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LABORATORY CONTROL FOR PRODUCTION
OF SAFE PLANT PRODUCTS

Kovshun L. O., Tereshchenko N. Yu.

INTRODUCTION

Ensuring sustainable development of both crop production and
processing of plant products is possible only with constant monitoring of
the process of cultivation and processing in accordance with established
safety standards. Development and improvement of methods for
extraction of xenobiotics of different groups (pesticides, polycyclic
aromatic hydrocarbons) with subsequent chromatographic analysis of
their content in crop and food products is a topical and timely issue to
ensure sustainable crop production development.

1. Measuring the content of residual amounts
of pesticides in tomatoes

There are more than 150 varieties and hybrids of tomatoes zoned and
grown in Ukraine, which differ in productivity, ripening dates, type,
shape, fruit color and resistance to various diseases. Almost two hundred
plant protection products (PPP) are used in cultivation of this culture®, to
minimize the impact of destructive factors and give the fruits of tomatoes
consumer qualities, preserving the beneficial properties for human
organism. As a rule, after the application of PPP on the culture for a
certain period of time, the active substances of PPP accumulate in the
composition of different parts of the plant and protect the plant from the
negative factor. Residual amounts of pesticides PPP provide plant
protection, however, the consumption of fruit with food during this
period, is accompanied with the entry into the consumer’s body of
various dangerous xenobiotics®. To protect the health of consumers in the

! Komomiens [0.B., Tpuropiox LIL, Bymenko JLM. EdexTuBHicTH BIHBY
¢yHrinnaiB Ha 30yJHUKIB GakTepiallbHUX XBOpOO TOMaTiB. Bicnuk azpaphoi nayxu.
2015. Ne 10. C. 21-24.

AnrtoHenko A.M. Ilectuiuny $SK YHHHUKA PH3UKY PO3BHUTKY XBOpPOO
IIMTOMOMIOHOT 3a/l03M: Tiri€HiyHa perjaMeHTaliss Ta OOIPYHTYBaHHS KPUTEpiiB
Tiri€HIYHOTO MOHITOPHMHTY : aBToped. AHC. ... AOKT. Men. Hayk : 14.02.01. Kwuis,
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developed world, the content of pesticide residues in crop and processed
products is standardized and carefully controlled. In Ukraine, the norms
of pesticide residues are set by state sanitary rules and regulations®. The
State Sanitary Rules and Regulations (DSanPiN) 8.8.1.2.3.4-000-2001
also specifies the method of product testing (MPT) used for the
implementation of appropriate laboratory control. Also laboratory
control of crop products today is carried out by accredited laboratories of
various forms of ownership according to the tested and certified MPT,
specified in the field of accreditation of the laboratory. Proper laboratory
control of crop production in the factory allows the manufacturer to
identify and control critical points of production, to produce safe and
high quality products. It should be noted, that export batches of products
usually require the manufacturer to control a much wider list of pesticide
residues, in comparison with the established DSanPiN of Ukraine
8.8.1.2.3.4-000-2001. Each country-importer of Ukrainian products has
its own list of xenobiotics and carries out appropriate laboratory control
on its territory. At the same time, in Ukraine there is a need to conduct
appropriate research to ensure the protection of domestic producers and
ensure their competitiveness in foreign markets.

As the state standardized methods of laboratory control are not
updated so quickly, and the state safety requirements are harmonized
only in time according to foreign requirements, manufacturers-exporters
carry out certification of production in corresponding foreign
laboratories, or in accredited research divisions of leading scientific
institutions of the country®. The study of the vast majority of names of
residual amounts of xenobiotics, including pesticides, is carried out using
chromatographic methods with different types of detectors. For example,
the authors of [5]°. applied the method of gas mass spectrometry (GC /
MS / MS) to the analysis of residual amounts of pesticides in extracts of

% NCanlliH 8.8.1.2.3.4-000-2001. JlomycTuMi 1034, KOHIIEHTpAIlii, KUTbKOCTI Ta
PiBHI BMICTY NECTHIMIIB Y CiJIbCHKOTOCIIOAPCHKIH CHUPOBUHI, Xap4OBHUX MPOIYKTaX,
MOBITPi poO0U0i 30HU, aTMOC(hEepHOMY IMOBITPi, BOII Bogoimum, IpyHTIi. [locTaHOBa
T'omoBHOTO HEpxKaBHOTO caHiTapHOTO JikKaps Ykpaiau Big 20.09.2001 p. Ne 137.

* Yikanos B.O., Haruyk B.B., CamroBa O.I1., bapanos }O.C. ta in. Bionoriuna
Oe3meka: pe3ylbTaTH MOHITOPMHTY arpopecypcis, mpoaykmii AITK ta xapuosmx
npoaykriB  3a  2014-2016 poku. Berepunapna wMemuuuHa: Midiceioomuuii
memamuunul Haykosuil 36ipnux. 2017. Ne 103. C. 88-92.

> Melo, A., Cunha, S.C., Mansilha, C., Aguiar, A., Pinho, O., & Ferreira, I.M.
(2012). Monitoring pesticide residues in greenhouse tomato by combining
acetonitrile-based extraction with dispersive liquid—liquid microextraction followed
by gas-chromatography—mass spectrometry. Food chemistry, 135(3), 1071-1077.
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samples of crop products. The working range of measurement of residual
pesticides in the sample was from 0.01 mg / kg to 0.2 mg / kg, the
minimum percentage of xenobiotic extraction is not less than 70%, and
the maximum is not more than 116%. The value of the relative standard
deviation of the average value of the measured amount of pesticide
content depends on its chemical group and the structure of the molecule,
ranging from 3% to 19%, except for chlorothalonil (23%). The data
obtained in ° suggest that the authors of the work proposed satisfactory
conditions for extraction and measurement of pesticides in the plant
extract. In ', a new method was proposed for the quantitative
determination of pesticide residues, which differed in the stage of
purification of pesticide extract from coextractive compounds of the
matrix using gel permeation chromatography. The use of gel permeation
chromatography made it possible to obtain pesticide solutions purified
from matrix compounds and to determine their content by gas
chromatography (GC / MS) and liquid chromatography (HPLC / MS /
MS). It was found that the detection limit of pesticides depends on the
chemical structure of the analyte and is in the range from 0.2 mg / kg to
6.0 mg / kg, the correlation coefficient of the linear dependence of the
zone of working concentrations was r > 0.98. The authors performed
validation studies of the proposed analytical method to determine the
residual amounts of pesticides in the green mass and samples of
vegetables and fruits. The results of the certification of the method
showed that the percentage of pesticide extraction is in the range from 80
to 120%. However, the authors, examining the results of testing the
proposed methodology in three different laboratories found that to ensure
100% detection and identification of target pesticides, it is necessary to
coordinate the work of the measuring equipment.

The aim of the research is to test the method of laboratory control of
pesticide residues in tomato fruits, tomato paste and tomato juice.

The work was performed using solvents and qualification reagents
“for chromatography” and “pure for analysis”: acetonitrile, methanol,
deionized water, formic acid, acetic acid, trifluoroacetic acid,
hydrochloric acid, sulfuric acid, sodium hydroxide, sulfate sodium
chloride, calcium chloride, sodium citrate. Sorbents AI203 and nSiO2,

® Albero, B., Sanchez-Brunete, C., & Tadeo, J.L. (2003). Determination of endosulfan
isomers and endosulfan sulfate in tomato juice by matrix solid-phase dispersion and gas
chromatography. Journal of chromatography A, 1007(1-2), 137-143.

" Cortés, J.M., Vazquez, A., Santa-Maria, G., Blanch, G.P., & Villén, J. (2009).
Pesticide residue analysis by RPLC-GC in lycopene and other carotenoids obtained
from tomatoes by supercritical fluid extraction. Food chemistry, 113(1), 280-284.
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activated carbon of OU-A brand (DSTU 4453-74), SPE columns
(ChromSpher Pi, Varian ™), cartridges filled with mixtures of primary
and secondary amines, Supel amines were used to clean plant extracts
from co-active substances. filled with graphitized coal produced by
Supelco. Sampling was carried out in accordance with the relevant
regulations. Samples of crop products were used in the work: fruits of
tomatoes of different varieties, tomato paste and tomato juice. Parallel
laboratory samples were formed, of which three samples, in one study,
were subjected to artificial enrichment with target xenobiotics or markers
of different groups of xenobiotics. Homogenization of the samples was
performed by grinding in a beaker laboratory mill-homogenizer LZM-1,
at different temperatures (from + 4 © C to + 25 ° C). To buffer the
solution of the layer of homogenized sample and at the stage of
purification of the plant extract used chemical compounds of
qualification “pure for analysis”: magnesium sulfate, sodium chloride,
sodium citrate dihydrate, potassium citrate, calcium chloride, alumina.
The extraction was carried out by maceration in plastic tubes made of
polytetrafluoroethylene, in flasks made of dark glass and plastic flasks
made of polymethylpentene, protected by opaque casings. Intensification
of mass transfer during the extraction of analytes occurred by varying the
ratio of raw material-extractant, under the action of temperature, stirring,
ultrasonic waves with a frequency of 37 kHz (generated by the
installation of Advantage Lab). The separation of the phases of the
extraction system was performed using a Thermo Scientific centrifuge,
for 10 minutes at constant speed at a speed of 4000 to 7000 rpm, at a
temperature in the centrifuge chamber from 4 °C to 20 °C. The obtained
plant extract isolated after centrifugation from the plant material was
subjected to purification from coextractive substances by methods of
dispersion solid-phase extraction using organic solvents and sorbents:
mixtures of primary and secondary amines, graphitized coal or by liquid-
liquid crosslinking. Concentration of the purified xenobiotic extract was
performed using a rotary evaporator from IKA. Analysis of the content
of xenobiotics in the solutions obtained from the extracts was performed
according to the list of analytes by high-performance chromatography
with mass-selective detector using chromatograph Dionex Summit MSD-
3200Q TRAP, gas mass spectrometry using chromatograph GC / MS
A.01.10.3ies / Agile, by high performance liquid chromatography with
fluorescent and diode matrix detectors (HPLC / FLD and HPLC / DBP /
FLD) using Ultimate 3000 chromatographs from Dionex.

The method of measuring the content of residual amounts of
pesticides in samples of crop products consists of three main stages:
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obtaining plant extract, obtaining working solutions, instrumental control
of xenobiotics. At the first stage from the homogenized sample of crop
production there is an extraction from the sample of available pesticides
to the composition of the plant extract. To do this, a system of organic
solvent — aqueous-saline solution — a homogenized sample. Not only
target pesticides but also coextractive substances are extracted into the
organic layer.

Table 1
List of target pesticides, lower limit and error of quantitative
measurement of the analyte (N=3,n =10, P =0.95

Lower - Lower .
Compound limit, M'%}ake’ Compound limit, Mls(;ake,
mg / kg 0 Mag/kg °
azoxystrobin 0.01 9.8 pyraclostrobin 0.01 9.0
deltamethrin 0.01 9.5 rimsulfuron, 0.01 10.0
dimethoate 0.01 9.1 thiamethoxam 0.01 10.0
dimetomorph 0.01 9.5 tebuconazole 0.01 9.3
difenoconazole 0.01 9.0 thiacloprid 0.01 9.7
methomyl 0.01 10.0 terbuthylazine 0.01 9.1
mankoceb 0.01 9.6 famoxadone 0.01 9.3
metalaxyl-m 0.01 9.2 fludioxonil 0.01 9.7
lambda- fluazifop-
cyhalothrin 0.01 9.6 p-butyl 0.01 9.9
metribuzin 0.01 10.0 chylazofop- 0.01 9.8
p-ethyl
s-metolachlor 0.01 9.7 chlorpyrifos 0.01 9.5

The results of analytical signals, spectra of analytes were processed
using calibration dependencies, database library of the program
Cromeleon 6.0 and library of mass spectra NIST 0.5.

As can be seen from Table 1, 22 chemical compounds are extracted to
the plant extract, the chemical composition of coextractive substances
has not been studied, because coextractive compounds are isolated from
plant extract using solid-phase and liquid-liquid extraction methods (TFE
and PPE). Plant extract of pesticides is investigated by chromatographic
methods in accordance with the conditions of the certified method
developed for quantitative measurement of a certain group of analytes in
crop products. As can be seen from table 1, the lower limit of
determination of pesticide residues of different chemical groups is at the
level of 0.01 mg/kg, the measurement error does not exceed 10%.
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Comparing the value of the lower limit of determination of the analyte
and the rate of its content in the fruits of tomatoes (DSanPiN 8.8.1.2.3.4-
000-2001, 2001) and products of their processing, it was found that this
method allows you to control the above safety indicators. The upper limit
of determination of pesticide residues listed in table 1 is 1.0 mg/kg, the
measurement error does not exceed 4%.

To confirm the possibility of determining the pesticide content in the
presence of other xenobiotics by this method, as well as in the case of
incomplete purification of plant extract from coextractive substances, the
analysis of plant extracts that did not contain analytes (3 parallels of
blank samples), model systems and artificially enriched pesticides of
tomato fruit samples with different variations in the chemical
composition of analytes and coextractive compounds.

Table 2
The range of the amount of pesticides and metrological
characteristics of the set content

Importe Metrological characteristics
Compound d, mg/kg set value of the content
' Xcp CV,% | Removal,% | Mistake,%
0.01 0.01 3.8 90-110 10
Azoxystrobin 0.05 0.04 2.7 80-100 10
1.0 0.97 3.0 95-101 3.1
0.01 0.01 4.2 92-108 8
Dimetomorph 0.05 0.05 3.1 90-110 10
1.0 0.96 3.5 92-100 4
0.01 0.01 4.0 90-100 10
Tebuconazole 0.05 0.05 3.9 90-100 10
1.0 0.90 4.6 84-98 6
0.01 0.01 3.2 90-100 10
Chlorpyrifos 0.05 0.05 3.9 90-100 10
1.0 0.90 3.3 87-93 6.5

As can be seen from Table 2, the obtained average values (Xa), as
expected, coincide, within the error, with the levels of xenobiotics
included in the sample. During testing, it was investigated and confirmed
that the working range of measurement of pesticide residues in the
sample is from 0.01 mg / kg to 1.0 mg / kg, the minimum percentage of
xenobiatic extraction is not less than 80% and the maximum not more
than 110%, the measurement error does not exceed 10% and decreases in
the range of analyte concentrations from 0.5 mg/kg to 1.0 mg/kg. The
value of the coefficient of variation of the measured amount of pesticide
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content varies in the range from 2% to 5%. The data shown in table 2
were obtained by chromatographic analysis. Detection of peaks of
analytes of the lower limit of quantitative measurement (0.01 mg/kg) was
performed at a noise / signal ratio of 1 noise: 6 signal. The instrumental
methods of gas and liquid chromatography mass spectrometry used are
selective methods. When obtaining chromatograms in the method of
liquid chromatography, selective conditions for the collection of ions of
the corresponding analyte were applied. In the method of gas mass
spectrometry in the processing of chromatograms was used the function
of purification of spectra, the principle of mass fragmentation — the
selection of a set of masses obtained by ionization by electron impact
(70 eV), masses characteristic of the target analyte. In combination with
the retention time recorded in accordance with the retention time of the
analytical standard, this facilitates the processing of the results of
chromatographic analysis.

53 samples of tomato fruits, 5 samples of tomato paste and 10 samples
of tomato juice were analyzed. According to the results of
chromatographic control on the chromatograms of 47 samples, no
xenobiotics corresponding to pesticidal compounds were detected (by
retention time and peak mass spectra). The vast majority of samples did
not contain pesticides. However, one sample of tomato fruit and five
samples of tomato paste containing target pesticides were found in the
study. The established results of the amount of pesticides in tomatoes and
tomato paste were compared with their permissible content allowed by
DSanPiN of Ukraine 8.8.1.2.3.4-000-2001. Tomato paste contains from
one to four pesticides in an amount that did not exceed the established
hygienic standards. Five pesticides were detected in tomatoes with
registration code (RC) 12, no other pesticide chemical compounds were
detected.

Table 3
The list of pesticides and the results of control of their residual
amounts in the sample of fruits of tomatoes r.k. 12

Name of indicators Definitely, mg / kg Norms * Norms**
Azoxystrobin 0.01 not normalized 0.3
Deltamethrin 0.01 0.3 0.3
Dimetomorph <0.01 not normalized 0.1
Metalaxyl-M 0.01 0.04 0.2
Pyraclostrobin <0.01 0.3 0.3

* State sanitary rules and norms DSanPiN 8.8.1.2.3.4-000-2001
** PESTICIDES EU-MRLs Regulation (EC) No 396/2005, Tomatoes
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In each of the samples of tomato paste and in the sample of tomato
fruits RC 12, shown in table 3, revealed dimetomorph. Dimetomorph —
the active substance of plant protection products with fungicidal action,
allowed to protect vegetable crops of potatoes, tomatoes, cucumbers,
onions and grapes from a complex of diseases. According to the
recommendations for the use of spraying the plant with the drug is
carried out until the first signs of the disease, and treated throughout the
growing season with an interval of 7 to 14 days. Dimetomorph alone is
not used, this pesticide is part of three-component and two-component
drugs with mancoceb, pyraclostrobin, metalaxyl or ametoctradine.
Mancozeb is unstable in the environment, quickly hydrolyzed (from
several hours to three days) in acidic and alkaline environment, residual
amounts of this compound in the samples can be detected only in the first
days after treatment of the plant. Residual amounts of pyraclostrobin and
metalaxyl-M found in the products indicate that these pesticides are not
only stable in the environment, but also do not decompose under
pasteurization. Analyzing the residual amounts of active substances of
the detected drugs, we can assume that the drugs were used according to
the instructions and did not exceed the recommended application rates.
Detected pesticide residues are less than the maximum allowable level.

2. Isolation of polycyclic aromatic hydrocarbons from sunflower oil

Today, modern laboratory research methods require the use of a large
number of expensive consumables and reagents imported to Ukraine.
During previous studies of xenobiotics in samples of plant raw materials
and oils, as well as studying the physicochemical properties of
xenobiotics, possible ways to save and optimize the use of certain
consumables were predicted®®*°, including through various methods of
intensification of extraction processes. in the system of plant material-

8 Nesterova L.O., Hrybova N.Y., Khyzhan O.l., Ushkalov V.O. (2018).
Development of controls method for the isomers of polycyclic aromatic
hydrocarbons in vegetable oils. Scientific Journal of National University of Life and
Environmental Sciences of Ukraine. Series: Agronomy, 286, 312-320.

® Hrybova N.Yu. (2018). Xenobiotics of PAHSs group is extracted from sunflower
seeds. Scientific Journal of National University of Life and Environmental Sciences
of Ukraine. Series: Agronomy, 294, 209-218.

0 Grybova N.Y. et al (2018). Determination of Polycyclic Carbohydrates in
Atmospheric Water by the Method of Chromatography. Journal of Water Chemistry
and Technology, 40 (5), 297-301.
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extractant***2, In addition to establishing conditions for intensification of
extraction processes and economical use of consumables and solvents, a
significant interest in terms of rationalization and greening of methods
for testing crop products for polycyclic aromatic hydrocarbons (PAH), is
a liquid of vegetable origin — oil used as an extractant for some drugs™
However, the presence of xenobiotics with carcinogenic activity in the
composition of sunflower oil — polycyclic aromatic hydrocarbons limits
its use as an extractant'. The known industrial process of the most
complete purification of sunflower oil from xenobiotics allows to obtain
refined oil brand “D”, in which still remain xenobiotics at the level of
1 ng / kg. The use of brand D oil for the manufacture of drugs creates the
preconditions for the content of trace amounts of xenobiotics of the PAH
group in the composition of the drug.

Industrial purification of oil from xenobiotics is carried out using
various sorbents **'®” among which there is no data on the use of
inexpensive, available and known enterosorbent — activated carbon used
to bind xenobiotics and toxins in the gastrointestinal tract'®

It is known that the chemical composition of unrefined 0|I or crude
oil is characterized by the presence of xenobiotics PAH, free fatty acids,

! Gribova N.Yu., Filippenko T.A., Nikolaevskii A.N., Khizhan E.I., Bobyleva O.V.
(2008) Effects of ultrasound on the extraction of antioxidants from bearberry
(Arctostaphylos adans) leaves. Pharmaceutical Chemistry Journal, 42 (10), 593-595.

I'pubosa H.1O. BiusHue ycaoBuii SKCTpaKIMy Ha aHTHOKCHAAHTHBIE CBOWCTBA
W3BJICYCHHBIX (QUTODEHONIOB. Memodsr u 0b6vekmvl xumuveckozo auanuza. 2012.
Bein, 7, Ne 4. C. 202-206.

® Bucara €.1., Omiithuk C.B., Bummnuesceka JLI., I'epacumoBa I.B. Ta iH.
XpomarorpadiyHi JOCTIJPKEHHSI OJIMHMX EKCTPaKTiB 3 TPaBH CENepH Iaxydoi Ta
macTepHaKy TmociBHOTO. CyuacHi 0ocscHeHHA papmayesmuyHoi mexuono2ii i
610mexm)voelz 30ipHUK HayK. Tp. Xapkis, 2017. C. 52-54.

Tox1cologlcal Review of Benzo[a]pyrene (2017). Review of EPA’s Draft
Assessment U.S. Environmental Protection Agency. Washington: EPA. 97 p

® Huang, Y., Zhou, Q., & Xie, G. (2011). Development of micro- SO|Id phase
extraction with titanate nanotube array modified by cetyltrimethylammonium
bromide for sensitive determination of polycyclic aromatic hydrocarbons from
environmental water samples. Journal of hazardous materials, 193, 82—89.

Crioci6 BHIATCHHS MOMIIMKIIYHUX apOMATHUYHHUX ByFJ’IBBO}IHiB. [Tarent
104865 Ykpaina. Omy6nikosannii 25.03.2014, Bron. Ne 6, 2014 pix.

CHOC16 BH3HAYCHHA BMlCTy l'[OJ'llL[I/IKJ'l]'-lHI/IX apOMaTI/I‘{HI/lX Ta apoOMaTUYHHUX
BYIVIEBOJHIB Yy TPOMYKTaX, IIO MICTATH Xap4oBi ouii Ta xwupu. [lateHt 82364
VYxpaina. Omy6uikoBanuii 10.04.2008, bron. Ne 7, 2008 pik.

8 Kocnesnu H.M. BusHaueHHs aHTHMIKpOGHOI Ta aJCOPOLiHHOI aKTHBHOCTI
BYriJunsi, 30aradeHoro ¢itoekcrpakrtaMu. [Ipobiemu exonoziunoi 6GiomexHonoeii.
2015. Ne 1.

¥ Khrokalo, L.A., Pylypenko, T.M., & Verves, K.Y. (2018). Additional
properties of pharmaceutical preparations: active coal and white coal. Fioroziuni
cucmemu: meopis ma innosayii. 2018. Ne 287. C. 1219-135.
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phosphatides, natural waxes, tocopherol natural vitamins, aromatic
substances and trace amounts of water”’. In appearance, crude oil, due to
the high content of waxes and phosphatldes, is cloudy and opaque. In the
process of hydration and neutralization, deodorization, bleaching and
freezing, the oil removes the remnants of concomitant substances, as
well as eliminates existing impurities, the oil becomes transparent and
odorless. However, xenobiotics such as PAH are not completely
removed from the crude oil, residual amounts of PAH are allowed in
refined sunflower oil. Order of the Ministry of Health of Ukraine Ne 368
of 13.05.2013 “On approval of State hygienic rules and regulations”
established the permissible content of benzo (a) pyrene not more than
2 ug / kg and 10 pg / kg — the maximum total content of three PAH
(benzo (a) anthracene, benzo (a) pyrene, benzo (b) fluoranthene), but for
dietary and baby food oils, the residual content of any of the above
substances, or the total content of a group of PAH may not exceed 1 ug/
kg. Analyzing the above norms, it can be assumed that in the refining
process bleaching clays (chemical compounds Al203 and nSiO2) and
their mixtures with activated carbon can remove all compounds of the
PAH group, but the literature does not specify the conditions of the
refining process that lead to the final (1 pg / kg).

Activated carbon has a high porosity, the surface area of one gram of
activated carbon can be from 500 to 2200 m2. The pore radius can be
from 0.2 to 200 nm, mainly the adsorption capacity of activated carbon is
determined by pores with a size of 0.5-1.6 nm, which are commensurate
with the size of the adsorbed molecules™. Activated carbon is now
widely used for sorption extraction from Water of chemlcal compounds
of man-made origin, or as an enterosorbent of toxins?’. The process of
extraction of chemical compounds from different systems on activated
carbon occurs due to their absorption and retention by the active centers
of the adsorbent. This process is usually explained by the lack of
physical interaction between the active centers of the sorbent and the
molecules of xenobiotics due to the weak forces of Van der Waals, but,

2 Oceitro M.I. Texuomoris pocIuHEMX ol : miapyunuk. Kuis : Bapra, 2006. 280 c.

A ACTY EN 12915-1:2004, Marepiaiu Uit OYHIICHHS BOJAH, IPU3HAYCHOT IS
CIIOXKMBAHHS JIIOMMHOIO. ['paHynboBaHe akTHBOBaHe Byriwisi. YactuHa 1. Ywmcre
rpanyspoBaHe aktuBoBane Byriust (EN 12915-1:2003, IDT)

2 Kocuesny H.M. BusHaueHHs aHTHMIKpOGHOI Ta aicOpOLiHHOI aKTMBHOCTI
BYriJunsi, 306aradeHoro GitoekcrpakrtaMu. [Ipobremu exonociunoi 6GiomexHonoeii.
2015. Ne 1.

Khrokalo, L.A., Pylypenko, T.M., & Verves, K.Y. Additional properties of
pharmaceutical preparations: active coal and white coal. Bionoziuni cucmemu:
meopisn ma innosayii. 2018. Ne 287. C. 1219-1135.
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under certain conditions, chemical reactions can occur on the surface of
the sorbent to increase cleaning efficiency due to xenobiotic
chemisorption, also possible course of both processes — physical and
chemical sorption, which significantly enhances the action of the sorbent
and increases the degree of purification of the object from xenobiotics.
The most studied application of activated carbon for the removal of
xenobiotics of organic nature, such as phenol, benzene, most petroleum
products, chlorine and organophosphorus pesticides, polycyclic aromatic
hydrocarbons from a solvent of inorganic nature — water. The aim of this
work was to study the conditions and establish optimal conditions for the
complete separation of crude oil by adsorption on activated carbon of
polycyclic aromatic hydrocarbons.

Samples of unrefined and refined sunflower oil were used in the
work, the quality indicators of which corresponded to DSTU 4492: 2017.
To separate wax and phosphatides from unrefined oil, as well as the
sorbent at the stage of studying the adsorption process, was used the
method of centrifugation at 4°C and the method of vacuum filtration at
room temperature using a nylon filter with a cell diameter of 0.46 pum.
The process of extraction of xenobiotics took place by maceration,
intensified with action of temperature (25°C) and constant stirring at a
speed of 200 revolutions per minute. Qualification solvents “for
chromatography” and “pure for analysis” were used in the work: acetone,
methanol, isopropanol, acetonitrile, deionized water, orthophosphoric
acid, solutions of analytical PAH standards in acetonitrile and
isopropanol. Activated carbon (DSTU EN 12915-1: 2004) was used as a
sorbent, which has a developed total porosity, a significant value of the
specific absorbing surface (about 1000 m2 per gram of coal). Work with
samples was carried out in accordance with the methods developed in
ULYABP APC. The content of xenobiotics in the oil was determined by
high performance liquid chromatography with fluorescence detection
(HPLC / FLD). The software package Cromeleon 6.0 and MS Exel were
used to identify analytical signals of xenobiotics and mathematically
calculate the values characterizing the process of PAH extraction
from oil®.

2 Nesterova L.O., Hrybova N.Y. Khyzhan O.l., Ushkalov V.O. (2018).
Development of controls method for the isomers of polycyclic aromatic
hydrocarbons in vegetable oils. Scientific Journal of National University of Life and
Environmental Sciences of Ukraine. Series: Agronomy, 286, 312-320.
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Unrefined crude oil was subjected to organoleptic and visual
analysis. The crude oil in the physical state is a liquid, a viscous
yellow-amber suspension, the suspended phase has a color from light
brown to dark brown, the suspended mechanical impurities are evenly
distributed throughout the volume of the sample. The suspension is
capable of delamination when settling in the tank. A one-liter sample
placed in a one-liter measuring cylinder is flaked for 140 to 800 hours,
depending on the dispersion, content and volume fraction of the
impurities. The use of the method of centrifugation at a temperature of
4°C and the method of vacuum filtration at room temperature using a
nylon filter with a cell diameter of 0.46 pum allow the separation of
mechanical impurities from one liter of crude oil in 2.5 hours. The oil
purified from mechanical impurities is subject to the study of the initial
level of xenobiotics. According to the results of chromatographic
analysis, all samples of crude oil contain mixtures of polycyclic
aromatic hydrocarbons: benzo (a) anthracene (BaA), benzo (a) pyrene
(BaP), benzo (e) pyrene (BeP), benzo (b) fluoranthene (BBF),
chrysanthemum (Hr). The established content of xenobiotics in the oil
is shown in table 1. From table 4.13 it can be seen that the selected oil
samples for study contain different amounts of xenobiotics. Samples
Nel and Ne 2 are characterized by the content of BaP and the amount of
3PAYV at the level of the established norms for edible oils of brand “D”
and “P” (Order of the Ministry of Health of Ukraine Ne 368 of
13.05.2013). Other samples studied in the work and are shown in
table 4, are characterized by exceeding the permissible levels of PAH.
Oil samples NeNe 7-10 are characterized by a content of BaP, which is
5-11 times higher than the permissible content of this xenobiotic in
food oils, the analysis of oils with a high content of PAH overloads the
chromatographic column and reduces its service life.

Because sample Nel contains the least amount of xenobiotics, it was
used to create model systems formed by artificial enrichment of oil with
xenobiotics. Oil samples NeNe 7-11 were used to test the efficiency of the
adsorption PAH extraction conditions under study.

Hrybova N.Yu. (2018). Xenobiotics of PAHs group is extracted from sunflower
seeds. Scientific Journal of National University of Life and Environmental Sciences
of Ukraine. Series: Agronomy, 294, 209-218.
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Table 4
The results of measuring the PAH content
in samples of crude sunflower oil

Sequence The content of xenobiotics, pg / kg

number of Chrysant

the sample BaA BaP BeP BbF her%um
Ne 1 0.5+0.1 0.9+0.3 1.240.2 1.0+£0.2 0.9+0.2
Ne 2 2.7+0.4 2.1+0.4 3.1+0.6 1.9+0.3 2.4+0.5
Ne 3 5.3+£0.5 4.240.8 4.440.8 3.9+0.6 3.74£0.5
Ne 4 5.9+0.7 5.0+0.9 5.4+0.6 5.9+0.6 4.1+0.5
Ne 5 4.240.5 6.3£1.1 6.74£0.9 4.740.4 5.5+0.6
Ne 6 7.3+0.6 8.2+1.7 9.2+0.9 7.8+0.9 8.3+0.9
Ne 7 8.7+1.2 10.6+2.1 9.8+1.7 10.0+£1.5 9.7£1.3
Ne 8 11.5£1.1 14.9£14 13.2+1.5 9.4+0.9 9.9+1.2
Ne 9 12.4+1.1 17.1£1.9 14.5+1.5 16.3£1.7 17.3£1.5
Ne 10 25.142.4 23.2+1.8 18.3£1.7 21.242.1 20.8£2.1

Sample Ne 1 was used in the work to create seven model systems in
three parallels, which were encrypted and used to study the sorption
properties of activated carbon. Analytical standards of individual PAH
were introduced into the first five model systems to create a xenobiotic
content corresponding to 2.0 £ 0.2 pg / kg. The content of PAH in model
systems before studies of the sorption extraction process were
investigated by HPLC / FLD. The established content values (cO)
characterize the artificially enriched sample (table 5), prepared for a
series of tests. As can be seen from table 4.14, the artificially created
total xenobiotic content in the experimental series of samples is stable
within the error of the test method and averages 5.6 + 0.8 ug / kg, except
for mixtures with the priority xenobiotic benz (a) anthracene, with a total
xenobiotic content. within 6.0 = 1.2 pg / kg.

The list of xenobioatics is individual for each sample in the series and
is characterized by the priority content of one of the test compounds. An
artificial increase in the concentration of one of the xenobiotics is
necessary to study the process of extraction of this compound on
activated carbon in different ratios to other xenobiotics.
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Table 5
The results of measuring the content of PAH in an artificially
enriched sample of crude sunflower oil Ne 1

The content of xenobiotics (c0), pg / kg

Sample code Chrysant| Amount5

BaA BaP BeP BbF hemum PAH

NelA 1 2.0£04 | 09+0.3 | 1.2+0.2 | 1.0+£0.2 | 0.9+0.2 6.0+1.1

NelP1 0.5£0.1 | 2.0+0.2 [ 1.2+0.2 | 1.0+£0.2 | 0.9+0.2 5.6+£0.9

NelE1 0.5£0.2 | 0.9+0.3 [ 2.0+0.3 | 1.0+0.2 | 0.9+0.2 5.3+0.8

Ne 1F 1 0.5£0.1 | 0.9+0.3 | 1.2+0.3 | 2.0+0.3 | 0.9+0.2 5.5+¢0.8

NelXp1 0.5£0.2 | 0.9+0.3 [ 1.2+0.3 | 1.0+0.2 | 2.0+0.2 5.6+0.8

NelA 2 2.0£0.2 | 09+04 | 1.2+0.3 | 1.0+0.3 | 0.9+0.2 6.0+1.3

NelP2 0.5£0.1 | 2.0+0.2 | 1.2+0.2 | 1.0+0.1 [ 0.9+0.1 5.6£0.6

NelE2 0.5£0.1 | 0.9+0.2 [ 2.0+0.2 | 1.0+0.1 | 1.0+0.2 5.4+0.5

Ne 1F 2 0.5£0.1 | 0.9+0.1 | 1.2+0.2 | 2.0+0.2 | 0.9+0.1 5.54£0.6

NelXp2 0.6£0.2 | 0.8+0.2 [ 1.1+0.2 | 0.9+0.2 | 2.0+0.3 5.4+0.6

The first parallel of the five model systems was divided into four
equal portions weighing 200 g, from which two parallel samples of 100 g
were created. 1 g, 3.5 g, 6.5 g and 10 grams of activated carbon were
added to each pair of parallel samples. The sorption process took place
with constant stirring, at room temperature 25°C. An aliquot of the oil:
activated carbon mixture was selected from the extraction system every
30 minutes, the weight of the aliquot was 1.0 g. The aliquot was
separated by filtration: the separated sorbent was returned to the
extraction system, and the oil was transferred to the chromatographic
stage. The obtained quantitative data were used to calculate the specific
adsorption (b) according to formula 1:

b= m(CO —Cn ) (1)

where: m is the mass of the sample (100 g),

Co — PAH content at the beginning of the study,

¢, — the equilibrium concentration of PAH in the oil after a certain
period of time,

k — the mass of activated carbon added to the oil (5.8, 15, 25 g).

The equilibrium concentration of PAH in the oil decreased over a
period of time, which indicated the course of sorption processes in the
system. The degree of extraction of xenobiotics is calculated according
to formula 2:

84




r= (CO_ Cn)

(2)
Co
where: ¢co — PAH content at the beginning of the study,
Cy is the equilibrium concentration of PAH in the oil over a period of time.
b, meoig

100 4

Fig. 1. Dependence of the specific sorption of activated carbon on the duration
of the process. Variable component — content of activated carbon:
a-1g,e-359,c-659,d-10¢g
Initial total xenobiotic content of 560 + 80 ng, initial substrate mass 100 g, T 25°C,
stirring constant (200 rpm).

Figure 1. shows the dependence of the value of the specific sorption
of activated carbon calculated according to formula 1 from the duration
of the adsorption process, which occurred when adding different
amounts of activated carbon.

From Figure 1 we can see that with increasing sorbent mass in the
system, the sorption curve reaches the plateau in a shorter period of time,
which indicates an increase in the speed of the adsorption process with
increasing sorbent mass. The highest rate of PAH extraction from oil is
achieved by adding 10 grams of activated carbon, but this system is
characterized by the lowest specific sorption, which indicates the low
efficiency of the sorbent. The highest value of specific sorption is
achieved in the system with a minimum amount of sorbent, namely —
1 gram, however, this amount of sorbent allows you to remove only 83%
of the above initial amount of xenobiotics, ie is insufficient for oil
purification.
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Almost 99% of xenobiotics from the studied oil samples were
removed with a sorbent weighing 3.5 g or more. The average duration of
the process of extracting PAH from one oil sample with 3.5 g of
activated carbon is 8.5 hours.

Examining the patterns of PAH extraction with approximately the
same hydrophobicity parameters®, it was found that the lower the
molecular weight of the priority xenobiotic, the more time is required for
complete PAH extraction from oil (Table 6). As can be seen from table 3
in the first 30 minutes of solid-phase extraction from sample Ne 1A2 with
a priority content of BaA (M BaA = 228 mol/g) removed 5.3% of
xenobiotics, to completely remove PAH from this sample requires
510 minutes.

Table 6
Percentage of PAH removal from sample Ne 1A 2
and sample Ne 1P 2 at T 25°C with 3.5 g of activated carbon
t, min | Sample 30 90 180 360 | 420 450 480 | 510
w,% | NelA2 | 53 140 | 244 | 521 | 753 | 86.4 | 935 | 100
t, min | Sample 30 90 180 360 | 420 450 480 | 510
w,% | NellI2 | 8.9 19.2 | 36.2 | 776 | 89.6 | 98.1 | 100 100

For the first 30 minutes of the process, 8.9% of PAH were removed
from the sample Ne 1I12 with the priority content of BaP
(M BaP = 252 mol/g), which is 3.6% more than from the sample
Ne 1A 2 for this period of time. The dynamics of increasing the number
of extracted xenobiotics for a sample with a priority content of
xenobiotics with a molecular weight of 252 mol/g, compared with a
sample containing a priority xenobiotic with a molecular weight of 228
mol/g, is maintained throughout the process. The total contact time of the
oil-activated carbon phases required for complete removal of PAH from
the sample Ne 1P2 is 480 minutes, which is 30 minutes less than the time
spent to remove PAH from the previous sample.

2 Derun, Yu.A. et al. Pospaxynku mnapameTpiB rimpodoOHocTi i30MepiB
OcH30mipeHy Ul MOIIYKY ONTHMAaJlbHMX YMOB BHUMIPIOBaHHs iX BMICTy B
atMochepHiil Bomi. Ximiuni npobnemu cvocooenns, [S.1], p. 14, apr. 2018.
http://jhps.donnu.edu.ua/article/view/5159
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CONCLUSIONS

The paper tests the method of measuring the residual amounts of
pesticides that remain in the fruit of tomatoes after the use of plant
protection products in culture. It is established that the working range of
measurement of pesticide residues is from 0.01 mg/kg to 1.0 mg/kg. The
value of the percentage of pesticide extraction from the sample to the
plant extract is in the range from 80% to 110%, the value of the
coefficient of variation does not exceed 5%. The stability of the method
was established for 6 months in a series of intra-laboratory studies of
reference samples. The method was tested using model systems and
53 samples of tomato fruits, 5 samples of tomato paste, 10 samples of
tomato juice. One sample of tomato fruits and five samples of tomato
paste with trace amounts of several target pesticides, the content of
which did not exceed the established hygienic norms, were found.

Thus, the optimal conditions of the process of adsorption of PAH on
activated carbon are achieved in isothermal conditions (25°C) with
constant stirring of the system at a speed of 200 revolutions per minute.
The ratio of the mass of the sorbent to the mass of crude oil is variable
and depends on the total content of xenobiotics, for every 560 + 80 ng
xenobiotics of the PAH group must be introduced into the system 1 g of
activated carbon, the average sorption time is 510 + 30 minutes

SUMMARY

The values characterizing the suitability of the developed and tested
method of measuring the content of residual amounts of pesticides in
tomato fruits are established. According to the results of
chromatographic control on the chromatograms of 47 samples of tomato
fruits, no xenobiotics were detected, one sample of tomato fruits and five
samples of tomato paste with trace amounts of target pesticides
(azoxystrobin, deltamethrin, dimetomorph, metalaxyl-m, perachustro,
pyraclo established by regulatory documents in Ukraine and the EU
hygienic standards.

A study of the process of separation of polycyclic aromatic
hydrocarbons (PAH) from sunflower oil on activated carbon: benzo (a)
anthracene, benzo (a) pyrene, benzo (e) pyrene, benzo (b) fluoranthene,
chrysanthemum and their mixtures. The PAH content in the samples was
determined by the results of chromatographic tests performed by high
performance liquid chromatography with a fluorescent detector (HPLC /
FLD). Based on the established regularities, the optimal conditions for
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purification of crude sunflower oil from PAH with the help of activated
carbon and obtaining a matrix of sunflower oil are proposed.
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