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Abstract

The multifunctional ligand, thiosemicarbazide, was physically loaded on neutral alumina. The produced alumina-modified solid phase (SP)
extractor named, alumina-modified thiosemicarbazide (AM-TSC), experienced high thermal and medium stability. This new phase was identified
based on surface coverage determination by thermal desorption method to be 0.437 £ 0.1 mmol g~'. The selectivity of AM-TSC phase towards the
uptake of different nine metal ions was checked using simple, fast and direct batch equilibration technique. AM-TSC was found to have the highest
capacity 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
ions. So, Hg(II) uptake was 1.82 mmol g~ (distribution coefficient log Ky =5.658) at pH 1.0 or 2.0 and 1.78, 1.73, 1.48, 1.28 and 1.28 mmol g~
(log K4=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(Il), Fe(IIl),
Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Pb(II) showed low uptake values in range 0.009-0.720 mmol g~' (log K < 3.0) at their optimum pH values.
A mechanism was suggested to explain the unique uptake of Hg(II) ions based on their binding as neutral and chloroanionic species predominate at
pH 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
natural water samples: doubly distilled water (DDW), drinking tap water (DTW) and Nile river water (NRW) using cold vapor atomic absorption
spectroscopy (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
and NRW samples, respectively based on excellent enrichment factor 1000, along with a good precision (R.S.D.% 0.51-0.97%, n = 3) demonstrate
the accuracy and validity of the new modified alumina sorbent for preconcentrating ultratrace amounts of Hg(Il) with no matrix interference.

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

Toxic metals are tending to accumulate in the vital organs of
human being where they can act progressively over along period.
Environmental pollution of natural water by toxic metals arises
mainly from industrial effluents and wastewater disposal from
different sources. Amongst these metals, inorganic and organic
mercury compounds which may be present in natural water and
may concentrate in various organisms [1,2]. So, their concen-
tration should be kept under permanently controlled conditions.
On account of the growing awareness of environmental mer-
cury pollution it is need for new and more accurate, efficient,
precise and selective methods for mercury(Il) extraction from
natural water samples. In fact, two basic steps are necessary to
be performed before determination of Hg(II) presents at trace
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or ultratrace levels especially in natural matrices. The first step
is the removal of interfering matrix components [3], while the
second is an efficient preconcentration step to meet its determi-
nation requirements by spectrometry modes, viz., CV-AAS or
ICP-AES. These two steps can be achieved successfully using
selective solid-phase extraction (SPE) technique [4]. It is a well-
known technique, which has rapidly become established as the
prime means of sample pre-treatment for quantitation of vari-
ous organic or inorganic analytes [5]. The basic principle of this
technique is the transfer of the analyte from the aqueous phase
to bind to active sites of adjacent solid phase. The advantages of
using SPE technique is versatile [1,6], it is rapid, reproducible,
requires only small volumes of solvents or none at all as in the
case of solid-phase microextraction device [5]. The solid-phase
extractor is arised from the immobilization of organic complex-
ing agents to the surface of organic supports such as polyurethane
foams [7], cellulosic derivatives [8,9] and ion exchange resins
[10-13] or inorganic as silica gel [14-20] and alumina [21-23].
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These inorganic supports have the advantages of no swelling,
fast kinetics and good mechanical stability as well [18]. In fact,
the design of a stable and selective SP-sorbents for separation
and preconcentration of a target metal ion [16,24-26] depends on
different factors related to the nature of solid support, its surface
area and activity [27] as well as other important factors related to
the organic complexing agent bound to the solid substrate [28].
The opportunity for chemical surface modification of alumina
with organo-functional groups is too limited [29], where it is
mainly physically modified via hydrogen bonding [30-33]. A
new modification mode was introduced by Hiraide et al. [34].
According to this modification, the selected organic reagent is
incorporated in the cores of admicelles of sodium dodecy] sulfate
surfactant attached to alumina surfaces at pH 2.0. Consequently,
new organic reagents are immobilized on surfactant-coated alu-
mina for separation and enrichment of different metal ions
[22,35,36], in addition to polyaromatic hydrocarbon as well [37].
However, modification of alumina surface via physical loading
of organic substrates is still attractive due to its great simplicity.
In this respect, the most successful SP-extractors for Hg(I) ions
are those immobilized basically, sulphur and/or nitrogen con-
taining compounds [38—40]. In fact, thiosemicarbazide (TSC)
[HN-HN-CS-NH3] is a well-known complexing agent able to
bind to transition metal ions in solution and solid state [41-45]. It
has simple, elastic and aliphatic structure which minimizes steric
hindrance. Moreover, it is rich in binding sites, where it is able
to bind to alumina via hydrogen bonding from a hand and bind
to metal ions from the other hand. So, TSC is expected to sat-
isfy these important requirements needed to achieve a successful
and selective physical binding. This manuscript is devoted to the
design, synthesis and application of alumina physically immo-
bilized TSC as selective SP-extractors for mercury(II). Strong
emphasis is directed to study and evaluate the utility of this new
sorbent to act as a selective solid-phase extractor for precon-
centration of ultratrace amounts of Hg(IT) spiked natural water
samples prior to the determination by CV-AAS.

2. Experimental
2.1. Materials

Neutral alumina of standard grade (150 mesh, 58 A and sur-
face area 155m? g~!, pH of aqueous suspension is 7.0 £0.5),
thiosemicarbazide and metal salts as chloride or acetate and
other chemicals used were purchased from Aldrich Chemical
Company (Milwaukee, WI, USA). River water samples were
collected from El-Nile River at El-Minia governorate, Egypt, as
well as drinking tap water, doubly distilled water (DDW) and
natural mineral water, which are used as matrices. Organic sol-
vents used were purchased from Merck (Darmstadt, Germany).

2.2. Apparatus

IR-spectra of the phase before and after metal ion sorp-
tion were obtained from KBr pellets by using PerkinElmer
1430, infrared spectrophotometer. A Fisher Scientific Accumet
pH-meter, Model 825 calibrated against two standard buffer

solutions at pH 4.0 and 9.2 was used for all pH measure-
ments. Atomic absorption measurements were performed with
PerkinElmer 2380 spectrometry. Hg(I) was determined by
a PerkinElmer MHS-10 mercury hydride generation system,
which permits the determination of mercury where an electri-
cally heated quartz T-tube was used as an alternative to flame
heating. The volatile specie of mercury was generated by merg-
ing the acidified sample and sodium tetrahydroborate(IIl) in a
continuous flow system. The gaseous analyte was subsequently
introduced via a stream of Ar carrier into the atomizer device.

2.3. Synthesis of alumina physically loaded with
thiosemicarbazide

Neutral alumina was first treated by heating in an oven at
150°C for 5h. Then, 25 g of the treated alumina was refluxed
with 30 mmol of thiosemicarbazide in 200 ml ethanol for 5h,
then cooled, filtered, washed with diethyl ether and dried in an
oven at 120 °C for 2 h.

2.4. Sorption studies of the newly alumina-modified
thiosemicarbazide (AM-TSC) phase

2.4.1. Effect of pH values

The metal uptake capacities of such new AM-TSC phase
towards Ca(Il), Fe(IlI), Co(Il), Ni(Il), Cu(I), Zn(I), Cd(II),
Hg(II) and Pb(II) ions were determined in triplicate under static
conditions by the batch equilibrium technique. Fifty milligrams
of the phase was added to a mixture of 1.0ml of 0.1M of
the metal ion (the actual concentration of the prepared solu-
tion was determined using EDTA titration) and 24 ml of a
buffer solution of pH 1.0-10.0 except with Fe(IIl) where the
pH used between 1.0 and 4.0. The total volume was com-
pleted to 50ml by DDW in a 100 ml measuring flask. This
mixture was mechanically shaken for 30 min at room tempera-
ture to attain equilibrium. Then the solid phase was separated
by filtration, washed with DDW and the unretained metal ion
in the filtrate was determined by complexometric EDTA titra-
tion and/or atomic absorption spectrometry AAS, Hg(II) was
determined by borohydride generation AAS technique. Metal
chloride solutions were prepared in 0.1 M hydrochloric acid to
avoid hydrolysis. Mixed known volumes of equimolar concen-
trations (1.0 M) of each of hydrochloric acid and sodium acetate,
1.0 M sodium acetate and ammonia buffer were used to cover
the pH range 1.0-10.0 [28].

2.4.2. Effect of shaking time

The effect of shaking time on the percentage extraction of
metal ions was also investigated for some metal ions by the static
technique. In this, 50 mg of the phase was added to 1 ml of 0.1 M
of the metal ion and 24.0 ml buffer at the pH of the highest metal
ion uptake (optimum pH) [28]. The total volume was completed
to 50 ml by DDW in 100 ml measuring flask and automatically
shaken for the selected period time 2, 5, 10, 20 and 30 min. The
mixture was filtered, washed with DDW several times and the
free metal ions were determined as described above.
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2.5. Stability studies of the newly alumina-modified
thiosemicarbazide (AM-TSC) phase

2.5.1. Effect of buffer and temperature treatment on the
stability of AM-TSC phase

The effect of medium on the stability of the new modified
alumina phase was investigated in acetate buffer, pH 1.0-6.0
and ammonia buffer 8.0, 10.0 under static conditions [28]. In this
study, 100 mg of the phase was treated with 25 ml of the selected
buffer in 50 ml measuring flask for 1 h, then mechanically shaken
for another 30 min. The treated phase was separated by filtration,
washed and dried. To investigate the temperature effects [17] a
weight of 100 mg of the phase was kept for 1 h at 50, 100, 150,
200, 250 and 300 °C in an electric oven, then left to cool. To
show the extent of decomposition or hydrolysis of the modified
chelate on alumina surface, 50 mg of medium and thermally
treated phases along with untreated one taken as standard, were
used to evaluate Hg(II) ion sorption capacity under the same
conditions previously described for batch experiments and pH
of the highest uptake. Then comparing the Hg(II) uptake values
obtained with that of the standard untreated one [17].

2.6. Determination of the surface coverage value of
AM-TSC phase by the thermal desorption method

One hundred milligram of the modified alumina phase was
weighed in a dry porcelain crucible and this was gradually
heated in an oven to 700 °C to determine the concentration of
thiosemicarbazide physically loaded to neutral alumina surface.
The sample was maintained at this degree for 1h to ensure
the completion of the desorption process, then left to cool to
room temperature. The weight loss due to thiosemicarbazide
desorption was evaluated by difference. Blank sample of dry
unmodified neutral alumina was subjected to the same treatment
for comparison.

2.7. Selective preconcentration of mercury(Il) from natural
water samples

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

Table 1

Metal uptake capacities (mmol g~!) of the AM-TSC phase at different pH values ¢

(DTW) and DDW were used as matrices to validate the effi-
ciency of the AM-TSC phase to act as selective and efficient
preconcentrators for Hg(Il) ions. Thus, the water samples were
filtered through filter paper and spiked with 10ng1~! adjusted
to pH 2.0 by HCIL. Then, 2.01 of the spiked water sample
were passed trough a minicolumn (length 10.0 cm, i.d. 1.65 cm,
attach to a glass reservoir of 1.01 volume) [16] packed with
100 mg of the phase used as thin layer enrichment bed, at a
flow rate of 5mlmin~!. The mercury retained on the column
was eluted slowly using 2.0 ml of concentrated HNO3 (flow rate
0.4 mlmin~') and subjected to analysis by hydride generation
AAS technique.

3. Results and discussion
3.1. Infrared spectral studies and surface coverage

The surface modification of solid sorbents, such as alu-
mina with organic modifier, can be mainly interpreted based
on infrared spectrophotometric analysis. The new physically
modified alumina phase has a white color. An obvious color
change occurred after metal ion sorption by this phase due to
the complex formation. For example, the color of the phase
changed from white to dark brown, orange, blue, dark yellow,
pale yellow and yellowish brown after sorption of Fe(III), Ni(II),
Cu(), Zn(II), Cd{I) and Pb(II) ions, respectively at optimum
pH values (maximum metal ion uptake) (Table 1). The IR-
spectra of the pure unmodified alumina displayed a broad band
at 3450 cm™! [30] which may be attributed to hydrogen bonded
surface hydroxo groups. Moreover, there is an intense broad
band located in the vicinity of 560cm™! was argued to Al-O
stretching vibration [30]. The loading of thiosemicarbazide to
alumina surface was confirmed by IR-spectral analysis, where
new bands not present in the parent unmodified alumina were
appeared. A strong band at 1200, 1050 cm™! due to v(C=S) in
addition to a weak bands at 3550, 3300cm™"' due to v(N-H)
and v(NH») involved in hydrogen bonding with alumina surface
hydroxo groups [46]. These bands cannot be detected clearly,
since they were merged with the strong characteristic band cen-
tred at 3450 cm ™! to look wider than the parent alumina. On the
other hand, comparing the IR-spectra of the modified alumina

Metal ion mmol g~! values in different buffer solutions
pH 1.0 pH 2.0 pH 3.0 pH 4.0 pH 5.0 pH 6.0 pH 7.0 pH 8.0 pH 10.0

Hg(II) 1.820% 1.820? 1.780 1.730 1.480 1.280 1.280 - -
Ca(II) 0.009 0.009 0.058 0.067 0.058 0.144 0.154 0.200* 0.150
Fe(III) 0.278 0.278 0.634 0.720* - - - - -
Co(I) 0.086 0.134 0.086 0.058 0.182% 0.048 0.029 0.100 0.010
Ni(II) 0.019 0.019 0.009 0.069 0.069 0.069 0.078 0.100* 0.009
Cu(II) 0.118 0.392% 0.392% 0.363 0.363 0.392% 0.392% 0.010 0.020
Zn(1I) 0.086 0.086 0.086 0.048 0.086 0.125 0.298% 0.110 0.010
Cd(II) 0.009 0.009 0.106* 0.106* 0.058 0.009 0.106* 0.100 0.010
Pb(I) 0.106 0.154 0.106 0.125 0.106 0.154 0.202? - -

@ values are based on n =3 with maximum S.D. of 0.008.
& Maximum metal uptake values (mmol g~ !).



524 S.A. Ahmed / Journal of Hazardous Materials 156 (2008) 521-529

phase after Hg(Il) sorption with the metal free phase clearly
demonstrate that the sulphur atom is the main active donating
site to Hg(II). This is based on the appearance of stretching fre-
quency bands at 1097-1040cm™! characteristic to metal ion
binding to sulphur atom [39,46]. This result for the linkage
to metal ion support the physical loading of thiosemicarbazide
to alumina surface via hydrogen bonding formation between
amino nitrogen and alumina surface hydroxo group hydrogen
[31].

The concentration of TSC in mmol on alumina surface in g
(surface coverage mmol g~ !) is determined based on the thermal
desorption method [47] and found to be 0.437 0.1 mmol g~

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

Binding of the metal ion to the chelate compounds in the
solution, is heavily dependent on the pH of the metal ion solu-
tion as well as the nature of the metal ion, charge, size and the
chelate compounds [38]. This is mainly attributed to the favoured
conditions for complex formation between the hydrated metal
ion in aqueous solution and the active functional groups partic-
ipating in such bond formation. Table 1 compiles the mmol g~!
values determined on the basis of the batch equilibrium tech-
nique for nine tested metal ions, viz. Ca(Il), Fe(IIl), Co(I),
Ni(II), Cu(II), Zn(IT) Cd(II), Hg(IT) and Pb(II) in different acetate
buffer solutions. The study was performed at constant shaking
time (30 min). It is noteworthy that a strong dependence of the
metal ion capacity values on the pH of the tested metal ion
solution is observed. This can be easily noticed by the signif-
icant increase in the mmol g~! value on going from pH 1.0 to
6.0 for most metal ions such as Ca(Il), Fe(III), Co(II), Cu(Il),
Zn(II) and Pb(II). On the other hand, metal ions such as Ni(I)
and Cd(II) showed only slight dependence on the pH values
(Fig. 1). Hg(IT) was found to exhibit decrease in the mmol g~!
value on going form pH 1.0-6.0 and it exhibit the maximum
metal capacity, 1.82mmol g~! at pH 1.0 and 2.0. Comparison
between the mmol g~! values and those of the surface cover-
age acertain the richness of TSC as a metal-binding molecule
incorporated more than one binding site are available for bind-
ing to mercury atoms selectively. However, Ca(Il) and Cd(II)
extraction by phase were less than that for Hg(II), based on
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Fig. 1. Effect of pH on metal uptake capacities (mmolg~!) using AM-TSC
phase.

1 1

the determined mmol g~ value, which were 0.009 mmol g~ at
pH 1.0 and 2.0. It is important to mention here that, the small
molecular size of the used organic modifier contained S and N
donor sites may account for the high values of Hg(Il) uptake.
This will consequently lead to the use of small amounts of this
new solid-phase extractor for packing columns in preconcentra-
tion or separation processes comparing to other modified phases
[19,48,49]. Finally, the general order for maximum metal uptake
and log Ky values of all tested metal ions along with the opti-
mum buffering conditions for AM-TSC phase is summarized in
Tables 1 and 2, respectively.

The effect of shaking time on the percentage extraction of
metal ions is considered to be of significant importance to deter-
mine the possible discrimination order in the behaviour of the
AM-TSC phase towards the different metal ions. This factor is
studied to determine the equilibration rate and the most suitable
shaking time or flow rate for further study in the coming sec-
tions. Two representative metal ions, viz. Hg(II) and Fe (III),
were selected because of their high metal capacity values to
study metal uptake (as mmol g~!) and percentage extraction in
different shaking times, viz. 2, 5, 10, 20 and 30 min. It is evi-
dent from the results that the equilibrium between Hg(II) and
the phase is very rapid judging from the 98.4% extraction of
Hg(Il) after only 2min of shaking, while only a 10-20 min

Table 2
Distribution coefficient (expressed as log Kg) for the uptake of metal ions at different pH-values using AM-TSC phase
Metal pH

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 10.0
Hg(II) 5.658 5.658 4.607 4.265 3.634 3.372 3.372 - -
Ca(II) 0.781 0.781 1.604 1.669 1.604 2.026 2.058 2.187 2.046
Fe(III) 2.239 2.239 2.706 2.706 2.759 2.793 - - -
Co(II) 1.666 1.870 1.666 1.489 2.015 1.404 1.181 1.735 0.714
Ni(II) 0.995 0.995 0.668 1.567 1.567 1.567 1.622 1.735 0.668
Cu(II) 1.806 2.398 2.398 1.806 2.357 2.398 2.398 0.709 1.013
Zn(ID) 1.685 1.685 1.685 1.423 1.685 1.858 2.280 1.798 0.733
Cd(r) 0.673 0.673 1.767 1.767 1.493 0.673 1.767 1.739 0.719
Pb(II) 1.757 1.931 1.757 1.833 1.757 1.931 2.060 - -
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Fig.2. ag vs. Cg relationship for isotherm curve of Hg(II) uptake using AM-TSC
phase.

shaking time was sufficient to obtain complete extraction of
Hg(II) by the phase. Thus, it is evident from the study of the
effect of shaking time that this newly alumina phase is supe-
rior in its efficiency for the extraction of Hg(II) rather than
Fe(I1D).

3.3. Langmuir isotherms of the new physically loaded
AM-TSC phase

The sorption isotherms for the uptake of the metal ions under
investigation with alumina phase were determined by the batch
technique at the pH of maximum uptake of each metal ion. Thus,
solutions of metal ion in the concentration range (4.0 x 10™* to
2.0 x 1073 M) were shaken for 30 min with a constant weight
0.05 g of the phase. The analysis of the isotherm data is impor-
tant in order to develop an equation that accurately represents
the results. The Langmuir isotherm is valid for monolayer sorp-
tion onto a surface containing a finite number of identical sites
[50,51] (Fig. 2). An equilibrium model able to identify chemi-
cal mechanism involved the Langmuir equilibrium equation is
represented as
C_ 1 .G
ag KAs Ag
where K and Ag are the binding constant and maximum metal
ion sorption capacity, respectively; Cg the unsorbed metal ion in
the filtrate (mmol ml~!) when sorption equilibrium is attained
and ag the sorbed metal ion by the phase in mmolg~'. The
linear plots of Cg/ag against Cg (Fig. 3) showed that the Lang-
muir equation gives a fairly good fit to the adsorption isotherms.
These plots were employed to give the value of maximum metal
ion sorption capacity As and binding constant K from the slope
and intercept of the plot. It is evident that the new alumina
phase has the highest binding constants K x 10™* (21.862) and
maximum uptake (1.85 mmol g~ 1), towards Hg(IT) sorption. The
other metal ions have smaller K and Ag values at their optimum
pH values. Generally, the very high binding constants support
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Fig. 3. Cg/ag vs. Cg relationship for binding constant and maximum Hg(II)
uptake using AM-TSC phase.

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

3.4. Buffer and temperature treatment on the stability of the
phases

The study of prolonged medium (pH 1.0-10.0) and temper-
ature (50-300°C) effects on the stability of the new phase is
important from practical application point of view [28]. The
results of medium effects showed that AM-TSC phase experi-
enced pronounced stability. Since hydrolysis not exceed than
34.6% at all pH range 1.0-10.0 (Fig. 4). On the other hand,
results of thermal stability studies of the phase maintained its
efficiency for Hg(II) uptake at 50 and 100 °C where no decom-
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).
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Fig. 4. Effect of medium at different pH values on efficiency of Hg(II) uptake
using AM-TSC phase.
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Fig. 5. Effect of thermal treatment on efficiency of Hg(II) uptake using AM-TSC
phase.

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

Itis very clear from the previous results that the binding mode
taking place between eight of the metal ions under investigation
and the new AM-TSC sorbent are highly favoured in the pH
range 4.0—10.0 of contact solutions. On the other hand, Hg(II) is
showing reverse behaviour where it is completely retained at low
pH values 1.0 or 2.0 [Hg(II) uptake 1.82 mmol g~!]. This can be
well understood on dealing with the conditions used for the sorp-
tion of the metal ions, where the buffer solutions used in acidic
medium (pH 1.0-7.0) were prepared from 1.0 M sodium acetate
adjusted to the appropriate pH with 1.0 M hydrochloric acid. At
low pH values for example, at pH <2.0 where the medium is
rich in chloride ions Hg(Il) are present as neutral HgCl, and
chloroanionic HgCl3'~, HgCly?~ complexes [16,53]. At this
working pH, it is suggested that Hg(IT) chloroanionic complexes
were retained via electrostatic attraction with the available pos-
itive sites produced by protonation of alumina surface hydroxo
groups in acidic medium [22]. In addition to a selectively coordi-
native binding of TSC, sulphur atom to the neutral HgCl, species
[14,28]. The synergetic effect played by S atom for binding
HgCl, was further proved by increasing values of Hg(II) uptake
from 1.45,1.40and 1.35 mmol g’1 atpH 1.0,2.0 and 3.0, respec-

tively on using alumina only to 1.82, 1.82 and 1.78 mmol g~ ! on

Table 3

Table 4
Percentage recovery of Hg(II) spiked natural portable water® contains different
concentrations of cations and anions under batch conditions®

Sample Conc. of Hg(II) spiked (mmol) % recovery R.S.D.%
1 2% 1074 99.25 + 1.1 1.11
2 6x 1074 99.2 + 1.1 1.11
3 1x1073 98.6 & 0.7 0.71

2 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 HCO3z~ (6.0 ppm), S042-
(65.0 ppm), C1~ (17.0) and Si044~ (2.0 ppm).

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

using the AM-TSC phase at the same pH values and under the
same experimental condition. Moreover, the potential participa-
tion of chloride ions in binding of Hg(II) as chloroanionic species
was also ensured based on the obtained values of Hg(II) uptake
on using this new phase in acidic medium (pH 1.0-7.0) adjusted
by HNOj3 only with no source of chloride ions and under the
same batch conditions. Values of Hg(II) uptake in this medium
was 0.450 mmol g~ ! at pH 1.0 and increased gradually to reach
a maximum value of 1.00mmol g~! at pH 7.0 supporting the
Hg(II) uptake as complex formation [6].

3.6. Selective preconcentration of mercury(Il) from natural
water samples

This study was undertaken in order to evaluate the potential
application of AM-TSC phase for preconcentration of trace lev-
els of Hg(Il) in natural water samples. The results of enrichment
of 10 and 25ng1~! of Hg(Il) spiked in three water samples,
namely: DDW, DTW and NRW using 100 mg of each phases
packed in a minicolumn and used as a thin layer enrichment
bed showed in Table 3. The results demonstrate the validity and
accuracy of the phases for preconcentration of the spiked ultra
concentrations of Hg(II) with no matrix effect. The efficiency
of metal ion preconcentration especially Hg(II) by concentrated
HNO3 acid is found to be high without causing any notable
change to the chemical nature of the organic alumina modi-
fier. The high recovery of Hg(Il) from the DDW, DTW and
NRW samples as determined to be 98.5+ 0.5, 98.0 £ 0.5 and
103.0 £ 1.0, respectively with excellent preconcentration factor
(1000), using a small mass of the phase account for the high
metal capacity values for Hg(IT) uptake using the new phase. On
the other hand, the highest recovery of Hg(II) from the NRW

Selective preconcentration of Hg(II) from water samples spiked with ultratrace amounts of Hg(II) using AM-TSC phase

Water sample Spiked Hg(Il) (ng1~1)

Mass of the phase (g)

Sample volume (1) Eluent ml of conc. HNOj3 % recovery®

Doubly distilled water 10.0 0.1
25.0 0.1
Drinking tap water 10.0 0.1
25.0 0.1
El-Nile river water 10.0 0.1
25.0 0.1

2.0 2.0 985 £0.5
2.0 2.0 984 £ 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

2 Average of three triplicate runs.



Table 5

Comparison of AM-TSC with some recent sorbents used for Hg(II) separation and preconcentration

Reference

Simplicity of sorbent synthesis

pH range of Weight of

Enrichment

factor

Equilibrating
time (min)

Metal uptake
(mmol g~ 1

Sorbent

sorbent (mg)

Hg(II) uptake

Time needed for
synthesis (h)

Nature of organic modifier

Synthesis steps

[54]

24

Complex

50 Multisteps

6.0

560

30

0.028

1,5-Diphenylcarbazide functionalized

sol-gel material
Diphenylcarbazone-functionalized silica gel

Hg(II)-imprinted

[55]
[56]

18
>40

Complex

Multisteps

6.0-9.0 300

5.0-8.0

500
200

40

Complex

Multisteps

50

0.205
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diazaminobenzene—vinylpyridine

copolymers
TAN-functionalized AC

[57]
(58]

Complex

One step

200
200

6.0£0.2
1.0-9.0
1.0-7.0

10

0.011

>72

Complex
Simple

Multisteps
One step

0.018 333

Xylenol orange-modified silica gel

This work

1.820 1000 50

Alumina-modified thiosemicarbazide

sample may denote to the enrichment of the predominant inor-
ganic mercury species present in river water and able to bind to
the phase at the working hydrogen ion concentration [2,14].

3.7. Determination of mercury(Il) spiked natural portable
water

Percentage recovery of Hg(Il) was determined by spiking
three different standard concentrations (2.0 x 1074,6.0 x 1074,
and 1.0 x 1073 mmol) into 50 ml natural portable water sample
using batch technique and under the same conditions previ-
ously described. The natural portable water sample contains
interferences from different cations as calcium (5.2 ppm), mag-
nesium (13.2 ppm), sodium (14.5) and potassium (0.8 ppm)
and anions as bicarbonates (6.0 ppm), sulphates (65.0 ppm),
chlorides (17.0) and silicates (2.0 ppm). The results obtained
in Table 4 support the validity of AM-TSC as a new selec-
tive sorbent for separation and preconcentration of inorganic
mercury.

4. Comparison with alternative sorbents

The proposed method was compared to a variety of recent
sorbents reported in literature for the separation and precon-
centration of Hg(Il). The distinct features are summarized in
Table 5.

5. Conclusion

The unique properties of TSC, with its simple, elastic
aliphatic structure and richness in binding sites, enable to pre-
pare simply new and selective sorbent by its physical loading to
alumina surface AM-TSC. This new sorbent has the following
advantages: (i) it has the highest capacity 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 ions; (ii) it
can be used for selective preconcentration of Hg(II) from differ-
ent natural water samples using small amounts of it for packing
column in preconcentration processes; (iii) the preconcentration
procedure is selective and simple with high enrichment factor
and low analytical cost as well.
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