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MpennoXxeH anropuTM UCNOb30BaHUSA COBOKYMHOCTM crnekTpockonuu SAMP agep npo-
Tma 'H n pentepns 2H(D) ans 6b6ICTpON naeHTUOGUKaLMAU U onpeaeieHns KOMMIOHEHTHOro
n ondbdepeHLManbHOro M30TOMHOINO COCTaBa BOAHO-OPraHMYeckux pacTBOpPOB, B TOM
ymcne staHona (nokasatenu (D/H), n (D/H),) 1 BOoLbl B BUHHON N KOHbSAYHOWM MPOAYKLMN,
cokax, 6e3anKoro/ibHbIX HAMNUTKAax U Apyrux npoayktax. MeTton He TpebyeT npo6onoaro-
TOBKW W MUCMOMb30BaHMA aTTeCTOBaHHbIX CTaHAAPTHbIX 06pa3uoB. MpeacTaBfieHbl Npu-
Mepbl MPUMEHEHMA NpeaiaraeMoro noaxoaa Ana ayTeHTUOUKALNM U KOHTPOS KayecTBa

BUHOAENbLYECKOW NPOAYKLMN.

BBEAEHWE

CocTaB /1t06bIX BOAHO-OpraHnyecknx pacteopos (BOP),
Hanpumep, afKorosibHbIX HAMUTKOB, MOJIOKA, BMH, COKOB
M ap., cogepxawmx anemeHTbl H, C, N, O 1 S moxeT 6biTb
0XapaKTepm3OoBaH Ha Pas/IMYHbIX Mepapxnyeckux ypoB-
HAX — KOMMOHEHTHOM, GparMeHTHOM, aTOMHOM W UN30-
KOMMAEKCHbIA aHann3 MoSyYeHHbIX B3aMMO-
[OMONHAOWMX AAHHbLIX MO3BONAET MAEHTUOUUMPOBATL
KOMMOHEHTbI 1M npoucxoxaeHne BOP ¢ BbICOKOW cCTene-
HblO TOYHOCTU. Hanbosnbluee pacnpocTpaHeHme A8 3TUX
uener NoAyYMIM MeToAbl 3IEMEHTHOrO0 UM KOMMOHEHT-
HOro aHanusa. focnegHUn NpeMMyLLeCTBEHHO WUCMOJb-
3yeT pas3/iMyHble BUAbLI XpomaTorpadumn, Kotopas B coye-
TaHUN C MACC-CMEeKTPOMETPUYECKMM LeTeKTUPOBAHMEM
06n1a4aeT BbICOKON YYBCTBUTENLHOCTLIO U MPU HANUYUK
aTTeCTOBAHHbIX CTaHAAPTHbIX 06pa3uoB (ACO) pgaeT BO3-
MOXHOCTb MAEHTUOULUMPOBATL U KOJUYECTBEHHO U3Me-
pATb cofepXaHue Makpo- U MUKPOKOMMOHEHTOB. [Mpwu
M3yyeHMn BOP HEM3BECTHOrO COCTaBa HECOMHEHHbIMU
[OCTOMHCTBAMW 061343eT KOMYECTBEHHAS CMEKTPOCKO-
nus A4epHOro MarHUTHOro pesoHaHca (AMP) H n BC, He
Tpebytouwaa ncnonb3oBaHna ACO. OgHaKo ga)e coyeTa-
HME 3TUX MeTOAO0B He obecneymBaeT CTPOroro gokasa-
TeNbCTBA COOTBETCTBUSA KOMMNOHEHTOB BOP 3adB/ieHHOMY
copToBOMY, reorpaduyeckomy (arpokammMaTmyeckomy)

TOMHOM.

N/MAN  TeXHONOrMYECKOMY MPOUCXOXAEHUIO, HAMNpu-
Mep, BMHA 3aLMLLEHHOTO reorpadmnyeckoro ykasaHus
(B3rY) unm 3auwmiueHHoOro HaMMeHoBaHMa MecTa Npouc-
xoxaeHnsa (B3HMI), MuHepanbHOM BOAbl — WUCTOYHUKY,
COKOB — CMoCO6y WX MpUroToBfieHUsa (MpAMOR OTXKUM
WNM BOCCTAHOBNEHME W3 KOHLEHTPUPOBAHHOIO ChipbA),
MONIOKA — LeNibHOMY, pa3baBneHHOMY WM BOCCTAHOB-
JNIeHHOMY. KOMMNOHEeHTHbIN cocTaB BOP, ecnn 3TO 3KOHO-
MMYECKM OMpaBAAHO, MOXHO UMUTUPOBATL, NOAFOTOBUB
pacTBOp M3 NPOM3BOJIbHOM YNCTOW BOAbLI U BCeX HEOHXO-
OUMbIX U WMPOKOAOCTYMHbLIX HEOPraHMYeCKMUX N OpraHu-
YeckMX KOMMOHEHTOB. OaHako danbcndukaT gaxe npu
TWaTeNbHOM M3roTOBAEHUM M noabope peuenTypbl He
6yLeT COOTBETCTBOBATL NMOAJMHHOMY MPOAYKTY MO cofep-
KAHMIO MUHOPHbIX CTabUbHbLIX M30TOMNOB Bogopoda (2H),
yrnepoga (C), azoTa ("*N), kucnopoaa (7O un 80) n cepbl
(33S 1 34S). BbiSBUTb NOAAENKY MOXHO Wb MeTodamu
M30TOMHOr0 aHan3a.

Befyllee MeCTO B MU30TOMHOM aHanM3e 3aHMMaeT Macc-
CNEeKTPOMETPUSA M30TOMHbIX OTHOLWeHnn (MCMO — IRMS/
SIRA) 6naropaps ee BblCOYaMLIed YyBCTBUTENbHOCTHU
N Npeum3noHHOCTU. MNepBoHaYanbHble TPYAHOCTU B NpuU-
MEHEHWUWN 3TOro MeToaa 6biAn CBA3aHbl C Hanbonee CRoX-
HbIM 3TANoOM — BblAeNIeHNEeM KOMMOHEHTOB 06beKkTa U nx
OUYMCTKOWM ANS nocaefylowen ayTeHTudmkaumm. Pasenutme
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MHCTpyMeHTapus MCWO, Hanpumep, noseaeHne MX- (ans
NCCNefoBaHNS TIeTyYnX CoeinHEHNN) 1 BIKX-cncTtem (ans
NCCNeoBaHNSA HeneTyuYnx CoeauHeHun), KOMEUHUPOBAH-
HbIX C COOTBETCTBYKOLWMMM N30TOMHLIMU UHTepderncamm,
NO3BONIN/IO UCKIOYUTL TPyAOEMKME onepaunm no u3iBne-
YEeHWI0 aHaNTOB M3 MaTpuubl. Kak npaBuno, MeTOLOM
MCNO onpepensaioT Tak HasblBaeMble WHTerpasjbHble OT-
HoweHus mnsotonos 2H/H, BC/™C, N/™N, 180/160, 345/32S.
Hanpumep, ons monekynbl 3tunosoro cnupta CH,CH,OH
B COCTaBe BMHA MOXHO M3MEPUTb TO/IbKO OAHO 3HayeHue
2H/TH (62H(D)) namn 1BC/12C (83C). OaHaKo, AN 3TUX U30TOMNOB
XapakTepHO HepaBHOBECHOE pacrnpegesieHne B OTAENbHbIX
dparmeHTax Mosiekynbl, TO eCTh TPU U ABA pa3HbIX 3HaYe-
HUS 018 BOAOPOAA W yrnepoaa CcooTBeTCcTBeHHO. COOTHO-
WweHne Mexxay HAMK OTpaxkaeT cneunduky arpokammaTm-
YeCcKMX yCIOBUM reorpadmuyeckoro permoHa BbipalmBaHms
BMHOrpaga. Kpome TOoro, mpu mccienoBaHum, Hanpumep,
cnMpTocofepXawmx gUCTUANATOB HEOH6XOANMO YUNTbLIBATb
NpUCYTCTBME BOAbI, KOTOPas BAUSET Ha JOCTOBEPHOCTL pe-
3yNbLTATOB NpU M3MepeHun nsotonum sogopoaa (2H(D)/'H)
n kncnopoga ('80/'®0) B cnupTe. Mpu UccnenoBaHnM M3o-
TOMUW Nerkmx 371eMeHToB C nomouwbio MCHMO HeBO3MOX-
HO YCTAHOBUTbL pasnnymMsa Mexay 3TaHO/NIOM U3 Yr/1eBO40B
noboro npeacTaBuTens rpynnbl pacteHmun C3-nytm ¢oTo-
cnHTe3a (caxapHon cBek/bl, 610K, MeHuLbl, KapTodens
W Op.), B KOTOPYIO BXOAUT M BUHOTpaZ, eC/iv OHU Npomnspac-
TalT B OAHOM arpokKIMMaTU4eCcKOM pervoHe. MNMpuynHa 3a-
K/IH0HAeTCs B TOM, YTO BCE OHM 06/1a4at0T eAUHbIM MeXaHu3-
MOM M30TOMHOro o6MeHa B MeTabo/IM4yeCckmMx NpoLeccax.

B TO >Xe Bpems nocnegHue pa3paboTku B 3Ton 061acTu
No3BONSAIOT NPOBOANTbL CENEKTUBHbIE M3MEPEHMS 06LLero
cocTaBa M30TOoMoB BoAopoaa 2H/H B METUNbHON N MeTue-
HOBOW rpynnax MoJeKky/bl 3TaHO/1Ia Nocae ero germvapara-
umm (Metog EIM-IRMS/SIRA).

METOAUNYECKME OCHOBbI KOMITJIEKCHOIO
CKPUHWHIA AMP 2H/'H (CUMULATIVE SCREENING
NMR/CS-NMR)

CnexkTpockonua AMP MUHOpPHbIX n3oTtonos 2H, BC, PN,
70 n 3S obecneymBaeT B 06LWEM C/y4ae MU3MEpPEHUE UX
anddepeHumManbLHOro pacnpegeneHns Bo dparMeHTax
Mosiekyn. Ha npakTuke 3TOT CNoco6 MOXHO UCMONb30BaTh
TOMbLKO A1 BOAOPOAA, Y KOTOPOro AmanasoH Bapuaumm
NpPUPOAHOro codepxaHus 3HauymTeneH (okono 150 maH™).
B NpupoaHbIX BoAax OH COCTaBageT no4ytm 100 MAHT,
a ero anddepeHumauma gaxe B oTAeNbHbIX parmeH-
Tax opraHnyecknx Monekyn (Hanpumep, a-NMHeHa) JoCTU-
raet 150 MnH"'. HepaBHOBeCHOE pacnpeaefieHne nsotona
Bogopoaa — aentepus (2H(D)) B opraHMyeckmnx Moaekynax
ABNSETCA M30TOMHLIM MAcNopTOM, MoAjesika KOTOpOro
NpakTU4eCcKM HeBO3MOXHa. OAHAKO 3TOT MeToA TPpyAHO

HAYKW O XXU3HKN

Puc.1. Cnexmp AMP 1H 06pa3ua 8uHa 8 ycAo8usix ycmpdaHeHus
cuzHanoe om cameanumos 13C: 1 - 2auuepuH (10,01 2/n),

2 - memaHon (153,00 mz/n), 3 - sSHmMaApHas Kucaoma

(868,67 m2/n), 4 - ykcycHas kucaoma (512,72 mz/n),

5 — mMonouHas kucaroma (828,28 ma/n), 6 — 2,3-6ymaxouon
(414,33 ma2/n)

NPUMEHSTbL ANS M30TOMNOB APYrUX 3/1EMEHTOB M3-3a MaJIon
BapnabenbHOCTU MX COAEPXAHUS B MPUPOAHbLIX 06bek-
Tax Mo OTHOLWEHUIO K NMPEeLM3NOHHOCTN U3MEPEHUN UHTE-
rpanbHbIX UHTEHCMBHOCTEN curHanos AMP.

Bce BOP 06beamHaeT rnaBHas cocTaBaswowas — soaa.
Mo3TOMy CHavasna pacCMOTPMM BOMPOC OMNpefeneHns co-
fLepXaHns B Hen fenTepusa 2H(D) MeToa0oM CNeKTPOCKOMUN
AMP. Ecnv 06beKkT aHanmsa — NpMpoaHaa BoAa C He3HAYN-
TeNIbHbIM COAEPXAHNEM OPraHNYeCcKUX N HeOpraHNYeckmnx
npumecent (8o 3,5% B cpeiHEOKEAHMYECKOM BOAE), MOXHO
MCNONb30BaTb TPAAMLMOHHbLIN nogxon MCUO, B KOTOPOM
BOAOPOA BOAbLI 4151 U3MEPEHUS MepeBOANTCA B ra3oBOM
da3ze B MoNneKynapHbIA Npyu HarpeeaHum o 400° B npu-
CYyTCTBUM UMHKA [1] AN MHBIM KaTanuTU4eckum nytem [2].
CnekTpockonua AMP aBnseTcs NpsaMbiM CNOoCO60M m3Me-
peHns abCcoNTHOro coaepXKaHns AenTepus B BOAE NyTem
KONIMYeCTBEHHOrO BBeAEHMS B pacTBOp A06aBOK Kanmbpo-
BOYHOr0 COeAMHEHMUS C M3BECTHbIM COAEepXaHWeM Aen-
Tepua (Hanpumep, TeTpaMeTUMOYEBUHbI WU OUMETUN-
cynbooHa). MoCKoNbKY YyBCTBUTENLHOCTL MeToaa AMP 2H
Ha WeCcTb NOPAAKOB HUXE, YeM A8 OCHOBHOro M3oTona
BogopoAa — npoTtua 'H, To Npu McCnefoBaHUAX HeobXxo-
OVMO MUHMMM3MPOBATb NOTepu 0b6bemMa aHaIM3npyemon
BO/bl, COKpaLLasa A0/ KaAMBpOBOYHbLIX COeANHEHUI. [ N8
3TOro Mbl Mpejaraem UCnosib3oBaTh creymanbHblie obora-
LWeHHble Ha 1-2 nopaaka genTepopacTesoputenu gas AMP,
YTO NO3BOJISIET YMEHbLLWNTbL UX 06bEMHYIO AONKO B pacTBO-
pe aHanuTa go 2-3%. B pa6oTe [3] B kayecTBe KaNMbpPOBOY-
HOrO COeAUHEHUS MPUMEHSAN TPUMETUNCUANANPONMOHAT
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HaTpus-2,2-3,3-d, (TCM), curHanbl 4enTepus ABYX MeTune-
HOBbIX Fpynn KOTOPOro nMewT Xxnmmyeckmne casmru 0,60
1 2,00 M.4. TakOW BHYTPEHHUN KanuMbpaHT nNpu u3mepe-
HUW MPUPOAHOrO COAEPXaHUs AenTepusa B BoAe HeynobeH
13-32 HE0BXOAMMOCTM MHOFOKPATHO MOHMXATb €ro KOH-
ueHTpaunio B obpasue, Hanpumep, pasbaenss B 104-10°
pa3 YKCYCHOW KNCAOTOW, CUTHAN TMAPOKCUILHOW rpynnbl
KOTOpOM TakxXe ciedyeT yuuThiBaTb. B paboTe [4] npea-
JIOXXEH WMHOW CNoCcob KanMOBPOBKM — C MOMOLLbLIO BHELU-
Hero ctaHpaprta. OH cofepXWUT oboraweHHyw agente-
pvem BOAY M peareHT TpudTopMeTaHCcynbdOHaAT eBponus
(Eu[CF;SO,]5), cmewaoWwmii curHan nenTepus BoAbl BHELL-
Hero ctaHgapTta B cnaboe none Ha 2-3 M.A4., YTO UCKIO-
4yaeT ero nepekpbiBaHUe C MMKOM uccaegyemoro obpasua.
OfHako paboTa € BHEWHMM CTaHAAPTOM UMEET psig HeJo-
ctaTtkos. Ans amnyn AMP gnameTpom 5 MM 3a cyeT noTepu
obbemMa aHanmMTa Ha 15-20% BpeMs KaxKAoro maMepeHus
yBennymeaetca Ha 30-40% B 3aBMCUMMOCTM OT COAepXa-
HMs BoAbl B BOP. Heo6xoAnMbI TWaTeIbHO OTKannbpoBaH-
Hble No 06bemy napbl amnyn (CTaHAAPTHOW U Kanuanapa),
MO3TOMY YC/J0XHSIeTCS NpOBefAeHMe Cepui 3KCNepuMeH-
TOB, OCOBEHHO C MUCMO/b30BAHMEM YCTPOMCTB aBTOMATM-
4ecKon CMeHbl 06pasLoB.

[na onpepeneHnsa copepxaHus soabl B BOP Heobxo-
OVMO 3HaTb ee 06bEMHYI0 4010, YTO TpebyeT naeHTudmn-
Kaunun 1 n3MepeHmns oCTasibHbIX KOMMNOHEHTOB Ha OCHOBEe
ycTaHaBnamBaemon 13 AMP 'H ux monbHoM nonun. B pacye-
Te cnefyeT yYuUTbIBaTb BKAAL B MHTErpasbHyO NHTEHCUB-
HOCTb CMrHana 'H BoAbl NPOTOHOB APYrMX KOMMOHEHTOB,
y4acTBYIOLWMX C HEN B BbICTPOM 0bMeHe. be3 yyeTa 3TuX
daKTOpoB onpeaeneHne NoO NAOWAAM CUrHANA B 06nacTu
4,8 M.4. BCerga AaeT 3aHMXKXEeHHOe 3HadeHune. NaeHTnodu-
Kaumsa n KonmyecTBeHHOe onpepeneHve us cnektpa AMP
"H COKOMMOHEHT B C/IOXKHbIX CUCTEMAX MO3BONAIOT paccyum-
TaTb coAepXaHue HenocpeaCTBEHHO BOAbLI, A U3 cneKkTpa
AMP 2H yCTaHOBUTbL €e M3OTOMHbLIN COCTaB, BaXHbIA 44
nccnefoBaTeNnbCKUX Lenen nam xapaktepmsaumm noganH-
HOCTWN.

KOMMJEKCHbINA SMP-CKPUHUHI BOAHOW KOM-
MOHEHTbI BAHOAEJ/IbYECKOM MPOAYKLUU
PaccMoTpuM mpoueaypy onpegeneHns B BOP cogepxa-
HUA OenTepus BOAbl HAa MpUMepe 3KCNepTHOM 3ajayun
6bICTPOr0 CKPUHUHIA MOAMMHHOCTM 4acTo danbcndu-
LMPYEeMbIX HaTypasnbHbIX BUH. 04 CKPUHWUHIOM MOApa-
3ymeBaeTCsa MNpOBeAeHMe O0nepaTuBHOro
HOro aHa/sn3a coctaBa obbekTa NpoCcTbiMM MeToAamMKU 6e3
npo6onoAroTOBKM C BO3MOXHOCTbIO HEMeA/IeHHOro npu-
HATUSA pelleHns [5].

Cneundunka pasnmymn KOMNOHEHTHOrO U U30TOMHOrO
COCTaBa BUH W APYrov ankorofbHOM Npoaykuum (Hanpwm-

KoOnn4yecTBeH-

Mep, KOHbAKOB, KOHbAYHbLIX CMMPTOB) 06YyCNOBEHA arpo-
KAMMATUYECKUMWN N TEXHONOTMYECKUMU 0COBEHHOCTSIMU
pervoHa KynbTUBMPOBAHUA N nepepaboTKM BUHOrpaaa,
B TOM 4YMC/e KONMYECTBOM OCAaAKOB, TEMMepaTypomn, WH-
TEHCUMBHOCTbLIO UPPUTALMOHHBLIX MEPOMPUATUI, COCTABOM
NMOBEPXHOCTHbIX M MOA3EMHbIX BOA, MOYBOM U Ap. DTK dpak-
TOPbl BAWUSAIOT, B YAaCTHOCTWU, Ha COAEpXXaHue B BUHE MU-
HOPHbIX KOMMOHEHTOB M M30TOMHbLIN COCTAB BUHOIPaAa.

lMpy aHanuie BMHA MepBOHAYaNbHO perucTpupyeTcs
cnekTp AMP H, 13 KOTOpPOro Cc He06X0AUMOWM AN UAEHTU-
OUKALMOHHbBIX Llenen 4OCTOBEPHOCTLIO /Ierko paccumTaTb
cofiep>XaHue BOAbl, 3TAHOMA, FMULEPUHA, OCHOBHbLIX KUC-
NOT — BUHHOW, 16/I0MHON, MONOYHOW, TMMOHHOW, AHTAp-
HOW, YKCYCHOMW.

B KayecTBe Mapkepa Mnpu M3MepeHUW copep>XKaHus
onpegesieHHbIX MUMHOPHbIX KOMMOHEHTOB YA406HO MCMONb-
30BaTb CWUALHOMONbHbLIW caTenaut rpynnbl CH; 3TaHona,
KOTOPpbLIA 06YyCNOBAEH MPUCYTCTBMEM MOJIEKY/, B COCTAB
KOTOPbIX BXOAMT M3oTon yraepoaa BC (1,1%). Konnyectsex-
HOe onpejesieHMe ApPYrnx MUHOPHbLIX KOMMOHEHTOB Cie-
AyeT BbINONHATb B peXXMUMe YyCTPaHEeHUS CaTeJINTHbLIX CUT-
HafoB, TO €CTb perucTpupysa cnekTpbl AMP 'H npu o6ny-
YyeHMM obpasua Ha YactoTe aaep BC. B kayecTse npmuMmepa
Ha puc.l npeacTasneH cnekTp AMP 'H BuHa "KabepHe CoBu-
HbOH" ypodkas 2015 roaa (AHana), B KOTOPOM cogepkaHue
3TaHO/1Aa pacCYNUTAHO NO UHTErpasibHbIM UHTEHCUBHOCTSIM
curHanos rpynn OH, CH; n CH, (Ha pMc.] OHM YacTUYHO 06-
pe3aHbl) U cocTasngeT 13,9 06. %. BUAHbLI YyYUTbIBAEMbIE
npu pacyeTe CUrHasbl MHOTMX MUHOPHbLIX KOMMOHEHTOB,
KOTOpble XapakTepu3yT NOAJIMHHOCTb BMHA C MO3ULUN
KOMMOHEHTHOr0 COCTaBa.

XoTs cnekTpbl AMP TH npsiMo XxapakTepu3yoT CoOaepxKa-
HMe OTAEeNbHbIX KOMMOHEHTOB, UX HEAOCTATOYHO A1 NpU-
3HaHWS NOAJIMHHOCTW BUHA UM ero COOTBETCTBUSA onpe-
AeneHHbIM arpoKJnMaTUYeCckKumM yCa0BUAM BbipalMBaHUS
BMHOrpaga (reorpaduyeckoMy MpOUCXOXKAEHWUIO). MaeH-
TUYHbLIN NpeACcTaBAeHHOMY Ha puc.l cnekTp AMP 'H MoXHO
WMUTUPOBATb MCKYCCTBEHHOW CMEeCbK BOAbl, 3TaHONA
M MUHOPHbLIX KOMMOHEHTOB. C1UrHan BoAbl B cnektpax AMP
H 1 ZH nmMmeeT xapakTepuctmyeckoe nonoxeHue (4,8 m.a.)
W He nepekpbiBaeTCss C NUKAMWU APYrUX KOMMOHEHTOB.
Ero MHTerpanbHyt0 MHTEHCMBHOCTbL B criekTpe AMP 2H
cnepyet MCNONb30BaTb A1 ayTeHTUdUKaLMmM BUHA NpuU
yyeTe BKAaAa BOAOPOAA TMAPOKCUAbHBLIX U KApBOKCU/Ib-
HbIX FPYMn OCTaJIbHbIX MHIFpeaNeHTOB, B NepByl0 o4Yepenb
3TaHona. [ns CTpoOroro 3ak/lyeHuUsa XenaTesbHO 3HaTb
cofiepXaHve gentepus B BOAE NOAJIMHHbLIX BUH 3TOro pe-
rMOHA M arpokaMMaTuyeckme ycioB1a 3a9BNEeHHOro roaa
cbopa ypoxas. bonee JOCTYMNHbLIA KPUTEPUIN — CPABHEHME
cofepXxaHunsa gentepua B BOAE BMHA U €ro YCPeAHEHHOro
3HayeHMsa B aTMOCPEepHbIX 0CaAKAX M MOYBEHHbLIX BOAAX
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pernoHa. V3BecTHO, YTO KOAMYeCTBO AenTepus B BojAe
BMHA Ha 8-15 M/IH™! Bbillle, YEM B 0CaKax M3-3a 0COBEHHO-
CTen U30TOMHOIro GpakLMOHUPOBAHMS B MOMEKYAAX yrae-
BOAOB (CaxapoB) BMHOrpasaa npu Mx npebpalleHnm B 3Ta-
HON B xoae 6poxeHus. Ha TeppuUTOpUK BUHOLENbYECKUNX
pervMoHoB P® Bce NOBEPXHOCTHbIE W MOA3EMHbIe BOAbI
copgepXaT MeHee 150 MH™! geriTepusa, NO3TOMY B BOAHOM
dpakuMm BUHA ero AO0MXKHO 6biTh 60/blie 156-158 MAH™.
CnepnoBaTenbHO, NpeacTaBaeHHbI MeTod AMP cnocobeH
BbIABNSTL pa3bas/ieHne BMHA CMeCbl 3TaHon/Bofa wnu
BOAOM, a TakXe NoaHy Ganbcndukaumio ero coctaBa k-
30rFeHHbIMW KOMMOHEHTaAMM.

OTMeTuM, 4YTO NpeacTaBieHHbIM MeTod AMP npu uc
cnefoBaHMM M30TONUKM BOAOPOAA B BOAHOW dpaKkumm npo-
OYKTa He no3BossieT 0OHapyXuUTb AobaBneHne B CycCsio
3K30reHHbIX CaxapoB Apyrux pacteHun C3- u/mnn C4-
nyTv ¢oTocMHTe3a (Hanp., caxapHOW CBeKJibl, CAXapHOro
TPOCTHMUKA, KYKYpy3bl, COPro 1 ap.) nepen 6poxeHnem
(T.H. "wanTanusauma") UM HenocpeacTBEHHOE BBeAEHUNE
B BMHOAENbYECKY NpoAYKLMIO CNMPTA HEBMHOIMPagHoOro
npoucxoxaeHnsa. Ans 3Toro Heob6xoAMMO U3MepUTb CO-
LepXaHue penTepus B MeTunbHon (nokasatens (D/H))
n MeTuneHosow (nokasartenb (D/H),) rpynnax mMonexynbi
3TaHONa, BbIAENEHHOr0 U3 UccnefyemMoro BMHa. Mostomy
M3MEpPEHWNE COLEPXKAHMS AeNTepUs B BOAE BMHA ABNSETCS
nepsbIM 6LICTPbIM 3TANOM ero AeTanbHOro aHanamsa, obe-
CMeymBaKoLEero BhisBaeHMe Hanbonee rpybbix dpanbcupm-
Kauun.

MpeacTaB/ieHHbLIM AITOPUTM, BKIOYAKOLWNIA KOMNIEKC
HbI aHann3 cnekTpos AMP npoTunsa —'H u gentepus —2H (D)
BMHA AN18 U3MEpeHUs coaep>KaHus B ero Boge msotona 2H
BnepBble 6bin npefnoxeH Hamu Ans aunddepeHumaunm
BUH py3unun, Poccum (permoH Ky6aHu) U cTpaH 3anaHoun
EBponbl 15 neT Hasap [6]. OCHOBHblE pe3ynbTaTbl 3TOrO
MccnefoBaHMS oTpaxaeT pMC.2, HA KOTOPOM 3a HyneBoe
3HaYeHUe MPUHATO COAEpXaHWe AenTepus B MeXAyHa-
pogHomMm cTtaHgapte VSMOW, COOTBETCTBYIOLWEM 3KBATO-
puvanbHOM BOAe MMPOBOro okeaHa (D/H =155,76 maH™). Ko-
INY4EeCTBO AenTepus B BOAHOW dpakuum BUH py3unu, Uc-
naHun, Utanum, ®paHumnm 61M3K0, HO Bbille, YeM B BUHAX
KpacHogapckoro kpasi U PoctoBckon obnactu. YacTuyHo
370 06YC/NOBAEHO aArpoKAMMATUYECKUMU APUYUHAMU W,
Ka3anocb 6bl, MOXeT 6bITb BbIGPAHO B KayecTBe KpuTe-
pvsa npu anddepeHumaunm BuH Ipysmm n Poccmn. OgHaKko
B MOCNeAHNX COLEepXaHue aentepus B BOAHON dpakunm
BapbMpyeT B WNPOKUX Npedenax. Bo3MOXHble NMpUYUHDI:
BINSHME arpoKJINMATUYECKUX YC/TOBUIN BbIpALLUBAHUS BU-
HOrpaa v MHTEHCMBHOCTU UPPUTALMOHHbLIX Meponpus-
TUM, a Takxe f06aBneHMe B HEKOTOpble 06pasLbl BOAbI
UAN cMecu BOAA/3TaHON B TUMUYHOM A1 BUH COOTHOLLUE-
HUK. N3 cnekTpoB AMP 'H BbiBNEeHbI MaHUMYAALMN C CO-
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Puc.2. OmHocumenbHoe codep)kaHue Oelimepusi 8 800HOU
KOMNOHeHme B8UH pa3AUYHbIX 2eozpaduyeckux pezloHos [G].
3a Hynesoe 3Ha4eHUe nNpuHsSImMo codepxkaHue Odelimepus 8
cmaHdapme cpedHeokeaHuyeckol 800bl VSMOW, dast komopozo
D/H = 155,76 mant

CTaBOM HEKOTOPbIX BUH MO COOTHOLIEHMIO B HUX 3TAHONA,
ravuepuHa u kucnoT. bonee Toro, B Tpex obpasuax co-
AepXaHuve gentepus B BOAHOW GpakLMm BUHA OKA3anoch
HUXXe 3HAYeHUM OJ1S MOBEPXHOCTHbIX BOA 3TOr0 pernmoHa
(145-150 MnH™), 4yTo HepeanbHO. TakoM NOAXOA K BbigB/e-
HUO danbcmbuKaumm HaTypanbHbIX BUH B nocaeayowme
rofbl He NpUMEHANCS, Kak 3TO ciedyeT U3 0630pHON CTa-
Tbu 2015 roga [7].

PazpaboTaHHbLIM HaMK anropMTM aHanusa npowen
anpobauuto B 2017 rogy, Korga M3 KOHKYPCHbLIX BUH Bbl-
cTaBkn VINORUS, npoxoguelien B KpacHogape COBMeCT-
HO C 1-n MeXAayHapoAHOM Hay4YHO-TEXHWUYECKOW KOoHbe-
peHumen "VIHHOBALMOHHbLIA MUP COBPEMEHHOIO BMHOrpa-
hapcTea u BuHogenusa: Poccusi — InnoWine Russia-2017",
6binn oTo6paHbl 06pasLbl KPACHOrO CYXOro BMHA COPTOB
BuHorpaga "KabepHe CoBWMHLOH" M "Mepno" 2015 roaa
N3 pasNNYHbIX pernoHoB: KpacHogapckoro kpas (Ne 2-11),
KpbiMa — Baxuucapan (Ne 12), Bonrorpaackon o6nacTu
(Ne 13), UcnaHum (N2 14). Mo cnekTpam AMP 'H o6pas-
LLOB M3MEpPEeHbl COAEPXAHMS B HUX 3TAHO/IA U TAMLEepUHA
(tabn.1). Bknag B curHanbl 'H u 2H BOAbl FMAPOKCUIbHbIX
N KapBOKCUAbHbLIX FPYMNM FAVNLEPUHA U APYTUX MUHOPHbIX
KOMMOHEHTOB BWHA He y4MUTbiBaAM. B Tabn.l npueepeHsbl
n3MepeHHble MeToaoM SAMP OTHOCUTE/IbHbIE KOMYeCTBa
[enTepus B BOAHOW dpakuMU pasNMYHbIX BUH. [Ns Ha-
rNAAHOCTU OHW NpeacTaBAeHbl HA PUC.3 BMECTe C AaHHbI-
MW MO cofep>aHuto 2H B BOAONPOBOAHOM BoAe KpacHoaa-
pa oT 28 anpend 2017 roga (Ne 1). B BogHoM dpakimmn BUHA
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Tabauya 1. [TokazameAu 8UHA, N0AYy4YeHHble U3 cnekmpog SSMP

Rommaemen | sravon,
o6pasua —_ . 06. %
2 8717 12,83
3 86,91 13,09
4 86,64 13,36
5 87,42 12,58
6 8717 12,83
7 85,76 14,24
8 87,06 12,94
9 85,30 14,70
10 86,58 13,42
1 88,32 11,68
12 86,06 13,94
13 84,75 15,25
14 86,70 13,30

BCeX MCCNefoBaHHbIX Npo6 coaepxaHue aentepus 2H Ba-
pbUpyeT B AManasoHe 159-167 MAH™. Nckao4veHme cocTa-
BMIN ABa obpa3ua BMHA "KabepHe COBUMHLOH" pernoHa Ta-
MaHu (N2 2 1 6) C MOHWMXKEHHbIM CofiepXKaHeM AeriTepus B BOAE,
YTO MOXHO OBBACHUTL COCTABOM BO/bl MCTOYHWUKA, KOTOPLIN
MCNOb30BaAN AJ/151 OPOLLEHMS COOTBETCTBYHOLLLEro BUHOrpaaa.

AMP-CMEKTPOCKOMWUSA AENTEPUS B STAHOJIE BUHO-

OENbYECKOM NPOOYKLNN

Hanbonee WKMPOKYH WM3BECTHOCTb W MPUKIALHOE 3HAYeHue
meton AMP 2H noayumn B UCCAef0BaHMMN COLepXKaHus aenTe-
pus B MeTunbHOM (D/H), n MeTuneHoBow (D/H), rpynnax Mone-
Ky/bl 3TaHONA 4151 YCTAHOB/IEHWS ero NPUPObl.

XapakTepuzauus BOP no coaep>xaHuio fentepus Bo dpar-
MEHTax MOseKy/a 3TaHosa BUHA TpebyeT ero KoM4YeCTBEeHHO-
ro BbigeneHus. [1ns 3Toro fetanbHO pa3paboTaHa COOTBETCT-
ByIOLLAS MpoLeaypa, Tak Kak B pa3/IMyHbLIX CTPaHax pa3peLleHo
[06aBneHME B BUHOMPAZHOE CYCJ10 IK30TeHHbIX CAXapoB, B TOM
Yymcne U3 pacTeHnn Apyrnx 60TaHNYecKmx BUAOB.

B 1990 roay MexxayHapOAHOM MeXMpaBUTENLCTBEHHOM Op-
raHusaumen no BMHoOrpagapcTey W BuHogenmio OIV B EBpo-
COM03e B KayecTBe 0PULMANLHOMO MPUHAT BNepBble OMMCAHHbIN
B [8] MmeToa SNIF-NMR [9]. K cerogHAwHEMY AHIO HaKomnjeHa
3HauMTenbHas 6asza Hay4HbIX 3HAHWIM 06 MHTepBasax M3MeHe-
HUS copepXaHus aeTepust B METUbHON (D/H),  MeTuneHo-
Bou (D/H), rpynnax MoneKkysbl 3TaHONA BUHOMPALHOMO NMPOUC

OTHOCUTeNIbHOE coepXaHue
uuepuH, - o
tn AenTepus B BoAHOM ¢ppakumm
BMHA, MJIH™

6,67 149,1
5,37 166,4
8,60 165,6
5,41 165,6
5,76 151,7
8,53 166,3
7,85 166,2
8,44 162,4
8,12 159,1
5,26 164,2
8,64 163,8
10,01 161,9
8,78 167,6

xoXaeHnsa. C y4eToM arpokanmaTnyeckmx (reorpapuyeckmnx)
N TEXHONIOTNYeCKNX GaKTOPOB MUHUMAJbHLIA U MaKCUMasb-
HbI YpOBHM ans nokasartens (D/H), B BUHOrpaAHOM 3TaHone
cocTasnstoT 98,0 1 106,0 MAHT' COOTBETCTBEHHO, a A/1S MoKa-
3atens (D/H), —121,0 1 136,0 MAH™. B 3TV AMana3oHbl NnonaaatoT
TaK>Ke 3TAHO/IbI, BblAENIEHHbIE M3 HEKOTOPbIX APYrux GpyKTOB,
HO He M3 caxapHoW cBek/ibl (Kak M BUHOrpaA BXOAWUT B rpynmny
pacTteHnin C3-nyTn GOTOCUHTE3a) U pacTeHuin C4-nyTu ¢oTo-
cnHTe3a (KyKypy3a, caxapHblii TPOCTHUMK, copro 1 ap.) [10-11].

MeTog SNIF-NMR TpebyeT ncnonb3oBaHns CNeKTpoOMeTpoB
AMP, c paboyert YacToTon He MeHee 400 MTL, ans agep 'H v oc
HaLLLeHHbIX AATYMKOM A8 amny 10 MM U CUCTEMOM CTabunmsa-
Lmm no curHany SMP1°F.

B LleHTpe KONNeKTUBHOro nosb3oBaHns (Hay4yHo-o6paso-
BaTe/IbHOM LieHTpe) PYIH Ans peLleHns 3aaaqmn no nccnenosa-
HWIO MpUPOAbLI 3TAHOMA B NPOAYKTaX BUHOAENS UCNOMb3yeTCs
MOANPUUMPOBAHHBLIN MeTog, SNIF-NMR, OCHOBaHHbLIM Ha aB-
Topckon paspaboTke [12] a4ng cTaHAAPTHBLIX CNEKTPOMETPOB
AMP.

OpHa 13 ero 0CobeHHOCTeN COCTOUT B TOM, YTO CTabunmsa-
LMA yCNIOBUN pe3oHaHca Mo curHany °F He npuMmeHseTcs, no-
3TOMY 3a c4eT HeboNbLLWOro apenda CUrHanoB M3MEPEHUE CO-
nepxaHus gentepus B CH,- (D/H)II n CHs- (D/H)I dparmeHTax
MOIeKY 3TaHONA MO BbICOTE COOTBETCTBYIOLLMX MUKOB MMeeT
60MbLUME NOrpelHOCTU. OAHAKO 3TO NpaKTUYeCkn He BAUsIeT
Ha naowaau, nMepsieMble, Kak 3TO MPUHATO B KOJIMYECTBEH-
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Puc.3. OmHocumenbHoe codep>kaHue odelimepusi 68 B00HOU
KomMnoHeHme 06pas3yo8 KpacHozo euHa ypoxkas 2015 zo00a. 3a
Hy/Aegoe 3Ha1eHue npuHIMo codepxkaHue Oelimepusi 8 cmaHoapme
cpedHeokeaHuveckoll 800bl VSMOW, 0as komopozo D/H =
155,76 maH=

HoW cnekTpockonum AMP, MO MHTerpanbHOM, a He MUKOBOW UH-
TEHCMBHOCTWU. HECOMHEHHOE NMPenMyLLLECTBO Takoro noaxoaa
nepes MeTooM [9] COCTOMT B TOM, YTO Cofep)KaHue aenTepus
B r’MAPOKCMAbHOW rpynne OH BblAeIeHHOro 3TaHOAa MU OCTa-
TOYHOW BOAbI MOXHO MU3MepsATb MO MHTEHCMBHOCTWU CUIHAJIOB,
KOTOpble 3a c4eT 0BMEHHbIX MPOLECCOB BCerga MMerT 60/b-
LLYIO LUMPUHY, YeM Y AenTepus 2H B MeTUbHOM CH; (D/H), 1 me-
TuneHoson CH, (D/H), rpynm. MockobKy cofepXaHue fenTe-
pusi B TMAPOKCU/IbHOW rpynne onpeaensieTcs NCKYNTEbHO
BOAHOW ¢ppaKkumen BUHA, B AeTa/IbHOM aHanm3e crnektpa AMP
'H Heo6X0ANMMOCTM HET. LoCTATOUYHO M3MEPUTL MIOTHOCTb pac-
TBOpa aHanuTa AN OLEHKM COAEPXKaHMS B 3TaHOME OCTaTou-
HOW BOAbI. [lpyras 0cobeHHOCTL pa3paboTaHHOro MeToaa npu
N3MepeHnn NPUPOAHOro COAEpXKaHMsa nsotona 2H — npumeHe-
HVe B KayecTBe KannMbpoBo4HOW f06ABKM 06€3BOXKEHHOMO AN-
mMeTuncynbdokcmaa (AMCO) ¢ NOBbILLEHHLIM Ha [Ba Nopaaka
coaepyaHvem genTepums, 4to B 10 pa3 (c 30 06. % B C/lyyae MeTo-
na[9] 103 06. %) yMeHbLUAET 06bEMHYIO L0/ KaIMBPOBOYHOI0
BELLEeCTBAa W, TeEM CaMbiM, BABOE COKPALLAEeT BpeMS perncrpa-
umm AMP-cnekTpa. CymMapHas NOrpeLHoCcTb Takoro cnocoba
obecneynBaeT NpeLm3NOHHOCTbL U3MEPSIEMbIX 3HAYeHUN +3%,
YTO BMOJIHE AOCTATOYHO A5 OLLEHKW MPUPOAbLI 3TAHO/A.
Pa3paboTky MeToda u ero anpobaumto BLIMOAHAIN HA CneK-
TpoMeTpe JEOL JNM-ECA 600 (AnoHua) c paboyeit YacToToM ANs
anep'H 600 My v ans aaep 2H 92,102 My, Mprbop cHabxeH cu-
CTEMOW aBTOMATUYECKOWN 3aMeHbl 06pa3LL0B 1 UMEET AaTHnKK 5
110 MM (prc.4). B paboTe MCM0/1b30BaIM OTKASIMBPOBAHHbIE aM-
nynbl AuameTpom (4,97 + 0,013) MM 1 IMHOM 178 MM. B KayecTse

Puc.4. AMP cnekmpomemp JEOL JNM-ECA 60O (SinoHus)
¢ paboueli yacmomoli das sdep *H 600 My u das sdep 2H
92,102 MTuy. CompydHuk LIKIT (HOL) PYAH - B.Msnes

BHYTPEeHHero ctaHgapra A1 KOJIM4eCTBEHHOro onpeaeneHus
KOMMOHEHTOB NpU pernctpaunm cnekTpos AMP H ncnonb3o-
Ba/IN TPUMETUACUAMANPONMAHAT HaTpusa-d, (TCM), OTKANK Me-
TU/bHbIX MPOTOHOB KOTOPOIr0 He rnepekpbIBaeTCsi C CUrHaiamMmm
aHanmsmpyembix 06pasLos. Mpwu pernctpaumm cnektpos SMP
2H B Ka4YeCTBe BHYTpeHHero ctaHaapTa (3% 06.) ucnonb3osanm
OMCO ¢ ncKycCcTBEHHO NOBLILEHHbIM Ha ABa nopsiaka cogep-
KaHVeM fenTepusi. TUMUYHLIN CNekTp NpeacTaBieH Ha puc.s.
[N perncTpaumm cnekTpoB Ha aapax 2H BbibpaHbl ciegytolmne
YC/10BUS SKCNEPUMEHTA: UMMY/bC 45° ycuieHue 72, cmelleHme
5 M.A4., paseeptka 11 m.4., 16K To4yek Ha cnekTp, BpeMs Habnto-
[eHns cnaga cBoboAHOM VHAYKLMM 2 C, YNCI0 CKAHMPOBaHWNM
800, BpeMsi 3aiep>Kku MeXXAY UMnyibcamm 5-T,(2D,0) = 5 ¢. Ans
06paboTkM crnekTpa MCNonb3oBasacb aBToMaTuyeckas Kop-
pekums 6a30BOM IMHUK, pyYHAs HACTPOMKa dasbl, IKCMOHEH-
LmanbHoe yMHOXeH e Ha 3Ha4veHne 2,0.

B Tabn.l npeacTtaBneHbl yCpeAHEHHbIe AaHHble MATU U3-
MepeHUIn cofepkaHns aenTepus 2H B Kaxxgom obpasie, oT-
HOCUTe/IbHOE CTaHOAPTHOE OTK/IOHEHWe A8 KOTOPbIX COCTaB-
nsert2%.

3AKJTKOMEHUE

MpennoXeH HOBbIA MeTO[ COBOKYMHOMO SAMP-CKPUHUHI-
aHanmsa (CS-NMR) ans onpeaeneHus coaepxaHus gentepus
B BOAE Pas/IMyHbIX BOAHO-OpraHMyecknx pacTBopoB, B TOM
Yncae BMHA, BUHOAEIbYECKOM NPOAYKLIMM, COKOB U T.M. NepBbIi
3Tan — perucTpaums KOMYeCTBEHHbIX cnekTpos AMP 'H ans
onpegeneHns coaepXxaHus BoAbl B 0bpasue, C y4eToM Apyrnx
NAEHTUPULMPOBAHHbIX KOMMIOHEHTOB pacTBopa. 3aTeM — Mosy-
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M.4.

Puc.5. Cnekmp AMP 2H 06pa3ua cnupmosozo ducmuaasma
c dobasneHuem [AMCO: 1 - OH (2udpokcuAbHas zpynna
3amaxona), 2 - H,O (ocmamoyHas 8oda 8 ducmuansime), 3 - CH,
(memunerosas zpynna amaroaa (D/H),), 4 - KanubposoyHas
do6aska [IMCO, 5 - CH; (memuabHas epynna smaroaa (D/H),)

yeHume cnekTpa AMP 2H, 13 KOTOPOro paccynTbLIBAETCS comep-
»KaHune n3oTtona 2H Bofibl, Kak BaXKHOW XapakTepUCTUKN NPOUC
XOXIEHUS NN ayTEHTUYHOCTM C KOHTPO/IbHLIM 06pasuom. He
Tpebyowmim NpobonoaroToBKM MeTog, yAo6eH Npu BbICTPOM
CKPUHWHIE MHOMMX BOAHO-OpraHn4eckmx o6bekToB. [eTasib-
HOe onpefesnieHne M30TOMHOrO COCTaBa BOAOPOAA APYrux
KOMMOHeHTOB BOP noc/ne nx BblAeNeHNS MOXKET BbINMOJHATLCS
Ha CTaHAapTHOM obopynoBaHWM NO Honee BLICTPOMN OpPUTU-
HaNbHOM MeTOAMKE.

[ns wccnefgoBaHMs MpUpoAbl 3TAHONA BUHOLE/IbYECKON
W Apyron cnvpTocofepxkaller npoaykumn B LleHTpe konnek-
TUBHOrO Mo/b3oBaHua (HOLL) PYAH npumeHseTca moandu-
LIMPOBaHHLIN MeTog AMP, KOTOpPbLIM OCHOBaH Ha OMNpeaeneHum
cofepXaHus fevTepys B METUbHOR (NokasaTesb (D/H),) 1 Me-
TuneHoBow (nokasatens (D/H),) rpynnax monekynbl cnnpTa. Ko-
JINYECTBEHHbIE AaHHbIe O COAEPXKAHUN AenTepus B MeTUIbHON
rpynne (D/H),) cnvpTa nNo3BonstoT cAenatb BbIBOL, HE TO/IbKO
0 6OTaHWYEeCKOM BMe pacTeHUS, HO 1 O reorpaduyeckom pe-
TMOHE Ero NPOUCXOXKAEHMS, a TakXKe 0 NPUPOJE BOAbl, y4aCTBO-
BaBLLEeN B npouecce 6poxeHUs yrneBofoB C 0bpa3oBaHMem
3TaHona. [laHHble 0 AenTepun B MeTuneHoBow rpynne (D/H),
CNMpTa CBUAETENLCTBYIOT O KJIMMATUYECKUX YC/IOBUSIX MPOU3-
pacTaHus pacTeHus (HanpyUMep, BUHOrPaaa).
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DETERMINATION OF DEUTERIUM
CONTENT IN COMPONENTS OF

WATER-ORGANIC SOLUTIONS
BY A COMBINATION OF THE NMR tH AND 2H METHODS

G.A.Kalabin, V.A.lvlev, N.A.Komarov, A.Yu.Kolesnov,
Peoples’ Friendship University of Russia (RUDN University)

kalabinga@mail.ru, irms@biolab.ru

An algorithm is proposed for using the combination of NMR spectroscopy of 'H and
deuterium 2H(D) nuclei for prompt identification and determination of the component and
differential isotope composition of water organic solutions including (D/H), and (D/H),)
values in ethanol, water in wine, cognac, brandies, juices, soft drinks and other products.
The method does not require sample preparation and/or use of any certified reference
materials. Some examples of the proposed concept application for the authentication and
quality control of wine products are presented.

INTRODUCTION

The composition of any water-organic solutions (WOS),
for example, alcoholic beverages, milk, wines, juices etc.
containing H, C, N, O and S elements can be characterised
at various hierarchical levels, such as component,
fragment, atomic and isotopic ones. A comprehensive
analysis of the obtained complementary data makes
it possible to identify the components and origin of
WOS with a high degree of accuracy. The elemental
and component analysis methods were the most
widely used for this purpose. The latter predominantly
uses different types of chromatography, which, in
combination with the mass spectrometric detection, is
highly sensitive and makes it possible to identify and
quantify the content of macro- and microcomponents
in the presence of certified reference samples (CRS).
In studying the WOS of an unknown composition, the
quantitative nuclear magnetic resonance (NMR) 'H
and BC spectroscopy, which does not require the use
of CRS, offers some real advantages. However, even
a combination of these methods does not provide a
rigorous proof of the conformity of the WOS components
tothedeclaredvarietal, agroclimatic (geographical) and/
or technological origin, for example, wines- protected
geographical indication (PGI) or the protected

designation of origin (PDO), mineral water — source area,
juices - NFC or reconstituted, milk — whole, adulterated
or reconstituted milk. The WOS component composition,
if economically feasible, can be simulated by preparing a
solution of pure water as well as all necessary and widely
available inorganic and organic components. However,
a counterfeit, even if the formulation components are
carefully manufactured and selected, will not correspond
to the genuine product in terms of the content of minor
stable isotopes of hydrogen for example (2H), carbon
(*C), nitrogen ("°N), oxygen (7O & '®0) and sulphur (33S
&345). Itis only isotopic analysis that can make it possible
to discover a counterfeit.

The isotope ratio mass spectrometry (IRMS/SIRA)
takes the lead in the isotopic analysis due to the highest
sensitivity and precision. The initial difficulties in the
application of this method were associated with the
most difficult stage, the isolation of components
of an object and their purification for subsequent
authentication. The IRMS toolkit development, for
example, the introduction of Gas Chromatography (GC)
(for the evaluation of volatile compounds) and High
Performance Liquid Chromatography (HPLC) systems
(forthe evaluation of non-volatile compounds) combined
with the corresponding isotope interfaces made it
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possible to exclude the difficult and time consuming
sample preparation associated with extraction and
purification of analytes from the matrix. As a rule, the
so-called integral ratios of the isotopes 2H/'H, 3C/"2C,
>N/1N, 180/160, 34S/32S are determined by the IRMS/SIRA
method. For example, for the ethyl alcohol molecule
CH,CH,OH, only values of 2H/'H (62H(D)), '80/°O (5'80)
or BC/™C (6"C) can be measured in the composition of
wine, although these isotopes can be characterised by a
non-equilibrium distribution in individual fragments of
molecules which is typical for of agroclimatic conditions
of the geographical region of grapes cultivation, i.e.
three and two different values for hydrogen and carbon
respectively. In addition, when studying, for example,
alcohol-containing distillates, the presence of water,
which influences the reliability of the results when
measuring isotope ratios of hydrogen (2H(D)/'H) and
oxygen ('80/'60) in alcohol, should be taken into account.

When studying the isotopy of light elements by the
IRMS/SIRA method only, and in the case of coincidence of
agroclimatic (geographical) conditions of plant growth,
itisimpossible to measure differences between ethanols
from carbohydrates of any representative from the C3-
pathway of photosynthesis (e.g. grapes, sugar beets,
apples, wheat, potatoes, etc.) due to a single mechanism
of isotope metabolism in this group of plants. At the
same time, the latest developments IRMS/SIRA mass-
spectrometry allow selective measurements of the total
composition of hydrogen isotopes 2H/'H in the methyl
and methylene groups of the ethanol molecule after its
dehydration (EIM-IRMS/SIRA method).

METHODOLOGICAL BASIS FOR CUMULATIVE
NMR SCREENING ?H/'H (CUMULATIVE SCREENING
NMR /CS-NMR)

In the general case, the NMR spectroscopy of the minor
isotopes?H,3C, >N, 7O and33S provides the measurement
of their differential distribution in molecule fragments.
In practice, this method can be used only for hydrogen
which has a significant range of variation of the natural
content (about 150 ppm). In natural waters, it is almost
100 ppm, and its differentiation even in individual
fragments of organic molecules (for example, a-pinene)
reaches150 ppm. The non-equilibrium distribution of the
hydrogenisotope deuterium (2H(D)) in organic molecules
is an isotope passport which is practically impossible to
falsify. However, this method is difficult to use for the
isotopes of other elements due to the low variability
of their content in natural objects with respect to the
precision of measurements of the integrated intensities
of NMR signals.

3£ LIFE SCIENCES
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Fig.1. The 'H NMR spectrum of the wine sample under the condi-
tions of elimination of signals from 13C: 1 - glycerin (10.01 g/I),
2 - methanol (153.00 mg/l), 3 - succinic acid (868.67 mg/I)
4 - acetic acid (512.72 mg/l), 5 - lactic acid (828.28 mg/I),
6 - 2,3-butanediol (414.33 mg/)

AllWOS have the main component in common, water.
Therefore, let us first consider the determination of the
content of deuterium 2H(D) in it by NMR spectroscopy. If
the analysis object is natural water with an insignificant
content of organic and inorganic impurities (up to 3.5% in
mid-ocean water), a traditional IRMS/SIRA approach can
be used, in which the water hydrogen for measurement
istransferredin the gas phase tothe molecularone when
heated to 400° in the presence of zinc [1] or in another
catalyticway [2]. NMR spectroscopyisadirect method for
measuring of the absolute content of deuterium in water
by quantitative addition of a calibrated compound with
the known deuterium content (e.g. tetramethylurea or
dimethylsulfone) to the solution. Since the sensitivity of
the 2H NMR method is by six orders of magnitude lower
than that for the main isotope of hydrogen - protium H,
during the measurement it is necessary to minimise the
loss of volume of the water being analysed by reducing
the proportion of calibration compounds. To this end, we
propose to use special calibration compounds enriched
of 2H by 1-2 orders of magnitude for NMR, which makes
it possible to reduce their volume fraction in the analyte
solution to 2—3%. In [3], sodium trimethylsilylpropionate-
2,2-3,3-d, (TSP) was used as the calibration compound,
the deuterium signals of two methylene groups of
which have chemical shifts of 0.60 and 2.00 ppm. In
measuring the natural content of deuterium in water,
such an internal calibrant is inconvenient because
of the need to somehow reduce its concentration by
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several times in the sample, for example, by diluting
by 104-10° times with acetic acid, the hydroxyl group
signal of which should also be taken into account. In
[4] another calibration method was proposed, with
an external standard. It contains deuterium-enriched
water and europium trifluoromethanesulfonate reagent
(Eu[CF;S0s]5), which shifts the deuterium signal of the
external standard water into a weak field by 2-3 ppm,
which excludes its overlapping with the peak of the test
sample. However, working with an external standard
has a number of drawbacks. For 5 mm diameter NMR
tubes, due to the loss of analyte volume by 15-20%,
the time of each measurement increases by 30-40%
depending on the water content in the WOS. The pairs
of tubes (standard and capillary) carefully calibrated
by volume are necessary; therefore, it is more difficult
to conduct a series of experiments, especially with
automatically changing samples.

To determine the water content in the WOS, it is
necessary to know its volume quantity, which requires
the identification and measurement of the remaining
components based on their molar fraction established
from NMR 'H measurements. In the calculation it is
necessary to take into account the contribution to the
integral intensity of the protons of other components
engaged in the rapid exchange with it of the 'H signal.
Without taking these factors into account, the
signal area determination in the region of 4.8 ppm.
always gives an understated value. Identification and
quantitative determination from the NMR 'H spectrum
of the co-component in complex systems allow the
calculation of the water content directly; and from the
NMR 2H spectrum, establish its isotopic composition
important for research purposes or the authenticity
characterisation.

INTEGRATED NMR SCREENING OF THE WATER
COMPONENT OF WINES AND SIMILAR PRODUCTS
Let us consider the procedure for determining the
content of deuterium water in the WOS Dby using
the example of the expert task concerning quickly
screening the authenticity of often adulterated wines.
Screening means the operative quantitative analysis
of the composition of the object by simple methods
without any sample preparation with the possibility of
immediately taking a decision [5].

The specificity of differences in the component and
isotope composition of wines and other alcohol products
(for example, cognacs, brandies or spirits) is due to
the agroclimatic and technological peculiarities of the
region of cultivation and processing of grapes including

atmospheric precipitation, temperature, intensity
of irrigation measures, surface and groundwater
composition, soil etc. In particular, all these factors
influence the content of minor components in wine and
isotopic composition of grapes.

In the analysis of wine, the NMR 'H spectrum is
initially recorded, from which it is easy to calculate the
content of water, ethanol (vol. %), glycerol, basic acids
such as tartaric, malic, lactic, citric, succinic and acetic
as well as identify residual carbohydrates, if any.

In measuring the content of certain minor
components, it is convenient to use the high-field
satellite of the CH; ethanol group as a marker which
is due to the presence of molecules containing the
carbon C isotope (11%). The quantification of other
minor components should be performed in the mode of
satellite signal elimination, i.e. by recording the NMR H
spectra in the sample radiation at a frequency of nuclei
13C. Fig.1 shows as an example the NMR spectrum of the
'H Cabernet Sauvignon wine of the 2015 crop (Anapa), in
which the ethanol content (13.9 vol. %) is calculated from
the integrated intensities of the signals of the OH, CH;
and CH, groups (they are partially cut off in Fig.1). Signals
taken into account during the calculation of many minor
components, which characterise the wine authenticity
from the viewpoint of the component composition, can
be seen.

Although NMR 'H spectra directly characterise the
content of individual components, they are insufficient
torecognize the wine authenticity orits compliance with
certain agroclimatic conditions of grapes cultivation
(geographic origin). A spectrum identical to the 'H NMR
shown in Fig. 1 can be simulated by an artificial mixture
of water, ethanol and minor components. The water
signal in the NMR 'H & 2H spectra has a characteristic
position (4.8 ppm), nor it overlaps with peaks of
other components. Its integral intensity in the NMR
2H spectrum should be used for wine authentication
when taking into account the hydrogen contribution
of the hydroxyl and carboxyl groups of the remaining
ingredients, primarily ethanol. Forastrict expertopinion,
itis desirable to know the deuterium content in water of
the authentic wines of this region and the agroclimatic
conditions of thedeclared harvestyear. Amore accessible
criterion is a comparison of deuterium content in wine
water and its averaged value in precipitation and soil
waters of the region. It is known that the amount of
deuterium in the wine water is 8-15 ppm higher than
in sediments because of the peculiarities of isotope
fractionation in the molecules of carbohydrates (sugars)
of grapes when they are converted to ethanol during
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fermentation. On the territory of the Russian wine-
growing regions, all surface and groundwater contain
less than 150 ppm deuterium, so in the water fraction of
the wine it should be more than 156-158 ppm. Therefore,
the presented NMR method is able to detect the dilution
of wine with a mixture of ethanol/water or water as
well as a complete falsification of its composition with
exogenous components. At the same time, it should
be that by studying the isotopy of hydrogen in the
water fraction of the product on the basis of the NMR
method, it is not possible to detect the addition to
musts of exogenous sugars of other plants of the C3 and/
or C4 photosynthesis pathways (e.g. sugar beet, sugar
cane, maize, sorghum and others) before fermentation
(“shaptalization”) or direct introduction into wines of
alcohol of the non-grape origin. To do this, itis necessary
to measure the content of deuterium in the methyl ((D/H)
) and methylene ((D/H),) groups of the ethanol molecule
isolated from the wine. Therefore, the measuring the
content of deuterium in wine water is the first rapid
stage of its detailed analysis to ensuring that the most
gross counterfeits can be detected.

The algorithm including an integrated analysis of the
NMR spectra of protium 'H and deuterium 2H of wine,
was first proposed by us for differentiating the wines
of Georgia, Russia (the Kuban region) and Western
European countries 15 years ago [6]. The main results of
the research are shown in Fig.2, where the value O is the
deuterium contentintheinternational VSMOW standard
corresponding to the equatorial water of the world
ocean (155.8 ppm). The amount of deuterium in the water
fraction of wines in Georgia, Spain, Italy and France is
close, but higher than in the wines of the Krasnodar and
the Rostov Regions. This is partly due to agroclimatic
reasons and seems to be chosen as a criterion in the
differentiation of the wines of Georgia and Russia.
However, in the latter, the content of deuterium in the
water fraction varies widely. Possible causes include the
influence of agroclimatic conditions of grape growing
and the intensity of irrigation measures as well as the
addition of some water or a water/ethanol mixture
to the level typical for wines. Manipulations with the
composition of some wines were revealed from NMR H
spectra by the ratio of the content of ethanol, glycerin
and acids in them. Moreover, in three samples, the
content of deuterium in the water fraction of the wine
turned out to be lower than the values for the surface
waters of this region (145-150 ppm), which is unrealistic.
Such an approach to the identification of counterfeit of
natural wines in the following years was not applied, as
follows from the review of the article of 2015 [7].

15
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5 | Russia (Kuban)
£
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: Western
Georgia Europe
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_10 -
-15 4

Fig.2. The content of deuterium in the water fraction of wines of
different geographical regions [6]. Samples are grouped by coun-
try of wine production

The analysis algorithm developed by us was tested in
2017, when wine samples were selected at the VINORUS
trade exhibition held in Krasnodar along with the
1st International Scientific and Technical Conference
Innovative World of Modern Viticulture & and Wine-
Making: Russia (InnoWine: Russia-2017). There were
samples of dry wine of Cabernet Sauvignon and Merlot
grapes (vintage 2015) from different regions - Krasnodar
region (No 2-11), Crimean peninsula - Bakhchisaray (No12),
Volgograd region (No 13) and Spain (No 14). The contents
of ethanol and glycerol were measured by the NMR H
spectra analysis of samples (Table 1). The contribution
to the signals 'H and ?H of the water of the hydroxyl
and carboxyl groups of glycerin and other minor wine
components was not taken into account. Table 1 shows
the relative amounts of deuterium in the water fraction
of various wines measured by the NMR method. For
clarity, they are presented in Fig.3, together with data by
the content of 2H in the tap water of Krasnodar dated 28
April 2017 (No 1). In the water fraction all of tested wine,
the deuterium 2H content varies in the range from 159
to 167 ppm. Two samples of Cabernet Sauvignon wine
from the Taman area of the Krasnodar region (No 2 and
6) were found as an exception because of the reduced
deuterium content in water which can be explained by
the composition of the source water used for irrigation
of corresponding grapes.
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Table 1. Wine values obtained from NMR spectra

Sample Water fraction in Ethanol,
No wine, vol. % vol.%
2 8717 12.83
3 86.91 13.09
4 86.64 13.36
5 87.42 12.58
6 8717 12.83
7 85.76 14.24
8 87.06 12.94
9 85.30 14.70
10 86.58 13.42
1 88.32 11.68
12 86.06 13.94
13 84.75 15.25
14 86.70 13.30

NMR SPECTROSCOPY OF DEUTERIUM IN
ETHANOL OF WINES AND SIMILAR PRODUCTS
The2H NMR method was most widely known and applied
in conducting evaluations of the deuterium content in
the methyl (D/H), and methylene (D/H),, groups of the
ethanol molecule in order to determine its botanical
origin.

The characterisation of WOS by the content of
deuterium in fragments of ethanol molecules of wine
requires its quantitative isolation. For this purpose, a
procedure has been developed in detail, since in different
countries it is permitted to add exogenous sugars to
the grape must, also from the plants of other botanical
species. In 1990, the International Organisation of Vine
and Wine (O1V) adopted for the first time the SNIF-NMR
method [9] described in [8] as official in the European
Union. To date, a significant base of scientific knowledge
on the intervals of the content of deuterium in the
methyl (D/H),and methylene (D/H), groups of the ethanol
molecule of grape origin has beenaccumulated according
to the results of foreign researches. Taking into account

agroclimatic (geographical) and technological factors,

the minimum and maximum levels for the (D/H), in grape

Znrc LIFESCIENCES

Relative deuterium amounts

Glycerol, in the water
g/l fraction of wine, ppm
6.67 149.1
5.37 166.4
8.60 165.6
5.41 165.6
5.76 1517
8.53 166.3
7.85 166.2
8,44 162.4
812 1521
5.26 164.2
8.64 163.8
10.01 161.9
8.78 1676

ethanol are 98.0 and 106 ppm respectively, and for the
(D/H),, — 121.0 and 136.0 ppm respectively. These ranges
also include ethanol extracted from certain other fruits
but not sugar beet. Sugar beet belongs like grape to the
group of plants of the photosynthesis C3 pathway) and
plants of the photosynthesis C4 pathway (e.g. from corn,
sugarcane, sorghum and others) [10-11].

The SNIF-NMR method requires the use of NMR
spectrometers, with an operating frequency of at least
400 MHz for 'H nuclei and equipped with a 10 mm tube
sensor and a NMR signal stabilisation system '°F.

The Research and Educational Centre of the Peoples’
Friendship University of Russia uses a modified SNIF-
NMR method based on the author’s development [12] for
the standard NMR spectrometers to study the botanical
origin of ethanol contained in wines and similar products.

One of the features of the developed method is that
the stabilisation of the resonance conditions with the
YF signal is not used. Therefore, the measurement of the
deuterium contentin CH,- (D/H),, u CH;- (D/H), fragments
of ethanol molecules will have significant errors in
height of the corresponding peaks due to a small
drift of the signals. However, this practically does not
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Fig.3. The content of deuterium in the water fraction of the red wine
samples of the 2015 harvest

affect the areas which are measured in the quantitative
NMR spectroscopy by the integral but not by the height
intensity. A distinct advantage of this approach over the
method [9] is that the deuterium content in the hydroxy|
group (OH) of extracted ethanol or residual water can
be measured by the intensity of the signals which, due
to exchange processes, always have a larger width than
deuterium (2H) of the methyl CH; (D/H), and methylene
CH, (D/H),, groups. Since the deuterium content in the
hydroxyl group is exclusively influenced by the water
fraction of the wine, there is no need for a detailed
analysis of the 'TH NMR spectrum. It is sufficient to
measure the density of the analyte solution to estimate
the content of residual water in ethanol containing
distillate. Another feature of the developed method is
the use of dehydrated dimethylsulfoxide (DMSO) as a
calibration additive with a deuterium content increased
by two orders of magnitude. This reduces in 10 times
(from 30 vol. % in the case of the method [9] to 3 vol. %)
reduces the volume fraction of the calibration substance
and thereby halves the time of recording the NMR
spectrum. The total error of this method ensures the
precision of the measured values +3%, which is quite
enough to estimate the botanical origin of ethanol.

The method was developed and tested on a JEOL
JNM-ECA 600 (Japan) spectrometer with an operating
frequency for 'H nuclei 600 MHz and 2H nuclei 92.102
MHz. The device is equipped with an autosampler and
has 5 mm and 10 mm sensors (Fig.4). Calibrated tubes

v w W

Fig.4. NMR spectrometer JEOL JNM-ECA 600 (Japan) with an
operating frequency for the 1H nuclei of 600 MHz and for the 2H
nuclei of 92.102 MHz. Researcher of Scientific Research and Edu-
cation Centre of the RUDN University — Vassily Ivlev

with a diameter of (4.97 + 0.013) mm and a length of 178
mm were used in the research. Sodium trimethylsilyl
propionate-d4 (TSP) was used as aninternal standard for
the quantitative determination of components to record
NMR 'H spectra, the signal of methyl protons of which
does not overlap with the peaks of the analytes. When
NMR 2H spectra are recorded as an internal standard
(3 vol. %), DMSO was used with an artificially increased
deuterium content by two orders of magnitude. A typical
spectrum is shown in Fig.5. The following experiment
conditions were selected for recording the spectra on
2H nuclei: pulse 45°, gain 72, shift 5 ppm, scan 11 ppm, 16K
points per spectrum, observation time of free-induction
decay 2 s, scan number 800, the delay time between
pulses is 5 T; (2D,0) = 5 s. The automatic correction of
the baseline, manual phase adjustment and exponential
multiplication by the value 2.0 were used to process
the spectrum. The table 1 presents the averaged data of
five measurements of the deuterium content 2H in each
sample, for which the relative standard deviation is 2%.

CONCLUSION

A new method of a cumulative NMR screening analysis
(CS-NMR) was proposed to determine the deuterium
content in water of various water-organic solutions
including wine and similar products, juices etc. The first
stage is the recording of quantitative NMR 'H spectra
to determine the water content in the sample by taking
into account other identified components of the solution.
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ppm

Fig.5. The NMR 2H spectrum of an alcohol distillate sample
with the addition of DMSO: 1 - OH (hydroxyl group of ethanol),
2 - H,O (residual water in distillate), 3 — CH, (methylene group
of ethanol (D/H),), 4 - calibration compound DMSO, 5 - CH,
(methyl group of ethanol (D/H),)

Then, the NMR 2H spectrum is calculated from which the
isotope 'H of water as an important characteristic of origin or
authenticity with a control sample. A method that does not
require sample preparation is convenient for rapid screening
of many water-organic objects. Detailed determination of
the isotopic composition of hydrogen of other components of
WOS after their isolation can be performed with a standard
equipment by a faster original technique.

A modified NMR method is used at the Research and
Educational Centre of the Peoples’ Friendship University
of Russia, to study the botanical origin of ethanol in
wine and other alcohol-containing products which is
based on the determination of the deuterium content in
the methyl ((D/H),) and methylene ((D/H),) groups of an
alcohol molecule. The quantitative data on the content
of deuterium in the methyl group (D/H),) of alcohol
make it possible to draw a conclusion not only about the
botanical form of the plant, but also about the geographic
region of its origin, as well as about the nature of the
water used in the fermentation of carbohydrates and
formation of ethanol. The data on deuterium content in
the methylene group (D/H), alcohol indicate the climatic
conditions of the growth of the plant (e.g. grapes).
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