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AHAIIMTUYECKUA OB30P METO0OB ONPEAENEHNA
OKCMAOOB A30OTA B TABAYHOU
N HUKOTUHCOAEPXALLEWN NPOAYKLUNU

Anactacus 1O. Jlymaukosa
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MAxopru 1 mabaquvix u30eauily;
. Mockoeckas, 0. 42, &. Kpacuooap, 350072, Poccuiickaa @edepayus

Annotauust. CHUKCHHEC TOKCUYHOCTH TAOAUYHOH MPOMYKILMH SIBISCTCS aKTyanbHOU mpoOre-
MOM Ha CGFO,Z[HHH.IHI/Iﬁ ACHD. HpOI/ISBO,Z[I/ITCJ'II/I B KaUCCTBC AJIBTCPHATHUBBI TPAAULIUMOHHBIM CUTapCTaM
npcajararT HOTpe6I/ITCHHM HMHHOBAITMOHHBIC BHAbI HHKOTHHCO,Z[Cp)KaH.[Cﬁ npoAyKIHUU, B YACTHO-
CTH DJICKTPHUUYCCKHUE CUCTCMBbI HArpeBanus Tadbaka. JJaHHBIH BUA HUKOTHHCOACPIKALICH MPOIYKLIMH
otauvaetcs ot curapet TeM, 4yto y JCHT uHo# cniocob notpedacHus, BCACACTBHE KOTOPOTO Mpo-
HUCXOIUT 00Pa30BaHUC AUCTICPCHOM (Das3bl, B COCTAB KOTOPOH BXOTAT MCIBUANUINIC TBCPIOKHUIKHC
JaCcTHULBI IPHU OTCYTCTBUU MPOUCCCAa TOPCHUA, MOCPCACTBOM HAarpCBaHUA HAITIOJTHUTCIIA. Hannuwne
Ha PBIHKC MHHOBALIMOHHBIX BUAOB IIPOAYKIIUU O6H3bIBaCT OLCHUBATD U KOHTPOJIUPOBATH KAYCCTBO
M3ICITN, CICIOBATEIBHO, HYXKHO pa3padaThiBaTh UM COBEPIICHCTBOBATE CYINECCTBYOMIHC MCTOIbI
ONpPCACICHUSA MMOTCHIUAIPHO OIMACHBIX JJISI OPraHnu3Ma KOMIIOHCHTOB, B TOM YTHUCJIC OKCUAOB a30Ta
(NO, NOx), Bxoasimux B COCTaB FeHEPUPYEMOro asposonsd. B pabGorte mpeacrapicHa XapakTepu-
cruka okcuaoBs azota (NO, NOx), paccMoTpeH mporecc o0pa3oBaHusI, TOKCHYHBIC CBOHCTBA, OKa-
3bIBACMBIC HA OPTAHU3M, a TAKKE 0030P METOAOB OMPEACICHUS OKCHIOB a30Ta C UCTIOIb30BAHUECM
KYPUTCIBHON MAIODUHBI U XEMIUTFOMHHCCICHTHOTO TazoaHaau3aropa. Taioke mpuBEICH YPOBCHB
conepkanust okcuaos azora (NO, NOx) B razosoii ¢ase adspososs uzneauii u3 rabaka HarpeBac-
MOTO B CPaBHCHHH C COACPIKAHUEM OKCHIOB a30Ta B ra30BOH (hase TabavuHOTO TBIMA KOHTPOJIBHOH
curapetsl 3R4F. Ocoboe BHUMAHUE YACICHO PAacCCMOTPCHUIO HOPMATHBHOM TOKYMECHTALUH TIO Pe-
I'YJINPOBAHUIO HHHOBALMOHHOH mpoaykuuu. OSmenpruHATHH Moaxo B cepe YCTAHOBICHHI HOPM
K pCryaiupoBaHui0 HHHOBAITUOHHBIX BUJIOB HHKOTHHCO,Z[Cp)KaH.[Cﬁ NpOAYKIHU B HACTOAMICC BPCM:I
OTCYTCTBYCT M HAXOAWTCSA B CTaAWM pa3paboTku. B maHHO# crarhe 000CHOBaHA HCOOXOAMMOCTH
pa3paboTKH ¥ BHEAPCHUE B HAMOHAIBHBIN CTAaHAAPT HA Tabak HarpeBacMblil METOJUKHU IO Ompe-
JCICHUIO OKCHAOB a30Ta.

KuaroueBbie cioBa: TaGadHbIi IbIM, a3P0O30Jb, NMCKTPUUCCKAs CHCTEMA HarpeBaHus Tada-
ka (OCHT), HukoTHHCOAEp:KaIIash MPOAYKLMS, OKCHA a30Ta, XCMHUJIIOMHHCCLICHTHBIH Ta30BbIH
aHaIM3aTop
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ANALYTICAL REVIEW OF METHODS FOR THE
DETERMINATION OF NITROGEN OXIDES IN TOBACCO
AND NICOTINE CONTAINING PRODUCTS

Anastasia Yu. Lushnikova

FSBSI «All-Russian Scientific Research Institute of Tobacco, Makhorka and Tobacco Products»,
42 Moskovskaya str., Krasnodar, 350072, the Russian Federation

Abstract. Reducing the toxicity of tobacco products is a pressing issue today. Manufacturers
offer consumers innovative types of nicotine containing products, such as electric tobacco heating
systems, as an alternative to traditional cigarettes. This type of nicotine containing products differs
from cigarettes, i.e. the ECNT has a different way of consumption, which is the formation of the dis-
persed phase, which consists of the smallest solid particles in the absence of combustion by heating
the filler. The presence of innovative products requires on the market evaluating and monitoring the
quality of products, therefore, it is necessary to develop or improve existing methods to identify po-
tentially harmful components for the body, including nitrogen oxides (NO, NOx), which are part of
the generated acrosol. This paper presents a characteristic of nitrogen oxides (NO, NOx), reviews the
formation process, toxic properties affecting the body, as well as an overview of the methods for de-
termining nitrogen oxides using a smoking machine and chemiluminescent gas analyzer. The level of
nitrogen oxides content (NO, NOx) in the gaseous phase of tobacco products acrosol compared with
the content of nitrogen oxides in the gaseous phase of tobacco smoke of control cigarette 3R4F is also
given. Particular attention is paid to the consideration of regulatory documentation for the regulation
of innovative products. There is no generally accepted approach in the sphere of standard setting for
regulation of innovative nicotine containing products at the present time and it is under development.
The article substantiates the need to develop and implement in the national standard for tobacco heat-
ed methodology for determining nitrogen oxides.

Keywords: tobacco smoke, aerosol, electric system for heating tobacco (ESHT), nicotine
containing products, nitrogen oxide, chemiluminescent gas analyzer
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[losiBneHne WHHOBALIMOHHON HUKOTHH-
comepkalle NPOAYKLUH, 3aMeIlAoIle
notpedieHre TPaTULIMOHHBIX TaDauHbIX U3-
JEJIUN, CTAJI0 OTBETHOM peakuLuel Ha OCy-
uiecTByIeHne Mep BecemupHoi opranusanuu
31paBoOX paHeHus o bopuoe ¢ Tabaxom. [1po-
W3BONUTENIU TAHHBIX BUJIOB MPOAYKLUH 3a-
SIBJISIFOT O MIOHUKEHHOM PUCKE JJIs1 30POBbsI
norpeduteneit. Jns oueHku Oe30macHOCTH
STOW MPONYKIMH HEOOXOANM KOMILIEKCHBIN
MOZXON K MCCIENOBAHUIO CONEPIKALIMXCS B

HEW NMOTEHLMAJIBHO BPEIHBIX U OMACHBIX BE-
LIECTB KaK B HATIOJIHUTEJIE, TAK U B a3PO30JIE.
Pacnopsixkenuem IlpaButensctsa P®
ot 18 HosOpst 2019 1. Ne 2732-p yTBepk-
neHa «KoHuenuusi OCyLIECTBJEHUS] TOCY-
JapCTBEHHOW MOJUTUKHU MPOTUBOAEHCTBUS
norpebneHno Tabaka U MHOW HUKOTHHCO-
neprkaten nponykuuu B PO na nepuoa no
2035 r. ¥ AanbHENUIY IO NePCIEKTUBY .
«Ilon HuUKOTHHCOAEpPKALIEH MOPOAYK-
nueir B uenasx KoHuenmumM HNOHUMAaeTCs

Hosbie texHonorvv / New Technologies (Majkop)

2022: 18 (2)



https://doi.org/10.47370/2072-0920-2022-18-2-81-86
https://doi

Anacracws 0. IlywHnkoBa

AHanutudecknii 0630p METoZoB onpes. OKCHMBOB a30Ta B Taba4yHoM N HUKOTUHCOZepXalyei NPogyKLum

npoaykuus [1], comepkamias HUKOTUH U
npeaHa3HaueHHas! 1J1s OTpeOIeHns HUKO-
THHA JIOOBIM CrOcOOOM (32 MCKJIIOYCHHEM
JIEKapCTBEHHBIX CPEACTB, 3aperucTpupo-
BAHHBIX B COOTBETCTBUM C 3aKOHOAATENb-
cTBOoM P®d), a Tak:ke ycTpoiicTBa Ay mOTpe-
Onenust Takoi poxykuum» [1].

Konnerueir EBpa3suiickoii 3kOHOMHYE-
ckoii komuccuu (E9K) ot 22 nexabpst 2020 1
Ne 188 onoOpeH MPOeKT Mo BHECEHUIO U3Me-
HEHMI B IJIaH MO pa3paboTKe TEXHUUECKOro
perjaMeHTa Ha HUKOTHUHCOAEPKAILY 0 IIpo-
OYKLHIO, B KOTOPOM OyAyT OTPaskaThCsl BCE
MHHOBALMOHHBIE (Ta0auHble 1 He TaOauHbIE)
BUBI U3JENNH, a TaK)ke OyIyT 3aKperIeHbl
oOsi3aTenbHble TPeOOBAHUS K 3THUM BHUAAM
nponykiuy. K MHHOBaIMOHHBIM BUIAM
u3genuil OTHOCATCS: Tabak HarpeBaeMbIi,
skunkocetu anst DCJH, HukoTuHconepka-
masi MPOAYKIHUSl OpPaJbHOrO MOTpebieHus,
a TaKkke HeTabauHbIe CMECH JJISl KaJIbsSHOB.

B nacrosiiee BpeMs NpPUHATO MOCTa-
HoBiieHue IIpaBurennbcrBa Poccuiickoin Pe-
nepaunu Ne 2425 ot 23 nmekabpst 2021 r
«O0 yTBepXKIOEHUM €OUHOrO IepevHs
NPORYKIMH, TOAJexaiell o0s3aTenbHON
cepTu(UKALNU, U €JUHOrO TMEepeyHs Mpo-
OYKLUHU, TMOMJIeKAINEeH IEeKJIapUupPOBAHUIO
COOTBETCTBHUS» [2], B KOTOpOM (HO3ULUS
Ne 67) nepeuncienbl o0s3aTenbHbIe TPeOO-
BaHUs K TabaKy HarpeBaeMoMy JJisi UCIIOJ-
HeHus pazaens I'OCT P 57458-2017 [3].

B pesynsraTe mporeccos ropenus tada-
Ka B CHUrapeTax INPOUCXOAMT OOpa3oBaHHE
MHOI'MX TOKCUKaHTOB. B mpouecce Harpesa-
Hus Tabaka 0Opa3oBaHME TOKCHYHBIX KOM-
MOHEHTOB Ta0auyHOrO AbIMA PE3KO CHUIKAET-
cs1, BCIeACTBHE Oonee HU3KUX 110 CPABHEHUIO
c ropeHneM temnepatryp. Harpesanue Tada-
Ka MPUBOAUT K OOPa30BaHMIO a’po30is C
OoIee HU3KUM COAepKaHNEM OKCHJIOB a30Ta
(NO, NO,). DT0 noATBEPKAAOT paHee Mo-
Jy4YeHHbIE PE3YJIbTaThbl CONEP>KAHMSI OKCH-
ZIOB a30Ta B a3p030J1e Tabaka HarpeBaeMoro,
KOTOpbIE BapbUpPOBaIUCh OT 4,2 10 51,4 M1/
ctuk. Konuenrpauus 51,4 MKr/cTuk Ha mo-
pAnOK HUXKE, yeM 571 MKr OKCHIOB a30Ta,
OOHapy KEHHBIX B IbIME KOHTPOJIBHOW CHUTa-
petsl 3R4F [4].

Lenp uccnenoBaHusl JaHHOW pabOTHI —
MPOBECTH aHAJIUTUYECKUH 0030p METOIOB
OIpenesIeH!s] OKCHIOB a30Ta, a TaKXKe M3-
YYUTh XapaKTEPUCTUKH JAHHBIX BEIIECTB B
pPa3IM4YHON HUKOTHHCOAEP KALIEH MpPOAYK-
UU IS JajibHeHei pa3paboTku HalHO-
HAJIBHOTO METOJAa ONpPEAENIeHHs COomeprKa-
aust NO, NO_ B razosoii pase aspo3zonsi.

Oxcunpr azora (NO ) — mpencTaBnsioT
coboii cmech razoB okcuma aszora (NO) u
nuokcuna azora (NO,), obpasyromuxcst OT
IPOLIECCOB TOPEHUs] U TJIEHUS OpraHudve-
CKUX BEIIECTB, B TOM YHUCIie U TadaKa, siBJIsi-
IOLINECs COCTABHOM YacThIO Ta30BOH (pa3bl
a’po30IIs, a TaKke TaOavYHOro JbIMA.

Oxkcun azora (NO) — OecuBeTHBIH, HETO-
prouuii ra3 [5] oTHeceH k 3 KJjiaccy OIMacHo-
cru. bonee onacueiii nuokcun asora (NO,)
— HEroprouMii ra3 OpaH)XeBO-KPacHOBATO-
Oyporo mBeTa [5] ¢ yIyIIJIMBBIM 3amaxoM
OTHECEH K 2 KJIaccy OnacHOCTH. Bee okcnnel
a30Ta OKa3bIBAIOT HETaTHMBHOE BO3AEHCTBHE
Ha 37I0POBbeE uesioBeka. JIMOKCH a30Ta Hau-
Oonee TokcuuHbIll U3 rpynnsl NOX. Babl-
XaHUE SIOBUTHIX MApOB MIUOKCHAA a30Ta
BBI3BIBAET CEHCOPHBIE, (PYHKIIMOHATIBHBIE U
narojorndeckue 3 exTsr [6].

Oxcuabpl a30Ta, TaK e KaK U MOHOOK-
cua yriepoaa, o0pa3yroTcs Mpy YaCTHIHOM
cropaHuu Tabaka B 30HE TJIEHUS. MOHOOK-
cHJl yriiepona o0pasyeTcst pH TeEMIIEpaType
300°C, okcuabl a30Ta 00pa3yOTCs B UHTEP-
BaJsie Temnepatyp ot 300 no 450°C, cneno-
BAaTEJIbHO, 5TU BELIECTBA SIBJISIFOTCS MapKe-
paMu rporueccoB ropeHus wim mieHus. [Ipu
paboTe 3IMEeKTPUYECKON CHUCTEMBbl Harpena-
Hus tabaka (OCHT) temneparypa Harpesa
Ha MOMEHT 3aTsKKU gocturaet 250-350°C
[7], CnenoBatenibHO, HarpeBaHue Tabaxa 10
TEMIEPATyp HIDKE TeMIepaTypbl MHPOJIU-
3a 0e3 ero ropeHus M TIEHHs] MPUBOIUT K
TeHEePUPOBAHUIO a3P030JIs ¢ Ooee HU3KUM
COAEP’)KAHUEM BPENHBIX U IOTEHIHAJIBHO
OIACHBIX BEIIECTB, B OTJIMYUE OT TPAJULIHU-
OHHBIX CHTapeT, B KOTOPBIX MUPOJIU3 Tada-
Ka TPOHCXOOUT INPU TEMIIEPAType CBBILIE
800°C [7].

Ho 1973 roma okcuasl azora (NOX) B
IbIME CUTapeT OINpPenessuId C IOMOLIBIO
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peaxiuu 3aJbplIMaHa MM €€ MOAU(pHUKaLIY.
B HeKoTOpBIX MeTOAAaX MPUMEHSJIUCH Jpy-
r'He [[BETO00pa3y I0IIHe peareHTbl, HO IOUTH
BCE METOJbI ObIJIM OCHOBAHBI HA OKUCICHUHN
okcuna azota (NO) no okcuna asora (NO)) u
abcopOuum B pacTBOpe Iepen U3MepeHUuem
Ha criekTpodoromerpe wiH 3JeKTPOdPOoTO-
KOJIOpUMETpe. DTH METOOUKU TPyIOEMKH,
U, KaK IPaBIIIO, TOJBKO ra3osas ()a3a OgHO-
ro oOpasiia curapeT MokeT ObITh TPOAHAJIH-
3UpOBaHa 3a OIUH JIeHb [8; 9.

B 1969 romy metom cmnektpodoTome-
Tpuueckoro onpenenerus NO B ynsrpaduo-
JIETOBOM CIIeKTpe ObLT MpeacTaBeH Ha 23-i
HayuHo-uccnenoBarenbckoil KoHpepeHInu
XUMHKOB, 3aHUMAIOLINXCS H3YUYEHHEM Ta-
Oaka 1 TabauHOrO ABIMA.

O6menpusHano, uto NO, npucy IcTBy €T
B CBEXKEM JIbIME B OU€Hb HI3KOH KOHLIEHTpPa-
LI1H, HO COZIEPIKaHHE €r0 yBEIHMYNBACTCS CO
BpeMeHeM u3-3a okucineHus NO. Iloatomy
aHaJIU3 TOJI’KEH BBITIOJIHATHCS CPas3y Ke Mo-
cite cbopa ra3oBoii pasbl TaOaUHOTO IbIMA.

BONBUIMHCTBO aHAJUTUYECKUX METO-
JIOB aHajM3a TPeOyloT, Mo KpaiHel mepe,
OZTHOTO HYaca BPEMEHM JISl MOJHOTrO OKHC-
neruss NO no NO,. B HexoTOphIX Ciydasx
5TH BELECTBA MOT'Y T Pa3JjiararbCsi B TEUCHHE
5TOr0 BPEMEHHM W TMOJyYEeHHBbIE 3HAYCHUS
OyayT OIHUOOYHBI.

JI1s1 aHanM3a OKCUIOB a30Ta UCTIONb3Y-
€TCsl XEMITIOMUHECLICHTHBIH aHaJIN3, sIBJIs-
IOLIMICS COBOKYITHOCTBIO METOJIOB KOJINYe-
CTBEHHOTO aHaJIM3a COCTaBa BEIIECTBA IO
xemuroMuHecueHuu [10]. B HacTosiiee
BpeMsi pa3pabaThIBAETCsl MEXKAYHAPOIHBIN
crannapt ISO/AWI23924 nHa meTton xemu-
JIOMHHECLIEHTHOI'O OINpPEJeNICHHs] OKCHIOB
a30Ta B ra3oBoi (paze AbIMA CUrapeTr mpu
WHTEHCUBHOM peKUMe NpoKypuBanus [11].

CylmecTByeT HECKOJIbKO METOAOB IO
OIpeAeeHUI0 OKCH/IOB a30Ta B HUKOTHHCO-
AepIKallei MPOAYKIMH: B IbIME CHrapeT, ra-
30B0Hi (haze aspo30s Tabaka HArpPEeBaeMoro.

JJ1si KOJIMYECTBEHHOM OLEHKU OKCH-
JI0OB a30Ta B TabavyHOM bpIMe Jadoparopus
Labstat ucnonezyer meron Health Canada
«OrnpeneneHne OKCHIOB a30Ta B TaDauHOM
abive T-110». IlpuHiun mMeroga COCTOUT B

reHepaLy adpo30Jisi [NIaBHOM cTpyu Tabad-
HOTO IbIMa 1 cOOpe ra30Boi (ha3bl a3p030J1s.

Hns cbopa ra3oBoii ¢a3el a’po30Is
NPOKYpPUBAIOT OJHY CHUrapeTy Ha OJIHOIO-
PTOBOM KypPUTEIBPHOU MAaUIWHE, Jajiee B Ka-
Mepy CMELIMBAHHS IbIMa MOCIEI0BATEIbHO
OT KaXJOH 3aTsKKH COOMPAIOT Ta30BYIO
¢azy aspozonst ocHoBHOro notoka. Ha cre-
AYIOLIeM dTarne — KOJIUYEeCTBEHHO OIpese-
JSFOT CONEeP KAHUE OKCHUJIOB a30Ta XEMUIIIO-
MUHECLIEHTHBIM Ta30aHAJIU3ATOPOM.

Kowmnanust British American Tobacco
Group Research&Development paspabo-
Taja METOA OIpPENENEHHs CONEPKAHUs OK-
cuja a3oTa B TAOa4yHOM AbIME. DTOT METON
UCIIONB3YeTCs JAJI ONpenesieHHs] KOHLCH-
Tpaunn okcuna azora (NO) B nbime cura-
peT mpu MOMOIIU POTALMOHHON KypPHUTEIb-
HOM MAaIIUHbI U XEMHJIFOMHHECIIEHTHOTO
IETEeKTOopa.

Kommnanwus Philip Morris Products S.A.
Research&Development st komudecTBeH-
HOI oueHku okcunos azora (NO, NO,) pas-
paboTaja METOx OnpesieieH s OKCHIOB a30-
Ta B asposone DCHT.

COop aspo30yisi MPOUCXOAUT C TIO-
MOLIbKO JuHeHHOW MamuHbel Cerulean
SM450 B memok misi cbopa rasa, ¢ Imo-
CIEAYIOLIUM TONKIIOYEHHEM MeIlKa K ra-
3oananusaropy Ecophysics CLD811, xo-
Topeiil ompenensier okcua azora (NO), a
Takke okcuabl azora (NOX) mocpencTsom
XEMHJTIOMUHECIIEHLIUU.

OnucaHHBI METOA MPUMEHUM [JIsi
aHanu3a raszoBod ¢asbl asposzons DCHT
npu pekKUMe MPOKYPHUBAHUS, YCTaHOBJIEH-
HOM MMHHUCTEPCTBOM  3IPaBOOXPaHEHHUS
Kanagpr

Ilo pesynsraraM aHaJUTHYECKOTO 0O0-
30pa B OOJNACTH METOAOB OMpeNeNeHHs OK-
CHJIOB a30Ta MOJKHO CHEJNaTh CJIEAYIOLINE
BBIBOJIBI

1. BONBIIMHCTBO PAaCCMOTPEHHBIX 3a-
pyOeKHBIX METOIOB OIpPEAEIECHUS] OKCHIOB
azora mpuMeHuMo isi ompenenenus NO,
NO, B TabauHOM JIBIME.

2. YpoBeHb coaeprkaHusl OKCUAOB a30Ta
B asposoiie Tabaka HarpeBaeMoro ropasio
HUJKE, YeM B ra30BOM (a3e qpIMa CUraper.
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3. B Poccun OTCYTCTBYIOT METOABI
OmpeneseHus OKCUIOB a30Ta Kak B Ta-
0auyHOM IbIME, TaK W B a’po3osie Tabaka
HarpeBaeMoro.

4. HeoOxoguma pa3padoTka U BHECEHUE
METOAMKH IO OMPEEICHHIIO OKCHIOB a30Ta B
ra30Boii (haze a’p0o3071s Tabaka HarpeBaeMOro

B HAILlMOHAJIBHBIN CTaHAAPT Ha Tabak Harpe-
BaeMblil. Pa3paboTanHblii MeTOn omnpenene-
HUsl OKCHJIOB a30Ta IMO3BOJIUT AAaTh OLCHKY
KauecTBa M O€30MMacHOCTH MHHOBAITMOHHBIM
BHJaM HHKOTHHCOHGp)KaLHeﬁ npoayknuu, a
TaK>ke Oy/1eT MOJIOXKEH B OCHOBY TEXHUYECKO-
ro peryjaupOoBaHHus 3TOI0O BUJaa NpoaAy KIHUU.
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