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Determination of pesticide residues...

Abstract. The paper presents a methodology for the preparation of samples of oilseeds, lettuce
leaves, apple fruits for the study of xenobiotics by chromatographic control of the following
chemical groups of pesticides: benzimidazole derivatives, anilinopyrimidine derivatives, bipyridyl
derivatives. The following processes are considered: homogenisation of the sample, purification
of the extract by solid-phase or liquid-liquid extraction methods, obtaining of plant extract, and
obtaining of analytes extract. For fine-grained homogenised samples of sunflower seeds, the optimal
raw material-extractant ratio is 1:20, for paste-like homogenised samples of apple fruit - 1:10, and for
liquid samples of homogenised lettuce - 1:5. Analysis of the distribution of xenobiotics parameter
in the octane/water system (log Pow), reference data on dielectric constant and dipole moment
of solvents allowed identifying extractants capable of dissolving and removing xenobiotics from
raw materials. It has been found that a mixture of acetonitrile and methanol (4:1) should be used for
the extraction of benzimidazole derivatives and anilinopyrimidine derivatives, bipyridyl derivatives
are best extracted with methanolic trifluoroacetic acid (9.5:0.5). The content of xenobiotics in
extracts obtained from samples artificially enriched with xenobiotics was quantitatively analysed.
Xenobiotics were removed from samples of crop products containing traces of fat. The most
difficult process of sample preparation is the process of extracting sunflower seeds. The content of
xenobiotics in extracts obtained from samples artificially enriched with analytes is affected by the
temperature at which the process takes place and the duration of extraction. Based on the chemical
composition of the sample matrix and the list of analytes, the conditions of the variable component
of the methodology are proposed: obtaining plant extracts under the action of selective solvents,
homogenised raw material-solvent with constant stirring of the extraction system at a speed of
180-200 rpm, or when exposed to ultrasonic vibrations at a frequency of 37 kHz from 4 °C to 25
°C for 5-25 minutes. Control of the qualitative and quantitative composition of the studied plant
extracts and extracts of analytes was studied by methods of high-performance liquid and gas
chromatography (liquid and gas) with mass-selective detectors

Keywords: xenobiotics, pesticides, benzimidazole derivatives, anilinopyrimidine, bipiridium,
extracts, chromatography, plant extracts

RELEVANCE

Crop production today is divided into products
obtained by classical agricultural technology,
which involves the use of agrochemicals and
organic products. In the process of cultivation
of leaf and stem vegetables, oilseeds, fruits of
pome crops, and plant protection products are
used, the active components of which are pes-
ticides of different groups (Sekun M.P, 2007). At
the same time, residual amounts of pesticides
are xenobiotics and, together with man-made
pollutants, are normalised in accordance with

sanitary and hygienic rules and regulations.
Their content is controlled by certain labo-
ratories according to standardised methods
(DSanPYN 8.8.1.2.3.4-000-2001). Given the ap-
proaches to analysing the content of xenobiot-
ics, there is a need to develop a methodology for
the analysis of residual amounts of pesticides
of different chemical groups: mixtures of bi-
pyridyl, benzimidazole and anilinopyrimidine
derivatives in seeds, green parts and fruits of
agricultural crops.

Plant and Soil Science (12)3
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ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

At the present stage, the methodology for meas-
uring safety indicators in crop production is ac-
tively developing. Laboratory monitoring of such
xenobiotics as a group of polycyclic aromatic
hydrocarbons (PAHs) that can accumulate in
oilseeds is considered in many studies (Nester-
ova L.O, Grybova N.Yu., Khyzhan 0., 2018; Gri-
bova N.Yu., 2018). The paper describes the study
on xenobiotics by high-performance liquid
chromatography using a fluorescence detector
after the application of solid-phase extraction
of analytes. Modernisation of methods for the
determination of pesticide residues can include
the following stages of sample preparation for
research, and instrumental studies of plant ex-
tracts and analytes of plant extract purified from
co-extractive chemicals. For the isolation of tar-
get analytes, specific extractants can be used,
along with sorbents, and various physicochemi-
cal factors that can change the rheological prop-
erties of extraction systems and can intensify the
yield of plant homogenised raw materials to the
extract of the necessary components (Melo, A. at
al.,2012; Gribova, N.Y. at al. 2008).

When determining the content of xenobiot-
ics belonging to different groups of pesticides,
the most commonly used method is QuECh-
ERS - quick, easy, cheap, effective, rugged and
safe (Document No SANCO/12495/2011, 2014). It
should be noted that this method of laboratory
monitoring does not allow for the removal of
xenobiotics, such as surfactant compounds and
pesticides of the bipyridyl group - chlormequat,
diquat, paraquat. It is known that the spectrum
of application of bipyridylium derivatives is sun-
flower plants, and seed crops of cabbage, table
beet, carrot and radish, potato plants, sorghum,
clover, fodder beans, soybeans, alfalfa.

Bipyridilium derivatives are quickly ab-
sorbed by green parts of the plant, while the
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contact active ingredient - diquat, quickly turns
into hydrogen peroxide, which leads to the de-
struction of the cell membrane and drying of
plants. The active substance decomposes quick-
ly enough in the plant, so the use of diquat is
considered relatively safe on seed crops, and on
crops intended for food purposes.

The effect of such a drug occurs almost im-
mediately after application, meanwhile, the
visual effect of desiccation is already noticea-
ble in 4-7 days. Based on research results (Se-
kun M.P, 2007) bipiridium derivatives act quick-
ly and, depending on environmental conditions,
are consumed in 50-98 hours. Therefore, labo-
ratory monitoring of the content should be con-
ducted with due regard to the timing of the di-
quat application. State sanitary rules and norms
“DSanPiN 8.81.2.34-000-2001" for diquat set
the maximum content of residual amounts in
sunflower seeds - 0.5 mg/kg, but at the same
time the research methodology is not specified.
Therefore, the purpose of the study is to identify
the optimal conditions of sample preparation of
plant products for the extraction of xenobiotics
and establish their qualitative and quantitative
content by chromatographic methods of labora-
tory monitoring.

MATERIALS AND METHODS

The following samples of crop production were
used for the research: lettuce leaves of differ-
ent varieties, oilseeds (sunflower, soybean, flax),
fruits of different varieties of apples. A num-
ber of parallel laboratory samples were run, of
which three samples were subject to artificial
enrichment with target xenobiotics. Homoge-
nisation of samples was performed by grinding
in a glass of a laboratory homogeniser mill, at
temperatures from +4°C to +25°C. To obtain the
plant extract, the following chemicals were used
(GR): acetone, acetonitrile, methanol, n-hexane,
toluene, acids (formic, acetic, trifluoroacetic,
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hydrochloric), and isopropanol. These com-
pounds were used as individual extractants or
in mixtures, including with deionised water. To
buffer the solution of the layer of the homoge-
nized sample under study and in the process of
purification of the plant extract, the following
chemicals of GR (Guaranteed Reagent) qualifi-
cation were used: sodium chloride, magnesium
sulfate, sodium citrate, aluminium oxide, calci-
um chloride.

The extraction was carried out in polytet-
rafluoroethylene tubes, dark glass flasks and
polymethyl pentene flasks protected by light-
tight covers. During the extraction of analytes,
mass transfer was intensified by varying the ra-
tio of raw material-extractant, subjected to stir-
ring, temperature, ultrasonic waves with a fre-
quency of 37 kHz (generated by Advantage Lab).
Phase separation of the extraction system was
performed using a Thermo Scientific centrifuge,
10 min at 7000 rpm, 4°C. The obtained plant
extract was subject to purification from co-ex-
tractive compounds by dispersion extraction or
liquid-liquid extraction methods using organic
solvents and Supelco cartridges filled with mix-
tures of primary and secondary amines. The
concentration of the purified extract was carried
out in a rotary evaporator IKA. Analysis of the

number of xenobiotics in the obtained solutions
was performed by high-performance liquid and
gas chromatography using mass spectrometric
detectors (HPLC/MS/MS and GC/MS) on Dionex
and Agilent chromatographs. The results of an-
alytical signals and spectra of analytes were pro-
cessed using the calibration dependencies and
databases of Cromeleon 6.0 and the installed li-
brary of mass spectra (NIST 0.5).

RESULTS AND DISCUSSION

The preparation of a laboratory sample for anal-
ysis begins with the same stage for different food
groups — homogenisation of the sample. In this
study, the sample was homogenised in a beak-
er mill homogeniser at a speed of 10000 rpm.
The obtained homogenised samples differed in
their aggregate state due to the different chem-
ical compositions of each matrix: pasty, fine-
grained, and liquid. According to the published
data on the nutritional value and chemical com-
position of the sample matrix (Document No
SANCO/12495/2011, 2014) the mass fractions of
W, % of chemical compounds (m_,, ...) of the
matrix were calculated using the formula (1.1)
and presented in Table 1:

M component

x100%.  (11)

Mhomogenized sample

Table 1. Mass fraction of compounds in crop production samples

Sunflower seed kernels

Iceberg lettuce leaves

Fruits of apples with peel

fats 51.46%;

proteins 20.78%;
hydrocarbons 10.21%;
water 4.73%;

other chemical compounds 12.82%.

fats 51.46%;
proteins 20.78%;
hydrocarbons 2.97%;
water 4.73%;

other chemical compounds 12.82%.

fats 51.46%;
proteins 20.78%;
hydrocarbons 2.97%;
water 85.56%;

other chemical compounds 12.82%.

As shown in Table 1, homogenised sunflow-
er seeds contain a significant amount of fat, and
the main component of homogenised samples
of lettuce leaves and apple fruits is water. Polar

and non-polar, proton and antiproton solvents
and their mixtures were used in the study. To
create more optimal conditions for the extrac-
tion of xenobiotics from homogenised raw

Plant and Soil Science (12)3
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materials, additives of organic and mineral acids
were used to shift the equilibrium of the disso-
ciation process of ionogenic xenobiotics towards
the formation of molecules. The optimal ratio
between the extractant and homogenised sam-
ple was established by visual analysis of the ap-
pearance of the extraction systems and verified
by chromatographic analysis of the content of
markers (Benomyl, Ciprodinil, Diquat) in plant
extracts. For liquid samples of homogenised let-
tuce leaves, the optimal raw material-extractant
ratio is 1.5, for paste-like homogenised samples
of apple fruits, the ratio is 1:10, for fine-grained
homogenised samples of sunflower seeds - 1:20.
At the defined ratios, with constant stirring of
180-200 rpm or under the effect of ultrasonic
vibrations with a frequency of 37 kHz in the ex-
traction system, the absence of zones of com-
pression of raw materials is established. This is
a necessary condition for the realisation of the

mass transfer of xenobiotics from particles of
plant material into the hood due to convective
diffusion. Xenobiotics belonging to the same
chemical group usually differ in the presence
of hydrocarbon substituents in the molecule
(Table 2). These substitutes can affect the pesti-
cide and toxic properties of the active ingredi-
ent of plant protection products, and change the
physical and chemical properties (Sekun M.P,
2007). The analysis of the chemical structure
of xenobiotics and the distribution parameter
of xenobiotics in the octane/water system (log
Pow), reference data of dielectric constant and
dipole moment of solvents, made it possible to
determine and analyse the effect of extractants
capable of dissolving and extracting xenobiotics
from raw materials, namely acetonitrile, meth-
anol, acetone, n-hexane, toluene, isopropanol,
solutions of acetic, formic, trifluoroacetic and
hydrochloric acids.

Table 2. Hydrophobicity parameters

of some xenobiotics
Name of the chemical compound Structural formula log Pow
eSS N
Benzimidazole | /> 1.3
= N
."‘I
% - Nf“
7T n
Benomil < N 1.4
— " \ H
N
4 N\
N —0,

AnalysingthedatapresentedinTable2,itwas
assumed that such xenobiotics will concentrate
in the organic layer of the extraction system. Ex-
traction of xenobiotics by various extractants and
quantitative analysis of xenobiotics in extracts
using chromatographic methods (Fig. 1, Table. 3),

showed that for the extraction of benzimidazole
derivatives and anilinopyrimidine derivatives, it
is necessary to use a mixture of acetonitrile with
methanol (in a ratio of 4 : 1), bipiridium deriva-
tives are best extracted with a methanol solu-
tion of trifluoroacetic acid (at a ratio of 9.5: 0.5).

Plant and Soil Science (12)3 @
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Figure 1.. Chromatogram of plant extract derived by exposure to acetonitrile : methanol (4 : 1)
on homogenised apple fruits artificially enriched with xenobiotics (Benomyl, Ciprodinil, Diquat)

Table 3. Quantitative analysis of xenobiotic content in extracts obtained from samples artificially
enriched with xenobiotics

Marker name Extractant Introduced, pg/kg Determined, pg/kg Removals, %
Sunflower seeds
Benomil mixture of 0.50+0.01 0.41+0.03 82.0t6
acetonitrile and
Ciprodinil methanol (4:1) 0.50+0.01 0.4010.03 80.0t6
Diquat methanol solution of 0.50+0.01 0.43+0.03 86.0+6
trifluoroacetic acid
Lettuce leaves
Benomil mixture of 0.50+0.01 0.49 £0.01 98.0+2
acetonitrile and
Ciprodinil methanol 0.50£0.01 0.49 £0.02 98.0+4
Diquat methanol solution of 0.50 + 0.01 0.51+0.03 102.0+6
trifluoroacetic acid
Apple fruits
Benomil mixture of 0.50+0.01 0.48+0.01 96.0+2
acetonitrile and
Ciprodinil methanol 0.50+0.01 0.49+0.02 99.0+4
Diquat methanol solution of 0.50+0.01 0.47+0.02 94.0+4
trifluoroacetic acid

Peaks were identified from the library of
mass spectra by comparing two parameters: the
retention time of the xenobiotic peak and the re-
tention time of the analytical standard peak, the
values of characteristic ions of xenobiotics and
the corresponding values of analytical standards.

Quantitative analysis was carried out by cali-
bration dependences, the mean value and error
of he value obtained during the measurement
were calculated using the Exel programme.
Table 3 shows that xenobiotics were com-
pletely removed from samples of crop products

Plant and Soil Science (12)3
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containing trace amounts of fat (Table 2). The
most difficult from the point of view of con-
ducting the process of sample preparation for
research and according to the percentage of ex-
traction of xenobiotics (Table 3), is the process of
obtaining a plant extract from sunflower seeds.
The percentage of isolated xenobiotics from
sunflower seeds is less than the percentage of
the same markers extracted from lettuce leaves
and apple fruits. However, the process of per-
forming sample preparation of sunflower seeds
is satisfactory, since the established average
percentage of extraction of an artificially intro-
duced xenobiotic is more than 80%. The content
of xenobiotics in extracts obtained from samples
artificially enriched with analytes (Table 3) is
affected by the temperature at which the process
takes place and the duration of the extraction.
Optimal conditions are the temperature from
4°C to 25°C and exposure to the extractant for
5-25 minutes.

CONCLUSIONS

Analysis of the quantitative and qualitative con-
tent of xenobiotics in plant extracts and extracts
purified from coextractive substances made it
possible to establish the optimal conditions for
the variable component of the methodology for
preparing samples of crop production to the
stage of determining the content of xenobiot-
ics by chromatographic methods of laborato-
ry control. Optimal extractants are mixtures of
acetonitrile with methanol (4:1) and a mixture
of methanol with trifluoroacetic acid (9.5:0.5).
The ratio of components of the extraction sys-
tem varies depending on the aggregate state of
the homogenised sample. It was found that the
optimal ratio of raw materials and extractant for
sunflower seeds is 1:20, for apples - 1:10, for let-
tuce leaves - 1:5. Extraction is carried out under
conditions of constant stirring of the extraction
systemat a speed 0f180-200 rpm, or by exposure
to ultrasonic vibrations at a frequency of 37 kHz
at a temperature from 4°C to 25°C for 5-25 min.
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H. TepewieHko

KaHanaaTt XiMidyHMX HayK, CTapLWMA HAayKOBWUIM CNiBPOBITHMK, AOLEHT
HauioHanbHMn meanyHnin yHisepcuteT imeHi O.0. boromonbua

01601, 6bynbeap T. LeByeHKa, 13, m. Kuis, YkpaiHa

O. KypceHKo

ACUCTEHT Kadeapmn

HauioHanbHMM meanuHnin yHisepcuteT imeHi O.0. boromonbus

01601, 6ynbeap T. LesueHka, 13, m. Kuis, YkpaiHa

O. XuKaH

KaHamaaTt XiMiYHMX HayK, HayKoBWI cniBPOBITHMK

[HCTUTYT Bi3MKO-0praHivyHol Ximii i Byrneximii im. J1.M. lutBnHeHka HAH YkpaiHum
02155, Byn. Xapkiscbke woce, 50, m. Kuis, YKkpaiHa

O. XuxkaH

KaHAmMAaT XiMiYHMX HayK, AOLUEHT

HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, syn. lrepois Ob6opoH#u, 15, m. Kunis, YkpaiHa

0. bobyHoB

AcnipaHT

HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, syn. lrepois Ob6opoH#u, 15, m. Kunis, YkpaiHa

. KoBwyH

LOKTOp TEXHIYHMX HayK, Npodecop, 3aBiayBay Kadeapu

HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#K, 15, m. Kunis, YkpaiHa

Bu3HauyeHHS 3a/IMLLKOBUX KiJlbKOCTEM necTuumais
xpoMaTorpacdiuHMMmn MeTogamMm
AN 6e3ne4YHOCTi XapuoBMX NPOAYKTIB

AHoTauiqa. V cTaTTi MpefcTaBieH0 METOAMKY ITiATOTOBKY 3pa3KiB HACIHHS OJIIMTHUX KYJIBTYD, JIUCTA
caJaty, TUIOZiB A6JIyHI )i JOCTiIKeHHS KCeHOO10TUKIB METOAOM XpOMaTOrpadgiuHOro KOHTPOJIIO
HACTYITHUX XiMIYHMX TPyn MeCcTULMAIB: TIoXigHi 6eH3iMimasosny, moximni aHimiHomipuMimuHy,
noxigHi 6imipuaniny. Po3IMAmaloTbCS HACTYITHI IIPOLIECH: TOMOTEHi3allif 3pa3Ka, OYUIIeHHS

' @ Plant and Soil Science (12)3
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eKCTPaKTy MeToZaMHU TBepHodpasHoi abo piAMHHO-PigMHHOI eKCTpaKIiii, OTpUMaHHS POCITUHHOTO
€KCTPAKTY, OTPUMAHHA eKCTPaKTy aHaiTiB. 9 IpiGHO3epHUCTHX TOMOTeHi30BaHUX 3pasKiB
HaCiHHA COHSIIIHMKY OITHMaJjbHe CIIiBBifHOIIEHHA CHpPOBMHA-eKCTpareHT CTaHOBUTL 1:20,
IJIS TIaCTOTOAI6GHUX TOMOTEHi30BaHUX 3pasKiB IUIoZiE f6myk - 1:10, a Onag pimkux 3paskiB
TOMOTEHI30BaHOrO canary - 1:5. AHaji3 po3nofiny mapamerpa KCeHOBGIOTHUKIB y cucTeMi OKTaH/
Boza (log Pow), IOBIAKOBUX JAaHUX LIOMO [i€JIEKTPUYHOI MPOHUKHOCTI Ta JUIOJBHOTO MOMEHTY
PO3YMHHUKIB IO3BOJIB BU3HAYUTU eKCTPareHTH, 34aTHI PO3YUHATY Ta BUIyYaTH KCEHO610TURU
i3 cupoBuHM. BCTAHOBJIEHO, 1[0 IJI eKCTPaKLiil MmoxigHux 6eHsiMimasony Ta aHimiHOMipUMigMHY
IOLIJIBHO BHUKOPUCTOBYBAaTH CYMIlll AlleTOHITPWIy Ta MeTaHoiy (4:1), 6imipuaniabHi MOXimHi
HaMKpallle eKCTParyiThCs METAHOJ-TPUGTOPOLITOBOI KUCIOTOO (9,5:0,5). BMiCT KCeHOGIOTHKIB B
eKCTpaKTaX, OTPUMaHUX i3 3pa3KiB, IITyYHO 36araueHMX KCeHO6ioTHRaMu, 6yJI0 ITpoaHali30BaHo
KinmbKicHO. KceHOBIOTURYM BUyYaJIH i3 3pa3KiB pOCTMHHULIBKOI TPOAYKIIii, 1[0 MiCTATH CITiAY JKUPY.
HalicKIaHIMmUM IIPOIIecoM MPOHOIMIiITOTOBRY € IIPOLIeC eKCTparyBaHHs HACiHHA COHANUIHUKY. Ha
BMIiCT KCeHO6IOTHKIB B eKCTpaKTaX, OTPUMaHMX i3 3pa3KiB, LITYYHO 36araueHuX aHaliTaMu, BIUIMBAE
TeMITepaTypa, TPy fAKiM BimbyBaeTbcA Mpollec, i TPUBAJICTh eKCTpaKiii. BUuxomauy 3 xiMiuHOTO
CKJIaJly MaTpuLii 3pa3KiB Ta IepesiiKy aHaJliTiB, 3alIpOIIOHOBAaHO YMOBU IIPOBeJeHHS BapiaTUBHOI
CKJIZI0BOI METOOUKU: OTPMMAaHHSA POCIMHHUX €KCTPaKTIB IiJ Ji€l0 CeJIeKTUBHUX PO3YMHHUKIB,
TOMOTeHi30BaHOI CUCTeMH CUPOBUHA-PO3YMHHYK IIPU IIOCTiHOMY ITepeMilllyBaHHi eKCTPaKIIiHO]
cucteMH 3i BUAKICTIO 180-200 06/xB, 260 IpH Ail yIbTPa3ByKOBUX KOJIMBAHb 3 YaCTOTO0 37 K11 Bixt
4 °C mo 25 °C nipoTsirom 5-25 xBunuH. KOHTPOJIb SKICHOI'O Ta KUIBKICHOTO CKJIaJy AOCIiAKyBaHUX
POCIMHHUX eKCTPAKTIB T EKCTPAKTIB aHATITiB BUBYAIN METOZAMM BUCOKOePEKTUBHOI piAuHHOI Ta
ra3oBoi xpomarorpadil (pimrHHOI Ta ra3oBoi) 3 Mac-CeJIEKTUBHUMU JeTEKTOPaMU

Kno4yoBi cnoBa: KCeHOGIOTHMRM, IEeCTULIMAY, MOXimHI 6eH3iMimasony, aHiTiHOMipuUMIZMH,
6imipumi, ekcTpakTy, XxpoMarorpadis, pOCIUHHI eKCTpaKTH
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