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Abstract

The aim of research is development of approaches to the development of schemes for microelement analysis of food objects. 

This will make it possible to monitor food quality by simple and affordable methods in factory laboratories.

Based on data on the immobilization of dyes on ion exchangers and on the interaction of metal ions or their complexes with 

immobilized dyes, solid-phase spectrophotometric (SPS) and photometric methods for determining metal ions in food technology, 

biotechnology and the environment have been developed.

Techniques are sensitive. High distribution coefficients (D104 cm3/g) of metal ions help to reduce the detection limit when 

using immobilized dye as compared to the reaction in solution. Based on the detection limit values (DLV), the proposed sorp-

tion-spectrophotometric methods for determining metal ions are second only to the atomic absorption (AAS) determination of  

Cd (II) and Hg (II) ions and the polarographic determination of Cd (II) ions. However, the proposed methods for the determination 

of these metal ions are sufficient for the determination of Cd (II) and Hg (II) ions in food products at the MPC level. In the case of 
determination of Pb (II), Zn (II), Cu (II), Fe (III) ions, the developed methods have advantages over standard methods for determina-

tion of metal ions in food products, since they make it possible to determine these ions at a level ≤0.1…0.5 MPC;
Ion exchangers with immobilized dyes and solid-phase spectrophotometric determination methods with their participation 

are environmentally safe, since they do not require the use of toxic organic reagents; are simple in execution and economically ad-

vantageous because of the low cost of used materials and reagents.

The correctness of the results of the determination by the developed methods is proved: by comparison with the results of 

determinations on standard methods at various analysis objects using the method of additives, standard samples. The relative stan-

dard deviation of the developed SPS determination procedures does not exceed 0.10, which indicates satisfactory reproducibility of 

the results. The developed methods exceed the majority of standard and best analogs, known from the literature, for sensitivity and 

selectivity. The used methods of analysis are characterized by the simplicity of the experiment, ecological safety, do not require 

special expensive equipment, highly qualified personnel and a stationary laboratory. 
Keywords: spectrophotometric determination of elements, food quality control, hybrid methods of analysis.
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1. Introduction

Complicating the ecological situation in Ukraine, increasing the requirements for the quality of 

food and raw materials, the need to expand methods for diagnosing the initial stages of human diseases 

are associated with the ingress of a large number of toxic metals into food products, drinking water and 

other environmental objects. Therefore, it is important not only to create low-waste and non-waste envi-

ronmentally friendly technologies, but also new effective methods of analytical control [1, 2].
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To determine the microquantities of metals, use such complex, highly sensitive methods of 

analysis as atomic emission, mass spectrometric, neutron-activation, atomic absorption, X-ray flu-

orescence and luminescent methods. They assume the availability of expensive equipment, which 

is serviced by highly qualified employees in a stationary laboratory.
The possibilities of simple spectrophotometric determinations are limited by insufficient 

selectivity and sensitivity, the complexity of the concentration of the ions being determined and 

the sample preparation [3, 4]. This adversely affects the metrological characteristics of photometric 

techniques (DLV, reproducibility, accuracy, speed).
The use of hybrid sorption spectroscopy methods using solid-phase (SP) complexing re-

agents allows to achieve much better results [5–13].
Therefore, the aim of research is development of approaches to the development of schemes 

for microelement analysis of food objects. This will make it possible to monitor food quality by 

simple and affordable methods in factory laboratories.

2. Materials and Methods

Reagents. The initial 0.1 mol/l solutions of the salts Cu(II), Pb(II), Zn(II), Fe(III), Hg(II), 

Cd(II) were prepared by dissolving the samples: CuSO
4
×5 H

2
O (c. p.), Zn0 і Cd0 (odd parts) in 0.1 

and 1.0 mol/l Н
2
SO

4
; Pb(NO

3
)

2
, Fe(NO

3
)

3
×6H

2
O, Hg(NO

3
)

2
×0.5 H

2
O (c.p) in 0.1 mol/l НNO

3
 [5, 6].

Standardization was carried out: iodometrically (Cu), complexometric (Pb), (Zn), gravimet-

rically (Fe), permanganatometrically (Fe), mercurimetrically (Hg) [5, 6].
A standard aqueous solution of phosphorus with a titer of 10 μg/ml was prepared by accu-

rately adding mercurimetrically c. p. 0.24 M aqueous solution of Na
2
MoO

4
∙2Н

2
О was prepared by 

accurate weighing.

Metalchromic indicators were used: xylenol orange (XO), pyrocatechol violet (PCV), 
chromazurol S (CAZ), SPADNS a.r. (Chemapol), malachite green (MLG) a. r. (Merk), arsenazo III 
(ARS) c. p., acid chromium oxide (AC), a. r.

A standard aqueous solution of phosphorus with a titer of 10 μg/ml was prepared by accu-

rately adding KН
2
РО

4 
c. p. 0.24 М aqueous solution of Na

2
MoO

4
∙2Н

2
О was prepared by accurate 

weighing.

НС1, HNO
3
, NaOH, NaС1, acetone, octanol e. p.; 35 % hydrogen peroxide solution, c. p.

Initial 1.0 mol/l potassium solutions of thiocyanate and sodium fluoride were prepared by 
dissolving the exact samples of the corresponding preparations of qualification c.p. in water. Initial 
1.0 mol/l solutions of nitric and hydrochloric acids, 0.2 mol/l sulfuric acid solution were prepared 

by dilution of concentrated solutions.

Work solutions were prepared by diluting the starting materials before the experiment.

The anion exchanger AB-17×8 (A) was used in the Cl-form with a 0.25–0.50 mm grain 
size, which was prepared using the procedure described in [5, 6]: 10 grams of A were soaked 
in a saturated NaCl solution and left for a day. The sorbent was then separated, washed with  
0.5 M HCl solution until a negative reaction to ×was observed and washed with water until neu-

tral. The polymer matrix was modified with an aqueous solution of the metallochromic indicator, 
as described in [5, 6]. To do this, ∼0.1 g of the indicator in 150 ml of water was treated with  
10 g of air-dry A-Cl. The solid was filtered off, washed with water, dried. The obtained sol-
id-phase reagents (SPADNS, XO,  PCV, MLG, CAZ,  ARS,  AC,  ECC) are transparent col-

ored granules that pass light well.

The preparation of a solid sample for photometry consisted in obtaining a light-absorbing 

layer of concentrate, evenly distributed in the cuvette. Quartz cuvettes with parallel walls were 

used for the measurements. The concentrate was transferred with a pipette into a cuvette, which 

was first filled with water, another cuvette was similarly filled with an AB-17×8-Cl or an AB-17×8 

indicator of the same grain. The light absorption of the analyzed samples was measured after the 

maximum packing density of the granules in the cuvettes was reached. Stirring of the solutions was 

carried out on a magnetic stirrer.

Methods and techniques of analysis. The content of K, Na, Ca was determined by the flame 
photometry method of the calibration curve.
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Method of phosphorus determination [14]. 0.1 ml of the product ash solution was introduced 

into a conical tube of 10 ml volume. 2 ml of 2M nitric acid was added. 0.4 ml of 0.24 M sodium moc-
lybdate solution was added. Then, 1 ml of a 0.1 % aqueous solution of MLG was added. Water was 
added to the labels and mixed with a stick. At the same time dark green flakes of ionic associate of 
molybdophosphoric heteropolyacid with formed malachite green. The mixture was centrifuged for 

2 minutes (3000 rpm). The centrifuge was drained. 10 ml of water was added to the precipitate, it 

was mixed with a stick to wash the ion associate sludge from excess MLG, again, it was centrifuged 
for 2 minutes. The centrifuge was drained, 10 ml of acetone was added to dissolve the precipitate, 

and the solution was transferred to a 100 ml volumetric flask. Another 10 ml of acetone was add-

ed to the tube to completely dissolve the sediment residues and transferred to a volumetric flask 
with the previous portion of the acetone solution of the ion associate. The solution in the flask was 
brought to the mark with water and stirred. The precipitate was completely dissolved. The optical 

density of the solution was measured in a cuvette with l=1 cm at λ=620 nm with respect to water.
Method of Fe (III) determination [15]. In a 25 ml volumetric flask, 1 ml of the product ash 

solution was added, 2 ml of a 2M nitric acid solution, 5 ml of a 20 % solution of ammonium thiocy-

anate were added, water was added to the mark, and mixed. The optical density was measured in a 

cuvette with l=1 cm at λ=490 nm relative to water.
Method of Cu (II) determination [5, 6]. A 1 ml solution of the product ash was introduced 

into a 50 ml measuring beaker. Then, 1 ml of a 10–3 M aqueous solution of SPADNS was added. 
1 ml of a 10–3 M sodium fluoride solution was added to bind Fe (III) ions to a colorless complex. 
Distilled water was added up to 25 ml, creating a pH of 6.8 with urotropine and NaOH. The optical 
density was measured in a cuvette with l=1 cm at λ=580 nm with respect to water.

Method of Zn (II) determination [5, 6]. A 50 ml volume beaker was added with 1 ml of a 
product ash solution, 20 ml of distilled water in a 50 ml volume, pH 2–2.5 was created with HCl 
and NaOH, 0.3 g of solid phase MLG was added and mixed for 20 minutes on a magnetic stirrer. 
The solid phase was separated by filtration and discarded. In the liquid phase, pH 3 was created 
using urotropinecrist. 0.3 g of solid phase MTS was added and mixed for 20 minutes on a magnetic 
stirrer. The optical density in the solid phase was measured in a cuvette with l=0.1 cm at λ=500 nm 
relative to AB-17×8.

Method of Cd (II) determination [6]. After the determination of Zn (II), the solid concentrate 

of the Zn (II) complex with MTS was separated by filtration and discarded. In the remaining liquid 
phase, a pH of 7 was created, 0.3 g of solid phase MTS was added, and the mixture was stirred for 
20 minutes on a magnetic stirrer. The optical density was measured in a cuvette with l=0.1 cm at 

λ=640 nm relative to AB-17×8.

Method of Pb(II) determination [6]. A 1 ml solution of the product ash was introduced into a 

50 ml measuring beaker. 20 ml of distilled water was added. 1 ml of a 10-3 M sodium fluoride solu-

tion was added to bind Fe3 + ions. In a volume of 50 ml, pH 2 was created with HCl and NaOH. 0.3 g 
of solid phase PCV was added and stirred for 20 minutes on a magnetic stirrer. The optical density 
of the solid phase was measured in a cuvette with l=0.1 cm at λ=640 nm, relative to АВ-17×8.

Method of Hg (II) determination [6]. A 1 ml solution of the product ash was introduced into a 

150 ml measuring beaker. 20 ml of distilled water was added. Then 1 ml of a 10-3 M sodium fluoride 
solution was added to bind Fe3 + ions. In a volume of 50 ml, pH 2 was created with HNO

3
 and NaOH. 

0.3 g of solid phase CAZ was added and mixed for 20 minutes on a magnetic stirrer. The optical 

density of the solid phase was measured in a cuvette with l=0.1 cm at λ=580 nm relative to AB-17×8.

Sample preparation for SSS determinations [5, 6]. A sample was introduced into a porcelain 
dish, dried in an oven at t=100 °C to constant weight, put in a muffle furnace for 2.5 hours. The 
temperature was increased every 15 minutes by 50 °C to 450 °C. 10 ml of HNO

3
 conc. and 5 ml 

of a 35 % solution of H
2
O

2
. Calcined for 40 minutes at 460 °C. The resulting ash was dissolved in  

10 ml of 1 M HNO
3
, transferred to a 100 ml volumetric flask and adjusted to a 1 M mark with a 

nitric acid solution.

Ultrasonic destruction of samples [5, 6]. A sample of 25 g sample was crushed, divided 
into 6 parts, added to 6 heat-resistant flasks of 100 ml volume. To each was added 10 ml of HNO

3
 

conc. and 5 ml of a 35 % solution of H
2
O

2
 were sonicated for 10 minutes, the resulting destruct 
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materials were combined in a heat-resistant beaker, rinsing each flask in small portions of water 
and evaporating to wet salts. The latter were dissolved in 10 ml of 1 M HNO

3
, transferred to a 100 

ml volumetric flask and brought to the mark with water.
Equipment. The light absorption spectra of solutions were taken using a spectrophotometer 

SF-46 (Russia). The light absorption of the solutions was measured at KFK-3 (Russia) at the opti-

mum wavelength (λ
opt

) relative to water or anion exchanger AB-17×8. The acidity of the solutions 

was controlled with an ionometer I-160 (Belarus) with a glass electrode. Polarographic determina-

tion of metals was carried out with the help of a voltammetric analyzer ABA-2 (Russia). The atom-

ic-absorption determination of mercury was carried out with the help of the Yulia-2 analyzer. The 

radiation intensity was measured on a flame photometer FPL-01. Ultrasonic sample preparation 
was carried out in accordance with the recommendations set forth in [16], using the UP-1 of SELMI 
(acoustic power 20 W/cm2, frequency 43 kHz) (Ukraine).

3. Schemes of food analysis.

SCHEME OF ANALYSIS No. 1 [17]:
1. Ultrasonic destruction of samples.

2. Evaporation of the destruct materials to wet salts.

3. Preparation of nitric acid solutions of metal salts.

4. Preparation of reagent solutions and synthesis of solid-phase dyes: ( SPADNS,  XO, 

PCV,  MLG,  CAZ,  ARS,  AC,  ECC )

5. Determination of metals in individual portions of sample solutions.
6. Determination of Fe (III): extraction of Fe (III) ions in ARS  phase at pH 1.5 and SSS 

determination.

7. Determination of Zn (II): removal of interfering cations in the XO  phase at pH 1.5 and 
separation of the solid phase; separation of Zn (II) from Cd (II) in the liquid phase that remained 
(recovery of Cd (II) into AC  phase at pH 4.0 and separation of the solid phase); Determination of 
Zn (II) in the liquid phase with XO at pH 5.5.

8. Determination of Cu (II) extraction of Cu (II) ions in phase SPADNS  at pH 6.0 and 

SSS determination.

9. Determination of Pb (II): extraction of Pb (II) ions in PCV  phase at pH 1.5 and SSS 
determination.

10. Determination of Cd (II): removal of interfering cations in the ECB  phase at pH 4.0 

and separation of the solid phase; extraction of Cd (II) ions from the remaining liquid phase into a 
new portion at pH 9.0 and SSS determination.

11. Determination of Hg (II): extraction of Hg (II) ions in CAZ  phase at pH 1.5 and SSS 
determination.

12. Determination of K (I), Na (I), Ca (II) by the method of flame photometry.
SCHEME OF ANALYSIS No. 2:
1. Drying the samples in the furnace at t=100 °C and ashing in the muffle furnace at 

t=460 °C.

2. Preparation of nitric acid solutions of ash for the determination of trace elements in 

individual portions.

3. Preparation of reagent solutions and synthesis of solid-phase dyes: ( SPADNS,  XO,  

PCV,  MLG,  CAZ,  ARS,  AC,  ECC ).

4. Determination of metals in individual portions of sample solutions.
5. Determination of Fe (III): extraction of Fe (III) ions in ARS  phase at pH 1.5 and SSS 

determination.

6. Determination of Zn (II): removal of interfering cations in the XO  phase at pH 1.5 and 
separation of the solid phase; separation of Zn (II) from Cd (II) in the liquid phase that remained 
(recovery of Cd (II) into AC  phase at pH 4.0 and separation of the solid phase); Determination of 
Zn (II) in the liquid phase with XO at pH 5.5.

7. Determination of Cu (II) extraction of Cu (II) ions in phase SPADNS  at pH 6.0 and 

SSS determination.
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8. Determination of Pb (II): extraction of Pb (II) ions in PCV  phase at pH 1.5 and SSS 
determination.

9. Determination of Cd (II): removal of interfering cations in the ECB  phase at pH 4.0 

and separation of the solid phase; extraction of Cd (II) ions from the remaining liquid phase into a 
new portion at pH 9.0 and SSS determination.

10. Determination of Hg (II): extraction of Hg (II) ions in CAZ  phase at pH 1.5 and SSS 
determination.

11. Determination of K (I), Na (I), Ca (II) by the method of flame photometry.
SCHEME OF ANALYSIS No. 3:
1. Ultrasonic destruction of samples.

2. Evaporation of the destruct materials to wet salts.

3. Preparation of nitric acid solutions of metal salts.

4. Preparation of reagent solutions and synthesis of solid-phase dyes: PCF,  CAZ,  XO, 

ECB,  AC.

5. Determination of metals in individual portions of sample solutions.
6. Determination of Fe (III): Photometric determination of Fe(III) with ammonium thio-

cyanate.

7. Determination of Zn (II): removal of interfering cations in the XO  phase at pH 1.5 and 
separation of the solid phase; separation of Zn (II) from Cd (II) in the liquid phase that remained 
(recovery of Cd (II) into AC  phase at pH 4.0 and separation of the solid phase); Determination of 
Zn (II) in the liquid phase with XO at pH 5.5.

8. Determination of Cu (II) binding of Fe (III) ions to a colorless fluoride complex, photo-

metric determination by means of SPADNS at pH 6.0.
9. Determination of Pb (II): extraction of Pb (II) ions in PCV  phase at pH 1.5 and SSS 

determination.

10. Determination of Cd (II): removal of interfering cations in the ECB  phase at pH 4.0 

and separation of the solid phase; extraction of Cd (II) ions from the remaining liquid phase into a 
new portion at pH 9.0 and SSS determination.

11. Determination of Hg (II): extraction of Hg (II) ions in CAZ  phase at pH 1.5 and SSS 
determination.

12. Determination of K (I), Na (I), Ca (II) by the method of flame photometry.
SCHEME OF ANALYSIS No. 4:
1. Drying the samples in the furnace at t=100 °C and ashing in the muffle furnace at t=460 °C.
2. Preparation of nitric acid solutions of poppy seeds for the determination of trace elements 

in individual portions.

3. Preparation of reagent solutions and synthesis of solid-phase dyes: PCV,  CAZ,  XO,  MLG.

4. Determination of P (V): The photometric determination of P(V) as an ionic associate of 
a molybdophosphoric heteropolyacid with a malachite green.

5. Determination of Fe (III): Photometric determination of Fe (III) with ammonium thio-

cyanate.

6. Determination of Cu (II): binding of Fe (III) ions to a colorless fluoride complex, pho-

tometric determination using SPADNS at pH 6.0.
7. Determination of Pb (II): binding of Fe (III) ions to a colorless fluoride complex, SSS 

determination using at pH 2.

8. Determination of Zn (II): removal of interfering cations in the XO phase at pH 2–2.5 
and separation of the solid phase. Creation of pH 3 in the liquid phase, SSS determination of  

Zn (II) with MLG.

9. Determination of Cd (II): removal of interfering cations in the XO  phase at pH 2–2.5 
and separation of the solid phase. Creation of pH 3 in the liquid phase, separation of Zn (II) with 

MLG. Creation of pH 7 in the liquid phase and SSS determination of Cd (II) with MLG.

10. Determination of Hg (II): binding of Fe (III) ions to a colorless fluoride complex, SSS 
determination using CAZ  at pH 2.

11. Determination of K (I), Na (I), Ca (II) by the method of flame photometry.
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SCHEME OF ANALYSIS No. 5:
1. Ultrasonic destruction of samples.

2. Evaporation of the destruct materials to wet salts.

3. Preparation of nitric acid solutions of metal salts.

4. Preparation of reagent solutions and synthesis of solid-phase dyes: PCV,  CAZ,  XO,  MLG.

5. Determination of P (V): The photometric determination of P (V) as an ionic associate of 
a molybdophosphoric heteropolyacid with malachite green.

6. Determination of Fe (III): Photometric determination of Fe (III) with ammonium thio-

cyanate.

7. Determination of Cu (II): binding of Fe (III) ions to a colorless fluoride complex, photo-

metric determination by means of SPADNS at pH 6.0.
8. Determination of Pb (II): binding of Fe (III) ions to a colorless fluoride complex, SSS 

determination using PCV  at pH 2.

9. Determination of Zn (II): removal of interfering cations in the phase XO  at pH 2–2.5 
and separation of the solid phase. Creation of pH 3 in the liquid phase, SSS determination of  

Zn (II) with MLG.

10. Determination of Cd (II): removal of interfering cations in the phase XO  at pH 2–2.5 
and separation of the solid phase. Creation of pH 3 in the liquid phase, separation of Zn (II) with 

MLG.  Creation of pH 7 in the liquid phase and SSS determination of Cd (II) with MLG.

11. Determination of Hg (II): binding of Fe (III) ions to a colorless fluoride complex, SSS 
determination using CAZ  at pH 2.

12. Determination of K (I), Na (I), Ca (II) by the method of flame photometry.
SCHEME OF ANALYSIS No. 6:

1. “Wet” sample preparation using HNO
3
 conc. and 35 % H

2
O

2
.

2. Preparation of nitric acid solutions of metal salts.

3. Preparation of reagent solutions and synthesis of solid-phase dyes: PCV,  CAZ,  XO,  MLG.

4. Determination of P (V): The photometric determination of P (V) as an ionic associate of 
a molybdophosphoric heteropolyacid with malachite green.

5. Determination of Fe (III): Photometric determination of Fe (III) with ammonium thio-

cyanate.

6. Determination of Cu (II): binding of Fe (III) ions to a colorless fluoride complex, pho-

tometric determination using SPADNS at pH 6.0.
7. Determination of Pb (II): binding of Fe (III) ions to a colorless fluoride complex, SSS 

determination using PCV  at pH 2.

8. Determination of Zn (II): removal of interfering cations in the phase XO  at pH 2–2.5 
and separation of the solid phase. Creation of pH 3 in the liquid phase MLG,  SSS determination 

of Zn (II) with MLG.

9. Determination of Cd (II): removal of interfering cations in the phase XO  at pH 2-2.5 
and separation of the solid phase. Creation of pH 3 in the liquid phase, separation of Zn (II) with 

MLG.  Creation of pH 7 in the liquid phase and SSS determination of Cd (II) with MLG.

10. Determination of Hg (II): binding of Fe (III) ions to a colorless fluoride complex, SSS 
determination using CAZ  at pH 2.

11. Determination of K (I), Na (I), Ca (II) by the method of flame photometry.
SCHEME OF ANALYSIS No. 7:
1. “Wet” sample preparation using HNO

3
 conc. and 35 % H

2
O

2
.

2. Preparation of nitric acid solutions of metal salts.

3. Preparation of reagent solutions and synthesis of solid-phase dyes: PCV,  CAZ,  XO,  

ECB,  AC,  ARS,  SPADNS.

4. Determination of metals in individual portions of sample solutions.
5. Determination of Fe (III): extraction of Fe (III) ions in phase ARS  at pH 1.5 and SSS 

determination.

6. Determination of Zn (II): removal of interfering cations in the phase XO  at pH 1.5 and 
separation of the solid phase; separation of Zn (II) from Cd (II) in the liquid phase that remained 
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(recovery of Cd (II) into phase AC  at pH 4.0 and separation of the solid phase); Determination of 
Zn (II) in the liquid phase with XO at pH 5.5.

7. Determination of Cu (II): extraction of Cu (II) ions in phase SPADNS  at pH 6.0 and 

SSS determination.

8. Determination of Pb (II): extraction of Pb (II) ions in phase PCV  at pH 1.5 and SSS 
determination.

9. Determination of Cd (II): removal of interfering cations in the phase ECB  at pH 4.0 

and separation of the solid phase; extraction of Cd (II) ions from the liquid phase that remained in 
the new portion ECB ) at pH 9.0 and SSS determination.

10. Determination of Hg (II): extraction of Hg (II) ions in phase CAZ  at pH 1.5 and SSS 
determination.

11. Determination of K (I), Na (I), Ca (II) by the method of flame photometry.

4. Discussion of schemes of microelement analysis of food objects

It can be seen that schemes No. 1 and No. 2 differ by sample preparation of the samples an-

alyzed. In the first case, ultrasound is applied to the samples. This makes it possible to significantly 
shorten the time of the experiment. Thus, in work [17] scheme No. 1 was applied to the analysis of 
fungi. In this case, ultrasonic degradation (ultrasound) occurs within 30...40 minutes. The increase 

in the power of ultrasonic radiation reduces the time for sample preparation by 2 times. The use 

of solid-phase reagents PCV,  CAZ,  XO,  ECB,  AC,  ARS,  SPADNS  to determine the mi-

croquantities of metal ions allows them to concentrate from large volumes of solutions and thus 

increase the sensitivity of the determination.

Scheme No. 3 provides, in addition to accelerated sample preparation, a simple photometric 
determination of Cu (II) and Fe (III) in solution.

In the analysis of Scheme 4, solid-phase reagents PCV,  CAZ,  XO,  MLG  photometric 

determination of Cu (II) and Fe (III) in solution are used, as in scheme No. 3. The methods of sep-

aration and determination of Zn (II) and Cd (II) have been changed. A highly sensitive method for 

determining phosphorus was introduced into the scheme. Scheme No. 4 was successfully tested for 
the analysis of poppy seeds.

The analysis according to Scheme No. 5 differs from Scheme No. 4 using ultrasonic sample 
preparation.

In the case of analysis according to Schemes Nos. 6 and 7, “wet” sample preparation is pro-

vided. Scheme No. 6 uses solid-phase reagents PCV,  CAZ,  XO,  ECB,  AC,  ARS,  SPADNS. 
In the scheme number 7-reagents PCV,  CAZ,  XO,  MLG  are used.

5. Conclusions

Approaches to development of schemes for microelement analysis of food objects are con-

sidered, which consist in the following: obtaining information on the interaction of the elements 

being determined with various reagents in solution. Then study the possibility of carrying out 

similar reactions in the sorbent phase. Based on the obtained data, solid-phase reagents are created. 

After studying the chemical-analytical characteristics of the latter, use them to develop techniques 

for determining the various elements in the objects.

Based on the systematization of information on the interaction of the detectable elements 

with various reagents in the solution and phase of the polymer anion exchanger AB-17×8, 7 schemes 

of microelement analysis of food products are developed.

In the case of determining Hg (II), analytical schemes should be used that provide for ultra-

sonic or “wet” sample preparation. At the same time, the temperature is much lower than for “dry” 

(thermal) preparation and the loss of Hg (II) will be the least, and the results are the most reliable.

The most effective for the separation and determination of Zn (II) and Cd (II) are XO,  MLG.

The concentration and separation of interfering ions with the case of the determination of 

toxic metals (Pb (II), Cd (II), Hg (II)) is most effective in acidic media.

The most sensitive and selective reagents (PCV,  CAZ,  XO,  ECB, AC, ARS, SPADNS) 

for determination of Pb (II), Cd (II), Hg (II), Zn (II), Cu (II), Fe (III), P (V). The developed analysis 
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schemes will make it possible to monitor food quality by simple and accessible methods in factory 

laboratories. The solid-phase reagents used can be easily synthesized under the conditions of the 

factory laboratory.
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