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Pesiome

BBepeHume. Vicnonb3oBaHune dpocpopopraHuyecknx nectuungos (OOIMT) B cenbCKOM XO3ANCTBE, B TOM YMCIE U NPY BbiPaLMBaHUN NIeKapCTBEHHbIX
pacTeHuin — Heobxogumas mMepa Ans NonyyeHus CTabunbHOro ypoxas. [Ins nogaepKaHusA BbICOKOrO YPOBHA 6e30macHOCTM ¢utonpenapaTos B
pa3HbIX CTpaHax pa3paboTaHbl HOPMATUBHbIE JOKYMEHTbI, KOTOPblE PernameHTUPYIOT NpeAesibHO JONyCTUMOe CofepXKaHne necTuunaos (B Tom
uncne n pochopopraHmyeckmnx) B 1eKapCTBEHHOM pacTuTenbHOM cbipbe (JIPC) n meToAbl NX aHanu3a.

TekcT. [poBeaeHo NHPOPMaALIMOHHO-aHANMTYECKOe NCCNiefoBaHNe npeaenos gonyctumoro cogepxanua OOMM B JIPC n nuweson npoaykumu,
a TakXke MeTOfOB SKCTparvpoBaHVA 1 aHanmsa 3Ton rpynnbl nectuyupos B O PO XIV, mexayHapoaHbix dapmakonesx, matepuanax BO3 n
HOPMaTUBHOW [OKYMeHTauuu Ha nuwesyilo npoaykumio. MpusegeHa $ursnko-xmummyeckas xapaktepuctuka @Ol 1 OCHOBHOWM MexaHM3M UX
TOKCMYECKOro LeiCTBUA Ha OpraHusm uyenoBeka. MokasaHo, uto BIXX-MC n I'X-MC ansoTca Hanbonee NnepcnekTUBHbIMK aHaNUTUYECKMMN
meTtogamu onpegenenna ®OMM 8 JIPC.

3akntoueHue. B nHpopmaLmoHHO-aHannTNYeCKoM 0630pe AaHa GU3MKOo-XxmMmmMyeckasa xapaktepuctuka OO, onmcaH TOKCUYECKMI MeXaHN3M
OeCTBUA AaHHON rpynnbl MecTMUUAOB Ha YeNnoBeKa, NnpefAcTaBieHa o606LeHHan CBOAKa npefenoB aonycTumoro copeprkaHua OOM B JIPC
N pAage NULLEBbIX NCTOYHMKOB. BbiABNEHO, UTO B GONBLINHCTBE COBPEMEHHbIX papMaKOMenHbIX M3faHUn HopMupoBaHune copepxaHua OOI
rapMoHu3mpoBaHo. MpeacTaBneHbl coBpeMeHHble cnocobbl obHapyxeHus OOM B JIPC n nuweBoi npoaykuun. OTMEUYEHO NpenmyLLecTBo
coBpemMeHHoro noaxoga HopmuposaHua ®OTI B JIPC - onpefeneHue cogepaHnua UHAMBMAYANbHOIO NecTuymaa B CyMMe C ero TOKCUYHBbIMU
meTabonutamu. KnioyeBbiM BOMPOCOM ABNAETCA HEOOXOAUMOCTb Pa3paboTKM UYBCTBUTENbHBIX U CeNeKTMBHbIX MeToAuK aHanunza OOl B
COOTBETCTBUN C PUBNKO-XMMUNYECKUMI CBONCTBAMM AAHHbIX FPYNN NecTULMAOB B pa3nunuHbix Bugax JIPC u putonpenaparax.

KnioueBble cnoBa: d)OCd)OpOpFaHVIHECKVIe necTtuunabl, neKapCcTBeHHOE pacTUTeNbHOE Cblipbe, CTaHAapTM3aunAa, HOpMmaTMBHaAA JOKYMeEHTaunA

KoH$pnuKT nHTepecoB. ABTOpbI AeKNaprpyoT OTCYTCTBME ABHBIX U MOTEHLMANbHBIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C MybnvKaumeid HacToALen
cTatbm.

Bknap aBTopoB. O. B. DaTeeHKoBa 3aHVManacb NepeBooM CObpaHHO MHOCTpaHHOW nuTepaTypsbl. A. M. CaBBaTeeB pa3paboTan u cbopmrposan
PUCYHKIM 1 Tabnuubl. Bce aBTOpbI yuacTBoBanu B cbope 1 06paboTke MHGOPMaLn AaHHbIX HAYUYHO NTepaTypbl 1 HOPMATUBHOW AOKYMEHTALMH,
HanucaHvm cTatby 1 06CY>KAEHNN Pe3ynbTaToB.
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Abstract

Introduction. Usage of organophosphate pesticides (OPPs) in agriculture, including farming of medical herbs, is a necessary measure for
producing regular harvest. In order to maintain an adequate degree of herbal medicines security a variety of countries developed normative
documents that regulate the limits of proportion of pesticides (including OPPs) in herbal substances. These documents contain the recommended
methods of residual pesticides analysis as well.

Text. The article describes the recently conducted information-analytical research of limits of permissible proportion of OPPs in herbal substances
and food production and of methods of extraction and analysis of OPPs mentioned in the State Pharmacopoeia of the Russian Federation XIV,
international pharmacopeias, WHO information sources and the normative documents on food production. The authors specify physical-chemical
characteristic of OPPs and the main mechanism of impact of this class of pesticides onto a human body. The research demonstrates that HPLC-MS
and GC-MS are the most perspective analytical methods of detection of OPPs in herbal substances.
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Conclusion. In the information-analytical review the authors specify a physical-chemical characteristics of OPPs, describe the mechanism of the
toxic impact of this type of pesticides, provide the generalized summary of limits of permissible proportion of OPPs in herbal substances and in
food production. The study shows that the rationing of OPPs proportion is harmonized in a majority of issues of modern pharmacopeias. The paper
presents modern methods of detection of OPPs in herbal substances and food production. Finally, the authors demonstrate an advantage of the
modern approach to rationing of OPPs in herbal substances (specification of presence and proportion of a single pesticide in combination with
its toxic metabolites). The key issue is a necessity of developing a sensible and selective methodic of analysis of OPPs in accordance with physical-

chemical properties of these types of pesticides in different kinds of herbal substances and phytopreparations.
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BBEAEHUE

C BO3HUKHOBEHMEM CEMbCKOrO X03ANCTBa NOABMNACh
HeobXOAUMOCTb MPUMEHATb CPefCTBa ANA 3aluTbl pac-
TeHn. CMHTeTUYECKME NeCcTUUMAbl Hayanu LWNPOKO UC-
nonb3oBaTtbcA ¢ 1939 roga, Korga WBENUAPCKNN XUMUK
Maynb NepmaH Mionnep OTKpbIl NMHCEKTULMAHbIE CBOWCT-
Ba AuxnopogndbeHuntpuxiopometTmunmetaHa (OAT). B
HaCTOAWMNIA MOMEHT BPEMEHM MecTUuuabl WIMPOKO Npu-
MEHAIOTCA Ha BCeX >3Tanax BblpalliVBaHUA CENbCKOXO-
35ICTBEHHDBIX KyNIbTyp: OT BO3feNblBaHUA A0 nocney6o-
pouYHOro xpaHeHus. OHU ABAAIOTCA OAHUM M3 Hanbonee
BaXHbIX UHCTPYMEHTOB 3alMTbl PAaCTEHNIA OT COPHSAKOB,
BpeguTeneii 1 6onesHen M CNOCOOGCTBYIOT MOBLILEHMIO
KauecTBa MoJly4yaemoro ypoxas, YBelIMYEeHUI0 ero Konm-
yectBa [1, 2]. C 1960-x rogoB B3amMeH MEepPCUCTEHTHbIX
XNTOpOpraHMyeckMx necTuuMaoB CTanu MCNosib3oBaTb
docdopopraHnyeckne nectuumabl (OOIM). C Tex nop
OHU ABAAITCA NONYNAPHbIM 1 BOCTPEOOBAHHBIM KJlac-
COM COBPEMEHHbIX nectuunaos [3, 4]. Boicokas addek-
TUBHOCTb, [OCTYMHasA LeHa M pa3HOObOpa3HbI accopTu-
MeHT obecnieunn OOM WMpPoOKoe NPUMEHEHUE B CeJb-
CKoM xo3ancree [5-9].

OfHako paxe npu coOMOAEHNN BCEX CEJIbCKOXO-
3ANCTBEHHbIX 1 MPOU3BOACTBEHHbIX MPAKTUK NecTULm-
Ibl MOTYT OCTaBaTbCs B 0OpabaTbiBaeMbIX PACTEHUAX U
OKa3blBaTb BNMAHME Ha OKpYXKaloLlylo cpefy B pesysb-
TaTe NocTynneHusa B atmocdepy, nousy 1 Bogoemsbl [10-
12]. Kpome Toro, Hekotopble @Ol obnagaloT BbICO-
KO MEepCUCTEHTHOCTbIO 1 CMOCOOHbI OCTaBaTbCA B He-
N3MEHHOM COCTOAHUM N COXPAHATb CBOK TOKCMUYHOCTb
B TeueHne AnuUTenbHoro BpemeHn [2, 13, 14]. OctaTou-
Hble NecTUUMabl MOTyT NonagaTtb 1 B OPraHn3m yenose-
Ka [15-19]. OgHUM 13 UCTOUYHMKOB TOKCUUYHbIX OOl mo-
xeT asnAtbca JIPC, BxogAlwee B COCTaB JIeKAPCTBEHHbIX
npenapatos 1 bA[.

BblfiBNeHO 3arpAsHeHne Kak KynbTUBMPYEMbIX, TaK 1
AVKOPACTYLWNX JIeKapCTBEHHbIX PaCcTeHUN Pa3fMyHbIMU
BMAamMn nectnuyupos. Bo Bcem mmpe npoBogAaTtca pas-
JINYHbIE CKPWHWHIOBbIE Y MOHUTOPWHIOBbIE KCCeno-
BaHWA OnA onpefeneHna Hannuma oCTaTOYHbIX MecTu-
ungos B JIPC, Tak Kak ypoBeHb 6e30nacHOCT/ npenapa-
Ta NPUPOAHOro NMPOUCXOXAEHNA NPAMO 3aBUCUT OT ero
cTaHpgapTm3auum [20]. B obwupHoi nybnukauum B. Klier
1 coas. [21] 0606LleHbl pe3ynbTaTbl aHanM3a oCTaTou-
HbiXx nectnumgos B JIPC n nekapCTBEHHbIX pacTuTesb-
HbIX npenapaTax 3a nepuop 2011-2016 rr. B 14,2 % u3
16 782 npoaHanu3npoBaHHbIXx 06pa3LoB 376 nekapcT-
BEHHbIX TpaB OOHapyxeH xnopnupudoc-3Tua, B TOM
yncne 1 C NpeBblLlaoWMM AONYCTUMbIA YPOBEHb cofep-
XaHvem 12 mr/kr, yto B 60 pa3 bonblue npegena gony-
ctumoro copepxanvua B JIPC (0,2 mr/kr), onpepenex-
Horo T® PO XIV [22]. B nccnegosaHun, npoBegeHHOM
B ErunTte [23], B 73 % 06pa3LoOB NeKapCTBEHHbIX pacTe-
HWIA 6blTM OOHapYXeHbl OCTaToYHble NeCTUUWAbI, U3 KO-
TopbIX 44 % npob cogepanu Konnyectsa NecTuunios,
npesblWaLWme npegen AonycTMMoro copepaHma. Han-
6onee yacto B JIPC npucyTcTBoBan ManaTvoH — B 203 u3
391 npob6 (52 %), 3a HUM cnepyeT npodeHopoc, obHapy-
»eHHbI B 131 13 391 npob (33 %). B nccnegoBaHum nu-
WEBOro CbipbA YKpONa, cenbaepes, TMUHA, POMALLIKA 1
wadpaHa o6HapyeHbl ManaTMoH W AUMETOaT B KOH-
LeHTpauuax, npesbialoWwmx npegen [onycTMmMoro co-
aepxanua [24]. Xnopnupudoc-3Tun 6bin HalgeH B
obpasuax Menucchl, BblIpalleHHbIX Ha CeBepo-BOCTO-
ke lMonbwun (ypoxanm 2010 ropga) B KOHUEHTpaLMM Ha
0,21 mr/kr 6onblie npegena AOMNyCTMMOro CofeprkaHua
(0,5 mr/kr) [25]. Xnopnupudoc-3Tnun HangeH KUTancKu-
MM YYeHbIM/ B KaXKOAOM M3 8 MpoaHanu3npoBaHHbIX 06-
pa3uoB nnoAoB 6OApbIWHUKA B [Mana3oHe KOHLEeHT-
pauun 0,008-0,151 mr/kr [26]. OumeToaT O6GHApyXeH
B KNyOHAX O¢uOMoroHa AMOHCKOrO B KOHLEHTpauum



0,1295 wmr/kr (npegen [ONYCTMOrO COAEpPXaHuA -
0,1 mr/kr) [27]. AHanu3 334 obpasuos 126 Buaos JIPC,
NCNONb3yeMbIX B KUTANCKOW TPaAWLMNOHHOW MeaunuuHe,
MoKasas, 4To Hanbonee yacTo B Npobax NPUCYTCTBOBAI
xnopnupudoc (B 26 % npob), B TO BpemMA KaK OCTaTou-
Hble XJIopopraHmyeckme necTtuumngbl BCTpeyanucb B Me-
Hee yem 2 % npob [28].

NHbopmaLmoHHO-aHanUTUYeckoe uccnefoBaHue fo-
nyctumoro cogepxaHua OOl n aHaNUTUYECKNX MeTo-
[JOB, pekomeHayembix anAa ux onpegenenuns 8 JIPC n nu-
WeBon NpoAyKUUN PacTUTENIbHOIO NMPOWCXOXKAEHUA, AB-
NANOCH Lenblo AaHHOI pa6oTbl.

Qu3suKo-xuMuyeckas xapakmepucmuka
¢ocghopopaanuyeckux necmuyuoos

Hopmupyembie T® PO XIV ®OIM no tuny docdop-
HOW rpynnbl, ABnATCA 3dnpamun, ammaamu, TUONbHbI-
MU NPOoUn3BOAHbIMU pochOopHOM unmn ankmnpochopHom
KucnoT (pucyHok 1). B kauectBe rpynnbl Y BbiCTynatoT
anudaTnyecKne, apomMmaTUUIECKNE 1 TeTePOLUKINYECKNE
rpynnbl [29-31]. ANKOKCUJIbHbIE TPYMMbl COXHO3bMP-
HOW CBA3M cofep»kaT ankuiibHble WU apusibHble 3amec-
Tutenn R' n R? (pucyHok 2). 3HaunTeslbHO OoTAnYaeTca ot
npeacTaBieHHbIX 06WMX CTPYKTYp 3TUOH (PUCYHOK 2,
XXVI), asnawwminca npousBogHbIM auTnodochopHom
KUCNOTbI.
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PucyHok 1. Tunbi pochopHoii rpynnbi:

A - ¢ocdatbi; b - pocpopoTnoarsl; B - pochopogutnoarsi; I -
docpopamupgoTuoatsl; [l - pochoHoguTMOATDI

Figure 1. Types of phosphorus group:

A - phosphates; B - phosphorothioates; C - phosphorodithioates;
D - phosphoramidothioates; E - phosphonodithioates

Ounsnko-xumnyeckne csonctea @Ol 3aBucat ot
CcTpyKTyp 3amectutenent R n Y. B ocHosHom OOl npeg-
CTaBNslOT CcobOW TBepable KpUCTaIMYeckue BellecTBa
nM6o 6ecuBEeTHbIe WM »KeNITOBATO-KOPUYHEBbLIE, YacTo
MACISHUCTbIE XUAKOCTY, UMewwmne cneunduyeckmin 3a-
nax. @Ol asnaAtoTcA cnabonetyuymmn coeguHeHmsamn [29,
32] ¢ HM3KOW TepMmMyecKon nabunbHocTblo [33, 34]. OOI
ManiopacTBOpPMMbl B BOAE, PACTBOPMMbI B NMnuMgax u
xnopodopme [29]. MoryT NpoABRATb Kak KUCNOTHbIe, Tak
N OCHOBHble CBOWMCTBa 3a cyeT pparmeHTOB B PyHKLUO-
HanbHbIX rpynnax Y

Memodsl ananusa nekapcmeeHHbIX cpedcme
Analytical Methods

ToKcuKo/io2u4yeckas xapaKkmepucmuka
u mema6onusm ¢pochopopaaHudecKux
necmuyuoos

®OI anawTcA HeO6PATUMbIMK UHIMOUTOPAMM aLle-
TUAXONUH3CTepasbl (AXJ) — OHM Mopa)aloT XOonuHep-
rmMyeckne CMHancbl LeHTPasibHOW HEpPBHOW CUCTEMbl U
nepudepuyeckre HepBHO-MbILLIEYHbIE CMHAMNChl U Hapy-
AT Lenu CMHaNTUYecKor nepegaun Bo3oyxgeHus [30,
35, 36]. B npouecce nHrnbmnposaHusa AX3 atom pocdo-
pa CBA3bIBAETCA C aMMHOKUCIOTON Ha depmeHTe, npwu
sTom ¢parmeHT X ypandetca. Baumogeincteue QOIN ¢
aKTMBHbIM LEeHTpomM AXD npuBOAWT K 06Pa3oBaHUIO KO-
BaJIeHTHON cBA3M aTtoma ¢ocdopa C TMAPOKCUIBLHOWN
rpynnomn cepviHa, BXOZALEro B CTPYKTYpPY 3CTepa3Horo
yyacTKa akTMBHOrO LieHTpa XonuHactepasbl (X3). Mpownc-
xoguT dpochopunupoBaHme pepmeHTa AX3, B pesynbTate
yero auetnnxonuH (AX) HakannMBaeTCA Ha YyBCTBUTESb-
HbIX K Hemy peuentopax [29, 30, 35, 37]. Tokcnueckoe
pencreme OOl obycnoeneHo nepeBo3dyKAeHNEM XONU-
HopeLenTopoB 136bITKOM AX U OTpaBieHUe 3HAOreH-
HbIM AX, HaKanIMBaKLWMMCA B KPOBU U TKaHAX, BCneacT-
BUE NpeKpaLleHus ero paspyweHus depmeHtom AX3.

@Ol pa3nnuatotca No ceoert 6MoNOrnYeckon akTms-
HOCTV 1 3$PEKTUBHOCTM B KauecTBe MHrmbutopos AX3,
Hanpumep, ¢ochopaTHble coeanHeHUs obnagaloT 60sb-
e BHYTPeHHel CTabuibHOCTbIO 1 B MeHbLUe cTerneHu
TOKCUYHbI 1A MIEKONUTAIOLWMNX, OiHAKO B TKaHAX opra-
HU3Ma WK B MpoLecce OKUCNEHMA NPU HEMPaBUIbHOM
XpPaHeHN OHWU CrnocobHbl NpeBpallaTthcA B 6onee TOK-
CMYHblE OKCOHBbI (M. pucyHok 2, 11, VII, VIII, XXIV, XXV) [29,
36, 38]. ®OI, B KoTOpbIX aToMm dbocdopa cBA3aH C KO-
ponoM, o6napatoT 6osbLIEN TOKCUUYHOCTBIO M aHTUXOJNH-
3CTepa3Hom akTMBHOCTbIO [9, 29, 38, 39].

HekoTtopble n3 ®OI1, Hanpymep ManaTWoH, AWasn-
HOH, MapaTUOH, KnaccnduumpyrTca MexayHapoaHbIM
areHTCTBOM MO M3yyeHuto paka (International Agency
for Researchon Cancer) Kak, BEpPOATHO, KaHLlepOreHHble
[AnA yenoBeKka M OTHOCATCA K rpynnam 2A u 2B. VmetoTca
JaHHble o B3ammocBasu QO ¢ pa3BUTUEM HEXOLXKKUH-
cKol NMMOMBI, paka NpPoCTaThbl, NENKEMIUEN, PaKOM Ner-
Kunx [36, 371.

Metabonutamn QOM asnaoTca guankundocdaTtbl
anmetunosbix OOIM: gumetundocodart (AMD), aumetmn-
Tnodpocdat (AMTD) n gumetungmtnodocdat (AMATD), a
Takxke gmatundocoatol — gnatundocdat, ansTuntTmodpoc-
dat n gnatungmtnodocdat [40]. 3T MeTaboNUTbl YacTo
NCMONb3YITCA B KauyecTBe OMOMapKepOB BO3QENCTBUA
necTMUMOoOB M CBUAETENbCTBYOT o0 nonagaHum OOl B
opraHm3sm yvenoseka. Hanpumep, 11 OOl obHapyeHbl
B OMONOIMYECKUX XKUAKOCTAX Niasme KPOBU U FPYLHOM
monoke [16]. NccnepoBaHne moun 566 xutenem pesa-
Tn cTpaH EBpasnn n CesepHon AMepuKu nokasano, Yto
B 92 % npob copepkanucb cneundurueckne MeTabonnTbl
Taknx OOI, Kak ManatuoH, asnHdoc-meTun, XIopnupu-
doc-metun, deHTroH: AMO, AMTO® v AMOT®. Ha ocHo-
BaHMM MOJTyYEHHbIX Pe3ynbTaTOB B MCCeAOBaHWW Npu-
BOAWTCA paccumTaHHOe cpefjHee CyTOUYHOe noTpebneHne
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PucyHok 2. CTpyKTypHble popmynbl pochopopraHnyeckmnx necTuyngos

Figure 2. Structure formulas of organophosphate pesticides

®OIN - Hanpumep, xutenn Kutaa 3a cytku notpebnawt (18 mkr/geHb) [19]. KoropTHoe nccnefoBaHve B Hugep-
cymmapHo 506 MKr ManaTuMoHa u xnopnupudoca, Npu-  JlaHAAX MOKa3aso, YTo B Moye 784 HGepeMeHHbIX »KEHLLVH
yeMm 15% nNpo6 Moun NpeBbIWAOT AOMYCTUMYIO CYTOY-  OOHApY)KeHbl AMMETUIOBbIE Y AUSTUNOBbIE Anankundoc-
Hyl0o [03y noTpebneHus xnopnupudoca, yctaHoBieH-  daTbl B Pa3fIMUHON KOHLEHTpauuu B 3aBUCMMOCTU OT
Hyl0 AreHTCTBOM MO oxpaHe oKpyKatowewn cpeabl CLIA  Tpmmectpa [18].
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MNMpedenvi donycmumozo codepkaHus
¢ocghopopaanuyeckux necmuyuoos

Hanuume octatouHbix OOl B JIPC 1OMKHO COOTBETCT-
BOBaTb COBPEMEHHbIM MpefcTaBfieHMemM o 6e3omnacHo-
ctn JIPC n pernameHTMpyeTca HOPMaTUBHOWN OOKyMEH-
TauMen pasHbIX CTpaH B Buae dapmakonerHbIx CTaTei.
HopmupoBaHue npefenos AonycTuMoro copepaHus
nectnymaoB B JIPC ocHOBaHO Ha AaHHbIX O Hagne<alen
CeNbCKOXO03ANCTBEHHON npakTuku (GAP) n 6bino onpe-
pJeneHo B cornacoBaHun ¢ Codex Alimentarius — cBogom
NMLWeBbIX MeXAYHAPOAHbIX CTaHAAPTOB, NPUHATbIX Mex-
ayHapogHoun kKomuccren ®AO/BO3 [41] B cooTBETCTBUM
¢ pekomeHgauuamn JMRR (CoBmecTHOe coBelaHune
OAO/BO3 no ocTaTouyHbIM MecTuumpam), YCTaHOBMEH-
HbIMW ANA NULLEBbIX NPOAYKTOB U KOPMOB AN1A XUBOT-
HbIX [42]. TOKCMKONornyeckasa oOLEeHKa OCTaTOUHbIX rMe-
ctnympos B JIPC pomkHa OCHOBbIBaTbCA Ha GaKTMUYeCKOoM
notpebneHun JIPC naumeHTamn. Kak npaBuio, BO3MOX-
HOe MoCTynjeHne B OpPraHM3M YesioBeka OCTAaTOYHbIX
nectuumnaos u3 JIPC pgonkHo coctaBnAtb He 6onee 1 %
OT 06Lero NoCTynyieHna M3 BCEX UCTOYHMKOB, BKItOYas
NpoayKTbl NUTaHWA 1N NUTbEBYIO BoAy [43].

B Tabnuue 1 cuctemaTr3upoBaHbl JaHHbIE O Npefe-
nax konuyectBeHHoro copepkaHus ®OI B JIPC B geinct-
Bylowmx papmakonesax Poccun (TG PO XIV) [22], EBpo-
nol (EP 10) [44], bputaHun (BP 2019 Vol. 1) [45], CLUA
(USP 42-NF 37) [46] n BO BTOpOW YacTu NepBOro usga-
Husa Vol. 3 papmakonen UHaun [47], a Takxke cBeeHUs
0 npepgenax gonyctumoro copepxaHua OOI B pasnunu-
HbIX TMNax NULWeBON npoaykumn cornacHo M 1.2.3539-18
«UrneHnyeckne HoOpmMaTUBblI COAEP’KAHUA MECTULNOOB
B 0ObeKTax OKpyatleln cpefpbl (nepeyeHb)» [48], ba-
3e [aHHblIX, perynupyowenca EBponencknm napnamen-
ToM [49] 1 cBOAY NULLEBLIX MEXAYHAPOAHbLIX CTaHAap-
ToB Codex Alimentarius [50]. B Tabnuuy He BK/tOYEHbI
dapmakonen Kutaa Vol. 4 [51], AnoHun 17 [52] n EBpa-
3UNCKOro 3KOHOMMYEeCKoro cotosa [53] no cnepyowmm
npuYnHam:

B papmakonee AnoHun [52] B YacTHbIX CTaTbAX, NO-

CBALWEHHbIX oTdenbHbiM Buagam JIPC, Hopmupyetca

cofepXaHne TONMbKO XJIOPOPraHMYecknx necTuuu-

gos OAOT n nuHpaHa — Bo Bcex Bugax JIPC gonycka-
eTcA He 6onee 0,2 ppm Kaxaoro 13 necTuurgos.

v B ¢dapmakonee Kutaa [51] npuBegeHbl npegensl fo-
NyCTUMOrO Cofep>KaHUA TONbKO ANA XA0POpraHu-
YeCKnX coegNHEeHUN.

v Qapmakonesa EBpa3sMickoro 3KOHOMMYECKOrO COlo-
3a [53] B AaHHbI MOMEHT BpPeMeHM HaxoamuTCA B CTa-
1K BbiNyCKa, N3[aH TONbKO MepBbli TOM, B KOTOPOM
HeT CTaTbM, NOCBALEHHOW OCTAaTOYHbIM NecTuungam
B JIPC.

B BpuTaHckon ¢dapmakonee [45] cTtaTbd, NOCBALLEH-
HaA OCTAaTOYHbIM NeCTULMAAM, NMOMHOCTbIO FAPMOHMN3N-
poBaHa c EBponenickon dapmakoneen [54].

Mpenensbl gonyctumoro copepaHusa scex 33 OOr
B JIPC rapmMoHM3MpoBaHbl Mexay cobol B dapmakonesx
o PO XIV [22], EP 10 [44] n USP 42-NF 37 [46]. Bo BTO-
poi yactu nepsoro msgaHua Vol. 3 papmakonen NHanun
«The Unani Pharmacopoeia of India» [47] He Hopmupy-
eTCcA cofeprkaHne uenoro paga nectuymaos: Tonbko 15

OOl n3 33, HopMMpyeMbiX B Begywmx papmakonesix,
npuBefeHbl B cTaTtbe «2.5 Pesticide Residue», nocBAweH-
HOWM OCTaTOYHbIM MecTuuugam, npegensl Ux 4OMyCTUMO-
ro cogepxaHuna B JIPC rapmoHu3npoBaHbl C BegyLmmm
dapmakoneamu.

PasnnuatoTca noaxofbl K HOPMUPOBAHMIO HEKOTO-
pbix OOM. Hanpumep, B O PO XIV deHcynbdOTUOH HOp-
MUpPYeTCcA B CyMMe [MOXKHO MPeRMnoNioKNTb, YTO C deH-
CcynbGOTUOH-OKCOHOM 1 PeHCYyNbPOTUOH-OKCOHCYNbdO-
HOM (pucyHoK 2, XXIV n XXV), Tak Kak KOHKpETHble CO-
eAnHeHnA He ykasaHbl]. B ¢apmakoneax Esponbl EP 10
n CLA USP 42-NF 37 o603HaueHbl Npou3BofHble ¢eH-
cynbdoTroHa: GpeHcyNnbPOTNOH-OKCOH, PpeHCYyNbGOTNOH-
OKCOHCYNbGOH 1 peHCyNnbGOTUOH-CYNbGOH.

Mpenensl ponyctumoro copepkavna OOM B pas-
JINYHBIX TMNax MULWEBOWN NMPOAYKLMMN CYLeCTBEHHO pas-
nuyaTca B cpaBHeHun ¢ dapmakoneamu O PO XIV,
EP 10, USP 42-NF 37 n Vlngun. Tak, Hanprmep, pa3peLuen-
Hoe copepxaHue guxnodoca B JIPC - 1 mr/kr [22, 44—
47], a B NnWeBON NpoayKumn 3TOT Anana3oH Bapbupy-
etca o1 0,05 o 10 MI/Kr 1 pas3nuyaetcsa mexay coboi B
200 pas3 [48-50].

B rurneHnuyeckom Hopmatmse MH 1.2.3539-18 «[uru-
eHMYecKne HOPMaTKBbl CofepPKaHWs NecTULMAOB B 00b-
eKTax OKpy»Kalwen cpelbl (nepeyeHb)» He HOPMUPY-
totca Takne OO, Kak 6pomodoc-meTusn, KBUHaNoC,
MeKapbam, MeTakpupoc, MOHOKPOTOPOC, MAapaTUOH-Me-
TUA W NapaoKCOH-meTun (B cymme), ¢eHcynbdOTUOH,
deHxnopdoc (cymma deHxnopdoca n deHxnopdocok-
COHa), $03anoH, xnopPeHBUHPOC 1 3TUOH (CTPYKTYPHbIe
dopmynbl NpepacTaBneHbl Ha pucyHke 2) [48]. Mpegensbl
JOMYyCTUMOrO COAEpP’KaHMA PEerfamMeHTUPYIOTCA TONbKO
ANA AuMeToaTa, ManaTMoHa 1 nupumudoc-metuna 6e3
CYMMbI C TOKCMUHbIMK MeTabonuTamu (Tabnuua 1, pucy-
HoK 2, II, VIl n XIV cooTBeTCTBEHHO).

Mpepenbl AONYCTUMOrO COAEpKaHMA OCTAaTOYHbIX
necTMUMgoB B MULIEBOM NPOAYKLUM FapMOHM3UPOBa-
Hbl Mexay Bcemu cTpaHamu EC n pernameHTUpytoTCca no-
cTtaHoBneHuAMn EBponenckoro napnameHTa. CyuecT-
BYeT eBponerickaa 6asa JonycTUMOro copeprkaHmaA ne-
CTUUMAOB B PasfinUHbIX BUAAX CENbCKOXO3ANCTBEHHOW
npoaykuun [49]. Ecnn nectmump B 6ase oTCyTCTBYET, TO
ero KonmyectBo cumtaetca gonyctumbim go 0,01 mr/kr.
CopepxaHme OOl HopmupyeTcAa B ceMeHax TMMHA U
KOPHAX BanepuaHbl, NCMONIb3yeMbIX Takke 1 B papma-
LileBTMYECKON MpomblieHHocTU. MNpegensl AonycTUmo-
ro copgepaHusa coBnafjaloT C PpapMaKoMnenHbIMK BCEro
nvwb ana natm OOMM y ceMsiH TMVHA 1 AN1A WECTU Y Kop-
Hel BanepuaHbl (Tabnuua 1). JnA ocTanbHbIX necTuum-
OB MMEIOTCA 3HauMMble pas3nnymd, Hanpumep B TMUHE
nvesBom ponyckaetca B 20 pa3 Gonbluee copepxaHue
¢do3anoHa, yem B JIPC (tabnumua 1).

B Codex Alimentarius [50] B pa3fnMyHbIX BMAAX Mu-
WweBon npoaykumn Hopmupyetca 18 OOMM m3 33, npuse-
[eHHbIX B Begywmx ¢papmakonesx. Mogxoabl K HOpMuU-
posaHunto OOl oTnnuyalTca OT yTBEPXAEHHbIX B dap-
Makonesax O PO XIV, EP 10, USP 42-NF 37 wn perna-
meHTax EBponeickoro napnamenta: Codex Alimentarius
pernameHTMpyeT cofiep)KaHue TONbKO ManaTuoHa 6e3
CYMMbI C MaJTaOKCOHOM.



MemoOe! aHanusa nekapcmeeHHbIX cpedcme
Analytical Methods

Ta6nuua 1. Mpepenbl gonycTUMoro cogepkaHna octaTo4yHbix ®OI B neKapcTBEHHOM U NULLLEBOM Cbipbe

Table 1. Maximum residue limits of pesticides in herbal and food substances

HasBaHwue nectuymnga*
Pesticide name*

PernameHTpoBaHHOe coaepXKaHue
B papmakonesnx
Regulated limits in pharmacopoeias

PernameHTUpoBaHHOe cofepKaHune
B NULLEBOM Cbipbe (Mr/Kr)

HopMa (mr/Kr) CCbINKN Regulated limits in food substances (mg/kg)
limit (mg/kg) references
0,1 — KopH¥ BanepuaHbl [49];
0,5 - cemeHa TMuHa [49], cneuwnn [50];
Asurgoc-metun 2,0 - nnogoBble cemeuKoBble [48]
;Azmphos—methyl 1,0 [22,44-47] 0.1 - valerian roots [49];
0.5 - caraway seeds [49], spices [50];
2.0 - pome fruits [48]
0,05 — cemeHa TMUHa, KOPHY BanepraHbl [49];
Asngoc-atun 2,0 - KovaHHasA KanycTa [48]
;Azmphos-ethyl 01 22, 44-46] 0.05 - caraway seeds, valerian roots [49];
2.0 - cabbage [48]
0,05 — KopHM BanepuaHbl [49];
Auegar 0 Comerm e 1401 e 150
Acephate 0,1 [22, 44-46] ' . - cned
XX 0.05 - valerian roots [49];
0.1 - pome fruits [48];
0.2 - caraway seeds [49]; spices [50]
Bpomodoc-meTtnn
Bromophos-methyl 0,05 [22, 44-46]
1]
0,05 — cemeHa TMUHA, KOPHY BanepuraHbl [49];
bpomodoc-atun 0,1 — nnogoBble cemeuKoBble [48]
ﬁlromophos—ethyl 0,05 22, 44-46] 0.05 - caraway seeds, valerian roots [49];
0.1 — pome fruits [48]
0,05 — KopHw¥ BanepwmaHbl [49];
0,1 - nnopoBble cemeukoBble [48], cemeHa TMUHa [49],
Avasmron cneuunu, GpyKTbl 1 Aroabl [50]
Diazinon 05 (22, 44-47] » PPy
XXVIII 0.05 - valerian roots [49];
0.1 - pome fruits [48], caraway seeds [49], spices, fruits and
berries [50]
0,05 - nnoaoBble CEMEUYKOBbIE, KOCTOUKOBbIE [48];
[uxnodoc 0,02 - KopHM BanepuaHbl [49];
Dichlorvos 10 (22, 44-47] 0,1 - cemeHa TMu1Ha [49], cneuwnn [50]
Xl ! ! 0.05 - pome fruits, stone fruits [48];
0.02 - valerian roots [49];
0.1 - caraway seeds [49], spices [50]
0,05 (ToNbKO OMeToaT) — CeEMeHa TMUHA, KOPHW Banepua-
HblI [49];
0,02 (Tonbko AMMeTOoaT) — NI0JI0Bble cCeMeYKoBble [48];
[umeToaT 1 omeTtoar (B cymme) 0,5 (TonbKo AMMeToaT) — CeEMeHa TMUHa, KOPHU Banepua-
Dimethoate and omethoate (sum of) 0,1 [22,44-46] Hbl [49], cneuun, GpyKTbl 1 Arogbl [50]
1] 0.05 (only omethoate) - caraway seeds, valerian roots [49];
0.02 (only dimethoate) -pome fruits [48];
0.5 (only dimethoate) — caraway seeds, valerian roots [49],
spices, fruits and berries [50]
KeuHangoc
. 0,05 - cemeHa TMMHa, KOPHW BanepuraHbl [49]
I?/umalphos 0,05 22, 44-46] 0.05 - caraway seeds, valerian roots [49]
1,0 [22,44-46] 0,02 — cemeHa TMUHa, KOPHW BanepwuaHbl [49];
0,5 (TonbKO ManaTroH) — NoAoBble cemeyKoBble [48];
ManaTtunoH (B cymme ¢ ManaokCOHOM)
4 1,0 1,0 (ToNbKO ManaTnoH) — cneumnu, PpyKTbl 1 Arogbl [50]
Sum of malathion and malaoxon ' .
vill (TONbKO ManaTuoH) 47 0.02 - caraway seeds, valerian roots [49];
(only malathion) 0.5 (only malathion) — pome fruits [48];
1.0 (only malathion) - spices, fruits and berries [50]
Mekap6am
Mecarbam 0,05 (22, 44-46] 0,05 - cemeHa TMUHa, KOpH.VI BanepuaHbl [49]
0.05 - caraway seeds, valerian roots [49]
XXVII
MeTakpudoc
Methacriphos 0,05 (22, 44-46] 0,05 - cemeHa TMUHa, KOpH.M BanepuaHbl [49]
Vi 0.05 - caraway seeds, valerian roots [49]
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lMpodonxeHue mabauysi 1

HasBaHue nectuymnga*
Pesticide name*

PernameHTupoBaHHoOe cogepKaHune

B papmakonesnx

Regulated limits in pharmacopoeias

PernameHTUpoBaHHOe cofepKaHne
B NULLEBOM Cbipbe (Mr/Kr)

HopMa (mr/Kr) CCbINKN Regulated limits in food substances (mg/kg)
limit (mg/kg) references
0,05 — KopHw¥ BanepwuaHbl [49];
0,02 - caxapHas cBekna [48];
Meramupopoc 0,1 — cemeHa TMurHa [49], cneuun [50]
Methamidophos 0,05 (22,44-46] | ‘  cred
X 0.05 - valerian roots [49];
0.02 - sugar beet [48];
0.1 - caraway seeds [49], spices [50]
0,1 — cemeHa TMVHa, KOPHW BanepuaHbl [49];
0,5 —van [50];
Metuparvion 1,0 — nnopoBble cemeukoBble [48]
Methidathion 0,2 [22, 44-47] ' i
X 0.1 - caraway seeds, valerian roots [49];
0.5 - tea [50];
1.0 — pome fruits [48]
M
MZ:Z::);:)(;T]ZCS 01 (22, 44-46] 0,05 - cemeHa TMUHa, KOpH.VI BanepuaHbl [49]
v 0.05 - caraway seeds, valerian roots [49]
0,2 [22,44-46] 0,05 - KopHM BanepuvaHbl [49];
MapaTnoH-meTun 5,0 — cemeHa TMUHa [49];
1 NapaokCcoH-MeTun (B Cymme) 5,0 (TonbKo napaTtvoH-meTun) — GPYKTbl U Arofbl, cre-
Parathion-methyl 0.2 yum [50]
and paraoxon-methyl (sum of) (Tonbko ”apaTMOH'MeT”“) [47] 0.05 - valerian roots [49];
Vi (only parathion-methyl) 5.0 - caraway seeds [49];
5.0 (only parathion-methyl) - fruits and berries, spices [50]
0,5 [22,44-46] 0,2 — nnofoBble cemeyKoBble [48];
0,1 (TonbKo NapaTMOH-3TWN) — CeMeHa TMUHa, KOPHW Barne-
MapaTnoH-3tun
puaHbl [49];
1 NapaoKCcoH-3TuN (B cymme)
Parathion-ethyl 0,5 0,2 (TonbKo NapaTnoH-3Tvn) — cnieuuu, GpyKTbl n Arogs [50]
and paraoxon-ethy! (sum of) (Tonbko napatuow-3tin) [47] 0.2 - porme fults [45]
Vil (only parathion-ethyl) 0.1 (only parathion-ethyl) - caraway seeds, valerian
roots [49];
0.2 (only parathion-ethyl) — spices, fruits and berries [50]
Mupummndoc-metun 4,0 [22,44-46] 0,05 (TonbKo NMPUMUPOC-METIN) — KOPHU BanepwuaHbl [49];
¢ N-ge3atun-nupumndoc-metun 0,5 (Tonbko nupumnpoc-meTun) — nnogosble (KOCTOY-
(B cymme) KOBble), BUHOrpagd, Yain [48], cemeHa TMuHa [49], cneunn,
Pirimiphos-methyl 4.0 dpyKTbI U AroAbl [50]
and N-desethyl-pirimiphos-methyl (Tonbko 'j"f'p""M”d’OC'MeT”“) (471 0.05 (only pirimiphos-methyl) — valerian roots [49];
(sum of) (only pirimiphos-methyl) 0.5 (only pirimiphos-methyl) - stone fruits, grapes, tea [48],
XV caraway seeds [49], spices, fruits and berries [50]
Muprmndoc-3tun
= 4
Pirimiphos-ethyl 0,05 [22,44-46) |1~ KyPY3a (sepHO) [48]
0.1 — corn (kernel) [48]
XV
MpoTtnodoc
1 - i 4
Prothiophos 0,05 (22, 44-46] 0 XﬂOI‘Il-IaTI-!I/IK (macno), BuHorpap [48]
X 0.1 - cotton (oil), grapes [48]
0,05 - KopHM BanepuaHbl [49];
0,07 - cemeHa TMuHa [49];
MpodeHodoc -
Profenophos 01 (22, 44-46] 0,5 — yam (BKnoYaa TpaBaAHoON Yan) [48]
. P ' ! 0.05 - valerian roots [49];
0.07 - caraway seeds [49];
0.5 - teas (including herbal tea) [48]
0,05 - KopHM BanepuraHbl [49];
0,5 - nnopoBble cemeyKoBble [48];
GerwTpoTnon 1,0 — cemeHa TM1Ha [49], cneuun, dpyKTbl 1 Aroawl [50]
Fenitrothion 05 (22,44-47] | . ’ P ¢PY
X 0.05 - valerian roots [49];

0.5 — pome fruits [48];
1.0 - caraway seeds [49], spices, fruits and berries [50]
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lMpodonxeHue mabauysi 1

HasBaHue nectuymnga*

PernameHTnpoBaHHOe coaepKaHue
B papmakonesnx
Regulated limits in pharmacopoeias

PernameHTUpoBaHHOe cofepKaHne
B NULLEBOM Cbipbe (Mr/Kr)

Pesticide name* Hopma (mr/kr) CCbITKN Regulated limits in food substances (mg/kg)
limit (mg/kg) references
0,05 [22]
0,05
(cymma deHcynbdoTnOHa,
deHCynbOTNOH-OKCOHa,
®eHcynb$poTuoH (B cymme) $eHCynbdOTUOH-OKCOH-
Fensulfothion (sum of) cynboHa 1 peHcybpo-
XXIV, XXV TUOH-cynbdoHa) [44-46]
(sum of fensulfothion,
fensulfothion oxon,
fensulfothion oxon sulfone
and fensulfothion sulfone)
0,05 [22]
0,05
(cymma dpeHTnOHa,
bEHTUOH-OKCOHa, 0,05 — cemeHa TMUHa, KOPHW BanepwuaHbl [49];
$eHTNOH-OKCOH-CYNbOHa, 0,05 (Tonbko $peHTUoH) — puc [50];
MeHTNOH (B cymme) (EHTVNOH-OKCOH-CYNbhOK- 0,15 - 3epHO XxN1e6HbIX, 3N1aKOBbIX, 3epHO6060BbIE, CBEKNA
Fenthion (sum of) cipa, PeHTUOH-CynbdoHa 1 caxapHas [48]
XVi deHTOH-cynbdokcmaa) [44-46] 0.05 — caraway seeds, valerian roots [49];
(sum of fenthion, fenthion 0.05 (only fenthion) - rice [50];
oxon, fenthion oxon 0.15 - grains, cereals, legumes, sugar beets [48]
sulfone, fenthion oxon
sulfoxide, fenthion sulfone
and fenthion sulfoxide)
Denxnopdoc (cymma dperxnopdoca
1 deHxnopPpocoKcoHa)
Fenchlorophos 01 (22, 44-46] 0,1 — ceMeHa TMVHa, KOPHU BanepuaHbl [49]
(sum of fenchlorophos ! ! 0.1 - caraway seeds, valerian roots [49]
and fenchlorophosoxon)
XXVII
DoHodoc
Fonophos 0,05 [22,44-47]
Xl
0,05 — KopHw¥ BanepwuaHbl [49];
Gozanon 2,0 — cemeHa TMuHa [49], cneumn, GpyKTbl U Arofbl [50]
Phosalone 0,1 [22,44-47] ! R ! !
XVl 0.05 - valerian roots [49];
2.0 - caraway seeds [49], spices, fruits and berries [50]
0,1 (cymma pocmeTa 1 HOCMET-OKCOHA) — CEMEHA TMIHa,
KOpHU BanepuaHbl [49];
0,25 - sugar beet [48];
10,0 - rony6uKa, BUHOrpag, abprKoc, HEKTapuH, NepcuK,
Qocmet
Phosmet 0,05 (22, 44-46] nnogoBble cemeukoBble [48], abpurkocol [50]
XIX 0.1 (sum of phosmet and phosmet-oxon) — caraway seeds,
valerian roots [49];
0.25 - sugar beet [48];
10.0 - blueberries, grapes, apricot, nectarine, peach, pome
fruits [48], apricots [50];
0,01 - cemeHa TMUHa, KOPHY BanepraHbl [49];
0,3 - cneuwnu, GpyKTbl 1 Aroabl [50];
Xnopnupudoc-meTtun 1,0 - 6aknakaHbl, BUHOrPag, nepeL, NIoJoBble CeMEUKO-
Chlorpyriphos-methyl 0,1 [22,44-47] Bble, TOMaTbl [48]
XV 0.01 - caraway seeds, valerian roots [49];
0.3 - spices, fruits and berries [50];
1.0 - eggplants, grapes, peppers, pome fruits, tomatoes [48]
0,01 — cemeHa TMUHa, KOPHW BanepwuaHbl [49];
sropmipntoc 05 oo b
;\P;Iorpyrlphos—ethyl 0.2 22, 44-47] 0.01 - caraway seeds, valerian roots [49];
0.5 - pome fruits, grapes [48];
1.0 - spices, fruits and berries [50]
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OkoHyaHue mabnuywi 1

PernameHTpOBaHHOe cofep)KaHne
B papmakonenx PernameHTnpoBaHHOeE cofep)KaHne
HasBaHue nectuymnga* S .
o Regulated limits in pharmacopoeias B NNLLEBOM cbipbe (Mr/Kr)
Pesticide name* L
HopMa (mr/Kr) CCbUIKN Regulated limits in food substances (mg/kg)
limit (mg/kg) references
XnopdeHBrHpoc
Chlorfenvinphos 05 (22, 44-47] 0,05 — ceMeHa TMUHa, KOpH‘I/I BanepunaHbl [49]
XXI 0.05 - caraway seeds, valerian roots [49]
0,05 — KopHwu BanepwuaHbl [49];
Jmnon 5,0 — cemeHa TMu1Ha [49], cneumnn, ppyKTbl 1 Arofbl [50]
Ethion 2,0 (22,44-47] | \ ' » $PY
XXVI 0.05 - valerian roots [49];
5.0 - caraway seeds [49], spices, fruits and berries [50]
Stprmdoc 0,5 - xyonyaTtHUK (Macno), NnofoBble CEMEYKOBblE U
Etrimphos 0,05 [22,44-46] KOCTOUKOBbIE, BUHOrpag [48]
XXVII 0.5 - cotton (oil), pome and stone fruits, grapes [48]

MpumeyaHme. * JlaTHCKMK Ldpamy 0603HaYeH HOMEP GOPMYJIbl Ha PUCYHKe 2.

Note. * Latin numerals indicate the number of the formula in Figure 2.

B HacToAwmin mMomMeHT ¢apmakonelHble TpeboBa-
Hua copepkaHua OOIM B JIPC u JIPM cywecTtBeHHO oTNKW-
YalTCA OT HOPM 1A NMULLEBbIX NPOAYKTOB. PasnnyatoTtca
nogxofbl K HopmuposaHuio OOM - B ODC dapmakonen
O PO XIV, EP 10 n USP 42-NF 37. PAg nectuumpoB HOp-
MUPYeTCA B CyMMe C MeTabonntamm 1 npou3BOAHbIMU.
B nuvweBol NpoayKuMuM KOHKpPeTHble necTuumibl HOp-
MUPYIOTCA MHAMBUAYaNbHO 6e3 yuyeTa 0b6pasymrowmxcs
MeTabonnTos.

U3zonupoearnue ocmamoy4HbIx
gochopopaaHuyeckux necmuyuoos
u3 pacmume’sibHO20 Cbipbs

MogroToBKa Npob ABnNAeTCA BpemA3aTpaTHbIM 1 TPy-
[OEMKUM 3TanoM aHanuUTUuYeckmx metoauk. OgHum 13
Hambonee  pacnpoOCTPaHEHHbIX  PEKOMEHJOBaHHbIX
B HOPMATMBHOW [OKYMEHTaUuMM CrnocoboB MOAroTos-
KU Npob ABNAeTCA MeTOA TBEPAO-KUAKOCTHOM SKCTPaK-
uum [47, 55-58]. Pasnnumns B npobonoarotoBke nposs-
NATCSA B CNOCOOE M30/IMPOBaHUS aHANMTOB, HAaNpUMep,
TONYONIOM WX aueTOHOM C MOCNEAYOWNM KOHLEHTPK-
poBaHuem [47, 57, 58] unu ¢ nocnegywwmMm nprumMeHe-
HUEM »KULKOCTHO-KMAKOCTHOW 3KCTpakumu [55], apcopb-
LMOHHOWN KONOHOYHOWN XpomaTorpadum [43, 51, 56] un
renb-GunbTpyoLen xpomatorpadum [55].

BcnepctBue pasHoobpasua ctpyktyp OOM n nx me-
TaboNMTOB OYEBUIHO, UTO CTaHAAPTHbIE MeToAbl onpe-
JeneHna OCTaTOYHbIX MNeCcTUUMAOB He YHMBEpCasb-
Hbl, TaK Kak B xofle mpouefyp 3KCTPakLUM U OYNCTKU
HeKoTopble M3 HUX cnabo nMbo coBceM He u3BMeKa-
totca [25]. TMocne xpomartorpaduueckoro pasgene-
HUA NecTUUUAbl MOTYT pasnaratbCca Unu npeteprneBaTtb
6uoTpaHcpopmauumio [59].

B HacTosillee Bpemsi Hambonee LWMPOKO MWCMNOMb-
3yemMblM Cnocobom MoAroToBKM 06pasuLoB Npu aHanu-
3e OOl B JIPC sBnsietca pa3spaboTtaHHas B 2003 rogy
ONA NKYLeBbIX MNPOAYKTOB cUCTeMa MpPOoOOMOAroTOBKM
QuEChERS [51, 60-62].

B coBpemeHHON nuTepaType OTpa)keHbl Takue Cro-
Cco6bl  NPOGOMOArOTOBKM  BbICYLUEHHBIX PacTeHUn u
cneumin gna aHanusa, Kak TeepaodasHan aKcTpakums [63,
64], renb-npoHMKatowWwas xpomaTtorpadua [65], maTpuu-
Hoe TBeppodasHoe AaucneprupoBaHue [25], XKUAKOCT-
Has 3KCTpaKkuusa nop AaBneHvem [66], copbunoHHasA
3KCTpakuua [67], TBepaodasHasd MUKPOIKCTpaKuma [68]
N QUCNEPCUOHHAA MXUOKOCTb-XUAKOCTHAA MUKPOIKCT-
pakuua [69].

bonbwon wHTEepec npefcTaBnAeT MCNOMb30OBaHMWe
MEeTOAO0B HEeMNoCPeACTBEHHOrO oOnpefesnieHns CnefoBbixX
konmyecte OOl B mMaTpuuax 6e3 TPyAoemKux onepa-
UMM m3BneveHma. Takme nopgxodbl OCHOBAHbl Ha rMo-
cnefHMX OOCTVXEHUAX B MOBbIWEHUA cneymduyHocTu
Macc-crekTpomeTpuyeckoro obopyposaHua (MX-MC-MC
n BIXKX-MC-MQ).

AHanumuyeckue Memodbl onpedenieHuUsA
gocchopopaaHuyeckux necmuyuoos
8 pacmumesibHOM cbipbe

Cpean metopos onpeaeneHus O®OM B JIPC Hanbo-
nee WNPOKO MPUMEHAETCA rasoBad xpomatorpadus B
coyeTaHUM C NIaMeHHO-NOHU3AUMOHHBIM, a30THO-bOC-
GOpHbIM MM aTOMHO-3MUCCMOHHBIM ~ AETEKTOPaMM €

pacyeToM KOHLUEHTpaLMM METOLOM BHYTPEHHEro CTaH-
Japta (gna onpegeneHuna @OOI wcnonb3yetca Kapbo-
¢deHoTnoH) [43, 47,57, 58].

B ¢apmakonee Kntas nomrmo MeTofa rasoBoW Xpo-
maTorpadun ana onpegeneHua ®OM npepnaratotca 60-
nee COBPEMEHHble U [OPOrocToAlne MeToAbl aHanm3a:
'X-MC-MC un B9XX-MC-MC. na 19 OOl n3 33 Hopmupy-
embix B papmakonesnx PO, EBponbl n CLUA npusegeHb! Ta-
Kue napameTpbl OAHOBPEMEHHOrO XpomaTtorpaduuec-
KOro onpepeneHus, Kak Bpema yepXnBaHUA KOHKpeT-
Horo nectuuuaa, MRM-nepexofbl Ana AeTeKTUPOBaHWA
N NOATBEPXKAEHNA MPUCYTCTBUA, SHeprna dparmeHTauum
1 npegenbl obHapyxeHua [51].



B dapmakoneax Id PO XIV n AnoHnn [52] perna-
MEHTUPOBaH MeTOA ANA onpefeneHna TONbKO XJI0pop-
raHMYecKnx NecTUUmngoB.

ObpalaeT Ha ceba BHMMAHME GaKT TOro, YTO B Ha-
cToAlWee BpemA fencreywlme dapmakonem EP 10 n
USP 42 NF-37 oTownn oT pernameHTMpoBaHuA yHUU-
LumnpoBaHHbIX MeToaunk onpegeneHuna OOIM B JIPC. Takoi
noaxof BrOJSIHE NOHATEH C YYETOM MOCTOAHHOrO CoBep-
LIEHCTBOBAHWA AHANUTUYECKOrOo 060pyaoBaHWA U Mo-
BbILUEHUA CENEKTMBHOCTU U YyBCTBUTENIbHOCTU aHanusa,
Ho TpebyeT 6onee KBanUGULMPOBAHHOrO NepcoHana. B
JaHHbIn momeHT B EP 10 npepnaraetca mcnonb3oBatb
noboll meTon onpefeneHna OCTaTOUYHbIX MecTULMAOoB
B JIPC, ynoBneTBOPAOWUNA KPUTEPUAM, NPUBELAEHHbIM
B ODC 2.8.13 «Pesticide residues», a Takxe BanMpgmpo-
BaHHbIN B cooTtBeTcTBMM ¢ SANCO/10232/2006 «Quality
control procedures for pesticide residues analysis» [70].
B USP 42-NF 37 pekOoMeH[OBaHO MPUMEHATb MeTO-
Obl, yooBnetsopsAwlwme kKputepuam SANTE/11813/2017
«Guidance document on analytical quality control
and method validation procedures for pesticide resi-
dues and analysis in food and feed» [71] n B cooT-
BETCTBMM C NpuHuunamu Banugaumm OPPTS 860.1490
«PekoMeHJauUMM N0 XMMWYECKOMY  TECTMPOBaHUIO
ocTaTkoB» [72].

B FOCT 30710-2001 [56] pna onpepeneHua OOrl
B oBOLaX, GpyKTax M NpofyKTax, ux nepepaboTkn uc-
nonb3yoT metodbl TCX X B coyeTaHnn C TEPMOVNOHHbIM
[LeTEKTOPOM.

B mupoBoi npaktuke, Kpome wucnonb3oBaHuA X
B COYETaHUN C Pas3UYHbIMU MeTOfaMU AeTeKTMpOoBa-
HuA gna onpegenenna OOl BHeOpATCA METOAMKN C
ncnonb3oBaHnem BIMX-MC u BIXX-MC-MC [73-76].
MpeonouteHne metoga BIXKX obycnosneH ¢usmko-xu-
Muyeckumn csoricteamu OOl (OTHOCUTENBbHO HU3KOWN
NEeTyyecTblo U HU3KOW TePMMUYECKOW NabuibHOCTbIO Co-
eVHeHUn) N pasHoobpasMem CrnocoboB AeTeKTUpPOBa-
HuA. Kpome Toro, BOXX saBnsetrcA ogHUM M3 Cambix

YYBCTBUTENIbHBIX 1 BbICOKOCENEKTVBHbIX ~ METOAO0B
onpefeneHns OpraHUYeckux 3arpAsHuTenen. B py-
koBogAwmx pokymeHtax SANCO/10232/2006 [70] w

SANTE/11813/2017 [71] B paBHOW CTeneHu [OMNycKaeTcA
ncnonb3oBaHue Kak [X-MC n 'X-MC-MC, Tak n Bo»KX-MC
n BoXKX-MC-MC.

Ncnonb3oBaHne CenekTMBHbIX W BbICOKOYYBCTBU-
TeNbHbIX METOAOB aHanm3a AnAa onpefeneHna HU3KUX
KOHUeHTpauunm octatouHblix OOI B JIPC metomamm
B2XX-MC n B2KX-MC-MC no3sonsaeT NpoBOAUTb OQHO-
BpEeMeHHOe feTeKTnpoBaHue Wwrpokoro cnektpa QOr.

3AKJNTIOMEHUE

B pesynbrate CpaBHUTENBLHOrO aHannM3a HOPMMPO-
BaHua QOOI B JIPC n nuweson npogykuun B O PO XIV,
MeXxayHapoaHbix dapmakonesx, matepuanax BO3 n Hop-
MaTUBHOW AOKyMeHTaL MK, NOCBAWEHHON NMLWEeBOWN Npo-
AyKummn, yctaHoBsieHo, uto B T PO XIV, EP 10, BP 2019
Vol. T n USP 42-NF 37 HopmupyeTca 33 QOI, B 1 n3g. 2-n
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vyactn ®apmakonen MHgum — 15 OOT, a B papmakronenx
Kntas n AinoHun Hopmbl ana ®OI B JIPC oTcyTCTBY!IOT.

MpepcraBneHa obobuieHHasa cBofKa Mpepenos [o-
nyctumoro copepxaHua QOM B8 JIPC n page nuuiesbIx
WCTOYHUKOB. [laHHble 3HaYeHnA B nepeuncyieHHbix dap-
MaKoMeNnHbIX M3[aHUAX B OOMbLIMHCTBE FapMOHMU3U-
poBaHbl Mexay cobOol, HO pa3nuMuyalTca OT MULLEBOW
npoaykuuu. Mpegensl JONYCTUMOrO COAepXaHusa ans
NMLWEeBON NPOJYKUMM OCHOBaHbl Ha BO3MOXHOCTW VHAU-
BMAYaNIbHOTrO MOCTYMAEHNA C KOHKPETHbIM BMAOM MpPO-
OYKUMW C YYETOM CpefHecyToyHoro notpebnenums. OT-
MeUeHO, UTO HopmMmupoBaHue cogepxarHua OOl B JIPC
BO MHOTIUX C/lyyasx BKJ/OYAET He TOJIbKO HenocpeacT-
BEHHO NecTuumg, HO U ero TOKCMYHble MeTabonuTbl, Tor-
Ja Kak B HOPMAaTMBHOW AOKYMEHTaLuMK, Ha MNULeByio
NPOAYKLMIO, B OCHOBHOM periameHTMPYIOTCA TONbKO ca-
MM NecTuymabl.

B I® PO XIV He B MONHOM Mepe pacKpbiTO HOPMU-
poBaHVe TaKMxX NecTuuuaoB, Kak GeHTVOH u dpeHcynb-
$OTVOH. TOKCMYHOCTL U YCTOMUMBOCTb MeTabonntos
@Ol un3yueHbl HepoCTaToOuyHO. [AnA obecnevyeHus 6Ges-
onacHocTn npumMmeHeHua JIPI1 HopmaTuBHble JOKYMEHTbI,
MOCBALLEHHbIE ONPefeneHnio OCTaTOYHbIX NeCcTULUAOB,
TpebyloT fOpPaboTKN Kak B OTHOLUIEHMU KOHKPEeTU3auuu
CYMMapHOro cofepxaHua WHAMBUAYaNbHbIX NeCcTULU-
[OB 1 X MeTaboNMTOB, Tak U B OTHOLLUEHUWN COBEPLUIEHCT-
BOBaHMWA METOAMK aHanm13a.

CraHpapTu3oBaHHble mMeTogbl onpefeneHus QOOIM B
JIPC onncaHbl Ha AaHHbIA MOMEHT Tonbko B VIHAMNCKON
n Kntanckoin papmakonesix. B EP 10, USP 42-NF 37 n BP
2019 Vol. 1 pekomeHpgoBaHO MCMoNb30BaThb NoOY0 Banu-
OVMPOBAHHYI0O METOAMKY, COOTBETCTBYIOLLYID KPUTEPUAM
NPUEMNIEMOCTM C TOYKM 3PEHUA CENEKTUBHOCTA N YyBCT-
BUTENbHOCTM aHanu3a. Hambonee nepcnekTMBHbIM aHa-
nutuyeckumn metogamu onpegeneHua OOI B JIPC asna-
torca BIXKX-MC n BIXKX-MC-MC B coveTaHunn c cucte-
Mol noproToBknm npo6 QUEChERS, koTopble no3Bo-
NAT M3BeYb TPYAHOMETYUYMNe, C HU3KON TepMUYeCKom
nabunbHoctbio ®OMM u3 pasznuuHbix Buaos JIPC 1 nposo-
OWTb OfHOBPEMEHHbI aHannM3 3HauUTeNbHO OTNMYato-
wuxca no ctpyktype O®OIM n nx metabonuntos.

JINTEPATYPA

1. European Commission E. Regulation (EC) No 1107/2009 of the
European Parliament and of the Council of 21 October 2009 con-
cerning the placing of plant protection products on the market
and repealing Council Directives 79/117/EEC and 91/414/EEC. Offi-
cial Journal of the European Union. 2009;309:1-50.

2. Tripathy V., Basak B.B., Varghese T.S., Saha A. Residues and con-
taminants in medicinal herbs-A review. Phytochemistry Letters.
2015;14:67-78. DOI: 10.1016/j.phytol.2015.09.003.

3. McKelvey W., Jacobson J.B., Kass D., Barr D.B., Davis M., Cala-
fat A. M., Aldous K. M. Population-based biomonitoring of expo-
sure to organophosphate and pyrethroid pesticides in New York
City. Environmental Health Perspectives. 2013;121(11-12):1349-1356.
DOI: 10.1289/ehp.1206015.

4.  Atwood D., Paisley-Jones C. Pesticides Industry Sales and Usage
2008-2012 Market Estimates. Washington, DC: U.S. Environmen-
tal Protection Agency, Office of Chemical Safety and Pollution Pre-
vention; 2017. 24 p.

5. LiH-Z, Zeng E. Y., You J. Mitigating pesticide pollution in China
requires law enforcement, farmer training, and technological in-

147



148

Memoos! ananusa nekapcmeeHHbIX cpedcma
Analytical Methods

20.

21.

22.

23.

novation. Environmental Toxicology and Chemistry. 2014;33(5):963-
971.DOI: 10.1002/etc.2549.

NZIER report to the Environmental Protection Authority. Organophos-
phate and carbamate reassessment; 2015. 26 p. Available at: https:/
www.epa.govt.nz/assets/FileAPI/hsno-ar/APP202098/285cfa8da9/
APP202098-NZIER-CCD-report.pdf Accessed: 20.12.2021.

Singh P., Prasad S. M. Antioxidant enzyme responses to the oxi-
dative stress due to chlorpyrifos, dimethoate and dieldrin stress
in palak (Spinacia oleracea L.) and their toxicity alleviation by soil
amendments in tropical croplands. Science of the Total Environ-
ment. 2018;630:839-848. DOI: 10.1016/j.scitotenv.2018.02.203.
Yadav I.C., Devi N.L., Zhong G, Li J,, Zhang G., Covaci A. Occur-
rence and fate of organophosphate ester flame retardants and
plasticizers in indoor air and dust of Nepal: Implication for hu-
man exposure. Environmental Pollution. 2017;229:668-678. DOI:
10.1016/j.envpol.2017.06.0895.

Eto M. Organophosphorus pesticides: Organic and Biological
Chemistry. Boca Raton: CRC Press; 2018. 369 p.

Schummer C., Mothiron E., Appenzeller B. M.R., Rizet A., Wen-
nig R., Millet M. Temporal variations of concentrations of cur-
rently used pesticides in the atmosphere of Strasbourg, France.
Environmental Pollution. 2010;158(2):576-584. DOI: 10.1016/j.
envpol.2009.08.019.

Rajput S., Kumari A., Arora S., Kaur R. Multi-residue pesticides ana-
lysis in water samples using reverse phase high performance li-
quid chromatography (RP-HPLC). MethodsX. 2018;5:744-751. DOI:
10.1016/j.mex.2018.07.005.

Mwevura H., Kylin H., Vogt T., Bouwman H. Dynamics of orga-
nochlorine and organophosphate pesticide residues in soil,
water, and sediment from the Rufiji River Delta, Tanzania. Re-
gional Studies in Marine Science. 2021;41:101607. DOI: 10.1016/j.
rsma.2020.101607.

laHneB M. M., Hegope3koB B.[l. Xumnueckue cpenctsa 3awuTbl
pacTteHuin. M.: KonocC; 2006. 400 c.

Noore S., Ramesh G., Vendan S. E., Nagaraju V. D. Persistence and
diffusion behaviour of chlorpyrifos in five different species of ve-
getables: A comparative analysis. Ecotoxicology and Environmental
Safety. 2021;217:112208. DOI: 10.1016/j.ecoenv.2021.112208.
Romero-Gonzalez R., Aguilera-Luiz M. M., Plaza-Bolafios P., Fre-
nich A.G., Vidal J. M. Food contaminant analysis at high reso-
lution mass spectrometry: Application for the determina-
tion of veterinary drugs in milk. Journal of chromatography A.
2011;1218(52):9353-9565. DOI: 10.1016/j.chroma.2011.10.074.
Naksen W., Prapamontol T., Mangklabruks A. Chantara S.,
Thavornyutikarn P, Robson M. G., Ryan P.B., Barr D. B., Panuwet P.
A single method for detecting 11 organophosphate pesticides in
human plasma and breastmilk using GC-FPD. Journal of Chroma-
tography B. 2016;1025:92-104. DOI: 10.1016/j.jchromb.2016.04.045.
Kim K.-H., Kabir E., Jahan S. A. Exposure to pesticides and the
associated human health effects. Science of The Total Environment.
2017;575:525-535. DOI: 10.1016/j.scitotenv.2016.09.009.

van den Dries M. A., Pronk A., Guxens M., Spaan S., Voortman T,
Jaddoe V.W., Jusko T.A., Longnecker M.P., Tiemeier H. Deter-
minants of organophosphate pesticide exposure in preg-
nant women: A population-based cohort study in the Nether-
lands. International Journal of Hygiene and Environmental Health.
2018;221(3):489-501. DOI: 10.1016/j.ijheh.2018.01.013.

Li A.J., Kannan K. Profiles of urinary neonicotinoids and dial-
kylphosphates in populations in nine countries. Environment Inter-
national. 2020;145:106120. DOI: 10.1016/j.envint.2020.106120.
XabpueB P.Y. PykoBoACTBO MO 3KCNepuMeHTanbHOMY (LOKnu-
HMYECKOMY) W3YYeHU0 HOBbIX (apMaKoNormuecknx BELLECTB,
2-e n3g. M.: MeanuymHa; 2005. 832 c.

Klier B., Hafner E., Albert H., Binder G., Knodler M., Kihn M.,
Schenk A., Steinhoff B. Pesticide residues in herbal drugs: Evalua-
tion of a database. Journal of Applied Research on Medicinal and
Aromatic Plants. 2019;15:100223. DOI: 10.1016/j.jarmap.2019.100223.
locypapctBeHHan dapmakonesa Poccuiickont Oepepaunn. 14-e nsg.
T. 2. M.: MuHucTepcTBO 3apaBooxpaHeHus Poccuiickon Depe-
pauuu; 2018. floctynHo no: https://femb.ru/femb/pharmacopea.
php/ Ccbinka akTrBHa Ha 20.12.2021.

Dogheim S. M., Ashraf A., El M. M. S., Alla A. G., Khorshid M. A., Fah-
my S. M. Pesticides and heavy metals levels in Egyptian leafy vegetab-

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

les and some aromatic medicinal plants. Food Additives and Contami-
nants. 2004;21(4):323-330. DOI: 10.1080/02652030310001656361.
Abou-Arab A.A. K., Abou Donia M.A. Pesticide residues in some
Egyptian spices and medicinal plants as affected by processing. Food
Chemistry. 2001;72(4):439-445. DOI: 10.1016/S0308-8146(00)00254-5.
tozowicka B., Jankowska M., Rutkowska E., Hrynko I., Kaczynski P.,
Micinski J. The evaluation of a fast and simple pesticide multire-
sidue method in various herbs by gas chromatography. Journal
of Nature and Science of Medicine. 2014;68(1):95-111. DOI: 10.1007/
s11418-013-0777-9.

Fu Y., Dou X., Zhang L., Qin J., Yang M., Luo J. A comprehen-
sive analysis of 201 pesticides for different herbal species-ready
application using gas chromatography-tandem mass spectro-
metry coupled with QUEChERs. Journal of Chromatography
B: Analytical Technologies in the Biomedical and Life Sciences.
2019;1125:121730. DOI: 10.1016/j.jchromb.2019.121730.

Hu Y., Wan L., Zhang J., Yang F.,, Cao J. Rapid determination of pes-
ticide residues in Chinese materia medica using QUEChERS sample
preparation followed by gas chromatography-mass spectromet-
ry. Acta Pharmaceutica Sinica B. 2012;2(3): 286-293. DOI: 10.1016/j.
apsb.2012.03.005.

Harris E. S., Cao S., Littlefield B. A., et al. Heavy metal and pesticide
content in commonly prescribed individual raw Chinese Herbal
Medicines. Science of the Total Environment. 2011;409(20):4297—-
4305. DOI: 10.1016/j.scitotenv.2011.07.032.

Organophosphorus insecticides: a general introduction. Geneva:
World Health Organization; 1986. 135 p.

Roberts J. R., Reigart J. R. Recognition and Management of Pesti-
cide Poisonings, 6th ed. Washington, D.C.: U.S. Environmental Pro-
tection Agency, Office of Pesticide Programs; 2013. 272 p.

Kumar V., Upadhay N., Wasit A. B., Singh S., Kaur P. Spectroscopic
methods for the detection of organophosphate pesticides-A pre-
view. Current World Environment. 2013;8(2):313-318. DOI: 10.12944/
CWE.8.2.19.

Plumlee K. Clinical Veterinary Toxicology. St Louis, MO: Mosby;
2004. 477 p. DOI: 10.1016/B0-32-301125-X/50024-8.

Holden A.J., Chen L., Shaw I. C. Thermal stability of organophos-
phorus pesticide triazophos and its relevance in the assessment
of risk to the consumer of triazophos residues in food. Journal of
Agricultural and Food Chemistry. 2001;49(1):103-106. DOI: 10.1021/
jf0002589.

Guo G, Jiang N., Liu F,, Bian Y. Storage stability of organophospho-
rus pesticide residues in peanut and soya bean extracted solu-
tions. Royal Society Open Science. 2018;5(7):180757. DOI: 10.1098/
rs0s.180757.

AnaytanH P.H. ®apmakonorua. 2-e usg. M.: I0TAP-MEL; 2004.
592 c.

Some organophosphate insecticides and herbicides. Lyon:
IARC Working Group on the Evaluation of Carcinogenic Risks to
Humans; 2015. 452 p.

Vinson F., Merhi M., Baldi I., Raynal H., Gamet-Payrastre L. Expo-
sure to pesticides and risk of childhood cancer: a meta-analysis of
recent epidemiological studies. Occupational and Environmental
Medicine. 2011;68(9):694-702. DOI: 10.1136/0emed-2011-100082.
Varfolomeev S.D., Efremenko E.N. Organophosphorus neuroto-
xins. 1st ed. Moscow: RIOR; 2020. 380 p. DOI: 10.29039/02026-5.
Saxena G., Bharagava R. M. Bioremediation of Industrial Waste
for Environmental Safety: Volume I: Industrial Waste and Its
Management. Singapore: Springer Nature; 2020. 436 p. DOI:
10.1007/978-981-13-1891-7_13.

Katsikantami ., Kavvalakis M.P., Tzatzarakis M.N., Nosyrev A.E.,
Vakonaki E., Tsatsakis A. M. Advances on Biomonitoring of Organo-
phosphorus and Organochlorine Pesticides. Journal of Siberian Fe-
deral University. 2017;10(2):153-170. DOI: 10.17516/1997-1389-0019.
Codex Alimentarius Commission. Procedural Manual, 21st ed.
Rome: FAO/WHO Food Standards Programme; 2013, 205 p. Avai-
lable at: https://www.fao.org/3/a1472e/a1472e00.htm/ Accessed:
20.12.2021.

Quality control methods for herbal materials. Geneva: World
Health Organization; 2011. 173 p. Available at: https://apps.who.
int/iris/handle/10665/44479/ Accessed: 20.12.2021.

WHO Guidelines for assessing quality of herbal medicines with
reference to contaminants and residues. Geneva: World Health


https://doi.org/10.1016/j.ijheh.2018.01.013
https://doi.org/10.1016/j.envint.2020.106120

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Organization; 2007. 105 p. Available at: https://apps.who.int/iris/
handle/10665/43510/ Accessed: 20.12.2021.

European Pharmacopoeia 10th edition. EDQM (European Direc-
torate for the Quality of Medicines and Healthcare). Available at:
https://pheur.edgm.eu/ Accessed: 20.12.2021.

The British Pharmacopoeia 2019. Volume |. Medicines and Health-
care Products Regulatory Agency. British Pharmacopoeia Commis-
sion. Available at: https://www.pharmacopoeia.com/ Accessed:
20.12.2021.

United States Pharmacopeia 42. National Formulary 37, Second
Supplement. United States Pharmacopeial Convention. Available
at: http://www.uspnf.com/ Accessed: 20.12.2021.

The Unani Pharmacopoeia of India. 1st Edition, Part 2, Vol. 3.
Pharmacopoeia Commission for Indian Medicine & Homoeopathy
Ministry of AYUSH, Government of India. Available at: https:/
main.ayush.gov.in/ Accessed: 20.12.2021.

[MrneHnyeckne HopmaTvBbl COAEPXaHWA NeCTULMAOB B OObeK-
TaxX OKpy»atolen cpepbl (nepeyeHb): MrneHnyeckne HopmaTuBbI
H 1.2.3539-18. M.: ®efiepanbHbiii LEHTP TMrUEHbI U SNUAEMUNO-
norun Pocnotpe6Hagsopa; 2019. 156 c.

EU Pesticide Database. European Commission. Available at: https://
ec.europa.eu/food/plant/pesticides_en/ Accessed: 20.12.2021.
Codex Alimentarius. Codex Pesticides Residues in Food Online Data-
base. Available at: http://www.fao.org/fao-who-codexalimentarius/
codex-texts/dbs/pestres/pesticides/en/ Accessed: 20.12.2021.
Pharmacopoeia of The People’s Republic of China. Vol. 4. Chinese
Pharmacopoeia Commission. China Medical Science Press.
Available at: http://fuwu.chp.org.cn/ Accessed: 20.12.2021.
Japanese Pharmacopoeia. 17th Edition. English Version. The
Minister of Health. Labour and Welfare. 2016. Available at: https://
www.pmda.go.jp/ Accessed: 20.12.2021.

(Dapmakones EBpa3mniickoro skoHommnyeckoro cotosa. Mocksa: Es-
pasuiickas sKoHoMmuecKaa kommceus; 2020. loctynHo no: https://
docs.eaeunion.org/ Ccbiika akTMBHa Ha 20.12.2021.

Index of World Pharmacopoeias and Pharmacopeial Authorities.
Geneva: World Health Organization; 2021. 51 p. Available at:
https://www.who.int/publications/m/item/QAS-11.453-Rev.12/
Accessed: 20.12.2021.

MynbTmeTOoAbl  AnA  rasoxpomartorpaduueckoro onpepene-
H/MA OCTaTKOB MeCcTUUUAOB: MeXrocyfapcTBEHHbI CTaHAapT
[OCT 32689.2-2014. MockBa: CTaHgapTuHpopm; 2015. 29 c.
Mnogbl, 0BOWM 1 MPOAYKTHI X NepepaboTku. MeToabl onpeaene-
HMA OCTAaTOYHbIX KonmnyecTB dpocdopopraHMyecknx necTmungos:
MexrocypnapcteeHHbIn ctaHgapt FOCT 30710-2001. Mocksa: UMK
M3paTenbcTBO cTaHAapToB; 2001. 15 C.

European Pharmacopoeia 5th ed. EDQM (European Directorate
for the Quality of Medicines and Healthcare). Available at: https:/
pheur.edgm.eu/ Accessed: 20.12.2021.

United States Pharmacopeia 38. National Formulary 33, First
Supplement. United States Pharmacopeial Convention. Available
at: http://www.uspnf.com/ Accessed: 20.12.2021.

Parrilla Vazquez P., Ferrer C., Martinez Bueno M. J., Fernandez-
Alba A.R. Pesticide residues in spices and herbs: Sample
preparation methods and determination by chromatographic
techniques. Trends in Analytical Chemistry. 2019;115:13-22. DOI:
10.1016/j.trac.2019.03.022.

Anastassiades M., Lehotay S.J., Stajnbaher D., Schenck F.J. 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. 2003;86(2):412-431. DOI: 10.1093/jaoac/86.2.412.
Chawla S., Patel H.K. Gor H.N.Vaghela K.M., Solanki P.P,
Shah P.G., Evaluation of matrix effects in multiresidue analy-
sis of pesticide residues in vegetables and spices by LC-MS/MS.
Journal of AOAC International. 2017;100(3):616-623. DOI: 10.5740/
jaoacint.17-0048.

Taha S.M., Gadalla S.A. Development of an efficient method
for multi residue analysis of 160 pesticides in herbal plant by
ethyl acetate hexane mixture with direct injection to GCG-MS/MS.
Talanta. 2017;174:767-779. DOI: 10.1016/j.talanta.2017.06.080.

Chai L-K. Elie F. A rapid multi-residue method for pesti-
cide residues determination in white and black pepper (Piper

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

MemoOoe! ananusa nekapcmeeHHbIX cpedcme
Analytical Methods

nigrum L.). Food Control. 2013;32:322-326. DOI:
foodcont.2012.12.015.

Goon A., Khan Z., Oulkar D., Shinde R., Gaikwad S., Banerjee K.
A simultaneous screening and quantitative method for the mul-
tiresidue analysis of pesticides in spices using ultra-high perfor-
mance liquid chromatography-high resolution (Orbitrap) mass
spectrometry. Journal of Chromatography A. 2018;1532:105-111.
DOI: 10.1016/j.chroma.2017.11.066.

Hayward D. G., Wong J. W. Organohalogen and organophospho-
rous pesticide method for ginseng root e a comparison of gas
chromatography-single quadrupole mass spectrometry with high
resolution time-of-flight mass spectrometry. Analytical Chemistry.
2009;81:5716-5723. DOI: 10.1021/ac900494a.

Du G., Xiao Y., Yang H.R., Wang L., Song Y.l., Wang Y.T. Rapid
determination of pesticide residues in herbs using selective
pressurized liquid extraction and fast gas chromatography
coupled with mass spectrometry. Journal of Separation Science.
2012;35:1922-1932. DOI: 10.1002/jss¢.201200169.

Maggi L., Carmona M., Campo C. P, Zalacain A., de Mendoza J. H.,
Mocholi F. A., Alonso G.L. Multi-residue contaminants and pol-
lutants analysis in saffron spice by stir bar sorptive extraction
and gas chromatography-ion trap tandem mass spectrometry.
Journal of Chromatography A. 2008;1209:55-60. DOI: 10.1016/j.
chroma.2008.09.026.

Hwang B.H., Lee M.R. Solid-phase microextraction for orga-
nochlorine pesticide residues analysis in Chinese herbal formu-
lations. Journal of Chromatography A. 2000;898(2):245-256. DOI:
10.1016/50021-9673(00)00874-8.

Ho Y., Tsoi Y., Leung K.S. Highly sensitive and selective organo-
phosphate screening in twelve commodities of fruits, vegetab-
les and herbal medicines by dispersive liquid-liquid microext-
raction. Analytica Chimica Acta. 2013;775:58-66. DOI: 10.1016/j.
aca.2013.02.043.

European Commission SANCO. Quality control procedures for
pesticide residues analysis. Document SANCO/10232/2006,
24 March. Available at: https://www.eurl-pesticides.eu//library/
docs/allcrl/AgcGuidance_Sanco_2006_10232.pdf/ Accessed:
20.12.2021.

European Commission. Guidance document on analytical
quality control and method validation procedures for pesticides
residues analysis in food and feed. Document SANTE/11813/2017,
21-22 November. Available at: https://www.eurl-pesticides.eu/
userfiles/file/EurlALL/SANTE_11813_2017-fin.pdf/ Accessed:
20.12.2021.

EPA. Office of Prevention, Pesticides and Toxic Substances
(OPPTS). Residue Chemistry Test Guideline: OPPTS 860.1340
Residue Analytical Methods; 1996. 12 p. Available at: https:/
www.regulations.gov/document/EPA-HQ-OPPT-2009-0155-0007/
Accessed: 20.12.2021.

Ferrer C., Unterluggauer H., Fischer R.J., Ferndndez-Alba A.R.,
Masselter S. Development and validation of a LC-MS/MS me-
thod for the simultaneous determination of aflatoxins, dyes
and pesticides in spices. Analytical and Bioanalytical Chemistry.
2010;397(1):93-107. DOI: 10.1007/500216-010-3526-X.

Chen L., Song F-R,, Liu Z,, Zheng Z., Xing J., Liu S. Multi-residue
method for fast determination of pesticide residues in plants
used in traditional Chinese medicine by ultra-high-performance
liquid chromatography coupled to tandem mass spectrometry.
Journal of Chromatography A. 2012;1225:132-140. DOI: 10.1016/j.
chroma.2011.12.071.

de Oliveira Silva R., de Castro R. C., Milhome M. A. L., do Nascimen-
to R.F. Liquid chromatography-electrospray ionization-tandem
mass spectrometry method for determination of twenty mul-
ti-class pesticide residues in cashew. LWT - Food Science and Tech-
nology. 2014;59:21-25. DOI: 10.1016/j.Iwt.2014.05.035.

Bernardi G., Kemmerich M., Ribeiro L.C., Adaime M.B., Zanel-
la R., Prestes O.D. An effective method for pesticide residues
determination in tobacco by GC-MS/MS and UHPLC-MS/MS
employing acetonitrile extraction with low-temperature precipi-
tation and d-SPE clean-up. Talanta. 2016;161:40-47. DOI: 10.1016/j.
talanta.2016.08.015.

10.1016/j.

149



150

Memoos! ananusa sekapcmeeHHbIX cpedcma
Analytical Methods

REFERENCES

1.

European Commission E. Regulation (EC) No 1107/2009 of the
European Parliament and of the Council of 21 October 2009 con-
cerning the placing of plant protection products on the market
and repealing Council Directives 79/117/EEC and 91/414/EEC. Offi-
cial Journal of the European Union. 2009;309:1-50.

Tripathy V., Basak B.B., Varghese T.S., Saha A. Residues and con-
taminants in medicinal herbs-A review. Phytochemistry Letters.
2015;14:67-78. DOI: 10.1016/j.phyt0l.2015.09.003.

McKelvey W., Jacobson J.B., Kass D., Barr D.B., Davis M., Cala-
fat A. M., Aldous K. M. Population-based biomonitoring of expo-
sure to organophosphate and pyrethroid pesticides in New York
City. Environmental Health Perspectives. 2013;121(11-12):1349-1356.
DOI: 10.1289/ehp.1206015.

Atwood D., Paisley-Jones C. Pesticides Industry Sales and Usage
2008-2012 Market Estimates. Washington, DC: U.S. Environmen-
tal Protection Agency, Office of Chemical Safety and Pollution Pre-
vention; 2017. 24 p.

Li H.-Z., Zeng E.Y., You J. Mitigating pesticide pollution in China
requires law enforcement, farmer training, and technological in-
novation. Environmental Toxicology and Chemistry. 2014;33(5):963-
971.DOI: 10.1002/etc.2549.

NZIER report to the Environmental Protection Authority. Organophos-
phate and carbamate reassessment; 2015. 26 p. Available at: https://
www.epa.govt.nz/assets/FileAPl/hsno-ar/APP202098/285cfa8da9/
APP202098-NZIER-CCD-report.pdf Accessed: 20.12.2021.

Singh P., Prasad S. M. Antioxidant enzyme responses to the oxi-
dative stress due to chlorpyrifos, dimethoate and dieldrin stress
in palak (Spinacia oleracea L.) and their toxicity alleviation by soil
amendments in tropical croplands. Science of the Total Environ-
ment. 2018;630:839-848. DOI: 10.1016/j.scitotenv.2018.02.203.
Yadav I.C., Devi N.L., Zhong G, Li J,, Zhang G., Covaci A. Occur-
rence and fate of organophosphate ester flame retardants and
plasticizers in indoor air and dust of Nepal: Implication for hu-
man exposure. Environmental Pollution. 2017;229:668-678. DOI:
10.1016/j.envpol.2017.06.0895.

Eto M. Organophosphorus pesticides: Organic and Biological
Chemistry. Boca Raton: CRC Press; 2018. 369 p.

Schummer C., Mothiron E., Appenzeller B. M.R., Rizet A., Wen-
nig R., Millet M. Temporal variations of concentrations of cur-
rently used pesticides in the atmosphere of Strasbourg, France.
Environmental Pollution. 2010;158(2):576-584. DOI: 10.1016/j.
envpol.2009.08.019.

Rajput S., Kumari A., Arora S., Kaur R. Multi-residue pesticides ana-
lysis in water samples using reverse phase high performance li-
quid chromatography (RP-HPLC). MethodsX. 2018;5:744-751. DOI:
10.1016/j.mex.2018.07.005.

Mwevura H., Kylin H., Vogt T., Bouwman H. Dynamics of orga-
nochlorine and organophosphate pesticide residues in soil,
water, and sediment from the Rufiji River Delta, Tanzania. Re-
gional Studies in Marine Science. 2021;41:101607. DOI: 10.1016/j.
rsma.2020.101607.

Ganiev M. M., Nedorezkov V.D. Chemical Protection of Plants.
Moscow: KolosS; 2006. 400 p. (In Russ.)

Noore S., Ramesh G., Vendan S. E., Nagaraju V. D. Persistence and
diffusion behaviour of chlorpyrifos in five different species of ve-
getables: A comparative analysis. Ecotoxicology and Environmental
Safety. 2021;217:112208. DOI: 10.1016/j.ecoenv.2021.112208.
Romero-Gonzalez R., Aguilera-Luiz M. M., Plaza-Bolafios P., Fre-
nich A.G., Vidal J. M. Food contaminant analysis at high reso-
lution mass spectrometry: Application for the determina-
tion of veterinary drugs in milk. Journal of chromatography A.
2011;1218(52):9353-9565. DOI: 10.1016/j.chroma.2011.10.074.
Naksen W., Prapamontol T., Mangklabruks A. Chantara S.,
Thavornyutikarn P, Robson M. G., Ryan P.B., Barr D. B., Panuwet P.
A single method for detecting 11 organophosphate pesticides in
human plasma and breastmilk using GC-FPD. Journal of Chroma-
tography B. 2016;1025:92-104. DOI: 10.1016/j.jchromb.2016.04.045.
Kim K.-H., Kabir E., Jahan S. A. Exposure to pesticides and the
associated human health effects. Science of The Total Environment.
2017;575:525-535. DOI: 10.1016/j.scitotenv.2016.09.009.

van den Dries M. A., Pronk A., Guxens M., Spaan S., Voortman T.,
Jaddoe V.W., Jusko T.A., Longnecker M.P., Tiemeier H. Deter-
minants of organophosphate pesticide exposure in preg-
nant women: A population-based cohort study in the Nether-
lands. International Journal of Hygiene and Environmental Health.
2018;221(3):489-501. DOI: 10.1016/j.ijheh.2018.01.013.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Li A.J., Kannan K. Profiles of urinary neonicotinoids and dial-
kylphosphates in populations in nine countries. Environment Inter-
national. 2020;145:106120. DOI: 10.1016/j.envint.2020.106120.
Habriev R. U. Manual on experimental (preclinical) study of new
pharmacological substances, 2nd ed. Moscow: Medicina; 2005.
832 p. (In Russ.)

Klier B., Hafner E., Albert H., Binder G., Knédler M., Kihn M.,
Schenk A., Steinhoff B. Pesticide residues in herbal drugs: Evalua-
tion of a database. Journal of Applied Research on Medicinal and
Aromatic Plants. 2019;15:100223. DOI: 10.1016/j.jarmap.2019.100223.
The State Pharmacopoeia of the Russian Federation. 14th ed. V. 2.
Moscow: State Pharmacopoeia of the Russian Federation; 2018.
Available at: https:/femb.ru/femb/pharmacopea.php/ Accessed:
20.12.2021. (In Russ.)

Dogheim S. M., Ashraf A., El M. M. S., Alla A. G., Khorshid M. A., Fah-
my S. M. Pesticides and heavy metals levels in Egyptian leafy vegetab-
les and some aromatic medicinal plants. Food Additives and Contami-
nants. 2004;21(4):323-330. DOI: 10.1080/02652030310001656361.
Abou-Arab A.A. K., Abou Donia M. A. Pesticide residues in some
Egyptian spices and medicinal plants as affected by processing. Food
Chemistry. 2001;72(4):439-445. DOI: 10.1016/S0308-8146(00)00254-5.
tozowicka B., Jankowska M., Rutkowska E., Hrynko ., Kaczynski P.,
Micinski J. The evaluation of a fast and simple pesticide multire-
sidue method in various herbs by gas chromatography. Journal
of Nature and Science of Medicine. 2014;68(1):95-111. DOI: 10.1007/
s11418-013-0777-9.

Fu Y., Dou X., Zhang L., Qin J.,, Yang M., Luo J. A comprehen-
sive analysis of 201 pesticides for different herbal species-ready
application using gas chromatography-tandem mass spectro-
metry coupled with QUEChERs. Journal of Chromatography
B: Analytical Technologies in the Biomedical and Life Sciences.
2019;1125:121730. DOI: 10.1016/j.jchromb.2019.121730.

Hu Y., Wan L., Zhang J., Yang F.,, Cao J. Rapid determination of pes-
ticide residues in Chinese materia medica using QUEChERS sample
preparation followed by gas chromatography-mass spectromet-
ry. Acta Pharmaceutica Sinica B. 2012;2(3): 286-293. DOI: 10.1016/j.
apsb.2012.03.005.

Harris E. S., Cao S, Littlefield B. A., et al. Heavy metal and pesticide
content in commonly prescribed individual raw Chinese Herbal
Medicines. Science of the Total Environment. 2011;409(20):4297-
4305. DOI: 10.1016/j.scitotenv.2011.07.032.

Organophosphorus insecticides: a general introduction. Geneva:
World Health Organization; 1986. 135 p.

Roberts J. R., Reigart J. R. Recognition and Management of Pesti-
cide Poisonings, 6th ed. Washington, D.C.: U.S. Environmental Pro-
tection Agency, Office of Pesticide Programs; 2013. 272 p.

Kumar V., Upadhay N., Wasit A. B., Singh S., Kaur P. Spectroscopic
methods for the detection of organophosphate pesticides-A pre-
view. Current World Environment. 2013;8(2):313-318. DOI: 10.12944/
CWE.8.2.19.

Plumlee K. Clinical Veterinary Toxicology. St Louis, MO: Mosby;
2004.477 p. DOI: 10.1016/B0-32-301125-X/50024-8.

Holden A.J., Chen L., Shaw I. C. Thermal stability of organophos-
phorus pesticide triazophos and its relevance in the assessment
of risk to the consumer of triazophos residues in food. Journal of
Agricultural and Food Chemistry. 2001;49(1):103-106. DOI: 10.1021/
jf0002589.

Guo G., Jiang N., Liu F,, Bian Y. Storage stability of organophospho-
rus pesticide residues in peanut and soya bean extracted solu-
tions. Royal Society Open Science. 2018;5(7):180757. DOI: 10.1098/
rs0s.180757.

Alyautdin R.N. Pharmacology. 2nd ed. Moscow: GEOTAR-MED;
2004. 592 p. (In Russ.)

Some organophosphate insecticides and herbicides. Lyon:
IARC Working Group on the Evaluation of Carcinogenic Risks to
Humans; 2015. 452 p.

Vinson F., Merhi M., Baldi I., Raynal H., Gamet-Payrastre L. Expo-
sure to pesticides and risk of childhood cancer: a meta-analysis of
recent epidemiological studies. Occupational and Environmental
Medicine. 2011;68(9):694-702. DOI: 10.1136/0emed-2011-100082.
Varfolomeev S.D., Efremenko E.N. Organophosphorus neuroto-
xins. 1st ed. Moscow: RIOR; 2020. 380 p. DOI: 10.29039/02026-5.
Saxena G., Bharagava R. M. Bioremediation of Industrial Waste
for Environmental Safety: Volume I: Industrial Waste and Its
Management. Singapore: Springer Nature; 2020. 436 p. DOI:
10.1007/978-981-13-1891-7_13.


https://doi.org/10.1016/j.ijheh.2018.01.013
https://doi.org/10.1016/j.envint.2020.106120

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Katsikantami ., Kavvalakis M.P., Tzatzarakis M.N., Nosyrev A.E.,
Vakonaki E., Tsatsakis A. M. Advances on Biomonitoring of Organo-
phosphorus and Organochlorine Pesticides. Journal of Siberian Fe-
deral University. 2017;10(2):153-170. DOI: 10.17516/1997-1389-0019.
Codex Alimentarius Commission. Procedural Manual, 21st ed.
Rome: FAO/WHO Food Standards Programme; 2013, 205 p. Avai-
lable at: https://www.fao.org/3/a1472e/a1472e00.htm/ Accessed:
20.12.2021.

Quality control methods for herbal materials. Geneva: World
Health Organization; 2011. 173 p. Available at: https://apps.who.
int/iris/handle/10665/44479/ Accessed: 20.12.2021.

WHO Guidelines for assessing quality of herbal medicines with
reference to contaminants and residues. Geneva: World Health
Organization; 2007. 105 p. Available at: https://apps.who.int/iris/
handle/10665/43510/ Accessed: 20.12.2021.

European Pharmacopoeia 10th edition. EDQM (European Direc-
torate for the Quality of Medicines and Healthcare). Available at:
https:/pheur.edgm.eu/ Accessed: 20.12.2021.

The British Pharmacopoeia 2019. Volume |. Medicines and Health-
care Products Regulatory Agency. British Pharmacopoeia Commis-
sion. Available at: https://www.pharmacopoeia.com/ Accessed:
20.12.2021.

United States Pharmacopeia 42. National Formulary 37, Second
Supplement. United States Pharmacopeial Convention. Available
at: http://www.uspnf.com/ Accessed: 20.12.2021.

The Unani Pharmacopoeia of India. 1st Edition, Part 2, Vol. 3.
Pharmacopoeia Commission for Indian Medicine & Homoeopathy
Ministry of AYUSH, Government of India. Available at: https:/
main.ayush.gov.in/ Accessed: 20.12.2021.

Hygienic standards for pesticide content in environmental objects
(the list). Hygienic standards GN 1.2.3539-18. Moscow: Federal'nyy
tsentr gigieny i epidemiologii Rospotrebnadzora; 2019. 156 p. (In
Russ.)

EU Pesticide Database. European Commission. Available at: https://
ec.europa.eu/food/plant/pesticides_en/ Accessed: 20.12.2021.
Codex Alimentarius. Codex Pesticides Residues in Food Online Data-
base. Available at: http://www.fao.org/fao-who-codexalimentarius/
codex-texts/dbs/pestres/pesticides/en/ Accessed: 20.12.2021.
Pharmacopoeia of The People’s Republic of China. Vol. 4. Chinese
Pharmacopoeia Commission. China Medical Science Press.
Available at: http://fuwu.chp.org.cn/ Accessed: 20.12.2021.
Japanese Pharmacopoeia. 17th Edition. English Version. The
Minister of Health. Labour and Welfare. 2016. Available at: https://
www.pmda.go.jp/ Accessed: 20.12.2021.

Pharmacopoeia of the Eurasian Economic Union. Moscow: The
Eurasian Economic Commission; 2020. Available at: https://docs.
eaeunion.org/ Accessed: 20.12.2021. (In Russ.).

Index of World Pharmacopoeias and Pharmacopeial Authorities.
Geneva: World Health Organization; 2021. 51 p. Available at:
https://www.who.int/publications/m/item/QAS-11.453-Rev.12/
Accessed: 20.12.2021.

Multiresidue methods for the gas chromatographic determination
of pesticide residues: Interstate standard GOST 32689.2-2014.
Moscow: Standartinform; 2015. 29 p. (In Russ.)

Fruits, vegetables and derived products. Methods for deter-
mination of phosphororganic pesticides. Interstate standard
GOST 30710-2001. Moscow: IPK Izdatel’stvo standartov; 2001. 15 p.
(In Russ.)

European Pharmacopoeia 5th ed. EDQM (European Directorate
for the Quality of Medicines and Healthcare). Available at: https:/
pheur.edgm.eu/ Accessed: 20.12.2021.

United States Pharmacopeia 38. National Formulary 33, First
Supplement. United States Pharmacopeial Convention. Available
at: http://www.uspnf.com/ Accessed: 20.12.2021.

Parrilla Vazquez P., Ferrer C., Martinez Bueno M. J., Fernandez-
Alba A.R. Pesticide residues in spices and herbs: Sample
preparation methods and determination by chromatographic
techniques. Trends in Analytical Chemistry. 2019;115:13-22. DOI:
10.1016/j.trac.2019.03.022.

Anastassiades M., Lehotay S. J., Stajnbaher D., Schenck F.J. 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. 2003;86(2):412-431. DOI: 10.1093/jaoac/86.2.412.
Chawla S., Patel H.K., Gor H.N.Vaghela K.M., Solanki P.P,
Shah P.G., Evaluation of matrix effects in multiresidue analy-
sis of pesticide residues in vegetables and spices by LC-MS/MS.
Journal of AOAC International. 2017;100(3):616-623. DOI: 10.5740/
jaoacint.17-0048.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Memodel aHanusa nekapcmeeHHbIX cpedcme
Analytical Methods

Taha S.M., Gadalla S.A. Development of an efficient method
for multi residue analysis of 160 pesticides in herbal plant by
ethyl acetate hexane mixture with direct injection to GC-MS/MS.
Talanta. 2017;174:767-779. DOI: 10.1016/j.talanta.2017.06.080.

Chai L-K. Elie F. A rapid multi-residue method for pesti-
cide residues determination in white and black pepper (Piper
nigrum L.). Food Control. 2013;32:322-326. DOI: 10.1016/j.
foodcont.2012.12.015.

Goon A., Khan Z., Oulkar D., Shinde R., Gaikwad S., Banerjee K.
A simultaneous screening and quantitative method for the mul-
tiresidue analysis of pesticides in spices using ultra-high perfor-
mance liquid chromatography-high resolution (Orbitrap) mass
spectrometry. Journal of Chromatography A. 2018;1532:105-111.
DOI: 10.1016/j.chroma.2017.11.066.

Hayward D. G., Wong J. W. Organohalogen and organophospho-
rous pesticide method for ginseng root e a comparison of gas
chromatography-single quadrupole mass spectrometry with high
resolution time-of-flight mass spectrometry. Analytical Chemistry.
2009;81:5716-5723. DOI: 10.1021/ac900494a.

Du G, Xiao Y., Yang H.R., Wang L., Song Y.l., Wang Y.T. Rapid
determination of pesticide residues in herbs using selective
pressurized liquid extraction and fast gas chromatography
coupled with mass spectrometry. Journal of Separation Science.
2012;35:1922-1932. DOI: 10.1002/js5¢.201200169.

Maggi L., Carmona M., Campo C. P,, Zalacain A., de Mendoza J. H.,
Mocholi F. A., Alonso G.L. Multi-residue contaminants and pol-
lutants analysis in saffron spice by stir bar sorptive extraction
and gas chromatography-ion trap tandem mass spectrometry.
Journal of Chromatography A. 2008;1209:55-60. DOI: 10.1016/j.
chroma.2008.09.026.

Hwang B.H., Lee M.R. Solid-phase microextraction for orga-
nochlorine pesticide residues analysis in Chinese herbal formu-
lations. Journal of Chromatography A. 2000;898(2):245-256. DOI:
10.1016/50021-9673(00)00874-8.

Ho Y., Tsoi Y., Leung K.S. Highly sensitive and selective organo-
phosphate screening in twelve commodities of fruits, vegetab-
les and herbal medicines by dispersive liquid-liquid microext-
raction. Analytica Chimica Acta. 2013;775:58-66. DOI: 10.1016/j.
aca.2013.02.043.

European Commission SANCO. Quality control procedures for
pesticide residues analysis. Document SANCO/10232/2006,
24 March. Available at: https://www.eurl-pesticides.eu//library/
docs/allcrl/AgcGuidance_Sanco_2006_10232.pdf/ Accessed:
20.12.2021.

European Commission. Guidance document on analytical
quality control and method validation procedures for pesticides
residues analysis in food and feed. Document SANTE/11813/2017,
21-22 November. Available at: https://www.eurl-pesticides.eu/
userfiles/file/EurlALL/SANTE_11813_2017-fin.pdf/ Accessed:
20.12.2021.

EPA. Office of Prevention, Pesticides and Toxic Substances
(OPPTS). Residue Chemistry Test Guideline: OPPTS 860.1340
Residue Analytical Methods; 1996. 12 p. Available at: https:/
www.regulations.gov/document/EPA-HQ-OPPT-2009-0155-0007/
Accessed: 20.12.2021.

Ferrer C., Unterluggauer H., Fischer R.J., Ferndndez-Alba A.R.,
Masselter S. Development and validation of a LC-MS/MS me-
thod for the simultaneous determination of aflatoxins, dyes
and pesticides in spices. Analytical and Bioanalytical Chemistry.
2010;397(1):93-107. DOI: 10.1007/500216-010-3526-x.

Chen L., Song F-R,, Liu Z., Zheng Z., Xing J., Liu S. Multi-residue
method for fast determination of pesticide residues in plants
used in traditional Chinese medicine by ultra-high-performance
liquid chromatography coupled to tandem mass spectrometry.
Journal of Chromatography A. 2012;1225:132-140. DOI: 10.1016/j.
chroma.2011.12.071.

de Oliveira Silva R., de Castro R. C., Milhome M. A. L., do Nascimen-
to R.F. Liquid chromatography-electrospray ionization-tandem
mass spectrometry method for determination of twenty mul-
ti-class pesticide residues in cashew. LWT - Food Science and Tech-
nology. 2014;59:21-25. DOI: 10.1016/j.Iwt.2014.05.035.

Bernardi G., Kemmerich M., Ribeiro L.C., Adaime M.B., Zanel-
la R., Prestes O.D. An effective method for pesticide residues
determination in tobacco by GC-MS/MS and UHPLC-MS/MS
employing acetonitrile extraction with low-temperature precipi-
tation and d-SPE clean-up. Talanta. 2016;161:40-47. DOI: 10.1016/j.
talanta.2016.08.015.

151



	_Hlk90656167
	Обложка
	_Hlk90656167

	Обложка
	_Hlk90656167


	Кнопка 1021: 


