geleneksel

—g—4NK amilaz —o—5NK amiaz

110 -

g
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80 -
70
60 -

50 T T T T ]

20 30 40 50 60
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bira iretimi gibi g¢esitli endiistriyel alanlarda
kullanilabilecek 6zellikte oldugu goriilmektedir.
Sekil 5b’de goriildiigii gibi proteaz aktivitesi ise
4NK susunda 30 °C’den itibaren SNK susunda 20
°C’de artmaya baslamig, 4NK susu i¢cin 60 °C’de,
5NK susu i¢in 50 °C’de optimum degere ulagmistir.

—o—4NK proteaz ——o—5NK proteaz

=
S 858
[

80 -

Relatif aktivite (%)

50 T T T T ]

20 30 40 S0 60
Swcakhlk (°C)

b

Sekil 5a. 4NK ve 5NK susglarinin a-Amilaz aktivitesine sicakligin etkisi, 5b. 4NK ve 5NK suglarinin proteaz
aktivitesine sicakligin etkisi

Gupta ve ark. (2002) Bacillus tiirleriyle
yaptiklar1 ¢caligmada maksimum proteaz aktivitesini
60 °C, Arulmani ve ark. (2007), B. laterosporus’dan
serin proteaz aktivitesinin optimum sicakligini 75 °C,
Park ve ark. (2003), Bacillus cinsi (B. subtillis, B.
aeromonas, B. hyrophila, B. amyloliquefaciens)
bakterilerinden elde ettigi proteaz aktivitesinin
optimum sicakligini 40-70 °C, B. licheniformis
DV3’ten (Matpan Bekler ve ark., 2015a) elde edilen
proteazin optimum sicakligin1 50 °C, Anoxybacillus
sp. KP1’den (Matpan Bekler ve ark., 2015b) elde
edilen proteazin optimum sicakligimi 50 °C
bulmustur. Bu c¢alismadaki iki izolattan elde edilen
proteazin maksimum aktivite gosterdigi sicakliklar
camasir deterjan1 formiilasyonlart gibi endiistriyel
uygulamalarda kullanmak i¢in avantajli olabilir.

Proteaz ve Amilaz Enzim Aktivitelerine
pH’nin Etkisi
Sekil 6a’da goriildiigi gibi 4NK ve SNK suslarinin
amilaz aktivitesi genis pH (4.0-11.0) araliginda
aktivite gostermektedir. 4NK ve SNK suslar1 i¢in pH
8.0’de maksimum amilaz aktivitesi elde edilmistir.
Daha o6nce yapilan ¢aligmalarda, Mamo ve Gessesse

(1999) pH 5.5-9.0, Conderio ve ark. (2002) pH 7.5,
Arikan ve ark. (2003) o-amilazin alkalin pH
degerinde (9.5-13.0), Behal ve ark. (2006) pH 7.0-
10.0, Liu ve Xu (2008) pH 4.5-11.0 ve Raul ve ark.
(2014) pH 7.1, Ahmetoglu ve ark. (2015) maksimum
amilaz aktivitesini pH 7.0’de elde etmislerdir. Bu iki
sustan elde edilen amilazin gdstermis oldugu pH
profili, nétraliteye yakin bir pH araliginda
gerceklestirilecek endiistriyel proseslerdeki
uygulamalarda kullanilabilecegini gostermektedir.
Sekil 6b’de goriildiigii 4NK ve SNK suslarimin
proteaz aktivitesi ise pH 4.0’ten itibaren artmaya
baglamis pH 8.0’de optimum degere ulagmis daha
sonra yavas yavas azalmaya baslamustir. Onceki
calismalarda Bacillus stearothermophilus (Sookkheo
ve ark., 2000), Bacillus mojavensis (Gupta ve ark.,
2002), B.subtillis, B.aeromonas, B.hyrophila,
B.amyloliquefaciens (Park ve ark., 2003), tarafindan
sentezlenen  proteaz  enziminin  maksimum
aktivitesinin pH 8.0 oldugu belirtilmistir. Hem 4NK
hem de SNK’dan elde edilen proteazin genis pH’da
aktivite gostermesi deterjanlarda, deri islemede veya
daha yiliksek pH'da diger uygulamalarda katki
maddesi olarak kullanilabilecegini gdstermektedir.
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Sekil 6a. 4NK ve SNK suslarinin a-amilaz aktivitesine pH’nin etkisi, 6b. 4NK ve SNK suslarinin proteaz aktivitesine
pH’ nin etkisi

SONUC

Sonug olarak biyoteknolojik agidan 6nemli olan
enzimler T{zerine incelemeler yapilmis bunun
sonucunda enzimlerin optimum  kosullar
belirlenmistir. Endiistrinin birgok alaninda kullanilan
amilaz ve proteaz enzimleri iizerine yapilan bu
aragtirmanin  biyoteknolojide  kullanilabilecegini
gostermektedir.
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Oz

Bu ¢aligmada, disi Salmo trutta macrostigma’nin kas dokusunun yag asidi bilesiminin mevsime bagh degisimleri
arastirllmistir. Disi baliklarin kas dokusu total lipit yag asidi igerikleri; standart kullanilarak, gaz kromatografi ile
belirlenmistir. S. trutta macrostigma nin toplam lipit igerigi yil icinde % 1,44-1,90 arasinda degismistir. S. trutta
macrostigma’nin bilesiminde toplam 18 farkli yag asidi belirlenmistir. Palmitik asit her mevsimde baslica doymus yag
asidi olarak bulunmustur. Oleik asit biitiin mevsimlerde baslica tekli doymamis yag asidi (MUFA) olarak bulunmustur
(%16,47-24,13). Dokosahekzaenoik asit-DHA (22:6 n-3), linolenik asit (18:3 n-3), linoleik asit (18:2 n-6) ve
eikosapentaenoik asit-EPA (20:5 n-3) ¢oklu doymamus yag asitleri (PUFA) arasinda en baskin olanlaridir.

Disi kas dokusundan ekstrakte edilen total lipitlerde SFA % 29,26- 35,75, MUFA % 22,17-37,48 arasinda
degismistir. PUFA yiizdesi, % 31,36-43,83 arasinda bulunmustur.
Genel olarak n-3 yag asitleri yilizdeleri, n-6 yag asitleri yiizdelerinden daha yiiksek belirlenmistir. Tiim mevsimlerde kas
dokusundaki toplam lipitlerde PUFA iginde EPA (% 6,41-9,70) ve DHA (% 7,27-22,55) olmustur. Calismada, baligin
kas toplam lipitlerinde n-3/n-6 orani; 2,79 - 5,34 arasinda tespit edilmistir. Disi S. trutta macrostigma’nin kas dokusunda
yag asitleri; ireme, sicaklik ve mevsime gore degismistir.

Anahtar Kelimeler: Mevsimsel yag asidi dagilimi, Munzur Nehri, S. trutta macrostigma

Seasonal variation on the fatty acid composition in the muscle tissue of female
Salmo trutta macrostigma (Dumeril, 1858)

Abstract

In this study, seasonal variations on fatty acid composition in muscle tissue of female Salmo trutta
macrostigma was investigated. Fatty acid composition of total lipid have been determined in female muscle
tissues of fishes by gas chromatography using a mixture of standard. The total lipid content varied seasonally
from 1.44 % to 1.90 % in S. trutta macrostigma. Total 18 different fatty acids were determinated. Palmitic
acid was identified as the major saturated fatty acid in all seasons. Oleic acid was the major MUFAs in all
seasons (16.47-24.13%). Docosahexaenoic acid-DHA (22:6 n-3), linolenic acid (18:3 n-3), linoleic acid (18:2
n-6), and eicosapentaenoic acid-EPA (20:5 n-3) were found to be dominant fatty acids in polyunsaturated fatty
acids (PUFAS).

The ZSFA and XMUFA percentages of the total lipid extracted from muscle tissue of female fish

ranged from 29.26 % to 35.75 % and from 22.17 % to 37.48 %, respectively. The ZPUFA percentages was
found between 31.36 % to 43.83 %.
Generally percentages of n-3 fatty acids were determined higher than percentages of n-6 fatty acids. The main
constituents were EPA (6.41-9.70 %) and DHA (7.27-22.55 %) among PUFAs in the total lipid extracted from
muscle tissue of all seasons. In this study, the n-3/n-6 ratio was determined to range from 2.79 to 5.34, for
dorsal muscle in total lipids. The proportions of major fatty acids in tissue of female fish varied depending on
reproduction period, temperature and season.

Key words: Seasonal fatty acid composition, Munzur River, S. trutta macrostigma,
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GIiRiS

S. trutta macrostigma, denizden yiiksekligi
100-150 m ile 2300 m arasinda degisen ve yaz
mevsiminde su sicakhigiin 20°C’ye kadar
yiikselebildigi  habitatlarda  dagilim  gdsterir
(Yiksel ve ark., 2020a, Yiiksel ve ark., 2020Db).
Yumurtlama dénemleri aralik-subat donemleridir.
Bu balik tiirleri karnivordur, besinlerini ¢ogunlukla
akuatik bocekler olusturur.
Bu tiir, lezzetiyle ekonomik bir deger olusturdugu
gibi turizm i¢in de Onemli bir potansiyel
olusturmaktadir.
Basta alabalik olmak tiizere balik eti, besinsel
bilesenlerinin zengin olmasi nedeniyle, insanlarin

hayvansal protein gereksinimlerinin
kargilanmasinda 6nemli besin kaynagidir (Justi ve
ark., 2003). Balik etinin lezzetli olmasi,
yapisindaki  yaglardan ve yag asitlerinden

kaynaklanir (Turan ve ark., 2006). Baliklarin
onemli biyokimyasal bilegenleri olan yaglar, insan
organizmasi icin gerekli Ogelerden biridir
(Akpinar, 1986). Ayrica balik; Onemli bir
hayvansal protein kaynagidir (esansiyel amino
asitler bakimindan zengindir). Proteinler insan
viicudunun geligimi, bilylimesi ve yipranmis
dokularin onarimi i¢in énemlidir (Mohanty, 2015).
Baliklar; selenyum, demir, iyot, kalsiyum, A, D ve
B12 gibi temel vitaminleri ile mineralleri igerir
(Kaya ev ark., 2004; Wine ve ark., 2012). Bu
vitamin ve mineraller; viicudun tiim bolgelerine
oksijen taginmasi i¢in, giiclii kemikler, normal
gbrme ve sinir sistemi i¢in gereklidir. Balik ve
balik yaglari, besin zincirindeki fitoplankton ve
deniz yosunundan kaynaklanan EPA ve DHA gibi
n-3 yag asitlerini igerir (Sushchik ve ark., 2007).
Balik  yaglarinin;  ¢ocukluk  ¢ag1  astimi,
kardiyovaskiiler hastalik, hipertansiyon, Alzheimer
hastalig1 ve duygu durum bozukluklarimi 6nlemeye
yardimer oldugu iddia edilmektedir (Haliloglu,
2001; Haliloglu ve ark., 2002; Aras ve ark., 2003a,
b).

Balik  tiirleri  arasinda;  besinin  bulunup
bulunmamasi, mevsim, ter, cinsiyet, diyet ve yas
gibi faktorlere bagli olarak yag ve yag asidi
bilesiminde degisimler olacagi bir ¢ok arastirici
tarafindan da bildirilmistir (Sargent, 1995; (Shirai
ve ark., 2002; Kaushik ve ark., 2006).
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Lipid ve yag asidi bilesiminin balik dokular
arasinda bile degisiklik gosterdigi bilinmektedir.
Baliklarin insan beslenmesinde kullanilan ana
kismi genellikle kastir. Bu nedenle, dogal
ekosistemlerinde yasayan baliklarin kas ya da diger
dokularm yag asidi profillerinin analizi degerli
bilgiler verebilir (Rodriguez ve ark., 2004).
Tatlisu ve deniz baliklar1 arasinda yag asidi
bilesimi agisindan da farkliliklar vardir. Tath su
baliklar1 genellikle deniz baliklarindan daha diisiik
seviyede n-3 PUFA igerdigi kabul edilir. Ancak
tath su baliklarinda, zincir uzamasi ve
desaturasyon siiregleri deniz baliklarina oranla
daha etkindir. Boylece tatli su baliklar1 besin degeri
yiiksek bir gidaya doniisebilir (Jankowska ve ark.,
2003).

Calismamizda gonad gelisimi ve yumurtlama
nedeniyle biyokimyasal bilesimdeki degisikliklere
daha yatkin oldugundan disi baliklar kullanilmgtir.
Bu alabalik tiirii tiizerinde ¢esitli calismalar
yapilmistir (Giiler ve ark., 2017; Antao-Geraldes
ve ark., 2018; erdem ve ark., 2020; Kagar ve ark.,
2021). Fakat Munzur Nehri’'nden disi S. trutta
macrostigma’nin  kas dokusundaki yag asidi
kompozisyonunun  mevsimsel  degisikliklerin
etkileri hakkinda ¢aligsma yoktur.

Bu c¢alismada; Munzur Nehri’nden toplanan S.
trutta macrostigma’nin kas dokusu yag asitlerinin
mevsimsel igeriginin incelenmesi amaglanmugtir.

MATERYAL ve YONTEM

Bu ¢alismada, disi S. t. macrostigma, Munzur
Nehri’nden kasim 2009 ile eyliil 2010 arasinda iki
ayda bir toplanmistir. Calisma alaninin cografi
koordinatlari: 39° 21" 67” Kuzey ve 39 ° 13" 55"
Dogu.

Ug disi baligin, sirt yiizgegleri ile yan hat (linea
lateral) arasindaki bolgeden deri yiiziildiikten sonra
2 gr kas ornekleri alinmistir. Alinan kas dokusu
kloroform-metanol (2:1 v/v) karisiminda yiiksek
devirli IKA marka (Alman) homojenizatorde Folch
ve ark., (1957) ekstrakte edilmistir. Yag asitleri,
Stanley-Samuelson ve Dadd (1983) tarafindan
aciklanan prosediire transesterifiye edilmistir. Yag
asidi metil esterlerinin ayrilmas: ve miktarlarmin
tayini i¢gin FID dedektorlii gaz kromatografi cihazi
(HP 6890) kullanilmistir. Kromatografik kosullar:
baslangi¢ kolon sicakhigi: 130 °C, bekleme siiresi,
1 dakika; 170 °C’ye 6.5 °C/dakika; 215 °C’ye 2.75
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OC/dakika, bekleme siiresi 12 dakika; 230 °C’ye 40
9C/dakika olacak sekilde programlanmustir.
Dedektor ve enjektdr sicakligr sirastyla: 280 °C ve
270 °C. Helyum, hidrojen ve kuru hava
kullanildi.Yag asitlerinin  alikonma  stireleri,
standart olarak yag asitlerinin metil esterleri
karistmi  (Sigma-Aldrich ~ Chemicals) ile
karsilastirilarak belirlendi. Yag asitleri
ylizdelerinin  karsilagtirllmasinda ~ SPSS 16
bilgisayar programi uygulanmigtir. Yag asidi
yiizdeleri arasindaki farkliliklar tek yonli Anova
ile analiz edildi.

Farkliliklar TUKEY HSD testi ile saptanmistir.
Istatistikler farklar, p<0.05 diizeyinde anlamli
kabul edilmistir.

10.12.2009/ 1 no’lu  karar1 ile Dicle
Universitesi’nden Etik Kurul Onay1 alinmistir.
Calismamizda biitiin  veriler 1ii¢ tekrarin
ortalamasindan elde edilmistir.

BULGULAR VE TARTISMA

Disi alabaliklarin lipid igerigi Tablo 1'de
sunulmustur. Disi S. trutta macrostigma nin total
lipit icerigi sirasiyla kasim, ocak, nisan, haziran,
temmuz ve ekim aylarinda; %1,44, %1,79, %1,90,
%1,70, %1,60, %1,90 olarak bulunmustur.
Alabaliklarda lipit oraninin %1,0 ile %4,5 arasinda
oldugu belirtilmistir (Blanchet ve ark., 2005,
Kaushik ve ark., 2006). S. trutta farma fario’nun
dogal olanlarinda %2,80 kiiltiirlerde ise %3,62
olarak belirlenmistir (Erdem 2006). Portekiz’de S.
trutta tizerinde yapilan bir c¢aligmada total lipit
iceriginin dogal olan baliklarda %0,65, kiiltiir olan
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baliklarda ise %1,55 oldugu saptanmistir (Antao-
Geraldes ve ark., 2018).

Ureme déneminde lipitler ve proteinler kastan
gonadlara aktarilir (Love, 1970). Ayrica baliklarin
enerji kaynagi olarak karbonhidratlardan ziyade
lipidleri tercih ettikleri ve cinsel olgunlagsma
sirasinda bunlara ihtiya¢ duyduklart bilinmektedir
(Bayir ve ark., 2010).

Total lipit oraninin {ireme zamanindan,

sicaklik ve mevsim ve besin miktarindan
etkilendigi bilinmektedir.
Disi baliklarin kas dokusunda tiim mevsimlerde;
16:0 ve 18:0, 18:1n-9 ve 16:1n-7, 22:6n-3 ve
20:5n-3 en fazla tespit edilen yag asitleridir.
Alabaliklarin  ZSFA  degerleri  %29,26-35,75
arasinda bulunmustur. XSFA’larin ¢ogunu 16:0
(%19,85-24,99) yag asidi olusturmaktadir. Bu
caligmada digi alabaligin kas dokusunda ana SFA
olarak 16:0’dir. Doymus yag asitleri icinde en fazla
bulunan yag asidi, 16:0’dan sonra 18:0 (%4,95-
5,78)’dir.

Alabaliklarin EMUFA miktar1 %22,17 (Nisan)-
%37,48 (Haziran), olarak tespit edilmistir.
MUPFA’lar igerisinde; 18:1n-9 (%16.47-24.13) ve
16:1n-7 (%3.43-8.85) yiizde dagilimda en fazla
bulunan yag asitleri olmustur. Alabaliklarin
Y>PUFA miktar %31.36 (Haziran)-%47.23
(Nisan), arasinda oldugu belirlenmistir. Nisan
aymda, 22:6n-3 ve 20:5n-3 ve XPUFA oraninin en
fazla oldugu belirlenmistir. EPA ve DHA miktar1
%6.41-9.70, %7.27-22.55 arasinda bulunmustur.
N-3/n-6 orani da, 2.79 (Ekim)-5.34 (Nisan) olarak
belirlenmistir.

Tablo 1. Disi S. trutta macrostigma’nin ortalama boy (cm), agirlik (gr) ve yas agirhga gore kas total lipit yiizdeleri

Kasim (2009) Ocak Nisan Haziran Temmuz Ekim
(2010) (2010) (2010) (2010) (2010)

Boy(cm) 25+0.14a 37+0.13b 28+0.08ac 30+0.21¢ 19,4+0.11d 26,3+0.16ac
(ORT=+S.H)
Agirhik (gr) 179+0.44a 578+1.00b 222+0.65¢ 308+0.55d 97,54+0.16¢ 198+0.41a
(ORT+S.H)
Yas agirliga 1,44+0.44a 1,79+0.41b 1,90+0.35b 1,70+0.29b 1,60+0.24ab 1,90+0.54b
gore kastaki
total lipit
%(ORT=S.H)

Ayni satirda ayni harfle belirtilen veriler birbirinden farkli degildir (P>0.05)

Tablo 2. Disi S. trutta macrostigma’nin kasinda bulunan yag asidi yiizdelerinin aylara gore degisimi

Yag Asidi Kasim(2009) Ocak(2010)

Nisan(2010)  Haziran(2010) Temmuz(2010)

Ekim(2010)

12:08 0,62+0.008a  0,16+0.02b

0,21+0.03b

0,26+0.01b 0,49+0.023¢ -
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13:0 - - -

14:0 2,97+0.21a 1,45+0.27b 1,61+0.26b
15:0 1,03+0.04a 0,46+0.05b 0,36+0.06b
16:0 24,70+0.27a  24,80+0.42a  22,08+0.25b
17:0 1,06+£0.05a 0,52+0.06b 0,49+0.08b
18:0 5,37+0.25a 5,51+£0.29a 5,78+0.35b
XS.F.A™ 35,75+0.82a  32,90+0.63b  30,53+0.70c
16:1 n-7 6,90+0.22a 3,43+0.12b 4,68+0.17¢
18:1n-9 21,75+0.12a  19,43+0.20b  16,47+0.35c
20:1n-9 0,75+0.02a 0,33+0.01b 1,02+0.03a
IM.U.F.A. 29,40+0.62a  23,19+0.48b 22,17+0.43b
18:2 n-6 6,03+0.23a 4,71+0.17b 4,334+0.20b
18:3n-3 6,25+0.10a 3,55+0.15b 3,87+0.11b
20:2 n-6 0,35+0.06a 0,34+0.02a 0,32+0.06a
20:3 n-6 0,43+0.11a 0,47+0.02a 0,42+0.02a
20:4 n-6 1,43+0.24a 2,424+0.09b 2,37+0.15b
20:5n-3 7,10+£0.13a 7,76£0.19a 9,70+0.42b
22:5n-3 2,50+0.08a 3,31+0.06b 3,67+0.19b
22:6 n-3 10,56+0.36a  21,27+0.32b  22,55+0.44b
XP.UF.A 34,65+0.95a 43,83+1.00b 47,23+0.96¢
n-3 26,41+0.40a  35,89+0.67b  39,79+0.58¢
n-6 8,24+0.16a 7,9440.19a 7,44+0.42a
n-3/n-6 3,20 4,52 5,34

0,89+0.03 - -
3,50+0.21¢ 3,15+0.21ac 2,2440.11a
0,16+0.10c 0,1940.04c 0,28+0.07bc
19,85+0.13b  24,99+0.64a 21,16+0.58ab
0,90+0.05a 0,90+0.05a 0,63+0.08ab
5,29+0.21a 5,194+0.32a 4,95+0.31c
30,85+0.92¢  34,91+0.98ab 29,26+.0.66d
8,47+0.31d 8,30+0.43d 8,85+0.29d
24,13+0.53d  19,33+0.54b 23,71+0.87d
4,88+0.09¢ 2,84+0.13d 1,54+0.16ad
37,48+0.87c  30,47+0.65d 34,10+0.98¢cd
4,46+0.12b 3,97+0.30c 6,90+0.35a
6,068+0.12a 6,33+0.22a 9,8040.18¢
0,26+0.03b 0,23£0.05b 0,48+0.13d
0,22+40.12b 0,34+0.03ab 0,26+0.04b
1,38+0.06a 1,854+0.09ab 1,71+0.15ab
6,41+0.25¢ 8,29+0.27ab 6,7340.17¢
2,33+0.08a 2,65+0.12a 2,34+0.11a
9,62+0.91a 10,84+0.39a 7,27+0.33¢
31,36+1.03d  34,50+0.97a 35,49+1.10a
25,04+0.83a  28,11+0.62d 26,14+0.68a
6,32+0.39b 6,39+0.26b 9,35+0.52¢
3,96 4,39 2,79

*Her veri 3 tekrarin ortalamasidir.

§ her satirda ayni1 harflerle belirlenen veriler P>0.05 olasilik diizeyinde birbirinden farkli degildir.

S.H.: Standart hata

Baliklarin kas total lipidindeki doymus yag asitleri,
tekli doymamus yag asitleri ve ¢oklu doymamis yag
asitleri toplammin mevsime bagl olarak farklilik
gosterdigi  gorilmistiir. En fazla bulunan yag
asitleri, SFA’lardan 16:0 ve 18:0, MUFA’lardan
18:1n-9 ve 16:1n-7, PUFA’lardan ise EPA ve
DHA’dir. Bu veri, daha o6nce farkli yerlerden
alinan S. trutta macrostigma ve diger tathi su
baliklarindan elde edilenlere benzer oldugu
gorilmiistir (Aras ve ark., 2003a,b; Akpinar ve
ark., 2009; Cengiz ve ark., 2010; Kagar ve Baghan,
2016). Bu calismada, 16:0 temel SFA olarak
belirlenmistir. Diger baskin SFA'lar her mevsimde
de 18:0°dir. S. trutta macrostigma ile yapilan diger
caligmalarda da benzer sonuglar elde edilmistir
(Akpinar ve ark., 2009; Haliloglu ve ark., 2005).
Portekiz’de yapilan ¢alismada palmitik asit, kiiltiir
baliklarinda dogal baliklarina oranla daha yiiksek
bulunmustur. Diger baskin SFA olan 18:0 ise dogal
alabaliklarinda kiiltiir baliklarina oranla daha
yiiksek oldugu belirlenmistir (Antao-Geraldes ve
ark., 2018).

Total SFA miktarinin kasim aymda en fazla
yiizdede oldugu saptanmistir. LSFA ile 16:0 ve
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18:0 asitleri miktarmin tireme doénemi ve su
sicakligindan ~ fazla  oranda  etkilenmedigi
belirlenmigtir. Total SFA’lar i¢inde en fazla 16:0
yag asidi bulunmustur ve XSFA miktarinin
16:0’daki farkliliklardan etkilendigi goriilmiistiir.
16:0 miktarinda, mevsime bagh énemli degisimler
olmadig1 belirlenmistir. Bu da 16:0’in miktarinin
besinden etkilenmedigini gosterir (Ackman ve ark.,
1975; Ackman ve Takeuchi, 1986; Kayhan ve ark.,
2015). Ay tiiriin erkek bireyleri tizerinde yapilan
calismada; SFA’larin ¢ogunu 16:0 olusturmustur
ve SFA miktarmin da 16:0’in  degisimlerden
etkilendigi saptanmistir (Kagar ve ark., 2021).
Gezende Baraj Goli'nden toplanan S. trutta
macrostigma’da total SFA %28,38 olup (Giiler ve
ark., 2017) calismamizdaki sonuglara yakin oldugu
gOriilmustiir.

En disik XMUFA nisan aymda, en yiiksek
YMUFA haziran ayinda belirlenmistir. En fazla
bulunan tekli doymamis yag asitleri 18:1n-9 ve
16:1n-7 yag asitleridir. Tablo 2’de gorildiigii gibi
18:1n-9 her mevsimde de baslica MUFA olarak
bulundu. Oleik asit, baliklarda karakteristik tekli
doymamis yag asididir (Steffens, 1997). Aym
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tiriin erkek baliklarinda yapilan g¢aligmada da;
YMUFA’da, 16:1n-7 ve 18:1n-9 fazla oldugu
belirlenmistir (Kacar ve ark., 2021). Gokkusagi
alabaligi ile yapilan calismalarda da benzer
sonuclar belirlenmistir (Haliloglu ve ark., 2004,
Gorgiin ve Akpmnar 2007). Gezende Baraj
Goli’'nden toplanan S. trutta macrostigma’da
MUFA %?26,84 bulunmus (Gtiler ve ark., 2017) ve
calismamizda kasim ile ocak aylarindaki sonuclara
yakin oldugu belirlenmistir.

Diger alabaliklar {lizerinde yapilan galigmalarda da
belirlendigi gibi n-6 yag asitlerinden en fazla
bulunan 18:2n-6’dir (Aras ve ark., 2003a,b;
Akpmnar ve ark., 2009; Kalyoncu ve ark., 2010;
Kagar ve ark., 2021). Bu bilesen sonbahar
doneminde artmistir. Linolenik asit miktar1 en fazla
ekim ayinda, en diisiik ise iireme donemi olan ocak
ayinda  belirlenmistir.  Aym1  tlirtin ~ erkek
bireylerinde ise iireme donemi olan ocak ayinda
diger aylara oranla oldukg¢a yiiksek bulunmustur
(Kagar ve ark., 2021). DHA tiim mevsimlerde en
fazla bulunan n-3 yag asididir. DHA’nin ekim
ayinda en diislik seviyede oldugu, nisan ayinda ise
en yiksek seviyeye ulastigi tespit edilmistir.
Ayrica her donemde DHA’nin EPA’dan fazla
oldugu belirlenmistir. Erkek S. trutta macrostigma
ile yapilan ¢aligmada (Kagar ve ark., 2021) bu
calismada  oldugu gibi disi S. trutta
macrostigma’nin DHA orani nisan ayinda ise en
yliksek seviyeye ulastigi tespit edilmistir. Bir diger
benzer bulgu da, her dénemde DHA miktarinin
EPA miktarindan fazla olmasidir. Bu bulgulara
dayanarak S. trutta macrostigma’nin EPA ve
DHA’nin iyi bir kaynagi oldugu ve insan
beslenmesinde 6nemli oldugu sdylenebilir. Daha
once yapilan c¢alismalarda iclerinde S. trutta
macrostigma’nin da bulundugu farkli alabalik tiirii
incelenmis ve en ¢ok bulunan n-3 yag asitlerinin
DHA ve EPA oldugu saptanmistir (Haliloglu ve
ark., 2002; Aras ve ark., 2003a, b; Gorgiin ve
Akpinar, 2007; Kaya ve Erdem, 2009; Kalyoncu ve
ark., 2010). S. trutta macrostigma iizerinde yapilan
bagka bir ¢alismada (Giiler ve ark., 2017) total
PUFA oran1 %44,77 bulunup ¢alismamizda ocak
ayindaki degere yakin bir deger oldugu
gOriilmiistiir. Dogal baliklardaki DHA, EPA ve AA
oraninin kiltiir baliklarma oranla yiiksek olasi
dogal ve ticari besin farkliligindan kaynakli olabilir
(Antao-Geraldes ve ark., 2018). Bu PUFA’lar,
kiiltiir baliklarinin diyetlerinde fitoplankton ve
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sucul organizmalardan kaynaklanan lipitlerin
eksikliginden dolay1 genellikle dogal
baliklarinkinden daha diisiiktiir (Ackman ve
Takeuchi, 1986; Soumela ve ark., 2016). Dogal
alabaliklar, larva ve yetiskin boceklerin yani sira
kabuklular, annelidler ve gastropod ile bazen diger
baliklardan olusan genis bir etcil beslenmeye
sahiptir. Ayrica dogal kahverengi alabaliklarin
beslenme davranisi, yas ve mevsimsel av bollugu
ile dogrudan iligkilidir (Dal Bosco ve ark., 2013).
Calismamizda disi baliklarin DHA miktar1 tireme
donemi olan ocak ayinda fazla iken aymi tiiriin
erkek baliklartyla yapilan calismada (Kagar ve ark.,
2021) iireme donemi olan ocak ayinda Onemli
Olclide  dustik  bulunmus  olmasi,  gonat
olgunlagmasinin baslamasiyla kaslardaki DHA nin
gonatlara taginmis olabileceginden kaynaklandigi
disiiniilmektedir (Jeong ve ark., 2002).
Baliklarda; n-3/n-6 oraninin farkli olmasi baligin
beslenmesine, mevsime, toplandigi bdlgeye,
eseysel olgunluguna, ¢evre kosullari gibi faktorlere
baglhidir (Kayhan ve ark., 2015). Disi bireylerde y1l
icerisinde n-3 yag asitlerinin n-6 yag asitlerinden
daha fazla degisime ugradigi ve her mevsimde n-3
PUFA miktarinin n-6 PUFA’lardan yiiksek oldugu
belirlenmistir. N-3/n-6  orami, 2.79-5.34
bulunmustur. Analiz sonucunda digi S. trutta
macrostigma n-3/n-6 oranmin birgok tatli su
baligina oranla daha yiiksek oldugu saptanmistir
(Haliloglu ve ark., 2002; Celik ve Gokge, 2003;
Giiler ve ark., 2007).

SONUC

Inceledigimiz baliklarda 6zellikle DHA oraninin
yiiksek olmasi, bu baliklarin besinsel olarak degerli
olduklarin1 gostermektedir. Ayrica calismamizda
EPA ile linoleik asit igeriginin de zengin oldugu
belirlenmistir.

Sonug olarak; 6rneklerimizin kas total lipit kalitatif
yag asidi iceriginin, daha once ¢aligilan diger tatl
su baliklarina benzedigini, kantitatif igerigin ise
baliklarda farkli oldugunu sdyleyebiliriz. Bunun
baslica nedenleri; besin, sicaklik, baligin
yakalandig1 lokalite veya cografik bolge gibi
faktorler olabilir.

Tesekkiir: Bu calisma Dicle Universitesi Bilimsel
Arastirma Projeleri Koordinatorliigii tarafindan 09-
FF-48 no’lu proje ile desteklenmistir. Caligma
yiiksek lisans tezinin bir kismini igermektedir.
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Bu calismada Dicle Universitesi Miihendislik Fakiiltesinin riizgr ve sicakhik etkileri niimerik olarak
incelenmistir. Calisma 4 durumda ele alinmistir. Sirasiyla riizgarin giineydogu (6n kisim), kuzeybati (arka kisim),
kuzeydogu (sag kisim) ve giiney bati (sol kisim)’dan esmesi durumunda bina itizerindeki riizgar ve akig 6zellikleri
incelenmistir. Calisma hesaplamali akiskanlar dinamigi uygulamalarinda siklikla kullanilan ANSYS CFX yazilim
programi yardimiyla gerceklestirilmistir. Giris kisminda riizgar hiz1 40 m/s olarak alinmustir. Giris riizgar sicakligi 35 °C
olarak verilmistir. Rlizgar yonlerinin tespit edilmesi i¢in Google haritalar uygulamasi yardimiyla binanin uydu goriintiileri
alimmustir. Bina yiizey sicakligi 25 °C olarak belirlemistir. Bina boyutlari igin gercek oSlgiiler kullanilmistir. Calisma
sonunda 4 durum i¢in hiz konturlar1 ve akim ¢izgileri elde edilmistir. Ayrica binanin orta noktasindan gegen bir ¢izgi
boyunca ortalama hiz ve sicaklik grafikleri verilmistir.

Anahtar Kelimeler: Nimerik analiz, riizgar direnci, riizgar etkileri, hesaplamali akigkanlar dinamigi, akim ¢izgileri

Numerical Investigation of Wind and Temperature Effects of
Dicle University Faculty of Engineering

Abstract

In this study, wind and temperature effects of Dicle University Engineering Faculty were investigated
numerically. The study was handled in 4 cases. In case the wind blows, respectively, from southeast (front part), northwest
(rear part), northeast (right part) and south west (left part) the wind and flow characteristics on the building were
examined. The study was carried out with the used ANSYS CFX software program, which is frequently used in
computational fluid dynamics applications. In the entrance, wind speed has been taken as 40 m/s. Inlet wind temperature
is given as 35 °C. In order to determine the wind directions, satellite images of the building were taken with the used of
google maps application. Building surface temperature was determined as 25 °C. Actual dimensions are used for building
dimensions. At the end of the study, velocity contours and streamlines were obtained for 4 cases. In addition, were given
graphs of average velocity and temperature along a line passing through the middle of the building.

Keywords: Numerical analysis, wind resistance, wind effects, computational fluid dynamics, streamlines
GIRIS

Riizgar direnci ve etkileri tiim yapilarda
karstmiza c¢ikmaktadir. Binalarin yiiksek rlizgér

ayrilmasima neden olmaktadir. Cam gibi yiizeyler
kirilabilmekte ve yaralanmalara neden

hizina maruz kalmasi durumunda 6zellikle yiiksek
binalarda giiriiltii ve titresime neden olabilmektedir.
Riizgar hizinin ¢ok yiiksek degerlere ulastig1 kasirga
gibi dogal afetlerde giiriiltii ve titresimin yani sira can
ve mal kaybi da olabilmektedir. Ozellikle kose
noktalarda hiz artis1 girdap artisina da neden
olmaktadir. Bu durum yiizeylerde yiiksek
stirtinmeyle birlikte bina ylizeylerinin siklikla
asinmasina hatta bazi pargalarin bina yiizeylerinden

olabilmektedir. Yeni binalarda bu durumun oniine
gecmek i¢in; bir sahil kenarinda dalga kiricilarin
yerlestirilmesi gibi binada pencere olan yiizeylerin 6n
kisimlarina riizgar etkisini azaltic1 dikey yada yatay
elemanlar koyulmaktadir. Hemant vd., 2019 istten
goriiniisii kare olan yiiksek bir binanin riizgara
maruziyetini sayisal olarak gergeklestirmislerdir.
Riizgar etkilerini iki farkli tlirbillans model
kullanarak incelemislerdir. Calisma sonunda bina
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iizerindeki hiz konturlerinin degisimini
incelemislerdir. Jae vd., 2020 riizgarin yikici etkileri
lizerine bir aragtirma yapmiglardir. Calisma sonunda
riizgarm tahrip ettigi yapilari ele almislardir. Jinsoo
vd., 2017 tek tarafli havalandirma sistemine sahip bir
yapida i¢ ve dis kisim arasinda pozitif ve negatif
sicaklik farklarini ele almiglardir. Ayrica yapinin tek
tarafli hava alan kisminda igeri giren riizgarin
dagilimini incelemislerdir. Benzer bir ¢calisma Ali vd.,
2019 tarafindan gergeklestirilmistir. Bina iizerindeki
hiz profillerini farkli tirbiilans modelleri kullanarak
incelemislerdir. Golbast vd., 2017, dort farkli bina
modelleri etrafindaki akis alanlarini; ortalama hiz ve
tirblilans hiz profillerinin ~ 6lgiilmesi  Parcacik
Goriintiilemeli Hiz Olgiim teknigi (PIV) yontemi
kullanarak deneysel olarak incelenmislerdir. G6lbasi
vd., 2017, iki bina arasindaki akis Ozelliklerini
deneysel ve sayisal olarak incelemislerdir. Calismada
catt katinin etkilerini incelemislerdir. Golbas1 vd.,
2017, bina yiiksekligi degisiminin akis yapilar
tizerindeki etkilerini incelemislerdir. Bina modelleri
olarak, 30°egime sahip catili 5x5x5cm ve 5x10x5cm
boyutlarindaki yapilart fluent 12.0 programi
kullanarak incelemislerdir. Golbagi vd. 2018,
caligmalarinda 5x5x5cm boyutlarinda ¢atili ve catisiz
iki bina modeli etrafindaki akis 6zelliklerini deneysel
ve sayisal olarak incelemis olup, catili bina
arkasindaki girdaplarin uzunluklarinin ¢atili binaya
gore %7,5 oraninda arttigini belirlemislerdir.

Binalarda riizgar etkilerinin yani sira yaliim
Ozellikleri de ©nem arz etmektedir. Erdem ve
Volkan., 2017 Tunceli, Hakkari ve Kars illerinin
optimum 1s1 yalitim kalinliginin Hesaplanmasi ile
ilgili bir caligma gergeklestirmiglerdir. Xiao vd.,
2019 Cin’in Dali sehrindeki 42 katli iki binanin hasar
olasilig1 iizerine bir ¢aligma yapmislardir. Calismada
rlizgarin gelis agilarinin bina iizerindeki etkilerini ele
almislardir.

Hava perdeleri binalardaki riizgar etkilerini
azaltic1 etkiye sahiptir. Dolayisiyla binanin enerji
ekonomisi agisindan olumlu sonuglar saglamaktadir.
Senwen vd., 2019 binalardaki hava perdeleri iizerine
bir calisma gerceklestirmislerdir. Caligmay1 bir

riizgar tiineli test bolgesi kullanarak
gergeklestirmiglerdir.  Ayrica  niimerik  model
olusturarak sonuglari kargilagtirmiglardir. Bendine ve
Alper., 2020 bir kopriiniin enerji  tasarrufu
bakimindan sayisal modellemesini
gergeklestirmiglerdir. Filmon vd., 2017 Binalardaki
riizgar etkileri iizerine bir caligma

gergeklestirmislerdir. Andrew vd. 2020, binalardaki
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rlizgar ve deprem etkilerini incelemiglerdir. Leonidas
ve Marialena., 2019 binalarin yiikseklik ve alan
oranlart ve riizgdr konforu iizerine bir caligma
gerceklestirmiglerdir. Cheng vd., 2020 binalarda
riizgar basing katsayilarini incelemislerdir. Timothy
vd., 1998 riizgar-kuvvet direngleri tizerine bir ¢alisma

gerceklestirmislerdir. Li vd., 2019 sehirlerdeki
binalarin riizgar etkileri lizerine bir calisma
gerceklestirmislerdir.

Bu calismada amag, Dicle Universitesi

Miihendislik Fakiiltesinin dig duvarlariin riizgar ve
sicaklik etkileri bakimindan incelenmesidir. Calisma
nimerik olarak 4 durum igin gergeklestirilmistir.
Sirasiyla riizgarin giineydogu (6n kisim), kuzeybati
(arka kisim), kuzeydogu (sag kisim) ve giiney bati
(sol kisim)’dan esmesi durumunda bina tizerindeki
riizgar ve akis 6zellikleri incelenmistir.

MATERYAL VE METOT

Calisma  hesaplamali  akigkanlar  dinamigi
uygulamalarinda siklikla kullanilan ANSYS CFX
18.2 yazilim programi kullanilarak
gerceklestirilmistir.  Calisma kapsaminda Dicle
Universitesi Miihendislik Fakiiltesi binasi riizgar
etkileri yoniinden incelenmistir. Bina modeli ¢izimi
icin binanin gercek boyutlar1 ele alinmistir. Model
tizerindeki farkl etkileri gézlemlemek igin 4 farkl
yon segilmistir. Sirasiyla riizgarin =~ giineydogu
(durum 1) (6n kisim), kuzeybati (durum 2) (arka
kisim), kuzeydogu (durum 3) (sag kisim) ve giiney
batt (durum 4) (sol kisim) yonlerinden estigi
durumlar i¢in modelleme yapilmistir.

Her bir durum igin giris riizgar hiz1 40 m/s ve
giris riizgar sicakligi 35 °C olarak verilmistir. Riizgar
yonlerinin tespit edilmesi i¢in Google haritalar
uygulamast yardimiyla binanin uydu goriintileri
almmustir. Dicle {iniversitesi 37,92 derece enlem ve
40,27  derece  boylamda  yer  almaktadir
(haritamap.com). Bina deniz seviyesinden 688 metre
yiikseklikte oldugu i¢in smir sartlart atmosfer
basincinda almmistir. Sekil 1.a’da binanin uydu
goriintiisli ve riizgar yonleri verilmistir. Binanin tiim
yiizeylerine 25 °C sicaklik tanimlanmistir. Modelin
diger tim kisimlarina agik smir sarti verilmistir.
Modelin eleman sayis1 125630 olarak elde edilmistir.
Elde edilen bu ag; binanin belirli bir koordinati
iizerindeki basing degeri alinarak elde edilen izafi
yaklasim degerleri i¢in agdan bagimsiz optimum ag
sayisidir. Optimum ag sayisinin elde edilmesi igin
sonuglar tablo 1’de verilmistir.
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Tablo 1. Ag bagimsizlik testi sonuglari

Ag sayisi P (bar) Yaklagim(%)
Durum 1 116480 94115,80 4,12
Durum 2 125630 98160,12 -
Durum 3 145280 94676,04 3,68

Izafi yaklasim bir alt ag sayis1 116480 eleman
sayis1 i¢in %4,12 olarak elde edilmistir. Bir {ist ag
sayist 145280 eleman sayisi i¢in %3,68 olarak elde
edilmistir.  Sekil 1.b’de modelin ag yapisi
goriilmektedir. Calismada {liggen ag yerine diizgiin
dortgen ag yapisi kullanilmistir. Skewnes degeri 0,18
olarak  elde  edilmistir. Asagida  viskoz,
sikigtirilamayan ve newtonien bir akigskanin ¢
boyutlu akigi i¢in en genel halleri verilmistir.
(Launder., 1974, Menter., 1994)

Siireklilik denklemi:
ou , dv , Ow _
wxTayta =0 1)

X momentum denklemi:

ou ou ou ou oP
p(Gituge v twi) =R -5+
0%u  0%u  0%u
u|5a+ 5t 5 @
y momentum denklemi:
ov ov ov ov oP
p(5+ua+v5+wa—z) —Fy—a'i'
0%2v  9%v  9%v
5 + 5 + 5] @)
Zz momentum denklemi:
ow ow ow ow oP
p (5 + a”a”’z) =Tt
[62W 02w 62W]
Hloxz Toy2 T o2
(4)
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O

Sekil 1.a. Binanin uydu gorintisi ve rizgar yonleri

Sekil 1.b. Modelin ag yapist

Sekil 1. Binanin uydu goriintiisii, riizgar yonleri
ve modelin ag yapisi

Sekil 2.a’da model boyutlar1 verilmistir. Buradaki
boyutlar binanin ger¢ek boyutlarinda alinmigtir. Mesh
sayisinin ve ¢0ziim zamanmin artmamasi i¢in akig
etkilerinin bina etrafinda gozlemlenebilir oldugu
durum kadar hacim segilmistir.

Sinir sartlart igin 6rnek gosterim sekil 2.b’de durum 1

i¢in verilmistir. Sag, sol, {ist ve arka kenarlar agik sinir
sartinda secilmistir. Buralardaki basing degeri 101325
Pa, sicakhk degeri 35 °C olarak verilmistir. I¢
akislarda genellikle k-w ya da nadiren Shear stress
transport model (sst) tercih edilebilmektedir. k-e
model daha ¢ok dis akiglarda siklikla kullanilan bir
model oldugu i¢in tercih edilmistir.
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o
— .
on 55” 100,00 (m)
M Rkl
Sekil 2.8 Model boyutlan (m)

giris -
u=40mfs , e %4
T=35C T T oe

Sekil 2.b. Smur sartlan (durum 1)

Sekil 2. Model boyutlar1 ve smir sartlari

Sekil 3’te sirastyla 4 farkli durum i¢in riizgar yonii
gosterimleri verilmistir.

Durum 2

-y
v

—

Durum 3

Durum 4

Sekil 3. Riizgar yonleri
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3. Bulgular ve Tartisma

Sekil 4’a-d’de 4 farkli durum igin hiz Kkonturleri
goriilmektedir. Binanin 6n kismindan riizgér estiginde
(durum 1); binanin sag ve sol uglarinin maksimum
riizgar hizina maruz kaldig1 goriilmektedir. Ozellikle
bu kisimlarda yiiksek seyreden riizgar hizlan
siirtiinmeden dolay: giiriiltii ve titresimi arttiracaktir.
Akis ayrilmasi ve tekrar birlegsimi sonucunda titresim
artacaktir. Riizgar arkadan estiginde (durum 2) sadece
binanin sag kisminda maksimim riizgar degerleri
izlenmistir. Riizgarin sag (durum 3) ve soldan (durum
4) esmesi durumunda birbirine benzer sonuglar elde
edilmistir. ilk 2 durumda ortalama riizgar hizlar1 47
m/s degerlerinde iken durum 3 ve durum 4’de %4,25
artig gostererek 49 m/s degerlerine kadar ulagmustir.

Akim ¢izgileri iizerinden girdaplar daha net
goriilebilir. Dolayisiyla; bina iizerindeki riizgar
etkilerini akim ¢izgilerinden daha rahat gorebiliriz. 4
farkli durum igin akim ¢izgileri sekil 5’a-d’de
verilmistir. Dikkat edilirse ilk durumda girdaplar
binanin arka kisminda olusmustur. ikinci durumda
yani akisin binanin arkasindan gonderildigi durumda
ise binanin 6n kisminda girdap olugmamistir. Riizgar
binanim sag kismmdan génderildiginde binanin 6n sag
ug¢ kismindan akis ayrilmasinin basladigi ve biiyiik bir
girdap olusturdugu goriilmektedir. Benzer sekilde
binanm sol kismindan riizgar gonderildiginde binanin
on sol u¢ kismindan akis ayrilmasinin ve biiyiik birkag
girdabin olustugu goriilmektedir. Bu kisimlar giiriiltii
ve titresime daha gok maruz kalabilirler.

Sekil 4.c. Hiz konturlar: (Durum 3) Sekil 4.d. Hiz konturlart (Durum 4)
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Sekil4. Farkli yonler i¢in hiz konturlari

Sekil 5.c. Akim ¢izgileri (Durum 3) Sekil 5.d. Akim cizgileri (Durum 4)

Sekil 5. Farkli yonler igin akim ¢izgileri

Binadan 10 metre yiikseklikte binanin tam
merkezinde bir ¢izgi boyunca riizgarin binaya
carptiktan sonraki sicaklik ve hizindaki degisimler 4
durum i¢in incelenmistir. Sekil 6°da binanin
merkezinden 10 metre yiikseklikten secilen bina orta
hat boliimii gortilmektedir.

Sekil 6. Grafik i¢in segilen bina orta hat boliimii

__ 308,50
= P
< 308,00 WW
< 307,50 el

[S]

& 307,00

0 20 40 60 80 100

Yatay mesafe [m]

...... @ durum 1 O durum 2

O~ durum 3 durum 4

Sekil 7. Secilen ¢izgi boyunca riizgarin sicaklik degerleri
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Sekil 7°de segilen bina orta hat bolimii boyunca
rlizgdrin sicaklik degerleri goriilmektedir. Riizgar
sicakligr girig sinir sart1 igin 35 °C = 308.15 K, bina
ylizey sicakligr 25 °C = 298.15 K olarak sec¢ilmistir.
Grafik incelendiginde; riizgarin bina ylizeyine
carpmasi sonucu binanin orta bdlgelerine dogru
rliizgar sicaklign yaklasik 1 ila 1.5 °C civan diisiis
gostermigtir. Fakat riizgar sicakligl en fazla riizgarin
binanin sag ve solundan esmesi durumunda
gozlemlenmistir. Bu durum yazin binanin sogutulmasi
bakimindan az da olsa bir avantajdir. Fakat riizgarin
artmast aym zamanda giriilti ve titresimi de
arttiracaktir.  Binanin  tam  ortasindaki  riizgar
sicakliklart durum 1 i¢in 34,86 K, durum 2 i¢in 34,84
K, durum 3 ve durum 4 igin 34,64 K olarak elde
edilmistir. Binanin merkez noktasinda durum 3 ve
durum 4’deki riizgar sicakliklari durum 1 ve durum

2’ye gore %0,63 oraninda azalmastir.
é O

®
? ~ % DOO
i il
0 20 40 60 80 100

Yatay mesafe [m]

N B
o o

Ortalama rtizgar hizi [m/s]
o

...... @ durum 1 @~ durum 2

O~ durum 3 durum 4

Sekil 8. Secilen ¢izgi boyunca ortalama riizgdr hizi
degerleri

Sekil 8’de segilen ¢izgi boyunca ortalama riizgar hizi
degerleri goriilmektedir. En yiiksek ortalama riizgar
hiz1 degerleri durum 2’de gozlemlenmistir. Diger 3
durumda birbirlerine benzer bir sonug elde edilmistir.
Binanin orta bolgesindeki riizgar hizlar1 yaklasik 10
ila 15 m/s araligindadir. Binanin merkezinde durum 1
i¢in riizgar hiz1 0,8 m/s, durum 2 igin 8,56 m/s, durum
3 i¢in 1,86 m/s durum 4 i¢in 9,04 olarak elde
edilmistir. Bu bolgedeki riizgar hizi durum 1’e gore
durum 2’de %90,65 oraninda artmistir. Binanin sese
ve titresime maruz kalan kisminin binanin orta
bolgeleri oldugu goriilmiistiir. Durma noktasinin
etkileri bu bolgelerde maksimum seviyededir.
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4. Sonuc ve Oneriler

Dicle Universitesi Miihendislik Fakiiltesi Binasinin
riizgara maruz kalmasi sonucu farkli riizgar yonlerinin
bina lizerinde farkli etkilere sahip oldugu goriilmistiir.
Binanin orta hatt1 iizerinden alinan grafiklerde binanin
rizgar sicakhigimin yaklagik 1.5 °C civari azaldigi
gbzlemlenmistir. Binanin merkez noktasindaki riizgar
hizlarinin durum 1’e gore durum 2’de 990,65
oraninda artig gosterdigi gozlemlenmistir. Benzer
sekilde binanin merkez noktasinda durum 3 ve durum
4’deki riizgar sicakliklar1 durum 1 ve durum 2’ye gore
%0,63 oraninda azalmistir. Binaya sag ve soldan
riizgar gonderildiginde diger iki duruma gore bina
etrafinda daha biiyilk hava girdaplart olustugu
gozlenmigtir. Olusan hava girdaplar1 binanin bu
kisimlarinda giirtiltii ve titresime yol acabilmektedir.
Bu durumu o6nlemek igin binanin bu yiizeylerine
cesitli ebatlarda hava perdeleri koyulabilir.

CIKAR CATISMASI BEYANI
Yazar/ Yazarlar bu makale ile ilgili herhangi bir
¢ikar ¢atigmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazar/Yazarlar bu ¢calismanin arastirma ve yayin
etigine uygun oldugunu beyan eder.
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Abstract

Increasing competition as a result of globalization forces companies to focus on the core activities they are
specialized in and to use outsourcing in areas other than these core activities. Companies seek to outsource their logistics
functions partially or completely since this is not in their main field of activity. Thus, companies are faced with the
problem of choosing a Third Party Logistics (3PL) service provider that can contribute to their sustainable development
and perfectly perform the logistics activities. In this study, the 3PL selection problem of a cable manufacturing company
is discussed. The study aims to solve the business problem and to show the applicability of Multi-Criteria Decision-
Making (MCDM) methods in the most appropriate 3PL selection problems. The 3PL selection was made in line with the
criteria and alternatives determined by a team of decision-makers working in the relevant department of the company.
First of all, the weight value of each criterion was determined by using the SWARA method based on the MCDM method.
This method was chosen because it takes group decisions into account and is easy to implement. Afterward, calculations
were made according to the criteria levels of each alternative service provider with the WASPAS method. In the study,
12 criteria were determined by the decision-makers. Besides, 5 different 3PL companies were taken into account.
According to the results of the study, it was the third 3PL that met the criteria at the most appropriate level.

Keywords: Third-party logistics, multi-criteria decision making, SWARA method, WASPAS method

SWARA ve WASPAS Hibrit Yontemlerini Kullanarak Ugiincii Parti Lojistik
(3PL) Saglayicis1 Secimi

Oz

Kiiresellesmenin bir sonucu olarak artan rekabet, isletmeleri uzman olduklari temel faaliyetlere odaklanmaya ve bu
ana faaliyetler disinda dis kaynak kullanmaya zorlamaktadir. isletmeler, ana faaliyet alanlarinda bu olmadigi icin lojistik
fonksiyonlarin1 kismen veya tamamen dis kaynak iizerinden yiiriitmek istemektedirler. Bu istekten dolay1 isletmeler,
stirdiiriilebilir gelisimlerine katkida bulunabilecek ve lojistik faaliyetlerini kusursuz bir sekilde gerceklestirebilecek bir
Ucgiincii Taraf Lojistik (3PL) hizmet saglayict segme sorunu ile kars1 karstya kalmaktadir. Bu ¢calismada bir kablo iireticisi
firmanin 3PL se¢im problemi ele alinmigtir. Calismanin amaci, isletme problemini ¢6zmek ve Cok Kriterli Karar Verme
(CKKYV) yontemlerinin en uygun 3PL se¢im problemlerinde uygulanabilirligini gostermektir. 3PL se¢imi, isletmenin
ilgili boliimiinde gorev yapan karar vericilerden olusan bir ekip tarafindan belirlenen kriterler ve alternatifler
dogrultusunda yapilmustir. Oncelikle CKKV yontemine dayali SWARA yéntemi kullanilarak her bir kriterin agirlik
degeri belirlenmistir. Bu yontem, grup kararlarini dikkate aldigi ve uygulanmasi kolay oldugu i¢in seg¢ilmistir. Daha sonra
WASPAS yontemi ile her bir alternatif hizmet saglayicinin kriter seviyelerine gore hesaplamalar yapilmistir. Caligmada
karar vericiler tarafindan 12 kriter belirlenmistir. Ayrica 5 farkli 3PL firmasi1 dikkate alinmistir. Calismanin sonuglarina
gore kriterleri en uygun diizeyde karsilayan alternatifin tigiincii hizmet saglayicist oldugu goriilmiistiir.

Anahtar Kelimeler: Ugiincii parti lojistik, ok kriterli karar verme, SWARA y&ntemi, WASPAS yéntemi

INTRODUCTION at the right cost, and with the highest flexibility. In

Logistics is the undamaged delivery of needed other words, logistics is the effective and efficient
resources such as products, services, and people, at  planning and implementation of the movement of all
the right time, at the right place, in the right quantity,  kinds of products, services (Miah et al. 2014).
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The transportation of the desired product or
service to the desired place, at the desired time, at the
most affordable price, and in the most effective way
has led to the development of the concept of logistics.
An increase is observed in transportation activities
with minimizing the amount of stock, specializing in
the field, and the ease of monitoring and tracking
brought about by technological developments.
Increasing competition environment and developing
information technologies have increased the
importance of transportation systems. For this reason,
criteria such as quality, price, time, and environment
are taken into account when receiving transportation
services. A successful migration should have the
following characteristics (Schniederjans et al. 2006):

* The product must have gone to the desired place at
the desired time.

* The product must be delivered undamaged.
* Service quality should satisfy the customer.

* The transportation cost should be in the amount
that the customer can accept.

» Damage to the environment should be minimal.

With outsourcing in the logistics sector,
companies have the chance to focus on their core
competencies, which is the primary factor of
competitive advantage, by transferring their logistics
functions to external resources specialized in their
fields with technology, technical expertise, and
advanced information systems. This reduces the time
and investment the company spends on complex
logistics activities and enables the transfer of fixed
investments, material purchase and/or follow-up,
necessary information technology costs, and
expertise for these activities to an external provider.
Thus, companies can concentrate on their main fields
of activity and maintain their competitive advantages.
Obijectives of outsourcing are as follows (Chima,
2011):

* Reducing logistics investment and operation costs.

* Transferring the risks that may occur during
activities such as transportation, handling, and
stocking to the service provider.

* Being able to concentrate on main activities such as
production and marketing.
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» To provide a logistical advantage by accelerating
material and product flow.

* To increase customer satisfaction with a good
logistics performance at the points where the
customer is encountered.

« Saving on costly investments such as transportation
vehicles, handling equipment, stock area.

* To benefit from the capacity of the service providers
that they can use from other companies.

* Reducing stock costs with logistics planning, fast
and successful operation.

* Labor savings.

* To provide the company's access to worldwide
technological solutions and opportunities.

This study makes a significant addition to the
industry's understanding of 3PL selection strategies.
It may assist field experts and top management in
preparing a flexible short/long-term solution that will
aid in the implementation of the 3PL selection phase.
It is critical to use a structured approach to calculate
the weights for criteria and then use these weights to
select the best 3PL. The weight has been determined
using the SWARA technique, which allows decision
makers to set their own priorities and uses objective
opinions rather than a mandatory scale in the ranking
of the criteria. The WASPAS method was also
utilized to analyze the alternatives, which is based on
a mixture of the Weighted Product Model and the
Weighted Total Model, with the goal of preserving
information loss during the review phase of the
alternatives.

The rest of the study is structured as follows:
The studies considering the 3PL selection problems
are provided in literature review section. Logistic
service providers are explained later. After, third part
logistics definition is detailed. The methodologies
used in the study are explained later. Application of
the methodologies in the 3PL selection is provided.
Finally, the results and the future research directions
are shared.

LITERATURE REVIEW

In the study, the 3PL selection was made for a
cable manufacturer company. For this selection,
SWARA and WASPAS methods, which are Multi-
Criteria Decision-Making (MCDM) methods, were
used. Among these methods, the SWARA method has
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been previously reported in the literature for
evaluation of investment alternatives for the
sustainability of energy systems (Hashemkhani et al.
2013), product design (Hashemkhani et al. 2013),
location selection (Zolfani et al. 2020), thermal
insulation selection (Ruzgys et al. 2014), investment
selection (Hashemkhani and Bahrami 2014),
personnel selection, light source selection (Nakhaei et
al. 2016), packaging design (Stanujkic et al. 2015),
material selection (Yazdani et al. 2016), ERP
software selection (Shukla et al. 2016), evaluation of
enterprises according to their corporate social
responsibilities (Karabasevic et al. 2016) and risk
assessment (Valipour et al. 2017) can be given as an
example.

The WASPAS method has been previously
reported in the literature for telecommunications
(Malekpoor et al. 2018; Yin et al. 2017), contractor
selection (Stanujkic et al. 2015), construction site
selection (Ruzgys et al. 2014; Stoji¢ et al. 2018),
supplier selection (Keshavarz et al. 2017; Stoji¢ et al.
2018), logistics (Keshavarz et al. 2017), garage
location selection (Bausys and Juodagalviené 2017),
strategy evaluation (Mirzace et al. 2020),
manufacturing decision-making (Chakraborty and
Zavadskas 2014; Jahan 2018), personnel selection
(Karabasevic et al. 2016) and so on. Also, a
systematic and comprehensive review of the
application of the WASPAS method is given by
Mardani et al. (2017).

Different MCDM techniques are proposed for
3PL selection problems in literature. For example,
analytical network process (Liou and Chuang 2010;
Raut et al. 2018; Vazifehdan and Darestani 2019),
Analytical Hierarchy Process (AHP) (Hou and Su
2006; Senthil, Srirangacharyulu, and Ramesh 2014),
VIKOR (Liou and Chuang 2010), data envelopment
analysis (Davoudabadi, Mousavi, and Sharifi 2020;
Deng et al. 2020; Rashidi and Cullinane 2019; Raut
et al. 2018), TOPSIS (lgoulalene, Benyoucef, and
Tiwari 2015; Kannan, Pokharel, and Kumar 2009;
Rashidi and Cullinane 2019; Senthil et al. 2014),
fuzzy SWARA and fuzzy COPRAS (Zarbakhshnia,
Soleimani, and Ghaderi 2018), fuzzy AHP (Yadav,
Garg, and Luthra 2020), fuzzy VIKOR (Wang et al.
2021), fuzzy TOPSIS (Singh, Gunasekaran, and
Kumar 2018), fuzzy-rough approach (Roy, Pamucar,
and Kar 2020), Z-MABAC method (Fan, Guan, and
Wu 2020), intuitionistic and hesitant fuzzy set (Liu et
al. 2020), choquet integral (Qian et al. 2021) and
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mathematical programming (Alnahhal, Tabash, and
Ahrens 2021). For more studies about 3PL selection
problems, Minashkina and Happonen (2020) is
provided in the literature.

Following a review of the literature, there is no
study in which only SWARA and WASPAS methods
are used together. Although there is a study in which
these methods are considered with rough set theory,
there is no study in the literature in which net values
are used. Besides, many of the studies given in the
literature have been applied in different industries
(such as the automobile and airline industry).
Therefore, the use of integrated SWARA and
WASPAS methods together in the literature and their
use in a different sector by considering case study,
show that the study is important in terms of its
contribution to the literature. Moreover, the
developed integrated model can help decision-makers
gain a better understanding of the entire 3PL
assessment and selection processes.

LOGISTICS SERVICE PROVIDERS

Logistics service providers are companies that
undertake the organization of all or most of the
logistics services of a company, select logistics
service providers within this framework, evaluate
their performance, and provide coordination between
them (Govindan et al. 2015).

The steps taken to gain a competitive advantage
have significantly increased the share of logistics
costs in total costs. For this reason, businesses have
turned to outsource to reduce their logistics costs.
These third-party activities may cover all activities in
the processes, as well as often selected specific
activities. To better understand the concept of "the
third party" in the definition, if we need to explain the
concepts of first and second parties (Coyle et al.
2012);

First Party: Supplier business.

Second Party: Business that is a direct customer of
the first party.

Third-Party:  Logistics intermediaries; freight
forwarder service provider (companies that transport
goods from one point to another, using a road, rail,
airway or a combination of them, carrying out
operations such as storage, customs clearance,
packaging, distribution of cargo, and organizing
these), carrier, warehouse (Under secretariat of
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Customs). They are warehouse operators, which are
operated under a customs administration in line with
the permission given by the Ministry of Health,
whose owner is obliged to be a legal entity or
institution, where only non-nationalized imported
goods and goods for export can be placed.

Fourth Party: Freedom of existence and its basic
function; It is said to be the management of own and
third parties' resources, capabilities, and technologies
to provide a comprehensive supply chain solution.

THIRD-PARTY LOGISTICS (3PL)

For outsourcing in logistics, all logistics services
don't need to be performed by a company. The
important thing is that at least three services that
touch each other (consecutive) are fulfilled or
controlled by the same organization in such a way as
to achieve an optimization. The organization that
provides or controls this service is referred to as the
3PL organization. 1st party is the producer, 2nd party
is the consumer, and 3rd party logistics is the
organization that manages the service between these
two points (Willcocks 2010).

The realization and management of logistics
services within the company can be so efficient that
another company cannot provide them at a lower cost.
Logistics services that satisfy the customer and
provide a competitive advantage must be realized,
directed, and developed within the company.
Companies that will receive outsourcing logistics
services must first analyze their structures very well,
make a situation plan, determine their goals,
determine how much of them they can do and what
will be demanded from the outside (Wisner et al.
2015).

SWARA METHOD

Kersuliene published the first paper on the Step-
Wise Weight Assessment Ratio Analysis (SWARA)
methodology. The factors that should be employed in
the evaluation of alternatives are evaluated using this
procedure, starting with the most important weight
ratio and decreasing in importance. The experts in the
field then vote on each criterion, and the insignificant
ones are eliminated (KerSuliené et al. 2010).

Step 1: Each decision-maker ranks the model's
criteria in order of importance, from most important
to least essential, based on their expertise. The most
important criterion is given a score of 1 by the expert,
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and then the decision-making expert re-evaluates this
evaluation between 0 and 1 in multiples of 0.05.

plii=1..k=1.,1;0<pf <1 )

Step 2: The relative mean importance score is
calculated for all criteria. When the number of
decision-makers is shown as |, the average of the
relative importance scores assigned to the criteria by
the decision-makers is determined with the help of
Equation (2).

- pj=1..,n 2

Step 3: All criteria are ranked according to their
relative average importance scores. As a result of the
comparison, the comparative significance level of the
average values of the criteria is calculated. The values
are obtained by paired comparison by determining the
significance ratio according to the j+1 criterion.

Step 4: The coefficient value C; for all criteria is
obtained by using Equation (3) below. The coefficient
of the criterion with the largest Sj value is = 1; It is
determined as = 1,..., n.

C,=S,+Lj=L..n 3)

Step 5: S’ value must be calculated for all criteria
using Equation (4). The relative weight of the first-
ranked criterion is accepted as S; ' = 1 and the ranking
made according to S; is taken into account when
calculating S; ".

' S‘J'H
S;= c ;951> S, (4)
]

Step 6: The final weights for all criteria are calculated
using Equation (5). With this calculation, the values
of Sj ' are normalized and weights are obtained by wj;
j=1,...,n. Finally, the weights are listed.

j=1..n )
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WASPAS METHOD

The WASPAS method determines the most
appropriate choice in the multi-criteria data set by
integrating the Weighted Sum Model (WSM) and
Weighted Product Model (WPM) models, which are
basic multi-criteria decision-making models, with a
coefficient. The WASPAS method is used to evaluate
and rank the alternatives. It was developed by
Zavadskas in 2012. The WASPAS method aims at
high accuracy in the estimation by optimizing the
weighted aggregate function (Zavadskas et al. 2012).

In the problem handled with the method, m
alternatives Ai(i = 1, 2,...,m) and n criteria are
specified as Cj(j = 1,2,...,n).

Step 7: Creating the decision matrix (X) that shows
us the performance of the alternatives in the problem
based on the criteria in the problem.

X11 X1z X1z  Xim
X1 X2 X3 Xom

X— [le] mxn = . . E (6)
Xm1 *m2 Xm3- Xpp

Step 8: The decision matrix is normalized (xij).
Equation (7) is used if the evaluation criteria are in
the maximization class or Equation (8) if they are in
the minimization situation.

—_— Xij . _ P —

T 1,2 ....,mandj=12.n (7)
13

——M'—]Z andj=1,2 (8)

X, = X5 1=1,2,...m 1=1, Z,...,n

Step 9: The total relative importance of the i
alternative is calculated separately according to the
WSM and the WPM. The total relative importance of
an alternative relative to the Weighted Sum (Qi¥) and
the total relative importance of an alternative to the
Weighted Product (Qi?) is calculated using Equation
(9) and Equation (10), respectively.

QW = X xyw; (9)
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QP = [T, %;" (10)
Step 10: The total relative importance of the
alternatives are combined into a single formula and

indicated by Equation (11).

Q=2QW+ (1 -1 QP =2XL Xip)w; +
1= [T X" (11)

where Qi is i" represents the overall relative
importance score of the alternative according to the
WASPAS method, A is a parameter used in the
WASPAS method that can take values between 0 and
1. WASPAS method turns into the WPM method if
we take the value of A=0. When A=1, it turns into the
WSM method. Here, the choice of A value depends on
the decision-maker. Regarding how much A should
be, Zavadskas (2012) recommends calculating the
optimum A value. Qi values are based on the ranking
of the alternatives according to the WASPAS method.
Among the alternatives, the alternative with the
highest Qi value is the best alternative.

3PL SELECTION USING SWARA AND
WASPAS

The manufacturing company discussed in the
study produces cable assemblies, sheet metal parts,
tubular manufacturing, and molds. The fact that there
is a lot of production diversity in the production area
and delivery to different customers in the city and
outside the city causes business complexity in the
logistics processes. The company outsources its
logistics processes. The size of the company's
production volume, product variety, and the fact that
it has a large number of employees limit
specialization in every field. Therefore, it is very
important to select and evaluate the 3PL and examine
its effects on costs in order not to lose control over
business activities, not to increase costs, not to cause
customer dissatisfaction, and not to take the risks of
processes such as transportation and storage
completely. The flowchart of the problem is provided
in Figure 1.
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Determination of decision problem

v

Establishment of the decision committee

v

Determination of selection criteria

v

Determination of alternatives

v

Determination of criterion weights by
SWARA method

v

Ranking of alternatives by WASPAS method

v

Choosing the best alternative

Figure 1. The flowchart of the 3PL selection procedure

Within the scope of the study, 3PL service
provider selection criteria in terms of outsourcing and
in terms of the production site of the company were
determined by a joint decision made by a five-person
committee formed by the supply chain department
and production supervisors. The criteria set by these
persons (Decision Makers (DM)); Price (K1), Speed
(K2), Service diversity (Ks), Flexibility (Ka),
Environmental sensitivity (Ks), Reliability (Keg),
Information and communication technologies (Kv),
Logistics equipment (Ksg), Financial strength (Ko),
Closeness to the facility (Kio), Logistics experience
(K11) and Reputation in the market (K12).

Since the decision-makers evaluated the criteria,
a new ranking was created by using the geometric
mean of the criteria ordered in descending order (see
Table 1). Afterward, the relative importance levels of
the criteria were determined according to each DM
(see Table 2 - Table 3). For this, taking the second
criterion as the starting point, each criterion is
compared with the previous criterion and the
comparative importance of the criteria (s;) is
determined. Then, k;, q; and w; weight values were
calculated for each decision-maker. The final criteria
weights are given in Table 4.

Table 1. Determining the importance levels of the criteria based on decision-makers

Criteria DM1 DMz DM;s DMy DMs Mean Ranking
K1 3 1 4 6 3 2,93 1

K2 4 7 9 5 5 5,75 6

Ks 6 3 1 8 4 3,57 3

Ka 11 8 10 1 11 6,27 9

Ks 2 4 12 11 6 5,76 7

Ks 12 6 11 2 9 6,77 10

Kz 9 2 3 10 12 5,79 8

Ks 10 11 7 3 2 5,41 4
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Ko 1 5 2 4 7 3,09 2

Ko 7 12 8 7 8 8,22 12

Ki1 8 9 6 12 1 5,53 5

Kiz 5 10 5 9 10 7,42 11

Table 2. Weights of criteria according to DM; and DM,
Ranking Criteria DM DM
Sj Kj W 4] Sj K W 4]
1 K1 1 1 0,212 1 1 0,212
2 Ko 0.3 1,3 0,769 0,163 0.3 1,3 0,769 0,163
3 Ks 0.2 1,2 0,641 0,136 0.2 1,2 0,641 0,136
4 Ks 0.3 1,3 0,493 0,104 0.3 1,3 0,493 0,104
5 Ku 0.2 1,2 0,411 0,087 0.2 1,2 0,411 0,087
6 Kz 0.1 1,1 0,374 0,079 0.1 1,1 0,374 0,079
7 Ks 0.2 1,2 0,311 0,066 0.2 1,2 0,311 0,066
8 K7 0.1 1,1 0,283 0,060 0.1 1,1 0,283 0,060
9 Ka 0.4 14 0,202 0,042 0.4 14 0,202 0,042
10 Ks 0.7 1,7 0,119 0,025 0.7 1,7 0,119 0,025
11 K2 0.6 1,6 0,074 0,015 0.6 1,6 0,074 0,015
12 Ko 0.5 15 0,049 0,010 0.5 15 0,049 0,010
As seen in Table 4, the most important The results of the evaluations were

criterion was seen as Price (K1) with a value of
0.266. The second most important criterion is the
Speed (K2) criterion with a value of 0.199.
Significance levels for each criterion can be seen

using Table 4. The determination of the criterion
weights was done with the SWARA method. In the
next stage, using these weights, the most suitable
one among the alternative 3PL companies was
selected with the help of the WASPAS method. For
this selection process, the decision-makers
determined five different 3PL alternatives. The
values of the alternatives were obtained by the
decision-makers giving the alternatives values
between 1 and 5 (1 = Worst, 5 = Best). In this way,
decision matrices that show the success status
under the criteria of each alternative were created.

determined by using the arithmetic mean of the
scores given by the five decision-makers and are
given in Table 5. Then, the obtained decision
matrix was normalized based on maximization and
minimization type criteria and the values are given
in Table 6. According to the WSM, the total
relative importance of an alternative is calculated
as the weighted sum of the criteria values. The total
relative importance (QiV) of the alternatives were
calculated according to the WSM. According to the
WPM, it is calculated as the product of the power
of the performance value of an alternative based on
the criterion, equal to the criterion weight.
According to the WPM, the total relative
importance of the alternatives (Qi®®) was calculate

Table 3. Weights of criteria according to DM3s DM, and DMs

DMs DM DMs

g =

z

g 5 s K Wi o s ki wj o] S Ki wj o]

1 K 11 0,284 11 0,270 1 1 0,255
2 K¢ 03 13 0769 0219 05 15 0667 018 02 1,2 0833 0,213
3 Ks 04 14 0549 0156 05 15 0445 0120 04 14 059 0,152
4 Ks 06 16 0343 0097 02 12 0370 0100 05 15 0397 0,101
5 Ku 05 15 0229 0065 03 13 028 0077 02 12 0331 0,084
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6 K, 03 13 0176 0050 02 12 0,237 0,064 03 13 0,254 0,065
7 Ks 04 14 0126 0036 04 14 0170 0,046 07 17 0,150 0,038
8 Ky 02 12 0104 0030 05 15 0113 0,030 04 14 0,107 0,027
9 Ks 04 14 0075 0021 06 16 0071 0,019 01 11 0,097 0,025
10 Ke 01 11 0068 0019 05 15 0,047 0,013 04 14 0,069 0,018
11 Ky 05 15 0045 0013 08 18 0,026 0,007 03 13 0,063 0,014
12 Kyp 03 13 003 0010 03 13 0,020 0,005 06 16 0,033 0,008
Table 4. Final criterion weights

Criteria DMy DM; DMs DMy DMs Criteria Weights
K1 0,212 0,305 0,284 0,270 0,255 0,266

K2 0,163 0,218 0,219 0,180 0,213 0,199

Ks 0,136 0,145 0,156 0,120 0,152 0,143

Ka 0,104 0,112 0,097 0,100 0,101 0,104

Ks 0,087 0,070 0,065 0,077 0,084 0,078

Ks 0,079 0,059 0,050 0,064 0,065 0,064

Kz 0,066 0,036 0,036 0,046 0,038 0,046

Ks 0,060 0,022 0,030 0,030 0,027 0,035

Ko 0,042 0,012 0,021 0,019 0,025 0,026

Kio 0,025 0,008 0,019 0,013 0,018 0,018

Ku 0,015 0,006 0,013 0,007 0,014 0,013

K1z 0,010 0,004 0,010 0,005 0,008 0,008

The total importance (Qi) of the alternatives
calculated according to the WSM and WPM
methods can be generalized with the integration
formula. The A value used below is a parameter
used in the WASPAS method and takes a value
between 0 and 1. When A=0 and A=1, the WASPAS
method turns into WSM and WPM methods,

respectively. As can be seen in Table 7, changing
the A value does not change the order of 3PL-
3>3PL-5>3PL-4>3PL-1>3PL-2. Therefore, the
selection of A value does not affect the result, and
the study is completed by choosing 2=0.4. In other
words, it has been found that the most suitable 3PL
supplier for the enterprise is 3PL-3.

Table 5. Decision matrix obtained by the evaluation of decision makers

Criteria Criteria Class Criteria Weights 3PL-1 3PL-2  3PL-3 3PL-4 3PL-5
K1 Min 0,266 3,8 3,4 4,2 3,4 3,6
K2 Max 0,199 3,2 4 2,6 2,8 3,4
K3 Max 0,143 3 2,8 3,6 4 3,8
Ky Max 0,104 2,6 3,2 3,6 3,8 3,2
Ks Max 0,078 3,8 3,4 3,8 3,4 4
Ks Max 0,064 2,8 3 2,6 3,2 3
K7 Max 0,046 2,2 3,2 4 3,6 3,8
Ks Max 0,035 3,6 3,6 2,8 4 3,2
Ko Max 0,026 3,2 3 3,4 3,8 3,4
K1o Max 0,018 4,2 3,6 3,6 3 3,2
Ku Max 0,013 3,8 3,4 4,2 4.4 3,4
K1z Max 0,008 3,6 3,2 3,6 3 4
Table 6. Decision matrix after normalization process
Criteria 3PL-1 3PL-2 3PL-3 3PL-4 3PL-5 Wj
K1 0,90 0,81 1 0,81 0,86 4,2
K2 0,80 1 0,65 0,70 0,85 4
Ks 0,75 0,70 0,90 1 0,95 4
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K4 0,68 0,84 0,95 1 0,84 3,8

Ks 0,95 0,85 0,95 0,85 1 4

Ks 0,88 0,94 0,81 1 0,94 3,2

Kz 0,55 0,80 1 0,90 0,95 4

Ks 0,90 0,90 0,70 1 0,80 4

Ks 0,94 1 0,88 0,79 0,88 3

Kio 1 0,86 0,86 0,71 0,76 4,2

Ku 0,86 0,77 0,96 1 0,77 4,4

Kiz 0,90 0,80 0,90 0,75 1 4

Table 7. Relative and total significance of alternatives
Q values A values 3PL-1 3PL-2 3PL-3 3PL-4 3PL-5
Qi 0,849 0,843 0,884 0,860 0,861
Qi® 0,858 0,852 0,890 0,869 0,874
Qo1 0,1 0,8571 0,8511 0,8894 0,8681 0,8727
Qo2 0,2 0,8562 0,8502 0,8888 0,8672 0,8714
Qo3 0,3 0,8553 0,8493 0,8882 0,8663 0,8701
Qous 04 0,8544 0,8484 0,8876 0,8654 0,8688
Qos 0,5 0,8535 0,8475 0,887 0,8645 0,8675
Qo 0,6 0,8526 0,8466 0,8864 0,8636 0,8662
Qo 0,7 0,8517 0,8457 0,8858 0,8627 0,8649
Qos 0,8 0,8508 0,8448 0,8852 0,8618 0,8636
Qo 0,9 0,8499 0,8439 0,8846 0,8609 0,8626
Qo 1 0,849 0,843 0,884 0,860 0,861
CONCLUSION

Companies have complex business processes
in terms of product diversity and sending semi-
finished and finished products both domestically
and abroad. Today, with the effect of globalization,
the removal of borders between countries, the
formation of a competitive environment, and the
importance of customer demands, logistics
processes gain importance. Reducing costs by
investing in logistics processes, transferring risks
in activities such as transportation and stocking are
important decisions for the company to focus on its
core business. With these decisions, businesses can
concentrate on production, increase customer
satisfaction, save on costs such as vehicles,
equipment, and stock levels, and access
technological opportunities more easily. In short,
many of the reasons mentioned have caused
businesses to procure transportation services from
logistics service providers. This concept is referred
to as the concept of 3PL and it significantly
alleviates the burden of businesses in terms of
focusing on their professionalism.
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In this study, the evaluation process of 3PL
alternatives for a cable manufacturing company is
discussed. The decision-makers in the study first
determined the criteria for the service provider they
needed. The SWARA method was used for the
weight values of the determining criteria. Each
decision-maker evaluated all criteria with this
method. After the criteria weights were
determined, each alternative service provider was
evaluated. At this stage, the WASPAS method was
used. Five different service providers determined
by the decision-makers were evaluated by
considering the steps of the method. It has been
seen that the provider that meets the criteria at the
most appropriate level among five different service
providers is the third service provider. This work
has limitations, which can be viewed as
opportunities for further research. First and
foremost, the scope of this research is restricted to
the electrical cable manufacturing industry. Every
industry has its own set of roadblocks to overcome.
As a result, the answer differs depending on the
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industry. This research can be applied to a variety
of companies using a similar or different set of
factors.
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Oz

Bu ¢alismada, polimerik adsorban dietilamino etil dekstran/epiklorohidrinin (DEAE-D/ECH) kriyojelinin sudan
boyar madde adsorplama yetenegi aragtirtlmistir. Dietilamino etil dekstran/epiklorohidrinin kriyojeli ile suda ¢dziinen
Alizarin Red boyar maddesinin etkilesim mekanizmasi agiklanmistir. Adsorpsiyondan 6nce ve sonra yapilan FTIR
analizleri ve yiizey morfolojik analizler ile adsorpsiyonun mekanizmasi belirlenmistir. Dietilamino etil
dekstran/epiklorohidrinin kriyojelinin saf suda (% 2630) ve Alizarin Red boyasi ¢ozeltisinde (%1678) yiiksek sisme
oranina sahip oldugu goriilmiistiir. Adsorpsiyona baslangic boya derisiminin etkisi ve Langmuir ve Freundlich
izotermlerine uygunlugu arastirilmistir. Sonug olarak Alizarin Red boyasinin dietilamino etil dekstran/epiklorohidrinin
kriyojeline adsorpsiyonunun Langmuir izotermine gére uygun oldugu belirlenmistir.

Anahtar kelimeler: Adsorpsiyon, Alizarin Red, kriyojel

Investigation of the removal of Alizarin Red dye from aqueous solution with
Diethylaminodextran / Epichlorohydrin (DEAE-D / ECH) cryogel

Abstract

This study describes the dyestuff removal ability of diethylaminoethyl-dextran—epichlorohydrin cryogel polymeric
adsorbents. The interaction between diethylaminoethyl-dextran—epichlorohydrin cryogel and a water-soluble dyestuff,
Alizarin Red, was investigated. The mechanism of adsorption is explained with fourier transform infrared analyzes and
surface morphological analyzes performed before and after adsorption. Diethylaminoethyl-dextran—epichlorohydrin
cryogel was found to have a high swelling rate in pure water (2630%) and Alizarin Red dye solution (1678%). The effect
of initial dye concentration on adsorption and its suitability to the Langmuir and Freundlich isotherms were investigated.
As a result, it was determined that the adsorption of Alizarin Red dye to diethylaminoethyl-dextran—epichlorohydrin
cryogel was appropriate according to the Langmuir isotherm.

Keywords: Adsorption, Alizarin Red, cryogel

GIRIS

Tekstil, deri, kagit, plastik vb. endiistrilerin atik
sularinda ¢esitli tiirlerde sentetik boyarmaddeler
ortaya ¢ikmaktadir (Lin ve ark., 2021). Boyalar genel
olarak karmagik aromatik yapida olan oldukga stabil
ve biyolojik olarak bozunmalar1 zor olan
molekiillerdir (Sarkar ve ark., 2017). Sonug olarak
boyar madde kaynakli atik sular olugmaktadir.
Boyalarin su ortamindan uzaklastirilmasi ¢ogunun
toksik olmasi, kanserojenik etki gdstermesi, alerjiye
ve cilt tahrisine neden olmasi nedeniyle oldukga
onemlidir(Svedman ve ark., 2019).

Son yillarda boyar maddelerin atik sulardan
giderilmesi i¢in bir¢ok yeni yontem gelistirilmistir.
Biyolojik filtre (Qian ve ark., 2021); ultrafiltrasyon
(Hu ve ark., 2021); membran ile ayirma (Liu ve ark.,
2021) bu yontemlerin bazilaridir. Bu yodntemlerin
cogunun miihendislik ve ekonomik acidan gergek
sistemlerde  uygulanamiyor olusu  dezavantaj
saglamaktadir (Salem ve ark., 2020). Bunun aksine
adsorpsiyon, uygulanabilirlir olusu, basit ve ucuz
olmasi nedeniyle sulardan boyar maddeleri gidermek
icin ¢ok etkili bir yontem olarak bilinir. Sulardan
boyar madde, metal iyonlar1 veya organik molekdilleri
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ayirmak i¢in  ¢esitli  adsorban = malzemeler
kullanilmaktadir. Perlit (Tanaydin ve ark., 2020);
hidrojel (Mittal ve ark., 2021); aktif karbon (Wang ve
ark., 2020); hibrit kompozit (Vo ve ark., 2021);
kitosan kompozit film (Hussain ve ark., 2021) bu
malzemelerden bazilaridir. Giiniimiizde yiiksek
adsorpsiyon kapasitesi, hizli adsorpsiyon orani ve
mekanik mukavemet gibi {istiin 6zelliklere sahip yeni
adsorbanlarin gelistirilmesi, atik su aritimi igin
oldukca 6nemlidir. Hidrojellerin yiiksek adsorpsiyon
kapasitesine sahip olmalari, sulardaki boyar
maddelerin uzaklastirilmasinda tercih edilmelerini
saglamistir.

Hidrojeller, yiiksek sicaklikta ya da oda
sicakliginda hazirlanan go6zenekli c¢apraz bagh
polimerik yapilardir. Kriyojeller ise ¢ogunlukla
hazirlanan ¢6ziiciiniin donma noktasinin altinda (0°C
ile -20°C araliginda) hazirlanan ¢apraz bagh
polimerlerdir.  Elastik, siingerimsi, gevsek ve
makrogdzenekli olan kriyojellerin sentezi, baslatict
ve monomerleri igeren kismen donmus faz iginde
gergeklesir. Burada ¢oziicii, porojen ve dispersiyon

[JPAS
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ajan1 olarak davranmaktadir (Jian ve ark., 2015).
Kriyojeller biyoteknolojiden su aritma teknolojilerine
kadar genis bir uygulama alanina sahiptirler
(Gonzalez ve ark., 2021; Farias ve ark., 2020; Shiekh
ve ark., 2020).

Bir antrakinon boyasi olan Alizarin Red (AR);
suda iyi ¢Oziinen, antrasen tiirevi olan bir boyar
maddedir (Liu ve ark., 2015). Tekstil endiistrisinde
yaygin olarak kullanilmaktadir. Coziinmiis yapidaki
AR boyasinin aromatik yapist nedeniyle bozunmaya
kars1 direngli olmas1 su ekosistemi ve canli saglig
icin tehlikeli olmaktadir. Bu nedenle AR in sudan
ayrilmast ¢ok Onemlidir. Bugiinlerde AR sulardan
giderimi igin adsorpsiyon (Fayazi ve ark., 2015);
basta olmak iizere, fotokatalitik bozunma (Jabeen ve
ark., 2017); elektrokimyasal bozunma (Zhu ve ark.,
2018) gibi bir¢ok yontem gelistirilmistir.

Bu calismada dietilamino etil
dekstran/epiklorohidrinin (DEAE-D/ECH) kriyojeli
sentezlenerek FTIR ve SEM analizleri ile karakterize
edilmistir. Ayrica suda sisme yetenegi belirlenmistir.
Sulu ¢ozeltiden AR boyar maddesinin

Tablo 1 Alizarin Red boyar maddesinin bazi kimyasal ve fiziksel 6zellikleri

Adi Kimyasal formiili Molekiil Renk indeks no Amax (NM)
agirhig
Alizarin Red 342,25 58005 429

0}
- +
I I I SO; Na
OH
o) OH

adsorpsiyonunda kullanilabilirligi aragtirilmistir.
Ayrica denge adsorpsiyonunun Langmuir ve
Freundlich izotermlerine uygunlugu hesaplanmustir.

MATERYAL VE YONTEM

DEAE-D/ECH kriyojelinin Sentezi

Capraz baghh DEAE-D/ECH  kriyojelinin
sentezlenmesi i¢in 3,94 g DEAED-Dx 15 mL 2,8 M
NaOH c¢ozeltisinde ¢oziilerek son hacim 25 mL’ye
tamamlanmistir. Bu ¢ozeltiye 1 mL baslatic1 sistem
cozeltisi (0,3 g APS/10 mL su +0,02 g sodyum
tiyosiilfat/10 mL su) eklenmistir. 15 dk boyunca buz
banyosunda karistirilip tizerine 1 mL ECH ve 0,3 mL
TEMED eklenmistir. Berrak halde elde edilen ¢ozelti
siringaya ¢ekilerek 24 saat -20 °C’de bekletilmistir.

Elde edilen kriyojel oda sicakliginda 12 saat
bekletilip siringadan ayrilmig ve birkag kere (1:1)
metanol-su (v/v) karigimi ile yikanmistir. Son adimda
70 °C’de etlivde kurutularak karakterizasyon ve
adsorpsiyon ¢alismalari i¢in +4 °C’de saklanmustir.
Bu c¢alismada baslangic polimeri DEAE-D
kloriir [Mw: 500.000 g / mol] Sigma firmasindan
temin edilmistir. Hizlandirict olarak N,N,N’ N’-
tetrametilenetildiamin (TEMED); c¢apraz baglayici
olarak epiklorohidrin (ECH) ve baglatict sistem
olarak amonyum peroksidisiilfat (APS) ve sodyum
tiyosiilfat Merck firmasindan temin edilmistir.
Capraz baglanma reaksiyonunun alkali ortamda
gerceklesmesi  i¢in  kullanilan NaOH, Merck
firmasindan temin edilmistir. Satin alinan biitiin
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kimyasallar saflastirma teknigine tabi tutulmadan
kullanilmiglardir.

Calismada, model boyar madde olarak Tablo
1’de kimyasal yapisi ve bazi fiziksel oOzellikleri
tanimlanan Alizarin Red S (AR) (3,4-Dihidroksi-
9,10-diokso-9,10-dihidroanthrasen-2-siilfonik  asit)
kullanilmustir.

Kriyojelin Sisme Denemeleri
Sisme dinamik 25 °© C' de yaklasik 0,1 g kriyojel

kullanilarak AR ¢ozeltisi ve saf suda
gergeklestirilmistir.  Sisme ¢ozeltilerine  konulan
kriyojel diizenli zaman araliklarinda alimmustir.

Kriyojelin nemli yiizeyi filtre kagidi ile silindikten
sonra, agirligi kaydedilmistir. Denge sisme degerleri
Esitlik 1 kullanilarak hesaplanmaistir.

S = (va;—w) 100 (Esitlik 1)

Burada; w,, hidrojelin kuru agirlig: (baslangi¢
agirligl) ve wg, belirli bir zamanda (t) sismis jelin
agirhigdir.

DEAE-D/ECH kriyojelinin karakterizasyonu

AR boyasinin DEAE-D/ECH  kriyojeline
adsorplanma  mekanizmasini  agiklamak  igin
adsorpsiyondan Once ve adsorpsiyondan sonra
kriyojel numunelerinin FTIR spektrumlari 400-4000
cm* dalga boyu araliginda ATR teknigi kullanilarak
alimmistir  (SHIMADZU IRAffinitylS). Ayrica
kriyojelin ve AR adsorplamis kriyojelin morfolojik
ozellikleri SEM cihazi (JSM 5500, JEOL) ile
belirlenmigtir.

Alizarin
_— >

DEAE-D/ECH Kriyojeli

[JPAS
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Adsorpsiyon calismalari
Adsorpsiyon ¢aligmalari i¢in 1000 mg/L’lik stok AR
boya ¢ozeltisi hazirlanmistir.

DEAE-D/ECH kriyojeline model boya AR
adsorplanmasi  deneyleri  magnetik  karistirict
kullanilarak 100 mL’lik agz1 kapali balonlarda
gerceklestirilmistir. Denge adsorpsiyon deneyleri, 50
mL’lik farkli derisimlerdeki (25-250 mg/L) AR
cozeltilerine 0,1 g kriyojel eklenmesi ile oda
sicakliginda24 saatte tamamlanmstir. Islem sonunda
kriyojel ¢ozeltiden ayrilmis ve kalan c¢ozeltiler
stiziilmiistiir  (Sekil 1). Siizlintiiniin  absorbans
degerleri UV-Vis (Hitachi U-1900) cihazi ile 429 nm
dalga boyunda ol¢iilmiistiir. Numunelerdeki boya
miktarlari, cesitli konsantrasyonlarda boya i¢in
cizilen kalibrasyon egrisinden elde edilen y =
0,0046x-0,099 (R?=0,9982) dogrusal regresyon
denklemi kullanilarak belirlenmistir. Cozeltiden
ayrilan AR miktar1 ve adsorpsiyon kapasitesi (qe,mg
boya /0 kiyojel ) Esitlik 2 ve Esitlik 3 kullanilarak
hesaplanmustir.

Adsorplanan boya (%) = % * 100
(Esitlik 2)
Burada C, ve C; ve (mg/L) sirasiyla baslangigta

ve t siiresi sonunda ¢ozeltideki boya derisimleridir.
Co—Ce xV

Adsorplama kapasitesi (q,) =
(Esitlik 3)

Burada V ¢ozelti hacmi (mL) ve w (g) alinan
kriyojel miktarini ifade etmektedir.

0] OH
I | I OH

(0]
‘ Alizarin

%

DEAE-D/ECH Kriyojeli+Alizarin

Sekil 1. DEAE-D Kriyojeline Alizarin Red Adsorpsiyonu
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TARTISMA ve SONUC
Kriyojelin suda ve Alizarin Red S cozeltisinde
sisme davranisi

Kirletici tiirleri sulu ortamdan uzaklastirmak i¢in
sentezlenen kriyojellerin  sisme &zellikleri  ¢ok
onemlidir. Bu nedenle sentezlenen kriyojelin suda
sisme davranisi incelenmistir. Baslangicta kuru olan
kriyojelin su alip sisme davranisi gravimetrik olarak
takip edilmistir. Suda yeterince sisip dengeye gelen
kriyojelin seklini koruyacak kadar giiclii olmasi
dikkat c¢ekicidir. Bazi arastirmacilar, kriyojellerin
suda sisme Ozelliklerinin  boya adsorpsiyon
ozellikleriyle iliskili oldugunu bildirmislerdir (Onder
ve ark., 2020; Hu ve ark., 2020).

Adsorpsiyon ¢aligmalarinda kullanilan boyar
madde su ile kolayca hidrojen bagi olusturabilecek
yetenege sahip hidrofilik gruplar icermektedir. Sonug
olarak DEAE-D/ECH kriyojeli tarafindan boya
adsorpsiyonunun mekanizmasi temel olarak boya
molekiilleri ile kriyojel molekiilleri arasindaki dipol-
dipol etkilesimleri ve hidrojen bagi olusumu gibi
fiziksel etkilesimlerden kaynaklandigi sdylenebilir
(Sekil 2).

3000
2500
2000
1500
1000

500

% sisme
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Kriyojelin su ve AR ¢ozeltisinde dinamik sisme
egrileri Sekil 2 de verilmektedir. Sekil 3 de goriildiigi
gibi kriyojelin sisme yetegi zamanla artarak, belirli
bir siire sonra dengeye ulagsmistir. AR ¢ozeltisindeki
sisme derecesi (%1678) sudaki denge sisme
derecesinden (%2630) azdir. Bu azalmanin AR
molekiillerinin jel sistemine girmesi ile olusan iyonik
etkilesimden kaynaklanmaktadir.

FTIR Sonuclar:

Boya gibi cesitli organik bilesiklerin hidrojel,
kriyojel gibi cesitli adsorbanlar iizerine adsorplanma
mekanizmalarinin  belirlenmesinde FT-IR titresim
spektroskopisinden yararlanilmaktadir (Gonzalez ve
ark., 2021). Adsorpsiyon Oncesi ve sonrast DEAE-
D/ECH kriyojelinin FTIR spektrumlarindan elde
edilen pik siddetleri ve bant konumlarindaki
degisiklikler. Tablo 2’de verilmektedir. Kriyojelin
spektrumundan elde edilen verilere gore 3341 cm™’de
(O-H) gerilme titresimi1651 cm™* (N-H) bag1 ve 2949
m ! CHg’e ait (C—H) gerilmesi gozlenmistir.

Su

AR

200 400 600
zaman (min)

Sekil 2. DEAE-D/ECH kriyojelinin suda ve AR ¢6zeltisinde dinamik sigsme egrileri

U
(Csz)zltIlﬁ,,,/”

(CHs)HN

O
1
(CH,),

Hidrojen bagi

Elektrostatik etkilesim

Sekil 3. DEAE-D/ECH kriyojeline AR boyar maddesinin adsorpsiyon mekanizmasi
Tablo 2. Adsorpsiyon 6ncesi ve sonrasit DEAE-D/ECH kriyojelinin ayrintili FTIR spektrumlari
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Dalga Sayisi, cm™?

DEAE-D/ECH DEAE-D/ECH-AR Fonksiyonel grup
3341 3364-3210 O-H,
N-H gerilmesi
2924 2926 C-H gerilmesi
- 1728 C=0
1651 1666 N-H biikiilmesi
- 1590 Aromatik halka C-C gerilmesi
1427 1470 C-C gerilmesi
- 1258 Antrasen iskeletine ait C=0 iskeleti
- 1011 Siilfonat grubunun simetrik ve asimetrik gerilmesi
640 640 C-Cl

L

I-EE L SMMYBEez HMKU EMU
y

(@) (b)

(C-O-C) gerilme titresim, 1103 cm*’de C-CI gerilmesi
ise 640 cm™ ‘de gdzlenmistir. AR in yapiya adsorpsiyonu
ile birlikte DEAE-D/ECH kriyojeline ait FTIR
spektrumunda bazi degisiklikler gozlenmektedir. 1728
cm ™t dalga boyunda gdzlenen pik C=O gerilmesi,
1590 cm! dalga boyunda gdzlenen pik aromatik
halka C-C gerilmesi, 1258 cm™ dalga boyunda
gozlenen pik antrasen iskeletine ait C=0 gerilmesi,
1011 cm™ dalga boyunda gdzlenen pik ise siilfonat
grubunun simetrik ve asimetrik gerilmesi ile
iligkilidir ~ (Legan ve ark., 2016). FTIR
spektrumlarinda meydana gelen bu degisimler yapiya
giren AR boyasindan kaynaklanmaktadir.

Morfolojik Ozellikler
DEAE-D/ECH kriyojelinin ve AR adsorplamis kriyojelin
SEM goriintiileri Sekil 4 de verildigi gibidir. Goriildiigii

(©)

Sekil 4. DEAE-D/ECH kriyojelinin SEM goériintiileri (a) adsorpsiyondan 6nce (b-C) adsorpsiyondan sonr

gibi kriyojel gdzenekli, ¢apraz bagli matris seklindedir. Bu
gorintiilerden kriyojelin boya adsorplamak i¢in uygun
yapida oldugu sdylenebilir. Boya adsorpladiktan sonra
jelin yilizeyinde degisimler goriilmektedir. AR yiiklenmesi
ile gozeneklerin boyar madde ile yiiklenmesinden dolay1
jel yilizeyinin daha sert ve daha diizenli oldugu
gozlenmektedir.

Adsorpsiyon calismalarina baslangi¢c boya derisiminin
etkisi

Sekil 5, 25 °C'de ¢apraz bagli DEAE-D/ECH kriyojelinin
AR boyast ile denge adsorpsiyonuna baslangic boya

derisiminin etkisini gostermektedir. Baslangic boya
derisiminin  artmasit  kriyojelin  iizerine  boyanin
adsorpsiyon  kapasitesinde artisa yol agmaktadir.

Baglangic boya derisimi 25 mg/L’den 250 mg/L’ye
ciktiginda adsorplama kapasitesi 0,46 mg/g’dan 97,07
mg/g’a  ylikselmistir. Adsorbentin adsorplama
kapasitesindeki artisin, boyar madde derisimi ile beraber
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Sekil 5. Adsorpsiyon galigmalarina baslangi¢ boya derigiminin etkisi

Adsorpsiyon izorterm ¢alismalari

Tablo 3. Adsorpsiyon izotermleri i¢in hesaplanan parametreler

Langmuir Fruendlich

K, Gm R, Kr n R?

86,63 201,69 0.00023 1 0,4231 0,93 0,998.
artmasinin  sebebi adsorbent madde ile boya Esitlik 4 Langmuir izorterm denklemini Esitlik 5
arasindaki  temas  olasiliginin  artmast  ile  Freundlich izoterm denklemini ifade etmektedir.

aciklanmaktadir Baglangi¢ AR derigimi ile ayrilan AR
miktarimin artmasi, daha derigik ¢ozeltinin daha iyi
adsorbe olmasi ile aciklanabilir.

Adsorpsiyon sistemlerinin olusturulmasi igin,
adsorpsiyon izotermlerinin arastirilmasi ¢ok 6nemli
bir olgudur. Adsorpsiyon siirecinin dengeye ulastigi
anda sulu ¢ozeltideki boya derisimi ve adsorplanan

boya derisimi arasindaki iliski, adsorpsiyon
izotermleri ile tamimlanmaktadir. AR boyar
maddesinin DEAE-D/ECH  kriyojeli  yiizeyine

adsorpsiyon olayinin daha iyi agiklanabilmesi igin
Langmuir, Freundlich izoterm modelleri
kullanilmigtir. Denge izoterm verilerini analiz etmek
icin Langmuir ve Freundlich izoterm modellerinin
dogrusal olmayan formlar1 kullanilmig ve bu
modeller dogrusal olmayan belirleme katsayilariyla
degerlendirilmistir.

Qo = % (Esitlik 4)
1
qe = KpCon (Esitlik 5)
Burada, ¢, dengede adsorbent iizerine
adsorplanan AR derigimi
qm Adsorbentin
kapasitesi (mg/g)
K; Langmuir adsorpsiyon sabiti (L/mg)
C, Cozeltide dengedeki AR derigimi,
K Freundlich sabiti

n heterojenlik faktorii

maksimum  adsorplama

AR adsorpsiyonu i¢cin dengede adsorpsiyon
izotermleri Langmuir ve Freundlich modellerine
iliskin parametreleri R? regresyon katsayilar1 ile
birlikte Tablo 3 de listelenmistir. Langmuir ve
Freundlich modellerinin korelasyon katsayilar1 R?
sirastyla 1 ve 0,9983 olarak goriilmektedir. Bu
nedenle AR in DEAE-D/ECH kriyojeline
adsorpsiyonu i¢in Langmuir adsorsiyon izoterm
yasasinin gegerli oldugu sdylenmektedir. Onder ve
ark. (2020), Ar boyar maddesinin poly[(2-
(akriloyloksi)etil]trimetilamonyum kloride-co-1-
vinil-2-pirolidon] katyonik hidrojeline
adsorpsiyonunun  Freundlich izotermine uygun
oldugunu belirtmislerdir. EK olarak, Langmuir
adsorpsiyon izoterm modelinden elde edilen
Langmuir parametresi R;, adsorpsiyon isleminin
uygunlugunu tahmin etmek i¢in kullanilir (Esitlik 6).

L (Esitlik 6)

~ 1+K.Co

Burada, C, Cozeltide baslangi¢ derisimi (mg/L)
ifade etmektedir.

Izoterm, R;, degerine bagh olarak (R, > 1) ise
adsorpsiyon uygun degildir. (R, = 1) dogrusal ve (1>
R;, > 0) ise uygundur. Son olarak (RL = 0) ise
adsorpsiyon tersinmez olarak kabul edilir. R; degeri
0,00023 olarak hesaplandigma goére AR boyar

R,

maddesinin  adsorpsiyonu i¢cin DEAE-D/ECH
kriyojelinin kullanilmasinin uygun oldugu
gOriilmustiir.
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SONUC

Bu calismada, organizmalar i¢in i¢in zararli olan
Alizarin Red S (AR) boyar maddesinin sulu ortamdan
uzaklastirilmasi i¢in DEAE-D/ECH kriyojel sistemi
gelisrilmistir. Kriyojel bazik ortamda APS ve
TEMED baslatic1 sistemi kullanilarak dondurma
yontemiyle sentezlenmigtir. Ayrica DEAE-D/ECH
kriyojelinin boya adsorpsiyonunu etkileyen 6nemli
parametre olan sisme deneyleri sonucunda, kriyojelin
suda yiiksek sisme oranina sahip oldugu
belirlenmistir.  Kriyojel ve boya adsorplamisg
kriyojelin yapist FTIR ve SEM analizleri ile
aciklanmistir. Ayrica adsorpsiyona baslangic boya
derisiminin etkisi incelenmistir. Baslangic boya
derisiminin artmasi ile adsorplama kapasitesi 0,46
mg/g’dan 97,07 mg/g’a yiikselmistir. Ayrica
adsorpsiyonun dogasinin aydinlatilabilmesi i¢in
izoterm galigmasi yapilmistir. Bunun i¢in Langmuir,
Freundlich izotermlerine uygunlugu arastirilmstir.
Elde edilen verilere gore, adsorpsiyonun Langmuir
izoterm modeline uygun oldugu rapor edilmistir.
Sonug olarak sentezlenen DEAE-D/ECH kriyojelinin
AR boyanin sulu ¢ozeltilerden ayrilmasinda etkili bir
sekilde kullanilabilecegi gorillmistiir.
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Abstract

Cancer is the deadliest health problem after cardiovascular system diseases. New strategies have been developed
over the years in the fight against cancer. Silver nanoparticles are one of these approaches. In this study, it was aimed to
synthesize silver nanoparticles with the green approach using Elaeagnus angostifolia aqueous extract and to investigate
the cytotoxic effects of these nanoparticles. Silver nanoparticles have been characterized by analytical methods such as
UV-Vis, FTIR, SEM, EDX. The peak around 3 keV in the EDX spectrum confirms the synthesis of silver nanoparticles.
In vitro cytotoxic activity of silver nanoparticles was tested on human prostate cancer cell line PC3, human cervical
cancer cell line HELA and normal mouse fibroblast cell line L929. It has been found that silver nanoparticles
synthesized with the aqueous extract of Elaeagnus angustifolia showed a dose-dependent cytotoxic effect on HELA and
PC3 cells.

Keywords: Anti-cancer, Elaeagnus angustifolia, green synthesis, silverberry, silver nanoparticles

Antikanser Etkili Giimiis Nanopartikiillerinin igde (Elacagnus angustifolia)
Meyvesi Sulu Ekstrakti ile Yesil Sentezi ve Karaktarizasyonu

Oz

Kanser kardiyovaskiiler sistem hastaliklarindan sonra gelen en 6liimciil saglik problemidir. Kanserle miicadelede yillar
icerisinde yeni stratejiler gelistirilmistir. Giimiis nanopartikiilleri bu yaklagimlardan bir tanesidir. Bu g¢aligmada
Elaeagnus angostifolia sulu ekstrakti kullanilarak giimils nanopartikiillerinin yesil sentezi ve bu nanopartikiillerin
sitotoksik etkilerinin belirlenmesi amaglanmistir. Giimiis nanopartikiilleri UV-Vis, FTIR, SEM, EDX gibi analitik
metotlar ile karakterize edilmistir. EDX spektrumunda 3 keV civarindaki pik giimiis nanopartikiillerinin sentezini
dogrulamaktadir. Giimiis nanopartikiillerinin in vitro sitotoksik aktivitesi insan prostat kanser hiicre hatti PC3, insan
serviks kanseri hiicre hatti HELA ve normal mouse fibroblast hiicre hatti 1929 iizerinde test edilmistir. Elaeagnus
angustifolia sulu ekstrakti ile sentezlenen giimiis nanopartikiillerinin HELA ve PC3 hiicreleri iizerinde doza bagimli
sitotoksik etki gosterdigi bulunmustur.

Anahtar Kelimeler: Anti-kanser, Elaeagnus angustifolia, yesil sentez, igde, giimiis nanopartikiilleri

INTRODUCTION

Cancer is one of the most important health
problems threatening human life and ranks second
worldwide after cardiovascular system diseases
among the deaths whose cause is known (Siegel et
al., 2019). Chemotherapy, which is the main strategy
used in the fight against cancer, can be used alone or
in combination with various treatment approaches
(Hassanpour and Deghdani, 2017). Studies on the
use of silver nanoparticles in cancer treatment have

gained momentum in recent years (Jeyeraj et al.,
2013).

Silver nanoparticles have succeeded in
attracting the attention of the scientific world due to
their superior physical, chemical and biological
properties compared to other metal nanoparticles.
Studies on the use of silver nanoparticles in
medicine as anti-microbial, anti-fungal and anti-
cancer agents are continuing intensively (Prabhu and
Poulouse, 2012; Oztiirk et al., 2020; Mohammed et
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al., 2020). There are three basic approaches in the
synthesis of silver nanoparticles: physical, chemical,
and biological. Since physical and chemical methods
have some disadvantages such as expensive
equipment, waste of time and the use of toxic
materials, biological methods are more preferred in
the synthesis of silver nanoparticles (Erdogan et al.,
2019; Zhang et al., 2021). Biocomponents found in
biological materials play a role in synthesis reactions
as reducing agents and reduce silver ions to metallic
silver nanoparticles. Bacteria, fungi, algae and
various plant components are used in biological
synthesis (Wei et al., 2015). Since this method is
environmentally and nature friendly, it is also called
"Green Synthesis" in the literature. Plant extracts are
a more ideal material in the green synthesis of
nanoparticles since they do not have any
contamination risk (Beykaya and Caglar, 2016).

Elaeagnus angustifolia, known as Igde in our
country and known as Russian olive throughout the
world, grows especially in Asia and Europe.
Especially in Middle Eastern countries, silverberry
fruit is frequently used in wound healing, anti-
ulcerogenic, anti-inflammatory, anti-emetic
treatments and traditional medicine (Natanzi et al.,
2012; Gurbuz et al., 2003; Ahmadiani et al., 2000;
Rasekhi et al., 1999). Elaeagnus angustifolia fruit
extract has been reported to contain various
metabolites such as phytosterols, flavonoids,
phenolic acids and terpenoids (Azez et al., 2018;
Tepe and Doyuk, 2020). It is known that this rich
metabolite content facilitates the reduction and
stabilization of metal ions in nanoparticle synthesis
(Baran, 2019).

In this study, it was aimed to synthesize silver
nanoparticles with the green approach using
Elaeagnus angostifolia aqueous extract and to
investigate the cytotoxic effects of these
nanoparticles. The synthesized nanoparticles were
characterized by Ultraviolet-Visible Spectroscopy
(UV-Vis), Infrared Spectroscopy (FTIR), Scanning
Electron Microscopy (SEM), Energy Dispersive X-
Ray (EDX) Spectroscopy. In addition, cytotoxic
effects of silver nanoparticles on human cervical
cancer cells (HELA), human prostate cancer cells
(PC3) and mouse fibroblast cells (L929) were
investigated.

MATERIAL AND METHODS
Preparation of Elaeagnus Angustifolia Fruit
Aqueous Extract
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The fruits of Elaeagnus angustifolia, which
grows in stony soil at Aydin Adnan Menderes
University Central Campus (37°51’15"N
27°51°22”E) were freshly picked in October 2020.
The seed part of the fruit was discarded, and the pulp
part was used for extraction (Figure 1). 100 g of fruit
pulp was weighed and transferred to a 500 mL
conical flask. 200 mL of distilled water was added
on it. This mixture was heated on magnetic stirrer at
100 °C for 2 hours. After this process, the mixture
could come to room temperature and filtered with
Whatman filter paper (Grade 1). The filtrate was
stored in a refrigerator at +4 °C until it was used in
nanoparticle synthesis (Rao et al., 2015).

Green Synthesis of Silver Nanoparticles

20 mL of silver nitrate solution (10 mM) was
added to the beaker. 20 mL of Elaeagnus
angustifolia fruit aqueous extract was added drop by
drop with the help of a pasteur pipette and kept in an
ultrasonic bath for 10 minutes. The reaction mixture
was exposed to 360W microwave rays for 5 minutes.
The mixture in the beaker was transferred to falcon
tubes and centrifuged at 4000 rpm for 10 minutes.
Since the supernatant was seen to be clear, it was
concluded that the particulate precipitation was
complete. The pellet part containing the precipitated
particles was washed 3 times with cold ethanol in
order to remove organic residues from the extract.
After the falkon tube was centrifuged again at 4000
rpm for 10 minutes, the pellet part was collected and
left to dry overnight in a 100 °C oven. The obtained
silver nanoparticles were stored in eppendorf tubes
at room temperature to be used in characterization
and cytotoxicity experiments (Joseph and Mathew,
2015; Haris et al., 2017).

Characterization of Silver Nanoparticles

The UV-Vis spectrum of the synthesized silver
nanoparticles was taken with an Ultraviolet visible
(UV-Vis) spectrophotometer (Thermo Scientific
Multiscan Spectrum 1500) in the range of 200-800
nm. Functional group analysis of silver nanoparticles
was performed by making measurements in the
range of 400-4000 cm™ with a Fourier-transform
infrared (FT-IR) spectrophotometer (Shimadzu IR
8000). The structural properties and surface
morphological properties of the nanoparticles were
determined by examining the micrographs taken
from the scanning electron microscope (SEM) (LEO
1430 VP). In addition, elemental composition
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analyzes of silver nanoparticles were analyzed by
Energy Dispersion X-Ray (EDX) spectroscopy
(LEO 1430 VP). To obtain SEM image and EDX
analysis; the sample of silver nanoparticles were
coated with gold under 4x102 mbar pressure by
sputtering technique to make them better conductor.
Then, the SEM images were collected at 1.3x107°
pressure. The EDX analysis was recorded by local
mapping technique from the best captured image.

Cell Culture Studies

In this study, HELA human cervical cancer, PC3
human prostate cancer and L929 mouse fibroblast
cells belonging to the American Type Culture
Collection were used to determine the cytotoxic
effects of the synthesized silver nanoparticles.
DMEM medium containing 10% FBS (Sigma F-
2442), 2mM L-glutamine (Sigma G-6392), 100
U/mL penicillin and 100 pg/mL streptomycin was
used for the growth of HELA and L929 cells. PC3
cells were cultured in RPMI-1640 medium
containing 10% FBS (Sigma F-2442), 2mM L-
glutamine (Sigma G-6392), 100 U/mL penicillin and
100 pg/mL streptomycin. Cells extracted from liquid
nitrogen were planted in 75 cm? flasks and grown in
an oven with 5% CO, (Core EC-160) at 37°C until
the cells became a full layer. When the flask base
was filled to 90%, the cells were removed with
0.05% Trypsin-EDTA (Sigma T-4049) and passaged
(Cevik et al., 2020).

A B
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MTT measurements

The MTT test is widely used as a fast and
sensitive method in evaluating the cytotoxicity of
anticancer agents (Wan et al., 1994). The working
principle of this method is the disintegration of the
tetrazolium ring of the MTT dye into formazan by
means of the succinate dehydrogenase enzyme in the
intact mitochondria of the cells (Baek et al., 1998).
To determine the cytotoxic effect of silver
nanoparticles, cells were seeded in 96-well cell
culture plates at a density of 1x10* per well in 100
pL medium. In order to adhere the cells to the plate
base, incubation was carried out in an oven with 5%
CO; at 37°C. After adding different concentrations
of silver nanoparticles (1, 10, 100, 1000 pg/mL) to
the cells, the plate was re-incubated for 24 hours.
The medium from the wells was discarded and 100
pL of fresh medium was added to each well. 10 pL
of the previously prepared MTT dye was added to
all wells. After the cells were incubated for 4 hours,
the medium was decanted and 100 uL of dimethyl
sulfoxide was added to each well to dissolve the
formazan dye formed. The intensity of the formed
color was measured at 570 nm in a microplate reader
(Biotek Co., USA). Cell viability % was calculated
with the aid of equation 1 and IC50 values using
GraphPad Prism program (Cevik et al., 2018).

% Cell viability=" (OD test sample)/(OD
control) X 100

(Eq. 1)

(SN |

Figure 1: A) Elaeagnus angustifolia fruit. B) The part of Elaeagnus angustifolia fruit. C) The
preparation of Elaeagnus angustifolia fruit aqueos extract
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Statistical analysis

Data from three independent experiments are
presented as mean + SD. Differences between
groups were analyzed by student’s t test. Statistical
analysis was performed using GraphPad Prism
version 5.0 software. Statistical significance is
defined as follows: *, p<0.05; **, p<0.01; ***
p<0.001.

RESULTS AND DISCUSSION

Synthesis and Characterization of Silver
Nanoparticles

The use of green synthesis, which is a nature
and life-friendly method that does not require the
use of toxic chemicals in the synthesis of
nanoparticles, has become a popular field of study
(Ong et al., 2013).

In this study, silver nanoparticles were
synthesized from green synthesis using Elaeagnus
angustifolia fruit aqueous extract. Thus, a more
advantageous method was preferred in terms of cost,
time, environment, and health. In the
characterization and structural analysis of silver
nanoparticles, various analytical methods such as
ultraviolet-visible region (UV-Vis) spectroscopy,
fourier transform infrared (FTIR) spectroscopy,
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scanning electron microscopy (SEM), energy
dispersion X-ray (EDX) spectroscopy and elemental
analysis are used.

Ultraviolet-visible spectroscopy (UV-Vis) is
one of the most important methods used in the
characterization of silver nanoparticles. The most
important indicator confirming the synthesis of
silver nanoparticles is the color of the solution that
turns brown during the reaction. This color
formation is due to the surface plasmon resonance of
the silver nanoparticles (Darroidi et al., 2010). The
increase in absorbance between 420-470 nm in the
UV spectrum is due to the surface plasmon
resonance of silver nanoparticles (Bhui et al., 2009).
Nahar et al. (2021) stated that the maximum
absorbance at 442 nm wavelength was observed in
the UV spectrum of silver nanoparticles synthesized
with Citrus sinensis extract. When looking at the UV
graph of silver nanoparticles synthesized with the
aqueous extract of the silverberry fruit, Amax was
obtained at 432 nm (Figure 2). On the other hand,
the appearance peak at the about 250 nm is probably
comes from the presence heteroatoms such as N, O
(Njoku et al., 2013).

Figure 2: UV-Vis spectrum of silver nanoparticles synthesized with aqueous extract of Elaeagnus angustifolia
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In the green synthesis of silver nanoparticles,
the bio-reducing agents contained in the extracts are
adsorbed on the surface of the nanoparticles.
Functional group analysis of these biocomponents
on the surface of nanoparticles is determined by

Warea ke gt [

FTIR spectroscopy. When the FTIR spectrum of the
silver nanoparticles synthesized with the aqueous
extract of the silverberry is examined, bands are seen
at 3410, 2918, 2850, 2360, 1739, 1622 and 669 cm™
(Figure 3).
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Figure 3: FTIR spectrum of silver nanoparticles synthesized with aqueous extract of Elaeagnus angustifolia fruit
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The broad band at 3410 cm™ belongs to the O- Morphological properties of silver
H stretch. The peak at 2360 cm™ is due to nanoparticles are examined by scanning electron
atmospheric carbon dioxide. The peak at 669 cm™ is  microscopy. When the SEM micrograph of the silver
the vibrations of silver (Banerjee and Nath, 2015; nanoparticles is examined (Figure 4), nano-sized
Balashanmugan and Kalaichelvan, 2015). particles are seen, most of which are spherical and

e signal A = SE1 Mag= 1.00KX 1pm
QU WD = 15mm EHT = 20.00 kv i
Figure 4: SEM micrograph of silver nanoparticles synthesized with the Elaeagnus angustifolia fruit aqueous
extract
some of them irregularly shaped. It has also been Energy dispersion X-Ray crystallography is an

determined that these nanoparticles form micron- analytical method used to determine the elemental
sized aggregates. The approximate sizes of composition of silver nanoparticles. In the EDX
nanoparticles were found to be 652 nm. spectrum, the peak around 3 keV confirms the

presence of silver (Govarthanan et al., 2014). When
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the EDX spectrum of the synthesized nanoparticle is
examined (Figure 5A), the peak around 3 keV,
supports the synthesis of silver nanoparticles. The
abundance of silver atom was found to be 82.32%.
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Other contaminants such as carbon and nitrogen
probably were caused by Elaeagnus angustifolia
residues (Figure 5B).

B.
Element ~ Series ~ Net unn.C norm.C Atom. C Oxid
Oxid.C

[Wt.-%] [wt-%] [at.-%]  [wt.-%]
Carbon  Kseries 2018 3.72 169 6.52 CO,
6.46
Nitrogen Kseries 400 15.07 684 22.68 N,O
11.22
Silver ~ Lseries 61701 173.72 7879 33.94 Ag
82.32

Figure 5: A) EDX spectrum of silver nanoparticles synthesized with Elaeagnus Angustifolia fruit aqueous extract.
B) Elemental analysis results

Cytotoxic Effects of Silver Nanoparticles

Cancer is a health problem that is difficult to
treat and has a high mortality compared to other
diseases. Current chemotherapeutic drugs such as
cisplatin, doxorubicin, taxol and bleomycin bring
some adverse conditions such as low specificity,
high cost, high toxicity, undesirable side effects and
drug resistance. Development of new treatment
methods becomes necessary to overcome these
disadvantages (Erdogan, 2018; Wafa and Ghareib,
2018). Scientific research on the synthesis,
characterization, stability, formulation and delivery
of nanoparticles as cytotoxic agent and drug delivery
system in cancer treatment continues intensively.

It has been reported that silver nanoparticles
synthesized by green synthesis have better cytotoxic
effects than chemically synthesized ones. It is
thought that this effect is due to the biocomponents
contained in the biological material used in the
synthesis (Kummara et al., 2016). For this reason,

the cytotoxic effects of silver nanoparticles
synthesized with different plant extracts are
investigated on various cell lines. Selvan et al.
(2018) investigated the cytotoxic effects of silver
nanoparticles synthesized with carnelia sinensis
extract on MCF7, HELA, HepG2, A549 and NHDF
cells. They found the IC50 values of silver
nanoparticles on these cells as 19.94, 16.75, 27.63,
13.26 and >100, respectively. In our study, cytotoxic
effects of silver nanoparticles synthesized with the
aqueous fruit extract of Elaeagnus angustifolia were
investigated on HELA and PC3 as cancerous cells
and on L929 as normal mouse fibroblast cells. IC50
value of a potential chemotherapeutic agent is
expected to be low in cancer cells and high in
normal cells (Damiani et al., 2019). IC50 values of
silver nanoparticles for HELA, PC3 and L929 cells
were calculated as 11.8, 18.8 and 13.6 pg/mL,
respectively (Figure 6A).
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Figure 6: A) IC50 plots of HELA, PC3 and‘LA92'9‘ cells treated Wi‘tﬁ‘sirl\}er'nanoparticles. B) Cell viability graphs of
HELA, PC3 and L929 cells treated with silver nanoparticles. C) Inverted microscope images of HELA cervical cancer
cells treated with silver nanoparticles

These results clearly show that the 1C50 value
of the silver nanoparticle synthesized with
Elaeagnus angustifolia is lower compared to other
studies. Bioactive compounds from Elaeagnus
angustifolia may have increased the cytotoxic
activity of silver nanoparticles. When the cell
viability graph was examined (Figure 6B), it was
found that silver nanoparticles decreased the
proliferation of PC3 and L929 cells in a dose-
dependent manner. Especially, 1000 pg/mL dose
reduced the viability of PC3 prostate cancer cells up
to 10%. The IC50 value of silver nanoparticles was
found to be the lowest in HELA cells. Therefore, the
morphological effects of these nanoparticles on
HELA cervical cancer cells were examined with
images taken at 4X, 10X and 20X magnification
(Figure 6C). HELA cells treated with 100 pg/mL
silver nanoparticles were found to exhibit apoptotic
markers such as cell size reduction and bubbling in
the plasma membrane.

CONCLUSION

The use of nanotechnological metal atoms both
as cytotoxic agents and as a carrier system in cancer
treatment is increasing day by day. With this study,
silver nanoparticles were synthesized with green
synthesis, which is a time-saving, less costly,
environmentally friendly and more easily applicable
method. In addition, these biogenic silver
nanoparticles have the potential to be used as an
anticancer agent in the treatment of cervical and
prostate cancer due to their cytotoxic effect on
HELA and PC3 cells.
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Figure Legends

Figure 1: A) Elaeagnus angustifolia fruit. B) The part of
Elaeagnus Angustifolia fruit. C) The preparation of
Elaeagnus Angustifolia fruit aqueos extract

Figure 2: UV-Vis spectrum of silver nanoparticles
synthesized with aqueous extract of Elaeagnus
angustifolia fruit
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Figure 3: FTIR spectrum of silver nanoparticles
synthesized with aqueous extract of Elaeagnus
angustifolia fruit

Figure 4: SEM micrograph of silver nanoparticles
synthesized with the Elaeagnus angustifolia fruit aqueous
extract

Figure 5: A) EDX spectrum of silver nanoparticles
synthesized with Elaeagnus Angustifolia fruit aqueous
extract. B) Elemental analysis results

Figure 6: A) IC50 plots of HELA, PC3 and L929 cells
treated with silver nanoparticles. B) Cell viability graphs
of HELA, PC3 and L929 cells treated with silver
nanoparticles. C) Inverted microscope images of HELA
cervical cancer cells treated with silver nanoparticles
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Abstract
In this paper, we consider the inverse scattering problem for Sturm-Liouville operator with discontinuity
conditions at some point on the positive half line. The scattering data of this boundary value problem is examined. The
resolvent operator is constructed and the expansion formula with respect to the eigenfunctions of this boundary value
problem is obtained. The main equation or modified Marchenko equation of the inverse scattering problem is derived
and an algorithm of the construction of the potential function according to scattering data of this boundary value
problem is given.

Keywords: Sturm-Liouville equation, discontinuity conditions, inverse scattering problem, main equation

Pozitif Yar1 Eksende Siireksizlik Kosuluna Sahip Sturm-Liouville
Operatoriiniin Ters Sacilma Problemi
Oz
Bu ¢alismada, pozitif yar1 eksen iizerindeki bir noktada siireksizlik kosuluna sahip Sturm-Liouville operatoriiniin
ters sagilma problemi ele alinmistir. Ele alinan sinir deger probleminin sagilma verileri incelenmistir. Rezolvent
operatorii insa edilmis ve sinir deger probleminin 6zfonksiyonlarina gore ayrigim formiilii elde edilmistir. Ters sagilma

probleminin temel denklemi veya modifiye edilmis Marchenko denklemi elde edilmis ve sinir deger probleminin
sacilma verilerine gére potansiyel fonksiyonun insa edilme algoritmasi verilmistir.

Anahtar kelimeler: Sturm-Liouville denklemi, siireksizlik kosullari, ters sa¢ilma problemi, temel denklem

INTRODUCTION

In physical and mathematical literature, there
are numerous studies based on scattering theory
because of its applications in the quantum mechanics
(see Chadan and Sabatier, 1977; Faddeev and
Takhtajan, 2007; Jaluent and Jean, 1976 and the
references therein) and the investigations on this
subject have been continued in detail. It is well
known in quantum mechanics that the scattering of
particles by a potential field is completely
determined by the asymptotic form of the wave
functions at infinity. Therefore, the following
guestion arises: is it possible to reconstruct the
potential from a knowledge of the asymptotic form
of the wave functions at infinity? and then, if it is
possible, to indicate a method for constructing the
potential. This is known as the inverse problem of
scattering theory. The mathematical side of this

question is comprehensively studied and formalized
in  (Agranovich and Marchenko, 1963) and
(Marchenko, 2011).

In this paper, we will solve the inverse
scattering problem of Sturm-Liouville operator with
discontinuity conditions at some point on positive
half line by using the method of Marchenko. Then,
consider the Sturm-Liouville equation (or
equivalently the time-independent one-dimensional
Schrodinger equation)

—y" +qx)y=2% 0<x<o (1)
with boundary conditions
y'(0) —hy(0) =0 ()
and discontinuity conditions at the point a € (0, o)
y(a—0) =ay(a+0),
y'(@=0)=a'y'(a+0) 3)
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where 1 # a >0, his an arbitrary real number,
q(x) is a real function satisfying the condition
Jy xla(o)ldx < co. @

In case of ¢ =1 i.e. in classical case, the
inverse scattering problem of the boundary value
problem (1)-(3) was completely solved by
Marchenko (1955; 2011) and Levitan (1975; 1987).
The inverse scattering problem for the discontinuous
case on the positive half line was firstly studied by
Gasymov (1977) and Darwish (1994) and also
Guseinov and Pashaev (2002) solved the inverse
discontinuous scattering problem by using the new
integral representation (non-triangular) which was
obtained for the Jost solution of the Sturm-Liouville
equation with discontinuous coefficient. Then, the
direct and inverse scattering problems for
discontinuous  Sturm-Liouville equation under
different boundary conditions were examined with
the help of this integral representation in (C6l, 2015;
El-Raheem and Salama, 2015; Mamedov, 2010;
Mamedov and Cetinkaya, 2015; Mizrak, Mamedov
and Akhtyamov, 2017). Inverse problem for a wave
equation with piecewise constant coefficient was
worked in (Lavrent’ev Jr, 1992). In case of the
Sturm-Liouville  equation  with  discontinuity
conditions (or transmission conditions) at a point on
the positive half line, the direct and inverse
scattering problem with various boundary conditions
and discontinuity conditions were investigated in
(Huseynov and Osmanova, 2007; Huseynov and
Osmanli, 2009; Huseynov and Mammadova, 2013;
Manafov and Kablan, 2013). Moreover, the direct
and inverse scattering problem for Sturm-Liouville
operator with nonlinear spectral parameter in the
boundary conditions were studied in (Goktas and
Mamedov, 2020; Mamedov, 2009; Mamedov and
Kosar, 2010; Mamedov and Kosar, 2011).

In summary, the results obtained in this paper
can be given as follows: firstly, the scattering data of
the boundary value problem (1)-(3) are examined.
Secondly, the resolvent operator is constructed and
the eigenfunction expansion formula is obtained.
Finally, we examine the inverse scattering problem
that can be stated in the following way: determine a
method of constructing the potential q(x) from the
scattering data of the boundary value problem (1)-
(3). Therefore, the main equation of the inverse
problem is derived and an algorithm for the
construction of the potential function q(x) according
to scattering data is given.
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MATERIAL AND METHODS

To solve this inverse scattering problem, we use
the method of Marchenko, in this method, the
transformation operator is used and the central role
is played by the main equation with respect to the
kernel of the transformation operator. However, due
to the discontinuity conditions (3), the integral
representation  (not  transformation  operator)
obtained in (Huseynov and Osmanova, 2007) is used
and so, the main equation of the problem (1)-(3) is
different from the classical main equation or
Marchenko equation. Hereby, we must specify that
the existence of discontinuity conditions (3) in the
boundary value problem (1)-(3) strongly influences
the structure of the representation of the Jost
solution and the main equation of the inverse
scattering problem.

Now, we give the integral representation of the
Jost solution of the equation (1) with discontinuity
conditions (3) obtained in (Huseynov and
Osmanova, 2007):

For all A from the upper half-plane, the equation
(1) satisfying the conditions (3) and (4) has the Jost
solution e(x, 1) that can be represented in the form

e(x, 1) = ey(x, 1) + fxooK(x, t)etdt (5)
where

i/lx
x>a
eq(x, A { ’
o, 4) = ael’l"+a eh2a-%) <y <a

at = (a + ) for each fixed x € (0,a) U (a, )

the kernel K (x,.) belongs to the space L4 (x, o) and
satisfies the following properties:

K(x,x) = az—+fx°°q(t)dt, x€(0,a) (6)
KGox) =2 [7q)dt, xe(ao) (7)
K(x,2a —x+0) - K(x,2a —x —0) =
== (J; qdt - [ q(t)dt), x € (0,a). (8)

It is seen from this representation that the triangular
property of Jost solution representation is lost and
the kernel function has a discontinuity along the line
t =2a—xforx € (0,a).

The solution e(x, 1) is regular with respect to A
in the upper half plane I'mA > 0 and continuous
for ImA = 0. For real 2 # 0, the function e(x, 1)
and e(x, 1) form a fundamental system of solutions
of equation (1) with discontinuity conditions (3) and
their Wronskian is as follows:

402



Int. J. PureAppl. Sci. 7(3):401-409 (2021)

Research article/Arastirma makalesi

DOI: 10.29132/ijpas.908009

W{e(x, 1), e(x, /1)} =

=e'(x,De(x, 1) —e(x,Ve'(x, 1) = 2i1. (9)

Let ¢(x, 1) be the solution of the equation (1)

with discontinuity conditions (3) under the initial
conditions

¢(0,D =1, ¢'(0,1) =h.
RESULTS AND DISCUSSION

Scattering Data

Lemma 1. The following identity holds for all real
A=0:

2iA¢p (x,A) v
m = e(x, l) Sh (A)e(x, )L) (10)
where
Sh (l) _ e’(0,A)—he(0,1) (11)

e’(0,A)—he(0,1)
and S, (1) = S, (—2) =[S, (=D)] L.
Proof. Since the functions e(x, 1) and e(x, 1) form
a fundamental system of solutions of the equation

(1) with the condition (3) for all real A # 0, we

obtain

$(x, ) = i,{[e'(o, 2) — he(0,D)]eCx, 2) —

2iA

— e’ - he(O, D e 1)} (12)
Now, let us show that wQ)=¢e'(0,1) —
he(0,1) # 0 for all real 2 # 0. Assume that

(1) =e'(0,1) — he(0,1) = 0.
According to (9), we get
e’(0,1)e(0,1) —e(0,2)e’(0,1) = 2iA.

Then, it follows from the last two equality that 1 =
0, but this contradicts 1 # 0. Thus, we have w(1) =
e'(0,1) — he(0,1) = 0 for real 2 # 0. Taking into
account this in the equality (12), we find (10) and
(11) as claimed. The lemma is proved.

Definition 2. The functionS, (1) expressed by the

formula (11) is called the scattering function of the
problem (1)-(3).

Now, we will examine the zeros of the function
w(R).

Lemma 3. The function w(1) may have only a finite
number of zeros in the half plane ImA > 0 and these
zeros lie on the imaginary axis.

Proof. Since w(4) # 0 for all real A # 0, the point
A =20 can be the only possible real zero of the
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function w(A). The function w(A) is analytic in the
upper half plane. Therefore, taking into account this
fact and the representation of the solution (5), it is
obtained that the zeros of the function w(4) form
bounded and at most countable set whose unique
limit point may be only a zero.

Now, let us prove that all zeros of the function
w(A) lie on the imaginary axis. Assume that 7; and
T, are two zeros of the function w(4). Then,

w(t;) =€'(0,t;) —he(0,7;,) =0, i =1,2. (13)
Since the functions e(x, ;) and e(x, t,) satisfy the
equation (1), we can write

—e"(x,71) + q()e(x,7,) = t2e(x, 1q),

—e" (x,7) + q()e(x, 1) = T3 e(x, 7o),
and it follows from these equalities that

;_x w {e(x, 75),e(x, Tl)}

2 _—2 A )
= (t2 - 75" )e(x, 1)e(x, 7).
Integrating this equality over the interval (0, ) and
then using the discontinuous conditions (3), we find

(¢2 - ﬁz) f e(x,t)e(x,1,) dx —
0
=0.

-w {e(x, 75),e(x, Tl)}x=0 (14)

In the second expression of the left hand side of
(14), using the relation (13), we have
W{e(x, 1), e(x, Tz)} =
x=0
=¢(0,71)e(0,7;) — e(0,71)e’(0,7,)=0.
Thus, we obtain
(z2 - EZ) foooe(x, 1)e(x,7,)dx =0 (15)

In particular, when 1, = ; is chosen, 2 — ﬁz =0
or T, = il4, here 4; > 0. Consequently, the zeros of
the function w(4) can lie on the imaginary axis.
Moreover, the number of the zeros of the
functions w(A) is finite and this fact is similarly
proved by using the method in (Marchenko, 2011
see Lemma 3.1.6., pp. 186). The lemma is proved.

Lemma 4. The zeros of the function w(A) are
simple.
Proof. Denote

d d
e(x, 1) = ae(x,/l), e'(x, 1) = ae(x,/l).

Consider the following equation

—e""(x, 1) + q(x)e(x, 1) = 2%e(x, ).
Differentiating this equation with respect to 4, we
get
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—e"(x, 1) + q(x)é(x, 1) = 12¢(x, ) + 22e(x, 2).
It follows from these two equalities that

d

EW{e(x, 1), é(x, 1)} = 2[e(x, D]

Integrating this over the interval (0,o) and then

using the discontinuity conditions (3) and the

function w(1) = e'(0,1) — he(0, 1), we calculate
w()e(0,4) — w(A)e(0,2)

+ Zlfoo[e(x,)l)]zdx =0.
0

Let A =it (r > 0) be a zero of the function w ().
Then, we have

20 f le(x, i) |2dx = 6 (i0)e(0, iv).
0

Since fooole(x, it)|?dx > 0, it is obtained that
w(it) # 0 i.e., the zeros of the function w(4) are all
simple. The lemma is proved.

Now, let id;, (A4 >0, k =12,..,n) be the
zeros of the function w (1) and denote

oy 2 (i2)e(0, i
mi? :=f le(x,id)|? dx = @G kz)fe( ' k).
0 Ay

(16)
The numbers m; are called the normalized
numbers of the problem (1)-(3).

Definition 5. A collection

{Sh(ﬂ.), (—00 <A< Oo),ﬂ.k, my, (k = 1,2, ,n)}
is called the scattering data of the boundary value
problem (1)-(3).

Eigenfunction Expansion

The functions
ulx, 1) =e(x, 1) —S,(De(x, 1), (—o <1< »),
17)
ulx,idy) = mpe(x,id,), (k=12,..,n) (18)
are bounded solutions of the boundary value
problem (1)-(3). They form a complete set of
normalized eigenfunctions of this problem.
Consider the operator L with the domain
D(L) = {f(x) € L»(0,):
fQ0), f'(x) € AC[0,a] N AC[a, ®), (f) € Ly (0, )
f'(0)—hf(0)=0,f(a—0)=af(a+0)
f'la=0)=a"'f(a+0)}

where
L) = —f"(x) + q() f(x).
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Assume that A? is not a spectrum point of the
operator L. Then, the resolvent operator R;z(L) =
(L — 22I)~1 exists.
Lemma 6. The resolvent operator is an integral
operator formed by

¥, A) =Rz (L)f = [,” gl t, DF ()t (19)
with the kernel
_ 1 fe(x, Dot 1), t<x,
gt =35 {e(t, D), x<t. 0

Proof. Let f(x) € D(L) be a finite function at
infinity. To obtain the resolvent operator of L,
consider the following boundary value problem

=y +q()y =A%y + f (),

y'(0) — hy(0) =0,
y(la—0)=ay(a+0),y'(a—0)=a 1y (a+0).
Seek the solution of this problem as in the form:

y(x, ) = ¢ (x, DP(x, 1) + cz(x, De(x, 1),
where the functions ¢(x,1) and e(x, 1) are the
solutions of homogeneous problem for ImA > 0.
Consequently, applying the method of variation of
parameters, we find (19) and (20).

Theorem 7. The eigenfunctions expansion formula
of the boundary value problem (1)-(3) is as follows:
n

5(t —x) = Z wCe, i u(t, idy)

k=1
1 [ _
b f w(e, Dt ) dA
2 J,

(21)
where §(x) is a Dirac delta function.
Proof. Let f(x) € D(L) be a twice continuously
differential function and be finite at infinity. Then,
for ImA > 0 we can write from (19) and (20) that

[oe)

Y, 2) = j 900t Df @D de =
0

1 X
=2, e(x, ) ¢(t, Df (H)dt
1 [0 0}
_mjx e(t, Vp(x, Df (t)dt
el (*
T 220 )
A (7
_fz(z(s i [—e"(t, 1) + q(®)e(t, D]f (t)dt.
Integrating by parts for both cases x < a and x > a,
we calculate

(x,4)

[—¢" (&, D) + q(O¢(t, VIf (dt

(22)
where
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206, 2) = f 900 & D" + g F(O]de.
0

Assume that ', denote the positively oriented
contour formed by the circle of radius R and center
at zero. Consider D; = {z:|z| < R,|Imz| = €} and
D, ={z:|z| < R,|Imz| < €}. Denote by T';. the
positive oriented boundary contour of D; and Ty .

the negative oriented boundary contour of D,. Then,
we can use the properties of the integration as

follows:

fF;?,e - fFR + fr;?,,e (23)
Now, multiplying both sides of the expression (22)
by Zim and then integrating along the contour T'p
with respect to 1, we get

1 f(x)
— =—— A
oy rRly(x AdA = 2ni b, —=dA+ Ziz(x),
(24)
where
z(x, 1)
Z —_—
R(x) - 1 da,

and since

I/%Iim supxzolz(x Al =0 which is
obtained from the expressions of the functions
e(x,1), ¢(x,2) and w(1), we have Zz(x) -0

uniformly to x as R — oo. According to (23), we can
write

21 Jp
Re
1 1
= —f Ay(x,)dA +—_f Ay(x, A)dA.
2ni Jr, 2mi Jpur

(25)
It follows from (24) and (25) thatas R —» o« and € —
0

Ay(x, 1)dA =

Ay(x, D)dA =
2t Jyy (e d)

=—f(x)+ %f::/l[y(x,/l +i0) —y(x,A —i0)]dA

On the other hand, using the residue theorem, we
have

Ay(Cx, D)dA =
2mi Jyr o)

n
= Z Res;—ip Ay(x,A) + Z Res;—_i3, Ay (x, A).

k= k=
It is found from the last two relations that
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fl)=- Z Resj=i Ay(x,2)
k=1

n
- z RQS)L:_i)Lk)l}/(x; A)
k=1
1 f " 10)]d2
+o > [y i0)]
(26)

Next, let us examine the right hand side of the
equation (26). Denote by ¥(x, 1) the solution of
equation (1) with the discontinuity conditions (3)
satisfying the initial conditions
P(O,1) =0, ¥'(0,2)=-1.

Moreover, W{¢(x,1),¥(x,A)} = 1. Therefore, we
have

e(x, 1) =e(0,)p(x, 1) — w(DY(x, ).
Using the expression (20) and (27), we can write
fort <x

(, A +i0) —y(x, A —

(27)

A
glx, t,1) = — e((&)) dCe, D, 1) +P(x, DNp(t, 1),
forx <t
glx, t, 1) = ((/1)) PO, Dp(t, A) + dp(x, Dp(t, 1)
and for ImA > 0, we have
B e(0,1) ®
Y6, 2) = o) f 0 Dt DF(Ode +
+ f W0 D DDt +
0
+ f 6 Ce, (e, DF(E)dt.

X
Then, it is obtained from this expression that
n n
z Resy_iz Ay(x,2) + Z Resj—_iz Ay(x,2) =
k=1 k=1
n
Now, taking into account the relation y(x, 1 —

y(x, A +i0), we find
y(x,A+i0) — y(x,A +i0) =

—Zi)lke(O, llk) * . .

—L e | binde @t
29)

i0) =

1 e(x, ) e(x A)
=j0 it )]gb(t Df)dt +
e(t, /1) e(t, 1)
+ o A)[ el )]f( e

and using (27) in this expressmn, we get
y(x, A +i0) —y(x,A+i0) =
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|w(/1)|2f $x, Do (e, Df (t)dt.

Thus, it follows from the last equality that
1 ® . .
Z_mf Aly(x, 2 +i0) — y(x,A—i0)]dA =

[e9) /12
=;f PRNEAG A)f b (t,2) f(£)dedA.
0
(29)

Consequently, substituting (28) and (29) into (26),
we calculate

f(x2=
2i1,e(0,il,) [
- Z %] P (x, i) P(t, i) f (t)dt

2 (° 22
+= f SOE A)f B, DF(H)dtdA.

Moreover, in the last expression considering
e(x,1) =e(0,)p(x, 1), (16), (17) and (18), the
eigenfunction expansion formula (21) is obtained.
The theorem is proved.

Inverse Scattering Problem

In this section, we will reconstruct the potential
q(x) by scattering data of the boundary value
problem (1)-(3). The problem (1)-(3) has bounded
solutions (17) and (18) and as x — oo, the following
asymptotic formulas are satisfied:

u(x, 1) = e — 5, (D)e* 4+ 0(1), (—o0 < A < )
u(x,idy) = mee (1 +0(1)), (k=12,..,n).
Then, it must be specified that the scattering data

{Sh(ﬂ.), (—00 <A< OO), Ak;mk, (k = 1,2, ,n)}
provides a complete description of the behavior at
infinity of the normed eigenfunctions u(x, 1) of the
problem (1)-(3).

When q(x) =0 in the equation (1),

following relation which is similar to (10) is valid:

= e D) — Sy ey, ), (30)
where ¢ (x, 1) is a solution of the equation (1) with
(3) under the initial conditions

$0O,N) =1 ¢'(0,1) =0,

maoreover,
e (0) _ —at+a"e 2
at—q—e2ira

So(0) = 52 = (31)
and we have S,(1) —S,(1) =0 G) as || - oo.

Thus, the function Sy(1) — S,(1) € Ly(—o0, ) is
the Fourier transform of the function
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Fs(x) = 5= [ [So(A) — S, (D] e*d2
which belongs to the space L, (—, o).

(32)

Theorem 8. For each x =0, x #a the kernel
K (x,y) of the integral representation (5) satisfies the
following equation

o
K(x,y)—a—+K(x,2a—y)+

+15(x,y)+f K(x,)F(y+t)dt=0, x <y,
X

(33)
where
F(x) = Fs(x) + Xjo, mpe M (34)
and
atF(x+y)+
ﬁ(x,y)={+aF(2a—x+y), 0<x<a
F(x +y), x> a.
(35)
Proof. It is obtained from (10) and (30) that
2id¢p(x, 1) 2iAp(x, 1)
e’(0,1) — he(0,1)  e;(0,1)

- f KCx, )e=Edt + [Sy (1) — Sy (D]eo ()

X

+ me(x, )[So (1) = S (D)]eAtdt —

—So (A)f K(x,t)e*tdt
X
or equivalently,

2i¢(x, /1){ !

e’(0,1) —he(0,1)

1
" en(0, ) — heo(0, ,1)} +
20 (p(x, 1) — p(x, 1))
ey (0,1) — hey(0,21)

N 1
+2iA¢(x, 1) {66(0’ 1) — hey(0,2) B e, (0, /1)}

= jooK(x, e M dt + [Sy (1) — S (D]eo(x, 1)
+ j ooK(x, )[Se(1) — S, (V)] etdt —

—SO(/'D.[ K(x, t)el*tdt.
X

(36)
Now, let us multiply the both hand side of the
equality (36) by i e and integrate with respect to
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A € (—0,0). Then, the right hand side of the new
equality is as follows:

1 ® )
KGoy) +o f [So(A) — S (D]eo(0, e da +

+ f Tk {% J 150 — sh(A)]eWy”)dA} dt

© 1 r® .
- f K(x,t) {— f SO(/l)e"l(y”)d)l}dt.
X 2m ) _o
(37)
Let us calculate
— f So(V)er+D 4y,
It follows from (31) that

So(1) = Z (Z—;)n {(Z—;) e2ila(n-1) _ ezuan}

n=0
Using this expression, we find

zi f So(Detr+0d) =

[ee)

Z( >{< )5(2a(“—1)+y+t)

n=0

—6(an+y +t)} (38)
Thus, substituting (32) and (38) into (37) and taking
into account the relation K(x,y) = 0 for x > y (see
Huseynov and Osmanova, 2007), it is obtained for
y > x that the equality (37) is as follows:

(04 ~
K(x,y) —FK(x,Za —y) + FEs(x,y) +

+ [ K(x, OFs(y + t)dt, (39)
where
atFs(x+v) +
Fs(x,y) ={+a " FsQa —x + ), 0<x<a
Fs(x + ), x> a.
Now, it remains to examine the integral of the

product of the left hand side of the equality (36) and
iﬂei’ly, taken over the real line —oo < A < 0. Then,
applying Jordan’s lemma, for y > x we find

L n
202 (x, idy e~ MY
Z kP, i) - Z mie(x, idy) e~
k=1

- @(idy)
n

= Z mlzc {eo (.X, ilk)e_/-{ky + f K(X, t)e—ﬂk(t+y)dt}
k=1 x

(40)
Consequently, using (39) and (40), for y > x we
derive the equation (33). The theorem is proved.
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Definition 9. The equation (33) is called the main
equation of the inverse problem of the scattering
theory for the problem (1)-(3).

Note that this equation is different from the
classical Marchenko equation and we define the
equation (33) as the modified Marchenko equation.

Lemma 10. For each x>0, x #a the main
equation (33) has a unique solution K(x,.) €
Ly (x, ).

Proof. In case of x > a, the main equation (33) is in
the form of classical Marchenko equation, so for
x > a the proof of this theorem is as in (Marchenko,
2011). Now, suppose that x < a. The equation (33)
can be written as follows:

T.K(x,.) + EK(x,.) = —F(x,.),

where
f», x> a,
L) = {f(y) -—f@a-y), x<aq
(Fef) = f F(t+y)f(®dt, y>x.

X
The operator T, is invertible in the space L,(x, o)

and the operator F, is completely continuous in the
space L,(x,») (see Marchenko, 2011, Lemma
3.3.1). Then, the main equation (33) can be
expressed as
K(x,.) + Ty YEK(x,.) = =T, 'F(x,.),

where the operator Ty 1E, is completely continuous
operator in L, (x, o). Thus, to prove the theorem, it
is sufficient to show that the homogeneous equation

)~ e - )+

+fooF(t+y)fx(t)dt=0, y>x

has only trivial solution f,(y) = 0 in L,(x, ) and
this fact is similarly obtained as in (Huseynov and
Osmanli, 2009).

Theorem 11. The potential function q(x) is
uniquely  determined by  scattering  data
{Sh(l), (—00 <A< 00), Ak, my (k =1,2, ...,n)}.

Proof. Using the scattering data {S;, (1), (—w < 1 <
0); A; my (k=1,2,...,n)} we construct the
functions F(x) and F(x,y) via the formulas (34)
and (35). Then, with the help of constructed
functions, we can write the main equation (33).
From Lemma 10, the main equation has a unique
solution K(x,y) which is the kernel of the integral
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representation (5) for every x = 0, x # a. Hence,
the potential g(x) is uniquely constructed according
to the formulas (6), (7) and (8).

CONCLUSION

In this paper, we deal with Sturm-Liouville
operator with discontinuity conditions at the point
x = a € (0, +). Firstly, we examine the scattering
data of the boundary value problem (1)-(3). Then,
the expansion formula with respect to the
eigenfunctions of this problem is obtained. Finally,
we solve the inverse scattering problem by using the
method of Marchenko. In this method, the main
equation (or Marchenko equation) with respect to
the kernel of the transformation operator plays the
central role. However, the existence of the
discontinuity conditions (3) strongly influences the
structure of the representation of the Jost solution, so
Jost solution is not in the form of transformation
operator, is in the form of integral representation.
Therefore, we use this integral representation of the
Jost solution when solving the inverse scattering
problem. Consequently, we derive the main equation
of the inverse scattering problem and we give an
algorithm for the construction of the potential
function q(x) according to scattering data.
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Abstract

In this study, some growth parameters have been investigated like sex distribution, length and weight relationship,
age determination, von Bertalanffy growth parameters and condition factor of Capoeta umbla (Heckel, 1843) (644 female,
743 male) captured from Piilimiir River between 2017 and 2019. Females varied from 7.1 to 38.8 cm in total length and
3.4 to 514.2 g in weight. Males varied from 7.3 to 38.3 cm in total length and 3.5 to 450.4 g in weight. The sex ratio
(females/males) for C. umbla was 1:1.154. The age groups for C. umbla was 0-11. The von Bertalanffy growth parameters
were determined as L=49.25[1-0128+169)].  \W,=666.91[1-e 012816912973 for female, L=44.42[1-e01%5®137)];
W=735.19[1-¢ 0155(+137]2.9% for male and L=45.29[1-e0146+142)]: W,=772,56[1-e 0-146(t+142)]2963 for al| individuals. The
growth performance index (@) value was determined as 2.476. The length and weight relations of C. umbla were found
as W=0.0096*L297, R?=0.97 (95 % CI of b=2.773-3.139) for females; W=0.0103*L2%*, R?=0.98 (95 %CI of b=2.797-
3.092) for males and W=0.0100*L2%%% R?=0.98 (95 %CI of b=2.773-3.139) for all individuals. The growth type of C.
umbla was isometric for all individuals (R=0.99, R?=0.97, F1135s=51700.4, P<0.001). The highest condition factor was
observed as 2nd age (0.931), while the lowest was observed 11nd age (0.796).

Keywords: Age, Capoeta umbla, Piiliimiir River, von Bertalanffy growth parameters

Piiliimiir Nehri’nde Yasayan Capoeta umbla (Heckel, 1843) Populasyonunun
Bazi Biiyiime Parametreleri

Oz

Bu ¢alismada; 2017 ve 2019 tarihleri arasinda Piiliimiir Nehri'nden yakalanan Capoeta umbla'nin (Heckel, 1843)
(644 disi, 743 erkek) cinsiyet dagilimi, boy ve agirlik iliskisi, yas tayini, von Bertalanffy biiyiime parametreleri ve
kondisyon faktorii gibi bazi biiylime parametreleri arastirilmistir. Disilerde total boy 7.1-38.8 cm ve agirlik 3.4-514.2 g
arasinda degismektedir. Erkeklerde total boy 7,3-38,3 cm ve agirlik 3,5-450,4 g arasinda degismektedir. C. umbla igin
cinsiyet orani (digi/erkek) 1:1.154 olarak hesaplanmustir. C. umbla i¢in yas gruplar 0-11 yas oldugu tespit edilmistir. von
Bertalanffy biiyiime parametreleri disiler icin Lt=49.25[1-e0128t+168)]. \Wt=666.91[1-e0128t+168)]2973  erkekler igin
Li=44.42[1-e 0155¢+13D]: \W,=735,19[1-015(t+13N2954 yve tiim bireyler igin L=45.29[1-e0146+142)]. W=772.56[1-e"
0.146(1+1.42)]12963 g]arak belirlendi. Bityiime performans endeksi (@ ') degeri 2.476 olarak belirlendi. C. umbla’nin boy-agirlik
iliskileri disiler i¢in W=0.0096*L?%"3, R?=0.97 (95 % CI of b=2.773-3.139), erkekler icin W=0.0103*L2%4, R?>=0.98 (95
%Cl of b=2.797-3.092) ve tiim bireyler i¢cin W=0.0100*L2%3, R?=0.98 (95 %CI of b=2.773-3.139) olarak bulundu. C.
umbla'mn bilyiime tipi tiim bireyler i¢in izometrikti (R=0.99, R?=0.97, F1.13s5=51700.4, P<0,001). En diisiik kondisyon
faktorii 11 yas (0.796), en yiiksek kondisyon faktorii 2 yas (0.931) olarak goériilmiistiir.

Anahtar Kelimeler: Yas, Capoeta umbla, Piiliimiir Nehri, von Bertalanffy biiyiime parametreleri

INTRODUCTION
Capoeta genus, denotes distributed
geographically central Asia, southern China, northern

Species and subspecies all have economic importance
in human feeding (Geldiay and Balik, 1999; Cicek et

India, Afghanistan, Turkmenistan, Georgia, Armenia,
Azerbaijan, Uzbekistan (Aral), the Middle East and in
Anatolia, live 5 species and 6 subspecies in Turkey.

al., 2016). Capoeta umbla is a cyprinid species known
as Tigris scraper and reach a length of 40 cm (Froese
and Pauly, 2006). This species is common in the
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Tigris River, and has been recorded from lIran, Iraq,
Syria and Turkey (Turkey-in-Asia) and listed it in the
Least Concern (LC) category (Freyhof, 2014).

The body of the C. umbla, which is more or less
cylindrical, is slightly pressed from the sides and
covered with small scales. The nose is blunt, the
mouth is large and the shape of a transverse slit. The
lips are covered with a hard skin that has a horn-like
structure. There is a pair of small mustaches at the
corners of the mouth. The last bone beam of the dorsal
fin is underdeveloped and has small denticles on the
posterior margin. The color is dark brown on the
back, brown-yellow on the sides, and often off-white
in the abdomen. They spread in the upper basins of
the Euphrates and Tigris River systems (Geldiay and
Balik, 2007).

Fish in an environment determination of
population growth characteristics is one of the basic
biology subjects. Determining the rates of fish in the
population of individuals of different age groups, life
span, calculation of growth rates, growth rates,
mortality rates, determination of sexual maturation
and spawning periods bring the need for age
information (Polat, 2000).

C. umbla has economic importance in Turkey
eastern region, so there are many studies about this
species (Girgin et al., 1997; Aydin and Sen, 2002;
Tiirkmen et al., 2002; Giines, 2007; Ceyhun and
Erdogan, 2008; Saler et al., 2010; Coban et al., 2013;
Giindiiz et al., 2015; Serdar and Ozcan., 2016; Eroglu
et al., 2018; Pala et al., 2018). The aim of our study is
the biological characteristics of the Capoeta umbla
population captured from Piiliimiir River and creating
a data source on the management and conservation of
the species. Thus, the research results contribute to
the stock management of the species we have studied.
It will also shed light on future biological studies.

MATERIAL AND METHODS

Study area/Sampling/Data collection

The Piiliimiir River (Tunceli), located in eastern
Turkey, approximately 70 km long (Giiltekin et al.,
2017). Piilimiir River rises from the foothills of Avei
Mountains and flows from Piiliimiir to 20 km north of
Tunceli with the joining of streams and in Tunceli city
center borders with Munzur water (Saler and Bulut,
2011). It is present in various studies previously
conducted in this region (Saler and Bulut, 2011; Saler
et al., 2014; Ozcan, 2019; Ozcan, 2020).
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Fish samples were caught Piilimiir River
(Tunceli) by electroshockers between 2017 and 2019
(1. station: 39° 40' 09.72 "N, 39° 82' 85.67" E 2.
station: 39° 39' 63.38 "N, 39° 82' 77.50" E) (Figure
1). Fish samples were transported to the laboratory of
Fisheries Faculty of Munzur University. All
individuals, the total length (TL), the weight (W)
were measured to the nearest 0.1 cm and 0.01 g. After
dissection of fish, sex detection determined with
macroscopic examination of gonads. Whether the sex
ratio (females/males) in the sample is statistically
different from the expected 1:1 ratio was determined
by applying the chi-square (32) test (Zar 1999).

For age determination of fish samples by ligne-
lateral line and operculum and anterior side of dorsal
fin 10-15 scales were taken from among. Scales
usually leave no mark on and packed in non-adhesive
paper envelopes. Scales that are dirty washed in warm
water. Drop a few drops of glycerin and placed face
up. Age readings were done (OLYMPUS BX53
brand microscope). Each sample prepared during age
readings was read by different people at least 2 times.
von Bertalanffy growth function (VBGF)

The von Bertalanffy growth equation is as
follows (von Bertalanffy, 1938) :

TLe = TLo [1-e*t0]
Wi= W, [1_e—k(t—to)]b (1)

Accuracy of the growth parameters was tested
using von Bertalanffy growth performance (Gayanilo
and Pauly, 1997):
d=log10(K)+2l0g10(L ) 2
Length-weight relations (LWRs)

Total length-weight relation was determined
with the equation (King, 1995) :

W=al’ (3)
Condition factor

The condition factor (CF) values of fish are
acquire with this equation (Le Cren, 1951) :
CF=(W/TL").100 4)

Also statistical analysis of the data obtained was
made using Microsoft Office Excel 2013 and SPSS
24.0 package programs.
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Figure 1. Sampling area (Piiliimiir River) (URL-1, 2021).

RESULTS AND DISCUSSION

A total of 1387 individuals of C. umbla (644
female, 743 male) were collected during the study.
Females varied from 7.1 to 38.8 cm (19.69+0.18) in
TL and 3.4 to 514.2 g (79.79+2.28) in W. Males
varied from 7.3 to 38.3 cm (19.69+0.17) in TL and
3.5 to 450.4 g (79.82+2.12) in W (Table 1). The sex
composition was 46.43% females and 53.57% males.
The sex ratio (females/males) for C. umbla was
1:1.154, chi-square (2) test showed that significantly
different from the theroretical 1:1 ratio (P<0.05). The
age of captured specimens of C. umbla is ranged from
0to 11 years for all individuals and the 2nd group was
dominant (658 samples) in the population. Age-
frequency distribution by sex is given in Figure 2.

In this study, male of C. umbla were caught more
in the field sample. Age composition of C. umbla in
the present study was determined as 0-11 years. The
age composition was determined by several studies
(Table 3). The age distribution and sex ratios obtained
from this study and the findings in Table 3 are
different from each other. In the previous studies, the
largest C. umbla was reported as 13 age (years) and
47.20 cm (Sen and Aydin, 2000). It can be assumed
that this difference is due to different population
structures in different regions, min-max lengths and
catching method used to collect samples. Nikolsky
(1963) reported that sex ratios in different populations
of the same species may be different.

The parameters of von Bertalanffy growth
estimated as L=49.25[1-e0128188)]- \N,=666.91[1-¢"
0.128(t+1.68)]2.973 for female, Lt:44.42[1_e—0.155(t+1.37)];
W;=735.19[1- 0151301294 for  male  and
Lt=45.29[1'e_0'146(t+1'42)]; Wt:772.56[1_e—0.l46(t+l.42)]2.963
for all individuals. The maximum length at age was
determined as 38.8 cm at 11 years (Figure 3).
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The growth performance index (@') value was
calculated as 2.476 for C. umbla (all individuals)
(Table 2).

The value of L., of females (49.25) was higher
than that of males (44.42). Tiirkmen et al., (2002),
Giines (2007), Ceyhun and Erdogan (2008), Giindiiz
et al., (2015) and Eroglu et al., (2018) achieved
similar results. The reason for this may be that
females grow faster than males and live longer
(Weatherley, 1972; Tiirkmen et al., 2002). This can
be due to in growth differences between females and
males, according to Froese and Binohlan (2000). The
values of k were found to be in female, male and all
individuals 0.128, 0.155, 0.146, respectively. Fish
with high k values are short-lived (Sparre and
Venema, 1998).While k values were found to be very
bigger from the findings of Sen and Aydin (2000),
Tiirkmen et al., (2002), Giines (2007) (Tuzla stream),
Ceyhun and Erdogan (2008), Giindiiz et al., (2015)
and Eroglu et al., (2008); were found to be very
smaller from findings of Giines (2007) (Tercan Dam
Lake) and Coban et al., (2013) (Table 3). These
differences may be due to the largest individuals.
Using the von Bertalanffy growth parameters (k and
L.), the "growth performance index" (@' was
calculated. The values of @' were very close in the
other studies (Table 3).

The LWRs of C. umbla were calculated as
W=0.0096*L>°"® (R?=0.97, SE of b=0.0018 and 95 %
confidence intervals of b=2.773-3.139, t-test P>0.05)
for females, W=0.0103*L2** (R*=0.98 SE of
b=0.0017 and 95 % confidence intervals of b=2.797-
3.092, t-test P>0.05) for males and W=0.0100*L%*
(R?=0.98 SE of b=0.0012 and 95 % confidence
intervals of b=2.773-3.139, t-test P>0.05) for all
individuals (Figure 4). Our data suggested that the
growth type of C. umbla showed was isometric for all
individuals (R=0.99, R?*=0.97, F11335=51700.4, P
<0.001; t-test=227.376, P<0.01). Also, the t-test
results are when analyzed in terms of importance (P
<0.01); fish size data can be used with high accuracy
to estimate fish weight was found (Basusta et al.,
2017; Serdar and Ozcan, 2018).

The slope value (b) of the length-weight relation
was determined as 2.973 for females, 2.954 for males
and 2.963 for all individuals. According to 95%
confidence limits of b (2.773-3.139 for female, 2.797-
3.092 for male and 2.773-3.139 for all individuals);
because of the b value close to 3, the growth of
female, male and all individuals was isometric. The
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values of b in Table 3 ranged from 2.310 to 3.186 but,
our results are between the differ ranges. The values
of b were within the limits of 2.5-3.5 commonly
reported (Froese, 2006). While the values of b were
close to those found by Tiirkmen et al., (2002) and
Giindiiz et al., (2015); were different from those
found by Sen and Aydin (2000), Giines (2007),
Ceyhun and Erdogan (2008), Coban et al., (2013) and
Eroglu et al., (2018). Pauly (1984) reported that the
value of b may vary according to ecological factors,
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food level, age, sex, sexual maturity and species. The
differences in the value of b can be due to these
factors in the other studies. The coefficient of
determination (R?) was found to be >0.97 highly
significant value of the result.

When the t-test results was used for the
significance condition of the regression coefficients,
it was identified that length data could be used in
highly reliable to estimate weight (Ozcan and
Basusta, 2018).

Table 1. Total length and weight values of C. umbla in Piiltimiir River

Total Length (cm) Weight (g)
Sex n Mean+S.E Min-Max Mean+S.E Min-Max
Q 644 19.69+0.18 7.1-38.8 79.794+2.28 3.4-514.2
3 743 19.69+0.17 7.3-38.3 79.8242.12 3.5-450.4
Q+3 1387 19.69+0.12 7.1-38.8 79.79+1.55 3.4-514.2
700 1 mAll mFemale = Male
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& 400
c
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Figure 2. Age-frequency distribution of C. umbla from Piiliimiir River
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Figure 3. According to lengths at age (observed TL) and VBGF (estimated TL), age-total length distribution all

individuals of C. umbla from Piiliimiir River

Table 2. The parameters of the growth and age-length for C. umbla from Piiliimiir River

Lo W k tO
Sex n a b 95% Cl of b R? ; @' CF
(cm) | (9) | (year) | (year)
Q 644 | 0.0096 | 2.973 2.773-3.139 0.97 | 49.25 | 666.91 | 0.128 -1.68 | 2.492 | 0.809
3 743 | 0.0103 | 2.954 2.797-3.092 0.98 | 44.42 | 735.19 | 0.155 -1.37 | 2.485 | 0.877
Q+J4 | 1387 | 0.0100 | 2.963 2.773-3.139 0.98 | 45.29 | 772.56 | 0.146 -1.42 | 2.476 | 0.876

(n: sample size; a: intercept, b: slope, CI: confidence limits, R?: coefficient of determination L..: asymptotic length; W..: asymptotic
weight; to: theoretical age; k: body growth coefficient; @: growth performance index; CF: condition factor)
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Figure 4. Length-weight relationships of C. umbla for all individuals from Piiliimiir River

Table 3. Some parameters age, growth, length-weight relationships of C. umbla from different habitats

Habitat | Sex n Age a b R? Lo k to ' Author
Hazar Q 180 2-13 | 0.0000083 | 3.006 | 0.96 | 68.61 0.07 -2.04 | 2.517 Sen and
Lake 1) 164 2-13 | 0.0000050 | 3.097 | 0.96 | 71.49 0.06 -2.63 2.486 | Aydin, 2000
Q+3 346 1-13 | 0.0000029 | 3.186 | 0.94 | 68.62 0.07 -2.20 2.517
Karasu Q 506 1-10 0.0117 2991 | 0.99 | 45.70 0.14 -0.83 2.465 | Tiirkmen et
River 665 1-12 0.0139 2,936 | 0.99 | 42.30 0.14 -0.98 2.398 al., 2002
Tercan Q 165 1-6 0.000500 | 2.321 | 0.98 | 41.64 0.19 -0.69 2.517
Dam Lake I} 158 1-6 0.000192 | 2.485 | 0.98 | 40.60 0.22 -0.29 2.559
Q+3 323 1-6 0.000677 | 2.674 | 0.98 | 41.11 0.20 -0.54 | 2.528 | Giines, 2007
Tuzla Q 161 1-6 0.000290 | 2.400 | 0.98 | 54.17 0.12 -1.54 | 2.546
stream 38 146 1-6 0.000141 | 2.532 | 0.99 | 46.08 0.15 -1.34 | 2.503
Q+3 307 1-6 0.000208 | 2.458 | 0.98 | 52.15 0.14 -1.35 2.580
Kilis Q 103 1-5 0.069 2.31 0.86 | 57.20 0.09 -1.23 2.470 | Ceyhunand
stream 38 91 1-5 0.058 2.38 0.86 | 48.90 0.11 -1.07 2.420 Erdogan,
Q+3 194 1-5 0.064 2.34 | 0.86 | 53.00 0.09 -1.16 2.400 2008
Hazar Q 237 1-10 0.056 2,466 | 0.95 | 49.22 0.20 -1.88 2.685 | Cobanetal.,
Lake 38 127 1-10 0.104 2,262 | 0.93 | 56.17 0.13 -1.62 2.612 2013
Q+3 364 1-10 0.070 2.390 | 0.95 | 53.77 0.16 -1.84 | 2.665
Uzungayir Q 158 1-11 0.0112 2.927 | 0.96 | 47.01 0.16 -1.58 | 2.550 Giindiiz et
Dam Lake 38 288 1-12 0.0111 2930 | 0.95 | 44.91 0.14 -1.82 2.450 al., 2015
Q+3 446 1-12 0.0110 2932 | 0.96 | 46.85 0.14 -1.95 2.490
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Ozliice Q 223 1-12 0.0072 3.064 | 0.89 | 50.59 0.14 -1.99 2.550 Eroglu et
Dam Lake 3 153 1-11 0.0066 3.092 | 0.95 | 47.12 0.12 -2.78 2.430 al., 2018
Q+3 376 1-12 0.0071 3.070 | 0.94 | 49.83 0.13 -2.13 2.510
Pilimir Q 644 0-11 0.0096 2.973 | 0.97 | 49.25 0.128 -1.68 2.492 This study
River 3 743 0-11 0.0103 2.954 | 0.98 | 44.42 0.155 -1.37 2.485
9+$ 1387 0-11 0.0100 2.963 | 0.98 | 45.29 0.146 -1.42 2.476
1 —B—Female —o— Male All
0,9 %
[ |
S \ B
(&) v
(53]
o = \\
508
=]
©
c
o
(@]
0,7
0,6 T T T T T T T T T 1

Age (years)

6 7 8 9 10 11

Figure 5. According to age-condition factor for C. umbla from Piiliimiir River

Condition factor was calculated for sexes (Table
2) and all age-groups. The difference between sexes
by age groups was not significant (p>0.05). The
highest condition factor was observed as 2nd age
(0.931), while the lowest was observed 11nd age
(0.796) (Figure 5).

In this study, mean condition factor values were

determined between 0.525-1.351 for female and
0.577-1.270 for male. During the later age (years), the
condition factor value has decreased. Sen and Aydin
(2000) found that the condition factor of Capoeta
umbla in Hazar Lake is between 0.52-1.45 and they
found the average condition factor in at least 1 age
groups and at most 10 age groups. In addition, it has
been reported that the condition factor value of fish
may vary depending on factors such as age (Korkut et
al., 2007).

The average condition factor values were ranged
from 0.85-0.95 for male and 0.76-0.98 for female in
Uzungayir Dam Lake (Giindiiz et al., 2015). Eroglu et
al., (2018) condition factor values were ranged from
0.78-1.15 for female and 0.81-0.96 for male living in
Ozliice Dam Lake. The differences in the condition
factor show the biological conditions such as the
adaptation of the environment and nutrient status (Le
Cren, 1951).

CONCLUSION
As aresult, biological characteristics of C. umbla

species from Piilimiir River found to be similar to
findings obtained in other previous studies. Growth
parameters may vary from species to species, as well
as in different populations of the same species. At the
same time, the growth of different year classes in a
stock; changes can also be seen due to changes in
habitat sharing, ecological conditions and eating
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habits. Apart from these, significant growth
differences can also be seen between genders in a
population (Cetinkaya et al., 2005). So, the present
study is on the some growth parameters of Capoeta
umbla population living in Pilimiir River. The
findings of this study will be an important reference
for the similar studies in the future for this species.
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Oz

Fotovoltaik panellerin ve giines kolektorlerinin ayri ayri kullanilmasi hem maliyeti hem de kapladiklart alant
artirmaktadir. Bu yiizden arastirmacilar1 bir sistemden hem 1s1 hem de elektrik {iretmeye yonlendirmistir. Bu deneysel
calismada, yeni tip kanatgikli hava 1sitmali fotovoltaik/termal (PV/T) kolektor tasarlanmis ve karsilastirilmali olarak test
edilmistir. Deneylerde, kanatcikli ve kanatgiksiz PV/T kolektorlere dogal tasinim (DT) ve zorlanmig tasimim (m; =
0.01 kg/svem, = 0.015 kg/s) uygulanmustir. Tiim sistemlerin termodinamik analizi ve ekserji veriminin bir fonksiyonu
olan siirdiiriilebilirlik indeksi (SI) incelenmistir. Elde edilen sonuglara gore kiitlesel debinin artmasi ve kanat¢ik entegre
edilmesi PV/T sisteminin ¢ikis giicline, elektriksel enerjisine ve ekserjisine pozitif etki etmistir. Sistemdeki en diisiik ¢ikis
giicli kanatciksiz ve dogal tasinimda (M1) 26.84W, en yiiksek ¢ikig giicii kanatgikli ve zorlanmis taginimda (M6)
37.40W’tir. Tim PV/T kolektorleri karsilagtirildiginda en yiiksek genel ekserji verimi %20.48 ile dogal taginimli ve
kanatg¢ikli M4 kolektorii olmustur. Ekserji veriminin bir fonksiyonu olan siirdiiriilebilirlik indeks (SI) degerleri kanatgikli
sistemlerde daha yiiksektir.

Anahtar Kelimeler: Enerji, ekserji, kanatgik, PV/T kolektor, siirdiiriilebilirlik indeksi

Sustainability Index and Thermodynamic Analysis of Porous Fin Added Air
Heated PV/T Collector

Abstract

As a result of using photovoltaic panels and solar collectors separately, both the installation cost and the usage area
increase. Therefore researchers have directed from a single system to produce both heat and electricity. In this
experimental study, a new type of fin air heated photovoltaic/thermal (PV/T) collector is designed and tested
comparatively. In the experiments, natural and forced convection (m; = 0.01 kg/s and m, = 0.015 kg/s) was applied to
PVI/T collectors with and without fins. The thermodynamic analysis of all systems and the sustainability index (SI), which
is a function of exergy efficiency, were examined. According to the results obtained, the increase in mass flow rate and
the integration of the fins had a positive effect on the output power, electrical energy and exergy of the PV / T system.
The lowest output power in the system is 26.84W in the natural convection and without fin (M1), and the highest output
power is 37.40W in the forced convection and with fin (M6). Comparing all PV/T collectors, the highest overall exergy
efficiency is the M4 collector with natural convection and fins with 20.48%. The sustainability index (SI) values, which
are a function of exergy efficiency, are higher in finned systems.

Keywords: Energy, exergy, fins, PV/T collector, sustainability index
GIRIS

Diinya niifusunun her gecen giin artmasi ve Yyenilenebilir enerji sistemlerine yer verilmesidir.
sanayilesme ile birlikte diinyanin enerjiye olan talebi  Ayrica fosil yakit ve tiirevlerinin kullanilmas1
artmaktadir. Bununla birlikte enerji krizi bir¢ok
iilkede ekonomik biiyiimenin 6niinde bir engeldir. Bu

sorunlart ¢dzmenin en etkili yollarmdan biri fosil
yakit tiiketiminin azaltilarak yerine daha fazla
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Sekil 1. PV/T kolektorii olusturan pargalar ve kullanim
alanlar1

ekosisteme ciddi bir sekilde zarar vererck kiiresel
isinmaya neden olmaktadir. Yenilebilir enerji
kaynaklar1 arasinda giines enerjisi, riizgar enerjisi,
jeotermal enerji vb. yer almaktadir. Bu kaynaklar
cevre dostu olduklar1 i¢in hayati 6neme sahiptirler.
Gilines enerjisinden; fotovoltaik (PV) panelleri
kullanarak elektrik enerjisinden, giines kolektorlerini
kullanarak  termal enerjiden faydalanmak
mimkiindiir. Bu iki farkli sistem ayr1 ayn
kullanildigindan hem maliyet hem de kurulum
alanmin fazlaligi gibi iki temel sorunla karsimiza
¢tkmaktadir. Bu sistemlerin her ikisinin de bir arada
bulundugu Fotovoltaik/Termal (PV/T) kolektorler
kullanarak hem maliyetleri hem de kurulum alani
ihtiyaglarimi indirgeyebiliriz (Buonomano vd., 2013;
Chow, 2010). Sekil 1’de PV ve giines kolektoriiniin
birlesimi olan PV/T kolektorii ve kullanim alanlar
verilmistir.

Jia vd., (2019) calismalarinda farkli ¢evresel
kosullar ve farkli ¢alisma sivilar1 kullanilarak
olusturulan PV/T kolektorleri iizerine bir derleme
arastirmasini 6zetlemislerdir. Bu incelemenin amaci,
farkli PV/T sistemleri i¢in uygun ¢evresel kosullar1 ve
uygulamalari tanimlamaktir. Joshi ve Tiwari, (2007)
hava 1sitmali PV/T kolektorlerinin  farkli iklim
durumlarindaki termodinamik degerlerini
incelemislerdir. Bu kolektorlerin enerji verimi %55-
65 arasinda iken ekserji verimi %12-15 arasinda yer
almistir. Nayak ve Tiwari, (2008) seraya entegre
edilmis PV/T sisteminin enerji ve ekserji analizini
yapmislardir. Sistemin ekserji verimliligini %4 olarak
hesaplamisladir. Agrawal ve Tiwari, (2011) hibrit
mikro kanallt PV/T kollektroniin genel enerjisini ve
ekserjisini analiz etmislerdir. Rajoria vd., (2012) hava
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isitmalt PV/T kolektorlerinde hava giriginin  ve
cikisinin  farkli konfigiirasyonlar1 i¢in sistemlerin
ekserji verimlerini incelemislerdir. ~ Sistemlerin
ekserji degerleri incelendiginde en yiiksek ekserji
verimi %12.9 olarak bulunmustur. Sarhaddi vd.,
(2011) PV/T hava isitmali giines kolektoriiniin
optimum performansini ve tasarim parametrelerini
belirlemek i¢in matematiksel modelleme ile deneysel
sonuclarimi karsilastirmigladir. Giris hava hizi ve
giines 1simm yogunlugunun artmasiyla ekserji
veriminin arttig1 belirtilmistir. Kandilli, (2019) PV ve
PV/T sistemlerin c¢ikis performanslarini deneysel
olarak arastumustir. PV ve PV/T sistemlerin
elektriksel verimi yaklasik %11 ve %13 olarak
bulunurken ekserji verimleri yaklasik %12 ve
%14’ttir. Fudholi vd., (2019) V-oluklu sogurucuya
sahip hava isitmali PV/T kolektoriiniin ekserji analizi
ve siirdiriilebilirlik indeksini deneysel ve teorik
olarak c¢alismislardir. PV/T sisteminin ekser;ji
verimini %12.89, siirdiiriilebilirlik indeksini ise 1.148
bulmuslardir. Fudholi vd., (2018) teorik ve deneysel
calismalarini 300-1200 W/m? arasinda degisen giines
isinim  degerlerinde ve 0.007-0.07 kg/s arasinda
degisen 5 farkli debide PV/T kolektorlerin
termodinamik degerlerini incelemislerdir. PV/T
sistemin en iyi ekserji verimi 0.038 kg/s’de %12.92
olarak bulmuslardir.  Abdullah vd., (2019) hava
1sitmali PV/T kolekt6riinii sayisal ve deneysel olarak
arastirmigladir. Elde edilen sonuglara gore sistemin
termal verimi sayisal ¢alismada yaklasik %20 iken
deneysel ¢aligmada bu sonug %30’dur. Hava 1sitmali
kanatcikli PV/T sistem ile kanatgiksiz PV/T sistemin
cikis parametreleri karsilastirildiginda  kanatgikl
sistemin elektrik, enerji ve ekserji verimlerinde ciddi
artislarin meydana geldigi Fan vd., (2018); Ozakin ve
Kaya, (2019) yazarlar taraflndan beyan edilmistir.
Ozakin ve Kaya, (2020) calismalarinda farkl
malzeme ve  konfiglirasyonlarda  kanatciklar
kullanilarak PV/T'nin elektriksel, 1s1l ve ekserji
verimleri deneysel olarak aragtirilmis, 1s1l ve ekserji
verimliliklerini etkileyen kontrol parametrelerinin
optimizasyon analizi yapilmistir. Hem monokristal
hem de polikristal panellerde bakir, aliiminyum ve
piring malzemelerden yapilan kanatlarin sik ve seyrek
konfigiirasyonlarina goére deneyler yapilmig ve
kanatsiz (bos) durumla karsilastirilmistir. Hem sik
hem de seyrek kanatgik konfigiirasyonlar: igin
verimlilik degerleri, kanatsiz duruma kiyasla 6nemli
Olciide artmistir. Ayrica, kanat¢ik malzemelerinin
verim degerlerine olan en iyi etki siralanigi bakir,
aliminyum ve piring olarak belirtmislerdir.
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PV panellerin verimini olumsuz yonde etkileyen
faktorlerin en basinda yiiksek panel yiizey sicakligi
gelmektedir. Bu negatif durumu en aza indirmek igin
hava ve poroz (aliminyum kopiik) kanatgik
kullanilarak PV panelin arka yiizeyinde olusan atik 1s1
absorbe edilerek PV panelin verim degerleri ve
sistemin yasam 6mrii deneysel olarak arastirilmistir.
Ayrica, poroz kanatcik  kullamilarak  PV/T
kolektorlerin  performansi  iizerindeki  etkileri
arastirlldiginda literatiirde kisith sayida calisma
bulundugu ve bu Konu iizerinde inceleme yapmak
isteyen arastirmacilara faydali olacagi
diistiniilmektedir.

MATERYAL VE METOT

Deneyler, Temmuz 2018’de Firat Universitesi
Teknoloji  Fakiiltesi bahgesinde bulutsuz hava
sartlarinda gergeklestirilmistir. Calismanin birinci
amaci, aliminyum kopik kanatciklar kullanilarak
dogal ve zorlanmis taginim altinda PV panelin yiizey
sicakligin1 diisirmek ve PV/T kolektoriin termal
enerjinden faydalanabilmektir. ikinci amag ise, dogal
tasinim, zorlanmis taginim ve kanatgik etkisinin PV/T
sistemlerinin ¢ikis degerlerinden olan elektrik,
termal, enerji ve ekserji verimlerine etkisi
hesaplanirken sistemlerin siirdiiriilebilirlik indeksi
incelenecektir.

Tablo 1. Deneylerde kullanilan PV panel, kanat¢ik ve
termal macunun teknik 6zellikleri

Ozellikler Degerler

PV panel

Maksimum Giig (Pmak) 50w
Maksimum Gii¢ Gerilimi (Vimp) 18.30V
Maksimum Gii¢ Akimi (Imp) 2.75A

Agik Devre Gerilimi (Vo) 22.77V

Kisa Devre Akimi (lsc) 2.93A
Caligma Sicakligt -40°C +85°C
Sicaklik Katsayisi (Pm) -0.46%/°C
Sicaklik Katsayist (Voc) -0.34%/°C
Sicaklik Katsayisi (ls) 0.045%/°C
Boyutlar (mm) 665x520x25
Aliiminyum képiik kanatcik

Kimyasal bilesim %97 Al.
Hiicre tipi Kapali hiicre
Yogunluk 0.2-0.4 g/cm?®
Isil iletkenlik 0.268 W/(mK)
Termal iletken macun

Termal iletkenlik 8.5 W/(mK)
Viskozite 87 Pa.s
Yogunluk 2.5glcm®

Kanatcik secerken kolay temin ve monte edilebilir
olmasimin yanida ucuz, hafif ve 1s1 iletim katsay1
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degerinin yiiksek olmasi gerekmektedir. Bu kriterlere
gore deneylerde kapali hiicre yapisina sahip
aliminyum kopiik kanatgiklar  segilmistir. Bir
kanat¢igin boyutlar1 5x12 cm ve kalinligi 1 cm’dir.
Kanatgikli PV/T kollektorlerin (M4, M5 ve M6) her
birinde 24 adet olacak sekilde toplamda 72 adet poroz
kanat¢ik kullanilmigtir. Poroz kanatgiklar her bir
giines hiicresinin ortasina gelecek sekilde PV panelin
arkasina termal macun yardimiyla entegre edilmistir.
Termal macunun amaci, hava bosluklarini 6nleyerek
kanat¢ik ile PV panel arasindaki termal temas
direncini azaltmaktir. Deney sisteminde kullanilan
PV panel, aliiminyum goézenekli kanat¢ik ve termal
iletken macunun teknik o&zellikleri Tablo 1’de
verilmistir.

e

—66.0

-30.0

(©)

Sekil 2. (a) Deney seti (b) kanatcik yerlesimi (c) termal
kamera goriintiisii

PVIT  kolektorlerinin  giris, ¢ikig, ylizey
sicakliklari, cevre sicakliklart OMEGA marka T tipi
1s1l ¢ift kullanilarak ol¢iilmiistiir. Isil ¢iftlerin calisma
sicaklik araligr -200 °C ile +300 °C, hassasiyeti
+%0.5°dir. Hassasiyeti +40°C ile +80°C arasinda
%10 olan CMP3 model piranometre giines 1ginim
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degerleri okumak i¢in kullanilmigtir. DT-619 model
ve hava hizi ¢oziiniirliigii 0.1 m/s olan anenometre ile
rizgar Olglimleri yapilmigtir. Deneylerdeki tim
degerler Keithley marka 2701 model 40 kanalli
datalogger ile elde edilmistir. PV/T kolektorii,
kanatciklarin ~ yerlesimi  ve PV/T  kanatcikl
kolektoriiniin 0.01 kg/s kiitlesel debi altindaki termal
kamera goriintiisii Sekil 2’de verilmistir. Deneyler
havanin  bulutlu  olmadigi ardisik 1ii¢ giinde
gerceklestirilmistir. Ilk giin deney setleri ve
ekipmanlari test edilmistir. ikinci ve iiiincii giinlerde
benzer c¢evre sartlarindaki PV/T kolektorler test
edilmistir. Ikinci giinde kanatciksiz dogal ve
zorlanmig tasimim altindaki PV/T kolektorler (M1,
M2 ve M3), iiclincli giin ise poroz kanatcik ilave
edilmis PV/T kolektorlerin (M4, M5 ve M6) dogal ve
zorlanmig taginim altindaki sicaklik, akim, gerilim,
verim  degerleri ile siirdiiriilebilirlik  indeksi
arastirtlmistir.  Deneyleri  gergeklestirilen PV/T
sistemlerinin kisaltmasi ve tanimlamasi Tablo 2’de
gosterilmistir. PV/T sistemindeki havanin 1sinmasi ve
deney setinin sematik gdsterimi Sekil 3’te verilmistir.

Tablo 2. PV/T kolektorlerinin tanimlanmasi

PV/T kolektorler ~ Kanatcik (ig?sl)
M1 Yok DT
M2 Yok 0.01
M3 Yok 0.015
M4 Var DT
M5 Var 0.01
M6 Var 0.015

Enerji Analizi

Bir PV/T kolektoriiniin sistem performansi
termal ve elektriksel verimliliklerinin toplami olarak
gosterilmektedir. PV/T  kolektorlerinin  toplam
performansini belirlemek veya ifade etmek igin genel
verimlilik ifadesi kullanmilir ve asagidaki esitlikten
yararlanilir (Hossain vd., 2019; Joe vd., 2015).

77I ,pvit = nterm + 77e| (1)

PV/T kolektoriiniin 1s1l verimi asagidaki formiille
hesaplanir (Arslan vd., 2020; Hossain vd., 2019):

Q,

A )

nterm =

Bu esitlikteki Q, ise
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Q, =mc, (T,-T,) ©)
veya

Qu = hcaA(Th _Tg) (4)
h, =5.7+3.8v (5)

seklinde yazilabilir. Bir PV panelin enerji doniisiim
verimliligi, doniistliriilen ve geri kazanilan enerjinin
yiizdesi olarak ifade edilir (Bayrak vd., 2017).

P

— mak 6
779| | A ()

S

Sistemin maksimum ¢ikis giiclinii hesaplamak igin
Esitlik (7) kullanilabilir.

Pmak = Imakaak (7)
Gunes Ismimi
i Elektrik
cikist
9 %
: 0
Soguk s ~ - T
hava girig1 | 1 .‘JICE‘Jk
: Yalitun malzemesi hava gikist
Cam
(mnc@_ E EVA
hiicresi =
Gozenekli Kanatgik Tedlar
(a)
P —— iii
Anemometre (v)
Bilgisayar

Sekil 3. Sematik gosterim (a) PV/T kolektor (b) Deney seti

Enerji Analizi
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Bir PV/T kolektoriiniin sistem performansi
termal ve elektriksel verimliliklerinin toplami olarak
gosterilmektedir. PV/T  kolektorlerinin - toplam
performansim belirlemek veya ifade etmek i¢in genel
verimlilik ifadesi kullanilir ve asagidaki esitlikten
yararlanilir (Hossain vd., 2019; Joe vd., 2015).

77I ,pv/t = nterm + nel (1)

PV/T kolektoriiniin 1s11 verimi asagidaki formiille
hesaplanir (Arslan vd., 2020; Hossain vd., 2019):

Q,
ILA

S

nterm = (2)

Bu esitlikteki Q, ise

Q, =ric, (T, -T,) ©)
veya

Qu = hcaA(Th _T(;) 4)
h., =5.7+3.8v (5)

seklinde yazilabilir. Bir PV panelin enerji doniisiim
verimliligi, doniistiirilen ve geri kazanilan enerjinin
yiizdesi olarak ifade edilir (Bayrak vd., 2017).

I:)mak
=— 6
nel Is A ( )
Sistemin maksimum c¢ikis giiclinii hesaplamak icin
Esitlik (7) kullanilabilir.

P

mak

= Imakvmak (7)
Ekserji analizi

Enerji analizi, sistemler i¢in yalnizca nicel bir
analiz saglar ve bir sistemin performansi hakkinda
kesin bir sonuca varmak igin tek basina yeterli
degildir. Bu yiizden enerji sistemlerinin ekserji
analizi yapilarak enerjinin nicel ve nitel bir analizini
saglanmig olur. Ekserji, PV/T kolektoriinden
saglanabilecek en yiliksek kullanim potansiyelidir ve
enerjinin kalitesine karsilik gelir. PV/T sistemin
ekserji verimliligi (Bayrak and Oztop 2020; Hepbasli
2008; Petela 2008);
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EX

_ ¢
i, ot = E_Xg (8)
cikis ekserjisinin giris ekserjisine orani olarak
tanimlanir. Esitlik (9)’de PV/T sisteminin giris

ekserjisi ifade etmektedir.

T T\
Ex, =1,A -4 e ] e ©)
3(T, ) 3T,
Buradaki T. ve T, swrasiyla gevre ve giines
sicakliklaridir (K). Giines sicakligi 5777 K alinmistir.

Sistemin ¢ikis ekserjisi, termal ve elektrik
ekserjilerini  i¢ermektedir (Bayrak vd., 2019;
Sukumaran ve Sudhakar, 2018).

EX. = EXerm + EXy (10)

PV/T sisteminin termal ve elektrik ekserjileri (Arslan
vd., 2020; Bayrak vd., 2020, 2017a)

Ex, =Q|1 .
Xterm_ -I-h

V

mak Vmak —

(11)

Ex, =| P

mak

(12)

esitliklerinden faydalanarak hesaplayabiliriz. Esitlik
(11)’deki Q gevreye yayilan 1sidir. Toplam 1s1 kayb1

katsayist (U ), tasmmimm ve i1simmdan kaynakl
kayiplar1 igermekte olup asagidaki esitlikler
kullanilarak hesaplanmaktadir. (Arslan vd., 2020;
Hossain vd., 2019; Shukla vd., 2015)

Q=UA(,-T.) (12)
U=hg, +h (13)
Ny = 2.8+3V (14)
N = 0 (T +T, ) (Taty +T7) (15)
T,y =0.0552(T, )" (16)

Kaynaklarin verimli ve etkin kullanimi igin bir
stirdiiriilebilirlik analizine ihtiyag duyulmaktadir.
Stirdiirtilebilirlik  indeksi  (SI)  gibi  ekserji
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stirdiiriilebilirlik gostergeleri, belirli bir ekserji girdisi
icin bir sliregteki tersinmezlikleri ve ekserji
kayiplarin1 ele alir. Termodinamik performans, bu
gostergeler araciligiyla daha iyi degerlendirilebilir.
Ekserji kayiplar arttikca, SI azalmaktadir. Baska bir
deyisle SI, sistemin Omriinii agiklar ve asagidaki gibi

aciklanabilir  (Bayrak vd., 2013; Mugi ve

Chandramohan, 2021; Oztop vd., 2013).

Sl=_ 1 (17)
1-n,

Belirsizlik analizi

Holman (Holman, J.P., 1994) tarafindan agiklanan
yontem kullanilarak bir belirsizlik analizi sisteme
uygulanmigtir. Deneylerde, n bagimsiz parametrenin
(X1, X2, veerenrnnnns Xn) Olgiilen degerlerini, (R) ise
etkin parametreleri tanimlanir. Her bagimsiz
degisken ve hesaplanan degiskenler i¢in hata orani
Wi, Wa, ool W, olarak elde edilir. Ayrica W, R'nin
hata orani olarak tanimlanir. Tablo 3’de Olgiilen
degerlerin belirsizlik analizi verilmistir.

2 2 2 %
[a—RWJ +[6—RW2J o +(6—anj ] (18)
OX, oX, oX,

Tablo 3. Olgiilen degerlerin belirsizlik analizi

W, =

Degiskenler Birim Sonuglar
Cevre sicakligi °C +1.05
PV panel sicakligi °C +1.15
Riizgar hizi ms? +0.21
Giines 151n1m1 Wwm-? +0.09
PV gii¢ W +0.82

TARTISMA VE SONUC

Termodinamigin birinci yasasina dayanan enerji
analizi, girdi enerjisinin nasil kullanildigimi ve enerji
tilketimine en c¢ok katkida bulunan sistemlerin
hangileri oldugunu gdsteren Ozet bir tablo
sunmaktadir. Bu c¢alismada ilk olarak, PV/T
kolektorlerinin  elektrik  ¢ikis  giicii,  elektrik
verimliligi, termal verimlilik gibi farkli enerji
parametrelerindeki degisimi, gilines 1smnimi, hiicre
sicakligi, kanatgigim ve Kkiitlesel debinin  bir
fonksiyonu olarak analiz edilerek bunlardan
hangilerinin PV/T sistemlerinin enerji performansi
lizerinde belirgin etkisinin oldugu incelenmistir.
Deneyler, havanin bulutlu olmadigi ardisik {i¢ giinde
gergeklestirilmigtir. Giinler arasindaki en yiiksek
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sicaklik farki 1 °C, en yiiksek 1smmim farki 7 W/m?
olarak Ol¢iilmiigtiir.

50

(a) oMl OM2 OM3

40 1

30 +

Gii¢ (W)

20 1

il

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00
Yerel Saat

50 o

0 (b) B M4

OMS @M6

30 +

20

Gii¢ (W)

101

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00
Yerel Saat
Sekil 4. PV/T sistemlerinin ¢ikis gii¢lerinin degisimi (a)
kanatciksiz (b) kanatgiklt

Sekil 4 (a ve b)’te kanatcikli ve kanatgiksiz PV/T
kolektorlerinin  dogal ve zorlanmis tasinim
durumlarinda elde edilen c¢ikis giiclerinin zamana
kars1 degisimi verilmistir. Kanat¢ikli ve kanatgiksiz
sistemlerde kiitlesel debinin artmasiyla ya da sogutma
etkisiyle ¢ikis giiciinde artts meydana gelmistir.
Kanatciksiz sistemlerde (M1, M2 ve M3) en yiiksek
cikis glgcleri sirasiyla 26.84 W, 28.81 W, 29.9 W,
kanatgikli sistemlerde (M4, M5 ve M6) en yiiksek
cikis giicleri sirastyla 32.88 W, 34.71 W, 37.40 W’tir.

Sekil 5°’de yer alan egriler kanatcikli ve
kanatgiksiz PV/T kolektorlerinin elektriksel ve termal
verim degerlerinin zamana gore degisimini ifade
etmektedir. Sekil 5’de dolgu gostergeli ve diiz ¢izgili
egriler (mavi ok ile gosterilmistir) PV/T kolektorlerin
elektriksel verimlerini, dolgusuz ve kesik cizgili
egriler ise (kirmizi ok ile gdsterilmistir) termal
verimleri gostermektedir. Sekil 5 (a)’da kanatgiksiz
sistemlerin verim degisimleri gdriillmekte olup
kiitlesel debi degeri artikca elektrik verimi artmus,
termal verimde dalgalanmalar meydana gelmistir.
Zorlanmis tasimmdaki kiitlesel debi etkisi panel
ylizeyinin sogumasina neden olarak elektrik verimine
pozitif etki gostermis, termal verimde ise olumlu etki
gostermemistir. Sekil 5 (b)’de ise kanat¢ikli PV/T
sisteminin verim degerlerinin degisimi verilmistir.
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Kanatgikli ve kanatciksiz sistemlerin verim degerleri
karsilastirildiginda  kanatgikli  sistemlerin  daha
yiiksek oldugu goriilmektedir. Kanatciksiz PV/T
kolektorlerinin (M1, M2 ve M3) elektriksel verimleri
sirastyla %8.34, %9.07, %9.51, kanatcikli PV/T
kolektorlerinin (M4, M5 ve M6) elektriksel verimleri
sirastyla 9%10.27, %11.12, %12’dir. Kanatgiksiz
PV/T kolektorlerinin termal verimleri sirasiyla
%16.48, %15.59, %13.85, kanatgikli PV/T
kolektorlerinin termal verimleri sirasiyla %17.28,
%15.96, %14.62°dir.

[JPAS

jjpas@@munzur.edu.tr
ISSN: 2149-0910

uygulandigi (M1 ve M4) sistemlerinde %5.65, m,
kiitlesel debisindeki (M2 ve MS5) sistemlerinde
%8.89, m, kiitlesel debisindeki (M3 ve MG6)

sistemlerinde  %11.37  ekserji  verim  artis1
saglanmistir. Sekil 6 (c)’de PV/T sistemlerinin
Siirdiiriilebilirlik indeksi (SI) gdsterilmistir. Ekserji
kayiplar1  azaldikga  Siirdiiriilebilirlik ~ Indeksi
artmaktadir. Buna gore, kanatgikli sistemlerin
kanatciksiz sistemlere gore SI yiiksek ¢ikmaktadir.
En yiiksek SI artis oram1 ise M3 ve M6 arasinda
olusmustur.

14 50
= (a) 40
e -~ .
s —— 40 2 5| (a) B Termal MElektrik
g 10 <
S g W 30 5 30
> W2 —
= - Z 2
@© 6 . = =
Z 4 z 8
o s o = 215
=2 e ——M1  —e—M2 —m—M3 -
Qi e ML e Qe M2 eeDee M3
0 0 5
08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00
0
Yerel Saat M1 M2 M3 M4 M5 M6
14 50 25
12 (b) OKanatgiksiz EKanatgikli
e 40 = - 20 ]
< 1 < 5
£ 0 £ E B
o 8 5 =
= z = 10
g 6 20 F =
= £ 3
S 4 = 2
e 0 & =
= 2 ——M4 —e—M5 —m—M6
o M4 O MS e M6 0
0 + + + + + t t t 0 Dogal Tasmim m=0.01 kg/s m2=0.015 kg/s
08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 (MLM4) (M2.M5) (M3.M6)
Yerel Saat
128
(c) OKanatgiksiz
Sekil 5. PV/T sistemlerinin elektriksel ve termal z — O Kanatcikh
verimlerinin degisimi (a) kanat¢iksiz (b) kanatgikl E 1.24
. . = 122
Sekil 6 (a)’da PV/T kolektorlerinin elektriksel ve E
termal ekserji degerleri verilmistir. Elektrik ekserji 12
< =
hem kanat¢ik uygulamasinda hem de dogal E oL H
tasinimdan zorlanmis tasinima gegmesi ile birlikte 2
artmaktadir. PV/T kolektorlerinin elektriksel ekserji Dogal Tasiim ~ m—0.01 ke/s  m2=0.015 kefs
(M1.M4) (M2.M5) (M3.M6)

degerleri sirasiyla 23.47W, 25.70W, 26.73W,
28.86W, 32.58W ve 33.90W’tir. Termal ekserji
degerlerinde ise zorlanmig taginimin kiitlesel debinin
etkisiyle kanat¢ikli ve kanatgiksiz sistemlerde diisiis
yasanmustir. Sekil 6 (b)’de PV/T sistemlerinin ekserji
verimlerinin ortalama degerleri verilmistir. Dogal ve
zorlanmig tasimimlarda kanatgikli sistemlerin genel
ekserji verimi kanatgiksiz sistemin genel ekserji
veriminden daha yiiksek ¢ikmistir. Dogal taginimin

Sekil 6. PV/T sistemlerin (a) Ortalama elektriksel ve
termal ekserji degerleri (b) PV/T sistemlerin ekserji
verimleri (c) Siirdiiriilebilirlik indeksi

SONUCLAR

Bu calismada hava isitmali PV/T kolektorii ile
gozenekli aliiminyum kanatgik entegre edilmis hava
isitmali PV/T kolektorlerinin dogal ve zorlanmis
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tasimm (M, = 0.01kg/s ve m, =0.015 kg/s) altinda

termodinamik analizi ve sirdiiriilebilirlik indeksi

incelenmistir. Buna gore asagidaki sonuglar

siralanabilir;

a) Isi iletim hiz1 maddenin tiiriine, kesit alanina,
1sinin iletildigi uclar arasindaki sicaklik farkina
ve maddenin kalinligina bagli oldugu g6z oniinde
bulundurulursa bu c¢aligmada segilen poroz
kanat¢ik PV/T sistemindeki PV panelde olusan
attk 1simmin  uzaklastirilmasinda pozitif etk
etmistir.

b) Kanatgik ilave edilmesi ve kiitlesel debinin
artmasi tiim sistemlerin elektriksel verimlere
pozitif etki etmistir.

c) PVIT kolektorde, PV panelin arka ylizeyine
entegre edilen poroz kanatgiklar tiim sistemlerde
(M1-M6) ¢ikis giiciiniin  artmasina neden
olmustur. Ayrica, sistemdeki kiitlesel debinin
artmasiyla da c¢ikig giiglerinde artis meydana
gelmigtir. Sistemdeki en diisiikk ¢ikis giicii
kanatciksiz ve dogal tasinimda (M1) 26.84W, en
yiiksek ¢ikis gilicii kanatcikli ve zorlanmig
tasimimda (M6) 37.40W tir.

d) Tim PV/T kolektorleri karsilastirildiginda en
yiiksek genel ekserji verimi %?20.48 ile dogal
taginimli ve kanatgikli M4 kolektorii olmustur.

e) En yiiksek enerji verimi kanatcikh M6
deneyinden elde edilmistir.
f) Tim sistemlerin ekserji verimleri

degerlendirildiginde kanatgik ilavesi sisteme
pozitif etki etmistir.
g) Kanatgikli sistemlerin ekserji verimi kanatciksiz

sistemlere = goére daha iyi  oldugundan
strdirtlebilirlik  indeksi daha  yiiksek
¢tkmaktadir.

Semboller ve Kisaltmalar

A kolektoriin alan1 (m?)

c 6zgiil hava 1s1s1 (J/kgK)

Ex  ekserji (W)

h 1s1 transfer katsayis1 (W/m?K)
akim (A)

giines 1s11mi1 (W/m?)

P giig(W)

T sicaklik (°C)

Vv gerilim (V)

v rlizgar hiz1 (m/s)
Q yararli enerji (W)

=
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m kiitlesel debi (kg/s)

n enerji verimi
m ekserji verimi
¢ cikis
DT dogal taginim
el elektrik
g girig
pv/t fotovoltaik/termal
Sl stirdiirtilebilirlik indeksi
term termal
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Oz
Uzuncayir Baraj Golii'nde, Nisan 2017-Mart 2018 tarihlerinde alinan zooplankton oOrneklerinde 28 tiir
Rotifera’dan, 5 tiir Cladocera’dan ve 3 tiir Copepoda’dan olmak iizere toplam 36 tiir teshis edilmistir. Asplanchna
priodonta, Synchaeta oblonga, Synchaeta pectinata, Polyarthra dolichoptera en fazla kaydedilen tiirlerdir. Bazi su
kalite parametreleri dl¢iilmiistiir. Uzungayir Baraj Géliinde elde edilen sonuglara gére su sicakligr 3,8-27,1°C, pH 8,1-
9,6, ¢oziinmiis oksijen 6,4-12,2 mg/L, elektriksel iletkenlik 223-422 (uS/cm) ve seki diski derinligi en yiiksek 5,5 m
olarak degisim gostermistir.

Anahtar Kelimeler: Rotifera, Cladocera, Copepoda, bazi su kalite parametreleri

The Assesment of Current Zooplankton in Uzun¢ayir Dam Lake with Some
Water Quality Parameters

Abstract
In the zooplankton samples taken between April 2017-March 2018 in Uzuncayir Dam Lake, a total of 36 species,
28 species from Rotifera, 5 species from Cladocera and 3 species from Copepoda, were recorded. Asplanchna
priodonta, Synchaeta oblonga, Synchaeta pectinata, Polyarthra dolichoptera are the most recorded species. Some
water quality parameters have been measured. The results showed that the water temperature in Uzuncayir Dam Lake
was 3.8-27.10°C, pH 8.1-9.6, dissolved oxygen 6.4-14.2 mg / L, electrical conductivity 223-422 (uS / cm) and the
secchi depth changed to the highest 5.5 m.

Keywords: Rotifera, Clodecera, Copepoda, Some water quality parameters

GIRIS

Zooplankton su kalitesinin saptanmasinda,
sucul habitatlarin trofik diizeyinin tespitinde ve bir
alanda, evsel, endiistriyel kanalizasyon atiklarindan
meydana gelen, kirliligin indikatorii  olarak
kullanimlar1 disinda, bir su ekosisteminde balik,
omurgasiz ve ara ara da kuslarin yiyeceklerini tegkil
etmelerinden dolayr olduk¢a oOnemlidir (Bidder
1981; Saksena 1987; Marneffe vd. 1998; Michaloudi
vd. 1997).

Farkli zooplankton gruplari, sucul ekosistem
bilesenlerini  degistiren  antropojenik  kaynakl
otrofikasyona, evsel ve sanayi kaynakli kirlilige
karst hassas olmalar1 nedeniyle bu organizmalarin
gozlenmesi, dagilimi ve bollugunun aragtirilmasi
sucul ekosistemler icin olduk¢a 6nemlidir (Siokou-

Frangou vd. 1998; Kamburska vd. 2003; Shiganova
2005; Vidjak vd. 2006).

Sucul habitatlar birden fazla fiziksel ve
kimyasal degiskenin etkisi ile karsi karsiya
kalmaktadirlar. Bu degiskenler suda yasayan
organizmalar1 etkilemektedir. Plankton yasadiklar
su kaynaklarindaki ekosistemle devamli iligki
icindedir. Plankton genel olarak sularm pelajik
kisminda yasar (Gannon ve Stemberger 1978;
Sladecek 1983).

Tatlt sularda ikinci besin piramadi halkasini
olusturan zooplanktonik organizmalar, madde ve
enerji dongiisiiniin  siirekliliginin  saglanmasinda
onemlidir. Bu acgidan  oOzellikle tath su
rezervlerindeki  zooplanktonun &nemli kismim
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olusturan rotiferlerin pay1 oldukca fazladir (Kaya ve
Altindag 2007). Rotiferler tathisularda besin
dongiisiinde 6nemli bir role sahiptirler. Biiyiik nehir
ekosistemleri igerisinde zooplanktonik tiirlerin
sayica fazla oldugu gosterilmistir. (Wallace ve Snell
1991).

Bu arastirmanin amaci, Uzungayir Baraj
Golii’nde giincel zooplankton faunasini belirlemenin
yam sira yillik degisiklikleri tanimlamak ve goliin
gecmis yillardaki durumu ile mukayese yapabilmek,
sonuclari onceki ¢alismalarin sonuclariyla
karsilagtirmaktir. Bu bolgede daha once farkli su
kaynaklar1 da dahil olmak iizere yapilmis cesitli
caligmalar mevcuttur (Coban vd. 2013; ; Saler vd.
2014; Erkil vd.2015; Ozcan 2019; Ozcan 2020).

MATERYAL VE METOT

Calisma Alani

Uzungayir Baraji, Tunceli'de Munzur
Suyu iizerinde, 1996 ile 2003 tarihleri arasinda
yapilmis olup enerji tiretmek maksadiyla kurulmus
bir barajdir. Kaya goévde dolgu tipinde olan, baraj
551.000 m* govde hacmine sahip olup 70,00 m
akarsu yatagindan yiiksekligi, g6l hacmi normal su
kotunda 308,00 hm?, normal su kotunda g6l alani
13,43 km?'dir (DSI 2021). Istasyonlarin se¢imi igin
ana giris kisim, orta kisim, ana mansabin arka kismi
ve barajdan sonraki c¢ikis kismi olacak sekilde
orneklemeler yapilmistir (Sekil 1).

Bu barajin faaliyete girmesiyle beraber buraya
gelen Kirleticilerin (kayaglardan yikanan elementler,
sizint1 suyu yani ilin diizensiz kati atik sahasindan
kaynaklanan, evsel sivi atik vs.,) neden oldugu
Kirlilik neticesinde bu baraj goliniin su kalite
degerlerinde olumsuzluklara sebep olabilmektedir.
Ayrica yeni sehirlesme hareketliligi baraj g6l
cevresinde baslamistir. Bu nedenle 2012 de Tunceli
Belediyesi biinyesi dahilinde faaliyete ge¢mis olan
kentsel atiksu aritma tesisi bulunmaktadir (Boztug
vd. 2012).

Baz1 Fiziksel ve Kimyasal Parametrelerin
Ol¢iimii
Uzungayir Baraj Goli'niin bazi fiziksel, kimyasal
parametreleri ile biyolojik ozelliklerini incelemek
icin c¢aligma siiresince her ay arazide Olglimler
kaydedilmistir. Sicaklik, ¢6zlinmiis oksijen ve pH
degerleri ve elektriksel iletkenlik ¢alisma boyunca
her numune aliminda aninda arazide Olgiilmiistiir.
Elektriksel iletkenlik, ¢6ziinmiis oksijen, sicaklik ve
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pH istasyon noktalarinda YSI 6600 V2 model 6l¢giim
aleti ile 151k gecirgenligi ise Secchi diski ile
ornekleme alaninda ol¢lilmiistiir

Zooplankton Orneklerinin Alinmas1  ve
Teshis Edilmesi

Uzuncayir Baraj Golii zooplanktonunu tespit
edip gilincel faunayr olusturmak maksadiyla Nisan
2017-Mart 2018 tarihleri arasinda aylik numuneler
almmistir. G6z agikligi 55 p olan plankton agiyla
5’er defa numune alimip 250 ml’lik kavanozlara
konularak en kisa zamanda laboratuara getirilmistir.
Ornekler % 4’liik formaldehite konulup muhafaza
edilmistir. Zooplankton numuneleri Leitz marka
inverted mikroskop altinda incelenerek ve ilgili
kaynaklardan (Edmondson 1959; Grasse 1965;
Kolisko 1974; Koste 1978a, 1978b; Dumont ve De
Ridder 1987; Negrea 1983; Einsle 1996)
faydalanilarak Rotifera, Cladocera ve Copepoda’nin
tir teshisi yapilmigtir.Herhangi deformasyon olmast
ihtimaline karst gecici preparat hazirlanirken,
zooplanktonun teshisini dogru yapabilmek i¢in kalict
preparatlar hazirlanmaistir.

TARTISMA VE SONUC
Uzungayir  Barajinda  Rotifera’dan 28,
Cladocera’dan 5 ve Copepoda’dan 3 tiir olmak
iizere toplamda 36 tiir teshis edilmistir. Tirlerin
isimleri asagida siralanmistir. Baraj gdliinden
kaydedilen zooplankton tiirlerinin aylik dagilimlari
tablolar halinde verilmistir (Tablo 1-4).
Rotifera
Ascomorpha ecuadis Petry, 1850
Ascomorpha saltans Bartsch,1870
Asplanchna priodonta Gosse, 1850
Asplanchna sieboldi (Leydig, 1854)
Asplanchna girodi de Guerne, 1888
Cephalodella gibba (Ehrenberg, 1830)
Colurella colurus (Ehrenberg, 1830)
Euchlanis dilatata Ehrenberg, 1832
Filinia longiseta (Ehrenberg, 1834)
Filinia terminalis (Plate, 1886)
Gastropus stylifer (Imhof, 1891)
Keratella cochlearis (Gosse, 1851)
Keratella quadrata (Miiller, 1786)
Lecane furcata (Murray, 1913)
Lecane luna (Miiller, 1776)
Lecane lunaris (Ehrenberg, 1832)
Lecane stenroosi (Meissner, 1908)
Lepadella ovalis (Miiller, 1786)
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Notholca acuminata (Ehrenberg, 1832)
Notholca squamula (Miiller, 1786)
Notommata glyphura Wulfert, 1935
Polyarthra dolichoptera Idelson,1925
Proales decipiens (Ehrenberg, 1832)
Synchaeta oblonga Ehrenberg, 1832
Synchaeta pectinata Ehrenberg, 1832
Trichocerca capucina (Wierzejski &
Zacharias, 1893)

Trichocerca similis (Wierzeski, 1893)
Trichotria tetractis (Ehrenberg, 1830)

Cladocera

Alona guttata Sars, 1862

Bosmina longirostris (O.F.Miiller, 1785)
Chydorus sphaericus (O.F Miiller, 1776)
Daphnia cucullata Sars, 1862

Moina macrocopa (Straus, 1820)

Copepoda
Acanthodiaptomus denticornis (Wierzejski, 1887)
Acanthocyclops robustus (G.O.Sars, 1863)
Cyclops vicinus Uljanin, 1875

l.istasyonda kaydedilen tiirlerden en Onemlisi
Rotifera’dan A. priodonta ve S. pectinata olmustur.
Her iki tiir de 8 ay boyunca kaydedilmistir. Bu tiirii
takip eden ve 5 ay ortaya ¢ikan tiir K. cochlearis
olmustur. Cladocera dan ise B. longirostris ve D.
cucullata Ekim ayinda gozlemlenmis olup basgka bir
tiire rastlanilmamistir. Copepoda‘dan ise A. robustus
en sik gdzlemlenen organizma olmustur (Tablo 1).

2.istasyonda kaydedilen tiirlerden en Onemlisi
Rotifera’dan P. dolichoptera olmustur. Tir 8 ay
boyunca tespit edilmistir. Bu tiirii 6 ay ortaya ¢ikan
K. cochlearis takip etmistir. Cladocera’dan ise B.
longirostris olup Copepoda‘dan ise A. denticornis ve
C. vicinus‘tan bagka organizmaya rastlanilmamistir
(Tablo 2).

3. istasyonda kaydedilen tiirlerden en 6nemlisi
Rotifera’dan P. dolichoptera’dir . Tiir 10 ay boyunca
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kaydedilmistir. S. oblonga 7 ay boyunca tespit
edilmigtir. Cladocera dan ise Bosmina longirostris
olup Copepoda‘dan ise sadece Cyclops vicinus
kaydedilmistir (Tablo 3).

4.istasyonda kaydedilen tiirlerden en
onemlisi Rotifera’dan Polyarthra dolichoptera dir.
Bu tir 9 ay siiresince kaydedilmistir. Asplanchna
priodonta bu tiirii 6 ay ortaya ¢ikarak takip etmistir.
Cladocera’dan ise Bosmina longirostris, Alona
guttata, Chydorus sphaericus ayni siklikla bulunmus
olup Copepoda‘dan ise sadece Cyclops vicinus
kaydedilmistir. Rotifer tiir sayisi a¢isindan en zengin
istasyon (8 tiir) 1. istasyondur. Bunu 7 tiir ile 2.
istasyon izlemektedir. Cladocera tir sayisi
bakimmdan en zengin istasyon l.istasyon’dur.
Copepoda grubu tiir sayisi ise tiim istasyonlarda esit
bir sekilde dagilim gostermistir (Tablo 4).

Baraj Goli'ndeki  zooplankton  dagilimina
bakildiginda 4 istasyonda da Rotifera grubuna ait
tiirlerin fazla oldugu goriilmektedir (Sekil 2). Tath
sularda Rotiferler zooplanktonik gruplar arasinda
dominanttirlar (Saksena 1987). Tiim zooplankton
icinde Rotifera tiirleri 1l.istasyonda % 84,
2.istasyonda %79, 3.istasyonda %75, 4.istasyonda
%70 lik oranlara sahiplerdir.

Baraj Goli'nde en disik su sicaklig
l.istasyonda Ocak aymda 3,8 °‘C en yiiksek su
sicakligi 4.istasyonda 27,1 ‘C olarak Temmuz
ayinda, en diisiik pH degeri 1.istasyon Eyliil ayinda
8,1 iken en yiiksek degeri 1.istasyonda Subat ayinda
9,6 olarak Olgiilmiistiir. Cozlinmiis oksijen degeri
l.istasyon Haziran ayinda en diisiikk 6,4 (mg/l) en
yiiksek degeri 2. Istasyon Ocak ayinda 12,2 (mg/l),
elektriksel iletkenlik 2.istasyon Ocak aymda 223
(uS/cm) iken en yiiksek degeri 2.istasyonda Agustos
aymnda 422 (uS/cm) olarak, Seki disk en yiiksek
degeri 4.istasyonda Kasim ayinda 5,5 (m) olarak
degerlendirilmistir(Tablo5).

431



Int. J. Pure Appl. Sci. 7(3):429-441 (2021) IJPAS

jjpas@munzur.edu.tr
Research article/Arastirma makalesi ISSN: 2149-0910
DOI:10.29132/ijpas. 938647

*

&L2. istasyon=895 1'28.05"K 39“3(‘)*'_
o ey

&3 iistasyon 3910597 ke 39 -30B6H0

A
P
Al I STaSyONES 85020 K 393 E40) 511D
C B s

!

KeSamntrali

Sekil 1. Uzungayir Baraj Golii ve Ornekleme Istasyonlar

Tablo 1. Uzungayir Baraj Golii’nde Kaydedilen Zooplankton Tiirlerinin 1. Istasyonda Aylara Gore Dagilimi
NIM|H|T|A|E|E|K|A|O|S|M

Rotifera
Ascomorpha ecaudis e T e e I I T I ey
A. saltans S T T I R
Asplanchna priodonta e T B S B
A.sieboldi - - -] -
A.girodi - - - -
Cephalodella gibba e -
Colurella colurus e e
Euchlanis dilatata A e e
Filinia longiseta B N R T I i (DU i e
Gastropus stylifer I T I I R e e
Keratella cochlearis I I B e e e e
K.quadrata + |+
Synchaeta oblonga - -
S. pectinata - |-
Lecane lunaris - -
Lepadella ovalis - - - - - - - -] -
Notholca acuminata T e
N. squamula R e e e
Polyarthra dolichoptera e I G o U T S S S S S R S
Proales decipiens e e e e e I S U e
Trichocerca capucina T e e e T g
Trichotria tetractis e e e
Toplam (taxa) 112 |8]3|3|1|5(|5(3|4]|4]|8
Cladocera
Bosmina longirostris e e e
Daphnia cucullata e I e e e A IR S (R I
Toplam (taxa) - - - - -2 - - -

+| +

[
+
[
[
[
1

1
1
1
1
1
1
1
1
1
+|+] +

+| +
1
1
1
+
1
1
1
1
1

+ |+

1
+
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Copepoda

Acanthocyclops robustus S T e e e e e N I T
Cyclops vicinus I I D I S I [
Toplam (taxa) S e e e
Toplam zooplankton(taxa) |1 |2 |8 |3 |3 |1|7 |6 |3 |4 |48

Tablo 2. Uzuncgayir Baraj Golii’'nde Kaydedilen Zooplankton Tiirlerinin 2. istasyonda Aylara Gore Dagilimi

N MH|T|IA|IE|IE|K|A|]O|S|M

Rotifera
Ascomorpha ecaudis N I o e e
A. saltans e e e e e
Asplanchna priodonta e e ™ v e
A.sieboldi T i O R I
A.girodi e T
Cephalodella gibba + - |- - - ]-1-1- o T+
Filinia longiseta T
Filinia terminalis T
Keratella cochlearis S+ |- - -
K.quadrata - - - - -]
Synchaeta oblonga T e
S. pectinata N I v PN N I
Lecane furcata B .
Lecane luna S I e A o e A
Lecane lunaris + - |- =-1-1-1-1- N I
Lecane stenroosi B e e I R I S N i
Lepadella ovalis N D
N. squamula .
Polyarthra dolichoptera I o T T o S SOy ) S B
Proales decipiens S e e e Tt T I (o (U R g
Trichocerca capucina e e e o e
Trichocerca similis S R T N ISR B I N
Toplam (taxa) 2 (1 (142 (4|77 |7|3]|5]|3
Cladocera
Bosmina longirostris + 0+ |- |- ]-1-01-1+1-1-1-1-
Cyhdorus sphaericus N e e T N P " (SO (U R g
Daphnia cucullata B i D + |- [-1-
Moina macrocopa S e e N T I e A I A
Toplam(taxa) 101 |- |--12({-13|12]-1]-]-
Copepoda
Acanthodiaptomus denticornis | - [ - |- |- |- |-
Cyclops vicinus I R I
Toplam (taxa) - - -]
Toplam zooplankton(taxa) 312|142 |4

+| +

1
+
1
1
1
1

|| +
[y
1
1
1
1

118 |3 |53
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Tablo 3. Uzuncayir Baraj Golii’'nde Kaydedilen Zooplankton Tiirlerinin 3. istasyonda Aylara Gore Dagilimi

N

M

H

T

A

E

E

K

A

@)

S

M

Rotifera

Asplanchna priodonta

A.sieboldi

A.girodi

Cephalodella gibba

Euchlanis dilatata

Keratella cochlearis

Synchaeta oblonga

S. pectinata

+|+

+| + ]|+

N. squamula

+| + |+

Notommata glyphura

+

Polyarthra dolichoptera

Trichocerca capucina

Toplam (taxa)

o+ +

w| +| +

Cladocera

Alona guttata

Bosmina longirostris

Cyhdorus sphaericus

Toplam (taxa)

Copepoda

Cyclops vicinus

Toplam (taxa)

Toplam zooplankton (taxa)

Tablo 4. Uzuncayir Baraj Golii’'nde Kaydedilen Zooplankton Tiirlerinin 4. Istasyonda Aylara Gére Dagilim1

N

M

H

T

A

E

E

K

A

@)

S

M

Rotifera

Ascomorpha saltans

Asplanchna priodonta

A.sieboldi

Cephalodella gibba

Keratella cochlearis

Keratella quadrata

Lecane lunaris

Synchaeta oblonga

S. pectinata

+|+

Notommata glyphura

Polyarthra dolichoptera

4+ +]+] +

Trichocerca capucina

Toplam (taxa)

N+ |+

Cladocera
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Alona guttata S R R e N i N N N A N

Bosmina longirostris S N B R T P A A B

Cyhdorus sphaericus S N N I IR O o e e N R

Moina macrocopa S N I I e e e N N

Toplam (taxa) 1 |- |- |12 (22 |-1]-1]-1]1]1

Copepoda

Cyclops vicinus - - - - + -+ -

Toplam (taxa) - |- |-]-(2(2|2 (-2 }-]|-

Toplam zooplankton (taxa) |6 |4 |3 |2 |3 |2 |5|4 |1 |5 |78

8%
M Rotifera M Rotifera
B Cladocera B Cladocera
m Copepoda m Copepoda

Ll.istasyon 2.istasyon
7%
6%
19%
23%
M Rotifera M Rotifera
M Cladocera M Cladocera
75% = Copepoda = Copepoda
70%
3.istasyon 4.istasyon

Sekil 2. Uzuncayir Baraj Golii’niin Istasyonlara Gore Zooplankton Gruplarinin Dagilimi
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Tablo 5. Uzungayir Baraj Goli’niin sicaklik, pH, ¢oziinmiis oksijen, elektriksel iletkenlik, seki disk, minimum,

maksimum, ortalama degerleri ve standart sapma degerleri’nin aylara gore dagilim

Ocak | Subat | Mart | Nisan | Mayis | Haziran | Temmuz | Agustos | Eylil | Ekim | Kasim | Aralik

Liist. 4,4 7,5 7,0 8,7 10,3 24,0 26,5 26,0 215 | 98 9,0 4,9

2.ist. 3.8 7,8 7,3 9,3 17,0 23,7 26,7 26,0 21,7 | 148 | 10,0 5,7

3.ist 4,2 7,6 81 | 113 | 180 23,2 26,0 26,0 216 | 148 | 10,2 59

4.ist 4,3 6,5 70 | 10,7 | 17,7 23,7 27,1 25,3 216 | 148 | 101 6,0

Min. 3,8 6,5 7,0 8,7 10,3 23,2 26,0 25,3 215 | 98 9,0 4,9

Mak. 4,4 7,8 81 | 11,3 | 18,0 24,0 27,1 26,0 21,7 | 148 | 10,2 6,0

Ort. 4,2 7,4 74 | 100 | 158 23,7 26,6 25,8 216 | 13,6 9,8 5,6

Ss. 0,3 0,6 0,5 1,2 3,7 0,3 0,5 0,4 0,1 2,5 0,6 0,5
Sicaklik ('C)
Ocak | Subat | Mart | Nisan | Mayis | Haziran | Temmuz | Agustos | Eylil | Ekim | Kasim | Aralik
l.ist. 8,6 9,6 9,4 9,1 8,7 8,5 8,7 8,8 8,1 1,7 9,1 9,5
2.ist. 8,2 9,4 8,5 8,8 8,4 8,4 8,5 8,7 8,2 7,9 9,1 8,3
3.ist 8,2 9,2 8,5 8,6 8,4 8,6 8,6 8,6 8,5 8,4 9,0 8,5
4.ist 8,5 9,6 8,4 8,6 8,4 8,6 8,6 8,7 8,5 8,4 9,1 8,4
Min. 8,2 9,2 8,4 8,6 8,4 8,4 8,5 8,6 8,1 7,7 9,0 8,3
Mak. 8,6 9,6 9,4 9,1 8,7 8,6 8,7 8,8 8,5 8,4 9,1 9,5
Ort. 8,4 9,5 8,7 8,8 8,5 8,5 8,6 8,7 8,3 8,1 9,1 8,6
Ss. 0,2 0,2 0,5 0,2 0,1 0,1 0,1 0,1 0,2 0,4 0,1 0,6
pH
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Ocak | Subat | Mart Nisan | Mayis | Haziran | Temmuz | Agustos | Eylil | Ekim | Kasim | Aralik
Ll.ist. 13,8 114 12,8 12,5 12,3 6,4 9,3 9,8 9,9 11,5 11,3 13,0
2.ist. 12,2 11,8 12,5 11,8 10,7 7,4 10,3 10,5 9,9 10,8 10,5 12,1
3.ist 13,3 11,4 12,5 115 10,8 8,4 9,8 10,0 9,9 9,9 10,2 12,0
4.ist 11,7 11,8 12,6 12,5 11,0 7,8 9,0 10,7 9,8 9,2 10,7 9,8
Min. 11,7 114 12,5 115 10,7 6,4 9,0 9,8 9,8 9,2 10,2 9,8
Mak. 12,2 11,8 12,8 12,5 12,3 8,4 10,3 10,7 9,9 11,5 11,3 13,0
Ort. 13,2 11,6 12,6 12,1 11,2 7,5 9,6 10,3 9,9 10,4 10,7 11,7
Ss 11 0,2 0,1 0,5 0,7 0,8 0,5 0,4 0,1 1,0 0,5 14

Coziinmiis Oksijen (mg/l)

Ocak | Subat | Mart | Nisan | Mayis | Haziran | Temmuz | Agustos | Eylil | EKim | Kasim | Aralik

Liist. 2 0,7 04 0 0,6 11 2,6 1,6 1,15 15 2,5 15
2.ist. 3 0,7 0,5 0 1 11 33 2 2,3 2,7 4,3 5
3.ist. 44 1.4 0,6 1 19 15 33 17 3 34 53 55
4.ist. 3,9 3 0,8 14 18 2 29 2,1 2,8 34 55 5
Min. 2 0,7 0,4 0 0,6 11 2,6 1,6 1,15 1,5 2,5 1,5
Mak. 44 3 0,8 14 19 2 33 2,1 3 34 55 55

Ort. 3,325 | 1,45 | 0,575 0,6 1,325 | 1,425 3,025 1,85 2,3125 | 2,75 4,4 4,25

Ss 11 11 0,1 0,7 0,6 0,4 0,3 0,2 0,8 0,9 1,3 18

Seki Disk Degerleri (m)
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Ocak | Subat | Mart | Nisan | Mayis | Haziran | Temmuz | Agustos | Eylil | EKim | Kasim | Aralik
Ll.ist. 234 239 227 281 283 368 413 417 295 262 251 233
2.ist. 223 247 230 285 353 366 410 422 314 292 261 239
3.ist. 228 249 234 312 352 363 399 416 299 290 263 239
4.ist. 230 239 227 313 343 369 399 407 297 287 261 241
Min. 223 239 227 281 283 363 399 407 295 262 251 233
Mak. 234 249 234 313 353 369 413 422 314 292 263 241
Ort. 229 244 229 298 333 366 405 415 301 283 259 238
Ss 4 5 3 17 33 3 8 6 9 14 5 3

Elektriksel Iletkenlik (nS/cm)

Uzungayir Baraj Goli’nde daha once yapilan Ayn1  bolgede bulunan, Seli Cayr’nin
caligmada 15 Rotifera, 6 Cladocera ve 2 Copepoda rotiferlerinin arastirildigi ¢aligmada tiir ¢esitliligine
teshis edilmistir (Saler vd. 2014). Bu ¢alismada ise  bakilacak  olursa ilkbaharda rotiferlerin  tiir
28 Rotifera, 5 Cladocera ve 3 Copepoda tiirii ¢esitliliginin en fazla oldugu, Uzungayir’da

bulunmustur.  Gilincel c¢alismada  zooplankton
tirlerinin fazla olmasi ornekleme istasyonlarinin
fazla olmasi ile iliskilendirilebilir. Uzuncayir Baraj
Goli'niin iizerinde kuruldugu Munzur Nehri’nde
yapilan zooplankton faunasi arastirmasinda toplam
11 tir saptanmigtir (Saler 2011). Bu tiir ¢esitliligi
farki Munzur Nehri’nin ¢ok hizli akmasi ve daha
soguk olmasindan kaynaklanabilir.

Peri Cayi’nda (Saler vd. 2011a), Rotiferadan,
10 tiir Cladocera’dan 3 tiir, Copepoda’dan, 2 tiir,
Pillimir Cayi’nda (Saler ve Haykir 2011),
Rotiferadan 15 tiir, Cladocera’dan 4 tiir,
Copepoda’dan 2 tiir Murat Nehri'nde (Saler ve
Haykir 2014), Rotiferadan 25 tiir, Cladocera’dan 6
tir Copepoda’dan 2 tiir tespit edilmistir. Yapilmig
olan bu ¢alismalarda Rotifera’nin baskin olmasi bu
caligma ile benzerlik gostermektedir.

Mart 2010-Subat 2011 de Uzungayir Baraj
g6li’nde yapilan ¢alismada Rotifera’dan; A. saltans,
A. priodonta, A. sieboldi, C. gibba, K. cochlearis, K.
guadrata, L. luna, L. ovalis, N. acuminata, N.
squamula, S. pectinata, P. dolichoptera, T.
capucina, T. tetractis Cladocera’dan; B.
longirostris, C. sphaericus, Copepoda’dan; A.
denticornis, C. vicinus bu calisma ile ortak ¢ikan
tiirlerdir (Saler vd. 2014).

rotiferlerden en fazla tiirlin Brachionidae’ye ait
oldugu goriilmiistiir. En fazla tiir sayis1 ilkbahar ve
sonbahar mevsimlerinde gozlemlenmis olup bu
Baraj Goli’nde yapilan c¢alisma ile paralellik
gostermektedir (Ipek ve Saler 2008).

Seli Cay1 Cladocera ve Copepoda faunasi ile
ilgili olan c¢alismada en fazla goriilen organizmalar
B.longirostris ile C.vicinus olup, bizim ¢alismamizla
ile bu sonuglar drtiismektedir (Saler ve Ipek 2009).

Aynm1  bolgede  bulunan  Tahar  Cay1
zooplanktonun tiir ¢esitliligi bakimindan rotiferlerin
diger zooplanktonlara gore degisiklik gosterdigi,
ayni zamanda her ay en fazla tiir ¢esitliligine sahip
olan grubun Rotifera oldugu goriilmiistiir (Ocalan ve
Saler 2016).

Kirk Cayr ve Calgan Deresi’'nde yapilan
caligmalarda da bahar aylarinda yogun olarak, en az
ise kis mevsiminde rotiferlerin ortaya ¢iktiklar ifade
edilmigtir. Bu veriler ¢alismanin sonuglar1 ile
degerlendirildiginde benzerlik gostermektedir (Saler
vd. 2011b; Baysal ve Saler 2014).

Zooplanktonu etkileyen en 6nemli faktorler su
sicakligi ve ¢Ozlinmils oksijendir. Su sicakligi
akuatik canlilarin sucul yasamdaki kimyasal ve
biyolojik  aktivitesini  yoneten en  Onemli
parametrelerden biridir (Buyurgan vd. 2010,Saler
vd. 2015). Zooplankton yasam dongiisii i¢in dnemli
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olan pH seviyesinin alkali sinir1 8,5'tir (Berzins ve
Pejler 1987). Bu ¢aligsmada alkali sinir 8,5 degerinin
iizerinde kaydedilmistir. Buna gore ¢aligmada
kaydedilen zooplankton tiirlerinin bu pH degerlerine
uyum gosterdigi sdylenebilir.

Cozlinmiis oksijen miktarlari, sicakliga ve
gollerin trofik seviyesine gore degisim gosterir
(Moss 1981). Rotifera tiirlerinin ¢ogu yiiksek oksijen
toleransina sahiptir, diisiik oksijen igerigine sahip
sularm  zooplankton gelisimini, iiremesini ve
dagilmini etkiledigini ve tath suda 5 mgL™in
altindaki ¢cOziinmiis oksijen seviyelerinin
zooplankton gelisimini engelledigi belirtilmistir
(Devol 1981). Bu calismada her Orneklemede
¢oziinmiis oksijen seviyesi Smg / L'nin tizerinde
belirlenmistir. Bu habitatin, ¢dziinmiis oksijen
seviyesine goOre zooplankton yasami igin uygun
oldugu gorilmektedir.

fletkenlik veya elektriki iletkenlik; 1 cm?
alanda, 1 cm aralikli duran iki platin elektrot
arasindaki direncin Olglimii olarak ifade edilebilir
yada dogal sularda, kabaca sudaki ¢Ozlinmiis
maddelerin toplamidir (Tanyolag 1993). Yagis
miktartyla birlikte jeolojik yapiya bagli olarak
farklilik gosteren iletkenlik sudaki besin tuzlarindan
etkilenmez (Temponeras vd. 2000). Elektriksel
iletkenlik tatli sularda 10-1000 pS/cm arasinda
degisiklik gostermektedir. Su {iriinleri standartlari ve

ylizeysel su kaynaklarmin kirlenmeye karsi
korunmas1  hakkindaki  protokolde  belirtilen
elektriksel iletkenlik degeri (150-500 uS/cm)

arasinda yer almaktadir (Uslu ve Tiirkman 1987). Bu
calismada ise 223-422 pS/cm degerleri arasinda
degismektedir ve bu degerlerin tiim istasyon ve
aylarda mevcut standartlar arasinda oldugu
gbzlenmistir.

Trofik smiflandirma sistemi i¢in OECD seki
disk smir degerlerine gore (0,8-1,5 m) araligindaki
goller otrofik, (1,4 - 2,4 m) araligindaki goller
mezotrofik, (3,6 — 5,9 m) araligindaki goller ise
oligotrofik olarak simiflandirilmaktadir (Ryding ve
Rast 1989). Bu degerlere gore Uzuncayir Baraj Goli
oligotrofik grupta degerlendirilmektedir.

[Ikbahar mevsiminde seki diski degerinin az
olmasinin nedeni yagislarin artmasi ile birlikte
akarsularin baraj goliine sediment tagimasi ile seki
disk degerinin diisiik oldugu sdylenebilir. Uzuncayir
baraj Goliinde yapilan bir baska ¢alismada bu bilgiyi
destekler niteliktedir (Kutlu vd. 2017).

Saler vd. 2014 yaptiklar1 caligmada su kalite
parametrelerinden en disiik ve en yiiksek sicaklik
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(8,6-20,1°C), ¢oziinmiis oksijen (4,6- 10,1mg/l) ve
pH (6,8-8,1) degerlendirirken bu ¢alismada ise
bunlara ek olarak elektriksel iletkenlik ve seki diski
degerleri de degerlendirilmistir.

Bazi literatiirlerde pH, ¢6ziinmiis oksijen ve
sicakligin 6rnekleme yapilan tim noktalarinda I.
sinif su kalitesinde oldugu bulunmustur. Bu degerler
ile kiyaslandiginda bizim bulgularimizla bu
degerlerin ortiistiigii goriilmektedir (Erkil vd. 2015).

Uzungayir Baraji karasal bir tatli su golii olup
iyi durumda oldugu 6ngoriilebilecek bir su kalitesine
sahip oldugu, kirlilik diizeyinin yiiksek diizeyde
olmadig1 ve zooplankton yasami i¢in uygun ortam
kosullarina sahip oldugu da soylenebilir.

TESEKKUR

Bu calisma TAGEM/HAYSUD/2017/A-11/P-03/1
nolu proje tarafindan desteklenmistir

CIKAR CATISMASI BEYANI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catigsmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu ¢aligmanin arastirma ve yayin etigine
uygun oldugunu beyan eder.
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Oz

Birgok sistemde yaygin olarak alternatif akim kullanildigindan dogru akim giris geriliminin istenilen genlik ve
frekansta simetrik bir alternatif akim ¢ikis gerilimine doniistiiriilmesi istenmektedir. Bu amagla, ¢alismada oncelikle
eviriciler ve ¢ok seviyeli eviriciler hakkinda bilgi verilmistir. Daha sonra, darbe genislik modiilasyon teknikleri
aciklanmis ve bu modiilasyon teknikleri igerisinden Siniizoidal Darbe Genislik Modiilasyon (SDGM) ve Uzay Vektor
Darbe Genislik Modiilasyon (UVDGM) tekniklerinin ¢alisma mantigi detaylica incelenmistir. Son olarak,
MATLAB/Simulink ortaminda sebekeden bagimsiz iki seviyeli SDGM ile ii¢ seviyeli UVDGM kontrol yontemi
kullanilarak eviricilerin, R (Rezistif) ve R-L (Rezistif-Endiiktif) yiikleri izerindeki benzetimleri modellenmistir. Simulink
ortaminda yapilan bu 6l¢timler, teorik hesaplamalarla kiyaslanmis ve modellerden giig kalitesi agisindan en iyi performans
gosterenin hangisi oldugu belirlenmeye calisiimistir.

Anahtar Kelimeler: Cok seviyeli eviriciler, eviriciler, sintizoidal darbe genislik modiilasyonu, uzay vektor darbe genislik
modiilasyonu

Comparative Performance Analysis of Sinusoidal Pulse Width and Space Vector
Pulse Width Modulations for Off-Grid Inverters

Abstract

Since alternating current is widely used in many systems, it is desired to convert the direct current input voltage to
a symmetrical alternating current output voltage with the desired amplitude and frequency. For this purpose, first of all,
information about inverters and multilevel inverters is given in the study. Then, pulse width modulation techniques are
explained and the working logic of Sinusoidal Pulse Width Modulation (SPWM) and Space Vector Pulse Width
Modulation (SVPWM) techniques are examined in detail among these modulation techniques. Finally, the simulations of
the inverters on R (Resistive) and R-L (Resistive-Inductive) loads are modeled using the grid-independent two-level
SPWM and three-level SVPWM control method in MATLAB/Simulink environment. These measurements made in the
Simulink environment were compared with the theoretical calculations and it was tried to determine which of the models
showed the best performance in terms of power quality.

Keywords: Multi-level inverters, inverters, sinusoidal pulse width modulation, space vector pulse width modulation

GIRIS

Gliniimiizde bircok sistemde ve endiistriyel
uygulamalarda genel olarak alternatif akim (AA)
kullanilmaktadir. Bu yilizden dogru akim (DA) giris
gerilimin  AA c¢ikis gerilimine doniislimiiniin
yapilmas: gerekmektedir. Bu doniisiim yapilirken
giris gerilimi istenilen genlikte ve frekansta simetrik
bir AA ¢kis gerilimine  donistirilmesi
istenmektedir. Dolaysiyla, DA’nin AA
doniisiimiinde meydana gelecek kayiplarin en az

olmas1 hem enerji kaybim1 6nleme agisindan hem de
sistem performansi agisindan 6nem arz etmedir.
Eviriciler, DA’y1 AA’ya doniistiiriirken ¢ikista
diisiik harmonik elde etmeyi saglayan gii¢ elektronigi
devresidir. Bu yiizden endiistriyel uygulamanin
vazgecilmezleri arasindadir. Clinki ¢esitli motorlarin
denetimi, gilic sistemleri gibi genis bir kullanim
alanina sahiptir. Bu yaygm kullanim alanina sahip
olan eviricilerden beklenen en temel 6zellik DA giris
geriliminin istenilen genlikte ve frekansta AA ¢ikis
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gerilimine doniistiiriilmesidir. Diger bir deyisle; ¢ikis
gerilim dalga seklinin olabildigince siniis formuna
yaklagsmis olmasi beklenmektedir. (Beser, 2009).

MATERYAL VE METOT
Eviriciler

Eviriciler, DA giris kaynagi enerjisini istenilen
genlik ve frekansta yilike uygulanan AA ¢ikig
enerjisine doniistiiren gii¢ elektronigi devreleridir
(Onder, 2010). Bu doniistiiriilen evirici ¢ikis
enerjisinin  ve geriliminin istenilen  seviyede
ayarlanmast ¢esitli yOntemlerle saglanmaktadir.
Birinci yontem; evirici kazancini sabit tutarak DA
giris gerilimini ayarlamakla yapilir. Ikinci yontem ise
DA giris geriliminin sabit ve kontrol edilemedigi
durumlarda, eviriciye genellikle darbe genislik
modiilasyonu (DGM) uygulanarak degisken g¢ikis

gerilim seviyesinin elde edilmesi ile yapilir
(Yumurtaci, 2007).
Cok Seviyeli Eviriciler

Yar1 iletken teknolojisinde  kaydedilen
gelismelerle beraber farkli DGM tekniklerinin de
gelistirilmesi  glic  doniistiiriiciilerinin ~ ortaya

¢tkmasina ve birgok alanda kullanilmasina olanak
saglamigtir. Bu gelismelerden biri de ¢ok seviyeli
eviricilerdir. Ozellikle kesintisiz gii¢ kaynaklar1 ve
siiriicii  sitemleri gibi endiistriyel uygulamalarin
birgogunda yaygin olarak kullanilan bu eviriciler,
giriglerine uygulanan DA gerilim seviyelerini
cikislarinda daha siniizoidal forma doniistiiriirler
(Stinter, 2013).

Cok seviyeli eviricinin en biyik faydasi,
anahtarlama frekansini arttirmadan ya da evirici ¢ikis
gerilimini azaltmadan evirici ¢ikigindaki dalga
formunda meydana gelen harmonik bozulmalari
minimize etmesidir (Kocatepe ve digerleri, 2003).

Cok seviyeli eviricilerin ¢ikisindaki dalga sekli
sinlis sinyalinin merdiven basamakli hali gibidir.
Girigine uygulanan gerilim seviye sayisi arttikca
cikisindaki dalgada olugan basamak sayis1 da artacagi
icin dalga formu siniis sinyal sekline daha c¢ok
benzeyecek ve Kkalitesi de artacaktir. Fakat seviye
sayisini arttirdikga anahtarlama eleman sayisi da
artacag1 i¢in evirici kontrol algoritmasindaki karmasa
da artacaktir. Bu da c¢ok seviyeli eviricilerin
istenmeyen durumudur (Kerem, 2012).

Orta ve yiiksek giic uygulamalarinda kullanilan
klasik eviricilerin verimlerinin disiik olmasi, bilyiik
transformatorlerin - kullanilmasiyla ortaya ¢ikan
yliksek maliyet, dV/dt ve dI/dt sonucu anahtarlama
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elemanlarinda olusan akim-gerilim darbeleri gibi
istenmeyen durumlar, ¢ok seviyeli eviricilerin
gelistirilmesiyle en aza indirilmeye calisilmustir.
Boylece yiiksek giic uygulamalari i¢in yeni bir gii¢
doniisiim sistemi ortaya ¢ikmustir.

Cok seviyeli eviricilerde gerilim seviyesi en az
iic ile baslar ve sonsuz seviyeye kadar gidebilir.
Arttirillan her seviye sonucunda ¢ikis gerilim dalga
formunda; daha az sinyal bozulumu, daha diisiik
anahtarlama frekansi ve yliksek verim gibi durumlar
meydana gelir.

Cok seviyeli eviriciler iiretim zamanlarina ve
tirlerine gore: Diyot Kenetlemeli Cok Seviyeli
Evirici, Kapasite Kenetlemeli Cok Seviyeli Evirici,
Izoleli DA Kaynakli Kaskat Bagli Cok Seviyeli
Evirici  seklinde 1{i¢ grupta simiflandirilabilir
(Kocalmig Bilhan, 2012).

Darbe Genislik Modiilasyon Teknikleri

Evirici c¢ikisindaki gerilim ve frekansin
kontroliine iliskin birgok c¢aligma yapilmis ve bu
caligmalar neticesinde bir¢cok teknik gelistirilmistir.
Bu tekniklerle evirici ¢ikisindaki dalganin siniizoidal
sekle yaklagmasi amaglanmigtir. Boylece harmonik
bozulma azaltilarak ¢ikis dalga kalitesi arttirilmastir.
Bu teknikler genel olarak DGM olarak ifade
edilmesine ragmen genis bir lineer modiilasyon
araligl, daha az anahtarlama kaybi, kolay uygulama
ve daha az toplam harmonik bozulum elde etmek
amaciyla bir¢ok farkli adla anilan DGM teknigi
mevcuttur. Her teknigin kendince cesitli avantaji,
dezavantaji ve her birinin farkli tiirde uygulama
alanlar1 vardir. Bu teknikler sunlardir: Siniizoidal
Darbe Genisglik Modiilasyonu (SDGM), Uzay Vektor
Darbe Genislik Modiilasyonu (UVDGM), Harmonik
Eliminasyonlu = Darbe Genislik Modiilasyonu
(HEDGM), Minimum Akim Dalgalanmali Darbe
Genislik Modiilasyonu (MADDGM), Ugiincii
Harmonik ilaveli Darbe Genislik Modiilasyonu
(UHIDGM), Harmonik Ilaveli Darbe Genislik
Modiilasyonu (HIDGM), Degistirilmis Siniizoidal
Darbe Genislik Modiilasyonu (DSDGM), Sigma
Delta Darbe Genislik Modiilasyonu (SDDGM).

Siniizoidal Darbe Genislik Modiilasyonu

Bu teknik endiistriyel uygulamalarda en ¢ok
tercih edilen tekniklerden biridir. iki seviyeli SDGM
tekniginin gelistirilmesiyle ¢ok seviyeli eviricilerde
kullanilmaktadir. Yiiksek frekanshi tepe genligi
Viigeen, frekansi fi olan tastyici liggen dalga ile daha
diisiik frekansli tepe genligi V, ve frekansi f olan bir
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sinilis isareti karsilastirilarak tetikleme sinyallerinin
iretimine dayali olan yonteme
(Fidanboy, 2011).

SDGM teknigi kare dalgadaki harmonikleri
azaltmak i¢in kullanilan en eski yontemlerden biridir
(Kang ve digerleri, 2000). Ayrica siniis bi¢gimde bir

gerilim elde etmek i¢in kullanilan en ekonomik ve en4.

kolay uygulanabilen yaygin yontemlerdendir (Asker
ve digerleri, 2009).

SDGM tekniginde, modiilasyon dalga genliginin5.

tastyict dalga genligine oranina modiilasyon indeksi
denir. Bu oranin lineer olabilmesi i¢in modiilasyon
indeksinin 0 ile 1 arasinda degisen bir degerde olmasi
gerekmektedir. Modiilasyon indeksi ve frekans
indeksi su sekilde hesaplanir (Tuncer, 2004);

Mi == - Ve (1)
Vicgen
M, = 2)

Yukaridaki formiillerde;

M; modiilasyon indeksini, V, tasiyici isaretin genligi,
My frekans indeksini, f; tasiyici isaretin frekansini ve
f; referans isaretin frekansi gostermektedir.

Modiilasyon indeksine ait dort durum soz
konusudur. Bunlar:
1. Mi=0 oldugunda ¢ikista anahtarlama
frekansinda kare dalga meydana gelir.

2. 0<M;<1 ise temel bilesen tepe degeri (Vo)
ile M lineer degismektedir.

VDA

) @)
hale getirmektir. Bu yiizden eviricideki anahtarlarin
olasi tiim durumlar1 birer anahtarlama vektoriiyle
ifade edilir. Bu vektorlere ait anahtarlamalarin tiim
kombinasyonlar1 matematiksel ifadeler yardimiyla
belirlenerek en uygun anahtarlama durumu segilir.

Vo:|\/|i.

Uc seviyeli eviricide ¢ikis geriliminin elde
edilmesi i¢in su adimlar takip edilir;

1.Adim: Vy, Vg, Vet gerilimleri ve 6 agis1 hesaplanir.
2.Adim: Ve ’in hangi sektorde oldugu belirlenir.
3.Adim: V¢ ’in sektoriin hangi bolgesinde oldugu
belirlenir.

SDGM denir3.
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3. Mi=1 ise temel bilesen 0.5V degeri alir.
Lineer bolge i¢in maksimum deger olan bu deger,
eviricinin olusturabilecegi maksimum deger olan
(4Vpa / 2m) kare dalga durumunun %78.55’ine
tekabiil eder.

4. M > 1 ise asir1t modiilasyon bdlgesidir. Bu
bolgede lineerlik bozulur. M; belli bir degerinden
sonra kare dalga olusur (Fidanboy, 2011).

Eviricilerde ¢ikis gerilimiyle kontrol saglandigi
gibi ¢ikis frekansiyla da kontrol saglanabilir. Bu
kontrol Denklem (2)’de verilen formiille hesaplanir.
Yiksek frekansli harmoniklerin daha kolay
filtrelenebildigi g6z Oniinde  bulundurulunca,
anahtarlama frekansinin da o oranda yiiksek olmasi
tercih edilir. Fakat bu durum eviricilerde yiiksek
anahtarlama kayiplarina neden olur. Bu anahtarlama
kayiplarint belirli bir seviyede tutmak igin ¢ikis
frekansinda tasiyict orani kiigiiltiiliir. Boylece Mo <1
ve M = 21 oldugu denge noktasi sinir degeri elde
edilir (Kocalmis Bilhan, 2012).

Uzay vektor darbe genislik modiilasyonu
Mikroislemcilerde yasanan gelismelerle beraber
DGM teknikleri arasinda en onemlilerden birisi
haline gelmistir. Bu teknigi 6nemli kilan unsurlar;
dijital islemcilerle kolayca uygulanabilir olmasi,
anahtarlama kayiplarimi 6nemli Ol¢lide azaltmasi,
¢ikis gerilimindeki harmonik bilesenleri minimize
etmesi, diger modiillasyon yoOntemleri ile
kiyaslandiginda daha yiiksek genlik modiilasyon
faktorleri elde edilmesidir (Rathnakumar, 2005).
UVDGM yonteminin amaci, toplam harmonik
bozunumu ve anahtarlama kayiplarint en diigiik
seviye indirgeyerek ¢ikis dalga formunu siniizoidal

4.Adim: Her bir sektor i¢in Ta, Tp Ve T, anahtarlama
konum siireleri hesaplanir.
5.Adim:Hesaplanan  siirelere
anahtarlama sinyalleri tretilir.

uygun  olarak

1. Adim: Eviricinin tiretmesi gereken V,, Vp ve
V. referans gerilimler Denklem (4)’de verilen Clarke
doniisiimii kullanilarak Sekil 1.(a)’da gosterildigi gibi
V4, Vq bilesenlerine doniistiiriiliir. Referans gerilim
vektoriiniin genligi ve agisi ise sirast ile Denklem (5)
ve (6) yardimiyla bulunur (Eskin, 2012).
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v,] o[t Y2 -y2 z \
v,|73l0 a2 a2 @
Vref :\’ ;dz +Vq2 (5)
¢ =arctanV, V, (6)

Gerilim vektor uzayi igin sektorler ve bolgeleri
Sekil 1.(b)’de verilmistir.
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2. Adim: Referans gerilim vektoriinin (Vief)
hangi sektorde yer aldigini1 0 agisina bakarak tespit
edilir. Ac1 degerine gore referans gerilim vektoriiniin
hangi sektorde yer aldigi Tablo 1°de verilmistir

a_\VQ'

(a)

000 7
444Th "

(b) (c)

Sekil 1. (a) Gerilim uzay vektorii ve bilesenleri (b) Gerilim vektor uzayi igin sektorler ve bolgeleri
(c) Sektor A’ya ait uzay vektor diyagrami
Tablo 1. A¢1 degerlerine gore sektor belirlenmesi ile m1 ve m, degerlerine gore bolge tespiti

ACI (0) VreI’iIl 5 Bolge ma m2 mi+ m;
Bulundugu Sektor | Numarasi

0" < 6<60° Sektor A 1.Bolge | <05 <0.5 <0.5
60° < 6<120° Sektor B 2. Bolge >05 _ —
120°< 6 <180° Sektor C 3.Bolge | <05 <05 >0.5
180°< 6<240° Sektor D 4.Bolge | — >05 _
240°< 6 <300° Sektor E
300°< 6 <360° Sektor F

3. Adim: Sektor A igerisinde bulunuyorsa, artik
hangi bolgenin igerisinde bulundugu belirlenir.
Sektor A’ya ait uzay vektor diyagrami Sekil 1.(c)’de
verilmistir.

Sekil 1.(c)’de gorildiigli iizere gerilim
vektoriiniin  dort bdlgeden hangisinde oldugunun
tespit edilmesi gerekir. Bunun i¢in de gerilim vektori
matematiksel denklemler yardimiyla m; ve m;

seklinde bilesenlerine ayrilarak hesaplanir. Buradan
m: ve my’nin degerlerine bakarak Sektdr A icin
gerilim vektoriniin hangi bolgede oldugu tespiti
Tablo 1 yardimiyla bulunur. Diger sektorler i¢in de
m: ve my hesaplar1 yapilarak bolge tespiti
gergeklestirilir.
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4. Adim: Her bir sektordeki her bir bdlgede
farkli anahtarlama sayilar1 ve siralar1 olacagi igin her
bolge i¢in ayri ayri anahtarlama siirelerinin
hesaplanmasi gerekir. Ornegin Sektér A icin 1. Bolge
ele almirsa toplamda 7 anahtarlama durumu soz
konusudur ve bu anahtarlama siras1t Ty, Tc ve Ta
seklinde olacaktir. Eger anahtarlama konum siireleri
hesaplanmak istenirse siire hesab1 yapilir.

Vref 'Ts :Va 'Ta +Vb 'Tb +Vc 'Tc (7)
T.=T,+T, +T, (8)

Denklem (8) ve V., Vy ve V¢ gerilimleri
yardimiyla her sektdriin her bolgesine ait anahtarlama
siireleri hesaplanir. UVDGM ile ilgili formiil ve
bilgilerin detaylart literatiirde mevcuttur (Arslanoglu,
2019).

5. Adim: Gerilim vektoriiniin hangi sektorde ve
hangi bolgede oldugunun tespitinden sonra Ta, Ty Ve
T, anahtarlama konum siireleri  hesaplanir.
Hesaplanan bu degerlere gére uygun anahtarlama
siralari segilir ve uygulanir (Kocalmig, 2005).

Bu karsilagtirmalarda akim, gerilim sinyali genlikleri
ve harmonikleri gibi bazi sonuglar incelenmistir.

iki Seviyeli SDGM Eviricinin Benzetim Modeli

SDGM kontrol yontemi kullanilarak R / R-L
yukli iki seviyeli bir eviricinin benzetimi
Sekil 2.(a)’da verilmistir. Bu teknikte su adimlar
izlenmektedir:

1. Farkli genlik ve frekanstaki siniizoidal
referans isareti daha yiiksek frekansli tiggen dalga
tasiyici isaretle karsilastirilmasi yapilir.

2. Olusan kesisim noktalariyla anahtarlama
elemanlarinin anahtarlama siireleri ve gii¢ anahtarlari
icin gerekli olan tetikleme sinyali elde edilerek
uygulanir.

Ug Seviyeli UVDGM Eviricinin Benzetim Modeli

Uc seviyeli UVDGM kontrol  yontemi
kullanilarak R / R-L yiiklii bir eviricinin benzetimi
yapilmistir. Sekil 2.(b)’de R / R-L yiiklii ti¢ seviyeli
eviricinin MATLAB/Simulink modeli gériilmektedir.

MATLAB/Simulink benzetimin yapilmasinda
su adimlar izlenir;

1. Gerilim vektoriiniin hangi sektdre diistigii
tespit edilir.
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BULGULAR

Sebekeden bagimsiz iki seviyeli SDGM ile iig
seviyeli UVDGM kontrol yontemi kullanilarak Tablo
2’de verilen parametreler yardimiyla benzetimler
gercgeklestirilmistir.

Benzetimler neticesinde SDGM ve UVDGM
icin ¢ikig gerilimlerinin Tablo 2’deki parametreler
kullanilarak hesaplanirsa teorik olarak asagidaki gibi
bir degerde olmasi beklenir.

Vpa 717.817
Veasspey = Mi-—- = 08 ———

=311.126V (Akmaz ve digerleri, 2016).
Vekisyypen = 0-707  M; - Vpy

= 0.707 - 0.8 - 550.082

=311.126V (Deniz, 2010).

Benzetimlerde daha etkili bir analiz saglanmasi
icin ilk olarak rezistif yiik kullanilmis ve iki yontem
karsilastirilmistir. Daha sonra rezistif-endiiktif yiik
benzetimler i¢in kullanilmis ve iki yontem tekrar
karsilagtirilmastir.

2. Vektoriin - sektor
diistiigii tespit edilir

3. Anahtarlama siireleri hesaplanir.

4. Her bir sektoriin her bir bdlgesi igin
anahtarlarin anahtarlama siralar1  belirlenir ve
uygulanir.

SDGM ve UVDGM Yontemlerinin Ozellikleri

icinde hangi bolgeye

SDGM; Asenkron veya Senkron, agik ¢evrim,
tasiyict tabanlidir, Lineer modiilasyon bolgesi
diistiktir (0<m<0.785), {iglincii harmonik ilave
edilerek 0,907 ye artirilabilir.), Asir1 modilasyon
araligr dogrusal olmayan ozellik gosterir, En diisiik
hamonik dalgalanmalar 0<m<0,4 araligindadir,
uygulanmasi kolaydir, Analog olarak uygulanir
(diizenli Ornekleme yontemi ile dijital olarak
uygulanabilir.)

UVDGM; Asenkron veya senkron agik ¢evrim,
tastyici tabanli olmayan bir yontemdir, Notrii izoleli
iiz fazli eviricilerde ¢ok iyidir, Lineer modiilasyon
bolgesi genistir. (0<m<0.907), Asir1 modiilasyonda
kare dalgaya kadar kolayca dogrusallastirma olanag:
vardir, En diisik hamonik dalgalanmalar lineer
bolgede meydana gelir, Yogun ve karmagik
hesaplamalar igerir, Mikroiglemci ve DSP gerektirir.
(dijital bir yontemdir.) (Asker ve ark., 2009)
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Tablo 2. R/R-L yiikli SDGM ve UVDGM i¢in benzetim parametreleri

Evirici Giris Gerilimi (Vpa) | SDGM =777.817V
UVDGM =550.082 V
Evirici Cikis Gerilimi (Vaa) | SPGM =311V
UVDGM =311V
Sebeke Frekansi 50 Hz
Transformator 4.5 KVA
Filtre 200 W(aktif), 30.86uF, 380 Vi (rms)
Modiilasyon Indeksi (M) 0.8
Yiik: R igin 4 KW (Omik)
Yiik: R-L igin 4 KW (Omik), 4.775 H, 380V (rms)

/\/\/\/ Discrete
1e-06 5.

Ucgen dalgal

1 >
L4l
D
1 Diaarbes eenislik modulasyonis ] ainc
wZmirdwl-120] - Py Mean
2= 2 Outl i P P
5 + ._l 1
i = i DC Valtage Mean Value E
B T Source il | reaktif giig
VA" sin{wt+120) * = -—l_xj - D
=] —_L— geriim
Her faz icin sinus gerilimleri D
a A a a akim
1
] %% 8 b 8
L—afc - g, - C c
SBOV (IBOV 4.5 KVA Three-Phase Three-Phase
Transfarmaior el Measnemen E W Messuremen 1
n o ®
< @ < m o € @ o
Filtre R == R-L
Ykl Wikl
200 Winktif) 4 KW (akf) 4 KW (aktif)
1.4 KVAR ( Kapasitif) 380 Wi (rms) 1.5 KVAR (Endiiktif)
380 Vit (rms) FROVE (rms)

@)
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Discrete
le-06 s
Modulasyon
indeksi
B—b@— ™y l—}a stechoeJ Lsamor
m Va_ref
J—bk‘mf tmgl Tmgl
piiz —_EII ¥ i) l—bb ref Vgl tmgl gafing signal T
dalta Vh_raf anale] v g e et electr
Vil
71 2
Sy l—lc aci{alfa) S puee ) st state selector
—r— Te-pulse
Vie_ref 5
abic -» Vref +lacal ac(alfa) local vactor gen. state salector gating I: :
signal generator ,_;. ;
¢ phase
¥ <= 1e-05 1
¥

Sekil 2. (a) R/ R-L yiiklii iki seviyeli SDGM eviricinin benzetimi
(b) R/ R-L yiiklii ii¢ seviyeli UVDGM eviricisinin giris sinyallerinin iiretildigi MATLAB/Simulink benzetim modeli

Benzetim Sonuglari

Bu boliimde her iki yontemin farkli yiiklerde
kullanilmasi sonucu elde edilen benzerim sonuglari
verilmistir.

A) Rezistif yiik kullanilmasi sonucu iki yontemin
karsilastirilmasi

1) iki Seviyeli SDGM Tekniginin Benzetim
Sonuglan

R yikli iki seviyeli SDGM’nin benzetim
sonuglarindan la, Iv, Ic akim dalga sekilleri Sekil
3.(a)’da; bu akimlarin harmonik spektrumu ise Sekil
3.(b)’de verilmistir. Va, Vb, V. gerilim dalga sekilleri
Sekil 3.(c)’de; bu gerilimlerin harmonik spektrumu
ise Sekil 3.(d)’de verilmistir. Aktif ve reaktif giice ait
dalga sekli ise Sekil 3.(e)’de verilmistir.

448



—

In

. J. Pure Appl. Sci. 7(3):442-454 (2021) IJP ﬁ S
Research article/Arastirma makalesi

DOI: 10.29132/ijpas.947759

Ia, 1o, Ic Amian (A

jpas@munzur.edu.tr
ISSN: 2149-0910

R ks Abim Harmonigl [50Hz) = 8.759 A, THE = 267 %
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Sekil 3. (a) M; ayn1 Vpa gerilimi farkli olan R yiiklii SDGM nin I, I, lc akimlarinin akim dalga sekilleri
(b) Mj ayn1 Vpa gerilimi farkli olan R yiklii SDGM’nin I, Iy, Ic akimlarimin harmonik spektrumu
(c) Mj ayn1 Vpa gerilimi farkli olan R yiiklii SDGM’nin V4, Vi, V¢ gerilim dalga sekilleri
(d) Miaym Vpa gerilimi farkli olan R yiiklii SDGM’nin V,, Vi, V¢ gerilimlerin harmonik spektrumlar
(e) Miayn1 Vpa gerilimi farkli olan R yiiklit SDGM’nin aktif ve reaktif gii¢c dalga sekli

2) Uc¢ Seviyeli UVGDM Eviricinin Benzetim
Sonuclari

R yiikli iki seviyeli li¢ seviyeli UVDGM nin
benzetim sonuglarindan I, I, Ic akim dalga sekilleri
Sekil 4.(a)’da; bu akimlarin harmonik spektrumu ise
Sekil 4.(b)’de verilmistir. Va, Vi, V¢ gerilim dalga

sekilleri Sekil 4.(c)’de; bu gerilimlerin harmonik
spektrumu ise sekil 4.(d)’de verilmistir. Aktif ve
reaktif giice ait dalga sekli ise Sekil 4.(e)’de
verilmistir.
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R il ki Akam Harmonigl ($0Hz) = 8.207 A, THE = 155 %
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Sekil 4. (a) Mj ayn1 Vpa gerilimi farkli olan R yiiklii UVDGM’nin I, Iy, Ic akimlarimin akim dalga sekilleri
(b) Mi ayn1 Vpa gerilimi farkli olan R yiiklii UVDGM nin I, I, lc akimlarinin harmonik spektrumu
(c) Mj ayn1 Vpa gerilimi farkli olan R yiikli UVDGM nin Vs, Vi, V. gerilim dalga sekilleri
(d) Miayn1 Vpa gerilimi farkli olan R yiiklii UVDGM nin Va, Vi, Ve gerilimlerin harmonik spektrumlari
(e) Miayn1 Vpa gerilimi farkli olan R yiiklit UVDGM nin aktif ve reaktif gii¢ dalga sekli

B) Rezistif-endiiktif yiik kullanilmasi sonucu iki
yontemin karsilagtirilmasi
1) 1iki Seviyeli SDGM Tekniginin Benzetim
Sonuglar

SDGM’nin benzetim sonuglarindan I, Iy, Ic akim
dalga sekilleri Sekil 5.(a)’da; bu akimlarin harmonik
spektrumu ise Sekil 5.(b)’de verilmistir. V,, Vi, Ve

gerilim dalga sekilleri Sekil 5.(c)’de; bu gerilimlerin
harmonik spektrumu ise Sekil 5.(d)’de verilmistir.
Aktif ve reaktif giice ait dalga sekli Sekil 5.(e)’de
verilmistir.
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R - L Yiikiii Akim Harmonigi (50Hz) = 9.119 A, THB =2.57 %
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Sekil 5. (a) M; ayn1 Vpa gerilimi farkli olan R-L yiiklii SDGM’nin I, lp, lc akimlarinin akim dalga sekilleri
(b) Mi ayn1 Vpa gerilimi farkli olan R-L yiiklii SDGM’nin I, Iy, Ic akimlarmin harmonik spektrumu
(¢) Mi aynm1 VDA gerilimi farkli olan R-L yiikli SDGM’nin V,, Vb, V¢ gerilim dalga sekilleri
(d) Miaym Vpa gerilimi farkli olan R-L yiiklii SDGM nin V,, Vi, V, gerilimlerin harmonik spektrumlari
(e) Miayn1 Vpa gerilimi farkli olan R-L yiiklii SDGM’nin aktif ve reaktif gii¢c dalga sekli

2) U¢ Seviyeli UVDGM Tekniginin Benzetim

Sonuglar
UVDGM  eviricisinin ~ benzetim  sonucu
Tablo 2’deki parametreler kullanilarak elde

edilmistir. Bu parametrelerden M; aym1 Vpa hat
geriliminin ise farkli oldugu R-L yiiklii UVDGM nin
benzetim sonuglarindan Iy, Iy, Ic akim dalga sekilleri
Sekil 6.(a)’da; bu akimlarin harmonik spektrumu ise
Sekil 6.(b)’de verilmistir.

Va, Vb, V¢ gerilim dalga sekilleri Sekil 6.(c)’de; bu
gerilimlerin harmonik spektrumu ise Sekil 6.(d)’de
verilmistir. Aktif ve reaktif giice ait dalga sekli ise
Sekil 6.(e)’de verilmistir.
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Sekil 6. (a) Mj ayn1 Vpa gerilimi farkli olan R-L yiiklii UVDGM nin I, lp, |c akimlarmin akim dalga sekilleri
(b) Mj ayn1 Vpa gerilimi farkli olan R-L yiiklii UVDGM’nin I, I, Ic akimlarinin harmonik spektrumu
(c) Mj ayn1 Vpa gerilimi farkli olan R-L yiiklii UVDGM nin V4, Vp, V¢ gerilim dalga sekilleri
(d) Miayn1 Vpa gerilimi farkli olan R-L yiiklii UVDGM’nin V,, Vb, V; gerilimlerin harmonik spektrumlari
(e) Miayn1 Vpa gerilimi farkli olan R-L yiikli UVDGM’nin aktif ve reaktif gii¢ dalga sekli

Elde edilen sonuglara ait sayisal degerler Tablo 3’te
verilmistir.

Tablodaki verilerden yola ¢ikarak;

1. Aymn ¢ikis gerilimi elde etmek i¢cin UVDGM
tekniginde SDGM teknigine kiyasla daha kiigiik Vpa
hat gerilimi kullanilir. Diger bir ifadeyle UVDGM
tekniginde daha diistik giris gerilimi kullanilarak aym
¢ikis gerilimi elde edilir.

2. UVDGM teknigi SDGM teknigine kiyasla
daha diisiik harmonik bozunuma sahiptir.

3. Teorik olarak hesaplanan ¢ikig gerilimi ile
benzetimler neticesinde elde edilen ¢ikis gerilimleri
birbirine yakindir.

4. Tablo 3’te R/ R-L yiikli SDGM ve UVDGM
benzetimi sonucunda elde edilen akim ve gerilime ait
toplam harmonik bozulma seviyesinin uluslararasi
standartlarda belirtilen deger olan akim igin %3,
gerilim igin %5’in atinda oldugu goriilmektedir.
Boylece yapilan benzetim g¢alismasinin sonucunun
dogru ve standartlar1 sagladigi da tespit edilmistir.

Tablo 3. Mi aynt Vop gerilimleri farkli olan R | R-L yiikleri i¢in benzetim sonuglar
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R Yiiklii Benzetim Sonuclar:

SDGM

UVDGM

Girig gerilimi (Vpa)

777.817V

550.082 V

Teorik Sonug
Cikis gerilimi (Etkin deger)

Benzetim Sonucu

Teorik Sonug | Benzetim Sonucu

311.126 V 316.2V 311.126 V 3154V
Yik Akim1 % (THB) % 2.67 % 1.55
Yiik Gerilimi % (THB) % 2.67 % 1.55
R — L Yiiklii Benzetim Sonuglari
SDGM UVDGM
Giris gerilimi (Vpa) 777.817V 550.082 V

Teorik Sonug
Cikis gerilimi (Etkin deger)

Benzetim Sonucu

Teorik Sonug | Benzetim Sonucu

311.126 V 3079V 311.126 V 3179V
Yiik Akimi % (THB) % 2.57 % 152
Yiik Gerilimi % (THB) % 2.74 % 1.63
SONUCLAR VE TARTISMA yapilan benzetimler neticesinde tespit edilmistir.
Ayrica, teorik hesaplamalarla benzetim sonuglarinin
Darbe  genislik  modiilasyon  teknikleri da birbirine yakin oldugu gozlenmistir. Bu durum da

kiyaslandiginda bu tekniklerin birbirlerine karst
cesitli iistiinliikleri vardir. Bu teknikler icerisinde en
yaygin olarak kullanilan iki teknik karsimiza
cikmaktadir. Biri SDGM teknigi, digeri ise UVDGM
teknigidir.

Mikroislemcilerde yasanan gelismeler ile
beraber yeni darbe genislik modiilasyon teknikleri
gelistirilmistir. UVDGM teknigi, bu gelismelerin bir
irtiintidiir. UVDGM ile ¢ikis gerilimi istenilen frekans
ve genlikte ayarlanmakta ve mikroislemciler
yardimiyla oldukca kolay bir sekilde
uygulanabilmektedir.

Bu calismada sebekeden bagimsiz iki seviyeli

SDGM ile {ii¢ seviyeli UVDGM  eviricilerinin
MATLAB/Simulink benzetim modeli
gergeklestirilmistir.

Tablo 3°te verilen benzetim sonuglar

incelendiginde; UVDGM eviricinin SDGM’ye gore
daha az harmonik bozuluma sahip oldugu, daha
diistik hat gerilimi ile aym ¢ikis gerilimi elde edildigi
goriilmektedir. UVDGM eviricisine ait bu sonuglar
g6z Oniline alindiginda UVDGM tekniginin SDGM
teknigine nazaran daha iyi bir performans gosterdigi

sistemin dogru sonuglar gosterdigini teyit etmektedir.

SDGM ve UVDGM evirici tiirlerinin genis bir
uygulama alani1 oldugundan gerek akademik alanda
gerek de endiistriyel alanda AR-GE c¢aligmalari
sirekli  yapilmaktadir. Bu yilizden bu alan
popiilerligini yitirmeyecegi gibi bu alanda yapilacak
daha optimum 6zellikli evirici ciddi bir kazang
saglayacaktir. Dolayisiyla gelismeleri takip etmek ve
daha  optimum  Ozellikli  evirici  tasarimi
gerceklestirmek gittikge onem kazanmaktadir.

TESEKKUR
Bu makale birinci yazarin yiiksek lisans tezinden
tiiretilmistir.

CIKAR CATISMASI BEYANI
Yazarlar bu ¢alismasinda herhangi bir sekilde
¢ikar catigmasi olmadigini beyan eder.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu c¢alismasinda aragtirma ve yayin
etigine uyuldugunu beyan eder.
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Oz

Bir problemin yenilik¢i/yaratict ¢oziimlerinin bulunabilmesi i¢in en dnemli adim problem taniminin yeniden
diizenlenmesidir. Problem tanimini verildigi gibi alip kullanmak, problem c¢oziicliniin bakis agisini kisitladigi gibi
tamamen yanlig yola da yonlendirebilir. Bununla birlikte ¢eliski iceren yenilik¢ilik ve yaraticilik gerektiren
problemlerdeki geligkileri belirlemek zor olabilmektedir. Bu galismada, problem taniminin diizenlenmesine ve ¢eligkilerin
belirlenmesine yonelik gelistirilmis olan ‘problemi yeniden tanimlama’ algoritmasimn endiistride karsilagilan ‘tasima
sirasinda ortaya ¢ikan palet devrilme’ sorununa uygulanmasi sunulacaktir. Problemin yeniden nasil ifade edileceginden
ve bunun i¢in izlenen siiregten bahsedilecektir. Elde edilen yeniden tanimlamalar ile ¢6ziime erismek i¢in kullanilabilecek
TRIZ yontemleri onerilecektir.

Anahtar Kelimeler: Celiskiler, problem formiilatorii, problemin yeniden tanimlanmasi, TRIZ

Redefining the Problem in Problem Solving with TRIZ: Problem Formulation

Abstract

The most important step to find the innovative / creative solutions of a problem is the reorganization of the problem
definition. Using the problem definition as given not only can restrict the point of view of the problem solver but also can
lead him/her to the wrong path. However, it can be difficult to identify contradictions in problems that require
contradictory innovation and creativity. In this study, the ‘redefine the problem' algorithm, which was developed for the
regulation of the problem definition and the determination of the contradictions, will be applied to the 'pallet tipping that
occurs during transportation' problem encountered in the industry. How to re-express the problem and the process
followed for it will be discussed. TRIZ methods that can be used to reach the solution with the obtained redefinitions will
be proposed.

Keywords: Contradictions, problem formulator, problem redefinition, TRIZ

GIiRiS
Tasarim ve problem ¢6zmenin ilk asamasi soyutlayip ¢ikarmak yetenekli bir kisinin bile ¢ok
problemin tanimlanmasidir. Birileri tarafindan zamanini alabilir. Ko6tl ifade edilen veya eksik bir

tanimlanan ya da c¢ercevesi ¢izilen problemin ilk nce
problem ¢oziicii/ler tarafindan yeniden ifade edilmesi
gerekir.  Problemin/sorunun  biitiin  yonleriyle
anlagilmas1 ve genis bir agidan bakilabilmesine
olanak saglayacak sekilde yeniden diizenlenmesi
olduk¢a onemlidir. Boylelikle gergekte ¢oziilmesi
gereken problemin ele alinmasi saglanabilir.
Problemi yeniden tanimlama adimi, tasarim ve
problem ¢dzmenin ilk adimi olarak bilinmesine
karsin hem ihmal edilir hem de zor bir istir, ¢iinkii
gercek problemler siklikla gesitli sekillerde gizlenir.
Bilgi okyanusunun igerisinden gercek problemi

bicimde ortaya konulan bir problem, problem
coOziiciiyi imkansiz veya kabul edilemez/yanlis
¢oziimlere yonlendirebilir. Ikincil ya da iigiinciil
problemlere odaklanarak gecici ¢6ziim bulunmasini
saglanabilir, ancak harcanan zamani, paray1 ve emegi
en aza indirebilmek icin gercek problemi bulmak ve
cozmek gereklidir. Problemi yeniden tanimlama ve
birincil problemi belirleme yoéntemleri arasinda
nedensel haritalama yontemleri cogu zaman merkezi
bir rol oynamaktadir. Ciinkii dogru kdk nedenlerini
bulmak, iyilestirme i¢in fikir bulmakta kritik 6neme
sahip olabilmektedir.
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Coziimii zor olan problemler genellikle geliski
igerirler ve bu celigkileri problem tanimindan ortaya
cikarmak genellikle zor olabilmektedir. Ayrica,
problem ¢oziimiine farkli yollardan yaklasmak igin
tetikleyici yeniden tanimlanmis problem ciimlelerine
ihtiyag vardir. Iste problem formiilatorii hem
problemdeki ¢eligkileri agikga ortaya koydugu gibi,
hem de yararli fonksiyonlar ve zararli fonksiyonlar ile
ilgili problem ¢dzme igin bir¢ok yonlendirici problem

tanimlart vermektedir. Bu c¢alismada, problem
formiilatoriiniin endiistriyel bir probleme
uygulanmasindan bahsedilecektir. Palet {izerine

robotlar vasitasiyla dizilen torba paketlerin tagima
sirasinda devrilme problemini 6nlemeye yonelik bir
calismadir. Firma yetkilileri tarafindan yapilan
problem  tanimina, problem  formiilasyonun
uygulanmasi sonucundaki grafiksel gosterim ve
yoOnlendirici problem ciimlelerinin olusturulmasi
verilecektir.  Bu  ciimlelerin  y0nlendirilmesi
sonucunda problemlerin nasil ¢dziilecegi konusu ise
uygun TRIZ yoéntemlerinin segilerek kullanilmasina
kalacaktir. Dolayisiyla, bu calisma sonucunda
endiistriyel problemin ¢oziimiine yonelik Oneriler
getirmekten ziyade, hangi yontemlerin
kullanilabilecegine dair dnerilerde bulunulacaktir.

LITERATUR ARASTIRMASI

Bir sorunun nedenlerini analiz etmek i¢in Zihin
Haritalama, Balik Kil¢ig1, FMEA (Hata Tiirleri ve
Etki Analizi), Sebep-Sonu¢ Analizi, Problem
Formiilatorii gibi pek ¢ok yontem vardir (Lee ve ark.,
2018). Ancak, bunlarin icerisindeki ozellikle {iretim
alanindaki yenilik projelerinde daha sik kullanilan
kok nedensel iliski haritalama yodntemlerinden birisi
olan Problem Formiilatorii dikkat ¢ekmektedir.
“Inovasyon nasil yapilir?” sorusuna son zamanlarda
“Yenilik¢i/Yaratici Problem Cozme Teorisi, TRIZ”
yontemi onerilmektedir. TRIZ kolayca 6grenilebilip,

Ogretilebilen,  kisiye/kisilere = bagli  olmayan,
sistematik bir bi¢imde uygulanabilen, diinya
patentlerindeki  teknolojilerinin  kullanilmasina

olanak veren popiiler bir yontemdir (Zusman ve
Zlotin, 1999; Orloff, 2003; Sener, 2006; Durgun ve
Doruk, 2015; Kaya, 2016; Ekmekgi ve Nebati, 2019).

Bir sistemin yararli ve zararli fonksiyonlari
arasindaki baglantry1 gostermek i¢in basit bir sebep-
sonug grafiginin olusturulmasi, problem formiilasyon
stireci olarak adlandirilir. Problem Formiilatorii TRIZ
yontemlerinde kullanilabilecek problem tanimlarim
dogrudan verebilmesi nedeniyle tercih edilmektedir
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(Celiktiirk ve ark., 2005). Problem formiilatorii, kok
neden analizini yapmak, yenilik¢i yaratict problem
¢Oziimiinii gerektiren geliskileri ve ¢dzme yonleri
olusturmak i¢in gelistirilen bir yazilim bir modiiliidiir
(Zlotin ve ark., 1994). “5 Neden Sorusu” basit agag
yapist yerine zincir yap1 kullanir. Dolayisiyla, yararl
fonksiyonlar, zararli fonksiyonlar ve c¢eliskiler
arasindaki iliskiler gorsel olarak gosterilebilmektedir.
Bu gosterimlerden birgok problem ¢ézme tanimlari
olusturulabilmektedir (Terninko ve ark., 1996).

SEPERATOR PROBLEMI

Cocuk bezi makinelerinde {iiretilen bezler iiriin
Olciilerine gore paketlenmektedir ve bu paketlerde
daha sonra Pazar tarafindan belirlenmis adetlerde
torbalara doldurulmaktadir. Paketleme
makinelerinden ¢ikan torbalar konveyor araciligiyla
depoya sevk edilerek, robotlar yardimi ile paletler
tizerine belirlenen sekilde dizilmektedir. Bu dizim
sirasinda  torba katmanlar1 arasinda kaymalar
yasanmaktadir (Kapucu ve ark., 20193 °). Katmanlara
seperator  konulmaksizin,  paketler  paletlere
dizilirken/dizildiginde veya konveyorler iizerinde
harekete baslandiginda Sekil 1 ve 2°de goriildiigii gibi
devrilmeler/ayrilmalar olmaktadir.

Bu kaymalar1 oOnlemek ve diiz bir zemin
olusturmak admna robot sisteminde katlar arasina
seperatorler yerlestirilmektedir. Bu seperatorler
yurtdist menseli olan 2 yiizli kaydirmaz materyalle
kaplanmis bir yiizeye sahiptirler. Tedariki yurt
disindan oldugu i¢in hem maliyet hem de temrin
konusunda sikintilar yasanmaktadir. Genellikle de
birka¢ kullanimdan sonra deformasyona ugradiklari

icin kullanilamaz duruma gelmektedirler. Yerli
seperatorler piyasada mevcuttur ancak, ithal
muadilleri  ile  kiyaslandiginda  devrilmeleri

engellemede yetersiz kalmaktadir.

Paletleme islemi tamamlandiginda paletler,
paketleme hattindan alinip stok alanina tasinincaya
kadar konveyorler tizerinde birkag defa dur kalk
yapmaktadir. Bu hareketler yatay diizlemde
olmaktadir. Ayrica bir defa da dikey yonde dur kalk
yapmaktadir. Bu hareketlerin haricinde ana depoya
taginirken de cgatall tasiyici ile tasinmaktadir. Uygun
seperator olmadiginda paketler dur-kalk sirasinda ve
catalli tasiyicida olusan ivmelenmeler nedeniyle
birbirleri  {izerinde kolayca hareket ederek
devrilmektedir.

Ayrica, seperatdr olmasina ragmen depolama
alaninda bekleyen bu tiriinler bir siire sonra kaymaya
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baslamaktadir. Bu nedenle depolama alaninda hem
yetersiz alan hem de goriintii kirliligi olugmaktadir.
Dagilan paletlerin yeniden diizenlenmesi, sayimi ve
kontrolii ekstra bir ig yikii olusturmaktadir. Firma
seperator problemine ¢éziim aramaktadir.

Sekil 1. Tagima arabasinin ivmelenmesine bagli
olarak devrilmeler (Kapucu ve ark., 2019?)

Sekil 2. Palet iizerinde dizim sirasinda torbalarin
birbirinden ayrilmasi (Kapucu ve ark., 2019%)

PROBLEM FORMULASYONU

Problem formiilasyon grafiginin olusturulmasi
sirasinda Zararli (ZF) ve Yararli Fonksiyonlar (YF)
arasinda genellikle {i¢ tiir baglanti vardir. Bu
baglantilar Sekil 3’te verilmistir. Bu sekilde
problemde tanimlanan olumlu ya da olmas1 gereken
nitelikler (YF) daire icerisinde, sistemin ¢alismasini
olumsuz yonde etkileyen nitelikler (ZF) ise
dikdortgenler ile gosterilmistir. Yakin iliskide olan
ZF ya da YF arasindaki baglanti da yine degisik
oklarla gosterilmistir.

Bu iligkiler aym1 zamanda sebep sonug
climlelerini vermektedir. Yukaridaki tanimlanan
problem incelendiginde yararli fonksiyonlar/islevler
ile zararl fonksiyonlar/islevler arasindaki baglantilart
su sekilde ifade etmek miimkiindiir.
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Sekil 3. Zararli (ZF) ve Yararli Fonksiyonlar1 (YF)
arasindaki ¢ tiir baglanti

(Seperatdr) gerekir (palet devrilmesini 6nlemek) igin,
(Seperatdr) sebep olur [zaman kaybina],

(Seperatdr) sebep olur [maliyet artisina],

(Seperatdr) sebep olur [islem karmasikliginal],
(Seperatdr) gerekir diger (bag olusturmak) igin,
(Seperatdr) gerekir diger (stirtiinmeyi artirmak) igin,

(Seperator) gerekir (iist iiste dizilen paketlerin
ezilmesini 6nlemek) i¢in,

(Forklift) gerekir (paletleri tasimak) igin,

(Forklift) sebep olur [palet devrilmesine],

(Dur-kalk) gerekir (paleti konveyorde tasimak) igin,
(Dur-kalk) sebep olur [palet devrilmesine],
(Paletlere paketleri dizmek) gerekir (depolamak) icin,
(Paletleri tasimak) gerekir (depolamak) igin.

Burada bahsedilen ZF ve/veya YF arasindaki
baglantilari (sebep sonug iliskilerini) grafik olarak bir
biitin  halinde Sekil 4’teki gibi goOstermek
mimkiindiir. Bu sekildeki numaralar diigiim
noktalarin1 gostermektedir. Diigim noktalar1 igin;
kotiilegsen nitelikler i¢in Onleyici, olumlu nitelikler
icin alternatif ve hem sebebiyet veren hem de
gerektiren cikiglart olan icin de ¢eligki ifadeleri
yazilabilir. Bu sekilde problem ile ilgili asagida da
verildigi  gibi, bircok alt problem ifadeleri
olusturulabilir.
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Sekil 4. Palet tagima sirasindaki palet devrilmeleri probleminin formiilasyon grafigi
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la. (Paletleri depolamak) icin (Torbalar1 dizme)
gerektirmeyen alternatif bir yol bul.
1b. (Torbalari dizme)’nin gelistirilmis bir yolunu bul.

2a. (Paletleri tasimak) ig¢in (Konveyor dur-kalk
hareketi) gerektirmeyen alternatif bir yol bul.

2b. (Konveyor dur-kalk hareketi)’nin gelistirilmis bir
yolunu bul.

3a. (Paletleri depolamak) i¢in, (Torbalar dizme)’yi
saglayan ve (Paletleri tasima)’y1 gerektirmeyen
alternatif bir yol bul.

3b. (Paletleri depolama)’nin gelistirilmis bir yolunu
bul.

4a. (Paletleri tagima) i¢in, (Paletlerin depolanmasi)’n1
saglayan ve ayni zamanda [Palet devrilmesi]’ne
sebep olmayan alternatif bir yol bul.

4b. (Palet tasima)’y1 gelistirmenin bir yolunu bul.
4c. CELISKIYI ¢6zmenin bir yolunu bul: (Palet
tasima), (Palet depolama)’y1 saglasin fakat [Palet

devrilmesi]’ne sebep olmasin.
4d. (Palet tasima) igin, (Konveyor dur-kalk
hareketi)’ni saglayan ve ayni zamanda [Palet

devrilmesini] engelleyen alternatif bir yol bul.

4e. (Palet tasima) igin, (Paletleri depolama)’y1
saglayan ve ayni zamanda (Forklift) gerektirmeyen
alternatif bir yol bul.

Sa. (Paletleri tasimak) i¢in (Forklift) gerektirmeyen
alternatif bir yol bul.
5b. (Forklift)’in gelistirilmis bir yolunu bul.

6a. (Palet katihigmin azligi) durumunda [Palet
devrilmesi]’ne sebep olmayan alternatif bir yol bul.
6b. (Palet katiligimin azligi)’n1 gelistirmenin bir
yolunu bul.

7a. (Palet tasima) altindaki durumda (Paketler arasi
bag olusumu)’'na gerek kalmaksizin [Palet
devrilmesi]’ni ortadan kaldirmak, azaltmak veya
onlemek icin bir yol bul.

7b. (Palet katiligmin azligl) altindaki durumda
(Paketler arasit bag olusumu)’na gerek kalmaksizin
[Palet devrilmesi]’ni ortadan kaldirmak, azaltmak
veya Onlemek i¢in bir yol bul.

7c. (Seperator eksikligi) altindaki durumda (Paketler
arast bag olusumu)’na gerek kalmaksizin [Palet
devrilmesi]’ni ortadan kaldirmak, azaltmak veya
onlemek i¢in bir yol bul.
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7d. (Palet tasima) altindaki durumda (Paketler arasi
siirtiinmeyi artirma)’ya gerek kalmaksizin [Palet
devrilmesi]’ni ortadan kaldirmak, azaltmak veya
onlemek i¢in bir yol bul.

7e. (Palet katiligmmin azlhigi) altindaki durumda
(Paketler aras1 siirtinmeyi artirma)’ya  gerek
kalmaksizin [Palet devrilmesi]’ni ortadan kaldirmak,
azaltmak veya dnlemek i¢in bir yol bul.

7f. (Seperator eksikligi) altindaki durumda (Paketler
arasi siirtiinmeyi artirma)’ya gerek kalmaksizin [Palet
devrilmesi]’ni ortadan kaldirmak, azaltmak veya
onlemek i¢in bir yol bul.

79. [Palet devrilmesi]’nden yararlanmanin bir yolunu
bulun.

8a.  (Seperator eksikligi) durumunda [Palet
devrilmesi]’ne sebep olmayan alternatif bir yol bul.
8b. (Seperator eksikligi)’ni gelistirmenin bir yolunu
bul.

9a. (Paketler aras1 bag olusturmak) i¢in (Seperator)’e
gereksinim  duymayan  [Palet  devrilmesi]’ni
engelleyen alternatif bir yol bul.

9b. (Paletler aras1 bag olusturma)’nin gelistirilmis bir
yolunu bul.

10a. (Paketler arasi siirtiinmeyi artirmak)
(Seperator)’e  gereksinim  duymayan
devrilmesi]’ni engelleyen alternatif bir yol bul.
10b. (Paketler arasi slirtinmeyi artirma)’nin
gelistirilmis bir yolunu bul.

i¢in
[Palet

11a. (Paketler arast bag olusturmasi) i¢in (Seperator)
saglayan ve ayni zamanda [Maliyet artigina] 'na sebep
olmayan alternatif bir yol bul.

11b. (Paketler aras1 bag olusturmasi) i¢in (Seperator)
saglayan ve aym zamanda [Islem karmasikligi]’na
sebep olmayan alternatif bir yol bul.

11c. (Paketler aras1 bag olusturmasi) i¢in (Seperator)
saglayan ve ayni zamanda [Zaman kaybi]’na sebep
olmayan alternatif bir yol bul.

11d. (Paketler arasi siirtlinmeyi artirmak) igin
(Seperator) saglayan ve aym zamanda [Maliyet
artisina]’na sebep olmayan alternatif bir yol bul.

11e. (Paketler arasi siirtiinmeyi artirmak) igin
(Seperatdr) saglayan ve aym zamanda [islem
karmasikligi]’na sebep olmayan alternatif bir yol bul.
11f. (Paketler arasi siirtinmeyi artirmak) igin
(Seperator) saglayan ve ayni zamanda [Zaman
kaybi]’na sebep olmayan alternatif bir yol bul.

11g. (Seperatdr) gelistirmenin bir yolunu bul.
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11h. CELISKIYiI ¢6zmenin bir yolunu bul:
(Seperator), (Paketler aras1 bag olusumu)’nu saglasin
fakat [Zaman kaybi]’na sebep olmasin.

11i. CELISKiYI ¢6zmenin bir yolunu bul:
(Seperator), (Paketler aras1 bag olusumu)’nu saglasin
fakat [Islem karmasiklig1]’na sebep olmasin.

11j. CELISKiYI ¢6zmenin bir yolunu bul:
(Seperator), (Paketler aras1 bag olusumu)’nu saglasin
fakat [Maliyet artisi]’na sebep olmasin.

11k. CELISKIYiI ¢6zmenin bir yolunu bul:
(Seperator), (Paketler arasi sirtiinmeyi artirma)’yi
saglasin fakat [Zaman kaybi]’na sebep olmasin.

111. CELISKiYI ¢&zmenin bir yolunu bul:
(Seperator), (Paketler arasi siirtlinmeyi artirimi)’ni
saglasin fakat [Islem karmasiklig1]’na sebep olmasin.
11m. CELISKiYI ¢b6zmenin bir yolunu bul:
(Seperator), (Paketler arasi siirtiinme artirma)’yi
saglasin fakat [Maliyet artigi]’na sebep olmasin.

12a. [Maliyet artisi]’n1 ortadan kaldirmak, azaltmak
veya Onlemek i¢in bir yol bul.

12b. [Maliyet artisi]’ndan yararlanmanin bir yolunu
bulun.

13a. [Zaman kaybi]’m1 ortadan kaldirmak, azaltmak
veya Onlemek i¢in bir yol bul.

13b. [Zaman kaybi]’ndan yararlanmanin bir yolunu
bulun.

14a. [Islem karmasikligi]’n1 ortadan kaldirmak,
azaltmak veya 6nlemek icin bir yol bul.

14b. [islem karmasikligi]'ndan yararlanmanin bir
yolunu bulun.

Yukarida verilmis problemin yeniden tanimlama
ciimleleri ile TRIZ yontemleri kullaniimak
istenilebilir. Bu  durumda, probleme 0Ozgi
tanimlamalar yerine yine TRIZ’de bahsedilen teknik
parametreler/6zellikler’in belirtilmesi gerekecektir.
Ik on yedi problem tanim ciimlesine bakildiginda,
bunlarin teknik sistemin iist bilesenleri ile ilgi
olduklar1  goriilmektedir.  Ozellikle, fonksiyon
iyilestirme veya alternatif yol bulma ile ilgili olanlar
icin teknik istemlerin ideale/miikemmellilige giden
asamadaki aralig1 kapatmak i¢in etkiler veri tabani
kullanimi1 Onerilebilir. 7c¢, 9a ciimlesi TRIZ’deki
Fiziksel celiskiler yontemine gonderme yapmaktadir.
Seperator olmasin ama palet devrilmesi de olmasin,
diger bir deyisle sistem (seperatdr) olmasin fakat
fonksiyon (palet devrilmesinin &nlenmesi) sanki
seperatdr varmis gibi yerine getirilsin olarak ifade
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edilebilir. Fiziksel geligkilerin ¢6ziimii i¢in ayrigtirma
prensipleri kullanilmaktadir (Kapucu ve ark., 2019b).
“Paketler aras1 bag olusturulmasi” ve “paketler arasi
siirtiinmeyi artirmak igin” ile baslayan climleler ise
teknik  sistemdeki = “silirtlinme”  parametresinin
“lyilestirilmesi”/“artirilmasi”n1 icermektedir. Bunun
icin ise yine TRIZ’in ¢6ziim bulma yontemlerinden
olan ideal nihai sonuca erismek i¢in kullanilan TRIZ
etkiler veri tabanindan ¢6ziim Gnerilerine erisilebilir
(Kapucu ve ark., 2019a). Celiskiler iceren ciimlelere
bakildiginda  bazilarinin  dogrudan  TRIZ’de
problemleri ifade etmek igin kullanilan 39 teknik
parametre ile ifade edildikleri goriilmektedir; “Zaman
kayb1”, “Islem karmasikhg” gibi.  Teknik
parametrelerden bazilari ise {istii kapali bir bigimde
taniml1 olup bunlarin da problem ciimlelerinden
kolayca cikarilabilmesi miimkiindiir.  Ornegin,
“Giivenilir olmas1”, “Sekil” (palet biitiinligiiniin
korunmasi), Nesnenin etkilendigi zararli faktorler,
“Verimlilik” ve benzerleri gibi. O halde, olusan
problem tanimlarindan iyilestirilmek istenilen ya da
kotiilesen teknik parametreler kolayca belirlenebilir.
Dolayisiyla, teknik ¢eligkilerin ¢6ziimii igin ¢eliskiler
matrisi  kullanilarak  ¢6ziim bulmak olasidir
(Celiktiirk ve ark., 2005). Tiim bunlarin haricinde,
palet devrilmesi probleminin “Operasyon Alani”nin
katmanlar1 arasi oldugu problem tanimlarindan
anlasilmaktadir. Buranin “Madde-Alan Modeli”
yapilip, 76 standart ¢dziimden uygun olanlan ile
farkl1 ¢6zlim Onerileri sunulabilir. Tiim bu anlatilanlar
dikkate alindiginda, problem formiilasyonunun
problemin detayli anlagilmasi ve kullanilabilecek
TRIZ yontemlerinden hangilerinin segilebilecegi
konusunda olduk¢a etkili bir yontem oldugu
goriilmektedir.

SONUCLAR

Ozellikle, yenilikgilik/yaraticilik gerektiren zor
problemler olarak nitelenen ve celiski barindiran
problemlerde ¢eligkilerin elde edilmesi tanimlanan
problemden zaman zaman daha zor olmaktadir.
Yenilik¢i/yaratict problem ¢ozme teorisine eklenen
bu problem formiilasyonu ile problemi ¢dzmek igin
bir¢ok yonlendirici climleler olusturulabilmekte, kok
nedeni belirlenebilmekte ve celiskiler kolayca elde
edilebilmektedir. Bir yazilim programinin bir pargasi
olarak gelistirilen ve patent ile koruma altina alinan
bu yontemin patent siiresinin dolmasi goz Oniine
alindiginda herkes tarafindan kullanilmasinda bir
sakinca yoktur. Bu ¢alismadan da anlasildigi tizere,
taniml1 adimlar izlenildiginde problem c¢oziiciilere
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problemin yeniden tanimlamasia yonelik biiyiik
kolayliklar saglanmaktadir. Coziim igin alternatif
yonlere bakma konusunda, yontemleri belirlemede ve
hatta ¢6ziim tretmede olduk¢a yardimci oldugu
goriilmektedir.

CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catismasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu caligmanin arastirma ve yaymn
etigine uygun oldugunu beyan eder.
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Abstract
In this study, some biochemical responses of Beta-Cyfluthrin (B-CF), which is a commercial insecticide in
Dreissena polymorpha, were investigated. The 96 hour LC50 value of B-CF on D. polymorpha was calculated as 509.62
pg Lt D. polymorpha was exposed to subletal concentrations (1/16, 1/8 and 1/4 of LC50 value: 32, 64 and 128 pg L?)
of B-CF for 24 and 96 hours. Malondialdehyde (MDA) and reduced glutathione (GSH) levels and Acetylcholinesterase
(AChE) enzyme activities were determined in D. polymorpha individuals. In D. polymorpha exposed to p-CF, MDA
levels increased compared to control and with increasing concentration. It was determined that GSH level decreased and
AChE activity was inhibited compared to control and with increasing concentration.
In conclusion, exposure to B-CF resulted in increased oxidative damage and has been found to cause neurotoxicity
even at low concentrations.

Keywords: Acetylcholinesterase, B-cyfluthrin, Dreissena polymorpha, glutathione, malondialdehyde

Beta-Cyfluthrin Pestisitin Zebra Midye (Dressienna polymorpha) Uzerindeki
Etkisi

Oz

Yapilan bu c¢alismada, Dreissena polymorpha’da ticari insektisit olan Beta-Cyfluthrin (B-CF)’nin bazi
biyokimyasal yanitlar1 arastirilmistir. B-CF’nin D. polymorpha iizerindeki 96 saatlik LC50 degeri 509.62 nug L™ olarak
hesaplanmistir. D. polymorpha, B-CF’nin subletal konsantrasyonlar (LC50 degerinin 1/16, 1/8 vel/4’i:32, 64 ve 128
pg L'Y1ina 24 ve 96 saat siire ile maruz birakilmistir. D. polymorpha bireylerinde malondialdehit (MDA) ve rediikte
glutatyon (GSH) diizeyleri ile Asetilkolinesteraz (AChE) enzim aktiviteleri belirlenmistir. B-CF’ye maruz birakilan D.
polymorpha’da, MDA seviyeleri kontrole kiyasla ve artan konsantrasyonla artmistir. Kontrole kiyasla ve artan
konsantrasyonla GSH seviyesinin azaldigi ve AChE aktivitesi inhibe oldugu belirlenmistir.

Sonug olarak, B-CF'ye maruz kalan D. polymorpha bireylerinde oksidatif hasarda artisa, diisitk konsantrasyonlarda
bile norotoksisiteye neden oldugu bulunmustur.

Anahtar Kelimeler: Asetilkolinesteraz, B-cyfluthrin, Dreissena polymorpha, glutatyon, malondialdehit

INTRODUCTION

Pesticides are defined as a substance or mixture
of substances used to remove, reduce, suppress or
degrade any pest. The pesticide can be a chemical
agent or biological agents such as viruses and
bacteria.

The use of pesticides has become almost
mandatory to increase yield and quality in the
agricultural field. When the advantages of pesticides
such as increasing product quality and being
economical are added to this, pesticide consumption
has increased significantly (Tiryaki, 2010).

Cyfluthrin is a synthetic pyrethroid pesticide
that contaminates aquatic ecosystems as a potential
toxic contaminant (Benli, 2005). Since cyfluthrin is
widely used in both urban and agricultural areas, it
potentially acts on the river surfaces with which it is
associated, causing toxicity to susceptible aquatic
organisms. Since not all insecticides are specific,
they not only kill target organisms, but also affect
other vertebrate and invertebrate organisms. As a
result of improper application of pesticides, it is
included in the food chain by causing environmental
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pollution and causes serious health problems
(Giiveng and Aksoy, 2010).

Cyfluthrin, which has a wide area of use, is in
motion on the river surfaces with which it is related
in various ways. In this case, it causes toxicity to
sensitive aquatic organisms (Dingel et al., 2009).
Enzyme systems to hydrolyze these chemicals when
taken into their bodies by aquatic organisms are not
sufficient (Benli, 2005).

Synapses use acetylcholine (ACh), which acts
as a transmitter substance, creating targets for many
types of pesticides. ACh transmits messages from
the central nervous system (CNS) and sensor
neurons to the CNS. Cholinergic synapses are called
nicotinic and muscarinic synapses, and both are
sensitive to ACh. Nicotinic receptors are located in
the sodium channels of postsynaptic membranes in
certain parts of the nervous system. By connecting
two acetylcholine molecules, the channel opens,
sodium enters and the impulse is transferred. Toxic
substances affect the nervous system as they act as
nicotinic and muscarinic in some parts of the
nervous system (Stenersen, 2004).

Free radicals, stimulation of free radical
production, initiation of lipid peroxidation (LPO),
deterioration of the body's antioxidant capacity are
due to the toxic mechanism of most pesticides
(Mohammad et al., 2004). Pesticides have the ability
to produce reactive oxygen species. The amount or
proportion of reactive oxygen species produced
increases due to excessive use of natural or synthetic
pesticides (Livingstone, 2001). Free radicals are
defined as species that have one or more unpaired
electrons and are able to survive independently.
Radicals are capable of reacting with other
molecules in a variety of ways. So, if two radicals
meet, they combine and convert their un-shared
electrons into a paired electron pair structure
(Halliwell and Chirico, 1993).

Oxidative stress and the reduction of the LPO
antioxidant defense system or the increase in the
production of reactive oxygen species (ROS) disrupt
the ROS-antioxidant balance and cause oxidative
stress. Disruption of the balance between pro-
oxidants and antioxidants is defined as oxidative
stress and causes oxidative damage to begin (Orug,
2010). Oxidative stress may lead to disorders such as
strand breaks in DNA, increase in intracellular free
Ca+2, damage to the membranes of ion transporters
or other special proteins, and LPO associated with
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cell metabolism (Halliwell and Aruoma, 1991). The
increase of oxyradical products that reduce the
antioxidant  defense  system causes harmful
biochemical and physiological effects. Two
biochemical disorders caused by oxidative stress are
LPO and protein carbonylation (Almroth et al.,
2005).

LPO causes decrease in cell functions under
oxidative stress conditions (Storey, 1996). LPO is
the process of oxidative degradation of
polyunsaturated fatty acids (PUFA), which occurs in
biological membranes, weakening membrane
functions, reducing membrane permeability, and
causing inactivation of many membrane-bound
enzymes (EI-Gendy et al., 2010).

Malondialdehyde (MDA) is a natural
degradation product of LPO (Munnia et al., 2004). It
is characterized by the oxidation of the production of
PUFAs in lipoproteins (Halliwell and Aruoma,
1991). MDA is extremely toxic to cells due to its
high affinity for nucleic acids, enzymes, amino
groups of proteins and thiols (Oropesa et al., 2009).
It is used as a bioindicator in determining LPO
(Dingel et al., 2009).

Antioxidant defense mechanisms cells have
different  mechanisms to repair  damaged
macromolecules and to alleviate oxidative stress.
Primary defense includes enzymatic and non-
enzymatic antioxidants involved in the removal of
ROS and free radicals (EI-Gendy et al., 2010). These
antioxidant enzymes are catalase (CAT), superoxide
dismutase (SOD), glutathione reductase (GR),
glutathione peroxidase (GPx), glucose-6-phosphate
dehydrogenase  (G6PD) and  glutathione-S-
transferase  (GST), non-enzymatic glutathione
(GSH). Vitamin E (a-tocopherol) and Vitamin C
(ascorbic acid) (Bebe and Panemangalore, 2005).

Small  molecule antioxidant compounds
(vitamins, flavonoids, carotenoids, uric acid, and
GSH) serve as the second line of antioxidant
defense. Non-enzymatic antioxidants  prevent
uncontrolled free radical formation, restrict the
reactions of biological components and free radicals,
and eliminate many free radicals that are responsible
for the oxidation of endogenous antioxidants (Zama
et al., 2007). Glutathione and GSH-related processes
play a central role in antioxidant defense.

The zebra mussel (D. polymorpha) is one of the
most important catching and invasive creatures
living in freshwater ecosystems. Disrupting or

463



Int. J. Pure Appl. Sci. 7(3):462-471 (2021)

Research article/Arastirma makalesi

DOI: 10.29132/ijpas.803520

completely blocking the water flow with the biomass
they create on the surfaces they hold, causing
corrosion, blocking the water filter or sieves, causing
clogging in closed irrigation systems, restricting the
life of other creatures naturally found in the aquatic
ecosystem, causing many important problems, both
technical and It can be economically and
ecologically harmful. Zebra mussels have a very
wide life tolerance. They can adapt to prolonged
hunger, dryness, very high and very low
temperatures, quite different dissolved oxygen and
calcium levels (Bobat et al., 2001).

Due to the long lifespan of freshwater mussels,
limited mobility and filter feeding, biomarkers are
used extensively and reliably in toxicological studies
examining the pollution in aquatic ecosystems.
Although D. polymorpha is recognized as an
invasive species, it is also a suitable species as a
model and biological monitoring organism and is
used in aquatic ecosystems to investigate
anthropogenic stress factors (Yildirim et al., 2015;
Aliger 2020).

In this study, the biochemical response of Zebra
Mussel (D. polymorpha) against Beta-cyfluthrin (B-
CF) pesticide with some biomarkers was
investigated, since it is suitable as a scientific study
material with its suitability to these features,
economic value and accessibility.

MATERIAL AND METHODS

Chemical

B-CF active ingredient pesticide used in the
study Agrofarm Kimya San. ve Tic. A.S. Pointer SC
125 brand manufactured by the commercial firm was
purchased.

Test Organism

The D. polymorpha samples used in the study
were obtained from Keban Dam Lake. D.
polymorpha was collected manually and brought
alive to Munzur University Faculty of Fisheries
Aguatic Toxicology Research Laboratory in plastic
containers with air reinforcement.

Adaptation of D. polymorpha to Laboratory
Conditions

D. polymorpha samples brought as alive to the
laboratory were placed in 80x40x25 cm size stock
aquariums. Photoperiod was applied in laboratory
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lighting for 12 hours light and 12 hours dark. The
ambient temperature was kept constant by adjusting
to 18 °C during both the adaptation and test stages,
thanks to the thermostat air conditioner. Cultured
plankton were used to feed D. polymorpha.

An aquarium air motor and external filter were
used to meet the oxygen demand in stock aquariums.
During the adaptation, the health status of the
organisms was observed and noted at certain
periods.

Metric-meristic measurements of mussels were
recorded before the experimental study. Individuals
of similar height and characteristics were used in the
studies. In order for the study results to be correct,
healthy organisms with similar sizes and
characteristics were used in the studies. The healthy
ones of the organisms were decided by selecting
individuals who react to sound and light by closing
their shells.

Determination of the LC50 value
The LC50 wvalue in test organisms was

determined by a static 96 hour acute toxicity test

(OECD 202, 2004). In order to determine the acute

lethal concentration of B-CF, range determination

tests were performed first. After the range
determination study, 5 different B-CF concentration
groups (0.0, 12.5, 125, 500, 1000 pg.L™* B-CF) were
formed, one of which was the control group, to

determine the lethal concentrations in D.

polymorpha. At these concentrations, dead

individuals were noted and removed in 96 hours.

LC50 value was calculated by using probit analysis

with the obtained data. From the calculated LC50

value, the following 4 groups were formed (as 3

sublethal groups and control group).

e Control group, pgL™* B-CF (Group without any
B-CF; Control24, 24 hour exposure group,
Control96 96 hour exposure group)

e C1 group, about 1/16 of the 32 pglL™ B-CF
LC50 value (C1_24; exposed to B-CF for 24
hours, C1_96; exposed to B-CF for 96 hours),

e (2 group, about 1/8 of the 64 ug L B-CF
LC50 value (C2 24; exposed to B-CF for 24
hours, C2_96; exposed to B-CF for 96 hours),

e (3 group is about 1/4 of the 128 pg L™* B-CF
LC50 (C3_24; exposed to B-CF for 24 hours,
C3 96; exposed to B-CF for 96 hours).

The organisms were exposed to [-CF
concentrations determined in the formed groups and
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kept in a -86 C freezer to determine their
biochemical responses at 24 and 96 hours. All
experimental studies (range determination, LC50
value, and biochemical responses) were performed
in triplicate.

Dissection  Procedures
Supernatants

Test organism individuals were separated from
each other with the help of scalpel and forceps. 0.5 g
of the organism was weighed and homogenized
using a homogenizer with ice, adding PBS buffer
(phosphate buffered salt solution) at a ratio of
1/5:wlv. These homogenized samples were
centrifuged at 17000 rpm for 15 minutes in a cooled
centrifuge. The supernatants obtained were stored in
a -86 ° C freezer until the measurement process was
completed.

and Preparation of

Determination of Biochemical Response

In the study, MDA and GSH levels and AChE
enzyme activities were determined to determine the
biochemical response.

The MDA (Catalog No 10009055) and GSH
(Catalog No 703002) kits used in the study were
purchased from CAYMAN. AChE enzyme has been
revised from the method of Elman et al. (1961).

Determination of MDA Level

Determination of MDA levels was carried out
using Cayman's TBARS Test Kit, which provides a
simple, reproducible and standardized tool for LPO
testing in mussel tissue homogenates. These values
were calculated by measuring the acidic reaction of
MDA and TBA at high temperature by
spectrophotometer colorimetrically.

Determination of GSH Level

Cayman branded GSH Test kit was used to
measure GSH. The kit uses glutathione reductase
enzymatic recycling for the GSH level. With this
method, the Sulfhydryl group reacts with GSH,
DTNB (5,5'-dithio-bis-2-(nitrobenzoic acid),
Ellman's reagent) to produce yellow colored 5-thio-
2-nitrobenzoic  acid  (TNB).  Simultaneously
produced mixed disulfide, GSTNB (between GSH
and TNB) is reduced by glutathione reductase to
recycle GSH and produce more TNB. The TNB
production rate is directly proportional to this
recycling reaction, which is directly proportional to
the concentration of GSH in the sample. By
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measuring the absorbance of TNB at 405-414 nm,
the GSH level in the sample is determined.

Determination of AChE Activity

AChE is an enzyme that catalyzes the
decomposition reaction of acetylthiocholine with
thiocholine into acetate. AChE activity was
determined by measuring the intensity of the yellow
color given by 5-thio-2-nitrobenzoic acid as a result
of the reaction between thiocholine and 5.5 'dithio-
bis (2-Nitrobenzoic acid) (DTNB) at 412 nm
wavelength spectrophotometer (Elman et al. 1961).
Statistical analysis

In this study, probit analysis was used to
calculate the LC50 value. In the evaluation of
biochemical analysis data, SPSS 24.0 package
program one-way ANOVA (Duncan 0.05) was used.

RESULTS AND DISCUSSION

Metric-meristic measurements

Metric-meristic measurements of mussels
before biochemical analysis (length data (20.30 +
1.92 mm length, 9.71 + 0.99 mm height, 9.99 + 0.94
mm width) with 0.001mm precision digital caliper
and weight data (1.002 + 0.268 g) with 0.001g
precision. It was recorded by weighing with the
scales.

Lethal Concentration

The 96 hour LC50 value of B-CF on D.
polymorpha was calculated as 509.62 + 29.7 ug L™
by probit analysis.

Some biochemical responses (MDA, GSH and
AChE) of test organisms at 24 and 96 hours are
given in Table 1.

MDA Level

The time-dependent changes of MDA levels in
the test organism in which different concentrations
of B-CF were applied with the control group are
given in Figure 1. It was determined that the MDA
levels in organisms exposed to 3-CF increased in all
groups (Figure 1) compared to the control group
(p<0.05). It was determined that the MDA levels of
the exposure time in the same concentration groups
increased (Figure 1) (p <0.05).

GSH Level
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The time-dependent changes of GSH levels in
the control group and the test organism in which
different concentrations of B-CF were applied are
given in Table 1. It was determined that GSH levels
in organisms exposed to-CF decreased in all groups
compared to the control group (Figure 2) (p <0.05).
It was determined that the GSH level decreased
during the exposure time in the same concentration
groups (Figure 2) (p> 0.05).

AChE Activity
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The time-dependent changes of AChE activity
in the test organism in which different
concentrations of B-CF were administered with the
control group are given in Table 1. AChE activity
was determined as 0.58 = 0.01 and 0.43 U mg™
protein in the groups at the 24th and 96th hours of
the study. AChE activity was found to be decreased
in all groups compared to the control group (p
<0.05). It was determined that the exposure time
made a statistically significant difference in the same
concentration groups only in the highest
concentration group (C3_24-96) (Figure 3).

Table 1. Changes in MDA, GSH levels and AChE activities in D. polymorpha exposed to f-CF concentrations.

MDA
(nmol/g tissue)
Control 24 21.70 £ 2.6*
Control 96 27.03+0.9°
Cl 24 28.66 + 0.4°"
C2 24 29.81 & 1.5b¢*
C3. 24 42.80+5.7¢"
C1.96 33.51+1.2¢
C2.96 62.84+9.7"
C3.96 82.53 + 6.09

GSH AChE
(nmol/g tissue) (U/mg protein)

121.23 £3.8° 0.58+0.01?2
184.77 + 4.6 0.57+0.00?
102.09 + 3.5% 0.54+0.01®
114.17 £2.9° 0.50 +0.01%¢
56.37 +3.6° 0.48 £ 0.00°
99.42 +3.9¢ 0.51+0.01%
90.62 +3.1¢ 0.48 +0.03°
55.37+2.6° 0.43 +£0.03¢

a,b,c,d,e,f The difference between values with different letters in the same column was found to be statistically

significant (p<0.05).

* The difference between the values of the concentration group in the same column at different exposure times was

found to be statistically significant (p<0.05).

100,00 -~
80,00 -
60,00 -
40,00 -
20,00 -

0,00 -

MDA (nmol/g tissue)

Control  Control
24 96

c1.24

g*
£ L
e
a ] b bc ' i

C2.24

€324 Cl19 (€296 C3.96

Figure 1. MDA (nmol/g tissue) levels of D. polymorpha exposed to different concentrations of B-CF. Different letters
on the bar (a, b, c, d, e, f, g) show statistical differences in all application groups in the same exposure time and asterisk
(*) shows statistical differences between different exposure time (24 and 96 h) in the same groups (p<0.05).
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Figure 2. GSH (nmol/g tissue) levels of D. polymorpha exposed to different concentrations of 3-CF. Different letters
on the bar (a, b, ¢, d, e) show statistical differences in all application groups in the same exposure time and asterisk (*)
shows statistical differences between different exposure time (24 and 96 h) in the same groups (p<0.05).
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Figure 3. AChE (U/mg protein) activity of D. polymorpha exposed to different concentrations of 3-CF. Different letters
on the bar (a, b, ¢, d) show statistical differences in all application groups in the same exposure time and asterisk (*)
shows statistical differences between different exposure time (24 and 96 h) in the same groups (p<0.05).

DISCUSSION

The main purpose of toxicity tests on aguatic
organisms is to determine at what concentration a
substance is harmful to the organism. Bioassays
today are the physiology, pathology, nutrition,
behavior patterns of organisms. It is used as a tool to
illuminate many subjects (Cetinkaya, 2005).

LC50 value is very important in terms of
evaluating the acute toxic effects of chemical
substances due to short-term applications (Saygi,
2003). Studies have been conducted on the acute
toxicity of B-CF in various organisms. In this study,
96 hour LC50 value of B-CF was determined by
static method to determine the subletal concentration
to which the test organism will be exposed. It has
been determined that -CF values in acute toxicity
on D. polymorpha are very low and if the wrong and

unconscious use of pesticides continues to increase,
it can harm non-target organisms. Behavioral
changes that occur in toxicity tests can provide
predictions of endpoints for non-fatal toxicity and
serve as a tool for environmental risk assessment
and analysis of toxicological impact. Thus,
measuring the behavior of an organism after
exposure to contaminants provides a better
prediction of the potential environmental
consequences of toxic contamination rather than
simply measuring lethal effects (Khalil et al., 2013).

Antioxidant enzyme activities, glutathione
redox states and LPO product levels (TBARS and
MDA) are the most commonly used biomarkers in
toxicological evaluations (Orug et al., 2004). There
are scientific studies that many pollutants cause an
increase in MDA level in aquatic organisms. Tatar et
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al. 2018, reported an increase in MDA in the aquatic
organism Gammarus pulex, which they exposed to
in municipal treatment plant inflow. In another
study, Serdar 2019, reported that MDA increased
depending on the concentration in G. pulex, which
exposed to the dimethoate pesticide. Serdar et al
2019, reported that in D. polymorpha mussels
exposed to the sulfamethazine chemical, MDA
increased depending on the concentration. In a
different study, Tatar et al. 2019, reported that MDA
increased significantly in G. pulex, which they
exposed to Congo Red, compared to control. Yiiksel
et al. 2020, reported that MDA increased in
concentration groups compared to control in G.
pulex, which they exposed to malathion pesticide. In
this study, it was determined that the level of MDA
in organisms exposed to [B-CF increased
significantly compared to control and with
increasing concentration. This increase in MDA
level was regarded as a result of oxidative stress as
the organism defends against B-CF oxidative
damage.

Toxicity mechanisms in aquatic organisms
exposed to pollution are stated as ROS production
induced by pollutants and the resulting oxidative
stress (Livingstone, 2003). Oxidative stress occurs
when free radicals and non-radical ROS are
generated in amounts that the antioxidant defense
capacity cannot cope, and then ROS damages
cellular metabolism (Nishida, 2011; Halliwell &
Gutteridge,  2015).  Pesticides, like  other
environmental pollutants, are potential factors that
can create oxidative stress in aquatic organisms
through ROS mechanisms (Valavanidis et al., 2006;
Slaninova et al.,, 2009; Lushchak, 2011). Non-
enzymatic antioxidant mechanisms are also
responsible for protecting cellular components from
oxidative damage, just like enzymatic antioxidants
(Uluturhan et al., 2019). Exposure to increased ROS
production can also lead to the induction of certain
antioxidant enzymes by interacting with antioxidant-
responsive gene elements and increased transcription
(Livingstone, 2003).  Many studies have reported
that pollutants inhibit GSH levels in aquatic
organisms. Tatar et al. 2018, reported a decrease in
GSH in the aquatic organism G. pulex, which they
were exposed to municipal treatment plant inlet
water. In another study, Serdar 2019, reported that
GSH decreased depending on the concentration in
G. pulex, which he exposed to the dimethoate
pesticide. Similarly, a reduction in GSH content
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produced by anticholinesterase agents has been
reported in various aquatic organisms (Della et al.
1994; Hai et al. 1997; Venturino et al. 2001; Ferrari
et al. 2007; Yiksel et al.2020). In this study, it was
found that there was a decrease in the GSH level in
mussels exposed to B-CF, similar to the previous
studies. GSH depletion has been associated with the
oxidation of glutathione peroxidases due to an
increase in free radicals or direct oxidation of these
compounds.

AChE is an important regulatory enzyme that
controls the passage of nerve impulses through
cholinergic synapses by hydrolyzing the stimulating
transmitter acetylcholine (ACh), and they are known
as a biomarker of neurotoxicity as they are
suppressed by anticholinesterase chemicals such as
organophosphates, polybrominated di-phenyl ethers,
and pharmaceuticals (Haase et al., 2002). It has been
reported in many scientific studies that B-CF, a
pyrethroid insecticide, inhibits AChE at low
doses/concentrations, causing behavioral,
neurological, oxidative, histopathological, endocrine
and other effects. In scientific studies, it has been
determined that it inhibits AChE activity in aquatic
organisms exposed to substances containing various
neurotoxicity (Chandrasekara and Pathiratne 2005;
Xuereb et al. 2007; Guimaraes et al. 2007; Demirci
et al.2018). Similarly, in this study, it was observed
that AchE activity was inhibited with increasing
concentration in mussels exposed to -CF.

In addition, AChE activity is used as a
biomarker in aquatic pollution (Dembele et al.,
2000).

CONCLUSION

According to the results of the data obtained
from the study; Toxic effect of B-CF peticide on D.
polymorpha was determined. It was concluded that
AChE, MDA and GSH2 are useful biomarkers in the
investigation of the toxic effects of B-CF on the test
organism D. polymorpha, which is fed by filtering
water, has no selective nutrition and has limited
mobility. The results obtained depending on the
concentration and time at the levels of these
biomarkers show that the response of the test
organism to the toxic substance varies with the
concentration of the toxic substance and the
application time.
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Abstract

In this study, the cytotoxic effects of some 2- (4H- [1,2,4] triazol-3-yl-sulfanyl)-acetamide derivatives compounds
on the L1210 rodent leukemia cancer cell line were investigated. At the same time, the effect on MDA concentration
showing the degree of lipid peroxidation in Saccharomyces cerevisiae yeast cells treated with these compounds and
vitamin A, E and C values were investigated. In addition, the antioxidant properties were investigated by the DPPH radical
scavenging method. It was determined that the compounds did not make a statistically significant difference in the A, E,
C vitamin levels and MDA concentrations in Saccharomyces cerevisiae yeast cells. It was observed that the study groups
did not show antioxidant activity in DPPH radical scavenging activity results. Based on the antitumor activity results, the
compounds were generally found to have an effective cytotoxic activity on the L1210 cell line.

Keywords: Anticancer, antioxidant, DPPH, MDA, vitamin

Baz 2-(4h-[1,2,4] Triazol-3-il-sulfanil)-asetamid tiirevlerinin antioksidan ve
antiproliferatif ozellikleri

Oz
Bu calismada, baz1 2- (4H- [1,2,4] triazol-3-il-sulfanil)-asetamid tiirevleri bilesiklerinin L1210 kemirgen 16semi
kanser hiicre hatti tizerindeki sitotoksik etkileri arastirildi. Ayni1 zamanda bu bilesiklerle muamele edilen Saccharomyces
cerevisiae maya hiicrelerinde lipid peroksidasyon derecesini gdsteren MDA konsantrasyonu ve vitamin A, E ve C
degerlerine etkisi arastirildi. Ayrica DPPH radikal siipiirme yontemi ile antioksidan 6zellikleri arastirildi. Bilesiklerin
Saccharomyces cerevisiae maya hiicrelerinde A, E, C vitamin seviyeleri ve MDA konsantrasyonlarinda istatistiksel olarak
anlamli bir fark yaratmadigi belirlendi. Caligma gruplarmin DPPH radikal siipiiriicii aktivite sonuglarinda antioksidan
aktivite gostermedigi gorilldii. Antitimér aktivite sonuglarina dayanarak, bilesiklerin genel olarak L1210 hiicre hatti

iizerinde etkili bir sitotoksik aktiviteye sahip oldugu bulundu.

Anahtar Kelimeler: Antikanser, antioksidan, DPPH, MDA, vitamin

This situation has made the studies on the biological
activities of triazole compounds detailed (Cansiz et
al., 2001; Parlak et al., 2016). These compounds,
which contain three nitrogen atoms and are included
in five-membered ring compounds, are known as
triazole or triazocyclopent diene. The variation in the
positions of the heteroatoms in the ring structures of
the triazole creates three different isomers in the ring

INTRODUCTION

Organic compounds containing 5-membered
aromatic heterocyclic rings are compounds that can
be found in many natural structures and have an
important role in many biochemical events (Pekdemir
and Cogkun, 2020). Thanks to these features, it has
become a new field of study for researchers (Dalvie

et al., 2002). Triazoles are becoming more preferred
in biological studies because they have a slower and
more gradual mechanism (Georgopapadakou, 1998).

structure: 1,3,4-(symmetrical; sym-triazole), 1,2,4-
(asymmetrical; asym-triazole), and 1,2,3-(vicinal
triazole) (Timur et al., 2019).
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Studies have shown that some
arylthiosemicarbazide derivatives and triazoles
synthesized from them and their heterocyclic
derivatives have antifungal (Holla et al., 1996),
antibacterial (Pandeya S. N. et al., 2000), anticancer
(Invidiata et al., 1991), antiviral (Todoulou et al.,

1994) ve antimicrobial (Kidwai et al., 2001)
properties. It has also been observed that
thiosemicarbazides and triazole  compounds

synthesized from them have significant in vitro
antibacterial activity and highly inhibit the growth of
the tested organisms (Goswami et al., 1984). In
another study, 1,3,4-thiadiazole and 1,2,4-triazole
derivatives containing indole were applied on mice in
specific tests and it was determined that these
substances supported the development of blood-brain
cells and reduced depression (Pandeya S. et al.,
1999). In a recent study, Ragip’ s team investigated
the catalytic activities of Pyridine substituted tyrazole
compounds (Adiguzel et al., 2020). Still, different
new triazole derivatives are being investigated and
added to the literature.

In this study, various compounds containing
different triazole derivatives were applied to
Saccharomyces cerevisiae yeast cells to determine
their in vitro antioxidant effects, and at the same time,
their antitumor activities in L1210 cell line cultures to
which these compounds were applied.

EXPERIMENTAL
Acetamide-derived triazole compounds

All  acetamide derivatives of triazole
compounds, whose properties were investigated in
this study, were synthesized in Firat University,
Faculty of Science, Department of Chemistry,
Department of Organic Chemistry (Dinger et al.,
2006; Koparir et al., 2013).

Cytotoxic effects of acetamide-derived triazole
compounds on L1210 cell line

The L1210 murine leukemia cell line was
purchased from the American Type Culture
Collection (ATTC). Cytotoxicity studies were carried
out in the Cell Culture laboratory of Firat University,
Faculty of Medicine, Department of Physiology.
L1210 cell lines were cultured in 25 cm? flasks in an
incubator containing 5% CO; and 37 °C condition.
RPMI-1640 medium containing 10% fetal bovine
serum (FCS), 100 w/mL Penicillin, and 100 pug/mL
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streptomycin was used. The trypan blue test was
performed for cytotoxicity analysis of the test
compounds and 6 replicates of 1 x 10° cells / mL
L1210 cells per Eppendorf tube were seeded for this
test. DMSO was used as the solvent of the test
compounds. Live L1210 cells were seeded into flasks
and incubated for 24 hours. After pre-incubation, the
cell culture medium was replaced with fresh medium
and test compounds prepared at concentrations of 7.5-
15-30-60 uM were added to the medium. The
viability of cells incubated at 37 °C, 5% CO2 after 24
and 48 hours was determined using the trypan blue
exclusion method (Fenner et al., 1993; George et al.,
1996). While vehicle-treated tubes served as control,
it was observed that the DMSO concentration in the
cell culture medium did not exceed 1%.

Determination of MDA and Vitamin C

In this study, previously determined methods
were used for MDA and vitamin C levels in
Saccharomyces cerevisiae yeast cells treated with test
compounds and their measurements were made with
a high performance liquid chromatography (HPLC)
device (Karatepe, 2004).

Vitamin A, E

First, Saccharomyces cerevisiae yeast cells
treated with test substances were rinsed by adding
250 pL of 15% trichloroacetic acid, 0.5 M 750 uL of
HCIO4, and the cells were lysed. By adding 2 mL of
ethyl alcohol containing 1% H,SO4 to the lysed cells,
the proteins in its content were precipitated and the
mixture was shaken with vortex for a while. Samples
to which 0.3 mL n-hexane was added were
homogenized in vortex and placed in the centrifuge.
The hexane phase was carefully separated and taken
into a glass tube. After repeating this process twice,
the extracted hexane phase was separated in the
presence of nitrogen. The residue was dissolved in
100 pL of methanol to make it suitable for analysis
by HPLC. (Catignani and Bieri, 1983).

DPPH antioxidant

DPPH radical scavening method was used to
determine the radical scavenging power of the
compounds to be studied. (Liyana-Pathirana and
Shahidi, 2005). As a result, 4 mL of the DPPH
solution prepared in methanol with a concentration of
25 mg/L was taken and the samples were added to the
tubes at a final concentration of 100, 250, 500 and
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1000 M, respectively. The samples were kept in a
dark place and at room temperature for about 30
minutes. At the end of the time, absorbance
measurements  were made with a UV
spectrophotometer at a wavelength of 517 nm. Low

Control a
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absorbance values in the study groups indicate high
radical scavening power. The DPPH radical
scavenging percentage was calculated using equation
1 given below.

bsorbance—Sample absorbance

x100 (1)

DPPH radical scavening activity % =

Control absorbance

Table 1. Chemical structures and IUPAC names of the compounds whose properties were investigated

No | Compounds | Compounds Structure IUPAC name and
formules
7_'< NH
1| M )\ N P
N N N S }) @\M 2-{[4-etil-5-(piridin-4-
. \ il)-4H-1,2 4-triazol-3-
H3C il]sulfanil}-N-(4-
nitrofenil)asetamit
Ml
2 M2 ) )
N-(4-nitrofenil)-2-{[4-
N—N NH (prop-2-en-1-il)-5-
N\ / >\5A§( \©\ 0 | (piridin-4-il)-4H-1,2,4-
N N A N\ triazol-3-il] sulfanil}-
= ) o asetamit
H,C
M,
7_N NH
3 M3 / \ >\S/\/ o - -
N N \\ N N-(4-nitrofenil)-2-{[4-
— © L fenil-5-(piridin-4-il)-4H-
1,2,4-triazol-3-
il]sulfanil}asetamit
M3
N—N NH
s | ma ~NA D e
N N o \ 2-{[4-(4-metilfenil)-5-
© (piridin-4-il)-4H-1,2,4-
triazol-3-il]Jsulfanil}-N-
(4-nitrofenil) asetamit
CHj3
My
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Groups

(N=6) 24h7.5uM 24h15pM 24h30pM 24 h60pM

48h7.5uM 48h15uM 48h30puM 48h 60 uM

Control  72.75+£0.95 67.75£0.63 69.00+0.41 62.75+0.85

65.75+0.48 61.50+0.65 60.00+1.63 54.75+1.65

M1 56.50+0.87¢ 47.25+0.63° 36.50+0.65° 27.50+1.19° 45.00+1.08° 33.75+1.25¢ 21.50+1.19° 11.75+1.03°
M2 52.50+£1.05° 41.50+1.04° 35.2542.39° 27.50+1.55° 42.75+0.85° 27.75+1.44° 18.25+1.80° 12.75+1.31°
M3 54.50+£1.32° 44.7541.49° 29.2541.93° 19.25+0.75° 42.25+0.85° 27.00+1.08° 19.00+0.91° 9.00+0.41°
M4 58.25+0.48° 48.25+1.31° 29.00+0.91¢ 17.25+0.85° 46.00+0.82¢ 32.75+1.49¢ 17.75+1.38° 9.50+0.65°

Table 2. % inhibition + standard deviation values of organic compounds in L-1210 cancer cell line

ap <0.05; p <0,01; °p <0.001

Statistical Evaluation

All statistical analyzes in the study were
performed using the SPSS/PC package program.
Analysis of variation was applied to the results to

RESULT
In vitro antitumor activities on L1210 cell lines
Determination of cell viability activity of test
compounds was carried out by tryphan blue test.
Cultures grown on each L1210 cell line in the study
were exposed to different doses of test compounds
for 24 and 48 hours. At the end of the study, it was
determined that there was a decrease in the
proliferation of the examined cell lines depending
on the dose. The effects of compounds numbered
M1, M2, M3 and M4 on the L1210 cell line
depending on the dose and time are shown in
Figure 1. Cells treated with compounds were found
to differ statistically from control groups. (Table
2).
In vivo antioxidant activities
Levels of vitamins A, E, C and MDA

The effects of triazole derivative compounds
treated on Saccharomyces cerevisia yeast cells on

reveal statistical differences between activities.
The data obtained at the end of the experimental
studies were evaluated by Oneway Anova analysis
for antitumor properties, Tukey test and LSD test
for MDA, vitamin A and E analysis.

vitamin A, E, C and MDA levels were examined
(Table 3). It was observed that the two-dose groups
caused a slight decrease in vitamin levels, but did
not show any significant variability. It was also
determined that the groups that received two doses
increased their MDA levels (Table 4).

DPPH radical scavenging activity

The DPPH radical scavenging model is more
preferred because it takes a shorter time to evaluate
antioxidant activities compared to other methods.
The activity evaluation in this method is
determined by the fact that the antioxidant
molecules cause a decrease in the absorbance of the
DPPH radical, either directly or due to the reactions
between radical propagation. It was determined
that the DPPH radical scavenging activities of all
triazole derivatives used in the study were
considerably lower than the standard antioxidant
tocopherol (Table 5).

Table 3. The mean values of the levels of vitamin E (mg / 1.10° cells) of Saccharomyces cerevisiae yeast cells treated
with the compound

Groups Vitamin E Vitamin A Vitamin C

N=4 26uM 52uM 26uM 52uM 26uM 52uM
Control 0.65+0.01 0.65+0.01 0.55+0.02 0.55+0.02 11.89+£0.41 11.89 +£0.41
M1 0.55+0.09 0.65+0.89 0.44 +0.08 0.46 +£0.04 13.58 + 0.32° 12.98 + 0.442
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M2 0.44 £0.19 0.41 +0.002 0.44+0.001 0.36+0.006° 12.60 £ 0.33 12.96 £ 0.342
M3 0.50+0.12 0.29 +£0.0032 0.47+0.04 0.44+ 0.05 11.84 +0.22 11.99+0.11
M4 0.42+0.11 0.33 +£0.045¢2 0.42+0.022 0.52+0.01 12.04 +0.25 11.76 £0.35
ap<0.05;°p<0,01; °p < 0.001
100 T2 100 77 24h
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80 80
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Figure 1. Graphs of cell viability values of compounds no. M1, M2, M3 and M4 in L-1210 cell lines depending on the

dose for 24 and 48 hours

MDA 26 uM 52 uM

Control 0.29 +£0.029 0.29 +0.029
M1 0.30+0.01 0.34+0.022
M2 0.44 +0.03° 0.43 + 0.04¢
M3 0.34+0.02° 0.40 +0.01¢
M4 0.44 + 0.04° 0.43 +0.03°
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Table 4. Mean values of MDA (mg / 1.10° cells) levels
of the Saccharomyces cerevisiae yeast cells treated

ap <0.05;°p <0,01; ¢p < 0.001

with the compound according to the doses
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Table 5. Measurement results by DPPH radical
reduction method

Gruplar (1000 pg/mL) DPPH" Yok Etme
Aktivitesi (%)
Kontrol 0
M1 17.68
M2 17.29
M3 18.25
M4 21.04
Tokoferol 87.44
DISCUSSION
The cytotoxic action mechanisms of

xenobiotics, which are not produced in an
organism and are defined as foreign substances to
the biochemical metabolism of the organism; it is
thought to be caused by damage to the cellular
regulation system, the formation mechanism of
intracellular  synthesis products, or cellular
transduction signaling. For this reason, it is known
that there are many methods and experiments
determined for cytotoxicity studies (Turan et al.,
2011). In the investigation of the cytotoxic effects
of the test components in our study, a method was
used to determine the amount of cell viability.
Acetamide derivatives of triazole compounds
investigated in the study were observed to inhibit
proliferation on L1210 murine leukemia carcinoma
cell lines when compared with control groups (P <
0.05). Although it was seen in Figure 1 that
acetamide derivatives of M2 and M3 coded triazole
compounds had antiproliferative effects on L1210
cell lines in proportion to the dose and time
increase, it was determined that the most effective
concentrations were 60 uM for 48 hours (P < 0.05).

In antioxidant studies, MDA levels of 2-(4H-
[1,2,4]triazol-3-yl-sulfanyl) acetamide derivatives
applied to Saccharomyces cerevisiae yeast cells
were examined and statistical differences were
determined in comparison with the control group.
This difference is due to the increased MDA levels
for all compounds compared to the control, and it
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is possible to say that the investigated test
substances increase lipid peroxidation and cause
cell damage.

A non-significant decrease in vitamin A and E
levels of Saccharomyces cerevisiae cells treated
with test substances was observed in control and
dose-dependently. While there was an increase in
vitamin C levels in the samples except the M3
compound compared to the control, a decrease was
observed in the vitamin C levels of M1 and M4
compounds depending on the dose increase. One of
the results obtained from antioxidant studies is that
not all compounds whose properties were
investigated by DPPH free radical scavenging
method did not show radical scavenging properties.
As a result, it can be said that antioxidant studies
show parallelism and some 2-(4H-[1,2,4]triazol-3-
yl-sulfanyl)-acetamide derivatives that have been
synthesized do not have antioxidant activity.

Our findings show that especially high MDA

levels and low vitamin levels in the compounds
tested on yeast cells may create a mechanism that
can cause oxidative damage by causing lipid
peroxidation. In summary, it is possible to say that
the compounds investigated in our study cause
oxidative stress. Differences in the organic
conformation of test compounds are also known to
cause differences in biological functions (Guler et
al., 2021).

CONCLUSION

In this study, it was determined that some 2-
(4H-[1,2,4]triazol-3-yl-sulfanyl)-acetamide
derivatives had different effects on the duration and
dose-dependent antitumor activities and some
antioxidant parameter levels on the L1210
leukemia cancer cell line. The compounds were
found to have a cytotoxic effect on the L1210
cancer cell line. At the same time, it was
determined that the organic compounds caused a
partial increase in the amount of MDA in the yeast
cells of Saccharomyces cerevisiae, and a partial
decrease in the levels of antioxidant vitamins A and
E. In addition to the results obtained, it was
determined that the organic compounds used in the
DPPH radical scavenging experiments did not
show antioxidant activity. It can be said that the
organic compounds used in the study show
antitumor activity by creating oxidative damage in
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cells. The positive findings of the antiproliferative
effects in this study pave the way for studies on the
existence of different mechanisms of action of the
test compounds.
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Oz

Teknolojideki gelismeler goz oniine alindiginda, yiiksek verimli elektronik cihazlardan beklenen verimlilik ve
giivenirlige ulagsmak igin iyi bir termal performansa sahip yeni yaklasimlar ve sogutuculara ihtiyag duyulmaktadir. Bu
¢alismada ayni1 hidrolik ¢apa, kanal uzunluguna ve kesit geometrisine sahip aliiminyum boru kullanilmistir. Sistemin 1s1
transfer hizin1 arttirmak i¢in; boru igerisinde su, %1 ve %2 derisimlerine sahip AloOs/su nanoakiskanlari, boru dig
ylizeyinde ise Smm kalmliginda RT25HC faz degistiren maddesi (FDM) kullanilmigtir. Aliiminyum boru igerisinden
gegcirilen akiskanlar dort farkli hiz ve dort farkli Reynolds sayisinda ANSYS 20.2 paket programi kullanilarak analiz
edilmistir.

Elde edilen sonuglara gore her bir akiskan igin kiitlesel erime orani ve Nusselt sayis1 hesaplanmistir. Caligmada
elde edilen sonuglar incelendiginde en iyi Nusselt ve sivi oranina Reynolds 1500 ve %2 A1203/su’da ulagilmigtir. Tiim
sogutucu akigkanlar i¢in akiskan hizinin artmasiyla sogutucu akiskanlarin kiitlesel erime oraninin ve Nusselt sayisinin
arttig1 sonucuna ulasgilmistir.

Anahtar Kelimeler: Nanoakiskan, faz degistiren madde (FDM), sayisal analiz, 1s1 transferi

Numerical Investigation of the Effect of Using Nanofluids on Thermal
Performance in an Energy Storage Pipe

Abstract

Considering the advances in technology, new approaches and heatsinks with good thermal performance are needed
to achieve the efficiency and reliability expected from high-efficiency electronic devices. In this numerical study, an
aluminum pipe with the same hydraulic diameter, channel length and cross-section geometry were used. To increase the
heat transfer rate of the system; Al,Os/water nanofluids with water, 1% and 2% concentrations were used in the pipe, and
a 5mm thick RT25HC phase change material (PCM) was used on the outer surface of the pipe. The fluids passed through
the aluminum pipe were analyzed using the ANSYS 20.2 package program at four different speeds and four different
Reynolds numbers.

According to the results obtained, the mass melting ratio and Nusselt number were calculated for each fluid. When
the results obtained from the study were examined, it was seen that the best Nusselt and liquid fraction was Reynolds
1500 and 2% Al,Os/water. For all refrigerants, it was concluded that the mass melting rate of the refrigerants and the
Nusselt number increased with the increase of the fluid velocity.

Keywords: Nanofluid, phase change materials (PCM), numerical analysis, heat transfer

GIRIS

Giin gegtikce artan insan niifusu ile beraber gostermektedir. Bu sebeple, azalmaya baslayan enerji
teknolojik gelismelerinde artmasi ve degisimi, giinlitk ~ kaynaklarmin tasarruflu ve verimli bir sekilde
yasantimizin dnemli bir yerini kapsayan enerji ve kullanilmasi gerekmektedir (Bakir vd., Isik vd., iskan
enerjiye duyulan ihtiyacinda paralel olarak artis vd. 2021). Gelismis tilkelerin az enerji ile hem dogay1
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koruma hem de yiiksek verimlilik elde etme
calismalarma verdigi deger de giin gectikce
artmaktadir. Ulkemizde de bu yonde yapilan
caligmalar 6nem kazanmakta ve her gecen giin yeni
projelere adim atilmaktadir.

Sistem verimliligi g0z Oniinde
bulunduruldugunda;  elektronik  sogutma, 1s1
esanjorleri ve cesitli enerji sistemlerindeki termal
yonetim biiyiik Onem tasimaktadir. Elektronik
cihazlarm ve enerji sistemlerinin smirli bir hacimde
drettikleri atik 1s1, sistemin optimum sicaklik
seviyesini belirli bir siire sonra ge¢mektedir. Bu
sicaklik degeri sistem performansini negatif yonde
etkilemektedir. Negatif etkinin pozitife doniismesi
icin yiiksek sicakliklarin sistem sinirlari igerisinden
verimli ve hizli bir sekilde uzaklastirilmasi ayrica
giivenilir ¢alisma kosullarina tekrardan getirilmesi
gerekmektedir. Enerji sistemlerinde kullanilan su,
nanoakiskan ve FDM’lerin 1s1 transferine olan etkisi
ile ilgili literatiire ait bazi ¢aligmalar asagida
Ozetlenmisgtir.

Derouich vd. (2018), farkli egimlerde salinan
kare silindirden, sicaklik farkliligindan kaynakli 1s1
transfer karakteristiklerini ve akigta meydana gelen
fiziksel ve termofiziksel davraniglari incelemek icin
sayisal bir inceleme yapmislardir. Salinim agis1 0 ile
w/2 arasinda degistirilmistir. Silindirin yan uzunlugu
ile kanal yiiksekligi arasindaki oranin etkileri,
Reynolds sayist (Re), salinim genligi, salinim
frekansi ve 1s1 gecis karakteristikleri incelenmistir.
Sonuglarda, calisilan degerler arttirildigi zaman 1s1

transfer oranlarinin  6nemli  Olgiide  arttigimi
gostermektedir. Hassani vd. (2018),  kanatgik
konfigiirasyonunun nanoakiskan sogutmali

elektronik 1s1 emicisinin tasima 6zellikleri iizerindeki
etkilerini arastirmislardir. Deneyde akigskan olarak
%0.5 ve %1 hacimli konsantrasyonlarda Al.Os;
nanopargaciklart ile su kullanilmistir. Elde edilen
sonuglara gore Kesilen kanat¢iklarin kullanilmasi ile
ylizey ve ¢ikis sogutma suyu sicakligindaki artistan
dolay1 azalma meydana gelmis ve daha iyi bir 1s1
transfer siirecine neden oldugunu gdstermistir.
Nnanna vd. (2009) nanoakiskan bazli 1s1 esanjorii
kullanarak bir termoelektrik modiiliin 1s1l verimini
aragtirmiglardir. Calisilan sistemde sogutucu olarak
bir termoelektrik modiil ve Al>Os/su nanoakigkani,
¢cip (chip-mikroiglemci) olarakta 1s1 kaynagi
kullanilmigtir. Calismada; nanoakiskan, saf su ile
karsilastirilmig, termoelektrik modiiliin  sicak ve
soguk taraf arasindaki sicaklik farkinin, nanoakiskan
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icin yaklagik sifir, su i¢in bu degerin daha biiyiik
oldugu goriilmiistiir. Bagska bir deyisle 1s1 taransfer
akigkani olarak kullanilan nanoakigkanin, suya gore
daha iyi bir 1s1 transfer hiz1 sagladigini belirtmislerdir.

Sagr vd. (2014) yaptiklari sayisal ¢aligmada 1s1
transferi ve entropi lizerinde donmeli jetlerin akig
yogunluguna bagl olarak etkilerini incelemiglerdir.
Bu ¢aligmada izotermal olmayan boru akislariin
sayisal simiilasyonlart yapilmistir. Dénme sayisinin
viskoz yayilimi artirmasi nedeniyle entropi diizeyini
artirdign gozlemlenmistir. Elde edilen sonuglar boru
akislarinda donmeli akis 1s1 transferini artigini ve
basincin diistiigiinii ortaya koymustur. Chatterjee vd.
(2014) Cu-H20O nanosivisinin kare bir muhafaza
icinde donen dairesel bir silindir ile konvektif
tasinmasin1  sayisal  olarak  incelenmislerdir.
Simiilasyonlar, Richardson sayis1 1<Ri<10, boyutsuz
donme hiz1 0< Q <5 ve nanopartikiil konsantrasyonu
0< ¢ <0.20 i¢in Grashof sayist Gr=104 olarak sabit
tutularak yapilmistir. Is1 transferinin bilyiik Sl¢lide
silindirin ~ dénme  hizina, karisik  konvektif
mukavemete ve nanopartikiil konsantrasyonuna baglh
oldugu goézlemlenmistir. Piratheepan ve Anderson
(2014) yaptiklar1 ¢aligmada, duvar iizerinde karbon
nanotiiplere dayanan bir nanoakiskan formiiliize
edilmis ve 1s1 transfer 6zellikleri deneysel olarak diiz
bir tiipteki tlirbiilansh akisa gore karsilagtirilmigtir,
Deneyler; nanoakigskan kullaniminin, pompalama
giiclinde bir artisa ayrica gozlemlenen konvektif 1s1
transferi hizinda bir azalmaya neden oldugunu
gostermistir. Bu tiirbiilansli akiglardaki ¢ok yonlii
karbon nanotlip nanoakigkanlarinin aslinda 1s1
transfer hizim arttirmak yerine azaltigim ve
dolayisiyla zorunlu tiirbiilansli akiglarda uygun bir 1s1
transfer ortami saglamadigini gostermistir. Lo vd.
(2018) caligmalarin bir ¢ift dairesel rijit silindir ele
alip, akis hacmi iceresinde belirli bir yonde hareket
ettirip, akis hacmi igerisinde meydana gelen 1s1
transferini ve akis olaylarin1 sayisal yoOntemler
kullanarak incelemislerdir. Re sayisi, 1<Re<5000
araliginda alt1 farkli degerde tutulmus ve Prandtl
saytyt (Pr) 0.7 olarak almmistir. Belirlenen
parametrelerde, her bir diizlemde silindir ylizeyine ait
duvarlarda, yerel ve ortalama Nusselt sayis1 (Nu),
silindirler arasinda olusan akis rejimleri ve mesafeye
baglhi olarak 1s1 transferi tizerinde etkisini
arastirmiglardir.  Silindirler arasindaki mesafenin
azalmasi ile meydana gelen 1s1 transfer oranmin ve
akista meydana gelen tiirblilansin arttig1 sonucuna
ulasmiglardir. Ahmed vd. (2015) c¢alismalarinda,
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donmeli ve donmeli olmayan akigin tiirbiilansh akig
ile karsilastirilmasini incelemislerdir. Calismada SST
tiirblilans modeli kullanilmigtir. Re sayist 23.000
olarak almmistir. Calismadan elde edilen sonuglara
gore ayni Re sayisinda maksimum hizda dénmeli
jetlerin donmeli olmayan jetlere gore daha fazla
yiizeye etki ettigi goriilmiistiir. Bunun sonucunda
radyal hiz1 daha fazla etkiledigi ve 1s1 transferi yiizey
alaninin daha fazla oldugu goriilmiistir. Won ve
Ligrani (2004) yaptig1 calismada, yiizey iizerindeki
Nu sayisi ve akis rejimini arastirmislardir, Dort farkl
en-boy oranina sahip kanallara engeller yerlestirerek
deneysel calisma gergeklestirmiglerdir. Engeller; akis
hacminin yatay yiizeyine 45° a¢1 ve engellerin kendi
icerisinde 90° a¢1 yapacak sekilde yerlestirilmistir.
Calismada, Re sayis1 480<Re<18300 araliginda
degisken olarak ele alinmigtir. Karsilastirmalarda akis
karakteristiklerinde onemli farkliliklar goriilmiis ve

ozellikle engellerin sinirlarindaki akiskan
hareketinden dolayr Nu sayisinda artis yasandigim
gostermislerdir.

Keshavarz Moraveji vd. (2013) calismalarinda
taban1 20x20 mm olan mini kanalli bir 1s1 emici
modelleyip, analizini yapmiglardir. Bu amagla, TiO>
ve SiC igeren her iki tlir nanopartikiil i¢in bes giris
hizinda %0.8, %1.6, %2.4, %3.2 ve %4 olmak tizere
bes nanopartikiil hacim fraksiyonu kullanilmigtir.

Ayrica, bir nanopartikiill hacim fraksiyonunun
konvektif 1s1 transfer katsayisina etkisi farkli
Reynolds  sayilarinda  arastirilmigtir.  Analiz

sonucglarina ek olarak Nusselt sayisi ve siirtiinme
faktorii icin korelasyonlu denklemler elde edilmis ve
dogruluklar1 kabul edilebilir diizeyde bulmuslardir.
Azari vd. (2013) calismalarinda, diiz dairesel bir
boruda Al;Os TiO, ve SiO; nanopargaciklari igeren su
bazli nanoakiskanlarin 1s1 transferini ve basing
diisimiinii incelemislerdir. Sistem sartlar1 olarak
laminar akis ve sabit 1s1 akisi alarak, sistemi deneysel
olarak incelemislerdir. FElde edilen sonuglara gore
Al>O3ve TiO2 nanopargaciklari suya eklenmesinin 1s1
transferini olumlu yonde etkiledigi gozlemlenmistir.
Heris vd. (2006), g¢alismalarinda, Al>Oz ve CuO
nanopargaciklarini, farkli derisimlerde temel akiskan
olan su ile karistirarak sirasiyla %0.2, %1, %2, %?2.5,
%3 derisimindeki Al,Os/su, CuO/su karigimlarini
elde edip dairesel bir borudaki akigini, laminar akig
sartlarinda ve sabit cidar sicakligi sinir sartlari altinda
deneysel olarak incelenmistir.  Nanoparcacik
derisiminin artmasi ve Peclet sayisinin artmasinin 1s1
transferini olumlu yonde etkiledigi yapilan deneyler
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sonucunda gozlemlenmistir. Mohammadpourfard vd.
(2016) yaptiklar1  caligmada, sayisal analiz
yontemiyle diizgiin olmayan enine manyetik
alanlarda nanoakiskan kullanarak donmeli jetlerin
Ozelliklerini incelemiglerdir. Su ve %1 konsantreli
nanoakiskan (Fe3O4) kullanilmistir. Donmeli jetlerin
sayisal analiz sonuglarina gore akisin tiirbiilans
yogunlugu, manyetik alan, kritik 1s1 akisinin ve 1s1
transferinin arttigi goézlemlenmistir. Bu gozlemlere
dayanarak donmeli jetlerin manyetik alan etkisini ve
1s1 transfer oranimi artirdigi agikca goriilmiistiir.
Selimefendigil ve Oztop (2020) calismalarinda,
donen bir silindirin etkisi altinda olan kare bosluklu
bir faz degisim malzemesinin karisik konveksiyonu
sayisal olarak incelemislerdir. Dikey duvarlar sabit
sicaklikta tutulurken, yatay duvarlar adyabatik
almmustir. Silindirin farkli dikey konumlar1 igin
ortalama 1s1 transferinin en yiiksek degeri, silindirin
acisal donme hizina bagh oldugu gorilmiistiir.
Ortalama Nusselt sayisi, biiyllk bir silindir
kullanildiginda, daha kiigiik olana kiyasla silindirin
saat yoniinde doniisii icin %10 artig1 ve sabit silindir
konfigiirasyonu i¢in %19,8 oldugu belirlenmistir.

Bu c¢alismanin amaci, enerji sektorii ve
elektronik cihazlarin calisirken {irettikleri yiiksek
1sinin minimize edilmesi i¢in yapilan sayisal bir
analizdir. Ele alinan ¢aligma ile sektdrdeki enerji
verimliliginin artirilmasina katki saglayacaktir. Bu
caligmanin bulgulari, nanoakigkanlarin ve FDM’lerin
sektorde etkin bir seklide kullanilmasina ve
yatirimcilara bu malzemeler hakkinda yol gosterici
olacaktir.

MATERYAL VE METOT

Akigkanlar mekanigi ile ilgili problemler
mithendislikte sayisal ve deneysel metot olmak iizere
iki farkli sekilde c¢ozilmektedir. Yaptigimiz bu
calismada  akis  davraniglarimin  diferansiyel
denklemler yardimiyla sayisal olarak c¢oziimleme
yapan bir Hesaplamali Akiskanlar Dinamigi (HAD)
yazilimi olan ANSYS 20.2 kullanilmistir.

Sayisal analiz ve esitlikler

Sayisal ¢alismada ayni hidrolik ¢apa ve kanal
uzunluguna sahip ayn kesit geometrisi kullanilmistir.
Dairesel kesit geometrisine sahip kanalin uzunlugu
L= 250 mm, ¢apt Di=50mm, Dg¢=55mm,
D=65mm’dir. Dairesel boruyu saran faz degistiren
maddenin c¢ap1 ise 25 mm’dir. Dairesel Kkesit
geometrisine sahip kanalin fiziksel modellemesi
Sekil 1°de verilmistir. Kanalin giris bdlgesinde
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iiniform hiz tammlanirken akigskanin giris sicakligi 50
°C ve ortam sicakligi 20°C kabul edilmistir. Sinir
sart1 olarak; laminar akis ve zorlanmis taginim modele
uygulanmigtir.  Sistem, tek faz homojen model
yontemi kullanilarak sayisal olarak incelenmistir.
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Calisgmada kullanilan nanopargacik AlOz’iin ve
suyun termofiziksel 6zellikleri Tablo 1’de, boru
etrafin1 saran RT25HC faz degistiren maddesinin
termofiziksel 6zellikleri Tablo 2’de gosterilmistir.

AU NN
5 — | 1 !
—> ) ) ) ) ) _%/ a D‘o A
—> —s | B |&
= — Ty
(77777777777 7777777777 7777777777
L

Sekil 1. Dairesel kesit geometrisine sahip kanalin geometrik yapisi

Tablo 1. Nanopargacik ve suyun termofiziksel ézellikleri (Gkountas vd. 2020)

Ozellikler

p Yogunluk (kg/m®)

1 Viskosite (Pa.s)

Cp Ozgiil 1s1 (I/(kg.K)

K Is1iletkenligi(W/(m.K)

Su Al203
997.1 3970
0.85x10°®

4179 765
0.613 40

Tablo Hata! Belgede belirtilen stilde metne rastlanmadi.. RT25HC ve aliiminyumun termofiziksel ozellikleri (Elsheniti

vd. 2020)
Termal Erime
Ozgiilis1  Isiiletkenligi  Yogunluk Viskosite  GizliIst  genlesme Srcakhisa
(I/kg.K) (W/m.K) (kg/m?) (Pa.s) (J/kg)  Katsayisi axug
(LK) )

FDM (kat1) 1800 0.19 785 1.798x10°  232.000 0.001 25
FDM (s1v1) 2400 0.18 785 0.001798 - - -
Aliiminyum 903 211 2675 - - - -

Temel akigkanin ve nanopargaciklarm termal
dengede ve aym hizda hareket ettikleri kabul
edilmektedir. Bu nedenle, temel akiskanlar igin
kullanilan enerji, momentum ve kiitlenin korunumu
denklemleri, tek faz modeller i¢in kullanilmaktadir.
(Xuan vd. 2000). Kurucu denklemler;

Kiitlenin Korunum Denklemi:

V. (pnfu) =0 Q)
Momentumun Korunumu Denklemi:

Pnf(U - V) = =VP + pop V20 2)
Enerjinin Korunumu Denklemi:

V- (PusvepnsT) =V - (KepsVT) ®)

Sayisal ¢alismada olusturulan geometri de mesh
bagimsizlik ¢aligmasi yapilmistir. Elde edilen verilere
gore 902383 mesh sayisindan sonra anlamli bir
degisim olmadig igin, bir sonraki deger olan 912087
mesh sayist ile ¢caligmalara devam edilmistir.

Verilerin alinmasi aninda Reynolds sayisi,
Nusselt sayisi, Peclet sayisi gibi boyutsuz sayilar
kullanilmigtir. Nusselt sayisin1 hesaplamak i¢in Shah
London denkleminden yararlanilmisgtir.

Shah London Denklemi (Hussein vd. 2014) ;
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e (1/3)
Nitgr=1.953 (Rep, Pr=) (4)
igin;
(RePrD; /L) = 33.33 (5)

o\ (1/3)

Nitgr, = 4.364 +0.0722 (Rep, Pr=2) (6)
icin;
(RePrD,/L) < 33.33 @)

Peclet sayisi, ortalama 1s1 transfer katsayisi,
Reynolds sayisi, Prandlt sayisi, 1s1 taginim katsayist
ve Nusselt sayisi sirastyla asagidaki gibi tanimlanir.

Rey, = % (8)
Confln
Pl‘nf = # (9)

a1 (10)

Denklemde h ortalama 1s1 taginim katsayisidir.
Tw ylizeyin cidar sicakligi, Tp ortalama akigkan
sicakligidir. Ortalama akiskan sicaklig1 asagidaki gibi
ifade edilmektedir.

_ Tt T,

Ty 2

(11)
Ty akiskanin giris sicakhigi, T, akiskanin ¢ikis
sicakligidir.

h-Dp,
Nu=—
k

(12)

Caligmanin sayisal modellemesinde; FDM'nin
sivi fazi, ¢ boyutlu, kararsiz, laminer ve
sikigtirilamaz ~ olarak kabul edilir. Hesaplama
alanindaki 1s1 transferleri, kat1 faz ve sivi fazdaki
iletimin etkisi ile ger¢eklesir. Faz degisimi sirasinda
FDM hacmindeki degisiklik dikkate alinmaz. FDM
eritmeyi simiile etmek i¢in stireklilik, momentum ve
enerji denklemleri asagidaki gibi saglanir (Kok
2020).

%p+l7.(p17)=0 (13)
2 (pi)+V.(p1) = Vi -Vp+pg+S5 (14)
2 (ph)+V.(piiLH) = V. (kVT) (15)
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TARTISMA VE SONUC

Geometride laminar akis ele alinarak 250, 500,
1000, 1500 Reynolds sayilarinda su, %1 Al,Os/su, %
2 AlOs/su kullanilarak sistem {izerine etkileri
incelenmis ve Dbirbirleri arasinda kiyaslama
yapilmigtir. Farkli Reynolds sayilarinda ve farkl
akiskanlar i¢in elde edilen sayisal sonuclar igin
Nusselt sayisi degisimi Sekil 2’de gosterilmistir.
Grafikte goriildiigi tizere 250, 500, 1000, 1500
Reynolds sayilarinda ki en yiiksek Nusselt degerine

Reynolds 1500 sayisinda ve %2 AlOs/su
nanoakigkan tipinde ulasildig1 goriilmektedir.
18
16 ®
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Sekil 2. Farkli akigkanlar icin Reynolds sayisina bagh
olarak Nusselt sayisinin degisimi
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Sekil 3. Su ve nanoakiskanlarin Reynolds’a gore s1vi orant

250, 500, 1000 ve 1500 degerlerindeki farkli
Reynolds sayilarinda boru igerisinden gegirilen su,
%1 Al>Os/su ve %2 Al,Os/su nanoakigkanlarinin sivi
oranina etkileri Sekil 3’de gosterilmistir. En iyi sivi
orani tiim akigkanlar i¢in 1500 Reynolds sayisinda
goriilmiistiir. Akigkan olarak ise %2 Al,Os/su igin en
iyl sivi oranina ulagildigi goriilmiistiir. Reynolds
sayis1 1500 igin sivi oranlart incelendiginde kararli
hale gegmeden Once su igin s1vi orant % 55.833, %1
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Al;Os/su sivi oran1 % 56.636, %2 Al,Os/su i¢in sivi
orant % 58.0897 oldugu gozlemlenmistir.

Sekil 4’de 250, 500, 1000 ve 1500 Reynolds
sayilarindaki akigkanlarin zamana bagl = sivi
oranlarin degisimi gosterilmistir. Sekil 4 (a) sivi
oranlarini en disiik ciktigi durum olmustur. Son
zaman admminda kararli duruma gelen akigkanlarin
stvi oranlart su i¢in %73.0429 , %1 Al,Os/su igin
%73.4654 , %2 Al,Os/su iginse %73.6565 oldugu
gorilmistiir. Sekil 4 (b)’de erime oran1 zamana bagl
en iyi %2 Al,Os/su de gortlmiistiir. Yirmi besinci
dakikada kararli duruma geldiginde tiim akiskanlarin
erime oranlarin1 verecek olursak su i¢in %77.6735 ,
%1 Al:Osfsu igin %76.8643, %2 Al,Os/su i¢inse
%79.6182"dir. Sekil 4 (c)’de Al,O3/su nanoakiskanin,
%1 ve %2 hacimsel derisimlerinde nanoparcacik
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iceren nanoakigkanlarmin sayisal sonuglar1 su ile
karsilagtirilmistir. En iyi sonug %2 Al,Os/su da elde
edilmistir. Erime oranlarina incelendiginde su igin %
80.6244, %1 Al;Os/su igin % 81.6996, %2 Al.Os/su
icin ise % 82.4657°dir. Re 1500 i¢in zamana baglh
olarak akigkanlarin sivi oranini ne kadar etkiledigi
Sekil 4 (d)’de verilmistir. Grafikten de anlasilacag
lizere s1v1 oran1 zamana bagl olarak arttig1 ve en iyi
erime halinin %2  AlLOs/su  derisimindeki
nanoakigkan igin gergeklestigi goriilmiistiir. En iyi
erimenin %2 Al,Os/su derisimindeki nanoakigskan da
gerceklesmesinin sebebi, diger akiskanlara gore 1s1
iletim katsayisinin yiiksek olmasindan
kaynaklanmaktadir. Nicel olarak erime oranlarin
ifade edecek olursak su i¢in % 83.2412, %1 Al,Os/su
i¢in % 84.09508, %2 Al;Os/su igin ise % 84.8648"dir.
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Sekil 4. Su ve nanoakiskanlarin zamana bagli sivi orani (a) Re 250 (b) Re 500 (c¢) 1000 (d) 1500

S1vi oranlarinin en yiiksek elde edildigi durum
olan Reynolds 1500 ve %2 Al;Os/su igin sivi
oranlarinin es egrileri Sekil 5’de verilmistir. Borunun
onlinden kesit goriinlimii alinmig olup farkh
zamanlarda siirenin artmasma bagli olarak sivi
oraninin da arttigr goriilmiistiir. Zaman bakilacak
olursa birinci dakika da boru etrafinin mavi renk
olmasi FDM’nin kat1 halde oldugunu erime oranin

goriilmedigi anlasilabilir. Yirmi besinci dakika da ise
olusan kirmizi renk FDM’nin eridigi anlamina
gelmektedir. Reynolds 1500 ve %2 Al,Os/su goz
onlinde bulundurularak zamana bagl sicaklik es
egrileri Sekil 6’da verilmistir. Tam boru profilinden
sicaklik es egrilerini boruda sicaklik
dagilimim net bir sekilde gosterilmektedir. Sicakliga
bagl olarak 1s1 transferinin artti1, boru girisinde ki

verilen
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sicaklik ile boru ¢ikiginda ki sicakligin farki agikca
belli olmaktadir. FDM’ler 1s1y1 depoladigindan giris
ve sicaklik farkini agiklamaktadir.
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Sekil 5. Re 1500 de %2 Al,Os/su i¢in s1v1 erime goriiniimii a) 1. Dakika b) 9.dakika c) 18.dakika d) 25.dakika

486



Int. J. Pure Appl. Sci. 7(3):480-489 (2021) IJPAS

jpas@munzur.edu.tr
Research article/Arastirma makalesi ISSN: 2149-0910
DOI: 10.29132/ijpas.987436

Temperature
Centour 1

4.897e+01
* 4.676e+01
- [ 4.455e+01
" 4.234e+01
[ 4.013e+01
- 3.792e+01
r 3.572e+01
r 3.351e+01

3.130e+01
l 2.909e+01

2.688e+01

[l

d) c)

Sekil 6. Re 1500 de %2 Al,Os/su i¢in sicaklik goriiniimii a) 1. Dakika b) 9.dakika c) 18.dakika d) 25.dakika

SONUCLAR e 250, 500, 1000 ve 1500 Reynolds sayis1 degerleri
icin en iyi erime oran degeri %2 Al,Os/su i¢in
Bu calismada, nanoakigkanlarin ve suyun farkli gerceklesmistir. Bu Reynolds sayilarinda %2

Reynolds sayilarindaki Nusselt sayist degerleri ile Al,Os/su ile suyun erime oranlarindaki artis
FDM nin s1v1 oran1 incelenmistir. Elde edilen sayisal aralig1 %0.61-%1.94 tiir.

veriler asagidaki gibi 6zetlenebilir; e FDM de olugan erime zamana bagl olarak arttig

ve bir siire sonra kararli hale geldigi igin sivi
oraninda belirgin bir degisiklik olmadig
gbzlemlenmistir.

e Nusselt sayistmin Reynolds sayisina gore
kiyaslamasi yapildiginda, 1500 Reynolds sayisi
degerinde Nusselt sayilari sirasiyla su igin
13.4653, %1 Al,Os/su nanoakigkani i¢in 14.858
ve %2 AlOs/su nanoakigkaninda ise Nusselt
say1s1 15.6618 bulunmustur. En yiiksek deger %2 ¢, ozgiil 1s1 (J/(kg.K))
Al;Os/su’da  goriiliitken suyun Nusselt sayist Dy dis ¢ap (mm)

Semboller ve Kisaltmalar

akiskan tipleri i¢inde en az degere sahip olup Dy faz degistiren malzemenin ¢ap1 (mm)
%16.32 artt181 sonucuna ulagiimistir. Dh hidrolik ¢ap (mm)
e Farkli Reynolds sayilarinda yapilan bu islemlerde  D; ic cap (mm)
goriildiigii lizere Reynolds sayisi azaldikca Kk 1s1 iletkenligi (W/(m.K))
FDM’nin iizerine olan etkinin azaldigi tespit L uzunluk (mm)
edilmistir. nf Nanoakiskan

T sicaklik (°C)
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) yogunluk (kg/m®)
u viskosite (Pa.s)

Q boyutsuz donme hizi

D nanopartikiil konsantrasyonu

Faz Degistiren Malzeme

Gr Grashof sayist

Hesaplamali Akigkanlar Dinamigi
Nu Nusselt sayist

Pr Prandtl sayis1

Re Reynolds sayis1

Ri Richardson sayist

CIKAR CATISMASI BEYANI
Yazar/Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catigsmasi bildirmemektedir.
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Yazar/Yazarlar bu c¢alismanin arastirma ve yayin
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Oz

Bu arastirmada, kurutulmus ve toz haline getirilmis kolza bitkisi takviyeli polipropilen matrisli kompozit
malzemenin, ¢ekme, lic nokta egilme ve Izod darbe mukavemetleri gibi mekanik 6zellikleri deneysel olarak incelenmistir.
Oncelikle matris malzemesi polipropilen olan ve agirlik¢a %5, %10 ve %20 oraninda kolza igeren numuneler ekstriizyon
ve plastik enjeksiyon teknikleri kullamlarak iiretilmistir. Uretilen malzemelerin bir kismi1 gama 1s1masina tabi tutularak
matris ve dolgu malzemesi arasindaki fiziksel baglanma mekanizmasi gii¢lendirilmeye ¢aligilmistir. Bu dogrultuda 1s1ma
Oncesi ve 1g1ma sonrast numunelerin mekanik 6zelliklerindeki degisimler arastirildi. Yapilan testler sonucunda, gekme ve
Izod darbe mukavemetleri, takviye olarak kullanilan kolza miktarinin artmas: ile distiigii, egilme mukavemetinin ise
arttig1 gozlenmistir. Gama 1g1masina maruz birakilan numunelerin ¢ekme, egilme ve I1zod darbe mukavemetlerinde gama
1s1masina maruz birakilmamis numunelere gore artis meydana geldigi tespit edildi.

Anahtar Kelimeler: Gama 1simasi, kolza, mekanik 6zellikler, polipropilen

Effect of Gamma Radiation on Mechanical Properties of Rape Reinforced
Polypropylene Composite Material

Abstract

In this research, the mechanical properties of the dried and powdered rape reinforced polypropylene matrix
composite material such as tensile, three-point bending and Izod impact strengths were experimentally investigated.
Initially, samples whose matrix material was polypropylene and containing 5%, 10% and 20% by weight rape were
produced using extrusion and plastic injection techniques. Some of the samples produced were exposed to gamma
irradiation to strengthen the physical bonding mechanism between the matrix and the filling material. In this direction,
the changes in the mechanical properties of the samples before and after gamma irradiation were investigated. As a result
of the tests, it was observed that the tensile and 1zod impact strengths decreased with the increase in the amount of rape
used as reinforcement, while the bending strength increased slightly. It was determined that the tensile, bending and 1zod
impact strengths of the samples exposed to gamma irradiation increased compared to the samples that were not exposed
to gamma irradiation.

Keywords: Gamma radiation, rape, mechanical properties, polypropylene

GIiRiS

Kompozit malzemeler sahip olduklar yiiksek
mukavemet agirlik oranlar gibi 6zellikler sayesinde
giliniimiizde bircok uygulamada siklikla
kullanilmaktadir (Dogan ve Arman, 2018; Madenci
ve Ozutok, 2020; Madenci ve ark., 2020). Polimer
kompozitlerde takviye elemani sentetik ve dogal lifler
olarak kategorize edilebilir. Sentetik liflerden bazilar
cam, karbon, bazalt ve Kevlar'dir (Kismet ve Dogan,
2021). Sentetik lifler sahip olduklar1 iyi mekanik

ozellikler — nedeniyle on  yillardir  siklikla
kullanilmaktadir (Ozkilig ve ark., 2020; Madenci ve
ark., 2020). Bununla birlikte, kompozit malzemeye
duyulan ihtiyacin artmasi ile 6zellikle karbon ve cam
elyaf gibi sentetik liflerin yiiksek maliyetleri
nedeniyle giiniimiizde pek ¢ok bilim insan1 ve
aragtirmaci, c¢evreye olan zarart azaltmak ve
maliyetleri disiirmek i¢in cam ve karbon elyaf gibi
sentetik takviye elemanlariin yerine, dogal liflerin
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kullanimim arasgtirarak hem ucuz hemde ¢evre dostu
tiriinler yapmaya biiyiik ilgi gostermislerdir. Ayrica,
sirdirilebilir olmayan iriinleri  siirdirilebilir
trlinlerle degistirilmesi  biiyiikk bir ihtiyag ve
gerekliliktir (Jariwala ve Jain, 2019; Singh ve ark.,
2020; Kandas ve Ozdemir, 2021). Bu sebeplerden
dolay1 dogal elyaf takviyeli polimer kompozit
malzemeler lizerine bir¢ok aragtirma
gerceklestirilmistir. Muz lifi (Kenned ve ark., 2020),
hindistan cevizi lifi (Widnyanave ark, 2020), bambu
(Aruchamy ve ark., 2020), jit (Ovali ve Sancak,
2020) ve keten (Wang ve ark., 2020) en ¢ok tercih
edilen dogal lifler olarak siralanabilir.

Dogal liflerin en biiyiilk dezavantaji, polimer
malzemeler ile bir araya geldiginde disiik ara yiizey
yapismalarina sahip olmalaridir. Aragtirmacilar, bu
ara yiizey yapisma mukavemetini arttirmak igin
cesitli yontemler denemistir. Bu yontemler fiziksel ve
kimyasal olmak {izere ikiye ayrilabilir. Bununla
birlikte fiziksel yontemler pahali olduklart igin
kimyasal yontemler daha sik kullanilmaktadir
(Vigneshwaran ve ark.,, 2020). Bu kimyasal
yontemlerin en ¢ok kullanilanlari ise alkali (Fiore ve
ark., 2015; Alothman ve ark., 2020), Silan (Girones
ve ark., 2007; Agrebi ve ark., 2020) ve asetilasyon
(Simimol ve ark., 2020; Zaman ve ark., 2021)
iyilestirilmesidir. Fiziksel iyilestirme ydntemlerine
ise ylizey enerjisini arttiran ve dogal liflerin yiizeyini
oksitleyen ve dolayisiyla hidrofilik lifler ile
hidrofobik matris arasindaki uyumlulugu iyilestiren
Korona yontemi (Sreekala ve ark., 2000) ile zayif bir
sekilde baglanmis yiizey katmanlarini kaldirarak ve
yeni fonksiyonel gruplar olusturarak liflerin yiizey
ozelliklerini degistirmek i¢in kullanilan plazma
yontemi (Koohestani ve ark., 2018) o6rnek olarak
gosterilebilir.

Bu c¢alismada ise literatiirde yeteri kadar
arastirilmamis olan kolza bitkisinin énemli bir ticari
termoplastik olan polipropilende (PP) takviye
elemani olarak  kullanilmasi  incelenmistir.
Kurutulmus ve toz haline getirilmis kolza bitkisi ile
giiclendirilmis polipropilen kompozit numunelerin
mekanik oOzellikleri incelenmis ve agirlikga farkl
oranlarda kolza takviyesi ile bu polipropilen
numunelerinin ¢ekme, ii¢ nokta egilme ve izod darbe
mukavemetlerinde ki degisimler grafiklerle verilerek
tartisilmistir. Ayrica, bu malzemeler gama 1sinina
maruz birakilarak, is1manin matris ve takviye elemant
iizerindeki etkileride incelenmistir. Yapilan testler
sonucunda gama 1s1masi ile agirlikga farkli oranda
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kolza igeren tiim numunelerin mekanik 6zelliklerinde
iyilesme gozlenmistir.

MATERYAL VE METOT

Bu calismada matris malzemesi olarak 6nemli
bir ticari termoplastik olan polipropilen malzemesi
kullanilmigtir. PETOPLEN EH102 kodlu
polipropilen  malzemesi ~PETKIM  (Tiirkiye)
sirketinden temin edilmistir. Takviye eleman1 olarak
ise Ogiitlilerek kiigiik parcalar haline getirilmis
kurutulmus kolza bitkisi kullanilmustir.  Giines
1s18inda iki hafta boyunca kurutulan kolza bitkisi
daha sonra ogiitiilmiistiir. Ogiitiilen kolza bitksinin
boyutlarinin birbirine yakin olmasi igin 6nce 1
mm’lik elekten daha sonra 0.6 mm elekten
gecirilmistir  ve  elekte  kalan  malzemeler
kullanilmistir. Matris malzemesine agirlikca %S5,
%10 ve %20 oranlarinda kolza takviye edilerek farkli
oranlara  sahip  karigimlar elde  edilmistir.
Malzemelerin 6ncelikle eriyik akig indeksleri (MFI)
belirlenmistir. MFI testleri Munzur Universitesi
Makine Miihendisligi Boliimii  laboratuvarinda
bulunan “JPT EQUIPMANT marka XRL-400A
model” MFI eriyik akis cihazi kullanilarak ASTM
D1238 standartlarina uygun olarak
gergeklestirilmistir.  Bu  standartlar gergevesinde
polipropilen i¢in 230/2.16 degerleri yani 2.16 kg
agirlik ve 230 °C sicaklik kullanilarak deneyler
gerceklestirilmistir. Tablo 1°de farkli oranlardaki
kolza takviyeli polipropilen kompozit malzemesine
ait eriyik akis indeksleri verilmistir. Tablodan
goriilecegi iizere kolza katkisinin artis1 ile eriyik akis
indeksinde diisiis meydana gelmistir. Saf polipropilen
malzemesinin eriyik akis indeksi 10.67 gr/10 dakika
iken bu deger %20 kolza takviyeli polipropilen
malzemesinde 6.71 gr/10 dakika olarak 6l¢iilmistiir.
Malzemenin eriyik akis indeks degerleri ile matrise
eklenecek maksimum takviye miktar1 hakkinda bilgi
elde edilmistir. Agirlikca %20 kolza takviyesinin
iizerindeki malzemelerde eriyik akis indeksi oldukca
diismektedir. Bu nedenle agirlik¢a daha yiiksek
takviye malzemesine sahip kompozit malzemeler
iretilmemistir. Ayrica MFI testi ile ekstriizyon ve
enjeksiyon makinelerinde kullanilacak parametreler
hakkinda, ozellikle sicaklik ile ilgili 6n bilgiler
belirlemistir. Eriyik akis indeksleri belirlendikten
sonra bu karisimlar 6nce bir mikserde mekanik olarak
karigtirllmig, ardindan homojen bir karigim elde
etmek i¢in tek vidali bir ekstriizyon makinesine
dokiilerek plastik serit elde edilmistir. Bu
homojenlestirme islemi i¢in 150 ila 170 ° C'de farkli
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sicakliklara sahip li¢ bolgeli ve bir kalip 1sitmali
ekstriizyon kullanilmigtir. Ekstriider ¢ikisinda 4 mm
capindaki silindirik kesitten akan erimis serit
halindeki karisim sogutma havuzuna daldirildiktan
hemen sonra bir konveyor bant vasitasiyla kiriciya
gonderilmistir. Malzeme kiricidan gegirilerek 3 ila 5
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mm boyutlarinda graniiller elde edilmistir. Sekil 1°de
saf ve farkli oranlarda kolza takviyeli polipropilen
graniilleri verilmistir. Daha sonra bu graniiller plastik
enjeksiyon makinasina (EKIN 100 Ton) dokiilerek
Sekil 2°de boyutlari verilen standart test numuneleri
uretilmistir.

Tablo 1. Farkli miktarda kolza malzemesi takviyeli PP Kompozit malzemesine ait eriyik akis indeksi

Saf PP PP+9%5Kolza

PP+%010Kolza PP+%020Kolza

MFI

(gr/10dak.) 10.67

9.48

7.97 6.71

Sekil 1. Farkli oranlardakolza takviyeli PP gram'iller

30 mm 110 mm: 80 mm 7;
20 mm 10 mm
—p-
10 mm
e\
e 80 mm &

Sekil 2. Standart cekme ve lig-nokta egilme test numunelerinin sematik olarak gosterimi
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Gama 1s1masi etkisinin incelenmesi igin, liretilen
test numuneleri Tiirkiye Atom Enerjisi Kurumu'nda
(TAEK) 24 saat boyunca 45 kGry gama 1simasina
maruz birakilmistir. Polipropilen ve kolza takviyesi
ile olusturulan kompozitlerin mekanik
Ozelliklerindeki degisimler hem takviye elamaninin
oranina hem de gama 1simasinin etkisine bagli olarak
incelenmistir. Bu mekanik &zellikler kapsaminda
gergeklestirilen ¢ekme ve iic nokta egilme testleri
Munzur  Universitesi ~ Makine  Miihendisligi
boliimiinde bulunan ve 100 kN yiik kapasitesine sahip
Shimadzu AG-IC test cihazinda yapilmustir. Sekil 3a’
da cekme testi Oncesi ve sonrasi test diizenegi ile
¢ekme numunesi verilmistir. Cekme testleri EN ISO
527 standardina uygun olarak 50 mm/dakika hiz
altinda gerceklestirilmistir. Ug nokta egilme testleri
ise EN ISO 178 test standardina gore yapilmis ve test
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hiz1 10 mm/dakika olarak secilmistir. U¢ nokta
egilme diizenegi Sekil 3b’de gosterilmistir. Burada
destekler aras1 mesafe 64 mm, destek gaplart ise 10
mm’dir. Egilme mukavemeti (03,) Denklem 1 yardim
ile bulunmustur.

3FL

Burada F kuvvet, L destekler arasi mesafe, b
numune genisligi, t ise numune kalinligidir.

Bu testler sonucunda malzemelerin ¢ekme ve
egilme mukavemetleri elde edilmistir. Malzemelerin
Izod darbe mukavemetlerini belirlemek i¢in, Dokuz
Eyliil Universitesi Makine Miihendisligi boliimiinde
bulunan Ceast Fractovis Plus test cihaz
kullanilmustir.

Sekil 3. Cekme testi ve egilme testi diizenekleri
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TARTISMA VE SONUC

Agirlikca farkli oranlarda kolza takviyesine
sahip polipropilen malzemelerinin ve ayni zamanda
bu malzemelerin gama 1simasma tabi tutulma
durumlarina bagli olarak elde edilen mekanik
ozelliklerine ait degisimler asagida sunulmustur.

Saf polipropilen ve kolza takviyeli malzemelerin
¢cekme testi sirasinda elde edilen kuvvet-uzama
egrileri Sekil 4’de verilmistir. Her bir malzeme i¢in
testler bes kez tekrarlanmistir ve ortalama degerler
alinarak standart sapmalar ile birlikte grafiklerde
sunulmustur. Sekilde goriildiigii lizere malzemelerin
uzama degerlerinde dramatik bir dislis meydana
gelmistir. Takviyeli malzeme saf malzemeye oranla
daha gevrek bir duruma gelmistir. Saf polipropilen
malzemesinin ortlama uzama degeri 150 mm
civarinda iken bu deger %20 kolza takviyeli propilen
malzemesinde 6 mm’ye kadar diasmdustir.  Saf
polipropilen  malzemesi  maksimum  kuvvete
ulastiktan sonra bir miktar diismiis ve daha sonra sabit
kuvvet altinda uzadiktan sonra kopmustur. Bununla
brlikte kolza takviyeli malzemelerde kuvvet
maksimum degere ulastiktan bir miiddet sonra kopma
meydana gelmistir. ¢ekme testi sonucunda hasara
ugramis malzemelerin  goriintiileri  sekil 5’de
verilmistir. Yukarida bahsedilen, katki malzemesi ile
birlikte malzemenin gevrek hale gelmesi sekilde
acikca goriilmektedir.

Agirlikga farkli oranda kolza takviye edilen
polipropilen matrisli kompozitlerin gama 1simasi
oncesi ve sonrast cekme mukavemeti degerleri Sekil
6a’da verilmistir. Sekilde goriilecegi iizere, kolza
takviyesi miktarinin artisi ile, malzemenin ¢ekme
mukavemetinde  diigiis  egilimi  vardir.  Saf
polipropilen malzemesinin ¢ekme mukavemeti 30.2
MPa iken %5, %10 ve %20 kolza takviyeli
polipropilen kompozit malzemelerinin ¢ekme
mukavemetleri siras1 ile 28.60 MPa, 25.10 MPa ve
23.70 MPa olarak belirlenmistir. Gama 1simasina
maruz birakilan ayni1 karisim oranlarina sahip
numunelerin ise ¢ekme mukavemetinde 1s1ma etkisi
ile artis meydana gelmistir. Saf polipropilen
malzemesinin ¢ekme mukavemeti 31.80 MPa olarak
Olciilmiis, bu da yaklasik %5 artisa denk gelmektedir.
Bununla birlikte, %5, %10 ve %20 kolza takviyeli
polipropilen  kompozit  numunelerin  ¢ekme
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mukavemetleri gama 1g1masi1 sonrasi sirasiyla 30.60
MPa, 28.20 MPa ve 26.70 MPa olmustur. Gama
1simast etkisi ile %5 kolza takviyeli malzemenin
¢ekme mukavemeti %7 oraninda artarken, %10 ve
%20 kolza takviyeli malzemelerin  ¢ekme
mukavemetinde ise yaklasik %12 oraninda bir artig
meydana gelmistir. Cekme mukavemetindeki bu
diistis benzer sekilde, Yetkin ve Colak (2020)
tarafinda sunulan grafit katkili polipropilen kompozit
malzede goriilmistir. Bu diisiisiin  sebebi, katki
malzemesi ile polimer matris arasinda olusan zayif
arayilizey yapigsmasi olabilecegini sunmuslardir.
Ayrica, kolza katki malzemesnin heterojen dagilmasi
ve kolza malzemesinin mekanik &zelliklerinin
polipropilen malzemesinden diisiik olma olasiligida
bu diisiise sebep olan etkenler arasindadir. .

Sekil 6b’de agirlik¢a farkli oranlarda kolza
miktarina sahip numunelere ait lic nokta egilme
mukavemetlerinin  degisimi  verilmigtir. Cekme
mukavemetinin aksine, egilme mukavemetinde %5
kolza takviyeli malzemede bir miktar dusiis
gozlenmig ancak %10 ve %20 kolza takviyeli
malzelerde egilme mukavemeti yiikselmistir. Saf
polipropilen malzemesinin egilme mukavemeti 43.10
MPa iken, %35 kolza miktarina sahip malzemenin
egilme mukavemeti bir miktar azalarak 42.70 MPa
olmustur. Bununla birlikte, kolza miktar1 %10 ve
%20 olan malzemelerin egilme mukavemeti artarak
sirastyla  43.50 MPa ve 4420 MPa olarak
Olciilmiistiir. Ancak sekilde de acikga goriilecegi
iizere standart sapma degerleride yiikselmistir. Kolza
malzemesinin homojen bir sekilde dagilmamasi ve
araylizey yapismasinin diisiikk olmasi buna neden
olarak gosterilebilir. Cekme mukavemetine benzer
sekilde gama 1simasi1 ile tim numunelerin egilme
mukavemetleri ayn1 malzemelere gore yiikselmistir.
Ozellikle, %10 kolza takviyeli numunelerin egilme
mukavemeti %11 artarak 48.50 MPa olarak
belirlenmistir. Gama 1s1mas1 sonrasi, Saf PP,
agirlikca %5 ve %20 kolza katkili numunelerin
egilme mukavemetleri sirasiyla 46.10 MPa, 46.30
MPa ve 47.20 MPa olarak oOlciilmiistiir. Ayrica
sekilde de goriildiigli iizere, malzemelerin standart
sapmalarinda da gama 1s1masi sonrasi diisiis meydana
gelmistir.
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Sekil 4. Cekme testi sonucunda elde edilen kuvvet-uzama egrileri

[PP+%20Kolza

Sekil 5. Cekme testi sonucunda malzemelerde olusan hasar goriintiileri
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mukavemetindeki degisim
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PP+ %10 Kolza

PP+ %20 Kolza

Sekil 7. Hasara ugramis malzemelerin kesitlerinin mikroskobik goriintiileri

Sekil 6¢’de ise izod darbe mukavemetinin kolza
takviyesi miktart ve gama i1gimasi ile degigimi
gosteren grafikler verilmistir. Sekilde agikca
goriilecegi iizere takviye malzemesinin artigi ile izod
mukavemetinde azalis meydana gelmistir. Saf
polipropilen malzemesinin izod darbe mukavemeti
10.40 kJ/m? iken bu deger agirlikca %5, %10 ve %20
kolza takviyeli malzemeler i¢in sirasiyla 9.7 kJ/m2;
9.1 kJ/m? ve 7.9 kJ/m? olarak ol¢iilmiistiir. Gama
1simasina maruz kalan numunelerin izod darbe
mukavemetinde artis meydana gelmistir. Saf PP ve
agirlikca %35, %10 ve %20 kolza takviyeli PP
numunelerin izod darbe mukavemetleri gama 151mast
sonras1 sirastyla 11.30 kJ/m?, 11.10 kJ/m?, 10.40
kJ/m? ve 9.10 kJ/m? olarak Olgiilmiistir. Gama
1simast  sonrast izod darbe mukavemetinde saf
polipropilen de yaklasik %8.6 artis olurken, kolza
takviyeli malzemelerde gama 1s1mast sonrast izod
darbe mukavemetinde %15’e yakin artis meydana
geldigi gdzlemlenmistir.

Cekme testi sonucunda hasara ugramis kolza
takviyeli polipropilen malzemelerinin kestlerinin
mikroskobik goriintileri NIKON marka ECLIPSE
MAT100 optik mikroskobu kullanilarak Sekil 7’de
verilmistir. Sekildede goriilecegi {izere, takviye
elemant hasar1 ve takviye elemani ile matrtis
arasindaki ara-yiizey hasarlar1 ana hasar modlaridir.
Ayrica homojen bir dagilim olmadigindan dolay1
meydana gelen bosluklarda mevcuttur. Bu
bosluklarda malzemenin mukavemetinde diisiise
neden olacaktir.

DEGERLENDIRME

Bu calismada agirlikga farkli oranlarda kolza
takviyeli polipropilenin mekanik 6zelliklerindeki
degisimler hem kolza oranina bagli olarak hem de
gama 1s1mas1 etkisine bagli olarak arastirilmistir.
Polipropilen igerisinde agirlikca artan kolza
miktarina bagli olarak numunelerin ¢ekme ve izod
darbe dayanimlarinin azaldig tespit edildi. Bununla
birlikte ii¢ nokta egilme testleri neticesinde ise
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polipropilen igerisinde artan kolza miktar1 ile
numunelerin ~ egilme  mukavemetinde  artig
goriilmistiir. Ayrica Gama 1g1masina maruz birakilan
malzemelerin mekanik ozellikleri iyilessede ¢ekme
ve izod darbe mukavemetlerinin yine kolza
takviyesinin artmasi ile diistiigii gozlenmistir. Bu
diisiisiin  Oonlemek i¢in kolza malzemesine alkali
iyilestirme gibi yiizey iyilestirme yontemleri
uygulanarak polipropilen ile kolza arasindaki
araylizey yapisma mukavemeti arttirilabilir.  Ayrica
cift vidali ekstruder kullanilarak daha homejen bir
yapt elde edilebilir. Boylece mekanik ozellikler
iyilestirilebilir.

CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catigsmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazar/Yazarlar bu c¢alismanin arastirma ve yayin
etigine uygun oldugunu beyan eder.
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Abstract

In this study, SARS-CoV-2 and gastrointestinal pathogens in a municipal wastewater treatment plant (MWWTP)
in Elaz1g (Turkey) were investigated. The gastrointestinal pathogen analyzes were performed in influent and effluent of
MWWTP, and SARS-CoV-2 analyzes were performed in different treatment units. According to obtained analysis
results, gastrointestinal pathogens (bacterial, viral, EPA, and stool parasites) were detected in influent of the MWWTP.
Enterohemorragic/verotoxin-producing Ecsherichia coli, all viral agents causing gastroenteritis (except sapoviruses
(Sapo)), human parechovirus (HPeV) and adenoviruses from EPA, and Giardia lamblia from stool parasites were
detected in effluents of the MWWTP. When bacterial agents causing gastroenteritis, viral agents, EPA, and stool
parasites were investigated in the effluent of MWWTP, only 1 agent out of 7, 4 agents out of 6, 2 agents out of 3, and 1
agent out of 3 was detected as positive (+), respectively. SARS-CoV-2 could not be detected in the samples taken from
each unit of the wastewater treatment plant. As a result, according to research findings, since pathogens are encountered
in wastewater treatment plant effluents, it is necessary to have a disinfection system in the treatment plants and to
5000nit6r pathogens and SARS-CoV-2 continuously in order to protect environmental and human health.

Keywords: Gastrointestinal, pathogen, SARS-CoV-2, treatment, viruses, wastewater

Tiirkiye’de Kentsel Bir Atiksu Aritma Tesisinde SARS-CoV-2 ve
Gastrointestinal Patojenlerin Arastirilmasi

Oz

Bu calismada, Elazig’da (Tiirkiye) bir kentsel atiksu aritma tesisinde (AAT) SARS-CoV-2 ve gastrointestinal
patojenler arastirilmistir. Gastrointestinal patojen analizleri AAT giris ve ¢ikis sularinda, SARS-CoV-2 analizleri ise
aritma tesisinin farkli {initelerinde yapilmistir. Elde edilen analiz sonuglarina gére AAT nin girisinde gastrointestinal
patojenler (bakteriyel, viral, EPA ve diski parazitleri) tespit edilmistir. AAT nin atiksularinda enterohemorragik /
verotoksin tireten Esherichia coli, gastroenterite neden olan tiim viral ajanlar (sapoviriisler (Sapo) harig), insan
parekoviriis (HpeV) ve EPA’dan adenoviriisler ve diski parazitlerinden Giardia lamblia tespit edilmistir. AAT ¢ikisinda
gastroenterite neden olan bakteriyel ajanlar, viral ajanlar, EPA ve diski parazitleri incelendiginde 7’de sadece 1, 6°da 4,
3’te 2 ve 3’te 1 ajan pozitif (+) olarak tespit edilmistir. Atik su aritma tesisinin her bir tinitesinden alinan numunelerde
SARS-CoV-2 tespit edilememistir. Sonug olarak, arastirma bulgularina gore, atik su aritma tesisi atik sularinda
patojenlerle karsilasildigindan, ¢evre ve insan sagligini korumak icin aritma tesislerinde dezenfeksiyon sistemine sahip
olmak ve patojenleri ve SARS-CoV-2"yi siirekli izlemek gerekmektedir.

Anahtar Kelimeler: Gastrointestinal, patojen, SARS-CoV-2, aritma, viriisler, atiksu

INTRODUCTION

The World Health Organization predicts that  Ustiin et al., 2008). Furthermore, water pollution has
globally about 10% of diseases can be attributed to  resulted in deaths of 100 million human, 100,000 sea
water quality and related hygienics issues (Priiss- mammals, and 1 million seabirds per year according
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to World Water Assessment Programme (2003-2016)
and United Nations Education, Scientific, and
Cultural Organization) (Kumar et al., 2018). The
main source of pollution in water bodies is the
discharge of wastewater (Xu et al, 2018).
Wastewaters may contain various pollutants such as
heavy metals (toxic pollutants that are non-
biodegradable in the ecosystem and can accumulate
in the food chain) and pathogens (Ahmad et al., 2015;
Topal and Arslan Topal, 2017; Arslan Topal and
Elitok, 2018) Effluents of wastewater treatment
plants (WWTPs) are important for public health if
they are given into the water bodies to be used for
drinking, recreation or agricultural purposes.
Because, urban wastewaters contribute to infectious
diseases (Xiao et al., 2018). Among pollutants in
wastewater, pathogens are a source of concern
because of their ability to cause diseases (Arora and
Kazmi, 2015) including lethal ones (e.g., reactive

arthritis, diabetes, myocarditis, and cancers)
(Ashbolt, 2004; Kumar et al., 2018).
The potential pathogens present in

wastewater are enterovirus, bacteria, rotavirus,
protozoa, and helminth eggs (Verlicchi and
Zambello, 2015; Marin et al., 2015). In year 2019,
novel coronavirus (SARS-CoV-2) was added to these
pathogens. Viruses and microorganisms can cause the
risk for human health, environmental pollution and
economic impacts. Not adequately treated wastewater
can lead to persistence of these viruses and
microorganisms in the environment (Barrett et al.,
2016). Furthermore, pathogenic microorganisms via
aeration and mechanical mixing can be released to the
atmosphere and can lead to potential health risks in
workers of WWTP (Xu et al., 2018).

SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) causes COVID-19. The
disease includes both pauci-symptomatic or
asymptomatic forms and quickly progressive deadly
forms (Vespa et al., 2021). Over 90 million cases are
confirmed worldwide as of early January 2020
resulting in pandemic (Ballow and Haga, 2021).
Before COVID-19 pandemic, published studies have
proved that coronaviruses can be shed in the feces.
Also in recent studies, viral RNA has been identified
in samples of stool from infected patients (Vespa et
al., 2021). Therefore, the system of wastewater
represents viruses ending up there from feces, urine,
sneezing, sputum, and coughing of patients (WHO,
2020; Hokajarvi et al., 2021).
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In the literature, there are some different studies
about COVID-19 in wastewaters. Hart and Halden
(2020) studied the computational analysis of SARS-
CoV-2/COVID-19 surveillance by wastewater based
epidemiology locally and globally. Orive et al. (2020)
studied early SARS-CoV-2 outbreak detection by
sewage-based epidemiology. Olesen et al. (2021)
reviewed the lead time of wastewater based
epidemiology for COVID-19. Cao and Francis (2021)
studied forecasting of the community-level COVID-
19 cases from SARS-CoV-2 concentration in
wastewater. Mandal et al. (2021) reviewed the
presence, survival, and disinfection/removal methods
of coronavirus in wastewater as well as the progress
of wastewater based epidemiology. Pulicharla et al.
(2021) reviewed the rethinking of wastewater
monitoring as a preemptive approach for COVID-19
pandemic. Cervantes-Avilés et al. (2021) reviewed
the approaches applied to detect SARS-CoV-2 in
wastewater and perspectives post-COVID-19.

Enteric viruses resulting from human
gastrointestinal tract can exist in fecal contaminated
waters. Urban wastewaters have more than 100 viral
species of enteric origin, and many of them can cause
diseases in humans. Viruses causing waterborne
diseases are mnoroviruses (NoVs) and human
adenoviruses (HuAdV). NoV is an unencapsulated
capsid and a small single-stranded RNA genome with
small round-shaped viruses with a diameter of 38-40
nm (Dias et al., 2018). NoVs are one of the most
important causes of gastroenteritis outbreaks among
enteric viruses (Ito et al., 2017). NoV is major cause
of diarrhoeal disease in adults. NoV is known to be
causing epidemic situations, particularly in slum
areas with densely populated (Teunis et al., 2008;
Katukiza et al., 2013; Fuhrimann et al., 2016). Sima
et al. (2011) reported NoV is present in stool during
acute phase of the infection and persists for 3 weeks
after symptoms have subsided (Dias ve dig., 2018).
Therefore, it is not surprising to encounter NoV in
domestic wastewater. Dias et al. (2018) reported
occurrence of NoV in domestic wastewater. HuAdVvV
is a medium size (with a diameter of 90-100 nm) virus
with envelope-free capsid and linear double-stranded
DNA genome. HuAdV is found in the stool. For this
reason, it is present in raw wastewater, WWTP
effluent and water environments (Dias et al., 2018).
HuAdVs are the most common pathogenes associated
with various clinical syndromes (e.g. conjunctivitis,
gastroenteritis, and respiratory diseases (Swenson et
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al., 2003). Outbreaks of HuAdV infections occur in
swimming pools, hospitals, day care centers, and
military areas (Jiang, 2006). Rotavirus is one of the
leading causes of childhood diarrhoea (Katukiza et
al., 2013; Sigei et al., 2015; Fuhrimann et al., 2016).
Campylobacter spp. are zoonotic bacteria causing
campylobacteriosis, with Campylobacter jejuni (C.
jejuni) which is common cause of diarrhoea
(Kaakoush et al., 2015). Enterohemorrhagic E. coli
(EHEC) is considered pathogenic. Serotype E. coli
O157:H7 1is responsible for largest public health
impact (Okeke, 2009; Hynds et al., 2014). Salmonella
spp. have more than two thousand sero-groups.
However, S. typhi and S. para-typhi A, B and C, and
the enteric salmonella strains are concern for health
of human (Kariuki et al., 2015; Fuhrimann et al.,
2016). Protozoan pathogens are found in water
sources throughout the world (WHO, 2004). The
parasitic protozoan diseases cause deaths in
developing countries. Furthermore, protozoan
pathogens cause important diseases in developed
countries (Fletcher et al., 2012; Pulutzer and Karanis,
2016). Protozoa are unicellular eukaryotic organisms

including  sporozoa (e.g., Cryptosporidium),
flagellates  (e.g., Giardia), amoebae (e.g.,
Entamoeba) and ciliates. Giardia and
Cryptosporidium are well known waterborne

protozoa causing outbreaks (Karanis et al., 2007
Baldursson and Karanis, 2011; Pulutzer and Karanis,
2016) because they have high infectivity and
resistance to disinfection and treatment of water
(WHO, 2009; Xiao et al, 2018). In
immunodeficiency human (e.g. human
immunodeficiency virus infected human), the most
prevalent worldwide waterborne infection producing
diarrhea caused by Cryptosporidium and Giardia is
more common and can threat life (Hunter and
Nichols, 2002; Xiao et al., 2018). At least 8 different
amoebae live in human intestinal lumen. However,
they are usually accepted as commensals with
exception of E. histolytica (Raza, 2013; Pulutzer and
Karanis, 2016).

This study is the first research article study
investigating SARS-CoV-2 and gastrointestinal
pathogens together. This study focuses on the SARS-
CoV-2 and gastrointestinal pathogens (bacterial
gastroenteritis, viral gastroenteritis, enteroviruses,
human parechovirus, adenoviruses, stool parasites) in
a MWWTP in Turkey. The following points are
aimed in our study; (i) SARS-CoV-2, which has
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affected the whole world, in different units of a
MWWTP in Turkey was investigated. (ii)
Gastrointestinal pathogens known to cause various
epidemics at different times in the influent and
effluent of the MWWTP were investigated. However,
various studies have been done world-wide on the
existence of SARS-CoV-2 in wastewater, this study
is a specific study on the research on the existence of

SARS-CoV-2 and gastrointestinal  pathogens
(Enterohemorragic/verotoxin-producing Esherichia
coli, Campylobacter  coli/jejuni/lari and 1C,

Clostridium difficile, Salmonella spp., Shigella spp.,
Enteroinvasive Escherichia coli, Yersinia
enterocolitica, Noroviruses (NoroGl), Noroviruses
(NoroG?2), Rotaviruses (Rota), Astroviruses (Astro),

Adenoviruses  (HAdV), Sapoviruses (Sapo),
Enteroviruses, Human Parechovirus (HPeV),
Adenoviruses, Entamoeba histolytica, Giardia

lamblia, Cryptosporidium parvum) in wastewater.
Therefore, our study will contribute to the literature.

MATERIAL AND METHODS
Study Area and Sample Collection

In our study, municipal wastewater treatment
plant was chosen as study area (Elazig, Turkey)
(Figure 1). MWWTP treats the wastewater of 383.975
people reaching the sewage treatment plant.
MWWTP project flow is 820 and 1671 L/s for 2000
and 2020, respectively. MWWTP basically consists
of a screen, grit removal, primary clarifier, aeration
tanks and secondary clarifier, respectively. The
wastewater treatment plant was revised in 2007 and
operated in 2008 (Topal and Arslan Topal, 2011;
Topal et al, 2014; Topal et al., 2016). The
coordinates (UTM WGS84 6°) of WWTP influent
and effluent points are as follows: Influent point
=Y:529256, X:4271844 and effluent point=
Y:529401, X:4271832. Magellan eXplorist 510
(Santa Clara, USA) was used to determine the
coordinate values. Flow diagram of the MWWTP and
sampling points were given in Figure 2.

Sampling points for SARS-CoV-2 analysis
were carried out as follows; (1) Influent, (2) Inlet of
primary clarifier unit (outlet of grid chamber unit), (3)
Inlet of aeration tanks unit (outlet of primary clarifier
unit), (4) Inlet of secondary clarifier unit (outlet of
aeration tanks unit), (5) Effluent, and (6) Sludge
thickening unit. Sampling points for gastrointestinal
analysis were carried out as follows; (1) Influent and
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(2) Effluent. Composite samples from influent and
effluent of MWWTP were taken. Wastewater
samples for analyses of SARS-CoV-2 and
gastrointestinal were collected in 0.25 L tube
(sterilized before use). The samples were brought to
laboratory and prepared for analysis. Gastrointestinal
pathogens were examined under 4 groups. These; (i)
Bacterial agents causing gastroenteritis, (ii) Viral
agents causing gastroenteritis, (iii) EPA, and (iv)
Stool parasites. The gastorintestinal pathogens are
summarized in Table 1.

Analysis
Gastrointestinal pathogens and SARS-CoV-2
analysis were performed in the wastewater samples as
follows;
The working stages of the gastrointestinal
panel are as follows:

g5
S 3.

Municipal wastewater
treatment plant
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(1) Isolation stage: At this stage, DNA isolation
is performed using the EZ1 device. In the
gastrointestinal panel, 400 pl wastewater is taken and
transferred to a 2 mL tube for wastewater isolation.
This tube is placed in the appropriate place in the
device. For each sample to be isolated, mix is
prepared using 54.2 ul of AVE buffer, 3.8 ul of
CRNA, 2 ul of internal control (IC) into separate 1.5
mL tubes. These tubes are thoroughly vortexed and
spun. They are placed in the appropriate place in the
device. Then, 1.5 mL tubes are placed in the section
where DNA transfer will be made on the device, and
EZ1 mini kit cartridges are placed in the appropriate
section with pipettes and chambers. The isolation
protocol is started. The isolation protocol takes 43
minutes.

Figure 1. Study area
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Figure 2. Flow diagram of the municipal wastewater treatment plant and sampling points

Table 1. The gastorintestinal pathogens

Gastrointestinal pathogens

Bacterial gastroenteritis

Viral gastroenteritis

EPA

Stool parasites

Enterohemorragic/verotoxin-producing Escherichia coli
Campylobacter coli/jejuni/lari and IC

Clostridium difficile

Salmonella spp.

Shigella spp.

Enteroinvasive Escherichia coli

Yersinia enterocolitica

Noroviruses (NoroG1)
Noroviruses (NoroG2)
Rotaviruses (Rota)
Astroviruses (Astro)
Adenoviruses (HAdV)

Sapoviruses (Sapo)

Enteroviruses
Human Parechovirus (HPeV)
Adenoviruses

Entamoeba histolytica
Giardia lamblia
Cryptosporidium parvum
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(i)PCR stage: Bacterial gastroenteritis, viral
gastroenteritis, EPA and fecal parasite kit boxes are
removed from -20°C. PPmix, buffer, negative control
(NC), positive control (PC) are left to dissolve at
room temperature. The enzyme is stored at -20°C
until the PCR mix is prepared. The buffer solute, PP
mix, NC, IC, and PC are vortexed, spined. The
enzyme is then removed from -200C and spined
briefly. For each sample, the mix is prepared using
12.5 ul buffer, 1.5 ul PP mix, 1 pl enzyme. This mix
is distributed to the numbered 0.2 mL PCR tubes in
15 pl each. Then 10 pl. from the DNA of each sample
into these 0.2 mL tubes each numbered for it is
distributed. The PCR stage is started in the Fast Track
Diagnostics multiplex PCR protocol in the ROTOR-
GENE instrument. This protocol takes 113 min.

(iii) Analysis stage: Analysis is done
through green, orange, yellow and red channels. For
bacterial agents causing gastroenteritis; E. coli and
Clostridium difficile (C. difficile) from green
channel; Shigella and internal control from orange
channel; Camplylobacter and Salmonella from red
channel; Yersinia enterocolitica (Y. Enterocolitica)
from yellow channel. For viral agents causing
gastroenteritis; Noroviruses G2, Astroviruses, and
Sapoviruses from green channel; Rotavirus and
internal control from yellow channel; Norovirus G1
and Adenoviris from red channel. For EPA;
Enterovirus from green channel; Parechovirus from
yellow channel; internal control from orange channel;
Adenovirus from red channel. For fecal parasites;
Giardia lamblia (G. lamblia) from red channel;
E.histolytica from yellow channel; Cryptosporidium
from orange channel. Factors located across these
channels are looked at.

SARS-CoV-2 analysis was done by Reverse
Transcription quantitative PCR (RT-qPCR). RT-
gPCR was performed by RT-qPCR primers targeting
the viral RNA-dependent RNA polymerasegene
(RdRp) gene and the RT-qPCR probes SARS CoV-2
Double Gene RT-qPCR Kit (Bio-Speedy). SARS-
CoV-2 Double Gene RT-qPCR kit (Bio-Speedy) is a
single channel, real-time, one-step reverse
transcription PCR test used for the qualitative
detection of SARS-CoV-2 specific ORFlab and N
(Nucleocapsid) genes (URL, 1). The analysis of
SARS-CoV-2 are briefly as follows: 400 ul were
taken from the wastewater samples and loaded into
the isolation device. 60 ul of RNA was obtained at the
end of the isolation process. RNAs were kept in deep
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freeze until PCR process. PCR mixes were prepared
as much as the number of samples, negative controls
and positive controls. For samples and controls, a
total of 140 ul of 2X Prime solution and 70 ul of
Oligo mix were added to an empty, screw-capped
sterile tube of 2 ml and vortex-spin was performed.
15 ul of the prepared PCR mix was distributed to 0.2
ml PCR tubes. 5 ul of the isolated RNAs were added
to the same tubes by pipetting. The tubes whose caps
were closed were placed in the rotor pulleys and the
related COVID-19 PCR protocol was opened on the
device and the PCR process was started.

RESULTS AND DISCUSSION

In our study, both gastrointestinal pathogens and
SARS-CoV-2 are investigated in samples taken from
different units of the MWWTP.
Enterohemorragic/verotoxin-producing E. coli, C.
coli/jejuni/lari and 1C, C. difficile, Salmonella spp.,
Shigella spp., and Yersinia enterocolitica were
determined as positive (+) in terms of bacterial agents
causing gastroenteritis in samples taken from influent
of MWWTP. However, Enteroinvasive E. coli was
not observed in the influent of MWWTP. Therefore,
a negative (-) result was obtained. When effluent of
MWWTP were examined in terms of bacterial agents
causing gastroenteritis, Enterohemorragic/verotoxin-
producing E. coli, C. difficile, Shigella spp.,
Salmonella spp., Y. enterocolitica and Enteroinvasive
E.coli were found to be negative (-).The reason why
these bacterial agents causing gastroenteritis are
negative in MWWTP effluent can be explained by
their adherence to treatment sludge discharged from
system at the wastewater treatment plant. C.
coli/jejuni/lari and IC, which were positively (+)
detected in the influent of MWWTP, were positively
(+) detected in the effluent. The reason why C.
coli/jejuni/lari and IC has a positive value in
wastewater treatment plant effluent shows that
treatment plant cannot eliminate these species. In
addition, the absence of any disinfection system in
treatment plant can explain this situation. When
bacterial agents causing gastroenteritis were
investigated in the effluent of MWWTP, only 1 agent
out of 7 was detected as positive (+). When the
influent of MWWTP were examined in terms of viral
agents  causing  gastroenteritis, = Noroviruses
(NoroG1), Noroviruses (NoroG2), Rotaviruses
(Rota), Astroviruses (Astro), and Adenoviruses
(HAdV) were determined as positive (+).
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Sapoviruses was not found in the influent of
MWWTP. Therefore, a negative (-) result was
obtained. When the effluent of MWWTP were
examined in terms of viral agents causing
gastroenteritis, only Adenoviruses were detected as
negative (-). Noroviruses (NoroGl), Noroviruses
(NoroG2), Rotaviruses (Rota), and Astroviruses
(Astro) were observed as positive (+). The reason
why these viral gastroenteritis are positive shows that
the wastewater treatment plant does not have a
mechanism to remove viruses. In addition, the
absence of a disinfection system of treatment plant
increases possibility of viruses in effluent. When viral
agents causing gastroenteritis were investigated in the
effluent of MWWTP, only 4 agent out of 6 was
detected as  positive  (+).  Enteroviruses,
Parechoviruses and Adenoviruses, which are other
gastrointestinal pathogens and expressed as EPA,
were investigated in the influent and effluent of the
MWWTP. According to obtained analysis results,
Enteroviruses, Parechoviruses, and Adenoviruses
were found to be positive (+) in the influent of the
MWWTP. When the effluent of MWWTP were
examined in terms of EPA, enteroviruses was found
as negative (-). When EPA was investigated in the
effluent of MWWTP, only 2 agent out of 3 was
detected as positive (+). When the influent of
MWWTP were examined in terms of stool parasites,
G. lamblia, E. histolytica, and Cryptosporidium
parvum (C. parvum) were found to be positive (+).
According to obtained analysis results, E. histolytica
and C. parvum were determined as negative (-) in the
effluent of MWWTP. When stool parsites were
investigated in the effluent of MWWTP, only 1 agent
out of 3 was detected as positive (+).One of the most
important aims of this study was to research SARS-
CoV-2 in MWWTP. For this purpose, wastewater
samples were taken from every stage of MWWTP
and SARS-CoV-2 analysis was performed.
According to obtained analysis results, SARS-CoV-2
could not be detected in any unit of MWWTP.
Hokajdrvi et al. (2021) reported that persistency of
non-enveloped viruses (e.g. norovirus, adenovirus, or
enterovirus) is not necessarily higher than persistence
of enveloped ones (e.g. SARS-CoV-2) in cold
environmental conditions. In our study, we detected
the occurrence of non-enveloped viruses in
wastewater. Therefore, it is thought that SARS-CoV-
2 can also be detected as well. The probable reasons
are as follows: (i) Viruses previously investigated in
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researches are most commonly non-enveloped ones.
However, SARS-CoV-2 is an enveloped virus.
Currently, protocols for testing of SARS-CoV-2 in
samples of wastewater vary a lot. Since, aim is
detection of virus at low concentrations in
wastewater, efficiency of procedures employed for
processing samples are critical (Medema et al.,
2020a). Also, developing standardized, reliable virus
quantification protocols are needed (Orive et al.,
2020; Hokajérvi et al., 2021). In our study, the primer
used in detection of SARS-CoV-2 in samples of
wastewater probably was not successful in detection.
In further studies it was aimed the changing
of the primer by addressing different genes for
detection of SARS-CoV-2. (ii) Hokajarvi et al. (2021)
reported that SARS-CoV-2 being an enveloped virus
has higher affinity for attaching onto particulate
matter of wastewater in comparison with non-
enveloped ones. Therefore, it can be thought that
SARS-CoV-2 attached to the solids in WWTP.

CONCLUSION

In our study, bacterial and viral agents causing
gastroenteritis, EPA, stool parasites, and SARS-CoV-
2 in the MWWTP were investigated. In this context,
important results were obtained in the study. When
the effluents of MWWTP were examined in terms of
gastrointestinal pathogens, Campylobacter
colifjejuni/lari and IC, Noroviruses (NoroGl),
Noroviruses  (NoroG2), Rotaviruses  (Rota),
Astroviruses (Astro), Parechoviruses and
Adenoviruses, and G. lamblia were observed as
positive (+). In addition, SARS-CoV-2 could not be
detected in units of MWWTP. As a result, according
to research findings, since pathogens are encountered
in wastewater treatment plant effluents, it is necessary
to have a disinfection system in the treatment plants
and to monitor pathogens and SARS-CoV-2
continuously in order to protect environmental and
human health.
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Oz

Deniz kazalar1 aragtirmalari, kazalarda teknik, insani, operasyonel ve organizasyonel olmak iizere pek ¢ok risk
faktoriiniin onemli etkilere sahip oldugunu gostermektedir. Ozellikle kritik 5neme sahip olan lokasyonlarda olan kazalarn
sonuglari ciddi hasarlara ve yikima neden olabilmektedir. Mevcut risk degerlendirmelerinde teknik giivenlik sistemlerine
odaklanirken, patlama modellemesi ¢alismalar1 biiyiik nem tasimaktadir. Bu ¢aligmanin ana amact, Istanbul Bogazindan
gegen ve sivilastirilmis dogalgaz (LNG) tasiyan tankerlerde olasi bir tank patlamasi ve yangin durumunda kazanin etki
alanlarini incelemektir. Calismada agik erisim olan ALOHA yazilim programi kullanilarak 10,000 m*1liik LNG tankinda
BLEVE senaryosu analiz edilmistir. Patlamanin yaklasik 4.4 km'lik tehdit bolgesinde binalarin tahrip olmasina, ciddi
yaralanmalara ve camlarin kirilmasia neden olabilecegi belirlenmistir. Ayrica 2.0 km'lik tehdit bélgesinde 10.0 kKW / m?
termal radyasyon olusacagi ve 60 saniye iginde potansiyel olarak oOliimciil olacagi saptanmistir. Olast patlama
modellemesi sonucunda Istanbul Bogazinda ¢ok biiyiik bir felaket yasanacag ongériilmektedir.

Anahtar Kelimeler: ALOHA, deniz kazasi, deniz ulagim, Istanbul Bogazi, LNG, patlama

Transition Vulnerability in the Strait of Istanbul: Possible Tanker Explosion
Simulation

Abstract

Researches on maritime accidents show that many risk factors, including technical, human, operational and
organizational, have important effects on accidents. The consequences of accidents, especially in critical locations, can
cause critical damages and destructions. While focusing on technical safety systems in current risk assessments, explosion
modeling studies has great importance. The main purpose of this study is to examine the impact area in the event of a
possible tank explosion and fire in tankers carrying 10,000 m? liquefied natural gas (LNG) passing through the strait of
Istanbul. In this study, the BLEEVE scenario in the LNG tank was analyzed using the open access ALOHA software
program. It has been determined that the explosion could cause the destruction of buildings, serious injuries and shattering
windows in the threat area of approximately 4.4 km. Furthermore, it has been determined that 10.0 kW/m? of thermal
radiation will occur in the 2.0 km threat zone and will be potentially lethal within 60 seconds. As a result of the possible
explosion modeling, it is forseen that there is a great disaster in the strait of Istanbul.

Keywords: ALOHA, Accident at sea, explosion, LNG, sea transportation, the strait of Istanbul

GIRiS

Ulkemiz smirlar1 igerisinde bulunan bogazlar
bolgesi Montreaux Bogazlar So6zlesmesi sartlari
kapsaminda Tiirkiye’nin egemenliginde uluslararasi
trafige agik su yolu olarak tanimlanmigtir. Montreaux
Sozlesmesinin  (1936) 2. maddesine gore baris
zamaninda, ticaret gemileri, glindiiz ve gece, bayrak
ve yiik ne olursa olsun, higbir islem olmaksizin,
Bogazlardan gec¢is ve gidis-gelis (ulasim) tam
Ozgirliigiinden yararlanacaklardir, kilavuzluk ve

romorkarciiliik istege baghdir. Tiirk Bogazlar1 Deniz
Trafik Diizeni Yonetmeligi’ne (2019) gore Tiirk
Bogazlarindan gegmek isteyen gemiler icin Tirk
Bogazlarinda Rapor Sistemi (TUBRAP) ve gemiler
tarafindan doldurulmasi gereken raporlar, gemilerin
uymasi gereken kurallar, gecis rotalar1 ve demirleme
yerleri detayli bir sekilde verilmistir. Istanbul ve
Canakkale Bogazlarindan gecen gemiler diinya ham
petrol ticaretinin %3 ile %81 olusturmaktadir
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(Kiiciikosman ve Bilgin, 2019). Bogazlarda
olusabilecek kazalar engellemek i¢in 1994 ve 1998
yillarinda diizenlenen Bogazlar Gegis Tiiziikleri
(TBDTDT) ile bogaz gegislerine can, mal ve seyir
emniyetini saglamak amaciyla bazi kisitlamalar
getirmistir. Bu tiizikklerde bogazlarda trafik ayrim
semalar1, boy ve tonaj kisitlamalari, hiz sinirlamalari
ve seyir planlarinin nasil olmasi gerektiginin yaninda
LNG ve Siwvilagtirilmis Petrol Gazi (LPG) tasiyan
gemilere romorkdr ve kilavuz kaptan almak zorunlu
hale getirilmis ve LNG gemilerinin ge¢isi i¢in direkt
olarak idareden izin alinmasi zorunlu hale
getirilmistir (Kii¢iikosman ve Bilgin, 2019). 2019
yilinda Istanbul Bogazi'ndan 41 bin 112, Canakkale
Bogazi'ndan 43 bin 759 gemi gegtigi ve bu gemilerin
18,805'inin LNG, LPG, kimyasal ve ham petrol
tasiyan tankerler oldugu bildirilmistir (Unal, 2020).
Istanbul Bogazi'nda 2019 yilinda toplam 15 gemi
kazas1 yasanirken, 141 gemi arizasi meydana
gelmistir (Unal, 2020). Denizcilik Federasyonu,
Istanbul Bogazi'min, diinyanmn en riskli ve dar
kanallarindan bir tanesi olduguna dikkat cekerek,
LNG gemilerinin gegislerine izin verilmemesini talep
etmektedir (Yedi Deniz, 2015).

LNG ¢ogunlukla metandan olusan kriyojenik bir
stvidir. Buharlagtirildiginda, yanicilik araligi hacimce
yaklasik %5 ile %15 arasindadir, yani bu
konsantrasyon aralifinda hava ile karisim yanicidir
(Vanem, Antao, Ostvik ve Comas, 2008). Bu nedenle,
kriyojenik  sicakliklarindan  kaynaklanan olasi
hasarlara ek olarak, LNG dokiilmeleri havuz
yanginlar1 ve siiriiklenen buhar bulutlarinin tutugmasi
gibi tehlikelerle iliskilendirilir. Sivi haldeyken, LNG
patlayici degildir ve LNG buhar, yalnizca yanicilik
araliginda ve kapali veya yar1 kapali bir alanda hava
ile karisim halinde tutusturuldugunda patlayacaktir.
Dogal gaz da bogulma tehlikesi de olusturabilir. LNG
toksik degildir ve deniz ortamina dokiiliirse kalict
olmayacaktir. LNG sudan daha hafiftir, bu nedenle
suya dokiilen LNG yiizer. LNG kalic1 veya toksik
olmadig1 i¢in bir LNG sizintis1 deniz suyu kalitesini
etkilemez. Kaynama ve kriyojenik etkiler fiziksel
etkilerdir ve kisa siirelidir. Deniz ortamina bir LNG
salinimi, insanlar {izerinde dogrudan etkilere neden
olma potansiyeline sahiptir. LNG, -161°C'de
kriyojenik bir sivi oldugundan, asir1 disiik sicaklik,
bir kisi etkilenen bolge iginde suda kalirsa, temas
halinde ciddi donmaya neden olabilir. Bu etki, LNG
buharlasana kadar, genellikle 10 dakikadan az
stirecektir. LNG su ile temas ettiginde suyun donmasi
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olas1 degildir. Aksine, LNG su yiizeyinde yiizerken,
su LNG'yi 1sitarak buharlagmasina ve yayilan bir
bulut olusturmasina neden olur. Kriyojenik etkiler,
soguk LNG buhariyla degil, LNG ile dogrudan
temasla sinirhidir. Bu, havuzlanmis LNG'nin hemen
yakininda bulunan kisilerin bogulmasina yol
acabilecek hava/su arayiiziinde yiiksek metan
seviyeleri yaratacaktir. Bir tutusturma kaynagi
mevcutsa ve LNG buhar yanarsa, termal radyasyon
oliimle sonuglanacaktir. Kapali alanlardaki LNG
salinimlar1, oksijen eksikligi olan veya patlayici
ortamlar olusturarak calisanlar i¢in giivenlik riski
olusturabilir. LNG endiistrisinin giivenlik kayd,
insan sagligt ve gilivenligi tlizerindeki potansiyel
etkiler goz Oniline alindiginda, 6nemli boyutta bir
LNG salimimi olasiligi son derece diisiik olsa da
LNG'nin katastrofik bir sizintisindan kaynaklanan,
meydana gelmesi muhtemel olmasa da 6nemli olarak
kabul edilir. Sivilastirilmis formda, LNG'nin hacmi
oda sicakliginda ayn1 miktardaki dogalgaza gore 600
kat daha azdir. Bu nedenle LNG nakliyesi, biiyiik
miktarlarda dogal gazin uzun mesafelerde
taginmasinin ekonomik bir yoludur. LNG, normal
atmosfer basincinda tasinir ve depolanir ve LNG
tagtyicilari, LNG'yi denizde tasimak icin amaca
yonelik olarak insa edilmis tank gemileridir (Vanem
ve ark., 2008). ABD Federal Yonetmeliklerinden 33
CFR 165.1709°da (2020) s1v1 dogal gaz tankerlerinin
transit seyirleri ve operasyonlari sirasinda gevresinde
olusturulan, giivenlik alanlar1 ve uyulmasi gereken
kurallar detaylar1 agikga verilmistir. Amerika Ulusal
Yangindan Korunma Kurumunun NFPA 59A (2019)
standardinda, sivilastirilmig dogal gaz tesislerinin
yeri, tasarimi, yapimi, giivenligi, igletimi ve bakimi
icin minimum yangindan korunma, giivenlik ve ilgili
gereksinimleri belirlenmistir. NFPA 59A standardi
LNG fdreten, depolayan ve isleyen tesislerin
yerlesimi, tasarimi, insaati, bakimi ve isletilmesi ve
LNG ile ilgili personelin egitimi igin gegerliyken
LNG araglarinin yakit ikmali déhil tiim LNG arag
uygulamalari i¢in gecerli degildir.

LNG dagilim modelleri, yogun gaz bulutunun
dagilimma odaklanir. Genel olarak, yogun gaz
dagilim modelleri, korelasyonlar, integral modeller,
s1ig§ katman modelleri ve hesaplamali akiskanlar
dinamigi (CFD) modelleri seklinde kategorilere
ayrilabilir (Wang, Liu, Qian ve Huang, 2017).
Korelasyon dagilim modelleri deneysel modellerdir
ve BrittereMcQuaid modeli, Gaussian modeli ve
momentum ile enerjinin korunumuna dayanan
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modifiye edilmis Gauss dagilim modelinin cesitli
formlar1 korelasyon modellerine 6rnek verilebilir. Bu
modellemeler, engellerin etrafindaki veya karmasik
arazi iizerindeki akist modelleyemez (Siuta,
Markowski ve Mannan, 2013). Ote yandan, PHAST
(Siireg, Tehlike, Analiz, Yazilim Araci - Process,
Hazard, Analysis, Software Tool), ALOHA
(Tehlikeli Atmosferlerin Alansal Konumlar1 - Areal
Locations of Hazardous Atmospheres) ve FLACS
(Alev Hizlandirma Yazilimi - Flame Acceleration
Software) gibi integral modeller, korelasyon
modellerinden ¢ok daha karmasiktir. Temel
diferansiyel denklemlerin ¢éziimlerini igerirler fakat
karmasik geometrinin etkilerini tahmin edemezler.
LNG dagilim modelleri arasinda Navier-Stokes
akiskanlar  denklemlerini  kullanarak LNG'nin
dagilimini tanimlayan CFX, FLACS, FLOW-3d gibi
CFD modelleri mevcuttur.

PHAST, ALOHA ve FLACS gibi yazilim
programlar1 kullanmilarak yangin, patlama ve toksik
dagilimin sonuglarint modelleyen ¢esitli ¢alismalar
bulunmaktadir. (Dadashzadeh, Khan, Hawboldt ve
Amyotte, 2013; Hasani ve Nader, 2016; Inanlooi ve
Tansel, 2015; Zareei, Nikou ve Shariati, 2016;
Dasgotra, Varun Teja, Sharma ve Mishra, 2018;
Ozay, Keskin ve Ugan, 2020). Ozay ve arkadaslart
(2021) c¢aligmalarinda endiistriyel tipte biogas
tesisinde olabilecek metan patlamasim1 PHAST ve
ALOHA programlarini karsilagtirmislardir. Tseng ve
arkadaslar1 (2012), Tayvan'daki ti¢ farkli tretim
tesisinde toksik kimyasal (klor, epiklorohidrin ve
fosgen) salinim etkisinin Slgeklerini gosteren tehdit
bolgelerini ALOHA yazilimi ile belirlemislerdir.
Baska bir arastirmada Cetinyokus (2017), yanict
madde (metan), zehirli sivi (etilen diamin) ve zehirli
gaz (metil kloriir) olarak U¢ tehlikeli kimyasalin
sonu¢ analizini ALOHA yazilimi ile incelemis ve
farkli atmosferik sartlarda, ozellikle rlizgar hizi,
kararlilik sinifi, segilen {i¢ tehlikeli kimyasal igin
tehdit bolgeleri igindeki etki mesafelerini bulmustur.
Ayrica, Travnicek ve arastirma arkadaglar1 (2018),
tarimsal biyogaz tesislerindeki alev yiginlarim
ALOHA yazilimi ile incelemis ve metan gazinin
zemin seviyesinden daha yliksek seviyelerde daha
hizli seyreltilecegini bildirmislerdir.

BLEVE (Kaynayan Sivi Genisleyen Buhar
Patlamasi) en yikici biiyiik tehlikelerden biri olarak
kabul edilir ve 6zellikle LPG i¢in kapsamli bir sekilde
calisitlmistir. BLEVE tehlikesi gegmiste LNG
depolamast i¢in  giivenilir bir olay olarak
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goriilmemistir. Bunun baslica nedeni, LNG'nin
genellikle atmosferik basingta veya yakininda
kriyojenik sicakliklarda depolanmasidir (Pitblado,
2007). Son yillarda kamyonlar ve feribotlar gibi ticari
araglar icin LNG gibi daha temiz ve daha verimli
yakitlarin kullanilmasi yoniinde bir egilim olmustur.
Ticari kullanimda olan veya tasarim asamasinda olan
bu sistemlerin ¢ogu, dogal kaynamay1 azaltmak ve
bazi islemlerde LNG iiriiniiniin pompalanmasina
yardimci olmak i¢in basing altindadir.

LNG tanklarinda BLEVE patlama
potansiyelinin, 6zellikle vakum yalitimli ¢ift cidarlt
basingl bir kabin patlamasimin inandirici bir senaryo
olup olmadig1 bir¢ok tartismanin konusu olmustur
(Betteridge ve Phillips, 2015). Simdiye kadar
endiistri, bu gemilerin mekanik darbe veya alev
carpmasi yoluyla muhafazasinin kaybinin inandirici
olmadigimi kanitlamayi zor bulmustur (Muhammed
2014). Ayn ayn, tek cidarlh LNG tanker
kamyonlarinin  dahil oldugu iki BLEVE olay1
Ispanya'da rapor edilmistir (Planas-Cuchi, Gasull,
Ventosa ve Casal, 2004; Martinez, Perez ve Ayala
2011). Cift cidarh LNG gemilerinin arizasinin
inandiricilign tartigilsa da, potansiyel bir LNG
BLEVE tehlikeleri tahmin edebilmek igin bir
gereklilik vardir. Glivenli ¢alismayi siirdiirmek igin
tehlikeli senaryolar1 belirlemek onemlidir. Bu
nedenle, calismanin amaci, son derece Kkritik bir
oneme sahip olan Istanbul Bogazi’ndan gegen LNG
tasiyan tankerlerde olasi bir tank patlamasi ve
BLEVE senaryosu durumunda kazanin etki alanlarini
ALOHA yazilim programi kullanarak incelemektir.

MATERYAL VE METOT
ALOHA yazilim

Bu makale ¢alismasinda Istanbul Bogazinda
olas1 bir LNG tanki tasiyan tanker kazasi sonucu,
olusabilecek patlamanin etkilerini modellemek i¢in
ALOHA yazilim1 kullanilmig ve patlama senaryoSu
olusturulmustur. ALOHA, tehlikeli kimyasal gazlarin
hareketini ve dagilimini tahmin etmek, gazlarn
tanklardan veya gaz borularindan sizan ve buharlagan
kimyasal salinimlarin1  ve tehlikeli gaz bulutu
dagilimmdan atmosfere yayilma oranlarim1 ve etki
alanlarin1 modellemek i¢in kullanilan bir bilgisayar
programidir (EPA, 2017). ALOHA ayrica, tehlikeli
bir gaz bulutunun dagilimini tahmin etmek igin
salman kimyasalin fiziksel O6zelliklerini ve salim
senaryosunun ger¢ek zamanli kosullarini1 kullanarak
yanici bir gazin patlayabilecegi alan1 tahmin etmek
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icin de kullanilabilir. ALOHA yaziliminda,
meteorolojik kosullar, kirsal ve kentsel alanlar gibi
parametreler secilerek kimyasal maddenin patlama ve
atmosferik salimim sonuglar1 degerlendirilebilir.
ALOHA’da hesaplanan grafik ¢iktilar ile MARPLOT
yazilim1 beraber kullanilarak haritalar iizerinde
tesisin gergek konumu ve etki alanlar1 belirlenebilir
(EPA, 2017). MARPLOT programi kimyasal acil
durumlari planlamak ve bunlara miidahale etmek i¢in
kullanilan cografi bilgi sistemleri araytiizli bir
haritalama programidir.
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ALOHA direkt, s1v1 birikintisi, tank veya boru
gibi kaynak secenekleri sunar. Sivi birikintisi
secenegi, sabit yarigapli bir s1v1 birikintisi oldugunda
secilebilir. Sivi, normal buharlasan bir sivi veya
kaynayan bir sivi olabilir. Tank segenegi, kaynak
yatay veya dikey bir silindir veya zemin seviyesinde
tek delikli kiiresel bir tank olarak secilebilir. Tank
baslangicta bir gaz, bir s1vi veya sivilagtirilmis bir gaz
icerebilir. Icerik, sicaklik ve / veya basing
degisikliklerinin bir sonucu olarak faz degistirebilir.
Kaynak, zemin seviyesinde tek delikli basingli gaz
iceren bir boru oldugunda boru se¢enegi segilebilir.

Tablo 1. ALOHA Programimin Verileri

Parametreler

ALOHA Verileri

Yerel Bilgiler
Kimyasal madde
CAS Numarasi
PAC degerleri

Alt patlama sinir1
Ust patlama sinir1

Tiirkiye, Istanbul
Metan
74-82-8

PAC-1: 65,000 ppm
PAC-2: 230,000 ppm
PAC-3: 400,000 ppm
LEL: 50,000 ppm
UEL: 150,000 ppm

Tank tipi Kiiresel
Tank ¢ap1 26.7m
Tank Hacmi 10000 m3 (100% full)
Zemin Piiriizliliga Acik su
Olgiim yiiksekligi 3m
Ortam sicaklig1 25°C
39.6 °C (En Yiiksek)*
-5.1 °C (En Diisiik)*
Nem %50
Tank igindeki sicaklik -162

* [stanbul Yillik Hava Sicaklig1 Olgiim Periyodu (1929 - 2020) (Meteoroloji Genel Miidiirliigii, 2021).

Kaynak dogrudan bir nokta salimi ve siirekli bir
hiz emisyonu veya toplam kiitlenin anlik salinimi
olarak segilebilir. Anlik veya siirekli olarak dogrudan
salim tipi i¢in, toplam kiitle, kiitle akis hiz1 ve kaynak
yiiksekligi veri olarak saglanmalidir (Bhattacharya ve
Kumar, 2015).

Ancak, yazilimin bazi smirlamalart vardir.
Sinirlamalardan biri; program kimyasal bilesigin hizli
bir igslem olarak hava ile karistirildigim varsayar.
Diger smnirlama; nihai {irlinleri, yani duman, partikiil
madde ve radyoaktif partikiilleri tespit etme kabiliyeti
yoktur. Bir baska sinirlama ise simiilasyon ¢aligmasi
sirasinda riizgar hizimin ve riizgar yOniinlin sabit
oldugunun varsayilmasidir (Yadav, Chaudhary ve
Yadav, 2020).

Senaryolar

Bu calismanin senaryosu Istanbul Bogazinda
Bogaz kopriisiiniin altindan gegen bir LNG gemisinde
LNG tankinda BLEVE patlamasi olasidir. Beaufort
(Bofor) riizgar skalasina gore hafif riizgarin en iist
sinir1 olan 10 knots riizgar hizi olarak segilmistir.
Riizgar yonii seciminde Istanbul Bogazi’nda en sik
goriilen yon (inan, 1994) olan kuzeydogu (NE) yonii
secilmistir. Meteoroloji Genel Miidiirliigiintin (2021)
Istanbul ilinde y1llik hava sicakligi verilerine gére en
yiiksek ve en diisiik sicakliklar alinarak meteorolojik
sartlara gore 3 farkli senaryo olusturulmustur.
Senaryo 1’de T= 25°C, orta bulutlu ve nem=%50;
Senaryo 2’de T=39.6°C, bulutsuz ve nem=%5;
Senaryo 3’de T=-5.10C, tamamen bulutlu ve
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nem=%99 secilmigtir. Tablo 1’de ALOHA

programina girilen veriler verilmistir.

TARTISMA VE SONUC

ALOHA programi kullamilarak LNG tasiyan
kiiresel tankta bir BLEVE patlamasi sonucu olusacak
alev topunun 938 metre ¢apinda ates topu olusacagini
ve 41 saniye siire (Tablo 2) ile yanacagini
hesaplanmistir.

Tablo 3’de 10,000 m*lik bir LNG tankinda
olusan BLEVE patlamsinin olusturacagi meteorolojik
sartlar1 farkli 3 ayri senaryo i¢in termal radyasyon
miktarlarina goére etki alanlart ve etki alam
verilmistir. Sekil 1’de MARLOT versiyon 5.1.1
bilgisayar programi ile dlgeklendirilerek kiiciiltiilmiis
Istanbul haritas: iizerinde Senaryo 1’in etki alanlari
gosterilmistir. Kirmizi ile gosterilen 2.0 kilometrelik
bolgede 10.0 KW/m?’lik termal radyasyon olusacagi
ve bu bdlgenin 60 saniye icinde potansiyel olarak
olimctl olacagr hesaplanmigtir.  Turuncu ile
gosterilen 2.8 kilometrelik bolgede 5.0 kW/m?’lik
termal radyasyon olusacagi ve bu bolgede
bulunanlarda 2. derece yaniklar olusacag
ongoriilmektedir. Sari ile gosterilen 4.4 kilometrelik
bolgede 2.0 kW/m?’lik termal radyasyon olusacagi ve
bu bolgede bulunan insanlarin agri duyacaklari ve
binalarin camlarinin kirilmasi beklenmektedir.

Senaryo 1, senaryo 2 ve senaryo 3
karsilagtirildiginda en yiiksek etki alanmin yaz
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aylarinda yiiksek sicaklik 39.6°C, bulutsuz ve nemsiz
meteorolojik sartlarda oldugu goriilmektedir. En
diisiik etki alaninin ise senaryo 1’de 25°C’de, orta
bulutlu ve orta nem seviyesinde oldugu
belirlenmistir. Degisik riizgar yon ve hizlarinda da
farkli senaryolar denenmis ama sonuglarda degisiklik
goriilmedigi i¢in ayr1 senaryo olusturulmamigtir ama
olusturmasi beklenmektedir. Patlama alanim1 daha
detayli modelleyen alternatif programlarda riizgar
hizinin da  sonuglarda  farklihk  yaratacagi
diistiniilmektedir.

Tiim LNG tasiyici tiirleri ¢ift cidarli gemilerdir,
ancak bagimsiz veya entegre kargo tanklarindan
olusan farkli kargo muhafaza sistemleri mevcuttur.
Mevcut LNG filolarinda membranl tank tasarimlari
ve kiiresel tank tasarimlar1 olmak iizere iki ana tip
gemi tasarimi (Sekil 2) hakimdir (Vanem ve ark.,
2008). Membranli tank tasarimlarinda, kargo
muhafaza sistemi, gemi govdesi tarafindan yapisal
olarak desteklenen ¢ok ince bir invar veya paslanmaz
celik cift cidarli, yalitmh kargo zarfindan olusur.
Moss tankerleri olarak da adlandirilan kiiresel tank
tastyicilari, geminin govdesi i¢inde kendi kendini
tagtyan kiiresel aliiminyum tanklara veya prizmatik
sekilli paslanmaz gelik tanklara sahiptir. Bu tanklar
disaridan izole edilmistir. Her iki tanker alternatifi de
LNG'yi uzun mesafelerde tasimak icin -162 °C
civarindaki  sicakliklarda  depolanan  sofistike
sistemlerle tasarlanmis, inga edilmis ve donatilmisgtir.

Tablo 2. Kiiresel tankta yanici ssvi, BLEVE patlamasi

Parametreler

Riizgar hizi, yoni

Kararlilik Sinifi

Ates Topundaki Tank Kiitlesi Yiizdesi
Ates Topu Cap1

Yanma Siiresi

Veriler

10 knots, NE (Kuzeydogu)
E

% 100

938 metre

41 saniye

Tablo 3. Tehdit Modellemesi: Ates topundan gelen termal radyasyon

Tehlike Bolgesi  Etki alam Etki alan Etki alani Termal Potansiyel Etki
Renk kodu (Senaryo 1) (Senaryo 2) (Senaryo 3) Radyasyon
miktar

Kirmizi 2.0km 2.2 km 2.2 km 10.0 kW/m? 60 saniye icinde
potansiyel olarak
olimciil

Turuncu 2.8 km 3.2 km 3.0 km 5.0 kW/m? 60 saniye i¢inde 2.
derece yaniklar

Sar1 4.4 km 4.8 km 4.7 km 2.0 kW/m? 60 saniye icinde agri
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Sekil 1. Tehdit Modellemesi: Ates topundan olusan termal radyasyon (Senaryo 1)

Sekil 2. Ana LNG tasiyict tiirleri: kiiresel yosun tankerleri (listte) ve membran tankerleri (altta) (Vanem ve
ark., 2008).

[lk LNG kargosunun 1959 yilinda bir LNG
tankeri ile taginmasindan bu yana LNG'nin deniz
tasimaciligi  kademeli olarak artmistir. LNG
tasimaciliginin  tarihgesi {izerine bir literatiir
aragtirmasi, 6000 GRT'den biiylik LNG tastyicilarinin
dahil oldugu 158 bilinen ilgili kazayr bildirmistir
(Ostvik, Vanem ve Castello, 2005). Bu kazalara gore
LNG nakliye tarihi boyunca kiiresel tip LNG
gemilerinde kazalarin daha sik meydana geldigini,
ancak son 20 yilda membranli gemilerde kazalarin
daha sik oldugunu gostermektedir. Tiim LNG tasiyict
tiirleri i¢in kazalarin meydana geldigi belirtilmektedir
(Vanem ve ark., 2008). Cogunlukla LNG
endiistrisinde mevcut olan bir sorun, kara veya acik
deniz tesislerinde yeniden gazlastirma iinitesindeki
kritik ~ depolama  tanki  bilesenidir(Mulyana,
Muhammad, Saad, Mariah ve Riveli, 2017).
Cogunlukla asir1 basing, korozyona bagl ariza,
malzeme bozulmasi, metal ylizeydeki gerilim, destek
cihazindaki ariza, yani kontrol vanasi, basing emniyet

valfi, pompa ve kompresdrdeki ariza ve diger
arizalarin bir veya kombinasyonundan kaynaklanan
arizalar kazaya neden olmaktadir (Mulyana ve ark.,
2017). Bu arizalar, depolama tankinda BLEVE ve
yangina neden olabilmektedir. LNG depolama
tankinda meydana gelebilecek BLEVE ve yanginlar,
aksam  ve  ekipman  sisteminin  emniyet
giivenilirliginin yant sira sabotaj veya bagka
sebeplerden kaynaklanan bir gemi kazasi nedeni ile
olabilir.

Hightower ve arkadaslar1 (2004) caligmalarinda
su tizerine bir LNG sizintisi nedeniyle kamu
giivenligine ve milkiine yonelik tehditleri,
tehlikeleri, sonuglar1 ve riskleri analiz ederek, dort
LNG s1zint1 caligmasini modelleyerek
incelemislerdir. Sonuglar varsayimlardaki farkliliklar
nedeniyle genis bir sonu¢ yelpazesi gostermistir.
Calismada carpismalar ve karaya oturma gibi kazara
LNG sizintilarindan kaynaklanan risklerin mevcut
giivenlik politikalart ve kapsamli, risk temelli
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yonetim ve planlama uygulamalartyla yonetilebilir
sonucuna vartlmistir. Bunun yanisira, yanginlardan
kaynaklanan termal tehlikeler nedeniyle, yaklasik
1600 m'den yakin mesafelerde halk saglhigi ve
giivenligi  etkileri olabilecegini  belirtmislerdir
(Hightower ve ark., 2004). Biiyiik, tutusmamis LNG
buhart saliimi olasi olmasada, buhar bulutlar1 bir
sizmtidan 2500 m'ye kadar uzayabilecegini
bildirmislerdir (Hightower ve ark., 2004). Gergek
tehlike mesafeleri, ihlal ve dokiilme boyutuna, sahaya
0zgli kosullara ve gevresel kosullara bagli olacaktir.

Calismanin verileri incelendiginde, Istanbul
Bogazi gibi stratejik dnem tasiyan bir bolgede boyle
bir tanker kazasimi hem insan sagligi, hem ¢evre
kirliligi hem de ulusal giivenlik acisindan ¢ok ciddi
sonuclar1 olacag asikardir.

SONUCLAR

Sonug olarak LNG gemileri ve tanklar1 patlama
ve yangin risklerine karst oldukca emniyetli
iiretilselerde, olas1 bir patlamanin Istanbul Bogazinda
cok biiyiik bir yikima yol agacagi goriilmektedir. Bu
calismada 10,000 m®liik bir LNG tankinda BLEVE
patlamasi modellenmistir ki su an aktif olarak yiik
tagtyan LNG gemileri birden fazla tank icermektedir.
Bu sonug patlamanin etkilerinin ve etki alaninin ¢ok
daha olacagin1 gostermektedir. Mevcut LNG filonun
ortalama boyutu yaklasik 120,000 m® iken, yakin
gelecekte 200,000-250,000 m? kapasiteli LNG siiper-
tankerinin kullanilacagi 6ngoriilmektedir. Mevcut
durumda Istanbul Bogazindan gecen tankerlerin
tagidig1 tehlikeli madde yiiziinden patlama riski,
Istanbul Bogazinda cok biiyiik bir felakete yol
acabilir. Bu durumda gemi gegislerinin kontrollii
yapilmasi, kilavuzsuz higbir geminin ge¢gmemesi,
gemilerde risk degerlendirmelerinin siklikla kontrol
edilmesi ve riskli goriilen durumlar ig¢in Gnceden
onlem alinmasi 6nerilmektedir.

ALOHA program1 gercege yakin patlama
modellemesi yapmakla beraber, programin pek ¢ok
kisitlamas1 vardir. Bu calisma bir 6n c¢alisma
niteliginde olup daha sonraki agsamada daha gercekei
sonuclar vermesi i¢in reel verilerle farkli modelleme
yontemi  kullanilmas1  tavsiye  edilmektedir.
Gelecekteki  calismalarda  PHAST  programi
kullanilarak, birden ¢ok tankin domino etkisi ile
patlama analizinin yapilmasi tavsiye edilir. Domino
etkisi ile yapilacak modelleminin etki alaninin gok
daha fazla olacagi ve ¢ok daha biiyiik bir yikima ve
cevre felaketine yol agacagi tahmin edilebilir. Teknik
olarak makina 6grenmesi ve yapay zeka uygulamalari
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kullanilarak tehlike durumlarini 6nceden haber veren
bir sistemin kurulmasi olasi patlama olasiliklarinin
belirlenmesinde ve Istanbul Bogaz1 gegisi giivenlik
aciginin onlenmesinde faydali olacaktir. Calismanin
deniz emniyeti, deniz kazalar1 konusunda c¢alisan
arastirmacilar, denizcilik sektorii, deniz tasimacilik
ve sigorta girketleri i¢in faydali olmasini ve patlama
modellemesi olarak literatiire katki saglayamasim
temenni ederiz.

CIKAR CATISMASI BEYANI
Yazar/ Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catigmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazar/Yazarlar bu g¢alismanin arastirma ve yayin
etigine uygun oldugunu beyan eder.
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Oz

Tiirkiye florasinin en biiyiik cinsi olan Centaurea L.” ya ait farkl:i tiirlerin etkinlikleri, iirettikleri bilesikler, insan
saglig lizerine etkileri konusunda pek ¢ok ¢alisma bulunmaktadir. Ancak Centaurea urvillei DC. subsp. urvillei’ nin
kullanilabilir kisimlarinin (toprak iistii olan yaprak, ¢igek) patojen mikroorganizmalar karsi antimikrobiyal 6zellikleri
iizerine ilgili herhangi bir ¢caligma yapilmamistir.

Bu ¢alismada C. urvillei DC. subsp. urvillei’ nin kullanilabilir kisimlarinin metanoldeki ¢6zeltisi uygulanarak
insanlarda bulasict hastalik yapan bakteri, maya, dermatofitler {izerinde oyuk agar ve mikrodilisyon yontemi ile bu
mikroorganizmalarin gelisimini Onleyip Onlemedigi ve en kiigiik duyarlilik miktarim1 6grenmek amaglanmstir.
Antimikrobiyal duyarlilik sonuglar1 incelendiginde; bitki soltisyonu maya, dermatofit izolatlar1 ve diger bakterilerin
gogalmasmi onleme iizerinde genel olarak duyarli (14.66 mm-11.66 mm inhibisyon zon g¢ap1?) bir inhibisyon bélgesi
olusturmustur. Bu demektirki; C. urvillei DC. subsp. urvillei’nin 40 mg’lik dozu hastalik yapan tim test
mikroorganizmalarinin (Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, Enterococcus faecalis
ATCC 29212, Klepsiella pneumoniae klinik izolati, Candida albicans RSKK 02007, Candida glabrata RSKK 014019,
Candida tropicalis RSKK 02011, Epidermophyton floccosum RSKK 14024, Trichophyton rubrum RSKK 03022)
cogalmasini engelleyecek antibakteriyel ve antifungal 6zelliklere sahiptir. Kontrol grubu ile kiyaslandiginda bakterilerde
anlamli bir degisimin olmadigi maya ve dermatofitlerde ise anlamli bir farkliligin oldugu belirlenmistir (p<0,0001; cd,
p<0.001; d). MiK smir degerleri 100-6.25 pL'dir. Elde edilen veriler ile bu bitkinin patojenik mikroorganizmalarin
¢ogalmasini azaltma kabiliyeti nedeniyle bulasici hastaliklarin tedavi ilaglari i¢in bir kaynak olabilir.

Anahtar Kelimeler: Antibakteriyel ve antifungal aktivite, Centaurea urvillei DC. subsp. urvillei, patojen
mikroorganizma

Antibacterial and Antifungal Features of Centaurea urvillei DC. subsp. urvillei
that is herboized in Turkey

Abstract

Although there are many studies on the activities of different species, the compounds and effects of Centaurea L.,
the largest genus of the Turkish flora, on human health, no relevant studies have been conducted on the antimicrobial
properties of the usable parts (above ground leaves, flowers) of C. urvillei DC. subsp urvillei against pathogenic
microorganisms.

This study aimed to show whether it prevents the growth of these microorganisms that cause infectious diseases in
humans on bacteria, yeast, dermatophytes that cause infectious diseases in humans via well agar and microdilution method
by applying a methanol solution of the usable parts of C. urvillei DC. subsp. urvillei. Regarding the antimicrobial
susceptibility results, the plant solution formed a generally sensitive inhibition zone (14.66 mm-11.66 mm inhibition zone
! diameter) on inhibition of growth of yeast, dermatophyte isolates and other bacteria. This means that 40 mg dose of C.
urvillei DC. subsp. urvillei has antibacterial and antifungal that can prevent the growth of all test microorganisms
(Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC 29212, Klepsiella
pneumoniae clinical isolate, Candida albicans RSKK 02007, Candida glabrata RSKK 014019, Candida tropicalis RSKK
02011, Epidermophyton floccosum RSKK 14024, Trichophyton rubrum RSKK 03022) that cause disease. It is seen when
we compared with the control group that there was no significant difference in bacteria, however, a significant difference
was observed in yeast and dermatophytes (p<0,0001; cd, p<0.001; d). MIK threshold values are 100-6.25 uL. It has been
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proven with the obtained data that the ability of this plant to reduce the proliferation of pathogenic microorganisms can

be a source for the cure of contagious diseases.

Keywords: Antibacterial and antifungal activity, Centaurea urvillei DC. subsp. urvillei, pathogenic microorganism

GIRIS

Bitkilerin insanlar tarafindan tibbi amagclar
dogrultusunda kullanilmasi insanlik kadar eskiye
dayanmaktadir (Kendir ve Giiveng, 2010). Bitkiler
yeni dogal tibbi tirlinlerin birincil kaynagidir. Daha da
Oonemlisi, baz1 bitkilerin dogal {iriinlerinde
antienflamatuar, antikarsinojenik, antiaterosklerotik,
antibakteriyel, antifungal, antiviral, antimutagenik ve
antialerjik etkinlikler rapor edilmistir (Mahlo ve ark.,
2016). Bitkilere olan bu ilgi nedeniyle bir¢ok bitki
ekstresi fitokimyasal agidan incelenmis ve halk
tibbinda tedavi amaglarn ile bitki ekstrelerinin
iceriklerinin karsilagtirilmasi yapilmistir (Acet ve
Ozcan, 2017). Ayrica Tiim diinyada alternatif tibba
yonelim, Ozellikle antibiyotik direngli suslarin
meydana getirdigi enfeksiyon hastaliklarinin neden
oldugu problemlerin iylestirilmesinde gilinden giine
artmaktadir (Avsar ve ark., 2016; Karaca ve ark.,
2017).

Centaurea tiirlerine Anadolu’da genellikle
zerdali dikeni, timur dikeni ve peygamber ¢icegi
denilmektedir (Tozyilmaz, 2019). Geleneksel Tiirk
tibbinda bu tiirlerin balgam soktiiriicii antidiyabetik,
antipiretik ve antidiarrhoeal olarak yaygin sekilde
kullanilir (Boga ve ark., 2016). Etnobotanik raporlar
Centaurea tiirlerinin antimikrobiyal, antifungal,
antitilserojenic, antioksidan, antiplazmoidal,
antiprotozoal, sitotoksik ve yara iyilesmesi, sindirim
sistemi, mide, idrar soktliriicii, astringent, hipotansif,
mishil, analjezik, tonik, hemostatik gibi cesitli
biyolojik aktivitelere sahip oldugunu gdstermistir
(Boga ve ark., 2016; Ozsoy ve ark., 2015).

Farkli Centaurea tiirlerinin tiirlerinin irettikleri
bilesiklerin, insan saghgi iizerine etkileri konusunda
pek ¢ok calisma bulunmaktadir (Aktumsek ve ark.,
2013; Albayrak ve ark., 2017; Dogan Sigva ve ark.,
2017; Kose ve ark., 2008; Kilig, 2015; Ozsoy ve ark.,
2015, Ozkan ve ark., 2016; Tastan ve ark., 2017:
Alper ve ark., 2021; Tugay ve ark.,2021).

Bu aragtirmalara gore; tibbi dneme sahip olan
Centaurea tiirlerinden Centaurea urvillei DC. subsp.
urvillei’nin ¢alisma kapsaminda degerlendirilmis
olmasi, antioksidan, antimikrobiyal, antitiimoral
Ozelliklere sahip ¢ok sayida sekonder metabolit
acisindan zengin bir genus olusu (El-Najjar ve ark.,

2008; Koukoulitsa ve ark., 2002) ¢alismanin konusu
ve kapsamini vurgulamaktadir.

Dogal {irlinler, hayati risk tasiyan hastaliklar
dahil olmak tizere ¢esitli kosullar i¢in bazi tedavi
edici ajanlar1 igermeleri bakimindan potansiyellere
sahiptir (Karaca ve ark., 2017). Dolayst ile
caligmamiz bu olumsuzluklarin ¢dziilmesi agisindan
alternatif tedavi yaklasiminin gelisimine imkan
saglayacaktir.

Yapilan ¢alismada Centaurea tiirlerinin sagliga
faydali etkilerinin de saptanmasi diisiik maliyetli
olmasi, yan etkilerinin olmamasi, toksik etkilerin az
olmasindan dolay1r ilaglarin yiiksek dozlama
stratejilerinin ~ yerine tercih edilmesine imkan
tanimak, ilag elde edilen bitkilere olan talebi artirmak
amaglanmistir. Bu ¢aligsma bitkiler ile dogal yolarla
tiretilecek ilag galigmalari igin On arastirma niteligi
tasimaktadir

Ek olarak in-vitro olarak incelenen Centaurea
urvillei DC. subsp. urvillei’nin in vivo hayvan
modellerinde  arastirilmast  gerektigi  kanisina
varmaktayiz.

MATERYAL VE METOT
Cahsmada Kullamilan Bitki

Bu ¢alismada tibbi 6neme sahip C. urvillei DC.
subsp. urvillei’nin Elaz1g ili Haziran ayinda, Elazig ili
Harput yolunda, yiiksekligi 1350 m olan kayaliklar
cevresinden toplanmistir. Analize kadar uygun
aseptik sartlarda laboratuvarda tutulmustur. Bitki
numunesi Dog¢. Dr. Ugur Cakilcioglu tarafindan
teshis edilmistir. Bitki Ornekleri Munzur Universitesi
Herbaryumun da saklanmustir.

Antimikrobiyal Ozellik
Cahsmada kullanilan
hazirlanmasi

Bitki O6rneginin uygun kisimlarmmdan 10gram
(gr) alinip blender ile homojenize edilip steril cam
erlenlere birakilmistir. Uzerine 50 mL metanol ilave
edilmis ve c¢oziicii evaporatérde uzaklastirilarak
ekstraktlar hazirlanmistir (Gupta ve ark., 2008).

bitkinin analize
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Sonra bu ekstraktlarin antimikrobiyal aktiviteleri
belirlenmistir.

Calismalarda kullanilan test mikroorganizmalari

Bu ¢aligmada 9 mikroorganizma kullanilmistir.
Bakteri olarak; Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 29213, Enterococcus
faecalis ATCC 29212, Klepsiella pneumoniae klinik
izolat1 maya olarak; Candida albicans RSKK 02007,
Candida glabrata RSKK 014019, Candida tropicalis

RSKK 02011, dermatofit fungus olarak
Epidermophyton ~ floccosum  RSKK 14024,
Trichophyton  rubrum RSKK 03022 suslar

kullanilmistir. Bakteri suslar1 Istanbul Medical Park
Goztepe Hastanesi Enfeksiyon Hastaliklar Klinik

Mikrobiyoloji  Laboratuvarindan, mayalar ve
dermatofit funguslar ise Refik Saydam Ulusal Tip
Kiltir Kolleksiyonundan elde edilmistir. Bu

mikroorganizmalar, 6nemli bitki ve insan patojenleri
olmalariyla beraber ¢ok sayida aragtirmaci tarafindan
calisma konusu olan antibakteriyel ve antifungal
kapasiteleri nedeniyle se¢ilmistir.

Mikroorganizma Kkiiltiirlerinin hazirlanmas1 ve
ekim

Bakteri suslari; Nutrient Broth’a asilanacak
35+1 °C’de 24 saat, maya suslart; Yeast Malt Ekstrakt
Broth’da ve dermatofit funguslar Glukozlu
Sabouroud Broth’da 2541 °C’de 48 saat siire ile
inkiibe edilmistir. S1v1 besiyerinde gelisen kiiltiirler,
McFarland (0.5) standart tiipiine gore bulaniklik ayar1
yapildiktan sonra buyyon tiiplerine aktarilmistir.
Erlenmayerde steril edilen ve 45-50 °C’ye kadar
sogutulan Muller Hinton Agar, Yeast Malt Ekstrakt
Agar ve Sabouraud Dextrose Agar yukarida
belirtildigi sekilde hazirlanan bakteri, maya ve
funguslarin buyyondaki kiiltlirii ile %! oraninda
asilanacak (bakteri ;10° kob mL™, maya ve fungus;
10* kob mL™) iyice ¢alkalandiktan sonra 9 cm
capindaki steril petri kutularina 15’er mL konularak
ve besiyerinin homojen bir sekilde dagilmasi
saglanmistir.

Oyuk Agar Metodu

Katilagsan agar lizerine 6 mm c¢apinda oyuk
acilmistir. Agilan oyuklara bir damla besiyerinden
sonra 10 ul’ de 20 mg bitki numunesi aktarilmistir.
Bu sekilde hazirlanan petri kutular 4°C’de 1.5-2 saat
bekletildikten sonra bakteri asilanan plaklar
37£1°C’de 24 saat, maya ve dermatofit asilanan
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plaklarise 25+1°C’de 3 giin siire ile inkiibe edilmistir.
Caligma 3 paralel olarak yiiriitilecek ve sonuglar
ortalama deger olarak inhibisyon zonu (mm) seklinde
degerlendirilmistir (Ozgelik, 1992; Collins ve Lyne
1987). Pozitif kontrol i¢in standart antibiyotik diskler
(bakteriler i¢in ampisilin sulbaktam  maya ve
dermatofitler i¢in mikostatin) kullanilmistir. Tiim test
mikroorganizmalarina karst yapilan antimikrobiyal
aktivite 3 kez tekrarlanmastir.

Mikrodiliisyon broth yéntemi (MIiK)

Bitki ekstraklarinin mikroorganizmalara karsi
Minimum inhibisyon konsantrasyonu’nu (MIK)
belirlemek amaciyla mikrodiliisyon broth yontemi
kullanilmistir (NCCLS, 2000; Erecevit Sénmez ve
Cakilcioglu, 2020). Bakteriler icin Muller Hinton
Broth (Accumix® AMI1072), maya ve dermatofit
funguslar i¢in Saboraud Dekstroz Broth (Himedia
MEO033) besiyerleri kullanilmgtir,
Mikroorganizmalarin pasajlar1 bakteriler i¢in 37+1
°C'de 18-24 saatlik broth kiiltiirleri, maya ve
dermatofit patojenleri i¢in 72 saatlik broth
kiltiirlerinde  25+0.1°C'de  hazirlanmistir  ve
bulaniklik 0.5 McFarland standardi'na gore
ayarlanmistir. Metanol igeren bitki soliisyonlar1 6nce
maksimum 40000 ug konsantrasyonda incelenmistir
ve ardindan broth iceren aseptik mikrotitre plakalari
tizerinde 100 uL den 3.75 uL’ye kadar 6 kez seri 2
katl diliisyonlar1 yapilmigtir. Bu seri seyreltmeler bir
optik yogunluk olcerde okunan bakteri, maya,
dermatofit mantarlarinin broth kiiltiirleri tizerinde test
edilmistir. Daha sonra iireme agisindan incelenecek
olan mikroplaklar bakteriler i¢in 37+1 °C'de 18-24
saat, maya ve dermatofit patojenleri i¢in 25+0.1 °C'de
72 saat inkiibe edilmistir. Bakteriler igin 10° kob mL-
! maya ve dermatofit funguslar i¢in 10* kob mL*?
olacak sekilde her kuyucuga 50 uL. mikroorganizma
stispansiyonu  eklenmistir. ~ Mikroorganizmalarin
¢ogalmasini Onlemek igin kullanilan bitkilerin
nominal degeri i¢in o numunenin en kiigiik degeri
olarak tamimlanmistir. Kuyucuklarda bulanikligin
olmadig1 yani mikrobiyal biiylime olmayan son tiip
kullanilan bitki drneklerinin MIK degeri olarak kabul
edilmistir (mg mL?). Test ii¢ kez tekrarlanmustir.

Istatistik Analizi

Istatistiksel analizler SPSS 20 (Windows) paket
programi kullanilarak gercgeklestirildi. Verilerin
normal dagilima uygunlugu Shapiro Wilk testi ile
degerlendirildi. Gruplar arasindaki farkliliklarin
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belirlenmesinde One Way ANOVA ve c¢oklu
karsilagtirmalarda Tukey testi kullanildi. Nicel veriler
ortalama =+ standart hata (Ort.£SH) olarak ifade edildi
ve p<0.05 degerligi anlaml1 kabul edildi.

TARTISMA VE SONUC
Antimikrobiyal Aktivite Sonug¢lari

Tablo 1. test edilen mikroorganizmalar igin
metanol de ¢oziinen C. urvillei DC. subsp. urvillei’
nin oyuk agar metodu’na gore, Tablo 2. ve Sekil 1.
minimum  inhibitér  konsantrasyonu’na  gore
antimikrobiyal o&zelliklerini gdstermektedir. Bu
Centaurea tiiriiniin hastalik yapici
mikroorganizmalarin  iiremesini  engellenmeye
basladig ilk seyreltme konsantrasyonu 100 pL olarak
belirlenmigtir.

Metanol i¢inde ¢6ziinen C. urvillei DC. subsp.
urvillei, maya ve dermatofit izolatlar1 ve diger
bakterilerin ¢ogalmasini Onleme {izerinde genel
olarak anlamli derecede duyarli (14.66 mm- 11.66
mm inhibisyon zon ¢apr?) bir inhibisyon bélgesi
gostermistir  (p<0.001;d). Buna gore; bitki E. coli
tizerinde 14.6 mm inhibisyon zonu™, S. aureus ve E.
faecalis’ e kars1 12.6 ya da 12.7 mm inhibisyon zonu
! K. pneumoniae da ise 11.6 ya da 11.7 mm
inhibisyon zonu? olusturmustur. Bu veriler bitkinin
bakterisidal etkisinin sonucudur. Dermatofitler ve
mayalar i¢in ortalama inhibisyon bolgesi 8.6 ya da 8.7
mm'lik inhibisyon zonundan 14.6 mm'lik bir
inhibisyon zonuna kadar degismektedir ve bu veri
belirgin bir fungisidal etki (fungus hiicrelerinin
gelisimini veya iiremesini Onleyen) gosterdiginin
kanmtidir. Ek olarak pozitif kontrol mikostatin 18.6
mm inhibisyon zonu* ile 34.6 mm inhibisyon zonu
arasinda anlamli derecede degisen yiiksek bir etki
gostermistir (p<0.0001; cd).

Minimal inhibisyon konsantrasyonu test edilen
mikroorganizmalar i¢in incelendiginde; (Tablo 2. ve
Sekil 1.) metanol de ¢oziinen C. urvillei’nin E. coli
iizerinde c¢ogalmasmi engelledigi en diisiik
konsantrasyon; 6.25 pL, S. aureus, E. faecalis
cogalmasini engelledigi en diisiik konsantrasyon 12.
5 uL, K. pneumoniae iizerinde ise 25 puL’ dir. Maya
ve dermatofitlerin iliremesini Onleyen en diisiik
konsantrasyon ise C. albicans, C. glabrata iizerinde
25 uL, C. tropicalis; 100 pL, E. floccosum tizerinde
6.25 pL, T. rubrum tizerinde 12.5 pL’ dir.

Bakterilerden; K. pneumoniae klinik izolati, E.
faecalis maya olarak; C. albicans, C. glabrata, C.
tropicalis, dermatofit fungus olarak; E. floccosum, T.
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rubrum suslarimin tiremesini engelemek igin C.
urvillei DC. subsp. urvillei’nin antimikrobiyal etkisi
ilgili bir caligma yapilmamustir.

C. urvillei subsp. urvillei bitkisinin Candida
krusei’ye kars1 antifungal aktivite gosterdigi yapilan
bir caligmada belirtilmistir. Ayrica C. urvillei ssp.
urvillei dahil ii¢ Centaurea tiirti 100 mg=mL'lik en
yiksek test konsantrasyonunda higbir aktivite
gostermedigi ve C. urvillei Tirkiye’deki floranin
farkli alt tiirlerini temsil ettigi ancak alt tiir adlari
belirtilmedigi icin yapilan calismada kesin bitki
materyalleri bilinmedigi ifade edilmigtir
(Karamenderes ve ark., 2006). C. urvillei ssp. urvillei
bitkisinin antimikrobiyal aktivite gostermemesi;
bitkinin toplanma zamani, cografi orjin, iklim,
mikroorganizma c¢esidi gibi faktorlere bagli olarak
degisikliginden kaynaklanabilecegi diistiniilmektedir
(Erecevit ve Kirbag, 2017).

Ayn1 zamanda C. urvillei ssp. urvillei metanol
ekstraktlarinin mikrodiliisyon teknigi kullanilarak E.
coli, Bacillus cereus, Salmonella enteritidis, S.
aureus bakterilerine kargi antimikrobiyal etki
gosterdigi ifade edilmistir (Khammar ve Djeddi,
2012). Yaptigimiz = ¢alisgmanin  sonuglari ile
karsilastirdigimizda; E. coli, S. aureus bakterilerine
kars1 gosterdigi antibakteriyel etki ile paraleldir.

Tekeli ve ark. (2011) antibiyotige direncli
bakterilerin ¢ok ciddi bir sorun olusturdugu ve
Centaurea ekstaktlarinin  bulagici  hastaliklarin
tedavisi icin potansiyel yeni ilaglara isaret ettigini
vurgulamgtir.

Bagka bir calismada ise C. urvillei subsp.
urvillei’nin metanol ekstraktinin E. coli (1000 mg
mL -! de) ve S. aureus’ a (2000 mg mL ™ de ) kars1
antibakteriyel aktivite gosterdigi ve dogal antibiyotik
kaynag1 olarak kullanilabilecegi ifade edilmistir
(Tekeli, Zengin, Aktiimsek, Sezgin, Torlak, 2011).
Bizim elde ettigimiz verilere bakildiginda; her iki
bakteri (E. coli ve S. aureus) i¢in uyumludur.

Farkli  Centaurea tiirlerinin  etkinlikleri,
irettikleri bilesikler, insan sagligi tizerine etkileri
konusunda pek ¢ok c¢alisma bulunmaktadir. C.
antiochia var. praealta’ nin Alzheimer hastaligini
tedavi etmek icin bir tibbi bitki olarak kullanilmasi ve
dogal antimikrobiyal ajan etkinliginin olmas1 (Ozsoy
ve ark. 2015), Centaurea tiirlerinden elde edilen
seskiterpen yapisindaki bilesiklerin sitotoksik ve
antitimoral 6zellikte olmalar1 (Dogan Sigva ve ark.,
2017), C. balsamita, C. calolepis, C. cariensis subsp.
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maculiceps, C. cariensis subsp. microlepis, C.
kotschyi var. kotschyi, C. solstitialis subsp.
solstitialis, C. urvillei subsp. urvillei ve C. virgata
tirlerinin antibakteriyel aktiviteye sahip olmalari
(Ozkan ve ark., 2016), C. wagenitzii, C. tossiensis, C.
luscaniana tiirlerinin igerdigi essansiyal yaglar (Kose
ve ark., 2008), Phlomis tiirlerinin igerdigi bu
sekonder bilesiklerin cesitliligi nedeniyle biyolojik
aktivite arastirmalart ile in vivo sartlarda
antidiyabetik, antialerjik, analjezik, antiiilserojenik
etkilerinin yanisira, in vitro sartlarda damar
koruyucu, antibakteriyel, antifungal etkileri ve
antikanser aktivitelerinin arastirilmast (Dogan Sigva
ve ark., 2017), C. antiochia Boiss var. praealta
(Boiss. & Bal.) Wagenitz 6ziitiiniin antioksidan, anti-
inflamatuar, asetilkolinesteraz (AChE) onleyici
olmasi, yara iyilestirici antimikrobiyal bir ajan olarak
da gorev almasi (Ozsoy ve ark., 2015), Elazig
Tirkiye'den endemik bir bitki olan Psephellus
pyrrhoblepharus (Boiss.) Wagenitz (C.
pyrrhoblephara)’un sitotoksik potansiyelini
degerlendirilmesi (Tastan ve ark., 2017), C. cynaus L.
ve C. depressa Bieb. Tiirlerinin esansiyal yag igerigi
arastirilmas:  (Kilig, 2015) C. amaena Boiss. &
Balansa ve C. aksoyi Hamzaoglu & Budak. fenolik
icerigi ve biyolojik aktivitelerinin karsilastirilmasi
(Albayrak ve ark., 2017), doért Centaurea L. tiiriiniin
yag asidi icerigi ve antioksidan aktivitesinin
degerlendirilmesi (Aktumsek ve ark., 2013) ile ilgili
bir ¢cok ¢alisma mevcuttur.
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C. urviilei’nin baska bir alt tiirii olan C. urviilei
subsp. stepposa’nin metanolik ekstarktinin zengin bir
fenolik icerige sahip oldugu ve diger Centaurea
tiirlerinin antioksidan etkisinin daha yiiksek oldugu
bagka bir caligmada ifade edilmistir (Alper ve ark.

2021).

Farkli bir Centaurea turinin Bacillus,
Pseudomonas,  Staphylococcus,  Streptococcus,
Salmonella, Enterobacter, Enterococcus,
Acinetobacter ve Escherichia cinsi lizerinde
antibakteriyel = etki  gosterdigi  belirtilmistir

(Fattaheian-Dehkordi ve ark.,2021).

SONUCLAR

Daha 6nce bu Centaurea tiiriiniin kullanilabilir
kisimlarinin bakterilerden; K. pneumoniae klinik
izolati, E. faecalis maya olarak; C. albicans, C.
glabrata, C. tropicalis, dermatofit fungus olarak; E.
floccosum, T. rubrum suslarinin tiremesini engelleme
tizerindeki  antimikrobiyal etkilerini inceleyen
herhangi bir arastirma yapilmamastir.

Bu ¢alismada C. urvillei’nin hastalik yapan
mikroorganizmalara  kars1  antibakteriyel  ve
antifungal etkileri belirlenmistir. Bu nedenle
alternatif ila¢ c¢alismalarinda biyoaktif hammadde
olarak kullanilabilecegi 6nerilmektedir.
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Tablo 1. Oyuk agar yontemi kullanilarak C. urvillei DC. subsp. urvillei nin patojenik mikroorganizmalar
tizerindeki inhibitor etkileri

Mikroorganizmalar

Inhibisyon Bolgesi (uL)

Metanol ile
Hazirlanan C.

Standart Antibiyotikler

urvillei DC. subsp. Metanol
urvillei
E. coli 14.66+0.3 ¢ - 14.33+0.3*
S. aureus 12.66+0.3¢ - 14.33+0.3*
E. faecalis 12.66+0.3¢ - 18.33+0.3*
K. pneumoniae 11.66+0.3¢ - 19.66+0.3*
C. albicans 11.66+0.3¢ - 28. 33+0.33%*
C. glabrata 11.66+0.3¢ - 32.66+0.33%%*
C. tropicalis 8.66+0.3¢ - 34.66+0.33
E. floccosum 14.66+0.3¢ - 18.66+0.33%%*
T. rubrum 12.66+0.3¢ - 18.66+0.33%%*

Negatif Kontrol: metanol, Pozitif Kontrol: ampisilin sulbaktam (*) ve mikostatin (**) (100 pL ve 20ug disk™!). Negatif
kontrol: metanol. Zon ¢aplarinin yorumlanmasi (mm); zon ¢apt >11 mm (anlamh derecede hassas; p<0,0001; cd,
p<0.001 ; d), direncli= 8-10 c: p<0.01, duyarh degil (-) (a: p>0.05).

Tablo 2. Minimum inhibisyon konsantrasyonu ile (MIK:100 uL; mg mL-*) C. urvillei DC. subsp. urvillei nin
inhibitor etkisi

Mikroorganizmalar

Inhibisyon Bolgesi (uL)

Metanol ile Hazirlanan C. urvillei DC. subsp.

urvillei’nin MiK Degerleri

E. coli 6.25
S. aureus 125
E. faecalis 12.5
K. pneumoniae 25
C. albicans 25
C. glabrata 25
C. tropicalis 100
E. floccosum 6.25
T. rubrum 12.5

522



Int. J. Pure Appl. Sci. 7(3):517-525 (2021) IJPAS

ijpas@munzur.edu.tr
Research article/Arastirma makalesi ISSN: 2149-0910

DOI: 10.29132/ijpas.988385

. tropicalis E. floccosum T. rubrum

Sekil 1. Minimum inhibisyon konsantrasyonu (MiK:100 uL) ile C. urvillei DC. subsp. urvillei’nin antimikrobiyal
6zelliginin mikrotiter’deki goriiniisi

NOT: Mikrotiter da sekiz kuyu vardir. 1. kuyucuk; C. urvillei DC. subsp. urvillei’nin tizerine eklenmis
mikroorganizma kiiltiirleri. Seyreltmeler mikrotiter i¢indeki 2. 7. ile 8. kuyucuklardan yapilmustir. 2. ile 7. kuyucuklardan
broth besiyeri ortami+(100, 50, 25, 12.5, 6.25, 3.75 mikrolitre metanol de hazirlanan C. urvillei DC. subsp. urvillei
+mikroorganizma kiiltiirleri). G harfi ile isaretlenmis kuyucuklar, metanol i¢inde ¢6ziinmiis C. urvillei DC. subsp.
urvillei’nin 100 pL den 6.25 pl’ye kadar olarak adlandirilan konsantrasyonlaridir.
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CIKAR CATISMASI BEYANI
Yazar/ Yazarlar bu makale ile ilgili herhangi bir
cikar catigmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazar/Yazarlar bu ¢alismanin arastirma ve yayimn
etigine uygun oldugunu beyan eder.
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Abstract

In the literature, various studies have been carried out for different nonlinear modeling strategies to model the
response of such composite column members subjected to dynamic loads. In studies of concrete filled steel tubes elements
with software using a finite element method such as ABAQUS, ANSYS and LS-DYNA, which have been used in the
literature in recent years, it is seen that steel and concrete components are generally modeled separately with the help of
plate, shell, or solid elements. To simulate the interaction between these element models, the help of some other connector
or interface elements is needed. Therefore, the biggest disadvantage of using commercial packages is that very complex
calculations arise by using much smaller parts of the element to be analytically modeled and the interaction structures to
be produced between them. As a result, the necessity of computationally intensive and at the same time long-term work
emerges. Within the scope of this study, it is aimed to calculate composite columns faster and more accurately as possible
by using fiber section elements and standard material models under axial loading effects. It was observed that the selected
parameters had a significant effect on the results obtained.

Keywords: Composite column, fiber section, material model

Eksenel Yiik Altinda Kompozit Kolonlarin Davranisimin Analitik
Degerlendirilmesi

Oz

Literatiirde, dinamik yiiklere maruz kalan bu tiir kompozit kolon elemanlarinin tepkisini modellemek i¢in farkli
dogrusal olmayan modelleme stratejileri igin gesitli ¢aligmalar yapilmigtir. Literatiirde son yillarda kullanilan ABAQUS,
ANSYS ve LS-DYNA gibi bir sonlu elemanlar yontemi kullanan yazilimlar ile beton dolgulu ¢elik tiip elemanlarina ait
calismalarda, ¢elik ile beton bilesenlerin genellikle plaka, kabuk veya kati elemanlarin yardimi ile ayri ayrn
modellendikleri goriilmektedir. Bu eleman modellerinin aralarindaki etkilesimi simiile etmek i¢in bazi diger baglayici
veya arayiiz elemanlarmin yardimina ihtiya¢ duyulmaktadir. Dolayisiyla, ticari paketler kullanmanin en biiyiik
dezavantaji, analitik olarak modellencecek elemana ait cok daha kii¢iik parcalar kullanilarak ve bunlar arasinda tiretilecek
olan etkilesim yapilari nedeniyle ¢ok karmagik hesaplamalar ortaya ¢ikmaktadir. Sonug olarak hesaplama agisindan yogun
ve ayn1i zaman uzun siireli ¢alisma gerekliligi ortaya ¢ikmaktadir. Bu ¢alisma kapsaminda kompozit kolonlarin eksenel
diisey etkiler altinda fiber kesitli elemanlar ve standart malzeme modelleri kullanilarak daha hizli ve miimkiin oldugunca
daha dogru hesaplanmasi hedeflenmistir. Segilen parametrelerin elde edilen sonuglar {izerinde 6nemli derecede etkili
oldugu gozlemlenmistir.

Anahtar Kelimeler: Kompozit kolon, fiber kesit, malzeme modeli

INTRODUCTION

Concrete-filled steel column (CFST), which is
reinforced by confinement effect with elements with
steel tube sections and enhanced by utilizing the
superior properties of concrete and steel, is normally
used in concrete columns to meet the extra stresses
that may occur due to structural effects. This
technique can be used in the literature to increase the
strength of an existing column in the structure, or it

can be produced as a new element in high-rise
buildings with large spans or designed on a large
scale. (Etli & Giineyisi, 2020, 2021; Li et al., 2018;
Matsui, 1986). The higher ductility, higher rigidity
and higher strength provided by CFST elements are
used in earthquake resistant structures of these
structures or in the construction of bridge piers that
are often exposed to impact and dynamic loads (Etli
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& Giineyisi, 2020, 2021;
Shanmugam & Lakshmi, 2001).

Experimental studies have been carried out on
the behavior of CFST elements with different cross-
section properties and geometries, such as circular,
rectangular, elliptical, and square sections, under pure
axial and eccentric compression, tension, and
torsional forces, recently studied with CFST elements
(Han et al., 2006, 2011, 2014; Lee et al., 2009; Ou et
al., 2011; Perea et al., 2013; Shanmugam & Lakshmi,
2001). Also, different codes (ACI (ACI 318-08,
2008), AISC (AISC, 2003) and EC4 (EN 1994-1-1,
2004)) included design provisions for CFST columns.

Many parameters affect the structural behavior
of CFST elements, such as L/D and Di/t ratios (L
length, D core diameter and t wall thickness), material
properties such as concrete strength and steel yield
strength. Experimental evaluation of all these effects
is not only expensive, but also very time-consuming.
Therefore, in these elements, nonlinear finite element
simulation approach may be the best solution to
examine and account for all the effects mentioned
(Liang & Fragomeni, 2009).

In the literature, various studies have been
conducted for different nonlinear modeling strategies
to model the response of such composite column
elements subjected to dynamic loads. In the modeling
of CFST elements with a finite element package such
as ABAQUS, ANSYS and LS-DYNA, steel and
concrete components are generally modeled
separately using a plate, shell, or solid elements.
Then, these element models are combined with some
binder or interface elements to simulate the
interaction between steel and concrete. (Ellobody &
Young, 2006; Ge & Usami, 1994; Han et al., 2007;
H.-T.Huetal.,2003; H. T. Hu et al., 2005; Schneider,
1998; Thai & Kim, 2011; Ly et al., 2021; Asteris et
al.,, 2021; Ayough et al., 2021). The main
disadvantage of using commercial packages is that
the structures become very complex due to very
finely divided into smaller pieces and are therefore
computationally intensive. In addition, it is difficult
to properly and adequately model the composite
behavior that occurs between steel and concrete, i.e.
the interaction between concrete and steel materials,
which is necessary to show interoperability limits
(Thai & Kim, 2011). Many composite beam and
column models with different cross-sections have
been developed by researchers in the literature under
different behavior models. Tomii and Sakino (Tomii

Lee et al., 2009;
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& Kenji, 1979) presented an analytical model for
beams and columns produced as CFST with the help
of elastic-plastic analysis. Considering the mentioned
models and their experimental studies, detailed
models for stress-strain developed by considering
boundary effects for concrete confinement with steel
pipe elements in CFST element are proposed. Hajjar
et al. (Hajjar et al., 1998) proposed a model using a
distributed plastic finite element based on fiber
elements to perform nonlinear inelastic analysis of
CFST beam columns.

In this study, CFST column elements were
modeled in 3D with fiber section modeling technique
and inelastic force-based frame element type
elements were modeled in  SeismoStruct
(SeismoStruct, 2015) software. Some experimental
studies under axial force in the literature were
modeled using material models commonly used in the
literature in element models, and the results obtained
were examined comparatively.

MATERIAL AND METHODS

Within the scope of the study, the material
models frequently found in the literature were used to
evaluate the behavior of these elements quickly and
reliably by making use of the square section column
elements examined under axial force in the literature.
While the Mander (Mander et al., 1988) concrete
model was used for the concrete in the core parts of
the CFST elements, square steel tubular elements
were used in the outer parts. In these steel parts, the
bilinear steel model and Ramberg-Osgood
(Gadamchetty et al., 2016) steel material models,
which are widely used in the literature, are used. The
technical information and calculation techniques of
the models used are presented in detail below.
Material models

The concrete model used in this study was
developed by Martinez-Rueda and Elnashai
(Martinez-Rueda & Elnashai, 1997), and a concrete
model that considers the behavior of concrete under
cyclic loads was used while the model was being
obtained. This model is defined as “con_ma” within
the SeismoStruct software. In this study, the
confinement effect on CFST columns is provided by
steel SHS (square hollow section) at the outermost
part of the element. The confinement effect is defined
by the k. value in the selected concrete model of the
SeismoStruct (Seismosoft, 2018) software. The
confinement factor Kk is described as the ratio of the
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compressive strength of the confined concrete model
to the plain concrete strength. The confinement effect
on the concrete cores of the CFST columns is
provided by the steel SHS at the outermost part of the
member. The k. value obtained from the confinement
effect calculations is reflected in the concrete model
of the SeismoStruct (Seismosoft, 2018) software.

The calculation methods given by Sakino et al.
(Sakino et al., 2004) were used in the calculations of
the axial pressure load capacity. While obtaining the
equation, it is assumed that the strength capacity of fc.
confined concrete, which is used in the calculation of
the strength of the confined concrete, is calculated by
Equation 1. In addition, the strength reduction factor
was calculated with Equation 2 (Liang, 2009). In
addition, the confinement coefficient given by k was
considered as 4.1, as stated by Richart (Richart et al.,
2005). On the other hand, f,r confining stress (lateral
pressure), yy (strength reduction factor for concrete),
f-c (strength of confined concrete), f.’ (concrete
compressive strength), f;,, (vielding strength of steel)
is given in Equation 3 (Sakino et al., 2004).

fee =7Yu xfc,+kxfcr (1)

yu=185xB. %135  085<y,<1 (2

_2><t2><(B—t)><fsy

53 @)

cr

The term B in the equation is the section width
of SHS, while B, refers to the section width of the
concrete core, t is the thickness of section. In addition,
the £, (Strain at maximum stress of concrete) value
calculated for plain concrete is calculated as given in
Equation 4 (Sakino et al., 2004).

£co = 0.94 % (0.85 x £,)025 x 1073 @)
0.002 < g, < 0.0022

For the structural steel forming the outer shell of
the CFST element, two commonly used models,
Bilinear steel model and Ramberg-Osgood steel
model, were used. The strain-hardening modulus in
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the Bilinear steel model was used as in Annex C EC3
(EN 1993-1-1, 2005), Kemp et al. (Kemp et al., 2002)
and literature. In the Ramberg-Osgood steel model,
the parameter n is calculated by Equation 5 and taken
from literature.

_ log(fu) — log(fiy)
n=
log(es,) — log(esy)

()

It is suggested by EN 1993-1-5 (EN 1993-1-1, 2005),
that the strain hardening coefficient () is 0.01 in the
approach of steel material behavior. On the other
hand, Kemp et al. (Kemp et al., 2002) recommended
that it be taken as 0.013. This value was taken as
0.005 and worked with structural analysis (Elghazouli
et al., 2008). In the studies by Wang (2011), 0.013
remained very high (for steel elements), while the
value of 0.01 converged, but still gave high results. In
the context of the subject, it is important to examine
the effect of concrete on this situation in composite
elements.

As a result, strain hardening parameter is used in
calculations as 0.005, 0.01, and 0.013 for Bilinear
steel model, while in Ramberg-Osgood steel model,
in addition to the value found by calculation, n=20
value, which is widely used in the literature, was used
for examination purposes in the models.

While fy and &5 are the yield stress and
elongation of the steel, respectively, fy and &g, are
given as the ultimate stress and elongation of the
steel, respectively. SeismoStruct software images of
Mander concrete model, Bilinear steel model and
Ramberg-Osgood steel models are given in Figure 1.

The column elements are modeled with the
inelastic force-based frame element type. This is a
force-based 3D beam-column element type that can
model elements of space frames with geometric and
material nonlinearities. In this element modeling
technique, element sections are divided into fiber
elements as given in Figure 2a. It also uses distributed
elasticity elements as shown in Figure 2b during
calculations. Distributed elasticity elements are
widely used in earthquake engineering applications
for both research and professional engineering
purposes.
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Figure 1. Material models view from SeismoStruct software a) Mander concrete model, b) Bilinear steel model
and ¢) Ramberg-Osgood steel model
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Figure 2. View from SeismoStruct software a) CFST column fiber section and b) Gauss sections
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Table 1. Specimen properties

Spe::lljmen References fea (MPa) | fy(MPa) | Es(MPa) | b (mm) | t(mm) | I (mm) | v
4LN 18.1 2943 | 203067 | 150 43
AMN (Tomii et al., 1977) 278 2943 | 203067 | 150 43
4HN 36.4 2943 | 203067 | 150 43 450
CR4-A-2 254 2612 | 213000 | 1484 | 4.38
CR4-A-4 (Baba et al., 1995) 405 2612 | 213000 | 1484 | 4.38
27 (Grauers, 1993) 33 379 200000 | 250 8 500
s1 30.454 356 180518 | 127 3.15
2 (Srinivasan & Schneider, —26.044 357 190164 | 127 434
s3 1096) ' [ 23.805 322 205322 | 127 455 | 609.6 |
sS4 23.805 312 203944 | 127 567 3
S5 23.805 347 204633 | 127 7.47
Al (Ding et al., 2016) 35 257 206000 | 240 4 720
I-A 32 194 210000 | 100 2.29
I-A i . 21 339 218000 | 100 22
HI-A (Tomii & Sakino, 1979) 21 288 210000 | 100 2.99 300
IV-A 20 284 230000 | 100 4.25
CR4-A-4-1 . - 405 262 210000 | 148 438
CR4-C-4-1 (Sak'“ol‘g‘sgh'b%h" 411 262 210000 | 215 438 323
CR4-D-4-1 411 262 210000 | 323 438

Within the scope of the study, the material and cross-
sectional properties of the experimental studies taken
from the literature are given in Table 1. In Table 1,
concrete compressive strength, steel yield strength,
and Poisson ratio are given, respectively, with the
symbols fc, fsy, Es and v belonging to the experimental
studies taken from the literature. In addition, section
width, wall thickness and element heights are
classified with b, t, and | symbols, respectively, in
Table 1.

RESULTS AND DISCUSSION

The k., €co and n coefficients calculated from the
data collected (Table 1) within the scope of the study.
Using the data, the data obtained from the
SeismoStruct software are presented on the graph
together with the graphs obtained from the
experimental results are given in Figure 3.

The results obtained by using the data obtained
by the SeismoStruct software were mutually
evaluated. A total of 5 graphs were calculated for
each experimental element, with 3 strain hardening
coefficient (uw) for Bilinear steel model and 2 n
coefficients for Ramberg-Osgood. In addition, 3
coefficients were obtained during the comparisons.
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Figure 3. Axial displacement-load graph obtained from SeismoStruct software vs. experimental results
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Table 2 Nul[yexp/Nul[ySeismoStruct COfoICIentS

NuIt,exp/NuIt,SeismoStruct

Bilineer steel model Ramberg Osgood model

Specimen ID Nuitexp (KN) p=0.005 p=0.01 p=0.013 Ncalculated n=20

4LN 1128.570 0.997 0.993 0.951 0.966 0.984

AMN 1278.570 0.973 0.969 0.967 0.961 0.968

4HN 1504.760 1.019 1.016 1.015 1.015 1.018

CR4-A-2 1167.860 0.992 0.988 0.985 0.968 0.982

CR4-A-4 1375.300 0.945 0.942 0.941 0.936 0.942

27 4850.950 1.020 1.017 1.015 1.019 1.019

S1 912.338 0.898 0.896 0.895 0.909 0.909

S2 1088.260 0.925 0.922 0.920 0.917 0.919

S3 1103.880 1.002 0.996 0.967 0.974 0.985

S4 1222.730 0.968 0.957 0.946 0.914 0.937

S5 2061.690 1.161 1.054 0.998 1.105 1.131

Al 2596.840 0.969 0.967 0.966 0.970 0.970

I-A 498.708 1.050 1.047 1.045 1.051 1.042

1-A 512.432 1.028 1.025 1.024 1.030 1.031

1HI-A 530.081 0.975 0.970 0.968 0.952 0.964

IV-A 667.442 0.981 0.933 0.892 0.911 0.947

CR4-A-4-1 1432.870 0.987 0.984 0.983 0.978 0.984

CR4-C-4-1 2318.060 0.896 0.894 0.893 0.895 0.898

CR4-D-4-1 4944.470 0.996 0.995 0.994 1.000 0.999
Firstly,  Nugexp/Nug,seismostuce  are  calculated — graphic values to the values obtained from theoretical

(Table 2), while Nugexp and Nuiseismostuct Values
represent the ultimate axial loading capacities
obtained from experimental and SeismoStruct
calculations, respectively. If the values of the
Nutt,exp/ Nutt seismostruct parameter are examined, in the
analysis obtained, the strain hardening coefficient for
the Bilinear steel model is 0.005, with more than 52%
of the samples reaching the values closest to the
experimental data, but the obtained values converge
between 0.2-7.5%. In the models made with Ncaiculated
coefficients together with the Ramberg-Osgood
model, only 10% gave the values closest to the
experimental results. On the other hand, all the results
obtained from theoritically converge to the
experimental results between 0.04-16.1%. The
highest diverge was obtained in the models made with
Neaiculated  COEFFicients together with the Ramberg-
Osgood model for 42% of the elements (Table 2).
Secondly, Nexp/Nseismostruct Values were calculated
(Table 3), as average of the ratio of experimental axial
loading capacities (Nex) to  SeismoStruct
experimental axial loading capacities (Nseismostruct) for
each increasing strain value of 0.001. The
Nexp/Nseismostruct Value acts as a kind of scaling factor.
It can be considered as a scale of experimental

calculations. Similar to the Nuitexp/Nuitseismostruct
parameter value, the highest convergence was
observed in 52% of the elements when the p value
used in the Bilinear steel model was 0.005. These
convergence values vary between 2-17%. On the
other hand, when the nNcacuaed parameter with
Ramberg-Osgood is used, more than 63% of the
theoretical modeling studies are among the most
divergent values according to the experimental
results, and this divergence rate is in the range of 6-
22% (Table 3).

Finally, the Acxp/Aseismostruct COefficient (Table 4)
indicates the ratio between the area under the graph
obtained experimentally (Aexp) and the area under the
graph obtained theoretically from SeismoStruct
(Aseismostruct)- Aexp/ ASeismoStruct value was evaluated as a
second scaling coefficient within the scope of the
study. It was evaluated as the ratio of the value of the
area under the experimental axial displacement and
load change graph to the value calculated as the graph
area obtained from the theoretical calculations.
Similar to the value of the Nexp/Nseismostruct parameter,
the highest convergence was observed in 52% of the
elements when the p value used in the Bilinear steel
model was 0.005. These convergence values vary
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between 1.5-16%. On the other hand, when the among the most divergent values according to the
Nealculated Parameter with Ramberg-Osgood is used, experimental results, and this divergence rate is in the
more than 57% of the theoretical modeling studies are  range of 4-22%.

Table 3 Nexp/NSeismoStruc[ CoefﬂC'entS

Nexp /NSeismoStruct

Bilinear steel model Ramberg Osgood model
Specimen ID u=0.005 u=0.01 pu=0.013 Necalculated n=20
4LN 0.920 0.879 0.856 0.846 0.886
4MN 0.908 0.868 0.847 0.836 0.875
4HN 1.026 0.978 0.953 0.942 0.988
CR4-A-2 1.037 0.984 0.956 0.942 1.002
CR4-A-4 1.094 1.035 1.004 0.990 1.056
27 0.951 0.913 0.892 0.918 0.914
S1 0.977 0.957 0.946 0.941 0.946
S2 0.919 0.902 0.889 0.887 0.893
S3 0.935 0.896 0.876 0.876 0.900
S4 0.852 0.916 0.829 0.810 0.825
S5 1.060 1.008 0.980 1.005 1.021
Al 0.943 0.923 0.911 0.886 0.917
I-A 1.093 1.065 1.048 1.111 1.062
1I-A 0.958 0.936 0.924 0.915 0.928
1-A 0.826 0.807 0.796 0.776 0.800
1V-A 0.937 0.903 0.883 0.867 0.904
CR4-A-4-1 1.167 1.105 1.071 1.056 1.126
CR4-C-4-1 1.138 1.076 1.043 1.029 1.098
CR4-D-4-1 1.280 1.212 1.176 1.161 1.237

Table 4 Aexp/ASeismoS[ruct COfoICIentS

Aexp/AseismoStruct

Bilineer steel model Ramberg Osgood model
Specimen ID p=0.005 p=0.01 p=0.013 Nealculated n=20
4LN 0.933 0.892 0.869 0.858 0.899
4MN 0.925 0.886 0.864 0.854 0.893
4HN 1.036 0.993 0.968 0.957 1.001
CR4-A-2 1.054 1.002 0.973 0.961 1.020
CR4-A-4 1.100 1.046 1.016 1.004 1.065
27 0.966 0.929 0.908 0.934 0.930
S1 0.985 0.967 0.956 0.951 0.956
S2 0.929 0.911 0.899 0.897 0.903
S3 0.949 0.911 0.889 0.890 0.915
S4 0.887 0.939 0.865 0.848 0.863
S5 1.078 1.025 0.996 1.022 1.039
Al 0.929 0.912 0.903 0.879 0.906
I-A 1.115 1.088 1.072 1.132 1.085
11-A 0.976 0.953 0.939 0.930 0.944
I-A 0.841 0.818 0.805 0.784 0.812
IV-A 0.953 0.917 0.896 0.879 0.919
CR4-A-4-1 1.171 1.115 1.084 1.069 1.133
CR4-C-4-1 1.126 1.074 1.045 1.031 1.091
CR4-D-4-1 1.251 1.198 1.168 1.153 1.214
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Experimental studies on some parameter
changes in the sample, such as b/t changes, have been
made on the effect of these parameters. In the
analytical analysis methods used in the studies
examined, if new models are proposed to affect this
parameter on material models, the convergence is
greater (Sakino et al., 2004). However, only the
general material model is available in SeismoStruct.
The aim of the study is to model the behavior of
composite sections easily by the user using practical
material models. For this reason, it can be observed
that there are divergences between analytical results
and experimental results in some models.

CONCLUSION

Experimental studies of CFST elements
produced with SHS selected from the literature were
re-examined using modeling techniques in
SeismoStruct software. When the results of these
material models and modeling technique, which are
widely used in the literature, are examined
comparatively within the scope of the study, the
following conclusions are reached.

e When the p value used in the Bilinear steel

model is taken as 0.005, the best
convergences are obtained for
Nutt,exp/Nuit,seismostruct,  Nexp/Nseismostruet  and

Aexp/ Aseismostruct parameters in many modeled
elements. This value is frequently used in
theoretical and analytical analysis in the
literature.

e For the Nuitexp/Nuitseismostruct parameter, the
change depends on the change in the p and n
parameters, but diverges up to 16%. In
addition, when we look at the general results,
this value has an average of 4-5%
convergence for all.

e When the Nexp/Nseismostruct parameter is
examined, the closest values are obtained
when the p value used in the Bilinear steel
model is taken as 0.005, while the most
divergent values diverge up to 28% from the
experimental data when the n value used in
the Ramberg-Osgood steel model is taken as
Ncalculated. ON the other hand, although there is
an average of 8-10% error margin in p and n
values, a convergence between 0.2-2.5% is
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observed, but a divergence range of 20-28%
is also observed.

e Finally, when the Aexp/Aseismostruct parameter
is examined, the closest values are obtained
when the p value used in the Bilinear steel
model is taken as 0.005. Similar to the
Nexp/Nseismostruet ~ parameter,  the  most
divergent values diverge up to 25% from the
experimental data when the n value used in
the Ramberg-Osgood steel model is taken as
Ncalculated. ON the other hand, an average of 8-
9.5% margin of error occurs in mu and n
values. In addition, while a convergence of
0.05-1.6% is observed in the most
converging models, a divergence range of 19-
25% is observed in the models where the
largest differences occur.
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