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BHUBYEHHA 3ANAILKOBHX KITbKOCTEH
®JIORIKAMIAY B ABMYKAX
TA OBTPYHTYBAHHA MEAHKO-CAHITAPHHX
HOPMATHRBIB BE3NEYHOI0 3ACTOCYBAHHA
IHCEKTALIMAY HA HOr0 OCHOBI

Pe3stome. OrioHikamid — Hoguli cucmemHull nipuduHKkapbokcamiOHUl iHcekmuyud i3 CeneKmMUBHOK aKmUBHICMIO NPOMU WUpo-
K020 CcreKkmpa KoMax Ha Pi3HUX CinbCbKo20CrnodapChbKux Kynbmypax. B Ykpaiki npogsedeHo nonbosi 8unpobysaHHs 3 Memoto
06rpyHmMy8aHHs1 MOXugocmi (io2o 6e3rmeyHo20 8UKopuCcmaHHs 015 3axucmy si651yHb.

Mamepianu ma memoou. BugyeHHs1 duHamiku emicmy 3anuwikosux Kinbkocmel ¢hrioHikamidy e si6rykax ma s651y4HoMy COKy
nposodurucsi 8 Cmenosil 30Hi YkpaiHu npomsicom 080x secemaujitiHux ce3oHig 2019-2020 pp. 3a mpupa308020 3acmocysaH-
He iHcekmuyudy 3 Hopmoto sumpamu 0,07 ke/za.

Banuwekosi kinbkocmi ¢hrioHikamiy 8 s6rykax ma s671y4HOMY COKY 8U3Havaucs MemodoM 8UCOKOEGhEKMUBHOI PIOUHHOT Xpo-
mamoepadpii (BEPX) 3 ynempacpionemosum (Y®) demexkmysaHHaM. Mexi KinbkicHo2o eusHa4yeHHs (MKB) memodom BEPX y
s6nykax ma s6nyyHomy coky — 0,01 me/ke.

Pesynbmamu. 3a nepiod docnidxeHb 2019-2020 pp. y 8poxai s61yk ma COoKy 3 HUX KirlbKicmb ¢brioHikamidy (K Cymu ¢hrioHi-
kamidy ma memabonimie TFNA i TENG y nepepaxyHky Ha ¢hrioHikamid) cmaHosuna 0,019-0,071 me/ke i 0,017-0,032 me/ke sid-
nosidHo. [licnsi 3acmocysaHHs iHcekmuyudy pekomeHAo8aHUli CMPOK odikysaHHs1 0o 36opy epoxaro s6yk — 35 0i6.
3meHweHHs1 emicmy ¢brioHikamidy e s6nykax ei0bysaembCs 3a €KCIOHEHUIUHO Kpugoto 8i0rMogiOHO 00 piBHSIHHSA KiHeMuKu
nepwozo nopsioky. PospaxosaHuti nepiod Haniepo3dnady (T50) dns 56nyk cmaHogums 0115 hrioHikamidy 23 006u, chrioHikamily
(ak cymy prioHikamidy ma memabonimie TFNA i TENG y nepepaxyHKy Ha ¢hrioHikamio) — 27 OHis.

Moxnuee dobose HadxodxeHHs1 qorioHikamiOy 8 opaaHiam nduHuU 3 sbrykamu ma A6rydHUM cokom cmaHosumb 9,5 % eid
pieHs1 6e3neyHo20 Ha0X0OXKEHHS 3 xap4osum pauioHom (6,6 % eid tio2o donycmumozo 00608020 HaOXOOXKEHHS).
ObrpyHmosaHo makcumarnsHO dorycmumi pigHi emicmy cbrioHikamidy: sbnyka — 0,3 (cyma cprioHikamiOy ma memabonimie
TFNA i TFNG y nepepaxyHKy Ha ¢brioHikamio, (MKB memodom BEPX — 0,01 me/ke Onsi KoXHOI' crionyku); sbay4qHud cik —
0,03 me/ke (cyma cbrioHikamidy ma memabonimie TFNA | TFNG y nepepaxyHKy Ha ¢brioHikamio

BucHoeku. ®roHikami0 3a nokasHukom Oezpadauii 8 s6nyHsx eidHocumbcsi o necmuyudie 2 kracy HebeaneyHocmi.
BameepdxeHi MLP 6e3neyHozo emicmy 0ito4oi peqyosuHu 8 s6ykax ma sib5y4HOMy COKy ma nepiod odikygaHHs1 Ao 360py epo-
Karo 3abesneqyroms 6e3rneyHicms 8UKOPUCMaHHS iHCeKMUUYUOy Ha 0CHO8I QrioHikamidy.

Knroqoei crosa: grioHikamio, 3anuwkosi KinbKkocmi, Xxpomamozpacis, nonbosi 8UnpobysaHHsi.

O. Kravchuk, V. Medvediev, A. Hrynko P, O. Bahatska, L. lvanova, H. Zvarych, V. Lyshavsky
L.I. Medved’s Research Center of Preventive Toxicology, Food
and Chemical Safety, Ministry of Health, Ukraine (State Enterprise)

STUDY OF RESIDUAL AMOUNTS OF FLONICAMIDE IN APPLES
AND JUSTIFICATION OF MEDICAL AND SANITARY STANDARDS
FOR THE SAFE USE OF INSECTICIDE BASED ON IT

Abstract. Flonicamid is a new systemic pyridine carboxamide insecticide with selective activity against a wide
range of insects on various agricultural crops. In Ukraine, field tests were conducted to justify the possibility of its
safe use for the protection of apple trees.

Materials and Methods. The content dynamics of flonicamid residual amounts in apples and apple juice was
studied in the steppe zone of Ukraine during two growing seasons of 2019-2020 with three times of insecticide
use with a consumption rate of 0.07 kg/ha.
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The residual amounts of flonicamid in apples and apple juice were determined by high-performance liquid chro-
matography (HPLC) with ultraviolet (UV) detection. The limits of quantitative determination (LQ) by HPLC in
apples and apple juice are 0.01 mg/kg.

Results. During the research period 2019-2020, the amount of flonicamid in the yield of apples and juice from
them (as the sum of flonicamid and TFNA and TFNG metabolites in terms of flonicamid) was 0.019-0.071 mg/kg
and 0.017-0.032 mg/kg, respectively. After applying the insecticide, the recommended waiting period before har-
vesting apples is 35 days.

The decrease in the flonicamid content in apples occurs on an exponential curve in accordance with the first-order
kinetic equation. The calculated half-life (T50) for apples is 23 days for flonicamid, and 27 days for flonicamid (as
the sum of flonicamid and TFNA and TFNG metabolites in terms of flonicamid).

The possible daily intake of flonicamid in the human body with apples and apple juice is 9.5% of the level of safe
intake with the diet (6.6% of its permissible daily intake).

The maximum permissible levels of flonicamid content are justified: apples — 0.3 (the sum of flonicamid and TFNA
and TENG metabolites in terms of flonicamid, (LQ by HPLC — 0.01 mg/kg for each compound),; apple juice —
0.03 mg / kg (the sum of flonicamid and TFNA and TFNG metabolites in terms of flonicamid.

Conclusions. Flonicamid belongs to the hazard class 2 pesticides in terms of degradation in apple trees. The
MPL-approved safe content of the active substance in apples and apple juice and the waiting period before har-

vesting ensure the safety of using a flonicamid-based insecticide.
Keywords: flonicamid, residual amounts, chromatography, field tests.

Bctyn. ®noHikamia — HOBWI CUMCTEMHWUIA MipUANH-
KapOokcaMigHWU IHCEKTULMA i3 CENEKTUBHOK aKTUBHiI-
CTHO MPOTK LUMPOKOrO CMEKTPY KOMax. 3a MexaHiaMom
Lil € XOp4OTOHaNbHUM MOLYNATOPOM, SKWIA NOpPYLLYIO-
Yu nepegavy HepBOBOIO IMMNYNbCY, NEPELLKOMXAE MOX-
NMBOCTI Xap4yyBaHHS LUKIOHWKIB Ta MpOTAromM [oow
BUKMMKaE iXHIO MacoBy 3arvnbens.

Bucoka ehekTMBHICTb peYOBMHM TaKox 0BymMOBnEHa
30aTHICTIO pyXaTUCb B POCIMHI SIK 3 BUCXIZHWM NOTO-
KOM KCWUNemoto, TaK i MPOHMKATW TpaHcramiHapHo,
30Kpema y BaXKKOZOCTYMHi YaCTUHM POCIIMHI (CKPYYEHi
NUCTKM YW nasyxu), BNAMBATWM Ha iMaro i NUYUHKK
komax. lNepeBara Cnonykn — BiACYTHICTb (DITOTOKCUY-

Ha cBiToBOMY pUHKY (PrioHiKamif, BUKOPUCTOBYETLCS
Ans 60opoTbOM 3i LWKIOHMKAMKM Ha LIMPOKOMY CMEKTPI
CiNbCbKOrOCMoAapCbkMX KynsTyp (s6nyHi, nepcuku,
XMifb, KanycTa, 6aBOBHMK, MLLEHULS, KAapTOnns Ta iH.).
B YkpaiHi npoBegeHo nonboBi BUNPoOYBaHHS 3 METOHO
0Or'pyHTYBaHHS MOXINMBOCTI 0ro 6e3neyHoro BUKOpU-
CTaHHsA Ansa 3axucty 16nyHb. OCHOBHUMY 3aBAaHHAMY
UMX gocnigkeHb Oynu BUBYEHHS Ta OLiHKA 3anuLUKo-
BMX KinlbkocTew corioHikamigy B abnykax.

MeTa. [JocnigxeHHs 3anuLwKoBmX KiflbkocTen qonoHi-
Kamigy B s6nykax Ta s6rny4yHoMy COKy, 06rpyHTYBaHHS
MeaMKO-CaHITapHUX HOPMAaTUBIB Y HUX Ta TEPMiHy Oui-
KyBaHHs [0 300py BpoXato Nicnsi 3aCTOCyBaHHS! iHCEK-
TMUMaY.

Matepianu Ta metoam. XimiyHa Ha3Ba i (pisvko-
XiMi4Hi BMacTMBOCTI onoHikamigy HaBefeHi B Tabn. 1.

lrieniyHa ouiHka noHikamigy rpyHTyBanacb Ha
pesynbTatax BfacHUX AOCMiMKeHb Ta JaHuX niteparty-
pu [3, 5-7]. JocnigxeHHs BMICTY 3anMULLIKOBUX KiflbKO-
cTen ¢onoHikamigy B sibnykax nicnst o6pobku, obrpyH-
TyBaHHS MakcumanbHO Aonyctumux pisnis (MOP) Bmi-
CTy B sI6nykax Ta sbny4HOMy COKy BUKOHAHO BifnoBia-
HO 1O OCHOBHUX MiDXHAPOZHMX Ta BITYA3HSHWX MPUHLM-
nie [8-9], a TakoX BiAMOBIAHO 4O PO3POONEHMX METO-
AMYHMX BKasiBOK. Mexi kinbkicHoro BuaHaveHHst (MKB)
METOZOM BUCOKOE(EKTUBHOI piaMHHOI Xpomartorpadii

Introduction. Flonicamid is a new systemic pyridine
carboxamide insecticide with selective activity against a
wide range of insects. By its mechanism of action, it is
a chordotonal modulator, which disrupts the transmis-
sion of nerve impulses, prevents the possibility of feed-
ing pests and causes their mass death during the day.

The high efficiency of the substance is also due to
the ability to move in the plant both with an upward flow
of xylem and to penetrate translaminar, in particular
into hard-to-reach parts of the plant (twisted leaves or
sinuses), to affect imagoes and insect larvae. The
advantages of the compound include the absence of its
phytotoxic effect [1].

On the world market, flonicamid is used for pest con-
trol on a wide range of agricultural crops (apple trees,
peaches, hops, cabbage, cotton, wheat, potatoes,
etc.). In Ukraine, field tests were conducted to justify
the possibility of its safe use for the protection of apple
trees. The main objectives of these studies were to
study and evaluate the residues of flonicamid in
apples.

Aim. The study of the flonicamid residues in apples
and apple juice, justification of health standards in
apples and apple juice, and the waiting period before
harvesting after insecticide application.

Materials and Methods. The chemical name and
physical and chemical properties of flonicamid are
given in Table 1.

Hygienic assessment of flonicamid was carried out
based on the results of our own studies and literature
data [3, 5-7]. Conducting studies of the content of floni-
camid residues in apples after processing, justifying the
maximum permissible levels (MPL) of content in apples
and apple juice were performed in accordance with the
main international and domestic principles [8-9].

The content of flonicamid in apples and apple juice
was determined in accordance with the developed
guidelines. The limits of quantitative determination
(LOQ) by high — performance liquid chromatography
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Tabnuusa 1/Table 1

®di3unko-ximiuHi BnacTueocTi ¢pnoHikamiay [2-4] / Physical and chemical properties of flonicamid [2-4]

Moka3HukK, oauHULI BUMipHOBaHHSA /
Indicators, units of measurement

Values /
3HauyeHHs

XimiyHa Ha3Ba
Chemical name

- N-cyanomethyl - 4 - (trifluoromethyl) nicotinamide (IUPAC);

- N - (cyanomethyl) - 4 - (trifluoromethyl) - 3-pyridine carboxamide

(CA)
Fa

CTpykTypHa cdopmyna —
Structural formula % CONHCH,CN

N
CAS RN 158062-67-0
BigHocHa monekynapHa maca

. . 229,2

Relative molecular weight
EmnipnyHa coopmyna

CgHgF3N;0

Empirical formula

ArperatHui cTaH, Konip, 3anax
Aggregate state, color, smell

6inun KpucTaniyHmn nopoLlok 6e3 3anaxy
odourless white crystalline powder

Temnepartypa, nnaenexHs °C

Temperature, melting °C 157.5

Twuck napwm, mla (20-25 °C)
Steam pressure, mPa (20-25 °C)

9,43 x 10 (20 °C); 2,55 x 106 (25 °C)

PosunHHicTb y Boai (20-25 °C), r/n

Solubility in water (20-25 °C), g/l 5.2

PO34MHHICTb B OpraHiyHMX po34MHHUKaX
(20-25°C), r/n
Solubility in organic solvents (20-25°C), g/l

acetone (auetoHi) —186.7; ethyl acetate (etnnauerart) —33.9;
isopropyl alcohol (isonponinosomy cnupTi) — 18.7;
hexane (rekcani) — 0.0002

KoediuieHT po3nogigy B cuctemi
H-okTaHon-soaa LogPow (20 °C)

Distribution coefficient in the system 0.3
n-octanol-water Log Pow (20 °C)
KoncTtaHTa gucouiauii pKa (20-25 °C) 16

pKA dissociation constant (20-25 °C)

(BEPX) y sibnykax — 0,01 wr/kr, s6ny4HomMy coky —
0,01 mr/kr [10].

Pe3ynbratu Ta ix 06roBopeHHs. Po3naa roHika-
Migy B pocrnmHax BigbyBaeTbCs LUMSAXOM igponisy HiT-
PUMNBHKX Ta KApOOKCUMBHKX PyN 3 YTBOPEHHSAM 3HaY-
HOI KiflbKOCTi METabO0MITIB, OCHOBHVMM 3 SIKKX €:

— TENA - 4-(TpucbTopmeTnn)nipuamnH-3-kapboHosa
Kucnora;

— TFNA-AM - 4-(TpucptopmeTun)nipuanH-3-kapbokca-
mig;

— TFNG - N-{[4-(TpucpTopmeTun)nipuguH-3-injkapbo-
HINriUuH;

— TFNG-AM - N-(2-amiHo-2-okcoeTun)-4-(TpudTopme-
TUn)nipuamH-3-kapbokcamig.

3a gaHumu nitepatypu, metaboniam cproHikamiagy y
Mo4OBMX KyMnbTypax AOCHi4KyBanm Ha npuknagi nep-
CVIKY 3 BUKOPUCTaHHSIM PeyoBuHU, MieHoi no 14C y 3-
MONOXEHHI MipuannoBoro Kinbus. PevyoBMHOK 00po6-
nsnu gepesBa MEPCUKIB ABOKPATHO 3 [ABOTMXKHEBUM
iHTepBanoMm 3 Hopmamu Butpatun 100 r g.p./ra (MiH.
Hopma BuTtpatu) Ta 500 r g.p./ra (Makc. Hopma BuTpa-

(HPLC) in apples are 0.01 mg/kg, in apple juice — 0.01
mg/kg [10].

Results and Discussion. The breakdown of floni-
camid in plants occurs by hydrolysis of nitrile and car-
boxyl groups to form a significant number of metabo-
lites, the main of which are:

— TFENA-4-(trifluoromethyl) pyridine-3-carboxylic acid;

— TFNA-AM-4-(trifluoromethyl) pyridine-3-carboxam-
ide;

— TFENG-N- {[4 -(trifluoromethyl) pyridine-3-YL] car-
bonyl} glycine;

— TFNG - AM-N-(2-amino-2-oxoethyl)-4-(trifluo-
romethyl) pyridine-3-carboxamide.

According to the literature, the metabolism of floni-
camid in fruit crops was studied on the example of a
peach using a substance labeled 14C at the 3-position
of the pyridyl ring. The substance was treated with
peach trees twice with a two-week interval with con-
sumption rates of 100 g of active substance/ha (min.
application rate) and 500 g of active substance/ha

17
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Tv). 3pini nnogm nepcvka Ta nucTa 3bupanu yepes
21 OeHb nicns Apyroro 3aCTOCYBaHHS.

®noHikamig OyB OCHOBHMM 3amnuMLIKOM Y NoAax Ta
nueTi nepcuky. Y nnogax nepeuky KinbKiCTb Aitoyol
peyvoBuHn ctaHosuna 30,1 % (0,03 ppm) Big BHeceHoi
KOHLieHTpaLlii, ocHoBHoro meTtabonity — TFNA 49,3 %
(0,05 ppm) Big BHeceHoi koHLeHTpalLii. MNpodinb meTa-
GoniTiB y nucTi nepcuky ByB nogibHUM fo npodinto y
3pinux nnogax. MetabonivyHui LWnsx ans droHikamigy
B MEpCHKax npeacTaBneHo Ha puc. 1.

CF3 3
(™ >—conHoHcoNH, —=
N7 N—7

(max. application rate). Mature peach fruits and leaves
were collected 21 days after the second application.

The parent flonicamid was one of the major radioac-
tive residues present in peach fruits and leaves. In
peach fruits, parent compound was 30.1 % (0.03 ppm)
of total radioactive residues (TRR), the main metabolite
—TFNA49.3 % (0.05 ppm) of TRR. The metabolite pro-
file in the peach leaves was similar to that of mature
fruits. The metabolic pathway for flonicamid in the
peaches is shown in Fig. 1. [7]

CFs

(\N—}CONHCHZCN

Flonicamid

CFs

CONHCH,CO0H ——=  § COOH
N
TFNG-AM TFNG —
CF,
4 CONH,
4 4

TFNA-AM

Puc. 1. MetaboniyHun wnax dnoHikamigy B nepcukax

Fig. 1. Flonicamid metabolic pathway in peaches.

JocnigxeHo po3nogain ¢noHikamigy Ta 1noro metabo-
niTiB y M’'AIKOTI Ta COKy nepcuka. Mepcrku npommsanu
[€iOHI30BaHOK BOZOM0, SIKa BUAANUMIa Ayxe HeBenuky
KINbKICTb 3aranbHUX 3anulLKiB 3 NOBEPXHi nnogis
(15 %). BinbLicTb 3 HAX KOHUEHTpyBanacs y dpakuii
CoKy (64-73 %) i meHwe y M’akoTi (21 %). ®noHikamig
(30-60 %) i metabonit TFNA (17-49 %) 6ynu ocHOBHU-
MW 3anullkaMu B COKY Ta M'AKOTi. KinbKicTb iHLIMX
meTabonitie TFNG, TFNG-AM i TFNA He nepeBuLy-
Bana 6 % [3, 5-7].

MeTtaboniam rnoHikamigy B iHLKX CinbCbKOrocno-
[APCbKUX KynbTypax (MLeHuUs, KapTonns) oCnigxy-
Banu TakoX 3 BUKOPUCTAHHSAM PEYOBWHU, MIYEHOI MO
14C. ®rnoHikamin GyB OQHMM 3 OCHOBHMX 3amMLLKIB,
MPUCYTHIX Y 3EPHI NLLIEHWL| Ta NLUEHWYHIX conomi. Moro
KinbkicTb cTaHoBuna Bia 24 % o 65 % Big BHECEHOI
KOHLeHTpaLii. OCHOBHMM MeTabomiToM, L0 BUSIBNSBCS
y 3epHi nwenuui, 6y TENG. Y 6ynbbax kaptonni BMiCT
dnoHikamigy 6yB MeHwwuMm i ctaHoBuB 6-19 % Big
no4vaTkoBOi KoHueHTpauii. OCHOBHMMK 3anuLiKamu
6ynn metabonit TENG i TFENA, iX KinbkicTb CTaHOBM-
na Big 25 % no 39 % [5].

IHWi meTabonit - TFNG-AM i TEFNA-AM Bu3Havanu-
Cs1 B KiNbKOCTAX, WO He nepesuLyBany 10 %. 3anuiwku,
AKi He nigaatTbes ekcTpakuii, ctaHoBuun 20 %.

The distribution of flonicamid and its metabolites in
peach pulp and juice was studied. The peaches were
washed with deionized water, which removed a very
small number of total residues from the fruit surface
(15 %). Most of the total residues were concentrated in
the juice fraction (64-73 %) and to a lesser extent in the
pulp (21 %). Flonicamid (30-60 %) and the TFNA
metabolite (17-49%) were the main residues in the
juice and pulp. The number of other metabolites TFG,
TFG-AM and TFNA did not exceed 6 % [3, 5-7].

The metabolism of flonicamid in other agricultural
crops (wheat, potatoes) was also studied using a sub-
stance labeled 14C. Flonicamid was one of the main
residues present in wheat grain and wheat straw. Its
amount ranged from 24% to 65% of the applied con-
centration. The main metabolite found in wheat grains
was TFNG. In potato tubers, the content of flonicamid
was lower and amounted to 6-19% of the initial con-
centration. The main residues were metabolites
TENG and TFNA, their amount ranged from 25 % to
39 % [5].
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Ons Bcix gocnimkyBaHUX KynbTyp OCHOBHUIA LUMSX
mMeTaboniamy BKMOYaB rigponi3 GyHKLiOHANbHKUX rpyn
—CN i —CONH y nepBuWHHIN MOnekysni 3 yTBOPEHHAM
nBox ocHoBHux MeTabonitis TEFNA i TENG 3 geskumu
KINbKICHUMU BapialisiMK 3anexHo Big BuAy CinbCbKO-
rocnofapcbKoi KynsTypu. Takum YMHOM, dprioHikamia i
oro metabonitn TFNA i TFNG cnig posrnsgat sik
OCHOBHI CKMafdoBi 3anuLIKiB AN OUiHKA puanky Ta
MOHiTOpuHry. ®opma 3anmucy «cyma (proHikamigy,
TFNA 1a TFNG, BupaxeHa sk cornoHikamigy. [Ans uinen
MOHITOPUHTY MOXMNMBO BU3HAYaTh (oroHikamig ta npo-
BOAMTM NepepaxyHok Ha meTtabonitn (TFNA, TFNG) 3
ypaxyBaHHsIM KoeiLliEHTIB NePEeTBOPEHHS: 2,5 — abny-
ka/rpywi, 1,6 — nepcukm, 3,0 — kapTonns, 17,5 — 3epHo
nwenmnui [3].

BuBYEHHA 3anWLIKOBKX KiflbkoCTeW (roHikamigy y
MNOOOBKX 3EPHATKOBUX KynbTypax (6nyHi/rpywi) 6yno
npoeefeHo y kpaiHax €sponencbkoro Cotosy (€C),
CLWA Ta Asctpanii. Hopma Butpatn ctaHosuna 70 r
a.p./ra, TpukpatHo B KpaiHax €C Ta 5-7 r g.p./100 n
Boaw, TpukpatHo B ABcTpanii Ta 0,1 kr a.p./ra 'y CLUA.
CTtpok ovikyBaHHS [0 360py Bpoxa — 21 AeHb.

Y nnogax 3epHATKOBUX KYNbTYp OCHOBHWMM 3amnuLu-
kamu 6ynu cpnoHikamig Ta metabonit TFNA, kinbkicTb
meTabonitie TFNG ta TFNA-AM He nepeswLLyBanu
MEXy KinbkicHoro BuaHadeHHs (LOQ). KinbkicTb donoHi-
kamigy B sibnykax/rpywax y nepiog 36opy ypoxaro
cknagana Big 0,01 mr/kr go 0,085 mr/kr; cymu donoHika-
migy, TFNG T1a TFNA, BupaxeHoi sk droHikamig —
0,03-0,185 mr/kr.

B Asctpanii Ta CLLA cepegHinn BMICT cymm ¢hrioHika-
migy, TEFNG ta TFNA, BupaxeHoi sk droHikamig, y
sabnykax/rpywax ctaHosuB 0,085 Mr/kr, HamBuwmn —
0,38 mr/kr [3, 5, 7].

MakcumansHo pgonyctumun piseHs (MRL) dproHika-
migy (cyma dnonikamigy, metabonitis TFNA i TFNG,
BMpaxeHa sk croHikamig) B sbnykax ans gepxas-
unexie €sponencbkoro Cotody craHoBuTh 0,3 Mr/kr, B
Asctpanii — 0,7 mr/kr Ta'y CLUA — 0,8 mr/kr [11, 12].

B YkpaiHi focnimkeHHs BMICTY 3a/ULLKOBMX KinlbKOC-
Tew proHikamigy B s6nykax nposogunucs B CTenosin
30Hi (XepcoHcbka 06nacTb) NpoTAroM ABOX BereTawiii-
Hux ce3oHiB 2019-2020 pp. 3a TpWKpaTHOrO 3acToCy-
BaHHi iHcekTULmay 3 Hopmoto Butpatyn 0,07 kr/ra.

Y 2019 poui y 3pinux nnogax s6nyk copty «lana» Ha
35 poby BMicT cbrioHikamigy (sK cymu dornioHikamigy,
meTabonitiB TFNA i TENG y nepepaxyHky Ha prioHika-
mig) cknagas Big 0,019 wmr/kr go 0,022 wmr/kr Ta B
A6ny4Homy coky Big 0,032 go 0,033 mr/kr (puc 2).

OcHoBHMM MeTaboniTom y nnogax sonyk Ta s6nyy-
Homy coky OyB TFNA, skuii BUSIBNSIBCS B KiNbKOCTAX
0,012— 0,014 wmr/kr Ta 0,021-0,022 mr/kr BignosigHo.
Metabonit TFNG B Le# nepiop B a6nykax Ta coky 6ys
BiJCYTHIN.

Y 2020 p BuB4anacs AvHaMika posnagy roHikami-
4y Ta noro metabonitie. Jucunauis cdrnoHikamigy Ta
vioro metaboniTie y s6nykax npegcTaBneHo Ha puc. 3.

Other metabolites — TANG-AM and TFNA-AM were
determined in amounts not exceeding 10 %. Residues
that could not be extracted accounted for 20 %.

For all the studied crops, the main metabolic path-
way involved hydrolysis of the functional groups —CN
and —CONH in the primary molecule to form two main
metabolites, TFNA and TFNG, with some quantitative
variations depending on the type of crop. Thus, floni-
camid and its metabolites TFNA and TFNG should be
considered as the main components of residues for
risk assessment and monitoring. The entry form is
“sum of flonicamid, TFNA and TFNG expressed as
flonicamid”. For monitoring purposes, it is possible to
determine flonicamid and convert it to metabolites
(TFNA, TENG), taking into account the conversion
coefficients: 2.5 — apples/pears, 1.6 — peaches, 3.0 —
potatoes, 17.5 — wheat grain [3].

The study of flonicamid residues in fruit pome crops
(apples/pears) was conducted in the European Union
(EU), the United States of America and Australia. The
consumption rate was 70 g of active substance /ha,
three times in the EU countries and 5-7 g of active
substance /100 L of water, three times in Australia and
0.1 kg of active substance / ha in the USA. The PHI
was 21 days.

In pome fruits, the main residues were flonicamid
and the TFNA metabolite, the number of metabolites
TENG and TFNA-AM did not exceed the quantitative
limit (LOQ). The amount of flonicamid in apples/pears
during the harvest period ranged from 0.01 mg/kg to
0.085 mg/kg; the sum of flonicamid, TFNG and TFNA
expressed as flonicamid was 0.03 — 0.185 mg/kg.

In Australia and the United States of America, the
average content of flonicamid, TFNG, and TFNA
expressed as flonicamid in apples/pears was 0.085
mg/kg, with the highest being 0.38 mg/kg [3, 5, 7].

The maximum residue level (MRL) of flonicamid
(sum of flonicamid, TFNA and TFNG metabolites
expressed as flonicamid) in apples for European
Union state members is 0.3 mg/kg, in Australia —
0.7 mg/kg and in the United States of America —
0.8 mg/kg [11, 12].

In Ukraine, studies of the content of flonicamid
residues in apples were conducted in the steppe zone
(Kherson region) during two growing seasons of 2019-
2020 with three times of insecticide use with a con-
sumption rate of 0.07 kg/ha.

In 2019, the content of flonicamid (sum of flonicamid,
TFNA and TFNG expressed as flonicamid) in mature
fruits of Gala apples for 35 days ranged from 0.019
mg/kg to 0.022 mg/kg and in apple juice from 0.032 to
0.033 mg/kg (Figure 2).

The main metabolite in apple fruit and apple juice
was TFNA, which was found in amounts of 0.012-
0.014 mg/kg and 0.021-0.022 mg/kg, respectively. The
metabolite stage was not detected in apples and juice
during this period.
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Odnonmamy (flonicamid)

BTFNA

Ocyma ¢nonmamyy Ta Metabomre TFINA 1 TFNG y nepepaxynry Ha dmonmamy (sum of flonicamid,
TFNA and TENG metabolites expressed as flonicamid)

S6my4HHH cik /Apple juice)

Odmonixary (flonicamid)

STFNA

Beyma dnonmamyny Ta Metabomrie TENA 1 TFNG y nepepaxynxy Ha dnoniamy (sum of flonicamid,
TENA and TENG metabolites expressed as flonicamid)

Puc. 2. BmicT 3anuwkoBmx KinbkocTen cprioHikamigy Ta noro metabonitiB y nnogax si6nyk (A) Ta abnyyHomy
coky (B) B nepiog 36opy Bpoxato 3a BereTauiviHi ce3oHn 2019 ta 2020 pp.

Fig. 2. Content of flonicamid residues and its metabolites in apple fruits and apple juice during the harvest peri-

od for the growing seasons 2019 and 2020.

®noxikamin Ta noro metabonitn TFNA i TFNG
BUSIBNANUCh B 56nykax copTy «Pymku» y AeHb nicns
TpeTboi 06pobku B kinbkocTi 0,071 mr/kr (cyma noHi-
kamigy, metabonitia TFNA i TFNG y nepepaxyHky Ha
trnonikamia), Ha 7-ui gexb — 0,033 mr/kr, 14-i oeHb —
0,042 wr/kr, 28-1 neHb — 0,039 mr/kr i Ha 37-1 OeHb
(ypoxan) — 0,024-0,02 mr/kr.

Cnig BigMmiTUTK, WO BMICT brioHikamigy B nnogax
A6MyKk y nepiog 403piBaHHSA NOCTYMNOBO 3MEHLLYBaBCH:
3 0,071 wmr/kr Ha 0 goby go 0,0081 mr/kr Ha 37 poby

In 2020, the dynamics of the breakdown of flonicamid
and its metabolites was studied. The dissipation of floni-
camid and its metabolites in apples is shown in Fig. 3

Flonicamid and its metabolites TFNA and TFNG
were detected in Fuji apples on the day after the third
treatment in the amount of 0.071 mg/kg (sum of floni-
camid, TFNA and TFNG metabolites expressed as
flonicamid), on the 7th day — 0.033 mg/kg, on the 14th
day — 0.042 mg/kg, on the 28th day — 0.039 mg/kg and
on the 37th day (harvest) — 0.024 — 0.02 mg/kg.
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Puc. 3. ducunauis donoHikamigy Ta rioro metabonitis B sbnykax (A) Ta NokasHWKW LIBMAKOCTI Aerpagadii droHika-
Migy (B) Ta donoHikamigy, sk cymu dononikamigy Ta metabonitis TFNA i TFNG y nepepaxyHky Ha donoHikamig, (C).

Fig. 3. Dissipation of flonicamid and its metabolites in apples (A) and indicators of the degradation rate of floni-
camid (B) and flonicamid, as the sum of flonicamid and metabolites TFNA and TFNG in terms of flonicamid (C).

(nepiog KOMepUinHOi cTurnocTi KyneTypu). MeTabonity
TFNA Ha 0 Ta 7 goby He 6yno Ha piBHi MEXi BUSIBNIEHHS
0,005 wmr/kr, Ha 14 poby MOro KinbKiCTb CTaHOBMIIA
0,0063 wmr/kr, Ha 28 poby Gyna MakcuManbHOW —
0,014 wr/kr i Ha 37 poby (nepiog KOMEpLIAHOI CTUIO-
CTi KynbTypw) gewlo 3Huaunacs — 0,013 mr/kr.

Metabonit TFNG y nnogax s6nyk 6yno 3HamgeHo
nuwe Ha 28 poby nicns TPUKPaTHOTO BHECEHHS Y Kinb-
kocTi 0,0051 wmr/kr. OTxe, OCHOBHMM MeTaboniTom
crnoHikamigy B nnogax s6nyk MoxHa BBaxaTtn TFNA.

Y a6ny4yHOMy COKy, OTpUMaHoMy 3 S6nyK, 3ibpaHmnx
y nepiof ToBapHoi cturnocti (37 goba), BMICT proHi-
kamigy 6yB meHwe 0,01 (0045-0,0048) mr/kr. OcHoB-
HUM MeTabonitom B A6My4YHOMY COKy Takox OyB
TFNA, dkui BUSBMABCA B KiNbKOCTI BiJ MeHLWe
0,01 mr/kr go 0,011 wmr/kr. Metabonit TEFNG B uen
nepiog He BusiBneHo. Cyma chrnoHikamigy, metaboniTis
TFENA i TENG y nepepaxyHky Ha crioHikamig y s6mny4-
Homy coky ctaHoBuB 0,018-0,017 mr/kr.

[aHi oo KinbKiCHOro CniBBIQHOLLEHHS AjitoY0i peyo-
BMHM Ta MeTabonitiB y sbnykax Ta s0ny4yHomy COKy
CBiJYaTb: OCHOBHWM KOMMOHEHTOM B s1611ykax Ta COKy B
nepioa KOMepLiHOi 3pinocTi KynsTypu € meTabonit
TFNA: 68-72 % T1a 77-79 % BignosigHo y 2019 poui Ta
54-65 % Ta 67-70 % BignosigHo y 2020 poui

BukopucToBytoun oTpuMaHi gaHi HaTypHUX gocnig-
XeHb oo avcunadii drnoHikamigy Ta oro metaboni-
TiB B A06nykax Ta BUKOPUCTOBYHOYM PIBHAHHS KIHETUKM
nepLuoro nopsaky [6, 13], 6yno po3paxoBaHo KOHCTaH-
Ty wemnakocTi posnagy (k) Ta nepion Hanipo3snagy
(T50) donoHikamigy Ta dnoHikamiagy (sk cymu rnoHika-
migy Ta metabonitis TFNA i TENG y nepepaxyHky Ha
cronikamia) (puc. 3).

It should be noted that the content of flonicamid in
apple fruits gradually decreased during the ripening
period: from 0.071 mg/kg on the day 0 to 0.0081 mg/kg
on the 37th day (the period of commercial ripeness of
the crop). The TFNA metabolite on days Oth and 7th
was not detected at the level of the detection limit of
0.005 mg/kg, on 14th day its amount was 0.0063
mg/kg, on the 28th day it was maximum — 0.014 mg/kg,
and on the 37th day (the period of commercial ripeness
of the crop) it slightly decreased — 0.013 mg/kg.

The metabolite TFNG in apple fruits was detected
only on the 28th day after triple application in the
amount of 0.0051 mg/kg. Therefore, the main metabo-
lite of flonicamid in apple fruits can be considered as
TFENF.

Apple juice obtained from apples collected during the
commercial ripeness period (37 days) contains less
than 0.01 (0045-0.0048) mg/kg of flonicamid. The main
metabolite in the apple juice was also TFNA, which
was found in amounts ranging from less than 0.01
mg/kg to 0.011 mg/kg. The metabolite TFNG was not
detected during this period. The sum of flonicamid,
TFNA and TFNG metabolites in terms of flonicamid in
apple juice was 0.018-0.017 mg/kg.

The data on the quantitative ratio of active substance
and metabolites in apples and apple juice showed that
the main component in the apples and juice during
commercial crop maturity is the TFNA metabolite: 68-
72% and 77-79%, respectively, in 2019 and 54-65%
and 67-70%, respectively, in 2020.

Using the obtained data from field studies on the dis-
sipation of flonicamid and its metabolites in apples and
using the first-order kinetic equations [6, 13], the decay
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PospaxoBaHuii nepiog HaniBpo3nagy (T50) ans
A6nyk ctaHoBWTb Ans dnoHikamigy 23 nobu, dnoHika-
migy (sk cymn crioHikamigy Ta metabonitis TFNA i
TFENG y nepepaxyHKy Ha crioHikamig) — 27 fAHiBs, WO
[103BOSIE BiHECTU PEYOBUHY 3@ MOKA3HUKOM «CTil-
KICTb Y BEreTyluMX CinlbCbKOrocnogapChKnx KymbTypax
Ta CinNbCbKOroCMoZapChKiN CUPOBWHI» Ans A6nyk fo 2
knacy HebeaneyHOCTi BignoBigHo Ao [irieHivHoT knacu-
¢hikauii necTuumpiB 3a cTyneHem Hebe3neyHOCTi
(OCanrliH 8.8.1.002-98).

Ha nigcTtaBi TOKCMKOMOrYHOI Ta Tiri€HIYHOT OLLiHKK
droHikamialy, pesynbraTiB HaTypHUX JOCHiMXeHb NOoro
BMICTY B s0nykax Ta sbny4HOMY COKy, a TakoX Kepyto-
YUCb METOAWMYHUMM NiAXO4aMU LLOAO MedUKO-CaHiTap-
HOr0 HOPMYBaHHS 3 ypaxyBaHHSM BenuuuHu MRL
chrnonikamiay (cyma cnonikamigy Ta metabonitis TFNA
i TENG y nepepaxyHKy Ha dnoHikamig) B abnykax gns
Aepxas-yneHis €sponencobkoro Cotody, B YkpaiHi
PEKOMEHOBAHO BMKOPUCTOBYBATU AJ1S KOHTPOIKO 3a
3aCTOCYBaHHAM iHCEKTULMAY TaKi BEMUYMHW MaKCu-
manbHo gonyctumux pieHis (MOP) cdroHikamigy (cyma
¢nonikamiay Ta metabonitie TFNA i TENG y nepepa-
XYHKY Ha cprioHikamia):

— a6nyka — 0,3 mr/kr (MKB metogom BEPX — 0,01 mr/kr
AN KOXKHOI CMonyKu);

— q6ny4Hun cik — 0,03 mr/kr (MKB metogom BEPX —
0,01 Mmr/kr gnst KOXHOT cnomnyku).

BcraHoBneHo TepMiH ouvikyBaHHS fO 300py BpoXato
A0nyK 3 ypaxyBaHHSM 3amMLLKOBWX KiflbkocTew proHi-
kamigy Ta oro MeTaboniTiB y A6nykax Ta OTpyMaHoMy
3 HUX coKy — 35 JHiB.

Y pasi [OTPUMMaHHS 3a3Ha4YeHNX MEAVKO-CaHITapHMX
HOpMaTVBIB BigMNOBIAHO 40 BITYM3HAHUX BUMOT MOXIN-
Be foboBe HagXOMmKeHHs ProHiKamigy [0 opraHiamy
noauHM 3 sonykamu Ta AbmyYyHM COKOM CTaHOBWTb
9,5 % Big piBHS 6€3MEYHOr0 HAOXOMKEHHS 3 Xap4OBUM
pauioHom (6,6 % Bia voro gonyctumoro 4oboBoro Haa-
XOKEHHS).

BucHoBku

1. 3a nepiog gocnimkeHs 2019-2020 pp. y Bpoxai
A0nyK Ta COKy 3 HWX KifbKiCTb (prioHikamigy (sik cymm
¢rnonikamiay Ta metabonitie TFNA i TENG y nepepa-
XYHKYy Ha croHikamig) ctaHosuna 0,019-0,071 mr/kr i
0,017-0,032 wr/kr BignosigHo. llicns 3acTocyBaHHS
iIHCEKTULMAY PEKOMEHLOBAHWIA CTPOK OYiKyBaHHA [0
360py Bpoxato A6nyk — 35 ai6.

2. PospaxoBaHi 3a pesynsratamu nonboBux Jocnig-
XEHb KOHCTaHTW LUBWMAKOCTI po3nagy Ta  BENUYMHY
nepiogy HaniBposnagy roHikamigy Ta croHikamigy
(six cymn cprnoHikamigy Ta metabonitis TFNA i TFNG y
nepepaxyHky Ha (prioHikamig) [03BONSAKTb BigHECTM
[it04y PeYOBMHY 3@ NOKA3HUKOM «CTIVKICTb Y BEreTyto-
YMX CilbCbKOrOCNOAAPCHKMX KynbTypax» B sbnykax oo
CTINKMX peyoBWH (2 knac Hebe3neyHocTi).

3. O6rpyHTOBaHO MaKCMMarbHO AOMYCTUMI PiBHI BMi-
CTy donoHikamigy: sényka — 0,3 (cyma conoHikamigy Ta
meTabonitiea TFNA i TENG y nepepaxyHky Ha roHika-
mig, (MKB metogom BEPX — 0,01 mr/kr gns KOxHoi

rate constant (k) and the half-life (T50) of flonicamid
and flonicamid (as the sum of flonicamid and TFNA
and TFNG metabolites in terms of flonicamid) were cal-
culated (Fig. 3).

The calculated half-life (T50) for apples is 23 days for
flonicamid, flonicamid (sum of flonicamid, TFNA and
TENG metabolites expressed as flonicamid) — 27 days,
which makes it possible to assign the substance
according to the indicator “resistance in vegetative
crops and agricultural raw materials” for apples to the
2nd hazard class according to the hygienic classifica-
tion of pesticides according to the degree of danger
(The State Standard Rules and Norms in Ukraine
8.8.1.002-98).

Based on the toxicological and hygienic assessment
of flonicamid, the field research results of its content in
apples and apple juice, as well as guided by method-
ological approaches to medical and sanitary rationing,
taking into account the value of MRL flonicamid (sum
of flonicamid, TFNA and TFNG metabolites expressed
as flonicamid) in apples for the state members of the
European Union, in Ukraine it is recommended to use
the following values of the maximum residue level
(MRLs) of flonicamid (sum of flonicamid, TFNA and
TENG metabolites expressed as flonicamid):

— apples - 0.3 mg/kg (LQ by HPLC method -
0.01 mg/kg for each compound);

— apple juice — 0.03 mg/kg (LQ by HPLC method -
0.01 mg/kg for each compound).

The PHI, taking into account the residues of floni-
camid and its metabolites in apples and the juice
obtained from them, is 35 days.

In case of compliance with the specified medical and
sanitary standards in accordance with domestic
requirements, the possible daily intake of flonicamid in
the human body with apples and apple juice is 9.5 % of
the level of safe intake with the diet (6.6 % of its per-
missible daily intake).

Conclusions

1. During the research period 2019-2020, the floni-
camid residues in apples and apple juice (sum of floni-
camid, TFNA and TFNG metabolites expressed as
flonicamid) were 0.019-0.071 mg/kg and 0.017-0.032
mg/kg, respectively. After applying the insecticide, the
recommended. pre-harvest interval (PHI) for apples is
35 days

2. Calculated decay rate constants and the half-life
of flonicamid and flonicamid (sum of flonicamid, TFNA
and TFNG metabolites expressed as flonicamid) allow
us to attribute the active substance according to the
indicator “resistance in Vegetative crops” in apples to
resistant substances (hazard class 2).

3. Maximum residue levels (MRLs) of flonicamid in
apples and apple juice were recommended: apples —
0.3 (sum of flonicamid, TFNA and TFNG metabolites
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cronyku); sony4Hui cik — 0,03 mr/kr (cyma cprioHikami-
oy Ta metabonitis TFNA i TENG y nepepaxyHky Ha
crnonikamia), MKB metogom BEPX — 0,01 mr/kr ans
KOXHOI CrOnyKu.

4. Y pasi JOTpMMaHHS PEKOMEHAOBaHWUX MEeLMKO-
CaHiTapHMX HOpPMAaTWBIB LLOAO BMICTY (hroHikamigy y
a6nykax (0,3 mr/kr) Ta a6nyyHomy coky (0,03 mr/kr) Ta
TepMiHy OuiKyBaHHS 10 300py Bpoxato MOXnvBe fo6o-
BE HaAXOMKXeHHs doroHikamigy [0 opraHi3amy niofuHN 3
A6nykamm Ta CoKoM 3 Hux Oyge cknagatu 6,63 % Big
/ioro fonyctmMoro 4OBOBOro HagXOMKEHHS.

5. [loTpuMaHHS ririeHiYHUX pernameHTiB 3acToCyBaH-
HS1 IHCEKTULMZY Ha OCHOBI (proHikamigy Ha A6nyHsx
He npw3Bene [0 3abpydHeHHs Bpoxaro, MoHag BCTa-
HOBMEHI MeanKO-CaHiTapHi HopMaTuBM Ta € 6e3NeYHUM
ANsi 300POB’S NMIOANHN.

KoHdpnikT iHTepeciB. ABTOpK 3asBNSOTb NPO BIACYTHICTb
KOHQMIKTY iHTEpeciB

expressed as flonicamid, LOQ by HPLC — 0.01 mg/kg);
apple juice — 0.03 mg/kg (sum of flonicamid, TFNA and
TFENG metabolites expressed as flonicamid, LQ by
HPLC - 0.01 mg/kg).

4. In case of compliance with the recommended
MRLs of flonicamid in apples and apple juice and the
PHI the possible daily intake of flonicamid in the human
body with apples and juice from them will be 6.63 % of
its permissible daily intake.

5. Compliance with medical regulations the use of
flonicamid-based insecticide on apple trees will not
lead to crop contamination, exceeds the established
medical and sanitary standards and will be safe for
human health.
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