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Abstract

Dimethyl sulfoxide (DMSQ) was simply immobilized to neutral alumina via quite strong hydrogen bonding between sulfoxide oxygen and surfac
alumina hydroxo groups. The produced alumina-modified dimethyl sulfoxide (AMDMSO) solid phase (SP)-extractor experienced high thern
and medium stability. Moreover, the small and compact size of DMSO moiety permit high surface coverage evaluatedt@ienmol g*
of alumina. Hg(ll) uptake was 1.90 mmotY(distribution coefficient logy =5.658) at pH 1.0 or 2.0, 1.68 mmoty(log K4 =4.067) at pH 3.0 or
4.0 while the metal ions Ca(ll), Fe(lll), Co(ll), Ni(l1), Cu(ll), Zn(Il), Cd(ll) and Pb(ll) showed low values 0.513-0.118 mmdglag K4 < 3.0)
in the pH range 4.0-7.0. A mechanism was suggested to explain the unique uptake of Hg(ll) ions by binding as neutral and chloroanionic spe
predominate at pH values3.0 of a medium rich in chloride ions. A direct and fast batch separation mode was achieved successfully to retai
selectively Hg(ll) in presence of other eight coexisting metal ions. Thus, Hg(ll) was completely retained; Ca(ll), Co(ll), Ni(ll) and Cd(Il) were not
retained, while Pb(ll), Cu(ll), Zn(Il) and Fe(lll) exhibited very low percentage retention evaluated to be 0.42, 0.49, 1.4 and 5.43%, respective
The utility of the new modified alumina sorbent for concentrating of ultratrace amounts of Hg(ll) was performed by percolating 21 of doubly
distilled water, drinking tap water, and Nile river water spiked with 10 ng/l over 100 mg of the sorbent packed in a minicolumn used as a th
layer enrichment bed prior to the determination by CV-AAS. The high recovery values obtained-(®8,58.5+ 0.5 and 103.@-1.0) based
on excellent enrichment factor 1000, along with a good precision (R.S.D.% 0.51-QV372),demonstrate the accuracy and validity of the new
modified alumina sorbent for preconcentrating ultratrace amounts of Hg(ll) with no matrix interference.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction centration step to meet its determination requirements by spec-
trometry modes viz. (CV-AAS) or (ICP-AES). These two steps
Environmental pollution of natural water by toxic inorganic can be achieved successfully using selective solid-phase extrac-
mercury arises mainly from industrial effluents and wastewatetion (SPE) techniqué3]. It is a well-known technique, which
disposal from different sources. Moreover, Hg(ll) compoundshas rapidly become established as the prime means of sample
are converted into the more toxic methyl mercury species byre-treatment for quantitation of various organic or inorganic
the action of aquatic organisft]. So, its concentration should analyteg4]. The basic principle of this technique is the trans-
be kept under permanently controlled conditions. In fact, twder of the analyte from the aqueous phase to bind to active sites
basic steps are necessary to be performed before determinaf-adjacent solid phase. The advantages of using this technique
tion of Hg(ll) presents at trace or ultratrace levels especiallyis versatile,[5,6] it is rapid, reproducible, requires only small
in natural matrices. The first step is the removal of interferingvolumes of solvents or not at all as in the case of solid-phase
matrix componentg2] while the second is an efficient precon- microextraction devic¢4]. Moreover, it has high preconcen-
tration factors, showed easiness of separation and enrichment
under dynamic conditions and able to be combined on line with
* Corresponding author. Fax: +20 86369171. analytical instruments. The analysis of environmental, clini-
E-mail address: ezzatsoliman@yahoo.com (E.M. Soliman). cal, biological and pharmaceutical samples have all benefited
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from the rapid growth in the use of SPE where it has largelydevoted to study and evaluate the utility of the new sorbent to act

replaced solvent-extraction techniqdé In fact, several selec- as a selective solid phase extractor for separation and precon-

tive SP-sorbents have been synthesized for uptake of inorgan@entration of ultratrace amounts of Hg(Il) spiked natural water

mercury Hg(ll). These sorbents are produced by immobilizasamples prior to the determination by CV-AAS.

tion of complexing or chelating compounds through physical

loading or chemical binding to different solid surfaces such aQ. Experimental

organic polymeric resin§—11] or inorganic silica ge]12—-18]

and aluming19-21]. Generally, the design of a stable and selec2.1. Materials

tive SP-sorbents for separation and preconcentration of a target

metal ion depends on different factors related to the nature of Dimethyl sulfoxide (DMSO) and neutral alumina of stan-

solid support, its surface area and actijB?] as well as other dard grade (150 mesh, B8and surface area 1554y, pH of

important factors related to the organic complexing agent boundqueous suspension is &®.5) were purchased from Aldrich

to the solid substrate. These factors include the structure of théhemical Company, USA. Metal salts as chloride or acetate and

immobilized organic compound as a whole, the nature of thether chemicals used were of analytical grade. River water sam-

incorporated donor atoms (O, N, P and S), the positioning oples were collected from El-Nile River at EI-Minia governorate,

the functional groups along the surface of the solid support anfigypt, as well as drinking tap water and doubly distilled water

the steric requirements of the complex formed after uptake ofvhich were used as matrices.

the desired metal iof23]. The most successful SP-extractors

for Hg(ll) and other soft metal ions are those immobilized basi-2.2. Apparatus

cally, sulfur and nitrogen or phosphorous containing compounds

[24]. Nevertheless, the inorganic sorbents have the advantages IR-spectra of the phases before and after metal ion sorp-

of no swelling, fast kinetics and good mechanical stability agion were obtained from KBr pellets by using Perkin-Elmer

well [15]. In this context, a large number of silica gel sorbents1430, infrared spectrophotometer. A Fisher Scientific Accumet

functionalized organic moieties have been produced in the last@H-meter, Model 825 calibrated against two standard buffer

decades, their utility for separation and extractive concentratiorolutions at pH 4.0 and 9.2 was used for all pH-measurements.

have been recently reviewgd5]. The great success of silica Atomic absorption measurements were performed with Perkin-

gel surface modification, may be argued to the strong covaleriElmer 2380 spectrometry. Hg(ll) was determined by a Perkin-

siloxane=Si-O-Si= bond formed on its reaction with dif- Elmer MHS-10 mercury hydride generation system, that permits

ferent silylating agents to produce selective sorbg§h®s26].  the determination of mercury and metallic hydride forming ele-

These silylating agents can also be used as linkers to bind tments by AAS.

other selected organic reagefitd,23]. Regarding alumina, the

opportunity for its chemical surface modification with organo2.3. Synthesis of alumina physically loaded with dimethyl

functional groups is too limited as so recently apped®@,  sulfoxide

where it is mainly physically modified via hydrogen bonding

[28-31]. A new modification mode was introduced by Hiraide Neutral alumina was heated first in an oven at 16@or 5 h.

et al.[32]. The organic reagent is incorporated in the cores ofThen, 25 g of the dry alumina was added to 100 ml of DMSO.

admicelles of sodium dodecyl sulfate SDS surfactant attached tbhe reaction mixture was heated under reflux with stirring for

alumina surfaces at pH 2.0. According to this improvement, nevé h, then cooled, filtered, washed with benzene, diethylether and

organic reagents are immobilized on surfactant-coated alumindried in an oven at 120C for 2 h.

for separation and enrichment of different metal if83-35],

and recently polyaromatic hydrocarbon as wWal]. In fact,  2.4. Metal uptake capacity of the new alumina-modified

moadification of alumina surface via physical loading of organicdimethyl sulfoxide (AMDMSO) phase as a function of pH

substrates is still attractive due to its great simplicity. New soruand shaking time

bents may be obtained with quite strong hydrogen bonding if we

take into consideration the strength of proton-acceptor nature of The metal uptake capacities of such new AMDMSO phase

the selected organic modifif87]. towards Ca(ll), Fe(lll), Co(ll), Ni(ll), Cu(ll), Zn(ll), Cd(ll),
Dimethyl sulfoxide (DMSOQ) is expected to fulfil this require- Hg(ll) and Pb(ll) ions were determined in triplicate under static

ment. It has a polar nature and quite strong hydrogen bondonditions by the batch equilibrium technique. Fifty milligrams

acceptor[37], in addition to its small and compact structure. of the phase was added to a mixture of 1.0 ml of 0.1 M of the

It associates with biological molecules (proteins, carbohydratesietal ion (the actual concentration of the prepared solution was

and nucleic acids). When it is free (not bind to a solid support)determined using EDTA titration) and 24 ml of a buffer solution

it can coordinate with hard and soft metal ion via its own Oof pH 1.0-10.0 except with Fe(lll) where the pH used between

and S donor site88,39], also used as potential eluant for col- 1.0 and 4.0, the total volume was completed to 50 ml by doubly

umn chromatographic separation of metal ip48]. The main  distilled water (DDW) in a 100 ml measuring flask. This mix-

objective of this paper is to employ the high surface polarityture was mechanically shaken for 30 min at room temperature

of alumina along with the combined advantage of DMSO forto attain equilibrium. Then the solid phase was separated by

designing a new modified alumina sorbent. Strong emphasis fdtration, washed with DDW and the unretained metal ion in
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the filtrate was determined by complexometric EDTA titration 1.65 cm, attach to a glass reservoir of 1.0 | voluiid) packed
and/or atomic absorption spectrometry AAS, Hg(ll) was deterwith 100 mg of the phase as thin layer enrichment bed, at a flow
mined by CV-AAS technique. Metal chloride solutions were rate of 5ml/min. The mercury retained on the column was eluted
prepared in 0.1 M hydrochloric acid to avoid hydrolysis. Mixed slowly using 2.0 ml of concentrated HN{flow rate 0.4 ml/min)
known volumes of equimolar concentrations (1.0 M) of each ofand subjected to analysis by hydride generation AAS technique.
hydrochloric acid and sodium acetate, 1.0 M sodium acetate and

ammonia buffer were used to coverthe pHrange 1.0-10.0. More3. Results and discussion

over, The effect of contact time on metal uptake was determined

under the same batch conditions, but at different equilibriun®.1. IR-spectra and surface coverage

periods (2, 5, 10, 20 and 30 min) and at the pH of the highest

metal ion uptake (optimum pH23]. The IR-spectra of the pure unmodified alumina displayed
a broad band at 3450 cth [28] which may be attributed to

2.5. Medium and temperature effects on the stability of the hydrogen bonded surface hydroxo groups. Moreover, there is

new AMDMSO phase an intense broad band located in the vicinity of 560¢m

was argued to AIO stretching vibratiof28]. The loading of
Medium effect on the stability of the new phase was investi-DMSO moiety to alumina surface was confirmed by IR-spectral
gated in acetate buffer, pH 1.0-6.0 and ammonia buffer 8.0, 10.@8nalysis for the new synthesized phase, where new bands not
under static conditionf3]. In this study, 100 mg of the phase present in the parent unmodified alumina were appeared. Two
was treated with 25 ml of the selected buffer in 50 ml measuringnedium bands at 1440, 1420 chdue tov(S—C) in addition to a
flask for 10 h, then mechanically shaken for another 30 min. Thetrong band a%1025 cnt! due tov(S—O) involved in hydrogen
treated phase was separated by filtration, washed and dried. bonding with alumina surface hydroxo grou@8]. Neverthe-
Toinvestigate the temperature effefdtS] aweightof 100mg  less, both asymmetric and symmetriel€stretching frequency
of the phase was kept for 1 h at 50, 100, 150, 200, 250 anéiB00 bands due to DMSO-methyl groups around 3000 and 2918.cm
in an electric oven, then left to cool. To explore the extent of[38], respectively, could not be detected since they were merged
hydrolysis or decomposition of the physically loaded DMSOwith the strong characteristic band centred at 3450%tm look
on alumina surface (i.e. stability of the phase), 50 mg of eaclmore wider than the parent alumina. On the other hand, com-
medium and thermally treated phases along with untreated orparing the IR-spectra of the modified alumina phase after metal
taken as standard, were used to evaluate their Hg(ll) sorptioion sorption with the metal free one clearly demonstrate that the
capacity under the same conditions previously described fasulfoxide sulfur atom is the main active donating site to metal
batch experiments and at the optimum pH, then comparing thiens. This is based on: (i) the absence of stretching frequency
resulted Hg(l1) uptake values with that of the standard untreatetlands around 93@ 25 cnt ! characteristic to metal ion binding

one[15]. to sulfoxide oxygeri38] and (ii) the appearance of stretching
frequency bands at 1097—-1040chcharacteristic to metal ion

2.6. Determination of the surface coverage value of binding to sulfoxide sulfuf38].

AMDMSO phase by thermal desorption method These results for the linkage to metal ion support the physical

loading of DMSO to alumina surface via hydrogen bonding for-
To determine the concentration of DMSO physically loadedmation between sulfoxide oxygen and alumina surface hydroxo
to neutral alumina surface, 100 mg of the dry phase was weighegtoup hydrogeri29].
in a clean and dry porcelain crucible and gradually heated in an The amount of DMSO loaded to alumina surface as deter-
oven to 500C. The sample was maintained at this degree formined by the thermal desorption method indicates a fairly high
1 h to ensure the completion of the desorption process, then lesurface coverage value equal 20.1 mmol g L. This may be
to cool up to room temperature. The weight loss due to DMSCaccount for the small size and compact structure of DMSO
desorption was evaluated by difference. Blank sample of drynolecule compared to other organic modifigtk
unmodified neutral alumina was subjected to the same treatment
for comparison. 3.2. Selectivity studies incorporated AMDMSO phase for
uptake of metal ions as a function of pH and shaking time
2.7. Selective preconcentration of mercury(Il) from natural
water samples The pH value is one of the most important factors controlling
the extraction of metal ions from soluti¢t¥]. Fig. 1represents
River water samples were collected from El-Nile river (NRW) the relation between the metal uptake capacities (mmb)lg
at El-Minia governorate, Egypt, as well as drinking tap waterdetermined based on the batch equilibrium technique for the
(DTW) and doubly distilled water (DDW) were used as matricesAMDMSO phase with Ca(ll), Fe(lll), Co(ll), Ni(ll), Cu(ll),
to validate the efficiency of the new AMDMSO phase to act aszn(ll), Cd(ll), Hg(ll) and Pb(ll) at different pH values. Just one
selective and efficient preconcentrator for Hg(ll) ions. Thus, thdook to this figure, one can deduce the following: the uptake of
water samples were filtered through filter paper and spiked witlidg(Il) by the new modified alumina phase is uniquely different
10 ng/l adjusted to pH 2.0 by HCI. Then, 2.0 of the spiked waterfrom the other eight metal ions. Hg(ll) is quantitatively sorbed
sample were passed trough a minicolumn (length 10.0 cm, i.d99.78%) at low pH values. Hg(ll) uptake was 1.90 mniotg
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percentage extraction for each metal ion was calculated at each
time interval relative to maximum uptake at 30 nfild]. It was
found that at 2 min contact time, the percentage extraction was
97.3% for uptake of Hg(ll) and 49% for Fe(lll) as the mostinter-
fering metal ion. At 15 min contact time, where Hg(ll) extraction
reached (99.0%), the percentage extraction of Fe(lll) not exceed
59%. So, it is evident that the extraction of Hg(ll) is faster than
the most interfering metal ion.

3.3. Medium and thermal stability of the phases

The stability of the AMDMSO SP-extractor was performed
in different buffer solutions pH 1.0-10.0 for 10 h contact time
Fig. 1. Effect of pH on metal uptake capacities (mmotgusing AMDMSO  in order to assess the possible leaching or hydrolysis processes
phase. [23]. On the other hand, the study of temperature (50°8)0
effects on the stability of the new phase is important from practi-
at pH 1.0 or 2.0. This value gradually decreases by decreasirgl application point of vie23]. The results of medium effects
acidity to be 1.68 at pH 3.0 or 4.0 then, 1.48 and 1.27 mméblg proved that the phase experienced significant stability all over
at pH 5.0 and 6.0, respectively, and finally reached a minithe wide range of pH used, where no loss in its efficiency for
mum value for Hg(Il) sorption equal 0.48 mmotyat pH 8.0.  Hg(ll) uptake was observed. This strongly support that neither
Furthermore, values of Hg(ll) uptake are always higher tharleaching nor hydrolysis has been occurred for the DMSO ligand
the uptake of any other metal ion under investigation all ovebinds to alumina surface. On the other hand, results of thermal
the range of pH used. On the other hand, the affinity of thestability studies (Fig. 2) indicated that the new phase maintained
sorbent for the uptake of these metal ions can be arrangets efficiency for Hg(ll) uptake at 50, 100, 150 and also at 200
according to metal capacity values in mmolgat the pH of and 250°C which are higher than DMSO bp at 189, where
highest uptake as follows: Hg(ll) 1.90 > Fe(lll) 0.513 > Co(Il) no decomposition occurred. However, at 3@0a value of 2.8%
0.273>Cd(ll) 0.250>Ca(ll) 0.230>Cu(ll) 0.225>Pb(ll) decrease in its efficiency for Hg(ll) sorption was recorded. In
0.221>Zn(l1) 0.154 > Ni(ll) 0.118. This order of metal capacity fact, This pronounced stability although DMSO is physically
values exhibited by AMDMSO SP-extractor showed the greatloaded to alumina surface may account for the formation of quite
est affinity towards Hg(ll) extraction in comparison with the strong hydrogen bond between alumina as one of the most polar
rest of metal ions. This affinity was further strengthed basedolid adsorbent®22] to act as proton donor and DMSO to act as
on the obtained distribution coefficient valé4] as compiled  strong proton acceptor judging from the high value of its proton
in Table 1, for the uptake of metal ions under investigation aBcceptor strength parametdt=2.53[41]. Moreover, the sta-
different pH values using the new modified alumina sorbent. bility of this phase along with its high surface coverage support
Shaking time is another important factor in the process ofts application for purposes of separation and preconcentration,
evaluation of the new phase. The relative fastness of extractiogspecially at low pH valug0].
of agiven metalion can be used for its selective separation from a
mixture containing other coexisting metal idi%]. To account  3.4. Suggested mechanism for the selective retention of
for the fastness of metal ion sorption using the AMDMSO SP-Hg(1l)
extractor phase, metal capacity values were determined using
the batch method at different shaking times (2, 5, 10, 20, and It is very noticeable from the previous results that the
30 min) to determine the time needed to attain equilibrium. Thébinding mode taking place between eight of the metal ions

Table 1
Distribution coefficient (expressed as I&g) for the uptake of metal ions at different pH-values using AMDMSO phase
Metal pH

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 10.0

log Ky log Ky log Ky log Ky log Ky log Ky log Ky log Ky log Ky
Hg(Il) 5.658 5.658 4.067 4.067 3.634 3.360 3.000 2.553 ppt.
Ca(ll) 2174 2.154 2.154 1.869 2.046 1.097 2.244 2.033 2.174
Fe(lln) 2.124 2.036 2.165 2.549 - - - - -
Co(ll) 1.828 1.842 1.986 2.177 2177 2.158 2.184 1.981 0.991
Ni(I1) 1.400 1.474 1.654 1.289 1.544 1.788 1.599 2.285 0.646
Cu(ll) 0.642 0.642 1.916 1.970 1.997 2.088 1.970 ppt. 1.169
Zn(ll) 1.959 2.020 2.020 1.558 1.909 1.940 1.875 1.959 0.719
Cd(ll 1.481 1.531 1.939 2.164 2.164 2.145 1.967 1.929 0.996

Pb(l1) 2.027 2.055 1.903 2.115 1.903 2.075 2.053 ppt. ppt.
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Table 2

Selective retention of Hg(ll) present in a mixture with other eight coexisting
metal ions (0.05 mmol each) by direct batch mode using 100 mg of the new
AMDMSO SP-extractor at pH 2.0 and 15 min contact time, along with the cal-
culated separation factar(expressed as log)

Metal ion (%) Retained metal ions Log o
Ca(ll) 0.00 3.50
Fe(ll) 5.43 3.60
Co(ll) 0.00 3.70
Ni(l1) 0.00 4.00
Cu(ll) 0.49 3.70
Zn(l1) 1.40 3.60
cd(lr 0.00 3.72
Pb(Il) 0.42 3.76
Hg(ll) 100.00 -

ride ions and under the same batch conditions. Values of Hg(ll)
uptake in this medium was very low 0.08 mmol/g at pH 1.0 and
increased gradually to reach a maximum value of 0.8 mmbl g
at pH 6.0 supporting the Hg(ll) uptake as complex formation
under investigation and the new AMDMSO sorbent are highly[5].
favored in the pH range 4.0—7.0 of contact solutions. Hg(ll) in
the other hand is showing reverse behavior where it is cOmMs 5 Selective separation of Hg(1l) using the newly
pletely retained at low pH values 1.0 or 2.0 (Hg(ll) uptake sy hesized AMDMSO SP-extractor
1.90 mmol g?1). This can be well understood on dealing with
the conditions gsed for the so.rp.tion of the metal ions, where | fact, there is a good anticipation regarding the potential
the buffer solutions used in acidic medium (pH 1.0-6.0) werq,se of this new sorbent to act as a selective SP-extractor for the
prepared from 1.0 M sodium acetate adjusted to the approprisxtraction of inorganic Hg(ll) ions in presence of other coexist-
ate pH with 1.0M hydrochloric acid. At low pH values for ing and interfering metal ions. This anticipation is based on the
example, at pHk 2.0 where, the medium is rich in chloride ions fo|iowing: (i) results of metal uptake capacity-pH relation ship
Hg(ll) are present as neutral Hg@ind chloroanionic HgGl~,  as shown irFig. 1, (i) the extremely high distribution coeffi-
HgCL?~ complexes[14,42]. At this working pH, it is Sug- cients for the uptake of Hg(Il) at pH 1.0 or 2.0 (Idg = 5.658)
gested that Hg(ll) chloroanionic complexes were retained Vigyng the high values at pH 3.0 or 4.0 (g =4.067). How-
electrostatic attraction with the available positive sites producegdyer, the other metal ions under investigation showed low ones
by protonation of alumina surface hydroxo groups in acidic(og k4<3.0) in the pH range 4.0-7.0 as shownTable 1,
medium [20]. In addition to a selectively coordinative bind- jjj) the high magnitude of the calculated Hg(ll) separation fac-
ing of DMSO sulfur to the neutral Hgglspecies[12,23]as  tor ¢ (10°-10%) especially at pH 2.04], («=Kg HoYKd M),
illustrated inFig. 3. The synergetic effect played by S atom hereky 44 distribution coefficient of Hg(ll) as a target metal
for binding HgCh was further proved by evaluating the effi- jon to be separated arfdy (cwy distribution coefficient of the
ciency of the parent unmodified alumina, for Hg(ll) uptake coexisting metal ion), so, it is expressed as dogs shown in
at pH 2.0 to be 1.40 mmolg. Moreover, the potential par- Taple 2. Accordingly, we are involved to examine the utility
ticipation of chloride ions in binding of Hg(ll) as chloroan- of AMDMSO phase to retain selectively Hg(ll) in presence of
ionic species was also ensured, based on the obtained valugger metal ions by performing a direct and fast batch separation
of Hg(ll) uptake on using this new phase in acidic mediummode[22]. So, 50 ml solution containing equimolar concentra-
(PH 1.0-6.0) adjusted by HN§only with no source of chlo-  tions (0.05 mmol) of nine metal ions including Hg(ll) (adjusted
at pH 2.0 by fine addition of concentrated HCI) was left to com-
pete for binding with small mass (100 mg) of AMDMSO phase
for only 15 min contact time. Then, the solution separated by
filtration was diluted and subjected to AAS determination for
each metal ion. The results compiledliable 2demonstrate the
achievement of a fast and selective separation process. Thus,
Hg(ll) was completely retained; Ca(ll), Co(ll), Ni(ll) and Cd(Il)
were not retained, while Pb(ll), Cu(ll), Zn(Il) and Fe(lll) exhib-
ited very low percentage retention evaluated to be 0.42, 0.49,
1.4 and 5.43%, respectively. In this respect, this SP-extractor

Fig. 3. A suggested binding mode of inorganic Hg(ll) to alumina-modified IS More selective than our silica gel phase chemically grafted
DMSO phase in acid medium (pH 1.0 or 2.0) rich in chloride ions. 2-thiophenecarboxaldehydi&4].

Fig. 2. Effect of thermal treatment on efficiency of Hg(ll) uptake using
AMDMSO phase.
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Table 3

Selective preconcentration of Hg(ll) from water samples spiked with ultratrace amounts of Hg(Il) using AMDMSO SP-extractor phase

Water sample Spiked Hg(ll) (pg/ml) Mass of the phase (g) Sample volume (1) Eluent ml of conc. HNO (%) Recovery
Doubly distilled water (DDW) 10.0 0.1 2.0 2.0 98.5+ 0.5
Drinking tap water (DTW) 10.0 0.1 2.0 2.0 98.5+ 0.5
El-Nile river water (NRW) 10.0 0.1 2.0 2.0 103.0+ 1.0

a Average of three triplicate runs.

3.6. Selective preconcentration of mercury(Il) from natural [13] M.E. Mahmoud, M.M. Osman, M.E. Amer, Anal. Chim. Acta 415
water samples (2000) 33-40.
[14] E.M. Soliman, M.B. Saleh, S.A. Ahmed, Anal. Chim. Acta 523 (2004)

. oo 133-140.
The results of enrichment of 10 ng/l of Hg(Il) spiked mthree[ls] E.M. Soliman, M.E. Mahmoud, S.A. Ahmed,

water samples namely: doubly distilled water (DDW), drink- Chem. 82 (2002) 403-413.
ing tap water (DTW) and El-Nile river (NRW) using 100 mg [16] O. Zaporozhets, N. Petruniock, V. Sukhan, Talanta 50 (1999) 865-873.
of AMDMSO phase packed in a minicolumn and used as &l7] R. Singh, AR. Khwaja, B. Gupta, S.N. Tandon, Talanta 48 (1999)
thin layer enrichment bed are compiledTiable 3. The results 527-535. .

. 18] T. Seshadri, A. Kettrup, Fresenius Z. Anal. Chem. 310 (1982) 1.
demonstrate the validity and accuracy of the phase for precolirg) b i “singh. R.R. Bhatnagar, Fresenius Z. Anal. Chem. 329 (1988) 878.
centration of the spiked ultra concentrations of Hg(Il) with N0 20} M. Hiraida, Y. Ohta, H. Kawaguchi, Fresenius J. Anal. Chem. 350 (1994)
matrix effect. The high recovery of Hg(ll) from the DDW, DTW 648-650.
and NRW samples as determined to be 98(%5, 98.5+ 0.5 and [21] J.L. Manzoori, M.H. Sorouraddin, A.M. Haji Shabani, J. Anal. Atom.
103.0+ 1.0, respectively, with excellent preconcentration factor__ Spectrom. 13 (1998) 305.

. . [22] R.P. Budhiraja, Separation Chemistry, New Age International Publishers,
(1000), using a small mass of the phase account for the hi ] New Delhi 21004 P Y g

metal capacity values for Hg(ll) uptake using the new phasgps) EM. Soliman, M.E. Mahmoud, S.A. Ahmed, Talanta 54 (2001)
On the other hand, the highest recovery of Hg(Il) from the river ~ 243-253.

water (NRW) sample may denote to the enrichment of the pre24] R.G. Pearson, J. Am. Chem. Soc. 85 (1963) 3533-3539.
dominant inorganic mercury species present in river water ang>] R-K- Jal, S. Patel, B.K. Mishra, Talanta 62 (2004) 1005-1028.

ble to bind to th h t th Ki hvd . 26] A. Tong, Y. Akama, S. Tanaka, Anal. Chim. Acta 230 (1990) 179-181.
able 1o bind 1o the phase at the working nydrogen lon conce 27] V. Smuleac, D.A. Butterfield, S.K. Sikdar, R.S. Varma, D. Bhat-

Int. J. Environ. Anal.

tration[1,12]. tacharyya, J. Membr. Sci. 251 (2005) 169-178.
[28] M.E. Mahmoud, J. Lig. Chrom. Rel. Technol. 25 (2002) 1187-1199.
References [29] A.R. Bowers, C.P. Huang, J. Colloid Interface Sci. 105 (1985) 197-
215.
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