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Abstract

A sensitive and selective solid phase extraction procedure for the determination of traces of Cu(Il), Zn(II), Pb(II) and Fe(III) has been develo-
ped. An alumina-sodium dodecyl sulfate (SDS) coated on with meso-phenyl bis(indolyl) methane (MPBIM) was used for preconcentration and
determination of Cu(Il), Zn(II), Pb(II) and Fe(III) ions by flame atomic absorption spectrometry. The analyte ions were adsorbed quantitatively on
adsorbent due to their complexation with MPBIM. Adsorbed metals were quantitatively eluted using 6 mL of 4 mol L™ nitric acid. The effects of
parameters such as pH, amount of alumina, amount of MBITP, flow rate, type and concentration of eluting agent were examined. The effects of
interfering ions on the separation-preconcentration of analytes were also investigated. The relative standard deviation of the method was found to
be less than 3.0%. The presented procedure was successfully applied for determination of analytes in real samples.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The roles of transition elements at trace level in human body
are an important search subject of analytical chemists [1-3].
The line between the quantity being indispensable and harm-
ful is very limited. The establishment of a level of metal ions at
trace levels in food and water is difficult [4—7]. Heavy metal ions
should be accurately evaluated in order to prevent the occurrence
of harmful effects. The cycle of trace metal ions from environ-
ment to human is also an important part of environmental studies
[8-11].

Flame atomic absorption spectrometric analysis of heavy
metal ions in real samples is directly difficult, because of com-
plex formation and significant matrices [12—15]. In addition,
some metals have low concentrations, which are near or below
the limit of detection of the instrument [16—19]. Separation-
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preconcentration step improves the analytical detection limit,
increases the sensitivity by several orders of magnitude,
enhances the accuracy of the results and facilitate the cali-
bration. Various separation-preconcentration techniques like
solvent extraction [20], electro-deposition [21], coprecipitation
[22], cloud point extraction [23], membrane filtration [24] and
solid phase extraction [25,26] are used for that purpose. Solid
phase extraction is preferred by many researchers on account of
the fast, simple and higher preconcentration factor, rapid phase
separation, time and cost saving [27,28].

A number of supports have been widely used for the pre-
concentration and separation of trace metal ions from various
matrices. The most prominent among the supports used are
activated carbon, [29], SDS coated on alumina [30], modified
chromosorb [31]. Among these adsorbents, alumina is an impor-
tant place in the solid phase extraction studies of heavy metal
ions [32-36]. A new modification mode for the alumina to use
in solid phase extraction works was introduced by Hiraide et
al. [37]. The organic reagent is incorporated in the cores of ad-
micelles of sodium dodecyl sulfate attached to alumina surfaces.
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Table 1
Instrumental conditions for the measurements of the analytes by FAAS

Analyte Wavelength (nm) Slit width (nm) Lamb current (mA)
Zn 2139 0.2 5.0
Fe 248.3 0.5 5.0
Cu 324.8 0.5 3.0
Pb 283.3 1.0 52

New organic reagents are immobilized on surfactant coated
on alumina for separation and enrichment of different metal
ions [38—40], and recently polyaromatic hydrocarbon as well
[41].

The purpose of this work is to investigate the feasibility of
absorption of these ions including copper(Il), iron(III), lead(IT)
and zinc(Il) ions on SDS coated on alumina modified with
MPBIM. The parameters including pH of sample, amount of
ligand and solid phase, type of eluting agent and flow rate were
optimized.

2. Experimental
2.1. Instruments

The measurements of metal ions were performed with a
Shimadzu 680 atomic absorption spectrometer equipped with
a hollow cathode lamp and a deuterium background correc-
tor, at respective wavelengths using an air-acetylene flame. The
instrumental parameters were those recommended by the manu-
facturer, which are given in Table 1. A Metrohm 691 pH/Ion
meter with a combined glass-calomel electrode was used for
adjustment of test solution pH.

2.2. Reagent and solutions

All chemicals used in this work, were of analytical reagent
grade and were used without further purification. Double deioni-
zed water was used for all dilutions. All the plastic and glassware
were cleaned by soaking in dilute HNO3 (1 +9) and were rinsed
with distilled water prior to use. The element standard solutions
used for calibration were produced by diluting a stock solution
of 1000mg L~! of the given element supplied by Merck. Stock
solutions of diverse elements were prepared from high purity
compounds.

The ligand meso-phenyl bis(indolyl) methane (MPBIM)
(Scheme 1) was synthesized according to literature [42]. The pH
adjustment was done by addition of dilute nitric acid or sodium
hydroxide to preparing the desired pH solution.

2.3. Preparation of MPBIM coated on alumina

About 50 mg of sodium dodecyl sulfate (SDS) and 20 mg of
MPBIM were added to 40 mL of water solution containing 1 g
alumina particles. The pH was adjusted to 7.0 with 2 mol L™!
hydrochloric acid to form MBITP-impregnated ad-micelles on
alumina particles while shaking the suspension with a stirrer.
After mixing for 15 min, the supernatant solution was discar-

Scheme 1. Schematic diagram of MPBIM. Solid mp: 88-90°C; '"H NMR
(200MHz, J=CDCl3): §=5.90 (S, 1H, CH), 6.60 (d, 2H, /=2.4Hz), 7.05 (T,
2H, J=8.2Hz), 7.15 (t, 2 h, j=8.2Hz), 7.30 (m, 9H), 7.85 (brS, 2H, NH).

ded and the remaining was packed into a column. The column
was washed by passing 5SmL of 2molL~' HNOj3, and then
the column was neutralized with 0.01 mol L™! aqueous ammo-
nia. On kept in a refrigerator the sorbent is stable at least for
1 week. The concentration of SDS was fixed below the criti-
cal micellization concentration (CMC) (8 x 107> M) of SDS
(Scheme 1).

A 10mL of 0.005 mol L~! NaOH solution containing 40 mg
of MPBIM was added to 1 g of alumina and 50 mg of SDS in a
25 mL vial and shaken. Then a portion of the supernatant liquid
was diluted to the appropriate volume and the absorbance of
the solution was measured at maximum wavelengths (277 and
423 nm). The amount of MPBIM deposited on the SDS coated
on alumina was estimated by spectrophotometric measurements
from the residual amount of MPBIM in the solution. It was
found that 96% of MPBIM was retained on the SDS coated on
alumina.

2.4. Column preparation

A short glass column with an inner diameter of 50 mm and
a length of 10 cm, equipped with porous frits, was filled up to a
height of about 1.5 cm with a suspension of 1.09 g of SDS coated
on alumina modified with MPBIM in water. SDS coated on
alumina modified with MPBIM was preconditioned by the blank
solution prior to each use. After each experiment, the column
was rinsed with water and stored for the next experiment.

2.5. Test procedure

The pH of model solutions containing analytes was adjus-
ted to pH 2-8 by dilute nitric acid or sodium hydroxide. The
samples were passed through the column with the aid of a suc-
tion pump at a flow rate of 4 mL min~!, to effect the deposition
of analyte. The adsorbed ions were then eluted with 6 mL of
4 mol L™ nitric acid with a flow rate of 4 mL min~'. The analyte
concentrations in the eluent were determined by flame atomic
absorption spectrometry.

2.6. Analysis of real samples

Water samples were collected from spring water Yasouj,
Iran and Zohre River (Fahlian River), Iran; tap water and
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wastewater are collected from Gachsaran, Iran. Before the
analysis, the samples were filtered through a Millipore cel-
lulose membrane filter of pore size 0.45 wm. The organic
content of the water samples were oxidized in the presence
of 1% H;0O, and addition of concentrated nitric acid. After
acidification to 1% with concentrated nitric acid, they were
stored in polyethylene bottles. For the preconcentration pro-
cedure, pH of the 800mL of water samples was adjusted
to 7 and the sample passed through the column at flow
rate of 4mLmin~!. The metals, which retained on modi-
fied SDS coated on alumina by complexation with MPBIM
SDS coated on alumina, were eluted with 6 mL of 4 mol L~
HNOs3. The effluent was sent to FAAS for evaluation of metal
content.

Leaves of spinach were purchased from Gachsaran, Iran.
Afterwards, they dried and were taken in small mesh. A 40 g
leaves of spinach 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, gain kept
in furnace for 2 h at the same temperature, to decompose orga-
nic matter completely. The final residue was treated with 3 mL
concentrated hydrochloric acid and 2—4 mL 70% perchloric acid
and evaporated to fumes, so that all the metals change to res-
pective ions. The solid residue was dissolved in water, filtered
and by keeping the pH at 7 made up to 250 mL by addition
of diluted KOH solution. Then procedure in Section 2.6 was
applied.

Twenty grams of homogenized soil sample or 20 mL of
blood sample was weighed accurately and in a 200 mL bea-
ker was digested with addition of 10 mL concentrated HNO3
and 2mL HClO4 70% was added and heated for 1h, follo-
wing the method recommended in our previous publication
[27,28,43,44]. The content of beaker was filtered through a
Whatman No. 40 filter paper into a 250 mL calibrated flask and
its pH was adjusted to desired value and diluted to mark with
de-ionized water. Then the procedure given in Section 2.6 was
performed.

3. Results and discussion

In 1994, Hiraide el al. [43] proposed that water-insoluble
organic ligand could be trapped into the aggregate of sodium
dodecyl sulfate (SDS) on alumina particles. In the preliminary
studies it was found that when 20 mg of MPBIM is mixed with
SDS coated on alumina particles, the ligand is trapped homo-
genously on the hemi-micelles or ad-micelles formed by SDS
on alumina surface in a manner similar to that demonstrated for
the other organic ligands [43—48] and the color of alumina was
changed from white to yellow.

3.1. Influences of pH

pH is the main investigated factor for the all extraction studies
[49-55]. The effect of pH on the preconcentration of metal ions
on SDS coated on alumina modified with MPBIM was studied
by determination of individual elements. Fifty micrograms of
each element were preconcentrated in the pH range of 2.0-8.0
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Fig. 1. Effect of pH on analyte ions recovery (N =3).

by introducing 40 mg of MPBIM on the solid phase composites
of 50mg SDS and 1 g Al,O3. The results were shown in Fig. 1.
The analyte ions could be retained quantitatively by the solid
phase at the pH 7.0. So the pH 7.0 £ 0.1 has been selected for
the determination of metals content.

3.2. Effects of amounts of MPBIM

To investigate the optimum amount of MPBIM on the quan-
titative extraction of understudy metals ions by the SDS coated
on alumina, these ions extraction was conducted by varying the
amount of MPBIM from 10 to 60 mg. The results are shown
in Fig. 2 with increasing amount of MPBIM up to 40 mg an
increase in recoveries can be achieved and further increase does
not mentionable change in efficiency. Quantitative recoveries for
the analytes were obtained after 40 mg of MPBIM. Subsequent
studies for further experiments were carried out with 40 mg of
MPBIM.

3.3. Amount of SDS

The influence of amounts of SDS on the recoveries of the
analyte ions was investigated. The results obtained are presen-
ted in Table 2 and Fig. 3. In the absence of SDS, ions were
not retained on SDS-alumina. Therefore, addition of SDS is
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Fig. 2. Effect of amount of MPBIM on analyte ions recovery (N =3).
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Table 2
Effect of solid phase ingredient on ions recovery (N=3)

Sample Recovery (%)

Zn(II) Pb(1I) Cu(Il) Fe(III)
Al O3 (1 g), SDS (50 mg), without MPBIM 55+£2 36 £2 27 £2 24 £2
Al,0O3 (1 g), MPBIM (40 mg), without SDS 302 30£2 28 £2 36 £2
Al,03 (0.1 g), MPBIM (40 mg), SDS (5 mg) 50+1 38+2 37+£2 32+2
Al,03 (0.3 g), MPBIM (40 mg), SDS (15 mg) 91 £ 1 86 + 1 82 + 1 719+ 1
Al O3 (1 g), MPBIM (40 mg), SDS (50 mg) 100 £ 1 98 + 1 97 £ 1 9 £ 1
Al,03 (0.6 g), MPBIM (40 mg), SDS (50 mg) 9 £ 1 86 + 1 79+ 1 83+ 1
Al,03 (0.8 g), MPBIM (40 mg), SDS (50 mg) 93 +1 922 +1 93+ 1 91 £1
Al,O3 (1.2 g), MPBIM (40 mg), SDS (50 mg) 2+1 92 £ 1 89 + 1 88 £ 1

necessary. The formation of minute amounts of ad-micelles
was essential to achieve complete adsolubilization of these
ions as respective complex. At surfactant concentrations higher
than about 50mgg~' alumina, a decrease in the percentage
of ions retained was observed as a result of the formation of
micelles.

3.4. Effects of amounts of alumina

The influences of the amounts of alumina filled to the column
were also investigated. The results display that up to 1.0 g of
alumina efficiency of extractions increase and further addi-
tion has not significant effect on recoveries. The effect of the
amount of alumina on the sorption of metal ions at pH 7.0
was examined in the range of 0.1-1.2 g. Quantitative recove-
ries (>95%) of lead(Il), iron(IIl), copper(Il) and zinc(II) ions
were observed in the range of 0.9-1.0 g. The recoveries of ana-
lytes above 1.0 g of alumina were below 95% with 6 mL of the
eluent. In the proposed procedure, 1.0 g of alumina is recom-
mended.

3.5. Eluent type

A satisfactory eluent should effectively elute the sorbed ana-
lytes with small volume, which is needed for a high enrichment
factor, and should not affect the accurate determination of the
analytes and destroy life time and reusability of solid phase.
For this reason, different solutions were attempted to be used

100 —7n

—&—pb
——Cu

90
—8—Fe

Recovery %

80

70 1 L 1 L L L
10 20 30 40 50 60 70 80

Amount of SDS (mg)

Fig. 3. Effect of SDS amount on analyte ions recovery (N =3).

as the eluent. The respective results are presented in Table 3.
As a result, 6.0mL of 4.0molL~! HNOj3; was sufficient for
quantitative elution, and a good elution curve could be gai-
ned.

3.6. Effect of flow rate of sample and eluent solutions

The rate of the flow of model solutions through the column
is one of the factors affecting the duration of the determination
and directly related to the contact of the solution with the solid
phase thereby providing information about the adsorption rate
of the complexes on the solid phase. The model solutions of
250 mL were passed through the column with rates in the range
of 1-6mLmin~!. It was observed that the recovery was not
changed significantly up to 4.0 mL min~! which was selected
for further experiments. The flow rates of eluent solution were
investigated in the range of 4.0 mL min~!. After 4.0 mL min~!
of eluent solution, the recovery values of the analytes were not
quantitative. For the all experiments, 4 mL min~' was selected
as eluent flow rate.

3.7. Sample volume

Due to low concentration of heavy metals, preconcentra-
tions have been done on large volume of real samples. Hence,

Table 3
Effect of type and concentration of eluting agent on recovery of analytes (N =3)

Eluent Recovery (%)

Zn(1l) Pb(ID) Cu(Il) Fe(I1I)
4molL~! H3PO, 202 38 +2 10+ 3 22 +3
4molL~! HCI 102 + 1 85 + 2 50 + 2 54 £+ 2
4molL~! H,SO4 442 1342 242 60 + 2
4mol L~! CH3COOH 38 £+ 2 5+3 11+3 60 + 2
1 molL~! HNO; 3242 58+ 2 2742 442
2molL~! HNO; 80 + 2 62+2 41 +2 5242
3molL~! HNO; 96 + 1 91 + 1 86 + 1 88 + 1
4molL~! HNO; 98 + 1 98+ 1 98 + 1 96 + 1
5molL~! HNO3 83 + 2 87 +2 80 + 1 84 + 1
6molL~! HNO; 71+2 67 +2 59 +2 68 + 2
2mL of 4molL~! HNO; 70 £+ 2 66 £ 2 5242 60 + 2
4mL of 4mol L~! HNO3 87 + 2 82 + 2 76 + 2 82 + 2
6 mL of 4mol L~! HNO3 97 + 1 98 + 1 98 + 1 96 + 1
8 mL of 4mol L~! HNO3 97 + 1 98 + 1 97 + 1 95 + 1
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Table 4 Table 5
Effects of the matrix ions on the recoveries of the examined metal ions (N =3) Specification of presented method at optimum conditions for each element
Interfering Interfering Recovery (%) Parameters Fe(III) Cu(II) Zn(1D) Pb(II)
ions ion/analyte fold ratio :
Pb(1I) Cu(l)  Zn(ID) Fe(IID) Linear range 0.01-0.85 0.01-0.87 0.01-0.92 0.02-0.8
Na* 800 9842 9741 100+£1 93+2 (hgml. 1)
Detection limit 0.68 0.77 0.69 0.75
K* 800 9B +1 96+1 9B +2 95+1 (ngmL")
L1+2+ 800 97+1 94+2 99+1 9342 Loading capacity 6.3 6.6 6.3 6.4
Ba ) 1000 98 +1 95+1 1011 9742 (mggfl)
Mg2+ 1000 97+1 94+2 98+£1 96+1 R.S.D. (%) 21 29 27 1.9
ca’ 1000 OTEL 95 EL99EL LT pecovery (%) 97.5 95.7 98.5 95.7
Co 500 9% +1 93+2 98+1 9442
NiZ* 600 9% +1 94+1 V+1 97+1
Mn?* 600 95+1 95+1 98 +1 95+1
Cd? 600 9% +1 94+1 97+1 96+1 6.0 mL, therefore the preconcentration factors were 292 for the
Hg2+ 150 9% +1 94 +1 97 +1 95+1 analytes.
Cl~ 300 97 +2 95+2 97+1 95+£1
Ti3* 1000 98 +1 97+2 98+1 9843
Agt 750 974+1 96+1 99+1 9%6+2 3.8 Matrix effects
The influences of possible matrix ions in the environmen-
15 tal samples and some transition metals were also examined.
The results were summarized in Table 4. The tolerated amounts
of each ion were the concentration values tested that caused
error less than 5% of the recovery alteration. The ions nor-
o5 | mally present in water do not interfere under the experimental
< conditions used. Also, some of the transition metals at mg L1
g levels were not interfered on the recoveries of the analyte ions.
% The matrix metal ions were not retained on the SDS coated on
S alumina because of their very low stability constants of com-
plexes.
—%=fc —=—-0n 3.9. Analytical features
—&—Pb —e—7n . ‘
85200 600 1000 1400 1800

Sample Volume (ml)

Fig. 4. Effect of sample volume on analytes recovery (N =3).

the maximum sample volume was optimized by the inves-
tigation of the recovery of trace metals in various sample
volumes in the range of 250-2000 mL. The results were given
in Fig. 4. The recoveries of the analyte ions were quantita-
tive until 1750 mL. In this study, the final solution volume was

Table 6
Levels of analyte ions in soil, blood and spinach samples (N = 3)

Adsorption capacity is an important factor to evaluate the
sorbent, because it determines how much modified SDS coa-
ted on alumina is required to a given solution. The adsorption
capacity of the modified SDS coated on alumina was studied
and respective adsorption capacity calculated for Cu(Il), Zn(II),
Fe(II) and Pb(IT) were presented in Table 5.

The precision studies were carried out at 0.2 ug mL ™! level
of metal ions by carrying out five separate determinations using
the above-mentioned procedure. The sample volume was main-
tained at 250 mL. The relative standard deviation of the method

Ton Added Blood sample Soil sample Spinach sample
~1
(neg™) Found R.S.D. Recovery Added Found R.S.D. Recovery Added Found R.S.D.
(mgg™ (%) (%) (mgg™  (ngg™H B (%) (mgg™  (ngg™H B
Fe(IIT) 0.0 0.490 1.6 - 0.0 0.184 1.4 - 0.0 0.341 1.6
0.1 0.594 1.0 104.0 0.1 0.286 1.0 102.0 0.1 0.445 1.1
Cu(Il) 0.0 0.151 14 - 0.0 0.189 1.4 - 0.0 0.282 1.5
0.1 0.254 1.0 103.0 0.1 0.292 1.0 103.0 0.1 0.386 1.0
Pb(1I) 0.0 0.102 1.5 - 0.0 0.142 1.4 - 0.0 0.158 1.4
0.1 0.200 1.1 98.0 0.1 0.245 0.9 103.0 0.1 0.260 1.0
Zn(1I) 0.0 0.156 1.5 - 0.0 0.143 1.2 - 0.0 0.153 1.4
0.1 0.260 1.0 104.0 0.1 0.248 0.9 105.0 0.1 0.256 1.0
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Table 7
Recovery of trace elements from spiked environmental samples after application
of presented procedure

Ton Added (ngL™!)  Found (ugL™!) R.S.D.(%) Recovery (%)
River water
Zn(II) 0 497 1.4 -
75 1272 0.9 1033
Pb(Il) 0 523 13 -
75 128.9 1.0 103.2
Cu(Il) 0 46.3 1.2 -
75 124.1 0.9 103.7
Fe(l) 0 89.9 12 -
75 1673 0.8 1032
Waste water
Zn(1II) 0 98.4 1.2 -
100 202.1 0.8 103.7
Pb(I) 0 68.2 0.8 -
100 170.3 0.9 102.1
Cu(II) 0 98.8 L1 -
100 201.7 0.8 102.9
Fe(l) 0 105.8 L1 -
100 208.3 0.9 1025

was found to be less than 3.0%. The specifications of method
are presented in Table 5.

The limit of detection LOD of the proposed method for the
determination of ions was studied under the optimal experimen-
tal conditions. The detection limits were expressed as the amount
of analyte in ng mL ™! giving a signal to noise ratio of 3. The LOD
obtained from C=KyS, m~—! for a numerical factor of Ki, =3
(Table 5).

3.10. Applications

The reliability of the presented method was checked by spi-
king experiments and independent analysis. The results for this
study are presented in Tables 6 and 7 for environmental (soil and
natural water) and biological samples (blood and spinach). The
recovery of spiked samples is satisfactorily reasonable and was
confirmed using addition method, which indicates the capability
of the system in the determination of ions. A good agreement was
obtained between the added and measured analyte amounts. The
recovery values calculated for the added standards were always
higher than 95%, thus confirming the accuracy of the procedure
and its independence from the matrix effects.

4. Conclusions

In the presented study, a new simple and low cost and
environmentally friendship solid phase extraction technique
was developed based on the preconcentration of copper(Il),
iron(Ill), zinc(Il) and lead(Il) in environmental samples on
SDS coated on alumina prior to the determination by FAAS.
The determination of analyte ions yields quantitative recove-
ries. SDS coated on alumina can be used as high as greater

than 20 experiments without any loss in its sorption beha-
vior. The system was successful in preconcentration of analytes
from large sample volume (1750mL). The high enrichment
factor and good figures of merit for method could be achie-
ved.
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