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Sample pretreatment methods, such as separation / preconcentration prior to the
determination of metal ions have developed rapidly due to the increasing need for accurate
and precise measurements at extremely low levels of ions in diverse matrices. The
development of new sorbents and their application in preconcentration methods for
determination of trace analytes is subject of great interest. This review summarizes and

discusses several analytical methods involving the preparation and use of new solid phase
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extractant. A literature survey of the last ten years offering a critical review of these new
sorbents available for use in trace analyte enrichment is provided.
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Introduction

The determination of trace concentrations of analytes in
different samples is a subject of great interest. This
determination can be made by using diverse analytical
techniques. However, the direct determination of extremely low
concentrations of required elements by most analytical
techniques is often difficult. The limitations can be associated to
matrix interference or insufficient sensitivity of these
techniques. For this reason, a preliminary separation and
preconcentration of trace analytes from matrix are frequently
required. Preconcentration is a process in which the ratio of the
quantity of a desired trace element to that of the original matrix
is increased. Preconcentration improves the analytical detection
limits, increases the sensitivity by several orders of magnitude,
enhances the accuracy of results and facilitate the calibration. In
general, it can be referred to as the enrichment process which
involves separating the minor component (analyte) from
complex matrix or extraction of particular analyte from one
phase to other in which latter one is of less volume than first
one. Separation and preconcentration techniques are of great
importance owing to the limited sensitivity of modern
instrumental methods for trace analysis. Pre-treatment of an
aqueous sample by different sorption technique not only
increases the ion concentration to a detectable level but also
eliminates matrix effects. The use of chelating sorbents can
provide a concentration factor up to several hundred folds, better
separation of interferent ions and high efficiency. The general
trend of modern analytical chemistry is towards the elaboration
of simple, ecologically safe, sensitive, and selective methods for
the determination of trace components combining previous
concentration methods and further determination by physical or
physico-chemical methods. Metal quantification at low
concentration levels comprises one of the most considered
targets in analytical chemistry. Sample pretreatment methods,
such as separation and/or preconcentration prior to the
determination of metal ions have developed rapidly due to the
increasing need for accurate and precise measurements at
extremely low levels of ions in diverse matrices.
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Preconcentration improves the reliability of the analytical results
since it decreases the matrix effects. Sample preparation
processes including separation and preconcentration have a
direct impact on accuracy, precision and detection limits for
many analytical methods [1-7].

Liquid-liquid extraction [8-15], coprecipitation [16-22], ion-
exchange resins [23-31], electrothermal deposition [32-33] and
solid-phase extraction used techniques for preconcentration and
separation of trace elements [34-53]. Preconcentration is a
process in which the ratio of the desired trace element to that of
the original matrix is enhanced. Preconcentration improves the
analytical detection limit, increases the sensitivity by several
orders of magnitude, enhances the accuracy of the results and
facilitates easy calibration. In general, it can be referred to as the
enrichment process consisting of either removing the major
component from minor ones or transfer of analyte from a large
volume of one phase into a second phase of lesser volume.
Enrichment is attained by the use of various preconcentration
techniques based on physical, physio-chemical and chemical
principle. The techniques generally employed in analytical
chemistry are liquid-liquid extraction, electrochemical method,
ion-exchange, co-precipitation and solid phase extraction.
Electrochemical deposition used for the preconcentration of
different pollutants by applying the laws of electrolysis in which
cationic species are deposited on the electrode surface. The only
disadvantage of this method is that limitation related to pH
control. This control is necessary because in the acid medium,
hydrogen ions are reduced to hydrogen gas on the work
electrode surface. The hydrogen gas generation occurs when
more negative potentials are applied. The reduction of electrode
lifetimes is also observed at higher acidity conditions. In
coprecipitation or precipitation is characterized by the formation
of insoluble compounds. The coprecipitation is adopted when
direct precipitation can not separate the desired metallic species
due to its low concentration in solution. The coprecipitation
phenomenon can be associated with metal adsorption on the
precipitate surface or due to metal incorporation onto the
precipitate structures. The coprecipitation occurs by the
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formation of an insoluble compound containing some metallic
species. Thus, there is a natural limitation according to this
phenomenon, because the metal used for this purpose cannot be
determined. The separation and preconcentration of metal ions
and organic pollutants, after the formation of sparingly water-
soluble complex, based on cloud point extraction have been
largely employed in analytical chemistry. Current research in
this field has focused on the development of new surfactant
phase separations that surpassed the limitations associated with
non-ionic surfactants. The search for alternatives to traditional
organic solvents in liquid-liquid extraction has fostered the use
of more environmentally friendly liquids. Cloud point extraction
that is the temperature-induced phase separation of nonionic
surfactants, continues as one of the leading techniques for the
preconcentration of metal ions [54-56]. But application of cloud
point extraction to the extraction of organic pollutants is less
straightforward because of the coelution problems originated by
non-ionic surfactants which are commercially available as a
mixture of homologues and isomers.

But according to Hitherto, liquid-liquid extraction is among
the most often used method for the various preconcentration or
separation techniques in view of its simplicity, rapidity, ready
adaptability and easier recovery of analyte, There are, however
physical difficulties associated with the use of solvent extraction
for enrichment of large number of samples and /or requires
vigorous agitation to ensure complete partition of the analyte
between two immiscible phases, and this can be achieved only
by the application of significant human or mechanical effort. In
addition, there are increasing environmental and cost pressures
to replace, or at the very least reduce, the volume of solvents
employed in analytical procedures. Current trends in
preconcentration focus on the development of faster, safer and
more environment friendly extraction techniques. Solid phase
extraction continues to be the leading technique for the
extraction of pollutants in aquatic systems; recent developments
in this field are mainly related to the use of new sorbents. Solid
phase extraction (SPE) has emerged as a powerful tool for
separation/  enrichment of inorganics, organics and
biomolecules. The basic principle of SPE is transfer of analytes
from aqueous phase to active sites of adjacent solid phase.
Recently, solid-phase extraction technique for preconcentration
of heavy metal ions has become very popular, compared with
traditional solvent extraction techniques and has almost replaced
liquid-liquid extraction techniques because of several
advantages [57-58].

(1) The fast, simple and direct sample application in very small
size (micro liter volume) without any sample loss.

(2) Higher preconcentration factor.

(3) The ability of combination with different modern analytical
techniques.

(4) Time and cost saving.

(5) There is no use of organic solvents which are flammable,
toxic and even some of them carcinogenic.

(6) Absence of emulsion.

(7) Rapid phase separation.

(8) Stability and re-usability of solid phase.

(9) Isolate analytes from large volumes of sample with minimal
or zero evaporation losses.

The choice of solid-phase extractant is a decisive factor that
affects the analytical sensitivity and selectivity [59]. The main
requirement with respect to substances to be used as solid-phase
extractants are as follows:
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(1) Possibility of extracting a large number of elements over a
wide pH range.

(2) High surface area and high purity.

(3) Good sorption properties including porosity, durability and
uniform pore distribution.

(4) Selectivity for specific analytes.

(5) Fast quantitative sorption and elution.

(6) Regenerability and accessibility.

Numerous substances have been used solid-phase
extractants such as ion-exchange resins [60-62], chelating resins
[63-67], [68-93] and alumina [94], activated carbon[95-102],
zeolite [103-105], chitosan [106-108] and polyurethane foam
[109-114].

In this review, the chelating resins, modified silica, ion
exchange resins, carbon nanotubes, ion-imprinted polymers,
biosorbents, nanoparticles, fullerenes and other solid materials
that are used for the separation and/ or preconcentration of
analytes are considered.

Inorganic Resins

Inorganic resins such as silica gel, celetek clay,
montmorillonite and alumina have recently used for the
enrichment of metal ions. Chelating agents immobilized on
silica gel have various types of functional groups that form
complexes with analytes. Although silica gel immobilized with
different chelating agents is accepted as an inorganic resin in
this review. Some examples are given in Table 1.

Chelating/ organic resins

Sorption with chelating resins is mostly due to the
complexation of trace analytes with functional groups. Much
attention has been drawn to the synthesis of chelating resins and
to investigate of their sorption behavior for the selective and
quantitative separation of specific analytes from various sources.
Adsorption ability and adsorption selectivity of chelating resins
are superior to those of ion exchangers in the trace or ultra-
concentration ranges. Currently, many chelating sorbents have
been synthesized for the preconcentration of trace analytes. The
majority of the sorbents contain heterocyclic groups such as
imidazole, pyrazole, thiazole and pyridine. Many chelating
resins obtained by immobilization on solid support have been
practically applied in the separation of trace analytes from
various sources. Table 2.

Fullerenes

Buckminsterfullerenes, third allotropic form of carbon, are
closed-cage carbon molecules containing pentagonal and
hexagonal rings arranged in such a way that they have the
formula C20pm, with m being an integer number. Fullerenes
comprise a wide range of isomers and homologous series, from
the most studied C60 or C70, to the so-called higher fullerenes,
C240, C540, and C720. The analytical potential of C60 as an
effective sorbent material for preconcentration of metals was
recently demonstrated. Subsequent experiments with C60 and
C70 fullerenes showed that both sorbents have a high analytical
potential for metal preconcentration probably because of their
large molecular surface area and volume. Higher sensitivity and
selectivity are obtained with neutral chelates than by formation
of ion pairs. Fullerenes with chemically modified surfaces
combine the advantages of high enrichment factors offered by
the large surface area and the selectivity associated with
impregnated chemical groups. For example, C60 can be
covalently bonded to classical chelating reagents, leading to
stable fullerene derivatives that join the advantages of both
compounds. Table 3.
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Table 1. Silica gel for the preconcentration of analytes
Sorhent Reagent Analyte] Sample Technigue Ref
Silica gel Morin bz by Pd, Spiked water Foais 115
Ft,Eh
Silica gel LLE, DD35, En, Iln, Cr Dirinking water FAAS 114
o-HB
Silica gel Purpald Cd, He, Fh Fharrnaceutical Foais 117
and vitarnins
Silica gel Zylenol orange Hg Surface and Foais 1138
tap wrater
Silica gel Hyrdrozarnic acid Cig, Br, 0d Matural water Foais 119
Silica gel H-(3-propyl)-O-pherylenediarnine Cd, Zr, Fe, Cu, Fh Matural agueons Foais 120
systerns
Silica gel LIE 622 Cu Symthetic water Fabs 121
Silica gel D n-properlithinrarm disulfide by Fhotographic waste Foais 122
and lake water
Silica gel Folyi properleneirnine ) Pt Hialloy, anode slirne  FI-FAAS 123
dendrirner
Silica gel H-properlsalicylaldirmine Fe, Co, HL Zn Erver water CV-Fa b5 124
Silica gel Tk Cr, Cu, Iin M1 Zn Waste water FAAS 125
Silica gel w-mercaptopropy]l groups b, Cd, Zn Hatural water ZRF 126
Silica gel Salicyldoxirme Cd, M1 Co, Cu, Zn Ersaronmental water  ---- 127
Silica gel H-properlsalicyladivine Cd, Cr, T, In, Pb bognatic ersironrments A4S 128
Silica Grel 1-nitroso-2-naphthol Co Flowr avalytical systems  Spectrophotometry 129
Silica Gel dibernzo-1E-crown-a Co, fr, C, My I Qlovrs and water AAS 120
Silica gel Thinsernicarbazide Fh Ervironnental saraples  FAAS 131
Celtek clay benzaldehyrde Ch, 2d, Ph, Cr, M1 Natural waters, wheat, huraan haitF & 85 132
Bentonite Trioctylarnine Zd, Fe, 5k Waste water FAAS 133
Dot rorillite Trioctylarnine Fe, Cd, Zn, M1 In Tap and rver water FAAS 124
& Jnring Bis(2-hyrdrosorphetsrlarndnn ) gl me Hg Matural tap water CVaAES 135
Table 2. Organic sorbents for the preconcentration of analytes.
Sorhent Analytes Sample Technigue Reference
POLYORGS 4 Ly Pd, Pt, Bh, Ir Pt-contaiving ore, ETALS and [CP-OES 134
Cu-Ii sulfide
ore, Cualloy
Irunodiacetate resin WV, Ivln, Co, My, Sea water, certifled ICP-IWIS 137
Ci, En, Mo, Cd, Ph, TT reference matetials
Iroinodiacetate Ivlr, Fe, Co, Tap and rairn water ERF 138
Ni Cu, Zn, Cd, He, Pl
Epoy-tetraethelens pentarane £, Pt Pd Wastewater ICP-OES 139
chelating resin
Chelex-100 resin REEs Coastal sea water ICP-MS 140
Epoor-polyarnide Bh, B, Ir Dletal swrelter, allovrs ICP-COES 141
Sepharoze beads Cd, Ph, Mi Sea lettuce, mver ETab5 1432
gedimernt, natural water
Iletalflx Chelarine Ly, Ir, Pd, Pt, B, Bu S&nodic shidge ICP-OES 143
Arvherlite ZAT-2 Cd, Co, Cu, Hi, Food saraples (spinack, Fhbs 144
Linchored with prrocatechol black, tea and rice flour)
SPHERON Thinl 1000 bu bg Water ETLAS 145
satrples
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Table 3. Methods for metal separation and preconcentration using fullerenes.

Analyte  Detection Technigue Sample Ref
Cd FAAS Fish liver, 146
Cd FAAS Oyster tissues, 147
Bovine liver, pig kidney
Cd TS-FF-AAS Water, pig, kidney, rye grass 148
Pb
Co ETAAS Wheat Flour 149
Cu FAAS Pesticides 150
MeHg* GC/MS Water, sediments 160
Table 4. Methods for metal separation and preconcentration using carbon nanotubes.
Sample Detection iechnigue Sample Ref
CuIT Fams Water 181
CA(IT ICP-CES Binlogical raterial 162
and natural water
IAnID)
i1l
Ce{ITh Faas Binlogical material, water 183
Cofll)
La(TIT) ICP-0ES Binlogical material, water la4d
SrnIII)
EwTIT
(1T
Th{IIT)
Ho(III)
Wh{IIl
Table 5. Preconcentration of metal ions by nanopatrticles.
7 Nanoparticles Linalytical method  Arnalyte Saraple Reference
Tix, ICF-AES CulIl) Erreironrnental 1as
CrIII water satuples
BndTI)
BRI
TiO, Fees ZniIh Errironmental laa
CACID water satrples
TiO, GELAS SelIW) Sediment, 1a7
Sel V) wrater satnples
Tio, ICP-AES SmfIIT) Strearn sediments lag
Ho(III
MATIT)
TrafIID
TiO, ICP-AES LuTID Geological saraples 169
Pd(IT)
Laly
TiO, ICP-AES LafTIT) Strearn sediments 170
Th(III)
YiIII)
EniIII)
D T11)
Ti0,-PLI ICP-AES CulIl) Errriroremental 1
Cofll satrples
Cr I
I
Bi(TIT)

Th(TID)
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Carbon nanotubes

Since its discovery in 1991,carbon nanotubes (CNTSs) have
attracted great attention because of their unique properties.
CNTs can be visualized as a sheet of graphite that has been
rolled into a tube, and are divided into single-walled carbon
nanotubes (SWNTs) and multi-walled carbon nanotubes
(MWNTS) according to the carbon atom layers in the wall of the
nanotubes. With the great progress in the methods of preparing
CNTs, large efforts have been devoted to their fields of
application. Their perceived novel mechanical and electronic
properties, large specific surface area and high thermal stability
indicate their tremendous potential for engineering applications,
such as hydrogen storage, field emission, quantum nanowires,
catalyst supports, chemical sensors and packing material for gas
chromatography. The hexagonal arrays of carbon atoms in
graphite sheets of CNTs surface have a strong interaction with
other molecules or atoms, which make CNTs a promising
adsorbent material substituted for activated carbon in many
ways.

CNTs possess a high electrical conductivity, chemical
stability, mechanical strength, large specific surface area, and
high thermal stability, indicating potential for various
applications and one of the applications of the CNTs is as
adsorbent material: the hexagonal arrays of carbon atoms in
graphite sheets of CNTs surface have a strong interaction with
other molecules or atoms, revealing a great analytical potential
as a solid-phase extraction adsorbent. Additionally, CNTSs’
surfaces can be modified by introducing various organic
functional groups, thus providing a strongly physic sorbing
surface area, adjustable surface charge, and a source of protons
for chemical ionization. It has been demonstrated that the
surfaces of CNTs can be easily modified in numerous ways,
either by covalent or noncovalent functionalization. All the facts
mentioned before reveal that carbon nanotubes, and specially
multiwalled carbon nanotubes, have great analytical potential as
an effective solid-phase extraction adsorbent for chelates or ion
pairs of metal ions, organic compounds, and organometallic
compounds. Table 4.

Nanoparticles

The field of nanometer-sized materials has gained the
attention of scientists and engineers in recent years due to their
special properties. Nanoparticles are clusters of atoms or
molecules of metal oxide, ranging in size from 1 nm to almost
100 nm. One of their most interesting properties is that a high
percentage of the atoms of the nanoparticles is on the surface.
The unsaturated surface atoms can bind with other atoms that
possess strong chemical activity. Consequently, nanometer
material can adsorb selective metal ions and has a very high
adsorption capacity. Nanometer-sized metal oxides, such as
Al203, TiO2, ZrO2, Ce02, and SiO2 exhibit intrinsic surface
reactivity and high surface areas and can strongly chemisorb
several substances. In recent years, these materials have been
proposed and applied in the preconcentration of trace metals due
their high surface area, high adsorption capacity, and high
chemical activity. Moreover, the preparation of these adsorbents
is very simple and low cost when compared with other
commercially available solid-phase materials. Additionally, the
coating of complexing reagents onto nanometer-sized oxides
increases the number of binding sites able to interact with metal
ions and changes the binding sites in order to enhance the uptake
of metal ions. The modification of nanometer-sized adsorption
materials with an organic could also increase their selectivity.
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This modification generally is made by two different means: (1)
the chemical bonding of the chelating ligand on nanometer
oxide; and (2) the physical binding of the chelating ligand on the
sorbent by impregnating the solid matrix with a solution
containing specific molecules. Table 5

References:

[1]Y.A. Zolotov, Pure. Appl. Chem., 50(1978) 129.

[2]M.A. Z. Arruda, Microchim.Acta, 141(2003)115.

[3]F.O. Nwosu, F.A. Adekola, E. Ibitoye, Bull. Chem. Soc.
Ethiopia, 17(2003)1.

[4]1B.Y. Spivakov, G.I. Malofeeva, O.M. Petrukhin, Anal. Sci.,
22(2006)503.
[5].M.Gladis, C.R.
20(2002)14016.

[6] B.S. Garg, R.K. Sharma, N. Bhojak, S.Mittal, Microchem.
J., 61 (1999), 94.

[7] Y. Guo, B.Din, Y. Liu, X. Chang, S. Meng, M. Tian, Anal.
Chim. Acta, 504(2004), 319.

[8] M. Camino, M.G. Bagur, M.S. Vinas, D. Gazquez,
R.Romero, J.Anal. At. Spectrum., 16(2001) 638.

[91 M.Y. Khuhawar, S.N. Lanjwani, J.Chem. Soc.Pak.,
23(2001)157.

[10] S.Tautkus, L. Steponeniene, R. Kazlauskas, J.Serb.Chem.
Soc., 69(2004) 393.

[11] S. Tautkus, Chem. Anal., 49(2004) 271.

[12]Z.L. Fang, Spectromchim.Acta. B, 53(1998)1371.
[13]Y.Shijo, M. Suzuki, T.Shimizu, S. Aratake, N. Uehara,
Anal.Sci., 12(1996) 953.

[14]A.N. Anthemidis, G.A. Zachariadis, C.G. Farastelis, J.A.
Stratis, Talanta, 62(2004) 437.

[15]G. Fang, Y. Liu, S. Meng, Y. Guo, Talanta 57(2002)1155.
[16] P.G. Krishna, J.M. Gladis, U. Rambabu, T.P.Rao, G.R.K.
Naidu, Talanta, 63(2004) 541.

[17] L.Wang, B.Hu, Z. Jiang, Z.Li, Anal. Chem., 82(2002) 387.
[18] T. Akagi, H.Haraguchi, Anal. Chem., 62(1990)81.

[19] P.R. Chowdhury, N.K.Roy, D.K. Das, A.K. Das, Talanta,
36(1989)1183.

[20] C. Frigge, E. Jackwerth, Anal.Chim. Acta., 242(1991) 99.
[21] J.L. Burguera, M. Burguera, C. Rondon, Talanta,
58(2002)167.

[22]T. Minami, K. Atsumi, J. Ueda, Anal. Sci., 19(2003) 313.
[23] C.M. Couto, M.J. L.F.C. Lima, M. Conceicao, B.S. M.
Montenegro, B.F. Reis, A.G. Zagatto, Anal. Chim.Acta,
366(1998)155.

[24] K. Anezaki, X.Z. Chen, T. Ogasawara, |. Nukatsuka, K.
Ohzeki, Anal.Sci, 14(1998) 523.

[25] B.Shi, H.E. Allen, C. Desnoyers, Sep.Sci. Technol.,
33(1998) 1013.

[26] O. Abollino, M. Aceto, C. Sarzanini, E. Mentasti, Anal.
Chim.Acta,411(2000) 223.

[27] G.H. Tao, Z.L. Fang, Fresenius Anal. Chem, 360(1998)156.
[28] Y. Israel, A.P. Krushevska, H. Foner, L.J. Martines, R.M.
Barnes, J. Anal. At.  Spectrom, 8(1993) 467.

[29] V.A. Lemos, J.S. Santos, M.B. DeCarvalho, P.V. Baliza,
R.T. Yamaki, Anal. Chim.  Acta., 494(2003) 87.

[30] A.A. Menegario, D.C. Pellegrinotti, M.F. Gine, V.F. N.
Filho, Spectrochim. Acta B.,  58(2003) 543.

[31] ML.I. Rucandis, Fresenius’s J. Anal. Chem., 357(1997) 661.
[32] H.B. He, G.Z. Ma, W.L. Zhang, H.X. Shen, Chinese.J.
Anal.Chem., 29(2001)1125.

[33] G.E. Batley, J.P. Matousek, Anal.Chem., 52(1980)1570.
[34]Q.F. Hu, G.Y. Yang, Talanta, 57(2002)751.

Preetha, T.P.Rao, Met. News,



14574

[35]P.R. Haddad, P.Doble, J. Chromatogr A., 856(1999)145.
[36]O. Vicente, A. Padro, L. Martinez, R. Olsina, E.
Marchevsky, Spectromchim.Acta B., 53(1998)1281.

[37]K.Dev, R. Pathak, G. N. Rao, Talanta, 48(1999) 579.

[38] H.C. Xiong, B. Hu, T.Y. Peng, S.Z. Chen, Z.C. Jiang,
Anal.Sci., 15(1999) 737.

[39]K. Inagaki, H. Haraguchi, Analyst, 125(2000) 191.

[40]R.A. Nickson, S.J. Hill, P.J. Worsfold, Anal. Proc.,
32(1995) 387.

[41]V.Camel, Spectromchim. Acta Part B, (2003) 58, 1177.
[42]A. Tong, Y. Akama, S. Tanaka, Analyst, 115(1996) 947.
[43]S. Arpadjan, L. Vuchkova, E. Kostadinova, Analyst,
122(1997) 243.

[44]A.R. Ghiasvand, S. Shadabi, E. Mohagheghzadeh, P.
Hashemi, Talanta, 66(2005), 912.

[45] Y. H. Sung, Z.S. Liu, S.D. Huang, Spectromchim.Acta Part
B., 52(1997) 755.

[46]J.C. Yu, S.M. Chan, Z.L. Chen, Anal.Bioanal.Chem.,
376(2003) 728.
[47]M. Dogutan,
485(2003) 205.
[48] M. Okumura, T. Anate, K. Fujinaga, Y. Seike, Anal. Sci.,
18(2002) 1093.

[49]H.Bag, A.R. Turker, A. Tunceli, M. Lale, Anal.Sci.,
17(2001) 901.

[50]A. Ersoz, R. Say, A. Denizli, Anal.Chim.Acta., 502(2004)
502, 91.

[51]A.M. Starvin, T.P.Rao, J. Hazard. Mater., 113(2004)77.

[52] G. Muthuraman, T.T. Teng, C.P. Leh, J. Hazard. Mater.,
163(2009) 363.

[53] M. Toledo, F.M. Lancas, E. Carrilho, J. Brazil. Chem.Soc.,
18(2007) 1004.

[54]E.K. Paleologes, C.D. Stalikes, S.M. T. Karayanni, M.I.
Karayanni, Anal.Chim. Acta., 436(2001) 49.

[55]A.C.S. Bellatto, A.P.G. Gervasio, M.F. Gine, J.Anal. At.
Spectrom., 20(2005) 535.

[56] N. Arvand, A.Pourhabib, A. Afshari, M. Bugherinia, N.
Ghodsi, R. Shemshadi, J.Anal. Chem., 63(2008) 954.
[57]S.A. Kulichenko, V.A. Doroshchuk, O.Y. Sopilnyak, V.B.
Ishchenko, J.Anal.  Chem., 62(2007) 940.

[58]Z.L Fang, Spectromchim.Acta B., 53(1998) 137.

[59] R.A. Nickson, S.J. Hill, P.J. Worsfold, Anal. Proc. Sep.,
1995, 32, 387.

[60]E. Vassileva, I.Prionova, K. Hadjivanov, Analyst, 121
(1996) 607.

[61]M. soylak, Y. Akkaya, L.Elci, Intern. J. Environ. Anal.
Chem., 82(2002) 197.

[62]A. A. Menegario, D.C. Pellegrinotti, M.J. Gine, V.F.N.
Filho, Spectromchim.Acta B, 58(2003) 543.

[63]V.A. Lemos, J.S. Santos, M.B. De carvalho, P.X. Baliza,
R.T. Yamaki, Anal.Chim.Acta.., 494(2003) 87.

[64] ML.I. Rucandis, Fresenius’s J. Anal.Chim., 357(1997) 661.
[65] Y. Guo, B.Din, Y. Liu, X. Chang, S. Meng, J.Liu, Talanta,
64(2004) 207.

[66]P.Phol, B. Prusisz, Anal.Chim. Acta, 508(2004) 83.
[67]Y.M. Scindia, A.K. Pandey, A.V. R. Reddy, S.B. Manohar,
Anal. Chem., 74(2002) 4204.

[68]B.C. Mondal, D.Das, A.K. Das, Talanta, 43(1996) 977.
[69]B. Sengupta, J.Das, Anal. Chim.Acta, 219(1989) 339.
[70]A. Walcarius, M. Etienne, C. Delacote, Anal. Chim. Acta,
508(2004) 87.

H. Filik, R. Apak, Anal.Chim. Acta.,

Anupreet Kaur et al./ Elixir Nanotechnology 58C (2013) 14569-14575

[71]A. Goswami, A.K. Singh, B. Venkataramani, Talanta,
60(2003)1141.

[72]H. Maury, AJ. Holly, J.H. James, J.Anal.At. Spectrom,
14(1999) 12009.

[73]M.E. Mahmoud, G.A. Gohai, Talanta, 51(2000) 77.
[74]M.E. Mahmoud, M.M. Osman, M.E. Amer., Anal. Chim.
Acta, 415(2000) 33.

[75] V.L. S.A. Filha, J.G. P. Espinola, M.G. da. Fonseca, S.F.
DeOliveira, T. Arakaki, C.Airoldi, J. Environ. Monit, 5(2003)
366.

[76]R.K. Dey, U.Jha, A.C. Singh, S. Samal, A.R. Ray, Anal.
Sci., 22(2006) 1105.

[77]1A.G.S. Prado, C.Airoldi, Anal.Chim. Acta, 432(2001) 201.
[78]M.M. Hassanien, K.S. A. Sherbini, Talanta, 68(2006) 1550.
[79]Q.He, X. Chang, H. Zhang, N. Jiang, Z.Hu, Y. Zhai, Chem.
Anal., 51(2006) 715.

[80] E. Matoso, L.T. Kubota, S. Cadore, Talanta, 60(2003)
1105.

[81] A.Tong, Y.Akama, Analyst, 115(1990) 947.

[82] S.Sadeghi, E. Sheikhzadeh, Microchim.Acta, 163(2008)
313.

[83] M.A.A. Akl, 1.M.M. Kenawy, R.R. Lasheen, Microchim. J.,
78(2004)143.

[84] O. Zaporozhets, N. Petruniock, O. Bessarabova, V. Sukhan,
Talanta, 49(1999) 899.

[85] M.H. Hassanien, K.S. A. Sherbini, Talanta, 68(2006) 1550.
[86] M.ALA. Akl, .M.M. Kenawy, R.R. Lasheen, Microchim.
J., 78(2004) 143.

[87] S.zZhang, Q.Pu, P.Liu, Q. Sun, Z.Su, Anal. Chim. Acta,
452(2002)223.

[88] X.M. Chen, C. Yamamoto, Y. Okamoto, J. Chromatogr A.,
1104(2006) 62.

[89] O. Zaporozhets, N. Petruniock, O. Bessarabova, V. Sukhan,
Talanta, 49(1999) 899.

[90] J.A.A. Sales, F.P. Faria, A.G.D. Prado, C.Airoldi,
Polyhedron, 23(2004) 719. [91]. M. Merdivan, S. Seyhan, C.
Gok, Microchim. Acta., 154(2006) 109.

[92].F. Barbette, F. Rascalou, H. Chollet, J.L. Babouhot, F.
denat, R. Guilard, Anal.

Chim. Acta.,502(2004)179.

[93]. Z.H. Xie, F.Z. Xie, L.Q. Guo, X.C. Lin, J Sep. Sci,
28(2005) 462.

[94] S. Tokalioglu, T. Oymak, S. Kartal, Anal. Chim. Acta.,
511(2004) 255.

[95]M. Trojanowicz, K. Pyrzynska, Anal. Chim.Acta, 287(1994)
247.

[96] I. Narin,
52(2000)1041.
[97]A. Uzawa, H. Minamisawa, T. Okutani, Anal.Sci., 16(2000)
1085.

[98] E.A. Takara, S.D. P. Cabello, S. Ceruti, J.A. Gasquez, L.D.
Martinez, J.Pharm. Biomed. Anal., 39(2005) 735.

[99]S.H. Lee, H.S. Choi, Bull.Korean. Chem. Soc., 24(2003)
1705.

[100]T. Kubota, A. Kawakami, T. Saagar, N. Ookubo, T.
Okutani, Talanta, 53(2001) 1117.

[101].M.A.A. AKl, I.M. Kenawy, R.R. Lasheen, Anal.Sci.,
21(2005) 923.

[102]M.E. Mahmoud, M.S.H. Al-Saadi, Ann. Chim, 95(2005)
465.

[103]A.Jafari, A.Maghimi, Orient.J. Chem., 23(2007) 129.

M. Soylak, L.Elci, M. Dogan, Talanta,



14575

[L04]E.A. Ayuso, A.G. Sanchez, X. Querol, Water. Res.,
37(2003) 4855.

[LO5]A. S. Sheta, A.M. Falatah, M.S. Al-Sewailem, E.M.
Khaled, A.S.H. Sallam, Micropor. Mesopor. Mater., 61(2003)
127.

[106]T. Shampur, I. Sheikhshoaie, M.H. Mashhadizadeh, J.

Anal. At. Spectrom.  20(2005) 476.

Chitosan:

[107] Y.C. Chang, D.H. Chen, J.Colloid. Interface.Sci.,
283(2005) 446.

[108]Y.C. Chang, S.W. chang, D.H. Chen, React. Funct. Polym.,
66(2006) 335.

[109] A. Sabarudin, M. Oshima, T. Takayanagi, L. Hakim, K.
Oshita, Y.H. Gao, S. Motomizu, Anal. Chim. Acta., 581(2007)
214,

[110]. P.Phal, B. Prusisz, Anal.Chim. Acta, 508(2004) 83.
[111].E. A. Moawed, Acta. Chromatographica,14 (2004)198.
[112] A.N. Anthemidis, G.A Zachariadis, J.A. Stratis, Talanta,
58(2002) 831.

[113] S.L.C. Ferreira, H.C. Santos, R.C. Campos, Talanta,
61(2003) 789.

[114]M.F. E. Shahat, E.A. Moawed, M.A.A. Zaid, Talanta
59(2003) 851.
[115] M.M.
68(2006) 1550.
[116] Y. kalebasi Aktas, H. Ibar, Fresenius Environ. Bull,
16(2007) 8.

[117] M.E. Mahmoud, M.S. M. Al-Saadi, Ann. Chim(Rome),
95(2005)465.

[118] J.Fan, J.Hazard. Mater., 145(2007) 323.

[119] S.Mohamad, M.R. Abas, Malaysian. J. Sci., 24(2005) 65.
[120] M.AA.AKIL, 1.M. Kenawy, R.R. Lasheen, Anal.Sci,
21(2005) 923.

[121] S. Walas, H. Mrowiec, M. Sadza, Chem. Anal., 51(2006)
727.

[122] M. Akhond, Sep. Purif. Technol., 52(2006) 53.

[123] P.Liu, X. Wu, Q. Pu, Z. Su, Ann. Chim. (Rome), 95(2005)
695.

[124] M.A. Hamed, Egyptian. J.Aquat.Res, 31(2005) 30.
[125]Y. Kalebasi Aktas, H. Ibar, J. Indian Chem. Soc,.82(2005)
134.

[126] E.S. Yanovskaya, V.I. Karmanov, N.S. Slobodyanik,
J.Anal. Chem, 62(2007) 549.

[127] AR. Sarkar, P.K. Datta, M. Sarkar, Talanta, 43(1996)
1857.

[128] M.A. Hamed, K.S. A. Sherbini, H.R. Lotfy, J. Chin.
Chem. Soc., 53(2006) 605.

[129] E. I. Moroshanova, L. S. Selivestrova, and Yu. A. Zolotov,
Zh. Anal. Khim. 48 (1993) 617.

[130] I. M. Maksimova and E. I. Moroshanova, Zh. Anal. Khim.
49 (1994) 602.

[131] G. Seeber, P. Brunne, M.R. Buchmeiser, G.K. Bonn, J.
Chromatogr.A 848 (1999) 193.

[132] M. T_Zen, E. Melek, M. Soylak, J. Hazard. Mater.
136(2006) 597.

[133] Y. Kalebasi Aktas, H. Ibar, Fresenius’s Environ. Bull.
14(2005) 983.

[134] Y. Kalebasi Aktas, Fresenius’s Environ. Bull. 14(2005)
993.

[135]A. Jafari, A. Moghimi, Orient. J. Chem., 23(2007) 129.

Hassanien, K.S.Abou-El-Sherbini, Talanta,

Anupreet Kaur et al./ Elixir Nanotechnology 58C (2013) 14569-14575

[136] O. B. Mokhodoeva, G. V. Myasoedova, . V. Kubrakova,
J. Anal. Chem., 62(2007) 406.

[137] D. Rahmi, Talanta 72(2007) 600.

[138] W. Abe, X-Ray Spectrom., 35(2006) 184.

[139] D. Yang, X. J. Chang, S. Wang, Y. W. Liu, Chem. Anal.
(Warsaw, Pol.) 50(2005) 685.

[140] Y. Zhu et al., Bull. Chem. Soc. Jpn.78 (2005) 659.

[141] D. Yang, X. Chang, Y. Liu, S. Wang, Ann. Chim. (Rome)
95(2005) 111.

[142] 1. Narin, Y. Surme, E. Bercin, M. Soylak, J. Hazard.
Mater., 145(2007) 113.

[143] P. Pohl, B. Prusisz,W. Zyrnicki, Talanta, 67(2005) 155.
[144]. A. V. Lemos, Microchem. J., 84(2006) 14.

[145] J. Medved, P. Matus, M. Bujdos, J. Kubova, Chem. Pap.,
60(2006) 27.

[146] J. Muno~z, J.R. Baena, M. Gallego, M. Valca'rcel, J. Anal.
Atom. Spectrom., 17(2002)716.

[147] Y.P. De Pena™, M. Gallego, M. Valca'rcel, J. Anal. Atom.
Spectrom., 14(1997)453.

[148] M.G. Pereira, E.R.Pereira-Filho, H. Berndt,
Arruda, Spectrochim. Acta Part B, 59(2004)515.
[149] M.M. Gonza’'lez, M Gallego, M. Valca'rcel, J. Anal.
Atom. Spectrom., 14(1999) 711.

[150] J. Mun“oz, M. Gallego, M. Valca'rcel, J. Anal. Atom.
Spectrom., 21(2006) 1396.

[151] J. Mun“oz, M. Gallego, M. Valca'rcel, Anal. Chim. Acta,
548(2005) 66.

[152] P.Liang, Q.Ding, F. Song, J.Sep.Sci, 28(2005) 2339.

[153] P. Liang, Y. Liu, L. Guo, J. Zeng, H. Lu, J. Anal. Atom.
Spectrom., 19(2004) 1489.

[154] M. Tuzen, K.O. Saygi, M. Soylak, J. Hazard. Mater,
152(2008) 632.

[155] P. Liang, Y. Liu, L. Guo, Spectrochim. Acta Part B,
60(2005) 125.

[156] P.Liang, Y.Qin, B.Hu, T.Peng,
(2001) 207.

[157] P.Li, Y.Liu, L.Guo, J.Anal. At. Spectrom, 19 (2004) 1006.
[158] L. Shunxin, Q. Shahua, H. Ganquan, H.Fei, Fresenius
J.Anal. Chem, 365 (1999) 469.

[159] P.Liang, J.Cao, R.Liu, Y. Liu, Microchim. Acta,
DOI:10.1007/s000604-006-0708-5, 159(2007)35-40.

[160] Y. Hang, Y.Qin, J. Shen, J. Sep. Sci, 26 (2003) 957.

[161] P.Liang, B.Hu, ZJiang, Y. Qin, T. Peng, J. Anal. At.
Spectrom, 16 (2001) 863.

[162] P.Liang, T.Shi, H. Lu, Z.Jiang, B.Hu, Spectrochim. Acta
B, 58 (2003) 17009.

[163] P. Liang, Y. Liu, L.Guo, Spectrochim Acta B, 60(2005)
125.

[164] J.Yin, Z. Jiang, G. Chang, B.Hu, Anal. Chim. Acta, 540
(2005) 333.

[165] S. J. Sabo, Microchim.Acta, 159(2007) 379.

[166] H. Zheng, X. Chang, N Lian, S. Wang, Y. Cui, Y.Zhali,
Intern. J. Environ. Anal. Chem., 86, (2004)431.

[167] P.Liang, L. Yang, B. Hu, Z. Jiang, Anal. Sci, 19 (2003)
1167.

[168] N.Lian, X.Change, H. Zheng, S. Wang, Y, Cui, Y. Zhai,
Microchim. Acta, 151 (2005) 81.

[169] L. Yang, B. Hu, Z. Jiang, H. Pan, Microchim. Acta, 144
(2004) 227.

[170] X. Pu, B. Hu, Z. Jiang, C. Huang, Analyst, 2005, 131,
1175.

M.A.Z.

Anal. Chim Acta, 440



