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Fe’* IYONLARININ Saccharomyces cerevisiae IMMOBILIZE EDILMiS PONZA TASI iLE

ABSTRACT

In this study, the adsorption conditions of Fe*" ions on Saccharomyces cerevisae
immobilized pumice stone were investigated by column method. In order to
perform this aim, the effect of solution pH value, initial concentration of ions and
suitable solution and concentration for recovery of adsorbed ions were
investigated.At pH 5, the maximum adsorption was obtained. At optimal pH value,
adsorption capacity of sorbent for metal was obtained as 1,81 mg.g”!, when initial
concentration was 60 mg.ml’. Influence of HCI, NaCl, NH,Cl and EDTA
solutions on desorption were investigated and maximum recovery was achieved by
0,2M EDTA solution. Desorption were 98% level provided by 0,2 M EDTA
solution.
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ADSORPSIiYONU
OZET

Bu calismada kolon yontemi kullamlarak Fe** iyonlarmin Saccharomyces
cerevisiae immobilize edilmis ponza tasina adsorpsiyon sartlari arastirildi. Bu
amagcla; adsorpsiyona ¢ozelti pH sinin, iyon baslangi¢ derisiminin ve adsorplanan
iyonlarin geri kazanilmasi i¢in uygun ¢ozelti tiiri ve derisiminin etkisi arastirildi.
Maksimum adsorpsiyonun saglandig1 pH degerinin 5 oldugu belirlendi. Optimum
pH degerinde, adsorbanin metal tutma kapasitesi 60 pg/mL baslangi¢ derisiminde
1,81mg/g dir. Desorpsiyona HCI, NaCl, NH,Cl ve EDTA c¢ozeltilerinin etkisi
arastirildi. En uygun ¢6zeltinin 0,2 M’lik EDTA ¢6zeltisi oldugu gézlendi. 0,2 M

EDTA ¢ozeltisi ile %98 oraninda desorpsiyon saglandi.

Anahtar Kelimeler:
Immobilizasyon

1. GiRiS

Metal iyonlarinin sulu ¢ozeltilerden mikroorganizmalar
ile tutulmasina biyosorpsiyon denir. Agir metalleri atik
sulardan uzaklastirmak, eser metalleri matriksten ayirmak
ve zenginlestirmek i¢in alg, mantar, maya, bakteri gibi

mikroorganizmalar  son  yillarda  yaygin  olarak
kullanilmaktadir(1). Hem  6lii  hem de canh
mikroorganizmalar metalleri tutma &zelligine sahiptir.
Cozeltideki metal iyonlari, hiicre duvarlarindaki

biyopolimerlerde bulunan kimyasal, fonksiyonel gruplarla
tutulurlar. Yiizeydeki bu baglanmalar amin, amid,
imidazol, hidroksil, karboksil, fosfat, tiyoeter ve diger
fonksiyonel gruplarla  gergeklesir. Metabolizmadan
bagimsiz biyosorpsiyon genellikle hizli ve pH'ya baglh
olup, 4-30 °C arasinda sicakliktan bagimsizdir (1-4).
Diisiik derisimlerde birgok agir metal mikrobiyal biiylime
ve metabolizma igin gereklidir. Fakat yiiksek derigimler
canli hiicrelerin bazilarinda toksik etki gosterir. Olii
biyokiitle kullanildiginda toksiklik problemi goriilmez.

Adsorpsiyon, Saccharomyces cerevisiae,

Ponza tasi,

1. INTRODUCTION

Metal accumulation from aqueous solutions by
microorganisms is called biosorption. In recent years,
removal of heavy metal ions from waste water and
preconcentration of trace metals by microorganisms such
as algae, fungi, yeast and bacteria has been widely used
(1). Either living or nonliving cells are capable of
accumulating heavy metal ions. The metal ions in solution
are adsorbed through interactions with chemical functional
groups such as carboxylate, amine, amide, imidazole,
phosphate, thioether, hydroxyl and other functional groups
found in the cell wall biopolymers. Metabolism-
independent biosorption is generally rapid and affected by
pH, however unaffected over a modest temperature range
(4-30 °C) (1-4). Some trace elements in the organism have
many vital functions. The toxic effects may appear at
various levels of the elements. When dead cells are used,
microorganism is not affected from toxic wastes. Metal
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Ayrica 6lii biyokiitledeki biyosorpsiyon hizi canli hiicreye
gore oldukca hizlidir (5).

Mikroorganizmalar serbest halde kullanildiklar1 gibi
immobilize edilerek de kullanilmaktadirlar.
Immobilizasyonda silika jel(6), sepiolit(7), gdzenekli
cam(8), poliiiretan kopiik(9), ve aljinat mikrokiireler(10)
gibi destek maddeleri kullamlmaktadir. Immobilize
mikroorganizmalarin, serbest mikroorganizmalara gore
kullanim  siiresi, mekanik dayaniklililk ve c¢ozelti
ortamindan kolay ayrilmasi gibi iistiinliikleri vardir
(6-8,11-13).

Madrid ve arkadaslari, Saccharomyces cerevisiae
kullanarak metilciva ve civa (II) iyonlarmm tiirleme
caligmasin1 yapmiglardir. Calismalarinda bu iki iyonun
adsorpsiyonuna pH’nin, sicakligin, inkiibasyon zamaninin,
civa derisiminin, maya miktarinin ve ortamda bulunan
diger iyonlarm etkisini incelemislerdir. Metilcivanin,
civa(ll) iyonundan daha toksik oldugunu belirtmislerdir
(14).

Suh ve arkadaslari, canli ve Ol Saccharomyces
cerevisiae ya Pb?" iyonlarmim tutunmasim incelemiglerdir.
Canli hiicrelerin, 6lii  hiicrelere gore Pb®"  tutma
kapasitelerinin  daha yiiksek oldugunu ve iyon
tutunmasinin ise 6lii hiicrelerde daha hizli gergeklestigini
belirtmiglerdir (15).

Bassari ve arkadaslart ponza tas1 kullanarak Sr, Cs, ve
Th iyonlarinin sulu ¢ozeltiden ayrilmasini incelemislerdir.
Iyonlarin ¢ozeltiden uzaklastirilmasinda ¢ozelti pH sin
etkili oldugunu ve Th iyonlarinin tutunma miktarinin daha
yiiksek oldugunu belirtmislerdir (16).

Bu c¢alisma, ogiitilmlis ponza tasina  Old
mikroorganizma immobilize edilerek hazirlanan adsorban
ile yiritildii. Hazirlanan adsorbanin Fe®* iyonlarm
adsorpsiyon sartlar1 ve adsorplanan metalin geri
kazanilmasi i¢in uygun elue edici ¢ozelti tiirii arastirildi.

2. MATERYAL ve METOT
2.1. Cihaz ve Malzemeler

Analizlerde Pharmacia Biotech marka Ultrospec 2000
model uv-visible spektrofotometresi  kullanilmustir.
Analizler lem 15tk yollu  hiicreler kullanilarak
yapilmistir.Cozelti pH'st NEL marka 890 model dijital pH
metre ile ayarlanmistir.

Deneylerde, iist kisminda yaklasik 500 mL hacimli
hiicresi bulunan 20 cm boyunda, 1 cm capindaki cam
biiretler kolon olarak kullanildi. Bu ¢alismada, Demir(II)
amonyum siilfat (Merck), Hidroklorik asit (Merck),
Hidroksilamin hidrokloriir (Merck), Sodyum asetat
(Merck), 1,10 Fenantrolin (Merck), Amonyak (Merck),
Amonyum kloriir (Merck), Sodyum kloriir (Merck),
EDTA (Merck), reaktifler kullanildi.  Cozeltilerin
hazirlanmasinda deiyonize su kullanildi. Hazirlanan 1000
pg/mL derisimindeki stok demir(Il) ¢6zeltisinden, diger
demir (IT) ¢ozeltileri seyreltme yolu ile hazirlandi.

Destek maddesi olarak kullanilan ponza tasi, SiO,
(%60-75), Al,0; (%13-15), Fe,0; (%1-4), Na,O (%2-5),
KO0 (%3-4), CaO(%1-2), MgO(%1-2) kimyasal
bilesimine sahiptir (17). Kiiglik kaliplar halindeki ponza

uptake by dead cells is quite rapid (5).

Free and immobilized microorganisms could both be
used as biosorbents. The biomass has been immobilized
on a support material using such as silica gel (6), sepiolite
(7), pore glass (8), polyurethane foam (9) and alginate
microbeads (10). Immobilized cell systems possess several
advantages on freely suspended cells, including, better
capability of re-using the biomass, excellent durability and
easy separation of cells from the solution (6-8, 11-13).

Madrid et al. used Saccharomyces cerevisiae for
speciation of methyl mercury and Hg(Il). They
investigated several parameters affecting the degree of
adsorption such as solution pH, temperature, incubation
time, amount of biomass and the presence of foreign ions.
They have reported that methyl mercury is more toxic than
Hg(1) (14).

Suh et al. have employed live and dead Saccharomyces
cerevisiae for biosorption of Pb*" ions. It have been
reported that adsorption capacity of living cell is higher
than dead cell however the rate of metal uptake of dead
cell is more rapid than living cell (15).

Bassari et al. have utilized pumice stone for removal of
Sr, Cs, and Th ions from aqueous solution. They have
reported that pH of solution affects uptake of metal ions
and amount of adsorbed Th ions is higher than the other
ions (16).

In this study, dead cell was immobilized on granulated
pumice stone. The adsorption conditions of Fe*" ions on to
immobilized cell were investigated. Moreover the effect of
type and concentration of elution solutions for desorption
of adsorbed ions were also investigated.

2. MATERIALS and METHODS
2.1. Apparatus and Reagents

Pharmacia Biotech Ultraspec 2000 model uv-visible
spectrophotometer was used for the determination of Fe*"
ions. All pH measurements were performed with NEL 8§90
model digital pH meter.

All chemicals were used of analytical reagent grade.
Deionized water was used throughout the work. The stock
solution of Fe** ions (1000 pg.ml') was prepared by
dissolving appropriate amounts of Fe(NH4),(SO,),
compound. The working solutions were prepared by
dilution from stock solution.

As a solid support for the growth of cells, pumice stone
composition are; SiO, (%60-75), Al,O3 (%13-15), Fe,04
(%1-4), Na,O (%2-5), K,O0 (%3-4), CaO(%1-2),
MgO(%1-2) (17). It was ground and sieved to 300um -
600um.
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tast havanda doviildii. Elekten gecirilerek 300pum - 600um
capindakiler kullanilmak tizere ayrildi.

2.2. Saccharomyces cerevisiae'nin Hazirlanmasi
2.2.1. Kati1 ortam

Litresinde 3 g malt 6ziitii (Merck), 3 g maya Oziitii
(Merck), 10 g glikoz (Merck), 5 g pepton (Lab M), 15 g
agar (Lab M) igeren sulu ¢ozeltiler hazirlanip otoklavda
120 °C 'de 30 dakika sterilize edildikten sonra petri
kaplarina  dokiildi  ve  katilagmaya  birakilarak
Saccharomyces cerevisiae'nin asilanacagr kati ortam
hazirlandi. Hazirlanan kat1 ortama sterilize platin tel ile
Saccharomyces cerevisiae agilanarak 30°C’lik bir ortamda
bilylimeye birakildi. Kat1 ortamda biiyiiyen
Saccharomyces cerevisiae nin baska mikroorganizmalar
tarafindan kontamine olmamast, katt ortamda biiyiimesinin
durdurulmast ve uzun siire bozulmadan kalabilmesi
amaciyla +4 °C’de muhafaza edildi.

2.2.2. Sivi ortam

S1v1 besi ortamini hazirlamak i¢in 0,6 g malt dziti, 0,6
g maya 0Oziitii, 2g glikoz ve 1g pepton damitik deiyonize
suda ¢oziilerek hacim ayni su ile 200 mL’ye tamamland:
ve otoklavda 120 °C’de 30 dakika sterilize edildi.

2.2.3. Baslangic kiiltiirii

Baglangic  kiiltiiriini  olusturmak i¢in sivi  ortam
hazirlandi. Daha sonra kati besi ortaminda biiyiiyen
Saccharomyces cerevisiae steril platin tel ile sivi besi
ortama agiland1 ve calkalamali karistiricida 30 °C’de 24
saat biiylimeye birakildi.

2.2.4. Deney Kkiiltiirii

Deney kiiltiiriinii hazirlamak amaciyla ayni sivi besi
ortamdan 200 mL’lik bir seri siv1 besi ortami hazirlandi.
Sterilize edildikten sonra baslangi¢ kiiltiirlinden her bir
stvi besi ortamina ayri ayrt 10 mL asilama yapildi ve
calkalamali karistiricida 30 °C’de 24 saat bilyiimeye
birakildi.

2.2.5. Olii biyokiitlenin hazirlanmasi

Deney kiiltiirli ortaminda biiylimesi tamamlanan
Saccharomyces cerevisiae 0,45 pm nitroseliiloz filtre
kagidi ile siiziilerek stvidan ayrildi ve damitik deiyonize su
ile yikandi. 0,1 M HCIl ¢ozeltisi ile karistirilarak
mikroorganizmalarin ~ 6lmesi  saglandi. 10  dakika
bekletildikten sonra tekrar 0,45 pm nitroseliiloz filtre
kagidi ile siiziildii. Damitik deiyonize su ile birka¢ kez
yikanip siiziildiikten sonra kurutuldu.

2.2.6. Saccharomyces cerevisiae’nin immobilizaysonu

2 g dgiitiilmis (300pm - 600pm c¢apinda) ponza tasi ile
hazirlanan 150 mg 6li ve kuru Saccharomyces cerevisiae
karistirilldi. Karisim 2 mL damitik deiyonize su ile tekrar
karistirildi ve 105 °C’de 20 dakika siire ile kurutuldu. Bu
islem birka¢ kez tekrarlanarak suyu tamamen giderildi

(18).
2.3. Adsorpsiyon Kolonunun Hazirlanmasi

Kolonlar temizlenip kurutulduktan sonra en alt kismina
bir parga (yaklastk lcm yiiksekliginde) cam pamugu

2.2. Preparation of Saccharomyces cerevisiae
2.2.1. Solid medium

A laboratory strain of Saccharomyces cerevisiae was
maintained on a medium comprising (g.1"') malt extract
(Merck) 3, yeast extract (Merck) 3, glucose (Merck) 10,
peptone (Lab M) 5 and agar (Lab M) 15. The yeast
cultivated on the solid medium was stored in a refrigerator
at +4 °C in prior to use, in order to extend their freshness
and prevent contamination by the growth of other
microorganisms.

2.2.2. Liquid medium

The composition of the liquid medium was as follows:
0,6 g malt extract, 0,6 g yeast extract, 2g glucose and 1g
peptone were dissolved in deionized water. The medium
was diluted total volume of 200 ml with deionized water
prior to sterilization at 120 °C for 30 min.

2.2.3. Starter Culture

The starter culture was performed from the solid
medium by loop-inoculating to 200 ml of liquid medium.
Then, it was incubated for 24 h. at 30 °C on orbital shaker.

2.2.4. Experimental culture

For experimental culture, 200 ml of liquid medium was
prepared and inoculated with 10 ml of the starter culture.
It was incubated for 24 h. at 30 °C on orbital shaker.

2.2.5. Preparation of dead biomass

The yeast grown in the experimental culture was
separated from the growth media using 0,45 pm
nitrocellulose filter paper to isolate the biomass. The
biomass was washed with deionized water then 0,1 mol.l"!
HCI was added to the isolated biomass. After 10 min, the
mixture was filtered. The biomass was washed three times
with deionized water and filtered before dried.

2.2.6. Immobilization of Saccharomyces cerevisiae

150 mg of dry biomass was mixed with 2 g of pumice
stone. The mixture was wetted with 2 ml of deionized
water and thoroughly mixed. It was dried for 20 min at
105 °C. The wetting and drying step was repeated (18).

2.3. Preparation of Adsorption Column

0,5 g pumice stone immobilized Saccharomyces
cerevisiae was filled into a glass column plugged with a
small portion of glass wool (about 1 cm height). Before
use, 0,1 mol.I"' HCI solution and deionized water were
passed through the column in order to clean it. Then the
column was conditioned to the studied pH.

2.4. Method of Determination

Fe(Il) ions were determined by the resulting coloured
complex reacted between Fe”" ions and 1,10 phenantroline
(19). All measurements were performed 508 nm of
wavelengths.
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yerlestirildi. Cam pamugunun {izerine mikroorganizma
immobilize edilmis ponza tasindan 0,5 g yerlestirildi.
Kolondan 6nce 0,1M HCI ¢ozeltisi gegirildi. Daha sonra
kolon birka¢ kez damitik deiyonize su ile yikandi. 0,1 M
NH; ve 0,1 M HCI ¢ozeltileri ile, pH s1 ¢aligilan degerlere
ayarlanmis sulu ¢ozeltiler kullanilarak sartlandirildi.

2.4. Spektrofotometre ile Tayin Yontemi

UV-visible spektrofotometresi ile yapilan tayinlerde
Fe** iyonlarmm 1,10 Fenantrolin ile verdigi renkli
kompleksten faydalanilmistir (19). Standart ¢ozeltilerin ve
tanik cozeltilerin absorbanslar1 508 nm dalga boyunda
okundu, elde edilen degerlerden faydalanilarak
kalibrasyon grafigi ¢izildi.

3. DENEYSEL SONUCLAR VE TARTISMA
3.1. pH’nin Adsorpsiyona Etkisi

Saccharomyces cerevisiae immobilize edilmis ponza
taginda maksimum adsorpsiyonun saglandigi pH degerini
bulmak amaciyla Fe?" iyonu i¢in derigimleri 10 pg/mL
olan 50mL hacminde pH'lar 2-8 araliginda olacak sekilde
bir seri ¢ozelti hazirlandi. Bu ¢ozeltiler dolgu maddesi
olarak mikroorganizma immobilize edilmis ponza tasi
kullanilan kolondan akis hizi 2mL/dakika olacak sekilde
gecirildi.  Numunelerdeki ~ Fe?*  iyonu uv-visible
spektrofotometresi ile analiz edildi. Saccharomyces
cerevisige immobilize edilmis ponza tasina Fe*"
iyonlarinin adsorpsiyonunun pH ile degisimi Sekil 1 de
verilmistir. Sekilden adsorplanan Fe*" miktarmim ortamin
pH’sina bagli olarak degistigi goriilmektedir. Bu da
metabolizmadan bagimsiz olarak gerceklesen
biyosorpsiyonun pH’nin bir fonksiyonu oldugunu
gostermektedir (1). Diisik pH degerlerinde metal
iyonlarinin ~ baglandigi  uglar  protonlar tarafindan
doldurulmaktadir (20). Ortamin pH’si arttikga metal
iyonlarinin adsorpsiyonu da artmaktadir. Bu deger pH =
5’te maksimuma ulagmaktadir.

Metaller hiicre duvarindaki biyopolimerlerde bulunan
fonksiyonel gruplara protonlarla yer degistirerek
baglanirlar. Ortam baziklestiginde ise metal adsorpsiyonu
azalmaktadir. Bazik ortamda Fe®' nin iyonik ve iyonik
olmayan hidroksit kompleksleri olugmasi adsorpsiyonun
azalmasina neden olmaktadir (21).

3. RESULTS and DISCUSSIONS
3.1. Effect of pH

The adsorption of Fe** ions Saccharomyces cerevisiae
immobilized on pumice stone was studied as a function of
pH. For that purpose, the pH values of Fe*" solutions
(10 pg.ml” concentration and 50 ml volume) were
adjusted to arrange of 2-8 with 0,Imol.I" HCI and
0,1mol.I"" NaOH. These solutions were passed through the
column with 2 ml.min™ flow rate. Adsorption of Fe*" ions
changed with pH of solutions as shown in Figure 1. These
results were showed that function of pH occurred
metabolism independent biosorption (1). The decrease in
binding at lower pH values was attributed to the
protonation of weakly basic coordination groups on the
yeast surface (20). Maximum adsorption of Fe*" ions was
obtained at pH=5.

The metal ions in solution are adsorbed on the surface
through interactions with chemical functional groups
found in the cell wall biopolymers. The lower uptake was
probably due to formation of non ionic and ionic
hydroxide complexes at higher pH values (21).



. 2 . .. 2+ 7 .. ; e
Adsorption of Fe’™ lons with Saccharomyces cerevisiae.../ Fe’" [yonlarimn Saccharomyces cerevisiae Immobilize...

250
<
= 8
s £
2 2200 A
33
T
on o0
W 2150
3 -
~ =
+ =
& 2
= E
§+“]00’
&
= 2
&=
o
S 2 50
3?5
<
<
0 ;
0 2

pH

Figure 1.Effect of pH on the adsorption ([Fe*]=10pg.ml", Flow rate=2 ml.min"', V=50ml)
Sekil 1.pH nin Adsorpsiyona Etkisi ([Fe*"]=10 pg/ml, Akis hizi=2 ml/dakika, V=50mL)

3.2. Baslangi¢ Derisiminin Adsorpsiyona Etkisi

Saccharomyces cerevisiae immobilize edilmis ponza
taginda, Fe’" iyonunun adsorpsiyonuna baslangig
derisiminin etkisini aragtirmak amaciyla optimum pH'da
derigimleri 10, 20, 40, 60, 80, 100 pg/mL olan 50 mL
hacmindeki Fe*" ¢ozeltileri hazirlandi. Bu ¢ézeltiler dolgu
maddesi olarak mikroorganizma immobilize edilmis ponza
tagt kullanilmis olan kolondan akis hizi 2mL/dakika
olacak sekilde gegirildi. Numunelerdeki Fe** iyonu uv-
visible spektrofotometresi ile tayin edildi. Saccharomyces
cerevisizge immobilize edilmis ponza tagina Fe*'
iyonlarinin adsorpsiyonuna baslangi¢ derisiminin etkisi
Sekil 2’de gosterilmistir. Baslangi¢ derisiminin artmasina
bagl olarak Fe’* iyonu adsorpsiyonu belirli bir degere
kadar artmaktadir. Fe** iyonlarinin adsorpsiyonunun 60
pg/mL baslangi¢ degerine kadar arttig1, bu degerden sonra
sabit kaldig1 goriilmektedir. Bu baslangic derisiminde
adsorplanan maksimum Fe®* miktar1 1,81 mg/g adsorban
olarak bulunmustur. Burada adsorbanin doygunluga
ulastig1 goriilmektedir.

Sekil 3’te  gorildigi gibi Fe**  iyonlarmmn
Saccharomyces cerevisiae immobilize edilmis ponza
tagina adsorpsiyonu Freundlich izotermine uymaktadir.
Izoterm esitligi su sekilde ifade edilir

3.2. Effect of initial concentration

The effect of initial metal concentration on the
adsorption of Fe®' from solutions containing 10-100
pg.ml™” metal ions were examined at optimum pH. These
solutions were passed through the column with 2 ml.min"'
flow rate. As shown in Figure 2, the adsorbed metal
amount was increased until the initial concentration of 60
pg.ml'l. Above this concentration, the adsorbed metal
amount was not significantly changed. The capacity of
adsorption was found as 1,81 mg.g' adsorbent. The
adsorbent was saturated at this value.

As shown in Figure 3, adsorption of Fe** on
Saccharomyces cerevisiae immobilized on pumice stone
was Freundlich type. The Freundlich isotherm equation is
as following.

logq:logk+llogC (1]
n

Esitlikte, q; Birim biyokiitle tarafindan adsorplanan
metal miktari, C; Cozeltideki metal derisimi, k; Freundlich
adsorpsiyon sabiti, n; Freundlich izoterm sabitini temsil
eder.

In equation, q; Adsorbed metal amount of 1 g
adsorbent, C; Concentration of metal in solution, k;
Freundlich adsorption constant, n; Freundlich isotherm
constant
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Figure 2.Effect of initial concentration (pH=5, Flow rate=2ml.min"', V=50mL)
Sekil 2.Baslangi¢ Derisiminin Adsorpsiyona Etkisi (pH=5, Akis hizi=2mL/dakika, V=50mL)
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Figure 3.Freundlich Isotherm
Sekil 3. Freundlich izotermi

Mikroorganizmalarin adsorpsiyon kapasiteleri
mikroorganizmanin tliriine, metal tliriine,
mikroorganizmanin canli veya olii olusuna, serbest veya
immobilize edilmis olmasina ve kullanilan destek
maddesine bagli olarak degisir(6,18,22).

3.3. Desorpsiyon Yontemi

Literatiirde geri kazanma islemlerinin genellikle HCI,
HNO;, ve ¢esitli tuz ¢ozeltileri ile yapildigi
bilinmektedir(23-26). Adsorplanan Fe®' iyonlarmn geri
kazanilmasi ¢alismalar1 HC1 ¢ozeltisi, tuz ¢ozeltileri ve
EDTA c¢ozeltisi ile yapilmistir. Elde edilen sonuglar
Cizelge 1’de verilmistir.Yapilan deneylerde 0,2 M’lik
EDTA ¢ozeltisi ile gerceklestirilen desorpsiyonun %98
verim ile gergeklestigi goriilmistiir.

The adsorption capacity of microorganisms has
dependent on the species of microorganism, species of
metal ions, dead or living of microorganism, free or
immobilized microorganism and the immobilization
support material (6,18,22).

3.3. Method of Desorption

HCIL, HNO; and salt solutions were used for desorption
in previous studies (23-26). For the desorption of Fe®*
from Saccharomyces cerevisiae immobilized on pumice
stone, HCI, NaCl, NH4Cl and EDTA solutions were
tested. The results were shown in Table 1. High desorption
occurred with 0,2 mol.I"! of EDTA solution.
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Table 1. Effect of Solution Types on Desorption
Cizelge 1. Desorpsiyona Elue Edici Cozelti Tiirii ve Derisiminin Etkisi

Solution type Concentration (mol.I™) Desorption, %
Desorpsiyon ¢ozeltisinin Derisim (mol/L) % Desorpsiyon
tiirii
NH,Cl1 1 10
NaCl 1 13
HCl 0,1 38
EDTA 0,1 75
EDTA 0,2 98
3.4. Tekrar Kullanilabilirlik 3.4. Effect of Adsorption-Desorption Cycles
Kolonda yapilan adsorpsiyon c¢alismalarinda kullanilan It is important to know that how many times the

adsorbanin  defalarca tekrar tekrar kullanilabilmesi adsorbent can be used. To investigate stability and
ekonomiklik ve pratiklik agisindan olduk¢a 6nemlidir. Bu potential recyclability of the adsorbent for five adsorption-
amagla Saccharomyces cerevisiae immobilize edilmis desorption cycles were carried out. As shown in Figure 4,
ponza taginin adsorban olarak yeniden kullanilmasinin approximately decrease was not observed on the metal
Fe*" iyonu adsorpsiyonuna etkisi aragtirilmistir. Bu amagla adsorption by the five cycles. Adsorbent was found to be
bes kez adsorpsiyon ve desorpsiyon iglemi tekrarlanmugtir. high potential of reusability.

Elde edilen sonuglar Sekil 4’de verilmistir. Bes

adsorpsiyon ve desorpsiyon igslemi sonucunda adsoplanan

metal miktarlarinin  birbirlerine olduk¢a yakin oldugu

goriilmiistir. Buda bize adsorbanin tekrar kullanilma

potansiyeline sahip oldugunu gostermektedir.
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Figure 4.Effect of adsorption-desorption cycles [Fe*"]=10ug.ml”, pH=5, V=50ml
Sekil 4. Tekrar Kullamim sayis1 [Fe* ]=10ug/mL, pH=5, V=50mL
4.SONUC 4. CONCLUSION
Elde edilen veriler, adsorbanin Fe** iyonlarmmn sulu This study shoved that Saccharomyces cerevisiae
¢ozeltilerden  uzaklastirilmasinda  kullanilabilecegini immobilized on pumice stone is useable for removal of
gostermektedir. Fe*" ions from aqueous solutions.
KAYNAKLAR/ REFERENCES

1. Madrid, Y. and Camara , C., “Biological Substrates for Metal and Preconcentration and Speciation”, Trends in Anal.
Chem., 16, 36-44 (1997).

2. Drake L.R., and Rayson G.D., “Plant-Derived Materials for Metal Ion-Selective Binding and Preconcentration”.
Anal. Chem., 1,22-27 (1996).

3. Aksu. Z. and Kutsal, T., “Bioseparation Process for Removing Lead(Il) Ions from Waste Water by Using C.
vulgaris”, J. Chem. Tech. Biotech., 52, 109-118 (1991).

371



372

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

G.U. J. Sci., 18(1):365-373 (2005)/ Mustafa LALE*, Nazan SAHIN, Ziilfikar TEMOCIN

Tsezos M., Baird H.I. and Shemilt, L.W., “The Kinetics of Radium Biosorption”, The Chem. Eng. J., 33, B35-B41
(1986).

Crist, R.H., Oberhaser, K. Shank, N., Nguyen, M., “Nature of Binding between Metallic lons and Algal Cell Walls”,
Environ. Sci. Tech., 15, 1212-1217 (1981).

Mahan, C.A. and Holcombe, J.A., “Immobilization of Algae Cells on Silica Gel and Their Characterization for Trace
Metal Preconcentration”, Anal. Chem., 64, 1933-1940 (1992).

Bag, H., Tiirker, A.R. and Lale, M., “Determination of Cu, Zn, Fe, Ni and Cd by Flame Atomic Absorption
Spectrophotometry after Preconcentration by Escherichia coli Immobilized on Sepiolite”, Talanta, 51, 1035-1043
(2000)

Magquieria, A., Elmahadi, H.A.M. and Puchades, R., “Use of Saccharomyces cerevisiae in Flow Injection Atomic
Absorption Spectrometry for Trace Metal Preconcentration”, Anal, Chem., 66, 1462-1467 (1994).

Gerin, P.A., Asther, M. and Rouxhet, P.G., “Peroxidase Production by the Filamentous Fungus Phanerochaete
chrysosporium in Relation to Immobilization in “Filtering” Carriers”, Enzyme and Microbial Tech., 20, 294-300
(1997)

Garnham, G.W., Codd, G.A. and Gadd, G.M., “Accumulation of Cobalt, Zinc and Manganese by the Estuarine Green
Microalga Chlorella salina Immobilized in Alginate Microbeads”, Environ. Sci. Tech., 26 (9), 1764-1770 (1992)

Elmahadi, H.A.M. Greenway, G.M., “Immobilization of Algae as a Reagent for Preconcentration in Trace Element
Atomic Absorption Spectrometry”, J. Anal. At. Spect., 6, 643-651 (1991).

Magquieria, A., Elmahadi, H.A.M. and Puchades, R., “Technique and Support for Microorganism Immobilization
Application to Trace Metals Enrichment by Flow Injection Atomic Absorption Spectrometry”, Analyst, 121, 1633-
1640 (1996).

Mahan, C.A. and Holcombe, J.A., “Preconcentration of Trace Metals Using Silica-Immobilized Algae Cells in a
Chromatographic Separation Procedure”, Spectrochimica Acta, 47B, 1483-1490 (1992).

Madrid, Y., Cabrera, C., Corona, T. P., and Camara, C., “Speciation of Methyl Mercury and Hg(II) Using
Saccharomyces cerevisiae, Determination by Continuous Flow Mercury Cold Vapor Generation Atomic Absorption
Spectrometry”, Anal. Chem., 67, 750-754, (1995)

Suh, J.H., Yun, J.W. and Kim, D.S., “Comparison of Pb*" Accumulation Characteristics Between Live and Dead
Cells of Saccharomyces cerevisiae and Aureobasidium pullulans”, Biotechnology Letters, 20 (3), 247-251, (1998)

Bassari, A., Akyiiz, T. and Kurtcebe, T., “The Removal of Th, Cs and Sr lons from Solutions Using Granulated
Pumice Stone”, J. of Inclusion Phenomena and Molecular Recognition in Chemistry, 26, 83-88, (1996)

Bruce M.M., “Ponza Pazan”, M.T.A. Genel Miidiirliigii Fizibilite Etiidleri Dairesi, Ankara (1991).
Bag, H., Lale, M. and Tiirker, A. R., “Determination of Iron and Nickel by Flame Atomic Absorption
Spectrophotometry after Preconcentration on Saccharomyces cerevisiae Immobilized Sepiolite”, Talanta, 47, 689-

697 (1998).

Skoog, D.A. and West, D.M., “Fundamentals of Analytical Chemistry 3"ed.” Holt Rinehart and Winston, USA,
790-791 (1976).

Elmahadi, H.A.M. Greanway, G.M., “Immobilization Algae as a Reagent for Preconcentration in Trace Element
Atomic Absorption Spectrometry”, J. Anal. A. Spectrum., 6, 643-651 (1991).

Robles, L.C. and Aller, A.J., “Preconcentration of Beryllium on the Outer Membrane of Esherichia coli and
Pseudomonas putida Prior to Determination by Electrothermal Atomic Absorption Spectrometry”, J. Anal. A.
Spectrum., 9, 871-878 (1994)

Shengjun, M. and Holcombe, J.A., “Preconcentration of Copper on Algae and Determination by Slurry Graphite
Furnace Atomic Absorption Spectrometry”, Anal. Chem., 62, 1994-1997 (1990)

Tsezos, M., Baird, M.H.I and Shemilt, L.W., “The Elution of Radium Adsorbed by Microbial Biomass”, The Chem.



Adsorption of Fe*" lons with Saccharomyces cerevisiae.../ Fe**Iyonlarimin Saccharomyces cerevisiae Immobilize... 373

Eng. J., 34, B57-B62 (1987)

24. Nakajima, A., and Sakagucki, T., “Selective Accumulation of Heavy Metals by Microorganisms”, App.
Microbiology and Biotech., 24, 59-65 (1986)

25. Tsezos, M., “Recovery of Uranium from Biological Adsorbents-Desorption Equilibrium ”, Biotech. and Bioeng., 26,
973-981 (1984)

26. Lale, M., Temogin, Z. and Bag, H., “Sorption Behavior of Copper(Il), Zinc(II) and Nickel(II) on Formaldehyde
Cross-Linked Saccharomyces cerevisiae Immobilized on Pumice Stone ” Fresenius Environmental Bulletin, 10,
736-740 (2001)

Received/ Gelig Tarihi:21.03.2003 Accepted/Kabul Tarihi: 18.09.2003



