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A preconcentration/separation procedure is presented for the solid
phase extraction of trace cadmium and lead ions in environmental
samples on Amberlite XAD-2 functionalized with nitroso R salt resin,
prior to cadmium and lead determinations by atomic absorption spectro-
metry. The preconcentration procedure was optimized by using model
solutions containing cadmium and lead ions. The influence of pH on
the model solutions, amounts of, eluent type and volume, etc. were
investigated. The effects of the matrix constituents of the samples were
also examined. Separation of cadmium and lead from real samples was
achieved quantitatively. The procedure presented was checked with the
analysis of standard reference materials (IAEA-336 Lichen and SRM
1515 Apple leaves). The preconcentration procedure was applied for
the lead and cadmium contents of the natural water samples, with satis-
factory results (recoveries > 95 %, relative standard deviations < 7 %).
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XAD-2, Nitroso R salt, Solid phase extraction, Atomic absorption
spectrometry.

INTRODUCTION

The transition metals including cadmium, chromium, lead, etc., are an important
risk for human and animals1-3. Heavy metals at trace levels are also components of
the natural biosphere. Because the main sources of heavy metals for human and
animals are water, food and atmosphere1,4,5, reliable and sensitive analytical methods
and procedures have an important role to evaluate the impacts of metal pollutants.
The determination of traces metal ions in these samples are continuously performed
in the analytical chemistry laboratories around the world by using various instru-
mental techniques including atomic absorption spectrometry (AAS), inductively
coupled plasma atomic emission spectrometry (ICP-AES), etc. Although, atomic
absorption spectrometry and atomic emission spectrometry are among the most
widely methods used for trace metal determination, their sensitivity is usually insu-
fficient for monitoring the low level concentrations of metals in the environmental
samples. The interfering effects of the matrix components of the samples are one of
the main problems in the determination of trace heavy metals by AAS and or ICP-AES.



Also lower elements concentrations than the detection limits of the instrumental
technique are another problem in the trace heavy metal determinations in environ-
mental samples. Consequently, a preconcentration/ separation process is usually
required6-10.

Coprecipitation11-13, membrane filtration14,15, electrodeposition16, cloud point
extraction17 and solvent extraction18-21 are the popular methods for the pre-concen-
tration and separation of the trace transition metal ions. Solid phase extraction (SPE)
of trace metal ions is also an important preconcentration/separation technique1,22-25.

Although, disadvantages such as significant chemical additives, solvent losses,
complex equipment, large secondary wastes, unsatisfactory enrichment factors and
high time consumption limit the application of these techniques. These problems
could be addressed by the development of modular and compact processes that
provide adequate separation and preconcentration without complex processes. The
solvent microextraction technique effectively overcomes these difficulties by reducing
the amount of organic solvent as well as allowing sample extraction and
preconcentration to be done in a single step. The technique is faster and simpler
than conventional methods. It is also inexpensive, sensitive and effective for the
removal of interfering matrices. Solvent microextraction is a form of solvent extra-
ction with phase ratio values higher than 100. Compared with the conventional
solvent extraction, microextraction may provide poorer analyte recovery, instead
the concentration in the organic phase greatly enhances. In addition, the amount of
the organic solvent is highly reduced and only one step of manipulation is necessary,
therefore, problems of contamination and loss of analytes vanishes.

Cloud point extraction (CPE)26-31, homogeneous liquid-liquid extraction
(HLLE)32,33 and single drop microextraction (SDME)34-38 are fairly new methods of
sample preparation which are used in separation and preconcentration of metals
and can solve some of the problems encountered with the conventional pretreat-
ment techniques.

In the previous researches, we demonstrated a novel microextraction technique,
named dispersive liquid-liquid microextraction (DLLME), which was successfully
used, for the extraction and determination of polycyclic aromatic hydrocarbons
(PAHs), organphosphorus pesticides (OPPs) and chlorobenzenes in water samples39-41.
Dispersive liquid-liquid microextraction is a modified solvent extraction method
and its acceptor-to-donor phase ratio is greatly reduced comparing with the other
methods. In DLLME, the appropriate mixture of the extraction and disperser solvents
is rapidly injected by syringe into aqueous samples containing analytes. Thereby,
cloudy solution forms. In fact, the cloudy state results from the formation of fine
droplets of the extraction solvent, which disperse in the sample solution. Then, this
cloudy solution shall be centrifuged and the fine droplets sediment at the bottom of
the conical test tube. The determination of anlaytes in sedimented phase can be
performed by instrumental analysis. In this extraction method any component in
the solution, directly or indirectly after previous (or simultaneous) derivatization
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reaction, interacts with the fine droplets of the extraction solvent and consequently
gets extracted from the initial solution and concentrates in the small volume of the
sedimented phase. Simplicity of the operation, rapidity, low sample volume, low
cost, high recovery and high enrichment factor are some advantages of DLLME.

Dispersive liquid-liquid microextraction is a miniaturized sample pre-treatment
technique. On the other hand, graphite furnace atomic absorption spectrometry
(GF AAS) is a microamount sample analysis technique. Therefore, it makes it perfect
when a combination of both DLLME and GF AAS is used. The applicability of the
approach has been demonstrated for the determination of cadmium in water samples.
This element was selected for evaluation of the procedure because cadmium is one
of the principal heavy metals of analytical interest due to its extreme toxicity even
at relatively low concentrations42,43.

In our best of knowledge, SPE and preconcentration by Cd(II)-imprinted
diazoaminobenzene-vinylpyridine copolymer packed-bed columns have not been
employed for the separation and preconcentration of Cd(II) from aqueous solution.
This paper reports the synthesis of Cd(II) imprinted and non-imprinted copolymers
by copolymerizing cadmium chloride (or without it), diazoaminobenzene (DAAB)
and vinylpyridine (VP) using ethyleneglycol dimethacrylate (EGDMA) as cross-
linker in presence of 2,2'-azobisisobutryonitrile as initiator and its analytical appli-
cations for column preconcentrative separation of Cd(II) from natural water. Thus,
it described a preconcentration/separation procedure based on solid phase extraction
of lead and cadmium in some natural water samples and salts. The analytical para-
meters relevant quantitative retentions of lead and cadmium on Amberlite XAD-2
functionalized with nitroso R salt were also investigated.

EXPERIMENTAL

A Varian SpectrAA model 200 atomic absorption spectrometer with deuterium
background corrector was used in this study. A 10 cm long slot-burner head, a lamp
and an air acetylene flame were used. The operating conditions are given in Table-1,
adjusted in the spectrometer were carried out according to the standard guidelines
of the manufacturers. The atomic absorption signal was measured as a peak height
mode against an analytical curve. A pH meter, Metrohm model 691 digital pH
meter was employed for measuring pH values in the aqueous phase.

Synthesis of resin: A modified version of a procedure described in the literature
for similar reagents44,45 was used to synthesize NRS-XAD. Amberlite XAD-2 (5 g)
was treated with 10 mL of concentrated HNO3 and 25 mL of concentrated H2SO4

and the mixture stirred at 60 ºC for 1 h on a water bath. Thereafter, the reaction
mixture was poured into an ice-water mixture. The nitrated resin was filtered, washed
repeatedly with water until free from acid and thereafter, treated with a reducing
mixture of tin(II) chloride, conc. hydrochloric acid and ethanol. The system was
refluxed for 12 h at 90 ºC. The precipitate was filtered off and washed with water
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TABLE-1 
CONDITIONS FOR FLAME ATOMIC ABSORPTION  

SPECTROMETRIC DETERMINATIONS 

Flow rate of oxidant and fuel 
Element 

Wavelength 
(nm) 

Slit 
(nm) 

Lamp current 
(mA) Air (L/min) Acetylene (L/min) 

Pb 283.3 0.7 30 2.0 17.0 
Cd 283.3 0.7 4 2.0 17.0 

 
and 2 mol L-1 NaOH. The amino resin was first washed with 2 mol L-1 HCl and
finally with ultrapure water to remove the excess of HCl. It was suspended in an
ice-water mixture (150 mL) of 1 mol L-1 HCl and 1 mol L-1 NaNO2. The diazotized
resin was filtered, washed with ice-cold water and reacted with nitroso R salt (3.0 g
in 250 mL of 5 % (w/v) NaOH solution) at 0-5  ºC for 24 h. The resulting dark-
brown resin was filtered, washed with water and dried in air.

Preconcentration procedure: The column method was tested with model
solutions. Model solutions (containing 5 µg of cadmium and 20 µg of lead in 40-60
mL) were adjusted to the desired pH. After 5-10 min, the solution was loaded into
the column. The flow of sample solution through the column was gravitationally
performed. After passage of the solution finished, the column was washed with a
chelating agent solution adjusted to the working pH. The metals were recovered
with the aid of 8-10 mL of 1 M HNO3 in acetone at 5.0 mL/min of flow rate. The
eluent was evaporated over a hot plate to near dryness at 35 ºC in a hood and was
diluted to 2 mL or 5 mL with 1 M HNO3. The metal concentrations in the final
solution were determined by AAS.

Procedure for standard reference materials: Lichen (IAEA-336) and apple
leaves (SRM 1515) standard reference materials (100 mg) were digested with 6 mL
of HNO3 (65 %), 2 mL of H2O2 (30 %) in microwave digestion system for 0.5 h and
diluted to 50 mL with deionized water. A blank digest was carried out in the same
way. Final volume was 2 mL. Then the preconcentration procedure given above
was applied to the final solutions.

Analysis of real samples

Analysis of the water samples: To assess the applicability of the method to
real samples, it was applied to the extraction and determination of cadmium and
lead from different water samples. Tap water (Tehran, taken after 10 min operation
of the tap) and sea water (taken from Caspian sea, near the Mahmoud-Abad shore)
samples were analyzed (Table-2). As can be seen from Table-2 the added cadmium
and lead ions can be quantitatively recovered from the water samples used.

The water samples analyzed were filtered through a cellulose membrane filter
(Millipore) of 0.45 µm pore size. The pH of the samples was adjusted to 9. The
sample was passed through the column. The trace cadmium and lead ions adsorbed
on column were eluted with 1 M HNO3 in acetone. The effluent was evaporated to
near dryness and made up to 2.0 mL with 1 M HNO3. The levels of the investigated
analyte ions in the samples were determined by AAS.
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TABLE-2 
ANALYSIS OF VARIOUS SAMPLES SPIKED ANALYTE IONS (SAMPLE VOLUME: 

100 mL, FINAL VOLUME: 10 mL, N = 4) 

Refined table salt 
(3% (w/V)) 

Unrefined table 
salt (3% (w/V)) Sea water Tap water 

Found 
(µg) x 

± 
S.D.a 

Recovery 
(%) 

Found 
(µg) x 

± 
S.D.a 

Recovery 
(%) 

Found 
(µg) x ± 

S.D.a 

Recovery 
(%) 

Found 
(µg) x ± 

S.D.a 

Recovery  
(%) A

dd
ed

 (
µg

) 

A
na

ly
te

 

– N.D. – N.D. – N.D. – N.D. 0 Pb 
98 ± 3 9.8 ± 0.4 97 ± 3 9.8 ± 0.3 98 ± 2 9.8 ± 0.7 98± 3 9.8± 0.3 10 – 
98 ± 3 19.7 ± 0.7 97± 3 19.6 ± 0.6 98 ±2 19.7± 0.7 99 ± 3 19.8 ± 0.4 20 – 
98 ±3 39.5 ± 0.6 98 ± 2 39.2 ± 0.4 98 ± 3 39.6 ± 0.8 98 ±2 39.7± 0.8 40 – 

– N.D. – N.D. – N.D. – N.D. 0 Cd 
96 ± 2 2.4 ± 0.7 96 ± 3 2.4 ± 0.4 96 ± 3 2.4 ± 0.5 98±2 2.4± 0.8 2.5 – 
98 ± 3 4.9 ± 0.5 96 ± 2 4.8 ± 0.3 97 ± 2 4.8 ± 0.8 98± 4 4.9± 0.9 5 – 
96 ± 3 9.6 ± 0.4 96± 3 9.7 ± 0.3 98 ± 3 9.8 ± 0.5 98 ±3 9.9 ±0.6 10 – 
a S.D.: standard deviation, N.D.: not detected. 

Determination of cadmium and lead ions in salt samples: For the determination
of analyte ions in alkaline salt samples, 3.0 g of each salt sample was dissolved in
3 mL of distilled water and diluted to 100.0 mL with distilled water. The procedure
given above was applied to this solution. The analyte ions in the final solution were
determined by atomic absorption spectrometry.

RESULTS AND DISCUSSION

Influences of pH of aqueous solutions on the retentions of cadmium and
lead ions on Amberlite XAD-2 functionalized with nitroso R salt: The effects of
the pH of the aqueous solution on the recoveries of the trace cadmium and lead ions
were investigated in the pH range of 3-10 by using buffered model solutions cont-
aining 5 µg of cadmium(II) and 20 µg of lead(II).

The results are depicted in Fig. 1. The recovery values for lead and cadmium
ions were not quantitative at the pH values below 7. The recoveries increase with
increasing pH and reach quantitative values at the pH range of 6-7 for both ions. All
further studies were performed at pH 6 with acetic acid to ammonium buffer.

Resin characterization: Elemental analysis (found: C, 47.9 %; H, 3.1 %; N,
8.5 %; calculated for C18H13N3O8S2: C, 46.6 %; H, 2.8 %; N, 9.1 %) shows that on
an average one nitroso R salt molecule is present in the resin/repeat unit of the
polymer. A structure according with elemental analysis is shown in Fig. 2. The
infrared spectrum of NRS-XAD resin is compared with that of free Amberlite XAD-2.
There are additional bands at 3460, 1540, 1440, 1400 and 1335 cm-1, which appear
to originate due to modification of resin by the ligand and are characteristic of O-H,
-N=N-, C-N, N=O and C-OH vibrations, respectively.
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Fig. 1. Recoveries of cadmium and lead as a function of pH (eluent: 1 M HNO3 in
acetone, amount of resin: 600 mg, N = 3)

Fig. 2. Proposed structure for NRS-XAD

Eluent type and eluent volume: Various elution solutions at 5 mL/min flow
rate were examined to obtain quantitative recovery values for lead and cadmium
from Amberlite XAD-2 functionalized with nitroso R salt column. The recoveries
of analytes were quantitative only with 1 M HNO3 in acetone. The recoveries were
not quantitative when 1 and 2 M HNO3, 1 and 2 M HCl and 1 M HCl in acetone
were used as eluent. 1 M HNO3 in acetone was used as the eluent all further work
for quantitative recovery of metal ions from Amberlite XAD-2 functionalized with
nitroso R salt.

The volume of eluent (1 M HNO3 in acetone) can completely strip the retained
analytes from the solid phase is an important parameter for obtaining the maximum
preconcentration factor. Thus some experiments were carried out in order to choose
a proper eluent volume for the retained analyte ions on Amberlite XAD-2
functionalized with nitroso R salt. The recovery values for lead and cadmium ions
from the Amberlite XAD-2 column were more than 95 %, in the eluent volume
range of 5.0-10.0 mL. In the eluent volume lower than 5 mL, because of insufficient
eluent volume, the recoveries of the analyte ions were not quantitative.

Effect of sample volume: The solid phase extraction technique is a common
procedure for extraction and separation of metal ions from large sample volumes to
obtain high preconcentration factor in the solid phase extraction studies. The recovery
values as a function of sample volume were shown in Fig. 3. It was found that the
recoveries were constant when up to 500 mL of the sample solution was used. At
the higher volumes the recoveries for analytes decreased. Therefore a preconcen-
tration factor of 250 can be achieved when using 500 mL of the sample and 2.0 mL
of final volume.
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Fig. 3. Effects of sample volume on the recoveries of lead and cadmium ions on Amberlite
XAD-2 functionalized with nitroso R salt (N = 3)

Amount of amberlite XAD-2 functionalized with nitroso R salt: The amounts
of solid phase extractor are the one of the important factors for the quantitative
retention of heavy metals at traces levels in the preconcentration studies based on
solid phase extraction, the influences of the amount of Amberlite XAD-2 resin on
the retention of cadmium and lead ions were examined by using the model solution
containing analytes. The results are shown in Fig. 4. Cadmium and lead ions were
quantitatively retained in the range of 500-700 mg of Amberlite XAD-2 resin. The
short glass column was filled with 600 mg of Amberlite XAD-2 for all further
studies.
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Fig. 4. Influences of amount of Amberlite XAD-2 functionalized with nitroso R salt resin
on the retentions of cadmium and lead ions (N= 3)

Influences of flow rates of sample and eluent solutions on the recoveries:
The influences of the flow rates of sample and eluent solutions on the recoveries of
cadmium and lead ions were investigated in the range of 1-10 mL/min. In the exami-
nation of the effects of sample and eluent solutions, 1 M HNO3 in acetone was used
as eluent. The quantitative recovery values were obtained in the flow rate range of
1-8 mL/min for sample and eluent solution. After 8 mL/min of eluent solution, the
recovery values of cadmium and lead ions were below 95 %. 5 mL/min was selected
as the flow rate for the all the experiments for both flow rates of sample and eluent
solutions.
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Matrix effects: Because of the determination of the levels of trace metal ions
of the highly saline samples were the goal, the influences of possible matrix ions in
the environmental samples and some transition metals were also examined. The
effect of potential interfering ions on the determination of lead and cadmium were
investigated by adding known concentrations of each ion in a solution containing
analytes and then determining the latter. The results were summarized in Table-3.
The tolerated amounts of each ion were the concentration values tested that caused
less than 5 % the absorbance alteration.

TABLE-3 
EFFECT OF THE MATRIX IONS ON THE RECOVERY  
OF METAL IONS (SAMPLE VOLUME: 100 mL, N = 3) 

Ion Added as Concentration (mg/L) Pb Cd 

Na+ NaCl 10,000 
25,000 

96 ± 2 
95 ± 2 

98 ± 3 
98 ± 2 

K+ KCl 10,000 
25,000 

95 ± 2 
95 ± 2 

98 ± 3 
96 ± 3 

Ca2+ CaCl2 
10,000 
10,000 

98 ± 2 
97 ± 2 

97 ± 3 
96 ± 2 

Mg2+ MgCl2 
5000 

10,000 
98 ± 2 
97 ± 3 

98 ± 2 
97 ± 3 

Cl? NaCl 10,000 
30,000 

97 ± 3 
96 ± 3 

98 ± 3 
97 ± 3 

SO4
2- Na2SO4 

4000 
10,000 

95 ± 3 
94 ± 2 

96 ± 3 
95 ± 3 

PO4
3- Na3PO4 

1000 
3000 

96 ± 3 
95 ± 2 

97 ± 3 
96 ± 4 

F? NaF 1000 
3000 

98 ± 2 
97 ± 3 

96 ± 2 
95 ± 3 

NO3
? KNO3 

5000 
10,000 

98 ± 3 
97 ± 3 

98 ± 2 
97 ± 3 

Fe3+ FeCl3 
25 
50 

97 ± 3 
96 ± 1 

96 ± 2 
96 ± 3 

Al3+ Al2(SO4)3 
25 
50 

97 ± 3 
96 ± 4 

96 ± 3 
95 ± 4 

Mn2+ MnSO4 
25 
60 

96 ± 2 
96 ± 3 

97 ± 2 
96 ± 3 

Zn2+ ZnSO4 
25 
40 

96 ± 2 
96 ± 3 

97 ± 2 
97 ± 3 

Cu2+ CuSO4 
35 
50 

98 ± 3 
97 ± 4 

98 ± 2 
97 ± 3 

Cr3+ Cr(NO3)3 
35 
40 

98 ± 3 
97 ± 3 

95 ± 3 
94 ± 3 

Co2+ CoSO4 
25 
40 

98 ± 2 
98 ± 3 

96 ± 2 
95 ± 3 

Ni2+ NiSO4 
25 
40 

96 ± 3 
95 ± 2 

97 ± 3 
96 ± 2 
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The ions normally present in water do not interfere under the experimental
conditions used. Some of the transition metals at mg/L levels did also not interfere
with the recoveries of the analyte ions. This results show that the proposed precon-
centration/separation method could be applied to the highly saline samples and the
samples which contains some transition metals e.g., Ni2+, Co2+, Cr3+, Zn2+, Cu2+,
Fe3+, Al3+ and Mn2+ at mg/L levels.

Figure of merits: The accuracy of the results was verified by analyzing the
concentration after addition of known amounts of cadmium and lead into seawater,
tap water, unrefined table salt and refined salt sample. The results were given in
Table-2. For all the four samples, good agreements were obtained between the
recoveries of analyte for spiked and control samples using the experimental procedure
for analytes. The recoveries calculated for the additions were quantitative, thus
confirming the accuracy of the present procedure and the absence of matrix effects.

The analytical performance of the procedure can be calculated for the results
from FAAS measurements. The reproducibility of the preconcentration and sepa-
ration method was evaluated by passing 50 mL of solution containing analyte ions
through the column and repeating this procedure 10 times. The relative standard
deviations (RSD) were below 6 %. The detection limits of the investigated elements
based on three times the standard deviations of the blank (k = 3, N = 20) on a
sample volume 500 mL for cadmium and lead were 0.19 and 0.31 µg/L, respectively.

Adsorption isotherms and adsorption capacity: The adsorption behaviour
of amberlite XAD-2 functionalized with nitroso R salt was determined by studying
the amount of adsorbed cadmium and lead as a function of cadmium and lead
concentrations 50 mL of solutions containing cadmium and lead with concentrations
in the range 0.35-385 and 0.24-350 mg/L, respectively, were maintained under the
optimum conditions determined before. The analytes in the eluents was determined
by FAAS and the adsorption capacities of resin for cadmium and lead were calculated
from Langmuir plots. The concentration of adsorbed cadmium(II) and lead(II) in
mg/g (n) on to amberlite XAD-2 as a function of its concentration in solution in
mg/L (C) was investigated. The adsorption isotherms for cadmium and lead were
shown in Fig. 5. The maximum adsorption capacity were obtained by using a model
Langmuir adsorption isotherm40,41, based on following equation:

mm n

C1

Kn

1

n

C
+=

The maximum adsorption capacities (nm) of Amberlite XAD-2 functionalized
with nitroso R salt for cadmium and lead were found to be 2.70 and 4.56 mg/g,
respectively. The binding constants (K) were 0.211 L/mg for cadmium and 0.12 L/mg
for lead.

Cadmium and lead contents of SRM samples: The method presented was
checked to two different reference materials (IAEA-336 Lichen and SRM 1515
Apple leaves) for the determination of cadmium(II) and lead(II) ions. The certified
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Fig. 5. Langmuir isotherm adsorption plots of lead(II) and  cadmium(II) ions on Amberlite
XAD-2 functionalized with nitroso R salt

and observed values for IAEA-336 Lichen and SRM 1515 Apple leaves were given
in Table-4. The results found were in good agreement with the certified values of
SRMs. If the concentration levels of the most common matrix constituents of refer-
ence standard materials analyzed and the accuracy of the presented method are
considered together, it can be concluded that the proposed method is free from
interferences of the various constituents.

TABLE-4 
LEVELS OF LEAD(II) AND CADMIUM(II) AS µg/g IN REFERENCE  

STANDARD MATERIALS (FINAL VOLUME: 2 mL, N = 4) 

SRM 1515 Apple leaves SRM (IAEA-336 Lichen) 
Certified value Observed value Certified value Observed value 

Element 

0.50 ± 0.06 0.480 4.900 ± 0.20 5.000 Pb 
0.015 ± 0.06 (0.015)a 0.117 ± 0.04 0.118 Cd 

a:The value in the parenthesis is not certified. Mean expressed as 95 % tolerance limit. 

Application to real samples: The amberlite XAD-2 functionalized with nitroso
R salt solid phase extraction procedure for lead and cadmium ions was applied to
various environmental samples. The results for natural water and some salt samples
were given in Tables 5 and 6, respectively.

Comparison with other preconcentration studies used amberlite XAD-2
functionalized with nitroso R salt: Amberlite XAD-2 functionalized with nitroso
R salt is for the spectrophotometric determination of a number of transition metal
ions40,41. Amberlite XAD-2 functionalized with nitroso R salt acts as a terdendate

TABLE-5 
CONCENTRATION OF ANALYTE IONS IN NATURALWATER SAMPLES AS  

µg/L (N = 4, SAMPLE VOLUME: 500 mL, FINAL VOLUME: 2 mL) 

Cd Pb  
1.8 ± 1.3 4.9 ± 1.2 Tap water from Tehran 
1.5 ± 0.4 2.6 ± 0.9 Sea water from Caspian sea 

Mean expressed as 95 % tolerance limit. 

3358  Tajodini et al. Asian J. Chem.



TABLE-6 
APPLICATION OF PRESENTED METHOD FOR THE LEVELS OF CADMIUM AND 

LEAD IN SOME SALT SAMPLES (FINAL VOLUME: 2 mL, N = 4) 

Concentration (µg/g) 
 

Pb Cd 
Refined table salt 1.5 ± 0.3 0.14 ± 0.04 
Unrefined table salt 2.6 ± 0.5 0.23 ± 0.05 
Ammonium chloride (technical grade) 7.9 ± 0.4 0.42 ± 0.04 
Sodium chloride (technical grade) 7.0 ± 0.4 0.38 ± 0.03 
Mean expressed as 95 % tolerance limit. 

ligand complexing with metals through the hydroxyl oxygen atom, pyridine nitrogen
atom  and one of the nitrogen atoms of the azo group. Amberlite XAD-2 function-
alized with nitroso R salt has also been used for the separation and preconcentration
of traces heavy metals as chelating agent from various media. Comparative data
from some recent papers on preconcentration studies used amberlite XAD-2 functio-
nalized with nitroso R salt for traces metal ions for the figure of the merits are
summarized in Table-7.

The amberlite XAD-2 functionalized with nitroso R salt method presented in
this study is most promising for the analyte ions as the preconcentration factor is
250. The preconcentration factor achieved with presented procedure is superior to

TABLE-7 
COMPARATIVE DATA FROM RECENT PAPERS ON  

2-PROPYLPIPERIDINE-1-CARBODITHIOATE (PPCD) USED  
CHELATING AGENT ON PRECONCENTRATION STUDIES 

Ref. RSD (%) 
Limit detection 

(µg/L) 
PF Method and instrumental detection Analytes 

46 0.96 200 25-50 SPE on naphthalene/DDP In(III) 
47 1.4-4.0 – 100 SPE on surfactant-coated alumina/AAS Co(II) 
48 1.1 20 40 SPE on naphthalene/spectrophotomety Ir(III) 
49 2.4 40 300 SPE on surfactant-coated alumina/AAS Ni(II) 
50 0.98 70 40 SPE on naphthalene/DDP Cd(II) 
51 < 10 0.38 115 CPE/AAS Co 

52 < 5 0.8-23.2 50 SPE on Amberlite XAD-2/AAS Cu(II), 
Cd(II), Pb(II)

53 < 5 50 – SPE on aminocarboxylic amphoteric 
resin/DRS

Ni(II) 

54 1.6 0.024 100 SPE on surfactant-coated alumina/AAS Cd(II) 

55 0.74-1.8 0.12-0.26 
15.9-
16.3 

CPE/CE Cu(II), Co(II)

56 <10 15 – Electroanalytical/voltammetry Pb(II) 

44 2.1-3.0 0.4 100 SPE on chloromethylated 
polystyrene/AAS

Hg(II) 

Present 
work

5-6 0.19-0.31 250 SPE on Amberlite XAD-2/FAAS Pb(II), Cd(II)

PF: preconcentration factor, CPE: cloud point extraction, SPE: solid phase extraction, CE: 
capillary electrophoresis, AAS: atomic absorption spectrometry, DDP: differential pulse 
polarography, DRS: diffuse reflection spectroscopy. 
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solid phase extraction method given in Table-7 and some preconcentration/separation
procedures including cloud point extraction, solid phase extraction, electroanalytical
techniques42,43,46-55. The detection limits of investigated elements are better to those
of some preconcentration/separation techniques for analyses42,43,46-56. The matrix
effects with the method were reasonably tolerable.

The elution of the analytes from the amberlite XAD-2 functionalized with nitroso
R salt column was easily performed with 1 M HNO3 in acetone. The good features
of the proposed method showed that its convenient and economic. Also the method
is relatively rapid as compared with previously reported procedures for the enrich-
ment of lead and cadmium ions. The Amberlite XAD-2 functionalized with nitroso
R salt resin in the column can be used at least 200 times.

Conclusion

The reusability of Amberlite XAD-2 functionalized with nitroso R salt was as
high as more than 200 cycles without any loss in its sorption behaviour. The system
was also successful in preconcentrating metal ions from large sample volumes. In
addition to validating the developed method by successfully analyzing standard
reference materials [lichen (IAEA-336) and apple leaves (SRM 1515)], lead(II)
and cadmium(II) content was established in natural waters, some salts samples by
the developed preconcentration method.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge financial assistance from Department of
Chemistry, Faculty of Science, Imam Khomeini International University, Qazvin
and Chemistry Department of Islamic Azad University.

REFERENCES
1. I.L. de Alcantara, P.S. Roldan, M.A.L. Margionte, G.R. Castroa, C.C.F. Padilha, A.O. Florentino

and P.M. Padilha, J. Braz. Chem. Soc., 15, 366 (2004).
2. H.W. Gao, Y. Qian, X.T. Kong and S.Q. Xia, Instrum. Sci. Technol., 32, 195 (2004).
3. A. Tan-Kristanto, A. Hoffmann, R. Woods, P. Batterham, C. Cobbett and C. Sinclair, Arabidopsis

Thaliana, New Phytol., 159, 471 (2003).
4. B. Viard, F. Pihan, S. Promeyrat and J.C. Pihan, Chemosphere, 55, 1349 (2004).
5. O. Akba, A. Baysal, C. Hamamci, M. Merdivan and B. Gumgum, Fresen. Environ. Bull., 12,

1412 (2003).
6. F.O. Nwosu, F.A. Adekola and E. Ibitoye, Bull. Chem. Soc. (Ethiopia), 17, 1 (2003).
7. A.C. Ferreira, A.C.S. Costa and M.G.A. Korn, Microchem. J., 78, 77 (2004).
8. H. Hadjar, B. Hamdi and Z. Kessaissia, Desalination, 167, 165 (2004).
9. J.K. Kiptoo, J.C. Ngila and G.M. Sawula, Talanta, 64, 54 (2004).
10. H. Minamisawa, S. Iizima, M. Minamisawa, S. Tanaka, N. Arai and M. Shibukawa, Anal. Sci.,

20, 683 (2004).
11. P.G. Krishna, J.M. Gladis, U. Rambabu, T.P. Rao and G.R.K. Naidu, Talanta, 63, 541 (2004).
12. L. Wang, B. Hu, Z. Jiang and Z. Li, Int. J. Environ. Anal. Chem., 82, 387 (2002).
13. N. Tokman, S. Akman and Y. Bakircioglu, Microchim. Acta, 146, 31 (2004).
14. M. Soylak, I. Narin, U. Divrikli, S. Saracoglu, L. Elci and M. Dogan, Anal. Lett., 37, 767 (2004).
15. M.D. Granado-Castro, M.D. Galindo-Riano and M. Garcia-Vargas, Spectrochim. Acta B, 59,

577 (2004).

3360  Tajodini et al. Asian J. Chem.



16. H.B. He, W.J. Zhang, G.Z. Ma and H.X. Shen, Chin. J. Anal. Chem., 29, 1125 (2001).
17. E.K. Paleologos, C.D. Stalikas, S.M. Tzouwara-Karayanni and M.I. Karayannis, Anal. Chim.

Acta, 436, 49 (2001).
18. M. Camino, M.G. Bagur, M. Sanchez-Vinas, D. Gazquez and R. Romero, J. Anal. Atom. Spectrom.,

16, 638 (2001).
19. M.Y. Khuhawar and S.N. Lanjwani, J. Chem. Soc. (Pakistan), 23, 157 (2001).
20. S. Tautkus, L. Steponeniene and R. Kazlauskas, J. Serb. Chem. Soc., 69, 393 (2004).
21. S. Tautkus, Chem. Anal. (Warsaw), 49, 271 (2004).
22. A. Moghimi, Chin. J. Chem., 25, 640 (2007).
23. A. Moghimi, Chin. J. Chem., 25, 1536 (2007).
24. A. Moghimi and S. Ghammamy, Environ. Chem. Indian J., 2, 3 (2007).
25. A. Moghimi, Orient. J. Chem., 22, 527 (2006).
26. W.L. Hinze and E. Pramaur, Rev. Crit. Anal. Chem., 24, 133 (1993).
27. C.D. Stalikas, Trends Anal. Chem., 21, 343 (2002).
28. E.K. Paleogos, D.L. Giokas and M.I. Karayannis, Trends Anal. Chem., 24, 426 (2005).
29. D.L.G. Borges, M.A.M.S. daVeiga, V.L.A. Frescura, B. Welz, A.J. Curtius, J. Anal. Atom.

Spectrom., 18, 501 (2003).
30. P. Nayebi and A. Moghimi, Orient. J. Chem., 22, 507 (2003).
31. X. Zhu, X. Zhu and B. Wang, Microchim. Acta, 154, 95 (2006).
32. A.R. Ghiasvand, S. Shadabi, E. Mohagheghzadeh and P. Hashemi, Talanta, 66, 912 (2005).
33. S. Igarashi, N. Ide and Y. Takagai, Anal. Chim. Acta, 424, 263 (2000).
34. Z. Fan and W. Zhou, Spectrochim. Acta, 61B, 870 (2006).
35. L. Li, B. Hu, L. Xia and Z. Jiang, Talanta, 70, 468 (2006).
36. M. Chamsaz, M.H. Arabab-Zavar and S. Nazari, J. Anal. Atom. Spectrom., 18, 1279 (2003).
37. S. Fragueiro, I. Lavilla and C. Bendicho, Spectrochim. Acta B, 59, 851 (2004).
38. S. Fragueiro, I. Lavilla and C. Bendicho, Talanta, 68, 1096 (2006).
39. M. Rezaee, Y. Assadi, M.R. Milani Hosseini, E. Aghaee, F. Ahmadi and S. Berijani, J. Chromatogr.

A, 1116, 1 (2005).
40. S. Berijani, Y. Assadi, M. Anbia, M.R. Milani Hosseini and E. Aghaee, J. Chromatogr. A, 1123,

1 (2006).
41. R.R. Kozani, Y. Assadi, F. Shemirani, M.R. Milani Hosseini and M.R. Jamali, Talanta,  72, 387

(2007).
42. P. Nayebi and A. Moghimi, Orient. J. Chem., 22, 507 (2006).
43. J.L. Manzoori, M.H. Sorouradin and A.M.H. Shabani, Microchem. J., 63, 295 (1999).
44. P.K. Tewari and A.K. Singh, Analyst, 124, 1847 (1999).
45. B.C. Mondal, D. Das and A.K. Das, Talanta, 56, 145 (2002).
46. M.A. Taher, S. Puri, R.K. Bansal and B.K. Puri, Talanta, 45, 411 (1997).
47. F. Shemirani and S.D. Abkenar, J. Anal. Chem., 59, 327 (2004).
48. M.A. Taher, Turk. J. Chem., 27, 529 (2003).
49. J.L. Manzoori and G. Karim-Nezhad, Anal. Sci., 19, 579 (2003).
50. P. Bermejo-Barrera, M.A. Nancy, D.L. Cristina and B.B. Adela, Microchim. Acta, 142, 101 (2003).
51. O.P. Kalyakina, O.N. Kononova, S.V. Kachin and A.G. Kholmogorov, Bull. Korean Chem. Soc.,

24, 173 (2003).
52. F. Shemirani and B.T.S. Akhavi, Anal. Lett., 34, 2179 (2001).
53. A.N. Tang, D.Q. Jiang and X.P. Yan, Anal. Chim. Acta, 507, 199 (2004).
54. K.C. Honeychurch, J.P. Hart and D.C. Cowell, Anal. Chim. Acta, 431, 89 (2001).
55. M.A.H. Hafez, I.M.M. Kenawy, M.A. Akl and R.R. Lashein, Talanta, 53, 749 (2001).
56. K. Suvardhan, K.S. Kumar, L. Krishnaiah, S.P. Rao and P. Chiranjeevi, J. Hazard. Mater., 112,

233 (2004).

(Received: 2 January 2009;          Accepted: 11 January 2010)           AJC-8278

Vol. 22, No. 5 (2010)        Simultaneous Preconcentration of Cd(II) and Pb(II) in Water Samples  3361


