1586

International Journal of Food Sc

ce and Technology 2014, 49, 15861502

Original article

Simultaneous separation and preconcentration of Ni(ll) and Cu(ll)
ions by coprecipitation without any carrier element in some food
and water samples

Celal Duran,' Sureyya O. Tumay,' Duygu Ozdes,” Huseyin Serencam™ & Hakan Bektas®

I Department of Chemistry, Faculty of Seiences, Karadeniz Technical University, 61080 Trabzon, Turkey
3 Gumushane Yocational School, Gumushane University, 29100 Gumushane, Turkey

3 Department of Food Engineering, Faculty of Engineering, Buyburt Lhiversity, 69100 Bayburt, Turkey
4 Pepartment of Chemisiry. Faculty of Arts and Sciences, Givesun University, 28100 Givesun, Turkey

Bumrmary

{ Received 13 Auguse 2013 Accepted in revised forin 13 November 2013)

A simple and highly sensitive separation and preconcentration procedure, which has minimal impact on
the environment, has been developed, The procedure is based on the carrier element-free coprecipitalion
of Ni(I1) and Cu(ll) ions by using 2.—{4«{2—{!H««Endoi—.’i—yl)ct%1yl\]«3»(4~ch§0mbcnzyi)~S~ox0«4.5nc§éhydro-}Hm
1.2 d-triazol- -y} -N{pyrrol-2-vlmethylidenacetohydrazide (ICOTPA). as an organic coprecipitant. The
levels of analyte jons were determined by (lame atomic absorption spectrometry. T he detection limits for
Ni(11) and Cu(ll) ions were found to be 0.27 and 0.58 ug L7, respectively. and the refative standard devi-
ations for the analyte ions were lower than 4.0%. Spike tests and certified reference material analyses
were performed to validate the method. The method was successfully applied for the determination of Nj
(1) and Cu(il) ions levels in sea and siream waier as liguid samples and red lentil and rice as sold

samples,

Keywords

introduction

As heavy metal ions accumulate in organisms, they
have been considered an cco-toxicological huzard of
prime interest with increasing significance. They com-
pete with the nufritional minerals in the body, thus
rendering them unavailable to the necessaly processes
to maintain health. Unfortunately, there are no filtro-
tion systems for the food we cat, but we can decrease
the amount of toxins we ingest (Diveikli er al., 2006,
Tuzen ¢ al., 2009). Both Ni(Ih) and Cu{fl) can be met
in various forms and concentrations in effluents of
large variety of industries (Mendil er al. 2013 Seren-
cam et al., 2013). While the nutritional values of cop-
per are well known, nickel is known to lack health
benefits. Many people can develop allergic reactions to
materials containing nickel. In addition to the ailergic
property of nickel, Hs carcinogenic effect is also
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commonly known (Ozdes ef «l., 2012a). Main sources
of copper poilution are copper mining and smeliing,
manufncture of copper alloys such as brass, eleciro-
plating with copper and its alloys and copper-based
chemicals used in agriculture. As arsenic and mercury,
copper is known to be the highest relative mammalan
toxic species. The link between proloaged inhalations
of sprays containing copper and lung cancer among
exposed workers is well established (Imamoglu & Gun-
es, 2008; Senzhil Kumar er o, 2011).

Copper and nickel normally occur in the eaviron-
ment at extremely low levels: the need for sensitive
and reliable methods to detect them in various envi-
yonmental and food samples is clear. Flame atomic
absorption spectrometry (FAAS) is the most widely
used technique to determine the trace and foxic cle-
ments n various envirpmmental materials and wader
samples including waste, sea, stream, river and tap
waters, because this technigue is highly sclective, versa-
tile, economical and faster than the alternative deter-
mination mcthods (Pourreza & Ghanemi, 2006; Duran
er ol 2007 Tuzen & Sovlak. 2009: Uluozlu ef af.,
2010 Rajabi er ¢/, 2013} A preconceniration step
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combined with matrix separation is often required
prior to the determination of the analyte ions in ¢nvi-
ronmental samples. which generally contain  high
amounts of interfering matrix components and low
concentration of trace elements being analysed (Bulut
ef al., 2008). Qutstanding effort in various directions
has been spent in the last few decades to develop sepa-
ration and preconcentration procedures such as ion
exchange (Kammerer ef af., 2011}, membrane [{liration
{Igbal ef o, 2012), solid-phase extraction {Wardencki
ef al., 2004), coprecipitation (Soylak er al., 2007,
Tuzen er al., 2008; Saracogla ef al., 2012}, fire assay
(Jackson ef ol., 1990), cloud point extraction {Duran
et al., 2012 liquid-liquid extraction (Talebi ef al.,
2012) and electroanalytical techniques (Jorge et af..
2007) to prepare the samples for the trace element
determination process. Because the coprecipitation
technique is simple and fast and yields high preconcen-
tration factors, it is commonly used for separation and
preconcentration  of trace amounts of metals in
agueous solutions {Bulut er al, 2009 Oxdes et al.,
2012b). Tn coprecipitation method, the precipitate,
which collects the trace metal lons on its surface, may
be occurred by the addition of & carrier element
such as Ni, Cu and Al with a suitable organic
ligand, such as N-cetyl-N, N, N-trimethylammonium
bromide (Saracogiu & Soylak, 2010}, pyrrolidine
dithiocarbamate (Atsuya ef al., 1991), 3-phenly-4-0 hy-
droxybenzylidenamino-4,5-dihydro-1.2.4-triazole-5-one
(Duran ef al., 2009), or inorganic Jigand. such as
hydroxides (Minami et ¢l., 2005). Tn the meantime, a
new coprecipitation technique stems from the need for
better separation and preconcentration of  trace
amounts of metals, in which no carrier clement is
needed and just an organic ligand s used for the for-
mation of coprecipitating agent, and calied as ‘carrier
clement-free coprecipitation (CEFCY {Duran ef al.
2009, 2011; Saracoglu & Soylak. 2010; Serencam ef al.,
2013}

This study is devoted to evaluate the separation and
preconcentration conditions of Ni(IT) and Cu(Il) ions
by using 2-{4-[2-(1H-Indol-3-yhethyl]-3-(4-chlorobenzyl)-
5-0x%0-4,5-dihydro-tH-1,2 4-triazol-1-yl}-N'-(pyrrol-2-
ylmethylidenjacetohydrazide (JCOTPA) as an organic
coprecipitating agent without using a carrier clement
prior to its flame atomic absorption spectrometric
(FAAS) detections. The influences of various analyti-
cal parameters such as pH of the aqueous solution,
quantity of ICOTPA. sample volume, standing time.
and centrilugation rate and time were investigated on
the recovery of the metal ions examined. The method
was validated by analysing certified reference material
and spike tests. The system was then applied to the
preconcentration, matrix separation and determination
of Ni(IT) and Cuw(IT) ions in red lentil, rice and water
samples.
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Exg;seﬁmentaa

Apparatus

Metal ion concentrations were determined using a
PerkinEimer” AAnalyst™ 400 atomic absorption spee-
trometer atomic absorption spectrometer equipped with
a 10-cm air/acetylene-burner head, having a deuterium
background correction (PerkinElmer, Inc., Shelton, CT,
USA). The pH measurements were taken with a Hanna
pH-211 digital pH meter (Sigma Laborzentrilugen
GmbH, Milestone Inc., Bucuresti, Romania). equipped
with a glass electrode. The solutions were centrifuged
using & Sigma 3-16P centrifuge (Sigma-Aldrich Labor-
zentrifugen GmbH, Osterode am Harz, Germany). The
solid samples were digested in & Milestone Ethos D closed
vessel microwave system (maximum pressure 1450 psi
maximum temperature 3060 °C: Milestone Inc.. Haly).

Reagents and solations

All chemical reagents, except the coprecipitating agent,
were produced by Merck (Darmstadt. Germany) or
Fluka (Buchs, Switzerland). and all of the solutions
were prepared in distilled/deionised water. The standard
and working selutions of the analyte tons were prepared
by the difution of 1000 mg L™ stock solutions pro-
duced by Sigma-Aldrich Laborzentrifugen GmbH,
ICOTPA (Fig. 1}, which was used for the first time
for an analytical application in this study, was synthes-
ised according to the procedure provided in the litera-
ture (Bektas ef al, 2012) A 0.1% (wiv) 1COTPA
solution was prepared by dissolving it in dimethyl sull-
oxide and ethanol mixture as with the stoichiometric
ratio of {1:4}. The certified reference material, CRM-
SA-C Sandy Soil C standard, was procured from
High~-Purity Standard Inc. (Charleston, SC, USA).

Model studies for coprecipitation

In this study. two metal ions were investigated simulta-
neously. For that purpese, firstly a mixture of the
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Figure T Chemical structure of ICOTPA.
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metal ion solution congisting of 5.0 pg L™ of Ni(IT)
and 10.0 pg L1 of Cu(Il) ions was prepared. Then,
0.5 mL of this solution was added to 50.0 mL of an
aqueous solution. In the present case, the working
solution consists of 2.5 pg of Ni(Il) and 5.0 pg of Cu
(11} ions. The solution was placed in a centrifuge tube.
and the pH of the solutions was adjusted to 7.5 using
¢iluted HCT and NaOH solutions. Then, 2.0 mk of co-
precipitating agent (0.1%, wiv) was added. After
standing for 20 min, the solution was cenirifuged at
1509¢ for 5 min. The supernatant was removed. The
precipitate remained adhering to the tube was dis-
sotved with 1.0 mL of conc. HNOs. The final solution
was brought to 2.0 mL volume with distilied/deionised
water, and then the levels of analyte ions were deter-
mined by FAAS.

Analysis of real samples

The present separation and preconcentration proce-
dure was applied to determine the levels of Ni(il) and
Cu(TD) ions in seawater (Black Sea, Trabzon, Turkey)
and stream water (Sana Stream. Trabzon, Turkey)
For that purpose, the water samples were filtered
through a cellulose membrane flter of 0.45 pm pore
size. After acidification with 1% nitric acd solution,
they were stored at 4 °C in a relrigerator in polyethyl-
enc bottles. Before the cxperiments, the pH of the
samples was adjusted fo 7.5. Afier addition of the
required amount of ICOTPA, the recommended proce-
dure {as pointed out in the "Model Studies for Copre-
cipitation’ section} was applied.

The solid samples {red lentil and rice) were micro-
wave-digested prior to the application of the present
separation and preconcentration procedure. For that
purpose, (.750 g of red lentil and rice and 0.200 g of
CRM-SA-C Sandy Soil C were weighed inio separafe
Teflon® vessels. Six milliliire of HNO; and 2 mL of
H,05 for red lentil and rice; 4.5 mL of HCIL, 1.5 mL of
HNO4, I mL of HF and 2 mL of H,0, for CRM-SA-C
Sandy Soil C standard were added into the vessels. The
digestion of the solid samples by microwave radiation
was performed in four steps: 6 min for 250 W, 6 min
for 400 W, 6 min for 650 W and 6 min for 250 W. Dur-
ing these microwave irradiations, the pressure was kept
at 45 bars and the ventilation was 3 min (Duran ef of.,
2007). At the end of the microwave digestion, the
sample volume was brought to 50 ml. with distilied/
delonised water and then the method was applied.

Results and discussion

Optimisation parameters

Studies on the effect of pH for the quantitative recov-
eries of Ni(ID and Cu(Ily ions were carried out as
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follows. Firstly, the effects of pH on he recoveries of
Ni(ID and Cu(11) ions were examined n the soluiion
pH range of 1.0--10.0 under optimum conditions. As it
is scen from Fig. 2, the gquantitative recovery values
(»95%) were cbtained for the analyte ions in the pH
range of 7.5-10.0, so further experiments were per-
formed at pH 7.5. For subsequent work during this
investigation involving general applications, pH 7.5
was chosen as a working medium,

To obtain the impact of the quantity of ICOTPA on
the coprecipitation of Ni(ID) and Cu{ll) ions. the
experiments were carried out at different ICOTPA
amounts ranging between 0.0 and 0.0 mg [0-3.0 mk.
0.1% {w/v)] under optimum conditions. It has been
observed that the recovery vields of the Ni{il) and Cu
{{1y fons increased with the ncrease in the quantity of
complexing agent, JCOTPA, up to a certain level. The
yield of the recoveries for both Ni(Il} and Cu(Il) ions
was not quantitative {below 11%), when ICOTPA was
not added to the solution. As shown in Fig. 3, the
recovery values increased rapidly with increasing the
quantity of TCOTPA, but after reached to optimal
quantity of complexing agent [2.0 mg, 2 mb. 1% {wy
v) of ICOTPA] |, there was no change in the recovery
yields. On this basis, 2.0 mg of ICOTPA was added 1o
the solutions for all subsequent works.

The effects of standing time and centrifugation time
and rate on the recovery of the analyte ions were also
investigated becavse these parameters are the impor-
tant factors affecting the formation and quality of the
precipitate. For that purpose, the prosented coprecipi-
tation procedure was also conducted i the standing
fime range of 3-30 min, centrifugation time range of

As can be seen from the Table 1. for the quantitative
and simultaneous recoveries of Ni( ) and Cull) ions,
the optimum standing time und centrifugation tme
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Figure 2 Effect of pH on the recovery of Nih) and Cn(il

fons (¥ = 3. sample pH 8.0 sample volume = 50 mL. final
volume = 2.0 ml.).

6 2073 institute of Food Science and Techinology




100 A

.
80 -
;\:?
- 80
o
g 40
%
20 - ~ NiH
4 - Cufih
0% : : \
0 P 4 6

Ligand amount {mg)

Figure 3 Effect of ICOTPA amount on the recovery of NI} and
Cu(l1) ions (N = 3, pH 8.0).

Table 1 Effect of sianding fime, centrifugaiion vawe and time on the
recovery of anaiyte lons (¥ = 3, pH 7.5, sample volume = 50 ml..
quaniity ol ICOTPA = 4.0 mg)

NIl (R, %) Cullt) (R, %}

Standing time min)

5 88.7 L 2.0 90.9 & 1.8
30 987 + 2.3 92.3 4 1.9
20 99,1 1 2.3 G52 4 2.0
30 586 1 2.3 488 4+ 2.1
Centrifugation rate (g
168 §0.0 + 1.9 80.6 & 1.7
871 9740 4: 2.3 83.5 1+ 2.0
1608 96,6 £ 23 88,1 & 2.1
2064 599.6 & 2.3 998 & 2.8
Centrifugation fime (min)
5 98.0 £ 2.3 9.2 & 2.1
10 97.1 4 2.3 98.1 & 2.1
15 C 807 & 2.4 98.6 & 2.1
20 Q9.6 £ 2.4 998 1. 2.2

and rate were defermined as 20 min, § min and 1509 g
respectively.

As the concenirations of aforementioned metal ions
in real samples arc very low, the optimisation of sam-
ple volume is required to obtain high preconcentration
factors for the analysis of a real sample using
presented coprecipitation method. Based on this, the
effect of sample volume on the quantitative recoveries
of the analyte ions was investigated in the sample vol-
ume range of 30-1000 mL under optimum conditions.
As can be seen from the Fig. 4, the recovery values
decreased with increasing the volume of the sample
solution. After 250 mL of sample volume, the recover-
ies decreased considerably so the sample volume was
optimised as 250 ml. in the application of the proce-
dure for sea and stream waters. The preconcentration
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factor was calculated by the ratio of the highest sam-
ple volume (250 mL) and the lowest final volume
{2 mL). and it was lound as 125.

Effect of matrix jons

To evaluate the feasibiliity of the method for water
analysis. the effects of some afkali. alkaline earth and
transition metal cations and some anions found as
major components in natural water samples were
investigated. For this purpose, different amounts of
each foreign ions, which are the major components of
sea and stream water, were added fo the model solu-
tions containing 2.5 ug of Ni(TTy and 5.0 pg of Cu(ll)
ions under the optimal conditions. As seen from
Table 2, the existence of several anions and cations,
and also transition metal ions at milligram per litre
ievels, has no notabie effect on the separation and pre-
concentration of Ni(JD) and Cu(1D) ions under the
selected conditions. Consequently. it can be concluded
that the recommended CEFC procedure can be per-
formed to the samples that consist of various foreign
ions at allowable levels.

Analytical performance of the methed

The precision of the presented CEFC method has been
determined by applying the method to ten model solu-
tions under optimum conditions mentioned above.
Accordingly, the relative standard deviations (RSD)
for 2.5 pz of Ni{ID and 5.0 pg of Cufll) ions were
found to be 2.23% and 3.56%, respectively. The ana-
Iytical limit of detection (LOD) for analyte ions was
calculated as three times the standard deviation of ten
replicate measurements of blank samples. The limits of
quantification were defined as ten times the standard
deviation {s) of the blank {# = 10). From the blank
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Figure 4 Effect of sample volumes on the recovery of Ni(Ih and
Cu(11) ions (N = 3, pH B0
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Table 2 Infiuences of some foreign lons on the recoveries of analyte
jons (V= 3, sample pH 7.5, sumple volume = 5) mi., quantity of i
COTPA = 4.0 myg, stunding  time = 20 min, centrilugation
rate = 1509 g, centrifugation time = 5 win)

Recovery (%}.

Added Conc.
fons 25 mg L7 MU Cuilt
Na® Macl 7600 $2.0 % 1.9 9224 33
K KCl 500 93.6 £ 2.8 1033 & 31
Ca® Cally 250 949 £ 023 893 & 41
Mg Mg 500 925+ 1.9 996 18
{NGCaly
NO, NaNQ;  HODO 947 £ 3.4 1022425
ot NayCOz 500 962 % 2.2 1033 & 2.5
s0? MNa,50, 250 93.8 4 3.8 895 4 3.8
POE NasPO, 500 94.0 4+ 3.4 9184 03
F NaF 4] 920 £ 6.9 8761 28
NH," NHNO; 260 96.9 & 4,4 9B7 £ 1.8
Ph, AL, Crivh, 25 811 £ 0.6 944+ 16
Felin, Mn{ih
Mixed! 96,0 & 2.5 981 & 3.0

*Cr{VI) added as K,Cra05 other jons added as their nitrate saits.

9170 mg L-7 Na®, 12 250 mg L™, G, 2016 mg L™ NO;, 280 mg L
KK, 250 my L™ Ca®, Mg, C0%", 80, POL, 100 mg 17717, NHY,

50 mg L7 FT, CHZCO0™, 10 mg L7 Ph{il, AR, Crivi), Fellit) ve Madh),

measurements by FAAS, the analytical LOD wuas
found to be 0.27 and 0.58 pg L' and the Iimit of
quantitation (LOQ) was found to be 0.32 and
1.73 ug Lot for Ni(ED and Cu(ll) ions, respectively.
when the sample volume was 250 mL and the final
volume was 2.0 mL,

Application of the real samples

To demonstrate the accuracy of the proposed separa-
tion and preconcentration method, spiked/recovery
tests were applied to solid and liquid samples; 0.750 g
of red lentil and rice samples, sea water (Black Sea)
and stream water {Sana Stream) under optimum
conditions. Different amounts Ni(IT} and Cufll) ions
were spiked to digested solid samples (Table 3) and
tiquid samples (Table 4), and then the recommended
procedure, as pointed out in ‘Model Studies for Co-
precipitation’ section, was applied to these solutions,
The results revealed good conpgruence between the
added and measured analyte amounts. The CRM-SA-
C Sandy Soil C, as a ceriified reference maierial, was
also used for the method validation. There is a good
concordance between the obtained and certified vaiues
{Table 3).

The present CEFC method was finally applied to
the real solid (red fentil and rice) and liquid samples
(sea and stream water), The results obtained from the
real samples are summarised in Table 6.

International Journal of Food Science and Technology 2014

Table 3 Spiked recoveries of Ni{li}y and Calll) 1ong from solid sam-
ples (N = 3, pH 7.5, final volume = 2.0 mL)

Ret tentil Flice

Hdded
Elepsent  (ugl

Recovery
Found (gl {%}

Recovery
Found {pup %}

Nillhy 0 BOL.
6.25 68.11 & 010 917
12.6 12.08 % 0.30 96.6

CufIt) ¢ BOL -
6.26 68.3% & 009 102.2
12.5 12.54 4 0,03 1003

BDL -
590 & (.26 844
1181 £ 082 928
BOL -
6.29 = 0.02 1006
11.86 4+ 060 948

B0L, below detection fimi.

Table 4 Spiked recoveries of NI and Cu(ll) ions from water
samples (W = 3. sample pH 7.3, sanple volume = 50 ml, Boul vol
unte = 3.0 mb)

Bea water Biream water

Addad
Element {pg

Ragovery
Found (pg) (%)

Racovery
Found (pg} {%)

Ni{li} 0 BDL
6.25 6819 % 002 98 613 x 0.04 98
12.60 114 2 082 811 11.8 :: 0.20 946
Culih 0 BOL - BDL -
5.26 636 » 020 1018 5.66 + 0.20 84,3
12.60 1164 0,12 929 1191 & 0.45 3916

BOL

BDL, below delection limit.

Table 5 Application of the present method the certified reference
Taterials (N = 3, quantity of CRM-SA-C' Sandy Soil € =025 g
final volume = 3.0 mL)

CRM-SA-C Sandy S0l C

Efement Certificated value (ug g% Found value ipg g™ ")
Mi{lhy 484 & 3.0 46,3 & 1.8
Cuilly 638 = 4.0 62.92 + 4.2

Table 6 Analyte levels in real solid/Hguid samples alter being
apphied the presented coprecipitation procedure (& = 3, sample voi-
ames = 250 mi. sample quantities = 0.730 ¢ of red lentil and rice.

Fnal volumes = 2.0 mbL.)

Liguid samples lpg &1

Element Sea water Swream water  Red lentil Rice

il 1.55 4 008 2.12 + 0,62
Culh 13,30 £ 127 1140 2 0.84

13.87 4 1.53 7.48 5 1.2
7.56 - 124 2393 1.28
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Conclusions

An accurate and precise preconcentration/mafrix sepa-
ration approach to assist in the measurement of low
levels of Ni(ITy and Cufl}) ions in red lfentil and rice,
and sea and stream water samples based on the CEFC
method was investigated. The proposed method has
the following advantages: simple, rapid and low analy-
sis cost. The validity of the method is performed by
the conirol analyses of standard reference material.
The proposed CEFC method does not work well, if
the reactants have very different solubility as well ag
different precipitate rate. ICOTPA, an organic
coprecipitating  agent (2-{4-[2-(1 H-Indol-3-yDethyl]-3
-(4-chlorobenzyl)-5-0x0-4,5-dihydro-1H-1 J2.4-triazol1
-yi}-N'-(pyrrol-2-yImethyliden)acetohydrazide), and
allows effective and selective separation and precou-
centration of Ni(II} and Cu(Il) ions by collecting the
analyte ion on itself without using a carrier element.
Contamination risk for the analyle ions from a carrier
clement was therefore eliminated. The experiments
have shown that the method is relatively free from
interference of various foreign ions at allowable levels.
The proposed method has high preconcentration fac-
tor, low RSD and relatively low LOD when compared
to other methods reported in the literature (Saracoglu
ef al.. 2003; Soylak er al, 2008; Citak er afl, 2009;
Soylak & Aydin, 2011). Tn the light of the obtained
resuits, it can be concluded that the recommended
CEFC procedure could be successfully applied o rou-
tine determination of Ni(ID and Cu(lf} ions level in
food and water samples with acceptable accuracy, low
detection limits and high precision.
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