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Abstract

A new chelating matrix has been prepared by immobilizing 1,8-dihydroxyanthraquinone (DHAQ) on silica gel
modified with (3-aminopropyl)triethoxysilane. After characterizing the matrix with thermogravimetric analysis (TGA),
cross polarization magic angle spinning (CPMAS) NMR and diffuse reflectance infrared fourier transformation
(DRIFT) spectroscopy, it has been used to preconcentrate Pb(II), Cd(II) and Zn(II) prior to their determination by
flame atomic absorption spectrometry. The optimum pH ranges for quantitative sorption are 6.0-7.5, 7.0-8.0 and 6.0-
8.0 for Pb, Zn, and Cd, respectively. All the metal ions can be desorbed with 2 mol l^ 1 HCl/HNO3. The sorption
capacity of the matrix has been found to be 76.0, 180.0 and 70.2 mmol g~1 for Pb, Zn and Cd, respectively, with the
preconcentration factor of — 200. The limits upto which electrolytes NaNO3, NaCl, NaBr, Na2SO4, Na3PO4 sodium
citrate, EDTA, glycine and humic acid and cations Ca(II), Mg(II), Cu(II), Co(II), Ni(II), Mn(II) Al(III), Cr(III) and
Fe(III) can co-exist with the metal ions during their sorption without any adverse effect are reported. The lowest
concentration of metal ions for quantitative recovery is 5.0 ng ml ~1 The simultaneous enrichment and determination of
all the metals is possible if total load of metal ions is less than sorption capacity. The flame AAS was used to determine
these metal ions in underground, tap and river water samples (relative standard deviation (R.S.D.) < 6.3%) after their
enrichment with the present matrix.
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1. Introduction

Solid phase extraction is among the various
important techniques, used by analysts for metal
ions between the sample collection and analysis
step by flame AAS or ICP-AES. It is known and in
use since long but in real sense becomes a scientific
technique in 1970s only [1]. Presently, its use is
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intended to achieve any or all of the three things,
viz. (i) concentration, (ii) removal of unwanted
molecules from the sample (clean up) and (iii)
removal of the sample matrix/solvent exchange. A
variety of solid phase extractors have been devel-
oped for metal ions and there is continued interest
in the development of new collectors of high
sorption capacity and selectivity. In comparison
with liquid-liquid extraction (solvent extraction)
of metal ions, the solid phase extractors have two
major advantages. First, they are more ecofriendly
and second, it is easier to reuse them. Ion-
exchangers and chelating resin are the two most
important classes of solid phase extractors. How-
ever, the later ones are attractive due to their
selectivity. Several ligand immobilized organic
polymeric matrices have been studied as chelating
resins in the recent past [2-6]. Of these Amberlite
XAD-2 based ones are promising [7-14]. How-
ever, their sorption capacities are generally mod-
erate. Silica gel functionalized with 8-
hydroxyquinoline [15], salicyldoxime [16], 1-(2-
thiazolylazo)-2-naphthol [17], dithizone [18], acid
red-88 [19], acid alizarin violet-N [20], didecylami-
noethyl-b-tridecylammonium [21], 3-methyl-1-
phenyl-4-stearoyl-5-pyrazolone [22], formylsa-
licylic acid [28], thiourea [29], 2-mercaptoben-
zothiazole [30], dithiocarbamate [31],
salicyldehyde [32], o -vanillin [33] and 2-hydroxy-
5-nonylacetopheneoxime [34] is reported as a
chelating collector for metal ions, Fe(III), Cu(II),
Zn(II), Cd(II), Co(II), Ni(II), Pb(II), Hg(II),
Ag(I), Au(III) and Pt(II). The modified silica gel
generally exhibits sorption capacities higher than
those of organic polymer based resins. On silica gel
reactive sites exist in large number, and therefore,
the number of organic molecules immobilized is
high, which results in good sorption capacity for
metal ions. Most of these immobilized ligands do
not extend the possibility of more than two
coordination sites. Anchoring a tri- or tetra-
dentate ligand on the silica gel may further
enhance the sorption capacity as the binding
constant of a metal ion with the matrix is expected
to increase with the dentate character of the
ligand. In view of current interest in chelating
matrices of high capacity and unusual properties,
it was, therefore, thought worthwhile to immobi-

lize 1,8-dihydroxyanthraquinone (DHAQ) on the
silica gel as it can act as tridentate ligand after
grafting and, therefore, may fulfill the objective of
high sorption capacity. For anchoring DHAQ,
silica gel is first reacted with (3-aminopro-
pyl)triethoxysilane and thereafter with the quinone
DHAQ. The resulting chelating matrix having
three 'O' (suitably oriented for chelation) and
one 'N' donor sites is studied for the enrichment
of Cd(II), Pb(II) and Zn(II). The results of these
investigations are the subject of this paper. The
interest in these three elements stems due to their
importance in environmental monitoring and
material development. Matrices of very high sorp-
tion capacity for all the three are scanty, as their
complexes with bidentate donors do not have high
stability constants. The tridentate nature of the
ligand DHAQ will allow the binding of these metal
ions with matrix strongly and consequently good
sorption capacity.

2. Experimental

2.1. Instrumentation

The 13C cross polarization magic angle spinning
(CPMAS) NMR spectrum was recorded at a
frequency of 75.3 MHz on a Bruker (Fallenden,
Switzerland) 300 spectrometer. The CPMAS para-
meters used for this purpose are: contact time 2.5
ms, recycle time 2.5 ms, spinning rate 4 kHz and
the number of scans 5000. A flame atomic
absorption spectrometer of Electronic Corpora-
tion of India Limited (Hyderabad, India), Model
4139, equipped with air-acetylene flame (air and
acetylene flow rates employed are 10 and 2 l
min"1, respectively) was used for metal ion
determination. The wavelengths used for monitor-
ing Cd, Zn and Pb are 228.8, 213.9 and 212.0 nm,
respectively. The diffuse reflectance infrared four-
ier transformation (DRIFT) spectra (4000-400
cm"1) were recorded on a Nicolet (Madison,
USA) FT-IR spectrometer (Model protege 460).
Thermogravimetric analysis (TGA) was carried
out on Perkin-Elmer (Norwalk, USA) thermo-
gravimetric analyzer TGA-7. Autosorb-6B (Quan-
tachrome Corporation, USA) analyzer was used
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Table 1
Optimum experimental conditions for the sorption and desorption of metal ions

Experimental parameter

pH range
Flow rate (ml min~')
HCl/HNO3 concentration for desorption (mol 1 )
Preconcentration factor
Sorption capacitya (mmol g )
Average recovery (%)
Standard deviationb (mg ml ~~1)
R.S.D. (%)

Metal ion

Pb(II)

6.0-7.5
1.5-3.5

//1.5-4.0
200
74.8-78.2
99.6
0.025
2.49

Zn(II)

7.0-8.0
1.5-3.0
2.0-3.0

200
177.3-183.4
98.5
0.035
3.44

Cd(II)

6.0-8.0
1.5-3.5
1.0-2.0/1.0-3.0

200
68.5-72.0
99.6
0.02
1.99

a Range is of different batches.
b For five determination of 1 (igml '.

for BET surface area analysis. The metal sorption
studies on the chelating matrix were carried out on
a column C10/10 (Pharmacia, Bromma, Sweden,
size 10 cm x 10 mm) after packing the column with
the chelating matrix using the method provided by
the manufacturer in the manual 'Gel Filtration-
Theory and Practice' [37]. The flow of liquid into
the column was controlled using a peristaltic pump
(Watson-Marlow Model 101/U/R Falmouth,
UK). A mechanical shaker equipped with an
incubator (Hindustan Scientific, New Delhi, India)
with a speed of 200 strokes per min was used for
batch equilibration.

2.2. Chemicals and reagents

Silica gel (60-120 mesh size) was procured from
Merck (E. Merck Ltd., Mumbai, India). The (3-
aminopropyl)triethoxysilane and DHAQ were ob-
tained from Aldrich (Milwaukee, USA) and used
as received. The stock solutions of metal ions
(concentration 1000 mg I"1) were prepared from
analytical reagent grade CdI2, ZnSO4 • 7H2O and
Pb(NO3)2 by dissolving the appropriate amount in
deionized water acidified with 10 ml of concen-
trated nitric or hydrochloric acid and making up
the volume to 1 l. The solutions were standardized
[35] before use and diluted according to require-
ment. The pH adjustments were made with HCl
(pH 1-2), 0.5 mol I"1 acetate-acetic acid buffer
(pH 3-5), 0.5 mol I"1 phosphate buffer (pH 6-7)
and 0.5 mol I"1 NH3-NH4C1 buffer (pH 8-10).

The water samples from Narmada river (Hoshan-
gabad, India) and underground water and muni-
cipal tap water supply (New Delhi, India) were
collected, acidified with 2% HNO3, filtered and
stored in glass bottles. The glassware was washed
with chromic acid and soaked in 5% HNO3 for
overnight and cleaned with doubly distilled water
before use.

2.3. Synthesis of silica gel functionalized with
DHAQ

The commercially available silica gel was acti-
vated by refluxing it for 8 h with 6 mol l ~1 HCl. It
was filtered, washed with doubly distilled water
until free from acid and dried for 12 h in a furnace
at 393 K. It was finally degassed at 373 K under
vacuum for 8 h. Immobilization of the DHAQ was
carried out in the two steps given below.

1) The activated silica gel (30 g) was suspended in
100 ml of 10% solution (v/v) of (3-aminopro-
pyl)triethoxysilane made in dry toluene. The
mixture was refluxed with stirring for 12 h in
nitrogen atmosphere. The slurry was filtered
and the resulting solid, aminopropyl silica gel
(APSG) was washed successively with toluene,
ethanol and diethylether. It was dried and
degassed at 373 K under high vacuum for 8 h.
The nitrogen content of the aminated silica gel
(APSG) was found to be 0.6309/0.007% (w/w)
by Kjeldahl method [36].
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2) The APSG (10 g) was treated with DHAQ (15
g) dissolved in 30 ml of anhydrous diethyl
ether with constant stirring for 12 h. The
mixture was filtered. The residue was washed
with ethanol and heated at 350 K in vacuum
for 8 h and used as such for metal ion
enrichment.

2.4. Recommended procedure for preconcentration
and determination of metal ions

The column and batch methods employed for
the preconcentrations of metal ions are as follows.

2.4.1. Column method
About 1.0 g of DHAQ loaded silica gel was

packed in a Pharmacia glass column. The column
was treated with 2 mol I"1 HCl or HNO3 (50 ml)
and washed with doubly distilled water until free
from acid. A suitable aliquot of the sample
solution containing Zn(II), Pb(II) or Cd(II) in
the concentration range of 0.005-15 mg ml"1 was
passed through the column after adjusting its pH
to an optimum value (Table 1), at a flow rate of
1.0-3.5 ml min"1 controlled with a peristaltic
pump. The column was washed with distilled
water to remove free metal ions. The bound metal
ions were stripped off from the gel column with
HCl or HNO3 (10-25 ml) of optimum concentra-
tion given in Table 1. The concentration of the
metal ions in the eluate was determined with a
flame atomic absorption spectrometer, standar-
dized previously. The dilution with distilled water
was made before aspiration when the eluates
were concentrated enough to exceed the working
range.

2.4.2. Batch method
A sample solution (50 ml) containing 0.05-15

mg ml"1 of Zn(II), Pb(II) or Cd(II) was taken in a
glass stoppered bottle (250 ml), after adjusting its
pH to optimum value (Table 1). The DHAQ
loaded silica gel (0.1 g) was added to it, the bottle
was stoppered and shaken for 30 min. The
modified silica gel was filtered, washed with
distilled water, shaken with 10-25 ml of HNO3

of optimum concentration (Table 1) for 30 min
and again filtered. The filtrate was aspirated into
the flame of a pre-standardized FAAS, after
suitable dilution, if required.

The optimum conditions for the sorption (pH
and flow rate) and desorption (acid concentration)
of Pb(II), Zn(II) and Cd(II) were established by
varying one of them at a time and following the
recommended procedure. The results are summar-
ized in Table 1. A typical optimization process (for
pH) is as follow. A set of solutions (volume: 50
ml), each containing one of the three metal ions in
the concentration range 0.4-1.0 mg ml"1 was
taken. The pH of solutions of the set adjusted to
different values in the range 2.0-9.0. The pH
above 9 was not studied as silica gel matrix may be
damaged by strong alkali. The enrichment of the
metal ion from these solutions of the set was
studied by the recommended procedure.

The stability of DHAQ immobilized silica gel
was studied in acid (1-4.5 M HNO3/HCl). The
modified silica gel was shaken in acid solutions of
varying concentrations for 5 h and filtered. The
solid was washed with distilled water until free
from acid, dried at 363 K under vacuum and its
sorption capacity was determined (Section 3 for
details).

2.5. Calibration curve for various metal ions

For the determination of metal ions using
FAAS various parameters (viz. wavelength, slit
width, lamp current etc) were set at optimum level.
The calibration curves were linear for cadmium
(0.5-2.0 mg ml"1), lead (1.0-15.0 mg ml"1) and
zinc (0.1-2.0 mg ml"1) in the range given in
parentheses. The linear equation along with re-
gression (R ) are given below.

Pb C = 0.0320^-0.0046 R2 = 0.9997
Cd C = 0.1782,4/0.0075 R2 = 0.9972
Zn C = 0.2571 A -0.0165 R2 = 0.9991

where, A is peak height absorbance, C is concen-
tration in mg ml"1. All the statistical calculations
are based on the average of four readings for each
standard solution in the given range.
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Fig. 1. 13C CPMAS NMR spectrum of amino propyl silica gel.

3. Results and discussion

3.1. Synthesis and characterization of DHAQ
anchored silica gel

DHAQ is immobilized on silica gel via the
reactions given in Scheme 1.

Anhydrous conditions were used for the silation
reaction so that hydrolytic condensation of the

aminopropyl siloxane is prevented and maximum
substitution of the silanol groups takes place. The
13C CPMAS NMR spectrum of silica gel modified
with (3-aminopropyl)triethoxysilane is shown in
Fig. 1. Its resonance signals are consistent with
13C{1H} NMR spectrum (recorded in CDCl3) of
(3-aminopropyl)triethoxysilane. The signals for -
OCH2- and -OCH2CH3- were found to be
absent in the 13C CPMAS NMR suggesting a
complete loss of ethoxy groups. The three signals
observed at d, 12.5, 24.6 and 45.6 ppm have been
assigned to the propyl carbon, Si-CH2, -CH2 and
N-CH2, respectively. The DRIFT spectrum of
DHAQ loaded silica gel exhibits a band at 1630
cm"1 which appears to be contributed by both C=
O and C=N stretching. All these observations
support the immobilization of DHAQ on to the
silica surface through -O3Si-(CH2)3- spacer. The
phenyl vibrations appear at 1595, 1535, 1500,
1460, 1415 and 1345 cm"1 and further supports
the immobilization of DHAQ. The nitrogen ana-
lysis of APSG suggests that 0.4509/0.005 mmol of
organo silicon moiety has been grafted per gram of
silica gel. The TGA of APSG further supports the
results of nitrogen analysis, as it shows ~ 3% mass
loss up to 873 K, which concurs with the loading
of 0.450 mmol of an organic species on 1 g of silica
gel. The specific surface area of DHAQ modified
silica gel was found to be 177.18 m2 g"1.



674 A. Goswami, A.K. Singh / Talanta 58 (2002) 669-678

120 -,

0 2 4 6

pH in aqueous solution

Fig. 2. Effect of pH on the sorption of Pb, Cd and Zn.

3.2. Optimum conditions for sorption and
desorption

The optimum pH range for maximum recovery
of each metal ion is reported in Table 1. The use of
4-5 ml of acetate, phosphate and ammonia buffer
to adjust the pH, does not affect the sorption
behavior. The effect of pH on sorption was also
studied using the recommended batch method and
the results are found to be consistent with those of
column method. The recovery of the three cations
as a function of pH is shown in Fig. 2.

3.3. Effect of eluent and flow rate

The degree of metal ion sorption on DHAQ
modified silica gel (1 g) packed column was
studied at varying flow rates of the metal ion
solution controlled with a peristaltic pump. The
optimum flow rate for loading the three metal ions
is between 1.0 and 3.5 ml min~1. The flow rates B
1 ml min ~1 were not employed to avoid the long
extraction time. However, at flow rates greater
than 4 ml min"1, there was a decrease in the
percentage of sorption, probably the metal ions
could not sufficiently equilibrate with the resin.

For stripping the sorbed metal ions HCl/HNO3

was used because usage of preconcentration re-
agents like EDTA, thiourea etc causes severe
changes in the nature of packing material by
getting adsorbed on the surface of silica, thus,
leading to non-reproducible results. For stripping
off the metal ions from the matrix also flow rate of

20 30
contact time (min)

Fig. 3. Kinetics of metal ions sorption on DHAQ loaded silica
gel.

1.0 and 3.5 ml min"1 was found effective. To
study the effect of concentration of stripping
solution on desorption of metal ion from the
modified silica gel, the metal ions were eluted
from the column with 10 ml of HCl/HNO3 of
varying concentration (1-4 mol I"1) at optimum
flow rate. The acid concentrations above 4 mol l ~1

were not used for desorption as the necessity of
partial neutralization of the acid in the eluate
would reduce the preconcentration factor. The
optimum acid concentration for maximum and
instantaneous recovery (> 98.6%) of individual
metal ion is given in Table 1. The efficiency of the
eluant (2 M HCl/HNO3) was studied by taking its
different volumes (1-10 ml). It was found that 6
ml of 2 M HNO3 was sufficient for the quantita-
tive recovery of Pb whereas 7 ml of 2 M HCl/
HNO3 were required for Cd and Zn. Therefore,
for complete elution of every metal ion 10 ml of 2
M HCl/HNO3 was uniformly selected.

3.4. Kinetics of metal sorption

The DHAQ immobilized silica gel 0.1 g was
shaken with 50 ml of a solution containing 2 mg of
metal for different equilibration time (1, 5, 10,15,
20, 25, 30, 35, 40 min and 5 h). The recommended
batch procedure was applied to determine the
three metal ions sorbed on the modified silica
gel. The concentration of metal ions in the super-
natant solution was determined and calculated by
mass balance (in mg g"1 of matrix). The values
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were consistent. The variation of sorption as a
function of time for the metal ions is shown in Fig.
3. The shaking for 2 min was found to be sufficient
to saturate approximately 60% of the matrix,
whereas 30 min equilibration was enough for
95% saturation of the matrix with all the metal
ions. The reasonably fast kinetics of the matrix-
metal ion interaction at optimum pH reflects a
good accessibility of the chelating sites of the
modified matrix and higher binding constants of
metal ions with the tridentate DHAQ immobilized
on silica gel.

3.5. Sorption capacity

The sorption capacity (maximum amount of
metal sorbed per gram of the matrix) for each
metal was determined by shaking 0.1 g of DHAQ
loaded silica gel with a metal ion solution (50 ml)
of concentration 100 mg ml"1 for 1 h and
monitoring the metal ions after stripping them
from the matrix as described in recommended
batch method. The sorption capacities of various
metal ions probably differ due to their size, degree
of hydration and the value of their binding
constant with the ligand immobilized onto matrix.
The value of binding constants of immobilized
ligands, however, may be different from that of
free one. The capacity of the modified silica gel
was also found to be almost same for different
batches of DHAQ functionalized silica gel (Table
1). The sorption capacity of the non modified silica
gel under optimum condition is only 12-38 mmol

Table 2
Tolerance limit of electrolytes and cations

Electrolytes/cation

NaNO3
a

NaCla

NaBra

Na2SO4
a

Na3PO4
a

Sodium citratec

Glycinec

EDTAc
Humic acidb

Cu(II)c

Co(II)c

Ni(II)c

Fe(III)c

Al(III)c

Cr(III)c

Mn(II)c

Ca(II)a

Mg(II)a

Metal ion

Pb(II)

0.20
0.18
0.01
0.14
0.07
0.27
1.06
0.90

20.0
0.03
0.07
0.05
0.04
0.15
0.07
0.05
0.40
0.60

Zn(II)

0.08
0.24
0.02
0.10
0.12
0.25
0.90
1.5

15.0
0.16
0.07
0.07
0.07
0.15
0.12
0.07
0.80
0.70

Cd(II)

0.08
0.12
0.008
0.09
0.05
0.27
0.95
1.2

12.0
0.03
0.70
0.03
0.04
0.22
0.10
0.07
0.40
0.40

a moll"1.
b Hgmr1 .
0 m m o i r 1

g"1, much lower the values given for modified
silica gel given in Table 1.

3.6. Effect of electrolytes and cations

The chloride, nitrate, sulphate, phosphate ions
are found in all natural water samples and have
the capability to complex with many metal ions.
Therefore, in their presence the efficiency of the
immobilized ligand to bind metal ions may be

Table 3
Determination of metal ions in water samples

Origin of sample

Narmada river water Houshangabad

Underground water, New Delhi

Tap water, New Delhi

Method

Direct
S.A.
Direct
S.A.
Direct
S.A.

Metal

Pb(II)

0.220
0.224
0.039
0.043
0.005
0.006

Ion (mg ml ')

R.S.D. (%)

4.5
3.6
2.6
4.7
6.0
4.8

Zn(II)

0.140
0.145
1.263
1.205
1.375
1.299

R.S.D. (%)

3.9
6.3
2.7
3.8
3.6
3.4

Cd(II)

0.004
0.005
0.00
0.00
0.00
0.00

R.S.D. (%)

4.9
4.8
-
-
-
-

Direct: recommended procedure is directly applied. S.A., standard addition method. R.S.D. for five determinations.
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hampered resulting in the reduction of overall
extraction. Thus, the effect of NaCl, NaBr,
NaNO3, Na2SO4, Na3PO4, glycine, sodium citrate,
EDTA and humic acid on the sorption efficiency
of Pb(II), Cd(II) and Zn(II) (0.1 mg I"1 of each)
on the modified silica gel was studied using the
recommended column method under the optimum
conditions (Table 2). A species is called interfering
when it lowers the recovery of metal ions more
than 3% in comparison with the value observed in
its absence. Each reported tolerance/interference is
in the preconcentration and not in the determina-
tion by AAS, as checked with the help of reagent
matched standard solutions. The tolerance limits
of the electrolytes in the sorption of Cd(II) are
relatively low, while for the other two metal ions
the limits are reasonably good. The Ca(II) and
Mg(II) are tolerable with these metal ions (0.2 mg
I"1 each) up to a concentration level of 0.4-0.8

Table 4
Comparison of sorption capacities (mmol g ')

Support/ligand

Support: silica gel
DHAQ
8-Quinolinol [15]
Salicyldoxime [16]
1-(2-Thiazolyazo)-2-naphthol [17]
Dithizone [18]
Acid red 88 [19]
Acid alizarin violet N [20]
Didecylaminoethyl-b-tridecylammonium
[21]

Support: amberlite XAD-2
Salicylic acid [7]
Tiron [8]
o -Aminophenol [9]
Chromotopic acid [10]
Pyrocatechol [11]

Support: amberlite XAD-7
8-Benzenesulphonoamide quinoline [13]
Xylenol orange [12]

Support: polyacrylonitrile
Aminophosphonic and dithiacarbamate
[24]

Support; amberlite XAD-4
7-Dodecenyl-8-quinolinol [14]

Metal

Cd

70.2
63.0
60.0

35.0
11.7
2.6

120

84.5
30.4
83.4
40.9

17.8

93.0

520.0

ion

Pb

76.4
63.0

24.9
40.0
16.2
4.7

60.3

16.9

27.6

Zn

180.4
63.0
40.0

35.5
12.1
3.6

120

17.5
169.9
44.9

147.5
28.3

8.0
27.5

and 0.4-0.7 mol 1 1, respectively. The tolerance
limit of cations Cu(II), Ni(II), Co(II), Mn(II),
Fe(III), Al(III) and Cr(III) in enrichment of Pb,
Cd and Zn on the present matrix are given in
Table 2. They are tolerable in 10-35-fold excess.
These results demonstrate that the present solid
matrix may be used to enrich all the three metal
ions from natural water samples, as their common
constituents at normal level do not adversely affect
the sorption efficiency of the matrix for these
metal ions.

3.7. Resin stability and reusability

The sorption capacity of the acid (1-4.5 M
HNO3/HCl) treated resin was found similar (var-
iation of 5/2.5%) to that of untreated one. When
the modified silica gel was treated with acid of
concentration higher than 4.5 M, the supernatant
acid turned purple in color. Thus, modified silica
gel matrix can withstand 4.5 M HCl/HNO3 easily,
but showed signs of degradation in the acids of
concentration above 4.5 M. The sorption capacity
of the matrix for the three metal ion was mon-
itored after several loading and elution cycles
(using batch method). It was found that the
sorption capacity is reduced 5 1.0% even after
fifteen repeated uses. Consequently, the use of the
chelating matrix for several times can be made. On
storing for a year the sorption capacity of DHAQ
immobilized silica gel does not change signifi-
cantly.

3.8. Preconcentration and recovery of metal ions

The column technique is a common procedure
for extraction and separation of metal ions from
large sample volumes. Thus, the ability of the
DHAQ modified silica gel filled column to pre-
concentrate metal ions was studied. The limit of
preconcentration was determined using the recom-
mended column procedure, while increasing the
dilution of metal ion solution used for sorption
and keeping total amount of loaded metal ion
constant at 10 mg for all the three metal ions. The
sorption was quantitative upto 2 l of metal ion
solution and sorbed metal ions were eluted out by
10 ml of 2 M HCl/HNO3. The corresponding
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lowest concentration below which the recoveries of
the three metal ions became non-quantitative was
5 ng ml ~1. The limit of detection (LOD) and limit
of quantification (LOQ) for the three metal ions
were determined by passing 5 l of a blank solution
through DHAQ loaded silica gel. The LOD values
[defined as (blank + 3s) where s is standard
deviation of blank determination] are 0.62, 0.71
and 0.45 mg I"1 for Cd(II), Zn(II) and Pb(II),
respectively. The LOQ (blank + 10s) values are
found to be 0.95, 0.98 and 0.65 mg I"1.

4. Determination of Pb(II), Zn(II) and Cd(II) in
natural and tap water samples

The present method was applied for preconcen-
tration and determination of Pb(II), Zn(II) and
Cd(II) ions in natural water samples. The samples
from Narmada river, tap and underground water
(1000 ml) after adjusting to the optimum pH level,
were subjected to recommended procedure (col-

umn) for the preconcentration and determination
of the three metal ions directly and after standard
addition. In the standard addition method, the
samples of volume 1000 ml were spiked with 50 mg
of each of the three metal ions before loading onto
column containing DHAQ immobilized silica gel.
The results are reported in Table 3 with relative
standard deviation (R.S.D.) after subtracting the
standard addition made. The closeness of these
results with those of direct determination indicates
the good accuracy of the developed method. The
R.S.D. values of the present method are good. The
method is eco-friendly and economical as the
matrix can be reused. The sensitivity of the method
(see LOD and LOQ) is also reasonably high.

5. Comparison with other preconcentrating
matrices

The sorption capacity of DHAQ modified silica
gel is compared with those of other matrices

Table 5
Comparison of preconcentration factors

Support/ligand Metal ion

Pb Zn Cd

Support: silica gel
DHAQ
Salicyldoxime [16]
3-Methyl-1-phenyl-4-stearoyl-5-pyrazolone [22]
3-Hydroxy-2-methyl-1,4-naphthoquinone [23]

Support: amberlite XAD-2
Salicylic acid [7]
Tiron [8]
o -Aminophenol [9]
Chromotopic acid [10]

Support: amberlite XAD-7
8-Benzenesulphonoamide quinoline [13]

Support: poly acry lonitrile
Aminophosphonic and dithiacarbamate [24]200

Support: activated carbon
8-Hydroxyquinoline [25]
Cupferron [25]

Support: polyvinyl
8-Hydroxyquinoline [26]
Chelex-100 [27]

200

140
25

200

200

100
100

50
1000

200
40

10

180
180
40
200

10

50
100

200
40
40

48
50
100

10

200

100
100

50
50
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(reported to be the best values for them, as they
are dependent of sorbent application also) in Table
4. This matrix shows better or comparable capa-
city values to most of the other matrices used for
enrichment of Pb, Cd and Zn. However, the
DHAQ loaded silica gel exhibits lower capacities
than those of silica gel modified with didecylami-
noethyl-b-tridecylammonium [21] (Cd). In general
DHAQ loaded silica gel offer good sorption
capacity values. The preconcentration factors
achieved with the present modified silica gel for
the three metal ions are better or comparable with
all other important chelating matrices (Table 5).
The short loading time (t1/2) of the present matrix
makes the analytical procedure reasonably fast.
The total shaking time required for quantitative
extraction by present matrix is of the same order
reported earlier of other matrices. The recovery of
all the three metal ions is nearly quantitative
(98.6-99.6%). The matrix effects with the present
collector are low as shown from natural water
sample analysis. The low acid concentration re-
quired for desorption of metal ions avoids the
further dilution step for FAAS measurement. The
feasibility of the repeated use of DHAQ immobi-
lized silica gel is an additional advantage.

Acknowledgements

A. Goswami thanks AICTE (India) for award-
ing Junior Research Fellowship. A.K. Singh
thanks DAE for financial support to this project.

References

[1] N.J.K. Simpson, Solid Phase Extraction, Principles, Tech-
niques and Applications, first ed. (Chapter 1), Marcel
Dekker, New York, 2000, p. 5.

[2] N. Kabay, M. Demirciolu, H. Ekinci, M. Yilksel, M.
Salam, M. Akcay, M. Streat, Ind. Eng. Chem. Res. 37
(1998)2541.

[3] A. Yuchi, T. Sato, Y. Morimoto, H. Mizuno, H. Wada,
Anal. Chem. 69 (1997) 2941.

[4] N. Kabay, M. Demirciolu, S. Yayli, E. Gunay, M. Yilksel,
M. Salam, M. Streat, Ind. Eng. Chem. Res. 37 (1998) 1983.

[5] M. Nakayama, H. Egawa, Ind. Eng. Chem. Res. 36 (1997)
4365.

[6] K. Zih-Perenyi, A. Lasztity, Z. Horvath, A. Levai, Talanta
47 (1998) 673.

[7] R. Saxena, A.K. Singh, D.P.S. Rathore, Analyst 20 (1995)
403.

[8] M. Kumar, D.P.S. Rathore, A.K. Singh, Analyst 125
(2000) 1221.

[9] M. Kumar, D.P.S. Rathore, A.K. Singh, Talanta 51 (2000)
1187.

[10] P.K. Tewari, A.K. Singh, Analyst 124 (1999) 1847.
[11] P.K. Tewari, A.K. Singh, Talanta 53 (2001) 823.
[12] P.K. Tewari, A.K. Singh, Fresenius J. Anal. Chem. 365

(2000) 562.
[13] R. Compano, R. Ferrer, J. Guiteras, M.D. Prat, Analyst

119 (1994) 1225.
[14] K. Isshiki, F. Tsuji, T. Kuwamoto, E. Nakayama, Anal.

Chem. 59(1987)2491.
[15] I. Kasahara, S.N. Willie, R.E. Sturgeon, S.S. Berman, S.

Taguchi, K. Goto, Bunseki Kagaku 42 (1993) 107.
[16] A.R. Sarkar, P.K. Datta, M. Sarkar, Talanta 43 (1996)

1857.
[17] O.A. Zaporozhets, O.Y. Nadzhafova, A.I. Zubenko, V.V.

Sukhan, Talanta 41 (1994) 2067.
[18] O. Zaporozhets, N. Petruniock, V. Sukhan, Talanta 50

(1999) 865.
[19] R. Kocjan, Mikrochim. Acta 131 (1999) 153.
[20] S.L.C. Ferreira, C.F. de Brito, Anal. Sci. 15 (1999) 189.
[21] O. Zaporozhets, N. Petruniock, O. Bessarabova, V.

Sukhan, Talanta 49 (1999) 899.
[22] A. Tong, Y. Akama, S. Tanaka, Analyst 115 (1990) 947.
[23] B.S. Garg, J.S. Bist, R.K. Sharma, N. Bhojak, Talanta 43

(1996) 2093.
[24] B. Wen, X.Q. Shan, R.X. Liu, H.X. Tang, Fresenius J.

Anal. Chem. 363 (1999) 251.
[25] M. Yaman, S. Giicer, Analyst 120 (1995) 101.
[26] I. Kasahara, S.N. Willie, R.E. Sturgeon, S.S. Berman, S.

Taguchi, K. Goto, Bunseki Kagaku 42 (1993) 107.
[27] O. Abollino, M. Aceto, M.C. Bruzzoniti, E. Mentasti, C.

Sarzanini, Anal. Chim. Acta 375 (1998) 299.
[28] M.E. Mahmoud, E.M. Soliman, Talanta 44 (1997) 15.
[29] P. Liu, Q. Pu, Z. Su, Analyst 125 (2000) 147.
[30] P. Liu, Q. Pu, Z. Su, Analyst 123 (1998) 239.
[31] M.E. Mahmoud, Anal. Chim. Acta 398 (1999) 297.
[32] L.T. Kubota, J.C. Moreira, Y. Gushikem, Analyst 114

(1989) 1385.
[33] B.S. Garg, R.K. Sharma, J.S. Bist, N. Bhojak, S. Mittal,

Talanta 48 (1999) 49.
[34] J.S. Kim, J. Yi, Sep. Sci. Technol. 34 (1999) 2957.
[35] A.I. Vogel, Quantitative Inorganic Analysis, third ed.,

Longman, London, 1961, pp. 82.
[36] A.I. Vogel, Quantitative Inorganic Analysis, third ed.,

Longman, London, 1961, pp. 256.
[37] Gel Filtration- Theory and Practice, A Manual of Phar-

macia, Pharmacia Co., Bramma, Sweden, 1994, pp.14.


