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Abstract A new, simple, and rapid separation and
preconcentration procedure, for determination of Pb
(I), Cd(I), Zn(II), and Co(II) ions in environmental
real samples, has been developed. The method is
based on the combination of coprecipitation of analyte
ions by the aid of the Mo(VI)—diethyldithiocarba-
mate—(Mo(VI)-DDTC) precipitate and flame atomic
absorption spectrometric determinations. The effects
of experimental conditions like pH of the aqueous
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solution, amounts of DDTC and Mo(VI), standing
time, centrifugation rate and time, sample volume,
etc. and also the influences of some foreign ions were
investigated in detail on the quantitative recoveries of
the analyte ions. The preconcentration factors were
found to be 150 for Pb(Il), Zn(Il) and Co(Il), and
200 for Cd(II) ions. The detection limits were in the
range of 0.1-2.2 pg L™ while the relative standard
deviations were found to be lower than 5 % for the
studied analyte ions. The accuracy of the method was
checked by spiked/recovery tests and the analysis
of certified reference material (CRM TMDW-500
Drinking Water). The procedure was successfully
applied to seawater and stream water as liquid
samples and baby food and dried eggplant as solid
samples in order to determine the levels of Pb(Il),
Cd(I), Zn(Il), and Co(Il) ions.

Keywords Preconcentration - Coprecipitation - Heavy
metal - Diethyldithiocarbamate - Flame atomic
absorption spectrometry

Introduction

The controlling of heavy metal levels in environmen-
tal samples is an important application in analytical
chemistry since most of the heavy metals have nega-
tive or positive effects on living organisms especially
on human bodies depending on their concentration
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levels. Although some of the metals such as iron,
copper, zinc, and cobalt have a variety of biochemical
functions in living organisms, they can be toxic when
taken in excess. On the other hand, some metals like
lead and cadmium are non-essential and their presence
even in trace levels results in damaged or reduced
mental and central nervous function, lower energy
levels, damage the blood composition, lung, kidneys,
liver, and other vital organs (Afridi et al. 2006;
Cockerham and Shane 1993). Hence, the accurate and
precise determination of heavy metals in environmental
samples is important in order to estimate the risk level of
them. For that purpose, due to its low cost, easy instru-
ment usage, high speed, and good selectivity, flame
atomic absorption spectrometry (FAAS) is a widely
preferred method for determination of heavy metals at
trace levels, besides different instrumental techniques
such as spectrophotometry, electroanalytical techniques,
and inductively coupled plasma atomic emission spec-
trometry (Srogi 2008). However, the lower analyte
levels than the detection limits of FAAS and positive or
negative effects of matrix ions on the analyte signal,
limit the direct usage of FAAS in determination of metal
ions. Therefore, separation/preconcentration techniques
such as solid phase extraction (Elci et al. 2007),
ion exchange (Murgia et al. 2011), cloud point extrac-
tion (Favre-Reguillon et al. 2011), membrane filtration
(Soylak et al. 2007), liquid-liquid microextraction
(Salahinejad and Aflaki 2011), and coprecipitation
(Divrikli et al. 2008) are generally required prior to
FAAS determination.

Coprecipitation, which occurs with retention of
metal ions at trace levels onto precipitate surface via
various mechanisms including surface adsorption, ion
exchange, surface precipitation, and occlusion (Pereira
and Arruda 2003), is a commonly utilized technique
for separation and preconcentration of trace metal ions
because of some advantages including simplicity, ra-
pidity, ability to attain a high preconcentration factor,
and low consumption of organic solvents. Besides,
both separation and preconcentration steps can be
applied in the same step and several analyte ions can
be preconcentrated and separated from the matrix si-
multaneously by using various organic (Bulut et al.
2008, 2009; Duran et al. 2009a, b, 2011) or inorganic
coprecipitants (Citak et al. 2009; Doner and Ege 2005;
Peker et al. 2007) as efficient collectors of trace ele-
ments. In coprecipitation procedure, a precipitate is
occurred by the combination of a carrier element such
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as Ni, Cu, Al, Mo, Mg, and Er, etc. with a suitable
organic ligand like dithiocarbamates (Chen et al.
1997), chitosan (Minamisawa et al. 1999), violuric acid
(Saracoglu et al. 2006), rubeanic acid (Soylak and
Erdogan 2006), and 8-hydroxyquinoline (Bulut et al.
2010) or inorganic ligand like hydroxides (Minami et
al. 2005). According to our literature survey, no copre-
cipitation study has been performed by using the combi-
nation of Mo(VI) and diethyldithiocarbamate (DDTC).
In the present study, a simple and rapid coprecipi-
tation procedure is proposed for the separation and
preconcentration of Pb(Il), Cd(Il), Zn(II), and Co(II)
ions by using DDTC, as an organic coprecipitant, and
Mo(VI), as carrier element, prior to their FAAS deter-
minations. The influences of the various analytical
parameters such as the effects of pH, quantity of
DDTC and Mo(VI), standing time, centrifugation rate
and time, and sample volume, etc. were investigated on
the recoveries of the examined metal ions. After vali-
dation of the method by certified reference materials
and spike tests, it was applied to determine the analyte
ions in several solid and liquid environmental samples.

Experimental
Apparatus

The analyte measurements were performed by using a
Unicam model AA-929 flame atomic absorption spec-
trometer with an air/acetylene flame. The instrumental
parameters were those recommended by the manufac-
turer. The pH measurements were taken using Hanna
pH-211 (HANNA instruments, Romania) digital pH
meter with glass electrode. Sigma 3-16P (Sigma
Laborzentrifugen GmbH, Germany) model centrifuge
was used to centrifuge solutions. Milestone Ethos D
(Milestone Inc., Italy) closed vessel microwave system
(maximum pressure, 1,450 psi; maximum temperature,
300 °C) was operated for digestion of the solid samples.

Reagents and solutions

All of the chemicals used in this work were of analytical
grade from Merck (Darmstadt, Germany) or Fluka
(Buchs, Switzerland). Distilled/deionized water was
obtained from Sartorius Milli-Q system (arium®
611UV) and used for all the experiments. Dilute HNO3
and NaOH solutions were used for pH adjustments. A
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stock solution of Mo(VI) (1.0 g L™") was prepared
daily by dissolving appropriate amounts of
(NH4)6M070,4.4H,0 in small amounts of 0.5 mol L!
HNO; and diluting to 50 mL with distilled/deionized
water. Stock standard solutions of the analytes
(1.0 g L") were prepared by dissolving appropriate
amounts of nitrate salts of analytes in 1 % nitric acid.
The stock metal ions solution was diluted daily for
obtaining reference and working solutions. A 0.5 %
(w/v) solution of DDTC, as coprecipitating agent, was
prepared daily in ethanol. The drinking water standard
(CRM-TMDW-500), used as a certified reference mate-
rial in the experimental studies, was obtained from
High-Purity Standard Inc.

Working model

Prior to preconcentration of analyte ions from real
samples, Mo(VI)-DDTC coprecipitation method was
tested with model solutions. For that purpose, approxi-
mately 50 mL of an aqueous solution containing 50 pg
of Pb(II), 10 pg of Zn(Il) and Cd(I), and 25 ug of Co(II)
ions was placed in a centrifuge tube and 0.75 mL of
1.0 g L' Mo(VI) solution as a carrier element was
added to this solution. After adjustment of the pH to
4.5, 0.6 mL of DDTC solution (0.5 % (w/v)) was added
to the tube. After standing for 10 min, the solution was
centrifuged at 2,750 rpm for 15 min. The supernatant
was removed and the precipitate remained adhering to
the tube was dissolved with 1.0 mL of conc. HNO3. The
final volume was completed to 5.0 mL with distilled/
deionized water, and then the content was analyzed by
FAAS for determination of analyte ions.

Analysis of real samples

The present procedure was applied to various solid
and liquid samples; baby food and dried eggplant
as solid samples, stream water (Caykara—Trabzon/
Turkey) and seawater (Black Sea—Trabzon/Turkey)
as liquid samples. The method was also applied to
CRM-TMDW-500 Drinking Water as certified ref-
erence material. Various amounts of analyte ions
were spiked to solid and liquid real samples.

The stream and seawater samples were collected
in prewashed polyethylene bottles. After filtration
through a Millipore cellulose nitrate membrane of pore
size 0.45 pum, the samples were acidified with 1 mL of
1 % nitric acid, and stored at 4 °C in a refrigerator.

Before the analysis, the pH of the liquid samples was
adjusted to 4.5. Then, appropriate amounts of DDTC
were added and the procedure given above was ap-
plied. The final volume of the solutions was diluted to
5 mL with distilled/deionized water. The levels of the
analyte ions in the samples were determined by FAAS.

Twenty five milliliters of CRM-TMDW-500
Drinking Water were taken and the preconcentration
procedure given in Working model section was ap-
plied to these samples. The solid samples were
digested with a closed microwave digestion system.
For this, 0.50 g of baby food and dried eggplant
samples were weighed with sensitivity of 0.1 mg into
teflon vessels separately. Added into the vessels were
4.5 mL of HCI, 1.5 mL of HNO3, 2 mL H,0,, and 1 mL
HEF. Digestion conditions for the microwave system for
the samples were applied as (45 bar) 6 min for 250 W,
6 min for 400 W, 6 min for 650 W, 6 min for 250 W;
vent, 3 min. After microwave digestion, the volume of
the samples was made up to 100 mL with distilled/
deionized water and the presented method was applied.
The final volume was 5 mL.

Results and discussion

Effect of pH on the coprecipitation efficiency
of the analyte ions

The pH of the aqueous solution is an important factor
to obtain the quantitative coprecipitation efficiency for
heavy metal ions. Hence, the effects of the pH on the
Mo(VI)-DDTC coprecipitation system were investi-
gated in the pH range of 1.0-10.0 by using 0.75 mg
(0.75 mL of 1.0 g L™") of Mo(VI) and 3.0 mg (0.6 mL
of 0.5 % (w/v)) of DDTC. The pH of the model
solutions were adjusted by the addition of dilute
HNO; and NaOH solutions. The quantitative recovery
values (>95 %) were obtained in the pH range of 4.0—
10.0 for all investigated metal ions hence all subse-
quent works were performed at pH 4.5 (Fig. 1).

Effect of DDTC amount

The effects of DDTC amount on the coprecipitation
efficiency of analyte ions were examined in the DDTC
amount range of 0—10.0 mg. The recovery of Cd(Il),
Co(I), and Zn(II) ions increased with increasing
the amounts of DDTC from 0 to 10.0 mg and the
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Fig. 1 Effect of pH on the recovery of the analyte ions (n=3;
DDTC amount, 3.0 mg; Mo(VI) amount, 0.75 mg; final volume,
5.0 mL)

quantitative recovery values were observed in the DDTC
amount range of 2.0—10.0 mg while the recovery of Pb
(IT) ions increased with increasing the DDTC amount
from 0 to 5.0 mg, then it suddenly decreased after the
DDTC amount is >5.0 mg (Fig. 2). These results indi-
cated that for quantitative and simultaneous recovery of
Cd(II), Co(Il), Zn(II), and Pb(II) ions, DDTC is neces-
sary. All subsequent experiments were performed by
using 3.0 mg (0.6 mL of 0.5 %, w/v) of DDTC solution.

Effect of amounts of Mo(VI) as carrier element

The influences of the amount of Mo(VI) as carrier
element on the quantitative recoveries of analyte ions
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Fig. 2 Effect of DDTC amount on the recovery of the analyte ions
(n=3; pH 4.5; Mo(VI) amount, 0.75 mg; final volume, 5.0 mL)
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Fig. 3 Effect of Mo(VI) amount on the recovery of the analyte ions
(n=3; pH 4.5; DDTC amount, 3.0 mg; final volume, 5.0 mL)

were also investigated in the Mo(VI) amount range of
0-2.0 mg. The recovery values for all the studied
analyte ions increased with increasing the amount of
Mo(VI). Without using Mo(VI), the recovery values
for Cd(II), Zn(1l), and Pb(Il) ions were below 60 %
and for Co(Il) below 75 % (Fig. 3). These results
showed that the addition of Mo(VI) is necessary for
the quantitative recovery of the analyte ions by the
presented coprecipitation method. Quantitative recovery
values were obtained for the analyte ions in the Mo(VI)
amount range of 0.6-2.0 mg. In light of these results, all
further works were performed with 0.75 mg (0.75 mL of
1 g L") of Mo(VI) ions as carrier element.
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Fig. 4 Effect of sample volume on the recovery of the analyte
ions (n=3)
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Table 1 Influences of some foreign ions on the recovery of
analyte ions (n=3; pH 4.5; sample volume, 50 mL; amount of

DDTC, 0.6 mL (0.5 % (w/v)); amount of Mo(VI), 0.75 mL

(1.0 g L™"); standing time, 10 min; centrifugation rate,
2,750 rpm; centrifugation time, 15 min)

Ions Added as Conc.(mg L™ Recovery (%)

Zn(ID) Cd(ID) Co(II) Pb(II)
Na* NaCl 5,000 94+4 95+2 99+2 93+4
K* KCl 1,000 9843 96+4 100+4 96+2
Ca** CaCl, 1,000 98+3 93+5 95+1 94+1
Mg** Mg(NO3), 1,000 95+2 94+1 95+3 98+3
cr NaCl 7,500 94+4 962 94+1 9542
CH;COO NaCH;COO 1,000 9243 9444 9442 9342
HCO;* NaHCO; 1,000 104+2 100+3 98+5 9443
PO, Na;PO, 1,000 10343 103+4 10143 95+4
S04~ Na,SO, 1,000 102+6 98+1 101+2 9742
NO;~ NH4NO; 1,000 95+2 95+2 93+2 96+3
AP, Fe**, NiZ¥, Cu®', Mn?", V¥, Cr* a 25 93+5 96+3 95+4 99+1
Mixed” 100+4 10142 103+4 101+2

2V5" added as V,Os, other ions added as their nitrate salts

5490 mg L™ Na",7,640mg L™ CI",3490mgL™" NO;~,250 mgL™" K*, Ca®*, Mg®", CH;COO ™, HCO; ", SO,% , PO, 10 mg L™

APT F NPT, Cu?t, Mn®T, V3 and Cr°”
Effects of standing time, centrifuge rate, and time

Because of the importance of standing time, centrifuga-
tion time, and rate on the formation of the precipitate,
these parameters also should be optimized. For that
purpose, 0.75 mg of Mo(VI) (0.75 mL of 1.0 g L™")
and 3.0 mg (0.6 mL of 0.5 %, w/v) of DDTC were added

into a series of aqueous solution (50 mL) containing
analyte ions. After the pH of the solutions was adjusted
to 4.5, they were kept standing from 0 to 20 min. After
10 min of standing time, the quantitative recoveries for
all analyte ions were obtained. This period of standing
time was enough for the formation of precipitate and
adsorption of trace metal ions on the precipitate.

Table 2 Spiked recoveries of

the analyte ions from water Added (ng) Stream water Seawater
samples (n=3; sample volume,
50 mL; final volume, 5.0 mL) Found (ug) Recovery (%) Found (ug) Recovery (%)
Col) O BDL® - BDL -
5 4.8+0.2 96 5.1+0.2 102
10 10.1+0.5 101 9.8+0.4 98
caan 0 BDL - BDL -
5 4.7+0.3 94 4.9+0.1 98
10 10.3£0.4 103 10.3+£0.6 103
Zn(1I) 0 BDL - BDL -
5 5.1£0.3 102 4.5+0.3 90
10 9.6+0.2 96 9.5+0.1 95
Pb(1l) 0 BDL - BDL -
5 4.6+0.3 92 4.8+0.2 96
10 9.7+0.2 97 9.3+0.5 93

“Below the detection limit
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Table 3 Spiked recoveries of

the analyte ions from solid Added (pg) Baby food Dried eggplant
samples (n=3; sample quantities,
0.50 g; final volume, 5.0 mL) Found (pg) Recovery (%) Found (pg) Recovery (%)
Co(I1) 0 0.9+0.0 - 1.7+0.1 -
5 5.8+0.2 98 6.1+£0.2 88
10 10.5+0.6 96 10.9£0.6 92
cdd 0 BDL - BDL -
5 5.2+0.1 104 5.1+0.3 102
10 9.8+0.3 98 9.5+0.1 95
Zn(10) 0 18.2+0.8 - 8.5+0.3 -
5 22.6+1.3 88 12.7+0.4 84
10 26.9+1.5 87 18.0+0.8 95
Pb(II) 0 BDL - BDL -
5 4.7+0.2 94 4.6+0.2 92
10 10.1£0.4 101 9.3+0.3 93

The effects of the centrifugation rate on the recover-
ies of analyte ions were evaluated in the range of 1,500—
3,500 rpm under optimal conditions. The quantitative
recoveries were obtained for all the studied analyte ions
at 2,750 rpm. And the effects of centrifugation time
were tested in the range of 5-25 min at 2,750 rpm.
After 15 min, quantitative recoveries were obtained, so
all the other works were performed at 2,750 rpm for
15 min.

Effects of sample volume

The sample volume is an important parameter to ob-
tain a high preconcentration factor in the analysis of
real samples. Therefore, the sample volume on the
recoveries of the studied analyte ions were investigated
in the sample volume range of 50-1,500 mL containing
50 pg of Pb(1), 10 pg of Zn(Il) and Cd(II), and 25 pg of
Co(Il) ions by using model solutions. As can be seen
from Fig. 4, the analyte ion recoveries were quantitative
up to 750 mL for Zn(Il), Pb(Il), and Co(Il) ions while
1,000 mL for Cd(II) ions. The preconcentration factor is
calculated by the ratio of the highest sample volume and
the lowest final volume, and it was found as 150 for Zn
(ID), Pb(11) and Co(II) ions and 200 for Cd(II) ions when
the final volume was 5.0 mL.

Effects of matrix ions

Most of the heavy metal ions may present together with
the interfering matrix ions in the environmental real
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samples. Hence, the effects of different foreign ions on
the present separation and preconcentration procedure
were evaluated under the optimum experimental condi-
tions. For these studies, different amounts of each foreign
ions were added to the model solutions containing 50 pg
of Pb(II), 10 pg of Zn(I) and Cd(II), and 25 pg of Co(Il)
ions and the presented procedure was applied. The
presence of interfering anions and cations and also
transition metal ions at milligram per liter levels has no
significant interference effects on the coprecipitation of
the studied analyte ions (Table 1). In the light of these
results, it can be concluded that the proposed separation
and preconcentration method, based on the coprecipita-
tion by Mo(VI)-DDTC precipitate, can be applied to the
samples containing high amount of salts and some tran-
sition metal ions at concentration levels given in Table 1.

Table 4 Application of the present method to the certified
reference material (n=3)

Element ~ CRM TMDW-500 drinking water"
Certified value (pg L™ Found value (pg L™
Co(Il) 25.0+0.1 23.6+1.0
Cd(I) 10.0+0.05 9.3£0.3
Pb(1) 40.0+0.2 38.5+1.1
Zn(IT) 70.0+0.4 65.2+3.0

#Sample volume of drinking water standard was 25 mL and
final volume was 5 mL
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Table 5 Analyte levels in real liquid/solid sample after being applied the presented coprecipitation procedure (n=3; sample volumes,

750 mL; sample quantity, 0.50 g; final volumes, 5.0 mL)

Element Stream water (pg L") Seawater (ug L") Baby food (ug g™") Dried eggplant (ug g')
cd(n) 1.8+0.1 2.620.1 BDL BDL

Co(1l) 2.1£0.2 3.3+0.1 1.840.1 3.4+0.2

Pb(1) BDL BDL BDL BDL

Zn(IT) 5.7+03 8.9+0.5 36.4+1.6 17.0+0.6

Analytical performance of the method

The precision of the method was evaluated as the
relative standard deviation (RSD). In order to evaluate
the precision of the determination of the analyte ions
(50 pg of Pb(l), 10 pg of Zn(ll) and Cd(II), and
25 png of Co(Il) ions in 50 mL aqueous solution) the
procedure was repeated 10 times under optimum
conditions mentioned above. From the results, the
RSD values (percentage) were found to be 3.6, 3.1,

4.1, and 2.5 for Zn(II), Cd(II), Co(II), and Pb(II) ions,
respectively. The limit of detections (LOD), defined
as the concentration that gives a signal equivalent to
three times the standard deviation of 10 replicate
measurements of the blank samples, were calculated
by dividing the instrumental detection limit by the
preconcentration factors (150 for Zn(Il), Co(II) and
Pb(II), 200 for Cd(II)) and found to be 0.2, 0.1, 0.6,
and 2.2 ug L™ for Zn(II), Cd(II), Co(II), and Pb(II)
ions, respectively.

Table 6 Comparison of the presented method with some recent studies on separation and preconcentration reported in literature

Technique Analytes System

PF LOD
(ngL™

RSD (%) Reference

Carrier element-
free coprecipitation
(CEFC)

Cr(11I), Fe(llL),
Pb(IT), Zn(IT),

3-Phenyl-4-o0-

50-150  0.3-2.0 3-7 Duran et al. (2009a)

hydroxybenzylidenamino-4,
5-dihydro-1,2,3-triazole-
5-one (POHBAT)

Carrier element-free Cd(1I), Cr(1Il), Co(Il),  N-Cetyl N,N,N trimethyl 10 0.22-16.8 <5 Saracoglu and
coprecipitation Cu(Il), Fe(III), amonnium bromide (CTAB) Soylak (2010)
(CEFC) Pb(1I) and Mn(II)

Coprecipitation Cu(I), Fe(I1I), Pb(II), Co(II)/Diethyldithiocarbamate 225 4-64 3.5-6.9  Elci etal. (1997)

Mn(II), Zn(ID),
Cd(1), Ni(1I), Bi(II)
and Cr(III)
Coprecipitation Pb(1I), Co(1I), Cu(Il), Zirconium(IV) hydroxide 25 0.27-2.5 <8 Citak et al. (2009)
Cd(1I), Fe(1ID)
and Ni(II)
Coprecipitation Pb(II), Co(II), Mn(II) Gadolinium hydroxide 25-50 0.52-12.0 1-10 Soylak and
and Cu(Il) Balgunes (2008)
Solid Phase Extraction Cr(III), Cu(II), Ni(II), Silica gel/ 125 0.69-6.50 <5 Cui et al. (2007)
Pb(II) and Zn(1II) p-dimethylaminobenzaldehyde
(p-DMABD)
Solid Phase Extraction Pb(Il), Cd(II), SP70-o- benzoin oxime 75-100  1.3-16.0 <10 Narin et al. (2007)
Co(II) and Cr(III)

Cloud Point Extraction Cu(Il), Ni(Il) and Co(Il) Triton X-114/methyl-2-pyridy 30 1.6-2.1 1.2-1.5  Ghaedi et al. (2008)

lketone oxime (MPKO)

Membrane filtration Pb(II), Cr(I1I), Cu(ll), Cellulose nitrate membrane 60 0.02-7.8 <10 Divrikli et al. (2007)

Ni(II) and Cd (II)

Membrane filtration Cu(II) and Pb(II)

Coprecipitation Pb(Il), Cd(II), Zn(II)
and Co(II)

Acetate membrane/1-2-pyridylazo 20-60 1.5-3.5 <10
2-naphthol (PAN)
Mo(VI)/diethyldithiocarbamate

Soylak et al. (2010)

150200 0.1-2.2 2.5-4.1  This work

PF preconcentration factor, LOD limit of detection, RSD relative standard deviation
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Method validation and applications to real samples

In order to evaluate the accuracy of the method,
different amounts of the analyte ions were spiked
in 50 mL of sea water, stream water, 0.50 of baby
food and dried eggplant samples. The coprecipitation
procedure given above was applied to the samples.
Final volume of the solutions was 5.0 mL. The
results were given in Tables 2 and 3. In most cases,
a good agreement was obtained between the added
and measured analyte amounts. The results showed
that the presented coprecipitation method can be
applied for the separation and preconcentration of
the analyte ions in environmental liquid and solid
samples.

The certified reference material (CRM-TMDW-500
Drinking Water) was also used for the method valida-
tion. Good agreement was obtained between analytical
and certified values (Table 4).

After verification of the accuracy of the present
method, the coprecipitation procedure was applied to
baby food and dried eggplant as solid samples and
stream and seawater as liquid samples. After applying
the present separation and preconcentration procedure,
based on the coprecipitation by Mo(VI)-DDTC pre-
cipitate, to the environmental real samples, the
obtained results were tabulated in Table 5.

Conclusions

The developed method, based on the coprecipitation of
Zn(1I), Co(1I), Pb(II), and Cd(II) ions by the aid of Mo
(VI)-DDTC precipitate, offers a simple, rapid, and low-
cost separation and preconcentration technique for ac-
curate and precise determination of analyte ions in envi-
ronmental solid and liquid samples. The coprecipitated
analyte ions can be sensitively determined by atomic
absorption spectrometry without any influence of Mo
(VD) and DDTC. A comparison of the proposed method
with other coprecipitation methods (Duran et al. 2009a;
Saracoglu and Soylak 2010; Elci et al. 1997; Citak et al.
2009; Soylak and Balgunes 2008; Cui et al. 2007; Narin
et al. 2007; Ghaedi et al. 2008; Divrikli et al. 2007,
Soylak et al. 2010 ) is summarized in Table 6 in terms
of some analytical parameters including preconcentra-
tion factor, limit of detection, and relative standard de-
viation. In most cases, the proposed coprecipitation
method has high preconcentration factor, low RSD,
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and relatively low LOD values when compared the other
methods reported in Table 6. The presented method was
successfully employed for determination of Zn(II), Co
(1), Pb(I), and Cd(I) ion levels in seawater, stream
water, baby food, and dried eggplant samples.
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