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Abstract 

A solid phase extraction method using Amberlite XAD-16 modified with 1,10-phenanthroline for Pb(II) preconcentration 

from industrial water samples and subsequent determination by FAAS has been developed. Various chemical and flow 

parameters such as pH, eluent concentration, sample and eluent flow rates were optimized for maximum sorption and 

recovery of Pb(II) from a column containing 1.0 g of the resin. The effect of interfering ions on the quantitative recovery 

of Pb(II) was investigated. The sorption capacity of the resin for Pb(II) was found to be 28.4 mg g
-1

. The 

preconcentration factor for 1200 mL of the solution was calculated to be 48. The limit of detection, which is three times 

the standard deviation of the blank, was calculated for seven replicates and found to be 7.9 ng mL
-1

. The precision of the 

measurements is represented by % R.S.D., which was found to be 2.7 % for five replicates. The optimized method was 

applied to industrial water samples from Gurgaon and Noida and lead content in these was determined.  
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1. INTRODUCTION 

Lead has been used since ancient times due to the fact it is easily extracted from ore and generally easy to 

work with. Metallic lead is rarely found in nature as a free metal and is usually found in ores such as galena 

(PbS), cerussite (PbCO3) and anglesite (PbSO4) [1]. Pb(II) is extensively used in storage batteries, solders, 

cable sheaths,pigments, anti-knock products, and radiation shields [2]. Lead is present in tap water to some 

extent as a result of its dissolution from naturalsources, but primarily from household plumbing systems in 

which pipes, solder,fittings or service connections to homes contain lead [3].In recent years, concern has 

increased over the concentration of lead in drinking and natural waters. Prolonged intake of even low 

concentrations of lead can damage the body's organs and can cause weakness in the body's joints. Lead 

poisoning can have a major effect on the body's nervous system. During the last decade, an extensive database 

has been published providing a direct link between exposure to high levels of lead and mental deficiency in 

children. The permissible limit of lead in drinking water governed by World Health Organization (WHO) is 

0.05 mg L
-1

, by Indian Council of Medical Research (ICMR) 0.05 mg L
-1

 and by Central Pollution Control 

Board (CPCB) there is no relaxation in maximum permissible limit of lead in drinking water [4]. 

Analytical techniques that have been used for the determination of lead in real samples include 

spectrophotometry, atomic absorption spectrometry, inductively coupled plasma optical emission 

spectrometry and chemiluminescence[5]. FAAS is one of the most widely used techniques for trace metal 

determinations because of simplicity of operation, easy maintenance and low installation and running cost. 

However, FAAS suffers from lack of sensitivity and selectivity for the ultra-trace metal concentrations usually 

encountered in environmental samples due to interference by the matrix of the sample. Therefore, 

preconcentration of analyte is a crucialsample pre-treatment step before the flame atomic absorption 

spectrometric determination. Previously, many methods such as liquid–liquid extraction, coprecipitation, 

distillation, fractionation and solid-phase extraction(SPE) [6] have been used for analyte preconcentration. 

Among these, SPE is a popular choice for extraction of analyte in the trace level [7]. Solid phase extraction 

has several advantages over other separation techniques in view of the following: (i) trace and major 

concentrations of trace ions present in hazardous samples can be removed with equal ease; (ii) higher 

enrichment factors; (iii) reusability of the adsorbent; (iv) absence of emulsion; (v) minimal costs due to low 
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consumption of reagents; (vi) ease of automation; (vii) environmental friendly, and(viii) safety with respect to 

hazardous samples [8].  

Accordingly, several solid phase extractants have been employed for trace metal preconcentration. The most 

prominent among the solid supports used are activated carbon, modified or bonded silica, polyurethane foam 

and cellulose [9]. Polymeric resins such as Amberlite XAD series resins [10] and Dowex series resins [11] 

have also been exploited in solid phase extraction of various trace metal ions The Amberlite XAD-16 resin is 

a polystyrene divinylbenzene copolymer with a high surface area and is a popular solid sorbent for 

immobilization of chelating agents. In the past, it has been modified with chelating agents such as α-benzoin 

oxime [12], dithizone [13], 8-hydroxyquinoline [14], salicylic acid [15], xylenol orange [16], etc. to improve 

its selectivity and performance in trace metal preconcentration.1,10-phenanthroline is an organic 

compoundknown to form complex with Pb(II) [16], and thus has been chosen as the chelating agent for lead 

preconcentration. 

The present work describes a new preconcentration procedure based on SPE of tracePb(II) in industrial water 

samples and determination using FAAS. Amberlite XAD-16 chemically modified with 1,10-phenanthroline 

has been used as the solid phase extractant.  

 

2. EXPERIMENTAL 

2.1 Instrumentation 

A PerkinElmer AAnalyst 400 flame atomic absorption spectrometer equipped with deuterium lamp 

background correction and an air–acetylene burner for metal determination was used throughout the study. 

The wavelength for the resonance line of lead hollow cathode lamp was set at 283.81 nm. All data was 

calibrated through the Winlab32 software installed on a personal computer. To adjust the pH of solutions, 

ELICO pH meter model LI-614 was used. For making all solutions and washing, ultrapure water having 

resistivity 18.2 mΩ was used from MilliQ water system (Merck Millipore). 

2.2 Reagents and materials 

All chemicals used were of analytical reagent grade. All workingsolutions were prepared using ultrapure 

(resistivity 18.2 MΩ cm)water from Milli-Q purification system (Merck Millipore). Thepolymeric support 

used was Amberlite XAD-16 (Sigma-Aldrich),which has a moisture holding capacity of 62–72%. 1,10-

phenanthroline(Thomas Baker) was used as the chelating agent.A stock solution of 1000 μg mL
-1 

of Pb(II) 

was prepared freshly by dissolving 0.159 g of Pb (NO3)2 in ultrapure water in a 100 mL standard volumetric 

flask and was used to prepare fresh Pb(II) solutionsdaily by dilution using ultrapure water. To adjust the pH of 

Pb(II) solution, 0.1 mol L
-1

 HCl and 0.1 mol L
-1 

NaOH solution were used.Polypropylene 

apparatus(POLYLAB) were used, and were cleaned with 10% (v/v) nitricacid and rinsed with ultrapure water 

before use. 

2.3 Synthesis of Amberlite XAD-16-1,10-phenanthroline (AXAD16-Phen) chelating resin 

The chemical modification of Amberlite XAD-16 with 1,10-phenanthroline to obtain the AXAD16-Phen 

chelating resin was carried out as reported before [17]. 

2.4 Column preparation 

A glass column (10 cm x 1 cm) having a stopcock was plugged with cotton wool. It was filled with 1 g of 

acidified resin beads of AXAD16-Phen and washed well with ultrapure water. Before each preconcentration 

cycle, the column was cleaned well using 10 mL of 2 molL
-1

 HNO3 and then with ultrapure water. 

2.5 Procedure for preconcentration of Pb(II) 

25 mL of the 5 µg mL
-1

Pb(II) solution maintained at pH 4 was passed through the column containing 

AXAD16-Phen at a flow rate of 3 mL min
-1

. Pb(II) retained on the column was eluted with 15 mL of 2 mol L
-1

 

HNO3 at flow rate of 3mL min
-1

. The concentration of Pb(II) in the eluate was determined by pre-calibrated 

FAAS. 

2.6 Procedure for determination of Pb(II) in industrial water samples 
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Water samples were collected in clean polypropylene bottles from two industrial areas in Delhi NCR – 

Gurgaon and Noida. Water samples were acidified with small amount of concentrated acid before storing in 

refrigerator. 25mL of each of the water samples was filtered using 0.45 µm pore size filter paper (Merck 

Millipore) to remove suspended impurities. Each water sample was passed through the preconcentration 

column and analyzed according to the procedure given above. 

 

3. RESULTS & DISCUSSION 

3.1Characterization of Amberlite XAD-16-1,10-phenanthroline (AXAD16-Phen) chelating resin 

The characterization of the synthesized AXAD16-Phen chelating resin was carried out as reported before [17]. 

3.2 Optimization of Chemical and Flow Variables 

To maximize the efficiency of the solid phase extractant for metal preconcentration, several important 

parameters are required to be optimized. Optimization of parameters such as pH and sample flow rate can 

maximize the retention of analyte of interest on the preconcentration column, while optimized eluent 

concentration and eluent flow rate govern maximum recovery of the sorbed species form the column. Thus, to 

maximize the sorption and recovery of Pb(II) from the AXAD16-Phen resin, these parameters have been 

optimized as discussed below. 

 

Figure 1 Optimization of chemical and flow variables. a. effect of pH, b. effect of eluent concentration, 

c. effect of sample flow rate, d. effect of eluent flow rate. 

3.2.1 Effect of pH 

The effect of pH on the recovery of Pb(II) ion on AXAD16-Phen was examined in the range of 2–10, keeping 

the other conditions constant. For this purpose, the column experiment was performed by using 25 mL of 

solution containing 5 µg mL
-1

 of Pb(II)ion. As given in Figure 1a, therecovery wasmaximum at pH 4. Thus, 

pH 4 was selected for further experiments. 

3.2.2 Effect of eluent concentration of eluent 
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To obtain quantitative recovery of Pb(II), the effect of eluent concentration on preconcentration was 

investigated using HCl and HNO3solutions of different concentrations. The results of this experiment are 

displayed in Figure 1b. It was found that 15 mL of 2 mol L
-1

 HNO3 was sufficient to quantitatively recover the 

Pb(II) sorbed on the resin. 

3.2.3 Effect of sample and eluent flow rate  

The influence of the flow rate of the sample solution on Pb(II) preconcentration was investigated in the range 

of 2.0 – 7.0 mL min
-1

. Recovery results depend on the flow rate of the solution and are displayed in Figure 1c. 

It was found that the recovery of Pb(II) was maximum at 3.0 mL min
-1

 sample flow rate. Beyond 3.0 mL min
-

1
, the recovery of Pb(II) decreased. Thus, all further studies were performed at 3 mL min

-1
 flow rate for 

sample solution. The influence of the flow rate of eluent on Pb(II) preconcentration was investigated in the 

range of 2.0 – 7.0 mL min
-1

. The recovery results for eluent flow rate are displayed in Figure 1d. It was found 

that the recovery of Pb(II) was maximum at 3.0 mL min
-1

 eluent flow rate and the recovery decreased beyond 

3.0 mL min
-1

. Thus, all further studies were performed at 3 mL min
-1

 eluent flow rate. 

3.3 Effect of common matrix ions on Pb(II) preconcentration 

Most water samples are found to contain significant amounts of chlorides, nitrates and sulfates. These ions 

have the capability to bind with metal ion during complexation. Therefore, the presence of these ions can 

interfere with the efficiency of resin in preconcentration of metal of interest. Thus, the effect of some common 

matrix ions on the effective preconcentration of 5 µg mL
-1

 of Pb(II)solution by AXAD16-Phen resin was 

estimated in the presence of large concentrations of these ions. It was found that effective Pb(II) 

preconcentration could be done up to certain limits, which is given as the tolerance limit of the SPE – FAAS 

method in Table 1 below. 

Table 1 Tolerance limit of common matrix ions 

Interfering ion Tolerance limit (µg mL
-1

) 

Cl
-
 770 

Na
+

 500 

NO3

-
 475 

K
+

 300 

SO4

2-

 180 

Ca
2+

 75 

3.4 Sorption capacity 

The sorption capacity ofAXAD16-Phen resin was determined by saturating 0.5 g of the resin with 50 mL of 

100 µg mL
-1

Pb(II) solution by equilibration on a rotating shaker for 5 h. The sorbed Pb(II) was desorbed using 

30 mL of 2 mol L
-1

 HNO3 and the concentration of Pb(II) in this filtrate was determined by FAAS. The 

sorption capacity of AXAD16-Phen resin was found to be 28.4 mg g
-1

, which was found to be higher than 

other reported solid phase extractants listed in Table 2.  

Table 2 Sorption capacities of different reported solid phase extractants for Pb(II) 

Support Chelating Agent Sorption Capacity 

(mg g
-1

) 

Reference 

Activated carbon DHMP 0.40 18 

Amberlite XAD-16 ABSA 18.3 19 

Benzophenone DBO 11.9 20 

Pang Da Hai (herb) - 27.1 21 

Silica gel Gallic acid 12.6 22 

Silica gel Resacetophenone 13.8 23 
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Silica gel o-dihydroxybenzene 17.0 24 

Silica gel 1,8-dihydroxyanthraquinone 15.8 25 

Amberlite XAD-16 1,10-phenanthroline 28.4 This work 

 

3.5Analytical figures of merit 

The preconcentration factor (PF) is defined as the ratio of concentration of the analyte in the final extract 

ready for its determination and in the initial solution. Solutions with consecutively increasing volumes of 5 µg 

mL
-1 

of Pb(II) were passed through the column containing 1.0 g of AXAD16-Phen and Pb(II) preconcentrated 

on the column was eluted and determined by the optimized procedure. The preconcentration factor is 48 for 

Pb(II).The limit of detection (LOD) is calculated as three times the standard deviation (3σ) of n replicate 

measurements of blank samples. The LOD for 7 replicates under optimum conditions was 7.9 ng mL
-1

. The 

relative standard deviation (% R.S.D.) is a measure of the precision of measurements. For 5 replicates, the 

%R.S.D was calculated to be 2.7%. The analytical figures of merit for preconcentration of Pb(II) by 

AXAD16-Phen resin are given in Table 3 below. 

Table 3 Analytical figures of merit 

Parameter Optimum conditions 

pH 4.0 

Eluent 2 mol L
-1

 HNO3 

Sample flow rate (mL min
-1

) 3.0 

Eluent flow rate (mL min
-1

) 3.0 

Sample volume (mL) 25 

Eluent volume (mL) 25 

Sample concentration (µg mL
-1

) 5.0 

Preconcentration factor 48 

Limit of detection (ng mL
-1

) 7.9 

Precision (% R.S.D.) 2.7 

3.6 Analysis of Industrial Water Samples 

Pre-collected and stored industrial water samples were analyzed for Pb(II) concentration according to the 

procedure given in Section 3.2 at the optimized conditions. The results of the analysis are given below in 

Table 4. 

Table 4 Determination of Pb(II) in industrial water samples 

S.No. Sample 
Concentration of Pb(II) 

(µg mL
-1

)
a

 

1. Gurgaon Industrial Area, Haryana, India 1.46 ± 0.14 

2. 
Noida Industrial Area, Uttar Pradesh, 

India 
3.13 ± 0.10 

a
Confidence interval 95% 
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3.7 Comparison of reported methods with presented work 

The comparison between the results obtained for Pb(II) preconcentration with the presented method  and other 

reported methods for SPE preconcentration and FAAS determination for Pb(II) are given below in Table 5. 

The presented method shows good sensitivity i.e., detection limit, better precision (%R.S.D.) and high 

preconcentration factor as compared to other reported methods for Pb(II) preconcentration.  

 

Table 5 Comparison of performance of presented work with published methods 

Support Chelating agent 

 

Eluent PF Sample 

Volume 

(mL) 

LOD 

(ng mL-1) 

%R.S.D 

 

Ref. 

 

Activated carbon 1,10-phenanthroline HNO3 50 400 10.8 < 7 26 

Amberlite XAD-2 o-aminophenol HNO3 40 1000 25.0 ≤8 27 

Amberlite XAD-2 Tiron HNO3 25 1000 24.0 ≤8 28 

Amberlite XAD-2 Pyrogallol HCl/HNO3 25 625 25.0 ≤8 29 

Cellulose 2,3-dihydroxypyridine HNO3 200 2000 5.91 3.1 30 

Amberlite XAD-16 1,10-phenanthroline HNO3 48 1200 7.90 2.7 This 

work 

 

4. CONCLUSION 

A new separation method based on solid phase extraction has been successfully applied for Pb(II) 

preconcentration and determination by FAAS. The used SPE preconcentration procedure is simple and highly 

sensitive for Pb(II) even in the presence of large amounts of interfering matrix ions. The Amberlite XAD-16-

Phen resin shows high sorption capacity of 28.4 mg g
-1

 for Pb(II) as compared to other reported resins as 

shown in Table 2. The optimized method has good precision, high preconcentration factor and enhanced limit 

of detection. This optimized method was effectively applied to industrial water samples from Gurgaon and 

Noida for determination of Pb(II) content. It was found that both water samples exceed the WHO prescribed 

permissible limit for Pb(II) in water, viz. 0.05 mg L
-1

. The comparison between the performance of this work 

and other reported work for Pb(II) preconcentration is shown in Table 5. By this comparison it is clear that the 

preconcentration method presented in this report is better than those with other adsorbents. Thus, the 

preconcentration of Pb(II) from industrial water samples by the use of a modified solid phase extractant and 

detection by FAAS is a better analytical technique than singular FAAS detection. Commercially available 

solid phase extractants such as Amberlite XAD series resins can be modified to preconcentrate and detect not 

only lead but other heavy metals also, which are present in trace to ultra-trace amounts in water bodies.  
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