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Abstract

Solid phase extraction technique is found a wide application in analytical chemistry as a preconcentration and

separation of trace metal ions in complex matrixes in recent years. The method is efficiently, very simple and needs

simple equipments, not more chemicals. Their enrichment factor is very high by the determination of heavy metal

impurities in water. Therefore it is a useful and cheap technique especially for the laboratories; they have not enough
good sensitive analytical instruments like GFAAS, ICP- MS or TXRF.
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INTRODUCTION

The direct determination of trace metal ions in
biological materials such as hair, blood, urine etc
and in natural water samples such as drinking water,
spring water, sea water and dust waster and also in
geological samples is difficult due to various factors,
particularly their low concentrations and matrix
effects. The concentration of many metal ions in
natural samples is lower than the limit of detections
of many analytical techniques. Many instrumental
techniques are not sensitive enough to be used for
direct determination of most trace elements in
complex matrixes. Also, natural matrix generally
causes the distributions of the analytical signals of

* Correspondence to: Mehmet Dogan

Hacettepe University, Faculty of Science, Department of
Chemistry, 06800, Beytepe-Ankara

Tel: +90312 297 6885 Fax: +90312 299 2163
E-mail: dogan@hacettepe.edu.tr

elements. Preconcentration and separation can

solve these problems.

There are many methods of preconcentration and
separation such as liquid-liquid extraction [1,2], ion
exchange techniques [3,4] coprecipitation [5,6],
membrane filter techniques [7,8], sorption on the
various adsorbents such as activated carbon [9-11],
Amberlite XAD resins [12-15] and others sorbents
[16-18], electrochemical deposition and also cloud
point extraction [19-21].

The preconcentration and separation methods
based on the sorption are considered to be superior
to the liquid-liquid extraction as regards simplicity,
rapidity and ability to attain a high preconcentration
factor. Preconcentration methods based on
adsorption of complexed metals on columns filled
with activated carbon have found widespread

application for this purpose.
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Activated carbon was used for the purification of
drinking water for the adsorbing of aromatic and
other organic materials which cause bed smelling
and taste in water for many years. First of all,
it for the
adsorbing of metal ions in their complex form [22].

Jackwerth and coworker have used

After sort time first application we have started to
use the activated carbon as adsorbing media for the

trace heavy metal ions from aqua solution [9,23,24].

A large number of trace elements which were
enriched from various matrices and adsorbed onto
activated carbon can be determined by atomic
absorption spectroscopic (AAS) or spectrophoto-
metric after dissolving them with an acid like HNO3.
Traces deposited on activated carbon can also be
determined directly using the dc arc or other a solid
sample technique such as x-Ray fluorescence,
spark emission and neutron activated analysis
techniques.

The activated carbon must be purified before their
use and also it can be use only one time. In the last
two decades, for same purpose Amberlite XAD
resins and others sorbents were found application
area instead of activated carbon. In particular,
Amberlite XAD resins have widespread application
in this field, because they have good physical and
chemical properties such as porosity, high surface
area, durability, nonpolar structure and purity. The
adsorbents mainly packed in a mini column and for
the separation of heavy metal ions from a several
matrices, firstly metal-chelates are occurred with a
chelating agent in an aqueous solution. These
metal-chelates are sorbed on the resin during the
filtration of solution. Then adsorbed metal-chelates
can be desorbed from the resin with a suitable
The
in the eluent is

eluting agent to a few ml volumes.
concentration of metal ion
determined by using instrumental methods such as

FAAS or ICP OES.

236

This preconcentration and separation technique
called in first years as mini column chromatography,
because of their similarity to ion exchanges
chromatography. Then it is called as solid-liquid
extraction. Nowadays it classifies as “solid phase
extraction” [25-27].

Over twenty years, our working group has been
focused on the preconcentration and speciation of
metal ions in various matrixes and on the Amberlite
XAD resins, activated carbon and other adsorbents

as metal complexes [28-86].

MATERIALS AND METHODS

An analytical procedure for the determination of
heavy metal ions is based on following steps: 1-
Sampling and sample storage, 2- Sample
preparation, 3- Isolation of analyte,4- Qualification
and quantification, 5- Data evaluation, 6- Making

decision

Sampling and Sample Preparation

For this separation technique the sample must be
present in aqueous solution form. The solid sample
like metals, alloys, minerals and others geological
samples, salary, salts biological tissue must be
solved or digested in suitable acid or acidic mixture.
After the dissolving of sample, mixtures are
evaporated to dryness, heated in a sand band or on
a hot plate, (if is necessary evaporated of acid
excess). The residue dissolved with addition acid
and water again and if is necessary it will be filtered
and diluted to determined volume with distilled

water.

The aqueous sample like sea water or drinking
water after their filtration through Whatman no.42
filter paper, and adjusting pH and addition suitable
chelating agent filtered through mini column filled

adsorbing resin or activated carbon. This separation
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and preconcentraion technique is specially good
and suitable technique for the separation and
preconcentraion of heavy metal ion impurities in

water samples.

To Distinguish Chemical Forms of Analyte

The oxidation step of metal ions must be suitable for
their efficiently complexing with chelating agents
and their optimum adsorption onto solid phase like

activated carbon or XAD resins.

After adjusting suitable pH with suitable buffer and
addition a suitable chelating agent filtered trough
mini column filled adsorbing resin or activated
carbon.

Isolation of Analyte from Matrix

After dissolving solid samples or if it is necessary
after adjusting the oxidation state, the clear liquid
sample is ready to process. Suitable pH is adjusted
according to matrix and metals which will separate
and then appropriate chelating agent is added to
solution. It should be take into account that at this
pH and with this chelating agent, all ions which
consist of matrix don’t make complex and attach to
the surface of adsorbent but all impurity metal ions
will absorbed. The solution was buffered in order to
fix the pH. But the buffer is not unavoidable.

Firstly, trace metals are converted into metal chelate
or inorganic complex in aqueous solution. Then,
metal complexes are adsorbed on the Amberlite
XAD resin.

When all the impurity heavy metal ions get suitable
complex forms, the complete mixture is passed
through the column which was loaded with resin and
activated carbon. If the flow rate of filtration is slow
or the amount of filtered solution is high, the flow
rate can be increased with the aim of water tromp
or vacuum pump .Due to the residue solution

contents primarily alkali and earth alkali metal ions

and undesired matrix constituents, it is throw away.
The desired metal ions are absorbed on adsorbent
of filter as their complex forms.

Since 1992 the various types of both activated
carbon and Amberlite XAD resins which are exist in
market were used as adsorbent for preconcentration
of trace heavy metal ions in various mediums by us.
The spectroscopic determination of trace elements
were made by separating them from matrix and then
preconcentrating in all type of sample (aqueous
sample like sea water, drinking water, tap-,
spring-, minerals-, rivers, paste- and sea water, and
also haemodialysis solution, urine, saline solutions)
previously in water samples (aqueous sample like
sea water, drinking water, tap-, spring-, minerals-,
rivers, paste- and sea water, and also haemodialysis

solution, urine, saline solutions) by us.

Preconcentration parameters

The following parameters are important for the
quantitative recoveries of the trace heavy metal ions
on Amberlite XAD Resins. Column preparation and
dimension, resin mass, pH, ligand type and amount,
sample volume, eluent type and volume, flow rate,
matrix effects. (Speciation of Analyte Form).

Preparation of Column

In this technique, a glass column 100 mm long and
10 mm i.d. and the resin bed height almost 1.5 cm
for 500 mg resin were used in our studies. To
eliminate inorganic and organic contaminants of
commercial resins, the resins are washed by using

of appropriate solutions.

The resin loaded in column is conditioned with 10-15
ml of the blank solution before the loading of
sample. Diameter of the column is important for
quantitative recoveries. Columns have various
lengths and diameters. In our application recoveries
of metal ions is not quantitative, because of
decrease in the bed height at constant amounts of
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the resin, when column diameter is wider than 10
mm, and also when diameter is smaller than 5 mm
at constant amounts of the resin, the flow rate of
sample solution decreases. The quantitative
recoveries are obtained in the general range of
300-500 mg resin or 50- 100 mg activated carbon

for the column this dimension.

There are a lot of Amberlite XAD available The
Structures of Amberlite XAD
Polystyrene - divinyl benzene (PS-DVB), XAD resin

resin series |:

series |l: Polyacrylic acid ester (PAA-E), also
Polyacrylic acid ester (PAA-E) In our studies we are
generally used Amberlite XAD 2,4, 7, 16, 1180. The
complexing gent can also bond to resin structure.

sample solution

porous disc

to vacuum

Figure 1. The schematic diagram of the technique.

Effect of pH

pH of sample solution is one of most important
parameters for the quantitative retention of heavy
metal ions on resin. Sample pH value depends on
structure of chelating agent, nature of sorbent,
238

chemical form of analyte ions. Generally, buffer
solutions are used to adjust working pH. Type of
buffer is an effective factor on recoveries in
presence of buffer including complexing ligands.

Ligand Type
Ligand type depends on mostly analyte and matrix
for selective preconcentration, also resin structure.
The interaction between neutral metal-chelates and
some hydrophobic groups of the resin is responsible
for adsorption. Therefore, generally chelating
ligands such as DDTC, APDC, TAR, PAN, Oxine are
preferred for the resins based polystyrene divinyl
For retention of ionic

benzene. species,

polyacrylicacid ester polymers are preferred
because of their a little ion exchange capacity and
dipol moment. PS-DVB and PAA-E resins, due to
their

preconcentration of ion-pair complexes and neutral

dual characters, have been used for

species.

Ligand Amount

The concentration of ligand on the recovery of the
metal ions is effective. An adsorption competition
between free ligand (chelating ligands) and metal
complex on the resin is possible, so amount of
ligand must be definitly optimized.

Sample Volume

To obtain the high preconcentration factor, the
maximum sample volume is necessary.-Sample
volumes depend on chemical forms of both
adsorbent and trace element, as well as on mass of
adsorbent and analyte concentration. The analytes
start to elute from adsorbent resulting in non-
quantitative recoveries, if the sample volume is over
the maximum volume for optimized adsorbent mass
that a quantitative retention is obtained. So, the
volume must be determined experimentally. The
sample flow-rate is optimized to ensure quantitative
retention. In our working, the sample flow-rate for
quantitative sorption of metal complex changes in a
range of 5-25 ml/min.
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Eluent Type and Volume

For the XAD resin preconcentration can be use
according to sample and type of resin following
types of eluent: a)Pure Acetone, b)HCI, HNO3 acid
solutions at various concentrations, c)HCI, HNO3
acid solutions in acetone,c)Ethanolic solutions of
HClI and HNO3. The volume of eluent is an
important factor for quantitative recovery and high
preconcentration factor. Due to this, the small
volume is preferred. Quantitative recoveries of metal
ions from XAD columns can be obtained with 2 ml to

10 ml of eluting solution.

Eluent Flow Rate

As a rule, at the high flow-rate, the larger solvent
volume is necessary for quantitative elution. A eluent
flow-rate should be high to avoid excessive duration,
and low to ensure quantitative recovery. So it is
optimized. Typical eluent flow-rates are in a range
of 1.0 to 10 ml/min in our workings.

Matrix effect

One of most important targets of preconcentration/
separation procedures is elimination of strongly
interferric matrix constituents in the sample. The
reliability of the method have to be examined in
presence of possible matrix effects. In the chelate
extraction, alkaline and alkaline earth ions and some
anions in large amounts are effectively eliminated.
This is an advantage for preconcentration of heavy

metal ions at trace level from the saline samples.

SOME RESULTS

Solid phase extraction technique is found a wide
application in chemistry as a
preconcentration and separation of trace metal ions
The
preconcentration and separation methods based on

analytical
in complex matrixes in resent years.

the sorption are considered to be superior to the
liquid-liquid extraction as regards simplicity, rapidity

and ability to attain a high concentration factor. A
large number of trace elements enriched from
various matrices and adsorbed onto activated
carbon can be determined by atomic absorption
spectroscopic (AAS) or spectrophotometric after
dissolving trace elements with an acid like HNOg or
with a suitable elution mixture. Some of our
applications are given in Table 1.

Preconcentration methods based on adsorption of
complexed metals on columns filled with activated
carbon have found widespread application for this
purpose. The enrichment factors of 100-500 were
achieved by us. With this preconcentration
technique a wide spread of elements like Cu, Ni,,
Zn, Mn, Co, Cd, Pb could be determined from
various mediums with cheap, simple instruments
like AAS ve spectrophotometry in range.

CONCLUSION

In the past two decades, the use of SPE procedures
has been growing for preconcentration and
speciation of trace elements. Because; SPE has
high preconcentration factor and very low limits of
detection. There are many alternatives for
selectivity, such as resin and ligand types, pH,
masking and sometimes eluent type. Also
automation in SPE is easy. The simplest and most
effective procedure in SPE is the adding of the
chelating reagent directly to the sample (Adsorption
Mode). Examples given in this review show the high
potential of PS- DVB and PAA-E resins for
preconcentration and speciation of trace elements
in SPE. Because, these resins have a possibility to
extract a large number of trace elements over a
wide pH range, fast and quantitative sorption and
a high capacity and fast and easy
regenerability.

elution,
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Table 1. List of some Applications of solid-phase extraction.

Adsorbent Elements Reagents  Matrix Medium Eluting Agent Ref
) Cu, Pb, Fe, ) Dialysis Solutions, 1 M HNO3
Amberlite XAD-4 . APDC, Oxine =6 . 23,24, 34
Cd, Co, Ni Natural Waters in Acetone
. 1 M HNO3
Amberlite XAD-16 Co TAR Natural Waters pH=6 . 33
in Acetone
Steel, Spri
Amberlite XAD-8 Mo SCN eELOPMNG —  acidic Acetone 38, 41
Waters, Geological
. Nickel and L
Amberlite XAD-7 Au, Pd SCN Acidic Acetone 35, 41
Manganese Salts
Amberlite XAD-7 Au, Pd Br Anodic Slime Acidic Acetone 29
] Cu, Cd, Pb, Bi, - L
Amberlite XAD-1180 [+SCN Metallic Zinc Acidic Acetone 41
Fe, Mn, Co
. Cu, Fe, Ni, Cd, . 1 M HNOg3 in
Amberlite XAD-16 Na-DDTC Sea Water, Urine pH=4 35, 23
Co, Zn Acetone
Amberlite XAD-1180 W SCN Geological Acidic Acetone 31
Amberlite XAD-7 w SCN Spring Waters Acidic Acetone 30
. . o 1 M HNOg3 in
Amberlite XAD-16 Fe, Ni, Cu TAR Fertilizers pH=6 30
Acetone
) ) o 2 MHNO3 in
Activated Carbon Cu, Pb, Ni, Cd PAN Drinking Waters  pH=4 37
Acetone
. 2 M HNOg3 in
Activated Carbon Cu HMDC, NN Natural Waters pH=6 34, 30
Acetone
. . . 2 MHNO3 in
Activated Carbon Cu HMDC Metallic Aluminum pH=6 37, 41
Acetone

APDC : Ammonium pyrolidine dithiocarbamate, Oxine: 8-hydroxiquinoline, TAR: 4-(2-Thiazolylazo) resorcinol, Na-DDTC: sodium

diethyldithiocarbamate. PAN: 1-(2-pyridylazo) 2-naphtol, HMDC: hexamethylene dithiocarbamate hexamethylene-ammonium salt,

NN: 1-nitroso-2-naphthol, I+SCN: iodide + thiocyanate, Br: Bromide, SCN: thiocyanate.

REFERENCES

240

P.L. Malvankar, V.M. Shinde, lon-pair extraction
and determination of copper(ll) and zinc(ll) in
environmental and pharmaceutical samples
Analyst, 1991, 116, 1081-1084

K. Kongola,MD. Mwema, AN Banza, E. Gock,
Cobalt and zinc recovery from copper sulphate
solution by solvent extraction. Minerals Eng,
16, 1371- (2003).

3.

M. Chikuma, M. Nakayama, T.ltoh, H. Tanaka,
K. ltoh, Chelatic-forming resins prepared by
modification of ion-exchange resins. Talanta
27, 807-817 (1980).

K.S. W. D.W.Lee,
separation of metal ions by a chelating agent-

Lee, lee, Selective

loaded anion exchanger. Anal. Chem. 50, 255-
258 (1978).



M. Dogan / Hacettepe J. Biol. & Chem., 2008, 36 (3) 235-246

Table 2. Concentration of Copper in water samples
volume 500 mL, Eluent Volume 5 mL Ligand HMDC.

Conc. of cupper (ug/L)*

o sowes_poved K04
Drinking Talas 9.5+0.3 19.1£0.4
Kocasinan 1.5+0.1 1.4+ 0.2
Melikgazi  3.310.2 3.310.1
Univ.Tap 1.2+0.1 1.410.1
Hot spring  Sorgun 11.8+0.1 12.0£0.3
Kozakl 16.8£0.3  16.9+0.4
Cavlak 6.3+0.1 6.7+0.1
River Sarimsakh 12.4+0.4 11.5%£1.2
Karasu 47.7£+1.3  44.9121

+tsVN, N: 7 RSD: 0.95

5.

S. Kayaga, Y. Araki, N. Hirai, K. Hasegawa,
Coprecipitation with yttrium phosphate as a
separation technique for iron (lll), lead and
bismuth from cobalt, nickel

matrices. Talanta 67, 90- (2005).

and copper

U. Divrikli, L. Elci, Determination of same trace
metals in water and sediment sampling by
flame atomic absorption spectrometry after
coprecipitation with cerium (V) hydroxide.
Anal. Chim. Acta 452, 231-235 (2002).

M. Soylak, U. Divrikli, L. Elgi, M. Dogan,
Preconcentration of Cr(lIl), Co(ll), Cu(ll), Fe(lIl)
and Pb(Il) as calmagite chelates on cellulose
nitrate membrane filter prior to their flame
atomic absorption spectrometric
determinations, Talanta 56, 565-570 (2002).

M. Kan,
Fluorophotometric determination of phosphate

H. Sakamoto, T. Nasu, M. Taga,

after collection on a membrane filter as ion pair
of molybdophosphate with rhodamine 6G Anal.
Sci, 7,913-915 (1991).

9.

11.

12.

13.

14.

15.

16.

M. Dogan, L. Elgi, Ein beitrag zur abtrennung
und anreicherung von spurenelementen durch
sorption ihrer komplexe an aktivkohle
Spectrochimica. Acta, 39B,1189-1194 (1984).

S. Glger,
vanadium in vegetable matter by flame atomic

M. Yaman, Determination of
absorption spectrometry J. Anal. Atom Spect.
7,179-182 (1992).

R. Van Grieken.Preconcentration methods for
the analysis of water by X-ray spectrometric
techniques. Anal. Chim. Acta 143, 3-6 (1982).

M. Soylak, L. Elgi, M. Dogan, Determination of
trace amouns of cobalt in natural water
samples as 4-(2-thiazolyazo) recorcinol
complex after adsorptive preconcentration,

Anal. Lett 30, 623-631 (1997).

X.G.Yang, E. Jackwerth, Untersuchungen zur
Adsorptiven Anreicherung von Elementspuren
in Adsorberharzen, Fresenius Z. Anal. Chem.
987, 331,179 185.(1987)

M. Soylak, L. Elci, M.
Spectrophotometric determination of trace

Dogan,

amounts of tungsten in geological samples
after preconcentration on Amberlite XAD-
1180, Talanta, 42, 1513-1517 (1995).

A.R. Turker and A. Tunceli, Preconcentration
of copper, nickel and zinc with Amberlite XAD-
16 resin, Fresenius J. Anal. Chem. 345 (1993),
p. 755

M. Ozcan, S. Akman, C. Erbil, S. Saracg,

Determination of  copper  chromium,
manganese and zinc by graphite furnace
atomic  absorption  spectrometry  after
separation on polyacrilamide modified with
nitrilo acetic acid. Fresenius J. Anal. Chem.

1996, 355, 665-666.

241



17.

18.

19.

20.

21.

22.

23.

24.

242

M. Dogan / Hacettepe J. Biol. & Chem., 2008, 36 (3) 235-246

F. Armagan, M. Soylak, L. El¢i, M. Dogan, Solid
phase extraction of some metal ions on Diaion
hp-20 resin prior to flame atomic absorption
spectrometric analysis, Journal of Trace and
Microprobe Techniques 20(1), 15-20 (2002).

S. Doker, S. Malci, M. Dogan, B. Salih, New
poly (N-hydroxymethyl) methacrylamide-1-
allyl-2-thiourea)

hydrogels prepared by

radiation-induced polymerisation: selective
adsorption, recovery and pre-concentration of
Pt(Il) and Pd(ll), Analytica Chimica Acta 553

(1-2): 73-82 (2005).

A.E. Boyukbayram, M. Volkan, Cloud point

preconcentration  of germanium  and
determination by hydride generation atomic
absorption spectrometry.

Acta.55B, 1071-1076 (2000).

Spectrochim

H. Tani, T. Kamidate, H. Watanabe, Micelle-
mediated extraction. J. Choromatogr., 780A,
:229-234 (1997).

Y. Surme, |. Narin, M. Soylak, H. Yuruk, M.
Dogan, Cloud point extraction procedure for
flame atomic absorption spectrometric
determination of lead(ll) in sediment and water

samples. Microchim. Acta 157, 193-199 (2007)

E. Jackwerth, J. Lohmar und G. Wittler, Uber

die Verwendung von Aktivkohle zur
Anreicherung von Spurenelementen mit
nachfolgender Bestimmung durch

Atomabsorptions-Spektrometrie, Fresenius' J
of Anal Chem. 266,1-8 (1973).

L. Elgi, M. Soylak, M. Dogan, Preconcentration
of trace metals in river waters by the
application of chelate adsorption on Amberlite
XAD-4., Fresenius J. Anal. Chem., 342, 175-

178 (1992).

M. Soylak, L. El¢i, M. Dogan, Determination of
some trace metals in dialysis solutions by aas
after preconcentration, Letters,

26,1197-2007 (1993).

Analytical

25.

26.

27.

28.

29.

30.

31.

32.

33.

IUPAC, Nomenclature, Symbols, Units and
their usages in spectrochemical analysis, Pure
Appl.Chem 45, 105-111 (1976).

L. Liska, Fifty years of solid phase extraction in
water analysis- historical development and
overview, J of Chromatography A 885, 3-11
(2000).

C.E.
Encyclopedia of separation
Academic Press 2000 p.1405.

Poole. Solid-phase extraction.

science,3

L. El¢i, S. Cavus, M. Dogan M., Adsorption
Behavior of Some Organic Substances and
Chelates on Amberlite XAD-4, -7 and -8
Resins, Inter. J. Chem. 4, 1-6 (1993).

L. Elci, S. Isildar, M. Dogan, Spectrophoto-
metric determination of gold and palladium in
anode slimes after separation with Amberlite
XAD-7 resin, Anal. Chim. Acta, 293, 319-324
(1994).

M. Soylak, L. Elgi, M. Dogan, Spectrophoto-
metric Determination of Trace Amounts of
Tungsten in

Geological Samples After

Preconcentration on Amberlite XAD-

1180, Talanta, 42, 1513-1517 (1995)

M. Soylak, L. Elgi, M. Dogan, Preconcentration
of trace amounts of tungsten on Amberlite
XAD-7 for its spectrophotometric determination
in hot spring water, Fresenius J. of Anal. Chem.
351, 308-310 (1995)

M. Soylak, L. El¢i, M. Dogan, Determination of
some trace metal impurities in refined and
unrefined salts after preconcentration onto
activated carbon, Fresenius Envir Bull. 5, 148-
155 (1996).

M. Soylak, M.

preconcentration of trace amounts of copper

Dogan, Column

on activated carbon from natural water

samples. Anal Lett, 29, 635-643 (1996).



34.

35.

36.

37.

38.

39.

40.

41.

M. Dogan / Hacettepe J. Biol. & Chem., 2008, 36 (3) 235-246

M. Soylak, M. Dogan, Chemical analysis of
mineral spring waters from the KayseriYozgat
District, Turkiye, Fresenius Envir. Bull. 5,13-20
(1996).

M. Soylak, M. Dogan,
enrichment of zinc, iron, copper, cadmium,

Separation and

cobalt and nickel from urine with Amberlite
XAD-16 resin, Trace Elem. Electroyt. 13, 130-
132 (1996).

M. Soylak, M. Dogan, Column preconcentra-
tion of trace amounts of copper on activated
carbon from natural water samples, Anal. Lett.
29, 635-643 (1996).

M. Soylak, i. Narin, M. Dogan, Trace
Enrichment and Atomic Absorption
Spectrometric Determination of Lead,

Copper, Cadmium and Nickel in Drinking
Water Samples by use of an Activated
Carbon Column, Anal. Lett., 30, 2801-2810
(1997).

M. Soylak, L. El¢i, M. Dogan, Determination of
Trace Amouns of Cobalt in Natural Water
Samples as 4-(2-thiazolyazo) Recorcinol
Complex after Adsorptive Preconcentration,
Anal. Lett 30, 623-631 (1997).

M. Soylak, L. Elgi, M. Dogan, Determination of
Molybdenum in Water and Geological
Samples From Sorgun-Yozgat Region After
Separation and Preconcentration: Comparative

Results, Kuwait J. Sci. Eng 24, 87-92 (1997).

M. Soylak, U. Divrikli, M. Dogan, Column
Separation and Enrichment of Trace Amounts
of Cu, Ni and Fe on Amberlite XAD-16 Resin in
Industrial Fertilizers, J. Trace and Microprobe
Tech., 15, 197-204 (1997).

I. Narin, M. Soylak, M. Dogan, Traffic Pollution
in Nigde-Turkiye: Investigation of Trace
Element Contents of Soil Samples, Fresenius

Envir. Bull. 6, 749-752 (1997).

42.

43.

44,

45.

46.

47.

48.

49.

R. Saraymen, M. Soylak, L. Elgi, M. Dogan,
Blood Selenium Level of Adults Living in the
Province of Kayseri-Turkiye, Fresenius Envir.
Bull. 6, 694-698(1997).

M. Dogan, M. Soylak, L. El¢i, Determination of
Some Trace Metals in Natural Waters, Dialysis
Solution and Various Salt Matrices by Atomic
Absorption Spectrometry
Preconcentration onto Activated Carbon and
Amberlite XAD-Resins, 4.Int.Conf. Chemistry
and

after

Its Role in Development Mansoura,
Mansoura University Plenary and Invited

Lectures Book, 1, 63-69 (1997).

M. Soylak, M. Dogan, O. Turkoglu Trace Metal
Pollution in Sediments of Sarmisakli River
Region, Kayseri-Turkiye, Int. J Chem. 7, 49-
53 (1996).

i. Narin, M. Soylak, M. Dogan, Rubidium and
Strontium Levels of Natural Water Samples
from the Middle Anotolia Region of Turkiye,
Kuwait J Sci. Eng., 25, 217-222 (1998).

M. Soylak, R. Saraymen, I. Narin, M. Dogan,
Serum Zinc Levels of a Poor Economic and
Social Region near an Industrial Zone, Trace
Elements & Electroly., 15, 142-144 (1998).

M. Soylak, U. Divrikli, L. Elgi, M. Dogan,
Column Chromatographic Preconcentration
and Enrichment of Copper, Nickel and Iron in
Ammonium Salts by Graphite Furnace Atomic
Absorption Spectrometry, Kuwait J. Sci. Eng.,
25, 389-396 (1998).

M. Soylak, i. Narin, L. Elgi, M. Dogan,
Investigation of Some Trace Element Pollution
in Karasu, Sarmisakli Cayi and Kizilirmak
Rivers, Kayseri-Turkey, Fresenius Envir. Bull.,
8, 14-17 (1999).

M. Soylak, L. El¢i, M. Dogan, Flame Atomic
Absorption Spectrometric Determination of
Cadmium, Cobalt, Copper, Lead and Nickel in
Chemical Grade Potassium Salts after an
Enrichment and Separation Procedure, J.
Trace and Microprobe Tech., 17, 149-156

(1999).
243



50.

51.

52.

53.

54.

55.

56.

244

M. Dogan / Hacettepe J. Biol. & Chem., 2008, 36 (3) 235-246

M. Soylak, i. Narin, L. El¢ci, M. Dogan, Atomic
Absorption Spectrometric Determination of
Copper, Cadmium, Lead and Nickel in Urine
Samples After Enrichment and Separation
Procedure on an Activated Carbon Column,
Trace Elements Electroly., 16, 131-134 (1999).

M. Soylak, L. El¢i, M. Dogan, A Sorbent
Extraction Procedure for the Preconcentration
of Gold, Silver and Palladium on an Activated
Carbon Column, Anal. Lett., 33, 513-525
(2000).

M. Soylak, i. Narin, L. Elgi, M. Dogan, Lead
Concentrations of Dust Samples from Nigde
City-Turkey, Fresenius Environmental Bulletin ,
9, 36-39 (2000).

L. Elci, M. Soylak, A. Uzun, E. Blyukpatir, M.
Dogan, Determination of Trace Impurities in
Some Nickel Compounds by Flame Atomic
Absorption Spectrometry after Solid Phase
Extraction Using Amberlite XAD-16 Resin,

Fresenius Journal of Analytical Chemistry,
368, 358-361 (2000).
I. Narin, M. Soylak, L. El¢i, M. Dogan

Determination of Some Trace Metal lons in
Natural Water Samples after Preconcentration
of Pyrocatechol Violet Complexes on an
Activated Carbon Column by AAS, Talanta, 52,
1041-1046 (2000).

M. Soylak, L. Elgi, I.
Application of Solid Phase Extraction for the

Narin, M. Dogan,

Preconcentration and Separation of Trace
Amounts of Cobalt from Urine, Trace Elements
and Electrolytes, 18, 26-29 (2001).

M. Soylak, L. El¢i, M. Dogan, Solid Phase
Extraction of Trace Metal lons with Amberlite
XAD Resins Prior to Atomic Absorption
Spectrometric Analysis, J. Trace and

Microprobe Tech., 19, 329-344 (2001).

57.

58.

59.

60.

61.

62.

63.

U. Divrikli, M. Soylak, L. Elgi, S. Kurtoglu, M.
Dogan, Urine lodine Contents of Children
Living in Kayseri-Turkey, Fresenius
Environmental Bulletin, 9, 809-812 (2000).

M. Soylak, L. Elgi, I.
Separation and Preconcentration of Gold,

Narin, M. Dogan,
Silver and Palladium from Some Aluminum and
Manganese Salts on an Activated Carbon
Column, Asian Journal of Chemistry, 13, 699-
703 (2001).

I. Narin, M. Soylak, L. El¢i, M. Dogan,
Chromatographic Separation and Enrichment
of Chromium, Copper, Nickel and Lead in
Surface Seawater Samples on a Column Filled
with Amberlite XAD-2000, Analytical Letters,
34, 1935-1947 (2001).

M. Soylak, F. Armagan, L. Elci, M. Dogan, A
New Preconcentration and Separation Method
for Determinations of Some Trace Metal lons
on a Diaion HP-20 Column, Annali Di Chimica,
91, 637-647 (2001).

M. Soylak . L. Elgi,
Determination of Copper, Cobalt, Cadmium,
Lead, Nickel and Chromium by AAS in Bottled
Mineral

Narin, M. Dogan,

Waters from  Turkey  after
Preconcentration, Asian Journal of Chemistry,

13, 1097-1100 (2001).

U. Divrikli, M. Soylak, L. Elgi, M. Dogan, lodine
Levels of Drinking Water Samples Collected
from Kayseri-Turkey, Fresenius Environmental
Bulletin, 10(6) 595-597 (2001).

M. Soylak, I. Narin, L. Elgi, M. Dogan, Atomic
Absorption Spectrometric Determination of
Some Metal lons in Table Salt Samples after
Preconcentration on Activated Carbon, Kuwait
Journal of Science and Engineering 28 (2) 361-
370 (2001).



64.

65.

66.

67.

68.

69.

70.

M. Dogan / Hacettepe J. Biol. & Chem., 2008, 36 (3) 235-246

M. Soylak, S. Saracoglu, L. Elgi, M. Dogan,
Chemical Analysis of Drinking Water Samples
from Yozgat-Turkey, International Journal of
Environmental Analytical Chemistry 844, 225-
231(2002).

M. Soylak, L. Elgi, Y. Akkaya, M. Dogan, On-
Lead
Determination in Water and Sediment Samples

Line Preconcentration System for

by Flow Injection-Flame Atomic Absorption
Spectrometry, Analytical Letters 35, 487-499
(2002).

M. Soylak, F. Aydin, S. Saracogdlu, L. Elgi, M.
Dogan, Chemical Analysis of Drinking Water
Samples from Yozgat-Turkey, Polish Journal of
Environmental Studies 11(2), 151-156 (2002).

S. Saracoglu, M.Soylak, L. El¢i, M. Dogan,
Determination of Cu, Fe, Ni, Co, Pb, Cd, Mn,
and Cr in natural water samples after solid
phase extraction on Chromosorb 102,
Analytical Letters 35(15), 2603-2616 (2002)

I. Narin, M. Soylak, K. Kayakiriimaz, L. Elgi, M.
Dogan, Speciation of Cr(lll) and Cr(VI) in
Tannery Wastewater and Sediment Samples
on Ambersorb 563 Resin, Analytical Letters 35
(8), 1437-1452 (2002).

M. Soylak, I. Narin, L. Elgi, M. Dogan, Copper,
Nickel, Lead and Chromium Determinations
by Atomic Absorption Spectrometry in Urine
after Enrichment/Separation on Amberlite
XAD-2000, Fresenius Environmental Bulletin,
11 (3),132-136(2002).

A. Uzun, M. Soylak, L. Elci, Application of

sorbent extraction for preconcentration
separation of trace amounts of cadmium(ll),
silver(l), gold(ll) and lead(ll) from metallic zinc
samples and their determinations by atomic
absorption spectrometry,Asian Journal of

Chemistry 14 (3-4): 1277-1281 (2002).

71.

72.

73.

74.

75.

76.

77.

M. Soylak, U. Divrikli, L. Elgi, M. Dogan,
Preconcentration of Cr(lIIl), Co(ll), Cu(ll), Fe(lIl)
and Pb(Il) as Calmagite Chelates on Cellulose
Nitrate Membrane Filter Prior to their Flame
Atomic Absorption Spectrometric
Determinations, Talanta 56, 565-570 (2002).

S. Saracoglu, M. Soylak, M. Dogan, L. Elg¢i,
Speciation of Antimony Using Chromosorp.
102 Resin as a Retention Medium.Analytical
Science 19 (2) 259-264 (2003).

I. Narin, M. Soylak, K. Kayakiriimaz, L. El¢gi, M.
Dogan, Preparation of a Chelating Resin by
Immobilizing 1-(2-Pyridylazo) 2-Naphtol on
Amberlite XAD-16 and its Application of Solid
Phase Extraction of Ni(ll), Cd(ll), Co(ll), Cu(ll),
Pb(ll) and Cr(lll) in Natural Water Samples,
Analytical Letters 36(3), 641-645 (2003).

S. Saracoglu, U. Divrikli, M. Soylak, L. Elgi, M.
Dogan, Determination of Trace Elements of
Some Textiles by Atomic Absorption
Spectrometry, Journal of Trace and Microprobe

Techniques 21(2), 389-396 (2003).
U. Divrikli, M. Soylak, L. El¢i, M. Dogan, Trace

Heavy Metal Levels in Street Dust Samples
from Yozgat-Turkey, J.Trace Microprobe
Techn. 21(2), 351-361 (2003).

M. Soylak, A. Uzun-Karatepe, L. El¢i, M. Dogan
Column Preconcentration /Separation and

Atomic Absorption Spectrometric
Determinations of Some Heavy Metals in Table
Salt Samples on Amberlite XAD-1180, Turkish

J. of Chemistry 27, 235-242 (2003).

M. Soylak, L. Elci, M. Dogan, The Uses of
Activated Carbon Columns for Solid Phase
Extraction Studies prior to determinations of
Traces Heavy Metal lons by Flame Atomic
Absorption Spectrometry, Asian Journal of

Chemistry, 15(3), 1735-1738 (2003).

245



78.

79.

80.

81.

82.

246

M. Dogan / Hacettepe J. Biol. & Chem., 2008, 36 (3) 235-246

M. Soylak, S. Saragoglu, L. Elci, M Dogan,
Solid Phase Preconcentration and Separation
of Coper, Nickel and Lead in Hemodialyse
Concentrates and in Urine on Amberlite XAD
1180 Kuwait J. Sci. And Eng. 30(1) 95-109
(2003).

U. Divrikli, M. Soylak, L. El¢i, M. Dogan, The
Metal
Concentrations in the Street Dust Samples

Investigation of Trace Heavy
Collected from Kayseri-Turkey, Journal of
Trace and Microprobe Techniques 21(4),713-

720 (2003).

I. Narin, H. Colak, O. Turkoglu, M. Soylak, M.
Dogan, Heavy Metals in Black Tea Samples
Produced in Turkey Bull. Environ. Contam.
Toxcol. 72, 844-849 (2004).

N. Ozdemir, M. Soylak, L. Elgi, M. Dogan,
Speciation Analysis of inorganic Sb (lll) and Sb
(V) ions by using mini column filled with
Amberlite XAD-8 resin. Analytica Chimica Acta
505(1), 37-41 (2004).

M. Soylak, i. Narin, U. Divrikli, S. Saracgoglu, L.
Elci, M. Dogan, Preconcentration-Separation of
Heavy Metal lons in Environmental Samples by
Membrane  Filtration-Atomic ~ Absorption
Spectrometry Combination, Analytical Letters

37(4), 767-780 (2004)

83.

84.

85.

86.

S. Saragoglu, M. Tizen, D. Mendil, M. Soylak,
L. Elgi, M. Dogan, Heavy Metal Content of
Hard Biscuits Produced in Turkey, Bull.
Environ. Contam. Toxicol. 73,264-269 (2004).

M. Tulzen, M. Soylak, L. El¢ci, M. Dogan,
Column Solid Phase Extraction of Copper, Iron
and Zinc lons at Trace Levels in Environmental
Samples on Amberlite XAD-7 for their Flame
Atomic Absorption Spectrometric
Determinations, Analytical Letters 37(6)1185-

1201 (2004).

I. Narin, Y. Sirme, M. Soylak, M. Dogan,
Cr(lll) Cr(Vl) in
Samples by Solid Phase

Speciation  of and
Environmental
Extraction on Ambersorb 563 Resin, Journal of

Hazardous Materials 136 (3): 579-584 (2006).

M. Soylak, H.Colak, O. Turkoglu. M. Dogan,
Metal
Appetizers Consumed in Turkey, Bull. Environ.
Contam. Toxicol., 76, 436-441 (2006).

Trace Contents of Snack and



