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In this study, ultralayered Co3O4 adsorbent was synthesized and characterized by X-ray diffraction (XRD)
and scanning electron microscopy (SEM). The surface area of the solid material was found to be
75.5 m2 g−1 by BET method. The ultralayered Co3O4 was used for the first time as an effective adsorbent
for the preconcentration of the Pb(II) ions in various samples prior to flame atomic absorption detection.
Analytical parameters affecting the solid phase extraction of Pb(II) such as pH, adsorption and elution
contact time, eluent volume and concentration, sample volume and common matrix ions were
investigated. The recovery values for Pb(II) were found to be ≥92% even in the presence of
75,000 mg L−1 Na(I), 75,000 mg L−1 K(I), and 75,000 mg L−1 Ca(II) ions. 10 s vortexing time was enough
for both adsorption and elution contact times. The elution was easily made with 2 mL of 2.0 mol L−1

HNO3. The reusability (170 cycles) and adsorption capacity (35.5 mg g−1) of ultralayered Co3O4 were
excellent. The preconcentration factor of the method and detection limit were found to be 175 and
0.72 mg L−1, respectively. The described method was validated with certified reference material (RM 8704
Buffalo River Sediment, BCR-482 Licken and SPS-WW1 Batch 111-Wastewater) and spiked real samples.
It was also applied for the preconcentration of Pb(II) ions in various water (well water, mineral water,
waste water and sea water), food (cauliflower and barley), street sediment and tobacco samples.

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

The release of various harmful heavy metal ions into the
environment has attracted great attention worldwide because of
their toxicity and widespread use [1]. Lead is a highly toxic
element to nervous, immune, reproductive and gastrointestinal
systems of both humans and animals. Lead causes acute and
chronic poisoning, and adverse effects on the kidney, liver, heart,
and vascular [2,3]. Lead and its compounds have been used in a
wide variety of products, including paint, ceramics, pipes and
plumbing materials, solders, gasoline, batteries, ammunition and
cosmetics [4]. The maximum tolerable concentration limit of lead
in drinking water is 10 μg L−1 [5]. The main lead sources for
humans are food, water and road dusts. Hence, the development
of a rapid, simple, accurate method with high sensitivity for
determination of lead at trace levels in natural water, food and
road dust samples is of particular significance.

Several methods have been developed for the separation and
preconcentration of trace lead from environmental matrices, such as
solvent extraction [6], dispersive liquid–liquid microextraction [7],
ion-exchange [8], coprecipitation [9], cloud point extraction [10] and
ll rights reserved.
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solid phase extraction [11–14]. Among these methods, the most
commonly used method is solid phase extraction, which provides
advantages such as simplicity, high preconcentration factor, reduction
or elimination of matrix interferences with high concentration,
combination with different detection techniques and the availability
of a wide variety of adsorbent. The main properties with respect to
adsorbents to be used as solid-phase extractants are as follows:
possibility of extracting of elements over a wide pH range, fast and
quantitative adsorption, and elution, high capacity and accessibility
[12,15,16].

The size range of nanoparticles is from 1 nm to almost 100 nm,
which falls between the classical fields of chemistry and solid-
state physics. One of the most interesting properties is that most
atoms are on the surface of the nanoparticle. The unsaturated
surface atoms can bind with other atoms possessing strong
chemical activities which produce a high sorption capacity and it
can adsorb metal ions selectively [12,17]. Nanoparticles exhibit
intrinsic surface reactivity and high surface areas and can strongly
chemisorb many substances such as acidic gases and polar
organics. The size, surface structure and interparticle interaction
of nanomaterials determine their unique properties and make
their potential application in many areas [18–21].

In recent years, these materials have been proposed and used in
the preconcentration of trace metals due to their high surface area,
high adsorption capacity and high chemical activity. Moreover, the
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preparation of these adsorbents is very simple and low cost when
compared with other commercially available solid-phase materials
[21]. Nano materials such as carbon nanotubes [1,13], ZrO2 [17], TiO2

[15,19,22–24], SiO2 [25], CeO2 [26], alumina [27,28] and hybrid ZrO2/
B2O3 [16] have been used as adsorbent.

Among the transition metal oxides, Co3O4 is found to be one of
the better alternate materials in electrochemical technology due to
its higher surface area, good redox property, controllable size and
shape, and structural identities [29]. In this work, ultralayered
Co3O4 with high porosity have been synthesized and it was used
for the preconcentration/separation of Pb(II) ions in various
samples (water, food, street dust and tobacco). The effect of
experimental parameters such as pH, contact time, eluent type
and volume, sample volume, adsorption capacity and matrix effect
was investigated. To our literature knowledge, there is no report
yet about the use of ultralayered Co3O4 as an adsorbent for the
solid phase extraction of lead ions.
2. Experimental

2.1. Instrument

A BRUKER AXS D8 Advance model X-ray diffractometer using Cu
Kα radiation (λ¼0.15406 nm) in the range of 2θ¼10–901, a LEO 440
model scanning electron microscopy (SEM) with an accelerating
voltage of 20 kV were used for the characterization of the synthe-
sized ultralayered Co3O4. The surface area and porosity of the
ultralayered Co3O4 were determined by the BET-N2 method using
a Micromeritics Gemini VII analyzer. The ultralayered Co3O4 was
degassed at 100 1C for 12 h. A Clifton NES 280 model shaker, Wiggen
Hauser VM model vortex and a WTW pH315i model pH meter
equipped with a combined pH electrode were used in experiments.
A PerkinElmer AAnalyst 800 flame atomic absorption spectrometry
(Waltham, MA, USA) equipped with lead hollow cathode lamp, a
deuterium lamp background corrector, and air/acetylene flame as an
atomizer was used for the determination of lead. The instrument
was set at a wavelength of 283.3 nm and slit width of 0.7 nm.
Acetylene/air flow rate was 2.0/17 L min−1.

2.2. Reagents and solutions

All solutions were prepared using ultra-high purity water from
a Milli-Q system (18.2 MΩ cm, Millipore). All chemicals were of
analytical grade and used without further purification. Pb(II) stock
solution of 1000 mg L−1 was prepared by dissolving appropriate
amount of its nitrate salt in 1 mol L−1 HNO3. Working standard
solutions of Pb(II) were prepared daily by dilution of its stock
solution. H3PO4/NaH2PO4 buffer for pH 3, CH3COOH/CH3COONa for
pH 4–6, CH3COONH4 for pH 7 and NH3/NH4Cl buffer for pH 8 and
9 were used in experiments. Diluted HNO3 (Merck, 65%) and HCl
(Merck, 37%) were tested as eluent.

2.3. Synthesis of ultralayered Co3O4

The composition and synthesis of ultralayered Co3O4 were
fixed by Meher and Rao in earlier studies [29]. Ultralayered
Co3O4 with high porosity was synthesized by a facile homoge-
neous precipitation process under hydrothermal conditions (see
Supplementary material).

2.4. General procedure

The pH of model solution of 20 mL including 100 mg of Co3O4

and 8 mg of Pb(II) was adjusted to pH 5 by corresponding solution.
After vortexing for 10 s, the solution was centrifuged at 4000 rpm
for 5 min and the supernatant was removed. 2 mL of 2 mol L−1

HNO3 was added on the adsorbent for elution of Pb(II) ions. After
again vortexing for 10 s and centrifuging for 5 min, the Pb(II)
concentration in eluate was determined by FAAS. The blank
analyses were run without analyte.

The column method was used only for the optimization of
sample volume. For this purpose 100 mg of Co3O4 was filled into a
glass column (100 mm in length and 10 mm in diameter) plugged
with a small portion of glass wool at both ends. The column was
preconditioned by using the related buffer solution. An aliquot of
20 mL of the model solution including 8 mg Pb(II) at pH 5 was
passed through the column at a flow rate of 2 mL min−1. The
retained Pb(II) ions were eluted with 2 mL of 2 mol L−1 HNO3. The
eluent was analyzed for the determination of Pb(II) by FAAS.

2.5. Sample preparation

The mineral water sample was purchased from a local market.
The waste water sample from Kayseri city Organized Industrial
Region and well water sample from Kayseri city, Turkey were
collected. Before starting the preconcentration method, the waste
water and well water samples were filtered through a 0.45 mm
pore size membrane filter to remove suspended particulate matter.
Aliquots of 40 mL of water samples and 20 mL of SPS-WW1 Batch
111-Wastewater reference material were used for analysis of Pb(II).

The food samples (cauliflower and barley) were purchased
from a local market in Kayseri city, Turkey. They were dried at
100 1C and grounded. Five hundred milligrams of each food
sample were taken into 100 mL beaker and 10 mL of concentrated
HNO3 (65% w/w) was added. The contents of the beaker were
evaporated near to dryness on a hot plate at about 120 1C for 3 h.
After cooling, 3 mL of concentrated H2O2 (30%, w/w) was added.
The mixture was again evaporated near to dryness to obtain clear
solution [11]. The solution was diluted to a volume of 20 mL by
ultra-high purity water and preconcentration/separation proce-
dure described above was applied to the sample solutions.

For the dissolving of BCR-482 Licken certified reference mate-
rial, 100 mg sample were used. The samples were digested in
mixture of concentrated HNO3: HClO4; (v/v 9:1) on a hot plate at
about 130 1C for 3 h [30]. The obtained clear solution was diluted
to 20 mL by ultra-high purity water and the method described
above was applied.

0.10 g tobacco sample was treated with a mixture of concen-
trated HNO3 and HCl in a ratio of 1:1.5 (v:v), heated at a
temperature of about 150 1C for 2 h [31]. After that, the samples
were diluted and the method was applied.

0.10 g street dust sample and 0.10 g Reference Material 8704,
Buffalo River Sediment were digested using 10 mL of aqua regia
twice. The interior surface of the beaker was washed by ultra-high
purity water and filtered through a blue band filter paper [11]. The
pH was adjusted to pH 5 and the solution was diluted to 20 mL
with ultra-high purity water. The preconcentration procedure was
used to separate and preconcentrate of Pb(II).
3. Results and discussion

3.1. Characterization of synthesized ultralayered Co3O4

The structures of the prepared products are characterized using
X-ray diffraction (XRD). Fig. S1 shows the XRD pattern of the
product. All the diffraction peaks can be indexed as cubic Co3O4,
which match well with literature results (JCPDS No. 43-1003). No
peaks from other phases were detected, indicating the phase pure
product. The average size of the nanocrystallites was also estimated
by using the Debye–Scherrer formula [32]; D¼0.9λ/(β cos θ), where λ,
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Fig. 1. Effect of pH on the recovery of Pb(II).
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Fig. 2. Effect of contact time on the recovery of Pb(II).

Table 1
Effect of concentration of eluents on the recovery of Pb(II), eluent volume: 2 mL.

Conc. of HNO3 (mol L−1) R (%)7s Conc. of HCl (mol L−1) R (%)7s

0.5 4670 0.5 7372
0.75 4572 0.75 7772
1.0 8372 1.0 9072
2.0 10070 2.0 9773

Table 2
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β and θ are the X-ray wavelength, the full width at half maximum
(FWHM) of the diffraction peak and the Bragg diffraction angle,
respectively. The estimated crystallite size was found to 16.8 nm from
XRD data.

The morphology of the product was investigated by SEM. Fig. S2
shows low and high magnification SEM micrographs of the product
after heating process. Fig. S2 clearly shows that the product has highly
layered morphology consisting of well arranged rectangular 2D
microsheets.

The BET surface area and pore volume of the ultralayered Co3O4

was determined to be 75.5 m2 g−1 and 0.16 cm3 g−1, respectively.
The BET isotherm of Co3O4 sample in Fig. S3 shows that the
contribution of mesopores to the total surface area and pore
volume is significantly higher than that of macropores.
Effect of some interfering ions on the recovery of Pb(II) by ultralayered Co3O4

(n¼3).

Interfering ion Salt Concentration (mg L−1) R7s (%)

Na(I) NaCl 25,000 9372
50,000 8970
75,000 8574

NaNO3 5,000 9972
10,000 10072
20,000 9570
50,000 10073
75,000 9771

K(I) KNO3 5,000 10072
10,000 10070
20,000 9273
50,000 9972
75,000 9271

Ca(II) Ca(NO3)2.6H2O 5,000 10172
7,500 9972
10,000 9972
20,000 9973
3.2. Effect of pH

The pH value plays an important role with respect to the
adsorption of ions on oxide surfaces. The pH of the solution affects
the distribution of active sites on the surface of ultralayered Co3O4.
The effect of solution pH on the adsorption of Pb(II) ions was
examined in the pH range of 1–8 by using the model solutions of
20 mL containing 0.10 g of adsorbent and 8 mg Pb(II). For the both
adsorption and elution, 30 min contacting time at a shaking rate of
200 rpm was used. As can be seen in Fig. 1, the recovery values for
Pb(II) were found to be ≥94% in the range of pH 4–8. The decrease
in recovery value at ≤pH 3 may be due to competition of
hydronium ion and Pb(II) ion for the active sites of the Co3O4.
The optimum pH was selected as 5 for Pb(II) adsorption in further
tests. At pH 5, the recovery values for Cr(III), Mn(II), Fe(III), Ni(II),
Cu(II), Co(II), Cd(II) and Zn(II) changed from 12 to 58%.
75,000 10071
Mg(II) Mg(NO3)2.6H2O 5,000 10170

6,000 10070
7,500 8272

Mn(II) Mn(NO3)2 �4H2O 50 9574
Co(II) Co(NO3)2 � 6H2O 50 9572
Cu(II) Cu(NO3)2 �5H2O 50 10072
Cd(II) Cd(NO3)2 �4H2O 50 9773
Ni(II) NiCl2 � 6H2O 50 9970
Cr(III) Cr(NO3)3 �9H2O 50 10070
Al(III) Al(NO3)3 �9H2O 50 10270
Zn(II) Zn(NO3)2 � 6H2O 50 9370
Fe(III) Fe(NO3)3 � 9H2O 50 10070
SO4

2− Na2SO4 50 9572
100 8773
250 7170

PO4
3− 25 9474

Cl− NaCl 35,000 9372
75,000 8970

CO3
2− Na2CO3 100 9471

150 8973
250 8274
3.3. Effect of contact time for adsorption and elution

The effect of the contact time between ultralayered Co3O4

nanomaterial and Pb(II) ions was investigated to determine the
adsorption and elution equilibrium time. The pH of the solutions
including 8 mg Pb(II) was adjusted to 5. The equilibrium contact
time for Pb(II) adsorption was changed in the range of 0–30 min at
a shaking rate of 200 rpm. The contact time for elution was
30 min. Fig. 2 indicates that it is possible to reach equilibrium
without shaking. For elution, the contact time of 0–30 min was
also studied. The recovery values for Pb(II) were found to be
quantitative for all the times. So 10 s vortexing time was consid-
ered as both adsorption and elution contact time in further
studies. The adsorption and elution kinetic for Pb(II) is very fast.
This can be attributed to the large surface area and high surface
reactivity of adsorbent [33].
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3.4. Effect of eluent type, concentration and volume

Various concentrations of 2 mL of hydrochloric acid and 2 mL of
nitric acid (0.5, 0.75, 1.0, 1.5, and 2.0 mol L−1) were used for elution of
Pb(II) adsorbed on the ultralayered Co3O4. The results are shown in
Table 1. When used 2 mol L−1 HCl and 2 mol L−1 HNO3, the recovery
values for Pb(II) were quantitative. 2 mol L−1 HNO3 was selected as
eluent. In the volume scanning of 2, 4, 6, 8, and 10 mL of 2 mol L−1

HNO3, the quantitative recovery values (from 100 to 102%) for Pb(II)
were obtained for all the studied volumes of eluent. In subsequent
experiments, 2 mL of 2 mol L−1 HNO3 was used for elution.
3.5. Effect of sample volume

The sample volume is important to obtain high preconcentration
factor. For this purpose the model solutions of 20, 50, 100, 250, 350,
400 and 500mL including 8 mg Pb(II) at pH 5 were prepared and the
column method was applied. The elution was made by 2mL of
2 mol L−1 HNO3. The Pb(II) concentrations in these solutions corre-
sponded to 0.4, 0.16, 0.08, 0.032, 0.023 and 0.016 mg L−1, respectively.
The recoveries of Pb(II) were between 95 and 100% for the sample
volumes up to 350mL. The preconcentration factor was obtained as
175 due to the elution volume of 2 mL.
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Fig. 3. (a) Adsorption isotherm of Pb(II) on ultralayered Co3O4. (b) Linearized
Langmuir adsorption of Pb(II) on ultralayered Co3O4.

Table 3
Determination of Pb in certified reference materials.

Element RM 8704 Buffalo river sediment BCR-482 Licken

Certifieda (mg g−1) Foundb (mg g−1) R(%) Certifieda(mg g−1)

Pb 150717 14874 99 40.971.4

a At 95% confidence level.
b x7s, n¼3.
3.6. Reusability of the adsorbent

The stability and regeneration of ultralayered Co3O4 is the key
factor for considering the performance of the adsorbent. In this
work, the recovery values of Pb(II) after several adsorption and
elution cycles were calculated. The adsorbent of 100 mg was reused
after regenerated with 2 mL of 2 mol L−1 HNO3 and then 5 mL of
ultra pure water, respectively. The adsorbent was stored in ultra pure
water when it was not in use. The cycle results show that the
adsorbent is stable up to 170 runs without decrease in the recoveries
of Pb(II) and it can be reused. The average7standard deviation of Pb
(II) recovery from 170 runs were found to be 99%71.

3.7. Effect of interferences

The concentrations of trace metal ions may be affected by the
other constituents in the samples. So, the effect of some interfering
ions on the preconcentration and determination of Pb(II) was
investigated. In the experiments, the described preconcentration
method was applied for the model solutions of 20 mL containing
0.4 mg L−1 Pb(II) and interfering ions added at different concentra-
tions. The tolerance limit is considered as the concentration of
interfering ions that reduce the extraction efficiency of Pb(II) ions to
≥90% recovery value. The results (Table 2) show that the recovery
values for Pb(II) were obtained as ≥90% even in the presence of the
following ions: 25,000 mg L−1 for Na(I) as chloride salt, 75,000 mg L−1

for Na(I), K(I) and Ca(II) as nitrate salt, 6000 mg L−1 for Mg(II),
50 mg L−1 for Mn(II), Co(II), Cu(II), Cd(II), Ni(II), Cr(III), Al(III), Zn(II)
and Fe(III), 100 mg L−1 for CO3

2−, 50 mg L−1 for SO4
2−, 25 mg L−1 for

PO4
3− and 35,000 mg L−1 for Cl−. Especially, tolerance limits of

75,000 mg L−1 for Na(I), K(I) and Ca(II) from major constituents were
fairly high. The results show that the ultralayered Co3O4 sorbent is
quite selective to Pb(II) when considered commonly found interfer-
ences in the various water, food, sediment and tobacco samples used
in this work.

3.8. Adsorption capacity of the ultralayered Co3O4

The adsorption isotherms and adsorption capacity of the
ultralayered Co3O4 for Pb(II) were studied under optimal experi-
mental conditions. The pH of model solutions of 20 mL containing
50–800 mg L−1of Pb(II) was adjusted to 5 and the described
method was applied. The eluent was diluted 100 or 200 fold.
The adsorption equilibrium isotherm obtained for Pb(II) is given in
Fig. 3(a).

As shown in Fig. 3(b), the adsorption data were fitted according
to the linear form of the Langmuir isotherm model based on the
following equation [34]:

Ce

qe
¼ ð 1

KLqm
Þ þ ðCe

qm
Þ

where qe and Ce are the amount adsorbed (mg g−1) and the Pb(II)
concentration in solution (mg L−1), respectively, at equilibrium. KL

is the Langmuir constant (L mg−1) and qm is the maximum
SPS-WW1 Batch 111-wastewater

Foundb(mg g−1) R(%) Certifieda (mg L−1) Foundb (mg L−1) R(%)

41.072.2 100 10070.5 10578 105
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adsorption capacity of the adsorbent (mg g−1). Langmuir isotherm
was used to determine the qm and KL values from the linear
coefficients obtained by plotting Ce/qe as a function of Ce. The
Table 4
Determination of Pb(II) in various water samples (sample volume: 40 mL, final
volume: 2 mL).

Sample Added (mg L−1) Founda (mg L−1) R (%)

Well water – ndb

100 10672 106
200 20272 101

Mineral water – ndb

100 10174 101
200 19074 95

Wastewater – 7874
100 17576 97
200 26773 95

Sea water – ndb

25 24.174.1 96
50 48.673.4 97

a x7s, n¼3.
b Not detected.

Table 5
Determination of Pb(II) in various food, street sediment and tobacco samples.

Sample Added (mg g−1) Founda (mg g1) R (%)

Cauliflower 5.270.3
8 13.270.9 100
16 21.370.9 101

Barley 1.970
2 3.870.5 95
4 6.070 103

Street sediment 14272
100 24175 99
200 33275 95

Tobacco – 1.770.5
2 3.770.3 100
4 5.670.3 98

a x7s, n¼3.

Table 6
Comparison of the proposed method with some preconcentration methods reported in

Adsorbent/technique pH ACa

(mg g−1)
PFb DLc

(mg L−1)
RSD (%) Contac

time (m

Modifed nanometer-sized
alumina/FAAS

7–8 16.4 250 0.17 3.2

Nanometer TiO2 immobilized
on silica gel/GFAAS

5 3.16 50 0.0095 3.2

Magnetic adsorbent (Shiff base-
functionalized Fe3O4/SiO2)/
FAAS

7 87.5 0.14 1.4 10

Bismuthiol-II-immobilized
magnetic nanoparticles/ICP-
OES

7 9.4 87 0.085 3.7 10

Nanometer-sized alumina
coated with chromotropic acid/
ICP-AES

8 15.4 50 0.53 30

Nano TiO2 modified with
diethyldithiocarbamate/ICP-
AES

5 19 33 1.7 5.6 30

Nano-sized manganese dioxide
functionalized multi-wall
carbon nanotubes/ETAAS

6 6.7 100 0.0044 3.2

Ultralayered Co3O4/FAAS 5 35.3 175 0.72 1.5 10 s

a AC: Adsorption capacity.
b PF: Preconcentration factor.
c DL: Detection limit.
adsorption capacity was found to be 35.3 mg g−1. The Langmuir
constant was 0.006 L mg−1.

3.9. Analytical figures of merits

The linear range of the calibration curve for Pb(II) was found to
be 1.0–10 mg L−1 (Absorbance¼0.01 [Pb]+0.0002, r2¼0.9997). The
calibration data were obtained without the preconcentration
method. The detection limit (DL, 3 s/b) of the method for Pb(II)
was determined with preconcentration factor of 175 by using
blank solutions (n¼13) [35]. The DL calculated as three times the
standard deviation of the blank solutions divided by the slope of
the calibration curve of the method was found to be 0.72 mg L−1 for
Pb(II). The limit of quantification (10 s/b) was 2.38 mg L−1. The
precision of the method assessed as relative standard deviation
(RSD, %) and calculated from 10 independent cycles at 0.4 mg L−1

concentration for Pb(II) was 1.5%.

3.10. Validation of the method and analysis of real samples

The validation of the developed method by using ultralayered
Co3O4 as an adsorbent for preconcentration of Pb(II) was evaluated
by both the certified reference materials (RM 8704 Buffalo River
Sediment, BCR-482 Lichen, SPS-WW1 Batch 111-Wastewater) and
by the recovery studies. As can be seen from Table 3, the obtained
results were in good agreement with the certified values. The
method was applied for the determination of trace Pb(II) in water
(well water, mineral water, waste water and sea water), food
(cauliflower and barley), street sediment and tobacco samples. The
analytical results with the recoveries for spiked samples are given
in Tables 4 and 5. As can be seen, the recovery values for Pb(II)
were changed from 95 to 106%. These results show that the
developed method can be applied for various samples (water,
food, street sediment and tobacco samples).

3.11. Comparison of the present method with others

Some of the other some preconcentration works using nano-
sized metal oxides described in literature are given in Tables S1
literature for Pb(II) preconcentration.

t
in)

Reusability Resin
amount (mg)

Application References

50 Tap, mineral water, and plant
samples

[12]

20 50 Tap and lake water [20]

130 Tap, waste water, food, tobacco
and hair samples

[35]

3 100 River and lake water [36]

15 50 River water, green leaves [37]

20 Lake, river water, liver and pear
leaves

[38]

50 River and reservoir water [39]

170 100 Well, mineral, waste water, food,
street sediment and tobacco
samples.

This work
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and 6. Table S1 shows the tolerance limits for common major
constituents in samples, Na(I), K(I), Ca(II) and Mg(II), when
compared to the other works used for the determination of Pb
(II). The tolerance limits for the present work are higher than those
of the other works. The time to attain equilibrium for several metal
oxides was reported to be long (see Table 6). Compared to the
other methods, the short contact time for both adsorption and
elution suggests that the kinetic of the ultralayered Co3O4-metal
interaction is rather rapid. The preconcentration factor of the
method, adsorption capacity and reusability of adsorbent are
much higher than those of the other methods. The method
requires low eluent volume (2 mL) and it can also be successfully
applied to various matrices.
4. Conclusions

In this work, utralayered Co3O4 was synthesized, characterized
and used for the first time for the solid phase extraction of Pb(II) in
various samples. The method is simple and selective. The used
adsorbent has rather rapid adsorption and elution kinetic. The
reusability (170 cycles) and adsorption capacity (35.5 mg g−1) of
ultralayered Co3O4 were excellent. The acidic working pH (5), good
precision (1.5%) and high preconcentration factor (1 7 5) are the
other advantages of the method. The analyses of certified refer-
ence materials and recovery tests show that the described method
can be used for Pb(II) extraction selectively from various water,
food, sediment and tobacco samples.
Appendix A. Supporting information

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.talanta.2013.06.042.
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