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Abstract

The sorption conditions including pH of the aqueous solution, sample volume, etc., on Celtek clay of copper(Il), cadmium(Il), lead(Il),
chromium(III), nickel(Il) and cobalt(Il) ions from environmental samples has been studied. The effects of electrolytes as matrix on the pre-
concentration were also investigated with the recoveries >95%. The 3 sigma detection limits for copper, cadmium, lead, chromium, nickel and
cobalt ions were found to be 0.25, 0.32,0.73, 0.45, 0.50 and 0.41 p.g/1, respectively. The relative standard deviation was <10% for the determination
of analytes. The procedure was validated by analysis of a NRCC-SLRS 4 Riverine Water, SRM 1573a Tomato leaves and IAEA 336 Lichen
standard reference materials. The developed method was successively utilized for the determination of Cu(II), Cd(II), Pb(II), Cr(III), Ni(II) and
Co(Il) in various samples including natural waters, wheat and human hair by flame atomic absorption spectrometry (FAAS) with satisfactorily

results (recoveries >95% and R.S.D.’s < 10%).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Heavy metals are considered to be one of the main sources
of pollution in the environment, since they have a significant
effect on its ecological quality [1,2]. One of the major problems
in ecology is related to the path of toxic metals contained in all
matrices involved in foods and food chain [3,4]. Trace heavy
metals, such as zinc, copper and cobalt are essential for most
biological systems including humans at appropriate levels; while
others, such as cadmium and lead are highly toxic to plants, ani-
mals and human [4,5]. The accumulation of toxic and persistence
substances in the environment continuously increases owing to
the anthropic activities [4,6]. Because of these impotencies of
heavy metal ions, their accurate and sensitive determination
is very important for analytical and environmental chemists.
Flame atomic absorption spectrometry (FAAS) is one of the
main instruments at this area due to its lower costs and its easy
usage. However, direct instrumental analysis of high salt con-
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tent samples for their heavy metal contents is difficult because
of influences of matrices by flame atomic absorption spectrome-
ter. In addition, heavy metals generally have low concentrations,
which are near or below the limit of detection of flame atomic
absorption spectrometer [7-9]. Preconcentration—separation can
solve these problems and leads to simplified heavy metal deter-
mination [9,10]. Cloud point extraction [11,12], solvent extrac-
tion [13,14], electroanalytical techniques [15,16], membrane
filtration [17,18], ion exchange [19,20] are used for the precon-
centration and separation of metal ions prior to their instrumental
determinations. Also solid-phase extraction (SPE) is an attrac-
tive enrichment—separation technique for heavy metal ions. SPE
reduces solvent use, solvent exposure, disposal costs and extrac-
tion time for sample preparation. Various solid-phase extractors
including activated carbon and multiwalled carbon nanotubes
[21-23], silica gel and sol-gel [24-26], synthetic polymeric
resins [27-29] and natural materials [30-32] have been used for
preconcentration of heavy metals from various samples includ-
ing natural waters and food samples.

Clay is a natural, earthy, fine-grained material composed
largely of a group of crystalline minerals. Clays have been
used for thousands of years and they still keep their position
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among the most important industrial material [33-36]. Clays
have been also used for chemical studies for various purposes
including adsorption of various organic and inorganic substances
[36-38]. One of the important are for the usage of clays is
preconcentration—separation of metal ions. Solid-phase extrac-
tion conditions for copper(Il), cadmium(II), silver(I), nickel(II)
and lead(Il) ions on modified clays have been investigated by
Krikorian and Martin [9]. Without adjusting the pH, better than
90% of analytes could be removed on clay. Akcay and Kur-
tulmus [39] have been investigated adsorption conditions for
uranium on Turgutlu and Kula clays. Dias et al. [40] have been
used 2-mercaptobenzothiazole loaded on clays for solid-phase
extraction of Hg(I), Pb(Il), Zn(Il), Cd(Il), Cu(Il) and Mn(II)
from an aqueous solution. Mohamed et al. [41] have been used
Aswan clay from Egypt for speciation and preconcentration of
Cr(1I) and Cr(VI) from synthetic solution and tannery wastew-
ater.

Celtek clay is a clay mineral was chosen as adsorbent mate-
rial. The clay is collected from Celtek town of Amasya-Turkey.
This material is commonly used as industrial raw material for
the construction of ceramic and brick in the middle Anotalia-
Turkey. According to our literature survey, Celtek clay was not
been used as adsorbent for traces metal ions from various sam-
ples.

In the presented work, the adsorption conditions for cop-
per(Il), cadmium(Il), lead(Il), chromium(III), nickel(Il) and
cobalt(Il) ions on Celtek clay have been investigated. On the
optimal conditions, the analyte ions in the various environmen-
tal samples have been determined.

2. Experimental
2.1. Instrument

A Perkin-Elmer A Analyst 700 atomic absorption spectrom-
eter with deuterium background corrector was used. All mea-
surements were carried out in an air/acetylene flame. A 10cm
long slot-burner head, a lamp and an air-acetylene flame were
used. The operating parameters for working elements were set
as recommended by the manufacturer.

A pH meter, Sartorius pp-15 Model glass-electrode was
employed for measuring pH values in the aqueous phase. Mile-
stone Ethos D closed vessel microwave system (maximum pres-
sure 1450 psi and maximum temperature 300 °C) was used.
Digestion conditions for microwave system for SRM 1573a
Tomato leaves and IAEA 336 Lichen, wheat and human hair
samples were applied as 2 min for 250 W, 2 min for 0 W, 6 min
for 250 W, 5 min for 400 W and 8 min for 550 W; vent: 8 min
[42,43].

2.2. Reagents and solution

All chemicals used in this work, were of analytical reagent
grade and were used without further purification. Deionized
water (Milli-Q Millipore 18.2 MQ2/cm resistivity) was used for
all dilutions. All the plastic and glassware were cleaned by soak-
ing in dilute HNO3 (1 +9) and were rinsed with distilled water

Table 1
Analytical characteristics of the calibration curves of the analytes

Analyte Correlation Linear range Regression equation
coefficient (mg/1)

Copper 0.9999 0.25-5.0 A=0.0539C+0.0010
Cadmium 0.9997 0.02-2.0 A=0.1415C+0.0014
Lead 0.9997 0.5-10.0 A=0.0085C — 0.0007
Chromium 0.9998 0.5-10.0 A=0.0247C+0.0010
Nickel 0.9998 0.25-5.0 A=0.0320C +0.0003
Cobalt 0.9996 0.25-5.0 A=0.0356C +0.0006

A, absorbance; C, concentration of analyte.

prior to use. The element standard solutions used for calibration
were produced by diluting a stock solution of 1000 mg/1 of the
given element supplied by Sigma and Aldrich. Stock solutions
of diverse elements were prepared from high purity compounds.

The calibration curves for analyte ions were drawn after
setting various parameters of FAAS including wavelength, slit
width and lamp current at an optimum level. The optimum con-
centration ranges and regression equations for analytes are given
in Table 1. The statistical calculations are based on the average of
triplicate readings for a standard solution the analyte ions. The
precision of the method was investigated by using the model
solutions containing the spiked elements on the optimal condi-
tions of the method (Table 1). The calibration standards were
not submitted to the preconcentration procedure.

Acetate buffer solutions (CH3COO~/CH3COOH) were pre-
pared by mixing of appropriate volumes of 0.1 M acetic acid and
0.1 M sodium acetate solutions for pH4 and 6. For pH 7, 2250 ml
of borate buffer was prepared by use of 2.5 ml of 1 M HCI and
0.445 g NaBO;. Ammonium buffer solutions (NH4*/NH3) were
prepared by mixing of appropriate amounts of 0.1 M ammonia
and 0.1 M ammonium chloride solutions for pH 8-10. Stan-
dard reference materials (NRCC-SLRS 4 Riverine Water, SRM
1573a Tomato leaves and IAEA 336 Lichen) were used in the
experiment.

Celtek clay was collected from Celtek town of Amasya-
Turkey. The specific surface area of Celtek clay was found to be
69 m?/g by BET method. Celtek clay was first dried and sieved
form 200-mesh, then washed with distilled water several times to
remove any dust and other water-soluble impurities. The washed
Celtek clay was dried in electric oven at 105 °C for 24 h and then
placed in desiccators before adsorption experiments.

2.3. Test procedure

A sample volume of 50 ml, containing 10 g of copper(Il),
5 g of cadmium(Il), 20 pg of lead(Il), 20 pg of chromium(III),
10 g of nickel(II) and 10 g of cobalt(Il) ions, was transferred
into a beaker; 10 ml of buffer solution was added. After a fast
shaking, 100 mg of Celtek clay was added and the mixture was
shaken again for 30 min. The system was then filtered under
vacuum through blue band filter paper. Then, the filter and con-
stituents were washed with distilled water. In order to elute the
adsorbed analytes on Celtek clay, 6-8 ml of 1 mol/l HCI was
used. The final volume was completed to 10.0 ml with 1 mol/l
HCI. Analyte contents of the final solution were determined by



M. Tuzen et al. / Journal of Hazardous Materials B136 (2006) 597-603 599

flame atomic absorption spectrometry. The same procedure was
applied to the blank solution. In order to use the Celtek clay
for next experiment, the Celtek clay was washed with excess of
1 mol/l HCI and distilled water, sequentially.

2.4. Analysis of the real samples

SRM 1573a Tomato leaves and IAEA 336 Lichen standard
reference materials (250 mg) were digested with 6 ml of HNO3
(65%), 2 ml of H>03 (30%) in closed microwave digestion sys-
tem and diluted to 50.0 ml with deionized water. A blank digest
was carried out in the same way. Then, the preconcentration
procedure given above was applied to the final solutions.

For the microwave digestion of wheat and human hair sam-
ples, 1.0g of sample from Tokat was digested with 6 ml of
concentrated HNO3 and 2 ml of H,O; (30%) in microwave sys-
tem. After digestion the samples, the volume of the digested
sample was made up to 50.0 ml with distilled water. The blank
solutions were prepared in the same way as the real sample,
but omitting the sample. The preconcentration procedure given
above was applied to the samples.

Natural waters including NRCC-SLRS 4 Riverine water, tap,
river, sea and spring waters from Tokat region of Turkey ana-
lyzed were filtered through a cellulose membrane filter (Milli-
pore) of 0.45 wm pore size. The pH of the water samples was
adjusted to 8.0 with buffer solution. The preconcentration pro-
cedure given above was applied to the samples. The levels of
analyte ions in the samples were determined by flame atomic
absorption spectrometry.

3. Results and discussion
3.1. Influences of pH

Since the pH of the aqueous solutions is an important analyt-
ical factor on the solid-phase extraction studies of heavy metal
ions [8,24,29], the influences of pH on the recoveries of ana-
lyte ions on Celtek clay were examined in the pH range of 4-10
by using buffer solutions given in Section 2.2. The results are

100

80

60

Recovery, %

40

20

Fig. 1. The effects of pH on the recoveries of analyte metal ions on Celtek clay
(N=3).

depicted in Fig. 1. Chromium(III) and lead(II) ions were quanti-
tatively recovered in the pH range of 6—10 on Celtek clay, while
cobalt could be recovered at pH range 8—10. Quantitative recov-
ery values for the other analyte ions were obtained in the pH
range of 8-9. In all subsequent works, the pH was kept as 8.0
by using ammonium buffer solution.

3.2. Desorption studies

The desorption of adsorbed analyte ions on the Celtek clay
were also studied by using HCl and HNOs3 at various con-
centrations. Analyte ions were not desorbed from Celtek clay
with HNO3. Subsequent elution with 1 M HCl readily strips the
sorbed metal ions from Celtek clay.

3.3. Effect of stirring time

The influences of the stirring time for the adsorption of
analyte ions on Celtek clay were examined. Copper(Il), cad-
mium(II), lead(IT), chromium(III), nickel(IT) and cobalt(II) ions
were quantitatively recovered after 25 min of stirring time. The
recoveries were not quantitative below 25 min. In all subsequent
works, 30 min was selected as stirring time.

3.4. Effect of sample volume

To obtain high preconcentration factor, the effect of the sam-
ple volume on the recoveries of analyte ions on Celtek clay
was also investigated in the range of 20—500 ml. The results are
recorded in Fig. 2. The recovery values of analytes were very
efficient (>95%) in the sample volume range of 20-250 ml. For
more than 250 ml of the sample volume, the recoveries of ana-
Iytes were decreased.

3.5. Effect of divers ions

Because of the determination of the levels of traces metal ions
of the highly saline samples were aimed, the influences of possi-
ble matrix ions in the environmental samples and some transition
metals were also examined. The effect of foreign ions coexisting
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Fig. 2. Effects of sample volume on the adsorption of metal ions on Celtek clay
(N=3).
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Table 2

Tolerable limits of some divers ions on the recoveries of metal ions on Celtek clay (sample volume 50 ml, pH 8 and N=4)

Ton Added as Concentration (mg/l) Cu Cd Pb Cr Ni Co
Na* NaCl 20000 97 £3 95 £2 100 £ 1 95 £3 98 £ 2 95 +£1
K* KCl1 5000 100 + 2 95 + 4 100 £ 1 95 +2 95 +3 95 +2
Ca** CaClp 3000 95 £3 95 £2 100 £+ 2 96 £ 3 95 £ 2 9 £ 3
Mgt MgCly 3000 9 £ 3 95+3 100 £ 1 97 +2 95 +2 95+3
Cl™ NaCl 25000 96 £+ 2 95 £2 100 £+ 2 95 £3 98 +£3 97 £ 1
F~ NaF 2000 97 +£3 96 + 3 100 £ 1 98 £ 3 95 +2 96 + 2
NO3~ KNO3 3000 98 £ 2 95 £2 9 +3 96 £ 2 95 £3 95 £2
S04~ NapSOy4 2000 97 +3 96 + 3 95 +2 95 +3 95 +2 95+ 1
PO,3~ NazPOy4 1000 95 +£2 95 +3 95 £ 1 95 £3 97 £3 95 £2
AP Al (S04)3 25 95 +2 95+3 97 £ 1 95 +3 95 +2 95+3
Agt AgNO3 10 95 +£3 95 £2 100 £+ 2 95 £3 95 +3 95+3
Mn2* MnCl, 25 97 +2 95 +4 100 £ 1 95 +3 95 +2 95 +2
Zn%* ZnSOy4 10 95 £3 95 +3 9 + 1 95 £3 95 +2 95+3

in natural samples on the determination of the analyte ions on
Celtek clay was investigated. A 50 ml portion of sample solution
containing analytes and a given amounts of foreign ions were
concentrated. The experimental results are shown in Table 2.
The tolerance limit is defined as the ion concentration causing
a relative error smaller than 5% related to the preconcentra-
tion and determination of analytes. The ions normally present in
water do not interfere under the experimental conditions used.
Some of the transition metals (Table 2) at milligram per liter
levels were not interfered on the recoveries of the analyte ions.
This results show that the proposed preconcentration/separation

method could be applied to the highly saline samples and the
samples that contains some transition metals at milligram per
liter levels.

3.6. Adsorption capacity

In order to study the adsorption capacity of Celtek clay, 0.1 g
clay was added 50 ml of solution containing 1.0 mg of metal ion
at pH 8.0. After shaking for 30 min, the mixture was filtered.
Ten milliliters of the supernatant solution was diluted to 100 ml
and determined by flame atomic absorption spectrometry. This

Table 3
Analysis of two waters spiked analyte ions (sample volume 50 ml and N=4)
Element Added (ng) River water Sea water
Found (png) Recovery (%) Found (pg) Recovery (%)
Cu 0 ND - ND -
5 48+04 96 4.8+0.5 96
10 99+£03 99 9.5+£04 95
20 19.6+£0.5 98 19.24+0.6 96
Cd 0 ND - ND -
2.5 24+£03 96 25+£02 100
5 48+0.3 96 49405 98
10 10.1£0.5 101 9.7+£04 97
Pb 0 ND - ND -
10 9.7£0.2 97 9.5+04 95
20 19.6+0.4 98 19.24+0.5 96
40 40.8£0.5 102 39.6+£0.7 99
Cr 0 ND - ND -
10 99+04 99 9.7£04 97
20 19.6 £0.6 98 20.2£0.5 101
40 40.8+0.7 102 39.6+£04 99
Ni 0 ND - ND -
5 48+0.3 96 49+04 98
10 9.8+£0.5 98 9.7+£0.5 97
20 20.2+0.6 101 19.6+0.6 98
Co 0 ND - ND -
5 5.1+£03 102 4.8+04 96
10 10.3+0.5 103 9.8+£0.5 98
20 19.6£0.6 98 19.24+0.6 96

ND, not detected.
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Table 4

The results for reference standard materials after application of presented procedure (N=4)

Element NRCC-SLRS 4 Riverine Water (ug/l) SRM 1573a Tomato leaves (jg/g) TAEA 336 Lichen (g/g)

Certified value Our value Certified value Our value Certified value Our value
Cu 1.81 1.79£0.08 4.7 4.65+£0.30 3.55 3.50+0.14
Cd 0.012 BDL 1.52 1.57+0.10 0.117 0.114£0.01
Pb 0.086 BDL - BDL (5)2 490+£0.24
Cr 0.33 BDL 1.99 1.89+0.12 (1.03)* 0.99£0.08
Ni 0.67 BDL 1.59 1.52+0.11 - BDL
Co 0.033 BDL 0.57 0.54+£0.04 0.287 0.279 +£0.02

BDL, below the detection limit.
2 The values in the parentheses are not certified.

procedure was repeated for each analyte ions separately. The
capacity of sorbent for analytes were found as—Cu: 0.12, Cd:
0.04, Pb: 0.05, Cr: 0.19, Ni: 0.03 and Co: 0.06 mmol/g. A mixed
mode mechanism of the inaction between metal ions and the
clay attributed which was included ion exchange, physical and
chemical inactions. The stability of Celtek clay was excellent.
On storing for six mounts its properties and sorption capacity
do not change significantly.

3.7. Figure of merits

The relative standard deviations for flame atomic absorption
spectrometric determinations for analytes are between 1.0 and
9.0%. The detection limits, defined as the concentration equiva-
lent to three times the standard deviation (N = 13) of the reagent
blank were found as—Cu: 0.25, Cd: 0.32, Pb: 0.73, Cr: 0.45, Ni:
0.50 and Co: 0.41 pg/l.

To estimate the accuracy of the procedure, different amounts
of the investigated metal ions were spiked in river water and sea
water. The resulting solutions were submitted to the presented
procedure given in Section 2. The results are given in Table 3.
Good agreement was obtained between the added and found
analyte content. The recovery values for the analyte ions were
in the range of 95-102%.

3.8. Application

The first application of proposed method was performed
to three standard reference materials (NRCC-SLRS 4 River-

Table 5
The application of presented method in natural water samples for contents of
analyte ions (N=4)

Element Concentration (g/1)
Tap water River water Sea water Spring water

Cu 3.12+0.16* 5.66 +0.28 2.43+£0.11 4.15+0.17
Cd BDL BDL BDL 3.26+£0.20
Pb 6.68 +0.43 7.16 £0.52 11.9+09 4.124+0.31
Cr BDL 3.12+0.18 0.82£0.05 2.60+0.19
Ni 4.544+0.21 2.724+0.10 5.454+0.34 351+£025
Co 3.29+0.25 3.58+0.22 BDL BDL

BDL, below the detection limit.
4 (x +t.s.)/+/N, p=0.95.

Table 6
Levels of analytes in a wheat and human hair samples after application presented
procedure (N=4)

Element Concentration (pg/g)

Wheat Human hair
Cu 2.60+0.15% 3.68£0.22
Cd BDL BDL
Pb BDL 2.57£0.19
Cr 1.234+0.10 1.4040.10
Ni 1.85£0.14 2.75£0.15
Co BDL BDL

BDL, below the detection limit.
4 (x +ts.)/+/N, p=0.95.

ine Water, SRM 1573a Tomato leaves and IAEA 336 Lichen).
Tomato leaves and lichen SRM’s were digested by using closed
microwave digestion system. Then, the method given in Sec-
tion 2.3 was applied. The results are given in Table 4. There
is generally a good harmony between our results and certified
values.

The procedure was also applied to the four different natural
water samples given in Table 5 from Tokat region of Turkey.
Microwave digested wheat and human hair samples were also
analyzed by the proposed method. The results for wheat and
human hair are given in Table 6.

4. Conclusion

The Celtek clay was successfully applied for the adsorption
of Cu(Il), Cd(II), Pb(Il), Cr(III), Ni(II) and Co(II) with satis-
factory results. The Celtek clay can be used at least 100 times
for the experiments. The proposed methodology is very sim-
ple, cheap, efficient, precise and accurate since results obtained
with the analysis of the certified samples presented agreement
with the certified results. The method could be applied for the
preconcentration of analyte ions from other matrices.
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