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Abgract. The conditions of the immobilization of
xylenol orange, methylthymol blue, pyrocatechol violet,
and chromazurol S at the surface of AB-17" 8 anionite
were studied. The interaction of Cu(ll), Pb(ll), Zn(I1),
Hg(ll) ions with obtained solid-phase reagents was
investigated. The efficiency of the purification of apple
juice with such natural adsorbent of Cherkasy deposits
(Ukraine) as palygorskite was studied. The optimum
conditions of the reactions, quantitative characteristics of
the composition and the surface compound stability, the
efficiency of the anion exchanger with the immobilized
sulphophthal ein dyes were determined.

Keywords: solid-phase spectrophotometric determination
of metal ions, immobilized sulphophthalein dyes, fruit
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1. Introduction

New requirements for analytical control of quality
and safety of fruit juices have evolved due to the specifics
that emerged in the modern domestic food market. A
significant share of the market belongs to small producers;
consumer is offered a great variety of names and brands of
the same drink. More and more often consumers are doing
their choice based on environmental considerations and
nutritional value of food products. In line with global
trends, the outlook for the food market should be
associated with the production of organic foods. These are
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products that consist of environmentally friendly
components, obtained without the use of chemical
fertilizers, pesticides, hormone supplements, etc., and
contain much less contaminants than conventional
products resulting from the technologies of large
producers. Whereas previously the quality control of
foods and fruit juices in particular implied determination
of impuritiesat MAC level, the new conditions necessitate
analytical methods for the determination of impurities at
much lower level. This will compare the actual quality of
different samples of the same type of products and the
control of impurities in the ecologically clean agricultural
products. Given the large number of producers and the
realities of available national laboratories that monitor the
quality of the foodstuffs, the necessary analytical methods
should be as cheap as possible, simple and focused on the
maost common equi pment.

The determination of metals, toxins and some other
impurities uses commonly the methods of molecular and
atomic absorption spectrophotometry. The ability to
determine low concentrations is provided by preliminary
concentration. The effective concentration is provided by
solid-phase extraction, which is widely used to develop
new methods for the determination of trace metals.
However, the use of conventional sorbents requires either
the extraction of the analyte from the solid-phase
concentrate or the use of special spectral methods to
register the signal of the analytical form at the sorbent
surface. Direct photometry of the solid concentrate
becomes possible with the use of transparent solid-phase
extractants such as polymeric ion-exchange resin with
chelating groups [1, 2]. Easy production of transparent
solid extractants by the immobilization of some analytical
reagents in conventional ion exchangers was reported;
these were applied for the determination of toxic metalsin
the environmental objects[3-6].
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A promising approach, in our opinion, is obtaining
atransparent solid-phase concentrate for the determination
of microamounts of toxic metals in foodstuffs, in
particular apple juice. This will enable concentrating
analytes at the site of sampling, measuring of the light
absorption of the analytical forms directly in the ion-
exchanger phase, removing the analyte recovery stage
from the extracts and related losses or pollutions, and
reducing the duration and labor complexity of the
analysis.

The development of techniques of the determi-
nation of toxic metals by producing transparent solid-
phase extractants by the immobilization of analytical
reagents on ion exchangers is of current interest for the
analytical quality control and safety inspection of fruit
juices. Due to the lack of the data in the literature,
determination of metal ions in fruit juices purified with
palygorskite using new solid-phase reagents was the
purpose of this work.

2. Experimental

2.1. Reagents

The stock 0.1 M solutions of Cu(Il), Zn(11), Pb(I1),
Hg(ll) salts were prepared by dissolving weighed amounts
of CuSO45H0, Zn in 0.1M H,SO,, PO(NOg)z,
Hg(NO3),-0.5H,0in 0.1 M HNO:;.

The standardization of obtained salt solutions was
performed by iodometric (Cu), complexonometric (Zn),
(Pb), and mercurymetric (Hg) methods [7].

We investigated metallochromic indicators xylenol
orange (XO), pyrocatechol violet (PCV), chromazural S
(CAS), SPADNS (Chemapol), and methylthymol blue
(MTB).

Stock 1.0M solutions of nitric and hydrochloric
acid and 0.2 M solution of sulphuric acid were prepared
by the dilution of concentrated solutions.

The working solutions were prepared by the
dilution of the stock solutions before the experiment.

2.2. Techniques

Anion exchanger AB-17" 8 (A-Cl) of 0.25-0.50 mm
fraction was prepared according to the technique in [7],
namely 10g of A was soaked in the saturated NaCl
solution and left for a day. The prepared matrix was
modified by the agueous solution of the respective
metallochromic indicator as follows: 0.1 g of the indicator
was dissolved in 150 cm® of water, and 10 g of air-dry
anion exchanger (A-Cl) was added to the obtained
solution and stirred for 1 hr. The solid phase was filtered,
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washed with water, and dried at room temperature.
Obtained solid-phase resgents (MTB, XO, PCV,
CAS) were transparent colored granules with good
transmission of light.

The standardization of anion exchangers with
immobilized sulphophthalein dyes was not performed as
they were synthesized from the commercia anion
exchangers and dyes, and their composition is determined
by the manufacturer standards. This assumption later
proved permissible as the investigation of chemical-
analytical properties of anion exchangers with
immobilized dyes showed for different batches of AB and
dyes that the quantitative characteristics of sorption and
complexation properties of the immobilized reagents
remained unchanged.

The preparation of the solid sample for photometry
consisted of forming the light-absorbing layer of the
concentrate that is uniformly distributed in the cuvette.
The measurements used quartz cuvettes. The concentrate
was transferred by a pipette to a cuvette which was first
filled with water while another cuvette was similarly filled
with AB-17" 8-Cl or AB-17" 8-indicator of the same grain
size. The light absorption of the analyzed samples was
measured after achieving the densest possible packing of
the granules in the cuvette. The solutions were agitated by
amagnetic firrer.

Preparation of the experimental samples.

The purification and clarification of apple juice
were performed as follows: freshly-squeezed apple juice
was treated with palygorskite fraction of 3.0-2.0 mm
using static method with continuous stirring and
palygorskite to juice ratio of 1:30 for 3040 min at 343 K.

The destruction of juice was performed as follows:
25cm® of apple juice was placed into 150 cm® heat-
resistant flask, and 25 cm® concentrated HNO; (66.97 %)
was added. Standard additions of the solutions of the salts
of the investigated metals were added to some of the
batches. Then the mixtures underwent ultrasound bath
treatment for 90 min. Obtained destructs were transferred
to heat-resistant beakers by washing the flasks with small
portions of water, and evaporated to wet salts. The latter
were dissolved in 10 cm®1 M HC1, transferred to 100 cm®
volumetric flasks and filled with water to the mark.

Determination of Cu(ll), zn(ll), Pb(I1), Hg(ll)
content using developed techniques[7-9].

Technique of the photometric determination of
Cu(ll). The graduated 50 cm® beaker was filled with
10 cm® solution of juice destruct, 1 cm® 10° M agueous
SPADNS, 1 cm® 10° M sodium fluoride solution for the
bonding of Fe(lll) ions in a colorless complex, ~20 cm®
distilled water, and creating pH ~6.8 with crystalline
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methenamine. Then the mixture was transferred to 25 cm®
volumetric flask, filled with distilled water to the mark,
and stirred. Optical density was measured in a cuvette
with| =1 cmat 1 =580 nm against water.

Technique of solid-phase spectrophotometric (SPS)
determination of Zn(l1). The graduated 50 cm® flask was
filled with 10 cm® solution of juice destruct, pH = 2 was
created in the 50 cm® volume using 0.01M HCI, the
mixture was transferred to a graduated beaker, 0.3 g solid
XO was added for concentrating of impurities that interfere
with the determination of zinc, the mixture was agitated for
10 min by a magnetic tirrer, ultrasound was applied for 2 s,
and then magnetic stirring was continued for another
10 min. The solid phase was removed by filtering. In the
liquid phase, pH=3 was achieved using crystalline
methenamine. Then 0.3 g of solid-phase MTB was added
for concentrating and determination of zinc, and stirring for
20 min by a magnetic stirrer was applied. Optical density
of the solid phase was measured in a cuvette with
| =0.1 cmat A =500 nm against A-Cl.

Technique of SPS determination of Pb (I1). The
graduated 50 cm® flask was filled with 10 cm® solution of
juice destruct and 1 cm® 10°M sodium fluoride solution
for the bonding of Fe(IlI) ions, pH = 2 was created using
0.01 M HClI, the mixture was transferred to a graduated
beaker, 0.3 g solid PCV was added, and the mixture was
stirred for 20 min by a magnetic stirrer. Optical density of
the solid phase was measured in a cuvette with | = 0.1 cm
at 4 = 640 nm against A-Cl.

Technique of SPS determination of Hg (I1). The
graduated 50 cm® flask was filled with 10 cm® solution of
juice destruct and 1 cm® 10° M sodium fluoride solution
for the bonding of Fe(III) ions. Then pH = 2 was created
in the 50 cm® volume with 0.01 M HCI, the mixture was
transferred to a graduated beaker, 0.3 g solid CAS was
added, the mixture was stirred for 10 min by a magnetic
stirrer, ultrasound was applied for 2's, and then magnetic
stirring continued for another10 min. Optical density of
the solid phase was measured in a cuvette with | = 0.1 cm
at 4 =580 nm against A-Cl.

2.3. Measurement and result processing
techniques

The sorption of XO, MTB, PCV, CAS and Cu(ll),
Zn(I1), Po(ll), Hg(I1) ions by the ionites with immobilized
dyes was studied under static conditions by controlling the
composition of the solution at the ionite by spectro-
photometry (the absorption of the dye or the complex of
the metal and the photometric reagent) [8, 9] and by
polarography using standard technique.

The absorption of light by the products formed in
the ion-exchanger phase was measured using solid-phase
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spectrophotometry techniques as described in [10]. A
cuvette with the 0.1 cm thickness of the absorbing layer is
filled with the suspension of the ion exchanger in distilled
water to achieve the densest possible packing of the sor-
bent grains. The transmission scale is set at 100 % using
another cuvette with the ion exchanger without the dye.

Based on the results of the study of the sorption
kinetics for various volumes (25, 50, 100, 300, 500, 800,
1000 cm®) and the ion exchanger mass, we prepared series
of solutions with set concentration of metal salts and pH.
The dependence of the recovery degree (R, %) on pH,
sorption duration and solution volume were studied.

The sorption constants of the sulphophthalein dyes

k were calculated as k:%amax, where b is the segment

C
cut-off by the line in the coordinates [a—] - [C], where[C]

is the equilibrium concentration of the respective form of
the dye; «a; is the content of the absorbed dye, mol/g [8-
10]; amax is the maximum sorption capacity (MSC) of the
ion exchanger for theimmobilized dyes, mol/g.

The recovery degree (R, %) of the dye by theion
COR - ERH

0

exchanger was calculated as R= X100, where

R
C’% is the tota dye concentration, mol/l; [R] is the
equilibrium concentration of the dye in the solution, mol/I.
The sorption constants of metal ions were similarly
calculated by the linearization of their sorption isotherms.
The recovery degree R and the distribution coefficient D
(cm®/g) were calculated as:

Co - M H
R:w&oo
CM
D= Y
(100- R)

where COM is the total metal ion concentration, mol/l;
[M™] is the equilibrium concentration of metal ions in the
solution, mal/l; V is the solution volume, |; m is the
sorbent mass, g.

The composition, the stability of the metal-dye
complexes, and the form of the ligand that is coordinated
to the metal ions were determined by Bent-French method
[11] using the technique of the shift of equilibrium. Series
of solutions with COM = const and the increasing
concentration of the immobilized ligand, and with the
increasing concentration of metal ions and COR = const
were prepared. Optical density of solid phases was
measured using the technique in [12]. Dependences

IgAn A A - Ig[H,R] (or IgIM*']) were plotted, and the

ax
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number of coordinated ligand molecules or metal ions was
determined from tga.

The chemical species of metals in the solution at
given pH value were determined from the stability
constants of the metal hydroxocomplexes[13].

The sorption constant of metal equals the equili-
brium constant of the reaction of metal ions with AB-
immobilized sulphophthal ein dyes according to Eqg. (2):

M+R« M-R D
where M are metal ions in the solution (M*" and its
hydroxocomplexes), R areimmobilized dyes, M - R are
the metal complexes in theion exchanger phase.

The number of protons of the ligand in the
complexes was determined by preparing a series of
solutions with the constant €°, and varying pH values,
and using the ionite with the same concentration of the

immobilized reagent % The dependence of
IgA'—'A’Q2 on pH was plotted from the results of the
(Avac = A

measurement of the optical density of the solid phase, and
the slope of its dependence (tga) was used to determine
number of protons that the ligand loses during the
formation of the complex in the reaction:
M(OH)*"+H R« MxH _ >R+(x- n)H" +nH,0O (2)
The coefficient n was found by the number of
hydroxide groups in the metal species prevalent in the
solution at the given pH value according to the stability
constants of the metal hydroxocomplexes [13]. The
coefficient m, i.e. the number of protons in the prevailing
protolytic form of the immobilized dye at given pH value,
was determined from the literature data on the protonation
of the respective chelating groups in the chelate-forming
ionites [14, 15] (incidentaly, their protonation constants
are close to the protonation constants of these groups in
solution).

2.4. EQuipment

Light absorption of the solutions was measured
using CFC-3 photocolorimeter at the optimal wavelength
(Aopt) relative to water or AB-17" 8 anionite. The solution
acidity was measured by 1-160 ionometer using ESL-64
glass dectrode as the indicator and EVL-1M3.1 Ag/AgCl
as the reference electrode. Polarographic determination of
metals was performed using the standard technique at
PU-01 polarographer. Atomic-absorption determination of
metal utilized the standard technique at C-115-M1
spectrometer. Atomic-absorption flameless determination
of mercury was performed using Yulia2 analyzer.
Ultrasound sample preparation was performed using
SELMI UP-1[8].
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3. Results and Discussion

The investigation of the conditions of the
immobilization of XO, MTB, PCV, and CAS on AB-Cl
established that the presence of sulphogroups in the
sulphophthalein dye molecules leads to the sorption of
their anion forms on the anionite surface by the reaction:

AB-Cl+H R « AB'- H R+CI (3

Functional-active groups of the dyes remain free
for the formation of complexes. The use of AB in the
chloride form was found to be optimal [8-10]. lon
exchangers obtained from OH™ form are less stable over
time, and their chemical-analytical properties in some
cases do not coincide with the properties of dyes in
solution.

It was shown that the sorption of dyes depends on
pH and the nature of the acid. The best results were
obtained for the sulfuric acid solutions; the process is
somewhat sower for the solutions of hydrochloric or
nitric acids. It was determined that XO, MTB, PCV, and
CAS are nearly fully (over 98 %) immabilized on AB in
pH range of 2.5-5 [8]. The retention of dyes on AB
weakens at pH <25. Taking this into account, the
immobilization of the analytical reagents on AB was
performed in the range of 3.0 < pH < 4.0 to achieve high
degree of the dye recovery and its one- or two-center
bonding only by deprotonated sulphogroups by Eg. (3).

Literature data on basic-acidic properties of certain
chelate-forming ion exchangers with included dye
fragments and modified silica indicate some similarity of
the conditions of the ionization of functional-active
groups of the reagents in the solution and in solid phase

[8].

This alows one to forecast chemical-analytical
properties of the immobilized forms of the analytical
reagents and to plan the conditions of their application for
the concentration and the determination of metal ions.

It was determined that XO, MTB, PCV, and CAS
are absorbed by AB—CI during 1-2 h both from organic
and agqueous solutions. A short ultrasound (US) treatment
of the system of ion exchanger and sulphophthalein dye
cuts the immobilization duration in half [8-10]. From the
literature data on the effect of US on anionite we can
confirm that faster immobilization of dyes onto AB—CI
after US treatment is achieved due to conformational
changes in the AB structure and accelerated mass
exchangein its pores.

The sorption of the investigated dyes onto ion
exchangers is described by the isotherms of L and H types
(Table 1) which indicates their high affinity to the ion
exchanger.
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Table 1
Parameter s of the sor ption of sulphophthalein dyesonto AB-17" 8-Cl
(pHrange2.5-5; 25< pHy<4.0; P=0.95,n=3)
Reagent I sotherm type amax-10°, mol/g k-10°, dm*/mol
PCV H 1.70+0.10 -
CAS H 167+0.11 -
X0 L 148+ 0.12 3.01
MTB L 132+0.14 2.69
Table 2
Optimal conditions for the interaction of metal ionswith H_R
System pHop in the sorbent pHop in the solution t,h Vnax, CM°
Pb(I1)-XO 1-7 56 0.3 500
Fe (111)-XO 1-5 1-2 0.3 500
Hg (1N—XO 57 5-6 0.3 500
Cu (I1)-XO 59 56 0.3(US) 500
Cd (1)-XO 59 56 0.3(US) 300
Zn (I-XO 5-8 5-6 0.3(US) 300
Pb(I1)—PCV 1-7 5 0.3 500
Zn(Il-MTB 39 6 0.3(US) 300
Hg (1)-CAS 1 5-6 0.3 500

Notes: my= 0.3 g; V= 50.0 cm® 7 = 0.1 M, 2 s ultrasound treatment accel erates the equilibrium; pHop (1) is the optimal pH
value for the liquid phase from which sorption concentration is performed, pHyy (2) is the optimal pH value for the complex

formation in the solution

Table3

Main par ameter s of the sor ption of metal ionsonto XO, PCV ,MTB, CAS

Meta | Isothemtype | ame 10°, mol/g | k-10°, dm’mol | R % | D,10% cm¥g | R, %, after US | DA0* cm’g, US
Fe(l11) L 163 2.20 99.0 16.50 99.0 -

Pb(I1) H 145 0.71 94.0 2.61 94.0 -

Zn(IN) L 1.18 0.90 97.5 3.90 97.5 -

Ao H 155 - 85.0 0.94 90.0 150

Notes: n = 5; P = 0.95; m; = 0.3 §; dmax XO @1.4840° Mal/g; drex PCV @1.5540° mol/g; anex MTB @1.3240° mol/g;

e CAS @1.6740°° mol/g

It was determined that the immobilization of XO,
MTB, PCV, and CAS does not achieve the complete
bonding of all ion-exchanging groups of AB into ion
associates but the sorption of dyes onto anion exchanger
reaches a steady value. All immobilization centers are
bonded to the dye molecules according to Eq. (3).

The highest ama Values are observed for the dyes
with the least branched structure (PCV, CAS) which
allows their easy mporukatu through the hydrophobic AB
matrix to the ion-exchanging groups. Immobilized dyes
can be desorbed to the solution by 2—6 M solutions of
strong acids and akali. lon exchangers with immobilized

XO, MTB, PCV, and CAS are well preserved under the
layer of water during at least 6 months.

The recovery of Cu(ll), Po(ll), Zn(I1), and Hg(II)
ions by ion exchangers with the immobilized dyes was
then investigated as follows:. study of the dependences of
the recovery degree on pH, metal concentration, solution
volume, duration of phase contact; determination of
optimal sorption conditions; plotting sorption isotherms;
determination of the composition of the complexes
formed in the ionite phase and calculation of the stability
constants; prediction of the selectivity of the sorption-
spectrophotometric determination of ions.
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Optimal conditions of the recovery of metal ions
from agueous solutions by AB-immobilized dyes under
study are presented in Table 2.

The determination of the dependence of the
recovery of metal ions on solution volume and sorbent
mass showed that under the static conditions, the
concentration is possible for V = 50.0-500.0 cm® (Table 2)
(for the sorbent charge of ms3 0.3 g).

The completeness of the metal ion recovery
increases quickly with pH reaching maximum values for
some metals (Pb, Hg, Fe(11)) already at pH =1 (Table 2).
Further pH increase leads for all studied metal ions to the
drengthening of the effect of the competing reaction of the
formation of M(OH),™ " and thus worsens the recovery. It
should be noted that the pH range of the maximum yield of
the complex in the ionite phase is substantially wider than
the optimal pH range for the complex formation for the
same reagents in the solution (Table 2, systems Pb(I1)—X O,
Zn(IN-MTB, Pb(I)—-PCV, etc.).

The possibility of non-specific sorption of oxo- and
hydroxo-anions by the anionite without dye was
investigated for the easily hydrolyzing cations. Partial
recovery of metal ions was observed under these
conditions, Hg(ll) — 13%; Cu(ll) — 8%. It was
established that metal sorption increases significantly in
the transition from the origina anionite to the
immobilized-dye anionite, which agrees with the concept
of the complex formation as the principal reason for the
sorption of metal onto the anionite with immobilized dye.

The mgjority of the isotherms of the sorption of
metal ions onto the anion exchanger with the immobilized
dye belong to H- and L-types (Table 3).

Maximum capacity of metal ions for the ion
exchangers with immobilized dyesisin all systems close to
or practically coinciding with their capacity to the dyes
(Table 3). Thisindicates the formation in the sorbent phase
of the metal complexes of the equimolar composition.

The sorption equilibrium is established during
20 min of the phase contact for the majority of systems
except easily hydrolyzing metal ions. There the
equilibrium is reached slower and requires 3—12 h, which
creates a challenge for the practical application of ion
exchangers with immobilized dyes. The solution to this
problemis the treatment with ultrasound. We have shown
that the use of 2's US treatment shortens the duration of
the establishment of the sorption equilibrium in all
systems to 20 min. The degree of the recovery of metal
ions also increases by 526% [2, 8-10], which is
explained by the conformation changes in the structure of
the ion exchangers with immobilized dyes and by more
active mass transfer in their pores. The increase of the
recovery degree upon US treatment may be explained by
the change of the local surrounding of the bonding centers
whereby their larger numbers are available to metal ions,
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i.e. the polymer chain acquires conformational mobility
after US treatment. The data for the Hg(I1)- CAS system
are presented as an example.

Taking the above mentioned into account, we can
presume that of the two possible schemes of the sorption

of metal ions on the H R surface, specific and non-

specific, the former prevails due to the formation of
complexes with the immobilized dyes.

The comparison of the ion exchangers with the
immobilized dyes on the efficiency of the recovery of
metal ions and on the maximum capacity determines the
boundaries of their use It was established that the
efficiency of the proposed ionites with the chromophore
reagents is characterized by high values of distribution
coefficients, especialy after US treatment (D3 10°,
Table 3), a the optimal vaues of the acidity of the
medium. The pH values of the solutions for 50 %
recovery of metal ionsonto H, R (pHy.) arelistedin [8].

The investigated metal ions can be divided by this
feature to two groups, those that may be concentrated and
separated on the modified sorbents in the acidic medium
(pH = 0.5-2.5) and those that require weakly acidic or
neutral medium (pH = 3.0-7.0) [10]. For instance, it was

established that XO at pH =0.5-25 interacts with
Fe(l11), Po(ll), Hg(I), Cu(ll), Sn(l1V) ions, etc., whereas
Zn(I) ions require the range of pH = 3.0~7.0. This led to
the creation of the selective technique of the determination
of Zn(I1) ions with MTB after the concentration of the
interfering ionswith XO.

The data on the immobilization of MTB, XO, PCV,
and CAS onto the anion exchanger and on the interaction
of Cu(ll), Pb(ll), zZn(ll), and Hg(ll) ions with the
immobilized dyes allowed to develop the technique of
solid-phase spectrophotometric (SPS) determination of
these metal ions and propose the method of fruit juices
analysis(Fig. 1).

This method was used for the analysis of apple
juice purified with paygorskite. The results of
determination of Cu(ll), Zn(I1), Po(I1), and Hg(I1) inapple
juice samples by the developed techniques (A) and
standard methods (B) are presented in Table 4.

The relative standard deviation of the results
obtained by the developed techniques does not exceed
0.10, which indicates their satisfactory reproducibility.

High distribution coefficients (D3 10*cm’/g) of
metal ions favor the decrease of the determination limits
by using immobilized dyes vs the reactions in solution. By
the Cnin values, the proposed techniques of sorption-
spectrophotometric determination of metal ionsyield only
to atomic absorption (AAS) determination of Hg(Il) ions.
Still, Crin of the proposed method is sufficient for the
determination of Hg(ll) ions in foodstuffs at the MPC
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(maximum permitted content) level. In the case of Pb(ll),
Zn(l), Cu(ll) ions the developed methods are
advantageous over the standard techniques for the
foodstuffs [16] as they permit the determination of these
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ions at the level of <0.1-0.5 MPC. The increase of the
selectivity of the determination with anionite-immobilized
dyes is explained by the change of the microsurrounding
of MTB, XO, PCV, and CAS upon immobilization.

Ultrasound destruction of the samples and evaporation of the destructsto wet salts

Preparation of HCI sol utions of wet saltsfor determination of microelementsin separate portions

Preparation of reagent solutions and synthesi s of solid-phasedyes PCV , CAS, X0, and MTB

Determination of Cu(ll), Zn (1), Hg (11), and Pb (1)

Fig. 1. Block layout for the determination of specific microelementsin applejuice

Table4
Results of deter mination of metal ionsin apple juice by methods A and B
Metal Reagent MPC, pg/dm?® Metal content, A, ug/dm® S Metal content, B, pg/dm?® S
Cu(ll) SPADNS <5000 130.0+£7.0 0.02 135.0+£6.0 0.02
Zn(IN) MTB <10000 0.65+0.04* 0.02 0.64+0.05* 0.03
Pb(I1) PCV <300 28.0+3.0 0.04 30.0+5.0 0.07
Hg (1) CAS <10 trace - 4.0+0.1 0.01

Note: *(mg/dm?), n=3

The rapidity of the proposed techniquesis achieved
by the ultrasound treatment of the analyzed sample during
its preparation, and of the system of sample-ion
exchanger with the immobilized dye during the
establishment of the sorption equilibrium.

The ion exchangers with immobilized dyes and the
presented methods of solid-phase spectrophotometric
determination are environmentally friendly because they
do not require the use of toxic organic reagents and are
simple in execution and cost-effective due to the low cost
of the used materials and reagents. The method of the
photometric determination of Cu(ll) using SPADNS is
also environmentally safe.

The comparative analysis of the determination of
the concentration of metals in apple juice samples showed
that the content of Cu(ll), Zn(ll), Pb(ll), and Hg(ll) is
significantly lower than MPC indicating the efficiency of
the devel oped method of clarification (or purification) of
apple juice with such natural adsorbent of Cherkasy
deposits as palygorskite [17]. In addition to removing
toxic metal ions, this clay mineral clears apple juice from
pectin and colloidal substances, thereby increasing its

transparency degree by 25 % with virtually no reduction
in vitamin C content and no changes to the content of
carbohydrates, dry matter, active and titrated acidity.
Moreover, it increases shelf life by 2-3 times due to the
inhibition of pathogenic organisms [17], etc. Therefore, it
can be recommended in the production of apple and other
fruit juices.

4. Conclusions

The proposed method of the solid-phase
spectrophotometric and photometric  determination of
several microelements in apple juice may be used for the
determination of metal ions in other fruit juices.

The proposed techniques of metal ion
determination are characterized by satisfactory correctness
and reproducibility of results as well as high sensitivity
and selectivity. They exceed known analogous and
standard techniques by rapidity. The analysis is
characterized by the simplicity of experiment and safety to
the environment. It does not imply the use of complex or
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expensive equipment requiring highly qualified staff and
stationary laboratory.
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Complexo-

BUKOPUCTAHHS CYJIb®O®TAJIEIHOBUX
BAPBHUKIB, IMMOBLTI30BAHUX HA AHIOHITI
AB-17X8, /IS BASHAUEHHSI BMICTY Pb(l1),
cu(l1), Hg(11) TA Zn(11) Y PLAMHHUX
CEPEJIOBHIIIAX

Anomayin. Bcmanoeneni ymoeu immobinizayii Kcuie-
HOJI0B020 OPAHICEB020, MEMUIMUMOLOB020 CUHLO2O, NIPOKAMEXI-
H08020 (hionemogoeo ma Xxpomazypoia S Ha NOBepXHi AHIOHIMY
AB-17x8. Hocnioxcena szaemoois vionie Pb(I1), Cu(ll), Hg(ll) ma
Zn(11) 3 ompumanumu meepooasnumu peazenmamu. Iloxazana
eqhekmusHicmp ouuLeHHsl A01Y4HO20 COKY MAKUM NPUPOOHUM A0COD-
benmom UYepracvkoco pooosuwa (Vipaina) sk nanueopcekim.
Busnaueni onmumanvii ymoeu peaxyii, KilbKiCHI XapaKmepucmuxu
CKIIady ma cMmitikocmi NOGEPXHEBUX KOMIIEKCI8 MA NOKAZHUKU eqheK-
MUBHOCHI] AHIOHOOOMIHHUKIG 13 IMMOOINI308GAHUMU OAPEHUKAMIL.

Kniouoei cnoea. meepooghazno-cnexkmpogpomomempuune
BU3HAUEHHs.  UOH-Memanis,  IMOOIN308aHi  cynbpodhmaneinosi
6apeHuK, hpyKmosi Coxu.





