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Abstract: A new method for the separation, pre-concentration and accurate determination of trace
amounts of Pb and Cd in water samples using Amberlite XAD-16 resin functionalized with a new
chelating ligand, 3-(2-hydroxyphenyl)-1H-1,2 4-triazole-5(4H)-thione (HTT), Amberlite XAD-16-HTT
and inductively coupled plasma atomic emission spectrometry (ICP-AES) is reported in the present
study. Fourier transform infrared (FTIR) spectroscopy was used to characterize the chelating resin.
The effects of analytical parameters such as the pH of the medium, amount of adsorbent, type
and volume of eluent, flow rate of the sample solution, volume of the sample solution, and matrix
interference on the retention of metal ions were investigated. Also, 1 M HNOj3; was used for the
elution of the sorbed metals, and ICP-AES was used for the analysis of elutes offline. The results
indicate that pH 5 is the optimum pH for the sorption of Pb and Cd ions. The limit of detection
was found to be 0.16 and 0.22 ug/L for Pb and Cd, respectively, by applying a pre-concentration
factor of 50. The method was validated using the international water reference material (NIST 1643e).
The developed enrichment method has a high selectivity, sensitivity, and reproducibility; this method
was successfully applied for the determination of Pb and Cd in surface water samples collected in
Nellore District, Penner River belt as well as Bay of Bengal, Andhra Pradesh, India.

Keywords: Pb; Cd; 3-(2-hydroxyphenyl)-1H-1,2,4-triazole-5(4H)-thione; Amberlite XAD-16; water
sample; ICP-AES

1. Introduction

The pollutants in ground and surface waters need to be regularly monitored to meet legislative
requirements [1]. Many organic and inorganic toxic compounds have been designated as priority
pollutants, and their accurate measurement is necessary to ensure drinking water quality. Often, toxic
metals enter the human body via the food chain and drinking water, causing health problems [2].
Although Pb and Cd are natural trace components of the aquatic environment, an excessive intake
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of these metals is detrimental to human health. High levels of Cd affects the functioning of the
kidney and liver, whereas Pb could damage the testes, the brain and other vital body organs through
oxidative stress [3]. Many people are known to have suffered from Itai-Itai syndrome by consuming
rice contaminated with Cd [4]. An accurate determination of heavy metals such as Pb and Cd in water
samples at trace levels is therefore of paramount importance to monitor drinking water quality.

Recent advances in the development of analytical techniques have progressively led to an
improved and accurate determination of very low concentrations of metals in aqueous environments [5,6].
Such techniques include graphite furnace atomic absorption spectrometry (GFAAS) [7], flame-atomic
absorption spectrometry (FAAS) [8-10], inductively coupled plasma mass spectrometry (ICP-MS) [11,12],
and inductively coupled plasma atomic emission spectrometry (ICP-AES), which are routinely used
for the quantification of trace metals in environmental and food samples [13-15]. Most techniques
require appropriate analytical separation and pre-concentration of the metals of interest. These
methods include liquid-liquid extraction [16], co-precipitation [17], ion exchange techniques [18], and
solid-phase extraction (SPE) [19,20]. Amongst these, SPE is often preferred owing to its simplicity and
ease of application. It has the following advantages: (i) simple and fast operation, (ii) low-cost, (iii) high
pre-concentration factor, (iv) rapid separation of phases, (v) choice of solid phase and (vi) flexibility of
use with different detection techniques [21-24]. The use of solid supports functionalized with ligands,
such as R-nitroso-a-naphthol [25], 1-(2-pyridilazo)-2-naphthol [26], piperidinedithiocarbamate [27],
o-aminobenzoicacid [28], 2-(methylthio)aniline, and 2-aminothiophenol [29,30], has been suggested
in the literature. The complexation characteristics of the reagent and the sorption behavior of metal
ions is influenced by the donor (soft or hard atom), and the metal atom in addition to the size of
the formed chelate ring and the number of donor atom binding sites on the reagent. There is an
increasing interest in the development of stable, high capacity and low-cost functionalized resins to
improve the efficacy of analytical techniques for determining the concentration of toxic elements in an
aqueous environment.

In the present study, a novel, facile yet sensitive analytical method has been developed for
the pre-concentration and separation of Pb and Cd in an aqueous environment. The column was
loaded with functionalized Amberlite XAD-16 by the covalent coupling of a synthesized ligand,
3-(2-hydroxyphenyl)-1H-1,2,4-triazole-5(4H)-thione (HTT), with the polymer backbone using an
azo spacer. Then, 10 mL of 1 M HNO3 was used for eluting the sorbed metals, which were then
analyzed by ICP-AES. The experimental conditions were optimized to ensure high extraction efficiency.
The pre-concentration factor was found to be ~50 for a 500 mL sample solution.

2. Materials and Methods

2.1. Apparatus

For the analysis of metals, i.e., Pb and Cd, an ICP-AES (Varian, Liberty Series II, Mulgrave,
Australia) was used keeping incident power at 1.1 kW, plasma gas flow at 15 L/min, auxiliary gas
flow at 1.5 L/min, photomultiplier tube voltage at 700 V, observation height at 14 mm, pump rate
at 15 rpm, and assigning the sample uptake time of 25 s. The wavelengths used were 220.382 and
226.502 nm for Pb and Cd, respectively. For characterizing both the functionalized resin and the new
chelating compound, Fourier transform infrared (FTIR) spectrometer (Thermo-Nicolet FTIR, IR-200,
Madison, WI, USA) was used. The solution pH was measured with an ELICO (Li-129, Hyderabad,
India) pH meter.

2.2. Chemicals and Solutions

Doubly-distilled water was used for the preparation of aqueous solutions, while analytical-grade
chemicals were used without further purification. All reagents were purchased from Sigma-Aldrich
(St. Louis, MO, USA).
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Amberlite XAD-16 resin (Sigma-Aldrich) was purchased with a surface area of 900 m?/g, pore
diameter of 100 A, particle mesh size of 20-60 and pore volume 1.82 mL/g were used as the resin.
Before use, the resin beads were sequentially treated with 4 M HCl and 2 M NaOH solutions to
remove both acidic as well as basic impurities. Water was then used for washing until neutral pH
was obtained. The purified resin was filtered, washed with ethanol, and vacuum dried prior to
use. A mixed standard solution (100 ug/mL) was prepared by diluting Pb and Cd stock solutions
(1000 pg/mL). For preparing working standards, the mixed standard solutions were appropriately
diluted with double-distilled water.

2.3. Synthesis of 3-(2-hydroxyphenyl)-1H-1,2,4-triazole-5(4H)-thione (HTT)

Under constant stirring in the temperature range of —5 to 0 °C, 2-hydroxybenzoyl chloride
(170 mmol) was added drop wise to a solution containing thiosemicarbazide (230 mmol) in absolute
pyridine (10 mL). The reaction mixture was then stirred for 3 h at room temperature before being
poured into HyO, yielding 47 g precipitate of HTT (blue color), which was refluxed in 100 mL of
2NNaOH solution for 3 h and then cooled to room temperature. The precipitate was filtered and
recrystallized in ethanol. The synthesis of HTT is shown in Scheme 1. The yield was 82%. The IR
spectrum of HTT was recorded using a KBr pellet. IR (max, cm™1): 3396 (N-H), 3158 (O-H), 2976
(Ar-H), 1656 (C=N), 1229 (C=S), and 1107 (C-N). 'H NMR (DMSO-d): 6 11.43 (1H, s, NH), 9.89 (1H, s,
OH), 7.34-7.31 (m, 2H, Ar), 6.83-6.81 (d, 2H, Ar), 3.86 (1H, s, NH). 13C NMR (DMSO-d): 6 177.5, 156.3,
139.4,131.1, 126.6, 120.2, 119.2, 115.9. APCI-MS (m/z) 194 [M + H]. Anal. calcd for CsH;N30S: C, 49.73;
H, 3.65; N, 21.75; Found: C, 49.68; H, 3.61; N, 20.71.
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Scheme 1. Schematic representation of synthesis of 3-(2-hydroxyphenyl)-1H-1,2 4-triazole-5(4H)-thione
(HTT).

2.4. Functionalization of Amberlite XAD-16 with HI'T

The resin was functionalized using the procedure reported in literature [20]. A nitrating mixture
containing conc. HNOj3 and conc. HpSO4 (10:25 mL v/v) was preparedin an ice bath. Then, a5 g
sample of Amberlite XAD-16 resin was slowly added to the mixture over a period of 30 min with
stirring. The mixture was then heated to 60 °C in a temperature-controlled water bath and kept at this
temperature for 1 h with stirring before being poured into ice-water. The nitrated resin was filtered
and washed with water until the effluents yielded neutral pH. Then, it was reduced with 40 g SnCl,
in the presence of 50 mL ethanol and 45 mL HCI by refluxing at 90 °C for 9 h. The final product was
filtered and washed sequentially using distilled water and 2 M NaOH to remove any impurity.

Then, 100 mL of 2 M HCI was used to treat the amino polymer (45 g) for 30 min, which was then
washed to remove excess HCl before suspending in 250 mL of ice-cold water. The resin was next
diazotized with an equimolar mixture of NaNO; and 1 M HCl by adding 1 mL each time and testing
the reaction mixture with starch-iodide paper. This was continued until a permanent blue color was
obtained. To avoid temperature-induced degradation, the diazotized Amberlite XAD-16 was filtered

—5to 0 °C and then treated with HTT (3 g in a mixture of 25 mL of 4% NaOH and 100 mL water)
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for 24 h in the temperature range of 0-5 °C. This produced dark brownish crimson colored beads,
which were filtered and washed using 4 M HCl acid and double-distilled water before subjecting to
vacuum-drying. Steps involved in the synthesis Amberlite XAD-16-HTT are depicted in Scheme 2.
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Scheme 2. Functionalization of Amberlite XAD-16 with HTT.

2.5. Sample Collection

Five liters of surface water were obtained from Penner River belt as well as Bay of Bengal,
Nellore District, Andhra Pradesh, India, filtered using membrane filters (0.45 pm) and kept at 4 °C
until analysis.

2.6. Solid-Phase Extraction (SPE)Procedure for the Pre-Concentration and Determination of Metal Ions

Amberlite XAD-16 (500 mg) was functionalized with HTT by stirring in double-distilled water;
it was poured into a 100 mm long glass column (10 mm i.d.) equipped with a disc and a stopcock at
the bottom. To prevent the loss of resin beads during the sample loading, a small amount of glass
wool was placed on the disk. Then, 2 M HCl was used to treat the column bed before washing with
double-distilled water to remove any acid stain. An aliquot of the 500 mL of sample solution containing
50 ng/mL of Pb or Cd at pH 5 was flowed through the column before washing with double-distilled
water. To strip bound metal ions from the packed bed of resins, 10 mL of 1 M HNO3 was used.
The metal ion concentration in theelutes were determined by ICP-AES.

3. Results

3.1. Fourier Transform Infrared (FTIR) Spectral Analysis of HIT and Amberlite XAD-16-HTT

The structure of the functionalized Amberlite XAD-16-HTT was confirmed by FTIR analysis
as shown in Figure 1a,b. The FTIR spectrum was recorded using a KBr pellet containing HTT and
functionalized Amberlite XAD-16-HTT. The FTIR spectrum of HTT in Figure 1a showed bands at 3396,
2976, 1656, 1229, and 1107 cm ! that can be attributed to N-H, Ar-H, C=S, C=N, and C-N stretching,
respectively. On the other hand, in the FTIR spectrum of functionalized Amberlite XAD-16-HTT
(Figure 1b), new additional bands of the modified resin appear at 3348, 2968, 1634, 1538, 1238, and
1152 ecm~!, which can be attributed to N-H, Ar-H, C=S, N=N, C=N, and C-N stretching, respectively.
Similarities between ligand (HTT) spectrum and that of modified resin confirm the functionalization
of HTT onto Amberlite XAD-16.
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Figure 1. Fourier transform infrared (FTIR) spectra of HTT (a,b) functionalized Amberlite XAD-16-HTT.

3.2. Effect of pH

In SPE studies, the effect of pH on the uptake of Pb and Cd onto the resin functionalized with
HTT was investigated using the column procedure. This consisted of placing 500 mg of functionalized
resin in a column, through which 10 mL of the metal ion solution containing 5 ng/mL of mixed Pb
and Cd was passed at a flow-rate of 2.5 mL/min. The pH of the aqueous solutionvaried from 2 to 8
using appropriate buffers. The experiments were carried out in triplicate. Figure 2 shows the data for
the metal ion recovery. For maximum recovery, the optimum pH was found to be in the range of 4-6.
It is evident from the figure that the highest recovery is achieved at pH 5. Hence, this was taken as the
optimum pH for the SPE of metal ions.
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Figure 2. Effect of pH on the percent recovery of metal ions.

3.3. Effect of the Amount of Resin on the Pre-Concentration of Metal lons

6 0of 12

For the maximum recovery of metals in environmental samples, a sufficient amount of resin is
needed to ensure the total retention of metals onto its surface. The amount of Amberlite XAD-16-HTT
resin required for the quantitative retention of Pb and Cd was studied by varying the amount of
Amberlite XAD-16-HTT resin (100-800 mg) filled in the column. The maximum recoveries of all the
analytes were achieved when 500 mg of resin was used in the column. Therefore, 500 mg of Amberlite

XAD-16-HTT resin was used for subsequent experiments. The results are shown in Figure 3.
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Figure 3. Effect of amount of functionalized resin on recovery of metal ions.

3.4. Effect of Flow Rate

Amount of Functionalised Resin (mg)

1000

The effect of the flow rate on the metal ion recovery was studied by varying it between
1-5 mL/min. The optimum flow rate for the quantitative sorption of metal ions on the resin was
2.5 mL/min, since the recovery of metal ions decreased at higher flow-rates. This decrease in the
recovery can be attributed to the low residence time, resulting in insufficient contact of metal ions with
the functionalized resin. Lower flow rates (<1 mL/min) were not studied to avoid long analysis times.
The flow rate of the sample solution was therefore kept at 2.5 mL/min.
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3.5. Eluent Selection and Concentration Optimization

Various acids were screened to choose the best eluent for the desorption of metal ions from
Amberlite XAD-16-HTT. Eluents such as 1 M HCl and 1 M HNOswere used for desorbing the adsorbed
Pb and Cd ions. For each sample, the recovery percentages of Pb and Cd ions were computed. Results
are presented in Table 1 for different concentration of acids. Clearly, 1 M HNOj3 solution is the most
suitable eluent, which was therefore selected for the desorption of metal ions.

Table 1. Recovery of trace metal ions, Pb and Cd using various eluents.

Pb Cd
Eluents
Recovery (%) Recovery (%)
0.05 M HC1 48.6 +2.72 48.6 £2.8
0.1 M HC1 823+1.7 824 +1.7
0.5 M HC1 975+1.2 952 +17
1.0 M HCl 97.7+1.2 97.3+13
0.05 M HNO3 514 +21 51.1+32
0.1 M HNO;3 844 +138 843 £1.9
0.5 M HNO;3 99.3£0.6 99.2 £0.6
1.0 M HNO3 99.8 £0.5 99.5+04

@ Mean =+ standard deviation (1 = 5).

3.6. Effect of Sample Volume

We also investigated the effect of sample volume on the elution of Pb and Cd by choosing
different volumes of water in the range 100-1000 mL (Amberlite XAD-16-HTT resin 500 mg). Results
are shown in Table 2. Clearly, recoveries were rather comparable up to 500 mL of aqueous phase
(pre-concentration factor ~50) for both cases. Higher sample volumes (>500 mL), however, led to a
decrease in the recovery. Hence, a sample volume of 500 mL was used for all further studies.

Table 2. Effect of sample volume on recovery of metal ions.

Volume of Sample (mL) Pb Cd
Recovery (%) Recovery (%)
100 96.24+09? 96.4+0.7
250 96.7 £1.9 96.2 £0.9
500 99.1+0.6 99.3+0.5
750 943 +1.3 94.1+14
1000 823+1.9 812+18

2 Mean =+ standard deviation (n = 5).

3.7. Sorption Capacity

We analyzed the sorption capacity of Amberlite XAD-16-HTT resin using the batch method. 1 g
resin was saturated with a mixed Pb and Cd solution of 50 ug/mL concentration by equilibrating
using a mechanical shaker. The solid was then filtered and subsequently washed with distilled water.
The metal concentrations in the supernatant liquid were determined by ICP-AES. By applying material
balance, the mass of metals sorbed onto Amberlite XAD-16-HTT resin wascomputed. The sorption
capacities of resin for Pd and Cd were 5.46 and 5.21 mg/g, respectively.

3.8. Sorption Kinetics

Sorption kinetics is of crucial importance since it yields information about the sorption rate of
metals onto reagent loaded resin during the dynamic column mode analysis of water, so we employed
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a batch method to study the uptake rate of metal ions on Amberlite XAD-16-HTT. At 30 + 0.1 °C,
50 ug/mL of individual metal ion solutions wasadded to 1 g mass of resin, the resulting mixture was
stirred for 2, 5, 10, 20, 30, 40, 50, 60, 90, and 120 min. Then, 1 M HNOj3; was used to elute metal ions
from the resin surface for analysis using ICP-AES. The results, presented in Figure 4, were used to
determine the loading half-time (1 /), which is the time required to reach 50% sorption of total metals
present in the solution. Its value was less than 5 min for both cases; 4.4 and 4.1 min for Pb and Cd,
respectively [20]. These results clearly indicate the rapid sorption kinetics in the present case.

100 -
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Figure 4. Kinetics of sorption Pb and Cd ions on Amberlite XAD-16-HTT resin.

3.9. Effect of Matrix Ions

We also examined the effect of matrix ions on the pre-concentration of analytes using optimized
conditions. The tolerance limit of matrix ions was taken as the value that causedless than 5% error in
the reading. It is evident from results presented in Table 3 that the common cations and anions present
in natural water do not affect the pre-concentration of Pb and Cd. However, the presence of chelators
in the water can affect the accuracy of measurement due to the formation of metal-chelating agent
complex [31].

Table 3. Tolerance limits of matrix ions for Pb and Cd determination (n = 5).

. Tolerance o . Tolerance o
Matrix Limit Recovery (%) Matrix Limit Recovery (%)
Ion (mg/L) Pb Cd Ion (mg/L) Pb Cd
Na* 28,000 981+11°% 976 +£122 CH3COO~ 10,000 954+12 971+14
K* 24,000 972 +1.4 954 +0.8 PO43~ 2500 951+17 941+19
Ca2* 20,000 96.8 + 0.9 95.0 + 1.1 SO4%~ 16,000 96.4+15 948+0.7
Mg?* 18,000 96.3 + 0.8 952 +1.2 A+ 100 954+12 962+0.6
Cl~ 23,000 98.5 £ 1.6 96.8 £1.8 Cro+ 51 951+14 948=+1.1
NO3~ 14,000 973+ 1.8 95.0+ 04 Zn%* 40 95.6 09 982+0.4
HCO;™~ 10,000 952 +13 98.0£ 1.0 Co? 44 974+£12 979+08

2 Mean = standard deviation (n = 5).

3.10. Resin Stability and Reusability

We examined the stability of the present resin (Amberlite XAD-16-HTT) using 1-6 M HNO3 by
shaking it for 4 h with acid solutions of varying concentrations before filtering. The treated resin
was washed to remove acid and air-dried, and its sorption capacity was determined. The difference
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between the sorption capacity of the acid-treated resin with that of the untreated resin was less than
2.8%. Clearly, the effectiveness of the present resin is not compromised even with highly concentrated
acids (as high as 6 M). Moreover, multiple sorption-desorption batch cycles using the same resin was
also carried out to examine its reusability. Even several sorption—desorption cycles hardly affected its
sorption capacity. A capacity degradation of less than 1.4% was observed after 10 cycles.

3.10.1. Accuracy of the Method

The accuracy of the present technique was assessed by analyzing the metal ions that were present
in NIST 1643e Water and the results, shown in Table 4, clearly show good agreement with the certified
values. It also confirms that the procedure developed for the determination of metal ions is free
of interferences.

Table 4. Recovery of Pb and Cd from standard reference materials after pre-concentration on Amberlite
XAD-16-HTT resin.

NIST 1643e Water (ug/L)
Element
Certified Value Proposed Method
Pb 19.63 + 0.25 19.56 +0.24 2
Cd 6.57 +0.42 6.47 +£0.26 2

2 Mean = standard deviation (n = 5).

3.10.2. Detection of Trace Metal Ions in Water Samples

We also collected natural water samples from Pennar River (Nellore district, AP, India) and Bay
of Bengal, Indian Ocean to determine the Pb and Cd ions concentration using the present analytical
technique. The results shown in Table 5 indicate that the concentrations of Pb and Cd are in the ranges
of 7.40-15.48 and 0.74-7.14 pg/L, respectively.

Table 5. Determination of Pb and Cd ions in different water samples (1 = 5).

ICP-AES Method (ug/L)

Sample
Natural Water River Water Sea Water
Pb 8.66 £ 0252 15.48 £ 0.55 7.40 +0.22
Cd 714 +0.162 1.95 4+ 0.23 0.74 +0.15

a Mean =+ standard deviation (n = 5).

3.10.3. Analytical Features

The recovery and precision of the proposed technique were determined by carrying out successive
retention and elution cycles under optimum conditions, which were comprised of using 500 mL of a
sample solution containing 50 pug/mL of Pb and Cd. The results are presented in Table 6. Recoveries
were more than 99% for both cases while the standard deviation was 1.8% and 2.3% for lead and
cadmium, respectively. On the other hand, the detection limits (LOD), which is the concentration
equivalent to three times the standard deviation of the reagent blank (1 M HNO3) of 10 measurements,
were found to be 0.16 and 0.22 pg/L for Pb and Cd, respectively.

Table 6. Key analytical parameters of Pb and Cd.

Parameters (Units) Pb Cd
Detection limit (ug/L) (n = 10) 0.16 0.22
Recovery (%) (n =5) 99.1 99.8

Standard deviation (%) (n = 5) 1.8 2.3
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3.10.4. Comparison with Other Methods

A comparison of the proposed method with other SPE methods is summarized in Table 7. The
proposed SPE method developed using a new analytical reagent without any carrier element has
relatively high pre-concentration factors, lowRSDs (Relative Standard Deviation), and low (Detection
Limit) DLs compared to other methods reported in the literature.

Table 7. Comparative data from some recent studies on off-line solid-phase extraction (SPE) systems
based on the use of Amberlite resins.

. PF .
Pre-Concentration Analytes Technique Flow Retes (Pre-Concentration Detection Limit Ref.
System (mL/min) (ug/L)
Factor)
) i Cd(ID), Cu(ID), 230 for Cu(I); 0.4 for Cu(ID);
ﬁ-ﬁberﬁﬁﬁﬁﬁ 4/ Mn(II), Ni(ID), ICP-AES - 120 for Mn(Il); 0.3 for Mn(II); [25]
1Hhioc €s Pb(I1), Zn(Il) 215 for Zn(I) 0.5 for Zn(II)

XAD-2000/1-(2- Cr(Im), Cu(lh),

FgAr;igllazo)-Z-naphthol Ni(II), Pb(II) FAAS 10 250 - [32]
e SERN we 0w .
Q?S?E}E;PTSC qu\rl)i’(%l(m’ ICP-AES 2> i 8:211 fgi g;((llll)) [34]
Amberlite XAD-16-HTT ~ Pb(IT), Cd(II) ICP-AES 25 50 016 for Pb(I)  Present

0.22 for Cd(II) Study

4. Conclusions

The present SPE method, based on the functionalized Amberlite XAD-16-HTT, is applicable for
the separation and pre-concentration of Pb and Cd in water samples for their analysis by ICP-AES.
The optimum experimental conditions, e.g., the effect of pH, sample volume, flow rate, eluent
concentration, sorption capacity, sorption kinetics etc., were investigated. Both metal ions were
effectively retained by the functionalized resin at pH 5, and desorbed using 10 mL of 1 M HNOs.
The functionalized chelating resin Amberlite XAD-16-HTT has the following advantages: stable in an
acidic medium, good resin-loading capacity, very short loading half-time (t1,,), and faster exchange
kinetics during the metal ion uptake. The reusability of the resin was tested in more than 10 cycles
without affecting its sorption capacity. The developed SPE method has the advantage of a high
enrichment factor in addition to a high tolerance limits for foreign ions and low detection limits for
both Pb and Cd. This proposed method exhibits high tolerance limits for matrix ions and is effective
for the pre-concentration and determination of Pb and Cd ions in water samples.
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