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Abstract

Simple, easy to use and selective method of Al(lll) sorption—spectroscopic (SS) determination was proposed. For this purpose, silica modified
with tridecyloctadecylammonium chloride(SGIl) using adsorption technique and glass slide modified with thin silica—poly(dimethyldiallyl-
ammonium chloride) (SGI) composite film obtained by sol-gel technique were worked out. It was shown that lumogallion (LG) easily absorbs
on SGI and SGIl. Obtained sorbents SGIII and SGIV, respectively, were used for aluminum(lll) determination by diffuse reflectance and
spectrophotometric methods. The ranges of determination were {Hig@.08-0.54)s, < 0.13,n=4 for SGlll and (0.05-2.0f <0.11,n=4
for SGIV. The detection limits (blank + for aluminum were 70 and 30g L~* using SGIll and SGIV, respectively, whess the standard
deviation of blank estimation. The accuracy of the developed spectrophotometric method was examined by the determination of standard
addition of aluminum in alcohol-free beverages. The relative error did not exceed 9%. SGIIl can be regenerated by 0.05 M,BEPTANa
solution and reused. SGIV was shown to be perspective for determination of aluminum in solution in the range of 0.01-0*18/raglid
phase luminescent technique.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction (SL) methods using organic anion-exchangers and membrane
filters were proposed for this purpofs=-10].

One of the elements that needs precise control in the Chrome azurol S and eriochrome cyanine R as chro-
environment is aluminum. High concentration of Al(Ill) mophorous reagents were widely used for SS determination
in water can cause serious health probldfis The cor- of aluminum[3—6]. An optical sensor based on eriochrome
relation between uptake of aluminum from drinking wa- cyanine R immobilized on XAD-2 resin was proposed
ter and Alzheimer's disease was shoj2). The develop- for determination of>10umol L~! aluminum in aqueous
ment of simple, easy to use and selective methods of de-environment using diffuse reflectance spectroscopy (DRS)
tection of this element at the trace level in environmental [6]. More sensitive and selective fluorimetric technique of
and biological samples is of great importance today. Several Al(lll) detection in tap water in the concentration range
sorption—spectrophotometric (SS) and sorption—luminescent0.2-14ugL~! is based on adsorption of its complex

with salicylidene-aminophenol onto dextran-type cation-
* Corresponding author. Tel.: +380 44 239 33 11; fax: +380 44 239 33 45. €Xchange gel7]. Besides luminescent-optic sensors using
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were reportefB-10]. Modified membranes must be replaced
within two days. Manganese(ll), iron(lll) and copper(ll)
interfered Al(lll) detection.

Among other sensitive reagents 2 £-trioxy-5-chloro-
(1-azo-1)-benzene-3-sulfonic acid (lumogallion or LG) was
proposed for fluorimetric determination of Al (lll) in solu-
tion [11]. A flow injection method of aluminum determina-
tion with LG in natural water was described. The detection
limit (DL) was (ng L~1): 0.1 and 0.05 after preconcentration
of the metal ion on the column modified with 8-oxyquinoline
[11-13] As far as we know, no application of immobilized
LG for Al(lll) sorption—spectroscopic determination was re-
ported.

Mesoporous silica gels are characterized by significant

active surface area and are widely used in analytical chem-

istry for preconcentration of microelements4-17] Ob-
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loxysilane (TEOS), poly(dimethyldiallyl-ammonium chlo-
ride)(1), (MW 240,000), were purchased from Aldrich Chem-
icals. Bidistilled water was used for preparation of all solu-
tions.

Glassware was acid washed. Microscopic glass slides
1cmx 1 cmwere used as support for silica sol-gel composite
film.

2.2. Apparatus

UV-vis and diffuse reflectance spectra were recorded on
Specord M-40 (Carl Zeiss), pH meter, pH 340 was used in
the work. Sorption was developed by magnetic stirrers.

The photoluminescence (PL) spectra were measured at
room temperature using an optical multichannel analyzer as
the detector at excitation by the pulse nitrogenlaser ¢ =

tained modified sorbents can be successfully applied as activep.34m, tp=5x 10 9s,E=10"° J)[23].

element of optical chemical sensors.
It was previously described that silica gel (SG) modi-
fied with high molecular weight quaternary ammonium salts

2.3. Procedures

(QAS) possessed anion-exchange properties and was used fog 3.1, Sol-gel procedure

preconcentration and determination of metal ions and organic

Silica was obtained by hydrolysis and polycondensation

anions in environmental objects by spectroscopic methodsreactions of TEOS in the presence of | according to the previ-

[18-20] The advantage of SG modified with QAS compared

ously described proceduf21,22]. Thin films were prepared

to organic ion-exchangers is its chemical and mechanical stafrom freshly formulated sol-gel stock solution containing

bility, high rate of sorption equilibrium, homogeneous and
small size of the particles.

Another perspective and simple way of silica modifica-
tion is low temperature sol—gel technolofpl]. Recent re-

polyelectrolyte by dropping 2—10L of solution onto micro-

scopic glass using microsyringe. The film was dried in the air
overnight. Obtained composite film (SGI) was characterized
by high mechanical and chemical stability and transparency.

obtained by sol-gel method can be a promising host ma-jnterference methof25].

trix for immobilized analytical reagents. Incorporation of
poly(dimethyldiallyl-ammonium chloride)(l) causes forma-
tion of a composite silica film (SGI) with anion-exchange
properties[22]. Electrostatic immobilization of the dye
molecule onto SGI composite film platform can be a perspec-
tive way of preparation of sensitive element of optical sensor.

Inthe present paper, sorption of LG onto SG powder mod-
ified by adsorption with tridecyloctadecylammonium iodide
(SGII) and thin SGI film obtained by sol—gel technique on the
glass slide surface is investigated. Analytical application of
obtained modified sorbents for traces of aluminum detection
is examined.

2. Experimental
2.1. Reagents and solutions

All reagents were of analytical grade. Metal ions solution
were prepared by dissolving of analytical grade salts in deion-
ized water with addition of hydrochloric acid. Lumogallion
(Merck), tridecyloctadecylammonium chloride(ll), 99% pu-
rity obtained fronj24] was used to preparex110~2 mol L~}
solutionin hexane:toluene (1:2). Acetic buffer (pH 5.0); silica
gel (Chemapol L 40/100) were used in the work. Tetraethy-

2.3.2. Moadification of SG with Il

One gram of SG was stirred with 20mL of %
10-2mol L~ 1 solution of Il for 30 min using magnetic stirrer,
filtered and dried for 40 min at 6@ 5°C. The modified sor-
bent (SGII) obtained in such way containeg 10~4 mol g
of Il on the surface. Anion-exchange properties of SGll were
described earlig24].

2.3.3.
and Il

The batch procedure was applied for sorption of LG onto
modified silica. The residue of LG in solution after contact
with SGI and SGII was detected spectrophotometrically us-
ing calibration graph. Then the amount of LG adsorbed on
SGI and SGIl was calculated.

Immobilization of LG onto silica modified with |

Modification of SGI 10 pieces of the glass slides modi-
fied with composite film (SGI) were immersed into 10 mL
of 1 x 10~3mol L~ solution of LG for 30 min at pH 4.3
(acetic buffer), washed with water and dried in the air for
30 min. SGIII was obtained in such way.

Modification of SGI1 0.500 g of the sorbent was stirred by
magnetic stirrer with 12.0mL of & 10-*mol L1 aque-
ous solution of LG at pH 4.3 (acetic buffer) for 40 min.
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The modified sorbent was filtered through the paper filter,
washed with water and dried for 40 min at£®°C. Thus, 1,01 ; 5 B, 48
SGIV was obtained with the content of LG on the surface ©
10pmol g1 “l{)?é 081
[T
2.3.4. Sorption of metal ions 06
The batch procedure was applied for sorption of the metal f
ions. TF 041
| N 2
2.3.4.1. Sorption onto SGllITen to twenty-five milliliters 0.2 1
of the water sample at pH 1.0 containing 1-+ifol L~1
standard agqueous solutions of aluminum(lll), copper(ll) and 0.0 y T g T T T y T S
iron(lll) was adjusted to pH 5.0 by addition of 5 mL of acetic = w0 a3l 50 0 &0
buffer. SGllIl was immersed into solution which was then ther- Wavelength (nm)

mostated af = 323+ 3K for 5-60 min. Then the slide was

taken out and washed with distilled water. The absorbance':ig' 1. Stgndardized absorb_ance spectra of LG (curves 1 and 2) and its
complex with Al(Ill) (curve 3) in solution and on SGIII (curve 4) and diffuse

spectra of the comple_x formed on SGlII WaS_ measured by reflectance spectra of SGIV before (curve 5) and after (curve 6) contact with

spectrophotometer using as a blank SGIII which was treatedsoution of Al(I1l). pH 4.3 (curves 1 and 5), 5.0 (curves 3, 4 and 6) and 6.5

by the same way after contact with bidistilled water adjusted (curve 2). For LG: |2 =5.64 and 3 =7.20[26].

to pH 5.0.

For determination of Al(lll) in alcohol-free beverage, the  rium was reached within 30 min under optimal conditions.
sample of the beverage was acidified with HCI to pH 1.0 and Diffuse reflectance spectra of SGIV and absorbance spec-
heated for 10 min at 348 3K using water bath. Then the  tra of LG in solution at different pH are presentedFiig. 1
above described procedure was applied. (curves 1, 2 and 5). The absorbance spectrum of monoan-

ion (pH 4.3) of LG in solution has maximum at= 425 nm.
2.3.4.2. Sorptiononto SGI\Water sample (10-50 mL) con-  The maximum of the absorbance spectrum of LG immobi-
taining 2—-8Qumol L1 standard aqueous solution of alu- lized on the surface at the same pHjgax=450nm. Such
minum(lll), copper(ll) and iron(lll) at pH 1.0 was adjusted bathochromic shift in the spectrum may indicate the forma-
to pH 5.0 by addition of acetic buffer. SGIV (0.100-0.2009) tion of ion associate between LG and immobilized QAS. The
was placed into the mixture which was then thermostated atsame results were observed for SGII film.
T=343+ 3K and stirred for 5-40 min by magnetic stirrer. Isotherms of LG adsorption onto SGI and SGlII are pre-

The sorbent was filtered through the porous filter and dried sented inFig. 2 (curves 1 and 3). They may be charac-
for40 min at 60+ 5°C. Diffuse reflectance and luminescence terized by L-type. The adsorption Capacity of SGIlI was

spectra of the dry SGIV were measured. Sorbent which wasg x 10-° mol g—1 of LG for 1.0x 10~*mol g‘l of QAS. It
treated by the same way after contact with bidistilled water confirms the fact of formation of ion associate with the ratio
adjusted to pH 5.0 was used as a blank for DRS. The lumi- LG:||=1:1.

nescence of sorbent was measured using the quartz cell put The content of anion-exchange groups on the surface of
at the angle 45towards falling light beam. SGI composite film was not known. It was shown earlier that

. . 10 -
3. Results and discussion 13

3.1. Sorption of LG onto SGI and SGII ]

1
-

Selected QAS easily adsorbed onto SGI and SGIlI and &

were not washed from the surface by water and 0.1 mél L
solutions of inorganic and short chain organic electrolytes.
LG adsorbed on SGI and SGII surfaces contrary to non-
modified silica. Thus, SGIIl and SGIV were obtained. Ad- 27 3 s &
sorbed dye was not washed from SGIIl and SGIV surfaces i
by <0.1molL~! aqueous solutions of N&8O;, NaNQs, 000 T os 10 15 20 as
NaHCGQ; and sodium acetate. Sodium chloride solution at ' ' . . N '
concentration=0.1 mol L1 eluated LG from the surface of [Dyel, x 10°(1); x 10" (2,3) molL
SGI”_Contrary to SGIV powder. The optimal pH of the LG Fig. 2. Isotherms of LG adsorption onto SGII (curve 1) and SGI (curve
sorption onto both sorbents was 4.0-5.0 whehHorm of 2), a1 =1 x 10~ mol g-1; mass of the sorbent (g): 0.020 (SGII) and 0.002
the reagent prevailed in solutig®6]. The sorption equilib- (SGI),v=10mL.

a, X 105mo|.g'

-
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methyl orange (MO) as monoanion formed with [l immobi-
lized on SG ion associate with the ratio MO:ll = 119]. To

understand better the mechanism of LG immobilization onto
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3.3. Interferences

The influence of metal ions presented in natural water

SGl sorption of MO as a model compound was studied and at the levels comparable with aluminum was investigated
compared. Isotherms of LG and MO adsorption at pH 5.0 are [27]. It was shown that Ca(ll), Mg(ll), Zn(Il), N@", SOy,

presented ifrig. 2(curves 2 and 3). It is seen that maximum
absorption capacity is 15.5 and 1¢utolg! for LG and

HCOs;~and CHCOO did not influence the results of Al(l11)
sorption—spectroscopic detection. Fe(lll) and Cu(ll) formed

MO, respectively. It can be made a conclusion that LG as complexes with immobilized LG and, thus, interfered alu-

well as MO formed the same ion associate with immobilized
QAS onto SGI surface.

3.2. Aluminum interaction with immobilized LG

Aluminum reacts with immobilized LG which is accom-

minum determination. Their influence can be removed by
addition of 1,10-phenanthroline in solution. The comparable
with Al(lll) amounts of F interfere determination.

3.4. Sorption—spectroscopic determination of aluminum

panied by the changes in spectroscopic characteristics of the3.4.1. Diffuse reflectance spectroscopic method of

sorbentskig. 1, curves 4 and 6). This fact testifies thatimmo-
bilized LG retains its complex formation ability and grafting
of LG on SGI and SGII surface may be a result of interaction

between sulfuric group of the reagent and quaternary nitro-

gen of QAS. The optimal pH of complex formation on SGIlI
and SGIV is 5.0 compared to 5.5 in solution. The complex
formed was not washed from the surface by water.

The heating of the mixture dt= 343+ 3K for SGIV and
323+ 3K for SGlII thin film for 15 min accelerates the pro-

aluminum determination in water using SGIV

Water sample (10mL) containing 0.08-1.5 mgtbf
Al(lll) was placed into 50 mL glass. It was acidified with
HCI to pH 1.0. Then 5.0 mL of acetic buffer solution (pH
5.0), 1.0mL of 0.2% 1,10-phenanthroline and 0.200g of
SGIV were added to solution. The resulting mixture was ther-
mostated at 34% 3K and stirred for 20 min. Then the sor-
bent was filtered through the porous filter, dried at 343K
for 30 min and examined by diffuse reflectance spectroscopy.

cess of complex formation. The dependence of the coefficient Sorbent which was treated by the same way after contact with

of diffuse reflectance of SGIV and absorbance of SGlIII film
on the time of their contact with Al(l11) solution are presented
in Fig. 3 It is seen that equilibrium of sorption is reached
within 15-20 min for both the sorbents. The optimal film
thickness for SGIII composite film was 1400.2um. The
time of the sorption equilibrium increased with increasing of
the film thickness. Thinner films possessed less stability.

bidistilled water adjusted to pH 5.0 was used as a blank. The
concentration of Al(lll) in the sample was detected using
calibration graph obtained by the same procedure from stan-
dard solution of Al(lll). The equation of calibration graph
is: AFs530=(0.010+ 0.004) + (0.39: 0.05)XC (mg L™1). The
graph is linear in the range of 0.05-2.0 mglAI(lll). DL is

30pg L1 for the sample volume 10 mL that is 1/8 of max-

It can be seen that maximum of the spectra of the compleximum contaminant level (MCL) of Al(lll) in the tap water
Al-LG formed on the surface is more red shifted compared [27]. The DL can be decreased five times by increasing sam-

to absorbance spectra of this complex in solutibig( ).

It may be a result of binding of LG with immobilized QAS.
This effectis more noticeable for SGIV powder than for SGIII
film.

0,35
0,30
0,25 2
0.20

0,154

AA, (1) AF, . (2);

0,10 [

0,054

0,00 T T T T T T
15

t, min

Fig. 3. The absorbance of SGIII (curve 1) and the coefficient of diffuse re-
flectance of SGIV (curve 2) as a function of time of the sorbents contact with
Al(lll) solution. Ca =0.40mg L% T=323K (curve 1) and 343K (curve
2); pH 5.0.

ple volume up to 50 mL.

3.4.2. Sorption—spectrophotometric method of Al(lII)
determination in natural water and alcohol-free
beverage using SGllI

The sample of the water (10mL) containing
0.10-0.50mg ! of aluminum was acidified with HCI
to pH 1.0. Then the solution was adjusted to pH 5.0
by 5mL of acetic buffer and mixed with 1mL of 0.2%
1,10-phenanthroline. The modified glass slide was placed
into solution. The mixture was thermostated at 323K for
15 min. The glass was taken out and rinsed with water. The
absorption of the film was measurediat 520 nm by spec-
trophotometer using a blank modified glass slide which was
treated by the same way after contact with bidistilled water
adjusted to pH 5.0. The amount of Al(lll) was calculated
using calibration graph prepared by the same procedure from
standard Al(lll) solution. The equation of calibration graph
is: AAs20=(0.0204 0.008) + (0.36+ 0.03)C (mgL™1). Itis
linear in the range of Al(Ill) content 0.08-0.54 mgt. DL
is 70ng L1 which is less than 1/3 MCL of this element in
water[27].
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Table 1
Results of aluminum determination in distilled water (1), model solution containing (fHg L.0 Cu(ll) and 0.5 Fe(lll) and 1 mmolt! of 1,10-phenanthroline
(2), and in alcohol-free beverage (3) using SGH) &nd SGIV B) (n=4; P=0.95)

Sample A, Al (mg L 1) S B, Al(lll) (mg L —1) S
Added FoundX+ AXx) Added FoundX+ AXx)

1 0.30 0.3G£0.03 0.06 0.11 0.1%£0.02 0.09
1 0.1¢ 0.18+0.02 0.07 0.27 0.280.02 0.05
2 0.19 0.2040.03 0.09 0.2% 0.5240.06 0.07
2 0.3¢ 0.474+0.05 0.07 0.27 0.26:0.03 0.07
2 0.30 0.28:0.03 0.07 0.38 0.320.03 0.04
3 - 0.07+0.02 0.13 - - -

3 0.11 0.19£0.03 0.08 - - -

3 0.19 0.25£0.03 0.07 - - -

a The same silica film was used after regeneration with 0.05 M EDBAMNdor four times.
b The samples without addition of 1,10-phenanthroline.

3.4.2.1. Determination of Al(lll) in alcohol-free beverage. The pulse luminescent spectra of SGIV before and after
Fifteen milliliters of the sample was acidified by HCI to pH contact with solution of Al(lll) and spectra of the complex
1.0 and heated for 10 min at 3433 K. Then the pH of solu-  in solution with the molar ratio Al.LG =1:1 are presented
tion was adjusted to pH 5.0 with 5 mL of acetic buffer, L mL in Fig. 4 The similarity of the spectra in solution and on
of 0.2% 1,10-phenanthroline was added and procedure de-the surface testifies that the same complex prevails on SGIV
scribed above was applied. The accuracy of the developedsurface under optimal conditions.
spectrophotometric method using SGIIl was controlled by It is seen that immobilized LG possessed very low lu-
standard addition of aluminum into alcohol-free beverages. minescence intensity compared to its complex with Al(l11).
For this purpose, known amount of standard solution of alu- This fact is important for reducing the signal of the blank.
minum was added into the sample and procedure describedlhe intensity of the pulse peaks noticeable increased with
above was applied. The error of determination did not exceedincreasing of Al(lll) concentration in solution in the range of
9%. 0.1-2.0mg L. At higher Al(lIl) concentration, saturation
The results of Al(lll) sorption—spectroscopic determina- of PL intensity was observed. The equation of calibration
tion using SGIIl and SGIV are presented Table 1 It is graph isls75=(—604 9) + (2.18+ 0.08)C (uwg L™1).
seen that data obtained for SGIV are characterized by some The amount of aluminum(lll) in the range of 10-130
higher precision than those obtained for SGIII. But the deter- L~ can be detected using integral luminescence intensity
mination of Al(Ill) using SGIII is more simple and express (lintegra) Of the complex formed on SGIV surface. The equa-
than one using SGIV. It does not need procedures of filtration tion of calibration graph for determination of aluminum in
and drying of the sorbent. The frequency of Al(lll) detection  this range islintegrai= (18 5) + (2.07+ 0.06)Ca (g L™,
using SGIII by batch procedure is 4 determinations/h. The DL is 8 ug L~ for the sample volume 10 mL. The sensitivity
developed method can be used only in solutions with low of the sorbent is enough for determination of this metal ion
ionic strength (natural, tap but not sea water) because of par-in the water samples.
tial removing of LG from the sorbent surface especially from

SGlIlin solution with high ionic strength. 6000

The regeneration of the sorbents was attempted by soak-
ing them into 0.1 M solutions of NaCl or HCI or 0.05M 5000
EDTANa&H,. The best result was reached for EDTANR -
solution. Unfortunately, SGIV cannot be used repeatedly be- € *°%°
cause of loosing its complex formation ability. Thin silica 2 5,4,
composite film can be used repeatedly for four times without %
signal degradation. The time needed for film regeneration is = 2000
10 min.

1000

3.4.3. Sorption luminescent determination of Al(lII) o

LG is known to be one of the best reagent for fluorimetric 400 500 600 700 800 900
determination of Al(Ill) in solutior{f10-12] Thus, lumines- Wavelength (nm)

cent properties of Al-LG complex on the surface were ex-
amined using pulse photo luminescent techni@3. SGIV

fter it tg pt 'tlfAI 1T luti h terized b Al(l11) (curve 2) in solution, PL {, 10), and SGIV before (curve 3) and after
a_ eris an act wi . ( ) solution was charac erlz(_e Yy (curves 4-7) its contact with solution of Al(lll). Concentration of Al(Ill)
higher |Um|.nescent intensity compared to SGIII. That iISWhY  (10-5molL~1): 1 (curve 2); 2 (curve 4); 4 (curve 5); 8 (curve 6); 20 (curve
further luminescent measurements were made using SGIV. 7); Cig =1x 105 molL~%; pH 5.5 (curves 1 and 2) and 5.0 (curves 3-7).

Fig. 4. Pulse luminescent spectra of LG (curve 1) and its complex with
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Table 2
Comparative characteristic of sorption—spectroscopic methods of aluminum determination
N Sorbent Modifying agent Method of DL (ngL™) Ref.
detection (sample volume, mL)
1 XAD resin Eriochrome cyanine R DRS >270 5
2 Silica-QAS (SGIV) Lumogallion DRS 30 (10) Proposed
3 Membrane filter Al(Ill)—chrome azurol S and zephiramine SS 5 (20) 2
4 Dextran-type anion-exchangers Al(lll)—chrome azurol S SS 0.6 (500) 3
5 Dextran-type anion-exchangers Al(lll)—eriochrome cyanine R SS 0.02 (1000) 4
6 Silica-QAS (SGllI) thin film Lumogallion S 70 (10) Proposed
7 Dextran-type cation-exchange gel Al(lll)-salicylideraminophenol SL 0.2 (500) 6
8 Amberlite CG-400 8-Oxyquinoline sulfonate SL 27 7
9 Cellulose powder or bio-membrane Morin SL 27 8,9
10 Silica-QAS (SGIV) Lumogallion SPL 8 (10) Proposed

Diffusion reflectance spectroscopy (DRS); spectrophotometric (S), sorption—spectrophotometric (SS), sorption—luminescent (SL), serpfinimpstent

(SPL).

The comparisons of some chemical-analytical charac- [4] A. Molina-Diaz, J.M. Herrador-Mariscal, M.I. Rascual-Reguera, L.F.

teristics of the developed and known earlier methods of
sorption—spectroscopic determination of aluminum are pre-

sented inTable 2 It is seen that proposed DRS method is

10 times more sensitive than the method using eriochrome

Capitan-Vallvey, Talanta 40 (1993) 1059.

[5] J.S. Bosque-Sendra, M.C. Valencia, S. Boudra, Anal. Lett. 27 (1994)
1579.

[6] M. Ahmad, R. Narayanaswamy, Anal. Chim. Acta 291 (1994)
255,

cyanine R. Proposed luminescent method possesses similar7] J. Vilchez, A. Navalon, R. Avidad, T. Garcia-Lopez, L.F. Capitan-

sensitivity compared to developed earlier methods at equal
sample volume. All developed methods do not need addition
of the reagent into solution. Spectrophotometric method us- ;

ing SGlII is simple and has enough sensitivity for detection
of Al(Ill) in water at its MCL [27].

4. Conclusion

Thus, obtained sorbents based on silica modified wit
QAS and LG (SGIlll and SGIV) in comparison with

Vallvey, Analyst 118 (1993) 303.

[8] Z. Zhujun, W.R. Seitz, Anal. Chim. Acta 171 (1985) 251.

[9] L.A. Saari, W.R. Seits, Anal. Chem. 55 (1983) 667.

[10] S.-H. Yao, X.-M. Chen, L.-H. Nie, Microchim. Acta | (1990)
299-304.

[11] N.M.P. Manuel-Vez, C. Moreno, D.J. Gonzales, M. Garcia-Vargas,
Anal. Chim. Acta 355 (1997) 157.

[12] S.H. Sutheimer, S.E. Cabaniss, Anal. Chim. Acta 303 (1995) 211.

[13] J.A. Resing, C.l. Measures, Anal. Chem. 66 (1994) 4105.

[14] R. Narayanaswamy, Analyst 118 (1993) 317.

h [15] G.I. Tsizin, Yu.A. Zolotov, Zh. Anal. Khim. 57 (2002) 678 (Russian).

[16] O.A. Zaporozhets, O.M. Gaver, V.V. Sukhan, Usp. Khim. 66 (1997)
702 (Russian).

other modified sorbents were demonstrated to be perspeci17] R.J. Hurtubise, Anal. Chem. 61 (1989) 889A.

tive analytical forms for sorption—spectrophotometric and
sorption—luminescent determination of traces of Al(lIl) in

water and alcohol-free beverage. SGIll can be regenerate

[18] O.A. Zaporozhets, O.Yu. Nadzhafova, A.l. Zubenko, V.V. Sukhan,
Talanta 41 (1994) 2067.

0[19] O.A. Zaporozhets, O.Yu. Nadzhafova, V.V. Verba, S.A. Dolenko,

T.E. Keda, V.V. Sukhan, Analyst 123 (1998) 1583.

fourtimes and reused. Proposed methods are simple, expres$o; k.N. Belikov, A.B. Blank, N.I. Shevtsov, Yu.O. Nadzhafova, M.M.

sensitive and do not need addition of the reagent into reac-
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