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(pesynbraTtu ekcnepuMeHTANbHUX AOCAIAKEHD)

PE3OME. Po3suiupents acopmumenny ma 00cseie GUKOPUCIIAHHA 8 CUIbCbKOMY 20CnOO0ApCIBi 3aco0ig 3axXucmy poCiuH nidguufye
Hebesnexy 3a0pyOHeHHs TPYHMY, a 8 NOOWIbUWIOMY NIO3EMHUX Md NOBEPXHEBUX 80000Jicepel, 0COONUBD BUCOKOCMILIKUMY 6 TPYHMI
necmuyudamu.

Mema. Bcmanognenns ma nopisHaibHa oyinka 0coonugocmell Miepayii Hogux necmuyudie — npedcmasHuKie pisHux XiMiuHux Kiacis,
3 IPYHIMY 00 IPYHMOBUX 800 NPU MOOETIOBAHHI PI3HUX BUXIOHUX KOHYEHMPAYIL MA PENCUMIE 3DOULY8aAHHSL.

Mamepianu ma memoou. Y 1a60pamopromy ekcnepumenmi 6UgYeHo Miepayilo 00CIioNCY8aHUX PEUOBUH Y CUCEMT KIPYHI — IPYH-
MBI 800U» 30 AONOMO2010 Pinbmpayitinux KoaoH Koncmpyxyii akademika Ionuapyka €17 Hx opruil wiap rpynmy uKopucmosysaiu
Mooenvruti tpynmosuti emanon Ne 1 (MIE Ne 1) ma woprosem sunyocenuii. Inimyeanu mpu 2iopaeniuni pesicumu: npomszom 30 0i6
HA KONOHY NOO0ABANU PIYHY, MPUMICAYHY abo MicauHy HOpMy onaodis. Buxioni konyenmpayii amixapbaszony, Oiyuxionipory ma nioi-
pymemocpeny 6ionosioanu 1 maxcumanviiv nopmi sumpamu (m.1.6.), max i 0,5, 0,2 ma 5 m.u.6. 8ionogiono. Kinvkicue suznayenns
¥ inempami 00ciONCY8AHUX peuosuH 30IUCHIOBANU MEMOJOM BUCOKOCPHEKMUBHOT PiOuHHOT xpomamoepagil.

Pesynomamu. Bemanosieno, wo 3a euuyux UXiOHUX KOHYeHMpayiiu 6 OpHOMY wiapi IpyHmy YCIX mpboxX pedogur ma Oiibuio2o 2io-
DABNIYHO20 HABAHMAICEHHS. HA (Dinbmpayitiny Konony 6 pasi 0box 2ep0Oiyudie Konyenmpayii cnoayk y Qinempami 0y uwumu.
Boonouac npu oonaxosux opromy wapi (MIE Ne 1) i zidpaeniurnomy nasanmansicenni (Makcumanvhe) ma matisice 00HAKoGii 6UXioniti
konyenmpayii 6 tpyumi (0,05 i 0,06 me/ke) 6iyuxaonipon nopisuano 3 nidignymemogperom 3’16146cA y Qinbmpami 3Ha4Ho paniute ma
8 DL KITbKOCI, 11020 MAKCUMATbHY KOHYEeHmpayiio y (inbmpami 00cseHymo 3uauno wieuouie, 6ona oyra y 17 pasie suujoro,
nidigpnymemocpen susesIU y QLibmpami 3HaUHoO dosule, Hidic OIYuUKIONIpoH. Pieni micpayii diyuknonipony maiidice He 3anexcanu 8io
Muny OpHo20 wapy [pyHmy, mooi sk nidigymemopen y HOpHO3EMi GULYHCEHOMY YMPUMY8aASCs. d0sule ma Miepyeas nosiivHiule, Hidic
y MIE Nel.

Bucnosku. Bussneno sk 3a2anbHi 3aKOHOMIPHOCIE, MAK | 3HAUHT PO3OIHCHOCIIE 8 Mi2payii d0CIOHCYBAHUX PeUOBUH 34 NPOLieM TPYH-
ny 00 IpyHMOB020 nomoxy. [logedero, wo nidigpnymemodgher y nopieHanHi 3 OiyUKIONPOHOM € MeHUL PYXTUBUM, 3 ABTAEMbCA Y (Dinbm-
pami snauno nisuiwe ma mizpye 3 MIE Ne [ nosinsuiuie; amixapOazon y nopisnsumi 3 Giyukioniponom € oinbul pyxuueum, Mizpye 3 4op-
HO3EMY BUILYHCEHO20 Q08ule ma inmeHcusHiule. Hallsuwa nomenyitina nebesnexka 3a0pyOHerHs IDYHMOBUX 600 GHACTIOOK BEPIMUKATb-
HOI Migpayii 3 HatNoOWUpeHiuux 6 Ykpaini YoOpHO3EMHUX [PYHMIE NPUMAMAHHA AMIKAPOA30HY, HAUHUMCHA — NIOIIyMemogeny.
Kntouosi cnosa: 3acobu 3axucmy pociun, eepoiyud, QyHeiyuo, [pyHm, [pyHmosi 600u, Miepayis, 3a0pyOHeHHs, PAHUYHO OONYCIMUMA
KOHYEHmMpayis.
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STUDY OF MIGRATION OF MODERN PESTICIDES AMICARBAZONE,
BICYCLOPYRONE AND PYDIFLUMETHOFEN FROM SOIL TO GROUNDWATER
(Results of experimental studies)

ABSTRACT. The expansion of the range and volume of application of plant protection products in agriculture increases the risk of con-
tamination of soil, and subsequently of underground and surface water sources, especially with highly persistent pesticides in the soil.
Aim. Establishing and comparative assessment of migration characteristics of new pesticides — representatives of different chemical
classes, from soil to groundwater when modelling different initial concentrations and irrigation regimes.

Materials and Methods. In a laboratory experiment, the migration of the investigated substances in the soil — ground water system
was studied with the help of filtration columns designed by the Academician E.H. Honcharuk. Soil Standard Model no 1 (SSM no 1)
and leached chernozem were used as arable soil layers. Three hydraulic regimes were simulated: annual, three-month, or monthly
precipitation rates were supplied to the column for 30 days. The initial concentrations of amicarbazone, bicyclopyrone, and pydi-

VKPATHCBKU XYPHAJT CYYACHUX MTPOBJIEM TOKCUKOJIOTTT /

UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2024

19



20

TOKCHUKOJIOI'ISI HECTULU/IB
TOXICOLOGY OF PESTICIDES

flumetofen corresponded to both one maximum consumption rate (m.c.r.) and 0.5, 0.2 and 5 m.c.r. respectively. Quantitative determi-
nation of the studied substances in the filtrate was carried out by the method of high-performance liquid chromatography.

The results. It was established that with higher initial concentrations of all three substances in the topsoil and greater hydraulic load
on the filtration column in the case of both herbicides, the concentrations of compounds in the filtrate were higher. At the same time,
with the same arable soil layer (SSM no 1) and hydraulic load (maximum) and almost the same initial concentration in the soil (0.05
and 0.06 mg/kg), bicyclopyrone appeared in the filtrate much earlier and in in larger quantities, its maximum concentration in the fil-
trate was reached much faster, it was 17 times higher. It took much more time to detect pydiflumetofen than bicyclopyrone. The migra-
tion levels of bicyclopyrone were almost independent of the type of arable soil layer, while pydiflumetofen in leached chernozem
retained longer and migrated more slowly than in SSM no 1.

Conclusions. Both general regularities and significant differences in the migration of the studied substances to the ground water
depending on the soil profile were revealed. It has been proven that, compared to bicyclopyrone, pydiflumetofen is less mobile, appears
in the filtrate much later and migrates from SSM no 1 more slowly. Compared to bicyclopyrone, amicarbazone is more mobile,
migrates from leached chernozem longer and more intensively. The highest potential danger of groundwater contamination due to ver-
tical migration from chernozem, the most common soil type in Ukraine, is inherent to amicarbazone, the lowest — to pydiflumetofen.

Keywords: plant protection products, herbicide, fungicide, soil, groundwater, migration, pollution, threshold limit value.

Beryn. Amnani3z arpoximiyHOi cuTyarlii B
VYkpaiHi 3aCBiIUye€ cTaje MOPivyHE PO3IIHUPEHHS
ACOPTHMEHTY Ta 00CSTIB 3aCTOCYBaHHS 3aC001B
3axucty pociuH (33P). 3okpema, 3araipHa
KUIBKICTh JTO3BOJICHUX JI0 BUKOPHUCTAHHS TIpe-
napariB 3 2014 p. mo 2019 p. 36unpIIMIIaCh HA
47 % [1]; nectunimaHe HaBaHTaKeHHSI HA | ra
puwti 3 2000 p. mo 2018-2019 pp. miaBUIIKIO-
cs1 3 0,4 xr no (1,3-1,4) kr 3a ai104010 pEYOBH-
HOIO (ZI. p.); 00cATH 3aCTOCYBaHHS B Iepepa-
XyHKY Ha 1. p. ctaHoBuin y 2017-2020 pokax
(23-25) Tuc. T mopoky [2]. 3a3HaueHe TPU3BO-
IUTH [0 IIOCTIHHOIO MiJABHUIIEHHS XIMIYHOI'O
HABAaHTAXXCHHS HA TPYHTH CLIbCHKOTOCIIONAPCh-
KOTO TMpHU3HAYeHHs, 3BAKU A. p. 33P MoxyTh
MOTPAILIATA JO 1HMHUX OO0’ €KTIB JTOBKIJIIA,
30KpeMa, B IiJI3EMHI Ta TIOBEPXHEB1 BOIOKE-
pena, 1, 3pemToro, 10 OPraHi3My JIOIUHU.

SIk Bigomo, 3a0e3reueHHs] HaceJIeHHs SKic-
HOIO TIMTHOIO BOJIOKO Y JIOCTATHIM KUIBKOCTI €
OJTHUM 13 OCHOBHHMX KpHUTEpIiB COIIaTbHOTO
Omaromony4dsi cycnuibcTBa. B VYkpaini Ha
noyarok 2019 p. mume 30,1 % ciabchkoro
HaceseHHs, 89,9 % HaceneHHs, 1110 MPOXKUBAIIO
B CeJMIIax Mickkoro tuiy (cmt), Ta 99,2 %
MICBKOTO HACEJEHHS MaJd JOCTYH JI0 IIEHTpa-
mizoBaHoro BomomoctadanHs [3]. Y 2020 p.
[EHTPATI30BaHUM BOJOMOCTAYaHHAM OYyIJIO
oxorieHoO 99 % wict, 91,2 % cMmT Ta nuie
26,8 % CITbCBKMX HACEIICHWX IYHKTIB [4].
ToOT0, OIIBIIICTH CUIBCHKOTO HACEJIEHHS KOPH-
CTyBaJIacsi BOAOIO 3 JKEPEIl HeIIeHTPaIi30BaHO-
ro BOJONOCTAYaHHs, sIKa JOBOJI 4acTO HE BiJI-
MoBiaJla MEANKO-CaHITAPHUM HOPMaTHBaM, y
TOMY YHCIIi, 32 CAHITAPHO-XIMIYHUMH, 30Kpe-
Ma, CaHITapHO-TOKCHKOJIOTIYHUMHU TTOKa3HUKA-
mu. Tak, 3a ganumu [5] 2018 p. nume B
UYepkacekiit oomacti B 30 % 3 2390 mocmimxke-
HUX TPo0 MHUTHOI BOAM JCHEHTPATI30BAHUX
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Introduction. Analysis of agrochemical
situation in Ukraine demonstrates the con-
stant annual expansion of the range and scope
of application of plant protection products
(PPPs). In particular, the total number of for-
mulations approved for use increased by
47 % from 2014 to 2019 [1]. Pesticide load
per one hectare of arable land from 2000 to
2018-2019 increased from 0.4 kg to (1.3—
1.4) kg by active substance (a.s.). The volume
of application in terms of annual value in
2017-2020 was (23-25) thousand tons every
year [2]. The above-mentioned leads to a con-
stant increase in the chemical load on agricul-
tural soils, from where the pollutants can
enter other environmental objects, in particu-
lar underground and surface water sources,
and, eventually, an organism of a person.

It is known that the provision of population
with quality drinking water in sufficient
quantity is one of the basic criteria of social
well-being of society. In Ukraine at the begin-
ning of 2019, only 30.1 % of the rural popu-
lation, 89.9 % of the population living in
urban-type settlements, and 99.2 % of the
urban population had access to centralized
water supply [3]. In 2020, centralized water
supply covered 99 % of big cities, 91.2 % of
urban-type settlements, and only 26.8 % of
rural settlements [4]. That is, the majority of
the rural population used water from non-cen-
tralized water supply sources, which quite
often did not meet medical and sanitary stan-
dards, including sanitary and chemical, in
particular sanitary and toxicological indica-
tors. Thus, according to the data [5], in 2018
only in the Cherkasy region, nitrate concen-
tration exceeded the maximum permissible in
30 % of 2,390 drinking water samples from
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JUKEpET BOOTIOCTAYaAHHS! KOHIICHTpAIlisl HIiTpa-
TiB MEPEBHUIILYBAIA TPAHUYHO JOTYCTHMY [5]
3a maHUMU JTOCHIKEHb, Y KOXKHIN MpoOi mij-
3€MHOI BOJY BHSBIISLIH HeCTI/IHI/I,Z[I/I B KOHIICHT-
parii (1() -107) mr/mm? Bim 1 710 8 HaI/IMCHy-
BaHb, K1 HAJICXKAJH JI0 PI3HUX KJIACIB XIMIYHUX
CHOJYK Ta €()EeKT OAHOYACHOI il IKUX Ha opra-
HI3M JIFOMWHU He OyB AociipkeHui [6]. Y 3B s3-
Ky 3 (UM ISl IIOJCHHOTO 3a0€3MeUeHHS ClIIbCh-
KOT'O HACEJICHHS SIKICHOI0, 0€3IIEYHOI0 IS 370-
pOB’S BOJOIO KOHYE H€06XiI[H0 3aro0irru
MOTPATUISTHHIO 1. P. IECTHIUIIB, Y TICPIITY Yepry,
CTIKUX Yy TPYHTI, JI0 TPYHTOBUX BOJ — OCHOB-
HUX JDKepen HeHeHTpaJ'IISOBaHOFO BOJOIIOCTA-
YaHHS B CLIbCHKIN MICHGBOCTI

VY nammx nonepenHiii podorax [7, 8] Ha mi-
CTaBl pe3yJbTaTiB MaTeMaTUIHOTO MOJICIIOBAH-
Hs OyJI0 JTOBEACHO, IO JIIMITYIOUOK JIAHKOIO
Mirpamii HOBHUX TIECTHIIMIIB: TPia30JIOHOBOTO
repOinuay amikap0a3oHy, TPUKETOHOBOTO Tep-
61qu[y OIMKJIOMpPOHY Ta Mipa3oiaKkapOokca-
MigHOTO QYHTIUAY MiaipaymMmeTodeny, € CUCTe-
Ma «TPYHT — IPYHTOB1 BOJHY.

Meta. BcTaHOBIIGHHS Ta IOPIBHSUIbHA OITIH-
Ka 0COOMBOCTEH Mirpaiii HOBUX MECTUITUIIB —
MPEICTAaBHUKIB PI3HUX XIMIYHUX KJIACIB, 3 TPyH-
Ty JI0 TPYHTOBHX BOJI IIPU MOJICTIOBAHHI PI3HUX
BUXIJHUX KOHIICHTpAIlii Ta PEKHMIB 3pOIIY-
BaHHS.

Marepiaaun ta metoau. O0’eKTaMu OCITi/I-
JKEHHS 6yJ'II/I repOoinuan aMiKap6a30H 1 OILIUKITO-
MipOH, SKi € JI. p. mpemapariB st 60poTHOH 3
Oyp’siHaMU Ha MOCiBaxX KyKypya3H, Ta (byHrun/m
nigidymetoden, hopMymsilii Ha OCHOBI SKOTO
PEKOMEHIOBaHI JJIs 3aXUCTY IUPOKOTO CIIEKTpa
CIJTBCBKOTOCTIONNAPCHKUX KYIBTYp (3€pHOBHX,
OBOUYEBUX, l'IJ'IOI[OBI/IX) [9]. IH(bopMauU{ npo
(G13MKO-XIMIYHI BJIACTMBOCTI, IEPIOIN HAaIiB-
po3magy y BOHII Ta TPYHTi, MOKAa3HUKH, IO
XapaKTePU3yIOTh PYXJIUBICTh T4 BUITYTOBYBAHHS
JOCJTIKYBaHUX PEUOBHUH, HaBeleHa B Ta0. 1.

VY TpBOX cepisix J1abopaTOPHUX EKCTIEPUMEH-
TiB BUBYAIIN BEPTUKAIIbHY MITpalito nocnizm(y-
BaHUX JI. P. Y CUCTEMI «TPYHT — IPYHTOBI BOJIN
33 JI0IOMOT0i0 GinTbTpamiiHuX KOJOH KOH-
cTpykuii akamemika ['onuapyka €., mo npu-
3HaueHl Ui 3a0e3leyeHHs] BUILHOT (bianpaui'l'
BOIM Ta MOJIEITIOBAHHS IMPHUPOIHOTO TPOIIECY
MOJKJTMBOTO TTOTPAIISTHHS TIECTULIAIB 3 TPYHTY
JI0 HI,HSGMHI/IX (TpyHTOBHUX) BOJ 3 TOAAIBIIOIO
OIIIHKOIO pIiBHA IXHBOTO 3a0pymHenHs [12].
dinpTpamiiidi KoJoHU Manu BucoTy 105 cM Ta
oy neperuny 40x40 cm?. Humxui 80 cm
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decentralized water supply sources [5].
According to [6], in each groundwater sam-
ple, pesticides (from 1-3 to 8 names belong-
ing to different classes of chemical com-
pounds) were detected in a concentration of
(10°-107) mg/dm? and the effect of their
simultaneous action on the human body has
not been studied. That means that for the
daily supply of the rural population with high
quality water that is safe for health, it is nec-
essary to prevent the penetration of pesti-
cides active substances, primarily the ones
persistent in the soil, into groundwater — the
main sources of non-centralized water supply
in rural areas.

In our previous works [7, 8], based on the
results of mathematical modelling, it was
proved that the limiting link of the migration
of new pesticides: the triazolone herbicide
amicarbazone, the triketone herbicide bicy-
clopyrone, and the pyrazole carboxamide
fungicide pydiflumetofen is the system soil —
groundwater.

Therefore, taking into account the afore-
mentioned, the aim of this research was to
establish and compare the characteristics of
the migration of new pesticides — representa-
tives of different chemical classes, from soil
to groundwater when simulating different
initial concentrations and irrigation regimes.

Materials and methods. The objects of
the research were the herbicides amicar-
bazone and bicyclopyrone, which are the for-
mulations for controlling weeds on corn
crops, and the fungicide pydiflumetofen, for-
mulations based on which are recommended
for the protection of a wide range of agricul-
tural crops (cereals, vegetables, fruits) [9].
Information on physicochemical properties,
half-life periods in water and soil, indicators
characterizing the mobility and leaching of
the studied substances is given in the Table 1.

In three series of laboratory experiments,
the vertical migration of the studied active
substances in the soil — groundwater system
was studied with the help of filtration
columns designed by Academician E.H.
Honcharuk. These columns ensure free water
filtration and simulate the natural process of
possible penetration of pesticides from the
soil to ground waters with further assessment
of the level of their pollution [12]. The filtra-
tion columns had a height of 105 cm and a
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Tabmums 1
OcHoBHI BJIacTHBOCTI amikap0a30Hy, OinukJI0onipony Ta migigpaymeropeny (3a nanumu [10, 11])
Table 1

The main properties of amicarbazone, bicyclopyrone and pydiflumetofen
(according to [10, 11])

3HaueHHd MoKa3HUKa / indicator value

Ha3Ba nmoka3nuka,

omuHuni Bumiprosanns / Indicator, Awmikap06a3on / ami-| binukionipon / | Iimidaymeroden /

pydiflumetofen

unit of measurement .
carbazone bicyclopyrone
4-rinpokcu-3-{2-[(2-|3-(audropmerm)-N-
A-anito-N-Tenr- METOKCHUETOKCH )METH | METOKCH- | -MeTHII-N-

P 1]-6-(Tpudropme- ((RS)-1-meTun-2-

6}./THH 4’5. AUrizpo-3 TIn)-3-mipuauinkap- | (2,4,6-rpuxmnopge-
130MPOI1I-5-0KCO- RN . .
Oonin } 6inmkio[3.2.1]| Him)eTwmin)nipazon-4-
1H-1,2,4-tpnazon-1- .
anGoxeami / 4 OKT-3-eH-2-0H / 4- kapOokcamin / 3-
p A hydroxy-3-[[2-[(2- | (difluoromethyl)-N-

Ximiuna zHazBa (IUPAC) / Chemical
amino- N ~tert-butyl- methoxyethoxy)meth [methoxy-1-methyl-N-

name (IUPAC)
4,5-dihydro-3-iso- y1]-6-(trifluo- ((RS )1-methyl-2-
propyl-5-oxo-1H- romethyl)-3- (2,4,6-
1,2,4-triazole-1-car- . Y . . >
boxamide pyridyl]carbonyl]bicy|trichlorophenyl)ethyl)
clo[3.2.1]oct-3-en-2- pyrazole-4-carboxam-
one ide
" , o,
e -~;'-—( ", ) OH 0 O s N CHy
CrpykrypHa hopmysa / i TN Ny ={ _c;'cmg_”'.':
Structural formula Ay ™ L o el F
%V\ 0 CF,y g %o ¢
o NH, CH,
Emmnipuuna ¢opmyna /
Empirical formula C1oH19N50, C1oH,0F3NOs C16H16CL3FaN30,
Moneiynapua maca / 241,29 399,36 426,67
Molecular weight
besbapBHa kpucra- T — bina nopomurkomnomio-
Ha TBep/a PeYOBHHA

ArperatHuii ctaH, KoJip, 3amax / AiHa TBEpIa MOPOIIIOK 0€3 3amax
p ’ P, pedoBuHA / P TV Ges 3anaxy / White,
Aggregate state, colour, odour . / Odorless white
Colorless crystalline crvstalline powder powdery, odorless
solid substance Yy p solid substance
Tuck napu (20°C), mlla / 3 3 4
Vapour pressure (20°C), MPa 1,3x10 3,0x10 1.84x10
PozuunnicTs y Boai npu 20°C, mr/n /
Solubility in water at 20°C, mg/1 4600 1200 L5
Koedimient posmnoai
poat el B 1,7<10! 6,31x102 6,3110°
(20°C, pH 7): /
Octanol/water partition| |, 1.23 12 38
coefficient (20°C, pH 7): & Rofw ’ ’ ’
Koedimient ancopouii (K,./Kf,.), Ma/r
/ Adsorption coefficient (K,/Ky,), ml/g 2344 6 =500/ /1165 = 2206
Iuppomnis
(20°C, pH 7) 64 Criiikuii / Resistant | Criiikuii / Resistant

Ilepion namiBposmamy y| Hydrolysis
Boni (20°C, pH 7), m06a| (20°C, pH 7)

/ Half-life in water Cucrema
(20°C, pH 7), days [«BOZa-ocam» 16* 681 662
water—sedi-
ment system
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Tabmurs 1 (mpomoBKeHHS )

OcHoBHI BJIacTHBOCTI aMikap0a30Hy, OinuKJI0NipoHy Ta migigaymeropeny (3a nanumu [10, 11])

Table 1

The main properties of amicarbazone, bicyclopyrone and pydiflumetofen
(according to [10, 11])

Ha3pa nmoka3HmKa, 3HaveHHs Moka3HuKa / indicator value
OAMHHII B,HM;meaHHH / Intdlcator, Amikap6a3on / ami-| binukaonipon / | Iinigaymeroden /
unit of measuremen carbazone bicyclopyrone pydiflumetofen
Ilepion namisposnany B | JIV /LC 15-87 19,8 — 434 469 — 4170
rpyHTi (DTs(), no6a /
Half-life in soil (DTs),
d Iy / FC 18 — 87 1,7-36 29 —8540%**
ays
IHexc moTeHIiaTy BUITYyrOBYBaHHS .
GUS / GUS leaching potential index 4,89 0.3-85 2,26
Innexc rpynToBux Bog SCI-GROW
(MKr/) s Hopmu BUTpatu 1 xr(ir)/ra /
Index of groundwater SCI-GROW 3,77 6,41x10% — 2,52%%* 1,21x10"!
(pg/l) for the consumption
rate of 1 kg(l)/ha

Hpumimxu:

1. IUPAC — International Union of Pure and Applied Chemistry, MisicnapoOnuii coro3 meopemuunoi npukiaonoi Ximii.

2. JIY — nabopamopmi ymosu, I1Y — nonvosi ymosu.

3. *— Ilepioo nanispoznady y wapi 6oou 32iono 3 Public release summary on the evaluation of the new product Amitron 700WG
Herbicide (2018), 19. https://hcpsl.com/cms/wp-content/uploads/2021/08/Public-Release-Amitron-700WG-Herbicide.pdf

4. ** — pesynomamu 61aCHUX pO3PAXYHKIE Y HA6eOeHOMY 6 mabnauyi oianazoni 3navenv DT50 ma Koc.

5. *** — European Commission. Pydiflumetofen. Volume 1 (2019), 196-198. https://echa.europa.eu/documents/10162/da5eb3cS-

0089-60e5-44e5-68936d4f26e6

Notes:
1. IUPAC — International Union of Pure and Applied Chemistry
2. LC — laboratory conditions, FC — field conditions.

3. *— Half-life in the water layer according to the Public release summary on the evaluation of the new product Amitron 700WG
Herbicide (2018), 19. https://hcpsl.com/cms/wp-content/uploads/2021/08/Public-Release-Amitron-700WG-Herbicide.pdf

4. ** — results of own calculations given in the table range of DT50 and Kos values.

5. *¥** _ Furopean Commission. Pydiflumetofen. Volume 1 (2019), 196—198. https://echa.europa.eu/documents/10162/da5eb3cS-

0089-60e5-44e5-68936d4f26e6

KOYKHOI KOJIOHM OyiM 3aBaHTaXEH1 MOJEIbHUM
rpyaroBuM etanonoM Ne 1 (MIE Ne 1), sikuii €
CYMILIIIIO CEPeHbO- 1 ApiIOHO3EPHUCTOTO Pid-
KOBOTO IMICKY 3 MIHIMaJIbHOIO COPOILIIHOI0 Ta
MaKCUMaJIbHOIO (DUIBTPAI[IHHOI0 3aTHICTIO.
Bepx#i 20 cM, 1110 IMITYIOTh OpHUH IIap IPYHTY,
sapanTaxysanmu a00 MIE Ne 1 mis ctBopenns
EKCTPEMAJIbHUX YMOB Mirpariii J10CIiKyBaHUX
1. p. 33P, a0 yopHO3eMOM BHITY>KEHHM, OCK1JIb-
KU B IPYHTOBOMY MOKPHUBI CLIILCHKOTOCIIOIAPCh-
KHX YTib YKpaiHU IPEeBaIOI0Th BIACHE YOPHO-
3emu (62 %), yacTKa SIKHX Cepel] OPHUX IPYHTIB
csarae 68 % [13].

BuxinHi KoHIIEHTpaIlii TOCTIKYBaHUX 1. P.
y BEPXHbOMY IIIapi I'PYHTY 3aBTOBIIKH 20 cMm
CTBOPIOBAJIA, CIMPAIOYUCh HA MAKCUMAJIbHY
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cross-sectional area of 40x40 cm?. The lower
80 cm of each column was loaded with Soil
Standard Model no 1 (SSM no 1), which is a
mixture of medium- and fine-grained river
sand with minimum sorption and maximum
filtration capacity. The upper 20 cm, imitat-
ing the arable layer of the soil, was loaded
either with SSM no 1 to create extreme con-
ditions for the migration of the studied PPP
active substances, or with leached cher-
nozem, since among the soil of agricultural
lands of Ukraine (62 %) is chernozem itself,
the share of which among arable soils reach-
es 68 % [13].

The initial concentrations of the studied
formulations in the upper layer of the soil 20
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HOpPMY BHUTpaTd (M.H.B.), SIKa CTaHOBMJIA:
amikapOa3oHy, OIUKIONIPOHY Ta Mixidiy-
metodeny — 0,14; 0,151 0,18 kr/ra BianoBia-
HO, Ta OyJia po3paxoBaHa, BUXOASIYM 3 BMICTY
JOCHIIKYBAHUX JI. p. Y IpenapaTuBHuX Qop-
Max Ta M.H.B X popmymsuiii [9]. Ockiabku
3a pe3ysibTaTaMu TMOMEpPeIHIX JOCTIIKEHb
[14], migipnymerodeH y IpyHTOBO-KIiMa-
TUYHUX YMOBaX YKpaiHU KJIaCU(DIKYETHCS K
HEBUMUBHUI MECTUIMI 13 HU3BKOKO 3IaTHI-
CTIO JI0 BUJIYTOBYBaHHS Ta PU3UKOM 3a0py/-
HEHHS MiA36MHUX BOJ, KpiM | M.H.B. BUIIPO-
O6oByBanu 5 M.H.B. BomHodac, OCKIJIbKH
MOTEHI[1aJl BUJIyTOBYBaHHS Ta pU3HUK 3a0py/I-
HEHHJ M113€MHUX BOJ YKpaiHu oOoma repoi-
IHAaMH BUSBHUBCS JOBOJI BHCOKUM [14],
CTBOPIOBAJIM BMXIJIHI KOHLEHTpauii amikap-
0a30Hy Ta OIUKIIONIPOHY, L0 BIATBOPIOBA-
au gk 1 M.H.B., Tak 1 0,5 Ta 0,2 M.H.B. BiAIIO-
B1JTHO.

[Ipu po3paxyHKy KIJIBKOCTI JE€XJIOPOBAHOT
BOJIONPOBITHOI BO/M, SIKY MPOIYCKAJIU Yepes
¢biIbTpaLiiiHy KOJIOHY, BpPaxOBYBaJld, IO HA
PIBHUHHIA TepUTOpii YKpaiHM piyHA KUIb-
KICTb OMaJliB 3MiHIO€ThCs B1J1 700 MM Ha 3axo0-
a1 [Momices 1 Jlicocteny g0 300-350 MM y miB-
JIEHHUX pailoHax; HAalOIbIIIE OMajiB BUMA/IA€
Ha ripcekux xpebrax Kapmar (monax 1500
MM) Ta B Kpumcbkux ropax (monan 1000 mm
3a pik) [15]. 3acTtocoByBanmu TpH PEKUMHU
nojayl BOJU. 3riAHO 3 PEKOMEHAAIIsIMU aKa-
nemika ['onuapyka €.I. Uit CTBOpEHHS eKc-
TpEMaJIbHUX YMOB Ha KOJIOHY mpotaroMm 30
116 nmogasanu piuny (1000 mm) abo Tpumicsy-
Hy (250 mMM) HOpMmy omaziB. BoxHouac s
CTBOPEHHSI YMOB, HAOIMKEHUX J0 pealbHUX,
IPOTSTOM MICSIISI T10/1aBalId MICSIYHY HOPMY
onaxiB (83 mm). KibKicTh BOJH, SIKY IIOJICH-
HO TMOJaBajy Ha (UIBTpALIiHY KOJIOHY 3a
«PIYHOTO», KTPUMICSIYHOTO» Ta «MICSIYHOTO)
pexxuMiB, cranosuia 5,3; 1,3 ta 0,44 v Bin-
MOBIJTHO. 3 METOI0 MOCTIHHOTO Ta PIBHOMIp-
HOTO 3BOJIOKEHHSI IPYHTY IO/a4y BOAMU Ha
KOJIOHM 3/IIICHIOBAJIM 3a JOTIOMOTOIO J103aTo-
pa Ta CUCTEMU KparejabHOTro MOJIMBY 31 IIBU/I-
kictio 3,7; 1,0 1 0,3 Mi1/XB BIIIOBIIHO.

Bin6ip npo0 npodinsTpoBaHOi Boau po3-
MOYMHAIM 3 HACTYMHOI MICHs 3aKiIajKu
Jociity 1oou (mepia go0a CrocTepesKeHH)
Ta 3A1ACHIOBAIM 10/IeHHO. [1iAroToBKY 11po0
¢biabTpaTy Ta KUIbKICHE BM3HAYEHHS y BOJI
amikap0a30oHy, OILKUKIONIPOHY Ta miai(ayme-
ToeHy MeToaoM oOepHeHO-(pa30BOi BHCO-
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cm thick were created based on the maximum
consumption rate (m.c.r.), which was: amicar-
bazone, bicyclopyrone and pydiflumetofen —
0.14; 0.15 and 0.18 kg/ha, respectively. It was
calculated based on the content of the studied
formulations in the preparative forms and the
m.c.r. of these formulations [9]. Because
according to the results of previous studies [14]
under the soil and climate conditions of
Ukraine pydiflumetofen is classified as a non-
leachable pesticide with a low leaching ability
and the risk of groundwater pollution, not only
1 m.c.r. but also 5 m.c.r was tested. At the same
time, since the potential of leaching and the
risk of contamination of underground waters of
Ukraine with both herbicides turned out to be
quite high [14], initial concentrations of ami-
carbazone and bicyclopyrone, which repro-
duced both one m.c.r. and 0.5 and 0.2 m.c.r.
respectively were created.

When calculating the amount of dechlori-
nated tap water that was passed through the fil-
tration column, it was taken into account that in
the plain territories of Ukraine, the annual
amount of precipitation varies from 700 mm in
the west of Polissia and the forest steppe zone
to (300-350) mm in the southern regions. The
most precipitation falls on the Carpathian
Mountain range (over 1500 mm) and in the
Crimean Mountains (over 1000 mm per year)
[15]. Three modes of water supply were used.
According to the recommendations of Acade-
mician E.H. Honcharuk to create extreme con-
ditions, an annual (1000 mm) or three-month
(250 mm) precipitation rate was supplied to the
column for a month (30 days). At the same
time, in order to create conditions close to real
ones, the monthly rate of precipitation (83 mm)
was supplied during the month. The amount of
water supplied daily to the filtration column
under the annual, three-month and monthly
regimes was 5.3, 1.3 and 0.44 dm? respectively.
In order to constantly and evenly moisten the
soil, water was supplied to the columns using a
dispenser and a drip irrigation system at a speed
of 3.7; 1.0 and 0.3 ml/min, respectively.

Sampling of filtered water started from the
day after the start of the experiment (the first
day of observation) and was carried out daily.
The preparation of filtrate samples and the
quantitative determination of amicarbazone,
bicyclopyrone and pydiflumetofen in water
was performed in accordance with the current-
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KoeeKTUBHOI piguHHOI Xpomarorpadii (BEPX)
Ha xpomarorpadax ¢ipmu SHIMADZU
(Amowist) 3 ynmeTpadioNeTOBUM ACTEKTYBaHHSIM
BUKOHYBAJIH BIJIOBIIHO JI0 3aTBEPHKEHHX Y YHH-
HOMY TIOPSIJIKY METOJJUYHHUX BKa3iBOK (TaOI. 2).
YyTauBICTh BUKOPUCTAHUX AaHANITUYHHUX METO-
JIiB 103BOJISLIa KOHTPOJIOBATH JOTPUMaHHS rpa-
HUYHO JOMYCTUMOi KOHIIEHTpauii y Boai
Bonoiim (I'/IKB.B.) mocmimkyBanux a. p. [16, 17]
(Tabmn. 2).

BinGip nmpo6 ¢ineTpary 3 KOJOHH MPUTTHHS-
7Y, KOJIM BMICT BIJMOBIHOI 1. p. CTaBaB HIK-
9UM 32 MEXY KuTbKicHOTO Bu3HaueHHs (MKB)
aHanmiTH4YHOrO Merony. LluM Bu3Hauamace Tpu-
BaJIICTh KOXKHOI cepii 1abopaTopHOTO eKCIepH-
MEHTY.

TOXICOLOGY OF PESTICIDES

ly approved methodical instructions by the
reversed-phase high-performance liquid
chromatography (HPLC) method on SHI-
MADZU (Japan) chromatographs with ultra-
violet detection (Table 2). The sensitivity of
the used analytical methods made it possible
to control compliance of the studied active
substances concentration with threshold limit
values (TLV) for water in water reservoirs
[16, 17] (Table 2).

Sampling of filtrate from the column was
stopped when the content of the correspon-
ding liquid became lower than the limit of
quantitative determination (QL) of the ana-
lytical method. This determined the duration
of each series of laboratory experiments.

Tabmumsa 2

I'panuyHO 10MycTHMI KOHIIEHTPALIi TA METOAUKN BU3HAYEHHS
AOCJIIKYBAHMX PEYOBHMH y BOIAi BOXOIIM

Table 2

Threshold limit values and methods of determination
of the studied substances in the water of water reservoirs

PeuoBuna / Substance

Amikap0a3on /

Biuukioniposx / Higidgaymeroden /

3aranpHOCaHITApHUIA /

mKiamuBocTi / Limiting General sanitary

indicator of harmfulness

Amicarbazone Bicyclopyrone Pydiflumetofen
I'JIK y Bomi Bomoiim,
mr/am’ / TLV for water 0,002 0,0006 0,002
reservoir, mg/dm?
JlimiTyrounii MOKa3HUK CanitapHo-

Sanitary and toxicological

3aranpHOCaHITApHUI /

TOKCHUKOJIOTTYHHUM / )
General sanitary

Ne 1529-2018 Haka3z
Ne 246 Bin 06.07. 2018 p.
/ Ne 1529-2018 Order no

246 of 06.07. 2018

MeToauuHi BKa3iBKH, MijI-
craBa* / Methodological
guidelines, basis*

Ne 576 Bix 06.09.2021 p. /|Ne 212 Big 27.10.2020 p. /
Ne 1745-2021 Order no

Ne 1745-2021 Haxka3s Ne 1686-2020 Haxka3s
Ne 1686-2020 Order no

576 of 06.09. 2021 212 0f 27.10. 2020

Mexa KiJIbKICHOTO BH3HA-
yenns (MKB), mr/am?® /

(DL), mg/dm?

sk
Quantitative determina- 0,001 0,0006 0,001
tion limit (QL), mg/dm?
Mexa BusBienus (MB),
mr/am? / Detection limit 0,0003 0,0003 0,0003

Hpumimxu:

1. * — Memoouuni exasiexu 3ameepoxceni Minicmepcmeom 3axucmy 008KiNIA ma NPUPOOHUX pecypcie YKpainu ma no2ooiceti 3

Jleparcnpoocnoocusciysrcooro Yrpainu.

2. ** _ [Ipu 06 emi npobu 750 mn MKB 6iyuxnonipony cmanosums 0,0004 mz/on’.

Notes:

1. * — Guidelines approved by the Ministry of Environmental Protection and Natural Resources of Ukraine and agreed with the

State Production and Consumer Service of Ukraine.

2. ** _ With a sample volume of 750 ml, the QL for bicyclopyrone is 0.0004 mg/dm’.
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Pe3yabTaTn Ta 00roBopenHs. Bi-nomo, 1mo
Mmirpauis 1. p. 33P 3 moBepxXHEBUX pPOIIOYMX
mapiB IPYHTY JO MiI3€MHUX BOJ 3aJIEKHUTh BiJl
CKJIaJTHOT B3a€MO/IiT 6aratbox (hakTopiB, 30Kpe-
Ma BiJ (I3UYHUX, XIMIYHHX 1 O10JOTTYHHMX
XapaKTEPUCTUK IPYHTY, XIMIYHOI CTPYKTYpH Ta
BJIACTUBOCTEH [I.p., MOTOIHO-KIIMaTUYHUX YMOB
[18]. Tak, necTuuAr MarOTh JOOP1 Mirpariiiti
BJIACTUBOCTI y CBITJIO-CIPUX OMIiJ30JI€HUX,
NIIAHUX TPYHTaX, MICKax 1 MIMAHUKAX; Y
NOTYKHUX J100pe T'yMyCOBaHUX YOpPHO3EMax,
JIEPHOBUX YOPHO3EMaX, KAlITAHOBUX I'PYHTAX,
JESKUX PI3HOBHJIAX JIyTOBO-OOJOTHUX I'PYHTIB
NECTUIUAN, HaBMaKu, J00pe yTPUMYIOTHCS
[6]. 3anexHiCTh MUOMHU BEPTUKAJIBHOT Mirpa-
11T NeCTULUIIB y TPYHTI € OOEPHEHOIO BiJl KOe-
¢iuienTa ancopOuii, Bmicty rymycy Ta pH;
BOJIHOYAC YMM BUIIOK € PO3UMHHICTH MECTH-
YAy Y BOAL, TUM Kpallle BiH MITPy€ B CUCTEMI
«IPYHT — BoJa» [6].

[IpiopureTHrMH 3a0pyaHIOBaYaMH I13EM-
HUX BOJI € IECTUIINIH, SIK1 TPUBAJIO 30€piraroThb-
sl 1 HaBITh HAKOMUYYIOThCS B IpyHTI [6]. Came
1o Takux 33P MoKHa BIJIHECTH JOCIIHKYBaHi
1. P., aJKe, 3T1HO 3 YUHHOIO B YKpaiHi Tiri€H1d-
Hoto kiacudikamiero nectunuaiB (JCanlliH
8.8.1.2.002-98), amikapOa30H 3a CTaOLIbHICTIO B
IPYHTI € CTIMKMM SIK y Ja0OpaToOpHUX, TaK 1 B
HAaTYpHUX JOCIIPKEHHSX; OIMUKIONIPOH —
BUCOKOCTIMKHM Yy J1TaOOpaTOpHUX €KCIEepUMEH-
Tax Ta MOMIPHO CTIMKUM — y TMOJBbOBUX JOCIII-
nax; maiduymMeropeH — BUCOKOCTIMKUM SK Y
nabopaTopHuX, TaK 1 B HAaTypHUX ymoBax [19].

Jani, siki HaBeAeHl y Taba. 1, 103BOISAIOTH
NPOPaHXKyBaTH JOCHIJDKYBaHI 1. p. 3@ MOKa3-
HUKaMH, 110 BU3HAYAIOTh IXHIO MOBEIIHKY B
I'PYHTI, BIAMIOBIJTHO A0 KiIacu(ikalii, 1o HaBe-
neni y [10]. Tak, yci 3 1. p. € MaJIOJIETKUMH 32
TuckoM HacuueHoi mapu npu 20°C. Amikap-
0a30H Ta OILMKIONIPOH € BHCOKOPO3UMHUMHU,
nigigiaymeropeH — MOMIPHO PO3YMHHHUM Y
BoJl. 3a 3HaueHHsM lg K, 00oM repOinuaam
NpUTaMaHHA HU3bKa 010aKyMYyJIsiLis, (PyHTIIH-
oy migigaymeropeHy — BUCOKa. AMikapOa3oH
— MOMIPHO CTIAKHM, 2 1HIII PEYOBUHU — CTIMKI
1o rigponizy npu 20 °C ta pH 7; yci 3 pedoBu-
HU — CTIHKI B CUCTEMI «BOJIa—0Ca1». 3a MaKCH-
MaiabHUM 3Ha4eHHsIM DTy, y rpyHTI amikapOa-
30H MOXe OyTH BIJHECEHHUH J10 MOMIPHO CTiil-
KHX NECTUIUAIB K Y JIaOOpAaTOPHUX aepOOHUX
YyMOBax, TaK 1 B TOJbOBUX JOCIIPKCHHSIX,
OILMKIJIONIPOH — JI0 MOMIPHO CTIHKHUX y TOJIbO-
BHUX JIOCTIJIaX Ta JIy>Ke CTIHKHX Y Jiaboparop-

TOXICOLOGY OF PESTICIDES

VKPATHCBKUIA )KYPHAJT CYYACHUX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2024

Results and their discussion. It is known
that the migration of PPP active substances
from the surface of fertile layers of the soil to
the groundwater depends on the complex
interaction of many factors, in particular, on
physical, chemical and biological characteris-
tics of the soil, chemical structure and proper-
ties of the active substance, weather and cli-
mate conditions [18]. Thus, pesticides have
good migration properties in light gray pod-
zolized sandy soils, sands and sandstones; on
the contrary, pesticides are well retained in
thick well humused chernozem, turf cher-
nozem, chestnut soils, and some types of
meadow-boggy soils [6]. The dependence of
the depth of vertical migration of pesticides in
the soil is inversely related to the adsorption
coefficient, humus content and pH; at the
same time, the higher is the solubility of the
pesticide in water, the better it migrates in the
soil-water system [6].

Priority pollutants of groundwater are pes-
ticides, which are stored for a long time and
even accumulate in the soil [6]. The studied
formulations can be attributed to such PPPs,
because, according to the actual hygienic
classification of pesticides in Ukraine
(DSanPiN 8.8.1.2.002-98), amicarbazone is
stable in soil both in laboratory and field stud-
ies; bicyclopyrone is highly resistant in labo-
ratory experiments and moderately resistant
in field experiments; Pydiflu-metofen is high-
ly resistant both in laboratory and natural con-
ditions [19].

The data given in Table 1, allow ranking
the studied active substances according to the
indicators that determine their behaviour in
the soil, according to the classifications given
in [10]. All three active substances are low-
volatile under saturated vapour pressure at
20°C. According to the value of 1g K/, both
herbicides have a low bioaccumulation, while
the fungicide Pydiflumetofen has a high
bioaccumulation. Amicarbazone is moderate-
ly stable, two other substances are resistant to
hydrolysis at 20°C and pH7; all three sub-
stances are stable in the water—sediment sys-
tem. According to the maximum DTs, value
in the soil, amicarbazone can be classified as
moderately persistent pesticide both in labo-
ratory aerobic conditions and in field studies,
bicyclopyrone — moderately persistent in field
experiments and very persistent under labora-
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HUX yMOBax, migidiaymeroder — 10 JyxKe CTiii-
KHX Y IPYHTI SIK y TA0OPAaTOPHHX, TAK 1 B HATY-
HHX YMOBaX. 3a KOC(IliEHTOM PO3IOALTY Mik
OpraHiYHUM BYTJIEIeM TIPYHTy Ta BOJOIO
(KOC/KfOC) aMlKap6a30H € PYXJIMBUM, OIITUKJIIOITI-
POH — BiJl MOMIPHO / Ay>X€ PYXJIUBUM, MiAi(Iy-
MeTodeH — nense pyxauBuM. [loTeHuian Buiy-
roByBaHHS 3 IpyHTY 3a inaekcom GUS: amikap-
0a30Hy — AyXe BUCOKHA, OIITUKIIOMIPOHY — BiJl
Jly’Ke HU3BKOTO J10 JIy)e BHCOKOTO, miimyme-
TopeHy — momipHui. 3HaueHHs iHAeKcy SCI-
GROW  riepeBHuily€e Tiri€Hi9HHA HOPMATHB Y
nutHiA Bomi (0,1 MKr/m): amikap6a3oHy — Yy
38 pasiB, OIMMKIONIPOHY (B35STO MaKCHMMAaJIbHE
sHaueHHss SCI-GROW) — y 25 pasis, migidury-
MeTodeny — numie Ha 21 %.

Pesynbratu I cepii maboparopHoro excrepu-
MEHTY CBi/I4aTh, IO PiBHI Ta TPUBAIICTh Mirpa-
1ii amikapOa30Hy B CHCTEMi «IPYHT — IPYHTOBI
BOZIM» 3aJIe)KaJIM BiJl MOTO BUXiJAHOI KOHIIEHTpa-
11ii B OPHOMY IIIapi YOPHO3EMY Ta PSKUMY TToadi
BOMM Ha QiabTpamiiiny kosoHy (Tabm. 3).
MaxkcumanbHHA BMICT aMikap0a3oHy y QiIbTpari
3 ¢inpTparniitaux koimoH Ne 1 (BuXimHa KOHIIEHT-
pamist y rpyHTi 0,05 Mr/kr) Ta Ne 2 (0,02 mr/kr)
3 iMiTari€en TpuMicsuyHoi HOopMHU omamiB (250
MM 3a 30 nHiB) OyB 3adikcoBanmii Ha 11-y mo0y
ekcriepuMenTy Ta cTtaHoBuB 0,104 wmr/om?® i
0,045 Mr/mm> BiamoBigHo, mo B 52 Ta 22,5 pasza
nepesuirysano T1K, , (0,002 mr/mv?®). Makcu-
MaJbHUH BMICT amikapOa3oHy y ¢iasrpari 3
¢inpTpaniiinoi komonu Ne 3 (BHXigHA KOHIICHT-
parist y rpyHTi 0,02 MI/KT) TIpH «MiC;{qHOMy»
PEXKHUMI OTajiB (83 MM) cranoBus 0,010 mr/am?
Ha 14-y 100y, TOI AK 3 Li€I0 3K BHXIJHOKO KOH-
LEHTpAIli€lo, ajie Mpu TpI/IMIC}I‘-IHII/I HOpMI oma-
TliB 6yB Ha pisai 0,045 mr/mv® Ha 11-y 1006y
JOCTIKEHHS, 10670 (ixcyBaBcs pamiine Ta Oys
y 4,5 paza sumum. [Ipu npomy BMicT amikapba-
30ny (0,010 mr/am?) y dinsrpari 3 kononu Ne 3
Ha 14-y noOy B 5 pasiB mepeBuntyBaB [JIK, .
Ha 50-y 100y cmocrepexeHHS HaIXOMKEHHS
JOCJTIKYBaHOI PEYOBHHU y (IIbTpaT 3 KOJOH
Ne 1 (Buximna konnenTpaiist 0,05 mr/kr) ta Ne 2
(0,02 Mr/Kr) 3a «TPUMICSYHOTO» PEKUMY OIIa-
niB cranoBmito 0,003 mr/mm> i < 0,001 mMr/ov>, 3
kosoru Ne 3 (0,02 MI/KT) 32 «MiCSIYHOTOY» PEXKH-
My omajiB Oyll0 HMKYUM 332 MEXY BHSBICHHS
(MB) 0,0003 MF/,Z[M HaBeneHi Ia”dl CBiguarh
PO MpSIMY 3aIKHICT BMICTY amMikapOasoHy y
ineTpaTi BiA HOro BHXIAHOI KOHIEHTpALIi B
IPYHTI Ta HOPMH OMAaJiB: YUM OUTBIIMMHU OyH
BUXIiJHA KOHIICHTpAIlis aMikap0a30Hy B OPHOMY
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tory conditions, pydiflumetofen — very per-
sistent in soil as under both laboratory and
natural conditions. According to the distribu-
tion coefficient between soil organic carbon
and water (KOC/KfOC) amicarbazone is
mobile, bicyclopyrone is moderately to high-
ly moblle and pydiflumetofen is barely
mobile. The potential for leaching from the
soil according to the GUS index: amicar-
bazone is very high, bicyclopyrone is from
very low to very high, and pydiflumetofen is
moderate. The value of the SCI-GROW
index exceeds the hygienic standard in drink-
ing water (0.1pg/1) for: amicarbazone — by 38
times, bicyclopyrone (the maximum value of
SCI-GROW was taken) — by 25 times, pydi-
flumetofen — by only 21 %.

The results of the first series of the labora-
tory experiment show that the levels and
duration of migration of amicarbazone in the
soil-groundwater system depended on its
initial concentration in the ploughed layer of
chernozem and the mode of water supply to
the filtration column (Table 3). The maximum
content of amicarbazone in the filtrate from
filtration columns no 1 (initial concentration
in soil 0.05 mg/kg) and no 2 (0.02 mg/kg)
with simulation of the three-month precipita-
tion rate (250 mm in 30 days) was recorded
on the 11th day of the experiment and was
0.104 mg/dm? and 0.045 mg/dm? respective-
ly, which was 52 and 22.5 times higher than
the TLV for water reservoirs (0.002 mg/dm?).
The maximum content of amicarbazone in
the filtrate from filtration column no 3 (initial
concentration in the soil of 0.02 mg/kg) with
the monthly rainfall regime (83 mm) was
0.010 mg/dm? on the 14th day, while with the
same initial concentration, but with a three-
month precipitation rate was at the level of
0.045 mg/dm? on the 11th day of the study,
that is, it was recorded earlier and was
4.5 times higher. At the same time, the con-
tent of amicarbazone (0.010 mg/dm?) in the
filtrate from column no 3 on the 14th day
was 5 times higher than the TLV for water
reservoirs. On the 50" day of observation,
the amount of the studied substance in the fil-
trate from columns no 1 (initial concentration
0.05 mg/kg) and no 2 (0.02 mg/kg) under the
three-month rainfall regime was 0.003 mg/dm?
and < 0.001 mg/dm’, from column no 3
(0.02 mg/kg) under the monthly rainfall

27



28

TOKCHUKOJIOI'ISI HECTULHUAIB

TOXICOLOGY

OF PESTICIDES
Tabmnui 3

Junamika BMicTy amikap0a3ony y ¢giasTparti npu Mirpanii 3 4opHo3eMy BHITYKEHOT0

Table 3

Dynamics of amicarbazone content in filtrate during migration from leached chernozem

KonuenTpanisi amikap6asony y ¢inbrpari* (Mr/am®) 3aiexno Bix BuxigHo-
ro BMiCTy pe4oBUHHM Y IPYHTi Ta pe:kumy 3pomyBanHs / The concentration
of amicarbazone in the filtrate* (mg/dm®) depending on the initial content
Teowmi of the substance in the soil and the irrigation regime
epMiH
CIOCTepesKeHHsl, KosioHa Ne 1/ KosioHa Ne 2 / KosoHa Ne 3 /
106a / Observation column Ne 1 column Ne 2 column Ne 3
period, day 0,05 mr/kr / 0.05 mg/kg | 0,02 mr/kr / 0.02 mg/kg | 0,02 mr/kr / 0.02 mg/kg
. N . «MiCHYHMI» peRUM
«TPUMICSYHMID peKUM onajgiB / .
s e . . onajis / monthly
three-month precipitation regime AT .
precipitation regime
1 < 0,001 H.B. / ND —
2 0,005 < 0,001 H.B. / ND
3 0,008 0,004 < 0,001
4 0,014 0,007 0,0013
6 0,044 0,017 0,0021
9 0,096 0,034 0,0057
11 0,104 0,045 0,0089
12 0,085 0,040 0,0093
14 0,068 0,027 0,0100
17 0,047 0,019 0,0092
21 0,045 0,014 0,0081
31 0,023 0,004 0,0046
40 0,008 0,001 0,0021
50 0,003 < 0,001 H.B. / ND
Tpumimxu:

1. * — Jlns konon Ne 1 i Ne 2 nasedeno cepeomi 3nHauents 3 mpbox 6U3HAUECHD.

2. n.6. — ne euseneno npu MB 0,0003 me/om’.
3. «—» — BUBHAUEHHS He NPOBOOUIL

Notes:

1. *— For columns No. 1 and No. 2, average values from three determinations are given.

2. ND — not detected at DL 0.0003 mg/dm>.
3. «—» — no determination was made.

niapi IpyHTY Ta KUIbKICTh MOJaHOI HA (iIbTpa-
LIHY KOJIOHY BOJAM, TUM IHTEHCUBHIIIMM OYB
IpoLec Mirparii o JIJAHUIOTY «IPYHT — IPyHTOBI
BOJIN», y PE3YJIBTAT1 YOTO KOHIEHTPALlli peyoBH-
HU y QuIbTpari Oy BUILKUMHU.

[HTeHCUBHICTD Ta TPUBAIICTH MIrpauii
OIUUKIJIOMIPOHY B CHUCTEMI «IPYHT-TIPYHTOBI
Bonm» (Il cepis excriepuMeHTy) 3aiexkaiu Bij
BUXI/THOT KOHIICHTPAIIIT 10CI1KYBaHOT pEYOBH-
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regime was lower than the detection limit
(DL) of 0.0003 mg/dm?. The given data indi-
cate a direct dependence of the content of
amicarbazone in the filtrate on its initial con-
centration in the soil and the rate of precipi-
tation: the greater are the initial concentra-
tion of amicarbazone in the arable layer of
the soil and the amount of water supplied to
the filtration column, the more intensive is
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HU B OpPHOMY IIapi IPYHTY Ta PEXKUMY 3PO-
LIYBAHHS, MIPOTE MaiKe He BIAPIZHAINCS 3a
pisnux tunis rpyuty (MIE Ne 1 aGo HOpHO-
3eM BWIIY)KEHHI), 110 OyB 3aBaHTAXCHHUU Y
BEPXHIO YaCTUHY QIIbTpamiiiHOi KOJOHU
(tabn. 4). 3 xomoH Ne 4 (opHuit map 3mo-
nensoBano MIE Ne 1) i Ne 5 (uopHo3em
BUJTY)KEHUH ) IpH iMiTallii piuHOT HOPMH OT1a-
niB (1000 mm 3a 30 nHIB) Ta BUXITHIA KOH-
ueHTpaui'l' B IpyHTI 0,05 MI/Kr OIIIUKIIONIPOH
3’SIBUBCSA Y (blnLTpan Ha 2-y 100y ekcrepu-
MCHTY, TOfi K 3 Komoud Ne 6 (dopHO3EM
BUTY)KEHUH ) TIpU MICSIYHIA HOPMI OMafiB Ta
BUXiJHIN KoHIeHTparii B rpyHTi 0,01 Mr/kr
JOCIIKYBaHa 1. p. 3 sBWiacs y (iibTpari
aumie Ha S5-y 100y  CHOCTEpeKeHHS.
HaiiBuimi koHIeHTparii OIMHUKIONIpOHY Y
¢insTpari 3 kooH Ne 4, 51 6 crocrepiranu
Ha 5-y (0,054 mr/am?), 6-y (0,052 mr/nm?) Ta
9-y (0,0006 mr/mm*) noby crocTepeskeHHs
BianoBigHO. lle B mepmmx ABOX BUMNAIKax,
TOOTO TpU BUXITHIA KOHIICHTpAIlii TOCHTII-
KyBaHOi 1. p. B IpyHTi 0,05 Mr/KkT, mepeBu-
myBano [JIK,, Oimukmomipony (0,0006
MF/,Z[M3) y 90 ta 87 pa3iB BIJIITOBITHO. HpI/I
BHXIHI/l KOHIEHTpaWii A.p. y 4YOopHO3eMI
BHITY’KCHOMY 0,01 mr/kr Ta MomeNrOBaHHI
Micss9HOT HOpMH omnaaiB (KosioHa Ne 6) Mak-
CUMaJIbHa KOHIIEHTpAIlisl OIIHMKIONIPOHY Yy
¢inprpari Oynma ©Ha piBHi HWoro IJIK, .
(0,0006 mr/mm?). TobTo, 3i 36iMbIIEHHAM
BHXIJIHOI KOHIIGHTpaIii OIIUKIONIpOHY B
MOBEPXHEBOMY IIapi TPYHTY Ta KIUIBKOCTI
CTIPSIMOBAHOT Ha KOJIOHY BOJIU MPUCKOPIOBAB-
Csl 4ac MOsIBH Ta 301NIbIIyBanacs KOHIIEHTpa-
Iisl pEYOBUHU y DiIbTpaTi.

OCKiNbKH 32 pe3yabTaTaMy HOMepPeTHHOTO
aHanmizy migigaymeroden Oymno BU3HAHO
MajoMo0iTeHUM [14, 19], BuUBYEHHS iioro
BEPTHKAJIBHOI MiTpaltii IpoBOIMIM 3a iMiTa-
11ii eKCTPEMaIBHOTO TiIPaBIiYHOTO HABaHTA-
’KEHHS Ha KOJOHM — piYHAa HOpMa OMajiB
(1000 mm) 3a 30 muiB (III cepis exciepuMeH-
Ty). BcTaHoBieHo, 10 piBHI Ta TPHUBAIICThH
HaJXO/DKeHH Tigidmymetodeny y dimbrpar
3aJiekajy K BiJ HOro BUXITHOI KOHIICHTpa-
ii, Tak 1 BIJ TUIy TPYHTY, IO IMITyBaB
opHuit map (tabm. 5). 30kpema, Mpu OJHAKO-
BUX BUXIJIHIH KOHIIEHTpallii PEUYOBUHH Y
rpyHTi (0,06 MI/KT) Ta pekuMi 3pOITyBaHHS,
y (insrpari 3 komon Ne 7 (MIE Ne 1) ta Ne 9
(dopHO3eM BuITyKeHUH) mimipaymerodeH
3’SBUBCS BIAMOBiAHO Ha 24-y Ta 51-y moOy

TOXICOLOGY OF PESTICIDES

VKPATHCBKHI )XYPHAJT CYYACHHX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2024

the process of migration in the soil — ground
water chain, as a result of which the concentra-
tion of the substance in the filtrate was higher.

The intensity and duration of bicyclopyrone
migration in the soil-groundwater system (sec-
ond series of the experiment) depended on the
initial concentration of the studied substance in
the arable layer of the soil and the irrigation
regime, but did not differ for different types of
soil (SSM no 1 or leached chernozem), which
was loaded into the upper part of the filtration
column (Table 4). From columns no 4 (arable
layer simulated with SSM no 1) and no 5
(leached chernozem) when simulating the annu-
al rate of precipitation (1000 mm in 30 days)
and the initial concentration in the soil of 0.05
mg/kg, bicyclopyrone appeared in the filtrate on
the 2" day of the experiment, while from col-
umn no 6 (leached chernozem) with the month-
ly rate of precipitation and the initial concentra-
tion in the soil of 0.01 mg/kg, the studied sub-
stance appeared in the filtrate only on the 5th
day of observation. The highest concentrations
of bicyclopyrone in the filtrate from columns
no. 4, 5, and 6 were observed on the fifth (0.054
mg/dm?), sixth (0.052 mg/dm?), and ninth
(0.0006 mg/dm?®) days of observations respec-
tively. In the first two cases, i.e. at the initial
concentration of the studied substance in the
soil of 0.05 mg/kg, it exceeded the TLV of bicy-
clopyrone for water reservoirs (0.0006 mg/dm?)
by 90 and 87 times, respectively. At the initial
concentration of the investigated substance in
the leached chernozem of 0.01 mg/kg and mod-
elled monthly rate of precipitation (column
no 6), the maximum concentration of bicy-
clopyrone in the filtrate was at the level of its
TLV for water reservoirs (0.0006 mg/dm?).
That is, with an increase in the initial concentra-
tion of bicyclopyrone in the surface layer of the
soil and the amount of water supplied to the col-
umn, the time of appearance accelerated and the
concentration of the substance in the filtrate
increased.

Since according to the results of the prelimi-
nary analysis, pydiflumetofen was found to be
of low mobility [14, 19], the study of its vertical
migration was carried out under simulations of
extreme hydraulic load on the columns — the
annual rate of precipitation (1000 mm) in 30
days (third series of the experiment). It was
found that the levels and duration of the entry of
pydiflumetofen into the filtrate depended both
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Taomuns 4

Junamika BmicTy Oinuk/onipony y ¢ginbrpari 3a pisHHX YMOB eKCIIEPUMEHTY

Table 4

Dynamics of the content of bicyclopyrone in the filtrate under different experimental conditions

Konuenrpauis migiguymeroeny y piasrpari* (mr/am®) 3anexuo Big rumy
TPYHTY Ta BUXiIHOro BMicTy peyoBuHHU B IpyHTi / The concentration
. of pydiflumetofen in the filtrate* (mg/dm®) depending on the type of soil
Tepmin the initial content of the substance in the soil
CIocTepeKeHHs],
1062 / KoJ10HAa Ne 4 / column Ne 4|konona Ne 5/ column Ne 5|kosona Ne 6 / column Ne 6
Observation MIE Ne1/SSM no 1 yopHo3eM Buiy:xkeHmii / black soil lined
P‘:ir iod, 0,05 mr/kr / 0.05 mg/kg | 0,05 mr/kr / 0.05 mg/kg | 0,01 mr/kr / 0.01 mg/kg
ay
«pivyHUI pexkum onaais / «MICTIRUID) peain
P p o . A . onajis / monthly
annual precipitation regime R .
precipitation regime
1 H.B. / ND H.B. / ND —
2 0,015 0,002 —
3 0,013 0,011 H.B. / ND
5 0,054 0,028 <0,0004
6 0,037 0,052 —
7 0,033 0,03 0,00046
9 0,012 0,018 0,00060
11 0,0128 0,0164 0,00056
13 0,0088 0,0104 0,00052
15 0,005 0,006 0,00042
17 0,0035 0,0035 0,00040
20 < 0,0006 < 0,0006 <0,0004
Hpumimru:

1. * — JIna konon Ne 4 i Ne 5 nasedeno cepeOni snauents 3 mpbox UsHaueHb.

2. n.6. — He sussneno npu MB 0,0003 me/om’.

3. «—» — 6usHauenus He npogoounu. /{na ompumanusa npodu ginempamy 06 ’emom 750 ma 8i0bip 30iticniosanu 00uH pas y 08i 0oou.

Notes:

1. *— For columns no 4 and no 5, average values from three determinations are given.

2. ND — not detected at DL 0.0003 mg/dm’.

3. «—» — no determination was made. To obtain a sample of filtrate with a volume of 750 ml, the withdrawal was carried out once

every two days.

CIIOCTEPEKCHHS, MaKCUMaJIbHI KOHIICHTpAIil
Croiyku y (insrpari Oynm 3apeecTpoBaHi Ha
38-y—41-y Ta 80-y 100y BiINOBiTHO Ta CTaHO-
BWIM B 000X Bumaakax 0,0032 mr/mv’, mo B
1,5 pasa nepesuurysaio [JIK, , (0,002 mr/om?).
3a 0JTHAKOBOTO TiPABIIYHOTO HABAHTAXKCHHS
Ta OUTBIIOT BUXIIHOT KOHIIEHTpAIIl B YOPHO-
3emi Buiry)keHomy (0,3 mr/kr, koimona Ne &)
BMICT migiduymeTodeny y pinbTpari gocsras
MaKCUMyMy paHime — Ha 69-y—73-y noly Ta
oy BumuM (0,0043 mr/mm®), Hixk Ipu MeH-
i BuxiaHik koHrerrpartii (0,06 Mr/kr, Kono-
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on its initial concentration and on the type of
soil imitating the arable layer (Table 5). In par-
ticular, with the same initial concentration of
the substance in the soil (0.06 mg/kg) and irriga-
tion mode, in the filtrate from columns no 7
(SSM no 1) and no 9 (leached chernozem), pyd-
iflu- metofen appeared, respectively, on the
24™ and the 51% day of observation; the maxi-
mum concentrations of the compound in the fil-
trate were registered on the (38"—41%) and 80™
days, respectively, and were in both cases
0.0032 mg/dm?, which was 1.5 times higher than
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Ha Ne 9) — 80-a 106a ta 0,0032 Mr/am> Biamo-
BizHo. Y (insrpari 3 kosonu Ne 7 (MIE Ne 1)
PEUOBMHY BUSBISUIM mpoTsiroM 32 mi6 (3 24
1o 55 100y crocTepekeHHsl), a 3 KoJtoH Ne 8 i
9, B IKUX OpHMI IIap IMITYBaJId YOPHO3EMOM
BUJTY’KEHUM, — 3Ha4HO AoBie: 46 (3 45 no 90)

TOXICOLOGY OF PESTICIDES

the TLV for water reservoirs (0.002 mg/dm?).
With the same hydraulic load and a higher ini-
tial concentration in the leached chernozem
(0.3 mg/kg, column no 8), the content of pydi-
flumetofen in the filtrate reached its maximum
earlier — on the 6973 day and was higher

Junamika BmicTy migigaymerodeny y ¢inbrpari npu MakcuMaabHOMY BOTHOMY HaBaHTZ;iJ;HI-ﬁH ’
Table 5
Dynamics of the content of pydiflumetofen in the filtrate at the maximum water load
KonuenTpanisi 6inukaonipony y ¢iasrpari* (mr/am®)
3aJ1eKHO Bijl TUNY IPYHTY, BUXiIHOTO BMIiCTy pe4OBHHHU B IPYHTI Ta pe:KUMY 3Po-
Tepmin myBanHs / Concentration of bicyclopyrone in the filtrate* (mg/dm?)
crnocrepe:xkenns, | depending on the type of soil, the initial content of the substance in the soil and
nooa / the mode of irrigation
Ob;::i\:;tion KkosioHa Ne 7 / column Ne 7|kosona Ne 8 / column Ne 8| kosona Ne 9 / column Ne 9
day , MIE Ne 1/SSM no 1 YopHuozem Buaay:kenmii / leached chernozem
0,06 mr/kr / 0.06 mg/kg 0,3 mr/kr / 0.3 mg/kg 0,06 mr/kr / 0.06 mg/kg
24 < 0,001 H.B. / ND H.B. / ND
27 0,0012 H.B. / ND H.B. / ND
33 0,0015 H.B. / ND H.B. / ND
37 0,0016 u.B. / ND u.B. / ND
38 0,0032 u.B. / ND u.B. / ND
41 0,0032 H.B. / ND H.B. / ND
45 0,0031 < 0,001 H.B. / ND
48 0,0013 < 0,001 H.B. / ND
51 0,0014 < 0,001 < 0,001
55 < 0,001 0,0015 0,0014
59 — 0,0023 0,0020
65 — 0,0023 0,0020
69 — 0,0043 0,0021
73 — 0,0043 0,0024
77 — 0,0025 0,0029
80 — 0,0025 0,0032
82 — 0,0023 0,0021
90 — < 0,001 0,0012
95 — — < 0,001
Hpumimicu:

1. *— Jlna konon Ne 4 i No 5 nasedeno cepedHi 3nauents 3 mpbox 6U3HAUEHb.

2. n.6. — ne suseneno npu MB 0,0003 me/om’.

3. «—» — susnayenns ne nposoounu. [nsa ompumanns npoou ginempamy ob’emom 750 mn 8idoip 30iticnioganu ooun paz y 08i 006u.

Notes:

1. *— For columns no 4 and no 5, average values from three determinations are given.

2. ND — not detected at DL 0.0003 mg/dm’>.

3. «—» — no determination was made. To obtain a sample of filtrate with a volume of 750 ml, the withdrawal was carried out once

every two days.
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ta 45 (3 51 mo 95) a6 BimmomigHO. OTXeE,
nigiguymeToeH IoBIIE€ YTPUMYETHCS HOp-
HO3eMOM BHIykeHuM, HiK MIE Ne 1, mio
BI/IMOBIJITa€ 3aKOHOMIPHOCTSIM, BijgoOpaxe-
HUM Yy TOINEPEIHIX JOCIIHKeHHX [6, 18].

[TopiBHsUIBHUIN aHAaII3 PE3yJbTATIB yCiX 3
cepiil mpoBeAeHOro J1ad0paTOPHOrO EKcIie-
PUMEHTY 3 BUBYEHHS BEpTUKAJIbHOI Mirparii
amikap0a3oHy, OILMKIOMIPOHY Ta miaidiay-
MeTo(eHy 3a npodiiaeM IPyHTY B IPYHTOBUI
MOTIK BUSBHUB 3HA4HI PO3OIKHOCTI B MOBE-
JHI JOCTIIKyBaHuX 1. p. Tak, mpu 3aBaH-
T@KEHHI BEPXHBbOI 4YacTUHM KojoHu MIE
Ne 1 (konmonu Ne 4 1 Ne 7), piuniii Hopwmi omna-
IIB Ta MaiKe OJHAKOBIM BMXIJHIN KOHIIEHT-
pauii B rpyHTi (Oinuknonipony — 0,05 mr/kr,
nigigpnymeropeny — 0,06 mr/kr), 6IUKIONI-
poH 3’aBUBCS Y (huIbTpaTi Ha 2 100y HA PiBHI
0,015 mr/mv® (tabn. 4), migidpaymeropen —
Ha 24-y 106y Ha pisHi < 0,001 mr/nm? (Tabm. 5),
akuil OyB OUTbII, HDK y 15 pa3iB HIKYMUM.
binmknonipoH BUSBISUIA Y QUIBTpATI MPOTS-
rom 19 116 1 Ha 20-y n00y KOHIIEHTpAIlis
Oyna Ha pisai < 0,0006 mr/mm?, migidmyme-
ToeH — mporarom 32 n1i0 1 Ha 55-y 100y
KOHIIeHTparlist Oyna Ha piBHI <0,001 MT/ V>,
MakcumanbHi KOHUEHTpauii y QiapTpari
oinuxstonipony (0,054 mr/om?) 1 migidyme-
toeny (0,0032 mr/nm?) peectpysanu Bimmo-
BiIHO Ha 5-y 1 (38-y—41-y) noby crocrepe-
JKEHHS;, 10 TOTO ) BMICT OIIIUKIIONIPOHY OyB
y 17 paziB Bumum. OT1xke, migidiaymerodeH €
MEHII PYXJIUBUM, 3 SIBISIETbCS y (DUIBTpATI
3HAYHO MI3HIIIE 1 MITPY€ MEHII IHTEHCUBHO,
CTBOPIOIOYM HMKY1 KOHIEHTpalii y GpuibTpa-
T1, HDK OIMKJIONIPOH. 3a3Hau€He CIIBIAAA€
3 MOMNEepeIHIMU BHCHOBKAaMHU MpO Te, IO
nigipiaymeropes € MaloMoOUTbHUM (KOH-
cTaHTa copOuii opraHiyHuM Byrienem K.
KOJIUBA€ThCA B Mexkax 1165-3808 wmu/r,
IV knac), a GILUKIONIPOH — AyXKE PYyXIUBUM
y Oupmiocti (17 3 23) BunpoOyBaHUX IpyH-
TiB (K, Bix 6 no 50 mu/r, I-11 xnac) [19]. Ho
TOro * miAigaymerodeH 3HauHO TipIie po3-
YUHSETHCS Y BOJII MOPIBHSIHO 3 OILMKIONIPO-
HOM: po34uuHHICTh npu 20°C CTaHOBUTH BiJI-
noBiaHo 1,5 mr/n npotu 1200 mr/n (tadm. 1),
ToOTO HIKk4a y 800 pasis, 1110 32 JaHUMU [6,
18] ranmpMye mirpamito 3 IpyHTY B IiJI3€MHI1
BOJIU.

3a MaiiKe OJJHAKOBHUX YMOB IIPOBEJICHHS
excriepuMeHTy (kosioHu Ne 3 1 Ne 6): mozento-
BaHHS OPHOTO IIapy YOPHO3EMOM BHITYKEHHUM,
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VKPATHCBKUIA )KYPHAJT CYYACHUX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2024

(0.0043 mg /dm?) than at a lower initial con-
centration (0.06 mg/kg, column no 9) — the 80™
day and 0.0032 mg/dm?, respectively. In the
filtrate from column no 7 (SSM no 1), the sub-
stance was detected for 32 days (from 24" to
55™ days of observation), and from columns no
8 and 9, in which the arable layer was simulat-
ed with leached chernozem, for much longer:
46 (from 45" to 90™) and 45 (from 515 to 95t
days, respectively. Therefore, pydiflumetofen
is kept longer by leached chernozem than by
SSM no 1, which corresponds to the patterns
shown in [6, 18].

A comparative analysis of the results of all
three series of the conducted laboratory exper-
iment on the study of vertical migration of ami-
carbazone, bicyclopyrone and pydiflumetofen
into the ground water according to the soil pro-
file revealed significant differences in the
behaviour of the studied active substances. At
the SSM no 1 loaded upper part of a column
(columns no 4 and no 7), the annual rate of pre-
cipitation and almost the same initial concen-
tration in the soil (bicyclopyrone — 0.05
mg/kg, pydiflumetofen — 0.06 mg/kg), bicy-
clopyrone appeared in the filtrate on the 2nd
day at the level of 0.015 mg/dm?® (Table 4),
pydiflumetofen — on the 24th day at a level of
< 0.001 mg/dm? (Table 5), which was more
than 15 times lower. Bicyclopyrone was
detected in the filtrate for 19 days and on the
20™ day of the observation the concentration
was at the level of <0.0006 mg/dm?, pydi-
flumetofen — for 32 days and on the 55" day
the concentration was at the level of <0.001
mg/dm?. The maximum concentrations in the
filtrate of bicyclopyrone (0.054 mg/dm?) and
pydiflumetofen (0.0032 mg/dm?) were record-
ed, respectively, on the fifth and (38415
days of observation; the content of bicyclopy-
rone was 17 times higher. Thus, pydi-
flumetofen is less mobile, appears in the fil-
trate much later and migrates less intensively,
creating lower concentrations in the filtrate
than bicyclopyrone. This is consistent with
previous findings that pydiflumetofen is not
very mobile (the organic carbon sorption con-
stant Koc ranges from 1165-3808 ml/g,
IV class), and bicyclopyrone is very mobile in
most (17 out of 23) tested soils (K, from 6 to
50 ml/g, I-II class) [19]. In addition, pydi-
flumetofen dissolves much worse in water
compared to bicyclopyrone: the solubility at
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«MICSIYHUIDY PEKUAM OTaJIiB, ONMM3bKI BUXIiTHI
KOHIICHTpAIlil B rpyHT1 (OirmKIIOTIipOHY Ta
amikap6azony BimmoBigHo 0,01 mr/kr Tta
0,02 Mr/KT), OIIMKIONIPOH 3’ IBUBCA Y (HiTh-
TpaTi Ha 5-y 100y criocTepeKeHHsS Ha PiBHI
0,0004 mr/nm® (Tabn. 4), amikap6a3oH — Ha
3-y 106y Ha pisni < 0,001 mr/am? (Tabm. 3).
BluHKJIompOH BUSIBIISTN Y (PLIBTpaTi npoTs-
roM 16 2[16 i Ha 20-y moOy KOHueHTpaum
Oyna Ha piBHi < 0,0004 Mr/nm?, amikap6azon
— mpoTsiroM 42 z[i6 1 Ha 44-y zlo6y KOHIIEHT-
panis Gyna Ha piBHi < 0,001 wmr/mv’.
HaI?IBI/Imi KOHIIEHTpaIlii y (inbTpari OiIuK-
J'IOHlpOHy Ta aMmikapOa3oHy 3a(1)1KcyBaJH/I
BinmoBigHo Ha 9-y (0,0006 Mr/z[M3) i14-y
(0,01 Mr/)JM3) no0y crioctepexeHHs. TooTo
y 4YOpHO3eMi BHITYKCHOMY aM1Kap6a30H €
O1TBII PYXJTHBHM 1 MIrpye JTOBIIIE Ta IHTCH-
CUBHIIIE, HIX 61HI/IKJ'IOH1pOH 3a3HaueHe
Y3TOIDKY€EThCS 3 PaHiIIIe 3pO0JICHUMH y3arajib-
HEHHSIMU TPO Te, 0 aMikapOa30H € MOOLITb-
aum (II xmac, K, B mexax 15-75 wmr/m)
HE3aJICKHO Bi,Z[ MeXaHIyHOTO cKiany Ta pH
IPYHTY, TOJi SK OIIUKIIOMPOH B OKPEMHUX
rpyHTax € nmomipuo pyxiausum (I1I kmac, KOC
B Mexkax 75-500 mu/r) [19]. Kle TOTO, aMi-
Kap0a30H Mae OLIbIIY PO3YMHHICTH Y BOII
(4600 mr/m), Hixk OirukmomipoH (1200 mr/m)
(tabm. 1), m0 3a MaHUMH TOMEPEITHIX
JOCIIDKeHb CHpHUsA€ Kpamlid wmirpamii B
CUCTEMI «IPYHT — BOJIa».

BucHoBku

1. BcTaHoBi€eHO, 110 IHTEHCUBHICTH BEp-
THUKaJILHOT MIrpailii HOBUX TepOiluIiB ami-
Kap0a30Hy 1 OIUKIOMpPOHY Ta (QyHTIIHITY
Hiz[i(l)nyMeToq)eHy 3a Hpoq)iJIeM IPyHTY B
IPYHTOBHII IOTIK 3aIeKUTH Bill BHXIIHOI
KOHIIEHTpAIil pEYOBUHU Y BEPXHBOMY mapl
3aBaHTa)XEHHS KOJIOHH, SIKUI 1IMITye OpHMIA
ap IPYHTY, Ta PEKUMY 3POLIYBAHHSI: IO
OlmbIiMK Oy/M BUXiTHI KOHICHTpALi ycix
3-X pe4YoBUH Ta KUTbKICTh MOAAHOT BOAU Y
BUIIAJKy 000X TepOiluaiB, TO BUIIUM OyB
BMICT CIIOJIYK Y (biHLTpaTi PiBHi mirparii
61HI/IKJ'IOHIpOHy B CHCTEMi «IPYHT — IPYHTO-
Bl BOIM» MaiDke HE 3aleXKald BiJ THILY
OpHOTO IIapy IPYHTY Ha BiAMIHY Bif mimid-
IyMeTo(eHy, KU y JOPHO3EMi BUITYKEHO-
My YTPHMYyBaBCi [OBIIC Ta MIrpyBas
noBinbHime, Hixk y MIE Nel.

2. JloBeneHo, 110 32 OMHAKOBOTO PEKU-
My 3pOUIyBaHHS Ta ONHM3BKUX BUXITHUX

TOXICOLOGY OF PESTICIDES

VKPATHCBKHI )XYPHAJT CYYACHHX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2024

20°C is 1.5 mg/l versus 1200 mg/I (Table 1), i.e.
800 times lower, which according to data [6, 18]
inhibits migration from soil to groundwater.

Under almost the same conditions of the exper-
iment (columns no 3 and no 6): simulation of the
arable layer with leached chernozem, monthly
precipitation regime, close initial concentrations
in the soil (bicyclopyrone and amicarbazone,
respectively 0.01 mg/kg and 0.02 mg/kg), bicy-
clopyrone appeared in the filtrate on the 5th day
of observation at the level of 0.0004 mg/dm 3
(Table 4), amicarbazone — on the 3rd day at the
level of <0.001 mg/dm*® (Table 3). Bicyclopyrone
was detected in the filtrate for 16 days and on the
20th day the concentration was at the level of
0.0004 mg/dm®, amicarbazone — for 42 days and
on the 44th day the concentration was at the level
of < 0.001 mg/dm?. The highest concentrations in
the filtrate of bicyclopyrone and amicarbazone
were recorded, respectively, on the ninth (0.0006
mg/dm?) and 14th (0.01 mg/dm?) day of observa-
tion. That is, in leached chernozem, amicarbazone
is more mobile and migrates longer and more
intensively than bicyclopyrone. This is consistent
with previously made generalizations that amicar-
bazone is mobile (class II, K, in the range of 15—
75 mg/1) regardless of the mechanical composition
and pH of the soil, while bicyclopyrone in certain
soils is moderately mobile (III class, K, within
the range of 75-500 ml/g) [19]. In addition, ami-
carbazone has a greater solubility in water (4600
mg/l) than bicyclopyrone (1200 mg/l) (Table 1),
which, according to [6], contributes to better
migration in the soil-water system.

Conclusions

1. It was established that the intensity of ver-
tical migration of the new herbicides amicar-
bazone and bicyclopyrone and the fungicide pyd-
iflumetofen along the soil profile to the ground
water depends on the initial concentration of the
substance in the upper layer of the column load-
ing, which simulates the arable layer of the soil,
and the irrigation regime. The higher is the initial
concentrations of all three substances and the
amount of water supplied in the case of both her-
bicides, the higher was the content of compounds
in the filtrate. The migration levels of bicyclopy-
rone in the soil-ground water system were
almost independent of the type of topsoil, in con-
trast to pydiflumetofen, which retained longer in
leached chernozem and migrated more slowly
than in SSM no 1.
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KOHIIEHTpAIiil y TTOBEpXHEBOMY IlIapl 3aBaHTa-
KeHHs (QLIbTpaliiHO] KOJIOHU migidiaymeToden
y MOpPIBHSIHHI 3 OILMKIONIPOHOM € MEHII pyX-
JIUBUM, 3 SBISETHCS y (PUIBTpATI 3HAYHO Mi3HI-
e Ta mirpye 3 MIE Ne 1 nosineHiie; amikap-
0a30H y MOPIBHIHHI 3 OIIUKJIOMIPOHOM € O1IbIII
PYXJIUBUM, MITPY€ 3 YOPHO3EMY BHIIYKEHOTO
JoBiie Ta iHTeHcuBHIime. Cepen AociiaKyBa-
HUX PEYOBMH HaWBHILA MOTEHLIMHA HeOe3neka
3a0pyIHEHHS TPYHTOBUX BOJ BHACIIZOK BEpPTH-
KaJIbHOI Mirpariii 3 HallolupeHimux B YKpaini
YOPHO3EMHHUX IPYHTIB NpUTaMaHHa aMikapOa-
30HY, HAaTHWXK4Ya — MiaA1PIymMeToPeny.

[Tonanbi gociipkeHHs: OyayTh CIIpSIMOBaH1
Ha HayKoBe OOIPYHTYBAHHSI MEIMKO-CAHITaApHO-
ro HOPMAaruBy — TPaHUYHO JAOIMYCTHMOi KOH-
LEHTpAallii B IPyHT1 aMikapOa30Hy, O1UKIIONIpO-
Hy Ta nigigaymetrodeny.
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2. It has been proven that under the
same irrigation regime and similar initial
concentrations in the surface layer of the
loading of the filtration column, pydi-
flumetofen is less mobile compared to bicy-
clopyrone, appears in the filtrate much later
and migrates from SSM no Imore slowly;
compared to bicyclopyrone, amicarbazone is
more mobile, migrates from leached cher-
nozem longer and more intensively. Of the
studied substances, the highest potential dan-
ger of groundwater contamination due to ver-
tical migration from chernozem soils, the
most common in Ukraine, is inherent to ami-
carbazone, and the lowest to pydiflumetofen.

Further research will be directed to the
scientific substantiation of the medical and
sanitary standard — the threshold limit value
of amicarbazone, bicyclopyrone and pydi-
flumetofen in the soil.
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