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Preconcentration by Coprecipitation of Copper and
Nickel with Mo(Vi)/Triazole Derivative System and
Their Determinations by Flame Atomic Absorption
Spectrometry in Food and Water Samples

A new separation and preconcentration technique based on coprecipitation of Cu{ll)
and Ni{ll} ions by the aid of Mo(VI)/di-tert-butyl {methylenebis[5-{chlorobenzyl}4H-1,2,4-
triazol-3,4-diy]] } biscarbamate (BUMECTAC) precipitate has been established. The Mo{VIy/
BUMECTAC precipitate was dissolved by concentrated HNO; and the solution was
completed to 5.0 mL with distilled/deionized water. The levels of the analyte ions were
determined by flame atomic absorption spectrometer. The effects of experimental
conditions like HNO; concentration, amount of BUMECTAC and Mo{VI}, sample volume,
etc. and also the influences of some foreign ions were investigated in detail on the
quantitative recoveries of analyte ions, The preconcentration factors were found to be
46 for Cu{ll} and 100 for Ni(ll) ions. The detection limits for Cufll) and Ni{ll} ions based
on 3o {N:10) were 0.43 and 0.70 ugL™?, respectively. The relative standard deviations
were found to be lower than 4.0% for both analyte ions. The accuracy of the method was
checked by spiked/recovery tests and the analysis of two certified reference materials
(Environment Canada TM-25.3 and CRM-SA-C Sandy Soil C). The procedure was success-
fully applied to sea water and stream water as liquid samples and baby food as solid

sample in order to determine the levels of Cu(ll) and Ni{II} ions.
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1 Introeduction

Heavy metals, one of the major sources of pollution, are generally
present at trace levels in environmental samples. Although some of
them (Fe, Cu, Mn, Zn, and Co, etc,) are essential micronutrients and
have a variety of biochemical functions in all living organisms, when
taken in excess they can be toxic. Besides a great number of metals
like Ni, Pb, and Cd, efc., are non-essential as they are extremely toxic
and harmfui substances even at low concentrations {1, 2. Therefore,
the determination of heavy metal levels in environmentai samples
should be one of the most important tasks for analytical chemist in
terms of protection of human health.

Pue to lower analyte levels than the instrument's limit of detec-
tion and high interference effects from the matrix components of
the analyzed sampies, a separation and preconcentration method is
generally required for heavy metal ions at trace levels prior to
determination of them by instrumental techniques including
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atomic absorption spectrometry {AAS), inductively coupled plasma
atomic emission spectrometry {ICP-AES), and inductively coupled
plasma mass spectrometry (ICP-MS) [3, 4]. Several methods including
solid phase extraction {5, 6}, ion exchange (7}, cloud point extraction
18, 8, electrochemical deposition [10], and coprecipitation [11], etc,
have been extensively used for separation and preconcentration of
heavy metal jons.

The coprecipitation method, which occurs with retention of metal
jons at trace levels onto precipitate surface via various mechanisms
including surface adsorption, ion exchange, surface precipitation,
and occlusion, is one of the most efficlent ways for separation and
preconcentration of trace elements from the sample matrix {12}, The
main advantages of the method are simplicity. short analysis time,
high preconcentration factors, and low consumption of organic
solvents, Furthermore, several analyte ions car be separated from
the matrix simnultaneously by using organic and inorganic copreci-
pitants as efficient collectors of trace metals [13]. Although a wide
range of metal hydroxides such as aluminum {14], copper [15],
ytterbium [16], indium {17], and terbium [18] can be used as inor-
ganic coprecipitants for preconcentration of trace metal ioms;
organic coprecipitants like diethyldithiocarbamate [19], pyrrolidine
dithiocarbamate [20], 4-methylpiperidinedithiocarbamate {21}, chi-
tosan [22}, etc., are more recommended.

In the present study, a simple and rapid coprecipitation procedure
is proposed for separation and preconceniration of Cu(H) and Ni(H}
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fons by using an organic coprecipitant ditertbutyl{methylenebis}5-
(chlorobenzyl}4H-1,2,4-triazol-3,4diyl] biscarbamate  (BUMEBCTAC),
and Mo(V]) ions as carrier element, prior to their flame atomic
absorption spectrometric determinations, Some advantages can be
given of using BUMECTAC for separation and preconcentration of
Cu(B) and Ni(ll) ions. Although BUMECTAC, a triazole derivative, is
harmful for human health when taken inte body via ingestion,
inhalation, or skin contact, there are no carcinogenic, mutagenic,
and teratogenic effects of it available. According to our literature
survey, 1,2.4triazoles are associated with diverse pharmacological
activities such as analgesic, antiasthmatic, diuretic, antibacterial,
antifungal, and antiinflammatory activities [23]. A non-toxic and
environmentally friendly organic solvent, ethanol, was used for
dissolution of BUMECTAC. As a result of decomposition of
BUMECTAC easily by flame and HNQ,, no interferences have been
observed from this compound during the flame atomic absorption
spectrometry {PAAS) analysis.

The mechanisms of coprecipitation may vary in each case and the
coprecipitation of Cu(H) and Ni(Il} ions by BUMBCTAC may include
mainly electrostatic surface adsorption, besides surface precipi-
tation and ccclusion.

The experimental conditions including, HNO,; concentration,
quantity of BUMECTAC, standing time, centrifugation rate and time,
and sample volume, etc. were evaluated on the quantitative recov-
eries of Cufll} and Ni{ll} ions. After validation of the method by
certified reference materials and spike tests, it was applied to deter-
mine Cu(lf) and Ni{ll) ions in several solid and liquid environmental
samples.

2 Experimental
2.1 Apparaius

The determinations of Cu(fl) and Ni(Il} ions were performed by using
A Unicam model AA-929 Flame Atomic Absorption Spectrometer
with an airfacetylene flame, The instrumental parameters were
those recommended by the manufacturer. Sigmma 3-16P (Sigma
Laborzentrifugen GmbH, Germany) model centrifuge was used to
centrifuge the solutions, Milestone Bthos D (Milestone Inc., faly)
closed vessel microwave system (maximum pressure 1450 psi and
maximum temperature 300°C) was operated for digestion of the
solid samples,

2.2 HReagents and solutions

All the chemicals used in this work were analytical grade of Merck
{Darmstadt, Germany) and Fluka {Buchs, Switzeriand), unless other-
wise. Distilled/deionized water (Millipore Milli-Q systen:) was used
throughout the experimental work. The single element stock
solutions of the metal jons (1000 mg L") in 0.5 M HNO; were diluted
daily for obtaining reference and working solutions, The calibration
curve was established using the standard solutions prepared by
dilution of stock solutions, The calibration standards were not sub-
jected to the preconcentration procedure, A stock solution of Mo(VI}
(2.0 g L") was prepared daily by dissolving appropriate amounts of
(NH,4)sM04054 - 4 HyO in stnall amounts of 0.5 M HNO; and diluting to
50 ml with distilled/deionized water. BUMECTAC (Scheme 1) used as
a coprecipitating agent was recently synthesized as reported else-
where [24]. For separation and preconcentration experiments,
0.2% wjv BUMBCTAC solution was prepared in ethanol, The certified
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Scheme 1. Chemical structure of BUMECTAC.

reference materials used in the experimental studies were
Environment Canada TM-25.3 and Sandy Soil C (CRM-SA-C).

All glassware and plastic materials used were soaked in 10%viv
nitric acid solution for 1 day before use then cleaned repeatedly with
distilled/deionized water. For storage of water samples prior to
analysis, polypropylene bottles were used,

2.3 Test procedure

The Mo(VI)JBUMECTAC coprecipitation system was tested with model
solutions prior to its application to real samples. For that purpose,
25 mL of an aqueous solution containing 25 ug of Culll} and Ni(lt)
fons was placed in a centrifuge tube and 0.5mL of 2gL™* Mo{Vl)
solution as a carrier element was added to this solution. After
addition of a certain amount of 5M HNO; solution to adjust
HNQ; concentration to 0.05M, 2.5ml of coprecipitating agent
selution (0.2%wjv) were added fo the tube. After standing for
30mir, the solution was centrifuged at 3000rpm for 25 min, The
supernatant was removed and the precipitate remained adhering to
the tube was dissolved with 1.0mL of cone. HNO;. Final volume was
completed to 5.0mL with distilled/deionized water, and then the
content was analyzed by FAAS for determination of analyte ions.

2.4 Analysis of real samples

The developed coprecipitation procedure was applied to various
environmental liquid and solid real samples ir order to determine
their Cu{ll) and Ni(l}) levels. As standard reference materials;
Environment Canada TM-25.3 and CRM-SA-C Sandy Soil C were used.
Various arnounts of analyte ions were also spiked to solid and liquid
real sampiles.

24,1 Analysls of water samples

Twenty-five mililiters of Environment Canada TM-25.3 were taken
and the preconcentration procedure given in Section 2.3 was applied
to these samples.

The sea water and stream water samples, provided from Blacksea,
Trabzon[Furkey and $ana Stream, Trabzon[Turkey, were collected in
prewashed (in turn with detergent, doubly distilled/deionized water,
dilute HNQOj, and doubly distilled/deionized water} polyethylene
bottles. The samples were flltered through a cellulose membrane
filter of 0.45-um pore size and acidified with HNO; and then stored at
4°C in a refrigerator, For determination of Cu(ll) ions 200 mL and for
Ni(Hfl) ions 500 mL of sea water and stream water samples were taken.,
Before the analysis, the acidified water samples were neutralized and
a certain amount of 5M HNO; solution was added to adjust HNO,
concentration to 0.05M. After addition of appropriate amount of
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2gL™" Mo{Vl} and 0.2% BUMECTAC, the present coprecipitation
procedure was applied to the samples, The final volumes of the
solutions were diluted to 5ml with distilled/deionized water. The
levels of Cu{ll) and Ni(Hl) ions in the samples were determined by
FAAS.

242 Analysis of solld samples

Baby food was selected as a solid sample in order to decide the
applicability of the present coprecipitation method for preconcen-
tration of Cu(Il) and Ni(ll) ions in real solid samples. And also to test
the accuracy of the method for solid samples spike/recovery tests
were performed for baby food and a solid standard reference
material, CRM-SA-C Sandy Soil C, was used. The solid samples were
digested with a closed microwave digestion system. For that purpose
0.5 g of baby food and 0.1g of CRM-SA-C Sandy Soil C were weighed
with a sensitivity of 0.1 mg into Teflon vessels separately. Six milli-
liters of HNO; and 2 m of HpQ, for baby food sample, 4.5 mE of HCI,
1.5 mL of HNOg, 1 mE of HF, and 2 mL of H,0, for CRM-8A-C Sandy Soil
C standard were added into the vessels. Digestion conditions for the
microwave system for the samples were applied as {45 bar) 6 min for
250W, 6min for 400W, 6min for 650W, 6 min for 250W, vent:
3min. After microwave digestion, the volume of the sample was
made up to 25 miL with distilled water, Blanks were prepared in the
same way as the sample but omitting the sample. The preconcentra-
tion procedure given in Section 2.3 was applied to the samples. The
final volume was FmL.

3 Results and discussion
3.1 Effect of HNO; conceniration

Because of the Mo(VIjBUMECTAC precipitate cccurring in acidic
medium, the effect of HNOy concentration on the recoveries of
the analyte ions was evaluated in the HNO, concentration range
of 0.001-1.0 M. The recoveries of analyte ions were decreased in too
acidic medium as a result of increasing the solubilization of pre-
cipitate. The quantitative recovery values were obtained for both
Cu(ll} and Ni{ll) ions at 0.05 M of HNO; concentration (Fig. 1} so in all
the further experiments the HNQ; concentration of the aquecus
solutions was adjusted to 0.05M.

100 ~O—Ni
——Cu
80
£
\é: 60
3
8 40
P
20
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0 0.25 0.5 0.75 1
HBNQ: conc., (M)

Flgure 1. Effect of HNO, concentration on the recoveries of analyte lons
{N=13, sample voiume: 25 mL, quantity of BUMECTAC: 2.5 mi (0.2% wiv),
guantity of Mo(V1): 0.5mi (2g L), standing fime: 30 min, centrifugation
rate: 3000 rpm, cantrifugation time: 25 min}.
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3.2 Effect of ligand amount

The effect of BUMECTAC amount on the recoveries of Cu(ll) and Ni(H}
jons was examined in the BUMECTAC amount range of 0-6.0mg
(0-3.0mL, 0.2% wijv) under optimal conditions. The percentage recov-
eries of analyte ions were negligible («<2%) without adding
BUMECTAC (Fig. 2). The results showed that the recoveries of analyte
ions increased with increasing amounts of BUMECTAC and reached
to quantitative values while using 4.0 mg of BUMECTAC for CuflT}and
5.0 mg for Ni(H) ions. Hence it can be concluded that for guantitative
and simultaneous recoveries of Cu(f} and Ni{ll) ions BUMECTAC is
necessary. For all subsequent works 5.0mg (2.5mlL of 0.2%wv)
solution of BUMBCTAC was used.

3.3 Effect of amounts of Mo(VI) as carrler element

The effects of amoust of Mo(V1), as carrier element, on the recoveries
of CudIE} and Ni{ll) ions were also investigated in the Mo(Vl)} amount
range of 0-5.0mg (0-2.5ml, 2.0gL™"). The recoveries were below
than 30% without Mo(V1}. After addition of Mo(VI) ions, as a result of
formation of Ma(VI)JBUMECTAC precipitate, the recovery values for
both analyte icns increased until 1.0mg of Mo(Vl) amount and
decreased by the addition of excess Mo{VT) {Fig. 3). This resulis
showed that addition of a certain amount of MofVl) is necessary
for quantitative recoveries of Cuflf) and Ni(H) ions. The decrease in
the recoveries of analyte ions may be related with decomposition of
the Mo(VE/BUMECTAC complex with high amount of Mo{Vl} ions.
Similar results were obtained by Soylak and Erdogan [25] with
Copper(il)-rubeanic acid coprecipitation system. In the light of these
results, all further works were performed with 1.0mg (0.5mlL of
2g L") of Mo(VI} ions as carrier element.

3.4 Effect of standing time, centrifugation time,
and rate

‘The effects of standing time were evaluated in the range of 0-40 min
by the addition of 1.0mg of MofVl) (0.5mL of 2gL™") and 5mg of
BUMECTAC (2.5mL of 0.2% wiv} into a series of 25mL of aqueous
solution containing 25pg of Cu{ll} and Ni(ll} fons. After 30 min,
quantitative recoveries were obtained and hence optimum standing
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Flgure 2, Effect of BUMECTAC amount on the recoveries of analyte lons

{N=13, HNO, conc.: 0.05M, quantlty of Mo{Vl): 0.5ml (2gL""), sample
voiume; 25 mL).
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Flgure 3. Eftact of Mo(V1} amount on the recoveries of analyte ions (N 3,
HNO3 cone.: 0.05M, quantity of BUMECTAC: 2.5 mL (0.2% wiv), sample
volume: 25 mi.).

time was specified as 30 min for all further experiments. This period
was long enough for the formation of Mo(VI)jBUMECTAC precipitant
and adsorption of Cu(ll} and Ni{ll) ions on the precipitant.

The effects of the centrifugation rate on the recoveries of analyte
ions were evaluated in the range of 1008-3500 rpm under optimal
conditions. The quantitative recoveries were obtained for both Cu(Il}
and Ni(Il} ions at 3000 rpm {Fig, 4), And the effects of centrifugation
fime were tested in the range of 5-30 min at 3000 rpm, After 25 min,
quantitative recoveries were obtained, so all the other works were
performed at 3000 rpm for 25 min.

3.5 Effect of sample volume

In order 1o get a high preconcentration factor in the analysis of real
samples, the influences of sample volume on the recoveries of
studied metal ions were investigated in the sample volume range
of 50~1000 mL containing 25 g of Cu{ll} and Ni(ll) ions by using
model solutions. While Cu(ll) ions were quantitatively recovered in
the sample volime range of 50-200 mL, Ni{ll} ions were recovered in
the range of 50-500 mL (Fig. 5). Hence in the analysis of sea water and

100

S 80+

oy

g

§ 60 1
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20 T T T
500 1500 2500 3500

Centrifugation rate (rpm)
Flgure 4. Effect of centrifugation rate on the recoverles of analyte lons

{N=8, HNOj3 conc.: 0.05M, quantily of BUMECTAC: 2.5mL (0.2% wiv),
standing time: 30 min, centrifugation time: 25 min).
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Flgure 5, Effect of sampie volumes amount on the recoveries of analyte
fons (Ne= 3, HNQ; cone.: 0.06 M),

stream water samples, the sample volumes were selected as 200 mL
for Cufil} and 500 ml for Ni{l} ions. The preconcentration factor is
caiculated by the ratio of the highest sarnple volume and the lowest
final volume, and it was found as 40 for Cu{ll) and 100 for Ni{Il} ions
when the final volume was 5.0mL,

3.6 Effect of foreign ions

In order to assess the possible analytical application of the recom-
mended separation and preconcentration procedure based on copre-
cipitation, the effects of foreign ions, which may be present together
with Cufll) and Ni(H) ions in environmental real sample matrix, were
evatuated under optimur experimental conditions. For these stud-
ies different amounts of each foreign ions were added to the model
solutions containing 25 g of Cu(H) and Ni(ll) ions and the presented
procedure was applied. In the presence of high concentration levels
of interfering ions, the recoveries of analyte ions were quantitative
with some exceptions, Also some of the transition metals at mgL™
levels were not interfere on the recoveries of the analyte ions {Tab. 1).
in the light of these results it can be concluded that the proposed
method can be applied to the samples containing high amount of
salts and some transition metal ions at concentration levels given in
Tab. 1.

3.7 Analytical performance of the method

The reproducibility of the present method was evaluated by using
251l of model solutions containing 25 g of Cu(ll) and Ni{ll) ions
and the procedure was repeated for 10 times under optimal con-
ditions. The relative standard deviation (RSD} of these determi-
nations were found to be 3.6% for Cu(ll) and 3.9% for Ni{fl) ions.
In order to determine the instrumental detection limit, the pro-
cedure was applied to 25mL of blank solutions. The instrumental
detection limits, defined as the concentration that gives a signal
equivalent to three times the standard deviation of 10 replicate
measurements of the blank samples, were found to be 17.2ug Lt
for Cu(fl} and 70ugl™* for Ni{ll) ions. The analytical or method
detection limits {LOD) were calculated by dividing the instrumental
detection limit by the preconcentration factors (40 for Cu(H} and 100
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Table 1. Influences of some foreign ions on the recoverias of analyte ions (N=3, HNQ; cone.: 0.05M, sample volume: 25 ml., quantity of BUMECTAC:
2.5mL (0.2% wiv), quantity of Me(VI): 0.5mL (2gL™"), standing time: 30 mir,, centrifugation rate: 3000 rpm, centrifugation time: 25 min)

lons Added Conc. Ni{l) Recovery Cu{ll) Recovery
as tmgL™") (%) (%)
Na* NaCl 5000 93.04+1.7 92.04+3.2
KCl 1000 90521 955+ 2.8
Ca* CaCl, 1000 103.0+14 9424 2.8
Mg+ Mg(NO3)z 1000 1043+19 96.0+3.1
coz™ NasC0s 1600 95.0:4+3.3 97.0:+25
NO7 NaNQs 1000 102.5 4 2.1 95,6+ 0.7
rod- NagPO, 1000 96,04+ 1.6 95,5+ 2.6
sof- Na,S04 1000 96,0+ 2.3 96.7 & 2.4
NE NH NO; 1000 90,012 950+ 1.3
B NaF 1000 103.5+28 98.6+ 2.1
CH,CO0™ NaCH,C00 1000 102.9+26 99.3:-0.8
AP, Cd?, Rett, e 25 99,5423 930419
ot Pb?, and v
Mixed® 947409 914+1.6

By gdded as VOSQy, other ions added as their nitrate salts.

Y5990 mg L~ Na*,8390mg L~ CI™, 2530 mg L™* NO;, 250 mgL~* K*, Ca®*, Mg**, CO%~, POY™, S04~ NH{, F~, and CH;C00™, 10 mg L~ A%,

cd®t, Fe?*, Zn**, Pb**, and V¥,

for Ni{ll} ions when final volume was 5.0 ml). The LOD values were
found to be 043 pgL ™" for Culll) and 0,70 pg L™ for Nill) fons.

3.8 Method validation and applicatlon to real
samples

For the validation of the present coprecipitation method by the
spikefrecovery tests, different amounts of Cu(ll) and Ni(ll) ions were

Table 2. Spiked recoveries of analyte ions from water samples (N=3,
HNO; cone.: 0.05 M, sample volume: 50 ml, quantity of BUMECTAC:
5.0 my, quantity of Mo{Vi}: 1.0 mg, finai volume: 5.0 mL)

Element Added Sea water . Stream water
(g}
Found Recovery Found Recovery
{ug) (%) {ug (%)
Culll) 0 BDL - BDL -
15.0 141106 94 148408 99
25.0 238+14 95 2401210 96
Ni{Ih) 0 BDL - BDL -
15.0 13.8::04 92 142106 95
25.0 2354+ 1.1 94 234£09 94

BDL, below detection limit,

Table 3. Spiked recoveries of analyte ions from solid sampie (N=13, HNO,
cone.; 0.05 M, sample volume: 25 ml, quantity of BUMECTAC: 5.0mg,
quantity of Mo{V1}: 1.0 mg, baby food quantity: 0.5g, final volume: 5.0mi)

Element Added Baby Food
(ng)
Fourd Recovery
{pg) (%)
Cu(H) - 52404 -
50 98403 92
20.0 257409 102
Ni(TE) - BDL -
50 48+0.2 95
200 188406 94

spiked in 50 mL of sea water, stream water, and 0.5g of baby food
samples and the recommended procedure was applied to these
samples. The results were given in Tabs. 2 and 3. A good agreement
was obtained between the added and measured analyte amounts,
The results showed that the presented coprecipitation method can
be applied for separation and preconcentration of Cuflf) and Ni(H)
ions from environmental solid and liquid samples.

The standard reference matetials (Environment Canada TM-25.3
and CRM-SA-C Sandy Soil C) were also used for the method validation.
The obtained results were in good agreement with the certiffied
values (Tab. 4).

The coprecipitation method was applied to the determination of
Cu(H) and Ni(O) ions in sea water (Blacksea, Trabzon/Turkey), stream

Table 4. Applicé!ion of the present method to the standard reference
materials (N=23, quantity of BUMECTAC: 5.0mg)

Element Environment CRM-SA-C
Canada TM-25.3% Sandy Soif”
Certified Found Certified Found
value value value3 value1
(ngl™ (pgl™ (rgg™) (ugg™™
Cu(ll} 276 286313 63.6 4.0 665132
Ni(t) 15.5 149109 484430 458+ 2.7

ssample volume: 25mlL.
Y gample quantity: 6.1g.

Table 5. Analyte levels in reat solic/figuid samples after being applied the
presented coprecipitation procedure (N=3, sample volumes: 200 mL for
Cu(il) and 500 ml. for Ni(il) ions, baby food quantity: 0.5 g, final velumes:
5.0mL)

Blement Liquid samples Solid sample
Sea water Stream water Baby fojod
(ugL™) (ngLl™) wgg™)
Ca(ll) 158 +03 11505 104 0.4
NI 31402 BDL BDL

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 8, Comparison of the presented method with some recent studlies on saparation and preconcentration reported in literature

Technigue Analytes System Fluent PF LOD (ugl™) RSD (%} Ref.
Coprecipitation Au{lH), Bi(H}), Co(fl), Cu(H)/9-phenyl-3-fluorone HNO, 30 0.05-12.9 0.8-2.7 {3}
Cr{I1F), Fe(tl), Mn(Il),
Ni{ll), Pbill), Th(IV),
and UV])
Coprecipitation Cr speciation 5-Chloro-3{4-{triflucromethoxy) HENOy 40 0.7 5 [11}
{Cr{IIB)} phenyliminolindolin-2-one {CFMEPD
Coprecipitation Au{lH), PA(IE), Ni{H)/5-methyl--2 thiazolylazo) HNO;,3 25 1.5-2.6 <10 {31]
and Pb(H) resorcinol
Solid phase Cr speciation Diethyldithiocarbamate/ 1M HNO» 25 1.28 3 [26]
extraction {Cr{VI}} Amberlite XAD-2010 in acetone
Solid phase Mn(lt), Coftl}, Ni(ft), Sodium diethyldithiocarbamate/ 1M HNO; 100 0.08-0.26 1.9-5.1 [27}
extraction Cuflly, Cd{H), Amberlite XAD-2010 in acetone
and Pb(H)
Solid phase Cofll), NKII), Cu(ll), Ammeonium pyrrolidynedithiocarbamate 1M HNO; 200 0.07-0.23 <6 [32]
extraction and Cd(Hl) (APDC)/Amberlite XAD-2000 in acetone
Cloud point Cr speciation Triton X-100/bis{2-hydroxy-1- 0.1 M HNO; 58 0.18 23 [28]
extraction {Cr{iI)} naphthaldehyde] thiourea in methanol
Cloud point Cd(H), Pb(ll}, P4(HT), Triton X-114/bis({1H-benzo [d} 1M HNOy 30-48 14-28ngmlL™' 20-3.6 [25]
extraction and Ag{l) imidazol-2ytjethyl) sulfane (BIES) in methanol
Cloud point Cu(ll) Triton X-114/thiamine Ethanolf 10 0.29ngml* 212 [30]
extraction water {1:1)
Coprecipitation Ni(H} and Cu{ll) Mo{Vi)fditert-butyl{ methylenebis]s- HNO; 40100 0.43-0,70 3.6-3.9 This work

(chiorobenzyij4H-1,2,4-triazol-3,4 diyl])

biscarbamate (BUMECTAC)

PF, preconcentration factor; LOD, limit of detection; RSD, relative standard deviation.

water {§ana Stream, Trabzon/Turkey), and baby food samples after
being verified the accuracy of the method. After applying the pre-
concentration procedure to the samples, the obtained results were
tabulated in Tab. 5.

4 Conciuslons

The developed method, based on coprecipitation of Cu(lf) and Ni{I})
ions by the aid of Mo{VI)JBUMECTAC precipitate, offers a simple,
rapid, and low cost separation and preconcentration technique for
accurate and precise determination of Cu(fl) and Ni(ll} ions in
environmental solid and Hquid samples. The coprecipitated
anaiyte ions can be sensitively determined by AAS without any
influence of Mo{Vl) and BUMECTAC, The data obtained from present
coprecipitation method have been compared with those of recently
reported heavy metal separation and precorcentration methods
(Tab. 6} [3, 11, 26-32]. The proposed method is primarily superior
to those reported methods in literature in terms of no need to
consumption of organic solvent. And also the method has high
precopcentration factor, low RSD, and relatively low LOD values
when compared to the other methods reported in Tab, 6. The pre-
sented method was successfully employed for determination of
Cu(ll) and Ni(ll} levels in sea water, stream water, and baby food
samples.

The authors have declared no conflict of tnterest,
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