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Onpeodenenwt ycnosusn copOyUOHH020 KOHUECHMPUDPOBAHUA CUHMEMUYECKO20 NUULEE020
kpacumens 3enenstit npounstit FCF (E143) ocnosHbiM 0OKCUOOM ANIOMUHUA U OKCUOOM ATIIOMU-
Hus, moougpuuyuposanuvim noauzexcamemunenzyanuounom (ALOz-IIFMT). Bpema ycmanoene-
HUsA copoyuonnozo pasnosecus npu uzeneuenuu kpacumens E143 cocmaensem 15 mun ona
0boux copoenmos. Konuuecmeenunoe useneuenue kpacumeinsn copoenmom AlLOz-II'MI" oocmu-
2aemcs 6 ouanasonax pH 1,0-3,0 u pH 6,5-7,5. MaxcumanvHas cmenens u3eiedeHus 0CHOGHbIM
OKCUOOM anomunus He npegviuiaem 80% u oocmuzaemcsa ¢ ouanasone pH 2,0-5,0. Copouyuonnasn
eMKocmb copoermos no omuoutenuto K kpacumenro E143 cocmaenaem ona Al.Oz 20 mxkmonv/2,
ona ALOz-III'MTI" 35 mxkmonv/z npu pH 1 u 11 mxmons/z npu pH 6,5. Ilonyuennsle Ikcnepumen-
manvuvim nymem uzomepmol copoyuu 013 ALO3-IICMT npu pH 1 u pH 6,5 yoosaemeopumensvno
onucwlearomcsa mooeunsvto Jlenemiopa. Hzomepma aocopouuu ona AlOs na ompesxe pocma copo-
UUOHHOU emMKOocmuU Hauboee y006i1emeopumensuo onucoviéaemces mooeavio Opeiinonuxa. lpu
uzeneuenuu Kpacumena E143 nosepxnocmo copbenmoe npuodpemaem OKpacKy, XapaxkmepHyro
ona Kpacumens 6 pacmeope. Ilpu smom 6 cnexmpe ougpgpyznozo ompasicenus nogepxHocmu cop-
OeHmoe HabNOaemca UHMEHCUBHAA NOA0CA C MAKCUMYMOM npu 620 um. Tlpeonorncena memo-
OuKa copouuonno-homomempuueckozo onpedenenusn kpacumensn E143 ¢ eapuanme cnekmpocko-
nuu oughghysnozo ompasicenusn ¢ ucnonvizosanuem ALOs-IIFMI. Ilpeden o6napycenusn, paccuu-
manublil no 3s-Kpumepuio, pagen 7 mke/n npu ucnoavioganuu 10 ma pacmeopa. /luanazon onpe-
oenaemuix cooeprcanuii 0,02-3,0 mz/n. Omnocumenvnoe cmanoapmuoe OMKIOHEHUE He NPeBbl-
waem 0,08 (n=10). CenexkmugnHocmop KOHUEHMPUPOBAHUS U NOCTAEOYIOULE20 ONpedeIeHUs Kpacu-
mensa E143 ¢ paze copoenma npu pH 1,0 éviute, yuem npu pH 6,5. Pazpabomannan memoouxka
onpoboesana npu onpedenenuu kpacumensa E143 ¢ modenvnom pacmeope na ocrnoge 6e3aiKo201b-
HO20 HanumKa.

KuaroueBble cji0Ba: OKCH]T ATFOMHUHUS, TTOJUT€KCAMETHIICHTYaHHUINH, CHHTETUIECKAN MTUIIEBOI Kpach-
TeNb, 3eseHbii npouHslii (E143), copOIMOHHOE KOHIICHTPUPOBAHKE, OIIPEICIICHUE
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The conditions for solid-phase extraction of the synthetic food dye Fast Green FCF (E 143)
by basic and modified with polyhexamethylene guanidine alumina (Al.O3-PHMG) were deter-
mined. The equilibration time for extraction of E143 dye was 15 min for the both adsorbents. Quan-
titative extraction of E143 dye with Al,Os-PHMG was achieved in the ranges of pH 1.0-3.0 and pH
6.5-7.5. The maximum extraction of the dye by basic alumina was observed in the pH range of 2.0—
5.0 and did not exceed 80%. The adsorption capacity of adsorbents for E143 dye was 20 umol g*
for Al,Os, 35 umol g* for Al,0s-PHMG at pH 1 and 11 umol g* at pH 6.5. The experimental ad-
sorption isotherms for Al.Os-PHMG at pH 1 and pH 6.5 are best fitted the Langmuir model. The
adsorption isotherm for Al,Os in the segment of growth of the adsorption capacity is best fitted the
Freundlich model. When extracting E143 dye, the surface of the adsorbents acquired a color char-
acteristic for the dye in solution. In this case, an intense band with a maximum at 620 nm was
observed in the diffuse reflectance spectra of the surface of the adsorbents. The procedure of ad-
sorption-photometric determination of E143 dye in the variant of diffuse reflectance spectroscopy
using Al,O3-PHMG was proposed. Limit of detection, calculated by the 3s-criterion, was 7 ug L™*
when using 10 mL of solution. The analytical range of dye concentrations was 0.02-3.0 mg L™
The relative standard deviation did not exceed 0.08 (n=10). The selectivity of preconcentration of
E143 at pH 1.0 was higher than at pH 6.5. The developed procedure was used for determination of
the Fast Green FCF dye in a model solution based on the soft drink.

Key words: alumina, polyhexamethylene guanidine, synthetic food dye, Fast Green FCF (E143) dye,
solid-phase extraction, determination
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INTRODUCTION Synthetic food dye Fast Green FCF - E143
(Fig. 1) is approved for use in the food industry of the
Russian Federation for coloring juices, desserts,
sweets, lollipops, dragees, as well as jellies and sauces,
and is prohibited for use in the pharmaceutical industry.
In the European Union, on the contrary, the dye E 143
is allowed in the production of medical products and is
strictly prohibited for use in food products [1].

When determining synthetic food dyes in the

Dyes are one of the most common and numer-
ous additives used in the food industry and pharmacol-
ogy. Synthetic food dyes are widely used because they
are not destroyed and do not lose their bright color dur-
ing heat treatment and food preservation, unlike natu-
ral food dyes. They are resistant to photo- and biodeg-
radation and accumulate in the environment almost un-
changed. The negative effect of synthetic food dyes on i X . " .
living organisms, including humans, requires the de- environment apd food, the main task is thel_r isolation
velopment of simple and rapid methods for their deter-  rOm the matrix and separation from matrix compo-
mination in food and drinks. nents. Synthetic food dyes contain strongly acidic sul-

fonic groups; therefore, anion exchangers are mainly

OH . . .
used for their solid-phase extraction, for example,
Dowex Optipore V493 [2] and Amberlite XAD-1180,
058 O ) SOy Amberlite XAD-16 [3], Chromosorb 108 [4], magnetic
S0 adsorbents [5, 6], amino silicas [7], hydrophobic silicas
~ [8, 9], polyurethane foams [10-12]. A number of works
O \ are devoted to the preconcentration and determination
N N’ of synthetic food dyes using y-Al.O3 and a-Al,03 [8, 9,
K ) 12-15]. It was shown that when extracting dyes in the
Fig. 1. Structural formula of Fast Green FCF (E143) range of 0.5 M HCI - pH 8.0, only one form of the dye
Puc. 1. CtpykrypHast “@‘éﬁ*‘(é‘ii%;”e“” 3eeHOro MpOYHOro was extracted, which was predominant under these
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conditions in an aqueous solution. The maximum ex-
traction of food dyes by a-Al,0O3; was achieved at pH < 5,
because with an increase in the acidity of the medium,
the number of Lewis acid sites on the surface of alumi-
num oxide and, accordingly, the total positive charge
of the surface increased, which led to the extraction of
dyes by the ion-exchange mechanism.

For their isolation and subsequent determina-
tion in food (jelly, caramel, spices, alcoholic and non-
alcoholic drinks, etc.) methods using aluminum oxide
as an adsorbent are recommended [16-19]. The main
methods used for this are the adsorption of the studied
dye, its desorption with aqueous ammonia, and evapo-
ration using a water bath.

In this work, Al>O3 was chosen as the basis for
the synthesis of adsorbents due to its availability, the
absence of its own color, mechanical and chemical
strength. The high surface concentration of hydroxyl
groups makes it possible to efficiently modify the alu-
mina surface with polymeric amines, in particular, pol-
yhexamethylene guanidine, to create a positively
charged surface [20-22]. The fixation of PHMG on the
aluminum oxide surface occurs due to the formation of
multicenter hydrogen bonds between the amino groups
of PHMG and the surface hydroxyl groups of Al,Os.
As we have shown earlier [20, 21], aminated aluminum
oxides quantitatively extracted sulfonated complexing
reagents in a wide pH range with equilibration times
less than 10 min.

In the present study, basic alumina and modi-
fied with polyhexamethylene guanidine were proposed
for the preconcentration of the synthetic food dye Fast
Green FCF and its subsequent photometric determina-
tion directly in the phase of adsorbent using diffuse re-
flectance spectroscopy.

MATERIALS AND METHODS

Reagents. Fast Green FCF (E143) dye with a
purity of > 90% (Sigma-Aldrich, Germany) was used
in the study. The stock solution of the E143 dye with a
concentration of 0.1 g L was prepared by dissolving
an exact weighted portion of the reagent in distilled wa-
ter. Solutions with lower concentrations were prepared
by diluting the stock solution with distilled water.

Aluminum oxide 150 basic (particle size of
0.063-0.160 mm; specific surface area of 256 m? g*;
average pore diameter of 15 nm) (Merck, Germany)
was used as the matrix for the synthesis of the adsor-
bent. To modify the aluminum oxide surface, we used
a 7.5% solution of polyhexamethylene guanidine
(PHMG) prepared from a reagent produced by the In-
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stitute of Eco-technological problems (Moscow, Rus-
sia) with a purity of more than 95%. The PHMG solu-
tion was prepared by dissolving an accurate weighted
portion in distilled water. The required pH was ad-
justed by adding of HCI and NaOH solutions of special
purity grade.

Instrumentation. The diffuse reflectance (R) of
the adsorbents in the range of 380-720 nm was meas-
ured using a Pulsar spectrometer (NPO Khimavtomat-
ika, Russia). The UV-Vis spectra and optical density of
solutions were registered using Cary 100 spectrometer
(Varian, Australia). The pH of the solutions was meas-
ured using a SevenMulti ion meter (Mettler-Toledo,
Switzerland) equipped with an InLabExpertPro com-
bined electrode.

Experimentation. Modification of alumina
with polyhexamethylene guanidine (Al.O3-PHMG)
was carried out according to the previously described
procedure [21].

Adsorption of the dye by basic Al:Os; or
Al,0:-PHMG adsorbent was carried out in a batch
mode at room temperature. A dye solution (10 mL) of
various concentrations was placed to graduated test-
tube with a ground stopper; HCI, NaOH, or an acetate
buffer solution were added to adjust the required acidity
from 0.5 M HCI to pH 7.0. A weighted portion (0.1 g)
of adsorbent (Al.O; or Al,Os—PHMG) was placed into
the solution, the test-tube was plugged and stirred for
1-30 min. The solution was decanted, the adsorbent
was moved to fluoroplastic cell, excess liquid was re-
moved by filter paper, than the diffuse reflectance was
measured. Diffuse reflectance spectra (DRS) were
plotted in coordinates F(R) — A (nm), where F(R) — the
Kubelka-Munk function calculated as F(R) = (1-R)%/2R.

The distribution of Fast Green FCF between
the solution and the adsorbent was monitored by anal-
ysis of aqueous phase using characteristic band of the
dye at Amax = 624 nm.

RESULTS AND DISCUSSION

The maximum extraction of Fast Green FCF
with basic Al,O3 was observed in the pH range of 2.0-
5.0 and did not exceed 80% (Fig. 2a). The decrease in
the degree of Fast Green FCF extraction at pH > 5 was
associated with a decrease in the positive charge of the
Al;,O3 surface (the point of zero charge is 6.8 for vy-
Al;O3 and 6.3-6.9 for a- Al,O3 [23, 24]). The proto-
nization of the sulfo-groups of the dye and its transition
to an uncharged molecular form occurred at pH < 1.
A similar process was observed for a-Al,O3; by the
authors of [9], where at pH < 3 and pH > 4, a sharp
decrease in the recovery of Fast Green FCF was
observed.
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When Al;O:—PHMG was used as an adsor-
bent, a higher degree of extraction of the E143 dye was
observed compared to unmodified Al,Os. The maxi-
mum extraction (90-93%) of the E143 dye by the
Al,O3-PHMG adsorbent was observed in two ranges
of pH 1.0-3.0 and pH 6.5-7.5. At pH > 3, a decrease in
the extraction of Fast Green FCF was probably due to
a change in the kind of its specie in solution (for -NH
group pKa=2.8), as well as a change in the mechanism
of PHMG fixation on the alumina surface. The equili-
bration time was 15 min for both adsorbents (Fig. 2b).

R,%
100

80

60

40

R,%

O 1 1 J

30
T, min

Fig. 2. Extraction of Fast Green FCF dye by Al203-PHMG (1)
and Al20s3 (2) adsorbents vs. pH (a) and phase contact time (b):
CE143 = 4.0 mg 1"}, Madsorbent=0.1 g, Vsolution=10 ml, =15 min (a),
pH 3 (b)

Puc. 2. 3aBUCHMOCTB CTETIEHN U3BJIICUYCHHUS KPACHUTEIS 3€IEeHBII
npounsiii copbertamu Al203—TITMT (1), Al203 (2) ot pH (a) n
ot BpeMenu kontakra ¢as (b): CE143 = 4,0 mr/i, Meops=0,1 T,
Vp-pa =10 M1, =15 muH (a), pH 3 (b)

In contrast to Al,Os, the extraction of E143
with the Al,Os—PHMG adsorbent increased at pH > 6.
At these pH values, PHMG was firmly fixed on the alu-
mina surface due to electrostatic interactions with sur-
face hydroxyl groups. The strength of PHMG fixing
due to multicenter electrostatic bonds was shown using
the example of silica modification with PHMG [22].
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At pH > 6, the concentration of a completely deproto-
nated dye species (for the OH group pKa= 8.6) with a
maximum negative charge increased in the solution,
which also led to an increase in the extraction of the
dye anions on a positively charged surface. PHMG, be-
ing a strong base (pKa= 13.5), shifts the ionization of
the hydroxyl group of the dye to a more acidic region.

During the adsorption of the E143 dye, the
Al;O3-PHMG adsorbent turned into an intense green-
blue color, which is characteristic for the anionic spe-
cies of the dye. In a 0.5 M HCI solution, the UV-Vis
spectrum of the dye had two bands: one of low inten-
sity with a maximum at 450 nm and the other one, in-
tense, with a maximum at 624 nm (Fig. 3). With an in-
crease in pH to 10.5, the position of the long-wave-
length band and its maximum remained, and the low-
intensity band shifted to the short-wavelength region
with a simultaneous decrease in its intensity.

F(R) A
12 - 04
10

L 0,3
8
6 L 0,2
4
- 0,1
2
0 0
380 480 580 680
A, NM

Fig. 3. UV-Vis (1) and diffuse reflectance (2, 3) spectra of Fast
Green FCF in solution (1) and on the surface of Al20-PHMG (2)
and Al203 (3): CE143= 4.0 mg I, Vsolution=10 ml, pH 2.9,
Madsorbent=0.1 g, =15 min
Puc. 3. Cnexrpsi noruommenust (1) u quddysHoro orpakenus (2, 3)
KpacuTelst 3eJICHOro MPOYHOTo B pacTBope (1) 1 Ha TOBEPXHOCTH
AlOs-TII'MT (2) u Al203 (3): CE143 = 4,0 mr/n, Vppa=10 M,
pH 2,9, Mcops=0,1 T, Tc=15 Mun

The diffuse reflectance spectrum of the Fast
Green FCF adsorbed on the surface of the Al,Os—
PHMG was identical to the UV-Vis spectrum of the
Fast Green FCF in solution and had maxima at 430 and
620 nm (Fig. 3). The color of Al,O3 after the precon-
centration of E143 was less intense, and the long-
wavelength absorption band was broadened and had a
maximum at 630 nm.

The maximum color intensity of the surface of
the adsorbents during the extraction of E143 was ob-
served in the ranges of its maximum extraction: pH
1.0-3.0 and pH 6.5-7.5 for Al,Os—PHMG and pH 3-5
for A|203.
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The phase contact time sufficient for the devel-
opment of the maximum color intensity of the Al;O3
and AlO3-PHMG adsorbents was equal to equilibra-
tion time (15 min).

The adsorption capacity of the adsorbents for
the E143 dye, calculated from the horizontal sections
of the adsorption isotherms, was 20 pmol g* for Al,O3
and 35 umol g* for Al,Os-PHMG at pH 1. At pH 6.5,
the adsorption capacity of the Al,Os-PHMG adsorbent
was 11 pmol g? (Fig. 4). Such a difference in the ca-
pacities of the Al.Os-PHMG adsorbent for Fast Green
FCF at pH 1.0 and 6.5 was due to different kinds of dye
species on the surface and, accordingly, due to its dif-
ferent location on it. At pH 1, the fixation of the Fast
Green FCF occurred only due to the electrostatic inter-
action only between the sulfo-groups of the dye and the
protonated amino groups of PHMG, and in this case
the dye molecules were located perpendicular to the
surface. At pH 6.5, the hydroxyl group of the dye was
ionized, which, along with the sulfo-groups of the dye,
interacted with the protonated amino groups of PHMG,
which led to a parallel arrangement of the dye mole-
cules on the surface of the adsorbent. A similar change
in the arrangement of the reagent molecules on the sur-
face of the adsorbent was observed during the fixation
of Tiron on the surface of Al,Os [25].

Experimental adsorption isotherms of Fast
Green FCF were analyzed according to Langmuir and
Freundlich models. The parameters of the E143 dye
adsorption isotherms were calculated using the Lang-
muir and Freundlich models by plotting the dependen-
cies Celae = f(Ce) and Igae = f(IgCe), respectively. Ce is
the dye concentration in solution (umol L) under ad-
sorption equilibrium conditions, a. is the adsorption ca-
pacity (umol g'*) under equilibrium conditions.

a,
pmpl g*

30
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Fig. 4. Adsorption isotherms of Fast Green FCF by Al20s-PHMG
(1, 3) and Al203(2): pH 1 (1, 2); pH 6.5 (3); T = 15 min
Puc. 4. 3otepMel copOiim kpacuTernst 3eNeHbli NPOYHBII Ha TI0-
Bepxroct Al20s-TITMI (1, 3) u AlzO3(2): pH 1 (1, 2); pH 6,5 (3);
Tc= 15 Mun
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The isotherms of Fast Green FCF adsorption
by Al03-PHMG best fit the Langmuir model with a
correlation coefficient of 0.98-0.999; the calculated
maximum adsorption capacity (33.2 for pH 1 and
13.2 umol g* for pH 6.5) is in good agreement with
the experimental values determined from the horizon-
tal sections of the adsorption isotherms.

The adsorption isotherms of Fast Green FCF
by Al,Os best fit the Freundlich model: with a calcu-
lated maximum capacity of 21.7 umol g*. This may be
due to the presence of active centers of various ener-
gies on the surface of alumina. Good consistency of the
experimental adsorption isotherms of dyes and the
Freundlich model was observed for membranes based
on poly-m-phenylenisophthalamide [26].

Adsorption-photometric determination of food
dye Fast Green FCF. With an increase in the concen-
tration of the Fast Green FCF dye on the Al,Os—PHMG
surface, the intensity of the band in the diffuse reflec-
tance spectrum at Amax = 620 nm increased proportion-
ally. This effect became the basis of the method of its
adsorption-photometric determination in the variant of
diffuse reflectance spectroscopy using Al.Os—PHMG.

Construction of calibration curves. Solutions
containing from 0.005 to 3.0 mg L™* of Fast Green FCF
at pH 1.0 and pH 6.5 were put into two rows of test
tubes with ground stoppers; 0.05 g of Al,O3 or Al,Os—
PHMG adsorbent was added. The tubes were tightly
stoppered and stirred at room temperature for 15 min.
The adsorbent was separated from the solution by de-
cantation, moved to fluoroplastic cell, excess liquid
was removed by filter paper, and the diffuse reflec-
tance was measured at a wavelength of 620 nm. The
calibration curves were plotted in the coordinates
AF(R) = f(C), where AF(R) is the difference between
the F(R) of the adsorbent with the dye and the F(R) of
the blank adsorbent sample.

Limit of detection of E143 dye, calculated by
the 3s-criterion, was 7 pg L™ when using 10 mL of so-
lution. The analytical range of dye concentrations was
0.02-3.0 mg L and was described by the equation
AF(R) = (2.6 £ 0.1)-Ce143 With a correlation coefficient
of 0.998, where Cg143 Was the dye concentration mg L™.
The relative standard deviation did not exceed 0.08 for
Fast Green FCF concentration 10 times higher than its
detection limit.

Synthetic food dyes are used to maintain the
color of foods. These products also contain significant
amounts of other additives — sugar, preservatives, anti-
oxidants, etc. Therefore, the interfering effect of these
components on the adsorption-photometric determina-
tion of Fast Green FCF at pH 1 and pH 6.5, corresponding
to the maximum degree of dye extraction, was studied.
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The selectivity of the determination was stud-
ied in binary systems containing 0.2 mg of E143 and
increasing amounts of related components from 0.02 to
10 g. The interfering effect of the component was rec-
orded if the color intensity (Kubelka-Munk function)
of the adsorbent changed by more than + 5%.

The amounts of accompanying compounds
that did not affect the adsorption-photometric determi-
nation of the Fast Green FCF are given in Table 1. As
can be seen from the table, the selectivity of precon-
centration of E143 at pH 1.0 was higher than at pH 6.5.
This is due to the fact that the additives and preserva-
tives used are organic carboxylic acids, which are pro-
tonated at pH 1.0, they are in molecular form and are
not extracted by the positively charged surface of the
Al;03-PHMG adsorbent; at pH > 4, deprotonization
of carboxyl groups occurs, preservatives acquire a
negative charge and begin to be extracted by the
Al,Os—PHMG adsorbent, interfering with the extrac-
tion of the dye. Thus, the adsorption-photometric de-
termination of the dye E143 in real samples contain-
ing significant amounts of various additives should be
carried out at pH 1.

Table 1
Additive concentrations that do not interfere with the
adsorption-photometric determination of synthetic food
dye Fast Green FCF using Al2Os-PHMG adsorbent
Taéauya 1. KonuenTpanuu 106aBOK, He MelIalOUIUe
cOpOHOHHO- GOTOMETPHYECKOMY OIpeaeIeHUI0 Kpa-
cures 3enenbiii npounbliit FCF ¢ ucnosb3oBanuem
AlLO:-II'MI'

Interfering substances Concentration, g L™
pH 1 pH 6.5
Citrate 15
Ascorbic acid 20 7
Glucose 45 12
Caffeine 4 -
Benzoic acid 3 0.5
Citric acid 40 10
Ethanol 96* -

Note: * given in volumetric %
[Mpumeuanne: * 0OBEMHBIN TIPOLIEHT

The developed adsorption-photometric proce-
dure was used for determination of the E143 dye in a
model solution based on the “Silver Tonic” carbonated
soft drink (JSC Ayan, Abakan, Russia). The drink con-
tains: drinking water, sugar syrup, natural flavor
"Tonic", acidity regulators — citric acid, carbon diox-
ide. To create a model solution, a certain amount of
Fast Green FCF dye (Table 2) was added to the drink.

To determine the dye, 10 mL of a model solu-
tion with pH 1.0 was placed in a graduated test-tube
with a ground stopper, and 0.1 g of the Al,Oz-PHMG
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adsorbent was added. The test-tube was tightly stop-
pered and stirred at room temperature for 15 min. The
adsorbent was separated from the solution by decanta-
tion, moved to fluoroplastic cell, excess liquid was re-
moved by filter paper, and the diffuse reflectance was
measured at a wavelength of 620 nm. The dye concen-
tration was determined from a calibration curve con-
structed under the same conditions.

The obtained results are shown in Table 2. The
accuracy of the results was confirmed by the analysis
of spiked solutions.

Table 2
Results of the adsorption-photometric determination of
the Fast Green FCF dye in a model solution using the
Al203-PHMG adsorbent (n=3, P=0.95)
Tabnuya 2. Pe3yabTaThl onpeaejeHus: KpacuTess 3elie-
Hblii npouHblii FCF B Moie1bHOM pacTBOpe ¢ HCHOJIb-
3oBanneM ALOs-III'MTI" (n=3, P=0,95)

Added, mg L! Found, mg L!
0.5 0.5+0.1
1 1.1+£0.2
2 1.9+0.2

Desorption of E143 dye from the Al.Os—
PHMG surface. One of the most important characteris-
tics of the adsorbent is the possibility of its regenera-
tion. Dilute solutions of inorganic acids and NaCl so-
lution were tested as desorbing solutions for the dye.
As follows from Table 3, with an increase in the con-
centration of acid and NaCl, desorption of the dye in-
creased, however, quantitative desorption was
achieved only when using 4 M HNOs;. The Al,O3—
PHMG adsorbent withstood at least 5 “sorption-regen-
eration” cycles without loss of adsorption capacity for
the Fast Green FCF dye.

Table 3
Desorption degree (Rdesorb) 0f E143 dye from the adsor-
bent’s surface
Tabnuya 3. Crenenn necopouuu (Ruecops) Kpacurens
E143 ¢ noBepxHocTu copéeHTa

R R R
Chinos, M df;;rb’ Chci, M d(e,/s;'b’ Chact, M d(e)/s(;)rba
05 11 05 13 0.1 11
1 32 1 19 05 13
2 61 2 45 1 28
4 98 4 76
CONCLUSION

Solid-phase extraction of anionic synthetic
food dye Fast Green FCF from aqueous solution was
more efficient when using aminated alumina compared
to basic alumina. The proposed Al:0s—PHMG adsor-
bent quantitatively extracted (extraction > 90%) Fast
Green FCF from aqueous solutions at pH 1.0-3.0
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and pH 6.5-7.5 with equilibration time not exceed-
ing 15 min. The change in the color of the Al.Os—
PHMG adsorbent during the adsorption of the E143
dye was included in the development of a procedure
for its adsorption-photometric determination using dif-
fuse reflectance spectroscopy.

Measurement of color intensity directly on the
surface of the adsorbent eliminates the need for desorp-
tion of the dye into the solution and simplifies the pro-
cedure of its determination. The developed procedure
is characterized by high selectivity and tested in the de-
termination of the Fast Green FCF dye in a model so-
lution based on a soft drink and is characterized by high
accuracy and reproducibility.
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