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bstract

A procedure for the determination of trace amounts of Pb(II), Cu(II), Ni(II), Co(II), Cd(II) and Mn(II) is described, that combines atomic
bsorption spectrometry-dysprosium hydroxide coprecipitation. The influences of analytical parameters including amount of dysprosium(III),
entrifugation time, sample volume, etc. were investigated on the recoveries of analyte ions. The effects of concomitant ions were also exam-
ned. The recoveries of the analyte ions were in the range of 95.00–104.00%. The detection limits corresponding to three times the standard

eviation of the blank for the analytes were in the range of 14.1–25.3 �g/L. The method was applied to the determination of lead, copper,
ickel, cobalt, cadmium and manganese ions in natural waters and table salts good results were obtained (relative standard deviations <10%,
ecoveries >95%).

2006 Elsevier B.V. All rights reserved.
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. Introduction

The main threats to human health from heavy metals are
ssociated with exposure to lead, cadmium, nickel etc [1]. The
ositive or negative effects of these metals for human health
ave been studies and reviewed by the researchers and envi-
onmental foundation like World Health Organization [1–4].
he main sources of these elements in environment are nat-
ral or anthropogenic origin, mining, agricultural facilities,
ndustrialization and traffic. Atmosphere, surface and ground
aters, soil, foods and plants are affected by the trace ele-
ents due to these facilities. The determination of heavy metals

t trace levels in the environmental samples is complicated,
onsidering the low concentration of the metals and the high

aline content of the matrices [5–7]. Because of these points,
nstrumental analysis methods including atomic absorption
pectrometry and inductively coupled plasma mass spectrom-

� This study is a part of Master thesis of Dondu Serpil Kacar Peker.
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try always request previous steps of several preconcentration
rocedures including solid phase extraction, ion exchange, cloud
oint extraction have been performed as separation technique
8–12].

Coprecipitation has been also widely used for precon-
entration–separation studies for heavy metals, due to its sev-
ral advantages: simple, fast, high preconcentration factor, etc.
eavy metals are coprecipitated by inorganic or organic pre-

ipitants, environmentally and by a carrier element. As an
norganic precipitant, hydroxides are an important place in the
nrichment-separation studies. Coprecipitation by hydroxide of
arious metal ions including magnesium [13,14], lanthanum
15], samarium [16], terbium [17], indium [18], europium [19],
tterbium [20,21], erbium [22] and gallium [23] as carrier ele-
ent has been reported for the preconcentration–separation of

race elements from various media. According to our literature
urvey, until now, dysprosium hydroxide coprecipitation system
s not used for the trace metal separation–preconcentration.
In the presented study, a coprecipitation system is proposed
or the separation–preconcentration of Pb(II), Cu(II), Ni(II),
o(II), Cd(II) and Mn(II) ions. The system is based on coprecip-

tation of the analytes by dysprosium hydroxide. The influences
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at acidic pH’s. Quantitative recovery values were obtained for
Pb(II), Cu(II), Ni(II), Co(II), Cd(II) and Mn(II) in the pH range
of 10–12. All subsequent works were performed at pH 11 for
quantitative recoveries.
56 D.S.K. Peker et al. / Journal of Ha

f the analytical parameters including pH of the solutions,
mounts of dysprosium, sample volume, etc. is investigated.
he proposed procedure was applied to the determinations of
nalytes contents of table salt and natural water samples.

. Experimental

.1. Apparatus

A Perkin-Elmer Model 3110 atomic absorption spectrome-
er equipped with Perkin-Elmer single-element hollow cathode
amps and a 10-cm air–acetylene burner were used for the deter-

ination of the metal ions. All instrumental settings were those
ecommended in the manufacturer’s manual book. A pH meter,
artorius PT-10 Model glass-electrode was employed for mea-
uring pH values in the aqueous phase. ALC PK 120 model
entrifuge was used to centrifuge of solutions. The water was
urified in a Human model RO 180, resulting water with a
onductivity of 1 �S/cm.

.2. Reagents and solutions

All solutions were prepared with deionized water. Except
f otherwise stated, analytical-grade acetone, acids, and other
hemicals used in this study were obtained from Merck, Darm-
tadt, Germany. The calibration curve was established using
tandard solutions prepared in 1 M HNO3 by dilution from
000 mg/L stock solutions (E. Merck, Darmstadt, Germany).
he calibration standards were not submitted to the preconcen-

ration procedure.
A 0.1% solution of Dy2O3 was prepared freshly by dissolv-

ng dysprosium(III) oxide (suprapure grade, Merck) in small
mounts of nitric acid and diluting to 50 mL with double dis-
illed water. Nitric acid (65%) used for preparing of diluted acid
olution was supra pure grade from Merck.

.3. Preconcentration studies

A 1.0 mg of dysprosium(III) was added to 10 mL of solution
ontaining 0.5–2.5 �g analyte ions. Then the pH of the solution
as adjusted to related pH by the addition of diluted ammo-
ia. After 10 min, the solution was centrifuged at 3000 rpm for
0 min. The supernatant was removed. The precipitate remained
dhering to the tube was dissolved with 1 mL of 1 mol/L HNO3.
he final volume was completed to 2.0–10.0 mL with distilled
ater. The number of replicates for the test workings was three.
he levels of analyte ions were determined by flame atomic
bsorption spectrometry.

.4. Analysis of real samples

A 2.0 g of table salt sample was dissolved in 20 mL of distilled
ater. Then 1.0 mg of dysprosium(III) was added. In order to
orm a dysprosium hydroxide precipitates, the pH of the solution
as adjusted pH 11 by the addition diluted ammonia. The tube

s slowly and carefully shaked for several seconds and allowed
o stand for 10 min. The precipitate is centrifuged at 3000 rpm
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or 10 min and the supernatant is discarded. A small precipitate
dheres to the bottom of the tube. Then, 1 mL of 1 mol/L HNO3
s added to dissolve the precipitate. The final volume was com-
leted to 2.0–10.0 mL with distilled water. The analyte ions in
his solution are determined with flame AAS.

For the analysis of water sample, 1.0 mg of dysprosium(III)
as added to 100 mL of water sample analyzed. The pH of the

olution was adjusted pH 11 by the addition diluted ammonia to
btain dysprosium hydroxide precipitates. Then the procedure
iven above was performed.

. Results and discussion

An attempt was initially made to examine the influences of
ysprosium(III) on the determination of analyte ions by flame
tomic absorption spectrometer because of the matrix of dys-
rosium(III). Increasing concentrations of Dy(III) were added
o aqueous solution containing analytes. These solutions were
nalyzed by FAAS without any pretreatment. The absorbance
alues for the analytes almost constant up to about 2000 mg/L
y(III). The concentration of dysprosium(III) in the final solu-

ion for the combination of coprecipitation method with flame
AS must to be excesses 500 mg/L.

.1. Effects of pH on the recoveries of the analytes by the
resented coprecipitation method

pH is the one of the important factor on the quantitative
ecoveries of the analytes by hydroxide coprecipitation studies.
enerally at the basic pH values, quantitative recoveries have
een obtained for the analytes in the recent hydroxide coprecip-
tation works [16–19]. Because of these points, the influences of
he pH of the model solutions on the quantitative recoveries of
nalytes on the dysprosium(III) hydroxide coprecipitation sys-
em were investigated in the pH range of 8–12. The results were
epicted in Fig. 1. Dysprosium hydroxide precipitates were not
ormed in the acidic pH, therefore no recoveries were obtained
ig. 1. Effects of pH on the recoveries of Pb(II), Cu(II), Ni(II), Co(II), Cd(II)
nd Mn(II) in dysprosium(III)hydroxide coprecipitation system (N = 3).
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ig. 2. Influences of amount of dysprosium(III) on the coprecipitation efficiency
f analyte ions (N = 3).

.2. Effects of amounts of dysprosium(III)

The influences of amounts dysprosium(III) as carrier ele-
ent on the coprecipitation of lead(II), copper(II), nickel(II),

obalt(II), cadmium(II) and manganese(II) ions were also
nvestigated experimentally in the range of 0–2.0 mg of dyspro-
ium(III) keeping other parameters constant. The results were
iven in Fig. 2. The recoveries of analyte ions were not below
0% without dysprosium(III). After addition dysprosium(III),
he recovery values increased. Quantitative recovery values for
ll the analytes were obtained in the range of 1.0–2.0 mg of
ysprosium(III). The optimum amount of dysprosium(III) was
aken as 1.0 mg in further experiments.
.3. Centrifugation time

The influences of the centrifugation time on the recoveries of
he analyte ions were investigated in the range of 5–20 min at

e
i
m
t

able 1
he influences of the matrix ions on the recoveries of the analytes (N = 3)

on Added Concentration of matrix ion (mg/L) Reco

Cd

a+ NaCl 40,000 95
50,000 93

i2+ Bi(NO3)3 50 95
n2+ Zn(NO3)2 50 95
+ KCl 1,000 97
a2+ CaCl2 1,000 96
g2+ MgCl2·6H2O 1,000 97
l3+ AlCl3·6H2O 50 99
H4

+ NH4Cl 500 94
l- NaCl 25,000 103
d2+ Cd(NO3)2 20 –
u2+ Cu(NO3)2·3H2O 20 100
b2+ Pb(NO3) 20 94
o2+ CoSO4 20 101
i2+ NiSO4 20 97
n2+ Mn(NO3)2·4H2O 10 97
o2+ CoSO4 10 99
ig. 3. The effects of sample volume on the recoveries of the analytes (N = 3).

000 rpm. Quantitative recoveries were obtained for all analytes
n the range of 15–25 min. All further works were performed
0 min as centrifugation time.

.4. Effects of sample volume

Studies were also repeated with solutions of large volume to
xplore the possibility of enriching solutions at low concentra-
ion with a high enrichment factor. The influences of the sample
olume of aqueous solution on the recoveries of analyte ions
ere also investigated in the sample volume range of 10–500 mL
y using model solutions. The results are depicted in Fig. 3. All
he analyte ions could be quantitatively recovered at the all the
ange of the sample volume (10–500 mL).

The final volume of the coprecipitation work was
.0–10.0 mL. Due to 2 mL of the final solution is quite small
o measure the analytes by flame atomic absorption spectrom-

try, the determinations of the analyte ions, the samples were
ntroduced to the nebulizer of the AAS by using microinjection

ethod [24]. In this system, 100 �L of the samples were injected
o a mini home-made Teflon funnel with an Eppendorf Pipette.

very (%)

Cu Pb Co Mn Ni

± 1 93 ± 2 100 ± 0 95 ± 1 96 ± 1 96 ± 0
± 0 93 ± 2 95 ± 4 94 ± 1 96 ± 1 96 ± 0

± 1 95 ± 4 95 ± 4 93 ± 3 97 ± 1 99 ± 2
± 1 93 ± 2 97 ± 5 95 ± 0 97 ± 1 100 ± 0
± 1 96 ± 3 96 ± 5 99 ± 2 100 ± 0 94 ± 0
± 0 95 ± 2 93 ± 0 99 ± 1 99 ± 1 100 ± 0
± 1 99 ± 2 105 ± 4 101 ± 1 99 ± 1 99 ± 2
± 1 98 ± 2 97 ± 4 99 ± 2 94 ± 2 99 ± 2
± 1 91 ± 2 98 ± 4 96 ± 4 96 ± 1 94 ± 0
± 1 101 ± 2 102 ± 3 101 ± 1 97 ± 1 101 ± 2

99 ± 1 98 ± 3 101 ± 2 99 ± 1 98 ± 2
± 4 – 100 ± 0 102 ± 2 95 ± 1 95 ± 2
± 1 96 ± 1 – 96 ± 0 97 ± 1 87 ± 2
± 1 98 ± 2 100 ± 6 – 92 ± 5 96 ± 3
± 4 98 ± 3 98 ± 3 104 ± 4 100 ± 0 –
± 1 94 ± 3 100 ± 0 98 ± 2 – 98 ± 3
± 1 94 ± 0 100 ± 9 – 97 ± 3 99 ± 2
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Table 2
Analysis of a mineral water and two table salts spiked analyte ions (N = 3)

Analyte Added (�g) Yozgat Sorgun mineral water Isıl table salt Kochisar table salt

Found (�g) Recovery (%) Found (�g) Recovery (%) Found (�g) Recovery (%)

Co 0 BDL – BDL – BDL –
1.25 1.33 106 ± 2 1.23 98 ± 6 1.21 97 ± 2
2.50 2.58 103 ± 2 2.43 97 ± 1 2.38 95 ± 0.6
3.75 3.71 99 ± 1 3.68 98 ± 3 4.90 98 ± 2

Cd 0 BDL – BDL – BDL –
0.63 0.6 95 ± 1 0.62 98 ± 4 0.64 102 ± 3
1.26 1.23 98 ± 2 1.27 101 ± 3 1.24 98 ± 1
1.89 1.74 92 ± 0 1.83 97 ± 4 1.87 99 ± 1

Pb 0 0.218 – BDL – BDL –
2.5 2.82 112 ± 6 2.60 103 ± 5 3.0 120 ± 0
5.0 5.2 104 ± 4 4.85 97 ± 3 5.0 100 ± 0
7.5 7.58 101 ± 3 7.73 103 ± 5 7.95 106 ± 4

Ni 0 BDL – 0.14 – BDL –
1.25 1.54 123 ± 6 1.29 103 ± 2 1.24 99 ± 5
2.50 2.50 100 ± 3 2.35 94 ± 2 2.43 97 ± 4
3.75 3.98 106 ± 4 3.71 99 ± 3 3.75 100 ± 3

Mn 0 BDL – BDL – BDL –
1.25 1.18 94 ± 2 1.38 110 ± 2 1.29 103 ± 3
2.50 2.50 100 ± 1 2.60 104 ± 4 2.48 99 ± 1
3.75 3.49 93 ± 1 3.75 100 ± 3 4.05 108 ± 1

Cu 0 BDL – BDL – BDL –
1.25 1.23 98 ± 2 1.24 99 ± 2 1.25 100 ± 2
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The relative standard deviations for atomic absorption spec-
trometric measurements for analyte ions are between 1 and 7%
in the model solutions. The detection limits, defined as the con-
centration equivalent to 3 times the standard deviation (n = 15) of

Table 3
Analyte levels in Beypazari bottled mineral water after application coprecipita-
tion procedure (sample volume: 100 mL, N = 3)

Element Concentration (�g/L)

Cu BDL
Pb 0.28 ± 0.02a

Cd BDL
Co BDL
2.50 2.48 99 ± 2
3.75 3.65 97 ± 0

DL: below the detection limit.

he Teflon funnel was connected to the nebulizer with capillary
ubing. The peak height signals were recorded. A preconcentra-
ion factor of 250 for all the analyte ions can be achieved when
he final volume was 2.0 mL.

.5. Effect of concomitant ions

The one of the main problem in the atomic absorption spec-
rometric determination of the heavy metal ions is interference
rom the matrix. In the presented work, the influences of the some
ons which are known as interferic ions in the AAS determina-
ion were investigated. The interference concentration choice
as based on literature values found for separation and precon-

entration studies [25–29]. The results for this study are given
n Table 1. The tolerance limit of foreign ions was taken as
hat value which caused an error of not more than ±5% in the
bsorbance. The ions normally present in water and table salt
o not interfere under the experimental conditions used. Also,
ome of the transition metals at mg/L levels were not interfered
n the recoveries of the analyte ions. The proposed preconcen-
ration/separation method could be applied to the highly saline
amples and the samples that contain some transition metals at
he tolerable levels given in Table 1.
.6. Figures of merit

In order to validate the accuracy of the presented coprecipita-
ion procedure for trace metal ions, tests of addition/recovery in

N
M

B

2.43 97 ± 1 2.43 97 ± 2
3.56 95 ± 1 3.56 95 ± 0

he experiments for analyte determinations were performed on
ineral water from Yozgat, Turkey and two table salt sample.
he water sample was filtered through a cellulose membrane fil-

er (Millipore) of pore size 0.45 �m. A 2.0 g of table salt sample
as dissolved in 30 mL of distilled water. Then procedure given

bove was applied to the samples. The final volume was 10 mL.
he results were listed in Table 2. Good agreement was obtained
etween the added and found analyte content. The recovery
alues calculated for the standard additions were higher than
5% with some exceptions, thus confirming the accuracy of the
rocedure and the absence of matrix effects.
i 0.19 ± 0.02
n 2.64 ± 0.08

DL: below the detection limit.
a Mean ± S.D.
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Table 4
Levels of analyte ions in some table salts after application of coprecipitation procedure (N = 5)

Salt sample Concentration (�g/g)

Cu Ni Co Mn Pb Cd

Nevşehir Kaya 0.28 ± 0.05a 0.65 ± 0.05 0.26 ± 0.05 0.72 ± 0.07 0.70 ± 0.15 0.18 ± 0.01
Kastamonu Kaya 1.43 ± 0.18 0.50 ± 0.06 BDL 1.13 ± 0.13 1.10 ± 0.10 BDL
Kay Tuz BDL 0.40 ± 0.04 0.25 ± 0.02 0.42 ± 0.04 0.45 ± 0.20 0.17 ± 0.01
Pan salt 0.52 ± 0.05 2.83 ± 0.30 1.07 ± 0.10 1.81 ± 0.05 3.36 ± 0.50 0.50 ± 0.08
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DL: below the detection limit.
a Mean ± S.D.

he reagent blank, for lead(II), copper(II), nickel(II), cobalt(II),
admium(II) and manganese(II) ions were 21.1 �g/L, 22.0 �g/L,
4.0 �g/L, 22.2 �g/L, 14.1 �g/L and 25.3 �g/L, respectively.

.7. Applications

The dysprosium(III) hydroxide coprecipitation procedure
as applied to the determination of analyte ions in a bottled min-

ral water (Table 3) and some table salts from the different region
f Turkey (Table 4). The concentrations given in Tables 3 and 4
ave been calculated on the assumption of 100% recovery of
he analytes. The relative standard deviations values were lower
han 8.0% with some exceptions.

. Conclusion

The dysprosium(III) hydroxide coprecipitation presented
n this study is most promising for the analyte ions as the
reconcentration factor is 250 based on the analytes. The precon-
entration factor achieved with presented procedure is superior
o some coprecipitation methods and other preconcentration
echniques [14–20,30–32]. The detection limits of analytes are
uperior to those of coprecipitation techniques [15–21]. The
ethod is relatively rapid as compared with previously reported

rocedures for the enrichment of analytes. The analyte ions can
e sensitively determined by atomic absorption spectrometry
ithout any influence of dysprosium hydroxide. Dysprosium
ydroxide as coprecipitant is new, dysprosium hydroxide is non
oxic. The method is economic. Only 2.0 g of Dy(III) is used in
ll the experiments.
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