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Abstract
A new chelating resin, 2-hydroxybenzaldehyde thiosemicarbazone loaded XAD-4, was 

synthesized and characterized by FT-IR and elemental analyses. The synthesized resin was 

used for solid phase extraction (SPE) and preconcentration of Cu2+, Cd2+, and Pb2+ from 

aqueous solution, where the metal ions were subsequently determined by graphite furnace 

atomic absorption spectrometry (GF-AAS). The optimum pH for preconcentration and separation 

of these metal ions was found to be 6.00. Optimum flow rate for quantitative sorption of the metal 

ions on functionalized resin was found to be 1 mL/min whereas 2 M nitric acid was selected as 

the eluent for quantitative release of the three metal ions from the resin column. The maximum 

adsorption capacity of the functionalized resin was found to be 3.5, 6.1, and 11.26 mg/g for Cu2+,

Cd2+, and Pb2+, respectively. The detection limits for these metal ions are 0.87, 0.95, and 1.09 

μg/L, respectively and limits of quantification are 1.12, 1.29, and 1.16 μg/L, respectively. The 

sorption half time (t1/2) was found to be 6 min for Cu2+ and Cd2+ and 8 min for Pb2+. Tolerance 

limits for various foreign electrolytes have also been investigated. A high preconcentration factor 

(~100) and low relative standard deviation  5% (n=3) values were obtained. Under optimum 

conditions, recovery of all metal ions was found to be nearly quantitative. The validation of the 

procedure was carried out by analysis of certified reference materials. The functionalized resin is 

highly stable and can be reused more than 100 times. The newly developed method was applied 

to the separation, preconcentration and determination of Cu2+, Cd2+, and Pb2+ in tea leaves 

collected from the tea gardens of Moulovibazar district in Bangladesh.
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Introduction
Trace elements are widespread in the environment and enter the food chain. 

Some trace elements are essential and play pivotal roles in human metabolism and 

plant growth. On the contrary, at higher concentrations all of the metals are regarded 

as potentially toxic.[1] Therefore, accurate determination of trace elements in the 
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environment is very important. In order to detect those metal ions at low concentration, 

it is necessary to develop methods for preconcentration and separation. In recent 

years, solid phase extraction (SPE) has widely been used due to its various 

advantages in preconcentration over other methods such as less organic waste, time 

and cost factors etc.[2] The solid phase extraction involves the use of chelating 

sorbents for pre-concentrating trace metals and trace metals-ions. Such chelating 

sorbent can easily be prepared by introducing certain active functional groups of atoms 

into a solid support frame-work which is capable of selectively interacting with metals 

and metal ions.[3]

Trace amounts of heavy metal ions in environmental samples including natural 

waters, biological samples and fertilizers are frequently determined employing various 

instrumental techniques like ICP-MS, ICP-AES, spectrophotometry, voltammetry, 

polarography, X-ray fluorescence spectrometry, and neutron activation analysis. After 

the preconcentration process, without the need for costly instruments such as ICP-MS, 

analyses can be performed by using economical instruments such as FAAS.[4] The 

most popular techniques for separation and preconcentration include solid-phase 

extraction (SPE),[5-7] liquid-liquid extraction,[8-9] co-precipitation,[10-11] ion exchange,[3]

electrochemical deposition,[12-13] cloud point extraction,[14] and flotation.[15] Solid phase 

extraction of heavy metal ions in aqueous solutions is considered to be superior to 

liquid-liquid extraction[2] because of the multi-element separation possibility in the 

former. In solid phase extraction, various sorbents including activated carbon[16], silica 

gel,[17-18] microcrystalline naphthalene,[19] C-18 cartridges,[20] Chelex-100,[21] Alumina[22]

and polyurethane foam[23] have been used for separation and preconcentration of 

heavy metal ions from various media such as saline and mineral waters, urine and 

geological samples. Among several solid chelating support frame-works used, 

Amberlite XAD (XAD-2, XAD-4, XAD-7, XAD-16, XAD-1180 and XAD-2000) 

copolymeric resins which can more easily be functionalized as well as loaded with a 

variety of organic ligands having various active functional groups that can selectively 

chelate metal ions [24-44]. This method often involves the transformation into diazonium 

form and the bonding of the resins to the ligands by the resultant -N=N- bonds.[41, 45-49]

Such modified resins were found to be highly useful and advantageous in terms of their 

versatility to chemical modification, wide range of pH working ability, and greater 

chemical and mechanical stability. The literature describes many chelating ion-

exchangers that were synthesized from XAD-2,[24, 50, 51] XAD-4,[44, 49, 52-54] XAD-7,[39, 55]

XAD-16,[40, 56-59] and XAD-1180[41, 60] copolymers that are suitable for metal ion 

separation and preconcentration from aqueous solution. The Amberlite XAD-4 resin 

also possesses superior physical properties such as porosity (  0.50 mL/mL), uniform 

distribution of pore size (0.49 - 0.69 mm), high surface area (  750 m2/g) and durability 

towards acids, bases, and oxidizing and reducing agents.[61]
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This study reports the application of the ligand 2-hydroxybenzaldehyde 

thiosemicarbazone (2-HBTSC) to functionalize Amberlite XAD-4 by attaching 2-HBTSC 

through an azo-group spacer and investigates the application of the modified resin for 

solid phase extraction of Cu(II), Cd(II) and Pb(II) from extracts of green tea leaves. The 

ligand, 2-HBTSC has three binding sites, nitrogen, oxygen and sulphur capable of 

forming chelate rings, which is expected to be a good reagent for metal ion enrichment 

and at the same time, should provide quantitative release of the bound metal ions with 

a suitable eluent.   

Experimental
Instruments 

An atomic absorption spectrophotometer, model AA-6800, Shimadzu, Japan 

equipped with Shimadzu model GFA-EX7 Graphite Furnace atomizer was used for the 

determination of trace elements. An OAKTON pH meter with a glass electrode was 

used for the pH-adjustments. A FT-IR spectrometer Prestige-21 (Shimadzu, Japan) 

was used to record IR spectra (in KBr) in the range of 400-4000 cm-1. Elemental 

analyses were carried out on a Perkin Elmer elemental analyzer, Model 240C 

(Rotkreuz, Switzerland). A mechanical shaker having speed control facility was used 

for batch equilibration of the aqueous metal ion solutions with the studied resins. 

Chemicals and reagents 

All chemicals and reagents used in this study were of at least analytical reagent 

grade purity. All solutions were prepared in ultrapure water. Stock solutions of the 

studied metals (Cu2+, Cd2+, and Pb2+) at the concentration of 1000 mgL-1 in 0.5 M 

HNO3 were purchased from Wako Pure Chemicals Ltd, Tokyo, Japan. Amberlite XAD-

4 resin (Sigma Chemical Co.) was purchased as 20-60 mesh particle size with 725 m2

g-1 surface area. 

Synthesis of 2-hydroxybenzaldehyde-thiosemicarbazone (2-HBTSC) 

2-Hydroxybenzaldehyde, thiosemicarbazide, and acetic acid as a solvent (30 mL 

acetic acid for 0.1 mol 2-hydroxybenzaldehyde) were mixed in a round bottom flask 

and refluxed for 4 h and after cooling, it was poured into ice water. The light yellow 

crystals obtained were washed repeatedly with deionized water and purified by re-

crystallization in ethanol. 

Functionalization of Amberlite XAD-4 with 2-HBTSC  

The XAD-4 resin functionalized with 2-hydroxybenzaldehyde-thiosemicarbazone 

sorbent (resin) was prepared by nitrating 5 g of Amberlite XAD-4 copolymer with a 

mixture of 10 mL of concentrated HNO3 and 25 mL of concentrated H2SO4 with 

constant stirring in a 60 ˚C oil bath for 30 min. The reaction mixture was poured into 

ice-water. The nitrated resin was filtered off and then washed with water until the 

effluents were neutral. The resin was refluxed at 90 ˚C for 10 h with a mixture of 40 g 

of SnCl2, 45 mL of concentrated HCl and 50 mL of ethanol. The product was filtered 
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off, washed with water, and then washed with 2 M NaOH to release the amino 

polymer: 

(RNH3)2SnCl6 + 8OH- 2RNH2 + SnO3
2+ + 6Cl- + 5H2O

The amino polymer was treated with 2 M HCl, the excess HCl was removed by 

washing with water, and then it was suspended in 350 mL of ice-water. The reaction 

mixture was treated with 1 mL portions of 1 M HCl + 1 M NaNO2 until a durable blue 

colour formed on starch iodide paper. The polymer was thus converted to diazonium 

salt, washed with cold water, and treated with a solution containing 5 g of 2-

hydroxybenzaldehyde-thiosemicarbazone in 100 mL of 10 % NaOH solution at 0-3 ˚C. 

The resulting dark–brown resin was filtered, washed with water and air dried. 

Schematic representation of the sequence of functionalization of Amberlite XAD-4 is 

shown in figure 1. 
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Figure 1: The synthesis and chemical structure of XAD-4 resin functionalized with 2-

hydroxyobenzadehyde-thiosemicarbazone 

Characterization of Amberlite XAD-4 functionalized with 2-HBTSC 

FTIR spectra of free Amberlite XAD-4, 2-hydroxy-benzalehyde-

thiosemicarbazone and functionalized Amberlite XAD-4 copolymer were studied using 

the potassium bromide technique. Additional peaks in the FTIR spectrum of the 

functionalized Amberlite XAD-4 resin that do not appear in the spectrum of the free 

Amberlite XAD-4 are at 3421, 1624, 1521, 1382, 1274, and 1110 cm 1, originate from 

modification of the resin by the ligand and are characteristic of –NH2 stretching, C=N 

stretching, N=N stretching, O-H bending, C=S stretching and C-N stretching, 

respectively (Figure 2). Data obtained from CHN elemental analysis (C, 70.12%; H, 

6.25%; N, 15.69%) were comparable with the theoretically calculated values (C, 

70.74%; H, 6.12%; N, 15.87%) assuming the structure shown in figure 2. 
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Figure 2: FTIR spectra of Amberlite XAD-4 resin functionalized with 2-hydroxy-

benzaldehyde-thiosemicarbazone 

Column preparation

A glass mini-column (10 cm × 1.0 cm) with a porous disc and a stopcock was 

used for preconcentration of the metals. The XAD-4 resin was washed successively 

with 1 M NaOH, water, 1 M HNO3, water, and acetone and water. A small amount of 

glass wool was spread uniformly in the lower part of the column upon which 4 g of 

Amberlite XAD-4 resin functionalized with 2-hydroxybenzaldehyde-thiosemicarbazone 

sorbent was placed. Another thin layer of glass wool was placed on the top of the resin 

in order to maintain the integrity of the analytical column.  The sorbent was washed 

with ethanol and then with 1 M HNO3, and thoroughly rinsed with water until the 

effluents were neutral. After each use, the resin in the column was washed thoroughly 

with water and 1 M HNO3 and then stored in water for further use. 
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 Procedure for preconcentration and determination of Cu, Cd and Pb 

The proposed method was tested with model solutions prior to the determination 

of the trace elements in the real samples. Model solutions (50 mL) containing 20 μg

each of Cu2+, Cd2+, and Pb2+ were prepared separately or in a mixture for initial 

experimentations. The pH of the model solution was adjusted to the desired values 

(range: 3 - 12) by the addition of 5 mL of appropriate buffer solution. The resultant 

solution was passed completely through the column at a flow rate of 1mL min-1 and 

then the column was rinsed with 10 mL of the buffer. The retained species on the resin 

were eluted with 10 mL of 2 M HNO3 solution. Finally, the solution was analyzed by 

GF-AAS.

Collection and processing of tea leaves 

About 1 kg of tea leaves (Camellia Sinensis var. Assamica) was collected from 

each of the 3 tea gardens, situated in the district of Moulavibazar of Bangladesh in 

polythene bags. The leaves, after being washed with deionized water were dried in a 

clean and well circulated oven at 70 °C for 3 days. The dried leaves were crushed in a 

commercial blender fitted with stainless steel blade and stored in desiccators.  

Accurately weighed (5.00g) tea leave powder was taken in a 250mL Pyrex beaker. 

Then, 25 mL concentrated HNO3 acid and 10 mL HClO4 were added and heated slowly 

on a sand bath until the whole mass was dissolved. The temperature of the mixture 

was raised until the perchloric acid boiled off. The heating was continued till the 

mixture became almost dry and then cooled to room temperature. Eventually, the 

cooled contents were dissolved in 10 mL of 0.1M HNO3, filtered and diluted to 100 mL 

by ultrapure water. A sample blank was prepared for each set of digestions for GFAAS 

measurements. 

Results and discussion 
The effect of pH on recovery of the metal ions 

The efficiency of recovery of each metal was investigated in the pH range of 3 -

12. The following pH solutions were used for the SPE procedure: acetate buffer 

solution between pH 3 to pH 6, borate buffer solution from pH 7 to pH 9, bicarbonate 

buffer between 10 and 11 and phosphate buffer at pH 12. According to the recovery 

results (Cu2+: 100.1%, Cd2+: 100.5%, and Pb2+: 100%), the optimum pH was found to 

be around pH 6 for the studied metal ions and the recoveries may be attributed to the 

stability of functionalized resin - metal complex. In the case of functionalized XAD 

resins, the formation of the complex with soft metals like Pb2+, Cd2+, Cu2+ etc seems to 

be independent of protonation or deprotonation in the ligand molecule, rather the size 

of the cavity offered by the functionalized resin defines the stability of the complex. In 

such a case, the optimum stability is attained in the pH range 5.0-8.0[5,33,41, 44].  The 

percent recoveries of the metal ions with changing pH found in the present study is 

shown in figure 3. 
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Figure 3: The effect of pH on the recovery of the metal ions (N=3, V=50mL, RSD < 5%)  

The effect of the sample flow rate  

The flow rate of the test solutions through the column is one of the factors 

affecting the duration of the determination. The flow rate through the column is directly 

related to the contact time of the solution with the resin; hence, model solutions of 50 

mL were passed through the column with rates in the range of 1 - 5 mL min-1. It was 

found, that the optimum flow rate for quantitative sorption of metal ions on resin bed 

was 1 mL min-1. Although the ions Cd2+ and Pb2+ tolerated flow rates above 3.0 mL 

min-1, the Cu2+ ion showed a decrease in the quantitative recovery beyond flow rates of 

1.0 mL min-1, as the trend is clear in figure 4. Sample flow rate below 1.0 mL min-1

might show nearly 100% sorption for all the three metal ions, but was not employed in 

this study considering ultimate slowness of the total process. Thus, the flow rate of 1 

mL min-1 was chosen for all the subsequent experiments to allow measurement of the 

three metals in a single run. The optimized value of the flow rate is comparable with 

some recent works. [31, 33, 41]

Figure 4: Effect of sample flow rate on the sorption of Cu2+ ion using XAD-4 / 2-

HBTSC SPE column (N=3, V=50 mL) 
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The effect of the nature and the amount of eluent 

For the quantitative release of Cu2+, Cd2+ and Pb2+ ions bound to XAD resins 

modified with O, N, S-containing ligands, aqueous solutions of nitric acid or a mixture 

of nitric acid and hydrochloric acid have been found to provide optimum recovery, the 

concentration and the volume being defined by the relative stability of the metal-ligand 

chelates. [2, 33, 44]  In this study, elution parameters were optimized by employing 1.0-5.0 

M; 2.0 M HNO3 was found to be the most suitable for simultaneous elution of the three 

metal ions. 

The effect of the eluent volume was studied in the range 5-25 mL and 10.0 mL 

of 2 M HNO3 (table 1) was selected as the optimum eluent composition for the studied 

SPE system.  

Table 1: The effect of eluent volume on the recovery of the metal ions 

(N=3, V=50 mL, RSD <5%) 

Eluent volume (mL) 
Recovery, % 

Cu Cd Pb 

5 91 88 86 

10 100 100 100 

15 101 100 99 

20 98 102 101 

25 99 98 102 

Limit of detection and limit of quantification 

The detection limits (blank + 3 , where is standard deviation of blank 

estimation) for Cu2+, Cd2+, and Pb2+ are 0.87, 0.95, and 1.03 μg L-1, respectively, and 

the corresponding quantification limits (blank + 10 ) for the studied metals are 1.12, 

1.29, and 1.16 μg L-1, respectively. These values are comparable to values reported in 

recent literature and might be suitable for determination of these metal ions in water 

and other environmental samples. [33, 34, 41]

Maximum metal sorption capacity 

The maximum metal ion sorption capacity for individual analytes was studied 

using 0.5 g of resin beads, equilibrated with excess amount of metal ion solution (10 

mL 10 mgL-1) by a mechanical shaker at 200 rpm for time duration of 10 h, sealed in a 

15 mL centrifuge vial. After desorption, the values were found to be 3.5, 6.1, and 11.26 

mg g-1 for Cu2+, Cd2+, and Pb2+, respectively.  

Effect of sample volume 

In order to achieve a high preconcentration factor, the effect of sample volume 

on the concentration efficiency was also studied. Sample solutions of 200-2000 mL 

containing 20 μg of each metal ion were passed through the column and determined 

by the proposed method. Quantitative recoveries were obtained for the sample volume 
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up to 1000 mL. Lower recoveries were obtained when sample volumes exceeded this 

volume limit. On the basis of 1000 mL sample volume and 10 mL eluent volume, a 

preconcentration factor of 100 is possibly achievable with the three metal ions 

investigated. Such an enrichment might be satisfactory for determination of Cu2+, Cd2+,

and Pb2+ ions either by GFAAS or by FAAS commonly encountered in environmental 

samples. [2,5,15, 34]

Sorption half- time for metal ions  

To determine the rates of sorption of Cu2+, Cd2+, and Pb2+ on the functionalized 

resin, experiments were carried out in batches. The chelating resin bead (0.5 g) was 

stirred with 50 mL of a solution containing individually Cu2+, Cd2+, and Pb2+ (1 μg L-1) at 

room temperature for varying time intervals. The concentration of metal ions loaded on 

to the resin as well as present in the supernatant liquid was determined by the 

recommended procedure after proper dilution. The sorption half time (t1/2) needed to 

reach 50% of the total sorption capacity was estimated from Figure 5 and t1/2 values 

are reported in table 2. The sorption half-time was 6 min for Cu2+, Cd2+and 8 min for 

Pb2+.

Figure 5: Sorption half-time for Cu2+, Cd2+, and Pb2+ (N=3, V=50mL, RSD < 5%) 

Table 2. Sorption half-time (N=3, RSD <5%) 

Metal ion Sorption half – time (min) 

Cu2+ 6 

Cd2+ 6 

Pb2+ 8 

Tolerance towards foreign electrolytes 

Na+, K+, Ca2+, Mg2+, Al3+, Cl-, NO3
-, SO4

2-, PO4
3- ions at various concentrations 

were added to the preconcentration medium in order to evaluate the effects of these 

ions on the recovery of the analyte metals. A set of solutions (volume of 50 mL each) 

containing varying amount of electrolyte (1000 - 6000 mg L-1) with 10 gL-1 each of 

Cu2+, Cd2+, and Pb2+ were measured by GFAAS for the three analyte metals. Maximum 
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variation of ±5% of the absorption signal corresponding to the solution without the 

added electrolytes was taken as the tolerance limit and the values estimated from the 

results are given in table 3. Tolerance of the large presence of sodium, potassium, 

chloride etc indicate that the developed method might be suitable for preconcentration 

and determination of for Cu2+, Cd2+, and Pb2+ ions in seawater and similar matrices [42].

Table 3: Tolerance limits of matrix ions for determination of copper, cadmium and lead 

by the proposed method 

Foreign ion or Matrix ion Tolerance limit (mg/L) 

Na+ 5800 

K+ 4200 

Ca2+ 4000 

Mg2+ 3400 

Al3+ 1600 

Cl- 5800 

NO3
- 3200 

SO4
2- 3000 

PO4
3- 2600 

Application of the method to tea leaves. 

The method, after being optimized was applied to tea leave samples collected 

from three tea gardens of Moulvibazar district of Bangladesh. The tea leaves were 

digested according to the procedure given in the experimental section. A portion (10 

mL) of the sample digest was diluted to 100 mL after pH and other adjustments and 

was passed through the SPE column. The target metals were eluted with 25.0 mL 1 M 

HNO3 and measured by GF-AAS as the results shown in table 4.   

Table 4: Trace element contents of tea leaves of Bangladesh (powdered) by the 

proposed preconcentration-GFAAS method (V=100 mL, N=3, RSD <5%) 

Sampling location Cu (mg kg-1) Cd (μg kg-1) Pb (mg kg-1)

National Tea Garden 5.56 ± 0.11 2.01 ± 0.02 1.75 ± 0.05 

Mathiura Tea Garden 12.50 ± 0.24 3.50 ± 0.10 3.25 ± 0.04 

Maliyat Nagar Tea Garden 6.25 ± 0.07 3.03 ± 0.03 2.51 ± 0.05 

 Resin stability 

Amberlite XAD-4 modified by 2-hydroxyobenzadehyde-thiosemicarbazone was 

shaken with 100 mL of HNO3 (1 - 4 M) or NaOH (0.01 - 0.1 M) for 4 h, filtered and then 

washed with doubly distilled water until free from acid or alkali. After air-drying, its 
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elemental analyses was repeated. It was found that there was no change in its 

composition, indicating its stability. A 0.1 g part of the chelating resin beads were 

stirred with 100 mL of a solution of each of the three metal ions (20 μg L-1) separately 

for 4 h at room temperature under the optimum conditions. The beads were filtered, 

eluted with 50 mL of HNO3 (4 mmol L-1) and the desorbed metal ion contents estimated 

as described in the recommended procedures. The sorption / desorption was repeated 

on the same resin beads and the sorption capacity was estimated after each cycle of 

operation. The capacity of the resin was also found to be virtually constant (within 2 ~ 3 

%) after its repeated use for more than 100 times. 

The validation of the method 

In order to demonstrate the validity and accuracy of the proposed enrichment 

and determination method, the analytes were determined in standard reference 

material of NIST 1646a (estuarine sediment). All the results were in the range of 96% 

confidence level. The results are summarized in table 5. As is seen from the table, the 

accuracy of the method was very satisfactory; the relative error was lower than 5 %. 

Table 5. Analysis of the certified reference materials; NIST 1646a 

 Cu Cd Pb 

Certified value (μg g-1) 10.01±0.34 0.148±0.007 11.7±1.2 

Amount found (μg g-1) 9.95±0.45 0.145±0.002 11.4±0.2 

Recovery, % 99.4 97.9 97.4 

In addition to good analytical recovery of the three metals studied, the XAD-4/2-

HBTSC SPE material showed satisfactory adsorption capacity and preconcentration 

factors compared to some recently developed ligands functionalized with XAD-4 and 

XAD-16 resins [40, 44, 62]. The loading half-time and limit of detection values are also 

convenient for practical analysis of environmental samples. 

Conclusions
A new method has been developed for the preconcentration and separation of 

copper, cadmium and lead in aqueous media using Amberlite XAD-4 resin 

functionalized with 2-hydroxybenzaldehyde thiosemicarbazone. The developed method 

was applied for the preconcentration, separation and determination of copper, lead and 

cadmium in tea leaves. The study shows that the functionalized resin has good loading 

capacity and low detection limit. It is very stable towards acids and bases. The 

reusability of functionalized resins is more than 100 times without affecting its sorption 

capacity.  
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