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bstract

A separation–preconcentration procedure based on the coprecipitation of cobalt(II) and manganese(II) ions with copper(II)-8-hydroxquinoline
ystem has been developed. The analytical parameters including pH, amount of copper(II) as carrier element, amount of 8-hydroxquinoline, sample
olume, etc., was investigated for the quantitative recoveries of Co(II) and Mn(II). No interferic effects were observed from the concomitant ions
hich are present in real samples. The detection limits for analyte ions by three sigma criteria were 0.86 �g L−1 for cobalt and 0.98 �g L−1 for

anganese. The validation of the presented preconcentration procedure was performed by the analysis of NIST SRM 2711 Montana soil and GBW

7605 Tea certified reference materials. The procedure presented was applied to the analyte contents of real samples including natural waters and
ome food samples with successfully analytical results.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Heavy metal contaminations are serious public health prob-
em due to negative effects of metal ions in human body [1–3].
ndustrial facilities and traffic are the main sources in the heavy
etal contaminations in the environment. The accurate and

recise determination of traces metal ions in environmental sam-
les is a potential studying area of analytical chemist [4–7].
lame atomic absorption spectrometry is an important instru-
ent at this area due to its simplicity and lower cost than other

nstruments. Two main limitations in flame atomic absorption
pectrometric (FAAS) determinations of heavy metals ions are

ower levels of analyte ions then the quantitation limits of FAAS
nd positive or negative influences of the concomitant ions on
he signal of the analytes [8–11].

Preconcentration–separation methods including cloud point
xtraction, membrane filtration, solvent extraction, solid phase
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xtraction, ion-exchange, solvent sublation, electrodeposition
re widely used to solve these problems [12–22]. The sep-
ration/enrichment technique has been used to improve the
ensitivity and selectivity of trace analyses by replacing the
riginal sample matrix with a new non-interfering matrix.
oprecipitation is a preconcentration–separation technique of

apidly growing importance in trace heavy metal determination
ith flame furnace atomic absorption spectrometry [23–26]. It
as some advantages including short analysis time, high precon-
entration factors and low consumption of organic solvent. It has
een applied to the preconcentration and separation of heavy
etals in environmental samples including natural waters, food

amples [27–35]. According to our literature survey, copper(II)-
-hydroxquinoline system is not used for the coprecipitation of
eavy metal ions, until now.

In the presented work, a simple and sensitive enrichment
echnique for cobalt(II) and manganese(II) based on coprecip-

tation of these elements on copper(II)-8-hydroxquinoline. The
nalytical parameters including amount of copper(II) as carrier
lement, amount of 8-hydroxquinoline, sample volume, etc.,
ere investigated.
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Table 1
Instrumental conditions for the measurements of the analytes by FAAS

Analyte Wavelength (nm) Slit width (nm) Lamp current (mA)
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n 279.5 0.2 20

. Experimental

.1. Apparatus

Perkin-Elmer Model 3110 and Perkin-Elmer AAnalyst 700
tomic absorption spectrometer were used in the studies. All
easurements were carried out in an air/acetylene flame. Ten

entimeter long slot-burner heads, hollow cathode lamps were
sed. The operating parameters for working elements were set
s recommended by the manufacturer given in Table 1. A pH
eter, Nel pH-900 Model glass-electrode was employed for
easuring pH values in the aqueous phase. Hettich Rotofix 32
odel, Nuve NF 800 model and Mistral 2000 model centrifuges
ere used to centrifuge of solutions. The water was purified in
Human model RO 180, resulting water with a conductivity

f 1 �S cm−1.
Milestone Ethos D closed vessel microwave system (max-

mum pressure 1450 psi, maximum temperature 300 ◦C) was
sed. Digestion conditions for microwave system for standard
eference materials, black tea, rice, tobacco, honey, soil and coal
amples were applied as 2 min for 250 W, 2 min for 0 W, 6 min
or 250 W, 5 min for 400 W, 8 min for 550 W, vent: 8 min [36,37].

.2. Reagents and solutions

All the reagents used were of analytical reagent grade.
eionized double distilled water was used throughout. Lab-
ratory glassware was kept overnight in a 10% (v/v) HNO3
olution and then rinsed with deionized double distilled water.
-Hydroxquinoline solution (1.0%, w/v) was daily prepared in
thanol.

A stock solution of copper(II) (1000 mg L−1) was prepared
y dissolving 0.378 g of Cu(NO3)2·3H2O (E-Merck, Germany)
n deionised doubly distilled water in 100 mL. It was prepared
aily. Stock standard solutions of analytes, 1000 mg L−1, was
repared by dissolving appropriate amount of nitrate salts of
nalytes in 1% nitric acid. Stock metal ion solutions were diluted
aily for obtaining reference and working solutions. The calibra-
ion curve was established using the standard solutions prepared
n 1 mol L−1 HNO3 by dilution from stock solutions.

Phosphate buffer solutions (H2PO4
−/H3PO4) were prepared

y mixing of appropriate volumes of 1 mol L−1 sodium dihy-
rogen phosphate and phosphoric acid solutions for pH 2 and
. Acetate buffer solutions (CH3COO−/CH3COOH) were pre-
ared by mixing of appropriate volumes of 1 mol L−1 acetic acid
nd 1 mol L−1 sodium acetate solutions for pH 4. Phosphate

uffer solutions (H2PO4

−/HPO4
2−) were prepared by mixing

f appropriate volumes of 1 mol L−1 sodium dihydrogen phos-
hate and 1 mol L−1 sodium hydrogen phosphate for pH 5, 6
nd 7. Ammonium buffer solutions were prepared by mixing

3

p
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f appropriate amounts of 1 mol L−1 ammonia and 1 mol L−1

mmonium chloride solutions for pH 8–11.

.3. Model working

The copper-8-hydroxquinoline coprecipitation method was
ested with model solutions prior to its application to real sam-
les. Twenty five millilitres portion of an aqueous solution
ontaining 5–20 �g of Co(II) and Mn(II) was placed in a cen-
rifuge tube. The pH of solution was adjusted with an appropriate
uffer solution. Then 1.0 mL of 1000 mg L−1 of copper(II) as a
arrier element was added to this solution. The required volume
f 8-hydroxquinoline solution was poured into the tube. After
0 min, the solution was centrifuged at 2500 rpm for 20 min. The
upernatant was removed. The precipitate remained adhering
o the tube was dissolved with 500 �L of concentrated HNO3.
hen the final volume was completed to 2.0, 5.0 or 10.0 mL with
eionized double distilled water. The analytes in the final solu-
ion were determined by flame atomic absorption spectrometry.

.4. Application to real samples

Urine sample from a specimen living in Tokat City, three
ap water from different location in Tokat City, river water
rom Green River-Tokat City and seawater from Black Sea-
amsun were collected in pre-washed (with detergent, doubly
e-ionised distilled water, dilute HNO3 and doubly de-ionised
istilled water, respectively) polyethylene bottles. The urine and
ater samples were filtered through a cellulose membrane filter

Millipore) of 0.45 �m pore size. The pH of the samples was
djusted to 8.0 with buffer solution. Then the preconcentration–
eparation procedure given above was applied to all the samples.
he levels of analyte ions in the final solutions were determined
y flame atomic absorption spectrometry.

NIST SRM 2711 Montana soil (250 mg) certified reference
aterial, soil sample from Tokat City (1.0 g) and coal from
okat City (1.0 g) were digested with 6 mL HCl (37%), 2 mL
f HNO3 (65%) in microwave digestion system and diluted to
0.0 mL with deionized water. A blank digest was carried out in
he same way. Then the preconcentration procedure given above
as applied to the final solutions.
GBW 07605 Tea certified reference material (250 mg), black

ea (1.0 g), rice (1.0 g), tobacco (1.0 g) and honey (1.0 g) samples
ere digested with 6 mL of concentrated HNO3 (65%) and 2 mL
f H2O2 (30%) in microwave system. After digestion of the
amples, the volume of the digested sample was made up to
0.0 mL with distilled water. The blanks were prepared in the
ame way as the sample, but omitting the sample. The procedure
iven above was applied.

. Results and discussion
.1. Effects of pH on the coprecipitation

For the quantitative coprecipitation efficiency of analyte ions,
H of the working media is a main factor. The influences of pH
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relative error smaller than ±5% related to the coprecipitation and
ig. 1. Influences of pH on the recoveries of cobalt(II) and manganese(II) on
he coprecipitation method (N = 3).

n the recoveries of analytes on copper-8-hydroxquinoline pre-
ipitate were studied in the pH range of 3–11 by using model
olutions containing Co(II) and Mn(II). pH was adjusted by
sing related buffer solutions given at Experimental section. The
esults are depicted in Fig. 1. Quantitative recovery values were
btained for cobalt in the pH range of 4–10 and for manganese
n the pH range of 8–9. pH 8 was selected as working pH for all
urther works.

.2. Effects of amount of 8-hydroxquinoline

The effects of amount of 8-hydroxquinoline on the recov-
ries of Co(II) and Mn(II) ions were investigated. The results
ere given in Fig. 2. When the experiments were performed
ithout 8-hydroxquinoline at pH 9, the recovery values for

obalt and manganese were 5% and 10%, respectively. The
ecoveries analyte ions increased with increasing amounts of
-hydroxquinoline. This results show that for the quantita-

ive and simultaneous recoveries of cobalt and manganese,
-hydroxquinoline is necessary. All subsequent works 10 mg
.0 mL of 1.0% (w/v) solution of 8-hydroxquinoline was used.

ig. 2. Effects of amounts of 8-hydroxquinoline on the recoveries of Co and Mn
N = 3).
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.3. Effects of amounts of copper(II)

The influences of amounts of copper(II) as carrier element
ere also investigated for the coprecipitation system. Without

opper, the recoveries for analyte ions were not quantitative.
uantitative recovery values were obtained for the all analyte

ons in 0.5–2.0 mg of copper. All further works were performed
ith 1 mg (1 mL of 1000 mg L−1) of copper(II) ions as carrier

lement.

.4. Influences of sample volume on the recoveries

The influences of the sample volume on the coprecipita-
ion efficiencies of the analytes were examined. Cobalt and
anganese ions were quantitatively recovered in the sample

olume range of 10–50 mL. The precipitate of copper(II)-8-
ydroxquinoline that was including analytes was successfully
issolved 500 �L of concentrated nitric acid. The final volume
as completed to 2.0, 5.0 or 10.0 mL by distilled water. The

nalytes were quantitatively recovered in these studies. The pre-
oncentration factor is calculated by the ratio of the highest
ample volume for each analytes and the lowest final volume
2 mL). The preconcentration factor was 25.

.5. Interference studies

One of the main problems of the atomic absorption spec-
rometry for determination of the heavy metal ions is the matrix
nterference. In our work, the influences of the some ions, which
re known as interferic ions in the flame atomic absorption spec-
rometric determination were investigated. Various amounts of

etal ions were added to a solution containing fixed amounts
f cobalt and manganese ions and the present procedure was
ollowed. The results for this study are given in Table 2. The
olerance limit was defined as the ion concentration causing a
etermination of the examined elements. The results are desired
n view of applications to real samples including various salts at
igh concentration levels.

able 2
nfluences of some foreign ions on the recoveries of analytes (N = 3)

on Added as Concentration (mg L−1) Co Mn

a+ NaCl 20000 96 ± 2 98 ± 3
+ KCl 5000 96 ± 2 95 ± 2
a2+ CaCl2 5000 98 ± 3 96 ± 3
g2+ MgCl2 5000 95 ± 2 97 ± 3
l− NaCl 30000 96 ± 3 96 ± 2
− NaF 1000 98 ± 2 96 ± 2
O3

− KNO3 3000 95 ± 2 97 ± 3
CO3

− NaHCO3 1000 97 ± 3 96 ± 2
l3+ Al2(SO4)3 50 96 ± 2 97 ± 2
e3+ FeCl3 50 95 ± 2 96 ± 3
b2+ Pb(NO3)2 50 97 ± 4 95 ± 3
n2+ ZnSO4 50 95 ± 3 96 ± 3
r3+ Cr(NO3)3 50 96 ± 2 97 ± 4
d2+ Cd(NO3)2 50 95 ± 3 96 ± 3
i2+ NiSO4 50 95 ± 3 96 ± 3
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Table 3
The results for tests of addition/recovery for Co and Mn determination in some real samples (sample volume: 25 mL, final volume: 5 mL (N = 4))

Element Added (�g) Tap water Sea water Urine

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

Co 0 ND – ND – ND –
10 9.9 ± 0.2a 99 9.8 ± 0.3 98 9.5 ± 0.3 95
20 19.6 ± 0.5 98 19.6 ± 0.7 98 19.4 ± 0.6 97
40 38.5 ± 0.9 96 39.1 ± 0.8 98 38.2 ± 0.6 96

Mn 0 ND – ND – ND –
2.5 2.5 ± 0.1 100 2.4 ± 0.1 96 2.4 ± 0.2 96
5 4.9 ± 0.2 98 4.9 ± 0.2 98 4.8 ± 0.2 96

9.7 ± 0.5 97 9.7 ± 0.4 97

3

w
r
b
v
v
c
i

3

p
t
o
N
m

3

a
c
r
a

v
a
t

Table 5
Cobalt and manganese levels of natural water and urine samples (final volume:
2 mL, N = 4)

Concentration (�g L−1)a

Co Mn

Urine BDL 1.3 ± 0.1
Tap water 1 BDL 2.7 ± 0.2
Tap water 2 3.6 ± 0.2 4.5 ± 0.3
Tap water 3 4.7 ± 0.4 5.1 ± 0.2
River water BDL 7.5 ± 0.5
Seawater 1.5 ± 0.1 5.9 ± 0.4

a Mean expressed as 95% tolerance limit, BDL: below the detection limit.

Table 6
Concentration of analyte ions in microwave digested solid samples after appli-
cation presented coprecipitation procedure (N = 5, final volume: 2 mL)

Concentration (�g g−1)

Co Mn

Black tea 0.35 ± 0.02 940 ± 50
Rice 0.48 ± 0.04 3.3 ± 0.2
Tobacco 0.67 ± 0.05 75.1 ± 4.7
Honey BDL 2.5 ± 0.2
Soil 3.2 ± 0.2 125 ± 10
C

M

T
T

E

C
M

10 9.9 ± 0.5 99

a Standard deviation, N.D.: not detected.

.6. Addition/recovery tests

Tests of addition/recovery in the experiments for analyte ions
ere performed in two natural samples and a urine sample. The

esults are given in Table 3. A good agreement was obtained
etween the added and measured analyte amounts. The recovery
alues for the analyte ions were in the range of 95–100%. These
alues were quantitative and it shows that the presented method
an be applied for the separation–preconcentration of analyte
ons in real samples.

.7. Detection limits

The detection limits for analytes were calculated after
resented preconcentration procedure applied to the blank solu-
ions. The detection limits of the investigated elements based
n three times the standard deviations of the blank (k = 3,
= 11) were 0.86 �g L−1 for cobalt(II) and 0.98 �g L−1 for
anganese(II).

.8. Application to real samples

The validation of presented procedure was studied by the
nalysis of NIST SRM 2711 Montana soil and GBW 07605 Tea
ertified reference materials. The results are given in Table 4. The
esults of our work and certified values for cobalt and manganese

re in good agreement.

The coprecipitation procedure for analyte ions was applied to
arious environmental samples. The results are given in Table 5
nd in Table 6. The results have been calculated on the assump-
ion of 100% recovery of analyte ions.

3

p
r

able 4
he results for reference standard materials (N = 4)

lement NIST SRM 2711 Montana soil (�g g−1)

Certified value Our value

o (10)a 9.5 ± 0.7b

n 638 610 ± 42

a The value in the parenthesis is not certified.
b Mean expressed as 95% tolerance limit.
oal 15.6 ± 1.1 75.2 ± 6.3

ean expressed as 95% tolerance limit, BDL: below the detection limit.

.9. Comparison other coprecipitation studies
Table 7 compares the performance characteristics of the
roposed coprecipitation method, with those of the previously
eported coprecipitation methods for some metal ions in environ-

GBW 07605 Tea (�g g−1)

Certified value Our value

0.18 0.20 ± 0.01
1240 1205 ± 55
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Table 7
Comparative data from some recent studies on coprecipitation of heavy metal ions

Analytes Coprecipitation system Dissolving media PF DL (�g L−1) R.S.D. (%) Ref.

Cu, Pb, Cd Aluminum hydroxide 4 mol L−1 HNO3 125 3–16 2–3 [28]
Fe, Pb, Bi Yttrium phosphate 6 mol L−1 HNO3 – 0.008–0.137 �g 1.2–4.1 [29]
Fe Magnesium hydroxide 5% HCl – 0.05–0.06 nmol 3–5 [30]
Cd, Pb, Ni Copper(II) diethyldithiocarbamate 0.5 mol L−1 HCl 22–45 0.23–3.2 <3 [31]
Pb Manganese dioxide HNO3/H2O2 – 3.2 <5 [32]
Cu, Co, Pb, Cd, Ni Cerium(IV) hydroxide 0.5 mol L−1 HNO3 375 0.18–7.0 <9 [33]
Cr Pd/8-quinolinol/ tannic acid – – 0.020 – [34]
P −1 HN
C −1 HN
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b, Cu, Ni, Co, Cd, Mn Dysprosium(III) hydroxide 1 mol L
o, Mn Copper(II) 8-hydroxquinoline 1 mol L

F: preconcentration factor, DL: detection limit.

ental samples. As it is obvious, the proposed coprecipitation
ethod not only in the term of the preconcentration factor, but

lso in the terms of detection limit is superior to those previously
eported [35–37].

. Conclusion

The coprecipitation method presented is simple and sensi-
ive for cobalt and manganese preconcentration in environmental
amples. Under the optimum experimental conditions, quanti-
ative recoveries were achieved for a preconcentration factor of
5. The presented method can be applied not only to analysed
amples but also geological and biological samples.
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