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1. 3aBOsiKM CBOIll BUCOKIiH 6i0JIOTi4HIN aKTUBHOCTI IPOJYKTU O KiBHULTBA — M€, OOHDIOKS, MaTOYHE MOJIOYKO,
nepra Ta iHIli XapaKTepU3ylTbCs BUCOKOIO MOMYJISIPHICTIO B Xap4oBiil, (hapMaLleBTUYHIN Ta KOCMETUYHIN
IIPOMHUCIIOBOCTI. TOMy KOHTPOJIb 3aJIMIIKIB IECTULIUIB HE JIMIIE Y CiIbChKOTOCIIOAAPCHKUX POCJIMHAX, SIKi
nifnaoThes 6e3rnocepesHbOMY iX BIIMBY, ajle ! Y IPOLYKTax O KiIbHULTBA, Ma€ BXJIMBE 3HaYEHHS. Y IucepTatii
[IPUBELEHO PE3YJILTATU OLHIOBAHHA NIPUAATHOCTI METOLY BU3HAYEHHS 3aJIMILKIB [10JIIKOMIIOHEHTHOI CyMmilni
NeCTULUIB Y MeJi 6/1)KOJIMHOMY 32 JOIIOMOTOI0 PilHHOI TPhOXKBAIPYIIOJIbHOI TAHAEMHOI XPOMAaTO-Mac-
criekrpometpii (PX-MC/MC). HaBenieHO OCHOBHI eTany eKCTpakiii necTUUAiB i3 JOCaiIpKyBaHUX IPO6 3
BUKOpHUcTaHHsaM npobonigrorosku QUEChERS (Quick, Easy, Cheap, Effective, Rugged, Safe) ra nogansmoro
OJIHOYACHOTO KiJIbKiCHOTO BU3Ha4eHHs 10 200 aHasliTiB B OJHil1 1po6i 6€3 BUKOPMCTaHHS BHYTPIIIHIX CTaHOAPTIB.

[TpoBeneHUMY AOCIIIPKEHHSIMU BUSIBJIEHO, 1110 HAMBUILY 3arubesib O[KOJIMHUX CiMeN y pi3HUX o6Js1acTsaxX YKpainu 3a



2021-2022 poKu BUKJIMKAJIY K OKpPEMI IIECTULMIN PI3HMX XIMIYHUX IPYII, 30KpEMa TiaMeTOKCaM, alieTaMinpup i
KJIOTiaHiIMH, TaK i OlHOYAaCHE TIOeAHAHHS AeKinbKoX rnectuuumis. Iin yac anamisy npo6 meny 6/1>K0JMHOTO,
BilibpaHoro 3 Nacik, /e peecTpyBajau MacoBy 3arubesb 6/1)KOJMHUX ciMeill, HalluyacTille BUSIBJISLIN 3aJIMIIKU
iHCeKTMLUAIB, SIKi 6yJIM IPeACTaBJIeHi IEPEBAXHO HEOHIKOTMHOIZAMHU, a TAKOX (PYHTILUAIB, cepel SIKUX
IepeBakajiv TPUa30JjH, CTPOOLTyprHH Ta 6eH3NMizia3011. 3a6pygHEHHS Meay O0/1)KOJIMHOTO HEOHIKOTHHOIIaMI
BUSBJIEHO y 163 Bunankax, 10 CTAaHOBUTD 58,8 % 3arajibHOI KiJIbKOCTi IP06. BusIB/IEHHS 3aJIMIIIKIB TPUA30JIiB y Mei
CTaHOBUJIO 82 BUIIAQAKH, 110 BiAnosigamno 29,6 % Bix 3aranbHoi KinbKocTi. YacToTa BUSIBJIEHHS CTPOOLIYPUHIB Y Mefi
nmocsraina 18 Bunagkis, abo 6,5 % Big nocinkeHux Mpoo6. 3anumky 6eH3MMia301iB HallMeHIIe BUSIBIISIIIN CEpe],
[IpOaHaIi30BaHUX IIPOO, 110 BifnoBinae 14 Bunagxam, abo 5,1 %. BuzHaueHHs 3aIMIIKIB IIECTULMIB Y Tijli 3arn6anx
OKiJ1 3 BUKOPYCTAaHHIM MeTOZiB pinuHHoi Mac-crnekrpomeTpii (UPLC-MS /MS) Ta razoBoi Mac-crieKTpomeTpii
(GC-MS /MS) nokazao HasIBHICTb SIK 3aJIMLIKIB OKPEMUX NECTULMIIB Pi3HUX XiMIYHUX TPYI, TaK i ix cyMilli B pi3HUX
[IOENHAHHAX XiMIYHUX CIIOJIYK i IX KOHLIEHTPALiii, [0 YCKIaAHIOE 00'EKTUBHY OLiHKY iX CHHEPriyHOi TOKCUYHOCTI.
3anuIKY iHCeKTULUAIB IPyNIU HEOHIKOTHUHOIZIB, a TAKOX QYHIILUIIB IPYIl TPUA301iB, 6€H3iMina301iB i
CcTpobinypuHiB y Meii IpoTsarom 12 micsiiiB 36epiraHHs 3a TeMnepaTtypu 4 0 gerpaganii He niagaoTecs. 3a
30epiranHs Mmeny B ymoBax 20 0 po3nafy 3aIMILIKiB HEOHIKOTUHOIIIB — iMifakionpuy, KIOTiaHiAMHY i TIaMeTOKcaMy
IIpoTsrom 12 Mics11iB He MiATBEPAKEHO, ajie BUSBJIEHO 30ibIlIeHHS] iIHTeHCUBHOCT] po3Majny Tiakjonpumy i
aleTaMilpuay JIMIIE 3a BUCOKUX BUXITHUX KOHLUEHTPALil. 32 TAKUX YMOB 3HMKEHHS BMICTY TIaKJIONPUAY B MeJi
nocsirano 21,2 %, a aueraminpuny - 20,7 % MOPIiBHSIHO 3 BUXiZHUMU JAaHUMU. 3aJIMLIKY TPUA30J1iB: TEOYKOHA30J1y,
LIMIIPOKOHA30J1y i elIOKCUKOHA30J1y 3a 30epiraHHs meny 3a Temmnepatypu 20 o mpotarom 12 micsuis 3miH He
3a3HaBaJy, ajie BMicT QuyTpiadoity posnanascs Ha 36,3 %. 36epiraHHs Meny 3a TemnepaTypu 20 0 He BIIJIMBAJIO Ha
Ierpajalio CTpoOiIyprHiB: MipaKCUCTPOOIHY i a30KCUCTPOOiIHY MPOTIroM 12 Mics1iiB, aje CIPUYMHSIO 3HUKEHHS
3aJIMIIKOBOTO BMICTY MIKOKCUCTPOGiHY Ha 9 Micsip Ha 24,5 % i Ha 12 micaup 36epiranHs - Ha 38,0 % MOpiBHAHO 3
BUXiTHUM 3HaueHHsM. [TinBuieHHs TeMriepaTypu 30epirants meny no 20 o cripusiio 36i1blIeHHI0 iHTeHCUBHOCTI
posmnany 6eHs3imizazosis, 30KkpeMa KapbeHa3umy, Ha 9 Micsup Ha 80,0 % axx 10 OBHOTO po3nany Ha 12 mMicsip.
JuHaMika posnany TiopaHaT-MeTUIy XapaKTeprU3yBajacs BUIIO0 iHTEHCHUBHICTIO PO3Mafy B MEZi 3a TeMIIEpaTypu
20 o Ha 6 Micsp 36epiranss Ha 28,0 %, Ha 9 Mmicsaup - Ha 46,0 % i Ha 12 Micaup - Ha 55,4 % MOPIBHSIHO 3 BUXITHUM
3HauYeHHsM. [IpoBeieHUMU JOCIiI)KeHHSIMU 10BEIeHO HeOOXiIHICTh 3aCTOCYBaHHS METOY KOHTPOJIIO 3aJIUILKIB
IIOJIIKOMIIOHEHTHOI CyMillli IECTULIAIIB Y IPOAYKTAX OJKiJIbHULITBA Ta 00’€KTaX HAaBKOJIMIIHBOTO CEPENOBUILA 32
IOTIOMOTOI0 PiIMHHOI TPHOXKBAAPYIIOJILHOI TaHIEMHOI XpoMaTo-mac-crnekrpomerpii (PX-MC/MC) 3
BUKOpHcTaHHAM npobomigrorosku QUEChERS. 3'sicoBaHo npuynHYy Ta gKepesia MaCOBOTO OTPYEHHS 6/1>KOJMHUX
cimell Ha nacikax pisHUX perioHiB YKpainu. [loBeieHO BUCOKY IEPCUCTEHTHICTb OiIbIIOCTI NECTULIUIB, 0COOINBO
iHcekTMIMAIB i PyHriUKIIB y MeLi 6[)KOJIMHOMY 3a 30€epiraHHs IPOTArom 12 MmicsiiB 3a Pi3HUX TeMIIEPaTyPHUX

pPeXUMiB, 10 IOTPedye PO3pOOJIEHHS albTEPHATUBHUX 3aC00iB 3aXMCTy POCJIMH Ha OCHOBI 6i0NaTOreHiB.

2. Due to their high biological activity, beekeeping products such as honey, bee pollen, royal jelly, and bee bread
are in high demand in the food, pharmaceutical, and cosmetic industries. Therefore, monitoring pesticide residues
not only in crops directly exposed to them but also in beekeeping products is of vital importance. This dissertation
presents the results of an assessment of the suitability of a method for detecting residues of multi-component
pesticide mixtures in honey using liquid chromatography-triple quadrupole tandem mass spectrometry (LC-
MS/MS). The main stages of pesticide extraction from the tested samples using QuEChERS (Quick, Easy, Cheap,
Effective, Rugged, Safe) sample preparation are described, followed by the simultaneous quantitative
determination of up to 200 analytes in a single sample without the use of internal standards. The conducted
research revealed that the highest bee colony mortality across various regions of Ukraine in 2021-2022 was caused
by individual pesticides from different chemical groups, namely thiamethoxam, acetamiprid, and clothianidin, as
well as by combined exposure to multiple pesticides. During the analysis of honey samples collected from apiaries
where mass bee colony deaths were recorded, residues of insecticides, primarily neonicotinoids, were most
frequently detected, as well as fungicides, predominantly triazoles, strobilurins, and benzimidazoles.
Contamination of honey with neonicotinoids was detected in 163 cases, accounting for 58.8 % of the total number
of samples. Residues of triazoles were found in 82 cases, representing 29.6 % of the total. The detection frequency



of strobilurins in honey reached 18 cases, or 6.5 % of the samples tested. Benzimidazole residues were the least
frequently found among the analyzed samples, 14 cases, or 5.1 %. The determination of pesticide residues in the
bodies of dead bees using liquid chromatography-mass spectrometry (UPLC-MS /MS) and gas chromatography-
mass spectrometry (GC-MS /MS) revealed the presence of both individual pesticides from various chemical groups
and mixtures of these compounds in different combinations and concentrations, complicating the objective
assessment of their synergistic toxicity. Residues of insecticides from the neonicotinoid group, as well as
fungicides from the triazole, benzimidazole, and strobilurin groups, did not undergo degradation in honey during
12 months of storage at 4 °C. Under storage conditions at 20 °C, the degradation of neonicotinoids imidacloprid,
clothianidin, and thiamethoxam over 12 months was not confirmed. However, increased degradation of thiacloprid
and acetamiprid was observed only at high initial concentrations. Under these conditions, the reduction in
thiacloprid content in honey reached 21.2 %, and acetamiprid - 20.7 % compared to the initial data. Residues of
triazoles - tebuconazole, cyproconazole, and epoxiconazole - showed no change during 12 months of honey
storage at 20 °C. However, the concentration of flutriafol decreased by 36.3 %. Storage of honey at 20 °C did not
affect the degradation of the strobilurins pyraclostrobin and azoxystrobin over the 12 months, though it led to a
reduction in the residual content of picoxystrobin: by 24.5 % at the 9th month and by 38.0 % at the 12th month
compared to the initial concentration. An increase in honey storage temperature to 20 °C enhanced the
degradation rate of benzimidazoles, particularly carbendazim, which decreased by 80.0 % by the 9th month and
fully degraded by the 12th month. The degradation dynamics of thiophanate-methyl showed a higher degradation
rate in honey at 20 °C: 28.0 % by the 6th month, 46.0 % by the 9th month, and 55.4 % by the 12th month compared
to the initial values. The studies conducted have proven the necessity of using the method of controlling residues
of multicomponent pesticide mixtures in bee products and environmental objects using liquid triple quadrupole
tandem chromatography-mass spectrometry (LC-MS /MS) with QUEChERS sample preparation. The causes and
sources of mass poisoning of bee colonies in apiaries in various regions of Ukraine have been identified. The high
persistence of most pesticides, especially insecticides and fungicides, in honey during storage for 12 months at
different temperatures has been proven, which requires the development of alternative plant protection products
based on biopathogens.
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