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10 NPOBJIEMH PO3POBKH METOMIB AHANI3Y
®OPMYJALIA NECTHLHAIB, LU0 MICTATD
BATATO AIYHX PEYOBHH | MATPHLb

Pestome. Mema. OujHka HeobxiOHocmi ma douinsHocmi po3pobku ma sukopucmaHHs Memoodie aHanisy ¢hopmynauit necmu-
yudis, wo micmsame 6a2amo Qito4uUx Pe4YOBUH ma Mampuub.

Mamepianu ma memodu. Po3enissd memodig aHanizy necmuyudHux rnpodykmie MixHapodHoi padu 3i cniepobimHuumea 8
eany3i aHanimuyHoi ximii necmuyudie (MPCAXTI, CIPAC) ma memodie aHanisy 6azambox necmuyudie, po3pobreHux y pam-
Kax cninbHoi npozpamu ®AO/MATATE.

BucHoeku. CchopmynbogaHo npono3uuii ujo0o npodosxeHHsl sukopucmarHs memoodie aHanisy CIPAC npu npulHsmmi
pileHb HauioHanbHUM opaaHoM wodo peecmpauii necmuyudHux ghopmynsayili 0nsi iXHb020 3aCmOoCy8aHHs 8 CifllbCbK020CH0-
Oapcbkoi npakmuui. MemoOdu aHanisy 6azambox necmuyudie O0UiTbHO 8UKOPUCMO8Y8amuU HauioHaIbHUMU 1abopamopisamu,
AKi 30iliCHIOOMb KOHMPO/Tb 3a SKICMI0 necmuyudHUx npodykmis.

Knroyoei croea: necmuyudu, necmuyudHa ghopmynsayis, mexHidHa pedosuHa, Oitoda peqyosuHa, MHOXUHHI 3anulWKU 8 Xap4o-
8UX MPodyKkmax, Memodu 8U3HAYEHHST MHOXUHHUX 3auWKig.

V. Chmil

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

PROBLEMS OF DEVELOPING METHODS OF ANALYSIS OF PESTICIDE FORMULA-
TIONS CONTAINING NUMEROUS ACTIVE SUBSTANCES AND MATRICES

Abstract. Aim. An assessment of the necessity and expediency of developing and using methods of the analysis of pesticide
formulations containing numerous active substances and matrices.

Materials and Methods. A review of the methods of analysis of pesticide products by the Collaborative International Pesticides
Analytical Council (CIPAC) and the methods of analysis of numerous pesticides developed under the joint FAO/IAEA
Programme.

Conclusions. Proposals on the continuation of the CIPAC analysis methods application in national body decision-making
process regarding the registration of pesticide formulations for their use in agricultural practice have been formulated. The meth-
ods of analysis of numerous pesticides should be used by national laboratories that control the quality of pesticide products.
Keywords: pesticides, pesticide formulation, technical substance, active substance, multiple residues in food products, multi-
ple residues determination methods.

Beryn. HewopasHo Ha opHomy i3 3acipaHb Mix- Introduction. Recently, at one of the meetings of the
HapopdHoi paau 3i cniBpobiTHMUTBa B ranysi aHanitny-  Collaborative International Pesticides Analytical
Hoi ximii nectuumpis (CIPAC) obrosoptosanucs  Council (CIPAC), the CIPAC Recommendations on the
Pekomenpauii CIPAC wopao po3pobku metogis aHanidy — development of methods for the analysis of numerous
Baratbox mecTuumaiB (Aitounx peyvoBuH dopmynauin  pesticides (active substances of pesticide formula-
nectuumais) i matpuup [1]. CTumynioBas posrnsg  tions) and matrices were discussed [1]. Consideration
LbOro nuTaHHs, 6esyMoBHO, ycnix, aocarHyTwii B npo-  of this issue was certainly stimulated by the success
LeCi po3pobku Ta BUKOPUCTaHHS METOAIB BM3HaveHHs  achieved in the process of development and applica-
MHOXMHHWX 3anMWLLKIB Ailounx peyqoBuH 3acobis 3axu-  tion of methods of determining multiple residues of
CTY POCIMH Yy Xap4oBuX MpoAyKTax, Cinbcbkorocno-  plant protection agents in food products, agricultural
JapCbKin Ta NPOOOBOMBYiN CUPOBWHI, kopMax Ta 06'ek-  and food raw materials, fodder and environmental
Tax JOBKINms. objects.

\Y
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O6rosoptotoun npobrnemu po3pobku meTodis aHani-
3y Baratbox Ailo4nx pe4yoBuH HOpMynaLii NnecTuumnais
i MaTpuub, CNoYaTKy BapTo BiANOBICTW Ha Taki NWTaH-
HA: 1) Ywn icHye npakTuyHa HeOoBXigHICTb pPo3pobku
TakuX METOZIB i HACKINbKW 3HAYYLLWIMK Ta NOTPIGHNMM
€ Taki TexHonorii? 2) Hackinbkn TexHIYHO MOxMBa
Taka po3pobka 3 ypaxyBaHHAM 06'egHaHHA B OQHOMY
MeToAi 6aratbox Aito4nX pevoBWH POPMYNALIN necTu-
UmMaiB i MaTpuLb, SKi iICTOTHO BifpI3HAKOTLCS 3a CBOIMU
i3nKo-XiMiYHUMK BNAcTUBOCTAMN?

Ak 3a3Hayanocs Buule, Ui METOAWN € pesynsTaToMm
po3pobKN Ta BUKOPUCTAHHS MPUHLMMIB BU3HAYEHHS
MHOXWUHHMX 3anvukiB nectuumais y €C. BoHn 3acTto-
COBYIOTbCS Ansl 3a6e3neYeHHst KOHTPONMHO IXHbOI BigMo-
BiZHOCTI rapMOHI30BaHNM 3akoHogascTBoM €EC makcu-
manbHuMm pisHaM nectuumgis (MRLs, MPI1) y xapyo-
BMX MPOAYKTax Ta OLUiHKW BMMMBY Ha CNoOXuBadiB [2].
Yenix gocsaraeTbCs 3aBASKM MOHITOPUHIY BCTaHOBe-
Hux MPT1 y xap4oBux npopykTax, sikuii € 060B'A3koM
BiONOBiganbHWX opraHiB gepxas-uneHie €C. Kpim
HauioHanbHKUX Nporpam, MOHITOPUHI 3anULLKIB NecTu-
umais kpaiH €C 3 2009 poky cTaB 060B'A3k0BUM Ans
BCix gepas-uneHiB €C Ta yyacTb y «baratonitHix (3-
PiYHMX) NporpaMax KOOPAUHOBAHOTO KOHTPOMIO NecTu-
umnais» (Coordinated Multi-Annual Control Pro-gramme
for Pesticides Residues) [3]. LLlopoky B kpaiHax €C
36bupaetbesa 6nm3bko 100 000 npob pisHux xap4oBux
MPOAYKTIB, SKi € OCHOBHUMW KOMMOHEHTaMM1 Xap4oBOro
paLioHy Ta MNepeBipsAOTbCA Ha HAsIBHICTb 3amnuLLKiB
nectmumais. Y umx nporpamax 6epytb yuacts 30 eBpo-
nemcbkmx KkpaiH (28 pepxas-uneHiB €C, a Takox
Hopeeria Ta Icnangis) Ta 6nusbko 275 odiliHMX
nabopatopiit; BKIOYHO i 52 HauioHanbHi pedepeHc-
nabopatopii. PernameHT Kowmicii (€C) 2021/601 EN Bia
13 kBiTHS 2021 p. CTOCYETHCA OCTAHHBOI CKOOPAMHOBA-
Hoi nporpamu koHTponto €C Ha 2022, 2023 ta 2024
POKW. Onsi 3abe3neyveHHs KOHTPOMO 3a AOTPUMAaHHAM
MaKCUManbHKUX PIiBHIB 3aMLLIKOBOrO BMICTY nectvum-
OiB Ta Ons OUiHKM BNAWBY 3anuULLKIB NECTUUMAIB Ha
CMOXMBaYiB i Ha Ky POCMAMHHOMO Ta TBApPUHHOOTO
noxomKkeHHs [4].

MeTa. OujiHka HeobXigHOCTI Ta AOUINBHOCTI po3po6-
K1 Ta BUKOPUCTaAHHSA METOAIB aHanisy 6aratbox Aitoumnx
PEYOoBUH POPMYMALIN NECTULMAIB | MaTpULb.

Marepianu Ta metoaun. BukoHaHHa HauioHanbHUX
Ta CKOOPAMHOBaHWX €BPONEWCHKUX NporpaM MOHITO-
PUHrY 3anuLKiB NeCTULMAIB Y Xap4yOBMX NPOAYKTaX Y
€C 6yno 6 Hag3BMYaNHO BaXKO 34iINCHUTK B3 BUKOPU-
CTaHHA METOAIB aHanidy MHOXWHHWX 3anuLuKiB
(Multiresidue Methods) 3amicte MeTogiB aHanisy ans
OAHOro 3anuiky. Metogm aHanisy MHOXWHHUX 3anuLu-
KiB necTuuuais gonoMaratoTb BUKOHATV BUMOTM Bifno-
BiOHMX HaLiOHANbHUX Ta MDKHAPOOHWX areHuin, ki
PerynioTb NUTaHHSA BUKopucTaHHsa 33P wogo nokpa-
LLEHHs1 TOYHOCTI, BiATBOPIOBAHOCTI, MEX BWSIBIIEHHS],
crneumdiYHOCTI Ta WBKMAKOCTI NpoBedeHHs aHaniay. L
BUMOTU TaKOX MPUNYCKalTb He Take YacTe BUKOpU-
CTaHHA HebEe3NeYHNX OpraHiYHNX PO3YMHHUKIB Ta 3MEH-

e

When discussing the problems of developing meth-
ods for the analysis of numerous active substances of
pesticide formulations and matrices, first it is necessary
to answer the following questions: 1) Is there a practi-
cal need to develop such methods and how significant
and necessary are such technologies? 2) To what
extent is such development technically possible, taking
into account the unification in one method of numerous
active substances of pesticide formulations and matri-
ces, which differ significantly in their physicochemical
properties?

As it was mentioned above, these methods are the
result of the development and application of principles
of the determination of multiple pesticide residues in
the EU. They are used to ensure their compliance
under harmonized EU legislation with the maximum
levels of pesticides (MRLs, MPL) in food products and
assess the impact on consumers [2]. Success is
achieved due to the monitoring of the established
MPLs in food products, which is the responsibility of
the authorised bodies of the EU member states. In
addition to the national pesticide residue monitoring
programmes of the EU countries, since 2009, participa-
tion in the “Long-term (3-year) programmes of coordi-
nated pesticide control” has become mandatory for all
EU member states (Coordinated Multi-Annual Control
Programme for Pesticides Residues) [3]. Every year in
the EU countries, about 100,000 samples of various
food products, which are the main components of the
diet, are collected and checked for the presence of
pesticide residues. Thirty European countries (28 EU
member states, as well as Norway and Iceland) and
about 275 official laboratories of the EU countries,
including 52 national reference laboratories participate
in these programmes. EU Commission Regulation
2021/601 EN of 13 April 2021 concerns the latest EU
Coordinated Control Programme for the years 2022,
2023 and 2024 to ensure compliance with maximum
pesticide residue levels and to assess the impact of
pesticide residues on consumers and on food of plant
and animal origin [4].

Aim. Assessment of the necessity and expediency of
developing and application of methods of the analysis
of numerous active substances of pesticide formula-
tions and matrices.

Materials and Methods. The implementation of
national and European coordinated programmes of
monitoring pesticide residues in food products would
be extremely difficult to complete in the EU without the
use of Multi-residue Methods instead of single-residue
methods. Multiple pesticide residue analysis methods
help meet the requirements of relevant national and
international agencies that regulate the use of PPP to
improve accuracy, reproducibility, detection limits,
specificity and speed of analysis. These requirements
also imply less frequent use of hazardous organic sol-
vents and a reduction in the overall cost of the analysis.
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LUeHHs 3aranbHoi BapToCTi aHanisy. [insa AoTpuMaHHs
BYMOT €BPONENCHKOT AMPEKTUBY 3 UTAHOTO XapyyBaH-
HA 1999/39/€C noTpibHO, W06 BMPOBHWKM OUTAYHOrO
Xap4yyBaHHS HaJaBanu faHi WOoAo 3anuLkie nectuum-
AiB Y Xap4oBi CUPOBUMHI NpoTsarom 24-48 rog nicns
HaaxomkeHHst Nnpobu fo nabopartopii [5]. Tinbku meTo-
AV aHanidy 6araTbOX 3anuLkiB NecTUUMAIB MOXYTb
BUPILUNTK Lie 3aBOaHHS.

Oupektnen €C 1999/39 [5] i 1999/50 [6] 3abopoHsIOTL
NPoAaX MPOAYKTIB ANA AWUTAYOro XapyyBaHHs, LWO
MicTATb 3anuwkn Byap-skoro nectuumay suwe 0,01
mr/kr, ToMy nabopatopil aHaniTM4YHOI XiMii MOBWHHI BOIIO-
LiTM MeToAaMu aHanidy MHOXWUHHUX 3aMnLLKIB NeCTULM-
[iB Ha Lpomy piBHi abo HaBiTb Ha mexi 0,005 mr/kr ons
BCiX nectuumais. Kpim Toro, BignoBigHO 40O NpUHUMNIB
YNpaBriHHA SKICTIO XiMIKO- aHaniTMYHUX BUMIPIOBaHb
pe3ynbrati 3a 3MiCTOM 3anuLLIKIB NECTULMAIB B aHani3o-
BaHWX MaTpuusaX MarTb OdiLiiHUIA cTaTyc nuwe 3a
YMOBW [OCTOBIPHOMO NiATBEPAKEHHS iIXHBOI iAEHTUYHO-
cTi. Lle 0brpyHTOBaHO TWM, IO Yepe3 HWU3bKWA piBEHb
BMICTY 3anuLLKiB NeCcTUUMAiB 3Ha4YHO 3pocTae WMOBIp-
HICTb OTPUMaHHS! HEOCTOBIPHUX NO3UTUBHUX Pe3yribTa-
TiB. Y LUbOMY BUNaAKY BUKOPUCTaHHS NPOCTOI Mac-Crek-
TpoMmeTpii abo TaHAEMHOI Mac-CneKTPOMETpIi — eanHa
anstepHatvBa. 36iMbLUEHHS YYTNMBOCTI BU3HAYEHHS
3anuLLKIB NECTULMAIB NPU BUKOPUCTaHHI METOAIB aHani-
3y MHOXVHHUX 3aluLLKIB JOCAracTbeca LWNSXOM 30inb-
WeHHs 06'eMy eKkCTpakTy, L0 BBOAWTLCA B Xpomaro-
rpac (5 MKn 3aMicTb CTaHOapTHOMO 1 MKI) B pesynbrari
3aMiHv Bknaguwa gosatopa. KpiM Toro, Lubomy Cripusie
BUKOPUCTaHHA LWBMAKOI ra3oBun xpomatorpacdii 3
KOPOTKUMW KaninspHAMU KOTNIOHKaMmn BENUKOro JiameT-
pa y noegHaHHi 3 MC (ioHHa nactka ) [7].

CnpaBxHiM pPeBOMIOLINHAM NPOPUBOM LWOAO BAOC-
KOHamneHHs MeTOAiB aHamidy MHOXWHHWX 3aruLKiB
cTana po3pobka MiHimeTogy niarotosku npob: weua-
koro (Quick), npoctoro (Easy), pewesoro (Cheap),
edekTmaHoro (Efective), miuHoro (Rugged) i 6eaneyHo-
ro (Safe) ananiTuuHoro metogy npoboniaroToBku
QUEChERS (Ketuepc) gns aHanisy pisHMX knacis
nectuumais [8]. 3a 4ONOMOro LBOro MeTody napTito
10-20 npob MoxHa migroTyBati Ans xpomarorpadiy-
HOFO BW3HAYEHHS 3anuWKiB NECTULMAHUX Ail0YnX
peyoBuH dopmynsauin (FX/MC abo PX/IMC/MSC) 3a
30-40 xBWIIMH 3a JONOMOrOK OAHOrO aHaniTuka [9].

Cnouatky meToa npobonigrotosku Ketuepc 6ys npu-
3HaYeHUn Ans aHanidy 3anuLkis NecTuuuaiB y pyk-
Tax Ta OBOYaxX 3 BUCOKWM BMICTOM BOAW. 3rodom BiH
LUIMPOKO 3aCTOCOBYBABCS NpW aHanisi 3anuLukis nectu-
UMaiB Ta iHWKX cnonyk y GaraTtboX iHLWWX XapyoBuWX
npogyktax. Y daHui 4ac Habynu nowmpeHHs ABa
metoau KETYEPC 3 BukopucTtaHHsm BychepHux po3yu-
HiB: €Bponencbkuit ctaHaapT EN 15662 €sponeiick-
koro komitety 3i ctaHpapTusauii (CEN) Ta ctangapt
MixHapogHoi acouiauii ximikiB-aHanitukis (AOAC
International).

Hacnpasgai kinekicTb «pobounx» metogis KETHEPC
GinbLue ABOX, OCKIIbKA BOHW TOPKAKTLCS Pi3HUX CMo-

e

Yminb B3, / V. Chonil

To comply with the requirements of the European Baby
Food Directive 1999/39/EC, it is required that baby
food manufacturers provide data on pesticide residues
in food raw materials within 24—48 hours after the sam-
ple is received by the laboratory [5]. Only numerous
pesticide residues analysis methods can solve this
task.

EU Directives 1999/39 [5] and 1999/50 [6] prohibit
the sale of baby food products containing more than
0.01 mg/kg of any pesticide residues, so analytical
chemistry laboratories must have methods for
analysing multiple pesticide residues on this levels or
even at the limit of 0.005 mg/kg for all pesticides. In
addition, in accordance with the principles of quality
management of chemical-analytical measurements,
the results of the content of pesticide residues in the
analysed matrices have an official status only if their
identity is reliably confirmed. This is justified by the fact
that due to the low level of pesticide residues, the prob-
ability of obtaining unreliable positive results increases
significantly. In this case, the use of single mass spec-
trometry or tandem mass spectrometry is the only
alternative. The increase in the sensitivity of determin-
ing pesticide residues when using multiple residue
analysis methods is achieved due to increasing the vol-
ume of the extract introduced into the chromatograph
(5 plinstead of the standard 1 pl) by replacing the dis-
penser insert. In addition, it is facilitated by the use of
fast gas chromatography with short capillary columns
of large diameter in combination with MS (ion trap) [7].

A really revolutionary breakthrough in the improve-
ment of multiple residue analysis methods was the
development of the Mini-method of sample prepara-
tion: Quick, Easy, Cheap, Effective, Rugged and Safe
analytical method of sample preparation —
QUEChERS — for the analysis of different classes of
pesticides [8]. With the help of this method, a batch of
10-20 samples can be prepared for chromatographic
determination of residues of pesticide active sub-
stances of formulations (GC/MS or LC/MS/MS) in 30—
40 minutes with the help of one analyst [9].

The QUEChERS sample preparation method was
originally designed to analyse pesticide residues in
fruits and vegetables with high water content.
Subsequently, it has been widely used in the analysis
of pesticide residues and other compounds in many
other food products. Currently, two QUEChERS meth-
ods which use buffer solutions have become wide-
spread: the European standard EN 15662 of the
European Committee for Standardization (CEN) and
the standard of the International Association of
Chemists (AOAC International).

In fact, there are more than two ‘useful’ QUEChERS
methods, as they concern different methods of sample
preparation (secondary extraction and purification) for
the analysis of multiple pesticide residues, depending

39
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cobiB nigroToBkM Npob (BTOpWMHHA eKCTpaKLis Ta o4u-

LEeHHS) AN aHanisy MHOXWHHKX 3anuLUKiB NeCcTMLMAiB

3anexHo Big TNy (MPUPOAW) Xap4yoBMX MaTpuub, LLO

aHanisytotbcs. Lle Taki TMnu xapyoBux MaTpuup:

- ®pyKTY Ta OBOYI 3 BMCOKOI MirMEHTaLE.

- 3nerka nirmeHToBaHi (hpPyKTW Ta OBOMi.

- [irmeHTOBaHI PpyKT Ta 0BOMI 3 BOCKamu/ ninigamu.

- MpoaykT 3 BUCOKUM BMICTOM fiNigiB (NPOAYKTY TBa-
PUHHOTO NMOXOKEHHS, Ofii Ta ropixu).

- BuHo Ta aroaw.

- PocnnHHicTb i3 xnopodinom.

- 3naku Ta 3epHOBI NPOAYKTU.

3anexHo Big TNy aHanisoBaHoOi xap4yoBOi MaTpuL
3MIHIOETLCS KifbKICTb Lit0UMX PEYOBUMH MECTULMOHMX
dopmynsuin, sika 3aranom Moxe caratu noHag 250.

Pesynbratn. Ak X BUCHOBKM MOXHa 3pobuty Ha
nigcTaBi PO3rNAHYTOrO Matepiany y CBiTNi NOAANbLLLOro
06roBopeHHs npobrnemu po3pobku MeToAiB aHanidy
GaraTbox Airounx pevoBuH HOpMynsLii necTuumais Ta
maTtpuLp?

Mo-nepwe, cnig 3asHa4nTW: OCHOBOW Ta NpakTWy-
HOKO HeoDXigHICTIO (y TOMY 4ucni W EeKOHOMIYHOH))
BUKOPWCTaHHA METOAIB aHanidy MHOXWUHHUX 3anuLuKiB
nectuumgis y nabopartopisx aHaniTMyHoi Ximii KpaiH
€C €, KpiM BUKOHaHHS HaLiOHaNbHUX NPOrpam MOHITO-
PUVHTY 3anuLKiB NecTUUMAiB y XapyoBUX MPOAYKTaX,
060B'sA3k0Ba y4acTb y «baraTopiyHii nporpami koopau-
HOBAHOMO KOHTpONto». BignosigHo A0 OCTaHHLOI mpo-
rpamu npoTarom Tpbox pokis (2022-2024 pp.) 169 gito-
YUX PEYOBUH NECTULMHMX (DOPMYNALiA NMOBUHHI ByTw
nigaaHi MOHITOPMHIY B 36 XapyoBWX MPOAYKTax poc-
MWHHOTO Ta TBApPWHHOTO MOXOMKEHHS ANA 4Oro, §K
3a3Havanocs Bule, HeobxigHO npoaHanisyBaTy
6nu3bko 100 000 npob [4]. Yn € «BennYesHOK Kinbki-
CTIO» KifbKICTb Gil04MX PEYOBUH NeCTULMAHUX opMy-
nauin (169) Ta kinbkicTb xapyoBux Matpuub (36)?
OuyeBnaHo, Hi. List KinbKiCTb € BENMKO. A OCb KinbKiCTb
KOMBiHaLi AiloYnMx pevyoBUH MECTULMOHMX opMyns-
LN Ta Xap4oBWX MaTpuLb POCIIMHHOTO Ta TBAPMHHOTO
NOXOMKEHHS, Ska Mae ByTu npoaHanioBaHa (6nn3bko
100 000), wob oTpumaTn peansHy Ta AOCTOBIPHY kap-
TWHY BIZNOBIAHOCTI MaKCUManbHUM PIBHAM 3anuLUKO-
BUX KiMbKOCTEN NecTuuuaiB Aons ouiHku iX BAnMBYy Ha
CMOXMBaYiB CMpaBAi € BeNMYe3Ho. BrukoHaHHs aHani-
3y TaKoi KiflbkOCTi Npob y po3ymHi TepMiHu 6e3 Bukopu-
CTaHHA MeTodiB aHani3y MHOXWHHUX 3amnLUIKIB HEMOX-
nuee. OTxe, ansTepHATVBU METOAAM aHani3y MHOXWH-
HUX 3aNMLLKIB HE iCHYE.

Mo-ppyre, cnig 3ayBaxuTu: pesynsrati pPo3pobku
METOAIB MiHiaHani3y MHOXUHHWX 3a5MLLKIB Y Xap4YOBUX
npoAyKTax NePeKoOHNMBO MoKasanu, Lo He MOXHa po3-
pobuT oauH MeTod, Sk J03BoNsB 6u aHanidysatu
BCi MaTpuui Ta pAilodi pevyoBuHM 6€3  BUHATKY.
CrBoptotoun Taki metoau, 06oB'a3koBO NOTPIGHO Bpa-
XOBYBaTW XiMiYHi BMACTUBOCTI Ta nNpupogdy AaHoi mart-
puLi Ta LiK040i PeYOBMHM. FK 3a3Ha4anocs BuULLE, HUHI
3 ypaxyBaHHSM NpUPOAM aHani3oBaHOi MaTpuli pos-
pobrneHo Ta BMKOPUCTOBYETbCA 7 MeTopdiB. Kpim Toro,

e

on the type (nature) of food matrices analysed. These

are the following types of food matrices:

- fruits and vegetables with high pigmentation;

- slightly pigmented fruits and vegetables;

- pigmented fruits and vegetables with waxes/lipids;

- products with a high content of lipids (products of
animal origin, oils and nuts);

- wine and berries;

- vegetation with chlorophyll;

- cereals and grain products.

Depending on the type of analysed food matrix, the
number of active substances of pesticide formulations
changes, which can reach more than 250 in total.

Results. What conclusions can be drawn based on
the considered material in the light of the further dis-
cussion of the problem of developing methods for the
analysis of numerous active substances of pesticide
formulations and matrices?

First of all, it should be noted that the basis and prac-
tical necessity (including economic) of the use of multi-
ple pesticide residue analysis methods in analytical
chemistry laboratories of the EU countries is, in addi-
tion to the implementation of national programmes for
monitoring pesticide residues in food products, manda-
tory participation in the Multy-Annual Coordinated
Control Programme (MACCP). According to the latest
programme, within three years (2022-2024), 169
active substances of pesticide formulations should be
monitored in 36 food products of plant and animal ori-
gin, for which, as noted above, it is necessary to
analyse about 100,000 samples [4]. Are the number of
active ingredients in pesticide formulations (169) and
the number of food matrices (36) ‘a huge amount'?
Obviously not. This number is large. But the number of
combinations of active ingredients of pesticide formula-
tions and food matrices of plant and animal origin,
which must be analysed (about 100,000), in order to
obtain a real and reliable picture of compliance with the
maximum levels of residual amounts of pesticides to
assess their impact on consumers, is really huge.
Analysing such a large number of samples within a
reasonable time frame is impossible without the use of
multiple residue analysis methods. Therefore, there is
no alternative to the methods of analysis of multiple
residues.

Secondly, it should be noted that the results of the
development of methods for mini-analysis of multiple
residues in food products have convincingly shown that
it is not possible to develop a single method that would
allow the analysis of all matrices and active substances
without exception. When creating such methods, it is
necessary to take into account the chemical properties
and nature of this matrix and the active substance. As
mentioned above, currently, taking into account the
nature of the analysed matrix, seven methods have
been developed and are used. In addition, polar active
substances of pesticide formulations are such as
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MONApHI 4ilodi PEYOBMHU MECTULMOHMX POPMYnsALin
Taki, gk rnidocar, 2,4-aMxnopeHoKCioLToBa K1CnoTa
(2,4-0), fukear Ta iH. He MOXYTb ByTW | He € Npeame-
TOM METOZAIB MHOXUHHUX 3anULLKIB.

O6roBoptoryM po3pobKy Ta BUKOPUCTaHHA METOAIB
aHaniay 6araTbox Air4nx pe4oBUH HOpMYnsLi NecTu-
umais Ta matpuue (MABIT), cnig 3BepHyTV yBary Ha
HETOYHICTb, JonyLleHy po3pobHMKaMK METOAIB aHani-
3y Garatbox nectmumnzis [10]. BoHn BBaxaroTh, WO L
MeToau Npu3HaveHi Ans KOHTPOMO AKOCTI necTiuma-
HUX npoaykTiB (opmynauin). BignosiaHo Ao octak-
HbOI pegakuii Cneumdikauin PAO/BOO3 gns xiMivyHMx
nectuumais [11] KOHTPONb SKOCTI NECTULMAHMX Npo-
AYKTIB BKNOYaeE:

- BCTAHOBNEHHS! iEHTUYHOCTI Aito40l peHOBUHU(-UH);

- BU3HAYEHHS BMICTY [il0401 Pe4OBUHU(-WH);

- BU3HAYEHHS IOMILLIOK;

- BU3HAYeHHs (i3nKO-XiMiYHNX BNaCTMBOCTEN NecTu-
umaHoi hopmynauii.

MABIT MeToau NpusHaYeHi He AN KOHTPOMO SKOCTi
NeCTULMAHUX NPOAYKTIB, 5K MOMMWIIKOBO BBaXaloTb
aBTOPM iXHbOI PO3pPOOKK, @ ANs BCTAHOBMEHHS ineH-
TUYHOCTI [it040i PeYOBUHM Ta BM3HAYEHHS ii BMICTY B
necTuUngHin dopmynauii BiANOBIiAHO ao
Cneumdikauin ®AO/BOOI Ta ceptudikaTis BUpOOHU-
Ka/npogasus. BCTaHOBNEHHS iAEHTUYHOCTI Ta BU3Ha-
YEHHS KifIbKOCTi [i040T pe4OBUHU Y NECTULMAHIN ¢op-
Mynsuii € nuwe ABoMa CK1agoBUMM KOHTPOSHO 3a SiKi-
CTIO NECTULMAHNX NPOOYKTIB.

Ha BigmiHy Big «BbaratopiyHoi nporpamu koopauHo-
BaHOTO KOHTPOMIO» Xap4yoBWX MNPOAYKTIB He iCHye
3aranbHOEBPONENCLKOI NPOrpamMn KOHTPOI  SKOCTI
necTuumaHux npogyktis. B €C 1oro 3aiicHo0nTb
HaujioHanbHi nabopatopii BignosigHo £o [locibHuka
Ans HauioHanbHUX nabopatopi [12] Ta BUKOPUCTO-
BYIOTb A4N14 LUboro ogoiinHi metogm CIPAC. OueBugHo,
3aranbHOEBPONENCLKOI NPOrpamMn KOHTPOIID  SKOCTI
NeCTULMOHUX NPOAYKTIB SK Takoi He Moxe ByTu. Agxe
KOXHa KpaiHa-uneH €C noBWMHHA 3AIMCHIOBATU KOHT-
pornb SKOCTi NeCTULUAHNX hOPMYNALIN, SKi BOHA BUKO-
PUCTOBYE Y CBOIl CiNbCbKOrOCNOAAPChKin NpakTuLi Ans
3aXMCTy CiNlbCbKOrocnogapChkux KynbTyp, LWO BUPO-
LLYIOTLCS B 3aMEXHOCTI Bif KNiMaTUYHMX YMOB i 0CO6-
NBOCTEN HaLOHaNbHOTO paLioHy xapvyBaHHs. KpaiHu
€C He 3060B'A3aHi 34iiICHIOBATI KOHTPOIMb 3a SKICTHO
BCIX NecTuumaHnx dopmynsauii. Tomy roBoput npo
BENMYE3HY KiNbKiCTb Ai04MX PEYOBUH Ta OpMynsLii,
MPUCYTHIX Ha CBITOBOMY PUHKY, SIKi HIBUTO MatoTb ByTK
npoaHanisoBaHi B HauioHanbHUX nabopatopisx KOHT-
ponto sikocTi EC, He goBoguTbes. OTxe, aprymeHTauis
OO0 3HAYHMX (DIHAHCOBUX BUTPAT, € XUBHOH.

Kpim Toro, cnig 6pati 4o yBaru Lie 0auH acnekT L€l
npobnemun. Po3pobka Ta HasBHICTb METOAIB aHanisy
Ai04nX PEYOBUMH Y TEXHIYHWUX MaTepianax Ta opmMyns-
Lisix nectuumais € 060B'A3KOBO ANs AOCHE, LLO Npea-
CTaBnsE 3as1BHUK, @ TakKoX A9 peecTpaLii KOHKPETHOI
necTuumMaHoi popmynauii Ans BUKOPUCTAHHSA Y Cinlb-
cbkorocnogapcbkin npaktuui. llicns NpoxomKkeHHs

e

Ynine B4 / V. Chmil

glyphosate, 2,4-dichlorophenoxyacetic acid (2,4-D),
diquat, etc. cannot be and are not the subject for mul-
tiple residue methods.

When discussing the development and application of
numerous active substances of pesticide formulations
and matrices methods of analysis (MAIMM), attention
should be paid to the inaccuracy allowed by the devel-
opers of methods for the analysis of numerous pesti-
cides [10]. They believe that these methods are intend-
ed for quality control of pesticide products (formula-
tions). According to the latest revision of the FAO/WHO
Specifications for Chemical Pesticides [11], quality
control of pesticide products includes:

- establishing the identity of the active substance(s);

- determination of the content of the active sub-
stance(s);

- determination of additives;

- determination of the physicochemical properties of
the pesticide formulation.

MAIMM methods are not intended to control the
quality of pesticide products, as their authors mistaken-
ly believe, but to establish the identity of the active sub-
stance and to determine its content in the pesticide for-
mulation in accordance with the FAO/WHO
Specifications and the manufacturer’s/seller’s certifi-
cates. Establishing the identity and determining the
amount of active substance in a pesticide formulation
are only two components of quality control of pesticide
products.

There is no pan-European quality control programme
for pesticide products like the Multi Active Ingredient
and Matrix Methods. In the EU, it is carried out by
national laboratories in accordance with the Guide for
national laboratories [12] and official CIPAC methods
are applied for this purpose. Obviously, there cannot be
a pan-European quality control programme for pesti-
cide products as such. After all, each EU member state
must carry out quality control of pesticide formulations
that it uses in its agricultural practice to protect agricul-
tural crops grown depending on climate conditions and
the characteristics of the national diet. EU member
states are not obliged to monitor the quality of all pes-
ticide formulations. Therefore, it is not necessary to talk
about the huge number of active substances and for-
mulations present on the world market, which should
supposedly be analysed in the national quality control
laboratories of the EU countries. Therefore, the argu-
mentation regarding significant financial costs is an
erroneous one.

In addition, one more aspect of this problem should
be taken into account. The development and availabil-
ity of methods for the analysis of active substances in
technical materials and pesticide formulations is
mandatory for the dossier presented by the applicant,
as well as for the registration of a specific pesticide for-
mulation for use in agricultural practice. After full-scale
collaborative testing, they are classified as CIPAC
methods and mentioned in the FAO and WHO specifi-

41
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NoBHOMACLITabHMX CninbHWX BUNPOOYBaHb BOHM Kna-
cudpikytotbes sk metoam CIPAC i sragytotbes y cneum-
tikauisx ®AO ta BOOS3 gns nectuumais ons KOHTPO-
Mo AKocTi nectuumMgHux dopmynauin. Ui oguHouHi
metoam CIPAC BUKOHYHOTb CBOK (OyHKLtO, OTXeE, YHe-
MOXIUBIIOTb 3aCTOCYBaHHSA HEAKICHUX NECTULMOHUX
dopmynsLin B CinbCbKOrocnogapchbkii npaktuui. Ta-
KMM YMHOM, Y¥ NPaBOMIPHO BMMaraTu Bif 3asiBHMKa
MpW peecTpaLii KOHKPETHOI NecTuuuaHoi opmynsuii
NPEeACTaBnATM METOA aHanisy Ail4nxX PEYOBUMH, AKi He
MICTATbCA B AaHin popmynauii?

Cnig BpaxoByBaTh i Ty 06CTaBWHY, WO, Ha Hally
LYMKY, MPaKTUYHO HE MOXeE iICHYBaTW TOTarnbHWA KOHT-
porb YCiX necTuumuaHnx opMynsauin, agxe Ha CBiTo-
BUW PUHOK HAAXOAWTb B OCHOBHOMY MPOAYKUiA Bigo-
Mux  ipmM-BUPOOHWMKIB, sKi 3apekomeHgysanu cebe
sIKHaliKkpaLle. BoHu He puaunkyBaTUMyTb CBOEI penyTa-
Li€to, NOCTaBNAYM HEAKICHI NeCTULMAOHI NPOaYKTY.

lMpoaykuis umx dipM 3a3BMUYai He NOBKUHHA NignaraTy
KOHTpOMto. Are He MOXHa BUKMIOYMTW TakoX moTpar-
NSAHHSA Ha CBITOBWW PUHOK NECTULMAHUX (DOPMYMALLiV
noraHoi SKOCTi Ta nigpobok BigoMuX ipM-BUPOBHNKIB.
Omxe, mae ByTn BMBIPKOBUIM KOHTPOMb, SKUA MOBUHEH
BKITHOUATM iOEHTUIKALLiIO Ait0UMX NECTULMAHNX PEHOBUH
dhopMynsLif Ta BU3HAYEHHS IXHBOTO BifCOTKOBOIO BMi-
CcTy. Brpayat nunbHiCTb He MOXHa. 3a AESKUMU AaHU-
MK nNigpobku B CBITI JOCAMKU OYy>KE BMCOKOTO PiBHSI.
lMippobka Moxe MICTUTW NpaBWIbHY GiloYy PEYOBUHY i
HeoOXigHy i KOHLEHTpauil. Y uMx BWNagkax HaBeiTb
metoam ['X-MC abo PX-MC, He kaxyuu Bxe npo METOAM
X -Nig abo BEPX-Y®, He MOxXyTb BUSIBUTM MigpoOKy.
Wo6 ii igeHTndpikyBaTM cnig BMKOpWUCTaTM METOAM
dyp'e-I4-cnektpockonito Ta AMP-cnekTpockonito.

Takum 4YMHOM, OCb BIiAMOBiAb Ha MepLle MUTaHHS,
nocTaBrieHe Ha noyatky Uuiei ctaTTi. 3Baxawun Ha
obcar pobotn, siKy NOBMHHI BUKOHYBATW HaLjiOHASbHi
nabopaTtopii 3 KOHTPOM AKOCTi NECTULMAHNX POpMy-
NALIA | ki abCOMOTHO HECYMICHWUIA 3 TUM Bennyes-
HUM obcsirom poboTH, sika NOBMHHA | MOXe ByTuW BUKO-
HaHa B pesynbTaTi MOHITOPWHIY XapyoBWX NPOZAYKTIB
TifIbKN 3 BUKOPUCTAHHSAM METOAIB aHani3y MHOXWUHHUX
3anuLLKIB, CMif BU3HATK, LLO HaranbHOi HeobXigHOCTI B
po3pobui Ta noganbLWoMy BUKOPUCTaHHI MeToAB aHa-
nisy chopmynsauin necTmumais, Wo MictaTb 6arato gito-
YUX PEYOBMH Ta MaTpULb, HEMAE.

[nsa Bsignosigi Ha Apyre nUTaHHS, SiKe CTOCYETbCA
TEXHIYHOI MOXIIMBOCTI pO3pOOKM OHOrO MeTomy Ans
aHanidy GaraTbOX [iHO4MX PEYOBWH i MaTpuub, LWO
iCTOTHO PIi3HATLCA 3a CBOIMM (PI3UKO-XIMiYHUMK BRa-
CTMBOCTSIMW, Hamn Bynn po3rnsHyTi METOAW aHanisy
TeXHiYHUX MaTepianis Ta opmynauin nectuumais,
onybnikoBaHi B HacTynHux nocibHnkax MPCAXI
(CIPAC Handbook): CIPAC 1A, 1B, 1C, D, E, F, G, H,
J,K, L, M, N, O ta P [13-28].

Hacamnepen HeobxiaHO Big3HauUTH, WO Ha BiOMiHY
BiJ METOAIB aHanisy 3anulLKiB nectuumgis, MeEToau
CIPAC onsi BU3HaYeHHs ieHTUYHOCTI Ta BMICTY Aito-
YUX PEYOBUH Y TEXHIYHMX MaTepianax Ta popmynsLisx

e

cations for pesticides for quality control of pesticide for-
mulations. These single methods of CIPAC perform
their function, which makes it impossible to use low-
quality pesticide formulations in agricultural practice.
So, is it right to require that the applicant, upon regis-
tration of a specific pesticide formulation, should pre-
sent a method of analysis of active substances that are
not contained in this formulation.

We should also consider the fact that, in our opinion,
it is practically impossible to have total control of all
pesticide formulations, because the world market
mainly receives products of well-known manufacturing
companies that have proven to be the best. They will
not risk their reputation by supplying poor quality pesti-
cide products.

The products of these companies should not usually
be subject to control. However, it cannot be ruled out
that pesticide formulations of poor quality and counter-
feits of well-known manufacturing companies enter the
world market. Therefore, there should be a selective
control, which should include the identification of active
pesticide substances in the formulations and determi-
nation of their percentage content. It is impossible to
lose vigilance. According to some data, counterfeiting
in the world has reached a very high level. A counterfeit
may contain the correct active ingredient and its
required concentration. In these cases, even GC-MS or
LC-MS methods, not to mention GC-FID or HPLC-UV
methods, cannot detect a fake. Fourier-IR-spec-
troscopy and NMR-spectroscopy methods should be
used to identify it.

Thus, here is the answer to the first question posed
at the beginning of this article. Considering the amount
of work that must be done by national laboratories for
the quality control of pesticide formulations, which is
completely incompatible with the enormous amount of
work that should and can be done as a result of food
monitoring using only multiple residue analysis meth-
ods, it must be recognized that there is no urgent need
in the development and further application of methods
for the analysis of pesticide formulations containing
numerous active substances and matrices.

To answer the second question, which concerns the
technical possibility of developing one method for the
analysis of numerous active substances and matrices
that differ significantly in their physicochemical proper-
ties, we considered the methods of analysis of technical
materials and pesticide formulations published in the
following manuals of the CIPAC Handbook: CIPAC 1A,
1B,1C,D,E,F, G, H, J,K, L, M, N, O and P [13-28].

First, it should be noted that, unlike the methods of
pesticide residue analysis, CIPAC methods for deter-
mining the identity and content of active substances in
technical materials and pesticide formulations do not
include the stage of purification of the resulting solu-
tions (extracts). The procedure for preparing samples
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necTuumaiB He MICTATb CTafil OUYMLLEHHS OfepXaHuX
po34uHiB (ekcTpakTi). MNpoueaypa nigrotosky Npob fo
aHanizy metogis CIPAC 3a3Buyaii MicTuTb ABi CTagii:
1) po3uMHeHHs Ta/abo ekcTpaKLis HaBilLyBaHHS NecTu-
LmaHoi hopmynaLii 3 BUKOPUCTAHHAM OpraHiyHuX pos-
YMHHWKIB abo iX Cymilei, y TOMY YnChi 3 KMcnoTamu Ta
nyramu; i 2) ginsTpauis ogepxaHoro posunHy abo exc-
Tpakty. Ha niacraei posrnagy metogis CIPAC 6yno
BCTaHOBMNEHO: AN NIAroTOBKM NPob TEXHIYHMX MaTe-
pianis Ta necTuUMaHUX opmynauin go igeHTudgikawii
Ta KifIbKiCHOrO BM3Ha4YeHHs 232 fitounx peyvoBuH Gyno
BUKOPUCTaHO 82 pi3Hi OpraHiYHi PO3YMHHKKM Ta iX CyMmi-
LUi, BKMOYAKYM CYMILLi 3 KUCMOTaMK, NnyramMmu Ta BOAOH.
Hanyacriwe BUKOPUCTOBYBaNWUCA TaKi PO3YMHHUKM SK
auetoH (17,2 %), auetoHitpun (14,2 %), metaHon (7,1 %),
auetoHiTpun+eoga (5,2 %), auxnopmetaH (5,2 %),
xnopodopm (4,9 %), metanon+soga (2,9 %), Tonyon
(2,3 %) Ta TetparigpodypaH (1,9 %).

CucTtema koaudikauii nectuumaHux dopmynsuin
ANS BUKOPUCTaHHS B YkpaiHi MicTUTb 85 HalmeHyBaHb,
a CsitoBoi egepauii BupobHukis 33P (Crop Life
International) — 109. He moxHa po3pobutn Takun
meTopq aHanisy, Lo A03BoNsB 6u aHaniyeaTtu BCi MaT-
puui Ta gitoun pevosuHU. Mpu po3pobui 060B'A3k0BO
Tpeba BpaxoByBaTW XiMiYHYy Ta (isnyHy npupogy mat-
puli Ta Ailov0i PEYOBUMHM NECTULMAOHOT hopmMynsLii.
Ocb yomy B Mmetopgax CIPAC gns igeHtudpikauii Ta
KiNbKICHOMO BU3HAYeHHS 232 Oil04nX PEYOBUH Y TEXHIY-
HUX MaTepianax Ta opMynsALiax NecTUUMaiB BUKOPU-
CTaHO 82 opraHivHi PO3YMHHUKM Ta iXHi CyMiLli.

PospobHukn MAMIT meTogiB nuLyTh: «AHANITUYHUIA
meToz Ans 6aratbox NecTuumais 'pyHTYETLCA Ha npo-
Lefypax nigrotoBkM Ta ekcTpakuii npob, siki 3acToco-
BytoTbCcs B eTanoHHux metogax (CIPAC abo AOAC),
Ak nponwnu Banigauio» [10]. HagasuyanHo npocTu-
MW Y BUKOHAHHI € CTagii MigroToBku Npob OAMHOYHMX
necTuumaHux opmynsauin fo igeHTudikawii Ta Kinb-
KICHOrO BW3HAYEHHS1 Oi0YMX PEYOBUH (PO3YMHEHHS/
eKCTpakuis Ta ginbTpauis). BoHn He BuMaratoTb cknag-
HOro obnagHaHHs, 0bMeXyTbCA CKNSHUM NOCYA0M Ta
NpUCTOCYBaHHAMKU BaraTopa3oBoro BUKOPUCTaHHS.
Ocb YoMy HeOPEYHO HaNoMernmBo rOBOPUTH NPO EKO-
HOMiuHi nepesaru metoais MAMI, akueHTyoun yBary
Ha MiHiMi3aLii BUKOPUCTaHHSA peakTUBIB, EKCTPaKLiiHO-
ro obnagHaHHs Ta cknsHoro nocyay. Lo x go sukopu-
CTaHHS BENUKOI KiNbKOCTI Pi3HMX HabuBHWMX Xpomaro-
rpadpiyHMx KonoHok y metogax aHanisy CIPAC Ta 3sia-
CU 3HAYHOrO NOJOPOXYAHHA BapTOCTi aHanisy, To 3
LbOro NpuMBOAY Crig 3a3HayuTWl, WO B YCiX MeToaax
aHanisy TexHiYHUX MaTepianis Ta opmynauin nectu-
umais Ha ocHoBi X, ony6nikoBaHWX B OCTaHHii 36ipui
CIPAC [CIPAC Handbook, volume P, 2021], Bukopu-
CTaHi KaninsapHi KONMOHKM.

Po3pobHukm MAMI meTogis BU3HatOTh: «[eski aitodi
PEYOBUMHU 3 HU3LKOI NETIOYICTIO (Hanpuknag, nipeTpoi-
an, dosanoH) abo dopmynauii, SKi BaXKO roMoreHisy-
BaTh (Hanpuknag, CyCrneHsiiHi koHueHTpaTtn abo rpa-
HYynK, WO MICTATb Tepbydoc i kpesokcum meTun, gop-

e
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for the analysis with CIPAC methods usually includes
two stages: 1) dissolution and/or extraction of the sus-
pension of the pesticide formulation using organic sol-
vents or their mixtures, including acids and alkalis; and
2) filtration of the resulting solution or extract. Based on
the review of CIPAC methods, it was established that
82 different organic solvents and their mixtures, includ-
ing mixtures with acids, alkalis and water, were used
for the preparation of samples of technical materials
and pesticide formulations for the identification and
quantification of 232 active substances. The most fre-
quently used solvents were acetone (17.2%), acetoni-
trile (14.2%), methanol (7.1%), acetonitriletwater
(5.2%), dichloromethane (5.2%), chloroform (4.9%),
methanol+water (2.9%), toluene (2.3%) and tetrahy-
drofuran (1.9%).

The system of codification of pesticide formulations
for use in Ukraine contains 85 names, and the Global
Federation representing the plant science industry
(PPP producers) CropLife International names 109. It
is not possible to develop such a method that would
allow the analysis of all matrices and active sub-
stances. When developing, it is necessary to take into
account the chemical and physical nature of the matrix
and the active substance of the pesticide formulation.
That is why 82 organic solvents and their mixtures
were used in the CIPAC methods for the identification
and quantification of 232 active substances in technical
materials and pesticide formulations.

The developers of MAIMM methods write: “The ana-
lytical method for numerous pesticides is based on
sample preparation and extraction procedures used in
reference methods (CIPAC or AOAC) that have passed
validation” [10]. The stages of sample preparation of
single pesticide formulations for identification and
quantification of active substances (dissolution/extrac-
tion and filtration) are extremely easy to perform. They
do not require complex equipment, are limited to glass-
ware and reusable devices. That is why it is not appro-
priate to insist on the economic advantages of MAIMM
methods, emphasizing the minimization of the use of
reagents, extraction equipment and glassware. As for
the use of a large number of different packed chro-
matographic columns in CIPAC analysis methods and
hence a significant increase in the cost of analysis, it
should be noted in this regard that in all GC-based
methods of analysis of technical materials and pesti-
cide formulations published in the latest CIPAC compi-
lation [CIPAC Handbook, volume P, 2021], capillary
columns were used.

The developers of MAIMM methods admit: “Some
active substances with low volatility (for example,
pyrethroids, phazolon) or formulations that are difficult
to homogenize (for example, suspension concentrates
or granules containing terbufos and kresoxim methyl,
formulations with controlled release) are demanding to
analyse.”
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MynsLii 3 KOHTPONbOBAHUM BUBIMbHEHHSAM) BUMOIIUBI
[0 aHaniy».

AHaniTnyHa anapaTtypa, Sika HUHI BUKOPUCTOBYETLCS
npu po3pobui metogis CIPAC abo AOAC i MAMI
meTopiB ogHakoBa, a came: X M1, BEPX 3 YO-netek-
TyBaHHAM (giogHa matpuug), MX/MC.

Po3pobHukm MAMIT meTogiB He MPOMOHYTb HOBKX
npouenyp NiarotoBkn npob TexXHiYHMX MaTepianis Ta
necTuumMgHMx (OpMynauin O aHanisy, a BUKOPUCTO-
BYKOTb Ti, WO onucaHi B ogiuinHnx metogax CIPAC.
lMapk aHaniTMyHOro obnagHaHHA Ans iaeHTudikaii ta
KiNbKICHOrO BU3HAYEHHS Lil04MX PEYOBMH Y NECTMLmMa-
HUX NpoAYKTax, Lo BukopuctoByeTbcs B MAMIT meTo-
nax ta metogax CIPAC ta AOAC igeHTn4HuMiA. €amHa
BigMiHHicT MAMIT meTogis Big metoais CIPAC i AOAC
nonsrae y BukopuctaHHi ans X npouenypu ABoX pis-
HUX KaninsapHux KOMOHOK, a Ans npouenyp BEPX Ta
CBEPXEPX — gBox pi3Hux pyxomux ¢as.

BucHoBku. MeTtoau aHanidy Garatbox nectuuuzis
(MAMI) ans igeHTMdikauii Ta KinbKiCHOro BU3HaYEHHS
LiH04MX PEYOBUH NECTULMOHMX (POPMYNALIA HE MaKOTb
XOOHMX Nepe.ar y NOpiBHAHHI 3 odiLiHUMK MeTogamMu
CIPAC npu BMKOPUCTaHHI KaninspHWUX KOMOHOK y pasi
X abo pisHux pyxomux a3 y pasi BEPX. Metoau
MAMIT MOXyTb BMKOPUCTOBYBAaTUCb HaLiOHANbHUMM
nabopaTopisiMn KOHTPOIMK SKOCTi NECTULMAHKUX Mpo-
AykTiB nopag 3 odiuinkumun metogamu CIPAC.

lMponoHyeTbCs po3pobKy Ta HASBHICTb OAMHOYHMX
METOAIB aHanidy [il4nX PeYOBUH Y TEXHIYHUX MaTepia-
nax Ta opMynauisx necTuumais 3anuwut 0boB'a3ko-
BOIO AJ191 [LOCbE, SIKE NMPEACTaBISE 3a9BHUK NECTULMAOHOI
opmynauii gns peectpauii KOHKPeTHOI dpopmynsauii
ANS BUKOPUCTaHHS Y CinbCbKOroCnogapChKii NpakTuLi.

Po3spobHukam JouinbHO 3ocepeauTyi CBOI 3yCcunns Ha
CTBOPEHHI METOiB aHanisy necTuungHnx opmynsuiin,
Wo MiCcTATb 2-3 Aitodi peyoBuHW. MNpakTyHa [ouink-
HICTb PO3POOKM TakMX METOAIB HE BUKIIMKAE KOOHMX
CYMHIBIB. IMOBIpHICTb NO3NTUBHMX PilLEHb TAKOX BMCO-
ka. Kpim Toro, CIPAC moxe 3BepHyTMCS 3 MPOMO3MLLIEID
[0 3asBHUKIB NecTUuMaHnX dopmynauin, wob y pasi
peecTpaLii necTuuuaHoi hopmynsuii, Wo MICTUTb Kinb-
Ka ito4Mx PeYOBUH, [OCHE, MO MOXIIMBOCTI, MICTUINO He
MOOOMHOKI METOAW aHanisy Ailo4nx PevoBWH, a OAWH
METOA aHanidy Ans BCiX Ail0YMX PEHOBUH.

e

Analytical equipment that is currently used in the
development of CIPAC or AOAC methods and MAIMM
methods are the same, namely: GC-FID, HPLC with
UV detection (diode array), and GC/MS.

The developers of MAIMM methods do not propose
new procedures for preparing samples of technical
materials and pesticide formulations for analysis, but
use those described in the official methods of CIPAC.
The park of analytical equipment for identification and
quantification of active substances in pesticide prod-
ucts used in MAIMM methods and CIPAC and AOAC
methods is identical. The only difference between the
MAIMM methods and the CIPAC and AOAC methods
is the use of two different capillary columns for the GC
procedure, and two different mobile phases for the
HPLC and ULTRAHPLC procedures.

Conclusions. Multy Active Ingredient Matrix
Methods (MAIMM) for the identification and quantifica-
tion of active ingredients in pesticide formulations have
no advantages over official CIPAC methods when
using capillary columns in the case of GC or different
mobile phases in the case of HPLC. MAIMM methods
can be used by national pesticide product quality con-
trol laboratories alongside official CIPAC methods.

It is proposed to retain the development and avail-
ability of single methods of analysis of active sub-
stances in technical materials and pesticide formula-
tions mandatory for the dossier submitted by the appli-
cant of the pesticide formulation for registration of a
specific formulation for use in agricultural practice.

Developers should focus their efforts on creating
methods for analysing pesticide formulations contain-
ing 2-3 active substances. There is no doubt about the
practical feasibility of developing such methods. The
probability of positive decisions is also high. In addi-
tion, CIPAC may suggest applicants of pesticide formu-
lations that, in the case of registration of a pesticide for-
mulation containing several active substances, the
dossier should possibly contain not single methods of
analysis for the active substances, but one method of
analysis for all active substances.
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