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IMPROVEMENT OF ANALYTICAL DETERMINATION
OF CYPROCONAZOLE AND PROPICONAZOLE
IN FRUIT CROPS

Goal. Development and unification of the method of simultaneous determi-
nation of cyproconazole and propiconazole in fruits (apples, peaches, grapes)
by gas-liquid chromatography (GC). Methods. The active substances were
determined by gas-liquid chromatography (GC) using a gas chromatograph
«Perkin Elmer 8410» with an NPD detector. Propiconazole and cyproconazole
were identified by the retention time of the compounds, quantification by the
calibration dependence of the chromatographic peak area of the analyte on its
concentration in the calibration solution by correlation and regression ana-
lyzes. Results. The choice of the method of determination is limited by the
physicochemical properties of the active substance and the characteristics of
the object under study (matrix). The optimal conditions for determination were
selected using a chemical-analytical monitoring algorithm and a system for
multiquantitative determination of pesticides in matrices. According to them,
the matrices are analyzed in stages: extraction, purification, qualitative and
quantitative determination. Cyproconazole and propiconazole are low-polar
compounds (u of their cis- and trans-isomers are 4.43; 4.71 and 3.80; 4.20 D,
respectively), so extraction was performed with chloroform (¢ 5.1). Purifica-
tion of extracts from coextractive substances of matrices was performed by
TLC. Compounds were identified by retention time, and quantification (C,
ug/ml) was performed on the areas of chromatographic peaks (S, mm?) in
the range of linear detection (2— 10 ng) according to the linear regression
equations: Sc = 11.991 C — 6.096 (R = 0.998); Sp = 13.721 C — 4.221
(R> = 0,994). The average value of measurement is §1.0—87.8%; standard
deviation 2.21—5.38%, confidence interval (P 0.95; n = 15) 1.94—4.72%.
Conclusions. Optimal selective conditions for the analysis of triazole deriva-
tives by chromatographic methods provide simultaneous determination of test
compounds and quality control of fruit crops on the content of residual amounts
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of cyproconazole and propiconazole at the level of hygienic standards (MAL
0.05—0.10 mg/kg).

analytical control; gas-liquid chromatography; triazoles

In Ukraine, the system of protection of fruit crops is based mainly on
the repeated use of pesticides during the entire growing season. A significant
part is made up of fungicides, the range of which is constantly expanding
due to mixed formulations, where each component has a certain biological
effect. To protect fruit crops from various types of fungal diseases, com-
pounds of various chemical classes with different mechanisms of action on
target objects (copper-containing pesticides, dithiocarbamic acid derivatives,
pyridine derivatives, etc.) are used. Today, triazole derivatives are wide-
spread — compounds of contact-systemic action, which are transported
through the vascular system of plants mainly acropetally (along the xylem)
with a solution of mineral salts, and to a lesser extent basipetally (along the
phloem) with an assimilation flow; block the synthesis of ergosterol in the
membranes of pathogen cells, thereby slowing down the development of
diseases. Combined preparations, the components of which are representa-
tives of this class — propiconazole and cyproconazole, are used to expand
the spectrum of action in order to avoid secondary infection, increase the
protective effect. In terms of toxicity, cyproconazole (LD, oral for rats
1020—1330 mg/kg) is a moderately dangerous, propiconazole (LD, oral
for rats — 3046 mg/kg) is slightly dangerous compound. The use of such a
complex of active ingredients necessitates the control of their residues in the
crop (fruits), especially when they are used in baby and diet food.

To control fungicide residues in the fruits at the level of hygienic stan-
dards, highly sensitive physical and chemical methods of analysis are used:
thin-layer (TLC), gas-liquid (GLC), high-performance liquid chromatog-
raphy (HPLC). The advantage of these methods is the combination of two
processes: the separation of a mixture of substances and their quantitative
determination [1].

The purpose of the research in this work was to develop and unify
the methodology for the simultaneous determination of cyproconazole and
propiconazole in fruits (apples, peaches, grapes) by gas-liquid chromatog-
raphy (GLC).

Objects and methods of research. A fungicide containing triazoles in a
ratio of 1 : 3 (80 g/l cyproconazole + 250 g/l propiconazole). Characte-
ristics and physico-chemical properties of the studied active substances are
presented in the table.

When developing the determination procedure, analytical standards for
cyproconazole and propiconazole were used. The stock standard solution
of each active ingredient contained 100 pg of the compound in 1 ml of the
appropriate organic solvent. Sequential dilution of the initial solutions was
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used to prepare working calibration solutions with an analyte mass concen-
tration of 5.0; 4.0; 3.0; 2.0; 1.0 ug/ml and a control solution with an analyte
mass concentration of 3.5 pg/ml. For gas-liquid chromatography (GLC)
studies, a Perkin Elmer 8410 gas chromatograph with an NPD detector
selective for nitrogen and phosphorus was used.

Propiconazole and cyproconazole were identified by the retention time
of the compounds, quantitative determination — by the calibration depen-
dence of the area of the chromatographic peak of the analyte on its concen-
tration in the calibration solution using correlation and regression analyses.

Research results. The choice of a method determination of a pesticide
is limited, first of all, by the physicochemical properties of the pesticide
and the peculiarity of the object (matrix) under study. The optimal condi-
tions for the determination were selected using conceptual developments
(an algorithm for chemical-analytical monitoring and a method for system
of multimedia determination of pesticides in matrices), the essence and
structure of which are presented in a number of scientific publications [2,
3]. According to these developments, matrices are analyzed according to
the stages: extraction (extraction), purification, qualitative and quantitative
determination, which makes it possible, under selective conditions, to de-
termine cyproconazole and propiconazole simultaneously in the process of
one analysis.

1. Characteristics of active substances

Active substance

Parameters

Cyproconazole Propiconazole

Name (IUPAC)

(2RS, 3RS, 2SR, 3SR)-
1-(1H-1,2,4- triazol-1-

yl)-2-(4-chlorophenyl)-
3-cyclopropylbutan-2-ol

(2RS,4RS;2SR,4SR)-1,2-
(2,4-dichlorophenyl)-4-

propyl-1,3-dioxolan-2-yl-
methyl-1-H-1,2,4-triazole

Structural formula

/&u o.
e \/\N .
('
\J
Empirical formula CH,CIN,O CH;N,0,Cl,
Molecular mass 291.78 342.22
Solubility in water, mg/l
(20°C) 93 150
Solubility in organic solvents, _
me/1 (20°C) 3.6 x 10° — 1.3 x 10 1.6 x 10°
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Compounds, depending on their physicochemical properties, are cha-
racterized by polarity according to magnitude of the dipole moment of the
molecule (u, D). Cyproconazole and propiconazole are low-polar com-
pounds (p of their cis- and trans-isomers — 4.43; 4.71 and 3.80; 4.20 D,
respectively), therefore, extraction from the test sample was carried out with
chloroform (¢ 5.1), which is the best extractant, from the standpoint of the
empirical rule «like in like».

The obtained extracts were purified from coextractive substances of
the matrices by TLC by partition chromatography in a thin layer of the
adsorbent under conditions of ascending one-dimensional elution in a satu-
ration chamber. The active substances, depending on the value of p, move
at different speeds in a thin adsorbent layer and are localized at different
distances from the start line in the form of separate chromatographic zones
of cis- and trans-isomers with the corresponding values of Rf (Table 2).
Zones of localization of cyproconazole and propiconazole (2 x 1 cm) are
removed with a scalpel and transferred to a measuring tube, where 1 ml
of the corresponding organic solvent is added. Aliquots are added to the
chromatograph column.

The result of the research largely depends on the choice of chromato-
graphic process conditions: the type of detector; the mobile and stationary

2. Parameters of the chromatographic determination
cyproconazole and propiconazole

gas liquid chromatography (GLC) method

Detector type NPD

Type of chromatographic column Glass packed
Column size 2m x 3 mm
Carrier Chromosorb W
Stationary phase 5% OV-17+1.95% OV-210
Carrier gas (nitrogen) velocity 30 + 2 ml/min
Hydrogen speed 20 + 2 ml/min

Air speed 60 ml/min
Column oven temperature 230 + 2°C
Detector temperature 250 + 2°C
Evaporator temperature 250 + 2°C

Linear detection range 2 — 10 ng
Minimum amount of detection 2 ng

Retention time Cyproconazole: 6.38 £ 0.18 min

Propiconazole: 8.04 + 0.15 min

thin layer chromatography (TLC) method

Plate «Sorbfil» Silicagel adsorbent STH-1A
Mobile phase Hexane — ethanol (3 : 0.7, v/v)
Developing reagent Bromophenol blue with bleaching of the

chromatogram 0.05% citrate acid solution
Cyproconazole (0.35+0.05 & 0.40%0.05)
Value Rf (isomers) Propiconazole (0.55+0.05 & 0.60%0.05)
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phases; the temperature regime of the detector, column, evaporator. When
determining these active substances, a flame ionization detector is used,
modified to determine substances whose molecules contain nitrogen and
phosphorus atoms (NPD). In this detector, the source of ionization is a
hydrogen flame. Organic substances in the flame of a hydrogen burner are
ionized, resulting in an ionization current, the strength of which is propor-
tional to the number of charged particles and is recorded by the device in
the form of chromatographic peaks with the corresponding retention time
and areas. The optimal, selective chromatographic determinations condi-
tions of cyproconazole and propiconazole are presented in table 2.

It should be noted that when using gas-liquid chromatography, the
isomers of cyproconazole and propiconazole are not identified by separate
peaks as individual compounds, because they have the same retention time;
only the actual active substances are separated (Fig.). Therefore, TLC can
be used as an additional detection option cyproconazole and propiconazole
to confirm the results of the determination by GLC, but in this case, the
qualitative and quantitative assessment is carried out by the sum of the areas
of isomers.
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Fig. Chromatogram of model fruit samples (peaches):
1 — control sample;
2 — model sample with the introduction of 0.05 mg/kg cyproconazole + 0.16 mg/kg
propiconazole

The calibration dependence of the area of the chromatographic peak
of cyproconazole or propiconazole on the concentration in the calibration
solution is described by the corresponding linear regression equations:

Sc=11.991 C — 6.096 (R*= 0.998),

Sp=13.721 C — 4.221 (R?= 0.994),
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where Sc and Sp — the peak area of cyproconazole or propiconazole re-
spectively, mm?; C — the concentration of cyproconazole/propiconazole in
the calibration solution, pg/ml.

The equation is used to quantify cyproconazole and propiconazole in
the analyzed samples.

The accuracy of the determination was confirmed by the «applied-de-
tected» method when analyzing model samples into which a certain amount
of the active substances was added (within the determination concentration
range of 0.05—0.25 mg/kg), taking into account their ratio in the prepara-
tion. The chromatogram of the mixture is presented in the figure.

The average value of the determination is 81.0—87.8%; standard devia-
tion 2.21—5.38%; confidence interval (P 0.95; n=15) 1.94—4.72%.

CONCLUSIONS

Optimal selective conditions for the analysis of triazole derivatives
by chromatographic methods provide simultaneous determination of test
compounds and quality control of fruit crops on the content of residual
amounts of cyproconazole and propiconazole at the level of hygienic
standards (MAL 0.05 — 0.10 mg/kg).
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YiockoHa/IeHH aHAJITHYHOrO BM3HAYEHHSA 3AIMINIKOBUX KiJIBKOCTEH
IMIPOKOHA30.Iy Ta NMPOMiIKOHA30Jy B YPOXKai IJIOIOBHX KYJbTYD

Mera. Po3spobka ma yuigikayis Memoouku 00HOHACHO20 BU3HAYEHHS
YUNPOKOHA304Y Ma NPONiKoHa3ony y naodax (16ayka, nepcuxu, euHozpaod)
Memodom eazopidunroi xpomamoepaii (I'PX). Metonu. Jiroui peuosunu eu-
3Hauaiu memoodom 2azopiounrnoi xpomamoepadii (I'PX) 3 euxopucmannsam
2a306020 xpomamoepagha «Perkin Elmer 84105 3 NPD-demexmopom. Iden-
mughikyeanu NponiKoHason ma YUNpoKoOHA304 3a 4aACOM YMPUMAHHA CHOAYK,
KinbKiCHe 8U3HAYeHHs — 3a KaAlOpY8AAbHOK 3AAEeNCHICIIO NAOWI XPOoMamo-
epaghiuHoeo niky amasimy 8i0 1oeo KoHueHmpauii 6 KaniopyeanbHOMy po3-
uyHi 3a 00NOMO20H KOpeasauyilino2o ma peepeciiiHoeo ananizie. Pe3ymbraTm.
Bubip memody eusnauenns obmexncyemovca Qi3uKo-XiMiMHUMU 6AACIMUBOCHIS-
Mu 0itouoi peuwosuHu ma ocobaugicmio 00caioyncysarozo ob’ekma (mampuui).
OnmumanvHi ymogu 6uU3Ha4eHHA Oyau 00PaHi 3 BUKOPUCHAHHAM AA0PUMMY
XIMIKO-QHAAIMUYHO20 MOHIMOPUHZY Ma CUcCmemu MYAbMUKINbKICHO20 8U3HA-
ueHHs necmuyudie y mampuysx. Bionosiono 0o nux mampuuyi ananizyromscs
3a emanamu: eKcmpazy8anHs, OYUWEeHHs, SAKICHe Ma KiAbKICHe GU3HAYEeHH .
Llunpoxonaszon i nponikonazon € MaronoAAPHUMU Cchnoaykamu (u ix uuc- i
mpanc-izomepie — 4,43; 4,71 i 3,80; 4,20 /[ 6ionosiono), momy ekcmpaxuyiro
nposoduau xaopogopmom (¢ 5,1). Ouucmky excmpakmie 6i0 KOeKCcmpaKmue-
HUX pevosuH mampuuyb npogoouru memodom TIIX. [0enmugpixysaru cnoayku
3a uacom ympumauHs, a Kinvkicne euznauenus (C, Mke/Ma) npoeoduau 3a
naowamu xpomamoepagiunux nikie (S, mm?) y dianazoui ainiliinoeo demexmy-
eanus (2— 10 He) 6i0no6iono 0o pieHsans ainiunoi peepecii: Sy = 11,991 C —
6,096 (R°= 0,998); Sn = 13,721 C — 4,221 (R*= 0,994). Cepedne 3nauenus
sumiprosanns cmanosumov 81,0—87,8%; cmandapmue eioxunenus 2,21—
5,38%, dosipuuii inmepean (P 0,95; n=15) 1,94 —4,72%. BucnoBku. Onmu-
MANbHI CeNeKMUBHI YMOB8U AHAAI3Y NOXIOHUX MPUA304Y XpoMamoepagiuHumu
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Memooamu 3abe3ne4yroms 00HOUACHe GU3HAYEHHS 00CAI0NCY8AHUX CNOAYK Ma
KOHMPOAb AKOCMI YPOUCAr) NA000BUX KYAbMYD 34 6MICIOM 3AAUMKOBUX Kilb-
Kocmeu YunpoKoHa3ony ma NponiKoHA304yY HA PIGHI 2lCIEHIYHUX HOPMAMUEIe
(MJIP 0,05—0, 10 me/xe).

aHATITUYHUIA KOHTPOJIb; ra3opinuanHa xpomarorpadis; Tpuazonn
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