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OZET

Matriks 6rneklerdeki (biyolojik, ¢evresel, gida vb.) madde veya maddelerin kalitatif veya kantitatif tayinlerinde yiiksek
hassasiyetli analitik cihazlar gelistirilmesine ragmen, analitik cihaz ¢ogunlukla matriks ortaminda tayinde basarisiz
olmaktadir. Bundan dolayr matriks ortamdan maddenin alhinmas: (saflagtirma) ve deristirilmesi (zenginlestirme) i¢in
genellikle 6n islem uygulanmasi gerekmektedir. Sivi-sivi ekstraksiyon (LLE) 6rnek hazirlamada yaygin bir sekilde
kullanilmaktadir. Son yillarda sivi-sivi ekstraksiyonda kullanilan organik ¢6ziicli miktarini minimize eden, sivi faz
mikroekstraksiyon (LPME) yontemleri gelistirilmistir. Bu yontemlerden oyuk (hollow) fiber sivi faz
mikroekstraksiyon (HF-LPME) yaygin bir sekilde kullanilmaktadir.

Anahtar Kelimeler: Oyuk (hollow)fiber siv1 faz mikroekstraksiyon, HF-LPME, Ornek hazirlama, Organik Kirleticiler

Hollow fiber liquid phase microextraction
ABSTRACT

Even though high precision analytical devices are developed in qualitative and quantitative determination of substance
or substances in matrix samples (biological, environmental, food etc.), analytical devices mostly fail determining in
matrix environment. Due to such reasons, clean-up process is needed to take (purification) and concentrate
(enrichment) the substance in matrix environment. Liquid-liquid (LLE) extraction is commonly used in preparation of
the samples. In recent years, liquid phase micro extraction (LPME) methods minimizing organic solvent used in liquid-
liquid extraction are developed. Of these methods, hollow fiber liquid phase micro extraction (HF-LPME) is widely
used.

Keywords: Hollow fiber liquid phase microextraction, HF—LPME, Sample preparation, Organic pollutants

1. GIRIS (zenginlestirme) ve saflastirilmasinda yaygin bir sekilde
kullanilmaktadir [1,2]. Yontem, maddelerin sulu
Gaz kromatograf (GC), yliksek basing sivi kromatograf ~ orneklerden, su ile
(HPLC) ve kapiler elektroforez (CE) gibi hassas analitik
cihazlar ile analiz 6ncesi 6rnegin hazirlanmasi 6nemli bir ~ karigmayan organik ¢6ziicii yardimi ile ekstrakte
basamaktir. Cogu zaman &rnek icindeki maddelerin  edilmesine dayanmir. Ornegin ve toksik organik
analiz Oncesi saflagtirllmast  ve zenginlestirilmesi ¢Oziiciiniin fazla kullanilmasi, ¢evre dostu olmamasi,
gerekmektedir. Sivi-sivi ekstraksiyon (LLE) yontemi  zaman alici ve ¢ok basamakli olmasi gibi dezavantajlara
maddelerin bulunduklar1 ortamdan geri kazanilmasinda  sahiptir [2,3]. Bir diger 6rnek hazirlama yontemi kat1 faz
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ekstraksiyondur (SPE). Kati bir adsorban iizerinde hedef
maddelerin alikonmasi, ardindan bu maddelerin uygun
bir ¢oziicii yardimi ile geri alinmasi temeline dayanir.
Adsorban olarak silika, alumina, florosil, C8 ve C18 gibi
adsorbanlar kullanilir. SPE, LLE’ ye gére daha az ¢6ziicti
gerektirmesine ragmen kullanilan toksik ¢oziicii yinede
onemli miktardadir. Ekstrakt hacmini azaltmak i¢in ek
bir basamak gerekmektedir gereklidir. SPE ve LLE’ de
fazla kullanilan 6rnek ve organik ¢o6ziicii miktarlarini
minimize etmek i¢in yeni yontemler gelistirilmistir [4,5].

Bu amagla 1990 yilinda Pawliszyn ve arkadaslar
tarafindan Ornegin ekstraksiyonunda ¢oziicl
gerektirmeyen, mikro diizeyde ¢oziicii veya ¢oziici
kullanmadan desorpsiyona imkan saglayan kati faz
mikroekstraksiyon (SPME) yontemi gelistirilmistir [6].
1993 yilinda ise ticari olarak iiretilmeye baslanmigtir [7].
SPME’de maddeler gaz veya sulu 6rneklerden “fused”
silika iizerine kapli polimer fibere ekstrakte edilir. Fiber
olarak polidimetilsiloksan (PDMS), divinilbenzen
(DVB), poliakrilat (PA), carboxen (CAR) ve carbowax
(CW) gibi polimerler ya da bunlarin farkli bilesimlerdeki
karigimlar1 kullanilabilir [7-9].

Yontem basit, taginabilir, hizli, ¢éziiciiden bagimsiz ve
otomasyona uygundur. Ancak fiberin kirilmasi,
kaplamasinin styrilmasi, ignesinin egilmesi, pahali olusu
[10], kullanim sayisindaki sinirlama [11], termal
desorpsiyonda (GC) nispeten diisiik sicaklik araliginda
calisma (genellikle 240-280°C) gerektirmesi, HPLC ile
kullanimda fiberlerin organik ¢oziicii ile temasta
kararsizliklari, diisiik tekrarlanabilirlik (repeatability) ve
secicilik gibi dezavantajlara sahiptir [9].

Ormnek hazirlamada yeni bir alternatif olusturmak icin
hizli, ucuz, uygulamasi basit, toksik ve pahali organik
¢Oziici  kullanimin1  minimize eden, sivi faz
mikroekstraksiyon (LPME) yontemleri gelistirilmistir.
S1v1 faz mikroekstraksiyon yontemlerinin ilk uygulamasi
asili  damla  mikroekstraksiyon  (single  drop
microextraction, SDME) seklinde olmustur [4,12-16].
SDME yontemi ekstraksiyon fazinin tek bir damla
oldugu LPME yontemidir. Sivi veya gaz fazdaki
maddeler mikro enjektdr ucunda asili duran ve su ile
karigmayan damla (1-10 pL) formundaki ekstraksiyon
fazina alinir. Ekstraksiyon sonrast organik damla mikro
enjektore geri ¢ekilerek GC, HPLC ve CE gibi analitik
cihazlar ile analiz edilir [4,12,14,17]. SDME;

e Dogrudan Daldirma-Asili Damla Mikroekstraksiyon
(Direct Immersion-Single Drop Microextraction, DI-
SDME), [12,18],

e Tepede-Asili Damla Mikroekstraksiyon (Headspace
Single Drop Microextraction HS—-SDME) [19],

e Ucli Faz-Asih Damla Mikroekstraksiyon (Three
Phase-Single Drop Microextraction, Three Phase—
SDME) [20],
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. Siirekli-Akis Mikroekstraksiyon (Continuous
Flow Microextraction, CFME) [21] olarak isimlendirilen
yontemler seklinde uygulanmaktadir.

SDME, uygulamast kolay, mikro diizeyde organik
¢oziicii kullanan diisiik maliyetli ve hizl1 bir ekstraksiyon
teknigi olmasina ragmen yiiksek karistirma hizlarinda
damlanin kopmasi 6nemli bir dezavantajdir [13,22-24].

2. OYUK (HOLLOW) FiBER SIVI FAZ
MIiKROEKSTRAKSIYON ( HF-LPME)

Oyuk (Hollow) Fiber Sivi Faz Mikroekstraksiyon (HF—
LPME) yontemi 1999 yilinda Pedersen-Bjergaard and
Rasmussen tarafindan gelistirilmigtir [25]. Yontemde
sulu c¢ozelti igerisindeki hedef maddeler, gdzenekli
polipropilen hollow fiberin duvarlarina emdirilmis
organik ¢oziicli yardimryla fiberin igerisindeki alic1 faza
ekstrakte edilir. Ekstraksiyon ¢ozeltisi fiber igersine
hapsedilerek  ekstraksiyon  siiresince  ekstraksiyon
stvisinin -~ kararlilign  artirilmistir. Ekstraksiyon
islemlerinde fiber olarak biiyiik ¢ogunlukla polipropilen

hollow fiber kullanilir. Literatirde fiber olarak
poliviniliden difloririn  de (PVDF) kullanildig:
caligmalar da bulunmaktadir[26-28]. Sekil 1°de

polipropilen fiberin duvar kesiti goriilmektedir. Fiberin
cap1 600 um, duvar kalinligi1 200 um dir. % 70 oraninda
g6zenekli olan fiberin gézenek ¢ap1 200pm dir.

Sekil 1. Polipropilen Hollow Fiberin Duvar Kesiti [29].

Ekstraksiyonda kullanilan fiber, ya gubuk seklinde (Sekil
2) bir ucu kapali, diger ucu mikro enjektore takili ya da
her iki ucu mikro enjektdr ile baglantili “U” seklinde

(Sekil 3) hazirlanarak ornek igerisine yerlestirilebilir
[25,26].
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Sekil 2. Oyuk (Hollow) Fiber Sivi Faz

Mikroekstraksiyon (HF-LPME) Sistemi

Kapiler etki ile fiberin gozenekleri diisiik polariteli
(toluen, oktanol, diheksileter vb.) organik ¢oziiciiniin
igerisine 30 saniye kadar daldirilarak doldurulur.
Gozeneklerdeki organik ¢oziicii fiber duvarlarinda ince
bir film tabakasi olusturarak, fiber igerisindeki alici fazin
verici faz ile karigmasini engeller. Fiber, alici faz
¢ekilmis mikro enjektdriin ucuna takilir. Ardindan alict
faz, mikro enjektdrden fiberin icersine doldurulur ve
hedef maddelerin analizi i¢in sulu Ornek c¢ozeltisine
daldirilir.  Ekstraksiyon sonrasinda maddeler fiberin
icerisinde hapsolan alic1 faza ekstrakte edilir. Ardindan
alic1 fazdaki maddeler dogrudan HPLC, GC, CE gibi
analitik cihazlarla tayin edilir. Alict faz organik
¢oziiciiniin kendisi ile dolduruldugunda ikili faz sistem,
asidik veya bazik sulu ¢ozelti ile dolduruldugunda iiglii
faz sistem olarak isimlendirilir. Alict faz hacmi 2-30 pL
arasinda degisirken, verici faz hacmi 50 pL ile 1 L
arasinda degisir [2,22,29].
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“U” Seklinde
Polipropilen
Hollow Fiber
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Sekil 3. “U” Seklinde HF-LPME Sistemi
2.1. ikili Faz HF-LPME

ikili faz sistemde gozenekli hollow fiberin hem
gozenekleri hem de igerisi organik ¢6ziicii (alic1 faz) ile
doldurulur.  Boylelikle, ~maddeler  fiberin  hem
gozeneklerinde hem de igerisinde bulunan organik
¢oziicliye ekstrakte edilir [2,29]. Maddeler verici fazdan
alic1 faza transfer olur. Fazlar arasinda dagilima ugrayan,
ornegin bir “A” maddesi asagidaki dengeyi olusturur
[13,22].

Averici(bmek) i:t Aa11c1 (1)

A’nin dengede alic1 faz ve verici faz arasindaki dagilma
katsayist, Ka@wv);
Kd(a/v) = (Cd)a / (Cd)v seklindedir. (2)
(Cg)a: A’nin dengede alic1 fazdaki (organik faz)
derigimi

(Cg)v: A’nin dengede verici fazdaki derisimidir.

Ikili faz sistemde geri alinabilirlik (R) asagidaki sekilde
hesaplanabilir [30].

K@) X Vorg

%R= x100 @)

Ka@wv) X Vorg + Vy
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Vorg, fiberin igerisinde ve gézeneklerindeki toplam alict
faz hacmi, Vy ise verici faz hacmini gostermektedir.

Esitlik 3°den de goriildiigi gibi geri alinabilirlik dagilma
katsayis1 (K), verici faz hacmi ve alici faz hacmine

baglhdir. Yiksek dagilma katsayisi ile yiiksek geri
alinabilirlik elde edilebilir.

Ikili faz sistemin ekstraksiyon kinetigi asagidaki gibi
tanimlanabilir [14].

Callcl = Cd,allcn(l - e-kt) (4)
k (s!) sabit bir oran olarak tanimlanir.

A

k= Bo (Kaneverici X Vorg/Vverici + 1) (5)

Vorgani k

Caia : t zamanda A’nin alic1 fazdaki konsantrasyonu;
Caane - Dengedeki konsantrasyon

A : Arayiizey alani

Bo : Organik fazla ilgili kiitle transfer katsayisi

Burada hizli bir ekstraksiyon igin Ai, B, maksimum
Vyerici 1S minimum olmalidir. Ayrica izl bir karistirma
islemi ile kiitle transfer katsayist maksimum yapilmalidir
[29,31]

ikili faz LPME’de alic1 faz olarak n-oktanol, toluen, gibi
organik ¢oziicliler yaygin bir sekilde kullanilmaktadir
[14,22,29]. Organik faz fiber ile uyumlu olmalidir.
Ayrica hedef maddelere karsi duyarli olmali, su ile
karismamali ve uguculugu diisiik olmalidir [22]. Ikili faz
sistemlerde, sudaki ¢ozlinirlikkleri ¢ok az, organik
¢oziiciide (ekstraksiyon ¢oziiciisii) ¢oOziinen bilesikler
tayin edilebilir. Ornegin, sulu 6rneklerden insektisitlerin
[32], PAH’larin [33,34], pestisitlerin [35,36] tayininde
kullanilmaktadir.

Organik Coziicii Emdirilmis
Fiber Duvarlari

Verici Faz _|

(Sulu 6rnek) Gozenekli

Hollow Fiber

A

e T

Fiber Igerisi, Organik Faz
Doldurulmus Alict Faz

Sekil 4. ikili Faz HF-LPME Sistemi
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2.2. Uclii Faz HF-LPME

Uclii faz sistemde, fiberin gdzenekleri organik sivi ile
doldurulurken, igerisi asidik veya bazik sulu ¢ozelti ile
doldurulur. Ornegin “A” maddesinin transferi, sulu
ornekten fiberin gdzeneklerindeki organik siviya, oradan
da fiberin igerisindeki sulu alic1 faza olur. Denge, esitlik
6’da gosterilmistir [13,22].

—P Aallc1 (6)

Averici(émek) _>' Aorgani k g

Geri alinabilirlikler hesaplanirken, denge kurulduktan
sonra verici faz ile organik faz arasinda (Kdorgn) ) ve alict
faz ile organik faz arasindaki (Ka@org ) dagilma
katsayilar1 dikkate alinir.

Kd(org/v) = (Cd)org/ (Cd)v (7)
Kd(alorg) = (Cd)a / (Cd)org (8)
(Ca)org: A’nin dengede organik fazdaki derigimini
gosterir.

Ucglii faz sistemde toplam kiitle dengesi dikkate alinarak
geri alinabilirlik asagidaki gibi hesaplanir [30].

Ka(orgiv) X Kdarorg) X Va
%R=

x100 (9)
(Kd(org/v) XKd(asorg) XVa)+( Kd(org/v)XVorg) +Vy

V,, fiber igerisindeki sulu alici faz miktarini, Vg ise
fiberin go6zeneklerindeki organik ¢oziicii miktarini
gosterir.

Uglii faz LPME’de fiberin gdzeneklerini doldurmak igin
n-oktanol, dihekzileter yaygin bir sekilde kullanilirken,
hekzan, oktan, diklorometan, nonan gibi ¢o6ziiciiler de
kullanilmaktadir 13,22,29]. Uclii faz sistem, iyonlasabilir
asidik ve bazik bilesikler ile sinirlidir. Bazik bilesiklerin
ekstraksiyonunda, analitlerin ¢oziiniirliigiinii artirmak
icin alici fazin pH’1 disiik tutulurken, sulu 6rnek
¢ozeltisinde ¢oziliniirligii baskilamak icin, pH alkali
olarak ayarlanir. Bu sekilde organik fazdan geri ekstrakte
olmadan bilesikler organik faza oradan da alici faza
ekstrakte edilir. Asidik bilesik analizlerinde ise, alic1 faz
alkali yapilirken 6rnek ¢ozeltisi asidik olarak ayarlanir.
Ekstraksiyon sonrast alic1 faz HPLC, CE gibi cihazlar ile
dogrudan kullanilabilir [13,22]. Uclii faz HF-LPME
yontemi ile biyolojik orneklerden alkaloidlerin [37],
ilaglarin [38,39,40], florokinolonlarin [41], c¢evresel
orneklerden siilfonamidlerin [42], ilaglarin [43,44],
meyve sularindan fenolik asitlerin [45] ve fungusidlerin
[46] tayini yapilabilmektedir.
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Organik Coziicii Emdirilmis
Fiber Duvarlar1

Gozenekli
Hollow Fiber

Verici Faz_ |
(Sulu 6rnek)

ANARARARARA =

Fiber Icerisi, Sulu Cozeltili
Doldurulmus Alic1 Faz

Sekil 5. Uglii Faz HF-LPME Sistemi

Hidrofobik analitler, organik c¢oziiciilerde ¢ok 1iyi
¢oziiniirler. Hidrofobik iyonlasabilen analitler ise sulu
cozeltilerde farkli pH’ larda yiiksek ¢oziiniirliige sahip
olurlar. Ancak metal iyonlar1 gibi hidrofilik bilesiklerin
organik coziiciilerde ¢oziiniirliigli ¢ok azdir ve sulu
¢ozeltinin farkli pH’larinda da ¢oziiniirlik degisimleri
¢ok diisiiktiir. Bu bilesiklerin analizinde 6rnek ¢ozeltisine
tasiyici eklenerek aktif tasiyicit metot kullanilir. Tasiyici
kismen hidrofobik, su ile karisabilen ve hedef madde ile
iyon ¢ifti olusturabilen bir reaktiftir. Maddeler tasiyici ile
iyon cifti veya kompleks olusturarak hidrofobik hale
gelirler ve fiberin g6zeneklerindeki organik faza
ekstrakte edilirler. [22,23]. Yo6ntem, ¢evresel ve biyolojik
orneklerdeki metalik bilesiklerin tayininde
kullanilmaktadir [47-49].

2.3. Statik ve Dinamik HF-LPME

HF-LPME statik ve dinamik metot olmak iizere iki
sekilde de uygulanabilir [35,50]. Statik metotta 6rnek
karigtirilarak maddelerin mikro enjektdriin ucunda takili
fiber igerisindeki alici faza difiizyonu saglanir. Statik
metotta karigtirma hizi ve zaman ekstraksiyon veriminde
O6nemli etkiye sahiptir. Dinamik metotta ise mikro
siringanin  pistonu da maddelerin ekstraksiyonunda
etkilidir. Ekstraksiyon boyunca mikro enjektoriin pistonu
hareket ettirilerek fiber icerisindeki alic1 faz enjektore
geri cekilip tekrar fibere aktarilir. Boylece fiber igersine
giren verici fazdaki maddeler hizli bir sekilde fiberin
yiizeyinde tabaka olusturan alici faza ekstrakte olur.
Dinamik HF-LPME ikili faz ve {iglii faz sistemin her
ikisine de uygulanabilmektedir [13,33,35,51-54]. Statik
yontem ile karsilastirildiginda dinamik yontem, daha iyi
ekstraksiyon etkinligi ve yinelenebilirlik saglar
[13,29,51].
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HF-LPME yo6nteminde fiber ekstraksiyon igin dogrudan
ornek c¢ozeltisine daldirilabildigi gibi ornek ¢ozeltisi
iizerinde asili tutularak ucucu bilesiklerin analizi
yapilabilir. Bu uygulama tepede asili hollow fiber siv1 faz
mikroekstraksiyon (HS-HF-LPME) olarak isimlendirilir
[34,55,56].

HF-LPME yontemi ile genellikle sulu orneklerden
maddelerin ekstraksiyonu yapilmaktadir. Ancak bazi
matriks ortamlarda, verici faz ortaminin sadece su olmasi
yeterli olmamaktadir. Ornegin S. King vd. (2002)
toprakta PAH’larin analizinde [57], N. Ratola vd. (2008)
ise ¢am ignelerinde PAH’larin analizinde [58] verici faz
olarak, aseton/su karisimini kullanmiglardir.

21



E. Alver, A. Demirci, M. Ozcimder

Cizelgel. HF-LPME {le Yapilan Calismalar
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Madde Matriks Ortam HF-LPME Sistemi Analitik Cihaz Kaynaklar
Pestisit Su Ikili Faz GC-MS? [35]
Pestisit Deniz suyu ikili Faz GC-MS [36]
Pestisit Sebze Uglii Faz LC-MS? [68]
Insektisit Su ikili Sistem GC-FTD? [32]
PAH Su ikili Faz GC-MS [33]
PAH Su Tepe Bosluklu GC-MS [34]
PAH Su, Toprak Uclii Faz GC-FID* [51]
PAH Toprak ikili Faz GC-FID [57]
PAH Cam Ignesi ikili Faz GC-MS [58]
PAH Atik Su kili faz GC-MS [66]
Fenoksi Herbisit Inek Siitii Uglii Faz HPLC-UV® [61]
Triazin Herbisit Toprak ikili faz GC-MS [67]
Fungusit Portakal Suyu Ucglii Faz LC-MS [46]
Fenolik Asit Meyve Suyu Ucglii Faz HPLC-DAD® [45]
Nitrofenol Deniz Suyu Uglii Faz LC-UV [60]
Fenol Su Uclii Faz CE(MEKC) [59]
Fenol Deniz suyu ikili faz GC-MS [65]
Aromatik amin Su Uglii Faz CE [53]
Aromatik amin Su Uglii Faz HPLC [64]
Florokinolon Su, Hayvan Idrarn Uglii Faz HPLC-DAD/FD? [41]
Siilfonamit Su Uglii Faz HPLC-DAD/FD [42]
flag Idrar, Plazma Uglii Faz HPLC-UV [38]
flag Idrar, Plazma Ucglii Faz ESI-IMS® [39]
flag Kan Uglii Faz LC-MS [40]
flag Aritma Camuru Ucglii Faz LC-MS [43]
flag Atik Su Uglii Faz LC-MS-MS [44]
flag Su, Plazma Uglii Faz CE [62]
flag Idrar, Plazma Uglii Faz CE [63]
flag Idrar,Su Uglii Faz CE-DAD/UV™Y [70]
Pb, Ni Su ikili Faz ETAAS! [47]
Cu, Zn, Pd, Cd, Nehir Suyu, Gol Suyu, ikili Faz ETV-ICP-MS*? [48]
Hg, Pb, Bi Serum

As(111), As(V) fgme Suyu, Sag ikili Faz ETAAS [49]
gﬁ‘égﬁ(i‘ﬂenwm gﬁf’tggf;;t’ MEyve suyd, Tepe Bosluklu GC-MS [55]
Metil-Hg Sag, Camur ikili Faz GFAAS® [69]

1) GC-MS: Gaz Kromatograf- Kiitle Spektrometresi

2) LC-MS: Sivi Kromatograf- Kiitle Spektrometresi

3) GC-FTD: Gaz Kromatograf-Termiyonik Detektor (Nitrojen-Fosfor Detektor, NPD)
4) GC-FID: Gaz Kromatograf-Alev Iyonlasma Detektorii

5) HPLC-UV: Yiiksek Basing Sivi Kromatograf-UV Detektor

6) HPLC-DAD: Yiiksek Basing S1vi Kromatograf-Diode Array Detektor

7) MEKC: Misel Elektrokinetik Kromatografi

8) HPLC-DADI/FD: Yiiksek Basing Sivi Kromatograf-Diode Array/Floresan Detektor
9) ESI-IMS: Elektrosprey Iyonizasyon-Iyon Mobilite Spektrometresi

10) CE-DAD/Kapiler Elektroforez- Diode Array/UV Detektor

11) ETAAS: Elektrotermal Atomik Absorpsion Spektrometresi

12) ETV-ICP/MS: Elektrotermal Buharlasma-indiiktif Optik Plazma Kiitle Spektrometresi
13) GFAAS: Grafit Firinli Atomik Absorpsion Spektrometresi
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3. SONUC

HF-LPME basit, hizli, ucuz ve yiiksek oranda segici ve
yiiksek zenginlestirme faktoriine sahip bir ydntemdir.
Oyuk fiber mikroekstraksiyon yoOntemi ¢evresel,
biyolojik, gida orneklerinde ve asidik ve bazik ilag
analizlerinde zenginlestirmenin yani sira on temizleme
islemini de ayn1 anda yaparak kullanilabilir. Fiber, alict
fazin 6rnek ¢ozelti ile dogrudan temasni kestiginden
dolay1, siddetli karistirma hizlarinda ekstraksiyon
¢oziliclisii kaybini en az diizeylere indirir. Polipropilen
fiber ¢ok ucuz bir maliyete sahiptir. Bu nedenle, her
analizde bir kez kullanilir. Fiberin her analizde bir kez
kullanilmasi, oOnceki analizlerden kirlilik gelmesini
engeller. Polipropilen hollow fiber kiiciik goézeneklere
sahip oldugu i¢in, matriks ortamdaki biiyiik molekiil
agirlikli kirliliklerin alici faza girmesini engelleyerek iyi
bir 6n temizleme islemi yapar [2,13,22,29,67,71].

Yontem, alici faz ile verici faz arasindaki membran
bariyerin  ekstraksiyon etkinligini azaltmasi ve
ekstraksiyon siiresini uzatmasi, fiberin yiizeyinde hava
kabarciklarinin olusmasi ile ekstraksiyon etkinligi ve
yinelenebilirligin azaltmasi, gercek ornek analizlerinde
matriksin (kan, plazma, atik su) fiber iizerindeki
gozenekleri tikayabilmesi gibi dezavantajlara sahiptir
[22,72,73].

KAYNAKLAR

[1] Krylov, V.A., Krylov, A.V, Mosyagin, P.V.,
Matkivskaya, Y.0, “Liquid—Phase
Microextraction Preconcentration of Impurities”,
Journal of Analytical Chemistry, 66, 331-350,

(2011).

[2] Psillakis, E., Kalogerakis, N., “Developments in
liquid-phase  microextraction”, Trends Anal.
Chem., 22, 565-574, (2003).

[3] Pena-Pereira, F., Lavilla, 1., Bendicho, C.,

“Miniaturized preconcentration methods based on
liquid-liquid extraction and their application in
inorganic ultratrace analysis and speciation”, A
review. Spectrochim. Acta, Part B 64, 1-15, (2009).

[4] Mahugo-Santana, C., Sosa-Ferrera, Z., , Torres-
Padron, M.E., Santana-Rodriguez, 1],
“Application of new approaches to liquid-phase
microextraction for the determination of emerging
pollutants”, Trends Anal. Chem, 30, 731-748,
2011.

[5] C.F. Poole, “New trends in solid-phase extraction”,
Trends Anal. Chem. 22, 362-373, (2003).

[6] Arthur, C.L., Pawliszyn, J., “Solid phase
microextraction with thermal desorption using
fused silica optical fibers”, Anal. Chem., 62, 2145—
2148, (1990).

[7] Malik, A. K., Kaur, V., Verma, N., “A review on solid

SAU J. Sci. Vol 17, No 1, p. 17-26, 2013

E. Alver, A. Demirci, M. Ozcimder

phase microextraction—High performance liquid
chromatography as a novel tool for the analysis of
toxic metal ions”, Talanta, 68, 842-849, (2006).

[8] Olariu, R-Il., Vione, D., Grinberg, N., Arsene, C.,
“Sample preparation for trace analysis by
chromatographic methods”, J. Liquid
Chromatography & Related Technologies, 33,
1174-1207, (2010).

[9] Dietz, C., Sanz, J., C’amara C., “Recent
developments in solid-phase microextraction
coatings and related techniques”, J. Chromatogr.

A, 1103, 183-192, (2006).

[10] Kumar, A., Gaurav, Malik, A.K., Tewary, D.K,,
Singh, . B., “A review on development of solid
phase microextraction fibers by sol-gel methods
and their applications” Anal. Chim. Acta, 610, 1-14
(2008).

[11] Psillakis, E., Kalogerakis, N., “Solid-phase
microextraction versus single-drop microextraction
for the analysis of nitroaromatic explosives in water
samples”, J. Chromatogr. A, 938, 113-120, (2001).

[12] H. Liu, P.K. Dasgupta, “Analytical Chemistry in a
Drop. Solvent Extraction in a Microdrop”, Anal.
Chem., 68, 1817-1826, (1996).

[13] Rasmussen, K.E., Pedersen-Bjergaard, S.,
“Developments in hollow fibre based, liquid-phase
microextraction”, Trends Anal. Chem., 23, 1-10,
(2004).

[14] Jeannot, M.A., Cantwell, F.F., “Solvent
microextraction into a single drop”, Anal. Chem.,
68, 2236-2240, (1996).

[15] He, Y., Lee, H.K., “Liquid phase microextraction in
a single drop of organic solvent by using a
conventional microsyringe”, Anal. Chem., 69,
4634-4640, (1997),

[16] L. Zhao, H.K. Lee, “Application of static liquid-
phase microextraction to the analysis of
organochlorine  pesticides in  water”, J.
Chromatogr. A, 919, 381-388, (2001).

[17] Pedersen-Bjergaard, S., Rasmussen, K.E., “Liquid-
phase microextraction with porous hollow fibers, a
miniaturized and highly flexible format for liquid-
liquid extraction”, J. Chromatogr. A, 1184, 132-
142, (2008).

[18] Jeannot, M.A., Cantwell, F.F., “Mass transfer
characteristics of solvent extraction into a single
drop at the tip of a syringe needle”, Anal. Chem.,
69, 235-239, (1997).

[19] Theis, A.L., Waldack, A.J., Hansen, S.M., Jeannot,
M.A., “Headspace solvent microextraction”, Anal.
Chem. 73, 5651-5654, (2001).

[20] Ma, M.H., Cantwell, F.F., “Solvent microextraction
with simultaneous back-extraction for sample
cleanup and preconcentration: Preconcentration
into a single microdrop”, Anal. Chem., 71, 388-
393, (1999).

23


http://www.sciencedirect.com/science/article/pii/S0165993603006058?_rdoc=6&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235787%232003%23999779993%23433866%23FLA%23display%23Volume)&_docanchor=&_ct=9&_refLink=Y&_zone=rslt_list_item&md5=84e8deb33e2689188e4accf52f24f014
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=22&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=4
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=22&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=4
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=22&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=4
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=24&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=2
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=24&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=2
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=24&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=2
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=24&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=2
http://pubs.acs.org/doi/abs/10.1021/ac960145h
http://pubs.acs.org/doi/abs/10.1021/ac960145h
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=32&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=2
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=32&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=2
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=40&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=31
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=40&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=31
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=40&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=31
http://www.sciencedirect.com/science/article/pii/S0021967301008160?_rdoc=18&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232001%23990809997%23252005%23FLA%23display%23Volume)&_docanchor=&_ct=27&_refLink=Y&_zone=rslt_list_item&md5=79f7b15f8258c1e1af48f0ea54166e46
http://www.sciencedirect.com/science/article/pii/S0021967301008160?_rdoc=18&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232001%23990809997%23252005%23FLA%23display%23Volume)&_docanchor=&_ct=27&_refLink=Y&_zone=rslt_list_item&md5=79f7b15f8258c1e1af48f0ea54166e46
http://www.sciencedirect.com/science/article/pii/S0021967301008160?_rdoc=18&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232001%23990809997%23252005%23FLA%23display%23Volume)&_docanchor=&_ct=27&_refLink=Y&_zone=rslt_list_item&md5=79f7b15f8258c1e1af48f0ea54166e46
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=28&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=4
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=28&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=4
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=28&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=4
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=28&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=4
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=33&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=2
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=33&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=2
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=33&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=2
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=14&SID=U2B@f8kh9mc6kPD545G&page=1&doc=1
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=22&SID=U2B@f8kh9mc6kPD545G&page=1&doc=8
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=22&SID=U2B@f8kh9mc6kPD545G&page=1&doc=8
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=22&SID=U2B@f8kh9mc6kPD545G&page=1&doc=8
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=22&SID=U2B@f8kh9mc6kPD545G&page=1&doc=8

E. Alver, A. Demirci, M. Ozcimder

[21] Liu, W.P., Lee, HXK. “Continuous-flow
microextraction exceeding 1000-fold concentration
of dilute analytes”, Anal. Chem., 72, 4462-4467,
(2000).

[22] Sarafraz-Yazdi, A., Amiri, A., “Liquid-phase
microextraction”, Trends Anal. Chem., 29, 1-14,
(2010).

[23] Dadfarnia, S., Shabani, AM.H., “Recent
development in liquid phase microextraction for
determination of trace level concentration of
metals—A review”, Anal. Chim. Acta, 658, 107—
119, (2010).

[24] K.E. Kramer, A.R.J. Andrews, “Screening method
for  11-nor-A°-tetrahydrocannabinol-9-carboxylic
acid in urine using hollow fiber membrane solvent
microextraction with in-tube derivatization”, J.
Chromatogr. B, 760, 27-36, (2001).

[25] Pedersen-Bjergaard, S., Rasmussen, K.E., “Liquid-
liquid-liquid microextraction ~ for  sample
preparation of biological fluids prior to capillary
electrophoresis”, Anal. Chem. 71, 2650-2656,
(1999).

[26] De Jager, L.S., Andrews, A.R.J., “Preliminary
studies of a fast screening method for cocaine and
cocaine metabolites in urine using hollow fibre
membrane solvent microextraction (HFMSME)”,
Analyst, 126, 1298-1303, (2001).

[27] Cuia, S., Tanb, S., Ouyang, G., Pawliszyn, J.,
“Automated polyvinylidene difluoride hollow fiber
liquid-phase microextraction of flunitrazepam in
plasma and urine samples for  gas
chromatography/tandem mass spectrometry”, J.
Chromatogr. A, 1216, 2241-2247, (2009).

[28] Li,Y., Xiong, Y., Fang, J., Wang, L., Liang, Q.,
“Application of hollow fiber liquid-phase
microextraction in identification of oil spill
sources”, J. Chromatogr. A, 1216, 61556161,
(2009).

[29] Pedersen-Bjergaard, S., Rasmussen, K.E., “Liquid-
phase microextraction with porous hollow fibers, a
miniaturized and highly flexible format for liquid-
liquid extraction”, J. Chromatogr. A, 1184, 132—
142, (2008).

[30] Ho, T.S., Pedersen-Bjergaard, S., Rasmussen, K.E.,
“Recovery, enrichment and selectivity in liquid-
phase microextraction - Comparison with
conventional  liquid-liquid ~ extraction”, I
Chromatogr. A, 963, 3-17, (2002).

[31] Pena-Pereira, F., Lavilla, 1., Bendicho, C., “Liquid-
phase microextraction approaches combined with
atomic detection”, Anal. Chim. Acta, 669, 1-16,
(2010).

[32] Lambropoulou, D.A., Albanis, T.A., “Application
of hollow fiber liquid phase microextraction for the
determination of insecticides in water”, J.
Chromatogr. A, 1072, 55-61, (2005).

24

Oyuk (Hollow) Fiber Sivi Faz Mikroekstraksiyon

[33] Zhao, L., Lee, H.K., “Liquid-Phase Microextraction
Combined with Hollow Fiber as a Sample
Preparation Technique Prior to Gas

Chromatography/Mass  Spectrometry”, Anal.
Chem., 74, 2486-2492, (2002).
[34] Jiang, X., Basheer, C., Zhang, J., Lee, HK,

“Dynamic hollow fiber-supported headspace
liquid-phase microextraction”, J. Chromatogr. A,
1087, 289-294, (2005).

[35] Hou, L., Shen, G., Lee, H.K., “Automated hollow
fiber-protected dynamic liquid-phase
microextraction  of  pesticides for  gas
chromatography - Mass spectrometric analysis”, J.
Chromatogr. A, 985, 107-116, (2003).

[36] Basheer, C., Lee, HK, Obbard, J.P.,
“Determination of organochlorine pesticides in
seawater using liquid-phase hollow fibre membrane
microextraction and gas chromatography—mass
spectrometry”, J. Chromatogr. A, 968, 191-199,
(2002).

[37] Yanga, Y., Chena, J.,, Shia, Y.P., “Determination
of aconitine, hypaconitine and mesaconitine in
urine  using  hollow  fiber  liquid-phase
microextraction combined with high-performance
liquid chromatography”, J. Chromatogr. B, 878,
2811-2816, (2010).

[38] Ebrahimzadeh, H., Yamini, Y., Firozjaei, H.A.,
Kamarei, F., Tavassoli,N., Rouini, M.R., “Hollow
fiber-based liquid phase microextraction combined
with high-performance liquid chromatography for
the analysis of gabapentin in biological samples”,
Anal. Chim. Acta 665, 221-226, (2010).

[39] Saraji, M., Jafari, M.T., Sherafatmand, H., “Hollow
fiber-based liquid-liquid—liquid microextraction
combined with electrospray ionization-ion mobility
spectrometry for the determination of pentazocine
in biological samples”, J. Chromatogr. A, 1217,
5173-5178, (2010).

[40] Ugland, H.G., Krogh, M., Reubsaet, L., “Three-
phase liquid-phase microextraction of weakly basic
drugs from whole blood”, J. Chromatogr. B, 798,
127-135, (2003).

[41] Payan, M.R., Lopez, M.A.B.,Fernandez-Torres, R.,
Gonzalez, J.A.O., Mochén, M.C., “Hollow fiber-
based liquid phase microextraction (HF-LPME) as
a new approach for the HPLC determination of
fluoroquinolones in biological and environmental
matrices”, J. Pharmaceutical and Biomedical
Analysis, 55, 332-341, (2011).

[42] Payan, M.R., Lopez, M.A.B.,Fernandez-Torres, R.,
Navarro, M.V., Mochon, M.C., “Hollow fiber-
based liquid phase microextraction (HF-LPME) for
a highly sensitive HPLC determination of
sulfonamides and their main metabolites”, J.
Chromatogr. B, 879, 197-204, (2011).

[43] Saleh, A., Larsson, E., Yamini, Y., Jonsson, J.A.,

SAU J. Sci. Vol 17, No 1, p. 17-26, 2013


http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=5&SID=R15@B3IofB2o6@M5nKk&page=1&doc=20
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=5&SID=R15@B3IofB2o6@M5nKk&page=1&doc=20
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=5&SID=R15@B3IofB2o6@M5nKk&page=1&doc=20
http://www.sciencedirect.com/science/article/pii/S0378434701002328?_alid=1787502076&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=f9182c811fa8099ce661ffd0d2a33c8d
http://www.sciencedirect.com/science/article/pii/S0378434701002328?_alid=1787502076&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=f9182c811fa8099ce661ffd0d2a33c8d
http://www.sciencedirect.com/science/article/pii/S0378434701002328?_alid=1787502076&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=f9182c811fa8099ce661ffd0d2a33c8d
http://www.sciencedirect.com/science/article/pii/S0378434701002328?_alid=1787502076&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=f9182c811fa8099ce661ffd0d2a33c8d
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=R15@B3IofB2o6@M5nKk&page=2&doc=52
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=R15@B3IofB2o6@M5nKk&page=2&doc=52
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=R15@B3IofB2o6@M5nKk&page=2&doc=52
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=R15@B3IofB2o6@M5nKk&page=2&doc=52
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=36&SID=R15@B3IofB2o6@M5nKk&page=1&doc=5
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=36&SID=R15@B3IofB2o6@M5nKk&page=1&doc=5
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=36&SID=R15@B3IofB2o6@M5nKk&page=1&doc=5
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=36&SID=R15@B3IofB2o6@M5nKk&page=1&doc=5
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=R15@B3IofB2o6@M5nKk&page=1&doc=39
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=R15@B3IofB2o6@M5nKk&page=1&doc=39
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=R15@B3IofB2o6@M5nKk&page=1&doc=39
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=38&SID=R15@B3IofB2o6@M5nKk&page=1&doc=20
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=38&SID=R15@B3IofB2o6@M5nKk&page=1&doc=20
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=38&SID=R15@B3IofB2o6@M5nKk&page=1&doc=20
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=38&SID=R15@B3IofB2o6@M5nKk&page=1&doc=20
http://www.sciencedirect.com/science/article/pii/S0021967302007938?_rdoc=22&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990319998%23330635%23FLA%23display%23Volume)&_docanchor=&_ct=33&_refLink=Y&_zone=rslt_list_item&md5=13e17d4ed3a3171b80fa2dfa5225966f
http://www.sciencedirect.com/science/article/pii/S0021967302007938?_rdoc=22&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990319998%23330635%23FLA%23display%23Volume)&_docanchor=&_ct=33&_refLink=Y&_zone=rslt_list_item&md5=13e17d4ed3a3171b80fa2dfa5225966f
http://www.sciencedirect.com/science/article/pii/S0021967302007938?_rdoc=22&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990319998%23330635%23FLA%23display%23Volume)&_docanchor=&_ct=33&_refLink=Y&_zone=rslt_list_item&md5=13e17d4ed3a3171b80fa2dfa5225966f
http://www.sciencedirect.com/science/article/pii/S0021967302007938?_rdoc=22&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990319998%23330635%23FLA%23display%23Volume)&_docanchor=&_ct=33&_refLink=Y&_zone=rslt_list_item&md5=13e17d4ed3a3171b80fa2dfa5225966f

Oyuk (Hollow) Fiber Sivi Faz Mikroekstraksiyon

“Hollow fiber liquid phase microextraction as a
preconcentration and clean-up step after
pressurized hot water extraction for the
determination of non-steroidal anti-inflammatory
drugs in sewage sludge”, J. Chromatogr. A, 1218,
1331-1339, (2011).

[44] Payan, M.R., Lopez, M.A.B.,Fernandez-Torres, R.,
Mochon, M.C., Ariza, J.L.G.,, “Application of
hollow fiber-based liquid-phase microextraction
(HF-LPME) for the determination of acidic
pharmaceuticals in wastewaters”,  Talanta, 82,
854-858, (2010).

[45] Saraji, M., Mousavi, F., “Use of hollow fibre-based
liquid—liquid-liquid microextraction and high-
performance liquid chromatography—diode array
detection for the determination of phenolic acids in
fruit juices”, Food Chemistry 123, 1310-1317,
(2010).

[46] Barahona, F., Gjelstad, A., Pedersen-Bjergaard, S.,
Rasmussen, K.E., “Hollow fiber-liquid-phase
microextraction of fungicides from orange juices”,
J. Chromatogr. A, 1217, 1989-1994, (2010).

[47] Abulhassani, J., Manzoori, J.L., Amjadi, M.,
“Hollow fiber based-liquid phase microextraction
using ionic liquid solvent for preconcentration of
lead and nickel from environmental and biological
samples prior to determination by electrothermal
atomic absorption spectrometry”, J.Hazardous
Materials, 176, 481-486, (2010).

[48] Xia, L., Wu, Y., Hu, B., “Hollow-fiber liquid-phase
microextraction  prior to  low-temperature
electrothermal vaporization ICP-MS for trace
element analysis in environmental and biological
samples”, J. Mass Spectrom., 42, 803-810, (2007).

[49] Jiang, H., Hu, B., Chen, B., Xia, L., “Hollow fiber
liguid phase microextraction combined  with
electrothermal atomic absorption spectrometry for
the speciation of arsenic (I11) and arsenic (V) in
fresh waters and human hair extracts”, Anal. Chim.
Acta, 634, 15-21, (2009).

[49] Li, G., Zhang, L., Zhang, Z., “Determination of
polychlorinated biphenyls in water using dynamic
hollow fiber liquid-phase microextraction and gas
chromatography-mass  spectrometry” J.
Chromatogr. A 1204, 119-122, (2008).

[50] Esrafili, A., Yamini, Y., Ghambarian, M., Moradi ,
M., “Dynamic three-phase  hollow fiber
microextraction based on two immiscible organic
solvents with automated movement of the acceptor
phase”, J. Sep. Sci., 34, 98-106, (2011).

[51] Hou, L., Wen, X., Tu, C., Lee, H.K., “Combination
of liquid-phase microextraction and on-column
stacking for trace analysis of amino alcohols by
capillary electrophoresis”, J. Chromatogr. A, 979,
163-169, (2002).

[52] Hou, L., Lee, H.K., “Dynamic Three-Phase

SAU J. Sci. Vol 17, No 1, p. 17-26, 2013

E. Alver, A. Demirci, M. Ozcimder

Microextraction as a Sample Preparation Technique
Prior to Capillary Electrophoresis”, Anal. Chem.,
75, 2784-2789, (2003).

[53] Hansson, H., Nilsson, U.,  “Assessment of a
dynamic hollow-fibre liquid phase microextraction
system for human blood plasma samples”, Talanta,
77, 1309-1314, (2009).

[54] Ghasemi, E., Sillanpdd, M., Najafi, N.M,,
“Headspace hollow fiber protected liquid-phase
microextraction combined with gas
chromatography—mass spectroscopy for speciation
and determination of volatile organic compounds of
selenium in environmental and biological samples”,
J. Chromatogr. A, 1218, 380-386, (2011).

[55] Huang, S.P., Huang, S.D., ‘“Determination of
organochlorine pesticides in water using solvent
cooling assisted dynamic hollow-fiber-supported
headspace liquid-phase microextraction”, J.
Chromatogr. A, 1176, 19-25, (2007).

[56] King, S., Meyer, S.J., Andrews. A.R.J., “Screening
method for polycyclic aromatic hydrocarbons in
soil using hollow fiber membrane solvent
microextraction”, J. Chromatogr. A, 982, 201-208,
(2002).

[57] Ratola, N., Alvesa, A., Kalogerakish, N., Psillakis,
E., “Hollow-fibre liquid-phase microextraction: A
simple and fast cleanup step used for PAHSs
determination in pine needles”, Anal. Chim. Acta,
618, 70-78, (2008).

[58] zhu, L., Tu, C., Lee, H.K. “Liquid-Phase
Microextraction of Phenolic Compounds Combined
with On-Line Preconcentration by Field-Amplified
Sample Injection at Low pH in Micellar
Electrokinetic Chromatography”, Anal. Chem., 73,
5655-5660, (2001).

[59] Zhu, L., Zhu, L., Lee, HK., “Liquid-liquid-liquid
microextraction of nitrophenols with a hollow fiber

membrane prior to capillary liquid
chromatography”, J. Chromatogr. A, 924, 407-417,
(2001).

[60] Zhu, L., Ee, K.H., Zhao, L., L ee, H.K., “Analysis of
phenoxy herbicides in bovine milk by means of
liquid—liquid—liquid microextraction with a hollow-
fiber membrane”, J. Chromatogr. A, 963, 335-343,
(2002).

[61] Pedersen-Bjergaard, S., Rasmussen, K.E., Brekke,
A., Ho, T.S.,, Halvorsen, T.G., “Liquid-phase
microextraction of basic drugs — Selection of
extraction mode based on computer calculated
solubility data”, J. Sep. Sci., 28, 1195-1203, (2005).

[62] Ho, T.S., Halvorsen, T.G., Pedersen-Bjergaard, S.,
Rasmussen, K.E., “Liquid-phase microextraction of
hydrophilic drugs by carrier-mediated transport”, J.
Chromatogr. A, 998, 61-72, (2003).

[63] Yazdi, A.S., Es’haghi, Z., “Two-step hollow fiber-
based, liquid-phase microextraction combined with

25


http://www.sciencedirect.com/science/article/pii/S0003267008020485?_alid=1784855379&_rdoc=7&_fmt=high&_origin=search&_docanchor=&_ct=542&_zone=rslt_list_item&md5=8d6bae8096c5416829ae33aa277877cc
http://www.sciencedirect.com/science/article/pii/S0003267008020485?_alid=1784855379&_rdoc=7&_fmt=high&_origin=search&_docanchor=&_ct=542&_zone=rslt_list_item&md5=8d6bae8096c5416829ae33aa277877cc
http://www.sciencedirect.com/science/article/pii/S0003267008020485?_alid=1784855379&_rdoc=7&_fmt=high&_origin=search&_docanchor=&_ct=542&_zone=rslt_list_item&md5=8d6bae8096c5416829ae33aa277877cc
http://www.sciencedirect.com/science/article/pii/S0003267008020485?_alid=1784855379&_rdoc=7&_fmt=high&_origin=search&_docanchor=&_ct=542&_zone=rslt_list_item&md5=8d6bae8096c5416829ae33aa277877cc
http://www.sciencedirect.com/science/article/pii/S0021967302012669?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990209998%23358622%23FLA%23display%23Volume)&_docanchor=&_ct=55&_refLink=Y&_zone=rslt_list_item&md5=7d86f35294a93207cbf71d5df5fc501b
http://www.sciencedirect.com/science/article/pii/S0021967302012669?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990209998%23358622%23FLA%23display%23Volume)&_docanchor=&_ct=55&_refLink=Y&_zone=rslt_list_item&md5=7d86f35294a93207cbf71d5df5fc501b
http://www.sciencedirect.com/science/article/pii/S0021967302012669?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990209998%23358622%23FLA%23display%23Volume)&_docanchor=&_ct=55&_refLink=Y&_zone=rslt_list_item&md5=7d86f35294a93207cbf71d5df5fc501b
http://www.sciencedirect.com/science/article/pii/S0021967302012669?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990209998%23358622%23FLA%23display%23Volume)&_docanchor=&_ct=55&_refLink=Y&_zone=rslt_list_item&md5=7d86f35294a93207cbf71d5df5fc501b
http://www.sciencedirect.com/science/article/pii/S0021967301009062?_rdoc=41&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232001%23990759998%23256337%23FLA%23display%23Volume)&_docanchor=&_ct=59&_refLink=Y&_zone=rslt_list_item&md5=092398ae27fa276d26a19371baf19ac7
http://www.sciencedirect.com/science/article/pii/S0021967301009062?_rdoc=41&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232001%23990759998%23256337%23FLA%23display%23Volume)&_docanchor=&_ct=59&_refLink=Y&_zone=rslt_list_item&md5=092398ae27fa276d26a19371baf19ac7
http://www.sciencedirect.com/science/article/pii/S0021967301009062?_rdoc=41&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232001%23990759998%23256337%23FLA%23display%23Volume)&_docanchor=&_ct=59&_refLink=Y&_zone=rslt_list_item&md5=092398ae27fa276d26a19371baf19ac7
http://www.sciencedirect.com/science/article/pii/S0021967301009062?_rdoc=41&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232001%23990759998%23256337%23FLA%23display%23Volume)&_docanchor=&_ct=59&_refLink=Y&_zone=rslt_list_item&md5=092398ae27fa276d26a19371baf19ac7
http://www.sciencedirect.com/science/article/pii/S0021967302001383?_rdoc=37&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990369998%23322693%23FLA%23display%23Volume)&_docanchor=&_ct=50&_refLink=Y&_zone=rslt_list_item&md5=4f8f1b70f0062f4c27da84cbe4c9dd3a
http://www.sciencedirect.com/science/article/pii/S0021967302001383?_rdoc=37&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990369998%23322693%23FLA%23display%23Volume)&_docanchor=&_ct=50&_refLink=Y&_zone=rslt_list_item&md5=4f8f1b70f0062f4c27da84cbe4c9dd3a
http://www.sciencedirect.com/science/article/pii/S0021967302001383?_rdoc=37&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990369998%23322693%23FLA%23display%23Volume)&_docanchor=&_ct=50&_refLink=Y&_zone=rslt_list_item&md5=4f8f1b70f0062f4c27da84cbe4c9dd3a
http://www.sciencedirect.com/science/article/pii/S0021967302001383?_rdoc=37&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232002%23990369998%23322693%23FLA%23display%23Volume)&_docanchor=&_ct=50&_refLink=Y&_zone=rslt_list_item&md5=4f8f1b70f0062f4c27da84cbe4c9dd3a
http://www.sciencedirect.com/science/article/pii/S0021967303006344?_rdoc=8&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232003%23990019998%23433409%23FLA%23display%23Volume)&_docanchor=&_ct=27&_refLink=Y&_zone=rslt_list_item&md5=aa8a1d466b5f47bb23e5da62f8614746
http://www.sciencedirect.com/science/article/pii/S0021967303006344?_rdoc=8&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232003%23990019998%23433409%23FLA%23display%23Volume)&_docanchor=&_ct=27&_refLink=Y&_zone=rslt_list_item&md5=aa8a1d466b5f47bb23e5da62f8614746
http://www.sciencedirect.com/science/article/pii/S0021967305010812?_rdoc=4&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232005%23989179997%23600011%23FLA%23display%23Volume)&_docanchor=&_ct=19&_refLink=Y&_zone=rslt_list_item&md5=d2346dbe62918716608f6658004a1ce2
http://www.sciencedirect.com/science/article/pii/S0021967305010812?_rdoc=4&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232005%23989179997%23600011%23FLA%23display%23Volume)&_docanchor=&_ct=19&_refLink=Y&_zone=rslt_list_item&md5=d2346dbe62918716608f6658004a1ce2

E. Alver, A. Demirci, M. Ozcimder

high-performance liquid chromatography: A new
approach to determination of aromatic amines in
water”, J. Chromatogr. A, 1082, 136-142, (2005).
[64] Basheer, C., Lee, HK., “Analysis of endocrine
disrupting  alkylphenols, chlorophenols and
bisphenol-A using hollow fiber-protected liquid-
phase microextraction coupled with injection port-

derivatization gas chromatography—mass
spectrometry”, J. Chromatogr. A, 1057, 163-169,
(2004).

[65] Charalabaki, M., Psillakis, E., Mantzavinos, D.,
Kalogerakis, N., “Analysis of polycyclic aromatic
hydrocarbons in wastewater treatment plant
effluents using hollow fibre liquid-phase
microextraction”, Chemosphere, 60, 690-698,
(2005).

[66] Shen, G., Lee, H.K., “Hollow fiber-protected liquid-
phase microextraction of triazine herbicides”, Anal.
Chem., 74, 648-654, (2002).

[67] Romero-Gonzalez, R., Pastor-Montoro, E.,
Martinez-Vidal, J.L., Garrido-Frenich, A,
“Application of hollow fiber supported liquid
membrane extraction to the simultaneous
determination of pesticide residues in vegetables by
liquid chromatography/mass spectrometry”, Rapid
Commun. Mass Spectrom., 20, 2701-2708, (2006).

[68] Jiang, H., Hu, B., Chen, B., Zu, W., “Hollow fiber
liquid phase microextraction combined with
graphite furnace atomic absorption spectrometry
for the determination of methylmercury in human
hair and sludge samples”, Spectrochimica Acta
Part B, 63, 770-776, (2008).

[69] Pedersen-Bjergaard, S., Rasmussen, K.E., “Liquid-
phase microextraction and capillary electrophoresis
of acidic drugs”, Electrophoresis, 21, 579-585,
(2000).

[70] Psillakis, E., Kalogerakis, N., “Hollow-fibre liquid-
phase microextraction of phthalate esters from
water”, J. Chromatogr. A, 999, 145-153, (2003).

[71] Zanjani, M.R.K., Yamini, Y., Shariati, S., Jénsson,
J.A., “A new liquid-phase microextraction method
based on solidification of floating organic drop”,
Anal. Chim. Acta, 585, 286293, (2007).

[72] Alver, E.  Demirci, A.,  Ozcimder.,
Mikroestraksiyon Yontemleri, Sigma, 30, 75-90,
(2012)

26

Oyuk (Hollow) Fiber Sivi Faz Mikroekstraksiyon

SAU J. Sci. Vol 17, No 1, p. 17-26, 2013


http://www.sciencedirect.com/science/article/pii/S0021967305010812?_rdoc=4&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232005%23989179997%23600011%23FLA%23display%23Volume)&_docanchor=&_ct=19&_refLink=Y&_zone=rslt_list_item&md5=d2346dbe62918716608f6658004a1ce2
http://www.sciencedirect.com/science/article/pii/S0021967305010812?_rdoc=4&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232005%23989179997%23600011%23FLA%23display%23Volume)&_docanchor=&_ct=19&_refLink=Y&_zone=rslt_list_item&md5=d2346dbe62918716608f6658004a1ce2
http://www.sciencedirect.com/science/article/pii/S0021967305010812?_rdoc=4&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232005%23989179997%23600011%23FLA%23display%23Volume)&_docanchor=&_ct=19&_refLink=Y&_zone=rslt_list_item&md5=d2346dbe62918716608f6658004a1ce2
http://www.sciencedirect.com/science/article/pii/S002196730401739X?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232004%23989429998%23527307%23FLA%23display%23Volume)&_docanchor=&_ct=37&_refLink=Y&_zone=rslt_list_item&md5=48e4486f714f78352e2fc5a602234289
http://www.sciencedirect.com/science/article/pii/S002196730401739X?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232004%23989429998%23527307%23FLA%23display%23Volume)&_docanchor=&_ct=37&_refLink=Y&_zone=rslt_list_item&md5=48e4486f714f78352e2fc5a602234289
http://www.sciencedirect.com/science/article/pii/S002196730401739X?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232004%23989429998%23527307%23FLA%23display%23Volume)&_docanchor=&_ct=37&_refLink=Y&_zone=rslt_list_item&md5=48e4486f714f78352e2fc5a602234289
http://www.sciencedirect.com/science/article/pii/S002196730401739X?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232004%23989429998%23527307%23FLA%23display%23Volume)&_docanchor=&_ct=37&_refLink=Y&_zone=rslt_list_item&md5=48e4486f714f78352e2fc5a602234289
http://www.sciencedirect.com/science/article/pii/S002196730401739X?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232004%23989429998%23527307%23FLA%23display%23Volume)&_docanchor=&_ct=37&_refLink=Y&_zone=rslt_list_item&md5=48e4486f714f78352e2fc5a602234289
http://www.sciencedirect.com/science/article/pii/S002196730401739X?_rdoc=21&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235248%232004%23989429998%23527307%23FLA%23display%23Volume)&_docanchor=&_ct=37&_refLink=Y&_zone=rslt_list_item&md5=48e4486f714f78352e2fc5a602234289
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=40&SID=R15@B3IofB2o6@M5nKk&page=1&doc=19
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=40&SID=R15@B3IofB2o6@M5nKk&page=1&doc=19
http://onlinelibrary.wiley.com/doi/10.1002/rcm.2653/abstract
http://onlinelibrary.wiley.com/doi/10.1002/rcm.2653/abstract
http://onlinelibrary.wiley.com/doi/10.1002/rcm.2653/abstract
http://onlinelibrary.wiley.com/doi/10.1002/rcm.2653/abstract
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=26&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=3
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=26&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=3
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Refine&qid=26&SID=S2IJHnCGdPJ53EmK@aj&page=1&doc=3
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=41&SID=R15@B3IofB2o6@M5nKk&page=1&doc=1
http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=41&SID=R15@B3IofB2o6@M5nKk&page=1&doc=1

