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Abstract

Lead and nickel were preconcentrated as their ethylenediaminetetraacedic acid (EDTA) complexes from aqueous sample solutions using a
column containing Ambersorb-572 and determined by flame atomic absorption spectrometry (FAAS). pH values, amount of solid phase, elution
s fering ions
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olution and flow rate of sample solution have been optimized in order to obtain quantitative recovery of the analytes. The effect of inter
n the recovery of the analytes has also been investigated. The recoveries of Pb and Ni under the optimum conditions were 99± 2 and 97± 3%,
espectively, at 95% confidence level. Seventy-five-fold (using 750 mL of sample solution and 10 mL of eluent) and 50-fold (using 5
ample solution and 10 mL of eluent) preconcentration was obtained for Pb and Ni, respectively. Time of analysis is about 4.5 h (fo
nrichment factor of 75). By applying these enrichment factors, the analytical detection limits of Pb and Ni were found as 3.65 and 1.4−1,
espectively. The capacity of the sorbent was found as 0.17 and 0.21 mmol g−1 for Pb and Ni, respectively. The interferences of some cations,
s Mn2+, Co2+, Fe3+, Al3+, Zn2+, Cd2+, Ca2+, Mg2+, K+ and Na+ usually present in water samples were also studied. This procedure was ap

he determination of lead and nickel in parsley, green onion, sea water and waste water samples. The accuracy of the procedure wa
etermining Pb and Ni in standard reference tea leaves sample (GBW-07605). The results demonstrated good agreement with the ce
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. Introduction

Since 1980s, mainly because of the decreasing use of leaded
asoline, exposure to lead has decreased dramatically[1]. How-
ver, in several countries lead exposure remains a consider-
ble public health problem. Exposure to lead mainly occurs
rally through food and water. Additional exposure may occur
ia contamination from soldered tin cans, lead-glazed glass or
ead-painted glassware. In some countries, there may be con-
iderable exposure through drinking water by contaminations
rom lead pipes[1]. Lead enters surface water from atmospheric
allout, run-off or wastewater. Most of the lead contamination

� A part of this work was presented at the 4th Agean Analytical Chemistry
ays, 29 September–3 October 2004, Kus¸adası, Turkey.
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presents cumulative effect and if people maintain contact
lead for a long time, it could cause hazard for health ev
it is in small concentrations. Lead contamination of foodst
and waters caused harmful effects on human health. The
can absorb lead from the soil, fertilizers and air accumula
it in the tissue, thus it can reach the food chain of huma
decreased enzymatic activities and kidney functions and
causes neuromuscular difficulties[2]. There are legal restri
tions concerning lead releasing to on the environmental sam
in many countries. When vegetables and fruits were prod
around industrial zone or when intensive use of fertilizers
employed to improve productivity, the monitoring of lead c
taminations become important.

Nickel is widely used in electroplating, in the manufact
of Ni–Cd batteries, in rods for arc welding, in pigments
paints, in ceramics, in surgical and dental prostheses, in ma
tapes and computer components and in nickel catalysts. N
enters waters from dissolution of rocks and soils, from biolog

304-3894/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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cycles, from atmospheric fallout, especially from industrial pro-
cesses and waste disposal[1]. Nickel was thought be essential to
plants and some domestic animals[3], but not considered to be a
metal of biological importance until 1975, when Zerner discov-
ered that urease was a nickel enzyme[4,5]. Nickel is essential
constituent in plant urease[1]. Urease-rich legumes such as jack
beans and soybeans generally contain high nickel concentrations
[1]. Compared with other transition metals, nickel is a mod-
erately toxic element. However, it is known that inhalation of
nickel and its compounds can lead to serious problems, includ-
ing cancer of the respiratory system[6]. Moreover, nickel can
cause a skin disorder known as nickel-eczema[7]. Therefore,
it is necessary and important to develop sensitive methods for
determining nickel in environmental, biological and food sam-
ples.

To assure that foods quality concerning trace metal contam-
ination, food samples should be periodically analyzed. When
vegetables and fruits were produced around industrial zone or
when intensive use of fertilizers was employed to improve pro-
ductivity the monitoring of trace metal contamination become
important. Therefore, it is of importance to develop sensitive
methods for determining trace metals in environmental and bio-
logical samples[8].

Lead and nickel could be determined directly in various sam-
ples by inductively coupled plasma atomic emission spectrome-
try (ICP-AES) or electrothermal atomic absorption spectrometry
( it.
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solid-phase extractor for the separation and preconcentration
of Pb and Ni was investigated. The results showed that the ana-
lytes were easily retained in the form of metal–EDTA complexes
on Ambersorb-572 resin from acidic aqueous solution. The pro-
posed method was successfully applied to the analysis of various
water and biological samples.

2. Experimental

2.1. Apparatus

A Varian GTA—97 Spectra AA 250 Plus atomic absorption
spectrometer equipped with deuterium lamp background correc-
tor was used for the analysis under the conditions suggested by
the manufacturer. The instrumental parameters were as follows:
wavelength, 217.0 and 232.0 nm; bandpass, 1.0 and 0.2 nm; lamp
current, 5 and 4 mA; fuel flow rate, 2 and 2 L min−1, for lead
and nickel, respectively. All pH measurements were performed
with a CRISON 20 model digital pH meter.

2.2. Reagents

Doubly distilled deionized water and analytical reagent grade
chemicals were used unless otherwise specified. The labora-
tory glassware was kept overnight in a 5% nitric acid. After
that it was rinsed thoroughly with water and dried. Lead and
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ETAAS), which usually have a sufficiently low detection lim
lame atomic absorption spectrometry (FAAS) available in m

aboratories relatively simple, cheap and normally less su
o interferences than ICP-AES or ETAAS, can also be use
he determination of Pb and Ni. But, it requires the use
nrichment and/or separation step in order to improve d

ion limit and selectivity. For this purpose, many enrichm
ethods have been proposed and used to separate and p

entrate trace elements, according to nature of the sam
he concentration of the analytes and the measurement
iques[9]. Coprecipitation[10], liquid–liquid extraction[11],
loud-point extraction[12], ion-change[13], flotation[14] and
olid-phase extraction (SPE)[15] are well-known procedures f
he preconcentration and separation. SPE is the most eff
ulti-element preconcentration method because of its sim

ty, rapidity and ability to attain a high enrichment facto
herefore, the use of solid-phase extraction for the precon

ration and separation of trace metals from various matrices
ecently increased. For this purpose, silica gel[16], activated car
on [17], Amberlite XAD resins[18–20], Chromosorb resin

21] and Ambersorb-572[22,23] have been used as a so
hase materials. However, in general, these materials hav
electivity and sensitivity without using complexing agen
ithout modifying their surfaces with an appropriate ligand
complexing agent was used before extraction, high sen

ty and selectivity maybe obtained. Kendüzler and T̈urker used
DTA for Fe, 1,10-phenanthroline for Zn and Mn and 1-nitro
-naphthol-3,6-disulphonic acid for Cu and Cd as a comple
gent[22–24].

In the present study, EDTA was used as a comple
gent and the feasibility of using Ambersorb-572 resin
t
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ickel stock solutions (1000 mg L−1) were prepared by di
olving the appropriate amounts of Pb(NO3)2 (Merck) and
i(NO3)2·6H2O (Merck), respectively. Working solutions of t
etal ions were prepared by suitable dilution of the stock s

ions. 0.01 mol L−1 ethylenediaminetetraacedic acid disod
alt dihydrad (EDTA) (C10H14N2Na2O8·2H2O) solution was
repared by dissolving 0.9306 g of EDTA in 250 mL of wa
ne mole per liter HNO3, 2 mol L−1 HNO3, 1 mol L−1 HCl and
mol L−1 HCl solutions were prepared by dilution from conc

rate solutions. Ambersorb-572 (Aldrich Chem., 1100 m2 g−1)
as used after washing in methanol, 1 mol L−1 HCl, 1 mol L−1

NO3 and water, respectively. After that, it was dried abou
t 60◦C in an oven.

.3. Column preparation

A glass column (150 mm length and 8 mm i.d.) with a gla
ool over its stopcock was used as a mini column. A t
f 300 mg of Ambersob-572 resin was slurried in water

hen placed into the column. A small amount of glass-wool
laced on top to avoid disturbance the adsorbent during
le passage. The column was preconditioned by passing a
olution having same pH with the sample solution prior to
fter each use, the resin in the column was washed with d
Cl and with water, respectively, and stored in water for the
xperiment.

.4. General procedure for the sorption of lead and nickel
n the column

The performance of the column preconcentration me
as investigated with the synthetic sample solution befor
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application to the real samples. A total of 100 mL synthetic sam-
ple solution containing 30�g of Pb and 30�g of Ni was taken
and 1 mL of 0.01 mol L−1 EDTA was added. The pH of the
solution was adjusted to the optimum value determined experi-
mentally (pH 2) with hydrochloric acid. The resulting solution
was passed through the preconditioned column by a flow rate
adjusted to the optimum value determined experimentally (ca.
3 mL min−1). The retained metal ions were then eluted from
the solid phase with 10 mL of 1 mol L−1 HNO3 solution. This
solution was aspirated into an air–acetylene flame for the deter-
mination of Pb and Ni by FAAS. The Ambersorb-572 was used
repeatedly (up to 50) after washing with 1 mol L−1 solution and
distilled water, respectively.

2.5. Preparation of samples

In order to check the accuracy of the proposed method certi-
fied reference material, tea leaves (GBW-07605), was used. As
real samples, water (sea water and waste water) and vegetable
(parsley and green onion) samples have been collected. Certified
reference material and samples have been prepared as follows.

2.5.1. Dissolution of tea leaves
A portion (0.4 g) of standard reference tea leaves (GBW-

07605) was taken in a 250 mL PTFE beaker. The sample was
dissolved according to the method described in the previous
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3. Results and discussion

3.1. Optimization of the column conditions

The optimum sorption and desorption properties of
Ambersorp-572 resin for Pb and Ni were found by using the col-
umn technique. Because quantitative recovery was not obtained
for the analytes without using a chelating agent in our prelim-
inary experiments (<50%), EDTA was used as chelating agent
by taking into the results obtained by Ref.[22] for subsequent
experiments. First, the effect of sample pH, amount of adsor-
bent, type and volume of elution solution, flow rate of sample
solution, and volume of sample solution on the recovery of the
analytes have been investigated.

3.1.1. Effect of pH
The effect of sample pH on the recovery of the analytes has

been investigated. For that purpose, the pH values of synthetic
sample solutions (Section2.4) were adjusted to a range of 2–10
with HCl or NH3. As can be seen fromFig. 1, quantitative recov-
ery (>95%) was found in the pH range of 2–6 for both analytes.
Since a wide range of pH is suitable for the preconcentration
of the analytes, the use of buffer solutions were avoided. This
minimizes a possible reduction in analytical sensitivity and inter-
ferences due to the buffer species.
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tudy[25]. For dissolution, a minimal volume of 0.05 mol L−1

itric acid was added to moisten the sample thoroughly, follo
y 10 mL of concentrated nitric acid. The beaker was heate
hot plate at about 130± 10◦C for 3 h. After cooling to room

emperature, 3 mL hydrogen peroxide was added drop wise
eaker was heated until complete decomposition of the sa
he resulting solution was transferred into 100 mL volume
ask by washing the interior of the beaker with small port
f 0.05 mol L−1 nitric acid, and the solution was diluted to
ark with 0.05 mol L−1 nitric acid.

.5.2. Dissolution of vegetable (parsley and green onion)
amples

Parsley and green onion samples were collected in
en from Şanlıurfa. Firstly, the samples were cleaned with
ater and double distilled water, respectively. Then, the sam
ere dried at 110◦C. Vegetable samples (0.4 g) were disso
ccording to the procedure given above for tea leaves.

.5.3. Preparation of water (sea water and sewage water)
amples

The surface sea water samples were taken from Me
anean Sea,̇Iskenderun, Turkey. Waste water samples w
ollected from the sewage in S¸anlıurfa, Turkey. The water sam
les were filter first through the ordinary filter paper in or

o separate coarse particles and suspended matter. The
ere immediately filtered through a Millipore cellulose nitr
embrane (pore size 0.45�m), acidified to pH 2 with HNO3 and

tored in polyethylene bottles previously cleaned with deter
ap water, double distilled water, and dilute nitric acid, res
ively, for further use.
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.1.2. Effect of the amount of adsorbent
The effect of amount of adsorbent on the recovery of

nalytes was investigated in the range of 50–500 mg by
ynthetic sample solution (Section2.4). It was found that abov
0 mg of adsorbent the recovery of analytes was grad

ncreased, but about 300 mg of adsorbent reached a pl
herefore, 300 mg of adsorbent was found to be optimu
ll preconcentration purposes.

.1.3. Effect of the type and volume of elution solutions
The effect of the kind and concentration of the eluent

lution of the analytes from Ambersorb-572 column was stu

ig. 1. The effect of pH on the recovery of Pb and Ni (amount of adsor
00 mg, volume of sample solution: 100 mL, amount of Ni and Pb: 30�g, chelat

ng agent: 1 mL of 0.01 mol L−1 EDTA, eluent: 10 mL of 1 mol L−1 HNO3, flow
ate: 3 mL min−1).
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Table 1
The effect of the type and volume of elution solutions on the recovery of analytes

Element Type of elution
solution

Volume
(mL)

Concentration
(mol L−1)

Recoverya

(%)

Pb HCl 5 1 76
10 1 88

HNO3 5 1 82
10 1 99

Ni HCl 5 1 73
10 1 87

HNO3 5 1 78
10 1 97

a Mean of three determinations.

Lead and nickel retained on the adsorbent were eluted using
various acid solutions. For this purpose, 5 and 10 mL of HCl and
HNO3 were examined as eluents. As can be seen fromTable 1,
10 mL of 1 mol L−1 HNO3 was found to be satisfactory for Pb
and Ni (recovery > 95%).

3.1.4. Effect of flow rate of sample solutions
The retention of analytes on an adsorbent depends upon the

flow rate of sample solution was examined under optimum con-
ditions (pH, eluent type, etc.) by using synthetic sample solution
(Section2.4). The solution was passed through the column with
the flow rates adjusted in a range of 1–6 mL min−1. The opti-
mum flow rate was found as 3 mL min−1 for Pb and 4 mL min−1

for Ni. The flow rate of elution solution used was 3 mL min−1.

3.1.5. Effect of the volume of sample solutions
In order to obtain higher preconcentration factor, the ratio of

sample to eluent volumes should be increased by lowering the
eluent volume and/or increasing the sample volume. Therefore,
the maximum applicable sample solution was investigated by
using increasing volume of metal ion solution and keeping the
total amount of metal ions constant at 30�g. Fifty, 100, 250,
500, 750 and 1000 mL of sample solutions containing 0.1, 0.30,
0.12, 0.06, 0.04 and 0.03�g mL−1 of both ions, respectively,
were passed through the column. It was found that the dilution
effect was not significant for the sample volumes up to 750 mL
for Pb and 500 mL for Ni (Fig. 2). At higher sample volumes,
the recoveries decreased gradually with increasing volume of
sample solution. Because of the elution volume was 10 mL, a
preconcentration factor was obtained 75 for Pb and 50 for Ni by
assuming 100% recovery.

3.1.6. Effect of interfering ions
In order to investigate the effect of the interfering ions,

alkaline and alkaline earth elements were added to the syn-
thetic sample containing analytes. The interfering elements were
added to the solution as their nitrate or chloride salts. The
concentration of Pb and Ni is fixed at 0.3�g mL−1 and the con-
centration of interfering metal ions were adjusted in a range
of 0.5–15,000�g mL−1. The results were given inTable 2. As
can be seen in the table, no effect on the recovery of the inves-
t
a
C

Table 2
The effect of some ions on the recovery of Pb and Ni (pH 2; eluent, 10 mL of 1 nt
of Pb and Ni, 30�g)

Interfering ions Concentration (mg L−1) R (%)a

Pb Ni

Na+ – 99 97
10 99 97

100 99 97
1000 98 96

10000 97 96

M

A

Z

M

10 98 96
g2+ – 99 97
10 99 97

100 98 97
500 97 96

l3+ – 99 97
5 99 97

10 99 96
50 98 96

n2+ – 99 97
5 98 97

10 97 96
50 97 96

n2+ – 99 97
5 98 97

10 98 97

50 97 96

a Mean of three determinations.
igated metal ions was found from Na+ (10,000�g mL−1), K+

nd Mg2+ (500�g mL−1), Ca2+ (100�g mL−1) and Al3+, Zn2+,
o2+, Mn2+ and Cd2+ (50�g mL−1).

mol L−1 HNO3; flow rate of sample, 3 mL min−1; sample volume, 100 mL; amou

Interfering ions Concentration (mg L−1) R (%)a

Pb Ni

K+ – 99 97
5 99 97

10 99 97
50 98 96

500 98 96

Ca2+ – 99 97
10 99 97
50 98 96

100 97 96

Fe3+ – 99 98
5 99 99

10 97 98
50 96 97

Co2+ – 99 97
5 99 97

10 98 96
50 98 95

Cd2+ – 99 97
5 99 97
50 97 96
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Fig. 2. Effect of sample volume on the recovery.

3.2. Sorption capacity of the resin

The maximum amount of the elements retained on the column
was determined by passing growing concentration of the ana-
lytes through the column. The capacity study used was adapted
from that recommended by Maquieira et al.[26]. Twenty-five
milliliters of solution containing lead and nickel at concentra-
tions in the range of 5–80 mg L−1 was treated by using general
column preconcentration procedure under optimum conditions
determined before. But, 25 mL of elution solution was used in
these capacity studies. The amount of lead and nickel adsorbed
at each concentration level was determined from the following
equation:

C = cV

m

whereC is the amount of adsorbed lead and nickel, in micro-
grams per gram of sorbent,c the concentration of analyte eluted,
in micrograms per milliliter of eluent,V the volume of solu-
tion, in milliliters, and m is the mass of sorbent, in grams.
The breakthrough curve was obtained by plotting the lead and
nickel concentration (�g mL−1) in solution versus the amount
of lead and nickel adsorbed per gram of sorbent (�g g−1). The
breakthrough capacity of lead and nickel evaluated from the
breakthrough plot was 0.17 and 0.21 mmol g−1, respectively.

3
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Table 3
Precision of the methoda (pH 2; eluent, 10 mL of 1 mol L−1 HNO3; flow rate of
sample, 3 mL min−1; sample volume, 100 mL; amount of Pb and Ni, 30�g)

Element R ± ts/
√

N (%) R.S.D. (%)

Pb 99± 2 2
Ni 97± 3 2

a Mean of five determinations at 95% confidence level.

precision of the method is satisfactory. The relative standard
deviation of recovery was about 2% (N = 5).

The limit of detection (LOD) was also studied. Fifty
milliliters of blank solution (absorbance below 0.001) was
passed through the column under the optimum conditions deter-
mined and retained lead and nickel was eluted by again 50 mL of
1 mol L−1 HNO3. This solution was used for the determination
of LOD. The instrumental detection limit based on three times
the standard deviation of the blank signal (LODi = 3σ/m, N = 20,
wherem is the slope of calibration curve andN is the number of
replicates) was 274�g L−1 for lead and 71�g L−1 for nickel.
The analytical detection limits were calculated by dividing the
instrumental detection limits by the enrichment factor (in this
study 75 for Pb and 50 for Ni)[27]. It may be concluded that by
applying an enrichment factor of 75 and 50, the analytical detec-
tion limits were 3.65 and 1.42�g L−1 for lead and for nickel can
be obtained.

3.4. Validation of the method

Certified reference material (tea leaves GBW-07605) were
used for the validation of the proposed method. The results were
compared with the certified values usingt-test at 95% confidence
level (Table 4). Good agreement was obtained between the esti-
mated content found by the proposed method and the certified
values for Pb and Ni. The difference between the certified values
a ndom
e at the
d cted
b f the
a

3

ater
s y,
w
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T w the

T
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G

.3. Analytical parameters

The analytical performances of the proposed method
valuated under the optimum conditions mentioned above (
helating agent: 1 mL of 0.01 mol L−1 EDTA, elution solution
0 mL of 1 mol L−1 HNO3, flow rate of sample: 3 mL min−1,
olume of sample: 100 mL). For determining the precisio
he method, the general procedure was performed succes
y using synthetic sample solution (Section2.4) and lead an
ickel were determined in the elution solution by FAAS. T
ean recovery for five determinations at the 95% confid

evel was 99± 2 and 97± 3%, respectively. As can be seen fr
able 3, the recoveries of the analytes are about 97–99% an
,

ly

e

nd found values are less than the uncertainty resulted in ra
rrors at 95% confidence level. The results also indicate th
eveloped preconcentration method for Pb and Ni is not affe
y potential interferences from the major matrix elements o
nalyzed plant and alloy samples.

.5. Application

The proposed method was applied to the analysis of w
amples collected from Mediterranean Sea,İskenderun, Turke
aste water samples collected from the sewage in S¸anlıurfa,
urkey, and vegetable samples collected from S¸anlıurfa, Turkey
he concentration of the analytes in the samples was belo

able 4
etermination of lead and nickel in tea leaves (GBW 07605)

ample Element Concentration (�g g−1) Relative
error (%)

Certified Founda, x̄ ± ts/
√

N

BW 07605 Pb 4.4± 0.2 4.2± 0.2 −6
Ni 4.6± 0.3 4.4± 0.4 −2

a Mean of five determinations at 95% confidence level.
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Table 5
Determination of Pb and Ni in parsley and green onion

Sample Element Added
(�g g−1)

Founda (�g g−1),
x̄ ± ts/

√
N

Relative
error (%)

Parsley Pb – 41± 1 –
50 89± 2 −3

Ni – 11.0± 0.5 –
10 20± 1 −5

Green onion Pb – 13.1± 0.7 –
10 22± 2 −5

Ni – 5.2 ± 0.3 –
10 14.6± 0.9 −4

a Mean of five determinations at 95% confidence level.

Table 6
Determination of Pb and Ni in waste water and sea water

Sample Element Added
(�g L−1)

Founda (�g L−1),
x̄ ± ts/

√
N

Relative
error (%)

Waste water Pb – 26± 1 –
20 44± 2 −4

Ni – 14 ± 1 –
20 33± 2 −3

Sea water Pb – 8.6± 0.2 –
20 27.2± 0.5 −5

Ni – 4.4 ± 0.3 –
20 23.8± 0.7 −3

a Mean of five determinations at 95% confidence level.

detection limit of the method, as there was no spiking in the
samples, the metallic ions could not be detected. In order to
evaluate the accuracy of the procedure, recovery experimen
were also carried out with spiked water samples because of ce
tified reference materials for the analytes in such samples ar
not available. A 250 mL of sample was adjusted to the optimum
pH and subjected to the recommended column procedure fo
the preconcentration and determination of analytes. The result
are shown inTables 5 and 6. The analytes could be deter-
mined with high accuracy (relative error < 5%) and precision.
Thus, the present method is suitable for the preconcentratio
and determination of Pb and Ni in water samples and vegetabl
samples.

4. Conclusion

A simple, rapid, precise and accurate method was devel
oped for the preconcentration and determination of Pb and N
in various samples. Pb and Ni were quantitatively recovered
from the column packed with Ambersorb-572 with their EDTA
complexes with a high precision (R.S.D. < 2%). This method
is very economical, only 300 mg of adsorbent is needed and
repeated use is possible. Lead and nickel can be recovered su
cessfully by using the proposed procedure in the presence o
high concentrations of foreign cations such as Na+, K+, Mg2+

a 2+ ad
a wide

pH range (2–6), no buffer is required to control the pH values
precisely, which minimizes contamination. The preconcentra-
tion technique used in this work is not only convenient, but
also simple and the duration of preconcentration step is about
40 min including regeneration of sorbent for 100 mL of sample
solution.

This method could be combined with other methods of anal-
ysis, such as ICP-AES, ICP-MS and electroanalytical methods,
and used as an on-line preconcentration system.
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16] Ş. Tokalıŏglu, T. Oymak, S¸ . Kartal, Determination of palladium in va
ious samples by atomic absorption spectrometry after preconcen
with dimethylglyoxime on silica gel, Anal. Chim. Acta 511 (200
255–260.

17] A.M. Starvin, T.P. Rao, Removal and recovery of mercury(II) from h
ardous wastes using 1-(2-thiazolylazo)-2-naphthol functionalized
vated carbon as solid phase extractant, J. Hazard. Mater. 113
77–81.

18] A.R. Türker, S. Baytak, The use ofEscherichia coli immobilised on
Amberlite XAD-4 as solid phase extractor for metal preconcentra
and determination by atomic absorption spectrometry, Anal. Sc
(2004) 329–334.



136 S. Baytak, A.R. Türker / Journal of Hazardous Materials B129 (2006) 130–136

[19] S. Baytak, A.R. T̈urker, The use ofAgrobacterium tumefacients immo-
bilized on Amberlite XAD-4 as a new biosorbent for the column pre-
concentration of iron(III), cobalt(II) manganese(II) and chromium(III),
Talanta 65 (2005) 938–945.

[20] Y.W. Liu, X.J. Chang, S. Wang, et al., Solid-phase spectrophotometric
determination of nickel in water and vegetable samples at sub-mu g
1(−1) level with o carboxylphenyldiazoaminoazobenzene loaded XAD-
4, Talanta 64 (2004) 160–166.

[21] M. Tüzen, K. Parlar, M. Soylak, Enrichment/separation of cadmium(II)
and lead(II) in environmental samples by solid-phase extraction, J. Haz-
ard. Mater. 121 (2005) 79–87.

[22] E. Kend̈uzler, A.R. T̈urker, Determination of iron, manganese and zinc
in water samples by flame atomic absorption spectrophotometry after
preconcentration with solid-phase extraction onto Ambersorb 572, Anal.
Sci. 18 (2002) 917–921.

[23] E. Kend̈uzler, A.R. T̈urker, Atomic absorption spectrophotometric deter-
mination of copper in waters, aluminium foil and tea samples after pre-

concentration with 1-nitroso-2-naphthol-3,6-disulfonic acid on Amber-
sorb 572, Anal. Chim. Acta 480 (2003) 259–266.

[24] E. Kend̈uzler, A.R. T̈urker, Determination of trace cadmium in waters by
flame atomic absorption spectrophotometry after preconcentration with
1-nitroso-2-naphthol-3,6-disulfonic acid on Ambersorb 572, Ann. Chim.
95 (2005) 77–81.

[25] O. Acar, Determination of cadmium and lead in biological samples by
Zeeman ETAAS using various chemical modifiers, Talanta 55 (2001)
613–622.

[26] A. Maquieira, H.A.M. Elmahadi, R. Purchades, Immobilized cyanobac-
teria for online trace-metal enrichment by flow-injection atomic-
absorption spectrometry, Anal. Chem. 66 (1994) 3632–3638.

[27] M.A.A. Akl, I.M.M. Kenawy, R.R. Lasheen, Organically modified sil-
ica gel and flame atomic absorption spectrometry: employment for
separation and preconcentration of nine trace heavy metals for their
determination in natural aqueous systems, Microchem. J. 78 (2004)
143–156.


	Determination of lead and nickel in environmental samples by flame atomic absorption spectrometry after column solid-phase extraction on Ambersorb-572 with EDTA
	Introduction
	Experimental
	Apparatus
	Reagents
	Column preparation
	General procedure for the sorption of lead and nickel on the column
	Preparation of samples
	Dissolution of tea leaves
	Dissolution of vegetable (parsley and green onion) samples
	Preparation of water (sea water and sewage water) samples


	Results and discussion
	Optimization of the column conditions
	Effect of pH
	Effect of the amount of adsorbent
	Effect of the type and volume of elution solutions
	Effect of flow rate of sample solutions
	Effect of the volume of sample solutions
	Effect of interfering ions

	Sorption capacity of the resin
	Analytical parameters
	Validation of the method
	Application

	Conclusion
	References


