
Synthesis, Characterization, and Application of Amberlite
XAD-2- Salicylic Acid- Iminodiacetic Acid for Lead
Removal from Human Plasma and Environmental Samples

Homayon Ahmad Panahi,1 Enayatollah Mottaghinejad,2 Ali Rezaii Badr,2 Elham Moniri3

1Department of Chemistry, Islamic Azad University, Central Tehran Branch, Iran
2Department of Chemistry, Islamic Azad University, Shahr Rey Branch, Iran
3Department of Chemistry, Islamic Azad University, Varamin (Pishva) Branch, Iran

Received 8 March 2010; accepted 5 September 2010
DOI 10.1002/app.33415
Published online 28 February 2011 in Wiley Online Library (wileyonlinelibrary.com).

ABSTRACT: A new chelating resin is prepared by coup-
ling Amberlite XAD-2 with salicylic acid (SAL) through an
azo spacer. Then the polymer support was coupled with
iminodiacetic acid (IDA). The resulting sorbent has been
characterized by FT-IR, elemental analysis, thermogravi-
metric analysis (TGA), and scanning electron microscopy
(SEM) and studied for the preconcentration and determi-
nation of trace Pb (II) ion from human biological fluid and
environmental water samples. The optimum pH value for
sorption of the metal ion was 5. The sorption capacity of
functionalized resin is 67 mg g�1. The chelating sorbent
can be reused for 20 cycles of sorption–desorption without
any significant change in sorption capacity. A recovery of
95% was obtained for the metal ion with 0.5M nitric acid
as eluting agent. The profile of lead uptake on this sorbent

reflects good accessibility of the chelating sites in the
Amberlite XAD-2-SAL/IDA. Scatchard analysis revealed
that the homogeneous binding sites were formed in the
polymers. The equilibrium adsorption data of Pb (II) on
modified resin were analyzed by Langmuir, Freundlich,
Temkin, and Redlich-Peterson models. Based on equili-
brium adsorption data the Langmuir, Freundlich, and
Temkin constants were determined 0.428, 20.99, and 7 �
10�12 at pH 5 and 20�C. The method was successfully
applied for determination of lead ions in human plasma
and sea water sample. VC 2011 Wiley Periodicals, Inc. J Appl
Polym Sci 121: 1127–1136, 2011
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INTRODUCTION

Recently, heavy metals pollution in natural water has
been receiving tremendous attention. The toxic heavy
metals such as Pb, Cd, and Hg are significant ele-
ments in human body and are capable of causing eco-
logical risk to aquatic organisms. The toxic heavy met-
als could also gradually accumulate in human body
through food chain and cause damage to human
health.1 Lead accumulates in the skeleton, especially
in bone marrow. It is a neurotoxin and causes behav-
ioral abnormalities, retarding intelligence, and mental
development. It interferes in the metabolism of cal-
cium and vitamin D and affects hemoglobin forma-
tion and causes anemia.2 In view of the above facts,
accurate determination of heavy metals has become
increasing necessary to solve the problems connected
with environmental water pollution.

However, the direct determination of these ele-
ments in real samples is a difficult task. The main

restrictions come from the complexity of the matrix
and the extremely low concentrations of analytes in
those samples, which are often below the detection
limits of available techniques. Thus, highly sensitive
and selective techniques are required. Although the
sensitive and accurate determination of trace elements
by some instrumental techniques including induc-
tively coupled plasma mass spectrometry, graphite
furnace atomic absorption spectrometry is possible,
flame atomic absorption spectrometry3,4 is preferred
for trace element determination due to its cheap cost
and simplicity. However, the determinations of ele-
ments at lg L�1 concentration level by flame atomic
absorption spectrometry are not possible. To solve
this problem, preconcentration-separation procedures
have been proposed. Preconcentration is a very
important issue for achievement of low detection
limits.5,6 There are many methods of preconcentration
and separation such as liquid–liquid extraction,7 ion
exchange techniques,8 coprecipitation,9,10 membrane
filter techniques,11 cloud point extraction.12,13

Amberlite XAD-2, a polystyrene sorbent has only
4% crosslinking and is reasonably porous. XAD res-
ins as the copolymer backbone for the immobiliza-
tion of chelating ligands have physical superiorities
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such as porosity, uniform pore size distribution,
high surface area, durability, and chemical stability
toward acids, bases, and oxidizing agents.

Recently, Amberlite XAD-2 functionalized with
chelating ligands has shown good capacity. It there-
fore was thought worthwhile to immobilize two
different chelating ligands on this polymeric support
sequentially via two-step procedure. The purpose of
present study is to indicate the feasibility of using
Amberlite XAD-2- SAL/IDA as a solid-phase extract-
ant for preconcentration of trace lead in biological
fluid and environmental water samples. Trace lead
can be retained on the surface of Amberlite XAD-2-
SAL/IDA and then desorbed with 0.5M nitric acid
prior to determination by FAAS. This proposed novel
method has advantages of good accuracy and preci-
sion, high recovery and preconcentration factor.

EXPERIMENTAL

Instruments

Flame atomic absorption spectrometer of the Varian,
AA240, equipped with air-acetylene flame (air and
acetylene flow rate: 8 and 1.7 L min�1, respectively)
was used for concentration measurements of metal
ions. The pH measurements were made with a Met-
rohm model 744 pH meter (Zofingen, Switzerland).
Infrared spectra were recorded on a Jasco Fourier
transform infrared spectrometer (FT-IR-410, Jasco,
Easton, MD) by the potassium bromide pellet
method. Elemental analysis was carried out on a
Thermo-Finnigan (Milan, Italy) model Flash EA ele-
mental analyzer. Thermogravimetric analysis (TGA)
was carried out by using a TGA-50H (Shimadzu).

Reagents and solutions

SnCl2, HCl, H2SO4, HNO3, NaNO2, NaOH, Cr (NO3)3,
Cu (NO3)2, Hg (NO3)2, Cd (NO3)2, Zn (NO3)2, Ba
(NO3)2, Ag NO3, K NO3, Al (NO3)3, NaCl, CH3COOH,
CH3COONa, NaH2PO4, Na2HPO4, Pb(NO3)2, Fe-
SO4.7H2O, CuSO4.5H2O, Co(NO3)2.6H2O, Ni SO4.6H2O,
Zn SO4.7H2O, iminodiacetice acid (IDA), ethanol, ethy-
lenediaminetetraacetic acid (EDTA), thionyl chloride,
salicylic acid, CH3COCH3, C2H5OH, Sn powder and
brilliant green were products of Merck (Darmstadt,
Germany). Amberlite XAD-2resin (surface area 745 m2

g�1, pore diameter 5 nm, and bead size 20–60 meshes)
was obtained from serva (Heidelberg, NY).

All the solutions were prepared in deionized
water using analytical grade reagents.

The stock solution (1000 mg L�1) of Pb (II), were
prepared by dissolving appropriate amounts of Pb
(NO3)2, in deionized water. To adjust the pH of the
solution, 10 mL of 0.1M acetic acid-acetate buffer

(pH 3–6.5) or 0.01M phosphate buffer (pH 6.5–9)
were used wherever suitable.

Synthesis of resin

Synthesis of Amberlite XAD-2-[salicylic acid]
(Amberlite XAD-2- SAL)

Amberlite XAD-2 bead (5 g) were treated with
10 cm3 of concentrated HNO3 and 25 cm3 of concen-
trated H2SO4 and the mixture was stirred at 60�C for
1 h in an oil bath. Then the reaction mixture was
poured into an ice water mixture. The nitrated resin
was filtered, washed repeatedly with water until
free from acid and treated with a reducing mixture
of 40 g of SnCl2, 45 cm3 of concentrated HCl, and
50 cm3 of ethanol. The mixture was refluxed for 12 h
at 90�C. The solid precipitate was filtered and
washed with water and 2 mol dm�3 NaOH which
released amino resin (R-NH2) from (RNH3)2 SnCl6
(R ¼ resin matrix).The amino was first washed with
2 mol dm�3 HCl and finally with distilled water to
remove the excess of HCl. It was suspended in an
ice-water mixture (350 cm3) and treated with 1 mol
dm�3 HCl and 1 mol dm�3 NaNO2 (added in small
aliquots of 1 cm3) until the reaction mixture showed
a permanent dark blue color with starch-iodide
paper. The diazotized resin was filtered, washed
with ice-cold water and reacted with salicylic acid
(2.5 g in 300 cm3 of glacial acetic acid and 150 cm3

of acetone) at 0–3�C for 24 h. The resulting brown-
colored beads were filtered and washed with water.
The methodology used to synthesize modified XAD-
2 resin is summarized in Figure 1.

Synthesis of XAD-2-[ethyl salicylate]

The brown-colored beads from previous section
were refluxed with a mixture of dried ethanol (15
mL) and sulfuric acid (5 mL) for 10 h.

Synthesis of XAD-2-[salicyl-iminoiddiacetic acid]
(Amberlite XAD-2- SAL/IDA)

A mixture of XAD-2-[ethyl salicylate] and thionyl
chloride (10 mL) was gently refluxed for 2 days to
precipitate XAD-2[salicyl chloride] in light needles
form. The thionyl chloride was distilled off at
reduced pressure and the acid chloride was sepa-
rated via liquid phase extraction and treated with a
mixture of iminodiacetic acid (0.01 mol) and NaOH
solution (1M) upon cooling. The reaction mixture
was stirred in room temperature for 5 h. The product
was neutralized with HCl (%10) and washed with
water before using as resin. Immobilization was
taken via N¼¼N linker and the resulting macromolec-
ular chelator was characterized by IR, elemental
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analyses, and TGA. The resin was dried at 60�C and
placed in a desiccator.

Batch method

A sample solution (100 mL) containing (0.5 lg mL�1)
of Pb (II) was taken in a glass stopper bottle, and the
pH was adjusted to optimum value. The 0.05 g of
Amberlite XAD-2-SAL/IDA was added to the bottle
and the mixture was shaken for optimum time. The
resin was filtered and sorbed metal ion was eluted
with 0.5M nitric acid (10 mL). The concentration of
the metal ion in the eluant was determined by FAAS.

Isotherm studies

Isotherm studies were carried out by adding a fixed
amount of adsorbent (0.05 g) to a series of beakers
filled with 50 mL diluted solutions of Pb (II) (10–
100 lg mL�1). The beakers were then sealed and
placed in a water bath shaker and shaken at 200
rpm with a required adsorbent time (4 h) at 20, 30,
and 40�C and optimum pH (5). pH adjustments
have been done using 0.01M acetate buffer. The
beakers were then removed from the shaker, and
the final concentration of Pb (II) in the solution was
measured by FAAS. The amount of Pb (II) at

Figure 1 Schematic presentation of synthesis of Amberlite XAD-2-SAL/IDA.
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equilibrium qe (mg g�1) on Amberlite XAD-2-SAL/
IDA was calculated from the following equation:

qe ¼ ðC0 � CeÞV=W (1)

where C0 and Ce (mg L�1) are the liquid phase
concentrations of Pb (II) at initial and equilibrium,
respectively, V (L) the volume of the solution and W
(g) is the mass of adsorbent used.

RESULTS AND DISCUSSION

Characterization of the resin

IR spectrum

IR spectrum of salicylic acid loaded Amberlite XAD-
2 (cm�1): 3433 (OH), 1526 aromatic (C¼¼C), 1607
(N¼¼N), 1701 (C¼¼O), 1209 (CAO), 3027 aromatic
(C¼¼H), and 2927 aliphatic (CAH).

IR spectrum of synthesis of XAD-2-[ethyl salicy-
late] (cm�1): 3392 (OH), 1620 (N¼¼N), 1715 (C¼¼O),
1092, 1349 (CAO), and 2924 aliphatic (CAH).

IR spectrum of synthesis of XAD-2-[salicyl-imi-
noiddiacetic acid] (cm�1): 3443 (OH), 1624 (N¼¼N),
1701 (C¼¼O), 1625 amidic (C¼¼O), 1037 phenolic
(CAO), and 2926 aliphatic (CAH).

Elemental analysis

The instruction used in this study is reported in Ther-
moFinnigan elemental analyzer manual. Elements of
C, H, and N in the sample and standards in a column
containing oxidant at 900�C were converted to CO2,
H2O, and N2, respectively. They were separated in a
GC column containing molecular sieve and detected
by a thermal conductivity detector (TCD). The
percentages of C, H, and N in the sample were ascer-

tained after drawing the calibration curve for stand-
ards and data processing for the sample.
The elemental analysis for Amberlite XAD-2-SAL

(found: C, 69.25; H, 6.15; N: 6.78%, calculated for
(C8H7)2 C7H5 N2 O3: C, 74.39; H, 5.12; N, 7.54%)
show that on an average one salicylic acid molecule
is present in each two repeated unit of the polymer.
The elemental analysis for Amberlite XAD-2-SAL/

IDA (found: C, 59.48; H, 6.25; N: 6.86%, calculated
for [(C8H7)2 (C7H4 N2 O2)]1 (C4 H6 N O4)1 : C, 62.18;
H, 4.41; N, 8.06%) show that on an average one
iminodiacetic acid molecule is present in each
repeated unit of the Amberlite XAD-2-SAL.

Thermal analysis

TGA of the Amberlite XAD-2 shows two-step weight
loss up to 600�C. The weight loss up to 100�C was
due to the water molecules in the polymer. The
major weight loss after 400�C is due to decomposi-
tion of the polymer. Amberlite XAD-2-SAL/IDA
shows completely different thermal behavior. The
weight loss up to 100�C was due to the water mole-
cules in the polymer and the weight loss 200–600
was due to the dissociation of chemically immobi-
lized moiety and the polymeric matrix (Fig. 2).

Scanning electron microscopy

The surface morphology and internal structure of
polymer beads are investigated by the scanning elec-
tron micrographs which were given in Figure 3. As
clearly seen here, Amberlite XAD-2-SAL/IDA is com-
prised of heterogeneous small particles. The size of the
large pores between the clusters in Figure 3 is about 1
lm. These macropores reduce diffusional mass trans-
fer resistance and facilitate convective mass transport
because of their spacious internal surface area.

Metal sorption as a function of pH

The degree metal sorption at different pH values
was determined by batch equilibration technique. A
set of solutions (the volume of each 100 mL) contain-
ing 0.5 lg mL�1 of Pb (II) was taken. Their pH val-
ues were adjusted between the ranges 3–9 with
0.01M acetate and/or phosphate buffer solutions.
The 0.05 g of Amberlite XAD-2-SAL/IDA was added
to each solution and the mixture was shaken for 4 h.
The optimum pH values for quantitative uptake of
metal ions were ascertained by measuring the Pb (II)
content (by FAAS) in supernatant liquid and in the
eluate obtained by desorbing the metal ion from
Amberlite XAD-2-SAL/IDA with 0.5M nitric acid
(10 mL). The optimum pH range for the sorption of
the metal ion is shown in Figure 4. The maximum
recovery was 95% at pH 5.

Figure 2 Thermogravimetric analysis of Amberlite XAD-
2 (A) and Amberlite XAD-2-SAL/IDA (B).

1130 PANAHI ET AL.

Journal of Applied Polymer Science DOI 10.1002/app



Total sorption capacity

At this point, 0.05 g of Amberlite XAD-2-SAL/IDA
was stirred for 4 h with 50 mL solution contain-
ing10–120 lg mL�1 of Pb (II) at optimum pH and
20, 30, and 40�C. The metal ion concentration in the

supernatant liquid was estimated by FAAS. The
sorption capacity of the sorbent for the metal ion
was ascertained from the difference between the
metal ion concentrations in solution before and after
the sorption. The saturated adsorption capacity of
the resin was shown in Figure 5. This Figure indi-
cates the effect of initial concentration of the Pb (II)
in the solution and temperature on sorption capacity
of Pb (II) by Amberlite XAD-2-SAL/IDA. The
adsorption capacity in initial concentration of 100 lg
mL�1 of Pb (II) at optimum pH and 20�C was
obtained 67 mg g�1.

Stability and reusability of the sorbent

The Pb (II) was sorbed and desorbed on 1 g of the
Amberlite XAD-2-SAL/IDA several times. It was
found that sorption capacity of resin after 20 cycles
of its equilibration with Pb (II), changes less than
10%. Therefore, repeated use of the resin is feasible.
The resin cartridge after loaded with samples can be
readily regenerated with 0.5M HNO3. The sorption
capacity of the resin stored for more than 6 month
under ambient conditions has been found to be prac-
tically unchanged.

Optimization of sorption time of lead ions

Amberlite XAD-2-SAL/IDA (0.05 g) was shaken
with 50 mL of solution containing 80 lg mL�1 of Pb
(II) for different length of time (5, 15, 30, 45, 60, and
90 min) under optimum pH. After filtration of the
sorbent, the concentration of lead ions in solution
was determined with FAAS using the recommended
batch method. The sorption as a function of contact
time for all the metal ions is shown in Figure 6. Less
than 5-min shaking was required for 98% sorption.

Figure 4 Effect of pH sorption of Pb (II) onto Amberlite
XAD-2-SAL/IDA.

Figure 5 Effect of initial concentration of the Pb in the so-
lution and temperature on sorption capacity of Pb (II) onto
Amberlite XAD-2-SAL/IDA.

Figure 3 SEM photograph of Amberlite XAD-2 (A) and
Amberlite XAD-2-SAL/IDA (B).
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The profile of lead uptake on this sorbent reflects
good accessibility of the chelating sites in the
Amberlite XAD-2-SAL/IDA.

Adsorption isotherms

The Langmuir equation was given in the following
form:14

qe ¼ qmax:KL:Ce=ð1þ KL:CeÞ (2)

where qmax is the maximum adsorption capacity
corresponding to complete monolayer coverage
on the surface (mg g�1) and KL is the Langmuir
constant (L mg�1). The eq. (2) can be rearranged to a
linear form:

Ce=qe � ð1=qmax:KLÞ þ ðCe=qmaxÞ (3)

The constants can be evaluated from the intercepts
and the slopes of the linear plots of Ce/qe versus Ce

(Fig. 7).
Conformation of the experimental data in to

Langmuir isotherm model indicates the homogene-
ous nature of Amberlite XAD-2-SAL/IDA surface.
Langmuir parameters calculated from eq. (3) are
listed in Table I.

The essential characteristics of the Langmuir equa-
tion can be expressed in term of a dimensionless
separation factor, RL, defined as:15

RL ¼ 1=ð1þ KL:C0Þ (4)

Table I shows the values of RL (0.023–0.054) were
in the range of 0–1 at optimum pH which confirms
the favorable uptake of the Pb (II) (Table II).

The Freundlich equation is an empirical equation
employed to the described heterogeneous systems,
in which it is characterized by the heterogeneity

factor 1/n. Hence, the empirical equation can be
written as:16

qe ¼ KF:C
1=n
e (5)

where KF is the Freundlich constant (mg g�1), (L
mg�1)1/n and 1/n is the heterogeneity factor. A
linear form of the Freundlich expression can be
obtained by taking logarithms of the eq. (5):

ln qe ¼ lnKF þ 1=n lnCe (6)

Therefore, a plot of ln qe versus ln Ce (Fig. 8)
enables the constant KF and exponent 1/n to be
determined. The Freundlich equation predicts that
the Pb (II) concentration on the adsorbent will
increase as long as there is an increased in the Pb
(II) concentration in the liquid.
The Temkin equation suggests a linear decrease of

sorption energy as the degree of completion of the
sorptional centers of an adsorbent is increased.
The Temkin isotherm has been generally applied

in the following form:

qe ¼ RT

b
lnðACeÞ (7)

and can be linearized:

qe ¼ B lnAþ B lnCe (8)

where B ¼ RT/b and b is the Temkin constant
related to heat of sorption (J mol�1). A is the Temkin
isotherm constant (L g�1), R the gas constant (8.314 J
mol�1 K�1), and T is the absolute temperature (K).
Therefore plotting qe versus ln Ce (Fig. 9) enables
one to determine the constants A and B. Temkin
parameters calculated from eqs. (7) and (8) are listed
in Table I.

Figure 6 Kinetics of lead sorption on Amberlite XAD-2-
SAL/IDA.

Figure 7 Langmuir isotherm for Pb (II) adsorption onto
Amberlite XAD-2-SAL/IDA at different temperatures.
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The Redlich-Peterson isotherm contains three
parameters and incorporates the features of the
Langmuir and the Freundlich isotherms. The Redlich-
Peterson isotherm has a linear dependence on concen-
tration in the numerator and an exponential function
in the denominator. It can be described as follows:

qe ¼ ACe

1þ BC
g
e

(9)

It has three isotherm constants, namely, A, B, and
g (0 < g < 1), which characterize the isotherm. The
limiting behavior can be summarized as follows:

Where g ¼ 1

qe ¼ ACe

1þ BCe
(10)

i.e., the Langmuir form results.
Where constants A and B are much greater than

unity17

qe ¼ ACe

1þ BCe
(11)

i.e., the Freundlich form results.

Where g ¼ 0

qe ¼ ACe

1þ BCe
(12)

i.e., the Henry’s Law form results.
Equation (9) can be converted to a linear form by

taking logarithms:

ln A
Ce

qe
� 1

� �
¼ g ln Ceð Þ þ ln Bð Þ (13)

Three isotherm constants, A, B, and g can be eval-
uated from the linear plot represented by eq. (13)
using a trial and error procedure, which is applica-
ble to computer operation. It was developed to

TABLE I
Isotherm Parameters Obtained by Using Linear Method

Temperature qmax (mg g�1) KL (L mg�1) RL R2

Langmuir isotherm model
20 67.11 0.428 0.023 0.9795
30 64.52 0.175 0.054 0.9897
40 65.36 0.291 0.033 0.9731

Temperature KF (mg g�1) (L mg�1)1/n n R2

Frendlich isotherm model
20 20.99 2.91 0.9625
30 11.28 2.05 0.9021
40 18.04 2.79 0.9789

Temperature A (L g�1) B (J mol�1) b (J mol�1) R2

Temkin isotherm model
20 7 � 10�12 0.0935 26,053 0.9698
30 8 � 10�10 0.0689 36,562 0.9175
40 1 � 10�9 0.0896 29,043 0.9182

g B (dm3 mg�1)g A (dm3 g�1) R2

Redlich–Peterson isotherm model
1.01 0.994 60 0.9961

TABLE II
The Parameter RL Indicated the Shape of Isotherm

Value of RL Type of isotherm

RL > 1 Unfavorable
RL ¼ 1 Linear
0 < RL< 1 Favorable
RL ¼ 0 Irreversible Figure 8 Freundlich isotherm for Pb (II) adsorption onto

Amberlite XAD-2-SAL/IDA at different temperatures.
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determine the isotherm parameters by optimization
routine to maximize the coefficient of determination,
R2, for a series of values of A for the linear regres-
sion of ln(Ce) on ln[A(Ce/qe) � 1] and to obtain the
best value of A which yields a maximum ‘‘opti-
mized’’ value of R2 using the solver add-in with
Microsoft’s spreadsheet, Microsoft Excel.

The Redlich-Peterson isotherm constants, A, B,
and g as well as the coefficient of determination,
R2, for the sorption of Pb(II) on to Amberlite XAD-
2-SAL/IDA using the linear regression is shown in
Table I. It was observed that the coefficient of
determination of Langmuir is higher than the other
isotherms. It can be seen that the values of g were
close to unity, which means that the isotherms are
approaching the Langmuir form and not the
Freundlich isotherm. The result shows that the
Langmuir isotherm best-fit the equilibrium data for
adsorption of Pb (II) on Amberlite XAD-2-SAL/
IDA.

Scatchard analysis

Scatchard analysis was employed to further analyze
the binding isotherms, which is an approximate
model commonly used in SPE characterization. The
Scatchard equation can be expressed as, Q/C ¼
(Qmax � Q)/Kd, where C (lmol mL�1) is the equili-
brium concentration of lead; Q (lmol g�1) is the
equilibrium adsorption amount at each concentra-
tion; Qmax (lmol g�1) is the maximum adsorption
amount; and Kd (lmol mL�1) is the equilibrium
dissociation constant at binding sites. Figure 10
shows the Scatchard plots of the binding of lead to
the resin. It is clear that the Scatchard plot for resin
is a single straight line. The linear regression equa-
tion was Q/C ¼ �231.14Q þ 60127 (R2 ¼ 0.9168),
suggesting that the homogeneous recognition sites
for lead were formed in the SPE resin. From the
slope [�231.14 (1/Kd)] and intercept [60,127 (Qmax/
Kd)], Kd and Qmax for the affinity binding sites were
calculated to be 0.0043 lmol mL�1 and 260.1 lmol
g�1, respectively.

Effect of foreign ions

To evaluate the selectivity of the preconcentration
system, the effect of some metal ions (10 mg L�1)
on the sorption behavior of Pb (II) ion (concentra-
tion 10 mg L�1) was investigated. The result was
shown in Table III. This Table indicates that the
most effective ions on adsorption of Pb (II) on
Amberlite XAD-2-SAL/IDA are Co (II), Ni (II), and
Zn (II). The effects of other mentioned foreign ions
at given concentrations are negligible. The adsorp-
tion of Pb (II) on the Amberlite XAD-2-SAL/IDA in
presence of all mentioned ions (with each ion
having the concentration of 10 mg L�1) shows that
the Pb (II) can be determined quantitatively in the
environmental samples.

Figure 9 Temkin isotherm for Pb (II) adsorption onto
Amberlite XAD-2-SAL/IDA at different temperatures.

Figure 10 Scatchard plots of Pb (II) adsorption onto
Amberlite XAD-2-SAL/IDA at 20�C.

TABLE III
Effect of Other Ions on Sorption

Interfering
ions

Amount of adsorbed
Pb(II) (mg L�1)

Loss adsorption
(%)

– 10 0
Cr (II) 9.66 3.4
Ni (II) 9.84 1.6
Co (II) 9.69 3.1
Fe (II) 9.99 0.08
Hg (II) 9.90 1
Cd (II) 9.81 1.9
Zn (II) 9.74 2.6
Ba (II) 9.99 0.04
Ag (I) 9.98 0.13
Cu (II) 9.85 1.5
K (I) 9.99 0.1
Al (III) 10 0
Mixed above ions 9.14 8.6
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Comparison with other methods

Comparative information from a number of studies
on preconcentration of Pb (II) by various methods
for the figure of merits is given in Table IV. This
new developed method has been successfully
applied to the analysis of trace lead ions in natural
water sample.

Application of method

Amberlite XAD-2-SAL/IDA was used to preconcen-
trate and determine Pb (II) ions in The Persian Gulf
(Boshehr, Nuclear Power Plant, Iran). The pH of
water sample was adjusted to the optimum pH.
Solid phase extraction with Amberlite XAD-2-SAL/
IDA coupled with FAAS was applied to determina-
tion of Pb (II) in water sample. After no detection Pb
(II) in the water, 100 mL water sample was spiked
with 0.02, 0.04, and 0.06 mg of Pb (II) before subject-
ing it to the recommended procedure. The results
are shown in Table V. These results demonstrate the
applicability of the procedure for Pb determination
in samples with high recovery (>98%).

Determination of Pb (II) in plasma

Adsorption of Pb (II) ions on the Amberlite XAD-2-
SAL/IDA from human serum was also studied in
batch-wise. Human blood was collected from
thoroughly controlled voluntary blood donors. Each
unit was separately controlled and found negative
for HBS antigen and HIV I, II, and hepatitis C anti-
bodies. No preservatives were added to the samples.

Human blood was collected into EDTA containing
vacutainers and red blood cells were separated from
plasma by centrifugation at 4000 � g for 30 min
at room temperature, then filtered (3-lm Sartorius
filter) and frozen at �20�C. Before use, the plasma
was thawed for 1 h at 37�C. After no detection Pb
(II) in the plasma, 25 mL plasma was spiked with
0.01 mg of Pb (II) before subjecting it to the recom-
mended procedure. Then 25-mL volume of human
serum containing 0.4 lg mL�1 of Pb (II) ions were
treated with 0.1 g of Amberlite XAD-2-SAL/IDA at
room temperature and magnetically stirred at a
speed of 600 rpm. After the desired treatment peri-
ods, the sorbent was taken out and sorbed metal ion
was eluted with 0.5M nitric acid (10 mL). The con-
centration of the metal ion in the eluant was deter-
mined by FAAS. The experiments were performed
in replicates of three. The results are shown in Table

TABLE V
Results Obtained for Pb (II) Determination in Plasma

and Water Sample of (I), (II), and (III)

Plasma (I) (II) (III)

Found (without spiking
of Pb (II)

N.D. N.D. N.D. N.D.

Added Pb (II) (lg mL�1) 0.4 0.2 0.4 0.6
Found Pb (II), after
preconcentration (lg mL�1)

0.74 2.04 3.98 5.88

Preconcentration factor 2.5 10 10 10
Recovery (%) 74.4 100 99 98
Standard deviation 0.016 0.086 0.094 0.10
Relative standard
deviation (%)a

2.2 3.2 2.4 1.8

a For three determinations.

TABLE IV
Comparison of Recovery, Preconcentration, and Capacities with Some Literatures

Resin used
Recovery

(%)
Preconcentration

factor
Capacity
(mg g�1) Ref.

Amberlite XAD-2 functionalized with
o-aminophenol

91 40 3.32 18

Microcrystalline triphenylmethane loaded
with quinolin-8-olate

98 100 – 19

Gallic acid-modified silica gel 96 25 12.63 20
Cellulose modified with
triethylenetetramine

– – 192.3 21

Sugarcane bagasse chemically modified
with succinic anhydride

– – 83.3 22

Chitosan modified ordered
mesoporous silica

95 – 22.9 1

Macroporous epoxy resin-based polymer
monolithic matrix

97 10 106.8 23

Thioureasulfonamide resin 97 20 0.5 24
Dibenzyldithiocarbamate chelates on
Dowex Optipore V-493

96 4–8 8.6 25

Amberlite XAD-2 with chromotropic acid 97 4–10 186.3 26
Amberlite XAD-2 with pyrocatechol 94 4–10 104.7 26
Amberlite XAD-2 with thiosalicylic acid 93 4–10 89.3 26
Amberlite XAD-7 with xylenol orange 91 4–10 16.9 26
Amberlite XAD-2-SAL/IDA (Our resin) 95 10 67 –
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V and indicate the suitability of the present sorbent
for the preconcentration of lead from plasma sam-
ples. The similarity of results obtained by mentioned
methods indicate that the reliability of the lead
content data presented in Table V is reasonable.

CONCLUSIONS

A new chelating resin is prepared by coupling
Amberlite XAD-2 with salicylic acid and then imino-
diacetic acid. The synthesis of the resin is simple and
economical. The resin has a good potential for enrich-
ment of trace amount of Pb (II) from large sample vol-
umes. The resins also present the advantage of high
adsorption capacity, good reusability and high chemi-
cal stability. The sorption of the investigated metal
ions increases by increasing the contact time. Based
on the Langmuir isotherm analysis, the monolayer
adsorption capacity was determined to be 67.11, 64.52
and 65.36 (mg g�1) at 20, 30, and 40�C, respectively.
The RL values showed that the Amberlite XAD-2-
SAL/IDA was favorable for the adsorption of Pb (II).
Preconcentration by this resin combined with FAAS
and ICP-AES can be applied to the determination of
trace lead (II) ions in water and the mineral reference
sample with satisfactory results.
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