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Abstract

A sensitive and simple solid phase extraction method for the simultaneous determination of trace
and toxic metals in environmental samples has been reported. The method is based on the ad-
sorption of Zinc, Iron and Copper on SDS-coated alumina nanoparticles, which is also modified
with 3-mercapto-D-valine. The retained analyte ions on modified solid phase were eluted using 5
mL of 4 mol'L-1 HNOz. The analyte determination was carried out by flame atomic absorption
spectrometry. The influences of some metal ion and anions on the recoveries of understudy ana-
lyte ion were investigated. The influences of the analytical parameters including pH, ligand and
SDS amount, eluting solution (type and concentrations) and sample volume on metal ions recove-
ries were investigated. The extraction efficiency was > 98% with relative standard deviation lower
than 3% the method has been successfully applied for the extraction and determination of these
ions content in some real samples. Prepared adsorbent was characterized by SEM and FT-IR mea-
surements.
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1. Introduction

Considering biological research, the roles of some trace and ultra-trace elements in the body are very important
and have diverse function [1] [2]. Some of trace elements are essential to life while others are toxic even at very
low concentrations [3] [4]. Hence, their determination in industrial effluents, various water resources, environ-
mental and biological samples are important, especially in the environment monitoring and assessment of occu-
pational and environmental exposure to toxic metals. However, the direct determination of heavy metal ions at
trace levels in real samples remains a challenging problem because of their low concentration and matrix effects
even with frequently used sophisticated instrumental techniques such as inductively coupled plasma atomic
emission spectrometry (ICP-AES), electrothermal atomic absorption spectrometry (ET-AAS), etc. without sam-
ple preconcentration and separation [5] [6]. Flame atomic absorption spectrometry is one of the most widespread
traditional analytical techniques for the determination of trace elements, but often suffers from its low sensitivity
the determination of trace quantity of heavy metals in environmental samples like natural water and other real
samples of environmental interest in which they are found at very low concentrations requires the use of pre-
concentration methods coupled to spectroscopic methods such as ICP-AES and FAAS. The solid phase extrac-
tion (SPE) enables a wide research activity on the development of alternative methods, which are capable of
highly selective for the removal of trace amounts of metal ion solution containing complicated matrices with
minimal usage of organic solvents [3] [4]. The SPE can easily be adapted for FAAS to improve the detection
limit and selectivity of determinations. In our laboratory using various types of sorbents including activated
carbon [7], SDS-coated alumina [8], alumina and silica gel have gained much attention with high repeatability
and large lifetime. The design of a stable and selective solid phase sorbents for separation and preconcentration
of a target metal ion depends on different factors such as the nature of solid support, its surface area and activity
[9]. Nano-sized y-alumina is a kind of new functional material. It has attracted extensive attentions in recent
years because of its specific physical and chemical properties such as high surface area, absence of internal dif-
fusion resistance and high surface binding energy [10] [11]. If indeed sorption would be the key mechanism,
then the substantial increase in surface area of the nanoform would increase capacities significantly. In order to
improve the selectivity of the sorbent, the modification of the adsorbent is usually required. The most often used
method is to load a kind of specific chelate reagent by physical or chemical procedure on the surface of this ma-
terial. A new modification mode for the alumina to use in solid phase extraction works was introduced by Hi-
raide et al. [12]. The organic reagent is incorporated in the cores of admicelles of sodium dodecyl sulfate (SDS)
surfactant attached to alumina surfaces at acidic pH. According to this improvement, new organic reagents are
immobilized on surfactant-coated alumina for separation and enrichment of different metal ions [12] [13]. The
goal of the present work is to establish a new preconcentration method for the trace determination of Fe(ll),
Zn(11) and Cu(ll) by FAAS using 3-mercapto-D-valine modified alumina nanoparticles.

2. Experimental and Techniques
2.1. Instruments

A Shimadzu 680 AA, atomic absorption spectrometer was equipped with deuterium background corrector. Hol-
low cathode lamps were used as radiation source, and the operational conditions of the equipment were estab-
lished according to the manufacturers’ recommendations for each element. The atomization was carried out in
an air-acetylene flame. Infrared spectra were recorded using a Fourier transform infrared spectrometer (FT-IR,
Perkin Elmer, Spectrum 100) to identify the functional groups and chemical bonding of the coated materials.
Scanning Electron Microscope (SEM) was performed to measure the particle size and shape (SEM-EDX, XL30
and Philips Netherland). A Meterohm 691 pH/lon meter (Switzerland, Swiss) with a combined glass-calomel
electrode was used for the adjustment of the pH of the test solution.
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2.2. Reagent and Solutions

All chemicals used in this work, were of analytical-reagent grade (Merck) and were used without further purifi-
cation. Doubly distilled deionized water was used for all dilutions. All the plastic and glassware were cleaned by
soaking in dilute HNO; (1 mL HNO; + 10 mL distilled deionized water) and were rinsed with distilled water
prior to use. The element standard solutions of 1000.0 mg-L™* of the given element were supplied by Merck.
Stock solutions of diverse elements were prepared from high purity compounds. The y-Al,0; mesh 40 nm (X-
ray analysis), spherical shape) was purchased from Plasmachem GmbH. The ligand (3-marcapto-D-valin) and
SDS were purchased from Merck. The pH was adjusted by addition of 0.1 mol-L " nitric acid or 0.1 mol-L* so-
dium hydroxide.

2.3. Preparation of Solid Phase

The alumina nanoparticles added to nitric acid solution for 72 hours then stirred for 15 min, and then rinsed with
deionized distilled water. After drying, 1.0 g of activated nano-alumina added to 30 mL of water containing 50
mg of the SDS particles, while shaking the suspension by stirrer ,the pH was adjusted to 2, then 45 mg of
3-mercapto-D-valin added to suspension and shaking for 15 min, while shaking the suspension by stirrer, the pH
was adjusted to 7 with 0.1 mol-L™* sodium hydroxide solution, afterward, Solid phase was separated from the
suspension by centrifuges, then washed by deionized distilled water, after that dried and used as solid phase
(sorbent).

2.4. Procedure for Preconcentration

The pH of solutions containing different amounts of the ions, was adjust to the pH 7.0 by addition of NaOH or
HCI. the samples were kept contacted directly with the modified solid phase for 15 min at stirring rate of 300
rpm to effect the deposition of analytes. The retained ions were then eluted with nitric acid (5 mL of 4.0
mol-L ). Analyte ions in the final solution were determined by atomic absorption spectrometry.

2.5. Application of Real Samples

The solid samples were digested according to procedures Ghaedi and colleagues [14]. The fruit and leaves sam-
ples of (apple and mango) were purchased from Shiraz, Iran. The samples once in the laboratory were washed
with ultra pure water, and separate the edible (fruit) and nonedible (leaves) parts both samples, dried under
stream of air and ground into small mesh size. A 30 g of samples was heated in silica crucible for 3h on a hot
plate and the charred material was transferred to furnace for overnight heating at 650°C. The residue was cooled,
treated with 10.0 mL concentrated nitric acid and 3 mL 30% (w/v) H,O, again kept in furnace for 2 hr at the
same temperature so that no organic compound trace are left. The final residue was treated with 3 mL concen-
trated hydrochloric acid and 2 mL 70% (w/v) perchloric acid and evaporated to fumes, so that all the metals
change to respective ions. The dissolved solid residue was filtered and its pH was adjusted at 7.0 and made up to
200 mL. Concentration was determined after caring out procedure give in Section 2.5. For tap water samples,
five liters of drinking water was collected in a glass container from our research laboratory in Faculty of Chemi-
stry, Islamic Azad University at Firouzabad city. The sample was filtered through a Millipore cellulose mem-
brane filter of pore size 0.45 um before its analysis. The organic content of the water sample was oxidized in the
presence of 1% (w/v) H,O, and addition of concentrated nitric acid. The pH of water sample was adjusted at 2.0
by nitric acid solution. Before preconcentration, the sample was neutralized by sodium hydroxide solution to pH
7.0. According to optimized experiment conditions and the preconcentration/separation procedure was per-
formed. Waste-water samples were collected using a polypropylene shovel from the wastes of Shiraz Industrial
Zone, and subsequently transferred to clean polypropylene bags. The organic content of the waste samples were
oxidized in the presence of 30% (w/v) H,O, and concentrated nitric acid. Volumes of 100 mL of sample were
filtered through a filter paper and stored in polypropylene containers until analyzed. pH of the sample was then
adjusted to 7.0 and the procedure described in Section 2.5 has been carried out [15] [16].

3. Result and Discussion
3.1. Characteristics of Modified Alumina Nanoparticles

The adsorbent was subsequently characterized by FTIR spectral data. The FT-IR spectrum of alumina nanopar-
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ticles coated SDS modified with 3-Mercapto-D-valin has prominent bands at 1680 cm ™, 1486 cm *, and 1387
cm * due to carboxylate , OH (bending) and phenolic group vibrations, respectively (Figure 1). The surface and
texture morphology of alumina nanoparticles coated SDS modified with 3-Mercapto-D-valin by SEM image is
illustrated in Figure 2. As shown in Figure 2, the naked alumina nanoparticles had Almost a mean diameter of
50 nm. The SEM images show that the naked alumina nanoparticles had a mean diameter of 50 nm and the
modified nanoparticles had a mean diameter of 74 nm. This shows that the alumina nanoparticles have been
completely coated by 3-Mercapto-D-valin. Using the ultrasonic vibrations caused that the nanoparticles have
been smaller and more homogenized particles.

3.2. Variables Optimization of Preconcentration Process

3.2.1. Effect of pH for Metal ions Uptake

The influence of pH on the preconcentration of target metal ions with initial concentration of 0.30 pg-L™ over
the pH range from 3.0 to 8.0 was studied (keeping the other parameters constant). As could be seen from Figure
3 quantitative recovery (>98%) was obtained for Zn(Il), Fe(Il) and Cu(lIl) within the pH range 7.0. This may be
attributed to the presence of free lone pair of electrons on nitrogen atoms, which are suitable functional sites for
coordinating with the metal ions. The decrease in recovery at pH values lower than 7 can be due to protonation
of the ligand and reduces the tendency for complexation with ions. Also The decrease in recovery at pH values
higher than 8 can be due to the formation of Zn(OH),, Fe(OH), and Cu(OH), [17] [18].

3.2.2. Effects of Amounts of 3-Mercapto-D-Valin

In order to determine the concentration 3-mrcapto-D-valin requires for quantitative recoveries of all investigated
metal ions, the proposed method was applied. Firstly, some works were carried out without ligands at optimum
pH 7.0 and it was observed that the Zn?*, Fe** and Cu®* ions were not quantitatively recovered in the absence of
ligands. The studies were performed with the various amounts of 3-mrcapto-D-valin and results are presented in
Figure 3. It can be seen that the recoveries of the metal ion increased with increasing concentration of 3-
mrcapto-D-valin added and reached a constant value (98%) with at least 45 mg 3-mrcapto-D-valin (for 1 g alu-
mina nanoparticles and 50 mg SDS). on this basis, studies were carried out at 3-mrcapto-D-valin concentration
of 45. This concentration of ligand is enough for the separation—preconcentration procedure because of the
very low level of the investigated metal ion concentration in real samples. Probably at ligand amount higher than
45 mg, due to possible formation of charged unretainable species, the amount of recovery will be reduced sig-
nificantly. 45 mg of 3-mrcapto-D-valin was chosen to account for other extractable species that might potential-
ly interference with the assaying of metal ions. The influences of the amounts of solid phase at fixed optimum
values of ingredient were investigated. The results display that 1.0 g of alumina nanoparticles has the highest ef-
ficiency.

3.2.3. Effect of Amount of SDS on Metal Ions Recoveries

The influence of SDS amount on the percentage of complexed ion ad-solubilized was investigated. In the ab-
sence of SDS, metal ion retined on 3-mercapto-D-valin-alumina nanoparticles with 65% lower efficiency for
ions. The retention of metal ion on hemi-micelles, which have a hydrophobic surface, was clearly dependent on
analyte complex polarity. Therefore, addition of SDS is necessary. The formation of minute amounts of ad-mi-
celles was essential to achieve complete ad-solubilization of chelates of these ions. At surfactant concentrations
higher than about 45 mg-g* alumina nanoparticles, a decrease in the retention percentage of ion was observed,
as result of the formation of micelles (Figure 4). The adsorption amount began to decrease when the SDS added
exceeded 50 mg for 1.0 g alumina nanoparticles. It can be explained by the fact that with more SDS added, its
molecules began to form micelles in the bulk agueous solution, moreover, the micelles make the 3-mercapto-D-
valin distribute into the bulk solution again. In this region, the slope of alumina nanoparticles adsorption curve is
flat, which indicates that the interaction between 3-mercapto-D-valin and SDS-coated alumina nanoparticles
were strong. As result, it was more difficult for SDS-coated alumina nanoparticles to desorbed 3-mercapto-D-
valin into aqueous solution.

3.2.4. Effect of Type and Eluent Volume
The nature and concentration of eluting agents were found to have a significant effect on the elution process of
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Figure 1. FT-IR spectra (A) alumina nanoparticles (B) alumina nanoparticles coated SDS and (C)
alumina nanoparticles coated SDS modified with 3-mercapto-D-valin.
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Figure 2. SEM images of purchased (A) alumina nanoparticles and (B)
modified alumina nanoparticles.

the retained ions from the solid phase. As could be seen from Figure 5, the uptake of these metal ions was neg-
ligible at pH < 3.0. Therefore, the acidic eluents are the best solution for extraction of adsorbed ion. Different
eluting solutions were used for elution of ion, which retained on SDS-coated alumina nanoparticles due to che-
lation with 3-mrcapto-D-valin. The effect of eluent volumes and concentration on the recoveries of the analytes
were also investigated. Quantitative recoveries of Zn*", Fe?" and Cu®" ion were obtained with 5 mL of 4 mol-L*
HNO; as compared to other eluents. Therefore 5 mL of HNO; was used in the subsequent experiments.

3.2.5. Effect of Shaking Time

The shaking time is an important factor in quantitative preconcentration of the analytes by static method. In or-
der to investigate the effect of shaking time on the extraction efficiency, extraction experiments were carried out
at 2, 5, 10, 15, 20, 40 and 60 minutes time intervals (with stirring rate of 300 rpm). Results showed that the rate
of uptake of analytes was quite high. After 5 min more than 90% of the analytes were adsorbed. Adsorption of
analytes from the solution reached more than 97% in 10 minutes. Therefore, shaking time of 15 min was se-
lected for further works.

3.2.6. Reusability of the Adsorbent
The prepared sorbents was subjected to several loadings with metal solution and elution with suitable eluent by

()
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Figure 3. Effect of amount of ligand on metal ions reco-
veries by 5 ml nitric acid 4 M solution. The general condi-
tions: modified Al,O3 NPs amount, 1 g; SDS amount, 50
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batch column method. In batch method, the shaking was continued up to 15 min (time all understudy metal ion
was quantitatively by modified solid phase) and the uptake metal ion was eluted by 5 mL of 4.0 mol-L™* HNOs.
The sorption and desorption were repeated several times on same adsorbent and the eluted metal ion each time
was evaluated. The capacity of this proposed sorbent did not change (with a normal variation of 2%) in 10 times
repeat.

3.2.7. Effect of Interferences

In view of the fact that flame atomic absorption spectrometry provides high selectivity, the only interference
may be attributed to the preconcentration step. The interfering effects of coexisting ions in ternary mixtures of
Zn(11), Cu(ll) and Fe(Il) with potentially interfering ions were studied on the percent recovery of target ions.
The tolerance limit was set as the amount of potentially interfering ions required to cause a 4% error. To per-
form this study, various salts were added individually to a solution containing 0.1 pg:L ™" of Zinc, Iron and Cop-
per ions, and the suggested procedure was applied. Table 1 shows the tolerance limits of the interference ions.
The results demonstrate that the presence of large amounts of species commonly present in real samples, have
no significant effect on the SPE of Zinc, Iron and Copper. It should be noted that individual investigations
showed that the ions K*, Na*, CI", SO?2~, Ca®*, Mg**, Ba**, Hg**, Ni**, Co®* and Mn®* ions were not adsorbed
at pH 7.0 onto the sorbent up to concentrations given in Table 1. This shows selectivity of the sorbent for the
analytes.

3.2.8. Analytical Features

The analytical features of the presented method such as linear range of the calibration curve, limit of detection
and precision were also examined. By applying the optimum experimental conditions, the characteristics of the
method are presented in Table 2. Along the limit of detection (LOD) of a method (the lowest analyte concentra-
tion that produces a response detectable above the noise level of the system), based on the three tames the stan-
dard deviation of the blank (N = 6) which was for all ions is presented in Table 2.

Table 1. Effects of the matrix ion on the recoveries of the examined metal ions.

Potentially Recovery(%0)?
Potentially interfering ions interfering ion/
analyte fold ratio zZn** Cu? Fe?
Pb*, Cr*, Li*, Na', K*, I, Br’ 1000 99+1 98+2 99+1
Mg?, Ca®, Ba* 1000 98 +2 98 +2 99+1
Mn?, Co*, Ni?* 800 9=+1 9=+1 98 +2
AP 800 98 +2 98 +2 982
Cd* 600 97+1 98 +2 99+1
SO, HCO;,CI 300 99+1 99+1 99+1

Average of three measurements.

Table 2. Specification of presented method at optimum conditions for each element.

Performance Zn(11) Fe(ll) Cu(ll)
Linear range (ug'L™) 100.0 - 1200 140 - 1700.0 160 - 2350
Detection limit* (ng'L™) 20.0 36.0 55.0
RSD% (n = 6) 1.8 (C=300.0 ug'L™) 1.7 (C=200.0 ug'L™) 2.1(C=250.0 pgL?

Regressions equation (C: ug'L™) A=6x10°CZn(Il) +0.0424 A=1x10°CFe(ll) +0.0277 A =3x107C Cu(ll) + 0.0357

R? 0.9982 0.9997 0.9995

Determined as 3 SB/m (where SB and m are the standard deviation of the blank signal and the slope of the calibration graph, respectively).

(=)
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3.2.9. Investigation of Preconcentration Factor

The elution volume strongly affects the preconcentration factor, defined as the ratio of sample volume to elution
volume. By applying the optimum condition volumes up 500.0 mL of 50 pg-L* of Fe?*, Zn** and Cu?* can be
completely adsorbed on the column and could be easily desorbed (by 5.0 mL of HNO; solution) and detected by
FAAS. This shows that a preconcentration factor of 100.0 is achievable by the system.

3.2.10. Application to Environmental Samples

In order to demonstrate the applicability and reliability of the method for real world samples, four real samples,
including tap water, wastewater, apple and mango samples were collected and analyzed by the method. The cri-
terion of reliability such as accuracy and RSD was examined by standard addition method. The percentage of
recoveries and RSD of each Zn*, Fe? and Cu®* ions in spiked food and water samples are given in Table 3 and
Table 4. It was found that the Zn**, Fe?* and Cu?* ions can be enriched and determined with high recoveries
with RSD lower than 3%.

4. Conclusion

A simple, sensitive and selective method was developed for the preconcentration of Zinc, Iron and Copper in
various real samples. In this study, a sorbent, 3-mercapto-D-valin-y-Al,O; (nanoparticles), was prepared by a
simple and rapid modification method. As far as our information concern, this is the first time that the 3-mer-
capto-D-valin have been used as a modifier material for the selective solid phase extraction of Zn(ll), Fe(Il) and
Cu(Il) from environmental and biological solutions prior to their determination by FAAS. The method has the
following advantages: it is reproducible and has a high preconcentration factor and low analysis cost. These na-
noparticles have relatively high adsorption as compared to the similar materials because of their smaller size.
The reusability of the sorbent was greater than 10 cycles without any loss in its sorption behavior. All of the op-
timized parameters were employed in real spiked samples. The results showed that this method had a high po-
tential for use in real samples with acceptable recovery and good precision. It shows that the suggested method
allows the determination of sub pg'L™" levels of Zinc, Iron and Copper. The method is economical due to the
possibility of multiple uses of the sorbent. The method is simple, accurate and can be applied for the determina-
tion of analyte in environmental samples. The comparison of the results found in the present study and some re-
cent studies on Zinc, Iron and Copper was given in Table 5. Most of the previously reported solid phase extrac-
tion methods in view of their advantage suffer from limitation such as low preconcentration factor. In our sense,

Table 3. Analytical results for the determination of (IT), Fe(II) and Cu(II) in apple and mango.

lon Added value Found (ng-L™?) RSD (%)* Recovery (%6)
Apple sample

Zn(ID) 0 120.83 1.3 -
300 419 12 99.39

Fe(I) 0 145 15 -
150 294 17 99.33

Cu(ll) 0 170 1.9
250 419.18 15 99.67

Mango

Zn(ID) 0 110 15 -
300 409.63 1.3 99.87

Fe(I) 0 170 1.7 -
150 319.04 1.2 99.36

Cu(ll) 0 167 18 -
250 416.57 2.3 99.82

Average of four measurements.
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Table 4. Analytical results for the determination of Zn(II), Fe(IT) and Cu(II) in tab water and

waste water.

lon Added value Found (ng-L ™) RSD (%)* Recovery (%6)
Tab water®
Zn(ID) 0 100 23 -
300 399.11 1.2 99.70
Fe(ID) 0 ND? - -
150 149.11 1.4 99.40
Cu(ll) 0 170 15
250 419.50 1.3 99.80
Wastewater®
Zn(ID) 0 250 15 -
300 549.28 15 99.76
Fe(Il) 0 180 23 -
150 329.80 1.2 99.86
Cu(ll) 0 210 22 -
250 459.15 14 99.66

3Average of three measurements; "Water was collected in a glass container from our research laboratory in Fa-
culty of Chemistry, Islamic Azad University at Firouzabad city; “Wastewater sample was collected from of Shi-
raz Industrial; YNo Detected.

Table 5. Comparative data from some recent studies for preconcentration of trace metals.

Chelating agent/solid phase adsorbent Method Preconcentration factor Reference
1,5-Diphenyl carbazone/Amberlite XAD-16 AAS 25 [19]
DuoliteGT-73 resin ICP-AES 40 [20]
Dithioacetal/SiO, CV-AAS 5.0 [21]
Bis(2-mercaptophenyl)ethanediamide/silica gel Spectrophotometry 50 [22]
dithizone/Chromosorb-108 AAS 71 [23]
Hgl? -Aliquat-336/naphthalene Anadic stripping voltammetry 80 [24]

3-mercapto-D-valin FAAS 100 In this work

this limitation can be overcome by the highest sample volume (500 mL) to the lowest eluent volume (5.0 mL)
and the preconcentration factor result was 100.’
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