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Abstract 
 

A facile separation and preconcentration procedure were 

established for the determination of trace amounts of Cu(II), 

Ni(II), Co(II) and Mn(II) in water samples using Amberlite 

XAD-1180 functionalized with a new chelating ligand, 6-

aminopyridin-2-yliminomethylnapthalen-2-ol (APIMN). The 

sorbed elements were subsequently eluted with 10mL of 2 M 

HNO3 and the elutes were analyzed by FAAS. The influences 

of the analytical parameters including pH, amount of 

adsorbent, eluent type and volume, flow-rate of the sample 

solution, volume of the sample solution and matrix 

interference effect on the retention of the metal ions have 

been studied. The optimum pH for the sorption of above 

mentioned metal ions was about 6.0. The sorption capacity of 

the resin was determined. The limit of detections was found 

to be 2.2, 2.6, 3.0 and 3.2 g mL
-1 

for Cu(II), Ni(II), Co(II) 

and Mn(II)  respectively by applying a preconcentration 

factor 72. Recoveries under optimum conditions were found 

to be 94.0 to 99.0 % at the 98 % confident level. The 

proposed method was successfully applied for the 

determination of Cu(II), Ni(II), Co(II) and Mn(II) in 

environmental samples. The results were obtained are good 

agreement with reported method.  
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Introduction 
 

The bioaccumulation of heavy metal ions in living cells can cause several progressive diseases such as, kidney 

deficiencies, lung problems, bone lesions, nervous system damages, hypertension and cancer in humans and animals 

[1-3]. Sensitive and accurate determination of metals at trace level is one of the important points of the analytical 

chemistry [4-5]. Although the sensitive and accurate determination of trace elements is by some instrumental 

techniques such as inductively coupled plasma mass spectrometry, (ICP-MS) [6-7], inductively coupled plasma 

optical emission spectrometry (ICP-OES) [8], graphite furnace atomic absorption spectrometry (GFAAS) [9] and 

flame atomic absorption spectrometry (FAAS) [10–12] are routinely used for the quantification of trace metals in the 

environmental samples. Compared with other techniques, Flame atomic absorption spectrometry (FAAS) is relatively 

simple and available technique in many laboratories for trace metal determinations [13–15]. However, the 

determinations of trace elements at microgram per liter concentration levels by FAAS are often difficult, not only 

because of its insufficient sensitivity, but also because of matrix effects. To solve this problem, separation–

preconcentration procedures are often involved prior to analysis by FAAS. For this purpose, numerous separation and 
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preconcentration procedures have been developed for trace metal ion determination in various matrices. These 

methods include liquid–liquid extraction [16], ion exchange techniques [17], co-precipitation [18], cloud point 

extraction [19-20] and solid phase extraction [21-22] etc., the later is preferred due to its simplicity for the trace metal 

ions preconcentration by the researchers.  

 

Solid phase extraction (SPE) is the most common pre-treatment method for sample matrix simplification and pre-

concentration of trace amounts of analyte in samples. Compared with traditional liquid–liquid extraction method, SPE 

has the following advantages: (i) high preconcentration factor; (ii) simple operation; (iii) rapid phase separation; (iv) 

can be combined with different detection techniques and (v) time saving and cost saving [23]. Several solid phase 

materials such as activated carbons [24], Chromosorb 105 [25], cotton [26], surfactant-coated alumina [27] and silica 

gel [28] were employed for the separation and preconcentration of the metal ion in the various environmental 

samples. Several papers have been reported for the determination of metal ions in various environmental samples [29-

32]. Chelating reagents like ammonium pyrrolidine dithiocarbamates (APDC) and sodium diethyl dithiocarbamates 

(Na-DDC) are generally used for complexation and extraction of trace metal ions into an organic solvent. Use of 

APDC and Na-DDC has certain disadvantages like poor sensitivity, less stability and low recoveries.  

 

In this work, we have developed a facile, sensitive and novel analytical method for the separation and 

preconcentration of Cu(II), Ni(II), Co(II) and Mn(II)  in environmental samples. The column was loaded with 

functionalized Amberlite XAD-1180 by covalent coupling of synthesized ligand 6-aminopyridin-2-

yliminomethylnapthalen-2-ol (APIMN). The sorbed elements were eluted with 10 mL of 2 M HNO3 and eluates were 

analyzed by FAAS. Optimum experimental conditions were investigated with respect to a standard solution of the 

matrix, in order to examine the possibility of obtaining the maximum extraction efficiency with minor sample 

treatment and minimal experimental conditions. Under these conditions the preconcentration factor was found to be 

76 for 500 mL of sample solution. The precision, as the percent relative standard deviation and the method detection 

limits were studied. The proposed method was successfully applied to the river and sea water samples, and its 

accuracy was tested by using a certified reference material. 

  

Materials and Methods 
 

Apparatus 

 

Flame Atomic absorption spectrophotometer (FAAS, Model AA 6300, Shimadzu, Japan) with air-acetylene flame and 

hollow cathode lamps were used for the analysis of Cu(II), Ni(II), Co(II) and Mn(II) . The instrumental parameters 

recommended by the manufacturer were represented in (Table 1). Fourier Transform Infrared (FT-IR) spectrometer 

(Thermo-Nicolet FT-IR, Nicolet IR-200, USA), Gemini-200 Varian, Switzerland and Avance - 300 Bruker, 

Switzerland were used for NMR studies used to characterize the new chelating compound and Elico (LI-129) pH 

meter was used for pH measurements. 

 

Table 1 Recommended experimental conditions 

 

Flame: acetylene-air (L min
-1

) 

 

Acetylene flow-rate 

Air flow-rate 

 

 

120 

480 

Analytical wavelength(nm) 

Cu(II) 

Ni(II) 

Co(II) 

Mn(II) 

 

349.2 

351.5 

346.6 

321.7 
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Lamp current (mA) 8.0 

Measurement mode Background correction 

Detection limits (μg mL
-1

) 

Cu(II) 

Ni(II) 

Co(II) 

Mn(II) 

 

2.2 

2.6 

3.0 

3.2 

 

Reagents and Solutions 

 

Reagents used were of analytical reagent grade and doubly distilled water is used for the preparations of stock and 

standard solutions unless specified. All the chemicals were purchased from Merck Chemicals, Mumbai, India. 

Standard stock solutions (1000 mg L
-1

) of Cu(II), Ni(II), Co(II) and Mn(II)  were prepared by dissolving the proper 

amounts of analyte in doubly distilled water. Working standards of solutions were prepared by the appropriate 

dilution of the stock solution daily in doubly-distilled water for reference solutions. Equimolar solutions of NH4OH 

and HCl were added appropriately to get a desirable pH of 6.0. The Schiff-base derivative 6-aminopyridin-2-made up 

to the mark with doubly distilled water in a 100mL standard flask. 

 

Synthesis of the 6-aminopyridin-2-yliminomethylnapthalen-2-ol  
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Figure 1a FTIR spectrum of APIMN 

 

 
 

Figure 1b NMR spectra of the APIMN 
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A mixture of 2-hydroxynapthalene-1-carbaldehyde (3.44 g, 20.0 mmol) and pyridine-2,6-diamine (2.15 g, 20.0 mmol) 

in a methanol (20 mL) and the solution was reflux at 50 for 4hours. The resulting precipitate was filtered, washed 

with cold water, and dried under vacuum at 70 
o
C for 5 hours to give 5 g, 91% yield of 6-aminopyridin-2-

yliminomethylnapthalen-2-ol as brown solid, IR (KBr) (ϋmax, cm
-1

): 3400 (OH), 3210–3370 (N–H, NH2), 1780, 

(C=O), 1666 (C=N) as shown in (Figure 1a). 1H-NMR (DMSO d6, 500 MHz); δδ(ppm): 14.89 (1H, OH), 8.25 (2H, 

NH2), 4.0 (1H, NH) as shown in (Figure 1b). 

 

Functionalization of Amberlite XAD-1180 with APIMN 

 

A 5g sample of Amberlite XAD-1180 was treated with a nitrating mixture, containing l0 mL of concentrated HNO3 

and 25 mL of concentrated H2SO4 and stirred for 1 h at 60°C on water bath. The  reaction mixture was poured into 

ice-water and the nitrated resin, then filtered off, and washed with water until the effluents were pH neutral and  

reduced with a mixture of SnCl2 (40 g) in the presence of concentrated HCl (45 mL), and ethanol (50 mL), and 

refluxed for 12 h at 90°C. The amino polymer was filtered off and washed with distilled water and 2 M NaOH, so as 

to get the free amino polymer.  
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Scheme 1 Scheme of the Amberlite XAD-1180/APIMN chelating resin 

 

The amino polymer was treated with 100 mL of 2 M HC1 for 30 min, washed with distilled water to remove 

excess of HC1, and suspended in 250 mL of ice cold water. It was then diazotized with an equimolar mixture of 1 M 

HC1 and NaNO2 by adding 1 mL each time with constant stirring until the reaction mixture showed a permanent blue 

color with starch-iodide paper. The diazotized Amberlite XAD-1180 was filtered at -5 to 0
o
C  to avoid its 

disintegration at higher temperature and treated with APIMN (3 g taken in a mixture of 100 mL water and 25 mL of 4 

% sodium hydroxide) at 0-5 
0
C for 24 h. The dark brownish crimson colored beads were filtered, washed with 4M 
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HCl and doubly distilled water successively and finally vacuum-dried. Synthesis and schematic representation of the 

reaction sequence of Amberlite XAD-1180-APIMN was shown in (Scheme 1). 

 

Recommended procedure for preconcentration and separation 

   

A glass column (1.0 cm x 10.0 cm) with a stopcock was taken. 400 mg of Amberlite XAD-1180 functionalized with 

resin was slurred in doubly distilled water and poured into the column. A small amount of glass wool was placed on 

the disk to prevent loss of resin beads during sample loading. Then treated with 2.0 M HCl and washed with doubly 

distilled water until free from acid. An aliquot of the sample solution containing 28, 26, 22 and 20 g mL
-1

 of Cu(II), 

Ni(II), Co(II) and Mn(II)  was taken and the pH was adjusted to the 6.0, was passed through the column at a flow rate 

of 5 mL min
–1

. The bound metal ions were stripped from the resin bed by using 10 mL of 2.0 M HNO3. The 

concentration of metal ions in elutes were determined by FAAS. 

 

Preparation of water samples 

The proposed method was employed for natural water samples (river and sea) (200 mL each) collected from around 

the Nellore district, A.P., India , using polyethylene containers cleaned with nitric acid (1:1, v/v). The water samples 

were acidified with conc. HNO3 to pH ~2 just after collecting. Once the water samples had come to the laboratory, 

they were heated at 80°C for 30 min to digest potential humic and fulvic acid complexes of metals. After cooling the 

samples to room temperature, they were filtered through cellulose acetate membrane filters (0.45 μm pore size) in 

order to eliminate any particulate and/or insoluble materials before analysis. NIST® certified drinking-water 

reference material CRM 1640a and high purity standards certified reference material for drinking water were used for 

validating the developed method. 

 

Preparation of Biological (Hair) samples 

 

The digestion time was varied from 15 to 60 min, at intervals of 15 min, during the mineralization of 1 g of hair 

sample heated at 150 
0
C with 12 ml of 2:1 HNO3 – H2O2 acid mixture. The hair samples were collected from 

Ekambarakuppum,Chitoor dist. The results obtained indicate that a minimum of 30 min digestion time is sufficient to 

complete mineralization Standard reference materials (NIES CRM Human Hair No. 5 ) were brought into solution 

following the developed dissolution procedure and analyzed. The results are found to be in good agreement with the 

certified values. 

 

Results and Discussion 
 

Effect of pH 

 

The pH is one of the important factors which affect the efficiency of the retention/elution of metal ions by solid phase 

extraction [29]. Probably this is mostly due to the formation of soluble metal complexes and their stabilities in 

aqueous solutions are strongly related to the pH of the medium. The effect of pH was studied by varying pH in the 

range of 2–9 (Figure 2).  

 

To evaluate the effect of pH on the extraction efficiency, the pH of the 500mL sample solutions containing 50µg 

of Cu(II), Ni(II), Co(II) and Mn(II)  was adjusted 6.0 and the recommended procedure was applied. The solutions 

were passed through the column at a flow-rate of 3 mL min
−1

. The metal ions were then eluted by an appropriate 

eluent and determined by FAAS. In all the cases, metal retention by the fictionalized Amberlite XAD-1180-APIMN 

was increased with increasing pH and reached a maximum (pH 6.0) after which the retention decreased. On the other 

hand, the progressive decrease in the retention of these metal ions at lower pH is due to the competition of hydrogen 

ions with the metal ions for the complexation and binding to Schiff base. In contrast, at higher pH (>6.0), the decrease 

in adsorption is due to the precipitation of metal ions as insoluble M(OH)2 or M(OH)
+
 in the reaction medium. To 

achieve the highest efficiency and good selectivity, the optimum pH of 6.0 was selected for the further studies. 
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Figure 2 Effect of the pH on the recovery of metal ions 

 

Effect of the amount of resin on preconcentration of metals  

 

The amount of solid phase in the column is a main parameter for the quantitative recovery of the analyte ions. The 

efficiency of the functionalized Amberlite XAD-1180-APIMN column for the sorption of metals was studied by 

varying amounts (100-600 mg) of the functionalized resin. It was observed that by increasing the amount of modified 

solid phase upto 500 mg, the metal ions Cu(II), Ni(II), Co(II) and Mn(II)  recovery were increased. Further, 

increasing the amount of solid phase at a fixed value of eluting solution (10 mL of 2.0 M HNO3), the recoveries are 

lower due to the insufficiency of eluting solution. Hence, in the proposed procedure 500 mg of Amberlite XAD-1180-

APIMN resin was recommended. 

 

Loading capacity 

 

The loading capacity of 6-aminopyridin-2-yliminomethylnapthalen-2-ol on Amberlite XAD-1180 was evaluated from 

the breakthrough curve plot by a method reported in the literature [33]. The capacities were found as to be 28, 26, 22 

and 20 g mL
−1

 for Cu(II), Ni(II), Co(II) and Mn(II)  when using and 18, 16, 14 and 12 g mL
−1

 without using  6-

aminopyridin-2-yliminomethylnapthalen-2-ol. 

 

Effect of flow rate          
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Figure 3 Effect of flow rate sample complete retention of analyte volume 
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The effect of flow rate of the sample solution on the retention of the metal ions Cu(II), Ni(II), Co(II), and Mn(II) on 

the Amberlite XAD-1180- APIMN resin was studied in the column packed with 500 mg resin. Sample solutions were 

passed through the column at various flow rates (1.0 – 5.0 mL min
-1

) were maintained by peristaltic pump at their 

optimum pH. The optimum flow rate may be defined as the rate of flow of the solution through the column at which 

more than 99% retention of metal ions takes place. The studies showed that the optimum flow rate for quantitative 

sorption of metal ions on the resin is between 1.0 and 3.0 mL min
-1

.The increased flow rate more than 3.0 mL   min
-  

1
causes a gradual decrease in sorption due to insufficient contact time between the resin and metal ions, therefore the 

flow rate was chosen as 3.0 mL min
-1

 as shown in (Figure 3). 

 

Selection of the best eluent and its optimization of concentration 

 

For the analytical performance of the solid phase preconcentration system, the type and concentration of eluent is also 

important. A series of selected eluent solutions such as hydrochloric acid, nitric acid and sulphuric acid were used for 

desorbing the adsorbed lead, nickel, copper and cadmium ions. For each sample the recovery percents of Cu(II), 

Ni(II), Co(II) and Mn(II)  ions were calculated and the results were shown in (Table 2). As a result of the 

experiments, 2.0 M HNO3 solution was found to be satisfactory for all of the analytes. Hence 2.0 M HNO3 were 

selected as the eluent for the analysis of the metals. 

 

Table 2 Recovery of trace metals (Cu(II), Ni(II), Co(II) and Mn(II) ) using various eluent 

 

Eluents Recovery (%)
a
 

Cu(II) Ni(II) Co(II) Mn(II) 

0.5   M HCl 48.6 48.1 53.4 48.6 

1.0   M HCl 82.3 78.9 84.5 82.4 

2.0   M HCl 97.5 95.9 95.7 95.2 

3.0   M HCl 97.7 96.4 97.9 97.3 

0.5   M HNO3 51.4 51.2 54.6 51.1 

0.1   M HNO3 84.4 84.6 86.1 84.3 

1.0   M HNO3 92.3 91.8 89.6 87.2 

2.0   M HNO3 100.0 99.3 100.0 99.9 

0.5   M H2SO4 46.8 46.6 46.8 45.4 

1.0   M H2SO4 79.7 74.9 80.6 73.5 

2.0   M H2SO4 96.7 96.9 97.3 97.2 

3.0   M H2SO4 97.2 97.61 98.6 95.7 

 

a 
Mean ± standard deviation (

 
n=5) 

 

Effect of the sample volume  

 

The solid-phase extraction technique is a common procedure for the extraction and separation from large volumes to 

obtain a high enrichment factor. To obtain a high preconcentration factor, the volume of the sample solution is an 

important parameter [30-31]. The effect of sample volume on the elution of Cu(II), Ni(II), Co(II), and Mn(II) was 
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studied. Different volumes of the water samples were taken in the range of 100, 250, 500, 750 and 1000 mL and the 

results were shown in the (Table 3). It was observed that the extraction was almost constant up to 500mL of aqueous 

phase (preconcentration factor ~70) in the case of Cu(II), Ni(II), Co(II), and Mn(II). However, the efficiency of the 

recovery slightly decreased when sample volume was more than 500 mL. Hence, 500 mL water sample was chosen 

for the present study. The enrichment factors were found to be 60 for Co(II), 120 for Cu(II)  and 300 for Mn(II) and 

Ni(II) ions when the final measurement volume was taken to be 5 mL.  

 

Table 3  Effect of sample volume on elution of metal ions 

 

Volume of 

sample(mL) 

Recovery (%)
a 

Cu(II) Ni(II) Co(II) Mn(II) 

100 94.9 95.1 95.5 95.4 

200 95.7 95.9 96.4 96.2 

300 96.3 96.9 97.4 97.8 

400 96.8 97.2 99.2 98.6 

500 98.6 98.7 98.9 98.6 

600 99.3 99.1 99.6 99.5 

700 97.3 98.2 98.7 97.6 

800 98.4 98.5 98.6 98.9 

900 96.7 98.3 97.2 98.4 

1000 97.8 98.3 95.4 98.9 

 

a 
Mean ± standard deviation (

 
n=5) 

 

Kinetics of sorption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Kinetics of metal ion sorption on Amberlite XAD-1180-APIMN resin 
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Sorption kinetics is one of the important parameters that are being studied in solid phase extraction methods because 

it provides the rate of sorption of metals onto resin loaded with a reagent in the dynamic column mode for routine 

analysis of water. The rate of uptake of metal ions on Amberlite XAD-1180-APIMN was studied by batch method. 

Fifty micrograms of individual metal ion solutions were added to 1 g of resin and stirred for 2, 5, 10, 20, 30, 40, 50, 

60, 90 and 120 min at room temperature. The metal ions on the resin surface were eluted with 2.0 M HNO3 and 

analyzed by FAAS as described in the recommended procedure.  

 

The saturation of resin with time is graphically presented in (Figure 4). The loading half-time, t1/2, needed to reach 

50% sorption of the total loading capacity has been found to be less than 5 min for each metal ion (Cu(II), 4.4; Ni(II), 

3.1; Co(II) and Mn(II) 4.3 min, respectively). The kinetics of the resin-metal interaction is sufficiently rapid for all the 

metal ions at optimum pH. The faster uptake of these metal ions on Amberlite XAD-1180-APIMN reflects a good 

accessibility of the chelating sites of the resin to metal ions. 

 

Sorption Capacity and detection limits   

  

The sorption capacity of Amberlite XAD-1180-APIMN (maximum amount of metal sorbed per gram) of each metal 

ion was determined by batch method. The resin (1g) was saturated with Cu(II), Ni(II), Co(II) and Mn(II)   ion 

solutions (concentration, 50 μg mL-1) by equilibrating the solutions on a mechanical shaker under optimum 

conditions. The solid matrix was filtered and washed with distilled water. The sorbed metal ions on the resin was 

desorbed with 10 mL of 2.0 mol L-1 HNO3 and determined by FAAS. Afterwards, the maximum sorption capacities 

of the resin were converted from units of mg g–1 into units of μmol g–1, and the results were found to be 380, 300, 

170 and 120 μmol g–1 for Cu(II), Ni(II), Co(II) and Mn(II)respectively. 

 

Effect of non-target species 

 

The interference of co-existing ions on the determination of Cu(II), Ni(II), Co(II) and Mn(II)  was investigated. A 

solution containing 50, 75, 100 and 150 g mL
−1 

of Cu(II), Ni(II), Co(II) and Mn(II) respectively and various amounts 

of foreign ion solutions were prepared, applied for the determination of Cu(II), Ni(II), Co(II) and Mn(II)  in natural 

water samples. The deviation of (2.5 % or more of the absorbance value of the standard solution was taken as 

interference. (Table 4), indicates that the results obtained from the present method are highly selectivity.  

 

Table 4 Tolerance limits of matrix Ions for determination of Cu(II), Ni(II), Co(II) and Mn(II)  by the  

proposed method 

 

matrix ion 
tolerance limit 

(mg L
-1

) 
 matrix ion 

tolerance limit 

(mg L
-1

) 

Ca
2+

 32000  PO4
-
 4000 

K
+
 30000  SO4

2-
 2800 

Na
+
 26000  Al

3+
 400 

Fe
3+

,Mg
2+

 23000  Fe
2+

,Cd
2+

 75 

Cl
-
 20000  Zn

2+
 50 

HCO3
-
 20000  Cr

6+
 40 

NO3
-
 24000    
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Effect of column reuse 

 

In order to examine the long-term stability of the reagent, it was subjected to successive adsorption and desorption 

cycles (10 runs in a day and the next 10 runs one-day later, and so on, total 20 runs) by passing 500 mL of metal 

solutions through the column. The stability and potential recyclability of the column-containing reagent were assessed 

by monitoring the change in the recoveries of the analytes. After 20 runs, the recoveries of all of the analytes slightly 

decreased to below 95%. 

 

Evaluation of the method performance 

 

In order to check the applicability of the proposed method in the river, sea water and hair samples containing Cu(II), 

Ni(II), Co(II) and Mn(II)  were determined in real water samples. An appropriate volume of sample solutions was 

adjusted to the optimum pH and subjected to the recommended column procedure for the preconcentration and 

determination of metal ions. The mean recovery and deviation values for the metal ions were found to be in the range 

of 94.0 to 99.0 and 0.1 – 0.8%, respectively. The results reported in (Tables 5) with a confidence interval for the 98 % 

confidence level. The proposed method was evaluated in terms of recovery followed by five repeations (n=5). 

 

The analytes were determined with a relative error lower than 10 % in all samples. The accuracy of the proposed 

method was verified by an analysis of the certified reference material (Analysis of NIST® CRM for drinking water 

1640a). The results show that the proposed method was in good agreement with the certified values (see Table 6). 

The preconcentration method also applied for hair samples. The results are represented in (Table 7, Table 8) .It is 

evident from the data in the proposed method is rapid and more sensitive. The sorption capacities and 

preconcentration factors of the presented resin were compared with those of other promised chelating resins, as shown 

in (Table 9). The enrichment factors of the presented method for the investigated metal ions are better than, or 

comparable to, the other cheating resins. 

 

The analytical features of the proposed method such as precision, linear range of the calibration curve, limit of 

detection were also examined. The precision of the method was estimated by applying successive retention and 

elution cycles with 500 mL of a sample solution containing 50 g of Cu(II), Ni(II), Co(II) and Mn(II)  under the 

optimum conditions, mentioned above. The recoveries of Cu(II), Ni(II), Co(II) and Mn(II)   were quantitative (>93%) 

and the precision of the method was very good (S.D<3%) for functionalized Amberlite XAD-1180-APIMN. The 

recoveries and the precision found by using Triton X-1180 as adsorbent alone were very low (below 70 %). The linear 

calibration ranges for measurements under the optimum conditions were 1.0–8.0 g mL
−1

 for Cu(II), Ni(II), Co(II) 

and Mn(II) . The detection limits based on three-times the standard deviation of the blank solution were found to be 

2.2, 2.6, 3.0 and 3.2  g mL
−1

 detection limit for Cu(II), Ni(II), Co(II) and Mn(II)  respectively. 

 

Table 5 Determination of trace metal ions in various water samples 

 

Elements 
Added 

(µg) 

River water
b
 Sea water

c
 

Found 

(µg/ml) 
Recovery (%)

a Found 

(µg/ml) 
Recovery (%) 

Cu(II) 

0 

5.0 

15.0 

4.8 

9.4 

19.5 

-- 

96.0±0.2 

99.4±0.3 

3.3 

7.9 

12.8 

-- 

96.0±0.8 

97.0±0.2 

Ni(II) 

0 

5.0 

15.0 

0.4 

5.3 

15.0 

-- 

98.0±0.6 

97.3±0.2 

0.8 

5.4 

10.7 

-- 

92.0±0.3 

99.0±0.2 
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Co(II) 

0 

2.5 

5.0 

0.5 

2.9 

5.2 

-- 

96.0±0.4 

94.0±0.2 

1.2 

3.6 

6.1 

-- 

96.0±0.2 

98.0±0.6 

Mn(II) 

0 

2.5 

5.0 

2.2 

4.6 

7.1 

-- 

96.0±0.8 

98.0±0.2 

2.8 

5.2 

7.5 

-- 

96.0±0.7 

94.0±0.4 
 

a
Mean standard deaviation(n=5), 

b
Collected from Penna river (Nellore),  

c
Collected from Bay of Bengal (Nellore, A.P, India) 

 

Table 6 The results for Cu(II), Ni(II), Co(II), and Mn(II) ions in certified samples and the recovery values 

 

Metal ion 
Concentration/µg L

-1
 Relative error 

(%) 
Certified Found

abc
 

Cu(II) 85.75±0.51 22.16±0.6 1.01 

Ni(II) 25.32±0.14 24.48±0.4 1.02 

Co(II) 20.24±0.24 6.40±0.12 0.16 

Mn(II) 38.97±0.45 37.60±0.2 0.03 
abc

At 95% confidence level, (x± ts/n);  
b
n = 5 

c
Sample volume, 25 mL; final volume, 5 mL 

 

Table 7 Elemental concentrations in standard reference materials 

 

Elemental concentrations in standard reference materials 

Element NIES No 5 CRM human hair 

 Found Certified 

Cu (II) 16.20 ± 0.70 16.3 ±1.2 

Ni  (II) 1.72 ± 0.10 1.80 ± 0.1 

Co  (II) 0.097 ± 0.01 0.1 ± 0.01 

Mn (II) 14.29 ± 0.60 14.82 ± 0.3 

 

 

Table 8 Elemental Concentrations in hair samples (µg g -1) (n=3) 

 

S.NO Cu (II) Ni (II) Co(II) 
Mn(II) 

 

Sample-1 4.90  ± 0.1 0.62 ± 0.02 0.40 ±  0.01 1.12 ± 0.03 

Sample-2 7.86  ± 0.08 1.25 ± 0.03 0.8 ± 0.02 2.73 ± 0.05 

Sample 3 10.60 ± 0.1 1.61 ± 0.05 0.12 ± 0.01 1.97 ± 0.04 

Sample 4 8.90 ± 0.1 0.72 ± 0.04 0.30 ± 0.01 1.12 ± 0.03 
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Table 9 Comparison of the sorption capacities (SC, μmol g
–1

) and enrichment factors (EF) of chelating resins 

prepared with different ligands and support materials 

 

Support 

material 

 

     Immobilized ligand 

Metal ion  

Ref. Cu(II) Ni(II) Co(II) Mn(II) 

Amberlite 

XAD-2 

Thiosalisicyclic acid SC 214 310 106 - 34 

EF 200 200 180 - 

 Pyrocatecchol violet SC 11 - - - 35 

EF - 18 - - 

 Pyrogallol SC 71 70 70 82 36 

EF 65 120 65 64 

Amberlite 

XAD-4 

O-aminobenzoic acid SC - 115 84 - 37 

EF - 200 400 - 

Amberlite 

XAD-16 

Gallic acid SC 344 250 281 180 38 

EF 400 300 286 200 

Silica gel 8-hydroxyqunoline SC 400 220 178 - 39 

EF 300 200 250 - 

Amberlite 

XAD-1180 

 

APIMN 

SC 380 300 170 120 Present 

work EF 120 250 60 260 

 

Conclusion 
 

The results presented in this paper demonstrate the usability of functionalized Amberlite XAD-1180-APIMN for the 

preconcentration of trace metal ions in river and sea water samples. The proposed procedure provides a precise, 

reliable and accurate technique for the preconcentration and separation of Cu(II), Ni(II), Co(II) and Mn(II). The 

synthesized chelating resin has several advantages, such as low detection limits (from 0.1 to 3.6 μg L
–1

), high sorption 

capacities (3.1 to 5.6 mg g
–1

), enrichment factors (50 to 200) and high sorption-desorption cycles for all metal ions 

The chelating resin was quite stable with a recycling period greater than 20 cycles, without any significant loss in its 

quantitative recovery properties for the metal ions. The results acquired from analyzing the certified reference 

material (NIST® CRM for drinking water 1640a) confirmed the reliability of the method.The recoveries for these 

elements were very satisfactory and it is evident for the reliability of the proposed method.   
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