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a b s t r a c t

A stable extractor of metal ions was synthesized through azo linking of p-hydroxybenzoic acid with
Amberlite XAD-4 and was characterized by elemental analyses, infrared spectral and thermal studies. Its
water regain value and hydrogen ion capacity were found to be 15.80 and 7.52 mmol g−1, respectively.
Both batch and column methods were employed to study the sorption behavior for the metal ions which
were subsequently determined by flame atomic absorption spectrophotometry. The optimum pH range
for Co(II), Ni(II), Cu(II), Zn(II), and Pb(II) ions were 10.0, 8.0–9.0, 7.0, 7.0–8.0 and 7.0–8.0, respectively.
The half-loading time, t1/2, are 6.0, 8.0, 8.0, 8.0 and 4.0 min, respectively. Comparison of breakthrough
and overall capacities of the metals ascertains the high degree of column utilization (>75%). The break-
through capacities for Co(II), Ni(II), Cu(II), Zn(II), and Pb(II) ions were found to be 0.46, 0.43, 0.42, 0.09
orption behavior

race metal ions
olid phase extraction

and 0.06 mmol g−1 with the corresponding preconcentration factor of 460, 460, 460, 360 and 260, respec-
tively. The limit of preconcentration was in the range of 4.3–7.6 �g L−1. The detection limit for Co(II), Ni(II),
Cu(II), Zn(II) and Pb(II) were found to be 0.47, 0.45, 0.50, 0.80, and 1.37 �g L−1, respectively. The Student’s
t (t-test) values for the analysis of standard reference materials were found to be less than the critical
Student’s t values at 95% confidence level. The AXAD-4-HBA has been successfully applied for the analysis

amin
of natural water, multivit

. Introduction

Significant accumulation of toxic metals in the environment and
heir persistent nature have been the subject of great concern in
ecent years due to their over increased use in various industries
1]. The toxicities of heavy metals may be caused by the inhibition
nd reduction of various enzymes, complexation with certain lig-
nds of amino acids and substitution of essential metal ions from
nzymes [2,3]. The indication of their importance relative to other
otential hazards is their ranking by the U.S. Agency for Toxic Sub-
tances and Disease Registry, which lists all hazards present in the
oxic waste sites according to their prevalence and severity of their
oxicity. The first, second, third and sixth hazards on the list are
eavy metals: lead, mercury, arsenic and cadmium, respectively [4].
heir quantification in industrial effluents, various water resources,

nvironmental and biological samples is important, especially in
he environment monitoring and assessment of occupational and
nvironmental exposure to toxic metals.

∗ Corresponding author at: Department of Chemistry, Analytical Research Labo-
atory, Aligarh Muslim University, Aligarh, Uttar Pradesh 202 002, India.
el.: +91 9358979659.

E-mail address: aminulislam.ch@amu.ac.in (A. Islam).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.03.035
formulation, infant milk substitute, hydrogenated oil and fish.
© 2010 Elsevier B.V. All rights reserved.

Several analytical techniques such as anodic stripping voltam-
metry, atomic absorption spectrometry, inductively coupled
plasma atomic emission spectrometry and inductively coupled
plasma mass spectrometry are available for the determination of
trace metals with sufficient sensitivity for most of applications.
However, the direct determination of trace metals in real matri-
ces is difficult because of the low concentrations of the metals and
strong interference from the sample matrix [5,6].

A radical way to eliminate matrix effects is a preliminary
separation of macrocomponents by a relative, or absolute, pre-
concentration of trace metals. Preconcentration procedures allow
one to decrease the detection limits while unifying the analyt-
ical schemes for materials of different nature, and simplifying
the preparation of calibration samples, as well as improving the
reliability of analysis. Therefore, the preconcentration and deter-
mination of trace metals in real samples have been a focus in
environmental evaluation and protection study. Moreover, precon-
centration and separation can lead to a higher confidence level and
easy determination of the trace elements by less sensitive, but more
accessible instrumentation such as flame atomic absorption spec-

trometry (FAAS) [7]. FAAS has been demonstrated [7–9] to be a very
effective technique in combination with preconcentration proce-
dures. The main advantage of this technique is the possibility of
using a relatively simple detection system with flame atomization
instead of a flameless technique, which require more expensive
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quipment and are usually much more sensitive to interferences
rom macrocomponents of various natural matrices [10]. The use of
helating resin in solid-phase extraction (SPE) as metal ion extrac-
ants has turned out to be an active area of research in the field
f separation science in the recent years [11–13]. The possibility
o extract selectively a number of analytes over a wide pH range,
uantitative sorption and elution, kinetically faster sorption and
esorption mechanisms, good retention capacity, high preconcen-
ration factor and regeneration of resins over many cycles with
ood reproducibility in the sorption characteristics are frequently
uoted as an advantage [13]. It overcomes many drawbacks of sol-
ent extraction namely the use of large volumes of carcinogenic
rganic solvent, emulsion formation caused by the mutual solu-
ility between organic solvent and aqueous layer and analyte loss
uring multi-step extraction. The basic principle of SPE of trace
lement ions is the transfer of analytes from the aqueous phase
o the active sites of the solid phase. Selectivity is one of the most
mportant characteristic of sorbents [14]. From this point of view,
he preferable ones are complexing sorbents, which ensure high
electivity towards heavy metals. Complexing sorbents destined
or preconcentration of heavy metals are synthesized in different
ays: the chemical modification of polymeric and mineral matrices

grafting of functional groups) or the non-covalent immobilization
f reagents (ligands) on various supports [15–18]. The sorption
y complexing sorbents is accompanied by the formation of com-
lexes of heavy metals with functional groups of sorbents, which
llows selectively extracting metals from complex solutions. Ion
xchange and the reduction of metals to the lowest oxidation level
re also possible during sorption. In fact, the mechanism of the
nteraction of metals with complexing sorbents is complicated, and
epends on both the type of complex-forming groups and the sorp-
ion conditions [19–21].

Amberlite XAD resins, as the copolymer backbone for the immo-
ilization of chelating ligands, have some physical superiority,
uch as porosity, uniform pore size distribution, high surface area
nd chemical stability towards acids, bases, and oxidizing agents,
s compared to other resins. Among these adsorbents, Amber-
ite XAD resins (XAD-2, XAD-4, XAD-7, XAD-16, XAD-1180 and
AD-2000) are very useful for the preconcentration of metal com-
lexes [22–25]. The use of benzoic acid derivatives (with at least
ne hydroxyl group) as chelating ligands have been reported in
revious works [26–33], which reflect their utility in the field of
reconcentration and separation of metal ions. Except a few [34],
he importance of hydrophilicity has not received due attention in
revious works. High hydrophilicity would lead to faster kinetics
o that preconcentration of large volumes of samples of trace metal
ons by column operation would require lesser time.

This paper reports on the synthesis and characterization of p-
ydroxybenzoic acid modified Amberlite XAD-4 (AXAD-4-HBA)
iming to find an efficient material for the separation and pre-

oncentration of Co(II), Ni(II), Cu(II), Zn(II), and Pb(II) ions from
n aqueous medium prior to their determination by flame atomic
bsorption spectrophotometry. The main objective for choosing
his ligand is to bring into play the dual mechanism of accessibil-

able 1
perating parameters set for FAAS for the determination of elements.

Element Wavelength (nm) Slit width (nm) Lamp current (mA)

Co(II) 240.7 0.2 30
Ni(II) 232.0 0.2 15
Cu(II) 324.8 0.7 25
Zn(II) 213.9 0.7 15
Pb(II) 283.3 0.7 8

a The given amount is in 5 mL of the final eluent.
 (2010) 1772–1780 1773

ity and chelation by virtue of the presence of hydrophilic group
(–COOH) at such a distant from the chelating site so that steric
factors may not hinder the process of chelation. Several parame-
ters influencing the recoveries of analytes, including pH of sample,
sample volume, eluent volume and effect of diverse ions have been
investigated in detail. An optimized procedure has been applied
to the determination of trace metals in natural water samples and
some standard reference samples.

2. Experimental

2.1. Instruments

A PerkinElmer model 3100 (Waltham, MA, USA), flame atomic
absorption spectrometer was used for determining metal concen-
tration. Operating parameters set for the determination of elements
are given in Table 1. An ELICO (Hyderabad, India) digital pH meter
(LI-120) was used for pH measurements. A thermostated mechan-
ical shaker-NSW-133 (New Delhi, India) at 200 strokes min−1 was
used for carrying out the equilibrium studies. Infrared (IR) spectra
were recorded on a Fourier Transform-IR Spectrometer from Spec-
tro Lab-Interspec 2020 (Newbury, UK) using KBr disc method. A Shi-
madzu TG/DTA simultaneous measuring instrument, DTG-60/60H
(Kyoto, Japan) was used for thermogravimetric analysis (TGA) and
differential thermal analysis (DTA). CHN analysis was carried out
on Carlo Erba EA1108 (Milan, Italy) elemental analyzer in Sophis-
ticated Analytical Instrument Facility of Central Drug Research
Institute (Lucknow, India). A column (1 × 10 cm), for dynamic stud-
ies, was obtained from J-SIL Scientific industries, Agra, India.

2.2. Reagents and solutions

All solutions were prepared in distilled water. Stock solutions
of nitrate salts of Co(II), Ni(II), Cu(II), Zn(II), and Pb(II) (supplied by
Central Drug House (P) Ltd., New Delhi, India) at the concentration
of 1000 mg L−1 in 1% HNO3 were standardized by complexomet-
ric titration [35] before use. The working solutions of the metals
were prepared by appropriately diluting the stock solutions. Buffer
solutions, used for pH adjustment, were prepared with reagents
obtained from Merck (Mumbai, India). For this, solutions contain-
ing suitable amounts of sodium sulfate–sodium bisulfate for pH 2,
acetic acid–ammonium acetate for pH 4–6, ammonia–ammonium
chloride for pH 8–10, and sodium hydroxide–sodium bi-phosphate
for pH 12 were prepared in distilled water. Fulvic acid pow-
der and soluble humates containing 75% humic acid and 10%
potassium were received as a gift from Nutri-Tech Solutions (Yan-
dina, Australia). Amberlite XAD-4 resin (Sigma–Aldrich Chemie
GmbH, Steinheim, Germany) was purchased as 20–60 mesh par-
ticle size (40 Å mean pore size) with 725 m2 g−1 of surface area.

p-Hydroxybenzoic acid (HBA) was procured from Otto Chemicals
Pvt. Ltd. (Mumbai, India). Standard reference materials such as
vehicle exhaust particulates NIES 8, Pond sediment NIES 2, Chlorella
NIES 3, Human hair NIES 5, Tea leaves NIES 7 were obtained from
the National Institute of Environmental Studies (Ibaraki, Japan),

Working range (�g)a Flame composition

Air (L min−1) Acetylene (L min−1)

0.25–75.0 9.5 2.3
0.50–100.0 9.5 2.3
0.15–50.0 9.5 2.3
0.05–10.0 9.5 2.3

0.5–150.0 9.5 2.3
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ompin hematite JSS (800-3) obtained from the Iron and Steel Insti-
ute of Japan (Tokyo, Japan) and Zinc base die-casting alloy C NBS
27 provided by the National bureau of Standards, U.S. Depart-
ent of Commerce (Washington, DC, USA). A multivitamin capsule

bearing the commercial name Maxirich) was procured from Cipla
imited (Mumbai, India) and Infant milk substitute (commercially
vailable as Lactogen 1) was obtained from Nestle India Limited
New Delhi, India). Hydrogenated oil (locally known as Vanaspati
hee) was obtained from the local market, Aligarh, India. All the
eagents (HNO3, HCl, HClO4 and H2O2) used for wet digestion of
he samples were procured from Merck (Mumbai, India).

.3. Pretreatment of samples

.3.1. Natural and sewage water samples
The water samples namely river water (collected from the

anga, Narora), canal water (collected from Kasimpur, Aligarh),
ewage water (collected from area in the vicinity of local nickel
lectroplating industry, Aligarh) and tap water (collected from
niversity campus) were immediately filtered through Millipore
ellulose membrane filter (0.45 �m pore size), acidified to pH 2
ith concentrated HNO3 (obtained from Merck, Mumbai, India),

nd stored in precleaned polyethylene bottles.

.3.2. Digestion of environmental, biological and alloy standard
eference materials (SRMs)

To dissolve the environmental SRMs (Vehicle exhaust par-
iculates NIES 8 and Pond sediment NIES 2), a 0.5 g of the
ample was dissolved by adding 10 mL of concentrated nitric acid
15.5 mol L−1), 10 mL of concentrated perchloric acid (12.2 mol L−1)
nd 2 mL of concentrated hydrofluoric acid (22.4 mol L−1) in a
00 mL in a Teflon beaker. The solution was evaporated to near
ryness, redissolved in minimum volume of 2% HCl, filtered and
ade up to 50 mL volume in a calibrated flask.
The sample solutions of biological SRMs (Human hair NIES 5 and

ea leaves NIES 7) were prepared as proposed by the international
tomic energy agency [36]. A 50 mg (600 mg for Chlorella NIES 3) of
ach of the samples was agitated with 25 mL of acetone, and then
ashed three times with distilled water and with 25 mL of ace-

one. The contact time of the cleaning medium with the sample was
0 min. The samples were finally dried for 16 h at 100 ◦C. Then each
f the samples was dissolved in 10–20 mL of concentrated nitric
cid. After adding 0.5 mL of 30% H2O2, the solution was boiled to
ryness. The residue obtained was dissolved in minimum amount
f 2% HCl and made up to a 50 mL volume in a calibrated flask.

The solution of standard alloys (Rompin hematite JSS (800-3)
nd Zinc base die-casting alloy C NBS 627) was prepared by taking
5 mg of the sample into a beaker and dissolved in 10–50 mL of aqua
egia. The solution was boiled to near dryness. Finally the residue
as dissolved in minimum volume of 2% HCl and filtered through
Whatman filter paper no. 1. The residue was washed with two
mL portions of hot 2% HCl. The aqueous layer was evaporated to
ryness. The residue was redissolved in 5 mL of 2% HCl and made
p to 50 mL with distilled water.

.3.3. Digestion of multi-vitamin formulation, infant milk
ubstitute and hydrogenated oil

Five multivitamin capsules (5.64 g) were taken in a beaker
ontaining 25 mL of concentrated HNO3 and digested by slowly
ncreasing the temperature of the mixture to 120 ◦C. The mixture

as further heated till a solid residue was obtained. It was allowed

o cool and then dissolved in 20 mL of concentrated HNO3. The solu-
ion was gently evaporated on a steam bath until a residue was left
gain. It was subsequently mixed with 50 mL of distilled water and
oncentrated HNO3 was then added dropwise until a clear solution
as obtained on gentle heating.
 (2010) 1772–1780

Powdered infant milk substitute sample (200 mg) was heated
in a beaker containing mixture of concentrated H2SO4 (20 mL) and
HNO3 (10 mL) till a clear solution was obtained. It was allowed to
cool and most of the acid was neutralized with NaOH. The total
volume was made up to 50 mL and kept as stock.

Hydrogenated oil (2 g) was taken in a beaker and dissolved in
15 mL of concentrated nitric acid with heating. The solution was
cooled, diluted and filtered. The filtrate was made up to 50 mL with
deionized water after adjusting its pH to the optimum value.

2.3.4. Digestion of fish samples
A total of 10 fishes (10.13 cm length and weighing 35.70 ± 0.60 g

each), common carbs (Cyprinus carpio) were caught from different
locations of the river Ganga (Narora, Aligarh). Fish were dissected
to separate organs (flesh, gills, liver and kidney) according to FAO
methods [37]. The separated organs were put in Petri dishes to dry
at 120 ◦C until a constant weight was reached. The separated organs
were placed into digestion flasks and ultrapure concentrated nitric
acid and hydrogen peroxide (1:1, v/v) was added. The digestion
flasks were then heated to 130 ◦C until all the materials were dis-
solved. The digest was diluted with double distilled water (50 mL)
for further experiments.

2.4. Functionalization of Amberlite XAD-4 resin

An amount of 5 g of air-dried Amberlite XAD-4 resin was
pretreated with an ethanol–hydrochloric acid–water (2:1:1)
solution for overnight and subsequently rinsed with triply distilled
water until pH of the supernatant water became neutral so that
it becomes free from any impurities. The resin beads were then
subjected to modification by initially nitrating and then subse-
quently reducing to the amino compound. The amino compound
was washed thoroughly with 2 mol L−1 NaOH and then with
4 mol L−1 HCl in order to remove the excess SnCl2. The product was
diazotized according to the recommended procedure [38]. After
amination, the subsequent steps were carried out at a temperature
of 0–5 ◦C in order to prevent the degradation of the intermediates.
The diazotized product was rapidly filtered off, washed with cold
distilled water until free from acid and then subjected to coupling
reaction by treating it with a solution of p-hydroxybenzoic acid
(2.5 g) in 10% NaOH mixed with ethanol at a temperature as low
as 0–5 ◦C over a period of 24 h. The final product was filtered off
and thoroughly washed with 2 mol L−1 HCl and distilled water
until free from alkali and acid. Finally, the functionalized resin
(henceforth abbreviated as AXAD-4-HBA) was dried at 50 ◦C and
kept over fused CaCl2 in a desiccator for further use.

2.5. Characterization of the functionalized resin

The resin was characterized by its elemental analysis and IR
spectral data. The thermal and chemical stabilities and water regain
capacity of the resin were also determined.

2.5.1. Elemental analysis
The extent of the coupling reaction may be interpreted from the

composition of the final resin. The total nitrogen content can give a
good approximation of the quantity of p-HBA incorporated. Hence,
the synthesized resin was subjected to elemental (CHN) analysis.

2.5.2. Thermal and chemical stability

The thermal stability of the resin was studied by TGA and DTA

analysis. To check the applicability of the resin, it was also kept at
a constant temperature of 200 ◦C for 24 h and then the metal sorp-
tion capacity was determined by the recommended batch method.
Resistance to chemical changes was tested by soaking the resin
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while pH 9.0 and pH 10 were adjusted for Ni(II) and Co(II), respec-
tively, in all further experiments. The addition of 2–5 mL of buffer
solution to adjust the pH did not affect the sorption of metal ions.
The batch capacities of the metal ions are indicated in Table 2.

Table 2
Kinetics and batch capacity of sorption of metal ions on AXAD-4-HBA (experimental
conditions: 100 mL solution, 100 mg of resin).

Metal ion Loading halftime
t1/2 (min)

Rate constant k
(×10−2 min−1)

Batch capacity
(mmol g−1)
A. Islam et al. / Talan

n 25 mL of acid (1–10 mol L−1 of HCl or HNO3) and alkaline solu-
ion (1–5 mol L−1 of NaOH) for 48 h and subsequently washed. The
orption capacity was later determined by the recommended batch
ethod.

.5.3. Water regain value and hydrogen ion capacity
The rate of metal ion phase transfer is governed by the extent

f hydrophilicity of the polymeric matrix. Water regain is defined
s the amount of water absorbed by 1.0 g of polymer. The dried
esin was stirred in doubly distilled water for 48 h, and then fil-
ered off by suction, dried in air, weighed, dried again at 100 ◦C
vernight and reweighed. The water regain value was calculated
s: W = (mw − md)/md, where mw is the weight of the air-dried poly-
er after filtration by suction and md is the weight of the resin after

rying at 100 ◦C overnight. For overall hydrogen ion capacity, an
ccurately weighed (0.5 g) resin was first treated with 4.0 mol L−1

C1 and then filtered off, washed with distilled water to make it free
rom acid and dried at 100 ◦C for 5–6 h. The acidic form of the resin
as equilibrated with 20.0 mL of 0.1 mol L−1 NaOH solution for 6 h

t room temperature at stirring condition and then the excess alkali
as estimated with 0.1 mol L−1 hydrochloric acid solution. In order

o evaluate the contribution of both the carboxylic and the hydrox-
lic hydrogen ions to the overall hydrogen ion capacity, another
ample of the resin in the acid form was equilibrated with NaHCO3
olution in place of NaOH.

.6. Recommended procedure for sorption and desorption studies
f metal ions

.6.1. Batch ‘static’ method
A weighed amount of the synthesized resin was equilibrated

ith suitable volume of metal solution of appropriate concentra-
ion maintained at constant pH for 2 h. The resin was filtered and
he sorbed metal ions were desorbed by shaking with 2 mol L−1 HCl
nd subsequently analyzed by FAAS.

.6.2. Column ‘dynamic’ method
A sample of modified resin was soaked in water for 24 h and

hen poured into a glass column (1 × 10 cm). The resin bed in the
olumn was further buffered with 5 mL of the appropriate buffer
ystem. A solution of metal ions of optimum concentration was
assed through the column at an optimum flow rates after adjusting
o a suitable pH with suitable buffers. After the sorption operation,
ecovery experiments were performed; for this purpose the column
as washed with water and then 5 ml of 2 mol L−1 HCl was made

o percolate through the bed of loaded resin whereby the sorbed
etal ions get eluted. The eluents were collected in 5 mL for the

ubsequent determination by FAAS.

.6.3. Column procedure for calibration and detection limit
The standard solutions for calibration, for each metal, were pre-

ared in 100 mL by taking suitable aliquot of metal ions and buffer
olutions, and then subjected to the recommended column pro-
edure. A blank run was also performed applying recommended
olumn procedure with the same volume of aqueous solution pre-
ared by adding suitable buffer (excluding metal ions) and finally
luting the same in 5 mL before subjecting it to FAAS determination.

. Results and discussion
.1. Synthesis and characteristics of resin

The results of elemental analyses of the dried beads of AXAD-
-HBA (C, 62.96%; H, 4.86%; N, 9.82%) agree with the values
alculated by presuming the stoichiometry of its repeat unit to
 (2010) 1772–1780 1775

be C15H12N2O3·H2O (calculated: C, 62.94%; H, 4.89%; N, 9.79%).
The nitrogen content of the nitrated resin and the subsequent
reduced product was found to be 10.20% (7.28 mmol g−1) and
13.00% (9.28 mmol g−1), respectively.

In thermogravimetric analysis, the AXAD-4-HBA resin shows an
earlier weight loss of 6.6% up to 170 ◦C. This initial step corresponds
to the endothermic peak in the DTA curve and may be attributed to
the loss of sorbed water molecule. The TGA and elemental analyses
together suggest that at least one water molecules per repeat unit
is sorbed. The subsequent exothermic peak corresponding to the
weight loss of 13.42% up to 200 ◦C is observed for the modified
resin. Thermal analysis indicated that the synthesized resin was
stable up to 200 ◦C, above which degradation commences.

The IR spectrum of the modified resin AXAD-4-HBA was com-
pared with that of untreated Amberlite XAD-4. The band at
3437 cm−1 may be assigned to the phenolic hydroxyl group, while
the other three additional bands at 1631, 2926 and 1699 cm−1 may
be due to azo (–N N–) besides hydroxyl (–OH) and carboxy ( C O)
stretching vibrations of the carboxylic acid group, respectively. The
IR spectrum of the metal ion-free chelating resin was compared
with those of the metal ion-saturated resin. A red shift (2–5 cm−1)
in the bands of the azo group and the disappearance of the pheno-
lic hydroxyl group in the metal ion-saturated AXAD-4-HBA suggest
that chelation of metal ions through –OH and –N N–(azo) groups
is probably responsible for metal sorption.

After soaking the resin in mineral acids, such as HCl, HNO3 and
H2SO4, it showed no loss in sorption capacity up to strength of
5 mol L−1. Again, after subjecting the resin to alkaline medium con-
stituting 5 mol L−1 NaOH, there was no loss in the sorption capacity.
Hence, the resin exhibited high chemical stability.

The water regain capacity was found to be 15.8 mmol g−1. This
value reflects the high hydrophilicity of the resin which is excellent
for column operation. The overall hydrogen ion capacity amounts
to 7.52 mmol g−1 of resin, which may be due to the hydrogen ions
of the carboxyl and the hydroxyl groups constituting the molecule.
Theoretically, if that 3.5 mmol of the reagent constitute per gram of
the resin, the hydrogen ion capacity due to the carboxylic and the
hydroxyl groups should be 7.0 mmol g−1, which is in close agree-
ment with the experimental value.

3.1.1. Effect of pH on sorption capacity
Optimum pH of metal ion uptake was determined by static

method. Excess of metal ion (50 mL, 100 �g mL−1) was shaken with
100 mg of resin for 120 min. The pH of metal ion solution was
adjusted prior to equilibration over a range pH 2–10 with the cor-
responding buffer system. pH > 10 was not studied to avoid metal
hydroxide precipitation. Preliminary experiments showed that the
maximum sorption of Co(II), Ni(II), Cu(II), Zn(II), and Pb(II) (Fig. 1)
was observed at pH ranges of 10.0, 8.0–9.0, 7.0, 7.0–8.0 and 7.0–8.0,
respectively. Hence, pH 7.0 was adjusted for Cu(II), Zn(II) and Pb(II)
Co(II) 6 11.5 0.60
Ni(II) 8 8.6 0.55
Cu(II) 8 8.6 0.54
Zn(II) 8 8.6 0.12
Pb(II) 4 17.3 0.08
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Fig. 1. Effect of sorption capacity on the pH. Experimental conditions: 50 mL solu-
tion, 100 �g mL−1, 100 mg resin.
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ig. 2. Kinetic of sorption of metal ions on AXAD-4-HBA. Experimental conditions:
00 mL solution, 20 �g mL−1, 100 mg resin.

.1.2. Kinetics of sorption
For studying the effect of time on the sorption capacity, a 0.1 g

mount of resin beads was stirred with 100 mL of solution contain-
ng one of the metal ions (20 �g mL) at two different temperatures
or 2, 5, 10, 20, 30,40, 60, 80, 100 and 120 min (under the optimum
onditions). The loading half time needed to reach 50% of the total
oading capacity was estimated from Fig. 2. The loading half time
t1/2) values (Table 2) for all the metals are ≤8 min that reflects its
uperiority over previously reported methods [28,29]. The profile
f metal ion uptake on these resins reflects good accessibility of the
helating sites in the resin. From the kinetics of sorption for each
etal (Fig. 2), it was observed that 15–30 min was enough for the

orbent to reach the saturation level for all the metals. Considering
he Brykina method [9] the sorption rate constant, k can be calcu-
ated using the following equation: −ln(1 − F) = kt, where F = Qt/Q
nd Qt is the sorption amount at sorption time t and Q the sorption
mount at equilibrium. Putting the value of Qt at t1/2 in the above
quation we may get the corresponding value of k for every metal
on (Table 2).
.1.3. Effect of flow rate for sorption and elution
The effect of flow rate on the sorption was studied by varying

he flow rate 2–8 mL min−1 at the pH chosen for maximum sorp-
ion, keeping a constant column height. Observations indicated that
 (2010) 1772–1780

metal retention on the resin was optimum at a flow rate equal
or lower than 5 mL min−1. The flow rates less than 2.0 mL min−1

were not studied to avoid long analyses times. Hence, a flow rate
of 4.5 mL min−1 was maintained throughout the column opera-
tions. During the subsequent elution of the retained metals from
the adsorbent, recovery of higher than 95% was observed up to
3.5 mL min−1. The decrease in sorption, or exchange, with increas-
ing flow rate is due to the decrease in equilibration time between
two phases. In the elution studies, 100% recovery of the sorbed met-
als from the resin could be achieved up to a flow rate of 2 mL min−1.
Therefore, 2 mL min−1 was used for elution studies.

3.1.4. Type of eluting agents and resin reusability test
Recovery studies were performed with different mineral acids

namely H2SO4, HCl and HNO3. The efficiency of stripping was
studied by using different volumes (1–10 mL) and concentrations
(0.1–5.0 mol L−1) of the mineral acids. Among the acids, H2SO4 and
HNO3 could give a maximum recovery of 90% and 95%, respec-
tively, when a maximum of 10 mL (5.0 mol L−1) each were used.
When 10 mL of 2 mol L−1 HCl was used, almost complete desorption
(recovery >99%) was observed. The efficacy of the eluent (2 mol L−1

HCl) was studied taking its different volumes (1–10 mL). It was
found that 3–5 mL of acid was sufficient for quantitative recovery
(>99%) of the metal ions from the resin. Therefore, 5 mL of 2 mol L−1

HCl was used for elution in all the further studies.
The resin was subjected to several loading and elution cycles

by the dynamic method. The low concentration of the eluent acid
prevents any leaching and thus contributes to the sustainability
of the resin. The resin cartridge can be regenerated fully up to 50
cycles. Therefore, multiple use of the resin is feasible. Similar results
are shown by batch method also.

3.1.5. Study of interferences
Various cations and anions, which are inevitably associated with

heavy metals, may interfere in the latter’s determination through
precipitate formation, redox reactions, or competing complexa-
tion reactions. Common chemical species such as sodium citrate,
sodium tartrate, sodium oxalate, humic acid, fulvic acid, (NO3)2−,
(CO3)2−, (NH4)+, SO4

2−, PO4
2−, Cl−, K+ and Na+ were checked for

any interference in the sorption of these metals. The effect of humic
substances on metal-collection was examined because both humic
and fulvic acids are generally present in natural waters at �g mL−1

to ng mL−1 levels and form complexes with various heavy metals
[39–41]. Very few literatures [42,43] have considered the interfer-
ence of these humic substances on the preconcentration of trace
metal ions from natural waters. In order to determine the tol-
erance limit of the resin for various interfering electrolytes and
metal ion species, studies were carried out using metal ion solu-
tions (100 mL, 10 �g L−1) equilibrated individually with 100 mg of
resin with varying amounts of electrolyte or metal ions till inter-
ference was observed. The tolerance limit is defined as the ion
concentration causing a relative error smaller than ±5% related
to the preconcentration and determination of the analytes. Many
anions and cations, which are inevitably associated with metal
ions present at the trace level in all natural waters, produce no
interference in the sorption of the heavy metals up to apprecia-
ble concentrations (Table 3). The use of buffer solutions does not
interfere in the preconcentration of metal ions. A relative error of
less than 5% was considered to be within the range of experimental
error.
3.1.6. Adsorption isotherm
For an adsorption column, the column resin (the stationary

phase) is composed of microbeads. Each binding particle that is
attached to the microbead can be assumed to bind in a 1:1 ratio with
the solute sample sent through the column that needs to be purified
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The breakthrough volume, which corresponds to the volume at
which the effluent concentration of any chemical species from the
column is about 3–5% of the influent concentration, was deter-
mined by applying the recommended procedure to 1500–2500 mL

Table 4
Langmuir isotherm constants for sorption of metal ions on AXAD-4-HBA.

Metal ions RL b (L mg−1) Qm

(mg g−1)
R2 Standard

deviation (n = 5)

T
T

A. Islam et al. / Talan

r separated. At the concentration range (1.5–10.0 × 10−4 g L−1)
tudied for Co(II), Ni(II), Cu(II), Zn(II), and Pb(II), the data were suc-
essfully applied for the Langmuir isotherm. The Langmuir model
ssumes that sorption occurs on defined sites of the sorbent with
o interaction between the sorbed species and that each site can
ccommodate only one molecule (monolayer adsorption) with the
ame enthalpy sorption, independent of surface coverage. There-
ore, considering the surface coordination reaction below:

+ Ce ↔ Qe (1)

here X is an adsorptive site on the AXAD-4-HBA, Ce is the equi-
ibrium concentration of metal ions in the aqueous phase (mol L−1)
nd XC is the surface density that can also be represented as the
quilibrium concentration of metal in the solid phase, Qe (mol g−1).
he mass law for this reaction is:

= XC

CeX
(2)

here the constant b or adsorption coefficient is related to the bind-
ng energy of the solute and adsorption enthalpy. The mass balance
or X can be expressed as: KS = X + XC. Therefore, at high Ce, KS repre-
ents the saturation of the AXAD-4-HBA (Qm = KS) with a monolayer
overage of metal ions. Appropriate substitution and rearrange-
ent of Eqs. (1) and (2) leads to the linearized form of Langmuir

sotherm in equation represented by the following equation [44].

Ce

Qe
= 1

Qmb
+ Ce

Qm

ere, Ce is the equilibrium concentration (mg L−1), Qe is the amount
dsorbed at equilibrium (mg g−1) and Qm and b is Langmuir con-
tants related to adsorption efficiency and energy of adsorption,
espectively. The linear isotherm occurs when the solute concen-
ration needed to be purified is very small relative to the binding

olecule of the solid phase. The linear plots of Ce/Qe versus Ce

uggest the applicability of the Langmuir isotherms (Fig. 3). The
alues of Qm and b were determined from slope and intercepts of
he plots and are presented in Table 4. From the values of adsorp-
ion efficiency, Qm we can conclude that the maximum adsorption
orresponds to a saturated monolayer of adsorbate molecules on
dsorbent surface with constant energy and no transmission of

dsorbate in the plane of the adsorbent surface. To confirm the
avorability of the adsorption process, the separation factor (RL)
s calculated and presented in Table 4. The values were found to
e between 0 and 1 which confirm that the ongoing adsorption
rocess is favorable [44].

able 3
olerance limit of foreign species (in binary mixtures) on sorption of metal ions (experim

Foreign species Tolerance ratio [foreign species (�g L−1)/met

Co(II) Ni(II)

Na+ (NaCl) 3.32 × 106 3.32 × 106

K+ (KCl) 3.31 × 106 3.31 × 106

NH4
+ (NH4Cl) 2.21 × 106 2.21 × 106

Cl− (NaCl) 4.12 × 106 4.12 × 106

SO4
2− (Na2SO4) 4.08 × 106 4.08 × 106

NO3
− (NaNO3) 4.12 × 106 4.12 × 106

PO4
3− (Na3PO4) 6.67 × 105 6.67 × 105

CO3
2− (Na2CO3) 2.65 × 106 2.65 × 106

Citrate (sodium citrate) 2.59 × 104 2.59 × 104

Oxalate (Na2C2O4) 6.59 × 103 6.59 × 103

Tartrate (NaK tartrate) 7.23 × 103 7.23 × 103

Fulvic acid 83 83
Humic acid 145 145
CH3COO− (CH3COONa) 7.21 × 105 7.21 × 105

Ca2+ (CaCl2) 7.43 × 105 7.43 × 105

Mg2+ (MgCl2) 7.83 × 105 7.83 × 105
Fig. 3. Langmuir sorption isotherms depicting the sorption behaviour of metal ions
onto AXAD-4-HBA. Column parameters: sorption flow rate 4.5 mL min−1, 0.5 g resin.

3.1.7. Preconcentration factor and breakthrough capacity
The lower limit of quantitative preconcentration below which

recovery becomes non-quantitative (preconcentration limit) was
determined by increasing the volume of metal ion solution and
keeping the total amount of loaded metal ion constant at 10 �g.
The maximum preconcentration factors achieved for Co(II), Ni(II),
Cu(II), Zn(II) and Pb(II) are 460, 460, 460, 360, and 260, respec-
tively with the corresponding preconcentration limit of 4.3, 4.3, 4.3,
5.5, and 7.6 �g L−1, respectively. The maximum volumes of metal
ion solution from which quantitative recoveries (>99%) of metal
can be made into 5 mL of 2 mol L−1 HCl are reported in Table 5.
Co(II) 0.999 0.00129 35.36 0.99993 0.07923
Ni(II) 0.999 0.00177 32.28 0.99988 0.11595
Cu(II) 0.999 0.00139 34.32 0.99992 0.09491
Zn(II) 0.999 0.05887 7.85 0.99998 0.20084
Pb(II) 0.999 0.00308 16.58 0.99993 0.61709

ental conditions: 100 mL solution, 10 �g L−1 of metal ion, 100 mg of resin).

al ion (�g L−1)]

Cu(II) Zn(II) Pb(II)

2.32 × 106 1.83 × 105 1.83 × 105

2.31 × 106 1.12 × 106 1.12 × 106

1.21 × 106 1.12 × 106 1.12 × 106

3.12 × 106 1.57 × 106 1.57 × 106

4.08 × 106 3.12 × 106 3.12 × 106

4.12 × 106 3.42 × 106 3.42 × 106

6.67 × 105 3.31 × 105 3.31 × 105

2.65 × 106 1.45 × 106 1.45 × 106

1.59 × 104 1.93 × 104 1.93 × 104

1.59 × 103 3.54 × 103 3.54 × 103

2.23 × 103 2.25 × 103 2.25 × 103

20 35 35
45 85 75

2.21 × 105 3.34 × 105 3.34 × 105

4.43 × 105 4.38 × 105 4.38 × 105

3.83 × 105 5.10 × 105 5.10 × 105
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Table 5
Preconcentration and breakthrough profiles of metal ions on p-HBA functionalized resin. Column parameters: sorption flow rate 4.5 mL min−1, elution flow rate 2 mL min−1,
0.5 g of resin.

Metal ions Preconcentration studies Breakthrough studies

Total volume
(mL)

Preconcentration
limit (�g L−1)

Preconcentration
factor

Overall sorption
capacity
(mmol g−1)

Breakthrough
capacity
(mmol g−1)

Breakthrough
volume (mL)

Degree of column
utilization

Co(II) 2300 4.3 460 0.60 0.46 1950 0.77
Ni(II) 2300 4.3 460 0.55
Cu(II) 2300 4.3 460 0.54
Zn(II) 1800 5.5 360 0.12
Pb(II) 1300 7.6 260 0.08

F
e

o
i
c
d
i
w
m
u
t

results of the analysis of various SRMs including environmental,

T
P
4

‘

ig. 4. Breakthrough curves for the preconcentration of metal ions. Column param-
ters: sorption flow rate 4.5 mL min−1, 0.5 g resin.

f the metal ion solution. The effluent fractions were collected
n 5 mL and analyzed for the presence of the metal. The overall
apacity, breakthrough capacity and the degree of utilization was
etermined by the literature method [45]. The total sorption capac-

ty calculated on the basis of total saturation volume was compared

ith the corresponding breakthrough capacities (Fig. 4) for each
etal. Since dynamic capacity gives the working capacity for col-

mn operation, therefore, the closeness of the dynamic capacity
o the total sorption capacity and the high preconcentration fac-

able 6
reconcentration and determination of metal ions in natural waters collected from v
.5 mL min−1, elution flow rate 2 mL min−1, 0.2 g resin.

Samples Method Metal ion found by proposed method (�g L−1)

Co(II) Ni(II)

Canal water
(Kasimpur)

Directb 4.3 ± 0.11 4.7 ± 0.06

S.A.c 4.3 ± 0.12 (100.0) 4.6 ± 0.10 (97.9)

Tap water (AMU
Campus, Aligarh)

Direct 6.9 ± 0.20 5.7 ± 0.1

S.A. 7.0 ± 0.27 (101.4) 5.7 ± 0.12 (100.0

Sewage water (Ni
plating industrial
area, Aligarh)

Direct 5.5 ± 0.16 12.6 ± 0.40

S.A. 5.6 ± 0.21 (101.8) 12.6 ± 0.35 (100.0

River water, The
Ganga (Narora)

Direct 4.2 ± 0.15 4.9 ± 0.13

S.A. 4.2 ± 0.09 (100.0) 5.0 ± 0.19 (102.0

–’ indicates not detected.
a Average of five determinations.
b Recommended procedure applied without spiking.
c Recommended procedure after spiking (standard addition method).
0.43 1950 0.78
0.42 1950 0.78
0.09 1500 0.75
0.06 1200 0.75

tors (Table 5) reflect the applicability of the column technique for
preconcentration. The hydrophilic character of this resin plays a
major role in enhancing the preconcentration factor as it facilitates
faster attainment of equilibrium between the solid and the aqueous
phase.

3.2. Analytical figures of merit including precision, validation and
detection limit

The quantitative recovery of the metal ions is possible from
trace level as reflected by the lower limit of preconcentration for
large volumes as given in Table 5. From the Langmuir isotherm,
the regression coefficient (R2) and the separation factor (RL) were
found to be 0.99 < R2 < 1.0 and 0 < RL < 1.0 for each metal suggesting
the favorability of its sorption from aqueous medium.

The validity of the results was tested by standard addition
method, by spiking a known amount (5 �g) of individual metal ions
to the water samples. The results pertaining to the analysis of trace
amount of metal ion of interest confirms the satisfactory recovery
of the analytes. The close agreement of the results found by direct
(applying the recommended procedure without spiking) with that
found by S.A. (standard addition after spiking) method (Table 6)
indicates the reliability of the present method for metal analyses in
water samples of various matrices without significant interference.

The accuracy of the present method was evaluated from the
biological and alloy samples. The mean concentration values of
the metals studied agreed with the certified values. Calculated
Student’s t (t-test) values for respective metal ions were found to be
less than critical Student’s t values (2.78, n = 5) at 95% confidence

arious locations. Experimental conditions: 100 mL solution, sorption flow rate

± standard deviationa (%recovery of the spiked amount)

Cu(II) Zn(II) Pb(II)

12.9 ± 0.15 6.2 ± 0.22 –

12.9 ± 0.21 (100.0) 6.4 ± 0.15 (103.2) 2.1 ± 0.07 (100.0)

10.3 ± 0.25 9.9 ± 0.34 8.8 ± 0.25

) 10.4 ± 0.36 (100.9) 9.9 ± 0.36 (100.0) 8.8 ± 0.20 (100.0)

8.2 ± 0.25 7.7 ± 0.25 5.4 ± 0.19

) 8.2 ± 0.26 (100.0) 7.7 ± 0.30 (100.0) 5.5 ± 0.25 (101.8)

13.0 ± 0.42 10.1 ± 0.42 –

) 13.1 ± 0.42 (100.8) 10.2 ± 0.45 (100.9) 3.2 ± 0.14 (100.0)
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level (Table 7). Hence the mean values were not statistically sig-
nificant from the certified values indicating absence of bias in the
present method. Using optimum conditions, the precision of the
method was evaluated. Six successive sorption and elution cycles
of 10 �g each of Co(II), Ni(II), Cu(II), Zn(II), and Pb(II) taken in 100 mL
(eluted in 5 mL of 2 mol L−1 HCl) were performed following the rec-
ommended procedure. The relative standard deviations (RSD) for
the observed values were found to be below 5%.

The calibration curves were found to be linear over the con-
centration ranges 0.0035–0.750, 0.005–1.000, 0.0035–0.500,
0.005–0.010, and 0.0075–1.500 �g mL−1 for Co(II), Ni(II),
Cu(II), Zn(II) and Pb(II), respectively when the standard solu-
tions were prepared in 100 mL. The regression equations
and correlation coefficients (r2), obtained by the method
of least squares, were A = 0.0024C + 0.0008 (r2 = 0.9968),
A = 0.0595C + 0.0042 (r2 = 0.9989), A = 0.0834C + 0.0003
(r2 = 0.9979), A = 0.1046C + 0.0028 (r2 = 0.9995) and
A = 0.0173C + 0.0228 (r2 = 0.9997) for Co(II), Ni(II), Cu(II), Zn(II)
and Pb(II), respectively, where A is the absorbance and C is the
metal ion concentration (�g mL−1). The linearity of the calibration
curves is apparent from the correlation coefficients (r2) which lie
well above 0.99.

The detection limit evaluated as three times the standard
deviation (s) of the blank signal along with the mean blank
signals (absorbance) for 15 replicate measurements were found
to be 0.47 (0.0007), 0.45 (0.0019), 0.50 (0.0013), 0.80 (0.0021),
1.37 (0.005) �g L−1 for Co(II), Ni(II), Cu(II), Zn(II) and Pb(II),
respectively.

4. Applications

4.1. Determination of Co(II), Ni(II), Cu(II), Zn(II), and Pb(II) in
natural water samples

Applicability of the present method for preconcentration and
determination of metal ions was accomplished by analyzing river,
canal, sewage and tap water. A 500 mL of each of the sample vol-
ume was adjusted to optimum pH by adding appropriate buffer
system and loaded on to the column of AXAD-4-HBA. The concen-
trations of metal ions were determined by following recommended
method using FAAS (direct method). Recoveries of metal ions were
ascertained by measuring the recovery of standard additions from
various real water (500 mL) samples which were spiked with metal
ions of concentrations guided by middle value of preconcentration
limit and maximum concentration of working range of calibration
curve of FAAS in order to ensure complete sorption and avoid dilu-
tion of the final eluate during determination. The concentrations
reported in Table 6 as estimated by S.A. method are the values
obtained by substracting the amount of metal added for spiking

from the total metal recovered. It was found that the mean per-
centage recoveries of all the metal ions studied were 98–100% at
95% confidence level. Table 6 illustrates the results.

Table 8
Analysis of common carbs (Cyprinus carpio) for metal content. Experimental condi-
tions: 50 mL solution, sorption flow rate 4.5 mL min−1, 0.2 g resin.

Metal ions Muscles (�g g−1)a Livers (�g g−1)a Gills (�g g−1)a

Cu(II) 0.112 ± 0.004 0.263 ± 0.009 0.523 ± 0.018
Zn(II) 1.211 ± 0.031 2.168 ± 0.048 2.784 ± 0.064
Ni(II) 0.090 ± 0.002 0.126 ± 0.002 0.110 ± 0.003
Pb(II) 0.124 ± 0.004 0.102 ± 0.003 0.179 ± 0.007

aX ± standard deviation.
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Table 9
Determination of metal ions in multi-vitamin capsule, infant milk substitute and hydrogenated oil. Experimental conditions: 50 mL
solution, sorption flow rate 4.5 mL min−1, 0.2 g resin.

Samples Reported value (�g g−1) Found by proposed method
(�g g−1) ± standard deviationa

Maxirich (Cipla) Cu: 398.2, Zn: 442.5 Cu: 395.4 ± 13.05, Zn: 438.6 ± 9.65
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Vanaspati ghee Ni: 0.45

a Average of five determinations.

.2. Analysis of metal ions in standard reference materials

The SRMs namely NIES 2, NIES 3, NIES 5, NIES 7, NIES 8,
SS (800-3) and NBS 627, after digestion by the recommended
rocedures, were employed for the recovery studies. Proper pH
djustment of the solutions (50 mL each) was made before perform-
ng the recommended column procedure. Table 7 illustrates the
esults.

.3. Analysis of multivitamin capsules, infant powdered food,
ydrogenated oil and Cyprinus carpio

Multivitamin capsules, IMS, hydrogenated oil and Cyprinus
arpio were subjected to preconcentration according to the rec-
mmended column procedure after their pretreatment (digested
n 50 mL). The results (Tables 8 and 9) show that recovery could be

ade with a good precision of RSD < 5%.

. Conclusion

p-Hydroxybenzoic groups immobilized on Amberlite XAD-4
esin can easily be used to separate heavy metal ions from aque-
us solutions. AXAD-4-HBA has a higher sorption capacity which is
uperior in comparison to 1-(2-pyridylazo)-2-naphthol [46,47], sal-
cylic acid [32], pyrocatechol violet [48] loaded Amberlite XAD-2;
-acetylmercaptophenyldiazo-aminoazobenzene (AMPDAA) [49]
nd dithiocarbamates [53] loaded Amberlite XAD-4. The relatively
igh chemical stability of AXAD-4-HBA in water, as well as the fast
inetics whereby heavy ions can be separated, renders this mate-
ial potentially useful for analytical purposes. The rate constant is
igher than most of the previously reported works [46–49,51–53].
oreover, the use of a column preconcentration technique allows

or the assessment of low trace metal concentrations, even by less
ensitive determination methods such as FAAS. Preconcentration
y this material (AXAD-4-HBA) from river water samples does not
equire any prior digestion of the samples. The preconcentration
actor achieved with the present procedure is higher than that
btained with other chelating resins [28,32,46–53]. Quantitative
reconcentration of analytes could be affected even in the presence
f common inorganic or organic matrix components as revealed
y the interference studies. The tolerance limits of the investigated
oreign species are much higher than most of the reported sorbents
46–50].
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