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[MTonoOGpaHbl ONTUMAaIbHBIE YCIOBUSI ra3oxpoMarorpaduueckoro aHajanu3a ¢ MacC-CIeKTPOMETPUUECKUM
nerektupoBanueM (I’ X—MC), KoTopble TO3BOIIN MOJYIUTh YIOBICTBOPUTEILHOE pa3ncieHNe U NICH-
TU(UKALMIO HEKOTOPHIX XjopopraHuueckux (XOIT) u ¢pochopoprannueckux (POIT) nectunmumon. Uc-
CJIeIOBAaHO HECKOJIbKO COPOSHTOB Ha 3Tare OYMCTKU KCTpaKTa ¢ LeIbl0 YMEHBIIIEHUS MaTPUIHOTO 3 -
dexTa WISt AOCTHXKEHUST 00Jiee BBICOKOI TOYHOCTU aHayiu3a. [IpoBemeHa olieHKa IMOJTHOTHI U3BJICUCHUS
XOIT u ®OII u3 MaTpulibl IOJIOK Ha MIPUMeEPE CIESAYIOIINX NeCTULIMAOB: Tekcaxiopuukiorekcana (IXLT,
0-, B- 1 y-u3oMepsl), muMeToara, poszanoHa, xropnupudoca. YCTaHOBJIEHO, 4To Harbosiee 3G beKTUBHBIM
okasasioch npumeHeHue copoeHTa Florisil B couetanuu ¢ MgSO,, KOTOpO€ MO3BOJIMII0 MAKCUMAJIbHO CHU-
3UTh MaTpU4HbIe 3(DEKTHI U TTOJYYUTH JyUIINe MoKa3aTeau CTENEHU U3BJISYSHUs UCCIeI0BaHHBIX aHa-
JnToB. C TOMOIIBIO JAHHOTO METOa MPOBEACH MOHUTOPHUHT CONEeP>KaHUsI OCTATOYHBIX KOJTUYECTB MECTH-

IIMJIOB B IUIOAAX SI0JOHb Pa3HbIX COPTOB.
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BBEAEHWE

S1610KM — OTHM M3 HanmOoJIee pacIpoCTpaHEHHBIX
(PYKTOB, IIPUCYTCTBYIOIINX B HAIIIEM pallIOHE KPYT-
a1 ron. OHU coaepKaT MUHUMAaJIbHBIN YPOBEHb Ca-
Xapa 1 0oratbl MUTATEJILHBIMU BEIIECTBAMU, BKIIO-
4yas NeKTUH, BUTAMUHBI, MUHEPaJIbl, aHTUOKCHUIaH-
ThI, (DJIAaBOHOUIbI, TAHWHBI, TyOMJIbHBIE BEIECTBA,
KaXXIbI M3 KOTOPBIX HEOOXOOUM IJISI HOPMAJIbHOIO
GYHKIIMOHMPOBaHMs oprann3Ma. Hanmpmmep, iektmH
IMIOMOTaeT YIYyYIIUTh PabOTy XeIyIOUHO-KUIIIEUHOIO
TpakKTa, a MUHEPaJIbl HYy>KHBbI IS METa00JIM3UPOBAHUST
n30bITKa conmr B opranmn3Mme [1]. MU3BecTHO, yTO (bra-
BOHOUBI CITOCOOHBI IIPENOTBPAIIaTh PA3BUTHUE PAKO-
BBIX KJIETOK. biaromapst HaiMunmo aHTUOKCUIAHTOB,
KOTOpBIE CASPKMBAIOT MPOIIECChl OKUCISHMS, U Ta-
HUHOB, 00JagamlX IPOTUBOBOCHAIUTEIbHBIM
JIeicTBUEM, JAHHBIM (PPYKT ITOMOTaeT ITpeaoTBpa-
TUTh Ppa3INYHbIE XPOHNYECKHUE 3a00JIeBaHUsI, TAK1E
KaK acTMa M uiieMmudeckas 0oJie3Hb cepmua [2, 3].
OnmHako Jaxe CTOJb MOJIE3HBIN (PPYKT MOXKET HaHe-
CTH Bpel 3IO0POBbBIO YeIOBEKAa MPU HAIMYMHU B HEM
OCTaTOYHBIX KOJIMYECTB SIHOXMMUKATOB (MHCEKTHU-
LIUI0B, TepOUILIMAOB, MUPETPOUIOB), KOTOPBIE IIPHU-
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MEHSIIOT B CEIbCKOM XO3SIMCTBE IJIs 3alMTHI OOJIb-
IIMHCTBA KYJIbTYp OT BpeauTeseii [4].

IMecTrLOBI — 3TO BEILIECTBA MJIM CMECH COSIMHE -
HUIi, KOTOpPbIE UCITIOJIL3YIOT IJISI OOPLOBI C BpeauTe-
JISIMH,, BKJIIOYasi HAaCEKOMBIX, COPHSIKM 1 MUKPOOpra-
HU3MHI [5, 6]. ExxeromHo Bo BceM Mupe 111 60pbObI ¢
BPEIUTEIIIMU U OOJIE3HSIMU MHOIMX (PPYKTOBBIX U
OBOIIHBIX KYJIBTYP UCIIOJIb3YETCSI OTPOMHOE KOJIMYE-
cTBO nectulnaoB. 1o 3Toi IpUYMHE, IIOMUMO IIPU-
CYTCTBUSI B OKpYXaIolllel cpeie, TaHHbIE SII0OXUMU-
KaThl YaCTO OKAa3bIBAIOTCS U B MUILIEBBIX ITPOAYKTAX
[7, 8].

Ha cerogusamHuii neHp BBIpalllMBaHUE SIOJOK B
OOJILIIMHCTBE CIIydaeB He 0OXOmUTCS 0e3 mMpuMeHe-
HUSI NEeCTULIMIOB, HEOOXOAUMBIX IS 00ECIIeYeHU S
poCTa U COXpaHHOCTH ypoxkas. UpeamepHoe Imprume-
HEeHME 3TUX COCMUHEHM MOXET NPUBECTU K HaIU-
YHIO UX OCTAaTOYHBIX KOJIMYECTB B IUIOAAX ITOCTIe COO-
pa ypoxas [9]. CiaemyeT yduThIBaThb, YTO B CYXMX
YCIOBUSIX U IMPU HU3KUX TeMIIepaTypax Mepuoj I10-
Jlypacmnaga NecTULMOOB yBelmumBaercsa. KMx ocra-
TOUYHBIE KOJIMYECTBA MOT'YT HAHECTU 3HAYMTEILHBIN
yiep06 3mopoBbIo morpeduTeneii [10].
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Ta6omuna 1. Pexxrim paGoThl ra3oBoro xpomaTtorpada rpu aHaiuse mpood

IMTapametp

BCHI/I‘{I/IHa, YCI10BUA

Temnieparypa ucriaputesis ¥ mopTa BBojaa
TemrepaTypa nepexoqHoOi TUMHUN
TemrmiepaTypa NCTOYHUKA NOHOB

TepmocTaT KOIOHOK

Bson nmpo6sl
O0OBbeM BBOAMMOIA TTPOObI
JAmuTeNIbHOCTDh aHaJIN3a

Pacxon raza-nocurens (He, 99.999%)

280°C
270°C
230°C
HayvajbHas Temreparypa — 80°C,
BblAepKKa NpY JaHHOM
TeMmIriepaTtype — 2 MUH,
CKOPOCTb TIOIhEMa
Temrmieparypsl — 10°C/MuH,
KOHeuHas TeMriepaTtypa — 280°C
¢ nejieHveM noroka 1:10
1 MKJ
47 MmuH

1 MJI/MUH, TOCTOSTHHBI TTOTOK

B cBs3u ¢ 3TUM HEoOXOAUMO MPOBOAUTH KOH-
TPOJIb COAEPKAHUSI OCTATOYHBIX KOJUYECTB SIMOXU-
MUKATOB B OKpY:Kalollleil cpeie 1 MUILEeBbIX TPOAYK-
Tax. s uneHTuuKaluum 1 KOITUn4eCTBEHHOM! OlLIeH-
KU TIPUMEHSIEMBIX TIECTULIMIOB TPEOYIOTCSI OBICTPHIE
U yIoOHBIE METOAbI OIpEIe/ICHUsI, Cpeau KOTOPBIX
OCHOBHBIMU Ha CETONHSIIHUI IeHb SIBJISTIOTCS ra3o-
Basa (I'X) u BeIcOKOA(hheKTUBHAS XKMAKOCTHAsI XPO-
marorpacdus (BD2KX) B coueTaHMU ¢ Macc-CIIEKTPO-
metpueit (MC) [11, 12]. OnHUM U3 YacTO IIpUMEHSIE-
MBIX CITOCOOOB IMPOOOITOATOTOBKHY MIPOO MpU aHAIIN3E
octatkoB niectnnnoB saBisieTcss QUEChERS m ero
MoauUKaUM, K MPEeuMYyIIeCTBaM KOTOPHIX OTHO-
CHUTCS BBICOKME ITPOITYCKHAsI CITOCOOHOCTH 00pa3iia n
CTeTleHb W3BJICUCHUS 1IEJIEBBIX aHAJIMTOB, HU3KOE
noTpebJieHUe paCTBOPUTEINSI U KOPOTKOE BpeMsT aHa-
ma3a [13, 14]. IIpm 3TOM, HECMOTpPS Ha 3HAYUTEIb-
HBIE TIPEUMYIIIECTBA, METOM TPpeOyeT aganTaluun IJIst
KaXXI0ro BHAa MaTpUll, HEOOXOOMMO YIIydIlaTh YCIO-
BUSI XpoMaTorpaduyecKoro pasueeHusT U MpoOOoIIo -
TOTOBKM 1IEJIEBBIX aHAJIUTOB [IJISI aHAIM3a OCTaTOYHBIX
KOJIMYECTB MECTULIMAOB Pa3IMUHBIX KJIACCOB.

Hcxonst 13 BBIIIEU3I0XKEHHOTO, 1Ieb paboOThl —
amanranus criocoba QUEChERS nipu onpeneneHumn
OCTAaTOYHBIX KOJIMIECTB TIECTUIINAOB (B ITIEPBYIO OUYe-
penb xnopopranndeckux (XOII) u dhochopopranu-
yeckux (POII)) B o6pasiiax s16J0K ¢ MpUMEeHEHUEM
I'’X—MC.

METOJIMNKA UCCIEJOBAHUA

Hucmpymenmanvuas uacmes. PaboTy mpoBogwin
Ha ra3oBoM Xxpomartorpade “Xpomarsk Kpucrann

5000”7, cHaOXEHHOM MacC-CHEeKTPOMETPUIECCKUM
JIETEKTOPOM, KBapLEBOM KanmWJUISPHOM KOJOHKOI
“Chromatec CR-5ms” 30 m X 0.25 MM X 0.25 MKM, 1
aBTOMAaTHUUYECKUM mo3aTopoM mnpoOsl JAXK-2M 3D
npousBoacTBa pupMmsl “Xpomatak” (Poccus), ¢ pe-
TUCTpaLMEN MacCC-CIIEKTPOB 3JIEKTPOHHOM MOHMU3Aa-
nuu (3Heprus 3yekTpoHoB 70 3B) B nmamazoHe co-
oTHoweHUi#t m/z = 35—600, mpy ONTUMAILHBIX
YCJIOBUSIX Ta30XpoMaTorpaduyeckoro pasaeacHusI
(tabn. 1). O6paboOTKy JTaHHBIX XpOMaTO-MacC-CIIeK-
TPOMETPUYECKUX aHAJIM30B OCYIIECTBIISIA C TIOMO-
IIBIO TTIPOTrPaAaMMHOTO oOecTiedeHUs “XpoMaTaK AHa-
JIUTUK” ¥ 3JIEKTPOHHOI OMOIMOTEKN MacC-CIIEKTPOB
“NIST 2020” (CIA).

Peacenmbi u o6sexmot uccaedosanus. Vicrosb3oBa-
JIU clenylollde aHaJIUTUYECKUE CTaHAapThl: O -
XU, B-TXLI, y-IXUOI npousBoncTBa “Xpom-
JIa6” (Poccust), numeroat, (po3ajioH, XJopnupudoc
npousBoactsa HITK “BJIOK-1" (Poccus), cyabdar
MarHusi 0e3BOIHBIN, aleTaT HaTpus, alleTOHUTPUII
Mmapku “x.4.”, PSA (copOeHT, cogepKalluii B Kade-
CTBE MIPUBUTOM TPYTIIbI AIKMJIAMUWH C IBYMS pa3iny-
HbiMu NH,-rpynnamu), Florisil (copbeHT, siBisiio-
LIUICS CUTMKATOM MarHusi).

IIpobonodeomoska. B xaduecTBe 0OBEKTOB MCCIIE-
JIOBaHMWS OBIIM OTOOpaHBI 00pa3mbl S0JOK pa3Ind-
HBIX COPTOB U CTPaH IIPOUCXOXICHUS ypoxKas OCEHU
2021 1. IToaroroBKy nmpoo6 K aHaIN3y OCYIIECCTBIISIIIN
no knaccudeckoit meronuke QuUEChERS (puc. 1).
CraTtucT4yecKyto o0paboTKy ITOTydeHHBIX pe3yJIbTa-
TOB IIPOBOIWJIN C MCTIOJIb30BaHMEM T1aKeTa aHaJIn3a
nmaHHbIX Microsoft Exel.

ATPOXUMUA
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neHtpudyruposanue 6000 06/MuH (1 MUH)

3) 150 mr cynbdaTa MarHust
50 mr PSA
50 mr Florisil

!

I'’X-MC ananu3s

Puc. 1. Cxema nipo6oroaroroBku ciocooom QuEChERS mist onpenenennst nectumuaoB metogoM [ X—MC.

PE3VJIbTATBI 1 UX OBCYXIEHHUE

Meton '’X—MC GBI BEIOpaH IJIsk KAYECTBEHHOTO
U KOJIMYECTBEHHOTO OINpeAeeHUs COAepKaHUs
XOII u @OII B cBsI3U € €ro BHICOKOM YyBCTBUTEIb-
HOCTbIO, TOYHOCTBIO M CIIOCOOHOCTBIO JETEKTUPO-
BaTh HU3KWE KOHLEHTPALUU UCCIETYyEeMBbIX TTeCTULIN-
noB. IIpu 3ToM ObLIM TTpopaboTaHbl pa3IuyHbIC Ba-
pualMM HAacCTPOWKM Macc-CHEeKTPOMETPUIECKOTO
JleTeKTopa 1 ra30BOro xpoMarorpada c 1eibko IMoj-
0opa onTUMaJIbHBIX ycioBuit aHanusa. [lpenen ko-
JuyectBeHHoro onpeneiaeHus: (ITKO) XOIT (I'XLIT,
o-, B- u y- uzomepsr) cocrasuia 0.5 mkr/kr, @OII
(muMmeToar, ¢po3aaoH, xjaopnupudoc) — 7.5 MKI/KT.

JIJ1s1 HOCTVKEHUSI TIOCTaBJICHHOM LIeJIU UCCIIeIoBa-
HUSI pacCMaTpUBAIU BIUSTHUE MaTpUYHOTO 3(ddeKkTa
Ha MOJIHOTY U3BJICUECHUSI TIECTULIMIOB M3 3KCTPaKTa s10-
JIOK. B KauecTBe 3TaJJOHHOU MaTpUIlbl ObUTU BEIOpaHBI
9KCTPAKThI, IPEIBAPUTEIBHOE UCCIICIOBAHNE KOTOPHIX
MoKa3aJl0 OTCYTCTBHE OCTAaTOUYHBIX KOJMYECTB Iie-
ctununoB Kiacca XOIT u ®OII.

Crioco6 npooomnonroroBk QuUEChERS Bximoua-
€T 9KCTPaKIIMIO alIETOHUTPUIOM C JOOABJIEHUEM CO-
Jeit U cIeayllylo 3a HE CTaaui0 OTYMCTKM 3KC-
tpakTa. [1pu poBeneHnM mocaenHeil ObLIN aripoOu-
pOBaHBI pa3IMUHbIE codeTaHUs copOeHTOB PSA m

ATPOXUMHUA  Ne2 2023

Florisil ¢ mepro onTMMMU3a1iuy IIPOIIECCOB YIAJIEHUS
COMYTCTBYIOIINX BEIIECTB U3 KOHEUHOTO 3KCTPAKTa,
OKa3bIBAIOIINX HEraTMBHOE BIWSHUE Ha YPOBEHb
(GOHOBOTO IITyMa M CITOCOOHBIX IIEPEKPHIBATH CUTHA -
JIbI XpoMaTorpapuIeCcKNX MUKOB LeJIeBbIX aHAJIUTOB.
B pesynberaTe mpoBeneHHBIX MCCISIOBAaHWI HAOIIO-
Jalli 3HAYUTECIbHbIC MATPUYHBbIE MOMEXU MHPU HC-
nosib3oBaHuM Kaptpuaxa c PSA + MgSO,. lo6asiie-
Hue copoeHTa Florisil Ha cTamuy OYNCTKH IIPUBETTO K
CHMXXEHUIO (DOHOBOTO IIIyMa ¥ YMEHBIIICHUIO aHAIH-
TUYECKUX TTOMEX OT MaTPULIBI.

ALIETOHUTPUJIBHBINA 3KCTPAKT MaTPUIIbI, COIJIAC-
HO TTOJIyYeHHBIM Macc-CeKTpaM, coaepkaj HeOOoIb-
II1Me KOJIMYECTBA COCAMHEHUI Pa3JIMYHBIX KJIACCOB,
BKJIIOYasl IIPOU3BOJHBIE MHOIOATOMHEBIX CIIMPTOB U
KUPHBIX KUCJIOT (puc. 2).

HccnenoBaHust TOJTHOTHI U3BJIEUEHUS TIPOBOIIN
METOJIOM “BBEACHO—HAIEeHO” C MCIOJb30BaHUEM
IIUPOKO TIPUMEHSIEMBIX IJIsI 3allUThl TLUIOJOBBIX U
TUIOIOBO-STOOHBIX KYJIBTYP XJIOPOpPraHUYeCKUX (Oi-
rXQr, B-IXLI, y-I'XLI) u dochopopraHnueckux
NeCTULUAOB (auMeToart, o3ajoH, XJIOPIIUPUGOC)
(puc. 3). O0pa31ibl 4j1s IIPOBeACHMUs XpoMaTorpadu-
YEeCKOTO MCCIIEIOBAHUSI TOTOBWIM B YeTBIPEXKpPAT-
HOI MOBTOpHOCTU. MneHTM(UKAIINIO KOMITIOHEHTOB
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Puc. 2. XpomaTorpamma Mo THOTO MOHHOTO TOKA alleTOHUTPUITBHOTO SKCTPaKTa U3 10J10K, mosrydeHHas crrocooom QuEChERS
u ¢ npuMmeHeHreM Kaptpumxka Florisil + MgSOy4 (I — nMokcuM staHnuona, 2, 3 — u3oMepbl OKTaHauona, 4, 5, 9, 11 — dasa
KanuuIIPHOM KOJIOHKU, 6 — NaJIbMUTUHOBAsI KUCJIOTA U €€ MPOU3BOAHBIE, 7 — CTeaprHOBAast KUCJI0OTA U €€ POU3BOAHBIE, § —
OJIEHOBAasI KMCJIOTA U €€ IMIPOU3BOAHbIC, /() — OGeH30MHOI KUCIOTHI, 4-|7-(4-rentundenmn)-1,2,3,4-terparuapo-1,3-nmume-
Tun-2,4-nuokco-8H-umunazo [2,1-flnypun-8-unl-, 12, 13, 14 — HeuneHtudbuLMpoOBaHHbIE coenvHeHus, 15 — ¢eHou,

2,2'-meTuieH, ouc[6-(1,1-aMMeTHIaTIIT)-4-METUIT-).
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Puc. 3. XpomaTorpaMmma mmoIHOro MOHHOTO TOKA alleTOHMTPUIBHOI'O SKCTpaKTa U3 s10J10K, motyyeHHas crrocooom QuEChERS
u ¢ npuMeHeHueM Kaprpumxa Florisil + MgSO,, npenBapurebHO KOHTAMUHUPOBAHHOTO 6-10 iecTuunaamu (0.1 Mxr/mir).

MPOBOIMIIN 110 BpeMeHaM yIepPKUBaHUS M XapaKTe-
PUCTUYECKMM MOHAM B 0a3e 3JIeKTPOHHOM OMOIMo-
Teku Macc-crekTpoB “NIST 2020” (puc. 4), koauue-
CTBEHHOE OTIpeAe/ICHNEe — METOIOM aOCOTIIOTHOM Ka-
JIMOPOBKMU.

YcTaHOBWIIM, YTO TIPY MCITOJIb30BAHNHT Ha CTATUH
OUYMCTKM 3KCTpakTa KapTtpumka ¢ PSA + MgSO,
MOJIHOTA U3BJICUCHUST KaxKIOro M3 KOHTAMMHAHTOB
ObLIa He BBICOKOI (Tad. 2). KomoumHupoBaHnue cop-
6entoB PSA + Florisil + MgSO, no3soauio nomuy-

ATPOXUMHUA  Ne2 2023
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Puc. 4. Macc-cnekTpbl onpeaensieMblX MeCTULIMIOB: (a) — AMMeToar, (6) — xyopnupudoc, (B) — doszanoH, (r) — o-IXLT,

B-TXLIT 1 y-TXLT.

YUTh U3BJIeYeHNE NCKOMBIX aHATUTOB >72%. Hanbo-
Jiee 3((HEKTUBHBIM IJIsl (PPYKTOBBIX MaTpHUIL OKa3a-
Jnock npumeHenue Florisil + MgSQO,, ¢ nomoiisio
KOTOPOTO YAAJIOCh MOJYYUTh BLICOKME BETUUMHBI UC-
ciaemoBaHHOTO TToka3sarelis (>81%). Takum o6pa3omM,
MOTy4YeHHbIE PE3YJIbTAThI TOKa3aIu, YTO JaHHbINA Me-
TOJI TIPUMEHUM ISl aHajM3a M KOJUYECTBEHHOTO
onpeneneHuss XOIT 1 @OIT B ceMeUKOBBIX IJIOJAX.

B ToproBo-po3HuyHbIX ceTsax T. KazaHu Obuin
OTOOpaHbl 00pa3lbl SI0JI0K Pa3HbIX COPTOB U CTpaH
MPOUCXOXAEHUS MJISI OIpenesieHUus] ColepXXaHus B
HUX ocTouHbIX KomnuecTB XOIT u DOII ¢ mpuMeHe-
HueMm npodoroaroroBki QuEChERS u oumctkoii
9KCTpakTa ¢ ucnosb3doBaHnueM Florisil + MgSO,.

Kak ipaBmiio, MMITOpTHBIE SIOTOKM 0OpadaThIBa-
FOT BOCKOM, 4YTO YBEJIUUYMBACT CPOKMU XpaHEHUS TaH-
HOT'O MPOAYKTa W YIy4lllaeT TOBApHBIM BUI, MpUIa-
Bas UM IJISSTHIIEBBIM OJ1ecK. B ncciaemoBaHusIX MHOTUX
aBTOPOB OTMEYEHO, YTO SI0JIOKU, OKPHITEIE BOCKOM,
B OOJIBIIMHCTBE CJIyd4aeB COIEPKAT SIIOXUMUKATEHL.
Hanpumep, B paborte [15] mpencTaBieHbl pe3yabTaThbl
HUCCIIeIOBAaHUS pACTUTEILHON IPOAYKIIUY, B YACTHO-

ATPOXMUI
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ctu s10510K, Ha comepxkaHue XOII, B xome KOTOPBIX
OBIM OOHApPYXEHBI OCTATOYHBIE KOJMYECTBA OL-
XUr (0.08 mr/kr), B-rXUr (0.08 mr/kr), AAT
(0.007—0.04 mr/xr) u rentaxiopa (0.008—0.013 mr/kr).
Takske py MCCIIeTOBaHUY SIOJIOYHBIX BBLKUMOK [ 16]
obuto BhIsiBieHO Hammuue [XLIT (o-, B-, y-usome-
poB) B koiuuectBe <0.03 mr/kr u AT u ero metabo-
JuToB B KoiudecTBe <0.06 Mr/KT.

M3BecTHO, UTO KOXypa si0J10K crocoOHa MOrio-
1IaTh MECTULIUIbI, KOTOPBIE C €€ TTOBEPXHOCTU MOTYT
MPOHUKHYTh BHYTpb Tioga. Takum oOpas3om, Ha
BHEIIHEW MOBEPXHOCTU $I0JIOK, BO3MOXHO, OoJjee
BBICOKOE collepXXaHue IeCTUIUIOB, UYTO ITTOATBEp-
XKIEHO HCCIeIOBAaHMUSIMU MHOTHX aBTOpoB [17—19].
B cBsi3u ¢ 3TUM B HacTos1Iel paboTe ucciaenoBaHUs
MSIKOTH M KOXYpPbI KaX10T0 0O6pa3siia ObLIu MpOoBee-
HBI oTIesIbHO. O0pa3ubl (MIKOTh, KOXKYpa) IS IIPO-
BeJeHUsT XpoMaTorpacuyeckoro aHaan3a roTOBWIN
B IIIECTUKPATHOM MTOBTOPHOCTH 151 K&XKIIOTO CopTa.

B oGpasnax s1610K (MSIKOTh M KOXYypa), IIOABEpT-
IIUXCST UCCIIEIOBAHUIO, OCTATOUYHBIX KOJIMYECTB IIe-
CTULIMAOB He OBLIO BBHISIBJICHO HA YPOBHE YYBCTBU-
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Ta6muna 2. Pe3ybTaThl TOJIHOTHI U3BJICYEHUST (CTAaHIAPTHOE OTKIIOHEHHE, ToBepuTebHBIN nHTepBan) XOIT 1 ®OII u3
MOJAEIbHBIX 00pa31oB s10J10K (7 =4, P=0.95)

Coermterie [TonHoTa CraHgapTHoe JloBepUTEIbHBII
usBjiaedeHus, % OTKJIOHEHUE, % uHTepBai, = %
PSA + MgSO,

XOTI1 o-IXUr 75.3 0.07 0.16
B-IXur 73.6 0.14 0.29

v-IXUr 69.5 0.10 0.22

DOI1 IMeToaT 68.6 0.10 0.22
do3anoH 71.7 0.20 0.43

xjiopnupugdoc 60.2 0.16 0.35

PSA + Florisil + MgSO,

XOTI1 o-I'XOr 85.4 0.18 0.38
B-IXur 78.2 0.10 0.21

y-TXLT 83.7 0.12 0.26

DOI1 IMEToaT 76.4 0.13 0.28
¢do3anoH 83.8 0.19 0.41

xaopaoupudoc 72.3 0.13 0.27

Florisil + MgSO,

XOTI1 o-IXIr 91.3 0.09 0.19
B-rxur 86.7 0.07 0.15

v-ITXLT 88.1 0.04 0.08

DOI1 OVMEeToaT 85.3 0.06 0.13
¢do3anoH 89.4 0.06 0.12

xaopaupudoc 81.7 0.08 0.17

Ta6iuua 3. Pesynbrarel [ X—MC-ornpeneneHust CoaepKaHusl MTECTULUIOB B TUI0AAX sI0JIOHDb Pa3IMYHBIX COPTOB (1 = 6,
P=0.95)

Onpenensiemoe
OOBEKT UCCIeIOBaHUSI, COPT pen HaiineHo, Mxr/Kr IMKO, Mkr/kr
coelMHEeHune

Ne 1 IT'peru CMut (MSIKOTB, KOXKypa) XOIl <0.5 0.5

DOII <75 7.5
No 2 Posin I'ana (MSIKOTbh, KOXypa) To xe — To xe
Ne 3 Aiinapen (MSIKOTb, KOXYpa)
Ne 4 Pen lenuiiiec (MSIKOTb, KOXYpa)
No 5 Tonnen Jenuiiec (MSIKOTb, KOXYpa)
TeIbHOCTU ITpUMEHEeHHOro MeToaa (tadin. 3). Mcxons SAKJIIOYEHHE
W3 TIOJIYYEHHBIX PE3YJIbTaTOB MOXHO 3aKJIIOYUTh, YTO TakuMm 06pa3oM, MOKa3aHo, YTO UCIOIb30BAHUE
A0JIOKM, TIOABEPIIIMECH UCCIEN0BaHMIO, ObIN 0e3- npo6onoaroroku QuEChERS c¢ mnocnemyommm
OITACHBIMU JIJIST 3TOPOBBS ITOTPEOUTEIICH. I'’X—MC-ananmn3om sgBisieTcst 3PpQPEKTUBHBIM U Ha-
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JIeKHBIM METOIOM IJIsI OHHOBPEMEHHOTO OIpeaeie-
Hu psana xamopopranmdeckux (XOIT) u pochopopra-
Huueckux (POIT) mecTMuMaoB B IIOAAX SOJIOHM.
B pesynbraTe sKcrepUMeHTABHOM anpodalny pas-
JIMYHBIX COPOEHTOB IMPU MPOOOMOATOTOBKE CITOCO-
ooMm QuUEChERS ycranoBiieHO, 4TO MCIIOJIB30BaHUE
Ha cTanuu ouucTkM akcTpakTa Florisil + MgSO, cno-
cobcTBOBAJIO 3(h(HEKTUBHOMY YIATICHUIO MATPUIHBIX
MOMeX U MOJIyYEeHUIO MOTHOTHI U3BJICUCHUS B TUAra-
30He OT 81 10 91% B 3aBUCUMOCTH OT UCCIIENOBAHHO-
ro aHamuta. IlpemraraeMbplii MeTon OBLT YCIEIIHO
MMPUMEHEH TS ONpeAeIeHUSI OCTATOYHBIX KOJTMUECTB
MECTULIMAOB B 00pa3nax sioIoK.

BJIIATOJAPHOCTHU

ABTOPCKHI1 KOJUIEKTUB BbIpaXKaeT MPU3HATEIbHOCTD 32
aHaJMTU4YecKoe obopynoBaHue KcnblTarebHOTO LIEHTpa
“@enepaybHBI LIEHTP TOKCUKOJIOTUYECKOM, pamraiioH-
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BW”, r. KazaHb), Ucrob30BaHHOE B HACTOSIIIIEI paborTe.
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Sample Preparation of QuUEChERS in the Determination of Pesticides
in Apples by Chromatography-Mass Spectrometry

A. Z. Mukharlyamova“#, M. V. Balymova“‘, A. G. Mukhammetshina“,
K. Ye. Burkin®, and F. A. Bekmuratova“

4 Federal Center for Toxicological, Radiation and Biological Safety (FSBSI “FCTRBS-ARRVI”)
Nauchny Gorodok-2, Kazan 420075, Republic of Tatarstan, Russia

*E-mail: muharlyamova82@mail.ru

Optimal conditions of gas chromatographic analysis with mass spectrometric detection (GC-MS) were se-
lected, which allowed to obtain satisfactory separation and identification of some organochlorine (OCP) and
organophosphorus (OPP) pesticides. Several sorbents were studied at the stage of extract purification in order
to reduce the matrix effect in order to achieve higher analysis accuracy. The completeness of the extraction of
OCP and OPP from the apple matrix was evaluated using the example of the following pesticides: hexachlo-
rocyclohexane (HCH, o-, B- and y-isomers), dimethoate, phosalone, chlorpyrifos. It was found that the
most effective was the use of Florisil sorbent in combination with MgSO,, which allowed to minimize matrix
effects and obtain the best indicators of the extraction degree of the investigated analytes. This method was
used to monitor the content of residual amounts of pesticides in apples of different varieties.

Key words: gas chromatography, mass spectrometry, QuEChERS sample preparation, organochlorine pesti-
cides, organophosphorus pesticides, apples.
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