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A method for the pre-concentration of some trace metals (Co (l1), Pb (11) and
Cd (1)) as complexes with ammonium pyrrolidine dithio-carbamate
(APDTC) was proposed using a mini — column filled with Amberlite IR- 120
resin. Metal ions were adsorbed on IR-120 as their pyrrolidine di
thiocarbamate complexes, then analytes retained on the resin were eluted by
1mol L™ nitric acid in acetone and determined by flame atomic absorption
spectrometry (FAAS). The effects of the analytical parameters such as
sample pH, ligand amount, eluent type, resin quantity, sample volume,
sample flow rate and matrix ions were investigated on the recovery of the
metals from aqueous solutions. The relative standard deviation (RSD) of the
method was <3%. The validation of the procedure was carried out by
analysis of certified reference materials. The proposed method was applied to
natural waters, wastewater, fish, canned tuna,powder milk and rice.
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INTRODUCTION

Many toxic heavy metals have discharged into the environment as industrial wastes, causing serious water and soil
pollution. Co, Cdand Pb are especially common metals that tend to accumulate in organisms, causing numerous
diseases and disorders [1,2]. Pollution by heavy metals is currently of great concern, due to increased awareness of
the potentially hazardous effects of elevated levels of these materials in the environment [3]. The heavy metal levels
in waste water, drinking water and other water sources that used for agriculture must be reduced to the maximum
permissible concentration [4,5]. The removal of pollutants from water and environmental samples is an important
process and is becoming more important with increasing of industrial activities. It is possible to clean polluted
environment only with long study requiring expensive and complex plants. Therefore, the effective precautions must
be taken to prevent water, air and soil pollution[6].

Toxicological effects of large amount of cobalt (Il)may damage human health. When we breathe in too high
concentrations of cobalt through air we suffer from lung problems, such as asthma and pneumonia. This mainly
occurs with people whose work with cobalt. Investigations have been extended to the biochemistry of cobalt(Il) in
animals, microorganisms and enzymes[7]. The maximum recommended concentration of toxic ions such as cobalt
(1) in drinking water for livestock is 1.0 mg L™[8]. The United States environmental protection agency (U.S.E PA)
has set a limit of 2 ug L™ for drinking water. Soils near mining and melting facilities may contain very high
amounts of cobalt. Cadmium is also released into water from metal plating, mining, pigments and alloy industries as
well a tobacco smoke. Cadmium (I1) compounds are often found in or attached to small particles present in the air,
but it is difficult to smell or taste, as it doesn’t have recognizable taste or odor. Breathing air with very high levels of
cadmium can severely damage the lungs by tobacco smoke and may cause death[9]. Cadmium is transported to the
liver through the blood. There, it is bond to proteins to form complexes that are transported to the kidneys. Cadmium
accumulates in kidneys, where it damages filtering mechanisms.the United States Environmental Protection Agency
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(U.S.EPA) has set a limit of 5ugL™" for drinking water [10]. Lead (I1) pollution also has been recognized as a
potential threat to air, water, and soil[11,12]. Lead (I1) has been found to be toxic to human beings when present in
high amount, Lead can cause several unwanted effects, such as: Disruption of the biosynthesis of hemoglobin and
anemia, Kidney damage, Brain damage and Diminished learning abilities of children. The average concentration of
lead(I1) in earth's crust is around 13 pg/g.In natural water its typical concentration lies between 2 and 10 pug L™ [13-
14].

The determination of trace elements in environmental solid/ liquid samples is nowadays made more demanding
because of the large number of metal ions that have to be monitored for the quality and quantity of various samples.
Various techniques have been applied for the determination of trace heavy metals over a large range of
concentration in environmental samples [15-16]. The determination of trace metals by FAAS among the
determination techniques has a number of advantages including high selectivity, speed and fairly low operational
cost. However, preconcentration is usually required for the determination of trace metals in various samples by
FAAS because of complex matrices of samples and low concentration of some metals, which are near or below the
limit of detection of the instrument[17-19].

Currently, the used techniques for preconcentration and separation of trace metals include liquid- liquid extraction
[20-21] , electrochemical deposition[22-23], co-precipitation[24-26], flotation[27], ion-exchange[28-29], cloud point
extraction[30-32], and solid phase extraction[33,36].Solid phase extraction (SPE) offers a number of important
benefits. It reduces usage and exposure, disposal costs and extraction time for sample preparation. It has become
more popular in compared with liquid- liquid extraction method because of its advantages of high recovery , high
preconcentration factor, low cost, simplicity, rapid phase separation, low consumption of organic solvents and better
efficiency. Several parameters determine the type of SPE sorbent that can be applied during the adsorption of metal
[37]. The basic principle of SPE of trace metal ions is the transfer of analytes from aqueous phase to the active sites
of solid phase. For this purpose, many adsorbents including activated carbon [38]. Alumina [39], silica gel [40],
chelex 100 [41], and amberlite resins [42-43] have been used.

Various support materials are used in SPE [44-45]. Amberlite resins having most of properties above have been
used with success as adsorbent or support for various chelating agents such as calmagite [46], dithiocarbamate [47],
2,6- dihydroxyphenyldiazoaminoazobenzen [48], and sulfinylcalix[4]arene [49].

Ammonium pyrrolidinedithiocarbamate (APDC) is the most common chelating agents for preconcentration and
separation of trace metals from aqueous solutions in the FAAS techniques [44]. APDC forms much more stable
complexes with some metals such as Co (ll), Cd (lI) and Pb (II)in a wide range of pH. Because of the strong
complexation ability of APDC, these metals can be successfully extracted in the pH range of 2-8 [50].

The aim of this work is to show the analytical potentiality of amberlite IR-120/ APDC system for preconcentration/
separation ofCo (Il), Cd (11) and Pb (I1) from aqueous solutions following FAAS determinations. For this purpose,
effects of some analytical conditions such as sample pH, quantity of APDC, eluent type, sample flow rate and matrix
interferences were examined.

2. Experimental

2.1.Instrumentation.

The concentration of different metal ions were analyzed by GBC, Sensaa Series Atomic Absorption Spectrometry
(computerized AAS) with air-acetylene flame under the optimum instrumental conditions as shown in Table 1.
Table 1: Optimum instrumental conditions of the investigated metals by AAS:

Co Cd Pb
Wave length, nm 240.7 228.8 217
Working calibrating range, ppm 2.5-9 0.2-1.8 2.5-10
Sensitivity, pg/ml 0.05 0.009 0.06

,respectively.Hanna-Instruments, 8519, Italy was used for pH adjustments.
2.2 Reagents and solutions
All the chemicals used were of analytical-grade and purchased from BDH, UK. Distilled-deionized water was used
in all determinations. Stock solutions of Co(l1), Cd(Il) and Pb(Il)at 1000 mg L. Concentration prepared in 0.5M
HNO; was used. The model and standard solutions of the metals were prepared by the stock solutions in appropriate
ratios. 0.1 %( W/V) solution of APDC in ethanol was used as the complexing agent. the adsorbent resin amberlite
IR-120 is used for precocentration and has properties are given in table 2.
Table 2:Properties of Amberlite IR 120

Data Amberlite IR-120
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Matrix Styrene

Functional group Sulphonic acid

Divinylbenzene 8%

Mesh size 16-45

Particle size (mm) 0.3-1.2

lonic form as shipped H*

Maximum temperature(C°) 120

rangepH 0-14

Total capacity (equiv./L) 1.9

Swelling 5-7%

exchange capacity 1.9 mequiv./g wet resin
4.4 mequiv./g dry resin
4.5 mmol/ml

Moisture content 45%

The buffer solutions were prepared by the following:For the pH 2 buffer solution, it was prepared by mixing of
proper volume of 1M sodium sulfate and 1M sodium hydrogen sulfate solutions. Acetate buffers prepared by mixing
different amounts of 1M sodium acetate and 1M acetic acid to obtain the pH values 0f3-6 range. 0.1M potassium
dihydrogen phosphate and 0.1M Disodium hydrogen phosphate were used for pH7 buffer preparation.
0.IMAmmonium chloride buffer solutions were prepared by adding an appropriate amount of ammonia to it
toobtain solutions of pH 8-11 range. pH 12 was prepared by adding amount of 0.1M sodium dihydrogen phosphate
to 0.1M sodium hydroxide solution.

2.3 preparation of the mini-column

The glass mini-column (10 Cm length and 0.5 Cm diameter), having a stopcock, used for preconcentration of the
metals. The resin was first washed with 1M NaOH, water, 1M HNO,, water, acetone, and water and kept in a
desiccator after drying until filled into the column.

2.4 Sampling and pre-treatments

AmberlitelR-120 was used to preconcentrate Co(ll), Cd(Il) and Pb(ll) ions in water samples collected from taps
(Mansoura university), Nile river (Mansoura city), Mineral water (Dasani) in polyethylene bottles. The polyethylene
bottles were consecutively washed with detergent, tap water, HNOs, and distilled-deionized water before to use. The
water samples were acidified to pH~2.0 with HNOj; after collection and filtered through a filter paper with 0.45um
pore size.

A sample of powdered milk (.25g) was heated at 100°C in a beaker containing a mixture of concentrated HNO; (5
mL) and H,O, (5 mL) for 15 minutes and then 2mL concentrated percholoric acid was added to solution by raising
of temperature to 150°C with stirring for 1 hour till a clear solution was obtained, was evaporated to near dryness on
a hot plate, and then diluted to 50 mL with distilled-deionized water.

A quantitative 2.00g of dried fish (from theManzala Lake) or canned tuna was placed in crucible and transferred to a
cold, temperature — controlled furnace. The temperature of the furnace was raised slowly in 50°C/h to 450°C and this
temperature was maintained for 3 h. The sample was then cooled, dissolved in 20 mL HNO; (1:1) and analyzed the
proposed metal under the optimized conditions.

In order to microwave digestion of rice sample, 1.0 g of sample was digested with 6 ml of concentrated HNO; and 2
ml of H,O, in microwave system. After digestion the samples, the volume of digested sample was made up to 50 ml
with deionized water.

2.5 preconcentrationprocedures

The proposed method was tested first with model solutions prior to the determination of the trace metals in the real
samples. The model solutions containing 5ppm of Co (1) and Pb (1) and 1ppm of Cd (I1) were prepared. The pH of
the model solutions was adjusted to the desired values (in the range 2-12) by the addition of 2-5mL of respective
buffer solution, and 5mL of 0.1% of solution complexing agent was added. The mini-column was preconditioned
with the buffer solution at the working pH. The solution containing metal complexes was passed through the column
with a flow rate ofimL min™. After the metal complexes retained on the resin in the column were washed with
10mL of distilled-deionized water they were recovered into a beaker 10mL of eluent solution, 1M HNOj3 in acetone.
The beaker content was evaporated to near dryness on a hot plate at 40-50 °C, and the residue was diluted to 5.0mL
with 1M HNO;. The metals in this solution were determined by FAAS. These procedures were repeated separately
for all optimization parameters.
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3. Results and discussion

3.1. Characterization of solid complexes

The structural formulae of thecomplexes are shown in Scheme (1, 2, and 3). The prepared compounds are listed in
Tables (2, 3) and the formulae given are in agreement with the elemental analyses and IR data.

3.1.1. Elemental analysis and physical data

The complexes of Co (I1), Cd (1), and Pb (I1) are stable in prolonged exposure in air. Elemental analyses and other
physical data are shown in Table (3).

Table 3:The elemental analysis of the ligand and its complex

M.p. % Found
Compound Color (°C) (Calcd.)
C H N M
37.4 5.7 6.2 15.2
[Co(CsHeNS,),].EtOH Dark Green >300 (36.2) (5.5) (7.0) (14.8)
. 30.2 4.1 7.9 26.0
. 25.4 2.7 50 40.2
PB(CsHNS,), white >300 (24.0) (3.2) (5.6) (41.5)

3.1.2. Infrared spectra (IR)

The important IR bands of the complexes are listed in Table (4). The stretching frequency of the v(C — N) band for
the dithiocarbamates was intermediate between the stretching frequencies associated with typical single and double-
bonded carbon and nitrogen atoms. The v(C - N) and v(C- S) were observed in the ranges of (1580-1450) cm™ and
(1060- 940) cm™. The presence of only one band in the later region reports the bidentate coordination of the dithio
ligand. IR spectra showed a new band at (418-445) cm™ which is the evidence for the coordination of metal to sulfur
v(M-S). shown in Figure (1, 2, 3, 4)

Table 4: IR spectral data (cm-1) for the ligand and its complexes

Compound IR (cm™)
v(C=S) v(N-C) v(M-S)
CgHgNS,.NH, 948,997 1429
[Co(CsHgNS,),]. C,HsOH | 945 1437 414
Cd (CsHgNS,), 941 1434 420
Pb (CsHgNS,), 940 1432 422
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Figure 1: The IR spectrum of the ligand
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Figure 3: IR of Cd** complex.
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Figure 4: IR of Pb®* complex.

3.2. Analytical discussion
3.2.1 Effect of pH on the recovery of the trace metals
The recovery efficiencies of each metal were investigated in the pH range 2-12 by use of relevant buffer solution
given before. The recovery of Cd (I1) was founded quantitative in pH 2-9. The recoveries of Co (II), Pb (I1) were
quantitative in the pH range of 4-8(Fig.5). From these results, the optimized sample pH is become as 6. Therefore,
pH 6 was selected as the pH of the sample solution for the preconcentration of multi-elements in the solutions.
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Figure 5:Effect of pH on the recovery of the trace metals (resin quantity: 200 mg, eluent: 10mL of 1M HNOj; in
acetone, complexing agent: 5mL of 0.1% APDTC, sample volume: 50mL, N=3).
3.2.2. Effect of quantity of complexing agent
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APDC quantity is the most important chemical variables affecting the preconcentration of the examined analytes.
So, the effect of APCD quantity on the retention was examined from 1.0 to 15mg.The results in (Figure 6) shows
that the change in the concentration of APDC did not affect recovery much in the range of 1-3 mg and the recovery
was slightly reduced at 15 mg of APDC. Accordingly, 5 mg of APDC (5.0 mL 0.1%, W/V) was used for further
experiments. The considerable increase on the recoveries obtained by changing of APDC concentration from 3.0 to

9.0 mg indicates that the use of APDC is necessary for recovery.
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Figure 6: Effect of complexing agent quantity (pH=5, N=3)
3.2.3 Effect of resin quantity
In order to estimate the optimum resin quantity, the recoveries of the metals were examined by use of the resin

quantities between 50 and 1000 mg, and the best recoveries were achieved between 200 and 400 mg (Figure 7).the
optimum resin quantity was 300 mg for the later tests.
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Figure 7:Effect of resin quantity on the recovery of the trace metals (N=3)
3.2.4 Effect of eluent type, concentration and volume

The following thoughtfulness should be taken into account to select a suitable eluent for effective desorption of
metal complexes; (1) the eluent should desorb the metals complexes; (11) the eluent should not destroy the sorbent;
and (111) the eluent should be appropriate for the subsequent determination techniqueps. Various acids and organic
solvents were used to choose the best one for the elution of the metal-APDC complexes accumulated on Amberlite
IR-120 resin, and the percentage recovery for each eluent type was determined. With using different solvent
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solutions especially the acids with acetone and acetonitrile provided higher recovery efficiency compared to the
acids in the aqueous and alcoholic solutions, and the highest recoveries were obtained with either HNO3 or HCI in
acetone or acetonitrile. At the end, the acetone-HNO; or acetonitrile-HNO3; mixture is specified as the eluent of
choice for the later determinations and for optimizationsof the other parameters (Table 5).
After finding the type of eluent, the experiments were carried out for selecting the concentration of nitric acid
solution in acetone. HNO; solutions in acetone at concentrations of 0.1- 4.0 M were studied for this purpose. The
recoveries were increased with adding HNO; to acetone as shown in (Figure 8). After 1M HNOs, the recoveries
were quantitative for all conditions. Thus, the optimum concentration determined as 1 M HNO; in acetone used in
later experiment.
The effect of volume of 1M HNO; in acetone solution on the recovery was investigated in (Figure 9). The
quantitative recoveries were found after 8 mL of eluent. The optimum volume was as 10 mL and used in later
experiments.

Table 5:Effect of eluent type on the recovery of trace metals (N=3)

Eluent solution Recovery (%)
Co Cd Pb
HCI(1M) in water <10 3612 7912
HNO3(1M) in water <10 38+2 75+2
Ethanol 19+2 | 2843 30+2
HCI(1M) in ethanol 22+2 | 90+2 90+1
HNO3(1M) in ethanol 30+2 | 73+2 92+1
Acetone 81+2 | 86+2 8712
HCI(1M) in acetone 94+1 | 95+3 95+2
HNO;(1M) in acetone 95+1 | 97+3 96+2
Acetonitrile 80+2 | 86+2 88+1
HCI(1M) in acetonitrile 93+2 | 9542 95+2
HNO;(1M) in acetonitrile 9442 | 9743 96+2
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Figure 8:Effect of eluent concentration on the retention of the analyte ions (N=3)
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Figure 9:Effect of eluent volume on the retention of the analyte ions (N=3)
3.2.5. Effect of sample flow rate
There is contradiction between recovery and preconcentration time changing with flow rates. While the recovery
increases with the decreasing flow rate, the preconcentration time increases. To obtain the quantitative recovery and
to decrease the preconcentration time, the sample flow rate was investigated in the range 1-30 mL min™. The results

showed in (Figure 10) that the recovery change at different flow rates studied. The recovery decreases by increasing
sample flow rate. The sample flow rate was chosen as 1mL min™ in further studies.
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Figure 10: Effect of sample flow rate on the recovery (N=3)
3.2.6. Effect of mixed foreign ions

Water and environmental samples contain alkali, alkaline earth and some transition element salts. Therefore, the
effects of some anions and cations on the recovery were evaluated. These salts are individually and then mixed

together in model solution did not affect the recovery (Table 6). Matrix ions cause no interferences due to the group-
specific character of APDC.

Table 6:The matrix ions and the recovery of the metal ions (N=3)
lon Added as Conc.(mgL™) Recovery (%)

Co Cd Pb
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Na* NaCl 100 95+#3 [ 95+3 | 94+2

1000 9742 | 9643 | 95+1
K* KCI 100 95+3 | 95+3 | 94#2

1000 9742 | 9643 | 95%1
Ca™* CaCl, 100 96+2 98+2 96+2
Mg** MgCl, 100 92+2 | 97+3 | 94%1
cr NaCl 1000 97#3 | 96x3 | 95+1
NO; KNO; 1000 97#3 | 963 | 95+1
ok Na,SO, 1000 96+2 | 97+2 | 96%2
PO, NazPO, 1000 95+3 | 962 | 95+1
HCO; NaHCO; 1000 96+3 | 963 | 96+2
Fe®* Fe(NOs); 10 97+2 [ 95+2 | 95%2
Mn** Mn(NO3), 10 96+1 | 962 | 95+1
AP Al(SO,); 10 96+1 | 962 | 95+2
Mixed™ 96+3 | 96x2 | 9542

*A sample containing 1000 mg of Na*, K*, Ca**and Mg“*and 1000 mg of SO,*, CI" and NO7
3.6 Application to real samples
The water, milk, fish, tuna and rice samples were determined and the suggested procedure was applied to
each sample under optimal conditions. The results for the sample are given in table 7.
Table 7: Trace metals contents of real samples with the proposed method (N=3)

Sample Sample Concentration, mgL™", X £ s
no. locations
Co Cd Pb
Tap water
1 (Mansoura 0.005+0.001 0.002+0.002 0.001+0.003
city)
Nile water
2 (Mansoura 0.006+001 0.003+0.002 0.005+0.001
city)
Wastewater
3 (Talkha 0.01+0.003 0.026+0.002 0.019+0.003
Fertilizer plant)
4 Milk powder 0.004+0.001 0.086+0.036 0.056+0.017
5 Fish 0.0008+0.0001 0.03+0.002 0.176+0.001
6 Tu_na SUN 1 0.0014+0.001 0.02+0.003 0.042+0.0012
shinecanned
7 Canned  Tuna |, 539, 001 0.03+0.001 0.003+0.002
golden bell
8 'I'\'/Iune_l 0.0007+0.001 0.028+0.002 0.005+0.001
ariocanned
9 Cow milk 0.002+0.001 0.042+0.002 0.033+0.01
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10 Rice 0.0007+0.002 0.003+0.01 0.001+0.002
11 Mineral water | 0.0027+0.017 0.004+0.002 0.002+0.005
References

[1] GaddG.M.,“Metal and Microorganisms: A Problem of Definition”, FEMS Microbiology Latters. 100 (1992) 197-204

[2] Minceva M., Fajgar R., Markovska L., Meshko V., Separation Science and Technology, 43 (2008) 2117-2143

[3] Wittmann G. T. W., Toxic metals. In; Metal Pollution in the Aquatic Environment, U. Férstner and G. T. W. Wittmann
(Eds.). 2nd Edition. Spring-Verlag, Berlin, (1981) 3-70.

[4] Y.A. Zolotov, N.M. Kuzmin, in: G. Svehla (Ed.), Comprehensive Analytical Chemistry: Preconcentration of Trace
Elements, Elsevier, Amsterdam, 1992.

[5] Farzin L., Moassesi M. E., Sajadi F., Amiri M., Shams H.,Serum levels of antioxidants (Zn, Cu, Se) in healthy
volunteers living in Tehran. Biol. Trace Elem. Res. 129 (2009) 36—45.

[6] Longas N., Arrona R. G., Ostra M., MillanE..Atom.Spectrosc. 30(2009) 47-53.

[7] Underwood E. J., Trace Elements in Human and Nutrition, 4th ed., Academic Press, New York, 1977.

[8] Bohn H. L., McNeal B. L., O'Connor G. A., Soil Chemistry, 2nd ed., Wiley Interscience, Chichester, 1985.

[9] Stoeppler M., Hazardous Metals in the Environment. Techniques and Instru mentation in Analytical Chemistry,
Elsevier, Amsterdam, 1992

[10] Bortoleto G., Macarovscha G. and CadoreS.,Determination of Cadmium by Flame-Atomic Absorption Spectrometry
AfterPreconcentration on Silica Gel Modified with Cupferron. J. Brazil. Chem. Soc., 15(2004) 313-317

[11] Kumar M., Rathore D. P. S., Singh A. K.,Amberlite XAD-2 functionalized with o-aminophenol: synthesis and
applications as extractant for copper(ll), cobalt(ll), cadmium(ll), nickel(1l), zinc(Il) and lead(ll).Talanta 51 (2000)
1187-1196.

[12] Saxena R., Singh A. K., Sambi S. S., Synthesis of a chelating polymer metrix by immobilizing alizarin red -S
Amberlite XAD-2 and its application to the preconcentration of Lead (II),cadmium (1), zink(ll) and nickel (I1).
Anal.Chim.Acta 295 (1994) 199-204.

[13] Hoshi S., Fujisawa H., Nakamura K., Nakata S., Uto M., Akatsuka K., Talanta 1 (1994) 503-507

[14] Hoshi S., Fujisawa H., Nakamura K., Nakata S., Uto M., AkatsukaK.,Preparation of Amberlite XAD resins coated
with dithiosemicarbazone compounds and preconcentration of some metal ions.Talanta 1 (1994) 503-507.

[15] Ensafi A.A., Shiraz A.Z., On-line separation and preconcentration of lead(Il) by solid-phase extraction using activated
carbon loaded with xylenol orange and its determination by flame atomic absorption spectrometry,J. Hazard. Mater.
150 (2008) 554-559

[16] TurkerA.R.. Clean 35 (2007) 548-557

[17] Fathi S. A. M., Yaftian M. R., J. Colloid Interf. Sci. 334(2009) 167-170

[18] Li Z., Chang X., Hu Z., Huang X., Zou X., Wu Q., Nie R., J. Hazard. Mater. 166(2009) 133-137.

[19] Thomas R., Dulski A., Trace Elemental Analysis of Metals: Methods and Techniques, Marcel Dekker Inc., New York,
1999.

[20] Parus A., Wieszczycka K., Olszanowski A., Hydrometallurgy 105 (2011) 284-289.

[21] Wanga J., Lia C., Sakanishia K., Nakazatob T., Taob H., Takanohashia T., Takaradac T., Saitoa I., Fuel 84 (2005)
1487-1493.

[22] Ghasemi E., Najafi N.M., Seidi Sh., Raofie F. and ghassempour A., J. Anal. At.Spectrom., 24 (2009) 1446-1451.

[23] Matusiewicz H., Lesinski M., Int. J. Environ. Anal. Chem. 82 (2002) 207—223.

[24] Chen H. W., Jin J. C., Wang Y. F., Anal. Chim.Acta 353 (1997) 181-188.

[25] Jackwerth E., Lohmar J. and Wittler G., Z. Anal. Chem. 266 (1973) 1-8.

[26] Vircavs M., Rone V., Pelne A. and Vircava D., Anal. Chim.Acta, 299 (1994) 291-298.

[27] Atar S. and Ay U.,0Ozean Journal of Applied Sciences 2 (2009) 33-38.

[28] Colmeman C. F., Talanta, 9 (1962) 297-314

[29] Vogel A., ‘Textbook of qualitative Inorganic Analysis’, Longmam, London, 4"edn ., (1985) 165-173.

[30] Bosch Ojeda C., S&nchez Rojas F., Anal. Bioanal. Chem. 394 (2009) 759-782.

[31] Ghaedi M., Niknam K., Niknam E. and Soylak M., Journal of the Chinese Chemical Society 56(2009) 981-986.

[32] Sahin C. A., Efeginar M., Satiroglu N., Journal of Hazardous Materials 176 (2010) 672—677.

[33] Leon-Gonzalez M. E., Perez-Arribas L.V., J. Chromatogr. A, 902 (2003) 3-16.

[34] Budhiraja R.P., separation chemistry, New Age International Publishers; New DIhi, 2004

[35] Camel V., SpectrochimicaActa Part B, 58 (2003) 1177-1233.

[36] El-Defrawy M. M., Abo EI-Maaty W. M., Shah R. K. and Arman N. M., Journal of American Science, 10 (2014) 40-
48.

123



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 10, 112 — 124

[37] Fan Z., Hu B., Jiang Z., Spectrochim. Acta B 60 (2005) 65-71.

[38] P. Daorattanachai, F. Unob, A. Imyim, Multi-element preconcentrationofheavy metal ions from aqueous solution by
APDC impregnated activatedcarbon, Talanta 67 (2005) 59-64.

[39] M.A.Taher, Z.Daliri, H.Fazelirad, Simultaneous extraction and preconcentration of copper, silver and palladium with
modified alumina and their determination by electrothermal atomic absorption spectrometry, Chinese Chemical
Letters, 25( 2014) 649-654.

[40] M. Akhond, G. Absalan, L. Sheikhian, M.M. Eskandari, H. Sharghi, Di(n-propyl) thiuram disulfide bonded on silica
gel as a new sorbent for separation, preconcentration, and measurement of silver ion from aqueoussamples, Sep.
Purif. Technol. 52 (2006) 53-59.

[41] T. Feri, P. Sangiorgio, Determination of selenium speciation in river watersby adsorption on iron(l11)-Chelex-100
resin and differential pulse cathodicstripping voltammetry, Anal. Chim.Acta 321 (1996) 185-193.

[42] B.N. Singh, B.Maiti, Separation and preconcentration of U(VI) on XAD-4modified with 8-hydroxy quinoline, Talanta
69 (2006) 393-396.

[43] V.A. Lemos, D.G. da Silva, A.L. de Carvalho, D. de Andrade Santana,G. dos Santos Novaes, A.S. dos Passos,
Synthesis of amberlite XAD-2-PC resin for preconcentration and determination of trace elements in foodsamples by
flame atomic absorption spectrometry,Microchem. J. 84 (2006) 14-21.

[44] A.A. Ensafi, A.Z. Shiraz, On-line separation and preconcentration of lead(ll) bysolid-phase extraction using activated
carbon loaded with xylenol orange andits determination by flame atomic absorption spectrometry, J. Hazard.
Mater.150 (2008) 554-559.

[45] A.R. Turker, New sorbents for solid-phase extraction for metal enrichmentClean 35 (2007) 548-557.

[46] S.L.C. Ferreira, J.R. Ferreira, A.F. Dantas, V.A. Lemos, N.M.L. Ara ~ ujo, A.C.S. Costa,Copper determination in
natural water samples by using FAAS after preconcentration onto amberlite XAD-2 loaded with calmagite, Talanta
50 (2000)1253-1259.

[47] C. Duran, M. Soylak, V.N. Bulut, A. Gundogdu, M. Tufekci, L. Elci, H.B. Senturk, Speciation of Cr(l1l) and Cr(V1)
in environmental samples after solidphase extraction on Amberlite XAD-2000, J. Chin. Chem. Soc. 54 (2007) 625-
634.

[48] Y. Liu,Y.Guo, S.Meng,X.Chang,Onlineseparationandpreconcentrationoftraceheavymetals with 2,6-dihydroxyphenyl-
diazoaminoazobenzene impregnatedamberlite XAD-4, Microchim. Acta 158 (2007) 239-245.

[49] H. Matsumiya, S. Yasuno, N. Iki, S. Miyano, Sulfinylcalix[4]arene-impregnatedAmberlite XAD-7 resin for the
separation of niobium(V) from tantalum(V), J. Chromatogr. A 1090 (2005) 197-200.

[50] T. Tanaka, Y. Ando, T. Saitoh, M. Hiraide, Preconcentration of traces of cobalt,nickel, copper and lead in water by
thermoresponsive polymer-mediatedextraction for tungsten filament electrothermal vaporization-inductively coupled
plasma mass spectrometry, J. Anal. At.Spectrom. 17 (2002) 1556—1559.

[51] J.S. Fritz, Analytical Solid-Phase Extraction,Wiley-VCH Verlag, NewYork, 1999.

124


http://www.sciencedirect.com/science/article/pii/S100184171400059X
http://www.sciencedirect.com/science/article/pii/S100184171400059X
http://www.sciencedirect.com/science/article/pii/S100184171400059X

