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CHAPTER 1

Burdur Salda Golii Giiney Bolgesindeki Kaynak Sularinin
Tibbi Jeoloji Acisindan Degerlendirilmesi (Betiil Coskun
Onal, Zeynep Ozdemir)
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Burdur Salda Golii Giiney Bolgesindeki Kaynak Sularinin
Tibbi Jeoloji Acisindan Degerlendirilmesi

Betiil Coskun Onal?, Zeynep Ozdemir?
Y2Mersin Universitesi Miihendislik Fakiiltesi, Jeoloji Mithendisligi Boliimii, Yenisehir/Mersin
(chetul86@gmail.com)

1. Giris

Uygulamali jeokimyanin alt dallarindan biri olan tibbi jeoloji;
yeryiiziindeki elementlerin azligin1 veya ¢oklugunu, 6zellikle de insan sagligi
acisimndan olumlu veya olumsuz etkilerini inceleyen bir bilim dalidir [1]. Tibbi
jeoloji ile insan sagligi arasindaki iligkiyi belirlemek i¢in Oncelikle
elementlerin yeryiiziindeki dagilimmin iyi bilinmesi gerekmektedir. Ayrica,
jeolojik ortamin biitiin unsurlarinda (toprak, bitki, kayag, su) hem dogal hem
de insan kaynakli olarak gelisen ve insan saghigi i¢in toksik olan maddelerin
jeolojik olarak hangi siireglerden gegtigi ve zamanla nasil biriktirildigini
tanimlamas1 gerekmektedir. Ciinkii, kirliligin 6nlenmesi, azaltilmasi veya
iyilestirme caligmalarmin temelini jeokimya olusturmaktadir. Ozellikle insan
hayatmin vazgecilmezi olan su igme ve kullanma suyu olarak insan viicuduna
gecmektedir. Bu nedenle igerdigi toksik elementler insan sagligini dogrudan
etkilemektedir [2].

Bu ¢alisma ile de Salda Golii (Burdur) giiney bolgesinde igme suyu olarak
tiiketilen kaynak sularinin element igeriklerinin incelenerek igilebilirlik
ozellikleri arastirilmis ve tibbi jeoloji agisindan degerlendirilmistir (Sekill).

Sekill: Caligma alanina ait yer bulduru haritasi

2-
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2. Jeoloji

Salda Golii biitlin olarak degerlendirildiginde dogu, kuzeydogu ve batidan
Neojen oncesi kayaclar;, giiney, az da olsa giineydogu ve giineybati, ayrica
kuzey batidan Kuvaterner birimler i¢indedir. Bolgenin jeolojisini yaslidan
gence dogru Neojen Oncesi olusan Marmaris Peridotiti (gabro, harzburijit,
piroksenit, diinit, serpantinit, diyabaz ve dolerit kompleksi), Kizilcadag
Melanj ve Olistostromu (ofiyolitik, volkanik kayaclar, kirectaslar1 ve ¢ort
bloklarr), Orta Triyas-Liyas yaslt Dutdere kirectaslari, Kuvaterner yagli yamag
molozlar1 ve aliivyonlar olusturmaktadir (Sekil 2).

2.1. Marmaris Peridotiti (Kmo): Bolge Sarp [3] tarafindan ayrintili
olarak inclenmis, Capan [4] tarafindan adlandirilmistir. Marmaris peridotiti ara
ara serpantinlesmis ultramafik kayalardan olugmaktadir. Daha yaygin olarak
bulunan harzburjitlerin asinma yiizeyleri genellikle kizilimsi, kizilimsi kahve,
yesilimsi gri, kirilma ylizeyleri ise siyahimsi yesil, grimsi yesil, koyu gri, koyu
yesil renge sahiptir. Genellikle orta taneli bu kayalar bulunduklar1 birimlerde
parlak yesil renge sahip olivin kristalleri ile giimiis renge sahip piroksen
kristalleri oldukg¢a belirgindir. Bazi kesimlerde serpantinlesme sonucu
matlagmis olivinler ags1 bir doku kazanmiglardir.

2.2. Dunitler (Kmod): Dunitler Marmaris peridotiti i¢inde ¢ogu alanda
haritalanmamistir, g6l civarinda  birkag  kiigik mostra  olarak
haritalanabilmistir. A¢ik yesilimsi gri, agik yesil ve kahverengimsi renklidir.
Yaygin olarak serpantinlesmislerdir. Bol olivin, seyrek piroksen kristalleri
igerir. Marmaris peridotinin alt ve iist iligkisi tektonik olup kalinligi 0-1000
metre arasinda degisir. Thuizat vd. [5] yaptig1 calismada (K- Ar yas tayinlerinin
sonucunda yaklasik 114 milyon yil) birim ApsiyenAlbiyen yash olusmustur.
Birimin kitasal kabuk {izerine bindirmesi Ge¢ Senoniyen®“de ger¢eklesmistir.
Tavandan eksikli ofiyolit istifini temsil eden Marmaris peridotiti Neotetisin
kuzey kolundan kaynaklanmustir.

2.3. Dutdere Kirectasi (TRJd): Yersel megalodontlu, rekristalize
kiregtaslarindan olusan formasyon Ersoy [6] tarafindan adlandirilmistir. Birim
orta-kalin katmanli, kismen masif, asinmis ylizeyi agik gri ve gri, kirilma
yiizeyi ise beyaz, krem, bej, agik gri, grimsi, bazi kesimler megalodontlu ya da
algli rekristalize kiregtaglarindan olugmaktadir. Birimin st diizeyinde
seviyesinde korta kalinliga sahip tabakali, gri ve acik gri renkli kiregtaslari
bulunmaktadir. Bu birimin iizerinde de pembe-acik kirmizi renkli, yersel ¢ort,
ammonit ve yumru icerikli kiregtaglar1 yer alir. Dutdere kiregtasi bazi
alanlarda mermer olarak isletilmektedir. Dutdere kirectasi yaklagik 700 metre
kalinginda olup alt iliskisi tektonik, {ist iliskisi ise arastirma alaninda izlenmez.
Sik¢a Megalodon sp. igeren formasyon, Involutina sinuosa (Weynschenk),
Involutina oberhauseri (Salaj), Trocholina permodiscoides (Oberhauser),
Aulotortus friedli (Kristan ve Tollmann), Involutina liassica (Jones),
Ophthalmidium martana (Farinacci) vb. [7] formlara gore Orta Triyas/Liyas
yashdir. Birimin ¢dkelme sundugu ortami s1§ karbonattir.

2.4. Aliivyon (Qal): Salda goli g¢evresinde genis yayilim gosteren
alivyonlar, dere yataklarinda veya c¢okelme alanlarinda gelismis kisimlari
dolduran ¢amur, kum, ¢akil ve blok birikintilerinden olusmustur.

-3-
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Agiklamalar

Qal Alvyon

Tjd  Dutdere kiregtagi(Rekristalize kgt, dolomitk kgt Kgt)

-

Duni, Serpantinit, Serpantiniegmi harzburjt, Gabro)

Sekil 2: Calisma alani jeoloji haritasi [§]

3. Materyal Ve Yontemler

3.1. Su Orneklerinin Kimyasal Analiz Yontemleri

Bu caligmada; Salda Goli (Burdur) giiney bdlgesinden sistematik olarak
toplam 25 adet kaynak suyu 6rnegi alinmig (Sekil 3), su drneklerinin alimi
sirasinda 500 mililitrelik temiz ped siseler birka¢ kez 6rnek su alinarak
calkalanmig, sonra biriside yedek Ornek olmak iizere 2 adet numune alimi
gerceklestirilmistir. Inceleme alanindan alinan su oOrnekleri 250 ml’lik
polietilen sigelere konulmus ve pH degeri 2 ve altina diistiriilene kadar suya
%1 oraninda HNO3 ilave (suda bulunan organizmalarm kimyasal
reaksiyonunu 6nlemek amaciyla) edilmistir [9]. Alinan 25 adet su 6rneginin;
pH ve elektrik iletkenligi degerleri arazide 6rnek alimi sirasinda 6lgiilmiistiir
(YSI Professional Plus). Element igerikleri ise ACME Analitik
Laboratuvarinda ICP-MS cihaz ile (Ag, Al, As, Au, B, Ba, Be, Bi, Br, Ca, Cd,
Ce, CI, Co, Cr, Cs, Cu, Dy, En, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, In, K, La, Li,
Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, P, Pb, Pd, Pr, Pt, Rb, Re, Rh, Ru, S, Sh, Sc,
Se, Si, Sm, Sn, Sr, Ta, Th, Te, Th, Ti, Tl, Tm, U, V, W, Y, Yb, Zn, Zr)
belirlenmistir.

Sekil 3: Calisma alan1 6rnekleme haritasi
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4. Bulgular Ve Tartismalar

Bu galismada, Salda Golii (Burdur) giiney bolgesinde igme suyu olarak
tiikketilen toplam 25 adet su Orneginin element icerikleri i¢in minimum,
maksimum ve ortanca degerler ile TSE 266 [10], WHO (Diinya Saglk
Orgiitii) [11], EPA (ABD Cevre Koruma Ajansy) [12] standartlar1 (B:0.001,
Al: 0.2, Cr: 0.05-1.0, Mn: 0.05-0.1, Fe: 0.2-0.3, Ni: 0.02, Cu: 2Zn: 5, As: 0.01,
Se: 0.01, Cd: 0.005, Ba: 0.3-1, Pb: 0.01, Na: 200, Mg: 50, K: 12, Ca:200,
Cl:250, Br: 0.01, pH: 6.5-9.5, EI: 2500) Tablo 1’ de ppm olarak verilmistir.

Elde edilen sonuglar Tablo 1’ de verilen standartlar ile karsilastirildiginda;

e B (0.005-0.02 ppm), Al (0.005-0.262 ppm), Fe (0.011-0.683 ppm),
Ni (0.0004-0.0272 ppm), Mg (36.6-174.8 ppm), K (0.11-28.7 ppm), CI (2-
1124 ppm) ve Br (0.01-0.05 ppm) igeriklerinin bazi 6rneklerde miisaade
edilen sinir degerlerin tizerinde,

e Ag, As, Ba, Ca, Co, Cr, Cu, Li, Mn, Na, Pb, Sb, Si, Zn igerikleri ile
pH ve E.C (elektriksel iletkenlik) degerlerinin miisaade edilen smir degerler
igerinde,

e Au, Be, Bi, Cd, Ce, Cs, Dy, En, Eu, Ga, Gd, Ge, Hf, Hg, Ho, In, La,
Lu, Mo, Nb, Nd, P, Pd, Pr, Pt, Re, Rh, Ru, Sc, Se, Sm, Sn, Ta, Th, Te, Th, Ti,
TI, Tm, U, W, Y, Yb, Zr icerikleri dedeksiyon limiti altinda,

e Rb, S, SrveV igeriklerine ait standart degerler bulunmadigi i¢in elde

edilen sonuglar yorumlanamamistir.

Anomali gosteren bu elementlerin igme suyu olarak tiiketilmesinin insan
sagligi acisindan bazi toksik etkilere neden olmasi ve bu toksik etkilerin
kaynagmnin belirlenerek gerekli dnlemlerin alinmasi insan saghgi agisindan
o6nemli oldugu i¢in anomali gosteren B, Al, Fe, Ni, Mg, K, Cl ve Br
elementlerinin insan saglig1 agisindan olumsuz etkileri ve bu olumsuz etkilerin
ozelikle jeolojik formasyon kaynakli (Sekil 4) olma olasiligr su sekilde
Ozetlenebilir;

Bor (B): I¢gme suyu olarak tiiketilen sularda B degeri standartlara gore
0.001 ppm olmasi istenmektedir. incelenen kaynak sularmin B degeri 0.005-
0.02 ppm arasinda degisiklik gostermektedir. Yiiksek konsantrasyonda
gdzlenen borun kaynagi ¢evrenin jeolojik formasyonlarina baghdir. Yapilan
aragtirmalara gore insan viicuduna alman borun, biiyiikk bir orani bir giin
boyunca direk idrar ile atilirken, kalan kismi viicutta birikme gdstermektedir.
Bu birikme de zamanla yetiskin kigilerde bas agrisi, kusma, ishal, depresyon;
havale, kanama, beyin zar1 tahribi gibi etkiler ise cocuklarda goriilmektedir.
Bor ile zehirlenmeyi gésteren en dnemli etken parmak uglarinda pembe rengin
gozlenmesi [13], ayrica karacigerde biiyiimeye ve sinir sisteminin
bozulmasmdan dolay1 ortaya ¢ikan sorunlara da neden oldugu yapilan
calismalarla belirlenmistir [14].

Aliiminyum (Al): Al degeri igme suyu olarak tiiketilen sularda standartlara
gore 0.2 ppm diizeyinde olmasi kabul gormektedir. Elde edilen Al
konsantrasyonu ise 0.002-0.262 ppm arasinda degisiklik gostermekte olup
sadece bir 6rnek de yiiksek konsantrasyon goriilmistiir. Bunun nedeni ise su
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arttiminda asir1 aliminyum siilfat kullanilmas1 ya da topragin yapisi olarak
diistiniilmektedir. Ancak yliksek konsantrasyon gosteren bu suyun siirekli
tiketimi insan sagligi agisindan bobreklerde tahribata, akciger ve sinir
sisteminin bozulmasma, Alzheimer hastaligma neden oldugu, alzheimer
hastalarinin beyinlerindeki aliiminyum oraninin arttig1 yapilan ¢aligmalar ile
belirlenmisgtir [15, 16, 17].

Demir (Fe): Jeolojik birimlerden veya demir katkili suni giibrelerden
kaynakli kirlenmeye neden oldugu diisiiniilen Fe elementi standartlara gore
0.2-0.3 ppm arah@mda olmasi gerekmektedir. Incelenen igme suyu
orneklerinde ise Fe elementi 0.011-0.683 ppm arasinda degismektedir. Ancak
igme suyu olarak tiiketilen sularda Fe seviyesinin 2 ppm seviyesine ¢ikmasi
bile saghigi olumsuz etkilememekte, sadece suyun tadin1 bozar ve bulanik bir
goriintli sunar [11]. Ancak, viicuda fazla miktarda alinana demir elementinin
zamanla karaciger yetersizligi, bayilma ve mide kramplarina sebep olduguna
dair ¢aligmalarda vardir [18, 19].

Nikel (Ni): Ni degerinin igme sularinda bulunma konsantrasyonu 0.02-0.07
ppm araliginda olmasi istenmektedir. Genellikle ultrabazik ve bazik kayag
minerali olmasi, ¢alisma bolgesinin de temel birimin ofiyolitlerden olugmasi
bolgede igme suyu olarak tiiketilen kaynak sularinda nikel konsantrasyonunun
standartlara gore. 0.0002-0.0272 ppm arasinda goriilmekte, yiiksek
konsantrasyon gdsteren sularm bu jeolojik birimlerden kaynaklandigi
diisiilmektedir. Ayrica nikel igme suyuyla temas halinde olan boru ve tesisattan
metallerin sizmast sonucu da suya karigabilmektedir. Yapilan ¢alismalarda
nikel elementinin insan saghgmi dogrudan etkileyen bir fonksiyonu
olmamakla birlikte orta seviyede zehirleyici 6zelligi tespit edilmistir. Nikelin
organik formu, inorganik formundan daha zehirleyici 6zellige sahiptir [20].

Magnezyum (Mg): I¢me suyu standartlarma gore icme suyu olarak
tiiketilen sularda olmas istenilen Mg degeri 50 ppm olup analiz edilen kaynak
sularinda ise 37.96-174.82 ppm araliginda Ol¢iilmiistiir. Bazi 6rneklerde
yiiksek konsantrasyonlarda gozlenen Mg elementinin kaynagi olarak yeralt1
sularma magnezyum iceren birimlerdeki (magnezyum igerikli kalker, dolomit
ve serpantizasyon) MgCOs erimesiyle karistig1 diistiniilmektedir. Suyun tadina
acilik verir ve sertlige neden olan unsurlardandir. Su sertliginin diisiik
oranlarda gozlendigi yerlerde kalp ve damar rahatsizliklarmin daha da
fazlalagtigi yapilan bazi caligmalarla belirlenmis [19, 21], ancak baz1
calismalarda ise su sertliginin kalp-damar hastaliklara kars1 koruyucu etkisinin
olmadig1 tespit edilmistir [22]. Su sertliginin sagliga olumlu etkisiyle ilgili
literatiire girmis herhangi bir ¢alisma ise bulunmamaktadir [11, 23]. Insan
viicuduna fazla miktarda alinan magnezyum konsantrasyonu ise olumsuz
etkileri arasinda mide bulantisi, kusma, istahsizlik, kaslarda giigsiizliik, nefes
almada zorluk, kan basincinda diisme, gozlerde tahribat ve narkotik etki
yapilan ¢aligmalar ile belirlenmistir.

Potasyum (K): Icme suyunda potasyum konsantrasyonu standartlara gore
12 ppm kadar miisaade edilirken, incelenen su 6rneklerinde bu degere 0.11-
28.73 ppm arasnda degismektedir. Ozellikle bazi orneklerde yiiksek
konsantrasyonunun nedeni olarak potasyum minerallerin (potasyumlu
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feldispatlar) bozunumu, illit mineralinin olugmasi, iyon degisimi ve gézenek
sularinin yeralt1 sularmi beslemesi diisiiniilebilir [18]. I¢me suyundaki
potasyum konsantrasyonunun insan sagligima dogrudan bir etkisinin
bulunmadig1 diigiiniilse de bazi ¢alismalarda potasyum konsantrasyonunun
eksikliginin  viicutta yorgunluga, kramplara, kabizliga, kalpte ritim
bozukluklarina neden oldugu belirlenmistir [21].

Klor (CI): igme suyu olarak tiiketilen sularda klor konsantrasyonu igin
miisaade edilen sinir deger 250 ppm’dir. Analizi edilen kaynak sularinda ise 2-
1124 ppm arasinda degisen degerler gézlenmistir. Cogu drnekler de yiiksek
konsantrayon gozlenmesi olarak c¢ogunlukla deniz/gél katkisi kaynakli
olabilecegi diisiiniilmekte, Salda G6lii giiney bdlgesinde ¢ogu drnegin anomali
gostermesi de bu diisiinceyi desteklemektedir. Yiiksek klor konsantrasyonuna
sahip sularin siirekli tiiketimi zamanla bobrek ve yiliksek tansiyon
problemlerine neden oldugu, kanin bilesiminde sodyum ile beraber bulundugu
ve kanin osmotik basincini dengeledigi belirlenmistir [21]. Ayrica i¢cme
sularinda fazla bulunmasi da suyun tadini (tuzluluk) bozmaktadir [18, 23].

Bromiir (Br): Igme sularmin kaynaginda genellikle bromat bulunmazken
bromiir bulunabilmektedir. Bromiir ise insan saglig1 acisindan tehlikeli ya da
zararli bir etken degildir. Ancak igme suyu olarak kullanilan sularm
kaynaginda bromiir varsa ve bu sularin dezenfeksiyonunda ayrica bazi organik
maddelerin oksidasyonunda ozon kullanildiginda ozonlanma esnasinda
bromiir bromata okside olmaktadir. Yani icme suyunda bromiiriin oksidasyonu
sonucu bromat kirleticisi olusturmaktadir. Igme suyu standartlarma gore
bromiir konsantrayonu 0.01-0.02 ppm araliginda istenmekte, analiz edilen bu
sularin bromiir konsantrasyonu ise 0.01-0.05 ppm araligindadir. Yiiksek
konsantrasyon gosteren sularin siirekli tiikketiminin mide bulantisi, kusma, ishal
ve karin agris1 gibi rahatsizliklara neden oldugu, sinir sistemini, bobrekleri ve
isitme sistemini ise olumsuz yonde etkiledigi saptanmistir. Uzun siireli maruz
kalindiginda ise kanser olma riskinin arttig1 belirtilmistir [21].
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Tablo 1. Elementler i¢in TSE 266, WHO, EPA i¢me suyu standartlari,
maksimum, minumum ve ortanca degerler

TSE266 | WHO EPA Kaynak Sulart
Elementler (10] [11] 2] Min. Max. Ortanc
a
ppm ppm

B 0.001 - - 0.005 0.02 [ 0.006
Al 0.2 0.2 0.2 0.005 | 0.262 0.01
Cr 0.05 0.05 0.05 0.0006 | 0.0147 | 0.0064
Mn 0.05 0.05 0.1 0.0001 | 0.0371 | 0.0013
Fe 0.2 0.2 0.3 0.011 | 0.683 | 0.031
Ni 0.02 0.02 0.02 0.0004 | 0.0272 | 0.0013
Cu 2 2 2 0.0007 | 0.0148 | 0.0026
Zn 5 5 5 0.0028 | 0.421 | 0.0142
As 0.01 0.01 0.01 0.0047 | 0.0076 | 0.0064
Se 0.01 0.01 0.01 DL> DL> DL>
Cd 0.005 0.005 0.005 DL> DL> D>
Ba 0.3 - 1 0.0006 | 0.0147 | 0.0018
Pb 0.01 0.01 0.01 0.0002 | 0.0044 | 0.0005
Na 200 200 200 117 | 19.46 2.11
Mg 50 50 50 3659 | 174.82 | 76.75
K 12 - - 011 | 2873 0.61
Ca 200 - - 182 | 59.66 4.86
cl 250 250 250 2 1124 836
Br 0.01 0.01 0.01 0.01 0.05 0.02
pH 6.5-9.5 6.5-9.5 6.5-8.5 7.67 9.5 8.72
EC 2500 - - 213 980 390

*DL: Dedeksiyon Limiti
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Sekil 4: Calisma alaninda anomali gosteren elementlerin jeolojik
formasyonlarda dagilim haritalari-1 [8]
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. Aliiminyum
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Sekil 4: Calisma alaninda anomali gosteren elementlerin jeolojik
formasyonlarda dagilim haritalari-2 [8]
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Sekil 4: Calisma alaninda anomali gosteren elementlerin jeolojik
formasyonlarda dagilim haritalar1-3 [8]
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—_—a Potasyum
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Sekil 4: Calisma alaninda anomali gosteren elementlerin jeolojik
formasyonlarda dagilim haritalari-4 [8]
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5. Sonuclar

Caligma alan1 olarak Salda Go6lii (Burdur) giiney bolgesi segilmis ve bu
bolgede igcme suyu olarak tiiketilen kaynak sularinin igilebilirlik 6zelliklerini
aragtirmak amaciyla toplam 25 adet su drnegi alinmistir. Alinan bu 6rneklerin
element igerikleri ICP-MS (Ag, Al, As, Au, B, Ba, Be, Bi, Br, Ca, Cd, Ce, CI,
Co, Cr, Cs, Cu, Dy, En, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, In, K, La, Li, Lu, Mg,
Mn, Mo, Na, Nb, Nd, Ni, P, Pb, Pd, Pr, Pt, Rb, Re, Rh, Ru, S, Sb, Sc, Se, Si,
Sm, Sn, Sr, Ta, Th, Te, Th, Ti, TI, Tm, U, V, W, Y, Yb, Zn, Zr) ile analiz
edilmistir. Bu kimyasal analiz sonuglarina gére minimum ve maksimum
degerler hesaplanmis ve igme suyu olarak tiiketilme standartlarma gore
degerlendirilmistir. Yapilan bu degerlendirmeler sonucu B, Al Fe, Ni, Mg, K,
Cl ve Br element igeriklerinin bazi 6rneklerde miisaade edilen smir degerlerin
iizerinde oldugu saptannustrr. insan viicuduna cesitli yollarla alinan su
(6zellikle igme suyu), igerdigi elementler agisindan olduk¢a Onemlidir.
Ozellikle igme suyu olarak tiiketilen sularm kalitesindeki bozulmalar zamanla
cesitli hastaliklara yol agmaktadir (beyin zar1 iltihabi, kusma, ishal, Alzheimer,
tansiyon, cilt hastaliklar1 gibi). Bu kirliligin nedenleri olarak evsel atiklar,
deniz/g6l1 suyu karisimi, endiistriyel kirlenmeler, tarimeilikta kullanilan suni
giibreler ve jeolojik formasyonlar diisiiniilebilir. kaynakli vb.) hastaliklarin
kaynaklar1 arasinda jeolojik birimlerde bulunmaktadir. Incelenen su
orneklerinde 6zellikle bazi elementlerin anomali gdstermesi, 6rneklerin alim
yerlerindeki jeolojik formasyonlardan (ofiyolit, serpantinit, diinit) ya da aktif
olarak ¢alisgan maden ocaklarindan etkilendigi diisiindlirmektedir. Bu nedenle
icme suyu olarak tiiketilen bu sularn kirlenmesine neden olan etkenlerin ¢ok
iyi arastirtlma ve gerekli 6nlemlerin alinmasi (anomali gdsteren elementler
acisindan miimkiinse daha disiik diizeyde olanlarin tiiketilmesinin tercih
edilmesi) gerekmektedir. Ayrica bu sularin belirli periyotlarda izlenmesi
ozellikle bolgede bulunan madencilik faaliyetlerinin zamanla su kalitesini nasil
etkilendigini ortaya koyabilmek ag¢isindan oldukca 6nemlidir.
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ABSTRACT

In this paper, firstly, a type of comprehensive and systematic literature
review has been carried out so as to discuss the methodological shortages in
measuring induced travel demand. In that manner, the research questions and
the related methodologies of such studies have been criticized. According to
the preliminary indications, in almost all these researches, the research
question, which asserts the marginal effect of travel time on vehicle miles
traveled, has been adopted. Furthermore, it has been asserted that such types
of researches have not been able to isolate the generative part and
redistributive part of the induced travel demand measurements up to now. With
follows to these indications, unlike any previous researches, this study firstly
proposes a focus specifically on the interrelation between the “travel times of
the individuals” and “the number of trips” they exhibit in a day. For such a
research question, the newly developed econometric model; namely,
“Generalized Simultaneous Equations Model (GSEM path analysis)” has been
proposed as the most convenient model structure, which refers to another
methodological contribution of this study for such similar future studies. The
findings of the study would be referring to the guidelines in setting any travel
demand management policy framework, in the developing countries, such as
Turkey. Lastly, these measures of induced travel demand is able to be
integrated into a trip generation model, and is also able to be used iteratively
S0 as to estimate the generative impacts of different investment scenarios from
the trip assignment phase of travel demand modeling. By the way, it will be
possible to highlight the performance indicators of any travel demand
management policy implications for such developing countries as Turkey.

Keywords: travel demand management policies; induced travel demand;
disaggregated travel demand models; generalized simultaneous equations
models; modeling travel demand; travel demand behavior in Istanbul.

1. Introduction

For decades, it has been realized that the efforts of satisfying all the
requirements with regards to the unendingly increasing travel demand of the
individuals is consituting such a kind of vicious circle. In that sense, the new
policy concept; namely, travel demand management policies have been
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adopted, which have been able to be defined such a paradigm shift in
transportation planning. On the other hand, in the developing countries, the
operational sides of such considerations have begun to be falling short for
years. In an other words, it has been required further empirical studies that
would be able to highlight the practical sides of the monitoring &
implementing such ‘travel demand management policies’. Via that sense, the
notion called ‘induced travel demand’ comes into considerations. Herein, via
exploring the leading factors with respect to the ‘measurements of induced
travel demand’ would be able to be constituting the operational baselines of
‘travel demand management policies’.

The related studies in the literature have proved enough so far that people
are willing to make more vehicle miles in their car trips as travel time
decreases. This increase can come from either making longer trips for their
existing trips by shifting the origin/destination of the trip, or making additional
trips not needed or suppressed previously. That part of the research has not
make a clear measurement on this issue yet.

The supply of new transportation infrastructure, with respect to travel
demand of the individuals, constitutes a type of strategy, which is not
sustainable. So the considerations of “travel demand management policies”,
asserting a kind of control mechanism to the travel demand of the individuals,
have been widely taken into consideration. In that manner, most of the studies
have diverted their empirical efforts in exploring the marginal effect of travel
time on Vehicle Miles Traveled (VMT) so as to discuss the minimization of
the VMTs as much as possible. On the other hand, such measurements have
not been able to isolate the “generative part” and “redistributive part” of the
induced travel demand considerations. In other words, there exists an explicit
requirement of explaining specifically the inter-relationship between “the
number of daily trips” and “ daily travel time”, that has not been carried out up
to now in literature.

Unlike any other researches, this study firstly proposes a research, focusing
on the interrelationship between the “daily motorized travel time of the
individuals” and “the number of daily motorized trips of the related
individuals”. In that sense, a new research question with a new methodological
proposal, measuring the marginal effect of the motorized daily travel time of
an individual on her number of daily trips, has been developed and explained
in this paper. Herein, Generalized Simulatenous Equations Model (GSEM)
structure has been proposed as the most convenient model.

In addition, with follows to the methodological proposal, it is expected to
construct a methodological baseline for monitoring and assessing the
performance of any transportation project with regards to the ongoing
discussions for “travel demand management policies”. Herein, via capturing
the marginal elasticity of “number of daily trips” with respect to the “daily
travel time spent by the individuals”, it will be possible to highlight the
empirical basis for “travel demand management policies”. At that point, the
“Total System Travel Time (TSTT)”, which is an outcome of the fourth stage
of travel demand models (network assignment stage), refers to the “daily travel
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time of individuals”, while the “daily number of trips” intuitively refers to the
“trip generation stage (first stage)” of travel demand models. Such a kind of
iterative process indicates that an amount of decrease in the “daily travel time
of individuals” induces an amount of increase in the “number of daily trips”,
which in turn does effect the “daily travel time”. Such an iteration, firtsly,
makes the conventional four stage travel demand modeling processes much
more dynamic and realistic. Secondly, it proposes a kind of individuals based
disaggragated modeling environment for transportation planners. Thirdly, such
that iterative mechanism offers us to compare alternative transportation
investments with regards to their related outcomes refering to different
marginal elasticity coefficients of “number of daily trips”with respect to the
“daily travel time” of the individuals. Herein, according to these different
marginal elasticity coefficients, any potential new transportation investment
would be referring to an amount of “time loss/gain” when compared to others,
which in turn re-affect the first stage (trip generation stage) of conventional
travel demand modeling process, all of which are able to empirically highlight
the backgrounding mechanism of the “cost & benefit analysis” of such
investments with regards especially to the “travel demand management
policies”. In other words, such these estimated marginal elasticity coefficients
would be proposing policy makers a kind of control mechanism with regards
to any transportation investment via their related effects on “daily induced
travel demand” so as to minimize the number of daily trips as much as possible.

On the lights of that motivation, this study involves six sections. After the
introduction part, review of approaches in measuring induced travel demand
in literature has been covered. Third section is devoted to data and methods of
the study. Fourth section asserts the model results, while the fifth part of the
paper exhibits discussions on the findings. Lastly, the concluding remarks with
refers to preliminary highlights of the study has been exhibited.

2. Review Of Approaches In Measurig Induced Travel Demand

The notion of induced travel demand refers mainly to two frameworks:
‘diversion of the existing demand’ and ‘newly generated traffic’. In addition,
the concept of ‘newly generated traffic’ refers to two sub-forms; namely,
‘release of the suppressed demand’ and ‘newly generated traffic with regards
to the urban development effects’. That is to say, while the diversion of the
existing demand and release of the suppressed demand refer to the short-run
effects, newly generated traffic with regards to the urban development effects
refers to the long-run effects within the considerations of induced travel
demand in literature.

The literature, with regards to the measurements of the induced travel
demand, refers mostly to the interrelationship between the Vehicle Miles
Traveled (VMT) as the main dependent variable and the ‘total travel time’ as
the main independent variable. In other words, the most of the empirical
studies of induced travel demand have focused on measuring the marginal
effect of travel time on VMT. On the other hand, such these researches exhibit
some deficiencies.
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The first deficiency would be due to the different approaches in defining
the spatial resolutions of the study area within the related studies. Herein, the
ones, conducting the facility based (a neighbourhood unit with its surrounding)
or corridor based (along a highway route) analysis, produce partial urban
equilibrium marginal elasticities instead of system-wide urban equilibriums.
Secondly, even though some other studies in literaure, refering to the urban
space as a spatial unity in their related analysis, have been able to carry out
the related system-wide marginal elasticities, these coefficients would be
refering to the biased results due to the aggregated data structures of their
models. That is to say, the travel survey data, disregarding the behavioral units
(individuals or households level), may produce biased results that are far away
from the reality.

The examples for the facility or corridor based studies were the ones,
conducted by Pells (1989), Hansen et al. (1993), Kroes et al. (1996), Luk &
Chung (1997), and Mokhtarian et al. (2000), while the area-wide studies
involve the ones of Hansen & Huang (1997), Noland & Cowart (2000), Fulton
et al. (2000), Cervero & Hansen (2002), Cervero (2003), Silva & Costa (2007),
Ozuysal & Tanyel (2008), Holcombe & Williams (2010), Hymel, Small &
Dender (2010), Melo, Graham, & Canavan (2012), and VVos & Witlox (2013).
The facility or corridor based studies mostly have mostly adopted the
methodological frameworks; namely, “growth comparison analysis” and
“matched pair analysis” so as to grasp the related marginal elasticities in the
percent form. On the other hand, the area-wide studies mostly involve the
econometric models, such as Ordinary Least Squares (OLS) regression models,
auto-regressive models, and travel demand models so as to get the marginal
elasticity coefficient of “travel time” with regards to the related measures of
VMT.

According to the findings, firstly, the facility or corridor based studies
reveal that it has been possible to seperate the middle-run and long-run effects
of travel time changes on the related VMT measures. The related marginal
elasticity coefficients change between 0,15 and 0,30 for the four years time
horizon; 0,30 and 0,40 for the ten years time horizon; 0,40 and 0,60 for the
sixteen years time horizon (Pells ,1989; Hansen et al., 1993; Kroes et al., 1996;
Luk & Chung, 1997; Mokhtarian et al., 2000). On the other hand, according to
the findings of the area-wide studies, the related short-run marginal elasticity
coefficient varies from 0,30 to 0,50 for the county level, while it falls between
0,54 and 0,61 for the metropolitan region scale (Cervero, 2002:4).

In addition to the differences in spatial resolution of the related studies, as
it has previously been stated, the related models of these studies are able to be
grouped into two: “aggregated models” and “disaggregated models™. In that
manner, the level of aggregation refers both to data gathering structure
(whether conducting household/individual scale field surveys or not) and to
the related model structures. In almost all these studies, the VMT has been
defined as the main dependent variable. On the other hand, within the studies
involving aggregated time-series econometric models, the related independent
variables are defined as the lane-miles additions with several time lagged
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variables and geographical variables, while within the disaggregated ones, the
independent variables mostly refer to the “total travel time” and “average travel
speed” in addition to the individuals based socio-economic variables.
Moreover, the functional form of log-linear model specification has mostly
been selected in such studies so as to grasp the related marginal elasticity
coefficients. Within almost all the related studies, refering to both aggregated
data and aggregated models, the findings would be exhibiting enourmously
increasing aggregated estimation errors due to both the data gathering
processes and generalized functional forms with refers to the single equation
models. In addition, such estimation errors would be increasing as the study
area is spatially expanded. In that manner, so as to minimize the related
estimation errors, the behavioral units (individuals or households scale) based
data gathering and modeling approaches are required. In that manner, the study
of Barr (2000) is attracting the cares as an interesting example. In that study,
the households based field survey data has been gathered for the United States,
within the national scale. The models of this study, carried out via the
methodological framework of cross-sectional data analysis, refer to the
“logarithm of the VMT per household” as the main dependent variable, while
the households based socio-economic variables have been defined as the
independent variables (Barr, 2000). Furthermore, the related models have been
stratified according to the spatial sizes of the related metropolitan regions,
located in the United States. On the other hand, the related results of the study
indicate that there has not existed any statistically significant differences in the
related marginal elasticity coefficient estimations with regards to these spatial
size based stratifications (Barr, 2000).

In addition to the aggregated estimation errors of data & model structures,
there exists another source of error in measuring the induced travel demand.
This source of error is able to be defined as the disregarding the “simultaneity”
effects between the dependent and main independent variables. In this sense,
the main dependent variable, called Vehicle Miles Traveled (VMT) may be
exhibiting a kind of simultaneous relationship with one of the preliminary
independent variables, called “lane miles additions”. That is to say, an increase
in the total length of lanes via the lane mile additions would be enhancing the
measure of VMT, indeed that increase in VMT would also be inducing the
demand for the new lane miles additions. Disregarding such a relationship
while designating the related models, would be enhancing the level of
estimation errors. To illustrate, such studies, asserting such a related
simultaneity effect, involve the one of Noland & Cowart (2000) and the one of
Cervero & Hansen (2002). In the first example, the related simultaneity effect
is handled via the addition of “instrumental variables”, that theoretically justify
the interrelationship between VMT and lane miles additions, while in the
second example, the problem of simultaneity has been coped with via the two-
stages least squares (2SLS) simultaneous equations model structure (Noland
& Cowart, 2000; Cervero & Hansen, 2002).

There are also further axamples in literature tackling with the problems of
endogeneity and simultaneity within a deeper manner. To illustrate, the study
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of Cervero (2003) asserted four simultaneous equations in the models with
regards to the dependent variables; namely, “urban development”, “lane miles
growth”, “VMT”, and “travel speed” (Cervero, 2003). In other words, Cervero
developed four different equations with respect to these dependent variables,
all of which refer to the “simultaneous relationship” between each other.
According to the findings of this study, the related marginal elasticity
coefficients of the related dependent variables exhibit higher amounts, when
the related dependent variables are modeled without regarding the cases of
simultaneity (Cervero, 2002:15; Cervero, 2003). That is to say, according to
the results, the simultaneous relationship between the related dependent
variables makes the related marginal elasticity coefficients decrease when
compared to the ones of independently modeled dependent variables due to the
iterative and recursive relationships of these variables.

Lastly, in some other studies, taking the measurement of induced travel
demand into account, it has been investigated that whether the level of traffic
congestion constitutes a statistically significant variance on the estimated
marginal elasticity coefficients with regards to the measures of induced travel
demand or not. Via that sense, according to the findings of the study of Hymel,
Small & Dender (2010), the level of traffic congestion creates a statistically
significant variance on the induced travel demand estimations in a negative
direction (as theoretically it is expected) , which is increasing as the level of
income of the passengers increase (Hymel, Small & Dender, 2010). On the
other hand, according to the empirical findings of the study, carried out by
Noland & Cowart (2000), the variance on induced travel demand estimations,
that has been created by the level of traffic congestion, does not exhibit
statistically significant measures, which is theoretically unlike situation
(Noland & Cowart, 2000).

According to all these views, the literature of induced travel demand
measurements are able to be seperated into three main methodological
categories: “aggregated data collection procedure versus disaggregated data
collection procedure”, “facility or corridor based studies versus area-wide
studies”, and “single index model structures versus simultaneous equations
model structures”. These methodologies based categories are also able to be
stated via the headings; respectively, “data structure approach”, “spatial
resolution approach”, and “model structure approach”.

On the lights of these categoizations derived from the literature review, it
is explicitly able to be conclued that, the requirements for further researches
on the measurement of induced travel demand may be exhibited as in the
followings:

» Instead of the classical investigations on the marginal effect of change
in travel time on VMT, the new researches, taking the marginal effect
of travel time on specifically the number of trips into account, are
welcome. Via the findings of such these new studies, the travel
demand management policies & strategies would be able to be
assessed, according to their performance measures, within a much
clearer manner. The vast majority of the studies, taking the
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measurement of the induced travel demand into account, have
asserted the VMT as the main dependent variable that have made
them contribute to the urban sprawl considerations, instead of the
induced travel demand considerations, all of which make such a new
research framework vital.

»  With regards to the potential research question of such future studies,
taking the “number daily motorized trips” and “daily motorized travel
time” in the core as the main dependent variables, a type of
convenient simultaneous equations model structure is to be
developed.

»  With regards to the data collection procedures, the disaggregated type
of approaches are to be adopted, in that the related field travel survey
studies are to be conducted with regards to the behavioral units;
namely household and individuals. Such kind of data collection
approach is expected to make the aggregated estimation errors
dramatically decrease.

» So as to grasp system-wide marginal elasticity coefficients, according
to the asserted research designs, the spatial resolutions of the related
studies should be refering to “area-wide” approach, instead of the
ones with refers to the facility or corridor based approaches.
Otherwise, the related estimated marginal elasticity coefficients
would be refering to the concept of “partial urban equilibrium” ,
which would explicitly be falling short so as to highlight the practical
sides of urban scale travel demand management policies & strategies.

3. Data & Methods

Data used in this study comes from the 2006 Household Origin-Destination
(O/D) Survey of Istanbul Metropolitan Area. The survey was conducted by the
Department of Transportation of the Metropolitan Municipality of the Istanbul.
The sample size in this survey was 90.000 households, and sampling rate was
3 %. Samples were chosen by two-stage random cluster sampling. At the first
stage, approximately 4000 Primary Sampling Units (PSU) were randomly
drawn from the latest building list of the Metropolitan Municipality. In the
second stage, 30 households out of the 90 recorded households around the PSU
were surveyed systematically as the secondary sampling units in 450 traffic
analysis zones. Once the samples were selected, no sample replacement was
allowed to avoid non-sampling errors. In this way, 80 % unit response rate was
achieved. In 72.000 households, a total of 264.000 persons were interviewed
face to face, and a total of 356.000 daily trips were recorded between 451
Origin-Destination pairs defining 203.401 distinct movements. The Zone
system of Istanbul is given in Figure A.1.

Furthermore, all people older than 16 are included in this study and the
sample size included 194.000 people. The means and the standard deviations
of all variables used in the models are presented in Table A.1. Total number of
daily motorized trips made by an individual (motor_y), and total travel time as
minutes taken in total motorized daily trips of an individual (motor_s) are the
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main dependent variables in the models. The frequency distributions of
motorized trips are given in Figure A.2. Two daily trips dominate in total trips
while zero trips have the highest frequency in motorized trips. Number of the
trips was obtained from the 2006 household survey while trip distances are the
system produced shortest paths between the O/D pairs.

3.1. Model Variables

Set of explanatory variables included the negative of total motorized travel
times (motor_s) spent by an individual in motorized trips, and personal and
family characteristics. Travel time variables are the key variables, and their
elasticities with respect to total number of trips are assumed to reflect the
willingness to travel more depending on a reduction in daily travel times. Other
exploratory variables are dummy variable specifying sex (male_d), dummy
variable specifying if the individual is household head (h_head_d), household
disposable income in thousand Turkish liras (hh_inc). In adition, number of
the private cars in the family (oto_s), size of the household (hhsize), age of
individual (age), dummy variables if individual is working (hbw_d) or student
(hbs_d) respectively, and year of schooling the individual attended (tahsil_y)
are other exploratory variables. Furthermore, the variable motor_di measures
the total lenght of the motorized daily trips in addition to the number of trips.
In addition to these, motorfft & mot_y s are two technical variables that have
been included in the related models. Herein, the variable mot_y s is used so as
to eliminate intuitively the excess zero observations in the number of daily
motorized trips. That is to say, if the related individual selects to travel at least
once in a given day?, then the variable of “motor_y” takes the value of at least
1. On the other hand, the variable “motorfft (see Table 1 for explanation)” has
been asserted in the list of variables, because within the disaggregated data
level, any individual selects psychologically to travel between any pair of
origin (O) & destination (D) if the free flow time of that individual (between
the related O/D) refers to a a value that is less than or equal to the his/her
psychological treshold level. On the other hand, the variable “motor s is the
daily sum of the motorized travel times which is an outcome of the
transportation network, that is why instead “motor s”, generally the
disaggregated of “motorfft” is used in the classical travel demand forecasting
models. Lastly, the “estimated motor y” has been used as another variable
for the explanation of “motor_s” , since then it is feasible to obtain the fitted
values for the endogeneous regressor called “motor_s”, which is discussed
methodologically in detail within the following part of the paper.

! This means dummy variable mot_y s =1 (See Table 1).
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Table 1. Model Variables.

VARIABLE VARIABLE DEFINITION MEASUREM
ENT UNIT
motor_y total number of motorized trips carried out by an trip numbers.
individual traveller, in a randomly given day
(within 24 hours) .
motor_s total amount of time (mn.) spent by an individual minutes.
traveller, through motorized trips in any given
day (within 24 hours) .
motor_di total amount of distance (km.) spent by an Kilometer
individual traveller, through motorized trips in any (km).
given day (within 24 hours) .
male_d dummy variable. “1” if traveler is male, 0", Oor1.
otherwise.
h_head_d dummy variable. “1”, if the traveler is the Oor1.
household head. “0” , otherwise.
hh_inc household disposable income per month (TL) TL (turkish
lira).
oto_s number of the private cars in the family number of
cars.
hhsize number of people belonging to the related h.h. number of
people in
household.
age age of the individual number of
years.
hbw_d dummy variable.”” ,If the individual traveler is Oorf.
working, “0”, otherwise.
hbs_d dummy variable.”” ,If the individual traveler is Oorf.
student, “0”, otherwise.
tahsil_y number of years of schooling that the individual number of
has attended. years.
motorfft is the traffic volume parameter, indicating minutes.

that, if there were only one travelling unit, the
hypothetic time of the travel (refering to that of
between the related origin and destination)

, experienced by the traveller, with regards to
the related free flow speed. This parameter is
another “instrumental variable for modelling the
travel time (motor_s) “, that has been defined
exogeneously.

mot_y_s dummy variable whether the individual traveler Oorf.
selects motorized travel (1) or not (0).

estimated_motor_y | is the estimated value for the number of motorized | estimated trip
daily trips, exhibited by individuals, that has been numbers.
estimated via the designated model.
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3.2. Methodological Discussions

According to the research question asserted in this paper, the interrelation
between the “number of daily trips of an individual” and “the daily motorized
travel time” of the related individual are required to be modeled. Such an
investigation requires a modeling framework, that is able to be coping with
respectively the followings;

I. Non-linear nature of “number of daily trips of an individual” 2.

ii.  Excess-zero observations® in “number of daily trips of an individual
(motor_y)”.

iii.  Endogeneity * of the “daily motorized travel time” of the related
individual.

IV.  Simultaneity ® between “number of daily trips of an individual
(motor_y)” and “daily motorized travel time (motor_s)”.

To begin with, according to the first requirement (i), non-linear model
structures come into agenda. In other words, so as to model the count variable;
namely, “number of daily trips of an individual (motor_y)”, the convenient
count models, that have non-linear nature in theirselves, come into
considerations. Within that categorization, Poisson Regression Model (PRM)
and Negative Binomial Regression Model (NBRM) are the leading model
structures (Green, 2007; A.Colin Cameron & Pravin K. Trivedi, 2005). On the
other hand, the basic assumption of PRM is the equidispersion, meaning that
conditional mean and conditional variance of the main dependent variable are
equal, which is to be tested. Even with the correct specification of the mean
structure, estimates from the PRM, when there is overdispersion, is inefficient
with standard errors that are biased downwards (Long, 1997, p.236). Several
tests are suggested for overdispersion (Green, 2003; 2007) .Since the PRM and
the NBRM are nested, the log-likelihood of the NBRM needs to be improved

2 Because, it (“motor_y”) refers to a kind of count variable.

3 For justifying this Notion, 120722 observations for the variable “motor_y” are equal
to zero. In other words, these zero observations are comprising approximately for 62.5
% of total number of observations (120722/193253= 0. 6246837) ,which justifies the
indication of the term “excess zero observations” in this study.

4 Here, it is referred to the situation, asserting that, “daily motorized travel time
(motor_s)” is one of the dependent variables in modeling the main dependent variable,
called “daily number of trips of the individual (motor y)”. Meanwhile, “motor s” is
another dependent variable, that is waiting to be modeled seperately .

5 Via that notion, it is meant that, “motor_s”, as one of the independent variables in
modeling “motor_y”, is also another dependent variable, that (motor_s) is waiting to
be modeled seperately, via “motor_y”, as one of the independent variables at the same
time. Naturally, that situation requires such a kind of simultaneous equations model
(SEM) structure by itself.
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over the PRM in case overdispersion is present, and this is able to be checked
by a log-likelihood ratio (LR) test:
LR =2(In Lnerm— In Lprrim) 1)

LR shows a chi-square distribution, and any value larger than critical
threshold with two degrees of freedom favors the NBRM.

It is needless to say that there are many variations of such models to
improve the estimation efficiency (please refer to Green, 2007; Long, 1997,
Cameron & Trivedi, 2005; and Winkelmann, 2008 for details). Application of
these models takes place in many diversified areas: crime analysis, disease
occurrence, doctor visits, occupational injuries, software faults, accident
analysis and prevention, manufacturing defects to name the few. On the other
hand, these models are only capable of dealing with “non-linear nature of the
main dependent variable (motor_y)”. In other words, such these models are not
able to cope with the second (ii) , third (iii) , and fourth (iv) requirements, that
are asserted above, which are respectively refering to “excess-zero
obervations”, “endogeneity”, and “simultaneity”.

On behalf of the second requirement (ii), the dependent variable, called,
“number of motorized trips per traveler per day (motor_y)”, includes so many
zeros as observations, which is refering to the problem of “excess zero”. In
other words, it has been required further modeling approaches, with regards to
the problem of “preponderance of excess zero observations” in the variable of
“motor_y”. The related models, dealing with also “excess zero observations”,
are namely, “Zero Truncated Models” (A.Colin Cameron & Pravin K. Trivedi,
2005). Via this regard, the related data are assumed to be observed only over
the range of the response varriable (A.Colin Cameron & Pravin K. Trivedi,
2005). In other words, zero counts are not taken into consideration, in that they
are intuitively eliminated from the models, that is why such these models are
called “Zero Truncated (or Left Truncated) Models” (A.Colin Cameron &
Pravin K. Trivedi, 2005). On the other hand, that scope (zero-truncated
models) is only able to deal with the first and the second requirements ((i) and
(ii)), asserted above, refering to the “non-linearity” and “the problem of excess
zero observations” in the variable of “motor y”. Herein, the problems of
endogeneity of “motor_s” and simultaneity between “motor_y” and “motor_s”
are still waiting to be tackled with immediately.

Since, our model may have another important specification problem
probably causing endogeneity bias®: the dependent variable and the key
independent variable (i.e. total of reported travel times in minutes spent in
these motorized travels) may have causal relationship. The dependent variable
is determined by an explanatory variable in a way as the explanatory variable
is also determined by the dependent variable in turn. In such situations, since
the error term is correlated with the dependent variable(s), the conventional
methods produce biased parameter estimates and standard errors, leading to
invalidation of the core results.

8 1t refers to the third requirement (iii) , stated above.
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In principle, endogeneity bias is a form of omitted variables bias, and
Mokhtarian and Cao (2008) summarizes seven different techniques to deal
with endogenity problems: (a) direct questioning, (b) statistical control, (c)
instrumental variables model, (d) sample selection model, (e) joint discrete
choice model (f) cross-sectional structural equations, and (g) longitudinal
models. Concerning our model, only three of them, namely, instrumental
variables, sample selection model, and structural equation models seem
meaningful for dealing with the endogeneity problem in our case. On the other
hand, “non-linear nature of daily number of trips”, “excess zero observations
in daily trips”, and “simultaneity between daily trips and daily travel times”
are still have been waiting to be coped with, all of which indicate that it is
required further newest modeling approaches, which have not been highlighted
yet by the study of Mokhtarian and Cao (2008). In that manner, the
Simultaneous Equations Model (SEM) structure come into agenda that is be
able to overcome both “endogeneity” and “simultaneity” between our main
variables, called “motor_y” & “motor_s”. On the other hand, classical SEM
structure still falls short for the research asserted in this paper. If both main
dependent variables of our model were the types of gaussian distributed
continious variables, it would be able to be asserted the classical types of SEM
with refers to Two Stages Least Squares (2SLS) or Three Stages Least Squares
(3SLS) regression model structures, via including the theoretically justifiable
instrumental variables between the main dependent variables, so as to cope
with the “endogeneity” & “simultaneity” between “motor_y” and “motor_s”.
But, for the case of the research, asserted in this paper, the one (motor_y) is
non-linear count variable, while the other (motor_s) is gaussian distributed
continious variable that makes the classical SEM structure fail (please refer to
Green, 2007; Cameron & Trivedi, 2005 for details). In that manner, a new
methodological framework that is able to cope with all four technical
requirements’ asserted above. So, the newest methodological approach, called
“path analysis” with refers to the concept of “Generalized Simultaneous
Equations Model (GSEM)” structure makes it possible to involve both linear
and non-linear equations together within the same system.

3.3. Design of Model Structure

In the proposed modeling framework, called generalized simultaneous
equations model, the dependent variable is the total number of motorized trips
done by an individual within 24 hours. The main explanatory variable is the
negative of total motorized travel time spent in minutes for these daily trips,
since travel time defines a disutility. The remaining explanatory variables are
the personal and family characteristics, as it is explained in the data section.
Furthermore, there is also one more dependent variable, coded as “mot_y s
At this point, since the term “mot_y s” refers to the binary variable, in that, it
has been defined whether the related individual selects to carry out at least one

7 See the requirements above coded as (i), (ii), (iii), and (iv).
8 Please see Table 1.
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trip in a given day or not. So, it refers to a probability structure as a dependent
variable. Lastly, the “estimated _motor_y” has been used as another variable
for the explanation of “motor_s”, since it is feasible to obtain the fitted values
for the endogeneous regressor by convenient nonlinear regression model such
as count regression model on all the instruments. On the lights of these views,
the related GSEM model structure seems to be in the form that is asserted in
the Table 2.

Table 2. Designation of GSEM structure®.

Dependent Function of Function Family Function Link
Variable Exploratory Variables

motor_y f (motor_s, Xi) negative binomial logarithm
mean distribution’?

motor_s g (estimated_motor_y) normal distribution identitiy link
(Gaussian Family)

mot_y_s d(X) probit function

family
motorfft h (motor_di, motor_s, negative binomial logarithm
mot_y_s, Xi) mean distribution

Within the GSEM structure, asserted above, the variable, called “motor_s”,
is the sum of the daily travel time of the related individual®! , in that there may
have occurred a kind of aggregation error, hence would misleadingly affect the
probability of the individual to travel in a given day (and also affect the number
of daily trips of her) positively. Hence, it has been existed the requirement to
define a purely disaggregated intermediate variable, such as “motorfft (free
flow time of the motorized trip)” so as to apprehend the inter-relationship
between “daily number of trips (motor_y)” and “daily travel time (motor_s)”
of the individual”. Herein, the “total daily motorized travel time of the
individual (motor_s)” directly affects the “free flow time (motorfft)”, and this
“motorfft” affects “daily number of motorized trips (motor y)” of this
individual, and hence, this “motor y” also affects the “daily travel time
(motor_s)” in turn'2.In an other words, it has been used an intermediate
variable, called “motorfft” in explaining the inter-relationship between “daily

9 Where, f is the negative binomial distribution function with the conditional mean
function: exp(Xefe), g is the gaussian distributed linear function with the conditional
mean function: g(XLpL) , @ is the probit function with the conditional mean function :
DXpPp) , h is the gaussian distributed linear function with the conditional mean
function: h(XLpL), and Xi is vector of covariates, defining individual based socio-
economic variables in the GSEM system, in that; X; :c (male_d, h_head_d, hh_inc,
oto_s, hhsize ,age , tahsil_y, hbw_d, hbs_d), where c is the vector notation, and the
abbreviations of e, L, and p refer respectively to exponential, linear and probit
functional forms.

10 For the reason to select NBRM structure, instead of PRM, See footnotes 14 & 15 in
the ‘Model Results’ part of this paper with the related results asserted in the Table A.2.
11 Please refer to Table 1.

12 please see Figure 1.
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number of trips of the individual (motor_y)” and “daily total motorized travel
time, beared by the individual (motor_s)”. This cycle of the relationships
makes us perceive the inter-relationship between the variables, called
“motor_y” and “motor_s” deeper, that is compatible with also the “induced

demand theory”.

esti

[__Semoull ]
emouly INCia meal

motor_y

hbs_d |

-

o
=
@,

|

93
T
T
2
o

Figure 1. GSEM Path Structure.

Furthermore, following the model structure design, the calculation of the
related marginal elasticity coefficients '® come into our agenda, with regards
to our research question. Via that regard, there have been able to be defined
three main methodological frameworks in calculating the marginal elasticities
after the related non-linear models:

a) Estimating averages of Marginal Elasticity (ME) per each
individuals.

b) Calculating ME at X =X (at means) , that computer programs
generally carry out this.

c) Marginal Elasticity estimation at X = X* , where X* is a specific

value that is theoretically meaningful.
(Cameron & Trivedi, 2005).

With helps of our model, which has been involving a type of “stochastic
model nature”, via especially the logic of calculating marginal elasticities at
average values asserted above (b), the estimations of the related marginal
elasticity coefficients intuitively gets the form of:

13 The ones, involving mainly the marginal elasticity of “motor y” , with respect to the
one unit change in “motor_s”.
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d(motor_y|Ximotorfft) ,d(motorfftlmotor_di motor_s mot_y_s),0 (mo t_y_S|Xi)
d(motorfftimotor_di motor_s) a(mot_y_s|Xi) a(Xi)

\

-

a(motor_s|estimated_motor_y) .

d(estimated_motor_y)

d(motor_y|Xi,motorfft) «<9(motorfftimotor_dimotor_s,mot_y_s),
d(motorfftimotor_di motor_s mot_y_s) a(mo t_y_S|Xi)
a(mot_y_s|Xi)
a(Xi)
= d(motor_y)/ d(motor_s) 2

On the lights of all these views, the GSEM model is able to cope with all
the technical requirements; namely, “non-linearity of motor_y”, “excess zero
problem in motor y”, “endogeneity of motor s in explaining the motor y*,
and “simultaneity between motor_y and motor_s”. Furthermore, the GSEM is
able to be producing unbiased marginal elasticity estimations of “motor y”
with respect to “motor_s”, which is consistent with the “induced demand
theory”, asserting that the related marginal elasticity coefficient is expected to
be negative, the results of which have been exhibited and discussed in the
following parts of this paper.

4. Model Results

To begin with, according to the results of PRM & NBRM, the assumption
of “equidispersion” of the mean and variance of the variable; namely,
“motor_y” , have been failed due to the related calculation:

LR =2* (Ln Lnerm— LN Lerm) ¥ (3).

Here, “LR (likelihood ratio)” exhibits a type of “chi-square distribution”
with two degrees of freedom (d.f.) and any calculated value, that is greater than
the critiqual value for the related chi-square distribution, favors NBRM *°,
This asserts that the assumption of “equidispersion” of the variable “motor_y”
has been failed. Moreover, all the related model coefficients are statistically
valid according to the calculated z values, and these models (PRM & NBRM)
have been asserted due to the justification for the selection of NBRM form for
the variable “motor y” within the GSEM Path Analysis model structure.
Furthermore, these two single equation models (PRM & NBRM) are only able
to cope with the non-linearity of the count variable, called “motor_y”. On the

14 2%[log(173215.72, base = exp(1))-(log(182318.45, base = exp(1))] = 0.1024343
which is greater than the critiqual chi-square value for 2 d.f. that is equal to 0.10 for 95
% confidence level. (Lnsrv=173215.72 and Ln Lprm = 182318.45 according to the
related model results (please see Table A.2.)).

15 That is why for the final model specification asserted in GSEM path structure, the
mathematical form of the variable “motor y” has been indicated as in the functional
form of “negative binomial mean distribution, with the link “log”
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other hand, the other respective conditions; namely, “excess zero problem”,
“the problem of endogeneity” , and “the nature of simultaneity between
‘motor_y’ & ‘motor_s’ ” have not able to be satisfied via the PRM & NBRM
models. In this manner, the further model; namely, “GSEM Path Analysis” has
been developed and exhibited in our study.

According to the results of GSEM, all the calculated coefficients of the
explanatory variables are statistically significant in explaining the dependent
variables; namely, “mot_y s”, “motor_s” , “motorfft” , and “motor_y”. To
begin with, the coefficients of “hhsize” is negative in explaining the dependent
variable of “mot_y s, the result of which is similar with the previous model.
On the other hand, the coefficient of “age” is positive in explaining the
dependent variable “mot_y s” in GSEM. In other words, as the individual gets
older, interestingly, his/her probability to travel in any given day increases
according to the results of GSEM. Secondly, within the equation of “motor_y”,
coefficients of both “hhsize” and “age” are negative, the results of which are
similar as in the previous model. Thirdly, as it is expected, the coefficient of
“motor_s” is negative within the model of the dependent variable, called
“motorfft”. This result is not surprising, since the term “motorfft” refers to
“free flow time of an individual traveling unit” in the case that he/she is the
only traveler with his/her related free flow speed, which is, inversely related
with the actual daily travel time of the individual.

Lastly, according to the marginal elasticity of “motor_y” with respect to
“motor_s”, the calculated coefficients, which are negative, vary from 0.00016
to 0.0025 6. In other words, one unit decrease in daily travel time of an
individual, induces an average amount of 0.000953 more trips (see Table A.8).
To illustrate, specifically, if the individual is male (male_d=1), is household
head (h_head_d=1), is carrying out a type of home-based work trip (hbw_d=1)
or home-based school trip (hbs_d=1), and selects to travel at least once in a
given day (mot_y_s=1); then one unit!’ decrease in travel time induces an
amount of 0.0025 more trips for the individual per day. At that point, the
“mot_y s” is fixed to be equal to one'®, asserting that, the number of daily trips
(motor_y) is observed if the related individuals select to exhibit at least one
trip in a day. The remaining dummy variables; namely, “male d”,
“h_head_d”, “hbw_d”, and “hbs_d” take the binary values of 0 or 1, which
makes sixteen ° possible combinations for the marginal elasticity calculations
for each factor. Among these combinations of these related dummy variables,
the highest marginal elasticity coefficients, for the related factors, affecting
“motor_y”, are observed, when all these dummy variables are equal to one. In
other words, in the case of the passenger is “male”, “household head”, and the

16 See Table A.4.

17 One unit refers to one minute for travel time.

18 This has also been indicated so as to cope with the “excess zero problem” for the
main dependent variable, called “motor_y”.

19 9#2+2*2 = 24 =16 different combinations. Here, the number “2” refers to the possible
outcomes for each dummy variable, respectively, 0 or 1.
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related trips are the obligatory ones %, there exist highest amounts of marginal
elasticity coefficients, with regards to the factors, affecting “daily number of
the motorized trips of an individual (motor_y)”. According to the results of
marginal elasticity calculations, via the stated case of the dummy variables 2*,
the leading factors, affecting “motor y”, are “male d”, “h head d”, and
“oto_s”, with the marginal elasticity coefficients, respectively, 0.1597, 0.256,
and 0.1884. In other words, if the individual is being male and household head,
then the number of daily trips of him/her increase respectively by 0.1597 and
0.256 more trips in a day. Similarly, as it is expected, a one unit increase in the
number of automobiles owned by the household (oto_s), 0.1884 more trips is
able to be exhibited in any given day by the individual in Istanbul.
Furthermore, the negatively signed marginal elasticity coefficients, with refers
to the factors; namely, “hhsize” and “age”, are equal to -0.028 and -0.0017. In
this manner, one unit increase in the “household size” and the one unit increase
in “age of the individual” make the daily number of trips decrease,
respectively, by 0.028 trips and by 0.0017 trips. Lastly, the household
disposable income (hh_inc) is able to be stated as the weakest factor, according
to the marginal elasticity coefficient, which is equal to 0.000025, with relates
to its effect on “motor_y”.

5. Discussion

Our findings have confirmed the existence of induced demand in terms of
traveling more. It is the first time in the literature that the measurement of
induced demand is incorporated within a trip generation model via a series of
regression models, each eliminating a different level of bias in the parameter
estimates. This variation in the core parameter estimate proves that selection
of correct model with correct speciation and estimator make such biases
dramatically decrease. In that sense, the path analysis, specified as the
“Generalized Simultaneous Equations Model (GSEM)”, seems a good
candidate so as to measure the induced demand. Herein, the asserted
measurement of the elasticities with GSEM, which refers to a complex
structure, has also constituted another contribution of this study that may give
a baseline for a future research direction in this area.

Non-linear structure of elasticity estimate of GSEM may further allow us
to estimate the spatial variation of generative impact of induced demand within
the trip generation models, since it is possible to account for the individual
characteristics in the estimation of elasticities as long as we have disaggregate
spatial data. The proposed methodology is able to be used iteratively to
estimate the generative impacts of different investment scenarios from the trip
assignment phase of travel demand modeling.

The vital point, for the investigation of the interrelationship between the
“daily travel time (motor_s)” and “number of daily trips (motor_y)”, is to
perceive the backgrounding mechanism of the “individuals’ travel behavior”,

2 sych as home-based work (hbw) trips and/or home based school (hbs) trips.
2L that all these dummy variables are equal to 1.

-32-



Academic Research in Science and Engineering - Chapter 2

via excluding any exogeneous effects as much as possible. In other words, the
marginal willingness of an individual to travel, with regards to the “motorized
daily travel time of an individual”, requires a kind of “disaggregated level
intermediate variable”. Since, it is explicitly able to be asserted that, the
marginal willingness of an individual requires an intermediate level
investigation between the related variables, called “motor _s” and “motor_y”.
In this sense, even though the variables; namely, “motor y” and “motor s”
exhibit the types of “individual level disaggregated observations” (see Table
1) , an amount of daily aggregation have been still asserted 2. Since, so as to
minimize such an aggregation errors, the addition of such a pure disaggragated
intermediate variable; namely, “free flow travel time (motorfft)” is vital.

According to the results of our robust model, called GSEM, it would also
be interesting to note that the coefficients of the variables, called “hhsize”
exhibit negative signs for both the dependent variables; namely, “mot_y s”
and “motor_y”. On the other hand, the related coefficient of “age” for the
dependent variable, called “mot_y s” is positive, while it is negative for
“motor_y”. In other words, as the size of the household of the related individual
increase, then both the marginal propensity of this individual to travel at least
once in a day? and “number of daily motorized trips” tend to decrease. On the
other hand, as age of the individual increases, then the number of daily trips of
this individual (motor_y) decreases, while the marginal propensity of this
individual to travel (mot_y_s) increases for the same case (as “age” increases)
interestingly. Even though, at first glance, these two findindgs (signs of the
coefficients of “age”) seem to be conflicting to each other, it would most
probably due to the fact that the “number of daily motorized trips of the
individual” as the main dependent variable involves “excess zero
observations”. In other words, the “household size that the individual belongs
to (hhsize)” and “age of the individual (age)” induces an amount of increase in
the probability of this individual to travel at least once in a day. Meanwhile,
this the number of the daily motorized trips of this person decrease, which
would be above zero.

Furthermore, with regards to the results of marginal elasticity coefficients
of GSEM model, the leading factors, affecting “daily motorized number of
trips”, are “h_head d”, “oto_s”, and “male d” with the marginal elasticity
coefficients of 0.256, 0.1884, and 0.1597, respectively. In other words, one
unit increase in the number of “household head” and one unit increase in the
“number of males” induce the amounts of 0.256 and 0.1597 more daily trips in
Istanbul, which would be signaling the “patriarchal structure of the Turkish
families” and “overweighting number of males in employment & in schools”
in the daily trip flows with regards mostly to the obligatory trips, such as
“home-based work trips” and “home-based school trips”. Lastly, one unit

22 “motor_y”: sum of the numbers of daily trips & “motor_s” : sum of the daily travel

times of an individual. According to the related definitions, an amount of low degree of
daily aggregation is still exhibited due to summations.
23 That refers to “mot_y_s=1".
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increase in the number of private automobiles owned by the household (oto_s)”
induces an amount of 0.1884 more trips in a day with refers to the automobile
dependency in transportation flows, as it is the case in most of the developing
countries.

6. Concluding Remarks

It is the first time in the literature that the measurement of induced demand
is carried out so as to strenghten the baseline of a trip generation model via a
series of models, each coping with a different level of bias in the parameter
estimates. The proposed methodology (GSEM) seems as one of the most
convenient model structures so as to measure the induced travel demand, and
it is able to be integrated into a trip generation model. Moreover, it is also able
to be used iteratively so as to estimate the generative impacts of different
investment scenarios from the trip assignment phase of travel demand
modeling.

According to the findings of this study, any new transportation investment
that makes “Total System Travel Time (TSTT)” decrease by ten minutes,
would be inducing 261.250 thousand more motorized trips in a day, which, in
turn, should be re-integrated into the “trip generation stage” of the
conventional four-step travel demand modeling process. That kind of iterative
process is able to be run till the optimization between the “numbers of daily
motorized trips” and “daily travel time” is reached. Such a kind of optimization
process would explicitly constitute empirical inputs for the travel demand
management policies and “cost & benefit” analysis of the related transportation
investments.

Another important finding of this study is that even though induced demand
is well and alive, it is not the only and leading evil among other trip generating
factors.Herein, high elasticity of being household head, being a male or the
more number of owned automobile might easily generate more trips than a
transportation network improvement. Obviously more measuring is needed. In
that manner, for the related future studies, the measurement of the generative
impact of induced demand needs to be tested in different urban settings with
our proposed model, via system-wide measurements in urban scales with
disaggregated data, in addition to the redistributive effects of induced demand
measurements with the considerations of capacity improvements.
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APPENDICES

Figure A.1. Traffic Analysis Zones and Highway Network of Istanbul
Metropolitan Area.
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Table A.1. Descriptive Statistics of Variables.

mean | st. dv.
motor_y 0,79 | 1,12
motor_s 37,85 | 66,53
motor_di 8,48 | 16,96
male_d 0,5 0,5
h_head_d 0,36 | 0,48
hh_inc 1,057 | 1,28
oto_s 0,39 | 0,58
hhsize 3,92 | 1,08
age 37,83 | 15,45
worked (hbw_d) | 0,34 | 0,47
Student (hbs_d) | 0,05 | 0,23
tahsil_y 7,35 | 3,87

Table A.2. PRM & NBRM Results.

PRM Coef. Std. Err. z NBRM Coef. Std.Err.  z

male_d .0817799 .0083001  9.85 male_d  .029871 .0071096 4.20

h_head_d .1405562 .009524 14.76 h_head_d .1075885 .0076744 14.02

hh_inc  6.79e-06 1.58e-06 4.30 hh_inc  7.80e-06 1.93e-06 4.05

oto_s 1617351 .0053751 30.09 oto_s  .1146227 0049238 23.28

hhsize -.0137819 .0020895 -6.60 hhsize -0138107  .0017256 -8.00

age -0020655 .0003179 -6.50 age -.0020207 .0002602 -7.77

tahsilLy .0311067  .001005 30.95 tahsil_y .0240298  .0007979 30.12

motor_s .0054185  .0000725 74.77 | motor_s .0085438 .0000896 95.37

hbw_d .9484354 .0098287  96.50 hbw_d 7390091  .0087332 84.62

hbs_d 8404261 .0147617  56.93 hbs_d .6927652 0117506 58.96

motorfft .1482236 .0206504  7.18 motorfft 1.516752 .0416975 36.38

_cons -1.473417 0201662 -73.06 _cons -1.712916  .0163486 -104.77

linalpha -1.368784 .0397883

alpha 2544163 .0101228
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Table A.3. GSEM Results.

GSEM RESULTS
Variable | Coef. | Std.Err. | z
mot_y_s
male_d .0876364 .008781 9.98
h_head_d 1824174 .0098624 18.50
hh_inc .0000381 5.01e-06 7.60
oto_s .2149051 .0060338 35.62
hhsize -.0340989 .0020449 -16.68
| age .000905 .0002754 3.29
tahsil_y .0537412 .0010146 52.97
hbw_d 1.448814 .0078503 184.55
hbs_d 1.230701 .0139649 88.13
_cons -1.498341 .0181383 -82.61
motor_y
male_d .094116 .0078328 12.02
h_head_d 1502352 .0086166 17.44
hh_inc .0000143 2.67e-06 5.35
oto_s 1087255 .0053448 20.34
hhsize -.0162595 .0019109 -8.51
age -.0010601 .0002899 -3.66
tahsil_y .0430605 .0008928 48.23
hbw_d 1.052222 .0101024 104.16
hbs_d 1.042079 .0122483 85.08
motorfft 2.269169 .0490115 46.30
_cons -1.65532 .0177808 -93.10
motorfft
motor_s -.0023983 .0000523 -45.89
motor_di .0102411 .000213 48.07
mot_y_s .2824551 .0030349 93.07
_cons -7.54e-18 1.28e-19 -58.70
motor_s
estimated_motor_y 7.415484 4303755 17.23
_cons 30.81517 .3910488 78.80
Imotor_y
Inalpha -.8130799 .030545
var(e.motorfft) .0407052 0113116
var(e.motor_s) 3392.502 41.8371

Log pseudolikelihood = -1314459.5
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Table A.4. Marginal Elasticity Calculation Results for GSEM.
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24 dydx(response variable) gives marginal elasticity of the response variable on
motor_y . Here, there have been calculated sixteen marginal elasticities for each,
because there are four dummy variables, taking values “0” or “1” (only mot y s =1
constant due to the nature of the zero truncation for the daily trip number(s)) in total
that derives sixteen (24 = 16) different combinations.
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Abstract:

Terrestrial laser scanning technology is a highly preferred method in many
engineering applications. These systems allow the users to survey structural
surfaces and 3D bodies with 3D point clouds datas. This technology provides
the users with direct 3D position information and performs measurements fast
and accurately. But, all measurement with terrestrial laser sacnners, different
factors for example the characteristics of the reflecting surface, roughness,
wetness, distance from the scanner, the material components of scanned object
effect the strength of the signal and change the accuracy of study. In addition
to this factors, the surface color of the objects also effect the results of scans
performed with terrestrial laser scanners. Therefore, the determination of the
error sources is extremely important and necessary to maintain the quality of
data. In this study, the test area surface was covered by glossy foil paper of
different colors in different tones (white, light red, dark red, light blue, dark
blue, light green and dark green) and scanned using a Topcon GLS-1000
terrestrial laser scanner from a distance of 35 meters. Then, the effects of the
object surface colors in different tones on the accuracy of the scanner were
investigated.

Keywords: Object color, Position accuracy, Terrestrial laser scanning
technology, Volume

1. Introduction

Terrestrial laser scanning technology has significant advantages in terms of
cost, time, and convenience in a wide variety of applications. Therefore, it is a
highly preferred method in many engineering applications.

These systems allow the users to survey structural surfaces and 3D bodies
with 3D point clouds datas. With these datas, the 3D shape of every object or
environment we live can be determined and analysed [1]. Using this
technology, 3D and high-resolution data can be obtained with high precision.

Today, terrestrial laser scanning technology is used more than classical
measuring methods. This technology provides the users with direct 3D position
information and performs measurements faster and more accurately compared
to the conventional methods. Therefore, particularly studies that would be time
consuming and cost intensive using classical measuring techniques can be
easily performed with laser scanning techniques to overcome these
disadvantages.
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Terrestrial laser scanners yield maximum information and have
unsurpassed accuracy within a few millimeters and allow hazardous sites to be
easily documented. They allow acquiring a huge amount of 3D data in a fast
manner and can be often profitably combined with colored high resolution
digital images to provide an accurate 3D representation of the environment [2].

Very large and complex objects can also be scanned from different
positions [1].

In most study, the “shadow” areas of surveys appearance. And this
shodows can be complemented with scans where the previously hidden areas
can be “seen” by the laser beam [1].

Today, most terrestrial laser scanners measure ranges to objects up to
several hundred metres, with a single point accuracy of 1.4-15 mm at 50 m
[3:4].

The achievable accuracy of a TLS measurement depends on the technical
capabilities of the device. If the point cloud density is high with high resolution
laser measurements, more detailed information of the scanned surface is
obtained. Furthermore, the achievable accuracy and the reachable resolution of
a laser measurement are influenced by the beam width of the laser beam [4].

As with all measurement techniques, the results of laser scanning can be
misleading due to different factors. In studies with terrestrial laser scanners,
the characteristics of the reflecting surface, roughness, wetness, distance from
the scanner, the material components of scanned object effect the strength of
the signal and change the accuracy of study [5].

In addition to this factors, the surface color of the objects also effect the
results of scans performed with terrestrial laser scanners.

Therefore, the determination of the error sources is extremely important
and necessary to maintain the quality of data. It is also crucial to know the
accuracy of the measurements made with this type of equipment [6].

In this study, the test area surface was covered by glossy foil paper of
different colors in different tones (white, light red, dark red, light blue, dark
blue, light green and dark green) and scanned using a Topcon GLS-1000
terrestrial laser scanner from a distance of 35 meters. Then, the effects of the
object surface colors in different tones on the accuracy of the scanner were
investigated.

2. Material and Method
2.1. The Test Area

For this study, a test area of 2.10 meters x 2.80 meters was constructed and
placed in a vertical position. The inside of this test area was covered with steel
and the outer surface was covered with hardboard. Figure 1 shows that the test
area is mounted on special metal feet and is fixed.
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Figure 1 The test area.

To ensure that the test area was exactly vertical, level screws were placed
on the feet and on the back. The hardboard surface was white because this color
reflects the most light [7].

2.2. Topcon GLS-1000 Terrestrial Laser Scanner
In this study, a Topcon GLS-1000 terrestrial laser scanner was used as

shown in Figure 2.

Figure 2 Topcon GLS-1000 terrestrial laser scanner

The Topcon terrestrial laser scanner has the ability to quickly collect and
store data. It has precise scanning technology, a 2 megapixel digital camera,
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3000 dots per second scan rate, 90% reflection up to a range of 330 meters, 4
mm accuracy from 1 meter to 150 meters, 6" angle accuracy horizontally and
vertically and horizontal and vertical movement. There is less noise in the point
clouds in the scans made with the Topcon terrestrial laser scanner, and even at
distances above 100 meters, it possesses sufficient accuracy [7].

2.3. The Method

In this study, glossy foil papers in different colors of white, light red, dark
red, light blue, dark blue, light green and dark green were pasted on the test
area surface. Then, by scanning the test area with a Topcon GLS-1000
terrestrial laser scanner at a distance of 35 meters, the effects of object surface
colors in different tones on the terrestrial laser scanner were investigated.

To achieve this aim, the test area was scanned with different surface colors
and after the test area was placed in a horizontal position with the help of the
obtained point clouds, the volumes that were obtained were calculated. It is
necessary to determine the most appropriate scanning color by comparing the
calculated volumes with known volumes. Verticality was provided using the
levels at the feet and behind the test area. The verticality was checked again
using a square grid network of 10 cm created in an area of 2.70 x 2.00 meters
using the Total Station in local system. The coordinates of the 588 points
obtained were recorded as shown in figure 3 [7].
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Figure 3 The grid network created on the test area [7].

The Y and Z coordinates were displaced to obtain a 3D image of the test
area as shown in Figure 4.
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Figure 4 A 3D image of the grid network on the test area [7].

Since the system that coordinates the grid network was not perpendicular
to the test area, a surface that was a half a rectangular prism was obtained. This
surface should have a volume of 0.8154 m3 and it was calculated by the
obtained coordinates as 0.8165 m3 according to the volume calculation method
of the rectangular prism. This very close result is numerical proof of the
verticality of the test area [7].

Each scan was performed at a fixed point 35 meters from the test area. The
test area was flrst scanned in white color as shown in Figure 8.

Figure 8 Scanning of the test area in white color.
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Then, the test area was scanned in light red, dark red, light blue, dark blue,
light green and dark green as shown in Figures 9 to 14, respectively.

Figure 10 Scanning of the test area covered with dark red foil.
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Figure 11 Scanning of the test area covered with light blue foil.

‘—d

. |

Figure 12 Scanning of the test area covered with dark blue foil.

-50-



Academic Research in Science and Engineering - Chapter 3

Figure 13 Scanning of the test area covered with light green foil.

Figure 14 Scanning of the test area covered with dark green foil.

The color values of each glossy foil paper were measured and recorded as
shown in Table 1. A Datacolor SF600+CT device was used for color
measurement. The parameters were chosen as follows: eye size 30 mm,
enlightening CIE-D65 and the observation angle 100.
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Table 1. Results of color measurement (CIE color parameters)

Color Color Name
Parameters | (o, .. | Light |Dark | Light | Dark | Light | Dark

Red [Red | Green | Green | Blue | Blue
CIE L* 91.05 [37.81 [27.27 | 4249 |5706 |33.15 [23.96

CIE a* -236 | 5884 3743 | -5945 | -50.37 | 2152 | 1017
CIE b* -342 | 3885 12019 | 2136 | -542 |-60.57 | -41.93
CIEY 78.60 | 5.98 3.32 1282 | 2499 |76l 4.09
CIEx 0.3040 | 0.60686 | 0.5690 | 0.2172 | 0.2022 | 0.14652 | 0.1710
CIE v 0.3260 | 0.3250 | 0.3202 | 0.5134 | 0.3600 | 0.1302 | 0.1516

Scans were made in the indoor place to reduce the effects of the external
environment. After the scanning was finished, the data was installed to
“scanmaster software”. In scanmaster software unnecessary point clouds were
cleared and the coordinates of the remaining point clouds were recorded in
Microsoft excel. The expected volume values for each scan were calculated in
Microsoft excel.

For light red, light green and dark blue colors, the raw data and the images
that cleaned from unnecessary point clouds are shown in Figures 15 to 20.

Figure 15 A Scanmaster image of the test area based on raw data from the
scan of the light red foil.
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Figure 16 A Scanmaster image of the test area based on the processed data
from the scan of the light red foil.

Figure 17 A Scanmaster image of the test area based on raw data from the
scan of the light green foil.

-53-



Academic Research in Science and Engineering - Chapter 3

Figure 18 A Scanmaster image of the test area based on the processed data
from the scan of the light green foil.

Figure 19 A Scanmaster image of the test area based on raw data from the
scan of the dark blue foil.
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Figure 20 A Scanmaster image of the test area based on the processed data
from the scan of the dark blue foil.

The minimum and maximum values of the coordinates of the required point
clouds were calculated in Microsoft excel. In order to avoid a possible
conversion error, the local coordinates obtained from the scanner were used
directly. From the obtained coordinates, the values of “Y” and “Z” were
replaced and the test area was made horizontal. If the scans had been made
exactly perpendicular to the test area, the volume of the rectangular prism
would have been zero. Since the scanner was not completely perpendicular to
the object and was not leveled, this is not possible. In this case a half
rectangular prism will be formed whose base is the difference between the
minimum and maximum X coordinates and the difference between the
minimum and maximum Y coordinates and the height of the rectangular prism
is the difference between the minimum and maximum Z coordinates. The
calculated difference values were multiplied (base area x height) and divided
into two (half rectangular prism) and the expected volume values were
calculated for each color [7].

Calculation of volume value that obtained by scanning the test area in white
color is shown in Figure 21.

After calculating the difference between the minimum and maximum
values of the coordinate values of the seven scanning stations, the coordinate
values were transferred to the “Surfer” software and the volume values for each
station were calculated. Figure 22 shows the volume value calculated from
point clouds obtained by scanning the test area in white color.
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Figure 21 The expected volume obtained by scanning the test area in white
color [7].
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Figure 17 Volume calculated from point clouds obtained by scanning the test
area in white color [7].
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As the surface of the object is flat, linear interpolation method which gives
the best result on the flat surfaces is used in volume calculations [8]. Also the
volume values obtained from the coordinates for each color were calculated.
Thus, the differences between the volumes were obtained.

3. Results
Table 2 presents all the calculated volumes and the differences between the
values by scanning color.

Table 2 A comparison of the calculated volumes between the scanning
colors.

Object Volumes Expected

Surface Calculated Volumes Differences

Color From Point (md) (md)
Clouds (m®)

White 0.0036 0.0230 0.0194

Light 0.0033 0.0440 0.0407

Red

Light

Blue 0.0027 0.0312 0.0285

Light 0.0033 0.0451 0.0418

Green

Dark 0.0033 0.0443 0.0410

Red

Dark 0.0027 0.0324 0.0297

Blue

Dark 0.0033 0.0470 0.0437

Green

A 1.0 meters x 2.0 meters portion of the test area was assessed in the study.
The laser scanner was not completely perpendicular to the test area and there
was a 30 cm slip on the Y axis. This resulted in a half rectangular prism of
2.7x2.0x0.3 meters in dimensions for each scan. The volume of this half
rectangular prism was calculated as 0.810 m3. The volumes were recalculated
by increasing each edge of the prism from 1 mm to 15 mm and the values
obtained are shown in Table 3 [7].
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Table3 The volume values obtained by increasing each edge of the prism
from 1 mmto 15 mm [7].

¥ ® 7 Error Calculated| Known DHfferences
‘.l'ulu_mE \.l'nlu_mE (m}
(rm} [rm} (m) | (mmj {m™) (m*)
0.301 2.701 | 2.001 1 0.81341 000341
0.302 2.702 | 2002 2 0.81682 000582
0.303 2703 | 2003 3 082024 001024
0.304 2.704 | 2.004 4 0.82366 001366
0.305 2705 | 2005 3 0. 82709 0.0170%
0306 | 2.706 | 2.006 6 0.83052 002052
0307 | 2.707 | 2.007 7 0.83356 0.81000 002306
0308 | 2.708 | 2.008 3 0.83740 002740
0300 | 2. 709 | 2.009 o 0.84085 Q03085
0310 | 2710 (2,010 | 10 0.84430 0.03430
0311 | 2711 | 2011 | 17 084776 0.05776
0312 | 2.712 | 2012 12 0.85122 o.04122
0.313 | 2.713 | 2.013 13 0.85460 004465
0314 | 2.714 | 2.014 14 0.85816 004816
0315 | 2.715 | 2.015 15 0.56164 005164

The differences in the volume values shown in Table 2 and 3 were
compared. According to the data in Table 3, if the volume difference was
0.02740 m3, it was assumed that scans had been performed with an error of 8
mm [7].

Then, the difference values given in Table 2 were compared to those in
Table 3 to obtain the scanning precision of the seven applications (Table 4).
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Table 4 Scanning precisions by object surface color.

Obiject Surface Color Scanning Precision (mm)

White 5.7

Light Red 11.8

Light Blue 8.3
Light Green 12.2
Dark Red 11.9

Dark Blue 8.7

Dark Green 12.7

4. Conclusion

Terrestrial laser scanning technology is a highly preferred method and laser
scanners have been successfully applied in many engineering applications. The
accuracy of the obtained results in the studies with terrestrial laser scanners is
quite important. As with all measurement techniques, the results of laser
scanning can be misleading due to different factors. In studies with terrestrial
laser scanners, the characteristics of the reflecting surface, roughness, wetness,
distance from the scanner, the material components of scanned object and the
surface colors of objects effect laser signals and scans performed and change
the accuracy of study.

Therefore, the determination of the error sources is extremely important
and necessary to maintain the quality of data. It is also crucial to know the
accuracy of the measurements made with this type of equipment.

In this study, the test area surface was covered by glossy foil paper of
different colors in different tones (white, light red, dark red, light blue, dark
blue, light green and dark green) and scanned using a Topcon GLS-1000
terrestrial laser scanner from a distance of 35 meters. Then, the effects of the
object surface colors in different tones on the accuracy of the scanner were
investigated. There was much reflection on the test area. This situation caused
the lack of data in this region.

Based on the results, it can be concluded that the Topcon terrestrial laser
scanner has a scanning sensitivity of 5.7 mm to 12.7 mm for the given colors
at a 35 m distance and scans with minimum errors when the object has a white
color.
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1. Giris

Teknolojik gelismeler sonucu, ¢evreye, yonelik artan antropojenik etkiler,
dogal ekosistemlerde olumsuz degisimlere neden olmakta, yiiksek miktarlarda
olan endiistri, sanayi ve kentsel atiklar bulunduklar: alanlarda yasayan canli
hayatmi tehdit etmektedir. Ozellikle ekosistem igerisindeki biyogesitliligin
azalmasma, ekosistemin yapisinin bozulmasma ve verimliligin diigsmesine
neden olmaktadir (Shparyk ve Parpan, 2004). Ozellikle bu alanlarda bulunan
kirlenmenin en Onemli kaynagini agir metaller olusturmaktadwr. Dogal
¢evrimlerden daha ¢ok insanin neden oldugu etkiler nedeniyle agir metallerin
ekolojik sistemde igerisinde hizli ve yiksek miktarlarda yayilimi
goriilmektedir. Bu antropojenik etkilerin en ¢ok goriildiigii, cevreye toksik
etkisi olabilen agir metallerin yayillmasmi saglayan kaynaklarn ve
faaliyetlerin basinda maden sahalari, terk edilmis maden sahalar1 ve atik
birikintilerinin bulundugu alanlar gelmektedir (Adriano, 1986; Ozay ve
Mammadov, 2013 ).

Maden cevherlerinden metallerin kazanilmasi sirasinda meydana gelen
atiklar, tabi tutulduklar1 islemlerle aktiflesip, organizmalarda birikerek zararli
seviyelere ulagsmakta ve canli hayatini tehdit eden birer kirlilik kaynagi haline
gelmektedir (Kahvecioglu ve ark., 2003; Kir ve ark., 2007)

Cevre kirligine neden olan, toprak, su ve havada degisik
konsantrasyonlarda var olan agir metaller (Pb, Zn, Cu, Cr, Co, Cd, V vb.)
belirli konsantrasyonun iizerine ¢iktiklarinda tiim canlilar i¢in onemli bir
tehlike olugturmaktadir (Gaur ve Adholeya 2004; Tangahu et al., 2011).

Agir metaller, cevrelerindeki toksisiteleri ve kaliciligi nedeniyle en
tehlikeli antropojenik cevre kirletici gruplari olarak siniflandirilmaktadir
(Gaur ve Adholeya 2004; Tangahu et al., 2011; Vanli ve Yazgan 2008; Ozay
ve Mammadov, 2013 ). Terk edilmis maden sahalarinda, atik depolarinin
oldugu bolgelerde, hatta uzun siire isletilmekte olan maden sahalari, ¢evreye
toksik etki yapabilecek agir metallerin yayilimini saglamaktadir. Amerika
Birlesik Devletleri Cevre Koruma Ajanst (EPA)“nin hazirladigi oncelikli
cevre kirleticiler arasinda yer alan agir metaller, en 6nemli ¢evre kirletici
gruplardan birini olusturmaktadir. Topraklara karisan ve buralarda birikme
yapan agir metaller, mikrobiyal aktiviteye, toprak verimliligine, biyolojik
cesitlilik ve iriinlerdeki verim kayiplarina, hatta besin zinciri yoluyla
sicakkanlilarda zehirlenmelere kadar birgok c¢evre ve insan sagligi
problemlerinin ortaya ¢ikmasina ve ekosistemlerin kirlenmesi neden
olabilmektedir (Gaur ve Adholeya 2004; Shanker et al, 2005; Vanli ve Yazgan
2008; Tangahu etal., 2011; Ozay ve Mammadov, 2013).
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Cevre ve dogal kaynaklarin kirlenmeye karst korunmasi, ¢evre kirliliginin
Onlenmesi acgisindan son derece dnemli olmakla birlikte kirlenmis alanlarin
temizlenmesi de mevcut gevre kirliliklerinin ¢6ziimiinde biiyiik 6nem arz
etmektedir (Ozay ve Mammadov, 2013). Ancak, tahrip edilmis bir alan kendi
haline birakildiginda ekolojik dengesine ulasmasi, kendi kendini onarmasi gok
uzun yillar alabilir. Bunun igin maden sahalar1 gibi alanlarda faaliyet
esnasinda ve faaliyet bittikten sonra alan kullanim planlamasi dogrultusunda
tahrip edilmis alanm biyolojik verimliligin yeniden kazandirilmasi, topragin
degerlendirilmesi ve gelistirilmesi amaciyla onarim ¢aligmalar1 yapilmaktadir.

Ozellikle madencilik faaliyetlerinin iiretim ve tiikketim asamalarinda, dogal
peyzajda bozulmalar meydana gelmektedir. Madencilik nedeniyle kismen
veya tamamen bozulmus alanlarm iyilestirilmesinde ve bu alanlarin faaliyet
bittikten sonra farkli amaglar i¢in kullanilmasi, kaynaklarin korunmasi ve
stirdiiriilebilir kullanimi i¢in yapilacak onarim c¢aligmalar1 hayati nem
tagimakta, ayni zamanda dogal kaynaklar1 gelecek nesillere aktarmak ve
yasanabilir temiz bir cevreye sahip olmak icin gereklidir. Insanoglunun ¢ok
uzun yillar beklemeden hasar gormiis alanlarin yeniden dogaya kazandirmak
ya da onarmak i¢in dogal bitki tiirlerinden faydalandiklar1 birgok calisma
yapmuglardir. Yaptiklart bu caligmalarda tahrip olmus, kirlenmis alanlarin
tekrardan sosyo-ekonomik ve kiiltiirel yapisina, dogal ve Kkiiltiirel peyzaj
ozelliklerine, dogal yasam alanlarina uygun yeni bir yasam alani olarak
kazandirabilmek i¢in dogru materyal ve teknigin dikkatli se¢ilmesi gereklidir.
Buna bagli olarak alanin ekolojik, ekonomik ve estetik degerlerinin yeniden
olusturulmas1 ve geri kazanilmasinin miimkiin olacaktir (Akpinar 2005;
Yazici vd., 2014).

Madencilik alaninda faaliyet sonrasi, dogal yapmin mevcut haline en yakin
sekilde yeniden kazanilmasi genel olarak ekosistem restorasyonu kapsaminda
degerlendirilmekte, dogal bitki Ortiisiiniin yeniden olusmasini saglayacak
caligmalar ise ekosistem restorasyonunun en onemli asamalarindan birisini
meydana getirmektedir. Ekosistem restorasyonlarinda dogal bitki ortiisii
kullanilarak yasam ortami yeniden diizenlenir, bdylelikle bozuk ya da hasar
gormiis ekosistemlerin dnceki saglikli stirecine geri donmesi saglanir

Kirli ortamlarmn temizlenmesinde bitkilerin kullanilmas1 yeni bir kavram
degildir. Guniimiizde ¢evremizdeki kirliliginin artmasiyla birlikte, ¢evreyi
giizellestirmesinin yani sira iyilestirilmesinde de gorev alabilen bitkilerinin
agir metaller ile kirletilmis olan ekosistemlerin temizlenmesi ¢aligmalarinda
kullanilmalar1 giiniimiizde artarak nem kazanmaktadir (Ozay ve Mammadov
2013). Agrr metaller ile kirlenen topraklarin temizlenmesinde bitkilerin
kullanilmast ve bu oOzellige sahip bitkilerin tespit edilmesi Onem
kazanmaktadir.

Bitkilerin veya bitki {irinlerinin kirlenmis alanlar1 restore veya stabilize
etmek i¢in kullanimy, kirliligin bitki tarafindan segilerek ¢ikarilmasi, ayrilmasi
ve armdirilmast yesil slah (fitoremediasyon) olarak bilinmekte ve bitkilerin
organik veya inorganik maddeleri giderimi, akiimiile etmesi, depolamasi veya
pargalamasi gibi dogal yetenekleri avantaj olarak kullanilmaktadir (Meagher,
2000; Mcmtyre,2003).
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Toprak iistii organlarinda topraktaki metal konsantrasyonundan 50 ila 500
kat daha fazla metal biriktirebilen bitkiler hiperakiimiilatér olarak
adlandirilmaktadir. Diger bir ifadeyle, hiperakiimiilator bitkiler agir metalleri
herhangi bir toksisite semptomu gostermeksizin toprak iistii organlarinda diger
bitki tiirlerine gore 100 ila 1000 kat daha fazla biriktirebilmektedir. S6z
konusu miktar bu denli yiiksek agir metal igeren topraklarda yasamaya adapte
olamamis bir¢ok benzer tiir i¢in toksiktir. Hiperakiimiilator olmayan tiirlerle
kiyaslandiginda hiperakiimiilator bitkilere ait kokler topraktan agir metalleri
¢ok yiiksek bir oranda alir, gévdeye daha yliksek bir hizda iletir ve gdvde ve
yapraklarda yiiksek miktarlarda depolarlar. (Clemens, 2006; Rascio ve ark.
2011)

Madencilik alaninda faaliyet sonrasi, dogal yapmin mevcut haline en yakin
sekilde yeniden kazanilmasi genel olarak ekosistem restorasyonu kapsaminda
degerlendirilmekte, dogal bitki Ortiisiiniin yeniden olusmasini saglayacak
caligmalar ise ekosistem restorasyonunun en onemli agamalarmdan birisini
meydana getirmektedir. Agir metal ile kirlenmis alanlardaki bozulmus
ekosistem yapisi, yerel bitkiler kullanilarak yeniden diizenlenir, bdylelikle
bozuk ya da hasar gormiis ekosistem yapisinin dnceki saglikli siirecine geri
donmesi saglanir. Uretim yapan ve ekonomiye katkisi olan halen isletilen
Murgul bakir maden yatagi ve yakin ¢evresi hem agir metaller tarafindan hem
de gorsel olarak oldukca fazla kirletilmistir. Murgul bakir maden isletme
sahas1 cevherin tiiketilmesi ile birlikte kullanilmayacak, kirlilik etkisi devam
eden atil bir alan olacaktir. Boyle alanlarin kirlilik kaynagi olmaktan ¢ikartilip,
dogal ekosistem yapismin yeniden tesis edildigi ve yeniden kullanilabilecek
bir alan haline getirmek amaciyla, 6rnek alanda yapilan ¢alisma kapsaminda
alinan toprak orneklerinde agir metal kirlilik diizeyleri incelenmistir. Ayni1
zamanda Ornek alandan bitki tiirleri de toplanarak, teshisleri yapildiktan sonra,
tespit edilen bitki tiirlerinin onarim ¢alismalarimda kullanilabilirlikleri ve bitki
tirlerinin  farkli metaller icin indikatdr bitki olabilecegi diislincesiyle
hiperakiimiilator olarak kullanilabilirlikleri arastirilmistir.

1.1. Fitoremediasyon Yontemi

Agir metallerle kirlenmis alanlarm iyilestirilmesinde kullanilan pahali ve
daha fazla ugras gerektiren gelencksel miihendislik yontemleri olan
remediasyon teknikleri (Salt vd. 1995; Glass 2000) yerine son yillarda maliyeti
daha diistik teknik, cevre dostu olan yesil 1slah (fitoremediasyon) teknolojisi
kullanilmaktadir (Arshad vd. 2008; Shi vd. 2009; Terzi ve Yildiz, 2011).

Fitoremediasyon teknigi, birgok iilkede kullanimi yayginlasan agir
metallerle kirlenmis topraklarin temizlenmesinde kullanilan pasif bir teknoloji
olup, diger islah yontemlerine gore olduk¢a disiik masrafli, uygulama
kolaylig1 ve uygulama siiresinin kisaligi gibi bir¢ok avantaja sahip 1slah
yontemi olarak kabul edilmektedir. Agir metalleri absorbe eden, dokularinda
yiiksek seviyelerde biriktirip ¢esitli siireglerden sonra etkisiz hale getirebilen
hiperakiimiilator bitkiler kullanilmaktadir (Raskin vd. 1997; Glass 1999).
Kadmiyum, bakir, kursun, nikel ve ¢inko gibi agir metaller Thlapsi, Urtica,
Taraxacumofficinale, Chenopodium, Polygonum sachalase ve Allyssim gibi
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baz1 hiperakiimiilator bitkiler tarafindan absorbe edilerek ya toprakta birikerek
sabit hale gecerler ya da topraktan uzaklastirilirlar. Bu yiizden, s6z konusu
bitkilerin yetistirilmesi kirlenmis topraklarin aritilmasinda dolayli bir metot
olarak kabul edilmektedir (EPA 1995).

Fitoremediasyon teknolojileri metal icerikli kirletici ¢esitlerine gore
fitoekstraksiyon, fitostabilizasyon ve rizofiltrasyon olarak siniflandirilmistir
(Aybar vd., 2015).

Fitoekstraksiyon (Bitkisel Oziimleme); Fitoekstraksiyon, toprakta kirlilige
yol agan metal kirleticilerin bitki kdkler yardimi ile alinmasi yontemidir. Bu
yontemde yiiksek kirlilik seviyesine ulagmis alanlarda kirliligi istenilen
seviyelere indirgemek i¢in absorbsiyon oranini yiiksek olan ve yiiksek oranda
kirlilige dayaniklilik gosteren hiperakiimiilator bitkiler tercih edilir. Bu bitkiler
zararll metalleri kokleri yardimi ile topraktan alirlar ve diger vejetatif
organlara dagitiminda gorev alirlar. Bu nedenle, uygulamada metalleri
biinyesinde barindirabilen hiperakiimiilator bitkiler kullanilmaktadir (EPA
1995). Fitoekstraksiyon yonteminin bagarisi bitkilerin biyokiitle tiretme hizina
ve alinan metalleri govde dokularinda yiiksek miktarlarda absorbe edebilme
yetenegine baglhidir (Blaylock ve Huang 2000; Kalkan vd., 2011; Aybar vd.,
2015; Ertiirk ve Ozdogan, 2017).

Rizofiltrasyon  (Kéklerle Siizme): Rizofiltrasyon yonteminde ise
kullanilacak bitkilerde filtre gorevi yapan iyi gelismis bir kok sistemine sahip
olmasi gerekmektedir. Bu yontem daha ¢ok topragin 1slahindan ¢ok kirlenmis
sudaki agir metallerin alandan uzaklagtirmasinda uygulanmaktadir.
Kirleticiler ya bitkilerin kdk yiizeylerinde absorbe edilir ya da kokler araciligi
ile emilerek bitkinin diger organlarina tasmir. Bu ydntem alanda
uygulanmadan 6nce kullanilacak hiperakiimiilator bitkiler alana ekilmeden
once farkli bir ortamda kirleticiye adaptasyonu saglanmasi gerekmektedir.
Bitkilerin kokleri istenilen diizeyde gelisene kadar toprak yerine temiz suda
bekletilmelidir. Daha sonra uyum sorununu ortadan kaldirmak i¢in bitkiler
Kirlenmis su kaynagina aktarilir. Son olarak uygulama yapilacak kirlenmis
alana dikim iglemi gergeklestirilir. Kékler doygun hale geldikten sonra hasat
islemine baslanilir ve giivenli bir sekilde imhas1 gergeklestirilir (EPA 1995;
Kalkan vd., 2011; Aybar vd., 2015).

Fitostabilizasyon (Kdklerle Sabitleme); bu yontem daha ¢ok toprak,
sediment ve ¢amurlarm 1slah edilmesinde, ¢ogunlukla erozyonun meydana
geldigi sahalarda erozyonu 6nlemek amaciyla, kirleticilerin yer alti sularma
sizmasint engellemek ve toprakla dogrudan temasint engellemek icin
kullanilir. Bu yontemde toprak yiizeyini drtebilmek amaciyla kdkleri vasitasi
ile kirleticileri fiziksel ve kimyasal olarak sabitleme yetenegine sahip agir
metallerle kirlenmis topraklarda biiyiiyiip geligebilen ve toksik metalleri daha
az toksik formlarmna doéniistiirebilmek icin topragin fiziksel, kimyasal ve
biyolojik 6zelliklerini degistirebilen hiperakiimiilator bitkiler kullanilmaktadir
(Berti ve Cunningham 2000; Rizzi vd. 2004; Bert vd. 2005, Kalkan vd., 2011;
Aybar vd., 2015).

Ancak fitoremediasyon teknolojisini kullanabilmek i¢in 6ncelikli olarak
ekolojik sartlarin optimal diizeyde ve diger edafik ve biyotik faktorlerin de
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uygun olmasi gerekmektedir. Agir metalleri alma giicii yiiksek olan bitkilerin,
genellikle lokal olarak yayilis gosterdikleri ve kendilerine has bir yasam
sartlarmin oldugu belirlenmistir. Ancak ¢ok genis alanlarda yayilis
gosterebilen Taraxacum officinale (Karahindiba) gibi 6zelliklere sahip
bitkilerin bir kismu topraktan aldiklar1 agir metalleri biinyelerindeki enzimler
aracilig1 ile kimyasal formlarin1 degistirmekte, bir kismi topraktan aldigi
kirleticileri transpirasyon yardimi ile atmosfere salinmakta ve diger kismi ise
herhangi bir bozunuma ugramayip bitkinin vejetatif organlarinda birikerek,
bitkinin hasadiyla ortamdan uzaklastirilmaktadir (Aybar vd., 2015).

1.2. Hiperakiimiilator bitki tiirleri

Hiperakiimiilator bir bitki ¢ok yliksek konsantrasyonlarda agir metal iceren
topraklarda yasayabilen ve bu agir metalleri kokleri yolu ile alarak diger
dokularinda biriktirebilen bitki olarak tanimlanmaktadir (Rascio ve ark. 2011).
Bunlar, normal bitkilerde 6lgiilenden 100 kat daha fazla metal biriktirme
kabiliyetine sahip bitkiler olarak bilinmektedirler. Biinyesinde metal biriktiren
yaklasik olarak 400 bitki tiiriiniin varlig1 bildirilmektedir. Bu 6zellige sahip
bitkiler cogunlukla Asteraceae, Brassicaceae, Caryophyllaceae, Cyperaceae,
Fabaceae, Lamiaceae, Poaceae, Violaceae ve Euphobiaceae dir.
Familyalarma ait tiirlerdir. Hiperakiimiilator bir bitki 10 ppm’ den fazla Hg,
100 ppm’den fazla Cd, 1000 ppm’den fazla Co, Cr, Cu, ve Pb ve 10.000
ppm’den fazla Ni ve Zn’ yu biinyesine alabilmektedir (Thompson, 1997;
Brooks, 1998; Reeves, 2006; Ozay ve Mammadov, 2013). Ornegin, dogada
bulunan bitlkilerin ¢ogu yaklasik 100 ppm’lik bir ¢inko (Zn) birikimi
yaptiklar1 halde, en yaygin hiperakiimiilator bitki olarak bilinen Thlapsi
caeruledcens’in 26000 ppm’in iizerinde bir birikim sagladigr farklh
kaynaklarda ifade edilmektedir (Lasat 2000; Aybar vd., 2015).

Yaklagik 300 yil once bitkilerin atik sularin islenmesinde kullanilmast
lizerine galismalar vardir. Ornegin Bradshaw (1952) Festuca rubra L.ve
Agrostis capillaris L. gibi maden yataklarinda yaygin olarak gelisen bitki
populasyonlarmin metal dayanimlarmi ispat eden ilk arastrmacidir. Daha
sonra bulagik topraklardan metallerin ¢ikarilmasinda bitkilerin kullanimi fikri
Chaney (1983) tarafindan yeniden ortaya konmus ve gelistirilmistir. Del Rio
ve ark. (2002), agir metaller ve arsenikle kirlenmis Donana Milli Parki’nda
bazi bitki tiirlerini aragtirmiglar, iclerinde C. dactylon bulundugu 10 bitki
tiriiniin ~ agr  metallerle  kirlenmis  alanlarin  rehabilitasyonunda
kullanilabilecegini ortaya koymuslardir. Erdogan ve Uzun (2007), Althea
rosea, Cynodon dactylon, Melilotus officinalis’in ¢6p depo alanmi iizerinde
yetismelerinin miimkiin oldugu ve bu tiir alanlarin iyilestirilmesi icin
kullanilabileceklerini ortaya koymuslardir (Ozbek, 2015).

Hiperakiimiilator bitkilerde kendi igerisinde iki ana grupta toplanmaktadir.
Birinci grupta, birden fazla agir metali agir1 miktarda biinyesinde biriktirebilen
fakat az miktarda biyokiitle olusturan Thlaspi, Urtica, Chenopodium,
Polygonum sachalase ve Alyssum gibi hiperakiimiilator bitkiler yer alirken,
ikinci grupta ise orta seviyede agir metal biriktirebilen fakat yiiksek miktarda
biyokiitle olugturan Helianthus annuus L., Nicotiana tabacum L. Brassica
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juncea L. ve Zea mays L. gibi bitki tiirleri yer almaktadir (Ozay ve Mammadov,
2013]).

Portekiz“de Cr, Mn ve Zn ile kontamine olmus topraklarda Cistus
ladanifer, Lavandula stoechas, Plantago subulata ve Thymus mastichina
bitkileri kullanilarak fitoekstraksiyon yontemi ile topraklarm temizlenme
olanaklar1 arastirilmis ve sonugta P. subulata harig diger ii¢ bitki sahip
olduklar1 yiiksek tolerans kabiliyeti sayesinde hayatta kalmig ve aritim igin iyi
bir performans sergilemislerdir. Ayrica bu ¢aligmada tanimlanan 3 bitki
tiirliniin hos kokulu olmalar1 ve ugucu yaglar1 sayesinde ekonomik fayda
saglayabilecek bir biyokiitleye sahip olduklar1 da ortaya konulmustur (Ozay
ve Mammadov, 2013).

2. Materyal ve Yontem
2.1. Calisma Alani

Caligmanin ana materyalini Murgul bakir madeni sahasini hemen alt
kisminda bulunan dere yatagi cevresinden (Sekil 1) alman toprak ve bitki
ornekleri olusturmaktadir. Arastrma alani; Artvin Orman Bolge Miidirligi,
Borgka Orman Isletme Miidiirliigii, Goktas Orman Isletme Sefligi smnirlari
igerisinde bulunan, baglangi¢ noktasi bakir isletmesi kabul edilerek atik suyun
tahliye edildigi dere giizergahini kapsamaktadir (Sekil 1).

PASA DOKUM SAHAS!

Al
3 B

MADEN SAHAS! (WA CEVHER ALANY)

Sekil 1: Calisma alanindan goriintiiler ve ¢alisma alani sinirlart
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2.2. Yontem

Maden sahasmin faaliyeti bittikten sonra alanin onarilmasina ve yeniden
kullanilmasina yonelik onerileri gelistirebilmek igin oncelikle 6rnek alan
tizerinden topraktaki kirlilik seviyesi belirlenmesi, bu toprak iizerinde dogal
olarak yetigen bitki tiirlerinin belirlenmesi ve hiperakiimiilator olabilirliklerini
belirlemeye yonelik asagida verilen ¢aligsma prosediirii uygulanmustir.

2.2.1.Toprak ve Sediment Orneklerinin Alinmasi ve Analize Hazirlanmasi

Caligma kapsaminda, ¢aligma alanindaki her noktanin 2 farkli yerinden
toprak reaksiyonu ve agir metal kirliligi tespiti i¢in 0-10, 10-20 cm derinlik
kademelerinden toprak numuneleri almmistir. Toprak Ornekleri, esaslara
uygun olarak 6rnekleme yapilan alani temsil edilecek sekilde alinmigtir. 0-10
cm ve 10-20 cm derinlik kademesi belirlenip, her kademeden yaklasik olarak
1-1,5 kg toprak 6rnegi alinmustir (Jockson, 1967). Aliman bu 6rnekler i¢ ige
geeirilmis polietilen torbalara konulmustur. Toprak ve sediment &rnek
numarasi ve katmanlara iligkin tanitim kart1 bu iki torbanin arasina yazilar disa
gelecek sekilde yerlestirilmistir.

Araziden getirilen toprak orneklerini analizlere hazir hale getirmek icin
oncelikle laboratuvarda uygun bir yer segilerek gazete kagitlarmimn iizerine
serilmigtir. Her bir 6rnege iliskin etiketler toplu igne ile ilgili gazete kagidina
tespit edilmistir. Bu sekilde serilen ornekler, hava kurusu haline gelince,
havanda usuliine uygun olarak ogiitillerek 2 mm’lik elekten gegirilip ince
kisim kavanozlara, tag ve g¢akil kismi ise polietilen torbalara konulmustur
(Chapman vd. 1961). Toprak ornekleri Artvin Coruh Universitesi, Orman
Fakiiltesi, Toprak ilmi ve Ekolojisi Laboratuvarinda yapilmistir. Hava kurusu
hale getirildikten sonra Chapman vd. (1961) bildirdigi esaslara uygun olarak
analize hazir hale getirilmis ve analiz edilmistir. Toprak Orneklerinin
analizinde kullanilan metotlar agagida verilmistir.

Toprak Reaksiyonunun (pH) Belirlenmesi

Elementlerinin bitkiler tarafindan alinabilmesi i¢in toprak pH degeri
onemlidir. Genellikle nemli iklimlerde topraklar asitli, kuru iklimlerde ise
alkali olma egilimindedirler. Bu nedenle Tiirkiye genelinde topragin pH’1 ve
kire¢ miktar1 yiiksektir. Besin elementlerinin en rahat almabilecegi toprak
pH’s1 6.5-7 arasindadir. Her bir elementin toprak ¢ozeltisinin pH degerine
bagimlilig: farkli derecelerdedir.

Toprak orneklerinin tepkimesi cam elektrot metodu ile Olgtilmiistiir.
Aktiiel asitlik igin kiitlece 1/2.5 toprak-su karisimi bir gece bekletildikten
sonra dlgiilerek bulunmustur (Giilgur, 1974). Agir metallerin toprak asitligine
etkisini aragtirma amact1 ile pH 6l¢timii Orman Fakiiltesi, Orman Miihendisligi,
Orman Entomolojisi ve Koruma Laboratuvarinda pH — metre ile yapilmstir.
Toprak ve Sediment Orneklerinin Agir Metal Analizi

Ogiitiilen 1.0 gr’ lik toprak 6rnekleri iizerine 10 ml HNO3 ilave edildi.
Ornekler ilk asamada 5 dakika 180°C’ye kadar 1sit1lds, ikici asamada ise 10
dakika 180 °C’de sabit kalmasi beklendi. Son asamada ise 15 dakika i¢inde
orneklerin sicakliklart ortam sicakligina getirildi. Boylece silikatlar hari¢
biitlin bilesenlerin ¢oziiniirlestirilmesi saglanmistir. Toprak ve sediment
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orneklerinde mikrodalga asit parcalama (EPA 5031) metodu kullanilarak
¢Oziindiiriilmiis ve metal konsantrasyonlar1 da ICP-OES cihaz1 kullanilarak
Cr, Mn, Ni, Cu, Zn, Cd ve Pb elementlerinin ppm ve ppb seviyesinde analizleri
yapilmustir. Analiz ¢alismalar1 Artvin Coruh Universitesi Bilim-Teknoloji
Uygulama ve Arastirma Merkezi Miidiirliigii Labortuvarinda yapilmistir.

2.2.2. Bitki 6rneklerinin Teshisi

Caligma kapsaminda alinan bitki 6rnekleri, caligma alanindan toplanmustir.
Bu bitkilerin bir kismi1 ¢ok yillik agag, bir kismui ise yillik ve ¢ok yillik otsu
bitkilerdir. Toplanan bitki tiir tespitinde Artvin Coruh Universitesi Herbaryum
Koordinatorligiiniin uzmanlarmdan destek alinmistir. Bitkilerin tiir tespitini
yapilabilmesine yardime1 olabilmesi amaciyla bitki drneklerinin araziden
toplanmasi genellikle ¢icek donemine karsilik gelen Nisan-Haziran ve tohum
donemlerine karsilik gelen Temmuz-Eyliil aylarinda gerceklestirilmistir.

3. Bulgular

Caligma alani ve gevresindeki agir metal birikimini ve kirlilik durumunu
ortaya koymak amaciyla Mayis (2017) - Ekim (2017) aylar1 arasinda, 6 ayr1
noktadan toplam 12 adet toprak 6rnegi alinmig ve 6rneklerin Bakir (Cu),
Kursun (Pb), Cinko (Zn), Nikel (Ni), Mangan (Mn), Demir (Fe), Krom (Cr)
ve Kadmiyum (Cd) gibi agir metal konsantrasyonlar1 belirlenmistir. Toprak
orneklerinde belirlenen pH degerleri ve agir metal konsantrasyon degerleri
Tablo 1’de verilmistir. 6rnekleme yerlerinden gelen toprak 6rneklerinin agir
metal konsantrasyon degerleri Tablo 1'de ve Sekil 2'de grafiksel olarak
gosterilmistir. Ayni zamanda Tablo’1de 6rnek alinan toprak drneklerinin pH
degerleri verilmistir. Tablo 1°de gortildiigii tizere pH degerleri 4 ile 5 arasinda
degismektedir. Tablo 1’e¢ bakildiginda agir metallerin maden yatagi ve
cevresinde ortalama Dbirikim diizeyleri Cu>Zn>Mn >Pb>Cr>Ni>Cd
seklindedir. Ayrica pH degerlerine gore topraktaki agir metal sinir degerleri
Tablo 2’de verilmistir. Tablo 2’de goriildiigii iizere topraktaki agir metal sinir
degerleri topragin pH degerine gore degismektedir.

Caligma alanmnin pH degerlerine gore Tablo 2’ deki pH < 5- 6 smir
degerlerine gore bakildiginda Mn, Cu ve Zn agir metal konsantrasyonunun
sinir degerleri tizerinde oldugu goriilmektedir.

Caligma alanmdaki tiim noktalarin ortalama Cu igerigi 380 ppm’dir (Tablo
1). Cu’m ortalama en yiiksek konsantrasyonu 2. ve 6. noktalarda yer
almaktadir ve en yiiksek Cu icerigi 2. noktada ortalama 488 ppm, 6. noktada
443 ppm’dir. Kirlenmis alanlardaki topraklarm Cu konsantrasyonlari
Avustralya’da 210 ppm, Polonya’da 240 ppm, Ingiltere’de 415-733 ppm,
Japonya’da 456-2020 ppm, Zambia’da 0.2-58 ppm arasinda degismektedir
(Sasmaz ve Yaman, 2008). Bu oran ¢aligma alanindaki topraklarda Cu’dan
kaynakl bir kirliligin oldugunu gostermektedir. En diisiik Cu konsantrasyonu
ise 5. noktadir ve ortalama 205 ppm’dir (Sekil 2). Tablo 2’ye bakildiginda
ortalama Cu konsantrasyon degerlerinin smir degerlerinin ¢ok tizerinde
oldugu goriilmektedir.
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Tablo. 1. Ornek alanlardan alman farkli derinliklerdeki toprak drneklerindeki
pH ve agir metal konsantrasyon degerleri (mg kg—1 kuru maddede)

. Toprak Cu zn Mn Pb Cr Ni Cd
Qi e %rfri]‘)l“g PH {ppm] | [ppm] | [ppm] | [ppm] |[ppm] [[opm] | [ppm]
1.Nokta 0-10 }4,35 2524 1102 57,26 19,966 |6,600 |1,421 0,354
10-20 |4,36 |3552 |132,9 [46,90 13,11 8,430 [1,440 [1.203
2 Nokta 0-10 14,67 5624 |137,2 |60,11 |5,825 |6,711 |2,584 |0,423
10-20 4,96 4144 1127,3 172,59 |6,175 |13,29 |8,728 |0,861
3. Nokta 0-10 5,07 590 127,7 |48,32 |7,333 |8,491 |2,421 |0,781
10-20 |5,17 3153 1613 41,86 |6,239 |7,549 12,178 |0,910
4.Nokta 0-10 4,49 349,3 |144 43,74 18,453 |9,781 |3,010 0,921
10-20 [4,4 4264 1197,8 |49,08 |7,698 |6,461 [1,637 |0,851
5. Nokta 0-10 44,7 400,8 |309,1 |49,10 |13,92 [10,55 |2,581 |1,009
10-20 [4,8 9,625 |239,7 |69,51 |77,64 |4,664 |1,877 |1,340
6 Nokta 0-10 [4,75 3,237 [260 [112.1 [35,78 [1,890 [5,313 |1.386
10-20 |4,89 |884,5 |209.2 [46,74 [8,637 |8,469 [44,11 [1.190
Genel Ortalama 3802 |179.0
9 2 5811 [16,73 |7,741 |6,442 10,94

Tablo 2: pH degerlerine gore topraktaki agir metal sinir degerleri (ppm) [39
(Anonim 2001 Adriano 2001).]

Topraktaki Agir metal simr degerleri (ppm)
pH<5-6 pH>6 6<pH<7 pH>7
Agir mg/kg mg/kg mg/kg mg/kg
Metal (Toplam) Firin Kuru Firin Kuru Toprak Firin Kuru Firin Kuru
Toprak Toprak Toprak
Pb 50 300 70 100
Cd 1 3 1 1,5
Cr 100 100 60 100
140 50 100
[ N [ 30 | 75 50 70
300 150 200
50

Cu topraklarda hareketsizdir. PH’a bagli olarak hem organik hem de
inorganik maddelerle kolaylikla etkilesime girebilir (Sasmaz ve Yaman,
2008). Cu daha gok bazik kayaclarin ayrigmasiyla olugmus topraklar igerisinde
gozlemlenmektedir (Kabata-Pendias and Pendias, 2001). Diisiik pH’larda Cu
bilesiklerinin ¢dziiniirliigiiniin yiiksek olmasi nedeniyle asitli topraklarda Cu
yarayisilig1 yiiksek olup toksik etki yapmaktadir. (Deveci2012). Toprakta 100
mg/kg, bitki kuru maddesinde ise 15-30 mg/kg’dan fazla bakir toksik etkilidir.
Bakir toksisitesi genellikle bitki kok sistemlerinde agiga ¢ikar ve bitki
biinyesinde protein sentezi, fotosentez, solunum, iyon alimi ve hiicre membran
stabilitesi gibi baz1 fizyolojik olaylarin bozulmasina neden olur (Sossé ve ark.,
2004; Asri ve Sonmez, 2006; Sonmez ve ark., 2006b), yapmis olduklari
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calismada, toprakta yiiksek diizeylerde Cu miktarmin toprak pH’s1 ve bitki
besin maddesi alimi iizerine etkilerini incelemislerdir. Artan Cu miktar1 toprak
pH’simni, degisebilir magnezyum ve bitkiye yarayishh demirin azalmasina,
toplam N, alinabilir P, degisebilir K, bitkiye yarayislt Zn ve Cu igeriklerinin
artmasina neden oldugu belirtmislerdir.

Calisma alaninda yliksek oranlarda bulunan Mn ve Zn’ de diisiik pH’larda
¢Ozlinlirliigliniin  yikksek olmasi nedeniyle asitli topraklarda toksik etki
gostermektedirler. Tiim noktalarin ortalama Zn igerigi 179,02 ppm’dir (Tablo
1). Zn’nin ortalama en yiiksek konsantrasyonu 6.noktalarda yer almaktadir ve
en yiiksek Zn igerigi 5 noktada ortalama 274,4 ppm, 6. noktada 234,6 ppm’dir.
En diistik Zn konsantrasyonu ise 1. noktadir ve ortalama 1. nokta 117,45
ppm’dir (Sekil 2). Tablo 2’ye bakildiginda ortalama Zn konsantrasyon
degerlerinin 4. 5. ve 6. noktalarda smir degerlerinin iizerinde oldugu
goriilmektedir.

Topraklardaki toplam Zn konsantrasyonu 10-300 ppm, bitkiler tarafindan
almabilir Zn konsantrasyonu 3.6-5.5 ppm arasinda degismektedir. Bitkilerdeki
Zn konsantrasyonlar1t normal bitkilerde 5-100 ppm arasinda degismektedir.
Topraktaki yiiksek miktarlardaki Zn’nin klorofil sentezini etkiledigi
bilinmektedir. Bu da bitkilerde kok ve siirgiin bilyiimesinin azalmasina,
koklerin incelmesine, geng yapraklar kivrilmasina ve klorozun goriilmesine,
hiicre biiylimesi ve uzamasinin engellenmesine, hiicre organellerinin
pargalanmasma sebep vermektedir. (Ozbek ve ark., 1995; Rout ve Das, 2003;
Asri ve Sonmez, 2006).

Diger element olan Mn konsantrasyonu tiim noktalarda ortalama 58,1
ppm’dir (Tablo 1). Mn’nin ortalama en yiiksek konsantrasyonu 6. noktada yer
almaktadir ve en yiliksek Mn igerigi 6. noktada ortalama 79,42 ppm’dir. En
diisiik Mn konsantrasyonu ise 3. noktadir ve ortalama 3. nokta 45,09 ppm’dir
(Sekil 2). Tablo 2’ye bakildiginda ortalama Mn konsantrasyon degerlerinin 1.
2. 5.ve 6. noktalarda sinir degerlerinin iizerinde oldugu goériilmektedir.

500 A
450 -
400 -
350 A
300 - HCu
250 A =Zn
200 -+ Mn
150
100 -+
50 -
0 T T T T T T
1.nokta 2.nokta 3.nokta 4.nokta 5.nokta 6.nokta

Sekil 2. Calisma alanindaki Cu, Zn ve Mn elementlerinin ortalama agir
metal konsantrasyon degerleri
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Aragtirmalar agrr metal kirliliginin oldugu alanlarda dogal olarak
yetigebilen tiirlerin, bu ortamlarda yetistirilebilme potansiyeli oldugunu ve
ayn1 zamanda bu ortamlarin yeniden dogaya kazandirilmasi, biyolojik
verimliligin  yeniden kazandirilmasi, topragin degerlendirilmesi ve
gelistirilmesi amactyla kullamimlarmm 6nemli oldugunu gostermektedir.
Yapilan calismalar incelendiginde yaygmn olarak agir metal kirliligine
dayanikli olan tiirlerin bulundugu familyalarin, Fabaceae, Asteraceae,
Caryophyllaceae, Poacea, Brassicaceae, Salicaceae familyalarma ait bitki
tiirlerinin oldugu goriilmektedir. Yine ayni caligmalarda bu familyalara ait
Silene, Salix, Trifolium, Plantago, Thlaspi, Urtica, Chenopodium, Polygonum
ve Alyssum gibi bitki tiirlerinin kadmiyum, bakir, kursun, nikel ve ¢inkoyu
biinyelerinde biriktirme yeteneklerinin oldugu ve s6z konusu bitkilerin
kirlenmis topraklarda yetistirilmesi ile bu alanlarin temizlenmesinde bir
yontem olarak kullanilmasinin 6nemi vurgulanmistir  (Thompson 1997;
Mulligan et. al, 2001; Ozay ve Mammadov, 2013; Ozbek, 2015).

Caligma alaninda yapilan arazi ¢aligmalar1 sonucu toprak o6rnekleri alinan
noktalarda ve yakin gevrelerinde dogal olarak yetisen bitki tiirlerinden
ornekler toplanmis ve tiir tespiti yapilmustir. Yapilan tespitler sonucu ¢alisma
alaninda 15 familyaya ait 28 bitki tiirii tespit edilmistir. Caligma alaninda tespit
edilen bitki tiirleri ve bitkilerin bulunduklar1 noktalardaki alinan toprak
orneklerinin sinir degerlerini asan agir metaller ve ortalama konsantrasyon
degeri Tablo 3’ de verilmistir.

Tablo 1°deki degerlere bakildiginda Cu, Zn ve Mn konsantrasyon
degerlerinin ¢alisma alani igerisinde sinir degerlerinin {izerinde oldugu
goriilmektedir. Bu sinir degerlerinin lizerinde birikim olan alanlarda dogal
olarak Tablo 3’de verilen 28 bitki tiiriiniin topraktaki agir metal birikimine
karst olumsuz ydnde bir hassasiyet gostermeyip, dogal olarak yayilis
gosterdikleri gorilmiistir. Wang ve ark (2003), Cin’ de agir metallerle
kirlenmis bolgelerdeki gesitli bitki tiirlerinin bu metalllere karsi tepkilerini
incelemiglerdir. Agir metal ocagina yakin yerde yetisen Rumex acetosa L.’ nin
koklerinde ve siirgiinlerinde 900 mg kg:: © Zn biriktirdigini saptamislardir.
Tibbi bitki olan Hypericum perforatum yiiksek konsantrasyonlarda Cd
birikiminin ayn1 sartlarda yetistirilen birgok bitkiye kiyasla daha fazla oldugu
ortaya konmustur (Malko 2002; Schneider and Marquard 1996).

Madencilik faaliyetleri sonucu ortaya ¢ikan olumsuz ¢evresel etkilerin en
aza indirilmesi ve bozulan peyzajin dogaya yeniden kazandirilmasi, dogal
kaynaklarm siirdiirtilebilirligi bakimindan biiyiikk O6nem tagimaktadir.
Madencilik faaliyetleri nedeniyle tahrip edilmis bir alani ¢evresel agidan
duyarl bir duruma getirmek, temiz bir ¢evrenin ve dogal kaynaklarin gelecek
nesillere aktarilmasi i¢in zorunludur. Ancak, tahrip edilmis bir alan kendi
haline birakildiginda ekolojik dengeye ulasmasi, kendi kendini onarmasi ¢ok
uzun yillar alabilir. Béyle bir zaman siirecinde bu alanlarin yeniden dogaya
kazandirilmasi ya da onarilmasi i¢in teknik miidahaleye gereksinim vardir. Bu
amacla; madencilik faaliyetleri sonrasit dogaya yeniden kazandirma, tahrip
edilmis bir alanin verimliliginin, ekolojik, ekonomik ve estetik degerlerinin
yeniden kazandirilmasmi hedefleyen c¢aligmalar yapilmaktadwr (Akpinar,
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2005). Bu ¢aligmalart yaparken kullanilan materyalin basinda bitkisel
materyal gelmektedir.

Tablo 3: Calisma alaninda tespit edilen bitki tiirleri
~ ) Agir metal tiirii ve ortalama
2 S Familya Tiir konsantrasyon degeri
Cu Zn Mn
Salicaceae Salix caprea L.
o Caryophyllacea | Silene armeria L.
© e 52,08
é Pinaceae Picea orientalis (L.) Peterm. 3038 1175
o Ericaceae Rhododendron ponticum L. subsp.
ponticum
Ericaceae Rhododendron luteum Sweet
Polygonaceae Rumex acetosella L.
(G
X 4884 132,3 66,35
z Fabaceae Dorycnium graecum (L.) Ser.
Asteraceae Pilosella officinarum C.H. & F.W.
Schultz subsp. micradenia (NP.)
Sell & West
Fabaceae Lotus alpinus (DC.) Ramond.
Hypericaceae Hypericum orientale L.
Caryophyllacea | Silene armeria L.
e
e Fagaceae Quercus petraea (Mattuschka)
_Zé Liebl. subsp. iberica (Steven ex 4526 1445 45,09
o Bieb.) Krassiln.
Caryophyllacea | Scleranthus perennis L. subsp.
e perennis
Ericaceae Rhododendron smirnovii Trautv.
Plantaginaceae Plantago lanceolata L.
Rosaceae Rubus sp.
Fabaceae Trifolium alpestre L.
Smilacaceae Smilax excelsa L.
Ranunculaceae Ranunculus dissectus Bieb. Davis
© Asteraceae Bellis perennis L.
% Scrophulariace Scrophularia lucida L. 387,85 170,9 46,41
< ae
~ Asteraceae Cirsium echinus (M.Bieb.) Hand.-
Mazz.
o Caryophyllacea | Cerastium gnaphalodes Fenzl
= e
é Betulaceae Betula pendula Roth. 205,16 2144 59,305
o Plantaginaceae Plantago lanceolata L.
Plantaginaceae Veronica officinalis L.
Ericaceae Rhododendron ponticum L. subsp.
£ ponticum
Q 234,6 79,42
; Betulaceae Betula pendula Roth. 443,87

Tablo 1°deki degerlere bakildiginda Cu, Zn ve Mn konsantrasyon
degerlerinin ¢alisma alami icerisinde sinir degerlerinin {izerinde oldugu
goriilmektedir. Bu sinir degerlerinin {izerinde birikim olan alanlarda dogal
olarak Tablo 3’de verilen 28 bitki tiiriiniin topraktaki agir metal birikimine
kargt olumsuz yonde bir hassasiyet gostermeyip, dogal olarak yayilis

gosterdikleri goriilmistiir.
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kirlenmis bolgelerdeki gesitli bitki tiirlerinin bu metalllere karsi tepkilerini
incelemiglerdir. Agir metal ocagina yakin yerde yetisen Rumex acetosa L.’ nin
koklerinde ve siirgiinlerinde 900 mg kg:: ™ Zn biriktirdigini saptamiglardir.
Tibbi bitki olan Hypericum perforatum yiiksek konsantrasyonlarda Cd
birikiminin ayn1 sartlarda yetistirilen birgok bitkiye kiyasla daha fazla oldugu
ortaya konmustur (Malko 2002; Schneider and Marquard 1996).

Madencilik faaliyetleri sonucu ortaya ¢ikan olumsuz gevresel etkilerin en
aza indirilmesi ve bozulan peyzajin dogaya yeniden kazandirilmasi, dogal
kaynaklarmn siirdiirtilebilirligi bakimindan biiyiikk O6nem tasimaktadir.
Madencilik faaliyetleri nedeniyle tahrip edilmis bir alani g¢evresel agidan
duyarl bir duruma getirmek, temiz bir ¢evrenin ve dogal kaynaklarin gelecek
nesillere aktarilmasi i¢in zorunludur. Ancak, tahrip edilmis bir alan kendi
haline birakildiginda ekolojik dengeye ulasmasi, kendi kendini onarmasi ¢ok
uzun yillar alabilir. Boyle bir zaman siirecinde bu alanlarin yeniden dogaya
kazandirilmasi ya da onarilmasi i¢in teknik miidahaleye gereksinim vardir. Bu
amacla; madencilik faaliyetleri sonras1 dogaya yeniden kazandirma, tahrip
edilmis bir alanin verimliliginin, ekolojik, ekonomik ve estetik degerlerinin
yeniden kazandirilmasmni hedefleyen calismalar yapilmaktadir (Akpinar,
2005). Bu caligmalart yaparken kullanilan materyalin basinda bitkisel
materyal gelmektedir.

Maden sahalar1 gibi agir metal birikiminin oldugu alanlarda yapilan
onarim c¢aligmalarinin istenilen basariya ulasilabilmesi igin bitkilendirme
asamasmda kullanilan bitkinin agir metal birikimine toleransinin yiiksek
olmas1 yani sira tiirii, gap1 ve boyu, rengi, formu gibi 6zellikleri de 6nemli yer
tutmaktadir. Bitkilendirme calismalari i¢in erozyona dayanikli derin ve gii¢lii
kok sistemi gelistirmis, su tutma kapasitesi yiiksek bitkiler sec¢ilmelidir.
Bitkinin riizgdr erozyonunu 6nleyici dzelliklerinin yani swra giiriiltii ve toz
emisyonunu Onleyici 6zellikleri de g6z ardi edilmemelidir. Bitkinin iklimsel
kosullarina uyum saglamasi esas alimmalidir. Agir metal kirliligi olan ¢aligma
alaninda tespit edilen 28 tiiriin peyzaj degerleri ve kullanim alanlar1 Tablo 4’de
verilmistir.
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Tablo 4: Calisma alaninda tespit edilen bitki tiirlerinin peyzaj degerleri ve

kullanim alanlar1

Familya Tiir Peyzaj Kullanim alanlari Kullanim
Degeri asamasi
Salicaceae Salix caprea L. Formu Peyzaj onarim ve koruma | Kalic
calismalarinda bitkilendirme
agsamasinda
Caryophyllaceae Silene armeria L. Cigegi Erozyon onleme, peyzaj | on
onarim ve peyzaj | bitkilendirme
korumada agamasinda
Pinaceae Picea orientalis (L.) | Formu Gorsel — amag¢h  odak | Kalict
Peterm. olusturmada bitkilendirme
agamasinda
Ericaceae Rhododendron Cigegi, Toprak yiizeyini ortme, | Kalici
ponticum L. subsp. | formu gorsel amagh bitkilendirme
ponticum agamasinda
Ericaceae Rhododendron luteum | Cigegi, Toprak yiizeyini drtme, | Kalict
formu gorsel amagh bitkilendirme
agamasinda
Polygonaceae Rumex acetosella L. - Toprak yiizeyini értme On
bitkilendirme
agamasinda
Fabaceae Dorycnium graecum | Cigegi Toprak yiizeyini értme On
(L.) Ser. bitkilendirme
agamasinda
Asteraceae Pilosella officinarum | Cigegi Erozyon  onleme  ve | On
C.H. & F.W. Schultz toprak stabilizasyonu | bitkilendirme
subsp. micradenia ¢alismalarinda asamasinda
(NP.) Sell & West
Fabaceae Lotus alpinus Cigegi Toprak yiizeyini ortme, | On
Erozyon  dnleme  ve | bitkilendirme
toprak stabilizasyonu | asamasinda
calismalarinda
Hypericaceae Hypericum orientale | Cigegi Erozyon  onleme  ve | On
L. toprak stabilizasyonu | bitkilendirme
¢alismalarinda agamasinda
Fagaceae Quercus petraea | Formu, Kazik kokleri ile toprak | Kalict
(Mattuschka)  Liebl. | sonbahar tutmada, kazi ve dolgu | bitkilendirme
subsp. iberica (Steven | yaprak sevlerinin onarilmasinda, | asamasinda
ex Bieb.) Krassiln. rengi riizgar koruyucu olarak
Caryophyllaceae Scleranthus perennis | Formu Erozyon  onleme  ve | On
L. subsp. perennis toprak stabilizasyonu | bitkilendirme
calismalarinda asamasinda
Ericaceae Rhododendron Cigegi, Toprak yiizeyini ortme, | Kalict
smirnovii Trautv. formu gorsel amagh bitkilendirme
agamasinda
Plantaginaceae Plantago lanceolata | - Toprak yiizeyini értme On
L. bitkilendirme
agsamasinda
Rosaceae Rubus sp. Cigegi, Erozyon  onleme  ve | Kalict
meyvesi toprak stabilizasyonu | bitkilendirme
calismalarinda agamasinda
Fabaceae Trifolium alpestre L. Toprak yiizeyini ortme On
bitkilendirme
asamasinda
Smilacaceae Smilax excelsa L. Meyvesi, Peyzaj onarumi | On
sarmastk calismalarinda, tirmanict | bitkilendirme
ozelligi ozelliginden dolayt duvar | asamasinda
kenarlarinda ve yapay
citlerin
bitkilendirilmesinde
Ranunculaceae Ranunculus dissectus Cigegi Toprak yiizeyini értme On
bitkilendirme
agamasinda
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Asteraceae Bellis perennis L. Cigegi Toprak yiizeyini értme, | On
gorsel etki olusturmada | bitkilendirme
kullanma asamasinda
Scrophulariaceae | ScrophularialucidalL. | - Toprak  stabilizasyonu | On
¢alismalarinda bitkilendirme
agamasinda
Asteraceae Cirsium echinus Cigegi Toprak  stabilizasyonu | On
calismalarinda bitkilendirme
agamasinda
Caryophyllaceae Cerastium Cigegi, Toprak yiizeyini ortme, | On
gnaphalodes formu gorsel etki  olusturma, | bitkilendirme
toprak stabilizasyonu | asamasinda
calismalarinda
Betulaceae Betula pendula Roth. Formu, Gorsel amagh, golge | Kalict
Govde- olusturma, yonlendirme bitkilendirme
siirgiin asamasinda
rengi
Plantaginaceae Veronica officinalis L. | Cigegi Toprak yiizeyini értme On
bitkilendirme
agamasinda

4, Tartisma ve Sonug¢

Dogal bitki ortiisiinde yaygin olarak bulunan bazi bitki tiirlerinin, agir
metaller ile Kkirletilmis olan ekosistemlerin temizlenmesi ¢aligmalarinda
kullanilmalar1  glinimiizde artarak Onem kazanmaktadir. Ekosistem
restorasyonu ile yerel bitkiler kullanilarak yasam ortami yeniden diizenlenir,
boylelikle bozuk ya da hasar gérmiis ekosistemlerin donceki saglikli siirecine
geri ddnmesi saglanir (Ozbek, 2015).

Yapilan literatiir ¢caligmalar1 incelendiginde ¢alisma alaninda dogal olarak
yetigen agir metal kirliligine dayanikli olan tiirlerin bulundugu familyalardan
olan Caryophyllaceae, Fabaceae, Polygonaceae, Betulaceae familyalarina ait
Rumex acetosella L., Hypericum orientale L., Betula pendula Roth., Plantago
lanceolata L., Trifolium alpestre L., Silene armeria L. tiirleri kullanarak
madencilik alaninda faaliyet sonrasi, dogal yapinin mevcut haline en yakin
sekilde yeniden kazandirilmasi, ekosistem restorasyonu kapsaminda dogal
bitki ortiisiiniin yeniden olusabilmesi saglanabilir. Smith ve Bradshaw (1979)
yaptiklar1 ¢ahigmada da Ingiltere’de metal kirliligini gidermek igin metal
dayanimli yerel bitki tiirlerini kullanmiglardir. Metal dayanimli bitki
yetistiriciliginde uzun dénemde giibrelemenin miikemmel vejetatif aksam ve
toprakta stabilizasyonu sagladigini bildirmislerdir.

Maden ocaklarinda dogal bitki ortiisiiniin olusumu 70-80 y1l ve hatta daha
uzun yillar alabilir (Ozalp ve ark. 2008). Bu yiizden maden sahalarmmn
onarilmast asamalarindan olan "6n bitkilendirme" ¢aligmalarinda ylizeyin
ortillmesi saglanarak daha sonraki asli tiirlerle "kalici bitkilendirme"
caligmalarinin yapilmasi Onemlidir. Bu sebepledir ki calisma alaninda
yapilacak onarim ¢aligmalarinda ¢ayirlandirma asamasinda kullanilabilecek
azot baglayici olan bitkilerden, Trifolium alpestre L., Dorycnium graecum (L.)
Ser., Lotus alpinus, Hypericum orientale L., Scleranthus perennis L. subsp.
perennis, Cerastium gnaphalodes, gibi tiirlerin kullanilmasi, bir yandan dogal
cayir otlarinin, bir yandan da odunsu bitkilerin biiylimesine katkida
bulunacaktir. Sonraki asama olan calilandirma ¢aligmalarinda ise;
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Rhododendrom ponticum, Quercus petraea, Rubus sp., gibi bitkiler
kullanilabilir. Koklerinin azotu baglamasi ve dokiilen yapraklarindaki C/N
oranin1 uygunlugu sayesinde ¢aligma alaninda bulunana Robinia
pseudoacacia, Quercus petraea, Picea orientalis, Betula pendula ve Salix sp.
gibi tiirler biyolojik toprak islahi ¢aligmalarmda kullanilabilir. Boylelikle
dogal ekosistem yeniden olusturularak alanin faaliyet bittikten sonra yeni
kullanimlara kazandirilmast miimkiin olabilecektir.
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1. Introduction to The Centrifugal Compressors Research

Centrifugal compressors (CP) with high speed are dynamic compressors in
which a rotating impeller or blade transfers kinetic or potential energy to air.
Because of the rigorous design circumstances of the gas turbine sections and
the great rotational speed they operate, a component failure can cause serious
destruction to the complete unit [1]. In the meantime, the rotating and
immobile parts of the turbine unit, such as discs and blades, tend to operate in
a harsh situation under an excessive heat gas stream with a higher-pressure
increase. A gas turbine for CP used to generate electrical power is a
multifaceted system with a large number of rotating and stationary
components operating under fully controlled operating conditions [2]. The
incoming rotating air in a gas turbine section is compressed a few steps ahead
of the fixed and rotating blades. This air will later be reused in the chamber of
combustion and cooling. Compressed air entering the combustion chamber in
the centrifugal compressor, high pressure and high heat gas flow and high
pressure, which may operate shaft of the turbine at high momentums, are
assorted with ignited fuel. This high pressure causes distortion von Mises
stresses and displacements on the blades and discs. This activates the static
strain energy of the blade and disk. The fatigue caused by these alternative
impacts creates metal in the fatigue. [3-6]. The effects of liquid and air pressure
require an increase in compression and redesigning geometry of blade.
Azevedo et al. various scientific studies performed on CrNiMoV fault analysis
of turbine blades. Carter [2] conducted typical errors analysis in the steel parts
of various stages of modern aircraft gas turbine engines.

This research article focuses on the computational physical strain-stress
and deformation analysis of the steel alloys of the centrifugal compressor
wheel of AISI 403 martensitic stainless steel material used for the gas turbine.
A new approach to flow in the CP was examined by considering the various
performance parameters of the effect of mechanic stress, strain, fluid pressure
and velocity on the surface of the material, and the creation of three-
dimensional flow by the CFD. The results show that unbalanced simulations
significantly improve the accuracy of centrifugal compressor blade
performance evaluations.
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The results achieved was presented that instable simulations remarkably
increase the correctness of the centrifugal compressor blade performance
evaluations explained in later section of this chapter. This research is to study
gas pressure and velocity effect on the surface of CP blade as shown in Figure
1 and Figure 2. Table 1 presents the material properties of AISI 403 steel. Next
section explains the material and method related to CFD and structural
modeling to display new research subject for the CP blade.

Figure 1: Gas pressure and velocity in CP

Table 2: Gas turbine engine blade material properties

Properties

Name: Alloy Steel
Model type: Linear Elastic Isotropic
Default failure Max von Mises Stress
criterion:
Yield strength: 6.20422e+008 N/m*2
Tensile strength: 7.23826e+008 N/m*2
Elastic modulus: 2.1e+011 N/m"2
Poisson's ratio: 0.28
Mass density: 7700 kg/m"3
Shear modulus: 7.9e+010 N/m*2
Thermal expansion 1.3e-005 /Kelvin
coefficient:
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Figure 2: Blade model by Ansys

2. Materials and Methods for the Centrifugal Compressors

CFD-Computational Fluid Dynamics models have the interaction between
fluid analysis and geometrical environment in working environment. These
interactions are predominantly dependent on understanding the design code to
correctly predict energy loss models [7-8]. CFD determines how severely
reduced energy loss on performance due to improper geometric constraints.
The surface friction was caused by energy losses. The overpressure recovery,
flow recirculation; vortex incidence and blade tip leakage also was result of
energy escapes.

The centrifugal compressor has a fixed case with a rotating impeller, which
gives the air a high speed. The impeller is sucked in the air and rotated at high
speed by the blades on the centripetal disc. The first measured performance
was static pressure amount. The static pressure ratio was at the outlet to the
total pressure in the inlet. Figure 3 displays the static pressure ratio as a inlet
utility corrected and exit improved mass flow.

From this study for the physics of the turbine blade, the CFD analysis may
be affected and found an improved resolution. The pressure ratio plots versus
exit improved mass flow rate presented in Figure 4 were found as a useful tool
in off-design operation for CP. The corrected mass flow exit graph in Figure
4 is valuable as for jet or CP engines. The new compressor design is to provide
a steady airflow into the combustion chamber.

The contribution of this paper to scientific research was to determine the
design and better performance of a centrifugal compressor that could be
computer-generated virtually simulation correctly using CFD software. The
design analysis was developed by ANSYS-CFD to produce high quality
results.
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Figure 3: Velocity analysis of gas turbine engine blade
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Figure 4: Pressure analysis of gas turbine engine blade

A new approach for CP blade stress-strain was applied to evaluate by the finite
element method. The aerodynamic and power supplies were analyzed by
computing the strength and strain and the life of the blade at the beginning of
the design process in this research. The variety of dynamic loads is mainly due

-85-



Academic Research in Science and Engineering - Chapter 5

to the centrifugal force, vibration and aerodynamic forces on the blade. This
CP blade modeling was carried out for static strain (ESTRN) analysis as shown
in Figure 5. Finally, 3D blade disc was demonstrated with equivalent von
Mises analysis of gas turbine engine at the measured time on the surface of
blade and disc, as shown in Figure 6.
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STATIC STRAIN

Figure 5: Static strain analysis (ESTRN) of gas turbine engine blade
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Figure 6: Equivalent von-Mises analysis of gas turbine engine blade

The oy as von Mises stress, pointed in axis direction in x,y,z. In the design
process, the purpose of the von Mises stress analysis that meets the
aerodynamic criteria is to calculate and model the real stress as given in Figure
6. So, it is achievable to predict the possible destruction. In von Mises stress
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calculation, 24% of the stress was more on the blade than on the blade disc.
Figure 6 displays the stress distribution of the CP with high rotational speed.
Maximum stresses occur at the base of the blade of the compressor disc. 235.72
MPa, which is below the yield stress of AISI 403 steel of 310 MPa. Therefore,
the compressor design is safe.

To simulate the internal flow of liquid correctly in a CP, the Navier-Stokes
equations were resolved by commercial software—ANSYS/CFD. Centrifugal
compressor surface model was generated using commercial software
SOLIDWORKS. In addition, existing network production and computer aided
engineering ANSYS CFD were employed to identify the geometry and
behavior of the blade and disc material.

3. Results and Discussion

A step-by-step approach for CP blade research was applied. Initially, the
propeller part was simulated, and then an inclusive fluid flow analysis and a
turbulence model revision were accomplished to identify the magnitude of
possible errors from mathematical models. After the entire CP working phase,
the design was virtually realized. Various simulation parameters were chosen
to perform the test setup accurately and to increase the speed of digital
convergence. Finally, a number of studies were performed, ranging from 70 to
123% of the design speed to non-design work. The results were analyzed for
better understanding of flow physics under suitable working conditions after
comparison with experimental measurements.

4. Conclusion

CFD analysis software for the estimate of complicated off-design CP
performance was employed to analyze velocity and pressure on the surface of
gas turbine blade. The AISI 403 martensitic stainless steel material was used
for blades.

This research presents a new approach of the von Mises computational
modeling for CP bladed disc. Significant results of difficult and unstable CP
calculations suggest that completely unstable flow analyzes can give better
performance prediction, especially for high rotational speeds and pressure
impact. The CP computational analysis results indicate that fully unsteady fluid
flow phenomena can generate better implementation calculations especially at
high rotating velocities. Validating commercial ANSYS/CFD software for the
prediction of complex off-design CP functioning was successful to
comprehend a better CP physics.
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1. Introduction

This paper relates to the 304L steel computational analysis for material
safety and reliability for bulk milk cooling storage-welded tank. The research
aim is to explain the experimental measuring of material (X2Crnil18-9) 304L
data used for computational FEM in the bulk milk-cooling tank (bMCT).
Sensitivity analysis (SA) modeling of the tank was done in the ANSYS
program. The focus is on the compression and tensile strain behavior of the
304L stainless steel materials sensitivity analysis by input random quantities
from data von Mises stress model. A nonlinear contact FEM was simulated to
analyze the interaction between the bottom plate and the base. The results of
this analysis can be a useful tool for bMCT designers to improve the designs
safety.

1.1.Bulk Milk Cooling Tank

The bMCT material Young’s modulus of 304L and thickness of bottom
plate on stress along the height of the tank is the important part of the SA [1].
The stiffness effect of bMC on stress adjacent to the thickness of the metal
plate [2], Young's modulus, material and geometric properties were examined
by random quantities for SA. Meshed milk tank, stresses in welded area was
shown in Figure 1.

Bottom of Tank
Stresses in weld area
[Mpa]

Figure 3: Meshed milk tank, stresses in welded bottom area

-90-
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Sensitivity analysis was accomplished to determine the material parameters
to know the process parameters that cause the most impact on the milk tank
geometry and the parameters to be carefully controlled [3]. Studies have shown
that a change in process parameters affects tank width, sloshing area and
internal shape coefficient more strongly than it affects the outer shape [4-5].

Sensitivity analysis method was used in conjunction with a computational
model for material characteristics of milk tank in stainless steel to investigate
the relationship between loading parameters and the potential mechanical
stress distributions. The finite element method was used to calculate
sensitivities. The next section explains a new method SA developed for bMCT
304L material stress analysis.

2. Materials and Methods for Stainless Steel 304L bMCT

The structural analysis of cylindrical steel bMCT is carried out by
parametric SA approach. The strain and deformation of a fully filled tank
shown in Figure 1 were analyzed involving the welded zone of bottom bMCT
area stresses. The major load of a vertical and cylindrical storage tank is the
milk filling of the internal shell with the hydrostatic compression. The tank is
3 m long x @ 2m in diameter, which was made of steel 304L and carries 3 tons
milk. SA is carried out using the design velocity fields and sloshing movement
effect defined in Figure 2. Then, the sensitivity distribution of minimum
principles stress versus middle and maximum stress is characterized by
mechanical stresses in the material of bulk vertical milk tank.

I Maximum Principal
[l Middle Principal
[ Minimum Principal

Figure 4: Principle stress of BMCT

Since the hydrostatic compression pressure is uppermost level here, the
lower shield at the bottom has the highest metal plate thickness. And the von
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Mises stress of 304L bMCT was presented in Figure 3. SA was finalized with
Maximum von Mises stress as 124771 MPa under the hydrostatic loading.

124771
110908
> 970445
83181
693175
55454
415905
27727
138635
0 Min

Figure 5: The von Mises stress of 304L BMCT

Parametric SA analysis for bMCT was done according to 1SO-5708-2A 11
standards and ASTM 276-986 304 for Hysteresis (strain life) of 304L steel as
shown in Figure 4.

5,35e+8

2,548

Stress (Pa)

-2,5e+8

-5,35e48
-4,65e-2 2,52 -1,25e2 0, 1,252 2,52 4,65e-2

Strain (m/m)
Figure 6: The von Mises stress of 304L BMCT

3. Results and Discussion

The maximum principal stress [2] was induced circumferential stresses
(o1) as 628.881 in 123 mm and the induced minimum stress or circumferential
stresses, as shown in Figure 2. Acquired results by SA are demonstrated on the
problem of stress and strain test of the milk tank as shown in Figure 3. The
static loads are applied to the material properties and boundary conditions in
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order to estimate the fatigue life of the bMCT. The most critical data analyzed
[3], in terms of stress concentration, found in the welded region. Similarly, the
results of the deformation sensitivity analysis in this research are within the
normal range compare to work of Ramesh [6].

4. Conclusion

The principal purpose of this research is to predict stress/strain resulting
from the hydrostatic pressure of the liquid in bMCT by SA. In parametric SA
research, finite element method was used to investigate the displacements,
deflections and Von-Mises stresses in a cylindrical bMCT with respect to plate
thickness at compressions and working conditions. The results of this study
demonstrated how the selected assumptions and material properties have a
great impact on modeling outcomes by sensitivity analysis in finite element
analysis-ANSYS.

Calibration and validation of a complex thermo mechanical model remain
a difficult and important issue in numerical welding simulation. Modeling
uncertainty on input variables can help to better understand the model
behavior, conditionally to a good probabilistic model. The sensitivity analysis
allows selecting most influential variables on the variability of the interest
results. Mechanical stress-strain, displacement and von Mises sensitivity
analysis can afterwards be concentrated only on parameters. The use and the
choice of these methodologies require ANSYS tools and specific care for
visualization of the results, which is a crucial point for an easier interpretation.
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1. Giris

Kat1 atiklar, kentlerdeki insan faaliyetleri sonucu olusan, gaz ve sivi
formda olmayan atiklar olarak tanimlanabilir. Bu atiklarin kaynagi esas olarak
hane halk1, insaat ve diger kentsel faaliyetler sonucunda olugmaktadir. Kentsel
kat1 atiklariin bertaraf ve yonetimi, hem gelismekte olan hem de gelismis
tilkelerin karsilastigi sorunlardir. Kentsel kati atiklarinin bertaraf edilmesi
artan bir halk saglig1 ve ¢evre sorunudur. Depolama sahasi, kentsel kat1 atik
yonetim sistemleri ile ilgili karmasik bir siiregtir ¢linkii yerel ve merkezi
yonetim fonlarma, artan cevresel farkindaliga, halk sagligi kaygilarma ve
niifus yogunluguna baghdwr. 2016 yilinda 702.882 kisi ile Siileymaniye
sehrinde kentsel kat1 atik iiretimi giinliik kisi basi ortalama 0,86 kg dan
220.635 ton kati atik Giretmistir.

Bu arastirma, depolama sahas1 yer se¢iminde CBS ve bir COKVA ydntemi
olan AHP kullanilmustir, ¢iinkii bu yontemler diizenli depolama sahas1 se¢imi
sorununun ¢6ziimii i¢in giiclii ve biitiinlesik araglar sunmaktadir. Uygun
depolama sahasi se¢imi, saglam atik bertaraf ve cevrenin korunmasi, halk
saghg ve yasam kalitesinin temel adimidir. Dogru bir sekilde uygulandiginda,
depolama siirecindeki ve sonraki adimlarin ¢ogunu belirler. Rahatsizliklara ve
olumsuz uzun vadeli etkilere kars1 dnlem alinmalidir. Ornegin, iyi secilmis bir
depolama sahasi, genellikle karmasik olmayan, tasarimi kolaylastiracak ve
genis bir kaplama malzemesi saglayacaktir. Cevresel ve kamuya acik bir islemi
makul bir maliyetle kolaylastiracak.

Depolama sahasinda ¢ok sayida o6lciit dikkate alinmali ve her birine ayri
agirlik verilmelidir. Bu dlgiitler, dogal fiziksel Ozelliklerin yani sira
sosyoekonomik, ¢evresel, sosyo-politik ve arazi kullanim faktérlerini igerir.

Bu ¢aligmanin ayrintili hedefleri sunlardir:

1. Stileymaniye Sehrinde kati atik yonetiminin durumu ve sehrinde
mevcut atik bertaraf tesislerinin kapsamli bir degerlendirmesi.

2. Cahisma alaninda iretilen kati atiklarin kiimiilatif miktarlarmin ve
gelecekteki beklentilerinin kestirilmesi.

3. Beklenen gelecek kati atik miktarinin iki farkli yontemle
hesaplanmasi.

4. Siileymaniye Sehrinde diizenli depolama sahasi i¢in gerekli alan
biiyiikligiiniin tahmini.
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5. Siileymaniye Sehrinde uluslararasi dlgiitlere uygun depolama sahasi
yer secini icin degerlendirme Olgiitlerinin ve agirliklarinin
belirlenmesi. Gelecekte bu Olgiitler, planlamacilarin ve karar
vericilerin yeni bir ¢op depolama alani segerken yakin ¢evredeki diger
benzer alanlarda uygulamalarini saglamak i¢in bir referans
olusturacaktir.

6. Secilen olgiitlere gore CBS ve AHP yontemi ile Siileymaniye sehri
orneginde kullanilarak diizenli depolama alani i¢in uygun bir alanin
belirlenmesi.

2. Kaynak Bildirisleri

Tiim evsel atiklar ve ticari ve kurumsal atiklar, sokak siipiirme ve insaat
enkazi gibi tehlikeli olmayan atiklar Kentsel Kat1 Atik olarak tanimlanir;
(Shekdar, 2009). Kentsel Kat1 Atik, ABD EPA tarafindan konut, ticari ve
kurumsal (6rnegin okullar, devlet daireleri) kaynaklarindan gelen atiklari
icerecek sekilde tanimlanmaktadir. Bu tanim, yanma kiilii, su ve atik su aritma
artiklari, insaat ve yikim atiklar1 ve tehlikeli olmayan endiistriyel atiklar1 dahil
olmak tizere sikca atilan birgok materyali kat atik tanimi1 disinda tutar (Staley
ve Barlaz, 2009). Ogwueleka (2009) ise hanelerden atilma, endiistriyel, ticari
ve kurumsal kuruluslardan (hastaneler dahil) gelen tehlikeli olmayan kati
atiklar, pazar atig1, bahge atig1 ve sokak siipiirme iglemlerini igerecek sekilde
kentsel kat1 atik tanimi1 yapmustir.

Kentsel Kat1 Atik, bu nedenle iiretim, depolama, toplama, aktarma ve
tasima, isleme ve geri kazanimm kontroli ile ilgili disiplin olarak
tanimlanabilir. Bunlara ek olarak, kat1 atiklarin en iyi sekilde halk saghigi,
ekonomi, mithendislik, kentsel ve bolgesel planlama, koruma, estetik ve ayrica
halkin tutumlarina cevap veren diger ¢evresel hususlara uygun sekilde bertaraf
edilmesini de kapsayan bir olgudur (Jaya, 2004).

Kentsel Kat1 Atik Yonetimi, kentsel alanlarda tretilen kati atiklarin
toplanmasi, aktarimasi, aritilmasi, geri doniistiiriilmesi, kaynaklarm geri
kazanimi ve bertarafi anlamma gelir. Kentsel Kati Atik Yonetimi, yerel
yonetimlerin biiyiikk bir sorumlulugudur ve hem o6zel hem de kamu
sektorlerinde ¢ok sayida paydas arasinda uygun organizasyonel, teknik ve
yonetsel kapasite ve igbirligini iceren karmasik bir hizmettir (Bernstein, 2004).

Kat1 Atik Sahasmin Se¢imi: Uygun atik depolama sahasi se¢imi, atiklarmn
bertaraf edilmesinde ve c¢evrenin, halk saglhiginin ve yasam Xkalitesinin
korunmasinda temel adimdir. Dogru sekilde uygulanirsa, sikintilara ve uzun
vadeli olumsuz etkilere karsi onlem almasi gereken diizenli depolama
siirecinde izleyen adimlarmn ¢ogunu belirler. Ornegin, iyi secilmis bir depolama
sahas1 genellikle karmasik olmayan bir tasarimi kolaylastiracak ve makul bir
maliyetle ¢evresel ve halka agik olarak kabul edilebilir bir islemi
kolaylagtiracak yeterli kaplama malzemesi saglayacaktir (Ball, 2005).
Depolama sahasinda ¢ok sayida kriter goz 6niinde bulundurulmali ve her birine
agirliklar verilmelidir. Bu kriterler, sosyoekonomik, ekolojik, ¢evresel, sosyo-
politik ve arazi kullanim faktorlerinin yan sira dogal fiziksel 6zellikleri de
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icermektedir (Ball, 2005; Luthbom ve Lagerkvist, 2003; Rahman ve digerleri,
2008).

CBS ortaminda Depolama sahasi se¢imi uygulamalart: Gelismis tilkelerde
kat1 atik bertaraf sahalarinin se¢imi i¢in farkli araglar ve teknikler
gelistirilmektedir. Cografi Bilgi Sistemi (CBS), saha parametrelerini
popiilasyon ve diger ilgili verilerle veya diger ilgili 6zelliklerle, uygun bertaraf
sahalarinin se¢iminde yardimci olacak sekilde entegre etmek igin firsatlar
sunmaktadir (Rahman ve dig., 2008).

Vatalis ve Manoliadis (2002), saha se¢im prosediirlerinin uygulanmasinda
CBS'den faydalanabilecegini savundu. CBS'nin ortak yararlar1 su sekilde
listelenebilir: (i) mekansal verilerin toplanmasi, saklanmasi ve yonetimi, (ii)
biiytik mekansal verinin saglama ve analizi, (iii) duyarlilig1 ve optimizasyon
analizlerinin kolayca gerceklestirilebilmesi, ve (iv) model sonug¢larmin
sunumu.

Kat1 atik depolama sahasi se¢im siireci ¢esitli yasalara, diizenlemelere ve
faktorlere bagl oldugundan, genis hacimli mekansal veriler degerlendirilmeli
ve islenmelidir. Bu zorlugun iistesinden gelmek i¢in, CBS yaygin olarak kat1
atik depolama sahalarmin se¢ilmesinde kullanilir (Baban ve Flannagan, 1998;
Allen ve dig., 2002).

Konu ile ilgili kullanilabilecek birkag CBS yazilimi vardwr, ancak en
popiiler yazilimlardan biri ArcGIS Desktop'tir. ArcGIS bir CBS yazilim
paketidir, genis bir cografi veri yonetimi, mekansal diizenleme ve kartografik
gorsellestirme islevselligi ile CBS uzmanlarina hizmet vermektedir. ArcGIS
uygulamalar1 kullanim kolaylig1 ve giiclii cografi goriintiileme, sorgulama ve
analiz i¢in tasarlanmistir. Tasarmmi geregi geneldir ve genis bir kullanict
kitlesine hizmet eder (Daneshvar ve dig. 2003). Caligma kapsaminda yiiriitiilen
mekansal veri operasyonlar1 ArcGIS yazilimi kullanilarak gergeklestirilmistir.

3. Materyal Ve Yontem

Uygun bir depolama sahas1 se¢imi i¢in, AHP ile CBS ortaminda, on alt1
oOlgiit i¢in haritalar olusturulmustur. Bu yontemin baslica avantajlari, niteliksel
ve niceliksel 6l¢iitlerin kullanilabilmesi olanagidir. Kentsel kat1 atik depolama
sahas1 se¢im siireci asagidaki adimlardan olusmaktadir (Sekil 1).

* Gelecekte beklenen kati atik miktarlar1 ve depolama alani gereksinimi.

* Depolama sahasi segiminde karar verme agacinin olusturulmast.

* Mevcut ¢alisma i¢in uygun 6lgiitlerin se¢imi.

* Her bir 6l¢iit i¢in uygun alan degerlendirmesinin yapilmasi.

+ CBS ile tiim 6l¢iitlerin ayr1 ayr1 degerlendirildigi cografi veri tabaninin
hazirlanmasi.

+ Olgiit agirliklarmin, uzmanlarin, literatiiriin, ¢evresel ve bilimsel
gereksinimlerin  gorliglerine dayanarak ve AHP yontemi ile
belirlenmesi.

+ Aday kat1 atik depolama sahalarmin haritalanmasi.
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Karar agacmm birincil amaci, bir depolama sahasi i¢in uygun bir yer
secimidir. Sekil 2. {i¢ seviyeli karar probleminin hiyerarsik yapisini
gostermektedir. ik asamada degerlendirme olgiitleri iki hedef altinda
gruplanmustir - dogal cevresel faktdrler ve yapay faktorler. kinci seviyede,
hidroloji, arazi, topografya, altyapi, erisilebilirlik ve sosyal-kiiltiirel 6lgiitler
olmak iizere alt1 kategori vardir. Ugiincii seviye, bu ¢alismada kullanilan on
alt1 dlgiitten olusan alt 6lgiitleri icermektedir.

Iculating expected

fut

Village

nes

Sekil 1. Kat1 Atik Depolama Sahast se¢imi i¢in model akis semast.

| intog soabie et v J

1
Reduce the effect Reduce
of nature the construction cost
i A ibility Social-cultural Infrastructure
Criteria Criteria Criteria

RN [ RN W
aipor | Luinzes

| Archacological sites '

Muilitary arca l

Industrial arca '
.

Sekil 2. Uygun kat1 atik depolama sahasinin se¢imi i¢in gelistirilen karar
stirecinin aga¢ diyagrami.
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4. Bulgular Ve Tartisma

Her bir 6l¢iitiin agirliklarin belirlenmesinde AHP teknigi uygulanmis ve
her bir alt grubun agirliklarinin belirlenmesinde uzmanlarm Onerileri, bu
konuyla ilgili 6nceki arastirmalar ve mevcut arastirmaya bagli farkli temel ve
edinilebilir veriler kullanilmistir. Her 6l¢iit aragtirmada Siileymaniye Sehrinde
kat1 atik depolama sahasi segimi amaci ile ele alimmak igin CBS ortamindaki
aday sahalarin analizi amaci ile on alt1 dlgiitiin her biri bir katman olarak
degerlendirilerek, Harita Cebiri (Map Algebra) fonksiyonu uygun depolama
sahasinin belirlenmesi i¢in kullanilmistir. Aday depolama sahalarmnin segilen
sahalarmm uygunluguna gore, nihai harita bes sinifli sekilde gorsellenmistir.

CEINNT3 CEINNT3

Bu smiflar, “hari¢ tutulan yerler”, “uygun olmayan yerler”, “nispeten uygun
yerler”, “uygun yerler” ve “en uygun yerler” seklindedir. "Harig tutulan yerler"”
simifinda Siileymaniye Sehrinde bulunan kent merkezleri, kdy yerlesmeleri,
havalimanlarini, nehirleri, tarihi alanlari, riizgar yoniinii yliksekogrenim
kurumlarini ve sanayi bolgelerini kapsamaktadir. Bu yerler degerlendirmede
sifir (0) degerini almistir. Tablo 1 tekrar smiflama sonrast her smif tipinin

alanmi ve ¢aligma alanina oranini géstermektedir.

Tablo 1. Siileymaniye Sehrinin kat1 atik depolama arazi uygunluk siniflarmin
alansal biiyiikliikleri ve % cinsinden biyiikliikleri.

Simiflar Alan Km? (%) Biiyiiklagii
1 Harig tutulan yerler 1553.5613 82.462
2 Uygun olmayan yerler 127.6491 6.775
3 Nispeten uygun yerler 95.9670 5.093
4 Uygun yerler 72.3672 3.841
5 En uygun yerler 34.4192 1.827

Siileymaniye Sehrinde, 2032 yili {iretilmesi beklenen kat1 atik
miktarlarinin hesaplanmasi i¢in iki farkli yontem kullanilmistir (Tablo 2) ve
(Tablo 3).

Tablo 2. Siileymaniye Sehrinde 2020-2032 yillarinda kati atik ortalama ve
kiimiilatif miktarlarmi hesaplamak i¢in kullanilan birinci yontem.

Ortalama Ortalama (GRWA) kg/  Kentsel kati  Kiimiilatif
niifus kentsel kati (kisi * Giin) atik kentsel kati
2009-2016  atik miktari miktariQg, atik miktar
2009-2016 (ton) 2032 Q(ton) 2020-
(ton) 2032 i¢in
35,254 187,016 0.8065 331,513 3,633,366
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Tablo 3. Siileymaniye Sehrinde 2020-2032 yillarinda kati atik ortalama ve
kiimiilatif miktarlarmi hesaplamak icin kullanilan ikinci yontem.

Mevcut Gelecek 2016'de Kentsel kat1 2032'de Kentsel kati

niifus P,(  niifus kentsel  atik olusumu kati atk atig

2016) P,(2032) kati Generation miktar1Qs  Kiimiilatif
atik oram1 (GRW) (ton) Miktar
miktar1 kg / (Kkisi bas1 Q(s)c (ton)
(ton) * giin) 2016 2020-2032

702,882 1126168 220635 0.86 434656 4437189

Siileymaniye sehrinde kentsel kat1 atik yogunlugu 455 kg m3'tiir. Bu
degerler, Tablo 4'de gosterildigi gibi kat1 atik yogunlugu ile boliinerek elde
edilmektedir.

Miimkiin olan Depolama Yiiksekligi = 4m. 2020 - 2032 yillar1 arasinda
kat1 atik miktarinin kiimiilatif olarak toplanmasi i¢in gerekli olan aday
depolama sahas1 alan1 birinci yonteme gore 1.996 km2'dir. Tkinci yonteme gore
ise aday ¢Op sahasi alan1 2.438 km2 olarak hesaplanmaktadir.

Aday depolama alanlar1 arasindan uygun yer secimi i¢in Agirhkl
Dogrusal Kombinasyon (ADK) yontemi kullanilmistir. Calisma sonucunda,
aday alanlarin tamaminin benimsenen bilimsel ve gevresel kriterleri depolama
sahas1 i¢in yerine getirme durumlarina gore yapilan degerlendirme sonucunda
Siileymaniye kenti i¢in iki uygun aday alan tespit edilmistir. Segilen alanlarin
ikisi de Siilleymaniye sehrinin giineyinde yer almakta ve bu alanlardan bir
tanesi 4.4829 km?2 digeri ise 5.4943 km?2 alansal bilyiikliige sahiptir. 1. Aday
alanin konumu Enlem 35 © 27 '10 " N, Boylam 45 ° 31' 35" E, 2. Aday alanin
konumu Enlem 35 © 28 '48 " N ve Boylam 45 ° 18' 56" E dir. Sekil 3 secilen
noktalarin her ikisinin de alansal biyiikliikleri Siileymaniye sehrinde 2020
yilindan 2032 yilina kadar kati atiklarin depolamasi igin yeterlidir.

Tablo 4. Siileymaniye sehrinde 2032 yilinda kat1 atik miktarint ve 2020 ile
2032 yillar1 arasida kati atik hacmini gdstermektedir.

Atik hacmi 2020 - 2032 aras1
2032'de (m?) kiimiilatif atik hacmi (m3)

Yontem 1 Yontem 1
728600 7985419
Yontem 2 Yontem 2
955288 9752063
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Sekil 3. Sentez Siileymaniye sehri kati atik depolama sahasi uygunluk
haritasi.

Secilen bu kati atik depolama sahalarinin Siileymaniye sehri igin

uygunlugu Bing ve Google Earth goriintiileri kullanilarak gorsel olarak kontrol
edilmistir (Sekil 4).
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Sekil 4. Siileymaniye sehri i¢in aday depolama sahalari.
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5. Sonug¢

Calismada tespit edilen sonuglar asagidaki gibidir;

2016 yilindaki kiimiilatif atik tiretim oran1 0.86 kg / (kisi / giin) degeri,
Siileymaniye sehrinin tahmini tiretim oran1 1.3 kg / (kisi / giin) biiyiime oranina
dayanarak verilmistir.

Stileymaniye sehrinde 2017 yilinda 723.898 niifuslu iken, niifus artig
hiz1 (% 2,99) ile Siileymaniye’de 2032 yilinda 1.126.168 kisi yasayacaktir.
2020 - 2032 yillar1 arasinda kente ait kati atik miktar1 kiimiilatif olarak 1. ve 2.
Yonteme gore sirasi ile 3.633.366 ve 4.437.189 tondur.

2032 yilinda kentsel kat1 atiklarin depolanmasi igin Siileymaniye sehri
icin gerekli depolama alan1 2.438 km2'dir.

Bu arastrmada, Siileymaniye sehrinde en uygun depolama sahasini
bulmak igin CBS ortaminda uygulanan metotla on alti kriter haritasi
kullanilmistir. Bu harita katmanlart; su kuyulari, egim, nehirler, yiikseklik,
toprak tipi, arazi kullanimi, tarimsal arazi kullanimi, askeri alan, yollar,
elektrik hatlari, sanayi bolgesi, havaalani, kentsel merkezler, arkeolojik
alanlar, riizgar yonii ve koylerdir. Bu ¢aligmada kullanilan kriterler, sahadan
sahaya farkli olabileceginden ve bu kriterlerin uygunluk analizi farkli
olabileceginden, kararl faktorler degildir.

Her kriterin agirliklart AHP teknigi kullanilarak belirlenmis ve bundan
sonra tim kriterlerin alt kriterleri agirliklart uzman goriislerine gore
hesaplanmis ve literatiir ile desteklenmistir. Uygun alanlarin belirlenmesinde,
CBS ortamindaki harita cebiri fonksiyonu kullanilarak tiim kriter haritalarinin
toplu degerlendirmesi miimkiin olmustur. Bir¢ok saha arasinda diizenli
depolama icin iki uygun alan seg¢ilmis ve Google Earth ortaminda segilen
depolama alanlar1 gorsellenmistir.

Yiriitilen calisma kapsaminda belirlenen amag¢ dogrultusunda elde
edilen sonuglar ve ¢iktilar 6ncelikle uygulama alani olan IRAK / Siilleymaniye
Sehri i¢in dogrudan katkiya sahiptir. Kentte yasanan giincel bir sorunun
bilimsel yontemler 1s1gmda degerlendirilmesi ve bu degerlendirme sonrasi
gelistirilen ¢6ziim alanlar1 kentin gelecekte kati atik depolama konusunda
onemli ¢oziim Onerileri getirmektedir. Konu ve uygulama aymi zamanda
benzer biiyiikliiklerdeki bolge sehirleri i¢inde drnek teskil edebilecek, dnerilen
yontem kati atik depolama alani yani sira benzer mekansal yer sec¢im
problemlerinin ¢éziimiinde alternatif ara¢ niteliginde olacaktir.
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1. Giris

Metal oksit ince filmler; elektronik ve optik teknolojisinde, fotovoltaik
malzemelerde, gaz sensorleri gibi genis uygulama alanlarinda siklikla
kullanilan malzemelerdir. Cinko oksit (ZnO) de siklikla ¢alisilan metal
oksitlerdendir. ZnO, ¢inkonun zehirsiz olmas1 ve dogada bolca bulunabilmesi
sebebiyle metal oksitler i¢inde en ¢ok tercih edilen yapidir (Addonizio, 2014).
ZnO direkt bant yapisina sahiptir ve 3,3 eV gibi genis bir yasak enerji araligi
degerinde bir yariiletkendir. Bu ozelliklerinden dolaytr mavi ve morétesi
bolgede ¢alisan LED’lerin yapimi i¢in uygundur (Salam, 2013).

ZnO yariiletkeni ayrica, fotoelektrik cihazlarda, gaz sensdrlerinde, UV
dedektorlerde, ince film transistorlerde, giines pili hiicrelerinde,
optoelektronik cihazlarda, piezoelektrik giic c¢eviricilerde, termoelektrik
aygitlarda, ylizey akustik devrelerinde, biosensér ve pH sensorleri gibi
uygulamalarda siklikla tercih edilmektedir (Tsay, 2010). Ayrica ZnO, UV
1s1nin1 absorbe ederek bant gegislerini gergeklestirir. Bu 6zelliginden dolay1
saydam iletken oksit ince film olarak yaygin olarak kullanilmaktadir (Ashour,
2005).

ZnO'nun yariiletkeninin bazi 6zellikleri katkilama yapilarak rahatlikla
degistirilebilmektedir. ZnO yapisina; In, Al, Cu, Li, Sn ve Mg atomlarinin
katkilandig1 birgok uygulama vardir. Al ve In gibi atomlarin katkilanmas: ile
ZnO yariiletkeninin iletkenligi artirilabilir (Lee, 2014). Sn katkili ZnO ince
filmlerin gegirgenliklerinde arti, 6zdirenglerinde azalma gdzlenmistir ki, bu
son zamanlarda {izerinde pek ¢ok arastirma ¢aligmalar1 yapilan giines pilleri
yapimi i¢in ¢ok avantajli bir durumdur (Pan, 2013). Ayrica Mg katkisi ile
yasak enerji aralig1 degeri kolayca degistirilebilmektedir (Peker, 2015).

ZnO yariiletken ince filmler farkli ince film iiretim teknikleri ile
tiretilebilmektedir. Bunlardan bazilar;; RF Magnetron Sagtirma (Minemoto,
2000), ultrasonik sprey piiskiirtme (Zhang, 2005), pulslu lazer depolama (Cho,
2011), elektron demetli buharlagtirma (Ashraf, 2012) ve sol-gel (Sengupta,
2012) teknikleridir.

Sol-gel tekniklerinden olan dondiirerek kaplama teknigi, literatiirde ZnO
yariiletken ince filmlerin tiretiminde siklikla kullanilan bir tekniktir. Bu
teknikte, dondiirme islemini yapabilmek i¢in pahali ve yurt digindan ithal
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edilen sistemler kullanilmaktadir. Bu c¢ahsmada ise dondiirme islemi,
literatiirde ilk defa kullanilan, cok daha basit ve ucuz bir yontem olan
manyetik dondiiriicii ile gerceklestirilmistir ve '"Sol-Gel Manyetik
Dondiirerek Kaplama Teknigi" ile ZnO esash metal oksit yariiletken ince
filmler iiretilmistir.

Elde edilen metal oksit yariiletken ince filmlerin bazi fiziksel 6zellikleri,
X-Ism1  Kirmmmi (XRD) Cihazi, Alan Emisyonu Taramali Elektron
Mikroskobu (FESEM) ve UV-Vis. Spektrofotometresi kullanilarak
incelenmistir. Bu sayede yeni gelistirilen ince film kaplama teknigimizin metal
oksit ince film tiretiminde kullanilabilecegini gostermek amaglanmaktadir. Bu
yeni ince film tiretim tekniginin literatiire kazandirilmasi bu ¢aligmanin en
biiytik hedefidir.

2. Deneysel Boliim

Sol-Gel teknigi, ¢ok katl filmlerin homojen sekilde olusturulabilmesi ve
genis alanlarin kolayca kaplanabilmesi bakimindan ince film tiretim teknikleri
arasinda yaygm bir kullanim alanma sahiptir. Sol-Gel ydontemi neredeyse her
tirli tek bilesenli ya da ¢ok bilesenli oksit filmlerin dretiminde
kullanilabilmektedir (Uhlmann, 1997). Bu teknik, baglangi¢c malzemesi olarak
bir ¢ozelti (soliisyon) icerdigi ve bu ¢ozelti gesitli islemlerden sonra jel haline
getirildigi icin Sol-Gel teknigi adin1 almistir. Sol-Gel ¢6zeltisi hazirlandiktan
sonra ince film tiretim islemi dondiirme, daldirma ve piiskiirtme gibi teknikler
ile gergeklestirilmektedir.

Sol-Gel Dondiirerek Kaplama Teknigi, hizli iiretimlere olanak sagladigi
icin sol-gel teknikleri igerisinde yaygm olarak kullanilan tekniklerdendir
(Wang, 2008). Bu teknigin temeli, tiretilecek ince filmler i¢in olusturulan sol-
gel ¢ozeltisinin bir altlik iizerine damlatilmasi ve bu tabanin ¢esitli hizlarda ve
stirelerde dondiirerek ¢dzeltinin bu taban iizerine yayilmasinin saglanmasidir.
Dondiirerek kaplama tekniginde; dondiirme hizi, dondiirme zamani, kaplama
katman sayis1 gibi parametreler degistirilerek tiretilmek istenen filmler kolayca
¢esitlendirilebilir (Huang, 2012).

Yapilan bu calismada metal oksit ince filmler, literatiirde ilk defa
kullanilacak olan "Sol-Gel Manyetik Dondiirerek Kaplama Teknigi" ile elde
edilmigtir. Gelistirilen bu sistemde dondiirme islemi, diger pahali sistemlerden
farkli sekilde manyetik olarak gergeklestirilmektedir.

1.1.Sol-Gel Manyetik Dondiirerek Kaplama Teknigi
Manyetik dondiirerek kaplama teknigi dondiirme isleminin manyetik
olarak yapildig1 yeni bir tekniktir. Manyetik dondiirerek kaplama olay1 temelde
bes asamadan meydana gelmektedir. Bu asamalar;
1- Hazirlanan ¢ozeltinin altlik tizerine damlatilmas,
2- Althigin farkli hizlarda ve siirelerde manyetik olarak dondiiriilmesi,
3- Dondiiriilerek elde edilen ince filmin kurutulmasi,
4-  Cok katl yap1 hazirlamak i¢in siirecin tekrarlanmast,
5- Elde edilen ¢ok kathh filmde yapmin kristallesmesi ic¢in farkl
sicakliklarda tavlama igleminin gergeklestirilmesi.
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Ik asamada filmi kaplayabilecek kadar ¢ozelti altlik iizerine mikropipet
ile damlatilir ve altlik yiiksek devirlerde (1000-3000 rpm) manyetik olarak
dondiiriiliir. Cozeltinin fazlasi altlig1 damlalar halinde terk eder. Geriye kalan
islak film, altlik {izerine homojen olarak dagilir. Dondiirme islemi bittikten
sonra filmlerin kurutulmasi islemine gegilir. Kurutma asamasindan sonra
kaplama iglemi tamamlanir ve film olusumu gergeklesir. Bu adimlar sirasiyla
ayni1 filmler i¢in tekrarlanarak ¢ok katli filmler elde edilebilir. Bu teknik oda
sicakliginda gerceklestiginden dolayi, elde edilen ¢ok katli filmlerde yapinin
yiiksek sicakliklarda kristallesmesi igin farkli sicakliklarda tavlama islemi
yapilmasi gerekir. Teknigin sematik gosterimi sekil 1’°de verilmistir.

Sekil 7: Sol-gel manyetik dondiirerek kaplama teknigi sematik gosterimi.

1.2.Deneyin Yapihisi

Bu calismada iiretilen ince filmler igin althk malzeme olarak ISOLAB
marka mikroskop lami kullanilmistir. ZnO ince filmleri {iretmek igin
kullanilacak sol-gel ¢6zeltisi 0,5 M olarak hazirlanmistir. Bu sol-gel ¢ozeltisi
icin Zn(CH3COO),.2H,0 (¢inko asetat dihidrat), 2-metoksietanol ve
monoetanolamin (MEA) kullanilmigtir. Cozelti 30 ml olarak hazirlanmig ve 15
dk. 65°C’de karistirilmistir. En son olarak ¢ozeltiye birka¢ damla MEA
eklenmistir. Olusan ¢ozelti 2 saat 65°C’de karistirilmig ve son olarak 2 giin
beklemeye birakilmistir.

ZnO ince filmler 9 katman olarak, dondiirme hiz1 ve tavlama sicakliklari
degistirilerek tiretilmis olup bu seriler Tablo 1’°deki gibi adlandirilmastir.
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Tablo 3: ZnO serisi i¢in filmlerin kaplama parametreleri.

Déndiirme Tavlama Seri Adi
Hiz1 (rpm) | Sicakhig (°C)
300 Al
1000 400 A2 A
500 A3
300 B1
2000 400 B2 B
500 B3
300 C1
3000 400 C2 Cc
500 C3

Deney parametreleri belirlenen ince filmleri tiretmek i¢in, cam althklar
yiiksek hizlarda donebilen manyetik platform iizerine uygun bir sekilde
yerlestirildi. Belirlenen miktarda ¢ozelti mikro pipet yardimiyla cam tabanin
her yerine esit dagilmasini saglamak i¢in tam merkeze gelecek sekilde
damlatildi ve manyetik olarak dondiirme islemi baslatildi. Doniis siiresi
tamamlanmca cam altliklar alindi ve kurumalart i¢in firinm igerisinde
100°C’de 10 dakika boyunca 1s1l igleme tabi tutuldu. Kurutma islemi yiizeyde
tutunan ¢ozeltiyi buharlastirmak ve icerisindeki organik bilesiklerin yiizeyden
uzaklagmasini saglamak i¢in gerekli bir iglemdir. Bir kat kaplama i¢in yapilan
bu islemler tekrarlanarak, 9 katli filmler elde edildi. Daha sonra filmler,
belirlenen sicakliklarda 2 saat siireyle tavlandi. Tavlama sonrasi olusan filmler
oda sicakligina kadar sogutularak karakterizasyonlarinin yapilabilmesi igin
hazir hale getirildi.

Elde edilen ince filmlerin yapisal, yiizeysel ve optik karakterizasyonlari
sirastyla X-1smn1 kirinimi (XRD) Cihazi, Alan Emisyon Taramali Elektron
Mikroskobu (FESEM) ve UV-Vis. Spektrofotometresi kullanilarak yapilmis
ve ¢ikan sonuglar incelenmistir.

3. Deneysel Sonuclar

Elde edilen filmlerin yapisal 6zelliklerinin incelenmesi, Bilecik Seyh
Edebali Universitesi, Merkezi Arastrma Laboratuar’'nda  bulunan
PANALYTICAL Empreyan XRD cihazi kullanilarak yapilmistir.

30°<20<60° smnir degerlerinde incelenen numunelerde elde edilen XRD
spektrumlari; hekzagonal yapida ZnO igin ICDD (International Centre for
Diffraction Data): 98-003-1052 ile karsilastirilmustir. Sekil 2°de A serisi,
Sekil 3°de B serisi, Sekil 4’de C serisi ZnO ince filmlerin XRD analiz
spektrumlar1 karsilagtirmali olarak verilmistir.
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Sekil 2: A serisi ince filmlerin karsilagtirmali XRD analiz spektrumu.

XRD spektrumlarindan da goriildiigli gibi, tim filmler polikristal
yapidadir. Ayrica A3 serisi ZnO ince filmlerin pik siddetleri A1 ve A2 serisi
ince filmlerin pik siddetlerinden daha biiyiiktiir. Tiim serilerde en siddetli pik
hekzagonal ZnO yapisia ait (011) pikidir. Ayrica bu filmlerde sirasiyla (010),
(002), (011), (012) ve (110) olmak tizere 5 adet pik gézlenmektedir.

—n3
B2
—m
A A
.
5
vh
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20

Sekil 3: B serisi ince filmlerin kargilagtirmalit XRD analiz spektrumu.
B3 serisi ZnO ince filmlerin pik siddetleri, B1 ve B2 serisi ince filmlerin

pik siddetlerinden daha biiyiiktiir. Ayrica B serisinde de en siddetli pik
hekzagonal ZnO yapisina ait (011) pikidir.
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Sekil 4: C serisi ince filmlerin karsilastirmali XRD analiz spektrumu.

C3 serisi ZnO ince filmlerin pik siddetleri, C1 ve C2 serisi ince filmlerin
pik siddetlerinden daha biiytiktiir. Pik siddetinin yiliksek ve yar1 pik genisligi
(FWHM) degerinin diisiik olmasi kristallesmenin iyi oldugu anlamma gelir
(Cullity, 2001). Ayrica tane boyutu degerleri arttikga kristallesme iyilesir.
Tane boyutu (D) degeri Scherrer Formiilii ile hesaplanir;

_ 092
b= LcosOp (1)
Bu formiilde B; yar1 pik genisligi, A ise x-1smlarmin dalga boyudur. Tablo
2’de ZnO ince filmlerin XRD spektrumundan elde edilen yari pik genislikleri

(FWHM) ve (1) denklemi ile hesaplanan tane boyutu (D) degerleri verilmistir.

Tablo 2: ZnO ince filmlerin XRD spektrumundan elde edilen bilgiler.

Seri FWHM D (nm)
Al 0,29 68
A2 0,28 70
A3 0,23 88
Bl 0,25 84
B2 0,23 86
B3 0,18 108
C1 0,25 82
Cc2 0,20 90
C3 0,17 112

A, B ve C serileri XRD spektrumlari ve gizelge incelendiginde her seride
en iyi kristallesmeyi gosteren filmlerin 500°C’de tavlanan A3, B3 ve C3
serileri oldugu goriilmistiir. Tavlama sicakligi arttikga kristallesme
iyilesmektedir. Ayrica dondlirme hizi arttikca kristallesmenin iyilestigi
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goriilmektedir. Bu sonuglara gore, 3000 rpm’de dondiriiliip 9 katman
hazirlanan ve 500°C’de tavlanan C3 serisi tiim seriler iginde en iyi
kristallesmeyi gdsteren ince film olarak 6ne ¢ikmustir.

XRD sonuglarina gore en iyi kristallesmeyi gosteren C3 serisi ZnO ince
filmlerin morfolojik incelemesi Bilecik Seyh Edebali Universitesi, Merkezi
Aragtirma Laboratuvari’nda bulunan ZEISS Supra 40VP Alan Emisyonu
Taramali Elektron Mikroskobu (FESEM) ile yapilmistir. Sekil 5°de, C3 serisi
Zn0O ince filmlere ait 20kx, 50kx ve 100kx biiyiitmeli FESEM goriintiileri
verilmektedir.

FESEM goriintiileri ve (d) C3 serisi ZnO ince filmlerin tane boyutu degerleri.

FESEM gorintiileri incelendiginde, filmin tim yiizeyine hemen hemen
homojen dagilmis nanoboyutta taneciklerden meydana geldigi goriilmektedir.
Ayrica ylizeyde bosluklar olmadigi, yigin seklinde olusumlarin bulunmadigi
goriilmektedir. Sekil 5 (d)’de ise 100kx biyiitiilmiis FESEM gorintiist
iizerinde belirlenen tane boyutu degerleri verilmektedir. Goriintiilerden
belirlenen tane boyutu degerleri yaklagik 120 nm’dir. Bu tane FESEM
gorintiilerinden belirlenen tane boyutu degerleri XRD spektrumundan
hesaplanan tane boyutu degerleri ile ¢ok yakindir ve birbirini destekler
niteliktedir. Yiizey 6zellikleri incelenen ince filmlerin ayni zamanda taramali
elektron mikroskobuna bagli BRUKER marka Enerji Dagilimli X-Ism1
Spektrometresi (EDX) dedektorii kullanilarak kimyasal bilesimleri de elde
edilmis ve yapinin ZnO oldugu gorilmiistiir.
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Bu elde edilen yariiletken metal oksit ince filmlerin optik &zelliklerinin
incelenmesi i¢in UV-Vis Spektroskopisi dlctimleri, Bilecik Seyh Edebali
Universitesi Merkezi Arastirma Laboratuvar’nda bulunan PERKIN ELMER
LAMBDA 25 cihazinda gergeklestirilmistir. UV-Vis Spektroskopisi
Olctimlerinden elde edilen temel absorpsiyon spektrumu verilerinden
yararlanarak ince filmlerin yasak enerji degerleri Tauc Metodu (Tauc, 1974)
ile hesaplanmistir. Hesaplanan yasak enerji araligi degerleri Tablo 3’te
verilmistir.

Tablo 3: ZnO ince filmlerin yasak enerji aralig1 degerleri.

Yasak Yasak Yasak
Seri Enerji Seri Enerji Seri Enerji
Arahig (eV) Aralig (eV) Aralig (eV)
Al 3,23 Bl 3,26 C1 3,26
A2 3,27 B2 3,27 C2 3,28
A3 3,28 B3 3,29 C3 3,29

Literatiirde ZnO ince filmler iizerine yapilan ¢aligmalarda, yasak enerji
araliginin yaklasik 3,3 eV oldugu belirlenmistir. Bu ¢aligmada, tablodan da
goriilecegi gibi tretilen tiim ince filmlerin yasak enerji araliklart 3,3 eV’a
yakin bir degerdedir. Buradan da anlasilacagi gibi literatiirde ilk defa
kullanilan “Sol-Gel Manyetik Dondiirerek Kaplama Teknigi’ni kullanarak
elde ettigimiz metal oksit ince filmler yariiletken 6zelligi gostermektedir ve
literatiir ile uyum icerisindedir.

4. Sonug ve Tartisma

Bu calismada, vyariiletken metal oksit ince filmlerden olan ve
optoelektronik teknolojisinde siklikla kullanilan ZnO ince filmler literatiirde
ilk defa kullanilan, diger ince film iiretim tekniklerinden ¢cok daha basit ve ucuz
bir teknik olan "Sol-Gel Manyetik Dondiirerek Kaplama Teknigi" iiretilmistir.
Elde edilen yariiletken metal oksit ince filmlerin bazi fiziksel 6zellikleri, X-
Ism1 Kirinimi (XRD) cihazi, Alan Emisyonu Taramali Elektron Mikroskobu
(FESEM) ve UV-Visible Spektrofotometresi kullanilarak karakterize
edilmistir. Bu sayede yeni gelistirilen ince film kaplama teknigimizin
yariiletken metal oksit ince film {iretiminde kullanilabilecegini gostermek
amaclanmistir. Yapilan XRD analizlerinde elde edilen tiim ince filmlerin
polikristal yapida oldugu, hekzagonal ZnO yapisi ile birebir Ortiistiigii
gOriilmiistiir. Ayrica deney parametrelerinden tavlama sicakligini ve dondiirme
hizini arttirdikga yapidaki kristallesmenin iyilestigi belirlenmistic. FESEM
goriintiileri incelendiginde ise, filmin tiim yiizeyine hemen hemen homojen
dagilmig nanoboyutta taneciklerden meydana geldigi goriilmektedir. Ayrica
yiizeyde bosluklar olmadigi ve yigin seklinde olusumlarin bulunmadigi
goriilmektedir. Ayrica yapilan EDX analizinde ince filmlerin kimyasal
bilesimleri de elde edilmis ve yapmnin ZnO oldugu ispatlanmistir. UV-Vis
Spektroskopisi dlgiimleri ile elde edilen yasak enerji aralig1 degerleri yaklasik

-113-



Academic Research in Science and Engineering - Chapter 8

3,3 eV olarak hesaplanmistir ve bu deger literatiirde daha 6nce ZnO ince
filmler i¢cin bulunan deger ile uyum igerisindedir.

Bu sonuglardan da anlagilacagi gibi literatiirde ilk defa kullanilan, "Sol-Gel
Manyetik Dondiirerek Kaplama Teknigi" ile yariiletken ZnO ince filmler daha
basit ve ekonomik bir sekilde rahatlikla iiretilebilmistir.
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1. Introduction

Restoration was defined as “artistic repair” by the famous art historian
Celal Esad Arseven,! and it represents so much more meaning than renewal.?
It is important to distinguish between restoration and normal repair work. Thus,
as stated in the Venice Charter, clause 9; Restoration, which is very different
from a normal repair work is a great job of knowledge and expertise.>*The aim
of regulations for restoration of historical buildings and their gardens is to
provide permanency by preserving historical identity of these buildings as well
as improving standards of the environment.

Garden restorations must be analyzed and evaluated before they are carried
out such that they last into the future without losing their specific values. For
that purpose, existing cultural values should be identified and any renovations
and interventions that have taken place in the past should be discussed and
regulation-based suggestions devoted to preservation and permanency of these
values should be offered.

Complexes that formed within a civil and social understanding instead of
being constructed for function and purpose are the most important works of art
and of world architecture for Turkish people. The concept of forming
complexes including a mosque, madrasah, hospital, and the other units has
been a traditional feature of Muslim Turkish society. Complexes were seen
often in the time of the Ottoman Empire, and they contained a collection of
buildings combining several activities, like university campuses of today. The
multi-purpose buildings are often funded by private foundations. They
contributed to fulfill the education, health and social service needs that today's
modern states are obliged to provide. At the same time, these complexes
indicate the developments in education, health, and social fields of the Ottoman
Empire. During the period when the Ottoman Empire had a classical identity
especially, it can be seen that each of the sultans built complexes to show the
majesty of both the empire and himself.5¢

Mosques are historical religious buildings but they are not only places for
prayer, they are also a part of social life. Therefore, in ancient Islamic cities
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the houses around the central mosque and the other functions played an
important role in the formation of districts.

According to Sancar (2004),” as well as being the most important and the
most distinct building of Islamic cities, mosques were placed at the center of
settlements. One of the major reasons for that may be that the users wanted
these places to be as convenient as possible. Also, according to Arseven
(1970),' mosques were centers where people were living their religious and
social lives. Mosques were surrounded by various buildings such as; public
fountains, public soup-kitchens, schools, madrasahs, libraries, and buildings
that were used to determine prayer times relevant to the position of the sun.
The gardens of the mosques were just as essential as the construction of the
mosques themselves.

In every era, mosques were the places where Muslims went to prepare for
the afterlife, as described in the Kuran, in “Allah’s own house,” as well as
reading and thinking about the Kuran; therefore, gardens played a role in the
design and decoration of some mosques.®

Open areas that Christians called forums, substituted for Islamic-social
complexes’ open areas in Muslim societies. These open areas were assembly
areas for Muslims®. According to Kart (2008); in Islamic societies where
privacy is important, women usually satisfied their recreation needs in their
gardens, which were large yards that were well-concealed by long walls, while
men used mosques’ gardens as a part of their social life®.

In Ottoman architectural style, the design of mosque gardens was
influenced by house gardens, palace gardens, recreation grounds, graveyards,
and orchards.°

The concept of the garden started to come into existence with the formation
of mosques and prayer rooms’ gardens in its traditional value, especially with
the analysis of wooden-minaret-district prayer rooms’ yards and gardens, with
the starting concept of flowers and grass'’

In eighteenth century culture these areas were commonly used as the last
meeting places for the congregation or summer-time prayer places. The
gardens of mosques featured flowers, water wells and water tanks with
fountains, pools, and taps in the gardens or on the walls.

The outer yards of large mosques were surrounded by windowed and
barred walls, which generally consisted of an atrium. Adjacent to the mosques
and the outer yards were small graveyards, where the founders of the mosques
and their families and other important people were buried *.

In Istanbul, there was no previous outer yard burial tradition.. The gardens
had not been intended as a place of burial, the dead had begun to be buried in
the yards of mosques later 1.

The aim of this study is to suggest criteria for the landscaping of mosque
gardens at the Yavuz Sultan Selim’s Islamic social complex.
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2. Materials and Methods

2.1.Materials

Yavuz Sultan Selim Complex is exemplified to analyze landscaping and
restoration at historical and religious buildings (Figure 1). The complex is
within the borders of Fatih in Istanbul. It is one of the seven Selatin mosques,
which are at the top of the seven hills of Istanbul. It is constructed on the hill
that is the closest to Halic.'?

Selatin mosques are the names that are given to the mosques founded by
Ottoman sultans during the Ottoman Empire. In court traditions, there were
some conditions to build a Selatin mosques. First of all, to build a Selatin
Mosque, the padishah must win a victory in the military and capture the spoils
of the victory. During the foundation of the selatin mosques, money was not
taken from the public treasury, money was only used from the padishah’s own
treasury. Some important examples of selatin mosques are Siileymaniye
Mosque, Selimiye Mosque, Sultanahmet Mosque, Sehzade Mosque,
Nuruosmaniye Mosque, Fatih Mosque, Eylip Mosque, New Mosque and
Beyazit Mosque. Mosques are situated in the center of large Selatin mosque
complexes. There are smaller mosque social-complexes, which were founded
by court officers and viziers, and ordinary prayer houses, which were called
Islamic social complexes.*

P

Figure 1. YvuzASI

-

tan Selim Mosque 2

2.2.Method

In the study, after making a detailed literature research, visiting the Islamic
social complex, all the necessary analysis, measurement, observations, and
evaluations were made on-site.

In the light of this information, a detailed inventory was made. Within this
scope, this study has been handled in two aspects as structural and herbal.
Sequence numbers were given to the trees and the positions of these were
specified on the 1/100 scaled status plan. Shrubs were not sequenced. After
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that, handling tree-shaped plants one by one, determination of their species,
approximate ages, d1.3 diameters, heights, circular width in four directions (N,
S, E, W), whether they have monumental value and if they are protectable or
not, their health condition. Other biological qualities/specifications for the
trees were determined and are shown in study report which was prepared by
Bozkus and friends®.

For the structural investigation; structural elements (roads, yards, floor
tools, etc.) around the building have been addressed. Among these studies; the
aim is that the historical Islamic social complex will reach its befitting
landscaping project.

All the investigations, measurements, determinations and observations,
which were practiced on-site, were subjected to precise evaluation in the office.
First of all, a tree relievo plan was made, which showed the position of the
existing tree-shaped plants and the hill projection. After that, a table of 218
tree-shaped plants was created, which clearly showed whether their types,
approximate ages, d1.3 diameters, heights, circlar width in four directions (N,
S, E, W), if they have monumental value and protectable or not, their health
conditions, and whether or not they would take a place in the landscaping
project and some of the other biological qualities.*®

Next, the landscaping project of the Islamic social complex was prepared
considering tree shaped trees and bushes that were anticipated to stay on the
site, and the hard floor to be created and the equipment required. This project
determined the type of newly decorative plants that would be introduced, their
location sites and numbers, and the suggested hard floors (sitting areas, floors,
roads and pergolas, etc.) (Plan 1) .

In choosing plants that would later be brought to the place, it was important
to understand the types that had been used in the gardens of the mosques in the
past and present for the design concept, thus a broad literature research was
made and the publications of Seckin C., 2003 16, Evyapan, G.A.,1972 '7, 1974
181990 1°, Pamay, B. 1985 ?°, Cinar ve ark.2010 2, Atasoy, N., 1971 %, 2002
232005 %, Ayvazoglu, B, 1995 %, Baytop T., 2002 %6, Cansever, T., 1997 %,
Cagur, 1., 1999 28 were analyzed.

3. Findings

3.1.Introduction of Yavuz Sultan Selim Complex and its surroundings

Yavuz Sultan Selim Mosque and its Islamic social complex were built by
Kanuni Sultan Suleyman under the name of his father Yavuz Sultan Selim, on
the 5% hill of Istanbul overlooking Halic. It is suggested that the architecture
of this complex, which was started in 1522 and finished in 1529, was by the
architect Sinan according to some resources, while others cite Acem Ali.*

The history of one quarter of the sixteenth century when the mosque was
built on the terrace the 5th hill has not been clarified yet. According to its
epitaph, it was founded during the period of Sultan Selim |

This complex comprises a mosque that was finished in 1522, madrasah,
school, public-soup house, latterly founded sepulchers, Turkish bath and a
public house that is mentioned in a source but its location is unknown. The
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mosque consists of a square outer yard that is covered with a dome; two iwan
schema shaped resting houses, and a large arcaded yard. Selim | brought
Iranian and Egyptian construction workers to Istanbul for the construction of
the mosque from his excursions between 1514 and 1527. According to some
resources, the architecture of the mosque was designed by the architect Acem
Ali, who was brought to Istanbul in the same way.

Next to the sepulcher of the Sultan, which was made in 1523, Kanuni
Sultan Suleyman had architect Sinan build the Hatuniye Sepulcher for his
mother, Hafsa Sultan, and the Sehzadeler Sepulcher his three son (Murad,
Mahmud, Abdullah).4

In seventeenth and eighteenth centuries, the sultan’s gathering place was
founded (between 1640 and 1648) by Sultan Ibrahim (destroyed in 1938). The
extent of the damage sustained from fires in 1633, 1640, 1721, and 1729, which
affected the surroundings of the mosque, is unknown.*

In the nineteenth century, in 1861, the sepulcher for Sultan Abdulmecit was
founded at the rear of the mosque. Due to an earthquake in 1894, the
Abdulmecit sepulcher was damaged and the Hatuniye sepulcher was
destroyed. 14

In the twentieth century, Shaykhy al-islam Urgiiplii Mustafa Hayri Effendi
(1914-1916) destroyed the public-soup kitchen, which was across from the
mosque At that location, a girls’ school was built by the architect Kemalettin
that still stands today. When the school was damaged by the city fire in 1918,
the mosque was repaired requiring destruction of some parts of the building in
1938. In 1962, it was repaired again.*

The restoration of Yavuz Sultan Selim Mosque and its Islamic social
complex, which was damaged in the earthquake August 1711999, became a
current issue. The restoration works of the mosque and the Islamic social
complex started in 2006. In addition to the restorations that were made in 2007,
preparation of a tree relievo and a landscaping project report by the Istanbul
University Faculty of Forestry, landscaping works were also made.*® After the
completion of restoration in 2008, the building was reopened for prayer.

The mosque is positioned at the center of the outer yard surrounding the
Islamic-social complex. There are two rooms for the imam and muezzin on
both sides of the mosque. The door leafs are some of the finest examples of
wood carving and nacre carving.*°

In front of the mosque, there is an arcaded yard, which is covered by a small
dome, like the Beyazid Mosque. There are three entrances to the yard, one of
them is the main door and the other two are side doors. The shape of the doors
is similar to the ones in Beyazid Mosque. The yard is surrounded by 18 marble
pillars that are set on a marble setting, and these pillars support pointed coves.
There are some pointed coved windows at the back of the pillars. Their
buttresses are decorated with tiles *.

At the center of the yard there is a water tank with a fountain that is covered
by wooden roof. It stands on marble pillars that have diamond shaped pillar
capitals. Cypresses and other trees, which are planted around, provide an
aesthetic scene (Figure 2). At the head of the main door, which is decorated
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with very beautiful stalactites, there is an epitaph written with carved and shiny
letters. It reads: “This sacred building was founded by Sultan Selim, who is
Sultan of sultans of Persian and Arabs and the ruler of the seas, and the servant
of Mecca and Medina, and the son of Fatih Sultan Mehmed’s son Sultan
Bayezid. God save the throne and the treasury of this Sultan and this sacred
building that is founded on 929 (Muslim Calendar) Muharrem” .

The plan of the mosque is square. The dome is based on the four coves
constituted by side walls. There are decorated windows on both sides, whose
pointed buttresses are decorated with tiles. Like mihrab and mimbar, the doors
are also carved with incredible workmanship.?

The mosque can be entered through the main door and side doors. There
are two long corridors in front of these doors covered with cupolas, and along
the corridors there are many rooms for courtiers and mosque officers. The
corridors have cupolas, windows, small pulleys and diamond shaped
decorations. Octangular shaped sepulchers have been built next to the mosque
on the side of mihrap. The domes of these sepulchers are covered with
cuspidate shaped lead plates.!

\{ cam|

r tank with fountain 3

Figure 2. The yard containing a wate
3.2. Preparation of the landscape restoration plan of The Yavuz
Sultan Selim Complex
Yavuz Sultan Selim Islamic Social Complex’s landscaping restoration
started along with the restoration works in 2006 and has continued in parallel
with this restoration.

-121-



Academic Research in Science and Engineering - Chapter 9

Within this scope, work has continued with the approach of protectionism.
With that purpose, Bozkus et al (2007), created a tree relievo plan and the
landscaping project report and the works have been maintained in the light of
this report. Also, as a result of this study a landscaping restoration plan has
been made (Figure 3).

The studies within this scope are briefly described below:

On-site; 218 established tree shaped plants have been confirmed in the
Yavuz Sultan Selim Complex. Seventy-four of them are Cupressus
sempervirens, 38 are Cedrus sp, 14 are Laurus nobilis, 14 are Pinus nigra, 9
are Pinus pinea, 11 are Platanus sp, 9 are Pinus brutia, 7 are Robinia
pseudoacacia, 6 are Acer sp, 5 are Tilia sp, 6 are Pinus pinaster, 3 are Aesculus
hippocastaneum and 2 each of Celtis siliquastrum, Juglans nigra, Morus alba,
Prunus avium, Pinus sylvestris, Prunus domestica, Prunus persica, Abies sp
and each one of Prunus laurocerasus, Prunus armeniaca, Pyrus communis,
Pinus strobus, Diospyros kaki and Cydonia vulgaris.

Other than these, it is intended that only self-seeded plants or the
positioning of new plants in the form of sapling and bush, not yet in the form
of a tree, be allowed such as; Rosa sp, Lonicera nitida, Pyracantha coccinea,
Cercis siliquastrum, Vitis vinifera, Cupressus sempervirens, Acer sp, Thuja
orientalis, Platanus sp, Prunus domestica, Morus alba, Ailanthus altissima,
Elaeagnus angustifolia, Celtis australis, Juglans nigra, Nerium oleander,
Malus communis, Diospyros kaki, Cydonia vulgaris, Ligustrum vulgaris,
Euonymus japonica, Pittosporum tobira, Ficus carica, Buxus sempervirens,
Hibiscus syriacus.

None of these 218 tree-shaped plants have monumental value. There is no
valuable tree that is “worthy of protection” because of the green core of the
environment. However, it is foreseen and suggested that all of the tree-shaped
plants, which are healthy, not dangerous, decorative and do not give any harm
to the historical buildings should stay in their places and be protected.

It is determined that the 218 trees are common in the environment and easy
to grow.

It has been confirmed that while bringing different tree species to Yavuz
Sultan Selim Complex, the biologic qualities of these trees, their mutual
growing relations, and their future heights was disregarded and random
plantings were made; therefore, they have damaged each other during with the
reduction of light and some of them have become dry.

It is suggested that some of the coniferous or deciduous plants, whose chest
height diameter is not more than (d1.3 m) 20-25 cm should be transferred. This
consists of a total of 15 trees; 2 of them Aesculus hippocastanum, 3 are
Cupressus sp., 1 is Acer sp., 1 is Cedrus sp., 5 are Platanus sp. 2 are Prunus
persica and 1 is Cydonia vulgaris.

Because some of the trees are unhealty, dead, pose a danger, and give harm
to the other trees and the historical comlex, it was suggested that they should
be removed. These total 53 trees; 14 Cupressus sempervirens, 15 Pinus sp, 1
Celtis australis, 2 Juglans nigra, 2 Morus alba,5 Cedrus sp., 1 Laurocerasus
officinalis, 4 Laurus nobilis, 1 Prunus avium, 2 Platanus sp., 2 Prunus
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domestica, 1 Diospyros kaki, 3 Robinia pseudoacacia. Besides these, due to
the dried out condition of each of the Robinia pseudoacacia and the Pinus
pinea, it was suggested that they should also be removed.

LEGEND
YAVUZ SULTAN SELIM MOSQUE
DETERMINE OF THE EXISTING TREES and LANDSCAPE RESRORATION PROJECT Existiag Leaved Trvs (vl remae)

([ Existing Coniferous Trees (will reman)

SCALE: 11250
— "

Figure 3. Landscape Restoration Plan of Yavuz Sultan Selim Mosque

Because some of the trees need emergency care and trimming, it was
suggested that they should be trimmed and maintained and works have been
carried out in this regard. (Figure 4)

e S S P e
Figure 4. A view of the Islamic social complex landscaping restor

ation work
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After showing the positions of the tree-shaped plants that were still in the
Yavuz Sultan Selim complex on a 1/100 scaled project, a second scaled project
was later prepared marked with only the plants that would stay on the site.

After that, in regard to the historical identity of the site, and under the
condition of staying faithful to the existing hard floor as much as possible, new
hard floors (resting area,roads, etc.) were layed. (Figure 5, Figure 6).

While choosing floor materials, a hard stone floor was preferred to allow
air into the ground of the historical Islamic social complex. The original
flooring was preserved in the arcaded Yﬁﬂd'

Figure5 and 6. Hard floor implementations around the complex

On the side of Yavuz Sultan Selim Islamic Social complex that overlooks
Halic, due to the scenery, seating and resting areas were founded and 5
pergolas were installed. (Figure 7).

Following these, additional planting was suggested and implemented.
During this work, because there were too many existing trees, few tree-shaped
plants were used, instead, seasonal flowers and bush shaped trees were used in
preference. (Figure 8, Figure 9)

Figure 3 shows the plants that will be used on the site. Their numbers and
requested qualities are attached to the list and they are also shown as a legend
on the project in Figure 3.

All the grass areas displayed deterioration and wildness; therefore, the
grass areas were removed and replaced.
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s
i e
Figures 8 and 9. The view after the planting restoration of the garden of the

complex
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4. Conclusion

In addition to being a place of prayer for people in the past and in the
present day, Islamic social complexes are also places for people to come
together and live their social life. Within this scope, besides places of prayer,
they are also resting areas, and places for preparation before worship, etc.

Like other historical buildings, mosques are also cultural monuments that
reflect history. As well as improving the living standards of the environment,
the aim of landscaping and restorations of mosques, which mirror our history,
is to assure lastingness thus preserving historical identity.

Despite the huge effort and great deal of money that is put into the
preservation of historical buildings, their surroundings are rarely afforded the
same attention. The court yards and gardens, which form a whole with the
buildings, are often given up to inexperienced hands, and the results are
unsuccessful. It is evident that the famous architects and builders did not create
their projects separately, without any consideration to their environment. On
the contrary, they created their buildings in harmony with the best landscaping
and this approach was the most important element of their success .

In the example of the Yavuz Sultan Selim complex, to preserve and restore
the garden of the mosque, the following issues had to be taken into
consideration;

o First of all, preservation should start with the surrounding of the
building and continue through its street, district, city and the surrounding
area, because the building is a whole with its surrounding 3.

e As Yegin (2008)¥ said, in the restoration of mosques, the
surroundings without staying limited to the building itself, should be made
healthy keeping its originality as much as possible, and the structural and
visual threats, which will give harm to the environment and the building
should be vanished.

e In the restorations of the gardens of the mosques, keep to the
functional areas, which firstly should take place in the mosque garden Use
either herbal or structural restorations that reflect the period of the mosque.

e During the landscaping of historical religious buildings, one of the
important elements that should be taken into consideration is the detailed
investigation of these buildings’ history and trying to keep the regulations
of those times alive in the present. For example; Ayvazoglu % referring to
1995 Celal Esad ! said that the areas beneath large trees were always left
empty to make seating areas. Sometimes there was a pool or public fountain
at one side of these trees and at one corner there was an elegant fountain to
perform ablution and become cool in these under-tree areas, which were
surrounded by the shrubs such as Laurus nobilis, Buxus sp., etc.

e Garden walls are the elements that limit the garden area and set the
border between the road and the garden. These elements should be
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regulated according to the characteristic of their own mosque and taking
the existing physical conditions (socialization, topography, zoning status
etc.) into consideration during the restoration period *°.

e Structural elements at the garden such as sitting, flooring, lighting,
etc. should be handled taking the structure of the mosque into consideration
within the frame of restoration elements.

e In the restoration works, plants are as important as the structural
elements. Especially in the restoration area, the existing plants should be
observed in detail and their types, health condition, and whether they have
monumental value or not should be determined.

¢ While choosing the plants that will be brought to the area later, the
types that have been used in the mosques from past to present (Cupressus
sp, Platanus sp, Celtis sp, etc.) should be focused on, therefore the identity
of the mosque garden will be preserved. According to Ayvazoglu 1995,
the great solitary sycamores in front of mosques that were used were
irreplaceable in the original landscaping of old Turkish cities. It is possible
to build a bridge between the past and the present provided that the same
style of the past is used in the present.

o As well as paying special attention to the plant species that will be
planted in the area, attention should be given to their distance from
buildings. The roots of plants that are planted too close to buildings can
damage drainage pipes, etc. In the study of Seckin (2011),3* in such
historical places, the problems caused by live landscape materials presented
as direct (physical, structural problems with drainage) and indirect (land
subsidence and heave) losses.

o If plants do not have monumental character, they should be removed
from the area if necessary.

e In historical places, in the use of both hard and soft landscape
elements, care must be taken to sustain the perception of historical sites and
the plants that will be introduced to the area should not overshadow the
character of the building.

¢ While doing all these works, besides the history of the restoration
area, the legal regulations will also be a guide in this matter. According to
Celik and Yazgan, 2007, in historical buildings, protection should be
handled as a whole with the environment and the experts, who will work at
these protected areas, should work with each other in harmony.
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1. Giris

Elektronik sahada ¢ok hizli gelismeler olmaktadir. Bilgisayar destekli is,
saglik, savunma sistemleri ve haberlesme gozlem uydularina kadar birgok
alanda gelismeler olmus ve elektronik ekipman ve degisimleri hayatin
vazgegilmezi haline gelmistir. Ayn1 zamanda da uygulamalarin artmasiyla
giivenilirlik ciddi bir sorun haline gelmeye baglamistir. Savunma
sistemlerinde, saglik sistemlerinde ve uydu sistemlerinde kullanilan elektronik
elemanlarda ortaya ¢ikacak sorunlar, bu servisleri aksatmanin yani sira insan
hayatin1 da 6nemli derece etkileyecektir. Bu sebeple elektronik ekipmanlarin
performansinin ve dahi giivenilirliklerinin artirilmasina ihtiya¢ duyulur [1].

Elektronik ekipmanlarm ve sistemlerin uygun tasariminin yapilabilmesi ve
giivenli caligmasinin saglanabilmesi igin 1s1 transferi biiyiikk 6nem arz
etmektedir. Caligma esnasindaki agma ve kapama ile bilgisayarin iki ¢evrim
kartinin (board) arasindaki 1s1 gegisi ortaya c¢ikar. Bu da c¢alisma
durumlarindaki degismelerden olusur. Bu kararsiz durum, 1sil performansin
azalmasi, mekanik arizalarin ortaya ¢ikmasi ve 1sil gerilmelerin artmasi gibi
istenmeyen bir¢ok sonug ortaya c¢ikarabilir. Bilgisayar ¢cevrim kartlari, zaman
icerisinde diizenli olarak ¢alisan ve bu nedenden dolay1 higbir zaman kararli
duruma gegemeyen cihazlar i¢in bu bilgi ¢cok biiyiik bir 6neme sahiptir [1].

Elektronik kart iizerine ¢alisan bir¢ok firma sogutmanin nasil daha iyi
olabilecegi konusunda ileri 1s1l analiz uygulamalar1 yaparak, dogru tasarim ile
1s1l kontrol teknikleri gelistirilmesi iizerine yonelmiglerdir. Zamanla yapilan
geligmeleri ile birlikte elektronik ekipmanlarin hacmi kii¢iilmekte, daha hizli
devreler ve yiiksek kapasite ihtiyacina yonelik talep artmaktadir. Her devre
i¢in artan devre sayisi, giic dagilimmin artmasini da dogurmaktadir. Bu egilim
yonga (chip), modiil ve sistem sayesinde artan giic yogunlugunu saglar. Bu
nedenle elektronik kartlar {izerindeki 1s1 transferinde ya da baska bir deyisle
sogutma sistemlerinde bir gelisme olmazsa, bugiinkii elektronik ekipmanlarda
var olan giic yogunlugundan dolay1 elektriksel performans azalmaya ve
ekipmanlarda fiziksel hasarlar ortaya ¢ikmaya baslar [1].

1.1 Elektronik Devre Elemanlarimin Yapisi

Degisik 6zelliklerdeki diyot, transistor, direng ve kapasitor gibi elektronik
elemanlardan meydana gelen pargalar elektronik kartlar1 olusturur. Isil
analizlerde bu devre elemanlar1 iizerinden elektronlar aktig1 i¢in parcalarin
birlesim noktalarinda (jonksiyon) 1s1 a¢ifa ¢ikar. Bu birlesim noktalari
jonksiyon (junction) noktalar1 yani 1s1 iiretim noktalaridir ve parganin sicakligt
en yiiksek kisimlaridir [1].
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Elektronik devrelerdeki elemanlarin jonksiyon sicakliklari parganin
saglikli calismasi i¢in hesaplanmali ve sinir sicaklik sartinin altina diisiiriilmesi
gerekmektedir. Silikon bazli bir yar1 iletken elektronik parcada, jonksiyon
sicaklig1 giivenlik amaciyla 125°C seviyesini agmamalidir. Bu sebeple uzun
Omiirlii ¢aliyma ve diisiik bakim maliyetinin saglanabilmesi agisindan
jonksiyon sicakliginin diisiik olmasi istenir [1].

Jonksiyon (Junction)
Hava boglugu I{{apal/ B}gg telleri
1

} ) Kilif
s Fi e
Chip é}aklar
1 .1 11
’I \\
Ayak baglantis1 Yapigkan

Sekil 1:Yonga (Chip) tastyict [1]

Sekil 1°de bir yonga (chip) tastyici verilmistir. Tastyic1 sayesinde yonga,
plastik, seramikten yapilmig katman ile muhafaza edilmektedir. Yonga
tagtyiciya alt yiizeyden yapistirilir. Yongada olusan 1siy1 tasiyiciya atmak
gerekir ve bu 1s1 kondiiksiyon (iletim), konveksiyon (tasinim), radyasyonla
atilabilir. Ancak tastyicilar tasarim asamasinda elektriksel yon géz Oniine
alindigmdan, tasiyicinin bosluklart 1s1l iletimi son derece kotii olan gazla
doldurulur. Bu sebeple tastyici ile yonga (chip) arasinda biiyiik bir 1s1l direng
olusur ve bu diren¢ junction-case direnci olarak adlandirilir. Bu direng
yapistirici tiirll veya pargalarin cinsinin degistirilmesiyle diisiiriilmelidir [1].

1.2.LED Yapasi1 ve Literatiir Calismalar

LED (is1k yayan diyot), bir p-n baglantisina sahip kati hal yari iletken
cihazlardir. LED ¢ip, pozitif (p-tip) ve negatif (n-tip) yiikli iyonlar: tagiyan
yar1 iletken katmanlardan olugsmaktadwr. LED’lerde elektronlar eksi yonden
art1 yone dogru akacagindan bu esnada elektrik akimi gegisi olmaktadir. Daha
sonra foton olusumu saglanmasi adna elektronlar, pozitif yilike sahip iyonlarla
birlegirler. LED’lerden yayilan 151k dalga boyu, negatif ve pozitif yiiklerin
birlesimiyle olusan enerjiye karsilik dar bir araliktadir. Bu enerji yaklagik
yeniden birlesmenin olustugu yari iletkenin bant araligi enerjisine denk
olmaktadir [2].

Birlesme sicaklig1 yani jonksiyon sicakligi (Tj) tayini ile ilgili yapilan bazi
caligmalar [3], [4], LED'lerin 1si1l iletkenlik direnglerinin hem optik
ozelliklerini hem de hizmet dmriinii tanimlamaya yonelik olmustur. Baska bir
caligmada ¢evre sicakliginm LED'ler ve LED'in dmrii tizerindeki etkisi Bider
tarafindan arastirilmstir [S]. Bielecki ve arkadaslarinin otomotiv endiistrisinde
LED kullanimi {izerine yaptiklar1 ¢caligmalari, T degerinin hesaplanmasi ve
kanatgik kullannrmin LED'in sogutulmasina etkilerin arastirilmasi iizerine
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olmustur [6]. Vora ve Vijaykumar'm LED iizerinden yaptigi bir bagka
calismada, baskili devre iizerinde olusturulan bakir tabakalar: artirarak 1sil
iletkenligin artacagi ve Tj'de 20°C'ye kadar sicaklik diisiisii olacag1 ifade
edilmektedir [7]. Sheu ve dig. [8], Tj sicakliklarini belirlemek i¢in termal
iletkenlik ve termal direng temelli bir ¢alisma yapmiglardir. LED'lerin sicaklik
problemleri ile ilgili alternatif sogutma sistemleri {izerine yapilan
caligmalardan biri de Jang ve Shin tarafindan incelenmistir [9]. Bu ¢alisma
LED sistemlerinin sicaklik problemini ¢dzmek i¢in sivi ile sogutmaya
dayandirildi. LED'lerin ve kanat tasariminin sogutulmasi {izerine Bing,
Bielecki ve ark. [6], [10] tarafindan yapilan bir ¢alismada, ortam sicakligina
bagli olarak serbest dogal konveksiyon incelenmis ve ortama ve basili devreye
bagli olarak gerekli sogutma hesaplanmstur.

LED'lerdeki sicaklig1 diigiirmek igin, yiiksek 1s1 iletkenlik katsayisina sahip
plakalar kullanilarak uygun sicakliklar elde edilemiyorsa, kanatciklarin
eklenmesi gerekir. Bu nedenle kanatg¢ik tasarmmlari onemli bir rol
oynamaktadir [11]. LED'ler ve Tj sicakligmi farkli potansiyel ve 1s1 iletim
katsayilar1 altinda inceleyen Cheng ve ark. tarafindan bir ¢alisma yapilmistir
[12]. Cheng ve arkadaslarinin ¢alismalarinda, dogal konveksiyon ¢oziimleri
yapilmakta ve dogal konveksiyonda belirlenen 1sil transfer katsayisinin
zorlanmis konveksiyonla 20 W/m?K, 15 W/m?K, 10 W/m?K'e yiikselmesi goz
Oniine alinarak yeni Tj degerleri belirlenmistir.

Bundan sonraki kisimda segilen bir LED (Light Emitting Diode) tipi
iizerinde FIoEFD 17.4 programi kullanilarak hesaplamali akiskanlar dinamigi
(HAD) yontemiyle yapilan analizler iizerinden degisen parametrelerin etkileri
incelenmistir.

2. Materyal ve Metot

Termal analiz sonug¢larma girmeden 6nce kullanilan LED modiiliin tasarim
asamasi ve par¢alarm malzemesi bu kisim altinda verilmistir.

2.1.Geometri

Numara Par¢a Malzeme
tanmim
1 LENS PC Lexan
LS2_Seffaf
2 Sogutucu AL-6063
malzeme
3 PCB FR4 PCB,
fletken bant
4 VIDA EJOT
DELTAPT
Schraube
5 Cakma Cuzn33
CRIMP
6 Kablo FLY-R
Grubu/ kablo
Konnektor
7 Etiket 10x30 mm

Sekil 2: LED Modiil tasarimi ve pargalarin malzeme bilgisi
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Kullanilan LED modiiliin tasarimi ve bilesenlerin malzeme bilgisi Sekil
2’de verilmistir. Bu tasarimda ilgili bilesenlerin sogutulmas: igin vialar
kullanilmis, bilesenler arasindaki 1sil etkilesimin miimkiin oldugunca az
olmasma ¢aba sarf edilmistir. Tiim komponentlerin ve vialarin yerlesimi,
tiretilebilirlik kosullar1 g6z oniine alarak yapilmistir.

2.2.Matematiksel Formiilasyon

2.2.1.iletimle Is1 Transferi

Is1 transferi sicaklik farkindan dolayr olusur. Iletim; bir maddenin
partikiilleri arasindaki iliski boyutunda bakildiginda fazla enerjiye sahip olan
partikiilden daha az enerjili partikiillere olan enerji transferidir. Temel denklem
Fourier 1s1 iletimi kanunu olarak ifade edilmektedir ve denklem 2.1 ile
verilmigtir [13].

dT
Q= —k.A.& (W] 2.1
‘k’ burada 1s1 iletim katsayisidir ve x-yoniinde su sekilde tanimlanir [13].
Q
hy=——70 W
A(5)
/mK] 2.2

Is1 iletim katsayis1 buradan da anlagilacagi gibi, malzemenin &zelligine
gore degismesinin yani sira yone ve sicakliga da baghdir. Ayrica 1s1 iletim
katsayisinin degeri mesafe ile de baglantilidir. Bu ylizden akiskanlarda
molekiiller aras1 mesafe katilara gore daha fazla oldugundan, 1s1 transfer etkisi
daha azdir ve iletim katsayilar1 daha diistiktiir [13].

2.2.1.1.Is1l direng
Bir elektrik direnci ile iletilen elektrik arasindaki iliski, 1s1l direncle iletilen
1s1 arasindaki iligkiye benzerdir. Is1 iletim direnci denklem 2.3 ile verilmistir

[13]. . . L
1 ,2
R jtetim = sq—s =% 2.3
X

Burada q,, = Q,/A olmakta ve 1s1 akisi olarak adlandirilmaktadir.
Isil direng yiizeyde tasimim ile iliskili ise, 1s1 tagmim direnci Newton
soguma yasasindan diizenlenerek denklem 2.4 olarak yazilabilir [13].
Ty, —Te 1

Rijietim = 7 = 2.4

Elektronik devre kartlar1 da diisiiniildiigiinde, devre benzetimi 1s1 gegisi
problemlerini ¢dozmede kolaylik saglar. Sekil 3’te belirli bir kalnliktaki
yapinin her iki yiizeyinde tasmim ger¢eklesmesi durumu ele alinmis ve devresi
¢izilmistir [13].
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T N Soguk akiskan
A ~.
.
~
T
AN
\\-k—\_
Sicak akiskan " Toz

L% X=l
1 VNV AN AN
=t Tes T2 Taa

Sekil 3: Isil direng 6rnek semasi [13]

Bu direng semas1 kullanilarak ¢6ziim denklem 2.5 ile yapilabilir [13].
Tool_Tooz Tool_TOOZ
- == : : 2.5
1 L 1
AT RA T RyA
2.2.2.Dogal Tasinim

Akigkanin herhangi bir dis etkiye maruz kalmadan dogal hareketiyle
gerceklesen 1s1 transferi tiiriidiir. Hareketli bir akigkanin kat1 yiizeyi izerinden
akmasiyla sicaklik farkindan dolay1 gerceklesir.

Dogal tasinim olay1 basit bir sekilde Sekil 4’te verildigi gibi anlatilabilir.
Sekildeki ilk durumda alt levha sicak ve iist levha soguktur. Bu yiizden alt
yiizeyle temasa gegen hava 1sinir ve yukari dogru hareketine baglar. Yukariya
ciktikca sogumaya baslayan hava iist levha ile temasinin hemen ardindan
yogunlugu artar ve asagi dogru harekete baslar. Bu sekilde siirekli ve kararsiz
bir hava hareketi s6z konusudur. ikinci durumda ise hava, alt levha ile
temasinin ardindan sogumaya ve algalma egilimi gostermeye calisacaktir
ancak yapamayacaktir. Ust levha ile tamas eden hava ise 1smarak yiikselmek
isteyecek ama yapamayacaktir. Bu sekilde de kararli ve hareketsiz soz
konusudur [14].

Soguk duvar Sicak duvar

qx =
RToplam

Sekil 4: Kapali hacimde dogal taginim [14]

Analizler i¢in kullanilan FIoEFD 17.4 hesaplamali akigkanlar dinamigi
programi alt yapisinda akiskan akislari icin kiitle, momentum ve enerji
korunumu yasalarmimn formiilasyonu olan Navier-Stokes denklemlerini ¢ozer.
Denklemler, akiskanin yapisini tanimlayan akigkan durumu denklemleriyle ve
akiskan yogunlugunun, viskozitenin ve sicakliga bagli 1sil iletkenligin ampirik
bagimliliklar ile desteklenir. Bu esitlikler denklem 2.6-2,11 ile verilmistir
[13].
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Siireklilik (Kiitlenin korunumu) denklemi:
a d d
o, (pu) + a (pv) + a, (pw) =0 2.6
Momentum denklemleri:
0 (ou) + - Govn) + - (ow)
2 puu 3, pvu % pwu
3 0P+ 62u+62u+62u 27
=T, TH\Gxz Ty T 92 '
a 0 0
a (puv) + a (pvv) + a—z (pwv)
3 BP_I_ 62v+62v+62v 28
~ 73, T\ ax2 T oy T 922 '
d d a
a—x (puw) + 6_y (pvw) + a—z (pww)
3 6P+ 62w+62w+6zw
7, TH\axz Tay2 T 922

Akisgkanlar i¢in termal enerji korunumu denklemi:
a( T)+a( T)+6( T)—k azT+62T+62T + S 2.10
9, P T, YT W= \ax2 Tay2 T 922 ) T e &
Katilar i¢in

0°T 0%T 0°T
oz a2 to2) 0 211

2.2.3.Arttirilmis Yiizeylerden Is1 Transferi
Yiizeyden gerceklesen 1s1 transferini artirmak icin parga yilizeyine ilave

edilen ve kanat¢ik diye adlandirilan terime arttirilmis yiizey ifadesi denir. Bu
konu Sekil 5 iizerinden daha iyi anlatilabilir. Eger Ty sabit ise, yiizey ile
akigkan arasindaki 1s1 transferini arttirmak igin akigkanin hizi arttirilarak 1s1
taginim katsayisinin degeri arttirilabilir veya akiskan sicakligi diistiriilerek bu
islem gerceklestirilebilir. Fakat birgok durumda i1s1 tagiim katsayisint en
yiiksek degere yiikseltmek 1s1 transferini saglamakla yetersiz kalmakta ya da
bunu gerceklestirmek maliyet smirlamasina takilacaktwr. Diger taraftan
sicakligini diislirme yontemi bir¢ok durumda uygulanabilir degildir. Sekil 5°te
gorildiigii gibi Uglincli bir secenek yiizeyin 1s1 transferine maruz alanini
arttirmak ve bu sebeple de 1s1 transferi miktarini arttrmis olmaktir. Ist iletim
katsayis1 ve kanat¢ik malzemesi, kanatgik iizerindeki is1 transfer miktarini
¢okca etkiler. Optimum olarak kanat¢ik malzemesinin 1s1 iletim katsayist
biiyiik olan segilmelidir ve boylece kanatgik tabani ve ucu arasindaki sicaklik
degisimi en aza indirilebilir [14].
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- E i
7 o

>
Q = hA(T, - T..)

j 8 T
y
2) Ciplak yiizey (b) Kanatgiklh yiizey
Sekil 5: a) Ciplak ylizey b)Kanatgik ilaveli yiizey [14]

3. Termal Analizler

Bu galisma FIoEFD 17.4 hesaplamali akiskanlar dinamigi programi
kullanilarak yapilmistir. ilk olarak Sekil 6’da verilen kontrol hacmi
olusturulmustur. Discrete Ordinates radyasyon modeli kullanilmustir.
Yergekimi 9.81 (m/s?) olarak almmustir.

il [

e -

Sekil 6: Kontrol Hacmi

Oncelikle 23°C ortam sartlarinda var olan sogutucu ile analizler
yapilmistir. Elektronik komponentlerin ve diger parcalarin termal agidan
dayanimini kontrol etmek i¢in analiz sinir sartlarinin belirlenmistir. Daha sonra
ortam sicakligt 40°C ve radyasyon uygulanarak analizler tekrar edilmistir.
Solar radyasyon degeri 1009 W/m?’dir. Soguma yalnizca dogal tasmimla
olmaktadir. Hacim i¢indeki hava akisi laminer ve siirekli rejimde kabul
edilmistir.

Elektronik bilegenlerin, sogutucunun ve diger pargalarin malzemeleri
tanimlanmistir. Bu malzemelerin 1s1l iletkenlik katsayilari, yogunluklari, 1s1
sigalar1 programa girilmistir.
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Elektronik devrede yer alan komponentlerin giigleri programa hacimsel 1s1
kaynag1 olarak tanimlanmistir. En son olarak her parga igin ayr1 ayr1 optimum
¢6zlim ag1 (mesh) olusturulmustur.

Siirekli rejim analizi yapildigindan dolay1 simiilasyonda her parca i¢in
sicaklik degerlerinin denge haline gelinceye kadar analiz ¢dzlimiine devam
edilmistir. Simiilasyon sonucunda elde edilen sicakliklar malzemelerin
dayanim sicakliklari ile kiyaslanarak termal agidan uygunluklarina bakilmistir.

LED se¢imi Samsung PLCC4 olarak se¢ilmis ve analizler bu LED igin
yapilmistir.

3.1.Analiz-1

Samsung PLCC4 LED’in termal rezistans degeri 70 K/W dir. Devre
iizerinde 101 adet via bulunmaktadir. LED’in maksimum jonksiyon sicaklig1
125°C dir. Analiz ortam sicaklig1 23°C’dir. Solar radyasyon uygulanmamustir.
flgili elektronik komponentlerin i{izerinden gegen akim degeri 0.14A, LED
stirim gerilim degeri maksimum 2.5 V dur. Komponentlerin gii¢ degerleri
Sekil 7°de verilmistir.

Sekil 7:Mevcut sogutucu modeli ve komponentlerin gii¢ degerleri (0,14A)

Analiz sonucunda elde edilen her parga i¢in maksimum sicaklik degerleri
Sekil 8’de verilmistir. LED iizerindeki maksimum sicaklik degeri 61,55 °C dir.
Samsung PLCC4 LED jonksiyon sicakligi agagidaki denklemde 87,1° C olarak
hesaplanmustir.

K
T; = 61,55°C + 73W x 2,5% 0,14 = 87,1°C

8 Em—

Sekil 8:Elektronik komponentlerin sicaklik degerleri
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3.2.Analiz-2

Analiz ortam sicakligi 40°C’dir. Solar radyasyon uygulannmustir. ilgili
elektronik komponentlerin {izerinden gegen akim degeri 0.14 A, LED siirim
gerilim degeri maksimum 2.5 V dur.

Analiz sonucunda elde edilen her parga i¢in maksimum sicaklik degerleri
Sekil 9’da verilmistir. LED {izerindeki maksimum sicaklik degeri 89 °C dir.
LED jonksiyon sicakligi asagidaki denklemde 114,55° C olarak
hesaplanmustir.

JN,

Sekil 9: Elektronik komponentlerin sicaklik degerleri

3.3.Analiz-3

Samsung PLCC4 LED ig¢in analiz LED iizerinden gegen akim artirilarak
tekrarlanmigtir.  Analiz  ortam sicakligi  23°C’dir. Solar radyasyon
uygulanmamustir. Tlgili elektronik komponentlerin iizerinden gegen akim
degeri 0.18A, LED siirim gerilim degeri maksimum 2.5 V dur.
Komponentlerin gii¢c degerleri Sekil 10°da verilmistir.

0,06*5,36
=0,325W

Sekil.IO: Elektronik komponentlerin gii¢ degerleri (0.18A)

Analiz sonucunda elde edilen her parca i¢in maksimum sicaklik degerleri
Sekil 11°de verilmigstir. LED {izerindeki maksimum sicaklik degeri 70,01 °C
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dir. LED jonksiyon sicakligi asagidaki denklemde 102,86° C olarak
hesaplanmustir.

K
T; = 70,01°C + 73W X 2,5%x0,18=102,86°C

o H 10
B O-mO

A
Sekil 11: Elektronik komponentlerin sicaklik degerleri

3.4.Analiz-4

LED 0.18A deki gii¢ degerleri i¢in analiz tekrarlanmigtir. Analiz ortam
sicakligi  40°C’dir. Solar radyasyon uygulanmustir. {lgili elektronik
komponentlerin iizerinden gegen akim degeri 0.18 A, LED siiriim gerilim
degeri maksimum 2.5 V dur.

Analiz sonucunda elde edilen her par¢a i¢in maksimum sicaklik degerleri
Sekil 12°de verilmistir. LED iizerindeki maksimum sicaklik degeri 96,69 °C

dir. LED jonksiyon sicakligi asagidaki denklemde 129,54° C olarak
hesaplanmustir.

K
T; = 96,69°C + 73W %X 2,5x 0,18 = 129,54°C

Sekil 12: Elektronik komponentlerin sicaklik degerleri
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4. Sonuclar

Yapilan analizler sonucu ortaya ¢ikan veriler Tablo 1°de verilmistir.
Tablo 1: Termal analiz sonuglari

Samsung ANALIZ-1 | ANALIZ-2 | ANALIZ-3 | ANALIZ-4
PLCC4-

125°C

Ortam 23°C 40°C+rad | 23°C 40°C+rad
sicaklig1

Akim 0,14A 0,14A 0,18A 0,18A
Gerilim 2,5V 2,5V 2,5V 2,5V
Jonksiyon | 87,1°C 114,55°C 102,86°C 129,54°C
Slcaklig

Tablo 1 de Samsung PLCC4 LED igin yapilmis termal analiz sonuglar1 ve
analiz sinir sartlart verilmistir. Samsung PLCC4 LED maksimum jonksiyon
sicakligr 125°C dir. LED i¢in 0,14 A deki gii¢ degerlerine gore yapilan
analizler termal acidan uygundur. Ayn1 LED’in 0,18A deki gii¢c degerleri igin
yapilan analizlerinde 23°C deki sonuglar1 termal agidan uygundur. Ancak
yapilan dordiincii analiz sonuglarina bakildiginda, LED’in maksimum
jonksiyon sicakligindan fazla bir sicaklik degeri ¢iktigindan dolayi, Analiz-4
sinir sartlar1 termal agidan uygun degildir.

Analiz-1 ve Analiz-2 kiyaslandiginda, devre iizerinde akan akimimn
degerinin artmasi jonksiyon sicakligint da yiikseltmistir. Ayni akim
degerlerinde fakat farkli ortam sicakliklarnin olmasi ve dahi radyasyonun
devreye girmesiyle, yiiksek sicakliklarda ve radyasyon etkisinde jonksiyon
sicakliginin 6nemli derecede arttig1 gézlemlenmistir.

Akim degerinin yaklasik %29 artisiyla, jonksiyon sicakliginda yaklasik
15°C’lik bir artis gozlemlenirken, ortam sicakhigmin yaklasik %74 artisiyla ve
radyasyonun agilmasiyla, jonksiyon sicakliginda yaklasik 27°C’lik bir artig
gdzlenmistir. Buradan yola ¢ikarak devre iizerinden gegen akimin, jonksiyon
sicakligini yiizdelik oranda degistirme etkisinin daha fazla oldugu sdylenebilir.
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1. Giris

Son yillarda iilkemizde bodur ve yart bodur elma yetistiriciligi hizla
artmaktadir. Yiiksek maliyetli bodur elma bahgesi tesisi yatwrimmnin geri
doniisiimii ve kara gegmesi ekonomik siirdiiriilebilirlik i¢in ilk sarttir. Yiiksek
girdileri olan bu girisimde; kalite ve verim dengeli, birlikte ve entegre
yonetilmelidir. Uretimde amag; kalite yaninda kantitedir. Elma; sulama,
giibreleme, bitki sagligi, seyreltme, hasat gibi bakim isleri yapilarak yetistirilir.
Elma yetistiricisi bakim iglerinden budamada bilgi ve tecriibeye gereksinim
duyar. Daha ¢ok verim hedefleyen iireticiler budama islemini kurulumdan
itibaren biitiin verim evrelerinde dogru yonetmelidir. Geng agaclarin budamasi
¢ok fazla biiyimeye neden olur ve bu durum meyve vermeyi geciktirir.
Budama ne kadar siddetli olursa, aga¢ o kadar fazla siirgilin {iretir. Bir agag
zayifsa bu arzu edilebilir (Perry,2019).Tarimsal yayimin budamadaki amact;
budamacinm temel agac yetistiriciligi ve budama bilgilerini benimsemesi ve
agacini en rantabl esaslarda budama becerisini kazanmasidir. Budama kesme,
koparma, egme, baglama yontemleri ile agacin biiyliimesini tesvik etme isidir.
Giinesin girigini yonetirken, mekanizasyonu, bitki korumayi, hasadi en az is
giicii, enerji ile yapabilecek agag¢ sekli formu tasarlanmas: terbiye isidir. Bir
agacin budanmasinda sanat yatar, boylece biiyiime ve verimlilik dengesi olusur
ve estetik olarak sizi tatmin eder (WSU,2019).Training and pruning olarak
Ingilizce tanimlanan bu kavramlar ayrilmaz bir biitiindiir. Tarimsal yayimda
carpici, dikkat ceken ifadelerle farkindalik olusmasi istenen kavramlar
belirtilir. Her ¢esit elma i¢in degisik dncelikler bulunmaktadir. Her ydrenin
elma gesitleri tizerinde farklilasan etkileri olabilir. Budama ¢ok karmasik genis
kapsamli bir konudur. Uzun yillar klasik ve klonal anagl elma yetistiren
Karaman ve Konya bolgesinde Tarim elma da yayim konusunda
deneyimlendim. One ¢ikan ve yaygin sorulara pratik ¢dziim olabilecek budama
yeniliklerini paylasmak amaciyla bu ¢alismay1 hazirladim. Budama da ilk akla
gelen islem elma agaclarinin bir yerlerinin (dal, govde) kesilmesidir. Makas ve
testerenin kesme islevleriyle budama 6zdeslesmistir. Bu c¢alisma da egme,
baglama ve koparma kavramlarini bakim islerine terbiye adiyla ekleyecegiz.

1.1. Yetistiricilik Deneyimi

Uzun yillardir klasik ve klonal anagli elma yetistiren Karaman ve Konya
bolgesinde; budama konusunda bdlgeye 6zgiin deneyim ve bilgi birikimi
olusmustur. One ¢ikan ve yaygm sorulara pratik ¢dziim olabilecek budama
yeniliklerini paylagsmak amaciyla bu ¢alisma hazirlanmistir. Budama da ilk
akla gelen islem elma agacglarinin bir yerlerinin (dal, gévde) kesilmesidir.
Makas ve testerenin kesme islevleriyle budama 6zdeslesmistir. Meyve {ireten
g6zlerinin yenilenmesini, ta¢ icindeki 151k ve ilag dagilimini iyilestirmek igin
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bitki biiylimesini etkilemeyi igerir (Schupp,2019). Bu ¢alisma da egme,
baglama ve koparma kavramlarmi bakim islerine terbiye adiyla ekleyecegiz.
Agacmn dikimiyle sekil verilme islemi baglamaktadir. Tacin (agacin toprak iistii
aksami) yonetilmesinde; verim ve gelismeyi dengelemede en dogru birlesimi
terbiye destekli budama saglar. Meyve alinamayan agag¢ siirgiin gelisimini
kontrolsiiz devam ettirmektedir. Budama ve terbiyede amag; kaliteli meyveyi
stirekli olarak almaktir. Yatirimin geri doniisiiniin erken baglamasi avantajlidir.
Erken verim ve kalitede; tam ve yar1 bodur elmalar {ilkemizde 6nceden yaygin
kullanilan ¢6giir anaclardan daha istiindiirler. Bodur meyveler odunun az
oldugu agac yaparlar. Meyveleri standart ve kalitelidir. Daha hassas, genis
bilgi gerektiren budama ve terbiye istemektedirler. Yiiksek kurulus maliyetiyle
yatirimcisini daha uzman ve titiz ¢galismaya yoneltmektedir. Dikey alandan
faydalanma arayis1 6n plandadir. Ulkemiz dogru teknik ve stratejiyle; tam ve
yar1 bodur elma yetistiriciligiyle istenen kalite ve miktarda ihracatlik elmay1
tiretebilir.

1.2. Dikim Planlama

Guniimiizde bitkisel tiretimde verim ve kalite kavramlar1 temel Ol¢iittiir.
Elma ¢esitleri kaliteli meyve i¢in dogru anagla kurulmalidir. Dogru anag ve
¢esit uzmanindan 6grenilmelidir. Meyvecilik yatirimi dogru kararlar alarak
uzun vadeli siirdiiriilebilir. 6zellikte Bahge topraginda dikim dncesi mutlaka
dip patlatma yapilmalidir. Toprak tahliline gore; makro, mikro element
eksiklikleri dikim Oncesi kok bolgesine organik madde takviyesiyle birlikte
karigtirilmalidir. Leonardit ve toz kiikiirt i¢ine demir veya g¢inko siilfat
karistirilmas1 Icanadolu bolgesinde en gegerli uygulamadir. Ahir giibresi
atilmas1 6zellikle de giibrenin arazi igine topakli sagilmasi manas zararina
sebep olarak olumsuzluk olusturabilmektedir. Dip patlatma dikimden &nceki
yil tercihen agustosta tek soklu aletlerle, bir metre derinlige kadar giiclii
traktorlerle araziye uygulanmalidir.

1.3. Budama

Dikim fidanin as1 yeri toprak tstiinde kalacak ve hakim riizgara ters olacak
yonde herekli sekilde yapilmalidir. Fidanda tepe kesiminin toprak yiizeyinden
70-90 cm’den yapilmasi uygundur.Budama ve terbiye yaz kis biitiin y1l devam
etmektedir. Yetistiricilerimiz yaygm olarak kigin yapilan kesime dayali
budama islemini yeterli kabul etmektedir. Bodur elma yetistiriciliginde tek bu
zamanda agacin tacmna yapilan miidahale eksik kalacaktir. Dikimle birlikte ilk
yildan baslayan dogru uygulamalar bu on altin kural esashdir. Kurallar
genellemedir. Nietzsche’nin bir séziinde dedigi gibi “Bu da dahil biitiin
genellemeler yanhsuir”. Bilimin mantiginda siirekli siiphe zaten vardir.
Degisim ve gelisim mukadderdir. Tecriibeler ve bilgiler paylasildikca
yayilmakta ve artmaktadir. Mevlana’nin bir séziinde de; “Diinyanin en gii¢
isi bir geyin nasil yapilacagin bilirken, baska birinin nasu yapamadigini ses
ctkarmadan seyretmektir.” demektedir. Tam dogruya giden yolda bilinen en
olumlu ve istenen neticeyi veren uygulamalar bu yazida sirayla vurgulanmustir.
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2. Tam Ve Yar1 Bodur Elma Budamasi Yayiminda; On Altin Kural

2.1. Lider Kesilmez

I¢ Anadolu ve elma iiretilen biitiin bolgelerde liderli budamalar tercih
edilmelidir (Resim 1). Son yillarda Avrupa’da 6zellikle Almanya’da yiiksek
boylu budama ve terbiye sistemleri 6nem kazanmaktadir. Diinya pazarinda
talep goren kirmizi elmalar (Red delicious ve mutantlari, Fuji, Gala, Pink
lady,...) gilines etkisiyle kizarabilir. Lideri bodur agaglarda 4 m’ye kadar
uzatilan agaglarda renklenme ve kalite yiikselmektedir. Boylece hi¢bir zaman
bodur ve yar1 bodurlarda lider kesilmez. Bir¢ok elma iireticimiz hobi olarak
diktigi bodur elma agaglarinda ¢ogiir agaclardaki mantikla goble (ganak)
sekline benzer lideri yanlis aligkanlikla kesmektedir (Resim 2). Bu
agiklamalarin altin kuralina gore lider kesilmez.

5 A A O

Resim 1.Yar1 bodur liderli formda Resim 2. Lideri ilk yillarda
elma agaci olusturulmamis agag

2.2. Kestigim Dal Siirer, Kopardigim Dal Siirmez

Biiylimekte olan bir dali slirgiinii durdurmak i¢in kig budamasinda hemen
kesim yapilir. Bu kesinlikle yeni ve gii¢lii bir yeni siirgiin demektir. Kestiginiz
kismin altindaki agac tarafindan kalinlastirilmakta ve yeni siirglin vererek tepki
olugsmaktadir (Resim 3).Yani kig budamasinda yaprak goziinden kesim
biilylimeyi durdurmaz. O dali siirgiinii tamamen istemiyorsak dogrusu elle
koparmaktir (Resim 4). Boylece o bdlgedeki yeni siirgiinii yapacak uyuyan
gbzde koparilir ve siirme hi¢ olmaz. Hassas nokta; iki ucu keskin bigak etkisi
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yapan bu kesme kavramma agacm verdigi bu tepkileri dogru ve zamaninda
kullanma ustaligidir. Siirgiin olarak boyunu yeterli gordiigiiniiz dali yaz
doneminde yesil aksamli agustos ayinda kesersek muhtemelen siirmez. Yani
¢ozlim ¢ok siirgiin iireten dal ilk tespit edildigi ilkbahar siirglinii sonrasi
keserek durdurmaktir. Ya da egilerek meyveye yatirilmalidir. Agag genellikle
ilkbaharda gii¢lii sonbaharda daha zayif siirgiinler verir. Kesim ve koparma
konusunda zamani segerek; kestigim dal siirer, kopardigim dal siirmez.

4 e

Resim 3.Siirgiin goziinden kesim Resim 4.Koparma

2.3. Yan Dallar Yatik, Lider ise Dik Gidecek Sekilde Yonlendirilir

Dikim yili tepe kesimi sonrasi ilk siirgiinlerini veren bir fidanda haziran
basinda bir veya iki goz en ugtaki siirgiinlerden lider aday1 birakilir. Altindaki
avug kadar bolgedeki siirgiin veren gozler (ikinci altin kurala gore) koparilir
(Resim 7). Altinda kalan gozlerden 3-8 ideali 5 yan dal aday: segilir. Dallar her
yonde olmalidir iisten bakildiginda yildiz gibi aralarinda 72 derecelik agiyla
dagilmalidir. Govdede dikey araliklari 5-15 cm olusacak 6ngoriide dizilmelidir
(Resim 5). Normal (160-175 cm) boyda bir kiginin fidanin dibine bastiginda
diz kapagi seviyesine kadar olan bolgenin altinda dal istenmediginden koparilir
(Resim 6). Mandallama, egme, baglama, herekleme ve yanina direk dikme ile;
yan dallar yatik, lider ise dik gidecek sekilde yonlendirilir.

Resim 5. Lider ve yan
dallar

Resim 7. Lider ve yan
dal se¢imleri

Resim 6. flk taglandirma seviyesi
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2.4. Dik Giden Dal Siirgiin, Yan Giden Dal Meyve Verir

Azot karbon oraniyla aciklanan ve meyve gdzii olusumunu etkileyen yan
ve dik giden dallarla (Resim 10) ilgili en pratik uygulama; yan dal agis1
gbvdeye ortalama 60 derece olmalidir (Resim 11). Uygun siirgiin agisi yatay
konumda yaklagik 30° oldugunda 60 ° 'lik bir ¢atal agis1 olusturur( Roper,
2019). Yani govdeyi, lideri saatin yelkovammni 12 yoniinde dik olarak
diisiinerek yan dal saat 2 (veya 10 yoniinde) agisinda egimli olmalidir (Resim
11) . Dik giden dal siirgiin gézii (Resim 8 ), Yan giden dal meyve gizii (Resim
9), verir.

Resim 8. Yaprak siirgiin gozleri

Resim 9. Cigek meyve gozleri

B 2
Resim 10. Egilmesi gereken yan dal Resim 11. Saat 2 veya 10 yoniinde yan dal

2.5. Bir Meyveyi 40-80 Yaprak Besler

Bitkilerin iiretim yaptiklar1 fotosentezin gerceklestigi yer yapraklardir.
Meyveleri besleyen, olusturan karbonhidratlarin yapim yeridir. Yatik dallarda
yeterince meyve gozii olugur ve burada su altin kuralimiz iglemektedir (Resim
12) . Bir meyveyi ortalama 40-80 yaprak besler.

Resim 12. Bir meyveyi 40-80 yaprak besler
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2.6. ideal Meyve Konumu ve iriligi

Dal tizerinde dik-yukari ¢ikan, agagiya-alta ve yana doniikk meyve gozleri
olur. Bunlardan alttaki gdzdeki meyve giinesi az alinca renksiz, kiigiik olur.
Yukar1 dogru olan gézdeki meyvede iri kaba ve giines yanigma yatkin olur.
Seyreltme besinci ve altinci altin kural ¢ergevesinde yapilmalidir. En ideal
meyveyi yan meyve gozleri yapar (Resim 15) .Ideal ve ticari degeri olan meyve
200 gr civarindadir. Yazlik Gala gibi ¢esitlerde olgun meyve 140-160 gram
civarinda (Resim 13) iken genellikle biitiin giizliik ve kiglik elmalarda (Granny
smith, Fuji, Red ve Golden delicious) en ideal meyve 200 gr civarindadir
(Resim 14). Daha irisi de pazarda istenmemektedir. Haziran meyve dokiimi
sonrasinda 5. altin kurala goére meyve bu ideal agirhigr hedefleyerek
seyreltilmelidir. Bir aradaki meyvelerden kral meyve denen diizgiin sekilli ve
en iri olan1 besinci altin kuralimiza gore belirlenmelidir. Seyreltme de amag;
200 gr meyve almaya yonelik olmalidir.

= 3
&% ur J. P

L 7 | ) -
Resim 14. Kislik Elma ¢esidinde 200gr

)

Reim 13.Yazlik Elma gesidinde 40 ar

elmalar elmalar

Resim. 15. Meyve gozii seyreltmesinde dik ve alta gidenler alinmalidir

2.7. Giines Giren Yerde Meyve Gozii Olusur

Giines yasamin temel enerji kaynagidir. Bitkilerin iirettigi besinler hayatin
stirdiiriilebilirligini saglar. Atasoziimiizde “Giines girmeyen eve doktor girer”
diyerek gilinesin verdigi sifa belirtilmektedir. Yapraklar fotosentez i¢in gilinese
ihtiyag duyar. Gilinde ortalama 6 saat direk gilines 15181 goren yere bitki
konumlandirmamiz onerilir. Giinesten en iyi faydayr glinese maruz bitki
yiizeyini artirarak yakalayabiliriz. Agaclarimizi ilk altin kuralimizda oldugu
gibi yiiksek taglandirip sekillendirerek kaliteli meyve hedeflemekteyiz. Meyve
gbzlerinin giinesi iyi goren aga¢ dis yiizeyi, ¢eperinde yani dal uglarinda
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olusumu goézlemlenir. Budama giinesi agacin i¢ bolgelerine ulastiracak
bicimde yonlendirilir. Boylece tacin i¢ kisimlar meyve gozlii olusumu
tetiklenir. Konik ve pramitimsi aga¢ sekli tasarlanarak giinesin i¢ kisimlara
etkili ulasabilmesi saglanir. Giines giren yerde meyve gozii olusur (resim 16).

Resim 16. Giines 1s181nin taca dengeli bigimde girmesi hedeflenir

2.8. Govdenin 1/3’iinden, Yarisindan Daha Kaln Olan Dallar Kesilir

Bodur agaclarda dallarin yatikligi ve aralarinda giinesin dagilimi altin
kurallarla 6l¢tilendirildi. Liderin rakipleri yatirilarak kontrol edilmelidir.
Yenilerini tesvik etmek i¢in daha az iiretmeye baslayan daha yash dallari
budamak isteyeceksiniz. Bu uygulama, yillar boyunca az ¢ok sabit bir tiriin
elde etmenize yardimci olacaktir (Patterson.2019). Gelismede goévdenin
1/3’tinden kalin, yani neredeyse govdenin liderin yarisi kalmlhiginda gelisen
dallar ileriki yillarda olusabilecek olumsuzluklar diisiiniilerek mutlaka
kesilmelidir (Resim 17). Ayn1 yonden ve yerden dal elde etmek isteniyorsa;
dalin govdeye baglandig1 yerde ¢ikintili-okgeli kesilmelidir. Kesim noktasinin
alt kisimda kalan g6z uyandiriimalidir (Resim 18). Zayif dallarin meyveye
yatma egilimi yaklagimi benimsenmelidir. Bu kesim, kesilen kalin dalin
altindaki gizli tomurcuklarin genig ¢atallanma agilar1 ile yan dal olarak
biiyiimelerine yol acar.(Parker,2008). Giiclii yan dallar 6ngdriilmeyip yeni
uygun egimde yan dallarin olusumu planlanarak budama islemleri yapilir.
Lidere rakip olma olumsuzlugu ve agacin dengeli meyve yaprak dagilimi
biitiinliigli yoniinden ¢ok kalin yan dal yenisi yerinden ¢ikacak uygulamayla
yenilenir. Hollanda da uzun yillar {iretim yapilan klonal anacl bahgelerde
bir¢ok kez bu yasl dallarin ¢ikarilarak yeni dal alinmasi ile olugmus yumrumsu
yapilar gozlemlenir. Sonugta; govdenin 1/3’iin den daha kalin olan dallar
kesilir .
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Resim 17.G6vdenin 3/1 den kalin Resim 18.0kgeli kesimle yeni dal
dal kesilir olusumu.

2.9. Meyve Gozlerinden Kesim Yapilmaz

Siirgiin gelisimi kisitlamasinda kesimin yeri ve amact ilk {i¢ altin
kurahmizda vurgulanmustir. ilk diktigimiz kamgi fidandaki tepe kesimi
yeniden siirgiinii ve altindaki govdede gelismeyi-kalinlasmayi tesvik edici etki
olusturur. Biitiin kesimler siirgiin gdziinden tirnak birakilmadan yapilir. Meyve
g6zl kesiminde siirgiin olusumu olmaz. Ozel amaglar harig meyve goziinden
kesim yapilmaz (resim 19).

Resim 19.Meyve goziinden kesim
Budama ¢ok farkl bitkilerde fizyoloji ve ekolojik 6zelliklerine gore iistiine

kitaplar yazilacak kadar genis ve karmasik bir konudur. Burada ki altin kurallar
da pratik uygulamalar da akila ilk gelmesi gereken esaslari diizenleyecek
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bilgiler, tecriibeler verilmeye calisilmistir. Italya’da elma bahgesi ziyaretinde
tecriibeli bir bahgivan bize soyle demisti “Ne kadar budamaci varsa o kadar
budama tarz vardwr. Bahge dikmek isteyen bir arkadasimiz yazili olarak fidan
dikimine iligkin bilgi sormustu; ¢ok kisaltarak en gerekli gérdiiklerimi yazarak
13 sayfada tamamlayabilmistim. Budama ¢ok daha kapsamli bir konu; gézlem
ve deneyimle ustalasabilecek bir sanattir. Meyvecilikte gelismis iilkeler klon
anaglarinin kitlesel tiretimini gergeklestirmeleri yaninda yeni klonal, bodur
ve yar1 bodur elma anaglar1 da elde etmeye baglamiglardir. Bu bakimdan elma
yetistiriciliginde yeni ¢esitler, yeni dikim sistemleri ve budama teknikleri ve
bunlarin  pratikte  yayginlastirilmast  iizerinde  durmakta  yarar
vardir(Kiiden.2007). Bu yeni sistemler bah¢enin kurulugunda planlanmalidir.
Budama ile anilan terbiye kavrami eski budama sekillerine ¢ok koklii
degisiklikler getirmektedir. Her cesit ve anag¢ igin degisebilecek sistemler
gelistirilmelidir (Keskin, 2011).Tarimsal yayimda bdlgedeki ihtiyaglara uygun
tekniklerin benimsetilmesi ve yayginlagsmasi hedeflenir. Budama aranan
kalitede meyveyi elde edebilecek amag giidiilerek profesyonelce yonetilmesi
gereken bir siiregtir. Tecriibeli isgiicli ile biitiin y1l gelecek odakli olarak
yiritiilmelidir.
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1. Giris

Funguslar, biyolojik olarak ilging kiigiik molekiilleri {iretebilen
biyosentetik a¢idan yetenekli organizmalardir (Williams et al., 2008). Sekoder
metabolitler agisindan ¢ok zengin bir kaynak olusturmaktadirlar. Giiniimiize
kadar binlerce fungal sekonder metabolit izole edilmistir. Ribotoksinler de baz1
funguslarm {rettigi sekonder metabolitler arasinda yer almaktadir.
Ribotoksinler, protein sentezi inhibisyonuna ve apoptozis ile hiicre dliimiine
yol agan, 28S rRNA’ nin biiyiik dl¢iide korunmusg sarcin/ricin domainindeki
fosfodiester bagi lizerinde oldukca spesifik bir niikleolitik aktivite sergileyen
ribozom inaktive edici proteinler ailesindendir (Olombrada et al., 2017).
Ribozomu inhibe etme yeteneklerinden dolayi gelecek vadeden birgok
biyoteknolojik calisma gergeklestirilmistir. Bunun yani sira bu toksinlerin
ribozomal preparatlarda protein biyosentezini 0,1 nM kadar disiik
konsantrasyonlarda bile inhibe ettigi gosterilmistir (Lacadena et al., 2007).

1.1. Fungal Sekonder Metabolitler

Canlilarm metabolik faaliyetleri sonucu olusturduklar1 iriinlerine
metabolit ad1 verilir. Primer metabolitler biiylime, gelisme ve ¢ogalma igin
gerekli olan maddelerdir. Eksponansiyel fazin sonunda olusturulan, diisiik
molekiil agrrlhikli olan dogal bilesiklere ise sekonder metabolitler
denilmektedir. (Cantiirk, 2015).  Sekonder metabolitler, ugucu alarm
feromonlari, birgok bocek icin cinsel ¢ekim, yirticilara karsi savunma olarak
kullanilma gibi salgilayan organizmaya gore degisiklik gdsteren cesitli
fonksiyonlar sergilemektedir. Ancak sekonder metabolitlerin biiyiik bir
¢ogunlugunun biyolojik fonksiyonu tam anlamiyla belirlenmemistir (Hansson,
2013).

Fungal gelisimde genellikle sporulasyon siirecleriyle iligkili olan sekonder
metabolitler, fungusa nis 6zellesmesi i¢in gerekli olan kimyasal silahlarm bir
pargasi olarak disiiniiliir. Biyoteknolojik ve farmasotik uygulamalarindan
otlirii ilgi goérmektedir. Sekonder metabolitler yararli olan antibiyotik,
antiviral, antitiimor ve immiinosiipresan gibi aktiviteler sergileyebilirken fito
ve mikotoksik aktiviteler de sergileyebilmektedir (Bok and Keller, 2004).

Fungal sekonder metabolitlerden biri de fungal ribotoksinlerdir ve
Aspergillus, Penicillium gibi filament6z funguslarin bazi tiirlerinin ve birkag
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fungal tiiriin daha ribotoksin iireticisi oldugu tespit edilmistir (Lin et al., 1995;
Hwu et al., 2001; Olombrada et al., 2016,2017; Landi et al., 2017)

1.2. Fungal Ribotoksinler

Ribotoksinler ribozom inaktive edici proteinler (RIP) ailesindendir ve 28S
ribozomal RNA’nin biiyiikk oOlgiide korunmus olan sarcin/ricin (SRL)
domainindeki tek bir fosfodiester bagma karsi oldukca spesifik bir
riboniikleolitik aktivite gosterirler. Ribotoksinler yaklasik 150 amino asitlik ve
genel olarak bazik olan kiigiik proteinlerdir (Olombrada et al., 2017).

Ribotoksinler, 1960’11 yillarda antibiyotik ve antitiimor ajanlar arayan bir
caligmada kesfedilmistir. Bu ¢alismada Aspergillus giganteus’ un, a-sarcin
olarak adlandirilan ve farelerde sarkom ve karsinomay1 inhibe edebilen bir
protein irettigi bulunmustur (Olson and Goerner, 1965; Olombrada et al.,
2017). Ilerleyen arastirmalarda Aspergillus restrictus' ta da benzer aktivite
sergileyen restrictocin ve mitogillin ismi verilen 2 ribotoksin kesfedilmistir.
Bir bagka ribotoksin olan ve A. fumigatus tarafindan tretilen Aspfl,
Aspergillus ile iligkili hastaliklarda temel alerjen olarak kesfedilmistir (Varga
and Samson, 2008). Sonraki yillarda yapilan ¢alismalarda da cesitli fungal
ribotoksinler kesfedilmeye devam edilmistir. Bunlar hirsutellin A (HtA),
gigantin, c-sarcin/clavin, ageritin ve anisoplin’dir. o-sarcin, restrictocin,
hirsutellin A ve Aspfl en yaygin sekilde karakterize edilen ribotoksinler olarak
bilinmektedir. (Varga and Samson, 2008; Landi et al., 2017; Olombrada et al.,
2017).

1.3. Fungal Ribotoksin Cesitleri

a-sarcin: Aspergillus giganteus MDH 18894 susu tarafindan salgilanan, 3
boyutlu bir yap1 gosteren, ribozom inaktive edici proteinlerin tip | grubuna ait
giiclii bir polipeptid toksinidir (Olson and Goerner, 1965; Olmo et al, 2001).
a-sarcin ribotoksinler igerisinde ilk kesfedilen protein oldugu icin 6nem arz
etmektedir. a-sarcinin insan rabdomiyosarkom hiicrelerine giris mekanizmasi
ve hiicre 6liimiine neden olan hiicresel olaylar1 aragtirilmistir ancak a-sarcin
i¢in spesifik olan herhangi bir hiicre yiizeyi reseptorii bulunamamistir (Olmo
et al., 2001).

Restrictocin: A. restrictus’ un bir susundan elde edilmis olan restrictocin
149 amino asitten olusmaktadir. a-sarcin ve mitogillin gibi ribotoksin ailesinin
taninmig Uyeleri arasindadir. Restrictocin ile mitogillin arasinda sadece bir
rezidii fark bulunmaktadir. Ayrica a-sarcin ile %86 sekans benzerligi
tagimaktadir (Rodriguez et al., 1982; Yang and Moffat, 1996).

Hirsutellin A: 1995 yilinda Hirsutella thompsonii tarafindan tiretilen etkili
toksik maddeler aranirken, insektisidal bir ribotoksin olan HtA kesfedilmistir.
HtA’ nin kesfi, bocek oldiiriicti aktivite sergilemesi sebebiyle ribotoksinlere
yeni bir bakig agisi kazandirmustir (Liu et al, 1995; Olombrada et al,
2014,2017).
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Mitoqillin: Ayni restrictocin gibi Aspergillus restrictus tarafindan iiretilen,
Okaryotik ve prokaryotik hiicrelerde protein sentezini inhibe eden toksik
proteinlerden biridir (Fernandez-Luna et al., 1985). Mitogillinin ikincil ve
ticlinclil yapilari, restrictocin ve a-sarcininkiler ile yiiksek benzerlik
gostermektedir (Gavilanes et al, 1983; Fernandez-Luna et al., 1985).
Mitogillin ile restrictocin arasinda yalnizca bir amino asit fark bulunmaktadir.
Mitogillin ile a-sarcin arasinda ise % 86’ lik bir amino asit homolojisi vardir.
Mitogillin, protein sentezinin gii¢lii inhibisyonu ve nispeten kii¢iik boyutundan
otiiri, monoklonal antikorlarla baglanma i¢in iyi bir adaydir (Better et al,
1992).

Aspfl: A. fumigatus tarafindan fiiretilmekte olan bu 149 amino asitlik
protein ribotoksin ailesine aittir. Aspergillus fumigatus igin temel alerjen
olarak tanimlanmistir. Aspfl ile a-sarcin arasinda 19 (%87 sekans benzerligi)
ve restrictocin arasinda 1 (%99 sekans benzerligi) rezidi farklilik
bulunmaktadir (Garcia-Ortega et al., 2005).

Gigantin: Gigantin de a-sarcin gibi Aspergillus giganteus tiiriinden elde
edilmistir. {1k olarak tespit edildigi sus Aspergillus giganteus IFO 5818°dir.
Biyokimyasal veriler, gigantinin heksoz birimleri icermeyen, tekli bir
polipeptit zincir proteini oldugunu gostermektedir (Salvarelli et al., 1994).
Ayn tiirtin farkli suslarindan elde edilen restrictocin ve mitogillin arasinda tek
bir amino asitlik bir fark odugu gibi gigantin ile a-sarcin arasindaki dizi
farkliliklarinin da diisiik oldugu bildirilmistir. Bununla birlikte, gigantin
immiinolojik olarak a-sarcinden farkli bir sekilde substrat oOzgiilliigii
gostermektedir. Tim bu veriler gigantin ile o-sarcinin birbirinden farkli iki
ribotoksin olarak smiflandirilmalaria sebep olmustur (Wirth et al., 1997).

Ageritin: Diger tiim ribotoksinler Ascomycetic funguslar tarafindan
sentezlenirken, ageritin Basidiomycetic bir fungus tarafindan sentezlendigi
gorillen ilk ribotoksindir. Bu toksin Agrocybe aegerita tarafindan
iretilmektedir. Ageritin, farkli amino asit bilesimine ragmen maya
lizatlarmdaki 6karyotik ribozomlardan spesifik a-fragmentini serbest birakma
yetenegindedir. Biyokimyasal karakterizasyon c¢alismalarinda, ageritinin
Ascomyecetic funguslardan elde edilen ribotoksinlerin yapisal dzelliklerinden
farkli oldugunu gozlemlenmistir. Ayrica merkezi sinir sistemi hiicre hatlarina
kars1 da toksisite gostermektedir. Ageritinin izolasyonu, Basidiomycetic
funguslardan yeni biyoaktif ribotoksinler kesfetmeyi amaglayan arastirmalarin
da oniinii agmustir (Landi et al., 2017; Ruggiero et al., 2018).

Anisoplin: Metarhizium anisopliae kiiltiirlerinde yeni bir ribotoksin olarak
tespit edilmistir. Yapilan ¢alisma sonucunda anisoplin rekombinant bir protein
olarak elde edilmistir. Yapisal olarak HtA’ ya benzemektedir. Anisoplin
ribotoksinlere 6zgii riboniikleolitik aktiviteyi sergilemektedir. Ayrica bocek
hiicrelerine karg1 sitotoksisite sergiledigi de belirtilmektedir. Bu toksinle ilgili
¢alismalar devam etmektedir (Olombrada et al., 2016).
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C-sarcin/clavin: Aspergillus clavatus kiiltiiriinden izole edilmis bir
ribotoksindir. C-sarcin/clavin kodlayan bir genomik DNA (c-sar) bolgesi
klonlanmis ve amino asit dizisi tespit edilmistir. Amino asit dizisi, restrictocin
ve o-sarcin ile yiksek bir benzerlik gostermektedir. c-sarcinin hem
monomerleri hem de dimerlerinin yogun RNA' y1 in situ olarak inhibe ettigi
goriillmiigtiir. C-sarcin' in intron dizisinin a-sarcin ile benzer restrictocin ile
farkli oldugu bulunmustur. C-sarcin intronu ile a-sarcin arasinda % 34
benzerlik bulunmaktadir ve bu benzerlik, poliadenin gerilmesi atlanirsa % 83’e
¢ikmaktadir. C-sarcin ile o-sarcin ve restrictocin arasindaki amino asit
sekanslarinin benzerlikleri sirasiyla % 84.7 ve% 80 olarak bulunmustur
(Huang et al., 1997).

1.4. Fungal Ribotoksinlerin Yapisi

Kesfedildiklerinden bu yana yapilan ¢aligmalar ribotoksinlerin Aspergillus
genusuyla smirli olmadigini ve ¢ok ¢esitli fungal tiirlerde bulunabildigini
dogrulamistir. Birkag ribotoksinin {i¢ boyutlu yapis1 bilinmektedir ve yapilan
mutasyonel analizler farkli rezidiilerin spesifik rollerinin olabileceginin tespit
edilmesini saglamistir (Yang and Moffat, 1996; Perez Canadillas et al., 2000;
Viegas et al., 2009; Olombrada et al., 2017).

Ribotoksinler ¢ok genis olan fungal hiicre dist RNaz grubunun bir
pargasidir. Ribotoksinler, toksik olmayan fungal RNaz’ lardan daha biiyiiktiir.
Yaklagik 150 amino asitlik ve genel olarak bazik olan proteinlerdir.
Ribotoksinler ile RNaz T1 ya da U2 gibi toksik olmayan RNazlar arasindaki
temel yapisal farkliligin, bu bilesiklerin daha uzun ve pozitif yiikli halkalar
icermesi oldugu tespit edilmistir. Ayrica bu uzun ve pozitif yiiklii halkalarin da
ribotoksinlerin toksisitesinin yapisal temeli oldugu O©ne siiriilmektedir
(Martinez del Pozo et al., 1988; Olombrada et al., 2017).

Ribotoksinlerin T1 ailesinin toksik olmayan fungal RNaz’ lar1 ile yapisal
olarak benzer olmasi ve yiiksek derecedeki sekans benzerlikleri bu iki ailenin
ortak bir ataya sahip olabilecegi diisiincesini ortaya ¢ikarmistir (Lamy et al.,
1992 ; Kao and Davies, 1995; Olombrada et al, 2017).

1.5. Ribotoksinlerin Etki Mekanizmasi

Hem ribozom inaktive edici proteinler hem de ribotoksinler ayn1 evrensel
olarak korunmus rRNA dizisini hedeflemektedir. Ancak bu toksinler
tarafindan hedeflerine ulagmak i¢in kullanilan mekanizmalar olduk¢a farklidir.
Ribotoksinlerin biyolojik fonksiyonlar1 heniiz tamamen netlestirilmemistir.
Ancak yapilan ¢aligmalar, ribotoksinlerden en az iki tanesinin bocek oldiirticii
ozellikte oldugunu gostermistir. Bu bulgular da ribotoksinlerin savunma ve
parazitlik konusundaki rollerini destekleyici niteliktedir (Olombrada et al.,
2017).

Ribotoksinlerin riboniikleolitik aktivitesi son derece spesifiktir. Tim
ribozomlarda yiiksek derecede korunmus olan rRNA’ nin SRL dizisini hedef
alir. SRL, translasyon sirasinda uLL11 baglanma bdlgesi, ribozomal proteinler
olan uL6 ve ulL4 ve L7 / L12 sap1 ile birlikte, ribozomun islevini dogru
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yapmasi amaciyla gereken uzatma faktorii (elongation factor) baglanma
bolgesini meydana getirirler (Olombrada et al, 2017). SRL yapisina
bakildiginda carpik bir sa¢ tokasindan olustugu ve en Onemli yapisal
ozelliklerinin GAGA tetraloop ve siskin G (bulge G motif) motifi oldugu
goriilmektedir. Ribotoksinler, SRL’deki bu GAGA tetraloopun tek bir
fosfodiester bagini pargalayarak RNA’nin 300-400 niikleotidlik kii¢iik bir
fragmenti olan ve o fragmenti ad1 verilenbir fragment iiretirler (Lacadena et
al., 1998,2007; Olombrada et al., 2017). Bu fosfodiester bagmin boliinmesi
protein biyosentezini inhibe eder ve apoptozisle hiicre 6liimiinii gerceklestirir
(Olmo et al., 2001; Olombrada et al., 2017).

Kesfedilen ilk ribotoksin olmasi sebebiyle a-sarcin karakterizasyonu en iyi
yapilan ribotoksinlerden biridir. Bu nedenle de ribotoksinlerin etki
mekanizmalar1 ile ilgili yapilan arastirmalarda ¢okg¢a ¢alisilmstir. a-sarcinin
katalitik kisimlarinin His 50, Glu 96 ve His 137 oldugu tespit edilmistir.
Ribozomlarin spesifik inaktivasyonu i¢in bu {i¢ rezidiiniin gerekli oldugu
gorilmiistiir. Yapilan ek mutasyonel ¢alismalar, Tyr 48, Arg 121 ve Leu 145
kisimlarmin  gerekli olmadigmi ancak a-sarcinin ribotoksin aktivitesine
katkida bulunacagini ortaya koymustur (Masip et al., 2001,2003; Alvarez-
Garcia et al., 2006; Olombrada et al., 2017).

Ribotoksinlerin toksisitesi, oldukca spesifik olan RNaz etkinlikleri ile
birlikte zarlar1 gegme yeteneklerinin kombinasyonundan kaynaklanmaktadir.
Heniiz ribotoksinler i¢in herhangi bir protein reseptdrii bulunamamistir. Bu
yiizden, ribotoksinler herhangi bir ribozomu inaktive edebiliyor olsa da, hiicre
membranmin lipid yapisinin ribotoksinlerin sitotoksik aktivitesinde onemli
oldugu anlasilmaktadir. Ribotoksinlerin transforme ya da viriisle enfekte
olmus hiicreler iizerinde daha etkili olduklari diisiiniilmiig, bunun sebebinin de
yiiksek olasilikla degistirilmis permeabilite ya da hiicre zarmm bilesimi oldugu
tahmin edilmistir (Turnay et al., 1993; Olmo et al., 2001). Boceklerle diger
Okaryotlar kiyaslandiginda boceklerdeki lipid zar daha ince ve daha akigskandir.
Bu yiizden de ribotoksinler i¢cin daha erisilebilir ve duyarli oldugu goriilmiistiir
(Olombrada et al., 2013,2017).

Lipid model sistemlerinin kullanimasiyla, a-sarcinin, asidik fosfolipitlerle
zenginlestirilmis olan lipid vezikiillerle etkilesime girdigi kanitlanmistir. Bu
etkilesim, vezikiil yigilmasi ardindan fosfolipidlerin flizyonu ve birbirine
karigsmast ve sonucunda sulu igeriginin sizdirilmasina neden olmaktadir
(Gasset et al.,, 1989,1990; Olombrada et al., 2017). Ancak ribotoksinler
arasinda, bu mekanizmanin korunmamis oldugu diistiniilmektedir. Yapilan
sizma deneyleri sonucunda HtA’ nin a-sarcine oranla daha yiiksek membran
gecirgenlik 6zelligine sahip olmasma ragmen, vezikiil kiimelesmesini tegvik
etmedigi bulunmustur (Herrero-Galan et al., 2008; Olombrada et al., 2013,
2017).

a-sarcin’deki 116-139 rezidiilerini iceren kismin, zarlarla hidrofobik
etkilesime katildig1 diisiiniilmektedir. Ayrica loop 3’ teki 111 ve 114 Lys
rezidiilerinin, vezikiilleri etkilesime sokmak igin gerekli olan elektrostatik
etkilesimlere katildigi ileri stiriilmiistiir (Mancheno et al., 1995,1998; Castano-
Rodriguez et al., 2015; Olombrada et al., 2017). HtA’ da ise, Trp71 ve Trp78’
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in membran-permeabilize edici rol listlendigi ileri stiriilmektedir (Olombrada
et al., 2017). Lipid membranlarla olan etkilesim kabiliyeti ribotoksinlerin N-
terminalindeki B-hairpini ile de iligkilendirilmistir. a-sarcinin i¢indeki pozitif
yiiklii olan bu bolgenin ¢ikarilmasi, zar etkilesim 6zelliklerine sahip, toksik
olmayan ama aktif bir riboniikleaz tiretmektedir (Garcia-Ortega et al, 2002).
HtA ve restrictocin' in a-sarcin ile karsilastirildiginda daha fazla degiskenlik
gosterdigi kisim da N-terminali B-hairpin bolgesidir. Pozitif yiiklenen
ribotoksin ylizeyi, ribozom ile olumlu elektrostatik etkilesimler kurulmasina
imkan vermektedir. Bununla birlikte ribotoksinlerin yiiksek spesifitesinin,
SRL' yi tamimak amactyla ribozom ile etkilesime girebilen aktif bolgenin
haricinde ek elementler gerektirdigi tahmin edilmektedir. Suana kadar, SRL'
nin ve diger ribozomal elementlerin tanimlanmasi siirecine katilmak amaciyla
birkag¢ bolge onerilmistir. Ancak bunlar heniiz kesinlik kazanmamistir (Yang
etal., 2201Garcia Mayoral et al., 2005; Korennykh et al., 2006; Alvarez-Garcia
et al., 2009; Olombrada et al., 2017)

Ribotoksinlerin, ricin gibi bitki RIP' leri tarafindan kullanilandan farkl bir
ribozom tanima mekanizmasi kullandigini diistiniilmektedir. Ribozomal sap
proteinleri ile ricin, trichosantin gibi RIP 'lerde translasyon esnasinda uzama
faktorlerinin toplanmasiyla iliskili olan diger ribozomal bolgeler toksinler ile
etkilesim kurabilmektedir. Ribozomal sap, ribozomun, uzatma faktorleri i¢in
bir tutunma alan1 gorevi géren ¢ikintil bir yapiya sahiptir ve SRL' yi daha iyi
tanimak amaciyla gesitli ribozom inaktive edici proteinler ile birlikte is goriir.
Ribotoksinlerde ise 6karyotik ribozomal sapin, ribozomun a-sarcin tarafindan
gergeklesen inaktivasyonuna katilmadigi tespit edilmistir. (Ayub et al., 2008;
Tumer and Li, 2012; Olombrada et al., 2014, 2017).

Ribotoksinlerin bilinen her ribozomu inaktive etme yeteneginde olmasi
funguslarm kendi ribozomlarmni nasil korudugu sorusunu akla getirmistir.
Yapilan calismalar sonucunda ¢esitli fikirler ortaya c¢ikmistir. Fungal
ribotoksinler, hiicresel membran kisimlarinda islenen Onciiler olarak
sentezlenir. Proteini tireten hiicrelerin korunmasinin, sinyal dizilerinin ¢ok iyi
bir sekilde tanmmmasma dayandigi disiiniilmektedir. A. nidulans’ daki
restrictocin ile ilgili yapilan ¢calismalarda lider dizi bozuldugu ya da baska bir
tane ile degistirildigi zaman A. nidulans’ daki restrictocinin heterolog
expresyonu azalan transkript seviyeleri ile arttirilmig hiicresel lizis
gostermistir. Ribotoksinin fungusun konidyoforlarinda her zaman lokalize
olmadig1, restrictocindeki lider sinirlayici dizisinin sekresyon sirasinda
fungusu korumada etkili oldugu ileri siiriilmiistir. A. restrictus’ daki
restrictocin geni baginda bir introna sahiptir. Yapilan bir ¢aligma, intronlarin
toksisitesini hafifletmek icin kullanilabilecegini kanitlamistir. Bu nedenle
restrictocin igerisindeki bir intronun varligi1 da bu funguslarin toksin sentezi
sirasinda kendi hiicre ribozomlarma karsit toksisitesini azaltmak icin
kullandiklar1 stratejilerin  bir Ornegi olabilecegi tahmin edilmektedir
(Brandhorst and Kenealy, 1995; Olombrada et al., 2017).
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1.6. Ribotoksin Ureticisi Funguslar

Yapilan ¢aligmalarda ribotoksin iireticisi funguslar arasinda Aspergillus
genusuna mensup tiirlerin yogunlukta oldugu goriilmektedir. Bu genus
icerisinde A. giganteus, A. restrictus, A. fumigatus tiirlerinin ve Clavati
grubuna mensup tiim Aspergillus tiirlerinin ribotoksin gen bdlgesini
bulundurdugu tespit edilmistir. Ama bu tiirlerden yalnizca A. giganteus, A.
restrictus ve A. fumigatus tiirlerinin toksini salgiladigi bildirilmistir. (Varga
and Samson, 2008).

Penicillium genusunda P. resedanum, P. spinulosum, P. daleae, P.
digitatum, P. aculeatum ve P. chermesinum tiirlerinin ribotoksin gen bolgesini
tasidig1 tespit edilmis ancak bunlardan yalnizca P. resedanum, P. spinulosum
P. aculeatum ve P. chermesinum tiirlerinin toksini salgiladig1 bildirilmistir
(Hwu et al., 2001). Ayrica Hirsutella thompsonii ve Metarhiziim anisopliae
entamopatojen tiirleri ile ilgili yapilan ¢aligmalarda bu funguslarmn ribotoksin
gen bolgesini tagidigi ve proteini salgiladigi tespit edilmistir (Olombrada et al.,
2014, 2016). Son yillarda, Basidiomycetic bir fungus olan Agrocybe aegerita
fungusunda ribotoksin kesfi yapilmistir. Bu kesif ile ilk defa basidiomycetes
sinifina ait bir fungusta ribotoksin gen bolgesinin varligi saptanmistir. Ayrica
bu fungusun yenilebilir bir fungus olmasit sebebiyle bu kesif biiyiik 6nem
tagimaktadir. Yapilan ¢alisma diger Basidiomycetes iiyelerinde ribotoksin
varliginmn aragtirilmasinm da oniinii agmustir (Landi et al., 2017; Ruggiero et
al., 2018).

1.7. Fungal Ribotoksinlerin Kullamim Alanlaryla flgili Yaklasimlar

Ribozomu inhibe etme yeteneklerinden dolay1r ribotoksinlerin
biyoteknolojik kullanim olanaklarinin zenginligi dikkati ¢ekmektedir. Bu
sebeple de kesfedilmeye baslandiklar1 yillardan bu yana gesitli kullanim
potansiyelleri iizerine odaklanilmig ve asagida belirtilen alanlarda cesitli
¢aligmalar gergeklestirilmistir (Olombrada et al., 2017).

1.7.1. Ribozomla iliskili Hastahklardaki Rolleri

Ribozomlar hiicre biiylimesi i¢in gerekli olan tiim proteinleri lireten yasam
icin gerekli yapilardir. Ozellikle spesifik kusurlar, insanlarda ribozomopatiler
ad1 verilen bir dizi hastalia neden olur. Ribozomopatilerin daha iyi
anlasilmast ribozom biyogenezi c¢aligmalarinda ribotoksinlerin kullanimi
yoluyla saglanabilecektir. Ribotoksinler ribozom biyogenezinde, 6zellikle de
sitoplazmada 60S Oncesi parcaciklarin olgunlasma yol izini kesfetmek igin
uygun araglar olabilir. Ciinkii ribotoksinlerin hedefi olan SRL, bu siiregte
gerekli olan bir bolgede lokalizedir (Narla and Ebert, 2010; Olombrada et al.,
2017).

1.7.2. immiinotoksin Calismalar

Fungal ribotoksinleri immiinotoksin yapimi i¢in uygun kilan cesitli
Ozellikleri bulunmaktadir. Bunlar arasinda en basta ribozomu inaktive
etmedeki yiiksek verimlilikleri gelmekle birlikte, kiigiik boyutlarda olmalari,
immiinojenitelerinin zayif olmasi, yliksek termostabiliteleri ve proteazlara
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kars1 direngleri de onlar1 immiinotoksin yapimi i¢in uygun hale getirmektedir
(Olombrada et al., 2017). Bu olumlu &zelliklerin haricinde, ribotoksinlerin
sitotoksik etkilerinin olmasi, bu toksinleri kanserli olan hiicrelerin yan1 sira
saglikli hiicrelere de zarar verebilecek hale getirdigi i¢in terapotik ajanlar
olarak kullanimlarmni engelleyen bir durum haline gelmektedir. Fakat artik
giiniimiiz teknolojisinde artmig kararlilik ve afiniteye sahip  genetigi
degistirilmis  immiinotoksinler  tasarlanabilmektedir. ~ Ayrica, fungal
ribotoksinlerle ilgili yapilacak her yeni ¢alismayla birlikte yeni tipte
ribotoksinlerin  kesfedilme olasiligi bulunmakta ve bu toksinlerin de
timorojenik  proseslere karsi ajan olarak kullanilmalarma olanak
saglayabilecegi de yliksek bir ihtimal olarak g6z 6niinde bulundurulmaktadir
(Varga and Samson 2008).

Son yillarda ribotoksinlerle ilgili yapilan arastirmalarda 6zellikle a-sarcin
ve Aspfl ribotoksinlerinin B-hairpin kusurlu mutantlarinin iizerinde
calisilmaktadir. Yapilan calismalarda mutantlarin toksisitesinde oldukga
yiiksek miktarda azalma tespit edilmis ama ayni zamanda ribozomu inhibe
etme yeteneklerinin ayni spesifiklikte kaldigi goriilmiistiir (Alvarez-Garcia et
al., 2010). a-sarcin ve hirsutellin A ribotoksinleri ile kolon kanseri hiicrelerini
hedef alacak immiinotoksin ¢aligmalar1 yapilmis ve basarili sonuglar elde
edilmistir (Tome-Amat et al., 2015; Jones et al., 2016).

Ayrica bagka calismalarda Ageritinin, agresif ve malign merkezi sinir
sistemi ile ilgili olan kanserlere kars1 anti-tiimor potansiyelini 6lgmeye yonelik
on sitotoksik analizler yapilmistir. Test edilen {i¢ hiicre hattinda, redoks
mitokondriyal aktiviteyi kuvvetli bir sekilde etkileyerek hiicre
proliferasyonunu inhibe ettigi saptanmustir ( Landi et al., 2017).

1.7.3.Viriislere Kars1 Antiviral Etkileri

Yapilan ¢esitli caligmalar sonucunda ribotoksinlerin transforme ya da
virisle enfekte olmus hiicreler lizerinde daha etkili olduklar1 diisiiniilmiis,
bunun sebebinin de yiiksek olasilikla degistirilmis permeabilite ya da hiicre
zarinin bilesimi oldugu tahmin edilmistir (Turnay et al., 1993; Olmo et al,,
2001; Olombrada et al., 2017).

Restrictocin ile ilgili 2015 yilinda yapilan bir ¢aligmada restrictocininin
HIV-1 genomu i¢indeki bolge(ler)i hedef olarak taniyabildigi tespit edilmis,
ayrica restrictocinin konukg¢u hiicrelerdeki HIV-1' in ¢ogalmasini engelledigi
saptanmugtir. Ayrica, restrictocinin anti-HIV etkisinin, spesifik riboniikleolitik
aktiviteye bagh oldugu gosterilmistir. Elde edilen bu sonuglar restrictocinin
HIV-1' e karst terapétik antiviral ajan potansiyeline sahip oldugunu
gostermektedir (Yadav and Batra, 2015).

1.7.4. Zararhlarla Miicadelede Kontrol Ajam1 Olarak Kullanilma

Potansiyelleri

Hirsutellin A’ nin iiretimi ve {izerinde yapilan ¢alismalar ribotoksinlere
potansiyel bocek oldiiriici olmalar1 yoniinden yeni bir bakis acis1
kazandirmustir. H. thompsonii kiiltiiriiniin fermentasyon sivisi ile yapilan bir
caligma, bu fermentasyon sivismin hedef bdceklere karsi ¢cok yavas olsa da
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yiiksek derecede oldiiriicii etkiye sahip oldugu gostermistir (Olombrada et al.,
2014). Ayrica HtA preparatlarinin yetiskin narenciye pas maytlari i¢in in vivo
kosullarda olduk¢a toksik oldugu tespit edilmis ve Galleria mellonella
larvalari i¢in de 6liimciil oldugu gorilmiistiir. Ayrica in vitro sistemde tavsan
retikiilositinde ve bugday tohumunda Brome mozaigi viriisiiniin protein
sentezini inhibe ettigi tespit edilmistir (Herrero-Galan et al., 2013).

HtA ve a-sarcin bocek dldiiriicii aktivitelerinin bir kargilagtirmasi yapilmis
ve arastirma sonucunda a-sarcinin bdcek hiicre kiiltiirlerine, ribozomlarina ve
larvalarma karsit HtA kadar toksik oldugu kanitlamistr (Olombrada et al.,
2013). HtA ve a-sarcin disginda bocek oldiiriicii aktivitesi bakimindan
restrictocin de ¢ahigilmustir. Restrictocin Helicoverpa zea, C. freemani ve
Spodoptera frugiperda' ya kars1 test edilmis ve yiiksek oranda olmasa da
onemli derecede toksik etki gosterdigi saptanmustir (Brandhorst et al., 1996).
Ayrica Anisoplin’ in de ayn1 HtA’ da oldugu gibi bocek hiicrelerine karst
sitotoksisite sergiledigi bildirilmistir (Olombrada et al., 2016).

1.7.5. Aspergillus Alerjilerindeki Rolleri

Mitogillinin insan idrarinda saptanabilen en O©nemli A. fumigatus
antijenlerinden biri olarak bulunmustur. Mitogillin, aspergilloma hastalarinin
serumlarinda saptandigi i¢in A. fumigatus ile iligkili olan hastaliklarda spesifik
tanisal belirteg olarak kullanilabilecegini {izerinde durulmustur. Rekombinant
mitogillinin varliginin 6zel antikor tespiti igin A. fumigatus ile iliskili
hastaliklarin teshisinde yeni bir serolojik ara¢ saglayabilecegi diisliniilmektedir
(Weig et al., 2001).

Ribotoksinler arasinda Aspfl, alerjen olarak en ayrntili incelenen
toksindir. Yapilan ¢aligmalarda Aspfl’ in, alerjik solunum hastaliklarindan
alerjik bronkopulmoner aspergillozisin (ABPA) patojenitesi ile iliskili oldugu
gosterilmistir. Aspf 1 ayrica in vivo olarak test edilen ilk rekombinant
alerjendir ve serolojik tayinlerle de tam uyumlu oldugu tespit edilmistir
(Herrero-Galan et al., 2009).

Aspfl ve a-sarcin' in sitotoksik 6zellik gdstermeyen hipoalerjenik mutant
varyantlari, Aspergillus hipersensitivitesi ve teshisine karst immiin modiile
edici tedavilerde kullanilmak amaciyla uygun olabilecegi diisiiniilmiistiir.
Bunlar bir as1 aract olarak Aspfl' e baglh hastaliklarda immiinoterap6tik
protokollerde kullanilabilen ve genellikle giivenli olarak kabul edilen bir
mikroorganizma olan Lactococcus lactis’ in vektdr olarak kullanilmasiyla
rekombinant olarak tretilmistir (Alvarez-Garcia et al.,2008,2010).

1.7.6. Antifungal Aktiviteleri

Lucia Citores ve arkadaglarinin yaptigi bir c¢aligmada a-sarcinin,
Penicillium digitatum'a kars1 giiclii bir antifungal aktivite gosterdigini tespit
edilmigtir. Bu c¢aligmada o-sarcinin ribozomlar1 inaktive ettigi,bdylece
hiicreleri 6ldiirdiigii ve fungusun biiylimesini durdurarak sitozole girebildigi
rapor edilmistir. Bu ¢alismada ilk kez bir ribotoksinin antifungal etkisi oldugu
saptanmustir. a-sarcinin antifungal etkisinin de oldugunun tespit edilmesi bu
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alanda diger ribotoksinlerle yapilacak ¢aligmalarin da 6niinii agmistir (Citores
et al., 2018).

1.8. Fungal Ribotoksinlerin Sitotoksik Etkileri

SRL dizisinin ve yapismin tiim ribozomlarda evrensel olusu biitiin
alemlerdeki ribozomlari ribotoksinlerin aktivitesine kars1 duyarl kilmaktadir.
Ribotoksinlerle ilgili yapilan ¢aligmalar, bu toksinlerin biiyilk rRNA gen
fragmentindeki tek bir fosfodiester bagini spesifik olarak par¢alama 6zelligi ile
ribozomal preparatlarda 0,1 nM kadar diisiik olan konsantrasyonlarda bile
protein biyosentezini inhibe ettigini gOstermistir. Ve a-sarcinin tek bir
molekiiliiniin bir hiicrenin 6ldiiriilmesi i¢in yeterli olacag: tespit edilmistir. Bu
veriler ribotoksinlerin bu 6zel aktivitesinin son derecede spesifik ve etkili
oldugunu gozler oniine sermektedir (Lacadena et al., 2017).

Yapilan birka¢ epidemiyolojik ¢aligma, ribotoksin zehirlenmesi ile akut
mukozal inflamatuar hastalik, epitelyal malignite gibi g¢esitli insan mukozal
epitel hastaliklar1 arasinda baglant1 oldugunu ileri stirmektedir. Kimyasal
ribotoksik stres, transepitelyal direng, epitel farklilagsmasi ve beslenme
absorpsiyonuna miidahalede bulunarak bagirsak mukozasinm bitiinligiini
degistirmektedir. Ve bu durumlarin da anoreksi ve kilo kaybiyla iliskili oldugu
bulunmustur. Ayrica, ribotoksik ajanlarin bagirsak ve sistemik inflamasyonu
tetikledigi ve epitel hiicrelerinde ve diger bagisiklik ile ilgili hiicrelerde pro-
inflamatuarmediatorlerin  Gretilmesine yol agtigi  belirtilmistir  (Moon,
2012).Son zamanlarda bir ribotoksin olarak kabul edilen deoksinivalenoliin
(DON) de sistemik ve barsak bagisikligini degistirdigi bilinmektedir (Graziani
et al., 2015).

Ribotoksinler gerek ribozomu inaktive etme yetenekleri gerekse
sitototoksik etkileri ve bunlara bagli olarak bahsedilen bir¢ok alanda ¢alisma
konusu olmalar1 nedeniyle onemli bir fungalsekondermetabolittir. Diinya
genelinde kesfedildikleri yillardan bu yana birgok ¢alismaya konu olmuslardir.
Biyoteknolojik caligmalarin giiniimiizde 6nem kazanmastyla bu toksinlerin de
onemi artmaktadir. Bu derlemenin iilkemizde de ribotoksinlerin taninmasi ve
calisilmasinin 6niinii agmasi1 bakimmdan énemli oldugunu diisiinmekteyiz.
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1. Giris

Maden kaynaklar1 bakimindan diinyanin zengin iilkeleri arasinda yer alan
iilkemiz birgok madende diinyanin en biiylik rezervlerine sahiptir. Bugiin
tilkemiz madencilik sektoriinde, 53 farkli maden ve minerallerin tretimi
yapilmaktadir ve bunlarin ¢ogu yurt disina ihrag¢ edilmektedir(TOBB,2008).

Bor, iistiin 6zellikleri nedeniyle diinyada en ¢ok kullanilan elementlerden
birisidir. Bor mineralleri ve iirlinlerinin ¢ok genis bir kullanim alani bulunmak
ta ve bu alanlar giderek artmaktadir. Cok genis ve ¢esitli alanlarda ticari olarak
kullanilan bor mineralleri ve {iriinlerinin kullanim alanlar1 giderek artmaktadir.
Uretilen bor minerallerinin %10’a yakin bir bdliimii dogrudan mineral olarak
tiiketilirken geriye kalan kismi bor triinleri elde etmek i¢in kullanilir. Bor
mineralleri ve triinleri; cam, seramik, temizleme ve beyazlatma, yanmay1
onleyici madde, tarim, niikkleer uygulamalar, tekstil ve metalurji gibi pek ¢ok
sanayi kolunda kullanilmaktadir(Ediz vd., 2001; Sarthan 2006; Ertugrul 2004).

Diinyanin en biiylik bor mineralleri rezervine sahip olan Tiirkiye; bor
cevherlerinin ¢evre kirliligi yaratmayacak sekilde degerlendirilmesiyle ilgili
caligmalar1 desteklemek, canli sagligmi korumaya ydnelik arastirma ve
uygulamalara 6nderlik etmek sorumluluguna sahiptir (Sertkaya, 2007).

Bu c¢aligmada kolemanitin ¢6ziinirliiglinde ortam pH’smin etkisi
incelenmistir. pH’ya bagli deneylere gegmeden once ¢oziiniirliige etki eden
diger parametreler (kat1 orani, karistirma siiresi, sicaklik ve tane boyutu) ile bir
dizi deney gergeklestirilerek sonuglar: gézlenmistir.

2. Genel Bilgiler

2.1. Borun Tanim ve Tarihcesi

Bor ve tiirevleri uzun yillardan beri kullanilmaktadir. Tarihgesine
bakilinca, bor tuzlarinin 4 bin yil 6nce ilk kez Tibet'te kullanildig1, Babiller
tarafindan degerli esyalarin ergitilmesinde, Misirlilarca mumyalamada, Eski
Yunan ve Romalilarca da zemine serpilerek arena temizligi i¢in kullanildig1
saptanmustir. 875 yilinda ise, Araplar ilk kez bor tuzlarindan ilag yapmiglardir.
Modern Bor Endiistrisi, 13. yy' da Marco Polo tarafindan Tibet' ten Avrupa'ya
getirilmesiyle baslamistir. 1771 yilinda, italya'nin Tuscani bolgesindeki sicak
su kaynaklarinda Sassolit bulundugu anlasilimistir. 1830 yilinda italya'da borik
asit Uiretimi basglamistir. Ayn1 zaman diliminde 1852' de Sili' de endiistriyel
anlamda ilk boraks madenciligi baglamistir.

Daha sonra, Nevada, California, Caliko Moutain ve Kramer yoresindeki
yataklarin bulunarak isletilmeye almmasiyla ABD diinya bor gereksinimini
karsilayan birinci tilke haline gelmistir. Yurdumuzda ise ilk isletmenin 1861
yilinda ¢ikartilan Maadin Nizannamesi uyarinca 1865 yilinda bir Fransiz
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sirketine 20  senelik  isletme imtiyaz1  verilmesiyle  basladig1
bilinmektedir(https://www.boren.gov.tr/Sayfa/tarihce/21).

2.2. Bor Elementi

Elementel bor 1808 yilinda Fransiz kimyac1 Gay-Lussac ile Baron Louis
Thenard ve bagimsiz olarak Ingiliz kimyac1 Sir Humpry Davy tarafindan
bulunmustur(Sertkaya, 2007). Bor, ametal (metal olmayan) sinifinda “B” harfi
ile gosterilen bir kimyasal elementtir. Aslinda metal ile ametal arasindaki bir
simirdadir. Periyodik cetvelin 3A grubunun ilk ve en hafif iiyesidir. Atom
numarast 5’tir (Greenwood, 1975; Gmelin, 1981).

Yeryliziinlin 51. yaygm elementi olan bor; yeryiiziinde toprak, kayalar ve
suda yaygin olarak bulunan bir elementtir. Topragin bor igerigi genelde
ortalama 10-20 mg/L, deniz suyunda 0,5-9,6 mg/L, tath sularda ise 0,001-1,5
mg/L arah@mdadir. Yiiksek konsantrasyonda ve ekonomik boyutlardaki bor
yataklari, borun oksijenle baglanmis bilesikleri olarak daha ¢ok Tiirkiye ve
Amerika’nin kurak volkanik ve hidrotermal aktivitesinin yiiksek oldugu
bolgelerinde bulunmaktadir (Ediz ve Ozday, 2001).

2.3. Bor Elementinin Fiziksel ve Kimyasal Ozellikleri

Kristal bor, o6nemli o6lgiide hafiftir, serttir, ¢izilmeye bagladigi
mukavemetlidir ve 1siya karsi kararlidir. Bor kirmizi 6tesi 15181n bazi dalga
boylarina karsi saydamdir ve oda sicakliginda zayif elektrik iletkenligine
sahiptir. Yiiksek sicaklikta iyi bir iletkendir. Bor hidroklorik ve hidroflorik
asitlerle kaynatildiginda bozulmaz. Sadece ¢ok ince 6giitiilmiis bor, konsantre
nitrat asidi ile yavas oksitlenir. Saf olarak bor elde etmek zordur. %95-98
safsizlikta bor, borik asidin magnezyum ile indirgenmesinden amorf halde elde
edilir ve safsizlig1 baz ve asit ile yikanarak filtre edilir. Elde edilen bor, oksit
ve bor bulunduran bilesikleri icerir ve kiigiik kristaller halinde koyu kahve
renge sahiptir. Ayrica bor, tungsten ylizeyinde bor oksidin hidrolizi ile elde
edilir. Tablo 1°de bor elementinin fiziksel 6zellikleri verilmistir (Sertkaya,
2007).

Tablo 1: Bor Elementinin Fiziksel Ozellikleri (Sertkaya, 2007).

Atom Agirhigi :10,811 + 0,005 g/mol
Kaynama Noktas1 :2500 °C

Yogunlugu :2,34 gricm?®
Oksidasyon sayist 3

Elektronegatifligi 2

Iyonlagsma Enerjisi 1191 k cal/g atom
Sertligi :9,3 Mohs

Atom Yarigapi :85pm

Erime Isis1 :5,3 k cal/g atom
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2.4. Bor Mineralleri

Bor elementinin oksijene karsi aktivitesi olduk¢a yiiksektir ve uygun
sartlarda bor oksitleri meydana getirmektedir. Bor oksitler alkali ve toprak
alkali metalleriyle kolaylikla birleserek bor bilesiklerini meydana getirirler.
Bor bilesiklerini baglica yedi ana grup altinda toplamamiz miimkiindiir. Tablo
2’de bor minerallerinin siniflandirilmasi verilmistir (Sertkaya, 2007).

Tablo 2: Bor Mineralleri

Kristal Suyu iceren Boratlar

Kernit (razorit) NazB407.4H,0
Tinkalkonit Na2B407.5H,0
Boraks (Tinkal) NazB407.10H,0
Shorgit NaBs0g.5H,0
Probertit NaCaBs0y.5H,0
Uleksit NaCaBs09.H,0
Nobleit CaBg0O10.4H,0
Gowerit CaBs010.5H,0
Florovit CaB,04.4H,0
Kolemanit CaBsOM.5H,0
Meyerhofferit Ca:Bs011.7H0
Inyoit Ca»B6011.13H,0
Pandermit CasB10019.7H.0
Tercit CasB10019.2H,0
Pinnoit MgB,04.3H,0
Kaliborit HKMg2B1,0,1.9H,0
Kurnakavit Mg2Bs011.15H,0
Inderit Mg:Bs011.15H,0
Predorazhenskit MgzB100ss. 4 2 H,0O
Hidroborasit CaMgBs011.6H,0
Inderborit CaMgBs011.11H20
Ammonioborit (NH4)3B15020.(0OH)s.4H,0
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Veatgit SrB019.2H,0

Bilesik Boratlar (Hidroksil ve/veya Diger Tuzlar)

Teepleit Na;B.(OH) 4Cl

Bandilit CuB.(OH) 4cCl

Hilgardit Ca;B0g.(OH) 4Cl

Borasit MgsB7013Cl

Fluoborit Mgs(BO3)

Hambergit Be2(OH, F) BO;

Suseksit MnBO3zH

Szaybelit (Mg, Mn)BOsH

Roveit CazMnz2+((OH)4 (BaO7(0OH)2)
Seamanit Mnzo+(OH) (B (OH)4 (PO4)
Viserit Mn4B,05(0OH, Cl)4
Liineburgit Mgs (PO4).B,03.8H,0
Kahnit Ca;BAs

Sulfoborit MgsS04B;04 (OH),.4H,0
Borik Asit

Sassolit (dogal borik asit) B(OH)3

Susuz Boratlar

Jenemejevit AlsBO;15.(OH)3

Kotoit MgsB20s

Nordenskidldine CaSnB0s

Rodozoit CsB12BesAlsOzg

Varvikit (Mg, Fe)sTiB20g

Ludvigit (Mg, Fe?*) 2Fe?*BOs
Paygeit (Fe?**,Mq) 2 Fe**BOs
Pinakiolit MgsMn?*Mn,**B,01o
Hulsit (Fe?*Mg?*, Fe**, Sn*); BO302
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Borofluoritler

Avagadrit

(K, CS)BF4

Ferruksit

NaBF;

Borosilikat Mineralleri

Akzinitgrubu

(Ca, Mn, Fe, Mg) 3A1,BSi,O15 (OH)

Bakerit CasB4(BQOy) (SiO4)3 (OH) 3H,0

Kapelenit (Ba,Ca,Ce,Na)s (V,Ce,La)s (BO3)s
Si30g

Karyoserit Melanoseritin toryumca zengin
tiridir.

Datolit CaBSiOsOH

Dumortiyerit

Al;05 (BOs) (SiOa) 3

Grandidiyerit

(Mg, Fe) Al;BSiOg

Homilit (Ca, Fe)3B2Siz010

Hovlit Ca;BsSi0Og (OH)s

Hyalotekit (Pb, Ca, Ba) 4 BSisO17 (OH, F)
Kornerupin MgsAlg(Sr, Al, B) 502:(OH)
Manondonit LiAls (AIBSi2010) (OH)s

Melanoserit CesCaBSiO;2 (OH)

Safirin Mgs, 5AlSi, 50,

Searlesit NaBSi;O¢H20

Serendibit Cas(Mg, Fe,Al)s (Al, Fe)g (Si,Al)s 304

Turmalin Grubu Mineraller

Tritom (Ce, La, YThs(Si, B)3 (O, OH, F)13
CaloMng|4 (Si4)5 (Si207)z (OH)4

Idokreyz (Veziivyanit)

2.5. Kolemanit

Kimyasal bilesimi Ca;BsO11.5H.O olan kolemanit monoklinal sistemde
kristallenir. Sertligi 4-4,5, 6zgil agrligi 2,42°dir. Bor igerigi %15,7, B2Os
icerigi %50,8’dir. Baska bor minerallerinin egemen oldugu yataklarda oldugu
kadar, kolemanit yataklarinda da killer iginde ve cevher bosluklarinda iri,
parlak ve saydam kristal kiimeleri seklinde bulunur. Suda ¢ok yavas, fakat
sicak HCI i¢inde olduk¢a hizli ¢oziiliir, soguyan ¢ozeltide bor, borik asit
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(H3BO3) olarak ayrilir. Kolemanit 1sitildiginda suyunu kaybederek toz sekline
doniistir. Bu da kolemanitin, 1sitilip elenmesi ile igindeki 1sidan etkilenmeyen
yabanc1 maddelerden (6zellikle killerden) temizlenmesine yardimei olur.
Ekonomi bakimindan kismen 6nemli olan yatagi Kalifornya’da DeathValley,
Iryoeo idi, bugiin ise Anadolu’da Balikesir, Kiitahya, Eskisehir ve Bursa
illerinde bir¢ok yerde bulunmaktadir. Burada neojen yasl kalker, marn, kil ve
tiif tabakalar1 igerisinde ¢ogunlukla 2-3 m kalinligindaki damarlar seklinde
killerle karigik olarak bulunur (Korgak, 2014; Kilig, 2005).

Kolemanitin iginde bulunmasi muhtemel en 6nemli safsizliklardan biri
olan arsenik, daha ¢ok orpiment ve realgar seklinde bulunmaktadir (Cakaloz,
1971; Cakaloz, 1973). Cevherde bulunan agik kirmizi-kahve renkli realgarin
oksidasyon sonucu agik sari-kirmizi renkli orpimente doniigiirken bir miktar
As;03 de olusturabilecegi belirtilmektedir (Kayadeniz vd., 1979). Kolemanitin
fiziksel ve kimyasal 6zellikleri Tablo 3’de verilmistir.

Kolemanitin dekrepitasyon islemi i¢in genellikle 450-500°C’lik sicakliklar
kullanilmakta, kristal suyu mineralden ayrisan ve toz haline gelen malzeme
belli tane boyutunda elenerek kalsine iiriin elde edilmektedir. Bu iiriiniin
siillfiirik  asitle ¢oziindiirilmesi sonrast ¢ozeltiden borik asit tretimi
gergeklestirilmektedir. Ancak geleneksel olan H>SO4 ligi prosesi esnasinda yan
tiriin olarak jips (CaS04.2H20) elde edilmektedir. Bu iiriin prosesinin siizme
kademelerinde, jips ve artiklarini stoklama asamasinda birgok ¢evre sorunlari
olusmaktadir. Asitlerdeki ¢ozlniirliigiin yan1 sira, kolemanitin sudaki
¢ozilinlirliigh de bir ¢ok aragtirmaci tarafindan incelenmistir (Alkan ve Dogan
2004; Korucu, 2010; Bilal, 2003).

Tablo 3: Kolemanitin Fiziksel ve Kimyasal Ozellikleri (Korcak, 2014).

Kimyasal Formiilii Caz2B6011.5H20

Cogunlukla esboyutlu ve kisa prizmatik kristalli; masif,

Kristal Bigimi Kompakt

Kimyasal Bilesimi % 27,28 CaO , %50,81 B20s, % 21,91 H20

Sertlik 4,5 Mohs.

Ozgiil Agirhk 2,42 gricm®

Renk ve Seffaflik Renksiz, beyaz, seffaf, yari seffaf

3. Malzeme ve Yontem

3.1. Malzeme

Deneysel ¢aligmalara esas olan kolemanit 6rnekleri; Eti Maden Isleri Genel
Miidiirliigii Bigadic Bor Isletme Miiessesesi’nden temin edilmistir.
Calismalarda ocaktan toplanan iri ve temiz kolemanit mineralleri
kullanilmistir.  Deneylere baslamadan 6nce numuneler {izerlerindeki
safsizliklarin giderilmesi i¢in su ile bir temizleme islemi yapilmistir.
Temizlenen numuneler c¢eneli ve merdaneli kiricilar yardimiyla boyut
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kiigliltme iglemine tabi tuitulmus ve deneylerde kullanilmak tizere -2+1 mm; -
1+0,5 mm ve -0,5 mm boyut gruplarma ayrilmistir.

3.2. Kullanilan Cihazlar

Deneylerde 6’l1 karigtrma iinitesine sahip VELP Scientifica marka
mekanik karistirici, pH deneylerinde ise MTOPS MS3020 serisi mekanik
karistirici, pH oOlgiimlerinde HANNA marka pH metre cihazi, {irlinlerin
tarttminda 0,01 gr hassasiyetinde RADWAG marka tart1 aleti, iriinlerin
kurutulmasinda Memmert marka laboratuar tipi firm ve tekil karistirma
islemlerinde Heidolph marka isiticili manyetik karistiric1 cihazi kullanilmistir.
Cihazlarm resimleri Sekil 1°de verilmistir. -

c)pH metre ' d)Hassas Terazi

; e)Etiv f)Isitici-Manyetik Karistiric
Sekil 1: Deneylerde Kullanilan Cihazlarin Resimleri

3.3. Metod

Numunenin 6zelliklerinin belirlenmesi i¢in alman temsili drnek {izerinde
kimyasal ve mineralojik analizler yapilmistir. Kimyasal analiziler Eti Maden
A.S. Bigadi¢ Bor Isletmesi laboratuarlarinda gergeklestirilmistir. B,O3 ve H,0
analizleri volumetrik (titrimetrik), diger analizler X-Ray Fluoresans cihazinda
yapilmistir.
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Mineralojik yapinin belirlenmesi i¢in yapilan XRD (X-Ray Difraksion)
analizleri Istanbul Universitesi biinyesinde faaliyet gosteren Ileri Analizler
Laboratuvari’nda bulunan Rigaku D/Max-2200/PC  XRD cihazinda
gergeklestirilmistir.

Kolemanitin  ¢ozliniirliiglinde pH’nin  etkisini arastirmadan  Once
¢Oziintirliige etki eden diger parametreler (kati orani, karigtirma siiresi, sicaklik
ve tane boyutu) ile bir dizi deney yapilarak bu parametrelerin kolemanitin
¢oOzlnirliigh izerindeki etkileri incelenmistir. Her bir deney 20 gr olarak
tartilmig numuneler iizerinde gergeklestirilmistir. Deneylerden sonra yapilan
her bir filtrasyon isleminden once filtre kagitlarinm agirliklart 6lgiilip not
edilmis sonra filtrasyon islemi gergeklestirilmistir. Stizme islemi sonrasi
numuneyi filtre kagidindan aywrmadan etiivde 50°C’de kurutma islemi
yapilarak yiizey nemi uzaklastirilmigtir. Daha sonra ise tekrar hassas terazide
Olgiim yapilip agirhik kayiplart hesaplamigtir. Coziiniirliik degerleride bu
agirlik kayplarindan yola ¢ikilarak hesaplanmigtir. Hesaplamada kullanilan
formiil asagida verilmistir. Tiim deneyde karigtirma hizi 150 dev/dak olarak
sabit tutulmustur.

[lkAgirlik — SonAgwrlik

ilkAguritk x100

%Agwr. Kaybt =

Incelenen ilk iki parametre kat1 oran1 ve karistirma siiresidir. Kat1 oranlar1
%5-%10-%15 ve %20, karistirma siireleri ise 15-30-45-60-75 ve 90 dk olarak
belirlenmistir. Bu deneylerde karistirma hizi: 150 dev/dak, sicaklik: oda
sicakligy, tane boyutu: -2+1 mm ve pH:9,05 olarak sabit tutulmustur.

Sicakligin incelendigi deneylerde ise oda sicakligi (23°C), 30-40-50 ve
60°C sicakliklar test edilmistir. Bu deneylerde ise karistirma hizi: 150 dev/dak,
tane boyutu -2+1 mm, pH:9,05 ve bir 6nceki deneylerden elde edilen kat1 orani
ve karistirma siiresi (¢Oziiniirliigiin en yiiksek olarak gergeklestigi degerler)
sabit olarak alinmustir.

Tane boyutunun incelendigi deneylerde -2,+1mm ; -1+0,5 mm ve -0,5 mm
tane boyut gruplarma ayrimis Ornekler kullanilmistir. Bu deneylerde ise
karigtirma hizi: 150 dev/dak, pH:9,05 ve bir dnceki deneylerden elde edilen
kat1 oranm1 ve karigtrma siiresi ve sicaklik (¢oziliniirligiin en yiliksek olarak
gerceklestigi degerler) sabit olarak almmustir.

En son asamada pH deneylerine geg¢ilmistir. Bu deneylerde ¢ozeltinin
pH’sin1 ayarlamak i¢in 0,1 M HCl ve 0,1 M NaOH kullanilmistir. Kolemanitin
suyla birlikte asit veya baz eklemeden onceki dogal pH’st 9,05 olarak
Ol¢tilmistiir. pH deneylerini 6nceki yapilan deneylerde belirlenen parametreler
dogrultusunda devam ettirirken, pH diizenli araliklarla kontrol edilmis ve
duruma gore asit veya baz eklenmistir.
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Numune iizerinde yapilan kimyasal inceleme sonucunda elde

edilen analiz sonuglar1 Tablo4’de verilmistir.

Tablo 4: Numunenin Kimyasal Analizi

Bilesen % Bilesen % Bilesen %
B,0s 49,17 S04 0,26 SiO; 2,95
CaO 26,71 SrO 0,09 As (ppm) 3,030
Na.O 0,25 AlO3 0,08
MgO 1,27 Fe203 0,012

Sonuglar incelendiginde

goriilmektedir.

Numunenin mineralojik yapisinin belirlenmesi i¢in yapilan XRD (X-Ray
Difraksion) analiz sonuglar1 Sekil 2’de verilmistir. Grafik incelendiginde
numunelerin saflik derecelerini teyit eder nitelikte kolemanit pikleri tespit

edilmistir.

kolemanit mineralinin %49,17 B203 igerdigi

Fooo

G000

S000

Intensity{Counts)
&
S

3000

2000
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E olemanit

K olemanit

K olemanit

A

K olemanit

Kolemanit

Eolemarut

r
=3

a0 40

A0

2-Theta(™

Sekil 2: Numunenin XRD Analizi

a0 an

Kat1 oran1 ve karigtrma siiresinin belirlenmesi igin yapilan ilk asama
deneylerden olan kati orani (%5, %10, %15 ve %20) ve farkli karistirma
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stirelerinin (15-30-45-60-75 ve 90 dk) incelendigi deney sonuglart Sekil 3°de
verilmistir.

1.4
12
—_ 1
=S
S 08 -
> ——5%K.0
X 06 —B—10%K.0
X o4 15%K.0
—<20%K.0
02 |
0
15 30 45 50 75 90
Zaman (dk)

Sekil 3: Farkli Kat1 Oranlar1 ve Farkli Karistirma Siirelerindeki Coziiniirkik
Degerleri

Sekil 3’deki grafik incelendiginde %10 Kat1 Oraninda en yliksek ¢oziinme
gergeklesmistir. Karistirma siiresi degerlendirildiginde ise 60 dk ¢oziinme
stiresinden sonra ¢oziinilirlilk degerlerinde fazla degisiklik olmadig: tespit
edilmistir. Bu dogrultuda optimum kosul olarak %10 Kat1 oran1 ve 60 dk
karistirma stiresi ile deneylere devam edilmistir.

Kat1 oram1 ve karistirma siiresinin tespit edilmesinden sonra sicakligin
¢ozliniirliigline olan etkisini belirlemek i¢in yapilan deneylerde 30-40-50 ve
60°C sicakliklar uygulanmistir. Deneylerden elde edilen sonuglar Sekil 4’de
verilmistir.

1.4 (-2,+1)mm Tane Boyutunda

1,2

Agirhk Kaybi (%)

30 40 50 60
Sicakhik (G°)
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Sekil 4: Sicaklik — Agirlik Kaybi Deney Sonuglar1

Sekil 4’deki grafik incelendiginde sicaklik artigina bagl olarak ¢oziiniirlik
degerlerininde arttig1 gézlenmistir. Bundan sonraki deneylere 50 °C ile devam
edilmesine karar verilmistir.

Kat1 orani, karistirma siiresi ve sicaklik degerlerinin tespit edilmesinden
sonra tane boyutunun ¢oziiniirliigiine olan etkisini belirlemek igin yapilan
deneylerde -2+1 mm, -1+0,5 mm ve -0,5 mm tane boyutlarindaki numuneler
kullanilmistir. Deneylerden elde edilen sonuglar Sekil 5°de verilmistir.

1,25 -

1,05 -

Agirhik Kaybi (%)

0,95 -

(-2,+1) (-1,+0,5) (-0,5)

Tane Boyutu (mm)

Sekil 5: Tane Boyutu — Agirlik Kayb1 Deney Sonuglari

Sekil 5 incelendiginde tane boyutu kiigiildiik¢e ¢Ozliniirligiin arttigt
goriilmektedir. Bu durum ise tane boyutu kiigiildik¢e numunenin yiizey
alanmin artmis olmastyla agiklanabilmektedir. Bu sonuglar 151gmda son olarak
gerceklestirilen pH deneylerine -0,5 mm boyutundaki numune ile devam
edilmesine karar verilmistir.

Ortam pH’sinin kolemanitin ¢oziiniirliigiine olan etkisini belirlemek i¢in
yapilan testlerde dogal pH (yaklasik 9), pH 10-pH 11 ve dogal pH’nin altindaki
pH’lardan pH 8-pH 7- ve pH 6 da bir dizi deney gergeklestirilmistir. Bu
Deneylerde; tane boyutu: -0,5 mm, karistrma hizi: 150 dev/dak, kat1 orani:
%10, karigtirma siiresi 60 dk ve sicaklik 50 °C olarak sabit tutulmustur.
Deneylerden elde edilen sonuglar Sekil 6°da verilmistir.
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3,5

2,9
2,5

1,5

Agr. Kaybi

1,05 0,95
0,5

PH
Sekil 6: pH — Agirlik Kaybi Deney Sonuglari

Sekil 6’daki grafik incelendiginde dogal pH’nin iizerindeki pH’larda
kolemanitin ¢oziiniirliigliniin kismende olsa azaldigi, dogal pH’ nin altindaki
degerlerde ise pH diisiisiine paralel olarak ¢oziiniirligiin arttigi gézlenmistir.

5. Tartisgma ve Sonuglar

Bu c¢alismada kolemanitin ¢6ziiniirliigiinde ortam pH’smin etkisi
incelenmistir. pH’ya bagli deneylere gegmeden dnce ise ¢oziiniirliige etki eden
diger parametreler ile (kati orani, karigtirma siiresi, sicaklik ve tane boyutu) bir
dizi deney gerceklestirilerek sonuglar1 gozlenmistir.

Kat1 oranmi ve karistirma siiresini belirlemek i¢in yapilan ilk deneylerde
%10 kat1 oran1 ve 60 dk’lik karistirma siiresinde en yiiksek ¢6ziinmeye ulastig1
gOrilmiistiir.

Sicakligin ¢ozliniirliige olan etkisini arastirmak i¢in yapilan deneylerde 30-
40-50 ve 60°C test edilmis ve sicaklik artigina bagli olarak ¢oziiniirlik
degerlerinde bir miktar artis oldugu tespit edilmistir

Tane boyutunun ¢ozliniirliige olan etkisini belirlemek amaciyla -2,+1 mm,
- 1,+0,5 mm ve -0,5 mm boyut gruplarina ayrilmis numuneler {izerinde bir
dizi deney yapilmis ve tane boyu kiiciildiik¢e ¢oziiniirliik degerlerinin arttig1
tespit edilmistir.

pH deneylerinde ortam pH’s1 siirekli degiskenlik gosterdi. Duruma gore
pH’y1 sabit tutabilmek i¢in 0,1 M HCI eklemeye devam edilmek zorunda
kalind1.

Son olarak ortam pH’smin kolemanitin ¢dzlinlirligiine olan etkisini
arastirmak i¢in bir dizi deney yapilmis ve bu deneylerde dogal pH (yaklasik 9)
iizerindeki pH’larda kolemanitin ¢Oziiniirliigiiniin azaldigi, dogal pH’nin
altindaki degerlerde ise pH diistikk¢e ¢Oziiniirliik degerlerinin arttig1 tespit
edilmistir. pH=11"de ¢6ziinme %0,95 ve pH=6’da ¢6ziinme %3,15 olarak
hesaplanmuistir.
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