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Abstract: lonic liquid-based dispersive liquidiquid microextraction (IL—
—DLLME) coupled with high performance liquid chromatography (HPLC)
with UV detection was developed for the simultaneous extraction and deter-
mination of nickel, cobalt, copper and zinc ions. In the proposed approach,
salophen (N,N'-bis(salicylidene)-1,2-phenylenediamine) was used as a chelat-
ing agent, the ionic liquid, 1-hexyl-3-methylimidazolium hexafluorophosphate,
and acetone were selected as extracting and dispersive solvents, respectively.
After extraction, phase separation was performed by centrifugation and the
sedimented phase (ionic liquid) was solubilized in acetonitrile and directly
injected into the HPLC for subsequent analysis. Baseline separation of the
metal ion complexes was achieved on a RP-C18 column using a gradient
elution of mixtures of methanol—acetonitrile-water as the mobile phase at a
flow rate of 1.0 mL min'l. The influence of variables such as sample pH, con-
centration of the chelating agent, amount of ionic liquid (extraction solvent),
disperser solvent volume, extraction time, salt effect and centrifugation speed
were studied and optimized. Under the optimum conditions, an enrichment
factor of 222 was obtained. The detection limits for Ni, Co, Cu and Zn were
0.8, 1.6, 1.9 and 2.8 ug L1, respectively. The relative standard deviation (RSD)
was in the range 3.6-5.0 % for al of the investigated metal ions. The proposed
procedure was successfully applied to the determination of the studied metal
ionsin water samples.

Keywords: nickel; cobalt; copper; zinc;, dispersive liquid-iquid microex-
traction; salophen; HPLC-UV.
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INTRODUCTION

Nickel, cobalt, copper and zinc are essentia trace elements in the human
body. Although these elements are required for the fulfillment of multiple func-
tions in the organism, they are harmful at high concentrations.! The accurate and
precise quantification of low concentrations of metal ions is possible by either
using very sensitive instrumental techniques or performing enrichment/separation
methods. Several separation and pre-concentration procedures, including: liquid—
liquid extraction (LLE),2° solid phase extraction (SPE),5-11 cloud point extrac-
tion (CPE),12-14 and co-precipitation,15-17 have been developed in this regard.
These methods, despite of their advantages, suffer from limitations, such as sig-
nificant chemical additives, solvent losses, complex equipment, large secondary
wastes, unsatisfactory enrichment factors and high time consumption, that limit
their application. A new trend in analytical chemistry is miniaturization of pre-
concentration techniques to reduce the consumption of reagents and decrease
waste generation.18 As a result, several novel micro-extraction techniques, such
as solid-phase microextraction (SPME)19.20 and liquid-phase micro-extraction
(LPME),21-24 have been developed. SPME is expensive, its fiber is fragile and
has limited lifetime and sample carry-over can be a problem.25> LPME was deve-
loped as a solvent-minimized sample pretreatment procedure that is inexpensive
and, since very little solvent is used, there is minimal exposure to toxic organic
solvents.26:27 However, this method suffers from some disadvantages, such as:
fast stirring would tend to form air bubbles,28 the extraction is time-consuming
and equilibrium could not be attained even after along time in most cases.23

Efforts to overcome these limitations have led to the development of dis-
persive liquidHiquid micro-extraction (DLLME) with the advantages of short
extraction time, ease of operation, and small amounts of applied solvents.29
These quite new methods of sample preparation, which are used in the separation
and pre-concentration of metals, could solve some of the problems encountered
with conventional pretreatment techniques. In DLLME, a mixture of a water-
immiscible extraction solvent and a water-miscible dispersive solvent is rapidly
injected into an agueous sample solution by syringe. A cloudy solution contain-
ing fine droplets of the extraction solvent dispersed entirely in the aqueous phase
is formed, which is attributed to the dispersive role of the dispersive solvent. The
analytes in the sample are extracted into fine droplets of the extraction solvent,
the mixture is then exposed to centrifugation and the sedimented phase contain-
ing the analytes of interest is then analyzed by gas chromatography (GC) or high
performance liquid chromatography (HPLC) or by conventional analytical tech-
niques. The DLLME method is simple, rapid and low cost, and has high recovery
and enrichment factors. This method was successfully applied for the pre-con-
centration of organic and inorganic species in environmental samples,30-36
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DETERMINATION OF METALSIN WATER SAMPLES 65

Atomic spectrometric techniques are commonly used in multi-element anal-
ysis, but most of them, especially flame atomic absorption spectrometry, need
milliliter volumes of samples. Inductively coupled plasma—atomic emission spec-
trometry (ICP-AES) and inductively coupled plasma—mass spectrometry (ICP-
MS) require complicated operation, high cost of maintenance, expensive appa-
ratus and need well-controlled experimental conditions. HPLC is a good ater-
native technique, which is a simple and relatively cheap method. In DLLME, the
sedimented phase has micro-liter volumes that can be fully injected into the
HPLC column. To the best of our knowledge, there are only two reports in the
literature on the pre-concentration and determination of cobalt and iron,37 and
copper and zinc38 by the DLLME-HPLC method.

The main objective of this study was to explore the applicability of DLLME
coupled with HPLC-UV for the development of a new method for the simul-
taneous pre-concentration and determination of nickel, cobalt, copper and zinc in
water samples. In this research, an ionic liquid (IL) was used as the extraction
solvent. The IL decreases the toxicity of the procedure via decreasing the con-
sumption of chlorinated solvents and allows the facile injection into the reversed-
-phase system after dilution. lonic liquid can effectively shield residual silanols
and improve the peak shapes.39 The effects of various experimental parameters,
such as the sample pH, concentration of ligand, amount of ionic liquid, kind and
volume of the disperser solvent, extraction time, speed of centrifugation and salt
effect, were studied and optimized.

EXPERIMENTAL
Apparatus

Chromatographic separations were realized using a Knauer HPLC system consisting of a
K-1001 quaternary solvent delivery pump with an online degasser, a UVD K-2600 detector
capable of detecting at four wavelengths, and a sampling valve with 20 pL sample loop
(Knauer, Germany). A reversed-phase Perfectsil target C;g column (250 mmx4.6 mm |.D.,
5-um particle size) was used for separation at ambient temperature and ChromGate software
package was employed to acquire and process the chromatographic data. The mobile phase
used for the analysis consisted of methanol (A), water (B); and acetonitrile (C) at a flow rate
of 1 mL minL. The following gradient was used: 0 min, 10 % A, 30 % B, 60 % C; 3-3.5 min,
50 % A, 30 % B, 20 % C; 3.5-10 min, 0 % A, 20 % B, 80 % C. The UV-detector was set at
436 nm. A Hettich centrifuge model EBA 20 (Hettich, Germany) was used for phase sepa-
ration. A BEL PHS-3BW pH-meter (BEL, Italy) with a combined glass—calomel electrode
was used for pH adjustment.

Reagents and solutions

Methanol (HPLC-grade), water, acetone and acetonitrile were provided by Merck
(Darmstadt, Germany). Analytical grade nitrate salts of nickel, cobalt, and acetate sats of
copper and zinc (al from Merck, Darmstadt, Germany) were of the highest available purity
and used without any further purification. All other chemicals used were of analytical reagent
grade. All solutions were purchased in double distilled water. The stock solutions of Ni(ll),
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Co(Il), Cu(ll) and Zn(I1), 1000 mg L1, were prepared by carefully weighing the solid salts
and dissolving in double distilled water in 100 mL volumetric flasks. A standard solution of
metal ions was prepared daily by suitable dilution of the stock solution with doubly distilled
water. 1-Hexyl-3-methylimidazolium hexafluorophosphate ([hmim][PFg]) was purchased
from IoLiTec (Germany). Acids, bases and the other materials and salts were obtained from
Merck (Darmstadt, Germany). The ligand of N,N'-bis(salicylidene)-1,2-phenylenediamine
(salophen, Fig. 1) was synthesized and purified according to a previously reported proce-
dure.4® A 0.01 mol L1 solution of salophen in ethanol was prepared by dissolving the proper
amount of the reagent. The pH of solutions was adjusted to 6.5 by dissolving the required
amount of acetic acid (0.4 mol L1 in distilled water and drop wise addition of sodium
hydroxide solution.

——N N

OH HO
Fig. 1. Structural formula of salophen.

Four water samples, i.e., Kan River, tap, well and mineral water, were used to validate
the proposed method. The tap, well and Kan River waters were collected from Tehran (Iran).
Bottled mineral water was purchased from a local supermarket. All samples were filtered
through a filter paper (Whatman, No. 42) prior to use for the DLLME procedure. The water
samples were subjected to ultraviolet light for 2 h to kill al microorganisms.

lonic liquid-based DLLME procedure

The pH of the sample solution (10.0 mL) containing 10 pg L™t of Ni(II), Co(ll), Cu(ll)
and Zn(l1), and 1.0x102 mol L1 salophen was adjusted to 6.5 by adding hydrochloric acid
and/or sodium hydroxide in the presence of sodium acetate in a 15 mL screw-cap conical-
-bottom glass centrifuge tube. Then, a binary solution containing 400 pL of acetone as the
disperser solvent and 130 mg of ionic liquid (1-hexyl-3-methylimidazolium hexafluorophos-
phate ([hmim][PFg])) as the extracting solvent was rapidly injected into the sample solution
using a 1.0 mL gastight syringe (Hamilton). A cloudy solution (water/acetone/IL) consisting
of very fine droplets of IL dispersed in the solution was formed and the metal ions—salophen
complexes were extracted into the fine droplets of IL. The mixture was gently shaken and then
centrifuged for 5 min at 4000 rpm. As aresult, the fine droplets of IL with a volume of 5 uL
settled at the bottom of the centrifuge tube. All the aqueous phase was removed with a
syringe. Then, the sedimented phase (IL-phase) was dissolved in acetonitrile to atotal volume
of 40 pL and injected into the HPLC-UV for separation and determination. The chromatogram
showing the separation of nickel, cobalt, copper and zinc complexes with salophen is shown
inFig. 2.
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Fig. 2. IL-DLLME-HPLC chromatogram for a mixture of the metal complexes. Conditions:
Ni(I1), 40.0; Co(ll), 60.0; Cu(ll), 20.0 and Zn(I1), 50.0 pg L-1; 1.0x102 mol L-1; salophen, 130
mg [hmim][PFg]; 400 pL acetone; 4000 rpm centrifuge speed; gradient eluent program at a
flow rate of 1 mL min! and detection at 436 nm.

RESULTS AND DISCUSSION

In the present work, IL-DLLME combined with HPLC-UV was developed
for the simultaneous determination of Ni(ll), Co(ll), Cu(ll) and Zn(Il) ions in
water samples. To obtain a high extraction recovery, the influence of effective
parameters such as pH, amounts of IL and disperser solvents, concentration of
chelating agent and salt and co-existing ions should be optimized.

Influence of pH

The pH has a significant influence on the metal-igand complex formation
and subsequent extraction. The effect of pH on the DLLME pre-concentration of
Ni(I1), Co(ll), Cu(ll) and Zn(I1) ions was studied in the pH range 2.0-10.0. The
results are illustrated in Fig. 3. The progressive decrease in the extraction of
metal ions of interested at low pH values was due to competition of hydrogen ion
with analytes for reaction with salophen. At high pH values, hydrolysis of the
cations occurs. The extraction recoveries were the highest for all metal ions at pH
6.5. Therefore, pH 6.5 was selected for further studies.

Influence of the ligand concentration

The concentration of salophen has a direct effect on the formation of the
complexes of the metal ions and their subsequent extraction and pre-concen-
tration. The effect of salophen concentration on the extraction recoveries of
Ni(ll), Co(ll), Cu(ll) and Zn(ll) ions was studied in the range of 1.0x10-3-
—4.0x10~2 mol L1, and the results are shown in Fig. 4. With increasing salophen
concentration up to 0.01 mol L1, the maximum metal ions extraction was
achieved and with higher amounts of salophen concentrations, the recoveries
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became nearly constant. Therefore, a salophen concentration of 0.01 mol L—1 was
selected for the further experiments.
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Fig. 3. Influence of pH on the extraction recovery of metal ions obtained by DLLME.
Extraction conditions: sample volume 10.0 mL ; disperser solvent (acetone) volume 0.40 mL;
salophen 1.0x10-2 mol L-1; amount of [hmim][PFg] 130 mg; concentration of: Ni(ll) 40.0,
Co(I1) 60.0; Cu(l1) 20.0 and Zn(l1) 50.0 pug L.
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Fig. 4. Influence of the concentration of the ligand on the extraction recovery of metal ions
obtained by DLLME. Extraction conditions. sample volume 10.0 mL; disperser solvent
(acetone) volume 0.40 mL; amount of [hmim][PFg] 130 mg; concentration of: Ni(ll) 40.0,
Co(ll) 60.0; Cu(ll) 20.0 and Zn(I1) 50.0 pg L1,
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DETERMINATION OF METALSIN WATER SAMPLES 69

Influence of the amount of ionic liquid

The extraction solvent should have specia characteristics including low
solubility in water, capability of extraction of the target compounds, higher den-
sity than water and good chromatographic behavior. Most of the halogenated sol-
vents applied in DLLME have all of the above properties, but these compounds
are highly toxic and their direct injection to reverse phase HPLC is impossible.
ILs represents a good and efficient alternative to the conventional chlorinated
organic solvents in the DLLME procedure. In the present study, the IL
([hmim][PFg]) was used as the extraction solvent. To examine the effect of the
IL, solutions containing different amounts of the ionic liquid were subjected to
the same IL-DLLME procedure and the results are shown in Fig. 5. The results
indicate that with increasing amount of ionic liquid, the extraction recovery of
metal ions increased via improving their ability for trapping and extraction of
target compounds. At values greater than 130 mg, some of IL could not be dis-
persed into the agueous solution as infinitesimal drops, and existed as larger
drops, which decreased the contact area between metal complexes and the IL
drops. Reduction of the extraction recovery at higher values of IL (>130 mg) was
probably due to a decrease in the ratio between the dispersive solvent and the
extractant. This decreases the number of formed droplets available for extraction,
which lowers the extraction efficiency.41:42 Based on these observations, 130 mg
of the IL were used in the further experiments.
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Fig. 5. Influence of the amount of ionic liquid on the extraction recovery of metal ions

obtained by DLLME. Extraction conditions. sample volume 10.0 mL; disperser solvent

(acetone) volume 0.40 mL ; salophen amount 1.0x102 mol L-1; concentration of: Ni(Il)
40.0, Co(ll) 60.0; Cu(Il) 20.0 and Zn(11) 50.0 pg L L.
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Influence of the type and volume of the dispersive solvent

The choice of the dispersive solvent to be used in a DLLME procedure is
very important in order to achieve an effective pre-concentration of analytes. The
candidate solvents must have the appropriate miscibility in both the extraction
solvent and the sample solution in order to form a distinct cloudy solution.
Hence, four possible disperser solvents, i.e., methanol, ethanol, acetonitrile and
acetone, were tested. A series of sample solutions were studied by using 400 L
of each solvent containing 130 mg of [hmim][PFg] (extraction solvent). The
extraction recoveries are given in Fig. 6. The results show that acetone is the best
disperser solvent. Acetone was therefore selected for the subsequent studies. The
volume of disperser solvent affects the solubility of the extraction solvent in the
water solution and the volume of the settled phase, which have influences on the
extraction recovery and enrichment factor. To acquire the optimal volume, expe-
riments were performed with different volumes of acetone (0, 100, 200, 300, 400,
600 and 800 uL) containing 130 mg [hmim][PFg]. Asshown in Fig. 7, the extrac-
tion recoveries of the analytes show an initial increase and then decrease with
increasing volume of acetone. At low volumes of acetone, a cloudy solution was
not completely formed, and hence the extraction recovery of the analyte was low,
while at larger volumes of acetone, the solubility of [hmim][PFg] in the aqueous
solution increased and the extraction recovery decreased. According to the
obtained results, 400 uL acetone was chosen in order to obtain a high extraction
recovery and the maximum pre-concentration factor.
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Fig. 6. Influence of the type of dispersive solvent on the extraction recovery of metal ions
obtained by DLLME. Extraction conditions: sample volume 10.0 mL; disperser solvent
volume 0.40 mL ; salophen amount 1.0x102 mol L-1; ionic liquid amount 130 mg;
concentration of: Ni(I1) 40.0; Co(l1) 60.0; Cu(ll) 20.0 and Zn(I1) 50.0 ug L.
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Fig. 7. Influence of the volume of the disperser solvent on the extraction recovery of meta
ions obtained from DLLME. Extraction conditions. sample volume 10.0 mL; salophen
amount 1.0x102 mol L-1; amount of [hmim][PFg] 130 mg; concentration of: Ni(I1) 40.0;
Co(I1) 60.0; Cu(l1) 20.0 and Zn(I1) 50.0 pg L.

Influence of the extraction time

An extraction process is time dependent. The extraction time in this experi-
ment was defined as the interval between injection of the mixture of methanol
and IL and the start of centrifugation. To evaluate the optimum extraction time,
similar experiments were undertaken at time intervalsin the range 0-20 min. The
results showed that the extraction time had no significant effect on the extraction
efficiency. It could be concluded that the extraction process is fast and imme-
diately after the formation of the cloudy solution, equilibrium is achieved due to
the large surface area between the IL droplets and the agueous phase. Conse-
guently, a short time was required for the extraction. Therefore, the phase sepa-
ration by centrifugation was performed immediately after mixing the reagents.

Centrifugation parameters

In DLLME process, centrifugation affects the size of the settled phase and
the concentration of analyte in the extraction phase. In this regard, a set of similar
experiments were conducted and it was observed that centrifuging the cloud
mixture for 5 min at 4000 rpm results in an efficient and suitable phase sepa-
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72 ASGHARI et al.

ration leading to an oil phase that can be efficiently introduced into the HPLC
system. Hence, 5 min at 4000 rpm was chosen for the further experiments.

Influence of ionic strength

The effect of ionic strength on the extraction efficiency was evaluated by
adding various amounts of NaNO3 (0.0-1.0 mol L-1) into the sample solutions,
the other parameters being kept constant. The results confirmed that the addition
of salt up to 0.6 mol L= has no significant effect on the extraction efficiency and
the extractions of all species were quantitative. On increasing the ionic strength
(from 0.6 to 1.0 mol L-1), the solubility of the extraction solvent (IL) in the aque-
ous phase increases. As a result, the volume of the sedimented phase decreases,
which reduce the extraction recoveries. These observations revealed the possib-
ility of using this method for the pre-concentration of the target analytes from
saline solutions of up to 0.6 mol L1,

Influence of co-existing ions

The influence of various co-existing ions in the water samples on the reco-
very of the investigated metal ions in the DLLME process was studied. In these
experiments, 10.0 mL of solutions containing 200.0 pg L1 of metal ions and
various amounts of interfering ions was treated according to the recommended
procedure. Tolerance limit was defined as the anayte ion/interferent ratio that
caused an error smaller than £5 %. The interferences were investigated and from
the observations (Table 1), it can be concluded that the method is suitable for
trace metal enrichment in the presence of high amounts of co-existing ions.

TABLE I. Interference study for nickel, cobalt, copper and zinc determination

Tolerance limit?

SpeCI ® Wi on/ Wi Wi on/ Wco Wi on/ Weu Wi on/ Wzn
Mg?*, Caé*, K*, Na*, Li*, 1000 1000 1000 1000
NO3_, Cl_, F, I, 804_

Cd?* 1000 1000 1000 500
Ba?t 1000 1000 1000 500
Al3* 1000 1000 1000 25
MnZ* 25 1000 1000 1000
Sn2* 500 1000 1000 500
Cu?* 25 50 - 100
Zn?* 100 100 50 -
Ni2+ - 100 25 50
Co?* 50 - 50 50
Ag* 25 25 1000 50
Cr3t 1000 50 50 10
Pb2* 25 10 25 10
Fe?t 10 10 10 10

Concentration of each metal ion was 200 ug Lt
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Analytical figures of merit

The characteristics of the performance of the optimized method, including
linear range, reproducibility, limit of detection (LOD) and enhancement factor,
are summarized in Table Il. Linearity was observed in the ranges 2.5-300.0 pg
L= for Ni(ll), 6.0-350.0 pg L1 for Co(Il), 7.0-700.0 pug L1 for Cu(ll) and
22.0-500.0 pg L1 for Zn(I1). Each analyte exhibited good linearity with corre-
lation coefficients (R2) ranging from 0.990 to 0.998. The reproducibility of the
method was checked for seven replicate extractions of spiked water samples at
concentration levels of 80.0 pug L1 and the relative standard deviation (RSD)
varied between 3.6 and 5.1 %. The LOD values, based on signal-to-noise ratio of
3, were in the range of 0.8-2.8 pug L~1. The enrichment factor, which was about
222 for all species, was obtained from the ratio of sample volume before and
after extraction.

TABLE Il. Values of merit for the proposed method

Parameter Ni Co Cu Zn

Dynamic linear range, ug L1 2.5-300.0 6.0-350.0 7.0-700.0 9.5-500.0
y=25482x— y=4160x+ y=22303x— y=22531x+

Calibration equation, pg L1

— 10659 + 47084 —83814 + 11570
R2 0.997 0.998 0.990 0.990
LOD/pugL1l(n=5) 0.8 1.6 1.9 2.8
RS / % (n = 10) 4.2 5.0 5.1 3.6
Enrichment factor 222 222 222 222
Enhancement factor2 113.8 22.0 70.9 73.5

#The enhancement factor is the sloperratio of the calibration graph after and before extraction

Analysis of real samples

The practical applicability of the recommended method was evauated by
extracting four metal ions from different water samples, i.e., tap, well, mineral
and river water. The water samples were collected in acid-leached polyethylene
bottles and filtered through a filter paper (Whatman, No. 42) before analyses to
remove suspended particulate materials. The samples were subjected to UV irra-
diation for 2 h with a 160 W UV-lamp. Each sample was spiked with target
species at two different concentration levels and analyzed in triplicate using the
developed DLLME procedure. The obtained results (Table 111) indicate that the
matrices of the real water samples did not have an obvious effect on the proposed
IL-DLLME method for pre-concentration and determination of the analytes in
the water samples.
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CONCLUSIONS

A new method consisting of ionic liquid-based dispersive liquid-iquid mic-
roextraction combined with HPLC-UV was described for the determination of zinc,
copper, cobat and nickel in environmenta water samples. In the proposed
procedure, salophen was successfully used as the complexing agent for pre-
concentration of the metal ions. This led to the development of a simple, rapid,
sensitive with high pre-concentration factor method. Additionally, the employ-
ment of the ionic liquid exhibited some advantages, such as a reduction of expo-
sure to toxic solvent, the possibility of obtaining more reproducible results since
evaporation of the extractant is not required, and a directly analyzable extract is
obtained in a short-single step. The results obtained in this work demonstrated
that the proposed method is applicable for the analysis of trace amounts of Zn,
Cu, Co and Ni in water samples.
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H3BOJ

OUCITEP3UBHA MUKPOEKCTPAKLIMJA TEHHO-TEYHO BASMPAHA HA JOHCKHUM
TEUHOCTHUMA CITPETHYTA CA BUCOKOE®UKACHOM TEHHOM XPOMATOTPA®HUIOM
CA UV JETEKIIMJOM 3A HUICTOBPEMEHO ITPEKOHIEHTPHUCAIGE U OJPEBUBAIBE Nj,

Co, Cu ¥ Zn Y Y30PUUMA BOIA

ALIREZA ASGHARIi, MEHRI GHAZAGHIi, MARYAM RAJABIi, MAHDI BEHZAD' 1 MEHRORANG GHAEDI”

! pepartment of Chemistry, Semnan University, Semnan 35195-363, Iran u ZDepartment of Chemistry,
Yasouj University, Yasouj 75918-74831, Iran

Pa3BujeHa je MeToja OMCHEP3UBHE MUKPOEKCTpaKIMje TEYHO—TeYyHO DasupaHe Ha jOHC-
kUM TeuHoctuMa (IL-DLLME) cnperHyTte ca BUCOKOE(HKaCHOM TEUHOM XpomaTorpadujom
(HPLC) y3 UV perexuujy, 3a MCTOBDEMEHY €KCTpakLWjy U oppehuBame HuKIa, Kkodanra,
Dakpa ¥ UMHKA. Y MpeIyioKeHOM MpUCTyy KopulnheH je canoden (N, V-buc(canucununes)-
-1,2-dbennneHiuaMiH) Kao XemUpajyhu peareHc; jOHCKa TEYHOCT, 1-XeKCHiI-3-MeTHITHUMH-
naszonuym-xekcaduyopodocdar, U auetoH cy u3adpaHH Kao PacTBOPH 3a EKCTPAKUH]Y,
OOHOCHO jaucneprosame. Pa3ngBajame (asa nocie excTpakLUje U3BENEHO je LeHTpUdyrupa-
BEM, a CTaloxeHa (as3a (jOHCKAa TEYHOCT) je pacTBOpEHAa y alUETOHUTPHIY M JUDEKTHO
nhjextupaHa y HPLC cucrem 3a aHanu3y. PasgBajame KOMIUIEKCA MeTajla je H3BENEHO
nomohy RP-C18 KkosoHe NpHMEHOM TpajidjeHTHOT ejlydpama CMella Ca MeTaHOI—aleTo-
HUTPHI-BOAa MOOMIHOM (basom ca GpsuHOM mpoToka of 1,0 mL min!. Ucnutusan je u
ONITHMM30BAH YTHUIlaj MPOMEHBUBUX Kao 1uTo cy: pH y3opka, KoHIeHTpanHdja xenupajyher
peareHca, KOJMYMHA jOHCKE TEYHOCTH (EKCTPaKLMOHOI pacTBOpa), 3allpeMHHE pacTBopa 3a
OWCIeproBame, BpeMeHa ekcTpakuyje, coHor edpexta U Op3uHe LeHTpUdyrupama. Ilon ontu-
MaJIHMM yCJI0BUMa JI00HjeH je daxkTop KOHLEeHTpHcamwa of 222. I'panuue perexuuje Ni, Co,
Cu # Zn usHocune cy: 0,8, 1,6, 1,9 u 2,8 ng L1, penom. PenaTuBHa cTaHmapiHa JeBHjaiuja
(RSD) je duna y omncery 3,6—5,0 % 3a cBe UcIIUTHBaHe joHe MeTana. IIpemioxeHa npouexypa
je bua ycrelnHo nmpuMemeHa 3a ofpehrBame joHa MeTala Y y30plumMa Bofa.

(TTpumisero 22. jyna 2012, pesuaupano 11. janyapa 2013)
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