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LepxasHe nidnpuemcmeo «Haykosut yeHmp npeseHmueHOI MoKcuKonoaii, xap4oeoi ma XiMiyHoi 6esneku
imeHi akademika J1. |. Medeedsi Minicmepcmea 0xopoHu 300p08's YkpaiHu,
M. Kuis. YkpaiHa

HArANbHICTh FAPMOHISALII BITYA3HAHAX METOMIB
RHAMI3Y NECTHLMAIB Y CIIbCKOr0CNOAAPChKIA
TA NPOIOBONbLYIA CHPOBHHI, XAPYOBHX MPOMYKTAX,
KOPMAX 1 06’CKTAX NOBKIINA LI0AO BHMOr
EBPONEMCHKOr0 COK3Y, OPFAHI3ALII EKOHOMIYHOIO

CNIBPOBITHALTBA TA POIBHTKY
Yactikia 1. SATANbHI ACTEKTH NEPEA- | MCTAPEECTPALIAKMX METOIB
AHAMI3Y 3AMHLIKIB NECTHIHMMIB

PE3KOME. Mema. Po32risi0 3a2anbHUX acriekmie po3pobku ma eukopucmaHHsi neped- i nicns peecmpauitiHux Memodie aHa-
nidy 3anuwkig necmuyudie €sponelicbkoeo Corosy (EC) ma OpeaHisayjii eKOHOMIYHO20 CrigpObIMHUYMEea ma po3gumKy
(OECP) e npodykmax xap4yeaHHsi, Kopmax i 06’ekmax 008Kinnis ma HadaHHS npono3uyiti w000 po3pobKu ma emineHHs 8
rpakmuKy 8uKkopucmarHsi 8im4u3HsHUX AoKyMeHmig y uill 2arnyasi.

Mamepianu ma memodu. AHanimuy4Huli 02rsid MemoOuy4HUX | 3akoHoOas4ux dokymeHmig €C i OECP i Haykosux ny6nikauid,
npucesiyeHuUx po3pobuyi ma sukopucmaHHi Memodie aHanisy 3anuwikie necmuyudie 0ns ompumaHHs daHuX Or1si OUiHKU 8ru-
ey necmuyudie Ha lOOUHy (OuiHKa pu3uKy) ma 008Kins, Orsi 8CMAaHOBNEHHST MakKCUuMasbHUX pigHie 3amuuikie necmuyudie
(MP3, MRLs), abu 3abesneyumu koHmposb 3a dompumaHHsam ecmaHoeneHux MP3 i uinet MoHimopuHey. YkpaiHcbKi 3akoHO-
0asui oKymeHmU, sKi peanameHmyoms po3pobKy ma sukopucmarHs Memodie aHaniy 3anuwikie necmuyudie 0n1s1 nabopa-
MopHO20 KOHMPOto, nompebyroms icmomHo20 doonpauyrosaHHs 32i0Ho 3 sumozamu €C i OECP.

BucHoeku. Cchopmynbo8aHO npono3uyii ujo00 CMeOPEHHsT 8IMYU3HSHO20 KepieHUumea 3 po3pOobKU ma 8UKopUCMaHHS
mMemodie aHani3y 3anuwikige necmuyudig On1si OUiHKU PU3UKy ma reped- i nicnspeecmpayiliHo2o KOHMPOITo, @ Makox uinel
MOHImopuHay Ha rnidcmasi kepieHux dokymeHmig €gponelicbkoeo Corosy (€C) ma OpeaHizauii eKoHOMIYHO20 crnigpobimHuum-
ea ma po3sumky(OECP).

Knroyoei croea: 3acobu 3axucmy pocnuH (33P), necmuuyudu, makcumarnbHi pieHi 3anuwkie (MP3), memodu aHanisy, neped-
peecmpauitivi memoOu aHanisy 3anuwkie necmuyudie, nicnspeecmpauiliHi Memodu aHanidy 3anuwkie necmuyuoie.
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URGENCY OF HARMONIZING DOMESTIC PESTICIDE ANALYSIS METHODS
IN AGRICULTURAL AND FOOD RAW MATERIALS, FOOD PRODUCTS, FEED,
AND ENVIRONMENTAL OBJECTS ACCORDING TO THE REQUIREMENTS OF

THE EUROPEAN UNION, ORGANIZATION FOR ECONOMIC COOPERATION

AND DEVELOPMENT

Part 1. General Aspects of Pre- and Post-Registration Methods for Pesticide Residue Analysis

SUMMARY. Aim. To review the general aspects of the development and use of pre- and post-registration methods for pesticide
residue analysis in the European Union (EU) and the Organisation for Economic Cooperation and Development (OECD) in
food products, animal feed, and environmental objects, and to provide proposals for the development and implementation of
domestic requlations in this field.



Ynino B. / V., Chmil

Materials and Methods. Analytical review of the EU and OECD guidelines, legislative documents, and scientific publications
devoted to the development and use of pesticide residue analysis methods for obtaining data to assess the impact of pesticides
on human health (risk assessment) and the environment, for establishing maximum residue limits (MRLs) to ensure compli-
ance with the established MRLs and monitoring objectives. Ukrainian legislative documents regulating the development and
use of pesticide residue analysis methods for laboratory control need significant revision to align with the EU and OECD

requirements.

Conclusions. Proposals have been formulated for the creation of domestic guidelines for the development and use of pesti-
cide residue analysis methods for risk assessment, pre- and post-registration control, and monitoring objectives based on the

EU and OECD guidelines.

Keywords: plant protection products (PPP), pesticides, maximum residue limits (MRLs), analysis methods, pre-registration
methods for pesticide residue analysis, postregistration methods for pesticide residue analysis.

Beryn. OgHMM 3 OCHOBHMX enemMeHTiB 3abesneyeH-
HS1 OXOPOHM 300POB'A Ta 3aXWUCTY HACENeHHs Bif LKia-
NVBOrO BNAMBY NECTULMAIB Y 3B’A3KY 3 TXHIM BUKOPY-
CTaHHSIM Y CiNbCbKOrOCMOAapChKin NPakTULi € KOHT-
porb i MOHITOPUHI 3anuLUKIB NECTULMAIB Yy XapyOBUX
NpoAyKTax, NPOAOBOSLYI CUPOBUHI, BOAI, KOpMax Ans
CinbCbKOrocnogapcbkux TBapuH Ta poskinni [1-3].
OcCHOBHI 3aBfaHHS TaKOro KOHTPOMK Ta MOHITOPUHIY
Ha nigcTasi aHanisy BigibpaHux npob nepepaxoBaHux
BULLE MaTpuLb NONSAraloTb Y OTPUMaHHI 4OCTOBIPHOT
iHbopMmaLii Npo piBHI 3anULLKIB NECTULMAIB Y XapuOBMX
npoayKTax, kopmax i 06’ektax foBkinns. 3rigHo 3 onu-
TyBaHHAM, NpoBefAeHM E€BPONENCHKM areHTCTBOM 3
6e3nekn xapyosux npoaykTis (EFSA), 3anuwku nectu-
umais y npogyktax xapyysaHHs (40 %), aHTMBiOTUKIB,
ropmoHiB abo ctepoigis y m'aci (39 %) ta pobasok
(36 %) € ocHoBHUMYM Npobnemamu, NoB'a3aHUMu 3 6e3-
MEKOK XapyoBWX MPOAYKTIB ANs MellukaHuiB €sponu
[4]. OgHa 3 uiner KOHTPOMK — Le HanpautBaHHS
JaHUX ONS OUiHKM BRNMBY 3anWLLKIB NECTUUUAIB Ha
CMOXMBAYIB y paLioHax xapyyBaHHS Ta nepesipka Bia-
MOBIAHOCTI 3aNMULLKIB NECTULMAIB Yy XapyOBUX MPOAYK-
Tax LWOJO HauioHanbHMX abo MiKHapOaHUX Makcu-
ManbHuX piBHiB 3anuwkis (MP3). [ns npakTtnyHoro
3[INCHEHHSI TAKOTO KOHTPOM HeobXiAHO BU3HAYaTy
necTMUMan 3 BUKOPUCTAHHSM MeToAiB aHanisy, Hase-
JOEHUX Y MDKHapOZHMX, perioHasnbHMUX Y1 HaLliOHaNbHUX
HacTaHoBax i CTaHfapTax. [lepeBaXHO BITUM3HSHI
nabopatopii aHaniTM4HOI Ximii BUKOPUCTOBYIOTb METO-

an aHanizy, nepepbaveHi [ACTY EN I[SO/IEC
17025:2019 [5]. OTxe, Ui meToOM aHanisy MOXyTb
BUKOPWCTOBYBATHUCS:

1) ana BctaHoneHHs MP3 y npogyktax ypoxato Ta
XapyoBUX NPOAYKTaX;

2) Ans HanpautoBaHHS JaHWUX Ans OLiHKM BNAUBY (EKC-
no3wuuii) 3anuLkiB NecTMumMaiB, WO HaaxoasTb A0
opraHiamy MIanHN 3 DXetO;

3) ANs OUiHKX PU3KKY NeCTULUUAIB NS 300POB’A Noau-
HU;

4) pns KOHTPOIto 6e3nevHoro Ta edpekTUBHOMO BUKOPU-
CTaHHS NecTUUUAiB 3a AOMOMOrOK PerynspHoro
MOHITOPUHIY X 3aULLKIB Y NPOAYKTaX Xap4yBaHHS
Ta 06'eKTax HaBKOMULLHLOIO CEPeOoBULLa;

5) ans Bu3HaveHHs pakTopiB (koedilieHTiB) nepepob-
KN CiNbCbKOroCnoAapchbkoi Ta NPoA0BONbHOI CUPO-
BUHW | Xap4OBMX NPOAYKTIB;

Introduction. One of the key elements in ensuring
public health and protecting the population from the
harmful effects of pesticides, in connection with their
use in agricultural practices, is the control and monitor-
ing of pesticide residues in food products, food raw
materials, water, animal feed, and the environment [1-
3]. The main tasks of such control and monitoring,
based on the analysis of selected samples from the
aforementioned matrices, are to obtain reliable infor-
mation with known uncertainty about the levels of pes-
ticide residues in food products, animal feed, and envi-
ronmental objects. According to a survey conducted by
the European Food Safety Authority (EFSA), pesticide
residues in food (40%), antibiotics, hormones, or
steroids in meat (39%), and additives (36%) are the pri-
mary concerns related to food safety for European res-
idents [4]. One of the objectives of the control is to
gather data for assessing the impact of pesticide
residues on consumers in their diets and to verify com-
pliance with national or international MRLs in food
products. To effectively carry out this control, it is nec-
essary to detect pesticides using analysis methods out-
lined in international, regional, or national guidelines
and standards. Domestic analytical chemistry laborato-
ries primarily use the analysis methods specified in the
DSTU (State Standards of Ukraine) EN ISO/IEC
17025:2019 [5]. Therefore, these analysis methods
can be used:

1) to establish MRLs in crop products and food
products;

2) to gather data for assessing the impact (exposure)
of pesticide residues entering the human body through
food;

3) to assess the risk of pesticides to human health;

4) to monitor the safe and effective use of pesticides
through regular monitoring of their residues in food
products and environmental objects;

5) to determine the factors (coefficients) for the pro-
cessing of agricultural and food raw materials and food
products;
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6) ans 3abe3nevyeHHs KOHTPOMI 32 BUKOHAHHAM
Oyab-sKMX BCTaHOBMEHUX 3akoHoM MP3;

7) NS KOHTPOMKO BCiX MECTUUMAIB, SIKi BUKOPUCTO-
BYIOTbCS Ha C/T KynbTypax, Wo NayTb Ha KopM Xynobu;

8) ONst KOHTPOMKO 3anuLLKIB NecTUUMUAIB y nepepob-
NEHNX XapyoBUX MPOAYKTaX i CinbCbKOroCnoAapChbKin
CMPOBWHI, @ TaKOX y NPOAYKTaX TBAPUHHOTO NOXOLKEH-
H (M'ICO, MOIOKO, SINALA), OCKiNbKA TBAPUHKM MOMM
CNOXuBaTK 0OPOONEHI KOpMMU;

9) ons NPOBEAEHHST BUBYEHHS CTABINbHOCTI AiHo4mx
peyoBuH 33P npu 36epiraHHi CinbCbKOrocnoaapcbKoi
Ta NPO4OBOMBLYOI NPOAYKLT;

10) Ans BU3HAYEHHS! 3anuvLKiB NECTULMAIB Y CiMb-
CbKOrOCMoAapChKin Ta NpoOoBOMbMi CUPOBUHI Ta Xap-
YOBMX MPOAYKTax 3 METO TOPTiBri;

11) ONst BU3HAYEHHS 3anuLLKIB NECTULUMAIB Y NOBITPI,
I'PYHTI, NUTHIN BOAi, NOBEPXHEBUX i MiA3EMHUX BOAAX;

11) ons CynoBOI EKCNepTH3N MPOAYKTIB XapqyBaHHS!
Ta KOPMIB y KpUMiHaMbHUX CripaBax.

Takox HeoOXigHi METOAM aHani3y Ans ineHTudikauii
Ta KiNbKiCHOrO BU3HAYeHHS BMICTY [il04nX pPEYOBUH
NecTuuMaiB y TEXHIYHUX maTepianax Ta nectuunaHmx
hopmynauisx.

Y 3B’s13Ky 3 rany3smMu BUKOPUCTaHHS METOAW aHanisy
3anuLLKiB NecTmumais noginaTses Ha 2 Tunu [1].

1) MeTogn aHanisy Ans BU3HAYEHHS 3aSMLLKOBMX
KiNnbKOCTEW Aio4Mx PeyoBMH NecTUUMaHUX hopMyns-
Ui y CinbCbKOrocnoaapchbkiv Ta NPOA0BONLYiA CUPOBU-
Hi, NPOAYKTax Xxap4yBaHHs Ta 06'eKTax HABKOMULLHBOTO
cepefoBuLLA Ta OLHKM pU3MKY NecTUuMaiB, Ski mae
nogatv po3pobHMK necTuumgHol dopmynsauii ans
OfepXaHHs [O03BOMNy Ha peecTpauilo NecTUUMaHoI
hopmynauii Ta i noganbLLe BUKOPUCTAHHS Y CiNbCbKO-
rocrnogapcbkin npaktuui. Lii metogn npusHayeHi ans
reHepyBaHHS JaHKX LIOAO 3anULLKIB Ai04YUX PEYOBUMH
NecTUUMOHMUX (POPMYNALIA, OTPUMAHWUX B pe3ynbrarTi
MPOBEAEHHS KOHTPOMBbOBAHMX MOMLOBKX BUNPOOYBaHb
33P, ski y 3B'A3KY 3 LMM Ha3uBalOTLCS NEpeapeecTpa-
UinHmmn ganmmm (pre-registration data), a metogm, ski
BUKOPUCTaHI Ansl LUbOro, nepeapeecTpauiiHimMm MeTo-
famu (pre- registration methods) i metogamu ouiHku
PU3VKy BMMBY NECTULMAIB HA 300POB’S NOAWHK, TBa-
PVH i CTaH JOBKINNS.

2) MeToau aHanidy Ans BU3HAYEHHS 3anuLLKIB Aito-
YUX PEYOBUH NECTULMAHUX (DOPMYRALIA Y CiNbCbKO-
rocnofdapchbki Ta NPOAOBOMBYiIA CUPOBMHI, MPOAYKTax
XapuyyBaHHsl, SiKi Mae NpeacTaBUT po3pobHUK necTu-
umaHoi chopmynsauii Ans uinen nicnspeecTpawinHoro
nabopaTopHOro KOHTPOSO Ta MOHITOPUHTY, abu 3a6e3-
neunTn gotpumanHs MP3 i aki y 38'A3Ky 3 UMM Hasu-
BaloTbCs MicnspeecTpauiiium Metogamu (post-regi-
stration methods) i MmeTogamm MOHITOpPUHTY.

Y TekcTi cTaTTi TepMiH «necTuuma» BUKOPUCTOBY-
€TbCS ANSA NO3HAYEHHS (SK CUHOHIM) [iK040i PEYOBUHY
33P (nectnumpHoi dopmynsuii). B pisHMXx KepiBHMX
LOKYMEeHTax Ans npoueayp KinbKicCHOro aHaniay BUKO-
PUCTOBYIOTL pi3Hi TepMinn: y JCTY 7392:2013 — meTo-
OVKa BWKOHaHHA BuMiptoBaHb [6], y ACTY EN

6) to ensure control over the enforcement of any
legally established MRLs;

7) to monitor all pesticides used on agricultural crops
intended for animal feed:;

8) to monitor pesticide residues in processed food
products and agricultural raw materials, as well as in
animal products (meat, milk, eggs), as animals may
have consumed treated feed:;

9) to study the stability of active substances in PPPs
during the storage of agricultural and food products;

10) to determine pesticide residues in agricultural
and food raw materials and food products for trade pur-
poses;

11) to determine pesticide residues in air, soil, drink-
ing water, surface and groundwater;

12) for forensic examination of food products and
animal feed in criminal cases.

Analysis methods are also required for the identifica-
tion and quantitative determination of the active sub-
stance content in technical materials and pesticide for-
mulations.

In relation to the fields of application of pesticide
residue analysis methods, they are divided into two
types [1].

1. Analysis methods for determining the residual
amounts of active substances in pesticide formulations
in agricultural and food raw materials, food products,
and environmental objects, and for assessing the risk
of pesticides, which must be provided by the developer
of the pesticide formulation in order to obtain approval
for the registration of the pesticide formulation and its
subsequent use in agricultural practice. These meth-
ods are intended to generate data on the residues of
active substances in pesticide formulations obtained
from controlled field trials of PPPs, which are conse-
quently referred to as pre-registration data (pre-regis-
tration methods) and methods for assessing the risk of
pesticide impact on human health, animals, and the
environment.

2. Analysis methods for determining the residues of
active substances in pesticide formulations in agricul-
tural and food raw materials, food products, which
must be presented by the pesticide formulation devel-
oper for post-registration laboratory control and moni-
toring in order to ensure compliance with MRLs, and
are thus referred to as post-registration methods and
monitoring methods.

In this article, the term "pesticide" is used as a syn-
onym for the active substance of PPP (pesticide formu-
lation). Different regulatory documents use various
terms for quantitative analysis procedures: DSTU
7392:2013 refers to it as a measurement procedure [6],
DSTU EN 482:2016 as a measurement method [7],
ISO 15189 as an examination procedure [8], and



482:2016 — meToguka BumiptoBaHb [7], y ISO 15189 —
meToguka gocnimxenHs [8], y OCTY EN ISO/IEC
17025:2019 — metoq aHaniay [5]. B Hawwii cTaTTi BUKO-
PUCTOBYETLCA TEPMIH «MeToh aHanisy». Bumorn pgo
MeTofiB aHanidy 3anexarb Bif, ranysi IXHbOro 3acTocy-
BaHHSI.

MeTa. Po3rnag 3aranbHMX acnekTiB po3pobku Ta
BUKOPWCTaHHS Nepea- i Micns peecTpauiiHiX MeToaiB
aHani3y 3anuLkiB nectuumais €sponencbkoro Cotsy
(€C) Ta OpraHizauiji ekOHOMI4YHOrO CniBPOGITHULTBA i
po3suTKy (OECP) B npogyKTax xap4yBaHHs, KopMax i
00’eKTax JOBKINMISA Ta HaJaHHS NPOMO3ULLIA WoZdo Po3-
poOKy Ta BTINEHHS B MPaKTUKY BUKOPWUCTAHHS BiTYM3-
HAHWUX JOKYMEHTIB Y Uil ranysi.

Marepiann Ta MeToau. HanexHa nabopaTopHa
npakTtuka. 3 iHiuiatmey BenukobpuTanii nig vac Bnpo-
Ba)XeHHs1 HanexHoi nabopatopHoi npaktukm (HIM,
GLP) B aHanitnyHmx Bumipax (1998) 6yno cdopmynb-
OBaHO LUICTb MPUHUMMIB, SKi BBaXalOTbCA KPaLLOK
NpakTUKo poboTW nabopatopii aHaniTUUHOI XiMmii [9].

1. AHaniTWuHi BUMIpIOBaHHA MatoTb ByTu 3pobneHi
TaK, W00 3a40BONBHUTU Y3TOMKEHI BUMOMM aHanidy
(To6TO MOCTaBnNEHyY METY).

2. AHaniTy4Hi BUMiptOBaHHS NMOBWHHI OyTW BUKOHaHI 3
BUKOPWUCTaHHAM MeTodiB Ta obnagHaHHs, ski Oynm
MPOTECTOBaHi, W00 rapaHTyBaTu iXHI MpUAATHICTb
ANt JOCSATHEHHS! MOCTABMNEHOI METU.

3. MepcoHan, k1 BUKOHYE aHaniTUYHi BUMIptoBaH-
HS1, NOBMHEH OyTu KBanicikoBaHUM Ta KOMMETEHTHUM
ONs BUKOHAHHS 3aBfaHHS ( MoKasaTw, WO BiH MOXe
30iCHUTY aHani3 HaneXHUM YUHOM).

4. Mae OyTv perynsipHa He3anexHa OLiHKa TexHiy-
HUX XapaKTepuCTUK (TEXHiKW BMKOHAHHS aHanisis)
naboparopii.

5. AHaniTWuHi BMMIpIOBAHHS, BUKOHaHI Ha OJHOMY
poboyomy MicLi B nabopatopii, NOBUHHI ByTW TOTOXHU-
MU 3 pesynbratam, OfepXaHUMu Ha iHwomy poboyo-
My MicLi.

6. lTabopartopii, SKi BUKOHYIOTb aHaniTUYHI BUMIpIO-
BaHHs1, MOBWHHI MaTU YiTKO BU3HAYEHI MpoLesypy KOHT-
porto sikocTi poboTu naboparopii.

Lli npvHUMNM ogHakoBO BigHOCATHCS 40 naboparo-
pi, SKi NpaulolTb CaMOCTINHO, abo NpoAyKylTb
pe3ynbTat, siki HeobXigHi Anst NOPIBHAHHS 3 pe3ynkTa-
Tamu iHWKX nabopaTopi.

3ripHo 3 PernamenTtom (EC) Ne283/2013 [10] i
Pernamentom y (EC) 284/2013 [11] BunpobyBaHHs Ta
aHaniaun NOBWHHI NPOBOAUTUCA BIAMOBIAHO 4O NPUHLM-
nis8 HIM, Buknagennx y Oupektusi 2004/10/EC[12],
AKWO TXHA MeTa — OUiHKa pu3sKKy LWoAo 300pOB’s
MOAUHM Yn TBapuH abo JOBKINmS.

Pospobka Ta Banigauis metogy He € npeaMeTom
HIMN. Ane konu mMeToa BUKOPUCTOBYETLCS ANS reHepy-
BaHHSA AaHux Ans uinei 6e3nekw, 3okpema ans BU3Ha-
4eHHs npodinto napTivt 33P (BMICT Aito4oi pe4yoBuHY Ta
Zomiwok) [13] i/abo ge aitova peyoBMHa po3knafaeTb-
Csl 0 (EKO)TOKCMKOIOMYHO 3HAYYLLMX MPOAYKTIB (Lew
nepenik He € BWMYEpMHUM), Ui AOCMISKEHHS MOBUHHI

Ynino B. / V., Chmil

DSTU EN ISO/IEC 17025:2019 as an analysis method
[5]. In our article, we use the term "analysis method".
The requirements for analysis methods depend on
their field of application.

Aim. To review the general aspects of the develop-
ment and use of pre- and post-registration methods for
pesticide residue analysis in food products, animal
feed, and environmental objects used in the European
Union (EU) and the Organisation for Economic
Cooperation and Development (OECD); to provide pro-
posals for the development and implementation of
domestic regulatory documents in this field.

Materials and methods. Good laboratory practice
(GLP).

At the initiative of the United Kingdom, during the
introduction of good laboratory practice (GLP) in ana-
lytical measurements (1998), six principles were for-
mulated, which are considered best practices for the
operation of an analytical chemistry laboratory [9]:

1. Analytical measurements must be conducted in a
way that meets the agreed analytical requirements
(i.e., the stated objective).

2. Analytical measurements should be performed
using tested methods and equipment to ensure their
suitability for achieving the objective.

3. Personnel conducting analytical measurements
must be qualified and competent to carry out the task
(demonstrating their ability to conduct the analysis
properly).

4. There should be regular independent evaluation of
the laboratory's technical performance (execution tech-
niques of analyses).

5. Analytical measurements conducted at one work-
station in a laboratory must be identical to the results
obtained at another workstation.

6. Laboratories performing analytical measurements
must have clearly defined procedures for quality con-
trol of their operations.

These principles apply equally to laboratories work-
ing independently or producing results that need to be
compared with those from other laboratories.

According to Regulation (EU) No 283/2013 [10] and
Regulation (EU) No 284/2013 [11], testing and analysis
must be carried out in accordance with GLP principles,
as outlined in Directive 2004/10/EC [12], if their pur-
pose is to assess risks to human health, animal health,
or the environment.

The development and validation of a method are not
subject to GLP. However, if a method is used to gener-
ate safety-related data, particularly for determining the
batch profile of PPP (active substance content and
impurities) [13] and/or when the active substance
degrades into (eco)toxicologically significant products
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nposoauTuca BignosiaHo Ao npuHumnis HIM. Y Tako-
My BMNagKy He Tpeba 3aificHIOBaT BanigaLito caMmoro
meTozy.

MinimanbHi poboyi napameTpu mMeTogiB aHanisy
3anuwkiB [14,15]. LWo6 meTon pocsr cBOEi MeTH
HeoOxigHO HagaTwy iHbopMaLito npo 1noro poboui napa-
METpW, SKi HaBegeHi Hwxk4ye. BoHn Baxnuei Ak ans
METOZiB NepeapeecTpalii, Tak i Ana MeToais nicnsipe-
€cTpauii 3 0gH1M 3anuLukom [4].

ToyHicmb. TOYHICTb aHaniTMYHOI Npoueaypu Bupa-
Xae Gnm3bKICTb Y3rofKeHHs1 MiXK pe3ynsTaTtoM BUMIpHO-
BaHHS aHanita Ta 3HaYeHHsM, sike NpUAMaeTbcst abo
SIK YMOBHE CMpaBXHE 3HAYEHHS, YN 5K NPUIHATE eTa-
NOHHe (pedhepeHC) 3Ha4YeHHs Ta BKkIKOYaE 00'egHaHHS
BMMAZKOBUX | CUCTEMATUYHUX CKMNadoBUX 3aranbHOi
MoxuOKW BUMIipIOBaHb. TOYHICTb € BUPa3oM CyMu npa-
BWUIbHOCTI (MOBEPHEHHS) | NpeLusifHOCTI (MoBTOpHOBa-
HOCTi) BUMIPIOBaHb.

lMpasusnbHicme. NpaBUbHICTE BUMIPY € BUpPaXeH-
HAM TOrO, Hackinbky Onu3bke € cepedHe 3HAYEHHS
HECKIHYEHHOI KiNbKOCTi pesynbraTiB CnocTepexXeHb
(oTpMmaHux po3pobrneHnm MeTogoMm) 4O AilicHOro (eTa-
NOHHOTO) 3HayeHHsl. OCKINbKA HEMOXIIMBO BWKOHATU
HECKIHYEHHY KiNbKIiCTb CMOCTEPEXEHb, TO MNpaBWIlb-
HICTb BUMIpSITM HeB3MO3i. OfHaK OTpUMaTK NPaKkTUYHY
OLiHKY MpaBunbHOCTI MOXNMBO. Lito ouiHKky 3a3suyan
KiNbKICHO BMpaxaloTb B TepMiHax 3mileHHs (bias),
MPUYOMY MEHLLE 3MILLEHHS 03Ha4ae Ginbluy NpaBusib-
HiCTb. [TOKa3HWKOM NPaBUIILHOCTI 3a3BK4aii € 3Ha4YeH-
HS1 cMCTeMaTWYHOI NOXMOKW Ha NpoTMBary BUNALKOBIN
noxubui. Moxe 6yTv oguH abo Kinbka KOMMOHEHTIB
CUCTEMATUYHOI MOMWIKK, IO YTBOPKOKOTb 3MILLEHHS.
[pakTuyHe BM3HAYeHHS 3MilLeHHs nonsrae y nopis-
HSIHHI CepefHbOro 3Ha4YeHHs1 pPesynbTaTiB, OTPUMAHMX
3a [10MoMOrol po3pobneHoro MeToay, 3 BiAnoBigHUM
pedepEHTHUM 3HAYEHHSIM .

MoeepHeHHs1. OgHMM 3 HalnoLluMpeHilmx 3acobis
OL{iIHIOBaHHS 3MILLEHHSI € eKCrepuMeHTarnbHe BU3Ha-
YEHHS1 BiOCOTKY BWIYYEHHSI (MOBEPHEHHS, recovery)
aHaniTy i3 3actocyBaHHsAM Npob 3 gJobaBkaMu aHaniTy.
[NoBepHEHHS — Lie KiMbKiCTb, L0 BUMIPETLCS Y Bid-
COTKax Bif KiNbKOCTi aHaniTy(-iB) (4il040i peyvoBUHMU i
3HauyLmx (BignoBigHUX) MeTaboniTiB), cnovaTky goda-
Horo(vx) 4o npobu BIQMOBIAHOT MaTpuui, ska He
MICTUTb Hi BWSIBMIEHOrO PIBHA aHaniTy, Hi BiJOMOro
BUSIBMEHOTO PiBHSl. EKCNEpUMEHTU OO0 NOBEPHEHHS
[al0Tb iHhopMaLito SIK MPO MPELM3INHICTL (NOBTOPOBaA-
HICTb), TaK i MPO NpaBWIIbHICTL MeToZy i, OTXe, Mpo
MOro TOYHICTb.

Ak npaBuno, cepefiHe NOBEPHEHHS HA KOXHOMY PiBHi
306araveHHst i 4nst KOKHOMO MPOAYKTY Mae 3HaXoQUTUCS
B [JianasoHi, 3asHaveHoMy B Tabnuui 1. Y neBHMX
OOrpyHTOBaHMX BUMNafKax MOBEPHEHHS 3a Mexamu
LbOro AianasoHy Oyde npuiHsaTe OnNs MaTpuub, SKi
BaXKO aHanisyBaTu, Hanpuknag, TIOTIOHY, XMENHo,
KaBW, Yato Ta CreLin, 3a yMOBMU, WO AaHi NpeLunsinHoCTi
€ MPUAHATHUMK, ab0 y BUMagKax OYy>Ke HU3bKUX PIBHIB
KOHLEHTpaLil. AKLLIO cnocTepiraloTbCs MaTpuyHi edoek-

(this list is not exhaustive), such studies must be con-
ducted following GLP principles. In such cases, valida-
tion of the method itself is not required.

Minimum working parameters of residue analy-
sis methods [14,15]. For a method to achieve its
intended purpose, it is necessary to provide informa-
tion about its working parameters, which are listed
below. These parameters are crucial for both pre-regis-
tration and post-registration methods involving a single
residue [4].

Accuracy. The accuracy of an analytical procedure
expresses the closeness of agreement between the
measured result of the analyte and the value that is
either considered a true value or accepted as a refer-
ence (standard) value. It accounts for both random and
systematic components of total measurement error.
Accuracy is the expression of the sum of trueness
(recovery) and precision (repeatability) of measure-
ments.

Trueness. Trueness of the measurement refers to
how close the mean value of an infinite number of
observations (obtained using the developed method) is
to the true (standard) value. Since conducting an infi-
nite number of observations is impossible, trueness
cannot be directly measured, but a practical estimate
can be obtained. This estimate is usually expressed in
terms of bias, where lower bias indicates higher true-
ness. Trueness is typically represented by systematic
error, as opposed to random error, and may consist of
one or multiple components contributing to bias. In
practice, bias is determined by comparing the mean
value of results obtained using the developed method
with the corresponding reference value.

Recovery. Recovery is one of the most common
ways to assess bias and involves experimentally deter-
mining the percentage of analyte recovered using
spiked samples. Recovery represents the amount,
expressed as a percentage, of the analyte(s) (active
substance and relevant metabolites) initially added to a
sample of the respective matrix that does not contain a
detectable level of the analyte or a known detected
level. Recovery experiments provide information on
both precision (repeatability) and trueness of the
method, and thus its overall accuracy.

Typically, the mean recovery at each fortification
level and for each product should fall within the range
specified in Table 1. In certain justified cases, recover-
ies outside this range may be accepted for matrices
that are difficult to analyse, such as tobacco, hops, cof-
fee, tea, and spices, provided that precision data are
acceptable or in cases of very low concentration levels.



TW, NMOBEPHEHHSI MOXe OyTW CKOPUroBaHUM 3 BUKOPW-
CTaHHsIM CTaHA4apTiB, BiAMOBIAHUX MATPULLb.

MpeumsinHicTb. MNpeunsinHicTs — CTyMiHb GnM3bkKo-
CTi OMH O OZHOrO He3anexHUX pesynbsraTiB BUMipH-
BaHb, OTPUMaHUX Yy KOHKPETHUX BCTAHOBMEHUX YMO-
Bax. BoHa 3anexuTb TiflbkK Big BUNagKoBMX hakTopis
i He MoB'A3aHa 3 iCTVHHUM ab0 YMOBHO iICTUHHIM 3Ha-
YEHHAM BUMIpIOBaHOI BeNUYMHW. Mipa npeumsiiHoCTi
3a3BuUYan 0BUYMCMIOETHCS K BiGHOCHE CTaHAApTHe Big-
xuneHHs (BCB) pesynbraTiB BUMiptOBaHb, NpuyoMy
MEHLIa NpeumMsiiHicTb Bignosigae OinmblIOMYy CTaH-
JApTHOMY BiAXUIEHHHO.

Mpeyu3sitiHicmb — NOBTOPKOBAHICTb (BUpaXeHa sk
BiJHOCHe CTaHaapTHe BigxwneHHs). NoBTOpHOBaHICTb
03Hayae Brm3bKICTb MOKA3HUKIB MiXk B3AEMHO HE3aNeX-
HUMK pesynbratamy BUNpoOyBaHb, OTPUMAHWX TUM
CamMM METOAOM Ha TOMY X BMNpoOyBanbHOMY Mare-
piani B ogHirn naboparopii TUM e onepaTopoM 3 BUKO-
PUCTAHHAM TOrO X OOMagHaHHA MPOTArOM KOPOTKMX
MPOMIXKIB Yacy. MoBTOPIOBaHICTb (BHYTPILLHIA eekT )
BKNoYae B cebe Bknagy 3 Oyab-aKoi YacTMHK npoueay-
pu, SKi BapilOlOTbCA B MeXax aHanisy, BKIoyaoun
BHECKU Bif HOPMasbHUX rPaBIMETPUYHMX Ta 06'EMHMX
MOMWIIOK, HEOLQHOPIAHOCTI (FETepPOreHHOCTi) BUMpPOOy-
BaHOro Matepiany Ta iHLUMX NpoLeaypHUX MOMUIOK Mg
yac aHanisy .

Mpeyu3sitiHicmb — eidmeoprosaHicmb (8upaxkeHa
K 8iOHOCHe cmaHOapmHe eioxuneHHs). BinTso-
PIOBaHICTb — Lie Brnm3bKicTb BignoBiAHOCTI MiX Hesa-
NEXHUMU pe3ynbratamu, OTPUMAHUMMN OQHUM | TUM Xe
METOAOM Ha iOeHTUYHUX BUNpobyBanbHUX Marepia-
nax, ane OTPUMAHMX Yy Pi3HNX YMOBaX.

BHyTpilwHbONabopaTtopHa BigTBOPIOBaHICTL B aHani-
TUYHIV CUCTEMI 3anexXnTb Bif 3aMiHM aHaniTUKa, NapTin
peakTMBIB, MOBTOPHOrO KanibpyBaHHSA aHamiTU4HUX
npunagis Ta nabopaTopHOro cepefoBuLLa (Hanpuknag,
3MiHu Temnepatypy). MixnabopatopHoi abo mynstuna-
GopaTopHOi BIATBOPIOBAHICTI (NabopaTopHuii edexT)
CMpUsIOTb  JOAATKOBI 3MiHW, TakM $K BiAMIHHOCTI B
kanibpyBanbHUX CTaHgapTax, MK FOKanbHUMM iHTEep-
npeTauisMy NpOTOKOMY, B ycTaTkyBaHHi abo mxepeni
peakTvBy abo hakTopax HaBKONMULLHBOMO CepenoBmLLa
B CepeaHix KniMaTuyH1X yMmoBax.

BiaoTBoptoBaHicTb MOTpibHa TiMbkM AN MeToAiB,
NO3HaYeHNX K MOHITOPUHT Micns peecTpauii .

CenekmueHicmb. CenekTUBHICTb aHamniTUYHOI Npo-
Lenypu nonsrae B MOXIIMBOCTI BW3HAYUTW aHaniT y
MPUCYTHOCTi KOMMOHEHTIB, ki MOXyTb OyTV B Mpobi,
WO aHanisyetbecs. PiBeHb CenekTUBHOCTI aHaniTu4Hol
npoueaypu — e 30aTHICTb MeToZy NPOBOAUTY Pi3HULIO
MiXX BMMIPIOBaHMM aHanitom Ta iHWWUMKU pe4OBMHAMM.
PiBeHb cenekTMBHOCTI npouenypu aHanisy 3anexuTb
Bi SKOCTi XxpomarorpadiyHoro nogifny Ta BnacTtuBoi
CENeKTUBHOCTI MeTody BuWsIBNeHHs. CenekTuBHICTb
3aCHOBaHa Ha BiACYTHOCTI nepelukod. [Ans xpomarto-
rpadiyHUX METOAIB CEMEKTUBHICTb TaKOX 3acHOBaHa
Ha 306iry yacy yTpMMaHHs aHanity Ha Xxpomartorpami
aHaniTMYHOro CTaHZApTy Ta Ha Xpomatorpami npobw.

Ynino B. / V., Chmil

If matrix effects are observed, recovery may be adjust-
ed using matrix-matched standards.

Precision. Precision is the degree of closeness
between independent measurement results obtained
under specific established conditions. It depends only
on random factors and is not related to the true or con-
ventionally true value of the measured quantity. The
measure of precision is usually calculated as the rela-
tive standard deviation (RSD) of measurement results,
where lower precision corresponds to a higher stan-
dard deviation.

Repeatability (expressed as relative standard devia-
tion). Repeatability refers to the closeness of agree-
ment between mutually independent test results
obtained using the same method on the same test
material within the same laboratory, by the same oper-
ator, with the same equipment, over short time inter-
vals. Repeatability (internal effect) includes contribu-
tions from any part of the procedure that varies within
an analysis, including normal gravimetric and volumet-
ric errors, sample heterogeneity, and other procedural
errors during analysis.

Reproducibility (expressed as relative standard
deviation). Reproducibility is the closeness of agree-
ment between independent results obtained using the
same method on identical test materials but under dif-
ferent conditions.

Intralaboratory reproducibility in an analytical system
depends on changes such as analyst replacement,
reagent batch variations, recalibration of analytical
instruments, and laboratory environmental conditions
(e.g., temperature fluctuations). Interlaboratory or mul-
tilaboratory reproducibility (laboratory effect) is influ-
enced by additional factors, including differences in
calibration standards, local protocol interpretations,
equipment variations, reagent sources, or environmen-
tal factors under typical climatic conditions.

Reproducibility is required only for methods desig-
nated as post-registration monitoring methods.

Selectivity. The selectivity of an analytical proce-
dure is its ability to determine the analyte in the pres-
ence of other components that may be present in the
analysed sample. The level of selectivity of an analyti-
cal procedure refers to the method's ability to differen-
tiate between the measured analyte and other sub-
stances. The level of selectivity of an analytical proce-
dure depends on the quality of chromatographic sepa-
ration and the inherent selectivity of the detection
method. Selectivity is based on the absence of interfer-
ences. In chromatographic methods, selectivity is also
determined by the match between the retention time of
the analyte on the chromatogram of the analytical stan-
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[eski peryntotodi opraHv BUKOPUCTOBYIOTb TEPMIH Cre-

LMIYHICTb ANS NO3HAYEHHS CenekTMBHOCTI [12].

JliHiliHicmb. TiHIHICTb MOXHa BMU3HaYUTU AK 30aT-
HICTb MeTOoZy AaBaTh MPUNHATHY MiHIHY KOpensuito
MiX BUMIPSHUM CUrHAnoMm Ta KOHLEHTPaLieto aHaniTy B
npobi, Lo aHanisyetbcs. [daHi Npo NiHiiHICTE NOTPIGHI
ANs [iK040i PeYOBUHU Ta CYTTEBUX OOMILLOK Y TEXHIY-
HUX MaTepianax i necTUUMaHUX PopMynaALlisX.

Mexa eusieneHHsi (MB). Mexa BUSBMEHHS aHari-
TUYHOI NMpOLeAYPU — Lie HaMMEHLLA KiNbKICTb aHaniTy B
npobi, ska Mmoxe ByTn BusBNEHa, ane He 060B'A3KOBO
KINbKICHO BM3HAyeHa $K TOYHe 3HaveHHs. Ha mexi
BUSIBNEHHS NO3WTMBHA igeHTMIKaLis Moxe gocaraTtu-
€S 3 po3ymHOK Ta/abo nonepegHbO BU3HAYEHOHD
[OCTOBIPHICTIO MEBHOI MaTpuLi, BUKOPUCTOBYIOUM NEB-
HWUI aHanITUYHUIA MeTof,.

Mexa kinbkicHo2o suzHa4eHHs1 (MKB). Mexa kinb-
KicHoro BusHaveHHs (MKB) Bu3HayaeTbCs 3 HopMaTue-
HOI TOUKM 30pYy SIK HAWHMXYa KOHLEHTpaLis, Lo TecTy-
ETbCS, 3a SKO MOXHO JOBECTU OAHO3HAYHY ifeHTUDI-
KaLjto aHaniTy Ta JOCAraeTbCs CEpeaHE MOBEPHEHHS 3
npuitHATHUM BCB. MKB mae 6yt JoCUTb HU3BKOM),
Wob JocArTM HaMivyeHoi MeT metogy. 3 aHaniTYHoI
TOYKW 30pY, CTaHAApPTHe BiOXuneHHs wymy B 6-10
pasie 3abe3neuye ouiHky MKB, sika noTim nigTeepaxy-
ETbCS EKCIEPUMEHTaMM 3i 36aradyeHHs.

Metoan aHanisy ans 3abe3nedyeHHs AOTPUMaHHS
BCTaHoBneHnx MP3 (MeToau MOHITOPIHrY) NOBUHHI Bid-
noBiJaTV HaCTYMHUM A0OATKOBMM KpUTEPISIM: 3acTo-
coBHocTi (applicability), kopucHocTi (practicability) i
HapinHocTi (robustness) [14]. OcTaHHi 03Ha4ae Mipy
aHaniTMYHOI npouenypy, sika nonsrae B TOMY, LU0 Ha
Hel He BMMMBalOTb HEBEMUKI KONMMBAaHHSA MapameTpis,
SKi BKasylOTb Ha HafiMHICTb Nig 4Yac HopMarnbHOro
BUKOPUCTaHHA[16].

Pe3ynkTaTn Ta 06roBOpeHHs

MiHimanbHi 3aranbHi KpuTepii BUKOHaHHA MeTo-
AiB aHanisy 3anuuwkiB. MiHiManbHi 3aranbHi kputepii
BMKOHAHHS METOLIB aHanidy 3anuLKiB Taki:

— 3aNexHiCTb CUrHany AeTekTopa Bif KOHUEHTpauii
aHanity mae 6yt niHinHOW B kanibpysansHOMY
[lianasoHi SK y YMCTUX PO3UYMHHMKAX, Tak i/abo npu
kaniopyBaHHi 3a MaTpuLeto;

— KOHLEHTpaLis aHaniTy He MOBWHHA 3MiHIOBATUCH
MPOTAroM yciel npoLeaypy aHarnisy B eKCTpakTax Ta
KanibpyBanbHKUX pO34nHaXx;

— cepefHe noBepHeHHst Ta BCB noBTOptoBaHOCTI
MOBWHHO 3HAaXOAUTUCA B Mexax, MpUBEOEHUX B
Tabn.1.

Y neBHUX 0BrpyHTOBAHMX BUMagkax NMOBEPHEHHS 3a
Mexamu LbOoro AianasoHy Oyae npuiHaTe gns mat-
pvUb, AKi BaXKO aHanisyBaTW, Hanpuknag, TIOTIOHY,
XMEso, KaBu, Yato Ta CreLin, 3a yMOBY, L0 AaHi npe-
LM3INHOCTI € NPUAHATHUMM abo Y BUNaaKax ayxe HU3b-
KMX PIiBHIB KOHLEHTpaLji.

Bumoru no mertofiB aHanisy 3anuLiKiB nectuum-
aiB [17,18]. Bumorn, ki npeg'saBns0TbCA 40 METOAIB

dard and that of the sample. Some regulatory authori-

ties use the term specificity to refer to selectivity [12].

Linearity. Linearity can be defined as the ability of a
method to provide an acceptable linear correlation
between the measured signal and the concentration of
the analyte in the sample being analysed. Data on lin-
earity are required for the active substance and signif-
icant impurities in technical materials and pesticide for-
mulations.

Limit of detection (LOD). The limit of detection of
an analytical procedure is the smallest amount of ana-
lyte in a sample that can be detected, but not necessar-
ily quantified as an exact value. At the limit of detection,
a positive identification can be made with reasonable
and/or pre-established confidence for a given matrix
using a specific analytical method.

Limit of quantification (LOQ). The limit of quantifica-
tion (LOQ) is defined from a regulatory perspective as
the lowest concentration that can be tested, at which a
clear identification of the analyte can be demonstrated,
and where the average recovery is achieved with an
acceptable RSD. The LOQ should be sufficiently low to
meet the intended purpose of the method. From an
analytical standpoint, a signal-to-noise ratio of 6-10
times provides an estimate of the LOQ, which is then
confirmed by fortification experiments.

Analytical methods used to ensure compliance with
established MRLs (monitoring methods) must meet the
following additional criteria: applicability, practicability,
and robustness. The latter refers to the degree to
which the analytical procedure is unaffected by small
variations in parameters, indicating reliability during
normal use.

Results and discussion

Minimum general criteria for performing residue
analysis methods. The minimum general criteria for
performing residue analysis methods are as follows:
— the detector signal must be linearly dependent on

the analyte concentration within the calibration
range, both in pure solvents and/or when calibrat-
ing with the matrix;

— the concentration of the analyte should remain con-
stant throughout the entire analysis procedure in
extracts and calibration solutions;

— the average recovery and the RSD for repeatability
should fall within the ranges provided in Table 1.

In certain justified cases, recovery outside of this
range will be accepted for matrices that are difficult to
analyse, such as tobacco, hops, coffee, tea, and
spices, provided that the precision data is acceptable
or in cases of very low concentration levels.
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Tabnuusa 1/ Table 1

KpuTtepii BukoHaHHA MeToAy AnsA aHanisy 3anuuwkis /
Criteria for performing residue analysis method

PiBeHb KOHUeHTpauii / BCB noBTtoptoBaHoCTi, % / ‘ulan":::HHZizi’q;b?ro
Concentration level RSD for repeatability, % p ' 70 o
Range of average recovery, %
< 1 mkr/kr /1 pg/kg 35 50-120
> Amkr/kr < 0,01 mr/kr /
1ug/kg < 0,01 mg/kg 30 60-120
> 0,01 mr/kr < 0,1 mr/kr /
0,01 mg/kg < 0,1 mg/kg 20 70-120
> 0,1 mr/kr < 1,0 mr/kr /
0,1 mg/kg < 1,0 mg/kg 15 70-110
> 1 mr/kr /1 mg/kg 10 70-110

aHanisy 3anuwikie, 3anexarb Bif ranysi ixHboro 3acTo-

CyBaHHs1.

MeTtoam NoBWHHI:

— MaTu 30aTHICTb BU3Ha4aTy BCi IMOBIPHI aHaniTH, AKi
MOXYTb OYyTW BKIKOYEHI OO BU3HAYEHHS 3amnyLLKIB
AK 41191 OLiHKW JIETUYHOIO PU3MKY, TaK | ANs KOHTPO-
N0 BUKOHaHHS BcTaHoBneHnx MP3 y npucyTHOCTI
matpuui npobu;

— PpO3pIi3HATU OKpeMi i3omepw/aHanoru, Konu Lue
HeoOXigHO Ans NPOBEAEHHS1 OLIHKM OiETUYHOrO
PU3NKY;

— ByTV [OCTaTHLO CENEKTUBHUMM, OO PEYOBUHM, SIKi
3aBaxatoTb, Hikonu He nepesuiyBanm 30 % Mexu
KinbkicHoro Bu3HayeHHst (MKB);

— NPOAEMOHCTPYBATW MPUAHATHI MOBEPHEHHS Ta
MOBTOPHOBAHICT;

— OXOMUTW YCi CinbCbKOrocnogapchki KymnsTypu, BKIIHO-
4arum Ti, O BUKOPUCTOBYIOTLCS SIK KOPM A1 TBa-
PUWH; Yy pasi 3HaYHKX 3anuLUKiB OXoNuTY nepepobne-
Hi MPOAYKTW | MUTHY BOAY;

— OXOMUTK YCi Xap4oBi NPOAYKTU TBAPUHHOMO NOXOA-
XEHHS1, SKWO TBapWHW, WMOBIPHO CMOXMBanu
06pobneHi KynsTypu.

MeToau KOHTPOMIO 3@ JOTPUMAaHHSM BCTAHOBMEHMX
MP3 matoTb 6yTM npuaaTHUMK, SKWO LEe TEXHIYHO
MOXINMBO, ANS KiNMbKICHOMO BU3HAYEHHS! 3aMLIKiB Ha
piBHi abo Hmk4e 0,01 mr/kr abo npuHanmHi < 0,3 MKr/kr
akwo MP3 < 0,01 mr/kr.

Hebe3neuyHi peaktuBu. HebesneuyHi peakTusum,
knacudikoBaHi BignosigHo Ao PernameHTy (€C)
Ne 1907/2006 [19] sik KaHUeporeHu, mytareHn abo sk
penpoayKTUBHI TOKCUKaHTK kateropin 1A i 1B He
MOBUWHHI BUKOPMCTOBYBATMCS B METOAAX OLLIHKW PU3MNKY
Ta MoHiTopuHry. Cepeg LMX CONyK € AiasoMeTaH, Coni
xpomy (V1) i 6eH3on. Y gopaTtKy, He MOXHa BUKOPUCTO-
BYBaTU XNOPOBaHi PO34MHHKKM, 30Kpema XropoopmM i
auxnopMeTaH (npobnematuyHa noBefiHka XIopoBa-
HUX CMOJYK Y HaBKOMULIHBOMY CEepenoBuLLi Ta TPyAo-
MiCTka yTunisauis BigxodiB). 3a BUHSATKOM, KOnu, abu
JOCArTU METW, MOPIBHIOETLCS MOMNEPEAHIA METOL, EKC-
TPaKLii pO34MHHNKOM 332 HOBMMMW METOAAMM.

Requirements for pesticide residue analysis
methods [17,18]. The requirements for residue analy-
sis methods depend on the field of their application.

Methods should:

— be capable of detecting all possible analytes that
may be included in residue determination for both
dietary risk assessment and compliance with estab-
lished MRLs in the presence of the sample matrix;

— differentiate individual isomers/analogues when
necessary for dietary risk assessment;

— be sufficiently selective so that interfering sub-
stances never exceed 30% of the limit of quantifica-
tion (LOQ);

— demonstrate acceptable recovery and repeatability;

— cover all agricultural crops, including those used as
animal feed; in cases of significant residues, cover
processed products and drinking water;

— cover all animal-derived food products if animals are
likely to have consumed treated crops.

Methods for monitoring compliance with established
MRLs should be suitable, if technically possible, for
quantitative residue determination at or below 0.01
mg/kg or at least < 0.3 pg/kg if the MRL is < 0.01 mg/kg.

Hazardous reagents. Hazardous reagents classi-
fied under Regulation (EC) No 1907/2006 [19] as car-
cinogens, mutagens, or reproductive toxicants of cate-
gories 1A and 1B should not be used in risk assess-
ment and monitoring methods. These compounds
include diazomethane, chromium (VI) salts, and ben-
zene. Additionally, chlorinated solvents, particularly
chloroform and dichloromethane, should not be used
due to the problematic behaviour of chlorinated com-
pounds in the environment and the labour-intensive
disposal of waste. Exceptions are allowed only when
comparing a previous solvent extraction method with
new methods to achieve the intended objective.
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Bubip aHanitiB, gnA skux notpi6bHa po3pobka
MeTodiB aHanisy sanuwkiB. Metogn aHanisy Ons
nepegpeecTpaLinHunx Linen 3assndan 3acToCoBYOTbCS
[0 aHarniTiB, BKIYEHNX Y MOHATTS 3amnMLUKY, LLO BUKO-
PUCTOBYETLCH MPW OUiHUI XapyoBux pusmkis [1].
MeToam NoBWHHI [O3BONATY BU3HAYATK fitody pevoBU-
Hy Ta/abo BignosigHi metabonitu (MPOAYKTU TpaHc-
¢hopmaLlii) y npucyTHOCTI MaTpuui npobu. Axwwo npoba
MiCTWTb BinbLUe 0fHOrO i30Mepy, aHanora i T. M. gitoyoi
peyvoBMHM abo BignoBigHOrO MeTaboniTy, MeToq noBu-
HEH PO3PI3HATM OKpeMi i3oMepw/aHanoru, konu ue
HeoOXigHO AN NPOBEAEHHS OLLHKM Xap4YOBUX PUBKKIB.
AKLLIO NOHATTA 3anULLKIB BKIoYae B cebe KOH'toroBaHi
3anuLLKKM, MeTod NMOBMHEH MaTW BianoBigHi criocobu
NSt BUBINTbHEHHS «MOB'A3aHMX» 3arnMLLKIB.

BusHayeHHs 3anuuikiB, WO BWMKOPUCTOBYETHCA 3
METOK OLHKM PU3NKY HAOXOMKEHHs mectuumiis 4o
OpraHiamy IAVHM 3 NPOAYKTaMW XapyyBaHHS, MOXe
BiOpI3HATMCA Big AediHiLii, WO BUKOPUCTOBYETHCS B
Linsix 3abe3neyeHHs OTPMMaHHS MakCUMarnbHUX piB-
HiB 3anuwky (MP3), Wwo npu3soauTb 4O HeobXigHOCTi
po3pobKM pi3HMX METOAIB aHanidy. Y Tux BuMagkax,
KONV OAMH METOA HEe MOXeE OXOMWTU BCi CMOYKM pO3-
TMSHYTOrO BM3HAYEHHS 3anuLLKy, 3a MOXIUBOCTI
MOTPIBHO BMKOPUCTOBYBATK Dinblue 0gHOrO METOAY.

MynbT3anuwKkoBi nicnsapeecTpalinHi MeToau, ki
OXONSIIKTb BEMUKY KiNbKICTb aHaniTiB i siki 3aCHOBaHI
Ha MX-MC Tta/ abo BEPX-MC/MC, 3a3Buuaii BUKOpU-
CTOBYIOTbCA B OQoiLliiHux nabopatopisax €C ans KoHT-
ponto JoTpumanHs MP3 wogo aHanisy pocrmHHMX
maTpuub, Bogu 1 iH. [1]. Tomy HaBeZeHi metogu Ons
BM3HAYEHHS1 3alMLLKIB Y C/r KynbTypax, POCMAMHHMX
MPOAYKTax Ta Xap4oBWX MPOAYKTax POCIIMHHOIO NOXoa-
)KEHHS MOBWHHI BM3HAYaTV MHOXWHHI 3anuLUKn1. BoHu
MatoTb ByTy onybnikoBaHUMK MixHapogHUMK Ta odi-
LinHAMK oOpraHamu 3i CTaHgapTusauii, 3okpema
€BponencbkuMm komiTeTom 3i ctaHgaptm3sadii (CEN)
[20], AOAC International [21], €Bponencbkummn pede-
peHc-nabotaTopismn. MeToan BM3HAYEHHS OOHOrO
3anuiwKky cnig HagasaTu nuwe Todi, Konu nosigom-
NAETLCS, WO METOAN 3 MHOXUHHUMU 3anuiLKamu, Lo
BkntovaroTb X, a Takox metoanm BEPX, He MOXyTb
OyTn BUKOPUCTaHI.

Kateropii xapuoBux npopykris. Kareropii xapyo-
BUX MPOAYKTIB Ta KOPMIB POCIMMHHOTO MOXOMKEHHS,
Ansa skux noTpibHa po3pobka neped- i micnspeecTpa-
LiHMX MeTodiB aHanisy 3anuwkis nectmumiis, Hase-
AeHi B Tabn. 2 [1].

HaBeneHwit nepenik npogyKTiB HE € BUYEPNHWM. [HLUi
npogyktu/matpuui  MoxyTb  OyTM  BMKOpUCTaHI.
3asiBHNKMN NOBUHHI MPOKOHCYNLTYBATUCS 3 PETYMIOKYM-
MW OpraHamu Onsi OTPUMaHHS nopagum Wodo BUKOPK-
CTaHHS iHWKMX NPOAYKTIB. AK MpaBwno, TiflbKA OAWH
CyXUI NPOZYKT 3 BUCOKMM BMICTOM Biflka Ta Kpoxmanto
Moxe ByTu BUOpaHUiA 4ns nogaHHs.

Mpuknagn maTpuub, SKi BaXKO aHaniayBaTu: KaBoOBi
3epHa, kakao-000u, TpaB'sHi HACTOi, XMinb, cneuii,
YaM, THOTIOH.

Selection of analytes for which residue analysis
methods need to be developed. Residue analysis
methods for pre-registration purposes are typically
applied to analytes included in the residue definition
used for dietary risk assessment [1]. These methods
must allow the determination of the active substance
and/or relevant metabolites (tfransformation products)
in the presence of the sample matrix. If a sample con-
tains more than one isomer, analogue, or similar com-
pound of the active substance or relevant metabolite,
the method should differentiate between individual iso-
mers/analogues when necessary for dietary risk
assessment. If the residue definition includes conjugat-
ed residues, the method must include appropriate pro-
cedures for releasing "bound" residues.

The residue definition used for assessing the risk of
pesticide intake from food may differ from the definition
used for enforcing maximum residue levels (MRLs).
This difference necessitates the development of dis-
tinct analytical methods. When a single method cannot
cover all compounds included in the residue definition,
multiple methods should be used whenever possible.

Post-registration multi-residue methods, which cover
a large number of analytes and are based on GC-MS
and/or HPLC-MS/MS, are commonly used in official
EU laboratories for MRL compliance monitoring in
plant matrices, water, and other samples [1].
Therefore, methods for residue determination in agri-
cultural crops, plant-based products, and food of plant
origin should be capable of detecting multiple residues.
These methods should be published by international
and official standardization bodies, such as the
European Committee for Standardization (CEN) [20],
AOAC International [21], and European Reference
Laboratories. Single-residue methods should only be
provided if data demonstrate, and it is explicitly stated,
that multi-residue methods, including GC-based and
HPLC-based methods, cannot be used.

Categories of food products. The categories of
food products and plant-based animal feeds for which
the development of pre- and post-registration methods
for pesticide residue analysis is required are listed in
Table 2 [1].

The list of products above is not exhaustive. Other
products/matrices may be used. Applicants should
consult regulatory authorities for advice on using other
products. As a general rule, only one dry product with
high protein and starch content may be chosen for sub-
mission.

Examples of matrices that are difficult to analyse:
coffee beans, cocoa beans, herbal infusions, hops,
spices, tea, tobacco.



Ynino B. / V., Chmil

Tabnuusa 2 / Table 2

KaTeropii xap4yoBux npoAykKTiB Ansa nepea- i nicnsapeecTpauinHMx MeToAiB aHanily 3anuwikiB nectuumais
| Categories of food products for pre- and post-registration methods of pesticide residue analysis

KaTteropis / Category

MpoaykTu BKMIOYeHi fo uiel
kaTeropii / Included products

TunoBi penpe3eHTaTUBHI NpoAyKTu /
Typical representative products

Bucokuii BmicT Bogu /
High water content

3epHATKOBI OPYKTU, KiICTOUKOBI
dpPYKTH, LMOYNMHHI OBOYI, NNOAOBI
oBovi/rapby3au, KanycTsaHi 0BOui,
JINCTOBI OBOYiI Ta CBiXKa 3eseHb,
6agunna Ta ctebna oBouiB,
dypax/dypaxHi KynsTypu, CBixi
6060Bi oBodi /Pome fruits, stone
fruits, bulb vegetables, fruiting veg-
etables/gourds, brassica vegetables,
leafy vegetables and fresh herbs,
vegetable tops and stems,
fodder/fodder crops, fresh legumi-
nous vegetables

Jlncta 3 KopeHennogis Ta Oynu6oBi
OBOUi, LlyKpOBa TPOCTMHA, CBXUN
3ereHun Yan, rpubn / Leaves from
root and tuber vegetables, sugar
cane, fresh green tea, mushrooms

Abnyka, rpyLui, abpukocu, YepeLLHs, NEPCUKN,
umnbynsa pinyacrta, TomaTtu, nepeLb, OripKu,
OVHS, UBiTHa KarnycTa, bptoccenbcbka kanycra,
KayaHHa kanycTa, KanyCcHWI canar, LnuHar,
uMbynsa nopen, cenepa, cnapxa, nuweHuusa Ta
AYMiHb (DypaxHi, NOLEpHa, CBKUIA FOPOLLIOK 3i
CTpy4Kamu, KBaconsi, Kapnvmkosa paHLy3bka
kBacons /

Apples, pears, apricots, sweet cherries, peach-
es, onions, tomatoes, peppers, cucumbers,
melons, cauliflower, Brussels sprouts, cab-
bage, head lettuce, spinach, leeks, celery,
asparagus, forage wheat and barley, alfalfa,
fresh peas with pods, beans, dwarf French
beans

Bagunnsa uykposux i kKopmoBux Bypsikis / Sugar|
beet and fodder beet tops

Bucokuii BmicT onii /
High oil content

[opixu, OnifHI KynbTYpK, ONMBKW,
aBokago, XMinb, 6061 kakao, kaBa B
3epHax, cneuii / Nuts, oilseed crops,
olives,

avocado, hops, cocoa beans, coffee
beans, spices

Mpeubkin ropix, MyHAYK, KalTaH, OninHWUn
pinak, coHsiLUHMK, GaBoBHa, cosl, apaxic /
Walnut, hazelnut, chestnut, oilseed rape, sun-
flower, cotton, soybean, peanut

Bucokuin BMicT 6inka /
High protein content

Cyxi 60608Bi oBod4i / Bobosi / Dry
leguminous vegetables/ legumes

MonkoBa kBacons, cyleHi 606u, cyweHi 606u
kBaconi (>koBTi, 6ini, TEMHO CWHi, KOPUYHEBI,
kpanyacri) / Field beans, dried beans, dried
kidney beans (yellow, white, dark blue, brown,
speckled)

Bucokuii BMiCT kpoxmanto
/ High starch content

3epHOBI KynbTypK, KOpeHennoau Ta
Oynb6OBI OBOYI, KPOXMANUCTI
kopeHennoau / Cereal crops, root
and tuber vegetables, starchy root
crops

3epHo NLLeHuLj, uTa, A4MEHIO Ta BiBCa,
LlyKPOBMWI Ta KOPMOBMI BypsiK, MOPKBa, Kap-
Tonng, conogka kaprtonns / Wheat, rye, barley,
and oat grain, sugar and fodder beets, carrots,
potatoes, sweet potatoes

Bucokuii BMicT kucnotu /
High acid content

Lintpycosi cpykTu, aroau,
cMopoauvHa, BUHOrpag, Kisi,
aHaHac, peseHb / Citrus fruits,
berries, currants, grapes, kiwis,
pineapple, rhubarb

JIUMOH, MaHgapuH, anenbcuH

NonyHWLS, YOPHULA, ManuHa,

YopHa CMOpOoAMHa, YepBOHa CMopoauHa, bina
cmopoguHa / Lemon, tangerine, orange, straw-
berry, blueberry, raspberry, black currant, red
currant, white currant

EcdekTMBHiCTb eKcTpakuii

MeToAiB aHanisy

Effectiveness of extraction in pesticide residue

3anuLkiB nectuumaiB. EdekTnBHICTb ekcTpakLii BBa-
XaETbCA KIMOYOBOK CTagieto Ans po3pobku metoay [1].
Onucytoun MeTod, HeoOXigHO OaTh BiAOMOCTI LWOAO
PO34MHHWKIB | yMOB (TemnepaTtypa, pH, Yac), ki Buko-
puctoByBanucs. Husbka eqekTUBHICTb eKcTpakuil
MOXe OyTW OCHOBHUM [XKEpPEenoM CUCTEMaTUYHOI
MOMWIIKN MPaBUIbHOCTI METOAY Ta iCTOTHO BNAMHYTM

analysis methods. Extraction effectiveness is consid-
ered a key stage in method development. When
describing the method, it is essential to provide infor-
mation on the solvents and conditions (temperature,
pH, time) used. Low extraction efficiency can be a
major source of systematic error in the method's accu-
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Ha TOYHICTb pe3ynbTaTiB. Ane eeKTUBHICTb eKCTpaKLil
He Moxe OyTW nigTBEpAXEHa TpaguuiiHMMKM Jocnia-
XEHHSIMU NMOBEPHEHHS aHaniTy, NpoBedeHUM 3 npoba-
MK, 30ara4eHMMy aHaniToM He3adoBro [0 aHaniay.
CyBopa Banigauisi edeKkTUBHOCTI eKCTpaKLUii BCix
3aULLKIB, BKIYEHNX [0 BU3HAYEHHS 3a5ULLKY, MOXe
Oyt BUKOHaHa nuwe 3 npobamu, B K 3anMLIKN
MOTPanunM LUMISIXOM, SIKIM BOHW 3a3Buyai notparn-
NS0T 0 Npobu npu 3actocyBanHi 33P Ha c/r kynbTy-
pax. Lle 3a3Buyan mae micue y 4OCnimKeHHsX MeTabo-
nismy, Ae edeKkTUBHICTb eKcTpakuii moxe OyTu
BM3Ha4yeHa 3a JOMOMOrOK PafioaKTUBHO MiYEHUX aHa-
niTiB. Y pokymeHTi IUPAC, nprcBsiyeHOMyY NOB'AI3aHUM
3anuLKaM KCeHODIOTHKIB y Xap4YOBMX MPOAYKTax poc-
NVHHOTO Ta TBAPUHHOTO MOXOMKEHHS, PEKOMEHY-
eTbes: «lpouenypum ekcTpakLii, Lo BUKOPUCTOBYHOTHCA
B MeTOoZax aHaniay 3anuLuKiB, MOBUHHI OyTn BanigoBaHi
3 BUKOPUCTaHHSM Npob [3 HAKOMMYEHUMU 3anULLKaMK]
3 pagiomiveHnx gocnigxeHsb... » [22]. nsa niaBuLLeHHN
e()eKTUBHOCTI eKCTpaKLUil NpodyKTiB 3 HU3bKUM BMi-
CTOM BOJIOTM (3€PHOBUX, CYXO(PYKTIB) PEKOMEHIY-
€TbCS [ofaBaTh Bogdy [0 npobu nepern ekcTpakuieto.
Cnig nepeBipuTW BMMB Yacy CTPYLUYBaHHS Ha BTpaTy
aHanity, Wob YHWKHYTU HEMPUAHSATHWMX BTpaT. AKWOo
BM3HayeHHss MP3 3anuwiky nectuumay BkiKdae coni,
BaXnuBO, o6 coni Bynu aucouinoBaHi 3a LOMOMOroo
aHamiTM4YHOro  MeTody, WO  BUMKOPWCTOBYBAcS.
3a3Buyan Le JocsAraetbca AodaBaHHAM Boau 4o abo
nig Yac ekcTpakLii.

B igeani npogyktu, WO NpeacTaBnsioTb iHTEpeC 3
[OCTimkeHb meTaboniamy Ta CiBO3MiHW, MaloTb OyTu
30epexeHi Ans BU3HaA4YEHHS] eDeKTUBHOCTI eKCTpaKLii
MOCTPeeCTpaLinHMX MeTodiB Ta MeTodiB ans 36opy
[aHUX Mpo 3anuLLKX 3 KOHTPOSIbOBaHMX MOMbOBUX
BUNpoOyBaHb Ta JOCNIMKEHb CIBO3MIHM.

XpomarorpacpiuyHe po3fineHHA Ta BU3HAYEHHS.
BusHayeHHs BMICTYy fitlouMX PEYOBUH Y eKCTpakTax
npo6 POCMUH, Xap40BWX NPOAYKTIB POCIIMHHOIO i TBa-
PUHHOTO MOXOMKEHHS, KOPMIB | OO’€KTIB OOBKINMs
3a3Buyail NMpoBOAATb 3 BUKOPUCTAHHAM KanifsipHOl
ra3oBoi xpomatorpadii (MX) Ta/abo BucokoedeKkTMBHOI
abo ynbTpaedeKTUBHOI piguHHOI  Xxpomatorpadii
(BEPX abo YEPX) y noeHaHHi 3 Mac-CnekTpoMeTpieto
(MC) [4]. MoxyTb BMKOPMCTOBYBATUCS Pi3Hi CUCTEMM
BusBNeHHss MC, 3okpema oauMHOYHWIA abo MOTPINHWIA
KBagpynonb, iOHHa nacTka, YaconponitHa abo opbi-
TanbHa nacTka 3 pi3HUMWM MeTogamu ioHi3auji: enek-
TpoHHa ioHizauis (El), ximiyHa ionizauis (XI), ximiyHa
ioHi3auis npu atmocepHomy Tucky (XIAT) Ta ioHisa-
uis enektpoposnunenHam (IEP). MoxyTe BuKopucTo-
BYBaTWCA PisHi pexumy 360py AaHuX, 30Kpema MoBHe
CKaHYBaHHS, MOHITOPWHI BMOpaHmx ioHis (MBI), MoHi-
TOpUHr BMBpaHux peakuin (MBP) Ta MOHITOPUHI MHO-
XWUHHUX peakuin (MMP).

Y paHun vac cenekTusHi getektopu ans X (E3[,
nofd, IN®O,A®L) i PX (giogHa matpuus, dnyopecLeH-
Lif1) He TaK LUMPOKO BUKOPUCTOBYHOTHCS, OCKITbKA BOHM
MaloTb nuLie oBMexeHy creundiyHicTb. IxHe 3acTocy-

racy and can significantly impact the precision of the
results. However, extraction efficiency cannot be con-
firmed by traditional studies of the analyte recovery
conducted with samples enriched with the analyte
shortly before analysis. Strict validation of the extrac-
tion efficiency of all residues included in the residue
definition can only be performed with samples in which
the residues were introduced via the usual means
when applying PPPs on agricultural crops. This is typi-
cally the case in metabolism studies, where extraction
efficiency can be determined using radiolabeled ana-
lytes. In the IUPAC document on xenobiotic bound
residues in food products of plant and animal origin, it
is recommended: "Extraction procedures used in
residue analysis methods must be validated using
[residue-loaded] samples from radiolabeled studies..."
[22]. To improve extraction effectiveness in low-mois-
ture products (such as grains and dried fruits), it is rec-
ommended to add water to the sample before extrac-
tion. The effect of shaking time on analyte loss should
be checked to avoid unacceptable losses. If the deter-
mination of pesticide residue MRLs includes salts, it is
important to ensure that the salts are dissociated using
the analytical method applied. This is usually achieved
by adding water before or during the extraction.

Ideally, products of interest from metabolism studies
and crop rotation should be preserved for determining
the extraction effectiveness of post-registration meth-
ods and methods for collecting residue data from con-
trolled field trials and crop rotation studies.

Chromatographic separation and determination.
The determination of active substance content in
extracts from plant samples, food products of plant and
animal origin, animal feeds, and environmental objects
is usually carried out using capillary gas chromatogra-
phy (GC) and/or high-performance or ultra-high-perfor-
mance liquid chromatography (HPLC or UHPLC) com-
bined with mass spectrometry (MS) [4]. Different MS
detection systems can be used, including single or
triple quadrupole, ion trap, time-of-flight, or orbital trap,
with various ionization methods: electron ionization
(EI), chemical ionization (CI), atmospheric pressure
chemical ionization (APCI), and electrospray ionization
(ESI). Various data collection modes can be applied,
including full scanning, selected ion monitoring (SIM),
selected reaction monitoring (SRM), and multiple reac-
tion monitoring (MRM).

Currently, selective detectors for GC (ECD, PFD,
FPD, AFD) and LC (diode array, fluorescence) are not
as widely used because they have limited specificity.
Their application, even in combination with columns of
varying polarity, does not guarantee unambiguous



BaHH$ HaBiTb Yy NOEAHAHHI 3 KONOHKaMW pi3HOI nonsp-

HOCTi He 3abe3neyye ofHO3HA4HOI igeHTudikauii. Lli

0OMEXKEHHSI MOXYTb ByTV MPUAHATHAMM ANS NeCTULM-

[iB, WO YacTo 3yCTpiYaloTbCs, @ TakoX, SKWO OesKi

pe3ynbTaTi NiZTBEPAXKYIOTLCS 3 BUKOPUCTaHHAM GinbLu

creumdivHoro MeToay BUSIBNEHHS. Y Oyab-AKOMYy pasi

Taki oOMexXeHHs1 B Mipi ineHTudikauii cnig Bpaxosysa-

TV Nif Yac NoBiAOMMNEHHS pe3ynbTaris.

MiaTBepaXytodi meToan. AKLO NOYaTKOBMIA aHani3
He 3abesnevye 0fHO3HAYHOI igeHTUdikauii un He Big-
MoBigae BMMOram KinbKiCHOrO aHanidy, notpibeH nia-
TBEPOXKYHUM aHania [1], To6To NOBTOPHWI aHani3 ekc-
TpakTy abo npobu. Y Bunagkax nepesulieHHs MP3
3aBXauW NOTPIOHWIA NIATBEPIKYHOYNIA aHani3 iHLWOT aHa-
niTMYHOI nopuii. [Ans He3BMYanHUX koMbiHaui nectu-
uma/matpuus pekoOMEHAYETbCS TaKOX MiATBEPAXYHO-
4ui aHanis. Sk npaswuIno, BiH He NOTpPibeH, konu nepsic-
HUI (OCHOBHWI) MeTOL(M) BU3HAYEHHS 3anuLLKIB NOKa-
3ye crneundivHicTb Ans aHaniTy, a Jxepeno 3anuiiky
aHanity sigome. Lle TvnoBui BMNagok Ons MeTodis,
O pO3pobnsatTbCs BUKMIOYHO ANs Uinen nepeape-
ecTpallii .

MigTBEpMAXYOUMA METOL BMKOPUCTOBYETLCA [Ans
MeTogiB nicnspeecTpalii ogHOro 3anuiuky abo MeToziB
HocTi. BnactuBocTi aHaniTy cnig BpaxoByBatu npwu
BMOOPI BiANOBIAHOIO BUMIPHOBANbHOMO 0bnagHaHHs.

Mac-cnekTpomeTpis y noegHaHHi 3 CUCTEMOK Xpo-
matorpad)iyHoOro noginy € gyxe noTyXHOK KOMOiHaLLi-
€10 Ana igeHTudikauii aHaniTy B ekcTpakTi npobu.
BoHa opHo4YacHO Hagae faHi Npo Yac yTprMYBaHHS,
CriBBIgHOLIEHHS Maca/3apag (m/z) Ta BiGHOCHWIA 3MicT
(IHTEHCMBHICTD).

Pospobka OKpeMoro nigTBEPAXYHYOro MeToay
3a3BMyal He nOTPiOHa, KOMM OpwriHanbHUA MeToq
3aCHOBaHUN Ha Mac-CrnekTpoOMETpii abo iHLWoMy BUCO-
kocneumdiyHomy metodi. Hanpuknag, metog MX/MC
BBaXaeTbCA BUCOKOCNEUUMIYHUM AN aHanity 3a
YMOBWU, IO Ans ineHTudikauii/KinbKicHOro BU3HaYeHHS
BUKOPWCTOBYIOTbCA LLIOHAMMEHLLE TPU iOHHI hparmeH-
T 3 BigHOWeHHAM m/z GinbLue 100 [4]. HeobxigHo Bka-
3aTn obpaHi ioHM Ta npuumMHK ix Bubopy. Y pasi
BEPX/MC-MC meTon BBaxaeTbCsi BMCOKOCMeUMdiY-
HUM, KONW NiATBEPAKEHO ABa iOHHI nepexoau. Mpu uux
nonepeaHix ymoBax [OAATKOBUW NiATBEPAXKYHOYNIA
MeTof He MoTpibeH.

HacTtynHi MmeToan BBaxaloTbCsl NPUAHATHUMUW SK NigT-
BEPAKYIOYI MeToAY:

— X/IMC abo PX/MC, 3a ymoBH, O MOHITOPUTLCS
(BigCTeXYETHCS) [OCTATHS KiNbKICTb iOHIB i HaBoO-
AATbCS MPUYMHK iX BUOOpY ;

— BEPX/OM[, skwo Y®-cnekTp XapakTepHun Ans
YKpinneHnx npob Ha Mexi KiNbKiCHOTO BU3HAYeHHS!
(noBUHeH ByTW npeacTaBneHwin YO-cnekTp, oTpu-
MaHUI B yMOBaX BU3HAYEHHS);

— anbTepHaTUBHA METOAMKA BUSIBMEHHS ;

— [OepviBaTu3aLlis (SKLLO Lie He OyB NoYaTKOBMIA METOL);
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identification. These limitations may be acceptable for

commonly encountered pesticides and when some

results are confirmed using a more specific detection
method. In any case, such limitations in identification
capacity should be considered when reporting results.

Confirmatory methods. If the initial analysis does
not provide unequivocal identification or does not meet
the requirements of quantitative analysis, a confirmato-
ry analysis is required [1], meaning a repeated analysis
of the extract or sample. In cases of exceeding MRLs,
a confirmatory analysis of a different analytical portion
is always necessary. A confirmatory analysis is also
recommended for unusual pesticide/matrix combina-
tions. As a general rule, confirmatory analysis is not
needed when the initial (primary) residue determination
method demonstrates specificity for the analyte, and
the source of the analyte residue is known. This is typ-
ically the case for methods developed exclusively for
pre-registration purposes.

A confirmatory method is used for post-registration
methods for individual residues or methods for MRL
compliance to demonstrate their selectivity. The prop-
erties of the analyte should be taken into account when
selecting appropriate measurement equipment.

Mass spectrometry combined with chromatographic
separation is a very powerful combination for identify-
ing the analyte in the sample extract. It provides data
on retention time, mass-to-charge ratio (m/z), and rela-
tive content (intensity) simultaneously.

The development of a separate confirmatory method
is usually not necessary when the original method is
based on mass spectrometry or another highly specific
method. For example, a GC/MS method is considered
highly specific for the analyte provided that at least
three ion fragments with an m/z ratio greater than 100
are used for identification/quantification [4]. The select-
ed ions and the reasons for their choice must be spec-
ified. In the case of HPLC/MS-MS, the method is con-
sidered highly specific when two ion transitions are
confirmed. Under these conditions, an additional con-
firmatory method is not needed.

The following methods are considered acceptable as
confirmatory methods:

— GC/MS or LC/MS, provided that a sufficient number
of ions are monitored and the reasons for their
selection are provided;

— HPLC/DAD, if the UV spectrum is characteristic for
fortified samples at the quantitative determination
threshold (the UV spectrum obtained during the
analysis should be provided);

— alternative detection techniques;

— derivatization (if it was not the initial method);
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— ANA NigTBEPMKEHHS pe3ynbTaTiB MOXe TakoxX cTaTu
KOPUCHUM BapitoBaHHSA CTafin po3nofiny Ta ouu-
LLEHHS.

OepuBatusauia. [ng aHanisy Aeskux CMONyK,
30KpemMa 3 BUCOKOH MOSIPHICTIO abo noraHMMm Xxpoma-
TorpadiYHMMM BRacTMBOCTSIMI, MOXe CTaTh MoTpib-
Holo AepwBaTusauia aHanity [1]. MNoxigHi (aepviBatn)
MOXHa OTpuUMaTy 4o XpomartorpadiyHoro aHanisy abo
SK YacTMHY xpomatorpadivHoi mpoueaypu (oo abo
nicns konoxku). MNoxigHe mae ByTn ctabinbHUM, a horo
ofepKaHHS BigTBOPOBaHMM [4]. Konu KinbKicHa ouiHka
3acHOBaHa Ha BW3HAYeHHI MOXigHOro, KanibpyBaHHS
nepeBaxHO NPOBOANTLCA 3 BUKOPUCTaHHAM CTaH4apT-
HMX PO34YMHIB LbOrO MOXIAHOro, SKWO TifbKK eTan
AepuBaTun3sallii He € HeBiA'€EMHOK CKNaZOoBO CUCTEMU
BUSIBINEHHS. AKLLO NOXigHe He JOCTYNHE SK eTanoHHUN
CTaHdapT, WOro cnig 3reHepyBaTM B aHaniTM4HOMY
Habopi, BUKOPWCTOBYKYM Ty X Mpoueaypy AepvBatu-
3auii, wo i Ans npobu. 3a umx o6cTaByH NOBUHHO ByTK
noBHe 0Or'pyHTyBaHHS. CepefHili BUXig Ta Npeumsin-
HICTb eTany AepvBaTu3aLii NOBUHHI SkHaWbinbLwe 6yTu
npogeMoOHCTpoBaHi. MeTtoq BBaXaeTbCs cneuugivyHum
ANS aHaniTy, AKWo NpoaykT AepusaTtusadii cneumndiy-
HUI Ansa uboro aHanity. OgHak, Konu oTprMaHe noxia-
He € 3BUYaiHUM MOXigHUM ABOX i GinbLue Ajtlo4nx pevo-
BIH abo MeTaboniTiB i KNacuIKyeTbCA SK iHLWA YKMHHA
peyoBMHA — METOZ CNif BBaXaTu HecneundivyHum.

3BiT Npo npoBeAeHi [oCnigKeHHs Npu po3pobui

MeToZAiB aHanily 3anuiuKiB necTUUMAiB.

Bcmyn. Y upomy po3aini HaBegeHo 3arasbHy iHhop-
MaLito Ta AaHi, ki MatTb OYTW BKITHOYEHUMI [0 ONUCY
METOZiB aHaniay, Lo BUKOPWUCTOBYKTLCS ONSt BU3HA-
YeHHs 3anuLLKiB nectuumais [1].

LapuHa 3acmocysaHHs. BignoBigHi npogyktu/mar-
puui. MpyHUMNKM aHaniTUYHOT NPOLEeAYpU, BKIOYAOUK
ineHTUdIKaLI XIMIYHMX PEYOBMH, WO BU3HAYAKOTLCS,
a TaKoX Mexi BUSIBNEHHS (32 HeOOXIOQHOCTI) i KinbKicHe
BU3HAYEHHS.

Mamepianu ma memodu. ETanoHHi (pedepeHTHi)
cronyku: ximiyHa Ha3sea, Homep CAS, ximMi4Ha CTpyKTy-
pa, MomnekynsipHa dopmyna Ta Maca, YictoTa, Aai
MPO 3aKiHYeHHs! TEPMiIHY NPMAATHOCTI, yMOBU 36epiraH-
HS. [TpUroTyBaHHA BUXIOHUX PO34MHIB. [1pUroTyBaHHS
KaniopyBanbHUX PO3YMHIB.

lpouedypa. [eTanbHuii oNnc aHaniTM4Hoi npoueay-
Py NoeTarHo, 3 0cobNMBMM aKLIEHTOM Ha peareHTy abo
npoLeaypHi KpoKK, L0 BUMAratTh crielianibHuX 3ano-
OixHUX 3axopiB, WoO YHWMKHYTM 3arpo3 Gesneui abo
3popos'to. [MigrotoBka npobu. EkcTpakuis — AeMOHCT-
pauis epeKTUBHOCTI, SKLLO 3aCTOCOBYHOTCS, HaMpUK-
nap, cyxi c/r cybcTpatit, NOB'A3aHi 3aMLLIK1 TOLLO.

3bara4eHHsi Npobu Aiko4oK PEYOBUHO, KO Byrno
3acTOCOBaHO Mifg Yac po3pobku metogy. OunLleHHs.

OepvBatusania (skwo Oyna). XpomatorpadiyHi

ymoBw/cknag pyxomoi ¢asu, SKLO BUKOPUCTOBYETLCS

XxpomatorpadiyHui nogin. CtabinbHiCTb CTaHO4APTHUX

PO34MHIB Ta EKCTPAKTIB

lpunadu. Onuc (Mapka/mogernb, TUN/CENeKTUBHICTb

— to confirm results, variation in the stages of partition-
ing and purification may also be useful.

Derivatization. For the analysis of certain com-
pounds, especially those with high polarity or poor
chromatographic properties, derivatization of the ana-
lyte may be necessary [1]. Derivatives (derivates) can
be prepared before chromatographic analysis or as
part of the chromatographic procedure (before or after
the column). The derivative must be stable, and its
preparation should be reproducible [4]. When quantita-
tive assessment is based on the determination of the
derivative, calibration is generally performed using
standard solutions of that derivative, unless the deriva-
tization step is an integral part of the detection system.
If the derivative is not available as a reference stan-
dard, it should be generated in the analytical set using
the same derivatization procedure as for the sample. In
such cases, a complete justification should be provid-
ed. The average yield and precision of the derivatiza-
tion step must be demonstrated to the fullest extent.
The method is considered specific for the analyte if the
derivative product is specific to that analyte. However,
when the derivative formed is a common derivative of
two or more active substances or metabolites and is
classified as another active substance, the method
should be considered non-specific.

Report on research conducted in the develop-
ment of methods for pesticide residue analysis

Introduction. This section provides general informa-
tion and data that must be included in the description
of methods used for the determination of pesticide
residues [1].

Application Scope. Relevant products/matrices.
Principles of the analytical procedure, including the
identification of chemicals being analysed, as well as
detection limits (if necessary) and quantitative determi-
nation.

Materials and Methods. Reference (standard) com-
pounds: chemical name, CAS number, chemical struc-
ture, molecular formula and mass, purity, expiration
date, storage conditions. Preparation of initial solu-
tions. Preparation of calibration solutions.

Procedure. A detailed step-by-step description of the
analytical procedure, with special emphasis on
reagents or procedural steps that require specific pre-
cautions to avoid safety or health hazards. Sample
preparation. Extraction — demonstration of effective-
ness, especially when using dry agricultural substrates,
bound residues, etc. Fortification of the sample with
active substance, if applied during method develop-
ment. Purification. Derivatization (if applied).
Chromatographic conditions/composition of the mobile
phase, if chromatographic separation is used. Stability
of standard solutions and extracts.

Equipment. Description of equipment (brand/model,
type/selectivity of detectors, columns (packing materi-
als, dimensions), carrier gases, efc.).



[ETEKTOPIB, KOMOHKW (MaKkyBamnbHi MaTtepianu, po3mi-
pu), rasn-HoCii ToLwo).

Poboui ymosu (Hanpuknag, WBUAKOCTI MOTOKY pyXo-
Moi (hasu, Temnepartypa, Hanpyra, yMOBW XpoMaTorpa-
tbyBaHHs Towo). MNpouenypu kanibpyBaHHs.

Mepewkodu. Onuc Byap-aKkux nepelukoq, obymosne-
HUX MaTpuLero Npobu, iHWKYMW NecTumMaaMm, po34nH-
HUKamu, NabopaTopHUM MOCYAOM.

[1idmeepdxytodi memoou.

Po3paxyHku. NOKpOKOBOBUI OMUC. YNHHMKK Kanibpy-
BaHHs. AHaniT y npooi.

IHwe. Byab-ska Ta BCA foAaTkoBa iHpopMaLis, ska
BBaXAETbCS JOPEYHOK Ta aKTyamnbHOK AN HafaHHs
MOBHOIO Ta JOKMaAHOro ONMCy aHaniTYHOI MeTodomMo-
rii BM3HAYeHHA 3anuwKky Ta 3acobiB po3paxyHKy
pe3ynbTaTiB 3anyLuKy.

OvuikyeaHi napamempu memo0y. [oBepHEHHS (04iKy-
BaHe cepefHe Ta [JianasoH MoBepHeHb). Bkntoyaroum
iHOMBIQYyanbHi 3Ha4YEHHS NOBEPHEHHS, CEpefiHi 3HaYeH-
HS MOBEPHEHHS Ta IXHE BiOHOCHE CTaHAapTHe BigXu-
NEHHS ANs1 KOXKHOrO KOMMOHEHTa 3anuLLKy, Lo npeg-
CTaBIsie iHTEPEC, Y KOXHOMY NPOAYKTI, L0 TECTYETLCS
nig Yac po3pobkn meToay.

MpeyusitHicms. Mexi BUSIBNEHHS (3a HeobXigHOCTI)
Ta KiNbKICHOrO BU3HAYeHHs. TeCTyBaHHA Ha MILHICTb,
AKLLO BOHO BMKOHaHe. OBMEXeHHS.

PenpeseHmamusHi  xpomamozpamu. HacTynHi
penpeseHTaTVBHI XpoMaTorpamm MarTb OyTW BkIOue-
Hi O 3BiTy MPO po3pobKy MeToay. MOpOXKHiA KOHTPOMb.
(BnaHk) AHaniTUYHI/MaTpUYHi cTaHgapTu. HaiHwkyi
piBHi 30ara4yeHHs1. OB6pobneHi npobu

3akmodeHHs. TligCyMOK 3aCTOCYBaHHsS aHaniTUYHOI
npoueaypu Anst BUMipOBaHHS KOHKPETHUX TECTOBAHMX
CMONyK y Ppi3HWX TecToBuXx cybcTpaTax, HasiBHICTb
obnagHaHHs1, nepeLLkoau, cTabinbHiCcTb i T..

BUCHOBKMW. Ha nigctaBu po3rnsigy KepiBHUX JOKY-
meHTiB €Bponencbkoro Cotosy (EC) Ta Opranizauii
€KOHOMIYHOro cniBpobiTHMUTBa i po3suTky (OECP) 3
nepeg- i nicnapeecTpauiiHux MeTOAIB aHanisy 3anuu-
KiB MecTuumaiB MNpOMOHYETbCS CTBOPUTU BITUU3HSHI
METOANYHI JOKYMEHTY LOA0 po3pobKM i 3aCTOCYBaHHS
neped- i nicnapeecTpauiHnX MeTodiB BU3HAYEHHS
3aNMLWKIB NeCTUUMAiB y NPOAyKTax XapyyBaHHs, Kop-
Max i 0b’eKTax OTOYYIHOro CepenoByLLa 3 ypaxyBaH-
HSIM ocobnmBocTen 3acTtocyBaHHs 33P B YkpaiHi.

KoHdnikT iHTepeciB. ABTOp 3a3Hayae npo BiAcyT-
HICTb KOHQNIKTY iHTEpeCiB.

Ynino B. / V., Chmil

Operating Conditions. For example, flow rate of the
mobile phase, temperature, voltage, chromatographic
conditions, calibration procedures.

Interferences. Description of any interferences
caused by the sample matrix, other pesticides, sol-
vents, or laboratory glassware.

Confirmatory Methods.

Calculations. Step-by-step description of the calcula-
tions. Calibration factors. Analyte concentration in the
sample.

Other. Any additional information deemed relevant
and necessary to provide a complete and detailed
description of the analytical methodology for residue
determination and the means of calculating the residue
results.

Expected method parameters. Recovery (expected
average and recovery range). Including individual
recovery values, average recovery values, and their
relative standard deviation for each residue component
of interest in each tested product during method devel-
opment.

Precision. Limits of detection (if necessary) and
quantification.  Strength testing, if performed.
Limitations.

Representative chromatograms. The following repre-
sentative chromatograms should be included in the
method development report: Blank control.
Analytical/matrix standards. The lowest levels of
enrichment. Processed samples.

Conclusion. Summary of the application of the ana-
lytical procedure for measuring specific test com-
pounds in different test substrates, the presence of
equipment, interferences, stability, etc.

Conclusions. Based on the review of the guiding
documents of the European Union (EU) and the
Organisation for Economic Co-operation and
Development (OECD) regarding pre- and post-regis-
tration pesticide residue analysis methods, it is pro-
posed to create domestic methodological documents
for the development and application of pre- and post-
registration methods for determining pesticide residues
in food products, animal feed, and environmental
objects, taking into account the specifics of PPPs use
in Ukraine.

Conflict of Interest. The author note that there is no
conflict of interest.

CMUCOK BUKOPUCTAHUX OXXEPEN / REFERENCES

1. Organisation for Economic Co-operation and
Development. Series on Pesticides. Number 39.
Guidance Document on Pesticide Residue Analytical
Method. ENV/JM/MONO(2007)17, OECD. Paris
2007:34. https://one.oecd.org>MONO(2007)17>pdf

2. SANTE/2020/12830 (combined guidance). Guidance
Document on Pesticide Analytical Methods for Risk
Assessment and Post-approval Control and

Monitoring Purposes. SANTE Rev.2.2023:51
https://food.ec.europa.euwsystemsfilespesti

3. Guidance SANTE 11312/2021 — Analytical quality con-
trol and method validation procedures for pesticide
residues analysis in food and feed.SANTE 2022:57
https://food.ec.europa.eu.system

4. Ambrus AA, Ngoc Doan VV, Szenczi-Cseh J,
Szemanne-Dobrik H, Adrienn Vasarhelyi A. Quality




Ene 350poe’s Ta npoBnenn xapuysanks Yipaik / One Health and Nutrition Problems of Ukraine 1/2025

Control of Pesticide Residue Measurements and
Evaluation of Their Results. Molecules. 28(3) 2023:
954. doi: 10.3390/molecules28030954.

5. OCTY EN ISO/IEC 17025:2019 3aranbHi BumMoru o
KOMMeTEHTHOCTiI BUNpbyBanbHKX Ta kanibpyBanbHMX
naboparopint (EN ISO/IEC 17025:2017,IDT; ISO/IEC
17025:2017, IDT). Kuis AN «Ykp HOHL» 2020: 31.
http://www.karantin.te.ua » file » untitled 2019.

[DSTU EN ISO/IEC 17025:2019 General requirements
for the competence of testing and calibration laborato-
ries (EN ISO/IEC 17025:2017, IDT; ISO/IEC
17025:2017, IDT). Kyiv SE ‘Ukrainian research and
training centre’, 2020: 31. URL:
http://www.karantin.te.uafile>untitled2019].

6. OCTY7392-2013ATecTaLis METOAMK BUKOHAHHS BUMi-
ptoBaHb.OCHOBHI NMOMNOXEHHS Ta NOPSAOK BUKOHAHHS.
MiHekoHomMpo3BiTKy Ykpainn 2014: 11. URL:
http://ksv.do.am»DSTU2)dstu_7392-2013

[DSTU 7392-2013 Certification of measurement meth-
ods. Ministry of Economic Development and Trade of
Ukraine, 2014: 11. URL:
http://ksv.do.amyDSTU2»dstu_7392-2013].

7. ACTY EN 482:2016 lNosiTpsa pobo4oi 3oHM. 3aranbHi
BUMOTY [0 XapaKTepUCTVK METOAMK BUMIPIOBAHHS BMi-
CTy ximiyHmnx peyosuH (EN 482:2012+A1:2015, IDT).
HIL, «JleoHopm» 22 c.

[DSTU EN 482:2016 Workplace air. General require-
ments for the characteristics of methods for measu-
ring the content of chemicals (EN 482:2012+A1:2015,
IDT). SIC ‘Leonorm’. 22 p.]

8. ACTY EN ISO 15189:2015 MeguuHi nabopatopii.
Bumorun go skocti Ta komneteHTHocTi (EN ISO
15189:2012, IDT) «Ykp HOHL» 52 c.
https://zakon.isu.net.ua » sites » files » normdocs.

[DSTU EN ISO 15189:2015 Medical laboratories. Quality
and competence requirements (EN ISO 15189:2012,
IDT) ‘Ukrainian research and training centre’ 52 p.
URL: su.net.uahttps://zakon.isu.net.ua » sites » files »
normdocs].

9. The manager’s guide to VAM, UK Department of
Trade and Industry, Valid Analytical Measurement
Programme. VAM Principles M.Sargent. Anal.Proc.,
32. 1995: 201-202. doi.org/10.1039/A 199 532 00
201.

10. Commission Regulation(EU) No 283/2013 of 1 March
2013 setting out the data requirements for active sub-
stances, in accordance with Regulation (EC) No
1107/2009 of the European Parliament and of the
Council concerning the placing of plant protection
products on the market Official Journal of the
European Union — L 93 2013: 85-152 ELI:
http://data.europa.eu/eli/reg/2013/284/0;.

11. Commission Regulation (EU) No 284/2013 of 1
March 2013 setting out the data requirements for
plant protection products, in accordance with
Regulation (EC) No 1107/2009 of the European
Parliament and of the Council concerning the placing
of plant protection products on the market. OJ L 93

2013: 85-93. ELLI:
http://data.europa.eu/eli/reg/2013/284/0j.

12.Technical Active Substance and Plant Protection
products: Guidance for generating and reporting
methods of analysis in support of pre- and post- reg-
istration data requirements for Annex(Section 4) of
Regulation (EU) No 283/2013 and Annex(Section 5)
of Regulation (EU) No 284/2013. SANCO0/3030/99
rev.5 22 March 2019: 21.
https://www.phytocontrol.com ».

1. 13. ACTY 7392-2013ATecTauist MeToauk BUKOHaHHS
BUMiptoBaHb.OCHOBHI MOMOXEHHS Ta NOPSAOK BUKO-
HaHHs. MiHekoHOMpOo3BIiTKy YkpaiHm 2014: 11. URL:
http://ksv.do.am » DSTU2 » dstu_7392-2013.

[DSTU 7392-2013 Certification of measurement meth-
ods. Basic provisions and procedure for implementa-
tion. Ministry of Economic Development of Ukraine
2014: 11].

14. Guidelines on performance criteria for method of
analysis for the determination of pesticide residue in
food and feed. CXG 90-2017 FAO/WHO 2017:13
https://www.fao.org>sh-proxy.

15. Principle and Methods for the Risk Assessment of
the Chemical in Food. Chapter 3 Chemical
Characterization, Analytical Methods and the
Development of Spercification. FAO WHO 2009:30.
URL: https://inchem.org » ehc » ehc » ehc240_
chapter 3.

16. ICH Topic Q2 (R1) Validation of analytical proce-
dures. Text and Methodology. Int.Conf.Harmon EMA
2005:15. URL: https://www.ema.europa.eu » scientif-
ic-guideline.

17. Submission and evaluation of pesticide residues data
for the estimation of maximum residues levels in food
and feed. Third edition. FAO 2016:286 ISBN 978-92-
5-109133-3. URL: https://www.fao.org >.

18. Evalution of pesticide residues for estimation residue
levels and calculation of dietary intake. Training man-
ual. FAO 2016:500 ISBN 978-92-5-107114-4.

19. Regulation (EC) No1907/2006 of the European
Parliament and of the Council of 18 December 2006
concerning the Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH), establishing a
European Chemicals Agency, amending Directive
1999/45/EC and repealing Council Regulation (EEC)
No 793/93 and Commission Regulation (EC) No
1488/94 as well as Council Directive 76/769/EEC and
Commission Directives 91/155/EEC, 93/67/EEC,
93/105/EC and 2000/21/EC O J L 396 2006: 858.
URL: https://www.fao.org » details.

20. European Commitee for Standardisation (CEN) EN
15662:2018. Foods of plant origin - Multimethod for
the determination of pesticide residues using GC- and
LC based analysis following acetonitrile
extraction/partitioning and clean-up by dispersive
SPE - Modular QUEChERS-method. 23 May 2018:
84. URL: https://standards.iteh.ai » cen.

21. Anastassiades M, Lehotay S, Stajnbaher D, Schenck



F. Fast and Easy Multiresidue Method Employing
Acetonitrile Extraction/Partitioning and “Dispersive
Solid-Phase Extraction” for the Determination of
Pesticide Residues in Produce Journal of AOAC

International, Volume 86, Issue 2, 2003: 412—-431.

https://doi.org/10.1093/jacac/86.2.412.

IHchbopmauis npo aBTOpa

Ynino B. / V., Chmil

22. IUPAC Reports on Pesticides (40): Bound
Xenobiotic Residues in Food Commodities of Plant
and Animal Origin Pure Appl. Chem. Vol 70, No 7,
1998: 1423-1447.
http://dx.doi.org/10.1351/pac199870071423.

Bitanin Uminb — goktop GionoriyHmx Hayk, KaHauaaT XiMiYHUX HayK, FONOBHUIA HAayKOBUIA CMiBPOBITHUK,
HepxaBHe nignpveMcTeo "HayKkoBuiA LIEHTP NPEBEHTUBHOI TOKCMKOMOTIi, Xap4oBOI Ta XimMi4HOT 6e3nekn iMeHi
akagemika J1.I. Measensa MiHicTepcTBa oxopoHu 300poB’s YkpaiHn", Byn. lepois O6opoHu, 6, M. Knis, 03127,

Ykpaina. https://orcid.org/0009-0008-1080-4332.

Information about author

Cmamms Haditwna 0o pedakuii 10.01.2025 p.

Vitalii Chmil — Doctor of biological sciences, Candidate of chemistry sciences, main researcher, L.I. Medved's
Research Center of Preventive Toxicology, Food and Chemical Safety, Ministry of Health Ukraine
(State Enterprise), 6 Heroiv Oborony st., 03127, Kyiv, Ukraine. https://orcid.org/0009-0008-1080-4332.

Received January, 10, 2025

47



