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Abstract: In the present investigation, the application of an organic coprecipit-
ant, 2-[5,6-dichloro-2-(2-bromobenzyl)-1H-benzimidazole-1-yl]acetohydrazide
(DIBBA), for separation and preconcentration of Cu(II) ions in fruit and water
samples through a new carrier element free coprecipitation (CEFC) method was
researched for the first time. Flame atomic absorption spectrometer (FAAS)
was used for the analyses of Cu(Il) ions. The main effective experimental fac-
tors such as solution pH, DIBBA quantity, waiting time, centrifuge speed and
duration and volume of sample on the recovery efficiency of Cu(Il) ions were
explored in detail. Under the optimized conditions the preconcentration factor
(PF), relative standard deviation (RSD), and limits of detection (LOD) was
achieved as 50, 3.4 % and 0.44 pg L', respectively. No interference effects
were detected by virtue of the presence of various foreign ions. Satisfactory
recoveries (in the range of 94.4 to 103.0 %) in the environmental sample matrix
were acquired. After being validated the recommended selective, low cost,
simple and rapid CEFC method by spike/recovery tests, it was properly imple-
mented for the low levels detection of Cu(Il) ions in sour cherry, mulberry,
apple, and peach as fruit samples and stream and sea water samples without
any significant matrix effects.

Keywords: copper; fruit analyse; heavy metal; preconcentration; separation; water
analyses.
INTRODUCTION

Heavy metal pollution owing to both anthropogenic activities and natural
sources is one of the most substantial issues to be considered due to their num-
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erous adverse effects on all living organisms and ecosystem.! Heavy metals,
which are not degradable in nature and are permanent inorganic pollutants,
mostly reach the human body with food and water.2 As a result of scientific res-
earches, behavioural disorders due to mental and neurological effects, irregular-
ities in neurotransmitter production and their functions have been observed in
people exposed to heavy metals.3 In addition, serious disorders such as disabil-
ities and failure of some organs to function have emerged, depending on the type
and concentration of heavy metals exposed. Although a number of heavy metals
such as Zn, Se, Mn and Cu are indispensable at certain levels for the human body
to maintain their metabolism, they provoke toxic effects if taken at high concen-
trations.4 Long-term exposure to copper causes nose, mouth and eye irritation,
stomach aches and headaches, diarrhoea and vomiting. High intake of copper can
also trigger liver damage and even induce death.5-¢ The maximum admissible
Cu(Il) ions levels specified by the World Health Organization (WHO) in drink-
ing water is 2.0 mg L™1.7 In this respect, the development of accurate, precise,
and selective methods to determine trace amounts of metal ions in environmental
samples is a quite popular research area.’

Trace heavy metals can be determined using multitudinous analysis methods
including flame atomic absorption spectrometry (FAAS)?, inductively coupled
plasma atomic emission spectrometry (ICP-AES),10 UV—Vis spectrometry!! and
X-ray fluorescence spectrometry (XRFS).12 FAAS is among the most prevalently
applied methods in recent years in terms of its practicality, cheapness and short
analysis time. Two types of critical problems are generally encountered during
the quantitation of trace metals in environmental samples by aforementioned
methods. One of these problems is the interference effect of the complicated mat-
rix and the other is that the lower levels of trace element than the detection limit
of the utilized instrument.!3 In order to eliminate these drawbacks, it is indis-
pensable to implement a traditional separation and preconcentration method such
as solid phase extraction,!4 cloud point extraction,!> liquid-liquid extraction!®
and coprecipitation® before the analyses step. Among these, coprecipitation is a
powerful alternative due to its low cost, simplicity and rapidity, less usage of
chemical reagents and obtaining high preconcentration factors in the method.2

The coprecipitation technique is based on the accumulation of metal ions on
water-insoluble precipitates of various organic or inorganic characters.!” In gen-
eral, in the coprecipitation method two types of reagents are used: 7) inorganic
coprecipitants such as hydroxides and sulphides;!8-23 ji) organic coprecipitants
such as some chelates or chelating ligands.!- However, in both cases, the carrier
element, which is added to the medium in excessive amounts for precipitate
formation, may have interference effects during the analysis step. In CEFC
method, which has been introduced to the literature as a new method in recent
years, an organic compound soluble in an organic solvent but insoluble in water
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is used as a coprecipitating agent, while a carrier element is not required for pre-
cipitate formation.8-24.25 Hereby, the pollution risk induced by the carrier ele-
ment is eliminated. Besides, the method is environmentally friendly as it requires
the use of less chemical reagents.

The purpose of the presented research is to develop a new CEFC method by
applying an organic coprecipitant, 2-[5,6-dichloro-2-(2-bromobenzyl)-1H-benz-
imidazole-1-ylJacetohydrazide (DIBBA), which was employed for the first time
for the selective determination of Cu(Il) ions in fruit (sour cherry, mulberry,
apple and peach) and water (stream and sea water) samples. Actually, in the first
stage of the study, the usability of DIBBA was investigated in the separation and
preconcentration of different heavy metals such as Ni(Il), Mn(II), Cd(II), Pb(II)
and Cr(Ill) ions from environmental samples by coprecipitation method, apart
from Cu(Il) ions. However, quantitative recovery values were obtained only for
Cu(Il) ions. Therefore the experimental conditions affecting the Cu(Il) ions rec-
overy efficiency including sample pH, DIBBA amount, waiting time, centrifuge
speed and duration and sample volume were evaluated and optimized. The method
validation was performed via spike tests and then the applicability of the method
was evaluated by the analysis of Cu(Il) ions in the fruit and water samples.

EXPERIMENTAL
Chemicals and instruments

Perkin Elmer AAnalyst 400 model flame atomic absorption spectrophotometer (FAAS)
equipped with hollow cathode lamp was employed to determine Cu(Il) levels in the solutions.
Ground interference was eliminated with deuterium lamp. Analyses were performed at the pri-
mary wavelength (324.8 nm) of the copper element. In addition, the following instruments
were employed during the experiments; Nuve NF 200 model centrifuge for separating the pre-
cipitates from the solution, Hanna pH-211 digital pH meter with glass electrode for adjusting
the pH of the solutions, and Milestone Ethos D closed vessel microwave solubilisation system
with a maximum pressure and temperature of 10 MPa and 300 °C, respectively for digestion
of fruit samples.

All of the reagents including HNO3, NaOH, ethyl alcohol, dimethyl sulfoxide (DMSO),
NaCl, NH4NO;, KCl, H(AuCly), CaCl,, Mg(NO3),, Mn(NO3),, NaNO3, Na,CO3, Cu(NO3),,
Zn(NOs3), and Cr(NOs); used at different stages of the experimental studies were of analytical
reagent grade and were purchased from Fluka (Buchs, Switzerland) or Merck (Darmstadt,
Germany). The stock solution of copper at a concentration of 1000 mg L1, prepared in 0.5
vol. % HNOs3, was diluted daily for the preparation of standard and working solutions. Milli-Q
system was utilized to obtain the distilled/deionized water used throughout the experiments.
The synthesis of the coprecipitating agent, DIBBA, was performed by the procedure exp-
ressed in the literature.2® The chemical structure of DIBBA was given in Scheme 1. To pre-
pare 100 mL of 0.2 % DIBBA solution, 0.2 g of DIBBA was weighed and dissolved in a mix-
ture of 100 mL of ethyl alcohol and DMSO (1:1) by heating at 80 °C.

General procedure of the developed coprecipitation method

Two mL of DIBBA (0.2 %) were added to 15.0 mL of model solutions containing 5.0 pug
of Cu(Il) ions in centrifuge tubes. The solutions’ pH value was arranged to 8.0 using diluted
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HNO; or NaOH solutions. For the formation of the precipitate, these solutions were waited for
5 min. At the end of this waiting period, the mixture was centrifuged at 2500 rpm for 3 min
and the supernatant was decanted. The precipitate remaining at the bottom of the tube was
dissolved by using 1.0 mL of concentrated HNOj3. The volume was completed to 2.0 mL with
distilled water, and then Cu(II) ions levels were determined in the final solution by FAAS.
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Scheme 1. Chemical structure of DIBBA.

Preparation of water and fruit samples

The developed CEFC methodology based on DIBBA was carried out to fruit samples (sour
cherry, mulberry, apple, and peach) obtained from a local market in Giimiishane and water
(stream and sea waters) samples collected from Trabzon to determine their Cu(II) ions levels.

After being collected the sea and stream water samples in prewashed polyethylene
bottles, they were acidified with 1 % nitric acid solution. Cellulose nitrate membrane was used
for the filtration of the water samples. The pH of the filtrated samples was adjusted to 8.0
before applying the method.

The fruit samples were dried at 90 °C in an oven for 24 h and then homogenized by
grinding in an agate mortar. Then the homogenized samples were digested by a closed vessel
microwave digestion system. For this purpose, the fruit samples weighing 0.75 g were placed
in Teflon vessels, separately. 2.0 mL of H,0, and 6.0 mL of HNO; were used as digestion
reagents. The microwave digestion program was implemented in four sequential steps at a
pressure of 4.56 MPa: 1) 6 min to reach 160 °C (power (P) =250 W); 2) 6 min to hold 180 °C
(P =400 W); 3) 6 min to reach 220 °C (P = 650 W); 4) 6 min to hold 220 °C (P = 250 W).
After microwave digestion the volume of each sample was made up to 50 mL with distilled
water and the Cu(II) ions were preconcentrated performing the suggested procedure.

RESULTS AND DISCUSSION
Optimization of the experimental parameters

The pH of the aqueous media is a critical factor in the quantitative recovery
of analyte ions, since it directly affects the competition of metal ions and hyd-
ronium or hydroxide ions. In addition, the surface charge of the precipitate
formed is enormously dependent on the pH value of the aqueous media. The inf-
luences of pH on the recovery of Cu(ll) ions applying the CEFC method based
on DIBBA was scrutinized in the pH range of 2.0-8.0. In these experiments, 4.0
mg of DIBBA was added to 15 mL of solutions at different pH values containing
5.0 ug of Cu(Il) ions and the waiting time, centrifuge speed and duration kept as
5 min, 2500 rpm and 3 min, respectively. At pH 2.0, Cu(Il) ions recovery value
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was 6.9 % and it increased distinctively as the pH increased, reaching 97.3 % at
pH 8.0 (Fig. 1). The surface of the precipitate formed at acidic pH values is posi-
tively charged due to the excess hydronium ions in the medium. The electrostatic
repulsion between the positively charged precipitate surface and the metal cations
prevents the retention of the metal cations on the precipitate surface. Therefore,
the recovery values were low at acidic pH. On the contrary, as the pH increases,
the surface of the precipitate becomes negatively charged due to the hydroxide
ions present in the solution. An electrostatic interaction occurs between the preci-
pitate surface and the metal cations which resulted in the increase of recovery
values. Cu(ll) ions are collected on the precipitate through surface adsorption,
inclusion, and occlusions mechanisms. In precipitation by adsorption mechanism,
the electrostatic interaction between the precipitate surface and metal ions
becomes important. Consequently, the optimum pH was specified as 8.0 for the
analyses of Cu(Il) ions quantitatively.

100 4
80 A

60

Recovery, %

40 A

20 4

0 T T T
1 3 5 7
pH Fig. 1. Effect of pH on the Cu(Il) ions recovery.

The impacts of DIBBA quantity on the Cu(Il) ions recovery were assessed in
the DIBBA amount range of 0.0-6.0 mg (3.0 mL of 0.2 % solution) at the so-
lution pH of 8.0. When the CEFC experiments were carried out without adding
any DIBBA to the medium, it is noticed that the recovery value of Cu(Il) ions
was less than 70 %. The recovery value of Cu(Il) ions increased from 82.2 to
97.8 % with the increase of DIBBA amount from 0.5 to 2.0 mg and remained
approximately constant with the subsequent increases in DIBBA quantity (Fig.
2). These results demonstrated that DIBBA is indispensable for the determination
of Cu(Il) ions quantitatively through the proposed CEFC method. The amount of
DIBBA was determined as 4.0 mg (2.0 mL of 0.2 % solution) for further studies.

Since the waiting time, centrifuge speed and duration have considerable inf-
luence on the quality of the precipitate formed in the aqueous solution, the imp-
acts of these factors on the recovery of Cu(Il) ions were evaluated in detail. For
this reason, the coprecipitation analyses were carried out at 1-120 min of waiting
time, 1000-5000 rpm of centrifuge speed, and 1-10 min of centrifuge duration.
For the quantitative recovery of Cu(ll) ions with the CEFC method based on
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DIBBA, the optimum waiting time, centrifuge speed and duration were deter-
mined as 5 min, 2500 rpm and 3 min, respectively.

100
90

80 +

Recovery, %

60

) 4 ¢ Fig. 2. Influences of DIBBA quantity on the
Ligand amount, mg Cu(II) ions recovery.

(=1

High preconcentration factors (PF) are required in order to determine the
analyte ions present at very low levels in environmental samples with the deve-
loped separation and preconcentration methods. The most important factor affect-
ing the PF is the sample volume since the PF is calculated by dividing the opti-
mum sample volume by the final volume. Therefore, the influences of sample
volume were assessed at different sample volumes between 100 and 1000 mL.
The Cu(Il) ions were recovered quantitatively up to 100 mL of sample volume. It
is noticed that the recovery values decreased rapidly at volumes higher than 100

mL (Fig. 3). As a result, PF was obtained as 50 when used 100 mL of sample
volume and 2 mL of final volume.
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0 200 400 600 800 1000  Fig. 3. Sample volume impact on the recovery

Sample volume, mL of Cu(Il) ions.
Influences of matrix ions

Since the proposed process was implemented to analyse the Cu(Il) ions in
fruit and water samples, the possible disruptive effect of the common coexisting
ions on the performance of the process should be investigated. The maximum
levels of different anions and cations that can be found together with Cu(Il) ions
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were chosen and their effects on the recovery efficiency of Cu(Il) ions were
evaluated. In these tests, certain concentration of coexisting ions were added to
the 50 mL of model solution containing 5.0 pg of Cu(Il) ions and the developed
procedure was carried out. Satisfactory recoveries changing between 92.6 and
100.2 % for Cu(lIl) ions were obtained (Table I).

TABLE I. Influences of matrix ions on the recovery of Cu(Il) ions; * — nitrate salts were used

Ton Added as ceyan / mg L Recovery, %
Nat NaCl 5000 95.3+£3.1
K* KCl1 1000 94.7+£2.2
Ca2* CaCl, 1000 96.3+0.7
Mg2* Mg(NO3), 1000 95.0:2.1
COs* Na,CO;3 1000 92.6+1.8
NO;y- NaNO; 1000 93.942.6
NH,* NH,NO; 1000 94.2+1.5
Au(IIT), Mn(IT), Cr(IIT), Zn(IT) x 25 97.6:0.7
Mixed? — — 100.2+£1.0

%687 mg L' Na*, 1040 mg L' CI', 960 mg L' NO5, 100 mg L™ K*, PO,*, Ca*", NH,", CO;*, Mg**, 10 mg L™
Au(I1I), Mn(II), Cr(I11), Zn(II)

The effect of Au(Ill), Mn(II), Cr(Ill) and Zn(II) concentrations on the rec-
overy of Cu(ll) ions was investigated in the concentration range of 5-25 mg L-!
and it was seen that the recovery of Cu(Il) ions was quantitative in all foreign
heavy metal ions concentrations studied. Since Au(III), Mn(II), Cr(III) and Zn(II)
concentrations will not be higher than 25 mg L-! in the environmental samples to
which the method will be applied, only the highest concentration levels of them
is given in Table I. These results demonstrated that the foreign ions have a min-
imal interfering impact on the analyses of Cu(Il) ions with the suggested method
and it can be concluded that the process can be performed successfully for the
coprecipitation of Cu(Il) ions in complicated matrices.

Analytical figure of merits

The substantial analytical features of the developed CEFC method based on
DIBBA including RSD, LOD and limit of quantification (LOQ) were acquired
under the following optimized experimental conditions; pH: 8.0, DIBBA amount:
2.0 mg, waiting time: 5 min, centrifuge speed: 2500 rpm and centrifuge duration:
3 min. The method precision was evaluated with respect to RSD, obtained by
practicing the method ten times to model solutions containing 5.0 pg of Cu(Il)
ions under the given experimental conditions above. Accordingly, the RSD was
calculated as 3.4 %. The LOD was calculated by considering three times the stan-
dard deviations obtained by the blank analyses (z =10) and for the LOQ, ten
times the standard deviation achieved from blank analyses (n =10) was taken
into account. The LOD and LOQ were found to be 0.44 and 1.47 ug L1, respect-
ively. The comparison of the developed method with other Cu(Il) coprecipitation
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studies in literature from the point of solution pH, LOD, RSD and PF is given in
Table II.

TABLE II. Comparison of the present CEFC system with different Cu(Il) ions coprecipitation
studies in literature

System PF LOD/pgL' RSD/% pH Ref.
La-2,2’-bipyridyl-erythrosine 50 10.3 1.85 4.5 17
APSAL? 100 0.5 <5 7.0 24
2,9-dimethyl-4,7-diphenyl-1,10-phenan- 25 0.80 8 9.0 27
throline

N-cetyl N,N,N-trimethyl ammonium bromide 10 1.36 <5 10.0 28
ICOTMAP 50 0.56 2.8 7.0 29
Zirconium(IV) hydroxide 25 1.55 6.4 8.0 30
Ni?*/2-Nitroso-1-naphthol-4-sulfonic acid 25 13 3.8 8.0 31
MEFMAT® 50 1.49 20 6.8 32
Ni(II)-salicylaldoxime 20 1.32 2.5 9.0 3
DIBBA 50 0.44 3.4 8.0 This study

?4-(2-Hydroxybenzylideneamino)-1,2-dihydro-2,3-dimethyl-1-phenylpyrazol-5-one; °2-{4-[2-(1H-indol-3-yl)ethyl]-
-3-(4-chlorobenzyl)-5-0x0-4,5-dihydro-1H-1,2,4-triazol-1-yl}-N-aryl-methylidene acetohydrazid; “2-{[4-(4-flu-
orophenyl)-5-sulphanyl-4H-1,2,4-triazol-3-ylJmethyl} -4- {[(4-fluorophenyl)  methylene]amino}-5-(4-methylphe-
nyl)-2,4-dihydro-3H-1,2,4-triazol-3-one

The fact that the developed CEFC method based on DIBBA has lower LOD
and RSD values and high PF value compared to many methods in the literature
indicates the superiority and suitability of the process.!7-24.27-33

Analysis of real samples

The spike/recovery test was applied for both fruit and water samples for the
validation of the method. The relative recovery (RR) values obtained for the
water (Table III) and the fruit samples (Table IV) were in the range of 96.3—
—103.0 % and 94.4-100.6 %, respectively. The good agreement between the
added and found values demonstrated the validity of the method and also its
applicability with high accuracy without significant matrix effect. Eventually, the
suggested methodology was applied smoothly to determine Cu(Il) ions levels of
several water and fruit samples (Table V).

TABLE III. Recovery of Cu(Il) ions from water samples (50 mL of each sample volume and
2.0 mL of final volume); ND — not detected

. Stream water Sea water
Quantity of Cu(II) added to the

Quantity of Cu(II) Recovery Quantity of Recovery

medium, pg found, pg % Cu(II) found, pg %
0 ND - ND -
20 20.6+0.5 103.0 19.4+0.7 97.0
40 38.5+1.6 96.3 40.1£1.2 100.3
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TABLE IV. Cu(Il) ions recovery from fruit samples (0.75 g of each fruit sample quantities
and 2.0 mL of final volume)

Quantity of Cu(Il), ug

V)

Sample Added Found Recovery, %
Sour cherry 0 2.53+0.06 -

20 21.440.5 94.4
Mulberry 0 2.88+0.08 -

20 23.0+0.6 100.6
Apple 0 2.45+0.06 -

20 21.7+0.4 96.3
Peach 0 3.7240.12 -

20 22.8+0.5 95.4

TABLE V. Cu(Il) levels in water ( pg L) and fruit samples (ug g'!, 100 mL of each sample
volume, 0.75 g of each fruit sample quantities, and 2.0 mL of final volume)

Liquid samples Solid samples

Sea water Stream water ~ Sour Cherry Mulberry Apple Peach

3.38+0.10 15.10+£0.48 3.37+0.05 3.84+0.13 3.27+0.07 4.96+0.15

CONCLUSION

A new organic coprecipitant, DIBBA, exhibited a great potential for separ-
ation and preconcentration of Cu(Il) ions by carrier element free coprecipitation
(CEFC) method. Until now, DIBBA has not been applied in any other analytical
applications. The preconcentration conditions were optimized with respect to pH
(8.0), DIBBA amount (4.0 mg), volume of sample (100 mL), waiting time (5
min), centrifuge duration and speed (3 min and 2500 rpm). Short waiting time
and centrifuge duration as well as low LOD and RSD values and high preconcen-
tration factor are the notable advantages of the presented method. Since the car-
rier element was not used for the precipitate formation in the method, the cont-
amination risk originated from the carrier element and the possible interference
effect in the determination of the analyte ions were eliminated. In addition, the
method allows the use of chemical reagents and harmful solvents at a minimum
level and thus it will be beneficial in reducing the environmental pollution. In
brief, the obtained results indicated that the proposed sensitive and facile method
is a promising alternative for the determination of Cu(Il) ions in fruit and water
samples.
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U3BOA

JEJHOCTABHA Y OCET/JBMBA METOIA KOITPEHUITUTALIMIJE Y KOMBMHALIMJU CA
INTAMEHOM ATOMCKOM AIICOPITHMOHOM CITEKTPOMETPHUIOM 3A
KBAHTU®UKALNUIY Cu(Il) JOHAY CJIOXKEHUM MATPHLIAMA

DUYGU OZDES', CELAL DURAN? HAKAN BEKTAS® u EMRE MENTESE*

'Gumushane University, Gumushane Vocational School, Chemistry and Chemical Processing Technologies
Department, Gumushane, Turkey, “Karadeniz Technical University, Faculty of Sciences, Department of
Chemistry, Trabzon, Turkey, *Giresun University, Faculty of Arts and Sciences, Department of Chemistry,
Giresun, Turkey and *Recep Tayyip Erdogan University, Faculty of Arts and Sciences, Department of
Chemistry, Rize, Turkey

Y oBom umuctpaxkuBawy kopuirheH je 2-[5,6-muxnopo-2-(2-6pomobesun)-1H-6eH3uMu-
nason-1-unjaneroxungpasug (DIBBA), kao KONpeNUNUTALMOHY PEATeHc, 3a cenapauyjy ¥ npen-
koHueHTpanujy Cu(Il) joHa y ysopuuma Boha W Boma, NpBH NyT IPUMEHOM HOBE MeETO.ie
KOIpeuunuranuje de3 eneMeHnTa y Hocady. [IpumemeHa je mIaMeHa aTOMCKa alCOpIIMOHA
cnexktpoMetpHja 3a aHanu3y Cu(Il) jona. JletasbHO Cy HCITUTHUBAHU €KCIIEPUMEHTAIIHU YCIIOBH,
KOju yTuuy Ha edukacHocT u npuHoc Cu(II) jona, kao wto cy pH, konnurHa DIBBA, Bpeme u
OpsuHa ueHTpUdyrupama U 3allpeMuHa y30pKa. I1o[j ONTUMIHUM yCI0BUMa IPENKOHLIEHTpa-
uuoHu (akrop (PF), penaTuBHa cTaHgapAHa AeBdjaudja (RSD) u rpanune gerexuuje (LOD)
cy usHocunu 50, 3,4% u 0,44 pg L penom. Hucy nerexToBane uHTEpdEpeHLHje Y IPUCYCTBY
cTpaHuXx joHa. [TocTUTHYT je 3amoBosbaBajyhu npoueHat mpuHoca (94,4-103,0 %) y y3opuuma
U3 )KMBOTHe cpenuHe. [Tocne Banujanuje MeTosie, Kao CeleKTUBHE, EKOHOMHUYHE, jeJHOCTaBHe
u dp3e, CEFC MeToga je mpuMemeHa 3a IeTeKklHjy HUICKUX HHBOa KoHIleHTpanuja Cu(Il) jona
y y3opuMMa BMIIamba, AyIouma, jabyka U Opecaxa, ka0 U MODCKe M BOZie U3 TOTOKa 0e3 3Ha-
4YajHOT yTHLIaja MaTpULE.

(ITpumsbeHo 22. jaHyapa, peBungupano 19. jyna, mpuxsaheno 21. cenrembpa 2022)
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