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Dergi Hakkinda / About Journal

Bitlis Eren Universitesi Fen Bilimleri Dergisi, miihendislik ve temel bilimler alanlarindaki gelismeleri
ve yenilikleri takip etmek, meslek kuruluslarinin, arastirmacilarin ve bireylerin ulusal ve uluslararasi
gelisimlerine katkida bulunmak ve bu alanlarda elektronik bir kaynak olusturmak amaciyla
yayimlanmaktadir. Derginin yazim dili Tiirk¢e veya Ingilizcedir. Fen Bilimleri Dergisi, Bitlis Eren
Universitesi Lisansiistii Egitim Enstitiisii yaymn1 olup, 2012 yilindan bu yana iicretsiz ve acik erisimli
olarak yayin hayatina devam etmektedir. Miihendislik ve temel bilimlerin bilgi tabanina ve teknolojik
gelismelere 151k tutmasi amaciyla bu alanlarda yapilmis deneysel ve teorik ilerlemeleri konu alan 6zgiin
aragtirma makalelerine, derlemelere ve teknik notlara yer verilmektedir. Dergiye goénderilen
calismalarin benzerlik orani %15’i gegmemelidir. Yazim kurallarina uymayan makaleler, hakemlere
gonderilmeden once diizeltilmek {lizere yazara geri gonderilir. Bu nedenle, derginin yazim kurallar
dikkate alimmalidir. Ayrica, editorlerden yazarlara iletilen diizeltmelere veya taleplere 15 giin icerisinde
cevap verilmedigi takdirde ilgili makaleler reddedilir. Makaleler sekiller ve tablolar dahil 20 sayfayi
gecmemelidir. Dergiye yayin i¢cin gonderilen makaleler en az iki hakem tarafindan degerlendirilir.
Yazarlardan hakem Onerisi talep edilmemektedir. Makalelerin dergide yayimlanabilmesi i¢in hakemler
tarafindan olumlu goriis bildirilmesi gerekmektedir. Dergi Editér Kurulu, hakem raporlarmni (iki
hakemin degerlendirmeleri geldikten sonra) dikkate alarak makalelerin yayimlanmak tizere kabul edilip
edilmemesine Kkarar verir. Fen Bilimleri Dergisi, yilda dort defa (Mart, Haziran, Eylil, Aralik)
yayimlanmaktadir. Dergimiz Tiibitak-Ulakbim Miihendislik ve Temel Bilimler Veri Taban Dergi
Listesinde taranmaktadir.
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Arastirma Makalesi / Research Article

Ev I¢i Radon Aktivite Konsantrasyonu ve Kanser Riski

Pelin OTANSEV™

Istanbul Universitesi, Fen Fakiiltesi, Fizik Boliimii, Istanbul
(ORCID: 0000-0003-0766-649X)

Oz

Bu ¢alismada, Istanbul ilinin cesitli semtlerinde ev ici radon aktivite konsantrasyonlar1 LR-115 pasif iz detektorler
kullanilarak belirlendi. Kasimpasa bolgesindeki binada en yiiksek radon konsantrasyonu 100.40 Bq m™ deger ile
1. katta belirlenmistir. Sefakdy’ deki binada radon konsantrasyonu binanin 5. kat1 harig iist katlara dogru azalmstir.
5. katta radonun yiiksek olmasmmin nedeni zayif havalandirma olabilir. Bahgelievler’ de 1. Kkattaki radon
konsantrasyonu 5. kattan daha yiiksektir. Esenyurt’ ta 2. kattaki radon aktivitesi 1. kattan daha yiiksektir ve bu
havalandirma sartlarmdan kaynaklanabilir. Kasimpasa, Sefakdy, Bahgesehir, Bahgelievler ve Esenyurt’ taki
binalarda belirlenen radon aktivite konsantrasyonlar1 Tiirkiye Atom Enerjisi Kurumu tarafindan belirlenen 400 Bq
m limit degerin altindadir. Kolmogorov-Smirnov normalite testine gére, binalarda belirlenen radon aktivite
konsantrasyonlar1 normal bir dagilim gostermektedir. En diisiik ve en yiiksek yillik etkin doz esdegeri 0.8 m Sv y
1 ve 3.17 m Sv y* olarak belirlendi. Kanser risk degerleri 0.28 x 1072 ve 11.10x107® arasinda elde edildi.

Anahtar kelimeler: Radon, Kanser riski, Istatistik parametreler.

Indoor Radon Activity Concentration and Cancer Risk

Abstract

In this study, indoor radon activity concentrations in various districts of Istanbul province were determined using
LR-115 passive track detectors. In the building in Kasimpasa region, the highest radon concentration was
determined in the 1st floor with a value of 100.40 Bq m=. In the building in Sefakdy, the radon concentration
decreased towards the upper floors except the 5th floor of the building. The reason why radon is high in the 5th
floor may be poor ventilation. In Bahgelievler, the radon concentration in the 1st floor was higher than the 5th
floor. In Esenyurt, the radon concentration in the 2nd floor was higher than in the 1st floor, and this may be due to
ventilation conditions. The radon activity concentrations determined in buildings in Kasimpasa, Sefakoy,
Bahgesehir Bahgelievler and Esenyurt were below of 400 Bq m™ limit value declareted by the Turkish Atomic
Energy Agency. According to the Kolmogorov-Smirnov normality test, the radon activity concentrations
determined in the buildings show a normal distribution. The lowest and the highest annual effective dose equivalent
were determined as 0.8x 102 and 3.17x10 m Sv y*. Cancer risk values were obtained between 0.28 x 107 and
11.10x10°3,

Keywords: Radon, Cancer risk, Statistics parameters.

1. Giris

Biitiin canlilar, karasal kokenli iyonlastirict radyasyon ve giines sisteminden kaynaklanan kozmik
1isinlarm zararl etkilerine maruz kalmaktadir.

4,5 milyar y1l 6nce diinyanin olusumundan bu yana toprakta dogal olarak mevcut olan ve
topragin radyoaktif olmasina neden olan dogal radyoniiklitlerden en dnemlileri U, #*Th ve “K dur.
Bu radyoniiklitlerin ¢evrede dagilimm bolgenin jeolojisi ve cografi durumuna bagh olarak degismektedir
[1, 2]. Radonun dogada en gok bulunan iki izotopu ?Rn ve ?°Rn’dir. *?Rn, yar1 dmrii 4,56x10° y1l olan

*Sorumlu yazar: pelins@istanbul.edu.tr
Gelis Tarihi: 30.01.2021, Kabul Tarihi: 29.04.2021
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ve yer kabugunda dogal olarak bulunan radyoaktif >**U 'in bozunma zincirinin bir halkasidir. Sekil 1°de
uranyumun bozunma zinciri verilmistir.

o B,y By o

2B u o 238 ™ »23% Pa "T %32 v J »{ 239 T™h
5x10° yil 25 gun 7 saat 2.7.100

Uranyum Toryum Protaktinyum Uranyum Toryum

Bx10 yil L

gy o o o,y o,y

214 - t‘ 214 T‘ 218 T— T— 226
Bi | Pb |4 Po 222 on Ra
ac 27 dak. | 82 3 dak 84 agon L 86 100 yil 9%

Bizmut Kurgun Palonyum Radon Radyum

‘Jl 20 dak
Py

a B.y 3] «
214 -I 210 —T & J J
Po Pb »| 210 210 »| 206
84 82 Bi Po > Pb
16x10+ 22yl 83 5 gun 84 138 gln 82
Polonyum Kurgun Bizmut Kurgun

(Kararh Izotop)

Sekil 1. Uranyumun bozunma zinciri [3].

222Rn, yar1 omrii 3,8 giin olup renksiz, tatsiz ve kokusuz radyoaktif bir soy gazdir [4]. Radon
havadan yaklasik 7 kat daha agirdir [5]. Tablo 1°de ?*Rn’ nin fiziksel sabitleri verilmistir. 2°Rn (toron)
ise 22Th’un bozunum serisinde yer almaktadir [1]. ?*Rn, 55 saniyelik ¢ok kisa yar1 émiire sahip
oldugundan dogal ortamda radona gore ihmal edilebilecek kadar az bulunur.

Tablo 1. 22Rn’nin fiziksel sabitleri.

Atom agirhigi 222

Atom numarast 86

Kaynama noktasi -62°C

Kritik basing 6.28 MPa
Yogunluk 0.00973 g cm®
Ergime noktast -71°C

Topraktaki radon, bina zeminindeki c¢atlak ve bosluklar gibi yapisal kusurlardan dolay1 bina
icine kolaylikla niifuz edebilir. Radon, diisiik konsantrasyonlarda olsa da yapi1 malzemelerinde de
bulunur. Binalarda beton veya duvarlarda kullanilan malzemelerin uranyum igerikleri i¢ mekan radon
konsantrasyonunu biiyiik 6l¢iide etkileyebilir. Radonun suda ¢6ziinebilme yetenegi diger soy gazlardan
daha yiiksektir. Bu nedenle yeralt1 sularinda yiiksek konsantrasyonlarda radon bulunabilir. Bu ise yeralti
suyunu kullanan insanlarda énemli saglik sorunlar1 olusturabilir. Ayrica radon, sudan ayrigsarak ortama
yayilabilme 6zelligi gostermektedir. Evlerde dogal gazin kullanilmasi radon konsantrasyonunu artiran
bir diger etmendir. Radon dogalgazin iginden ayrisarak ortama yayilabilmektedir [6]. Mevsimsel
degisiklikler, bina i¢-dis basing farki, binanin bulundugu ana kayanin 6zellikleri, bu kayanin gegirgenligi
ve gozenekliligi, binanin toprakla temasta oldugu yiizeyin alani, binanin yalitimi, dogal gaz, ev i¢i
havalandirma kosullar1 ve ev sakinlerinin yasam tarzi radon konsantrasyonunu etkileyen faktorlerdir [1].
Sekil 2°de radonun evlere giris yollar1 goriilmektedir. Radondan kaynaklanan saglik sorunlarinin
artmasinin bir nedeni ise, enerji tasarrufu nedeniyle bina yalitim sistemlerinin daha iyi hale
getirilmesidir. Dolayisiyla, bina icine giren radon ortamda hapsedilmektedir. Bu ise radon
konsantrasyonunu arttirmaktadir. Sigara igmeyen insanlarda goriilen akciger kanserinin sorumlusunun
radon oldugu ifade edilmektedir. Uluslararasi Kanser Arastirma Kurumu (IARC), radonu grup 1
kanserojen olarak smiflandirmugtir [7]. Radon ortamdaki toz ve su damlaciklarina baglanir. Bu toz ve su
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damlaciklart solundugunda akcigerlerde birikir ve dokular alfa radyasyonuna maruz kalir. Sonugta,
dokunun DNA yapist bozulur ve kansere neden olur [8, 9]. Akciger kanseri ile viicutta biriken dozlar
arasinda dogrusal bir iligki vardir. Radon konsantrasyonunda 100 Bq m™ liik bir artigin akciger kanser
riskini % 8,4 oraninda artirdig1 bildirilmistir [10]. Diinya saglik orgiitiine gore, akciger kanseri nedenleri
arasinda radon sigaradan sonra ikinci sirada yer almaktadir [11]. Genelde insanlar zamanlarinin % 90’lik
kismini kapali ortamlarda gegirdikleri i¢in radona maruz kalmalari 6nemli bir problem olarak ortaya
cikmaktadir [12]. Radon arastirmalar1 1984 yilinda Tiirkiye Atom Enerjisi Kurumu tarafindan
baslatilmistir. Bu calismalar o zamandan beri devam etmektedir.

|~

]

f‘\ 1- Duvar arasi bosluklar
2. Zemindeki ¢atlaklar
1 f 3- Yap: baglanti noktalan

R J 4- Duvar ¢atlaklan
44_[_ 5- f¢me suyu
} - - \ ‘ ‘ 6- Asma Kkat bosluklan

7- Tesisat boru bosluklar:

L .
\ /
' o 9
Sekil 2. Radonun ev ortamina giris yollari [13]

Radon gazinin ortamdaki diizeyinin dogru sekilde 6l¢iilmesi radyasyondan korunma, uranyum
aramalar1 ve depremlerin 6nceden saptanmasi ¢alismalari i¢in olduk¢a 6nemlidir [1]. Bu nedenle, son
20 yilda diinyanin pek c¢ok iilkesinde kapsamli aragtirmalar yapilmaktadir [14, 4, 5, 15, 16, 17, 18, 19,
20, 21].

Bu ¢alismanin amaci, evlerde radon aktivite konsantrasyonunu belirleyerek, radon solunumu ile
alian yillik etkin doz esdegerini ve akciger kanser risklerini hesaplamaktir.

2. Materyal ve Metot
2.1. Radon Ol¢iim Yéntemi

Evlerde radon aktivite konsantrasyonu LR-115 pasif niikleer iz detektorler kullanilarak belirlenmistir.
Yontem, LR-115 detektorii tizerine garpan alfalarin detektor lizerinde meydana getirdigi hasar sonucu
gozle goriilmeyen izler birakmasi ve bu izlerin kimyasal iz kazima islemi ile biiyiitiilerek optik
mikroskopta sayilmasi esasina dayanmaktadir. LR-115 detektorler 2 cm x 2 cm boyutlarinda
hazirlanarak kodlanmis ve plastik kaplara yerlestirilmistir. Hazirlanan detektorler kis mevsimlerinde
evlerde 30 giin boyunca bekletilmistir. Detektor tizerinde olusan izlerin optik mikroskopta goriiniir hale
gelmesi icin, detektorlere kimyasal iz kazima islemi uygulanmigtir. Bunun i¢in % 10 NaOH ¢ozeltisi
hazirlanmis ve ¢ozelti sicaklign 60 °C oluncaya kadar etiivde bekletilmistir. Detektorler bu ¢ozelti igine
koyularak 60 °C sabit sicaklikta 95 dakika boyunca bekletilmistir. Bu siire sonunda detektorler alinarak
saf su ile yikanmis ve kurutulmustur. Detektor iizerinde olusan izler 10x10 biiyiitmeli optik bir
mikroskopta sayilmistir. Detektor iizerindeki iz yogunluklari iz sayis1 cm™ olarak belirlenmistir.
Detektorlerin kalibrasyonu, Tiirkiye Atom Enerjisi Kurumu (TAEK) Cekmece Niikleer Arastirma ve
Egitim Merkezi (CNAEM) Saglik Fizigi Boliimiinde bulunan radon kalibrasyon odasinda yapildi.
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Radon kalibrasyon odasinda, 225 L’ lik bir varilin tabaninda aktivite konsantrasyonu bilinen bir **Ra
kaynag1 bulunmaktadir. Radon kalibrasyon odasindaki aktivite 3.2 kBg m™ diir. Kalibrasyon faktorii
3.40 iz cm? (kBq)™* saat™ m® olarak belirlenmistir.

2.2. Yillik Etkin Doz Esdegeri

Yillik etkin doz esdegeri Esitlik (1) kullanilarak hesaplanmigtir.

YEDE =RAC xF xT xD (1)
Burada RAC radon aktivite konsantrasyonudur. F radon ve kisa yar1 6miirlii bozunma tiriinleri

arasindaki denge faktorii olup bina i¢i 1g1nlanmalar i¢in 0,4’ diir. T ev i¢i mesguliyet faktorii 0,8 (% 80)
diir. D ise doz doniisiim faktorii olup degeri 9,0 nSv h™/ Bq m 3 diir [1].

2.3. Kanser Riski

Yasam boyu kanser riski Esitlik (2) ile hesaplanmustir.

ELCR = YEDE xDL xRF )
Burada DL ortalama yasam siiresi olup 70 yil alimmustir. RF ise risk faktoriidiir. Radona maruz

kalan insanlardan elde edilen epidemiyolojik bulgular, akciger kanseri igin risk faktoriiniin radona maruz

kalma siiresine ve erisilen yasa gore biiylik ol¢iide degistigini ortaya koymustur. Bu bulgular 1s1ginda,

radon solunumundan kaynaklanan akciger kanser riskini tahmin etmek i¢cin ICRP tarafindan, halk i¢in
RF risk faktorii Sievert basina 0.05 olarak belirtilmistir [22].

2.4. Radon Konsantrasyonu Limit Degerleri

Cesitli tilkeler ve uluslararasi kurumlar tarafindan ev i¢i miisaade edilen radon aktivite konsantrasyonu
limit degerleri Tablo 2’de verilmistir. Ev i¢i radon konsantrasyonlarinin diizenli araliklarla dlciilerek
limit degeri asmasi1 durumunda 6nlemlerin alinmasi gerekmektedir.

Tablo 2. Cesitli iilkeler ve uluslararasi kuruluslarca belirlenen radon aktivite konsantrasyonu
limit degerleri (Bq m?) [12].

A.B.D. 150 Hindistan 150 Norveg 200
Almanya 250 Ingiltere 200 Rusya 200
Avustralya 200 [rlanda 200 Litvanya 100
Cin 200 Isveg 200 TAEK 400
Danimarka 400 Kanada 800 AB* 400
Fransa 400 Liiksemburg 250 ICRP** 400
Finlandiya 200 Isvicre 400 WHO*** 100

* Avrupa birligi, **Uluslararas1 Radyasyondan Korunma Komitesi, ***Diinya Saglik Orgiitii
3. Bulgular ve Tartisma

Bu caligmada evlerde belirlenen radon aktivite konsantrasyonlari, yillik etkin doz esdegerleri ve akciger
kanser riskleri Tablo 3°de verilmistir. Evlerde biriken radon gazinin ana kaynagi, binanin temas ettigi
topraktaki uranyum ve tiirevleridir. Binanin temasta oldugu zemin topragindaki uranyum igerigi, binanin
i¢ ve dis cephesinde kullanmilan malzemelerin uranyum igerikleri, binadaki dairelerin i¢ mekaninda
kullanmilan malzemelerin uranyum igerikleri, havalandirma kosullar1 ve dogalgaz tesisatmin yalitimm
radon konsantrasyonunu etkileyen parametrelerdir. Topraktan binaya radon girisi, binanin zemin, tugla,
beton ve catlaklarindan oldugu gibi baglant1 noktalarindan ve binaya giren tesisat c¢evrelerindeki
bosluklardan da olmaktadir. Tablo 3’den goriildiigii gibi Kasimpasa bolgesindeki binanin 1. katinda
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radon aktivite konsantrasyonu diger katlara nazaran daha yiiksektir. 1. kattaki radon aktivitesi 4. kattaki
radon aktivitesinden yaklastk 3 kat daha yiiksek belirlenmistir. 6. ve 8. Kkatlarda radon
konsantrasyonunun 4. kata gore daha yiiksek olmasinin nedeni, bina i¢inde ve disinda kullanilan yap1
malzemelerinin aym oldugu ve bu katlarda radon konsantrasyonunu artiracak farkli malzemelerin
kullamlmadigr g6z Oniine alindiginda havalandirma kosullar1 olabilir. Bu durum havalandirma
kosullarinin radon konsantrasyonunu azaltmada ne kadar 6nemli oldugunu gostermektedir. Sefakoy’ de
5. kat hari¢ diger katlarda radon aktivite degeri iist katlara dogru azalmaktadir. 5. kattaki degerin yiiksek
olmasinin nedeni benzer sekilde kotii havalandirma sartlari ile agiklanabilir. Aym sekilde, Esenyurt’ ta
binanm 2. Katindaki radon aktivitesi 1. Kata nazaran daha yiiksek belirlenmistir. Kapali ortamlarda
radonun izlenmesi amaciyla hem fiilkeler hem de uluslararasi kuruluslar tarafindan smir degerler
getirilmistir. Diinya saghk orgiitii (WHO) tarafindan verilen limit deger 100 Bq m™ diir [11]. Tiirkiye
Atom Enerjisi Kurumu (TAEK) tarafindan miisaade edilen radon konsantrasyonu limit degeri 400 Bq
m2[12] olup elde ettigimiz tiim degerler bu limit degerin altinda kalmaktadir. Diinya ortalamasima gore
karsilastirdigimizda, radon aktivite konsantrasyonlar1 Kasimpasa’ daki binanin 4. ve 8. kat1 harig¢ diger
kat ve binalarda diinya ortalamasi olan 46 Bq m™ [1]’den daha yiiksek elde edilmistir. Sekil 3’de ise
ilgelere gore radon aktivite konsantrasyonlari verilmistir.

Tablo 3. Kasimpasa, Sefakoy, Bahgesehir, Bahgelievler ve Esenyurt semtlerindeki
binalarda belirlenen radon aktivite konsantrasyonlar1 ve kanser risk degerleri.

RAC (Bq m?) YEDE (m Svy™) Kanser riski x 107

Kasimpasa

1. Kat 100.40 2.53 8.86

4. Kat 31.88 0.80 0.28

6. Kat 49.96 1.26 441

8.kat 42.90 1.08 3.78

Sefakoy

1.Kat 66.57 1.68 5.88

2.Kat 63.13 1.59 5.57

3.Kat 56.24 1.42 4.97

5.Kat 125.48 3.17 11.10
Bahcesehir

7.Kat 87.21 2.20 7.70

Bahcgelievler

1. Kat 83.69 2.11 7.34

5. Kat 74.09 1.87 6.55

Esenyurt

1. Kat 90.82 2.29 8.02

2. kat 102.77 2.59 9.07

Ortalama 75.01 1.89 6.43

Minimum 31.88 0.80 0.28

Maksimum 125.48 3.17 11.10
Medyan 74.09 1.87 6.55

Standart Sapma 26.65 0.67 2.77

Carpiklik 0.18 0.18 -0.56
Basiklik -0.47 -0.45 0.95

p-degeri 0.200 0.200 0.200
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Giirsel Karahan doktora tezi ¢alismasinda, Istanbul ¢evresinden aldig1 35 toprak érnekte **Ra
konsantrasyonlarim belirlemistir [23]. Karahan, Istanbul topragindaki *Ra aktivite konsantrasyonu
dagilimlarmin diizensiz oldugunu, aktivite degerlerinin birbirine ¢ok yakin yerlerde bile farklilik
gosterdigini ifade etmistir. Karahan’ nin elde ettigi sonuglara gore, toprakta *Ra konsantrasyonlar1 7-
66 Bq kg olarak degismektedir. Bu galismada, 5 ilgenin evlerinde belirlenen ortalama radon aktivite
konsantrasyonu Kasimpasa igin 56.29 Bq m?, Sefakdy icin 77.86 Bq m™, Bahgesehir igin 87.21 Bq m’
% Bahgelievler i¢in 78.89 Bq m™ ve Esenyurt icin 96.80 Bq molarak hesaplanmustir. 5 ilgenin her biri
icin ortalama radon aktivite konsantrasyonlar1 56.29 - 96.80 Bq m™ arasinda farklh degerler almstir.

Insanlarin ev iginde maruz kaldiklar1 yillik etkin doz esdegerleri Esitlik (1) kullanilarak
hesaplanmustir. Tablo 3°de goriildiigii gibi, en yiiksek ve en diisiik yillik doz esdegerleri 0.8 m Sv y™ ve
3.17 m Sv y* olarak belirlenmistir. Esitlik (2) den ise kanser risk degerleri hesaplanmistir. Tablo 3’de
en diisiik kanser risk degeri 0.28 x 107 olup Kasimpasa’ daki binanim 4. katinda gozlenmistir. En yiiksek
deger ise 11.10x107% ile Sefakdy’ deki binanin 5. katinda elde edilmistir.

Istatistik parametreleri hesaplamak igin (ortalama, medyan, standart sapma, carpiklik ve
basiklik) SPSS 21.0 istatistik programi kullanildi. Basiklik ve g¢arpiklik degerleri verilerin normal
dagilim gosterip gostermedigini ifade etmektedir. Carpiklik degeri =0 ise normal dagilimdir. Carpiklik
degeri <0 ise saga ¢arpik ve carpiklik degeri >0 ise sola c¢arpik dagilima isaret eder. Basiklik degeri
normal dagilimda sifirdir. Basiklik degeri <0 ise basik bir dagilim ve basiklik degeri >0 ise sivri dagilim
vardir. Tablo 3 de, radon aktivite konsantrasyonu dagilimlarmin hafif sola garpik ve basik bir dagilima
sahip oldugu goriilmektedir. Ayrica, radon aktivite konsantrasyonlarinin dagilimini test etmek igin
Kolmogorov-Smirnov normalite testi uygulandi. Kolmogorov-Smirnov normalite testine gore (p >
0.05), binalarda belirlenen radon aktivite konsantrasyonlart normal bir dagilim (p=0.200)

gostermektedir.

1. Kat 4.Kat 6.Kat 8kat 1.Kat 2Kat 3.Kat 5Kat 7.Kat 1.Kat 5. Kat 1.Kat 2. kat

140

120

100

8

o

6

o

4

o

Radon aktivite konsantrasyonu (Bg m-3)
N
o

Kasimpasa Sefakoy Bahcesehir Bahcelievler Esenyurt

Sekil 3. Semtlere gore radon aktivite konsantrasyonlar.

Tiirkiye’de farkli illerde yapilan radon caligmalari ile ilgili bir literatiir arastirmasi yapilmis olup
sonuclar Tablo 4. de verilmistir.
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Tablo 4. Bu cahismada Istanbul i¢in belirlenen ortalama radon aktivite konsantrasyonunun literatiirdeki
caligmalarin sonugclari ile karsilagtirilmasi.

Bolge RAC (Bq m?) Referanslar
Istanbul 75.01 Bu Calisma
Kestanbol 65 [24]
Manisa 97 [25]
Kirklareli 71.01 [26]
Kastamonu 98.4 [27]

Kars 114 [17]
Bayburt 56 [28]
Canakkale 167 [29]
Erzincan 53 [18]
Kirikkale 74.25 [30]
Karabiik 131.6 [31]
Cankirt 44 [32]

Kilis 50 [19]
Tiirkiye Ortalamasi 81 [20]

Diinya Ortalamasi 46 [1]

Tablo 4’den goriildiigii gibi, bu calismada Istanbul igin elde edilen ortalama radon aktivite
konsantrasyonu Kestanbol [24], Kirklareli [26], Bayburt [28], Erzincan [18], Kirikkale [30], Cankiri
[32], Kilis [19] ve diinya ortalamasindan [1] daha yiiksektir.

4. Sonuc ve Oneriler

Elde edilen sonuclara gére Kasimpasa semtindeki binanin 1. katinda, Sefakdy semtindeki binanin 5.
katinda ve Esenyurt semtindeki binanin 2. katinda belirlenen radon konsantrasyonu WHO tarafindan
belirlenen limit degerin iizerindedir. Bunun yaninda, bu c¢aligmada elde edilen tiim radon
konsantrasyonu degerleri TAEK tarafindan miisaade edilen limit degerin altinda kalmaktadir. Evlerde
belirlenen radon aktivite konsantrasyonlarinin endise uyandiracak boyutlarda olmadigi goriilmiistiir.
Daha detayli ¢aligmalarin 5 yilda bir periyodik araliklarla yapilmasi gerekmektedir. Bina yapilirken
kullanilacak yap1 malzemelerinin arastirilmasi ve yapinin insa edilecegi bolgenin radon haritasimin
¢ikarilmas1 oldukga 6nemlidir. Ozellikle bodrum katlarmin izolasyonu iyi yapilmali, eski evlerde duvar
catlaklar1 kapatilmalidir. Bununla birlikte evlerde kotii havalandirma kosullari radona maruz kalmay1
onemli Olciide artirmaktadir. Radonun saglik {izerindeki etkileri ve alinmasi gereken Onlemler
konusunda halkin bilgilendirilmesi de son derece 6nemlidir.

Yazarlarin Katkisi

Bu calismada tiim katki yazara aittir.

Cikar Catismas1 Beyam

Bu caligsmada yazarlar arasinda herhangi bir ¢ikar ¢atigmas1 bulunmamaktadir.
Arastirma ve Yayin Etigi Beyam

Yapilan caligmada arastirma ve yayn etigine uyulmustur.
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Abstract

Boron and boron compounds have benefical effects on health of human and animals.This study was designed to
determine the protective effect of borax (BX) in doxorubicin (DXR) induced cardiotoxicity in rats. In this study,
20 Wistar-Albino male rats” were used. The rats were divided into four groups including 5 rats in each one; control
group (standard pellet food + water + normal saline), doxorubicin (3.75 mg/kg/ip, single dose in a week),
doxorubicin + borax (3,75 mg/kg/ip + 25 mg/kg/oral/ respectively), and borax (25 mg/kg/oral, single dose in a
week). At the end of the experiment, to evaluate antioxidant activity MDA, GSH, CAT, SOD levels determined in
blood samples of rats. Besides, CK levels were investigated to determine the effect of doxorubucine on heart tissue.
According to the results, MDA levels increased significantly in doxorubucin induced group (p<0.05). After borax
treatment MDA status decreased under the control values (p<0.05). GSH status decreased in all groups. While
CAT level decreased in DXR induced group in a statistically important rate (p<0.05), it was observed near control
values in BX and BX+DXR induced groups. SOD status indicated increase in BX and DXR groups. In addition,
CK levels increased in all groups compared to the control. In the increases only in DXR induced group,
significance was determined as p<0.05. As a result, these data indicated that borax may use to prevent cardiotoxic
effect of doxorubicin.

Keywords: Borax, Boron Compounds, Doxorubicin, Cardiotoxicity, Rat

Ratlarda Doksorubusin ile Tesvik edilmis Kardiyotoksisite Uzerine
Boraks’in Koruyucu Etkileri

Oz

Doksorubusin (DXR) 6nemli bir antikanser ilactir ve oksidatif stres yoluyla kardiyotoksisiteye neden olur. Bor
bilesiklerinin antioksidan 6zellige sahip oldugu literatiirde bildirilmistir. Bu ¢alisma, boraksin (BX) sicanlarda
DXR ile indiiklenen kardiyotoksisitede koruyucu etkisini ilk kez belirlemek i¢in tasarlanmistir. Bu ¢alismada, 20
adet Wistar-Albino erkek sigan kullanildi. Siganlar, her biri 5 sigan olmak {izere dort gruba ayrildi; kontrol grubu
(standart pelet yem + su + serum fizyolojik), doksorubisin (3,75 mg / kg / ip, haftada tek doz), DXR + BX (3,75
mg/kg/ip+25mg/kg/ oral / sirasiyla ) ve BX (25 mg/ kg / oral, haftada tek doz). Caligma sonunda antioksidan
aktiviteyi degerlendirmek i¢in MDA, GSH, CAT, SOD seviyeleri belirlendi. Ayrica DXR'nin kalp dokusu
iizerindeki etkisini belirlemek i¢in kreatin kinaz (CK) seviyeleri aragtirildi. Elde edilen sonuglara gére, MDA
diizeyleri doksorubusin uygulanan grupta anlamli olarak artt1 (p <0.05). Boraks tedavisi sonrast MDA durumu
kontrol degerlerinin altina diistii (p <0.05). CAT diizeyi DXR uygulanan grupta istatistiksel olarak dnemli oranda
diiserken (p <0.05), BX ve BX + DXR uygulanan gruplarda kontrol degerlerine yakin gézlendi. SOD diizeyleri,
BX ve DXR gruplarinda artig gosterdi. Sonug olarak, bu veriler BX'in DXR'nin kardiyotoksik etkisini énlemek
icin kullanabilecegini gosterdi.

Anahtar kelimeler: Boraks, Bor bilesikleri, Doksorubisin, Kardiyotoksisite, Rat
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1. Introduction

Doxorubicin (DXR) is an anthracycline derivative drug which is extracted from culture of Streptomyces
peucetius variete caesiu [1]. DXR is clinically used in treatments of leukemia, lymphoma, soft tissue
and bone sarcomas, Wilms tumor, neuroblastoma, and hepatoblastoma [2,3]. However, cardiotoxicity
is the most important toxic effect stated and is the most critical factor which commonly restricts the use
of the drug. The mechanism of cardiotoxicity developing based on the use of DXR has not been
understood yet and several theories have been suggested on this issue [4]. The mechanism, which seems
to be the most significant and possible one, is established on stimulation of apoptosis in cardiomyocytes
and inducing oxidative stress in heart muscle via DXR [5]. Because antioxidant capacity of cardiac
myocytes is inadequate to be protected against reactive oxygen species leading to mitochondrial damage
and lipid peroxidation [6].

Oxidative stress (OS) is originate from imbalance between production and accumulation of
reactive oxygen species in cells and tissues [7]. OS damages cell membranes, lipoproteins, DNA,
promote apoptosis resulting in aging, cancer, cardiovascular diseases and other diseases [8-10]. On the
other hand, many studies stated that natural products rich in antioxidants have an important role in the
protection of cardiotoxicity of DXR [11]. The protective mechanism of natural products against DXR
induced cardiotoxicity is uncertain. However, reports have exhibited that the mechanism may be releated
with inhibition of harmful cardivascular effects of the metabolic syndrome or inhibition of reactive
oxygen species generation [12-14]. Antioxidants have attracted great attention as they play a protective
role in different complications along with oxidative stress. The beneficial effects of antioxidants on
DXR-induced cardiotoxicity have been demonstrated in previous studies. Therefore, it has been
reported that combinatorial treatment with DXR and antioxidants recommended to suppress the
cardiotoxicity [15-17].

Boron is a natural element commonly found on earth and combines with oxygen to form borates
[18,19]. Borax (BX), is an important commercial boron compound and there are a lot of report
suggesting biological effects and benefical therapeutic properties of BX including antioxidative [20],
antimutagenic [21], and anti-inflammatory [22]. As far as we know, there is no study about the protective
affects of BX on DXR induced cardiotoxicity. The goal of this work is to determine the affects of BX
on oxidative stress and levels of creatin kinase (CK) in DXR induced rats.

2. Material and Methods

In this work, 20 Wistar Albino male rats, having a live weight of 180-200 g and being eight weeks old,
were used. The rats were supplied from Van Yiiziincli Y1l University (YYU) rat production unit and
kept waiting for 7 days to ensure adaptation to environment before the experiment. The rats were fed
with pellet food and water ad libitum during adaptation period. Experimental protocol of the study was
approved by the Committee on the Ethics of Animal Experiments at YYU (26.03.2014 Desicion no:
2014/04).

The rats to be included in the experiment were divided into 4 groups, including 5 rats in each
one.

Group 1: Control group (standard pellet food + water+ physiological saline solution),
administered for 4 weeks.

Group 2: Doxorubicin (3.75 mg/kg/ip, once a week, administered for 4 weeks at total dose of
15 mg/kg) [23].

Group 3: Doxorubicin + Borax (3,75 mg/kg/ip, once a week, administered for 4 weeks at total
dose of 15 mg/kg; Borax of 25 mg/ kg/week dose was administered via oral route for 4 weeks at total
dose of 100 mg/ kg).

Group 4: Borax of 25 mg/ kg/week dose was administered via oral route for 4 weeks at total
dose of 100 mg/ kg [24]

Blood was drawn from the heart of all of the animals in the study by anaesthetizing them with
ketamine and then they were sacrificed. MDA, GSH, SOD, CAT, and CK levels in blood samples were
studied by using the following methods.
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2.1. Reduced Glutathione (GSH) Assay

Blood samples containing EDTA were mixed with distilled water. All proteins without sulfhydryl (SH)
were precipitated by using precipitation solution. Glutathione level in the samples was measured by
reading the absorbances at 412 nm wavelength in Perkin ElImer UV/Vis Spectrophotometer within 24
hours [25,26]. Distilled water of 1.8 ml was added into 200 pl of blood samples (with EDTA) to induce
hemolysis. Precipitation reagent of 3 ml was added into hemolysate. After waiting for 5 minutes, the
mixture was infiltrated using filter paper and 2 ml of the resultant supernatant was transferred into
different test tubes. 8 ml phosphate solution and 1 ml of DTNB solution were added. For the blank
solution, 2 ml precipitation solution (3 volumes of precipitation reagent + 2 volumes of distilled water),
8 ml phosphate solution, and 1 ml of DTNB solution were used. As the standard, 40 mg of GSH standard
was prepared with distilled water. Absorbances of standard samples versus blank were identified at 412
nm (Perkin Elmer UV/Vis) and the results were calculated in mg/dl whole blood.

2.2. Malondialdehyde (MDA) Assay

Malondialdehyde, an important product of lipid peroxidation, is measured spectrophotometrically based
on the formation of colored products by TBA [27,28]. 800 ul of phosphate buffer and 25 ul of BHT
solution, and 500 pl of 30% TCA were added into test tube containing 200 ul of the whole blood. Tubes
were mixed at 2000 rpm and cooled in ice at -20 C° for 2 hours. After centrifuging the samples at 2000
rpm for 15 minutes, 1 ml of supernatants was transferred into different tubes and 75 ul of EDTA and
250 ul of TBA solution were added. Tubes were mixed and were kept in hot water bath (at 90 C°) for
15 minutes. At room temperature, absorbances were read at 532 and 600 nm (Perkin Elmer UV/Vis).
MDA levels of hemoglobin were calculated by subtracting optical densities at 600 nm from one read at
532 nm in examination on erythrocytes.

2.3. CAT Assay

CAT assay was performed via Cayman Catalase Assay Kit (Item No: 707002). Briefly, diluted assay
buffer (100 pl), methanol (30 ul) and sample (20 ul) were put into two tubes. Diluted H202 (20 ul) put
into all the tubes to start reactions and incubated via a shaker for 20 minutes at room temperature. Then,
catalase purphald (chromagen) (30 pl) and diluted KOH (30 pl) were added into each tube to end the
reaction. It was incubated via a shaker at room temperature for 10 minutes again. At the end of the
experiment, catalase potassium periodate (10 pl) was added into each well and incubated for five
minutes in a shaker at room temperature. The absorbance was detected at 540 nm via the plate reader
(Bio-Tek, USA). In the experiment, positive control was prepared by adding diluted assay buffer (100
pl), methanol (30 pl), and catalase (control/20 pl) in two tubes.

2.4. SOD Assay

SOD status were eveluated by using Cayman SOD Assay Kit (Serial No: 706002). Briefly, the diluted
radical detector (200 pl) and SOD standard (10 pl) were added on the plate for standard tubes. For
sample tubes, diluted radical detector (200 pl) and sample (10 pl) were added. Diluted xanthine oxidase
(20 pl) was added into all the tubes to initiate the reactions and shaken for several minutes. After this
step, the plate was incubated for 30 minutes in the shaker at room temperature. At the end of the
experiment, absorbances were read at 440-460 nm via plate reader (Bio-Tek, USA).

2.5. CK Assay

CK analysis was performed using an autoanalyzer and a commercial kit. (Mindray BS- 800 M,
Shenzhen, China).
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2.6. Statistical Analysis

Statistical analysis of this work was carried out with ANOVA test via IBM SPSS Statistics Version 20
packaged software.

3. Results and Discussion

DXR, an anthracycline derivative drug, is a commonly used anticancer agent [29]. DXR, which is used
in chemotherapy and a free radical producer, may also lead to chromosomal injuries by elevating lipid
peroxidation (LPO) [30]. In the literature, there are numerous studies investigating protective effects of
antioxidants against anticancer drugs such as DXR yielding oxidative product [31,32].

Furthermore, boron and boron compounds are reported to support antioxidant defense system
of tissues in animal organisms by affecting oxidative metabolism via a mechanism which has not known
yet [33-36]. In a study, zinc borate was stated to support antioxidant capacity and not to cause oxidative
stress [37]. In another study, it was reported that antioxidant defense system was strengthened in rats
administered with BX via oral route [38].

As is known, elevated reactive oxygen species leads to increase of LPO and thus increase of
MDA levels. Free radicals influence the important cellular structures such as lipid, protein, carbohydrate
in the cell structure. Lipid peroxides form reactive carbon compounds by degrading rapidly. One of the
important resultant structures is MDA and the increase of MDA is accepted to be a physiologically
crucial indicator of oxidative stress [39-40].

In a study, it was determined that MDA levels of rats administered with 100 mg /kg borax
showed a statistically important decrease according to the control [24]. Another study revealed that in
rats administered with different levels of boric acid, MDA levels of the group fed with diet containing
40 mg boric acid decreased compared to control group [41]. Recently, it was reported that MDA status
indicated a statistically important decrease (p< 0.05) in lithium metaborate dihydrate induced group
according to the control [42]. An in vitro study, it was determined that MDA levels of human blood
cultures which were administered with 15 pmol ulexite decreased according to the control, but decline
was not statistically important [43]. When the data obtained from the present study were evaluated, it
was found that MDA levels showed a statistically significant increase in the DXR-administered group
compared to control group (p<0.05) as shown in Figure 1. In BX group, MDA level was determined to
show a statistically important decrease (p<0.05). In addition, MDA levels of DXR+BX group were
found to be lower than DXR group and this was in parallel with the previous studies.

I/mil)

: i l i
|
|

t
Cermral BX DXR DXR+BX

Figure 1. MDA levels of control, BX, DXR, and DXR+BX groups (* p<0.05).

GSH is a cellular tripeptide playing a vital role in protecting oxidant/antioxidant balance of
tissues and is essential for normal cellular activities. This tripeptide eliminates the effects of peroxides
and hydroperoxides resulting from oxidative stress [38]. It was identified in a previous study that GSH-
Px levels of rats administered with 40, 80, and 160 mg/L of boric acid showed decrease at rates of 12%,
13.3%, and 16.4%, respectively [41]. In another study, it was determined that 50 and 500 mg/L doses
of borax, boric acid, and ulexite significantly decreased GSH-Px levels of human blood cultures,
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decreases occurring in total GSH level were statistically significant at 500 mg/L of dose, and was not
statistically significant at 50 mg/L of dose [43]. Recently, it was stated that GSH status indicated a
statistically important decrease (p< 0.05) in lithium metaborate dihydrate induced group according to
the control [42]. As the results obtained from the present study were examined; GSH levels of all groups
showed a statistically significant decrease compared to control group (Figure 2). Decreases recorded
were not statistically significant. The obtained data were convenient with the previous studies. On the
other hand, differently from the results obtained from the present study, GSH levels in erythrocytes of
rats administered with boric acid and borax elevated compared to control group in another study [24].
The reason of this difference may have been associated with the fact that the breeds of experimental
animals and methods of measurements used were different.

0,14
1; I
0,08
1}
: ' I -
nnz
Conivol BX DXR

DXR+BX

GSH (mgdl)

Figure 2. GSH levels of control, control, BX, DXR, and DXR+BX groups

Because oxidative stress occurs due decreased antioxidant levels [44], cellular levels of
antioxidant enzymes (SOD, CAT, GSH-Px, GST, GR, and G-6-PDH) are reported to be crucial in
cellular defense system [45]. SOD from these enzymes is noted to play the major role in defense against
oxidative stress and to catalyze the reaction that transforms superoxide radical into hydrogen peroxide
and oxygen [46]. Studies stated that antioxidant enzymes have an important role in preventing the
damage led by reactive oxygen species and these enzymes were induced or inhibited in blood cells
exposed to various toxic factors [47,48]. In a previous study, appropriate amount of boron intake
inhibited ROS formation in leucocytes of lungs and 2'-deoxyribonucleoside cyanoboron which is a
synthetic boron compound was reported to inhibit 5'-lipoxygenase activity in leucocyte and occurrence
of free radical formation in fenton reaction [49]. Recently, it was determined that SOD levels increased
in rats administered with different levels of boric acid (40, 160, 320, and 640 mg/L) [41]. Another study
revealed that SOD levels elevated in erythrocytes of rats administered with 100 mg/kg of boron as the
protector against LPO induced by arsenic treatment compared to control group [50]. SOD levels of
groups administered with BX and DXR alone in the present study were determined to increase according
to control group (Figure 3). These increases were not statistically important. In the group administered
with DXR + BX, SOD levels were lower only than the DXR group. The results obtained from the present
study were determined to be in parallel with the previous studies and it was stated that BX supported
antioxidant activity based on increased SOD activity. Despite biochemical function of boron has not
been known completely yet, it was reported to be capable of acting as an indirect proton donor causing
a specific effect on membrane structure and function [51]. Accordingly, it was reported that boron
compounds (boric acid and borax) were likely to influence oxidative phosphoylation metabolism in
mitochondria by increasing CAMP levels and to inhibit hydrolytic enzyme activities [52]. Besides,
increased CAMP levels were stated to elevate antioxidant enzyme activities [53]. In the present study,
borax may increase SOD activity by supporting accumulation of cCAMP. On the other hand, differently
from the results obtained, SOD activities were reported to show statistically insignificant decreases in
rats administered with borax and boric acid compared to control group [24]. This difference may have
been associated with the fact that the methods used for identifying SOD levels were different as well as
different breeds of experimental animals.
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Figure 3. SOD levels of control, control, BX, DXR, and DXR+BX groups

Catalase (CAT) is an enzyme localized in peroxisomes [54]. CAT is an important
oxidoreductase which converts H,O, molecules into water and oxygen [55,56]. Mammalian catalases
are homotetramers typically bonding 4 Fe-protoporphyrin 1X (heme) or 4 NADPH molecule [57]. A
previous study indicated that CAT levels in liver, kidney, and heart tissues and erythrocytes of rats
administered with 100 mg of borax declined compared to control group [24]. On the other hand, the
effects of boric acid added into diet on CAT activity varied based on tissues of animals. CAT activity in
erythrocytes of rats and rabbits decreased [58,59] but elevated in their livers [38]. In another study, doses
of 100 mg/L of boric acid and 80 mg/L of borax were reported to have a negative effect on CAT levels
(P<0.1) (60). In the present study, CAT levels were identified to decrease in the groups administered
with BX and DXR alone, compared to control group as shown in Figure 4. While the decreases in BX
group were not statistically significant, the decreases in the DXR group were statistically important (p<
0.05). CAT levels increased in DXR + BX group according to the control, however this increase not
statistically important, and the results were compatible with the previous studies.
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Figure 4. CAT levels of control, control, BX, DXR, and DXR+BX groups (" p<0.05).

On the other hand, it is reported that selenium, copper, and zinc are the cofactors of antioxidant
enzymes and increasing concentrations of these elements may cause inhibition of CAT, SOD, and GSH-
Px activities in cells [51,61]. Boron can interact with these elements as well as trace elements [62]. In
this sense, decreased CAT and GSH levels might be associated with the interactions occurring between
boron compound and cofactors of the mentioned enzymes. On the other hand, differently from the results
obtained, 5, 10 and 20 mg/kg doses of boron were administered respectively as protector to rats treated
with cyclophosphamide which leads to formation of free oxygen radicals and is used for chemotherapy
in a recent study conducted on rats and it was determined that CAT activities of erythrocytes increased
at all doses compared to control group [63]. The reason of this difference might be resulted from the use
of elemental boron in the study and lower doses administered.

Creatine kinase (CK) is an important intracellular enzyme found in muscle cells (especially in
skeletal muscle and myocardium) [64]. Generally, CK is the biomarker of acute myocardial infarction
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and CK activity or concentration is also used for verification of some other diseases in the modern clinic
diagnoses. CK level rapidly elevates in the blood immediately after acute myocardial infarction and may
be found at abnormal levels within 4-6 hours. The maximum CK level in humans is observed 18-24
hours after acute myocardial infarction [65]. In a study conducted on broilers, 500-750-1000 mg/kg
doses of boric acid were added into their daily diets and CK levels increased at all doses compared to
control group [66]. In a rat study, 1500 pug/ml of sodium borate was administered intravenously and CK
levels increased [67]. When the results of the present study were examined; it was found that CK levels
increased in all groups compared to control group as shown in Figure 5. and the results were in parallel
with the previous studies. Even though the increases in DXR group were statistically significant
(p<0.05), the increase in DXR + BX group was lower compared to the DXR group.

1200

1000
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Figure 5. CK levels of control, BX, DXR, and DXR+BX groups (" p<0.05).

Consequently, administered dose of BX (100 mg/kg) was determined to increase antioxidant
capacity by elevating SOD level and decreasing MDA levels in DXR induced cardiotoxicity. Besides,
while CAT levels decreased and CK levels increased in all groups. Based on the results, it was
concluded that BX may be beneficial for preventing cardiotoxicity which develops as the adverse effect
of DXR.
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Abstract

In this study, reduced differential transform method (RDTM) is proposed to solve singularly perturbed Burger-
Huxley partial differential equation. Firstly, this equation is transformed to algebraic equation. Then, recurrence
relation and differential transform coefficients are obtained. Finally, highly accurate approximate solutions of this
equation are found for three examples.

Keywords: Singularly Perturbed Burger-Huxley Partial Differential Equation, Approximate Solution, Boundary
Layer, RDTM.

RDTM ile Singiiler Pertiirbe Burger-Huxley Denkleminin Yaklasik
Coziimii

Oz

Bu calismada, singuler pertiirbe Burger-Huxley kismi tiirevli diferansiyel denklemini ¢ozmek igin indirgenmis
diferansiyel déniisiim yontemi (RDTM) 6nerilmistir. Ilk olarak bu denklem cebirsel denkleme déniistiiriiliir. Daha
sonar tekrarlama bagintisi ve diferansiyel dontisiim katsayilar1 elde edilir. Son olarak, ti¢ 6rnek i¢in bu denklemin
olduke¢a dogru yaklasik ¢oziimleri bulunur.

Anahtar kelimeler: Singuler Pertiirbe Burger-Huxley Kismi Diferansiyel Denklem, Yaklasik C6ziim, Siir Kati,
RDTM.

1. Introduction

Burgers-Huxley equation has a serious importance in class of nonlinear partial differential equations.
Burgers-Huxley equation defines the interactions between reaction mechanisms, convection effects and
diffusion transports [10]. Furthermore, Burgers-Huxley equation is successfully applied to describe
some ecological models. Firstly, this equation was described by Bateman [11] and then utilized by
Burgers [9] in a mathematical modelling in turbulence. Burger-Huxley equation has studied by using a
variety of methods such as Adomian decomposition method [3,4], meshless method [6], finite difference
method [5,21], comparative study of some numerical methods as nonstandard finite difference method;
explicit exponential finite difference method; fully implicit exponential finite difference method [8,22],
Strang Splitting Method [23] etc. Exact solution of Burgers-Huxley equation was studied [7]. We know
that most of the standard numerical methods can easily approach the solution of the Burger-Huxley
equation without the small singular perturbation parameter. However, it is difficult to reach solution in
the presence of the perturbation parameter [17]. Therefore, we use the RDTM in this study as it can
eliminate this difficulty. The difference of the reduced differential transform method from the classical
transformation methods is that it transforms a partial differential equation into a semi-algebraic equation.
Its advantage over classical transformation methods is to reach the correct result with fewer iterations.
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The reduced differential transform method has been used in the solution of many linear and nonlinear
problems [1,2,15,18]. Equations with fractional properties can also be studied with this method [24].

This study is organized as follows: The properties of the singularly perturbed Burger-Huxley
equation are given, respectively. The reduced differential transform method is introduced. Finally, the
reduced differential transform method is applied to sample problems with only a few iterations. In the
series solution, as a result of this application, the different values givento x and t are presented with
figures of the approximate solution values.

In this paper, we examine the following singularly perturbed Burger-Huxley differential
equation via RDTM [5]:

o°u ou ou oy
—5y+au&+g—ﬁu( 1-u)(u-y)=0,
u(x,0)=f,(x), xe(0,1),
u(0,t)=f,(t), u(l,t)=f,(t), te(0,1],
where >0, >0, y €(0,1); f,(x), f,(t)and f,(t) are continuous functions and 0< &0 1 is
singular perturbation parameter. This problem usually has one or two boundary layers.

2. Material and Method

The two-dimensional differential transform method was first applied to two-dimensional partial
differential equations according to t and x variables in 1999 by Chen and Ho [12]. On the other hand,
the reduced differential transform method, which is applied only according to the t — time or X— space
variables. It is also preferred in the solution of linear and nonlinear partial differential equations by
performing a small number of iterations and reaching a solution in a short time. Using the definitions
and properties of the differential transform method, we can write the form of the reduced differential
transform method [12-14,16,19]:

The differential transformation function U (h,k) corresponding to the two-component function

u (x,t) considering t —time variable [20], it is defined as

Uh(x)zﬁ!{%} , @
u(x,t)=§ouh(x) £ =U, (x)+U, (X)t+U, ()2 +U, (X)E 4. ©)

Some features of the reduced differential transformation method (2)-(3) respect to the t —time variable
are given in the following theorems [1,2,15].

2 2,
Teorem 1. v(x,t):%avh(x):deJThz(x).
au du, (x)
Th 2. t)=—->V, = .
eorem 2. v(X,t) 6x_) L (%) »
Theorem 3. v(x,t):gt—uevh(x):(h +U, ., ().
h dU
Theorem 4. V(X,t):u%%Vh(x):Z%Uhs(x).
s=0

M=

Theorem 5. v(Xx,t) =u® =V, (x) =D U, (X)U,_ ().

[
I
o
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Theorem 6. v(X,t)=u® >V, ( ZZU U (XM (X).

m=0 r=0
These theorems will be used in solving the singularly perturbed Burger-Huxley equation.

2.1. Applications of RDTM
Now, we present advantages and effectiveness of our method on three examples.

Example 1. As a special case of the equation (1), we consider the following singularly perturbed Burger-
Huxley equation:

For =1, f= 17—% f,(x)=x(1-3), £,()=0, £, () =0,

ou du du
- 67+u8x ot (u__)z

u(x,0)= ( ) xe(0,1), (4)
u(0,t)=u(1,t)=0, te(0,1].

There is no exact solution to this problem. Therefore, we will find an approximate solution.
Using the reduced differential transform method, the differential transforms corresponding to each term
and initial condition according to the t—time variable in the singularly perturbed Burger-Huxley
equation (5) are as follows:
2 2
. o°u IR d<u, (X)'
ox’ dx?

Q)

\A

5 20,0V, ()
5 33U, (U (R (4,

0r=0

[

m=|

u(%,0)=x(1-x*)>U,(x)=x(1-x*).

If the differential transforms (5) are written in equation (4), the foIIowing recurrence relation is obtained:

dZU Zuhs )f ) -0.5U,, ( Zu
iiu W (0

m=0 r=0

h+l (X)

Here, the following differential transformation coefficients with five iterations for valuesh =0,1,2,3 are
given:
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Uy (x)=x@1-x%),

U, (X) =—6ex—15x+35%° +§x2 —3x* +§X6 -3x" +x°,
u, (X) =1875000000x — 4875000000 + gg +1800000000¢x +1725000000x* —6.375000000x°

—6000000000x° —1237500000x° +3225000000%" —2325000000x%° — % X8 —27ex?
+§gx4 —81lex® +45ex’ —3ex® — 9 X +15x2° — 15 X2 + 15 X2 — 3 xP.
2 2 4 2 2

These differential transform coefficients are written in equation (3) and the approximate solution
Ugorw (X,1) is obtained as follows

Uomy (%,1) =h2uh (X" =U, (x)+U, ()t +U, ()t +U, (x) +U, ()t* +U, (x)E°.

=X — x> —6tex —15tx + 35tx° +gtx2 —3tx* +gtx6 —3tx” +tx°.

) //
[w| 7

5] _nj T
u (N3 .3 [ a) (R4 1

X
t—0 t—0. 3 t—0.f =1 |

Figure 1. The approximate solution curves obtained with RDTM for & = 27

Example 2.
As a special case of the equation (1), we solve the following singularly perturbed Burger-Huxley
equation:

o°u  ou au

—&—+tU—+—=0
OX ox ot
u(x,0)=x(1-x*), xe(0,1), (6)
u(0,t)=u(Lt)=0,te(0,1],

where azl,,B:O,fo(x):x(l—xz),fl(t):O, f,(t)=0.

The exact solution is not available. Thus, we will find an approximate solution for the singularly
perturbed Burger-Huxley equation (6) via the reduced differential transform method.
Now, we find recurrence relation as

1 dU,(x) & du, (x)
Uh+1(x)_h+l[‘9 dX2 _§UhS(X)Tj.

Then, we have differential transform coefficients as
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U, (X)=x(1-x?),
U, (X)=—6ex—x+4x>-3%",
U, (x)=18ex—42ex’ +x—10x° + 21x° —12x’,
U, (x) =120x" —55x° +20x° —84x° — 36X + 252¢X° —96£°X — 288X — X.
Finally, we reach the following approximate solution Uggq, (X, t)with four iterations
Ugorw (X, 1) = X- X% -Btex-tx +4tx° - 3tx° +18tex - 42t%ex’ +t°x -10t*x* + 21t°x° - 12t*x".

0.z

T 1 T T T T 1
=] n.z [ [ (Rl 1

x
t=0 t=0.5 =015 t=1 |

Figure 2. Comparison of the approximate solution curves obtained with RDTM for & = 271

Example 3.
2
—ga—+ua—u+a—u—u( 1—u)(u—lj:0,
ox? ox ot 2
u(x,0)=sin(zx), xe(0,1), (7

u(0,t)=u(Lt)=0,te(0,1],
where o =1, ﬂzl,y:%, £,(X) =sin(zx), £, () =0, f, (t)=0.

The exact solution of (7) is not available. So, we benefit the following reduced differential transform
method procedure:
Firstly, we can give recurrence relation

2, h h
d Ui Zuhs 0 2% 0 055, (+ 3370, (x)
P dx 235
h+l(X) h+1 h m
ZOZOU ) m-r X)Jh m( )

From the above recurrence relations for h=0,1,2,3, we obtain differential transformation coefficients
with four iterations. Then, using the equation (3), we have the approximate solution as:

U, (x)=sin(zx),

U, (x) =—ex’sin(zx)—zsin(zx)cos(zx)—0.5sin (7zx)+gsin2 (7x)—sin’(zx),
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Finally, using above relations and formula (3), we reach approximate solution of the problem (6) with
three iterations as follows:

Uporm (X,1) = 2000000000.10“ sin(3141592654 x)(50000000010° — 493480220210°ts
—1570796327.10°tcos(3141592654x) — 75000000010°t
+75000000010°tsin(3141592654x) +50000000010°tcos(3141592654x)?).

[u] 0.z 0. 0. [ajc 1
.
e——1 =1 % =% te=1 |

Figure 3. Comparison of the approximate solution curves obtained with RDTM for & = 27"

In all three examples, there is a boundary layer at x=1.

As seen in figures, as values of t increase, approximate solution curves get closer to the coordinate axis
around the boundary layer of x =1. We plotted these results in Figure 1, 2, 3 for comparing RDTM
solutions with respect to different the t —time variables. Thus, it is clear that the approaches obtained
using the proposed method is in high accuracy.

3. Remark

The exact solution of the singularly perturbed Burger-Huxley partial differential equation in this study
cannot be seen in the literature. Thus, this paper will give an important idea to determine approximate
solutions behavior of these problems via RDTM.

4. Conclusion

We considered an efficiently method for solving singularly perturbed Burger-Huxley partial differential
equation. The solutions were very rapidly convergent by using this method. The numerical results have
been obtained by mathematics computer programe and shown in figures. The numerical values in all
figures shown that we arrived at a correct numerical approach.
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Abstract

Hypertension is a very important problem around the world. The inhibition of the Angiotensin-converting enzyme
(ACE, EC.3.4.15.1)) is regarded as fundamental of hypertension treatment. However, synthetic ACE inhibitors
have several side effects. For this reason, there are lots of studies to improve green ACE inhibitors. Therefore, this
study was designed to determine the potential inhibitory effects of two members of Apiaceae, Coriandrum sativum
and Chaerophyllum macropodum, on human plasma ACE. For this purpose, water extracts of the plants were used.
ACE inhibition activity was detected spectrophotometrically. Both plant extracts showed an inhibitory effect on
ACE activity. The obtained results showed that Coriandrum sativum and Chaerophyllum macropodum have
inhibitory effects on human plasma ACE with an ICso value of 0.7 mg/mL and 1.14 mg/mL, respectively.
Lineweaver-Burk graph was used to determine the inhibition type. The inhibition types were found as reversible
noncompetitive. According to the obtained results, Coriandrum sativum and Chaerophyllum macropodum are
valuable functional food with ACE inhibition capacity which may be used to balance blood pressure efficiently.

Keywords: Hypertension, Angiotensin-converting enzyme |, Coriandrum sativum, Chaerophyllum macropodum,
Apiaceae

Coriandrum sativum L. ve Chaerophyllum macropodum Boiss.
(Apiaceae)’nin in vitro Insan Plazma Anjiyotensin Doniistiiriicii Enzim
Uzerine Etkileri

Oz

Hipertansiyon diinya ¢apinda ¢ok énemli bir problemdir. Anjiyotensin doniistiiriicii enzimin (ACE, EC.3.4.15.1.)
inhibisyonu, hipertansiyon tedavisinin temeli olarak kabul edilir. Ancak sentetik ACE inhibitérlerinin bazi yan
etkileri vardir. Bu nedenle, dogal ACE inhibitérleri gelistirmek i¢in bir¢ok ¢alisma yapilmaktadir. Bu sebeple, bu
caligma, Apiaceae'nin iki tiyesi olan Coriandrum sativum ve Chaerophyllum macropodum'un insan plazma ACE'si
lizerine potansiyel inhibitor etkilerini belirlemek igin tasarlanmistir. Bu amagla, bitkilerin su ekstraktlari
kullanilmistir. ACE inhibisyon aktivitesi spektrofotometrik olarak tespit edildi. Her iki bitki 6ziiti de ACE
aktivitesi tizerinde inhibe edici etki gosterdi. Elde edilen sonuglar, Coriandrum sativum ve Chaerophyllum
macropodum'un sirastyla 0,7 mg/mL ve 1,14 mg/mL 1Cso degeriyle insan plazma ACE {iizerine inhibe edici etkilere
sahip oldugunu gosterdi. Inhibisyon tipini belirlemek i¢in Lineweaver-Burk grafigi kullanildi. Inhibisyon tiirleri
geri doniistimlii, yarigmasiz inhibisyon olarak bulundu. Elde edilen sonuglara gore, Coriandrum sativum ve
Chaerophyllum macropodum’un ACE inhibisyon kapasitesine sahip, kan basincini etkin bir sekilde dengelemek
icin kullanilabilecek, degerli fonksiyonel gidalardir.

Anahtar kelimeler: Hipertansiyon, Anjiyotensin doniistiiriicii enzim I, Coriandrum sativum, Chaerophyllum
macropodum, Apiaceae
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1. Introduction

Hypertension is very important health problem causing death around the World, and it is associated with
coronary diseases [1]. Pathogenesis of this disease has indicated that the angiotensin-converting enzyme
(ACE) is a powerful regulator for the balance of blood pressure [2]. ACE is a peptidase in the renin-
angiotensin system (RAS) which transforms angiotensin | into the angiotensin Il [3]. RAS has a central
role in the regulation of peripheral electrolyte homeostasis and blood pressure in mammalians [4].
Juxtaglomerular cells of the kidney release renin regulating the decrease in blood pressure and volume
of the kidney [5]. Renin helps in the formation of angiotensin | [6]. However, the blocking of ACE
activity suppresses the angiotensin 11 production and reduces blood pressure. In this way, ACE inhibitors
are used to treat hypertension in medicine [7]. Today, several ACE inhibitors are in use clinically to
treat hypertension, which includes captopril, lisinopril, and temocapril. But synthetic ACE inhibitors
have several adverse impacts such as coughing, rashes, and taste aversion [8]. For this reason, research
interests have focused on ACE inhibitors from natural sources including plants [9,10]. It has been
reported that some plant extracts showed the inhibition effect on ACE, such as Glycine max [11], Cassia
tora [12], Rosa damascene [13], and Thymbra sintenisii [14].

Apiaceae is known as a large plant family which includes 3780 species in 434 genera [15].
Apiaceae family is generally seen in the northern area and Mediterranean countries [16]. Approximately,
101 genera including 451 species of this family have been determined in Turkey [17], and the members
of this family are used in cosmetics including perfumery and pharmaceutical industries [16,18].

Chaerophyllum genus of Apiaceae shows distinctive fragrant character, by this way, they are
used in preparations of food, such as flavoring in cheese production, and also consumed as an edible
vegetable in Turkey and Iran [19-21]. Chaerophyllum macropodum (C. macropudum) is traditionally
mixed into herby cheese which is a famous dairy product for its aroma and flavor in Turkey [21]. But
there is limited knowledge about the bioactivity of C. macropodum. The studies on Chaerophyllum
species have shown that it has phenylpropanoids, phenolic acids, flavonoid glycosides, and
polyacetylenes [22]. In addition, there are some reports that indicate chemical composition, antioxidant
and antimicrobial effects of C. macropodum [20-22]. To our best knowledge, there is no report about
the inhibitory effect of C. macropodum on ACE activity.

Coriandrum sativum L. (C. sativum), another member of the family Apiaceae, is a biennial herb.
C.sativum is cultivated in Asia, Europe, and North Africa and green leaves of C. sativum are a rich
source of minerals, vitamins and iron [23]. Its seed oil is widely used in cosmetic, soft drink, food, and
chocolate industries [24]. C. sativum is traditionally used to treat disorders such as respiratory, urinary
systems disorders, diabetes, inflammation, and anxiety [25-27]. In addition, it has been stated that C.
sativum has analgesic [28], anti-insulin resistance activity [29], and antihypertensive properties [30].

As far as we know, there is no study about the inhibition effects of C. sativum and C.
macropodum on human plasma ACE activity in vitro. Thus, the present study was designed to
investigate the inhibition properties of C. sativum and C. macropodum on human plasma ACE in vitro
for the first time.

2. Material and Methods

2.1. Plant Material

Chaerophyllum macropodum Boiss. was collected in Diz Stream of Hakkari Cilo mountain at 1730m.
in May. Coriandrum sativum L. was collected at 850 m in Siirt Kurtalan in June. Scientific diagnoses of
the plants were made by Mehmet FIRAT from Van Yuzuncu Yil University, Faculty of Education,
Department of Biology

2.2. Plant Extraction

After the plant samples were dried properly, they were ground into a fine powder with the help of a
blender. Then, 90 mL of hot water was added by weighing 10 g of each of the plant samples and kept at

room temperature until it cools down. Then, it was used fresh by filtering through filter paper. Stock
solutions were stored at +4 °C [31]. Minor modification were made to the method.
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2.3. Preparation of the human plasma

Blood samples were taken from the Van Red Crescent Blood Center of Turkey. The samples were added
into tubes including EDTA and centrifuged at 1500 rpm for 15 minutes. Obtained plasma was
centrifuged again for 1 hour (40 °C, 8500 rpm) to uproot the ghosts and intact cells. Plasma samples
were then stored [14]

2.4. Determination of ACE Activity

The ACE activity was determined according to Holmquist et al. (1979). Fifty mM HepesNa buffer, 0.3
M NacCl, 10 uM ZnCl, and 1 mM FAPGG were added to the assay cuvette. One unit of activity was
defined as the quantity of ACE that produces a AA 345/min of 1.0 [32,33].

2.5. ACE Inhibition Assay

The experiments were carried out in the laboratories of the Van YYU Chemistry Department. In the test,
human plasma was used to evaluate ACE activity. Two experimental tubes were received as blank and
sample. Then, 100 uL of plasma containing ACE was added to each tube. After this, 900 uL. of HEPES
buffer (50 mM HEPES, 0.3 M NaCl, 10 uM ZnCl, pH 7.5) was put into the blank tube and stirred. The
spectrophotometer (Shimadzu 1800 UV-Vis) was reset with a blank tube. Fifty mM HEPES buffer (pH
7.5), inhibitor (plant extracts), and 1 mM substrate (FAPGG) were added to the sample tube (total
volume 1000 pL) and stirred. Different concentrations of C. sativum and C. macropodum extracts (at 0,
0.25, 0.5, 0.75, 1 mg/mL) were used. The absorbance value was read at 345 nm. The sample tube was
incubated for 30 minutes at 35 °C. After the waiting time, the absorbance of the tubes was determined
at 345 nm. The reduction in absorbance was calculated.
A (ACE Activity) = (AOD/0.517) x(Vc/Ve) xf
AOD: Difference between optic densities at 345 nm for per minute
Vc: Whole volume
Ve: Volume of enzyme solution (plasma hemolysate)
f: Dilution factor
0.517 mM™* cm™: Extinction coefficient of FAPGG

The inhibition activity of ACE was found from the calibration curve and calculated via the
following equation:
% ACE inhibition = Uninhibited activity - Inhibited activity / Uninhibited activity x100

In this study, the inhibition affects C. sativum and C. macropodum plants on the ACE enzyme
in human plasma was investigated. Extracts of both plants showed a reversible-noncompetitive
inhibition effect on ACE. Inhibition type and 1Cso values were determined from Lineweaver-Burk and
% Activity versus inhibitor concentration graphs for each plant extract.

3. Results and Discussion

Hypertension is identified an important health problem which affects one billion people around the
world [34]. Moreover, it is known as a “‘silent killer” due to its asymptomatic affect in adults [35]. It
has been reported that the inhibition of ACE is an important way of hypertension treatment. This enzyme
is zinc-dependent metallopeptidase that transforms angiotensin | to angiotensin Il and promotes the
degradation of vasodilator bradykinin [36]. In addition, it has been stated that hypertension may be
prevented by ACE inhibitors [37]. These inhibitors are shown as the first step for the treatment of
hypertension, myocardial infarction and heart failure [38]. At this point, ACE inhibitors may effectively
reduce blood pressure, but synthetic medications can cause some adverse effects [39,40]. Recently, there
is a considerable interest in green components for treatment of hypertension [41].

These plants which are used in folk medicine have been used to treat some illness in all
civilizations. These medicinal plants are popular because of their efficiency, cheapness, and few adverse
effects. It has been reported that more than two thousand plants have been identified as a medicinal herb
for the treatment of hypertension including cardioprotective, cardioactive, cardiotonic, or circulatory
stimulating activities [42]. Moreover, it has been concluded that bioactive components that are available
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in foods and medicinal plants prevent cardiovascular health [43]. These components such as phenolic
acids, alkaloids, polyphenols, flavonoids, tannins, polysaccharides, and sterol have been shown as ACE
inhibitors [44]. These natural components are very important for preventing and treating hypertension.
Flavonoids have been documented to inhibit different zinc metalloproteinases such as ACE, and
anthocyanins, flavones, flavonols, and flavanols have been reported to have an inhibitory potential more
than %50 of ACE. Furthermore, it has been exhibited that flavonoid-rich foods may lower blood
pressure and inhibit ACE [45]. In addition, it has been revealed that edible plant components including
peptides, flavonoids, and phenolic contents inhibit ACE activity [46,47]. Thus, in this study, two
members of Apiaceae which are edible plants and rich in bioactive components were investigated as a
potential ACE inhibitor [22,48]. With this aim, water extracts of C. sativum and C. macropodum were
used to find their inhibitor potentials on human plasma ACE activity. To determine their inhibition
potentials, the spectrometric method was used. Human plasma samples were treated with different
concentrations of extracts. Then, Lineweaver-Burk graph was plotted for the determination of inhibition
type with different FAPGG concentrations and different C. sativum and C. macropodum concentrations.
Inhibition types were detected as reversible noncompetitive. The obtained results showed that C. sativum
and C. macropodum have an inhibition potential on ACE activity in a dose-dependent manner with an
ICso value of 0.7 mg/mL and 1.14 mg/mL, respectively as shown in Figure 1 and Figure 2. Inhibition
types were detected as reversible noncompetitive (Figure 3 and Figure 4).

The obtained data are in accordance with previous reports in the literature. In a study, Hussain
et al (2018) reported that C. sativum has ACE inhibition potential. In the study, researchers determined
that fresh leaves of C. sativum have good inhibition potentials on ACE [49]. Moreover, they fractionated
four secondary metabolites to find out actual bioactive compounds against the ACE activity. At the end
of the study, they concluded that flavonoid-rich fraction has the most powerful ACE inhibitory effect
and ICsg value was detected as 28.91 ug/mL. In another work, Ali et al (2019) reported that methanolic
extract of whole plants of Angelica decursiva has inhibitory effects against ACE [50]. Hyun et al (2013)
reported that A. gigas and its coumarin constituents have a potential inhibitory effect on ACE [51]. In
addition, it has been shown that Centella asiatica (Apiaceae) has an inhibition effect on ACE [52].
Simaratanamongkol et al (2014) concluded that methanolic extract of Apium graveolens, another
member of apiaceae, showed important ACE inhibitory activity. They detected ICsovalue as 1.7 mg/mL
[53]. Suruci¢ et al (2017) reported that essential oil of S.pallasii showed dose-dependent inhibition
capacity on ACE with an I1Cs value of 0.33 mg/mL [54]. In contrast to the results from our work, Saleem
et al. (2017) stated that ethanol and water extracts of seeds of dill, ajowan, fennel, coriander, and anise
from Apiaceae family did not show an inhibition effect on ACE [55]. This difference may be due to the
extractions used in the study and bioactive component content. Similarly, Hussain et al (2018) reported
that fresh leaves of C. sativum have high ACE inhibitory effect while the seeds of the plant did not have
any ACE inhibitory affect [49].

In conclusion, the obtained results show that C. sativum and C. macropodum have an inhibitory
affect on human plasma ACE activity in vitro. If these plants are used in an appropriate way, they can
prevent cardiovascular diseases. But, further studies are needed to use this plant safety for treatment of
hypertension.
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concentrations were used for the evaluation of inhibition type.
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Figure 4. Lineweaver-Burk graph with different FAPGG concentrations and three different C. macropodum
concentrations were used for the evaluation of inhibition type.
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Abstract

In this study univariate Padé approximation is applied to power series solutions of Fourth-order Fractional Integro-
differential equations. The fractional derivatives are described in the Caputo sense. Power series solutions of the
Fractional Integro-differential equations are converted into rational power series solutions by applying univariate
Padé approximation. Then the numerical results were compared to show the effectiveness of univariate Padé
approximation.

Keywords: Padé Approximation, Homotopy perturbation method, Integro-differential equations.

Dérdiincii Mertebeden Kesirli integro-Diferensiyel Denklemlerin Etkili Bir
Non-lineer Teknikle Coziimii

Oz

Bu calismada, tek degiskenli Padé yaklasimi dordiincii mertebeden kesirli integro-diferensiyel denklemlere
uyguland1. Kesirli tiirevle’r Caputo tammina gore tammlandi. Kesirli integro-diferensiyel denklemlerin seri
¢oziimleri, Padé yaklagimi yardimiyla rasyonel kuvvet serilerine doniistiiriildii. Sonra Padé yaklagiminin
etkinligini gostermek i¢in niimerik sonuglar karsilastirildi.

Anahtar Kelimeler: Padé Yaklasimi, Homotopy Pertiibasyon Yéntemi, Integro-diferensiyel Denklemleri.

1. Introduction

During the past decades, many researchers were attracted by the topic of fractional calculus due to its
applications in many area [1-3]. Some approximations and numerical methods were used for the
solutions of the fractional differential equations [4-6]. As it is known, a combination of differential and
Volterra—Fredholm integral equations are called as Integro-differential equations. Integro-differential
equations are usually difficult to solve analytically, so it is required to obtain an efficient approximate
solution. Many applications of these equations can be seen in different areas [7-13].

Many theoretical and practical studies are done in literature based on the multivariate Padé
approximation. Recently, the Padé approximation has become increasingly hot, which has led a large
number of researchers to carry out relevant theoretical and numerical studies. In practice, the calculation
principle of the Padé approximation is relatively simple, the calculation accuracy is high, the calculation
amount is small, and it does not rely on the variational principle [14-17]. More details about the theory
of univariate and multivarite Padé approximation can be found in [14]. In this study, univariate Padé
approximation was applied to the solutions of Fourth-order Fractional Integro-differential equations in
the form [18].

* Corresponding author: veyisturut@gmail.com
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D*y(x) = f(x)+yy(x)+I[g(t)y(t)+h(t)F(y(t))]dt O<x<b, 3<a<4 (1)
y(0) = 7, y"(0) = 7, 2
yb)=45, Y'(b)=45, 3)

where D“ is the fractional derivative in the Caputo sense and F(y(x)) is any nonlinear function,

V2 Vo:Var 3, and f3, arereal constantsand f,g and h are given and can be approximated by Taylor

polynomials [18]. Basic definitions and properties of fractional calculus theory which are further used
in this paper can be found in [18].

The paper is organized as follows. We begin by introducing necessary homotopy pertubation
method (HPM) equations that constructed by Nawaz [18] in section 2. Then the univariate Padé
approximation is presented which are required for establishing our results. In Section 3 the applications
of the Padé approximation are presented to construct approximate solutions to linear and nonlinear
boundary value problems for fourth-order fractional integro-differential equations. In Section 3 two
examples present to demonstrate the efficiency of the method. Concluding remarks are given in the last
section.

2. Materials and Methods
2.1. Homotopy perturbation method (HPM)

Nawaz [18] constructed following homotopy equation (4) and (5) for equation (1) with boundary
conditions (2)—(3), by using basic concepts of HPM [18]:

1-p)D"y(x)+ p[D“y(X) - F()-7y(x) —I[g(t)y(t) + h(t)F(y(t))]dt] =0 (4)
or
(D*y(x) = IO( f (X)+7Y(X)+I[9(t)y(t)+h(t)F(y(t))]dt] (5)

where p €[0,1]is an embedding parameter [18]. More details can be found in [18].

2.2.  Univariate Padé approximation

Consider a formal power series

f(X) =Cy+CX+C X+ (6)
with (C, #0) [14]. The Padé approximation problem of order (m,n) or [m,n] for f consists in
finding polynomials

PO =Y ax, a(x =3 0x ®

such that in the power series (fq— p)(x) [14]. To find the coefficients we get following linear systems
of equations

c,b, =0
b —
:Cl 0 + CObl al (8)

c,b,+c, b +--+cC, b =a,
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b, +c.b+...+C, .0, =2

m-+1 m-n+1%n = “m

c
: (9)

b, +C, b +...+C b, =0

Cm+n
with ¢, =0 for i <0 [14].

In general a solution for the coefficients @, is known after substitution of a solution for the b,
in the left hand side of (8). So the crucial point is to solve the homogeneous system of n equations (9)
inthe n+1 unknowns b;,. This system has at least one nontrivial solution because one of the unknowns
can be chosen freely [14

In short, by solving the equations (8) and (9) the coefficients &; and bi are found. Then the
Padé equations (7) are found. After finding these polynomials we get The Padé approximation of order
(m, n) or [m, n] for f . More details about definitions and theorems for Padé approximation can be
found in [14].

3. Results and Discussion

In this section univariate Padé series solutions of fourth-order linear and nonlinear fractional integro-
differential equations shall be illustrated by two examples. The full Homotopy perturbation method
solutions of examples by Nawaz can be seen in [18].

Example 1.

Consider the following linear fourth-order fractional integro-differential equation [18]:

D y(x) = x(L+€e*) +3e* jty(x)—j;X y()dt O0<x<l, 3<a<4 (10)
subject to the following boundary conditions:

y©0)=1 y"(0)=2 (11)
y) =1+e, y'(1)=3e (12)

The exact solution of (10) is given as y(x) =1+ xe* for « =4 in [18].
According to the Homotopy Pertubation method Nawaz [18] obtained following homotopy:

Dy(x) = p|x(1+¢€*)+3e* +y(x)—j;xy(t)dt] (13)
Nawaz obtained following solution (14) by applying HPM on (13) in [18]:
y(x)—1+Ax+x2+BX3nL x +(4+A)L

' 6 I[(a+1) I(a+2)
X(\+2 Xn+3 Xu+4
+(7-A)——+(@4+B)—————+(4-B)—— 14
( )F(a+3) ( )P(a+4) ( )F(a+5) (14)
4X2(1 X21\+2 X20+3 2X2(1+4 4X21\,+5

i I'(2a+1) * I'(2a+3) * T(2a+4) T(2a+5) I[(2a+6)

Table 1. Values of A and B for different values of o for equation (14) [18]
a=3.25 a=35 a=3.75 a=14

A | 1.10186984200028 1.09179499393439 | 1.05222793297923 | 0.99906052231083

B | —0.29428456125416 | 0.96679305229906 | 2.07168041387465 | 3.00628128299199
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HPM solution (14) for «« =4 is obtained as:

¥;(X),_, =1+0.9990605223x + x* + 0.5010468805x> + 0.1666666667x"

+0.04165883768x° + 0.008334638165x° + 0.001390135175x’
+0.0001238521507x° + 0.2755731922.10 ° x*°
+0.250521083910 ' x** —0.41753513981.10 °x*

Equation (15) was put into Padé series and following equations, respectively, I;s(X), I;5(X),r,,(X),

r3’3(x) were obtained for different values of m and n by applying Padé approximation using equations

(8)and (9) :

r, s (X) = (141.067184792x +1.55025727x’
10.541829923%° +0.1712272163x* + 0.03239991461x°

(15)

+0.001680525583x°) / (14 0.06812426968x — 0.01303454103x? (16)
—0.01431893132x° — 0.002232883194x" + 0.002467664877x°
—0.0003776744646x°)
I, s (X) = (0.9999999996 -+ 0.9821637950x
+0.9922657685x%> + 0.4502613670x° + 0.1381120667x*
+0.01278787559x°) / (0.9999999996 — 0.01689672688x (17)
+0.009146621640%> —0.04302681492%° + 0.01375122298x*
—0.001349216249x°)
r,,(X) = (1—0.3473258101x + 0.2490539622x"
—0.3793574163x° —0.02859963464x") / (1—1.346386333x
+0.5941753945x> —0.1276351444x° +0.01267620996x*)
(18)
. (X) 1—0.4137039739x + 0.5569093547 x> +0.04216740745%° (19
33 1—0.5853565487x + 0.1417159738x2 —0.01510575936 X°
Table 2. Numerical Values for exact solution and padé approximations of equation (14) for « = 4
a=4
X re,e (X) r5,5 (X) r4,4 (X) r3,3 (X) y(x) =1+xe*
0.1 | 1.110424190 | 1.110424191 | 1.110424191 | 1.110424191 | 1.110517092
0.2 | 1.244101028 | 1.244101029 | 1.244101029 | 1.244101030 | 1.244280552
0.3 | 1.404704041 | 1.404704042 | 1.244101029 | 1.404704079 | 1.404957642
0.4 | 1.596420961 | 1.596420960 | 1.596420901 | 1.596421290 | 1.596729879
0.5 | 1.824021196 | 1.824021198 | 1.824020671 | 1.824023019 | 1.824360636
0.6 | 2.092931688 | 2.092931680 | 2.092928360 | 2.092939194 | 2.093271280
0.7 | 2409321908 | 2.409321859 | 2.409305363 | 2.409347245 | 2.409626895
0.8 | 2.780199088 | 2.780198871 | 2.780128937 | 2.780272852 | 2.780432742
0.9 | 3.213514523 | 3.213513724 | 3.213246540 | 3.213706334 | 3.213642800
1.0 | 3.718282084 | 3.718279530 | 3.717312570 | 3.718738299 | 3.718281828
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Table 3. Error values for padé approximations of equation (14) for « = 4

a=4
Y= (] | =] | YO0 =1, (0] | [y()—ra ()]
0.1 | 0.0000929018 | 0.0000929008 | 0.0000929008 | 0.0000929008
0.2 | 0.0001795236 | 0.0001795226 | 0.0001795226 | 0.0001795216
0.3 | 0.0002536014 | 0.0002536004 | 0.0002536044 | 0.0002535634
0.4 | 0.0003089182 | 0.0003089182 | 0.0003089782 | 0.0003085892
0.5 | 0.0003394395 | 0.0003394375 | 0.0003399645 | 0.0003376165
0.6 | 0.000339592 0.000339600 0.000342920 0.000332086
0.7 | 0.000304987 0.000305036 0.000321532 0.000279650
0.8 0.000233654 0.000233871 0.000303805 0.000159890
0.9 | 0.000128277 0.000129076 0.000396260 0.000063534
1.0 2.56x10” 2.208%10°° 0.000969258 | 0.000456471
35
M
151
02 04 06 08 1 : 02 0.4 0.6 0.8
| exact solution  © I—E;Z\-I salution [6.6]] | exact solution ¢ }r;u solution [55]]
Figure 1. Figure 2.

Figure 1. y(X) =1+ xe* (Exact solution), Y, (X) (HPM solution), I 4(X).

Figure 2. y(X) =1+ xe* (Exact solution), Y,(X) (HPM solution), I ;(X) .
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Y
]

D 02 0.4 0.6 0.8 1 0 02 04 06 08 1
x X
[

exact solution ¢ HPM solution [3.3]|

exact solution ¢  HPM solution [-I-4]| |
Figure 3. Figure 4.
Figure 3. y(X) =1+ xe” (Exact solution), Y, (X) (HPM solution), I, ,(X) .

Figure 4. y(X) =1+ xe” (Exact solution), Y, (X) (HPM solution), I, ;(X) .

HPM solution (14) for ««=3.75 is obtained as:
Y,(X),_3.s =141.052227933x + x* +0.3452800690x°

+0.2411642464x*™ +0.06412719693x*" 4 0.001985622146X°"

+0.00008137013071x"" +0.0002850138176x + 0.01312942763x>" (20)
+0.8403768765.10 ' x'**° —0.1461525002.10 " x***° — 0.2338440004.10 °x***°
+0.8823957200.10 °x**°

Equation (20) was put into Padé series and following equations, respectively, Fg,5(X),lg15(X), Ty

were obtained for different values of m and n by applying Padé approximation using equations (8)
and (9)

s1s (X) =14 0.2851336739x"* ++0.1139716724+/x 4 0.04738762916x™*
+0.8112266571x +0.1942311684x>* 4+ 0.07297851730x**
+0.02914795875x"* 4 0.7571584845x> +0.1813837208x”*
+0.06884972230x>* +0.02783143989x"* +0.1191052063x°
+0.002021703304x"'* —0.002614105724x"* 4 0.2381289871x"*"*) / (1
+0.2851336739x"* 4 0.1139716724+/x + 0.047387622916x°'*
—0.2410012761x — 0.1057944479x>* — 0.04694565998x %2
—0.2071462833x""* 4-0.1074675887x* +0.007570920095x""*
+0.004275584651x° +0.002240321285x** +0.00351873405x°
+0.001398843018x"*'* +0.0004805177468x "> —0.001039963651x"**)

(21)
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fa1s(X) = (1+0.8485572144x"* + 0.5282597480/x + 2.181821340x>*

+1.431881288x +0.8921999198x>* 4-0.4833774903x> +1.739490796x

+1.174093423%° 4 0.7624491887x”"* 4-0.4228081410x°* +1.625739170x™*

+0.5090971001x° +0.2151591341x** 4-0.08604054946 X" 404757821763

+0.134911668x"* 4 0.05549905147x"""* 4-0.4767630077x%%) | (1+0.8485572144x"* (22)
+0.5282597480+/x + 2.181821340x°"* +0.3796533547 x —0.0006756839084X°"*

—0.07247217240x¥* — 0.5562825620x""* —0.2253884425x% —0.08539705218x°"'*

—0.02919436297x" +0.02925388047 x"* +0.02132369126x° +0.01270208818x""*
+0.006834283848x""* 4-0.006779318949x""* +-0.002134329333x" 4-0.0003665478079x"""*

—0.002387956079x"%)
o 20 (X) = (1— 0.4325094246x"* 4 0.04125808286+/x +0.01581636875x™*

+0.9993919516x — 0.3811418570x>* 4-0.03745701208x*"

+0.01282848367x™* +0.9070031282x* —0.3599513890x"*
+0.03355620190x> +0.01142649967x"* 4-0.2575481631x°
—0.8027046362x""* +0.007198456294x""? + 0.2414347479x""*
—0.1543286011x* 4 0.03086733759x""* 4+ 0.0007466854551x"'
+0.04902968304x""* —0.01762806717x°) / (1— 0.4325094246x"*
+0.04125808286+/x +0.01581636875x°'* —0.05283598095Xx
+0.07395664083x""* —0.005955895167x*% —0.003813941327x""*
—0.03740137653x% —0.005261207760x”* —0.001434921695x"'
—0.0003767334895x™* 4+ 0.004458848127x° + 0.0006457692279x"*'*
+0.0004186224502x"'? —0.0009802246004x"* 4 0.0009300715263x"
—0.00003667958584x"""“ —0.00001676984274x°'? +-0.0003696667503x"*'*
—0.0002516931782x°)

Table 4. Numerical Values of equation (20) and its padé approximations

a=3.75

X r15,15 (X) r18,18 (X) r-20,20 (X) yl (X)(1:3.75

0.1 | 1.115612122 1.115612123 1.115612123 1.115612122
0.2 | 1.253816808 1.253816809 1.253816809 1.253816810
0.3 | 1.417854532 1.417854536 1.417854534 1.417854534
0.4 | 1.611650010 1.611650047 1.611650029 1.611650029
0.5 | 1.839846025 1.839846228 1.839846113 1.839846120
0.6 | 2.107862057 2.107862888 2.107862329 2.107862361
0.7 | 2421969134 2.421971911 2.421969739 2.421969889
0.8 | 2.789378640 2.789386580 2.789379509 2.789380129
0.9 | 3.218344559 3.218364771 3.218344693 3.218346864
1.0 | 3.718279437 3.718326368 3.718275141 3.718281828
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Table 5. Error values for padé approximations of equation (20) for cv = 3.75

a=23.75
X ‘yl(x)(1:3.75 - r15,15‘ ‘yl(x)(y:3.75 - r;LB,lS‘ ‘yl(x)(y:3.75 — 2020
0.1 0 1x107° 1x107°
0.2 2.x107° 1x107° 1x107°
0.3 2.x10°° 2x10°° 0
0.4 1.9x10°® 1.8x10°® 0
05 9.5x10°® 1.08x1077 7x107°
0.6 3.04x10~ 5.27x10~ 3.2x10°®
0.7 2.022x10°° 2.022x10°° 1.50x10~7
0.8 1.489x10°° 6.451x107° 6.20x10~7
0.9 2.305x10°° 0.000017907 2.171x10°°
1.0 2.391x10°° 0.000044540 6.687x107°
',f J 35
/ 31
I:/;.z" :‘/‘."'
yd / e /
, » y
02 0.4 _ 0.6 0.8 1 ! o 0.2 0.4 _ 0.6 0.8
|—— EPM solution [20,20]| |— #PM solm:{on. [18.18]]
Figure 5. Figure 6.

Figure 5. ¥;(X),_s75 (HPM solution), Fy 5(X).

Figure 6. Y;(X),,_s75 (HPM solution), g5 (X) .
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0 0.2 04 0.6 0.8 1
X
|[—— HPM solution [15.151]

Figure 7. Y, (X),,_s75 (HPM solution), I (X).
HPM solution (14) for «=3.50 is obtained as:

Y, (X), s =1+1.091794994x + x> +0.1611321754x° +0.3438869842x°° + 0.09727789028x"*°
+0.02052277578x>° 4 0.002654258716x°° +0.0002161264730x"* +0.0007936507936x"* (24)
+0.2755731922.10° x*° 4+0.1922275573.10 °x'*° —0.5010421678.10 " x*° —0.8350702796.10 ¢ x**°

Equation (24) was put into Padé series and following equations, respectively, I;5(X) , g10(X), F,1,(X)

were obtained for different values of m and n by applying Padé approximation using equations (8)
and (9):

r, 5 (X) = (1+0.28355250454/x + 0.08224512078 + 0.2119091973x*
+0.7163321022x% + +0.1875802077x%2 — 0.09162252208x° -+ 0.3039322961x "2
10.06939585279x*) / (1 + 0.2835525045+/x — 0.2693437860x — 0.09767200760x%2  (25)

+0.01040029944 X2 +0.01066551221x*? +0.005234093640x° + 0.0003833347164x™"?
—0.0008290693842x")

o0 (X) = (L—0.3054195159+/x +0.9347649705x — 0.3270464958x°2
+0.8128516542x% —0.2840601115x°2 —0.006110844493x° 4-0.3145224527x"
—0.1387501437x* +0.05629854454°2 —0.02353116120x°) / (1 —0.3054195159+/x (26)
—0.1570300234x +0.006409002742 x*2 — 0.01570375229x" 4-0.01436208733x°"
++0.006932281634x° —0.002241078214x"'? —0.0002826362218x" +0.00007324951870x""
—0.0001178887241x°)
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,1,(X) = (0.9999999997 — 2.188941160+/x +1.436483957x — 2.166426874x*"
+1.189627699x* —1.924661063x** + 0.3304087829x° +0.2360963679x ™"
—0.8516004838x" +0.2699054008x*'> —0.1374299967x° —0.008971297337x*2
—0.01138337076x°) / (0.9999999997 — 2.188941160+/x +0.3446889634x
+0.2234481266 x*'* —0.1867019855x” +0.02032054977x** +0.02842793720%°
—0.0007157663508x"'? +0.001271913680x* —0.001450299947 x*'2
—0.001068230175x° +0.0002045966444x"* +0.0001289622666x°)

Table 6. Numerical Values of equation (24) and its padé approximations

a=23.50

X Iy (X) o10(X) I1512(X) Y1 (X), 35

0.1 | 1.119452522 1.119452520 1.119452521 1.119452520
0.2 | 1.260951009 1.260951006 1.260951007 1.260951013
0.3 | 1.427434668 1.427434668 1.427434670 1.427434796
0.4 | 1.622665407 1.622665405 1.622665403 1.622666350
0.5 | 1.851219467 1.851219446 1.851219443 1.851223956
0.6 | 2.118526691 2.118526625 2.118526604 2.118542772
0.7 | 2.430933149 2.430933014 2.430932911 2.430980469
0.8 | 2.795780103 2.795780057 2.795779617 2.795900712
0.9 | 3.221496607 3.221497578 3.221495977 3.221772101
1.0 | 3.717704529 3.717709848 3.717704665 3.718281829

Table 7. Error values for padé approximations of equation (24) for av = 3.50

=350
X ‘yl(x)a:S.S - rs,s‘ ‘yl(x)n:S.S - r10,10‘ ‘yl(x)u:3.5 o
0.1 2.x10°° 0 1.x10°°
0.2 4.x107° 7.x10°° 6.x107°

0.3 1.28x10” 1.28x10” 1.26x1077
0.4 9.43x10” 9.45x107 9.47x107"
05 | 4.489x10° 4.510x10° 4.513x10°°
0.6 | 0.000016081 0.000016147 0.000016168
0.7 | 0.000047320 0.000047455 0.000047558
0.8 | 0.000120609 0.000120655 0.000121095
0.9 | 0.000275494 0.000274523 0.000276124
1.0 | 0.000577300 0.000571981 0.000577164
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Figure 8. Y, (X),_s5 (HPM solution), I, ,(X).
Figure 9. ¥;(X),_s5 (HPM solution), f,o(X).
Figure 10. Y,(X),,_s5 (HPM solution), I 4(X) .

HPM solution (14) for « =3.25 is obtained as:

Y, (X), g0 =1+1.101869842x 4 x* —0.04904742688x" +0.4827952800x>* +0.1448916870x**
+0.03190576360x°% +0.00320735358x"** + 0.0005126578201x"* +0.002137603632x"° (28)
+0.8382759340.10 ° x°*° +0.8823957200.10 ° x*° +0.1680753753.10 °x'** —0.2923050004.10 " x***

Equation (28) was put into Padé series and following equations, respectively, I, (x), I’15y15(X),
I’ZMZ(X) were obtained for different values of m and n by applying Padé approximation using
equations (8) and (9):
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I1010(X) = (0.9999999999 — 0.5060267858x* — 0.0008190350517+/x —0.0004133682437x°*

+1.148193838x — 0.8643176139x""* — 0.0006185576570x*? —0.00008032639278x""*
+1.053514659x% —1.026318098x” + 0.2209203695x*') / (0.9999999999 — 0.5060267858x"*
—0.0008190350517+/x — 0.0004133682437x%'* + 0.04632399572x — 0.3067419597x%'*
+0.0002839123659x¥? 4-0.0003751516086x " 4 0.002471645030%*

—0.1823015973x*"* +0.2214265701x*?)

(29)

fs s (X) = (1— 4963699699 —0.7033630287x%* +0.097201755491x

02,2 (X) =

—5.985197421x** +17.18436284x%* —0.4339815735x""* + 0.2339900549%*
—5.180097105x"* +15.02183239x"'* —0.3881288340x™"* — 0.7239863084x°
+0.5645537719x*¥* —8.619883215x""* +-10.34062473x**"*) / (1— 4.963699699x"*
+20.970262232+/x — 0.7033630287x*"* —1.004668087x — 0.5158464198x*'*
—5.922136796x%% +0.3410329359x"* +0.3410035214x* + 0.3519982059x°*'*
+0.5769940001x°% — 0.06053971248x™* —0.04601229086x° — 0.03370799392 x*¥
40.09146948587x™'? — 0.09254313671x™')

(30)

(0.9999999997 — 0.1125883731x”* — 0.006063564488+/x —0.03611626203x**
+1.075623477x —0.1871666827x""* —0.006555198037x% —0.03498711183x""*
—0.9558080376x> — 0.1859749748x** —0.006330511891x** — 0.03147808000x""*
—0.09297976073x® + 0.4227405134x"'* — 0.05349050669x"'? 4 0.003366660477x™"*
—0.03152385778x* +0.1339000391x"""* —0.04617763939x*'? — 0.001320221677x"*'*
—0.002192485028x° + 0.02309692696x** —0.01369317035x*) / (0.9999999997
—0.1125883731x"* — 0.006063564488+/x — 0.03611626203x"* — 0.02624646449x
—0.6310894978x** 4 0.0001260608082x>* 4-0.0048008308101x""* —0.01527188472x
—0.003848753232x"* — 0.0004058500055x°% — 0.0006599476604x™* —0.0008583401711x°
+0.001772838272x"* 4-0.0008903592430x "> + 0.0004415793950x™* +0.0008432502832x"
+0.0004799575988x"""* +0.00003515598350x"% — 0.00009330337098x™*"* —0.0001008258828x°
—0.0001232232683x%* —0.00004783271947x*?)

31)

Table 8. Numerical Values of equation (28) and its padé approximations

a=3.25

rEI.O,lO (X)

r2I.5,15 (X)

122,22 ()

¥1(X) 325

0.1

1.120417823

1.120417763

1.120417762

1.120417763

0.2

1.262730346

1.262726566

1.262726568

1.262726568

0.3

1.429850771

1.429812595

1.429812625

1.429812625

0.4

1.625597615

1.625408087

1.625408213

1.625408215

0.5

1.854711288

1.854074014

1.854074097

1.854074097

0.6

2.122902481

2.121242645

2.121240998

2.121240995

0.7

2.436853952

2.433288385

2.433277674

2.433277653

0.8

2.804082549

2.797619921

2.797577223

2.797577117

0.9

3.232508324

3.222792691

3.222658734

3.222658299

1.0

3.729479822

3.718643358

3.718283348

3.718281830
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Table 9. Error values for padé approximations of equation (28) for cv = 3.25

a=3.25
X ‘Y1(X)u:3.25 - r10,10‘ ‘yl(x)n,:S.ZS - r15,15‘ ‘yl(x)a:S.ZS I
0.1 6.0x10° 0 1x10°°
0.2 3.778x10°° 2x107° 0
0.3 0.000038146 3x10°® 0
0.4 | 0.000189400 1.28x1077 2x107°
05 | 0.000637191 8.3x10° 0
0.6 | 0.001661486 1.650x10°° 3x10°°
07 | 0.003576299 0.000010732 2 1x10°
0.8 0.006505432 0.000042804 1.06x10~7
0.9 0.009850025 0.000134392 4.35%10~
1.0 0.011197992 0.000361528 1.518x10°°
35]
3]
,"/l‘// ,-"/.//
/// g ////
15
02 04 06 03 23 02 04 06 08
| — SOluﬁm\- 22.22]] [— M Smm\- [15.15]]
Figure 11. Figure 12.
35
3]
5]
3 . 02 04 06 08 1
[—mpM mlumv [10.10]]
Figure 13.

Figure 11. Y;(X),,_5,5 (HPM solution), I’22Y22(X).

Figure 12. Y,(X),_s5 (HPM solution), 5,5 (X).

Figure 13. Y,(X),_s5 (HPM solution), f,;0(X).
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Example 2.

Consider the following nonlinear fourth-order fractional integro-differential equation:

D“y(x) =1+ _[Oxe“yz(t)dt 0<x<l 3<a<4 (32)
subject to the following boundary conditions:

y0) =1 y"(0)=1 (33)
yO=e y'Q=e (34)

The exact solution of (32) is given as y(x) =e* for « =4 in[18].
According to the Homotopy Pertubation method Nawaz [18] obtained following homotopy:

D'y = p[t+ [ ey et (3)
Nawaz obtained following solution (36) by applying HPM on (35) in [18]:
XZ BX3 X(. X(\+l Xr)+2 3X(\+3 X(»+4
=1+ AX+—+— 2A-1 —(2B+7
L) = A e Tt T Ve T B Ty (36

N 12x% B 8AX"° 3 6Bx""° - 20x%*+ N 20Bx*** _ 40Bx"*® N 2x%
I'(a+6) I'(a+6) I'(a+6) I(a+7) [(a+7) T(a+8) TI'(Qa+2)

Table 10. Values of A and B for different values of o for equation (14) [18]
a=23.25 a=35 a=23.75 a=4
A | 1.00646865931986 | 1.01085715673040 | 1.00647005332874 | 0.99746675420551

B | 0.34838722251386 | 0.59592879361901 | 0.59592879361901 | 1.01767767908914

HPM solution (36) for « =4 is obtained as:
Y, X, =1+0.9974667542x + 0.5000000000x* +0.1696129465x° 4-0.04166666667x*

+0.008333333333x° +0.001381852095x° +0.0005952380952%" —0.0002240911547 x* (37)
—2.364420965x10 " x° +9.742988865 x10 ®x'® —1.019798861x10 °x*

Equation (37) was put into Padé series and following equations, respectively, T, , x) , lhs (x) , r5,5(x)

, T, 5(X), were obtained for different values of m and n by applying Padé approximation using
equations (8) and (9):

(1+0.4623626828x + 0.06443930170%°)

I (X) = 2 (38)
(1—0.5351040718x +0.09818782314 ")

I, »(X) = (0.9999999996 +-1.938451454x + 0.8336731784x”

+0.1801187584x%° + 0.02516736845X4) /(0.9999999996 (39)

10.9409846998x — 0.6049277756x* +0.1434088068 X"
—0.01668411508x")
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I, 5 (X) = (0.9999999998 -+ 1.383647533x + 0.9841959081x” + 0.4786366029x’

+0.1347491064x* +0.01875726599x°) / (0.9999999998 -+ 0.3861807790x

(40)

+0.09899341999x” + 0.01719062162x° — 0.03906260359x* + 0.007910838822x"°)

Is.6(X) = (1+1.758575892x +-1.469417086 x* +0.7826093180x° 4-0.2862358740x"*

+0.06323598953x" +0.006188328148x°) / (14 0.7611091378x + 0.2102360243x
40.02273835783x* —0.01232352438x" —0.01154584914x +0.003525708542x°)

Table 11. Numerical Values for exact solution and padé approximations of equation (36) for « = 4

a=4

X re,e (X) r5,5 (X) r4,4 (X) rz,z (X) Y(X) =¢

0.1 | 1.104920538 1.104920540 1.104920540 1.104920510 1.105170918
0.2 | 1.220919683 1.220919682 1.220919684 1.220918643 1.221402758
0.3 | 1.349178450 1.349178448 1.349178455 1.349169722 1.349858808
0.4 | 1.491000418 1.491000420 1.491000508 1.490959762 1.491824698
0.5 | 1.647824945 1.647824948 1.647825564 1.647687631 1.648721271
0.6 | 1.821241812 1.821241843 1.821244804 1.820863442 1.822118800
0.7 | 2.013007344 2.013007501 2.013018650 2.012101404 2.013752707
0.8 | 2.225061816 2.225062430 2.225097517 2.223104923 2.225540928
0.9 | 2.459547883 2.459603111 2.459646288 2.455641034 2.459603111
1.0 | 2.718829673 2.718835589 2.719073522 2.711500699 2.718281828

Table 12. Error values for padé approximations of equation (36) for &« =4

a=4
YO =) | YOO =15 ()] | [YOO =1k (] | [y —1,,(0)
0.1 | 0.000250380 | 0.000250378 | 0.000250378 0.000250408
0.2 | 0.000483075 | 0.000483076 | 0.000483074 0.000484115
0.3 | 0.000680358 | 0.000680360 | 0.000680353 0.000689086
0.4 | 0.000824280 | 0.000824278 | 0.000824190 0.000864936
0.5 | 0.000896326 | 0.000896323 | 0.000895707 0.001033640
0.6 | 0.000876988 | 0.000876957 | 0.000873996 0.001255358
0.7 | 0.000745363 | 0.000745206 | 0.000734057 0.001651303
0.8 | 0.000479112 | 0.000478498 | 0.000443411 0.002436005
0.9 | 0.000055228 | 0.000053182 | 0.000043177 0.003962077
1.0 0.000547845 | 0.000553761 | 0.000791694 0.006781129
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Figure 14. Figure 15.

Figure 14. y(X) =e€” (Exact Solution), Y,(X),_, (HPM Solution), I ;(X).
Figure 15. y(X) =€” (Exact Solution), Y,(X),_, (HPM Solution), I (X) .
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Figure 16. y(X) =e€” (Exact Solution), Y,(X),_, (HPM Solution), I, ,(X) .
Figure 17. y(X) =e€” (Exact Solution), Y,(X),_, (HPM Solution), T, ,(X) .

HPM solution (36) for ««=3.75 is obtained as:
Y, X _,..=1-+1.006470053x + 0.5000000000x” +0.09932146560x°

+0.06029106159x>" +0.01269285507 x*™ +0.002236017733x>"

+0.0009810902472x%™ —0.0003456753369x"" (42)
+1.797209347 x10 °x®™ —3.997249276 x10 °x°"

—1.096779260 %10 °x"*" ++0.00001676551868x>*°

734



V. Tiiriit/ BEU Fen Bilimleri Dergisi 10 (3), 719-743, 2021

Equation (42) was put into Pad¢ series and following equations, respectively, I;,,, x), 515 (%), M101

were obtained for different values of m and n by applying Padé approximation using equations (8)
and (9):

1, (X) = (0.9999999999 — 0.4998656165x"* — 0.15434830314/x

—0.03842260783x¥* +1.291176132x — 0.4000733738x"°"*

—0.1197986446x%* —0.02658187017x""* 4 0.7918534690x>

—0.1480936423x""* —0.04382419089x** —0.06916138576x"/*

+0.2462265934x°) / (0.9999999999 — 0.4998656165x"* (43)
—0.1543483031+/x —0.03842260783x>'* +0.2847060794X

+0.1030263998x>* 4 0.03554830018x** +0.01208933398x""*

+0.005305326228x* —0.001853819941x”* —0.002428338916x°'2

—0.06211763447x"* —0.0007875639496%°

I 15(X) = (1.000000000 + 0.4030869103x"* +0.1024948641y/x — 0.01074528209x*"
+0.7655942410x + 0.3721445846x°* +0.1265136466x>* +0.01276299228x""*
+0.2770567424x* +0.1764605694x>* 4-0.07780359138x°% +0.01902455166x™"*
—0.01155813334x> +0.02485742532x**"* +0.02175087116x""

+0.07084391716x"*"*) / (1.000000000 + 0.4030869103x"* +0.1024948641/x (44)
—0.01074528209x** —0.2408758121x — 0.03355031953x""*

+0.02335563536x% +0.02357779692x""* +0.01949103390x

+0.008684505890x°* 4+ 0.003049411793x* + 0.0006668461939x"*

—0.01005883480x° — 0.007143292714x™'* —0.003176028294x"? —0.0008399664623x™'*)

I,1,(X) = (1.000000000 —1.158398906x"* +0.3364640838x"* — 0.08611768495x*
+0.9472603216x —1.260489798x>* +0.3877969178x*> — 0.1082642056x ™"
+0.4160796197x> —0.6592257893x*"* +0.2236365778x™> —0.06539043178x™"*
+0.03973008852x° —0.1315134578x™** 4-0.06660885270x ">

+0.04187365896x"*'* —0.08347642648x" +0.02773853132x"""*

+0.005797006079x”% 4 0.007502722245x**'* —0.01710418722X°

+0.01000050629%%4) / (1.000000000 —1.158398906x"* + 0.3364640838x"
—0.08611768495x>* —0.05920973144x — 0.09459598977x°* + 0.04915589367x*">
—0.02158933471x™* —0.02432755886x* +0.01518169463x”* 4-0.005930601033x*'
—0.0006025704559x™* — 0.005501551911x> + 0.01555849322x™*'* ++0.002643827608x "2
+0.001537068522x""* 4-0.009946397292x"* —0.006401837938x"""* 4 0.0004806634939x*'
—0.0007217591044x""* —0.001541231401x° —0.00007770117320x**)

(45)
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Table 13. Numerical Values of equation (42) and its padé approximations.

a=3.75

X 1212 (X) I1515(X) 121 (X) Y, (X).—s7s

0.1 | 1.105757279 1.105757278 1.105757278 1.105757277
0.2 | 1.222239265 1.222239141 1.222239139 1.222239139
0.3 | 1.350328524 1.350326760 1.350326701 1.350326704
0.4 | 1.491074036 1.491062618 1.491062077 1.491062076
0.5 | 1.645703533 1.645655243 1.645652185 1.645652171
0.6 | 1.815647202 1.815491046 1.815478523 1.815478365
0.7 | 2.002571450 2.002151634 2.002110838 2.002109417
0.8 | 2.208423663 2.207436620 2.207329371 2.207316696
0.9 | 2.435489914 2.433392811 2.433371328 2.433090997
1.0 | 2.686468944 2.682351045 2.681373791 2.681660338

Table 14. Error values for padé approximations of equation (42) for o« = 3.75

a=3.75
X ‘Y2 (X)(1:3.75 - r12,12‘ ‘yz (X)(1:3.75 - r15,15‘ ‘yz (X)(1:3.75 i
0.1 2.x10°° 1x10°° 1.x10°°
0.2 1.26x10” 2x107° 0
0.3 1.820x10°° 5.6x10° 3.x10°°
0.4 0.000011960 5.42x10~7 1.x10°°
0.5 | 0.000051362 3.072x10°® 1.4x10°
0.6 0.000168837 0.000012681 1.58x107"
0.7 0.000462033 0.000042217 1.421x10°°
0.8 0.001106967 0.000119924 0.000012675
0.9 0.002398917 0.000301814 0.000280331
1.0 0.004808606 0.000690707 0.000286547
2.6
2.4
y 1.84
y, ’ 164 y
./'/ 1.4 -
1.2
02 04 08 08 i ) 02 04 06 08
[—— HPM solution 21.21]] |—— HPM solution [15,15]]
Figure 18. Figure 19.
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2.6

2.4 Vd

0 02 04 0.6 0.8 1

X

I— HPM solution [12112”
Figure 20.
Figure 18. Y,(X),,_375 (HPM solution), Iy ,,(X).

Figure 19. Y, (X),,_3-5 (HPM solution), I;5 15 (X) .
Figure 20. Y,(X),,_375 (HPM solution), F,,,(X).

HPM solution (36) for o« = 3.50 is obtained as:

¥,(X), 55 =1.4+1.010857157x +0.5000000000%* + 0.09932146560x’
+0.08597174604x>° 4-0.01910483246x*° +0.003549032871x>°
+0.001603202724x%° —0.0005836981511x™* + 2.829767920 x10 °x*
—7.131014064 x10 °x** —2.003219112 %10 *x'** +0.00004960317460x>°

(46)

Equation (46) was put into Padé series and following equations, respectively, I, ,(X) , F5(X), Fg10(X)
were obtained for different values of m and n by applying Padé approximation using equations (8)

and (9):
r, ,(x) = (1.000000000 -+ 0.2126062027+/x +0.8252329868x
+0.2026831312x%2 +0.3332301421x> +0.09962505282 x°'?

+0.01743951061x% +0.1019969367x"'?) / (1.000000000 + 0.2126062027~/x (47)
—0.1856241703x —0.01223137047x%? 4+ 0.02086966324 x>
+0.005686119835x°* —0.01016611830x° —0.004723338690x"%)

I, (X) = (1.000000000 — 0.1639253396+/x +1.004377559x — 0.1576658605x°">
+0.5043928389x* —0.1089945598x>'* +-0.08835048971x* +0.03642187344x""?

—0.01762723677x*) / (1.000000000 — 0.1639253396+/x — 0.006479598170x (48)
+0.008039242267x*% +0.01094278700x* — 0.03515841557x>'?
—0.01879277138x* —0.001748052755x"'? +0.01063468802x"*)
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010 (X) = (1.000000000 + 0.5084255416+/x +1.273941216x
+0.5221862006x%* 4 0.7545614502x° + 0.2329494241x>
+0.1824810720x° 4 0.08935668578x /2 4 0.03056014946x"
+0.01213168829x"? —0.003043783177x°) / (1.000000000
+0.5084255416+/x + 0.2630840591x + 0.008240602845x*'2
—0.01137895403x* — 0.02959341910x>* — 0.03687992599x°
—0.02131821215x""* 4-0.003689837731x"

+0.005936968039x"'% 4-0.002374611522x°)

Table 15. Numerical Values of equation (46) and its padé approximations

a=23.50

X 7.7 (x) lse (x) Mo.10 (X) Y, (X)n =35

0.1 | 1.106212839 1.106212839 1.106212841 1.106212840
0.2 | 1.223287811 1.223287806 1.223287805 1.223287806
0.3 | 1.352300397 1.352300274 1.352300277 1.352300278
0.4 | 1.494516261 1.494515164 1.494515214 1.494515219
0.5 | 1.651385685 1.651379728 1.651380068 1.651380086
0.6 | 1.824551802 1.824527954 1.824529522 1.824529657
0.7 | 2.015867171 2.015789706 2.015795471 2.015796133
0.8 | 2.227417708 2.227201781 2.227219615 2.227222275
0.9 | 2461554571 2.461018677 2.461067162 2.461076224
1.0 | 2.720935053 2.719720795 2.719839903 2.719867038

Table 16. Error values for padé approximations of equation (46) for cv = 3.50

a=3.50

X ‘Y2 (X)0_z5 — If7,7‘ ‘YZ (X)_35 — ra,s‘ ‘yz (X)_35 — M0.10
01 1x107° 1x107° 1x107°
0.2 5x107° 0 1x107°
0.3 1.19x1077 4x107° 1x107°
0.4 1.042x10°® 5.5%x10°® 5x107°
0.5 5.599x10° 3.58x10~" 1.8x10°®
0.6 | 0.000022145 1.703x10°° 1.35x1077
0.7 0.000071038 6.427x107° 6.62x1077
0.8 | 0.000195433 0.000020494 2 660x10°
0.9 | 0.000478347 0.000057547 9.062x10°¢
1.0 0.001068015 0.000146243 0.000027135
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Figure 21. Y,(X),_35 (HPM Solution), g, (X).
Figure 22. Y, (X),,_55 (HPM Solution), I;5(X) .
Figure 23. Y, (X),_35 (HPM Solution), I, ;(X) .

HPM solution (36) for «=3.25 is obtained as:

Y, (X),,_s,s =1.41.006468659x + 0.5000000000x> +0.05806453708x’
+0.1206988200x>*% +0.02839972235x“% 4 0.005479454970x>%
+0.002596546043x°% —0.0009188519189x"% +0.00002688509381x°*
—0.00002038734503x>*° — 2.126862577 x10° x'°* 4-0.0001425069088x"*°
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Equation (50) was put into Padé series and following equations, respectively, I’14114(X) , rleym(x),

rzo,zo(x) were obtained for different values of m and n by applying Padé approximation using
equations (8) and (9):

14 (X) = (0.9999999999 -+ 4.263879226x”* —0.38854030014/x —0.1579395441x*"
+1.562612515x 4 3.198410715x%* —0.3162362639%x** —0.02314731625x""*
+1.087772286x” +1.077692304x** —0.1132748338x"'? 4 0.04595884244x™*
+0.3372792344x° —0.1867173627x"* +-0.5388464882x"'%) / (0.9999999999
+4.263879226x"* — 0.38854030014/x — 0.1579395441x%* +0.5561438555x
—1.093050092x""* +0.07481737085x** +0.1358138849x"* 4-0.02803092528x
+0.04587335198x" 4 0.005693977274x%? —0.01176380418x"* —0.02706947829x°
—0.05464140122x**"* +0.003622214619x"%)

(51)

Fe16 (X) = (0.9999999999 4 0.1625183353x”* +0.07575788017+/x —0.1274966670x**
+0.7950946696x -+ 0.2330041062x”* 4 0.1805863678x*> —0.1677934518x""*

+0.3160963058%” +0.1486207748x>* +0.1065972410x™? — 0.1412472664x™"*
—0.03459603471x° +0.1566928373x"'* +0.03875285169x " — 0.04961972605x ™"
—0.01472945396x") / (0.9999999999 + 0.1625183353x"* ++ 0.07575788017+/x (52)
—0.1274966670x%* —0.2113739892x + 0.06943449513x°* 4 0.1043384357x*°
—0.03947205233x""* +0.02883760131x* — 0.002522036074x"* —0.03629506454x"'2
—0.03777154940x** —0.01599771909x% — 0.005621431918x"* —0.0009011387704x""2
+0.006391328990x"* 4-0.01461497835x")
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.20 (X) = (1.000000000 +1.177320138x"* +0.8756705052+/x
—0.1170237480x>* +1.309196257 x +1.289318324x""*
+0.9862598369x** —0.1872455303x""* +0.7671040230x"
+0.6342508801x** 4+0.5162736177x>* —0.1501256840x"*
+0.1067802041x° +0.1411506487x**"* +-0.2010131998x "
+0.03396821765x"'* —0.06923044055x" 4 0.01470345623x""*
+0.02919531710x”? +0.01517209895x™* —0.03157746416X°)
/(1.000000000 +1.177320138x"* + 0.8756705052+/x
—0.1170237480x** +0.3027275978x +0.1043825033x°"*
+0.1049249179x*? —0.06946479555x"* —0.03758181674 X’
—0.05946690684x"* —0.02716527662x°* —0.02169967037 x*"*
—0.06482321121x° —0.04024839378x"'* —0.01705481355x "2
—0.008356813365x™*'* +-0.01134988874x* +0.01394614867 x*"*
+0.007816263918x*? +0.0009331330703x"* 4-0.003300765725x°)

(53)

Table 17. Numerical Values of equation (50) and its padé approximations

a=3.25

X 414 (X) 616 (X) 0,20 (X) Y,(X),—325

0.1 | 1.105774433 1.105774433 1.105774432 1.105774434
0.2 | 1.222435653 1.222435640 1.222435642 1.222435641
0.3 | 1.351101759 1.351101526 1.351101544 1.351101544
0.4 | 1.493078835 1.493076879 1.493077066 1.493077070
0.5 | 1.649853823 1.649843598 1.649844736 1.649844784
0.6 | 1.823104509 1.823064829 1.823069799 1.823070101
0.7 | 2.014719014 2.014593489 2.014610773 2.014612209
0.8 | 2.226823522 2.226481229 2.226532308 2.226537855
0.9 | 2.461818715 2.460984945 2.461118222 2.461136504
1.0 | 2.722426248 2.720566966 2.720882567 2.720935765

Table 18. Error values for padé approximations of equation (50) for v = 3.25

a=1325
* ‘.1':(1')5;3:5' "'14_14| |.1':(-T).~.=_=:5' ”'1:'_1:'| |.1':(-T).~.=_=:5' j'::.:':‘
0.1 1x107F 1.x107 210"
0.2 1.2x107° 1x107° 1x107°
0.3 2.15%107 1.8x107 0
0.4 1.765x10°° 1.91x107 4.x107°
0.5 9.039x10°° 1.186x10°° 4.8x107F
0.6 0000034408 _2T5><10'é 3_02><10'_
0.7 0.000106805 0.000018720 1.436x10°
0.8 0.000285667 0.000056626 55474107
0.9 0000682211 0000151559 0.000018282
1.0 00014904813 0000368799 0000053198
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Figure 24. Y,(X),,_3,5 (HPM Solution), g ,0(X).

Figure 25. Y, (X),,_35 (HPM Solution), Fs(X).

Figure 26. Y, (X),,_s,5 (HPM Solution), I’14'14(X)

4. Conclusion

In this Paper, Padé approximation has been successfully applied to linear and nonlinear boundary value
problems for fourth-order fractional integro-differential equations. It gives a simple and a powerful
mathematical tool for nonlinear problems. Numerical results show the accuracy and efficency of Padé
approximation. Comparisons of HPM and Padé approximation have been shown by numerical results
for different values of « show the efficiency of the Padé approximation. It provides also more realistic

rational series solutions that converge very rapidly in real physical problems.
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Evaluation of Some Biomarkers in Carp (Cyprinus carpio Linnaeus, 1758)
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Abstract

In this study, some environmental pollution parameters of Atatirk Dam Lake were evaluated with some
biochemical data of carp living in the lake and consumed economically. Water, sediment and fish samplings were
done simultaneously from Kahta and Bozova districts, where the Atatiirk Dam Lake is located. Residue analyzes
of various metals in water, sediment and muscle of carp samples were carried out together with some
physicochemical parameters in the water. Total antioxidant capacity (TAC) and total oxidant scavenging capacity
(TOSC) levels in the liver, and activities of Na*/K*ATPase, Mg?*ATPase, Ca?*ATPase were determined in the gill
of the carp. As a result of the study, it was observed that Cd, Cr and Cu levels in the water, Cd and Cu levels in
sediment and Pb and Cd levels in carp exceeded the maximum acceptable concentrations. Among the biochemical
parameters, oxidative stress index and TOSC level were found significantly higher in the liver of the fish in Kahta
compared to those in Bozova. Na*/K*ATPase activity was significantly inhibited in the gill of the fish in Kahta.
When all these pollution parameters and biochemical data are evaluated together, it can be said that the water,
sediment and carp of Kahta are more contaminated with toxic metals than those in Bozova, and the carp are under
oxidative stress, so they may be a threat to the health of the consumers hunted from this region.

Keywords: Atatiirk Dam Lake, total antioxidant capacity, ATPase, Cyprinus carpio.

Atatiirk Baraj Golii Su ve Sediment Kirliligine Bagh Olarak Sazanlarda
(Cyprinus carpio Linnaeus, 1758) Baz1 Biyobelirteclerin Degerlendirilmesi

Oz

Bu calismada, Atatiirk Baraj Golii'niin bazi gevre kirliligi parametreleri, golde yasayan ve ekonomik olarak
tiiketilen sazanlarin bazi biyokimyasal verileri ile degerlendirildi. Atatiirk Baraj Golii’niin kiyisinin oldugu Kahta
ve Bozova ilgelerinden es zamanlh su, sediment ve balik orneklemeleri yapildi. Suda bazi fizikokimyasal
parametrelerle birlikte su, sediment ve sazanlarin kas orneklerinde ¢esitli metallerin kalint1 analizleri yapildi.
Sazanlarin karaciger dokusunda toplam antioksidan kapasitesi (TAC) ve toplam oksidan siiplirme kapasitesi
(TOSC) seviyeleri, solungag dokusunda ise Na*/K*ATPaz, Mg?*ATPaz ve Ca?*ATPaz aktiviteleri tayin edildi.
Calismanin sonucunda, suda Cd, Cr ve Cu seviyelerinin, sedimentte Cd ve Cu seviyelerinin, sazanda ise Pb ve Cd
seviyelerinin maksimum kabul edilebilir konsantrasyonlari astigi goézlendi. Biyokimyasal parametrelerden
oksidatif stres indeksi ile TOSC seviyesi, Kahta’daki baliklarin karacigerinde Bozova’dakilere gore onemli
derecede yiiksek bulundu. Na*/K*ATPaz aktivitesi, Kahta’daki baliklarin solungacinda 6nemli oranda inhibisyona
ugradi. Tiim bu kirlilik parametreleri ile biyokimyasal veriler birlikte degerlendirildiginde, Kahta nin su, sediment
ve sazanlarmim Bozova’dakilere gére toksik metallerle daha fazla kontamine oldugu ve sazanlarin oksidatif stres
altinda oldugu, dolayisiyla bu bolgeden avlanan tiiketicilerin sagligi i¢in bir tehdit unsuru olabilecegi sGylenebilir.

Anahtar kelimeler: Atatiirk Baraj Golii, toplam antioksidan kapasite, ATPaz, Cyprinus carpio.
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1. Introduction

Atatiirk Dam Lake is the largest dam lake of our country, built on the Euphrates River, with a surface
area of 81700 ha, and is among the world's largest dams [1]. It was built for energy and irrigation
purposes and economically important fish species have a very important place in meeting the nutritional
needs of fisheries and local people [2]. The shores of Atatiirk Dam include Adiyaman and Sanlurfa
provinces which have large agricultural areas and a dense population. The distances of Atatiirk Dam
Lake to Sanlurfa and Adiyaman provinces are 65 km and 42 km, respectively. Kahta is the largest
district of Adiyaman and has eastern and southeastern borders to the Euphrates River. Bozova is the
district of Sanliurfa, which is on the shore of Atatiirk Dam and has the highest human activity around
the dam [3]. Aquatic environments are heavily contaminated by pollution released from domestic,
industrial and other man-made activities. Some pollutants can have a serious impact on the ecological
balance of the aquatic environments [4]. Exposure of aquatic organisms to pollutants can affect not only
the biological competencies of the organism but also human health, which depends on the organisms as
a major source of protein [5]. Therefore, it is necessary to analyze some pollution-related biomarkers in
aquatic organisms in order to fully evaluate the impact of environmental pollutants on the ecosystem [4,
6, 7].

Two approaches are proposed to evaluate the extent of the stress caused by environmental
pollutants in organisms. The first relates to measuring the integrated state of total antioxidant capacity
(TAC) [8, 9]. TAC is a measure of the amount of free radicals scavenged by a test solution used to find
the total antioxidant capacity in biological samples [10]. The second parameter related to stress is the
measurement of the total oxyradical scavenging capacity (TOSC). TOSC is a parameter used to measure
the ability of the entire antioxidant system to scavenge free oxygen radicals. TAC and TOSC are useful
biomarkers in predicting the biological responses of organisms against oxidative stress caused by
xenobiotics [11]. In aquatic toxicology studies, changes in antioxidant enzyme activities are usually
evaluated in the liver, an important organ involved in the detoxification of xenobiotics [12].
Adenosintriphosphatases (ATPases) are responsible for ion homeostasis in the cell, maintenance of the
electrochemical gradient, and regulation of cell volume [13, 14]. Gills are responsible for
osmoregulation in fish and have direct contact with contaminants in the water [15].

Atatiirk Dam Lake is polluted by human activities, agricultural and industrial pollutants from
the surrounding provinces. Common carp (Cyprinus carpio Linnaeus, 1758) is an important commercial
species that appeals to large populations worldwide and is consumed economically. It is used as a
bioindicator species in most studies associated with pollution in aquatic environments [16].

In this study, water samples were taken from the shore of Atatlirk Dam Lake to Kahta and
Bozova districts and their physicochemical parameters were measured. Besides, various metal residues
were analyzed in water, sediment and muscle of fish samples taken from these regions. The pollution of
these two regions was evaluated by TAC and TOSC analyzes in the liver, and ATPase analysis
(Na'/K*ATPase, Mg?* ATPase, Ca** ATPase) in the gill of the carp caught there.

2. Material and method
2.1. Sampling sites and sample collection

Kahta district within the borders of Adiyaman of the Atatiirk Dam and Bozova districts within the
borders of Sanliurfa were selected as the sampling points (Figure. 1). These sites were determined
considering the high population density compared to other districts, high human activities, and the
mixing of domestic, agricultural and industrial wastes into the Atatiirk Dam Lake. Fish, sediment and
water samples were collected from these sites and taken to the laboratory. Eight fish from each area
were caught by the fishermen in the region using the gill nets. Fish with an average length of 50 cm and
a weight of 700 g were selected by eye decision and used in the experiments. Plastic gallons impregnated
with 100 mg L™ MS 222 were used to anesthetize the fish. Fish brought to the laboratory were dissected
and their muscle, liver and gill tissues were separated and kept at -80 until analysis. Ethical approval
document regarding all procedures to be applied to fish was approved by Adiyaman University Ethics
Committee (Permissions no. 2021/007).
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Figure 1. Map of the study area

2.2. Water quality and metal analyses

The temperature, pH, dissolved oxygen and conductivity of the water were measured with field type
portable probe devices (YSI Pro20). All remaining analyses were conducted in Adiyaman University
Central Research Laboratory. Ammonium, nitrite, nitrate, phosphate and sulphate levels in water were
measured with commercial Kits in a kit compatible spectrophotometer (DR/2010 Hachlange). Lead (Pb),
nickel (Ni), mercury (Hg), chromium (Cr), zinc (Zn), cadmium (Cd) and arsenic (As) concentrations in
muscle, sediment and water samples were measured using an inductively coupled plasma mass
spectrometer (ICPMS) (NexION 350X, PerkinElmer, USA). The ICPMS operating conditions were the
following: RF power, 1150 W; plasma gas flow rate, 18 L/min; auxiliary gas flow rate, 1.2 L/min;
nebulizer gas flow rate, 0.84 L/min; sample uptake rate, 1 mL/min; integration time, 600 ms, triple cone
interface material, nickel; spray chamber, glass cyclonic; nebulizer, mainhard; mode of operation,
STD/KED Mode Collision (using hellium gas).

2.3. Biochemical analyses

Liver and gill samples were weighed and then homogenized in potassium phosphate buffer using a
homogenizer (Ika T25 D). Homogenates were centrifuged at 16000xg for 20 min at 4 °C (Hettich 460
R) and the supernatant was separated. Total protein and enzyme activity measurements were performed
in a microplate reader (Thermo, Varioscan Flash 2000). The total protein concentration was determined
using the Bradford method [17].

The modified methods of Atli and Canli (2011) [18] for microplate reader were used to
determine ATPase activities in gill tissue. 5 pL of gill sample and 60 puL of incubation medium were
pipetted into each microplate well and incubated at 37 °C for 5 minutes. 10 uL of 3 mM ATP was added
to this mixture and the reaction was initiated by incubating at 37 °C for 30 minutes. Then, 35 pL of
distilled water at a temperature of +4 °C was added to these wells and the reaction was stopped. By
measuring the absorbance of the main reagent at a wavelength of 390 nm, the value of inorganic
phosphate was calculated [19]. 190 pL of the main reagent was added to the mixture of 60 pL of
incubation medium, 5 pL of supernatant and 35 pL of cold distilled water in the wells, then it was
incubated at 25 °C for 10 minutes and their absorbance at a wavelength of 390 nm was measured. The
results were calculated according to the standard curve prepared from different concentrations of
KH2PQO; solution.

Total antioxidant context (TAC) and total oxyradical scavenging capacity (TOSC) assays were
performed by using commercial test kits (Rel Assay Diagnostics) following the instructions of the kit.
The analysis of TAC is based on the antioxidants in the sample reducing the dark blue-green ABTS
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radical (ABTS™: 2,2’-azinobis (3- ehylbenzothiazoline-6-sulfonate) to the colorless reduced ABTS
form. The total antioxidant level of the sample is calculated by measuring the absorbance change at 660
nm. The principle of the TOSC test is that the oxidants present in the sample oxidize the ferrous ion-
chelator complex to the iron ion. The total amount of oxidant molecules in the sample is correlated with
the spectrophotometric reading of the color intensity formed by the ferric ions with the chromogen in
an acidic medium. The following formula was used to calculate the OSI (arbitrary unit: AU) and
expressed as a percentage [20]. OSI=TOS/(TAS*10)

2.4. Statistical analyses

In the statistical analysis of the data, the computer software package SPSS 22 was used. One-way
ANOVA test was used for this purpose. Then, Tukey HSD test was performed for group comparisons.
The results were presented as meantstandard error. P values < 0.05 were considered significant.

3. Results and discussion

3.1. Water quality

Data on water quality parameters are shown in Table 1. In Bozova, the water temperature was found to
be higher and dissolved oxygen value lower than Kahta. Conductivity and pH values were close to each
other in both regions. Ammonium level was higher in Bozova, while nitrate value was higher in Kahta.
Nitrite levels were the same. Phosphate and sulphate levels were higher in Bozova than Kahta. When
these values are evaluated in general, the water quality in Bozova is lower than Kahta. We can think that
this may be due to the excess of agricultural and domestic wastes in Bozova. Similar to our results, the
values of phosphate, nitrite, ammonia, nitrate and sulphate were found higher in water from the polluted
area (Sitilce) than relatively clean area (Samsat) of Atatiirk Dam Lake [21, 22]. Yologlu et al. (2018)
[23] reported that the levels of phosphate, nitrite, ammonia, nitrate and sulphate were higher in water of
Karakog and in Sitilce than Sarisu and Tagpinar in Atatlirk Dam Lake.

Table 1. Water quality parameters

Kahta Bozova

Temperature (°C) 26.50 28.90
Dissolved oxygen 8.20 6.80
(mg/L)

Conductuvity (ISl/cm) 365 367
pH 7.70 7.50
NH,4 (mg/L) 0.06 0.12
NO; (mg/L) 0.02 0.02
NOs (mg/L) 1.14 0.86
PO, (mg/L) 0.04 0.08
SO4 (mg/L) 18.50 23.50

3.2. Metal residues in fish, sediment and water

Data on metal residues in fish, sediment and water samples are shown in Table 2. The amounts of Pb,
Cd, Cr, Ni and Cu in the water were significantly higher in Kahta than in Bozova. The amount of Hg in
the water could not be determined in either region. Concentrations of metals in water were compared
with the limit values of Environmental Quality Standard-Annual Average (EQS-AA) and Environmental
Quality Standard-Maximum Average (EQS-MA) specified in Turkey's Surface Water Quality
Regulation [24] (Table 3). Pb level was found below both EQS-AA and EQS-MA limits in waters
sampled from Kahta and Bozova. Cd and Cr levels in the water of Kahta (0.3+0.02 pg/L and 2.18+0.2
ng/L) was found above EQS-AA limit (0.2 pg/L for Cd, and 1.6 pg/L for Cr). Concentrations of Co and
Ni remained below the limit values in both regions. Cu level exceeded both EQS-AA and EQS-MA
limits in both regions. In summary, when all metal levels in waters were evaluated, it was found that Cd
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and Cr levels were above the EQS-AA limit only in Kahta, while the Cu level was above the EQS-AA
and EQS-MA limits in Kahta and Bozova.

In sediment, the concentration of all metals except Hg were higher in Kahta than in Bozova. Zn
level was higher in the sediment of Bozova. There are currently no criteria for the evaluation of
freshwater sediment quality in our country [25]. Therefore, the data obtained from this study were
evaluated according to the sediment quality criteria published by MacDonald et al. (2000) [26], and the
average heavy metal content of the earth's crust reported by Krauskopf (1979) [27]. According to the
effect levels of sediment quality criteria; LEL (Lowest Effect Level); Below this limit, no adverse effects
are generally observed in the organisms in the sediment. TEL (Threshold effect level); Adverse effects
are rarely observed in organisms in sediments below this limit. MET (Minimal effect threshold); Below
this limit, adverse effects are generally not observed in most of the creatures in the sediment. TET is
expressed as (Toxic effect threshold) and above this limit, adverse effects are generally observed in most
of the organisms in the sediment [26] (Table 4). The Pb level exceeded the LEL and TEL values in
Kahta, but it did not exceed these limits in Bozova. The natural concentration of Pb in the earth's crust
ranges from 15 to 20 mg/kg [28]. The Pb concentration detected in the Kahta sediment is above the
earth's crust average, but it is a less effective threat to the lake ecosystem as it is below the MET and
TET limits. The Cd level exceeded the LEL and TEL limits in both regions. The average Cd value in
the earth's crust is in the range of 0.1-0.5 mg/kg [29]. The Cd levels we determined in the sediments of
Kahta and Bozova are well above the average in the earth's crust, therefore it poses a threat to the lake
ecosystem. While the Cr level was above the LEL, TEL and MET limits in Kahta, it was only above the
LEL limit in Bozova. The Cr values in both regions are considerably lower than the average value (100
mg/kg) of Cr found naturally in the earth's crust. However, since it slightly exceeds the MET limit in
the Kahta sediment, it may create a toxic effect here. Co amounts were below the SAV limit. While Cu
level was above the limit values of LEL, TEL, MET and SAV in Kahta, it was above the limit values of
LEL, TEL and MET in Bozova. The fact that the Cu level exceeds the limit values in both regions
indicates that the lake sediments are exposed to significant copper pollution. Cu is a micronutrient
element essential for aquatic life in freshwater and sediments, but at high levels, it has a toxic effect on
the ecosystem [25].

Concentrations of Pb, Cd and Cr were significantly higher in muscle tissue of fish sampled from
Kahta than those from Bozova. Co, Hg, Ni and Cu levels are close to each other in the fish of both
regions and there is no statistically significant difference between them. FAO/WHO (2011) [30]
determined the maximum permissible limit of metals in fish muscles as 0.5, 0.05, 80, 0.5, 30 mg/kg for
Pb, Cd, Ni, Cr and Cu, respectively. In the Turkish guideline, Pb, Cd and Cu limits were reported as 1,
0.1 and 20 mg/kg, respectively [31]. In our study, Pb and Cd levels in fish exceeded the limits of both
FAO/WHO and Turkish guideline while Ni and Cu levels did not. The Cr level of fish was above the
limit of FAO/WHO in Kahta and below it in Bozova. Pb is a naturally-occurring and industrially-
produced element that is very toxic to the human, especially children [32]. As a result of chronic
exposure of fish to Pb, hematological [33], neurological [34] and renal [35] disorders occur. Food
consumption is the main source of exposure cadmium (Cd) in the human body. Cd is known as an
endocrine disturbing substance and it is well documented that Cd can cause to develop breast cancer and
prostate cancer in humans [36]. Oymak et al. (2009) [37] determined the Pb, Ni, Cr and Cu levels in the
muscle of Tor grypus, which they caught from Atatiirk Dam Lake, as 1.23, 0.16, 0.22 and 0.56 ug/g,
respectively. Almost all of these values are lower than the values we set. The reasons for this difference
may be that the type of fish used, sampling points and sampling time are different from ours. Karadede
and Unlii (2000) [38] could not detect the levels of Pb, Cd, Co and Ni in the muscle of Acanthobrama
marmid, Chalcalburnus mossulensis, Chondrostoma regium, Carasobarbus luteus, Capoetta trutta and
Cyprinus carpio, which they sampled from Atatiirk Dam Lake, they only determined the Cu levels in
these species as 0.81, 2.41, 2.29, 1.14, 1.68 and 2.23 mg/kg, respectively. These Cu values found are
well below the values we set for Cyprinus carpio. The biggest reason for the occurrence of this
difference may be that a period of as long as twenty years has passed. Since there is no up-to-date study
on metal residue in Atatiirk Dam Lake fish lately, we cannot compare our results with this time. The
reasons for these increases in metals may be increases in industrial, agricultural and anthropogenic
activities over time.
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Table 2. Metal concentrations of water, sediment and fish samples

Pb Cd Cr Co Hg Ni Cu
Water-Kahta (ug/L) 0.07£0.002°  0.3+£0.02°  2.18+0.2"  0.08+0.003 ND 2.15£0.03"  6.45+£0.03"
Sediment-Kahta (mg/kg) 35.7243.06°  0.86+0.07" 57.15+£3.45°  2.62+0.55°  0.02+0.001 97.50+5.52" 57.87+4.83"
Fish-Kahta (mg/kg) 2.18+0.5°  0.75£0.04"  0.68£0.02"  0.06+0.003 0.002+0.005  1.42+0.15  14.43+1.85
Water-Bozova (ug/L) 0.04£0.003  0.05£0.001  0.17£0.03  0.06=0.002 ND 1.27+0.04  4.86+0.05

Sediment-Bozova (mg/kg) 28.56+1.05  0.68+0.05  28.95+2.34  1.230.12  0.01£0.002  68.36£5.65 36.55+2.36

Fish-Bozova (mg/kg) 1.07+0.3 0.43+0.03 0.32+0.05 0.07+£0.002  0.002+0.001  1.35+0.43 12.82+1.12

Asteriks indicate significant differences between water/sediment/fish from the two sites (p<0.05)

Table 3. Environmental quality standards of Turkey's surface water quality regulation (ug/L)

Pb Cd Cr Co Hg Ni Cu
AA-EQS 1.2 0.2 1.6 0.3 ND 4 1.6
MA-EQS 14 15 142 2.6 ND 34 3.1

AA-EQS: Annual Average-Environmental Quality Standard MA-EQS: Maximum Average-Environmental
Quality Standard

Table 4. Sediment quality criteria limit values (mg/kg)

GV Pb Cd Cr Co Hg Ni Cu
LEL 31 0.6 26 - - - 16
TEL 35 0.6 37.3 - - - 35.7
MET 42 0.9 55 - - - 28
TET 170 3 100 - - - 86
SAV 20 0.3 100 8 - - 50

GV: Guidelines Values, LEL (Lowest Effect Level), TEL (Threshold effect level), MET (Minimal effect
threshold), TET (Toxic effect threshold), SAV (Shale Average Value)

3.3. Biochemical markers

TAC and TOSC values in liver and ATPases values are shown in Table 5. When the liver TAC and
TOSC values were compared, it was found that the TAC value was higher in Bozova's fish, while the
TOSC value was higher in Kahta's fish. These differences between the TAC and TOSC values of the
two regions were statistically significant (p<0.05). Oxidant-antioxidant balance is disrupted by common
inflammatory processes and free radicals. The oxidative stress is a result of disruption in this balance. It
can induce dysfunction of organs [39]. Recently, TAC and TOSC markers have been used in
environmental pollution studies. TOSC analysis measures biological resistance against a variety of
oxyradicals, thus providing useful indicators for predicting the negative effects of oxygen radicals on
the health status of organisms [11]. In this study, the reason for the lower TOSC level in the fish in
Kahta compared to the ones in Bozova may be due to the oxidative stress effect created by the high
metal concentration in the Kahta waters. This shows that the fish in Kahta is under more oxidative stress,
so their capacity to neutralize reactive oxygen species is lower. Similar to our findings, in a study
comparing TOSC levels in the digestive gland of mussels collected from polluted and clean areas, it was
observed that the TOSC level was lower in mussels in the polluted area [11]. The researcher associated
this low TOSC level with the insufficient capacity of the organism against oxidative stress caused by
the high metal content in the water of the polluted area. It is assumed that TAC is the sum of enzymatic
and nonenzymatic antioxidants [40]. In this study, the TAC level was found approximately twice as high
in Kahta than in Bozova. The reason for the low TAC level in Kahta compared to Bozova can be
explained as the energy consumption in response to the oxidative stress caused by the high metal content
in the samples taken from Kahta. In parallel with our study, Hamed et al. (2020) [41] observed that TAC
level decreased as the dose increased in Oreochromis niloticus, which they exposed to microplastics.
Oxidative stress index (OSI) is an indicator showing the degree of relationship between free radical-

749



A.A. Uckun, M. Ugkun / BEU Fen Bilimleri Dergisi 10 (3), 744-753, 2021

forming agents that cause oxidative stress in the organism and antioxidant defense systems against them
[42]. In our study, OSI value was significantly higher in Kahta than in Bozova. In another study, the
OSI was found to be high in goldfish treated with arsenite [43].

Na'/K*ATPase plays a central role in ion transport across cellular membranes in fish and is
responsible for whole body ion regulation [44]. In our study, Na*/K*ATPase activity was significantly
inhibited in the gills of fish caught from Kahta compared to those in Bozova (p<0.05). This decrease in
Na*/K*ATPase activity indicates the destruction of cellular ion regulation in the gill tissues of fish [45].
In aquatic organisms, especially in the gills of fish, the Na*/K*ATPase enzyme plays an important role
in maintaining the ion balance, and the increase or decrease in its activity has proven to be a vital index
for the levels of environmental pollutants as well as as a potential indicator of toxic stress [46]. ATPases
are known to be the target enzymes of xenobiotics in the cell, heavy metals and other xenobiotics can
bind to the phospholipid part of the cell membranes, causing inhibition of these enzymes [47]. Pollutants
in the water can interact with the enzyme directly, altering the gill Na*/K*ATPase activity [48]. Based
on this idea, in our study, we can attribute the inhibition of the Na*/K*ATPase in fish caught from the
Kahta to the toxic effect created by the metal density in this region. Similar to our findings, the
Na'/K*ATPase activity is decreased in the gills of the silver catfish (Rhamdia quelen) exposed to the Zn
effect [49]. Morga et al. (1997) [50] determined that gill Na*/K*ATPase activity of Oncorhynchus
mykiss, which was exposed to 10 pg/L silver for 48 hours, was inhibited by 85%. Mg**ATPase and
Ca®*ATPase activities were higher in Bozova than in Kahta however, these differences were not
statistically significant (p>0.05). Yologlu (2019) [51] reported that Ca**ATPase activity was
significantly inhibited in freshwater mussels (Unio mancus) when exposed to the pesticide penconazole
for 96 hours compared to the control. Uckun and Oz (2020a, 2020b) [52, 53] observed dose-dependent
inhibitions of Mg?*ATPase and Ca*ATPase in the muscle and gill of freshwater crayfish (Astacus
leptodactylus) which were exposed to penconazole and azoxystrobin for 96 hours, separately. They
attributed the inhibition of these enzymes to the reactive oxygen radicals released as a result of oxidative
stress caused by damage to tissues by the pesticides they applied.

Table 5. Biochemical markers in liver and gill tissues

Kahta Bozova
TAC (umol trolox Equiv./L + mean standard error) 1.13£0.15" 2.25+0.18
TOSC (mmol H,0; Equiv./L+ mean standard error) 4.67+0.32" 2.98+0.20
OSiI (arbitrary unit: AU + mean standard error) 0.41+0.03" 0.13+0.02
Na*K*ATPase (nmol P; min"t mg protein™ + mean standard error)  16.23+0.25" 23.56+0.32
Mg?*ATPase (nmol P; min™ mg protein™ + mean standard error) 25.42+0.12 26.66+0.55
Ca?*ATPase (nmol P; mint mg protein™! + mean standard error) 39.67+0.85 41.22+0.93

Asteriks indicate significant differences between organisms from the two sites (p<0.05)
4. Conclusion

In this study, it was determined that the Cd, Cr and Cu levels in the waters sampled from Kahta and the
Cu level in Bozova were above Turkey's surface water quality regulation limits. We foresee that the Cd
and Cu ratios in both Kahta and Bozova sediments may pose a threat to the ecosystem of the Atatiirk
Dam Lake, as they exceed the minimal effect threshold limit. Since Pb and Cd levels in fish are above
the maximum permissible values determined by FAO/WHO (2011) [30] and Turkish guidline [31] in
fish muscles in both Kahta and Bozova, it can be a threat to both the lake ecosystem and fish consumers.
From the biochemical data measured in the liver and muscles of fish, it can be concluded that the fish
in Kahta are more affected by pollution and are under more stress than those in Bozova.

Authors’ Contributions

The contributions of Aysel ALKAN UCKUN and Mira¢ UCKUN to this article is equal (50%: 50%).
Statement of Conflicts of Interest

The authors declare that they have no conflict of interest.

750



A.A. Uckun, M. Ugkun / BEU Fen Bilimleri Dergisi 10 (3), 744-753, 2021

Statement of Research and Publication Ethics

The author declares that this study complies with Research and Publication Ethics.

References

[1]

[2]

[3]

[4]
[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Alhas E., Oymak S.A., Karadede-Akin H. 2009. Heavy metal concentrations in two barb, Barbus
xanthopterus and Barbus rajanorum mystaceus from Atatiirk Dam Lake, Turkey. Environmental
Monitoring and Assessment, 148: 11-18.

Firat O. 2016. Evaluation of metal concentrations in fish species from Atatiirk Dam Lake
(Adiyaman, Turkey) in relation to human health. Fresenius Environmental Bulletin, 25: 3629-
3634.

Giirbiiz M., Celik M. A., Giilersoy A.E. 2013. An Examination of Effect of Atatiirk Dam Lake on
Agricultural Patterns in Bozova District (1984-2011). Gaziantep University Journal of Social
Sciences, 12 (4): 853-866

Ozmen M., Gungordu A., Kucukbay F.Z., Guler E.R. 2006. Monitoring the effects of water
pollution on Cyprinus carpio in Karakaya Dam Lake, Turkey. Ecotoxicology, 15: 157-169.
Mendoza-Carranza M., Septlveda-Lozada A., Dias-Ferreira C., Geissen V. 2016. Distribution
and bioconcentration of heavy metals in a tropical aguatic food web: A case study of a tropical
estuarine lagoon in SE Mexico. Environmental Pollution, 210: 155-165.

Gauthier L., Tardy E., Mouchet F. and Marty J. 2004. Biomonitoring of the genotoxic potential
(micronucleusassay) and detoxifying activity (EROD induction) in the River Dadou (France),
using the amphibian Xenopus laevis. Science of the Total Environment, 323: 47-61.

TIlili S., Jebali, J., Banni M., Haouas Z., Mlayah A., Helal A.N., Boussetta H. 2010. Multimarker
approach analysis in common carp Cyprinus carpio sampled from three freshwater sites.
Environmental Monitoring and Assessment, 168: 285-298.

Regoli F., Gorbi S., Frenzilli G., Nigro M., Corsi I., Focardi S., Winston G.W. 2002a. Oxidative
Stress in Ecotoxicology: from the Analysis of Individual Antioxidants to a More Integrated
Approach. Marine Environmental Research, 54: 419-423.

Regoli F., Pellegrini D., Winston G.W., Gorbi S., Giuliani S., Virno-Lamberti C., Bompadre S.
2002b. Application of Biomarkers for Assessing the Biological Impact of Dredged Materials in
the Mediterranean: The Relationship Between Antioxidant Responses and Susceptibility to
Oxidative Stress in the Red Mullet (Mullus barbatus). Marine Pollution Bulletin, 44: 912-922.
Pinchuk 1., Shoval H., Dotan Y., Lichtenberg D. 2012. Evaluation of antioxidants: scope,
limitations and relevance of assays. Chemistry and Physics of Lipids, 165: 638-47.

Regoli F. 2000. Total Oxyradical Scavenging Capacity (TOSC) in Polluted and Translocated
Mussels: A Predictive Biomarker of Oxidative Stress. Aquatic Toxicology, 50: 351-361.
Khangarot B.S. 1992. Copper-induced hepatic ultrastructural alterations in the snake-headed fish,
Channa punctatus. Ecotoxicology and Environmental Safety, 23: 282-293.

Grosell M., Wood C.M., Walsh P.J. 2003. Copper homeostasis and toxicity in the elasmobranch
Raja erinacea and the teleost Myoxocephalus octodecemspinosus during exposure to elevated
waterborne copper. Comparative Biochemistry and Physiology Part C, 135: 179-190.

Loro V.L., Nogueira L., Nadella S.R., Wood C.M. 2014. Zinc bioaccumulation and
ionoregulatory impacts in Fundulus heteroclitus exposed to sublethal waterborne zinc at
differentsalinities. Comparative Biochemistry and Physiology Part C, 166: 96-104.

Farkas A., Salanki J., Specziar A. 2002. Relation between growth and the heavy metal
concentration in organs of bream, Abramis brama L. Populating Lake Balaton. Archives of
Environmental Contamination and Toxicology, 43: 236-243.

Vinodhini R., Narayanan M. 2009. Biochemical changes of antioxidant enzymes in common carp
(Cyprinus carpio L.) after heavy metal exposure. Turkish Journal of Veterinary and Animal
Science, 33(4): 273-278.

Bradford M.M. 1976. A rapid and sensitive method for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye binding. Analytical Biochemistry, 72: 248-254.
Atl G., Canli M. 2011. Essential metal (Cu, Zn) exposures alter the activity of ATPases in gill,
kidney and muscle of tilapia Oreochromis niloticus. Ecotoxicology, 20: 1861-1869.

751



[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

A.A. Uckun, M. Ugkun / BEU Fen Bilimleri Dergisi 10 (3), 744-753, 2021

Atkinson A., Gatemby A.O., Lowe, A.G. 1973. The determination of inorganic ortophosphate in
biological systems. Biochimica et Biophysica Acta, 320: 195-204.

Erel O. 2005. A new automated colorimetric method for measuring total oxidant status. Clinical
Biochemistry, 38: 1103-1111.

Firat O., Alict M.F. 2012. Assessment of Pollution in Ataturk Dam Lake (Adiyaman, Turkey)
Using Several Biochemical Parameters in Common Carp, Cyprinus carpio L. Bulletin of
Environmental Contamination and Toxicology, 89: 474-478.

Karadag H., Firat O., Firat O., Use of Oxidative Stress Biomarkers in Cyprinus carpio L. for the
Evaluation of Water Pollution in Ataturk Dam Lake (Adiyaman, Turkey). Bulletin of
Environmental Contamination and Toxicology, 92:289-293.

Yologlu E., Uckun M., Ugkun A.A. 2018. Metal accumulation and biochemical variations in the
freshwater mussels (Unio mancus) collected from Atatiirk Dam Lake, Turkey. Biochemical
Systematics and Ecology, 79: 60-68.

SWQR, 2012. Surface Water Quality Regulation, Official Gazette No. 28483 dated November
30, 2012, Ankara.

Ustaoglu F., Tepe Y. 2018. Determination of Sediment Quality of Pazarsuyu Stream (Giresun,
Turkey) by Multivariate Statistical Methods. Turkish Agriculture-Food Science and Technology
Journal, 6 (3): 304-312.

MacDonald D.D., Ingersoll C.G., Berger T.A. 2000. Development and Evaluation of Consensus-
Based Sediment Quality Guidelines for Freshwater Ecosystems. Archives of Environmental
Contamination and Toxicology, 39: 20-31.

Krauskopf KB. 1979. Introduction to geochemistry. International series in the earth and planetary
sciences. McGraw-Hill, Tokyo.

Eqgani S., Kanwal A., Ali S.M., Sohail M., Bhowmik A.K., Ambreen A., Ali, N., Fasola M., Shen
H. 2016. Spatial distribution of dust-bound trace metals from Pakistan and its implications for
human exposure. Environmental Pollution, 213: 213-222.

ATSDR. 2012. Agency for Toxic Substance and Disease Registry. Toxicological profile for
cadmium. Available at: http://www.atsdr.cdc.gov/toxprofiles/tp5.pdf

FAO (Food and Agricultural Organization), 2003. Retrieved 2012. From Heavy Metal
Regulations Faolex: http: //faclex.org/docs/pdf/eri 42405.pdf. WHO (World Health Organization)
Evaluation of certain food additives and the contaminants mercury, lead and cadmium 2011 WHO
Technical Report Series.

Dural M., Géksu M., Ozak A. 2007. Investigation of heavy metal levels in economically
important fish species captured from the Tuzla Lagoon. Food Chemistry, 102: 415-421.
Waalkes M.P., Berthan G. 1995. Handbook on Metal-Ligand Interactions of Biological Fluids.
Vol. 2. New York, p. 471-482.

Schmitt C.J., Caldwell C.A., Olsen B., Serdar D., Coffey M. 2002. Inhibition of erythrocyte
deltaaminolevulinic acid dehydratase activity in fish from waters affected by lead smelters.
Environmental Monitoring and Assessment, 77: 99-119.

Noureddine D., Miloud S., Abdelkader A. 2005. Effect of lead exposure on dopaminergic
transmission in the rat brain. Toxicology, 207 (3): 363-368.

Patel M., Rogers J.T., Pane E.F., Wood, C.M. 2006. Renal responses to acute lead waterborne
exposure in the freshwater rainbow trout (Oncorhynchus mykiss). Aquatic Toxicology, 80: 362-
371.

Saha N., Zaman M.R. 2013. Evaluation of possible health risks of heavy metals by consumption
of foodstuffs available in the central market of rajshahi city, Bangladesh. Environmental
Monitoring and Assessment, 185: 3867-3878.

Oymak S.A., Akin H.K., Dogan N. 2009. Heavy metal in tissues of Tor grypus from Atatlirk Dam
Lake, Euphrates River-Turkey. Biologia 64 (1): 151-155.

Karadede H., Unlii E. 2000. Concentrations of some heavy metals in water, sediment and fish
species from the Atatiirk Dam Lake (Euphrates), Turkey. Chemosphere, 41 (9): 1371-1376.
Tanyeli A., Akdemir F.N.E., Eraslan E., Giiler M.C., Sebin S.0., Giilgin I. 2020. Role of p-
coumaric acid in alleviating of the intestinal ischemia/reperfusion injury. Kocaeli Medical
Journal, 9 (1): 166-173.

752


about:blank

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

A.A. Uckun, M. Ugkun / BEU Fen Bilimleri Dergisi 10 (3), 744-753, 2021

Mahfouz R., Sharma R., Sharma D., Sabanegh E., Agarwal A. 2009. Diagnostic value of the total
antioxidant capacity (TAC) in human seminal plasma. Fertility and Sterility, 91: 805-811.
Hamed M., Soliman H.A.M., Osman A.G.M., Sayed A.E.H. 2020. Antioxidants and molecular
damage in Nile Tilapia (Oreochromis niloticus) after exposure to microplastics. Environmental
Science and Pollution Research, 27: 14581-14588.

Sayed A.E.H., Abu Khalil N.S. 2016. Oxidative Stress Induction in Monosex Nile Tilapia
(Oreochromis niloticus, Linnaeus, 1758): A Field Study on the Side Effects of
Methyltestosterone. Journal of Aquaculture Research and Development, 7 (3): 416.

Bagnyukova T.V., Luzhna L.l., Pogribny I.P., Lushchak V.l. 2007. Oxidative stress and
antioxidant defenses in goldfish liver in response to shortterm exposure to arsenite. Environmental
and Molecular Mutagenesis, 48: 658-665.

Torreblanca A., Del Ramo J., Diaz-Mayans J. 1989. Gill ATPase Activity in Procambarus clarkfi
as an Indicator of Heavy Metal Pollution. Bulletin of Environmental Contamination and
Toxicology, 42: 829-834.

Marigoudar, S.R. 2012. Cypermethrin induced some pathophysiological and biochemical changes
in the freshwater teleost, Labeo rohita (Hamilton). Ph. D Thesis, Karnatak University, Dharwad,
India.

Thaker J., Chhaya J., Nuzhat S., Mittal R. 1996. Effects of chromium (V1) on some iondependent
ATPases in gills, kidney and intestine of a coastal teleost Periophthalmus dipes. Toxicology, 112:
237-244.

Chhaya J., Thaker J., Mittal R., Nuzhat S., Mansuri A.P., Kundu R. 1997. Influence of Textile
Dyeing and Printing Industry Effluent on ATPases in Liver, Brain, and Muscle of Mudskipper,
Periophthalmus dipes. Bulletin of Environmental Contamination and Toxicology, 58: 793-800.
Watson T.A., Beamish F.W.H. 1980. Effects of zinc on branchial ATPase activity in vivo in
rainbow trout, Salmo gairdneri. Comparative Biochemistry and Physiology Part C, 66: 77-82.
Leitemperger J., Menezes C., Santi A., Murussi C., Lo ‘pes T., Costa M., Nogueira L.S., Loro
V.L. 2016. Early biochemical biomarkers for zinc in silver catfish (Rhamdia quelen) after acute
exposure. Fish Physiology and Biochemistry, 42: 1005-1014.

Morga 1.J., Henryb R.P., Wood, C.M. 1997. The mechanism of acute silver nitrate toxicity in
freshwater rainbow trout (Oncorhynchus mykiss) is inhibition of gill Na’ and CI- transport.
Aguatic Toxicology, 38: 145-163.

Yologlu E. 2019. Assessment of Na*/K*-ATPase, Mg?*-ATPase, Ca**-ATPase, and total atpase
activities in gills of freshwater mussels exposed to penconazole. Commagene Journal of Biology,
3: 88-92.

Uckun A.A., Oz O.B., 2020a. Acute exposure to the fungicide penconazole affects some
biochemical parameters in the crayfish (Astacus leptodactylus Eschscholtz, 1823. Environmental
Science and Pollution Research, 27: 35626-35637.

Ugkun A.A., Oz O.B., 2020b. Evaluation of the acute toxic effect of azoxystrobin on non-target
crayfish (Astacus leptodactylus Eschscholtz, 1823) by using oxidative stress enzymes, ATPases
and cholinesterase as biomarkers. Drug and Chemical Toxicology,
https://doi.org/10.1080/01480545.2020.1774604.

753


about:blank

BEU Fen Bilimleri Dergisi BEU Journal of Science
10 (3), 754-762, 2021 10 (3), 754-762, 2021

Arastirma Makalesi / Research Article

Sir Baraj Golet’inde Yasayan Balik Orneklerinde Toplam Alfa ve Beta
Radyoaktivite Seviyelerinin Ol¢iillmesi (Kahramanmaras, Tiirkiye)

Hanifi CAM”

Kahramanmaras Siit¢ii Imam Universitesi, Teknik Bilimler Meslek Yiiksek Okulu, Elektronik ve Otomasyon
Béliimii, Kahramanmaras, TURKIYE
(ORCID: 0000-0002-9980-0037)

Oz

Kahramanmaras il smirlar1 igerisinde yer alan Sir Baraj Golet’i, Ceyhan, Korsili ve Aksu nehirleri ile
beslenmektedir. Golet, en fazla Aksu Cay1 tarafindan asir1 bir sekilde kirletilmektedir. Golet’in farkli bolgelerinde
kiiltir balikgiligr yapilarak degisik tiirlerde baliklar yetistirilmektedir. Bolgede yer yer balik oliimlerinin
gergeklesmesinden dolay, goletin radyoaktif agidan degerlendirilmesinin gerekli oldugu disiinilmiistiir. Bu
sebeple golette yasayan cesitli balik tiirlerinden 6rnekler alindi. Bu &rneklerin toplam alfa ve toplam beta
radyoaktivite seviyeleri ol¢iildi. Toplam alfa radyoaktivitesi en fazla Alabalik *da goriiliirken en az Cupra ’da
goriildi. Toplam beta radyoaktivitesi ise en fazla yine Alabalik ’da goriilirken en az yaym baliginda goriildii.
Tespit edilen sonuglar, degerlendirildiginde radyoaktif olarak, insan sagligi agisindan bir sorun olusturmadigt
ancak balik dliimlerinin kimyasal kirlilikten kaynaklanmis olabilecegi diisiiniilmektedir.

Anahtar kelimeler: Toplam Alfa, Toplam Beta, Balik, Radyoaktivite

Measurement of Gross Alpha and Beta Radioactivity Levels in Fish
Samples Living in Sir Dam Pond (Kahramanmaras, Turkey)

Abstract

Sir Dam Pond, located within the Kahramanmaras province borders, is fed by Ceyhan, Korsiilii and Aksu rivers.
Pond is heavily polluted, especially by Aksu Stream. In different parts of pond, different types of fish are grown
by fish farming. It was thought that pond should be evaluated in terms of radioactivity due to the fact that there
were some fish deaths in the region. For this reason, samples from various fish species living in the pond were
taken. The gross alpha and gross beta radioactivity levels of these samples were measured. While total alpha
radioactivity was seen mostly in Trout, it was least seen in Bream. While total beta radioactivity was mostly seen
in Trout, it was least seen in catfish. When the detected results are evaluated, it is thought that radioactivity does
not pose a problem in terms of human health, but fish deaths may have resulted from chemical pollution.

Keywords: Gross Alpha, Gross Beta, Fish, Radioactivity

1. Giris

Niifusun siirekli artis1 ve sanayilesme sonucu, ozellikle sularda agir metal seviyelerinin yiikselmesi ile
ilgili bir¢ok ¢alisma yapilmistir. Agir metaller jeolojik ve antropojik kaynaklardan siirekli artarak sulara
karigmaktadir. Agir metaller, eser seviyede bulunsa dahi suda yasayan canlilarin biinyelerinde birikerek
zehir etkisi yapabilmektedir [1-4]. Balik, gibi sucul organizmalar bulunduklari ortamlardan 6nemli
miktarda kirleticileri biinyelerinde biriktirdiginden dolay1, sucul ortamlarin kirliligi ve izlenmesi
caligmalarinda yogun bir gsekilde ve siirekli olarak kullanilmaktadir [5-7]. Genellikle, balik ve diger
sucul organizmalarda agr metal birikimleri dokulara gore farkliliklar gostermektedir. Ornegin,
baliklarin karaciger dokulari, solungag ve kas dokuya kiyasla daha yiiksek birikimler gostermektedir [8-
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10]. Ayrica, baliklarin eser seviyede metal Kirlenmesi ve insanlarin tiikketimindeki artis miktari,
potansiyel risklerin tahmininde, tath su sistemlerinin belirgin 6zelliklerinden birisidir [11-13]. Agir
metallerin alinmasi, solungag, besin yolu ve deri araciligi ile olmaktadir. Alinan bu agir metaller, tasiyici
proteinlere baglanarak kan yolu ile dokulara ve oradan da organlara tagimmmaktadir. Béylece burada
yiiksek konsantrasyonlara ulagsmaktadir [14,15]. Ayrica agir metal birikimlerinin, baliklarin doku ve
organlarmdaki artigi, farkli kan ve enzim degerleri, bitylime ve gelismeyi etkiledigi belirtilmistir [16].

Su ve atik sudaki radyoaktif kirlilik, dogal veya insanlar tarafindan olusturulan yapay
kaynaklardan meydana gelmektedir. Fabrika ve sehir atiklari, niikleer yakitlarin kullanilmasi,
radyoizotoplarin tipta ve endiistride kullanilmasi1 ve niikleer silahlarin denenmesinden kaynaklanan
atmosferdeki radyoaktif atiklar ve ayrica radyoaktif ¢ekirdeklerden meydana gelen kirlilik, elemental ve
radyoaktif Kirlilige neden olmaktadir [17,18].

Yerylizii kaynakli olan dogal radyoaktivite, diinyanin olusumundan bu yana biitiin canlilar
etkilemektedir. Dogal radyoaktifligin neden oldugu dogal radyasyon, uzaydan gelen kozmik isinlar,
kaya, toprak, su ve hava icerisindeki dogal olarak olugsmus radyo g¢ekirdeklerin bozunmalar1 sonucu
yayilan 1gmlardan olusmaktadir. Dogal radyoaktif elementler, diinyanin hemen hemen her yerinde
bulunmaktadir [19].

Dogal radyasyonlarin temel seviyeleri, bolgenin jeolojik ve cografik yapisina bagl olarak da
degisiklik gostermektedir [20]. Toprak ve kayalari mineralojik yapilari ile cografi yiikseklik, bolgenin
temel radyasyon seviyesini etkilemektedir. Bir bolgenin veya bir yerin dogal temel seviye
radyasyonunun belirlenmesi, onun radyolojik agidan incelenmesi ve topraginda, suyunda ve havasinda
bulunan dogal radyoaktivitenin belirlenmesi gerekir.

Radyoaktif kirlenmenin biiylikliigiinii tespit etmek i¢in alfa ya da beta yayan radyoizotoplarin
tayinleri, birgok radyo kimyasal ayirma ve saflastirma islemleri yapmak gerektiginden dolayi, her bir
radyoizotopun tayini olduk¢a zaman alici ve pahalidir. Bu yiizden radyoaktif kirliligin tespitinde
oncelikli olarak toplam alfa ve toplam beta radyoaktivite seviyelerinin tespit edilmesi ve limit degerlerin
tizerinde bir aktivite dlglilmesi ile radyoaktif kirlilikten s6z edebiliriz.

Sir Baraj Golet’i, sanayi, kanalizasyon ve evsel atiklar ile siirekli kirletilmektedir. Golette yer
yer balik 6limlerinin gergeklesmesinden dolay1 goletin, radyoaktif agidan degerlendirilmesi gerektigi
diistiniilmiistiir.

2. Materyal ve Metot

Arastirma sahasi olan Kahramanmaras ili Sir Baraj Golii, Kahramanmaras ilinin Giiney-Bati’sinda 45
km. mesafede ve 12.950 km®lik bir havzaya sahiptir. Ceyhan Nehri iizerinde kurulan bu baraj gélii,
normal su kotunda 47,5 km?lik bir alana sahiptir. Ayrica girintili ve ¢ikintili bir goriiniim arz etmekte
olup baraj kiyilar1 az engebeli ve diizliik alanlardan olugmaktadir [21]. Golet’i besleyen ana su
kaynaklar1 Ceyhan, Korsiilii ve Aksu nehirleridir. Baraj Gdolet’inin ¢evresinde 7 kasaba ve bunlara bagh
20 kdy bulunmaktadir. Golet kenarina yakin olan Afsar, Ciiceli, Kizildamlar ve Kizilseki koylerinde
tarim ve hayvanciligin yani sira balik¢ilik da yapilmaktadir. Ayrica Golette kiiltiir balik¢iligi da
yapilmakta olup Diinya’nin bir¢ok iilkesine cesitli tiirlerde balik ihracati yapilmaktadir.

Sir Baraj Golet’ini kirleten baslica faktorler; Kahramanmaras ilinin kanalizasyon ve ¢opliigiiniin
yam sira Ozellikle sanayi atiklarmin Aksu Cayi’na karismasi ve buradan da Sir Baraj Goleti’ne
karigmasiyla gerceklesmektedir. Sularinin biiylik bir kismim karstik kaynaklardan alan Aksu Cayi,
yaklagik 1.740 km?’lik bir sahanin sularini drene ettikten sonra Kahramanmaras Ova’sinda Sir Baraj
Goleti’ne dokiilmektedir [22,23]. Ayrica sehirdeki fabrikalarin ¢ogunda aritma sisteminin olmamasi
veya olanlarm da maliyeti arttirdign gerekgesiyle c¢alistirilmamasi ¢alismanin O6nemini daha da
arttirmaktadir. Arastirma sahasinin genel bir goriinimii Sekil 1’de verilmektedir.

Ayrica Sekil 2 ve 3’de Aksu Nehrinin Sir Baraj Golet’ine dokiilmeden onceki ve sonraki durumu
goriilmektedir.
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Sekil 2. Aksu Nehri’nin Sir Baraj Gélet’ine dokulmeden oncekl durumu [25,26].
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Sekil 3. Aksu Nehri’nin Sir Baraj Golet’ine dokiildiikten sonraki durumu [25,26].

Sir Baraj Golet’inin tabani, Ceyhan Nehri ve Aksu Cayi’nin tasidiklar1 aliivyonlarm birikmesiyle
olusmaktadir. Arastirma havzasini olusturan aliivyon topraklarin materyalini degisik yastaki
formasyonlar olusturmaktadir. Bu formasyonlarin en yaygin olan1 kalkerler oldugundan aliivyon
topraklar kireclidir. Aragtirma sahasinin genis bir kismuni1 kahverengi orman topraklar1 gevrelemektedir.
Toprak profilinde ise kahverengi hakimdir.

Caligma sahamiz olan Sir Baraj Golet’i ise bu jeolojik birimlerden olan Post Alpin Formasyonu
hakimdir. Post Alpin Formasyonlari; Miosen, Pliosen ve Kuaterner birimleri ile ifade edilmektedir.
Caligma istasyonlarimizin genis bir alamni kapsayan selmo formasyonu, Sir Baraj Golet’i ¢evresinde
genis bir sekilde mostra vermektedir. Karasal kirintilardan olusan ve egemen litolojisi konglomera olan
birim, tabanda sarims1 yesil renkli kil tas1, silttas1 diizeyi ile baslar. Uste dogru kirmizi renkli camur tast,
silttag1, grimsi yesilimsi, yer yer kirmizimsi silttasi-kumtasi ve olgun polijenik elemanli konglomera-
kumtas1 ardalanmasi ile devam etmektedir.

Caligma sahamizin Aksu Cay1’nin Baraj Goélet’ine katildig1 bolge ise Besni Formasyonu olarak
adlandirilmaktadir. Formasyon genellikle 1-2 m kalinlikta, agik gri, yesilimsi renkli, taneleri
boylanmali, diizensiz tabakalamali, peridotit ¢akilli, karbonat ¢imentolu konglomeralar ile baslar ve tiste
dogru konglomeralarin boylari incelerek kirintili, agik kirmizimsi, sarimsi renkli kalkerlere gegmektedir.
En tist bolimde ise kirmizi ve pembe renkli, koseli kirintilardan olusan kumtasi ile son bulmaktadir [22].

2.1. Orneklerin toplanmasi

Sir Baraj Golet’inin kirlenmesine sebep olan Aksu Nehri’nin, golete dokiilmeden 6nceki ve dokiildiikten
sonraki durumu, 6zellikle Alabalik basta olmak iizere gesitli tiirlerde kiiltiir balik¢iliginin yapilmisg
oldugu bolgeler ve balik oliimlerinin gergeklestigi yerler ile gdletin toprak ve kayac yapisida dikkate
alinarak Sekil 4’ de gosterildigi gibi istasyonlar belirlenmistir. Belirlenen bu yerlerden balik 6rnekleri,
iiretim kafeslerinden ve bolgedeki diger balik¢ilardan temin edilerek buz korumali kaplar igerisinde
laboratuvar ortamina getirilmistir.
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Sekil 4. Sir baraj Golet’inde belirlenen istasyonlar [21].

2.2. Orneklerin sayima hazir hale getirilmesi

Laboratuvar ortamina getirilen balik ornekleri bir takim 6n islemlerden gegirildikten sonra
aliiminyum folyolar icerisine sarilarak 105 °C’de etiiv firininda 7 giin boyunca kurutma islemine tabi
tutulmustur. Baliklarin yag orani yiiksek oldugunda ge¢ kurumustur. Kurutma islemi esnasinda
buharlasma ile kaybolacak radyoaktivite miktar1 ihmal edilebilecek diizeylerde oldugu igin
hesaplamalara katilmamistir. Ayrica balik 6liimlerinin gerceklestigi Aksu bolgesinde bol miktarda
bulunan, sazan baliginmn karaciger ve derisine 105 °C’de etiiv firminda 3 giin boyunca kurutma islemi
uygulanmistir. Bu siire¢ sonucunda tamamen kurumasi saglanan érnekler, havanda doviilerek toz haline
getirilmistir. Daha sonra ornekler 100 mesh gdzenekli 6zel bir elek kullanilarak elenmis ve tek
kullanimlik temiz plastik posetler igerisinde etiketlenmistir. Sonra bu 6rnekler toplam alfa sayimi igin
biiylik planset igerisine 25 mg ve toplam beta sayimi i¢in kiigiik planget igerisine 10 mg numune homojen
bir dagilim saglayacak sekilde dagitilmistir. Yukarida bahsedilen siiregler sonucunda sayima hazir hale
getirilen Ornekler, uygun detektor sistemleri kullanilarak toplam alfa ve toplam beta radyoaktivite
seviyeleri 6l¢lilmiistiir.

2.3. Kullamilan sayim sistemleri ve sayaclar

Bu calismada; orneklerin toplam alfa radyoaktivite dl¢timleri igin 7286 diisiik seviyeli alfa
sayicisi, toplam beta radyoaktivite dl¢limleri i¢in ise penceresiz sintilasyon sayact ve BP4 beta proplu
sintilasyon sayaci kullamlmugtir.

7286 diisiik seviyeli alfa sayicisi; 44 mm ¢apinda ZnS katmanl kati bir inorganik sintilator ile
EMI 6097B tiir bir foto ¢ogaltict tiip ve sayicidan olusmaktadir. Sayict kismina 4 adet birbirinden
bagimsiz foto g¢ogaltici tiip baglanabilmektedir. Her bir foto cogaltici tiip kendine ait ayarlanabilir
yiiksek voltaj kaynagina ve diskriminator devresine sahiptir. Bu sistem esas olarak ¢ok zayif temel
radyasyon dl¢iimlerinde ve diisiik sayim hizli uygulamalarda kullanilmak iizere tasarlanmistir. Sistemin
kalibrasyonu kullanma kilavuzu temel almarak yapildiktan sonra, drneklerin toplam alfa radyoaktivite
olciimleri i¢in kalibrasyon faktori kullanilmustir [27].

Penceresiz sintilasyon sayaci; sintilatdor ve bir foto cogaltici tiipten ibarettir. Penceresiz
sintilasyon sayaci kat1 6rneklerden zayif enerjili beta radyasyonu ya da alfa radyasyonu ol¢timleri i¢in
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diizenlenmistir. Bu sintilasyon sayacinin penceresiz olmasi ve sintilator ile 6rnek arasindaki mesafenin
1,6 mm’den daha kiigiik olmasi sayim veriminin yiiksek olmasini saglamaktadir. Sistemin kalibrasyonu
kullanma kilavuzu temel alinarak yapildiktan sonra 6rneklerin toplam beta radyoaktivite dlgiimleri igin
kalibrasyon faktorii kullanilmustir [28].

BP4 beta proplu sintilasyon sayici; BP4 tipi bir sintilator ve foto ¢ogaltici tiipten ibarettir.
Sintilator ve foto ¢ogaltici tiip, minimum 3,2 cm kalinlikla %4 oraninda antimon igeren kursun bir blok
icerisine yerlestirilmistir. Bu donanim zayif enerjili beta radyasyonu 6lgiimleri i¢in diizenlenmistir [29].

2.4. Orneklerin aktivite konsantrasyonlarimn hesaplanmasi

Orneklerin toplam alfa ve toplam beta aktivite konsantrasyonlari asagidaki denklem kullanilarak
hesaplanmustir.

A.=[ (NS +SS)x VDF ]/2,22 (1)
Ag=[(NS£SS)]/222xD (2
bu denklemde; A, ve Ag pCi cinsinden aktivite, NS ve SS sirasi ile 6rnegin dakikadaki net sayim sayisi
ve standart sapmasi (cpm), VDF verim diizeltme faktoriidiir (dpm/cpm), 2,22 doniistim faktori (1 pCi
= 2,22 dpm), D ilgili kalibrasyon egrisinden hesaplanan beta verim faktorii (cpm/dpm)’diir [30-33].

3. Bulgular ve Tartisma

3.1. Sir Baraj Golet’inde Uretilen ve Dogal Olarak Yetisen Bahk Tiirlerinde Toplam Alfa ve Beta
Radyoaktivite Seviyeleri

Kahramanmaras, Sir Baraj Golet’inde dogal olarak ve iiretim yoluyla yapilan ¢esitli balik tiirlerinde
toplam alfa ve beta radyoaktivite seviyeleri Tablo 1 ve Sekil 5’de verilmistir.

Tablo 1. Sir Baraj Golet’inde iiretilen ve dogal olarak yetisen balik tiirlerinde toplam alfa ve beta radyoaktivite

seviyeleri
Omek Ornek Alman Bélge ve  Toplam Alfa Radyoaktivitesi Toplam Beta
No Balik Tiirti (Ba/Kg) Radyoaktivitesi (Bq/Kg)

1 Alabalik (Kizilseki) 238.6+33 121.6+30

2 Sar1 Balik (Kizilseki) 42.4+30.5 243.84£25.2
3 Sazan Balig1 (et, Aksu) 124+33.5 469+29

4 Sazan Balig1 (Deri, Aksu) DLA 558.5424.3
5 Sazan Baligi (Ciger, Aksu) 79+£36.3 669.6+£36.4
6 Alabalik (Hasancikli) 222.9+41.9 921.5+45.7
7 Yaym Baligi, (Kavlakli) 187.7£33.4 57.1£33.1
8 Cupra (Ciiceli) 61+32.7 276.5+28.

Tablo 1°den, toplam alfa radyoaktivitesi en diisiik 42.4+30.5 Bg/Kg lik bir deger ile Kizilseki
bolgesinde dogal olarak yetisen Sar1 balik drneginde goriiliirken en yiliksek ise 238.6+33 Bg/Kg bir deger
ile yine Kizilseki bolgesinde Alabalik 6rneginde goriilmistiir. Bu balik suni olarak yetistirilerek yurt igi
ve yurt disma ihra¢ edilmektedir. Toplam beta radyoaktivitesi ise, en diisiitk Kavlakli bolgesinde dogal
olarak beslenen Yayimn(et) baligi 6rneginde 57.1+33.1 Bg/Kg olarak hesaplanirken en yiiksek ise
Hasanciklt bdlgesinde, suni olarak yetistirilen alabalik oOrneginde 921.5+45.7 Bg/Kg olarak
hesaplanmustir.

Hasancikli bolgesinde iiretilen Alabaliklarda toplam beta radyoaktivite seviyesinin yiiksek olusu
dikkat ¢ekicidir. Bunun nedeni, kullanilan yemlerden kaynaklanabilecegi gibi bolgenin toprak ve kayag
yapisindan da kaynaklanabilir. Alabalik iiretim tesislerinin, Ceyhan nehrinin Sir Baraj Golet’ine
dokiildiigii bolgede olmasi, nehrin golete tas, toprak vb. partikiillerle birlikte tagimis oldugu radyoaktif
parcaciklarm etkisi de olabilir. Aksu bolgesinde dogal olarak yetisen Sazan baliginin, etinde, toplam
beta radyoaktivite seviyesinin 469+29 Bq/Kg, derisinde 558.5+24.3 Bg/Kg ve cigerlerinde
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669.6+£36.4Bq/Kg olmasi kayda degerdir. Toplam beta radyoaktivite seviyesinin baligin cigerlerinde
yiiksek ¢ikmasinin sebebi toksik maddelerin cigerlerde birikmesinden kaynaklanmis olabilir. Dogal
sularda WHO’nun tavsiye ettigi toplam alfa radyoaktivitesinin iist sinir degeri 0,5Bg/L iken toplam beta
radyoaktivitesinin tist sinir degeri ise 1 Bg/Ldir[34]. Ancak balik gesitleri ile ilgili toplam alfa ve beta
radyoaktivitesi igcin WHO’nun belirledigi herhangi bir smir deger olmayip baliklarda toplam beta
radyoaktivitesinin yliksek ¢ikmasinin nedeni, beta yayicilarimin alfa yayicilardan fazla olmasindan
kaynaklanmis olabilir. Baraj goletinde toplam alfa ve toplam beta radyoaktivitesinin yiikselmesine 238U
ve 232Th ve 40K radyoniiklid izotoplarinin katki saglamis olabilecegi diisiiniilmektedir.

B Toplam Alfa DOToplam Beta

1000 -
900 -
800 -
700 -
600 -
500 A
400 A
300 -
200 -+
100 A

Radyoaktivite (Bq/Kg)

1 2 3 - 5 6 7 8
Ornek No

Sekil 5. Sir Baraj Goleti’nde tiretilen ve dogal olarak yetisen balik tiirlerinde toplam alfa ve beta radyoaktivite
seviyeleri

4. Sonuc ve Oneriler

Bu calismada Kahramanmaras ili, Sir Baraj Golet’i ve goleti besleyen Aksu nehrinin gdlete dokiildiigii
yerde belirlenen istasyonlardan alinan balik 6rneklerinde toplam alfa ve beta radyoaktivite seviyeleri
belirlenerek degerlendirildi. Sonuglarin yapilan benzer ¢alismalar ile uyum i¢inde oldugu gérildii [21].

Calisma alani olarak Sir Baraj Golet’inin secilme sebebi ise, golette yer yer balik 6liimlerinin
gerceklesmesi ve bolgenin jeolojik yapisinin yaninda 6zellikle goleti besleyen kollardan biri olan Aksu
nehri ile baraj goéletinin hizli bir sekilde Kirletilmesidir. Ayrica yine fabrikalarin kimyasal atiklari, yine
baraj goletinin kirlenmesine sebep olmaktadir.

Bolgenin hakim olan litolojisi, konglomera olan birim, tabanda sarimsi yesil renkli kil tag1 ve
silttas1 seviyesi ile baslayip, Uste dogru kirmizi renkli ¢amur tasi, silttasi, kumtas1 ve olgun polijenik
elemanli konglomera-kumtasi ardalanmasi ile devam etmektedir. Daha yukarilara dogru ¢ikildikga
bazaltlar olusmaktadir [4]. Goletin Aksu ve Ciiceli istasyonlarinda kismen kil tasi, Silttasi, ¢amur tasi,
kumtas1 ve bazaltlardan olustugundan goletin dogal radyoaktivitesine bir katki yaptig1 diisiiniilebilir.
Ozellikle kumtagmin igerisinde Uranyum grubunun yogunlasma egiliminde oldugu bilinmektedir [35].

Ilerde bu bolge iizerinde yapilacak olan calismalarda, insan, bitki ve hayvan saglig1 i¢in hayati
Onem tasiyan radyoaktivite ¢alismalarinin derinlestirilerek insan ve hayvanlardan alinacak doku ve kan
ornekleri ile maruz kaldiklar1 radyasyon dozlar1 belirlenmelidir. Bolgede daha detayli ve siireklilik arz
eden bir radyoaktivite taramasinin yapilmasi ve radyasyonun olusturabilecegi tehlikelere karsi
tedbirlerin gelistirilmesi canlilarin daha az radyasyon dozuna maruz kalmalar1 bakimindan faydali
olacaktir. Ayrica fabrikalarin aritma tesislerini kurarak ¢alistirmasi ve sehrin ¢opliigiiniin uygun bir yere
tagimasinin baraj goletinin radyoaktivite seviyesinin daha alt seviyelere inmesi bakimindan faydal
olacagi diisliniilmektedir. Bu caligmanin sonuglari, gelecekte bu bolgede yapilacak caligmalar igin
referans olarak kullanilabilir.

Yazarlarin Katkisi
Bu caligmada tiim katki yazara aittir.
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Cikar Catismas1 Beyam

Bu ¢alismada yazarlar arasinda herhangi bir ¢ikar ¢atigmasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyam

Yapilan ¢aligmada arastirma ve yayin etigine uyulmustur.
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Oz

Yapilan literatiir ¢aligmalarinda Kahramanmarag ilinde yayilis yapmast muhtemel 39 memeli hayvan tiirii
belirlenmistir. 2016-2020 yillar1 arasinda Kahramanmaras ilinde ve kirsal alanlarinda gergeklestirilen bu
calismada, 424 lokalitede toplam 55 giin arazi ve gozlem c¢alismalar1 yapilmistir. Bu caligmalar sirasinda,
dogrudan goézlemler igin tiiriin gdriilmesinin yani sira diirbiin, video kamera, DSLR kamera ve kamera tuzaklar1
kullanilirken; dolayli gézlem yontemleri i¢in ayak izleri, digki, agaglarin soyulmasi ve besin artiklari kullanilmastir.
Ayrica yore halki ile anket caligmalar1 yapilmistir. Yapilan arazi ve gézlem caligmalar1 sonucu, Kahramanmarag
ilinde 6 takim, 20 familyaya ait 33 memeli tiirii tespit edilmistir. Bu ¢alismada, yaban kedisi (Felis silvestris
Schreber, 1777), ¢izgili sirtlan (Hyaena hyaena (Linnaeus, 1758)) ve kizil geyigin (Cervus elaphus Linnaeus,
1758) Kahramanmaras ilinden ilk kez kaydi verilmistir. Tirlerin koruma durumlar1 IUCN, BERN, CITES ve
MAKK kriterlerine gére degerlendirilmistir.

Anahtar Kelimeler: Biyogesitlilik, Memeli faunasi, IUCN, Kahramanmaras, Tiirkiye.

Wild Mammal Fauna of Kahramanmaras Province

Abstract

According to previous studies, 39 mammal species that are likely to spread in Kahramanmarag province were
determined. In this study carried out in Kahramanmarag province between 2016 and 2020, a total of 55 days of
land and observation studies were conducted at 424 localities. During these studies, while binocular, video camera,
DSLR camera and camera traps in addition to seeing the species were used for direct observations; the footprints,
feces, peeling of trees and food residues were used for indirect observation methods. In addition, surveys were
conducted with local people. As a result of field and observation studies, 33 species belonging to 6 orders and 20
families were determined in Kahramanmaras province. In this study, wild cat (Felis silvestris Schreber, 1777),
striped hyaena (Hyaena hyaena (Linnaeus, 1758)) and red deer (Cervus elaphus Linnaeus, 1758) were recorded
for the first time from Kahramanmaras province. The conservation status of these species was evaluated according
to IUCN, BERN, CITES and MAKK criteria.

Keywords: Biodiversity, Mammal fauna, [UCN, Kahramanmaras, Turkey.

1. Giris

Asya, Afrika ve Avrupa kitalar1 arasinda bir kopri vazifesi goren iilkemiz gerek zoocografik konumu
gerekse farkli iklim kusaklarmma sahip olmasi nedeniyle birgok Avrupa agac tiirli, Sibirya’nin soguk
bolge tiirleri ile Afrika ve Asya’nin ¢6l habitatina uyum saglamus tiirlerine ev sahipligi yapmaktadir [1-
5]. Diinya tizerinde 27 takim, 167 familya ve 1314 cinse ait 6399 tiir ile temsil edilen memelilerin,
tilkemizin de i¢inde bulundugu Palearktik bolgede 13 takim, 42 familyaya ait 843 tiirii yayilis
gostermektedir [1-5]. Ayrica yiizolgimii ile kiyaslandiginda, Avrupa’da 200 memeli tiirii yayilis
gosterirken, tiir sayis1 ve endemik tiirlerin varligi bakimindan daha zengin bir biyogesitlilige sahip
iilkemizde yaklasik 170 tiir dagilis gostermektedir [1, 4, 6-11]. Morrison ve ark. [12] yapmus olduklar
caligmada, biiylik memeli hayvan tiirleri agisindan bozulmamig bir yapiya sahip olan bolgelerden 3
tanesinin (Tiirkiye’nin Kafkas bolgesi, Mus-Sirnak-Van bolgesi ve Bati Karadeniz bolgesi) Anadolu’da
bulunmasinin bu tiir ¢esitliligini arttiran sebeplerin basinda yer aldigini belirtmislerdir. Son yillarda
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Tiirkiye memeli hayvan faunasinin tespit edilmesi amaciyla yerel ve bolgesel diizeyde bir¢ok ¢aligma
yapilmig ve yapilmaya da devam etmektedir [13-31]. Kahramanmaras ilinin yaban hayati memeli
hayvanlari ile ilgili yapilan literatiir arastirmalarinda 22 tiir 6rnege dayal [32-42] ve 17 tiir ise 6rneksiz
[43] olmak iizere 39 memeli hayvan tiiriiniin yayilis gosterdigi belirlenmistir. Koksalan [36] yarasalar
tizerine yapmis oldugu caligmada Kahramanmaras ilinde Myotis blythii (Tomes, 1857), M.
myotis (Borkhausen, 1797), M. emarginatus (E. Geoffroy, 1806), Pipistrellus pipistrellus (Schreber,
1774), P. kuhlii  (Kuhl, 1817), Rhinolophus ferrumequinum (Schreber, 1774), R.
hipposideros (Bechstein, 1800) ve Miniopterus schreibersii (Kuhl, 1817) tiirlerinin dagilis gosterdigini
ifade etmistir. Coskun ve ark. [34, 39] Kahramanmaras ilinde yapmis olduklar1 ¢aligmalarla yorede
Nannospalax ehrenbergi (Nehring, 1898) tiirtine ait dort farkli kromozamal populasyon ile N.
nehringi (Satunin, 1898) tiirliniin dagilis gosterdigini belirtirken, Kankilig ve ark. (2013) [42] Goksun
yoresinde N. xanthodon (Satunin, 1898) tiiriiniin yayilis gosterdigini ifade etmistir. Bu ¢aligmada,
Kahramanmarag ilinin memeli faunasinin belirlenmesi, koruma statiilerinin anlasilmasi ve iilkemizin
memeli faunasina katki yapilmasi amaglanmustir.

2. Materyal ve Metot
2.1. Calisma alam

Calisma alanimizi olusturan Kahramanmaras ilinin denizden yiiksekligi 350 metreden 3000 metreye
kadar degisirken kuzey ve dogu kesimleri kayalik, bat1 kisimlar1 ormanliktir. ilin yaklasik %60°1 daglik
iken %16’s1 (Afsin, Elbistan ve Tiirkoglu ilgeleri) ovaliktir (Sekil 1) [44]. Yaklasik 14500 km? alana
sahip ilin %35’i ormanlarla kaplidir. Ancak bu ormanlarin da %601 bozulmus ormanlardir [45].

Sekil 1. Kahramanmarasg habitat tipleri ekosistem haritasi.

2.2. Calisma yontemi

Kahramanmaras ilinde 2016-2020 yillar1 arasinda 424 lokalitede toplam 55 giin gozlem ve arazi
caligmalar1 dort mevsim olarak gergeklestirildi (Sekil 2). Caligmalar il, ilge, kdy ve bucaklar da dahil
olmak iizere bozkir, kumul, sulak alan, ormanlik, daglik ve tarim alanlarmi kapsayacak sekilde
gerceklestirildi. Viicut biiyiikliikkleri, morfolojik ozellikleri ve beslenme aligkanliklari bakimindan
degisiklikler gosteren memeli tiirlerinin drneklenmesi i¢in farkli 6rnekleme yontemlerinden yararlanildi.
Tiirlerin dogrudan tespit edilmesinde diirbiin, video kamera, fotograf makinesi (Canon SX60) kullanildi.
Yapilan arazi ve gozlem caligmalarinda memeli tiirlerinin izleri takip edilerek beslenme ve gegis
golgeleri belirlendi. Bu belirlenen istasyonlarda memelilerin daha ¢ok aktif olduklar1 giin dogumu ve
giin batimi saatlerinde gozlemler yapildi. Ayrica ¢aligmalar sirasinda biiylik memeli hayvanlara ait
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izlerin yogun oldugu yerlere her mevsim en az 15 giin arazide kalacak sekilde kamera tuzaklari
(Bushnell Trophy) yerlestirildi. Ayni zamanda memeli tiirlerinin dagilis gosterebilecegi alanlarda yuva,
ayak izi, diski, kil, yeme-1sirma izi gibi dolayl tespit yontemlerinden yararlanildi. Bunlarin disinda
goriintiilenmesi ¢ok zor olan kiiglik memeli tiirlerinin tespitinde canli yakalama kapanlar1 kullanilirken,
yarasalarin tespit edilmesi amaciyla eski ve terk edilmis meskenler ve magara igindeki catlaklar ve
kiigiik kovuklar arastirildi. Memeli tiir teshisleri Turan [8], Krystufek ve Vohralik [46-48] ile Wilson ve
Reeder [49]’e gore yapilmustir.

Kahramanmaras ili memeli hayvan biyogesitliliginin tespit edilmesi ile ilgili yapilan bu
caligmada 1/25.000°lik haritalar altlik olarak kullanilmistir (Sekil 2).

Kahramanmarng [ Memeliler
Gaziem Noktalan Daguiim Harltas:

Sekil 2. Kahramanmaras ili gézlem noktalar1 dagilim haritas.

3. Bulgular

2016-2020 yillar1 arasinda 424 lokalitede toplam 55 giin yapmis oldugumuz arazi ¢aligmalarinda
Carnivora, Artiodactyla, Lagomorpha, Eulipotyphla, Rodentia ve Chiroptera olmak iizere toplam 6
takima ait 33 memeli tiirii tespit edilmistir (Tablo 1). 25 tir dogrudan, 8 tiir ise dolayli olarak
gozlemlenmistir. Tespit edilen tiirlerden bazilarma ait fotograflar ve foto kapan resimleri sekil 3’de
verilmistir.

Caligma alaminda dagilis gosterdigi tespit edilen tiirlerden M. schreibersii (Kuhl, 1817), IUCN
kriterlerine gore duyarli (VU) kategorisinde iken Hyaena hyaena (Linnaeus, 1758), Lutra lutra
(Linnaeus, 1758), Capra aegagrus Erxleben, 1777 ve Spermophilus xanthoprymnus (Bennett, 1835) ise
tehdide yakin (NT) kategorisinde yer almaktadirlar. Ayrica, 2 tiir (N. xanthodon (Satunin, 1898) ve N.
ehrenbergi (Nehring, 1898)) yetersiz verili (DD) iken geri kalan 26 tiir ise disiik riskli (LC)
kategorisindedir (Tablo 1).

Kahramanmaras ilinde tespit edilen memeli tiirlerinden 10 tir BERN Sozlesmesi Ek II’de yer
alirken ve 7 tiir Ek III’de yer almaktadir.

Bir tiir (L. lutra) CITES Ek I’de, 3 tiir (Canis lupus Linnaeus, 1758, Lynx lynx (Linnaeus, 1758)
ve Felis silvestris Schreber, 1777) Ek-1I"de ve bir tiir (C. aegagrus) Ek-11I’de yer almaktadir.
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Ayrica, tespit edilen tiirlerden 4’1 (Vulpes vulpes (Linnaeus, 1758), Martes foina (Erxleben, 1777), Sus
scrofa Linnaeus, 1758 ve Lepus europaeus Pallas, 1778) MAKK EK-II listesinde yer alirken, Mustela
nivalis Linnaeus, 1766 ve Meles meles (Linnaeus, 1758) MAKK Ek-I listesinde yer almaktadir.

- A _ o : - . 3
Meles meies (G. YURUMEZ) Myotis myotis (G. YORUMEZ) Hystrix indica (G. YURUMEZ) Sus serofr (G. YORUMEZ)

Fiulpes yulpes (G. YOROMEZ)

Allactaga williamsi (K Marag DKMP) Spermophiius m:hophom (G YURUMFZ)
Sekil 3. Kahramanmaras ilinde tespit edilen baz1 memeli hayvan tiirleri.
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Tespit edilen tiirlerin [IUCN, BERN, CITES, Tarim ve Orman Bakanlig1 2020 yilit Merkez Av

Tablo 1. Kahramanmaras ili memeli hayvan tiirleri ve koruma statiileri.

Sira| Ordo Familya Tiir BERN|CITES|IUCN|MAKK| Tespit | Literatiir

1 Canidae Canis lupus Ek-Il | Ek-ll | LC Bu 43
caligma

2 Canidae Vulpes vulpes Lc | exn | B 43
caligma

3 Ursidae Ursus arctos Ek-Il | Ek-Il | LC 43

4 Felidae Lynx lynx EK-1Il | Ek-Il | LC Bu 43
caligma

5 Felidae Felis silvestris Ek-Il | Ek-Il | LC BU | Kait yok
calisma

6 | Carnivora |Hyaenidae Hyaena hyaena NT Bu Kayit yok
calisma

7 Mustellidae | LUt lutra Ek-Il | Ek-l | NT Bu 43
caligma

8 Mustellidae | Martes foina Ek-1I Lc | exn | B 41
calisma

9 Mustellidae Mustela erminea Ek-I11 LC 43

10 Mustellidae | Mustelanivalis Ek-1I Lc | Exk1 | B 43
calisma

1 Mustellidae | Ve1es meles EK-1I1 Lc | Ek1 | BY 43
calisma

12 Cervidae Cervus elaphus Ek-111 LC BU | Kayit yok
calisma

13 | Artiodactyla | Bovidae Capra aegagrus Ek-Il | Ek-IIl | NT Bu 37, 43
caligma

14 Suidae Sus scrofa Lc | exn | B 43
caligma

15 Leporidae Oryctolagus cuniculus NT | Ek-lI 43

16 |FR9OMOrPNal) o ridae Lepus europaeus Ek-111 Lc | ekn | B 33, 43
calisma

17 Erinaceidae Erinaceus concolor LC galil;ma 43

Eulipotyphla -

18 Soricidae Crocidura suaveolens Ek-llI LC Bu 43
calisma

19 Hystricidae | YStrix indica LC Bu 32,43
calisma

20 Sciuridae Sciurus anomalus EK-11 LC Bu 43
calisma

- Spermophilus Bu

21 Sciuridae xanthophrymnus NT calisma 33,43

22 Muridae Apodemus sylvaticus LC Bu 32,33, 35,
calisma 43

23 Muridae Mus musculus LC BU | 35 35 43
calisma

24 Muridae Rattus norvegicus LC 43

25 Rodentia Muridae Rattus rattus LC Bu 3243
calisma

26 Gerbillidae | Meriones tristrami LC BU | 35 35 43
calisma

27 Cricetidae Cricetulus migratorius LC 3233, 3253

28 Cricetidae Mesocricetus brandti NT 43

29 Cricetidae Microtus guentheri LC Bu 32,33, 35,
calisma 40

30 Cricetidae Microtus socialis LC Bu 43
calisma

31 Gliridae Dryomys nitedula Ek-I11 LC 43
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32 Dipodidae Allactaga williamsi LC Bu 3343
calisma

33 Spalacidae Nannospalax xanthodon DD Bu 34, 35,38,

calisma 43

34 Spalacidae Nannospalax ehrenbergi DD Bu 32,34, 39
caligma

35 Vespertilionidae Myotis blythii Ek-11 LC BU 36, 43
caligma

36 Vespertilionidae| Myotis myotis Ek-11 LC Bu 36, 43
caligma

37 Vespertilionidae| Myotis emarginatus Ek-1 LC 36

38 Vespertilionidae Pipistrellus pipistrellus Ek-111 LC Bu 36, 43
Chiroptera calisma

39 Vespertilionidae| Pipistrellus kuhlii Ek-1 LC 36

40 Rhinolophidae |Fo 010PPUS Ek-11 LC Bu 36, 43
errumequinum caligma

M Rhinolophidae | Rninolophus Ek-11 LC Bu 36, 43
hipposideros caligma

42 Miniopteridae Miniopterus schreibersii Bkl VU Bu 36, 43
caligma

4. Tartisma ve Sonu¢

Kahramanmaras ili memeli hayvan tiirleri {izerine daha &nce kapsamli bir ¢alisma yapilmamstir.
Kahramanmaras ilinde yayilis gosteren memeli hayvan tiirleri ile ilgili olarak arastiricilar tarafindan
yapilmis ¢aligmalarda 22 memeli tiirii 6rnege dayali [32-42] ve 17 memeli tiirti ise drneksiz ve tahmini
[43] olmak iizere toplam 39 memeli tiiriiniin kayd1 verilmistir.

2016-2020 yillar1 arasinda 424 lokalitede toplam 55 giin siiresince yapilan bu ¢alismada,
Kahramanmaras ilinde 6 takim, 20 familyaya ait 33 memeli tiirii tespit edilmistir. Yapilan bu ¢alismada
tespit edilen 33 tiir ile birlikte Kahramanmaras ilinde 6érnege dayali olarak tespit edilen memeli tiirii
sayisit 22 iken bu c¢alisma ile 14 farkli tiiriin daha dogrudan tespit edilmesi ile bu rakam 36’ya
yiikselmistir.

Demirsoy [43], C. lupus, V. vulpes, L. lynx, L. lutra, M. nivalis, M. meles, S. scrofa, E. concolor,
C. suaveolens, S. anomalus ve M. socialis tiirlerinin muhtemel dagilis sinirlar igerisine Kahramanmaras
ilini de dahil ederken, bu ¢alisma ile bu 11 tiir galisma alaninda dogrudan gozlem ile tespit edilmistir.
Ancak, yine onceki ¢alismalara [43] gore ilde muhtemel yayilis gosterdigi belirtilen U. arctos, M.
erminea, O. cuniculus, R. norvegicus, M. brandti ve D. nitedula tiirleri ¢alismamizda tespit
edilememistir.

Koksalan (36) Kahramanmaras ilinde 8 yarasa tiiriiniin (M. blythii, M. myotis, M. emarginatus,
P. pipistrellus, P. kuhlii, R. ferrumequinum, R. hipposideros ve M. schreibersii) dagilis gosterdigini
ifade etmistir.

Tespit edilen 33 memeli tiirtinden yaban kedisi (F. silvestris), ¢izgili sirtlan (H. hyaena) ve kizil
geyik (C. elaphus) Kahramanmaras ili igin yeni kayit olarak ilk defa bu ¢alisma ile kaydedilmistir.

Ulkemizde yayihs gosteren 170 memeli hayvan tiiriiniin kiiresel dlgekte koruma statiileri, 1 tiir
nesli titkkenmis (EX), 6 tiir tehlikede (EN), 12 tiir duyarh (VU), 12 tiir tehdide agik (NT), 12 tiir yetersiz
veri (DD) ve geri kalan 127 tiir ise distik riskli (LC) seklindedir [50]. Calismamizda tespit edilen 33
memeli tiirinden M. schreibersii JUCN kriterlerine gore duyarh (VU) kategorisinde, H. hyaena, L. lutra,
C. aegagrus ve S. xanthoprymnus tehdide yakin (NT), N. xanthodon ve N. ehrenbergi yetersiz verili
(DD) iken geri kalan 26 tiir ise diisiik riskli (LC) kategorisindedir.

Kahramanmaras ilinde tespit edilen 12 kemirgen tiiriinden S. xanthophrymnus ilin kuzey
kisimlarinda Afsin ve Elbistan ilgelerinde yerlesim ve tarim alanlarina yakin bolgelerde yayilis
gostermektedir. IUCN kriterlerine gore tehdide yakin (NT) kategorisindedir. Tarim alanlarinin
genisletilmesi, tarmm ilaglar1 ve bu tiirlin yayilis alanlarmda gergeklestirilen otlatma faaliyetleri yer
sincaplarmin populasyonunu tehdit etmektedir. Yer sincaplarmin yayilis sinirlarinin belirlenip bu
alanlarda yerlesim yeri, otlatma ve tarimsal faaliyetlere engel olunmalidir.

Yore halka ile yapilan anket calismalarinda, kayalik ve su sistemlerinin bulundugu vadilere yakin
alanlarda yayilis gosteren H. indica’min bu alanlara gogebe olarak gelenler tarafindan beslenme igin
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avlandig1 belirlenmistir. Ayrica, bostanlarma oklu kirpiler tarafindan zarar verildigi gerekgesiyle ¢iftciler
tarafindan da olduraldiigi tespit edilmistir. Her ne kadar IUCN kriterlerine gore LC (Least Concern,
diisiik riskli) olsa da bu durum oklu Kirpi populasyonu iizerinde tehdit olusturmaktadir. Oklu Kirpilerin
yayilis gosterdigi alanlara konar-goger olarak gelenlere ve bostan ekimi yapan ¢iftgilere gerekli uyari ve
bilgilendirmeler yapilmalidir.

Arap tavsaninin (A. williamsi) tespit edildigi Sarigiizel kéyii ve ¢evresinin habitatt bozulmamig
olup, tiriin bu bolgedeki populasyonu {iizerinde kisa vadede herhangi bir antropojenik tehdit
bulunmamaktadir.

Kahramanmarag ilinde Carnivora takimina ait 9 tiir tespit edilmistir. Bu tiirlerden H. hyaena,
Pazarcik (Kahramanmaras), Araban (Gaziantep) ve Yavuzeli (Gaziantep) arasinda kalan bolgede yayilis
gostermektedir. Bu bolgeler arasindan gegen otoyol sirtlan habitatin1 bolmektedir. Bu otoyol iizerine
ekolojik kopriiler yapilarak sirtlanlarin gecisleri saglanmalidir. Bu bélgede geg¢imini hayvanciliktan
kazanan yo6re halkinin siiriileri igin tehdit olarak gordiikleri sirtlanlar1 6ldiirmemeleri i¢in bilinglendirme
caligmalar1 yapilmalidir. Ayrica, sirtlanlarin gece arag ¢arpmasi sonucu dlmelerinin 6nlenmesi i¢in yore
halki bilgilendirilerek yol giizergahina gerekli uyari tabelalar1 yerlestirilmelidir.

F. silvestris ise ilin bat1 kisimlarindaki ormanlik alanlarinda yayilis gostermektedir. L. lutra,
Hacinimnoglu ve Sarigiizel gibi habitati bozulmamis olan bolgelerdeki tath su sistemlerinde ve baraj
gollerinde varligini siirdiirmektedir. Ancak yil igerisinde bu bolgede bulunan su sistemlerinin debisindeki
degisiklikler ve dolayisiyla besin tercihlerinin azalmasi tiir i¢in tehditlerdir.

L. Iynx, Andirin ve Goksun ilgeleri arasinda kalan uygun habitatlarda yayilis gostermektedir.
Ancak kagak avcilik ve habitat daralmasi bu tiirtin populasyonu tizerinde baski olusturmaktadir.

C. aegagrus, ilin bati1 ve kuzeybati kisimlarindaki daglik habitatlarda yayilis gostermektedir.
Kagak avlanma populasyon iizerinde biiyiik tehdit olusturmaktadir.

Arazi ¢alismalar siiresince memeli hayvan tiirlerini tehdit eden etkenlerin en 6nemlileri kacak
avlanma, zirai ilaglamalar, ara¢ garpmasi, su sistemlerinde yapilan degisiklikler, asir1 otlatma, habitat
daralmasi, magaralara insan giris-¢ikislarin yogunlugu, magaralarm kiiglikbas hayvan barmagi olarak
kullamlmasi, magaralarda ates yakilmasi gibi insanlar tarafindan yapilan tahribatlaridir. Ayrica yapilan
barajlar ve otoyollar da habitat par¢alanmasina neden olarak yaban hayati memeli hayvan populasyonlari
icin tehdit olusturmaktadir.

Memeli hayvanlar, ekosistemin besin zincirinde ¢ok onemli bir yere sahiptir. Bu dengenin
devam etmesi i¢in yaban hayatt memeli hayvanlarmin populasyon yogunluklari ve yayilis alanlari tespit
edilerek tiire 6zgii koruma stratejilerinin gelistirilmesi gerekmektedir. Kahramanmaras ilindeki memeli
faunasinin tespit edilmesi, bu tiirlerden nesli tehlike altinda olanlar ile ilgili koruma eylem planlarinin
belirlenmesine alt yap1 olusturacaktir.

TesekKkiir
Bu ¢alisma, Tarim ve Orman Bakanlig1, Doga Koruma ve Milli Parklar Mudiirligi tarafindan yiritilen
“Ulusal Biyolojik Cesitlilik Envanteri ve Izleme Projesi (UBENIS)” kapsaminda gerceklestirilmistir.

Doga Koruma ve Milli Parklar Kahramanmaras il Sube Miidiirliigiine desteklerinden dolay1 tesekkiir
ederim.

Yazarlarin Katkisi

Calismada tiim katk: yazara aittir.

Cikar Catismas1 Beyam

Yazarlar arasinda herhangi bir ¢ikar ¢atigmasi bulunmamaktadir.
Arastirma ve Yayin Etigi Beyam

Yapilan ¢aligmada arastirma ve yayin etigine uyulmustur. Arastirma, etik kurul izni gerektirmemektedir.
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Abstract

Pharmacological herbs are our first medicines in history and we take them into our bodies in different ways by
consuming tea, spices, or raw. Nowadays, due to the side effects of more effective synthetic medicines, the
tendency to use pharmacological plants has increased and the benefits are provided from plants in the treatment of
routine diseases and to protect from them. In our daily life, stress and adverse environmental conditions may cause
oxidative stress by increasing the concentration of reactive oxygen species (ROS) in a cell and oxidative stress is
known to be associated with cancer and various neurodegenerative diseases such as Parkinson’s and Alzheimer’s.
Antioxidants protect the cell against diseases by regulating the ROS concentration and herbal phenolics are known
as antioxidants and strong candidates for this. In addition, studies on plant components and active ingredient have
gained more importance during the Covid-19 epidemic period as they provide important data for vaccine
development studies. In this study, it was aimed to obtain important data for advanced studies. For this purpose,
Achillea arabica, one of the pharmacological members of the Asteraceae family, was collected from Agri/Patnos
and stored by converting into herbarium material. Some biological activities such as the determination of some in
vitro antioxidant properties, DNA protective activity, and the phenolic content by HPLC were evaluated in the
DMSO extract prepared from the flowers of the herbarium plant. The results of the study were evaluated together
and correlated.

Anahtar kelimeler: Achillea arabica, Antioxidant, DNA protection, HPLC, Phenolic

Achillea arabica Kotschy Cigegindeki Fenolik Icerik, DNA Koruyucu
Aktivite ve Baz1 Antioksidan Ozelliklerin iliskisi

Oz

Farmakolojik sifali bitkiler tarihteki ilk ilaglarimizdir ve viicudumuza cay, baharat veya ¢ig tiiketerek farkli
sekillerde aliriz. Giiniimiizde daha etkili sentetik ilaglarin yan etkileri nedeniyle farmakolojik bitkilerin
kullanimma olan egilim giderek artarak oOzellikle rutin hastaliklarin tedavisinde ve bunlardan korunmada
bitkilerden faydalanilmaktadir. Giinliik yasamimizda stres ve olumsuz ¢evresel kosullar, hiicrede reaktif oksijen
tirlerinin konsantrasyonunu artirarak kanser veya Parkinson ve Alzheimer gibi gesitli nérodejeneratif hastaliklarla
iliskili oldugu bilinen oksidatif strese neden olabilir. Antioksidanlar, reaktif oksijen tiirlerinin konsantrasyonunu
diizenleyerek hiicreyi hastaliklara karsi korur ve antioksidan olarak bilinen bitkisel fenolikler reaktif oksijen
tiirlerinin stipiiriilmesi i¢in gii¢lii adaylardir. Ayrica bitki ve etken madde ile ilgili ¢aligmalar, Covid-19 salgmni
doneminde as1 gelistirme caligmalari icin 6nemli veriler sagladiklari i¢in daha da 6nem kazanmistir. Bu ¢alisma
ile ileri arastirmalarda kullanilabilecek faydali verilerin elde edilmesi amaglanmigtir. Bu amagla cesitli
farmakolojik 6zellikleri bilinen Asteraceae familyasinin 6énemli iiyelerinden biri olan Achillea arabica, Agri /
Patnos'tan toplanmig ve herbaryum materyaline doniistiiriilerek depolandi. Herbaryum bitkisinin ¢i¢eklerinden
DMSO ekstresi hazirlandi ve hazirlanan ekstrelerde, bazi in vitro antioksidan 6zellikler, ekstrenin DNA koruyucu
aktivitesi ve HPLC ile farkli fenolik igerikleri kantitatif olarak belirlendi ve elde edilen sonuglar iligkilendirilmeye
caligildi.
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1. Introduction

Plants were used by humankind throughout history due to the biological effects on many different
diseases and people tried to cure their diseases or protect from them by consuming the plants with
different methods such as extracting with infusion, making tea or spice, or eating them directly. The
healing effects of the plants are associated with the antioxidant content, secondary metabolite, and active
molecules in their structure [1, 2] and are known to have an important role in the treatments of many
diseases from diabetes mellitus to many cancer types [3]. Active molecules that can be produced in
various ways are essential components of pharmacological production and plants are one of the main
sources for active molecule discovery. Thanks to these discovered molecules, today's effective
medicines have been produced. However, side effects known in synthetic medicines have directed
society to benefit from plants in the treatment of routine diseases such as sputum, cough, sinusitis,
edema, and wound healing [4, 5]. In addition to this, biological properties and active molecules
determined previously can provide important data for the study about pharmacological production and
vaccine development [3]. In parallel with the onset of the Covid-19 pandemic, the treatment methods
with new approaches, the discovery of active molecules, and various biological properties in the plants
have become very popular.

Stress or environmental pollution components such as smoke and heavy metals are known to
cause oxidative stress associated with cancer or neurodegenerative diseases by increasing the
concentration of the reactive oxygen species (ROS) in a cell [6-8]. To protect from the aforementioned
diseases, the reduction of heavy metals or the scavenging of free radicals are important for the
continuation of life and plants are one of the most reliable sources for this. As a matter of fact, previous
studies have stated that secondary metabolites, terpenoids, and antioxidant phenolics can regulate the
cellular ROS concentration and play a protective role against many diseases caused by oxidative stress
[1, 2, 9].

It has been reported that the Asteraceae family, one of the flowering plant families, includes
1600 genera and 25000 species [10, 11] and in addition to being consumed as food, the members of this
family were reported to have antimicrobial activity thanks to the flavonoids and terpenoids in their
structure [12]. They can also be used as garden and landscape plants [10] and the members of the
Asteraceae family are used for herbal medicine production [3] and the elimination of pollutants in urban
areas [10].

Achillea arabica (A. arabica) is one of the important members of the Asteraceae family and has
been reported to have more than 130 genera in the world in previous studies [13] and 24 of 48 species
in Turkey flora have been stated to be endemic [14]. Achillea species are known to have antioxidant,
antiproliferative capacity, antimicrobial and anticancer activity and can be used for therapeutic purposes
[15]. Importance of this genus used in a versatile way is emphasized [13]. Many studies, which also
include Achillea species, reported that plant content may be changed depending on geographical
variables such as altitude, climate, fertilization, soil type, and mineral content of the soil, environmental
factors [13] or cultivation technigques such as various agricultural practices and culture area [13, 16].
This suggests that the biological effects of the plants may change depending on various conditions.

In the light of the given data, it was aimed to provide valuable data in this study for advanced
pharmacology and alternative medicine studies by investigating some biological properties in the extract
prepared from the flowers of A. arabica herbarium material. In this context, first of all, some in vitro
antioxidant activities were investigated. In this context, the scavenging activity of DPPH and ABTS
radicals and the activities of metal reduction for cupric and ferric iron using CUPRAC and FRAP
methods, respectively were evaluated. To validate the results observed in the antioxidant studies, the
protective effect of the extract on pUC18 DNA against hydrogen peroxide (H20-) were investigated and
finally, in order to evaluate the obtained data, the phenolic concentrations of the extract were determined
by HPLC.
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2. Material and Method
2.1 Plant collection and identification

A. arabica was collected from Agri/Patnos land in September 2020 (39° 08’ 12" N, 42° 52' 7" E; 1450
m). The plant was dried in the shade and converted into herbarium material (Herbarium code: A.SAVCI-
2) and stored then in Mus Alparslan University, Center Research and Application Center. The
identification of the plant used in this study was performed by Dr. Murat KURSAT who is a member of
Bitlis Eren University

2.2. In Vitro Antioxidant Tests
2.2.1. Sample Preparation for Antioxidant Assays

Herbarium material was pulverized using liquid nitrogen. The resulting powder material was incubated
in pure water (PW) and methanol (MetOH) for 48 hours at room temperature by mixing and was filtered.
Solvents were then evaporated using a rotary evaporator under a suitable vacuum. Using the obtained
material, PW extract and MetOH extract were prepared at the 1 mg/mL concentrations and used in the
antioxidant tests.

2.2.2. Cupric lon (Cu*") Reduction Test

Cupric ion (Cu?") reduction test was performed using the CUPRAC method modified by Gulcin (2006)
[17]. According to this, 0.25 mL of 0.01 M CuCl, was added in test tubes and then neocuprin solution
and 1 M ammonium acetate buffer (pH: 6.5) were transferred into test tubes at the same volumes. 10uL,
20 pL, and 30 pL volumes from Img/mL samples were added on. The mixture was vortexed and
incubated for 30 min, and absorbance values were then recorded at 450 nm. Increasing absorbance
values show the reduction capacity of cupric ions.

2.2.3. Ferric ion (Fe**) reduction test

The Ferric ion reduction capacities of the extracts were tested using the FRAP method developed by
Oyaizu (1986) [18]. According to this, the same volumes of the phosphate buffer (pH: 6.6) and
[KsFe(CN)g] were transferred into test tubes, and then distilled water at 40% ratio were added on. After
the incubation for 20 min at 50 °C. by adding the trichloracetic acid (TCA) solution, total volume was
completed to 8.5 mL. After vortexing and centrifugation briefly, an ideal volume from the upper phase
of the samples was taken and transferred into the other tubes. After adding distilled water at the same
volume and FeCls; solution at 20% ratio, absorbance values were recorded spectrophotometrically at 700
nm [18].

2.2.4. DPPH Radical Scavenging Test

DPPH (1,1-Diphenyl 2-picrylhydrazyl) radical scavenging method proposed by Blois (1958) [19] was
performed to evaluate the radical scavenging activities of the extracts. This method is a common method
to measure the radical scavenging activities of various factors, and the principle of the method is based
on the reduction of DPPH radicals in alcohol. In this study, 10uL, 20uL, and 30uL volumes of 1 mg/mL
extracts were transferred into the test tubes and total volumes were completed to 4 mL by adding the
ethanol/DPPH solution (v/v: 3/1). Samples were incubated for 30 min at room temperature and
absorbance values were recorded at 517 nm. The percentages of DPPH radical scavenging were
calculated using the following equation;

) ) Absorbance of sample
DPPH Radical Scavenging (%) = (1 ) 0 1)

~ Absorbance of control
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2.2.5. ABTS Radical Scavenging Test

The ABTS (2.2'-azinobis (3-ethylbenzthiazoline-6-sulfonate) radical scavenging was performed
according to the method proposed by Wu, Chang, Chen, Fan. (2009) [20], and the ABTS radical
scavenging activities of the extracts were evaluated. In this test, 2.45 mM potassium persulphate
(K2S208) and 7 mM ABTS solution were reacted at the same volumes and by incubating the samples
for 16 hours at room temperature, ABTS radical solution was created. ABTS radical solution was diluted
using methanol to achieve the desired control absorbance value at 734 nm. Distilled water and radical
solution were transferred into the tubes at the same volumes and the different concentrations of the
samples were added on (0.25mg/mL, 0.5 mg/mL, and 1 mg/mL). After the incubation at room
temperature for 2 hours, absorbance values were recorded at 734 nm.

2.3. DNA Protective Activity Test

The protective effect of the extract on pUC18 DNA was evaluated by agarose gel electrophoresis [21].
Since DMSO is known to be a powerful solvent, stock extract solution was prepared by dissolving 200
mg of crude extract in 1 mL DMSO (Sigma Aldrich, 99.5% D4540, CAS Number: 67-68-5). New extract
concentrations were formed at 1 mg/mL, 0.5 mg/mL, and 0.25 mg/mL concentrations by re-diluting the
stock solutions in DMSO and the new extracts were used in the DNA preservation study. The different
concentrations of the new extract were mixed with the other components as shown in Table 1 and
incubated for 24 hours at 37 °C. Thus, electrophoresis samples were ready for use. 5ul from the
electrophoresis samples were transferred into the wells of the agarose gel by coloring with loading
buffer, and run at 40 volts for 2 hours. The electrophoresis product was visualized using BIORAD
ChemiDoc XRS Imaging system.

Table 1. The component and quantities of electrophoresis samples

Wells DNA(uL) H202(uL) DMSO(uL) PW extract(ulL) Extract(uL)/ Concentration
Sample 1 15 - - 15 -

Sample 2 15 5 - 10 -

Sample 3 15 5 10 - -

Sample 4 15 - 10 5 -

Sample 5 15 5 - - 10/0.25 mg/mL
Sample 6 15 5 - - 10/0.5 mg/mL
Sample 7 15 5 - - 10 /1 mg/mL
Sample 8 15 - - 5 10/0.25 mg/mL
Sample 9 15 - - 5 10/0.5 mg/mL
Sample 10 15 - - 5 10 /1 mg/mL

2.4. Phenolic Tests by HPLC
2.4.1 Sample preparation for HPLC

10 g from the flowers of the herbarium material were taken and pulverized with the aid of liquid nitrogen
and then incubated by mixing in the HPLC buffer for 2 hours. After centrifugation at 2000 rpm, prepared
mixture was used in the determination of the quantitative phenolic concentrations.

2.4.2. Determination of standard graph and phenolic content

To use in the preparation of standards, stock solutions were prepared by mixing in the 1% acetic acid
and acetonitrile. Methanol was then dissolved in the homogeneous mixture at the rate of 1:1. Final
concentrations of standards were adjusted to 10 mg/mL by dissolving in the stock solution and then new
standard solutions were prepared by diluting at 10 mM, 25 mM, 50 mM, 75 mM, and 100 mM
concentrations [22]. The previous prepared plant extract was diluted to 20 mg/mL and filtered with the
aid of 0.45 pm membrane filter before loaded into HPLC. HPLC application was performed by
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following the protocol shown in Table 2 and phenolic concentrations were determined using their
chromatograms (Figure 3) and calibration curve was created by HPLC.

Table 2. HPLC operating conditions and gradient elution programme.

HPLC operating conditions Gradient elution
Model Agilent Technologies 1260 Infinity I1 Time (min) A (%) B (%)
Colon ACE 5 C18 (250x4.6 mm id) 0 90 10
Kolon Oven G7130A 25 60 40
Dedector 1260 DAD WR 39 40 60
Pump 1260 Quat Pump VL 50 10 90
Mobile phase A: %1 Acetic Acid 55 90 10

B: Acetonitrile

Dedection 272,280 ve 310 nm
Autosampler 1260 Vialsampler
Flow Rate 1 mL/dk
Colon Temperature 28 °C
Injection 20 ul

2.5. Statistical Analysis

All experimental assays were repeated at least three times. In all antioxidant studies, the effects of the
highest concentrations of the extracts were compared statistically due to observed important activities.
Antioxidant effects of PW extract and MetOH extract were compared statistically with the effects of
standard antioxidants. Statistical comparisons were performed by Nonparametric Kruskal-Wallis test,
with a very high confidence interval, followed by Dunnett’s multiple comparisons test. Heavy metal
reduction and lipid peroxidation results were presented as Mean + Standard Deviation and p values
below 0.05 were considered significant. 1C50 values showing DPPH and ABTS radical scavenging
effects were compared with the same test and the differences between the means and p values were
calculated (Table 3). In all comparison results, *; was used as a symbol of statistical significance,
*P<0.05 (significant); **P<0.01 (very significant); ***P<0.001 and ****P<0.0001 (extremely
significant); ns P>0.05 (not significant).

3. Results and Discussion
3.1. In vitro antioxidant results

Heavy metals and various adverse conditions that we are exposed to in daily life encourage the
production of free radicals, known as ROS, and excessive radical accumulation causes oxidative stress
[8, 23]. Herbal phenolics are one of the best reducers of the oxidative stress associated with diabetes and
various neurodegenerative diseases [24]. In the study based on this idea, PW extract and MetOH extract
were prepared from the flowers of herbarium material, and it was aimed to illuminate some antioxidant
properties of the extracts by comparing to the standard antioxidants, which are Butylated hydroxyanisole
(BHA), Butylated hydroxytoluene (BHT), and Ascorbic acid (ACS). The heavy metal reduction results
are presented as ug TE/mL extract (Figures 1A and 1B). Heavy metal reduction results and lipid
peroxidation percentages in the highest concentrations of PW extract and MetOH extract were
statistically compared with the standard antioxidants (Figures 1A, 1B, and 1C). No statistically
significant difference was observed between the cupric ion reduction activities of the PW extract and
MetOH extract against ASC standard, but significantly lower than other standards (Figure 1A). Contrary
to this, it was observed that there was no significant difference between the iron reducing effects of both
extracts against the BHA and BHT, but significantly lower activity compared to the ASC standard
(Figure 1B). It was also observed that there was not significant difference between the percentages of
the lipid peroxidation in MetOH extract against the ASC results (Figure 1C) and lipid peroxidation
scavenging percentages of the MetOH extract and ASC standard were found to be similar and the other
lipid peroxidation scavenging effects of the both extracts were found to be significantly lower than the
standards (Figure 1C). In a study conducted on papaya root, it was emphasized that the DPPH and total
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reduction percentages of papaya root extract were highly similar to the results of ascorbic acid. This
similarity is consistent with the results of this study [25].
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Figure 1. Heavy metal reduction activity and Lipid peroxidation inhibition percentages depending on extract
concentrations in the extracts prepared from the A.arabica flowers. Heavy metal reduction results are expressed
as TE/mL extract and lipid peroxidation results are expressed as percentages. A) Cupric ion (Cu?*) reduction
results, and B) Ferric iron (Fe®*) reduction results and C) % Lipid peroxidation results.

IC50 is expressed as the concentration of the competitive substance that inhibits the specific
binding of any medicines at the rate of 50%, and the IC50 values of the extracts were found to be higher
than the standard antioxidants. This means that the radical scavenging power of the extracts is weaker
than the standards. 1C50 values were calculated from the radical scavenging results. IC50 values of PW
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extract and MetOH extract were compared statistically with the 1C50 values of the standards, and the
difference between the means of 1C50 values and p values are shown in Table 3. ABTS radical
scavenging activity of the MetOH extract is remarkable because of the similarity to the results of BHA
and BHT standard antioxidants (p>.9999). This similarity indicates that the ABTS radical scavenging
activity of MetOH extract is similar to the BHA and BHT. In general, the radical scavenging activities
of the extracts were observed to be lower than standards. This result may indicate that the radical
reducing force will increase depending on the concentration of MetOH extract, and the weakness in the
antioxidant activities of the extracts can be attributed to the absence of many essential oil components
and/or the cessation of the many enzymatic reactions in the herbarium material. As known, the extraction
method used, fertilization, environmental condition, climate, and the shape of the raw material can alter
the plant content and its biological activities [13]. A previous study has reported that the biological
activity of the herbarium material is weaker than the fresh plant of the same species [26]. The DPPH
radical scavenging activity of the standard and extract is consistent with previous studies. A study
conducted on Barringtonia acutangula emphasized that the ICso value of the bark extract was higher
than that of the leaf and standard. In addition, this situation observed in this study may be another proof
that enzymatic reactions are largely stopped in dry tissue [27].

Table 3. Statistical comparison results of DPPH and ABTS radical scavenging IC50 values. The table shows the
difference between the IC50 means and p values.

DPPH radical scavenging ABTS radical scavenging
Samples Difference between Difference between
p value p value
1Cs0 means 1Cso means
PW Ext / BHA 9 1371 7.333 4461
PW Ext/BHT 6 >.9999 7.667 .3576
PW Ext/ ASC 12 .0102 12 .0102
MetOH Ext / BHA 6 >.9999 4.333 >.9999
MetOH Ext / BHT 3 >.9999 4.667 >.9999
MetOH Ext / ASC 9 1371 9 1371

3.2. DNA Protective Activity Results

Some ROS such as H,O- are well known to cause DNA damage [26] by destroying the primary form of
DNA, which is known generally as form I. Form | can be converted into form Il or form Ill with high
concentrations of the ROS formed by severe conditions such as heavy metals [27]. This study was
performed to verify the observed antioxidant activities and to illuminate the DNA protective effects of
the antioxidants in the extract against H,O,. It was wondered whether the extracts could protect the DNA
against H-O- despite the weakness in heavy metal reduction activity and the radical scavenging activity.
For this purpose, the protective effects and regulatory effects on pUC18 DNA were investigated in the
environment with H,O, and without H2O2, respectively. 5 mL of the samples whose components and
amounts are given in Table 1 were taken and loaded into the wells of agarose gel, and the electrophoresis
product was visualized with BIORAD ChemiDoc XRS imaging system (Figure 2). It is clear that pure
pUC18 DNA has form I and form Il structures (Figure 2, well: 1). In addition, form Il was transformed
to form 111 by the effect of H,O, (Figure 2, well: 2) and form | and form Il disappeared by the effects of
DMSO only or H,0, and DMSO together (Figure 2, wells; 3 and 4). In the current study, the effects of
the different extract concentrations on pUC18 DNA were investigated. Regardless of the concentration,
the extract could not prevent the reactivity of H,O, and could not fix the damage caused by H.O, (Figure
2, wells: 8, 9, 10). Although this result is quite thought-provoking, it is well known that the excessive
amount of H,O; in a cell is eliminated by the activities of glutathione peroxidase (GPx) and catalase
(CAT) [6] however, these reactions may terminate in the herbarium material. This information may
explain the reason why the extract does not show DNA protective activity and suggests data that,
independent of enzymatic catalysis, H.O. cannot be effectively eliminated in a cell. In addition, the high
concentrations of the extract (0.5 ve 1 mg/mL) were observed to have a positive effect on form | in the
absence of H,O, (Figure 2, wells: 5,6,7). As a summary of the DNA protective activity result that
supports the antioxidant activity result, there are some phenolics in the herbarium material, however it
is understood that the DNA protective activity against H,O, damage is more closely related to the
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enzymatic activities that continue effectively in the cell. As a matter of fact, it is known that hydrogen
peroxide is converted to water by the enzymatic activities of GPx and CAT in a cell [6].

DNA+ ”,()?‘{",'l" extract (1 mg/ml)

o DNA+ H,0,+4a extract (0.25 mg/ml.)
< DNA+ ”()+ 4a extract (0.5 mg/ml)

' DNA+ Aa extract (0.25 mg/ml.)
& DNA+ Aa extract (0.5 mgml)
~3 DNA+ Aa extract (1 myml.)

w DNA+ H,0+DMSO

+ DNA+DMSO

+
< «
-
a a
1 2

—
—
—

Formll — T

Form 11l =
Form | = B

e

Figure 2. Agarose gel electrophoresis image showing the protective effect of the extract on pUC18 DNA.
Aa: Achillea arabica

3.3. Phenolic concentration results

Plant phenolics are well-known antioxidants and play a protective role against many diseases by
supporting the immune system [28]. The effects observed in the antioxidant studies and DNA protective
activity were tried to confirm by determining the phenolic content of the extract, and the quantitative
amounts of 16 different phenolics were investigated (Table 4). In the HPLC results, the total quantitative
amount of the phenolics was detected as quite low (116.338 pg/mL). The reason for this may be the
weakening of the antioxidant content of the herbarium material over time. As a result supporting this,
we determined that the total phenolic content were quite high in the extracts prepared from the aerial
parts of four different tanacetum species [28]. According to the determined phenolic content, the
quantitative amount of quercetin was the highest (28.793 pg/mL) and the quantitative amount of 3,4-
Dihydroxybenzoic acid was the lowest (0.584 pg/mL). Salicylic acid and Gallic acid could not be

detected (Table 4).

Table 4. The ug/mL concentrations of 16 phenolics in the extracts obtained from A. arabica flowers.

Phenolic name Concentration (ug/mL)
Ascorbic acid 13.079
Gallic acid 0.000
3,4-Dihydroxybenzoic acid 0.584

4 hydroxybenzoic acid 3.560
Trans-p-coumaric acid 23.720
Myricetin 3.671
Quercetin 28.793
Apigenin 5.834
Kaempferol 13.867
Curcumin 5.778
Catechol 11.332
Vanillin 1.775
Caffeic acid 0.787
Cinnamic acid 3.122
Rosmarinic acid 1.807
Salicylic acid 0.000
Total phenolic content 116.338
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The parallelism between antioxidant activity and quantitative phenolic content has been highlighted in
previous studies [26]. Phenolic molecules may be effective in the scavenging of some radicals by acting
as an antioxidant, however, whether this mechanism is enzymatic or not remains largely unknown. Here,
it was observed that there may be a relationship between antioxidant activity, phenolic content, and
DNA protective activity.
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Figure 3. HPLC chromatogram showing the retention times of 16 different phenolic

4. Conclusion

Eventually, although the activities of the cupric ion reduction and the ABTS radical scavenging, and the
lipid peroxidation percentages in the MetOH extract were found to be similar to the standards, the ferric
iron reduction and radical scavenging activities were significantly lower than the standards. The reason
for this may be the termination of enzymatic reactions depending on the herbarium material. Studies
emphasizing that fresh plant extracts have stronger antioxidant properties. The extract prepared from
herbarium material could not prevent DNA damage caused by H,O- at all extracts concentrations, but
had a relatively positive effect on DNA stabilization in the absence of H»O,. This effect may be also
related to the termination of many enzymatic reactions in the herbarium material as well as the
antioxidant activity results. The phenolic content of the extract prepared from the flowers of the A.
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arabica herbarium plant was observed to be quite low in the HPLC study performed. DNA protective
activity, which is not observed even at high concentrations, suggests that DNA protective effect and
phenolic content may not be related. Despite some insufficient biological activities observed in the
studies performed, obtained data may provide useful information for further studies. For this reason, the
features of A. arabica not yet revealed should be investigated.
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Oz

Kurt tizimii antioksidan ozellikleri sayesinde son zamanlarda kullanilan fonksiyonel gidalar arasinda yer
almaktadir. Anti-oksidatif, kardiyo-protektif, noro-protektif, anti-diyabet, anti-kanser ve anti-ttimér 6zelliklerinin
yani sira daha birgok hastaligin tedavisinde koruyucu rol oynadig: bilinmektedir. Bu galismada kurt {iziimii’niin
Saccharomyces cerevisiae de krom (K2Cr,0y) hasarina kars1 koruyucu bir rolii olup olmadigmi arastirmak i¢in 4
grup olusturulmustur. Gruplar; (1) Kontrol grubu; (2) Kurt Uziimii Grubu (%10); (3) Krom (K2Cr,0O7) Grubu (10
mM); (4) Kurt Uziimii (% 10) + Krom (K2Cr,0-) (10 mM) Grubu. Saccharomyces cerevisiae kiiltiirleri 1h, 3h, 5h
ve 24h boyunca 30 °C'de gelistirilmistir. Malondialdehit (MDA) diizeyleri, katalaz aktivite tayini (CAT), glutatyon
(GSH) seviyeleri ve hiicre gelisimi spektrofotometre ile 6l¢iilmiistiir. SDS-PAGE elektroforez analizi ile total
protein degisiklikleri tespit edilmis ve bradford metodu ile hesaplanmigtir. Calisma sonuglarimiza goére; Krom
(K2Cr,0y) grubu ile kiyaslandiginda, Kurt Uziimii + Krom (K,Cr,O7) grubunda hiicre gelisimi (1h, 3h, 5h ve 24h,
total protein sentezi (24h), GSH seviyeleri (24h) ve katalaz aktiviteleri (24h) artarken, MDA diizeyi (24h) azalis
gostermistir. Sonug olarak, Kurt tiziimii yapragi’nin Saccharomyces cerevisiae kiiltirinde Krom (K3Cr,Oy)
kaynakli oksidatif hasar1 azaltarak, total protein sentezini olumlu yonde arttirdigi belirlenmistir. Bu nedenle
Saccharomyces cerevisiae kiiltiiriinde kurt iiziimii yapragi tedavisinin hiicre gelisimi ve biiylimesinde tesvik edici
bir role sahip oldugunu sdyleyebiliriz.

Anahtar kelimeler: Oksidatif stres, Krom, Kurt tiziimii, Saccharomyces cerevisiae, SDS-PAGE

The Protective Effects of Goji berry Against Oxidative Damage Caused by
Chromium (K2Cr20y7) in Saccharomyces cerevisiae

Abstract

Gaji berry is among the functional foods that have been used recently due to its antioxidant properties. In addition
to its anti-oxidative, cardio-protective, neuro-protective, anti-diabetes, anti-cancer and anti-tumor properties, it is
known to play a protective role in the treatment of many other diseases. In this study, 4 groups were formed to
investigate whether Goji berries have a protective role against chromium (KCr,O7) damage in Saccharomyces
cerevisiae. Groups; (1) Control group; (2) Goji berry Group (10%); (3) Chromium (K>Cr.0;) Group (10 mM); (4)
Gaji berry (10%) + Chromium (K2Cr207) (10 mM) Group. Saccharomyces cerevisiae cultures were developed at
30 °C for 1h, 3h, Sh and 24h. Malondialdehyde (MDA) levels, catalase activity assay (CAT), glutathione (GSH)
levels and cell growth were measured by spectrophotometer. Total protein changes were determined by SDS-
PAGE electrophoresis analysis and calculated by the bradford method. According to our study results, when
compared to the Chromium (KCr.0O7) group, cell development (1h, 3h, 5h and 24h), total protein synthesis (24h),
GSH levels (24h) and catalase activities (24h) increased in the Goji berry + Chromium (K-Cr,O7) group. As a
result, it was determined that Goji berry leaf positively increased total protein synthesis by reducing chromium
(K2Cr,07) induced oxidative damage in Saccharomyces cerevisiae culture. Therefore, we can say that Goji berry
leaf treatment has a stimulating role in cell development and growth in the culture of Saccharomyces cerevisiae.

Keywords: Oxidative stress, Chromium, Saccharomyces cerevisiae, SDS-PAGE, Goji berry
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1. Giris

Son yillarda kimyasal ilaglarin yan etkilerinden dolay1 dogal bitkisel ilaclara veya dogal bitkisel besin
kaynaklarina yonelik egilim onemli olgiide artmigtir. Dogal kosullarda yetistirilen ve giinliik olarak
belirli miktarlarda tiiketildiginde herhangi bir yan etkisi olmayan bazi meyveler ve sifal bitkiler insanlar
tarafindan bir¢ok hastaligin tedavisi i¢in uzun yillardir kullanilmaktadir. Bu bitkilerden biri olan kurt
{iziimii Solanaceae familyasina ait ¢ok yillik bir bitkidir. Icerigindeki fenolikler, vitaminler,
karotenoidler ve polisakkaritler gibi ¢esitli bilegsenleri nedeniyle insan saglig1 {izerinde bir¢ok yararh
etkiye sahip bir meyvedir. Anti-diyabetik, anti-oksidan, anti-kanser, anti-depresan, yaslanmay1 6nleme
ve immiinomodiilatér gibi bir¢ok farmakolojik etkileri bulunmaktadir [1-3]. Kurt tiziimii glinlimiizde
diinyadaki en yeni "stiper meyve" olarak kabul edilmektedir. Meyveleri turuncu-kirmizi renkte olup tatl
ve keskin bir tada sahiptir. Cogunlukla Tibet, Cin ve Mogolistan'da bulunmaktadir. Kurt tiziimii, gida
ve geleneksel Cin sifali bitkisi olarak kullanilmistir ve su anda Dogu ve Bati'da popiiler bir gida haline
gelmistir [4, 5]. Kurt tiziimii’niin farkli yerel isimleri vardir; en yaygin adi olan "wolfberry", kurt
anlamina gelenle iligkili oldugu i¢in "gou" karakterinden gelmektedir. Cin’de evlilik sarabi, Japonya’da
ise kuko, Himalaya’da Himalaya gojisi ve Tibet’te Tibet gojisi olarak isimlendirilmektedir. Ulkemizde
ise dikenli gali seklinde oldugu icin tekedikeni, yemisgen, seytan ipligi, kurt iiziimii, ¢ay agaci gibi
isimler ile bilinmektedir. Kurt {iziimii’niin yapraklar1 Giineydogu Asya ve Cin’de yaygin olarak islevsel
bir ¢ay veya diyet takviyesi olarak tiiketilmektedir. Yapraklarmda da biyolojik aktivite gosteren
kuvarsetin ve gentisik asit gibi flavonoidlerin bulundugu bilinmektedir. Arastirmalar kurt iziimii
meyvesindeki antioksidan molekiillerin, oksidatif stresi azaltarak, yani serbest radikallerin proteinlere,
DNA'ya ve lipidlere zarar vermesini 6nleyerek saglik agisindan bir¢ok koruyucu fayda saglayabilecegini
bildirmektedir [6, 7]. Hormonlarin ve sinir sisteminin ¢alismasi i¢in gerekli yag asitlerinin olmasinin
yani sira kalp ve kan basinci i¢in de maddeler igermektedir. Oldukga etkili bir anti-fungal ve anti-
bakteriyel madde olan Solavetivone ile Loseminin biitiin tiplerine karsi aktif bir bilesik olan Physalin
icermektedir. Ayrica yaslanmayla ilgili dejenerasyonlarin énlenmesinde ve i¢erdigi yiiksek lif oraniyla
kabizligin 6nlenmesinde aktif rol oynamaktadir [8]. Bu ¢alismanin amaci, Saccharomyces cerevisiae'de
kurt {iztimii yapraginin K,Cr,O7 kaynakli oksidatif hasara karsi koruyucu etkilerini aragtirmaktir.

2. Materyal ve Metot
2.1. Arastirma gruplari

Bu ¢alismada Saccharomyces cerevisiae’de krom (KzCr207) ile olusturulan hasara kars1 kurt tizimii
yapragt’nin koruyucu etkisi arastirilmigtir. Caligma gruplarimiz; (1) Kontrol grubu; (2) Kurt tizimii
Grubu (%10); (3) Krom (K2Cr207) Grubu (10 mM); (4) Kurt tiziimii (% 10) + Krom (K2Cr207) (10 mM)
Grubu.

2.2. Kiiltiire kurt iiziimii yapragi ve krom (K>Cr,0O7) uygulanmasi

Saccharomyces cerevisiae’nin gelisim ortami: Mayalarin gelistirilmesi ve ¢ogaltilmasi i¢in YEPD (250
ml i¢in; 7.5 g maya 0ziitii, 7.5 g tripton, 7.5 g glukoz) hazirlandi. Daha sonra 5 erlen alindi ve erlenlerin
her birine hazirlanan 250 ml’lik besiyerden 50 ml eklendi. Otoklavda 121 °C 1 saat bekletildikten sonra
cikarilarak sogutulma islemi gergeklestirildi. Bek alevi yaninda her bir erlene 800 pl maya ekimi yapildi.
Etiivde 20 dk. bekletildikten sonra kor dlgiimii yapildi. %10°luk kurt tiziimii yapragi’nin hazirlanmasi
i¢in; 10 g kurt tiziimii yapragi tartildi. 100 ml kaynar distile suda demleme seklinde 10-15 dk. bekletildi.
Daha sonra steril bir tiilbent vasitasiyla siiziilerek kullanildi. Ardindan etiivden ¢ikarilan diger erlenlere
bek alevi yaninda K>Cr,O7 ve kurt {iziimii yapragi eklendi. Gruplarm icerigine gore kurt {iziimii yapragi
stiziintiistinden 10 ml, K>Cr,07’den 0,30 gram eklenerek 30°C'de gelistirildi [9].

2.3. Hiicre gelisimi olciimleri

Kiiltiir 6rnekleri 1h, 3h, Sh ve 24h boyunca (gece boyunca) 30 °C'de gelistirildi ve 600 nm (ODsoo) dalga
boyunda spektrofotometre kullanilarak dlgtimleri yapild1 [9].
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2.4. Sodyum dodesil siilfat—poliakrilamid jel elektroforez (SDS-PAGE) protein izolasyonu

Kiiltiir 6rneginden 1 ml alinip 13000 rpm’de 5 dk. santrifiij edildikten sonra pelet kism1 alinarak 500 pl
TEA (pH: 7.5) icerisinde ¢oziildii. Hiicreler, sonikator (Bandelin Sonopuls, Almanya) ile gii¢ 2’de iki
defa 10 sn. pargalandiktan sonra 5 dk. buz igerisinde bekletildi. Ardindan 13000 rpm’de 10 dk. santrifiij
edildi ve pelet kismi alindi. SDS-PAGE c¢alismalari igin esit miktarda 6rnek boyama soliisyonuyla
karistirldr ve elektroforez i¢in kullamima hazir hale getirildi [10].

2.5. Sodyum dodesil siilfat—poliakrilamid jel elektroforez (SDS-PAGE) analizi

Saccharomyces cerevisiae kiiltiirlerinin protein 6rnekleri kuyulara yiiklenmeden 6nce esit miktarda
protein 6rnek uygulama tamponu ilave edilerek 5 dk. kaynatilmistir. SDS-PAGE elektroforez analizi
icin 1x tank tamponu ilave edilmistir. Proteinlerin jeldeki hareketinin izlenmesini saglayan boyaya
(bromofenol mavisi) ait mavi bant, jelin sonuna gelinceye kadar 30 mA akim uygulanmustir.
Elektroforez sonrasi jel, oda sicakliginda 30 dk. veya 1 saat boyunca Coommasie mavisi ile boyanmig
jeldeki protein bantlar1 gériiniir hale gelinceye kadar boya uzaklastirici soliisyon ile yikanmustir. Jel
goriintiileri aliarak gruplar arasindaki protein bantlari incelenmistir [11, 12].

2.6. Total protein yogunlugu dl¢iimleri (Bradford)

Total protein yogunlugu, bradford yontemine gore 595 nm'de (ODsgs) bir spektrofotometre kullanilarak
gerceklestirildi. BSA (bowin serum albiimin) proteini kullanilarak farkli konsantrasyonlarda BSA
protein standartlar1 elde edildi. Buna gore, bu standart degere karsilik gelen Saccharomyces cerevisiae
gruplarindaki toplam protein miktar1 hesaplanmustir [10, 13].

2.7. MDA (malondialdehit) analizi

MDA analizinde, test deney tiipiine 0,5 pl drnek, kor tiipiine ise 0,5 ml saf su konulduktan sonra biitiin
deney tiiplerine 2,5 ml % 20’lik TCA ve 1 ml TBA’dan eklenmistir. Ardindan 90 °C sicaklikta kaynar
su banyosunda 30 dk. beklendikten sonra sogutulmustur. Uzerine 4 ml n-butanol-piridin karisimimdan
eklenip vortekslendikten hemen sonra 3000 rpm’de 10 dk. santrifiij edilmistir. Bu iglem sonunda tistteki
faz kismi alinarak spektrofotometrede 532 nm dalga dlclimii gerceklestirilmistir. Sonuglar nmol/ml
olarak kaydedilmistir [14].

2.8. Katalaz aktivite tayini

Katalaz 6l¢iimii yapmak icin iki tiip alinarak kor tiipiine 30 mM’lik 1.4 ml H,0; ilave edilmistir. Uzerine
0.1 ml fosfat tamponu eklendikten sonra 6rnek tiipiine 30 mM’lik 1.4 ml H,O, ve 0.1 ml enzim ilave
edilmigtir. 30 sn. ve 1 dk. araliklarla spektrofotometrede 240 nm dalga boyunda absorbans degerleri
okunmustur [15].

2.9. GSH aktivite ol¢iimii

0,1 ml kiiltiir 6rnegi 0,4 ml TCA (%10 trikloroasetik asit) soliisyonu ile karistirildi, 20 sn vorteks
yapildiktan sonra ve 3000 rpm’ de 5 dk. santrifiij edildi. 0,1 ml siipernatant temiz bir tiip i¢ine alinarak,
tizerine 0,9 ml distile su, 2 ml Tris tamponu (0,4M pH:8,9) ve 0,1 ml DTNB soliisyonu eklendi. Olusan
sar1 renk distile suya kars1 spektrofotometrede 412 nm dalga boyunda okundu [16].

2.10. istatistiksel analizler

Caligmanin istatistiksel analizleri SPSS 22 paket programu ile analiz edilmistir. One Way Anova Post

Hoc Tukey LSD testleri kullanilarak gruplar arasi farkliliklar belirlenmistir. Calisma gruplarma ait
veriler ortalama + standart sapma (Ort + Sd) olarak tespit edilmistir.
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3. Bulgular ve Tartisma

Giiniimiizde kronik ve 6liimciil hastaliklarin sayisinin artmasimin yani sira tedavi olanaklarmin da kisitl
kalmasi insanlar1 alternatif tip yontemlerine yonlendirmektedir. Alternatif tip yontemlerinde biri olan
fitoterapi yani bitkisel tedavi yontemlerine olan ilgi giin gectikge artmaya devam etmektedir. Son
yillarda bitkisel tedavilerde ¢ok kullanilan meyvelerden biri olan kurt tiziimii’niin saglig1 koruyucu
etkileri ve antioksidan rolleri nedeniyle biiyiik ilgi gdérmektedir. Igeriginde bulunan karotenoidler,
fenilpropanoidler, flavonoidler, polifenoller ve polisakkaritlerde dahil olmak iizere 200'den fazla dogal
biyoaktif bilesikler sayesinde anti-aging, anti-glokom, anti-kanser, anti-tiimér, anti-diyabetik, immiin
regiilasyon ve noroprotektif ozellikler gibi biyolojik islevsellik sunmaktadir [17,18]. Bu calisma
sonucunda elde edilen verilerin, literatiirdeki eksiklikleri doldurarak 6nemli katkilar saglayacagini
diistinmekteyiz.

Sekil 1’e gore farkli gelisim zamanlar1 olan gruplar arasinda istatistiksel olarak anlamli
farkliliklar gozlenmistir (p< 0,05). Kiiltiir ortammna aktarilan kurt tziimii’niin, Saccharomyces
cerevisiae’de olusturulan K;Cr,O7 hasarina kars1 hiicre gelisimini arttirdigi goriilmistiir. Buna karsilik
K>Cr,07 grubunda ise hiicre gelisimin en az oldugu belirlenmistir.
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Sekil 1. Saccharomyces cerevisiae’nin kurt iiziimii ile farkli saatlerdeki hiicre gelisimi

Sekil 2, Sekil 3 ve Sekil 4, Tablo 1 ve Tablo 2’de verilen total protein sonuglari incelendiginde,
kurt tiziimii’niin, Saccharomyces cerevisiae de protein sentezini tesvik ettigini sdyleyebiliriz. Kontrol
ve Kurt tiziimii gruplari arasinda istatiksel olarak anlamli bir fark goriilmezken; 6zellikle KoCr,O7grubu
ile kiyaslandiginda Kurt tiziimii (% 10) + K>Cr,O7 (10 mM) grubunda total protein seviyesinin hem
siipernatant hem de pelet gruplarinda yiiksek oranda arttig1 goriilmektedir.

Tablo 1. Bradford siipernatant total protein yogunluklari

Gruplar (Siipernatant) Saccharomyces cerevisiae Total Protein
Seviyesi (nmol/ml)
Kontrol 2,65 £ 2,002
Kurt {iziimii 2,70 = 2,008
Krom (K2Cr207) 1,65+ 2,00°
Kurt iiziimii + Krom (K2Cr207) 2,10 £ 2,00°

a-C:
Siitunlarda farkli harfi tasiyan gruplar arasi fark 6nemlidir (p < 0.05).
One- Way ANOVA Post Hoc LSD Testi.
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Tablo 2. Bradford pelet total protein yogunluklari

Gruplar (Pelet) Saccharomyces cerevisiae Total Protein
Seviyesi (nmol/ml)
Kontrol 135,20 + 2,002
Kurt iiziimii 141,97 + 2,00?
Krom (K2Cr207) 90,05 + 2,00°
Kurt iiziimii + Krom (K2Cr.07) 116,23 + 2,00°

a-c: Siitunlarda farkli harfi tasiyan gruplar arasi fark énemlidir (p < 0.05).
One- Way ANOVA Post Hoc LSD Testi.
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Sekil 3. Bradford siipernatant total protein yogunluklari
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Tablo 3. Saccharomyces cerevisiae MDA seviyesi

Gruplar Saccharomyces cerevisiae MDA Seviyesi
(nmol/ml)
Kontrol 3,52 +£2,00°
Kurt iiziimii 3,25 +2,00°
Krom (K2Cr207) 6,11 +2,00?
Kurt iiziimii + Krom (K:Cr:07) 4,82 £2,00°

a-c: Siitunlarda farkli harfi tasiyan gruplar arasi fark 6nemlidir (p < 0,05).
One- Way ANOVA Post Hoc LSD Testi
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Sekil 4. Bradford pelet total protein yogunluklar

Tablo 3, Sekil 5 ve Sekil 6’da verilen MDA seviyelerini inceledigimizde; K>Cr,O7 grubunda
MDA seviyesinin en yiiksek oldugu, kurt tiziimii’niin anti-oksidan etkisinden dolay1 Kurt tiziimii (% 10)
+ K2Cr207 (10 milimolar) grubunda MDA seviyesinin anlaml bir sekilde azaldig1 gézlemlenmistir.
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Sekil 5. Saccharomyces cerevisiae MDA standart grafigi

789



A. Aslan / BEU Fen Bilimleri Dergisi 10 (3), 784-795, 2021

— 8-
E. B
oF =]
2 g 44 cC ¢
=, L
°3

Sekil 6. Saccharomyces cerevisiae MDA diizeyi

Tablo 4 ve Sekil 7°de verilen GSH diizeylerini inceledigimizde; kontrol ve kurt {iziimi
gruplarmda istatiksel bir fark goriilmezken, K>Cr,07 grubunda GSH seviyesinin en diisiik oldugu, Kurt
tiziimii (% 10) + K,Cr,O7 (10 milimolar) grubunda ise GSH seviyesinin anlamli bir sekilde azaldig:
gbzlemlenmistir.

Tablo 4. Saccharomyces cerevisiae GSH seviyesi

GRUPLAR Saccharomyces cerevisiae GSH Seviyesi
(ng/ml)
Kontrol 625,88 + 2,002
Kurt iiziimii 644,70 £ 2,00?
Krom (K2Cr207) 303,52 £ 2,00¢
Kurt iiziimii + Krom (K2Cr.0v) 444,70 £ 2,00

a-c: Siitunlarda farkli harfi tasiyan gruplar arasi fark énemlidir (p < 0,05).
One- Way ANOVA Post Hoc LSD Testi

E
~2
= b
—_—
is
33 R
)
T
7]
o
& &
¢ 8
&
3
&
Gruplar

Sekil 7. Saccharomyces cerevisiae GSH seviyesi
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Tablo 5, Sekil 8’de verilen CAT aktivite tayinlerini inceledigimizde; GSH seviyelerine benzer
sekilde Kontrol ve Kurt liziimii gruplarinda istatiksel bir fark goriilmemistir. KoCr,O7 grubunda GSH
seviyesinin en diisiik oldugu, Kurt Gzimii (% 10) + K>Cr,O; (10 milimolar) grubunda ise CAT
seviyesinin anlamli bir sekilde azaldig1 gozlemlenmistir.

Tablo 5. Saccharomyces cerevisiae CAT seviyesi

GRUPLAR Saccharomyces cerevisiae CAT Aktivitesi
(U/ml)
Kontrol 122,85 £2,002
Kurt iiziimii 120,35 +2,00?
Krom (K2Cr207) 81,97 +2,00°
Kurt iiziimii + Krom (K.Cr,O7) 105,35 + 2,00

a-c: Siitunlarda farkli harfi tasiyan gruplar arasi fark énemlidir (p < 0,05).
One- Way ANOVA Post Hoc LSD Testi

g

g

Goji berry
Katalaz Aktivitesi (U/ml)

Sekil 8. Saccharomyces cerevisiae CAT seviyesi

Sekil 9°daki SDS-PAGE jel goriintiisii incelendiginde; protein yogunlugunun K>Cr,O7 grubunda
en diisiik oldugu gozlenmistir. Kurt {iziimii grubunda protein yogunlugunun en fazla oldugu, K»Cr,O-
grubuna kiyasla Kurt tizimii (% 10) + K>Cr,O7 (10 milimolar) grubunda ise protein yogunlugunun
yiiksek oranda arttigi gézlenmektedir. Bu ¢aligma sonucunda, Kurt tiziimi’niin K>Cr,O7’in olumsuz
etkilerine ragmen Saccharomyces cerevisiae’nin gelisimini arttirdigi sonucuna varilmustir.

Sekil 9. SDS- PAGE Pelet Protein Bantlar1. Bantlar 1: Kurt iiziimii 2: Kontrol; 3: Krom (K2Cr.0y) 4: Kurt
iziimii + Krom (K2Cr.07)
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Chan ve arkadaslari [19], kurt iziim{i’niin retinitis pigmentosa hastalarinda gérme bozuklugunu
geciktirmeye yardimei olup olmadigini ve retina fonksiyonlar: tizerindeki tedavi etkisini arastirmay:
amagclamiglardir. Kurt tizimii tedavisinin retina i¢in ndroprotektif bir etki sagladigi ve retinitis
pigmentosa koni dejenerasyonunu geciktirmeye yardimer oldugu sonucuna varmiglardir. Amagase ve
Nance [20], saglikli yetiskin insanlarda Kurt liziimii tiiketiminin metabolizma hizini arttirarak kilo
vermeye yardimcl oldugunu belirtmislerdir. Chiancone ve arkadaslar1 [21], kurt tiziimii tedavisinin
kronik bakteriyel prostatin 6nlenmesinde oldukga gii¢lii etkilere sahip oldugunu belirtmiglerdir. Aslan
ve arkadaslar1 [13], domatesin Saccharomyces cerevisiae’de H,O; kaynakli hasara karsi koruyucu
rollerini arastirmuslardir ve domatesin antioksidan ozelligi sayesinde koruyucu bir 6zellige sahip
oldugunu tespit etmislerdir. Aslan ve arkadaslar1 [10], tiziim ¢ekirdegi ekstraktinin Saccharomyces
cerevisiae’de H»O2’in neden oldugu oksidatif stres hasarimi azalttigi ve Saccharomyces cerevisiae
bliylimesi lizerinde koruyucu bir role sahip oldugunu tespit etmislerdir. Ayrica, H.O; gruplarinda MDA
seviyesinin arttigini ortaya koymuslardir. Beyaz ve arkadaslari1 [14], Saccharomyces cerevisiae’de H,O;
kaynakl1 oksidatif strese kizilcik (Cornus mas L.) ve karadut (Morus nigra L.) meyvelerinin koruyucu
etkilerini arastirmislardir. Kizilcik ve karadut meyvelerinin oksidatif strese karsi oldukga giiclii bir
terapotik etkiye sahip sonucuna varmuslardir. Ayrica, H2O; eklenen gruplara kiyasla karadut ve kizilcik
ekstraktlarinin verildigi gruplarda MDA seviyesinin azaldigini ve total protein seviyesinin ise anlamli
bir sekilde arttigimi belirtmiglerdir. Cai ve arkadaslar1 [22], tip-2 diyabetik hastalarda kurt tiziimii
uygulamasiin herhangi bir hipoglisemik ilag almayan kisilerde, hipoglisemik ilaglar alan hastalara
kiyasla daha belirgin hipoglisemik etkinlik gosterdigini tespit etmislerdir. Elde edilen sonuclara gore,
kurt tzimii uygulamasimnin tip 2 diyabet igin iyi bir potansiyel tedavi yardimcisi oldugunu
belirtmiglerdir. Aslan [23], farkli meyve sular1 ve bunlarin kombinasyonlarinin, Saccharomyces
cerevisiae’de oksidatif hasar1 azaltma ve hiicre biiylimesini arttirmada koruyucu bir rolii oldugunu
vurgulamustir. Liu ve arkadaslar1 [24], sazanlarda karbon tetrakloriir (CCls) kaynakli hepatotoksisiteye
kars1 Kurt tizimii’niin tedavi edici ve Onleyici etkileri in vitro ve in vivo olarak arastirilmislar ve kurt
tzimii uygulamasinin hepatopretektif bir aktiviteye sahip oldugunu tespit etmislerdir. Kurt tiziimi
verilen gruplara kiyasla CCly verilen gruplarda MDA seviyelerinin azaldigini belirtmislerdir.

Bucheli ve arkadaslar1 [25], yashi deneklerde Kkurt tiziimii tedavisinin yiiksek antioksidan
(6zellikle zeaksantin) icerigi nedeniyle gorme kaybi iizerine etkilerinin arastirmuslar ve glinlitk
takviyenin yash deneklerde hipopigmentasyon ve gérme dejenerasyonuna karsi etkili koruma sagladigi
kanisina varmiglardir. Aslan ve arkadaslari [9], Kivi ekstraktinin zengin antioksidan igerigi sayesinde S.
cerevisiae’nin hiicre biiylimesini arttirarak oksidatif hasari ortadan kaldirdigini tespit etmislerdir.
Plavcova ve arkadaslar1 [26], zerdegal’in Saccharomyces cerevisiae’de antiinflamatuar etkisini
arastrmiglardir ve Onemli bir anti-inflamatuar etkiye sahip olan ve bir¢ok inflamatuar hastaligin
tedavisinde destekleyici bir dogal fenolik bilesik oldugu kanisina varmiglardir. Aslan [27],
Saccharomyces cerevisiae’de H,O; kaynakli hasara karsi dut ekstraktinin giiglii koruma saglayarak
hiicre biiylimesini arttirdigini tespit etmistir. Jilani ve arkadaslar1 [28], Saccharomyces cerevisiae’de
zeytin yapragi (Olea europaea L.) polifenollerinin biyolojik olarak islenebilirligi ve antioksidan
kapasitesine etkisini aragtirmislar ve zeytin yapraginin antioksidan aktiviteyi arttirdi§i sonucuna
varmuglardir. Kiruthika ve Padma [29], Zea mays yapragi ekstraklarinin Saccharomyces cerevisiae’de
H.0, kaynakli oksidatif stres karsi koruyucu roliinii arastirmislar ve zengin antioksidan kaynagina sahip
olan Zea mays yaprag ekstraklarinin H,O; tarafindan indiiklenen oksidatif strese kars etkili bir sekilde
koruma sagladigim belirtmislerdir. Mitrica ve arkadaglar1 [30], Saccharomyces cerevisiae’de UV-A
kaynakli olusturulan oksidatif strese karst EGCG’nin koruyucu etkileri arastirilmis ve EGCG’nin reaktif
oksijen tiirlerinin (ROS) giicli bir temizleyicisi olan antioksidan 6zellige sahip oldugu belirtilmistir.
Chong ve arkadaslar1 [31], yesil ¢ay polifenollerinden olan EGCG’nin Saccharomyces cerevisiae’de
DNA onarim yollar1 {izerindeki etkilerini aragtirmuslar ve EGCG’nin DNA onarim yollarini aktive
ederek genom stabilitesini korumada oldukga etkili oldugu sonucuna varmuslardir. Aslan ve arkadaslar1
[32], karbon tetrakloriir (CCls) kaynakli pankreas dokusundaki hasara karsi ellagik asit (EA)’in terap6tik
potansiyeli arastirillmistir. EA uygulanan gruplara kiyasla CClsuygulanan gruplarda MDA seviyesinin,
Bcl-2 ve NF-xB protein ekspresyonunu azaldigini, GSH diizeyinin ve CAT aktivitesinin yani sira
kaspaz-3 ve Nrf-2 protein ekspresyonunu ise anlamli bir sekilde arttigini belirtmislerdir. Kang ve
arkadaglar1 [33], dekstran siilfat sodyum (DSS) ile indiiklenen kolit fare modeli kullanarak kurt
liziimii’nin Enflamatuar bagwsak hastaliklar1 semptomlar1 {izerindeki koruyucu etkilerini
aragtirmislardir. Kurt iizimii’niin DSS kaynakli kolitin mortalitesini ve semptomlarimi azalttigim,
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DSS’nin neden oldugu mukozal hasar1 hafiflettigini hastalik aktivitesini iyilestirdigini belirtmiglerdir.
Aslan ve arkadaslar1 [16], siganlarda CCls kaynakli bobrek hasarina karst EA’in anti-oksidatif ve anti-
inflamasyon yollar1 tizerindeki etkilerini degerlendirmislerdir. EA ile tedavi edilen gruplarda bobrek
dokusunda olugan hasarmin yani sira NF-«kB, VEGF, COX-2 ve TNF-alfa protein ekspresyonunu
azaltarak kaspaz-3 ve Nrf-2 protein ekspresyonunu anlamh bir sekilde arttirdigi sonucuna varilmistir.
Biyokimyasal analizler bakimindan incelendiginde, EA ile tedavi edilen gruplarn MDA seviyelerinde
azalis, GSH seviyeleri ve CAT aktivitelerinde ise anlamli derecede artis oldugunu belirtmiglerdir.
Karakas ve arkadaslar1 [34], Kurt iiziimii meyvelerinden elde edilen metanol ekstresinin siganlarda
anksiyete, depresyon benzeri davramslar tizerine etkilerini arastirmuslar ve Kurt {iziimii meyvelerinin
metanol oziitiiniin anksiyeteyi ve depresyon benzeri davraniglar1 azalttigini gozlemlemislerdir. Ruiz-
Salinas ve arkadaslar1 [35], yash siganlarda kurt tiziimii tedavisinin GFAP, kaspaz-3 ve hiicre igi reaktif
oksijen tiirlerinin olusturdugu oksidatif stresi azaltarak hipokampusun néroplastisitesini iyilestirdigini
belirtmislerdir.

4. Sonuc ve Oneriler

Geleneksel tip uygulamalarinda insan sagligim koruyucu ve tedavi edici 6zellikleri nedeniyle bitkisel
iiriinlerin kullanimma olan ihtiya¢ giin gectikge arttirmaktadir. Ozellikle yiiksek antioksidan
kapasitesine sahip bitkisel iiriinlerden biri olan Kurt {izimii insanlarin yasam Omiirlerinin uzamasinin
yaninda koruyucu ve tedavi edici biyolojik aktiviteler de gostermektedir. Calismamizin sonuglari
degerlendirildiginde; kurt tiziimii’niin Saccharomyces cerevisiae’de total protein sentezini tesvik ettigini
ve hiicre gelisimini arttirdig1 tespit edilmistir. Dahasi, ¢alismada Kurt tiziimii eklenen gruplarda GSH
diizeylerinin ve CAT aktivitelerinin diger gruplara kiyasla anlamli diizeyde arttig1, hiicre i¢inde oksidatif
stres belirteci olan MDA diizeylerinin ise anlamli bir sekilde azaldigr belirlenmistir. Calismada yapilan
analizlerle ilgili parametrelerin literatiirdeki eksikligi ¢alismanin 6nemini ortaya koymaktadir.
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Oz

Bu ¢alismada Ti-27Ni-20Nb-3V (% at.) alasimi ark-ergitme yontemi ile iiretildi. Uretilen alasim 850 °C de 24 saat
homojenlestirildikten sonra, faz doniisiim sicakliklari, mikro-yapisi, elektrokimyasal aginma direnci, mikrosertlik
gibi fiziksel ve kimyasal 6zellikleri arastirildi. DSC yardimiyla faz doniisiim sicakliklari austenite-martensite faz
gecislerinin oda sicakhigimin altinda oldugu belirlendi. Optik mikroskop (OM) ve SEM goriintiilerinde alagimin
Ti-elementince zengin dendritik yapilarmdan olustugu goriildii. XRD patternlerinden ise S-Nb, B2 ve B1Y
yapilarinin da oldugu belirlendi. Ayrica, yapilan hesaplamalar sonucu kristalit tane boyutu yaklasik 39,65 nm
olarak hesaplandi. Oda sicakliginda yapay viicut sivisi1 (SBF)’de yapilan elektrokimyasal analizi sonucu korozyon
direnci 8,09x10° mmpy olarak hesaplandi. Mikrosertlik dlgiimleri ile alasimm mikrosertligi bes ayr1 bolgeden
alinarak ortalama 810 HV olarak bulundu.

Anahtar kelimeler: Sekil hatirlamali alasimlar; korozyon direnci; mikrosertlik

Investigation of Phase Transformation Temperature, Corrosion Resistance
and Structural Properties of Ti-27Ni-20Nb-3V Shape Memory Alloy

Abstract

In this study Ti-27Ni-20Nb-3V (% at.) alloy was produced by arc- melting method. Physical and chemical
properties such as phase transformation temperatures, micro-structure, electro chemical wear resistance,
microhardness of the alloy homogenized at 850 °C for 24 hours were investigated. Phase transformation
temperatures were determined with the help of DSC that autenite-martensite phase transitions were below room
temperature. Optical microscope (OM) and SEM images showed that the alloy consisted of Ti-rich dendritic
structures. -Nb, B2 and B19’ were found in XRD patterns. In addition, as a result of the calculations, the crystallite
particle size was calculated as approximately 39,65 nm. Corrosion resistance was calculated as 8,09x10° mmpy
as a result of electrochemical analysis performed in SBF (artificial body fluid) at room temperature. The
microhardness measurements of the alloys were taken from five different regions and found to be 810 HV on
average.

Keywords: Shape memory alloy; corrosion resistance; microhardness

1. Giris

Plastik deforme olmus malzemenin (alagimin) 1s1, termo-mekanik veya manyetik yiikk uygulanarak
orijinal sekline geri donme yetenegi sekil hatirlama olarak tanimlanir [1-3]. Alagimlar igerisinden Sekil
Hatirlamali Alasim (SHA) 6zelligi sergileyen NiTi alagimlar: miikemmel Sekil Hatirlama Etkisi (SHE),
stiper-esneklik ve biyouyumluluklarindan dolay1 énem kazanmaktadir. Giinlimiizde SHA’larmn ticari
uygulamalarimin %90 nin1 ikili NiTi ya da ti¢lii NiTiNb, NiTiTa, NiTiCu gibi alagimlar almaktadir [4].
NiTi-esasli alagimlar son zamanlarda medikal implant, uzay mithendisligi ve endiistriyel alanlarda genis
yer almaktadir [5]. Ayrica, NiTi SHA’larin iyi asinma, korozyon direnci ve biyouyumluluk 6zellikleri
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nedeniyle cerrahi aletler, stent ve ortodontik teller gibi cesitli tibbi uygulamalar i¢in cazip duruma
getirmektedir [4, 6]. NiTi alagimlarinin uygulanabilir sertligi kemik implati ve regeneratif tip alaninda
ilgi odagidir. Son zamanlarda aragtirmalar NiTiNb, NiTiTa, NiTiHf gibi ii¢lii alasimlarin yanisira,
NIiTiNbX (X=V, Ta, Hf) gibi dortlii sekil hatirlamali alagimlar tizerinde odaklanmistir. F. Dagdelen ve
arkadaglarinin yaptig1 bir calismada (2019) NiTi alagimina farkli oranlarda Ta eklenmesiyle doniigiim
sicakliklarinin fazla etkilenmedigi, alasimin kristal yapisinda siklikla rastlanan B2 (Austenite) ve B19/
(Martensite) fazlarinin yanisira f-Ta fazmna rastlamldigi ve mikrosertliklerinin yaklasik olarak 470 HV
oldugunu belirlemislerdir [7]. S. Buytoz ve arkadaslarin yaptigi bir ¢aligmada (2019) ise NiTi alasimina
ilave edilen Hf elementi ile doniisiim sicakliklarimin doniisiim entalpilerini biiyiik 6lgiide etkiledigi ve
alagimda Hf elementinin oraninin artmasi ile tane biiyiikliikklerinin arttirdig1 belirlendi [8]. Baska bir
calismada F. Dagdelen ve arkadaslar1 (2020) NiTi alasimina farkli atomik oranlarda Nb katkilamig, Nb
oraninin artmastyla alagimin martensit fazin oda sicakliginin altinda, austenit fazin ise oda sicakligimin
yakininda oldugu belirlenmistir [9]. E. Balc1 ve arkadaslarinin NiTiNbV dortlii SHA tizerine yaptiklari
bir ¢aligmada (2021) ise V oraninin artmasiyla faz doniisiim entalpisi, entropi, Gibbs serbest enerjisi
gibi termodinamik parametrelerini degistirdigi ve korozyon direncini arttirdigi belirledi [10]. Uglii
NiTiNb SHA’lar {izerine birka¢ arastirma olmasina karsi, dortlii NiTiNbV alagimi {izerine arastirmalar
yok denecek kadar azdir.

Bu calismada NiTiNbV alasimi ark ergitme yontemi ile {retildi. Alasimin faz doniisiim
sicakliklari, mikroyapisi, korozyon direnci, mikrosertlik gibi fiziksel ve kimyasal 6zellikleri arastirildi.

2. Materyal ve Metot

Bu ¢alismada arastirilan Ni-50Ti-20Nb-3V (% atomik) alasimi % 99,9 saflikta Merk marka - 325 mesh
metal tozlarindan karigtirilarak ark-ergitme yontemiyle iiretildi. Alagimi homojenlestirilmek i¢in kiil
firin1 ortamina argon gazi verilerek 850 °C de 24 saat siireyle bekletilip ardindan tuzlu-buzlu suda
sogutuldu. Alasimin fiziksel ve kimyasal ozelliklerini arastirmak i¢in DSC (Differantial Scanning
Calorimeter), XRD (X-ism1 difraksiyonu), OM (Optik mikroskop), SEM (Scanning Elektron
Miroscope), Mikrosertlik ve Elektrokimyasal karakterizasyonlari arastirildi. Faz doniisiim sicakliklarini
belirlemek i¢in Perkin Elmer Sapphire marka DSC cihazi ile 10 °C/dak. 1sitma < sogutma hiziyla azot
gazi atmosferinde 1s1 akis1 ol¢limleri yapildi. Alasimlarin X-1511 analizleri Bruker Discover D8 X-ray
difraction (XRD) cihaz1 (CuK, A=1,5418) kullanilarak 30-80° arasinda 2 °/dak. sabit tarama hiz1 ile oda
sicakliginda yapildi. Optik mikroskop Olclimleri alinacak olan alasimlar soguk bakalite alinip,
METKON FORCIPOL-2 Zimparalama ve Parlatma Cihazinda sirasiyla 240, 400, 600, 800, 1000, 1200
ve 2000 mesh zimpara kagitlar1 kullanilarak zimparalandi. Cuha ve elmas pasta kullanilarak yiizeyleri
parlatilan numuneler, NOH3(5%) + HF(10%) + H.O (85%) oranlarinda hazirlanan daglayici yardimiyla
yaklasik 10 saniye siireyle daglandi. Saf su ve alkol ile ylizeyleri temizlenip kurutulan numuneler
NIKON MA100 Ters Metal Mikroskobu cihazi ile metalografik gozlemleri yapildi. Ardindan Jeol JSM
7001F SEM-EDX cihazi kullanilarak yiizey analizleri yapildi. Alasimin Vikers sertlik dlgtimleri bes
farkli bolgeden alinarak ortalamasi degerlendirildi. Alasimin korozyon davranisi yapay viicut sivisinda
Gamry Interface Potentiostat/Galvanostat/ZRA kullanilarak oda sicakliginda incelendi.

3. Bulgular ve Tartisma

NiTi alasimlar: diisiik sicakliklarda martensit faz (B19') ve yiiksek sicakliklarda ise austenite faz (B2)
doniigiimii sergileyen alasimlardir. Vanadyum katkilanmig NiTiNb sekil hatirlamali alagimin 10 °C/dak
1sitma-sogutma hiziyla elde edilen DSC egrisi Sekil 1°de verildi. NiTiNb-3V alagiminin DSC egrisi
incelendiginde, alasimin B19'—B2 faz gecisinde As (Austenite baslama) =12 °C, A¢ (Austenite bitis)
=20 °C’de gergeklestigi belirlendi. Belirlenen bu sonug E. Bale1 ve arkadaslarinin (2021) iretmis oldugu
Ni-50Ti-22Nb-1V, Ni-50Ti-20Nb-2V ve Ni-50Ti-18Nb-5V alasimlarinin sergiledigi austenit faz
sicakliklarma yakindir [10]. Alasimm B2— B19' faz déniisiimii lgiilen sicaklik araliginda belirgin
degildir. Bu yari-kararli Ti-esash alagimlarda siiper-esneklik ve sekil hafiza &zelliklerinin ana f
(diizensiz bcee) fazinin geri dontigiimli termoelastik martensit doniisiim ile a”’(altigen martensit) veya
a(ortorombik martensit) fazina dondstiiriilmesi olayma dayandigr bilinmektedir [11, 12]. Bu faz
doniisiimlerinin zor-zorlanma analizleri ile daha belirgin bir sekilde goriildiigii yapilan ¢aligmalarda
mevcuttur [13].
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Sekil 1. NiTiNbV alagimin 10 °C/dak 1sitma-sogutma hiziyla alinan DSC grafigi

Sekil 2° de NiTiNbV alasimin oda sicakliginda alinan XRD difroktagrami verildi. XRD analiz sonuglari
degerlendirildiginde NiTi sekil hatirlamal alasimlarinda siklikla gozlenen B19/, B2 fazlarmin yan1 sira
B-Nb (Niyobyumca zengin faz), Ti;Ni ve (Ti,Nb) ¢okelti fazlar1 tespit edildi [14]. E. Balci ve
arkadaslarinin yapmis oldugu bir ¢calismada NizrTisoNbas«xVx (x=1,2 ve 5) sekil hatirlamali alagiminin
XRD analizi sonug¢larina benzer fazlar tespit edilmistir. [10]. M. Kok ve arkadaslarmin yapmis oldugu
farkli bir ¢alismada ise NisgTis1V1 ve NisgT47Vs yiiksek sicaklik SHA’larda XRD analizlerinde ayni
fazlara rastlamustir [15]. F. Dagdelen ve arkadaslarinin (2018) NiTi esasli alasima Ta elementi ilavesinin
etkilerini incelemis, XRD sonuglarinda B2, B19' fazinin yanisira yaklasik 20=39° de B-Ta pikine
rastlamuglardir [5]. Sekil hatirlamali alagimlarin nano boyutta kristalit tane boyutlarini hesaplamak igin
Debye Scherrer denklemi kullanilabilir. Bu denklem ile elde edilen hesaplamalar sonucu kristal tane
boyutunun yaklasik degeri 39,65 nm bulunmustur. Literatiirde mevcut olan bir ¢alismada, M. Kok ve
arkadaslar1 (2020) NiTi esasli V elementi katkili S:HA’larin kristal tane boyutunu ortalama 370 A (37
nm) hesaplamustir [15].

XRD sonucu, alagimlarm kristalit boyutu (D) gibi kristal yap1 parametreleri hakkinda daha fazla
bilgi verir. Scherrer'in modeli, yar1 maksimumda tam genislige (FWHM (B)), asagidaki gibi ifade
edilebilir [16-19];

D =KA/Bcos8 (1)

burada K, Scherrer sabitidir, en iyi yaklasim degeri 0.9'dur [20]. A, kullanilan x-15111 kaynaginin dalga
boyudur (Ax, (Cu) = 1.5406A) ve B Bragg agisini temsil eder.

NiTiNbV alagiminin OM ve SEM-EDX goriintiileri Sekil 3°de verildi. Sekil 3a-b incelendiginde
alasimin dendritik yapilardan olustugu soylenilebilir. Yapi icinde taneler ve martensit plakalar
goriilmemistir. Fakat ana matris yapida -Nb yapist EDX sonuglarindan tespit edildi. Sekil 3¢ alagimin
haritalanmig SEM goriintiisii incelendiginde Ni elementinin yap1 i¢cinde homojen dagildigr gorildii.
Dentrit kollarmin ise verilen EDX (objects 12) sonuglarinda goriildigii gibi Ti (84.77 at. %) bakimindan
zengin oldugu belirlenmistir. SEM goriintiisiiniin tiim yiizeyinden (objects 11) alinan EDX sonuglari
(Sekil 3d) hedeflen NiTiNbV alagiminin atomik oraniyla uyumludur. Nb katkili NiTi alasimlarinda
siklikla rastlanan B-Nb (Niyobyumca zengin) fazi yapi igcinde mevcuttur (objects 13). SEM-EDX
sonuglar1 ile XRD sonuglari birbirini desteklemektedir. Alasimin mikrosertlik testi Vickerss sertik
Ol¢lim yontemiyle yapilmis olup, bes ayri bolgeden alinarak ortalama 810 HV olarak bulundu. I. N.
Qader ve arkadaslarinin yaptig1 bir ¢aligmada (2020), farkli oranlarda Sn katkilanan NiTiSn alagiminin
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mikrosertlik sonucu yaklagik 180-455 HV araliginda degistigi belirlenmistir [21]. C. Tatar ve

arkadaslarinin yaptig1 bir ¢alisgmada (2020) NiTiCu sekil hatirlamali alagimin mikrosertlik 6l¢iim
sonucunu yaklasik 200- 500 HV arasinda bulmustur [22].
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Sekil 2. Alagimin oda sicakliginda alinan X-1ginlar1 difraktogrami
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Sekil 3. Alasimin OM ve SEM-EDX sonuglart a) OM, b) SEM, c¢) SEM haritalama, d) EDX sonuglari.

Alagimin korozyon davranigini analiz etmek i¢in oda sicakliginda yapay viicut sivisi igerisinde
elektrokimyasal test yapildi. Korozyon orani alagimin yapisina ve ylizey davranigina bagl olarak degisik
sonuclar gosterebilir. Polarizasyon taramasi sonucunda Sekil 4 ¢ de alasimin Tafel egrisi verildi. Anodik
(Ba) ve Katodik (B¢ ) polarizasyon icin Tafel egimleri tegetsel yontem kullanilarak belirlendi. Anodik ve
katodik polarizasyonda kesisme noktasinin ekstrapolasyonundan korozyon akim yogunlugu ( Jeor ) Ve
korozyon gerilimi ( Ecor ) bulunmustur. 8,09 x 10 ° mmpy olarak bulunan bu deger korozyon oranini
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tespit etmekde kullanilmaktadir. Korozyon orani yiiksek bir dereceye sahip olan bu alagim literatiirde
var olan diger alasimlara gore oldukca yiiksek sonuca sahiptir [23-25]. Bu sonug¢ alagimin oda
sicakliginda ve viicut sivisinda korozyona ¢ok direngli oldugunu gosterir. E. Balci ve arkadaslarimin
(2021) yapmis oldugu bir ¢alismada farkli oranlarda NiTiNbV dortlii SHA’larin ortalama korozyon
oram yaklasik 1.70 x 10 mmpy olarak hesaplanmistir [10]. Bu sonug ise ortalama bir yilda yapay viicut
sivisi ile malzemenin reaksiyona girme olasiliginin diisiik oldugunu gostermektedir.

0,8

0,6 -

04

0,2 -

0,0 -

VT (volt)

0,2 -

-0,4 -

0,6 -

0,8 -

1 S —
1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4

InJ (pA/cm?)

Sekil 4. Alasimin oda sicakliginda yapay viicut sivisinda elde edilen Taffel egrisi

4. Sonuc ve Oneriler

Caligmada dortlii Ni-50Ti-20Nb-3V alasimin doniisiim sicakliklarindan austenit fazin oda sicakliginin
(12-20°) altinda B19'—>B2 faz gecisi seklinde oldugu belirlenmistir. Martensit faz doniistim
sicakliklarimin ise DSC analizinden -40°C’nin altinda olabilecegi tahmin edilmektedir. XRD ve SEM-
EDX sonuglarindan alasimin mikroyapisinda fS-Nb fazimin yam sira B2 ve B19' fazlarmin var oldugu
gorlilmiistiir. Mikrosertligin geleneksel NiTi alagimlarina gore yiiksek ¢ikmasi, Nb ve V element ilavesi
ile birlikte alasimin 850 °C de 24 saat 1s1l islem uygulanmasina da atfedilmistir. Mikrosertligin yiiksek
olmasi korozyon direncini de artirmistir. Nitekim oda sicakliginda yapay viicut sivisinda yapilan
elektrokimyasal testinde korozyonun direncinin yiiksek oldugu belirlenmistir.

Yazarlarin Katkisi

Yazarlarin makaleye olan katkilar1 esit orandadir.

Cikar Catismas1 Beyam

Yazarlar arasinda herhangi bir ¢ikar ¢atigmasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyam

Yapilan caligmada arastirma ve yaym etigine uyulmustur.
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Saf Kalsiyum Elementinin Isitma Siirecinin Molekiiler Dinamik Benzetim
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Oz

Calismada, gomiili atom metot (EAM) ve siki-bag (TB) ¢ok cisim potansiyelleri kullanilarak, 1sitma siireci
boyunca saf kalsiyum (Ca) elementinin yapisal ve bazi fiziksel 6zellikleri klasik molekiiler dinamik (MD)
benzetim yontemi ile incelendi. Bu siire¢ boyunca fiziksel parametrelerin sicakliga bagl degisimlerini gorebilmek
igin enerji-, 6rgii parametresi- ve yogunluk-sicaklik egrilerinden yararlanildi. Ayrica sistemin atomik yapisimnin
gelisimi ise, ciftler dagilim fonksiyonu, yapi faktorii ve Honeycutt-Andersen (HA) metodu gibi farkli analiz
yontemleri kullanilarak incelenmistir. Her iki potansiyel i¢in elde edilen sonuglar, literatiirde rapor edilen uygun
deneysel ve diger MD benzetim sonuglari ile karsilastirildi ve birlikte tartisildi. Genis sicaklik araliginda EAM
potansiyelinin, TB potansiyeline gére daha basarili sonuglar iirettigi gozlenmistir. HA sonuglari, sistemin erime
stirecinde dzellikle 1541 ve 1551 tipi besli kiimelerin, sivi bolgede ise 1431 tipi dortlii kiimelerin daha etkin roller
tistlendigini gdstermistir.

Anahtar kelimeler: Kalsiyum, Molekiiler Dinamik, Honeycutt-Andersen Metodu, Gomiilii atom metodu, Siki-
bag potansiyeli

Investigation of Heating Process of Pure Calcium Element by Molecular
Dynamics Simulation Method

Abstract

In the study, the structural and some physical properties of pure calcium (Ca) during the heating process were
investigated by classical molecular dynamic (MD) simulations method by using the embedded atom method
(EAM) and tight-binding (TB) many body potentials. During this process, energy-, lattice-parameter and density-
temperature curves were used to see the changes in physical parameters depending on temperature. In addition,
the evolution of the atomic structure of the system was investigated using different analysis methods such as the
pair distribution function, the structure factor and the Honeycutt-Andersen (HA) method. The results obtained for
both potentials were compared with appropriate experimental and other MD simulation results reported in the
literature and discussed together. It has been observed that the EAM potential in a wide temperature range
produces more successful results than the TB potential. HA results showed that especially 1541 and 1551 type
quintet clusters and 1431 type quartet clusters play more effective roles in the melting process of the system.

Keywords: Calcium, Molecular Dynamics, Honeycutt-Andersen Method, Embedded atom method, Tight-binding
potential

1. Giris

Atomik Olcekte malzemelerin yapisal, dinamik, mekanik ve termodinamik gibi birgok fiziksel
ozelliginin hizli, dogru ve giivenilir bir sekilde agiklanabilmesi biiylik 6nem arz etmektedir. Bu anlamda,
yapilan deneysel ve kuantum temele dayali molekiiler dinamik (MD) benzetim yontemleri en dogru ve
basarili sonuglar saglyor olsa da, bu yontemlerin ¢ogunlukla pahali olmasi ya da yavas olmasi gibi
dezavantajlarindan dolay1 arastirmacilar, daha hizli ve ucuz olan, ayrica dogru modellendiginde oldukga

*Sorumlu yazar: mceltek@trakya.edu.tr
Gelis Tarihi: 02.04.2021, Kabul Tarihi: 03.06.2021
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basarili sonuglar sunabilen klasik MD benzetim metoduna yonelmektedir. Sistemdeki pargacik sayisi
arttikca, hareket denklemlerini analitik olarak ¢ézmekte zorlagsmaktadir, fakat bu metot ile sistemdeki
atom veya molekiillerin belirlenen siirelerde etkilesmelerine izin verilmekte ve sayisal yontemler
kullamlarak zor olan hesaplamalarin iistesinden daha kolay bir sekilde gelinebilmektedir. Arttk MD
benzetim yontemi giiniimiizde fizik, nano-teknoloji, kimya, biyoloji ve miihendislik temel alanlarinin
bircogunda basarili bir sekilde kullanilmaktadir [1-10]. MD benzetim yonteminin basarili olabilmesi
i¢in en 6nemli kistaslardan biri, atomlar arasindaki itici ve ¢ekici etkilesme kuvvetlerinin en dogru
sekilde agiklanabilmesidir. Bunu saglayabilmenin yolu, sistem i¢indeki etkilesmeleri dogru bir sekilde
tanimlayabilecek olan en uygun atomlar-arasi potansiyel fonksiyon se¢iminden gegmektedir[11-13].
Eger bu siirecte segilen potansiyel fonksiyon sistemdeki atom veya molekiilerin davraniglarmi ¢ok iyi
aciklayamazsa, o zaman MD benzetim sonuglarinin giivenilirligi tartisilir duruma diisecektir [14-16].
Literatiirde pek ¢ok potansiyel fonksiyon tiirli vardir ve bunlar atomlar arasindaki etkilesmeleri
tanimlamalar1 agisindan en temel olarak iyi gruba ayrilirlar [17]. MD benzetimler igin en sik kullanilan
ilk grup potansiyeller, Lennard-Jones [18] ve Morse [19] gibi ¢iftler potansiyelleridir, ikinci grup ise
gébmiilii atom metodu (EAM) [20, 21], Finnis-Sinclair [22], Sutton-Chen [23, 24], etkin ortam teorisi
[25] ve siki-bagli (TB) [26] gibi ¢ok cisim potansiyelleridir.

Mevcut ¢alismada kalsiyum (Ca) elementinin 1sitma siireci boyunca atomik yapisinda meydana
gelen degisimler klasik MD benzetim teknigi ile incelenmistir. Bu elementi segmemizin nedenlerinden
biri, dogada en fazla bulanan ve canli yasaminin siirdiirebilmesi i¢in en ¢ok ihtiya¢ duyulan
elementlerden biri olmasidir. Diger yandan bu element, gida sanayinde, tip-saglik, kimya ve endiistri
sektdriinde en ¢ok ihtiyag duyulan ve kullanilan elementlerden biridir. Ayrica farkli pek ¢ok elementin
iiretim siirecinde uygulanan kimyasal islemlerde yine bu elementin rolii ¢ok fazladir. Aliiminyum, bakir,
celik ve nikel alagimlari igin lityum ile birlikte deoksidan olarak ta kullamilmaktadir [27]. Kalsiyumun
1sitma siireci, EAM ve TB ¢ok cisim potansiyellerini kullanarak incelendi ve literatiirdeki uygun
deneysel ve diger MD benzetim sonuglari ile karsilastirarak tartisildi. Caligmanin ikinci boliimiinde,
kullanilan potansiyel fonksiyonlar (EAM ve TB) hakkinda bilgi verildi ve MD benzetim siirecinin
aciklamasi yapildi. Ugiincii boliimde, elde edilen bulgular, onlarm agiklama ve detayli tartismasi yapildi.
Son boliim olan sonug ve tartisma kisminda ise, ¢calismanin 6nemli noktalarmin kisa bir 6zeti ¢ikarildi.

2. Materyal ve Metot
2.1. Gomiiliit Atom Metot Potansiyeli
EAM modeline gore, N atomlu bir sistemdeki atomlar-aras etkilesimler neticesinde ortaya ¢ikan toplam
enerji,
ML N
Er=3 Z @ij(rij) + Z Fi(py) 1)
Li%] 7
formu ile hesaplanir. Buradaki ilk terim ¢;;(r;;), iki cisim arasindaki itici etkilesimleri temsil eden

ciftler etkilesim enerjisidir. Tkinci terim F; ise, ¢ekici etkilesmeleri iceren p; yiik yogunluguna bagl olan
goémme enerjisidir.

pi = Z £ (). )
IBE
Burada f; (Ti j) atomik yiik yogunluk fonksiyonudur. Caligmada, Sheng ve arkadaslari [28] tarafindan

belirlenen ve https:// https://sites.google.com/site/eampotentials/Ca web adresinde Howard Sheng
tarafindan paylasilan EAM potansiyel veri seti kullanilmustir.
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2.2. Siki-Bagh Cok Cisim Potansiyeli

TB metodu, kuantum mekanik kdkene sahip olan ve metal dzelliklerin ¢ogunlugunun en dig kabuktaki
d-elektron yogunlugundan tiiretebilecegi kabuliinii benimsemektedir. TB potansiyelinin formu da EAM
metoduna benzer sekilde ¢ekici ve itici olmak iizere iki boliimden olugmaktadir [26].

1/2
Er=-— Z &% exp [—Zq (% — 1)] + ZA exp [—p (% — 1)] ©)

Jj#i Jj#i

Birinci kisim EAM bagmtisindaki F;(p;) gomme enerji fonksiyonunun iistlendigi goreve
sahiptir, yani sistemdeki cekici etkilesmelerden sorumludur [29]. Ikinci kisim ise, sistemdeki itici
etkilesmelerden sorumludur ve Born-Mayer iyon-iyon ¢iftler potansiyel tipine sahiptir. Denklem 3’de
verilen bagintida i. ve j. atomlar arasindaki uzaklik rij, en yakin komsu mesafesi ise ro ile ifade edilir.
Diger 4, p, ¢ ve q parametreleri ise ilgili elementin farkli fiziksel 6zellikleri ile alakali parametrelerdir.
TB potansiyeli ile ilgili daha fazla bilgi [16,26,30-34] kaynaklarindan alinabilir. Ca elementi igin
kullamlan TB potansiyel parametreleri Tablo 1’de verilmektedir.

Tablo 1. Ca elementi i¢in TB potansiyel giris parametreleri [35].
Potansiyel A(eV) &(eV) p q ro(A)
TB 0.0058 0.4242  16.7684 1.8438  4.1060

2.3. Molekiiler Dinamik Benzetim Metodu

Ca elementinin MD benzetimleri, DL POLY 2.0 acgik kaynak benzetim paket programu ile
gerceklestirilmistir [36]. Kati-sivi faz gegislerini gézleyebilmek i¢in benzetimler siiresince 0 GPa basing
altinda NPT izotermal izobarik toplulugu kullanildi. Bu siiregte hem sicaklik hem de basing Berendsen
termostat ve barostat1 ile kontrol altinda tutuldu. Ca atomlar1 fcc (yiizey merkezli kiibik) kristal
hiicrelerini olusturacak sekilde siiper 6rgili noktalarina yerlestirilmistir ve MD benzetim hiicresindeki
atom sayis1 15x15x15x4=13,500 olacak sekilde belirlenmistir. Bu hiicrenin biitiin yonlerine periyodik
siir sartlart uygulanmigtir. Verlet algoritmasinin hiz formu ve zaman adimi olarak 1 fs kullamilarak
Newton hareket denklemleri ¢oziilmiistiir. Ilk olarak sistem 300 K 1sitildi ve daha sonra 0 K’e
sogutularak sistem ftizerindeki zor (stres) alindi. Daha sonra 0 K’den baglayarak kalsiyumun
(T,=1113 K [37]) deneysel erime noktasindan yeterince yiiksek olan 1700 K’e kadar AT = 50 K
adimlar ile 1sitma islemi uygulandi. Her sicaklik icin sistem toplam 50,000 MD benzetim adimi
bekletildi. Bunun 40,000 adimi1 denge i¢in, geri kalan 10,000 adimu ise istatistik hesaplamalara ayrild.
Birinci derece kati-s1vi faz gecislerini daha net belirlemek i¢in sistemin erime noktasi civar1 AT = 20 K
adimlar ile ¢alisilmustir.

3. Bulgular ve Tartisma
3.1. Kohesif Enerji, Orgii Parametresi ve Yogunluk Hesaplamalar

Bu calismada Ca elementinin 1sitma siirecindeki yapisal 6zelliklerini arastirmak i¢in kullanilan EAM,
TB potansiyellerinden elde edilen sicakliga bagl kohesif enerji egrileri (E-T), hem deneysel [37] hem
de Moitra ve arkadaslar1 [38] tarafindan rapor edilen yeniden diizenlenmis EAM MD (MEAM-MD)
sonuglari ile karsilagtirmali olarak Sekil 1°de gosterilmistir. Erime noktasi civarindaki degisimleri daha
net goriilebilmek i¢in 700-1500 K arasi biiyiitiilerek ¢izilmis ve Sekil 1’in sol ist kosesinde
gosterilmistir. TB sonuglarma nazaran, diigiik sicakliklarda EAM sonuglarinin deney ile tutarh ve
MEAM sonuglari ile de uyumlu oldugu gériilmektedir. Isitma siirecinde EAM ve TB potansiyelleri i¢in
kohesif enerji degerlerini erime noktasi civarlarma kadar neredeyse lineer olarak bir artis
gostermektedir. Artan sicaklik ile birlikte, EAM i¢in 1190 K ve TB i¢in 900 K civarinda E-T egrilerinde
ani ve ¢ok keskin bir sigrama meydana gelmistir. Buda, sistemin faz degistirerek fcc-kristal yapidan sivi
yapiya gegis yaptiginin agik bir delilidir. Atom basina enerjide gdzlenen siireksizligin basladigi nokta
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hem kati hem de sivi fazi bir arada bulunduran Ca elementinin erime sicakligina/noktasina (Te),
sigramanin son buldugu sicaklik/nokta ise sivi olma sicakligina karsilik gelmektedir. Calismada E-T
egrilerinden T, sicakligi, EAM icin TEAM = 1190 F 10 Kve TB igin TJB = 900 F 10 K olarak
belirlenmistir. Deneysel erime sicakligma (T®™ = 1113 K) gore, Ca icin TEAM ve TIB sicaklik
degerlerinde, sirastyla %6.92 ve %-19.14 civarinda bir sapma oldugu goriilmektedir. Bu sonuglar bize,
sistemin 1sitma siirecini EAM potansiyelinin TB potansiyeline gore daha bagarili bir sekilde kontrol
altinda tutabildigini gostermektedir. Diger yandan TB sonuglari da, MD benzetimleri ve deneysel sartlar
arasindaki farkliliklar goz Oniine alindiginda makul gorilebilir araliklardadir. MD benzetim
analizlerinden her iki potansiyel i¢in 6rgili parametreleri hesaplandi ve elde edilen sonuglar literatiirdeki
diger MD sonuglar ve ilgili deneysel sonuglar ile kargilagtirmali olarak Sekil 2 gosterilmistir. Burada da
EAM potansiyel sonuglar literatiirde rapor edilen hem MEAM-MD hem de deneysel sonuglar ile
oldukca uyumludur. Diger yandan TB potansiyelinden hesaplanan 6rgii parametrelerinin degerleri ise
deneysel degerden daha kiigiik ¢ikmaktadir. EAM ve TB potansiyelleri i¢in 300 K de hesaplanan orgii
parametreleri sirasiyla a4 = 5.59 A ve a”® = 5.41 & dir. Sekil incelediginde biiyiik bir fark varmus
gibi goziikse de bunu daha iyi anlamanin yolu sapma miktarmi belirlemektir. Bu degerlerin Ca igin
a%e™ = 558 A olarak rapor edilen deneysel degere gore sapma miktarlari sirasi ile % ~0.002 ve %-
3.05°dir.
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Sekil 1. EAM ve TB potansiyellerinden hesaplanan kohesif enerji degerlerinin sicakligin fonksiyonu olarak
degisimi. Diger calismalarda rapor edilen "MEAM-MD [38] ve deneysel [37] sonuglar.
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Sekil 2. EAM ve TB igin 6rgii parametrelerinin artan sicaklik ile degisimi. Diger ¢alismalarda rapor edilen
"MEAM-MD [38] ve deneysel [37] sonuglar.
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MD benzetimlerin analizlerinden belirlenen kohesif enerji, 6rgii parametresi, erime sicakligi ve
bunlarin disinda yine diisiik sicakliklar i¢in hesaplanan, lineer termal genlesme katsayisi, 1s1 sigasi ve
yogunluk degerleri, diger MD benzetim sonuglar1 ve uygun deneysel sonuglar ile birlikte Tablo 2’de
verilmistir. Deneysel ve literatiirdeki diger sonuglar ile karsilastirildiginda, mevcut sonuglar gésteriyor
ki, bu ¢alismada kullanilan EAM potansiyeli, TB potansiyeli ve diger MD benzetim sonuglarina kiyasla
daha basarili sonuglar iiretmektedir. TB potansiyel sonuglari, diger MD benzetim sonuglari ile
karsilattirildiginda saf kalsiyumun erime sicakligi ve 1s1 sigasi gibi degerlerini daha basarili bir sekilde
aciklayabildigi goriilmektedir. Arastirmacilar rapor edilen diger MD benzetim sonuglarinda (2NN
MEAM [39] ve MEAM [38]) erime sicaklilar1 iki faz, yani sivi-kat1 fazlar1 bir arada kullanarak
belirlemislerdir. Ornegin Moitra ve arkadaslar1 [38], MEAM-MD benzetimlerinde 1sitma y&ntemi olarak
tek faz kullandiklarinda, Orgii parametresinin sicakliga bagl degisimden saf kalsiyumun erime
sicakligii TMEAM = 1100 K olarak belirlemislerdir. Bu calismada saf Ca elementinin erime noktas1 tek
faz yontemi kullanilarak belirlenmis ve rapor edilmistir. Ancak EAM potansiyeli igin sistem daha
yiiksek sicakliklarda eridiginden, erime noktasi civarindaki deneysel sonuglarla (sivi g(r) ve S(q)) ile
karsilastirma yapabilmek adina yalnizca bu potansiyel igin iki faz (kati-s1iv1) ydntemi uygulanmustir. iki
faz kullanildiginda, sistemin erime sicakligi 980 + 10 K olarak belirlenmistir ve buda rapor edilen
deneysel erime noktasindan daha diisiiktiir. Burada kullanilan iki faz yontemi ile ilgili daha ayrintili bilgi
icin liitfen kaynagina [38] bakimiz. MD benzetimlerde kullanilan potansiyel fonksiyonun hem diisiik
hem de yiiksek sicakliklarda sistemin yogunlugunu dogru bir sekilde agiklayabilmesi biiylik 6nem arz
etmektedir. Bu ylizden mevcut ¢alismada, her iki potansiyelin MD benzetimlerinden ¢ikan veriler
kullanilarak sistemin her sicakliktaki yogunlugu hesaplanmistir ve elde edilen sonuglar Sekil 3’de
sicakligin fonksiyonu olarak deneysel veri ve diger MD benzetim sonuglart ile birlikte verilmistir. Sekil,
artan sicaklik ile birlikte her iki potansiyel i¢in hesaplanan Ca yogunlugunun erime sicakligina kadar
dogrusal olarak azaldigini ve burada baska bir dogrusal bolgeye keskin bir sekilde diistiigiinii
gostermektedir. Bu keskin diisiisiin meydana geldigi noktalar sistemin kati-sivi faz ge¢isinin
gergeklestigi bolgeye karsilik gelmektedir. Yukarida tartisilan sonuglara benzer bir sekilde, yine EAM
potansiyeli kullanilarak hesaplanan yogunluk degerlerinin 300 K i¢in verilen deneysel veri [37] ve
MEAM-MD sonuglar1 [38] ile biiylik oranda tutarli oldugu agiktir.

Tablo 2. Saf Ca i¢in hesaplanan ve literatiirde rapor edilen bazi fiziksel 6zellikler.

Bu calisma Diger calismalar
Ozellikler EAM B 2NN MEAM? MEAMP Deneysel
E. (eV/atom) 1.84 1.73 1.84 1.84 1.84°
a () 5.59 541 5.58 5.58 5.59¢
Te(K) 1190+10 900+10 975 825 1113°
£ (x10%, K1) 20.00 45.40 23.50 11.20 22.00¢
Cp (3.mol’t.K?) 26.10 25.50 23.30 25.70 25.40¢
p (g/cm®) 1.52 1.68 - 151 1.53°
*[39], °[38], °[37], “[40]
5
174 % v =
- 0
16+ 0,
0,
.
.5 - 9 & 2 a . - ‘. .
o~ 1 ¥ G0,
=) o EAM % * e
- 134 4 " .
* denoysel o,
O,
124 —o-T8 . .
MEAM o
114 -,

O 200 400 600 800 1000 1200 1400 1600
T(K)
Sekil 3. Isitma siirecinde EAM ve TB potansiyelleri i¢in hesaplanan yogunlugun sicakligin bir fonksiyonu olarak
degisimi. Diger caligmalarda rapor edilen "MEAM-MD [38] ve 2deneysel [37] sonuglar.
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3.2. Ciftler Dagihm Fonksiyonu ve Yapi Faktorii

MD benzetimlerinde sistemin yapisal analizini dogru bir sekilde yapabilmek i¢in, en basit sekliyle
merkez atom ve onun ¢evresinde neler olup bittiginin ve diger atomlar ile aralarmdaki mesafe gibi
ozelliklerin iyi biliniyor olmasi gerekir. Bunun icinde MD benzetimlerde kristal ve sivilarin yapilarini
karakterize etmek i¢in cogunlukla ¢iftler dagilim fonksiyonundan (g(r)) yararlanilir. g(r) analizi, belirli
atomlar aras1 mesafelerde herhangi iki atomun bulunma olasiligini agiklar, aym1 zamanda bir katinin
icindeki mesafe haritasi olarak da adlandirilir. Burada toplam g(r) nin ifadesi;

vV n(r)
90 =2 Z Grr? dr) @
i=1

seklinde verilir. Bu denklemde N, MD benzetim hiicresindeki atom sayisini, V ise ayn1 hiicrenin hacmini
temsil eder. g(r) fonksiyonunun atomlar arasi mesafeye (r’'ye) bagliligi sematik olarak Sekil 4’de
gosterilmistir [41].

1. kabuk

2. kabuk

¢ siireklilik

* «% 3 L)
= s 3% s %o
H . N
o e
() H - P
=4 v ) ® P
- - . . -
2  § . . -
H -

Sekil 4. g(r)’nin r’ye bagimliliginin sematik gosterimi [41].

Diger bir énemli fonksiyon ise yap1 faktoriidiir S(q). Bu fonksiyon deneysel olarak direkt olarak elde
edilebilir, fakat MD benzetimlerde bu fonksiyonu hesaplayabilmek igin g(r) fonksiyonuna Fourier
doniistimii uygulanir. S(q) sistemin uzaysal yapisi hakkinda bilgiler sunar ve atomlarin uzaysal
dagilimlarini karakterize eder [42]. S(q)’ nun g(r)’ye baglh formu asagidaki sekilde verilir [43].

sinqr
S(q) = 1+4-7th r?
0

q
p= (glr) —1dr. (5)
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Burada p, sistemin ortalama say1 yogunlugudur. Iki potansiyel i¢in erime noktasi civarinda hesaplanan
g(r)’ler, literatiirdeki deneysel [43] ve orbital-free ab inito molekiiler dinamik (OF-AIMD) [44]
sonuglart ile Sekil 5°te karsilastirmali olarak verilmektedir. Bu sicakliklarda (1100 K) biitiin g(r)’ler siv1
yapilarin karakteristigine uygun bir sekilde daha genis ve yumusak piklere sahiptir. Her iki potansiyel
icin elde edilen g(r)’lerin ilk ve diger piklerinin konumlari, hem deneysel hem de OF-AIMD sonuglari
ile iyi bir uyum i¢indedir. Buda her iki potansiyel fonksiyonun sistemdeki atomlar-aras1 mesafeleri
biiyilk olglide dogru bir sekilde tahmin edebildiginin gostergesidir. Sekillere daha genis agidan
bakildiginda, her ne kadar konumlar agisindan iki fonksiyon sonuglar1 benzer olsa da, EAM g(r)’lerinin
salinim genlikleri TB sonuglari ile kiyaslandiginda, deney ve OF-AIMD ile daha uyumlu/tutarli oldugu
aciktir. Sonug olarak, EAM potansiyelinin disiik sicakliklarda Ca elementinin fiziksel 6zelliklerini
aciklamadaki basarisi, daha yiiksek sicakliklarda da TB potansiyeline gore daha One ¢ikmaktadir.
Mevcut ¢alismadaki sonuglara gore, Ca elementi i¢in segilen potansiyel fonksiyonun daha basarili ve
glivenilir sonuglar vermesi agisindan, TB potansiyeline gore EAM potansiyelini tercih sebebi
yapmaktadir.

Ek olarak her iki potansiyel i¢in erime siirecinde g(r) egrilerinin sicakliga bagh degisimlerini
daha net gorebilmek i¢in farkli sicakliklarda (300, 500, 700, 900, 1100, 1300 ve 1500 K) hesaplanan
g(r)’ler Sekil 6’te karsilastirmali olarak sunulmustur. Disiik sicakliklarda hesaplanan g(r)’ler fcc
yapilari ait pik davranislarina sahiptir. Pikler daha yiiksek ve belirgin sekildedir. Artan sicaklik ile
birlikte biitiin piklerin yiikseklikleri azalmakta ve genlikleri artmaktadir. Sicaklik daha da arttirildiginda,
1300 ve 1500 K sicakliklarda, ise artik dar ve yiiksek pikler yerini daha genis ve yumusak piklere
birakmaktadir ve bu davranista sistemin eridigine atfedilir. Ayrica diisiik sicaklarda EAM ve TB i¢in
hesaplanan g(r)’lerin pik konumlarinda kiigiik sapmalar gozlenmektedir. Artan sicaklik ile birlikte
konumlardaki sapma miktarlar1 azalmaktadir. Isitma siirecinde EAM potansiyeli igin, fcc kristal (300
K) ve siv1 (1500 K) yapiya ait benzetim hiicresinin goriintiileri Sekil 6’nin sag ve sol st kosesinde
verilmistir. Goriintiilerden, 300 K’de Ca atomlarmin diizenli bir dizilise sahip oldugu goriiliirken, 1500
K ise artik bu diizenin kayboldugu ve yerini diizensizlige birakarak rastgele bir dizilise sahip oldugu
goriilmektedir.

3
é e deneysel 1113 K & o deneysel 1113 K
T - EAM 1100 K T - TB 1100 K
2-- ——
1+ E
—
QB-—&JLH—Fo—Po—Q-o—Fo—G—o—J—LO—o-G—o—l—o—H—O—o—F-
)]
T o OF-AIMD 1113 K + . o OF-AIMD 1113 K
5 fy —EAM1100K f  —TB1100K
-1 : !
+ q
9
1—;—
4q
+ )
04

2 4 6 8 10 12 14 2 4 6 8 10 12 14
riA)

Sekil 5. EAM ve TB potansiyelleri i¢in hesaplanan siv1 g(r)’ler ile deneysel [43] ve OF-AIMD g(r)’lerin [44]
karsilagtirmasi.
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AT=200 K

N
-

6
r(A)
Sekil 6. EAM ve TB potansiyeli i¢in farkli sicakliklarda elde edilen g(r)’ler.

Sivi Ca i¢cin EAM ve TB potansiyellerinden hesaplanan S(g)’lar, deneysel ve OF-AIMD
sonuglart ile birlikte Sekil 7°da verilmistir. Yukarida tartisilan g(r) sonuglarina benzer sekilde biitiin
S(g)’lar siv1 yapilara has pikler sergilemektedir. Her iki potansiyel i¢in yine piklerin salinimlar1 ve
konumlari, hem deneysel hem de OF-AIMD sonuglar ile biiyiik oranda tutarli goziikmektedir. TB
potansiyel sonu¢larmdan hesaplanan S(q) egrilerinin ilk pik yiikseklileri rapor edilen sonuglardan daha
diisiikken, EAM dan elde edilen S(g)’lar deney ve OF-AIMD sonuglari ile oldukga iyi bir uyum
icindedir. Diger yandan ikinci, tiglincii ve diger piklerin genlikleri, konumlar: ve yiikseklikleri de deney
ve OF-AIMD sonuglari ile neredeyse tamamen ortiismektedir. Mevcut veriler, EAM potansiyelinin saf
kalsiyumun yapisal ve bir¢ok fiziksel 6zelligini agiklayabilme ve atomlar-arasi etkilesmeleri dogru
iiretebilme acisindan TB potansiyelinden daha basarili oldugunu acik bir sekilde gostermektedir.

e deneysel 1113 K e deneysel 1113 K
T — EAM 1100 K T —TB 1100 K

1 3 1 3 1 3
L i L] o Ll 4

-
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So- —
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~ Yool I .
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A
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Sekil 7. EAM ve TB potansiyelleri igin hesaplanan sivi S(q)’lar ile deneysel [43] ve OF-AIMD S(q)’larin [44]
karsilagtirmasi.
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3.3.Honeycutt-Andersen Metodu

Isitma siirecinde sistemin mikro yapisinda ne gibi degisimlerin oldugunu bilmek siire¢ hakkinda saglikli
yorumlar yapabilme imkani saglamaktadir. Bu yiizden sistemdeki komsu atomlarin bir birleri ile yaptigi
baglari, aralarindaki agilar1 ve atomlarin konumlarini istatistik acidan ele alabilmek olduk¢a Gnemlidir
[5]. Bu analizleri yapabilmek ig¢in literatiirde en yaygin olarak kullanilan yontemlerin baginda
Honeycutt-Andersen (HA) metodu gelmektedir [45-48]. Bu metotta, atom ¢iftleri ve onlarin yerel
cevreleri ijkl tam sayilar1 ile karakterize edilir. Burada i, kok atomlarin bagh olup olmadigini ifade eder
(eger bagliysa 1, degilse 2 degerini alir. ) Ikinci say1 j, kok ¢ifti olusturan atomlarin sahip olduklar1 ortak
komsu atomlarin sayisini temsil eder. Uciincii say1 K, bu ortak komsu atomlar1 arasinda kag tane bag
oldugunu temsil eder. Son say1 | ise, ayirt edici bir 6zellige sahiptir, yani eger ijk sayilart ayni ise yerel
yapidaki farklihi@i ayirt etmek i¢in kullamilir. Bu teknige gore, 1551 bal ¢ifti ideal ikosahedra (icos),
1541 ve 1431 giftleri kusurlu ikosahedra (deficos) diizeni temsil eder. 1421 bagh ifti fcc, 1422 bagh
cifti siki paketlenmis altigen (hcp), 1661 ve 1441 bagh giftleri ise cisim merkezli kiibik (bcc) kristal
yapilar1 temsil eder. Mevcut ¢alismada en sik rastlanan bagli ¢iftlerden bazilar1 Sekil 8’de sematik olarak

gOsterilmigtir.
1
o— /. A
1422

=1421 Fe {31441

<
Q 1661 Q 1551 1541
e —————————————————

Sekil 8. En popiiler olan bazi bagl ¢iftler [49].

EAM ve TB i¢in en popiiler bagli ¢iftlerden her birinin sicakliga baglh degisimleri Sekil 9°da
karsilastirmali olarak verilmistir. Bu sekil, yukaridaki boliimlerde tartigilan yontemlere ek olarak, 1sitma
siirecinde kati-sivi faz gecisi civarinda sistemin mikro yapisinda meydana gelen degisimleri de
gostermektedir. Sekilden fcc yapiyr temsil eden 1421 kiimelerin diisiik sicakliklardaki dagilimina
bakildiginda her iki potansiyel i¢in bu dagilimin %100 civarinda oldugu goriilmektedir. Buda sistemin
dusiik sicakliklarda ideal fcc kristal yapisini korudugunu gosterir. Sicaklik arttirildiginda, bu kiimelerin
sayisinda azalma ve her iki potansiyel i¢in erime sicakligina karsilik gelen noktalarda ise ¢ok ani ve bir
o kadar da keksin bir diislis (%0’lar civarina) gozlenmektedir. 1421 bagh ¢iftlerinin sayis1 azalirken,
diger yandan sekilde verilen 1422, 1431, 1541, 1551, 1441, 1661, 1311 ve 1321 bagh ciftlerinin
sayisinda ise artis meydana gelmektedir. Bu durum ideal fcc yapmin artan sicaklik ile bozulmaya
basladigini ve sistem icinde farkli yapilara ait kiimelerin olusmaya basladigi anlamini tagimaktadir.
Ozellikle bce yapiy: temsil eden 1441 ve 1661 bagh giftlerinin erime noktasinda EAM igin %20 ve TB
i¢in %16 civarma ¢ikmasi, sistemdeki fcc tipi kiimelerin 6nemli bir boliimiiniin bece tipi kristal kiimelere
evirilmesi seklinde agiklanabilir. Diger yandan daha ¢ok s1vi ve amorf yapilarda gozlenen icos ve deficos
tipi kiimelerin sayist diisiik sicakliklarda sifir civarinda iken, artan sicaklik kristal yapida kusurlar
olusturmaya baslamakta ve icos-deficos tipi kiimelerin ortaya ¢ikmasma neden olmaktadir [50]. Tam
erime noktasi civarlarinda yapidaki diizensizliklerden dolay: icos ve deficos tipi kiimelerin sayisi
belirgin bir sekilde artmaktadir. Bu siiregte 1541 ve 1551 kiimelerini ani bir atigin yaninda yap1 sivi
olduktan sonra da ani bir diisiis sergilerken, 1431 kiimeleri sayisi erime noktasi civarinda maksimum
degerine ulagmakta ve bu deger daha yiiksek sicakliklarda da neredeyse bu deger civarinda sabit
kalmaktadir. Mevcut durum ancak sivi faz bolgesinde dortlii kiimelerin ¢oklugu veya baskin olusu ile
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aciklanabilir. Diger yandan ise bu durum, besli kiimelerin sistemin erime siirecini belirlemede daha etkin
bir role sahip oldugunu gostermektedir. 1551 paketleme formlari olustugunda ve icosahedra atomik
paketlemenin yan {iriinii olarak goriilebilen eskenar-dortgen ¢iftleri temsil eden 1321 ve 1311 kiimeleri
ise s1v1 faz bolgesinde artan sicaklik ile birlikte etkin olarak varhigim gostermektedir. Her iki potansiyel
icin, HA analizinden elde edilen sonuglarda artan sicaklik ile benzer bir egilim gozlenmistir. Sonuglar,
MD benzetim ¢aligmalar1 i¢in potansiyel fonksiyon segiminin ¢ok belirleyici oldugunu gostermistir. TB
potansiyeli saf kalsiyumun 1sitma siirecindeki yapisal 6zelliklerini agiklamada kismen basarili olmasina
ragmen, EAM potansiyeli her sicaklik araliginda daha dnce rapor edilen deney ve OF-AIMD sonuglari
ile biiylik bir uyum gostererek bir adim daha one ¢ikmaktadir. TB potansiyel parametrelerinin saf
kalsiyumun mutlak 6zellikleri géz oniinde tutularak tekrar gézden gecirilmesi 6nerilmektedir.
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Sekil 9. EAM ve TB igin en popiiler baz ¢iftlerin 1sitma sitirecindeki degisimleri.
4. Sonuc ve Oneriler

Mevcut ¢alismada fcc kristal 6rgiiye sahip olan saf Ca elementinin 1sitma siireci, EAM ve TB ¢ok cisim
potansiyelleri kullanilarak klasik MD benzetim yontemiyle arastirildi. Her iki potansiyelin deneysel
erime sicakhgma (Td®™ = 1113 K) yakin TEAM = 1190 F 10Kve TJB =900 F 10K sicaklik
noktalarinda sistemi erittigi gozlenmistir. Bu potansiyeller i¢in diisiik ve yiiksek sicakliklarda Ca
elementinin fiziksel ve yapisal ozellikleri, deneysel ve diger MD sonugclar ile biiylik oranda tutarh
olmasina ragmen, EAM potansiyelinin TB ve MEAM potansiyellerine gore daha tutarli sonuclar iirettigi
gozlenmistir. Ozellikle erime noktasi civarmda EAM-MD sonuglaridan hesaplanan g(r) ve S(q)’lar,
hem deney hem de OF-AIMD sonuglari ile ¢ok mitkemmel bir uyum gostermistir. HA yonteminden
elde edilen sonuglar ise, fcc kristal yapiy1 temsil eden 1421 kiimelerinin sayisinin artan sicaklik ile
azalirken, diger kiimelerin sayisinin arttigim gdstermistir. Ozellikler erime siirecinde besli kiimelerin
(1541 ve 1551 gibi) ve siv1 bolgelerde ise dortlii kiimelerin (1431 gibi) daha etkin bir rol stlendigi
gozlenmistir. Diger yandan bcc kristal yapiy1 temsil eden 1441 ve 1661 kiimelerinin sayis1 da erime
noktasinda %20 olarak maksimum degere ulasmistir. Mevcut sonuglar, saf Ca elementi i¢in EAM
potansiyelinin TB potansiyeline kiyasla daha basarili ve giivenilir sonuglar verdigini gostermistir. Son
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olarak, TB potansiyel parametrelerinin saf kalsiyumun farkl fiziksel 6zellikleri g6z oniinde tutularak
tekrar gézden gecirilmesi dnerilmektedir.

Yazarlarin Katkisi

Makalede tiim katki sahsima aittir.

Cikar Catismas1 Beyam

Yazarlar arasinda herhangi bir ¢ikar ¢atigsmasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyam

Yapilan ¢aligmada arastirma ve yayin etigine uyulmustur.
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Siverek Bolgesinde Yetisen Kenger (Gundelia tournefortii) bitkisinin Agir
Metal, Fenolikasit ve Antioksidan I¢eriklerinin Arastirilmasi
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Oz

Bu ¢aligmada Kenger (Gundelia tournefortii) bitkisinin, agir metal, fenolik asit ve antioksidan igerikleri arastirildi.
Bitkinin hem kdk hem de dikenli kisimlarindan olmak iizere toplam 10 drnek alinip 6ncelikle, kimyasal yag yakma
islemi ile ¢ozelti haline getirilip agir metal [(Arsenik (As), Cinko (Zn), Kadmiyum (Cd), Kobalt (Co), Krom (Cr)
Kursun (Pb), Mangan (Mn), Nikel (Ni) ve Selenyum (Se)] derisimleri Indiiktif Eslesmis Plazma-Optik Emisyon
Spektrometre (ICP-OES) cihazi ile tespit edilerek, literatiir verileri ile karsilastirildi. Ayrica, kenger 6rneklerinin
fenolik bilesik igerikleri S1vi Kromatografisi- Kiitle Spektrometresi (LC-MS/MS) cihazi ile kantitatif olarak tayini
neticesinde 38 fenolik bilesikten, 28 tanesinin tespit edilebilir seviyenin altinda oldugu, geriye kalan ve tespit
edilebilir diizeyde olan 10 fenolik bilesik igesinde kuinik asit (4.572 mg.L- 21.28 mg.L?) ve gallik asit,(0.284
mg.L? - 2.182 mg.L?) degerlerinin yiiksek, diger fenolik bilesiklerin ise oldukga diisiik seviyelerde oldugu tespit
edilmistir. Sentetik antioksidanlar (BHA, BHT ve Trolox) kullanilarak, ABTS" (Serbest Radikal Giderme), DPPH
(Séndiiriicii Radikal Giderme) ve Indirgeme Gii¢ Yontemleri kullanilarak bilesiklerin antioksidan aktiviteleri UV
spektrofotometre cihaziyla tespit edilerek degerlendirildi. ABTS* radikal giderme sonuglarima baktigimizda
orneklerin metanol ekstraktlarinin standartlara kiyasla etkili bir ABTS* radikal katyon giderme aktivitesi
gostermedigi, metanol ekstraktlarinin standartlarla kiyaslandiginda, daha diisiik seviyede DPPH radikal giderme
aktivitesi gosterdigi, ayrica, kenger 6rneklerinin metanol ekstraklarinimn indirgeme giicii aktivitelerinin standartlara
gore oldukea diisiik seviyede oldugu tespit edilmistir.

Anahtar Kelimeler: Agir metaller, antioksidan, kenger (Gundelia tournefortii), fenolik bilesikler,

Investigation of Heavy Metal, Phenolic acid and Antioxidant Content of
Kenger (Gundelia tournefortii) Samples Growing in Siverek Region

Abstract

In this study, heavy metal, phenolic acid and antioxidant contents of Kenger (Gundelia tournefortii) plant were
investigated. A total of 10 samples, both root and thorny parts of the plant, are taken and firstly, they are dissolved
by chemical wet burning process and heavy metal [(Arsenic (As), Zinc (Zn), Cadmium (Cd), Cobalt (Co),
Chromium (Cr) Lead (Pb), Manganese (Mn), Nickel (Ni) and Selenium (Se)] concentrations were determined by
Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES) device and compared with literature data.
Quinic acid (4.572 mg. L1- 21.28 mg. L*) and gallic acid (0.284 mg. L - 2.182 mg. L) values were found to be
high, while other phenolic compounds were found to be at very low levels. Synthetic antioxidants (BHA, BHT
and Trolox), using ABTS* (Free Ra The antioxidant activities of the compounds were determined and evaluated
with a UV spectrophotometer device using DPPH (Extinguishing Radical Removal) and Reduction Power
Methods. When we look at the ABTS" radical scavenging results, it was determined that the methanol extracts of
the samples did not show an effective ABTS* radical cation scavenging activity compared to the standards, the
methanol extracts showed a lower level of DPPH radical scavenging activity compared to the standards, and the
reducing power activities of the methanol extracts of the Kenger samples were quite low compared to the standards.

Keywords: Heavy metals, antioxidant, kenger (Gundelia tournefortii), phenolic compounds,
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1. Giris

Kenger (Gundelia tournefortii), Diinyanin belli baz1 bolgelerinde 6zellikle de Ortadogu cografyasinda,
yaygin bigimde 1liman iklim kusaginda yetigen bir bitki tiirii oldugu bilimsel olarak tespit edilmistir.
Asteraceae familyasindan oldugu bilinen kenger (Gundelia tournefortii) bitkisi yaygin bi¢imde Asya
kitas1 olmak iizere ozellikle de, Azerbaycan, Kibris, iran, israil, Misir, Urdiin ve Tiirkmenistan gibi
thman iklim bi¢imine sahip iilkelerde yetistigi bildirilmistir [1]. Tirkiye’nin iklim olarak genellikle
tliman iklim kusaginda yer alan cografi bir bdlgede bulunmasi, onu bitki ¢esitliligi agisindan oldukga
zengin bir kaynaga sahip kilarak birgok aromatik bitkinin yetistirilmesinde 6ncii bir konuma tagimanin
yanisira, 3000’1 endemik olmak tizere, 12.000 civarinda bitki ¢esidine sahip olmasiyla da bu alanda lider
tilkeler smifina yiikselttigi yapilan bilimsel aragtirmalarla kanitlanmistir [2]. Kenger, basta Dogu
Anadolu Bolgesi olmak iizere, i¢ Anadolu ve Giineydogu Anadolu bdlgesinde hatta benzer iklim
kusagina sahip bir ¢ok konum ve farkli rakimlarda yetistigi de tespit edilmistir [3]. Genetik yapisi
bakimindan tek tohumlu olan kenger bitkisi bolgelere gore farkliliklar gostermekle birlikte genellikle
20-40 cm yiiksekliginde uzun 6miirlii, otsu ve dikenli yapida, tiiylii veya tiiysiiz yapraklari loplu bigimde
olup, bu loplarin ug¢ kisimlar1 dikenli yapiya sahip bir bitki tiiriidiir. Ttlirkiye’de kenger bitkisi, kenger
sakizi, sakiz otu, tatli kenger, ¢adir dikeni ve kanak olmak tizere farkli isimlerle anildig1 ve isimlerinde
bolgelere gore farkliliklar gésterdigi gibi, tiiketim aliskanliklarini da etkiledigi bilinmektedir. Dogu
Anadolu bolgesinde kengerin enginara benzeyen bas kismi1 ve saplari sebze olarak tiiketilirken, Akdeniz
ve i¢ bolgelerde kavrululup, tas dibekle doviildiikten sonra, elekten gegirilerek, kenger kahvesi seklinde
tiikketilmektedir [4-6]. Bunun yansira, kenger stabilizator olarak dondurma imalatinda kullanilabildigi
gibi [7], kok kisimlarindan elde edilen yogun kivamdaki kenger siitiinden de sakiz elde edilerek halk
arasinda bir¢ok faydalar1 oldugu bilinip sifa niyetine ¢ignenerek tiiketilmektedir.Kenger bitkisi (G.
tournefortii) uzun yillar boyunca bir¢ok toplumlar tarafindan geleneksel yada alternatif tipta da
kullanildigi, sap kisimlarmin 6zellikle karaciger koruyucu ve kan temizleyici dzelliklere sahip oldugu
bilinmektedir. Ayrica, seker hastaligi tedavisi, agr1 kesici, kramp ¢6ziicii, hazimsizlig1 giderici, sinirleri
giiclendirip rahatlatici, ve migreni tedavi edici gibi bir¢ok faydali 6zelliklerinin yanisira [3, 8-11], anti-
inflamatuar, anti-parazit, antibakteriyel, hipoglisemik ve hepatoprotektif etkilerinin de oldugu
belirtilmistir [1, 6].

Kenger bitkisinin (G. tournefortii) kimyasal yapisi, bilhassa da icermis oldugu fenolik bilesikler
sayesinde bir¢ok patolojik vakanin engellenmesinde 6nemli dercede rol oynamis olmakla birlikte insan
saglig iizerinde bir ¢ok pozitif etkileri oldugu tespit edilmistir. Fenolik bilesikler kimyasal yapilari
bakimindan bir ya da birden ¢ok aromatik halkaya sahip bilesik gruplaridir. Kimyasal icerigi ve farkl
sekillerde yer alan hidroksil gruplarma bagl olarak basit fenolikler, fenolik asitler, asetofenonlar,
aldehitler ve fenil asetikler, kumarinler, sinamik asitler, biflanoniller, flavonidler, ksantone, benzofenon,
stilbenler, benzokinon, antrakinon, naftakinonlar, betasiyaninler, lignanlar, lignin ve tanenler bigiminde
smiflandirilirlar [12]. Bitkilerde sekonder metabolizmanin iriinleri olarak ortaya ¢ikan fenolik
bilesiklerin, parazit ve patojenlere karsi kendilerini savunmalarinin, bitkilerin tireme ve biiyiime gibi
temel gelisim fonksiyonlarina olumlu katki sagladiklar1 gibi, bitkilerin tatlarina ve renklerine de ayni
sekilde olumlu katkilar sagladiklari belirtilmistir [13]. Fenolik bilesiklerin bilesenlerinin ¢ok 6nemli bir
kismi antioksidan 6zellik kapasitesine sahip olduklar1 gibi antioksidan gii¢c sebebiyle bir¢ok hastalik
tizerinde diizeltici ve 6nleyici etkilerinin oldugu da tespit edilmistir [14]. Antioksidanlar daha seyreltik
derisimlerdeki, serbest radikaller ile tepkimeye girip, onlarin okside olmasina engel olan bilesikler
olarak tanimlanmiglardir. Antioksidan kapasitesi bakimindan zengin olan besin, gida yada bitkilerin
bircok hastaliklara karsi, koruyucu etkiye sahip olduklar1 ve bunlarin tiiketiminin yada kullaniminin
ozellikle kanser hastaliklari, kalp hastaliklar1 ve hipertansiyon hastaliklarini tedavi ettigi, hatta felg
riskini 6nemli 6lglide azalttig: tespit edilmistir [15]. Besin ve bitkilerin antioksidan kapasiteleri onemli
olmakla birlikte bunlarm biyoalinabilir seviyede olmasi, o bilesenden yararlanmay1 daha da 6nemli hale
getirmis olup, son zamanlarda bu konu iizerine ¢ok sayida makale yaymlanmistir [16-21].
Biyoyararlilik, besinlerde bulunan bilesenlerin viicudumuz tarafindan sindirilip viicut fonksiyonlarina
dahil olmas1 i¢in kullanilan yada depolanan miktari, yani viicudun, sahip oldugu gidalarda bulunan
bilesimlerin kullamlma yada tiiketilme orani olarak tanimlanmistir. Ulkemizde yetistirilen ve siklikla
tilketilen kenger (G. tournefortii) bitkisinin hem dikenli hem de yenilebilir kisminin agir metal
derisimleri kimyasal yas yakma islemi ile ¢ozelti haline getirilip Indiiktif Eslesmis Plazma-Optik
Emisyon Spektrometresi (ICP-OES) cihazi ile Olgiilerek, bulunan degerler literatiir verileri ile
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karsilastirilmasi, ayrica fenolik asit i¢eriklerini tespit etmek i¢in iki farkli 6ziitleme metodu kullanilarak
toplam fenolik bilesik igerikleri ve antioksidan kapasitesinin belirlenmesi hedeflenmistir.

2. Materyal ve Metot
2.1. Kenger Orneklerinin Agir Metal Analizleri

Kenger ornekleri Siverek-Diyarbakir karayolunun 16. kilometresinde yolun her iki tarafindan toplanip,
naylon posetlere konup, kilitlenerek etiketlendi. Plastik bir bigak yardimu ile kenger 6rneklerinin kok ve
dikenli kisimlar1 ayrildi. Ornekler yenilebilir ve dikenli kistm olmak iizere iki kisma ayrilip,
numaralandirildiktan sonra 55 °C de ki etiivde 60 saat siireyle kurutuldu [22]. Kuruyan kenger
orneklerinin kok ve dikenli kisimlar1 porselen havanda 6giitiiliip toz haline getirilerek, kapakl tiiplere
aktarilip etiketlendi. Kenger ornekleri yas yakma metodu ile ¢ozelti haline getirilmek igin, porselen
krozeler hazirlanarak tartimlari1 alinip, 500 °C’ye ayarlanan kiil firinina yerlestirilerek sabit tartima
gelmesi saglandi. Orneklerden yaklasik,1.5 gr katilarak krozelerin tartimlar1 alindi. Her bir 6rnegin
tizerine % 95 etanol (C2HsOH) - % 5 Nitrik asit (HNOs) karisgimindan olusan ¢6zeltiden 4 ml eklendi.
550 °C’ sicaklikta 6 saat sonunda kiil haline gelen kenger 6rnekleri metal bir masa kullanilarak etiivden
cikarild, tizerlerine 3N, HCI ¢ozeltisinden 4’er ml eklendikten sonra kenger drnekleri ayr1 ayri mavi
bant siizge¢ kagidiyla falkon tiiplerine siiziilerek saf suyla 15 ml’ye tamamlandi [23].

2.1.1. ICP-OES cihazimin analitik kosullar

Plazma akis1 (15 L.dk™), Nebulizer gaz basmci (0.80 L.dk™), Tekrar okuma siiresi (15 saniye), Cihaz
stabilizasyon zamani (30 saniye), Ornek alim gecikmesi (50 saniye), Yikama siiresi (10 saniye), Pompa
hiz1 (\) Yardimer gaz akisi (2.25 L.dk™).

2.1.3. Sonuglarin hesaplanmasi

Costech ECS 4010 Elementel analiz cihazi (analitik kosullar: Akis hizi: 100 ml.dk™ Dedeksiyonon:
TCD: L-3, Dedektor 1: INT 7-1, External Start: Start - Restart, Down, Firin sicakligi: 70°C, GC Kolonu:
SS 6x5 mm - 2 m - HayeSep Q 60/80, Metod: Dumas metodu, O loop: 5 ml - 100 kPa, Otomatik
kapama: 15.00 min, Packing: NCHS i¢in standart, Reaksiyon tiipii: 450%18 mm, Sag firin sicaklig1: off,
Sol firn sicakligi: 1050 °C, Taniml Elementler: (N,C,H,S) analitik kosullara getirilip plazma yakildi,
cihazin stabilizasyonundan sonra analiz baslatilarak, sirasiyla tanik g¢ozelti, kalibrasyon standart
¢oOzeltileri, kontrol standart ¢ozeltileri ile numune ¢ozeltileri okundu. Her bir element ve o element i¢in
secilmis her bir dalga boyu icin en az dort noktali bir kalibrasyon egrisi olusturuldu. Kenger
orneklerindeki element miktarlar1 asagidaki formiil kullanilarak cihaz tarafindan hesaplandi. Sonugclar,
mg.kg™? olarak hesaplandi.

M =(n-t) X V/m n: Numune ¢dzeltisinin element derisimi (pg.ml™) t: Tanik ¢ozeltinin element
konsantrasyonu (pg.ml™), V: Numune ¢dzeltisinin hacimi (ml), m: Numune tartim miktar1 (g), M:
Numunedeki element miktar1 (ug. g™).

2.2. Kenger Orneklerinin Fenolik Asit Analizleri

250 ml’lik cam balon jojelerin icine iyice kurutulan kenger ornekleri 10+0.5 g duyarlilikta tartilarak
kondu. Coziicli olarak polar 6zellik tasiyan etanol kullanildi. Soxhlet ekstraktorii kullanilarak geri
damitma hiz1 dakikada en az ii¢ damla olacak sekilde 8-10 saat ekstrakte edildi. Rotary Evaporator
yardimiyla diisiikk basing altinda, ¢oziicli iyice buharlastirildi [24]. Fenolik bilesiklerin kalitatif ve
kantitatif olarak tayini LC-MS/MS cihaziyla gergeklestirildi. LC-MS/MS analizlerinde bazi Achillea L.
tiirlerinin LC-MS/MS ile metabolik profillerinin ¢ikarilmasinda kullanilan metot modifiye edilerek
uygulandi [25]. Ekstraksiyon sonucunda elde edilen ham ekstreler metanol da ¢oziinerek 1000 mg kg™
derisimde 1.5 ml’lik ¢6zeltileri hazirlanip 0.22 pm filtreden gegirilip HPLC viallerine aktarildi.
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2.2.1. Fenolik bilesiklerin tayininde kullanilan alet, cihaz ve kimyasallar

Protokatesuik asit, ferulik asit, klorojenik asit, rozmarinik asit, sinnamik asit, sinapinik asit, sirinjik asit,
pirokatekol, p-kumarik asit, o-kumarik asit, gallik asit, 4-hidroksi benzoik asit, kafeik asit, vanilik asit,
salisilik asit, hesperidin, apigetrin, likiritigenin, izokersitrin, hesperetin, roifolin, nikotiflorin, fisetin,
naringenin, rutin, kersetin, kamferol, mirisetin, kersitrin, luteolin, apigenin, krisin, malikasit, kinik asit,
fumarik asit, kumarin, vanilin, formik asit, amonyum format, ultra saf su ve metanol kullanildi.Hassas
terazi (Scaltec SBA31), Jeio-Tech ultrasonik banyo (Kore), LC-MS/MS (Shimadzu LCMS 8040
model), Otomatik pipetler (10-100 pL, 100-1000 uL, 500-5000uL) (Eppendorf, Almanya), pH-metre
(Thermo, Amerika Birlesik Devletleri), Rotary evaporator (Biichi, Isvigre), Ultra saf su cihazi
(Sartorious, Arium Pro, Almanya), Vortex (LMS Co. LTD, Japonya).

2.2.2. LC-MS/MS cihazi kromatografik sartlar

DL sicakligi: 250 °C, Is1 blok sicakligi: 400 °C, Ara yiiz sicakligi: 350 °C, kuru gaz (N2) sicakligi: 15
L.dk™, nebulizator gaz (N2) akis:: 3 L.dk™, Kromatografik ayrim, Inertsil ODS-4 model Cis (100
mmx2.1 mm, 2um) kolonda gergeklestirilmistir. Analiz asamasinda kolon firmin sicakligi 35°C’ye
ayarlandi. Elisyon gradiyentinde hareketli faz A sisesi igin ultra saf su ve hareketli faz B sigesi i¢in
metanol kullanildi. Kromatografik ayrimi ve iyonlastirmayi kolaylagtirmak i¢in su fazina 10 mM
amonyum format (HCO,NH.,) ve % 0.1 formik asit (CH,O;) eklendi. Orneklerin en uygun ayriminin
gergeklesmesi igin uygulanan gradient programi 5-20% B (1-10 dk), 20% B (9-22 dk), 21-50% B (23-
35 dk), 95% B (35-40), 5% B (42-50 dk) seklinde ayarlandi. Hareketli faz akis hizi 0,25 mL.dk™ ve
enjeksiyon hacmi 4 pL olarak belirlendi.

2.2.3. Toplam fenolik bilesik tayini

Ham bitki ekstraktinin total fenolik bilesik tayini Folin-Ciocalteu reaktifi ile yapildi. Bitki ekstrakti (0.5
mL, 1 mg. mL™) iizerine 10 kat seyreltilmis Folin-Ciocalteu reaktifi (2.5mL) ve Na,CO3 (2mL,75mg.L"
Yy ilave edildi. Bu karisim vortekslendikten sonra 50°C’de 5 dakika inkiibe edildi. Numuneler oda
sicakligina getirildikten sonra 760 nm’deki absorbanslar1 spektrofotometrede kaydedildi. Standart
olarak kullanilan gallik asitin farkli derisimleriyle elde edilen kalibrasyon egrisi olusturuldu. Sonuglar
mg. L™ gallik aside esdeger fenolik madde + standart sapma olarak hesaplandi.

2.3. Kenger Orneklerinin Antioksidan Aktiviteleri ve Kimyasallar

ABTS (2,2'-azino-bis (3-etilbenzotiyazolin-6-siilfonikasit, diamonyumtuzu), BHA, (Butillenmis
hidroksi anisol), BHT (Butillenmis hidroksi toliien), DPPH (1,1-difenil-2-pikrilhidrazil), Etanol, FeCls,
Gallik asit, Potasyum dihidrojen fosfat (KH2P0s), Potasyum ferrisiyaniir [KsFe(CN)e], Potasyum
hidroksit (KOH), Potasyum persiilfat (K2S20s), Sodyum karbonat (Na.COs), Trolox kullanildi. Kenger
orneklerinin antioksidan aktiviteleri UV spektrofotometre cihazi ile 6l¢iildii.

2.3.1. ABTS " radikal giderme tayini

Serbest radikal (ABTS™) giderme aktivitesi Re’nin 6nerdigi metoda gére yapildi [26]. Serbest radikal
(ABTS™) giderme aktivitesi i¢in 0,1 M pH’17.4 olan PO,* tamponu, 2mM’lik ABTS " ve 2.45 mM’lik
K;S,0s ¢ozeltisi hazirlandi. ABTS™" ve K3S,0g cozeltileri (1:2) ABTS™ - K,S;0g olacak sekilde
karigtirildi ve 6 saat boyunca karanlikta inkiibe edildi. Farkli derisimlerde (10-20-40 mL) 6rnek ve
standart ¢ozeltileri alindi ve iizerlerine 1 ml ABTS™ - K;S,0s ¢ozeltisi toplam hacim 4 ml olacak sekilde
ilave edildi. Karisim siddetli sekilde vortekslenerek 30 dakika inkiibe edildi. Spektrofotometrik dlgiim
oda sartlarinda, 734 nm’de yapildi. Olgiimler {i¢ tekrarl yapilarak ortalamalar1 alindi. Orneklerin ve
standartin % katyon serbest radikal giderme aktivitesi asagidaki formiile gore hesaplandi [27].

% Aktivite = Absk‘)x') ~AbSwme 4100
Skontrol

ADbSontro= PO?{ tamponu + ABTS™ - K3S20s ¢zeltisinin absorbanst,
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_ POStamponu + ABTS" — K,S,0, ¢ozeltisi + ekstrakt
e standart absorbanst
Abss, = PO} tamponu ,Standart = Trolox

Abs

Sonuglar, derisime karsit % aktivite grafigi ¢izildi. Egim denkleminden yararlanilarak 1Cso
hesaplandi.

2.3.2. DPPH’ serbest radikal giderme tayini

Serbest radikal (DPPH’) giderme aktivitesi Liyana-Pathirana’nin dzetledigi metoda gore yapildi
(Liyana-Pathirana ve Shaihidi,2005). DPPH" (2,2-difenil-1-pikril hidrazil) 0,135 mM’lik etanol
¢ozeltisinin 1 mL’si iizerine farkli derisimlerde (40-80-160 mg. mL™) numune ¢ézeltisi ilave edildi. Son
hacim etanol ile 4 mL’ye tamamlandi. Karisgim siddetli sekilde vortekslenerek oda sicakliginda ve
karanlikta inkiibe edildi. Spektrofotometrik 6lgiim oda sartlarinda, 517 nm’de yapildi. Numunelerin %
serbest radikal giderme aktivitesi asagidaki formiile gére hesaplandi.

Abskontrol —Abs

% SRG = umire x100  ABS kontro= etanol + DPPH ¢ozeltisinin absorbansi,
Abskontrol
etanol + DPPH + ekstrakt , ,
Abs = Sonuglar, % serbest radikal giderme + standart sapma
standart absorbansi
2.3.3. Indirgeme giicii

Izole edilecek molekiillerin ve ham ekstraktin indirgeme giicii Oyaizu metoduna gére degerlendirildi
[28]. Standart ve numunelerin etanol i¢indeki farkli derisimlerine (40, 80 ve 120 mg. mL™) fosfat
tamponu (2.5 mL, 0.2 M, pH 6.6) ve potasyum ferrisiyaniir [KsFe(CN)g] (2.5 mL, %1) ilave edildi. Bu
karisim 50°C’de 20 dakika inkiibe edildi. Inkiibasyondan sonra, bu karisima TCA (2.5 mL, % 10) ilave
edildi ve sonra 10 dakika 3000 rpm’de santrifiijlendi. Karisimdan 2.5 mL alinarak destile su (2.5 mL)
ve FeCl; (0.5 mL, % 0.1) ilave edilerek son karigimin absorbanslari 700 nm’de olgiildii. Yiiksek
absorbans degeri yiiksek indirgeme giicti olarak degerlendirildi.

2.4. Istatistiksel Analiz

Antioksidan aktivite sonuglarindan elde edilen veriler, 3 paralel 6l¢iimiin ortalamasi ve standart sapmasi
olarak verilmistir. Sonuglar t-testine gore % 95 giiven sinirlar1 iginde bulundu. Anlamlilik sinir1 olarak
p <0.05 kabul edildi. Egim ve kesisme korelasyon katsayisinin degerlendirilmesi sonucunda en kiiciik
kareler yontemi kullanilarak dogrusal regresyon analizi yapilmistir.

3. Bulgular ve Tartisma

3.1. Kenger orneklerinin agir metal derisimleri

Tablo 1. Yenilebilir kenger rneklerinin agir metal derisimleri (mg. L)

Kenger Kenger Ornekleri Afirmetal Derisimleri (mg.L ™)
Ornekleri
As Zn Cd Co Pb Cr Mn Ni Se

1Y 0.23 1271.30 1.25 3.56 7.26 29.55 293.92 79.09 0.98

2Y 0.39 1262.54 1.55 3.81 5.84 29.01 319.33 90.88 0.57

3Y 0.39 1313.24 3.54 7.14 19.42 10.86 319.86 64.44 1.00

4Y 0.29 1342.88 2.92 33.37 16.48 23.68 351.69 59.41 1.04

5Y 0.31 1521.17 3.63 74.01 1457 14.99 373.05 60.01 1.22
Ortalama | 0.32+0.0 | 1342.23+105. | 2.58+1.1 | 24.38+30. 12.7145. 21.62+8. 331.57430. 70.77+13. 0.96+0.2
ESY 69 169 15 405 908 389 943 771 39
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Tablo 2. Dikenli kenger drneklerinin agir metal derigimleri (mg. L)

Kenger Kenger Ornekleri Agirmetal Derisimleri (mg.L?)
Ornekleri
As Zn Cd Co Pb Cr Mn Ni Se

1D 0.80 1258.60 1.51 25.05 18.24 20.82 658.40 85.93 1.31

2D 0.78 1222.58 4.74 10.26 10.39 22.01 579.65 7191 1.66

3D 0.90 1232.65 5.96 14.51 16.82 44.01 578.88 72.83 1.26

4D 0.76 1308.47 1.09 77.62 4.80 21.36 628.56 90.70 1.42

5D 1.34 1350.68 17.72 53.98 33.85 27.58 780.83 67.99 1.38
Ortalama 0.92+0.2 1274.6£53.9 | 6.2+6.7 36.28+28. 16.82+10. | 27.16+9.8 | 645.26+£82.9 | 77.87+9. 1.41£0.1
+ss 43 84 64 72 93 04 79 85 55

Tablo 3. Topraklarda bulunabilecek agir metallerin smir degerleri(mg.kg™) [29].

Agir Metaller pH<6 pH>6
Arsenik(As) 01 1"
Cinko(Zn) 150™ 300™
Kadmiyum(Cd) 1™ 37
Kobalt(Co) 10- 15
Krom(Cr) 100™ 100™
Kursun(Pb) 50™ 300™
Mangan(Mn) 21,4 300
Nikel (Ni) 30 75~
Selenyum(Se) 100™ 400™

*: pH degeri 7°den biiyiik ise bakanlik sinir degerleri %50’ye kadar artirabilir.
**: Yem bitkileri yetistirilen alanlarda ¢evre ve insan sagligina zararli olmadig: bilimsel ¢aligmalarla kanitlanmustir.

3.1.1. Kenger érneklerinin agir metal tayin sonuclari

Agir metaller insan, ¢evre ve canlilar iizerinde ¢ok fazla etkileri olan metallerdir [30]. Bu elementler
genellikle topraktan, bitkiye ve meyvelere vesilsile halinde canli ve insana kadar uzanmaktadir. Bitki ve
meyvelerde bulunan agir metaller hem besleyici hem de toksik 6zellik tasimaktadirlar [22]. Kenger
bitkisinde bulunan hem besleyici hem de toksik etkileri oldugu bilinen dokuz agir metalin kantitatif
tayinleri yapilarak elde edilen derisimleri Tablo 1’de ortalama ve standart sapmalari ile birlikte
verilmistir. Ayrica ekolojik agidan 6nemli agir metaller ve bunlarin toprakta kabul edilebilen sinir
degerleri ile birlikte pH degerine bagh olarak degiskenlik gosteren degerleri de (Tablo 2)’de ayrintili
bi¢cimde verilmistir. Bu ¢alisma sonucunda kenger bitkisin agirmetal derisimlerini degerlendirdigimizde,
ozellikle ¢inko (Zn) metalinin derisiminin diger metallere oranla ¢ok yiiksek ve sinir degerinin ¢ok
iizerinde oldugu dikkat cekmektedir. Cinko besleyici bir element olmasina ragmen derisiminin bu derece
yiiksek olmasi kabul edilebilir bir durum degildir. Bunun yani sira Mangan (Mn) elementinin
derisiminin bir¢ok 6rnekte kabul edilebilen sinir degerinin {izerinde seyrettigi gdzlemlenmistir. Ayrica
kadmiyum, kobalt ve nikel gibi elementlerin bazi derisimleri benzer bigimde sinir degerlerini astigi
gozlemlenmistir [29]. Burada dikkat ¢eken en 6nemli nokta ise toksik etkiye sahip Krom (Cr) metalinin
derisiminin kabul edilen sinir degerinin oldukca altinda olmasidir.Bir diger toksik etki gosteren Arsenik
(As) metalinin de kabul edilebilen sinir degere yakin olmasi sevindirici ve nispeten kabul edilebilir bir
durumdur.bir diger toksik element olan kursunun ise kabul edilelebilir seviyede olmasi hatta drneklerin
karayollar1 kenarindan alinmis olmasina ragmen, derisimlerinin diisiik seviyelerde olmasi topragin
Kursun (Pb) agisindan temiz oldugunu gostermektedir.Elde edilen sonuclari toprak igin
degerlendirdigimizde; kenger bitkisi agisindan daha pozitif bir diisiinceye sahip olabiliriz zira agir
metaller topraktan bitkiye gegerken derisiminde yaklasik olarak yar1 yariya bir azalma beklenmektedir
[22]. Bu ¢alisma neticesinde, iki onemli husus dikkat ¢ekerek 6n plana ¢ikmustir. Birincisi besleyici
ozellige sahip olan Cinko (Zn) metalinin derisiminin ¢ok yiiksek olmasinin yanisira bir diger besleyici
ozelligi olan Selenyumun (Se) derisiminin ¢ok diisiik sevide olmasi, ikincisi ise toksik ozellikleri olan,
Kursun (Pb), Kadmiyum (Cd) ve Arsenik (As) elementlerin derisimlerinin diisiik seviyelerde olmasi
kenger bitkisinin hem dikenli hem de yenilebilir kisminin toksik seviyelerin ¢ok altinda olmast, bitkinin
tilkketilmesinin insan saglig1 ac¢isindan hig¢ bir olumsuz etkisinin bulunmadiginin gostergesidir.
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3.2. Kenger orneklerindeki fenolik bilesik derisimleri

Tablo 4. Yenilebilir kenger 6rneklerindeki fenolik bilesiklerin derisimleri (mg. L)

Fenolik Bilesikler Kenger orneklerindeki fenolik bilesiklerin derisimleri

1Y 2Y 3Y 4¥ 5Y Ortalamazss
Kuinik Asit 6.372 4.572 8.876 9.321 7.382 7.3£1.929
Galik Asit 0.846 0.284 0.858 0.621 0.321 0.59+0.276
Protokatesuik 0.037 0.089 0.032 0.051 0.014 0.04+0.028
Klorojenik Asit 0.091 0.315 0.234 0.165 0.321 0.23+0.099
Salisilik Asit 0.041 0.017 0.033 0.021 0.03 0.03+0.01
p-Kumarik Asit - - - - - -
Hesperidin - 0.013 0.011 - - 0.01+0.001
Naringenin - 0.028 0.026 - - 0.03+0.001
Kaempferol - 0.048 0.065 - - 0.06+0.012

Tablo 5. Dikenli kenger érneklerindeki fenolik bilesiklerin derisimlerleri (mg. L™?)

Fenolik Bilesikler Kenger orneklerindeki fenolik bilesiklerin derisimleri

1D 2D 3D 4D 5D Ortalamazss
Kuinik Asit 19.39 16.107 23.02 21.28 18.13 19.594+2.689
Galik Asit 2.182 1.646 1.493 1.325 2.11 1.75+0.379
Protokatesuik 0.034 0.027 0.024 0.029 0.039 0.03+0.006
Klorojenik Asit 0.214 0.186 0.144 0.223 0.254 0.24+0.041
Salisilik Asit 0.662 0.222 0.03 0.224 0.018 0.23+0.261
p-Kumarik Asit 1.075 0.895 - 0.025 - 0.67+0.562
Hesperidin 0.056 0.03 0.009 - - 0.03+0.024
Naringenin 0.012 0.025 0.062 - - 0.03+0.026
Kaempferol 0.101 0.102 0.047 - - 0.08+0.031

3.2.1. Kenger ekstrelerinin fenolik bilesiklerinin tayin sonuglari

Fenolik bilesiklerdeki hidroksillerin sayisi artika, buna parale olarak anti oksidatif etkisi de
artmaktadir. 5 farkli kenger bitkisinden almman dikenli ve yenilebilir orneklerinin fenolik asit
bilesiklerinin analizleri sonucunda, toplam otuz sekiz fenolik bilesigin analizi yapilmis olup bunlardan
yirmi sekiz tanesinin fenolik asit agisindan higbir etki gostermedigi, sadece on tanesinin etki gosterdigi,
hatta bazilarmin da kismen etki gosterdigi tespit edilmistir.(Tablo 3) Ozellikle Kkuinik asit (4.572 mg.L"
1.21.28 mg.L") ve gallik asit (0,284 mg.L™- 2.182 mg.L™") acisindan yaklastigimizda yiiksek,
derisimleri dikkat, ¢ekmektedir (Tablo 3). Ayrica burada dikkat ¢eken bir diger onemli nokta ise hem
kuinik asit hemde gallik asit fenolik bilesiklerinin derigimlerini kiyasladigimizda her ikisinde de kenger
bitkidinin dikenli kisimlarmin derigimleri yenilebilir kisimlarin derisiminden yiiksek oldugu tespit
edilmigtir. Kenger, bitkisinin fenolik bislesiklerinin analizleri ile ilgili literatiirde ¢aligmaya
rastlayamadigimiz i¢in kiyaslama yapamiyoruz. Bu ¢alismamizda ise tespit edilen fenolik bilesiklerin
degerlerinin birbirine yakin oldugu fenolik bilesik agisindan genel olarak ¢ok az etki gosterdigi, ve de
fenolik bilesik analizlerinde Rutin, Hesperidin, Isoquercitrin igeriklerinin tespit edilebilir diizeyde
olmadigi gézlemlenmistir.Bu alanda yapilan bilimsel c¢alismalarda kenger bitkilerinin fenolik
bilesik i¢eriklerinin 6zellikle de Kuinik asit ve Fumarik asit bilesikleri agisindan zengin bir besin ve
protein kaynagi oldugu i¢in fonksiyonel gida bileseni olarak kullamlabilecegini ve bu alanda genis
kapsamli ¢aligmalarin yapilmasi gerektigi kanaatine varilmistir.

3.3. Kenger orneklerinin antioksidan aktivite sonuclari

Kenger érneklerindeki antioksidan aktiviteleri ii¢ farkli yontem olan; ABTS™* Radikal Giderme, DPPH
Serbest Radikal Giderme ve Indirgeme Giicii seklinde analiz edilerek elde edilen degerler ortalama +
standart sapma olarak Tablo 6’da ayrintili bigimde verilmistir. Bu ii¢ farkli yontemi ayri ayri
degerlendirilerek sonuglar1 asagidaki gibi yorumlanmustir.
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Tablo 6. Kenger drnekleri ve standartlarin antioksidan aktivite degerleri

Kenger Ornekleri | ABTS*Radikal DPPH* Radikal Giderme indirgeme Giicii
ve Standartlar Giderme[lCso(ng.mLY)] [1Cso (ng.mL™Y)] (nmol TE.mL™ ekstre)
Trolox 7.98 +£0.22 4.83+0.13 4.83+0.13
BHA 5.23 £0.10 4.18 +0.09 6.51 +0.04
BHT 7.03 £0.19 11.13+0.11 5.24+0.08
Y 27431 +4.02 33.92+0.21 0.27 +0.005
2Y 480.60 + 4.46 33.41 £0.52 0.18 £0.003
3Y 629.97+9.37 29.18+0.36 0.12 +0.001
4Y 389.21+2.36 29.89 + 022 0.20 + 0.002
5Y 320.56 +2.14 40.27 £ 0.34 0.24 +0.003
1D 410.23 +£4.97 39.47+0.38 0.16 + 0.002
2D 526.15+4.47 33.87+0.41 0.22 +0.003
3D 590.15+5.36 34.25+0.26 0.27 £ 0.001
4D 562.14 +4.96 39.36 +0.19 0.21 +£0.001
5D 602.36 = 6.08 32.14+0.33 0.18 £ 0.002

3.3.1. ABTS" radikal giderme sonuglari

ABTS radikal giderme yonteminde ilk olarak mavi/yesil renkte ABTS™ radikal katyonu olusturulur.
Antioksidan bilesigin ilavesi ile bilesikten ABTS™ radikal katyonuna dogru elektron gegisi saglanarak
renk acilimi gergeklesir. Antioksidan maddenin giicii nispetinde renk acilimi giderek artar. UV
spektrofotometresi ile 734 nm’de yapilan olgimler neticesinde elde edilen veriler Sekil 1’de grafik
halinde gosterilmistir. Burada absorbans degerleri ile antioksidan kuvveti arasinda ters orantili bir iligki
mevcuttur. Bu bilgiler 1s1ginda (Sekil 1), grafigini soylece yorumlayabiliriz. ABTS" radikal giderme
sonuglarma baktigimizda drneklerin metanol ekstraktlarinin standartlara kiyasla etkili bir ABTS" radikal
katyon giderme aktivitesi gostermedigi gbézlemlenmistir. Ekstraklarin genel olarak yiiksek dercede
aktivite gosterdigi grafik iizerinde acik bigimde goriilmektedir (Sekil 1). Ozellikle kenger bitkisinin
yenilebilir kisimlar1 dikenli kisimlarma gére daha fazla aktivite gosterdigi tespit edilmistir. Ayrica
dikenli kisimlarin radikal katyon giderme aktivitesi yenilebilir kisma nazaran daha istikrarli(stabil)
oldugu standart sapmasinin daha az oldugu gozlemlenmistir. Antioksidan etkileri ¢alisilan 10 tane
kenger 6rnegini kendi aralarinda karsilastirdigimizda ABTS ™ radikal giderme aktivitesi en yiiksek olan
bilesik 1YK ve 5YK, en diisiik olan ise 3YK o6rnegidir. Standartlar ile 6rnekleri karsilastirdigimizda
ABTS™ radikal giderme aktivite siralamas1t BHA > BHT > Trolox >1Y > 5Y > 3Y >4Y > 1D >2Y >
4D > 2D > 3D > 5D > 3Y seklinde oldugu anlagilmustir.

ABTS** Radikal Giderme[ICsg, (ng.mL1)]
629,97

3YK

602,36

5DK

Sekil 1. Trolox, BHT, BHA standartlari ile kenger 6rneklerinin ABTS radikal giderme aktiviteleri

650
600
550
500
450
400
350
300
250
200
150
lgg 7,98
0 ———
Trolox BHA

590,15 565 14

3DK  4DK

526,15

2DK

480,60

2YK

410,23

1DK

389,21

4YK

320,56

5YK

274,31

7,03 I

BHT 1YK

5,23

3.3.2. DPPH’ serbest radikal giderme sonuglari

Metanol ekstraktlarimin standartlarla kiyaslandiginda, daha diisiik seviyede DPPH radikal giderme
aktivitesi gostermistir. Kenger drneklerin DPPH radikal giderme aktivitesi bakimindan olduk¢a uyumlu
ve dengeli bir aktiviteye sahip oldugu tespit edilmistir. Burada da dikenli kisimlarin, yenilebilir
kisimlara nispeten biraz daha fazla aktivite gosterdigi gozlemlenmistir (Sekil 2). DPPHe serbest radikal
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varlig1 ortamin rengini koyu menekseye g¢evirir. Antioksidan ilave edildiginde ise antioksidan’dan
DPPH- serbest radikaline dogru elektron gegisi olur. Antioksidanin giicii nispetinde elektron gecisi ile
koyu menekse olan renk de kaybolmaya baglar. 517 nm’de UV spektrofotometresi ile yapilan 6lgtimler
neticesinde, okunan absorbans degeri ile antioksidan giicii arasinda ters orantii bir degisim
gozlemlenmistir [31]. Elde edilen bu bilgiler 1s1ginda 10 tane kenger drneginin serbest radikal giderme
aktiviteleri arasinda asagidaki gibi bir iliski ve siralama elde edilmistir. Standartlar ile kiyaslandiginda
antioksidan aktivite giici BHA > Trolox > BHT >1Y>5Y>4Y>1D>4D>4Y> 2D> 3D > 5D> 3Y
seklinde oldugu anlagilmistir.

DPPH®* Sebest Radikal Giderme

[1Cs (ng-mL™)]
40,27 39,47 39,36

40
33,92 33,41 33,87 34,25

35 29,18 29,89 42,14
30
25
20
15 11,13
10 483 418

BHT 5DK

Trolox BHA 1YK 2YK 3YK 4YK 5YK 1DK 2DK 3DK 4DK
Sekil 2. Trolox, BHT, BHA standartlari ile kenger 6rneklerinin DPPH serbest radikal giderme aktiviteleri

o o

3.3.3. Indirgeme giicii sonuglar

Kenger 6rneklerinin metanol ekstraklarinin indirgeme giicii aktivitelerinin standartlara gore oldukca
diisiik seviyede oldugu tespit edilmistir. Ayrica, kenger 6rneklerinin dikenli kisimlarinin indirgeme giicii
aktiviteleri yenilebilir kisimlarin indirgeme giicii aktivitelerinden daha yiiksek oldugu gézlemlenmistir
(Sekil 3). Indirgenme giicii yonteminde K3[Fe(CN)g] ile antioksidan bir sistem icinde karistirildiginda
Fe** iyonu Fe?* iyonuna indirgenir ve Fe(CN)s* iyonu olusur. FeCls ilavesi ile renkli FesFe(CN)e]
kompleksi olusur. Dolayisiyla antioksidanin giicii artika renkli kompleksin derisimi de artar. UV
spektrofotometresi ile 700 nm dalga boyunda yapilan Slgiimler neticesinde kullanilan antioksidanin
giicti ile 6l¢iilen absorbans degeri arasinda dogru orantili bir artis gozlenmektedir. Elde edilen bu bilgiler
1s18inda Sekil 3’de yer alan standartlar ile 10 tane kenger 6rneginin indirgenme giicii arasindaki iligkinin
BHA > BHT > Trolox > 3D>1Y>3Y>5Y>2D>4D>4Y> 5D > 1D >3Y seklinde oldugu anlagilmustir.

Indirgeme Giicii (umol TE.mL! ekstre)

7 6,51

6 43 5,24

5

4

3

2

1 027 018 012 02 024 o016 022 027 021 018

0 millm i —— i il i il millm il il
Trolox BHA BHT 1YK 2YK 3YK 4YK 5YK 1DK 2DK 3DK 4DK  5DK

Sekil 3. Trolox, BHT, BHA standartlar1 ile 6rneklerin indirgenme giicii aktiviteleri
4. Sonug ve Oneriler
Diinyanin ve ililkemizin belirli bolgelerinde yaygin bir sekilde yetisen kenger bitkisi birgok kullanim ve

tiikketim alamna sahip olmakla birlikte, yetistigi bolgelere gore de farkli tiikketim bigimine haiz, otsu,
dikenli ve tibbi bir bitkidir. Besin, saglik ve de sifa bulma niyetiyle baz1 bolgelerde fazla miktarlarda
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tilketilip ya da kullanilmasmin faydalarmin yanisira bazi endiseleri de beraberinde getirmistir.
Gilinliimiizde teknolojinin ve sanayinin hizli bigimde gelismesiyle, cevremiz gereginden fazla kirlenmis
olup bu kirlilik 6nce toprak sonrasinda bitki ve dolaysiyla da canli ve insan hayatin1 6nemli 6l¢iide tehdit
ettigi bilinmektedir. Ozellikle insanlarin tarimsal faaliyetlerinde gereginden fazla kimyasal giibre,
haserelere kars1 miicadele etmek i¢in ise tarim ilaglarinin bilingsizce kullanilmasi, topragi ciddi bigimde
kirletmektedir. Bunun 6niine gegmek, bitki ve meyve igerigindeki besin elementlerinin agir metal,
fenolik asit ve antioksidan derigimler’ ini koruyarak, verimlilik ve {iretim kalitesinin arttirilmasi
hedeflenmistir. Tiim bitki, meyve ve sebze tiirlerinde besin ve toksik elementlerinin yam sira fenolik
bilesik ve antioksidan aktivitesi son yillarda olduk¢a dikkat ¢ekmis ve bu alanda birgok makale
yaymlanmustir. Insanlarm sagliklarini korumak ve siirdiirebilmek adina organik besinlerin tiiketmesi
cok biiylik 6nem arz etmektedir.Bilhassa lilkemizde tiretimi ve tiiketimi yaygin olan kenger bitkisinin
insan sagligi acisindan 6nemli olan yiiksek besleyici elementlere, fenolik bilesik icerigine, yiiksek
antioksidan aktivitesine sahip oldugu tespit edildiginden bu ve benzer 6zelliklere sahip bitki ve
meyvelerin tiiketilmesine ihtiya¢ duyuldugu, ancak 6l¢iilii ve kontrollii olarak tiiketilmesi nin gerekli
oldugu kanaatine varilmistir.
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Oz

Bu ¢alismada, zamana bagli Schrodinger denkleminin ¢dziimiine dayanan kuantum dalga paketi metodu, ii¢
boyutta C(*D) + H, (v, j) = C(‘D) + H, (v, j*)inelastik sagilma problemine uygulandi. Schrédinger denklemi
Kosloff tarafindan gelistirilen Chebychev agilimi metodu ile ¢oziildii. Hamiltonyen operatériiniin dalga fonksiyonu
tizerindeki etkisi, Fourier Doniisiimii ve Kesikli Degisken Gosterimi teknikleri ile yapildi. Dalga paketi Fourier
Grid Metodu ile analiz edilerek bireysel kuantum seviyeleri arasindaki gecis olasiliklar1 hesaplandi. J-kaydirma
teknigi kullanilarak J>0 durumlar1 i¢in diferansiyel tesir kesitleri hesaplandi. Biitlin J kuantum durumlari izerinden
diferansiyel tesir kesitleri toplanarak toplam tesir kesitleri elde edildi ve toplam tesir Kkesitlerinin Boltzmann
dagilimma gore ortalamasi alinarak sagilma hiz sabitleri elde edildi. Termal hiz sabiti, herhangi bir sicaklik
degerinde, bir kimyasal reaksiyonun olusum hizidir. Bu nedenle, 6zellikle serbest radikalleri igeren reaksiyonlar
i¢in deneysel olarak saptanmasi zordur.

Anahtar kelimeler: Esnek olmayan Sagilma, Hamiltonyen Operat6rii, Tesir Kesitleri, Hidrojen.

The Calculation of Transition Probabilities and Cross Sections in Three-
Dimensional Inelastic C(‘D)+H, Scattering

Abstract
In this study, quantum wave packet method based on the solution of the time-dependent Schrédinger equation was

applied to three dimensional C(*D)+H, (v, j) —>C(‘D)+H, (', j') inelastic scattering. The Schrodinger

equation has been solved in terms of complex Chebychev polynomials as proposed by Kosloff. The operation of
the Hamiltonian operator on the wave function has been performed by Fourier Transformation and Discrete
Variable Representation techniques. The Fourier Grid analysis method has been used to analyze the final wave
function and extract the transition probabilities from it. The partial cross sections for J>0 have been estimated by
J-Shifting method. The integral cross sections have been calculated by summing the partial cross sections over all
J states and the thermal rate constants were calculated by Boltzmann averaging of the integral cross sections over
all energies. The thermal rate constant is the rate at which a chemical reaction occurs at any temperature. Therefore,
it is difficult to detect experimentally, especially for reactions involving free radicals.

Keywords: Inelastic Scattering, Hamiltonian Operation, Cross Sections, Hydrogen.

1. Giris

Reaksiyon kinetiginin en 6nemli amaglarindan biri kimyasal reaksiyonlar (esnek sacgilma, esnek
olmayan sac¢ilma, reaktif sacilma ve foto ayrigma) i¢in reaksiyon olasiliklari, tesir kesitleri ve reaksiyon
hiz sabitlerini hesaplamak, reaksiyonun gec¢is durumu ig¢in bilgi edinmek, bunlarla ilgili teori ve
algoritmalar gelistirmek ve oldukca pahali olan deneysel caligmalara alternatif bilgi kaynagi
gelistirmektir [1].

*Sorumlu yazar: mehtapdemir@adiyaman.edu.tr
Gelis Tarihi: 27.04.2021, Kabul Tarihi: 01.09.2021
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Bir kimyasal reaksiyonda gelen atomun enerjisi hedef molekiiliin kimyasal bagin1 koparacak
kadar biiyiik degilse esnek veya esnek olmayan sagilma meydana gelir. Gelen atomun enerjisinin hedef
molekiiliin enerjisini koparacak kadar biiyiik olmas1 halinde reaktif sacilma veya foto-ayrigma olusur.
Reaktif sacilmada bagin bozulmasi ile gelen atom, molekiildeki atomlardan biri ile yeni bir bag
olusturur. Foto-ayrisma olayinda ise bagin kopmasiyla molekiil par¢alanir [2]. Atom-molekiil veya
molekiil-molekiil etkilesmelerini incelemek igin gelistirilen metotlardan biri olan klasik metotta,
kimyasal reaksiyonlarin, biitiin atom ve molekiillerin hareketleri (6teleme, titresim ve donme) klasik
mekanigin kanunlarina gore incelenir. Cesitli baslangi¢ sartlar1 icin Newton’un hareket denklemleri
¢oziliir. Boylece biitiin baglangic durumlart {izerinde ortalama alinarak bazi fiziksel biiyiikliikler
(toplam tesir kesitleri ve reaksiyon hiz sabitleri) elde edilir [3]. C ( 1D) + H, esnek olmayan sagilmasi
simdiye kadar birgok ¢alismanin konusu olmustur. Banares ve digerleri [4] hem analitik bir potansiyel
enerji yiizeyi iizerinde yari-klasik yoriinge hesaplamalarint hem de Bussery-Honvault ve digerlerinin [5]
ab initio potansiyel enerji yiizeyi tizerinde zamandan bagimsiz kuantum mekaniksel ve yari-klasik
yoriinge hesaplamalarini gergeklestirmislerdir. Lin ve Guo [6], J=0 kuantum durumu ig¢in, esnek
olmayan sa¢ilma ve reaktif sagilma olaylari i¢in kuantum dalga paketi hesaplamalarini gelistirmislerdir.
S6z konusu reaksiyon istatistik metot kullanilarak Manolopoulos ve digerleri tarafindan incelenmistir
[7]. Ancak ilgili caligmalarda, bireysel kuantum seviyeleri arasindaki gecis ihtimaliyetleri ve esnek
olmayan sacilma i¢in tesir kesitleri ve reaksiyon termal hiz sabitleri hesaplanmamuistir.

Bu ¢alismanin amaci, kuantum dalga paketi metodunu kullanarak C ( 1D) + H, esnek olmayan
sagilmasni, toplam agisal momentum kuantum sayisinin (J) sifir degeri i¢in incelemektir. J>0 durumu
icin J-Kaydirma(J-Shifting) yaklasimi [8] kullanilarak gegis ihtimaliyetlerini, tesir kesitlerini ve
reaksiyon termal hiz sabitlerini hesaplamaktir.

2. Materyal ve Metot
2.1. C(*D)+H; Esnek Olmayan Sacilmasi

Atomik karbon ve hidrojen molekiilii arasmdaki reaksiyonlar (C( 'D) + H,, C( 'D) + HD ve C( 'D) +
D,) astrokimyada olduk¢a 6nemli bir rol oynar [9]. CH, molekiilii kendine has spektroskopik ve
kimyasal ozelikleri ile organik kimyada prototip molekiil olarak kabul edilir. Karbon atomunun
elektronik karakterine bagl olarak, C + H, reaksiyonu degisik elektronik enerji durumlari {izerinden
gerceklesir. Ancak singlet D durumu ile triplet P durumu en c¢ok caligilan elektronik durumdur.
Reaksiyon, ¢ok derin bir potansiyel kuyusu boyunca ilerler. Reaksiyon yolu iizerinde bariyersiz derin
bir potansiyel kuyusunun olmasi C atomu ile H, molekiiliiniin ¢ok uzun-6miirlii, yar1 kararl ve reaktif
CH; kompleksinin olugsmasima yol acar [8]. Sistemin en diisiik singlet kuantum durumu i¢in ab initio
potansiyel enerji yilizeyi Launay ve digerleri tarafindan yayilanmistir [5]. Bu potansiyel enerji yiizeyi
Sekil 1°de gosterildigi gibi 4,3 eV’luk derin bir potansiyel kuyusuna ve kolineer geometride, ayrisma
kanalinda 0,54 eV’luk bir bariyere sahiptir. Sekil 2’de goriildiigii gibi sifir nokta enerjileri hesaba
katilmadiginda reaksiyon 0.17 eV’luk enerjiye sahip ekzotermik bir reaksiyondur.

829



M. Demir, F. Goktas / BEU Fen Bilimleri Dergisi 10 (3), 828-840, 2021

0.3
0.2
0.1

-0.1
-0.2
-0.3
04 ~ \

o< "

5 :
188 ~7 8

18N\ —s ©
Rasc/ab. 20 P
5\ 3 2 3 fa.c/a b

w7y

N/

Sekil 1. Potansiyel enerji yiizeyinin ii¢ boyutlu ve kontur ¢izimi
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Sekil 2. C ( 1D) + H, reaksiyonu i¢in minimum enerji yolu
2.2. Kuantum Mekaniksel Reaksiyon Dinamigi

Kuantum mekaniginde temel hareket denklemi Schrodinger denklemidir. Schrodinger denklemi iki
bilinmeyenli bir denklemdir. Bu denklem ¢dziilerek hem ilgili sistemi temsil eden dalga fonksiyonu
(6zfonksiyon) hem de sistemin sahip olabilecegi enerji degerleri (6zdeger) hesaplanir. Bir sistemi temsil
eden dalga fonksiyonu hesaplandiktan sonra, o sistem ile ilgili hiz, konum, enerji gibi biitiin dinamiksel
degiskenlerin 6l¢iilebilir degerleri dalga fonksiyonundan elde edilirler. Zamandan bagimsiz Schrodinger
denklemi, R, r ve 8 bir A+BC reaksiyonunu temsil eden Jacobi koordinatlar olmak iizere, en basit
sekilde

HR,7,0)¥%(R,1,0) = E¥(R,T,0) 1)

olarak ifade edilebilir. Denklemin ¢oziimii i¢in iki genel metot vardir: Bunlardan ilki ve en eski olani
zamandan bagimsiz Schrddinger denkleminin tekrarlanan integrasyonuna dayanir. ikincisi ve son
yillarda en ¢ok kullanilan metot ise Kapali Kuplaj Metodudur.

Bir A atomu ile BC molekiilii arasindaki etkilesme problemini agiklayabilmek igin ii¢ boyutta
zamana bagli Schrodinger denklemi en genel hali ile

oY(R,1,06,t)

Py ()

AyY(R,1,6,0) = ik

olarak verilir. Burada, R, r ve @ Jacobi koordinatlaridir. Ug boyutta Hamiltonyen operatorii kinetik ve
potansiyel enerji operatorlerinin toplami olarak
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H=Tx +T, +Ty +V(R,1,06) 3)

yazilabilir. Burada Ty ve T, radyal kinetik enerji, Ty agisal kinetik enerji ve V(R, r, 8) potansiyel enerji
operatoriidiir. Herhangi bir t+At anindaki dalga fonksiyonu, (2) denkleminin integre edilmesi ile

Y(R,7,0,t+At) = e(_iﬁAt/h)llJ(R,r, 6,t) )

olarak hesaplanir.

Dalga fonksiyonunun zamana bagl yayiliminda iki dnemli problemle karsilagilir. Bunlardan
birincisi, 10715 saniye gibi ¢ok kii¢iik zaman adimlarin1 kullanarak ¢ok genis zaman arahiklarina kadar
yayilimin tekrarlanmasi ihtiyaci, ikincisi ise dalga fonksiyonu iizerinde Hamiltonyen operatoriiniin
tekrarlanan etkisinin hesaplanmasi geregidir. Giiniimiiz kosullarinda gelismis bilgisayarlarin kullanima
girmesi ile bu problemlerin ¢6ziimii biiylik 6l¢iide miimkiin olmustur [10].

Zamana bagli Schrédinger denklemini ¢6zmenin yolu, e~iAAt operatoriinic en uygun
polinomlarin bir serisi cinsinden agmaktir. Tal- Ezer ve Kosloff bdyle bir a¢ilimda en iyi polinomlarin
karmagik Chebychev polinomlari olabilecegini gosterdi [11].

Genel olarak bir A+BC esnek olmayan sagilma problemi igin Schrédinger denklemi

[ K2 d hAl(l+ 1) +V(R) +H@)|¥;(R,7) = E¥;(R,T) 5)

TudRE T T 2R

seklindedir [12]. Burada H(r) hedef molekiiliin Hamiltonyen operatoriidiir. ¢;(r) hedef sistemin
titresim ve donme durumlarini temsil eden 6z fonksiyonlar olmak iizere, denklem (5)’in ¢6ziimii olan
dalga fonksiyonu bu 6z fonksiyonlar cinsinden

Wi(RT) = ) 0,y (R) ©
J

seklinde seriye agilabilir (Kapali-Kuplaj agilimi). Burada, f;;(R) radyal dalga fonksiyonudur. Bu dalga
fonksiyonu (5) denkleminde tekrar yerine yazilip gerekli islemler yapilirsa, coklu kanal sagilmasinda,

herhangi bir i. kanala gelen bir parcacigl tanimlayan dalga fonksiyonu ke ,

~ 1 —ikird;i _ ik:
Y2 G (70U — 5yjethim) (7)
olarak bulunabilir. Burada toplam, tiim olasi (a¢ik) kanallar1 kapsar. N tane agik kanali olan bir sistemin,

‘P, dalga fonksiyonunun asimptotik davramsinin belirlenmesi i¢in, N tane Sij katsayisinin bilinmesi

gerekir. Boylece tiim sistemin dalga fonksiyonunu tanimlamak i¢in NXN adet Sij katsayilarimin

bilinmesi gerekir. Bu sabitler bir E enerjisinde sistemin sac¢ilma matrisini olustururlar.

Bir birim matris olan S matrisi i — j gegisi i¢in olasilik genligi olmak iizere, i. kuantum
durumundan j. kuantum durumuna esnek gegis olasilig1 veya kismi diferansiyel tesir kesitleri

2

PL.(E) = |s{;(®)] (8)
seklinde hesaplanabilir. Toplam agisal momentum operatorii (J), relatif hareketin yoriinge agisal
momentum operatorii (I) ile hedef molekiilin donme hareketini temsil eden agisal momentum

- - -

operatoriiniin (j) vektorel toplamina esittir (J = [ + j). Toplam agisal momentum operatorii korunumlu
bir biiylikliiktiir. Bu nedenle toplam agisal momentum operatorii dikkate alindiginda Schrodinger
denklemi J’nin her farkli degeri icin ayr1 ayri ¢oziilebilir. Bu durumda toplam enerjinin bir fonksiyonu
olan sagilma matrisi aynt zamanda J’nin de bir fonksiyonu olur. Gegis olasiliklarinin biitiin J degerleri
iizerinden toplam1 alindiginda i — j gecisi i¢in integral tesir kesiti
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2

- 1 N J
57-1(6) = T,{j;@/ + 1 5/,(B) ©)

olarak elde edilir. Hiz sabiti, genel anlamda reaksiyona giren pargaciklarin konsantrasyonunun veya
tiriinlerin konsantrasyonunun ya da reaksiyona girenlerden birinin konsantrasyonundaki degisimi olarak
tanimlanir. Kuantum mekaniksel olarak termal hiz sabitleri, Maxwell Boltzman dagilimina gore, tiim
enerjiler ( veya hiz vektorleri ) {lizerinden toplam tesir kesitlerinin integre edilmesi ile elde edilir.
Bireysel kuantum seviyeleri arasindaki gecislerde termal hiz sabitleri

1

K (1) =7 8 [ 4. E.c oo, (E (10)
v,j( )_kBT<7T.UA+BCkBT) f ckece "B Jv,j( c)

olarak hesaplanir. Burada kg Boltzmann sabitidir, T sicaklik, df dejenerasyon faktorii, Ec carpigma
enerjisidir [13].

Bir atom ile iki atomlu bir molekiiliin esnek olmayan sagilmasi, A+BC(v, j ) ile gosterilen bir
kuantum durumundan A+BC(v',j") ile gosterilen uyarilmis bir kuantum duruma olan, sistemin biitiin
kuantum mekaniksel hareketinden olusur.

Zamana bagli kuantum hesaplamalarinda genel olarak potansiyel enerji yiizeyi lzerinde,
etkilesmenin olmadig1 bir bolgede, bir baslangi¢ dalga paketi tanimlanir. Daha sonra bu dalga paketine
bir momentum verilerek giiglii etkilesme bdlgesine dogru hareketi saglanir. Zamana bagli Schrodinger
denklemi tekrarlanan zaman adimlari i¢in ¢oziiliir. Eger esnek olmayan sagilma problemi inceleniyorsa
dalga fonksiyonunun gii¢lii etkilesme bolgesinden geri yansiyip asimptotik bolgeye ulasan bileseni
analiz edilir. Bunun i¢in, giris kanalinin asimptotik bolgesinde bir analiz ¢izgisi (R = R,,) tanimlanir.
Zamana bagl1 yayilim biitiin dalga fonksiyonu gii¢lii etkilesme bolgesini terk edinceye kadar siirdiiriiliir
ve her zaman adiminda analiz ¢izgisi lizerinde dalga paketi analiz edilir.

3. Bulgular ve Tartiyma

Esnek olmayan sacilmanin zamana baglh kuantum metodu ile incelenmesinde baslangic dalga
fonksiyonu reaktant (giris) kanalinin asimptotik bolgesine yerlestirildi. Dalga paketine, potansiyel enerji
ylizeyi iizerinde ilerlemesini saglamak icin bir kinetik enerji verildi ve zamana bagli Schrodinger
denklemi tekrarlanan kiiciik zaman adimlari icin ¢oziilerek dalga paketinin potansiyel enerji yiizeyi
iizerinde yayilimi saglandi. Dalga paketi potansiyel enerji yiizeyi iizerinde ilerlerken bir kismi potansiyel
bariyerini agarak reaktif sagilmaya sebep olur. Diger taraftan diisiik enerjili bilesenler ise giiclii etkilesme
potansiyeli bolgesinden geriye yansirlar. Dalga fonksiyonunun bu bilesenleri kuantum mekaniksel
olarak C atomunun H; molekiiliinden inelastik olarak sagilmasini temsil etmektedir. Bu nedenle
kuantum mekaniksel olarak asimptotik bolgede, inelastik sa¢ilan olasilik aki yogunlugunun gelen aki
yogunluguna orani inelastik sagilma ihtimaliyetini verecektir. Bu amagcla, reaksiyonun girig kanalinin
asimptotik bolgesinde bir analiz ¢izgisi (Rx) secildi ve her zaman adiminda bu analiz ¢izgisi iizerinde
inelastik sagilma ihtimaliyetleri hesaplandi. Dalga paketinin yayilimina biitiin dalga paketi etkilesme
bolgesinden yansiylp analiz ¢izgisini gecinceye kadar devam edildi. Hesaplamalar i¢in kullanilan
parametreler Tablo 1°de verilmistir.

Sekil 3, 4 ve 5’de toplam enerjinin bir fonksiyonu olarak C( 1D) + H,(v =0,j) - C( 1D) +
H,(v' = 0,j") bireysel kuantum seviyeleri arasindaki inelastik sagilma ihtimaliyetleri verilmistir.
Reaksiyon olasiliklari, carpisma enerjisiyle azalan bir temel yap1 (background) iizerine yerlesmis c¢esitli
keskin rezonanslar1 icermektedir. Uriin doénme kuantum sayis1 artikca inelastik sagilma
ihtimaliyetlerinin azaldig1 goriilmektedir. Diger taraftan, bireysel kuantum seviyeleri arasindaki gecis
olasiliklar1 parite se¢im kuralina uymaktadir. Yani ¢ift j kuantum durumlarindan tek ;' kuantum
durumlarinda gegis olasiliklart sifirdir. Benzer sekilde tek j kuantum durumlarindan ¢ift j* kuantum
durumlarinda gegis olasiliklar sifirdir.
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Tablo 1. Hesaplamalar igin kullanilan parametreler

Parametre Gosterimi ve Degeri
(Atomik Birimler cinsinden verilmistir)
Rmin: 14 RmaX:268

Parametre Tanmim

Sagilma koordinat aralig

R iizerindeki grid noktalarinin sayisi 256
iki atomlu koordinat aralig: Mmin=0.7  I'max=7.6
r lizerindeki grid noktalarinin sayisi 64
Acisal taban fonksiyonlarinin sayisi 29
Baslangi¢ dalga paketinin merkezi Ro=18.4
Gausyen genislik faktorii c=10
Baslangic kinetik enerji E=0.0004
Analiz ¢izgisinin konumu R.=21 1
At 50
Toplam Yayilim Zamani 100000

) " _ﬁtﬂmﬂuj_\&d&.«mlx_
: 02
.: ,l . M\
= . TJU‘.A"'%‘-J\ o e
e i
s |
_ 02 - ri“ J 'l 'V\\‘ \
TR 1A WA
% [ |/ M} \

0

Toplam Enery (aV)

Sekil 3. C('D) + H,(v = 0,j = 0) » C( D) + H,(v' = 0,j") inelastik sagilma gegis ihtimaliyetleri
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Sekil 4. C('D) + H,(v=10,j =1) > C('D) + H,(v' = 0,j") inelastik sagilma gegis ihtimaliyetleri
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Pv-O:-? »Velj=d

02
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0 T ¥
03 07 11
Toplam Enevy (aV)

Sekil 5. C( D) + H,(v = 0,j = 2) » C('D) + H,(v' = 0,j") inelastik sagilma gegis ihtimaliyetleri
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Sekil 6, 7 ve 8°de toplam enerjinin bir fonksiyonu olarak ¢( *D) + H,(v = 0,j) > ¢( 'D) +
H,(v") inelastik sagilmasi igin, v'=0,1 ve biitiin j* kuantum durumlar {izerinden toplanmis reaksiyon
olasiliklar1 verilmistir. Sekillerde goriildiigii gibi, biitlin {irlin donme kuantum durumlar {izerinde
toplanmasina ragmen gecis olasiliklarindaki temel yap1 degismemis ve rezonans Yyapilar
kaybolmamustir. Dolayisiyla inelastik sagilma olasiliklar1 iiriin donme kuantum durumlarina bagli olarak
degismemektedir. Ancak v'=0 ve v’=1 kuantum durumlari karsilastirildiginda gegis olasiliklarmin iiriin
titresim kuantum sayisina bagl degistigi goriilmektedir.

08

04 4

P\'-& |=Dv

02 -

06

04 - !

PV-C' =02V
-

AR
w1 AR 1

0 2 T 2 ' ' ™ '
03 04 05 06 07 08 09 1 11 12 13
Toplam Eneep (aV)
Sekil 6. C('D) + H,(v = 0,j = 0) - C( D) + H,(v") biitiin iiriin dsnme kuantum durumlar1 iizerinden
toplanmis inelastik sagilma gecis ihtimaliyetleri

0e

04 1

Pv-’.‘ =t

P»—O,ﬂ W
S S —
-

e

—

-

;__‘_

0

03 04 05 06 O7 08 09 1 11 12 13
Toglam Enes (aV)

Sekil 7. C(*D) + H,(v = 0,j = 1) - C( *D) + H,(v") biitiin {iriin dsnme kuantum durumlari {izerinden
toplanmus inelastik sacilma gecis ihtimaliyetleri

835



M. Demir, F. Goktas / BEU Fen Bilimleri Dergisi 10 (3), 828-840, 2021

06

04 4

Pv-C‘ [ =2V

02 +

04 -

Pv-O |22V

0

03 04 05 08 07 OB 09 1 11 12 13
Topiam Enedy (aV)

Sekil 8. C('D) + H,(v = 0,j = 2) > C(*D) + H,(v") biitiin iiriin dsnme kuantum durumlari iizerinden
toplanmis inelastik sacilma gecis ihtimaliyetleri

Sekil 9°da C( 'D) + H,(v = 0,j) > C( 'D) + H, inelastik sagilmas1 igin biitiin iiriin titresim
ve donme kuantum durumlar tizerinden toplanmis gegis olasiliklar: (kismi diferansiyel tesir kesitleri)
verilmistir. Sekilde goriildiigii gibi toplam gegis olasiliklar1 enerjiye bagli olarak onemli Olgiide
degismemektedir. Ayrica rezonans yapi hala belirgin bir sekilde bulunmakta ve bir¢ok keskin
rezonanslar j’nin biitiin degerlerinde goriilebilmektedir. Gegis olasiliklarinda goriilen bu rezonans
yapilar potansiyel enerji yiizeyinin bir karakteristigidir. CH, kompleksi derin bir potansiyel kuyusuna
sahip oldugundan C atomunun Oteleme hareketi gecici olarak bu potansiyel kuyusuna ait titresim
modlar1 tarafindan yavaslatilmakta ve boylece gecis olasiliklarinda ani degisimler meydana gelmektedir.

08

04 ] i IV
|

vl )

0

03 04 05 06 07 08 09 1 11 12 13
Toplam Enery (eV)

Sekil 9. C( 'D) + H,(v = 0,j) » C( D) + H, kismi diferansiyel tesir kesitleri (biitiin iiriin titresim-dénme
kuantum durumlart {izerinden toplam1 alimmmis reaksiyon ihtimaliyetleri)
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Sekil 10, 11 ve 12’de C('D)+ H,(v=0,j) > Cc('D)+H,(v' =0,j") icin gegis
olasiliklarmin donme kuantum sayisina bagli degisimi ¢esitli enerji degerleri i¢in verilmistir. Sekillerden
goriildiigii gibi enerji degeri artikga daha yiiksek donme kuantum durumlari uyarilmaktadir. Ayrica
biitiin sekillerden goriilebilecegi gibi inelastik gecis olasiliklar parite se¢cim kuralina uymaktadir.

Sekil 10. C( 'D) + H,(v =0, j
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0) » ¢('D) + H,(v' = 0,j") reaksiyonu icin donme kuantum seviyesi
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Sekil 11. C( 'D) + H,(v = 0,j = 1) » C( *D) + H,(v' = 0,j") reaksiyonu i¢in donme kuantum seviyesi
dagilimlar1
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Sekil 12. C( 'D) + H,(v =0,j = 2) » C( 'D) + H,(v' = 0,j") reaksiyonu igin donme kuantum seviyesi
dagilimlar1

Sekil 13°de H, molekiiliiniin v=0 ve j=0,1,2 kuantum durumlarina karsilik gelen integral tesir
kesitleri verilmistir. Tesir kesitleri bariyersiz bir reaksiyon igin beklendigi gibi enerjiye bagli olarak
artmaktadir. Her ii¢ baslangic donme kuantum sayisi degerinde de tesir kesitleri esik (threshold)
davranig1 gostermektedir. Esik enerjileri Hz molekiiliintin ilgili v, j kuantum durumunun enerjisine
esittir.

Minimum enerji yolunda derin enerji kuyusuna sahip reaksiyonlarda bireysel kuantum
durumlarmnin belirlenmesi 6nemlidir. I¢ enerjisi artan bir reaktant molekiiliin davranis1 Sekil 13’de
gorlilmektedir. Artan donme enerjisi ile baslangic dalga paketinin biiyiik bir kismi minimum enerji
yolundaki derin enerji kuyusunu kolaylikla asabilmektedir. Bu nedenle dalga fonksiyonun biiyiik bir
kismi ilgili enerji kuyusunda Chebyshev tekrarlama fonksiyonuna maruz kalmayacaktir. Béylece daha
az rezonans salinimi gerceklestirilecektir. Sekil 13°den de goriildiigii gibi artan donme enerjisi ile
rezonans yapilart azalir. Bu azalma reaksiyonun yoniinden bagimsizdir. Yani reaksiyonun reaktif
sacllma olmast da bu durumu degistirmeyecektir. Inelastik sacilmada ise bu baslangic donme
enerjisindeki artis, esik enerjisi bolgesinde (esik enerjisi davranisinda) tesir kesitinde azalmaya sebep
olmaktadir. Ciinkii artan baslangi¢ enerjilerde dalga fonksiyonu reaktif sa¢ilma kanalina hizla yonelir.

Termal hiz sabitleri Sekil 14’de gosterilmektedir. Termal hiz sabitleri sicakliga bagli olarak
lineer olarak artmakta ve her {i¢ kuantum durumu igin de esik davranisi gostermektedir. Reaktif
sagilmanin aksine inelastik sagilma termal hiz sabitleri sicakliga 6nemli 6l¢iide baglidir. Ayrica sekilden
goriilebilecegi gibi iirlin donme kuantum sayisi artik¢a termal hiz sabitleri azalmaktadir.
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Sekil 13. C ( 1D) + H, inelastik sacilmasi igin toplam tesir kesitlerinin enerjiye gore degisimi
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Sekil 14. C ( 1D) + H, inelastik sagilmasi i¢in reaksiyon hizinin sicakliga gére degisimi
4. Sonug ve Oneriler

Bu ¢alismada kuantum dalga paketi metodu kullanilarak C ( 1D) + H, esnek olmayan sag¢ilmasi, toplam
acisal momentum kuantum sayisiin (J) sifir degeri i¢in incelendi. Bireysel kuantum seviyeleri arasinda
gecis ihtimaliyetleri ve diferansiyel tesir kesitleri hesaplandi. Daha sonra J-Kaydirma(J-Shifting)
yaklagimu [8] kullanilarak, J>0 durumu igin gecis ihtimaliyetleri hesaplandi. Biitiin J kuantum durumlari
iizerinden diferansiyel tesir kesitleri toplanarak toplam tesir kesitleri hesaplandi. Elde edilen toplam tesir
kesitlerinin Boltzmann dagilimina gére mevcut olan enerji araligt {izerinden toplami almarak esnek
olmayan sacgilma hiz sabitleri hesaplandi. Giiniimiizde, atom ve molekiillerin yapis1 spektroskopik
metotlarla incelenmektedir. Spektroskopi ise genel olarak enerji aligverisi veya sagilma prensibine
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dayanir [12]. Sagilma olaylarinin kuantum mekaniksel teorisinin bilinmesi, spektroskopik olaylarin
anlagilmasi i¢in onemlidir. Esnek olmayan sacilma olayinda hedef molekiiler bag kopmaz ancak,
molekiil farkli titresim ve donme kuantum durumlarina uyarilir. Titresim ve donme kuantum
durumlarinin uyarilmasi gazlarda klasik taginim olaymin anlasilmasinda 6nemlidir. Buna ilave olarak,
esnek olmayan ¢arpigmalar, bir¢cok lazer sistemlerinde ve iist atmosferde meydana gelir. Esnek olmayan
sagilmalar simdiye kadar bir¢ok ¢aligmanin konusu olmustur. Bu ¢alismada, diger ¢alismalardan farkli
olarak bireysel kuantum seviyeleri arasindaki gegis ihtimaliyetleri ve inelastik sagilma igin tesir kesitleri
ve reaksiyon termal hiz sabitleri hesaplanmistir. Elde edilen kuantum mekaniksel sonuglarla klasik
sonuglar birbiriyle uyum igerisindedir.

Yazarlarin Katkisi

Calismaya yazarlar esit oranda katki saglamistir.

Cikar Catismas1 Beyam

Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyam

Yapilan ¢aligmada arastirma ve yayin etigine uyulmustur.
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Abstract

With the continuous growth of Antalya tourism, the need for more accurate tourism forecasts emerge and the
forecast performance is evaluated according to time series methods. Seasonal fluctuations are the most important
feature of the tourism series and this feature makes it a suitable environment for comparing the forecast
productivity of different models. In this study, the data of tourists coming from Russia to Antalya from 2007 to
2018 are used. The parametric and nonparametric univariate time series techniques, ARIMA, ETS, Combination
(or Hybrid) and SSA, are compared in forecasting tourism demand. As a result of this paper, it is understood that
the nonparametric SSA technique is more accomplished with respect to the accuracy of the obtained forecasts.

Keywords: Tourism, forecast, time series methods, univariate models.

Tek degiskenli zaman serileri yontemlerini kullanarak Rusya'dan
Antalya'ya gelen turistlerin degerlendirilmesi

Oz

Antalya turizminin siirekli bitylimesiyle birlikte, daha dogru turizm 6ngoériilerine duyulan ihtiyag ortaya ¢ikmakta
ve Ongoril performansi zaman serisi yontemlerine gore degerlendirilmektir. Mevsimsel dalgalanmalar turizm
serilerinin en dnemli 6zelligidir ve bu 6zelligi onu farkli modellerin 6ngorii performanslarini karsilastirmak igin
uygun bir ortam haline getirmektedir. Bu ¢alismada, 2007-2018 yillar1 arasinda Rusya'dan Antalya'ya gelen
turistlerin verileri kullanilmaktadir. Turizm talebinin ongorisinde parametrik ve parametrik olmayan tek
degiskenli zaman serisi teknikleri, ARIMA, ETS, Kombinasyon (veya Hibrit) ve SSA, karsilastirilmaktadir. Bu
calisma sonucunda, elde edilen tahminlerin dogrulugu agisindan parametrik olmayan SSA yonteminin daha
basarili oldugu anlagilmaktadir.

Anahtar kelimeler: Turizm, 6ngérii, zaman serisi yontemleri, tek degiskenli modeller.

1. Introduction

Turkey is located in tourist arrivals in the first ten in the world [1]. This situation is reflected significantly
to the economy in Turkey. While its total contribution to GDP is 11.6%, it is noteworthy that one out of
every 10 employees works in the tourism sector [2]. The sea tourism in Turkey is surrounded by seas
on three sides is of great importance. Antalya is the first city with the highest number of tourist visits in
sea tourism. Russia has been the country that has sent the most visitors to Antalya for many years.
However, the increase of Russian tourists, which has continued with an increasing trend for years, has
started a sudden decline in 2016 due to Russia's banning of charter flights to Antalya. Therefore, Antalya
tourism has lost its most valuable tourist resource until 2015. In the light of the information obtained, it
is easily seen that Russian tourists have a very important role in Antalya's economy.

Antalya is an attractive region for international tourists with its many features such as the
elevated temperature, sunny days, golf resorts, blue flag beaches, waterfalls and caves. Russian tourists
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generate the most important part of foreigner tourists in Antalya. Therefore, making the forecast of
Russian tourists coming to Antalya will be beneficial in many ways. There are many different time series
methods for making time-dependent future predictions. The ARIMA is one of the well-known models
used in these cases. Therefore, the researches done with this model in tourism are also quite a number.
In this context, Kim et al. [3] provide the interval of the tourist arrivals via the ARIMA model. Moreover,
ARIMA methods are used by the benchmark model in the literature. Similarly, the study of Diaz and
Nadal [4] compares tourism on the accuracy of the forecast by using the benchmark models as ARIMA
and autoregressive neural network. Error, Trend and Seasonal (ETS), which is a member of the ARIMA,
is one of the prominent univariate methods. According to the papers, the method can make a consistent
forecast [5-7]. Lim and McAleer [8] find the best model concerning the forecast accuracy between the
varied level differences used in ETS methods. Furthermore, a new approach and technique in these
methods are proposed by Hyndman et al. [7] and Bergmeir et al. [9]. Singular spectrum analysis (SSA)
analyzes and predicts non-stationary and complicated time series without an assumption, contrary to
other classical methods [8]. Many studies indicated that SSA is a powerful forecast technique. Therefore,
researches of the different issues such as genetic [9], hydrological [10], geophysical [11], tourism [12],
business and finance [8] are preferred in time series. The combination method, which is another
frequently preferred method, brings a lot of independents models together. The key point in this method
is to find out how to combine the models in order to produce the best output model. Thus, every study
establishes its own combination. Firstly, Bates and Granger [15] associate with the Brown’s exponential
smoothing and ARIMA models to forecast. Shen et al. [16] investigate the international demands for
tourism using the six combination models. Besides, those and other studies in the literature show that
the weight choices used are substantial as well as the selection of the combined models [13], [14, 15,
16].

In this study, the tourist arrivals to Antalya from Russia are obtained through the TURKSTAT
[19]. The data is monthly and comprises the years between 2007 and 2018. The data divide Feb-2007
and Dec-2017 as training data, twelve months of 2018 as testing data to utilize the forecast trueness. The
use of the training data is made to predict and testing data to survey the testification of the model
prediction in this paper. Also, the tourist visits of bilateral relations between Turkey and Russia to
examine the impact on tourism is taken into account until 2018. With this aim, the time series models
are implemented for the future prediction of tourist visits in Antalya. The paper structure continues as
follows: Section 2 contains considered methods, Section 3 extends the analysis results, and the final
section highlights implications, limitations, and future study suggestions.

2. Material and Methods
2.1. ARIMA Method

To briefly describe the method in general terms, ARIMA models predict the future values using its past
values. The ARIMA model is shown as ARIMA(p, d, )(P, D, Q)s. Here, p and P symbolize the seasonal
and non-seasonal notation of the autoregressive model, g and Q represent the seasonal and non-seasonal
notation of the moving average model, d and D mean the seasonal and non-seasonal notation of
differencing, respectively and s is the period number. The general model equation is defined as follows:

YSDYdAP(BS)Ap(B)Yt = HP(BS)T[p(B)gt (1)

where T, (B¥) and Ap(B®) are the moving average and seasonal autoregressive equations, m,(B) and
A, (B) are the non-seasonal moving average and autoregressive equations, Y = (1 — B*)” and Y¢ =
(1 — B)¢ are the seasonal and non-seasonal differencing parameters, &, and Y, are the error and time
series, respectively. B is the backward transaction (BY; = Y;_;), where Y; is the time series. The
application process of this method are succeeded, as summarized by authors in [20]. Detailed
information about the ARIMA method, which is frequently used in analyzing time series, is included in
many studies such as Preez and Witt [21], Prideaux [22], Kim et al. [3], Beneki and Silva [23], Oliveira
and Oliveira [24] and Thamanukornsri and Tiensuwan [25].
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2.2. ETS (Error, Trend and Seasonal) Method

The method was improved by the authors in [26] as an original method to exponential smoothing,
formed from a different perspective for the ARIMA method. It has different models for error, trend, and
seasonal equations. For the model equations, one can see [27]. It is one of the highly preferred models
within the time-series studies in which univariate models are compared with Lim and McAleer [28],
Hyndman and Khandakar [20], Hassani et al. [28], Naim and Mahara [29]. Therefore, the authors in [27]
proposes a state space framework with the help of the ETS technique.

2.3. Singular Spectrum Method (SSA)

This is a method that predicts the future values by decomposing the time series into components by the
embedding and singular value decomposition steps at first, then reconstructing these components with
the grouping and diagonal averaging steps. This method attributes by integrating the mathematical
analysis and visualisation tools [17]. SSA is a nonparametric method without satisfying any
assumptions. For this reason, the process is not affected when the time series is stationary or non-
stationary. Briefly, this method aims at producing the predicted series with minor error and without any
assumptions. More information on the mathematical analysis is explained with a detailed description in
the study of Hassani [30].

2.4. Combination (Hybrid) Method

The primary purpose of the combination method (which can be defined as the hybrid model) is to obtain
a low mean square and increase the forecast accuracy. Based on this, the best model is chosen among
the developed combinations. There are six model combinations of the ARIMA, ETS, Theta, NNETAR
(Neural Network), STLM (Seasonal and Trend decomposition using Loess) and TBATS (Box-Cox
transform, ARMA errors, Trend, and Seasonal components) used by the Hybrid package. It is significant
that the weights (a;) of these models determine the averages. Let Y = [Vy,Y,, ..., Yy]" be the vector of

i i i U : : .
the time series. Assume that ¥/ = [¥/, ¥/, ...,Y{] be the forecast series when forecasting these series
with s varied models (j = 1,2, ..., s). The simple linear model is described by

7l =Y, afi 0]

The weights are added to the model to diminish their weakness and to improve forecast
accuracy. This aim, some model combination techniques, which are widely preferred, can be mentioned
as the simple average [18], [19], the trimmed average [14], the variance-based model [31], the
Winsorized average [32], the outperformance method [33], the error-based combining [14], the median-
based combining [34].

2.5. Methods of evaluation criteria

There are some measurement values that we can evaluate the methods in themselves to choose the
method that best forecasts the series of Russian tourists visiting Antalya. For this reason, we calculate
the root mean square error (RMSE) values of the considered models in this study to find the best
forecasting method. The RMSE formula is defined as follows [29]:

1 R 2
RMSE = \/;thvﬂ (yt _yt|t—1) ) ®)

where y; and 9., symbolize, respectively, tthobservation and its forecasted unit depending previous
unit (t =1, ...,N).
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3. Results

In this study, we use the R program for the estimating the tourist visits with "forecastHybrid", "Rssa",
"forecast" and "vars" package. The arrival of Russian tourists, which has continued with increases and
decreases at certain periods for years, can be seen very clearly in Figure 1, the great decrease experienced
in 2016. This sudden drop in the series is expected to significantly affect the estimates of the models
due to the different procedures. The logarithm of the series is used to get rid of this deterministic trend.
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Figure 1. Time series graphs of series
The accuracy performance of the methods is investigated in this research compared to the RMSE
values. According to RMSE in Figure 2, the SSA method has the smallest RMSE value. The errors of
three models (the ARIMA, ETS and Hybrid) are normally distributed and the white noise. The SSA
method requires no assumption checks due to it is a nonparametric test.
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Figure 2. RMSE score of time series models
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Table 1. Real tourist numbers in 2018 vs predictions of tourist arrivals through ARIMA, ETS, Hybrid, SSA
methods

Months Real ARIMA ETS Hybrid SSA

1 20452 22877 24095 23522 50966

2 20134 18651 21853 20282 38555

3 37446 29501 32840 31061 46262

4 215360 144679 175338 159175 238410
5 708263 507735 733316 602894 899958
6 793401 633691 959864 759128 715032
7 739544 679255 969457 789153 842357
8 719907 866132 1116476 951856 850501
9 743661 982569 1094314 1004028 666728
10 495893 491886 424064 442772 398752

11 88278 51937 36391 42879 42795
12 40568 27371 24390 25090 19888

Table 1 shows the forecasts and real values for 2018 obtained from the study's interested time
series methods. Based on these results in Table 1, the prediction values have reached the best values by
the different methods for each month in 12 months. This section explores the best time series methods
to explain the series that does not have a fixed trend.

Table 2. RMSE values of each method for different horizons
Models  ARIMA ETS Hybrid SSA
h=1 2424.97 3643.34 3089.19  30513.96
h=3 4871.52 3532.86 4114.82  21198.72
h=6  108616.90 70683.33 51238.26 86379.00
h=12  113427.70 175872.70 109433.00 86720.20

For different horizons, RMSE values are calculated in all methods in Table 2. When the results
in Table 2 are examined, it is seen that the best estimation in the short term (h=1) forecast is obtained
by ARIMA method. In medium term (h=3 and h=6) forecasting, the Hybrid model provides better
estimates than other methods. The SSA method is stand out in 12-month long-term forecasts with the

smallest RMSE value.

Tourist Numbes in Artalya
—
-
x

e

Year

Figure 3. Graph of the actual and forecast values for 2018
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Using the values given in Table 1, the forecast values obtained ARIMA, ETS, Hybrid and SSA
models are described in Figure 3 to visually see the compatibility with the original series more clearly.
When Figure 3 is examined in detail, we can see that the closest future prediction to the series is by the
SSA method.

4. Conclusion

The number of Russian tourists coming to Antalya, which is the favorite holiday destination of tourists
in many respects, continued to increase until 2015. While in Turkey for many years and cooperation in
bilateral relation with Russia, they were faced with a serious crisis hardship. However, the process was
restored in the second half of 2016 in line with the mutual request of the two publics. This situation has
significantly affected Antalya tourism and we can observe this very clearly in Figure 1. This study is
conducted to see which time series method gives better results in series with sudden ups and downs.

ARIMA and ETS methods are successful parametric methods frequently applied in time series
analysis. Besides, the Hybrid model is a mixed-method that includes the advantages of 6 different time
series models. Furthermore, the nonparametric SSA method can be easily adapted to different time series
structures. The number of Russian tourists coming to Antalya is estimated with these powerful time
series methods taken into consideration in the study.

Compared with the considered models according to the RMSE scores in Figure 2, the SSA
method outperformed others models. As expected from previous studies of Hassani et al. [10] [28],
Claveria and Torra [35], the nonparametric SSA method provides more successful results than the other
parametric tests. When the methods are evaluated in terms of horizons in Table 2, it is seen that ARIMA,
Hybrid and SSA methods are the best methods in small, medium and large horizon forecasts,
respectively.

The tourist demand series has similar fluctuations in this study after the covid-19 disease with
restrictions and prohibitions in Turkey in March 2020. For the future studies of this series, it is planned
to make analyzes using methods similar to the SSA method. However, there are two options to make
these forecasts more reliable: waiting for the end of the disease and returning to the normal procedure
or thinking that it will continue for many years.
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Oz

Poli(4-vinilbenzil-g-stiren) [poli(VB-g-S)] as1 kopolimeri tersinir katilmali/ayrismali zincir transfer (RAFT) ve
serbest radikal polimerizasyon (SRP) teknikleri kullanilarak sentez edildi. Bu amag igin, 4-vinilbenzil kloriir
monomeri kullanilarak SRP yontemiyle poli(4-vinilbenzil kloriir) [poli-4-VBC] polimeri sentezlendi. ikinci
asamada, poli-4-VBC polimeri ile potasyum etil ksantat reaksiyona sokularak makro-RAFT ajani olusturuldu. Son
asamada, RAFT teknigiyle makro-RAFT ajani varliginda stiren monomeriyle poli(VB-g-S) as1 kopolimeri sentez
edildi. Sentezlenen iiriinler H-NMR, FT-IR, TGA, SEM ve Dinamik Isik Sagilimi (DLS) cihazlar1 gibi
spektroskopik ve termal analiz teknikleri kullanilarak karakterize edildi.

Anahtar kelimeler: Asi kopolimer, 4-vinilbenzil Kkloriir, stiren, makro-RAFT ajani, serbest radikal
polimerizasyonu, tersinir katilmali/ayrismali zincir transfer polimerizasyonu.

Synthesis and Characterization of Poly(4-vinylbenzyl-g-styren) Graft
Copolymer by RAFT and FRP Methods

Abstract

Synthesis of poly(4-vinylbenzyl-g-styrene) [poly(VB-g-S)] graft copolymer was carried out by free radical
polymerization (FRP) and reversible addition-fragmentation chain transfer polymerization (RAFT) methods. For
this purpose, poly(4-vinylbenzyl chloride) [poly-4-VBC] was synthesized using 4-vinylbenzyl chloride by FRP.
In second stage, macro-RAFT agent was synthesized by chemical reaction of poly-4-VBC with potassium ethyl
xanthogenate. In last stage, macro-RAFT agent and styrene were used to obtain poly(\VB-g-S) graft copolymer by
RAFT polymerization. Product characterization was fulfilled by using spectroscopic and thermal analysis
techniques such as 'H-NMR, FT-IR, TGA, SEM and Dynamic Light Scattering (DLS) instruments.

Keywords: Graft copolymer, 4-vinylbenzyl chloride, styrene, macro-RAFT agent, free radical polymerization,
reversible addition-fragmentation chain transfer polymerization.

1. Giris

Son yillarda, sadece yeni tiir plastik malzemelerin sentezlenmesi degil, ayni zamanda yeni
uygulamalarin getirdigi gereklilikleri kargilamak i¢in var olan polimerlerin modifiye edilmesi ayr1 bir
Oonem kazanmaktadir. As1 kopolimerizasyon makro molekiil 6zelliklerini gelistirme yontemlerinden
biridir [1]. Farkli kimyasal ya/ya da fiziksel 6zelliklere sahip iki ayr1 monomerin degisen oranlarda ayni
makro molekiile dahil edilmesi ticari ve bilimsel 6nem arz eden yeni malzemelerin meydana gelmesine
katki saglamaktadir [2-8]. Kopolimerlerin hazirlanmasinda bazi dezavantajlara sahip farkli organik
reaksiyonlar kullanilmaktadir. Bu dezavantajlarin {istesinden gelebilmek ig¢in, kontrollii (yasayan)
serbest radikal polimerizasyon tekniklerinin arastirilmasi son yillarda 6nemli bir sekilde artmistir. Bir
radikal polimerizasyon teknigi olan serbest radikal polimerizasyonu (SRP) cok farkli sayida polimer
elde etmek icin 6nemli sentez tekniklerinden biridir [9, 10]. Ayrica SRP, endiistriyel polimer iiretimi
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Gelis Tarihi: 01.06.2021, Kabul Tarihi: 01.09.2021

849


mailto:bdrttn.svs.36@gmail.com

B. Savas, T. Oztiirk, E. Meyvaci / BEU Fen Bilimleri Dergisi 10 (3), 849-857, 2021

icin en 6nemli siire¢lerden biridir. Ciinkii daha genis bir monomer sinifiyla daha kolay deneysel kosullar
altinda polimerizasyon gerceklestirilebilir [11-14]. Son zamanlarda kontrollii polimerizasyon
proseslerinden baglayarak polimer zincir sonu fonksiyonelligine sahip ya da as1 zincir kisminin
olusturuldugu kompleks mimarili makro molekiiller siklikla sentezlenmektedir. Bu makro molekiillerin
sentezi i¢in tersinir katilmali/ayrigmali zincir transfer (RAFT) polimerizasyonu en son gelistirilen
kontrollii radikal polimerizasyon yontemini temsil eder ve ¢ok iyi tanmimlanmis gesitli polimerlerin
sentezi i¢in gii¢lii bir tekniktir [15]. Kontrollii radikal polimerizasyonlarin genel avantajlari olan polimer
mimarisinin ve molekiil agirliginin 6nceden ayarlanabilmesi ile diisiitk molekiil agirligi dagilimina
(dispersiteye) sahip polimerlerin iiretimi RAFT’in da &nemli avantajlar1 arasmdadir [16-26].
Termoplastik ozellik gosteren polistiren, bircok metale gore iiretiminin olduk¢a ucuz ve diger
malzemelere iyi bir alternatif olmasi, sahip oldugu oOzelliklerin gelistirilerek yeni ozellikler
kazandirilmasi ihtiyacim gerektirmistir [27].

Bu ¢alismada; SRP ve RAFT teknikleri kullanilarak poli(4-vinil benzil-g-stiren) [poli(VB-g-S)]
as1 kopolimerleri sentez edildi. As1 kopolimer, spektroskopik yontemler olan FT-IR, *H-NMR, DLS ve
SEM analizleri ile karakterize edildi. As1 kopolimerin termal gecisleri ve bozulma o6zellikleri TGA
yontemi kullanilarak incelendi.

2. Materyal ve Metot
2.1. Kullamlan kimyasallar

2,2'-azobisizobutironitril (AIBN), Aldrich iiriinii olup alindig1 gibi tepkimelerde kullanildi. Potasyum
etil ksantat, N,N-dimetilformamit (DMF) ve metanol Sigma-Aldrich firmasindan temin edildi. 4-vinil
benzil kloriir ve toluen Merck iiriinii olup alindig1 gibi kullanildi. Stiren, Merck {iriini olup inhibitorii
uzaklastirmak i¢in aliimina kolonundan gegirildi. Tetrahidrofuran (THF) Honeywell, dietil eter ve petrol
eteri Riedel-de Haen firmalarindan temin edildi.

2.2. Kullanilan cihazlar

'H-NMR spektrumlari, 400 MHz’lik Bruker Ultra Shield Plus cihazi kullamilarak kaydedildi. FT-IR
spektrumlari, 400-4000 cm™ araliginda Alpha-P Bruker FT-IR spektrometresi kullanilarak elde edildi.
Dinamik Isik Sacilimi (DLS) cihazi olan Insmark IR120 model refraktometre ile Malvern Zetasizer
Nano Serisi Nano-ZS kullanarak homo polimerin ve ast kopolimerin agirlik¢a ortalama molekiil
agirliklar1 bulundu (¢6ziicii: DMF; konsantrasyon: 1 mg/mL, 0.5 mg/mL, ve 0.25 mg/mL; sicaklik: 20
°C; A = 633 nm). Carl Zeiss Sigma 300 Field taramali elektron mikroskobuyla (SEM) as1 kopolimerin
iic boyutlu (3D) goriintiilerinin alinmasinda kullanildi. Termogravimetrik analiz (TGA) 6l¢iimii Seiko
11 Exstar 6000 model alet kullanarak yapildi. Ornek, 25 °C’den 600 °C’ye 10 °C/dakika hizla azot gazi
atmosferi altinda 1sitild1.

2.3. Serbest radikal polimerizasyonu (SRP) yontemiyle poli(4-vinilbenzil Kloriir) [poli-4-VBC]
polimerin sentezi

25 mL’lik bir cam balona ¢oziicii olarak 3 mL toluen konulduktan sonra sirasiyla monomer olarak
2.0357 g 4-vinil benzil kloriir ve baslatic1 olarak da 0.0140 g AIBN ilave edildi. Inert ortam saglamak
amacityla balon igerigi yaklagik 5 dakika boyunca argon gazindan gecirilerek balonun agzi kapatildi. Bir
wsiticili manyetik karistirict lizerinde termal olarak 90 °C’ye ayarlanmis yag banyosu igerisine balon
daldirilarak 24 saat siirede karistirildi. Bu siire sonunda balon igerigi sogutularak asiri metanolde
coktiiriildii. Dekante igleminden sonra vakum etiiviinde 40 °C’de 24 saat kurutuldu. Sentezlenen poli-
4-VBC polimeri tartilarak verim hesaplandi.
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2.4. Potasyum etil ksantat kullanilarak makro-RAFT ajaninin sentezi

Bir deney tiipii igerisine 0.1520 g poli-4-VBC homo polimeri 3 mL THF ¢oziiciisiinde ¢6zerek 0.3018
g potasyum etil ksantat ilave edildi. Tiip argon gaziyla degaz edilerek 40 °C’de 72 saat karistirildi. Tiip
muhteviyati slizge¢ kagidiyla siiziildiikten (reaksiyona girmeyen potasyum etil ksantat uzaklastiriimasi
i¢in) sonra dietil eter/petrol eteri (hacimce 1/1) karisimu kullanilarak ¢oktiiriildii. Dekande isleminden

Sekil 1. Poli-4-VBC homo polimerinin ve makro-RAFT ajaninin sentez mekanizmasi

sonra {irlin oda sicakliginda vakum etiiviinde kurutuldu ve tartildi. Yiizde verim hesaplandi.

Makro-RAFT ajani

+ Stiren
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poli(vinil benzil-g-stiren) as1 kopolimerleri

Sekil 2. Poli(VB-g-S)as1 kopolimerlerin sentez mekanizmasi

2.5. RAFT polimerizasyonuyla poli(VB-g-S) as1 kopolimerlerin sentezi
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Bir reaksiyon balonuna sirastyla 0.0227 g makro-RAFT ajani, 1,0045 g stiren monomeri, eser miktarda
AIBN ve 3 mL THF eklendi ve karisim 5 dk boyunca argon gazindan gegirilerek 90 °C'de 20 saat
karigtirildi. Daha sonra metanolde ¢oktiiriildii. Dekante isleminden sonra vakum etiiviinde kurutularak
tartildi. Verim hesabi yapildi.
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3. Bulgular ve Tartisma
3.1. Poli-4-VBC polimerin sentezi

Poli-4-VBC homo polimerin sentez mekanizmasi Sekil 1°de verilmistir. Poli-4-VBC homo polimeri
agirlikga % 60,32 verimle elde edildi. Sekil 3°de poli-4-VBC homo polimerin FT-IR spektrumuna gore;
3060-3025 cm™ aromatik -CH grubunun, 2920-2850 cm™ alifatik -CH, -CH, grubunun, 1420 cm*
aromatik -C=C grubunun ve 821 cm™-C-CI grubunun pikleri goriilmektedir. Sekil 4a’da gosterilen poli-
4-VBC homo polimerin*H-NMR spektrumuna gére; (5, ppm): 7.1-6.5 (c, aromatik CH), 4.7 (d, CH.Cl),
1.7 (b, CH) ve 1.5 (a, CHy) protonlarmin pikleri goriilmektedir. Dinamik Isik Sagilimi (DLS) cihazi
kullamlarak homo polimerin agirlik¢a ortalama molekiil agirligi (Mw) 57200 Da olarak bulundu (Sekil
7a).

3.2. Makro-RAFT ajanminin sentezi

Makro-RAFT ajaninin sentez mekanizmasi Sekil 1’deki ikinci satirda verilmistir. Makro-RAFT ajant
agirlikga % 86,78 verimle elde edildi. Sekil 3’de makro-RAFT ajaninin FT-IR spektrumuna gore; 3065-
3020 cm™ aromatik -CH grubunun, 2980-2870 cm™ alifatik -CH, -CH, grubunun, 1444 cm* aromatik -
C=C grubunun ve 1041 cm™-SC grubunun pikleri goriilmektedir.

Poli-4-VBC polimeri

e

Makro-RAFT ajam
%T

» S——— e e S s P 14 4 -
W\ LS M A\ ann A /v ‘ »
\ v Y I/ \ SYY P o
vV 1/ Vv O W &
¢ | |

Poli( VB-g-S) as1 kopolimerleri

= A A

4000 3000 2000 1000 450

Wavenumber (cm™)
Sekil 3. Poli-4-VBC, makro-RAFT ajan1 ve poli(VB-g-S) as1 kopolimerin FT-IR spektrumlari
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3.3. Poli(VB-g-S) as1 kopolimerlerin sentezi

Poli(VB-g-S) as1 kopolimerin sentez mekanizmasi Sekil 2’de verilmistir. As1 kopolimeri agirlikca %
84,42 verimle elde edildi. Sekil 3’deki poli(VB-g-S) as1 kopolimerin FT-IR spektrumuna gore; 3058-
3024 cm™ aromatik -CH grubunun, 2918-2848 cm™ alifatik -CH, -CH, grubunun, 1447 cm™* aromatik -
C=C grubunun ve 1050 cm™-SC grubunun pikleri goriilmektedir. Sekil 4b’de gosterilen poli(VB-g-S)
as1 kopolimerin *H-NMR spektrumuna gére; (5, ppm): 7.1-6.5 (c,g, aromatik CH), 3.3 (h, CH,0), 1.8
(b,f CH) ve 1.3 (a,e CH>) 1.0 (1, CHs) protonlarinin pikleri goriilmektedir. Dinamik Isik Sagilimi (DLS)
cihazi kullanilarak as1 kopolimerin agirlik¢a ortalama molekiil agirligi (Mw) 146000 Da olarak bulundu
(Sekil 7b). Poli(VB-g-S) as1 kopolimerin molekiil agirliginin poli-4-VBC homo polimerinkinden daha
biiyiik olmas1 kopolimerin basarili bir sekilde sentezlendiginin diger bir kanitidir.

A)
& B
——CH,;—CH —
DMSO
N
CH,CI
L d - m

¢

b a

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3

B)
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CHy—CH
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=

(§ m

S
é | | b

HyC CHy—CH § = C = 0CH;CH,

- J'JJ,LJJ%\\

16 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 O -1 -2 -3
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Sekil 4. Poli-4-VBC ve poli(VB-g-S) ast kopolimerin *H-NMR spektrumlari
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Poli(VB-g-S) as1 kopolimerin yiizey morfolojisi incelemek i¢in SEM goriintiileri alinmistir
(Sekil 5). Polimer 6rnegi ince bir altin tabaka ile kaplandi. Polimer 6rneginin ylizey fotograflari
farkli biiyiiltme boyutlarinda alindi. SEM gorintiilerinde gozenekli yapilar goriilmektedir. Asi
kopolimerinin SEM goriintiileri piiriizlii bir yiizey gosteren siirekli bir faz olusturmus.

Dt 20 Mo 280 Ly vy 5 FWT 000 AV . G =y "
Twen 72 1380 DUAM o WO« Powm Mgt 100N & o AE 1820 P
—

e e Sen e P BRE DR mee s
Sekil 5. Poli(VB-g-S) as1 kopolimerin SEM gériintiileri (X25000, X10000, X5000, X1000)

Poli(VB-g-S) asi kopolimerin TGA egrisine bakildiginda yaklasik 300 °C’den baslayip 480
°C’ye kadar bozunmanin gergeklestigi; Tdi=401 °C ve Td;=418 °C olmak iizere iki ayri bozunma
sicakliginda bozunmanin maksimum oldugu goriillmektedir. Reaksiyonlarda kullanilan monomerlerin
yapisal benzerliklerinden dolay1 Td’lerin birbirine yakin oldugu goriilmiistiir (Sekil 6).
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Sekil 6. Poli(VB-g-S) as1 kopolimerin TGA egrisi
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Results
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Sekil 7. Poli-4-VBC (A) ve poli(VB-g-S) (B) as1 kopolimerin DLS sonuglari

4. Sonug ve Oneriler

As1 kopolimer tersinir katilmali/ayrismali zincir transfer (RAFT) ve serbest radikal polimerizasyon
(SRP) teknikleri kullanilarak nispeten yiiksek verimde ve yiiksek molekiiler agirlikta elde edilmistir. Bu
yontem as1 kopolimerlerin sentezi igin basit ve etkindir. Sentezlenen iiriinler '"H-NMR, FT-IR, TGA,
SEM ve DLS cihazlar1 gibi spektroskopik ve termal analiz teknikleri kullanilarak karakterize edildi.
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Poli(VB-g-S) as1 kopolimerin molekiil agirliginin poli-4-VBC homo polimerinkinden daha biyiik
olmas1 kopolimerin bagarili bir sekilde sentezlendiginin kanitidir. Calismammzda sentezlenen
kopolimerin plastik sanayisinde kullanilabilecegi diigiiniilmektedir.

Yazarlarin Katkisi

Yazarlar makaleye esit katki sagladiklarini beyan ederler.

Cikar Catismas1 Beyam

Yazarlar arasinda herhangi bir ¢ikar ¢atigsmasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyam

Yapilan ¢aligmada arastirma ve yayin etigine uyulmustur.
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Abstract

Imbalanced data classification is a common issue in data mining where the classifiers are skewed towards the
larger data class. Classification of high-dimensional skewed (imbalanced) data is of great interest to decision-
makers as it is more difficult to. The dimension reduction method, a process in which variables are reduced, allows
high dimensional datasets to be interpreted more easily with a certain loss. This study, a method combining
SMOTE oversampling with principal component analysis is proposed to solve the imbalance problem in high
dimensional data. Three classification algorithms consisting of Logistic Regression, K-Nearest Neighbor, Decision
Tree methods and two separate datasets were utilized to evaluate the suggested method's efficacy and determine
the classifiers' performance. Respectively, raw datasets, converted datasets by PCA, SMOTE and SMOTE+PCA
(SMOTE and PCA) methods, were analyzed with the given algorithms. Analyzes were made using WEKA.
Analysis results suggest that almost all classification algorithms improve their classification performance using
PCA, SOMTE, and SMOTE+PCA methods. However, the SMOTE method gave more efficient results than PCA
and PCA+SMOTE methods for data rebalancing. Experimental results also suggest that K-Nearest Neighbor
classifier provided higher classification performance compared to other algorithms.

Keywords: Classification, Dimensionality reduction, Imbalanced classes, PCA, SMOTE oversampling.

Yiiksek Boyutlu Dengesiz Verilerin Siniflandiriimasi Icin SMOTE Asin
Ornekleme ile PCA’nin Kombinasyonu

Oz

Dengesiz veri siiflandirmasi, smiflandiricilarin daha biiyiik veri sinifina dogru carpitildigi veri madenciliginde
yaygin bir konudur. Yiiksek boyutlu carpik (dengesiz) verilerin siniflandirilmasi, daha zor oldugundan karar
vericiler i¢in biiyiik ilgi gormektedir. Degiskenlerin azaltildig1 bir siire¢ olan boyut kii¢iiltme yontemi, yiiksek
boyutlu veri setlerinin belirli bir kayipla daha kolay yorumlanmasina olanak tanir. Bu ¢alismada, yiiksek boyutlu
verilerdeki dengesizlik problemini ¢6zmek icin SMOTE asir1 6rneklemeyi temel bilesen analizi ile birlestiren bir
yontem 6nerilmistir. Onerilen yontemin etkinligini degerlendirmek ve smiflandiricilarin performansini belirlemek
i¢in Lojistik Regresyon, K-En Yakin Komsu, Karar Agaci yontemlerinden olusan {i¢ siniflandirma algoritmasi ve
iki ayr1 veri kiimesi kullanilmigtir. Sirasiyla, ham veri setleri, PCA, SMOTE ve SMOTE +PCA (SMOTE ve PCA)
yontemleriyle doniistiiriilen veri setleri, verilen algoritmalarla analiz edilmistir. Analizler WEKA ile yapilmustir.
Analiz sonuglari, neredeyse tim siniflandirma algoritmalarinin PCA, SOMTE ve SMOTE+PCA ydntemlerini
kullanarak smiflandirma performanslarmi iyilestirdigini gostermektedir. Bununla birlikte, SMOTE yo6ntemi,
verilerin yeniden dengelenmesi igin PCA ve PCA+SMOTE yo6ntemlerinden daha verimli sonuglar vermistir.
Deneysel sonuglar ayrica K-En Yakin Komsu siniflandiricisinin diger algoritmalara kiyasla daha yiiksek
siniflandirma performansi sagladigini gostermektedir.

Anahtar kelimeler: Smiflandirma, Boyut azaltma, Dengesiz siniflar, PCA, SMOTE asir1 6rnekleme.
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1. Introduction

One of the sciences developed to examine the phenomena in nature and solve existing or potential
problems is data analysis science. Data analysis science aims to explain the subject with a certain
probability by using methods and theories suitable for data structure with a limited number of
observations and shed light on future research. There are many data in every science field in nature, and
access to these data is getting easier day by day. However, how much of the obtained data can be used
or how important it always comes to the fore. In addition to obtaining information, mankind beings
consume data even in their daily work and produce more than they consume.

Due to the intensive use of data, it is necessary to classify the data to make it useful and generate
new information. Classification is the grouping of a product or data according to determined
distinguishing features through algorithms. It is often impossible to manually classify data. Because
millions of data types are formed related to a field even in just one day, at the same time, subjecting data
to many algorithms to classify, it can produce different results. The effective classification depends on
which algorithm will be applied to the dataset. Thus, it is likely that not every algorithm will give the
same accuracy to all datasets and that the algorithms used to model the data are too low over the dataset.
In this direction, machine learning and classification algorithms come to the fore [1].

There are several different algorithms for classification that exist in the literature. Decision Tree
(DT), K-Nearest Neighbor (K-NN), and Logistic Regression (LR) methods are the most important and
the most common machine learning algorithms for the classification process. With experimental training
data and the latest test data, all of these sophisticated classification algorithms usually have a high
accuracy rate. Given the high accuracy pattern, model developers could find it challenging to develop a
better classification system. In addition, the provision of such high predictive precision may mean that
machine learning techniques can correctly solve almost any classification problem. However, in solving
every problem, such high prediction accuracy cannot be seen [2].

One of the most difficult issues in the classification algorithms is the classification of
imbalanced data. Because a problem occurs in binary classification when the sample sizes are not equal
in both classes, in other words, one class has many samples called majority, while the other class has
relatively few samples called minority. However, this problem may not be very important if there is very
little difference between samples from the positive and negative groups. In addition, when data are
imbalanced, the majority class usually considers the key features of interest to learn from while ignoring
the impact of the minority in the dataset. Nonetheless, most conventional issues cannot be solved by
classification algorithms, as while they are designed to achieve high overall precision, they are most
likely to misclassify positive class samples, which is a disadvantage of classification under imbalanced
data. To find a good answer with good precision for both the positive and negative groups has become
a significant research area [3]. In order to classify imbalanced data, different oversampling or under-
sampling should be used first. SMOTE (Synthetic Minority Oversampling Techniques) is a technique
for rebalancing a dataset. This approach provides an optimal solution to the unequal data delivery
problem caused by oversampling. [4].

Another classification issue is the high dimensionality of data, where there are lots of redundant
features in the dataset. Using dimension reduction methods is to reduce the irrelevant features from the
data before applying any classification algorithms. A variety of data processing goals depend on the
reduction of measurements. Input selection in classification problems is a mission-specific dimension
reduction form. High-dimensional data visualization involves mapping to a lower dimension, usually
three or less. Principal Component Analysis (PCA) is a very-well known classic method for linear
dimension reduction. One performs an orthogonal transformation to correlate vectors and projects
spanning the subspace corresponding to the highest eigenvalues by such eigenvectors in PCA. This
conversion makes the signal unrelated components, and the projection along the high-variance directions
maximizes variance while minimizing the mean squared residual between the initial signal and its
dimension reduction approach [5].

This study aimed to find a solution to the sorting issue for high-dimensional, imbalanced data.
In the study, the classification problem is investigated (using the PCA and SMOTE methods) by
reducing unnecessary features with rebalancing simultaneously. Following this purpose, for separate
imbalanced datasets where the number of samples in one group (a large percentage) is significantly
higher than the number of specimens in the other class, three well-known classification algorithms (DT,
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K-NN, and LR) were used (minority). According to the other majority classes, the amount of data in the
minority classes is insufficient to obtain adequate information in the extremely imbalanced datasets.
Weka program was used in data analysis. Thanks to this program, the data have classified by rebalancing
and reducing its dimension [6].

2. Material and Method

Two separate datasets were used to evaluate the feasibility and efficiency of the proposed approaches in
this research. These datasets consisted of heart disease attack and lymphography-normal-fibrosis data
and were obtained from addresses https://www.kaggle.com/johnsmith88/heart-disease-dataset and
https://sci2s .ugr.es/keel/imbalanced.php#sub20 on 12.06.2020, respectively. Furthermore, the first
dataset consists of 14 variables and 1025 data (499 negative class and 526 positive class), while the
second dataset consists of 19 variables, 148 data (142 negative and 6 positive). Thus, the first dataset's
imbalance rate is 2.6%, while the second is 92%. The analyzes were made with the WEKA program.

2.1. Related Literature

Classification is a significant pattern recognition activity. Many classification learning algorithms have
been well evolved and successfully applied to many application domains, including decision trees, k-
nearest neighbour, logistic regression, and the recently published associative grouping. The unequal
class distribution of a dataset, on the other hand, has proven to be a significant challenge for most
classifier learning algorithms, implying a reasonable [7].

Lorena et al. (2019), examined resampling methods and metrics that could be derived from
training datasets in order to describe the difficulty of the classification problems in this paper. Their
methods were also examined and discussed in recent literature, allowing for potential research
opportunities in the field. Finally, definitions were given for the Extended Complexity Library (ECoL)
R package, which outfits a series of complication measures and has been completed publicly accessible.

Basgall et al. (2018) paper introduce SMOTE-BD, for imbalanced sorting in Big Data, a
completely scalable preprocessing method has been created. It was centered on the SMOTE algorithm,
which generates new synthetic samples based on the proximity of each minority class instance, and is
one of the most commonly employed preprocessing solutions for unequal categorization Their novel
production was made to be self-contained.

Mohammed et al. (2020), for a new real diabetes dataset, researchers proposed a method to
study, diagnose, and identify imbalanced diabetes patients using six machine learning algorithms. The
new dataset, dubbed ZADA, was compiled from the medical records of approximately 7000 patients in
the Iraqi city of Zakho. To address the issue of class imbalance, they suggested a classification analysis
based on the three normalization methods and the resampling (SMOTE) process. Various studies were
carried out to find the best algorithm with the best results based on minority class distribution. According
to the findings, the resampling process and normalization techniques positively impacted the
classification model performance.

2.2. Classification Algorithms

Classification is the method of deciding which semantic groups those objects belong to depending on
their features [10]. It is of assigning new observed samples by examining the sample's features to an
existing defined class. It can then decide the unseen cases by constructing a model from previous data
[11]. It uses data mining techniques to investigate the relationship between each row's variables' values
and the label given to that row. There are several different classification algorithms, such as LR, K-NN
and DT. These algorithms use different representations of these relationships so that when new rows are
fed to the classifier, the extracted knowledge can be applied to predict a label for that row, depending
on the variable values that characterize the row. These relationships differ from one dataset to another,
so it is critical that the classifiers are trained using a labeled training dataset [12]. For example, a Medical
Database The training set must have previously reported relevant patient information; Whether or not
the patient has a heart attack is the prediction trait. The overall theme beyond Data Mining categorization
is to determine the training dataset's target class [13].
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2.2.1. Logistic regression

Logistic Regression (LR) operates very much like linear regression but with a variable binomial
response. This algorithm's main advantage is that you can use continuous explanatory variables, and it
is simpler to use them. Simultaneously treat more than two explanatory variables. The LRA is a vector
with one or more explanatory variables that can be used to investigate the implicit relationship between
two reactions. The logistic variable model forecasts the X Logit Y representing a normal chances
logarithm of Y for one explanatory event, the X variable with one Y binary outcome variable. The main
formula of the logistic regression model can be defined as follows [14], [15].

ln(lfn)=a+ﬁX 1)

The left side is referred to as the log-odds or logit. The logit in the LR model is linear in X.

a+BX

Y e
Consequently: m(X) = E (—) (2

X) T 1+ eatBX

1 Where 7 is the likelihood of the desired outcome, expressed as X = x4, X5, ..., X, @ IS @
parameter representing the Y-intercept, and [ is a parameter of the slope, X can be qualitative

(categorical) or quantitative variables, and Y is either measurable or categorical at all times. From basic
to multiple linear regression, the equation (3) could be represented and generalized as follows:

ln(lfn) =a+ Bix1 + Loxy + -+ Brxy (3)

Therefore,

e@tB1X1+B2xo+ -+ BrXy

m(x) = 4)

1 + ea+Bix1+B2x2++PrxXk

2.2.2. K-Nearest neighbor

One of the most important and straightforward grouping methods is K-Nearest Neighbor (K-NN). When
there is virtually no prior information on the knowledge appropriation, it can be one of the most
important decisions to analyze a classification [16].

The Euclidean distance between the defined training specimens and a reference sample is the
basis for the K-NN classifier. Let x; be an input sample with m features (x;q, X5, .., Xin), 1 is the
cumulative number of specimens in the input (i = 1, 2, ...,n) and m the total number of features [17].
The Euclidean distance between sample x; and xj(j =1,2,...,n) is defined;

D(xl-,x]-) = \/(xl —x1)% + (x x3)% + -+ (x, — x,)? (5)

Where x; and x; are subjects to be compared with n characteristics. There are also other
methods to calculate distance, such as Manhattan distance.
The value of k in the K-NN algorithms can be preferred for neighbors. The appropriate choice

of k has an important influence on the K-NN algorithm for diagnostic results. A big value of k reduces
the effect of random error-induced variance; however, there is a possibility that small but meaningful

trends can be overlooked. The secret to choosing the correct k value is to achieve a balance from
overfitting to under fitting [18].
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2.2.3. Decision trees

Decision Trees (DT) are classification trees that sort samples according to the function's values. Starting
from the root node, each node in a decision tree reflects a function in the specimens to be categorized,
and each branch determines a value that the node can infer; samples are clustered and classified
depending on their values. Decision trees are a statistical algorithm that uses a decision tree to map
assumptions about an entity to the item's target value. Since decision trees are pruned utilizing a
validation system, most decision tree classifiers use post-pruning techniques to test their performance.
Per node may be removed and reassigned to the most popular training sample category [19].

A decision tree reflects the learned function of decision tree learning, which resembles discrete-
valued target functions. These learning approaches are some of the most widely used inductive inference
algorithms, and they have been effectively extended to a wide series of learning activities. Hospital
training cases are diagnosed to assess the creditworthiness of loan applicants. [20].

Using a Decision Tree, we start by defining entropy, a normally used measure in information
theory, to specifically identify information and gain. Provided the S list, which includes positive the
entropy of (S) relative to this, and negative examples of a certain target term, Boolean scoring is defined
as follows

n
Entropy (S) = — z P;log,(P;) i:1,2,..,n (6)

=1

where S: Let S be a resource, P: A probability distribution and n: Simple Volume
So far, we've only looked at entropy in the context of Boolean target classification. If the target
variable can have c different values, the entropy of S concerning this c-wise classification is known as

c
Entropy (s) = z P log, p; (7
1=

where p; denotes the percentage of S that belongs to class i. Since entropy is a measure of
predicted encoding length measured in bits, the logarithm is still in base 2. It's also worth noting that if
the target variable has C possible values, the entropy will reach logC.

2.3. Principal Component Analysis (PCA)

PCA is a dimensionality reduction process that employs an orthogonal transformation to convert a
collection of potentially linked variables into a set of linearly uncorrelated variables known as the
principal component. The original variable number is less than or equal to the principal component
number. Every corresponding element has the highest possible variation under the condition that the
previous component is orthogonal, and the first key factor has the most potential for variation (i.e.
accounts for as much data uncertainty as possible). The main components are orthogonal, as they are
the own vectors of the symmetric covariance matrix. The relative scaling of the original variables is
subject to the PCA [21].

When applying the PCA, the random variables' variance is shown by the covariance matrix's
eigenvalue that is located at the main diagonal of a matrix Y. In matrix ). the eigenvalues are sorted
according to their magnitudes, from bigger to smaller. That means the PCA with bigger variance comes

first. Table 1 shows the general shape of high dimensional data with N samples and m variables.

Table 1. The shape of a dataset consisting of n samples, each has m variable

Variables
ay a, Am
X1 aq V) A1m
X a a a
Samples 2 21 22 : Zm
XN any An2 Anm
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The main purpose of using the PCA is to reduce the high-dimensional data with a dimension m
into a lower-dimensional data of dimension k, wherek < m.
1. Letxq,xy,..., X, be mcontinuous predictors. The following is a summary of fundamental element
analysis input Cyy,,m, the covariance matrix of x4, X5, ..., Xp,.
2. Calculate the eigenvectors and eigenvectors of the covariance matrix. Sort the eigenvalues (and
corresponding) in descending order, 2; = A, = -+ = A,.

3. Come up with new predictors. Assume the first component's aspects v, are V41, Va3, ..., V1m, then

the new derived predictors are 2L x, + —Zx., + -+ x|
P o E e T

2.4. Class Imbalance Problem

Through the data mining process' pattern extraction stage, learning algorithms are commonly used. Since
this is real-world data, there have been several difficulties in implementing current and well-learning
algorithms. Numerous learning algorithms are based on the premise of evenly distributed class
distributions or no significant variations in class prior probabilities. Nevertheless, in real-world data,
one class may not always be represented by many instances, while a few may only describe the other.

According to several studies, there are 1% class inequalities in the minority class and 99 percent
and higher in the majority class. Learning algorithms in these situations attempt to generate classifiers
with incredibly low overall error rates by categorizing each conceptual model as contributing to the
majority class. These classifiers are ineffective because the minority class with rare cases is most
concerned with an accurate prediction. Several concepts extend an algorithmic approach to class
inequality by adapting current algorithms and strategies to skewed results' unique features. Such
principles include cost-sensitive preparation, one-class classificatory, and classifier ensembles. The goal
of cost-sensitive learning is to lower misclassification costs. Class inequality may be handled similarly
by allocating higher classification expenses to classes identified by just a few examples [22].

There are different methods to solve the imbalance problem, and the most common one is the
SMOTE method.

2.4.1. SMOTE method

The Synthetic Minority Over-Sampling Technique (SMOTE) is a synthetic data generation over-
sampling technique. Its key concept is to interpolate between many examples of minority classes lying
together to generate new examples of minority classes. SMOTE, to be more specific, chooses a group,
E ;, and its neighbors at random. A new example is generated using the equation below, using an
example E; from the nearest neighbor set:

Enew = E; 4+ (E;-E;)§ (8)

Where 6 is fixed in the interval selected at random (0,1). SMOTE could enlarge the minority
class's space by enabling the development of synthetic instances that stretch deeper into the prevailing
class's space so the preferred closest neighbor could be like a class other than E; [23].

A basic example of SMOTE method is shown in Figure 1. The sample x; from the minority,
class is chosen as the basis for generating new synthetic data points. Focused on the distance metric is

selected, with several nearest neighbors of the same class (points x;; to x;4). Finally, simultaneous

interpolation is used to generate new specimens 7; to 7;.
Xy

X Xia

i5

Figure 1. An example of how the SMOTE algorithm generates synthetic data points
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2.5. Design of the Proposed Classification Model

Classification of high-dimensional data with class imbalance problem is of great interest to researchers
in different science fields. Dealing with these two problems (high-dimensionality and class imbalance)
for classification algorithms is challenging yet very beneficial. This thesis proposed a new method based
on combining two well-known techniques: (PCA for dimensionality reduction) and (SMOTE for
rebalancing) to tackle these two problems together. Figure 2 shows the proposed method's diagram to
choose the best classification model, compare classification results before and after using dimensionality
reduction by PCA as dimensionality reduction, compare the classification results, and rebalance the
dataset the SMOTE oversampling method. The method starts with using the original dataset, and then
we will check if it is imbalanced. If the dataset is imbalanced, then we will balance it by using the
SMOTE method. After this process, we will use PCA to reduce the dimensionality of the data. But if
the dataset is already balanced then we will directly use the PCA. After the data have been rebalanced
and their dimensionality is reduced, we will split the dataset into training and testing to find out the
training percentage, which is 66%, along with the testing percentage, which is 34%. By the end of this
process, we will classify the dataset using the three classification algorithms which are (LR, K-NN and
DT). Thus, we will evaluate all three classification models using their evaluating measurements:
Accuracy, F-measure, ROC area (the area under the ROC curve). We used ten-fold cross-validation for
evaluation: the knowledge was automatically split into ten pieces of equal size, and the training and
testing procedure was carried out ten times, each component being the test data once and the remaining
pieces for training. After preparing the data for classification and the assessment, our method gives each
test record to the most likely class. The next and last step is to compare them separately by comparing
classification performance before and after using the PCA, SMOT and combined SMOT with PCA
according to the evaluating of the classification models to determine if the classification models'

accuracy has been improved or not.
P
l ORIGINAL
DATASET

IS DATASET
IMBALACED?

( )
/ N\
| §

[ USE SMOTF } ey [ USE PCA ]

§

SPLIT DATA INTO TRANINING AND
TESTING

USE CLASSIFICATION ALGORITHMS
INE, LRCANNCSVAL RSN DT

COMPARE RESULTS ] E [ EVALUATED CLASSICATION MODEL ]

Figure 2. Design of the proposed classification model

~

\

To check each classification model's efficiency and performance, we use the confusion matrix
(defined below) to calculate different evaluation metrics as follows.
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Accuracy
Classification data mining algorithms have been suggested as a fitness method to evaluate and
subset generated in this analysis. The following is the method for calculating the precision of each
subset:
TP+ TN

1
TP+ TN+ FP+ FN - 100

Accuracy =

Where false negative (FN) denotes a positive sample that has been wrongly categorized as
negative, true positive (TP) means that a promising case was properly classified, false positive (FP)
denotes the incorrect classification of a negative example as positive, and true negative (TN) denotes
the correct classification of a negative example as negative.

F-Measure
You can't skip the other metric, F- Measure, that is Precision and Recall's function, if you read
a lot of other research on Precision and Recall. The following is the formula:

precision * recall

F — Measure = 2 * —
precision + recall

When you need to find a balance between accuracy and memory, this is the tool to use, you'll
need F-measure. So, what exactly is the distinction between F-measure and Accuracy? We've shown
that a large number of True Negatives will contribute significantly to accuracy, which we don't focus on
too often in most business situations, while False Negative and False Positive typically have business
costs (tangible and intangible), since we need to consider a balance between Precision and Recall and
there is an unequal class distribution, the F-measure could be a safer test to use (large number of Actual
Negatives).

ROC Area

An ROC region (receiver operating characteristics curve) is a graph that displays the efficiency
of a classification system over all classification levels True Positive Rate (TPR) is a synonym for recall
and is therefore defined as follows:

TP

TR = T+ FN

False Positive Rate (FPR) is defined as follows:

FPR= 577N

An ROC curve plots TPR vs. FPR at diverse classification thresholds. As the rating criterion is
lowered, more objects are classified as positive, growing both False Positives and True Positives.

3. Results and Discussion

During this study, there were 4 different methods have been applied to the data under study. The four
methods include: (1) classification of raw data, (2) classification with the use of PCA, (3) classification
with the use of the SMOTE, and (4) classification with the use of the combination of both, SMOTE and
PCA. Each of these methods was applied using all three algorithms: LR, K-NN, and DT. When we used
LR algorithms, we set the ridge value in the log-likelihood was 1.0E-8 and the dataset was divided into
10 folds for cross-validations. For the K-NN algorithms we used k=1, and the dataset divided to 10
cross-validations. When we used DT algorithms, the confidence factor used for pruning was 0.25 and
determined the amount of data used for reduced-error purring 3. The first dataset was reduced to 7 ranker
variables when using the PCA method, while the second dataset was reduced to 10 ranker variables. The
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variance covered that we used in PCA method was 0.95. On the other hand, when we applied the
SMOTE method, we used k=5 and the seed used for random sampling was equal to 1, the percentage of
SMOTE sample to create was equal to 100%.

The precision, F-measure, and ROC region measurements were measured for testing the
efficiency of the three classification algorithms prior even after using dimensionality reduction and
rebalancing data techniques, as shown in Table 2.

Table 2. Comparing the performance of the classification algorithms using for dataset 1

Algorith Raw Data PCA SMOTE PCA + SMOTE
gortims —Acc.  F  ROC Acc. F  ROC Acc. F  ROC Acc. F  ROC
LR 79.7 797 897 797 797 89.7 994 994 992 832 831 912
K-NN 100 100 100 99.7 99.7 993 99.8 99.8 100 995 995 99.6
DT 839 838 889 851 85 901 961 962 97.8 979 979 989

According to Table 2, for the raw data, the highest Accuracy, F-measure and ROC area rate of
100%, 100% and 100% were obtained in K-NN, respectively; According to the three measurements
calculated, the lowest rates as 79.7%, 79.7% and 89.7% were obtained in LR respectively. However,
when the PCA dimensionality reduction method was used, we can see that the highest Accuracy and F-
measure ROC area rates of 99.7%,99.7%, and 99.3% were obtained K-NN, respectively. When the
SMOTE oversampling method was applied, the highest Accuracy, F-measure and ROC rate of 99.8%
99.8%, 100% were obtained in K-NN, respectively. On the other hand, when the two methods (PCA +
SMOTE) were simultaneously applied, we can see that the classification performances were further
improved for almost all the classifications algorithms used, and the highest accuracy, F-measure and
ROC rates of 99.5%, 99.5%, and 99.6% were obtained in K-NN algorithm, respectively. Looking at
Table 2 results in more details, we can see that after reducing the dimensionality and rebalancing data,
the performances of the classification algorithms have significantly improved. This shows the
importance of our proposed method for dealing with high dimensionality data under the imbalance
problem.

Figure 3 shows each classification algorithms' performance for Dataset 1, before and after using
PCA, SMOTE, and PCA+SMOTE using Accuracy (Acc.), F-measure (F) and ROC metrics.

Accuracy F-Measure Roc Area
< < N
NN ; NN ; e =) o :\
a O oo D D o SANSANS) VI
NN ~N O~ 0 0

RAW DATAUSING PCA USING PCA WITH
SMOTE SMOTE

Accuracy F-Measure Roc Area Accuracy F-Measure Roc Area
o oo o 00 o o 9
o O O 0 0 S -~ L
S g 29~ | mn& o = | 885 | 558
)N Bee ) D D xH o 00 0 — o
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RAW DATAUSING PCA USING PCA WITH RAW DATAUSING PCA USING PCA WITH
SMOTE SMOTE SMOTE SMOTE

Figure 3. Performance of each classification algorithms for Dataset 1
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According to the shape of the LR algorithm given in Figure 3, it is obvious that there is a higher
improvement of Accuracy, ROC area and F-measurement methods when using SMOTE method. The
results of the K-NN algorithm figure showed that after using all three methods, the results were worst,
and this is because this algorithm has already provided optimal results that do not require any further
improvement. When applying the DT algorithms with the three methods we used, the classification
performance of almost all the classifiers was better with either one of the three methods.

Table 3 shows the performance of the three classification algorithms for Dataset 2, before and
after using PCA, SMOTE, and PCA+SMOTE methods to deal with the imbalance problem with high-
dimensional data.

Table 3. Comparing the performance of the classification algorithms using for dataset 2

Algorithms Raw Data PCA SMOTE PCA + SMOTE
Acc. F ROC Acc. F ROC Acc. F ROC Acc. F ROC
LR 972 975 978 986 986 99.4 98 98.1 96.6 98.7 988 999
K-NN 98.6 98.5 89 99.3 993 933 987 986 97.2 993 99.3 983
DT 979 976 547 972 975 912 961 959 83 98.7 98.8 99.2

According to Table 3, for the raw data, the highest Accuracy and F-measure rate of 98.5% and
98.5 were obtained in K-NN respectively, but the highest ROC area performance rate of 97.8% was
obtained in LR. When using the PCA method, K-NN and LR have shown significant improvement in
classification performance, while this method has not provided effective DT effectiveness. With the
SMOTE method, LR and K-NN classifiers provided better results than DT classifiers and the DT gave
the worst results. However, when the combination of (PCA+SMOTE) is used, all the classification
algorithms have improved the evaluation metrics used. Looking at Table 3 results in more details, we
can see that after reducing the dimensionality and rebalancing data, the classification algorithms'
performances have significantly improved. This shows the importance of our proposed method for
dealing with high dimensionality data under the imbalance problem.

Figure 4 shows each classification algorithms' performance for Dataset 2, before and after using
PCA, SMOTE, and PCA+SMOTE.
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Figure 4. Performance of each classification algorithms for Dataset 2
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In the Figure 4, For the LR algorithm, we can see that the Accuracy, F-measure and ROC are
increased to 98.6%, 98.6% and 99.4%, respectively, in PCA method. When we used SMOTE method
and the combination of PCA with SMOTE method, the LR algorithm has been improved. Using the
PCA method, the K-NN algorithm has provided better results, but the DT algorithm has the worst results.
While using the SMOTE method, the K-NN algorithm increases the classification results, but the results
were decreased in the DT algorithm. The results in K-NN and DT have improved when the PCA's
combined method with SMOTE is applied.

4., Conclusion and Recommendations

The issue was argued by decreasing the number of unnecessary features (using the PCA method of
reducing dimensionality) and thus re-balancing data (using the SMOTE method). Hence, the health
sector will benefit by developing a strategy for rapid and more accurate model identification to identify
and address, along with efficient implementation [24].

Results on the three different classification algorithms for two imbalanced high-dimensional
data showed that all classification algorithms have enhanced the classification performance of datasets
using either PCA, SOMTE, or PCA+SMOTE methods. However, the preferred classification algorithm
with the highest performance compared to others, varied from dataset to another. The first dataset's
experimental results demonstrated that the best classification model was K-NN when normal
classification, PCA, SMOTE, and PCA+SMOTE methods were used. However, in case of PCA,
SMOTE and PCA+SMOTE methods, the results obtained from K-NN were not very good compared to
other algorithms. On the other hand, when the PCA method was used, the DT algorithm's accuracy was
improved, but K-NN and LR models did not show that improvement. Additionally, the other two
classification algorithms' performances except the K-NN algorithm have been improved when using the
SMOTE and PCA+SMOTE methods.

All algorithms showed improvement in SMOTE, PCA, and combined (PCA with SMOTE)
methods in dataset 2. In this dataset, the best results for the raw data and the other three methods were
obtained from the K-NN algorithm. When using PCA combined with SMOTE and SMOTE methods,
all three algorithms showed significant improvement.

The experimental results from analyzed data indicated that when using PCA, SOMTE, or
PCA+SMOTE methods, datasets classification performance is improved. However, when using these
three methods, the K-NN model showed higher performance than the other two algorithms [4].

This study will contribute to the studies to be done with high dimensional unbalanced data in
different fields. As a result, future research might focus on extending this approach to other real-world
issues. Thus, besides an effective application in the field of health, it will be beneficial by developing
an effective strategy in diagnosing and defining more accurate models in diagnosis and diagnosis.
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Azot-Katkih 3 Boyutlu Grafen Mimari Uzerinde Desteklenen Paladyum
Nanopartikiillerin Dogrudan Metanol Yakit Hiicrelerinde Elektrokatalizor
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Oz

Yiiksek elektroaktif 6zellige sahip elektrokatalizorlerin tasarimi, yiiksek giic yogunluguna sahip tasmabilir yakit
hiicresi sistemlerinin gelistirilmesinde kritik bir nokta olarak kabul edilmektedir. Bu ¢calismada, dogrudan metanol
yakit hiicresinde elektrokatalizor olarak kullanilabilecek azot-katkili 3-boyutlu grafen (N-3DG) mimarisi ile
desteklenen Paladyum (Pd) nanoparcaciklarinin sentezi i¢in kolay ve diisiik maliyetli bir iiretim yontemi
onerilmistir. Giiglii sinerjik etkilerin yani sira benzersiz yapisal ozelliklere sahip olan Pd/N-3DG hibrit
elektrokatalizorii, metanol elektrooksidasyonuna karsi, ticari Pd elektrokatalizoriinden (Pd/Vulcan XC-72R) daha
yiiksek anodik tepe akim yogunluk degerleri ve daha yiiksek katalitik kararlilik gibi istiin elektrokatalitik
performans sergilemistir. Bu ¢alisma, yakit pili teknolojisinde ticari Pd elektrokatalizérlerine alternatif olarak
kullanilabilecek yiiksek performansh, diisiik maliyetli elektrokatalizorlerin iiretilmesi i¢in yeni bir yaklagimin
yolunu agmaktadir.

Anahtar kelimeler: Azot Katkili Grafen, 3 Boyutlu Grafen, Elektrokatalizér, Dogrudan Metanol Yakit Hiicresi,
Metanol Oksidasyonu, Paladyum Nanoparcaciklari.

Investigation of The Potential Usage of Palladium Nanoparticles Supported
on Nitrogen Doped 3 Dimensional Graphene Architecture As
Electrocatalysts in Direct Methanol Fuel Cells

Abstract

The engineering of highly electroactive electrocatalysts is considered a critical point in the development of high
power density portable fuel cell systems. In this study, a facile and low-cost fabrication method for the synthesis
of Pd nanoparticles supported by nitrogen-doped 3-dimensional graphene (N-3DG) architecture, which can be
used as an electrocatalyst directly in methanol fuel cell, is proposed. Pd/N-3DG hybrid electrocatalyst, which has
unique structural properties as well as strong synergistic effects, exhibited superior electrocatalytic performance
towards methanol electrooxidation, such as higher anodic peak current density values and higher catalytic stability
than the commercial Pd electrocatalyst (Pd/Vulcan XC-72R). This study paves the way for a novel approach for
fabricating high-performance, low-cost electrocatalysts that may be utilized as an alternative to commercial Pd
electrocatalysts in fuel cell technology.

Keywords: Nitrogen Doped Graphene, 3 Dimensional Graphene, Electrocatalyst, Direct Methanol Fuel Cell,
Methanol Oxidation, Palladium Nanoparticles

1. Giris

Son yillarda, gelisen endiistriyellesme ve niifus artigina bagl olarak artan enerji ihtiyac1 ve fosil
yakitlarm yanmas1 sonucu olusan ¢evre kirliligi gibi sorunlar yakit hiicresi sistemleri gibi alternatif
enerji doniisiim sistemlerine olan ilgiyi beraberinde getirmistir [1-3]. Yakat hiicreleri, harici yakit (anot

*Sorumlu yazar: onurkaraman@akdeniz.edu.tr
Gelis Tarihi: 10.06.2021, Kabul Tarihi: 12.08.2021

870


mailto:onurkaraman@akdeniz.edu.tr

0. Karaman / BEU Fen Bilimleri Dergisi 10 (3), 870-876, 2021

tarafi) ve oksitleyici (katot tarafi) ile elektrik iireten elektrokimyasal reaksiyon yoluyla bir yakitin
enerjisini dogrudan elektrik enerjisine doniistiiren sistemlerdir [4]. Yakit hiicresinde gergeklesen
elektrokimyasal reaksiyonlar, katalizor-elektrolit ara yilizeyinde meydana gelir [5,6]. Cesitli yakit
hiicresi tiirleri arasinda, dogrudan metanol yakit hiicresi (DMFC), kolay cihaz yapilari, daha yiiksek
enerji donisiim verimliligi, daha diisiik ¢alisma sicakligi, daha az tehlikeli gaz emisyonu ve sivi
yakitlarin daha uygun depolanmasi ve taginmasi gibi avantajlar nedeniyle son derece umut verici enerji
doniisiim sistemleri olarak kabul edilmektedir [7].

Dogrudan metanol ve formik asit yakit hiicreleri gibi bir siv1 yakit kaynagi kullanan sivi-
beslemeli yakit pilleri, anotta yakit oksidasyonu reaksiyonu ve katotta oksijen indirgeme reaksiyonu igin
elektrokatalizor gerektiren elektrokimyasal hiicrelerdir [8]. Yiiksek enerji yogunlugu basta olmak iizere
cesitli faydalar sunmalarina ragmen, sivi beslemeli yakit hiicreleri, hidrojen oksidasyon reaksiyonuna
kiyasla yavas anot yakit oksidasyon kinetigi nedeniyle hala dezavantaja sahiptir [9]. Yakit hiicresinin
sunacagi enerji yogunlugu dogrudan kullamilan elektrot katalizértiniin elektrokimyasal aktivitesi ile
iligkilidir. Platin, Paladyum, Rutenyum, Rodyum gibi soy metaller ve soy metal-temelli alagimlarin,
benzersiz katalitik 0Ozelliklerinden dolayr yakit hiicreleri ig¢in en yaygm kullamlan anot
elektrokatalizérleri oldugu bilinmektedir [10]. Bununla birlikte, soy metal-temelli elektrokatalizorlerin
smirlt kaynaklari, yiiksek maliyetleri ve diisiik CO veya metanol zehirlenme toleranslari, yakit
hiicrelerinin biiyiik 6l¢ekli ticari uygulamalarini biiyiik 6lglide engellemektedir. Bu nedenle, ticari soy
metal elektrokatalizorlerle kiyaslanabilir performansa ve daha yiiksek CO ve metanol toleransina sahip
diisik maliyetli alternatif elektrokatalizorlerin arastirilmasi biiyiik 6nem tasimaktadir. Son yillarda
yiiriitiilen teorik ve deneysel arastirmalar, daha diisiik maliyetli Pd-temelli anot katalizérlerinin, Pt-
temelli eletrokatalizorlerinkinden daha yiiksek elektrokatalitik aktiviteye ve daha iistiin CO toleransina
sahip olabilecegini gostermistir. Bahsedilen sorunlari 6nlemek icin 6nerilebilecek stratejilerden biri de
Pd nanopargaciklarini genis spesifik yiizey alami ve iyi elektrik iletkenlige sahip uygun destek katalizor
iizerine dekore etmektir. Bu amagla, Pd nanokristallerinin boyutlarin1 ve morfolojisin kontrol etmek,
kararliligim artirabilmek icin karbon nanotiipler, karbon nanofiberler, karbon siyahi ve grafen de dahil
olmak tiizere gesitli karbon temelli malzemeler destek katalizor olarak kullanilabilmektedir [11-14]. Bu
karbon malzemeler arasinda, sp2 hibrit karbon atomlarindan olusan iki boyutlu bir nanomalzeme olan
grafen, son derece yiiksek spesifik yiizey alani, milkemmel elektriksel iletkenligi ve {istiin kimyasal
kararhilig1 nedeniyle en umut verici destek katalizorlerden biri olarak disiiniilmektedir [6]. Ancak,
grafen katmanlarinin yeniden istiflenmesi ve aglomerasyon sorunu, yiiksek elektrokatalitik aktiviteye
sahip iki boyutlu (2B) grafen yapilarinin sentezinin dniindeki ana engeldir. Ote yandan, ii¢ boyutlu (3D)
grafen mimariler, birbirine bagl hiyerarsik sirali gézenek yapisi, bol aktif bolgelere sahip genis spesifik
yilizey alani, istiin elektrik iletkenligi ve elektrokimyasal erisilebilir yiizey alani, hafifligi ve istiin
mekanik Ozellikleri sayesinde birgok istiinliige sahiptir [2]. Bununla birlikte, grafen yapilara
heteroatomlarin (azot, kiikiirt, bor, vb.) katkis1 ile elektronik yapi ve elektrokimyasal aktivitesinin
iyilestirilmesinin yani1 sira 6zellikle soy metal nanoparcaciklarinin boyutlarimi kontrol etmesi, metal ve
karbon destekler arasindaki etkilesimi giiclendirmesi beklenmektedir [2, 15, 16]. Yapilan ¢aligmalar,
grafen mimariye heteroatom katkilanmasi ile cok daha fazla elektroaktif bolge saglanabilecegini ve bu
sayede daha tstiin elektrokatalitik performans sunabilecegini gostermistir [2]. Bu kapsamda, disiik
maliyetli listiin performansli gelismis yakit hiicresi sistemlerinin tasarlanabilmesi i¢in biiylik bir
potansiyel sunacak olan Pd nanoparcacik ve heteroatom katkili 3D grafen mimariden olusan yiiksek
performanshi hibrit elektrot katalizorlerinin {iretimi biiyiik 6nem tasimaktadir. Bilindigi kadariyla,
simdiye kadar Pd/N-katkili 3D grafen hibrit elektrokatalizorlerinin {iretimi ve dogrudan metanol yakat
hiicresi anot elektrokatalizorii olarak kullanilabilirligi lizerine az sayida ¢alisma rapor edilmistir. Tiim
bunlar g6z 6niinde bulundurularak, bu ¢alismada, Pd nanoparcacik dekore edilmis N-katkili 3D grafen
elektrokatalizorler  hidrotermal/solvotermal {iretim yoOntemi ile iiretilmis, fizikokimyasal
karakaterizasyonu gerceklestirilmis ve elektrokatalitik metanol oksidasyonu arastirilmastir.

2. Materyal ve Metot
2.1. N-Katkih Grafen Nanotabakalarimin Sentezlenmesi
[lk olarak, grafen oksit (GO), daha onceki calismada tarif edildigi gibi modifiye Hummers ydntemiyle

ticari grafit tozundan hazirlanmistir [2]. Ardindan, N atomunun, grafen yapi iizerine katkilanmasi igin,
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50 mL GO (0.5 mg.mL™) sulu dispersiyonuna 50 mg iire eklenerek, 2 saat boyunca ultrasonik banyoda
dispersiye edilmistir. Elde edilen GO-iire dispersiyonu, Teflon kapli paslanmaz ¢ekik otoklav reaktore
aktarildi ve 160 °C'de 8 saat reaksiyon gergeklestirilmistir. Hidrotermal reaksiyon ile yapidaki N
atomlariin, GO ylizeyindeki fonksiyonel gruplarla etkilesime girmesi ve grafen katmanlarindaki
karbon kafeslerine katkilanmasi saglanmigtir. Aynm1 zamanda, GO’nun hidrotermal kendiliginden
birlesme yoluyla, grafene indirgenerek istenen N-katkilanmis 3D grafen nano tabakalar1 (N-3DG) elde
edilmistir.

2.2. Pd/N-3DG Hibrit Elektrokatalizorlerinin Uretilmesi

Hidrotermal yontemle iiretilen N-3DG (20 mg), homojen bir dispersiyon olusturmak iizere 40 ml etilen
glikol ve 40 ml deiyonize su i¢inde ultrasonik olarak dagitilmistir. Ardindan, KoPdCls ¢ozeltisi (0.1 M,
0.50 mL), N-3DG dispersiyonuna eklendikten sonra elde edilen karigim 30 dk manyetik karistiricida
karigtirilmistir. Daha sonra, elde edilen reaksiyon karigimi, Teflon kapli paslanmaz ¢elik otoklava
aktarilarak, 120°C'de 15 saat belketilmistir. Elde edilen nihai iiriin (Pd/N-3DG) santrifiijlenerek
ayrilmustir. Son olarak, Pd/N-3DG, etilen ve deiyonize su ile yikandi ve daha sonra 24 saat boyunca
dondurularak kurutulmustur. Karsilastirma igin, ticari Vulcan XC-72R fizerinde desteklenen Pd
nanoparc¢aciklar (Pd/C), ayn1 yontemle hazirlanmigtir. Hazirlanan tiim katalizorlerin paladyum igerigi
agirlikca ~%20'dir.

2.3. Elektrokatalizorlerin Yapisal Karakterizasyonu

Hazirlanan elektrokatalizorlerin yiizey morfolojisi ve nanoyapilari, taramali elektron mikroskobu (SEM,
ZEISS EVO 50 SEM) ve yiiksek ¢6ziiniirliiklii transmisyon elektron mikroskobu (HRTEM, JEOL JEM-
2100) ile arastirtlmuistir. Numunelerin X-1s1m1 kirmim (XRD) desenleri, Rigaku (Ultima-1V) X-1sin1
kirimim 6lgeri (A=0,154 nm) ile elde edilmistir. Numunelerin X-1g1m1 fotoelektron spektrumlari (XPS),
Thermo ESCALAB 250 XPS cihazi ile kaydedilmistir.

2.4. Elektrokatalitik Performans Karakterizasyonu

Uretilen Pd/N-3DG ve Pd/C elektrokatalizérlerinin elektrokatalitik performansi, Gamry Reference-600
elektrokimyasal is istasyonunda test edilmistir. Tipik bir ii¢ elektrotlu elektrokimyasal hiicrede, karsi
elektrot olarak Pt-tel ve referans elektrot olarak doygun klomel elektrot (SCE) kullanilarak metanol
oksidasyon Olgtimleri gergeklestirilmistir. Calisma elektrotu olarak katalizér miirekkebi ile modifiye
edilmis camsi karbon elektrot (GCE) kullanilmistir. GCE modifikasyonu i¢in, 2 mg katalizor tozu,
homojen bir dispersiyon olusturmak {izere 30 dakika boyunca ultrasonikasyon ile 500 pL su, 500 puL
etanol ve 50 uL %5 Nafion 117 ¢ozeltisi iginde dagitilarak katalizér miirekkebi elde edilmistir. Daha
sonra, elde edilen katalizér miirekkebinin 5 pL'si dikkatli bir sekilde GC elektrot yiizeyine kaplanmis
ve kaplama oda sicakliginda kurutulmustur. Tiim elektrotlar tizerindeki Pd yiikleme miktari ~0.028
mg.cm™ olarak standardize edilmistir. Metanol oksidasyonu i¢in dongiisel voltametri (CV) 6l¢iimleri,
0.5 M NaOH + 1.0 M metanol elektrolitinde 50 mV.s™ potansiyel tarama hizinda gergeklestirilmistir.
Elektrokatalizorlerin, dayaniklilik (3000 s) 6l¢timleri i¢in metanol oksidasyonunun kronoamperometri
(CA) olgtimleri ayni elektrolit ¢ozeltisinde 0.2 V'ta elde edilmistir.

3. Bulgular ve Tartisma
3.1. Elektrokatalizorlerin yapisal karakterizasyonu

Pd/C ve Pd/N-3DG elektrokatalizorlerine ait FE-SEM goriintiileri sirasiyla Sekil 1A ve Sekil 1B’de
sunulmustur. Pd/C’ye ait SEM goriintiisii (Sekil 1A) amorf karbon yapisi sergilerken, hidrotermal olarak
sentezlenmis Pd/N-3DG, mikro ve makro gozenekli, birbirine bagli 3D gdzenekli bir mimari
sergilemektedir. Elektrokatalizorlere ait TEM goriintiileri yari-kiiresel yapidaki Pd nanoparcaciklarimin
karbon destek iizerindeiizerinde rastgele homojen olarak dagilmis oldugunu kanitlamaktadir (Sekil 1C
ve Sekil 1D). Pd/C elektrokatalizorii icin hesaplanan ortalama partikiil boyutu (dor) 7.9 nm iken Pd/N-
3DG hibrit elektrokatalizorii igin bu deger 6.8 nm olarak hesaplanmustir.
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Sekil 1. Sirasiyla Pd/C ve Pd/N-3DG elektrokatalizérlerine ait (A)-(B) SEM gorintiileri, (C)-(D) TEM

Elektrokatalizorlerin ve GO’nun kristal yapisindaki hakkinda bilgi X-1g1mm1 kirmmim (XRD)
analizi ile incelendi (Sekil 2A). Sekil 2A, PA/N-3DG, Pd/C ve GO &rneklerinin XRD spektrumlarini
gostermektedir. GO’ya ait XRD spektrumunda goriildiigii gibi, yaklasik 26=10.5°"de bulunan keskin
kirmim tepe noktasi (001) diizlemindeki yansima ile iliskilidir ve dogal grafit (0.34 nm) ile
karsilastirildiginda esas olarak oksijenli fonksiyonel gruplarin varligi nedeniyle ¢ok daha biiyiik tabaka
araligia (~0.87 nm) sahip oldugu gozlenmistir [2]. Pd/N-3DG ve Pd/C elektrokatalizérleri igin, bu
karakteristik zirve, sentez islemi sirasinda GO tabakalarinda yer alan oksijenli fonksiyonel gruplarin
uzaklasgtiginin gostergesi olan genis bir profil ile 26=25.0°"a kaymustir. Ayrica, Pd/N-3DG ve Pd/C'de
yaklasik 20=39.8°, 20=46.2° ve 20=67.7°'de gozlenen diger ii¢ kirinim zirvesi, kiibik yapidaki metalik
Pd'nin sirastyla (111) diizlemi, (200) diizlemi ve (220) diizlemine atfedilebilir (JCPDS no. 46-1043)

[17].

goriintiileri (C-D sekil i¢i Pd pargacik boyutu dagilimilart sunulmustur)

Siddet/ a.u.

* Pd (JCPDS no. 46-1043
A . " ) B Cis
-
(001) - .
W’\ | PA/N-3DG « 3 O1s
A @ Pd 3d i
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Sekil 2. Pd/C ve Pd/N-3DG elektrokatalizorlerine ait (A) XRD ve (B) tam tarama XPS spektrumlari
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Elektrokatalizorlerin element bilesimi hakkinda daha fazla bilgi edinmek i¢in XPS o6l¢iimleri
gergeklestirilmistir (Sekil 2B). Swrasiyla Cls, Pd 3d, ve Ols sinyallerine ait karakteristik tepe noktalar
yaklagik 285.0, 340.0 eV ve 530.0 eV baglanma enerjilerinde gézlenmistir [6]. Pd/C elektrokatalizériine
ait XPS spektrumunda, Nls’e¢ ait herhangi bir pik gozlenmemisken, Pd/N-3DG hibrit
elektrokatalizoriine ait spektrumda yaklasik 400.0 eV civarinda goriilen pik Nl1s’e ait olup, yapiya
basariyla azot katkilandigimi dogrulamigtir. Pd/N-3DG hibrit elektrokatalizoriine ait N igerigi agirilik¢a
%?2.21 olarak belirlenmistir.

3.2. Elektrokatalizorlerin elektrokimyasal karakterizasyonu

Uretilen elektrokatalizorlerin metanol elektrooksidasyonu icin bir anot elektrokatalizorii olarak
kullamlabilirligi yari-hiicre kosullarinda, argon ile doyurulmus 1.0 M metanol + 0.5 M NaOH
elektrolitinde, doniisiimlii voltametri teknigi ile test edilmistir. Tiim elektrokatalizorler igin elde edilen
CV egrileri, belirgin bir genis anodik tepe noktasi sergilerken ve nispeten zayif bir katodik tepe noktasi
sunmustur (Sekil 3A). Siddetli anodik pik, kimyasal olarak absorbe edilmis metanoliin oksidasyonundan
kaynaklanirken, katodik taramada tamamen oksitlenmeyen karbonlu ara {irlinlerden kaynaklanmaktadir.
Ileri yondeki taramadaki baslangic potansiyeli (Eonset) ve tepe akim yogunlugu (lf), reaksiyon dinamik
ozelligini ve katalizor aktivitesini tahmin etmek igin kullanilmaktadir. Maksimum It ve minimum Eonset,
Pd/N-3DG hibrit elektrokatalizoriiniin, Pd/C’den daha yiiksek elektrokatalitik aktiviteye ve metanol
oksidasyonu i¢in reaksiyon kinetiginde 6nemli artiga sahip oldugunu gosterir. Pd nanopargaciklari ve
N-katkilamanin sinerjik etkisi ile Pd/N-3DG, yiiksek elektrokatalitik aktivite (11.8 mA.cm?)
sergilemistir. Bu durum, Pd/N-3DG'nin yapisal tasariminin metanol oksidasyonunun elektrokatalizi igin
elverigli oldugunu dogrulamistir. Elde edilen veriler Tablo 1’de sunuldugu gibi her elektrot {izerindeki
Pd yiiklemesine gore standardize edilmistir. Pd/N-3DG elektrotunun kiitle aktivitesi 400.3 mA.mg™
olarak hesaplanmistir. Pd/N-3DG hibrit elektrokatalizorii, Pd/C elektrotundan daha iyi performans
sergilemistir.

Tablo 1. DMFC kosullarinda Pd/C ve Pd/N-3DG elektrotlarinin elektrokimyasal davranis
lleri Yondeki Tepe Akim Yogunlugu

Spesifik Aktivite Gravimetrik Aktivite

Elektrot mA.cm?? mA.mg*

pPd/C 5.9 188.4

PD/N-3DG 11.8 400.3

1.0
A

10.0 B
o 0.8
g Pd/N-3DG
< 75
& ] 0.6
g 5.0 Eoa K\
[ L8 3
S 25 d/C 50‘2 ~__Pd/N-30G
- ) Pd/C
E
g 00 0.0
<

2.5 . . 0.2 " . :

08 06 04 -02 0O 02 04 06 0 500 1000 1500 2000 2500 3000

Potansiyel /V vs. SCE Zaman/ s

Sekil 3. Pd/N-3DG ve Pd/C elektrotlarinin 0.5 M NaOH + 1.0 M metanol elekrolitinde (a) 50 mV.s™ potansiyel
tarama hizinda CV voltammogramlar (b) 0.20 V (vs SCE) elde edilen kaydedilen kronoamperometrik egriler
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Elektrokatalizorlerin uzun vadeli elektrokatalitik kararlilig, tagmabilir yakit hiicrelerinin pratik
kullamimlar1 i¢in 6nemli bir gostergedir. Bu kapsamda, elektrokatalizorlerin kararhiligini arastirmak igin
kronoamperometri dl¢iimleri gerceklestirilmistir (Sekil 3B). Baslangigta, toksik iiriinlerin birikmesine
bagli olarak smir akimi hizla diismistiir. Sekil 3B’den goriilebilecegi gibi, Pd/N-3DG hibrit
elektrokatalizoriin  kronoamperometri egrisi, Pd/C elektrokatalizoriine kiyasla daha az akim
bozulmasina ugramigtir.

Elde edilen bulgular, Pd nanopargaciklarimin N-3DG destek katalizor {izerine
kombinasyonunun, elektrokatalizoriin elektrokatalitik performansinin artirilabilecegini  ortaya
koymustur. Pd/N-3DG hibrit elektrokatalizoriiniin iistiin elektrokimyasal ozellikleri (i) 3D grafen
mimari izerinde homojen olarak dagilmis olan kiigiik parcacik boyutlarina sahip Pd nanopartikiillerin
katalitik aktiviteyi bilyiik dl¢iide artiran ¢ok sayida aktif merkezler sunmasina; (ii) 3 boyutlu mimariye
sahip grafen tabakalar, yalnizca reaktanlarin etkin bir kiitle transferi icin yiiksek yiizey alanlari
saglamakla kalmaz, ayn1 zamanda katalitik sistemdeki hizli elektron difiizyonlar1 i¢in benzersiz "siiper
otoyollar" olarak da islev gérmesine; (iii) 3D grafen mimariye N atomu katkilanmasi, grafenin
elektronik yapilarmi 6nemli Ol¢iide degistirmesine, bdylece spin yogunlugunu artirmasina ve
destekleyici malzemenin Kkatalitik kabiliyetini yiikseltmek i¢in komsu karbon atomlarmi aktive
edebilmesine; (iv) 3D grafen mimarisinde N atomlarinin varlig1 ayrica Pd ve destek katalizor arasinda
gliclii bir etkilesim saglamasi ile agiklanabilir. Sonug olarak, {iretilen Pd/N-3DG hibrit elektrokatalizorii
iistiin elektrokatalitik 6zelliklerle donatilmistir ve gelismis enerji doniistiirme cihazlarinda biiyiik umut
vaat eden bir uygulama sunar [18-19].

4. Sonuc ve Oneriler

Bu ¢alismada, Pd nanopargaciklarin N katkili 3D grafen mimari iizerinde biriktirilmesi i¢in pratik bir
liretim yontemi sunulmustur. Genis yiizey alani, N atomlarimin varhigi, kii¢iik Pd nanoparcaciklarinin
homojen dagilimi ve iyi elektriksel iletkenlik gibi yapisal avantajlar sayesinde elde edilen Pd/N-3DG,
iistiin elektrokatalitik aktivite, uzun siireli dayaniklilik ve metanol oksidasyonuna karsi geleneksel Pd/C
katalizorlerinden daha {istiin performans gostermistir. Uretilen hibrit yapinin yakit hiicrelerinde
kullanilabilir olmasmin yam sira, bu tiir nanomalzemelerin sensorler, fotokataliz ve enerji depolama
sistemleri gibi diger uygulamalar i¢in de potansiyel adaylar olmasi ¢aligmay1 6nemli kilmaktadir.

Yazarlarin Katkisi

Makalede tiim katki sahsima aittir.

Cikar Catismas1 Beyam

Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyam

Yapilan ¢alismada arastirma ve yayin etigine uyulmustur.
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Oz

Hizla gelisen teknolojik gelismeler, bir¢ok karmasik yapiya sahip sistemlerin ortaya ¢ikmasina neden olmustur.
Ortaya ¢ikan bu sistemler, hem karmasik yapida hem de yiiksek boyutlu bilesenlerden olustugu i¢in bu sistemlerin
tam giivenilirliklerini hesaplamak her zaman kolay olmamaktadir. Tam giivenilirlik degerlerinin hesaplanmasi zor
ya da mimkiin olmayan sistemlerin giivenilirliklerinin belirlenmesi i¢in arastirmacilar, giivenilirlik smirlart
kavrammni geligtirmislerdir. Bu c¢alismada, ardil-k sistemler olarak bilinen n-den ardil k-¢ikigh sistemler igin
onerilen sinir yaklagim yontemlerinin karsilastiriimasi amaglanmistir. Bu dogrultuda hem s6z konusu sistemleri
olugturan bilesenlerin dizilis sekillerine gore dogrusal ve dairesel olarak hem de basarili ve hatali olma durumlarina
gore adlandirilan sistemler incelenmistir. Onerilen yontemlerin bazi n, k ve p (q) degerleri icin elde edilen
sonuglari, tam giivenilirlik degerleriyle karsilastirilarak tablolar halinde verilmistir. Buradan elde edilen
sonuglardan giivenilirlik sinirlarinin, sadece n ve k degerlerine bagli olmayip ayni zamanda p’nin secildigi araliga
da bagli oldugu belirlenmistir.

Anahtar kelimeler: Dogrusal (dairesel) n-den ardil k-gikislh sistem, Basarili ve hatali sistem, Sistem giivenilirligi,
Alt ve iist sinir yaklagimlari.

Comparison of the Recommended Reliability Bounds for Consecutive-k
Systems

Abstract

Rapidly developing technological developments have led to the emergence of systems with many complex
structures. It is not always easy to calculate the exact reliability of these systems since these systems are composed
of both complex and high-dimensional components. In order to determine the reliability of systems, which are
difficult or impossible to calculate exact reliability values, researchers have developed the concept of reliability
bounds. In this study, it is aimed to compare the boundary approximation methods proposed for consecutive-k-
out-of-n systems, known as consecutive-k systems. In this direction, systems that are named both linear and
circular according to the arrangement of the components that make up the said systems and according to their good
and failure conditions were examined. The results obtained for some n, k and p (q) values of the proposed methods
are given in tables by comparing them with exact reliability values. From the results obtained here, it was showed
the bounds of reliability are not only dependent on the n and k values, but also on the range from which p is
chosen.

Keywords: Linear (circular) consecutive k-out-of-n system, Good and failure system, System reliability, Lower
and upper boundary approximations.

1. Giris

Ardil-k sistemler olarak bilinen n-den ardil k-¢ikigh sistem modelleri, giivenilirlik degerlendirmesi ve
entegre devre, telekomiinikasyonda mikrodalga rdle istasyonlari, petrol boru hatt1 sistemleri,
hizlandiricilarda vakum sistemleri, bilgisayar halka aglar1 ve uzay araci rdle istasyonlarinin dizaym gibi
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sistemler i¢in Onerilmistir. Boyle sistemler, dogrusal (dairesel) olarak dizilmis bilesenlerle ifade edilir
[1].

Belirli sartlar altinda tasarlanan sistemin ¢alisma olasiligina sistem giivenilirligi denir. Sistemler
tasarlanirken eger arizali bilesenlerin sayist veya diizeni belirli bir kosulu sagladiginda sistemin
arizalandig1 tasarlaniyorsa F sistem, tersine ¢alisan bilesenlerin sayisi veya diizeni belirli bir kosulu
sagladiginda sistemin ¢alistig1 tasarlaniyorsa G sistem olarak adlandirilir. n bilesenin dogrusal (dairesel)
olarak birbirlerine bagh oldugu varsayimi altinda sistemin hatali olmasi i¢in en az ardil-k tane bilesenin
hatali olmas1 gerekmektedir. Bu sekilde tanimlanan sisteme dogrusal (dairesel) n-den ardil k-¢ikigh F
sistem adi verilir ve kisaca Lin(Cir)/Con/k/n:F seklinde gosterilir. Eger sistem basarili ise o zaman en
az ardil-k tane bilesenin basarili olmas1 gerekir. Bu tiir sisteme dogrusal (dairesel) n-den ardil k-¢ikish
G sistem denir ve kisaca Lin(Cir)/Con/k/n:G seklinde gosterilir. Dogrusal ardil sistemlerde bilesenler
1’den n’ye kadar bir dogru boyunca siralanirken, dairesel sistemlerdeki bilesenlerin ise 1'den n'ye dogru
saat yoniinde dairesel olarak siralandigi varsayilir [1].

Ardil k-¢ikish G sistemler ile ilgili ilk calisma, Tong [2] tarafindan 1985’de verilmistir.
Giintimiizdeki haliyle ifade edilen Con/k/n:G sistem kavrami ise Kuo vd. [3] tarafindan ayrintili olarak
aciklanmigtir. Hem dogrusal hem de dairesel G sistemlerin tam giivenilirlik hesaplamalari ile ¢alismalar,
Kuo vd. [3] ve Zuo ve Kuo [6] tarafindan verilmistir.

Ardil-k ¢ikishi F sistemler ile ilgili ilk ¢alisma, Kontoleon [4] tarafindan verilmistir. Yazar bu
calismada, F sistemlerin sadece numara algoritmasini vererek n-den ardil r-gikishi F sistem olarak
tammlamustir. Ancak literatiirdeki adiyla kullanimini Chiang ve Niu [5], 6zel olarak n-den ardil 2-¢ikish
F sistemlerin giivenilirliginin hesaplanmasi i¢in yinelemeli denklemlerden olusan bir ydntem
onermiglerdir. Bu ¢alisma, daha sonraki yapilacak ¢alismalar igin basvuru kaynagi olarak kullanilmaya
baslanmustir. Shanthikumar [7], Derman vd. [8], Bollinger ve Salvia [9], Bollinger [10], Chao ve Lin
[11], Lambiris ve Papastavridis [12], Fu [13], Antonopoulou ve Papastavridis [14], Chan vd. [15], Kuo
vd. [3], Kuo ve Zuo [1], Pek6z ve Ross [16], Cluzeau [17] ve Gokdere vd. [18] gibi yazarlar
calismalarinda bilesenlerin 6zdes ve bagimsiz dagildigi ve aym bilesen giivenilirligine sahip olma
varsayimlari altinda dogrusal ve dairesel F sistemlerin giivenilirliklerinin hesaplanmasi igin gesitli
yontemler onermislerdir. Ayrica, son zamanlarda ardil k-¢ikigl sistemlerin farkli varsayimlar altinda
incelendigi ¢alismalar da mevcuttur [19-21].

Gelisen teknoloji ile birlikte ortaya ¢ikan birgok karmasik yapidaki sistemlerin giivenilirligini
hesaplamak hem maliyet acisindan hem de zaman agisindan her zaman kolay olmamaktadir. Bu nedenle
yiiksek boyutlu karmasik yapidaki sistemlerin giivenilirligini hesaplamak yerine bu giivenilirlik
degerine yaklasik sonuglar veren alt ve tist sinir yaklasimlar: gelistirilmistir.

Bu ¢aligmada, hem dogrusal ve dairesel hem de G ve F sistemler i¢in literatiirde dnerilen alt ve
ist smir yaklasim yontemlerini bir araya getirerek yontemlerin birbirlerine olan dstiinliiklerini
gostermeyi amagladik. Caligmamizin ikinci kismunda, Lin(Cir)/Con/k/n:G ve Lin(Cir)/Con/k/n:F
sistemlerin hem giivenilirlik hesaplamalari hem de sinir yaklasimlari {izerinde durulmustur. Ugiincii
kisimda ise 6nerilen sinir yaklagim yontemlerinin bazi n, k ve p (q) degerlerine karsilik gelen sonuglari
elde edilerek tam giivenilirlikle beraber tablolarda karsilastirilmistir. Son kisimda ise elde edilen veriler
1s181nda yapilan ¢aligma 6zetlenmistir.

2. Materyal ve Metot
2.1. Sistemlerin Giivenilirlik Degerlendirmesi

Ardil sistem modelleri, giivenilirlik degerlendirmesi ve entegre devre, telekomiinikasyonda mikrodalga
role istasyonlari, petrol boru hatt1 sistemleri, hizlandiricilarda vakum sistemleri, bilgisayar halka aglari
ve uzay araci role istasyonlarimin dizaym gibi sistemler icin Onerilmistir. Boyle sistemler, dogrusal
(dairesel) olarak dizilmis bilesenlerle ifade edilir.

Hem G hem de F sistemlerin giivenilirlik degerlendirmeleri i¢in dnerilen yontemlerden en iyi
sonuglar1 verenlerin yinelemeli denklemlerle verilen yontemler oldugu sonucuna varilmistir [1,3,14].
Bu caligmada kullanilan yinelemeli denklemlerin iteratif bir ¢6ziim teknigi oldugundan bir onceki
adimin hem giivenilirlik hem de giivenilmezligini kullanmasi agisindan tercih edilmistir. Ardil-k
sistemlerin tam giivenilirliklerinin hesaplanmasi i¢in literatiirde yer alan yontemlerden bazilar ise ele
alman degerler i¢cin hatali sonuglar verdikleri gozlenmistir. Bu ¢ikarima literatiirde kabul gormiis
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caligmalarin sonuglar ile kiyaslayarak varilmigtir. S6z konusu ele alinan yontemlerin formiilasyonlari
asagidaki Tablo 1’de verilmistir. Burada, Ry dogrusal G sistemin tam gilivenilirligini, Rcg dogrusal G
sistemin tam giivenilirligini, Ry r dogrusal F sistemin tam giivenilirligini ve Rp ise dairesel F sistemin
tam gilivenilirligini gostermektedir.

Tablo 1. Sistemlerin Giivenilirliklerinin Degerlendirme Yntemleri

Yazar(lar) Sistem Yontem
Kuo vd. [3] ve Dogrusal n-den 0, n<k
Hwang [22] ardil k-¢ikish G R;;(n k) =1 p¥, n=k
sistem Ri(n—1,k) +Qs(n—1—kkqgp“n>k
Antonopoulou  Dairesel  m-den (0 n<k
ve ardil k-cikish G | pk, n==k
Papastavridis  sistem Rec(n, k) = 4 p* + kqp*, n=k+1
[%14] 3ve Kuo |gR.c(n—1,k) + pReg(n— 1,k)
vd. [3] k +kq*p*Qc(n—k — 2,k), n>k+1
Kuo ve Zuo Dogrusal n-den 1, n<k
[1] a.rdll k-cikish F R, (k) ={1—q* n=k
sistem Rir(n—1,k) - quRLF(n —-1-kk)n>k
Kuo ve Zuo Dairesel mn-den (1 n<k
[1] ardil k-cikish F | 1—q* n=k
sistem Rcr(n k) = 4 1—q™ —npq*, n<2k+1
| pRLF(n - 1! k) + qRCF(n - 1! k)
k—kpzq"RLF(n —k—2k), n>2k+1

2.2. Sistemlerin Giivenilirlik Stmrlarimin Hesaplanmasi

Bir sistemin tam giivenilirliginin veya giivenilmezliginin degerlendirilmesi i¢in 6nerilen yontemlerin
¢ogu basit yapida ve kii¢iik boyutlu sistemler i¢in kullanigli olabiliyorken bu durum karmasik yapida ve
biiylik boyutlu sistemler i¢in i¢inden ¢ikilmaz bir hale doniisebilmektedir. Bu zorlugun iistesinden
gelebilmek icin gelistirilen sinir yaklagim yontemleri bu kisimda verilecektir. ilk olarak G sistemlerin
hem dogrusal hem de dairesel durumlari i¢in 6nerilen alt ve iist sinir yaklasim yontemleri verilecektir.
Daha sonra F sistemlerin dogrusal ve dairesel durumlari i¢in 6nerilen alt ve ist sinir yaklagim yontemleri
kronolojik olarak verilecektir. Ele alinan sinir yaklagim yontemlerinin hepsinde bilesenlerin 6zdes ve
bagimsiz dagilim gosterdikleri ve ayni giivenilirlik olasiligina sahip olduklar1 kabul edilmektedir.

2.2.1. Dogrusal (Dairesel) n-den Ardil k-cikish G Sistemler I¢in Simir Yaklasimlar

Kuo vd., tarafindan dogrusal sistemler i¢in onerilen alt ve {ist simir yaklagim yontemleri,
1-(1- pk)[”/"] <Rcmk)<1-(1- pk)""‘+1 (1)
(1) esitligindeki gibidir ve burada [a] ifadesi a’ya esit ya da kiigclik en biiyiik tamsay1 seklinde
tanimlanmustir [3].

Daha sonra, Zuo [23] tarafindan dogrusal sistemler i¢in Onerilen alt ve {ist sinir yaklagimi
asagidaki gibidir.
1-(1- pk)[n/k] < Rye(n k) <TTHL, (1 — g™*h) (2)
Burada m; = [(n —i)/k]’dir. (1) ve (2) ile verilen esitsizliklerden iki alt siirm ayni oldugu
gorililmektedir.

Kuo vd., dairesel G sistemler i¢in ise (3) esitsizligi ile verilen alt ve {ist sinir yaklagimimni
onermislerdir [3].

[n+k—-1/k] n
1-(1-p%) < Re(n k) <1—(1-p*) 3)
2.2.2. Dogrusal (Dairesel) n-den Ardil k-cikish F Sistemler icin Stmr Yaklasimlar

[lk olarak Chiang ve Niu tarafindan asagidaki alt ve {ist siir yaklasimlar1 dnerilmistir [5].
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(1= g < Ry (1) < (1 - %)™ @
Salvia ise, alt ve iist sinir yaklasim yontemi olarak (5) ile ifade edilen esitSizligi onermistir [24].
1-m—k+1Dg*<Rrnk)<1-—(m—k+ Dp*Fq* (5)
Ayni yil Derman vd. dogrusal hatali sistem i¢in tist sinir yontemi olarak,
Rir(n,k) <1-A/B (6)
esitligini 6nermislerdir ve burada,
A=m—-k+1D%*veB =(n—k+1)2q"+ L% —j+ D/ + () g drr [8).
Fu tarafindan, {ist sinir yaklagimi igin asagidaki yontemi onerilmistir [25].
—k+1
Ryr(n,k) < (1 —pg*)" )

Papastavridis [26], bilesen hata olasilig1 q¢’nun k/(k + 1)’den az olmasi kosulu ile alt ve {ist
smir yaklasimi i¢in (8) ile verilen esitsizligi onermistir.

bm™t —e <R p(n, k) <aM™?! +e (8)
_ _ qu _ _ k _ mk_qk _ Mk_qk _ 2(k—1)qn+2
Burada, m =1 (1_qk)k'M =1-pq", a= mk—(k+1Dpqk b= M-kt Dpak ' € T pkttDO)

seklindedir.

Papastavridis [27], fonksiyon iiretme teknigini kullanarak alt ve {ist simir yaklasimi olarak (9)
ile verilen asagidaki esitsizligi onermistir.

|Rur () = (1= pg*)"| < (k= Dg" (©)

Chrysaphinou ve Papastavridis [28], q yeterince kiigiik(q~A/n/*) segildiginde sinir
yaklagimlar1 i¢in asagidaki esitsizligi vermislerdir.

|RLr(n, k) — exp(—=A,)| < 2k — 1)g* + 2(k — 1)q (10)
Burada, A, = (n — k + 1)g*’dur.

Barbour vd. [29], Stein-Chen yontemini kullanarak (10) ile verilen esitsizlikten yola ¢ikarak
asagidaki esitsizligi vermislerdir.

|RLr(n, k) — exp(—p2n)| < (2kp — 1)q" (11)
Bu esitsizlikte, A, = (n — k + 1)g*’dur.

) Papastavridis ve Koutras [30], m = k = 2 igin alt ve st sinir yaklagimlarim 6nermislerdir.
Onerdikleri alt siir yaklasimi, (4) esitsizliginde onerilen yaklagimla ayni olup st sinir yaklagimi
asagidaki gibidir.

Ry (n, k) < TT7k (1 — piorQx,i) 12)
olup, burada gy = 0 Ve Qi; = [T'=;_x41 g; seklindedir.

Zuo [23], asagida (13) esitsizligi ile verilen alt ve iist sinir yaklagimlarini nermistir.

1-T1%,(1 — p™*1) < Ryp(n k) < (1 — ¢¥)™™ (13)

Burada, m; = [(n — i)/k] dur.
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Barbour vd. [31], (11)’de verilen esitsizligi Poisson dagilimi i¢in Stein yontemini kullanarak
iyilestirmiglerdir ve asagida verilen alt ve tist sinir yaklagimlarini 6nermislerdir.

19—81 SRLF(n,k) S19+€1 (14)
Burada,

9 = e—(n—k+1)qu _ qk+1e—(n—2k)qu ve
g = {1 — e~(n-k+1)pg* | glet1 (1 — e‘("‘z")qu)} (2k + Dpq* dir.

Barbour vd. [31], g < 1/3 ve n > 3k — 2 olmak tizere bilesik Poisson yaklasimini kullanarak
alt ve list sinir yaklasimini asagidaki gibi dnermislerdir.

exp(—u) — &, < R jp(n, k) < exp(—u) + &, (15)
Burada,

g, = q2*[(6k — 5)n — (k — 1)(13k — 9)]

p=m—-k+1g* - m—-k)q*V —2(n—k+2)q%* D +2(n-2)q* + %_kfz)q(?’k_z)

—(n+k—4)qC® VY 4 2k(n—k+2) -2k -1)
*(n—k +1)q + 2(k — D(n - k)q*1¢* Vh(q, k)

i
h(q, k) = fok_z q /i’dll‘.
Muselli [32] tarafindan 6nerilen alt sinir yaklasimi (4) ile verilen esitsizlik ile ayni olup iist sinir
yaklasimu ise asagidaki gibidir.

Rur(n k) < (1— g*)™™ (16)

Burada |a], a’dan biiyiik olmayan tam say1 seklinde tanimlanmustir.

Xie ve Lai [33], kiigiik k degerleri igin kosullu yaklagimin iyi sonuglar verecegi beklentisi
altinda asagidaki iist sinir yaklagimini 6nermislerdir.

N, kqn—k
Rur (k) < (1- %) [1 - 21 (17)

Muselli [34-35], birkag alt ve tist sinir yaklasim yontemi onermislerdir. Bu sinir yaklagimlari
asagida verilmistir.

[t

(1= gl <R c(n k) < (1 - q¥) (18)

Daha sonra, 1 < k <n ve 0 < q < 1 sartlar1 altinda alt ve tist sinir i¢in asagidaki esitsizligi
vermistir.

(1= )@/ < Ryp(n k) < (1= ")t/ (19)

_k
(19)°da verilen esitsizlikte iist stmir yaklagimini elde etmek icin hy(n, k) = 1Tq yerine yazilir ve
asagidaki gibi elde edilir.

p(n—k)

R k) < (1— g5 et (20)
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Muselli [34], bir baska alt sinir yaklasimi i¢in, k > max(q/p,1) varsayim altinda (19) de

—gk)*
verilen esitsizlikte hy(n, k) = % yerine yazilarak asagidaki sekilde alt sinir yaklasimi elde
edilmistir.
Plnk)
(1-¢" 9 <Rp(nk) (1)

Muselli [34], bir baska alt simr yaklagimi igin, k > max(q/p, 1) olmak iizere eger h,(n, k) =
kyk i (1-gkyk/ (R (1))
(1—g"k/p ise hy(n k) =—"1——

degerler yerine yazilarak asagidaki sekilde alt sinir yaklagimu elde edilir.

seklinde Onermislerdir. (19) da verilen esitsizlikte bu

(1 = gy @t /A-gn/a=dS _ o (22)

Muselli [35] tarafindan 6nerilen bir bagka alt smir yaklasimi, 1 < k < n — h(n, k) sart1 altinda

(1 _ qk)n—k+1—l(n,k)(h(n,k)—l) < RLF(n: k) (23)
. _ n—k _ 1-q¥|,
seklinde olup, burada I(n, k) = lh (n,k)+1J ve h(n k) = l—p J dir.

Muselli [35] tarafindan 6nerilen son alt sinir yaklasimi asagidaki gibidir.

(1= g2 < Ry p(n, k) (24)

n—k+1

Burada, I'(n, k) = [h(n O

] ve [a], a’dan kiiglik olmayan tam sayidir.

Dius ve Beiu [36], 1/(n — k) > pq® varsaymm altinda asagidaki alt ve iist siir yaklagim
ailesini onermislerdir.

L, < Ryr(n,k) < U, (29)
Burada, herr = 0,1, ..., [(n — 2k — 1) /(2k + 2)] igin

2r+1 2r
L= ) (CDCL@a") - ¢ ) (~1C)_ upa*y
=0 =0

ve
Ur = X70(=1)C_ 0" — q“ 2751 (=1 €y jic (g dir.
Son olarak, dairesel hatali sistemler i¢in 6nerilen sinir yaklasimlari asagidaki gibi verilmistir.

Kuo ve Zuo [1], dogrusal hatali sistemler igin (4) esitligi ile verilen alt ve {ist sinir yaklagimini
diizenleyerek dairesel hatali sistemler icin asagidaki sekilde vermislerdir.

(1—g")" <Rer(n, k) < (1- q")l%J (26)

Derman vd. [8] ¢alismalarinda verdikleri teoremden dairesel hatali sistemler igin asagidaki tist
sinir yaklagimini 6nermislerdir.

Rer(n k) <1—A/B @7)
Burada, A = nq® ve B = (1 + (n — 2k + 1)¢* + 2q(1 — q*~1))/p seklindedir.

Papastavridis [26], g'nun k/(k + 1)’den az oldugu kisitlamasi altinda dairesel sistemler igin
asagidaki alt ve st sinir yaklagimlarini 6nermigtir.

m" —(k—1)q" < Rep(n, k) < M™ + (k — 1)q" (28)
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pq¥
(a-gkk

Burada,m = 1 — ve M = 1 — pq* seklindedir.

3. Bulgular ve Tartisma
3.1. Onerilen Simr Yontemlerinin Karsilagtiriimasi

Bu ¢aligmada literatiirde son kirk yilda onerilmis olan sinir yaklasim metotlar1 verilmeye ¢alisilmigtir
ama incelenen bazi yontemler igin elde edilen sonuglarin tam giivenilirlik degerine gore ¢ok kotii
sonuglar verdigi tespit edildiginden bu ¢alismada bazi sinir yaklagim yontemlerine deginilmemistir [37-
38].

Incelenen sinir yaklasim yontemleri R programu kullanilarak hesaplanmistir. Simr yaklagim

yontemlerini karsilagtirmak igin ele alinan yontemler ile tam giivenilirligin bazi n, k ve p (q) igin
degerleri hesaplanacaktir. Elde edilen yaklasik degerlerin tam giivenilirlik degerine ne kadar yakin

sonuglar verdigini gormek i¢in asagidaki hata normundan yararlandik.

1 m-—1
el == >
m

i=1

) Alt(Ust) Sur yaklasimi
Tam guvenilirlik

Hata normundaki mutlak deger i¢indeki ifade bagil hata hesabidir. Dolayisiyla bu hata normu
sifira ne kadar yakinsa hesaplanan yaklagim degerinin, tam giivenilirlige o kadar yakin oldugunu
sOyleyebilmemiz miimkiin olacaktir.

Bu baglamda ilk olarak dogrusal G sistemler i¢in Onerilen smir yaklasimlarinin ve tam
giivenilirlik degerinin sonuglari, Tablo 2’de verilmistir.

Tablo 2. Dogrusal G sistemlerin giivenilirligi i¢in alt/iist sinir yaklagimlarinin karsilagtirilmasi

n k D Kuo vd. [3] Kuo vd. [3] Zuo [23] Tam

ve Zuo [23] Ust Sinir Ust Sinir Giivenilirlik

Alt Sinir
10 2 0.1 0.0490010 0.0864828 0.1676984 0.0802528
50 3 0.1 0.0158806 0.0468891 0.5656197 0.0425025
100 4 0.1 0.0024970 0.0096536 0.7423101 0.0087053
10 2 0.3 0.3759679 0.5720702 0.6921075 0.5035884
50 3 0.3 0.3546349 0.7312080 0.9920449 0.6247576
100 4 0.3 0.1839867 0.5456554 0.9994637 0.4326308
10 2 0.5 0.7626953 0.9249153 0.9384766 0.8593750
50 3 0.5 0.8819329 0.9983542 0.9999695 0.9827454
100 4 0.5 0.8008034 0.9980892 0.9999999 0.9727150
10 2 0.7 0.9654975 0.9976658 0.9951459 0.9859216
50 3 0.7 0.9987948 1.0000000 0.9999999 0.9999847
100 4 0.7 0.9989555 1.0000000 1.0000000 0.9999964
10 2 0.9 0.9997524 0.9999997 0.9999800 0.9999372
50 3 0.9 1.0000000 1.0000000 1.0000000 0.9999999
100 4 0.9 1.0000000 1.0000000 1.0000000 1.0000000
Hata Normu ([|e]|[;) 0.2269600 0.0658415 6.6725384

Tablo 2’ye gore ilk olarak hem Kuo vd.’nin 6nerdigi alt simir ile Zuo’nun 6nerdigi alt smir
yaklasim yontemleri aym oldugundan bu alt smir tek bir siitunda verilmis olup, n=10, 50 ve 100
degerleri ve p’nin de 0.5 den biyiik degerleri aldiginda alt smmirin tam giivenilirlige yaklastig
goriilmektedir ayrica hata normundan elde edilen deger bu durumu desteklemektedir. Kuo vd. tarafindan
onerilen st sinir yaklasimi ise p’nin degerleri i¢cin n=10, 50 ve 100 degerleri i¢in tam giivenilirlige
yakin sonuglar aldig1 gézlenmektedir. Zuo tarafindan Onerilen iist sinir yaklagiminin ise n’nin verilen
degerleri ile p > 0.7 degerleri i¢in tam giivenilirlikle yakin sonuglar verdigi, p < 0.7 degerleri i¢in ise
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tam giivenilirlikten uzak degerler aldig1 belirlenmistir. Hata normuna bakarak ise Kuo vd. tarafindan
Onerilen Uist smir yaklagim yonteminin Zuo tarafindan Onerilen yaklasimdan daha iyi oldugunu
sOyleyebiliriz.

Dairesel G sistemler icin Onerilen sinir yaklagimlari sadece Kuo vd. tarafindan Onerilen
yontemler olup bunlarm tam giivenilirlikle karsilagtirmali sonuglar: Tablo 3’de yer almaktadir.

Tablo 3. Dairesel G sistemlerin giivenilirligi igin alt/iist sinir yaklagimlarinin karsilastirilmasi

n k P Kuo vd. [3] Kuo vd. [3] Tam

Alt Sinir Ust Sinir Giivenilirlik
10 2 0.1 0.0490100 0.0956179 0.0879823
50 3 0.1 0.0168647 0.0487944 0.0441387
100 4 0.1 0.0024970 0.0099507 0.0089632
10 2 0.3 0.3759679 0.6105839 0.5332814
50 3 0.3 0.3720598 0.7455268 0.6374288
100 4 0.3 0.1839867 0.5566068 0.4412462
10 2 0.5 0.7626953 0.9436865 0.8798828
50 3 0.5 0.8966913 0.9987399 0.9848305
100 4 0.5 0.8008034 0.9984256 0.9750060
10 2 0.7 0.9654975 0.9988096 0.9897878
50 3 0.7 0.9992082 1.0000000 0.9999889
100 4 0.7 0.9989555 1.0000000 0.9999973
10 2 0.9 0.9997524 0.9999999 0.9999679
50 3 0.9 1.0000000 1.0000000 0.9999999
100 4 0.9 1.0000000 1.0000000 1.0000000

Hata Normu (le]l;) 0.2336367 0.0665493

Tablo 3°de elde edilen sonuglara gére p > 0.5 degerleri i¢in n ve k’nin hem biiylik hem de
kii¢iik degerleri i¢cin hem alt sinir yaklasiminin hem de {ist sinir yaklagiminin tam giivenilirlikle uyum
icinde oldugu goézlenmistir. Ayrica hem alt smir yaklasiminin hem de {ist simir yaklagiminin tam
giivenilirlik i¢in uygun bir smir olusturdugunu hata normlarina bakarak sdyleyebiliriz.

Dogrusal F sistemler i¢in 6nerilen sinir yaklasimlari i¢in elde edilecek sonuglar hem alt smir
hem de iist sinir i¢in ayr1 ayr1 tablolarda verilecektir. Onerilen yaklasimlardan bazilar1 birbirleri ile ayni
oldugundan bu yaklasimlar tek bir siitunda verilmistir. (25) denklem numarasi ile 6nerilen alt ve {ist sinir
yaklagimi =0, 1 degerleri i¢in tiretilmis olup alt sinirlar L, ve L, ’dir. Bazi n, k ve q degerleri igin elde
edilen alt sinir yaklasim sonuglari tam giivenilirlik degerinin karsilastirmasi Tablo 4’de verilmistir.

Tablo 4. Dogrusal hatali sistemlerin giivenilirligi i¢in alt sinirlarin karsilagtirilmasi

n k q Chiang ve Salvia Papastavridis  Papastavridis  Chrysaphinou Tam

Niu [5] [24] [26] [27] ve Giivenilirlik

Alt Smur Alt Siir Alt Sinir Alt Sinir Papastavridis

[28]
Alt Sinir

10 2 .01 0.9991040 0.9991000 0.9991082 0.9990104 0.9788004 0.9991082
50 3 .01 0.9999520 0.9999520 0.9999525 0.9999505 0.9599470 0.9999525
100 4 .01 0.9999990 0.9999990 0.9999990 0.9999990 0.9399990 0.9999990
10 2 .05 0.9777237 0.9775000 0.9786141 0.9765022 0.8702512 0.9786201
50 3 .05 0.9940176 0.9940000 0.9943076 0.9940797 0.7933930 0.9943077
100 4 .05 0.9993939 0.9993937 0.9994239 0.9994064 0.6993502 0.9994239
10 2 0.1 0.9135172 0.9100000 0.9195841 0.9135589 0.6839312 0.9197472
50 3 0.1 0.9531109 0.9520000 0.9574845 0.9559781 0.5481338 0.9574975
100 4 0.1 0.9903464 0.9903000 0.9912943 0.9910400 0.3896469 0.9912946
10 2 0.3 0.4279298 0.1900000 0.4789593 0.5216642 -0.425142 0.4964116
50 3 0.3 0.2687920 -0.296000 0.3668359 0.3851801 -1.061376 0.3752424
100 4 0.3 0.4543446 0.2143000 0.5642625 0.5663101 -1.400899 0.5673692
10 2 0.5 0.0750847 -1.250000 0.0828944 0.2620990 -1.644601 0.1406250
50 3 0.5 0.0016458 -5.000000 0.0082479 0.0396793 -2.622521 0.0172546
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100 4 0.5 0.0019108 -5.062500 0.0174373 0.0417995 -3.435171 0.0272849
Hata Normu(||e||;)0.1956700 32.68373 0.0904445 0.3707075 20.250865

Tablo 4.(Devami) Dogrusal F sistemlerin giivenilirligi i¢in alt sinirlarin karsilagtirilmasi

n k q Barbour Zuo [23] Barbour Barbour Muselli Tam
vd. [29] Alt Sinir vd. [31] vd. [31] [34] Giivenilirlik
Alt Smir Alt Smir Alt Smir Alt Smir
10 2 .01 0.9988134 0.9975980 0.9991080 0.9991078 0.9991082 0.9991082
50 3 .01 0.9999475 0.9963359 0.9999525 0.9999525 0.9999525 0.9999525
100 4 .01 0.9999990 0.9975632 0.9999990 0.9999990 0.9999990  0.9999990
10 2 .05 0.9718518 0.9488249 0.9784774 0.9783840 0.9786139 0.9786201
50 3 .05 0.9937287 0.8104359 0.9943053 0.9943286 0.9943077 0.9943077
100 4 .05 0.9993830 0.7273428 0.9994239 0.9994240 0.9994239 0.9994239
10 2 0.1 0.8961937 0.8323015 0.9177426 0.9157570 0.9196512 0.9197472
50 3 0.1 0.9533198 0.4343803 0.9573573 0.9578164 0.9574934 0.9574975
100 4 0.1 0.9906880 0.2576899 0.9912910 0.9912977 0.9912946 0.9912946
10 2 0.3 0.4052246 0.3078925 0.4097220 0.1124774 0.4898072 0.4964116
50 3 0.3 0.3172529 0.0079550 0.3206247 0.0247893 0.3731166 0.3752424
100 4 0.3 0.5396956 0.0005363 0.5538749 0.4757678 0.5668393 0.5673692
10 2 0.5 0.0746525 0.0615234 -0.197706 0.4757678 0.1100598 0.1406250
50 3 0.5 -0.200212 0.0000305 -0.395522 0.4757678 0.0127137 0.0172546

100 4 05  -0.139244 0.0000001 -0.229479 0.4757678 0.0240942 0.0272849
Hata Normu(|le||) 1.3067534 0.4529987 2.4057021 3.1511600 0.0411650

Tablo 4.(Devam) Dogrusal F sistemlerin giivenilirligi i¢in alt sinirlarin karsilastiriimasi

n k q Muselli [35] Muselli [35] Ly L, Tam
Alt Sinir Alt Sinir Alt Smir Alt Smir  Giivenilirlik
10 2 .01 0.9991082 0.9990004 0.9991080 0.9991082  0.9991082
50 3 .01 0.9999525 0.9999520 0.9999525 0.9999525  0.9999525
100 4 .01 0.9999990 0.9999990 0.9999990 0.9999990  0.9999990
10 2 .05 0.9786139 0.9752794 0.9785000 0.9786201  0.9786201
50 3 .05 0.9943077 0.9940176 0.9942937 0.9943077  0.9943077
100 4 .05 0.9994239 0.9993877 0.9994238 0.9994239  0.9994239
10 2 0.1 0.9196512 0.9043821 0.9180000 0.9197472  0.9197472
50 3 0.1 0.9574934 0.9531109 0.9567000 0.9574974  0.9574975
100 4 0.1 0.9912946 0.9902474 0.9912600 0.9912947  0.9912946
10 2 0.3 0.4898072 0.3894161 0.4060000 0.4964116  0.4964116
50 3 0.3 0.3731166 0.2687920 0.0847000 0.3651967  0.3752424
100 4 0.3 0.5668393 0.4506644 0.4475800 0.5653806  0.5673692
10 2 0.5 0.1100598 0.0563135 -0.250000 0.1406250  0.1406250
50 3 0.5 0.0127137 0.0016458 -2.062500 -1.026367  0.0172546

100 4 0.5 0.0240942 0.0017914 -4.762500 -1.377441  0.0272849
Hata Normu (|lell;) 0.0411654 0.2113080 20.00191 7.466505

Tablo 4’de yer alan sonuglarda (4) esitligi ile Onerilen alt siir yaklagim yontemi ile (7), (12),
(16), (18) ve (23) esitlikleri ile dnerilen alt sinir yaklagim yontemleri ayni oldugundan bu yaklagimlarin
hepsi tek bir siitunda Chiang ve Niu tarafindan 6nerilen alt sinir yaklagimmin altinda verilmistir.
Tablolardaki sonuglar incelendiginde ise Zuo tarafindan onerilen yontem hari¢ diger yontemlerin n ve
k’nin degerlerine bagl olmaksizin sadece g nun ¢ok kiigiik degerlerinde tam giivenilirlikle uyum i¢inde
oldugu ve g’nun degeri arttikga yontemlerin performanslarinin bozuldugu goriilmektedir. Hata norm
degerleri Salvia [24], Chrysaphinou ve Papastavridis [28], Barbour vd. [29], Barbour vd. [31] tarafindan
oOnerilen alt sinir yaklagimlari ile Ly ve Lq alt siur yaklagimlarinin yiiksek ¢iktigindan digerlerinden kotii
performans gostermislerdir.
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Dogrusal F sistemlerle ilgili son olarak {ist smir yaklagim yontemlerinin karsilagtirilmasi
verilecektir. Bunun igin, (25) esitligi ile verilmis olan sinir yaklagim yontemlerinin ailesinde =0 ve 1
degerleri verilerek iist sinir yaklagim yontemi olarak U, ve U elde edilir. Chiang ve Niu tarafindan (4)
esitligi ile Onerilmis olan ist sinir yaklasim yontemi ile (13) ve (16) esitlikleri ile onerilen {ist smir
yaklagimi ayni oldugundan bu yontemlerin sonuglari Chiang ve Niu’nun 6nerdigi yontemin altinda tek
siitunda; Fu tarafindan (7) esitligi ile 6nerilen {ist sinir yaklagimu ile Papastavridis ve Koutras tarafindan
(12) esitligi ile onerilen iist sinir yontemi ayni oldugundan bunlarm sonuglar tek bir siitunda Fu'nun
altinda verilecektir. Geriye kalan {ist sinir yaklagim yontemleri bazi n, k ve q degerleri i¢in elde edilerek
tam giivenilirlikle kargilastirmali olarak Tablo 5°de verilmistir.

Tablo 5. Dogrusal F sistemlerin giivenilirligi igin st sinirlarin kargilagtiriimasi

n k q Chiang ve Niu Salvia [24] Derman vd. Fu [25] Tam
5] Ust Sinir _[8] Ust Sinir ~ Giivenilirlik
Ust Sinir Ust Sinir
10 2 .01 0.9995001 0.9991695 0.9999001 0.9991094  0.9991082
50 3 .01 0.9999840 0.9999701 0.9999990 0.9999525  0.9999525
100 4 .01 0.9999998 0.9999996 1.0000000 0.9999990  0.9999990
10 2 .05 0.9875623 0.9850730 0.9975144 0.9788269  0.9786201
50 3 .05 0.9980019 0.9994615 0.9998751 0.9943159  0.9943077
100 4 .05 0.9998438 0.9999956 0.9999938 0.9994242  0.9994239
10 2 0.1 0.9509900 0.9612580 0.9901316 0.9218556  0.9197472
50 3 0.1 0.9841194 0.9996607 0.9990027 0.9577012  0.9574975
100 4 0.1 0.9975030 0.9999996 0.9999001 0.9913076  0.9912946
10 2 0.3 0.6240321 0.9533051 0.9151536 0.5567450  0.4964116
50 3 0.3 0.6453651 0.9999999 0.9735306 0.4001633  0.3752424
100 4 0.3 0.8160133 1.0000000 0.9919643 0.5760533  0.5673692
10 2 0.5 0.2373047 0.9912109 0.7798913 0.3006578  0.1406250
50 3 0.5 0.1180671 1.0000000 0.8833240 0.0451462  0.0172546
100 4 0.5 0.1991966 1.0000000 0.9397828 0.0459765  0.0272849
Hata Normu (||e]|;) 0.9551788 6.8075142 6.1015954  0.2430356

Tablo 5.(Devami) Dogrusal F sistemlerin giivenilirligi i¢in iist sinirlarinin karsilastiriimasi

n k q Papastavridis  Papastavridis  Chrysaphinou Barbour Barbour Tam
[26] [27] ve vd. [29] vd. [31]  Giivenilirlik
Ust Sinir Ust Sinir Papastavridis ~ Ust Stnir ~ Ust Sinir

. [28]

Ust Sinir
10 2 .01 0.9991084 0.9990104 1.0194000 0.9994054 0.9991088 0.9991082
50 3 .01 0.9999525 0.9999505 1.0399570 0.9999574 0.9999525 0.9999525
100 4 .01 0.9999990 0.9999990 1.0599990 0.9999991 0.9999990  0.9999990
10 2 .05 0.9787429 0.9765022 1.0852510 0.9858518 0.9789798 0.9786201
50 3 .05 0.9943099 0.9940797 1.1946430 0.9949037 0.9943147  0.9943077
100 4 .05 0.9994239 0.9994064 1.2994380 0.9994655 0.9994239  0.9994239
10 2 0.1 0.9214575 0.9135589 1.1439310 0.9481937 0.9247499 0.9197472
50 3 01 0.9576168 0.9559781 1.3581340 0.9621198 0.9578901 0.9574975
100 4 01 0.9912979 0.9910400 1.5910470 0.9919280 0.9913051 0.9912946
10 2 03 0.5616151 0.5216760 1.3148580 0.7292246 0.6877247 0.4964116
50 3 03 0.3991545 0.3851801 1.6086240 0.4900529 0.4796283 0.3752424
100 4 0.3 0.5751219 0.5663101 2.3125010 0.6142156 0.5971516 0.5673692
10 2 05 0.3556076 0.2640521 1.8553990 0.5746525 0.7289202 0.1406250
50 3 05 0.0465852 0.0396793 2.6274790 0.2997871 0.4871055 0.0172546

100 4 05 0.0459833 0.0417995 3.4398290 0.2357553 0.3224637 0.0272849
Hata Normu (|[e]|;) 0.2749861 0.1866420 19.903422 1.8669002 2.8636400
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Tablo 5.(Devami) Dogrusal F sistemlerin giivenilirligi i¢in {ist sinirlarin kargilagtirilmasi

n k q Barbour vd. Xie ve Lai [33] Muselli U, U, Tam
[31] Ust Sinir _[34] Ust Stnir Ust Stir  Giivenilirlik
Ust Siir Ust Sinir
10 2 .01  0.9991089 0.9991083  0.9991083 0.9999001  0.9991082  0.9991082
50 3 .01  0.9999525 0.9999525  0.9999525 0.9999990  0.9999525  0.9999525
100 4 .01 0.9999990 0.9999990  0.9999990 1.0000000  0.9999990  0.9999990
10 2 .05  0.9790465 0.9786576  0.9786565 0.9975356  0.9786201  0.9786201
50 3 .05  0.9943471 0.9943090  0.9943090 0.9998757  0.9943077  0.9943077
100 4 .05  0.9994241 0.9994239  0.9994239 0.9999938  0.9994239  0.9994239
10 2 01  0.9263570 09202497 0.9202189 0.9905400 0.9197501  0.9197472
50 3 01  0.9589964 0.9575648  0.9575627 0.9990396 0.9574990  0.9574975
100 4 01  0.9913332 0.9912968  0.9912968 0.9999008  0.9912947  0.9912946
10 2 03 09710774 05125987  0.5093173 0.9440200 0.4974117  0.4964116
50 3 03  0.8850093 0.3870102  0.3856319 0.9954532 0.3802115  0.3752424
100 4 03 0.7081584 05720823 0.5717048 0.9961253 0.5680150  0.5673692
10 2 05 35601270 0.1744260  0.1617042 0.9375000 0.1484375  0.1406250
50 3 05 93305910 0.0268737  0.0242387 1.2187500 -0.483398  0.0172546
100 4 05  7.0049860 0.0361858  0.0344271 1.1171880 -0.936401  0.0272849
Hata Normu (|le|l;) 54.825539 00797998  0.0585584 7.9140582  4.293796

Tablolara gore Chrysaphinou ve Papastavridis tarafindan onerilen yaklagim hari¢ diger tiim
yaklagimlarin q’nun kiiglik degerleri i¢in tam giivenilirlikle yakin degerler aldigi gozlenmistir. Birkag
yontem disindaki diger yontemlerin ise g’nun degeri arttirildiginda yaklagimlar i¢in elde edilen
degerlerin tam giivenilirlikten uzak bir goriintii ¢izdigi sonucuna varilmistir. Hata norm degerleri Salvia
[24], Derman vd. [8], Chrysaphinou ve Papastavridis [28], Barbour vd. [29] ve Barbour vd. [31]
tarafindan Onerilen alt sinir yaklasimlari ile U, ve U; smir yaklasimlarinin yiiksek ¢iktigindan diger
yontemlere kiyasla kotii performans gostermislerdir.

Son olarak, dairesel hatali sistemler i¢in Onerilen alt ve tist sinir yaklasimlar1 bazi n, k ve g
degerleri i¢in Tablo 6’da karsilastirmali olarak verilmistir.

Tablo 6. Dairesel F sistemlerin giivenilirligi igin alt ve st sinirlarin karsilastiriimasi

n k q Kuo ve Zuo Papastavridis Kuove Zuo Derman vd. Papastavridis Tam
[1] [26] [1] [8] [26] Giivenilirlik
Alt Smir Alt Sinir Ust Sinir Ust Sinir Ust Sinir
10 2 .01 0.9990004 0.9990102 0.9995001  0.9990201 0.9990104 0.9991091
50 3 .01 0.9999500 0.9999505 0.9999840  0.9999510 0.9999505 0.9999515
100 4 .01 0.9999990 0.9999990 0.9999998  0.9999990 0.9999990 0.9999990
10 2 .05 0.9752794 0.9763856 0.9875623  0.9775281 0.9765022 0.9787323
50 3 .05 0.9937691 0.9940775 0.9980019  0.9943713 0.9940797 0.9941957
100 4 .05 0.9993752 0.9994064 0.9998438  0.9994348 0.9994064 0.9994123
10 2 0.1 0.9043821 0.9118757 0.9509900  0.9200000 0.9135589 0.9205421
50 3 0.1 0.9512056 0.9558487 0.9811940  0.9604117 0.9559781 0.9567256
100 4 0.1 0.9900493 0.9910364 0.9975030  0.9918772 0.9910400 0.9911260
10 2 0.3 0.3894161 0.4532612 0.6240321  0.5609756 0.5216760 0.5072686
50 3 0.3 0.2544732 0.3546788 0.6453651  0.5409725 0.3851801 0.3702227
100 4 0.3 0.4433932 0.5557309 0.8160133  0.6849597 0.5663101 0.5620428
10 2 0.5 0.0563135 0.0800365 0.2373047  0.2307692 0.2640521 0.1484069
50 3 0.5 0.0012601 0.0074699 0.1180671  0.2063492 0.0396793 0.0167488

100 4 0.5 0.0015744 0.0160903 0.1991966  0.2592593 0.0417995 0.0260066
Hata Normu (||e|[;) 0.2179579 0.1045817 0.9874526  1.4424462 0.1895295

Tablo 6°daki sonuglara gore onerilen alt smirlarin q’nun hem kiigiik degerlerinde hem de biiyiik
degerlerinde tam giivenilirlikle yakin sonuglar verdigi tespit edilmistir. Ust sinir yaklasim degerlerinde
ise Onerilen ii¢ yontem iginde sadece n, k ve g’nun belli degerleri i¢in tam giivenilirlik degerleri ile
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uyum iginde kaldigi goriilmiistiir. Son olarak hem alt sinir yaklagim yontemlerinin hem de iist smir
yaklagim yontemlerinin hata normlari incelendiginde sadece Drman vd. [8] tarafindan Onerilen tist sinir
yaklagimin digerlerinden kotii performans gosterdigini soyleyebiliriz.

4. Sonuc ve Oneriler

Bu ¢alismada, miihendislik sistemlerinin tasariminda siklikla kullanilan ardil-k sistemlerin giivenilirligi
i¢in 6nerilen siir yontemlerinin karsilagtirilmasim verdik. Bu baglamda, ilk olarak dogrusal G sistemler
icin sir yontemlerini karsilastirdik. Elde edilen sonuglardan Kuo vd. ve Zuo tarafindan onerilen alt
smir yaklagimimin performansinin tam giivenilirlikle uyum i¢inde oldugunu, {ist simr yaklagiminda ise
Kuo vd. tarafindan onerilen yaklasimin Zuo tarafindan onerilen yaklasimdan daha dstiin oldugunu
goriilmistiir. Dairesel G sistemler i¢in ise Kuo vd. tarafindan 6nerilen hem alt hem de st sir
yaklagiminin tam giivenilirlik i¢in sinir degerleri olugturma konusunda iyi performans sergilediklerini
sOyleyebiliriz.

Dogrusal F sistemler i¢in 6zellikle Chrysaphinou ve Papastavridis; Barbour, Holst ve Janson;
Barbour, Chrysaphinou ve Ross tarafindan 6nerilen alt sinir yaklagimlarinin ¢ nun biiyiik degerleri igin
kéti sonuglar verdigini ve bunun sebebinin de g ’nun oldukga kiigiik degerlerinde daha iyi galismasindan
kaynaklanmaktadir. Genel itibari ile Papastavridis ve Muselli tarafindan onerilen alt siir yaklasim
yontemlerinin diger yontemlerden daha tstiin olduklarini sdyleyebiliriz.

Dogrusal F sistemler i¢in Onerilen iist smir yaklasim yontemleri de alt sinir yontemlerinde
oldugu gibi genel olarak q’nun kii¢iik degerleri i¢in daha iyi sonuglar verirken q’nun degeri arttikga Fu,
Papastavridis, Muselli ve Xie ve Lai tarafindan oOnerilen yontemler disinda kalan yontemlerin
performanslarinin bozuldugu goriilmektedir. Dolayisiyla Fu, Papastavridis, Muselli ve Xie ve Lai
tarafindan Onerilen yoOntemlerin smur yaklasimlari igin tercih edilmesinin daha iyi oldugunu
sOyleyebiliriz.

Son olarak, dairesel F sistemler i¢in ise Papastavridis tarafindan 6nerilen alt sinir yonteminin
Kuo ve Zuo tarafindan 6nerilen yontemden daha iyi performans gosterdigi; {ist sir i¢in de Onerilen
yontemler belli degerlerde ayr1 ayri iyi sonuglar verdiklerinden tam olarak birbirlerine iistiinliikklerinden
s0z edemeyiz.

Genel olarak 6nerilen yontemler, sadece n ve k’nin degerine bagl olmanin diginda hata olasilik
degerine (q)’de bagli oldugundan segilen sistemlerde hangi yontemin uygulanacagina karar vermeden
once yontemlerin hangi durumlarda daha iyi performans gosterdiklerinin arastirilmasinda fayda
olacaktir.
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Kahramanmaras ilinde Bina ici Mevsimsel Radon Gaz1 Aktivitesi Olciimii
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Oz

Radon gaz1 (%?Rn); 2®U dogal radyoaktif serisinde bulunan kokusuz, tatsiz ve renksiz bir gazdir. ?Ra’nm kiz
cekirdegi olan 222Rn, 5.490 MeV enerjili alfa pargaciklar1 yayimlayarak bozunur. Alfa pargaciklari en yiiksek
iyonlastirmaya sahip pargaciklar oldugu icin radon gazmin solunmasi ciddi akciger hastaliklarina neden olabilir.
Giinlik hayatimizda maruz kaldigimiz radyasyon dozunun %54’{iniin ozellikle ??Rn’den kaynaklandig
bilinmektedir. Diinya Saghk Orgiiti’'ne (WHO) ve ABD Cevre Koruma Ajansi’na (EPA) gore; radon gazi,
sigaradan sonra akciger kanserinin ikinci onde gelen sebebidir. Bu calismada Kahramanmaras Siit¢ii imam
Universitesi (KSU), Avsar Yerleskesi’nde bulunan tiim binalarda bina igi, mevsimsel olarak radon gazi aktivitesi
DURRIDGE Rad7 elektronik radon dedektorii kullanilarak 6l¢iildii. Bu calismada amag, tiim calisanlar ve
ogrencilerin saglik agisindan ne kadar risk altinda oldugunu tespit etmektir. Bina i¢i kiglik radon konsantrasyon
degerleri 8,52 13,24 Bq m2ile 53,12416,46 Bq m™ arasindadir. Yazlik radon konsantrasyon degerleri 4,74+1,34
Bg m2ile 22,79+9,28 Bq m™ arasindadir. Bu degerler tavsiye edilen smir degerlerin altindadir.

Anahtar kelimeler: Radon gazi, Bina i¢i radon gazi 6l¢timii, DURRIDGE Rad?7.

Seasonal Indoor Radon Gas Activity Measurement in Kahramanmaras
Province

Abstract

Radon gas (?2Rn); It is an odorless, tasteless and colorless gas in the natural radioactive series 2%8U. Radon gas is
the daughter core of 2%5Ra. ?2?Rn decays by emitting alpha particles with an energy of 5.490 MeV. Since alpha
particles are the particles with the highest ionization, inhalation of radon gas can cause serious lung disease. It is
known that 54% of the radiation dose we are exposed to in our daily lives is caused by ??2Rn. According to World
Health Organization (WHO) and the US Environmental Protection Agency (EPA), Radon is the second leading
cause of lung cancer after smoking. In this study, seasonal Radon gas activity in all buildings in Kahramanmaras
Siitgii Imam University (KSU) Avsar campus was measured using DURRIDGE Rad7 electronic radon detector.
The purpose of this study is to observe the health risk of all employees and students. The winter radon concentration
in indoor samples varies from 8.524-3.24 Bq m=to 53.12416.46 Bq m*. The summer radon concentration in
indoor samples varies from 4.74+1.34 Bq m™ to 22.7949.28 Bg m=. These values were found to be below the
recommended limit values.

Keywords: Radon gas, Indoor radon gas measurement, DURRIDGE Rad7.

1. Giris

Giinliik hayatimizda stirekli bir radyasyonun etkisinde kalmaktayiz. Radyoaktif ¢ekirdekler kararsiz
haldedirler. Kararl hale donebilmek igin enerji yayimlarlar. Yayimladiklar1 bu enerji radyasyon olarak
tanimlanmis olup, 1896 yilinda Henri Becquerel bu konuda caligmalar baslatmustir. Radyasyon,
yayimlandig1 kaynak bakimindan yapay radyasyon ve dogal radyasyon olmak iizere ikiye ayrilir. Ayrica
hiicrelerde iyonizasyona sebep olanlarina, iyonlastiric1 radyasyon, iyonizasyona sebep olmayana ise
iyonlastirict olmayan radyasyon denir. Genelde dogal kaynaklardan ortaya ¢ikan iyonlastirict

*Sorumlu yazar: erdalkucukonder@gmail.com
Gelis Tarihi: 28.05.2021, Kabul Tarihi: 12.08.2021
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radyasyon, maddeyle etkileserek atomlarinin elektriksel yapisini degistirebilir, dolayisiyla saglik
sorunlarma sebep olabilir. Cevremizde siirekli var olan dogal radyasyonun yaklasik %54 tiniin gozle
goriinmeyen ve duyular vasitasiyla algilanamayan renksiz, tatsiz, kokusuz bir gaz olan radon gazi ve
onun kisa yar1 dmiirlii kiz ¢ekirdeklerinden olustugu bildirilmistir [1,2]. Radon gazi, solunum sistemine
girdikten sonra ¢ok hizli bir bozunma mekanizmasi ile a ve p radyasyonu yayar ve bu bozunma
mekanizmas1 ayrica akciger kanserine yol agan toksik bir radyoizotop olan #°Po'yu da igerir [3].

Yeryiiziinde yagayan tiim canlilar, yerkiirenin olusumundan bu yana yerkiirede bulunan dogal
radyoaktif maddelerden yayimlanan radyasyonla ve aym1 zamanda uzaydan gelen kozmik 1ginlarla
isinlanmaktadir. Tiim canlilarin yasamlari boyunca, Diinya’da yerkiireden kaynaklanan, dogal
radyasyona maruz kaldiklar1 bildirilmistir [4-10]. Tiim canlilar viicutlarina, hava solurken solunum yolu
ile, beslenirken sindirim yolu ile havada ve yiyeceklerde bulunan radyoaktif maddeleri almaktadir.
Alman bu radyoaktif maddeler ilgili organlarda birikerek i¢ 1sinlanmaya sebep olmaktadir. Buna ek
olarak yerkiiredeki dogal radyoaktif maddelerden ve kozmik 1sinlardan etkilendigimiz de
disiiniildiigiinde, tiim canlilar hem i¢ hem de dis radyasyona dogal olarak maruz kalmaktadir [11].

28, 227 serileri ve “K oldukga fazla siire yar1 6mre sahip olup, topraklarda, sularda, havada
bulunmakta, canhlar1 distan ve icten 1sinlamaktadirlar. Radon gazi, U serisinde bulunan kiz
¢ekirdeklerden 1600 yil yar1 mre sahip ?°Ra’nin bozunmasi ile ortaya cikar. Yine ayni seride bulunan
22,6 yil yar1 émre sahip 2°Pb ise bu zinciri etkin bir sekilde korur. Radon gazinin yar1 6mrii 3,8 giin
olup radyoaktif bir asal gazdir. Buna karsilik bu radyoaktif seride radondan sonra gelen ?*Po, #Pb,
214Bj ve 2“Po kiz gekirdekler, radon gazi gibi pasif olmayip alfa ve beta yayimlayan, kimyaca aktif kat:
elementlerdir. Radon gazi alfa yayimladigi i¢in, alfa isininin giriciligi ¢ok az oldugundan dis 1sinlama
tehlikesi yoktur. Radon gazinin uzun siire solunmasi, akcigerler igin Onemli bir saglik riski
olusturabilmektedir. Radon gazinin bozunma firiinlerinin, genellikle akciger mukozasina yerleserek
akciger kanseri riskini artirdigr bilinmektedir [12]. WHO ve EPA radonu, A smifi kanserojen madde
olarak siniflandirmistir [13]. Ingiltere Milli Radyasyondan Korunma Komitesi (NRPB), Ingiltere’de bir
yilda meydana gelen 41000 akciger kanseri vakasinin en az 2500’{niin radon gazmna bagli oldugu
bildirmektedir [14].

Yer alti maden ocaklarinda ¢alisan is¢iler maden ocagi havasinda bulunan radyoniiklidleri
solumalar1 ve yutmalar1 sebebi ile saglik acisindan mesleki risk altindadirlar. Maden is¢ileri hem
havadaki radon gazi ve onun kiz ¢ekirdekleri hem de jeolojik yapida bulunan dogal radyoaktif
elementlerden yayimlanan gama radyasyonu ile icten ve distan 1smma maruz kalmaktadirlar.
Epidemiolojik calismalar, uzun siire radyasyona maruz kalmanin akciger kanseri riskini artirdigini
gostermektedir [15]. Radon gazi, solunmasi sonucu akcigerlerde alfa yayimlamasi sebebi ile hassas
hiicrelerde iyonizasyona sebep oldugu i¢in akciger kanseri riskini artirdig1 yoniinde ¢ok sayida bulgunun
varlig1 nedeni ile bir¢ok iilkede arastirmacilarin ilgisini ¢ekmis olup, bu konuda hem iilkemizde hem de
diger tilkelerde caligmalar yapilmistir [16-18].

Insanlar, giinliik yasantisinin yaklasik %90 1m1 kapali ortamlarda gegirmektedirler [19,20]. Bina
ici kapali ortamlarda, bina temeli altinda bulunan kayag ve toprak sebebi ile radon gazi bulunmaktadir.
Radon gaz1 yeraltindan yiikselerek binanin altindan diisiik basingli bina icerisine, duvar ve zemin
catlaklarindan, su borusu bosluklarindan v.b. girerek Katlar arasinda yiikselerek kapali mekanlari
doldurur.

Radon gazi dogrudan ve onun kiz ¢ekirdekleri havadaki asili bulunan toz ve diger parcaciklara
tutunur ve boylece radyoaktif aerosol olusturur. Solunarak akcigerlere alinan bu radyoaktif maddeler
kararli duruma gelinceye kadar radyoaktif 151in yayimlayarak akcigerlerde iyonizasyona sebep olurlar.
Son {iriin olarak kararli kursuna doniisiince de akcigerlerde hassas hiicreler iizerinde agir element
birikimi de hiicrelere zarar verebilir ve akciger kanserine neden olabilir. Uranyum madencileri tizerinde
yapilan arastirmalarin, radon gazinin akciger kanseri i¢in ana sebep oldugunu ortaya koymasiyla, radon
gazina maruz kalma smirlandirilmistir. Bina i¢i radon gazi Slglimleri bu cercevede oldukga 6nem
kazanmigtir. Clinkii canlilarin, dogal kaynaklar sebebi ile maruz kaldiklari toplam radyasyon dozunun
%354 linilin radon gazi1 sebebi ile oldugu bildirilmistir [17].

Bina i¢i radon gazi konsantrasyonlari, aktif veya pasif 6l¢me metotlar i¢cin dizayn edilmis 6l¢iim
cihazlari ile belirlenebilmektedir. Diinya genelinde ve iilkemizde literatiirde kapali ortam (meskenlerde,
magaralarda, madenlerde, termik santrallerde ve kiitiiphanelerde) radon gazi konsantrasyonu dlgme
konusunda yapilan ¢alismalar oldukca fazladir [21-32]. ABD’de ve Avrupa iilkelerinde bu 6l¢iimler
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stirekli tekrarlanarak yapilmakta ve radyasyon haritalar1 giincellenmektedir. ABD’de bir yilda 1 milyon
radon gazi yogunlugu dl¢iimii yapildigi bildirilmistir [33].

Uluslararas1 Atom Enerji Ajansi, temel giivenlik standartlar1 (IAEA-BSS), tavsiye edilen radon
gaz1 konsantrasyon seviyesini evlerde 200-600 Bq m?, isyerlerinde 500-1500 Bq m™ olarak, Tiirkiye
Atom Enerji Kurumu (TAEK) Radyasyon Giivenligi Yonetmeliginde ise, iilkemiz i¢in miisaade edilen
radon gaz1 konsantrasyonu, evler igin 400 Bq m?, isyerleri i¢in 1000 Bq m™ olarak belirlenmistir.
Uluslararasi Radyolojik Koruma Komisyonu tarafindan radon gazi konsantrasyonu igin tavsiye edilen
degerler ise, evler igin yillik 200-600 Bq m~diir. Aym Komisyonun evlerde radon gazi
konsantrasyonlari igin belirledigi sinirlar; yeni evlerde 200 Bq m, eski evlerde 400 Bq m™ ve maden
bolgelerinde ise 1500 Bq m™ diir. 400 Bq m™’ liik sinir degerde ise akciger kanseri meydana gelme riski
%6’dir. Bu risk degeri, sigara kullanimi ile 10-20 kat kadar artabilmektedir [34,35].

Kahramanmaras’ta bazi ilkdgretim okullarinda ve anaokullarinda radon gazi seviyesi pasif
radon dedektor kullanilarak [36], faylarla iliskili jeotermal alanlarda aktif 6l¢er kullanilarak 6l¢iilmiistiir
[37]. Kahramanmaras Siitcii Imam Universitesi Avsar Yerleskesi’nde daha nce radon gazi 6lciimii ile
ilgili bir ¢alisma yapilmamistir.

Bu ¢alismamizin amaci Kahramanmaras Siitgii Imam Universitesi Avsar Yerleskesi’'nde 12
binada radon gaz1 6l¢limii yaparak, ¢alisanlar ve 6grenciler i¢in saglik risklerini degerlendirmek ve
gerekli tedbirlerin alinmasini saglamaktir.

2. Materyal ve Metot
2.1. Calisma Alam

Kahramanmaras ilimiz Akdeniz Bolgesi’nin dogusundadir. iklim merkez ilgelerde Akdeniz Bolgesi’ne
yakin iklime sahiptir. Kahramanmaras Siit¢ii Imam Universitesi sehrimizin giineybatisinda Onikisubat
ilcesindedir. Kahramanmaras Siitcii Imam Universitesi Avsar Yerleskesi’nde fakiilte ve idari birimler
olmak tizere toplam 12 binada 6l¢timler yapilmustir. Bu binalarda, hizmet veren yaklasik 2.000 akademik
ve idari personel ile egitim géren 20.000 6grenci bulunmaktadir. Kahramanmaras ilinin iilkemizdeki
yeri Sekil 1” de ve Kahramanmaras Siitcii Imam Universitesi Avsar Yerleskesi’nin konumu Sekil 2° de
verildigi gibidir.

Sekil 1. Kahramanmaras, Tiirkiye [38]
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Sekil 2. Kahramanmaras merkezde KSU Avsar Yerleskesi’nin konumu

2.2. Deneysel Calisma

Kahramanmaras ilinde, Kahramanmaras Siitcii Imam Universitesi Avsar Yerleskesi’nde bina i¢i radon
gaz1 Olgimleri, Yerleske’deki on iki binada yapildh.

Binanin oturdugu zemindeki toprak ve kayalar, bina i¢i radon gazi yogunlugunun ana sebebidir.
Yer altindan gelen radon gazi yukari dogru yiikselir ve bina tabaninda bir basing olusturur. Kig aylarinda
binanin etrafinda bulunan alanlarda yagis nedeni ile gézeneklerin kapanmasi ve bina i¢i sicakligin
artmasi ile igeride basing azalmasi olacagindan, radon gazi daha hizli bir sekilde bina igine girer. Kisin
havalarm soguk olmasi sebebi ile havalandirma da az oldugundan radon gazi seviyesi bina i¢inde yiiksek
olur. Yazin ise, bina dig1 ortamda toprak gatlaklarinin artmasi ve havalandirmanin daha fazla olmasi
sebebi ile durum tam tersine doner, bina i¢i radon gazi yogunlugu azalir. Ayrica, bulunulan bolgedeki
toprak ve kayaclar ile birlikte yap1 malzemeleri icerisinde bulunan **Ra yogunlugu da radon gazi
miktarini etkiler.

Radon gazi bina i¢ine; bina zemininde bulunan c¢atlaklardan, duvarlardaki ¢atlaklardan, cesitli
tesisat bosluklarindan, yapinin baglanti noktalar1 vb. yerlerden girmekle birlikte, kum, ¢imento, boya,
kireg, al¢1 gibi yapt malzemelerinden de girer. Bunlarin yaninda i¢cme-kullanim sular1 ve dogal gazda
bulunan radon gazinin da bina iginde radon gazi yogunlugunu artirabildigi bildirilmistir [39].

Yap1 malzemelerinin de radon gazi konsantrasyonuna etkisinin oldugu bilinmektedir. Ornegin,
duvarlar1 tag ve tugla olan binalara gore, briket olan binalarin radon gazi konsantrasyonlar1 daha
yiiksektir. Ayrica tavani beton olan evlere gore, tavami toprak olan evlerin radon gazi
konsantrasyonlarinin daha fazla oldugu bildirilmistir [40].

Sekil 3’te radon gazinin binalara nerelerden girdigi gosterilmektedir: 1) Duvar i¢i kaviteleri, 2)
Zemindeki catlaklar, 3) Yap1 birlesim noktalari, 4) Duvarda meydana gelen gatlaklar, 5) Binaya giren
su kaynaklari, 6) Asma tavan boslugu, 7) Boru gevresi boslugu [41].
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Sekil 3. Radon’un binalara girig noktalar1 [41]

-

2.3. Durridge RAD7 Elektronik Radon Dedektorii Algilayicisi ve Yapisi

Dedektor 4,3 kg agirliginda olup bataryasi sayesinde sniff modunda 24 saat, monitér modunda ise 72
saat Olciimler yapabilir. Ayrica laboratuvar ortaminda dogrudan adaptor ile de prize takilarak 6lgiim
yapilabilir. Sekil 4’te ve Sekil 5’te DURRIDGE Rad7 elektronik radon dedektorii goriilmektedir.

Sekil 4. DURRIDGE Rad7 elektronik radon dedektorii

Sekil 5. DURRIDGE Rad7 elektronik radon dedektorii
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DURRIDGE Rad7 elektronik radon dedektorii; portatif, taginabilir olup, bataryasi sayesinde
herhangi bir gii¢ kaynagina bagli kalmaksizin her mekanda 6l¢iim yapabilir ve verileri depolayabilir.
Yapilan dlgimlerin tamamini, {izerinde bulunan yazici ile her 6lglim sonrasi ¢ikti olarak verebilirken
yapilan Ol¢iim bilgileri sistem bilgisayara baglanarak bilgisayara aktarilabilir. Depolanan 6lglim
verilerinin, bilimsel olarak yorumunu yapabilmek igin veri analiz yazilim ile birlikte ¢aligir. Ayrica
yerinde aktif Ol¢iimler yapilmasinda kullanmilan DURRIDGE Rad7 elektronik radon dedektorii
bilgisayara baglanarak dl¢iim sirasindaki degisimler gozlenebilmektedir.

Rad7, kapsamli bir radon 6l¢iimiiniin temelini olusturabilen ¢ok yonlii bir cihazdir. Farkli
amagclar i¢in bir¢ok farkli modda kullanilabilir. Rad7, sinyal ve giiriiltii arasinda net bir sekilde ayrim
yapmak i¢in gelismis bir silikon dedektorii ve yiiksek ¢oziiniirliiklii alfa spektroskopisi ile elektrostatik
¢okeltme kullanir. Bu nedenle, darbe iyonizasyon odalar1 kullanan radon monitérlerinin aksine Rad7,
radon ve toron arasinda kolayca ayrim yapar ve cihazin émrii boyunca arka plani diisiik kalir. Bu
yontemi tercih etmemizin sebebi ise, radon gazinin anlik 6lgiimii i¢in kullanilan yontemlerde, bozunma
sonrasi ortaya ¢ikan alfa parcaciginin, dedeksiyonunun ¢ok kisa bir zamanda igerisinde olmasina
dayanmaktadir. Genellikle bu yontemde Lucas hiicresi kullanilir. Integral 6l¢iim ydnteminde radon
gazinin, bir siire zarfinda toplanmasi ile dlgiimler yapilir. Bu sebep ile, 6l¢giim i¢in 10 giin ile 180 giin
arasinda degisen uzun zaman araligina ihtiyag¢ vardir. Bu da, yontem igin kisa siireli bilgilere ulagsmada
dezavantaj olmaktadir. Bu yontemde pasif iz dedektorleri kullanilir. Stirekli radon dlgiimlerinde ise aktif
elektronik dedektorler kullanilir. Aktif dedektorler, siirekli 6lgtimlerde 10 dakika gibi periyotlarla ara
vermeksizin 6lgtimler yapilir ve yapilan 6lgiimler sisteme kayit edilebilir. Bunun igin iretilmis ¢ok
sayida elektronik cihaz vardir. Bunlardan birisi de Durrige Rad7 6l¢iim cihazidir.

Bina i¢i yapilan ¢caligmalarda; daha dnceden belirlenen bina i¢i radon gazi ortalamalarini en iyi
sekilde temsil edebilecek odalar tercih edildi. DURRIDGE Rad7 elektronik radon dedektorii ile 6nceden
belirlenen odalarda zeminde ve zeminin 1 m iizerinde koklama modunda ol¢iimler gergeklestirildi.
Farkli yiiksekliklerde 6lgmemin sebebi radon gazinin, hidrojenden 100 kat ve havadan ise yedi buguk
kat kadar daha agir olmasindan dolayidir [42]. Bu islem binalarin her katinda kapali kalmis odalarda
kis mevsiminde 14.01.2016-25.02.2016 tarihleri arasinda ve yaz mevsiminde 19.07.2016-01.09.2016
tarihleri arasinda sabah 08:00 ile 17:00 saatleri arasinda yapildi. Yapilan 6l¢iim Sekil 6” da gosterildigi
gibidir.

Sekil 6. DURRIDGE Rad7 elektronik radon dedektorii ile bina i¢inde yapilan 6lgiim

Bu calismada elde edilen degerler icin, tiim binalarda belirlenen her istasyonda ve her iki yiikseklikte
ayr1 ayr1 15’er dakikalik periyotlar ile ticer defa 6l¢tim yapilmistir. Her iki ytikseklik i¢in yapilan liger
Olgiimiin aritmetik ortalamalar1 alinarak ortalama degerler bulunmustur ve standart sapmalari
hesaplanmigtir. Standart sapmalar1 hesaplanan bu ortalama degerler Tablo 1 ve Tablo 2’ de
sunulmaktadir.
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3. Bulgular ve Tartisma

Bu calismada, Kahramanmaras Siitcii imam Universitesi, Avsar Yerleskesi’nde tiim binalarda yer
altindan gelen ve yap1 malzemelerinden yayimlanan, bina i¢i radon konsantrasyonlarmin mevsimsel
degisimi DURRIDGE Rad7 elektronik radon dedektdrii ile yapildi.

Tablo 1°de 14.01.2016-25.02.2016 tarihleri arasindaki bina i¢i radon ortalamalar1 ve Tablo 2°de
19.07.2016-01.09.2016 tarihleri arasindaki bina i¢i radon ortalamalar1 verilmektedir.

Tablo 1. 14.01.2016-25.02.2016 tarihleri arasindaki radon ortalamalari

Binalar Zemin Zeminin 1 m lizeri
(Bqm?) (Bgm?)
Egitim Fakiiltesi 36.37+12.18 27.32+11.70
Fen-Edb.Fak. 36.32+13.64 24.72+10.66
[lahiyat Fakiiltesi 28.48+11.64 19.924+8.38
Orman Fakiiltesi 21.164+10.56 19.52 + 8.74
Yabanci gﬁﬂﬁj Yaksek 5 77410.88 18.68+8.42
Ziraat Fakiiltesi 38.66+14.80 29.40+12.36
[IBF 28.78+12.64 20.89+11.74
Rektorlitk 11.36+4.36 8.52+3.24
Kiitiiphane 38.01+13.72 21.38+9.68
Ogrenci Isleri Daire Bsk. 53.12+16.46 45.19+14.76
Gorsel Sanatlar 28.48+11.24 17.06+6.74
Kafeterya 27.30+11.66 22.63+10.34

Tablo 2. 19.07.2016-01.08.2016 tarihleri arasindaki radon ortalamalar1

Binalar Zemin Zeminin 1 m tizeri
(Bqm?) (Bgm?)
Egitim Fakiiltesi 20.484+9.34 17.37+4.26
Fen-Edb.Fak. 22.7949.28 21.5449.64
[lahiyat Fakiiltesi 11.42+4.56 8.7+3.34
Orman Fakiiltesi 6.52 + 2.66 5.97 + 2.44
Yabanci Diller Yiiksek Okulu 14.25+5.70 11.36+4.64
Ziraat Fakiiltesi 16.12+5.32 12.58+3.26
[IBF 6.63+2.70 4.74+1.34
Rektorlik 9.68 +3.64 7.2743.36
Kiitiiphane 14.2445.40 11.38+4.34
Ogrenci Isleri Daire Bsk. 15.17+4.42 12.5743.50
Gorsel Sanatlar 11.42+3.68 10.40+3.38
Kafeterya 22.61+10.44 17.964+4.62

Tablo 3. Ev ve is yerleri i¢in ulusal ve uluslararasi kuruluglarca belirlenen radon gazi limitleri [43]
Onerilen limitler (Bq m?)

Kuruluslar .
Ev Is yeri
ICRP <300 <1000
WHO <100
AB <300 <1000
TAEK <400 <1000

Bina ici kislik radon konsantrasyon degerleri zeminde 11,36+4,36 Bq m* ile 53,124+16,46 Bq m®
arasinda degismekte olup zeminin 1 m iizerinde ise 8,5243,24 Bq m?ile 45,194+ 14,76 Bq m*arasinda
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degismektedir. En yiiksek kislik radon konsantrasyonu zeminde Ogrenci Isleri Daire Baskanliginda,
zeminin 1 m iizerinde ise yine Ogrenci Isleri Daire Baskanhiginda &lgiildii. Bina i¢i yazlik radon
konsantrasyon degerleri zeminde 6,52+2,66 Bq m?ile 22,7949,28 Bq m™ arasinda degismekte olup
zeminin 1 m iizerinde ise 4,744+1,34 Bq m2ile 21,5449,64 Bq m? arasinda degismektedir. En yiiksek
yazlik radon konsantrasyonu zeminde Fen-Edebiyat Fakiiltesi binasinda, zeminin 1 m iizerinde ise yine
Fen- Edebiyat Fakiiltesi binasinda dl¢iildii. Hem Ogrenci Isleri Daire Baskanligi hem de Fen-Edebiyat
Fakiiltesi binast Yerlegske’nin en eski binalarindan olup 17 yil 6nce yapimi tamamlanmistir. Binanin
yasinin yiiksek olmasi zemin ¢atlaklari ve atik su boru bosluklariin daha fazla olmasina neden olabilir.
Bu nedenle de diger binalara gore, radon gaz1 degerleri daha yiiksek olabilir. Ayrica, Ogrenci Isleri Daire
Bagkanlig1 binasinda merkezi iklimlendirme sisteminin bulunmasi sebebiyle yaz aylarinda odalarin
havalandirmast iyi yapilmamus olabilir. Olgiim yapilan binalarda, insan saghig: i¢in Tablo 3’te verilen
ICRP, WHO, AB ve TAEK tarafindan belirlenen limit degerler ile karsilastirma yapildi. Ol¢iim yapilan
binalarda 6l¢iim sonuglarinin tiimii ulusal ve uluslararas: kurum ve kuruluglar tarafindan tanimlanan
limit degerlerinin altindadir. Yapilan 6l¢iimlerin tamami 6nerilen seviyelerden diisiiktiir.

Binalar arasindaki farkliliklar, binalarm bulundugu zemin ile arasindaki izolasyon farki,
zeminde bulunan catlak ve atik su tesisati bosluk farkliliklar: ve binalarda kullanilan insaat malzeme
farkliliklarindan olabilir. Kigin yapilan dl¢iim degerleri yaz degerlerine gore yiiksektir. Bunun nedeni
kis aylarinda yagis nedeni ile bina dis1 topragin, gozenek ve catlaklarinin kapali olmasi ve binanin
altinda kalan topragin kuru kalmasi sebebi ile olusan yiiksek basingla radon gazinin bina i¢ine girmesi
ve kis aylarinda havalandirma eksikliklerinden olabilir. Ayrica zeminde yapilan dl¢iimlerin, zeminin 1
m {izerine yapilan dl¢iimlerden yiiksek ¢ikmasi radon gazinin havadan agir olmasindandir.

Tim bunlara ilave olarak, Kahramanmaras il merkezinde faaliyet gosteren 16 farkh
ilkdgretim ve anaokullarinda 28.08.2013-01.11.2013 tarihleri arasinda yapilan olglimlerde ortalama
radon konsantrasyonu 52,25 Bq m™ ve 01.11.2013-03.01.2014 tarihleri arasinda yapilan 6lgiimlerde
ortalama radon konsantrasyonu 67,30 Bq m™ olarak olgiilmiistiir [36]. Bu 6l¢iimlerde CR-39 pasif iz
dedektorii kullanilmistir. Bizim ¢alismamiza gore ortalama degerler yiiksektir, bunun sebebi 6l¢tim
yapilan okullarm bulundugu zeminin kaya¢ ve toprak yapilarinin farkli olmasi, havalandirma
aliskanliklar ile birlikte bina yaslarmin farkli olmasi olabilir. Ayrica, ki dlglimleri ve yaz dl¢limleri
karsilastirildiginda kis aylar1 bizim ¢alismamizda oldugu gibi yaz aylarina gore daha yiiksektir. Isparta
ilinde yapilan bir calismada, Siileyman Demirel Universitesinde yapilan dlciimlerde ortalama *Rn
yogunlugu 372+74 Bq m™, sehir merkezinde bulunan bir meskende yapilan l¢iimlerde ortalama 118+36
Bg m?3, Yedischitler Mahallesinde ortalama 134+41 Bq m™ Mavikent Mahallesi 172+46 Bq m™,
Yalvag Meslek Yiiksekokulu 92+30 Bq m™, Davraz Mahallesi 359+73 Bq m™, Halikent Mahallesi
44+88 Bq m®, Pri Mehmet Mahallesi 190168 Bq m?ve Gokgay Mevkisi igin ise 27+40 Bq m™ olarak
oOlgiilmustiir [44]. Isparta ilinde yapilan bu ¢alismada, elde edilen sonuglar, bizim sundugumuz ¢alisma
sonuclarina gore daha yliksektir. Bunun sebebi, her iki ilin farkl jeolojik yapilar iizerinde bulunmasi ve
insaat malzemelerinin farkliliklarindan olabilir. Bitlis ili Ahlat ilgesinde yapilan bir ¢alismada, evlerde
radon gazi1 konsantrasyon degerlerinin 10,01 ile 2031,06 Bq m arasinda degismekte oldugu ve ortalama
degerin 259,86 Bq m™ oldugu bildirilmistir [45]. Sivas ilinde yapilan bir ¢alismada ise bina i¢i radon
gaz1 Olgiimleri yaz aylari icin ortalama degeri 98 Bq m™, kis aylari i¢in ise 89 Bq m™ olarak 6l¢iilmiis
olup, yaz degerlerinin daha biiyiik ¢ikmasinin sebebi ise bolgede yaygin olan kis mevsiminde kalin kar
tabakasmin erimesinden sonra zemin gegirgenliginin artmasi ile ilgili oldugu bildirilmistir [46].
Istanbul’da bir hastanede radon gazi &lgiim degerleri 19+8 Bq m?ile 51+15 Bq m™ arasinda olup,
ortalama degerleri sirastyla, Bodrum-1 kat1 igin 32,5+11 Bg m™ ve Bodrum-2 kat1 igin 31,6+10 Bq m™
bulunmustur [47]. Ayrica Polonya’da yapilan bir ¢alismada ise ii¢ farkli hastanede Olciilen radon
konsantrasyonu ortalama degerleri, bodrum kat igin 25,3 Bq m3, 45,5 Bg m=3ve 32,3 Bqg m=, zemin kat
icin ise 19,7 Bq m, 24,9 Bq m®ve 18,6 Bq m™ olarak 6l¢iilmiistiir [48]. Hem istanbul’da hem de
Polonya’da yapilan ¢aligsma sonuglari ile sundugumuz bu ¢aligma sonuglar1 uyum igerisindedir.

4. Sonug ve Oneriler
Kapali mekanlarda radon gazi orani binanin temelindeki toprak ve kayalardan kaynaklanmaktadir.
Sabah erken saatlerde giinliik radon konsantrasyonlar1 en yiiksek degerde olma egilimindedir. Kapali

ortam sicaklig1 da havadan agir olan radon gazinin yiikselmesine ve daha biiyiik bir hacim kaplamasina
neden olur.
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Yaptigimiz Ol¢iimlerde, yaz mevsimi Olglimlerinin diisiik ¢ikmasinin bagka bir nedeni ise,
havalandirma olup yaz aylarinda kap1 ve pencerelerin agik olmasi ile havalandirma siirekli ve giinliik
yapilirken kis aylarinda dig ortamin soguk olmasi nedeniyle havalandirmanin yapilmamasindan olabilir.
Sonuglar beklenilen degerlerle uyusmaktadir. Bu durumda ¢alisma ortamlarinin ve binalarin 6zellikle
kis aylarinda da havalandirilmasi tarafimca onerilmektedir.

Olgiimler sonrasi elde edilen degerler, insan saghg igin ICRP, WHO, AB ve TAEK tarafindan
onerilen seviyelerle karsilastirma yapildiginda, oOnerilen degerleri asmadigi goriildii. TAEK’ in
belirledigi maksimum miisaade edilen radon gazi konsantrasyon limitine (evlerde 400 Bq m?, is
yerlerinde ise 1000 Bq m®) gore degerlendirildiginde, genelde ortalama yillik 30-350 Bg m™ arasinda
degismektedir. Bu 6l¢iim degerleri bize, KSU Avsar Yerleskesi’nde bulunan fakiilte ve idari birimlerden
olusan toplam 12 binanin, radon gazi ve onun kisa yar1 émiirli kiz ¢ekirdeklerinin olusturabilecegi
saglik riskleri bakimindan 6nemli bir tehlike tasimadigini gostermektedir.

Hayatimizin kaginilmaz1 dogal radyasyon her yerde vardir. Burada 6nemli olan ise radyasyona
maruz kalma dozunu azaltmaktir. Binalar yapilirken, binanin oturacagi zemininin radon gazi sizintilari
icin yalitilmasi, bina i¢i radon gazi konsantrasyonunun oldukga diisiik olmasini saglayabilir. Ayrica
yukarida da Onerdigim gibi kapali mekanlarin 6zellikle kis aylarinda havalandirilmasi, radon gazi
konsantrasyonunun azaltilmasinda biiyiik bir rol oynamaktadir. Bina i¢i havalandirma yapilirken
izolasyonu yiiksek binalarin havalandirma siirelerinin uzun tutulmasini da oneririm. Havalandirmanin
onemini UNSCEAR ve ICRP’de vurgulamaktadir. Ayrica bu tiir dlgiimlerin her y1l yapilmasi ¢alisanlar
ve O0grencilerin saglig1 agisindan da énemlidir.
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Oz

Bu ¢alismada, n-ZnO ince filmi hem p-Si yariiletkeni ve hem de mikroskop camui iizerinde termal buharlastirma
yontemi ile dretildi. n-ZnO ince filmler, UV-Vis spektroskopisi, X-1sin1 kirinim1 (XRD) ve enerji dagilimli X-1g1n1
spektroskopisi (EDX) ile incelendi. n-ZnO/p-Si diyotlarin elektriksel 6zellikleri karanlikta ve oda sicakliginda,
akim-voltaj (I-V) ve kapasitans-voltaj (C-V) 6lgiimleri ile belirlendi. Uretilen numunelerin idealite faktérii (n),
engel yiiksekligi (@) ve seri direnci (Rs), I-V ve C-V olgiimlerinden ve Cheung fonksiyonlarindan hesaplandi.
Ayrica n-ZnO/p-Si diyotlarm fotodiyot ézellikleri 100 mW/cm? ve AM 1.5 aydilatma altinda incelendi.

Anahtar kelimeler: Fotodiyot, n-ZnO/p-Si heteroeklem kontak, ZnO ince film, termal buharlastirma.

Electrical and optical characterization of n-ZnO/p-Si heterojunction
contacts produced by thermal evaporation method

Abstract

In this study, n-ZnO thin film was produced on both p-Si semiconductor and microscope glass by thermal
evaporation method. n-ZnO thin films were analyzed by UV-Vis spectroscopy, X-ray diffraction (XRD) and
energy dispersive X-ray spectroscopy (EDX). The electrical properties of n-ZnO/p-Si diodes were investigated by
current-voltage (I-V) and capacitance-voltage (C-V) measurements in the dark and at room temperature. The
ideality factor (n), barrier height (@) and series resistance (Rs) of the produced samples were calculated from 1-V
and C-V measurements and Cheung functions. In addition, photodiode properties of n-ZnO/p-Si diodes were
investigated under 100 mW/cm? and AM 1.5 illumination.

Keywords: Photodiode, n-ZnO/p-Si heterojunction contact, ZnO thin film, thermal evaporation.

1. Giris

Glines pilleri giines 15181n1 dogrudan elektrik enerjisine doniistiiren aygitlardir. Genelde yariiletken p-n
kontaklardan olusan giines pilleri, arayiizey bolgesine kadar giines 15181n1 gegirebilen yariiletken
malzemelere ihtiyag duyar. Yiiksek oranda giines 15181 gegirme Ozelligine sahip yariiletken
malzemelere giines pillerinin pencere materyali olarak isimlendirilir. Yariiletken metal oksit ince
filmler, 15181 iyi gecirgen yapisiyla diyot yapilarinda pencere materyali olarak kullanilmaktadir.
Fotovoltaik 6zellik tasiyan NiO, ZnO, CuO, SnO; ve ITO gibi metal oksit ince filmler giines pili
tretimlerinde yaygin bir sekilde arastirilmaktadir. ZnO metal oksiti kararli ve etkin yapisal
ozelliklerinden dolay1 en yogun ¢aligilmus bir ince filmdir [1-17].

Metal oksit ince filmler, sol-jel, piiskiirtme yontemi (spray pyrolysis), dondiirerek kaplama (spin
coating), rf-dc magnetron piiskiirtme, atomik tabaka biriktirme gibi birden ¢ok yoOntemle
iiretilebilmektedir. ZnO ince filmi bir cok materyal ile p-n veya Schottky diyotlarin yapiminda ¢ok farkli
tekniklerle retilerek incelenmistir. N-ZnO/p-Si heteroeklem yapis1 da piiskiirtme yontemi [18-19],

*Sorumlu yazar: abdullahozkartal@yyu.edu.tr
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magnetron piiskiirtme yontemi [20-24], sol-jel yontemi [25-28], atomik tabaka biriktirme yontemi [29-
30] ve termal buharlagtirma yéntemi [31-32] ile iiretilmis ve sonuglari rapor edilmistir.

Bu ¢alismada, diger tiretim yontemlerine gore daha kolay, basit ve ucuz bir yontem olan termal
buharlastirma yontemini kullandik. Istenen kalinlikta iiretilme olanagi sunan termal buharlastirma
yontemi hedef materyale de en az zarar veren bir yontemdir. Ayrica kiyasla daha hassas olan organik
malzemelerle de c¢ok rahat bir sekilde kullanilabilmektedir. Daha &nce ¢alisilmis olan termal
buharlastirma y6ntemi ile {iretilen n-ZnO/p-Si heteroeklem diyotlarda rapor edilmemis olan fotodiyot
ozellikleri ve kapasitans-voltaj (C-V) elektriksel 6zellikleri bu ¢aligmada belirlendi ve rapor edildi. Diger
yontemlerle tiretilen diyotlarin 6zellikleri ile kargilastirildi ve yorumlandi.

2. Materyal ve Metot

n-ZnO/p-Si heteroeklem diyotlar1 tiretiminde 450 um kalinliginda, p=1-10 Q.cm 6zdirengli, [100]
kristal yoneliminde bor (B) katkili, p tipi Si yariiletken kristali kullanildi. Si yariiletken kristaller,
organik ve mekanik Kirliliklerden kimyasal olarak temizlemek i¢in sirasiyla aseton ve metanolde 10
dakika stire ile ultrasonik temizleme cihazinda yikandi. Her islemden sonra deiyonize su ile durulandilar.
Daha sonra ornekler sirastyla RCA1 (NH4+H202+6H,0) ve RCA2 (HCI + H,0,+6H:0) ¢ozeltilerinde
10 dakika kaynatildi. Bu iglemlerden sonra HF:H-O (%10 seyreltilmis) icinde 30 sn siireyle daldirildi
ve tekrar deiyonize su ile durulanmistir [33]. En son olarak numuneler bir nitrojen (N2) atmosferi altinda
kurutuldu ve hemen ince film kaplamak i¢in vakum cihazina (Edwards Auto, model-306) yerlestirildi.

Vakum cihazindaki basmng 1.33 x 10 kPa’ a diistiigiinde % 99.99 safliktaki aliiminyum (Al)
metali 15 mm x 20 mm yiizey alana sahip p-Si kristalinin mat yiizeyine buharlastirildi. Al ile kaplanan
numune vakum cihazindan ¢ikarildi ve omik kontak olmasi i¢cin 580C sicakliginda ve nitrojen
ortamindaki kuvars cam firinda 3 dak. siire ile 1s1l tavlama yapildi [33].

p-n kontak yapilmak tizere, Sigma-Aldrich'ten satin alinan % 99,99 saflikta toz halindeki ¢inko
oksit (ZnQO), hem omik kontagi yapilmis p-Si kristalin parlatilmis yiizeyine ve hem de temizlenmis
mikroskop cami {lizerine buharlastirildi. ZnO ince film kalinlig1 (~200 nm) vakum cihazindaki kalinlik
Olger sensor yardimu ile tesbit edilmistir. Her biri daire seklindeki diyotlarin etkin ylizey alam 3.14 x10°
2 cm® dir. ZnO ince filmi ile kaplanan mikroskop camlar, ZnO ince filmlerin optiksel ve yapisal
analizlerinde kullanilmustir.

n-ZnO/p-Si heteroeklem diyotlarn akim-voltaj (I-V) olgtiimleri, Keithley (model 6487)
pikoampermetre/voltaj kaynag: kullanilarak oda sicakliginda, karanlikta ve giines simiilatorii altinda
alinmistir. Uretilen numunelerin sematik gosterimi Sekil 1° de verilmistir.

Sekil 1. n-ZnO/p-Si/Al yapisinin sematik gosterimi

3. Bulgular ve Tartisma
3.1. Optiksel ve Yapisal Analiz

Optiksel gecirgenlik, UV-Vis spektrofotometresi (Shimadzu-model 2450) yardimiyla incelenmistir.
Nanometre boyutunda hassasiyetle ince film iiretme kolaylig1 sunan termal buharlastirma yontemi ile
mikroskop cami iizerinde tiretilen yaklasik 200 nm kalinliginda ZnO ince film optiksel gecirgenlik
grafigi Sekil 2.a'da gosterilmektedir. (a4v)*nin foton enerjisine hv bagimlilig1 Sekil 2.b' de verilmistir.
(ahv)*ye karst hv iliskisi icin dogrusal bagimlilik, ZnO igin dogrudan izinli gegisin gerceklestigini
gosterir. Optiksel yasak enerji bant araligi degeri (Eg) asagidaki Denklem (1)’ den hesaplanabilir [27].
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ahv = A(hv — E,)P 1)

burada a, absorpsiyon katsayisi, A enerjiden bagimsiz bir sabit ve h plank sabitidir. p {issii gecisin
dogasina baghdir. Sirastyla izin verilen dogrudan, izin verilen dogrudan olmayan, yasak dogrudan ve
yasak dogrudan olmayan gegisler i¢in p = 1/2, 2, 3/2 ve 3 [27]. ZnO'nun izin verilen bir dogrudan bant
araligina sahip oldugu iyi bilinmektedir ve bant aralig1 hesaplamasi igin p=1/2 kullanilmigtir. Buradan
ZnO ince filmin Eg' sini, 3.32 eV olarak hesaplandi. ZnO ince filmin yasak bant enerjisi, sol-gel ve
puskiirtme yontemleri ile elde edilen drneklerindegerleri ile uyumlu oldugu goriilmektedir [18, 27].
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Sekil 2.a. ZnO ince filmin optiksel gecirgenligi Sekil 2.b. ZnO’ un yasak eneji bant aralig1

Cam tizerine buharlastirilan ZnO filmlerinin X-1s1m1 kirmmim (XRD) diyagramu Sekil 3.a." da
gosterilmektedir. XRD oOl¢imii, ZnO' nun kristal Ozelliklerini belirlemek i¢in kullanilir. Agikca
gosteriyor ki; 20” nin 34.5° (002) ve 54.5° (110 )’ deki zayif ve genis pikleri, ¢ok zay1f bir kristallikten
ziyade amorf bir yapiya sahip oldugunu géstermektedir.
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Sekil 3.a. ZnO ince filmin XRD spektrofotometre degerleri | Sekil 3.b. ZnO ince filmin EDX spektrofotometre degerleri

Sekil 3.b> e, ZnO ince filmi i¢in elde edilen EDX sonuglarin1 gésterir Ki, ¢inko ve oksijen
atomlariin varh@m agikca goriilmektedir. Yiiksek Si piki, alt tabaka olarak kullanmilan mikroskop
camindan kaynaklanmaktadir.
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3.2. Elektriksel Analiz

Uretilen numunelerin |-V karakteristikleri literatiirde Termiyonik Emisyon (TE) teorisine gore, ideal
olmayan sartlarda diiz besleme akimi su sekilde ifade edilmektedir [34, 35, 36].

=1, [exp (—w) - 1] 1)

nkT

Burada n, idealite faktorii; k, Boltzmann sabiti; T, Kelvin cinsinden oda sicakligs; e, elektronun
yiikii ve V, diyota diiz besleme olarak uygulanan voltaj; Rs, seri direng ve lo, V=0’ da Inl eksenini diiz
cizgi kesisiminden elde edilen doyma akimudir. Uretilen numunelerin 1-V grafikleri Sekil 4’ te
verilmistir. Sekil 4.’ten anlasilacag: gibi, tizerine diisen aydinlanma siddetindeki artis ile diyotun ters
beslem bolgesindeki akim yogunlugunda dikkate deger artig olugsmaktadir. Bununla birlikte aydinlanma
siddetinin diiz beslem voltaj bolgesine her hangi bir katkisinin olmadig1 gériilmektedir.

n-ZnO/p-Si

Karanhk

30 mWicm?
60 mW/cm?
100 mW/em?

Q000

T T e T T T

t

[
—
=

Voltaj (V)
Sekil 4. n-ZnO/p-Si diyotlarin Inl-V grafikleri

— AR*T? _ &%
lo = AR'T?exp (- 22) 2)

Denklem (2)’deki R*, degeri p-Si yariiletkeni igin 32 A/cm?K? olan Richardson sabitidir [37];
A, yarigapt 1 mm olan etkin diyot alanidir; @y, diyodun engel yiiksekligidir.

e av
N =3 aann (3)

Idealite faktorii n, Denklem (3) yardimiyla Inl-V grafiginin diiz beslem kismindaki egimin
fitinden elde edilerek hesaplanir. idealite faktérii metal-yariiletken kontaklarda 1 degerine oldukga yakin
olmas1 beklenirken, p-n heteroeklem diyotlarda idealite faktoriiniin 1 degerinden oldukga uzaktir. Bunun
nedeni olarak kontak arayilizey durumlarma, seri direncin bilyiikliigiine ve arayiizey tabakalarina
atfedilir. Burada da 6n goriildiigi gibi n-ZnO/p-Si heteroeklem diyotlarin idealite faktorii 1.79 olarak
hesaplanmustir. Elde edilen bu idealite faktorii degeri ayni yontemle tiretilmis Sharma ve ark.” nin elde
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ettigi 3.5 degerinden daha iyi bir degerdir [31]. Ayn1 yontemle tiretilen diger ¢aligmada ise Reen ve ark.
oldukga biiyiik oldugu i¢in hesaplamamiglardir [32].

ed, = kT.In (*21) @

0

Diyotlarin engel yiikseklikleri @y, Denklem (4) yardimiyla hesaplanmaktadir [37, 38]. n-ZnO/p-
Si heteroeklem diyotlarin engel yiiksekligi 0.74 eV olarak hesaplanmustir.

Bununla birlikte, diyotlarin idealite faktorii, engel yiikseklikleri ve seri direng degerleri Cheung
ve Cheung yontemi ile hesaplama yapilarak sonuglarin kararliligi gosterilmistir [39]. Cheung ve Cheung
fonksiyonlari Denklem (5) ve Denklem (6)’ da verilmistir;

av nkT
aon — ¢ T1Bs 5)
H(I) = n®, + IR (6)

Denklem (5) ve Denklem (6)’ ya gore idealite faktorii, bariyer yiiksekligi ve seri direngleri Sekil
5.a' daki dv/d(Inl)-1 grafiklerinden ve Sekil 5.b' deki H(I)-I grafiklerinden elde edilmistir. Uretilen
diyotlarmm bu grafiklerden elde edilen elektriksel parametrelerin deneysel degerleri Tablo 1.” de
verilmistir.

Tablo 1. n-ZnO/p-Si diyotlarin elektriksel parametrelerin deneysel degerleri

Ornekler n n Dy(eV) Dp(eV) Dy(eV) Rs (£2) Rs ()
(I-V)  (Cheung) (1-v) (Cheung) (C-v) (dvidinD)-1 - (H(D-D
n-ZnO/p-Si 1.79 2.09 0.74 0.72 0.82 7368 8692
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Alam (A) Adam (A)
Sekil 5.a. n-ZnO/p-Si diyotlarm dVId(Inl)-1 grafigi Sekil 5.b. n-ZnO/p-Si diyotlarin H(I)-1 grafigi

Bir diyotun elektriksel ozelliklerini karakterize eden en temel 6lgtimlerinden biri de kapasitans-
voltaj (C-V) olgtimiidiir. C-V 6lgtimleri Agilent 4294 Precision Impedance Analyzer cihazi ile yapildi.
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Uretilen diyotlarm oda sicaklifinda ve ¢esitli frekanslarda dlciilen C-V grafigi Sekil 6.a> da verilmistir.
C-V &lgiimiinden elde edilen C%-V grafigi de Sekil 6.b’ de verilmistir.

30x10™" Lox1n”
1 2 100w 3 21 100 kHz
" o 200 kHz : ¢ ~ 200 kHz
1 A Wik Lov10” — 400 kHz
i GO0 kKHzx N 604 kHz
- o BO0 KHz 5 ' 800 kHz
20x107 — o 1000 kHz =) » 1000 kHe
< . 120107 —
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< 1 £0510" = v
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405107 - oy
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0.0 l 8 33 o8 8ok S8 I T 5.1 o Tt ‘ T™TrTrT l R RS
4 2 () 2 4 4 2 0 2 “4
Voltaj (V) Voltaj (V)
Sekil 6.a. Uretilen diyotlarin C-V grafikleri Sekil 6.b. Uretilen diyotlarin C2-V grafikleri

Sekil 6.a’da, -4 V ile +4 V araliginda n-ZnO/p-Si heteroeklem diyotlarin C-V dl¢iimiiniin ters
ve diiz besleme bolgesi gosterilmektedir. Sekil 6.a” dan da goriildiigii gibi diiz beslem bolgesinde artan
voltaj ile kapasitanslarinda kendi diyot karakterlerine uygun olarak artmustir. Tiim diyotlar genel olarak
Olgiilen kapasitanslar1 uygulanan voltaja ve frekansa bagimlilik gosterir. Kapasitansin voltaja ve
frekansa bagliligi iiretim sartlarinda olusan kirlilik derecelerine, yiiksek seri dirence, arayiizey
durumlarina ve arayiizey katmanlar1 gibi diyotlarin belirli 6zelliklerinden kaynaklanmaktadir.

Sekil 6.b> de iiretilen diyotlarm ters beslemedeki C?2-V grafiginin bir dogrusal oldugu
goriilmektedir. Bu dogrusallik Schottky diyot ile uyumlu oldugunu ve arayiizey tabakasi teorisi ile
aciklanabilmektedir [35]. Dogrultucu kontaklarda, arayiizey katmani kapasitanst Denklem (7) ile
verilmektedir [36].

_2(Vg-V)
q&sNg

c? (7)
Burada Vg, C?2-V grafiginin dogrusal kismindan elde edilen sifir gerilimdeki difiizyon
potansiyelidir; V, diyota uygulana gerilimdir; g, elektronun yiikii; &, p-Si yariiletkeninin dielektrik
sabitidir ve degeri 11.2°dir [36]; Na, B katklili p-Si yariiletkeninde katkilamaya bagli olarak olusan
akseptor yogunlugudur ve Denklem (7) yardimiyla akseptor yogunlugu Denklem (8) gibi hesaplanr.

2 av
@7 qeseod? d(C?) (8)
C?-V karakteristiginden bariyer yiiksekligi su sekilde elde edilir;
@y = (CoVa + V) 9)

Burada C,=1/n ve V,, p-tipi yariiletkenin degerlik bandinin kenarina gore elde edilen Er ‘ye
esittir. Er, Fermi enerji seviyesidir ve Denklem (10) seklinde hesaplanir.

Ef = kTIn (%) (10)

a

907



A. Ozkartal / BEU Fen Bilimleri Dergisi 10 (3), 902-910, 2021

Burada N, yariiletkenin iletkenlik bandindaki durumlarin etkin yogunlugu olarak adlandirilir.
p-Si yariiletken i¢in oda sicakliginda, N¢ = 3.35 x10™ cm[35]. C2-V grafiginden elde edilen elektriksel
parametreler Tablo 2.’de verilmistir.

Tablo 2. Uretilen diyotlarin C2-V grafiginden elde edilen elektriksel parametreleri

f (kHz) Vq (V) Er (eV) Na (cm®)x10% @y (eV)
100 0.67 0.30 2.73 0.67
200 0.91 0.31 1.86 0.82
400 1.17 0.32 141 0.97
600 1.25 0.32 1.50 1.02
800 141 0.32 131 1.11
1000 1.96 0.32 171 141

Bu ¢alismanin amaci, n-ZnO/p-Si diyotlarin performanslarini termal buharlastirma yontemi
kullanarak arastirmakt1. Uretilen numunelerin 1-V ve C-V &lgiimlerinin grafikleri ¢izilmistir. Diyotlarmn
hesaplanan elektriksel parametreleri Tablo 1. ve Tablo 2.’de gosterilmektedir. Numunelerin idealite
faktorleri seri direngleri ihmal edilerek Denklem (3)’e gore I-V grafiginin diiz besleme bolgesindeki
dogrusal egimlerinden hesaplanmigtir. Etkin engel yiikseklikleri de Denlem 4. kullamlarak
hesaplanmistir. p-n diyotta araylizey oksidasyonu ve araylizey bolgesindeki rekombinasyon nedeniyle
1.79 olarak hesaplanmstir. Bu deger termal buharlagtirma yontemi ile elde edilen n-ZnO/p-Si diyotlari
icinde en iyi degerdir. Ayrica bu deger, piiskiirtme yontemi [18], sol-jel yontemi [27], atomik katman
biriktirme yontemi [29] ile uyumludur. Engel yiikseklikleri de beklendigi gibi p-n yapisinin 0.74 eV
olarak hesaplandi. Bulunan bu idealite faktorii ve engel yiikseklik degerleri literatiir ile uyum igindedir.

4. Sonuc ve Oneriler

Termal buharlastirma yontemi ile iiretilen n-ZnO/p-Si diyotlarm 3.13 x 10* dogrultma faktérii ile iyi bir
dogrultucu ozellik gostermistir. Yontem, film homojenligi, kalinlik kontrolii i¢in diger biriktirme
yontemlerine tercih edilmistir. Bazi diyot ve fotovoltaik parametreler karanlikta ve aydinlatma
kosullarinda, oda sicakliginda hesaplanmistir. Karanlikta ve gesitli aydinlatma altinda olgiilen 1-V
degerlerinden fotodiyot dzellige sahip oldugu anlasilmistir. idealite faktorii ve engel yiiksekligi sirastyla
1.79 ve 0.74 eV olarak bulundu. Ayrica cihazin C-V karakterizasyonlari oda sicakliginda incelenmistir.
Cihazin C-V dl¢iimleri, kapasitans degerlerinin frekansa bagl oldugunu gostermistir. Daha 6nce termal
buharlagtirma yontemi ile hesaplanmamig olan C-V degerleri de bu ¢aligma ile hesaplanmis ve rapor

edilmig oldu. Bu deneysel sonuglar, ZnO ince film yapilarmin bazi fotovoltaik ve optoelektronik
uygulamalarda kullanilabilecegini gdstermistir.

TesekKkiir

Bu ¢alisma, Van Yiiziincii Y1l Universitesi Bilimsel Arastirma Projeleri Koordinatorliigii tarafindan
FYL-2018-7203 proje numarasi ile finansal olarak desteklenmistir.

Yazarlarin Katkisi

Bu makaledeki tiim katk: yazara aittir.

Cikar Catismas1 Beyam

Herhangi bir ¢ikar catismasi bulunmamaktadir.
Arastirma ve Yayin Etigi Beyam

Yapilan caligmada arastirma ve yaym etigine uyulmustur.
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Baz1 Mantar Tiirlerinin Lakkaz Aktivitelerinin Kiyaslanmasi ve Clytocibe
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Oz

Lakkaz, molekiiler oksijen kullanarak fenolik bilesikleri yiikseltgeyen ve mantarlarda yayginca bulunan bir
enzimdir. Bu ¢alismada, Stropharia aeruginosa, Trametes versicolor, Hypholoma fasciculare, Cantharellus
cibarius, Clytocibe nebularis ve Amanita muscaria gibi mantar tiirlerinin lakkaz aktivitelerinin yani sira toplam
protein miktarlarunin belirlenmesi ve kiyaslanmasi amaglanmaktadir. Sonuglar degerlendirildiginde, en yiiksek
lakkaz aktivitesi degerinin Trametes versicolor tiiriine, en diisiik aktivite degerinin de Amanita muscaria tiiriine
ait oldugu goézlenmistir. Ayrica, Clytocibe nebularis ve Amanita muscaria tiirlerinin lakkaz aktivitesi ilk kez bu
calismada rapor edilmistir. Calismanin bir diger hedefi de aktivitesi degeri gorece yiiksek olan ve daha dnce
biyosensdr sistemlerinde kullanilmamis bir mantar tiiriiniin, doku homojenat: temelli bir biyosensdr yapiminda
kullanilmasidir. Bu baglamda, Clytocibe nebularis dokusu kullanilarak gelistirilen biyosensér ile 100 — 1000 uM
araligindaki artan katekol konsantrasyonlari i¢in dogrusal bir amperometrik yanit elde edilmistir.

Anahtar kelimeler: Lakkaz aktivitesi, Mantarlar, Biyosensorler

Comparison of Laccase Activities of Some Fungi and Investigation of
Applicability of Clytocibe nebularis species to Biosensor Systems

Abstract

Laccase is an enzyme commonly found in fungi that oxidizes phenolic compounds using molecular oxygen. This
study aims to determine and compare the total protein amount as well as the laccase activities of fungal species
such as Stropharia aeruginosa, Trametes versicolor, Hypholoma fasciculare, Cantharellus cibarius, Clytocibe
nebularis and Amanita muscaria. When the results were evaluated, it was observed that the highest laccase activity
value belongs to Trametes versicolor species and the lowest activity value belongs to Amanita muscaria species.
Moreover, laccase activity of Clytocibe nebularis and Amanita muscaria species was reported for the first time in
this study. Another goal of the study was to use a fungal species with relatively high activity value, which has not
been used in biosensor systems before, to construct a tissue homogenate-based biosensor. Therefore, a linear
amperometric response was obtained for increasing catechol concentrations in the range of 100 — 1000 uM with
the biosensor developed using the Clytocibe nebularis.

Keywords: Laccase activity, Fungi, Biosensors

1. Giris

Diinyadaki en zengin ve ¢esitli organizma gruplarindan birini temsil eden mantarlar, simbiyotik iligkiler
yoluyla enerji ve besinlerin geri doniisimiinde temel bir rol oynar [1,2]. Mantarlar, bilesenlerinin
besinsel 6zelliklerinin [3] yani sira antiinflamatuar [4], ndroprotektif [5], antioksidan [6], antimikrobiyal
[7] ve sitotoksik [8] etkiler gibi popiiler ozelliklerinden dolay: iizerinde yayginca c¢aligilan
organizmalardan biridir. Mantarlardan elde edilen enzimler, proteinler, toksinler ve metabolitler gibi
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materyaller; son yillarda tip, sanayi ve tarim gibi alanlarda kullanilmaya baglanmistir [2]. Mantarlar; tiir,
iklim kosullari, toprak ve substrat tipine bagli olarak proteaz [9], seliilaz [10], ksilanaz [11], lipaz [12],
polifenol oksidaz [13] ve lakkaz [14] gibi gesitli enzim tiplerine sahiptirler.

Lakkaz enzimi (E.C 1.10.3.2), monofenoller, polifenoller, aminofenoller gibi fenolik bilesikleri
yiikseltgerken; molekiiler oksijeni de suya indirgeyen bir enzimdir [15]. Substrat spesifikliginin diisiik
ve bircok molekiilii doniistiirebilme yeteneginden dolay1 ¢evresel siireclerde, endiistride,
biyosensorlerde ve biyoteknoloji uygulamalarinda yayginca kullanilan bir enzimdir [16]. Lakkaz
enzimi, odunsu govdelerde bulunan lignini parcalama yetenegine de sahip oldugundan dolayi,
mantarlarda yayginca bulunur [17]. Ancak, lakkaz enzimini kodlayan genin, pek ¢ok mantarda
bulundugu rapor edilmesine ragmen [18-20], baz1 mantar tiirleri igin lakkaz aktivitesi tayinine yonelik
caligmalar literatiirde yer almamaktadir. Bu ¢alismada yer alan Stropharia aeruginosa [21], Trametes
versicolor [22], Hypholoma fasciculare [23], Cantharellus cibarius [24] tiirleri igin lakkaz aktivitesinin
varhigi rapor edilmisken; Clytocibe nebularis ve Amanita muscaria gibi tiirler i¢in lakkaz aktivitesi ilk
kez bu ¢alismada Ol¢iilmiistiir.

Biyosensorler; enzim, niikleik asit, antikor veya doku gibi bir biyolojik tanima/doniistiirme
materyalinin elektrot, optik fiber, piezoelektrik kristal gibi bir fiziksel sinyal iletici ile birlestirilmesi
sonucunda olusmus cihazlardir. Analiz edilecek maddenin tiiriine gore biyosensdr tasariminda ve
gelistirilmesinde farkli biyolojik tanima bolgesi ve sinyal iletici kombinasyonu kullanilmaktadir [25].
Bu nedenle biyosensdrler, tibbi analizlerin yani sira gida ve cevre analizlerinde de yayginca
kullanilmaktadir [25,26]. Mantarlar, ¢ok farkli sayida ve bol miktarda enzim igerdiginden dolay1 -
ozellikle doku-temelli biyosensor tasariminda- en ¢ok kullanilan biyolojik materyallerden biridir [27].
Bu nedenle, fenolik bilesiklerin tayinine yOnelik mantar doku-temelli biyosensorlerin tasariminda
cogunlukla Trametes versicolor [28] Phanerochaete chrysosporium [29] Pleurotus ostreatus [30],
Boletus edulis [31] ve Agaricus bisporus [32] gibi lakkaz veya polifenol oksidaz aktivitesi gorece yiiksek
mantarlar kullamlmustir.

Bu c¢alismanin amaci; Stropharia aeruginosa, Trametes versicolor, Hypholoma fasciculare,
Cantharellus cibarius, Clytocibe nebularis ve Amanita muscaria tiirlerinin lakkaz aktivitelerini
belirlemek ve protein miktarlarin1 saptamaktir. Ayrica lakkaz aktivitesi en yiiksek olan ve daha 6nce
biyosensor tasariminda kullanilmamis bir mantar tiirii ile fenolik bilesik tayinine yonelik biyosensor
gelistirmek de hedeflerden biridir.

2. Materyal ve Metot
2.1 Materyaller

2,2'-azinobis [3-etilbenzothiazolin-6-siilfonik asid] diamonyum tuzu (ABTS), sigir albiimini, grafit,
mineral yag, katekol ve diger tiim kimyasallar Sigma-Aldrich (St. Louis, MO, USA)’ten temin
edilmistir. ABTS yapilan ile lakkaz aktivitesi tayini literatiirdekilere uygun olarak 100 mM pH 4.0 sitrat
tamponu ile gerceklestirilmistir. Bunun disindaki diger denemelerde 100 mM pH 7.0 dihidrojen
fosfat/monohidrojen fosfat tamponu kullanilmigtir. Mantarlar, Kirklareli’nin kuzeyinde yer alan Istranca
Ormanlarindan 2020 Ekim-Kasim aylarinda toplanmis ve kullanilana kadar —80°C’de bekletilmistir.

Protein miktar1 ve lakkaz aktivitesi gibi spektrofotometrik dl¢timler, ThermoFisher Scientific
(Renfrewshire, UK) marka spektrofotometre ile gergeklestirilmistir. Mantarlarin homojenizasyonunda,
Potter-Elvehjem tipi bir el homojenizatorii kullanilmistir.

Biyosensor uygulamalarinda BASi® Sirketinden temin edilmis bir karbon pasta galisma
elektrotu, Ag/AgCI referans elektrotu ve platin tel karsit elektrotu kullanilmistir. Biyosensor
analizlerinde PalmSens BV (Utrecht, Hollanda) sirketinden temin edilmis PalmSens3® potansiyostat ve
PSTrace® yazilimi kullanilmustir.

2.2 Mantar dokularimin homojenizasyonu
Mantar dokulari, literatiirde daha 6nce belirtilmis bir yonteme goére homojenize edilmistir [31,33]. Buna
gore, Oncelikle her bir mantar kirliliklerin uzaklagmasi i¢in yikanip kurutulmustur. Sonra her bir mantar

tiiriinden ayr1 ayr1 150 mg tartilip, el tipi homojenizatore yerlestirilmistir. Mantarlarin parcalanmasi ve
enzimlerin agi8a ¢ikarilmasi amaciyla, homojenizatére 600 mL, 0.15 M NaCl ¢ozeltisi eklenerek 10 dk.
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boyunca homojenizasyon islemi gergeklestirilmistir. Enzimlerin denatlire olmamast ve aktivite
kaybetmemesi i¢in homojenizasyon iglemi buz ceketi iginde yapilmistir. Sonrasinda, elde edilen bulanik
homojenat olas1 girisimleri engellemek amaci ile 8000 rpm’de 15 dk. santrifiij edildi. Santrifiij
sonrasinda elde edilen siipernatant protein ve lakkaz aktivitesi tayinlerinde kullanildi. Doku temelli
biyosensdr yapiminda ise girisim etkisi olmayacagi i¢cin homojenizasyon sonrasi elde edilen sivi
kullanilmustir.

2.3 Protein tayini

Protein tayini, literatiirde yayginca kullanilan standart Bradford yontemi ile gergeklestirilmistir [34].
S1g1r alblimini ve Coomassie Brilliant Blue G-250 boyas1 kullanilarak elde edilen standart grafik yardimi
ile her bir mantar stipernatanti i¢in toplam protein miktar1 tayin edildi. Elde edilen veriler, Microsoft
Excel ® yazilimi kullanilarak degerlendirilmistir.

2.4 Lakkaz aktivitesi tayini

Her bir mantar tiiriiniin lakkaz aktivitesinin belirlenmesi ic¢in, Onceki mantar lakkaz aktivitesi
calismalarinda yayginca kullanilan ABTS yontemi kullanilmistir [31,33,35,36]. Bu yonteme gore, bir
enzim iinitesi (U); sabit bir sicaklikta, bir dakikada 1 pmol ABTS’yi yiikseltgeyen enzim miktar1 olarak
tanimlanir. Bu baglamda, 25°C’de, 0,9 mL ABTS ¢ozeltisine, mantar doku supernatant ¢ozeltisinden
0,1 mL ilave edilip 420 nm’de 3 dakika boyunca spektrofotometrik 6lciim almmustir. Olgiimler,
aktivitenin gozlenebilmesi i¢in 0. saniyeden itibaren her 30 saniyede bir absorbans degeri elde edilecek
sekilde programlanmustir. Lakkaz aktivitesi, Baltierra-Trejo ve arkadaslariin [37] detayli olarak
inceledigi asagidaki formiile gére yapilmistir:

AAXVt (mL)x10°
exVs (mL)xt (dk.)

Hacimsel aktivite (UL™") =

1)

Bu formiillerde,
AA: Son absorbans degeri — Baglangi¢ absorbans degeri
Vt: Toplam hacim (mL)
Vs: Kullanilan siipernatant hacmi
&: ABTS nin 420 nm’deki molar ekstinksiyon katsayisi (36,000 L mol * cm™)
Spesifik aktivite (U/mg) ise hacimsel aktivitenin, protein miktarma boéliinmesi ile elde edilir.

2.5 Biyosensor gelistirme

Lakkaz aktivitesi belirlenen mantar tiirlerinden, aktivitesi en yliksek olan mantar tiiriiniin biyosensor
sistemlerine uygulanabilirligini incelemek amaci ile daha 6nceden denenmis ve optimize edilmis bir
yontem kullanilarak, doku homojenati temelli bir biyosensor gelistirilmistir [38-40]. Bu amag
dogrultusunda, oncelikle, bosluklarinda yer alabilecek olasi kirliliklerin uzaklastirilmasi i¢in karbon
pasta elektrot, etanol ve bidistile su ile 10 dk. boyunca ultrasonikasyon islemine tabi tutuldu. Karbon
pasta hazirlamak amaciyla, bir cam havan igerisinde 120 mg grafit tozu tartilip lizerine 140 pL (60 mg)
mineral yag eklendi. Sonra bu karisim, diiz bir metal yardimi ile homojen bir pelte haline gelene kadar
karigtirilir. Potter-Elvehjem homojenizatorii ile taze hazirlanmis mantar doku homojenatindan 60 pL
pelte tizerine eklenir ve doku tiim pelte igerisinde yayilana kadar karistirilir. Daha sonra, doku igeren
pelte kivamindaki grafit/mineral yag karisimi, grafit cubuk yardimi ile ¢aligma elektrotunun bosluguna
dikkatli bir sekilde yerlestirilir. Elektrot ylizeyi yagh kagit kullanilarak piiriizsiizlestirilir. Fiziksel
tutunmalar1 ve kirlilikleri gidermek i¢in elektrot bidistile su ile yikanir.

Katekol substrati i¢in biyosensér ile alinan amperometrik &lglimler, oksijenin indirgenme
potansiyeli olan =700 mV degerinde gergeklestirilmistir [41,42]. Farkli konsantrasyonlardaki katekol
ilaveleri i¢in, 60 saniye sonunda amperometrik sinyalde meydana gelen degisimler dlgiilmiis ve bir
standart grafik elde edilmistir. Her bir katekol derisimi i¢in ayr1 ayri 6lgiim alindigindan dolayi, her
Ol¢lim Oncesinde reaksiyon hiicresi temizlenip elektrot 3 dakika rejenerasyona birakilmigtir. Ayrica
gelistirilen biyosensdriin, sirali bir sekilde eklenen ayni derisimdeki katekol ¢ozeltileri i¢in olan cevabi
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da izlenmistir. Ol¢iimler, 100 mM pH 7.0 dihidrojen fosfat/monohidrojen fosfat tamponunda ve 35°C
sabit sicaklikta gergeklestirilmistir.
3. Bulgular ve Tartisma
3.1. Toplam protein tayini
Stropharia aeruginosa, Trametes versicolor, Hypholoma fasciculare, Cantharellus cibarius, Clytocibe

nebularis ve Amanita muscaria tiirleri i¢in Bradford yontemi ile elde edilen protein tayini sonuglari
Tablo 1’de verilmistir.

Tablo 1. Bradford Yontemi ile elde edilen toplam protein miktari

Mantar Tiirtd Total Protein Miktar1
(mg/mL) (n=3)
Stropharia aeruginosa 0,496 + 0,012
Cantharellus cibarius 1,187 + 0,096
Hypholoma fasciculare 1,242 £0,102
Amanita muscaria 1,225+0,114
Trametes versicolor 0,864 + 0,084
Clytocibe nebularis 1,273+ 0,096

Tablo 1’de de agik¢a goriildiigi iizere, Clytocibe nebularis tiirii en yiiksek protein miktarina
sahipken, Stropharia aeruginosa en diisiik protein miktarmma sahip olmustur. Cantharellus cibarius,
Stropharia aeruginosa ve Trametes versicolor, en ¢ok ¢alisilan mantar tiirlerinden ti¢ii olmasina
ragmen, daha ¢ok mikrobiyoloji laboratuvarlarinda besi ortaminda yetistirilerek kullanilmustir. Protein
sentezi i¢in, besi ortaminda dogal ortama kiyasla daha kontrol edilebilir diizeyde aminoasit, vitamin ve
mineral bulundugundan dolayi, bu mantarlar igin 6l¢iilen protein miktarlari, bu ¢alismada elde edilen
sonuglara kiyasla yiiksek ¢ikmasi olagan bir durumdur [21,43-45]. Pandey ve Budhathoki tarafindan
yapilan benzer nitelikteki bir ¢alismada Trametes versicolor ve Cantharellus cibarius i¢in protein
miktari, sirastyla 0,409 mg/mL ve 1,057 mg/mL olarak rapor edilmistir [46]. Bu degerler, elde ettigimiz
protein miktar1 verileri ile ortismektedir. Dogal Clytocibe nebularis ve Hypholoma fasciculare tiirleri
icin, protein tayini ilk kez bu ¢aligmada gergeklestirilmistir.

3.2. Lakkaz aktivitesi tayini
Stropharia aeruginosa, Trametes versicolor, Hypholoma fasciculare, Cantharellus cibarius, Clytocibe
nebularis ve Amanita muscaria tiirleri i¢in ABTS yontemi ile elde edilen lakkaz aktivitesi degerleri

Tablo 2’de verilmistir.

Tablo 2. ABTS yontemi ile elde edilen lakkaz aktivite degerleri

Mantar Tiirti Hacimsel aktivite Spesifik aktivite
(U/L) (n=3) (U/mg) (n=3)
Stropharia aeruginosa 26,546 + 0,32 53,541+ 0,64
Cantharellus cibarius 32,713+ 0,39 27,559+ 0,99
Hypholoma fasciculare 15,944 £ 0,19 12,834 £ 0,40
Amanita muscaria 10,764 +£0,13 8,784 £ 0,18
Trametes versicolor 223,347 £ 2,68 258,407 + 3,88
Clytocibe nebularis 144,542 £1,73 113,528 +£1,48

Lakkaz aktivite degerlerine bakildiginda en yiiksek lakkaz aktivitesi degerinin Trametes
versicolor tiiriine, en diigiik aktivite degerinin de Amanita muscaria tiiriine ait oldugu gézlenmektedir.
Kiyaslama yapmak amaciyla, bu mantarlar ile yapilan diger ¢aligmalara bakildiginda; g¢ogunlukla
mantarlarin fermentasyon ile iretildigi ve sonrasinda da lakkaz enzimi icin saflastirma islemlerinin
gergeklestirildigi acik¢a gozlenmektedir [21-24]. Ayrica bu calismalarin bazilarinda da elde edilen
lakkaz miktarin1 arttirmak amaci ile cesitli fenolik bilesiklerle indiikleme yapilmistir [47,48] . Bu
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nedenle, bu ¢alismada oldugu gibi dogal mantarlar veya onlarin ekstraktlariyla elde edilen lakkaz
aktivitesi degerleri ile kiyaslama yapmak daha makul olacaktir. Moon-Jong ve ark. kiiltiir ortaminda
gelistirdikleri Trametes versicolor ekstrakti ile yaptiklar: bir ¢alismada total lakkaz aktivitesini 131,90
U, spesifik lakkaz aktivitesini de 437,4 U/mg olarak belirtilmistir [49]. Daroch ve ark. yaptigi bir
calismada ise Stropharia aeruginosa ekstrakti i¢in spesifik lakkaz aktivitesi 0,60 U/mg olarak rapor
edilmistir [21]. Ng ve Wang tarafindan yapilan Cantharellus cibarius ekstrakti ile yapilan bir ¢aligmada
da spesifik lakkaz aktivitesi 0,65 U/mg olarak tayin edilmistir [24]. Tablo 2’deki verilerden de goriildiigi
lizere, bu c¢aligmada elde edilen lakkaz aktivite degerleri literatiirdeki diger ¢aligmalara kiyasla daha
diisiik ¢ikmustir. Bunun sebebi olarak, pek ¢ok calismada lakkaz aktivitesi hesabinda kullanilan
formiiliin acikga belirtilmemesini ve farkli formiillerin kullanilmasini gosterebiliriz. Literatiirde lakkaz
aktivitesi hesap edilirken farkli formiiller kullanilmasi sonucu olusan tutarsizliklar, hatalar ve
yanligliklar Baltierra-Trejo ve ark. tarafindan kiyaslama ve 6rneklerle incelenip, rapor edilmistir [37].
Son olarak, Amanita muscaria ve Clytocibe nebularis tiirii mantarlar igin lakkaz aktivitesi ilk kez bu
caligmada rapor edilmistir.

3.3. Biyosensor sistemine uygulanmasi

Lakkaz aktiviteleri tayin edilen mantarlara bakildiginda, aktivitesi goérece yiiksek ve daha Once
biyosensor uygulamalarinda hi¢ kullanilmamus bir tiir olan Clytocibe nebularis biyosensoér uygulamasi
i¢in segilmistir.

Hazirlanan Clytocibe nebularis doku homojenati temelli biyosensor ile katekol substrati igin
gozlenen amperometrik yanitlar izlenerek, bir standart grafik olusturulmustur. Bu baglamda, 6ncelikle
biyosensoriin amperometrik karakterini saptamak i¢in 200. saniyede 100 uM ve 400. saniyede 200 uM
katekol eklenerek amperometrik sinyaldeki degisimler izlendi. PSTrace yazilimi ile elde edilen cihaz
ciktilar1, Sekil 1°de gosterilmistir. Sekil 1°de de gorildigi iizere; 200. saniyede katekol eklendiginde,
gelistirilen doku temelli biyosensor hizlica (~20 s) yanit vermis ve stabil konuma ge¢mistir. Cevap
stiresinin kisa olmasi, biyosensor tasarimi ve gelistirilmesinde 6nemli bir parametredir.

-1,00

-1,50

_2’00 1 1 1 1 1 1 1 1 1 1 1 J
0 50 100 150 200 250 300 350 400 450 500 550 600

Zaman (s)

Sekil 1. Gelistirilen Clytocibe nebularis doku homojenati temelli biyosensor ile katekol substrati i¢in elde edilen
amperometrik yanitlar.

Elde edilen amperometrik cevaplar 1s1¢inda gelistirilen biyosensor ile 100 uM, 250 uM, 500
uM, 750 uM ve 1000 pM katekol konsatrasyonlar1 i¢in de ayri ayr1 amperometrik ol¢timler alinip
kaydedilmistir. Katekol konsantrasyonlar1 ile amperometrik cevaplar arasinda ¢izilen standart grafik
Sekil 2°de gosterilmistir.
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Sekil 2. Clytocibe nebularis doku homojenati temelli biyosensor ile elde edilen katekol kalibrasyon grafigi

Sekil 2’den de goriildiigi lizere artan katekol konsantrasyonu ile amperometrik sinyal arasinda
iyi bir dogrusallik vardir. Bu da Clytocibe nebularis tirii mantarin, doku temelli biyosensor
uygulamalarinda kullanilabilir bir mantar tiirii oldugunu gostermektedir.

4. Sonuc ve Oneriler

Bu calismada, birincil olarak, Stropharia aeruginosa, Trametes versicolor, Hypholoma fasciculare,
Cantharellus cibarius, Clytocibe nebularis ve Amanita muscaria mantar tiirlerinin toplam lakkaz
aktivitelerini belirleme ve toplam protein miktarlarini saptama amaglanmistir. Bu baglamda lakkaz
aktivitesi tayini i¢in ABTS yontemi, protein tayini i¢in Bradford yontemi kullanilmistir. Dogal Amanita
muscaria ve Clytocibe nebularis tiirleri i¢in ilk kez bu ¢alismada lakkaz aktivitesi ve protein tayini
yapilmigtir. Bununla birlikte, Hypholoma fasciculare tiirii protein tayini de ilk kez bu g¢aligmada
gerceklestirilmistir. Ozellikle lakkaz aktivitesi gérece daha yiiksek olan Clytocibe nebularis tiirii, benzer
nitelikteki diger mantarlar gibi enzim saflastirma ve eldesi, atik sulardan fenolik bilesik giderimi ve
boya agartma gibi ¢alismalarda kullanilma potansiyeline sahiptir. Ayrica, Clytocibe nebularis tiirii i¢in
besi ortaminda lakkaz iiretimine dair ¢calisma bulunmadigindan dolayi, bu ¢alisma, gelecekte yapilacak
mikrobiyolojik calismalar i¢in de bir kaynak niteligi olusturmaktadir.

Caligmanin bir diger amaci da lakkaz aktivitesi en yiiksek olan ve daha 6nce biyosensor
tasariminda kullanilmamigs bir mantar tiriiniin biyosensér sistemlerinde kullanilabilirliginin
gosterilmesiydi. Bu baglamda, lakkaz aktivitesi gorece yiiksek olan ve daha oOnce biyosensor
sistemlerinde kullanilmamis mantar tiirii olan Clytocibe nebularis, fenolik bilesik tayinine yonelik bir
biyosensor sistemi yapiminda biyoaktif tabaka olarak kullanildi. Biyosensor denemelerinde elde edilen
sonuglar; Clytocibe nebularis dokusunun, biyosensér tasariminda {imit vaat eden bir biyoaktif bilesen
olabilecegini gosterdi. Biyosensor denemelerinde elde edilen sonuclar 1siginda yakin gelecekte
yapacagimiz c¢alismada; Clytocibe nebularis dokusu kullanarak, cesitli fenolik bilesikleri tayin
edebilecek bir biyosensor gelistirilmesi planlanmaktadir. Bu kapsamli ¢aligmada, gelistirilen doku
temelli biyosensor sisteminin optimizasyon, karakterizasyon ve validasyonu ile ilgili denemeler de
gerceklestirilecektir.
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Cikar Catismas1 Beyam

Yazarlar arasinda herhangi bir ¢ikar ¢atigmasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyam

Yapilan ¢aligmada arastirma ve yayin etigine uyulmustur.
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Abstract

Fuji scaled pressure sensitive films (FPPSF) are used in many sciences, especially for mechanical-based
measurements. Since these films are paper-based sensors, the measurement values are mostly found manually after
a series of processing according to the ambient conditions. The accuracy of the measurement results depends on
the calibration process. However, there is no determination method regarding the accuracy of these processes in
the literature. The aim of this study is to point out the subjects that may affect the accuracy, especially during the
experimental calibration and to recommend a new method in order to evaluate the homogeneity in particular. To
evaluate the homogeneity of the calibration data produced for this purpose, the gray level co-occurrence matrix
(GLCM) was used and statistically compared with the relevant calibration curves presented in the current literature.
As a result, the energy property parameter of GLCM was found to be applicable to control the image smoothness
of the samples to realize the accuracy of the generated curve.

Keywords: Image Uniformity Measurement, Fujifilm Prescale Pressure Sensitive Film, Calibration

Fuji Prescale Basinca Duyarh Film Numunelerinin Homojenligini Olcmek
I¢in Gri Diizey Es Olusum Matrisi

Oz

Fuji onolgekli basinca duyarli filmler (FPPSF) o6zellikle mekanik tabanli dlgiimler igin bir¢ok bilimdalinda
kullanilmaktadir. Bu filmler kagit tabanli sensor oldugu i¢in 6l¢iim degerleri daha ¢ok ortam sartlarina gére manuel
olarak bir dizi islemden sonra bulunur. Olgiim sonuglarinn dogrulugu kalibrasyon siirecine baglidir. Ancak
literatiirde bu islemlerin dogrulugu ile ilgili herhangi bir tayin yontemi yoktur. Bu ¢alismanin amaci ozellikle
deneysel olarak yapilan kalibrasyon esnasinda dogrulugu etkileyebilecek noktalari isaret edip ozellikle
homojenligi degerlendirmek i¢in yeni bir ydntem tavsiye verilmesidir. Bu amagla tiretilen kalibrasyon verilerinde
homojenligini degerlendirmek i¢in gri diizey es-olusum matrisi (GLCM) kullanilarak mevcut literatiirde sunulan
ilgili kalibrasyon egrileriyle istatistiksel olarak karsilagtirilmigtir. Sonug olarak, GLCM'nin enerji 6zellik
parametresi, iiretilen egrinin dogrulugunu gergeklestirmek i¢in drneklerin goriintii diizglinligiinii kontrol etmek
icin uygulanabilir oldugu bulunmustur.

Anahtar kelimeler: Resim Homojenlik Olgiimii, Fujifilm Onélgekli Basimca Duyarli Film, Kalibrasyon.

1. Introduction

Fuji prescale pressure sensitive films (FPPSF) (Fuji Photo Film Co., Ltd., Japan) have been used to
measure both the contact areas and the pressure distributions between contact surfaces in many
applications such as fishing [1], automotive[2-4], industry [5, 6] and particularly biomechanics [7-17].
FPPSF consists of two paper-based sheets of which features are described in detail by Liggins et al. [24]
and Muturi et al. [25]. FPPSF carries out the measurement of the contact pressure distributions and the
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contact areas via the intensity of red stains. FPPSF provides optical stains that can be observably
converted to applied pressure itself according to the optical comparison charts supplied by the
manufacturer. Contact pressure distributions between the surfaces can also be calculated using FPPSF
recordings with the techniques of digital image-processing. Pressure distribution quantity is determined
regarding image intensities related to contact pressures by means of a calibration procedure. The
calibration stains of this calibration procedure emerge by applying loads to film samples compressed
between contact flat surfaces at areas the value of which is known [24, 25]. FPPSFs can be used to
determine the contact pressure distributions of many biological joints such as knee [7, 8], hip [9, 11,
16], ankle [12, 17] and wrist [10] etc. apart from their other functions. FPPSFs have some advantages
for biomechanical applications, in particular, pressures between irregular contact surfaces [26]. The
shapes and dimensions of FPPSFs can be designed easily by cutting in an appropriate way with the
geometry of the contact areas.

Many researchers generally calibrate their FPPSFs considering calibration method developed
by Liggins et al. [24] in order to compute the concentration of the red stains [11-14, 16, 24, 25, 27-29].
The calibration data are produced by applying different loads using universal testing machine and are
plotted as a function of optical density. Researchers usually conduct a regression analysis to get a
specific calibration curve. Many researchers report a correlation coefficient of regression analysis in
their studies [1, 12, 25, 26, 29]. Measured data in mid-values of the calibration data are estimated
according to the calibration curve using interpolation technique. Many factors such as sample
preparation, sample collection, random errors, etc. affect the accuracy of the measured data and cause
the uncertainty of the developed model. One of these factors is the uniform distribution of stains in the
calibration samples. Even though sample uniformity is not discussed in the literature for FPPSF, image
uniformity of calibration samples also affect the accuracy of data. In a common sense, the generated
model should be defined at a 95% confidence level. Therefore, a calibration of FPPSF must be validated
to confirm the measured results. The validation process should be implemented to check the accuracy
with a valid curve defined depending on environmental conditions. Nevertheless, in the available
literature, researchers do not validate their calibration curves gained using the FPPSFs.

In this study, a calibration curve of FPPSF is generated by performing a set of calibration tests
and applying pressures between 2.5-10 MPa using a cylindrical hardened-steel punch and a smooth
surface. The confirmation of the calibration curve obtained experimentally is done, since eliminating
errors for the curve accuracy is of paramount importance in a subsequent study. Therefore, as a new
method, the gray-level co-occurrence matrix was used to evaluate the uniformity of the sample stains
for quantitative evaluation of uniform distribution of the sample stains. Also, the generated curve is
compared statistically with the related literature and validated empirically.

2. Materials and Methods
2.1. Experimental Calibration of the FPPSF

The calibration tests using FPPSF samples are performed in this study by a polished hardened steel
punch with a diameter of 30 mm and a metal plate surface to obtain uniform pressure distribution. The
contact surfaces of the steel punch and metal base plate are grinded well before polishing on account of
the fact that FPPSF is very sensitive to surface roughness. The apparatus of the calibration tests are
shown in Fig. 1. As seen from the figure, a spherical guide in a small spherical cavity on the punch is
used to avoid eccentric loading effects during the tests. These steps are taken into account to obtain
uniformly distributed stains on the calibration samples. The tests are performed using a hydraulic press
having a ton capacity of a load cell and the loads of 180, 270, 360, 450, 540, 630, and 720 kgf (1 kgf =
9.80 N) are applied to the samples, then made to wait and released for a 5-second per each. The stained
images on the film are scanned by a scanner, (Mustek 1248UB), with a 600x600 dpi resolution as seen
in Fig. 2. The tests are performed under environmental conditions of 42%+3 Rh humidity and 19+1°C
temperature. Based on the calibration tests, a low-grade FPPSF with the capacity of 2.5-10 MPa is used
in our biomechanical study to measure the contact areas and pressure distributions.

Undesired artefacts at the outer area of the scanned images are wiped out using an eraser tool
called as “Erase Method” defined by Bachus et al. in view of the fact that the artefacts affect average
values of the grayscale level as shown in Fig. 3 [30]. As seen in the figure, the pressure images are
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converted to grayscale form by MATLAB software and then filtered with a 25x25 pixels averaging filter
to remove noises. The noise in the pressure images is assumed to cause variations of the pixel values
that are not related with the outer area pixels. The average values of the grayscale optical density are
considered regardless of neighbouring pixels and plotted with respect to the applied pressure as
illustrated in Fig. 4.

Spherical
/ guide
Pressure Cylindrical
sensitive punch

film

Metal
Surface

Load cell

Figure 1. The compression test with a hydraulic universal press

180 kgf 270 kgf 360 kef 450 kef 540 kaf 630 kgf 720 kef
Figure 2. The red stains images of the samples subjected to different loads

> =

> =

Figure 3. Obtaining the grayscale of the images using “Erase method”

2.2. Comparisons of the Calibration Curves

The calibration data for low and super-low grade FPPSF developed by researchers are extracted and
plotted as a function of applied pressures as illustrated in Fig. 4 and 5, respectively [11, 14, 16, 24, 25,
27, 28]. The scanned images are converted to 8 bpp (8 bit-per-pixel) grayscale pixel values to represent
the level of grayness and brightness ranging from black to white, sometimes called as monochrome. The
converted digital images in the grayscale are generally defined black and white levels as respectively
zero and 255 (maximum value), by researchers. In contrast, Olson et al. [16] and Devocht et al. [14]
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defined black and white points as 255 and zero, respectively. Both of the data are extracted and converted
into the same grayscale format in this study. Their calibration curves are generated after collecting all
data using a fifth-order polynomial equation to get the best fit to the characteristic of the curves [24]
given in Fig. 4 and 5. As seen, notwithstanding the same FPPSF, the calibration curves have different
characteristics. Thus, calibration tests and image process techniques must be questioned for the
differences among the curves.

220
200
180
160
)
=
L 140 1
>
o
Q 120
2
2
o 1004
a s Devocht et al.
8 o Muriuki et al.
= 804
Q *  Current study.
o
+ Olson et al.
60 x  Manufacturer curve (by Olson et al.)
A Spark et al.
40 4 x  Thomas et al.
o Wang et al.
20
T T T T T T T T T T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 1" 12

Pressure (MPa)
Figure 4. The generated and published calibration data for low-grade FPPSF

One of these reasons depends on environmental conditions. In Fig. 4 and 5, the calibration
curves appear to be highly dependent on environmental conditions such as load-rate, ambient
temperature and relative humidity which affect red stain intensity during the tests. In addition, the
manufacturer of the FPPSFs provides different calibration charts based on environmental conditions
[31]. Therefore it is assumed that the calibration curve obtained in this experiment is also derived and
plotted as function of pressure and optical density depending on low and high ambient temperatures and
humidity as given in Fig. 6 considering the manufacturer’s chart. As seen in the figure, the obtained
optical density values are matched with the stain density values given in the chart. These curves are
plotted as a function of pressure and optical density in order to understand the temperature and humidity
effects on FPPSF easily. The optical density values of the curves for low pressures are close to each
other than those for high pressures. The calibration curves show different behaviours as researchers may
be performed their tests under different environmental conditions. Processing parameters of the
calibration tests carried out by the researchers are summarized in Table 1.

Our calibration curve is closely matched with the curve developed for 56 test data by Muriuki
et al. [25] as given in Fig. 4. When compared, the calibration curve of Muriuki et al. might be regarded
as asuitable curve due to plenty of data even if the environmental conditions are not stated. The accuracy
of this curve is more sensitive than the others [25]. Although test conditions are unknown as listed in
Table 1., calibration curves developed by Wang et al. [28], Thomas et al. [12], and Devocht et al. [14]
have a similar (Fig. 6) proportionality to each other but not overlapped. This indicates that they studied
under different experimental environmental conditions. Olson et al. [16] stated that their calibration
curve agrees well with low-humidity conditions based upon reference data supplied by the manufacturer.
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A similar proportionality can also be seen among the curves published by Spark et al. [10], Olson et al.
[16], and Muriuki et al. [25] as given in Fig. 4. In addition, the curves developed in different
environmental conditions by Liggins et al.[24, 27] demonstrate similar behaviour in Fig. 5.

190-
180—-
170-
160—-
150-
140-

130

Optical Density (Gray Value)

1 m  Liggins et al. (1992)
120 + A Liggins et al. (1995)

110 4

100 T T T T T 1

Pressure (MPa)
Figure 5. The published calibration data for super-low grade FPPSF
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Figure 6. The calibration curves for different environmental conditions
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2.3. Statistical analysis

The statistical relationships between the obtained and published curves are computed by a coefficient of
regression [32], R?, reflecting the percentage of variability among the curves given in Fig. 4 and 5. These
curves are analysed by deriving curve equation and compared statistically using SPPS software (R16).
Based on the comparisons, the r2 coefficient of our curve is complied with 95% prediction intervals of
the curve published by Muriuki et al. [25]. The rest of the curves (see Fig. 4 and 5) shows significant
differences (p<0.001) from each other.

Table 1. Processing parameters of the experimental conditions and image acquisitions

References ;I'emp. Humidit  Loading Scanner Device Resolution Software
C y % Rate s
Liggins etal. [24] | 25+3 42543 60 f::a(r:n[()er\gdeo Image Pro 1l
Ligginsetal. [27] | 231 48 60 f::a(r:nl?er\gdeo Image Pro +
Muriuki et al. [25] HpScanjet 5550 ¢~ 600 dpi MATLAB
MUSTEK .
Current study 19+1 42%+£3 5 1248UB 600 dpi MATLAB
Spark et. al. [11] 60 HpScanjet 11cx/T Biogquant
Lab. 2,95
Olson et al. [16] conditi 35 Abaton Scan :
pixel/mm
on
Thomas et al. [12] 5 Esgs_ggr;eter 300 dpi
65x5
Wang et al. [28] 5 pixel/cm
Devocht et al. [14] Digital Camera ll\l:g Image

In order to provide relatively uniform stains on the FPPSF, various precautions is provided in
the experimental study, such as by polishing and grinding punch and metal base to avoid poor dusting
of them and by using a spherical guide in a small spherical cavity on the punch to avoid eccentric
loading. Nevertheless non-uniform distribution or fluctuation in the intensity had been occurred in some
sample cases and rejected for inclusion to calibration curve. The density distribution of the calculated
samples was visually assessed and find acceptable relatively for the calibration curve. For quantitative
evaluation of uniform distribution of the sample stains, the gray-level co-occurrence matrix was used to
evaluate the uniformity of the sample stains. This matrix is a statistical method to analyse the texture of
the image and sometimes called Haralick features [33]. The uniformity was measured in all samples
with the energy property of this matrix using MATLAB software. The calculated values are given in
Table 2. The value changes from 0 to 1 and the energy value for 1 means constant image. Also, to
examine the deviation by comparing the uniformity value and the random error of data in the regression
analysis, the random errors (¢) of data was added to Table 2. Energy indicator is a measure of uniformity
of an image. A high value indicates a uniform distribution. The ideal homogeneity is represented by 1.
Thus, data on the homogeneity of sample stains is obtained. Whether the sample can be used to generate
the calibration curve is acquired.

Tablo 2. The values for image uniformity for all samples

Load (kgf) 180 270 360 450 540 630 720
Energy 07671  0.3886  0.5052 0.3331 0.6492 0.4016 0.5215
Random error of | -0.1693  0.9432  -2.16 4.4517 55135  -0.0246  -0.14

optical density (g)
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When the energy indicators in Table 2 are examined, it is understood that the homogeneity of
samples 2 and 4, which is less than 0.5, is low. When the samples are examined visually, the accuracy
of the numerical expressions is appeared.

3. Discussion

Adequate overall comparisons among the calibration curves in published article have not been made to
fill the gap in literature yet. Chin et al. compared their data with the conventional calibration images
provided by the manufacturer without the report of accuracy measurement [15]. Olson et al. compared
their calibration curve with a curve supplied by the manufacturer [16]. The limitations in FPPSF in terms
of performance and accuracy were compared with K-Scan and I-Scan systems by Harris et al. [34] and
Bachus et al. [30], respectively.

Bachus et al. [30] used a calibration technique described by Liggins et al.[24] to validate their
calibration data using I-scan system. Hasler et al. [26] compared their calibration curves obtained for
flat and curved surfaces in stable environmental conditions. They used a non-linear least-square
algorithm to fit the curves and a non-linear multiple regression model to compare statistically. Muriuki
et al. [25] studied to validate the image processes of FPPSF using his own software and gained an
accuracy level lower than 10%. However, no comprehensive analysis in terms of comparisons has been
conducted in literature to emphasize the accuracy of calibration curves except the study of Olson et. al.
whose comparison is inadequate [16]. In our study, a comprehensive comparison is performed between
our curve and corresponding curves published in literature. This graphical comparison may help to
understand to get a desired accuracy of the calibration procedure of FPPSF to be used in a subsequent
study. Therefore, the comparison and statistical analyses of the curves indicate how the environmental
conditions affect the calibration curves (see Fig. 6).

Many various factors affecting the calibration curve ought to be classified in two groups. One
of them can be defined as image processes such as scanning resolutions, scanner linearity, filtering
effects, etc. [35, 36]. These factors absolutely affect the grayscale quality indistinguishably. The other
one is related with the environmental conditions of experimental applications such as humidity,
temperature and loading time [31]. In addition, polynomial regression degree of the calibration curve
can affect the results [37]. The reasons of the differences among the curves (in Fig. 4 and 5) can be
interpreted easily with regard to the FPPSF manual when the environmental conditions of the tests are
explained in the publications. Hence, the processing parameters of the test conditions should be stated
in the publications for better assessment. The curves in Fig. 6 are different from each other due to the
factors mentioned above, in spite of a marginal similarity and conformity among them. For these
reasons, the calibration curve for FPPSF should be validated empirically.

Liggins et al. reported a method for an analysis of stain resolution [38]. In similar study,
Liggins et al. aimed to quantify the effects of an image-enhancement on the resolution properties of
pressure maps [39]. Also the standard deviation of pixel-values was presented and random granularity
was mentioned for the first time. This factor affects the uniformity of FPPSF. But it was not quantified.
Singerman et al. introduced an experimental technique of FPPFS for use in small areas [40]. Singerman
conducted the intensity frequency distribution of pixel gray levels as a statistic method. Though
calculated parameters and given graphs cause us to think sample uniformity, a clear hint was not
presented about the sample uniformity. In present study, we focused also sample uniformity and this
factor previously was not directly stated in any paper. Non-uniform distribution is obviously seen in the
second and fourth samples in visual inspection of samples in Fig 2. With a glance at image uniformity
values in Table 2, the values of image uniformity results seem compatible with visual inspection. Due
to this, the parameter of energy property of gray-level co-occurrence matrix can be practicable to check
the image uniformity of samples. Also, the most discreteness can be seen in fourth sample that disarrayed
the linearity of the calibration curve in the Fig. 4. Random error of optical density data (&) can give tips
for excessive discreteness. When taking a look at table 2., fourth and fifth samples was found to be
highest error on the residuals. If fourth sample would be uniform, fifth sample probably could fit with
calibration curve. Hence we can supposedly say that the parameter of energy property of gray-level co-
occurrence matrix can be useful for determining the uniformity of samples. This parameter can make
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contribution to desired accuracy of FPPSF on processing of fitting calibration curve.
4. Conclusion

The current study addresses the congruity or ratio among curves reported in literature. The results of the
experimental studies are computed based on the calibrated curves of FPPSF that is fundamental for a
subsequent study. Nonetheless, the published curves have no foundation in order to confirm the
accuracy. The indication of this is the nonconvergency of the curves to each other. But the curves must
be convergent at a minimum pressure level, at least, according to the FPPSF manual. Taking these into
account, we can conclude that the ambient temperature and relative humidity play a critical role in
changing the calibration curves. For these reasons, the evaluation of the contact pressure distribution
and the contact area in the studies has certain deviations from a desired accuracy. In the next step, the
GLMC homogeneity study should be requested from the investigators to ensure the accuracy of the
results during the FPPS calibration run. Thus, reference data on the general calibration method or the
uniformity of the samples can be recommended. A set of guidelines or standards for the calibration
process must be set to create a precise calibration curve based on the commonalities and correlations
among literature publications.
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Abstract

The huge amount of waste tires (WTs) have been disposed to surroundings which cause dangerous effect on nature.
Owing to recycled WTs, the pyrolysis is a good technique to dismiss harmful effect of the WTs, by converting into
gas, liquid and solid. The present study has two steps of liquefaction at a batch reactor. Firstly, conversion of the WTs
into gas, waste tire oil (WTO) and char. Then the WTO were blended with calcium oxide (CaO) or natural zeolite
(NZ) at different ratio and pyrolyzed to obtain high quality oil, similar to gasoline fuel (GF) or diesel fuel (DF). The
distillation curve is a good key to define fuel quaility. Thus, 10% CaO-WTO blend curve near to the DF.
Unfortunately, the mixture was distillated at 54 °C, lower than the DF. Therefore, the blend was separated into two
fractions due to intial-final boiling points as 150 °C to 360 °C, named as Diesel like fuel (DLF); between 54 °C to 150
°C, called as gasoline like fuel (GLF). Finally, samples were analyzed to characterizate by GC, ICP-MS, TGA and
DSC for similarities of conventional fuels. The heavy metals and other elements of samples were analyzed by ICP-MS
techniques. TGA is a good test to determine the oxidative and thermal stabilities of fuel while DSC was used to
determine crystallization onset temperature on fuel samples. GC analysis is done for detemening of gas heating value
and beside gas contents which has a comprehensive with standard burnable gas. Based on GLF and DLF with
unliquified gas results, all of components of products can be burned in engine without any problem.

Keywords: Waste Tire, Pyrolysis, Gasoline Like Fuel, Diesel Like Fuel, Characterization

Atik Lastik Piroliz Uriinlerinin GC, ICP-MS, TGA ve DSC tarafindan
karakterizasyon

Oz

Biiyiik miktarda atik lastik (AL) ¢evreye atilmakta ve doga itizerinde tehlikeli etkilere sebep olmaktadir. AL’in geri
donusumu igin, piroliz kullanilarak atik lastiklerin gaz, sivi ve kati iiriinlere doniistiiriilerek AL’nin zararh etkilerini
bertaraf etmek amaciyla kullanilan etkili bir tekniktir. Bu ¢alismada, bir kesikli reaktor kullanilarak iki adimda
sivilastirma yapilmustir. Tk olarak, atik lastik gaza, atik lastik yagma (ALY) ve karbon siyahma doniistiiriilmiistiir.
Ikinci adimda ise ALY, farkli oranda Kalsiyum Oksit (CaO) veya Dogal Zeolit (NZ) ile karistirilarak; benzine veya
dizel benzeyen yakit yiiksek kaliteli yakit elde etmek igin piroliz edilmistir. Distilasyon egrisi, yakit kalitesini
tanimlamak i¢in iyi bir referanstir. % 10CaO-ALY karigiminin distilasyon egrisi dizel yakita benzerlik gosterdigi tespit
edilmigtir. Fakat karigimin dizel yakittan daha diisiik olan 54 °C'de distile edilmistir. Bu nedenle karigim, ilk-son
kaynama noktalarina gore ayristirilarak iki fraksiyon elde edilmistir. 54 °C ile 150 °C arasinda, benzin benzeri yakit
(BBY); 150 °C ile 360 °C arasinda dizel benzeri yakit (DBY)) elde edilmistir. Elde edilen bu iki fraksiyon, geleneksel
yakitlara benzerliklerini degerlendirmek amaciyla GC, ICP-MS, TGA ve DSC teknikleri kullanilarak analiz edilmistir.
Ormneklerdeki agir metaller ve diger elementler ICP-MS teknigi ile analiz edilmistir. TGA yakitlardaki termal ve
oksidasyon kararliligini belirlemek igin kullanilan iyi bir tekniktir. DSC ise yakit 6rneklerindeki kristallenmeye
bagladig1 noktanin belirlenmesi amaciyla kullanilmigtir. GC analizi ile gazin 1s1l degeri tespit edilip, bununla beraber
gaz igerigi de tespit edilerek standard yanabilen gazlarla karsilastitilmigtir.

Elde edilen sonuglar BBY ve DBY ile sivilagmayan gaz numune sonug¢larmin motorlarda problemsiz
kullanilabilecegini gdstermistir.

Anahtar Kelimeler: Atik Lastik, Piroliz, Benzin Benzeri Yakit, Dizel Benzeri Yakit, Karakterizasyon
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1. Introduction

The continuity of world has been sustained by traditional energy source however energy needs
increase and standard energy resource decrease by social and politicrpcal statements. [1, 2]. Therefore,
plentiful resources have been to supplied instead of petreloum fuels such as waste tires, waste
agriculture and etc. Some of researchers have noticed that waste material (WM) has recovered to use
in broad industrial applications. [3, 4]. Due to the WTSs statistics of world, about 17 million tonnes
were produced in a year [5]. The China discarded one third of produced tire as approximately 5.2
million tons annually [6].

In past decades, novel technologies have been developed to produce more or less products
(gas, liquid, and solid) of the WTs [7]. Pyrolysis is an impression and interesting method which can
be obtained high yield products with low sulfur and less nitrogen oxides ingredients in order to
decompose tire polymers under high temperature at various mediums [8, 9].

Several pyrolysis types such as fixed-bed (batch), screw kiln, rotary kiln, vacuum and
fluidised-bed reactors have been used for recycling materials. The target of reactor for obtaining more
amount of gas or liquid or solid products according to rate of heat. Therefore, the WTs were liqufied at
batch reactor for more oil amount. Furthermore, this reactor have widely used because of its simple
structure and easily established with low investment [10, 11]. Since 1990s, many studies have been
done by different operation conditions of pyrolysis [12].

Ayanoglu and Yumrutas worked on the WTs conversion by adding various ratio of CaO for
obtaining high amount of oil with low sulfur. The WTO were analyzed by chemical and physical tests
to compare with standard fuels [13].

Alkhatibet. al. [14] pyrolyzed the WTs at different powers (750W, 1500W and 3000W) at
reactor temperature of 500 °C. The liquids amount for both 1500W and 3000W were higher than
750W as 45% and 40%, respectively. Additionly, characteristic of liquids was similar to standard
fuels.

Islam et. al. [15] worked on new application of pyrolysis by using the WTs (4 cm? particle
size) in a fixed-bed fire-tube under nitrogen gas at 475 °C. The oil properties were tested by elemental
analysis, FT-IR, *H-NMR and GC-MS and distillation tests.

The test results gave an idea to use oil as fuel. The main goal of the study is to find similarity
of DLF and GLF with GF and DF whether can be combusted in engine or not. For this reason, a detail
analysis was done for WTO, DLF, GLF, GF and DF characterization in order to define organic
compounds by GC, ICP-MS and FT-IR, techniques. Based on analytical tests, GLF and DLF approved
to use as fuels.

2. Material and Methods
2.1. Raw Material

The WTs were supplied from Kudret Inkar Co., Adiyaman/TURKEY [16]. The metal and textile parts
of the WTs were seperated and further washed by water to remove other non-purities and dust, then
cut in 1 mm particle size. Finally, the WTs were dried at solar to remove waters. The procedure of the
WTs pyrolysis was simplified and shown at Figure 1.

931



G. Uguz, A. Ayanoglu / BEU Fen Bilimleri Dergisi 10 (3), 930-942, 2021

Remove Clean by water for Cut into Dricd under solar
metals, textile removing 1 mm for removing
and others Tmpurities and dust particle size moisture

14,68 and 10 %

oI Ca0 - WTO
blends

Fixed bed pyrolysis of WTs

2468 n0d 10 %
oI NZ.WTO
blends

&

2.2. Pyrolysis System

Figure 1. Procedure of the WTs pyrolysis.

The fixed-bed pyrolysis system was equipped by reactor, control panel, thermocouple, blender, safety
valve, heat exchanger and can. The reactor has a dimension @30x40cm with 5 cm glass wool isolation
and 5 kW heater. In addition to reactor, the blender was used for homogenoues temperature
distribution and the thermocouple used to measure temperature which were inserted on middle of the
reactor, which was shown at Figure 2.

Blender
Thermocouple Safety Valve
Reactor )\ Heat Exchanger
Control Panel -
1 Can
5 - U
e e
C 1 [ T —————

Figure 2. The pyrolysis system.

2.3. Pyrolysis Procedure

Furthermore, the pyrolysis has other contribution to decrease residual of solid by increase condensable
(oil) and non-condensable (gas) fractions due to heating rates, catalysts, pressure and other parameters.
[10, 17-20]. The WTs have been stored to dispose or re-cycle for minimizing harmful and polluting
effects because of high amount of sulfur. Particularly, sulfur has removed by preferable catalyst as
CaO [21, 22].

The WTs were pyrolyzed into gas, oil (WTO) and char at first stage of liquefaction in a fixed
bed reactor by 5 °C/min under atmospheric medium. Then at second stage of pyrolysis, the WTO has
exposed with 2,4,6,8 and 10 mass ratios of CaO and NZ under concurrent consistence, individually.
The curve of distillation test is a good key to define fuel quaility and similarities of chemicals. Thus,
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the mixture of 10% CaO -WTO distillation had a good curve, near to the DF. Unfortunately, the
mixture was distillated from lower temperature than the DF. Therefore, the mixture was necessary
required to separated into fractions due to start temperature point of the DF which was 150 °C to end
temperature point of 360 °C which was heavy part, named as Diesel like fuel (DLF). The remain liquid
was distilled between 54 °C to 150 °C which was light part, called as gasoline like fuel (GLF),
explained in detail in previous study [13, 23].

2.4. Statistical Analysis

The statistical analysis was used to perfom by IBM SPSS Statistics 20 package program. The general
application of program was used to predict (observed) or expected (measurement) data. The SPSS
analysis is particularly used to determine sensivity and accuarcy of pyrolysis test.

2.5. The Gas Chromotography (GC)

The pyrolysis gas products were analyzed by Agilent GC-7890 which provided with one flame
ionization detector (FID) and two thermal conductivity detector (TCD) for finding Ci-Cs
hydrocarbons, Ce/C* hydrocarbons, CO2, N2 and H,. The Gas chromotography (GC) has a 1 um
Carboxen, 5 packed column with 3 capillery column and a carrier gas of Helium by 30 ml/min.

The sample was injected from tedlar-bag to GC. The initial temperature of oven was 60 °C (hold 1
minute), heated up to 80 °C by 20 °C/min then increased to 190 °C (hold 1.333 minute) by a heating
rate of 30 °C/min then reached to 200 °C. The total analysis duration was 7 minutes. The results were
determined by volumetric ratio of percentages.

2.6. Inductively Coupled Plasma Mass Spectroscopy (ICP-MS)

During combustion, some unburned-hydrocarbon, particles and emission gasses have been released to
cause green gas effect and destroy atmosphere and enviroment. Due to the harmful exhaust effect,
livers have been breathed which have damaged the respiratory system. The heavy metals have to
constrain in a range for world life [24].

The heavy metals and other elements have analyzed by Inductively coupled plasma Mass
Spectroscopy (ICP-MS) or Inductively coupled plasma atomic emission spectroscopy (ICP-OES) or
Flame atomic absorption spectroscopy (Flame AAS) or Graphite furnace atomic absorption
spectroscopy (GF-AAS) instrumentals in open literature. Due to analytical techniques, the ICP-MS has
one of the excellent detection and give the best results in a short period with designated limits [25].
The heavy metal concentrations of aluminum (Al), arsenic (As), Cadmium (Cd), cobalt (Co),
Chromium (Cr), copper (Cu), iron (Fe), nickel (Ni), lead (Pb) and zinc (Zn) were detected by Agelan
7700A ICP-MS. The latte, sample (20 ug/L) was mixed to homogenize with nitric acid and hydrogen
peroxide (HNOz;+H;0O,,1:1 ratio) for 1 min., then inserted into a pressure-resistant
polytetrafluoroethylene (PTFE) vessel. Finally, the microwave digestion system (Milestone Ethos D,
Sorisole, Italy) was run at a temperature of 100 °C and hold 10 min. under 300 ml/min flow rate, then
leave to cool room temperature in 60 min.

2.7. Thermogravimetric Analysis (TGA)

The fuel chemical stability defines ability of any fuel which has resistance to oxidation and chemical
changes for long-time storage or long-term shipping. The main point of stability of chemical is related
with unsaturated hydrocarbons of fuel which can be a reason for rise propensity of oxidation.

On the other hand, the olefin molecule is branched to react as a double bond from its midpoint which
are caused to decrease stability of oxidation. The double bonds of hydrocarbons (dienes) have a
distantance from other compounds which are behaved like olefins in therms of oxidation stability.

The unsaturated hydrocarbons are oxidized to produce resinous materials under the effect of air and
temperatures [1]. At the first stage of hydrocarbon oxidation were fastly occured by hydroperoxides-
unstable compositions interaction in different oxidation conditions. The hydroperoxides basicly reacts
with noticeable alcohols (aldehydes, ketones and acids forms) at low temperatures during oxidation of
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hydrocarbon fuels and define storage characteristic. The hydroperoxides of unsaturated hydrocarbons
can be polymerize and react with other chemicals which give a start to form resin particles. [26].
Thermogravimetric analysis (TGA) was done to determine esters and oils by temperature rise under
the medium of nitrogen or argon or oxygen or dry air, etc. with mass changes due to time control.
According to decomposition or oxidation or dehydration, the substance can be defined by changes of
phase and mass with structures correlation. Furthermore, TGA is a good test to determine the
oxidative and thermal stabilities of fuel [27-28].

In this study, the thermogravimetric (TG) thermograms of samples were tested by Shimadzu
DTG 60H thermogravimetric analyzer [29]. A 10 mg was weighed to put into platinum pan and
analyzed under 100 ml/min dry air to determine the oxidative stability by temperature rise from 25 °C
to 700 °C with a heat rate of 10 °C/min for 1 h [27, 29]. Finally, the chemical reactions were
completed at 700 °C due to mass stability [30]. The TGA curves were also used to define the onset
temperature of samples.

2.8. Differential Scanning Calorimetry (DSC)

The petroleum based fuels have non-simple compounds which are known from organic chemistry
(paraffin, naphthenic and aromatic hydrocarbons, sulfur, oxygen, and nitrogen) [31]. The fuel has high
freezing point due to long chain of paraffin compositions. Besides, a small amount water is dissolved
in fuel which can be a crystallization at low temperature, due to crystallization of water, it has an
abrasive effect on fuel system [32].

The wax appearance temperature (WAT) can be defined as crystallization onset temperature.
The WAT can be also obtained by ultrasonic waves differential scanning calorimetry (DSC) and cross-
polarized microscopy (CPM) with rheometry. The crystallization onset temperature (Tconset) iS
observed from heat-profile changes in which temperature starts to decrease during cooling process [33,
34]. The present work focus on crystallization onset temperature of WTO, GLF and DLF by DSC to
find similarity with standard fuels. The Mettler—Toledo DSC 1 700 were run under Nitrogen gas with
50 mL/min and 8.0 = 1.0 mg of sample weigh in aluminum pan which were heated up to 20 °C or
cooled to -80 at a rate of 10 °C/min.

3. Results and Discussion

3.1. The physical properties of products

The physical test results will be declared briefly in this section. The physical properties of the WTs
and its products were analyzed in previous study of Author [13]. The elemental analysis gives an
information about carbon percentages of fuels which is a good indicator for heating value. The carbon
percentages of WTO were as 79.49 %, near to standard fuels. However, sulfur amount was too high
which need to decrease by a catalyst. Furthermore, the physical properties of the WTO were
determined by 830 kg/m? (density), 3.21 mm?%s (viscosity), 28.1°C (flash point), and Higher Heatin
Value (HHV) as 41,00 kJ/kg. Additionally, Distillation temperature at 250 °C (max. vol.) and 350°C
(min. vol.) were as 60% and 80%. Due to the phyical properties of WTO, the WTO had similarity to
DF except flash point [13].

Thus, the properties of WTO have to upgrade with a catalyst such as CaO and NZ, which were used in
a ratio of 2 to 10, by a step of 2. The distillation curves of mixture were given an idea for best result
which was 10% CaO-WTO blend. Then, the 10%CaO-WTO mixture were seperated into fractions by
temperature differences as 54 °C-150 °C which named as GLF and 150 °C-360 °C which called DLF
[13]. The elemental analysis result of carbon for GLF and DLF were as 80.44% and 81.31%.
However, the sulfur of DLF was too high again, that a desulfirazation process will be required.
Moreover, density, flash point, and HHV of GLF and DLF were such as 740 and 825 kg/m3, 20 and
130 °C, and 42,163 and 43,214 kJ/kg. And also, the viscosity of DLF was 3.09 mm?/s. The Initial
Boiling Point (IBP), 10 vol., 50 vol. and 90 vol. of GLF distillation results were as 54 %, 74 %, 121 %
and 188 %. Besides, distillation temperature of DLF for 250°C (max.vol.) and 350°C (min. vol.) were
as 50 % and 95 % [13]. As a conclusion, GLF and DLF physical properties were close to convetional
fuels which can be burned in engines.
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The high amount carbon content as C1, C, Cs, C4 and Cs compounds were suitable to burn in
heating systems [35, 36]. The non-condensable gases of Wts can be burned directly or react with
catalyst to upgrade gas quality [37-38], while pyrolysis gases are generally combusted. On the other
hand, the gas has available ingredients which can be produced by thermochemical methods and
developed economy [39-40].

Non-condensable gas was tested due to Turkish Standarts Instutition standard (TSE K-13).
Outlet volumetric flow rate of the gas from reactor was 204 m*s. The condensable gas composition
and heating value results have been changed due to heating rate, reactor types, raw material sizes and
catalyst usage. The composition of gas products from pyrolysis were shown at Table 1. According to
volumetric real gas, volumetric real gas, molar and mass of HHV and LHV of pyrolysis gas at 20 °C
and 1 atm condtions were displayed at Table 2. The LHV was defined as 40.23 MJ/kg due to mass,
was close to standard petreloum fuels.

Table 1. The composition of gas products from pyrolysis.

Avarage Avarage
Composition Concentrations Concentrations
(vol%) (vol%)
CO2 9.972 <25
N2 0.880 <45
0, 0.291 <6.5
CoO 2.847
H. 8.846
Methane 20.235 <50
Ethane 5.820 <10
Ethylene 10.714
Propane 3.392 <7.0
Propylene 5.416
i-buthane 1.457 <35
n-buthane 0.611 >0.35
1-buthane 0.810
t-2-buthane 1.011
iso-buthane 14.287
c-2-buthane 0.885
n-hexane 12.526 <6

Table 2. The HHV and LHV of pyrolysis gas at 20 °C and 1 atm condtions.

HHV LHV

MJ/m? kcal/m® MJ/m? kcal/m®

Volumetric ideal gas 71.56 17104 66.25 15834

Volumetric real gas 72.45 17317 67.07 16031
kj/mol kcal/ mol kj/mol kcal/ mol

Molar  1868.15 446.50 1593.59 380.88

MJ/kg kcal/kg MJ/kg kcal/kg

Mass 47.17 11273 40.23 9616
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Figure 5. The SPSS analysis of 10%CaO-WTO mixture at distilation system
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The conventional distillation test uses to define hydrocarbon boiling temperature point by
heating sample and also use to separate vapor and liquid phases due to temperature difference.
Furthermore, the distillation test are utilized to define properties of chemical compounds and their
structures which give a great estimation on perfonmances and emissions as well [41-43]. In this study,
the distillation curves of GLF and DLF samples were verified with times and displayed at Figures 3
and 4.

The first fraction (GLF) of pyrolysis was started to heat up to 54 °C in 21 min to obtain first
drop, then temperature increase to 150 °C in 150 min. Afterwards, the second fraction was liqufied
from 150 °C to 360 °C in a 250 min. The temperature increase for each 5 min. which known as heating
rate. The linear correlation between time temperature were seen at Figures 3 and 4 by verifiation of
distillated volume due to pyrolysis test.

By comparing distillation curve of GLF, was done due to ASTM D86, with first fraction
pyrolysis of has a accuracy measured results. The pyrolysis distillation test of GLF and DLF were
compared with sandard distilation test, by using a K45000 apparatus due to ASTM D86. The slope of
curves were similar to conventional fuels. A statistical analysis was done to distinguish good case for
reproducibility of 10% CaO-WTO mixture pyrolysis test. Thus, the experimential data were simulated
by Regression Analysis of SPSS.

The Observed Cum Prob and Expected Cum Prob were known as experimental and training
data which shown at Figure 5. By increase of distillation temperature which were cause to increase
distillated volume by time. The beads were distributed around linear slope line that the pyrolysis were
done in terms of accuary. The adjusted square of the correlation coefficient (R?) was found as 0.982,
close to 1 which mean high experimental accuracy.

3.2. Inductively Coupled Plasma Mass Spectroscopy (ICP-MS)

The heavy metals of fuel have negative and destruction effect on engine and environment. Therefore,
a restriction put on heavy metal amounts by laws. The Al, As, Cd, Co, Cr, Cu, Fe, Ni, Pb and Zn were
detected and tabulated at Table 3, by assitance of microwave of ICP-MS.

The amounts Fe, Cd, Pb, Al and As of samples were lower than standard fuels however Cu was close
to petroleum fuels [44, 45]. As shown in Table 4, the ICP-MS results have a good agreement to
literature and "Category | Waste Qil" law of Republic of Turkey (Regulation on Control of Waste Qils
in Turkey). As ICP-MS test result of GLF and DLF can be burned in chamber engine without any
problems for engine and have no harmfull effect on enviroment.

Table 3. ICP-MS test results of WTO, DLF, DF, GLF and GF.

Pollutants(ppm) WTO DLF DF [46] GLF GF [46]
Al 0.595  0.3180 0.0083 0.3260 0.0014
As 0.590 0.059 - 0.166 -
Cd 0.004  0.0010 0.0064 0.0010 0.0015
Co 0.001  0.0010 0.0003 <0.100 0.0002
Cr 0.260  0.0020 0.0080 0.0350 0.0019
Cu 0.274  23.022 0.0074 13.887 0.0028
Fe 2.401  0.5610 0.0089 0.7010 0.0100
Ni 1.273  <0.100 0.0064 <0.100 0.0019
Pb 0.091  0.0280 0.0066 0.0220 0.0016
Zn 8.500  2.2440 0.0520 2.1270 0.2500

Table 4. Turkey waste oil categories and their pollutant limit values [47].

Allowed limit
Pollutants Category of waste oil

(ppm) I T i
As <5 Max.5 >5
Cd <2 Max. 2 >2
Cl Max. 200 Max. 2000 >2000
Cr <10 Max. 10 >10
Pb <100 Max. 100 >100
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3.3. Thermogravimetric Analysis (TGA)

The TGA and DrTGA curves of samples were indicated oxidative degradation which were happened
at a range of 23.50-570.92 °C for a single continuous step. The onset degradation temperature (T onset)
inform an opinion about initial boiling point with thermal stability. The Tonset Were become higher
value at low polyunsaturation for maximizing of oxidation stability. Besides, the Tonset Were enhanced
in a small range for more thermal stability [48]. In order to find out the combustion characteristics of
samples were burned under air medium with 10°C/min. The combustion results of thermograms and
derivative thermograms of samples were represented at Figures 6 and 7.

The onset and end temperatures and mass loss of samples were declared at Table 5 while
Table 6 represented combustion reaction intervals, peak temperatures, and weightlosses of samples.
The reaction ranges were exposed at 40.45-323.70°C, 29.15-290.14°C and 31.98-272.49°C for WTO,
DLF and GLF respectively. While, the combustion thermograms of WTO, DLF, DF, GLF and GF
were stated at weight loss of 99.75 %, 99.81 %, 99.18%, 98.77% and 98.46%, respectively. As a
comparative of DLF and GLF results were close to standard petreloum which can be acceptable as
alternative fuels [28].

100

TGA %
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0 WTO SR

0 100 200 300 400 S00 600 700
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Figure 6. Thermogravimetric analyses (TGA) of WTO, DLF, DF, GLF and GF samples for oxidative stability.
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Figure 7. Derivative thermogravimetric analyses (DrTGA) of WTO, DLF, DF, GLF and GF samples for
oxidative stability.
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Table 5. TGA analysis of onset and end temperatures with mass loss of samples
Sample Tonset (°C) Tend (°C) Weight loss (%0)

WTO 34.80 570.92 99.75
DLF 28.09 309.15 99.81
DF 29.01 295.80 99.18
GLF 20.68 461.43 98.77
GF 23.50 137.00 98.46

Table 6. DrTGA analysis of combustion reaction intervals, peak temperatures, and weight losses of samples
Sample  Reaction region (°C) Peak temperature (°C) Weight loss (%)

WTO 40.45-323.70 200.44 50.10
DLF 31.98-272.49 149.99 55.85
DF 29.15-290.14 224.57 65.33
GLF 20.68-281.26 104.29 49.03
GF 28.09-159.12 117.80 44 47

3.4. Differential Scanning Calorimetry (DSC) Results

The Cloud Point (CP) has taken attention because of low crystallization temperature [49]. Due to
temperature decrease, the temperature of fuel become lower than Cloud Point while, fuel stay stable
for a certain time. However, after a period of time, the wax crystals were arranged to sink down slowly
as layers into vessel bottom. Especially, the wax of heavy fuels were obviously watched by naked eyes
[50].

The crystallization onset temperatures of WTO, DLF, DF, GLF and GF were as —47.11 °C, -
21.31 °C, -16.84 °C, -11.31 °C and -10.97 °C, respectively which was shown at Table 7. According to
the WAT, the DLF crystallizes quicker than GLF while GF and DF have a slower crystallization than
others. As a consequence, DLF and GLF can be added in to petroleum fuels for decreasing cost and
enrich chemical properties of fuels.

On the other hand, cold flow properties were also decrease by changing size and shape of wax
crystals at freezing points. The Cloud Point can be observed by naked eyes easily in case of huge
paraffins precipition or in contrast hard to observe inversely [51]. On set crystallization temperature
could be detected in an accuracy method of DSC [52].

Table 7. Crystallizations onset temperatures (°C) of WTO, DLF, DF, GLF and GF

Sample Tonset (°C)
WTO -47.11
DLF -21.31
DF -16.84
GLF -11.31
GF -10.97

4. Conclusions

The WTs was converted to rich organic compounds of products by pyrolysis. Particularly, the

physico-chemical properties and HHV of WTO were similar to DF. The CaO was exposed

with WTO at different mass ratio to bring similarity. Then, the new products compared with

diesel fuel. The 10 % CaO-WTO mixture curve was close to DF. By temperature differences,

the mixture was divided into light and heavy fractions. Both of products were too close to

petroleum fuels and analyzed via GC, ICP-MS, TGA and DSC which results declared below:
1. Due to TSE K-13, the WTOs’ gas compounds and calorific value (LHV=40.23 MJ/kg)

had close similarity to natural gas or burnable gas.
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The distillation temperature via distillated volume with time were trained by IBM
SPSS Statistics 20. R? were computed as 0.982<1, that it refers efficiency reaction in
reactor in terms of maximum accuracy.

The ICP-MS analysis were done for such elements as Al, As, Cd, Co, Cr, Cu, Fe, Ni,
Pb and Zn which had minimum impact on engine chamber and environment. The
ICP-MS results of GLF and DLF were lower than Turkish law of "Category | Waste
oil".

The results of TGA for WTO show that the oxidative degradation occurred in a single
continuous step in the temperature range 30-570 °C with the mass losses occur at
levels of 99.75%. The results of TGA for DLF, GLF, GF and DF show that the
oxidative degradation occurred in a single continuous step in the temperature range
20-310 °C with the mass losses occur at levels of 99.81%. The TGA, DrTGA results
of GLF and DLF were compared with other fuels that can be combust in engine.

Due to crystallization temperature, GLF and DLF could be put in fuels for minimize
cost and cold flow properties by enrich properties of chemical at freezing points.
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Oz

Son dénemde elektrik makinalar alaninda yapilan ¢alismalar neticesinde popiilerlik kazanan siirekli miknatisli senkron
motorlar (SMSM), giiniimiizde endiistriyel uygulamalardan son kullanic iiriinlerine kadar genis bir kullanim alanina
sahiptir. Siirekli miknatish senkron motorlarin uygun kontrolii ile endiistride siklikla karsilasilan birgok uygulama,
robotik sistemler, talasli imalatin temel yapi1 tasi haline gelmis metal isleme tezgahlari vb. uygulamalarda, diisiik hacimde
yiiksek performans elde etmek miimkiin hale gelmistir. Bunun yani sira yine endiistride karsilasilan yiiksek dinamizm
ve/veya hassas pozisyon kontrolii gerektiren uygulamalarda da siklikla siirekli miknatisli senkron motorlar tercih
edilmektedir. Siirekli miknatisli senkron motorlarin yiiksek performansli kontroliinii saglamak amaciyla gelistirilen
birgok yontem bulunmakla birlikte, bunlardan en ¢ok dne ¢ikan iki tanesi Alan Yonlendirmeli Kontrol ve Dogrudan
Moment Kontrolii teknikleridir. Alan yonlendirmeli kontrol tekniginin pozisyon geri besleme eleman: ile birlikte
uygulanmasi durumunda ¢ogu uygulamada ihtiya¢ duyulan yiiksek kalkis momenti, diisiik devirlerde yiiksek hiz
kararlilign ve farkli hiz referans degerlerine karsi dinamik tepki ihtiyaglarini karsilayabilmesi bu teknigin birgok
endiistriyel hiz kontrol cihazinda da tercih edilmesine sebep olmustur. Bu caligmada, alan kontrolii yapmak iizere
gelistirilen mikro denetleyici tabanli motor siiriiciisii lizerinde alan yonlendirmeli kontrol teknigi uygulanarak, miline
artimsal enkoder bagl bir siirekli miknatisli senkron motorun hiz kontrolii ve ayrica dolayli moment kontrolii
saglanmistir. Hiz kontrolii ve moment kontrolii yapilirken sistemin verilen referans degerlere karsi tepkisi dl¢tiilmiistiir.
Yapilan 6l¢iimler farkli kontrol parametreleri ile tekrarlanarak karsilagtirmalar yapilmustir.

Anahtar kelimeler: Alan Yo6nlendirmeli Kontrol, Motor Siirticiisii, Hiz Kontrolii, Moment Kontrolii, PI Kontrol, Stirekli
Miknatisli Senkron Motor.

Field Oriented Control of Permanent Magnet Synchronous Motor and Design
and Prototype Production of a Special Purpose Motor Drive

Abstract

Permanent magnet synchronous motors (PMSMs) are getting popularity thanks to too many studies in the electric
machinery field, and can be used in many applications from consumer products to industry. It is possible to get high
performance in small volumes with using proper permanent magnet synchronous motor control methods, in frequently
encountered industry applications like robotic systems, metal processing workbenches which has become most important
part of the machining processes. And also, permanent magnet synchronous motors are mostly preferred for such
applications which need high dynamism and/or high precision position control in industry. Although there are many
different techniques to control permanent magnet synchronous motors with high performance, in the literature Field
Oriented Control and Direct Torque Control stand out. Field oriented control with position feedback sensor is able to
provide high start-up torque, higher speed control accuracy at low speeds and dynamic response against to different
speed set values, which are needed for most of applications, thus it is widely preferred in industrial variable speed drives.
On a newly developed microcontroller based motor drive, field oriented control technique is applied to a permanent
magnet synchronous motor equipped with an incremental encoder to control motor speed and torque. The response of
motor against to different set points is measured while working in speed control and torque control modes. Measurements
are repeated with different control parameters and the results are compared with each other.

Keywords: Field Oriented Control, Motor Drive, Speed Control, Torque Control, Pl Control, Permanent Magnet
Synchronous Motors.
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1. Giris

Tiirkiye sanayisinde toplam elektrik enerjisi tiiketiminin yaklasik %70’inin, baska bir agidan bakilacak
olursa iilke genelinde firetilen toplam elektrik enerjisinin yaklagik %36’simin elektrik motorlar
sistemlerinde kullanildig1 bilinmektedir [1]. Bunun yaninda Tiirkiye sanayisinde kullanilan motorlarin
biiylik ¢ogunlugunun “IE1 Standart Verimlilik” ve alti verimlilik sinifina sahip oldugu bilinmektedir
[1]. Ug fazli asenkron motorlar ile kiyaslandiginda verimlilik ve hacim/gii¢ oram1 bakimindan daha
avantajli olan siirekli miknatisli senkron motorlar (SMSM) giin gectikge daha fazla kullanim oranina
sahip olmaktadir. SMSM’ lerin bazi endiistriyel uygulamalarda 6zellikle tercih edilmelerinin bir sebebi
de yiiksek dinamizm gerektiren uygulamalarda ayni giigteki ii¢ fazli asenkron motorlara kiyasla daha az
hacimde ayni momenti {iretebilmesi ve boyutlarindan 6tiirii daha diisiik atalete sahip olmasidir. Ancak
SMSM’ler, ii¢ fazli asenkron motorlarda oldugu gibi elektrik sebekesinden dogrudan yol verme metodu
ile kullanilamazlar. Bu nedenle SMSM’ lerin uygun bicimde calistirilabilmesi i¢in 6zel kontrol
yontemleri gelistirilmistir. Endiistriyel {irtinlerde kullanim orani géz 6niinde bulunduruldugunda, en
popiiler SMSM kontrol yontemleri arasinda Alan Ydnlendirmeli Kontrol (AYK) ve Dogrudan Moment
Kontrolii (DMK) sayilabilir [2,3].

Glinlimiizde alan yonlendirmeli kontrol tekniginin endiistriyel alanda kullanilmak {izere
tasarlanan yeni lirlinlerde dahi tercih ediliyor olmasi, bu teorinin sahada uygulanabilir ve ayn1 zamanda
gelistirmeye agik oldugunu gostermektedir. Alan yonlendirmeli kontrol konusunda literatiirde pek ¢cok
¢alisma bulunmaktadir [4-10]. Bu calismalarda genellikle DSP mikrodenetleyici tabanli motor
stirticiileri kullanilmaktadir [4, 11-14]. Son yillarda ise alan yonlendirmeli kontrol ¢alismalarinda STM
mikrodenetleyici tabanli siiriiciilerin  de 6n plana ¢iktigi  goriilmektedir [15-17]. STM
mikrodenetleyiciler, disiik maliyetli, disiik gii¢ tiiketimli, yiiksek islem kapasiteli olmalari ve hizl
cevap verme yetenekleri sayesinde motor siiriiciilerinde kullanilan pahali islemcilere bir alternatif teskil
etmektedir.

Bu caligsmada, alan yonlendirmeli kontrol yontemi temel alinarak endiistriyel bir SMSM nin
hiz/pozisyon geri beslemeli kapali ¢evrim kontroliinii saglamak hedeflenmistir. Bu amagla STM
mikrodenetleyici tabanli kontrol iinitesine sahip, IGBT (Insulated Gate Bipolar Transistor) teknolojisi
kullanan 6zel amagli ii¢ fazli bir motor siiriiciisii tasarlanmis ve gerceklenmistir. Tasarlanan siirticii STM
tabanli oldugundan literatiirdeki pahali motor siiriictilerine gore diisiik maliyetli fakat alan yonlendirmeli
kontrol islemini basariyla uygulayabilen bir alternatif olarak ortaya konmustur. SMSM ve motor
stiriiciisii birlikte kullanilarak deneysel ¢alismalar yapilmis ve sonuglara yer verilmistir.

2. Materyal ve Metot

Alan yonlendirmeli kontrol metodunu gercek bir SMSM iizerinde uygulamaya gegirebilmek ve
makinanin kapali ¢evrim kontroliinii gerceklestirebilmek i¢in ilk olarak SMSM’nin matematiksel
modelinin anlasilmas1 gerekmektedir. Motorun matematiksel modeli kullanilan matematiksel
doniisiimler sayesinde d ve q ekseni akim bilegenleri cinsinden iki fazli rotor referans diizleminde ifade
edilebilir. Alan yonlendirmeli kontrol teknigi kullanilarak gesitli kontrolor yapilar vasitasiyla motorun
iiretecegi moment veya motorun hizi kontrol edilebilmektedir. Alan yonlendirmeli kontrol tekniginin
gergeklenmesinde tercih edilen modiilasyon teknigi, uzay vektér modiilasyonu teknigidir. Bu teknik,
motor siiriiciisiiniin evirici devresi i¢in kullanilmaktadir. Motor siiriicii devresindeki donanim ve yazilim
ile SMSM’nin alan yonlendirmeli kontrolii gergeklestirilerek deneysel ¢alismalar yapilmakta ve SMSM
tasarlanan bir deney seti {izerinde test edilebilmektedir.

Bu kisimda ilk olarak SMSM’ler ile ilgili genel bilgiler verilerek makinanin matematiksel
modeli olugturulmustur. Alan yonlendirmeli kontrol metodu anlatilarak, tasarlanan siiriicii detayl olarak
ele alimmustir. Deneysel ¢alismalarda kullanilan SMSM, motor siiriiciisii prototipi ve deney seti hakkinda
bilgiler verilmistir.

2.1. Siirekli Miknatish Senkron Motorlar
Gegmisten giiniimiize elektrik makinalart alaninda yapilan c¢aligmalar sonucunda endiistrinin

kullanimina sunulmus bir¢ok elektrik makinasi tiirii mevcuttur. Miknatis teknolojisinde yasanan
gelismeler ile rotorunda miknatis malzemenin bulundugu SMSM’ler yiiksek performans gerektiren
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birgok uygulama ig¢in tercih edilmektedir. Bu makinalarin yapilarinda firga ve kollektor yapisinin
bulunmamasi, hacim bagina iiretilen momentin fazla olmasi, asenkron motorlara gére verimlerinin
yiiksek olmasi1 gibi birgok avantaji bulunmaktadir. SMSM’ler alternatif akim motorlarindan, senkron
motorlar ailesi igerisinde yer almaktadir.

2.1.1. Siirekli Miknatish Senkron Motorlarin Matematiksel Modeli

Stirekli miknatisli senkron motorlarin yiiksek performansli sayisal kontroliinii ve benzetim ¢aligmalarini
gerceklestirebilmek icin motor matematiksel modelinin anlasilmasina ihtiya¢ duyulmaktadir. Alan
yonlendirmeli kontrol tekniginin gerceklestirilebilmesi i¢in, bu calismada ti¢ fazli siirekli miknatish
senkron motorun modeli rotor referans diizlemi temel alinarak olusturulmustur.

Iki fazl1 rotor referans diizleminde motorun matematiksel modelinin olusturulabilmesi icin bir
takim matematiksel doniisiimlere ihtiya¢c duyulmaktadir. Bu doniisiimler Park doniistimii, ters Park
doniisiimii, Clarke doniisiimii ve ters Clarke doniisiimii olarak isimlendirilmektedirler.

2.1.1.1. Clarke Doniisiimii
Clarke doniistimii, Sekil 1°de goriildiigli gibi ti¢ fazli bir sistemin, iki fazli ortogonal diizlemde (stator

referans diizleminde) ifade edilebilmesi icin gelistirilen matematiksel bir doniigiimdiir. Clarke
dontisiimii, ayrica ap0 (Alpha-Beta-Zero) doniisiimii olarak da bilinmektedir [18].

]
d

C

Sekil 1. Ug fazl bir sistemin bileske vektdriiniin ap0 diizleminde gdsterimi

Clarke doniisiimiiniin genellestirilmis matematiksel ifadesi Denklem (1)’de gosterilmektedir

[18].
_ 1 1_
-3 3
2 Va(t)
v -5 B B [vb(o] )
R LG
5 3 7|

2.1.1.2. Ters Clarke Doniisiimii
Ters Clarke doniistimii, iki fazli ortogonal diizlemde (stator referans diizleminde) ifade edilen bir uzay

vektoriiniin ti¢ fazli bir sistemde ifade edilebilmesi igin gelistirilen matematiksel bir doniisiimdiir. Ters
Clarke doniistimiiniin genellestirilmis matematiksel ifadesi Denklem (2)’de gosterilmektedir [18].
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1 0 1
[ 1 V3 1] 20
Vabe (t)—l 22 vp(t) (2)
1 V3 . vo(t)
5 -5 U
2.1.1.3. Park Doniisiimii

Park doniistimii, iki fazli ortogonal diizlemde ifade edilen bir vektoriin, sabit diizlemde (rotor referans
diizleminde) ifade edilebilmesi icin gelistirilen matematiksel bir doniisiimdiir. Park doniisiimiiniin
genellestirilmis matematiksel ifadesi Denklem (3)’te gosterilmektedir [18].

cos(®) sin(0) 07 [va(®
Vaqo (D= [—sin(e) cos(0) 0] vp(t) 3)
0 0 1| vo(t)

2.1.1.4. Ters Park Doniisiimii

Ters Park doniisiimii, sabit diizlemde (rotor referans diizleminde) ifade edilen bir vektoriin, iki fazli
ortogonal diizlemde (stator referans diizleminde) ifade edilebilmesi i¢in gelistirilen matematiksel bir
donisiimdiir. Ters Park doniisiimiiniin genellestirilmis matematiksel ifadesi Denklem (4)’te
gosterilmektedir [18].

cos(0) -sin(®) 07 [va(®
Voo (t)=[sm(e) cos(0) o] Vg (t) 4)
0 0 1 Vo(t)

2.1.1.5. Motor Matematiksel Modeli
Sabit diizlemde (rotor referans diizleminde) motor matematiksel modelinin elde edilebilmesi igin,
motorun sabit diizlem d (direct) ve q (quadrature) eksenlerinde tanimlanan esdeger devre modellerinden

yararlanilabilmektedir. Sabit diizlem d ve q esdeger devreleri sirasiyla Sekil 2’de gosterilmektedir [19].

id

AMAN— VTN —
R Lg

Vd C) ® ,-)Lq

()
R Ly N
or
(b)

Sekil 2. SMSM (a) d ekseni esdeger devresi (b) q ekseni esdeger devresi

Sekil 2°de verilen d ve q ekseni esdeger devreleri temel alinarak ilgili gevre gerilim esitlikleri
Denklem (5) ve Denklem (6)’daki gibi bulunabilmektedir [19].

di
Vd(t):R~id(t)+Ld-T:-(or~Xq (5)
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di
Vq(t)=R~iq(t)+Lq-Ts+oor-kd (6)

Gerilim denklemlerinde Vg4 ve Vg, d ve q ekseni stator gerilimleri, iq ve iq, d ve g ekseni stator
akimlari, Lqg, Lq ve Ag, Aq ise sirasiyla d ve ekseni stator endiiktanslar1 ve akilaridir. R stator direncini,
or ise rotor elektriksel hizini belirtir. Ayrica d ve q ekseni akilari Denklem (7) ve Denklem (8)’deki
gibi tanimlanabilmektedir [19].

)\'d:Ld.id—i_}"m (7)
Aq=Lq'iq (8)

d ekseni aki denklemindeki Am makinadaki miknatis akisidir. Bunun yaninda {iretilen
elektromanyetik momentin ifadesi (Te) ise Denklem (9)’daki gibi tanimlanabilmektedir [3].

3
Tezf.p'[(km'iq)+(Ld'Lq)'(id'iq)] ©)

Elektromanyetik moment denklemindeki p ¢ift kutup sayisidir. Ayrica sabit akili ¢alisma
durumunda, ig akiminin sifir oldugu durumda iretilen elektromanyetik momentin ifadesi Denklem
(10)’daki gibi olacaktir [3]. Buna ek olarak, yiizey montaj siirekli miknatisli senkron motorlarda d ve q
ekseni endiiktanslarinin birbirine esit olmast nedeniyle rotor iizerinde reliiktans momenti de
olusmamaktadir.

T2 p (i) (10)

Makina matematiksel modeli a,b,c faz sisteminden gerekli matematiksel doniisiimler
kullanilarak d,q sistemine doniistiiriildiigii icin model oldukc¢a basitlesmekte ve serbest uyarmali dogru
akim motor modeline benzemektedir. Denklem (10)’dan da goriildigii gibi motorda iiretilen
elektromanyetik moment iq akimina baglidir.

Motorun mekanik denklemi ise Denklem (11)’deki gibi tanimlanabilmektedir [19].

do,,
T =T +B-o,tJ T (11)

Mekanik denklemdeki T, yiik momenti, B siirtiinme katsayist, j rotor atalet momenti, ®m=w./p
ise rotor mekanik hizidir.

2.2. Alan Yonlendirmeli Kontrol Metodu

Hareket kontroliine ihtiya¢ duyulan uygulamalarin biiylik c¢ogunlugunda elektrik motorlarindan
faydalanilmaktadir. Ozellikle yiiksek performansli hareket kontrolii gerektiren uygulamalarda ise
SMSM’ler siklikla tercih edilmektedir. SMSM’lerin yiiksek performansli kontroliiniin saglanabilmesi
icin gelistirilen kontrol tekniklerinden en popiiler olani ise alan yonlendirmeli kontroldiir. Sekil 3’te alan
yonlendirmeli kontrole ait prensip semasi goriilmektedir [6].

Alan yonlendirmeli kontrol teknigi kullanilarak cesitli kontrolor yapilar vasitasiyla motorun
iiretecegi moment veya motorun hizi kontrol edebilir ya da sinirlandirabilir. Sekil 3’te gdsterilen prensip
semast incelendiginde, motora uygulanan gerilimin q ve d ekseni bilesenleri PI kontrolér yapilarn ile
degistirilerek, motorun q ve d ekseni akimlarinin kontrol edilmesinin amaclandig1 goriilebilmektedir.
Alan yonlendirmeli kontrol tekniginde q ekseni akimi motor tarafindan iiretilecek momenti, d ekseni
akimi ise stator tarafindan iretilecek manyetik akiy1 belirlemektedir. Bu durumda q ekseni akimini
kontrol eden PI kontrolér yapisiin dolayli olarak motorun firetecegi momenti kontrol ettigi
anlagilmaktadir. Alan yonlendirmeli kontrol teknigi kullanilan bir sistemde moment kontrolii yapilmak
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istendigi durumda, q ekseni akimi ayar degerinin kontrolii kullaniciya birakilarak, bazi ozel
uygulamalarin gerceklestirilebilmesi miimkiin kilinmaktadir.

'd ™ '
Vg D,
7| uzay Vektor -
- Ters Park Darbe Do | UgFazli
Donasuma Geniglik i Evirici
L+ v, Vg | Modulasyonu | D,
— (R PI Kontrolsr — > v —
A
N — \ / -
------------- 8,
T N
Iy |l la
Park Clarke
Dénusuma Dénusumi

Sekil 3. Alan yonlendirmeli kontrol prensip semasi

Alan yonlendirmeli kontroliin motora uygulamak tizere ihtiyag duydugu degisken genlikli ve
frekansli gerilim sinyallerinin iiretilebilmesi i¢in kullanilacak olan eviricinin kontroliinde bir¢ok farkli
modiilasyon teknigi kullanilabilmektedir. Alan yonlendirmeli kontrol tekniginin gerceklenmesinde
tercih edilen modiilasyon teknigi, uzay vektor modiilasyonu teknigidir.

2.2.1. Uzay Vektor Modiilasyonu

Uzay vektdr modiilasyonu, Sekil 4’te verilen evirici topolojisinde goriilen ii¢ faz yarim koprii
anahtarlama elemanlarinin iletimde veya kesimde olmasi durumlarina gore iiretilebilecek sekiz adet
gerilim vektoriiniin kullanilmasi ile evirici ¢ikisinda istenen gerilim vektoriiniin elde edilmesine dayanan
bir modiilasyon teknigidir [20].

xl —KI—KL—KK

— —_— a

A i i’(lxiﬁxiﬁx

Sekil 4. 3 fazli evirici topolojisi

2.2.1.1. Uzay Vektor Darbe Genislik Modiilasyonu

Uzay vektor darbe genislik modiilasyonu, darbe genislik modiilasyonu sinyallerinin doluluk-bogluk
oranlarinin belirlenmesinde uzay vektorlerinin uzunluklarinin ve yonelim agilarmin kullanilarak
anahtarlama sinyallerinin {iretilebilmesine olanak saglamak amactyla gelistirilmis bir tekniktir.

UVDGM cikisi, ii¢ fazh evirici lizerindeki anahtarlama elemanlarma uygulandiginda sekiz
temel gerilim vektori olusmaktadir. Bu temel gerilim vektorleri Sekil 5°te gosterilmektedir [21].
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Im
v5(0.1.0) V,(1,1,0)
Sektor 2
Vet
//‘/
Va(0L1) £ Sektor 3 V(000N [/ Sektord Re
Sektor 4 V;(1,1,1) Sektor 6 ZVi(1,0,0)
Sektor 5
v:(00.1) Vi(1,0,1)

Sekil 5. Uzay vektdr modiilasyonu temel gerilim vektorleri

Sekilde goriilen ii¢ fazli evirici prensip semasinda bulunan anahtarlama elemanlarinin
durumlarina gore, evirici ¢ikisinda elde edilebilecek gerilim vektorlerinin ifade edilebilecegi esitlik
Denklem (12)’deki gibi tanimlanabilmektedir [22].

Viet(Hy, Hy, Hy)=Vy,(H,-e%+Hy ¢ 3 +Hy e 3 ) (12)

2.2.1.2. Anahtarlama Siirelerinin Hesaplanmasi

Uzay vektor darbe genislik modiilasyonu teknigi kullanilarak ilgili referans vektoriin tiretilebilmesi igin,
referans vektoriin bulundugu sektoriin belirlenmesinin ardindan sektorii olusturan temel gerilim
vektorlerinin referans vektor iizerindeki agirliklarinin hesaplanmasi gerekmektedir. Sektorii olusturan
iki temel gerilim vektoriiniin ve sifir gerilim vektorlerinin referans vektor iizerindeki agirliklari
hesaplanarak cikisa ne kadar siire boyunca uygulanmalar1 gerektigi tespit edildikten sonra hesaplanan
darbe geniglik modiilasyonu doluluk oranlar1 kullanilarak evirici ¢ikiginda istenen referans gerilim
vektorii elde edilebilecektir. Herhangi bir sektordeki referans gerilim vektoriiniin {iretilebilmesi i¢in
gerekli anahtarlama siirelerinin hesaplanmasinda kullanilacak esitlikler Tablo 1’de, ilgili referans
gerilim vektoriiniin liretilebilmesi i¢in gerekli doluluk oranlart esitlikleri Tablo 2’de ve