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Abstract: In this study, a simple, sensitive and accurate column preconcentra-
tion method was developed for the determination of Cd, Cu and Pbionsin river
water, urine and sediment samples by flame atomic absorption spectrometry.
The procedure is based on the retention of the analytes on a mixed cellulose
ester membrane (MCEM) column from buffered sample solutions and then
their elution from the column with nitric acid. Several parameters, such as pH
of the sample solution, volume of the sample and eluent and flow rates of the
sample were evaluated. The effects of diverse ions on the preconcentration
were aso investigated. The recoveries were >95 %. The devel oped method was
applied to the determination of trace metal ions in river water, urine and
sediment samples, with satisfactory results. The 36 detection limits for Cu, Pb
and Cd were found to be 2, 3 and 0.2 ug dm3, respectively. The presented
procedure was successfully applied for determination of the copper, lead and
cadmium contentsin real samples, i.e., river water and biological samples.

Keywords:. lead; copper; cadmium; mixed cellulose ester membrane; precon-
centration.

INTRODUCTION

Heavy metals are defined as those metals and metalloids generally consi-
dered to be of sufficient distribution and abundance to be in some way environ-
mentally or biologically significant as a toxic substance. Heavy metals may ori-
ginate from various types of sources, such as mining and smelting ferrous ores,
the surface finishing industry, energy and fuel production, fertilizer and pesticide
industries and applications, metallurgy, the iron and steel industry, electroplating,
electrolysis, electro-osmosis, leatherworking, photography, electric appliance
manufacture, metal surface treatment, aerospace and atomic energy installation,
etc. Thus, shortage of metal as a kind of resource is developing and metal also
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create serious environmental pollution, threatening human health and the ecosys-
tem.1-3

Cadmium, copper and lead are three elements that are among the most ha-
zardous to human health. Lead pollution in water systems has serioudly influ-
enced the quality of life, especially in developing country. Lead is accumulated
in tissues and may cause serious health problems for humans and animals. This
metal inhibits biosynthesis and affects the kidneys, brain cells and the permeabi-
lity the liver membrane, thereby reducing some of their functions. It can be accu-
mulated in the body and can promote disturbances such as nausea, vomiting,
diarrhea, sweating and, in some cases, convulsions, coma and death.4°> Cadmium
may cause renal injuries and may interfere with the renal regulation of the cal-
cium and phosphate balance. Cadmium concentrations in urine reflect long term
exposure and the quantity of cadmium stored in the body, particularly in the
kidney and liver. With commencement of renal damage, excretion of Cd can in-
crease markedly.6.7

Copper is an element essential for many biological systems and plays an im-
portant role in carbohydrate and lipid metabolism. In general, copper at nearly 40
ug dm=3 is required for normal metabolism of many living organisms; however,
in higher levels, it is considered to be toxic and severe oral intoxication will
affect mainly the blood and kidneys.89 Whenever toxic heavy metals are ex-
posed to the natural ecosystem, accumulation of metal ions such as lead, cad-
mium and copper in the human body occurs through either direct intake or the
food chain. Therefore, heavy metals should be prevented from reaching the natu-
ral environments because of their toxicity.

The determination of trace metals comprises one of the most important tar-
getsin analytical chemistry. This interest is also demonstrated in different areas,
such as biology and medicine.10 Various techniques have been applied for the
determination of trace heavy metals in agueous and biological samples. Flame
atomic absorption spectrometry (FAAS) has been a very attractive technique for
routine metal determinations, owing to its ease of operation, its low acquisition
and operating costs compared with inductively coupled plasma optical emission
spectrometry (ICP-OES).11

Direct instrumental analysis of these samples is difficult because of complex
formation and significance of the matrices, which invariably influence normal
instrumental analysis. In addition, some metals are present at low concentrations,
which are near to or below the limit of detection of the instrument. Moreover, the
low level of trace elementsin real samples is not compatible with the detection
limit of AAS. Preconcentration can solve the above two problems and lead to
simplified heavy metal determination. There are many methods of preconcen-
tration, including cloud point extraction,12-14 coprecipitation,15-17 cathodic ad-
sorptive stripping voltammetry,18 ICP-OES19.20 microextraction,? ion ex-
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PRECONCENTRATION OF HEAVY METALS 1585

change,22 inductively coupled plasma mass spectrometry,23 liquid-iquid extrac-
tion,24 electrothermal atomic absorption spectrophotometery?® and solid phase
extraction.26-28

Among the various preconcentration methods, solid-phase extraction (SPE)
is one of the most effective multi-element preconcentration methods because of
its simplicity, rapidity and ability to attain a high concentration factor. In addition
SPE provides for the removal of potentially interfering matrices.

Various materials, including amberlite (XAD) resins,2%-32 activated car-
bon,32-35 modified silica gel,36-38 aluming,3940 and synthetic zeolites*! have
been widely used for the preconcentration and separation of trace metal ions from
various matrices.

The purpose of the present study was to demonstrate the feasibility of using
mixed cellulose ester membrane as a solid-phase extractant for the preconcentra-
tion of lead, copper and cadmium found at trace level in water and biological
samples. In the procedure, the analytes were retained on a short mixed cellulose
ester filter column from a buffered sample solution and then eluted from the
column with nitric acid. In the development of the procedure, several parameters
relevant to the retention and elution of the analytes were examined.

EXPERIMENTAL
Materials

All the reagents used were of analytical reagent grade. Doubly-distilled water (DW) and
high purity reagents were used for the preparations of all the standard and sample solutions.
Standard stock solutions containing 1000 mg dm-3 analyte were prepared from nitrate salts of
Cd(11), Cu(ll) and Pb(Il) in 1 % of HNOs in 1-L calibrated flasks (Merck, Darmstadt, Ger-
many, atomic absorption grade). Ammonium chloride buffer solution (0.2 mol dm3) was pre-
pared by adding an appropriate amount of ammonia to anmonium chloride solution (Merck)
to prepare a solution of pH 8. The mixed cellulose ester membrane was purchased from Sar-
torius, No. 10401706 (USA). A GBC atomic absorption spectrophotometer (AA-932, Dande-
nong, Victoria, Australia) equipped with a single-element hollow cathode lamp and an air—
—acetylene burner were used for the determination of the metal ions. All instrumental settings
were those recommended in the manufacturer’s manual book. A Metrohm E-744 model pH
meter (Herisau, Switzerland) with a glass electrode was employed for measuring pH values of
the agueous phases. The preconcentration system consisted of cartridge tube with cellulose
ester membrane (100 mm height, 25 mm internal diameter) connected to a vacuum system.
Theinstrumental and extraction conditions are listed in Table .

TABLE |. Theinstrumental settings for the flame atomic absorption spectrometer

Parameter Lead Copper Cadmium
Wavelength, nm 217 324.8 228.8
Lamp current, mA 5 3 3
Spectral bandwidth, nm 1 0.5 0.5
Air flow rate, dm® min* 8 8 8
Acetylene flow rate, dm® min™ 2 15 2
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1586 SHIRKHANLOO, MOUSAVI and ROUHOLLAHI

Characteristics of the adsorbent material

The microstructure and surface morphology of the adsorbent was characterized by a
Phillips PW3710 field emission scanning electron microscope (SEM) at an accelerating
voltage of 15.0 kV. The SEM image of the MCEM, showing the highly porous morphology of
adsorbent with nanosized pores (200 nm), is presented in Fig. 1.

j& Fig. 1. An SEM image of mixed
.4 cellulose ester membrane, 4500x.

General procedure

A cartridge tube (100 mm length and 38 mm i.d) with mixed cellulose ester membrane
(0.83 mm thickness and 36 mm i.d) was used as a preconcentration column. An aliquot of the
sample solution (25 mL) containing 10-100, 12-350 and 0.8-35 g dm 3 of Cu, Pb and Cd,
respectively, were passed through the column at a flow rate of 1.0 ml minL. Then, the metals
retained on the column were completely dissolved in 2 mL of HNO; (1.5 mol dmr3). The con-
centration of metalsin the final solution was determined by FAAS. A blank solution was also
run under the same analytical conditions without the addition of Cu, Pb and Cd. A fresh
cartridge tube with mixed cellulose ester membrane was used for each experimental run.

RESULTS AND DISCUSSION

Nowadays, membrane filtration is one of the important enrichment tech-
niques for trace heavy metal ions. In membrane filtration, the collection of traces
metal ions is performed very quickly by filtration under suction with the aid of a
vacuum aspirator.4243 Initial experiments showed that MCEM has a tendency to
retain lead, copper and cadmium. Hence, a column containing MCEM adsorbent
was chosen for the preconcentration of lead, copper and cadmium and their sub-
sequent determination by flame atomic absorption spectrometry. In order to ob-
tain the best performance for the flow system, the effects of various chemicals
and instrumental variables on the preconcentration and determination of the me-
tal ions were studied and optimized using the one-at-a-time optimization method.
Therefore, the various analytical parameters, such as pH, sample volume, amount
of sorbent, flow rate and the matrix effect were investigated and optimized.
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Effect of the pH

The pH value of a sample solution is one of the most important variables
controlling the adsorption of the metal ions on the column. Therefore in order to
determine the optimum pH, the effect of pH in the range 4-9 on the retention by
the column was investigated. The effect of pH on the retention of Cu, Pb and Cd
on the MCEM column is shown in Fig. 2, from which it can be seen that a pH
value of 8 found to be the optimum for the quantitative extraction of the metal
ions and the metals recovery was about 99 %. Therefore, pH 8.0 was selected for
the al subsequent experiments.

100 1

80 A

Recovery, %

40

20 A

3 4 5 6 7 8 9
pH
——Cu —®Pb —&—Cd

Fig. 2. Effect of pH on retention of metal ions by MCEM column. Conditions: copper, lead
and cadmium concentration: 25 pg dm3; sample volume: 50 mL; flow rate: 1 mL minL,

Sample flow rate

The sample flow rate through the column is a very important parameter,
since thisis one of the steps that control the analysis time.44 The influence of the
sample flow rate on the preconcentration efficiency was tested at flow rates of
5.0-60 mL min~1. A flow rate in the range of 5.0-10 mL min~1 had no signi-
ficant effect on the recoveries of the investigated elements. In addition, it was
found that analytical signal decreased slightly on increasing the sample flow rate
to above 10 mL min~1 because of incomplete retention of the metal ions on the
column. Therefore, a sample flow rate of 10 mL min~1 was selected for further
studies (Fig. 3).
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Fig. 3. Influence of flow rate on retention of metal ions by MCEM column. Conditions:
copper, lead and cadmium concentration: 25 pg dm3; sample volume: 50 mL; pH 8.

Influence of sample volume

In order to explore the possibility of enriching low concentrations of the
analytes from large sample volume, the effect of the volume of the sample so-
Iution on the metal sorption was studied by passing 25400 mL volumes through
the column. In this work, the amounts of analyte added were constant. The results
are shown in Fig. 4. The adsorption of the metal ions by MCEM was not affected
by the sample volume below 200 mL. Above this volume, the percent sorption of
the analytes decreased. In the present study, sample solution volume of 200 mL
of was adopted for the preconcentration of the investigated ions from synthetic
water samples; the adsorbed metals can be eluted with 2 mL of HNO3 and an
enrichment factor of 100 was thus achieved by thistechnique (Fig. 4).

Effect of eluent volume

The effect of eluent volume on the desorption of the analytes was studied by
keeping the eluent concentration constant at 0.1 mol dm~3 and varying it volumes
from 0.5 to 3.0 mL. The experimental results indicated that with 2.0 mL HNOg,
guantitative recoveries (>98 %) for the target analytes could be obtained. There-
fore, 2.0 mL of eluent was selected for the subsequent experiments.

Adsorption capacity

In order to successfully represent the dynamic adsorptive behavior, it isim-
portant to have a satisfactory description of the equation state between the two
phases composing the adsorption system. Several isotherm models are available.
In this study, the Langmuir adsorption isotherm was employed. The Langmuir
model assumes uniform energies of adsorption onto the surface and no transmig-
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PRECONCENTRATION OF HEAVY METALS 1589

ration of the adsorbate in the plane of the surface. The Langmuir Equation may
be written as:

Je - PQmax  Qmax

where ce is the equilibrium concentration (mg dm3), ge is the amount adsorbed
at surface equilibrium (mg g-1) and Qmax and b are Langmuir constants related to
the adsorption capacity and the energy of adsorption, respectively. It isclear from
Table Il and Fig. 5 that the Langmuir model provided a good fit throughout the
concentration range. The applicability of the isotherm models and the high values
of the correlation coefficients (R2 = 0.978, 0989 and 0.998, respectively) for Cu,
Pb and Cd, suggest favorable and monolayer adsorption. The values of Qmax as
determined from the Langmuir plots are 24, 17 and 16 mg g~ for Cu, Pb and Cd,
respectively. According to the results, the maximum capacity of the adsorbent
under column conditions, due to the shorter contact time, is dightly lower than
under batch conditions, which is apparently quite expected. The values of the
constants of the Langmuir isotherm model are givenin Tablell.

1 | G )

100 ~

"t —h—

80 -

Recovery, %
&

20 1

0 100 200 300 400
Sample volume, mL

—e—Pb ——Cu —a—Cd

Fig. 4. Influence of sample volumes on the recovery of metal ions. Conditions. copper, lead
and cadmium concentration: 25 pg dm3; flow rate: 1 mL min1; pH 8.

Interference studies

In order to assess the effects of commonly co-existing ions, which could
interfere with the determination of Cu, Cd and Pb, several analytes were tested at

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS

@080

EW MG MO
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the concentration levels at which they may occur in the sample concerned. The
results are given in Table Ill. The tolerance limit is defined as the ion concen-
tration causing a relative error smaller than £4 % related to the preconcentration
and determination of the analyte ions. The ions normally present in water did not
interfere under the employed experimental conditions. In addition, some of the
transition metals at mg dm=3 levels did not interfere with the recoveries of the
analyte ions. These results show that the proposed preconcentration/determi-
nation method could be applied to highly saline samples and the samples that
contain some of the transition metals given in Table 11 at mg dm3 levels.

TABLE II. The Langmuir isotherm model constants

Langmuir parameter Cu Pb Cd
Qmac/ My g™ 24 17 16
b/mg*L” 0.178 0.053 0.062
R? 0.997 0.989 0.998
25
5. 20
£
D-D 15 1
‘Q: 10
Qo
5 <4
0 T T T T !
0 10 20 30 40 50
¢,/ mgdm”

4Cu HPb ACd
Fig. 5. Langmuir plots for adsorption of metal ions on MCEM.

TABLE IIl. Tolerance limits of interfering ions in the determination of 50 pg dm of Cu, Pb
and Cd

Metal to interferent ratio (w/w)

lon

Cu Pb Cd
Na* 1/5000 1/5000 1/5000
K* 1/10000 1/10000 1/10000
Mg* 1/2000 1/2000 1/2000
cI- 1/2000 1/2000 1/2000
CO& 1/3000 1/3000 1/3000
Ni* 1/1000 1/1000 1/1000
v 1/1000 1/1000 1/1000
Pb** 1/2000 - 1/2000
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TABLE Ill. Continued

lon Metal to interferent ratio (w/w)

Cu Pb Cd
Mn** 1/1000 1/1000 1/1000
crt 1/1000 1/1000 1/1000
ca®* 1/2000 1/2000 1/2000
Al® 1/2000 1/2000 1/2000
cd* 1/2000 1/2000 -
zn** 1/2000 1/2000 1/2000
Fe 1/2000 1/2000 1/2000
cu* - 1/2000 1/2000
Ba®* 1/1000 1/1000 1/1000
Ag" 1/1000 1/1000 1/1000

Statistical evaluation of the method

The limits of detection (LOD) of the proposed method for the determination
of the investigated elements were studied under optimal experimental conditions
by applying the procedure for blank solutions. The detection limits of the in-
vestigated elements based on three times the standard deviations of the blank (k = 3,
N = 10) were 2 ug dm=3 for Cu(ll), 3 pg dm=3 for Pb(Il) and 0.2 ug dm=3 for
Cd(11). The values of the limit of quantification (LOQ) were obtained as 7, 8 and
0.6 ug dm=3 for Cu, Pb and Cd, respectively (SN = 10). The reproducibility of
the presented procedure was evaluated by a model solution containing heavy
metal ions (N = 6). The relative standard deviations (RSD) of these determina-
tions were below 4.7 %.

The calibration curves for anayte ions were drawn after setting various para-
meters of FAAS, including wavelength, slit width, lamp current, at the optimum
level. The optimum concentration ranges and regression equations for analytes
are given in Table IV. The statistical calculations are based on the average of
triplicate readings for a standard solution of the analyte ions.

TABLE V. Analytical characteristics of the calibration curves of the analytes

Anayte Correlation coefficient Linear range, ug dm RSD / %
Cu 0.9995 10.0-100 32
Pb 0.9997 12.0-350 4.3
Cd 0.9998 0.8-35 1.8

Addition/recovery tests

Tests of addition/recovery in the experiments for analyte ions were per-
formed for river water samples. The results are given in Table V. Good agreement
was obtained between the added and measured analyte amounts. The recovery
values for copper, cadmium and lead were in the range of 92—105 %. These va-
lues are quantitative and show that the presented method can be applied for the
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1592 SHIRKHANLOO, MOUSAVI and ROUHOLLAHI

separation—preconcentration of analyte ions in real samples and the results indi-
cate the applicability of the developed procedure for the determination of cad-
mium, copper and lead free of interference.

TABLE V. Application of the presented procedure to the analysis of a river water sample
from Tehran City, Iran

Concentration, pug dm™

0,

Analyte Added Found® Recovery, %
Cu - 40.0£0.5 -

30 68.2+0.2 94

40 81.0+0.6 102

50 88.0+0.8 9%
Pb 125+1.0

100 227+2.0 102

150 273+15 99

200 331+2.1 103
Cd 12.0+0.3

10 21.2+0.6 92

15 26.5+0.5 97

20 33.0+0.9 105

@Average of three determinations + SD

Accuracy of the method

In order to evaluate the accuracy of the proposed preconcentration method,
the analytes were determined in certified standard reference material (RM 8704
Buffalo River sediment). The sediment sample was dissolved and the column
preconcentration procedure was applied to the sediment solution. The results
obtained from the analysis of the certified reference material are depicted in
Table VI, from which it can be seen that the achieved relative error values (%)
were lower than 5%, meaning that the described method has good accuracy. The
results obtained from the proposed method were in a good agreement with the
certified values for Pb, Cd and Cu. In addition, the accuracy of the proposed
procedure was also checked by analysis of urine samples by electrothermal ato-
mic absorption spectrometry (ET-AAS). There was no significant difference at
the 95 % confidence limit between the results obtained by proposed method and
ET-AAS (see Table VII).

Comparison with other preconcentration studies

A comparison of the presented procedure with other preconcentration sys-
tems for the determination of cadmium, copper and lead can be seen in Table
VIII. Anaytical features, such as enrichment factor and detection limits, of the
proposed method are comparable to those of other methods described in the
literature.
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TABLE VI. Thelevels of analyteionsin the reference material (N = 6)
Content, mg kg™

0, 1 0,
Element Caificdvaie Obsrvedvaud 0 % Relativeerror, %
cu 98.6 97.2+1.40 21 14
Pb 161 154+2.20 19 43
cd 35 3.38:0.09 05 34

@Mean of six determinations at the 95 % confidence limit

TABLE VII. Determination of Cu, Pb and Cd in a urine samples
Concentration, ug dm*

Element - Relative error, %
Present method ET-AAS method

Cu 58.4+0.75 61.3+0.25 —4.7

Pb 81.4+0.57 85.3+0.51 —4.5

Cd 1.20+0.21 1.22+0.15 1.6

#Mean of six determinations at the 95 % confidence limit

TABLE VIII. Comparison of the proposed method with previously reported methods

Elements Enrichment factor LOD / pug dm™ Reference
Cu, Pb 20, 20 11,61 45

Cu, Cd 35, 38 18,16 46

Cu, Pb 100, 100 054,45 27

Pb, Cd 19.6,15.1 46,0.74 6

Pb, Cu, Cd 60, 60, 60 0.02,3.1,0.9 42

Pb, Cu, Cd 20, 20, 20 225,10,11 47

Pb, Cu, Cd 100, 100, 100 2.0,3.0,0.2 Present work

CONCLUSIONS

The developed procedure is very simple, sensitive and shows high tolerance
to interference ions. Due to its good analytical characteritics, such as detection
limit, enrichment factor and precision, the method is suitable for trace element
analysis. In addition, no modification or functionalization of the employed ad-
sorbent is required. The recoveries of the studied analytes were nearly quanti-
tative. The accuracy of the results was verified by analyzing a certified reference
material and spiked water samples. The recoveries for these elements were very
satisfactory, which evidence for the reliability of the proposed method in the ana-
lysis of real samples.

Acknowledgments. The authors are grateful for the financial support provided by K. N.
Toos University of Technology and Semnan University Scientific Research Foundation, Iran.

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS

@0

56

PG MO




1594 SHIRKHANLOO, MOUSAVI and ROUHOLLAHI

U3BOA

NMPEAKOHUEHTPUCAKBE U OAPEBHUBAIE TEINKUX METAJIA ¥V BOIH,
CEAMMEHTY 1 BUOJIOIIKHM Y30PIITUMA

HAMID SHIRKHANLOO", HASSAN ZAVVAR MOUSAVI? u AHMAD ROUHOLLAHI*

*Department of Chemistry, Faculty of Science, K. N. Toosi University of Technology, Tehran Chemistry
u *Department, College of Sciences, Semnan University, Semnan, Iran

VY oBoM pajy pa3BHjeHa je OCeT/bHBA M IPELH3HA METOJA 32 KOJIOHCKY NMPEAKOHLEHTPALH]Y
npu oapehuBamy joHa Cd, Cu u Pby y3opurma pedHe Bojie, ypuHa U CEAUMEHTA [IIAMEHOM aTOM-
CKOM ariCOPIIIMOHOM CIieKTpoMeTprjoM. OBaj OCTYIAK je 3aCHOBAH Ha PETCHIIU]H aHATUTA Ha KO-
JIOHH 071 MeMOpaHe ectpa Mmeane ueiyinoze (MCEM) u3 mydepoBaHor pacTBopa y30pka H BHX0-
BOT' ellyHparba U3 KOJIOHE a30THOM KUCEIHMHOM. I[IpoydeH je yTHIlaj HeKOJIMKO apaMerapa, Kao LITo
cy pH pacrtBopa y30pka, 3alpeMHHE y30pKa U elyeHTa M Op3uHe IMpoToKa y3opka. cnuraHu cy u
YTUIAjU pa3HUX jOHA Ha MpeKOHLeHTpauujy. [IppHOC aHATUTUYKOT MOCTYyIKa je yBek 6uo >95 %.
OBaj MeTo/1 je MpUMeheH Ha opeluBarbe TparoBa METaJIHUX jOHA y Y30pLUMa pPedHe BOJE, ypHHA
U CEJMMENTA, ca 3a/10B0JbaBajyhum pesynraruMa. ['pannie nerexuuje 36 3a Cu, Pb u Cd cy Gune
2, 3, omnocuo 0,2 ug dm3. Msnoxenu HOCTYIaK je YCIHEIIHO NpUMEHeH 3a onpehusame Gakpa,
0JIOBa U KaJIMHjyMa y CTBApHUM Y30pLMMa Kao IITO Cy PeYHa BOJa M GHOJIOLIKH Y30PIH.

(Ipumsbero 24. okrobpa 2010, pesuaupano 4. janyapa 2011)

REFERENCES
1. E. Melek, M. Tuzen, M. Soylak, Anal. Chim. Acta 578 (2006) 213
2. J. L. Wang, C. Chen, Biotechnol Adv. 24 (2006) 427
3. M. J. Yonone-Lioy, P. J. Lioy, J. Exposure Sci. Environ. Epidemiol. 16 (2006) 397
4. T.A. Maranhao, D. L. G. Borges, M. A. M. S. daVeiga, A. J. Curtius, Spectrochim. Acta
60 (2005) 667
5. R. K. Sharma, M. Agrawal, F. M. Marshall, Food Chem. Toxicol. 47 (2009) 583.
6. E. L. Silva, P. S. Roldan, J. Hazard. Mater. 161 (2009) 142
7. W. Torjussen, H. Zachariasen, |. Andersen, J. Environ. Monit. 5 (2003) 198
8. H. B. Tabrizi, J. Hazard. Mater. 139 (2007) 260
9. V. A. Lemos, G. S. Novaes, A. L. de Carvalho, E. M. Gama, A. G. Santos, Environ.

Monit. Assess. 148 (2009) 245

10. E. L. daSilva, A. O. Martins, A. Vaentini, V. T. Favere, E. Carasek, Talanta 64 (2004)
181

11. E. L. Silva, P. S. Roldan, M. F. Ging, J. Hazard. Mater. 171 (2009) 1133

12. M. Ghaedi, A. Shokrollahi, K. Niknam, E. Niknam, A. Najibi, M. Soylak, J. Hazard.
Mater. 168 (2009) 1022

13. D. Citak, M. Tuzen, Food Chem. Toxicol. 48 (2010) 1399

14. C. A. Sahin, |. Tokgoz, S. Bektas, J. Hazard. Mater. 181 (2010) 359

15. M. Tuzen, D. Citak, M. Soylak, J. Hazard. Mater. 158 (2008) 137

16. T.Oymak, S. Tokalioglu, V. Yilmaz, S. Kartal, D. Aydin, Food Chem. 113 (2009) 1314

17. D. Citak, M. Tuzen, M. Soylak, Food Chem. Toxicol. 47 (2009) 2302

18. A. A. Ensdfi, T. Khayamian, A. Benvidi, E. Mirmomtaz, Anal. Chim. Acta 561 (2006)
225

19. B. Feidt, B. Mikula, K. Pytlakowska, B. Puzio, F. Buhl, J. Hazard. Mater. 152 (2008)
1122

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS

@0

56

PG MO




20

21.
22.
23.

24.
25

26.
217.
28.
29.
30.
31.
32.
33.

35.

36.

37.
38.

39.

41.

SERBND

47

PRECONCENTRATION OF HEAVY METALS 1595

. A. L. Escudero, S. Cerutti, R. A . Olsinaa, J. A. Saloniaa, J. A. Gasquez, J. Hazard.

Mater. 183 (2010) 218

C. A. Sahin, I. Tokgoz, Anal. Chim. Acta 667 (2010) 83

H. Filik, B. D. Ozturk, M. Dogutan, G. Gumus, R. Apak, Talanta 44 (1997) 877

A. P. Packer, M. F. Giné, C. E. S. Miranda, B. F. Reis, J. Anal. At. Spectrom. 12 (1997)
563

S. V. Mahamuni, P. P. Wadgaonkar, M. A. Anuse, J. Serb. Chem. Soc. 75 (2010) 1099

H. I. Afridi, T. G. Kazi, M. B. Arain, G. H. Kazi, M. K. Jamali, J. AOAC Int. 90 (2007)
470

T. Madrakian, M. A. Zolfigol, F. Aboulghazi, J. Serb. Chem. Soc. 75 (2010) 669

N. Pourreza, R. Hoveizavi, Spectrochim. Acta 59 (2004) 515

Z. Todorovi¢, P. Poli¢, T. Sabo, M. Caki¢, J. Serb. Chem. Soc. 67 (2002) 879

M. Soylak, M. Tuzen, J. Hazard. Mater. 137 (2006) 1496

Z. Fang, J. Ruzicka, E. H. Hansen, Anal. Chim. Acta 164 (1984) 23

E. J. Dos Santos, A. B. Herrmann, A. S. Ribeiro, A. J. Curtius, Talanta 65 (2005) 593

V. A. Lemos, E. S. Santos, E. M. Gama, Sep. Purif. Technol. 56 (2007) 212

S. Cerutti, M. F. Silva, J. A. Gasguez, R. A. Olsina, L. D. Martinez, Spectrochim. Acta 58
(2003) 43

M. Ghaedi, F. Ahmadi, M. Soylak, Ann. Chim. 97 (2007) 277

S. Cerutti, S. Moyano, J. A. Gasguez, J. Stripeikis, R. A. Olsina, L. D. Martinez, Spec-
trochim. Acta 58 (2003) 2015

F. Xie, X. Lin, X. Wu, Z. Xie, Talanta 74 (2008) 836

G. Goktirk, M. Delzendeh, M. Volkan, Spectrochim. Acta 55 (2000) 1063

V. A. Lemos, L. S. G. Teixeira, M. A. Bezerra, A. C. S. Costa, J. T. Castro, L. A. M.
Cardoso, D. S. de Jesus, E. S. Santos, P. X. Baliza, L. N. Santos, Appl. Spectrosc. Rev. 43
(2008) 303

A. M. Haji Shabani, S. Dadfarnia, Z. Dehghani, Talanta 79 (2009) 1066

M. Ezoddina, F. Shemirani, Kh. Abdi, M. Khosravi Saghezchi, M. R. Jamali, J. Hazard.
Mater. 178 (2010) 900

Y. P. de Pena, W. Lopez, J. L. Burguera, M. Burguera, M. Gallignani, R. Brunetto, P.
Carrero, C. Rondon, F. Imbert, Anal. Chim. Acta 403 (2000) 249

U. Divrikli, A. A. Kartal, M. Soylak, L. Elci, J. Hazard. Mater. 145 (2007) 459

M. Soylak, U. Divrikli, L. Elci, M. Dogan, Talanta 56 (2002) 565

Y. Li, B. Hu, Z. Jiang, Anal. Chim. Acta 576 (2006) 207

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

M. Ghaedi, B. Karami, Sh. Ehsani, F. Marahel, M. Soylak, J. Hazard. Mater. 172 (2009)
802

. W. Ngeontae, W. Aeungmaitrepirom, T. Tuntulani, Talanta 71 (2007) 1075.

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS

@0

56

PG MO





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




