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bstract

The multifunctional ligand, thiosemicarbazide, was physically loaded on neutral alumina. The produced alumina-modified solid phase (SP)
xtractor named, alumina-modified thiosemicarbazide (AM-TSC), experienced high thermal and medium stability. This new phase was identified
ased on surface coverage determination by thermal desorption method to be 0.437 ± 0.1 mmol g−1. The selectivity of AM-TSC phase towards the
ptake of different nine metal ions was checked using simple, fast and direct batch equilibration technique. AM-TSC was found to have the highest
apacity in selective extraction of Hg(II) from aqueous solutions all over the range of pH used (1.0–7.0), compared to the other eight tested metal
ons. So, Hg(II) uptake was 1.82 mmol g−1 (distribution coefficient log Kd = 5.658) at pH 1.0 or 2.0 and 1.78, 1.73, 1.48, 1.28 and 1.28 mmol g−1

log Kd = 4.607, 4.265, 3.634, 3.372 and 3.372), at pH 3.0, 4.0, 5.0, 6.0 and 7.0, respectively. On the other hand, the metal ions Ca(II), Fe(III),
o(II), Ni(II), Cu(II), Zn(II), Cd(II) and Pb(II) showed low uptake values in range 0.009–0.720 mmol g−1 (log Kd < 3.0) at their optimum pH values.
mechanism was suggested to explain the unique uptake of Hg(II) ions based on their binding as neutral and chloroanionic species predominate at

H values ≤3.0 of a medium rich in chloride ions. Application of the new phase for the preconcentration of ultratrace amounts of Hg(II) ions spiked

atural water samples: doubly distilled water (DDW), drinking tap water (DTW) and Nile river water (NRW) using cold vapor atomic absorption
pectroscopy (CV-AAS) was studied. The high recovery values obtained using AM-TSC (98.5 ± 0.5, 98.0 ± 0.5 and 103.0 ± 1.0) for DDW, DTW
nd NRW samples, respectively based on excellent enrichment factor 1000, along with a good precision (R.S.D.% 0.51–0.97%, n = 3) demonstrate
he accuracy and validity of the new modified alumina sorbent for preconcentrating ultratrace amounts of Hg(II) with no matrix interference.

2007 Elsevier B.V. All rights reserved.

al wa

o
i
s
n
I
s
k
p
o
t
t
u

eywords: Alumina; Thiosemicarbazide; Mercury(II); Preconcentration; Natur

. Introduction

Toxic metals are tending to accumulate in the vital organs of
uman being where they can act progressively over a long period.
nvironmental pollution of natural water by toxic metals arises
ainly from industrial effluents and wastewater disposal from

ifferent sources. Amongst these metals, inorganic and organic
ercury compounds which may be present in natural water and
ay concentrate in various organisms [1,2]. So, their concen-

ration should be kept under permanently controlled conditions.
n account of the growing awareness of environmental mer-

ury pollution it is need for new and more accurate, efficient,

recise and selective methods for mercury(II) extraction from
atural water samples. In fact, two basic steps are necessary to
e performed before determination of Hg(II) presents at trace
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r ultratrace levels especially in natural matrices. The first step
s the removal of interfering matrix components [3], while the
econd is an efficient preconcentration step to meet its determi-
ation requirements by spectrometry modes, viz., CV-AAS or
CP-AES. These two steps can be achieved successfully using
elective solid-phase extraction (SPE) technique [4]. It is a well-
nown technique, which has rapidly become established as the
rime means of sample pre-treatment for quantitation of vari-
us organic or inorganic analytes [5]. The basic principle of this
echnique is the transfer of the analyte from the aqueous phase
o bind to active sites of adjacent solid phase. The advantages of
sing SPE technique is versatile [1,6], it is rapid, reproducible,
equires only small volumes of solvents or none at all as in the
ase of solid-phase microextraction device [5]. The solid-phase

xtractor is arised from the immobilization of organic complex-
ng agents to the surface of organic supports such as polyurethane
oams [7], cellulosic derivatives [8,9] and ion exchange resins
10–13] or inorganic as silica gel [14–20] and alumina [21–23].

mailto:salwa_kasem2003@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2007.12.049
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hese inorganic supports have the advantages of no swelling,
ast kinetics and good mechanical stability as well [18]. In fact,
he design of a stable and selective SP-sorbents for separation
nd preconcentration of a target metal ion [16,24–26] depends on
ifferent factors related to the nature of solid support, its surface
rea and activity [27] as well as other important factors related to
he organic complexing agent bound to the solid substrate [28].
he opportunity for chemical surface modification of alumina
ith organo-functional groups is too limited [29], where it is
ainly physically modified via hydrogen bonding [30–33]. A

ew modification mode was introduced by Hiraide et al. [34].
ccording to this modification, the selected organic reagent is

ncorporated in the cores of admicelles of sodium dodecyl sulfate
urfactant attached to alumina surfaces at pH 2.0. Consequently,
ew organic reagents are immobilized on surfactant-coated alu-
ina for separation and enrichment of different metal ions

22,35,36], in addition to polyaromatic hydrocarbon as well [37].
owever, modification of alumina surface via physical loading
f organic substrates is still attractive due to its great simplicity.
n this respect, the most successful SP-extractors for Hg(II) ions
re those immobilized basically, sulphur and/or nitrogen con-
aining compounds [38–40]. In fact, thiosemicarbazide (TSC)
H2N–HN–CS–NH2] is a well-known complexing agent able to
ind to transition metal ions in solution and solid state [41–45]. It
as simple, elastic and aliphatic structure which minimizes steric
indrance. Moreover, it is rich in binding sites, where it is able
o bind to alumina via hydrogen bonding from a hand and bind
o metal ions from the other hand. So, TSC is expected to sat-
sfy these important requirements needed to achieve a successful
nd selective physical binding. This manuscript is devoted to the
esign, synthesis and application of alumina physically immo-
ilized TSC as selective SP-extractors for mercury(II). Strong
mphasis is directed to study and evaluate the utility of this new
orbent to act as a selective solid-phase extractor for precon-
entration of ultratrace amounts of Hg(II) spiked natural water
amples prior to the determination by CV-AAS.

. Experimental

.1. Materials

Neutral alumina of standard grade (150 mesh, 58 Å and sur-
ace area 155 m2 g−1, pH of aqueous suspension is 7.0 ± 0.5),
hiosemicarbazide and metal salts as chloride or acetate and
ther chemicals used were purchased from Aldrich Chemical
ompany (Milwaukee, WI, USA). River water samples were
ollected from El-Nile River at El-Minia governorate, Egypt, as
ell as drinking tap water, doubly distilled water (DDW) and
atural mineral water, which are used as matrices. Organic sol-
ents used were purchased from Merck (Darmstadt, Germany).

.2. Apparatus
IR-spectra of the phase before and after metal ion sorp-
ion were obtained from KBr pellets by using PerkinElmer
430, infrared spectrophotometer. A Fisher Scientific Accumet
H-meter, Model 825 calibrated against two standard buffer

t
s
m
f

aterials 156 (2008) 521–529

olutions at pH 4.0 and 9.2 was used for all pH measure-
ents. Atomic absorption measurements were performed with
erkinElmer 2380 spectrometry. Hg(II) was determined by
PerkinElmer MHS-10 mercury hydride generation system,
hich permits the determination of mercury where an electri-

ally heated quartz T-tube was used as an alternative to flame
eating. The volatile specie of mercury was generated by merg-
ng the acidified sample and sodium tetrahydroborate(III) in a
ontinuous flow system. The gaseous analyte was subsequently
ntroduced via a stream of Ar carrier into the atomizer device.

.3. Synthesis of alumina physically loaded with
hiosemicarbazide

Neutral alumina was first treated by heating in an oven at
50 ◦C for 5 h. Then, 25 g of the treated alumina was refluxed
ith 30 mmol of thiosemicarbazide in 200 ml ethanol for 5 h,

hen cooled, filtered, washed with diethyl ether and dried in an
ven at 120 ◦C for 2 h.

.4. Sorption studies of the newly alumina-modified
hiosemicarbazide (AM-TSC) phase

.4.1. Effect of pH values
The metal uptake capacities of such new AM-TSC phase

owards Ca(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II),
g(II) and Pb(II) ions were determined in triplicate under static

onditions by the batch equilibrium technique. Fifty milligrams
f the phase was added to a mixture of 1.0 ml of 0.1 M of
he metal ion (the actual concentration of the prepared solu-
ion was determined using EDTA titration) and 24 ml of a
uffer solution of pH 1.0–10.0 except with Fe(III) where the
H used between 1.0 and 4.0. The total volume was com-
leted to 50 ml by DDW in a 100 ml measuring flask. This
ixture was mechanically shaken for 30 min at room tempera-

ure to attain equilibrium. Then the solid phase was separated
y filtration, washed with DDW and the unretained metal ion
n the filtrate was determined by complexometric EDTA titra-
ion and/or atomic absorption spectrometry AAS, Hg(II) was
etermined by borohydride generation AAS technique. Metal
hloride solutions were prepared in 0.1 M hydrochloric acid to
void hydrolysis. Mixed known volumes of equimolar concen-
rations (1.0 M) of each of hydrochloric acid and sodium acetate,
.0 M sodium acetate and ammonia buffer were used to cover
he pH range 1.0–10.0 [28].

.4.2. Effect of shaking time
The effect of shaking time on the percentage extraction of

etal ions was also investigated for some metal ions by the static
echnique. In this, 50 mg of the phase was added to 1 ml of 0.1 M
f the metal ion and 24.0 ml buffer at the pH of the highest metal
on uptake (optimum pH) [28]. The total volume was completed

o 50 ml by DDW in 100 ml measuring flask and automatically
haken for the selected period time 2, 5, 10, 20 and 30 min. The
ixture was filtered, washed with DDW several times and the

ree metal ions were determined as described above.
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.5. Stability studies of the newly alumina-modified
hiosemicarbazide (AM-TSC) phase

.5.1. Effect of buffer and temperature treatment on the
tability of AM-TSC phase

The effect of medium on the stability of the new modified
lumina phase was investigated in acetate buffer, pH 1.0–6.0
nd ammonia buffer 8.0, 10.0 under static conditions [28]. In this
tudy, 100 mg of the phase was treated with 25 ml of the selected
uffer in 50 ml measuring flask for 1 h, then mechanically shaken
or another 30 min. The treated phase was separated by filtration,
ashed and dried. To investigate the temperature effects [17] a
eight of 100 mg of the phase was kept for 1 h at 50, 100, 150,
00, 250 and 300 ◦C in an electric oven, then left to cool. To
how the extent of decomposition or hydrolysis of the modified
helate on alumina surface, 50 mg of medium and thermally
reated phases along with untreated one taken as standard, were
sed to evaluate Hg(II) ion sorption capacity under the same
onditions previously described for batch experiments and pH
f the highest uptake. Then comparing the Hg(II) uptake values
btained with that of the standard untreated one [17].

.6. Determination of the surface coverage value of
M-TSC phase by the thermal desorption method

One hundred milligram of the modified alumina phase was
eighed in a dry porcelain crucible and this was gradually
eated in an oven to 700 ◦C to determine the concentration of
hiosemicarbazide physically loaded to neutral alumina surface.
he sample was maintained at this degree for 1 h to ensure

he completion of the desorption process, then left to cool to
oom temperature. The weight loss due to thiosemicarbazide
esorption was evaluated by difference. Blank sample of dry
nmodified neutral alumina was subjected to the same treatment
or comparison.

.7. Selective preconcentration of mercury(II) from natural

ater samples

River water samples were collected from El-Nile river (NRW)
t El-Minia governorate, Egypt, as well as drinking tap water

h
s
t
o

able 1
etal uptake capacities (mmol g−1) of the AM-TSC phase at different pH values �

etal ion mmol g−1 values in different buffer solutions

pH 1.0 pH 2.0 pH 3.0 pH 4.0

g(II) 1.820a 1.820a 1.780 1.730
a(II) 0.009 0.009 0.058 0.067
e(III) 0.278 0.278 0.634 0.720a

o(II) 0.086 0.134 0.086 0.058
i(II) 0.019 0.019 0.009 0.069
u(II) 0.118 0.392a 0.392a 0.363
n(II) 0.086 0.086 0.086 0.048
d(II) 0.009 0.009 0.106a 0.106a

b(II) 0.106 0.154 0.106 0.125

values are based on n = 3 with maximum S.D. of 0.008.
a Maximum metal uptake values (mmol g−1).
aterials 156 (2008) 521–529 523

DTW) and DDW were used as matrices to validate the effi-
iency of the AM-TSC phase to act as selective and efficient
reconcentrators for Hg(II) ions. Thus, the water samples were
ltered through filter paper and spiked with 10 ng l−1 adjusted

o pH 2.0 by HCl. Then, 2.0 l of the spiked water sample
ere passed trough a minicolumn (length 10.0 cm, i.d. 1.65 cm,

ttach to a glass reservoir of 1.0 l volume) [16] packed with
00 mg of the phase used as thin layer enrichment bed, at a
ow rate of 5 ml min−1. The mercury retained on the column
as eluted slowly using 2.0 ml of concentrated HNO3 (flow rate
.4 ml min−1) and subjected to analysis by hydride generation
AS technique.

. Results and discussion

.1. Infrared spectral studies and surface coverage

The surface modification of solid sorbents, such as alu-
ina with organic modifier, can be mainly interpreted based

n infrared spectrophotometric analysis. The new physically
odified alumina phase has a white color. An obvious color

hange occurred after metal ion sorption by this phase due to
he complex formation. For example, the color of the phase
hanged from white to dark brown, orange, blue, dark yellow,
ale yellow and yellowish brown after sorption of Fe(III), Ni(II),
u(II), Zn(II), Cd(II) and Pb(II) ions, respectively at optimum
H values (maximum metal ion uptake) (Table 1). The IR-
pectra of the pure unmodified alumina displayed a broad band
t 3450 cm−1 [30] which may be attributed to hydrogen bonded
urface hydroxo groups. Moreover, there is an intense broad
and located in the vicinity of 560 cm−1 was argued to Al–O
tretching vibration [30]. The loading of thiosemicarbazide to
lumina surface was confirmed by IR-spectral analysis, where
ew bands not present in the parent unmodified alumina were
ppeared. A strong band at 1200, 1050 cm−1 due to �(C S) in
ddition to a weak bands at 3550, 3300 cm−1 due to �(N–H)
nd �(NH2) involved in hydrogen bonding with alumina surface

ydroxo groups [46]. These bands cannot be detected clearly,
ince they were merged with the strong characteristic band cen-
red at 3450 cm−1 to look wider than the parent alumina. On the
ther hand, comparing the IR-spectra of the modified alumina

pH 5.0 pH 6.0 pH 7.0 pH 8.0 pH 10.0

1.480 1.280 1.280 – –
0.058 0.144 0.154 0.200a 0.150
– – – – –
0.182a 0.048 0.029 0.100 0.010
0.069 0.069 0.078 0.100a 0.009
0.363 0.392a 0.392a 0.010 0.020
0.086 0.125 0.298a 0.110 0.010
0.058 0.009 0.106a 0.100 0.010
0.106 0.154 0.202a – –
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hase after Hg(II) sorption with the metal free phase clearly
emonstrate that the sulphur atom is the main active donating
ite to Hg(II). This is based on the appearance of stretching fre-
uency bands at 1097–1040 cm−1 characteristic to metal ion
inding to sulphur atom [39,46]. This result for the linkage
o metal ion support the physical loading of thiosemicarbazide
o alumina surface via hydrogen bonding formation between
mino nitrogen and alumina surface hydroxo group hydrogen
31].

The concentration of TSC in mmol on alumina surface in g
surface coverage mmol g−1) is determined based on the thermal
esorption method [47] and found to be 0.437 ± 0.1 mmol g−1.

.2. Equilibration studies of the AM-TSC phase for uptake
f metal ions as a function of pH and shaking time

Binding of the metal ion to the chelate compounds in the
olution, is heavily dependent on the pH of the metal ion solu-
ion as well as the nature of the metal ion, charge, size and the
helate compounds [38]. This is mainly attributed to the favoured
onditions for complex formation between the hydrated metal
on in aqueous solution and the active functional groups partic-
pating in such bond formation. Table 1 compiles the mmol g−1

alues determined on the basis of the batch equilibrium tech-
ique for nine tested metal ions, viz. Ca(II), Fe(III), Co(II),
i(II), Cu(II), Zn(II) Cd(II), Hg(II) and Pb(II) in different acetate
uffer solutions. The study was performed at constant shaking
ime (30 min). It is noteworthy that a strong dependence of the

etal ion capacity values on the pH of the tested metal ion
olution is observed. This can be easily noticed by the signif-
cant increase in the mmol g−1 value on going from pH 1.0 to
.0 for most metal ions such as Ca(II), Fe(III), Co(II), Cu(II),
n(II) and Pb(II). On the other hand, metal ions such as Ni(II)
nd Cd(II) showed only slight dependence on the pH values
Fig. 1). Hg(II) was found to exhibit decrease in the mmol g−1

alue on going form pH 1.0–6.0 and it exhibit the maximum
etal capacity, 1.82 mmol g−1 at pH 1.0 and 2.0. Comparison

etween the mmol g−1 values and those of the surface cover-

ge acertain the richness of TSC as a metal-binding molecule
ncorporated more than one binding site are available for bind-
ng to mercury atoms selectively. However, Ca(II) and Cd(II)
xtraction by phase were less than that for Hg(II), based on

d
d
t
H

able 2
istribution coefficient (expressed as log Kd) for the uptake of metal ions at different

etal pH

1.0 2.0 3.0 4.0

g(II) 5.658 5.658 4.607 4.265
a(II) 0.781 0.781 1.604 1.669
e(III) 2.239 2.239 2.706 2.706
o(II) 1.666 1.870 1.666 1.489
i(II) 0.995 0.995 0.668 1.567
u(II) 1.806 2.398 2.398 1.806
n(II) 1.685 1.685 1.685 1.423
d(II) 0.673 0.673 1.767 1.767
b(II) 1.757 1.931 1.757 1.833
ig. 1. Effect of pH on metal uptake capacities (mmol g−1) using AM-TSC
hase.

he determined mmol g−1 value, which were 0.009 mmol g−1 at
H 1.0 and 2.0. It is important to mention here that, the small
olecular size of the used organic modifier contained S and N

onor sites may account for the high values of Hg(II) uptake.
his will consequently lead to the use of small amounts of this
ew solid-phase extractor for packing columns in preconcentra-
ion or separation processes comparing to other modified phases
19,48,49]. Finally, the general order for maximum metal uptake
nd log Kd values of all tested metal ions along with the opti-
um buffering conditions for AM-TSC phase is summarized in
ables 1 and 2, respectively.

The effect of shaking time on the percentage extraction of
etal ions is considered to be of significant importance to deter-
ine the possible discrimination order in the behaviour of the
M-TSC phase towards the different metal ions. This factor is

tudied to determine the equilibration rate and the most suitable
haking time or flow rate for further study in the coming sec-
ions. Two representative metal ions, viz. Hg(II) and Fe (III),
ere selected because of their high metal capacity values to

tudy metal uptake (as mmol g−1) and percentage extraction in

ifferent shaking times, viz. 2, 5, 10, 20 and 30 min. It is evi-
ent from the results that the equilibrium between Hg(II) and
he phase is very rapid judging from the 98.4% extraction of
g(II) after only 2 min of shaking, while only a 10–20 min

pH-values using AM-TSC phase

5.0 6.0 7.0 8.0 10.0

3.634 3.372 3.372 – –
1.604 2.026 2.058 2.187 2.046
2.759 2.793 – – –
2.015 1.404 1.181 1.735 0.714
1.567 1.567 1.622 1.735 0.668
2.357 2.398 2.398 0.709 1.013
1.685 1.858 2.280 1.798 0.733
1.493 0.673 1.767 1.739 0.719
1.757 1.931 2.060 – –
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position occurred. However, the decrease in its Hg(II) sorption
was recorded as follows: at 150, 200, 250 and 300 ◦C values of
0.5, 5.4, 5.4 and 21.6%, respectively (Fig. 5).
ig. 2. aE vs. CE relationship for isotherm curve of Hg(II) uptake using AM-TSC
hase.

haking time was sufficient to obtain complete extraction of
g(II) by the phase. Thus, it is evident from the study of the

ffect of shaking time that this newly alumina phase is supe-
ior in its efficiency for the extraction of Hg(II) rather than
e(III).

.3. Langmuir isotherms of the new physically loaded
M-TSC phase

The sorption isotherms for the uptake of the metal ions under
nvestigation with alumina phase were determined by the batch
echnique at the pH of maximum uptake of each metal ion. Thus,
olutions of metal ion in the concentration range (4.0 × 10−4 to
.0 × 10−3 M) were shaken for 30 min with a constant weight
.05 g of the phase. The analysis of the isotherm data is impor-
ant in order to develop an equation that accurately represents
he results. The Langmuir isotherm is valid for monolayer sorp-
ion onto a surface containing a finite number of identical sites
50,51] (Fig. 2). An equilibrium model able to identify chemi-
al mechanism involved the Langmuir equilibrium equation is
epresented as

CE

aE
= 1

KAS
+ CE

AS

here K and AS are the binding constant and maximum metal
on sorption capacity, respectively; CE the unsorbed metal ion in
he filtrate (mmol ml−1) when sorption equilibrium is attained
nd aE the sorbed metal ion by the phase in mmol g−1. The
inear plots of CE/aE against CE (Fig. 3) showed that the Lang-
uir equation gives a fairly good fit to the adsorption isotherms.
hese plots were employed to give the value of maximum metal

on sorption capacity AS and binding constant K from the slope
nd intercept of the plot. It is evident that the new alumina

hase has the highest binding constants K × 10−4 (21.862) and
aximum uptake (1.85 mmol g−1), towards Hg(II) sorption. The

ther metal ions have smaller K and AS values at their optimum
H values. Generally, the very high binding constants support

F
u

ig. 3. CE/aE vs. CE relationship for binding constant and maximum Hg(II)
ptake using AM-TSC phase.

he sorption of metal ion from solution by the solid phase via
trong binding with S and N donor sites [52].

.4. Buffer and temperature treatment on the stability of the
hases

The study of prolonged medium (pH 1.0–10.0) and temper-
ture (50–300 ◦C) effects on the stability of the new phase is
mportant from practical application point of view [28]. The
esults of medium effects showed that AM-TSC phase experi-
nced pronounced stability. Since hydrolysis not exceed than
4.6% at all pH range 1.0–10.0 (Fig. 4). On the other hand,
esults of thermal stability studies of the phase maintained its
fficiency for Hg(II) uptake at 50 and 100 ◦C where no decom-
ig. 4. Effect of medium at different pH values on efficiency of Hg(II) uptake
sing AM-TSC phase.
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Table 4
Percentage recovery of Hg(II) spiked natural portable watera contains different
concentrations of cations and anions under batch conditionsb

Sample Conc. of Hg(II) spiked (mmol) % recovery R.S.D.%

1 2 × 10−4 99.25 ± 1.1 1.11
2 6 × 10−4 99.2 ± 1.1 1.11
3 1 × 10−3 98.6 ± 0.7 0.71

a Natural portable water sample contains: Ca(II) (5.2 ppm), Mg(II) (13.2 ppm),
Na(I) (14.5) and K(I) (0.8 ppm) and anions as HCO3

− (6.0 ppm), SO4
2−

(

c

u
s
t
w
o
b
s
w
a
H

3
w

a
e
o
n
p
b
a
c
o
H
c
fi
N

T
S

W

D

D

E

ig. 5. Effect of thermal treatment on efficiency of Hg(II) uptake using AM-TSC
hase.

.5. Suggested mechanism for selective retention of Hg(II)
t pH 2.0 in presence of chloride ions by the new phase

It is very clear from the previous results that the binding mode
aking place between eight of the metal ions under investigation
nd the new AM-TSC sorbent are highly favoured in the pH
ange 4.0–10.0 of contact solutions. On the other hand, Hg(II) is
howing reverse behaviour where it is completely retained at low
H values 1.0 or 2.0 [Hg(II) uptake 1.82 mmol g−1]. This can be
ell understood on dealing with the conditions used for the sorp-

ion of the metal ions, where the buffer solutions used in acidic
edium (pH 1.0–7.0) were prepared from 1.0 M sodium acetate

djusted to the appropriate pH with 1.0 M hydrochloric acid. At
ow pH values for example, at pH ≤ 2.0 where the medium is
ich in chloride ions Hg(II) are present as neutral HgCl2 and
hloroanionic HgCl31−, HgCl42− complexes [16,53]. At this
orking pH, it is suggested that Hg(II) chloroanionic complexes
ere retained via electrostatic attraction with the available pos-

tive sites produced by protonation of alumina surface hydroxo
roups in acidic medium [22]. In addition to a selectively coordi-
ative binding of TSC, sulphur atom to the neutral HgCl2 species

14,28]. The synergetic effect played by S atom for binding
gCl2 was further proved by increasing values of Hg(II) uptake

rom 1.45, 1.40 and 1.35 mmol g−1 at pH 1.0, 2.0 and 3.0, respec-
ively on using alumina only to 1.82, 1.82 and 1.78 mmol g−1 on

1
(
m
t

able 3
elective preconcentration of Hg(II) from water samples spiked with ultratrace amou

ater sample Spiked Hg(II) (ng l−1) Mass of the phase (g)

oubly distilled water 10.0 0.1
25.0 0.1

rinking tap water 10.0 0.1
25.0 0.1

l-Nile river water 10.0 0.1
25.0 0.1

a Average of three triplicate runs.
65.0 ppm), Cl− (17.0) and SiO4
4− (2.0 ppm).

b Experimental conditions: mass of the phase 50 mg, volume of solution 50 ml,
ontact time 30 min, pH 2.0.

sing the AM-TSC phase at the same pH values and under the
ame experimental condition. Moreover, the potential participa-
ion of chloride ions in binding of Hg(II) as chloroanionic species
as also ensured based on the obtained values of Hg(II) uptake
n using this new phase in acidic medium (pH 1.0–7.0) adjusted
y HNO3 only with no source of chloride ions and under the
ame batch conditions. Values of Hg(II) uptake in this medium
as 0.450 mmol g−1 at pH 1.0 and increased gradually to reach
maximum value of 1.00 mmol g−1 at pH 7.0 supporting the
g(II) uptake as complex formation [6].

.6. Selective preconcentration of mercury(II) from natural
ater samples

This study was undertaken in order to evaluate the potential
pplication of AM-TSC phase for preconcentration of trace lev-
ls of Hg(II) in natural water samples. The results of enrichment
f 10 and 25 ng l−1 of Hg(II) spiked in three water samples,
amely: DDW, DTW and NRW using 100 mg of each phases
acked in a minicolumn and used as a thin layer enrichment
ed showed in Table 3. The results demonstrate the validity and
ccuracy of the phases for preconcentration of the spiked ultra
oncentrations of Hg(II) with no matrix effect. The efficiency
f metal ion preconcentration especially Hg(II) by concentrated
NO3 acid is found to be high without causing any notable

hange to the chemical nature of the organic alumina modi-
er. The high recovery of Hg(II) from the DDW, DTW and
RW samples as determined to be 98.5 ± 0.5, 98.0 ± 0.5 and

03.0 ± 1.0, respectively with excellent preconcentration factor
1000), using a small mass of the phase account for the high
etal capacity values for Hg(II) uptake using the new phase. On

he other hand, the highest recovery of Hg(II) from the NRW

nts of Hg(II) using AM-TSC phase

Sample volume (l) Eluent ml of conc. HNO3 % recoverya

2.0 2.0 98.5 ± 0.5
2.0 2.0 98.4 ± 0.5

2.0 2.0 98.0 ± 0.5
2.0 2.0 98.0 ± 0.6

2.0 2.0 103.0 ± 1.0
2.0 2.0 102.0 ± 0.8
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ample may denote to the enrichment of the predominant inor-
anic mercury species present in river water and able to bind to
he phase at the working hydrogen ion concentration [2,14].

.7. Determination of mercury(II) spiked natural portable
ater

Percentage recovery of Hg(II) was determined by spiking
hree different standard concentrations (2.0 × 10−4, 6.0 × 10−4,
nd 1.0 × 10−3 mmol) into 50 ml natural portable water sample
sing batch technique and under the same conditions previ-
usly described. The natural portable water sample contains
nterferences from different cations as calcium (5.2 ppm), mag-
esium (13.2 ppm), sodium (14.5) and potassium (0.8 ppm)
nd anions as bicarbonates (6.0 ppm), sulphates (65.0 ppm),
hlorides (17.0) and silicates (2.0 ppm). The results obtained
n Table 4 support the validity of AM-TSC as a new selec-
ive sorbent for separation and preconcentration of inorganic

ercury.

. Comparison with alternative sorbents

The proposed method was compared to a variety of recent
orbents reported in literature for the separation and precon-
entration of Hg(II). The distinct features are summarized in
able 5.

. Conclusion

The unique properties of TSC, with its simple, elastic
liphatic structure and richness in binding sites, enable to pre-
are simply new and selective sorbent by its physical loading to
lumina surface AM-TSC. This new sorbent has the following
dvantages: (i) it has the highest capacity in selective extraction
f Hg(II) from aqueous solutions all over the range of pH used
1.0–7.0), compared to the other eight tested metal ions; (ii) it
an be used for selective preconcentration of Hg(II) from differ-
nt natural water samples using small amounts of it for packing
olumn in preconcentration processes; (iii) the preconcentration
rocedure is selective and simple with high enrichment factor
nd low analytical cost as well.
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