OPHTIHANbHI ROCAIIKEHHA / ORIGINAL RESEARCHE:‘»’

DOI: 10.33273/2663-9726-2024-61-2-23-33
YIK: 632.95:614.31:343.347

C.I. Cepeees, H.B. Kononmaeea, A.Il. puHbKo, L.I1. laenenko, B.I. Jluwaecbkuli

[LepxasHe nidnpuemcmeo «Haykosul ueHmp npeeseHmMuUHOI MoKcuKosnoaii, xap4oeoi ma xiMiyHOI 6e3neku iMeHi
akadewmika J1.I. Medsedsi MiHicmepcmea oxopoHu 300poe's Ykpaitu», M. Kuis, YkpaiHa

MAHKOLEB: MEAWRO-CARITAPHI |
HOPMATHBH, KOHTPO/Ib XAPY0BOI
BESNEKH TA 3ANOBITARAHA TEXHIYHHAM
BAP’EPAM Y TOPTIB/I

PE3IOME. Becmyn. Markoueb — ue cuimemuyHut ¢yHeiyud 3 epynu dumiokapbamamis, KU WUPOKO BUKOPUCMOBYEMALCSI.
YucnerHi npenapamu mMaHkoueby 3acmocosyrombcs Ons 3axucmy 6a2amboX CinbCbKO20C00apChbKUX Kynmbmyp ma ompu-
MaHHS1 3 HUX 3Ha4HOI Kirnbkocmi npodykuii Onsi crioxueaHHs 8 YKpaiHi, @ makox 0nsi ekcriopmy 00 iHWuUx Kpaid cgimy.
BidrogidHo do PeanameHmy (€C) Ne 1107/2009 npuliHsmo piweHHs ujo00 «He npOGOBKEHHS CXx8aneHHs Oifo4oi peyosUHU
maHkoueby. Omxe, HeObXiOHO 3HU3UMU Mapamempu 00MyCmMUMO20 8rnusy 3anuwikie MaHkoueby 0o Mexi lio2o KinbKicHO20
susHa4yeHHs1 (MKB), sika cmaHosumsb 0,01 Me/ke, a xap4yoei MpoOyKmu 3 8ULLUMU PiBHAMU Uj€i pe4o8uUHU cmasnu HeeionogioHu-
MU ma noyuHaruu 3 ciyHsa 2022 p., He Moxymb 6ymu po3miuieHi Ha puHKy €C.

Mema. BusHayumu Mexi KOHMPOb08aHUX 8e/IUYUH 8Micmy MaHKoueby e CinbCbko2ocrnodapchkili MpodyKuii poCIUHHO20
roxo0xeHHs1 8idnosioHo Ao sumoe E€C 3 ypaxysaHHAM napamMempie 00MycmuMoe0 8rnnusy Ha 300po8’s IIOUHU ma KOHMPOSI0
ujodo 3acmocysaHHs1 MaHKkoueby 0151 3axucmy poCuH 8 Ykpaiti.

Mamepianu ma memodu. lNpenapamu 3 dito4oro peyosuHoto (9.p.) MaHkoueb (8id 302 do 800 e d.p./ke) y suensdi 3mMoqysa-
Hoeo nopowky (3l1) abo 8odoposquHHUX epaHyn (BlN) 3acmocosysanu nid Yac depxkagHux sunpobysaHb 8 YkpaiHi Ha 8uHo2pa-
0i, kKapmonni, momamax, yubyrni, ozipkax, 6ypsiKy UyKpo8OMy ma 3epHO8UX XMIBHUX Kynbmypax fpu 3a2aibHux HopMax eum-
pamu maHkoueby 6i0 2,4 0o 14,4 ke d.p./2a. [JuHamiky emicmy 3anuwikosux Kinbkocmel MaHkoyeby ma tioeo Memabonimy —
emuneHmioce4osuHu (ETC) docnidxysanu memodamu napoghasHoi 2a3080i xpomamoepadbii ma 8UCOK0egheKmuUBHOI PiOUHHOT
xpomamoepacpii, 8idrnosioHo. OuiHKy pe3ynbmamie ma MeduKo-CaHimapHe HOpMyeaHHs 3anuwikie MaHkoyeby ma ETC guko-
Hysanu 8idrnogioHo 0o HaujoHanbHUX ma MixXHapoOHUX OKyMeHmis.

Pe3ynbmamu. Y nepiodu ecmaHo8IeHUX CmMpOKig odikyeaHHs 00 360py 8poxalro CinlbCbko20cnodapchbkoi npodyKuii 3anuwku
MmaHkoueby/ETC 6ynu meHwe MKB 0,05/0,005-0,05 me/ke, 8idnosioHo. MKB maHkoueby 32i0HO 3 ogbiyitiHumu memodukamu,
aki diromb 8 YkpaiHi, sidnosidanu MKB memoduk, wo aukopucmosysanuck 8 €C 0o ciyHs 2022 p., ane He 3abe3neqyromb
KoHmporib MaHkoueby Ha pigHi 0,01 me/ke 8i0nosidHO Ao cyyacHux sumoe W00 Po3MilueHHs MpodyKuii Ha puHKy €C, okpim
HACTY EN 12396-2:2003. Mapamempu donycmumozo ennugy maHkouyeby ma toeo memabonimy ETC e YkpaiHi nepedbayanu
suwuli piseHb 3axucmy 300p0o8 ‘s ModUHU, HiX peanameHmu, npuliHami 8 EC do ciyusi 2022 p.

BucHoeku. [JompumaHHsi docnidxeHUXx ma 00380/IEHUX HOPM 8umpam i Cmpokie ocmaHHb0i 06pobku A0 36upaHHS 8poXaro
8 YkpaiHi 3abe3mneydye 8idcymHicmb 3anuwkosux Kinbkocmel maHkoueby ma ETC y cinbcbko2ocrnodapchkil npodykuii pociuH-
HO20 noxo0xeHHs1 Ha pigHi MKB ma ii 6idnogidHicmb HauioHannbHUM napamempam 00rycmumoeo ensugy Ha 300p0o8 ‘s IOUHU.
32i0Ho 3 sumozamu €C wodo emicmy maHkoyeby 8 xap4osux rnpodykmax He suwje 3anpornoHosaHoi MKB 0,01 me/ke gim4us-
HfiHa cinbcbko2ocrnodapcebka MPodyKuisi POCAUHHO20 MOX0OXeHHs Moxe bymu posmiweHa Ha puHKy €C. [ns 3anobicaHHs
BUHUKHEHHI0 mexHiyHUXx b6ap’epie, noe’asaHux 3i 3HuxeHHsm MKB ditodux peyosuH 3acobig 3axucmy pocnuH (33P) e npodo-
80/1bYili CUPOBUHI Ma xap4o8ux nMpodyKkmax, MemoOUKU 8U3HaYeHHs1 3anuwkie marome nepedbadamu MKB koHmMponbo08aHux
peyosuH He binbwe 0,01 me/ke.

Knroyoei cnoea: maHkoueb, cinbcbkozocnodapcbka npodykyis, Mexa KiflbKiCHO20 8U3HaYeHHS 3arlullKie, xapyoea besrneka,
mexHiyHi 6ap’epu.

S. Serheiev, N. Kolontaieva, A. Grynko, I. Pavlenko, V. Lyshavskyi

L.I. Medved’s Research Center of Preventive Toxicology, Food and Chemical Safety, Ministry of Health,
Ukraine" (State Enterprise), Kyiv, Ukraine

MANCOZEB: HEALTH REGULATIONS, FOOD SAFETY CONTROL AND PREVENTION
OF TECHNICAL BARRIERS TO TRADE

ABSTRACT. Introduction. Mancozeb is a widely used synthetic fungicide from the group of dithiocarbamates. Numerous
mancozeb preparations are used to protect many agricultural crops and obtain a significant number of products from them for
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consumption in Ukraine, as well as for export to other countries of the world. In accordance with Regulation (EC) No.
1107/2009, a decision was made concerning the «approval of the active substance mancozeb is not renewedy. Therefore, it is
necessary to reduce the parameters of the permissible exposure of mancozeb residues to its limit of quantification (LOQ), which
is 0.01 mg/kg, and food products with higher levels of this substance have become non-compliant and, starting from January
2022, cannot be placed on the EU market.

Purpose. To determine the limits of controlled values of mancozeb content in agricultural products of plant origin in accordance
with EU requirements, considering the parameters of permissible exposure on human health and control over the use of man-
cozeb for plant protection in Ukraine.

Materials and Methods. Preparations with the active substance (a.s.) mancozeb (from 302 to 800 g a.s./kg) in the form of wet-
table powder (WP) or water-soluble granules (WG) were used during state trials in Ukraine on grapes, potatoes, and tomatoes,
onions, cucumbers, sugar beets and grain bread crops with the general rates of mancozeb consumption from 2.4 to 14.4 kg
per year/ha. The content dynamics of residual amounts of mancozeb and its metabolite — ethylenethiourea (ETU) were studied
by the methods of vapor phase gas chromatography and high-performance liquid chromatography, respectively. Evaluation of
results and medical-sanitary standardization of mancozeb and ETU residues were performed in accordance with national and
international documents.

Results. Within the established waiting periods before harvesting of agricultural products the residual amounts of
mancozeb/ETU were less than the LOQs of 0.05/0.005-0.05 mg/kg, respectively.

The LOQs of mancozeb according to the official methods in force in Ukraine corresponded to the LOQs of the methods used
in the EU until January 2022, but do not ensure control of mancozeb at the level of 0.01 mg/kg in accordance with the current
requirements for placing products on the EU market, except for SSTU (State Standards of Ukraine) EN 12396-2:2003. The
parameters of acceptable exposure to mancozeb and its metabolite ETU in Ukraine provided for a higher level of human health
protection than the regulations adopted in the EU until January 2022.

Conclusions. Adherence to the researched and approved application rates and waiting periods before harvesting in Ukraine
ensures the absence of residual mancozeb amounts and ETU in plant origin agricultural products at the level of the LOQ and
its compliance with the national parameters of permissible exposure on human health. If the EU requirements for the content
of mancozeb in food products do not exceed the proposed LOQ of 0.01 mg/kg, domestic agricultural products of plant origin
can be placed on the EU market. To prevent the appearance of technical barriers related to the reduction of LOQs of active
substances of plant protection products (PPPs) in food raw materials and food products, residues determination methods

should provide for LOQs of controlled substances not exceeding 0.01 mg/kg.
Keywords: mancozeb, agricultural products, limit of quantification of residues, food safety, technical barriers.

Bectyn. MaHkoueb € CUHTETUYHMM yHriunaom 3
rpynu gutiokapbamartie, SKMA LIMPOKO BMKOPUCTOBY-
€TbCA Y CiNbCbKOMY rocrnogapcTsi. BiH Mae Hecuctem-
HWI, KOHTaKTHUIA Ta 3aXMCHUIA MexaHi3Mm gii, nopyLye
ninigHWiA 06MiH XBOPOOOTBOPHUX MiIKPOOPraHi3MiB poc-
nuH, BKmoyatum  Phytophthora cactorum Ta
Actinomyces scabies Glssow, ki BUKNMKaoTb iTo-
¢Topo3 i napiuy.

CraHom Ha 2023 pik 0 [lepXaBHOro peecTpy nectu-
umais i arpoximikaTis, 4O3BOSIEHUX A0 BUKOPUCTAHHS B
YkpaiHi [1], BktoueHO 22 npenapatu, sKi MiCTATb Big,
525 r/kr go 800 r/kr maHkoLeby Ta 3aCTOCOBYHOTLCS
ANS 3aXMCTY N0J0BUX, OBOYEBMX, AMOHUX, 3€PHOBUX,
TEXHIYHWX KYNbTYp B arponpoMUCIIOBOMY KOMMMEKCI 3
Hopmoto BuTpaty Big 1,2 oo 3,0 kr/ra, 2-6 kpaTHo.

BukopucTtaHHs MaHkoueby 3abesneuye 3axuct
faraTb0X CinbCbKOrOCNOAAPCHKUX KYNMbTYp 3 METOH
OTPUMAHHS 3HAYHOI KiNbKOCTI CiNbCbKOrOCMoAapChKoi
NPOAYKLiT 4NS BHYTPILLHLOO CNOXMBaHHS B YKpaiHi, a
TaKoX Ons eKCNopTy A0 iHLWMX KpaiH CBITY.

Pasom 3 Tum, BignoeigHo oo PermameHty (E€C) Ne
1107/2009 €sponeiicbkoro [MapnameHTy Ta Pagw
OO PO3MiLLieHHsI 3acODiB 3aXMCTY POCIIMH HA PUHKY
Ta 3rigHo 3 lNMoeigomneHHam G/TBT/N/EU/712 [2] npu-
VHSATO PILLEHHS MPO «HE NPOAOBXEHHS CXBaNEHHS Aito-
YOi PeYOBUHN MaHKOLED».

Y TakoMy BUNaZKy BXVUBAKOTLCS 3aX0AM AN 3HWXKEH-
Hs BCiX icHytoumx MRL (maximum residue limit) maHko-
ueby [o mexi noro kinbkicHoro BuaHaveHHs (MKB), sika

Introduction. Mancozeb is a synthetic fungicide
from the group of dithiocarbamates, which is widely
used in agriculture. It has a non-systemic, contact, and
protective mechanism of action, disrupts the lipid
metabolism of plant pathogens, including Phytophthora
cactorum and Actinomyces scabies Glssow, which
cause late blight and scab.

As of 2023, the State Register of pesticides and agro-
chemicals approved for use in Ukraine [1] includes 22
preparations that contain from 525 g/kg to 800 g/kg of
mancozeb and are used to protect fruit, vegetable, berry,
grain, technical crops in an agro-industrial complex with
application rates from 1.2 to 3.0 kg/ha, 2-6 times.

The use of mancozeb ensures the protection of
many agricultural crops to obtain a significant number
of agricultural products for domestic consumption in
Ukraine, as well as for export to other countries of the
world.

At the same time, in accordance with Regulation
(EC) No. 1107/2009 of the European Parliament and of
the Council on placing plant protection products on the
market and in accordance with Notice G/TBT/N/
EU/712 [2], a decision was made concerning the
«approval of the active substance mancozeb is not
renewed».

In this case, measures are taken to reduce all exist-
ing MRLs (maximum residue limit) of mancozeb to its
limit of quantification (LOQ), which by default is
0.01 mg/kg of carbon disulfide (CS2) [3].
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3a 3amMOB4YyBaHHsIM cTaHoBWTb 0,01 Mr/Kr 3a CipkoByr-
neuem (CS2) [3].

MNicns 3actocyeaHHs 3HkeHUX MRLs no MKB xapuyo-
Bi MPOZAYKTU 3 BULLMM PiBHEM BMICTY MaHKoLEeDy CTaHyTb
HEBIANOBIAHMMU, OTXe Ginblue He MOXyTb ByTU po3mi-
LeHMMU Ha puHKY EC, nounHaroum 3i ciunsa 2022 p. [3].

OaHa 3 NPUYMH NPUIAHSTTS TAKOTO PILEHHSI — po3nag
MaHkoLeby B opraHi3mi BigOyBAETbCA 3 YTBOPEHHSM
psigy MeTaboniTiB, 3 SKMX OCHOBHE TOKCMKOMNOriYHe
3HaYeHHs HanexuTb etuneHTiocevoBuHi (ETC). Bnnue
ETC acouitoeTbCsl 3 MOXNMBUMU EHAOKPUHHUMK Ta
BigJaneHumu edektamu y ccasuiB [4].

MeTa. Bu3HauMTM MeXi KOHTPOSIbOBAHUX BEMUYMH
BMICTY MaHkoLeby B CinbCbKOrocrnogapchbKiv NpoayKLii
POCMMHHOTO MOXOMKEHHS! BianoBigHo Ao BuMmor €C 3
ypaxyBaHHsM NapameTpiB LOMYCTUMOrO BMSMBY Ha
3[0pOB’St NMIOAMHM Ta KOHTPOMO LLIOAO 3aCTOCYBAHHS
MaHkoLeby Ans 3axmcTy pocnuH B YKpaiHi.

Matepianu Ta metoau. [onboBi AepxaBHi BUNPO-
OyBaHHs 3 BUKOPUCTaHHAM npenapartis MaHkoue6y, 3I1
abo BI' (Big 302 go 800 r A.p./kr) nposogwnucs B
YkpaiHi (2002-2019 pp.) Ha pisHUX CiNbCbKOrOCMO-
JapcbKkux KynsTypax. Yci QoChimKeHHs npoxoauny Big-
MoBiOHO [0 BWUMOr LLOAO HAameXHOoi CinbCbKorocrno-
ZapcbKoi NpaKTuKK. 3acTOCOBYBanM OfHaKoBi cnocobu
06p0obKM — N03aKOpEHEBE BHECEHHS 3 BUKOPUCTAHHSM
Ha3eMHoro obnagHaHHs 3 06’eMoM poboYOro Po3yMHY
Big 300 n/ra (Ha nonmboBux Kynetypax) 4o 800-1500
n/ra (Ha BMCOKMX Ta WnanepHux Kynerypax). Biabip
npo6 npogyKLii Ans SOCILKXEHHS QUHAMIKM 3HWKEHHS
3anuwkiB maHkoueby Ta Bmicty ETC y nepiog Big 10
Zo 50 fib nicns oCcTaHHBLOrO 3aCTOCYBAHHS, @ TaKOX B
ypoxai CinbCbKOrocnogapCbkux KynesTyp nNpoBOAUNM 3
AOTPUMaHHSIM BUMOT KepiBHMUTBa €C [5].

JocnimkeHHs BMicTy mMaHkoueby Ta ETC BrkoHyBa-
1N 3rigHO 3 odpiLinHO 3aTBepmKeHUMK B YkpaiHi MeTo-
AWNYHMMK BKasiBkamu [6-11] Ta [12-16], BignosigHo.

XapakTepucTuku, HaBedeHi y METOAMYHMX BKasiBKax
(MB) gns pocnigkeHHs BMICTY MaHkouely Ta Woro
meTabonity ETC y cinbcbkorocnopapchki NpogykLii,
30KpeEMa, MexXi KinbkicHoro Bu3HayeHHs (MKB, mr/kr)
meTogamm napodasHoi rasosoi (MX-IP) Ta Bucokoe-
thexTnBHOI pianHHOi xpomatorpadii (BEPX) HaBegeHi
B Tabn.1.

Meguko-caHiTapHe HOPMYBaHHS 3anuLLKIB MaHKoLe-
Oy Ta noro metabonity ETC y cinbcbkorocnogapchbkini
NpOoAyKLiT BUKOHYBanu BiANoBIAHO O METOANYHUX BKa-
3iBOK [17] i OCHOBHMX NPUHLMNIB, BUKNAAEHUX Y MaTe-
pianax FAO [18].

Pe3synbratv pocnigkeHHA Ta iXx 0OroBopeHHs. Y
Tabn. 2 HaBedeHO MiACYMOK pe3ynbTaTiB AoChiLKeHb
3anuwikiB MaHkoueby Ta ETC y cinbcbkorocrnogapchbkiri
NPOAYKLiT, WO BUKOHYBanuUck y HaykoBoMy LEHTPI npu
JepxaBHUX BUNPOOYBaHHSIX, LLO MepeayBany peecT-
pauii 3acobis 3axucty pocnuH (33P) Ha OCHOBI MaHko-
ueby Ans 3axucTy BUHOrpazay, kapTonsi, Tomatis, Lmoby-
ni, oripkiB, OypsiKy LyKpPOBOTO Ta 3€pHOBUX XMiOHUX

KymsTyp.

Following the application of the reduced MRLs to the
LOQ, food products with higher levels of mancozeb will
become non-compliant and therefore no longer be
placed on the EU market starting from January 2022 [3].

One of the reasons for making such a decision is that
mancozeb breaks down in the body with the formation
of a few metabolites, of which the main toxicological
value belongs to ethylenethiourea (ETU). ETU expo-
sure is associated with possible endocrine and delayed
effects in mammals [4].

Aim. To determine the limits of controlled values of
mancozeb content in agricultural products of plant ori-
gin in accordance with EU requirements, considering
the parameters of permissible exposure on human
health and control over the use of mancozeb for plant
protection in Ukraine.

Materials and Methods. State field trials using man-
cozeb, WP or WG preparations (from 302 to 800 g
a.s./kg) were conducted in Ukraine (2002-2019) on
various agricultural crops. All research was conducted
in accordance with Good Agricultural Practices. The
same spray methods were used - foliar application
using ground equipment with a working solution vol-
ume of 300 I/ha (for field crops) to 800-1500 I/ha (for
tall and trellis crops). Sampling of products to study the
reduction dynamics of mancozeb residues and ETU
content in the period from 10 to 50 days after the last
application, as well as in the harvest of agricultural
crops, was carried out in compliance with the require-
ments of the EU guidelines [5].

The study of the mancoceb and ETU content was
performed in accordance with the methodical guide-
lines officially approved in Ukraine [6-11] and [12-16],
respectively. The characteristics given in the methodi-
cal guidelines (MG) for the study of the content of man-
cozeb and its metabolite ETU in agricultural products,
in particular, the limits of quantification (LOQ, mg/kg)
by vapor-phase gas (GC-VP) and high-performance
liquid chromatography (HPLC) methods are given in
Table 1.

Health regulation of mancozeb residues and its
metabolite ETU in agricultural products was carried out
in accordance with methodological guidelines [17] and
basic principles outlined in FAO materials [18].

Results and Discussion. The table 2 gives a sum-
mary of the research results of mancozeb and ETU
residues in agricultural products, which were carried
out in the Scientific Center during state trials, which
preceded the registration of plant protection products
(PPPs) based on mancozeb for the protection of
grapes, potatoes, tomatoes, onions, cucumbers, sugar
beets and cereals bread crops.

As shown by the above results, with the general
application rates of mancozeb from 2.4 to 14.4 kg
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Tabnuus 1/ Table 1

XapaKTepucTUKU MeToAUK BU3HAYEHHA BMICTY MaHKoLeOy
Ta noro metabonity ETC y cinbcbKorocnogapchbkKin npoaykuii

Characteristics of methods for determining the content of mancozeb

and its metabolite ETU in agricultural products

HarimeHyBaHHSA cinbcbko-
rocnogapcbKkoi npoaykuii /

HarimeHyBaHHA KOHTPOIbLO-
BaHOI peYoBUHMU, MeToA,
MKB, mr/kr / Name of
the controlled substance,

. MB / MG method, LOQ, mg/kg
Names of agricultural Mankoue6
roducts ’
i rx-ne/ BEPE(TIC ETU
Mancozeb, HPLC ’
GC-VP
Ne 137-99 Big 02.02.99 / No. 137-99 dated 005 .
SAroawn BuHorpaay / 02.02.99 ’
Grape berries Ne 148-99 Big 02.02.99 / No. 148-99 dated o 002
02.02.99 ’
Ne 137-99 Big 02.02.99 / No. 137-99 dated 005 o
BuHorpagHuit cik / 02.02.99 ’
Grape juice Ne 148-99 Big 02.02.99 / No. 148-99 dated . 005
02.02.99 ’
Ne 137-99 Big 02.02.99 / No. 137-99 dated 005 .
KapTonns, 6ynsbwu / 02.02.99 '
Potatoes, tubers Ne 148-99 Big 02.02.99 / No. 148-99 dated - 0.02
02.02.99 ’
Ne 137-99 Big 02.02.99 / No. 137-99 dated 005 .
TomaTtn / Tomatoes 02.02.99 |
Ne 148-99 Big 02.02.99 / No. 148-99 dated . 002
02.02.99 ’
Ne 137-99 Big 02.02.99 / No. 137-99 dated 005 .
TomaTHuii cik / Tomato juice 02.02.99 ‘
Ne 148-99 Big 02.02.99 / No. 148-99 dated . 005
02.02.99 ’
Ne 242-01 Big 05.02.01 / No. 242-01 dated 005 .
LUu6yns / Onions 05.02.01 ‘
Ne 541-05 Big 28.02.05 / No. 541-05 dated . 0.01
28.02.05 ’
Ne 137-99 Big 02.02.99 / No. 137-99 dated 005 -
Oripok / Cucumbers 02.02.99 ’
Ne 148-99 Big 02.02.99 / No. 148-99 dated . 002
02.02.99 '
Ne 548-05 Big 28.02.05 / No. 548-05 dated 005 .
Bypsik uykposui / Sugar beet 28.02.05 |
Ne 541-05 Big 28.02.05 / No. 541-05 dated . 001
28.02.05 ’
Ne 652-06 Big 12.05.06 / No. 652-06 dated 005 .
3epHo xnibHuxX 3nakis / 12.05.06 ’
Cereal grain Ne 646-06 Bin 12.05.06 / No. 646-06 dated B 0.05
12.05.06 ’
MpoayKkTn xap4oBi HEXNPOBI
(cbpykTn, oBOYI, 3epHOBI Ta
iHWi NPOAYKTM POCINNHHOIO .
noxonieH{m? et o )21:%3/3EN 12396-2:2003 / SSTU EN 12396- 0.01 _
products (fruits, vegetables,
cereals and other plant-based
products)
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Tabnuuga 2 / Table 2

Pe3ynbraTn gocnigaxeHb 3anuwkiB maHkoueby Ta ETC
y cinbcbKorocnogapchbkKii NpoAykLuii 3rigHO 3 NpoBeAeHUMMU NONbOBMMU BUnpobyBaHHAMu 33P

Results of research of mancozeb and ETU residues in agricultural products
according to the conducted field trials of PPPs

3aranbHa Hopma
3aCTOCyBaHHs Crpoxk 3
no 36opy Bpo- | KinbkicTb anuiku
MaHkKoLe0y, . maHkoue6y/ETC, mr/kr /
. xaro, aHi / BUNpoOy- .
Kynbrypa, npoaykuis / Kr a.p./ral o Residues
Crops, products The general rate Waiting BaHb /
Ps, p (¢ periods Number of mancozeb/ETU, mg/kg
of mancozeb .
use to harvest, of trials

kg a.s.lp’er ha days MiH. / min. | makc. / max.
BuHorpag / Grapes — —
Aroan / Berries 3,6-14,4 25-35 13 <0,05/<0,02 <0,05/<0,02
Cik / Juice <0,05/<0,005 | <0,05/<0,005
Kapronns, Gynuou / 32-48 14-20 21 <0,05/<0,02 | <0,05/<0,02
Potatoes, tubers
Tomatu / Tomatoes — —
Mnoaw / Fruits 24-51 14-20 16 <0,05/<0,02 <0,05/<0,02
Cik / Juice <0,05/<0,005 | <0,05/<0,005
LinGyns / Onions 3,6 -5,1 14-30 6 <0,05/<0,01 <0,05/<0,01
Oripok / Cucumbers 3,2-5,8 10-30 7 <0,05/<0,02 <0,05/<0,02
Bypsk 32-48 30-50 2 <0,05/<0,01 | <0,05/<0,01
uykposui / Sugar beet
3epHoBi xMnibHI KynbTypu
(sumiHb) / Cereal bread 3,2 30 2 <0,05/<0,05 <0,05/<0,05
crops (barley)

Ak cBigyaTb HaBefeHi pesynbrati, Npu 3arasibHuX
HOpMax 3acTocyBaHHs1 MaHkoueby Big 2,4 no 14,4 kr
4.p./ra B nepioaun BCTAHOBIIEHWX CTPOKIB OYiKyBaHHS 4O
300py BpoXaro BUHOrpagy, kapTonni, Tomaris, Luubyni,
OripkiB, OypsiKy LIyKpOBOrO Ta 3epHOBMX XITiOHWX KyIlb-
TYp 3anULLKOBI KinbkocTi MaHkoueby Ta ETC y wiji npo-
aykuii 6ynn meHwe MKB.

B akocTi napameTpiB onycTUMOro BNSMBY Ha 340-
pOB’s NroaWHK B YKpaiHi 3aTBepmxeHi A1 (nonyctrma
fobosa fo3a) maHkoueby Ha piBHi 0,005 mr/kr Ta ETC
—0,0003 mr/kr [19].

Y BignoBigHocTi 3 [17] ouiHeHo HebGe3neyHicTb Hag-
XOKEHHS 3anuLkiB MaHkoueby 00 opraHiamy nogw-
HW, BUXOLAYM 3i 3aTBEPIKEHUX MaKCMManbHO Jomny-
ctumumx pisHiB (MOP) [19]. HebesneuvHicTb oujiHoBanm
BiZHOCHO JonycTumoro Jo60BOro HaaxomxkeHHs (O4H)
MaHkoLeby, sike gopisHioe 0,3 mr (tabn. 3).

HaBepgeHi pesyneratyt cBigyaTb, WO HauiOHanbHi
MIP mankoueby ctaHosnaTs Big 0,3 % 8o 26,6 % Big
OOH. 3rigHo 3 gaHumu Tabn. 2 y nepiogn BCTaHoBMeE-
HUX CTPOKIB OYiKyBaHHS 3a5ULLKOBI KifIbKOCTi MaHKoLe-
Oy B CinbCbKOroCNOAAPChKi NpodyKLii POCIIMHHOIO

a.s./ha in the established waiting periods before the
harvest of grapes, potatoes, tomatoes, onions, cucum-
bers, sugar beets and grain bread crops residual the
amounts of mancozeb and ETU in these products were
less than the LOQ.

As parameters of permissible exposure on human
health in Ukraine, PDD (permissible daily dose) of
mancozeb at the level of 0.005 mg/kg and ETU —
0.0003 mg/kg have been approved [19].

In accordance with [17], the hazard of mancozeb
residues intake into the human body was assessed
based on the approved maximum permissible levels
(MPLs) [19].

The hazard was assessed relative to the permissible
daily intake (PDI) of mancozeb, which is equal to
0.3 mg (Table 3).

The given results show that the national MPL of man-
cozeb range from 0.3% to 26.6% of the PDI. According
to the data in the table 2, during the time of the estab-
lished waiting periods, the residual amounts of man-
cozeb in agricultural products of plant origin were less
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Tabnuusa 3 / Table 3
MAOP maHkoue6y, xapakTepucTuka Heb6e3nevyHoCTi HaAXOAXXEeHHS NOro 3afIMLWKIB A0 OpraHi3my nogvHU

MPLs of mancozeb, characteristics of the hazard of its residues intake into the human body

mMaP Yactka Big AOH,

HanmeHyBaHHA npoaykuii / Product names MaHKoﬁ;Ey(’)fM rfir | ?r((;'g:zﬂf‘q:f :hl\:%?l,l

mancozeb, mg/kg % (based on MPL)
3epHo xnibHmx 3nakie / Cereal grain 0,05 2,6
Pinak (HaciHHs1) / Rapeseed (seed) 0,1 —
Pinak (onis1) / Rapeseed oil 0,2 1,3
Tomatu / Tomatoes 0,5 10
TomatHun cik / Tomato juice 0,05 2,5
Kaptonns / Potatoes 0,1 10
Linbyns / Onions 0,05 0,3
Oripok / Cucumber 0,1 2
BuHorpag / Grapes 0,5 26,6
BuHorpapg TexHiuHun / Technical grapes 50 —
BuHorpagHwuii cik / Grape juice 0,05 2,5
Mpywi / Pears 0,04 2
Mpyweswii cik / Pear juice 0,01 0,5
Ycboro / Total 60,3

noxomkeHHst Oynu mMeHwi MKB — 0,05 mr/kr (tabn. 1),
TOBTO peanbHi 3anuwkn Byny MeHLi 3a po3paxoBaHi
BENMYMHM, Buxoasaum 3 MOP (tabn. 3).

Kpim Toro, B nepiofin 3asHa4eHUX CTPOKIB OYiKYBaHHS
(Tabn. 2) sanuwkosi kinbkocTi ETC 6ynn meHwe MKB
— 0,005-0,05 mr/kr (Tabrnuugs 1). Lle cBiguntb npo Te,
LU0 TOKCMKOJIOMNYHO 3Hadywwmin MeTabonit maHkoueby
ETC He HakonuuyeTbCcs B MpOAYKUii POCIMHHOMO
MOXOMXEHHS, @ Npw Ti CNOXWBAHHI HE CTaHOBUTKME
MOTEHUIMHOI 3arpo3un Ans 300pOB’S MIOAUHM.

lNopiBHAEMO MapameTpy OOMYCTUMOrO BMSMBY Ha
300pOB’'S MNIOAMHM Ta Mexi KOHTPOMK MaHkoueby B
MPOAYKLii pOCANHHOMO noxomxeHHs B €C Ta YkpaiHi.

B €C 041 mankoueby npwitHaTo Ha pisHi 0,05 mr/kr,
non ETC - 0,002 mr/kr [4].

00A mankoueby (0,005 mr/kr) Ta ETC (0,0003 mr/kr),
AIKi 3aTBEPAXKEHI B YKpaiHi Ha NOPSOoK HUXYI TakuXx, LWo
npuiiHaTi B €C.

OdpiuinHo 3aTBepmkeHi B YkpaiHi MB 3abe3nevytotb
MKB mankoueby Big 0,01 mr/kr [10] go 0,05 mr/kr
(Hanpwvknag, [9]).

MKB maHkoueby B pocrnuHHIN npogykuii, ska 6yna
nepenbaveHa ans MoHiTopuHry B €C go ciyHa 2022 p.,
craHosuna Big 0,03 go 0,05 mr/kr 3a cipkoByrneuem
(CS2) [4], Tob6TO Ha TuX Xe PiBHSX, WO i B YkpaiHi.

than the LOQ - 0.05 mg/kg (Table 1), i.e., the real
residues were smaller than the calculated values,
based on the MPL (Table 3).

In addition, at the time of the specified waiting periods
(table 2), the residual amounts of ETU were less than
the LOQ - 0.005-0.05 mg/kg (table 1). This indicates
that the toxicologically significant metabolite of mancoz-
eb ETU does not accumulate in products of plant origin,
and when consumed, it will not pose a potential threat
to human health. We compare parameters of permissi-
ble exposure on human health and control limits of
mancozeb in products of plant origin in the EU and
Ukraine. In the EU, the PDD (or ADI — acceptable daily
intake) of mancozeb is accepted at the level of 0.05
mg/kg, the PDD (ADI) of ETU is 0.002 mg/kg [4].

PDD of mancozeb (0.005 mg/kg) and ETU (0.0003
mg/kg), which are approved in Ukraine, are an order of
magnitude lower than those adopted in the EU.

Officially approved MG in Ukraine provide LOQ of
mancozeb from 0.01 mg/kg [10] to 0.05 mg/kg (for
example, [9]).

The LOQ of mancozeb in plant products, which was
foreseen for monitoring in the EU until January 2022,
was from 0.03 to 0.05 mg/kg for carbon disulfide (CS2)
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HuHi 3rigHo 3 MoeigomneHHam G/TBT/N/EU/712 [2]
Ta Pekomengauieto [3], MKB maHKkoueby B pOCHUHHIl
npoaykuii ctaHoBuTb 0,01 Mmr/kr 3a CS2.

Takum umHom, MKB wmaHkoueby 3rigHo 3 MB, ki
OiloTb B YKpaiHi, He MOXyTb 3abe3ne4nTy KOHTPOIb
MaHkoLeby Ha piHi 0,01 mMr/kr BignoBigHO 4O Cy4acHMX
BMMOT LLOAO PO3MILLEHHSI MpoAyKuii Ha puHKy €C,
okpim [1ICTY EN 12396-2:2003 [10].

OpHak, BMxoOsuM 3 3aTBEPMKEHUX 3rigHo 3 [19]
HauioHansHummn 000, MOP mankoueby i oro metabo-
nity ETC piBHi aHaniTM4HOTO KOHTPOIHO iXHIX 3anMuLLKiB
Ta BCTAHOBMEHi CTPOKM O4iKyBaHHs 3abe3neyytoTb 6e3-
MeKy CrOXWBAHHA CiNbCbKOroCcnogapchbKkoi npoaykuii
POCIIMHHOIO NMOXOMKEHHS B YKpaiHi.

MMapameTpn [OMNYCTMMOrO BNMMBY MaHkoueby Ta
oro metabonity ETC B YkpaiHi nepegbavanu Buwmn
piBeHb 3aXMCTy 300POB’S NMIOAMHW, HIX pernameHTu,
npuiaHaTi B EC go ciung 2022 p.

3a notpebn ekcnopTy CinbCbKorocnogapcbkoi npo-
AyKUiT METOOMKM aHaniTUYHOrO KOHTPOIID MakTh Bif-
nosigaty BuMoram wopno MKB maHkoueby 0,01 mr/kr
3rigHo 3 [2, 3], a 4OTPUMaHHS Liei BENUYMHM NigTBepa-
KeHi JocnioKeHHAMU 3anuLLKIB BiAnoBiAHO A0 METO-
K, ski 3abesnedvytoTb HanexHwin MKB, Hanpuknag
OCTY EN 12396-2:2003 [10].

BucHoBku

1. [loTpuMaHHs JOCMimMKEHNX Ta [4O3BOSIEHUX HOPM
BUTPAT i TepMiHIB OCTaHHbOI 0OpobKM OO 30MpaHHs
BpOXato B YkpaiHi 3abe3anevye BigCyTHICTb 3anuLLKO-
BMX KinbkocTei maHkoueby Ta ETC B cinbcbkorocno-
JapcbKi NpoayKLii POCIIMHHOMO MOXOMXXEHHS Ha PiBHI
MKB Ta i BianoBigHiCTb HauioHanbHUM MapaMmeTpam
ZOMNyCTUMOTO BMAVBY Ha 30OPOB S NIOAVHM.

2. OdhiuinHo 3aTBEPMKEHI B YKpaiHi MeToaMKu nigro-
TOBKM Npob Ta ra3oBoi xpomatorpadii 3 MKB maHkoue-
Oy B cinbcbkorocnopapcekin npogykuii 0,05 mr/kr He
3abeanevyloTb 3anponoHoBaHui B EC KOHTpoOnb
3anuwkiB MaHkoueby Ha piBHi MKB 0,01 mr/kr.
KoHTponb mankoueby Ha piBHi MKB 0,01 mr/kr 3abe3-
nevye OCTY EN 12396-2:2003.

3. Mpu BignosigHocTi Bumoram €C Wopo BMICTY
MaHkoLieby B Xap4oBWX MPOAYKTax He BuLLe 3anporno-
HoBaHol MKB BiT4M3HSsIHa cinbcbkorocnogapcbka npo-
ZYKUiS POCIIMHHOTO MOXOKEHHSI MOXe OyTu poamiLLe-
Ha Ha puHKy EC.

4. [ns 3anobiraHHA BWHUKHEHHIO TEXHIYHUX
bap’epiB, NOB’s13aHKX 3i 3HMKEHHAM MKB gitoumnx peyo-
BuH 33P y NpogoBOIbYil CUPOBUMHI Ta NPOdyKTax xap-
YyBaHHSl, METOOMKM BM3HAYEHHS 3amnWLLIKIB MatoTb
nepen6avatn MKB KOHTpONbOBaHWX PEYOBMH Ha PiBHI
0,01 mr/kr.

KoHdnikT iHTepeciB. ABTOpK 3a8BNAI0TL NPO BiACYTHICTb
KOHONIKTY iHTepecis

[4], i.e. at the same levels as in Ukraine.

Currently, according to Notice G/TBT/N/EU/712 [2]
and Recommendation [3], the LOQ for mancozeb in
plant products is 0.01 mg/kg for CS2.

Thus, mancozeb LOQ according to the MG operating
in Ukraine cannot provide control of mancozeb at the
level of 0.01 mg/kg in accordance with modern require-
ments for placing products on the EU market, except
SSTU EN 12396-2:2003 [10].

However, based on the national PDD, MPL of man-
cozeb and its metabolite ETU approved according to
[19], the levels of their residues analytical control and
established waiting periods ensure the consumption
safety of agricultural products of plant origin in Ukraine.

The parameters of permissible exposure to mancoz-
eb and its metabolite ETU in Ukraine provided for a
higher level of human health protection than the regu-
lations adopted in the EU until January 2022.

For the export of agricultural products, the methods of
analytical control must meet the requirements for the
LOQ of mancozeb 0.01 mg/kg according to [2, 3], and
compliance with this value is confirmed by research on
residues in accordance with the methods that ensure the
proper LOQ, for example SSTU EN 12396-2 :2003 [10].

Conclusions

1. Adherence to the researched and approved appli-
cation rates and terms of the last treatment before har-
vesting in Ukraine ensures the absence of residual
amounts of mancozeb and ETU in agricultural products
of plant origin at the level of the LOQ and its compli-
ance with the national parameters of permissible expo-
sure on human health.

2. Officially approved in Ukraine methods of sample
preparation and gas chromatography with an LOQ of
mancozeb in agricultural products of 0.05 mg/kg do not
ensure the control of mancozeb residues proposed in
the EU at an LOQ of 0.01 mg/kg. Control of mancozeb
at the LOQ level of 0.01 mg/kg is provided by SSTU EN
12396-2:2003.

3. If the EU requirements regarding the content of
mancozeb in food products are not higher than the pro-
posed LOQ, domestic agricultural products of plant ori-
gin can be placed on the EU market.

4. To prevent technical barriers related to the reduc-
tion of LOQs of active substances of PPPs in food raw
materials and food, residues determination methods
should provide for LOQs of controlled substances at
the level of 0.01 mg/kg.

Conflict of interest. The Authors declare no conflict of inter-
est.
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