T.C.
ERCIYES UNIVERSITESI
BiLIMSEL ARASTIRMA PROJELER]
KOORDINASYON BiRiMi

PROJE BASLIGI

Mikro ekstraksiyon ile eser diizeyde metal zenginlestirilmesi

Proje No
FBA-12-3822

Proje Tiirii

Normal Arastirma Projesi

SONUC RAPORU

Proje Yiiriitiiciisii:
Prof. Dr. Mustafa Soylak

Fen Fakiiltesi-Kimya Boliimii

Aragtirmacilarin Adi Soyadi
Erkan Yilmaz
Fen Fakiiltesi-Kimya Boliimii
Faheem Shah, Ghulam Abbas Kandhri

Fen Fakiiltesi-Kimya Boliimii (misafir arastirmact)






TESEKKUR

Bilimsel Arastirma Projeleri Birimine projemizi destekledigi icin tesekkiir ederiz.



ICINDEKILER
Sayfa No
OZE T Vil
A B S T R A T . Vil
L GIRIS 1
2. GENEL BILGILER
2.1. AGIR METALLER VE INSAN SAGLIGI UZERINE ETKIiLERi............... 3
2.2. Analit Elementleri ve Onemleri........oceuueueiruneenieueennereennereennerneenesnnnn. 4
2.2, KU SUN . .uuiiiiieiiiiaettiieneteesenseesssssesssassessnsscosssssssssssessnssscssnssssssnsssans 4
2.2.2. KaOMIYUM . tittitiiintieeeeententeeceeensensescescnsensassscnsansossessnsansnnanneesnnnnn. 4
780 0 TR & 2 1« | 5
2.3. ESER ELEMENT ANALIZi VE ZENGINLESTIRME YONTEMLERI.......... 5
2.3.1. Zenginlestirme Yontemlerindeki simirlamalar...........ccooeeiiiiiiiiiiiiiiiiin, 7
2.3. 0.0 KIFIIIKeeueneeieieieieiniittrrerteteteteteteretesesesesssmimieeiiessssseiosnsesnsnsnnin 8
2.3.1.2. OrNek MIKEATT....vunnireneeeneernereneerneerneesneerseersnsrsessneesseessneesneessnnnn, 8
2.3.1.3. Eser Element Kaybl.......coocviiiiuiiiiieiiniiniiniiieiiniosessnionscsassnssssssnsonn 8
2.3.1.4. islem Karmasikligl ve HIZ.......cc.oeeuneerneeennneeneernneenneesneessneesneesnneennnn. 8
2.4. ATOMIK ABSORPSIYON SPEKTROSKOPISI.......ccccvvuuiiiiiiiiinniannnnn. 8
2.4.1. Atomik Absorpsiyon SPeKtrOMetreSi..eeieeeeeeereeieaeeeerenteaseecnsonsassscnsannnnns 8
2.4.1.1. IS1IK KaynaKIarie...ooeeiieiiieiieiiniiieiiniinieietinionesssssnscssssssossssssonsssnssnnnn 9
2.4.2.Aas’nin analitik Performansi fle T1gili Terimler..........ccceeeeunerinnieeennnnennn.. 13
TS0 W D 1172 R 13
2.4.2.2. DOGFUIUK. «.utieteiiiiiateeietinteateseesentensessessnssnsessessnsonsonsssnssnsansessnnns 13
2.4.2.3. KESINIK . etuiuiiiiaiiiiiiuiiiiiiiieietiitiesiettesasessesssessssassssssnsssssnssssnen 13

2.4.2.4. Gozlenebilme SINIrt (DL)..ccuiiiieiiiniiiieiiiaieieeiieeterercsssosasossssssssosnscnns 13



2.4.3. Aas Ile Elementlerin Kantitatif Tayini.......cc.veueeuiernienieenieeeennenneennnnne. 14
2.4.3.1. Kalibrasyon Grafigi YOntemi......ccveeveiieieiiniierieenisnisecsecssnsenseesnssnse. 14
2.4.3.2. Standart EKleme YOntemi.....o.ooiveiieiieiniinieariecnssnrsessecessnssssscnssnsons. 14

2.4.4. Aas’ de GIriSimler.......coieiiiiiiiiiiiiiiiiiieiiiiietieiieetcesessscssnssccsensccsnnsces 14

R T8 R € 00 2.0 15
3.1.1. Kullanilan Cihazlar.........ccooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinene 15
3.1.2. Calismada Kullanilan Kimyasallar ve Hazirlanislari........cccceevvveiiinicnnnnn. 15
R 2078 41 1 1) 1 1 16

3.2.1. Biyolojik Orneklerdeki Kadmium ve Bakirin Zenginlestirilmesi Icin Dispersif
S1vI-S1vI MiKrOeKStrakSIYONU..ueeeeeeeieeiernieenerernreesasnrsesnsnssmmecnsessssasessssnsssnnn 16
3.2.2. Biyolojik Orneklerdeki Kursun’ un Tayini I¢in Iyonik Sivi Temelli Dispersif Sivi-
S1vi Mikroekstraksiyonu TeKnigi......cccovveiiieiiieiiiniiiieiiiniiieiiiniimmercsnscsssonns. 16

4. BULGULAR

4.1. Biyolojik Orneklerdeki Kadmium ve Bakirin Zenginlestirilmesi i¢in Dispersif Sivi-

S1VI MIKroeKStraKSIYONU..cuieeeeiiniieiieiniieiiereeenrsnieasessnssnsosssssessnssnsssnssnsonsens 18
4.1.1. Geri Kazanima pH’ 1n EtKisi ..ccccvviviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieinennn. 18
4.1.2. Geri Kazanima Komplekslestirici Miktarimn EtKisi......c.cooceiieiiiiianinnnen.. 19
4.1.3. Geri Kazanima Ekstraksiyon Coziiciisiit Hacminin EtKisi.........ccccooeiiaeain. 20
4.1.4. Geri Kazamima Dispersif Coziicii Tiirii ve Hacminin EtKisi.........c.cceu.e. 20
4.1.5. Geri Kazamima Santrifiij Donme Hizi ve Siiresinin EtKisi.......c..cccevveaen.... 21
4.1.6. Matriks Tyonlarimin EtKisi........cccuueeiiuierernierernieeennereeeeeeeneeenneeennnnn. 21

4.1.7. Yontemin AnalitiK Performansi.....c.c.c.eeeeeeeeeeeeeereeeeeeeeeeeeeesesscssssssssssses 22



S1vi Mikroekstraksiyonu TeKnigi......cocevveiiieiiieiiieiiiieiiieiiinrcsietosnrcsnscsnsonnn 24
4.2.1. Geri Kazanima pH’ 1n EtKisi...ccccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiieiciiciecenan. 24
4.2.2. Geri Kazamima Komplekslestirici Miktarinin EtKisi........ccccovieiiiniiinnnnn... 24
4.2.3. Geri Kazanima Ekstraksiyon Coziiciisiit Hacminin EtKisi...........ccccoieaii. 25
4.2.4. Geri Kazanima Triton X-100 Hacminin EtKiSi....ccceeveviiiieininiieierinenannn, 25
4.2.5. Vorteks Siiresinin Geri Kazanima EtKisi......cccccoiiiiiiiiiiiiiiiiiiiiiiiiinnne.. 25
4.2.6. Matriks Tyonlarinin EtKiSi.........eevueeerneeeeneernieeueenneernneerneerneeesneesnnnens. 26
4.2.7. Yontemin Analitik Performansi.........ccocvvvieiieiiiiiiniiiiiiiiiiiiiiiiiiiennnn, 27
4.2.8. Gercek Ornek ANANZIETi........cvuueeunernieunerniererneerneereerneesnerneesneesnemnn. 27

5. TARTISMA VE SONUC



Vii

OZET
Bu proje calismasi ile cesitli gergek oOrneklerdeki eser bakir, kadmiyum ve kursun
elementlerinin ~ dispersive  sivi—sivi  mikroekstraksiyonu (DSSME)  yontemleri ile
zenginlestirilmesi gerceklestirilmistir. Zenginlestirme sonrasi analit konsantrasyonlari alevli
atomik absorpsiyon spektrometresi ile olgiilmiistiir. pH, kullanilacak ligand tiirii ve miktari,
dispersive ve ekstraksiyon ¢oziiciisii se¢imi ve bunlarin miktarlari gibi 6nemli parametreler
optimize edilmistir. Yontemlerin dogrulugu sertifikali referans referans madde analizleri ve
ekleme calismalari ile kontrol edilmistir. Gelistirilen yontemler biyolojik ve gida 6rneklerine
uygulanmistir. Proje kapsaminda yapilan caligmalarda iki adet uluslararasi makale

yayimlanmistir.



viii

ABSTRACT
Preconcentration of trace lead, cadmium and copper elements with dispersive liquid-liquid
microextraction methods in different real samples have been made. concentrations of analyte
were measured with flame atomic spectrometer. The important parameters like pH, the type
and amount of ligand, the selection dispersive and extraction solvent and their amount were
optimized. Accuracy of the methods was controlled by analyzing of certified reference
materials and addition studies. The developed method was applied biological and food

samples. Two international publications were published with this project.






1. GIRIS/ AMAC VE KAPSAM
Diinya {izerinde yaygin bir sekilde birikmeye baslayan agir metaller, diinya yiizeyindeki tiim
canli organizmalar i¢in bir tehdit unsuru olusturmaktadir. 21. Yiizyilda bilim insanlarinin
ilgilendigi konularin basinda eser element analizleri ve bu analizlerin canli sagiligina olan
etkisinin aragtirilmasi gelmektedir [1, 2]. Bu analizlerin 6nemi eser elementlerin degisik
alanlardaki fonksiyonlar1 ve kullanimlar1 arttik¢a artmistir. Eser element analizi terimi biiyiik
miktarlardaki bilesenlerden olusan ortam i¢inde ¢ok kiiciik miktarlardaki elementlerin tayini
icin kullanilmaktadir. Eser elementlerin bulunduklari 6rnek ortamindan direkt tayinleri,
yabanci iyonlarin géstermis olduklart matriks etkisinden ve elementlerin konsantrasyonlarinin
analitik cihazlarin go6zlenebilme sinirindan diisiik olmalarindan dolayr sinirhdir. Boyle
ortamlarda yeterli duyarlik, kesinlik ve dogrulukla analitik sinyal alinamaz. Analiti gerek
uygun ortam i¢ine almak gerekse kiiciik hacimde toplayarak deristirmek amaciyla ayirma ve

zenginlestirme islemleri uygulanir [1-5].

Bu islemler arasinda birlikte coktiirme, kati faz ekstraksiyonu, sivi-sivi ekstraksiyonu
kromatografik yontemler, elektro biriktirme ve bulutlanma noktasi ekstraksiyonu sayilabilir.
Ancak bu yontemler fazla miktarda ¢oziicii kullanilmas1 ve buna bagli olarak ayni oranda atik
olusmasi, fazla miktarda ya da hacimde ornekler ile g¢alisilmasi, fazla zaman harcanmasi,
karmagik analiz sistemleri gereksinimi ve otomasyon zorlugu gibi dezavantajlara sahiptir.
Dispersive sivi-sivi mikroekstraksiyonu (DSSME) gibi mikroekstraksiyon teknikleri yukarida

bahsedilen dezavantajlar1 etkili bir sekilde minimize etmis ya da ortadan kaldirmistir [1-8].

Bu proje calismasi ile cesitli ¢gevre ve biyolojik 6rneklerdeki eser elementlerin, dogru, hizli,
ucuz ve c¢evre dostu bir mikroekstraksiyon yontemi ile zenginlestirildikten sonra alevli AAS
ile tayinleri gercgeklestirilmistir. Proje kapsaminda gelistirilen dispersif sivi—sivi
mikroekstraksiyonu yontemlerinin gercek orneklere uygulanmasindan 6nce optimizasyonlari
gerceklestirildi. Son yillarda mikroekstraksiyon ile agir metal iyonlarinin zenginlestirilmesi

ve ayrilmasina verilen 6nem gittikce artmistir. Diinya ile paralel olarak bu calismalarin



iiniversitemiz laboratuvarlarinda yapilmasi ve ¢alismalarin uluslararas1 dergilerde yayina
doniistiiriilmesi diinya literatiirline katkida saglamak agisindan onem arz etmektedir. Bu

kapsamda uluslararasi dergilerde 2 adet makale yayinlanmustir.



2. GENEL BILGILER

2.1. AGIR METALLER VE iNSAN SAGLIGI UZERINE ETKIiLERI

Agir metaller yer kabugunda dogal olarak bulunan bilesiklerdir. Bozulmaz ve yok
edilemezler. Kiiciik bir miktara kadar viicudumuza gidalar, icme suyu ve hava yolu ile
girerler. Bioakiimiilatiftirler ve insan viicudunda herhangi bir olumlu fonksiyonu olmayip
fazlasiyla toksik etkiye sahiptirler. Solunum, beslenme ve deri emilimi yoluyla insan
viicuduna girerek dokularda birikmeye baslarlar. Bu metaller viicuttan uzaklastirilamaz ve
zaman icinde toksik degere ulasirlar. Bununla birlikte yiiksek konsantrasyonlarda toksik
olabilirler. Insan viicudundaki eser element miktar1 bireyin yasadig1 bdlgenin durumuna gore
degismektedir. Ozellikle kandaki eser element diizeyi giinliik alinan gidalara bagl olarak

degisiklik gostermektedir.

Agir metallerin dogal kdkenli kaynaklarinin basinda toprak ana maddesi gelir. Onemli diger
kaynak ise metal sanayidir. Cesitli madenlerin ¢ikarilmasindan isletilmesine kadar tiim
kademelerde atmosfere belli oranda Pb, Cu, Zn, Ni, Co, Mn verilmektedir. Komiir atiklari,
ticari giibreler, tarimda kullanilan pestisitler, endiistriyel atik sular, kanalizasyon atiklari,
hayvansal atiklar, trafik kokenli atiklar da diger agir metal kaynaklarini olusturur [9]. Agir
metaller zehirlilik derecesi ve canli biinyesindeki islevlerine gore siniflandirabilir. Birinci
grup metaller bilinen en zehirli agir metaller olup, kursun (Pb), kadmiyum (Cd), ve civa
(Hg)’dan olusmaktadir. Bu metaller her derisimde zehirlidir ve biyolojik islevi yoktur.
Ornegin, viicutta Hg birikimi 25 mg oldugu zaman nérolojik bozukluklar, 25-100 mg arasi
gérme ve isitme bozukluklari, denge bozukluklar1 ve parmak uglarinda dokunma hissinin
azalmasi, 200 mg’ 1 istiindeki birikimlerde ise sagirlik, korliik, felg ve 6liim olaylar1 ortaya
¢ikmaktadir [10]. Ugiincii grup metaller ise biyokimyasal olarak gerekli metallerdir. Bunlar
bakir (Cu), ¢inko (Zn), kobalt (Co), nikel (Ni), vanadyum (V), selenyum (Se), krom (Cr) ve

demir (Fe)’dir. Bununla birlikte bu metaller belli derisim diizeyinin iizerinde zehirli konuma



gelir. Bu grup elementlerden Ni, Cr, Cu ve Se niikleik asitlerle etkilesimi nedeniyle

kanserojen etki gdstermektedirler [9].

2.2. ANALIT ELEMENTLER VE ONEMLERI
2.2.1. Kursun

Kursun; akii, petrol, boya sanayinde, pillerde, elektrik kablolarinda, boru ve kaplarin
parlatilmasi gibi bir ¢ok alanda kullanilmaktadir. Cevre kirliligine neden olan kursunun biiytik
bolimii motorlu araglarda kullanilan benzinin yanmasi sonucu ortaya ¢ikan tetra etil
kursundan kaynaklanmaktadir. Yapisinda kursun bulunan borulardan gecen su gidalarin
tasinmast ve saklanmasi icin kullanilan kaplardaki kursun lehimleri de gidalarda
kontaminasyona neden olmaktadir. Boyalarin yapisinda bulunan kursun da bir diger
kontaminasyon nedenidir. Otomobillerden cevreye yayilan kursun, boyalardan yayilanin
yaklagik iicte biridir. Kursunun viicutta toksik etki yaratabilmesi i¢cin kanda veya yumusak
dokularda belli bir diizeye kadar birikmesi gerekir. Yas, beslenme ve fizyolojik durumlar gibi
bir cok faktore bagl olarak etkisi degismektedir. Cocuklar i¢in 40-80 pg Pb/100 ml toksik
belirtilerin goriilebilecegi, 80 pgPb/100 ml kursun zehirlenmelerinin goriildiigii diizeydir.
Deney hayvanlar lizerinde yapilan ¢alismalar kursunun sinir sistemi, kan, mide, bagirsak ve
bobrekler iizerinde olumsuz etkilere neden oldugunu gostermistir. Ureme ve akcigerler de
etkilenen organlardir. Kursunun akut belirtileri kalp yetmezligi, koma ve 6liimdiir. Deney

hayvanlarin da kansere neden oldugu da saptanmigtir [11-17].

2.2.2. Kadmiyum

Kadmiyum ve bilesikleri; boya (boyar madde ve miirekkep iiretimi), cam, tekstil ile sentetik
polimerlerin iiretiminde yaygin olarak kullanilmaktadir. Yapilan ¢aligmalar; kadmiyumun bir
cok sanayi dalinda kullanilmasinin, bu toksik metalin toprak, hava ve su yoluyla gida
maddelerine bulagsma riskini artirdigin1 ve bazi gidalarda yiiksek diizeyde kontaminasyon
oldugunu gostermektedir. Kadmiyumun en onemli etkisi hipertansiyona neden olmasidir.
Agiz yoluyla 15 mg kadmiyumun alinmasi insanlarda derhal mide bulantis1 ve kusmaya
neden olur. En fazla etkilenen organ bobreklerdir. Bu hastaligin belirtileri bel ve kas agrilar
seklinde baslamakta, hastaligin ileri asamalarinda kemik yumusamasi ve deformasyonu, viicut

agirligimin - stirekli  azalmasi, kemik kirilmalari, gorme bozukluklar1 goriilmektedir.



Kadmiyumun hayvanlarda kanserojenik etki gosterdigi saptanmasma karsin, insanlarda

bugiine kadar bu tiir bir etkisi belirlenmemistir [18-22].

2.2.3. Bakir

Dogada 200°den fazla bakir minareli bulunmakla beraber sadece 20 tanesi bakir cevheri
olarak endiistriyel oneme sahiptir. Endiistride bakirin 6nemli rol oynamasinin nedeni ¢ok
farkli 6zelliklere sahip olmasidir. Bakirin en 6nemli 6zellikleri arasinda yiiksek elektrik ve 1s1
iletkenligi, asinmaya ve korozyona direng, ¢ekilebilme ve doviilebilme Ozellikleri sayilabilir.
Ayrica alagimlar1 ¢ok cesitli olup endiistride (otomotiv, basinglh sistemler, borular, vanalar,
elektrik santralleri ve elektrik - elektronik vb.) degisik amaglh kullanilmaktadir. Bakirin genel
kimyasal 6zelliklerinden dolay1 dogaya yayimimi agisindan “Atmofil” (hava sever) grupta yer
almasina ragmen, havada bulunan bakir konsantrasyonu iiretim yapan sanayi birimine
uzakligina baghdir. Dogada yaygin bir sekilde bulunmasi, endiistriyel ve tarimsal alanda,
insan ve hayvan hastaliklarin tedavisinde ve giinlilk yasamda fazla kullanilan bir metal olmasi
nedeniyle basta insanlar olmak iizere ¢esitli hayvanlarda sik sik zehirlenmelere yol agar.
Ancak bakir cesitli canli tiirlerinin dokularinda eser element olarak bulunmasi bakimindan
biiyiik bir 6neme sahiptir. Insan metabolizmasinda bakir esas elementlerden birisidir.
Yetiskinlerin giinde 2 mg bakira ihtiya¢ duydugu tahmin edilmektedir. insan kaninda ise
litrede 0.8 mg bakir iyonu vardir[23-25].

2.3. ESER ELEMENT ANALIiZi VE ZENGINLESTIRME YONTEMLERI

“Eser Derisim” olarak kabul edilen derisim aralig1r % 10° - 108 eser derisim olarak kabul
edilmistir. Kaiser, ppm ve ppb tanimlarini vermistir. Bugiinkii yaygim kullanim ise %1072 - 10
® derisim aralig1 eser, %10 nin altindaki derisimler de ultra eser olarak bilinmektedir. mg
veya pg diizeyindeki eser elementler, bulunduklar1 ortamlarda ana bilesenlerinin yaninda ¢ok
kii¢iik derisimlerdedir. Eser analizde diisiik konsantrasyondaki analitlerin tayinine elverisli,
ozellikle duyarli, dogrulugu, kesinligi ve se¢imliligi iyi olan yontemlere ihtiyag vardir. Aletli
analiz yontemlerinin gelismesi, elektronik alanindaki gelismelerle beraber son yillarda
olmustur. Aletli analiz yontemleri Tablo 2.1° de verilmektedir ve bu yontemler tekli
yontemler olarak da adlandirilmaktadir. Bunlarin disinda glinlimiizde 6zellikle ayirmayr da

saglamast nedeniyle genis kullanim alan1 bulan kromotografik yontemler de mevcuttur [9,
26].



Tablo 2. 1. Enstriimantal yontemlerde kullanilan fiziksel ve kimyasal 6zellikler.

Karakteristik
Ozellikler

Enstriimantal Yontemler

Isin emisyonu

Emisyon spektroskopisi; floresans, fosforesans ve luminesans

Isin absorpsiyonu

Spektrofotometri ve fotometri; fotoakustik, spektroskopi; niikleer

manyetik rezonans ve elektron spin rezonans spektroskopisi

Isin sacilmasi

Tiirbidimetri; nefelometri; raman spektroskopisi

Isin kirilmasi

Refraktometri; interferometri

Isin difraksiyonu

X-1g1nlar1 ve elektron difraksiyon yontemleri

Is1n rotasyonu

Polarimetri; optik rotary dispersiyonu; dairesel dikroizm

Elektrik potansiyeli

Potansiyometri; kronopotansiyometri

Elektrik ytki Kulometri

Elektrik akimi Amperometri; polarografi
Elektriksel direng Kondiiktometri

Kiitle Gravimetri

Kiitle / ytik orani Kiitle spektrometri

Reaksiyon hizi

Kinetik yontemler

Termal ozellikler

Termal gravimetri ve titrimetrik yontemler

Radyoaktivite

Aktivasyon ve izotop seyreltme yontemleri

Eser elementler, matriks olarak adlandirilan 6rnegin temel bilesenlerinin bulundugu ortam

icinde tayin edilirler. Ortam; metaller, madenler, mineraller, bilesikler, su, sulu ¢ozeltiler,

organik ve biyolojik maddelerden olusabilir. Sayet eser analize ortamin etkisi yoksa ve eser




elementlerin ortam igindeki derisimi kullanilacak yonteme gore yeterince yiiksek ise bdyle
ortamlar uygun analiz ortamlaridir. Birgok durumda matriks eser elementin tayini lizerine
olumsuz etki yapar. Boyle ortamlarda yeterli duyarlik, kesinlik ve dogrulukla sonu¢ alinamaz.
Hatta baz1 hallerde tayin dahi miimkiin olmaz. Ciinkii eser element derisimi, analiz yontemine
gore belirli bir diizeyin iizerinde olmalidir. Aksi takdirde alinan sinyal, aletin zemin sinyalinin

altinda kalir.

Ayni derisimde bulunan eser elementlerin farkli ortamlarda farkli biiyiikliikte analitik sinyaller
olusturdugu iyi bilinen baska bir eser analiz problemi olup “matriks etkisi” adin1 alir. Eser
analizde kullanilan aletli yontemlerin bagil yontemler oldugu diisiiniiliirse, standartlar ile
numunenin fiziksel ve kimyasal Ozelliklerinin birbirine benzetilmesi istenir. Standart
hazirlanmas1 eser element analizlerinin Onemli problemlerinden birisidir. Eser element

analizinde kullanilan aletsel yonteme gore eser element tayininde su problemlerle karsilasilir

[27, 28].
1. Eser element derisiminin, dogrudan tayininin yapilamayacak kadar kii¢iik olmast,

2. Cok kiiciik miktardaki baslangi¢ 6rneginde ana bilesen, yan bilesen ve eser elementlerin

analizi,
3. Cok biiyiik miktardaki bir 6rnekten tayini yapilacak eser elementin ayrilmasi,

4. Ortam girisimlerini O6nlemek ve tayin kapasitesini artirmak ic¢in analitin bulundugu

ortamdan kurtarilmasi ve kiigiik bir hacimde toplanmasi [28, 33].

Yukarida maddeler halinde verilen problemleri ¢6zmek icin etkili bir aywrma ve
zenginlestirme ¢alismasinin yapilmasi sarttir. Ve bu yapilacak olan ayirma ve zenginlestirme

caligmasi asagidaki basamaklardan olusmaktadir.

2.3.1. Zenginlestirme Yontemlerindeki Simirlamalar

Kiictik derisimlerdeki eser elementlerin deristirilmesinde karsilasilan bazi sinirlamalar vardir.

Bunlardan bazilar1 asagidaki gibi siralanabilir:



2.3.1.1. Kirlilik

Ayirma iglemleri sirasinda tayini yapilacak 6rnege farkli kaynaklardan analit iceren yabanci
maddeler girebilir. Kontaminasyon adi verilen bu olay, eser analizde karsilagilan 6nemli
problemlerden birisidir. Kullanilan kaplar, reaktifler, ayirma i¢in kullanilan diger cihazlar
hatta laboratuar atmosferi bu tiir kirlenmeye neden olabilir. Kirliligi belirleyebilmek icin

ornek kullanilmadan ayirmanin biitiin adimlar1 gerceklestirilerek kor denemeler yapilir.

2.3.1.2. Ornek Miktari

Tayini yapilacak drnek miktari, rnekleme ve islem giigliikleri nedeni ile siirlidir. Ornegin
biiytikliigii, kullanilan yontem kadar istenilen eser elementlerin derisimlerine de baglidir. ppm
veya ppb diizeyindeki eser elementlerin tayininde kullanilan 6rnek miktar1 0,1-10 gramdir. Bu

stvi Ornek i¢in genelde 10—1000 mL’dir.

2.3.1.3. Eser Element Kaybi

Zenginlestirme esnasinda elementlerin  bir kismi1 kayba ugrayabilir. Bu kayiplar
zenginlestirme yontemleri sirasinda meydana gelebilen buharlagma, dikkatsiz ¢alisma, tam
olmayan ayirma, ¢alismada kullanilan malzemenin ¢eperlerinde kuvvetli adsorpsiyon sonucu

olusabilir. Bu faktorler bagil hatanin yiiksek olmasina neden olurlar.

2.3.1.4. islem Karmasikig1 ve Hiz

Analit derigimi diistiikkge, 6n islemlerin uygulanmasi sirasinda ¢esitli problemlerle karsilasilir.
Ayrica, yapilan islemlerin sayisinin artmasi teknigi daha da karmagsik hale getirebilir. Bu
durumda hem zaman kaybina hem de fazla reaktife ihtiya¢c duyulmasina neden olur. Fazla
reaktifin kullanilmasi ise kirlilik riskini arttirir. Bu nedenle analiz sirasinda islem basamaklari

amaca yonelik olarak miimkiin oldugunca az tutulmali ve hizli olunmalidir [52, 56].

2.4. ATOMIK ABSORPSiYON SPEKTROSKOPISI
2.4.1. ATOMIiK ABSORPSiYON SPEKTROMETRESI

Atomik absorpsiyon spektrometrisi (AAS) genis olarak kullanilir ve iyi dogruluk ve kabul

edilebilir tekrarlana bilirlik ile i¢cinde biyolojik, klinik, ¢evresel, besin ve jeolojik drneklerin



bulundugu genis araliktaki 6rnekleride elementlerin veya metallerin eser seviyelerini (pug/mL)

ve ultra eser (sub-pg/mL) seviyelerinin tayin edebilecek teknik olarak kabul edilir.

Atomik absorpsiyon spektroskopisi yiiksek sicaklikta gaz halinde bulunan element
atomlarinin elektromanyetik 1sinlar1 absorplamasi lizerine kurulmustur. Bir elementin atomik
absorpsiyon spektroskopisiyle analizini yapmak i¢in o elementin dnce nétral hale, sonra buhar
haline gelmesi, daha sonra da bir kaynaktan gelen elektromanyetik 1sin demetinin yoluna
dagilmast gerekir. Son yillarda atomik spektroskopi alaninda ICP, lazer teknikleri ve
elektrotermal atomlastiricili AAS kullanimi popiilerdir. Alevli teknikler ucuz, pratik ve
kullanim1 kolay oldugundan analitik uygulamalarda daha cok tercih edilmektedir. Sekil 2.1.
de atomik absorpsiyon spektrometresi sematik olarak gosterilmektedir [33, 34]. Atomik
absorpsiyon spektrometresi 1s1k kaynagi, absorpsiyon ortami (atomlastirici), monokromator

ve alicidan olusur.

o - e
e

Sekil 2.1. Atomik absorpsiyon spektrometresinin gematik gosterimi

2.4.1.1. Isik Kaynaklar

Cok genis olarak kullanilir ve AAS’de kabul edilen 151n kaynag ¢izgi kaynaktir, gogunlukla
oyuk katot lambast (HCL) ve daha az bir 6l¢iide de diislik radyofrekansli elektrot bosalim
lambalar1 dir (EDL).
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Oyuk Katot Lambalar

Atomik absorpsiyonda en yaygin kullanilan 1sik kaynagidir. Oyuk katot lambasi diistik
basingta inert bir gazla doldurulmus bir katot ve anot igeren cam bir silindirdir. (Sekil 2.2)
Katot incelenen elementin c¢ok saf metalinden veya o elementi iceren bir alagimdan

yapilmistir. Anot ise nikel, tungsten gibi metallerden yapilmustir.

T I 151 mm "
04 mm 40 mmm
-~ 3 _1.7 - % |
7N\ y = |
(o) o Bea=d o
'..'-\ 't .-".." — — — — ! FTmm
X BT / ,
,Cam
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Anot Eatot

Sekil 2.2. Oyuk katot lambasi

Elektrotlar arasmma 100-400 volt’ luk bir gerilim uygulandiginda 1-50 mA’ lik bir akim
olusturulur. Inert gaz atomlari iyonlasir. Iyonlar yiiksek hizla katoda garpar ve katot
yiizeyindeki atomlardan bazilarini koparip gaz fazina gegirir. Bu atomlarin bir kismi, iyon ve
elektronlarla carpisarak uyarilirlar. Uyarilmis atomlar temel hallerine donerken katot

elementinin karakteristik spektrumunu yayarlar.
Elektrotsuz Bosalim Lambalar

Elektrotsuz bosalim lambalarinda tayin edilecek element yiiksek frekans sarimlarina sikica
yerlestirilmis ve yalitilmis bir ceket icinde bulunan kuvartz bir tiip i¢ine doldurulmustur. Bu
lambalarin 151k siddeti yiiksek, 1sinma siiresi kisa ve kararliligi iyidir. As, Se ve Sb gibi ugucu
ve kisa dalga boylarinda (< 200 nm) absospsiyon ve emisyon yapabilen elementler icin

gelistirilmislerdir.
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2.4.1.2. Atomlastinicilar

Atomlastiricinin en 6nemli gorevi ornekteki molekiil veya iyonlardan temel haldeki element
atomlarin1 olusturmaktir. Bir analizin basarili olup olmamasi atomlagmanin etkinligine
baghdir. Tayinin duyarlilig1 incelenen elementin atomlasma derecesi ile dogrudan orantilidir.

Atomlastiricilar alevli ve alevsiz olmak {izere ikiye ayrilir.

Alevli Atomlastiricilar

Alevli AAS’dedrnek genellikle aerosol halde alev girisine verilir. Alevler bir oksidant ve
yakittan olusur. AAS’de kullanilan alevler hava asetilen(hava oksidant ve asetilen yakit) ve
azot oksit-asetilen (azot oksit oksidant ve asetilen yakit) tir. Burdaki alevler yanan alev olarak
isimlendirilir. Diger alevler diflizyon alevi olarak isimlendirilir ve bu alev Onerilir ama genis
olarak kullanilmaz. Alevin birincil nesnesi atomlar i¢inde molekiillerin pargalanmasidir.
Hava-asetilen (25000K) periyodik tablodaki 40-50 element igin uygun ve verimlidir.
Periyodik tablodaki diger 10 ila 20 element daha sicak olan azot oksit-asetilen alevi (3200 °K)

gerektirir [35, 36]. Uzun ince alev maksimum segicilik i¢in AAS’de caziptir.

Tablo 2.2. Alev tiirleri

Yanic1 Gaz Yakic1 Gaz Sicaklik (°C)

Dogal Gaz Hava 1800
Propan Hava 1900
Asetilen Hava 2300
Asetilen Oksijen 3100
Asetilen N20 2800

Alevsiz Atomlastiricilar

Alevsiz atomlastiricilara elektrotermal atomlastiricilarda denir. Elektrotermal atomlastiricilar
icinde en popiiler olani grafit firin’dir. Grafit yiiksek safliktadir. Ornek 5 — 10 pl olarak
mikropipet yardimi ile enjekte edilir. Sonra akim gegirilir. Gegen akim ayarlanarak istenilen

sicakliga ulasilabilir. Sicaklik programi 4 basamaklidir.
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1. Kurutma : Céziicii ugurulur (100 — 110 °C).
2. Kiil etme : Ortam bilesenleri pargalanir, kiil edilir. (200 — 700 °C)
3. Atomlasma : Atomlasma 1s1 etkisiyle veya grafitle indirgemeyle olur.(1800-2500 °C)

4. Temizleme : Firin ikinci kullanim igin temizlenir. Sicaklik atomlasma sicakligindan 100 —

200 °C daha fazladir.

Elektrotermal atomlastiricilarin yapimi daha zor ve pahalidir. Daha biiylik ve gelismis gii¢
kaynag1 gerekli oldugundan fiziksel olarak daha fazla yer kaplarlar. Buna karsilik aleve gore

bir ¢ok tistiinliik sunarlar. Bunlar;

1. Elektrotermal atomlastiricilarda kiigiik 6rnek hacimleri kullanilir.

2. Alevde sislestirmesi zor olan viskoz sivilarla kolaylikla calisilabilir.

3. Elektrotermal atomlastiricilarda daha diisiik gozlenebilme sinir1 degerleri elde edilir.
4. Atomik buharin kimyasal ve 1s1sal ¢evresi daha iyi1 denetlenebilir.

5. Elektrotermal atomlastiricilarda buharlasma ve atomlagma verimleri aleve gore genellikle

daha tstiindiir.

6. Duyarlilik daha fazladir.

7. Kat1 6rneklerin dogrudan analizi miimkiindiir [92, 94].
2.4.1.3. Monokromator

Baglica gorevi incelenen elementin emisyon hattin1 151k kaynaginin yaydigi 6teki hatlardan

ayirmaktir. AAS’ de monokromatdr olarak prizma veya sebeke kullanilir.

2.4.1.4. Al

Atomik absorpsiyon spektroskopisinde 1sik sinyalinin elektrik sinyaline doniistiiriilmesinde
baslica fotogogalticilar kullanilir. Foto ¢ogalticilar 1518a duyarli bir katot, ard arda daha pozitif

bir potansiyel gosteren bir seri dinot ve arasinda bir anottan olusan bir vakum fotoseldir.
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2.4.2. AAS’NIN ANALITiK PERFORMANSI iLE iLGILI TERIMLER
2.4.2.1. Duyarhk

Okunan absorbans degerlerinin standart ¢zeltilerin derisimlerine kars1 grafige gecirilmesiyle
elde edilen kalibrasyon egrisinin egimi duyarlik olarak tanimlanir. Atomik absorpsiyonda
duyarlik 6zel olarak analiz elementinin net % 1’lik absorpsiyonuna veya 0.0044’liik

absorbans degerine karsilik gelen derisim olarak tanimlanmistir [70].

2.4.2.2. Dogruluk

Olgiilen bir degerin gergek bir degere ne kadar yakin oldugunu belirtir ve analitik islemin ¢ok

sayida tekrarlanmasiyla bulunan ortalama degerin gercek degere yakinlig olarak tanimlanir.

2.4.2.3. Kesinlik

Kesinlik, sonucun tekrarlanabilirliginin bir 6l¢iisiidiir. Caligma sartlarinda uygulanan analitik
islemlerin tekrarlanmasi ile elde edilen sonuglarin birbirine yakinligi kesinligi belirler.

Kesinligin en yaygin kullanilan 6l¢iisii standart sapmadir.

2.4.2.4. Gozlenebilme Simir1 (DL)

Bir analitik yontemin performans: genellikle gbzlenebilme sinirt ile dlgiiliir. Gozlenebilme
sinir1 teorik olarak analitin tayin edilebilen en kii¢iik derisimi olarak tanimlanir ve x = kor x +
3sksr ile bulunan derisimdir. Kor x, kor ¢ozeltinin ortalama sinyali ve sxs de standart
sapmasidir, bulunan x absorbans biriminde olup, kalibrasyon dogrusundan karsilik gelen

derisim bulunur. Bu gézlenebilme siniridir [37].

2.4.2.5. Tayin Simr1 (LOQ)

Normal olarak gozlenebilme sinir1 yakininda tayin yapilamaz. Tayinin yapilabildigi derisim

DL degerinin bazen 5 bazen de 10 kat1 olarak alinir. Bu degere tayin sinir1 denir.
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2.4.3. AAS ILE ELEMENTLERIN KANTITATIF TAYINi

AAS ile genellikle metalik 6zellik gosteren elementlerin tayini yapilir. Biitiin element
atomlar1 kendilerine 6zgii dalga boyundaki 1511 absorplayip uyarildiklari zaman elektronlarin
bulundugu daha yiiksek enerji seviyelerine bagl olarak farkli siddetlerde ve dalga boylarinda
absorpsiyon hatlar1 olusur. Spektroskopik analizlerde g¢alisilacak dalga boyu secilirken en
siddetli absorpsiyonun oldugu dalga boyu belirlenir. Boylece secilen dalga boyunda kiigiik
derisimlerde bile absorbans degerleri okunabilir. AAS’ de elementlerin kantitatif tayini i¢in

kalibrasyon grafigi ve standart ekleme yontemleri kullanilir.

2.4.3.1. Kalibrasyon Grafigi Yontemi

AAS’ de kantitatif analiz Lambert — Beer yasasina dayanilarak yapilir. Biitiin sartlar
saglandiktan sonra derisimleri bilinen standart cozeltilerin Olcililen absorbans degerleri
derisimlerine kars1 grafige gecirilerek uygun bir kalibrasyon egrisi elde edilir. Daha sonra

ornegin absorbansi okunarak grafik yardimiyla analiz elementinin derisimini bulunur.

2.4.3.2. Standart Ekleme Yontemi

Ornegin bulundugu matriksten kaynaklanan fiziksel ve kimyasal girisimler sonuglara etki
eder. Ornekteki matriks tam olarak bilinmiyorsa matriksin etkisini standart cdzeltilerle
tamamen gidermek miimkiin olmaz. Yani Ornekteki absorbans derisim iligkisi standart
cozeltilerinkinden farklidir. Bu gibi durumlarda standart ekleme yontemi kullanilir. Bunun
icin numune en az lice ayrilir. Birinci kisim belli bir hacme kadar ¢oziicii ile seyreltilir. ikinci
ve Uglincli kisimlara artan miktarlarda standart ¢ozeltiden ekleme yapilir ve ¢oziici ile
birincinin hacmine getirilir. Her c¢ozeltinin absorbansi 0Olgiiliir ve eklenen element
derisimlerine kars1 absorbanslar grafige gecirilir. Kalibrasyon dogrusunun yatay ekseni kestigi

noktanin negatif isaretlisi ¢ozeltideki bilinmeyenin derisimini verir.
2.4.4. AAS’ DE GIiRISIMLER

1. Kimyasal Girisimler
2. Iyonlagsma Girisimleri
3. Spektral Girisimler

4. Fiziksel Girisim

5. Zemin Girigimleri
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3. GEREC VE YONTEM

3.1. GEREC
3.1.1. Kullanilan Cihazlar

Alevli Atomik Absorpsiyon Spektrometresi: Erciyes Universitesi Fen Fakiiltesi Kimya
Boliimii Analitik Kimya Ana Bilim Dali’nda bulunan Perkin Elmer marka 3110 model alevli
atomik absorpsiyon spektrometresi kullanildi. Alev olarak hava / asetilen alevi kullanildi.
Analizlerde AAS’ nin nebulizoriine direkt bagli olan el yapimi bir mikroenjeksiyon sistemi

kullanilmistir.

Analitik terazi: Kullanilacak kimyasallarin tartimlar1 0.1 g duyarliliktaki OHAUS

Adventurer Pro tipi analitik terazide yapilmistir.

pH metre: Calismalar esnasinda ¢ozeltilerin pH degerlerinin ayarlanmasi ig¢in Sartorius

marka PT—10 model pH metre kullanildi.

Saf Su Cihazi: Deneysel c¢alismalar boyunca ihtiyag duyulan suyun elde edilmesinde

Millipore marka saf su cihazi kullanilmigtir.

3.1.2. Calismada Kullanilan Kimyasallar ve Hazirlanislar

Calismalarda kullanilan ¢ozeltilerin hazirlanmasinda analitik saflikta kimyasal maddeler ve
ultra saf su kullanildi. Stok ¢ozeltiler, incelenen her bir iyonun analitik safliktaki nitrat
tuzlarindan, derisimi 1000 pg/mL olacak sekilde hazirlandi. Deneysel calismalarda, amaca
gore bu stok cozeltilerden alinip, seyreltmeyle istenilen derisime getirilerek kullanildi.
Calismalarda  ekstraksiyon ¢oziiciisii  olarak  kullanilan  1-butil-3-metilimidazolyum
hekzaflorofosfat iyonik sivist Merck firmasindan temin edilmistir. Kadmiyum ve bakirin
zenginlestirilmesi i¢in yapilan ¢alismada komplekslestirici olarak kullanilan ditizon (0.1 %

(w/v) Riedel-deHaen firmasindan temin edilmistir. Kursun’ un zenginlestirilmesi igin yapilan
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calismada komplekslestirici olarak kullanilan 1-(2-Piridazol)-2-naftol (PAN) (0.01 % (w/v)
ise Acros organics firmasindan temin edilmistir. Her iki komplekslestirici de etanol ortaminda
hazirlanmistir. Kursun’ un zenginlestirilmesi i¢in yapilan ¢alismada dispersif ¢oziiclisii olarak

Triton X-100 (0.1% v/v) yiizey aktif maddesi kullanilmustir.

3.2. Yontem

3.2.1. Biyolojik Orneklerdeki Kadmium ve Bakirin Zenginlestirilmesi Icin Dispersif

Si1vi-Sivi Mikroekstraksiyonu

Zenginlestirme c¢alismalar1  Oncelikle kadmium ve bakir igeren model c¢ozeltilerle
gerceklestirildi. Bu amagla 15 mL’ lik model ¢ozeltilerin pH’ 1 9.0’ a tampon ¢ozeltiler
vasitasi ile ayarlandi. Model ¢ozeltilere, selatlastirici reaktif olarak etanolde hazirlanmis %
0.01’ lik ditizon ¢6zeltisinden 1000 uL ilave edildi. Kompleks olusumundan sonra model
¢ozelti ortamina 100 pL 1-butil-3-metilimidazolyum hekzaflorofosfat iyonik sivisindan ve
100 pL metanol ilave edildi. Cozelti ortaminda bir bulanma gozlendi. Elde edilen bu ¢ozelti
birka¢ saniye calkalandi, 15 dakika bekletildi ve 4000 rpm’ de 10 dakika santrifiij edildi.
Santrifiij isleminden sonra faz ayrim1 gerceklesti iistteki su faz1 bir enjektor ile alinip atildi ve
geride kalan ekstraksiyon fazinin iizerine 200 pL derisik HNOj ilave edildi. Zenginlestirilmis
faz igerisindeki analit konsantrasyonu alevli atomik absorpsiyon spektrometresi ile
mikroenjeksiyon sistemi kullanilarak olgildii. Kor ¢ozeltiler icin de aymi islem uygulandi.
Dispersif sivi-sivi mikroekstraksiyon metodu {iizerinde etkili olan pH, komplekslestirici
miktari, ekstraksiyon ve dispersif ¢Oziicii miktarlari, 6rnek hacmi ve matriks etkisi gibi

parametreler optimize edilmistir.

3.2.2. Biyolojik Orneklerdeki Kursun’ un Tayini I¢in Iyonik Sivi Temelli Dispersif Sivi-
S1v1 Mikroekstraksiyonu Teknigi

Yapilan bu ¢alismada 10 pg Lt Pb(Il) iyonu igeren 10 mL’ lik standart cozeltiler
kullanilmigtir. Bu ¢6zelti tizerine komplekslestirici olarak 1 mL 0.01%’ lik PAN ¢d6zeltisinden
ilave edildi ve pH’ 1 7.0° a ayarlandi. Model ¢ozelti ortamina 200 pL 1-butil-3-
metilimidazolyum hekzaflorofosfat iyonik sivisindan ve 500 pL 0.01%’ lik Triton X-100
ilave edildi. Bu ¢ozelti 2800 rpm’ de 15 saniye vorteks ile ¢alkaland1 ve bulanik bir ¢ozelti
elde edildi. Bu esnada Pb-PAN kompleksi iyonik sivi fazina ekstrakte edildi. 3500 rpm’ de

15 dakika santrifiij isleminden sonra faz ayrimi gergeklesti {istteki su fazi bir enjektor ile
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almip atild1 ve geride kalan viskoz sivi 0.5 mL asidik etanolde ¢oziildii. Son hacimdeki analit
konsantrasyonu alevli atomik absorpsiyon spektrometresi ile mikroenjeksiyon sistemi
kullanilarak o6l¢iildi. Kor c¢ozeltiler i¢cin de ayni islem uygulandi. Dispersif sivi-sivi
mikroekstraksiyon metodu iizerinde etkili olan pH, komplekslestirici miktari, iyonik sivi ve
yiizey aktif madde miktarlari, 6rnek hacmi ve matriks etkisi gibi parametreler optimize

edilmistir.
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4. BULGULAR

Gelistirilen yontemler gercek drneklere uygulanmadan 6nce model ¢ozelti ortaminda optimize
edildi. Optmimizasyon c¢alismalar1 kapsaminda pH, komplekslestirici miktari, ekstraksiyon ve
dispersif sivist miktarlari, 6rnek hacmi, santrifiij siiresi ve hizi, matriks etkisi gibi
parametreler optimize edildi. Gelistirilen yontemler icin gozlenebilme siniri, tayin siniri,
lineer aralik, % bagil standart sapma gibi analitik performans ile ilgili degerler hesaplanda.
Optimizasyon islemlerinden sonra yontemler gercek Orneklere ve sertifikali referans

maddelere basar ile uygulandi.

4.1. Biyolojik Orneklerdeki Kadmium ve Bakirin Zenginlestirilmesi i¢in Dispersif Sivi-

Siv1 Mikroekstraksiyonu
4.1.1. Geri Kazanima pH’ 1n Etkisi

Eser diizeyde bulunan Cd(II) ve Cu(Il) iyonlarinin komplekslestirici ile kompleks olusturmasi
ve model ¢ozelti ortamindan iyonik sivi fazina (ekstraksiyon fazi) ekstrakte olmasi ortamin
pH degerine de bagl oldugundan, tampon ¢ozelti yardimi ile farkli pH degerlerinde model
cozeltiler hazirlanmistir. Daha sonra zenginlestirme islemi basamaklarina tabi tutulan
orneklerin absorbanslari alevli AAS ile tayin edilmistir. pH i¢in geri kazanma degerleri {i¢
paralel ¢aligma sonucunun ortalamasi olarak hesaplandi ve optimum pH 9.0 olarak se¢ilmistir.

Geri kazanma verimlerinin pH ile degisimi Sekil 4.1 de gdsterilmistir.
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Sekil 4.1. Elementlerin geri kazanim degerlerine pH nin etkisi (N=3).

4.1.2. Geri Kazanima Komplekslestirici Miktarinin Etkisi

Gelistirilen mikroesktraksiyon caligmasinda Cd(I) ve Cu(Il) iyonlarin1 kompleks hale
getirmek i¢in ditizon (dithizone) komplekslestirici olarak kullanilmistir. Optimum
komplekslestirici miktarin1 bulmak i¢in farkli miktarlarda ditizon ¢ozeltisi (% 0,01 w/v)

model c¢ozeltilere ilave edilmistir. En iyi sonu¢ 1000 pL komplekslestirici ilavesinde elde

edilmistir.
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Sekil 4.2. Elementlerin geri kazanim degerlerine ditizon hacminin etkisi (N=3).
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4.1.3. Geri Kazanmima Ekstraksiyon Coziiciisii Hacminin EtKkisi

Bu c¢alisgma kapsaminda 1-butil-3-metilimidazolyum hekzaflorofosfat iyonik sivisi
ekstraksiyon c¢oziiclisii olarak kullanilmistir. Model ¢6zelti ortamina hacmi 50-150 pL
arasinda degisen iyonik sividan ilave edilmis ve geri kazanima etkisi incelenmistir. En iyi geri
kazanim degeri 100 pL iyonik sivi ilavesi ile elde edilmistir. Bundan sonraki ¢alismalarda

ekstraksiyon ¢oziiciisii olarak ¢ozelti ortamina 100 pL iyonik sividan ilave edilmistir.

4.1.4. Geri Kazamima Dispersif Coziicii Tiirii ve Hacminin EtKisi

Dispersive  stvi-sivi  mikroekstraksiyon c¢alismalarinda  kullanilacak olan  dispersif
coziciilerinin hem su fazi ile hem de ekstraksiyon fazi ile karigmasi gerekmektedir. Bunun
icin metanol, etanol, aseton ve asetonitril dispersif ¢oziiclisii olarak kullanilmistir. En iyi geri
kazanim degerleri metanol kullanildigi zaman elde edilmistir ve bundan sonraki ¢alismalarda
dispersif ¢oOziiciisii olarak secilmistir. Optimum metanol hacmini bulmak igin farkh
hacimlerde metanol model ¢ozeltilere ilave edilmistir. En iyi sonu¢ 100 pL metanol

ilavesinde elde edilmistir.

100 -
o\o 90 N
gﬁ
§ 80 -
< == Cd(Il
S (I
’8 70 == Cu(ll)
O
60
50 T T T T T 1
25 50 75 100 125 150
Metanol hacmi, pLb

Sekil 4.3. Elementlerin geri kazanim degerlerine metanol hacminin etkisi (N=3).
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4.1.5. Geri Kazamima Santrifiijj Donme Hizi ve Siiresinin Etkisi

Su faz1 ile ekstraksiyon fazi arasinda etkili bir sekilde faz ayrimi olmasi i¢in santrifiij islemi
onemli bir basamaktir. Santrifiij donme hizi (rpm) ve siiresinin elementlerin geri kazanim
degerleri lizerine etkisi incelendi ve optimize edildi. En iyi geri kazanim degerleri 10 dakika

4000 rpm santrifiij hizinda elde edilmistir.

4.1.6. Matriks Iyonlarimin Etkisi

Alevli AAS ile tayinlerde ortamda bulunabilecek alkali, toprak alkali, ge¢is metali ve anyon
iyonlarinin gelistirilen mikroekstraksiyon yontemiyle zenginlestirilen analitlerin geri kazanma
degerlerine etkileri arastirilmis sonuglar Tablo 3.4> de verilmistir. Incelenen tiim matriks

iyonlari i¢in belirtilen konsantrasyonlarda kantitatif geri kazanim degerleri elde edilmistir.

Tablo 4.1. Geri kazanima matriks iyonlarinin etkisi (N=3).

iyon Eklendigi Madde Tolere Edilebilir derisimler (mg/L)
Na"* NaNO; 2000
K" KCI 2000
Mg* Mg(NO3),.6H,0 250
ca™ Ca(NO;),.4H,0 250
Fe** Fe(NO3)3.9H,0 25
Zn* Zn(NO3),.6H,0 25
Pb* Pb(NO3), 25
Cr KCI 2000
SO Na,SO, 2500
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4.1.7. Yontemin Analitik Performansi

Gelistirilen yontem i¢in elde edilen kalibrasyon dogrular sirasi ile sekildedir;
(A =0.0324 C (Cd) + 0.0024)

(A =0.0193 C (Cu) + 0.001)

A: Atomik absorpsiyon spektrometresinden elde edilen absorbans sinyali

C: Konsantrasyon

Esitlikler icin elde edilen korelasyon katsayisi (r?) kadmiyum ve bakir icin sirast ile 0.993 ve

0.995 olarak hesaplanmustir.

Gozlenebilme smirinin (GS) tayini i¢in 10 paralel kor 6rnege gelistirilen mikroekstraksiyon
yontemi uygulandi. Kor ¢ozeltilerin standart sapmasinin 3 katinin (3s) kalibrasyon
dogrusunun egimine (b) boliinmesi ile (3s/b) gozlenebilme sinir1 degerleri hesaplandi.
Kadmiyum ve bakir i¢in gbzlenebilme (GS) ve tayin sinirlarlar1 (TS) sirasi ile (0.05 ve 0.08
pg L) ve (0.15 0.25 pg L™ olarak bulunmustur. Gelistirilen yontemde kadmium ve bakir
icin hesaplanan % bagil standart sapma (BSS) degerleri sirasi ile 2.2 %ve 2.9 % seklindedir.

Bu zenginlestirme ¢alismasi ile 75 katlik bir zenginlestirme faktorii elde edilmistir.

4.1.8. Ger¢ek Orneklerden Analit fyonlarmin Geri Kazamim Calismalar

Gelistirdigimiz metodun dogrulugunu test etmek icin sa¢ ve idrar drneklerine analit ilavesi
yapip, geri kazanilabilirligini test ettik. . Yontem her bir 6rnek i¢in 3 paralel uygulandi ve son
hacimde bulunan analit derisimleri AAS’ de Olgiildii. Sonuglar Tablo 4.2’ de verilmektedir.
Elde edilen sonuglar incelendiginde ekleme ve geri kazanma ¢alismasinda 97.4 % - 100.1%
arasinda geri kazanim degerleri elde edilmistir. Bu sonuglar biyolojik 6rneklerde bulunan
kadmiyum ve bakir miktarinin gelistirilen yontem ile kantitatif olarak analiz edilebilecegini

gostermistir.



Tablo 4.2. Ekleme-Geri kazanma calismasi sonuglart (N=3)
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Sag drnegi Idrar Ornegi
Eklenen miktar Bulunan Geri kazanim % Bulunan Geri Kazanim %

0 1.76 £ 0.07° - 0.015+0.002 -
5 6.65+0.02 98 5.01 £0.08 99

Cd 10 11.7+£0.36 100 10.1 £0.25 100
20 21.4+0.62 98 20.1 £0.42 100.1
0 20.3 +0.52 - 0.25+0.05 -
5 25.2+0.56 99 5.13+£0.12 97.4

Cu 10 30.1 £0.78 98 10.1 £0.32 98.8
20 40.2 £ 0.86 100 20.2 +£0.51 99.7

®Ortalama deger + standart sapma

4.1.9. Sertifikali Referans Madde Analizi

Gelistirilen yonteminin dogrulugunu test etmek amaciyla, gelistirilen yontem CRM BCR

144R sewage sludge of domestic origin isimli sertifikali referans maddesine uygulanmistir.

Sonuglar Tablo 4.3’ de verilmistir. Bulunan sonuclarin standart referans madde icerikleri ile

karsilagtirdigr zaman uyumlu oldugu anlasilmistir.

Tablo 4.3. Standart referans madde analiz sonuglar1 (N=3)

Analit | CRM BCR 144R sewage sludge of domestic origin mg/kg
Sertifika Degeri | Bulunan Deger | Geri kazanim, %R
Cd 1.84 +0.02° 1.81+£0.04 98.4
Cu 300+ 7.5 296 + 8.6 98.7

*Ortalama deger + standart sapma
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4.2. Biyolojik Orneklerdeki Kursun’ un Tayini icin iyonik Sivi Temelli Dispersif Sivi-
Siv1 Mikroekstraksiyonu Teknigi

4.2.1. Geri Kazanima pH’ 1n Etkisi

Stv1 temelli mikroekstraksiyon caligmalar1 incelendigi zaman su fazindaki metal iyonlarinin
bir komplekslestirici ile hidrofobik kompleks olusturmasi ve etkili bir ekstraksiyonun
olmasinin ortam pH’ ma bagl oldugu goriilmiistiir. Bunun i¢in Pb(I) iyonunun PAN ile
olusturdugu kompleksin ekstraksiyonu iizerine pH etkisi incelenmistir. pH’ 1 2.0-8.0 arasinda
degisen model ¢ozeltiler hazirlanmis ve gelistirilen mikro ekstraksiyon yontemi bu ¢ozeltilere
uygulanmistir. En iyi geri kazanim degerinin elde edildigi pH 7.0, ¢alisma pH’ 1 olarak

secilmistir. Geri kazanma verimlerinin pH ile degisimi Sekil 4.4° de gosterilmistir.

110
100
2
g 90
=
S 80
=
N
- 70
S
60
S0
1 2 3 4 5 6 7 8
pH

Sekil 4.4. Kursun’ un geri kazanimina pH’1n etkisi (N=3)
4.2.2. Geri Kazanima Komplekslestirici Miktarinin Etkisi

Bu c¢alismada kursun iyonunun hidrofobik kompleksini olusturmak igin 1-(2-Piridazol)-2-
naftol (PAN) komplekslestirici olarak kullanilmistir. Optimum komplekslestirici miktarini
bulmak i¢in farkli miktarlarda PAN ¢ozeltisi (% 0,01 w/v) model ¢ozeltilere ilave edilmistir.
En iyi sonu¢ 700 pL komplekslestirici ilavesinde elde edilmistir. Bundan sonraki ¢caligmalarda

ortama 700 pL PAN ilave edilmistir.
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Sekil 4.5. Kursun’ un geri kazanimina komplekslestirici hacminin etkisi (N=3)

4.2.3. Geri Kazanima Ekstraksiyon Coziiciisii Hacminin Etkisi

Bu c¢alisma kapsaminda 1-butil-3-metilimidazolyum hekzaflorofosfat iyonik sivisi
ekstraksiyon c¢oziicilisii olarak kullanmilmistir. Model ¢6zelti ortamina hacmi 50-300 pL
arasinda degisen iyonik sividan ilave edilmis ve geri kazanima etkisi incelenmistir. En iyi geri
kazanim degeri 200 pL iyonik sivi ilavesi ile elde edilmistir. Bundan sonraki ¢alismalarda

ekstraksiyon ¢oziiciisii olarak ¢ozelti ortamina 200 pL iyonik sividan ilave edilmistir.

4.2.4. Geri Kazanima Triton X-100 Hacminin Etkisi

Bu c¢alismada metanol, etanol, aseton ve asetonitril gibi organik dispersif ¢oziiciilerin yerine
bir yiizey aktif madde olan Triton X-100 ¢6zeltisi kullanilmistir. Bunun i¢in 6ncelikle %0.01°
lik Triton X-100 ¢o6zeltisi hazirlanmigtir. Model ¢ozeltilere 100-500 uL arasinda degisen
yiizey aktif maddeden ilave edilmis ve geri kazanima etkisi incelenmistir. Triton X-100" {in

cozelti ortaminda 500 pL ilave edilmesi ile en 1y1 geri kazanim degeri elde edilmistir.

4.2.5. Vorteks Siiresinin Geri Kazamima Etkisi
Son yillarda yapilan dispersif sivi-sivi ¢aligmalarinin bir¢ogunda vorteks etkili bir sekilde
kullanilmigtir. Vorteks ile karistirma isleminin siiresi de optimize edilmesi gereken énemli bir

parametredir. Bizim ¢alismamizda model cozeltiler 5-30 saniye arasinda degisen siirelerde
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vortekse konulmus ve bu islemin ekstraksiyon verimine etkisi incelenmistir. Deneysel

sonuglar 15 saniyelik vorteks isleminin yeterli oldugunu gostermistir.

4.2.6. Matriks Iyonlarmin EtKisi

Metodun segiciligini test etmek amaciyla, Alevli AAS ile tayin sirasinda ¢ozelti ortamindaki
Pb(II) iyonunun vermis oldugu absorbans degerine ve geri kazanma degerine diger iyonlarin
etkisi incelenmistir. Sonuglar Tablo 4.5’ de verilmistir. Incelenen tiim matriks iyonlar1 i¢cin

belirtilen konsantrasyonlarda kantitatif geri kazanim degerleri elde edilmistir.

Tablo 4.5. Geri kazanima matriks iyonlarinin etkisi (N=3)

iyon Eklendigi Madde Tolere Edilebilir derisimler (mg/L)
Na* NO3 15000
K* cr 10000
Mg?* NO3 4000
ca?t NO3 4000
Fe®* NO3 40
Zn* NO3 40
cd* NO3 40
cu® NO3 40
cr cr 10000
SO~ Na* 1000
COs> Na* 1000
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4.2.7. Yontemin Analitik Performansi

Gelistirilen yontem icin 0.992 korelasyon katsayisi (R?) ile elde edilen kalibrasyon dogrusu su
sekildedir;

A= 0.0044 (C) -0.0015

A: Atomik absorpsiyon spektrometresinden elde edilen absorbans sinyali

C: Konsantrasyon

Elde edilen kalibrasyon dogrusu 5-200 pg L™ arasinda lineerlik gostermektedir

Gozlenebilme smirinin (GS) tayini i¢in 10 paralel kor 6rnege gelistirilen mikroekstraksiyon
yontemi uygulandi. Kor c¢ozeltilerin standart sapmasinin 3 katinin (3s) kalibrasyon
dogrusunun egimine (b) boliinmesi ile (3s/b) gbzlenebilme sinirt degerleri hesaplandi. Kursun
icin gozlenebilme sinir1 ve % bagil standart sapma (BSS) degerleri sirasi ile 0.307 pg L™ ve
% 4.09 olarak hesaplanmistir. Bu dispersif sivi-sivi mikroekstraksiyonu c¢aligmasi ile 54.2

katlik bir zenginlestirme faktorii elde edilmistir.

4.2.8. Gerc¢ek Ornek Analizleri

Gelistirilen bu mikroekstraksiyon yontemi, ger¢cek drneklerdeki kursunun tayini i¢in etkili bir
sekilde kullanilmistir. Gelistirilen yonteminin dogrulugunu test etmek amaciyla, NIST-SRM
1515 Apple leaves isimli sertifikali referans maddesi kullanilmistir. Sertifikali referans madde

igerisinde bulunan kursun % 97.7 oraninda geri kazanilmistir.

Gelistirdigimiz metodun dogrulugunu test etmek i¢in sa¢ ve idrar orneklerine ekleme geri
kazanma c¢alismalar1 yapildi. Zenginlestirme islemi sonrasinda son hacimde bulunan analit
derisimleri AAS’ de 6l¢iildii. Sonuglar Tablo 4.6 * da verilmektedir. Elde edilen sonuglar
incelendiginde biitiin geri kazanim degerlerinin kantitatif (>%95) oldugu goriilmektedir. Bu
sonuglar biyolojik 6rneklerde bulunan kadmiyum ve bakir miktarinin gelistirilen yontem ile

kantitatif olarak analiz edilebilecegini gdstermistir.



Tablo 4.6. Ekleme-Geri kazanma calismasi sonuglart (N=3)
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Sag drnegi Idrar Ornegi
Eklenen miktar | Bulunan
Geri kazanim % | Bulunan (pg) | Geri Kazanim %
(ng) (ng)

0 6.1 - 0.57 -

4 10.3 105.0 4.66 102.3
Pb 8 14.2 101.3 8.61 100.5

12 18.3 101.6 12.25 97.3

16 21.6 96.9 15.79 95.1
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5. TARTISMA VE SONUC

Biitiin diinyada oldugu gibi iilkemizde de ayirma zenginlestirme calismalarinin 6nemi
stirmektedir. Proje kapsamindaki c¢alismalar ile gercek orneklerde bulunan kadmiyum, bakir
ve kursun iyonlarinin matriks ortamindan ayrilmasi ve zenginlestirilmesi igin i¢in dispersif
stvi-stvi - mikro ekstraksiyonunu esas alan 2 adet ayirma-zenginlestirme yontemi
gelistirilmistir. Ayirma zenginlestirme c¢alismalarinda etkin rol oynayan, cozelti pH’ 1,
komplekslestirici se¢imi ve komplekslestirici miktari, ekstraksiyon ve dispersif ¢oziiciilerinin
secimi ve miktarlari, 6rnek hacmi ve matriks etkisi gibi analitik parametrelerin optimizasyonu

model ¢ozeltiler kullanilarak yapilmistir.

Optimum sartlar altinda gelistirilen yontemlerin dogruluklar1 gergek 6rneklere yapilan ekleme
ve geri kazanma c¢alismalar1 ve gesitli sertifikali referans maddelerin analizleri ile kontrol
edilmistir. Yapilan bu dogruluk testleri sonucunda elde edilen biitiin geri kazanim degerleri
kantitatiftir. Bu da gelistirilen dispersive sivi-sivi mikroekstraksiyon tekniklerinin, gergek
ornek ortaminda bulunan analitlerin duyarli ve dogru tayinlerinde kullanilabilecegini

gostermektedir.

Yapilan bu galigmalar ile uluslararas: 2 dergide 2 adet makale yayinlanmistir. Bu da, literatiire
eser element tayin yontemi konusunda katkida bulunarak daha sonraki ¢alismalarin oniinii
acacaktir. Analitlerin tayinlerinde, duyarli fakat pahali cihazlarin yerine, her laboratuarda
bulunabilen alevli atomik absorpsiyon spektrometresi kullanilmistir. Proje kapsaminda
iniversitemiz arastirma projeleri biriminin vermis oldugu maddi destek ile mevcut arastirma
olanaklarimiz daha da iyilestirilmistir. Yapilan calismalar ile proje basvuru dosyasinda

belirtilen basar1 dl¢iitleri yerine getirilmistir.
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INTRODUCTION

The influence and toxicity of
trace metals such as cadmium (Cd)
and copper (Cu) on the environ-
ment and on human health are
today receiving greater considera-
tion in pollution and nutritional
assessments (1-2). Cd is a non-
essential element and plays no
positive role for humans or animals.
It is categorized as a predominantly
toxic metal even at very low levels,
and affects destruction of body
organs, i.e., lungs, kidneys, and
liver (3). The most significant
anthropogenic sources of Cd are
emission from industrial plants,
such as steel works, zinc smelters,
power stations, and incinerators
(1,4). The intake of Cd by humans
takes place by respiration of pol-
luted air or through ingestion of
different foods (5,6). The produc-
tions of free radicals, which deterio-
rate the physiological functions of
the human body, are carried out by
Cd through different mechanisms
(7,8). On the other hand, Cu is an
essential trace element, plays vital
roles in many biochemical reactions
of the human organisms and in the
metabolism of lipids, carbohydrates,
proteins, and the synthesis of
nucleic acids (9-10). Even though
Cu is important for humans, high
levels of Cu can be harmful and
cause vomiting, nausea, diarrhea,
irritation of throat and nose, and
form toxic-free hydroxyl radicals
resulting in cancer by destroying
the DNA (11-12).
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ABSTRACT

Room temperature ionic lig-
uids (RTILs) are considered
“Green Solvents” for their ther-
mally stable and non-volatile prop-
erties. They are employed to
replace traditional volatile organic
solvents in solvent extraction,
organic synthesis, and electro-
chemistry. In the present work,

a simple, selective, sensitive and
economical microextraction
methodology was developed
based on the separation and pre-
concentration of RTILs for trace
cadmium (Cd) and copper (Cu)
determination in biological sam-
ples. The Cd and Cu pre-concen-
tration was established using the
RTIL (1-butyl-3-methylimidazolium
hexafluorophosphate

([C4mim] [PF6]) with dithizone
complex. For the quantitative
recovery of Cd and Cu, the effects
of the parameters inducing the
extraction efficiency and its sub-
sequent determinations, i.e., pH,
amount of complexing reagent,
volume of RTILs and dispersant
solvent, sample volume, extrac-
tion time, and temperature were
studied. For Cd and Cu determina-
tion under the optimized condi-
tions, the detection limits (LOD)
of 0.05 and 0.08 ug/L and quantifi-
cation limits (LOQ) of 0.15 and
0.25 ug/L, respectively, were
obtained. An enrichment factor of
75 was achieved for both analytes
and the relative standard devia-
tion was < 3%. BCR 144R sewage
sludge of domestic origin certified
reference material (CRM) was
used for validation of the present
method. The proposed RTIL micro-
extraction method was applied
for the pre-concentration of Cd
and Cu in biological samples with
satisfactory results.
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The low levels of these analytes
present in a complex sample matrix
require a procedure that does not
affect the accuracy and sensitivity
of the analytical method selected.
Therefore, a cleanup or enrichment
step is most important. The proce-
dures proposed in the literature for
the separation and pre-concentra-
tion of Cd and Cu include cloud
point extraction (CPE), solid phase
extraction (SPE), coprecipitation,
capillary microextraction, single-
drop microextraction (SDME), and
solid phase microextraction (SPME)
(13-21), etc. Even though liquid-
liquid solvent extraction can effi-
ciently reduce the limit of detection
and remove interferences, it is
tedious, time-consuming, and labo-
rious, and requires high purity
organic solvents. However, their
removal after usage from the sam-
ple solution results in high risk of
pollution to the environment (22-
23).

Within the last few years, room
temperature ionic liquids (RTILs),
which are considered green
solvents, were used as alternative
extractants for traditional liquid-
liquid extraction procedures (24-
25). Various problems related to
the loss of solvent by evaporation
as well as regular organic solvents
were avoided by using ionic liquids
(ILs) as substitute solvents. RTILs
have high thermal stability even at
elevated temperatures, good solu-
bility for organic and inorganic
compounds, and insignificant vapor
pressure (26). The main benefit of
ILs is that they are environmentally
friendly for the extraction of ele-
ments (27). RTILs have been



applied in SPE (28), hollow fiber
membrane extraction (29), and lig-
uid phase microextraction (30-31),
and offer significantly high enrich-
ment factors.

The aim of the present work was
to establish a rapid, simple, novel,
and highly efficient analytical pro-
cedure for Cd and Cu determina-
tion in biological samples using the
combination of RTIL with flame
atomic absorption spectrometry
(FAAS). Dithizone is an extensively
used complexing agent that can
produce a complex with many
metal ions. It acted as the ligand
with methanol as the dispersant
solvent for the Cd and Cu pre-con-
centration in biological samples.
The influence of several experimen-
tal parameters on the extraction of
Cd and Cu were investigated to
examine the extraction behavior of
ionic liquids.

EXPERIMENTAL

Instrumentation

A PerkinElmer® Model 3110
flame atomic absorption spectrome-
ter, equipped with a 10-cm air-
acetylene burner, was used for the
determination of Cd and Cu
(PerkinElmer, Inc., Shelton, CT,
USA). At 12.5 and 15 mA, the hol-
low cathode lamps of Cd and Cu
were operated with a 0.7 nm spec-
tral bandwidth. The analytical
wavelengths were set at 228.8 and
324.8 nm, respectively. A Sartorius
Model PT-10 glass-electrode was
used to establish the pH levels (Sar-
torius Co., Goettingen, Germany).
An ALC PK Model 120 centrifuge
machine and a Vortex 3000 ANA
Shaker (Wiggen Hauser, Salenger,
Malaysia) were used. For the purifi-
cation of water, a Model RO 180
(Human Corporation, Korea)
reverse osmosis water purification
system was used to achieve 1 uS/cm
water conductivity. The instrumen-
tal settings are listed in Table I.

Standards and CRM

Standard solutions of Cd and Cu
were prepared by dilution of the
stock solution (1000 mg/L),
obtained from Merck, Darmstadt,
Germany. The standard solutions
were prepared by stepwise dilution
of the stock solution. Certified ref-
erence material (CRM) BCR 144R
sewage sludge of domestic origin
was provided by the Community
Bureau of Reference (Geel,
Belgium).

Chemicals, Reagents, and
Glassware

In this study, all reagents used
were analytical grade. Concen-
trated nitric acid (HNO;, purity
65%) and methanol were obtained
from Merck (Germany) and Sigma
Aldrich (St. Louis, USA), respectively.
Ionic liquid L) 1-butyl-3-methylimi-
dazolium hexafluorophosphate
([C4mim] [PFG6]) was obtained from
Merck. A 0.1% (w/v) dithizone was
obtained from Riedel-deHaen
(Sleeze, Germany). The dithizone
solution was prepared in methanol.
A 0.1 M phosphate buffer solution
was prepared from di-sodium
hydrogen phosphate (Na,HPO,) in
reverse osmosis water, and a pH
range of 4-10 was prepared with
(0.1 M) HNO;/NaOH. All labora-
tory glassware and plastic contain-
ers used in the present experimental
work were kept in 10% (v/v) HNO;
and, prior to use, were rinsed with
reverse Osmosis water.

Sample Preparation

A 1-mL aliquot of sample solu-
tion was taken and Cd and Cu was
instantly determined and pre-con-
centrated using the RTIL method.
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Portions of 1 g human scalp hair
and 2 mL of urine samples were
placed into a PTFE beaker (10 mL).
Then, 10 mL of concentrated HNOj;
was added and the solution kept
standing overnight. The solution
was evaporated and 10 mL of HNO;
and H,0, (2:1) was added, then
heated to near dryness. The residue
was dissolved in 0.2 M HNO;.
Before analysis, the phosphate
buffer solution was used to adjust
to pH 9. The certified reference
material (CRM) BCR 144R sewage
sludge of domestic origin and the
blank samples were prepared using
the same method as for the biologi-
cal samples in order to assess Cd
and Cu concentrations with the
reagents.

Recommended RTIL Procedure

For the enrichment of Cd and
Cu, 15-mL aliquots of standard solu-
tion containing the Cd and Cu ana-
lyte in the range of 0.12-100 pg/L,
three replicate samples of 10 mL
of BCR 144R and triplicate samples
of each real biological (scalp hair
and urine) sample were taken into
50-mL graduated centrifuge tubes.
Then, 3 mL of different buffers
were added to adjust the pH in the
range of 4-10. The pH of the solu-
tion was adjusted to the desired pH
by the addition of 1 M HCI and/or
NaOH. After adjusting the pH,
300-1200 pL dithizone solution
(0.01%), 100 uL of each methanol
and ([Cymim][PF4]) were added as
disperser and extractant solvents,
respectively. This step resulted in
a cloudy solution (water, methanol,
and ([C4mim][PF6))) in the tube.
The centrifuge tubes were shaken
carefully and gradually for a few

TABLE I
Instrument Settings
Parameters
Elements  Wavelength (nm) Slit width (nm) Lamp current (mA)
Cd 228.8 0.7 4
Cu 324.8 0.7 30
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seconds and allowed to stand for
15 minutes. Then the cloudy solu-
tion was centrifuged for 10 minutes
at 4000 rpm. This allowed the for-
mation of two well-defined phases,
and dispersive droplets of IL were
sedimented at the bottom of the
centrifuge tube. After enrichment,
the upper aqueous phase was
decanted, the IL phase dissolved in
200 pL of concentrated HNO;, and
then introduced into the FAAS
using a home-made micro-sample
aspiration system. For the respec-
tive analyte determinations, the
samples were introduced into the
nebulizer of the FAAS by using the
home-made microsample aspiration
system. In this system, 100 pL of
the sample was injected into a mini
home-made Teflon® funnel with an
Eppendorf® pipette. The Teflon
funnel was connected to the nebu-
lizer with capillary tubing (19,32).

Calibration of Cd and Cu was
prepared by subjecting the aqueous
standards to the same RTIL proce-
dure. A blank submitted to the RTIL
was measured similar to the calibra-
tion solution of the standards, CRM,
and real biological samples. The
validation and accuracy of the pro-
posed RTIL method were checked
by using the CRM BCR 144R
sewage sludge of domestic origin
for both analytes.

RESULTS AND DISCUSSION

The RTILs procedure in compari-
son to conventional dispersive lig-
uid phase microextraction was
carried out using a single solvent
reagent. RTILs and dispersive liquid
phase microextraction procedures
substantially increase the surface
area of the extraction solvent, and
the contact area between extrac-
tion solvent and analytes enhances
the recovery of the analytes. In
addition, ILs are used as an alterna-
tive to toxic organic solvents in
RTILs as compared to dispersive
liquid-phase microextraction
(DLLME). Some significant experi-
mental factors that would affect the
enrichment efficiency were studied
in order to achieve optimum
extraction recovery.

Effect of pH

The pH plays a distinctive role
on metal-ligand development and
affects production of the complex
and its consequent extraction. The
influence of pH on optimum com-
plex production for the extraction
of Cd and Cu was studied on repli-
cate subsamples of standards or real
samples by altering the pH of the
aqueous solution ranging from
4-10. The results illustrated in Fig-
ure 1 show that the Cd and Cu
recoveries in the presented system
decrease with a pH range of 4-7,
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Fig. 1. Effect of pH on the (%) recovery of Cd and Cu: 1000 uL of a dithizone
(0.01%), 100 uL of ILs and methanol, centrifugation at 10 minutes at 4000 rpm.
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then increases with a pH higher
than 7. Optimum extraction effi-
ciency was obtained at pH 9. To
prevent hydrolyzation of the metal
ion at a higher pH value, the pH of
9 was selected for both analytes.
The metal chelator is in neutral
form at a lower pH, and distributes
or mixes in the organic phase. This
leads to a very low level metal
chelate complex because there is
only a limited amount of deproto-
nated chelator present for the pro-
duction of the complex. On the
other hand, at a higher pH, a high
level of deprotonated chelator leads
to a high level of metal chelate
complex, resulting in high extrac-
tion efficiency.

Effect of Dithizone Concentra-
tion

Dithizone is a strong chelating
ligand for metal ion extraction
because it can produce stable com-
plexes with many metal ions under
appropriate conditions. The recov-
ery of Cd and Cu increased with an
increase in 0.01% (w/v) dithizone
from 400 to 1200 pL, and remained
constant with a further increase in
the dithizone level. At 1000 uL,
optimum recovery of Cd and Cu
was obtained and 0.01% dithizone
was chosen for further experiments
to avoid the competitive chelation
of matrix ions in real biological
samples (see Figure 2). Optimum
extraction efficiency was depen-
dent on the concentration of the
complexing agent. When the vol-
ume of dithizone was >1000 uL,
the analytical signal remained con-
stant.

Effect of Volume of Ionic Liquid

The volume of the extractant is
an important factor in conventional
liquid phase extraction and signifi-
cantly affects the extraction
efficiency of the analytes. In the
present work, ([C;mim][PF4]) was
chosen as the extraction solvent
due to its hydrophobicity. The vol-
ume of ([C;mim][PF4]) was opti-



mized in the range of 50-150 uL.
The results in Figure 3 show that
the Cd and Cu recoveries increased
along with an increase in the vol-
ume of ([Cymim][PFg]) from 50 to
100 pL, while the extraction effi-
ciency of ([C;mim][PF4]) remained
constant when the volume was
>100 pL. Therefore, 100 uL IL was
chosen in order to achieve perfect
analytical characteristics.

Disperser Solvents and Their
Effects

The disperser solvent must be
miscible in both extractant and
aqueous phase and should have

good dispersive ability. Therefore,
methanol, acetone, ethanol, and
acetonitrile were used as disperser
solvents. The influence of these
solvents on the extraction
efficiency of RTILs was determined
using different volumes of each
disperser solvent with 100 puL of
([C4mim][PF¢]) and 0.01% dithizone.
The results indicated that among
the four disperser solvents, methanol
has the highest extraction efficiency
for Cd and Cu. Thus, methanol was
selected as the disperser solvent for
further studies.

Bpizwern:
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Fig. 2. Effect of dithizone concentration on the (%) recovery of
Cd and Cu: pH 9, 100 ulL of ILs and methanol, centrifugation

at 10 minutes at 4000 rpm.

tomi
DeCtI' 0SCOpY

Vol. 33(5), Sept./Oct. 2012

The effect of volume of
methanol on the extraction
efficiency of Cd and Cu was also
studied. To attain the optimum vol-
ume of methanol, different volumes
(25-150 uL) of methanol were
tested. The results showed that
the extraction efficiency increased
with an increase in the volume of
methanol up to 100 pL, then
reduced with a further increase in
methanol volume (see Figure 4). It
can be concluded that a minimum
volume of methanol results in
([C4mim] [PF¢]) not being dispersed
well and consequently decreases
the extraction efficiency. On the
other hand, the solubility of the
metal-dithizone complex in the
aqueous phase increases with a
higher volume of methanol but
reduces the extraction efficiency.
For further studies, 100 pyL of
methanol was chosen as the opti-
mum volume.

Sample Volume

The effects of sample volume
with a constant amount of 100 uL
of ([C;mim][PF4]) and methanol on
the extraction of Cd and Cu were
studied from 10.0 to 50.0 mL. By
increasing the sample volume to
>20 mL, the extraction efficiency
of the respective analytes decreased.
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Fig. 3. Effect of ILs volume on the (%) recovery of Cd and Cu:

Fig. 4. Effect of methanol volume on the (%) recovery of Cd

1000 ulL of 0.01% of a dithizone, pH 9, 100 ulL of methanol,
centrifugation at 10 minutes at 4000 rpm.

and Cu: 1000 uL of 0.01% of a dithizone, pH 9, 100 uL of ILs,
centrifugation at 10 mints at 4000 rpm.
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The optimal extraction recovery
was found at 15 mL. Therefore,
a sample volume of 15 mL was
selected for subsequent work.

Effects of Centrifugation Rate
and Time

The centrifugation rate and time
that induced the pre-concentration
of ILs from the aqueous phase was
investigated from 5 to 20 minutes
at the 2500-5000 rpm range,
respectively. The analytical signals
of Cd and Cu increased by increas-
ing the extraction time up to 10
minutes and then keeping the time
constant. Mass transfer is a time-
dependent process and the maxi-
mum integrated absorbance is
attained when the system is at equi-
librium. However, it takes time for
a system to reach complete equilib-
rium. The extraction time was
investigated by monitoring the vari-
ation of the integrated absorbance.
The integrated absorbance
increases with an increase in
extraction time up to 10 minutes,
and after 10 minutes the increase
becomes slower. Therefore, to
avoid dropwise dissolution, the
extraction time of 10 minutes was
selected for quantitative complex
formation of the analytes (3).
Greater extraction efficiency was
obtained at 4000 rpm, and above
this centrifugation rate, there was
no effect on the extraction

efficiency.
TABLE 11

Influences of Concomitants

The reliability of the proposed
pre-concentration method on the
recovery of Cd and Cu was studied
in the presence of possible con-
comitant ions. The results listed in
Table II demonstrated that the exis-
tence of greater amounts of inter-
fering ions had no noticeable effect
on the recovery of the respective
analytes within a = 5% error. The
influence of interfering ions pre-
sent up to 5000 ug/mL each was
insignificant on the pre-concentra-
tion of the analytes. The results
indicate that the proposed pre-con-
centration procedure can be useful
in the analysis of biological samples
without any systematic error.

Calibration, Precision, and
Detection Limits

Calibration graphs were estab-
lished for Cd and Cu by enrichment
of the sample with 0.01 % dithizone,
ionic liquid, and disperser solvent
in a medium buffered at pH 9. Cali-
brations were achieved with a
series of Cd and Cu standards after
subjecting to RTIL. The calibration
curve equations after the pre-con-
centration method for Cd and Cu,
respectively, were :

(A =0.0324 C (Cd) + 0.0024) and
(A =0.0193 C (Cu) + 0.001),
where A is the absorbance and C is
the concentration of the analyte in

Effect of Interfering Ions on the
Recovery of Cd and Cu Using RTILs

% Recovery

Interferent Conc. Added
Ions (ug/mL) Ions
Fe3* 25 Fe(NO3);-9H,0
Zn? 25 Zn(NO5), 6H,0
Pb2* 25 Pb(NO5),GH,O
Nat 2000 NaNO;
K* 2000 KCl
Ca?* 250 Ca(NO3), 4H,0
Mg?* 250 Mg(NO;),-4H,0
Cl 2000 KCl
SO 2500 Na,SO,

the extraction solvent. The correla-
tion coefficients of the equations
were 0.993 and 0.995 for Cd and
Cu, respectively, which shows that
a good linear regression was
obtained between absorbance and
concentration.

The limits of detection (LOD)
and limits of quantification (LOQ)
for Cd and Cu were estimated as
follows: LOD = 3 x s/m and LOD =
10 x s/m , respectively, where s is
the standard deviation of 10 mea-
surements of the blank and m is the
slope of the calibration graph. The
LOD and LOQ of Cd and Cu,
respectively, was found to be (0.05
and 0.08) and (0.15 and 0.25) ug/L.
The relative standard deviations
(RSDs) of the proposed method
were 2.2 and 2.9% for both analytes
by measuring the standard solution
(n = 5). The enrichment factors
(EF) for Cd and Cu were found to
be 75, respectively, designed as the
slope ratio of the two calibration
curves of the standard with micro-
extraction and without micro-
extraction.

Accuracy of Proposed Method

For verification of accuracy,
validation, and precision of the pro-
posed method, CRM BCR 144R
sewage sludge of domestic origin,
triplicate samples, procedural and
reagent blanks were applied for Cd
and Cu determination. The percent-
age recoveries of Cd and Cu in the
CRM samples by RTILs were in the
98.4-98.7% range (see Table IID).
The analytical results were in good

Cd Cu
98.4  95.6 TABLE III
6' ’ 4 Analytical Results of Cd and Cu Determination in

26.9  97. CRM BCR 144R (Sewage Sludge of Domestic Origin)
95.7 93.1 sing RTILs (n = 3) in (mg/Kg)
98.7 97.2 Certified Value  Observed Value  Recovery®
97.8 963 X+ st X+ st %)
96.9 934 cd 1.84 +0.02 1.81 £ 0.04 98.4
89.3  90.4 Cu 300 £ 7.5 296 + 8.6 98.7
975 948

* mean = standard deviation (n=10).
914  91.2
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b (%)Recovery = [Observed value] / [Certified value] x 100.



agreement with the CRMs and the
presented values, and no significant
differences were detected (p >0.05).
The mean levels for Cd and Cu dif-
fered by less than 1-2% from the
certified values. These results
demonstrate the validity of the pro-
posed procedure for Cd and Cu pre-
concentration.

Comparative Data of Analytical
Characteristics of DLLME

A comparison of the proposed
procedure with other described
pre-concentration procedures for
Cd and Cu pre-concentration is
summarized in Table IV. The devel-
oped RTIL procedures have
relatively lower LOD (0.05 and 0.08
ug/L) and higher EF (75) for Cd and
Cu, respectively, than some of the
other methods listed in Table IV
and require only 10 mL of sample
solution. This is useful for pre-con-
centration of both Cd and Cu at
trace levels in real biological sam-
ples. As shown in Table IV, the pro-
posed RTIL method, compared with
literature data, indicates that the
RSD, LOD/LOQ, and the EF of the
present study are comparatively
better than in previously described
studies (3, 22-23, 33-40).

Applications

The RTIL method is suitable for
the determination of Cd and Cu in
biological samples (scalp hair and
urine) as listed in Table V. The ana-
lytical applicability of the proposed
methodology was verified by mea-
suring the Cd and Cu levels in 10 mL
each of CRMs and biological sam-
ples. The samples were pre-concen-
trated with 0.01% dithizone and
100 uL of each IL and methanol,
respectively. The results show that
the proposed RTILs can be success-
fully applied for the separation and
pre-concentration of biological sam-
ples.

tomic
PeCtroscopy

Vol. 33(5), Sept./Oct. 2012

TABLE IV
Comparison of Analytical Characteristics of the RTILs
With Other Reported Methods for Cd and Cu Pre-concentration

System Analysis Enrichment RSD  Linear Range LOD  Refer-
Method Factor %) (ug/L) (ug/L) ence
Cd
On-line SPE  GFAAS 24.6 3.2 0.006-0.3 0.0028 (33
CPE FAAS 5 0.8-3.0 3-300 1.00 (€L))
DLLME GFAAS 122 29 0.002-0.021 0.0005 (23
SDME GFAAS 65 7.4 0.01-1 0.0007 (3
Cu
On-line SPE  FAAS 560 2.1 0.16-12 0.04 35
CPE FAAS 64.3 1.6 0.27-100 0.27 (36)
DLLME FAAS 42 5.1 50-2000 3 €X))
IL-SDME UV-Vis. 33 3.4 —_— 0.15 22
RTILs Present
Cd/Cu FAAS 75 2.2/29 0.12-100 0.05/0.08 study
TABLE V

Analytical Results of Cd and Cu Determination in Standard and
Spiked Biological Samples by RTILs (n=3) in pg/mL

Spiked Found Recovery Found Recovery
Sample %) %)
Hair sample Urine sample
Cd
0 1.76 £ 0.07* - 0.015 = 0.002 —
5 6.65 +0.02 98 5.01 £ 0.08 99.9
10 11.7 £ 0.36 100 10.1 £0.25 100.0
20 21.4 £ 0.62 98 20.1 £0.42 100.1
Cu 0 20.3 £ 0.52 - 0.25 +0.05 —
5 25.2 +0.56 99 5.13+0.12 97.4
10 30.1 £0.78 98 10.1 = 0.32 98.8
20 40.2 £ 0.86 100 20.2 £ 0.51 99.7

* mean * standard deviation (x = s) (n = 4).

CONCLUSION

An effective procedure for the
pre-concentration and separation of
Cd and Cu in biological samples is
described using room temperature
ionic liquids (RTILs) consisting of
1000 uL of dithizone, 100 uL each
of IL and methanol, followed by
FAAS determination. The detection
limits (LODs) for Cd and Cu were
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0.05 and 0.08 ug/L and the quantifi-
cation limits (LOQs) were 0.15 and
0.25 ug/L, respectively. In compari-
son to traditional extraction meth-
ods, the proposed method is rapid
and simple, cost-effective, environ-
mentally save, offers an enhance-
ment factor of 75, enhanced
sensitivity, and requires no toxic
organic solvents. The greater toler-



ance of coexisting ions and excel-
lent analytical performance shows
that the developed method is
applicable for the investigation of
trace elements in biological sam-
ples.
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A simple liquid-liquid microextraction termed as vortex-assisted liquid—liquid microextraction
(VLLME) coupled to flame atomic absorption spectrometry for lead (Pb) determination is achieved
through phase-partitioning phenomena of ionic surfactants in aqueous solution. In this procedure, the
hydrophobic chelate of Pb with 1-(2-pyridylazo)-2-naphthol (PAN) was extracted into the fine droplets
of 1-butyl-3-methylimidazolium hexafluorophosphate [Cymim][PF¢], while using Triton X-100 (TX-
100) as dispersing medium. Several variables including [C4smim][PF¢] volume, pH of sample, TX-100
volume, concentration of PAN, centrifugation time and rate were considered to be studied. At
optimum experimental values of significant variables, detection limit (LOD) and the enhancement
factor (EF) were observed to be 0.307 pg L~" and 54.2, respectively. The relative standard deviation
(RSD) of 10 ug L™" Pb was 4.09%. The coexisting ions showed no obvious negative outcome on Pb
preconcentration. Validation of the developed method was carried out by Pb determination in “NIST-
SRM 1515 Apple leaves” standard reference material and the results were found in good agreement
with the certified values. The method was applied satisfactorily for the preconcentration of Pb in acid

Downloaded by University of Floridaon 26 November 2012
Published on 04 October 2012 on http://pubs.rsc.org | doi:10.1039/C2AY 25773D

digested samples.

1. Introduction

Heavy metals including lead (Pb) have the potential to interfere
with numerous biochemical events within cells throughout the
body and can create a wide variety of health problems.* Lead
can affect individuals of any age, but its effect is inconsistent in
children because their own patterns of behavior put them at
higher exposure threat. Lead comprises a universal health risk in
industrialized countries, especially affecting young children.
Several recent reports have revealed that still Pb exposure is a
major communal health problem globally.*®* Anemia in children
is an extensive problem in several developing countries and leads
to increased morbidity and mortality rates.” Being a toxicant, Pb
has the ability to disturb many biochemical actions in living cells
and is responsible for a number of health problems.®*° Conse-
quently its determination in trace levels in biological media has
become more important, but because of complex templates and
generally low concentrations of Pb, detection is not easy in
biological and environmental samples, and thus more sensitive
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instrumental techniques or a preconcentration step are required.
In this regard, a range of preconcentration procedures have been
developed for the preconcentration of Pb, like liquid-liquid
microextraction (LLME),"-'? cloud point extraction,'®* copreci-
pitation,™ ion exchange' and solid phase extraction.!®'” The
LLME has been used for a longer time, where relatively large
amounts of high purity solvents and usually much time is
required. In addition their disposal may also produce a harsh
environment related problem. Currently, analytical chemists are
trying to lessen the amounts of solvents and chemicals used in
such extractions, leading to miniaturize the classical extraction
techniques to reduce the consumption of time and amount of
chemicals. Recently, chemists are finding certain ways to mini-
aturize the classical microextraction techniques.

In nonionic surfactant-based extractions, the understudy
solutions separate into two distinct phases, i.e., one is surfactant
rich phase and the other is aqueous phase. The system is similar
to biphasic aqueous-organic solvent systems, but is unlikely
phase rich with surfactant and is a more reasonable substitute to
risky, costly organic solvents and quite environmentally friendly,
as compared to those used in LLME. Conversely, ILs have not
been used often in dispersive LLME. IL’s immiscibility in water
(resulting in biphasic systems) and elevated solubility in organic
solvents makes them appropriate solvents for conventional
LLME. In this regard, the study of the IL’s extractability
towards various species of organic nature is a matter of
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significance for the efficient extraction method development.'®
LLME came into sight in the 1990s as a good tool to minimize
solvent volume used in extraction and improved sample
consumption. A number of new procedures with different
extraction performance have been developed from classical
LLME."! Very recently, in our previous work we dispersed the
IL thermally, not chemically, into aqueous phase; however, high
temperatures should be avoided." So this method is not appro-
priate for all analytes and cannot be used under all conditions.

The objective of the present study was to develop IL-based
VLLME for Pb while using nonionic surfactant TX-100 as
dispersion medium, thus avoiding thermal dispersion and use of
hazardous organic solvents, followed by analysis with FAAS in
different samples. Any variable (pH, IL volume, Triton X-100
and chelating agent concentration, centrifugation time and rate)
influencing the method is studied in order to find the optimum
experimental values.

2. [Experimental
2.1. Reagents

All of the solutions were made with water purified through
reverse osmosis. 1-(2-Pyridylazo)-2-naphthol (PAN) was
obtained from ACROS ORGANICS (New Jersey, USA) and its
0.01% solution was prepared by dissolving 0.01 g in 100 mL of
ethanol (Merck). 1-Butyl-3-methylimidazolium hexa-
fluorophosphate [C4MIM][PFg] and nonionic surfactant Triton
X-100 were purchased from Sigma-Aldrich (St. Louis, MO,
USA). A nonionic surfactant dilute solution (0.1% v/v) was
prepared by dissolving 0.1 mL of Triton X-100 in 100 mL
distilled water. Standard solutions of Pb were prepared by the
dilution of certified standard solution (1000 mg L™') Fluka
(Bush, Switzerland). 0.2 M HNO; was used for series dilution of
the stock standard solution to make working standards.

Sodium phosphate buffer of pH 2-3 was prepared with proper
amounts of sodium dihydrogen phosphate and phosphoric acid.
For pH 4-6, ammonium acetate buffer was made by adding an
appropriate amount of acetic acid to ammonium acetate solu-
tions. Phosphate buffer solution was prepared by the addition of
appropriate amounts of sodium dihydrogen phosphate to diso-
dium hydrogen phosphate to result in solutions of pH 7, and
ammonia—ammonium chloride buffer solution made of
ammonia and ammonium chloride, was used for pH 8
adjustments.

2.2. Apparatus

A Perkin-Elmer Model 3110 flame atomic absorption spec-
trometer (Norwalk, CT, USA) was used for metal analysis. The
hollow cathode lamp of Pb was run under the conditions sug-
gested by the manufacturer. Overall analysis was carried out with
an air/acetylene flame, using 10 cm long slot-burner head and
without any background correction. 100 pL of the samples was
injected through self-made injection system of Teflon funnel and
Eppendorf Pipette. This injection system was connected with the
capillary tubing of nebulizer.'® Peak heights were recorded as
signals. For pH adjustments, pH meter, Nel pH-900 (Ankara-
Turkey) Model glass-clectrode was wused. Vortex mixer

(WIGGEN HAUSER®, Malaysia) was used for thorough
mixing of solutions.

2.3. Sample pre-treatment

The scalp hair samples were washed out in order to offer an
accurate judgment of endogenous metal contents. Washing of
samples was carried out with Triton X-100, followed by rinsing
with deionized water and acetone, and then drying in an oven at
80 °C.?? 1 g of dried scalp hair samples were added with 3 mL of
mixture of HNOj3 and 30% H,0, (2 : 1 v/v) and left to stand for
10 min.?*** Urine samples were collected and digested immedi-
ately as follows: 2 mL of urine were placed in a 100 mL beaker
and 3 mL digestion mixture of HNO; and 30% H,O, (2 : 1 v/v)
were added, then left to stand for 10 min.»* The resulting
mixtures were digested on a hotplate until semidried masses were
obtained, which were dissolved in 10 mL of 0.1 M HNOj; after
cooling and filtered.

2.4. Liquid-liquid microextraction procedure

Standard solution (10 mL in volume) carrying 10 pg L™' of Pb,
was taken in a glass conical tube with screw cap and 1 mL of
0.01% (m/v) PAN solution was added. pH was adjusted to pH 7
with respective buffer system, which was found to be the
optimum one. After adding 500 uL of 0.01% TX-100, 200 pL of
IL [C4MIM][PF¢] the tube was capped and was vigorously
shaken on vortex mixer for 15 s at 2800 rpm until a cloudy
solution formed. Pb—PAN chelate was extracted into fine tiny
droplets of [C4MIM][PF¢]. After that, the resulting cloudy
mixture was centrifuged at 3500 rpm for 10 min in order to attain
phase separation. The IL phase was sedimented at the bottom of
the tube. The viscous IL phase was dissolved in 0.5 mL of acidic
methanol prior to its analysis by FAAS.

3. Results and discussion
3.1. Effect of experimental conditions

Any variable (pH, IL, TX-100 volume, ligand concentration,
vortex time, centrifugation time and rate) influencing the efficacy
of proposed microextraction procedure was assessed in order to
find the optimized experimental conditions.

3.1.1. Effect of pH. The effect of pH on microextraction
procedure of Pb was investigated because pH has an important
role in the formation of metal-chelate complexes and thus in its
extraction. pH range of 2-8 was studied for this purpose. As
observed in Fig. 1, maximum recovery of Pb occurred at pH 7.
Phosphate buffer of pH 7 was selected as the optimum for
consequent experiments.

3.1.2. Effect of ligand amount. The effect of ligand amount
on recovery was examined and the results are shown in Fig. 2.
Incline in recovery was observed as the ligand concentration
increases up to a specific amount and this is sufficient for total
complexation and maximum recovery. A volume of 700 uL was
marked as the optimum for microextraction, while adding more
ligand has no significant effect on recovery.
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Fig. 1 Effect of pH on Pb analytical response.
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Fig. 2 Effect of volume (uL) of 0.01% (v/v) PAN on Pb analytical
response.

Table 1 Effect of some coexistent ions on lead recovery (N = 3)

Tolerance limit

Coexistent ions Added as (mg L1
Na* NO;~ 15000
K* NO;~ 10 000
Ca®*, Mg** NO;~ 4000
Ccu?", Zn?*, Cd*t NO;~ 40
Fe* Ccl- 40
cl- K* 10 000
CO5>~, SO, K* 1000
PO, NaH,PO, 500

Table 2 Recovery studies of lead in real samples

Hair sample Urine sample

Added (ng) Found (ug) % Recovery Found (ng) % Recovery
0 6.1 — 0.57 —

4 10.3 105.0 4.66 102.3

8 14.2 101.3 8.61 100.5

12 18.3 101.6 12.25 97.3

16 21.6 96.9 15.79 95.1

3.1.3. Effect of IL. The amount of IL is one of the consid-
erable variables affecting the efficiency of the proposed proce-
dure. For this reason, the microextraction system was examined
with care to define the lowest possible IL volume required for

Table 3 Comparison of VLLME with other reported preconcentration
techniques for Pb determination

Detection limits

Technique Instrumentation EF (ngL7h Ref.
CPE FAAS 46 4.5 28
SPE FAAS 30 6.1 29
LPME FAAS 40 9.5 30
SPE FAAS 37 3.75 31
IL-DLLME FAAS 273 0.6 32
DLLME GF AAS 150 0.02 33
LLME GF AAS 5 1 34
Co-precipitation GF AAS 20 0.5 35
On-line-SPE GF AAS 20.5 0.012 36
CPE GF AAS 50 0.08 37
VLLME FAAS 542 0.307 Present

achieving the possible highest enrichment factor. The variations
in recovery against IL volume were studied in the range of 50—
300 pL. We noticed that the recovery of the analyte was affected
by the IL volume. The results obtained show that IL quantita-
tively extracts Pb when its volume was 200 uL. No significant
changes were observed in recovery at higher IL volume. For that
reason, in order to get better enrichment factor, 200 pL of IL was
found to be optimum.

3.1.4. Effect of TX-100. It is reported that the solubility of
‘hydrophobic’ [Cymim][PF¢] in TX-100 solution increases with
increasing concentration. The reason for these observations is
due to the existence of significant interactions (H-bonding,
dipole-induced dipole) among [Cymim][PFs] and TX-100.%
Physicochemical properties of IL can be modified in a favorable
manner by addition of nonionic surfactant to such systems.
Dilute nonionic surfactant (0.01% TX-100) was chosen as
dispersion medium. The effect of TX-100 volume on Pb recovery
was examined within the 0.01% (v/v) TX-100 volume range from
100-500 pL. The recovery is maximum as the Triton X-100
volume was 400 pL. Recovery may decrease at higher concen-
trations due to the increase of the TX-100 volume. At lower
concentration, recovery of analyte was low because there were
few molecules of TX-100 to disperse IL. So, Triton X-100 of
500 pL volume was selected for subsequent studies.

3.1.5. Effect of vortex time. The effect of vortex time on
recovery was examined in the range of 5-30 s. Linear increase in
recovery was observed as vortex time was increased up to 15 s
which was enough for maximum recovery. As there was no
further increase in recovery and we also aimed to spend less time
on extraction, so 15 s of vortex time was used for further work.

3.1.6. Effect of centrifugation time and centrifugation rate.
Centrifuge time and rate are also among the key variables which
influence the separation of IL and aqueous phase. Recovery of
Pb was monitored between 5 and 25 min as centrifugation time.
We observed maximum recovery when the centrifugation time
was up to 15 min. When the centrifugation time was at its lowest
or highest value, the recoveries were both lower. The lower
centrifugation time may not assure the complete phase separa-
tion, and higher centrifuge time may provoke the IL to dissolve
back in aqueous phase. Additionally, the centrifugation rate was
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studied between 500 and 4000 revolutions per minute (rpm). At
centrifugation rate of 500 rpm, we observed lower recovery,
while for an increase of centrifugation rate above 500 rpm, a
gradual increase was noticed. We attained maximum recovery at
3500 rpm, while no further increase in recovery was observed
with increase in centrifuge rate, so 10 min and 3500 rpm were
chosen as the optimum values for further study.

3.2. Effect of interference

Experiments were carried out to find the extent to which our
microextraction procedure is influenced by coexisting ions. For
these studies, different amounts of coexisting ions were added to
standard solutions of 10 ug L™' of Pb and the procedure was
followed. The observed Pb recoveries in the presence of these
coexisting ions were above 95%. Pb was almost quantitatively
recovered in the presence of all interfering ions (results are shown
in Table 1) which prove the applicability of our procedure for Pb
determination in different samples.

3.3. Analytical performance

Extraction recovery (ER), enhancement factor (EF) and
consumptive index (CIn) were three main parameters, employed
to explore the performance of our microextraction procedure.
Extraction recovery is the percentage of total amount of Pb that
has been extracted into viscous IL phase. Mathematically:

ER = rnILphase _ CILphase X I/ILphalse 100
Myq Caq X Vaq

Here in this equation miyy phase is the amount of Pb in final IL
rich phase and m,q is the Pb initial amount in the sample solu-
tion. Cypphase and C,q are the amounts of Pb in IL phase and
aqueous phase, respectively. Similarly, Vipphase and V,q are the
concerned volumes of these two phases.?¢

At optimum conditions, we observed maximum extraction
recovery. Correlation coefficient (R*> = 0.992) was obtained for
the calibration graph which was linear in the range of 5-200 pg
L~!. The regression equation was [y = 0.0044 (Pb) — 0.0015],
where y denotes the absorbance signal and concentration of Pb is
expressed as pg L. Relative standard deviation (RSD) as a
result of 10 replicates analysis containing 10 pg L™' Pb was
4.09% and detection limit (LOD), calculated as the ratio of three
times standard deviation of ten blank readings to the slope of the
calibration curve was 0.307 ug L~'. Another term “enrichment
factor (EF)” is actually the ratio of calibration curve slopes
before and after the application of microextraction procedure
and was found to be 54.2.

Another term “consumptive index (CIn)” defined as:

CIn = VS/EF

V denotes the volume of sample (mL).'"** CIn observed for
the microextraction procedure was found to be 0.184. EF with a
high value was obtained with a reduced volume of sample, thus
resulting in CIn with low value. Thus, Cln reveals the effective-
ness of sample consumption, and is a good tool for preconcen-
tration method selection even with limited sample volume.?”

3.4. Analysis of real samples

We effectively used our VLLME methodology for Pb micro-
extraction in different real samples. Experiments were also con-
ducted by spiking the samples with different amounts of Pb for
the validation of our procedure accuracy. Results in Table 2
confirm the validity of our microextraction procedure. More-
over, we also checked the applicability of our methodology by
the analysis of “NIST-SRM 1515 Apple leaves” standard refer-
ence material and found concordant results with the certified
value of 0.470 ug g, the observed recovery was 97.7%. Results
obtained with our proposed method were compared with the
other reported preconcentration methods for Pb determination
(Table 3). Our proposed VLLME yields a relatively low limit of
detection when compared to those methods using FAAS. If
VLLME is combined with sensitive techniques like ICP-MS or
atomic fluorescence spectrometry, its limit of detection can be
significantly improved. Additionally, the VLLME avoids the use
of volatile organic solvent replaced with IL as the green extrac-
tion solvent and TX-100 as dispersant. Thus it was concluded
that our microextraction procedure can be successfully applied to
real samples without any systematic errors.

4. Conclusion

Our liquid-liquid microextraction procedure for Pb preconcen-
tration offers certain advantages, like its ease, rapidness, sensi-
tivity and selectivity for Pb microextraction. The proposed
method employing a vortex mixer for the formation of vortex
stream and TX-100 as dispersion medium accelerated Pb
extraction into IL extractant. Additionally, use of toxic organic
extractants and dispersant solvents (i.e., chloroform, carbon
tetrachloride, methanol and acetone ezc.), has been replaced with
green alternatives such as IL and TX-100. Coexistent ions in
different samples did not interfere in Pb determination and were
found to be tolerable.
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