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The use of modern pesticide formulations in agriculture leads to the need to control the residual amounts of their
active substances in food products, agricultural raw materials, and environmental objects. In the case of more toxic
and persistent metabolites, this control should ensure the determination of not only the chemical plant protection
agent's active substance but the total determination of this active substance and its metabolites.

Methods for determining the herbicides cletodim, amicarbazone, isoxaflutol, pyridate, flufenacet, fungicide
acibenzolar-S-methyl, insecticide and acaricide bifenazate and plant growth regulator trinexapak-ethyl as the sum of
the substance and its metabolites in agricultural products and environmental objects using the inverse method were
developed -phase high performance liquid chromatography.

The preparation of samples of agricultural products and objects of the environment for the overall determina-
tion of the studied active substances of plant protection products and their metabolites in them involves not only
the main stages for the analysis of residual amounts of pesticides - the extraction of compounds from the matrix,
purification and concentration of the obtained extracts, but also the following chemical reactions, such as oxidation
(flufenacet) or reduction (biphenazate), acid (flufenacet) or alkaline (pyridat, acibenzolar-S-methyl) hydrolysis, de-

rivatization (isoxaflutol), steam distillation (flufenacet).

Implementing the developed methodological guidelines will contribute to the improvement of monitoring of
pesticides in the environment and the implementation of measures to prevent their harmful effects on the health of

the population of Ukraine.

Key words: chemical means of plant protection, residual quantities, agricultural products, environmental objects,
pesticide monitoring, analytical methods, medical and sanitary standards.

Connection of the publication with planned re-
search works.

The research was carried out within the framework
of research works: “Scientific research of chemical
means of plant protection”, state registration number
0119U102237; “Scientific studies of the preparation Bion
375 SS, KS”, state registration number 0120U100548;
“Scientific studies of the drug Moddus Start 250 DC,
KD”, state registration number 0121U111501; “Scientific
studies of the drugs Imamex, 40 SL VR and Lentagran,
600 KE”, state registration number 0121U112895.

Introduction.

Modern requirements for controlling the content of
pesticides in environmental objects and agricultural raw
materials increasingly involve the determination of the
active substances of chemical plant protection agents
and the products of their metabolism. This is explained,
on the one hand, by using such compounds, which in
these environments turn into metabolites that are
sometimes more toxic and stable than the original com-
pound, which is why they need to be controlled [1]. For
example, the metabolite of mancozeb — ethylenethio-
urea —is a more toxic compound than mancozeb [2], the
metabolite of thiophanate-methyl — carbendazim — a
more stable compound in soil and water than thiophan-
ate-methyl [3]. On the other hand, at the current stage,
stricter requirements are being put forward for control
over the use of pesticide preparations. And if earlier for
some compounds it was not necessary to determine
the content of their metabolites, in recent years it has
become a mandatory condition for controlling the use
of pesticides. For example, the methodological guide-

lines (MG) for the definition of cletodyme, which were
approved before 2003, were aimed at the definition
of cletodyme itself; these techniques were based on
the method of thin-layer (MG No.No. 7-96, 8-96, 273-
2001) or high-performance liquid chromatography (MG
No.No. 25-97, 241-2001) [4]. However, since 2003, the
methods provide for the determination of cletodyme
taking into account the content of its two metabolites
— a total determination that guarantees obtaining real
results about its residual amounts in environmental ob-
jects and agricultural raw materials. These MG No.No.
445-2003, 446-2003, 447-2003 are based on the meth-
od of high-performance liquid chromatography (HPLC)
[5].

The aim of the study.

Development of chromatographic methods for the
analytical determination of cletodim, amicarbazone,
trinexapak-ethyl, isoxaflutol, pyridate, acibenzolar-S-
methyl, biphenazate and flufenacet as the sum of the
substance and its metabolites in agricultural raw materi-
als and environmental objects.

Object and research methods.

Analytical standards of cletodim and its two metabo-
lites clethodim sulfoxide and clethodim sulfone, amicar-
bazone and its two metabolites amicarbazone desamino
and amicarbazone N-methyl desamino, trinexapak-ethyl
and its metabolite trinexapak-acid, isoxaflutol and its
metabolite diketonitrile (RPA 202248) were used in the
study. , pyridate and its metabolite pyridafol, aciben-
zolar-S-methyl and its metabolite acibenzolar-acid,
bifenazate and its metabolite bifenazate-diazene, fluf-
enacet and fluoroaniline — a derivative of flufenacet and
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its metabolites, (96.8-99.92)% purity, with which were
prepared in acetonitrile as initial standard solutions of
each compound with a concentration of 100 pg/ml. By
mixing and successive dilution of the starting solutions
of compounds with acetonitrile, 5 graduation solutions
of two mixtures were prepared: cletodim and its two
metabolites and amicarbazone and its two metabo-
lites; by mixing and successive dilution with a mixture
of acetonitrile and an aqueous solution of orthophos-
phoric acid of the starting solutions of trinexapak-ethyl
and trinexapak-acid, 5 graduation solutions of mixtures
of these compounds were prepared. By serial dilution
(acetonitrile or mixtures of acetonitrile with aqueous so-
lutions of orthophosphoric or acetic and ascorbic acids)
starting solutions of diketonitrile, pyridafol, acibenzolic
acid, biphenazate, fluoroaniline, 5 graduation solutions
of each compound were prepared. Grading solutions of
compounds (in three cases — mixtures of compounds)
were used to construct their grading dependences for
the quantitative determination of compounds in model
samples; working solutions of the studied compounds
— for introduction (introduction) into model samples
to check the correctness and accuracy of the proposed
method of determination of compounds.

During the development of analytical methods,
chemical reagents of the qualification “pure for analy-
sis”, “chemically pure”, “chemically pure for high-perfor-
mance liquid chromatography” were used.

Chromatographic analysis was performed on liquid
chromatographs of the Shimazu company (Japan): LC-

10AS and LC-20AD with ultraviolet (UV) detectors, LC-
10AD with a diode-matrix detector; chromatographic
separation was carried out on steel columns 250/4.6
Nucleosil 100-5 C18 and 250/4.6 Nucleodur 100-5 CN-
RP.

After choosing the optimal chromatographic condi-
tions, chromatographic analysis (at least three times) of
each gradation solution of compounds (in three cases
— mixtures of compounds) was carried out to construct
graphs of the dependence of the area of the chromato-
graphic peak of each compound on its concentration.
In order to identify the peak of a specific compound on
the chromatogram of the calibration solutions of three
mixtures of compounds, i.e. to establish the retention
time — qualitative characteristic of the component, chro-
matographic analysis of the solution of each of the stud-
ied compounds was previously performed under the
same conditions of chromatographic separation.

The correctness and accuracy of the determination
of the investigated compounds in samples of water, soil,
and agricultural crops were confirmed by the “intro-
duced-found” method. The identification of the studied
compounds in sample extracts was carried out accord-
ing to their retention time in the calibration solutions;
quantitative determination was carried out according
to the corresponding dependence of the area of the
chromatographic peak of the substance on the concen-
tration in the calibration solution (absolute calibration
method or external standard method).

Table 1 - Information on analytical support for determining the content of active substances
of pesticides in total with their metabolites

Name Compounds determined by Matrix Methodological| MKB/MB, | MAP,
active substance metabolite(s) HPLC instructions No Mr/Kr mr/Kr
Tomatoes 1074-2011 0,1/- 0,1
) Clethodim sulfoxide, Clethodim, clethodim Cabbage 1473-2018 0,1/0,03 0,5
Kletodim X . .
clethodim sulfone | sulfoxide, clethodim sulfone | Watermelons 1474-2018 0,1/0,03 0,1
Cucumbers 1475-2018 0,1/0,03 0,1
Agécsaa‘rr?]?;gne Amicarbazone, amicarbazone A grain of corn 1527-2018 0,02/0,007 | 0,02 i
Amicarbazone ; , desamino, amicarbazone Water 1529-2018 |0,001/0,0003|0,002
amicarbazone : .
N-methyl desamino N-methyl desamino Soil 1530-2018 | 0,02/0,007 | 0,02
Rapeseed seeds | 1715-2020 0,1/0,03 0,2
. . . Trinexapak-ethyl, Trinexapak-|Sunflower seeds| 1716-2020 0,05/0,02 | 0,05
Trinexapak-ethyl Trinexapak acid r
inexaparcethy inexapaicac acid Soil 18312023 | 0,05/0,02 | 0,6
Cereal grain 1832-2023 0,01/0,004 0,2
Isoxaflutol Diketonitrile Diketonitrile Sorghum grain 1543-2018 0,02/0,007 | 0,02
Chickpea grain 1646-2020 0,05/0,02 | 0,05
Onion-turnip 1647-2020 0,05/0,02 0,05
Pyridat Pyridafol Pyridafol
yrida ynidaro ynidato Cabbage 16482020 | 0,05/0,02 | 0,05
Sorghum grain 1824-2023 0,05/0,02 0,05
Acibenzolar-S-methyl Acibenzolar acid Acibenzolar acid Sunflower seeds| 1758-2021 0,02/0,008 | 0,02
Cucumbers 1531-2018 0,1/0,03 0,1
Apples 1532-2018 0,1/0,03 -
Bifenazate Biphenazate-diazene Bifenazate pp. - /
Apple juice 1532-2018 0,1/0,03 -
Soybean seeds 1583-2018 0,05/0,02 | 0,05
Flufenacet oxalate, A grain of corn 1517-2018 0,05/0,02 | 0,05
Flufenacet flufgnacet sulfonic Fluoraniline#
acid, flufenacet Sunflower seeds| 1517-2018 0,05/0,02 | 0,05
thioglycolate sulfoxide

Notes: HPLC — high-performance liquid chromatography; LOQ is the limit of quantification of the method; DL — detection limit of the method;
MPL is the maximum permissible level; # — derivative of flufenacet and its metabolites; * — maximum permissible concentration of amicarbazone
in reservoir water, mg/dm3; ** — the maximum permissible concentration of amicarbazone in the soil, mg/kg; *** — approximate permissible
concentration of trinexapak-ethyl in the soil, mg/kg; — — the value of the indicator is missing.
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Table 2 — Conditions for determining the studied compounds by the method
of high-performance liquid chromatography

Chromatography conditions*
A cletodymeR(amisaibazons trinexapak- acibenzolar
Characterlstlt.:s and and ethvl and diketonitrile ridafol (DL acid bifenazate |fluoroaniline
of the analysis | metabolites | metabolites metab‘g”te (DL (DL Ne 1543- N‘:,V1824_2023) (DL Ne 1758- | (PLNe 1583- | (DL Ne 1517-
(DL Ne 1475~ | (DL Ne 1527- [0 1832.2023) 2018) = 2021) 2018) 2018)
2018) 2018) -
Detection UV detector, | UV detector, | DM detector, DM detector ,|DM detector ,|DM detector ,|DM detector ,|DM detector,
254 nm 221 nm 280 nm 295 nm 280 nm 235 nm 265 nm 245 nm
Column 250/4,6 250/4,6 250/4,6 250/4,6 250/4,6 250/4,6 250/4,6 250/4,6
(stationary Nucleosil Nucleosil Nucleosil Nucleosil Nucleodur Nucleodur |Nucleosil 100-|Nucleosil 100
phase) 100-5 C18 100-5C18 100-5 C18 100-5 C18 | 100-5 CN-RP | 100-5 CN-RP 5C18 5C18
the gradient
in the system the gradient in| acetonitrile+ acetonitrile+ | acetonitrile+ acetonitrile+ radient in
of two acetonitrile +| the system of |0.1% aqueous| . o 0.5% aqueous g
. . 0.1% aqueous|0.1% aqueous ) the system of
. eluents is water two eluents is H.PO . . solution
Mobile phase acetonitrile / (50+50 acetonitrile / solgutiOAn solution solution CH3COOH two eluents ~
7 3 . .
0.5% aqueous| vol+vol) 0.1% aqueous (45455, H,PO, (40+60,H,PO, (40+60, (70430, acetonitrile /
h - vol+vol) vol+vol) water
solution solution H,PO,|  vol+vol) vol+vol)
CH3COOH
. . 7,0£0,1* 4,4+0,1° 5
Ho'd'r:ignt'me' 7,540,12 4,9+0,16 1%'2;%'1110 8,4+0,1 4,840,1 5,240,1 5,8+0,1 8,20,1
12,0+0,13 6,2+0,17 T
$=1493,0+ 5=1843,4+
34677,5p! 43664,1p° 5=350,2+
Grading 5=1338,9+ $=1087,8+ 54943,3p° $=-1709,5+ 5=233,4+ S=-2677,6+ $=997,6+ S$=2278,7+
dependence**| 33982,4p? | 36968,7p° | S=1559+ 28007,2p 76867,3p 61316,6p 47691,4p 19934,8p
$=1589,4+ 5=1246,5+ 54225,6p%°
32479,2p° | 41692,3p
. 0,9999" 0,9999° .
Eggﬁ:ﬁl"e“r"’t‘ 0,99992 0,9999° 8'9933310 0,9994 0,9999 0,9999 0,9998 0,9999
0,99993 0,9999’ !
L'Eg?:;‘ly' 0,5-10,0° | 0,25-50° | 0,1-2,0" | 0,25-50 | 0,15-3,0 01-20 | 05-100 | 1,25-250
otes:

1. DL — methodological instructions, UV — ultraviolet detector, DM — diode-matrix detector.
2. * —Volume flow rate of the mobile phase — 1 ml/min, temperature of the column thermostat — 30 °C, sample volume subject to chromatographic

analysis — 20 pl.

3. ** — Dependence of the area of the chromatographic peak of the compound (S, mol. units) on the concentration of the compound in the

calibration solution (p, pug/ml).

4. ' — clethodim sulfoxide, > — clethodim sulfone, 3 — clethodim, * — for clethodim and its two metabolites, > — amicarbazone desamino, ¢ — ami-
carbazone, 7 — amicarbazone N-methyl desamino, & — for amicarbazone and its two metabolites , ° — trinexapak-acid, '° — trinexapak-ethyl, ** — for

trinexapak-ethyl and its metabolite.

The results were statistically processed using the
statistical programs IBM SPSS StatisticsBase v.22 and MS
Excel. Descriptive statistics, correlation, and regression
analyses were used to analyse the obtained data. Fish-
er’s F-statistics checked the adequacy of the obtained
regression equations.

Research results and their discussion.

One of the many advantages of the HPLC method is
the possibility of simultaneous determination of pesti-
cides and their metabolites in one sample [1]. Therefore,
this method is most often used when solving such prob-
lems. Developing such an analytical technique is much
more complicated because the stages of sample prepa-
ration, chromatographic analysis and processing of the
results must cover the active substance and its metabo-
lites. In addition, there is a possibility of obtaining de-
rivatives or metabolic products of the active substance
during sample preparation. Information about HPLC
developed by employees of the Hygiene and Ecology
Institute affiliated to 0.0. Bogomolets National Medical
University methods for determining the content of ac-
tive substances of pesticides in total with their metabo-
lites, which allow monitoring the approved medical and
sanitary standards [6], are given in the table 1.

To make it possible to determine the active sub-
stance in the sample together with its metabolites, it
was necessary to choose optimal conditions for chro-
matographic separation and detection, taking into ac-
count the physicochemical properties of these com-
pounds according to [2, 3] and the peculiarities of the
course of metabolism. Information on the conditions for
determining the studied compounds by HPLC is given in
the table 2.

Thus, the overall determination of clethodim in a
sample with its metabolites involved simultaneous chro-
matographic analysis of all three compounds — clethod-
im, clethodim sulfoxide, and clethodim sulfone (table
1). After selecting the optimal conditions for separation
(reflected in the satisfactory values of the retention time
of the compounds) and detection (reflected in the ac-
ceptable ratio of the heights of the chromatographic
peaks of the compounds) of the gradation solutions of
a mixture of these three compounds, the gradation de-
pendence of the area of the chromatographic peak onits
concentration in the gradation was constructed for each
compound soluble mixture; the correlation coefficient
of the dependencies for each of the three compounds
in the concentration range from 0.5 to 10.0 ug/ml was
0.9999 (table 2). Similarly, the chromatographic analysis
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Table 3 — Conditions for preparing samples of agricultural raw materials for determining the active sub-
stances of pesticides in total with their metabolites

Stage of YMOBW MifroToBKM Npob A0 BUSHAYEHHSA
sar$1ple cletodyme |amicarbazone| trinexapak- isoxaflutol (DU nipnpat acibenzolar- bifenazate (DLIflufenacet (DL
preparation (DL Ne 1475- | (DL Ne 1527- ethyl (DL Ne 1543-2018) (DL Ne 1824- |S-methyl (DL Ne 1583-2018)|Ne 1517-2018)
2018) 2018) Ne 1832-2023) | 2023) Ne 1758-2021) ~ 3
Extraction acetone extraction |extraction with| extraction of | acetonitrile alkaline extraction oxidation
of extraction of with a a mixture of isoxaflutol |extraction of | hydrolysis |with a mixture
compounds |cletodim and| mixture of acetonitrile and pyridate and of acetonitrile
from the metabolites |acetonitrile +| + CH3;COOH | diketonitrile pyridafol |after cooling,| and 10% acid
sample H,PO, (100+1,| (98+2, vol+vol) with aqueous aqueous hydrolysis
vol+vol) of trinexapak- acetonitrile filtering* methanol solution of with the
amicarbazone| ethyland drying** |extraction of | ascorbic formation of
and metabolite filtering® | steaming*** | acibenzolic | acid (C,H,O,) | fluoroaniline
metabolites drying** acid biphenazate
steaming*** and
biphenazate-
filtering* filtering* filtering*  |derivatization| alkaline filtering* diazene
steaming*** drying** of isoxaflutol | hydrolysis of
steaming*** with the |pyridate with filtering* setting
formation of |the formation pH212
diketonitrile | of pyridafol
Purification | liquid-liquid | solid-phase adsorption 3 «liquid- |«liquid-liquid»| 3 «liquid- |«liquid-liquid» steam
of the extract| system extraction chromato- liquid» system with a liquid» system distillation of
onthe C, graphy systems with | change in pH | systems with fluoroaniline
cartridge (cartridge  [a change in pH triple change with pH
Strata SI-1 pH control of
Silica) the distillate
(pH<2)
2 liquid-liquid| adsorption adsorption | adsorption | adsorption | adsorption |«liquid-liquid»)
systems with | chromato- chromato- | chromato- | chromato- | chromato- |system witha
double pH graphy graphy graphy [graphy (Strata|graphy (Strata| change in pH
change (Strata FL-PR (system (Strata-X-  [SAX cartridge)|NH, cartridge)
cartridge) of serially AW 33 um
connected Polymeric
Strata-X and | Weak Anion
Strata FL-PR | cartridge)
cartridges)
Concentra- evaporation***
tion
Preparation
of the to determine biphenazate — dissolving the residue in a mixture of acetonitrile with an aqueous solution of CH;COOH
sample for and C,H,O acids and keeping it at room temperature for 12 hours to reduce biphenazate-diazene to biphenazate;
introduction | for the determination of pyridafol, acibenzolar acid, trinexapak-ethyl and trinexapak-acid — dissolving the residue in a
into the  |mixture of acetonitrile + 0.1% aqueous H,PO, solution; for determination of other studied compounds — dissolution of
chromato- the residue in acetonitrile
graph

Note: * — Filtering the extract through a paper filter, ** — drying the extract with anhydrous sodium sulfate Na,SO,, *** — evaporation of the

solvent on a rotary evaporator.

of amicarbazone with its metabolites — amicarbazone
desamino and amicarbazone N-methyl desamino, and
trinexapak-ethyl with its metabolite — trinexapak-acid
(tables 1, 2) took place.

The determination of isoxaflutol, pyridate and
acibenzolar-S-methyl in the sample together with their
metabolites involved chromatographic analysis of their
metabolites — diketonitrile, pyridafol and acibenzolar
acid, respectively; the determination of bifenazate in
the sample together with the metabolite bifenazate dia-
zene involved chromatographic analysis of bifenazate;
determination of flufenacet in the sample together with
metabolites involved chromatographic analysis of their
derivative — fluoroaniline (tables 1, 2).

It should be noted that in most cases, chromato-
graphic separation was carried out on the most com-
mon, according to [7], reverse phase C18 (stationary
phase), which emphasizes its universality; chromato-
graphic determination of pyridafol and acibenzolar acid
was better when using the inverted stationary phase
SN-RP (table 2). Chromatographic separation was car-

ried out with isocratic elution (except for the methods
of determining cletodim, trinexapak-ethyl and flufenac-
et, in which the separation took place in the gradient
mode) with a polar eluent (mobile phase) with the main
components — acetonitrile and water, and modifiers —
acetic or orthophosphoric acids. Since the spectra of the
studied compounds are characterized by absorption in
the UV region, and the components of the mobile phase
(acetonitrile and water) are transparent to UV light, the
chromatographic analysis was performed using UV de-
tection (table 2), which is used in modern methods for
determining the vast majority of pesticides.

Determination of microquantities of pesticides in ag-
ricultural products and environmental objects by the
chromatographic method generally includes the fol-
lowing stages: sample preparation, extraction of active
substances from the analyzed sample, purification of
the extract from concomitant impurities, concentration,
preparation of the sample for introduction into the chro-
matograph, chromatographic determination, process-

348

ISSN 2077-4214. Bicuk npo6nem 6ionorii i meguunnn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172)



METOAU TA METOAUKU / METHODS AND METHODOLOGIES

ing of the results. In addition to these main stages, the
method of total determination of the active substance
of the pesticide and its metabolite can provide to a
greater extent than the method of individual determi-
nation of the active substance, “non-traditional” stages,
such as oxidation, reduction, derivatization, hydrolysis,
distillation with water vapor. The conditions for prepar-
ing samples of agricultural products for the total deter-
mination of their active substances and metabolites are
given in table 3.

Thus, the preparation of samples for determining
each investigated compound included extraction by lig-
uid extraction using an individual solvent or a mixture
of solvents and multi-stage purification of the obtained
extracts from co-extractive substances. Purification was
carried out by redistribution in a system of immiscible
solvents (sometimes in two or more systems, most often
with pH correction) and/or adsorption chromatography
using cartridges that were filled with inverted (C18,
pyrrolidone-modified polystyrene, ethylenediamine-
modified polystyrene) , normal (NH2, Florisil, Silica) or
ion exchange (SAX) phases. In some cases, to ensure a
satisfactory degree of purification, for example, in the
methods of total determination with metabolites of
amicarbazone and isoxaflutol, systems of two cartridges
connected in series with different sorbents were used
(table 3).

However, the determination of pyridate, acibenzolar-
S-methyl, bifenazate and flufenacet together with their
metabolites also required chemical reactions, which are
rarely found in the methods of individual determination
of pesticides. For example, acibenzolar acid is obtained
as a result of alkaline hydrolysis of acibenzolar-S-methyl
in the presence of 1 M aqueous solution of sodium
hydroxide under heating and subsequently extracted
with the addition of methanol. The metabolite of
pyridate — pyridafol — is also obtained as a result
of alkaline hydrolysis, but after extraction from the
matrix of pyridate and pyridafol present in the matrix
with an organic solvent. Similarly, after extraction
with an organic solvent from the matrix of isoxaflutol
and the metabolite present in the matrix as a result
of derivatization (isomerization of the molecule under
the influence of alkali), the metabolite of isoxaflutol —
diketonitrile is obtained. To determine biphenazate,
the metabolite biphenazate-diazene is reduced to the
original compound, for which the final extract after
dilution in a mixture of acetonitrile with an aqueous
solution of acetic and ascorbic acids is kept for 12 hours.

The most time-consuming among these is
determining flufenacet in corn grains and sunflower
seeds. The determination of flufenacet (as the sum of
flufenacet and its metabolites) is based on oxidation
(potassium permanganate in the presence of 0.5 M
aqueous sulfuric acid) and acid hydrolysis (boiling in the
presence of concentrated sulfuric acid for 20 hours) of
flufenacet and its metabolites in grain samples corn and
sunflower seeds with the formation of fluoroaniline.
After setting pH>12 (using a 50% aqueous solution of
sodium hydroxide), fluoroaniline is extracted by steam
distillation under control of the pH of the distillate (with
the addition of concentrated hydrochloric acid until
the pH value is set to <£2). Subsequently, fluoroaniline
is extracted from an alkaline aqueous medium (at pH >
12) with dichloromethane.

Conclusions.

1. The method of high-performance liquid chroma-
tography allows the determination of cletodim, amicar-
bazone, trinexapak-ethyl, isoxaflutol, pyridate, aciben-
zolar-S-methyl, bifenazate and flufenacet as the sum of
the substance and its metabolites in agricultural prod-
ucts and environmental objects.

2. The overall determination of the investigated ac-
tive substances of pesticides and their metabolites by
the method of reversed-phase high-performance liquid
chromatography takes place under the conditions of:
1) non-polar adsorbent — stationary phase CH-RP (pyri-
date, acibenzolar-S-methyl) or C18 (other compounds)
and polar eluent — mobile phase with the main com-
ponents — water, acetonitrile, and possibly modifiers —
orthophosphoric or acetic acid; 2) gradient (clethodim,
trinexapak-ethyl, flufenacet) or isocratic (other com-
pounds) elution; 3) ultraviolet detection.

3. In the methods of total determination of active
substances of pesticides and their metabolites, depend-
ing on the chemical transformations of the studied
compounds, the following variants of chromatographic
determination are possible: starting compound (biphen-
azate); metabolites (isoxaflutol, pyridate and acibenzo-
lar-S-methyl); of the original compound simultaneously
with metabolites (clethodim, amicarbazone and trinexa-
pak-ethyl); a derivative of the original compound and
metabolites (flufenacet).

4. The preparation of samples for the overall de-
termination of the studied active substances of plant
protection products and their metabolites involves the
following main (traditional for the determination of
pesticides) stages: extraction of compounds from the
matrix, purification and concentration of the obtained
extracts. At the same time, there is a need to carry out
such chemical reactions as oxidation (flufenacet) or re-
duction (bifenazate), acid (flufenacet) or alkaline (pyri-
dat, acibenzolar-S-methyl) hydrolysis, derivatization
(isoxaflutol), steam distillation (flufenacet).

5. The developed methods for the total determi-
nation of pesticides’ active substances and their me-
tabolites in environmental objects and agricultural raw
materials allow for control of the relevant medical and
sanitary standards. Implementing the developed meth-
odological guidelines will contribute to improving the
monitoring of pesticides in the environment and imple-
menting measures to prevent their harmful effects on
public health.

The stage of processing the results of the methods
of total determination of active substances and their
metabolites also has differences compared to the
methods of determination of an individual compound.
Thus, in the case of determination of cletodime together
with its metabolites, as a result of chromatographic
analysis, separate values of the content of the
original compound and each metabolite are obtained.
Subsequently, the content of each of the two metabolites
is transferred to the original compound, taking into
account the corresponding coefficients — the ratio of the
molecular weight of cletodim to the molecular weight of
the metabolite. The final result is the total content of its
two metabolites in terms of cletodyme and cletodyme
itself. Similarly, the total content of amicarbazone
and trinexapak-ethyl is calculated. To calculate the
content of isoxaflutol, pyridate, acibenzolar-S-methyl
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and flufenacet, it is necessary to recalculate the
values of the content of their metabolites obtained
as a result of chromatographic analysis, taking into
account the relevant coefficients. Given that the total
determination of bifenazate and its metabolite involves
the chromatographic determination of bifenazate itself
after reducing its metabolite bifenazate-diazene to the
original compound, such a recalculation is not required.
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Prospects for further research.

To optimize the control of the use of chemical plant
protection agents, further studies are plannedtoimprove
the methods of determining the active substances of
pesticides together with their toxicologically significant

metabolites.

. BU3HAYEHHA AIIOYUX PEHOBUH NECTULUNAIB CYMAPHO .
3 IX METABONNITAMMU B XAPHOBUX NMPOAYKTAX, CI/IbCbKOIOCNOAAPCbKIU
CUPOBUMHI TA OB’EKTAX AOBKINNA

IHCTUTYT ririeHn Ta eKonorii HauioHanbHOro meguyHoro yHisepcutety imeHi 0.0. boromonbusa
(m. Kuis, YKkpaiHa
lab_chrom@ukr.net

3acmocysaHHA 8 CinlbCbKOMY 20Cr100apCcmMasi Cy4acHUX necmuyudHux popmynayili npuszeodums 0o HeobxioHocmi
30ilicHEHHA KOHMPOIO 30AUUWKOBUX KinbKocmel ix Oiro4ux pe4o8uUH 8 Xap408UX MPOOYKMAX, CiflbCbKO20CMo0apcbKill
CUpoBUHIi Ma 06’eKMAax HABKOAUWHbL0O20 cepedosuwid. Y sunadky binbw MoKcuYHUX ma cmilikux memabonimis
ueli KOHMPosb nosuHeH 3abe3znevyysamu 8U3HAYEHHSA He Auwe camoi 0io4oi peyosuHU XiMiyHO20 3acoby 3axucmy
pPOCAUH, O CyMapHe 8U3Ha4YeHHA yiei dirovoi peyosuHu ma ii memabosimis.

Po3pobneHo memoOduKu su3HavyeHHA eepbiyudie Kaemooumy, amikapbas3oHy, i3okcagaromony, nipudamy,
nypeHauemy, ¢pyHaiyudy ayubeH3zonap-S-memuny, iHcekmuyudy ma akapuyudy bitheHazamy ma peaynsmopa
pOCMa POC/AUH MPUHEKCanaK-emusny K CyMu pe4osuHuU ma it memabonimis 8 cinbcoko2ocrnodapceKili npodykyii ma
06’ekmax 008KisnA 3 3acmocysaHHAM memody obepHeHO-ha3080i 8UCOKOE(EKMUBHOI piOUHHOI xpomamozpadii.

Midzomoska rnpob cinbcoko20crnodapcbKoi npodyKyii ma 06’ekmis HaBKO/UWHbLO20 cepedosuwia 0115 CYMAPHO20
BU3HAYEHHA 8 HUX 00CAI0X#y8aHUX Oilo4UX pevyosuH 3acobie 3axucmy pocauH ma ix memabosnimie nepedbavyae
He auwe OCHOBHI 048 aHAI3y 3aAUWKOBUX KinbKocmel necmuyudie emanu — 8UAYYEHHA CMOAYK 3 Mampuyi,
OYUWEHHA MAa KOHYEHMPY8AHHA OMPUMAHUX eKCmpaKkmis, a Ui nposedeHHA MaKux XiMiuHUX peaKuil, AK OKUCHEHHSA
(pnygeHauem) abo gioHoseneHHA (bigheHazam), 2idponiz kucanomuul (paygpeHauem) abo ayxcHul (nipudam,

ayubeHszonap-S-memusn), depusamusayis (i3okcagnomonn), nepe2oHKa 3 800AHO NaApPoto (haypeHayem).
BriposadyceHHsa po3pobaeHux MemooUuYHUX 8KA3I8OK Cripusmume 800CKOHAAEHHI0 MOHIMOopUHay necmuyudis y
008Kinsni ma nposedeHHo 3ax00i8 3 NPOiNAKMUKU iX WKiOAUB020 8MaAUBY HA 300P08’A1 HaceneHHA YKpaiHu.

Karwuoei caoesa: ximiyHi 3acobu 3axucmy pPOC/auUH, 30AUWKO8I KiflbKOCMI, CiflbCbKO20CMoOapCbKa rnpoodyKuis,
06’EKMU HABKOAUWHLO2O cepedosuud, MOHIMopUH2 necmuyudis, aHAAIMUYHI MemoOUKU, MeOUKO-CaHIMapHi

Hopmamusu.

38’A30K ny6niKauii 3 NJ1aHOBMMMU HAayKOBO-A40CAIA-
HUMMK poboTamu.

JocnigeHHA BMKOHaHI B pamMKax HayKOBO-4O0CAIA-
HUX pobiT: «HayKoBi gocniasKeHHA XimiyHUX 3acobis 3a-
XUcTy pocnumH», Ne geprkaBHoi peecTpauii0119U102237;
«Haykosi gocnigxeHHa npenapaTy bion 375 SC, KC»,
Ne aeprkaBHOi peectpauii 0120U100548; «Haykosi go-
cnigxeHHa npenapaty Mogayc Crapt 250 DC, K4»,
Ne peprkaBHOI peecTpauii 0121U111501; «Haykosi go-
cnigxeHHA npenapartie Imamekc, 40 SL BP i JleHTarpaH,
600 KE», Ne nep»aBHoi peecTpauii 0121U112895.

Bcryn.

CyyacHi BMMOTM [0 KOHTPO/IO 33 BMICTOM MecTu-
uMAaiB B 06’ekTax AOBKiN/AA Ta CiIbCbKOrOCNoAapcChKii
CMPOBUHI BCe YacTiwe nepeabayatoTb BU3HAYEHHA He
ivle AjlUnx pevyoBUH XimidHMX 3acobiB 3axmucty poc-
NIMH, ane i NnpoaykKTiB ix meTaboniamy. Lle noacHoeTbes,
3 04HOro 60Ky, 3aCTOCYBAHHAM TaKMX CMOJYK, AKi B LMX
cepefoBuLLLAX MepeTBOploTbCA B MeTabonitu iHoaj
BiNblU TOKCUYHI Ta CTilKi, HiXK BUXigHA cno/syKa, Yyomy
i noTpebyoTb KoHTponto [1]. Hanpuknag, metabonit

MaHKoueby — eTuneHTiocevyoBMHA — BiNbl TOKCMYHA
CNnonyKa, HiX MaHKoueb [2], meTaboniT TiopaHaT-me-
TUNY — KapbeHaasmm — Binblu CTilika Cnonyka B FpyH-
Ti Ta BOAj, HixK TiopaHaT-meTnA [3]. 3 iHworo 6oKy, Ha
Cy4yacHOMy eTani 40 NpoBeAEeHHA KOHTPOJIO 33 3aCTo-
CyBaHHAM NeCcTUUMAHUX NpenapaTiB BMUCYBatoTb 6inbL
YKOPCTKI BUMOTU. | AKWO paHiwe Ana AeAKMX CnoayK
He 6yno HeobxigHOCTI BM3HAuyaTU BMICT ix meTaboni-
TiB, TO B OCTAHHi POKM Lie CTaso 060B’A3KOBOIO YMOBOHO
KOHTPO/IIO 3aCTOCyBaHHA nectuunay. Hanpuknag, me-
TOAMYHI BKasiBkM (MB) 3 BM3HaAYeHHA Knetoaumy, fKi
b6ynn 3atBepgKeHi o 2003 poky, byan cnpsimoBaHi Ha
BM3HAYEHHA CamMe KNeTogumy; Li MeTOAMKW IpyHTyBa-
IMcA Ha meToAi ToHKolaposoi (MB NeNe 7-96, 8-96,
273-2001) abo BMCOKOehEeKTUBHOI pigMHHOI XpomaTo-
rpadii (MB NeNe 25-97, 241-2001) [4]. Ane, noynHato-
un 3 2003 poKy meToaMKM nepenbavaroTb BU3HAYEHHA
KNeTogMmy 3 BpaxyBaHHAM BMICTy /ioro ABox meTtabo-
NiTiIB — CyMapHe BM3HAYeHHA, L0 rapaHTye OTPUMaHHA
peanbHUX pe3ynbTaTiB NPO MOro 3a/MLWKOBI KiIbKOCTI B
06’eKTax AOBKINNA Ta CiIbCbKOrOCNoAapChKiit CUPOBUHI.
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Lli MB NeNe 445-2003, 446-2003, 447-2003 rpyHTYOTb-
€Al Ha MeTozj BUCOKoehEeKTUBHOI PiANHHOT XpomaTorpa-
oii (BEPX) [5].

MeTta gocniaeHHs.

Po3pobKa xpomaTtorpadiyHnx MeToamMK aHaNiTUYHO-
ro BM3HAYEHHA KAeToaumy, amikapbasoHy, TpMHeKca-
nak-etTunay, isokcadpawTony, nipnaaty, aunbeHsonap-S-
meTuay, bibeHasaty Ta paydeHaueTy AK Cymn peYOBUHM
Ta ii meTaboniTiB B CiIbCbKOrOCNOAAPCbKIM CUPOBUHI Ta
06’€KTax HaBKOJIMLWHbOIO CepeoBMLLa.

O6’eKT i meTOoAU AOCNIAKEHHA.

Mpn BWKOHAHHI  [OCNIAMKEHHA BUKOPUCTOBYBA-
NIV @HaNITMYHI CTaHZAPTU KNeToauMmy Ta MOro ABOX
MeTabonitis Knetoaum cynbdoKkcuay Ta KAETogUM
cynbdoHy, amikapbasoHy Ta 1oro ABox MmeTaboniTis
amikapba3oHy pgesamiHO Ta amikapb6asoHy N-meTun
Ae3aMiHO, TpUHEKcanak-eTuay Ta Woro metabonity
TPUHEKCANaK-KMCAoTK, i3okcadnoTony Ta Moro meta-
6onity auKketoHiTpuny (RPA 202248), nipuaaTy Ta Moro
meTabonity nipuagadony, aumbeHsonap-S-metuny Ta
moro metabonity aunbeHsonap-KMcnoTm, bipeHasaTty Ta
noro metabonity bideHasat-giazeHy, dnydeHauety Ta
dTOpaHiNiHy — noxigHoro ¢nydeHaueTy Ta Moro mera-
6onitie, (96,8-99,92)% YMCTOTH, 3 AKMX B ALETOHITPUAI
rotyBanu BUWXiAHI CTAHOAPTHI PO3YMHM KOXKHOI CMo-
NYKK 3 KoHUeHTpauieto 100 mKkr/ma. 3miwyBaHHAM Ta
NocniflOBHUM PO3BEAEHHAM aLETOHITPUIOM BUXiQHUX
PO34YMHIB CMONYK rOTyBasn 5 rpagytoBanbHUX PO3UUHIB
OBOX CyMillei: KneToanmmy Ta Moro ABox meTtabonitis i
amikapba3oHy Ta oro ABox meTaboniTiB; 3milLlyBaHHAM
Ta NOCNIAOBHMM PO3BEAEHHAM CYMILLLLIO aLEeTOHITpUAY
3 BOAHUM PO34MHOM OpTOPOCHOPHOI KUCNOTU BUXIAHWUX
PO3YMHIB TPUHEKCANaK-eTUAy Ta TPUHEKCanak-KuUCao-
TV roTyBasM 5 rpafytoBasibHUX PO3YMHIB CyMillen LmUx
cnonyk. MocniaoBHMM po3BefeHHAM (aLeTOHITpUIOM
abo cymillammn aLETOHITPUAY 3 BOAHUMMU PO3YMHAMM
opTodocdopHOi YM OLTOBOI Ta ackopbiHOBOI KMCAOT)
BUXiZAHUX PO3YMHIB AUKETOHITpUAY, Nipugadony, aum-
b6eH3onap-kncnoTn, bideHasarty, propaHiniHy rotysanm
no 5 rpaaytoBasnibHMUX PO3UYMHIB KOXKHOI CNONYKK. [pagy-
I0Ba/IbHi PO3YMHM CMONYK (B TPbOX BMNAZAKaX — Cymillen
CMONYK) BMKOPWUCTOBYBAAM ANA nobynosu ix rpagyto-
Ba/IbHUX 3a/1€XKHOCTEN 3 METOI0 34iAICHEHHSA Ki/IbKiCHOTro
BM3HAYEHHSA CMONYKM B MOAeNbHMX Npobax; pobouyi pos-
YMHU LOCNIAKYBAHUX CNONYK — AN BBEAEHHA (BHeCeH-
HA) B MOZeNIbHi P06y 3 MeToto NepeBipKM NPaBUIbHOC-
Ti Ta TOYHOCTi 3aMPOMNOHOBAHOI METOAMKN BU3HAYEHHA
CMONyK.

Mpu po3pobui aHANITUYHMUX METOAMK BUKOPUCTOBY-
Ba/IM XiMiYHi peakTneu KBanidikaLii «<unctnin ana aHani-
3y», «XIMIYHO YMCTUINY, «XIMIYHO YNCTUI ONS BUCOKOE-
$EKTMBHOI pigMHHOT xpomaTtorpadii».

XpomaTorpadiyHuii aHani3 NPoBoAMAN Ha PiAUHHUX
xpomatorpadax dipmu Lnmagzy (AnoHis): LC-10AS Ta
LC-20AD 3 ynbtpadionetosumn (YO) getektopamu, LC-
10AD 3 piogHO-MaTPUYHUM AETEKTOPOM; XpOMaTorpa-
biyHe po3pineHHA 34iicHIOBaNM Ha CTaNeBUX KOJIOH-
kax 250/4,6 Nucleosil 100-5 C18 Tta 250/4,6 Nucleodur
100-5 CN-RP.

Micna BMG6OPY ONTMMANbHUX YMOB XpomaTtorpady-
BaHHA 3AiliCHIOBanM xpomatorpadiyHuin aHanis (He
MEeHLLEe TPbOX PasiB) KOXKHOro rpafytoBasibHOrO PO34u-
HYy cnonyk (B TPbOX BMNAAKax — CyMillel cnonyk) ans
nobynosu rpadikiB 3aneKHOCTI nJowi XpomaTorpa-
diyHOro Miky KOXHOI cnosyKuM Big ii KOHUeHTpauii. ns

ineHTMdIKaLi Nika KOHKPETHOT CNONYKN Ha XpoMaTorpa-
Mi rpagytoBasfbHMX PO3YMHIB TPbOX CyMilLel CNONyK,
TO6TO ANA BCTAHOB/IEHHA Yacy YTPUMYBaHHS — AKiCHOI
XapaKTEPUCTUKM KOMMOHEHTA, MNOMNepesHbo Mpu TUX
CaMMX YMOBAX XpoMaTorpadiyHoro po3aisneHHA Nposo-
ANNn xpomaTtorpadiyHuii aHani3 po3UnHY KOXKHOI 3 A0-
CNiAXKYBAHUX CMONYK.

MpaBWbHICTb Ta TOYHICTb BM3HAYEHHA AOCHIANKY-
BaHWX CMNONYK B Mpobax BoAM, IPYHTY, CinbCbKOrocno-
OAPCbKUX KYNbTYp MiATBEPAXKYBa/M METOAO0M «BBefe-
HO—3HalaeHo». |aeHTMIKaLio AOCNIAXKYBAHUX CIONYK
B €KCTPaKTax Npob NpoBoAMAM 33 YacOM iX YyTPUMYBaAH-
HA B rpajytoBasibHUX PO34YMHAX; KiNbKiCHE BU3HAYeH-
HA 34iMCHI0OBANM 33 BiANOBIAHOK 3aNEXKHICTIO MAOLL
XpomaTorpadiyHoro niky pe4yoBMHM Bif, KOHLUEHTpPaLi B
rpagytoBasbHOMY pPO34MHi (MeTog abcontoTHOro rpaay-
toBaHHA abo MeToz, 30BHiLHBbOrO CTaHAAPTY).

CtaTncTUYHY 06pObKy pe3ynbTaTiB MPOBOAUAN 3 BU-
KOPUCTaHHAM NaKeTy CTaTUCTUYHMX nporpamu IBM SPSS
StatisticsBase v.22 Ta MS Excel. Mpu cratuctuyHomy
aHanis3i OTPMMaHUX AaHUX BMKOPWUCTAHO AECKPUMNTUB-
HY CTaTUCTUKY, KOPenALiNHUIA Ta perpeciiHuini aHanisu.
ALEKBaATHICTb OTPMMaHUX PiBHAHb perpecii nepesipanu
3a F-ctatuctmkoto Piwepa.

Pe3ynbTatu gocniaKeHHs Ta ix 06roBopeHHs.

OpaHieto 3 6araTbox nepesar metoay BEPX € moxaun-
BiCTb CYMICHOrO BM3Ha4YeHHsA nectuumMais Ta ix metaboni-
TiB B 0AHiN npobi [1]. Tomy came uei meToa HalyacTiwe
BMKOPUCTOBYIOTb NPU BUPILLEHHI TaKMx 3aday. Po3pob-
Ka MOAIGHOT aHaNITUYHOT MEeTOAMKN 3HAYHO YCKNagHe-
Ha, afrKe cTagii npoboniAroToBKM, xpomaTtorpadiyHoro
aHanisy Ta 06pobKM pe3yabTaTiB MOBUHHI OXONAOBATH
He Nuwe Ajloyy peyvyoBuHy, a i ii metabonitn. Jo Toro
X, ICHYE IMOBIpHiCTb HEOBXiAHOCTI OTPMMAHHSA Mig Yac
npoboniarotoBkn noxigHnx abo npoayktie metabo-
Niamy Aitoyoi pevyoBuHKU. IHGopmaLis npo po3pobneHi
cniBpobiTHMKamn nabopatopii BEPX IHCTUTYTY ririeHun
Ta ekonorii HauioHanbHOro meauyHOro yHisepcurtety
imeHi 0.0. boromonbLA METOAMKM BM3HAYEHHA BMICTY
AOitoYnx peyoBMH NecTUUMAiB CymapHo 3 ix meTaboniTa-
MU, AKi ,O3BONIAIOTb KOHTPO/IIOBATU 3aTBEPAKEHI meau-
KO-CaHiTapHi HopmaTueu [6], HaBeaeHa B Taba. 1.

Ona Toro, wob CTaso MOXIMBMM BU3HAYEHHA B
npobi Aitoyoi peyoBMHU CymapHo 3 ii meTabonitamuy,
HeobxigHo 6yno niaibpaTv onTMMasabHi YMOBKM Xpoma-
TorpadiyHOro po3aisneHHs Ta AeTeKTyBaHHA 3 BpaxXyBaH-
HAM }i3MKO-XiMIYHNX BIACTUBOCTEN LUMX CNOAYK 3a [2, 3]
Ta ocobnusocTelt nepebiry metabonismy. IHdopmauina
Npo YMOBW BM3HAYEHHA AOCNIAXKYBAHUX CMOAYK METO-
nom BEPX HaBeaeHa B Tabn. 2.

Tak, cymapHe BU3HAYEHHSA B Npobi Knetoanmy 3 Moro
meTabonitamu nepenbayano ogHOYaCHUN XpomaTorpa-
bivHUI aHani3 ycix TPbOX CNOYK — KNEToAMMY, KaeTo-
AMM cynbdoKecmay Ta Knetoaum cynbdoHy (Tabn. 1).
Micna nigbopy oONTMManbHUX YMOB pPO34ineHHsA (Lo
Bifob6paKeHO B 3a[0BiNIbHUX 3HAYEHHAX Yacy yTpUmy-
BaHHA CMONYK) Ta AETEeKTyBaHHA (WO BigobparkeHo B
330BiIbHOMY CMiBBiAHOLWEHHI BMCOT XpomaTorpadiy-
HUMX MNiKiB CNONYK) rpagytoBaibHUX PO3YMHIB CyMilli LMX
TPbOX CNoAyK, byna nobygoBaHa A1a KOXKHOIT CMOMYKK
rpaflytoBasibHa 3aNeXHICTb NaoLLi xpomaTtorpadiyHoro
niky Big il KOHUEHTpaLii B rpagytoBasibHOMY PO3YUHI
cymiwi; KoedilieHT Kopensuii 3an1eXHOCTeN ANA KOXK-
HOI 3 TPbOX CMOJIYK B Aiana3oHi KOHUeHTpauil Big 0,5
80 10,0 mkr/mn craHosus 0,9999 (tabn. 2). AHanorivHO

ISSN 2077-4214. Bichuxk npo6nem 6ionorii i meanuunn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172)

351



METOAU TA METOAWKU / METHODS AND METHODOLOGIES

Ta6bnuusa 1 — IHpopmauia npo aHaniTUYHe 3ab6e3neyeHHA BUSHAYEHHA BMICTY Ail0YMX PeYOBUH
nectMumnAiB cymapHo 3 ix metabonitamu

Hassa
Cnonyku, MeToauuHi LOQ/DL, MPL,
aliouol } . L0 BU3HaYaloTb Martpuus e NE me/ke mg/kg
pPEeYOBMHM metabonity (-ig) meTozoM BEPX o
TomaTn 1074-2011 0,1/- 0,1
Knetogum cynbd)o}(cm.q Knetoamm, knetopmnm KanyCTa 1473-2018 0,1/0,03 0,5
Knetogmm ’ cynbboKeuAa, KNetoamm
KNeToANM cybGOoH cynbdOH KaByHu 1474-2018 0,1/0,03 0,1
Oripku 1475-2018 0,1/0,03 0,1
Amikap6a3oH gesamiHo, | Amikap6asoH, amikapba- | 3EPHO KyKypyasu | 1527-2018 0,02/0,007 0,02
Amikap6asoH amikap6asoH N-meTun 30H Ae3amiHo, amikapba- Boaa 1529-2018 0,001/0,0003 | 0,002"
ne3aMiHo 30H N-meTun gesamiHo pyHT 1530-2018 0,02/0,007 0,02
HaciHHA pinaky 1715-2020 0,1/0,03 0,2
HaciHHA coHAw-
TpuHeKkcanak- TpuHeKcanak- TpuHeKcanak-eTun, Tpu- HUKY 1716-2020 0,05/0,02 0,05
eTun Kucnota HeKcanak-KucnoTa IPyHT 1831-2023 0,05/0,02 0,6"
3epHoXnIGHAX | 1035 5023 | 0,01/0,004 | 0,2
3/1aKiB
I3oKkcadnatoTon OukeToHITPUA [AnkeToHITPUA 3epHo copro 1543-2018 0,02/0,007 0,02
3epHOo HYTY 1646-2020 0,05/0,02 0,05
. ) ) Linbyna-pinka 1647-2020 0,05/0,02 0,05
Mipngat Mipupadon Mipuaadon
pha pupad pupad Kanycra 1648-2020 | 0,05/0,02 | 0,05
3epHo copro 1824-2023 0,05/0,02 0,05
éu,m6eH30nap— AuunbeHsonap-KucnoTa AuunbeHsonap-KucnoTa HaciHHA conAw- 1758-2021 0,02/0,008 0,02
-MeTUN HUKY
Oripku 1531-2018 0,1/0,03 0,1
i - A6 1532-2018 0,1/0,03 -
BibeHasaT Bidenasar BibeHasaT nyK? - 1/0,
njaseH ABNYUHUIA CiK 1532-2018 0,1/0,03 -
HaciHHa coi 1583-2018 0,05/0,02 0,05
dnydeHaueT okcanart, day- 3epHo KyKkypyasm | 1517-2018 0,05/0,02 0,05
beHaueT cynbdOHOBA KNC/O- - .
Pnyperauer Ta, pnydeHauet TiornikonAT ®TopaHiniki HaciHra 1517-2018 0,05/0,02 0,05
CynbbOKCHA COHALHUKY

Mpumitkn: BEPX — BUcokoedeKkTMBHA pignHHa xpomaTtorpadis; MKB — merka KinbKicHOro Bu3HaueHHs metogdy; MB — meKa BUABNEHHA meToay;
MZAP — MakcmanbHO 4oNyCTMMUIA piBeHb; # — noxigHe dpaydeHaueTy Ta Moro metaboniTie; * — rpaHUYHO AOMYCTUMA KOHLEHTPaLIs amikap6a3oHy
y BOAj BOAOMM, Mr/am?; ** — rpaHnYHO AONYCTMMA KOHLEHTPaLis amikapbasoHy B rpyHTi, Mr/Kr; ™ — OpieHTOBHO [OMYCTMMa KOHLEHTpaL,s Tpu-

HeKcanak-eTuay B FPYHTI, MI/Kr; —— 3HaYEHHs MOKa3HWKa BiACYTHE.

Binbysasca i xpomartorpadiuHuin aHaniz amikapbaso-
Hy 3 lloro metaboniTamm — amikapbasoHy Ae3amiHo Ta
amikapbasoHy N-meTun pgesamiHO, Ta TPUHEKcanak-
eTuny 3 1Moro metabonitom — TPUHEKCANAK-KMUCAOTO
(tabn. 1, 2).

BusHaueHHA B npobi i3okcadnatotony, nipugaty Ta
aumnbeHsonap-S-meTuay cymapHo 3 ix meTtabonitamu
nepenbayano xpomaTtorpadiyHuii aHanis ix metaboni-
TiB — BiANOBIAHO AMKETOHITpMAY, Nnipngadony Ta auum-
6eH30/1ap-KNC/IOTK; BM3HAYeHHs B npobi bideHasaty
cymapHo 3 meTtabonitom b6ideHasaTt- giaseHom nepea-
6avano xpomaTorpadiyHuit aHanis bipeHasaTy; BM3Ha-
YeHHA B Npobi paydeHaueTy cymapHo 3 meTabositamm
nepenbayano xpomatorpadiyHuin aHanis ix noxigHoro
— ¢TopaHininy (Tabn. 1, 2).

Cnip, 3a3HaunTK, WO B HiNbWOCTI BUNAAKiB XpOMaTo-
rpadiyHe pospgineHHsa 34iMCHI0OBAAM Ha HaMMOLMpPEHI-
Wi, 3rigHo 3 [7], obepHeHin dasi C18 (Hepyxoma dasa),
WO nigKpecntoe ii yHiBepcanbHiCTb; xpomaTtorpadiyHe
BM3HAYeHHs nipuaadony Ta aumbeHsonap-KMcAoTU
Kpalle BifbyBasoca npu 3acTtocyBaHHi obepHeHOI He-
pyxomoi ¢asu CN-RP (tabn. 2). XpomaTtorpadiyHe pos-
AiNeHHA 34iMCHI0BaNN NPY i30KPAaTUYHOMY €/1t0H0BaHHI
(OKpiM METOAMK BU3HAUEHHS KNETOAMMY, TOUHEKCanaK-
etTuny Ta nydbeHaueTy, B AKMX po3aineHHs Bigbysanoca
B rPafLiEHTHOMY PEXMMI) NONAPHUM eNtoeHTOM (pyXxoma
¢$asa) 3 OCHOBHMMM KOMMOHEHTaMM — aLETOHITPUIOM i
BOZO0, Ta MogudikaTopammn — oLToBO abo opTodoc-

¢dopHoto knucnotamm. OCKiIbKM CNEKTPU A0CAIAKYBAHMX
CMONYK XapaKTepu3yrTbCA NOMMHAHHAM B YO obnacri,
a KOMMNOHEHTU pyxomoi dasu (aueToHiTpuA i Boga) npo-
30pi gna Y® ceitna, xpomatorpadiyHuii aHanis nposo-
AWK 3 3acTocyBaHHAM YO aeTekTyBaHHsA (Taba. 2), ake
BMKOPWCTOBYIOTb B CYYaCHMX METOAMKAX BU3HAYEHHA
nepesaxKHoi 6iNbLIOCTI necTMunais.

Bu3HauyeHHA MIiKpOKiNbKOCTEN necTuumMay B Cifb-
CbKOroCnoAapcbKin npoaykuii Ta ob’ektax [oBKiNNA
XpomatorpadiyHMm MeToaoM B 3ara/ibHOMy BUMALKY
BKJIKOYAE HACTYMHI eTanu: MiAroToBKa 3paskKy, BUYYeEH-
HA Oil0YNX PEYOBMH 3 aHanNi30BaHOI NPobu, oUnLLEHHA
E€KCTPaKTy Big4 CYNyTHIX AOMIlIOK, KOHLEHTPYBaHHSA,
nifAroToBKa nNpobu [0 BBeAeHHA B xpomaTorpad, xpo-
maTorpadiuHe BM3HauYeHHs, 0bpobka pesynbraTie. Kpim
LMX OCHOBHWX eTaniB, METOAUKA CYMapPHOro BU3HAYeH-
HA Aitoyoi pevyoBMHU necTuumay Ta ii metabonity moxe
nepeabayatu B Binbluit Mipi, HiXX mMeToauKa iHAMBIAY-
aNbHOrO BM3HAYEHHA Ait0Y0i PeYOBUHU, «HETPaAULLN-
Hi» eTanu, TakKi, AK OKUCHEHHA, BiAHOBNEHHA, AepuBa-
TU3auia, rigponis, neperoHKa 3 BOAAHOK Napoto. YMOBH
niaAroToBKM Npob CifibCbKOrocnoZapcbKoi NpoAyKLii 40
CYMapHOro BU3HAYEHHA B HUX AiOYMX PEYOBUH Ta iX Me-
TaboniTtiB B HaBeAeHi B Tabn. 3.

Tak, nigrotoBka Npob 40 BU3HAYEHHA KOXHOI i3 A0-
CNiAKYyBaHWUX CMONYK BKOYANA BUAYYEHHA Crnocobom
PiAMHHOT eKCTPaKLLi 3 BUKOPUCTAHHAM iHAMBIAYaNbHOTO
pO34YMHHMKaA abo cymili po3umHHUKIB Ta baraTtocTagin-
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Tabnuua 2 — YMoBM BU3HAUYEHHA A0CAIAXKYBaHUX CMONYK METOA0M BUCOKOE(PEKTUBHOI
pianHHOi xpomatorpadii

YmoBu xpomatorpadysaHHa*
K/JeToaAuM Ta eliflilplCestol | e AumnbeH3sonap- dTOpaHiNiH
XaPaKTePV_'C' g" B Ta MeTabo- | mak-eTUN Ta |AUKETOHITpUA| nipugadon H P bipeHasaT F;VIB
TUKa aHanisy MET?M?B”'TM nitn meTabonit | (MB Ne 1543- (MB KM(CM"gTa (MB N°(1517
3 (mMB (mMB 2018) Ne 1824-2023) } Ne 1583-2018)| :
Ne 1475-2018) Ne 1527-2018)|Ne 1832-2023) Ne 1758-2021) 2018)
OeTtekty- | YO petektop, |YO aetekTop,|AM getektop,|AM getektop, [AM getektop,|AM getektop,|[AM aetekTop, ﬂ,MTgETEK-
BaHHA 254 um 221 Hm 280 Hm 295 Hm 280 Hm 235 Hm 265 Hm P,
245 Hm
KonoHKa 250/4,6 250/4,6 250/4,6 250/4,6 250/4,6 250/4,6 250/4,6 250/4,6
(Hepyxoma |Nucleosil 100-|Nucleosil 100-Nucleosil 100-{Nucleosil 100-| Nucleodur Nucleodur |Nucleosil 100-| Nucleosil
¢basa) 5C18 5C18 5C18 5C18 100-5 CN-RP | 100-5 CN-RP 5C18 100-5C18
rpagieHT B . . . R .
cucTemi aBox . rpadieHT 8 aLeToHi- aueToHi- aLeToHi- aLeToHi- rpagieHT
entoeHTIE — aueToHi- | cucTemi ABOX | _ " 0 o Tpun+0,1% | Tpun+0,1% | Tpnn+0,5% B CUCTe-
Pyxoma aueToHiTpun / TpUN + BOAA | €Nt0eHTIB — pBO H1:||7| ° BOAHWUMI BOAHMUM BOAHUI PO3- Mi ABOX
dasa 4 o pun / (50450, |aueToHiTpun / A po3unH H_PO, [po3uunH H_PO, |[unH CH3;COOH| entoeHTiB —
0,5 % BogHui o 2| po3unH H_PO 3 T4 30 74 R
DO3UMH 06+06) 0,1 % BogHUI (45455 063+064) (40+60, (40+60, (70+30, |aueToHiTPUA
CH.COOH posunH H,PO, 06+06) 06+06) 06+06) /BOAa
7,0£0,1! 4,4+0,1° 5
ngx:‘;”x’y' 7,5£0,12 4,9+0,1 1%'?;%'1110 8,4+0,1 4,8+0,1 5,20,1 5,8+0,1 8,2+0,1
’ 12,0+0,13 6,2+0,17 e
$=1493,0+ $=1843,4+
34677,5p’ 43664,1p° $=350,2+
lpaaytoBanb- _ - g _ _ _ _ _
e 3an6K- 5$=1338,9+ 5$=1087,8+ 54943,3p $=-1709,5+ $=233,4+ S$=-2677,6+ $=997,6+ $=2278,7+
HieTE 33982,4p? 36968,7p° $=155,9+ 28007,2p 76867,3p 61316,6p 47691,4p 19934,8p
$=1589,4+ $=1246,5+ 54225,6p"
32479,2p° 41692,3p”
- 0,9999* 0,9999° 5
*f(‘(’)et';t'f'f 0,9999 0,9999° g'ggggm 0,9994 0,9999 0,9999 0,9998 0,9999
penAl 0,9999° 0,9999’ '
”';'K‘"r;'vf;" 0,5-10,0° | 0,25-5,0% | 0,1-2,0" 0,25-5,0 0,15-3,0 0,1-2,0 0,5-10,0 | 1,25-25,0
PUMITRA:

1. MB — meToAMuHi BKa3siBKKY, YO — ynbTpadionetosuii getektop, M — AioAHO-MaTPUYHWUI AeTEKTop.
2. * — 06’emHa BuTpaTa pyxomoi ¢pasm — 1 ma/xs, Temnepatypa Tepmoctata KonoHku — 30 °C, 06’em npobu, Lo nigaaetbca xpomaTtorpadivHomy

aHanizy — 20 mka.

3. ** — 3anexHicTb naoLwi xpomartorpadiyHoro niky cnoayku (S, ym. o4.) Big, KOHLEHTPaLi CNOAYKM B rpagytoBanbHOMY PO3UMHI (0, MKr/ma).
4. ' — knetoamm cynbdoKeua, > — KNetoaum cynbdoH, > — Knetoaum, ¢ — ana KNetoaumy Ta iMoro o6ox meTabonitis, ° — amikapbasoH Ae3amiHo,
6 — amikapbasoH, ’ — amikapba3oH N-meTun gesamito, ® — ans amikapbasoHy Ta Moro 060x meTabonitis, ° — TpUHEKcanak-kucaoTa, *° — TpuHekca-

nak-etun, ' — AnA TpUHEKcanak-eTUay Ta oro meTtabonity.

He OYMLLEHHA OTPUMAHUX EKCTPAKTIB Bif, KOEKCTPAKTMB-
HUX pevyoBUH. OYMLLEHHA 34iACHIOBANM 32 AOMNOMOroH
nepepos3noAiNy B CUCTEMI PO3YMHHUKIB, LLO HEe 3Milly-
toTbca (iHoAi B ABOX Ta binblie cucTemax, HamMyacTiwe
— 3 KopekKLuieto pH) Ta /abo aacopbuiinHoi xpomaTtorpa-
il 3 3acTOCYBaHHAM KapTpuAaxKiB, AKi OynM 3anoBHeHi
obepHeHoto (C18, moandikoBaHW NiponigoHOM nonic-
TUPEeH, MoandiKkoBaHUI eTUeHdiaMiHOM MoAiCTUPEH),
HopmanbHoto (NH2, Florisil, Silica) un ioHHoOOBMiHHOWO
(SAX) dpasamun. B geakux Bunagkax ans sabesnedyeHHs
3340BiNIbHOTO CTYNEHA OYULLEHHA, HAaMPUKAAL, B METO-
AMKaX CYMapHOro BM3HaYeHHA 3 meTaboniTamu amikap-
6a30Hy Ta i30KcadntoToNy, ByNM 3aCTOCOBAHI CUCTEMM
NocnifloBHO 3’€QHAHUX ABOX KAPTPUAKIB 3 PisHUMMU
copbeHTamu (Tabn. 3).

Ane BU3HayeHHA Nipuaaty, aumbeHsonap-S-metuny,
bideHasaty Ta paydeHaueTy cymapHo 3 ix metabonita-
MK noTpebyBano i NpoBeAeHHA XIMIYHMX peakuin, Aki
pPiAKO 3yCTpivatoTbCA B METOAMKAX iHAMBIAYaNbHOro
BM3HAYeHHA nectuumAais. Hanpwknag, aumbeHsonap-
KMCNOTYy OTPMMYIOTb B pPe3ynbTaTi NYXKHOro rigponisy
aumnbeHsonap-S-meTuay B npucytHocti 1 M BoaHoro
PO34YMHY HATPIlO TiAPOKCMAY MPWU HarpiBaHHi Ta B Mo-
OaNblOMy eKCTparyoTb 3 04aBaHHAM meTaHony. Me-
Tabonit nipugaty — nipugadon — OTPUMYHOTb TEX B
pe3ynbTaTi IY>KHOrO rigponisy, ane nicna BUAYYEHHA 3

MaTpuLi NipuaaTy Ta HaaBHOro B MaTpuui nipuaadpony
OpPraHiYHMM PO34YMHHUKOM. AHANOTIYHO NiCNA BUNYYEH-
HA OpraHiYHMM PO3YMHHUKOM 3 MaTpWULLi i3oKkcadatoToNy
Ta NPWUCYTHBLOrO B MaTpuLi meTaboniTy B pe3ynbTaTi ge-
puBaTU3auji (i3omepu3saLii MoneKyau nig BNAMBOM Nyry)
OTPUMYIOTb MeTaboIiT i30KcadNtOTONY — AUKETOHITPU.
[Ons BU3HaYeHHsA bidpeHasaTy 34ilCHIOTb BiAHOBNEHHA
meTabonity 6ideHasaT-giaseHy A0 BWXILHOI CMOAYKK,
O 40r0 KiHLEBMIN eKCTPAKT Nicas po3seneHHA B cyMili
AUeTOHITPMAY 3 BOAHMM PO34YMHOM OLTOBOI Ta ackopbi-
HOBOI KMCOT BUTPMMYIOTb BNPOAO0BXK 12 roanH.
Halibinbl TpyoomicTKow cepef, 3a3HaYeHUX € me-
TOAMKa BU3HauyeHHA dnydeHaueTy B 3epHi KyKypya3u
Ta HaCiHHi COHAWHUKY. BusHaueHHA dnydpeHaueTy (AK
cymun dnydeHaueTy Ta ioro metaboniti) 6asyeTbca Ha
OKMCHEHHI (Kanilo nepmaHraHaTom B NpucyTHocTi 0,5 M
BOAHOMO PO34YMHY CipyYaHOi KMUCNOTU) Ta KUCNOTHOMY
rigponisi (KMn’saTiHHA B NPUCYTHOCTI KOHLLEHTPOBAHOI
cipyaHoi KncnoTu Bnpoaos: 20 roanH) paydpeHaleTy Ta
noro metaboniTiB y npobax 3epHa KyKypya3u Ta HaciHHSA
COHALLHUWKY 3 yTBOPEHHAM dTopaHiniHy. Micna BctaHoB-
NeHHa pH=12 (3a gonomoroto 50 % BOAHOIO PO3UMHY
HaTpilo rigpokcmay), dTopaHiniH BMAYYalOTb MEPEroH-
KO0 3 BOZAAHOI MApoto Nif KOHTposnem pH anuctunarty (3
[0A3aBaHHAM KOHLLEHTPOBAHOI X/1I0POBOAHEBOI KUCNOTH
[0 BCTaHOB/IEHHSA 3HaYyeHHA pH<2). B noganbwomy ¢To-
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Tabauua 3 — YMoBM NiarotoBKu Npob CiibCbKOrocnogapcbKoi CUPOBUHU AN BUSHAYEHHA
Bi0UYMX PevOBUH NecTULMAiIB CyMmapHO 3 ix meTabonitamm

YMOBM NiAroToBKM Npob [0 BU3HAYEHHSA
Etan npo6o-| knetoaum |amikapb6asoH TPUHERCanak- i3oKkcadpntoTon nipnpat a”'MS6eH3°_ bipeHasaT | dnydeHaueT
niarotoBky |(MB Ne 1475- | (MB Ne 1527- (MBﬂo“f%z_ (MB Ne 1543- |(MB Ne 1824- ?I\?IE-N;M;;TSMSII (MB Ne 1583-| (MB Ne 1517-
2018) 2018) 2023) 2018) 2023) 2021) 2018) 2018)
BunyyeHHA | eKCcTpaKuia | eKcTpaKkuia | eKkcTpakuis eKcTpakuis eKCcTpakuis NYKHUA eKCTPaKLiA | OKUCHEHHA
CMONyK 3 aueToHOM cymilwo CYMILILIIO |aUEeTOHITPMAOM| aueToHITPU- |  rigponis cymilwo
npobu KNeToAMMy Ta| aueTOHITPUA | aueTOoHITPUA |i3oKcadatoToNy [nom nipnaaTty aueToHITpuay
meTabonitis +H,PO, + CH3COOH | Ta amkeToHi- | Tanipuga- nicns oxo- | ta 10 % BoA- | KUCNOTHUMA
(100+1, |(98+2, 06+06) Tpuay dony NIOAMKEHHs |HOro po3YuHy| riaponis 3
06+06) ami- | TpuHeKca- eKCTpaKLuia |ackopbiHOBOI| yTBOPEHHAM
Kapba3oHy Ta| nak-eTuny Ta | GinbTpyBaHHa* | GinbTpyBaH- BOAHUM KMUCNOTH bTOpaHiniHy
meTabonitis | meTaboniTy | nigcywysaH- Ha* MeTaHO/I0M (C,H0,)
HA** nigcywyBaH- | aunbeHso- | bipeHasaty
ynaptoBaHHa*** HA** nap-kucaoTu |Ta bidpeHasar-
ynaproBaH- AiazeHy
dinbTpyBaH- | GinbTpyBaH- | GiNbTPYBaH- |AepuBaTU3aLlin HA***
HA* Ha* Ha* i3okcadpaoTony
ynaploBaH- | MiAcywyBaH- | 3 yTBOPEHHAM NYKHUIA | GinbTpyBaH- | GpinbTpyBaH- | BCTAHOBEH-
HR*** HA** OVKETOHITpuny | rigponis Ha* Ha* HA pH212
ynaproBaH- nipuaaty 3
HA*** YTBOPEHHAM
nipuaadony
OunLLEeHHA cuctema  [TBepaodasHalascopbuiiiHa| 3 cuctemu «pi- | cuctema «pi-| 3 cuctemu cuctema neperoHka
EeKCTPaAKTY | «piAnHa—pi- [eKCTpaKLia Ha| XpomaTorpa- | AMHa—pignMHaY | AMHA—pian- | «pignHa— | «pignMHa—pi- | 3 BOAAHOIO
ANHa» KapTpuax C .| ¢is (kap- 3i 3miHOtO pH |Ha» 3i3miHOlO| pignHa» 3 OUHa» napoto
TPUAXK pH noTpiliHoO dTOpaHiniHy
Strata SI-1 3miHotwo pH 3 KOHTpONIEM
Silica) pH anctunarty
(pH<2)
2 cuctemn |apcopbuiriHa apcopbuiiHa |agcopbuiiHa|agcopbuiiHalaacopbuiitHa | cuctema «pi-
«piguHa— | xpomaTorpa- XpomaTorpa- |XpomaTorpa- [ Xxpomartorpa- [ Xxpomartorpa- | guHa—piau-
pignHa» 3 oin (kap- odis (cuctema oin (Kap- oin (kap- din (kap- [Ha» 3i 3miHOMO)
noagiiHoto |Tpuax Strata nocnifoBHO [Tpua Strata-|Tpuax Strata | Tpuasx Strata pH
3miHoto pH FL-PR) 3’egHaHMx | X-AW 33 MKM SAX) NH,)
KapTpuaxis Polymeric
Strata-XTa | Weak Anion)
Strata FL-PR)
KorueHTpy- yrnaproBaHHa***
BaHHA
ONA BU3HaAYeHH:A bideHasaTy — pO3UMHEHHA 3a/MLLKY B CYyMilli aLLeTOHITPUAY 3 BOAHUM po3umHom KucnoT CH3COOH i
MiarotoBKa C,H O, Ta BUTPMMKa NpU KiMHATHi TemnepaTypi BNpoA0BXK 12 roAWH ANA BIAHOBNEHHA
npobwu go 6ipeHasaT-giaseHy no bipeHasary;
BBeAEHHSA B ONA BU3HAYeHHA nipuaadony, aumbeH3onap-KMCNoTH, TPUHEKCANAK-ETUNY Ta TPUHEKCANAK-KUCIOTH —
XxpomaTorpad PO3YMHEHHSA 3a/IMLIKY B CyMili aueToHiTpun+0,1 % BogHMIA po3umnH H,PO,; AnA BU3HAUEHHA IHWKX
A0CNIAXKYBAHUX CMONYK — PO3YMHEHHA 3a/IMLWIKY B aLLETOHITPUAI

Mpumitka: * — QinbTPyBaHHA EKCTPaKTy Yepes naneposuit ¢inbtp, ¥* — nigcywysaHHA eKcTpakTy 6e3BOAHUM HaTpito cyibdaTom Na,So,, *EEk

yNaptoBaHHA PO3YMHHMKA Ha POTALiMHOMY BUMAPHUKY.

paHiniH eKcTparytTb 3 JIY}KHOro BOAHOIO cepefoBMLLa
(npwn pH=12) guxnopmeTaHOM.

ETan 06pobKM pe3ynbTaTiB METOAMK CYMapHOro BU-
3HAYEHHA AitoYMX PevyoBMH Ta ix MeTabonitiB TexX mae
BiAMIHHOCTI MOPIBHAHO 3 MeTOAMKAaMM BU3HAYEHHA
OKpeMoi cnonyku. Tak, y BUNaZKy BU3HAYEHHA KNeTo-
OMMY CyMapHO 3 1ioro metaboniTamu B pesynbTaTi Xpo-
MaTorpadiyHOro aHanisy OTPUMYIOTb OKPEMO 3HAYEHHA
BMICTy BMXiZHOI CMONYKM Ta KOXHOro metabonity. B
noAanbWoMy BMICT KOMKHOFO 3 ABOX MeTabonitie ne-
pepaxoByOTb Ha BUXigHY CNOMYKY, BPaxoBykun Biamno-
BigHI KoediuieHTM — BigHOLWEHHA MONEKyNAPHOI MacK
KNeToaumy A0 MOJEKYNAPHOI macu meTaboniTy. TobTo,
KiHUEBUI pe3ynbTaT — Le CYMapHU BMICT MOro ABOX
MeTaboniTiB B nepepaxyHKy Ha KJeTogMM Ta Camoro
Knetogumy. AHanOrN4YHMM YMHOM MPOBOAATL PO3pPaxy-
HOK CYMapHOro BMICTy amikapba3oHy Ta TpUHEeKcanak-
etuny. Ansa po3paxyHKy BMICTy i3oKkcadatotony, nipuaa-
Ty, aumbeHsonap-S-metuny Ta dpnydeHaLetTy HeobXiAHO
3p06UTN NepepaxyHOK 3HaYeHb BMICTY X MeTaboniTis,

AKI OTPUMann B pesynbTaTi XxpomaTorpadiyHoro aHai-
3y, 3 BpaxyBaHHAM BignoBigHNX KoedilieHTiB. BpaxoBy-
IOYM Te, WO CyMapHe BM3HayeHHA GipeHasaTy Ta Moro
meTabonity nepenbayae xpomatorpadiyHe BU3HAYEHHA
came b6ideHasaTty nicna BigHOBNEHHA oro meTabonity
bidpeHasaT-aia3zeHy 40 BUXiAHOT CNONYKM, NoaibHMI ne-
pepaxyHOK He noTpibeH.

BucHoBKM.

1. Metoa BMCOKOE(dEKTMBHOI PigMHHOI XpomaTo-
rpadii 4O3BONSE 34iACHIOBATN BU3HAYEHHSA KAETOAUMY,
amikap6a3oHy, TpMHeKcanak-eTuay, isokcadatoTony, ni-
puaaty, aumbeHsonap-S-metuny, bibeHasaty Ta dpnyde-
HaLUEeTy AK CYyMWU PeYyoBUHM Ta i MeTaboniTiB B Ci/IbCbKO-
rocrnofapcbKii npoaykKuii Ta 06’ekTax HaBKONMULWIHbLOIO
cepefoBuLLa.

2. CymapHe BM3HaYeHHA AOCNIAKYBAHUX Oil0UMX pe-
YOBMH mecTnumais Ta ix metabonitis metogom obepHe-
HO-$a30B0i BUCOKOE(DEKTMBHOT pigMHHOT xpomaTorpadii
BiaOyBaeTbcs B ymoBax: 1) HemonsipHoro aacopbeHTa
— Hepyxomoi ¢asu CN-RP (nipugaTt, aumbeHsonap-S-
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metun) abo C18 (iHwi cnonyku) Ta NOAAPHOro esnto-
eHTa — pyxomoi ¢asn 3 OCHOBHMMM KOMMOHEHTAMM
— BOAQA, aUETOHITPWA, Ta, MOXNMBO, MoandikaTopamm
— opTodochopHa abo oLToBa KUCAOTH; 2) rpagiEHTHOrO
(kneToamm, TpuHeKcanak-etun, edaydpeHauet) abo iso-
KpaTuyHoro (iHWi cnonyku) entotoBaHHsA; 3) yabtpadio-
JIeTOBOrO AeTEKTYBAHHS.

3. B meTogmMKax cymapHOro BU3HAYEHHA Aitoumx pe-
YOBWH NecTUUMAIB Ta iX MeTaboniTiB B 3a/1€XHOCTI Big,
XiMiYHMX NepeTBOPeHb AOCIAXKYBAHUX CMOYK MOXKN-
Bi HACTyMHi BapiaHTM XxpomaTtorpadiyHoro BU3HaAYEHHA:
BUXigHOI cnonyku (bipeHasaT); meTtabonitie (i3okcad-
NoTON, Mipuaat Ta aumbeHsonap-S-metun); BuxigHoi
CMONYKM OAHOYacHO 3 meTabonitamu (Knetoamm, ami-
Kapba3oH Ta TPUHeKcanak-eTu/); NOoXiAHOro BUXiAHOI
cnonyku Ta metabonitis (pnydeHaueT).

4. NiagroToBKa Npob ANA CYMapHOro BU3HAYEHHA B
HUX OO0CAIAMKYBAHUX LiH0YMX PEeyoBMH 3acobiB 3axuc-
TY POCAUH Ta ix meTaboniTie Nnepeabayae Taki OCHOBHI
(TpaauuiHi AnAa BM3HAYEHHA NecTUUMAiB) eTanu: Bu-
JIYYEHHA CNOYK 3 MaTpWL,i, OYULLEHHA Ta KOHLEHTPY-
BaHHA OTPMMAHUX eKCTpaKTiB. Mpu UbOMYy BMHMUKAE

HeobXiAHICTb NPOBEAEHHA TaKMX XIMIYHUX peakuin, Ak
OKWUcHeHHA (pnydeHaueT) abo BiaHoBneHHa (bipeHa-
3aT), rigponis KucnotHui (dnydeHaueT) abo nyxKHUIA
(nipuaart, aumbeHsonap-S-metun), aepusatmsauin (iso-
KcadntoTon), neperoHka 3 BogAaHow napoto (paydeHa-
uer).

5. Po3pobneHi MeToauKmM CyMmapHOro BU3HAUYEHHA Aji-
HOUMX PEYOBUH NEeCTULMAIB Ta iXx MeTaboniTiB B 06’ eKTax
HaBKO/IMLLHLOIO CepefloBULLA Ta CinbCbKOrocnogap-
CbKill CMPOBUHI A03BOAAOTb KOHTPOAOBATK BiAMNOBIAHI
MeANKO-CaHITapHi HOpMaTMBKW. BnpoBagKeHHA po3po-
6N1eHNX METOAMYHMX BKA3iBOK CNpUATMME BAOCKOHA-
NIEHHIO MOHITOPUHIY NecTULMAIB Yy AOBKiANI Ta npoBe-
OEHHLo 3axoAiB 3 NpodinakTUKKM ixX WKiAIMBOrO BNAUBY
Ha 340pO0B’A HaceneHHs.

MepcnekTMBM NOAANBLUNX AOCNIAMKEHD.

3 MmeToK ONTMMI3aLii KOHTPO/IO 3aCTOCYBaHHA Xi-
Mi4YHMX 33c06iB 3aXMCTYy POCANH NAAHYIOTLCA NOAANbLUI
[OCNioXKEHHA 3 BAOCKOHANEHHA METOAIB BM3HAUYEHHSA
Ai0YMX PeYOBMH NECTULMAIB CYMAPHO 3 iX TOKCUKONO-
riYHO 3HaAYyLLMMKM meTaboniTamu.
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BU3HAYEHHA OII0YNX PEHOBUH NECTULUAIB CYMAPHO 3 IX METABONIITAMU B XAPYOBUX NMPOAYKTAX,
CIIbCbKOroCrnoaAPCbKIA CUPOBUHI TA OB’EKTAX AOBKINNA

KopuwyH O. M., Minoxos [I. C., Jlinascbka A. O.

Pestome. Bcmyn. Cy4acHi BUMOTM 40 KOHTPOJIKO 32 BMICTOM NectTuumais B 06’ekTax AOBKINAA Ta CilbCbKOrocno-
OAPCbKil CMPOBMHI BCe YacTilwe nepeabayatoTb BU3HAYEHHSA HE JIMLLIE AiloYMX PEYOBUH XiMiYHUMX 3acobiB 3axmcTy
POCAMH, ane i NpPoAyKTiB ix meTaboniamy.

Mema docniorceHHA — po3pobKa xpomaTorpadiyHNX METOAMK aHANITUYHOTO BU3HAYEHHSA KNeToANMY, aMikapba-
30HY, TPMHEKCcanaK-eTuny, isokcadatotony, nipuaaty, aumbeHsonap-S-metuny, bideHasaty Ta pnydeHaueTy sk cymum
peyoBMHM Ta il MeTaboiTiB B CiIbCbKOrOCNOAapChKii CMPOBUHI Ta 06’€KTax HABKOIMLLHLOTO CEPEeA0BULLA.

06’ekm | memoou 0ocnidxeHHA. XpomaTorpadiyHuii aHanis NpoBoAUAM Ha PIAUHHMX XpomaTorpadax dipmu
Wnmapgy (AnoHin): LC-10AS ta LC-20AD 3 ynbTpadionetosnumm getektopamu, LC-10AD 3 gioagHO-MaTPUYHUM AETEK-
TOPOM; XpomaTorpadiuHe po3aineHHs 34iCHI0BAN Ha CTaneBux KosoHKax 250/4,6 Nucleosil 100-5 C18 ta 250/4,6
Nucleodur 100-5 CN-RP.

MpaBUAbHICTb Ta TOYHICTb BU3HAYEHHA AOCAIAXKYBAHWUX CNOAYK B Npobax BOAM, FPYHTY, Ci/IbCbKOrOCNoAapCbKMUX
KYNbTYp MiATBEPAMKYBa/IM METOAOM «BBeAeHO—3HalaeHOo». |aeHTMIKaLio AOCAIAXKYBAHMX CMOYK B €KCTPaKTax
npo6 NpPoBOAMAM 33 HYACOM iX YTPUMYBAHHA B rpafytoBasibHUX PO3YMHAX; KifibKiCHE BM3HAUYEHHsA 3/iMCHIOBAAN 33
BiANOBIAHO 3aN1EXKHICTIO NIOLWi XpomaTorpadiyHoro niky peyoBMHM Big, KOHLEHTPALT B rpaaytoBasibHOMY PO34MHI.
[ns cTaTUCTUYHOT 06pPOBKN pesynbTaTiB BUKOPUCTOBYBA/IM MaKeT CTaTUCTUYHMX nporpam IBM SPSS StatisticsBase
v.22 Ta MS Excel.

Pesynbmamu ma ix 062080peHHA. CymapHe BM3HAUYEHHS AOCNIAKYBaHUX Ail0YMX PEYOBWMH NecTUuMAiB Ta ix
MeTaboniTiB MeTogom obepHeHo-pa3oBOT BUCOKOEDEKTUBHOI PiAMHHOI XpomaTorpadii BigbyBaeTbcs B ymosax: 1)
HenonsApHoro agcopbeHTa — Hepyxomoi ¢pasn CN-RP (nipuaat, aunbeHsonap-S-metun) abo C18 (iHwi cnonyku), Ta
NOIAPHOIO e/toeHTa — PyXomMoi pasn 3 OCHOBHMMM KOMMOHEHTAMW — BOAA, ALETOHITPW, Ta, MOXKIMBO, Moandi-
KaTopamun — optodocdopHa abo ouTOBa KMCNOTU; 2) rPafieEHTHOrO (KNeToanm, TpuHeKcanak-etun, daydeHauer)
abo i30KpaTMUHOro (iHWi cnonyKku) entotoBaHHA; 3) yabTpadioNneToBoro AeTeKTYBaHHA. B 3ai1eKHOCTI Big, XiMiUHMX
nepeTBopeHb A0CAIAKYBAHUX CNOMYK MOXANBI HAaCTYMNHI BapiaHTU XpomaTtorpadiyHoro BU3Ha4YeHHA: BUXiAHOI crno-
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NyKK (BbideHasaT); meTaboniTis (i30kcadpatoToN, NipnaaT Ta aunbeHsonap-S-meTu); BUXigHOT CNOMYKM OAHOYACHO 3
meTabonitamu (knetoamm, amikapbasoH Ta TPUHEKcaNaK-eTu); NoXiaHOro BMXigHOT cnonyku Ta metabonitis (day-
deHauerT).

BucHogKu. MeTopg, BUCOKOepEKTMBHOIT PiANHHOT XpomaTorpadii 403BONAE 34iACHIOBAaTU BU3HAYEHHSA KNETOAUMY,
amikapba3oHy, TpMHeKcanak-eTuny, isokcadatoTtony, nipuaaty, aunbeHsonap-S-metuny, 6ipeHasaTy Ta daydeHaue-
TY AK CYMW PEYOBUHM Ta il MeTaboniTiB B CiNbCbKOrocnoAapchKin NPoayKLii Ta 06’eKTax HAaBKONULLHBOTO CepefoBU-
wa. Po3pobsieHi meToanKM A03BONAIOTb KOHTPO/I0BATW BiANOBIAHI MeANKO-CaHiTapHi HOpMaTUBN.

KntouoBi cnoBa: ximiyHi 3acobu 3axmcTy POCAMH, 3a/IMLLKOBI KiNIbKOCTI, CibCbKOrOCNOAApPCbKa MPOAyKLis,
06’EKTM HABKONIMLLHbOIO CEpPefOBULLA, MOHITOPUHT NECTULMAIB, aHANITUYHI METOANKM, MeLMKO-CaHITapHi Hopma-
TUBW.

DETERMINATION OF THE ACTIVE INGREDIENTS OF PESTICIDES TOGETHER WITH THEIR METABOLITES IN FOOD
PRODUCTS, AGRICULTURAL RAW MATERIALS AND ENVIRONMENTAL OBJECTS

Korshun O. M., Milokhov D. S., Lipavska A. O.

Abstract. Introduction. Modern requirements for controlling the content of pesticides in environmental objects
and agricultural raw materials increasingly provide for the determination of not only the active substances of
chemical plant protection agents, but also the products of their metabolism.

The aim of the study is development of chromatographic methods for the analytical determination of clethodim,
amicarbazone, trinexapac-ethyl, isoxaflutol, pyridate, acibenzolar-S-methyl, bifenazate and flufenacet as the sum of
the substance and its metabolites in agricultural raw materials and environmental objects.

Research Methods. Chromatographic analysis was performed on liquid chromatographs of the Shimazu com-
pany (Japan): LC-10AS and LC-20A with ultraviolet detectors, LC-10AD with a diode-array detector; chromatographic
separation was carried out on steel columns 250/4.6 Nucleosil 100-5 C18 and 250/4.6 Nucleodur 100-5 CN-RP.

The correctness and accuracy of the determination of the investigated compounds in samples of water, soil, and
agricultural crops were confirmed by the “introduced-found” method. The identification of the studied compounds
in sample extracts was carried out according to their retention time in the calibration solutions; quantitative deter-
mination was carried out according to the corresponding dependence of the area (height) of the chromatographic
peak of the substance on the concentration in the calibration solution.

Results and discussion. The overall determination of the studied active substances of pesticides and their metab-
olites by the method of reversed-phase high-performance liquid chromatography takes place under the following
conditions: 1) non-polar adsorbent — stationary phase CN-RP (pyridate, acibenzolar-S-methyl) or C18 (other com-
pounds) and polar eluent — mobile phases with the main components — water, acetonitrile, and possibly modifiers —
orthophosphoric or acetic acid; 2) gradient (clethodim, trinexapac-ethyl, flufenacet) or isocratic (other compounds)
elution; 3) ultraviolet detection. Depending on the chemical transformations of the studied compounds, the follow-
ing options for chromatographic determination are possible: initial compound (biphenazate); metabolites (isoxa-
flutol, pyridate and acibenzolar-S-methyl); of the original compound simultaneously with metabolites (clethodim,
amicarbazone and trinexapac-ethyl); derivative of the original compound and of metabolites (flufenacet).

Conclusions. The method of high-performance liquid chromatography allows the determination of clethodim,
amicarbazone, trinexapac-ethyl, isoxaflutol, pyridate, acibenzolar-S-methyl, bifenazate and flufenacet as the sum of
the substance and its metabolites in agricultural products and environmental objects. The developed methods make
it possible to control the relevant medical and sanitary regulations.

Key words: chemical means of plant protection, residual quantities, agricultural products, environmental objects,
pesticide monitoring, analytical methods, medical and sanitary standards.
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