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BBEJIEHHUE

B xoHTekcTe pa3BUTHS MEXKIyHAPOIHOIO COTPYIHUYECTBA B 00JIa-
CTH OOECIEYEeHHs] CAHUTAPHO-3UAEMHUOIOTHYECKoro Onarononyuns 12
HOs10pst 2013 roma B ropoae Xanoit (Coumanmuctuyeckas PecnyOnrka
Bretnam) 3akmroueH Memopanaym o corpyaHuuectBe Mmexnay Dene-
panbHOM ciy>K00i MO HaA30py B cdepe 3aliuThl MpaB NoTpeduTeneit u
onaromnonyuust yenoBeka (Pocnorpebnan3op) Poccuiickoit deneparuu
u MunucrepctBoM 31paBooxpanenuss Conuanuctuueckoin PecryOnuku
Boernam. /laHHOE coramieHUe CTajlo OCHOBOM I MHTEHCU(HUKAUU
HAay4YHOI0 B3aMMOJEWUCTBUS MEXIY ABYMs BEIOMCTBAaMH, YTO, B CBOKO
odyepenb, OOYCIOBHJIO BKJIIOYEHHE COBMECTHBIX HCCIIEI0BATEIbCKUX
IPOEKTOB B (peepanbHbIi MPOEKT, peanuszyeMmblii PociorpeOHaa3zopom
«Cannrapssiii mT» B 2022 rony. [Ipoekr «CaHuTapHBI IIUT» Hale-
JIEH Ha YKPEIUIEHUE MEXIyHAPOAHOTO COTPYIHUYECTBA B O0IACTH CaHU-
TapHO-3MHIEMUOIOTUYECKOTO OIaronoxydusi, BKIOUas 0OOMEH OIBITOM
u uHpopMalmend ¢ 3apyOeKHbIMU mapTHepamu. Kpome TOro, mpoexT
IIpeyCMaTpUBAET PA3BUTHE KAAPOBOIO MTOTEHIMAIA IIyTEM IOATOTOBKH
Y TIOBBIIICHUS KBATU(UKALMK CTIEIIMAIUCTOB B c(pepax caHUTapHO-IIH-
JIEMHUOJIOTMYECKOTO HaA30pa, 1a00paTopHON JUArHOCTUKHU U pearupoBa-
HUsl Ha ype3BblYaiiHble cuTyauuu. CyleCTBEHHbIM aCIEKTOM IPOEKTa
SIBJISIETCSI COBEPILIEHCTBOBAHME CHCTEMbl WH(MOPMAIMOHHOTO obecrie-
YEeHUsI IOCPEICTBOM CO3JaHUs U Pa3BUTHS MHPOPMAIIMOHHBIX CUCTEM,
00eCneunBarolMX CBOEBPEMEHHBINI OOMEH MAHHBIMU MEXKIY pa3jiny-
HBIMHU BEJIOMCTBAMU U PETMOHAMHU, a TaKke MH(DOpMUpOBaHUE Hacele-
HUS O pUCKax U Mepax npodunaktuku. Hakonen, npoekt «CanuTapHbIN
LIUT» MPEAINoNaraeT COBEPIIEHCTBOBAHNE HOPMATUBHO-IIPABOBOM 0a3bl
C LIEJBI0 PETYIMPOBAHUS BOIIPOCOB CAHUTAPHO-3MHUAEMHOIOTNYECKOTO
Oaromnosy4usi HaCEJIEHUs, UTO OTPaXKAET KOMIUIEKCHBIN MOAX0A K obec-
MEYECHHIO OOIECTBEHHOTO 3/10POBbSI.

B pamkax peanuzanuu pazgena mnpoekta «CaHUTapHBIA LIUTY,
OPUEHTUPOBAHHOTO HA OLIEHKY PUCKOB JUISl 3J0POBbS M OOECIIEUECHHE
XUMHUYECKOM 0€30MacHOCTH IMHUIIEBBIX MPOAYKTOB, aKTUBHOE Y4YacTHE
npuHuMaroT @enepasibHoe OIOPKETHOE yupexaeHne Hayku «Denepab-
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HBIM HAYYHBIM HEHTP MEIUKO-NPOPUIAKTUYECKUX TEXHOJIOTHH yIpaB-
JICHUs PUCKaMH 3JI0pOBBIO HaceyneHus» PocmorpebHanzopa (r. [lepmb)
u HarmonanbHbIN MHCTUTYT KOHTPOJIS MUIEBBIX npoaykToB (National
Institute for Food Control, NIFC, r. Xanoii). OcHOBaHHWEM IS JIaH-
HOTO COTpyOHUYECTBa sIBIsieTcss MeMmopaHIyM O B3aUMOIIOHMMaHUU
(Memorandum of Understanding), 3akiroueHHBI MEXIy HAyYHBIMH
uHctutytamu B 2018 ronuy.

Ha 0aze meHtpa cdopmupoBaHa Hay4yHas IIKOJIA aHaIU3a pHU-
CKa JJISl 3/I0POBbS, KOHCOMUAUPYIOIIAsT OMBIT MPU3HAHHBIX U MEPCIEK-
TUBHBIX MOJIOABIX YYCHBIX B 00JIaCTH MPO(DUIAKTHUECKONH MEIUIIMHBI,
TUTUEHBI, JMHUAEMHOJIOTUN HEWH(EKITMOHHBIX 3a00JIEBaHHM, IUTOTE-
HETUKHU, UMMYHOJIOTUH, AHAIUTHYECKOW XUMHHM W MaTeMaTU4YeCKOTO
MOJICIUpOBaHUsl OuojorMueckux mnporeccoB. Illkoma pa3BUBaeT COB-
PEMEHHBIE METOJIUKU OLEHKH PUCKOB JJISI 3/I0POBBS, OOYCIOBICHHBIX
BO3CHCTBHEM Pa3HOOOPa3HBIX (HaKTOPOB OKPYKAIOIIEH CpEenbl, a Tak-
KE CHUCTEMY J0Ka3aTelIbCTB BpeJa 30POBbI0 HACEIEHUS, CBSI3aHHOTO C
HETraTUBHBIM BIMSIHUEM OKpY>Karolen cpespl. PazpabarbiBaeMbie MeTu-
KO-TTPOPUITAKTUYECKHUE TEXHOJIOTMH MUHUMHU3AIMU PUCKOB 0a3upyIOTCs
Ha TyOOKOM aHajiu3e JAHHBIX MOHUTOPHUHIA COCTOSIHUSI OKpYKarolien
cpenbl U 310pOBbs HacesneHus: Poccuu, pe3yabTaroB yrimyONIeHHBIX KIU-
HUKO-1a00pPaTOPHBIX, XUMHUKO-aHATUTUYECKUX U AMUIEMHOIOTHYECKUX
yCCIIeIOBaHUN. Pe3ynbrarsl McciieIOBaHUK BOILIOIIAKOTCS B KOMILJIEKC
METOJUYECKUX M HH(POPMAIIMOHHO-aHATUTUYECKUX JIOKYMEHTOB, HC-
MOJIB3YEMBIX B MIPaKTUUECKOM AesiTeIbHOCTH PocrioTpebHama3opa.

HanunonanbHbIi  MHCTUTYT KOHTPOJS THUIIEBBIX IPOIYKTOB
(National Institute for Food Control, NIFC) npu Munucrtepctse 31pa-
Booxpanenusi Commanuctuueckor PecryOnmku BpetHam Obul yupe-
KIeH B cooTBeTcTBUU ¢ pemeHueM Ne 376/QD-TTg ot 23 mapra 2009
roaa, uzganubeiM [Ipembep-munuctpom Conmanuctuyeckoit PecrnyOiu-
ki BbetHaMm. J[esTeIbHOCTh WMHCTUTYTA PETIAMEHTHUPYETCS pelIeHU-
amu Ne 6065/QD-BYT ot 30 nexabpst 2019 roga u Ne 5455/QD-BYT
ot 28 nexabps 2020 roga, MPUHATHIMA MUHUCTPOM 3/IPABOOXPAHCHHUS.

HannoHnanbHbIil MHCTUTYT KOHTPOJISL MUIIEBBIX MPOAYKTOB MO3HU-
[IUOHUPYETCS KaK BEYIIEe YUPEKJACHHE MO TECTUPOBAHUIO MUILEBBIX
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MPOAYKTOB B CHUCTEME 3/IpaBooXpaHeHUsi BreTHama, oOecrieunBaroliee
MOJIZIEP’KKY TOCYAapCTBEHHOMY YIIPAaBJICHHIO B MPOodeCcCUOHATLHOM Jie-
ATEIBHOCTU MUHHUCTEPCTBA 3IPaBOOXPAHECHUS U APYTUX KOMIIETEHTHBIX
OpPraHOB B CMEKHBIX 00JacTsIX, B COOTBETCTBUHU C JIEUCTBYIOLUM 3aKO-
HOJIATE€IIbCTBOM.

WNHucTuTyT pacnonaraet COBpeMeHHON HHOPACTPYKTYPOid, BKITIOUA-
IOIlEeH CHMHXPOHU3UPOBAHHOE, BHICOKOTEXHOJIOIMYHOE 000py/IOBaHue, a
TaKXke 00eCTeueH BBICOKOKBATU(UIIMPOBAHHBIM MEPCOHAIOM, YTO 00-
YCIIABJIUBAET €r0 BOCTPEOOBAHHOCTh CPEAM OpPraHU3aLMMA, OCYLIECTB-
JSIOMIUX JESATENHHOCTh B chepe yIpaBIeHHsI, IPOU3BOJCTBA U 000pOTa
nuieBord npoaykuuu. NIFC mpenocraBisieT MIUPOKUM CHEKTpP YCIYT,
oOecrieunBasi BRICOKHI ypOBEHb KauecTBa U 3((HEKTUBHOCTH, BKIIIOUAS:
MPOBECHUE UCIBITAHUM Pa3IMYHBIX BUJIOB IMHUILEBBIX MPOIYKTOB, Ka-
JUOPOBKY 000pYIOBaHHUS, CEPTUDUKALMIO MPOTYKUNH, KBATHU(PUKALIN-
OHHBIC WCTIBITAHUS, & TAKXKE KOHCYJIBTHPOBAHHE W OOyYEHHE METOIaM
orOopa mMpoO MUIIEBBIX MPOAYKTOB M Tepenaqyn TexHonorui. [Tomumo
storo, NIFC ynoiHOMOYEH KOMIIETEHTHBIMU OpraHaMU Ha MPOBEICHUE
WCIIBITAHUI M OCYUIECTBIIEHHE TOCYAAPCTBEHHOIO KOHTPOJISL B OTHOILIE-
HUU TPOAYKIIUU MEIUIMHCKOTO Ha3HAYCHUS, CEIbCKOXO3SIMCTBEHHOM,
MPOMBIIIIJIEHHON U TOProBOM cdep.

JlaHHO€ COTPYTHUYECTBO OOYCIOBICHO PACTYIIEH aKTyaIbHOCTHIO
poOIeMbl HeMH(PEKITMOHHBIX 3a00JIeBaHUH, CBSI3aHHBIX C BO3JICHCTBHU-
€M Pa3UYHbIX (PAKTOPOB OKPY’KAIOIIEH CPEe/bl, BKIIIOYAsT XUMUYECKHUE
KOHTAMHUHAHTHI B MHIIEBBIX MPOAYyKTaX. M3yueHue MUILEeBBIX MPOIYK-
TOB C MO3ULUU HEMH(PEKIIMOHHOM OMACHOCTH SIBJISIETCS KJIFOYEBBIM ac-
MIEKTOM OO0ECIEUYEHHMs 310pPOBbSl HACEJIEHMS, MOCKOJIBbKY XPOHUYECKOE
BO3JICCTBUE JaKe HU3KUX KOHIIEHTPAIUi XUMUYECKUX BEUIECTB MOKET
MPUBOANUTH K Pa3BUTHUIO NMATOJOTMUYECKUX COCTOSIHUM, BKJIIOUas CEpeU-
HO-COCYJUCThIE 3a00JI€BaHUs, OHKOJIOTUYECKHUE MPOLECChl, HApYyIICHUS
oOMeHa BeleCTB, HEUPOTOKCHYECKHE d3PPEKTh U Apyrve HeraTUBHBIE
3¢ (PEKThI CO CTOPOHBI 3I0POBBS UETOBEKA. B CBSI3M C 3TUM KOMILIEKC-
Hasl OIEHKAa 0€30TMaCHOCTH MUIIEBBIX MPOAYKTOB, BKIIOYAIONIAS aHAIHN3
XUMUYECKUX KOHTAMHHAHTOB, Pa3pabOTKy METOAMYECKUX IMOAXOIO0B K
ONPENIETICHUIO JOMYCTUMBIX YPOBHEUW UX COJIEPkAHUS M OLEHKY pUCKa
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U1 370pOBbsl NOTpeOUTENEH, MPUOOPETAET NEPBOCTEIIEHHOE 3HAUYEHUE.
CoBMecCTHbIE HCCJEIOBaHMSA B paMKaxX JaHHOTO COTPYJHHUYECTBA Ha-
IPaBJICHbl Ha PEIICHHE 3TUX aKTyaJbHBIX MpoOJIeM U pa3paboTKy Ha-
YYHO OOOCHOBAHHBIX MOJXOJ0B K MUHUMU3ALMH PUCKOB, CBA3aHHBIX C
XUMHUYECKUMH (paKTOpamMH MHILEBOTO MPOUCXOXKICHUS, C LEeNblo olec-
[EYEHUS] CAHUTAPHO-3HUIEMUOIOTHUYECKON O€30MacCHOCTH HACEIECHUSI.

Hacrosimee n3nanue o000MaeT pe3yabTaTbl COBMECTHBIX HAy4HO-
UCCIIeIOBATENIbCKUX paboT, nmpoBeneHHbIX denepanbHbIM OIOIKETHBIM
yupexaeHneM Hayku «DenepanpHbli HAyYHBIA LIEHTP MEIMKO-IIPO-
(UIaKTUYECKUX TEXHOJIOTHI YyNpaBlIeHUs pPHUCKaMU 3J0POBBIO Ha-
cenenus» DenepanbHO ciyXObI MO0 HaA30pYy B chepe 3aluThl Mpas
norpebuTeneil u 6marononyyus yenoseka 1 HaliMoHaabHBIM HHCTUTY-
TOM KOHTPOJISI MUIIEBBIX MPOAYKTOB B niepuon ¢ 2023 no 2024 roael, u
COJIEPKUT KJIIOUEBYIO HHPOPMALIMIO 00 UX COTPYIHUYECTBE.

JUIsi yCHEIHOro BBINOJIHEHUS COBMECTHOM HAy4YHO-HCCIIEI0BaA-
TENbCKOM padoThl OblIa pa3paboraHa u coriacoBaHa /lopoxkHas kapTa
peanusaiuu NporpaMMbl COBMECTHBIX HAayYHBIX MCCIIEI0BaHUM B 00na-
CTH KOHTPOJISI Ka4eCTBA MUILEBON NpoayKIuu PenepanbHOro Hay4yHOTo
LHEHTpa MEIUKO-NPOPUIAKTUYECKUX TEXHOJIOTUHN YIIpaBiIeHUs] pUCKaMu
310poBBI0 HaceneHus, PO n HannoHambHOr0 MHCTUTYTAa KOHTPOJIS IH-
meBoi npoaykiuu, CPB B 2023-2025 rr. ComntacHo JlopoxkHOU Kaprte,
B YKa3aHHBIM NEPHOJ MPEATOIAraeTcsl BbIIIOTHEHUE COBMECTHOM Hayy-
HO-UCCJIEIOBATENbCKON padboThl 0 TeMe «OleHKa pucka Ajs 310pOBbs
HacesneHus, popmupyemMoro norpednenreM N-HUTPO3aMUHOB C MHUIIE-
BbIMU IIpoAyKTamu HaceneHnruem Conuanucruueckoi Pecryonuku Brert-
HaMm U Poccuiickoii deaepaiuu, ¢ y4eToM pa3padOTaHHBIX apaMeTpPOB
3aBUCHUMOCTH «3IKCITO3HIHA-0TBET»». Tak, B 2023 1 2024 romax OCHOB-
HOE€ BHUMaHHUE OBLIO Y/IEJIEHO pa3pabOoTKe W YTOYHEHMIO MapaMmeTpoB,
BKJIIOYAsi OMOMapKepbl SKCIO3ULUH U dPPEKTA, sl OLEHKU PUCKOB 3]10-
pOBbIO HaceneHus. B pamkax 3to# 3aiauun B 2023 roay ObLT peaan3oBaH
ATall COBMECTHOTO HAy4YHOI'O MCCIENOBaHUA MOJ Ha3BaHueM «OleHKa
pHUCKa 310POBbIO, CBSI3aHHOTO C COJIEpKaHUEM N-HUTPO3aMUHOB B MsICE
U MSICHBIX MPOAYKTaxX, NOTpebiasieMblx HaceneHneM ColnaaucTHYeCcKoM
PecniyOnuku BretHam». [lanHas pabora Oblia MpoJoiDKEHAa M pacilu-
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pena B 2024 ropay, Korja Ha OCHOBE pe3yJbTaToOB, MOJy4YeHHBIX B 2023
roay, OblT MpoBeAEH 3Tan «YCTaHOBJIEHUE MapaMETPOB 3aBUCUMOCTH
«QKCTIO3UIUA-3PPEKT» NI OLEHKU PUCKA HA OCHOBE TOKCHKOJIOTHYE-
CKOTO JKCIIEPUMEHTA C WCITOJIb30BAHUEM OMOMApKEPOB SKCIIO3UIUHU |
addexray. Pesynbrare aTana 2024 roga JAryT B OCHOBY SIHIEMUOJIO-
TMYECKOT0 MCCIENOBAaHMs, 3allJlaHUPOBaHHOTO B 2025 roay M Hampas-
JIEHHOTO Ha YTOYHEHHE U MOJATBEPKICHUE YCTAHOBJIEHHBIX MMapaMeTPOB
3aBUCUMOCTH.



IUVIABA 1. COTPYAHUYECTBO ®HII MIIT YP3H U NIFC:
PABBUTHE UCCJIEJOBAHHUM B OBJIACTH XUMHNYECKOM
BE3OIMACHOCTH IMUILEBBIX MPOIYKTOB

B pamkax pa3BUTHS MAPTHEPCKUX OTHOIIEHUW U C LENBIO YINTy-
OneHust MexIyHaponHoro corpyaHuuectsa denepanbHoe OrOIKETHOE
yupexaeHue Hayku «DenepalibHbId HAy4YHBIA HEHTP MEIUKO-Tpodu-
JAKTUYECKUX TEXHOJIOTUH YIIPABIECHUSI PUCKAMU 3I0POBBIO HACEIICHUS
(O®bYH ®HII MIIT YP3H) c 2015 roma akTUBHO BKJIIOUUJIOCH B MPO-
rpammy B3aumojiericTBusi DenepalibHOM Cy:kO0bI 1O HaA30py B cdepe
3alIUTHI TIpaB MoTpeduTeneit u Onmaromoiayuyus deaoBeka U MUHHUCTEp-
cTtBa 3npaBooxpaHeHus Conuanuctudeckol PecryOonuku BpeTHam.
JlaHHO€ COTPYAHMYECTBO, HALIEJICHHOE Ha OKa3aHUE coneicTBus Bper-
HaMy B 00€CIIEYeHUH CaHUTAPHO-3MUAEMUOIOTUYECKOTO OJIaronoIyyus
HACEJIEHUs, OCITYKUJIO OTIPABHOW TOYKOM ISl JAJTbHENIIErO pa3BUTHUA
HCCJIEI0OBaHUN B OOJIACTH XMMHUYECKON 0O€30MacHOCTH MHILEBBIX MPO-
JIYKTOB, KOTOpas HalllJla CBO€ OTPaKCHUE B COTpyAHMUYecTBe ¢ Harmo-
HaJIbHBIM MHCTUTYTOM KOHTPOJISI TUIIEBBIX MMPOAYKTOB B I. XaHOM.

[Tocnenytomee pazputue corpynuuuectBa ¢ NIFC Obio 3akpe-
mieHo pacnopsbkenueM [IpaBurensctBa Poccuiickoit @enepanuu ot 13
utonst 2019 . Ne 1536-p, utO0 03HAMEHOBAJIO HOBBIM 3Tall B COBMECT-
HBIX MCCIEAOBAHMIX. DTOT dTall XapaKTEPHU30BAJICS AaKTUBHBIM OOMe-
HOM OIIBITOM M 3HAaHUSIMU MEXJY CIEUUAIMCTAMH U MOJIOABIMHU y4e-
HBIMH, YTO CTaJl0 BO3MOXKHBIM Orarojapsi yKpervleHUIO0 MapTHEPCKUX
OTHOILIGHUM MEXay ABYMs OpraHu3alusMu. 3HAYMMBIM COOBITHEM,
MOCIIYKABIIMM OTIIPABHOM TOYKOM ISl JAJTbHEUIIEr0 B3aWMOJICUCT-
BUs, CTaja IepBas BCTpeya, cocrosiBuIasics HenocpeAcTBeHHO B NIFC
B Conmammctuueckoit Pecriyonmuke BrerHam. B mepomnpusatum co cTo-
POHBI BLETHAMCKOM CTOpOHBI puHsu yyactue: Pxam Kcyan Jla (rene-
paibHBIA AUPEKTOP (Ha MOMEHT BCTpEUH), TOKTOp Hayk), Jle Txu XoHr
Xao (3amMecTUTeNb AUPEKTOpa UHCTUTYTA, Tpodeccop, JOKTOp Hayk (B
HaCTOsIlee BpeMs reHepalibHblid qupekTop)), Jle Txu dbenr Txao (Ha-
YaJbHUK OTAeNa yrpaBieHus kauectBoM), Hryen Txu I'bstHT (Hauasib-
HUK Hay4YHO-TeXHojorudyeckoro nentpa) 1 Hryem Hrok Xuyen (cneru-
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AJHMCT TI0 MEXIYHAPOIHOMY COTpyAHHUYECTBY). [IpaBoBOI1 OCHOBOI st
coTpyaHudecTBa Mexay DemepanbHbIM HAyYHBIM IIEHTPOM MEIHMKO-
npo(UIAKTHUECKUX TEXHOJIOTUN YMpaBICHHs PUCKaMHU 37J0POBBIO Ha-
ceneHns u HanmoHaIbHBIM MHCTUTYTOM KOHTPOJIS THUIIEBBIX MPOAYK-
TOB TOCTYXu1 Memopaunaym o B3auMononumanuu (Memorandum of
Understanding), noanucanusiii B 2018 rogy. JlaHHBIN TOKYMEHT Ompe-
JIETWIT paMKHU U TIPUHIUIIBI B3aUMOICHCTBUS, a TAK)KE 3aKPernusl HaMe-
pEHUsI CTOPOH MO COBMECTHOM padoTe B 00JACTH OLIEHKU U oOecrede-
HUs 0€30MaCHOCTH MUIIEBbIX poaykToB (Puc. 1.1).

€ & @

party. Access to the non-public information sharsd under this MoU shall be restricted to

the employees, officials and affiiates of me Paries who require access 1o such
information to perform their official duties, except when disclosure Is required by law,
court order or any governmental of regulatory authority. Meither Party shall use the

MEMORANDUM OF UNDERSTANDING name of the other party in any public adverlisement or announcement without the other
party’s prior written approva
ON 4. Each Party ensures that the individuals appointed to sign this Mol have the
authority to act on its behalf in the capacity indicated.
PROGRAM OF SCIENTIFIC RESEARCH ON FOOD 5. This Mol is executed in two (2) cupicate originals in English, each Party
TESTING METHODS receives one (1) duplicate original, and all originals shall be equally valid
6. This Mol shall be attached with the following annexes which shall form an integral
part of the MoU
BETWEEN

FOR AND ON BEMALF OF PARTY A FOR AND ON BEHALF OF PARTY B

NATIONAL INSTITUTE FOR FOOD CONTROL
OF THE SOCIALIST REPUBLIC OF VIET NAM

AND s Pn'; Dr. Le Thi Hong Hao
Director General
FEDERAL BUDGET INSTITUTION OF SCIENCE National Institute for Food Control g
“FEDERAL SCIENTIFIC CENTER FOR MEDICAL AND Socialist Republic of Vietnam popuiation health fiskss iy

PREVENTIVE TECHNOLOGIES OF MANAGEMENT OF
POPULATION HEALTH RISKS”, RUSSIA

Memorandum of Unterstanding Memoran :' \IJllr: of IL‘;‘:,' uuuuuuuuu
NIFC - FB -

51

Puc. 1.1. MemopaHnaym 0 B3aMMOTIOHUMAaHUHU
(Memorandum of Understanding).

B coorBercTBUM ¢ MemopaHiyMoM U TiaHOM meponpusituit (Lo-
POXHOW KapToi) MOCJEeN0BaTeIbHO OCYLIECTBIISUICS KOMIUIEKC MEpO-
HOPUATUNA IO TOBBIIIEHUIO KBAIN(UKAIIMY BBETHAMCKUX CIIELUATNCTOB.
DTOT KOMIUIEKC BKJIIOYAJl CEPUI0 CEMUHAPOB, IPOBOAUMBIX HEMOCPE-
ctBeHHO B NIFC, a taxxke craxupoBku B ®DbYH OHI[ MIIT YP3H. B
2018 romy c 1eNbI0 COBEPILICHCTBOBAHUS MPOOOIOATOTOBKH IS XPO-
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MaTo-Macc-CleKTpoMeTpruyeckoro ananusa Ha 6aze NIFC Obu1 mpose-
neH cemuHap no teme «Crocod moAroTOBKU Mpo0 MUIEBOM MPOAYKITUN
K XMMHYECKOMY aHajiM3y C MPUMEHEHHEM aBTOMAaTHYECKOW CHUCTEMBbI
TBepAo(dazHoil sKcTpakmuu Sepaths ¢ MOCIETYIONMM XpOMAaTO-Macc-
CIEKTPOMETPUUYECKUM aHanmm3om» (Xanoii, mait 2018). Jlanee, B nexad-
pe 2018 roga, BbETHAMCKHE CHEMATUCThI MOTYYHIIA BO3MOKHOCTh 03-
HAKOMUTHCS C TPAKTUYECKUM MPUMEHEHHEM CIIoco0a MOATr0TOBKH Mpoo
MUIIEBON MPOAYKIIMU K XMMHUYECKOMY aHaJIU3y C MCIOJIb30BAHUEM aB-
TOMAaTHUYECKON cucTeMbl TBepAoQa3Hoi skcTpakiuu Sepaths Henocpe-
cteenHo B ®bYH OHI[ MIIT YP3H.

IIponomkas peanusaiyio HaMEUEHHBIX IIJ1aHOB, B utone 2019 roma
POCCUNCKUMH CHEIMaINCTaMi ObUIM MPOBEIEHBI 00yJarolnme ceMUHa-
pBI TIO OIICHKE PUCKa XMMHUYECKOTO 3arpsi3HCHUS MUILEBON MPOIYKIIUH
no merogukaM Kommccun Kogekc Anumentapuyc [Komuccusa Kogekc
AmumenTtapuyc. Ananu3 puckoB| u EADC [Mertoauueckue yKkazaHus 1o
YCTAHOBJICHUIO U OOOCHOBAHUIO TUTUEHUYECKUX HOPMATUBOB COJIEPIKa-
HUSl XUMHUYECKUX MPUMECEH, OMOJIOTUYECKUX areHTOB B MUIIEBON MPO-
OYKLIHH 110 KPUTEPUSIM PHUCKa JUIs 300pOBbs yesioBeka]. Ha cemunapax
OBLTA PaCCMOTPEHBI METOJIOJIOTHYECKUE ACTIEKTHI OIEHKU PUCKa, BKITIO-
yasi UACHTU(UKAIIUIO OMTACHOCTH aKTyaJbHbBIX 3arps3HUTENICH MUIIEBON
MPOIYKIMHU i1 00€UX CTPaH, YCTAHOBJICHHE 3aBUCUMOCTHU «IKCITO3H-
USA-OTBET» U MPUMEHEHUE SBOIIOLMOHHOTO MOJEIUPOBAHUS B OLICHKE
pUCKa XUMHUYECKHUX BEIIECTB B MUIIEBBIX MpoaykTax (Puc. 1.2).

Puc. 1.2. O0yuaromuuii ceMuHap o Oll€HKE PUCKOB JUIsl 370POBbSI,
npoBefeHHbIN poccuiickumu criennanuctamu B NIFC (1. XaHoil).
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Ha npotspkeHnn Bcero neprosia CoTpyaHMYECTBa B paMkax Memo-
paHayMa O B3aMMONOHMMAHHMH, HAYWHAsl C MOMEHTa €ro oQpopMIEHUs
U 0 HacTosimiero Bpemenu, Oonee 30 corpynHukoB HanmonanbHOTO
MHCTUTYTa KOHTPOJISl MUILEBBIX MPOTYKTOB IPOILIO 00yYEHUE U MOBBI-
HIeHHEe KBaJU(UKAIUU 110 METOJOJIOTUU OLEHKU PUCKOB JUIS 37JOPOBBSI.
JlaHHbIN (aKT CBUAETEIBCTBYET O 3HAUUTEIbHBIX YCWIMSX, HPEApU-
HATBIX B paMKax MapTHEPCTBA, U O CYLIECTBEHHOM BKJIAJI€ B Pa3BUTHE
npodeccuoHaNbHBIX KoMIieTeHIui crienuanuctoB NIFC, ocymiecTssie-
MBIX B COOTBETCTBHH C MOJIOKEHUIMH MeMopaHayMa.

Hapsiny ¢ oOyueHneM BbETHAMCKUX CIIELUAIMCTOB METOA0JIOIUU
OLICHKM PHUCKa IMPOBOJWIACH COBMECTHAsI HAYYHO-HCCIIEJOBATEIbCKAS
pabota «OneHka pucka Juisl 310pOBbsl HACEJIEHUS, 00YCIOBIEHHOTO CO-
JIep’KaHUEM BPEIHBIX BEIIECTB B MUIIEBOW MPOMYKIMU». JTa padora,
OXBAaThIBAIOIIAsl MATWIETHUI Nepuos, Obljla HalpaBiieHa Ha yriIyOieHue
NOHMMAaHUS U PA3BUTHE METOOJOTUYECKUX TOAXOA0B B 001aCTH OIEH-
KM pHCKa.

Ha npoTrskeHnM 1ATH €T POCCHUNCKHE M BBETHAMCKHE CIELHa-
JMCTHI BEJIM COBMECTHYIO MEKIYHAapOIAHYIO paboTy, HAlpaBICHHYIO Ha
aHaJIM3 M OLUEHKY pHCKa ISl 340pOBbs, O0YCIOBIEHHOIO COAEPKAHUEM
N-HUTPO3aMHHOB B CIIELHAJIN3UPOBAHHBIX IHIIEBBIX MPOAYKTAX IS
JieTeld paHHEro Bo3pacta. B paMmkax aHHOTO COTPYIHHYECTBA ObLIU
TaKkke pazpaboTaHbl METOJUYECKUE MOIXO0/bI K BEIOOPY MUILEBBIX MPO-
JTYKTOB JUI JajJbHEWUIIEH OIIEHKH OMACHOCTU U KOHTPOJS COIep KaHUs
HEIPETHAMEPEHHO IPUCYTCTBYIOIIUX XUMHUYECKUX BEUIECTB B IHIIE-
BOH MPOJIYKLHMH, OCHOBaHHbIE HA KpUTEpHUAX BbIOOpa. Pe3ynbraTsl mpo-
BEICHHBIX UCCIIEOBAaHUN OBLIN OITyOIMKOBaHbI B MOHOTpadusx MoA pe-
JAKIMEeN IIaBHOTO T'OCYJAapCTBEHHOIO CaHWTApHOToO Bpadya Poccuiickon
®denepaunu, JOKTOpa MEAUIIMHCKUX HaykK, ipodeccopa A.1O. [Tonosoii,
akanemuka PAH, nokrtopa MeauuuHCckux Hayk, npogeccopa I'I. Onu-
meHko u akanemuka PAH, noktopa MenumuMHCKUX Hayk, rpodeccopa
H.B. 3aiiueBoit (Puc. 1.3) [AHanu3 pucka 340pOBbI0 B CTpaTeruu ro-
CYJIapCTBEHHOI'0 COLIMAJIbHO-IKOHOMHUYECKOTO pa3Butus: MoHorpadus;
OnbIT POCCHICKO-BBETHAMCKOTO COTPYIHMYECTBA B OONACTH Pa3BUTHS
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o0ecrneueHus XMMUYECKOW 0€30MacHOCTH MUIIEBON MPOIYKLIUU: MOHO-
rpadus].

PWOKA 3ADPOBHN
B CTPATE A
MOCYAAPCTEEHHOMD
COUMAALMO-
SOOMOAHECOTD

ONMT POCCHACKD-BETHAMCKOND
COTPYAHMMECTEA B OBAACTH PAIBMTHA
OEECNEYEHME MWYEC KON BEIONACHOCTH
NAWEBON NPOAYKLIMA

Puc. 1.3. CoBmectnbie MoHorpapuu ®bYH OHI[ MIIT YP3H
u NIFC (2022-2024 rr.).

lTonpl ycmenmrHoro cOTpyIHMYECTBA MEXAY HayYHO-HCCIIEI0BA-
TEJIbCKUMU UHCTUTYyTaMu Poccuiickon denepanuu, mMpeacTaBICHHBIMU
®bYH OHI] MIIT YP3H, u Coumanucrtuyeckoit Pecriyonuku Brert-
HaM, npeacrtabiieHHbIMU NIFC, 0OCHOBaHHOTO Ha MPUHIUIIAX B3aUMHO-
T'O JIOBEpHUsI, OTKPHITOCTH U YBOKECHHUS, 3aJI0KUIIU MPOYHYIO OCHOBY ISt
JanbHEHNIIero pa3BUTHs MapTHEPCKUX OTHOIIEHHM B oOnacTu obecrie-
YeHUSI TPOJOBOJILCTBEHHON 0€30MacHOCTH. DTOT 3Tal COTPYIHUYECT-
Ba, HAMpPABJICHHBIM HA CO3JaHWE HANEKHBIX M I(P(OEKTUBHBIX CUCTEM
KOHTPOJISI KAYeCTBa MUIIEBBIX POAYKTOB U OILIEHKY PUCKOB, UTPAJT KO-
YEeBYIO POJIb B 00ECIIEUEHHUH 37I0POBbs U OJaronoiyuusi HaceiaeHus: 00e-
UX CTpaH.

BroxHoBIIeHHBIE IOCTUTHYTHIMU yCIIEXaMHU U 0CO3HABasl BAXKHOCTh
JAJIbHEMIIETO pa3BUTHsI COBMECTHBIX ycrini, Poccust u BeeTtHam onpe-
JEIWIN HOBBIE CTPAaTErMYeCKUe HampaBieHUs cOTpyaHuuecTBa. Haum-
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Hasg ¢ 2023 roma denepanbHas ciayk0a Mo HaA30py B cdepe 3aliuThl
npaB norpedurenel u oaarononyuuns yenoBeka Biatodmia ®bYH OHI|
MIIT YP3H B ®enepanbHbiii mpoeKT « CAaHUTAPHBINA IHUT». ITO OTKPbI-
JIO HOBBIE MEPCIEKTUBBI ISl POCCUICKO-BBETHAMCKOIO COTPYIHUYECTBA
B 00JacTH MPOJOBOJILCTBEHHOM Oe3ornacHocTu. [IpoekT HampaBiieH Ha
CO3JIaHUE €IMHOM CUCTEMBbI 3aIUThl HACEJICHUS OT OMOJIOTHYECKUX, XU-
MUYECKHX W PaJIMAllMOHHBIX yTPpo3, BKIoYas odecreyeHrue 0e30MmacHo-
CTH THUILIEBBIX MPOAYKTOB.

B pamMkax HOBOro srama mapTHEpCTBa ObUT PACIIMPEH CHEKTP
COBMECTHBIX HCCIIEJOBAaHUM, MPU 3TOM IJIaBHBIM HAIpPABIECHUEM CTa-
JIO pa3BUTUE METOJOJIOTMYECKUX MOAXOI0B K KOJUYECTBEHHON OIICHKE
HEKaHIIEPOTEHHOI'0 pUCKa JIsi 00eCredyeHus MPOI0BOJILCTBEHHON 0€3-
OMACHOCTU. DTU pa3pabOTKN OCHOBBIBAIMCH Ha MepeaoBoM onbite Poc-
cuiickoii deaepannu, MPEeACTABICHHOM B KOJUIEKTUBHON MOHOrpaduu
«AHaJIU3 pUCKA 3[0POBBI0 B CTPATErMM TIOCYJApPCTBEHHOIO COLMANb-
HO-3KOHOMHMYECKOIO Pa3BUTH» [AHaIN3 pHUCKa 310POBBIO0 B CTPATETUU
roCyJapCTBEHHOIO COLMAJIbHO-OKOHOMUYECKOIO pa3BuTHs: MoHorpa-
¢bust; OnbIT POCCUNCKO-BLETHAMCKOTO COTPYIHUYECTBA B 001acTH pas-
BUTHS 00€CIIEUeHUs] XUMUYECKON 0€30MacHOCTH MUILEBON MPOAYKIIUU:
MoHorpadusi|, koropas sBiseTcss (yHIaMEHTAIbHBIM TPYAOM B 00Ja-
CTH OLIEHKH pUCKA JJIA 370POBbsl HACEJICHHS U SABIIAETCS 0a3ncoMm JUisl
nporpamMm oOyuenus crueranictoB NIFC B wacTu orieHKH U yIpaBiie-
HUSI pUCKaMU 3/I0POBbIO. DTO HANpaBIEHUE BKIIIOYAJIO B ce€0sl CO3/IaHue
napamMeTpoB U KPUTEPHUEB JUIsl KOJIMYECTBEHHOM OLEHKH HEKaHIEpO-
TeHHOI0 pHUCKa, & TakXke pa3padoTKy HaydyHO OOOCHOBAaHHBIX METOJOB
aHaJIM3a, KOTOPbIE MO3BOJISIOT TOYHO ONPEAENIATh YPOBEHb OMACHOCTH,
CBSI3aHHOW C NPHCYTCTBHEM HEKAHLEPOI€HHBIX BEIIECTB B IMUUIIEBOM
POy KIINH.

Takum o6pazom, Briouenue ®bBYH ®HI[ MIIT YP3H B ®ene-
panbHbld MPoeKT «CaHUTAPHBINA MIUT» CTAN0 BaXKHBIM I1aroM Ha IyTH
K YKPEIUIEHUIO POCCUICKO-BHETHAMCKOIO MAapTHEPCTBA B 0OJACTH IPO-
JTIOBOJILCTBEHHON 0€30MacHOCTU. DTOT HOBBIM A3Tam COTPYAHUYECTBA
OTKpPBUI IIUPOKHE NMEPCHEKTUBHI ISl JAJbHEUIIIETr0 pa3BUTUSI HAYUYHBIX
UCCJIeI0BaHUN, OOMEHA OIBITOM M TMPAKTHUYECKOM peau3aiiu IMory-
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YEHHBIX PE3yJIbTATOB, HAPABICHHBIX Ha 0OECIeUeHne 3710pOBbs U OJia-
rononyuus HaceneHus ooeux crpaH. NIFC cran HeoThemiieMoi 4acThio
ATOTO MpOIlecca, BHOCS 3HAYUTEIbHBIN BKJIaJ B 00IIee Je0.

B pamkax peanuzanuu ®enepanbHoro mnpoekta «CaHUTApHBIN
IIUT» U HOBOTO 3Tara pOCCUHCKO-BHETHAMCKOTO MApTHEPCTBA ISl CIIe-
1uanucToB HalimoHaabHOTO MHCTUTYTA KOHTPOJIS MTUIIEBBIX MPOIYKTOB
cnenuasuctamu @BYH ®HI[ MIIT YP3H 6butn mpoBenensl o0yua-
IOIllME CEeMUHApbl, IPEICTABICHHbBIE KaK OMBITHBIMHU, TaK U MOJOJbIMU
yuenbimu (Puc. 1.4).

Puc. 1.4. Ilposenenue corpynaukamu @BYH OHI] MIIT YP3H oly4arommx
ceMuHapoB 1o Teme «OLeHKa pUCKa JJis 310pOBbs HaCEICHUs, (POPMUPYEMOTO
MOCTYIUICHHEM XUMUYECKUX BEIIECTB C MUIIEBBIMH MPOTyKTaMH,
¢ ucnoib3oBannem Merogoioruu EDKy» na 6a3ze NIFC, 2023 r.

Tax, B 2023 rogy corpynuukamu ®bYH ®HI[ MIIT YP3H Obuu
IpOBEJIEHbl O00ydarolllue CEMUHApPBI M0 OLIEHKE PHUCKA ISl 30POBbS
HacesieHusl, GOPMUPYEMOro MOCTYIJIEHUEM XHMHYECKUX BEIIECTB C
MUIIEBBIMU MPOAYKTAMHU, C HCIOJIb30BaHUEM MeToaojoruu EBpaszuii-
ckoil sxoHomuueckoit komuccuu (EDK). B pamkax cemunapoB Obutn
PacCMOTPEHBI KIIFOUEBBIE ACHEKTHI METOOJIOIMU OLIEHKH PHUCKa 3/10-
POBBIO, a TAK)KE MPUMEHEHHE OMOMapKEPOB HKCIIO3UIIMM U OTBETA JJIs
oOecrnieueHus: 0€30MIaCHOCTH MHUIIEBBIX MPOAYKTOB [0 KPUTEPUSIM PU-
CKa. YYAaCTHUKM CEMHUHAPOB MOJYUYWJIM MPAKTUYECKHUE HABBIKM MPU-
MEHEHUSI COBPEMEHHBIX METOAOB aHajlu3a U UHTEPIPETAUUH TaHHBIX,
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YTO CHOCOOCTBOBAJIO MOBBIIMICHUIO UX MNPOPECCHOHAIBHON KOMIIe-
TEHTHOCTH.

[IpoBeneHHbIE MEPONIPUITHS MOAYEPKUBAIOT BAXKHOCTh MEXKIyHa-
POTHOTO COTPYAHHYECTBA U OOMEHA OMBITOM B O0OJACTH OIICHKH PHUCKOB
3I0POBBIO, @ TaKXe JAEMOHCTPUPYIOT YCIHEUIHYI0O MHTErPAIUI0 TEope-
TUYECKUX 3HAHWUW U MPAKTHUYECKUX HABBIKOB B 00pa30BaTeNIbHBIE IMPO-
rpammbl 118 crieruanuctoB NIFC.

Kpome Toro, mo pesynabraram CeMHUHApOB ObLT HAMEUEH YETKHUUH
IJIaH JAJbHENIINX NEUCTBUM, YUYUTHIBAIOIINN KaK HAyYHO-METOAUYE-
CKHE aCIIeKThI, TaK U MPAKTUIECKYIO 3HAYMMOCTh COBMECTHOU pabOThI
TS 3aIUTHI 370POBbs HaceneHus: ooeux crpad. NIFC aktuBHO yuact-
BOBAJI B IJIAHUPOBAHUU PA0OT U OMNpEACICHUN MPUOPUTETOB COTPY/I-
HUYECTBA, YTO HAIILJIO OTPAKEHHUE B MOANUCAHHONW 00€UMHU CTOPOHAMU
Jlopo’)kHOM KapTe COBMECTHOW Hay4YHO-HUCCIIEA0BATEIbCKON paboThI
(Puc. 1.5).

y
APPROVED APFROVED |
I

Director general of 3 Director of
tapal Institute for Food Control, The Federal Budget Scientific Instifution “Federal Scientific Center
— Hanpi, Socialist Republic of Vietnam for Medical and Preventive Hedlth Risk Managément Technologies™,

EN f - Perm, The Rpssian Federation

A |

A o |
Assoc. Prof. Le Thi Hong Hao SPRD, DSe: Yadim B. Alekseev

4

26 April, 2023

ROADMAP OF THE JOINT SCIENTIFIC RESEARCH PROGRAM IN THE FIELD OF FOOD QUALITY
CONTROL IMPLEMENTED BY THE FEDERAL SCIENTIFIC CENTER FOR MEDICAL AND
PREVENTIVE HEALTH RISK MANAGEMENT TECHNOLOGIES, RUSSIAN FEDERATION AND THE
NATIONAL INSTITUTE FOR FOOD CONTROL, SOCIALIST REPUBLIC OF VIETNAM IN 2023 - 2025

Puc. 1.5. CornmacoBaHHbBIN MJIaH COBMECTHBIX HAYYHBIX MCCIIEIOBAHUI
(dopoxnas xkapra) ®bYH ®HI[ MIIT YP3H u NIFC.
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PesynbraToM 06CykIeHMs MIIaHOB PabOT CTaI0 OMpeIeICHUE KITI0-
YCBBIX HAIIPaBJICHUN COBMECTHBIX HCCJICIOBAaHMIA, HAIPaBICHHBIX Ha
obOecrnieueHre MPOJOBOJILCTBEHHON Oe30MmacHOCTH. Tak, B XoJe 00Cy-
wxaenus crnenuanuctel ®bYH OHIL MIIT YP3H u NIFC onpenenunu
MIPUOPUTETHBIM HAIPABIEHHEM COBMECTHBIX uccieaoBaHui B 2023 L.
OILICHKY pHCKa JIJISl 370POBbS, CBSI3aHHOTO C N-HUTpO3aMUHAMU B MsICE
U MSICHBIX MPOIYKTax, MoTpedisieMbix Bo BoeTtHame. DTOT BbIOOp 00-
YCJIOBJICH T€M, YTO UMEHHO MSICHBIE MPOIYKThI, OCOOEHHO IMOCIIE Tep-
MHYECKON 00pabOTKH, MOTYT MPEACTABISATh HAUOOJBIIYI0 ONACHOCTH
M3-32 BO3MOXKHOIO coliepaHusi N-HUTPO3aMHHOB — MOTEHIHAIbHBIX
KaHieporeHoB. Kpome Toro, akTyaJlbHOCTh JaHHOW TPOOJIEMbI HA MU-
poBoM ypoBHe [EFSA Panel on Contaminants in the Food Chain, 2023;
EFSA CONTAM Panel, Schrenk, Bignami et al., 2023] ctumynupyer
pPa3BUTHE dTOW TEMBI B COTPYIHHUYECTBE ¢ BbETHAMCKUMHU MApPTHEPAMHU.
Cnenytomum 3tanoM (2024 1.) coBMECTHOI pabOThI CTaI0 ONpeAeIeHUe
mapamMeTpoB JJIsi KOJWYECTBEHHOW OIICHKM HEKAHIIEPOTCHHOTO pPHCKa
HUTPO3aMUHOB, MTOCKOJIbKY PSAJT UCCIIECIOBAHUM CBUJIETEIBCTBYET O TOM,
YTO HEKaHLEPOTeHHBIN pUCK (0COOEHHO (DOpMHUpPYEMBI B OTHOIIEHUHU
NEYEeHN) MOKET HACTYIUTh paHblile, yeM KaHieporenusiii [Deveci, Tek,
2024; CyBopos, 3aiuesa, lllyp u op., 2023].

Jlns peanuzanuu noctaBieHHBIX 1eneil B 2023 rogy Oblia pea-
JM30BaHa KOMIUIEKCHAs MporpamMMma oOy4eHUs W TOBBIIIECHUS KBaJW-
¢dukauu crnenuaiuctoB. OCHOBHOUM (hOKyC MporpamMmbl ObLT HaIpaB-
JIEH Ha COBEPIICHCTBOBAHWE HABLIKOB OIICHKH PUCKOB JJIsI 3I0POBbBS
HACeJIeHUS, CBSA3AHHBIX C BO3JIEMCTBUEM XUMHUYECKUX (PAKTOpPOB, a
TaK)K€ Ha BHEIPEHUE COBPEMEHHBIX METOAOB MPUMEHEHHUs OuomMap-
KepOB dKcno3ulini U 3d(dexra B MPaKTUKy MOHUTOPUHTA U KOHTPOJIS
0e30MmacHOCTH NUIIEeBON npoayKiuu. OOydeHne MPOBOAMIOCH KaK Ha
6a3ze NIFC, tak u na 6aze ®5YH ®HII MIIT YP3H, uto obecmneunio
KOMITJIEKCHBIN TMOJXO0J M aJanTalllio MOJYYeHHBIX 3HAHUM K 3aja4am
WHCTHUTYTA.

TeopeTndeckasi MOATOTOBKA BKJIIOYANia CEPUI0 CEMHHAPOB, TTOCBS-
IMICHHBIX METOJIOJIOTHH OIICHKW PUCKOB. YYaCTHUKHU YITyOJICHHO M3yYa-
JM BOIPOCHI UACHTU(PUKAIIMM OMACHOCTH, aHAJIN3a 3aBUCUMOCTH «J0-
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3a-3(h(pexT», OIEHKU IKCIO3UIIMM U XAPAKTEPUCTUKH pUCKOB. Ocoboe
BHUMAHHE YIEJSUIOCh MOCTPOCHUIO CIIEHAPUEB SKCIIO3UIIMH, aHATU3Y
HEOMNpPEICIICHHOCTEN U MHTEpIpETaluu pe3yabTaToB. OTAeIbHBIN OJI0K
CEMUHApOB ObLI MOCBALIEH OMOMapKepaM: UX KilacCU(PUKalUu, Baaua-
UM, METOJaM ONpE/EIICHUs, a TaKKe€ MPUMEHEHHUIO JJIsi OLEHKH HKC-
MO3UIIMY HACEJICHHUS] U PAHHETO BBISBICHHUS HETaTHUBHBIX 3(PdekToB. B
TEOPETUUYECKUX 3aHATHIX ydacTBoBanu § crnennanuctoB NIFC, yto mo-
3BOJIMJIO OXBATUTH KITIOUEBBIE HAPABICHUS JAEITEIbHOCTH HHCTUTYTA.

[TpakTrueckasi MOATOTOBKA ObLIa COCPETOTOUYCHA HA OCBOCHUH Me-
TOIOB paboThl ¢ OnonorndyeckuMm Marepuasiom. Ha 6aze ®BYH OHI]
MIIT YP3H cnenuanuctel NIFC orpabareiBany HaBBIKH 3200pa KpOBU
y Ja0OpaTOPHBIX >KMBOTHBIX C COOJIFOJIEHUEM ITHUYECKUX HOPM U Tpe-
OoBanuii OezonacHocTU. B pamkax oOydeHus 4 cOTpyIHHUKAa MHCTHTYTa
OCBOMJIM METOAMKHU OTOOpa, KOHCEpBAllMM U TPAHCIOPTHUPOBKH 00Opa3-
II0B, a TaK)K€ HAYYMJIHCh BBIOMpAaTh MOAXOASAIINN OroMarepuan B 3aBU-
CHMOCTH OT 1eneit uccienoranus (Puc. 1.6).

Puc. 1.6. OcBoenue HaBbikoB cnienpanuctamu NIFC 3abopa OGuonorniyeckoro
MaTtepuaia y 1adopaTopHbIX )KUBOTHBIX Ha 6a3e ®BYH ®HI] MIIT YP3H, 2023 .
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Peanuzanuust nporpaMmbl MO3BOJMJIA 3HAYUTENBHO YCUIUTH KOM-
nereHnu coTpyaHukoB NIFC B o0macTu OIIEHKM PUCKOB 3710pPOBbBIO
Y BHEJPEHUS WHHOBAIIMOHHBIX MOJXOJO0B, TAKUX KaK MCIOJIb30BaHUE
ouomapkepoB. [IproOpeTeHHBIE HABBIKH CHOCOOCTBYIOT TMOBBIMICHUIO
TOYHOCTH KOHTPOJIS KaueCcTBa MUINEBON MPOMYKIIMH, 000CHOBAHHOCTHU
pEIIeHUI 0 MUHUMH3AlUA PUCKOB U YKPETUICHUIO CUCTEMBI Oe30rac-
HOCTH MHIIEBBIX NPOAYKTOB B Poccuu. JlanpHeillnee pa3BUTHE 3TOTO
HarpaBJieHus1 OyJIeT CrioCOOCTBOBATh COBEPIIEHCTBOBAHUIO HAyYHO-ME-
TOIMYECKON 0a3bl MHCTUTYTA U YCUJICHHUIO €T0 PO B 3aIUTE 310POBbS
HacCeJICHUSI.

Kpome Toro, nns peanuzanuu HaMEUEHHBIX IUIAHOB COTPYAHHUKA-
vMu ®BYH ®HI[ MIIT YP3H Obiia mpoBefieHa CTaKUPOBKa CIIEIHa-
muctoB NIFC Ha pabouem mecte no teme «TexHuka 3abopa KpoBU y
na0opaTtopHbIX KUBOTHBIX» (Puc. 1.7). lanHOe MeponpusiTue mo3BoJIu-
JI0 YYaCTHUKAM OCBOUTH COBPEMEHHBIE METOJbl U TEXHOJIOTUU B3SITUS
OMOJIOTHYECKUX 00pa3loB, UTO SIBISETCS BAXXHBIM JTAllOM B TPOBEE-
HUU DKCIIEPUMEHTAIBLHBIX HCCIEA0BaHui. B xome cTraxxupoBku ocoboe
BHHUMAaHHE YAEISIIOCh COONIIOIEHUIO ITUUYECKUX HOPM U MPaBUI pabOThI
¢ 71a0OpaTOPHBIMHU KUBOTHBIMH, a TAKKE€ MHUHUMU3AIMU CTpecca s

Puc. 1.7. Craxuposka crienuanuctoB NIFC Ha pabouem Mecte 1o Teme
«Texnnka 3a00pa KpoBH y 1a00PATOPHBIX KUBOTHBIX», 2024 T.
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’KUBOTHBIX TP MPOBEACHUHU Mpoleayp. B xone craxxupoBku Ha pado-
yeM MecTe Obuto o0yueHo 5 cnernuanuctoB NIFC.

[TonyueHHble HABBIKM UMEIOT KIIFOUEBOE 3HAYEHUE JJISl JajIbHEM-
IINX WCCIICIOBAaHUHN B OOJIACTH OIEHKU TOKCHKOJOTHYECKUX 3(PPEeKToB
XUMUYECKUX BEHIECTB, BKJIIOYasi N-HUTPO3aMUHBI, U WX BIMSHUSA Ha
OpraHu3M. YYacCTHUKHU CTAKHPOBKU TAKKE O3HAKOMHIIUCH C METOAAMU
00pabOTKU M XpaHEHUs OMOJIOTMYECKHX 00pa3IloB, YTO 0OeCIeurBaeT
BBICOKYIO TOYHOCTb M JOCTOBEPHOCTH PE3YJILTATOB aHAIN30B.

[IpoBeneHne naHHOTO OOYyYEHHSI CIOCOOCTBOBAJIO YKPEIUICHHIO
npodeccruoHanbHbIX KommeTreHnui cnenuanictoB NIFC u obecreunno
MIPEEMCTBEHHOCTh MEPEIOBOTO OIbITA B 00JACTH JTaOOPATOPHBIX HCCIIe-
JIOBaHU. ITO, B CBOIO OUEPEb, CO3[IAET OCHOBY ISl peajM3aliy dTamna
HaMeueHHOU paboTsl Ha 2024 rop.
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IJTIABA 2. OIEHKA PUCKA 3I0POBbIO, CBA3AHHOI'O
C COAEP’KAHUEM N-HUTPO3AMMHOB B MSCE U
MACHBIX HPOAYKTAX, IOTPEBJAEMbBIX HACEJIEHUEM
COLMAJIMCTUYECKOHN PECIYBJIUKU BbETHAM

B coorBerctBun ¢ «JlOpOKHOM KapTOM» COBMECTHOW HAy4YHOM pa-
6ot1bl Ha 2023 roja, pa3paboTaHHON B paMKax peaju3alfi IPorpaMMBbl
«CaHuTapHBIN MKTY», ObUT MPOBEJEH KOMIUIEKC UCCIEA0BAHUM MO OIEH-
K€ PHUCKa 3JI0pPOBbIO, CBSI3AHHOIO C coliepkaHueM N-HUTPO3aMUHOB B
MsICE M MSICHBIX IIPOJYKTax, MoTpebisieMblx HaceneHuem ConuanucTu-
yeckoit Pecrrybnmku BreTHam.

OCHOBHBIM KpUTEpUEM 0OE€30MTaCHOCTHU MPOAYKIIUHU, KaK U3BECTHO,
ABJISICTCS BEJIMYMHA PHUCKA, CBA3AHHOTO C NMPUYMHEHHUEM BpeEna KHU3-
HU UM 310poBbI0. OleHKa pHUCKa, B CBOIO OY€pe/lb, MMO3BOJISIET yCTa-
HOBUTH CBSI3b MEXKJly KOHIEHTpallUell BeIeCTBA-3arps3HUTENSI B IH-
IIEBBIX MPOAYKTaX, JIMTEILHOCTHIO BO3JECUCTBUS HEOIATOMPUSITHOTO
dakTOopa M BEPOSTHOCTHIO HETATUBHBIX IMOCIEACTBUN I 310POBBS
yenoBeka. K 3Tum mociiencTBUsAM OTHOCSTCSI, B TOM YHUCJIE, Pa3BUTHUE
KaHIIEPOTE€HHBIX M HEKAHILIEPOTE€HHBIX 3(PPEKTOB, a TaKXKE CMEPTEb-
HbIe Ucxonbl 3a0oneBanuili. Kpurepuem 0€30MacHOCTH B IaHHOM KOH-
TEKCTE SABIISIETCA JOCTHUKEHHUE TaK HAa3bIBAEMOIO YPOBHS «IIpUEMJIE-
Moro (momycTtumoro) pucka». Ilom 3TUM MOHMMAaeTcsi TaKOW YpOBEHb
pHUCKa, KOTOPBIM HE TpeOyeT MPUHATHUS JOTOJHUTEIBHBIX MEpP MO €ro
CHI)KCHUIO M OLIEHWBAETCS KaK HE3HAYUTENIbHBIA U NMPUEMIIEMBIN 10
OTHOLLEHHUIO K PUCKaM, CYUIECTBYIOIIMM B MOBCEIHEBHOM >KU3HU Ha-
CEJICHUS.

OueHka prcKa 370pOBBIO HACEJIEHHS] IMPOBOAMIIACH B COOTBETCT-
BUH C TMOJIOKEHUSIMU «PyKOBOZACTBA IO OILIEHKE PUCKA 3/I0POBBIO Hace-
JICHUs TIPU BO3JAEHUCTBUM XHMHUYECKHX BEIIECTB, 3arpsi3HSIONIUX Cpe-
ny ooutanus P.2.1.10.3968-23» (manee — PykoBoacTtBo) [PykoBomcTBO
P.2.1.10.3968-23], a Takke ¢ METONOJIOTMEN OLEHKU PUCKA, TPUHATOU
Ha TEppUTOpUU CTpaH EBpa3suiickoro 3KOHOMHUYECKOTro coro3a [Pa3z-
paboTKa METOMUYECKUX YKa3aHWUW MO YCTAHOBJICHHUIO M O0OOCHOBAHHIO
TUTUEHUYECKUX HOPMATHBOB COJEP’KaHUS XUMUUYECKUX MpUMecei, Ou-
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OJIOTMYECKHX areHTOB B MUIIEBBIX MPOAYKTAX IO KPUTEPUSIM pHUCKA
3JI0pPOBBIO UEJIOBEKA].

B cooTBeTCTBHM ¢ METONOJIOTUEN OLIEHKH PUCKA U MOJOKEHUSIMU
PykoBoncTBa, BBITIOJIHEHUE PAOOT MO OLIEHKE PUCKA JIJIsl 3JI0POBbs HACe-
JICHUS BKJIFOYAJIO B CE0s1 YEThIPE OCHOBHBIX ATara:

* UACHTU(UKALIUS OMACHOCTH, BKJIOYArONasi B ceOs BBISBICHHE
MOTEHIIMAIIBHO BPEIHBIX (DAaKTOPOB, OIEHKY CBSI3U MEXKIY H3y4aeMbIM
(bakTopoM U HAPYIICHUSIMU COCTOSIHUS 37I0POBBS, a TaKXKE aHAIU3 JI0-
CTaTOYHOCTH W HAJIEKHOCTU UMEIOIINUXCS JaHHBIX 00 YPOBHSIX 3arpsis-
HEHHUSI TTUIIEBBIX MPOIYKTOB UCCIIENYEMbIMU BEIIECTBAMU;

* OIICHKA 3aBUCUMOCTHU «3KCITO3UIMS—OTBET»: BBISIBICHUE KOJIUYE-
CTBEHHBIX CBSI3€M MEXIY NOKA3aTelIIMU COCTOSHMS 3J0POBbSI U YPOB-
HSIMH SKCIIO3UIUH;

* OIICHKA HKCIIO3UIMHA XUMUYECKUX BEIIECTB HA YEJIOBEKA, BKIIIO-
yasl ONpeIeICHUE BO3ICUCTBYIOMINX J03;

* XapaKTEPUCTUKA PUCKA, BKIIFOUAIOIIASl PACYET PUCKOB U CPaBHU-
TEJIbHYIO UX OIICHKY.

[TockonbKy IpEeIMETOM OLEHKH pUCKA SIBISJIOCH BIUSHHUE COMEP-
*aHusg N-HUTPO3aMHUHOB B MSICE M MSICHOM MPOAYKIHH Ha 3I0POBbE Ha-
cenenus Cormanuctuuecko PecryOonmukun BreTHaM, 0OCHOBHBIMH 3aj1a-
yaMu JTaHHOW paOOThI SIBJISIIUCH:

1. mpoBeaeHue UAECHTU(PUKAIIMK OMACHOCTH N-HUTPO3aMUHOB; OT-
OOp MPHUOPUTETHBIX MO CTEMEHU OMACHOCTH IS 3I0POBbSI XUMUUECKUX
(bakTOpOB C 1IENIbIO MOCEAYIONIEH KOJIMUYECTBEHHON OLIEHKH PHUCKA;

2. 0000I1IeHre TaHHBIX O TapamMeTpax W KPUTEPHSX IS OIICHKHU
3aBUCUMOCTH «J103a—OTBETY;

3. MPOBEACHUE OLEHKH 3KCIIO3UIUKN N-HUTpO3aMHUHAMHU, MMOCTyMa-
IOIIUMU € TTOTPEOISIEMBIMU MSICOM M MSICHBIMU MPOAYKTaMH, pealinu3ye-
MbiMu B Conmanuctudeckor Pecriyonuke BreTHam;

4. XapakTepHUCTHKa PUCKA I 3JI0POBhSI HACENIEHUs MPHU MOTpedIie-
HUU MsICA M MSICHBIX MPOAYKTOB, peain3yemMbiX B CoOIMaIuCcTUYECKOU
PecnyOnuke Bretnam, Ha ocHOBe K03()(UIIMEHTOB OMACHOCTU U ypPOB-
HS KaHIEPOTEHHOTO PUCKA, a TAKKE BBIICICHUE NPUOPUTETHBIX N-HU-
TPO3aMHUHOB, JJIsl KOTOPBIX IeJIeco00pa3Ha pa3padoTKa mapaMeTpoB JJis
KOJIMYECTBEHHOW OIIEHKH HEKAHIIEPOTEHHOTO PUCKA.
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O1ieHKa prCKa OCHOBBIBAJACh HA COBMECTHBIX YCHJIMSX, BKJIKOYAs
WCIIOJIb30BAaHUE JIaHHBIX, MOJIyYeHHBIX B Xojie ucciuenaoBanuii NIFC, no
KOJIMYECTBEHHOMY CO/IepKaHui0 N-HUTPO3aMHUHOB U 00BEMaM TOTpe-
OneHus Msica U MSCHBIX TTPOAYKTOB JIETCKUM U B3POCIIBIM HACEIICHUEM.

NpenTudukanus onacHOCTH N-HUTPO3aMHUHOB
IJISL TIOCJIeAYOIel KOJIMYEeCTBEHHOM OL[EHKH PUCKA

B pamkax stana uaeHTH(PUKALUNA ONTAaCHOCTH ObLIO MPOBEICHO UC-
clieloBaHUE cojepkKaHusg N-HUTPO3aMUHOB B MPOOAX Msica U MSICHBIX
MIPOJIYKTOB, peaauzyeMbix Ha Tepputopun Coruanuctuueckon Pecmy-
omuku Bretnam [Le Thi Hong Hao et al., 2022]. Jlns konu4yecTBEHHO-
ro onpenenenus 9 N-uutpozamunoB (HIAMA, HMBA, HIIDA, HIBA,
HAIIA, HITunHA, HITupHA, HMoppHA, HIADA) npumensisics MeTo
ra3oBoil xpomarorpaduu-Macc-CrieKTpOMETPUH/MacC-CIIEKTPOMETPHUH.
Bcero 61 npoananuzupoBan 131 obpazer, npeactasisitomuii 98 pas-
JINYHBIX HAUMEHOBAHUM MSICHOW MPOIYKIIUH.

B xone nmpoBeneHHBIX WCCIeN0BaHUA ObUIO YCTAaHOBIICHO, YTO CO-
nepxanue N-HUTPO3aMUHOB B MsSICE U MSACHBIX IMPOJYKTaxX, peain3ye-
MbIX Ha Tepputopuu Conumanuctudyeckoit PecryOnuku BreTHam, Bapsb-
uposasiock ot 0,0002 mr/kr no 0,012 mr/kr. CpenHue KOHUEHTpauu
N-HUTPO3aMHUHOB B Pa3IMYHBIX TPyMHnax MPOAYKTOB MPEACTABICHHI B
tabnuue 2.1.

Tabmuma 2.1

Cpennee 3HaueHHe KOHIEHTPauid N-HUTPO3aMHHOB B Msice
U MSAICHBIX NIPOAYKTAX, peajusyeMbix Ha Teppuropuu CPB (mr/kr)

Msico u msic- Kapenoe 3aneuennoe | KomueHnoe
No HaumenoBa- | Hble MPOIYKTHI, | MSICO U MsIC- | MSICO M MsIiC- | MSICO M MsiC-
HUE BEIIEeCTBA | MPUTOTOBJICH- | HbIE MPOAYK- | HbIE MPOAYK- | HbIE MPOIYK-
HBIE Ha TpUiie THI THI THI
1 2 3 4 5 6
1 HAMA 0,0048 0,0027 0,0038 0,0042
2 HMDBDA <HITO* <HITO* <HITO* <HITO*
3 HIADA <HITIO* <HITIO* <HITO* <HITO*
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1 2 3 4 5 6

4 HJITIA <HIIO* <HIIO* <HIIO* <HITIO*
5 HJIBA <HITO* <HIIO* <HIIO* <HITO*
6 | HIunHA <HITO* <HITO* <HITO* <HITO*
7 | HIImpHA <HITIO* <HIIO* <HITO* <HITIO*
8 | HMoppHA <HITO* <HIIO* <HIIO* <HITIO*
9 HJIOA 0,0005 <HIIO* <HIIO* <HITO*

HIIO — nuscnuti npeden onpedenenus (0,0002 me/xe npodykma)

Kax BugHO U3 mpencTaBiIeHHBIX JaHHBIX, HAUOOJIee YacTo 0OHaApY-
*unBaeMbIM N-HUTpo3amuHoM Ob11 HIMA, KOoTOpbI TPUCYTCTBOBAJ BO
BCEX HCCJIEYEMBIX TpyNIax MPOMYKTOB, IPH 3TOM HAHUOOJBIINE CPE/I-
Hue KoHueHTparuu H/IMA Obliu BBISBICHBI B MSICE M MSCHBIX MPOAYK-
Tax, NpurotoBiaeHHbIX Ha rpuie (0,0048 mr/kr), a HaMMEHbIINE — B
xkapenbix (0,0027 mr/kr). HIDA Obu1 0OHApYXEH TOJIBKO B MsCE U
MSCHBIX MPOAYKTAX, MPUTOTOBJICHHBIX HA T'PUJIC, B CPEIHEM 3HAYCHUU
0,0005 mr/kr. Ocraneable N-auTpo3amuasl (HMDA, HJIDA, HAIIA,
HABA, HITunHA, HIlupHA u HMoppHA) Bo Bcex uccieqoBaHHBIX
npo0ax He MPEBBICKIIM HUYKHETO Tpejerna OnmpeneseHus, KOTOphlil co-
craBua 0,0002 mr/kr. Jlanubiil ¢pakt MOKeT ObITh OOYCIIOBJIEH MX HU3-
KUM COJIEp>)KaHUEM WJIM OTCYTCTBHEM B MCCJICIOBAHHBIX MPOOax.

PesynbraTe ananuza comepikanust N-HUTPO3aMHUHOB B OTOOpaHHBIX
mpo0ax Msica ¥ MACHBIX MPOAYKTOB MPOJAEMOHCTPUPOBAIIH, YTO KOHIICH-
Tpanuu OOJIBIIMHCTBA MCCIEIOBAHHBIX COCIMHEHHM, 32 UCKIIOYCHUEM
HAMA u HJI®A, 6sutn menbiie HITO 6omee yem B 95% o6pasnos. Ha
OCHOBaHUM METOJIOJIOTUYECKUX MPUHIIUIIOB OLIEHKU PUCKA COAEPKaHUE
HMBA, HIDA, HIBA, HAITA, HITunHA, HITupHA u HMopdpHA B
ATUX TPOo0ax yCIOBHO MPHUHSTO 32 HYJIEBOE, YTO MCKITIOYaeT HEOOXOIH-
MOCTbh UX JTATBHEHIIECH KOJTNYECTBEHHOM OLICHKU PHCKA.

Bwmecte ¢ Tem konnenTpanuun HIIDA B oToOpaHHBIX 00pasiiax He
MIPEBBIIIATN TIpefiesia omnpeneiaeHuss MmeHee ueM B 95% mnpo6. B cBszu
C 9TUM IIPU KOJIMYECTBEHHOM OIIEHKE PHUCKa JJid Mpo0 C comepaHueM
HIA®DA nmxe HI1O 3HaueHne ero KOHIEHTpAUK ObLIO MPUHSATO PABHBIM
MOJIOBHHE HIKHETO Tipeziena onpenenenus, uto coctapisieT 0,0001 mr/kr.
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JlaHHBIM MOAXOJ COOTBETCTBYET MPUHSTHIM B HACTOSIIEM HCCIIEI0BA-
HUM METOJOJOTHYECKUM MPHUHIIMIIAM OIICHKH PHCKA, IPUMEHSEMBIM B
CIIy4asix COJEpKaHuUs BEIIECTB HUKE Mpeiesia MX 0OHAPYKEHHS.

J7is OIIEHKW HEeKaHIIEpOTEeHHBIX 3(PPEKTOB Ha 3Tane uiaeHTU(HKA-
IIUU OMACHOCTHU ObLT MPOBEJICH aHAJIN3 TOCTYIHBIX JaHHBIX O peepeHT-
HbIX n03ax (RfD) nccnenyembix xumuueckux BemniectB. OTHOBPEMEHHO
C ATUM JUIsl KaXJ0T0 BEIIECTBA OMPEEISUIM KPUTHUECKUE OPTaHbl, CUC-
TeMbI ¥ 3P(EKThI, KOTOPbIE COOTBETCTBYIOT YCTAHOBICHHBIM pedepeHT-
HbIM fo03aM. RfD npencrasnser co0oil 01leHOYHOE 3HAYEHUE CYTOUHOIO
BO3JCMCTBHSI XMMHUECKOTO BEIIECTBA HA MPOTSKEHUH BCE JKU3HU, KO-
TOPOE, UCXOJS U3 COBPEMEHHBIX HAayUYHBIX JIaHHBIX, BEPOSITHO, HE MpU-
BOJIUT K HEMPUEMIJIEMBIM PUCKAM JIJIsl 3[I0POBbSI, BKJIIOUAsl UYyBCTBUTEIb-
HBIC TPYTIIHI HACEIICHHS.

JI7is OLIEHKHW KaHIEPOT€HHOTO IOTEHIMajda BBISBICHHBIX N-HU-
TPO3aMHHOB OblIa MpPOBEIEHA MICHTU(UKAIUS X OMAaCHOCTU B COOT-
BETCTBUU C KJacCUPUKAIMAMU MexXIyHapOIHOTO areHTCTBA 10 U3yde-
Huto paka (IARC) u ArentctBa mo oxpane okpyxarorieit cpeast CIIIA
(US EPA). Pesynbrarsl knaccuukanuu U 3HadeHus: (GaKTOPOB KaHIIE-
porenHoro norenuuana (SFo) npexacrasnens B Tabnuie 2.2.

Tabnuma 2.2

Knaccudpurkanus KaHIEPOreHHOro MOTeHuua a u paxkropsl

KAHLePOreHHOr0 NOTeHnaaa N-HUTPO3aMUHOB

No HaunmenoBanne | Knaccudpukamus | Knaccubukamms SFo, mr/
- BEIIECTBA IARC US EPA (xkr*menp)- 1
1 HIMA 2A B2 51,0
2 HJIDA 2A B2 150,0
3 HMDA 2B B2 22,0
4 HAITA 2B B2 7,0
5 HJBA 2B B2 5,4
6 HITunHA 2B B2 9,4
7 HITupHA 2B B2 2,1
8 HMopdpHA 2B - 6,7
9 HADA 3 B2 0,0049
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AHanu3 JaHHBIX, MPEJCTaBICHHBIX B Ta0muile 2.2, MOKa3bIBaET,
91O U3 9 N-HUTPO3aMUHOB, BBISIBJIEHHBIX B MSICE U MSICHBIX MTPOJIYKTAX,
no knaccudukanun IARC 2 coenunenust (HIMA u HJIIDA) oTHeceHsl
K Kiaccy 2A, TO ecThb SIBISIFOTCS BEPOSITHBIMU KaHIEpOreHaMu JJis 4e-
noBeka. 6 N-uutpo3zamunoB (HMODA, HIITA, HIABA, HITunHA, HlTup-
HA u HMopdpHA) otHecens! k kiaccy 2B kak BO3MOXHbIE KaHLIepore-
Hbl i yenoBeka. H/IMA oTHeceH k kiaccy 3, 4YTO O3HAYAET, YTO OH
HE KJIaccu(UUUpyeTcsl Kak KaHIeporeH Ui yenoBeka. CoracHo Kiac-
cupukauu US EPA, 8 N-HuTpo3aMuHOB OTHOCATCS K Kiaccy B2, uto
COOTBETCTBYET BEPOSTHBIM KAHIIEPOTE€HAM JIJIsl YEJIOBEKA, U TOJIBKO JJIst
N-MophOIMHHUTPO3aMHUHA OTCYTCTBYIOT JJAHHBIE O KaHIIEPOT€HHOCTH.
BaxHO OTMETHUTB, UTO JIsl BCEX BBISIBICHHBIX N-HUTPO3aMHUHOB CYIIIE-
CTBYIOT (DaKTOpBI KaHIIEPOT€HHOTO MOTEHIIMaIa, HeOOXOAUMbIE JJI KO-
JIMYECTBEHHON OLEHKHU PUCKA.

Taxum 00pa3oM, Ha 3Tane UACHTUPUKALKUN TOTEHIUATIBHBIX OMac-
HOCTEH, CBSI3aHHBIX C coJlepKaHreM N-HUTPO3aMHHOB B MSICE U MSICHBIX
NpoAyKTax, peannsyeMbix Ha Tepputopun Conumanuctuueckoi Pecy-
Onuku BbeTHam, ObUIO YCTAHOBJIEHO, YTO JJISA LI€JIEd KOJIMYECTBEHHOM
OLICHKM PHUCKa 3/I0POBbI0 HAcEJIEHUs HaubOosiee NPUOPUTETHBIMU SIBIISI-
torcss HAMA u HIA®A. Otu coenunenus Obuin oToOpaHbl BBUIY HX
Hajuus O0ojee ueM B 5% npoO, Hamuus peEepeHTHBIX 103 IS OICH-
KM KaHIIEPOTEHHBIX M HEKAHIIEPOTEHHBIX PUCKOB M JAHHBIX O (pakTopax
KaHILIEpPOT€HHOT0 NOTEHIINAJIA.

3aBepuiaiuM ITaroM HACHTU(PUKAIMKA OMACHOCTU SIBISICTCS
paccMOTPEHHUE TOKCUKOJIOTO-TUTUEHUYECKUX XapaKTEpUCTHK N-HUTpPO-
30IMMETHIIaMUHA U N-HUTPO30AU(PEHUITaMIUHA, OTOOPAHHBIX VIS 1allb-
HEUIIEH OLIEHKHU PUCKA.

Pesynbrarel mccrmenoBaHuii Ha Kpelcax JuHuM F344, momyvas-
mx HJ/IMA ¢ nuTbeBOM BOJOHM, BBISIBUWIA BBIPAKEHHYIO KOPpEIs-
A0 MEXJy 030l M Pa3BUTHEM IATOJIOTUYECKUX W3MEHEHUW TMEYEHU
[Toxicological Profile for N-Nitrosodimethylamine]. Habntoganocs 3ua-
YUTEJIbHOE YBEJIIMYEHUE CIIy4aeB HOBOOOPA30BaHMU TEUYEHU BCEX TH-
OB, BKJIIOYAsl T€NATOLICIUTIONSPHBIE KAPIIUHOMBI U T€MaHTMOCAPKOMBI,
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a TaKKe TUIEPIIACTUYECKUE Y3EJIKH, IUTOMETANINI0, KUCThI, CHUKECHHUE
KOJTMYECTBA TeNaTolMTOB y CaMIIOB M aHOMAJIUU TIIMKOT€HCOAEpKa-
MIMX KJIETOK y caMOK. MUHUMaibHas /103a, MPU KOTOPOM ObLIM OTMe-
YyeHbl yKazaHHble 3QdekTbl, coctaBuia 0,022 Mr/Kr Maccel Tena B J€Hb.
Kanueporennsiii 3¢dekt 3apukcupoBaH NpU CpPeIHEN CyTOUHOU J03€
0,05 mr/kr (LOAEL, 96 nenens). 3nauenue LD50 s HIIMA cocraBiser
40 mr/kr mMaccel Tena. PeepenTHas go3a npu nepopaibHOM MOCTYILIE-
Huu cocrtasnser 0,000008 Mr/kr; KpUTHYECKHE OpPraHbl M CUCTEMBI —
nporeccel pa3Butus. 3HaueHuss NOAEL mist HekaHieporeHHbIX 3 dek-
TOB cocTaBuin 0,5 MI/KT NpH JUIUTEIIBHOCTH BO3ICUCTBUS 54 HEACHH 1
2,5 mr/kr nipu gymarensHocty 110 gHei.

Uccnenosanust Ha Mbimax BO6C3F1 [Patterson, Boateng, Walker,
Verghese, 2012] u xpeicax F344 [Lijinsky, Reuber, 1984] moka3zanu,
yro HJI®A npu nepopaibHOM MOCTYIJICHUHM MOXKET BBI3bIBATh T'MIIEP-
IUTa3MI0 MOYEBOTO MY3bIpsS Y MbILIEH W yBEIUYEHHE BHE3AMHBIX CMEp-
TEl y CaMOK KpBbIC, @ TAK)KE MEPEXOIHO-KIETOUHBIA paKk MOYEBOTO IMy-
3pIpsi Yy oOoux mojioB. HaGmromgamace mpsiMasi 3aBUCUMOCTH YacCTOThI
3TuX 3PPeKkToB 0T A03bl. CYHIECTBEHHBIX PA3NIUYUNA B 4YAaCTOTE HOBOO-
Opa3oBaHMil B 00OLIEH MONYJISUUU y MBIIIEH MPU NEPOPATLHOM MOCTY-
mieann HIA®PA He Habmromanmoch. OnHako 8-HeAEIbHOE HCCIENOoBa-
HUE BBISIBUJIO MUTMEHTANMIO KYM(PEPOBCKUX KIETOK B TIEUCHH CaMIIOB
MBIIIeH, moydaBmux no3y 5980 mr/kr/nens [Toxicological Profile for
N-Nitrosodiphenylamine]. Opran-mumens miss HIDA — modeBoit my-
3bIPh; AKCMO3UlUsS ¢ ypoBHeM 183 mr/kr/2 nenenu u 123 mr/kr/13 He-
JIeNib BbI3bIBAJIa MHPWIBTPAT CMEIIAHHBIX KJIETOK U TUIEPIIA3UI0 Iie-
pexoanoro snutenus. Kanneporennsii apdexr (LOAEL) naGmronancs
npu 0,0005 mr/kr/ness (100 wenens). RfD npu nepopanibHOM MOCTY-
wieHn — 0,02 MI/Kr; KpUTUYECKUE OPTraHbl/CUCTEMbI — IJ1a3a, CUCTEM-
Hble 3P deKThl (M3MEHEeHHe Macchl Tena). HeT naHHbIX 0 HEKaHLEepOreH-
HoM 3 dexre (NOAEL). LD50 — 3000 mr/kr.

[IpoBeneHHBIN aHAIN3 TOKCHKOJIOIO-TMTHEHUYECKUX XapaKTepHu-
ctuk HIIMA u HIA®A BeisiBUII, 4TO 00a COeIUHEHUSI 001a1al0T BhIpa-
KEHHBIM TOKCUYECKHUM TMOTCHITUATIOM, MPOSBISIONIMMCS B KaHIIEPOTCH-
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HbIX M HekaHreporeHHbIX 3¢ dexrax. HIMA B OCHOBHOM OKa3bIBaeT
HETaTUBHOE BO3JEHCTBUE Ha TeuyeHb, Toraa kak HJIDA sBusercs op-
TaHOTOKCUKAHTOM ISl MOY€BOTO My3bIps. [IpencraBieHHbIE JaHHBIC
MTOITBEPIKIAFOT HEOOXOAMMOCTD JadbHECHUIIICH KOJTMYCCTBEHHON OIICHKU
pUCKa JJIs1 310POBbs HACEJIEHUSI, TTOABEPratoIIErocs: BO3IEUCTBUIO ATUX
COCJIMHEHUMH.

[Tocne 3aBepiieHus 3Tana OLEHKU 3KCIO3UIHNH, B PAMKAaX KOTOPO-
ro ObUTH OTIPE/IeNICHBl YPOBHU BO3JCHCTBHS MPUOPUTETHBIX N-HUTPO3a-
MUHOB, HEOOXOJUM TMEPEXOJ K ATAIy BbIOOpPA 3aBUCUMOCTU «IKCIIO3HU-
1Hsl — OTBET». [[aHHBIN 3Tan BKIFOYAET YCTAHOBIECHUE KOJIMYECTBEHHOM
B3aMMOCBSI3U MEXIYy J0301 BEIIECTBA, MOMNAJAI0IIETO B OPTaHU3M, U BE-
POSITHOCTBIO Pa3BUTHUS HEOIATONPUATHBIX d(PPEKTOB I 370POBbSI.

Onpenenem/le K/II0YEBLIX MMAapaMeTpPoOB 3aBUCUMOCTH
CQRCIIO3UIUA—-O0TBET»

BaxnenmmM napamerpoM, ONMPEICIISIIOIIUM BO3AECUCTBUE XHMU-
YEeCKOro BeIleCTBAa HA OPraHu3M, SBIISIETCS J103d, PacCUMThIBaeMas C
y4eTOM BPEMEHU MOTPeOIeHUs MPOAYKTOB, IPEIHA3HAUECHHBIX IS JIET-
CKOTO MUTaHUs, U OCOOEHHOCTEHN JEeTCKOro opranusma. Jo3a, B JTaHHOM
KOHTEKCTE, MPEACTABIIET COOON KOJTUUECTBEHHYIO XapAKTEPUCTUKY 3a-
IPSA3HUTENS, TOTEHIIMAIBHO CIIOCOOHOTO BBI3bIBATh ONpEACICHHBINA (-
(eKT B OTHOLIEHUH OpraHa-MHILIEHU.

OueHka 3aBUCHUMOCTH «3KCIO3HUIMSI—OTBET» (/103a—0TBET) Mpel-
CTaBJII€T COOON MpollecC KOJMYECTBEHHOIO aHaiM3a TOKCHKOJIOTHYE-
CKOM HH(pOpMaluy, HalpaBiICHHbIH Ha YCTAHOBJIECHHE B3aUMOCBSI3U
MEXAY YPOBHEM BO3IECUCTBHS (030 WIM KOHILIEHTPALMEW) XUMHYe-
CKOTO BELIECTBA M BEPOSTHOCTHIO BO3HWKHOBEHHUS! HEOIArOmpHUSTHBIX
3(pPEeKTOB B IKCIOHUPYEMON MOMYJISALUN. AHAJINU3 3aBUCUMOCTU «IKC-
MO3ULKA-OTBETY BKIIOYAET B CE0sl: ONpeeieHre NPUINHHO-CIIECTBEH-
HOI CBSI3M MEX]ly BO3JECHCTBUEM BEIlECTBA M Pa3BUTUEM HEOJIAronpu-
atHoro 3ddexra, UACHTUPUKANNIO MUHUMAIBHOW J103bI, CIOCOOHOMN
BbI3BaTh HaOmonaeMbIil 3Q ekt (mopor), U onpeneIeHue HHTEHCUBHO-
CTH HapacTaHus 3(Q(deKTa Ipu YBEIUYEHUN YPOBHS BO3AEHCTBUA.
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IIpu omenke pucka pa3BUTHS HEOIAronpuaTHBIX 3G(EKTOB, 00-
YCIIOBJICHHBIX XPOHUYECKUM BO3CHCTBUEM XUMHUYECKHUX BEIECTB, pac-
CMaTpPHUBAIOTCS JIBA OCHOBHBIX THIA 3(PPEKTOB: KaHIIEPOTEHHBIC U He-
KaHIIEpPOTCHHBIE.

OuneHka KaHUeporeHHbIX 3P PeKToB

Jlns OLIEHKHM pHCKa BO3JCHCTBUS KaHIIEPOTCHHBIX areHTOB, 00Jia-
Jaronux 0ecroporoBblM MEXaHW3MOM JEHCTBHUSA, UCIONB3YeTCs mapa-
MeTp — (akTop KaHUEPOreHHOro MOTEHIIMAa, TaKKe U3BECTHBIM Kak
daktop HakioHa (SF). /laHHbIN mapaMeTp XapakTepU3yeT CTENEeHb BO3-
pacTaHusi KaHIEPOT€HHOIO PUCKA MPU YBEJIMUYECHUHU J03bl BO3ICUCTBUS
Ha OfHY enuHuily (Mr/(kr*meHp)). MakTop HAKJIOHA MPEICTABIAET CO-
00li KOHCEPBAaTUBHYIO OIEHKY KAaHIIEPOT€HHOTO PUCKA Ha MPOTSKECHUU
0XKUJAEMOM TIPOAOIKUTENLHOCTH KU3HH denoBeka (70 ner).

dakTophl KaHIeporeHHoro noreHuana (SFo), npumensemble mpu
OIICHKE BO3JICUCTBUS KAHIEPOTCHHBIX BEIIECTB, MPEJCTABICHBI B Ta0-
aure 2.2.

OueHka HeKaHLEPOTeHHBIX 3P (PeKTOB

[TapameTpsl OMacHOCTH Pa3BUTUA HEKAHIEPOTCHHBIX 3P (DHEKTOB

1st N-HUTPO3aMUHOB, OOHAPY>KEHHBIX B MSICE M MSCHBIX MPOIYyKTax U

BKJTIOYCHHBIX B JAJIBHEHITYIO OIEHKY pHCKa, IPEACTaBICHBI B TaOIH-
ue 2.3.

Tabnuma 2.3

Caenenusi 0 mapamMerpax onacHOCTH Pa3BUTHS
HEeKAaHLePOreHHbIX 3 deKToB

RID, Kpurnueckue opraanl

No BemectBo p p
MT/KT U CUCTEMBI

1 | N-mumerunnutpozamus | 0,000008 IIpoueccel pa3Butus

I'maza (momyTHEHHE pOroBoOi
2 | N-nudeHnTHUTPO3aMUuH 0,02 000JI0UKH), CHCTEMHOE JIeicTBHE
(Macca Tena)
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Takum oOpazom, N1 BCEX BKIIOYEHHBIX B JAJIBHEUIIYIO OIICHKY
pucka N-HUTPO3aMHHOB OMPEIEICHbl MapaMeTpbl, HEOOXOAUMbIE IS
YCTaHOBJICHHSI 3aBUCUMOCTEN «IKCIIO3ULMA-OTBET». J[aHHBIE IMapame-
TPBI, OTPaXKarOIIHUE CBA3b MEXKJYy YPOBHEM BO3JECUCTBUS U BbI3bIBAC-
MbIMU 3 (deKTaMu, SBISIOTCS OCHOBOM /JIsi KOJIMYECTBEHHOM OLIEHKHU
PHUCKa, CBS3aHHOTO C IMOTEHIHAIBHBIM BO3JEHCTBUEM ITHUX BELIECTB HA
OpraHu3M.

Ouenka norpedjieHus MsICa U MACHBIX MPOAYKTOB, peajn3yeMbIX
Ha Tepputopuu Couuanucrudeckoii Pecnydauku BbeTHam

Okcno3ulvs (BO3AEHCTBUE) ONPENIENAETCS KAK KOHTAKT OpraHru3ma
(peuenTopa) ¢ XMMUYECKUM, (PU3MUECKUM WJIM OMOJIOTUYECKUM areH-
ToM. KonruecTBeHHasi OLIEHKA SKCIO3UINH MPEACTABISET COO0N M3Me-
PEHHOE WJIM PACCUUTAHHOE KOJIMYECTBO areHTa B IMILEBOM MPOAYKTE,
KOHTAKTUPYIOIIETO0 C MOrPAHUYHBIMU OpraHaMu YejoBeka (Mpeumy-
IIECTBEHHO NUIIEBAPUTEIbHBIM TPAKTOM) B TEUEHHE OIPEACIIEHHOIO
MPOMEKYTKA BPEMEHU. DKCIIO3UIINSI MOXKET OBITh BBIpAXKEHA B pa3yiny-
HBIX €IMHMIIAX M3MEpEHUs: o0Iee KOJIMYECTBO BEIIECTBA B MPOIYKTE
(Mr), cyrouHas no3a (Mr/AeHb) WM J03a, OTHECEHHAs K Macce Teja
(mr/(kr*nensn)). B HacTosiem nccae0BaHUM OCHOBHBIM ITYyTEM DKCITO-
3UIMU PACCMATPUBAETCS MEPOPATIBbHOE MOCTYIUIEHHE N-HUTPO3aMUHOB
C MSICOM M MSICHBIMHM IPOAYKTaMH, UTO SIBJISIETCS HanOoJiee 3HAYMMBIM
MyTEM IMOCTYIUICHUS JaHHBIX KOHTAMHHAHTOB JUisl HaceneHus. Jlis
OLICHKH SKCHO3ULIHUHA N-HUTPO3aMUHAMH, COAECPKAIMMUCSA B MSCHBIX
NpOAYKTaxX, ObLI MPOBEAEH KOMIUJIEKCHBIN aHallU3, BKJIIOYAIOMIMMI clie-
JYIOIIIME ATaIlbl: BO-MIEPBbIX, OLIEHKA (PaKTUYECKOTO MOTPeOIeHus Msca
U MSCHBIX MPOAYKTOB HaceineHueM Coumanuctuueckoil PecryOnuku
BbetHam mnpoBoIMIachk Ha OCHOBAHMM PE3YJbTaTOB AHKETUPOBAHUS,
paHee MPOBEACHHOIO BbETHAMCKUMU Koyuieramu. JlaHHBIM 1oaxon mo-
3BOJIAJI MIOJIYYUTh PENPE3ECHTATUBHBIE JAHHBIE O CTPYKTYpE MUTAHUS U
NoTpeOJICHUH LEJEBbIX MPOAYKTOB B Pa3IMYHBIX BO3PACTHBIX I'PYIINAX,
KOTOpble ObUIM pa3/iesieHbl Ha jaetei Ao 6 net, aereid or 7 no 17 ner,
B3pocibix OT 18 mo 50 net u B3pociubix crapue 50 jger. ITo B3auMo-
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NEHUCTBUE POCCUUCKUX M BHETHAMCKHUX CIELHAIKMCTOB CTaj0 BayKHBIM
ATaroM B 00€CIEYEHUU HAJEHKHOCTU M BaJIUIHOCTH JIaHHBIX. BO-BTO-
PBIX, HA OCHOBAaHHUM JTAHHBIX O COAEPNKAHUU MPUOPHUTETHBIX N-HUTPO-
3aMUHOB B Pa3JIMYHBIX T'PYIIAX MICHBIX MPOAYKTOB, PEaM3yE€MbIX Ha
tepputopun Conmanuctudyeckon PecryOonuku BheTHam, morydeHHBIX
MyTEM TPOBEACHUS CKPUHUHIOBOIO HCCIIEIOBAHUSA MSCHBIX MHUILIEBBIX
IPOAYKTOB Ha cojepkaHue N-HUTPO3aMUHOB, Obllla paccuMTaHa Cpel-
HSAsl CyTOYHAsl 103a JUIsl KaXKJI0M BO3pACTHOM rpymmsbl. JUIs menei ouex-
KU KaHIIEPOT€HHOT0 M HEKAHIEPOTCHHOTIO PHUCKA pACUET MPOBOIAUIICA
OTJIEJIbHO, C YYETOM Pa3JIMuMil B MOAXOJAX K OLICHKE PUCKA I TaHHBIX
TtumnoB 3 dexroB, B coorBercTBHM ¢ PykoBomctBom P.2.1.10.3968-23.
JlanHbI# TIO/1X0/] 0OECTeUnsT UCTIOIb30BaHUE YHU(PUIIUPOBAHHBIX METO-
JIOB pacyeTa, IPUMEHSIEMBIX B POCCUICKON MIPAKTHUKE OLIEHKH PHUCKA.

Kak Obu10 OTMEUEeHO paHee, B paMKax JaHHOTO WCCIIEIOBAHUS
OCHOBHO€ BHHMMAaHHE YIEISIETCS MEPOPATIbHOMY IYTH MNOCTYIUICHUA
N-HUTpPO3aMHHOB Yepe3 MoTpedaeHrue Msica U MSICHBIX POAYKTOB. Jliis
KOPPEKTHOM OIEHKH HKCMO3UIIMUA HEOOXOIUMO YUHUTHIBATH (haKTUUe-
CKO€ TOTpeOJIeHNE ATUX MPOYKTOB PA3IMUHBIMU TPyNIIaMU HACETICHUSI.
Ha ocHOBaHMM pe3ynbTaroB paHee MPOBENEHHBIX COBMECTHBIX COLIMO-
nornuecknx uccinenoBanuii [Lebedeva-Nesevrya N.A., Le Thi Hong
Hao, Barg A.O. et al., 2019] Obl10 yCTAHOBIIEHO, UYTO KakK JETCKOE,
Tak U B3pocioe HaceneHue Couuanuctuueckoi PecnyOnuku BretHam
(BKJTIO4ast ieTeit o0 3 JieT) moTpeOstoT MSCO U MSICHBIE TPOAYKTHI, B
TOM YHMCJIE€ IPUTOTOBIEHHBIE HA rpUiie. DTO HAOIIOAEHUE MMOIYEPKUBA-
€T 3HAYUMOCTb BKJIFOUCHUS JE€TCKOTO HACEJICHUS! B OLEHKY AKCIIO3UIUU
U JaJbHEHIIYI0 OIEHKY PHUCKA, MOCKOJBKY NETH SIBIISIOTCS OCOOEHHO
YS3BUMOM T'PYIIONW B OTHOLIEHUM BO3JECHUCTBUS XMMHYECKHX BEIIECTB.
Tak, B nponomkenue uccienoBanuii corpyauukamu NIFC 6wu1o mpo-
BEJICHO AHKETHPOBAHUE HACEJICHUS, HAIIPABIICHHOE HA XapaKTEpPUCTH-
Ky (paKTU4YECKOTO MOTPEOICHUS PAa3IMUHBIX TPy MPOTYKTOB MAUTAHUS
Hacesiennem CPB. TlonydeHHbIe JaHHBIE O CPEAHECYTOYHOM IMOTpedIie-
HUM MSICA U MSICHBIX NPOAYKTOB Pa3JIMYHBIMU BO3PACTHBIMU I'PYIIIIAMHU
MpeaCTaBIeHbI B Tabnuie 2.4.
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Tabnura 2.4

O0bem (pakTHYECKOT0 CYTOYHOI0 NOTPEOIeHUs MSCA U MACHBIX
NMPOAYKTOB Pa3JMYHbIMH BO3PACTHBIMHU IPYNIIAMU HACEJTCHUS
Counanucrnyeckoun Pecmyoniukn BoeTtHam, Kr

Ne I'pynna nponykros Bo3spacthas rpymnmna A
h by poaty p py noTpedaeHUs, KT
Jletu mo 6 ner 0,037
2 Hetn 7-17 ner 0,059
Msico, TpUTrOTOBIEHHOE
Ha rpuIe B3pocinbie 18-50 ner 0,14
4 Bspociblie crapiie 0.043
50 ner
5 Jetn go 6 et 0,032
6 Heru 7-17 ner 0,048
XKapenoe u 3aneueHHoe
7 MSICO Bspocasie 18-50 ner 0,08
2 B3pocasie crapuie 0.023
50 ner
9 Hetu no 6 net 0,012
10 Hetn 7-17 ner 0,023
11 Kormuenoe msico Bspocineie 18-50 et 0,051
12 B3pocasie crape 0.014
50 ner

CornacHo npeacTaBIeHHbIM JaHHBIM, HAUOOJIbIINK 00BEM TOTpE-
Onenust cpeau uccienyembix rpynn HaceneHusi CPB xapakrtepen s
Msica M MACHBIX MPOIYKTOB, IPUIOTOBJIEHHBIX Ha Tpuie. ITO Halito-
JICHUE TMOAYEPKUBAET HEOOXOAMMOCTh OCOOOr0 BHUMAHMS K JaHHOM
rpynmne npoAyKTOB MPU OLEHKE PUCKA, CBSI3aHHOTO ¢ N-HUTpO3aMHUHa-
MU. BBuay TOro, 4ro moTpedieHue >KapeHOro M 3aleuyeHHOro msica u
MSICHBIX MPOIYKTOB ObLI0 0o0bemuHeHo crnernuanuctamu NIFC B omny
rpynimy, JajdbHeNas OleHKa PUCKa MPOBOAWIACH C YUETOM OJMHAKOBO-
ro CyTOYHOTO 00beMa NOTPeOIeHUsI A1l TUX BUIOB MPOAYKTOB. Takum
00pa3oM, OLleHKa NOTpeOIeHNs Msica U MSICHBIX IIPOAYKTOB, IIPOBECH-
Hasl MIPU COTPYAHUYECTBE C BHETHAMCKUMU KOJUJIETaMHM, MMO3BOJIMIIA T10-
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JYyYUTh PENPE3CHTATUBHBIC JaHHBIE, HEOOXOAUMBIC JIJIsl MOCIEAYIONIEH
OIICHKH JKCMO3UIMU N-HUTpO3aMUHAMH. JTU JIaHHbIE OyAyT HMCHOJIb-
30BaHbl JJIs pacueTa CyTOYHBIX /103 U JAIBHEUIIEH OUECHKHA PUCKA JJIS
paznuuHbIx rpynmn HaceneHus CPB.

Pacuer CPEAHECYTOIHBIX /103

JUis OLIEHKH AKCHO3UIMHU N-HUTpO3aMUHAMHU OBLIM pacCuyuTaHbl
cpennecyTouHbie 10361 (ADD) ass pa3nuyHbIX BO3PACTHBIX T'PYII Ha-
cenenust Counanuctuyeckoit Pecriyonuku Bretnam. Pacuet 103 npoBo-
nuicst B cootBercTBun ¢ PykoBomactBoM P.2.1.10.3968-23 nnst ouenku
KaHIIEPOTEHHOTO M HeKaHleporeHHoro 3ddexron. s N-HuTpo3amu-
HOB, JJIs1 KOTOPBIX yCcTaHOBIIEHbI pedepeHTHbie 103kl (RfD), ADD mns
OLICHKM HEKAHLIEPOI'€HHOI'O JEHCTBUS PACCUMTHIBAJIACH IO CIEIYIOUIEH
dbopmyme 2.1.:

ADD = (Cop * Vnorp) / mr,

rne ADD — cpennecyTodyHas 103a, MI/KT Macchl Tejia B JCHb;

Crip — KOHIIEHTpaIus BEeIIeCTBa B MPOAYKTE, MI/KT;

Vnotp — 06beM noTpedieHus: JaHHOTO MPOAYKTa, KI/JACHb;

mT — Macca Tela, Kr.

PacueTtHbie cpeaHecyTouHble 10361 N-HUTPO3aMUHOB, MOCTYIAIO-
HIUX C Pa3TUYHBIMU BUAAMH MSCA U MSCHBIX TPOIYKTOB, MPEICTABICHBI
B Ta0Onuiax 2.5 — 2.8.

2.1)

Tabnuua 2.5

Cpennecyrouynblie 10361 N-HUTPO3aMHHOB, NOCTYIAIOLHE
€ MSICOM M MSICHBIMU MPOAYKTAMM, IPUTOTOBJIEHHBIMH
HA rpUJie, MI/KI Macchl TeJla B IeHb

HaumenoBanue Jetn Hetn B3pocnbie Bspocare
No crapiuie
BEIlECTBa no 6 jet 7-17 net 18-50 net
50 ner
HIMA 8,27*10° 7,03*10¢ 1,39*%10° 4,00*%10¢
2 HJIDPA 7,29*%107 6,20*107 1,23*10° 3,52*%107
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Tabnura 2.6

CpeuHecyTquIﬂe J03bI N-HI/ITpOSaMI/IHOB, mocrynarmme
C ’)KapC€HbIMHA MACOM U MSAACHBIMMU MPOAYKTAMM,
MI/KI Macchl Tejia B JACHb

HanmenoBanue Hetn Hetn Bspocisie Bapocute
Ne cTapiie
BELIECTBA 10 6 et 7-17 ner 18-50 ner
50 ner
1 HIMA 3,15*%10° 2,52*%10° 3,51*%10° 9,43*107
Tabnuua 2.7

CpennecyTounbie 103bl N-HUTPO3aMHHOB, MOCTYNAIOIIHE
C 3aMe4eHHbIMHM MSICOM M MSICHBIMU NMPOAYKTAMM,
MI/KT MaccChl TeJia B IeHb

HaunmenoBanue Hetn Hetn B3pocabie B3pocaere
No crapiue
BEIlleCTBA 0o 6 et 7-17 net 18-50 netr
50 ner
1 HJIMA 5,81*%10°¢ 4,94*10¢ 9,79*10° 2,81*10
Tabmuma 2.8

CpenHecyTouynblie 10361 N-HUTPO3aMHHOB, OCTYNAIOLME
¢ KOMYEHBIMHU MSICOM M MACHBIMH NPOAYKTaAMHU,
MI/KI Macchl TeJla B IeHb

HaumenoBanue Hern Hern B3pocabie Bapociteie
Ne crapiie
BeIllECTBA 1o 6 et 7-17 ner 18-50 ner
50 ner
1 HIMA 2,11*10° 2,15%10°¢ 3,99*10°¢ 1,02*10°

Takum oOpazom, cpennecytounsie 10361 HIAMA, nocrynatouiue
HaceneHuto Conumanuctuueckoil Pecnyonuku BreTHam ¢ Msicom U msic-
HBIMHU IPOAYKTaMH, COCTaBUJIU:

e JuIg aerei 1o 6 aer: 8,27*10 Mr/kr Maccel Tena B A€Hb C MICOM
U MSICHBIMH TPOJYKTaMH, IIPUTOTOBJICHHBIME Ha rpuite; 3,15%10° mMr/kr
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Macchbl Teja B JICHb C JKapE€HbIMH MSICOM U MSCHBIMHU IPOIYKTaMHU;
5,81*10° Mr/kr Maccel Tejla B AEHb C 3alIEYEHHBIMUA MSICOM U MSCHBIMHU
npoxykramu; 2,11*10° Mr/kr Macchl Tela B ISHb ¢ KOITYEHBIMU MSICOM
Y MSICHBIMU MPOAYKTaMU;

o juig gerert 7-17 ner: 7,03*10°° Mr/kr maccsl TeJIa B I€Hb C MSICOM
Y MSICHBIMH MPOAYKTaMH, IPUTOTOBJICHHBIMH Ha rpuite; 2,52*10° mr/kr
Macchbl Tejla B JIEHb C JKapE€HbIMH MSICOM U MSCHBIMH IPOIYKTaMHU;
4,94*10°° Mr/kr mMacchl Telna B JI€Hb C 3all€4Y€HHBIMU MSICOM M MSICHBIMH
npoxykramu; 2,15%10° Mr/kr mMacchl Tena B JIeHb ¢ KOITYEHBIMU MSICOM
Y MSICHBIMU MPOAYKTaAMU;

o s B3pocibix 18-50 ner: 1,39*107° Mr/kr maccel Teja B JCHb
C MSICOM W MSCHBIMM TMPOJYKTAMHM, IPUTOTOBJICHHBIMH Ha TPUIIE;

3,51*10° Mr/kr Maccel Teja B JICHb C JKaPEHBIMH MSCOM M MSICHBIMHU

npoayktamu; 9,79*10°° Mr/kr mMaccel Tejla B JICHb C 3allCYCHHBIMH MSI-
COM M MSCHBIMU TpoAaykKTamu; 3,99*10° Mr/kr maccel Tela B JICHb C
KOITYEHBIMU MSICOM U MSICHBIMU MPOIYKTaMU;

* mus B3pocabix crapmie 50 met: 4,00¥10° Mr/kr maccel Tena B
JIEHb C MSICOM U MSCHBIMU MPOAYyKTaMHU, MPUTOTOBJIECHHBIMU Ha TPUIIE;
9,43*107 Mr/kr mMaccel TeJla B JCHb C JKaPCHBIMH MSICOM U MSCHBIMH
npoxykramu; 2,81*10° Mr/Kr Macchl Tejia B JIcHb C 3allCYCHHBIMH MSi-
COM M MsCHBIMU TIpomxykramu; 1,02*¥10° Mr/kr maccel Tena B JIEHb C
KOITYEHBIMU MSICOM U MSCHBIMH MTPOyKTaMHU.

Bmecte ¢ Tem cpennecyrounas no3a npu skcnozuniuu HJIDA ¢
MSICOM U MSACHBIMU TPOJYKTaMH, IIPUTOTOBJIICHHBIMU Ha TPUJIE, COCTa-
BUIA: I AeTer no 6 jer — 7,29*107 mMr/Kr macchel Tejla B JI€Hb, IS
aereir 7-17 net — 6,20*10°7 mMr/kr maccel Teja B JICHb; JJIS B3POCIBIX
18-50 net — 1,23 * 10° mMr/kr macchl Tea B JICHb; JJIs B3POCIIBIX CTap-
ure 50 ner — 3,52*107 Mr/Kr Macchl Teja B J€Hb.

JI1s1 OIIEHKH KaHIIEPOTE€HHBIX PUCKOB, CBSI3aHHBIX C BO3JIEUCTBHEM
N-HUTpPO3aMHUHOB, OBLIHM PACCUMTAHBI CPEITHUE CYTOUHBIE JO3bI, YCPEI-
HEHHBIE C YUYETOM OXHJAeMOW CpeIHEH MPOAOTKUTEILHOCTH YKU3HU
yenoBeka (70 ner). Takue 10361 o003Hayarorcs kak LADD. YpaBHeHue
st pacueta LADD (dbopmyna 2.2) umeeT cneayronui BUI:

LADD__=(C * CR * ED * EF)/ (BW * AT * 365),  (2.2)

KaHI]
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rae:

LADD,,,, — cpeaHsas CyTodHas 103a JUlid KaHLEPOreHHbIX 3ddexk-
TOB, MI/(KT' X JICHb);

C — KOHIIEHTpaIMs BEIECTBA-KAHIIEPOT€HA B MIPOAYKTE, MI/KT;

CR — 00beM CYTOYHOTO MOTpPEOJIEHHS MHUIIEBBIX MPOIYKTOB,
KI'/JIeHb;

ED — nponomKuTenbHOCTh BO3IEUCTBUS, JIET;

EF — gacToTa Bo3€eiicTBHS, THEN/TO/;

BW — macca tena, kr;

AT — mepuon ocpeaHeHHs SKCIO3UIIMKA (I KaHIICPOTeHHBIX (-
dekroB — 70 ner);

365 — 4ncio AHEW B roay.

Jns pacuera LADD uHCHONB30BAIMCH CTaHIAPTHHIC BEIUYH-
Hel: ED — 6 ner gns gereit, 30 nmer miust B3pocnwix; EF — 350 mueit;
AT — 70 ner.

[IpuHuMasi BO BHUMaHUE BBIIIEYKA3aHHBIC MapaMeTpPhl, a TAKKe
JTAHHBIC O MOTPEOJICHUM UCCIIEAYEMbIX MPOIYKTOB M MOJyYEHHBIE 3HA-
YEHHUs CYTOUHBIX 703, OblJIa paccuuTaHa j103a N-HUTPO30AUMETHUIAMU-
Ha, XapaKTepU3ylolllasi KaHIEPOTeHHbIN d(DPEKT MpU BO3ICUCTBUU YEPE3
MOTPeOICHUE MsICa U MSICHBIX MMPOIYKTOB, PEAIU3yEeMbIX HA TEPPUTOPUU
Conmanuctuueckoid Pecniyonuku BreTHam.

Tak, 3nauenus no3 HJAMA, xapakrepusyronme KaHIIEPOTE€HHBIN
addeKT, I pa3IuYHBIX BO3PACTHBIX Tpynn HaceneHus ColuanucTu-
yeckoil PecnyOnuku Boernam. [lonmydyeHHBbIE 3Hau€HUS MPEACTABICHbBI
HUXKE.

 Jlna pereit no 6 ner LADD,,, cocrasuna: 6,80*107 mr/kr mac-
Chbl Tena B JieHb (rpuib); 2,59*107 mr/kr mMacchl Tena B JACHb (JKapka);
4,78*107" mMr/kr Macchl Tena B JieHb (3anekanue); 1,73*107 mr/kr Macchl
TeJa B JCHb (KOMMYEHUE);

 Ina nereit 7-17 ner LADD,,,, cocraBuna: 5,78*107 mr/kr mac-
CBl Tena B JieHb (Tpwib); 2,07*107 Mr/Kr mMacchl Tena B JCHb (JKapka);
4,06*107 Mr/kr Macchl Tela B IeHb (3anekanue); 1,77*107 mMr/kr Macchbl
TeJa B A€Hb (KOMMYEHUE);
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* Jlna B3pocnbix 18-50 ner LADD,,,, cocraBmia: 5,73*10° mr/kr
Macchl Tella B JeHb (rpuib); 1,44*10° mr/kr maccel Tena B JieHb (3Kap-
ka); 4,02*10° mr/kr maccel Teja B JeHb (3arekanue); 1,64*10° mr/kr
MAaccChl Tella B IeHb (KOIMYeHue);

* JlnasspocnsixcrapieS01erLADD,,, coctaBuina: 1,64*10°mr/kr
Macchl Telia B JIeHb (rpwiib); 3,88% 107 Mr/kr Maccel Tenna B JAeHb (Kap-
ka); 1,15%10° mr/kr maccel Tena B JeHb (3amekanue); 4,20%107 mr/xr
MaccChl Tejla B JIeHb (KOITYEHHE).

[Tonyuennsie pacuetHbie 3HaueHust 10361 HIDA, xapakTepusyto-
e KaHIIEPOTeHHBIN 2P PEKT, MOCTyHaIoNUe C MICOM U MSICHBIMU TIPO-
IyKTaMH, TPUTOTOBJIICHHBIMU Ha TPUJIE, IPEICTABICHBI HUXKE.

o Jlns pereit no 6 ner LADD__ cocraBuia — 5,99*10® mr/kr mac-
ChI T€JIa B JICHD;

 Jlna pgereii 7-17 ner LADD,,,, coctaBuna — 5,09*10°* mr/kr mac-
Chl T€JIa B JICHD;

 Jlna B3pocnsix 18-50 ner LADD
MAacchl Tella B JICHb;

e Jlna B3pocaeix crapme 50 mer LADD,, cocraBuima —
1,45*107 Mr/Kr Maccel Tena B A€HbD.

B pesynbprare npoBEeIEHHOW OLEHKM HKCIIO3ULMH, BKIKOYAKOLIEH
pacuer ADD nns mekanneporeHasix 3¢ dextoB u LADD nns xantepo-
TeHHBIX 3(PPEKTOB, OBUIA MOTYYCHBI KOJTUYECTBEHHBIC XapaKTEePUCTUKU
BO37ICHCTBUS N-HUTPO30AUMETUIIaMUHA U N-HUTPO30aAu(EeHIIaMIHA
Ha pa3IM4HbIE BO3pAaCTHbIEC TpynIibl HaceneHus: Conuanuctuueckoit Pe-
cnyonuku BreTHam.

B pesynbrare npoBeAeHHONW OIEHKU SKCIIO3UIIMKU ObUIHA MOJIYYECHBI
KOJIMYECTBEHHBIE XAPAKTEPUCTUKH BO3ACUCTBUS N-HUTPO30MMETUIIA-
MUHA 1 N-HUTpo30au(EeHUTIaMUHA Ha Pa3IUYHbIE BO3PACTHBIC T'PYIIHI
Hacenienus: Conmanuctuyeckon Pecriyonuku BreTHam.

[IpencraBnennsie 3HaueHus ADD u LADD, xapakrepusyromniue
AKCMO3ULNI0 N-HUTPO30JUMETUIAMUHOM U N-HUTPO301U(EHUIIAMU-
HOM, OyIyT MCHOJb30BaHbI JUJISl MPOBEACHUSI KOJUYECTBEHHON OLIEHKU
pHUCKa, KOTOpasi MPEJCTaBIICHA Ha ATalle «XapaKTePUCTUKA PUCKAY.

KaHI[

cocraBmwia — 5,05*%107 mMr/kr

KaHI[
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XapaKkTepuCTHKA PUCKA

XapaKkTepuCcTUKa PUCKA BKIIIOYAJIA OLICHKY KaHIEPOTE€HHOIO M He-
KaHIIEPOTEHHOTO PHCKOB HAa OCHOBE JI030BBIX HArpy3oK, OIpeaeleH-
HBIX Ha 3Talre OUEHKH 3KCNo3uluu. OlleHKa HEKaHLEPOT€HHOTO PHCKa
MPOBOAWIIACH C HCIOJNb30BaHUEM KOA((PHUIIMEHTOB omacHOCTH. MeTo-
nonorusi EADC mo oleHke pucka NpeaycMaTpuBaeT HCIOJIb30BaHUE
HBOJIIOIIMOHHBIX Mojieneit [Pa3zpaboTka MeTomnuecKkux yKa3zaHUW 110
YCTAHOBJICHUIO M OOOCHOBAaHUIO TUTHEHHUYECKHUX HOPMATHBOB COIEp-
KaHUS XUMUYECKHX TMpUMecel, OMOJOTMYECKUX areHTOB B IMHILEBBIX
NPOAYKTaxX MO KPUTEPHUSIM PHUCKA 30POBBIO0 YEJIOBEKA|, OAHAKO BBU]LY
OTCYTCTBUS HEOOXOJUMBIX MapaMeTpPOB ISl KOJIWYECTBEHHOW OLEHKH
HEKaHILIEPOT€HHOI'0 pUCKA MOCTPOCHHE TAKUX MOJEJEH B HACTOSALIEM
UCCIIEZIOBaHUN HenenecooOpa3Ho. [IpoBeneHHas MOIyKOJIMYECTBEHHAS
OLICHKa HEKAHIIEPOTe€HHOTO PHCKA MO3BOJUT OIPEACIUTh MPUOPUTET-
Hble N-HUTpPO3aMUHBI JJI1 JAJIbHEHILIEr0 YCTAHOBJIEHUS MapaMeTpOB
JUTSl KOJTMYECTBEHHOM OLIEHKM HEKaHIIEPOT€HHOIO PUCKA.

Bennuuny kanueporenHoro pucka (CR) paccuuTbiBaiy nyTemM yM-
HOXXEHMSI TO)KU3HEHHON CPEeTHECYTOUHOM J103bI Ha (DAKTOP KaHIIEpOTeH-
HOTO TMOTEHIMAJa MpU NePOpaIbHOM MOCTYIIEHUH U Ha KOdDPUITMEHT
TSKECTU 3JI0KAYE€CTBEHHOIO HOBOOOpPa30BaHUS (g) B COOTBETCTBUU C
dbopmyroit (2.3):

CR =LADD,,, *SF *g, (2.3)
rae:

LADD,,,, — NoXH3HEHHAs CPEHECYTOYHAs [103a Ul KaHIEPOTeH-
HBIX 2 (HEKTOB;

SF, — (akTop KaHIIEpOT€HHOI0 MOTEHIMANA MPU MEPOPATILHOM T10-
CTYILJICHUHU;

g — K03(h(PUIMEHT THKECTH 3JI0KaU€CTBEHHOTO HOBOOOpPA30BaHUS
(paka).

3HaueHue Kod(pPuImeHTa THKECTH 37I0KaYEeCTBEHHOTO HOBOOOpa-
30BaHMs (g) ObUIO TPUHATO paBHBIM (0,495, 4TO COOTBETCTBYET KOA(-
(GUUMEHTY TSKECTH JUISl 3JI0KAU€CTBEHHBIX HOBOOOpPA30BaHUI OpPraHoOB
MUIIEBaPEHHUSL.
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CrnenoBarenbHo, ToflydeHHOe 3HaueHre CR xapaktepusyer Bepx-
HIOIO TPaHUIly KaHLEPOTEHHOTO pPHUCKA 3a CPEAHIOI MPOIOJIKUTEIb-
HOCTb KHU3HHU.

B cBoto ouepenb, XapakTepUCTHKA PUCKA PA3BUTHS HEKAHIIEPOTEH-
HBIX 3Q(PEKTOB OCYIIECTBISIETCS MyTEM CPABHEHUSI (DAKTUUECKUX YPOB-
HEM SKCIO3MIMKU ¢ 0e30MaCHBIMU YPOBHSAMHM BO3ACHCTBUSA (KO3 dULIN-
€HT /MHJIEKC OMAaCHOCTH).

JI7i OlLIeHKH pUCKa HEKAHILIEPOTEHHBIX A(PPEKTOB B JAHHOM HCCIIe-
JIOBaHUY MPUMEHSIICS MOKa3aresb kodddunuenta onacaocta HQ (dop-
Myia 2.4), KOTOpbIH ONpeesieTcs] KaKk OTHOIICHHUE OMPEAECICHHON K-
nozutuu (LADD, ) x pepepentHomy yposHio (RfD):

HQ=(LADD,,,,,)/RfD (2.4)

JIns yCcnoBui OJHOHANIPABIECHHOTO BO3ACHCTBHS XapaKTEPUCTUKON
CYMMApHOT'O HEKAHIIEPOI'€HHOI'O PHUCKA SBJISETCS BEJIMYMHA HHJIEKCa
omacaoctu (HI) (bopmyna 2.5):

HI=)[HQ,], rae (2.5)

HQ, — ko3 dpunrenTs OMacCHOCTH JI1 XUMUYECKUX BEILIECTB.

B cooTBeTcTBUM C MEXAYHAPOAHBIMU PEKOMEHJALUSIMU, I He-
KAHIIEPOTEHHBIX XMMHUUYECKHUX BEUIECTB IO/ OJHOHAINPABICHHBIM BO3-
JNEUCTBUEM XMMHUYECKUX BEIIECTB MOHUMAETCS BIUSHHE BEIIECTB Ha
OJTHU U TE € OPTraHbl UJIA CUCTEMBI.

B mpomecce xapakTEpUCTUKU PHUCKOB HCIIONB3YETCS BEIMYMHA
IPUEMIIEMOTO (JIOMyCTUMOT0) PUCKa — BEPOSATHOCTh HACTYIUICHUS CO-
OBITHS C HE3HAYUTENbHBIMU MOcheACTBUsAMU s 310poBbs (HQ<1,0;
HI<1,0).

OneHka pucKa OCYHIECTBIISUIACH VISl OTACIBHBIX TPYII MSICHBIX
MPOYKTOB, KIACCU(DUIIMPOBAHHBIX 1O CIOCO0Y MPUTOTOBIICHUS (TPUJIb,
Kapka, 3areKkaHue, KOIMUeHHe), C Y4eTOM UX CyTOYHOTO MOTPEeOsIeHHUs, a
TaKXe C y4eTOM CPEHUX pacdyeTHHIX /103 N-HUTpO3aMHHOB, TOCTyNAIOP
IIMX C KOKIOW IPYNION MUIIEBBIX ITPOTYKTOB.

Tak pe3ynbrarbl pacueTOB KaHIEPOTE€HHOTO M HEKAHIIEPOTE€HHOTO
pucka, oOycnosineHHoro nocrymienuemM HJIIMA u HJIDA ¢ msacom u

HEKaHI]

HEKaHI[
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MSICHBIMHU TIPOAYKTaMH, TIPUTOTOBJICHHBIMH Ha T'PHJIC, IIPEJICTABICHbBI B
tabmunax 2.9-2.10.

Tabnuia 2.9

YpoBeHb KaHIIEPOT€HHOT0 PHCKA, 00YCJI0BJIEHHOI0 IKCIO3M LU eil
HIAMA u HIPA npu norpedsaenun HacejseHueM CPB msca
U MSICHBIX NPOAYKTOB, IPUTOTOBJIEHHBIX HA TPUJIE

Bspocisie
. Hetu Hetu B3pocasie
Ne Bemectso 1o 6 ner 7-17 ner 18-50 ner craprie
50 net
1 HJIMA 1,72*%10° 1,46*10° 1,45%10* 4,15%10°
2 HJIDA 1,45*%1010 1,24*10°10 1,22*10° 3,51*10°1°
CymMapHsIii
3 | kauneporenusiii | 1,72*¥107 1,46*10° 1,45%10* 4,15*%10°
pHUCK

Ipumeyanue: HrcupHbiM WPUGMOM 8bl0€IeH YPOBEHb KAHYEPOLEHHO20 PUCKA BbliUe
npuemiemozo (00nycmumozo)

B Ttabnuue 2.9 npencraBieHbl pe3yinbTaThl OLEHKH KaHIIEPOTeHHO-
ro pucka, odycnosienroro skcrnosunuet HJIMA u HIDA npu notpe-
onenun HacenenueM Conumanuctuueckoin Pecrybnuku BeetHam msica u
MSCHBIX IPOAYKTOB, IPUTOTOBJICHHBIX HA IPUJie. AHAIN3 JAHHBIX BbIS-
BWJI, YTO CYMMapHbIN KaHIEPOTCHHBIN PUCK, CBA3aHHBIA C BO3/ICHCTBU-
eM HIMA u HI®DA, neMOoHCTpUpPYET 3HAYUTENBHYIO BApUAaTUBHOCTD B
3aBUCHMOCTH OT BO3PACTHOW IPYMIIBL.

IIpy 5TOM yCTaHOBIIEHO, 4TO ISl B3pOCibIX B Bospacte 18-50 mer
KaHLIEPOTE€HHbI PHUCK JIOCTUTAeT HENPUEMIIEMOrO (HEIOMYCTUMOIO)
ypoBHst (1,45*%10%). J/laHHOE 3HAUEHHE MPEBBIIIAET MOPOTOBIA YPOBEHb
pucka, ycranoBieHHbIH B 1,0¥10*. B ocTalbHBIX BO3PACTHBIX TPyIINaXx,
BKJItOUas Aeten 1o 6 jet, aereit 7-17 net u B3pocibix crapiie S50 Jer,
Ha0JI0/1aeMble YPOBHHM KaHIEPOT€HHOTO PUCKA SIBISIOTCS AOIYCTUMBI-
MU. AHaIU3 BKJIaJa OTIEIbHBIX BEIIECTB B CYMMApHbI KaHUEPOTEH-
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HBI pUCK TIOKa3biBaeT, uro HIIMA sBisieTcs OCHOBHBIM (PaKTOpOM,
ONpENENAIONIMM YPOBEHb pUCKa, B TO Bpems Kak Bkian HJIIDA sBius-
€TCsl MPEeHEeOPEKUMO MAJIBIM BO BCEX BO3PACTHBIX I'pymmax. ITo CBUE-
TEIBCTBYET O HEOOXOAUMOCTH (DOKYCUPOBAHMSI BHUMAHUSI HA KOHTPOJIE
conepxannsg HIIMA B Msce 1 MICHBIX IPOAYKTaX, IPUTOTOBJICHHBIX Ha
TpUIIE.

Taomuma 2.10

YpoBeHb HEKAHLEPOT€HHOI'0 PUCKA, 00YCJIOBJICHHOI0 IKCIIO3H LM e
HIMA u HAPA npu norpediaenun HacejseHueM CPB msca
U MSICHBIX NPOAYKTOB, IPUIOTOBJICHHBIX HA IPUJIE

B3po- | Bspo-
Jeru Jetun p p
eIIeCT- UTUYCCKHUE OpraHbI CcibIe cibIe
B K
No 70 6 7-17
BO U CUCTEMBI 18-50 | crapme
JeT JeT
JeT 50 ner

1 | HIMA [Ipomneccer pa3ButTus 1,03 0,88 1,74 0,50

['ma3za (momyTHEHUE

POTOBOM 000JIOUKH),

CUCTEMHOE JICHiCTBHE
(macca Tena)

2 | HADPA >0,01 >0,01 >0,01 >0,01

Ipumeuanue: dCupHviM wpugmom 6vloeneHa SerudurHa Kodpguyuenma onacHo-
cmu 8vlule npuemaiemozo (0onycmumozo)

B Tabmume 2.10 mpeacrtaBiieHbl pe3yibTaThl OIEHKU HEKaHIIEe-
poreHHoro pucka, oOycioBieHHoro 3kcnosuimedn HIMA u HIADA
npu notrpebnenun Hacenenuem Cormanucruueckord — PecmyOnu-
KM BbeTHaM Msica M MSCHBIX MPOAYKTOB, MPUTOTOBICHHBIX HA TpPH-
ne. AHanu3 JaHHBIX TOKa3aj, 4To KOA(D(HUIIMEHTh OMACHOCTH s
HJIMA mnpeBbimaror enuHuIly ais aeted 1o 6 aet (1,03) u B3pocibix
18-50 mer (1,74), 4TO CBUAETEILCTBYET O MOTEHIMAIBHOM PHCKE IS
KPUTHUYECKUX OPTaHOB M CHCTEM, B YACTHOCTH, JJISI IIPOLIECCOB pa3BU-
tus. Jns nereir 7-17 netr u B3pocnbix ctapiie 50 jger koddduimeHt
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omacHocTH, oOycnoBinenHo HIIMA, He npebimaer equnuiy (0,88 u
0,50 COOTBETCTBEHHO).

[IpoBeneHHOE UCCIENOBAHUE 10 OLIEHKE pUCKA ISl 340POBbS Ha-
cenenus Conuanuctuyeckor PecnyOnuku BreTHam, CBSI3aHHOTO € DKC-
no3uuued N-HUTPO30AUMETHIIAMUHOM M N-HUTPO301U(DEHUIAMUHOM
npu NOTpeOJIECHUU MsICa UM MSCHBIX IPOJYKTOB, MPUTOTOBJICHHBIX Ha
I'PUJIE, IO3BOJIWIIO MOTYYNTH CIEAYIOIIME KIIFOUEBBIE PE3YIbTaThI:

CyMMapHbIi UHAMBUAYAIbHBIN KaHIIEPOTEHHBIH PHUCK, OOYCIIOB-
nenHbli dkcno3unueit HIIMA u HIA®DA nis B3pocioro Hacenenus CPB
B Bo3pacte 18-50 ner mpu moTpeOieHun Msica ¥ MSICHBIX MPOIYKTOB,
MPUTOTOBJIEHHBIX HA TPUJIE, TAKKE COOTBETCTBOBAJ HACTOPAKHUBAIOIIIEC-
MY YPOBHIO.

B Xxoze o1leHKM HEKaHIIEpOT€HHOTO PUCKA YCTAaHOBJIEHO (POpMHpPO-
BaHHE HETIPUEMJIEMOTO YPOBHS pHucKa cpenu nereit 1o 6 get (HQ = 1,03)
u B3pocibix 18-50 ner (HQ = 1,74).

[Ipu o1ieHKE HEKAHIIEPOT€HHOTO pUCKa, (OPMUPYEMOTO MOCTYTLIE-
HueMm H/I®PA ¢ MsacOM M MACHBIMH ITPOIYKTAMU, IIPUTOTOBICHHBIMHA Ha
rpujie, YyCTaHOBJIEHO (POPMUPOBAHUE MPUEMIIEMOrO YPOBHS PHUCKa IS
Bcex uccienyeMbix KoHTuHrenToB (HQ<0,01).

Beuny toro, uro migs HIMA u HJ®A comacino PykoBoncTBy
YCTaHOBJICHBI pa3HbI€ KPUTUUYECKUE OPTaHbl U CUCTEMBI, PaCueT UHJIEK-
COB OIIACHOCTH HE ITPOBOIMIICH.

[Tocne 3aBepiieHus: aHaaM3a PUCKa, 00yCIOBICHHOTO MOTpebIie-
HUEM MSCAa U MSCHBIX MPOAYKTOB, IPUTOTOBJIEHHBIX HA T'PUJIE, MPE.I-
CTaBIIACTCS 11€JECO00pa3HbIM TMEPEUTH K HCCIEJOBAHUIO pPHUCKA, ac-
COLMUPOBAHHOIO C MOCTYIUIEHUEM N-HUTPO3aMHUHOB C 3al€YCHHBIM
MSICOM U MSICHBIMU NMPOAYKTaMU. B CBA3U C TeM, 4TO B TaHHOM IpyIIie
MPOAYKTOB ObLT UIACHTU(PUIIUPOBAH TOIHKO N-HUTPO30UMETHUIIAMUH,
OIIEHKA PUCKa JJISl TaHHOM TPyNITbl IPOBOJWIACH UCKIIFOUUTEIBHO IS
ATOTO COENMHEHMs. Pe3ynbrarel KOJMYECTBEHHOW OLIEHKM KaHLEPO-
T€HHOTO M HEKAHIIEPOT€HHOro pUCKa, 00YCIOBIEHHOTO 3KCIO3UIIMEN
H/IMA c¢ 3ame4yeHHBIM MSICOM M MSCHBIMH IIPOAYKTAaMHU, IPEICTaBIIE-
HBI B Ta6nuie 2.11.
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Tabnuma 2.11

YpoBeHb KAHIEPOTeHHOI0 M HEKAHLEPOreHHOI'0 PUCKA,
o0ycaoBiaeHHOro 3xkcno3unueid HIMA npu norpedaennu
HacejieHneM CPB 3aneueHHOro Msica 1 MSICHBIX NPOAYKTOB

Xapakrep pucka Hetn Hetn B3pocnbie Bapocusie
No cTapiie
(pacueTHasi BEIMYMHA) no 6 mer | 7-17 ner | 18-50 ner
50 ner
1 Kannieporennsrtit (CR) 1,21*%10° | 1,03*10° | 1,02*%10* | 2,91*10°
2 | Hexanneporennsiii (HQ) 0,73 0,62 1,22 0,35

Ipumeuanue: dcupnvim wpugmom evioenen Yypo8eHb PUCKA Bblude NPUEMIEMO20
(Oonycmumoeo) 3sHavenus

AHanu3 pe3ylbTaToB OLIEHKU PHUCKA, aCCOLMMPOBAHHOIO C IOTpE-
OJIeHHEeM 3alleYe€HHOTO MsCAa M MSICHBIX MPOJIYKTOB, COJAEPKAIIUX MPH-
OpUTETHBIE [JI1 OLUEHKU PUCKAa N-HUTPO3aMHUHBI, MPEACTABICHHBIX B
Tabnuue 2.11, mo3BONIMI YCTAaHOBUTH, YTO MHJIMBHUAYaTbHBIA KaHIEPO-
TeHHBIN PHUCK, 00yciaoBIeHHBIN 3Kkcniozuruedt HJAMA, nns HaceneHus
B Bo3pacte 18-50 neT COOTBETCTBYET HACTOPAXKUBAIOIIEMY YPOBHIO
(CR = 1,02*¥10*). Ouenka HEKaHIICPOTEHHOTO PHUCKA BBISIBUIA (POPMH-
POBaHHE HENPHUEMIIEMOTO YPOBHS PHCKA TAaKXe CPEIH I'PYIIbI HACENE-
Hus B Bo3pacte 18-50 ner (HQ = 1,22), uro yka3pIBaeT Ha MOTEHLHU-
anbHble HeraTUBHBbIC A((EKTbl Ha KPUTUYECKHUE CHUCTEMBI OpraHU3Ma,
00yCJIOBJICHHBIE SKCIIO3UIMEH HUTPO3aMUHOB.

Takum 00pa3oM, OlIEHKa PHUCKA, CBA3aHHAs C MOTpPeOJICHUEM 3arie-
YEHHOI'O MSICAa M MSCHBIX NPOAYKTOB, coiepxkamux N-HUTpo3aMHUHBI,
Obuta orpannyeHa aHanmzoM HJIMA BBuIly OTCYyTCTBHSI APYTHX 3HAuH-
MbIX N-HHTpO3amMuHOB. Pe3ynbrarsl mokaseiBatoT, uto HJIMA sBisiercs
KJTFOUYEBBIM (DAKTOpOM, OIpENesIIoNIMM KaK KaHIIepOTeHHbIN, TaKk U He-
KaHLIEPOTE€HHBIN PUCK IS B3pOCIIOrO HaceneHus B Bozpacte 1850 ner.

[Tocne ananu3a pucka, CBA3aHHOIO C 3all€YEHHBIM MSICOM U MSIC-
HBIMHU MPOJAYKTaMH, MEperaeM K aHalau3y pHucka, 00yCIIOBIEHHOTO MO-
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CTYIUIECHUEM N-HHUTPO3aAMUHOB C ApPEHBIM MSCOM U MSCHBIMHU IIPO-
OyKTamu. Pe3ynbTaTel pacdeTOB MHAMBUIYAIBHOTO KaHLUEPOTEHHOTO U
HEKaHIIEPOT€HHOI'0 PHUCKa, OOYCIOBIEHHOTO MOTPEOIICHUEM >KapeHOro
MsICa U MSICHBIX TIPOJIYKTOB, MPECTaBICHBI B Tabauie 2.12. AHanorud-
HO 3al€YEHHBIM MSICHBIM MPOJYyKTaM, B UCCIEAOBAHHBIX O0pasiax >Ka-
PEHOTO MsiCa U MSICHBIX MPOJIYKTOB TaKKe HE ObLJIO OOHAPYKEHO MpH-
cyrctBusi HI{DA.

Tabnua 2.12

YpoBeHb KAHIIEPOTeHHOI0 U HEKAHILEPOTeHHOI0 PUCKA,
o0ycJioBiIeHHOr0 3Kcno3unuen HAMA npu norpedaennu
Hacesenuem CPB xapeHoro Mmsica ¥ MACHBIX IIPOAYKTOB

Xapakrep pucka Hetn Hetn B3pocnbie Bapocusie
Ne crapie
(pacueTHasi BeJIMUMHA) no 6 ner | 7-17 ner | 18-50 net
50 net
1 Kanneporennsiit (CR) 6,55%10° | 5,24*%10°¢ | 3,64*%10° | 9,78*%10°
2 Hexkanneporennsiii (HQ) 0,39 0,32 0,44 0,12

AHanu3 JaHHBIX, COAEpXkAIIMXCA B TaOJMIle, IMOKa3bIBAET, YTO
YPOBHHM KaK KaHILIEPOT€HHOI'O, TaK M HEKaHUEPOre€HHOIo pHCKa, 00-
ycnosieHHsle dkcnosunne HJAMA, He npeBblany npuemMiemMsiX 3Ha-
YEHUI JJI BCEX MCCIIEAYEMbIX BO3PACTHBIX I'PYIIII.

[Tocne ananu3a pucka, CBSI3aHHOT'O C KapPEHBIM MSICOM M MSICHBIMHU
OpOAYyKTaMU, NepeiieM K aHalu3y pHUcKa, 0O0yCIOBIEHHOTO MOCTYIIe-
HUeM N-HHUTPO3aMHHOB C KOITYEHBIM MSCOM MU MSCHBIMHM IIPOAYKTaMH.
PesynpraTel pacueToB MHAMBHUAYAJIbHOIO KAHIIEPOI€HHOIO M HEKaHIE-
POTEHHOTIO pUCKA, 00YCIOBIEHHOTO NOTPEOIEHUEM KOITYEHOIO Msica U
MSICHBIX TIPOAYKTOB, IpEACTaBICHbI B Tabauue 2.13. AHanoruyHo 3are-
YEHHBIM U >KAPEHBIM MSCHBIM MPOIYKTaM, B MCCIIEJOBAaHHBIX 00pa3lax
KOIMMUEHOT0 Msca U MACHBIX MPOAYKTOB Takke He ObUIO OOHapyKEHO
npucyrctust HIIDA.
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Tabnwnia 2.13

YpoBeHb KAHIEPOTeHHOT0 M HEKAHIIEPOTeHHOI'0 PUCKA,
00ycJyoBieHHOr0 3Kcno3unueid HJIMA npu norpedaennu
HacesenneM CPB kom4eHoro Msica U MACHBIX IPOIYKTOB

Xapakrep pucka Heru Heru Bspocislie Bapocmie
Ne cTapiue
(pacueTHasi BeJIMUMHA) no 6 mer | 7-17 ner | 18-50 ner
50 ner
1 Kanneporennsriii (CR) 4,37*¥10° | 4,47*%10° | 4,14*%10° | 1,06%10°
2 Hexanneporennsiiit (HQ) 0,26 0,27 0,50 0,13

AHanu3 JaHHBIX, COIEp)KalUXCs B TaOJuWIle, MOKA3bIBAET, YTO
YPOBHHM KaK KaHIIEPOT€HHOIO, TaK W HEKaHIEPOI€HHOIo pucka, 00-
ycnoBieHHbIe dkcno3unuein H/IMA, He npeBblany npueMiIeMblX 3Ha-
YEHUH U1 BCEX MCCIIEyEMbIX BO3PACTHBIX PYIIII.

[IpoBeneHHbI KOMIUIEKCHBIM aHAJI3 PUCKA, CBSI3aHHOTO C MOTpe-
OneHneM MACHBIX MPOIYKTOB, coAepKaux N-HUTPO3aMUHbI, TTO3BOJIUI
YCTAHOBHUTH PAJl BaKHBIX 3aKOHOMEpPHOCTEH. OlEeHKa KaHUEPOT€HHOIO
Y HEKaHLIEPOT€HHOTO pUCKa JJIsl Pa3IUYHbIX BUJOB MSICHON IIPOAYKIIUH,
BKJIIOYAsi MSCO, IPUTOTOBJIEHHOE HA TPUIIE, 3allEYCHHOE, KapeHOEe U
KOITYEHOE MSICO, BBISIBIIJIA 3HAUUTENbHBIE PAa3IUYMs B YPOBHSIX PHUCKA B
3aBUCUMOCTH OT TUTA 00pabOTKH MPOIYKTa U BO3PACTHOW TPYIIBI Ha-
CEJICHUS.

PesynbraThl uccienoBaHus MOKaszald, 4YTO HauOoliee 3HAYUTEIb-
HbIIl YpOBEHb KAaK KaHUEPOre€HHOro, TaK U HEKAHUEPOrE€HHOro pHUCKa
dopmupyercst ipu NOTpeOIeHUN Msica, IPUTOTOBICHHOTO Ha TpHIe, U
3alle4eHHOT0 Msica, 0COOEHHO i B3pocioro HaceneHus Coruanuctu-
yeckoil PecniyOnuku BretHam B Bozpacte 18-50 jeT. Tu BUIBI MPOITYK-
TOB OKa3aJINCh OCHOBHBIMH UCTOYHUKAMH SKCTIO3ULIUHA N-HUTPO30IUMeE-
tunamuda (HJIMA), uto npuBeno k GpopMHUpPOBAHUIO HEMPUEMIIEMOTO
YPOBHSI pUCKa. B TO ke Bpems aHainu3 pHUCKa, CBA3AHHOIO C yIOTpe-
OJIeHHEeM KOIMUEHOro MsiCa M MSICHBIX MPOAYKTOB, MMOKa3aj, YTO YPOBHH
KaK KaHI[EPOT€HHOT0, TaK U HEKaHIIEPOT€HHOTO pUCKa, 00YCIOBIIEHHBIE
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skcno3unimerd HJIMA, He qocTurain HempueMJIEMbIX 3HAYEHUN HU IS
OJIHOM M3 UCCIIEIOBAHHBIX BO3PACTHBIX TPYMII.

OueHka HeomnpeaeJeHHOCTEH

Ha srane unentudukanum onacHOCTH ObUIN BBISIBICHBI HEOIIPE/IE-
JICHHOCTH, CBSI3aHHBIC C:

1. PasnmuuusiMu B KJIacCH(UKAIUA KaHIIEPOTEHOB: CYIIECTBYIOT
pasznuuus B KiacCUu(PUKAIUAX KaHIEPOTEHHOCTH N-HUTPO3aMHUHOB, HUC-
MOJIB3YEMBIX PAa3TMYHBIMUA MEKIYHAPOIHBIMHA OPTaHU3AIMIMU, TAKUMHU
kak [ARC u US EPA.

2. Paznuuusmu B HampaBiICHUSX U PE3yJbTarax HAy4YHBIX HCCIIE-
JIOBaHUWI: OOJBIIMHCTBO HMCCIICIOBAHUM, MPEJACTABICHHBIX B HAyYHOH
JUTEpAType, COCPENOTOYCHO HA M3YUYCHHH KAHIEPOTECHHOTO JICUCTBUS
N-Hutpo3zamMuHoB. VcciienoBaHusi, MOCBSIICHHBIE HEKAHIIEPOTCHHBIM
s deKkTam ITHX COCAMHEHUH, MPEICTABICHBI B 3HAYUTEILHO MEHBIIIEM
o0beMe. ITO MOKET MIPUBOIUTH K HEMOJHOMY IMTOHUMAHUIO CIIEKTpa T0-
TEHIIMAJLHBIX HETAaTUBHBIX 2(PPEKTOB HA 3I0POBHE UYEITOBEKA.

Ha »Tamne BbIOOpa 3aBUCUMOCTH «J103a-3(P(deKT» ObUIM yCTaHOBIIC-
HBI CIICAYIOIIME HEONPEACTIEHHOCTH, OOYCIOBJICHHBIE OTPAaHUYCHHOM
OIICHKOW HEKaHIIEPOTEHHOTO BO3JICHCTBUS: JIeTallbHAS OIEHKA BPEIHOTO
HEKaHIIEPOTEHHOT'O BO3/CMCTBUSI UMEETCS TOJBKO JJIsi OTPAHMYEHHOTO
YHUCJIa BEIIECTB. DTO BHOCUT HEOMPECICHHOCTh B OIIEHKY HEKaHIIEPO-
TEeHHOTO pUCKa /it BceX N-HUTPO3aMHUHOB.

Ha srare oneHku »KCro3uiiuu ObUTH UACHTU(GUIIMPOBAHBI CIIEIY-
IOIIMEe HEOIIPEIETICHHOCTH, CBSI3aHHBIE C:

1. OrpaHWYeHHBIM KOJHMYECTBOM IMPOO: OIEHKA COACPKAHUS
N-HUTPO3aMHUHOB B MSICHBIX NPOAYKTaX MPOBOAWIACH HA OCHOBAaHUU
aHaJM3a OTPAHMYCHHOTO KOJIMYECTBA MPO0, YTO MOXKET IMPUBECTH K HE-
MIOJTHOMY TIPEJICTABIICHUIO O PACIIPEICIICHUN TaHHBIX BEIIECTB B UCCIIE-
JyeMBIX TTPOAYKTaX U HETOYHOCTSM B OIIEHKE SKCIIO3HIIHH.

2. OrpannyeHHoi uHpOpMaIeil 0 TOTpeOIeHUH: OlIEHKa MOTpe-
ONeHUsT TUIIEBBIX MPOAYKTOB HACEICHHEM TMPOBOAMUJIACH, HA OCHOBA-
HUU OTPAaHUYEHHBIX JAHHBIX, YTO MOKET BHOCUTH HEOIIPEICICHHOCTh B
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ONpeIeNICHUE PEAbHON IKCIO3UIMNA N-HUTPO3aMUHOB ISl pa3IUYHBIX
Ipynn HaceJIeHusl.

B pesynbrare npoBeAeHHOTO aHAIM3a HEONPEAEICHHOCTEN MOKHO
3aKJIFOYUTh, YTO COBOKYIIHBIM YpOBEHb HEOIPEAEICHHOCTH B HACTOS-
el OlLIEHKe pucKa sIBIsieTCsl BHICOKMM. [lomydyeHHble pe3ynbTaThl Tpe-
OyIOT MPOBEAECHUS TONOJHUTEIbHBIX UCCIEIOBAaHUM, HAIIPABICHHBIX HA
YTOYHEHHE JTAHHBIX U CHIDKCHHE HEONpPEeIeICHHOCTEH, ISl pa3paboTKu
3G (HEKTUBHBIX MEp MO YIPaBICHUIO PUCKAMU U 3aILUTE 310POBbs HACE-
JICHUS.

Pe3yabTaThl THITHEHUYECKOTO MCCJIEI0BAHNSI M0 OLIEHKe PUCKA
JJIS1 3710POBbSI HACEJIEHUS MPH YNOTPeOJeHNN MSICa U MSCHBIX
npoaykToB B Conmanancruyeckoin Pecnyoiinke BbeTHam

Pe3ynbraTel TMTHEHMYECKOTO UCCIIEIOBAHUS 110 OLEHKE PUCKA JJIs
3/I0pPOBbsSI HACEJIEHUS TPHU YNOTPEOJICHUH Msica M MSICHBIX MPOAYKTOB,
peanuzyeMbix Ha Tepputopuu Corumanuctuueckor PecnyOmuku Bobet-
HaM, MMOKa3aJiu:

1. Ha srane maeHTU(UKAIIMN OMACHOCTU OBLIO YCTaHOBJIEHO, YTO
CpelM BBISBJICHHBIX B MSICE M MSCHBIX MpoOayKTax aAeBsATH N-HuUTpo3as
MHUHOB B JaJIbHEHINYIO OLIEHKY puUcKa BKJIOUEHbI N-HUTpO30auMeTHH
namuH U N-HHTpO30IM(EHMITAMUH, TTOCKOIBKY OHM COOTBETCTBOBAJIU
KpUTEpUSIM BKJIIOUEHHUS (HAJM4YuMe B KOHLIEHTPAIUSAX BBIIIEC IIpeielia
onpezenenus Oosee yeM B 5% mpoO MPOIYKTOB; HATUYME [TapaMeTPOB
JUTSL OLIEHKH KaHUEPOT€HHOTO PUCKA; HAJIMYKE MapaMeTpoB JJisi OLEHKHU
HEKAHILIEPOT'€HHOI'O PUCKA).

2. Ha srame BbIOOpa 3aBUCUMOCTH «IKCIIO3HUIIUS — OTBET» YCTa-
HOBJICHO, YTO JJI OLIEHKH KaHIIEPOI€HHOIO pHUCKa LEeIecoo0pa3Ho
WCIIONb30BaTh CJEMYIONINE 3HAYeHHUsS (PAKTOPOB KaHIEPOTCHHOTO IO-
TeHuana: N-TuMeTunHuTpo3amMuH — 51 (Mr/(krxjaens))!, N-mude-
HUTHUTpo3aMuH — 0,0049 (Mr/(krxaeHb))-!. B kauecTBe KpUTEpPUEB He-
KaHLEPOTeHHOTO pPHCKa HCHOJIb30BAINCH pedepeHTHbIE O3Bl IS
N-auTpozogumermiiamuHa — 0,000008 mr/kr maccel Tena (KpUTHUUECKUE
OpraHbl U CUCTEMBI — Mpouecchl pa3Buthsi); N-HupozoaupenuiamuHa —
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0,02 mr/kr macchbl Tena (KpUTHYECKUE OpraHbl M CUCTEMBI — IJ1a3a (Io-
MYTHEHHE POTOBOM 00OJIOUKH), CUCTEMHOE JelCTBUE (M3MEHEHUE Mac-
ChI TeJA)).

3. Ha sTane OueHKH 3KCMO3UIMU YCTAHOBJIEHBI YCPEIHEHHBIE CY-
TOYHBIE J103bI N-HUTPO3aMHUHOB JJIs1 OLICHKH KAHIIEPOTCHHOTO M HEKaHH
IIEpOre€HHOr0 PHUCKa.

CpennecyTouHasi J03a MPHU AKCIMO3UIMKA N-HUTPO30IMMETHIIaMHUA
Ha, TTOCTYMAIOIIETO C MSCOM U MSICHBIMU MIPOTyKTaMH, IPUTOTOBJICHHBI-
MU Ha rpuie, ais HaceneHus: Coumanuctudyeckor PecnyOnuku Boet-
HaMm cocraBmia ot 4,00%10° mo 1,39*10 mMr/kr maccel Tena B I€Hb.

CpennecytouHas no3a mpu dkcro3uniuu N-HuTpo3oaudeHunaamua
Ha C MSJCOM M MSCHBIMH IPOYKTaMH, IPUTOTOBICHHBIMU Ha TPHIIC, CO-
craBuia ot 3,52*107 go 1,23*10°° MI/kr Maccel Tejla B JE€Hb.

Cpennecyrounas n03a N-HUTPO30JMMETHIIAMUHA, XapaKTEPU3YT
rommas Kanueporenusid s¢pdexr (LADD,,, ), mocTynaromas ¢ MicoM u
MSCHBIMU HPOAYKTAMU, MPUTOTOBICHHBIMU Ha TpUJie, COCTABWIIA: NS
nerei 1o 6 et — 6,80*107 Mr/kr maccel Tejaa B J€Hb; I nereil 7-17
aeT — 5,78%107 mr/kr maccel Tejla B JIeHb, JIJIs B3pocibix 18-50 et —
5,73*10° mr/kr maccel Teja B J€Hb, IS B3pOCIbIX cTapiie 50 et —
1,64*10° mr/kr maccsl Telna B I€Hb.

Hlo3za N-HuTpO3oaU(DEHMITaMUHA, XapaKTepU3ylollas KaHIepoa
TeHHBIN 2PDEKT, AJIst Msica U MSICHBIX HNPOAYKTOB, IPUTOTOBJICHHBIX Ha
rpuiie, cocTaBmia: i neredt 10 6 jer — 5,99*10° Mr/kr maccel Tena
B JIeHb; I aereid 7-17 ner — 5,09*10® Mr/kr macchl Tena B J€Hb, I
B3pocibix 18-50 et — 5,05%107 Mr/kr maccel Teja B JIeHb; JIJIS B3PO-
cibix crapire 50 met — 1,45%107 Mr/Kr Macchl Tenia B JICHb.

CpennecyTouHas J03a OpH ASKCHO3UIUU  N-HUTPO30AUMETHIIAO
MHHA, MOCTYIMAIOMIET0 C >KapeHbIM MSICOM M MSCHBIMH TMPOAYKTaMHU,
st Hacenenust Conmanuctuueckod PecniyOonmuku BreTHam cocrtaBuiia
ot 9,43*107 no 3,51*10° mMr/kr maccel Tejla B I€Hb.

Cpennecyrounass jo3a  N-HUTpO30AMMETHUIIAMHUHA,  XapaKTEH
pusyromas  Kanneporenseli  s¢dexr (LADD, ), mnocrynaromas
C KapeHbIM MSCOM M MSICHBIMU NPOAYKTAMM, COCTaBWJIA: HJIs Jie-
Te g0 6 mer — 2,59*107 mr/kr maccel Teida B A€HB, A JETEH
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7-17 ner — 5,78*%107 wMr/kr maccel Tella B JICHb, JUIS B3POCIBIX
18-50 et — 1,44*10°° Mr/Kr Macchbl Tella B JICHb; JIJIS1 B3POCIIBIX CTapIie
50 et — 3,88*1077 Mr/Kr Maccel Tena B AEHb.

Cpennecyrounas go3a mnpu skcno3uiiuu N-HUTpo3onuMeTuIamua
Ha, MOCTYMAIOIIETO C 3aM€YEHHBIM MSICOM U MSCHBIMH MPOAYKTAMH, TSI
Hacenenus: Conmanuctuyeckoil PecnyOnuku BbeTHam cocrtaBuiia oOT
2,81*%10° 10 9,79*10 Mr/kr mMaccel Tella B I€Hb.

Cpennecyrounass n03a N-HUTpO3OAMMETUIIAMHHA, XapaKTEepUM
3yromas Kanneporenseli d¢dexr (LADD,, ), moctymaromas c¢ 3a-
MEYEHHBIM MSICOM U MSCHBIMHM MPOAYKTaMH, COCTaBWJIA: JJisl JeTei
10 6 ner — 4,78%107 Mr/Kr macchel Tena B I€Hb;, IId aeTer 7-17 ner —
4,06¥107 Mr/kr Macchl Tella B JIHb, s B3pocibix 18-50 mer —
4,02*10° Mr/kr Maccel Tella B JIEHb; JJIs B3pPOCIBIX crapiire 50 jeT —
1,15*10° mr/kr maccsl Tena B A€Hb.

CpennecyTouHasi f03a Mpu dKcno3uiuu N-HUTpo3oauMeTHIaMua
Ha, MOCTYIMAIONIEr0 ¢ KOMYEHBIM MSICOM U MSICHBIMU MPOAYKTaMH, st
Hacenenus Coumanuctuueckoil PecnyOnuku BpeTHam coctaBmiia oOT
1,02*10° go 3,99*10° mr/kr Maccel Tella B JI€Hb.

Cpennecyrounass 103a  N-HUTpO3OAMMETHUIIAMHUHA,  XapaKTEH
pusyromas Kanueporenneli sddexr (LADD,,, ), mocrynmaromas c
KOMMYEHBIM MSICOM W MSICHBIMH TPOIYyKTaMH, COCTaBWJA: IS JeTei
10 6 gmer — 1,73*107 wmr/kr Mmaccel Tela B J€Hb, s JeTe
7-17 nmer — 1,77*107 mr/kr Maccel Tella B JCHB, JUIS B3POCIBIX
18-50 et — 1,64*10°° MI/Kr Macchl Tella B I€Hb; /IS B3POCIIBIX CTapIIe
50 net — 4,20*10”7 MI/Kr Macchl Tela B J€Hb.

4. Ha nstane xapakTepUCTUKH pUCKa ObLIO YCTaHOBICHO (OPMHUPO-
BAHUE CPEIU B3pOCIOro HaceneHus B Bo3pacrte 18-50 et Hacropaxuba-
IOIIIETO YPOBHS KAHIIEPOTCHHOTO PHUCKA, OOYCIOBIEHHOTO YKCTIO3UITUEH
H/IMA ¢ MsicoM ¥ MSICHBIMH MPOAYKTaMU, IPUTOTOBICHHBIMU Ha TPHU-
ae (CR mo 1,45%10), u 3ared4eHHBIMU MSCOM M MSICHBIMH TIPOJYKTaMHU
(CR 10 1,02*10).

Bwmecrte ¢ Tem cpenu HaceneHHs] 5TOM BO3PACTHOM TPYMIBI yCTa-
HOBJIEHO (OPMHUPOBAHUE HEMPUEMIIEMOTO YPOBHSI HEKAHIEPOTEHHOIO
pucka, oOycimoBierHoro nmoctymienneM H/IMA ¢ msicom u MACHBIMU
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MpOoAyKTaMu, IpurotoBieHHbIMU Ha Tpuie (HQ mo 1,74), u 3aneueHHbIH
MU MsicOM U MsicHbIMH Tipoayktamu (HQ mo 1,22).

Cpenu nereéd 10 6 JieT oTMeuaiaoch (popMUpOBaHHE HEMpUEMIIE-
MOT'O YPOBHSI HEKaHIIEPOT€HHOTO PUCKA, 00YCIOBIEHHOTO HKCIIO3UIUEH
H/IMA ¢ msicoM U MSICHBIMU ITPOyKTaMH, IPUTOTOBIICHHBIMU Ha TPUJIE
(HQ mo 1,03).

Pe3ynbrarel NpPOBENECHHOW OLIEHKA PHUCKA CBUAECTENBCTBYIOT O
HEOOXOUMOCTH Pa3pabOTKHU TMapamMeTpPOB 3aBUCUMOCTHU «IKCIO3HU-
uus-3GdeKT 8 JanbHEHIIe KOJIM4eCTBEHHON OLICHKHM HEKaHIEpo-
TEHHOTO pHuCKa, (popMupyemMoro skcno3unueit N-HUTPO30JuMETHIIA-
MHUHOM, 4YTO ONPENENAEeT IMEePBOOYEPEIHYIO 3a7auy B YCTAaHOBJIEHUU
HAay4yHO OOOCHOBAHHBIX OTHpPABHBIX Touek. [Ipu 3TOM HEoOXoAMMO OT-
METUTh, YTO, HECMOTPS Ha MPUMEHEHHYIO, B COOTBETCTBUU C PykoBOI-
ctBoM P.2.1.10.3968-23, B HacrosIeM HCCIEIOBaHUN PEDHEPEHTHYIO
no3y HIMA, ocHOBaHHYIO Ha MpoIleccax pa3BUTHS, CYIIECTBYIOIIUE
Hay4YHBIC JaHHBIC YKa3bIBAIOT HAa OOJee MIMPOKHUI CIEKTp TOKCHYe-
ckux 3P ¢eKToB, okazpiBaeMbIX N-HUTpo3amuHamu, Bkiatodas HIIMA
[Toxicological Profile for N-Nitrosodimethylamine; Sheweita, Mostafa,
1996].

B wactHOCTH, B HAyyHOU JIUTEpaType MPEACTaBICHbI MyOJIUKaIUH,
JEMOHCTpUpytoue, 4to N-HUTpo3amuHbl, Bkiatoyas H/IMA, moryt
OKa3bIBaTh HETaTUBHOE BO3JCHCTBUE HE TOJBKO HA IMPOIECCHI pa3BU-
TUs, HO U Ha ¢yHKIMIO iedeHu [Shur, Suvorov, Zemlyanova, Zelenkin,
2020; Cysopos, lllyp, 3enenkun, 2024; Gao et al., 2017; Wong, Mur;
phy, Wang, Hecht, 2003]. Psn wuccnenoBanuii CBUIETEILCTBYET O
renarotokcudeckux 3ddexrax N-HutpozamuuoB. [lpu stom criemyer
OTMETHUTh, YTO 3HAUEHUs JOMYCTUMBIX CyTOUHBIX 103 (ACH) nns Hu-
TPO3aMUHOB, YCTAaHOBJIEHHbIE HA 0OCHOBe BMDL (HM>XHEe# rpaHuLbl 10-
BEPUTEIILHOTO HMHTEpBaja SKCIO3UIINH, BBI3BIBAIOIIEH OMpeIeICHHbIN
3 (}eKT) B ITUX HCCICAOBAHUSAX, OKA3BIBAIOTCA OO0JIEE CTPOTUMH, YeM
pedepentHas go3a (RfD) nns HIIMA B oTHOIIEHUH TIPOIIECCOB Pa3BH-
THUSI, UCTIONIb3yeMasi B HACTOsIIeM uccieaoBaHuu. OqHaKO YCTaHOBJICH-
Hble YpoBHU BMDL i N-HUTpO3aMHMHOB B JAHHBIX HCCIEHOBAHUSX,
BBUJY CNEHU(PUKU UX SKCHEPUMEHTAJIBHOTO Ju3aiiHa, HE MOTYT ObITh
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UCIIOJIb30BaHbl B KAUECTBE YHUBEPCAIBHOTO KPUTEPHUS MPHU OLICHKE He-
KaHIIEPOT€HHOTO PHUCKA, CBA3aHHOIO C MOTPEOJICHUEM MHIIEBBIX MPO-
JYKTOB, COJIEPIKAIIUX HUTPO3aMHUHBI.

B cBsA3M ¢ 3TUM BO3HUKAET HEOOXOAUMOCTh MPOBEJACHUS CIe-
MUAJIM3UPOBAHHOTO TOKCHKOJIOTHUYECKOTO JKCIEPUMEHTa Ha jabo-
PAaTOPHBIX JKUBOTHBIX. TakOM SKCIEPUMEHT, BBIIIOJHEHHBIM B CO-
OTBETCTBHHU C MEXIYHAPOAHBIMHU CTaHIApPTAMU U C NPUMEHEHUEM
BAIUUPOBAHHBIX METOJIOB, IMO3BOJIUT IMOJYYHUTh Oo0Jiee TOYHBIE
JaHHbIE O TapaMeTpax 3aBUCUMOCTH «J03a-3pdekT» s remnaro-
TOKCHYECKOTO JNeMCTBUA N-HUTpO3aMHUHOB. llonydeHHble B pe3ynbra-
T€ TAKOro AKCIIEPUMEHTA JIaHHBIE MO3BOJSAT YTOUHHUTH MAapaMeTpbl s
KOJTMYECTBEHHON OIIEHKM HEKAHIIEPOT€HHOIO PHCKa, OOYCIOBIEHHOTO
AKCIO3UIMEH HUTPO3aMHUHOB, U YCTAHOBUTH HAyYHO 0OOOCHOBAHHBIEC OT-
IpaBHbIC TOYKU, TPUMEHHUMBIE K PA3JIMUHBIM BHUJIaM IMUILEBBIX MPOTYK-
TOB U KaTErOpUsIM HACEJICHUS.

Takum 00pa3zoM, CyiecTByeT MOTPEOHOCTh B YTOUHEHHUH TTapaMe-
TPOB OLIEHKH pUCKA B OTHOIICHUM IMEYEHU. DTO TPeOyeT MpOBEACHUS
JIOTIOTHUTENIbHBIX UCCIE0OBAHUM C 1IeJIbI0 YCTAHOBJICHHSI OMOMapKepOB
s dexra [3emmnsnona, Jonrux, 2010] u 5KCIO3UIIMH, TO3BOJISIIONIUX 0O-
Jiee TOYHO XapaKTEPU30BaTh U KOJUYECTBEHHO OIIEHUTDH IeMaToTOKCHYE-
ckuit 3pdpext HIMA u npyrux N-HUTpPO3aMUHOB.
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IJTABA 3. YCTAHOBJIEHUE ITAPAMETPOB
3ABUCUMOCTH «KCITO3NLIUA-DPDPEKT» JIA
OLHEHKHU PUCKA HA OCHOBE TOKCHUKOJIOT'HYECKOI'O
IKCIIEPUMEHTA C UCIIOJIB3OBAHUEM BUOMAPKEPOB
IKCIIO3NLIHUHU U DPPEKTA

YTouHEeHHE TapaMeTpOB 3aBUCUMOCTU «IKCIIO3ULHUA-OTBET» IS
OLICHKM pHUCKa ISl 3JOPOBbsl HACEJIEHUS, CBA3aHHOIO C BO3ICHCTBHEM
N-HUTPO3aMUHOB, TPOBOJUIOCH B paMKaX COBMECTHOM HCCIE0BATENb-
ckoil pabotel Mexay PbYH OHI] MIIT YP3H, . Ilepms, Poccuiickas
®enepanust, u NIFC, r. Xanoii, Conuanuctuueckas Pecnybnuka Brers
HaM.

Kak Obl10 yCTaHOBJIEHO Ha MPEABIAYIIEM ATare, MOTYKOJIHYeCT-
BEHHas OIleHKa pucka Juist 310poBbs Hacenenus CPB, ¢popmupyemoro
NOTpeOJeHUEeM Msica U MSICHBIX MPOJIYKTOB, coaepKamux N-HUTpO3a-
MUHBI, BbISIBHIIA (DOPMUPOBAHUE HACTOPAKUBAIOIIETO YPOBHS HEKaHIIE-
POT€HHOTO pUCKa JJI B3POCIOr0 HACEJIEHUs MpU MepopaIbHOM MOCTY-
ieHnd N-HUTPO30JUMETHIIAMUHA C KapPEHBbIM M KOIMYEHBIM MSCOM U
MSICHBIMU TIPOJyKTaMHU. JlaHHbIE MUIIEBBIE MPOIYKThI ObUTH UACHTU(U-
LIUPOBaHBI KAK OCHOBHBIE MCTOUHMKH N-HuTposamuuos [Ozbay, Sireli,
2021; EFSA CONTAM Panel, Schrenk, Bignami et al., 2023; Park, Seo,
Lee, Kwon, 2015; Lee, 2024].

Cnenyer OTMETUTh, YTO, HECMOTPSI Ha BaXKHOCTh MOJYYEHHBIX pe-
3yJIBTaTOB, MEXIAYHApOAHbIE MPUHIUIIBI aHAIN3a PUCKA ISl 3I0POBBS
[Komuccus Kogexkc AnuMmentapuyc. AHaIU3 PUCKOB] HE MPEANOIaratoT
MPOBEACHNE KOJTMYECTBEHHOM OIIEHKH HEKAHIIEPOTEHHOIO PUCKA.

B TO e Bpems psA MCCIENOBAaHWW MOCBAIIECH OLIEHKE KAHIEPO-
reHHOTo JelcTBUs N-HUTpo3aMHuHOB, npexae Bcero HIIMA, kotopoe,
KaK TMPaBHIIO, pACCMaTPHUBAETCS Kak OecroporoBoe, MMEIOIIee B OC-
HOBe TeHoTokcuueckui xapaktep [National Toxicology Program; U.S.
Environmental Protection Agency, 1987; Hidajat et al., 2019; Boniol,
Koechlin, Boyle, 2017]. Onnako nmpoBeAeHHBIN JIUTEpaTypHBI 0030p
TOKCUKOJIOTUYECKUX SKCIIEPUMEHTOB HA JKUBOTHBIX (KpbICax) BBISBUII,
yT0o N-HUTpO3amMuHbl, B yactHocTH, H/IMA, MoryT BeI3bIBaTh d(dek-
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ThI, IEUCTBHE KOTOPBIX XapaKTEPU3yeTCs MOPOTOBBIMH YPOBHSMU. DTO
HaOmrofieHre 0oJiee OCHOBAHO Ha TNIIYOOKOM M3YYEHUM MEXaHUCTUYe-
CKOM OCHOBBI ATUX Y(PPEKTOB.

B cBoem 0030pe pa3BuTHs TOKCHYECKUX S(PGHEKTOB MpH Mepo-
panbHOM ToCTyrjieHun N-HutpozamuHoB Liteplo m Meek ormeuann,
yTO TOKcukojmornueckue s¢pdextst HJIMA pa3BuBaOTCS MOCPENCT-
BOM MEXaHHM3Ma aJKUJIUPOBAHUSI OMOJIOTMYECKUX MaKpOMOJEKYN (Ha-
npumep, JJHK, PHK, GenkoB) noHOM MeTHJIIMa30HUSA, 00pa3yrOIIUM-
cs B mporecce merabonusma [Liteplo and Meek, 2001]. Kpome Toro,
npu nepopaibHoM noctyrieHnn HJIMA oxa3biBaeT BO3/A€CTBHE Ha
pazNUYHbIe OpPraHbl U CUCTEMBI, BKJIOYAs TMEYEeHb (BaKyoJIW3alus Te-
MaTOIMTOB, MOPTAJIbHAS BEHOIMATHS U HEKPO3/KPOBOU3IUSHUE), MOUYKU
(HampuMep, paclIMpeHue IIIOMepya U HeOOJNbIIOe YTOJIIEHUE Karcy-
el boymena), cene3eHky (3acTOM KpOBU B CEJIE3E€HKE), a TAKKE MOMKET
BBI3bIBATh JKENIYJIOUHO-KUIIEUHbIE KpoBOoTeueHus [Barnes and Magee,
1954; Khanna and Puri, 1966; Reuber and Lee, 1968; Maduagwu and
Bassir, 1980; Roszczenko, Jablonski and Moniuszko-Jakoniuk, 1996;
Chooi, Rajendran, Phang and Toh, 2016; Lathouri, Korre, Dusinska and
Durucan, 2022]. B kauecTBe NepCcHeKTUBHBIX OMOMapkepoB 3(ddexra
npu Bozaercteun HIIMA paccmarpuBaercst conep:kaHue MoKaszarenaei
MEYCHOYHOU (PYHKITNHU B CBIBOpOTKE KpoBu [Usunomena et al., 2012].

B cBoro ouepenn, B mcciemoBanuu Moniuszko-Jakoniuk et al.
OBLJIO TIOKA3aHO, YTO MpU TNepopanbHoM Bo3zaeiictBuu HJIMA B mozax
0,002 u 0,003 Mr/kr/neHs y Kpbic HAOMIOAAINUCH TUCTOMATOIOTUYECKUE
U3MEHEHHMsI TeYeHU. DTU U3MEHEHUs BKIIIOUAJU JIETCeHEepalui0 renaro-
UTOB, (hOpMUpPOBaHUE APTUPOPUIBHBIX U KOJUIAT€HOBBIX BOJIOKOH, a
TaK)Ke BOCTAJIUTEIbHbIE UHPWIBTPAThl B pallOHE MOPTAIbHBIX JKETYHBIX
nyTteit dyepe3 30 aueit. [Ipu stom uepes 90 nueit rddext ycunupaics
U TIPOSIBJISUICS B BHJIE CTe€aro3a M mapeHxumarosa nedeHu [Moniuszko-
Jakoniuk, Roszczenko and Dzieciol, 1999]. Ananoruuno ucciaeaoBaHUs
Roszczenko et al. Ha kpblcax MoKa3aau, YTO XPOHUYECKOE MEPOPAIIb-
Hoe moctyruiearne H/IMA npuBoauT K CHUKEHUIO OOIIEH U JTAaTEeHTHOMN
KEJIE30CBSA3BIBAIOIICH CITOCOOHOCTH CHIBOPOTKH KPOBH M YBEITUYCHHIO
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COJIEp’)KaHUsSI B CBHIBOPOTKE KPOBHM TIEUEHOUHBIX (PEPMEHTOB (ajaHM-
HamuHoTpanchepasnsl (AJIT), acmaprarammunorpancdepassl (ACT) u
y-tnytamuntpancdepassl (I'T'T)) mpu omHOKpaTHOM mOCTymHaBIIeh
no3ze 20 mkr/kr maccel Tena [Roszczenko, Jablonski and Moniuszko-
Jakoniuk, 1996].

Takum 00Opa3oM, OCHOBHBIM OPTraHOM-MHIIEHBIO MpU POPMHUPO-
BaHUM HEKaHIEPOTCHHBIX 3(PPEKTOB MpHU MEpOpPaTbHOM MOCTYIJICHUU
H/IMA sBnsieTcsa neyeHb. B kauecTBe OMOMapKepoOB OTBETA HA renaTo-
TOKCHUYECKOEe AeicTBUEe N-HUTPO3aMUHOB PacCMaTpPUBAIOTCA IMOKa3are-
mu aktuBHOCTH AJIT, ACT u I'TT B ceiBopoTke kpoBu [Lathouri, Korre,
Dusinska and Durucan, 2022].

['amMma-rnyramuntpancdepasa sBiIseTcs CeUPUIHBIM MaPKEPOM
MOBPEXKJICHUS TEYEHU U KEITYEBBIBOMAIIMX MyTel. ClieayeT OTMETHUTh,
410 akTUBHOCTHh [ T'T MOXKET MOBBIIATHCA JJaXke MPU HE3HAYUTEIbHBIX,
CYOKJIMHUYECKUX HapyHIeHUSX (YHKUMU TEYEHHU, YTO XapaKTepU3yeT
ATOT MOKa3arellb Kak HanlOoyiee 4yBCTBUTENIbHBIA OMOMapKep, OTpaka-
omuil moBpexaenue nedeHu [Roszczenko, Jablonski and Moniuszko-
Jakoniuk, 1996].

AcnapraramMuHoOTpaHc(epasza, TakKe M3BECTHAs KaK ChIBOPOTOU-
Has DIIyTaMmar-oKcaloaleTaTTpaHCaMUHAa3a, MOBBIIIAETCS MPU OCTPOM
noBpexaeHuu nedeHu. OHako HeoOXoAUMO yunuThiBaTh, yTo ACT Tak-
K€ MPUCYTCTBYET B APUTPOLIUTAX, CEPIACUYHON M CKEJIIETHOW MBIIIIAX U
MOATOMY HE SIBJISIETCS CIIEU(PUIHBIM MapKepoM Juist TieueHu. [loBsiie-
Hue ypoBHS ACT MOXET MPOUCXOANTh KAaK MPU MOBPEXKACHUU Cep/la
WM CKEJIETHBIX MBIIIL, TaK U TP MOPAKEHUH MapeHXUMBbI nieueHu. B
KJIMHUYECKOM MpaKTUKE Hajauuyue noBbiieHHbIX 3HaueHud AJIT u ACT
CBUJIETEIBCTBYET O BOZMOXKHOM MOPAKEHUU TTEYEHHU.

B cBoro ouepenp, ananuHaMuHOTpaHcepasa, TaKKe Ha3bIBaemas
CBIBOPOTOYHOU TJIyTaMar-mupyBaT-TpaHCAMHHA30i — 3TO (EepPMEHT,
MPUCYTCTBYIOIMI MPEeUMyIIeCTBEHHO B remarouutax. Korma kierka
MOBPEXKIAETCsI, OHA BBIMMYCKAET 3TOT (PEPMEHT B KPOBb, IJI€ €r0 U U3-
MepsaroT. AJIT pe3ko MmoBbIIAETCS TP OCTPOM MOBPEXKAECHUU Ieye-
HU. B TO ke BpeMsl, COMIacCHO JaHHBIM, MpeacTaBieHHbIM Usunomena
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et al., amanuH-amuHOTpaHcdepaza sBiIsieTCs Oojiee HaAEKHBIM Map-
KEpOM IICJIOCTHOCTM TMEYeHU, 4YeM acmhaprar-aMuHoTpaHcdepasa
[Usunomena et al., 2012]. CrneayeT OTMETHTh, YTO NEUYCHOUYHBIE (epe
MEHTBI OOBIYHO COZEPXKATCS B IUPKYJSALMKU B HEOOIBIITUX KOJTUYECTBAX
M3-3a MPOLECCOB pOCTa M BOoccTaHOBJIeHUs nedyeHu. Kak crennduue-
ckuii st niedeHn pepment, AJIT 3HAYUTENHHO TMOBBIMIACTCS TOJBKO
npu renaroomnuapHeix 3aboneBanusx. [loswimenue ypoBHsi ACT, kak
OTMEYAJIOCHh PaHee, MOKET MPOUCXOAUTD MPH MOBPEKIECHUN CEPACUHON
WJIM CKEJIETHOW MBIIIIIBI, & TAK)KE MAPEHXUMbI TICUCHH.

Takum oOpazoM, B XO/€ JIMTEPATypPHOTo 0030pa TOKCHKOJIOTHUYE-
CKMX SKCIEPUMEHTOB Ha MUBOTHBIX (KpbICax) YCTAHOBIEHO, 4TO N-
HUTpO3aMuHBI, B dactHocTH, HJIMA, Hapsmy ¢ OecrioporoBbIM Jeii-
cTBUEM, oOmanarT sddexramu, NEUCTBUE KOTOPBIX XapaKTepU3yeTCs
MOPOTOBBIMU YpOBHsAMH. [Ipr 3TOM B KauecTBE OpraHa-MHIICHH MPHU
HEKaHIEPOTEHHOM JIeUCTBUU N-HUTPO3aMUHOB BBICTYMAET MEYEeHb, a B
Ka4eCTBE OMOMAapKEPOB PA3BUTHUS HETAaTUBHBIX d(PPEKTOB — M3MEHEHNE
B cbiBOpoTKe KpoBH KoHUeHTpauuii ['TT, ACT, AJIT.

BwMmecte ¢ TeM, HECMOTPSL HA IPOBEJACHHBIE UCCIIEA0BAHUS BO3/IEH-
ctBusi HIIMA Ha opranusMm, BbISIBUBIIIHME IOPOTOBBIN XapaKTep pa3BUTHUA
HEKOTOPbIX AP (DEKTOB, aHAINU3 JUTEPATYpPhl MOKA3aJl, YTO YCTAHOBJIEH-
HbIII MUHUMAaJbHBIN ypoBeHb pucka (MRL) cocrasmser 0,00001 mr/kr
Mmacchel Tena B feHb [Toxicological Profile for N-Nitrosodimethylamine
(NDMA)]. Otor MRL 611 monyyen Ha ocHoBanuu BMDL,, 0,0014
MT/KT MacChl TeJia B JICHb (T/I€ B Ka4eCTBE KPUTHUIECKOTO d(dekTa ObuI0
OTIPENIETICHO CHUKEHME >KEJIE30CBS3bIBAIOIICH CIIOCOOHOCTH CBHIBOPOT-
K1 KpoBM) ¢ mpuMmeHeHueM Qakropa neorpenenennoctu (UF), paBHo-
ro 100 (10 — skcTpanonisius pe3ylbTaToB C KUBOTHBIX Ha YEJIOBEKA,
10 — y4eT 4yBCTBUTEIHLHOTO KOHTUHICHTA: MJIAJICHIIbI, ICTH, OXKUIIbIE,
O6epeMennbie). CrieqyeT OTMETHTh, YTO TOJydeHHas BenwynHa BMDL
OblJ1a YCTaHOBJIEHA HA OCHOBAHWU OCTPOTO AKCIIEPUMEHTA C MCTOIb30-
BaHMEM OJIHOM ONBITHOM TPYIIIbI, OJIy4YaBIieh cyTounyio 103y HIMA
0,002 mr/kr macchl Teaa B Teuenue 10 gHeii.

US EPA B kauecTBe XpOHUYECKON pedepeHTHOM 1035l ISl OLIEHKU
pucka, hopmupyemoro HIIMA, npenjaraet UCMoiab30BaTh PE3yJabTaThI
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uccienopanus Anderson et al. [Anderson et al., 1978]. B xome 10-He-
JIEJTLHOTO dKcnepuMeHTa Ha 10 MbIlIax ¢ UCMOIB30BaHUEM OJTHOM HC-
cinemyeMoit 10361 (100 Mr/Kr mMaccel Teyna) W BBISBICHHUEM HETATUBHBIX
s dexToB npu nepopanbHoM noctymieHnn H/IMA Obut ycTaHoBiIeH
ypoBeHb LOAEL (Lowest Observed Adverse Effect Level), paBubIi
0,025 Mr/kr Macchel Tela B JIeHb, Ha OCHOBAaHMH KOTOPOTO ObLJIa yCTAHOB-
neHa pedepenTHasi 103a Ha ypoBHe 8% 106 Mr/kr maccsl Tena [Provisional
Peer Reviewed Toxicity Values for N-Nitrosodimethylamine]. I[lpu
ATOM B Kaue€CTBE KPUTHYECKOTO 3¢ (deKTa ObUIM OTMEUYEHBI MaTOJOTHUU
pa3BUTHS, BKIIOYAs MEPTBOPOXKICHUE, CHIDKCHHUE CPOKAa HACTYIUICHUS
OepeMEHHOCTH, YBEIMYEHNE HEOHATATbHON CMEPTHOCTH M YBEIUYCHHE
JIOJTA CaMIIOB B TTIOMETE.

Crnenyer nmomuepkHyTh, 4To npu pacuere RfD Obuin ncnonb3oBa-
HbI (haKTOpbl HEOMPEICICHHOCTH, CBS3aHHBIE C AKCTPAIOJISIUEH JTaH-
HBIX C KUBOTHBIX Ha YesoBeka (paBHBIN 10), y4eTOM 4yBCTBUTEIBHBIX
rpynn Hacenenus (paBubiid 10), ucnonszoBannem LOAEL B kauecTtBe
oTnpaBHOI Touku (paBHbIM 10), a Takke ¢ HEONPENEICHHOCThIO JIaH-
HBIX, BKJIIOYAsi OTCYTCTBUE HCCIIEIOBAaHUI HEHPOTOKCUYHOCTH U PEMPO-
JTYKTUBHOM (DYHKIIMU HECKOJIBKUX MOKOJNIEeHHH (paBHbI 3). Takum 00pa-
30M, 001t Moaudunupyromuit paktop cocrasua 3000.

Kpome Toro, mpu aHanu3e NOJYYEHHBIX pE3yJIbTaTOB M TMIPEJ-
JoxkeHHBIX (hakTOopoB HeompeneneHHocTH 3kcnepramu US EPA pac-
CMaTPUBAJICS BOTIPOC O JOCTATOYHOCTU JAHHBIX U BEIMYHUH (HDaKTOPOB
HeonpeaeneHHoCTH. [Ipyn 5ToM TpUYMHA TOBBINICHHOW MEepUHATAIb-
HOM CMEpPTHOCTH Obljla HEsICHAa, a MOTEHIMAIbHBIM MEXaHM3M JIEHCT-
BUS CWJIBHO M3MCHEHHOTO COOTHOIICHHSI TOJIOB OTHEMBIIICH OBbLT He-
u3BecteH. (OJHaKO, MOCKOJbKY TI€pUHATajbHasl CMEPTHOCTh MOIJIa
ObITh pe3ynsraroM BoznedctBus HJIMA, a y US EPA umenuce pem
3yABTaThl JPYTHX TOKCHUKOJOTUYECKUX OKCIIEPUMEHTOB Ha MBIIIAX,
U TIOCKOJIBKY KpHUTHUecKoe uccienoBanue Anderson et al. ObL10 HC-
CJIETOBAaHUEM IATOJIOTUI Pa3BUTHS, OCHOBAHHBIM HA CTAHIAAPTHON METO-
nonorun US EPA, Bennunnbl pakTopoB HEOMPENETECHHOCTH ObUIN MPUH
3HaHbl goctatouHbiMu [Provisional Peer Reviewed Toxicity Values for
N-Nitrosodimethylamine].
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Taxxe sxcneptel EPA oTMeuanu, 4to, HECMOTPsI Ha JOCTAaTOYHOE
KOJIMYECTBO MCIOJB30BAHHBIX MBIIIEH, UCCIEIOBAHUE BKIIIOYANIO TOJIb-
KO OJMH YPOBEHb BO3JEHCTBUSA, U PE3YJbTaThl HE OBLUIN MPENCTABICHbI
noJiHocThi0. Kpome Toro, Hu mepuHarajbHas CMEPTHOCTb, HU H3MeE-
HEHHE COOTHOIIEHUS TOJOB y OTHEMBINICH HE ObUTH MOATBEPKICHBI B
npyrux uccnenoBanusx HJIMA [Provisional Peer Reviewed Toxicity
Values for N-Nitrosodimethylamine].

Tem He MeHee pe3ynbrarhl uccienoBanus Anderson et al.
[Anderson et al., 1978] Obutn Mcnonab30BaHbl AJis ycTtaHoBIeHUs RfD,
MOCKOJIbKY OHH MOJIKPEIUBITUCH pe3ylibTaTaMu sKkcniepuMenTa Peto et al.
[Peto et al., 1991]. B ux uccrnenoBanuu u3y4ajaoch pa3BUTHE HEraTUBY
HBIX 3(()EKTOB CO CTOPOHBI MeUeHU y KpbIc npu noTpednennn HIIMA c
Bojiol (B xkoHreHTparusx ot 0,033 no 16,896 ppm). Cpeau Bcex oTMme-
YaBIIMXCA HEKAHLEPOT€HHBIX PPEKTOB CTATUCTUYECKH JOCTOBEPHBIM
ABIISUIOCH (POPMUPOBAHME LUTOMErajauu renaronuToB. Ha ocHoBaHuu
pa3BuTHs nuroMmeranuu Obum yctaHoBieHsl LOAEL Ha ypoae 0,043
mr/kr maccel Tena 1 NOAEL na yposae 0,022 mr/kr maccel Tena. [Ipu
sToM BenumuuHa noiaydeHHoro NOAEL conocraBuma ¢ LOAEL, nony-
yeHHBIM B uccienoBanuu Anderson et al. [Anderson et al., 1978], uto
CBUJIETENBCTBYET O TOM, YTO 3(PPEKThI, CBA3aHHBIE C MATOJIOTUAMH Pa3-
BUTHSI, HACTYIAT paHbIE, a CIEAOBATEIbHO, UX IEJIeCO00pa3Hee HC-
MOJIb30BaTh MpHU ycTaHoBieHnu RID.

Takum 00pa3oM, TPOBENEHHBIN aHAIU3 JUTEPATYPHBIX JaHHBIX,
COOTBETCTBYIOLIUHN ATany WACHTHU(PUKALUUA OMACHOCTH, MOKa3all, YTO B
AKCIIEPUMEHTAJIBHBIX HCClIenoBaHugIX TokcnuHocth HJIMA nHapsay c
KaHLEpOreHHbIMU 3P (HEeKTaMu yCTAaHOBIIEHO HEKAHILIEPOT€HHOE JEHCT-
BUE Ha TeyeHb. B kauecTBe OMOMapKepoB pa3BUTHUSA HETaTUBHBIX (-
(EeKTOB MOXKET paccMaTpUBATHCS U3MEHEHUE B CHIBOPOTKE KPOBHU KOH-
uenrpanuii ACT, AJIT, I'TT.

Takum 00pa3oM, B CBSA3U C YCTAHOBJIECHHBIMU HEOIPEIEICHHO-
CTAMH, a TaKX€ B CBI3M C 00OOCHOBaHHMEM pa3pabOTaHHBIX Mapame-
TPOB Ha OCTPOM BO3JIEMCTBUM, UCIOJIb30BaHHE PE(HEPEHTHOU 03Bl
IUI OLIEHKM pHUCKa mpu mnepopaibHoM noctymiennn HJIIMA mpe-
KIEBPEMEHHO.
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CrnenoBaTenbHO, 71 YTOUHEHUS MAapaMETPOB ISl KOJIWYECTBEH-
HOU OlIeHKU pucka, hopmupyemoro nocrymienuem HJIMA ¢ numieBoi
MPOAYKITUEH, T1eTIecO00pa3HO MPOBEICHNE XPOHUUECKOTO TOKCUKOJIOTH-
YECKOr0 DKCIIEPUMEHTA.

B sTOM CBA3M C LENBIO KOJIMYECTBEHHOU OLIEHKU HEKAHIEPOTECH-
HOTO pUCKa, GOPMUPYEMOTO IKCIO3UIUEH N-HUTPO30AUMETUIAMUHOM,
denepanabHbIM OIOKETHBIM YyupekJieHneM Hayku «DenepanbHbIil Ha-
YUHBIA LIEHTP MEIUKO-NPOPUIAKTUYECKUX TEXHOJIOTUN YIIpaBICHUS
pUCKaMH 370pOBBIO HacelleHUs» W HalumoHanbHBIM HHCTUTYTOM IO
KOHTPOJIIO KaueCcTBa MHUIIEBBIX MPOAYKTOB OBLI pa3paboTaH COOTBETCT-
BYIOIIIUM JTU3aH SKCIIEPUMEHTA.

/In3aiiH 3KCNEPUMEHTA HA JKUBOTHBIX MO/IEJISIX 10 000CHOBAHUIO
napaMeTpoB JJIfl KOJIMYEeCTBEHHON OLeHKH HEKAHIEPOTeHHOT0
pucka, ¢popmupyeMoro 3xcno3unueid N-HUTPO30IUMETHIAMHUHOM

OkcnepuMeHT nposoauiicsa Ha 6aze NIFC (r. Xanoii, CPB) B co-
orBeTcTBUM ¢ coramienrem mexay ®bYH OHI[ MIIT YP3H u NIFC.
Ju3zaiin skcniepuMeHTa OblUT YTBEPXKAEH MPOTOKOJIOM COBMECTHOTO 3a-
CEe/IaHMsl, a €ro MPOBEACHHUE OI00PEHO JIOKAJIBHBIM 3TUYECKUM KOMUTE-
tom ®BYH ®HII MIIT YP3H, uto rapantupoBaino coOmroneHne Bcex
HEOOXOIUMBIX ITHUECKUX HOPM.

[lo pe3ynpraram NmpoBENEHHOM HMJIEHTU(PHUKAIMU OMACHOCTU B Ka-
yecTBe HekaHieporeHHoro sddexra HJIMA mpu mepopaibHOM TI0-
CTYIJICHUU paccMaTrpuBalics remnarotokcuueckuid 3pdext. B kauectse
onomapkepoB 3(pdeKTa paccMaTpUBAIOCh M3MEHEHHE CHIBOPOTOYHBIX
nokasareneit neuenounou pyaknuu (ACT, AJIT u I'TT). UccnenoBanue
10 00OCHOBAHUIO MTAPaAMETPOB JIJIsl OIICHKU PUCKA MPOBOAMIOCH Ha UHO-
PEIHBIX JKUBOTHBIX JIMHUK BucTap. YXo v coepaHue >KUBOTHBIX OCY-
HIECTBIBUINCH B COOTBETCTBUM C EBpPOINENCKON KOHBEHIMEH O 3aIUTE
MO3BOHOYHBIX KUBOTHBIX, UCIIOJIB3YEMbIX B OKCIIEPUMEHTAX U B IPYTUX
HayuyHbIX 1esx ETS N 123 (European Convention for the protection of
Vertebrate animals used for experimental and other scientific purposes
ETS N 123) [European Convention for the Protection of Vertebrate
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Animals] u PyxoBoactBom ODCP 1o mpoBeieHnI0 XpOHUUECKUX TOKCH-
kosorudeckux ucciegoanuii [OECD, 2018].

JIns mpoBeneHUsT XPOHHYECKOTO TOKCHUKOJIOTMYECKOTO HCCIENO-
BaHUs 11€J1eCO00pa3HO MPOU3BECTH BHIOOP T.H. KUBOTHOW MOZEINH, CO-
OTBETCTBYIOILIEH OMOMexaHU3MaM delioBeueckoro opranuzma [Cruz,
Gomes, Landeira-Fernandez, 2024; Wei et al., 2024]. Beibop *KuBOTHOM
MOJIENIU JJI MCCIIEAOBaHUs ObLJI OCHOBAH Ha MPUHLMIIAX OTOOpa MO-
JICTBHBIX OPTAHU3MOB JJIs JJa0OPATOPHBIX MCCIICOBAHUI MO TIpaBUIaM
GLP [Carroll, 2016] 1 cooTBETCTBOBAJI CICAYIOIINM KPUTEPHSIM:

1. PeneBaHTHOCTh MOJEIIU: UCIIOJIb30BAHUE KPBIC B KAUE€CTBE MOJIE-
T OBLIIO OOYCIIOBIIEHO CXOACTBOM CTPYKTYPBI U (PYHKIMN HUX TICUEHU C
MICYEHBIO YEJI0BEKA, 0COOCHHO B KOHTEKCTE METa0O0IM3Ma JICKapCTB U TOK-
CHUYECKHX BEIECTB. DTO 00ECIEUMBAET OMOJIOIMYECKOE MPaBAONoa0o0ue
nojrydaeMbIx pe3ynbratoB [Kogure et al., 1999; Mysxuksa u ap., 2017].

2. I'enotunuueckasi OJHOPOAHOCTD: JIJIsi OOECIEYEHUsI MOBBIIICH-
HOM MpeCKa3yeMOCTH pe3yIbTaToB OBbUIA HCIIOJIH30BaHbl MHOPEIHbBIC
KUBOTHbIE. THOpeHbIC JIMHUM XapaKTEPU3YIOTCS BBICOKOM CTENEHBIO
TCHETUYECKOW OAHOPOAHOCTH, YTO MUHUMM3UPYET BIUSHUE CKPBITHIX
PELECCHUBHBIX MPU3HAKOB U CO3JaeT 00JIe€ OJHOPOAHYIO HOMYJISLIHIO
JUTSL UCCTIEAOBaHUsA. DTO MO3BOJISIET UCKIIIOUUTH BIUSHUE PA3JIMUHbBIX Te-
HETUYECKUX KOMOMHAIMUA Ha PE3yJIbTaThl UCCIEIOBAHUS, UTO YBEIUYH-
BaeT TOYHOCTb U JIOCTOBEPHOCTH MOJTYYECHHBIX NaHHBIX [[alinpai, [aii-
nau, 2019].

3. HacrtoTa MpUMEHEHHUs KPBHIC B KAYECTBE YKMBOTHOW MOJEIU B
UCCIIEAOBAHUAX: KPBICHI HIMPOKO MCHOJB3YIOTCA MJISI W3YYEHHUS TOK-
CUYHOCTH XMMHUYECKHX BEIIECTB, YTO AENAET UX OTIIMYHONW MOJEIIBIO C
Ooraroit 0a3oil JaHHBIX U pa3zpaboTaHHBIMH IpoTokojdamu [CemakoBa,
I'epmanuyk, [laBuna, 2021; Harugynus u ap., 2017].

4. IoCTyITHOCTb U CTOUMOCTbB: KPBICHI JIETKO JTOCTYITHBI U1 OTHOCH-
TEIbHO HEIOPOTH B COEPKAHUU.

5. TexHUYeCKHE XapaKTePUCTUKHU: KPBICHI JOCTATOYHO OOJIbIIIHE
JUISl TIPOBEJICHUS psifla TpoLeayp, BKIo4Yasi cOop oOpasloB KpOBH, a
TaKXke sl BBEICHUSI UCCIIETyEMbIX BELIECTB.
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JKUBOTHBIE 3aKYIUICHBI B CIIEIIUATU3UPOBAHHOM MUTOMHUKE, OCY-
HIECTBIIIONIEM CBOIO JEATENBHOCTh Ha Tepputopun CouuanucThye-
ckoil PeciyOnuku BretHam B I. XaHOM.

Kpsichl, noctynusmne B BuBapuii NIFC, Haxonunuch Ha 5-IHEBH
HOM KapaHTHHE TOJl OOIIMM HAaOIIOCHUEM, B MOMEIICHUHU, U30JIUPO-
BaHHOM OT JIPYTUX BUJOB KUBOTHBIX.

[lepen HayanoM HKCIIEPUMEHTA BO3PACT KUBOTHBIX COCTABIISLI
6 Henenb, Bec (SD+m) — y camuo — 196,7£16,1 rpamm; y caMok — 110
178,6+15,0 rpamm.

JKuBOTHBIE COJEPKAIUCH MO 2-3 KUBOTHBIX B KaXIOW KIIETKE.
Kaxnas kierka umena MapKUPOBKY C yKa3aHUEM TPYIIIbI, B KOTOPYIO
ObLIM OTHECEHBI KMBOTHBIE, MAaCChI Teja, BO3pacTa, IM0Jia, KOJIMYeCTBa
KUBOTHBIX B KJIETKE U MPOAOJIKUTEIbHOCTH YKCIIEPUMEHTA.

B 3aBucumMoctu ot 10361 BBoguMoOro pactsopa HIIMA xuBOTHbIE
paHJAOMHBIM 00pa3oM ObLIM pa3liefeHbl Ha 5 Tpynn 1o 13 KUBOTHBIX B
KaXXJIOM TpyIINe ¢ paBHBIM KOJUYECTBOM CaMIIOB M CaAMOK:

I'pynna Ne 1 monyuana pactsop HIIMA B no3e, pasuoiu no3e 0,001
3HayeHus: LDc; (0,04 mr/kr maccel Tena) — A03a, KOTOpasi HE BBI30BET
ru0enb KMBOTHBIX M JJA€T BO3MOKHOCTHU ISl IOCTPOEHUSI MOJIENeH 3a-
BUCHMOCTH «IKCIIO3HIIHS — OMOMapKep OTBETay;

I'pynma Ne 2 monyuana pactsop HIAMA B noze, paBuoii LOAEL
(0,002 mr/kr maccel Tena) [Lathouri, Korre, Dusinska and Durucan,
2022];

I'pynma Ne 3 nomyyana pactsop HIIMA B no3e Ha yposue 0,00001
snageHus: LD, (0,0004 mr/kr macchl Tena) — j03a, oOecredynBaronas
miar Jiisi OCTPOSHUsST MoJIeTiel 3aBUCUMOCTH «IKCIO3ULIUA-0noMapKep
OTBETAY;

I'pynma Ne 4 nomyvana pactsop HIIMA Ha ypoBHE MakCUMaIbHON
J103bl, YCTAaHOBJIEHHOW B m1aBe 1 HacTosiield MoHorpaduu, B KauecTBE
dbopmupyronieil HeraTuBHBIM 3PDHEKT y B3POCIOr0 HACEJICHUS TPHU TMO-
TpebaeHun Msca U MACHbIX poayKToB (0,00002 mr/kr Maccel Tena);

I'pynma Ne 5 — KOHTposIbHAS Tpymna, MOJydaromas JUCTUILIIUPO-
BaHHY0 BoAy (1 mu).
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Jnst onieHku HekaHueporeHHoro aevcrBus HJIMA Ha opraHuszm
YKUBOTHBIX OBLIT pa3paboTaH XPOHUYECKUU TOKCHUKOJIOTHMYECKHUM IKCIIe-
PUMEHT NMPOAOJKUTENBHOCTBIO 180 nHel. ExxenHEBHO yTpOM, HATOIIAK,
MocJie B3BEIIMBAaHUS, JJAOOPATOPHBIM KUBOTHBIM, B COOTBETCTBUH C UX
AKCHEPUMEHTAIIBHON rpynmon, BBoauics pactBop HJ/IMA. Beenenue
OCYIIIECTBIISIIIOCH per 0s (epopalibHO) ¢ UCTOIB30BAaHUEM 30H/A, C yUe-
TOM MAacCChl T€Jla KaxXJ0ro kuBOTHOro. MHauBuayansusie 10361 HIMA
(MI/KT Macchl Teya), BBOJUMBIE JaOOpPaTOPHBIM JKMBOTHBIM, B 3aBHCH-
MOCTH OT 3KCHEPUMEHTAIBHBIX IPYNN U IJIUTEIbHOCTH HKCIIEPUMEHTA
BapbUpoBauch ot 6,16%10° 10 1,54*102 myst rpynmst Ne 1; ot 3,20%10-
4o 7,16%10* st rpymmer Ne 2; ot 7,03*107° go 1,54*10* qust rpymmb
Ne 3; ot 3,43*10° 10 7,25*10°° myst rpymmsr Ne 4.

3a60p KpoBHU I aHAIM3a OMOMApPKEPOB PKCMO3ULMU U dpPekTa
NPOBOAWIICS OJIMH pa3 B MeECsI[ B TEUCHUE BCEro ’KcrnepuMenTa. Mc-
cinenoBanue kpoBu Ha O6uomapkepsl otBeta (ACT, AJIT u I'TT) npo-
BOAMJIOCH aKKPEIUTOBAaHHBIM JJa0OPATOPHBIM IIEHTPOM C MCIIOJIb30Ba-
HHUEM KOJIOPUMETPUUYECKUX METOJ0B. AHAIU3 KPOBU Ha OMOMapKEpbl
skcno3uiuu npooawicss Ha 6aze NIFC B akkpenutoBaHHOU Jiabopa-
TOPUU TOKCHKOJIOTMU MHIIEBBIX MPOAYKTOB U aJJIEPIr€HOB METOJIOM
ra3oBoil Xpomarorpaduu-macc-crneKTpoOMETPUN/MacC-CIIEKTPOMETPUHI
(GC-MS/MS).

Jlnst cratuctudeckol 0OpaOOTKM MAaHHBIX U yCTAHOBIICHUS OT-
npaBHo¥ Touku Tunia BMDL Obu1 npumenen U-kputepuit Manna- YuT-
HU. DTOT HemapaMeTPUUYECKUH METOJ HCIIOIb30BAJICS ISl CPAaBHEHUS
pacnpelieJIeHul TaHHbIX MEXIy IpynnamMu (Hanpumep, KOHTPOJIbHOU U
AKCIIEPUMEHTAJILHON) C IEJIbI0 BBISBICHUS CTATUCTUYECKH 3HAUMMBIX
pa3IMuuii B TOKa3aTeNsiX, XapaKTepU3YIOIIUX BO3JEUCTBUE HCCIETY-
emoro ¢akropa (p < 0,05). Janubiii TecT ObUT MPEANOYTUTENILHEE Ta-
paMeTpUUECKUX METOJIOB M3-32 BO3MOKHOTO HAPYIIECHUS MPEATOCHIIOK
HOPMAaJIbHOCTHU paclpeeeHus TaHHBIX.

Jns oueHku 3aBucumoctu Mexay nozou HJIIMA u ero xoHueHr-
parueil B KpOBU JTAOOPATOPHBIX JKUBOTHBIX ObUT MPUMEHEH METO]| He-
JUHEWUHOW perpeccuu. AHAIU3 MPOBOAWIICS OTIEIbHO ISl Ka)IOou
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HKCMIEPUMEHTATIBLHON TPYNIBI, a TaKKe I BCEX TPyl cOBMecTHO. B
Ka4eCTBE 3aBUCUMOM MEPEMEHHOM BbICTynana KoHueHrpauus HIIMA B
KpOBU (MI/MJI), @ B KQ4€CTBE HE3aBUCUMOW MEPEMEHHOW — WHIUBUIY-
anbHas no3a HIAMA (Mr/kr mMaccel Tena).

Craructuueckasi 3HaYMMOCTh TOJIYYEHHBIX PE3yJIbTaTOB OIICHU-
Bajach C MOMOINBIO XH-KBajapara. Koadpduruenr nerepmunanuu (R?)
WCIIOB30BAJICS ISl OLIEHKM KadecTBa MOATOHKM Mojeiu. Bce cra-
TUCTUYECKHE PacyeThl OBUIM BBHITIOJIHEHBI C MCIIOJB30BAHUEM I1aKeTa
Statistica 13.0.

Jns ycranoBnenusi penepHoro yposus (BMDL) B coorBercTBUUM
c Meronukou, yTtBepxkaeHHONW EDK, mo ycraHoBieHUI0 U 000CHOBa-
HUIO TUTUEHUYECKUX HOPMATHUBOB COAEPKAHUSI XUMUYECKUX MPUMECEn
B NUIIEBOM MPOAYKLUHH MO KPUTEPUSIM PUCKA Uil 310POBbs YEJIOBEKA
[MeToauyeckue yka3aHus 10 YCTAHOBJIEHUIO U 0OOCHOBAHUIO TUTUEHU-
YECKUX HOPMAaTUBOB| MPUMEHSICS METOJI CKOJIB3SIIEro OKHA. JlaHHBINM
meron (OR, 95% moBepurenbHblii nHTEPBa, R? > 0,5) MO3BOIHI TIPO-
aHAJIM3UPOBATh JIAHHBIE C YUYETOM BPEMEHHOM 3aBUCHMOCTH U OMpEJie-
JIUTH MOPOT BO3ACHCTBUS, HUKE KOTOPOTO HE HAOIIOAAETCS CTaTUCTHYE-
cku 3Hauumoro 3ddekra (p < 0,05). Tpebosanue R? > 0,5 obecreunio
JIOCTaTOYHYI0 OOBSICHUTEIBHYIO CIOCOOHOCTh Mozenu. [Ipumenenue
JTAHHOTO METO/a MO3BOJIUIIO YUECTh MOTEHIIUAIbHYIO HETMHEUHOCTh 3a-
BUCHMOCTH MEX]y 0301 U OTBETOM, OOecIeurBasi 0ojiee TOUHOE Orpe-
nenenne BMDL.

B nocnenyromux paszuenax nmpeacTaBieHbl TOJPOOHbIE PE3yIbTaThl
MPUMEHEHUS YKAa3aHHBIX METOAOB M MX MHTEPIIPETALUS, BKIOYAs] KOH-
KpPETHbIE 3HAUEHUS P JJIs1 KaXJI0T0 CTaTUCTUYECKOTO T€CTa U 3HAYCHUS
R? my1st MeTOa CKOJIB3SIIETO OKHA.

Ouenka 3apucumoctu 3p¢exToB (0TBETOB) OT 103bI
M0 pe3yJbTaTaM TOKCHMKOJOTH4€eCKOro IKCIepruMeHTAa
HA JKUBOTHBIX MOJIeJIfX

JUis OLleHKH 10303aBUCUMBIX 3(()EKTOB B YCIOBUSIX MPOAOIKH-
TesbHOTO Bo3aercTBrUsS H/IMA npencTaBisiio MHTEpEC MPOCIEINUTh 3a
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€XKEMECSIYHOM TUHAMHUKONM OMOXMMHUYECKUX IIOKa3aTejled KpPOBHU, OT-
paXKaroIMX aKTUBHOCTh KIIFOUEBBIX IMEYEHOUHBIX (DEPMEHTOB. AHAIU3
aktuBHOCTU ACT, AJIT u I'T'T, npoBOoAMMBIN 10 OKOHYAHUU KaKIOTO
Mecslla KCIEPUMEHTAIBHOIO MEPHUOJIa, B TOM YHUCJIE U Ha 6-M Mecsle,
MO3BOJIMJI OLICHUTh U3MEHEHHUE XapaKTepa renaroTOKCHYECKOro BO3ICH-
creust HIIMA.

[Tepen Hauamom 3KCIEPUMEHTA Yy KPbIC ObUT OCYIIECTBIIEH 3a00p
KpOBU I ompeseeHrs] (POHOBBIX 3HAYCHUN OMOXMMHYECKUX ITOKa-
3aresieid. DTO MO3BOJIUIO YCTAHOBUTH MCXOJHBIE YPOBHH MEUECHOUYHBIX
depmentoB (ACT, AJIT, I'TT) u npoBecTn AaibHEWIINN aHATU3 BO3-
MOXKHOHM CBsI3UM Mexay BozaercTBueM HJIMA u u3MeHeHueM 3THX II0-
kazarenei (tabmuna 3.1).

Tabnwuia 3.1

buoxummnyeckue nmoxkazarejid KpoOBU KPbIC 10 HaYaJj1a
IKCIIEPUMEHTA, NMpeAcTaBleHHbIe B Buae meauanbl (Me[Q25;Q75])

[pyIIIIBI JKHBOTHBIX Buoxummueckue nokaszarenu kposu (E/m)
(no3a HIMA) ACT AJIT ITT
I'pynma Ne 1 (0,04 mr/xr 304,1 50,9 3,3

Macchl Tea) [258.,3; 324,1] | [39,8;57,1] [2,8; 3,5]
I'pynma Ne 2 (0,002 mr/kr 265,4 47,1 2,5

Macchl TeJa) [248,7; 324,7] [41,8; 49,5] [2.4; 3,0]
I'pynma Ne 3 (0,0004 mr/kr 230,1 51,1 2,7

MAacchl Tea) [222,5;245,0] | [42.,9; 58,1] [2,5; 2,9]
['pynma Ne 4 (0,00002 mr/kr 2749 45,7 3,7

MAacchl Tena) [273,4; 280,7] [41,8; 55,8] [2,5;4,3]
240,3 40,7 3,3

Tpymna Ne 5 (oHTpOIR) | 1519 . 950 37 | [38.9: 49.6] [2,5; 3.,6]

Anaim3 ¢onoBbix 3HaueHut ACT, AJIT, ITT y Bcex rpymnm *Ku-
BOTHBIX HE BBISBIJI IOCTOBEPHBIX pazauuuil mexay rpymnmnamu (p<0,05)
(Tabmuma 3.2).
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Tabnuua 3.2

Marpuua pe3ybTaToB HelmapaMmeTpu4ecKoro Kpurepus
MaHHa-YUTHHU: CpPaBHEHHE pacnpeneeHuil JaHHbIX 0MOMapKepoB
3¢ dexra or Bo3aeicrBusas HAMA mexkay rpynnamMu ;KUBOTHBIX

(poHOBBIE 3HAYECHUA)™

3HaYMMOCTh pa3inuuii GOHOBBIX 3HaYCHUH 110 mokasaresito ACT Mexay
OKCTIEPUMEHTAILHBIMA TPYTIIIaMU

I'pynms
I'pymma Ne 1 | I'pymmma Ne 2 | I'pyrma Ne 3 | I'pymra Ne 4| I'pyrimra Ne 5
scmsormex | PY py Py Py py
T No 5 Usmn = 20; Usmm = 10; Usmm = 13; Usmm = 18; B
pymma ;o Uxpurt = 8; p>0,05 | Uxput = 8; p>0,05 | Ukput = 8; p>0,05 | Ukpur = 8; p>0,05
% No 4 Uswmm = 14; Uswmn = 10; Usmn = 7, B Usmm = 18;
pymia e Uxkpur = 5; p>0,05 | Uxpur = 8; p>0,05 | Ukput = 5; p>0,05 Uxpwr = 8; p>0,05
s No 3 Usmn = 15; Usmn = 20; B Usmn = 7; Usmn =13;
pymma Ne Uxkpur = 5; p>0,05 | Ukpur = 8; p>0,05 Uxkpur = 5; p>0,05 | Ukpur = 8; p>0,05
% No 2 Usmm = 10; B Usmm = 20; Usmm = 10; Usmm =16;
PYHHAa N2 21 yypur = 8; p>0,05 Uxpnr = 8; p>0,05 | Uxpur =8; p>0,05 |Ukpur = 11; p>0,05
I3 No 1 B Usmn = 16; Usmn = 15; Usmn = 14; Usmn =20;
pymma e Ukpur = 11; p>0,05| Uxpr = 5; p>0,05 | Ukput = 5; p>0,05 | Uxpur = 8; p>0,05

3HAYUMOCTE pa3nuunuil POHOBBIX 3HaUeHUH 1Mo Tokazatenmo AJIT mexmy
OKCIIEPUMEHTAILHBIMA TPYTIIIaMU

I'pynms
I'pynma Ne 1 | I'pynma Ne 2 | I'pynma Ne 3 | I'pynma Ne 4 | I'pymma Ne 5
scmsorrx | 1PY Py Py Py Py
r Ne 5 Usmn = 22; Usmn = 17, Usmn = 16; Usmn = 14; 3
pymma /o Ukpur = 11; p>0,05| Uxpur = 8; p>0,05 | Ukpur = 8; p>0,05 | Ukpur = §; p>0,05
I No 4 Usmn = 20; Uswmn = 16; Usmm = 16; B Usmm = 14;
pymnma N2 Ukpur = 8; p>0,05 | Ukpur = 7; p>0,05 | Ukput = 7; p>0,05 Uxkpur = 8; p>0,05
Tovrma Ne 3 Uswmm = 19; Uswmn = 14; _ Uswmm = 16; Usmn = 16;
py = Uxkpur = 11; p>0,05| Ukpur = 7; p>0,05 Uxkpur = 7; p>0,05 | Ukpur = 8; p>0,05
% No 2 Uswmm = 20; B Uswmm = 14; Usmm = 16; Usmn = 17,
PYIHA N2 2 yepur = 11; p>0,05 Uxpur = 7; p>0,05 | Uxpur = 7; p>0,05 | Ukpur = 8; p>0,05
I No 1 _ Usmn = 20; Usmn = 19; Usmn = 20; Usmn = 22;
pyrma N2 Ukpnr = 11; p>0,05|Uxpur = 11; p>0,05| Ukpur = 8; p>0,05 |Ukpur = 11; p>0,05

3HAYNMOCTE pa3auanii (OHOBEIX 3HAUEHUH 1m0 Tokazaremio [ T'T mexmy

OKCIICPUMCHTAJIbHBIMH I'pYHIIAMU
I'pynmb
I'pymma Ne 1 | I'pymmma Ne 2 | I'pymma Ne 3 | I'pymma Ne 4 | T'pymma Ne 5
stsormex | TPY Py Py Py Py
T No 5 Usmm = 23,5; Usmm = 18; UM =9; UbmMmm = 14, _
pynma N2 Ukpur = 11; p>0,05 | Uxpur = 8; p>0,05 | Ukpur = 8; p>0,05 | Ukpur = §; p>0,05
T No 4 UsmMmm = 15,5; UsmMmm = 16; Usmm = 16; B Uswmm = 14;
pynma N2 Ukpur = 8; p>0,05 | Uxpur = 7; p>0,05 | Uxpur = 7; p>0,05 Ukpur = 8; p>0,05
T No 3 Uswmm = 4,5; UsmMi =6; B Usmm =16; Usmm = 9;
pymma e Uxkpur = 6; p>0,05 | Ukpur = 5; p>0,05 Uxkpur = 7; p>0,05 | Ukput = &; p>0,05
% No 2 Usmn = 14,5; B Usmn = 6; Usmn = 16; Usmn = 18;
py1a N2 Uxkpur = §8; p>0,05 Uxkpur = 5; p>0,05 | Uxpur = 7; p>0,05 | Ukput = §8; p>0,05
% No 1 _ Usmn = 14,5, Usmn = 4,5; Usmn = 15,5; Usmn = 23,5;
pyrma N2 Uxpnr = 8; p>0,05 | Uxput = 6; p>0,05 | Ukpur = 8; p>0,05 |Ukpur = 11; p>0,05

*3sHauumvle pasiudusl BbIO€C/ICHbL 3€/IeHbIM yueemom, HeHadumble — JHCeinibim
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Kpome Toro, npeaBaputenbHOe UCCIEIOBAHUE KPOBU HA HAJIUYUE
ouomapkepoB skcrno3unn HJIMA mnokasano oTCyTCTBHE JAHHOTO Be-
IIIECTBA BO BCEX DKCIIEPUMEHTANIBHBIX TPYIIIax.

Uepes3 MecsI] mociae Hadaja €KETHEBHOTO BBEICHUS Pa3IMYHBIX
103 HJIMA 0Obin mpoBeieH MOBTOPHBIN 3a00p KpOBH IS aHATU3a OMO-
MapkepoB dPdekra u skcno3unuu (Tadbmauusl 3.3-3.4).

Tabnwua 3.3

Menuannbie 3Hauenusi (Me [Q25; Q75]) OnmoxumMuyeckux
nokasareJjieili KpOBHM KPbIC MOCJIE OJHOI0 Mecsilla BO3AeCTBUS

HIMA
['pynimbl KUBOTHBIX buoxumnueckue nokazarenu kposu (E/m)
(moza HIMA) ACT AJIT ITT
I'pymma Ne 1 (0,04 mr/xr 290,3 83,1 3,2
MaccChl TeJa) [275,3; 325,5] [80,5; 83,6] [2,3; 3,5]
I'pymma Ne 2 (0,002 mr/kr 3922 77,8 3,7
MaccChl TeJa) [376,2; 508,6] [69,9; 78.8] [3,3; 4,5]
['pynma Ne 3 (0,0004 mr/xr 279,5 61,2 2.9
MAaccChl Tea) [255,9; 302,9] [60,1; 62,2] [2,6; 3,2]
I'pyrimia Ne 4 (0,00002 mr/xr 2749 68,1 3,0
Macchl Tea) [292,2; 335,7] [67,1; 75,4] [2,7; 3,5]
240,3 62,1 3,3
Tpymma No 5 (owtpoms) | 176 5. 360 17 | [55.5: 71.1] [3,0; 4,2]

Pe3ynprarsl CTaTUCTUYECKOTO aHalv3a JTaHHbBIX, MPEICTABICHHBIX
B Tabmuie 3.3, NMpOAEMOHCTPUPOBAIA HAJIWYUE CTATUCTUUYECKU 3HA-
YUMBIX MEXIPYIIIOBBIX PAa3auyuil Mo ypoBHIO 3kcnosuunun HIMA un
aktuBHoctu ACT (p < 0,05) ¢ ucnonb3oBaHreM HemapamMeTPUUYECKOTO
U-kpurepuss Manna-Yutau. [lapHble cpaBHEHUS BBIABWIM CTATHCTUYE-
CKH 3HauMMBble paznuuus Mexay rpynmnoit Ne 2 u rpynmamu Ne 1, No 3,
u Ne 4, a taxxe mexay rpynmnoid Ne 4 u rpynnamu Ne 2 u Ne 3, u rpyr-
o Ne 5 u rpynnoit Ne 2. JlaHHbIEe pe3yibTaThl MO3BOJISIIOT MPEANOIIO-
KUTb, UTO paznuunbie 10361 HIIMA oka3biBatoT quddepeHmpoBaHHOe
BIIMsIHKAE HA akTUBHOCTH ACT.
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AHaJOTUYHBIN CpaBHUTEIbHBIA aHaIn3 akTUBHOCTU AJIT B CbI-
BOPOTKE KPOBHU KUBOTHBIX, MOABEPTIIUXCS BO3ICUCTBUIO PA3TUYHBIX
103 HIMA, Takxe BBISIBUJI CTATUCTUYECKH 3HAYMMBIE MEXIPYIIIIOBbIE
paznmuuus (p < 0,05). [lonapHbsie cpaBHEHUSI MOKA3JIM CTaTUCTUYECKU
3HaYMMBbIe pasznuuusa Mexay rpynnoil Ne 1 u rpynnamum Ne 4 m Ne 5,
rpymnmor Ne 2 u rpynmamu Ne 4 u Ne 5, rpynmoit Ne 3 u rpynmoit Ne 4,
a taxxke rpynmod Ne 4 u rpynmamu Ne 1, Ne 2 u Ne 3. ITomyueHnHbie
pEe3yabTaThl MOATBEPKAAOT HaMMune no303aBucumoro dddexra HIIMA
Ha akTUBHOCTH AJIT, 4TO CBUAETENBCTBYET O €r0 MOTEHIIUAIBHOM rera-
TOTOKCHUYECKOM JICVICTBUM.

Ouenka aktuBHocTH ITT B mccinegyembIx rpynmnax >KHBOTHBIX
TAKX€E BBISIBUJIA 3HAUMMbIC MEKTPYIIIOBBIE PA3IUYUs: MEXIY TPYINIION
No 1 u rpynmamu Ne 2, Ne 4 u Ne 5; rpynmoit Ne 2 u rpynnamu Ne 1,
No 4 u Ne 5; rpynmioid Ne 3 u rpynimamu Ne 2 u Ne 5; a takske rpynmnoi
No 4 u rpynmamu Ne 1, Ne 2 u Ne 5. I'pynma Ne 3 craructuuecku 3Ha-
YUMO OTIMYAJIach TOJIBKO OT rpynmbl Ne 2. OOHapyKeHHbIE U3MEHEHUS
akTuBHOCTHU ['T'T mMO3BONAIOT cenarh BBIBOJ O Pa3BUTUU T'EMATOTOKCH-
yeckoro dpdexkra HIIMA yxe B TeueHHE IEPBOTO MecCsIia SKCIIEPUMEH-
TAJIBHOTO BO3JCUCTBUS.

Tabnua 3.4

Pe3yabTaThl OlleHKH OMOMAapKepOB IKCMO3UIIUN B KPOBH TOCJIe
NMEepPBOro Mecsa IKCIePHUMEHTA Ha J1a00pPaTOPHBIX )KUBOTHBIX

Konnentpamus HIMA B kpoBu
I'pynns! xuBoTHBIX (1032 H/IMA) B CPEIHEM I10 HKCIIEPUMEHTAILHON
rpymnme, Hr/Mi
I'pyrimia Ne 5 (koHTpOIIB) 0,000
I'pynma Ne 4 (0,00002 mr/kr macchl Tena) 0,515+0,015
['pyrma Ne 3 (0,0004 Mr/kr maccsl Terna) 0,635+0,113
I'pyrima Ne 2 (0,002 mr/kr maccel Tena) 0,564+0,164
['pymnma Ne 1 (0,04 Mr/kr macchl Tena) 0,670+0,088

Ipumeuanue — M + SD — cpednee 3nauenue + cmanoapmuoe OmMKIOHEHUE
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B xone uccnenoBanus konnentpanus HJIMA B kpoBu nabopartop-
HBIX )KUBOTHBIX B DKCIIEPUMEHTAJIbHBIX I'PYIIIaX BapbUpoOBaja B Juarna-
3oHe oT 0,515+0,015 mo 0,670+0,088 Hr/MmiI.

[To ncreuenuu IByX MeCSIIEB SKCIIEPUMEHTAILHOTO Mepuoa ObLIN
oTpeieNieHbl MeIMaHHbIe 3HAUCHHS TIOKa3aresiel OuoMapKkepoB renaro-
tokcnyHocTU (aktuBHOCTH ACT, AJIT u I'T'T), npeacraBneHHbie B Ta0-
nuie 3.5.

Tabnuma 3.5

Menuannsbie 3HadeHust (Me [Q25; Q75]) OuoxuMuyecKux
NnoKasareJjieii KpOBH KpbIC mocJjie AByx MmecsineB BozaeicTeuss HAMA

TpyILIIbI KUBOTHBIX buoxumunyeckue nokasarenu kposu (E/i)
(n03a HAMA) ACT ACT ACT
I'pynma Ne 1 (0,04 mr/kr 238,2 238,2 238,2
MaccChl TeJa) [224,2; 252,2] | [224,2; 252,2] | [224,2; 252,2]
I'pymma Ne 2 (0,002 mr/kr 2434 2434 2434
MAacChI Teja) [225,5; 281,2] | [225,5;281,2] | [225,5; 281,2]
I'pymma Ne 3 (0,0004 mr/kr 300,0 300,0 300,0
Macchl Teja) [270,0; 315,2] | [270,0; 315,2] | [270,0; 315,2]
I'pynma Ne 4 (0,00002 mr/kr 290,0 290,0 290,0
MaccChl Tea) [278,5; 303,0] | [278.,5;303,0] | [278.,5; 303,0]
I'pymnma Ne 5 (KOHTpPOIIB) 330,0 330,0 330,0
pyra A2 p [320,7; 356,2] | [320,7;356,2] | [320,7; 356,2]

CratucTuueckui aHaau3 3aBUCUMOCTH MEX/Y aKTUBHOCTBIO TTeUe-
HOYHBIX ()EPMEHTOB B KPOBH H ypoBHeM 3kcrio3uiuud HIIMA ¢ ucrnomns-
3oBaHueM U-kputepuss ManHa- YUTHU BBISIBUIJI CIIEAYIOLIME 3aKOHOMED-
HOCTH.

B uvactHOoCcTH, ananu3 aktuBHOCTH ACT B msiTU rpynmax *UBOT-
HBIX TIOCJIE JABYX MECSIEB BO3/€HCTBUA pa3nindHbiMu go3amMu HIMA
BBISIBAJI CTAaTUCTUYECKH 3HauuMble paznuuus (p < 0,05) mexnay
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KOHTPOJIbHOU Tpynmoit (Ne 5) u BceMH 3KCIepUMEHTAIbHBIMU TPYyIITIa-
Mu (Ne 1-4). Kpome TOro, cTraTMCTUYECKH 3HAYMMBbIC Pa3IMuusl ObLIN
ycTaHoBjeHbl Mexay rpynmnoi Ne 4 u rpynnamu Ne 1, Ne 2 u Ne 3, a
Taxxke Mexay rpynnoi Ne 3 u rpynmamu Ne 1 u Ne 2, u rpynmoit Ne 2
u rpynnaMu Ne 1 u Ne 3. [Ipu 3TOM cTaTucTHYEeCKH HEZHAYUMBIE Pa3IIn-
yus (p > 0,05) Obutn BeIsiBIEHBI Mex1y rpynnaMu Ne 4 u Ne 3, a Takxke
Mexay rpynmamu Ne 2 m Ne 1.

ITonyueHHbIe pe3ynbTaTsl MO3BOJISIIOT 3AKJIIOUATH O HAJWYUU B3a-
UMOCBA3U MexXy akTUBHOCTBIO ACT B CBIBOPOTKE KpPOBHU M YPOBHEM
skcnozuuu HJIMA nocne 1ByX MecsiieB BO3JEHCTBUS.

CpaBHuTenbHbIl aHanmu3 akTUBHOCTU AJIT B ChIBOpOTKE KpOBU
HKCIIEPUMEHTATIBHBIX KUBOTHBIX (Tpymmbl Ne 2, No 3, No 4 u Ne 5) yepes
JIBa Mecsia nociie Hadajga BosuaeictBus HJIMA BBISIBUII CTaTUCTHYE-
CKU 3HaYMMbIe MEXTrpynmnoBeie paznuuus (p < 0,05). B wactHoCTH, aK-
TuBHOCTH AJIT B KOHTpONBHOM rpynme (Ne 5) cTaTUCTUYECKH 3HAYUMO
OTJIMYaNiach OT aKTMBHOCTH ¢epmeHTa B rpynmax Ne 2, Ne 3 u Ne 4.
Kpome toro, rpymnma Ne 4 mponemoHcTpupoBaia CTaTUCTUYECKU 3HAYU-
Mble paznnuns ¢ rpynmamu Ne 2 u Ne 3. CraTucTUYEeCKH HE3HAYMMBbIE
paznuuus (p > 0,05) Obn oTMedeHsl Mexy rpynnaMua Ne 5 u Ne 4,
a Taxxke Mexay rpymmamu Ne 2 v Ne 1, u Ne 3 u Ne 1. Ha ocHOBaHum
IIOJIYYEHHBIX JAHHBIX MOXXHO IIPEANOJIOKUTh HAJTUYUE JO303aBUCUMOU
TeHJCHIIUH B n3MeHeHun akTuBHOCTH AJIT mox Bo3aeiictBuem HJIIMA,
XOTsI CTATUCTUYECKHU 3HAYMMbIC Pa3Iudus HE ObUIM BBISIBICHBI BO BCEX
MONAPHBIX CPABHEHHUSIX.

Ouenka aktuBHocTH ['T'T B msTH rpynmax 3KCIEpUMEHTAIBHBIX
KUBOTHBIX IOCJIE JBYX MECSIEB BO3IACHUCTBUS PA3IUYHBIMHU J03aMU
H/IMA Ttakxe BbIsIBUJIAa CTaTUCTUYECKUM 3HAUYUMBIE MEXIPYNIOBHIE
paznuuus (p < 0,05). B wactHocTH, aktuBHOCTh ['T'T B KOHTpOIBHOU
rpymme (Ne 5) cTaTUCTHUYECKH 3HAYMMO OTJIMYalach OT aKTUBHOCTH
¢depmenra B rpynmax Ne 1, Ne 2 u Ne 3. I'pynna Ne 4 takke nponemMoH-
CTPUpOBAJIA CTATUCTHUYECKU 3HAYMMBIE pa3nuuus ¢ rpynmamu Ne 2 u
Ne 3, a rpynma Ne 1 — ¢ rpynmamu Ne 2 u Ne 3. CraructTudyecku He3Ha-
guMble paznuuus (p > 0,05) Obutn oT™MeueHbl Mexay rpynmnamu Ne 1 u
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No 4, No2mu Ne 1, u Noe 3 1 Ne 1. TlomyueHHbI€ pe3yabTaThl YKa3bIBAIOT
Ha Hajauuwe ao3o3aBucuMoro BiausHus HJIMA na aktuBHocTh I'TT,
XOTS HE BCE MEXKTPYIIOBBIE CPABHEHUS MOKA3aJd CTATUCTUYECKHU 3HA-
YUMBIC Pa3JIMUUSL.

Hapsny c orneHkoil OMOXMMHUYECKUX TOKazarelie Ha OJHOM W3
ATANOB AKCIEPUMEHTAIILHOTO Mepuoja (Yepe3 OANH MeCsI] OCe Hada-
J1a BO3AEMCTBUA) OBbLI IPOBEIeH aHanu3 koHueHTpauuu HJIMA B kpoBu
’KUBOTHBIX (JaHHBIE TPECTaBIICHBI B TabmuIe 3.6).

Tabnua 3.6

Pe3ysabTarhl olleHKH O0MOMapKepPOB IKCNO3MIMH B KPOBH TOCJIe
BTOPOr0 Mecsilia IKCIePUMEHTa HA J1a00paTOPHBIX KUBOTHBIX

['pymribl 5KHBOTHBIX Konnentpauns HIMA B xpoBu B cpeziem
(zo3a HIIMA) 0 SKCIIEPUMEHTAIILHOM TPYIITe, HI/MIT
I'pyrma Ne 5 (KOHTpOJIb) 0,00
I'pynma Ne 4 (0,00002 mr/kr 0,950,055
Macchl TeJa)
I'pymma Ne 3 (0,0004 mr/xr 0,960,044
MaccChl TeJa)
I'pynma Ne 2 (0,002 mr/kr 0,99+0,023
MAacchI Teja)
I'pynma Ne 1 (0,04 mr/kr 1,0+0,03

MAacchl Tena)

Ilpumeuanue — M + SD — cpednee 3nauenue + cmanoapmuoe OmMKJIOHEHUe

JlanHble aHanmu3a koHueHTpauun HJ/IMA B KpoBH 3KCHEPUMEH-
TaJIbHBIX dKUBOTHBIX, IOJYUYEHHBIE Yepe3 JIBa Mecsila Moclie Hauyalla BO3-
nerctBus (Tabnuua 3.6), IpoJEeMOHCTPUPOBAIIA 3HAYCHUSI B HANa30He
ot 0,95 + 0,055 ur/mi (rpynma Ne 4) go 1,0 £ 0,03 ur/ma (rpynma Ne 1),
YKa3bIBAIOIINE Ha HE3HAYUTEIIBHOE, HO MOCJIEI0OBATEIbHOE YBEIIMUEHUE
cpennen konueHtpauu HJIMA B kpoBw.

70



C 1enbl0 OLEHKM TUHAMHUKU Pa3BUTHUSl TeMAaTOTOKCUYECKOTO 3(-
dexra HIIMA B cpeanecpounoii nepcrektuBe (90 CyTok ¢ Hadyajia dKc-
NEPUMEHTAIBHOTO BO3JICMCTBUS) ObLIT MPOBEJEH aHAIN3 OMOXUMUYECKUX
nokaszarejieil KpoBH HSKCHEPUMEHTANbHBIX >KMBOTHBIX. B Tabmuue 3.7
MPEICTABICHBI PE3YJAbTaThl ONpPEEICHUS KIIOUEBbIX OMOMapKepoB Iie-
YEeHOYHOU (DyHKILIMM, HAIlpaBJICHHbIC HA BBISBJICHUE PAHHUX IMPHU3HAKOB
MOBPEXKAECHUS TenaTouToB noJ Bo3aericreueM H/IMA u onieHKy BbIpa-
YKEHHOCTH J10303aBUCUMBIX d(P(HEKTOB.

Tabnwuua 3.7

Meaunannbie 3HadeHusi (Me [Q25; Q75]) Omoxummuveckux
NnoKasareJjieii KpoOBU KPbIC HA MOJOBHHE IKCIIEPUMEHTAJIBHOI0
nepuoaa so3aeicreusa HIAMA

TpyIIIIbI KUBOTHBIX buoxumuueckue nokaszarenu kposu (E/m)
(no3a HIMA) ACT AJIT ITT
I'pynma Ne 1 (0,04 mr/kr ‘ 62,4 _
MaccH Tena) 238,2 [216,2; 258,8] [57.0: 66.7] 4,1 [3,0; 4,8]
I'pymma Ne 2 (0,002 mr/kr _ 63,1 _
MaceH! Tena) 254.,9 [229,7; 290,5] [51.1: 70.8] 3,7 [2,8; 4,4]
I'pynma Ne 3 (0,0004 mr/kr _ 60,7 )
MaceH! Tea) 300,0 [260,0; 317,5] [59.5: 70.2] 2,0 [2,0; 2,6]
I'pymma Ne 4 (0,00002 mr/kr . 87,8 .
MaceH! Tera) 294,3[283,7; 338,1] [86.0: 102.0] 2,412,1; 2,8]
I'pynma Ne 5 (koHTpOonb) | 292,5 [264,1; 330,0] 80,9 2,3 [2,0; 3,7]
py - p 5 b b [70’5; 84,2] b ] b

Omnenka aktuBHOCTH [TT B CBIBOPOTKE KPOBH ISATH TPYII KUBOT-
HBIX mocie TpexmecauHoro Bosaeiicteus HAMA ¢ ucnonszoBannem U-
KpuTepuss MaHHa- YUTHH BBISIBUJIA CTATUCTUYECKU 3HAYUMBIC Pa3ITAUHsI
(p < 0,05) mexnay koHTposibHOUM rpynmnoit (Ne 5) u psiioM sKCTIEpUMEH-
TaJbHBIX rpynm (Tadnuna 3.8).
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Tabnuma 3.8

Marpuua pe3yJibTATOB HelapaMeTPU4eCKOro KpuTepust
MaHHa-YUTHH: CPABHEHUE paclpee/ieHNH JaHHbIX 0MOMapKepoB
3¢ dexra ot BozneiictBusgs HIAMA mexkay rpynmnamMu ;KuBOTHBIX
(3 Mecsiia OoT HaYaJIa IKCIIEPUMEHTA)™

3HAYNMOCTE pa3IuIni 3HaueHUH 1Mo mokasaremio ACT Mex Iy dKCIIepuMEHTATbHBIMA
rpyHIIaMy Mociie 3-MeCIYHON 3aTpaBKu pa3NMuYHbIME no3amu HJIMA

Tpynms
KUBOTHBIX

I'pynna Ne 5

I'pymma Ne 4
I'pynma Ne 3
I'pynma Ne 2

I'pymma Ne 1

Usmn = 61;
Uxkpur = 47; p>0,05

I'pymma Ne 2

Usmn = 25;
Uxkpur = 30; p>0,05

I'pynma Ne 3 | I'pymma Ne 4 | I'pymma Ne 5
Usmm = 55; Uswmm = 56; B
Ukpur = 33; p>0,05 [ Ukpur = 37; p>0,05
Usmn =34; B UsmMmn = 56;
Uxput = 20; p>0,05 Uxkpur =37; p>0,05
Usmn = 34; Usmn = 55;

Uxkpur = 20; p>0,05

Usmn = 25;
Ukpur = 30; p>0,05

I'pynma Ne 1

Usmn = 61;
Ukpur = 47; p>0,05

3HAUYUMOCTH pa3iauuuil 3HaueHu# o nokazarento AJIT Mexay SKCepUMEHTaTbHBIMU
rpynmnamMu rnocie 3-MecsiHOM 3aTpaBKu pa3nuyHbiMu no3amu HJIMA

Uxkpur = 33; p>0,05

T'pymbr
JKUBOTHBIX

I'pynma Ne 5
I'pynma Ne 4

I'pynma Ne 1

I'pynma Ne 2 | I'pynma Ne 3 | I'pynma Ne 4

I'pynma Ne 5

Usmn = 18;
Uxkput = 37; p>0,05

Usmn = 18;
Ukpur = 37; p>0,05

I'pynma Ne 3
I'pymma Ne 2

Usmn = 70,5;
Uxkpurt = 47; p>0,05

Uxkpur = 27; p>0,05

I Ne 3 Usmn = 55; UsmMmn = 52; B
pyma N2 Ukpur = 33; p>0,05 [ Ukput = 30; p>0,05
Ubmn = 78; Usmn = 52;
Fp ymma Ne 2 Uxkpurt = 47; p>0,05 - Uxkpurt =30; p>0,05
Tovima Ne 1 N Ubsmn = 78; Uswmn = 55;
Py - Uxkput = 47; p>0,05 [ Ukpur = 33; p>0,05
3HAYUMOCTH pa3nuuuii 3HaUYeHu# 1o nokazatento ['T'T Mexy skcriepuMeHTaIbHBIMU
TPyIIaMy MOCe 3-MeCSIIHON 3aTpaBKu pa3IndHbIME ngo3amu HJIMA
Tpynmnsr
I'pymma Ne 1 | I'pynma Ne 2 | I'pynimma Ne 3 | I'pynma Ne 4 | I'pyrmma Ne 5
SKUBOTHBIX py py py py py
Usmm = 43;
I'pynma Ne 5 Uspnr = 37; p>0,05 -
I No 4 Uswmm = 47, Uswmn = 35,5; _ Ubsmn = 43;
pyHma N & I yypur = 47; p>0,05| Ukpur = 31; p>0,05 Uxpur = 37; p>0,05
Usmn = 36;

Usmn = 36;
Ukput = 27; p>0,05

I'pynma Ne 1

Uswmm = 70,5;
Uxkpur = 47; p>0,05

Usmm = 35,5;
Uxkpurt = 31; p>0,05
Uswmn = 47,
Uxkput = 47; p>0,05

*sHauumble pasiuydus 6blOe/IeHbl 3€/ICHbIM ueemom, HeasHavumovle — JHCenmosim
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B vactrocTh, rpynmbl Ne 1, Ne 2 u Ne 3 mpoaeMoHCTprUpoBaiu cTa-
TUCTUYECKH 3HAUUMoOe MoBbilieHne akTuBHOCTH [T'T mo cpaBHeHHIO
C KOHTpPOJIbHOM rpynmou. IIpu stom rpynmna Ne 4 He mokaszaiia craru-
CTUYECKH 3HAYMMBIX Pa3JIMUYMil C KOHTPOJIBbHOU rpynmon. HecMorps Ha
o0mryro TeHAeHIMIo0 K yBenmmueHuto aktuBHoctu [T'T B akcnepumen-
TaJIbHBIX TpyNNax, OTCYTCTBUE CTATUCTUYECKONM 3HAUMMOCTU MEXKIY
HEKOTOPBIMU Tpynnamu (Harpumep, Mexay rpynnamu Ne 4 u Ne 5) a
TaKKEe MEXIY OTACIbHBIMU TapaMH SKCIEPUMEHTAIBHBIX TPYII) HE
MO3BOJISICT CJeaTh OJHO3HAYHBIN BBIBOJ O HAJIMYUU YETKO BBIPAYKEH-
HOM 3aBUCUMOCTH «1032-3((HEKT».

Amnanornynbiii ananu3 akTuBHOCTU ACT B CBHIBOPOTKE KPOBHU MSITU
TPYIN >KMBOTHBIX TOCIE TpexMmecsauyHoro BozaeictBus HAMA c npu-
MeHeHueM Hemnapamerpuyeckoro U-kputepuss MaHHa-YUTHU BBISSBUII
CTaTUCTUYECKU 3HauyuMble paziauuus (p < 0,05) Mexay HEKOTOPhIMU
rpymnmnaMu. B 4acTHOCTH, CTaTUCTUYECKH 3HAYMMOE TOBBIIIICHUE aKTUB-
Hoctu ACT 1o CpaBHEHHIO ¢ KOHTPOJIbHOU rpymmoil Ne 5 6pu10 oOHa-
pyxkeHo B rpynnax Ne I, Ne 2. No 3 u Ne 4. [Ipu 3TOM cTaTucTudecKu
3HAUMMBIX pa3nuuuil Mmexxay rpynnaMu Ne 2 u Ne 5, a taxoke Ne 3 u Ne 4
He HaoOmonanock (p > 0,05). [TonydeHHble pe3ysbTaThl YKa3bIBAIOT Ha
Hannmuue no3o3aBucuMoro BiaussHua HJIMA Ha aktuBHOCTE ACT, X0TH
OTMEUAETCSl HEKOTOPOE MEePEKPhIBAHUE 3HAUCHHUIN MEXy TPyIIaMHu, Mo-
Jy4aBIIMMU OTHOCUTENIBHO BhICOKHME 110361 HIIMA.

Ouenka aktuBHOCTH AJIT B CBIBOPOTKE KPOBH IISATHU TPy AKUBOT-
HBIX ¢ Hcnojib3oBaHueM U-kputepus MaHHa-YUTHU BBISIBUJIA CTaTUCTU-
yecku 3HauuMble paziauuus (p < 0,05) mexnay psiaoM rpyimm. B yact-
HOCTH, Tpynmna Ne 5 MpoAeMOHCTPUPOBAJIA CTAaTUCTUYECKA 3HAYUMOE
noBbiieHne akTuBHOCTH AJIT no cpaBHeHuto ¢ rpymnmamu Ne 1, No 2,
No 3 u Ne 4. T'pynnia Ne 4 takke mokazajia 3HaUUTEIbHOE MOBBIIIEHUE
aktuBHOCTH AJIT mo cpaBHeHuto ¢ rpynnamMu Ne 1 u Ne 2. IIpu 3Tom
rpymma Ne 3 He MPOJEMOHCTPHUPOBAJIa CTATUCTUYECKH 3HAYUMBIX pa3-
Tu4ui 1o cpaBHeHUIO ¢ rpynnaMu Ne 1 u Ne 2, HO moka3zana 3HaYMMOe
oriuuue ot rpynnsl Ne 4. B oTiiu4mne OT yCTaHOBJIEHHBIX JOCTOBEPHBIX
cBsa3eil Mexy akTUBHOCThIO ACT u I'T'T B cbIBOPOTKE KPOBH U YpPOB-
HeM skcniozuiuu HJIMA, orieHka cBsizu Mexy akTUBHOCTHIO AJIT u
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skcrio3unmedn HJIMA Ha JaHHOM JTamne MCCIEIOBaHMS HE I103BOJIM-
Ja MOJYYUTh JIOCTOBEPHBIC PA3IUYUsl, 4TO TPEOyeT MOATBEPKIACHUS B
JAJIbHEUIINX SKCIIEPUMEHTAX.

Takum 00pa3oM, pe3ysbTaThl MPOBEACHHOTO aHaIN3a aKTHBHOCTHU
nedeHouHbIX GpepmeHToB ACT, AJIT u I'TT B chIBOpOTKE KpOBH IMOCTE
TPEXMECSIYHOTO BO3IEUCTBUA paznuyHbiXx 103 HJIMA Ha XKHBOTHBIX C
ucnoab3oBanueM U-kputepuss MaHHa- YUTHU BBISIBUWIM CTATUCTUYECKU
3HauuMble paznuuus (p < 0,05) mMexay SKCepuMEHTAIbHBIMU TPYII-
namu (Ne 1-Ne 4) u koHTposbHOUM rpynmnoit (Ne 5). Bo Bcex skcme-
PUMEHTAJIBHBIX TPyNIax OBLJI0 OTMEUYEHO CTATUCTHUYECKH 3HAYUMOE
noBbiieHue akTUBHOCTH ACT m AJIT mo cpaBHEHUIO C KOHTPOJEM,
YTO yKa3blBaeT Ha remarotokcuueckoe neiicreue HIAMA. Ina I'TT
CTATUCTUYECKU 3HAYMMOE MOBBIIIEHUE AKTUBHOCTHU II0 CPABHEHUIO C
KOHTPOJIBHOM TpyIoi 6su10 00HapyskeHo B rpymmax No 1, Ne 2 u Ne 3,
B TO BpeMs Kak rpynmna Ne 4 He mpoIeMOHCTpUPOBAIA CTATUCTUYECKU
3HAUMMOT'O MOBBIIEHHS] AaKTUBHOCTH.

JIOnONMHUTENBHO, ¢ LEJIbI0 OLUECHKA JWHAMUKUA U3MEHEHUW aKTUB-
HOCTHU TIEYCHOUYHBIX (PEPMEHTOB, OB MPOBEICH aHAIN3 JaHHBIX, MOJTY-
YEHHBIX Ha 4-M Mecsle dKcrnepuMeHTanbHoro Bosaeicteus HIMA. B
tabnuie 3.9 npencTaBieHbl pe3yabTarsl u3MepeHus: akTuBHOCTH ACT,
AJIT u I'TT B CBIBOPOTKE KPOBU KPbIC 10 OKOHYAHUU 4-T0 MecsIla dKC-
MIEpUMEHTA, BBIPAXKCHHBIE B BHJIC MEIMAHHBIX 3HAYCHUW U MEXKKBap-
TWJIBbHBIX pazMaxoB (Me [Q25; Q75]).

Tabnwua 3.9

Menuannbie 3Hauenusi (Me [Q25; Q75]) OmoxumMuyeckux
nokasareJjieil KpoBU KpbIC HA 4-M Mecsilie IKCIEPUMEHTAIbHOTO
nepuoaa Bosaeiicreua HIAMA

I'pynmsl )KUBOTHBIX bruoxummueckue nokazarenu kposu (E/m)
(mo3a HIMA) ACT AJIT ITT
1 2 3 4
I'pymma Ne 1 (0,04 mr/kr 238,2 63,4 4,1
Macchl Terna) [216,2; 258,8] [57,0; 66,7] [3.,0; 4,8]
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1 2 3 4

I'pynma Ne 2 (0,002 mr/kr 254,9 63,1 3,7
Macchl Tena) [229,7; 290,5] [51,1; 70,8] [2,8; 4,4]

I'pyrima Ne 3 (0,0004 mr/kr 300,0 60,7 2,6
MaccChl Tena) [260,0; 317,5] [59,5; 70,2] [2,0; 3,3]

['pyrma Ne 4 (0,00002 mr/kr 2943 87,9 2,4
MAacchl TeJa) [283,7; 338,1] | [86,0; 102,0] [2,2; 2,8]

292.5 80,9 2,3
Tpymma Ne 5 (oHTpOIR) | 1) 00 1330 01 | [70.5: 84.2] [2,2; 3.9]

Craructudeckuil aHanu3 ¢ ucnosibzoBanueMm U-kputepus MaHHa-
VYutHu (ypoBeHb 3Ha4MMOCTH p < 0,05) M03BOJIMI CPAaBHUTH AKTUBHOCTh
ACT, AJIT u I'TT mexnay rpynnamu Ha JaHHOM CPOKE W BBISBUTH CTa-
TUCTUYECKHU 3HAYMMbIC M3MEHEHUS. B 4acTHOCTH, IIpU aHAJIN3E aKTUB-
Hoctu ACT BpISIBICHA CIEAYOIIAs 3aKOHOMEPHOCTh: CTaTHCTHYECKHU
3HaYMMO Oosiee Bbicokasi akTuBHOCTH ACT 3apeructpupoBaHa B rpyil-
M€ >KMBOTHBIX, IMOABEPraBIIMXCS BO3JAEHCTBUIO MAaKCHUMAJIbHOW J103bI
HIAMA (rpynma Ne 1, 0,04 Mr/kr), mo cpaBHEHHUIO C TaKOBOW B IpyI-
nax Ne 3 (0,0004 mr/kr), Ne 4 (0,00002 MI/Kr) ¥ KOHTPOJBHOU TPyIITIE
Neo 5. Ananornunasi TeHAEHUMSI OTMEUEHA W A rpynnsl Ne 3, B KOTO-
poit aktuBHOCTh ACT CTaTUCTUYECKM 3HAYMMO IPEBbBINIANIA aHAJIOTUY-
HBIM nokazarens B rpynnax Ne 1, Ne 4 u koutposne. Oco0oro BHUMaHUs
3aciIy’KUBaeT TOT (DakT, yTo MuUHUMAaNbHAs Ao3a HAMA (rpynmna Ne 4)
TaK)X€ MPUBOAUT K CTATUCTHYECKU 3HAYMMOMY IMOBBIIIEHUIO aKTHBHO-
ctu ACT B cpaBHeHun ¢ rpynnamu Ne 1, Ne 3 u KOHTpOJIBHOM TpyIi-
noii. Cnexyer otMeTuTh, uTo akTUBHOCTh ACT B rpynme Ne 2 He mpo-
JEMOHCTPUPOBAJIa CTATUCTUYECKN 3HAYUMBIX PA3JIMYMM 110 CPABHEHUIO
¢ npyrumu rpynnamu. COBOKYIHOCTb MOJYYEHHBIX JTAHHBIX MO3BOJSET
3aKJIIOUNTh, 4yTO Bo3zaeiicTBue H/IMA oka3bIBaeT BhIpaXEHHOE BIUSHUE
Ha akTUBHOCTH ACT.

B orHomenun axktuBHoctH AJIT Ha 4-M Mecsie BO3AEHCTBUA
H/IMA coxpaHsieTCcsl TEHAECHIUS K MEHbLIEMY KOJIMYECTBY CTATUCTHYE-
CKHM 3HaYMMBbIX MEXrpynnoBbix paznuuui, yeM mist ACT u I'TT. Cra-
TUCTUYECKH 3HaYUMO Ooiiee Bbicokas akTuBHOCTh AJIT 3adukcupoBana
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B rpynme Ne 1 mo cpaBHenuio ¢ rpynnamu Ne 4 u Ne 5 (xonrposn). B
rpynne Ne 4 HaOniomaercs CTaTUCTHUYECKH 3HAYMMO OoJiee HHM3Kas ak-
TUBHOCTBH AJIT 1o cpaBHeHuMto ¢ rpynmon Ne | 1 KOHTPOJIBHOM IpyIIION
Ne 5, a Takke Oosee BbICOKas O cpaBHEHHIO ¢ rpynmnoil Ne 3. AKTuB-
HOCTh AJIT B rpynme Ne 2 He TEMOHCTPUPYET CTATUCTHUYECKH 3HAYU-
MBIX Pa3au4yuil ¢ APYrUMU rpynnaMy. JTU JIaHHbIE YKa3bIBAIOT HA TO,
yTO JMTEeNbHOE Bo3aelcTBue HJIMA mnpoaoimkaeT BIUSThL HAa aKTHB-
HocTh AJIT, omHako 3ToT 3hPekT ocTaeTcss MeHee BhIpaKEHHBIM, YeM B
coyqae ACTu ITT.

Ananmu3 aktuBHOCTH ['TT Ha 4-M Mecsle SKCIEPUMEHTA BBISIBUII,
yTo rpynna Ne 1 mpomoimkaeT NeMOHCTPUPOBATh CTATUCTUYECKU 3HA-
yuMoO 0oJiee BBICOKYIO aKTMBHOCTb (DepMEHTa MO CPAaBHEHHIO C T'PYII-
namMu Ne 3, Ne 4 u koHTposibHOM rpynmoi Ne 5. AHaNOrM4YHO B rpynme
No 3 aktuBHocTh I'TT cTarucTMYeCcKH 3HAYMMO MPEBBIIAET TAKOBYIO
B rpynnax Ne 1, Ne 4 u xontpone. Hakonen, B rpynne Ne 4 mo-npex-
HEMY HaOJIOACTCSl CTATUCTUYECKH 3HAYMMOE CHUIKEHUE aKTHBHOCTHU
I'TT no cpaBuenuto ¢ rpynnamu Ne 1, No 3 ¥ KOHTpOJIBHON TpYyMIOW.
AxtuBHOCTh I'TT B rpynmne Ne 2 He HEMOHCTPUPYET CTATUCTHUYECKU
3HAYMMBIX MEXTPYIIOBBIX PA3INYUiA. DTH AAHHBIE TOATBEPXKIAIOT
coxpansromieecs Baussaue HJIMA wa aktuBHocTh ['T'T npu mimrens-
HOM BO3JECHCTBUHU, YTO MMOJUYECPKUBAET €€ POJIb B KAYECTBE MHAUKATOPA
rernaroOTOKCUYHOCTH.

B nenom, ananu3 JaHHBIX, TOJYYEHHBIX Ha 4-M MECSIE DKCIEpHU-
MEHTA, MOATBEPKIACT paHee CACIAHHBIE BBIBObI O T€MATOTOKCUYECKOM
Bo3aeiictBun HJAMA, nposiBisiIoIeMcsl B U3MEHEHUSIX aKTUBHOCTH TI€-
YEHOYHBIX (PEPMEHTOB. 3aKOHOMEPHOCTH, BBISIBJICHHBIC Ha 4-M MecSIIE,
B OCHOBHOM COXPAHSIFOTCSI, YTO CBUJIETEIHCTBYET O CTAOMILHOM Xapak-
tepe BozaecTBus HIIMA Ha nedeHs npu JJIMTEILHOM BO3JICUCTBUM.

C 1enbro OLEHKU JUMHAMHUYECKUX U3MEHEHUM TaHHBIX MMOKA3aTeNnei
Y BO3MOXKHOM cTabMIM3aluu ObLI MIPOBEACH aHAJIOTMYHBIN OMOXUMUYE-
CKUH aHAJU3 KPOBU HA 5-M MECAIE SKCIEPUMEHTAIBHOTO MEPUO/IA.

MenuaHnHble 3HaYEHUS U MEKKBapTuibHble pazmaxu (Me [Q25;
Q75]) akruBHoctu ACT, AJIT u I'TT B chIBOpOTKE KPOBU KPBIC HA 5-M
Mmecsie Bozaeiicteust HIIMA npencrasiens B Tabmuiie 3.10.
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Tabnua 3.10

Menuannbie 3Ha4eHust (Me [Q25; Q75]) OnoxuMuyecKuX
NnoKasareJjieili KpoBU KpbIC HA 5-M Mecsilie IKCIePUMEHTAIbHOI0
nepuona sozaercreusa HAMA

['pynibl :KMBOTHBIX buoxumnueckue nokaszarenu kposu (E/m)
(moza HIIMA) ACT AJIT ITT
I'pynma Ne 1 (0,04 mr/kr 2849 82,7 7,0
MacChI Tea) [270,3; 296,5] [64,6; 89.8] [5.9; 7,5]
I'pymma Ne 2 (0,002 mr/kr 385,1 81,5 2,7
Macchl Tena) [287,6; 411,6] [78.,5; 93,0] [2,0; 3,9]
I'pynma Ne 3 (0,0004 mr/kr 3249 62,5 3.4
MaccChl Tena) [271,0; 388,4] [58,2; 68,2] [2,7; 11,3]
I'pynma Ne 4 (0,00002 mr/kr 265.,5 89,8 2,9
MaccChl Tena) [219,6; 341.,4] [74,6; 112,9] [2,8; 4,1]
232.5 68,8 32
Tpynma Ne 5 (KORTPOTB) | 1505 446,01 | [55,5; 77.0] [2,2; 48]

Pesynbratsl, npeacraBieHHsle B Tadnuie 3.10, Obuik Takke Moj-
BEPrHYThl CTaTUCTHUYECKOMY aHAJIM3Yy C UCIosib3oBaHueM U-kpurepus
MaHHa-YUTHU 1JI YCTAHOBJIEHUS] CTATUCTUYECKN 3HAUUMbBIX MEKIPYII-
MOBBIX PA3JIMYUA B AKTUBHOCTHU MCCIIETyEMbIX MIEYEHOUYHBIX (DEPMEHTOB.

Anamu3 aktuBHocTd ACT mnpoaeMOHCTpUpOBaji, 4TO B TpyIIIIe,
noJIBepraBuieiicss Bo3AeCTBUI0O MakcumanbHOW 10361 HJIMA (rpynna
Ne 1, 0,04 mr/kr), HabMrOMaeTCA CTATUCTUYECKH 3HAUMMO 00JIe€ BHICOKAS
aKTUBHOCTBH (hepMeHTa 1o cpaBHeHUIO ¢ rpymnmnamMu Ne 3 (0,0004 Mr/kr),
Ne 4 (0,00002 mr/kr) u kKOHTpOIBHOM rpymmnon Ne 5. Cxoxast TEHACHITUS
ObL1a BeIsiBiieHa U B Tpynne Ne 3, rne aktuBHOCTh ACT craructuyecku
3HAYMMO MPEBBIIIANIA aHAJOTUYHbIE NToKa3arenu B rpymnmax Ne 1, Ne 4 n
KOHTpOJIbHOU rpynne. CiaenyeT OTMETUTh, UTO J1a’K€ MUHUMAaJIbHas 71032
HJAMA (rpynna Ne 4) BbI3bIBajia CTAaTUCTUYECKU 3HAYMMOE MOBBILICHUE
akTuBHOCTH ACT mo cpaBHenuto ¢ rpymnmnamu Ne 1, Ne 3 U KOHTpOJib-
Hol rpynmnoi. AktuBHOCTh ACT B rpynme Ne 2 He poJIeMOHCTPHUPOBA-
Jla CTAaTUCTUYECKU 3HAYUMBIX OTIMYMMA OT Apyrux rpyimi. [lonyueHHbie
JTAaHHBIE TTO3BOJISIIOT MPEANookuTh, uTo HJIMA oka3bIBaeT BIUsIHHE HA
aktuBHOCTH ACT.
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B otHomenun akruBHocTH AJIT ycranoBieHno, uro B rpynne Ne 1
(0,04 wmr/kr) HaOmrOMAETCS CTATUCTUYECKU 3HAYUMO O0Jie€ BBICO-
Kasi aKTUBHOCTh (hepMeHTa Mo cpaBHeHUIO ¢ rpynnaMu Ne 4 u Ne 5
(koHTpOJdbHas rpynna). B To xe Bpems rpynma Ne 4 n1eMOHCTpUpPYET
CTAaTHUCTHUYECKU 3Ha4YuMO Oosee HU3Kyro aktuBHOCTH AJIT mo cpas-
HeHuto ¢ rpynnamu Ne 1 u No 5) HO OoJsiee BBHICOKYIO MO CPaBHEHHUIO
¢ rpynmnoid Ne 3. CTaTUCTUYECKU 3HAUMMBIX Pa3IM4Mil B aKTUBHOCTHU
AJIT mexnay rpynnoit Ne 2 u ApyruMu TpynrnamMu BbISIBIEHO HE ObLIO.
Pesynprarsl cBunerenseTByroT 0 Hannuuu BiausHUA HJIMA Ha akTus-
HocTh AJIT, ogHako 3TO BIMSHHE, MO-BUIUMOMY, MEHEE BBIPAKEHO I10
cpaBHenuto ¢ ACT.

Ananu3 aktTuBHOCTH ['T'T BBISBUI CTaTUCTHUYECKH 3HAYMMO Ooliee
BBICOKYIO aKTUBHOCThH (pepMeHTa B rpynne Ne 1 mo cpaBHEHUIO C rpyI-
namMu Ne 3, Ne 4 u KOHTPOJBHOU Irpynnoni. AHaNOTHM4YHas TEHACHUMS Ha-
omomaercs B rpymme Ne 3, rae aktuBHOCTh [T Takke crarucTudecku
3HAQUYMMO MPEBBIIIAET 3HAUYCHUS, MOTydeHHbIe it rpynm Ne 1, No 4 u
koHTposisa. B rpynme Ne 4, HanportuB, 3adMKCUpOBaHA CTATUCTUYECKHU
3HaYMMO Oosiee HM3Kasg akTUBHOCTH ['TT mo cpaBHeHMIO C Tpynmnamu
Ne 1, Ne 3 u konTposbHOM rpynmoi. AktuBHOCTh ['T'T B rpymnme Ne 2
CTaTUCTUYECKN 3HAYMMO HE OTIMYAJIACh OT APYrUX rpymnmn. BeisBieH-
HBIE pa3Inyus yKa3bIBaroT Ha TO, uTo H/IMA OKa3bIBaeT CyleCTBEHHOE
BIIMsiHUME Ha akTUBHOCTH [ 1T, comocTaBuMO€E 1O BBIPAKEHHOCTH C €TI0
BIUsIHMEM Ha akTUBHOCTH ACT.

Takum 00pa3oM, CTaTUCTUUECKUI aHATU3 JAHHBIX, MOJIYYEHHBIX K
5-My MecsIy DKCIIEpUMEHTA, MOATBEPKAAET THIOTE3Y O IeNaTOTOKCHU-
yeckoM nericteun HJIMA, nmposiBisiroIieMcsi B '3BMEHEHHH aKTUBHOCTH
neueHouHbIX (hepmenToB (ACT, AJIT, I'TT). Ananus 3akoHOMEPHOCTEH,
BBISIBJICHHBIX Ha 5-M MecsIle, IoKa3aj, 4To MakcuMaibHas 103a HIMA
(rpymia Ne 1) mo-mpeskHeMy OKa3bIBaeT HauOoJiee BBIPAKEHHOE BIIMSI-
HUE Ha aKTUBHOCTb (PEPMEHTOB, OHAKO IPYIINAa C MUHUMAJIBHON 10301
(rpynma Ne 4) Takke MpOIOJKAET TEMOHCTPUPOBATh 3HAYMMBIE H3Me-
HeHusi. CoXpaHEeHHE JTaHHOW TEHJICHIIMU Ha MNPOTSHKEHUH 5 MecsIeB
BozaericTBus HJIMA 1mo3BossieT TOBOPUTH O CTA0OMIILHOM XapaKTepe ero
renarotrokcuyeckoro addexra. IlomydyeHHnble pe3ynbTaThl MOIYEPKUBA-
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I0T HEOOXOIMMOCTh JadbHEUIIIEr0 U3yYeHUSI MEXaHU3MOB BO3JICHCTBUS
H/IMA Ha ne4deHb, OLIEHKH JOJITOCPOYHBIX MOCIEACTBUN 3TOTO BO3/CH-
CTBUSI U OIPEIECICHUS MOPOTOBBIX 103, OKA3bIBAIOIINX MUHHUMAJIbHOE,
HO CTAaTUCTUYCCKU 3HAUMMOE BIIMSHHE.

[IpencraBieHHbIE BBIMIE PE3YABTATHI MO3BOJISIIOT OLECHUTH JIWHA-
MUKY aKTUBHOCTH TIEYCHOYHBIX (PepPMEHTOB ToJ Bo3zaeiictBueM HIIMA
Ha MPOTSHKEHUU DKCIIEPUMEHTANIBHOTO Tiepuona. s 6osee meranbHO-
ro a"anu3a remnarotrokcuueckoro sdpdexkra HIAMA Obuin uccienoBaHbl
MEIMaHHbBIC 3HAYCHUS U MEXKBAPTUJIbHbIE pa3zmaxu akTUBHOCTH ACT,

AJIT u I'TT B chIBOpOTKE KPOBU KpPbIC HA 6-M MecsIIIe BO3IeUCTBUA (Ta-
Omuma 3.11).

Tabmuma 3.11
Menuannbie 3Ha4yenusi (Me [Q25; Q75]) OnoxumMuuyecKkux

nokasareJjieii KpoBU KpbIC HA 6-M Mecsilie IKCIIePUMEHTAIbHOT0
nepuona sosaeicreuss HIAMA

['pynimibl 5KMBOTHBIX buoxumunueckue nokazarenu kposu (E/m)
(mo3a HAMA) ACT AJIT ITT
I'pynma Ne 1 (0,04 mr/kr 196,4 60,3 3,5
MAacChI Teja) [186,6; 274,6] [47,3; 78,6] [3,0; 4,8]
I'pymma Ne 2 (0,002 mr/kr 267,1 70,4 4.2
MaccChl Tea) [243,7; 302,7] [63,7; 74,8] [2,8; 5,1]
I'pyrimia Ne 3 (0,0004 mr/kr 270,7 60,8 4,5
MAaccChI Teja) [204,1; 301,2] [56.4; 67,7] [4,0; 4,7]
['pynma Ne 4 (0,00002 mr/kr 2183 83,3 4,0
MAaccChl Tea) [195,0; 239,4] [73,5; 89,2] [3.4; 4,2]
196.4 60,3 3,5
Tpynma Ne 5 (xomtpoms) |y a0 657461 | [47.3: 78.6] [3,0; 48]

[TosmyyeHHbIEC TaHHBIE CBUIETEIBCTBYIOT O COXPAHEHUH T€IaTOTOK-
cuueckoro BozaehcTBug HIMA Ha mpoTsK€HUM BCETO 1IECTUMECSIYHO-
ro ’KCrepuMeHTaldbHOro nepuona. Ha koner skcnepumenta (6-i me-
CsII) CTAaTUCTUYSCKUM aHAJIM3 BBISIBWJ, YTO MakcuMmaiabHas no3a HIIMA
(rpynma Ne 1) mo-mpexHeMy OKa3bIBae€T HanOoJiee BBIPAXKEHHOE BO3-
nericrue Ha akTUBHOCTH ACT u I'T'T (tabmuna 3.12).
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Tabnwuia 3.12

Marpuua pe3y1bTaToB HellapaMeTPU4eCcKOro KpuTepust
MaHHa-YUTHH: CPABHEHHE paclpeae/ieHNH JaHHbIX OMOMapKepoB
3¢ dexra or Bozaericteua HAMA mexkay rpynnamMmu ;KuBOTHBIX

(6 mecsiieB OT HA4aJ1a IKCIIEPUMEHTA)™

3HAYMMOCTh pa3nu4ui 3HaueHn 1o nokaszaremo ACT Mex Ty SKCIIepIMEHTaTbHBIMU
rpynmnamMu nocie 6-MecsiHOM 3aTpaBKH pa3inyHbIMU no3amMu HJIMA

I'pynnbl
JKUBOTHBIX

I'pymma Ne 1 | I'pymma Ne 2 | I'pyrma Ne 3

Usmm = 28,
Ukpur = 37, p > 0,05
Usmmn = 32,
Ukpur = 35, p > 0,05

Uomn =41,

I'pymma Ne 4 | T'pymma Ne 5

I'pynma Ne 5

I'pynma Ne 4

I'pymma Ne 3 i A B
Tpyrma No 2| Uom =32 - Usmn = 48, Uswn =37, Uomn = 29,
py - UKPPIT =55, p> 0,05 UKpI/IT =53, p> 0,05 UKpHT =49, p> 0,05 UKPI/IT =41, p> 0,05
Usmn = 52,
Tpynma Ne 1 _ Uxpurt = 55, p > 0,05

3HAYMMOCTh Pa3N4mii 3HaYeHUH 110 mokazarento AJIT Mexay skcriepuMeHTaTbHBIMA
rpyHIaMHy Mociie 6-MecAuyHON 3aTpaBKu pa3indyHbIMU no3amu HIIMA

I'pynmbl
YKUBOTHBIX

I'pynma Ne 1 | I'pymma Ne 2 | I'pymma Ne 3 | I'pymma Ne 4 | I'pymmma Ne 5

Uswmm = 31, Uswmm = 23,
Ukpur = 40, p > 0,05 |Ukpur = 35, p > 0,05

Usmm = 34,
Ukpur = 43, p > 0,05

Usmn = 29, Usmmn = 44,

I'pynma Ne 5

I'pynma Ne 4

I'pymma Ne 3 B Uswmmn = 36,
Py = 2 |Ukpur = 47, p > 0,05|Ukpur = 52, p > 0,05 Ukpur = 48, p > 0,05
Tpymma Ne 2| Uovm =31, - Usmn = 47, Uswn = 39, Uomn = 33,
py = < |Ukpur = 58, p > 0,05 Ukpur = 55, p > 0,05|Ukpur = 51, p > 0,05| Uxpur = 44, p > 0,05
Usmn = 51, Usmn = 29,
I'pymma Ne 1 - oMt oMl

Uxkput = 58, p > 0,05|Uxpur = 47, p > 0,05
3HauUMOCTh pa3Inyuii 3HaueHui 1o nokasarento I'T'T mexay sKcriepuMeHTaIbHbBIMU
rpyHmnaMy nocie 6-MecsyHOU 3aTpaBKu pa3indHbIMU go3amMu HIIMA

I'pynmet

SKMBOTHEIX I'pynma Ne 1 | I'pynma Ne 2 | I'pymma Ne 3

Usmm = 53, Uswmm = 31,
Uxkpur = 60, p > 0,05 |Ukpur =49, p > 0,05

Usmr = 36,
Ukpur = 45, p > 0,05

Tpyrma Ne 3 Usmm = 31, Usmm = 46, B
Py 2 2 | Uxpur = 49, p > 0,05 |Ukprr = 54, p > 0,05

I'pynmna Ne 5

I'pynma Ne 4 | I'pymma Ne 5
I'pynma Ne 4
Usmm = 38,

Ukpur = 50, p > 0,05
Uosmn =41, Ubmm = 35,
Ukpur = 53, p > 0,05|Ukpur = 46, p > 0,05

*3Haqyumovle pasiudust BbIOEIEHbL 3€ICHbIM ueeniom, He3Hadumble — IHCeinibim
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Tovima Ne 2 Usmm = 53, B Usmm = 49,
Py 2 2| Ukpur = 60, p > 0,05 Ukpur = 57, p > 0,05
Usmmn = 33, Usmn = 25,

Uxput = 42, p > 0,05|Uxpur = 37, p > 0,05

I'pynma Ne 1 -




[Ipu stom mMunumanbHas po3a HIMA (rpynma Ne 4) Takke mpo-
JIOJI’KAET BBI3BIBATH CTATUCTHUYECKU 3HAYMMble U3MEHEHHs, 0COOEHHO
B otHomieHNH ACT, 4TO MOXKET yKa3blBaTh Ha MOBBILIEHHYIO 4YBCTBHU-
tenpHOCTh K H/IMA npu HM3KMX KOHUEHTpanusax. AKTUBHOCTh AJIT
JIEMOHCTPUPYET MEHEE BHIPAXKECHHBIC U3MEHEHUS 110 CPABHEHUIO C JIPY-
ruMu (hepMEHTaAMU.

BaxxHO OTMETUTH, 4TO, HECMOTPS Ha OTCYTCTBUE MPOTPECCHUB-
HOTO YBEJIWYEHHS aKTUBHOCTH (PEPMEHTOB OT 5-TO K O-My MeECHIy,
COXpPAHECHUE CTATUCTUYECKHU 3HAYMMBIX PA3JIAYUNA MEXKAY TpyNIIaMHU
CBU/IETEJIBCTBYET O XPOHHUYECKOM T€IaTOTOKCUYECKOM BO3/I€MCTBUHU
HJAMA. Takum o0Opa3om, K KOHIlY SKCIIEpUMEHTA MOJy4YeHHbIC TaH-
HbI€ CBUACTEIbCTBYIOT O BausiHuu HJIMA Ha akTUBHOCTH MEYE€HOY-
HbIX (epmenToB. MakcumanbsHas noza HJAMA (rpymna Ne 1) oka-
3pIBaeT HauboJjee BbIpakeHHOe Bo3jelicTBHe Ha akTuBHOCTHL ACT u
['TT, B To BpeMsi kKak MUHUMaJIbHast f03a (rpynna Ne 4) Takke BbI3bI-
BAaCT CTATUCTUUYECKU 3HAYMMbIE U3MEHEHUsI, 0COOCHHO B OTHOIICHUU
ACT. AxtuBHocth AJIT neMOHCTpUPYET MEHEE BBIPAKEHHBIE U3MeE-
HeHHsl. OTCYTCTBHUE CTATUCTUYECKHU 3HAYUMBIX pa3IWuUid B TPyMIIE
No 2 MOXkeT CcBHAETENBCTBOBAaTh O HEJIMHEWMHOM XapakTepe 3aBUCH-
MOCTH «103a-3pdexT». [lomydeHHbIe pe3yabTaThl MOATBEPKIAIOT Te-
naroTokcuueckoe Bozaeiictsue HJIIMA Ha mpoOTsS:KEHUU BCETO DKCIIe-
PUMEHTAJIbHOIO NEPUOA.

Pe3ynbrarel, OJIydeHHBIE B XOA€ UCCICAOBAaHUS, HANIAIHO BU3Yya-
JU3UPOBaHBI Ha rpaduKax, MPeACTaBICHHbIX HWKe. [lanHbie rpaduue-
CKHE MPEACTABJIECHUS MO3BOJSAIOT OLIEHUTh CTENECHb BIUSHUS Pa3Idy-
HbIX 103 HJIMA Ha akTUBHOCTH KJIIOUEBBIX NMEUYEHOYHBIX (DEPMEHTOB.
B wactHocTH, Ha rpadukax MNpoJEeMOHCTPUPOBAHBI MEIUAHHbIC 3HAYE-
Hust akTUBHOCTU ACT, AJIT u I'TT nng xaxxaoil SKCIepUMEHTAIbHOU
rpynisl (rpynibl Ne 1-Ne 5) Ha mpoTsbkeHUU Bcero nepuonaa Habmoe-
HUs. Busyanuszauuss MeAuMaHHBIX 3HAYEHHUUH IMO3BOJSAET HUBEIUPOBATH
BIIUSIHME BO3MOMKHBIX BBIOPOCOB M MOJIYy4YUTh OOJiee penpe3eHTATUB-
HYIO KapTUHY COCTOSIHHSI IEYCHOUYHBIX MMOKA3aTENIEN B KaXJ0WU IPyIIie

(Puc. 3.1-3.3).
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MepguaHHble 3HaveHna ANT (E/n) no rpynnam

MepauwaHHoe 3Ha4veHwne ANT (E/n)

=
o

[pynna »mnBoTHbIX (go3a HOMA)

Puc. 3.1. Bausinue paznuunbix 103 HIIMA Ha MeanaHHbIe 3HaUCHUS
aktuBHOCTH AJIT B rpynmnax >KMBOTHBIX 3a IIEPUOJ] UCCIIEJOBAHMUS.

Ha pucynke 3.1 mpencraBieHbl MeIWAHHBIE 3HAYEHUSI AKTUBHO-
ctu ananuHamuHoTpancdepassl (AJIT) mo 3aBeprieHUH 6-MECSYHO-
ro nepuoaa BozuerctBus N-HutpozonuMerunamuHa (HIMA) B pas-
JUYHBIX SKCIIEPUMEHTANIBHBIX Tpymnnax. AHaau3 MOJYyYEeHHBIX JaHHBIX
YKa3bIBa€T Ha OTCYTCTBHE BBIPAXKCHHOW JIMHEWHOW 3aBUCUMOCTH «J0-
3a-3¢gdexT». B vactHOCTH, MakcuManbHas no3a HIAMA (0,04 mr/kr)
HE accouupyercs ¢ MakcumanbHo akTUBHOCTBIO AJIT. IIpu aToMm oT-
HOCHUTENbHO TOBBIIICHHBIE 3HaUYeHUsT AJIT 3adukcupoBansl B rpymie,
nonyyaBiieil MunuManabHyo 103y HIAMA (0,00002 mr/kr), 4TO MOXKET
CBUJETEIHCTBOBATh O BOBJICUEHUM CIEUU(PUUECKUX MEXaHW3MOB rema-
TOTOKCUYECKOTO JEHUCTBUS, HTHUIUUPYEMBIX HU3KUMU KOHIEHTpaIUsIMU
HAMA. AnbrepHaTuBHO HaOIIOJAE€MbIE PE3YJIbTAaThl MOTYT OOBSICHSATh-
cst peHomeHnom ropmesuca [Calabrese & Baldwin, 2003a], korna mpome-
xytounas no3a HJIMA (0,0004 mr/kr) uHAynHMpyeT aJanTHBHBIC WU
3aIATHBIE TPOLECCH, NPUBOJALIME K CHIKEHHIO akTuBHOCTH AJIT.
Eme ogHuM BO3MOXXHBIM OOBSICHEHHEM SIBIISIETCS AKTUBAIMS YHUKAJIb-
HOro mexanusMa Ha ypoBHe 103bl 0,00002 MI/KT, CIOCOOCTBYIOIIETO
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BbICBOOOXKACHNIO AJIT B KpOBOTOK; JaHHBII MEXaHU3M MOXKET HE (DyHK-
LMOHUPOBATh WJIM MHTUOMPOBATHCA IPU BO3AECUCTBUU O0JIe€ BBICOKHUX
koHueHTpaunii HIIMA. Cremyer OTMETUTBH, YTO YCTAHOBJICHHE KOH-
KPETHBIX MEXaHW3MOB, OOYCJIOBIIMBAIOIINX HAOIIOMaeMble OTKIOHCHHS
OT JMUHEWHON 3aBUCHUMOCTH «J103a-3(PEKT» B OTHOLIECHUH aKTUBHOCTH
AJIT, He BXOOWIJIO B 3a/1a4M HACTOSIIETO HCCleAoBaHus. TeM He meHee
MOJIyYEHHBIE PE3yJbTaThl O3BOJSIOT 0003HAYUTD TAaHHOE HAIPaBJICHUE
B KaueCTBE IEPCHEKTUBHOIO Ul JAJIbHEHIIMX HAy4YHBIX W3BICKAHUH,
B YAaCTHOCTH, ITOCPEACTBOM ITPOBEAECHUS DKCIIEPUMEHTOB N Vifro ¢ HC-
MOJIb30BaHUEM KIIETOYHBIX MOJIENEH TenaTolUTOB, a TaKkKe yIriyOleH-
HOTO aHaJIu3a TUCTOMOP(OIOTHYECKUX W3MEHEHUN B TKaHM IMEYEHU C
IPUMEHEHUEM METOJIOB KOJIMYECTBEHHOW MOP(POMETPUH.

MeawaHHble 3HaveHua ACT (E/n) no rpynnam

e}
w
[=]

[ne)
(=)
[=]

—
(=)
[=]

MepawaHHoe 3HaveHue ACT (E/n)
a &

pynna »u1BoTHbIX (fo3a HOAMA)

Puc. 3.2. Bausinue paznuunsix 103 HIMA Ha MennaHHble 3HAUCHUS
akTuBHOCTH ACT B rpymnmnax »KMBOTHBIX 3a IEPUOJ UCCIIEIOBAHUS.

Ha pucynke 3.2 npeacTtaBiieHbl MEIMaHHBIE 3HAYEHUS! AKTUBHOCTHU
ACT no 3aBepuieHHH 6-MECSIYHOIO IEepUojia BO3AEUCTBUS N-HUTPO30-
JMMETHIIAMUHA B PA3JIMYHBIX SKCIEPUMEHTANBHBIX Tpynmax. AHaiu3
MOJIYYEHHBIX JTaHHBIX JIEMOHCTPUPYET KapTHUHY, CXOAHYIO C HaOmrona-
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emoil B orHomieHuu aktuBHOCTH AJIT (Puc. 3.1). B wactnoctu, u mis
ACT He oTMmeuaeTcsi BBIPOKCHHOM JTUHEWHOW 3aBUCUMOCTH «J103a-3()-
¢dexr». MakcumanbsHas go3a HIAMA (0,04 Mr/kr) He IpUBOJUT K Mak-
CUMaJIbHOM aKTUBHOCTH (PepMEHTa, a OTHOCUTEIHHO TOBBIIICHHBIC
3HaueHuss ACT peructpupyrorcs B rpymmne, nonydasueil 1o3s1 HIMA
HIKE MAaKCHUMAJIBHOM.

MegnaHHble 3HaveHna ['TT (E/n) no rpynnam
4.0
3.5
3.0

2.5

MepnwaHHoe 3HayeHue I'TT (E/n)
)
o

pynna XuBoTHbIX (A03a HIAMA)

Puc. 3.3. Bausinue paznuunbix 103 HIIMA Ha MeanaHHble 3HaUEHUS
aktuBHOCTH ['T'T B rpymnmax »KMBOTHBIX 3a IEPUO UCCIIEIOBAHUS.

PucyHnok 3.3. neMOHCTpUpYyET MEIUaHHbIE 3HAUYECHHS] aKTUBHOCTHU
I'TT nns paznuusbix rpyni kuBoTHbIX. B otiinuue or ACT u AJIT, ak-
tuBHOCTh ['TT, mo-BuarMoMy, Oojiee 4yBCTBUTEIbHA K BO3JIEUCTBHIO
HIMA B rpymme Ne 1 (0,04 mr/kr), rme HaOmogaeTcsl CyIIeCTBEHHOE
yBenuueHne Kk S5-my wmecsny (7,0 E/m), ¢ HEOONbIIUM CHUXEHUEM K
6-my Mmecany (5,3 E/n). B to e Bpems rpynmnsl, nosiydasiine Oosee
HU3KHE J103bl, IEMOHCTPUPYIOT MEHEE BBIPAKEHHbIC U3MEHEHUS aKTHB-
Hoctu ['T'T.

OTO MOXET MOATBEPKIATh T'MIIOTE3Y O TOM, YTO BBICOKHE J103bI
HJIMA oxa3zbiBatoT 0ojiee BBIp@KEHHOE MOBPEKIAIOIIEE BO3JACHCTBUE
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Ha renaToOLMThI U SMUTEINAIbHBIE KJIETKH JKEITYHBIX MPOTOKOB, PUBOIS
K MOBbIIEHHOMY BbICBOOOXKeHUIO [ T'T B KpOBb.

Hecmotps Ha TO, YTO NPOBEIEHHBINM aHATU3 MEAUAHHBIX 3HAYCHUN
aktuBHOCTH AJIT m ACT He BBIABWII CTPOroil JTIMHEHHON 3aBUCUMOCTH
MEXITy 10301 B 3 (PEKTOM, 3TO HE MCKIII0YaeT BO3MOKHOCTH OIHCAHUS
B3aMMOCBSI3U Mexk1y KoHueHTpanued HJIMA u akTMBHOCTBIO yKa3aH-
HBIX (DEPMEHTOB C MCIIOJIb30BAHUEM HEIMHEHHBIX PErpecCUOHHBIX MO-
nenei. Kak Obuto oTMeueHO paHee, CIIOKHbIe OMOJIOTHYECKHE MpOolec-
Chbl, TAKHE KaK TOPME3UC WJIM aKTUBAIUS CIEU(PUUESCKUX MEXaHU3MOB
reNaTOTOKCUYHOCTHU MPHU HU3KUX J103aX, MOTYT MPUBOJNTH K OTKJIOHE-
HUSIM OT JIMHEWHOHN 3aBUCUMOCTU. B cBsi3u ¢ 3TUM s GoJjiee TOUHOM
XapaKTePUCTUKU B3aMMOCBSI3U Mexay no3od HIIMA U akTUBHOCTBIO
MEYCHOYHBIX (DEPMEHTOB B CJEAYIOLIEM pazjene OyayT pacCMOTPEHbI
BO3MOXXHOCTH ITPUMEHEHHSI HEJIMHEWHBIX PETPECCUOHHBIX MOJIEIIEH, KO-
TOPBIE MTO3BOJISIFOT YUUTHIBATH CJIOKHBIC, HEMOHOTOHHBIE 3aBUCHMOCTH.

AHaJIM3 32aBUCHUMOCTH AKTHBHOCTH MEYE€HOYHBbIX epMEeHTOB
(omomapkepos 3¢ dexra) u koHuenrpauun HIMA B kpoBu
(0Omomapkep 3Kkcno3uum) ot ypoBHs 3xkcnosuuun HAMA
MeTOJ0M HeJIMHEHHOM MaAPHO#l perpeccuu

OcCHOBHOM 11e/1bI0 OBLJIO OMpeNeNIeHUe MPEIUKTOPOB Hapyle-
HUs QYHKUUU neyeHu. [ qoCTHKEeHHsT 3TOM LEenu MPOBOAWIICS aHa-
JIM3 B3aUMOCBSI3U MEXIY HCXOAHBIM YPOBHEM AKTUBHOCTHU IE€YECHOY-
HBIX (DEPMEHTOB M BEPOSTHOCTHIO WX TOBBIIICHUS TOJ] BO3JICHUCTBHEM
H/IMA. B naHHOM HMCCI€A0BaHUU ISl OLICHKU BIUSHUS 1036l N-HUTPO-
30IMMETHJIaMUHA HA aKTUBHOCTH NeueHouHbIX (pepmentoB (ACT, AJIT,
I'TT) npumensuicst craructuueckuil noaxox. [nst Oonee neranbHOro
aHaJIn3a B3auMOCBs3U Mexay n030i HIIMA u akTUBHOCTBIO II€YEHOU-
Heix ¢pepmenToB (ACT, AJIT, I'TT) nenecoobpa3Ho mpuMeHEHUE METO-
Jla HEJIMHEMHOW MapHOW perpeccur. B gaHHOM moaxoae 3aBHUCUMBIMHU
nepeMeHHbIMU BbICTyMatoT noka3aresn aktuBHOCTH ACT, AJIT u I'T'T,
a HEe3aBUCUMOM mnepemMeHHou sBisercs no3za HIAMA. Ananus napame-
TPOB HEJIMHEWHBIX PETPECCUOHHBIX MOJIEIIEN MO3BOJIUT OLIEHUTh Xapak-
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Tep BiausiHUS 10361 HIIMA Ha akTUBHOCTH KaXXJ0TO (PEpPMEHTA, a TaKkKe
ONPENENNUTh CTATUCTUYECKYIO 3HAYMMOCTD BBISIBIICHHBIX 3aBUCUMOCTEN.
JI71s1 o1ieHKM BO3MOXKHOCTH Hcnonb3oBaHus aktuBHocTu I'TT, ACT
n AJIT B KauecTBe MHAMKATOPOB MPEBBIIICHUS] aKTUBHOCTH (DEPMEHTOB
BBIIIE MEAUAHHOTO 3HAYEHUS] KOHTPOJIBHOM TPyNIibl B TeueHue 1-6 me-
CALIEB MCCJIENOBAHUSA B 3aBUCHUMOCTH OT 036l N-HUTPO30AMMETUIAMU-
Ha ObUI MIPOBENICH Psi/i aHAJIM30B JIOTUCTHYECKOW perpeccuu (Tabmuiia
3.13). B xax/10M aHanu3e B KaueCTBE 3aBUCUMON MEPEMEHHOW BBICTY-
najo HajJu4Me WIM OTCYTCTBHE IPEBBIIEHHUsS] aKTUBHOCTH (pepMmeHTa
BBIIIE MEAUAHHOTO 3HAYEHUsI KOHTPOJIBHOW I'PYIIIBI B Iepuon ¢ 1-i o
6-1 MecsIl MCCIIeIOBaHusI, a B KaY€CTBE HE3aBUCUMOMN MEPEMEHHON —
MCXO/IHAs KOHLEHTPALUsl COOTBETCTBYIOIIETO (pepMEHTA B KPOBH.

Tabnwnia 3.13

Pe3ysbTaThl JIOrHCTHYECKOH perpeccuu JJis MPOrHO3UPOBAHMS
NpeBbINIEHUS] AKTUBHOCTH MEYeHOYHbIX TPpaHcamuHas (AJIT
u ACT) u ramma-rnyramuiarpancgepassl (I'T'T) B cbiBOpoTKe
KpoBHM noxa Bo3aecreueM N-uHutpo3oguMeruiamuna (HIMA)

ITT AJIT ACT
Ilepemennas OrHa. IllancoB OrH. Illancos Orta. Illancos
Ornenka O1neHka Orenka
(em. m3Mm.) (em. m3Mm.) (em. m3Mm.)
BO (Koncranra) | 0,397 0,345 0,065 1,067 -0,999 0,368
Ucxonnas
koHIreHTpamus | -1,065 1,487 -0,316 0,729 1,997 7,367
B KPOBH
CrarucTuka
MOJI€eJTH
Xwu-KBajapar
(df= 1) 9,975 0,630 34,524
p-3HadYCHHE 0,002 0,427 <0,001
Htorossie
oTepH 103,144 107,816 90,869
(Log-Likelihood)
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[IpoBeneHHbIN aHaIN3 UCXOAHBIX KOHIIeHTpanuil ¢epmentoB (I'T'T,
ACT u AJIT) B pamkax uccinenoanus Bausgaus H/IMA Ha ux nuna-
MHUKY TO3BOJIWJ BBIIBUTH 3HAYMMbIE 3aKOHOMEPHOCTH, KOTOPBIE MOTYT
OBITh HCIIOJIb30BaHbl [JIsi MPOTHO3UPOBAHUS W3MEHEHUN AKTUBHOCTHU
dbepmenToB. Pe3ynbrarhl MccieqoBaHUs CBUJIETEILCTBYIOT O TOM, UTO
ucxonubie ypoBHU I'T'T u ACT o6nanaroT BeIpaKeHHOW MPOTHOCTHYE-
CKOM LIEHHOCTBIO B OTHOIIEHUU BEPOSITHOCTU MPEBBIIMICHUS UX AKTUB-
HOCTH BbIIII€ MEAUAHHOTO 3HAUYCHUSI KOHTPOJILHON TpYyNIIbl B TEUCHUE
6 MecsteB moj BosaeiicreueM HIIMA.

C 1esbI0 BBISIBJICHUS CBSI3M MEXKIY KOHILIEHTpAIlMed ramMmma-riyTa-
MunTpancdepasbl U 10304 N-HUTPO30IMMETUIIaMUHA ObUTa TPUMEHEHA
MOJIENb JIOTUCTHYECKON perpeccuu. B kauecTBe 3aBHCHUMON MepeMeH-
HOM HCIONb30BaNach OMHApHas MepeMeHHas, 0003HaJaroIas MpeBbl-
menue (1) win Henpesimenue (0) ypous I'TT meananHoro 3HayeHus
KOHTPOJIbHOU rpynmbl. He3aBucMMOW NEpEeMEHHOM BBICTyHaja J103a
N-Hurpozonumerunamuta. OleHKa mapaMeTpoB MOJEIH OCYIECTBIISA-
Jach METoAOM MakcuMuzaiuu mpasaononoous (Maximum Likelihood
Estimation, MLE). UtoroBoe 3HaueHue (PyHKIUU MOTEPh COCTABUIIO
222,73, 4TO CBUAETEIBCTBYET O MPUEMIIEMOM COOTBETCTBUU MOJIENU
AMITUPUYECKUM JTaHHBIM. CTaTUCTUYECKash 3HAUUMOCTh IMOCTPOCHHOU
MOJIETIM OLIEHHUBAJIaCh C WUCIOJb30BAHMEM KpHUTEpHUs XHU-KBampar (?).
Pe3ynbraThl aHanM3a MoKa3aiy BBICOKYIO CTAaTUCTUYECKYIO 3HAYMMOCTh
moxenu: ¥*(1) =20,417 npu p < 0,00001 (kpuTHyeCKUil ypOBEHb 3HAUU-
Moctu a = 0,05) (Tabnuma 3.14).

Tabnua 3.14

Pe3yibTarhl JJOrMCTHYECKONM perpeccuu AJsi IPOrHO3MPOBaHUS
no3sl HIMA Ha ocHoBe ypoBHs I'T'T B KpoBHu KpbIC

OTHOIICHUE IIAHCOB
[TapameTp Ouenka
(em. u3m.)
B0 (Koncranra) -1,22055 30,37359
VYposens ['TT B kpoBu 0,29507 3,37010
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OrneHka mapaMeTpoB MOJIENU BbIsiBHIIA, yTO KoHcTaHTa (BO) nme-
et 3HaueHue (—1,22), yto cooTBeTcTBYeT OTHOLIEHUIO 1aHcoB (OR) B
0,295. lannbiid (hakT yka3plBaeT Ha TO, YTO MpH HyneBou no3ze HIAMA
BEpOATHOCTHh HacTyruienus 3ddexra camwkaerca B 0,295 paza otHOCH-
TEJIBHO 0a30BOT0 YPOBHS, CBUIETENILCTBYS O HU3KOH BEPOSTHOCTH IO-
noxutenbHoro 3¢dexra B orcyrcrBue BozaeiicTBus HJIMA. Orenka
ko3¢ dunmenta 1t 10361 HIIMA coctaBmia 30,37, 4To COOTBETCTBYET
OR = 3,37.

Ha ocHOBaHuU MPOBEAEHHOTO MOAEIMPOBAHUS MOYKHO 3aKITIOUUTb,
yTo n03a HAMA oOKa3bIBacT CylIECTBEHHOE BIMSHHE HAa BEPOSTHOCTH
HacCTyIUieHus Habmomaemoro 3ddekra. Bricokast ctaTucThdeckas 3Ha-
gumocTh Mozenu (p < 0,00001) moxrBepskaeT HaAIUYUE BBIPAKEHHOU
3aBUCUMOCTH MEXIY MCCIIEyeMbIMU MapaMeTpamMu.

BusyanbHoe npencraBiieHre 3aBUCUMOCTH BEPOSITHOCTH BO3/IEUCT-
Bust HIIMA ot yposns ['TT npencrasiieHo Ha pucyHke 3.4.

MOﬂ,eﬂb Jlorncmyeckasn perpeccua
y=exp(-1,220544798116+(30,37358912366)*x)/ (1+exp(-1,220544798116+(30,3735891236

0,8

0,6

04}

0,2

0,0 @ o o]

0,2 - - - - - - - - -
0,005 0,000 0005 0010 0015 0020 0025 0030 0035 0040 0,045

LNos3a HOMA, mr/kr m.T.

Puc. 3.4. Monenb TOTUCTUYECKON PErPEeCcCHH, ONUCHIBAIOIIAS BIMSHUE O3B
H/IMA na BeposTHOCTH noBbiieHust ypoBHs ['T'T B KpoBH y KpBIC.
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['paduk neMOHCTpUPYET CUTMOUIATIBHYIO (OpMYy KpPUBOHM, 4YTO
ABIIAETCSl TUIMYHBIM JJII MOJIENIEH JIOTMCTHYECKOW perpeccuu. Bu-
3yallbHBIA aHajdu3 rpaduka MO3BOJISIET MPEANOJI0KUTh, YTO MO Mepe
yBenmuueHus: ypoBHs ['T'T BepositHOCTh mposiBneHus a¢dekra, accouu-
npoBaHHOTO ¢ BozxaeiictBueM HJ/IMA, Bo3pacraeT. ITa TEHIECHIUS CO-
I71aCyeTCsl ¢ TOJOKUTEIBHBIM 3HaYeHHEM KOd(PUIIMEHTa perpeccuu u
3HAYEHWEM OTHOILIECHHS IIAHCOB, MPEBBIIIAOIIUM €IUHHULLY.

HabGnronaemasi CTaTMCTUYECKH 3HAUMMasi 3aBUCUMOCTb MEXKIY
ypoBHeM ['T'T u no3oit HIIMA cBunerensctByeT 0 Tom, uto I'T'T Moxer
CIykuTh MapkepoM dddexra Bozaericteust HIIMA Ha miedeHb.

[IpoBeneHHbIN aHAIN3 JaHHBIX, BKIIOUAOLIUNA IPUMEHEHUE METO-
JIOB PETPECCUOHHOTO MOJEIUPOBAHUS, HE BBISIBWII CTAaTUCTHYECKH JO-
CTOBEpHBIX MOJIEJIEH, ONMUCHIBAIOLIUX B3aUMOCBS3b, COOTBETCTBYIOIIYIO
OMOJIOTrMYEeCKOMY IIPABAOINOI00HI0, MEXIY 10301 N-HUTPO30IMMETHIIA-
mMuHa U akTUBHOCTBIO (pepmerToB ACT u AJIT. DTO CBUAETENBCTBYET O
TOM, YTO JJI JAHHBIX MOKa3aTesield He yJajJoCh YCTAHOBUTH 3HAYUMYIO
3aBUCUMOCTH, KOTOpasi MOIJIa Obl OBITH OMKCAHA C UCTIOIH30BAHUEM JTHU-
HEWHBIX WJIW HEJIMHENMHBIX PErPECCUOHHBIX MOJIEIIEH.

Taxum ob6pazom, I'TT B CBIBOPOTKE KPOBU SIBISIETCS CTATUCTUYECKHU
3HAYMMBIM OHoMapkepoM 3¢ dexTa BeposiTHOCTH Bo3aeiicTBust H/IMA.

[lonyyeHHbIE JaHHBIE CBUAETENIBCTBYIOT O TOM, YTO YBEJINYEHUE
ypoBHs I'TT Ha enuHuUIy IPUBOAUT K CTAaTUCTUYECKU 3HAYUMOMY YBE-
JUYECHHIO IIaHCOB MpOsiBIeHUs 3P deKTa, CBI3aHHOTO C BO3/ACUCTBUEM
H/IMA, B 3,37 pa3a. OT0 NOATBEPKIAETCSA CTATUCTUYECKON 3HAYUMO-
CTBIO MoJienu joructudeckort perpeccunt (¥*(1) = 20,42, p < 0,00001),
4yTO 1o3BoysseT paccMmarpuBarh ['TT B kauecTBe MEpCIEKTUBHOTO WHAU-
karopa BozaencTBust HIIMA Ha reyeHb.

B otnuuue ot I'T'T, niis pepmentoB ACT u AJIT He ObLIO yCTaHOB-
JIEHO CTaTUCTUYECKHU 3HAYMMBIX 3aBUCUMOCTEN MEXKIY UX aKTUBHOCTBIO
u no3ou HJIMA. DTo MOXET OBITh OOBSICHEHO CI0KHOCTHIO OHMOJIOTH-
YECKMX B3aUMOJECHCTBUM, BKIIOYas WHIUBUIYAJIbHBIE OCOOEHHOCTH
MeTaboIn3Ma, aJanTalllOHHbIE PEAKIIMK OpPraHu3Ma M aKTUBAILIMIO KOM-
MIEHCATOPHBIX MEXaHU3MOB, CIIOCOOHBIX MACKHPOBATH MOTCHIIMAILHbBIC
apdexte. Kpome Toro, nabmronaemas BapuabenbHOCTh ypoBHeH ACT
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u AJIT moxer ObITh 00yCIIOBIICHAa WHJIUBUIAYAIBHOM OHOJOTHYECKON
n3menunBocThio [Calabrese and Baldwin, 2003b; Eaton and Gilbert,
2008; Andersen and Krewski, 2009; Herndndez, Parrén, Alarcén, 2011].

Ha ocHOBaHMM MOTYyYEHHBIX SMIUPUUECKUX JTAHHBIX MOXHO 3a-
KIIIOUnUTh, 4TO0 ypoBeHb [TT sBmsiercs nHambosee MHPOPMATUBHBIM
OMoMapKepoM JUIsl OIICHKHM TreraToToKcuueckoro BoszaeicTeus HIAMA.
B cBs3u ¢ 3TUM PEKOMEHIYETCS €r0 UCMOJb30BAaHUE B KAau€CTBE KIIFO-
YEBOTO MapameTpa MpU yCTAHOBJIEHUH PENIEPHOTO YPOBHS BO3JICUCTBUS
(BMDL) HIIMA.

C uenbto ouenku npumenumoctd HIIMA B kadectBe Ouomapke-
pa SKCIO3UIMKM OBUIO MpoaHaIu3upoBaHo coiepkanne HJIMA B me-
pudepudeckoil KpoBU J1a0OPATOPHBIX KUBOTHBIX MOCIE BO3ACHCTBUS
pa3IMYHBIX 703 BEIIECTBA. B X0/1€ AKCIEpUMEHTa YCTaHOBJIEHO, YTO B
KoHTpoJibHOU Tpynme (0e3 BBeaeHus HJIIMA) konnentparus HIMA
B KpoBH Obuta MmuHuManbHO# (0,00 Hr/™mi). B rpynmax, momydaBmmx
HIMA, naGntomanoch TOBBINICHUE YPOBHS BEIIECTBA B KPOBH, IMPHU
ATOM MEAMAHHBIE 3HAYEHUSI KOHIIEHTPAUWU BapbUPOBAINCH B 3aBUCH-
MOCTH OT IMMOJTYUYEHHOU 1036l (cM. Tabnuiy 3.15).

Tabmuma 3.15

Konuentpauusa HAMA B nepudepuyeckoii KpoBu
IKCNEPUMEHTAIbHBIX }KHBOTHBIX, yCTAHOBJIEHHASI B XO0J1€
XPOHHUYECKOIo IKcnepumMenTa, Me [Q25; Q75], ur/ma

['pynmel s)xuBoTHBIX (1032 HAMA) Konuenrpauns HHMAVB Kposu
0 DKCTIEPUMEHTAIBHOM TpyTIe
I'pyriia Ne 5 (koHTpOIIB) 0,00 [0,00; 0,00295]
I'pymirra Ne 4 (0,00002 mr/kr Macchl Tena) 0,00351 [0,00350; 0,00358]
['pyrma Ne 3 (0,0004 Mr/kr macchl Tena) 0,50525 [0,448; 0,5068]
I'pynma Ne 2 (0,002 mr/kr mMacchl Tena) 0,546 [0,0; 0,613]
I'pymmia Ne 1 (0,04 mr/kr macchl Tena) 0,79 [0,47; 0,79]

Konnenrpamms HIIMA B KpoBu 71a00paTOpHBIX KUBOTHBIX Baphb-
upoBaia ot 0,00351 [0,00350; 0,00358] no 0,79 [0,47; 0,79] ur/ma B
AKCIIEPUMEHTAIIbHBIX TPYIINAX.
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JI1s1 yCTaHOBJIEHUS CBS3U MEXIY MOCTYIAIOUIECH 1030 U JOCTHUT-
HyTOM KoHueHTpanued HIIMA B kpoBu Kak OmoMapkepa 3KCIO3UIUU
OBLT TPUMEHEH METO/T OMHAPHOM JTOTUCTUYECKOU perpeccuu. B kadecT-
BE€ HE3aBUCHUMOM MEPEMEHHOI BbICTynana nocrtynatomas noza HIMA,
a B KQUeCTBE 3aBUCUMOM — €ro KOHIIEHTpalus B KPOBHU, U3MEPEHHAs Ue-
pe3 omnpeieIEHHOE BPeMs MOCJI€ BBEICHMUSI.

B pamkax naHHOro uccliieoBaHusi ObLT MPOBEJAEH aHAIU3 3aBUCHU-
MOCTH MEXIYy 7030l N-HUTPO30JUMETUIIAMHUHA U BEPOSITHOCTHIO Ha-
CTYIUICHUS OMHApHOTO MCXOJa, 3aKOJIUPOBAHHOTO B BHUAEC «0» u «1».
3neck «0» coorBeTcTBYEeT KOHIleHTpannu HJIMA B KpoBU HMXKE Cpell-
HETo 3Hau€HUs, a «1» — BbIlIE CPETHErO 3HAYCHUS.

JIJ1s1 OIEHKU CTaTUCTUYECKON 3HAUMMOCTH MOJIEIN UCHOJIb30BaICs
KPUTEPHI XU-KBaApar. 3HaYMMasi BEJIMUUHA ¥ U1 OMHOU CTEIEHH CBO-
Ooxel cocrasiseT 3,84. Pesynsrarel Tecta xu-kBaapar (x*(1) =4,37;p =
0,037) yka3bIBalOT Ha CTATUCTUYECKH 3HAUYUMYIO CBSI3b MEXKJY MOCTY-
naromen go3on HIAMA u BEpOSTHOCTBIO MCXOJla HA YPOBHE 3HAUMMO-
cti o = 0,05. [Tapamerpsl Mogenu npeacTasieHsl B Tadbauue 3.16.

Tabnuma 3.16

ITapameTpsl MoJeIM JIOTUCTHYECKON perpeccuy 3aBUCUMOCTH
BeposATHOCTU u3MeHeHus ypoBHs H/IMA B kpoBu
JKCIEPUMEHTAJBHBIX )KMBOTHBIX OT nocrynawmei 10361 HJIMA

[TapameTp Orenka (B) Otnomenne mancos (OR)
[Mocrynaromas noza HIMA (BO0) 0,085679 1,089457
3aB. nep. (konuentpauus HAMA 149,1888 6.7899

B KpOBH)

Koadpdumment BO (mepexsar), COOTBETCTBYIOIIMM YCIOBUSIM OT-
cyrctBusa nocrymienus HIAMA, pasen 0,086. OTHoOIIEHHE IAHCOB 1Sl
sToro ko3duiuenta cocranmusier 1,09. CnenoBarenbHo, TaHHBIN Mapa-
METp HE OKa3bIBa€T 3HAYMMOIO BIMSHUS HAa 3aBUCHMYIO IIEPEMEHHYIO
(BeposiTHOCTB NOBBIIIEHUS KoHLeHTpauuun H/IMA B kpoBn).
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AHanoruyHeIM 00pazoM kodpduiieHt B g HezaBuCHMON mepe-
MEHHOH (BennuuHa nocrtynatomed no3sl HIIMA B kpoBu) cocTaBis-
er 149,19, a cooTBETCTBYIOIIEE OTHOILICHUE IIAHCOB paBHO 6,79. D10
YKa3bIBAa€T HA CHJIBHYIO ITOJIOKUTEIBHYIO CBA3b MEXKAY KOHIIEHTpaLNeH
HIMA B kpoBU U IIaHCAMU HACTYIUIEHHUSI COOBITUS «1» (BEpPOSTHOCTH
noBbleHus1 KoHueHnTpauu HJIMA B kpoBn).

I'paduueckoe m300pakeHUE MONYYEHHOM B XOJA€ HCCIEIOBaHUS
JIOTUCTUYECKON PErpeccuu MpeicTaBlIeHO Ha PUCYHKE 3.5.

Mogenb: BuHapHas noructmyeckasi perpeccus 3aBMCUMMOCTU BEPOATHOCTU n3MeHeHus yposHa HOMA B
KpoBM OT noctynatoLien fossl HAMA
y=exp(,08567937711557+(149,18879291113)*x)/(1+exp(,08567937711557+(149,18879291

1,2 r r r r T T T

10+ @ ® o o O o o oom O

0,2

0,0 % ] o o

BeposaTHocTb noBbiweHust ypoeHa HOMA B kpoBu

-0,2 L L L L L L L
-0,002 0,000 0,002 0,004 0,006 0,008 0,010 0,012 0,014

Moctynatowas gosa HOAMA, mr/ kr m.T.

Puc. 3.5. I'paduk J0rucTUUECKON perpeccun 3aBUCUMOCTH BEPOSITHOCTH
n3MeHeHus yposHs H/IMA B kpoBu ot noctynatouieit 1o3s1 HIMA.

[IpoBenenHoe ucciienOBaHUE MOATBEPAUIO HAIUYUE CTATHUCTHYE-
CKM 3HAYMMOM 3aBUCHUMOCTH MEXY IOCTYyIAOMENH 10301 N-HUTpO-
30[JUMETUIIAMUHA U BEPOSITHOCTHIO WM3MEHEHHUS €ro KOHIIEHTpAlluu B
KPOBHU JKCIIEPUMEHTAIbHBIX >KMBOTHBIX. Pe3ynbraThl aHaiausa JI€MOH-
CTPUPYIOT, 4yTO yBenudeHue 1036l H/IMA npuBOINT K NMOBBIIIEHUIO BE-
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POSITHOCTH MPEBBILICHUS CPEIHETO YPOBHS €TI0 KOHLIEHTPALIUU B KPOBHU,
YTO CBUJETEIBCTBYET O BBIPAJKEHHOM J10303aBUCHUMOM pEAKLMU Opra-
HHA3Ma Ha BO3JECHCTBUE JAHHOIO BEILIECTBA.

CnenoBarenbHo, koHueHTpauss HIMA B KpoBH MOXET paccma-
TPUBATHCS KaK MOTCHIMAIBHBIN MapKep 3KCIO3UILHNHU, TO €CTh MOKa3a-
T€JIb, OTPAYKAIOIINAN CTENEHb BO3JICUCTBUS JAHHOTO BELIECTBA HA Opra-
HU3M.

Jlanee B Hacrosiier MoHorpaduu OyayT pacCMOTPEHBI METOA0II0-
TUYECKUE TTOAXOAbl U MPAKTHYECKUE ACIIEKThl YCTAHOBICHUS PENIEPHBIX
ypoBHe#l BozaeicTBus niaa HIMA, onupasich Ha MOJy4YEHHbIC JTaHHBIE
00 undopmarusHoctu I'T'T kak GnmoMapkepa renaToOTOKCUYHOCTH U KOH-
neHtpauu HIMA B KpOBHM Kak MapKepa SKCIIO3UIINH.

Ycranosienue penepHoro yposuss HIMA Ha ocHoBaHuUM
NPeABAPUTEIbHBIX TAHHBIX TOKCUKOJIOTHYECKOI0 IKCIIEPUMEHTA
Ha KpbIicax Ha ocHOBe ypoBHA ['T'T

Jlns ompenenenust 6€30MacHBIX YPOBHEW BO3ICHCTBHUS BEIIECTB
meronoM Benchmark Dose Lower Confidence Limit (BMDL), B vact-
HOCTH, C UCHOJIb30BaHMEM mojaxona ckonb3suiero okHa (The «sliding
window» method), IUPOKO MPUMEHSIOTCSI PE3yJIbTaThl TOKCUKOJIOTHYE-
CKUX UCCJIEIOBAaHUN Ha MKUBOTHBIX MOJEIsIX. B paMmkax 3Tux uccrieno-
BaHUI KJIFOUEBBIM 2TaroM siBiisieTcs pacueT OR 171 OIIeHKHU CBSI3U MEX-
Jly SKCIIO3UIMEI M pa3BUTHEM HEOMaronpusaTHbIX 3G (HEKTOB A BCETO
M3YYEHHOTO JIMara3oHa KOHIEHTPAIMil UCCIIeyeMOTro BEIIeCTRa.

MeToz CKOJB3SIIEro OKHa MpeanoiaraeT MOcCie0BaTeIbHOE pac-
CMOTPEHHE Psiia THUIMOTE3 O HAJMYUU CBS3H MEXKAY KOHKPETHBIM ypOB-
HEM 3KCIIO3ULIMU U BOSHUKHOBEHMEM HapylIeHUH 310poBbs. [Ipu s3Tom
JUTS KQXKJIOM paccMaTpuBaeMOW THUTIOTE3bl (POPMHUPYIOTCS ABE TPYIIIIHL:
KOHTPOJIbHAS, COCTOSIIAs U3 JKUBOTHBIX, TIOABEPTIINXCS BO3ACHCTBUIO
KOHIICHTPAIMA HI)KE pacCMaTPUBAEMOM, U OTIBITHASI, BKITFOYAIOIIAS KU~
BOTHBIX, SKCITIOHUPOBAHHBIX KOHLIEHTPALIMSAM BBIIIE PACCMATPUBAEMOIA.

JIist Ka)KA0W THIOTE3bl MPOBOAUTCS CTATUCTHYECKAs! OLEHKA HaJIH-
YHsI CBSI3U MEXKIY SKCHO3UIMEN U 3((PEeKToM ¢ MCIOIb30BAHUEM OTHO-
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IICHHS IIaHCOB B Ka4yeCTBE Mephl accornuaiuu. [lomydeHHble 3HaYeHUS
OR wucnonb3yroTes Jyisi HOCTPOECHUS MATEMAaTUHYECKUX MOJIETIEH, OMUCHI-
BaOIIMX 3aBUCUMOCTb MEXJY 0301 MOCTYIHBIIETO XUMHUYECKOTO BE-
IIECTBA U OTHOILLIEHUEM IIAHCOB (7]03a-OTBET). DTU MOJAEIHU MO3BOJISIOT
KOJINYECTBEHHO OILICHUTh PUCK PAa3BUTHSI HeOJAronpusTHeIX 3h(HEeKToB
IIPU PA3TUYHBIX YPOBHSX HKCIO3ULIUH.

BakHO OTMETUTBH, YTO JaHHAs METOAMKA, IPUMEHsAEeMasi B KOHTEK-
CTE€ KOJIMYECTBEHHOW OIIEHKM HEKAHIIEPOT€HHOTO PUCKA, OCOOEHHO P
000CHOBaHMU TUTMEHUYECKUX HOPMAaTUBOB, COOTBETCTBYET TPeOOBaHU-
aM, ycraHoBieHHbIM B EADC 1o 000CHOBaHUIO TUTHEHNYECKUX HOPMa-
TUBOB COJIEPKAHMSI XUMUYECKUX BEIIECTB U OMOJIOTHYECKUX areHTOB B
NUIIEBON MPOAYKIMK HAa OCHOBE KPUTEPUEB PHUCKA AJIA 30POBbS. ITO
o0ecrneurnBaeT COOTBETCTBHUE PE3YJIbTaTOB MCCIEIOBAaHUI pPeryasTop-
HBIM TPeOOBaHUSM U UX TPUMEHUMOCTH B MIPAKTUKE YCTAHOBJICHUS O€3-
omacHbIX ypoBHeW Bo3nercTBus [Peto, Gray and Branton, 1991].

Jlist obecriedyeHust HaJeKHOCTH MOJYYEHHBIX PE3YIbTATOB MPOBO-
JUTCS OLIEHKA aJ€KBAaTHOCTH MOCTPOEHHBIX MATEMAaTHUYE€CKUX MOJEIIEH.
Ota oneHka 0azupyercs Ha OJHO(PAKTOPHOM JAUCTIEPCUOHHOM aHAJIU3E C
ucrosib3oBaHueM F-kpurepus @uiiepa, NO3BOJISIIOLIETO OLIEHUTh CTATH-
CTHUUYECKYIO 3HAYMMOCTb MOJIEJIM U €€ CIOCOOHOCTh aJ€KBAaTHO OIMHCHI-
BaTh HAOJIOaeMbI€ JIaHHBIE.

[Ipn mocTpoeHMM MaTeMaTHYECKUX MOJAENIENd HEOOXOAUMO Yy4H-
ThIBaTh HEOIPEAEIEHHOCTh OLEHOK. J[JI1 3TOro OCyIIeCTBISIETCS ONpe-
neneHue 95%-HbIX JOBEPUTENBHBIX TPAHULl JJI TOYEYHBIX OLIEHOK
JOIYCTUMBIX YPOBHEH MapKEPOB SKCIO3ULUHU. DTU IOBEPUTEIIbHBIEC UH-
TEpBaJIbl MO3BOJISIOT OLIEHUTH JUAa30H BEPOSITHBIX 3HAYEHU Oe3ormac-
HOTO YPOBHS BO3JICUCTBUS U YUUTHIBATh BApUAOEIbHOCTD JIaHHBIX.

Ycranosienue penepHoro yposuss HIMA Ha ocHoBaHuUU
NpeIBAPUTEIbHBIX JAHHBIX TOKCHUKOJIOTHY€CKOT0
IKCIIEPUMEHTA HA KPbICaxX

B pesynbrare npuMeHeHns: OMMCAHHOTO BBIIIE METOAA CKOJIB3SIIE-
ro OKHa Obla MOCTPOEHA MOJENb 3aBUCUMOCTH BEPOSTHOCTH M3MEHE-
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HUSI aKTUBHOCTH Y-TIyTamuiITpancdepassl (Mapkep sddexra) oT 10361
(HAMA) (mapkepa sxcnio3uiun). [lapamerpusaiiys Moaenu oCyIiecTB-
JSI71aCh HA OCHOBE pacCYMTaHHBIX 3HaueHuil OR.

Onpenenenue napaMmeTpoB mMaremarudyecko mozaenu (3.1) «dxc-
no3uusa-oreT» (b, b;) Mpou3BOAUTCS METOAOM HAMMEHBIIUX KBa-
JIpaToB C MPUMEHEHUEM MAKETOB MPOTPAMM IO CTATUCTUYECKOMY aHa-
nu3y JaHHbIX (Hanpumep, Statistica 10.0) [AHaIU3 prcKa 310pOBbIO B
CTpaTeru roCylapCTBEHHOIO COLHMAIBHO-3KOHOMHUUYECKOTO Pa3BUTHSA:
Mownorpadus].

1

~(bg +byx;)

= re (3.1)
1+e

p
P — BEpOSITHOCTh OTBETA;
X, — BeTM4YMHa J03bl, MI/KI' MAacChl T€Ja B JICHb;
b,, b, — mapameTtpsl Mozenu.
PesynpraTel mapameTpusanuu TpEACTaBIEHBI TpaduuecKd Ha
puc. 3.6. [TapameTpsl Mozenu npeacTaBieHsl B Tadbaunax 3.17-3.18.

Hoza HOMA, ma/kz m.m. - Ypoeens [TT e kpoeu Kpbic [foza HIJMA, me/ke m.m. - ¥poeens [TT & kposu Kpeic
1,05 12
1 4
0,35 38
09 36
0,85 34
08 32
0,75 3
3
28
g o7 5
3 085 26
§ 05 24
Q B S
Suss 8% he @
£ 05
g 18
I 045
E 0.4 — 18 ”
0%_0 | eeasasss SETTTP PPV - 1.4 &
s} —_— e+ @ 1.2 £
e
03 1
025 4 i —
" ° ! 0,8 i @
02 g 08 i
015 | VE —
01 ! 0.2
0,05 i od, i
0 p 0 0,002 0,004 0008445 | g gog 0,01 0,012 0,014
0 0,002 0,004 0,006445 | 0,008 0,01 0,012 0,014 foza HOMA, me/ke m.m

Hoza HOMA, made m.m.

Puc. 3.6. Pe3ynbrarsl napameTpusanuu 3aBUCUMOCTH KoHLleHTpauuu ['T'T
B KpoBH (Mapkepa 3¢ ¢ekra) ot 10361 HIAMA (BenTUUMHBI SKCIIO3HIINN).
I'pacduk oTHOMIEHUS IAHCOB (CTpaBa), TpauK BEPOSITHOCTH (CIIEBA).
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Tabnwuia 3.17

Pe3ysbrarsl perpecCHOHHOrO aHaau3a BiaussHudA 10361 HIMA
Ha koHUeHTpauuw ['T'T B kKpoBH (¢ yKka3aHueM BepOSTHOCTH
NOBbIIIEHUS OMOMapKepa)

Beposar- | Ilokasza- | Ilokasa- b0 |OmuGKa bl Omn6- F p R2 Penepnbrit
HOCTb Telb Tellb Ka YPOBEHb

[loBeI-
IICHHE
6romapkepa

addexra

Jo3za VYpoBeHb
HAMA, |I'TT B xpo-|-0,6748(0,00029 | 24,75068 | 23,447 |26,12657|0,00001 | 0,33 | 0,006445
MI/KT M.T.| BH KPBIC

B Ttabmume 3.17 mnpencrtaBieHbl pe3yibTaThl PErpecCHOHHOTO
aHaiaM3a, OTPAKAIOIIME BIMUSHUE J03bI N-HUTPO30JAMMETHIIAMUHA Ha
KOHIIGHTPALIUIO TaMMa-IiyTaMuiITpaHcpepasbl B KpoBU Kpbic. OcCHO-
BBIBAsICh Ha Pe3yJbTaTax PErpecCHOHHOIO aHaiu3a, HaOiromaercs cra-
TUCTUYECKH 3HaYuMMas CcBs3b Mexay no3oi HIMA u koHueHTpanuei
I'TT B kpoBu kpsic (p < 0,00001). ITomoxutenbHbI KOdhdUIEHT bl
(24,75) yka3biBaeT Ha TO, uyTo yBenuuenue n036 HIIMA cBsizano ¢ mo-
BoiieHueM ypoBHs ['T'T. 3nauenune R2 (0,33) mokasbiBaet, 4To MOJEh
oObsicusier 33% nucnepcuun ypoBHst I'TT nozoit HIMA. B pesynbra-
T€ PErpecCCHOHHOTO aHaiau3a ObLT YCTAHOBJIEH PENEPHBIA YPOBEHb IS
no3et HJIMA, xotopsriii coctasmi 0,006445 MT/KT M.T., IPU TIPEBBIIIIEC-
HUH KOTOPOTO OXKHUJAETCS TOBBIICHUE Onomapkepa sddekra.

Tabnwuia 3.18

PaccunTaHHble 3HAYCHHUS OTHOLICHUS LIAHCOB 32aBUCUMOCTH
koHueHTpauuu I'T'T B kpoBu ot 10361 noctynarwmeit HAMA

OR [oxasarens [Noxa3arens a0 al F p R2

IloBpImICHHNE
onomapkepa

addekra

Joza HIMA, | Yposens ['TT
MI/KT M.T. B KPOBU KPBIC

-0,89938 | 117,4716 | 61,81866 | 0,00 0,36

[Tony4yeHHble pe3yapTaTbl CBHUAECTEIBCTBYIOT O CTaTUCTUYECKU
3HAUMMOM CBsi3U Mexay no30il HIMA u noseienuem ypoBHsa ['T'T B
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KpoBu Kpbic. 3Hauenue F-craructuxu (F = 61,82) u cooTBercTByIOIIEe
p-3Hadenue (p < 0,001) yka3pIBatOT Ha 3HAYUMOCTh PETPECCUOHHON MO-
nenu. Koapdumuent nerepmunanmu (R2 = 0,36) neMoHCTpHUpPYET, 4TO
36% Bapuanuu B Jorapu@me OTHOIICHHS IIIAHCOB MOBBIIICHUSI YPOBHS
I['TT obwsicusercs Bapuarueit 10361 HIIMA.

Mogenb JIOTHCTUYECKON PErPECCHM BBISIBUIIA CTATUCTHUYECKHU 3HA-
YUMYI0 U TIOJIOKHUTENIBHYIO CBSI3b Mexay 1030i1 HIIMA u noBblillIeHU-
eM ypoBHS ['TT B KpoBU KpbIC. DTO yKa3bIBa€T Ha TO, YTO YBEJIMYE-
Hue 10361 HIMA CBsI3aHO ¢ MOBBIIEHHOM BEPOSITHOCTHIO MOBBIIIECHUS
ypoBast ['T'T, 94TO moATBEpKIa€T €ro pojibh B Ka4eCTBE OMOMapKepa TOK-
cuueckoro BozaekcTeus HIMA.

AHanu3 JaHHBIX TOKCHKOJIOTHYECKOTO SKCIIEPUMEHTa Ha Jiabopa-
TOPHBIX JKUBOTHBIX BBISIBHJI CTAaTUCTUYECKH 3HAYMMYIO 3aBUCUMOCTH
Mexay nozon HJIMA u m3menennem aktuBHoctH ['T'T B ChIBOpOTKE
KpoBHU (cM. Tabnuiy 3.14). lonoaHuTenbHOE MOJAEIUPOBAHUE BEPOST-
HocTu noBbIieHus1 ypoBHs ['TT npu yBenuuenun skcnozunuu HIAMA,
a TaK)Ke aHaJIM3 METOJIOM CKOJIB3SIIEr0 OKHA MOATBEPAUIN CTaTUCTUYE-
CKYIO 3HAYUMOCTb JTAHHON KOPPEJISALIHH.

Ha ocHOBaHMM MONY4YEHHBIX JaHHBIX HIDKHSS JOBEpUTEIbHAS
IPaHULIA SKCIIO3UIINH, BBI3BIBAIOUIEH MUHUMAJIBHO 3HAYUMbIA 3 eKT
(BMDL), nns HIIMA Obuta onienena B 0,006445 mr/kr maccsl Tena. B
COOTBETCTBHM C METOIMYECKUMU IOAXOJAMHU K OLEHKE pUCKA, IPHHS-
TeiMU B cTpaHax EADC [Meronnueckue yka3aHus IO yCTAaHOBJIEHUIO U
000CHOBaHUIO TUTMEHUYECKUX HOPMATUBOB COJEPKAHUS XMUMHUYECKUX
npuMeceid, OMOJOrMYECKUX areHTOB B MUILIEBOM MPOAYKIIMHU MO KpUTeE-
pHSIM pHCKa 7S 30POBBS yenoBeka], kK Benuunne BMDL 6b1u mociie-
JIOBaTEJIbHO MPUMEHEHBI ClIeAYIomre (PaKTOpbl HEONPEIEICHHOCTH:

1. ®akrop MEKBUIOBOM AKCTpanoyisiyuu, paBHbiid 10: 1aHHBINA KO-
3G (UIMEHT YUYUTHIBAET Pa3Inyusl B YyBCTBUTEIBHOCTH K BO3JIEHCTBUIO
XUMHUYECKOTO BEIECTBA MEXKIY SKCIIEPUMEHTAIbHBIMU KUBOTHBIMU U
yesnoBekoM. OH oTpakaeT BapuaOENbHOCTh (PU3HOJOTHYECKHUX, METa-
Oonmmueckux U (papMaKOKMHETUYECKUX XapaKTEPUCTUK MEXKIy BUIAMHU.
[Ipumenenue koddduimenta 10 oOyciaoBIeHO HEOOXOTUMOCTHIO 00eC-
MEYEeHMs TOCTATOYHOIO 3amaca 0e30MacHOCTH, YUUTHIBAIOIIETO MOTEH-
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MAJIbHYIO MOBBIIIEHHYIO YYBCTBUTEIBHOCTh YEJIOBEKA IO CPABHEHUIO
C DKCIIEPUMEHTAIBHBIMU )KUBOTHBIMM.

2. ®akTop SKCTPANOJIAIUNA C KOHTPOJIUPYEMBIX YCIOBUN 3KCIIEPH-
MEHTa Ha PEaJIbHBIC YCIIOBUS IKCIO3UIINU, PABHBIA 6: 3TOT KO3 PHUIIN-
€HT YYWMTBHIBACT PA3HUILY MEXIY YCIOBHUSIMH DKCIEPUMEHTA U pPeallb-
HbIMU CLIEHapHUsIMU BO3JCHCTBUSI HA 4YEJIOBEKA. DKCIEPUMEHTAJIbHbIE
UCCJIeIOBAaHUs, KaK IMPABUJIO, WCIOJB3YIOT (PUKCUPOBAHHBIE, OTHOCH-
TEJIbHO BBICOKHME J03bI, B TO BPEMS KAaK B PEAJbHOM YKU3HU SKCIIO3U-
1USI MOXKET OBITh IEPEMEHHOM, 3aBUCETh OT KOHILIEHTPAIIUU BEIIECTBA,
HalpuMep, B MUILEBBIX MPOAYKTaX, 00pa3a >KM3HU U UHIUBUIYATbHBIX
npuBblueK. HeomnpeneneHHoCTh, CBsI3aHHAast C IyTEM BO3JCUCTBHUS, TaK-
K€ YUWTBHIBAETCS: B DKCIIEPUMEHTAX YACTO HUCIOJIB3YETCA OIHUH IIYyTh
BO3JICUCTBUS (B HACTOSIIEM HCCIIEIOBAHUU, HAIPUMED, TIEPOPATIbHBIN ),
TOTJa KaK B PEAIbHOM KU3HU BEIIECTBO MOXET IOMNAAaTh B OPTaHU3M
pa3IMYHBIMU TyTSIMU (BIIbIXaHUE, NMUThE, KOHTAKT ¢ Koxkel). Hakower,
KO3(PPUITMEHT YUYUTHIBACT PA3HUILy B MPOIOJDKUTEIHLHOCTH BO3IEHCT-
BHSI: DKCIIEPUMEHTBHI 4acTO MPOBOIATCA B XPOHUYECKOM DPEXKUME, HO
peajbHOE BO3JIEUCTBHE MOXKET OBITh MPEPHIBUCTHIM WM MEHSTHCA C
TeueHueM BpemeHu. Bribop korddunmenta 6 oOycioBiieH HEOOXOAU-
MOCTBIO y4eTa KOMIUIEKCHOCTH M BapraOeIbHOCTH YCIOBUM peaibHOTO
BO3JCHCTBUSA, KOTOPHIE HE BCEIA MOJHOCTHIO BOCIPOU3BOAATCS B JKC-
IIEPUMEHTAIBHBIX YCIOBHUSIX.

3. ®akrop ucnons3oBanuss BMDL B kadecTBe OTHpaBHOM TOYKH
JUISl yCTAHOBJICHHUS TOMTYCTUMOM CYyTOYHOM J03bl, paBHBIN 4: 3TOT KO3(-
(UIMEHT OTHOCUTCS K HEOINpPEAEIICHHOCTH, CBA3aHHOW C MCIIOJIb30Ba-
HUEM HIKHEW ToBepuTesibHOM rpanuibl (BMDL) mis pacueTHoit 103851,
BBI3BIBarOIEH onpeneseHHbln dddekr, musa onpenenenns JICJ[. BMDL
IpEeNICTaBIsIeT COOOM HUKHIOI TPAHUILy JIOBEPUTEIHHOIO WHTEpBaja
st BMD (Benchmark Dose), 4To CHM)KAaeT pUCK HETOOIICHKH OIlac-
HocTu. Mcnonb3oBanne BMDL sABnsieTcs KOHCEPBATUBHBIM IOAXO00M,
KOTOPBIM, KaK IMPaBUJIO, YYUTHIBAET HEONMPEAECICHHOCTH, CBSI3aHHBIC C
OIICHKOM J103bI, BBI3BIBAIONICH OMpeeIeHHbINH d(PQEKT, BKIIOUYas Bapu-
a0eNbHOCTh OTBETA B MOMYJISAIMU U OMUOKH u3MepeHuil. [Ipumenenue
ko3 uimenta 4 orpaxaeT CTpeMIICHHE K 00€CTICUECHUIO TOMOJIHUTEIb-
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HOTO 3araca 0e30MacCHOCTU MPU HUCTOIb30BAHUU CTATUCTUYECKHUX Olle-
HOK, OCHOBaHHBIX Ha OIPAaHUYEHHOM KOJMYECTBE JAHHBIX.

4. ®akTop, YUYUTHIBAIOIIUN SKCTPANIOJISILIUIO PE3YJIBTATOB UCCIIEIO-
BaHUU MPU XPOHUYECKOM BO3ACHCTBUU ((AKTOP, YUUTHIBAIOIIMI BO3-
JIEUCTBUE B IEPHUOJ /10 TO/A), PaBHBIN 4: 3TOT KO3(PPUIMEHT yUUTHIBAET
HEONPEEICHHOCTb, BO3HHUKAIOLIYI0 MPH SKCTPANOSLUUA PE3YIbTATOB
HCCIIEOBAHUM C BO3JIEMCTBUEM, ISAIIMMCI MEHEe rojia, Ha Oojee IJIn-
TEJbHBIE MEPUOJIbI BO3IECUCTBUS (HAIPUMEP, B TEUEHUE BCEU KU3HH).
KpaTtkocpouHble 3KCHEPUMEHTBl MOTYT HE OTpaxaTb B IIOJHOM Mepe
nonrocpounbie dddextel. Koapdunuent 4 yduThiBaeT MOTECHIIMAIIb-
HbI€ U3MEHEHHUS B MEXaHU3MaX TOKCUYHOCTH, KyMYJISTUBHBIN 3(pPexT u
aJIaNTalMOHHBIE MPOIIECChI, KOTOPhIE MOTYT Pa3BUBATHCS MPU IITUTEb-
HOM BO3/ICHCTBUMU.

Pesynbrupytominii KOMOMHUPOBAHHBIN (PAKTOP HEONPEAECICHHOCTH,
coctaBuBiuii 960, o6ocHoBeiBaeT yctanoBienue JJCJI/RfD na ocHoBa#
HUK noiydeHHoM BennunHbl BMDL. C yyeToM BaHHOTO COBOKYITHOTO
¢dakropa HeonpenenenHoctu JACH/RfD nns HIIMA Oblna ycTaHOBIEHA
Ha ypoBHE 6,7x10° Mr/Kr Macchl Tena.

[lonyyeHHass BeIWMYMHA, B OTIMYKME OT paHEe MPEAJIOKEHHON
US EPA RfD [Provisional Peer Reviewed Toxicity Values for N-
Nitrosodimethylamine] (8x10¢ mr/kr macchl Tena), npeacrasisieTcs 60-
nee o00cHOBaHHOUM W HajexHOU. [IpeumytectBo Hacrosimeir RfD 06-
YCIJIOBJIEHO PSJIOM (haKTOPOB:

— [IpumeHeHnne COBpeMEHHBIX METOJIOB aHAJIN3a: B pad0Te UCTIONb-
30BaHbl COBPEMEHHBIC aHATUTUYECKUE METOJIbl, 0OECIeUNBAIOLIUE T10-
BBIIIEHHYIO TOYHOCTh U UyBCTBUTEIBLHOCTD MPHU ONPEACICHUH KOHIIEHT-
panuiit HIMA. DT1o no3Boiuio 6osee agekBaTHO OI[EHUTh DKCITO3UIIUIO
U, KaK CJIeJICTBHE, CHU3UTh HEONPeIeIeHHOCTh Mpu pacuere RfD.

— Menbuii pakTop HEONpPEAEIEHHOCTH: B MPOLECCE YCTaHOBJIE-
Hus RfD MuHrMH3UpOBaHbI (PAKTOPBI HEONIPEAECIEHHOCTH, CBSI3aHHBIE C
AKCTpaNOISUMEN JaHHBIX C )KUBOTHBIX HA YEJIOBEKA, yU€TOM MHIUBHUY-
aJbHOW YyBCTBUTEIBHOCTH U JPYTMMHU NEPEMEHHBIMHU. DTO JOCTUTHYTO
3a CYeT MCIOJIb30BaHUsl 0ojiee MOMHBIX JaHHBIX U MPUMEHEHUS CTaTH-
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CTUYECKUX METO/OB, MO3BOJIAIONIMX O0Jiee TOYHO OLICHUTH MOMYJISIH-
OHHbBIE PUCKH.

— bonee TouHas oleHKa 3aBUCHUMOCTH «J103a-3(()eKT»: mpoBeieH
JEeTabHBIN aHaIN3 3aBUCUMOCTH «703a-3((EKT», YUUTHIBAIOIINA Kak
OpPOTOBKIE, Tak U 6ecrioporoBsie dpdextst HIIMA. D10 mo3Bommiio 60-
Jiee TOYHO OINpPEAETUTh YPOBEHb HKCIO3UIIMH, IPU KOTOPOM HE HaOIO-
JAeTCs 3HAYMMOTO pUCKa JJISI 310POBbS YEJIOBEKA.

Taxum oOpazom, pedepentHas no3a HIMA, nonydeHHas B pamkax
HacTosero uccienoBanus (0,000067 mr/kr Maccel Tena), IpeICcTaBiIs-
ercsi 000CHOBAaHHOM JJI1 PUOPUTETHOIO MPUMEHEHHUS MIPU OLIEHKE pH-
CKOB JJIS 3710POBbSI HACEJICHUS.

AHaJIN3 perpecCUOHHON MOJENH, MPEACTABICHHBI paHEe B 3TOU
MoHorpaduu, nokazai, yro Haauuue HJIMA B KpoBU yKka3bIBaeT Ha
(akT MOCTYMJIEHHUS €ro M3BHE, YTO COINIACYETCS C YCIOBUSAMHM 3KCIIe-
pumenTa. OJHaKo cienyeT yuyutbiBaTh, yTo HJIMA MoxeT 00pa3oBbI-
BaTbCS SHJOTCHHO B opranu3Me [3aiineBa, YmanoBa, Hypucinamosa,
Marnenesa, 2018; borosckuii, Berrur, 1988; Nair et al., 1996]. B pam-
Kax MCCJIEIO0BAaHHOIO JUana3oHa 103 HE YIaJOCh MOCTPOUTh HAJEKHYIO
MOJIEJIb, TTO3BOJISIONIYIO ONPEIEIUTh MOPOrOBBIM YPOBEHb KOHUEHTpA-
muu HIMA B KpoBH, KOTOPBII MOKHO OBLIIO Obl CYMTATh OAHO3HAYHBIM
OMoOMapKepoOM DKCIO3UIINH, TaK Kak AHJOreHHoe obOpazoBanue HJIMA
MOYKET BIMATH Ha 0A30BBIM YPOBEHb €T0 CONEPKaHUs B KPOBU.

B pamkax mpoBeAeHHOIO MCCIEN0BAaHUS ACTAIU3UPOBAHBI Xapak-
TEPUCTUKU 3aBUCUMOCTH «IKCHO3ULUSA-3(D(EKT» NPUMEHUTEIBHO K
OILICHKE pHCKa, OOYCIIOBJIEHHOTO BO3JeHCTBHEM N-HUTPO30JIMMETUIIA-
muHa. [ToarBepxkaeHo, uto HIIMA moxeT BbI3bIBaTh Kak 3PGheKTsl, HE
HMMEIOIINE TIOpOTa, TaK U 3P(EKTHI, MPOSIBISIOLUIUECS JIUIIb NPU TOCTH-
KEHUU OIPEECICHHOIO YPOBHS BO3/IEUCTBUS. YCTAHOBIEHO, YTO I1E€YEHD
ABJIIETCSI OCHOBHBIM OPraHOM-MMILIEHBIO ITPU PAa3BUTHHU HEKAHILIEPOTE€H-
HBIX (P (HEKTOB.

B kauecTBe mMOTEHIMAIbHBIX OMOMApKEPOB HETATUBHOTO BO3-
JNEUCTBHS pACCMOTPEHBI U3MEHEHUS aKTUBHOCTH (DEPMEHTOB B CHIBO-
pPOTKE KpPOBHU. YCTaHOBJIEHA CTAaTHUCTUUYECKH 3HAYMMasl CBSI3b MEXKIY
BozzaeiicteueM HJIMA u ypoBHeM I'T'T, uTo yka3piBaeT Ha mepcrek-
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TUBHOCTH MCIIOJIb30BaHUS JAaHHOTO (pepMeHTa Kak Onomapkepa rema-
TOTOKCUYHOCTH.

B t0 xe Bpemsa nns pepmentoB ACT u AJIT BbIpakeHHOU 3aBH-
cumoctu ¢ 0301 HIIMA He oOHapyx’eHO, 4TO, BEpOSITHO, CBA3aHO CO
CIIOKHOCTBIO Omonornyeckux rmporeccoB. Konmenrpanus HJ/IMA B
KPOBH IIPOJEMOHCTPUPOBAJIA 10303aBUCUMYI0 PEAKLIMIO, YTO ITO3BOJIA-
€T pacCMaTpuBaTh €€ KAaK MOTECHIHAJIbHBI MapKep 3KCHO3UIIMH, OJIHA-
KO HEO0OXOIMMO YYUTBHIBaTh BO3MOXKHOCTH 3HJOT€HHOTO 00pa3oBaHUs
H/IMA.

Ha ocHOoBaHuM mpoBeeHHOTO aHaIHM3a MpeaokeHa pedepeHTHas
no3a HIMA (0,000067 Mr/kr M.T.), KOTOpasi MOXKET OBITh UCIIOJIB30Ba-
Ha JIJIs1 OLEHKU PUCKOB JJIS 3J0OPOBbsI HACEIICHMUSI.
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3AKJIIOUEHUE 110 PE3YJIBTATAM COBMECTHOM
POCCUMCKO-BBETHAMCKOM PABOTHI B 2023-2024 I'T.

B xone Beimonnenust atanoB 2023 u 2024 rojoB Obl1a yCHEITHO pe-
ajn30BaHa MporpamMma OOy4eHHs U MOBBIIIEHUS KBATU(PUKALIMK CIIEIH-
anucToB HalMoHanbHOrO MHCTUTYTA MO KOHTPOJIIO KaueCcTBa MUILEBBIX
npoayktoB (NIFC) B o6nactu OIlEHKM PUCKOB 370POBbIO HACEJICHUS,
CBSI3aHHBIX C BO3JIEHCTBHEM XUMHUYECKUX (PAKTOPOB, a TAKKE B 00JACTH
MPUMEHEHUA OMOMapKepoB SKCMO3ULUU U 3dexTa s obdecrieueHus
0€3011acCHOCTH MUILEBOI MPOITYKIUH.

Ha 6a3e NIFC B 2023 roay mpoBeneHbl 00ydYaroIue CeMHUHa-
pBl, TOCBSIIEHHbIE METOJ0JIOTUN OLIEHKH pUCKa, OMoMapkepaMm 3KC-
HO3ULMHU U 3(PPeKTa, B KOTOPHIX NPUHSIN ydacTUue 8 CIEUaINCTOB.
Kpowme toro, na 6aze ®bYH OHI| MIIT YP3H Obuiu oprannzoBaHbl
NpaKkTUYECKHE CEMHHaphbl Mo oTOOpy Ouomarepuana y Jjaboparop-
HBIX )KUBOTHBIX. B pamkax moBbilieHUs] KBanUpUKauu 4 crenuanu-
cta NIFC ocBounu MeTonuku 3a0opa KpoBU Yy Ja0OpaTOPHBIX KU-
BOTHBIX.

B 2024 rony nporpamma oOyuyeHusi Oblia NpoJOJDKEHA: 5 crienua-
muctoB NIFC npunsiim ydacTue B CTaXXUPOBKE MO TEXHUKE 3a00pa Kpo-
BU Yy J1a0OpaTOPHBIX KUBOTHBIX, MpoBeneHHoi Ha 6a3e NIFC (1. Xanoit).

JlanHast craxkupoBka Obuta chOKyCHMpOBaHa Ha OTpPaOOTKE Tpa-
BUJIHHON TEXHUKHU 3a00pa, COOMIONEHUU CTaH/IapTOB aCeNTUKH U aHTH-
CENTUKH, a TaK)Ke MUHMMH3ALUNA CTpECca JUISl )KMBOTHBIX. YIyUIICHHUE
3TUX KJIOYEBBIX HABBIKOB HEMOCPEACTBEHHO IOBIMIIO HA TOYHOCTHh U
BOCITPOU3BOJIMMOCTD AKCIIEPUMEHTAJBHBIX JaHHBIX, oOecrieunBas 0o-
JIe€ HaJIe)KHbIE PE3YyNbTaThl UCCIIETOBAHUI.

[IpoBenenHoe B pamkax deaepanbHOro npoekra «CaHUTapHBIN
HIMT» KOMILJIEKCHOE MCCIIEJOBAaHUE IO pa3pabOTKe MapaMeTpoB s
KOJTMYECTBEHHON OIIEHKM HEKaHIEPOTe€HHOTO pHUCKa, (POopMUPYyeMOro
sKCIo3ulue N-HUTPO30IMMETUIIAMUHOM, B YCIOBHUSAX XPOHUYECKO-
IO TOKCHUKOJIOTHYECKOI'O 3KCIIEPUMEHTA, BHECIO CYIIECTBEHHBIA BKJIAJ
B MOHMMaHHE MEXaHU3MOB (OPMHUPOBAHUS PHUCKOB AJIs 30POBBS Ha-
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CEJICHUs, CBA3AHHBIX C BO3JEHCTBUEM N-HUTPO3aMHHOB, B YACTHOCTH,
H/IMA, nocTynaromiero ¢ nuileBbIMUA MTPOTyKTaMH.

VYcTaHOBIIEHBI TapaMeTpbl 3aBUCUMOCTH  «IKCHO3UIUSA-2PHEKT»
s HIIMA, BeisiBneH noporosbslid ypoBeHb HJIMA npu oneHke ero
BIIMSIHUS HA KIIFOUEBOM OpraH-MUIIEHb — MeueHb. MnentudunupoBana
CTATUCTUYECKHU 3HAUUMAas CBS3b MEXy aKTUBHOCThIO FraMMa-TJTyTaMUJI-
Tpancdepassl u go30it HIIMA, uto no3Bossiet paccmarpuBarh ['TT kak
NEPCIIEKTUBHBIN OMOMapKkep remaroTOKCMYHOCTH. OO0CHOBaHA BO3MOXK-
HOCTb HCNIOJIb30BaHuA KoHUeHTpaunu H/IMA B kpoBH B KauecTBe map-
Kepa ero 3K30r€HHOT0 MOCTYIICHNUS.

Ha ocHoBe aHanm3a 3aBUCHUMOCTH «J103a-3(D(exTy» mpenmoxeHa
pedepentHas moza H/IMA, xoropass MOXeT OBITh HCIOJb30BaHA JIJIs
OLIEHKH PHUCKOB IPU MEPOPaIbHOM MOCTyIUIeHUU. [lomyueHHbIe JaHHbBIE
ABJISIFOTCSI. HAYYHOM OCHOBOM JUIsl aKTyaldu3aluu AEHCTBYIOIIUX YpPOB-
Hell 6e30MacHOCTH B MUILEBOW MPOAYKIMU C YYETOM HOBBIX JIaHHBIX O
MOPOTOBBIX YPOBHSX BO3JACHCTBUA U crieliupuKe OMOMapKepoB.

YenemHoe MeXIyHapOAHOE COTPYIHHYECTBO C BBETHAMCKHMU
YUYEHBIMHU MO3BOJUIO OOBEAUHUTD YCUIIHS 1JIs pa3padOTKH I00aIbHBIX
CTpaTeruii KOHTPOJIA 3a COAepk aHhueM N-HUTPO3aMHUHOB B MHUIIEBOU
nenu. Pe3ynpraTel HCCIIeIOBaHUS CIIyKaT IPOYHOM OCHOBOM I JaJlb-
HEWIIUX W3bICKAHWMW, HANPABICHHBIX HA M3yYEHUE MEXaHU3MOB HJO-
reHHoro oopazoBanus HJIMA, Banuganuioo 6MOMapKepoB B Pa3IUYHBIX
MOMYJSIIUAX ¥ Pa3paboTKy MPOPUIAKTUYECKUX TEXHOJOTHH, HaIpaB-
JIEHHBIX HAa CHM)KEHUE coJiepkaHus N-HUTPO3aMUHOB B IMHILEBBIX MPO-
TyKTaX.

B 2025 rogy Ha OCHOBE IMOJIYYEHHBIX JaHHBIX IUNIAHUPYETCS MMPOBE-
JIEHHE SIHIEMUOJIOTMYECKOTO UCCIIEN0BAHMS, HAIIPABIEHHOIO HA yTOY-
HEHUE M MOJTBEPKIECHUE TOKCHUKOJIOTMYECKHX IapaMeTPOB, YCTAHOB-
JICHHBIX B paMKax JaHHOU paOOTHI.

[IpakTryeckasi 3HaUUMOCTh pa0dOThI 3aKJIFOYAETCS B BO3MOKHOCTHU
BHEJIPEHUSI HAyYHO 0OOCHOBAHHBIX HOPMATUBOB, OPUEHTUPOBAHHBIX Ha
MUHHMH3ALHUIO0 PUCKOB UISl 37J0POBBS HACEIIEHNUs, a TAKXKE B pa3paboTKe
pPEKOMEHIAINN 110 TPOGUIAKTHKE HeTaTUBHOTO Bo3aecTBus H/IMA, B
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YaCTHOCTH, I'eMaTOTOKCUUECKUX 3(P(EKTOB, CBI3aHHBIX C €r0 aJMMEH-
TapHbIM TIOCTyIJIEHWEM. Pe3ynbrarel HCCIEIOBaHUN IPEACTAaBIISIOT
uHTEepec i opraHoB PocnorpebHan3opa, Mpou3BOAUTENECH MUILEBOM
OPOAYKIMU M MEXKIyHApOIHbBIX OpraHu3alui, 3aHUMaroIuxcs odecne-
YEeHUEM MUIIEBOM 0€30MaCHOCTH, U MOTEHIMAIBHO MOTYT CIIOCOOCTBO-
BaTh MOBBILIEHUIO 3PPEKTUBHOCTH MEPOMPHUATUN MO OXPaHE 310POBbs
HAaCEJICHUS.
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CIINCOK COKPAIIIEHUH

EAJC — EBpa3uiickuil 5KOHOMHUYECKHUI COI03

NIFC — HaunoHanbHbIM MHCTUTYT KOHTPOJISI TUIIEBBIX MTPOYKTOB
®OBYH ®OHI{ MIIT YP3H — ®denepanbHoe OHOIKETHOE YUPEXKICHUE
Hayku «DenepanbHbli HAyYHBIA IIEHTP MEAUKO-NMPO(PIIAKTHIECKUX
TEXHOJIOTUH YIIPaBJIEHUS PUCKAMHU 30POBbIO HACEIEHUS

HJIMA — N-HUTpO30AUMETUIIaAMUH

HMDA — N-HUTPO30METHIIITUIAMUH

HIJA — N-HUTpO30IUATUIIAMUH

HJIBA — N-auTpo3oaunbyTriaMuH

HIITA — N-HATpO30AMTTPONIMIIAMUH

HITunHA — N-auTpo3onunepuiuHaMuH

HIInupHA — N-HUTpO30nUppOIUuAMHAMUH

HMopdpHA — N-auTpo3oMopdoanHaMuH

HJA®A — N-HutpozoaudeHniaMuH

HITO — HyxHUE npeAes OnpeaeIeHus

CPB - Counanuctuueckas Pecniydnuka BeerHam

RfD — pedepentras no3a

TARC — Mex1yHapOoIHO€ areHTCTBO 10 U3YUYEHHUIO pakKa

US EPA — AreHTcTBO N0 0XpaHe okpyxarouen cpeast CLIA

SFo — ¢akTop KaHIEPOT€HHOTO MOTEHILMaja MPH MePopPaIbHOM MOCTY-
IJIEHUU

LOAEL — MuUHUMAaJIbHBI ypPOBEHb, IIPU KOTOPOM pPA3BUBACTCSA HEra-
TUBHBIN 3 PexT

NOAEL — makcuManbHBI YPOBEHB, IIPU KOTOPOM OTCYTCTBYET HETa-
TUBHBIN P PeKT

LD50 — no3a, Bei3biBatomas rubdens 50% ocobeit B 9KCIEpUMEHTAIIb-
HOW TpymIe

ADD — cpeanecyrouHas 103a

LADD — cpennue cyTOYHBIE 103bl, YCPEAHEHHBIE C YUYETOM 0XKUIAEMOU
CpPEIHEN MPOJOJKUTEIIBHOCTH KU3HHU YEIOBEKA

CR — KaHUEPOTeHHBIN PUCK

HQ — xosddunment onacHoctu
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HI — nnaekc ommacHOCTH

JACI — nonyctumasi CyTouHas 103a

BMDL — ypoBeHb penepHoi 1035l

JAHK — ne30KkcuprOOHyKIEMHOBAs KHCIIOTa
PHK - puboHyKJII€MHOBAsI KUCJIOTA

AJIT — ananunamuHoTpancdepasza

ACT - acnapraraMuHOTpaHcdepasza

I'T'T — ramma-riytamuitpancdepasa
MRL — MMHUMAaIBHBINA YPOBEHb PUCKA

UF — (dakrop HeonpeneaeHHOCTH
GC-MS/MS - razoBas xpomatorpadusi-Macc-CeKTpOMETpHs/Macc-
CHEKTPOMETPHUS

OR — otHoOI1IIEHHE TIIAHCOB

106



CIITMCOK JIMTEPATYPBI

borosckuii I1.A., Bertur K. I'uruennueckue acnekTbl M3y4ECHUS
KaHIleporeHHbIX N-HUTpo3ocoenuHeHu // I'uruena m caHuTapus. —
1988. — Ne 4. — C. 58-63.

laiimaii  E.A., Taimaii J[.C. TeHermueckoe pa3HooOpaszue
AKCIIEPUMEHTAJBHBIX MBIIIEH U KpPBIC: HUCTOPUS BO3HUKHOBEHUS,
CrOCOOBI TMOJy4YeHUs] U KOHTpois. // JlabopaTopHbIe »KWUBOTHBIE IS
HayuyHbIX ucciuegoBanuii. —2019. — Ne 4. — C. 78-85.

3annesa H.B., YmanoBa T.C., HypucnamoBa T.B., ITomoBa H.A.,
ManbueBa O.A. KonuuecTBeHHBIE TOKa3arelid HUTPATOB B MOUE
1 N-HATPO30JIMMETUIIAMHUHA B KPOBM KaK MAapKEPhl IEpOpaJIbHOU
AKCITO3UIINHA HUTPATOB, MOCTYIMAOIINX C MUTHEBOM Bojo // ['urnena n
canutapus. — 2018. — T. 97, Ne 11. — C. 1087-1092. DOI: http://dx.doi.
org/10.18821/0016-9900-2018-97-11-1087-92.

3emmsinoBa M.A., onrux O.B. buomapkepst s¢ddexra kak
MOKa3aTeJIi M KPUTEPUM BO3JAEHUCTBUS TEXHOTCHHBIX XUMHUUYECKUX
(bakTOpoB OKpY’KaroIieil U MPOU3BOICTBEHHOW Cpeibl Ha 370pOBbE //
3nopoBbe Hacenenus: u cpeaa oouranuss — 3HuCO. — 2010. — Ne 11. —
C. 31-33.

Komuccus Konmekc Anumentapuyc. AHanu3 pUCKOB. B KH.:
Komuccus Komekc AsnmmeHtrapuyc. PykoBoacTBo mo mpoueaype.
W3nanne nBaanark BocbMoe. Pum: ®AO/BO3, 2023. — C. 100-172.

Metoauueckue yka3aHUsI 10 YCTAaHOBJICHHIO W OOOCHOBAHHIO
TUTUEHUYECKUX HOPMATHUBOB COJEPKaHUS XUMHUYECKHX MPUMECEH,
OMOJIOTMYECKUX areHTOB B MUIIEBOW MPOAYKIMU MO KPUTEPHUSIM pUCKA
JUUIs1 30pOBBS uesioBeka. EBpasuiickas skoHoMu4eckas komuccus, 2018.

Metoandeckue yKa3aHUS 10 YCTAaHOBJICHHIO W OOOCHOBAHHIO
TUTUEHUYECKUX HOPMATHUBOB COJEpPKaHUS XUMHUYECKHX MPUMECEH,
OMOJOTMYECKUX areHTOB B MUIIEBOW MPOAYKIMH MO KPUTEPUSM pUCKA
it 3mopoBbst yenmoBeka. URL: https://eec.eaeunion.org/upload/medial-
ibrary/3ae/MU-po-ustanovleniyu-i-obosnovaniyu-gigienicheskikh-nor-
mativov.pdf.

107



MeTo00TUYeCKUE aCleKThl OLEHKHM PHUCKAa M €ro SBOIIOIUU
Ip¥  BO3JCHCTBUU Ha 3J0POBbE PA3HOPOIHBIX (PAKTOPOB Cpenbl
oOuTaHus, yciaoBuil U oOpa3a Ku3HU. B KH.: AHaiIM3 pHCKa 370POBbIO
B CTPATErHu¥ TOCYIaPCTBEHHOTO COIUATHHO-IKOHOMUYECKOTO Pa3BUTHS:
Monorpadusi. B 2-x Tomax. — 2-e wuzgaHue, mnepepadOTaHHOE U
nononHeHHoe. — MockBa — Ilepmb: @enepaiibHbll HAay4YHBIA LIEHTP
MEAUKO-TPOPUIAKTUUECKUX  TEXHOJIOTMM  yIpaBieHUs  pUCKaMU
3n10poBblo Hacenenus, 2024. — C. 63-227. — EDN UKGYGL.

Myxukaa A.A., 3auxkun K.O., I'ymumu f.A., MakapoBa M.H.,
MaxkapoB B.I. CpaautenpHas MOpQOJIOTHS TEYCHH W SKEITIHOTO
Iy3bIps YeJIOBEKa W JIA0OPATOPHBIX KUBOTHBIX // MeXTyHapOIHbIN
BeCTHUK BerepuHapuu. — 2017. — Ne 4. — C. 117-127.

OnbBIT  POCCUICKO-BBETHAMCKOTO COTPYAHMYECTBA B 00JacCTH
pa3BUTUS  OOECHEUEeHHS] XUMHUYECKOW  Oe30MacHOCTH  MHUILEBOU
npoxykiuu: moHorpadwus / I1.3. yp, .B. CyBopos, T.C. Ymanosa [u
np.]; mox pen. A.YO. Ilonosoit, oTB. pen. H.B. 3aiiuesa, B.b. Anekcees,
Le Thi Hong Hao. — [1epmb: U3a-Bo [lepm. Hall. uccrien. moauTexH. yH-
ta, 2022. - 279 c.

OneHka pucka s 3I0pOBbS, CBSI3aHHOTO C COJAEP)KaHHUEM
MIPUOPUTETHBIX TOTEHIIMAIBLHO OMACHBIX KOMITOHCHTOB, BBISBICHHBIX
B MSCHBIX M MSICOPACTUTEIHHBIX KOHCEPBaX, MPEIHA3SHAYCHHBIX [IJIS
nuTanus nerer pannero Bospactra / JI. B. Cysopos, H. B. 3aiiiena,
I1. 3. lllyp [u np.] // Bonpocsl nutanus. — 2023. — T. 92, Ne 4 (548). —
C. 38-48. — DOI 10.33029/0042-8833-2023-92-4-38-48. — EDN DQDUF]J.

P.2.1.10.3968-23. PyKOBOACTBO MO OLEHKE pPHUCKA 3I0POBbIO
HACeJICHUSI TMPU BO3JICUCTBUM XMMHYECKUX BEIIECTB, 3arps3HSIONMINX
cpeny obutanus. — M.: denepanbHas cimyx0a mo Haa30py B cdepe
3alMTHI IPaB MOTpeduTeNnei u onarononyuns yenoBeka, 2023. — 221 c.

Pa3paboTka METOAMYECKUX YKa3aHUW [0 YCTAHOBJIEHUIO U
000CHOBaHWI0 TUTUEHUYCCKUX HOPMATHUBOB CONCPIKAHUS XHUMHYECKUX
nmpuMeceid, OHOJIOTMYECKUX AareHTOB B THUIIEBBIX  MPOIYKTax
0 KpUTEpUSAM pHUCKA 370pOBbI0 dYenoBeka. OTyeT O Hay4dHO-
uccienoBarenbckoir  padore. URL: https://eec.eaeunion.org/upload/
iblock/6a5/Otchet-o-NIR-1-etap.pdf.

108



CemakoBa A.IL., I'epmanuyk B.I., IllaBuna H.FO. CoBpemeHHBII
MOJIXO/T K OIICHKE KauecTBa JIA0OPATOPHBIX JKUBOTHBIX, UCIIOJIb3yEMbIX B
HKCIIEPUMEHTAIBHBIX 1EJIX // 3M0pOBbE HACETICHUS U Cpe/la OOUTaHUs. —
3HuCO. —2021. — Ne 2. — C. 84-90. DOI: https://do1.org/10.35627/2219-
5238/2021-332-2-84-90.

Cysopo /[I.B., Ilyp IL.3., 3enenkun C.E. K Bompocy 006
ONPEACIIEHUN JOIYCTUMOM CYTOYHOM J03bI CyMMbI N-HUTPO3aMUHOB
JUIS JIeTed paHHEro Bo3pacta // AHanu3 pucka 310poBbio. — 2024, —
Ne 4. — C. 72-80. DOI: 10.21668/health.risk/2024.4.07.

[MMaruaynua M., BonkoBa E., Metensckuii C., CeBacTbsiHOB B.
OneIT Opra"Hu3aluy U MPOBEACHUS IKCIIEPUMEHTATBLHBIX HUCCIICIOBAHMIMI
B OBI'Y «<HMUIl TUO umenn akan. B.W. IllymakoBa» // BectHuk
TPAHCIUIAHTOJIOTUU M UCKYCCTBEHHBIX OpraHoB. — 2017. —T. 19, Ne 4. —
C. 104-112. DOI: https://doi.org/10.15825/1995-1191-2017-4-104-112.

Andersen M.E., Krewski D. Toxicity testing in the 21st centu-
ry: A vision and a strategy // Journal of Toxicology and Environmen-
tal Health, Part B. — 2009. — Vol. 12, No. 5-6. — P. 334-361. DOI:
10.1080/10937400903305260.

Anderson L.M., Giner-Sorolla A., Ebeling D., Budinger J.M. Ef-
fects of imipramine, nitrite, and dimethylnitrosamine on reproduction
in mice. // Res. Comm. Chem. Pathol. Pharmacol. — 1978. — Ne 19. —
P. 311-327.

Barnes J.M., Magee P.N. Some toxic properties of dimethylnitro-
samine. // British Journal of Industrial Medicine. — 1954. — Ne 11. —
P. 167-174.

Boniol M, Koechlin A, Boyle P. 2017. Meta-analysis of occupa-
tional exposures in the rubber manufacturing industry and risk of can-
cer. // Int J Epidemiol. — 2017. — Vol. 46, Ne 6. — P. 1940-1947. http://
doi.org/10.1093/1je/dyx146.

Calabrese E. J., Baldwin L. A. Defining hormesis // Human & Ex-
perimental Toxicology. — 2003a. — Vol. 22, Ne 8. — P. 377-378. DOLI:
10.1191/0960327103ht3570a.

109



Calabrese E.J., Baldwin L.A. Hormesis: The Dose-Response
Revolution. // Annual Review of Pharmacology and Toxicology. —
2003b. — Vol. 43, No. 1. — P. 175-197. DOI: 10.1146/annurev.pharm-
t0x.43.100901.140223.

Carroll E.E. Going GLP: Conducting Toxicology Studies in Com-
pliance with Good Laboratory Practices. / US Army Med. Dep. J. —
2016. — P. 64-69.

Chooi K.F., Rajendran D.B., Phang S.S., Toh H.H. 2016. The di-
methylnitrosamine induced liver fibrosis model in the rat. / JoVE (Jour-
nal of Visualized Experiments). — 2016. — Ne 112. — e54208.

Cruz A., Gomes V., Landeira-Fernandez J. An animal model of trait
anxiety: Carioca high freezing rats as a model of generalized anxiety
disorder // Personality Neuroscience. — 2024. — Vol. 7. DOI: 10.1017/
pen.2023.6.

Deveci G., Tek N.A. N-nitrosamines: a potential hazard in pro-
cessed meat products // J. Sci. Food Agric. — 2024. — Vol. 104, No 5. —
P. 2551-2560. DOI: 10.1002/jsfa.13102.

Eaton D.L., Gilbert S.G. Principles of toxicology. In: Casarett &
Doull's Toxicology: The Basic Science of Poisons (7th ed.). Kansas
city:. McGraw-Hill, 2008. — P. 11-49.

EFSA Panel on Contaminants in the Food Chain (CONTAM).
Scientific Opinion on the risk assessment of N-nitrosamines in food:
EFSA-Q-2020-00665 // EFSA Journal. — 2023. — Vol. 21, No 3. - 278 p.
DOI: 10.2903/j.efsa.2023.7884.

European Convention for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes. URL: https://rm.coe.in-
t/168007a67b (nata obpamenus: 27.11.2024).

Hernandez A.F., Parréon T., Alarcon R. (2011). Toxic effects of pes-
ticide mixtures at a molecular level: Their relevance to human health.
Toxicology, 280(1-2), 1-11. DOI: 10.1016/;.t0ox.2010.11.008.

Hidajat M., McElvenny D.M., Ritchie P., Darnton A., Mueller W.,
van Tongeren M., Agius R.M., Cherrie J.W., de Voch F. Lifetime expo-
sure to rubber dusts, fumes and N-nitrosamines and cancer mortality
in a cohort of British rubber workers with 49 years follow-up. // Oc-

110



cup. Environ. Med. — 2019. — Vol. 76, Ne 4. — P. 250-258. http://doi.
org/10.1136/0oemed-2018-105181.

High CYP2EI activity correlates with hepatofibrogenesis induced
by nitrosamines / J. Gao, G.-J. Wang, Z. Wang, N. Gao, J. Li, Y.-F.
Zhang, J. Zhou, H.-X. Zhang [et al.] // Oncotarget. — 2017. — Vol. 8§,
No 68. —P. 112199-112210. DOI:10.18632/oncotarget.22937.

Khanna S.D., Puri D. The hepatotoxic effects of dimethyl-nitro-
samine in the rat. / Journal of Pathology and Bacteriology. — 1966. —
Ne 91. — P. 605-608.

Kogure K., Ishizaki M., Nemoto M., Kuwano H., Makuuchi M. A
comparative study of the anatomy of rat and human livers // J. Hepato-
biliary Pancreat. Surg. — 1999. — Ne 6. — P. 171-175.

Lathouri M., Korre A., Dusinska M., Durucan S. Human Health
hazard assessment strategy for amine emissions around PCC facili-
ties. Deliverable D3.3. Trondheim, Norway: Sustainable OPEration of
post-combustion Capture plants (SCOPE), 2022. — 67 p.

Le Thi Hong Hao, Dang Thu Nien, Cao-Son Tran et al. Heterocy-
clic amines detected in cooked meats and fishes from street markets and
restaurants in the city of Hanoi, Vietnam: A Pilot local field investigation
findings in 2020. / Le Thi Hong Hao, Dang Thu Nien, Cao-Son Tran,
Nguyen Thi Minh Hoa, Nguyen Thi Hong Ngoc, Binh Thanh Nguyen,
Ngoan Tran Le // Toxicology Reports. — 2022. — Ne 9. — P. 1523-1527.
DOI: 10.1016/j.toxrep.2022.07.004.

Lebedeva-Nesevrya N.A., Le Thi Hong Hao, Barg A.O. et al. A
comparative study of food consumption patterns among children young-
er than three in Russia and Vietnam. / N.A. Lebedeva-Nesevrya, Le Thi
Hong Hao, A.O. Barg, Tran Cao Son, Bui Quang Dong, Vu Ngoc Tu,
D.V. Suvorov // Health Risk Analysis. — 2019. — Ne 4. — P. 77-83. DOI:
10.21668/health.risk/2019.4.08.eng.

Lee H. Dietary exposure assessment for volatile N-nitrosamines
from food and beverages for the U.S. population. // Food additives & con-
taminants. Part A, Chemistry, analysis, control, exposure & risk assess-
ment. — 2024. — Ne 41. — P. 1-12. doi: 10.1080/19440049.2024.2398704.

111



Lijinsky W., Reuber M.D. Carcinogenesis in rats nitrosodime-
thylamine and other nitrosomethylalkylamines at low doses // Cancer
Lett. — 1984. — No 22. — P. 83-88.

Liteplo R.G., Meek M.E. N-nitrosodimethylamine: hazard charac-
terization and exposure—response analysis // Journal of Environmental
Science and Health, Part C: Environmental Carcinogenesis and Ecotox-
icology Reviews. — 2001. — Vol. 19, Ne 1. — P. 281-304, DOI: 10.1081/
GNC-100103588.

Maduagwu E.N., Bassir O. A comparative assessment of toxic
effects of dimethylnitrosamine in six different species. // Toxicology
and Applied Pharmacology. — 1980. — Ne 53. — P. 211-219. https://doi.
org/10.1016/0041-008X(80)90421-4.

Moniuszko-Jakoniuk J., Roszczenko A., Dzieciol J. Influence of
low concentrations of N-nitrosodimethylamine on the iron level and
histopathological picture of rats liver, spleen and bone marrow. // Acta
Pol Toxicol. — 1999. — Vol. 7, Ne 2. — P. 179-186.

Nair J., Ohshima H., Nair U.J., Bartsch H. Endogenous formation
of nitrosamines and oxidative DNA-damaging agents in tobacco us-
ers // Crit. Rev. Toxicol. — 1996. — Vol. 26, Ne 2. — P. 149-161. DOI:
10.3109/10408449609017928.

N-Nitrosamines: 15 listings. In: Report on carcinogens. 15th ed.
National Toxicology Program. URL: https://ntp.niehs.nih.gov/ntp/roc/
content/profiles/nitrosamines.pdf.

N-Nitrosodimethylamine; CASRN 62-75-9. Chemical assessment
summary. Integrated Risk Information. U.S. Environmental Protection
Agency, 1987. URL: https://cfpub.epa.gov/ncea/iris/iris_documents/
documents/subst/0045 summary.pdf (mara oopamenus: 26.11.2024).

OECD. Test No. 452: Chronic Toxicity Studies. In: OECD Guide-
lines for the Testing of Chemicals, Section 4. Paris: OECD Publishing,
2018. DOI: 10.1787/9789264071209-en.

Ozbay S., Sireli U. The effect of ascorbic acid, storage period and
packaging material on the formation of volatile N-nitrosamine in sau-
sages. // Journal of Food Science and Technology. — 2021. — Ne 59. doi:
10.1007/s13197-021-05194-2.

112



Park J.-E., Seo J.-E., Lee J.-Y., Kwon H. Distribution of Seven
N-Nitrosamines in Food. // Toxicological research. — 2015. — Ne 31. —
P. 279-288. doi: 10.5487/TR.2015.31.3.279.

Patterson J., Boateng J., Walker L.T., Verghese M. Cytotoxic Ef-
fects of Multiple N-nitrosamines in Human Liver Cell Line Hep2G:
Possible Mechanisms of Action // Journal of Pharmacology and Toxi-
cology. —2012. — Ne. 7. — P. 114-127.

Peto R., Gray R., Brantom P., Grasso P. Effects on 4080 rats of
chronic ingestion of N-nitrosodiethylamine or N-nitrosodimethylamine:
a detailed dose-response study // Cancer Res. — 1991. — Ne 51. — P. 6415-
6451.

Provisional Peer Reviewed Toxicity Values for N-Nitrosodimethyl-
amine (CASRN 62-75-9). — USA, Cincinnati: U.S. Environmental Pro-
tection Agency, 2007. — 27 p.

Reuber M.D., Lee C.W. 1968. Effect of age and sex on hepatic
lesions in Buffalo strain rats ingesting diethylnitrosamine. // Journal of
the National Cancer Institute. — 1968. — Ne 41. — P. 1133-1140.

Risk assessment of N-nitrosamines in food / EFSA Panel on Con-
taminants in the Food Chain (EFSA CONTAM Panel), D. Schrenk,
M. Bignami, L. Bodin, J.K. Chipman, J. Del Mazo, C. Hogstrand,
L.R. Hoogenboom [et al.] / EFSA Journal. — 2023. — Vol. 28, No 3,
pp. €07884. DOI: 10.2903/j.efsa.2023.7884.

Roszczenko A., Jablonski J., Moniuszko-Jakoniuk J. Effect of
N-nitrosodimethylamine (NDMA) on activity of selected enzymes in
blood serum of the rat. / Medycyna Pracy. — 1996. — Ne 47. — P. 49-53.

Sheweita S.A., Mostafa M.H. N-Nitrosamines and their effects on
the level of glutathione, glutathione reductase and glutathione S-trans-
ferase activities in the liver of male mice // Cancer Lett. — 1996. —
Vol. 99, No 1. — P. 29-34. DOI:10.1016/0304-3835(95)04034-X.

Specifying the permissible daily exposure to N-nitrosamines by
alimentary intake with food using experimental studies / P. Z. Shur,
D. V. Suvorov, M. A. Zemlyanova, S. E. Zelenkin // 20th Interna-
tional Multidisciplinary Scientific GeoConference — SGEM 2020:
Conference Proceedings, Vienna, Austria, 08-11 nmexabps 2020

113



roga. Vol. Issue 6.2. — Vienna, Austria: O01ecTBO ¢ orpaHuYeHHON
orBeTcTBEHHOCTHI0O CTED92 Texnonomxku, 2020. — P. 387-394. — DOI
10.5593/sgem2020V/6.2/s12.47. — EDN QXAQAM.

Toxicological Profile for N-Nitrosodimethylamine (NDMA). USA,
Atlanta: Agency for Toxic Substances and Disease Registry, 2023. —
231 p.

Toxicological Profile for N-Nitrosodiphenylamine. USA, Atlanta:
Agency for Toxic Substances and Disease Registry, 2017. — 113 p.

Usunomena U., Ademuyiwa A.J., Tinuade O.0., Uduenevwo F.E.,
Martin O., Okolie N.P. N-nitrosodimethylamine (NDMA), Liver Func-
tion Enzymes, Renal Function Parameters and Oxidative Stress Param-
eters: A Review // British Journal of Pharmacology and Toxicology. —
2012. - Vol. 3, Ne 4. — P. 165-176.

Wei W., Liu A., Liu M., Li M., Wu X., Qin C. et al. (2024). De-
velopment of an animal model of hypothyroxinemia during pregnancy
in Wistar rats. / Animal Models and Experimental Medicine. — 2024.
DOI: 10.1002/ame2.12459.

Wong H.L., Murphy S.E., Wang M., Hecht S.S. Comparative me-
tabolism of N-nitrosopiperidine and N-nitrosopyrrolidine by rat liver
and esophageal microsomes and cytochrome P450 2A3 // Carcinogene-
sis. —2003. — Vol. 24, No 2. — P. 291-300. DOI: 10.1093/carcin/24.2.291.

114



Federal Service for Surveillance on Consumer Rights Protection and Human
Welfare

Federal Scientific Center for Medical and Preventive Health Risk Management
Technologies of the Russian Federal Service for Surveillance on Consumer Rights
Protection and Human Welfare (Rospotrebnadzor)

Ministry of Health of the Socialist Republic of Vietnam

National Institute for Food Control (NIFC) of the Ministry of Health of the
Socialist Republic of Vietnam

THE EXPERIENCE OF THE RUSSIAN-VIETNAMESE
COOPERATION IN THE DEVELOPMENT OF THE
CHEMICAL SAFETY OF FOOD PRODUCTS IN 2023-2024

Monography

Edited by
A.Yu. Popova,
Editors-in-Chief: N.V. Zaitseva, V.B. Alekseev, P.Z. Shur,
Le Thi Hong Hao, Tran Cao Son

Perm
Hanoi

2025
115



UDC 614.4

Editors-in-Chief:

N.V. Zaitseva, Federal Scientific Center for Medical and Preventive Health Risk
Management Technologies of the Russian Federal Service for
V.B. Alekseev,

Surveillance on Consumer Rights Protection and Human Welfare
P.Z. Shur (Rospotrebnadzor)

Le Thi Hong Hao National Institute for Food Control (NIFC) — Ministry of Health of
Tran Cao Son  the Socialist Republic of Vietnam

Authors' team:

Federal Service for Supervision of Consumer Rights Protection and Human Welfare:
Doctor of Medicine, Prof. Popova A.Yu.

The team of authors of the Vietnam Food Administration of the Ministry of Health of
the Socialist Republic of Vietnam: Nguyen Hung Long, Lam Quoc Hung.

The team of authors of the Federal Scientific Center for Medical and Preventive Health
Risk Management Technologies of the Russian Federal Service for Surveillance on
Consumer Rights Protection and Human Welfare (Rospotrebnadzor): Zaitseva N.V.,
Alekseev V.B., Shur P.Z., Suvorov D.V., Zemlyanova M.A., Nurislamova T.V., Zelenkin
S.E., Lir D.N., Redko S.V., Fokin V.A., Subbotina D.Yu., Stepankov M.S.

The team of authors of the National Institute for Food Control (NIFC): Le Thi Hong
Hao, Tran Cao Son, Nguyen Thanh Trung, Nguyen Thi Hong Ngoc, Bui Cao Tien, Phung
Cong Ly, Tran Trung Thanh, Pham Van Quan, Thieu Quang Thang, Nguyen Van Cuong,
Tran Hung, Le Thanh Long, Tran Quang Huy, Vu Ngoc Tu, Ta Thi Yen, Nghiem Thi Ngoc
Huyen.

Reviewers:

Khotimchenko S.A., Corresponding Member of the Russian Academy of Sciences, Doctor

of Medicine, Professor, Head of the Laboratory of Food Toxicology and Nanotechnology

Safety Assessment of the Federal Research Center for Nutrition, Biotechnology and Food
Safety;

Meltser A.V., Doctor of Medicine, Professor, Vice-Rector for Regional Health Development
and Medical and Preventive Direction, Head of the Department of Preventive Medicine
and Health Protection of the North-Western State Medical University named after LI
Mechnikov of the Russian Ministry of Health.

116



CONTENTS

INTRODUCTION ....coiiiiiiiiiiiiiiiciciiecceeete e

CHAPTER 1. COOPERATION BETWEEN FEDERAL SCIENTIFIC CEN-
TER OR MEDICAL AND PREVENTIVE HEALTH RISK MANAGEMENT
TECHNOLOGIES AND NIFC: DEVELOPMENT OF RESEARCH IN THE
FIELD OF CHEMICAL FOOD SAFETY ...oooiiiiiiiiiieeeeeeeeeeeeeeee

CHAPTER 2. ASSESSMENT OF HEALTH RISK ASSOCIATED WITH
N-NITROSAMINES IN MEAT AND MEAT PRODUCTS CONSUMED BY
THE POPULATION OF THE SOCIALIST REPUBLIC OF VIETNAM .........
Hazard identification of N-nitrosamines for subsequent quantitative risk
R eI 4 1<) 1| RSP RRPS
Determination of key parameters of the exposure-response relationship......
Assessment of carcinogenic effects .........coocvviiiiiiiiiiiiieiiece e
Assessment of non-carcinogenic effects.........ocvvvieeviierieniieiiecieeeeie e
Assessment of consumption of meat and meat products sold in the Social-
1St Republic of Vietnam..........cccueeeiiiiiiiiecieece e
Calculation of average daily dOSes ........cceevuieviiiiiiiiiiieiieeee e
Risk characterization .............ceouirieriieiienienieieeeeee e
Assessment Of UNCEITAINTIES .....c.eevuuiiiiieiiiiiie et
Results of a hygienic study on public health risk assessment of meat and
meat products consumption in the Socialist Republic of Vietnam................

CHAPTER 3. ESTABLISHMENT OF EXPOSURE-EFFECT RELATION-
SHIP PARAMETERS FOR RISK ASSESSMENT BASED ON TOXI-
COLOGICAL EXPERIMENT USING EXPOSURE AND EFFECT BIO-
MARKERS ..ottt
Design of an animal model experiment to validate parameters for quantify-
ing the non-carcinogenic risk generated by N-nitrosodimethylamine expo-

Assessment of dose-dependent effects (responses) from toxicological ex-
periment on animal MOdelS...........coeeviriiiiiiiiiin e
Analysis of the dependence of hepatic enzyme activity (biomarkers of ef-
fect) and blood NDMA concentration (biomarker of exposure) on the level
of NDMA exposure by nonlinear paired regression method.........................
Establishment of NDMA reference level on the basis of preliminary data
of toxicological experiment on rats based on GGT level..........cccccevenenene.
Establishment of NDMA reference level on the basis of preliminary data
of toxicological eXperiment ON TatS .........cceeevveeerciieerieeeeiee e

123

134
136
140
141
141
142
145
149
156

157

161

166

170



CONCLUSION ON THE RESULTS OF JOINT RUSSIAN-VIETNAMESE
ACTIVITIES IN 2023-2024.....cccoiiiiiiiiiiiiiiiiiieeeceece e

LIST OF ABBREVIATIONS .....oiiiiieeeeeeee e
REFERENCE LIST ..ot

118



INTRODUCTION

On November 12, 2013 in Hanoi (Socialist Republic of Vietnam)
within the framework of development of international cooperation
in the sphere of ensuring sanitary and epidemiological well-being,
a Memorandum of Understanding between the Federal Service for
Supervision of Consumer Rights Protection and Human Welfare
(Rospotrebnadzor) of the Russian Federation and the Ministry of Health
of the Socialist Republic of Vietnam was signed. This agreement became
the basis for the intensification of scientific interaction between the two
agencies, which, in turn, led to the inclusion of joint research projects in
the federal project “Sanitary Shield” implemented by Rospotrebnadzor
in 2022. The “Sanitary Shield” federal project is aimed at strengthening
international cooperation in the field of sanitary and epidemiological
well-being, including the exchange of experience and information with
foreign partners. Furthermore, the initiative entails the cultivation of
human resource capacity through training and professional development
of specialists in the domains of sanitary and epidemiological surveillance,
laboratory diagnostics, and emergency response. A critical component
of the project entails the enhancement of the information support system
through the formulation and advancement of information systems that
facilitate prompt data exchange among disparate agencies and regions.
Additionally, the project involves the dissemination of information to
the population regarding potential hazards and recommended preventive
measures. The “Sanitary Shield” initiative entails the enhancement of
the regulatory and legal framework, with the objective of regulating
issues pertaining to the sanitary and epidemiological well-being of
the population. This initiative embodies a comprehensive approach to
ensuring public health.

In the context of the “Sanitary Shield” federal project, which is
designed to evaluate health risks and ensure the chemical safety of
food products, the Federal Budgetary Institution of Science "Federal
Scientific Center for Medical and Preventive Health Risk Management
Technologies" of Rospotrebnadzor (Perm) is playing an active role
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in the project together with the National Institute for Food Control
(NIFC), Hanoi. The basis for this cooperation is the Memorandum of
Understanding concluded between the scientific institutes in 2018.

The Center has facilitated the establishment of a scientific school of
health risk analysis, which has brought together a distinguished group of
researchers, including both established and promising young scientists,
to address critical issues in the field. These experts hail from diverse
disciplines, including preventive medicine, hygiene, epidemiology of
non-infectious diseases, cytogenetics, immunology, analytical chemistry,
and mathematical modeling of biological processes. The school has
developed modern techniques for assessing health risks caused by
exposure to a variety of environmental factors, as well as a system of
evidence of public health harms associated with negative environmental
influences. The developed medical and preventive technologies for
risk minimization are based on in-depth analysis of environmental and
health monitoring data of the Russian population, results of in-depth
clinical and laboratory, chemical and analytical and epidemiological
studies. The research results are embodied in a set of methodological
and information-analytical documents used in the practical activities of
Rospotrebnadzor.

The National Institute for Food Control (NIFC) under the Ministry
of Health of the Socialist Republic of Vietnam was established by the
Decree No. 376/QD-TTg dated March 23, 2009 issued by the Prime
Minister of the Socialist Republic of Vietnam. The Institute is governed
by Resolutions No. 6065/QD-BYT of December 30, 2019 and No.
5455/QD-BYT of December 28, 2020, issued by the Minister of Health.

The National Institute of Food Control (NIFC) is the preeminent
food testing institution within the Vietnamese health system. It provides
support to public administration in the professional activities of the
Ministry of Health and other competent authorities in related fields, in
accordance with applicable laws.

The Institute boasts a contemporary infrastructure, encompassing
state-of-the-art equipment, synchronized for optimal functionality.
Its workforce is comprised of highly qualified personnel, a factor
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that contributes to its preeminence within the realm of management,
production, and the turnover of food products. NIFC offers a
comprehensive array of services, ensuring a superior level of quality
and efficiency. These services encompass the testing of diverse food
products, the calibration of equipment, the certification of products,
proficiency testing, and consulting and training in food sampling and
technology transfer. Moreover, NIFC has been duly authorized by the
relevant authorities to conduct rigorous tests and exercise stringent
state oversight with regard to products falling within the domains of
medicine, agriculture, industry, and commerce.

This collaboration is driven by the growing relevance of
non-communicable diseases associated with exposure to various
environmental factors, including chemical contaminants in food. The
examination of food products from the standpoint of non-infectious
hazards constitutes a pivotal element in ensuring public health. This
is due to the fact that chronic exposure to even low concentrations
of chemicals has been demonstrated to result in the development of
pathological conditions, including cardiovascular diseases, cancer
processes, metabolic disorders, neurotoxic effects, and other adverse
health effects. In this regard, a comprehensive assessment of food
safety, including analysis of chemical contaminants, development
of methodological approaches to determine the permissible levels
of their content and assessment of the risk to consumer health, is of
paramount importance. The objective of collaborative research within
the framework of this cooperative endeavor is to address these pressing
issues and develop scientifically substantiated approaches to mitigate
the risks associated with chemical factors of food origin. These efforts
are aimed at ensuring the sanitary and epidemiological safety of the
population.

This publication encapsulates the findings of a collaborative
research initiative undertaken by the Federal Scientific Center for
Medical and Preventive Health Risk Management Technologies, in
conjunction with the Federal Service for Supervision of Consumer
Rights Protection and Human Welfare and the National Institute of Food
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Control. The study encompasses the period from 2023 to 2024, and it
comprises pivotal information concerning their collaborative endeavors.

A roadmap was developed and endorsed for the successful
implementation of the joint research project between the Federal
Scientific Center for Medical and Preventive Health Risk Management
Technologies in the Russian Federation and the National Institute of
Food Control in Vietnam. This Roadmap, which delineates the strategic
framework for the joint scientific research initiative in the domain of
food quality control, covers the period from 2023 to 2025. According to
the Roadmap, during this period it is planned to carry out joint research
work on the topic “Assessment of the public health risk formed by the
consumption of N-nitrosamines with food products by the population
of the Socialist Republic of Vietham and the Russian Federation,
taking into account the developed parameters of the exposure-response
relationship”. Thus, in 2023 and 2024, the focus was on developing
and refining parameters, including exposure and effect biomarkers, to
assess public health risks. As part of this task, a phase of a collaborative
scientific study entitled “Assessment of health risk associated with N-
nitrosamines in meat and meat products consumed by the population of
the Socialist Republic of Vietnam” was implemented in 2023. This work
was continued and expanded in 2024 with the phase “Establishment of
exposure-effect relationship parameters for risk assessment based on
toxicology experiment using exposure and effect biomarkers” based on
the results obtained in 2023. This work was continued and expanded
in 2024 with the phase “Establishment of exposure-effect relationship
parameters for risk assessment based on toxicology experiment using
biomarkers of exposure and effect” based on the results obtained in
2023.
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CHAPTER 1. COOPERATION BETWEEN FEDERAL
SCIENTIFIC CENTER OR MEDICAL AND PREVENTIVE
HEALTH RISK MANAGEMENT TECHNOLOGIES AND
NIFC: DEVELOPMENT OF RESEARCH IN THE FIELD OF
CHEMICAL FOOD SAFETY

As part of the development of partnership relations and in order
to deepen international cooperation, the Federal Scientific Center for
Medical and Preventive Health Risk Management Technologies has
been actively involved in the program of interaction between the Federal
Service for Supervision of Consumer Rights Protection and Human
Welfare and the Ministry of Health of the Socialist Republic of Vietnam
since 2015. This collaborative endeavor, with the objective of providing
support to Vietnam in promoting the sanitary and epidemiological well-
being of the population, served as a foundational basis for the subsequent
expansion of research endeavors in the domain of chemical food safety.
This initiative ultimately led to the establishment of a collaborative
relationship with the National Institute of Food Control in Hanoi.

The subsequent development of cooperation with NIFC was
formalized by the Order of the Government of the Russian Federation
No. 1536-r dated July 13, 2019, which marked a new stage in joint
research. This phase was distinguished by an active exchange of
experience and knowledge between professionals and young scientists,
facilitated by a strengthened partnership between the two organizations.
The initial meeting held at NIFC in the Socialist Republic of Vietnam
was a pivotal event that initiated a series of subsequent interactions.
The event from the Vietnamese side was attended by Rham Xuan Da
(General Director (at the time of the meeting), Doctor of Science),
Le Thi Hong Hao (Deputy Director of the Institute, Professor, Doctor
of Science (currently General Director)), Le Thi Phieng Thao (Head
of Quality Management Department), Nguyen Thi Giang (Head of
Science and Technology Center), and Nguyem Ngoc Hien (International
Cooperation Specialist). The legal basis for cooperation between the
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Federal Scientific Center for Medical and Preventive Health Risk
Management Technologies and the National Institute of Food Control
was the Memorandum of Understanding signed in 2018. This document
defined the framework and principles of interaction, and also fixed the
intentions of the parties to work together in the field of food safety
assessment and assurance (Fig. 1.1).
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Fig. 1.1. Memorandum of Understanding.

In accordance with the Memorandum and action plan ("The
Roadmap"), a range of activities to improve the qualifications of
Vietnamese specialists was consistently implemented. This package
included a series of seminars held directly at NIFC, as well as internships
at the Federal Scientific Center for Medical and Preventive Health
Risk Management Technologies. In 2018, in order to improve sample
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preparation for chromatography-mass spectrometry analysis, NIFC
hosted a workshop on “Method for preparing food samples for chemical
analysis using Sepaths automated solid-phase extraction system
followed by chromatography-mass spectrometry analysis” (Hanoi,
May 2018). Then, in December 2018, Vietnamese specialists had the
opportunity to familiarize themselves with the practical application of
the method of preparing food samples for chemical analysis using the
Sepaths automated solid-phase extraction system directly at the Federal
Scientific Center for Medical and Preventive Health Risk Management
Technologies.

In the continuation of this initiative, Russian specialists conducted
training seminars in July 2019 on the risk assessment of chemical
contamination of food products according to the methods of the Codex
Alimentarius Commission [Codex Alimentarius Commission. Risk
Analysis] and EAEU [Methodological Guidelines for Establishing and
Justifying Hygienic Standards for the Content of Chemical Impurities
and Biological Agents in Food Products by Human Health Risk Criteria].
The workshops covered methodological aspects of risk assessment,
including hazard identification of relevant food contaminants for
both countries, establishment of exposure-response relationships, and
application of evolutionary modeling in the risk assessment of chemicals
in food (Fig. 1.2).

Fig. 1.2. A training seminar on health risk assessment
conducted by the Russian specialists at NIFC (Hanoi).
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During the period of collaboration, in accordance with the
provisions of the Memorandum of Understanding, from the execution
of the agreement until the present moment, a total of more than 30
employees of the National Institute of Food Control have undergone
training and advanced training on health risk assessment methodologies.
This outcome is indicative of the substantial efforts undertaken within
the framework of the partnership, as well as the considerable contribution
to the development of professional competencies of NIFC specialists.
These efforts were carried out in accordance with the provisions of the
Memorandum.

In addition to the training of Vietnamese specialists in risk
assessment methodology, joint research was conducted on the topic
of "Assessment of public health risk caused by the content of harmful
substances in food products." This work, spanning a five-year period,
was aimed at enhancing the understanding and development of
methodological approaches in the field of risk assessment.

During the period of five years, Russian and Vietnamese
specialists have been conducting joint international work aimed
at analyzing and assessing the health risk caused by the content
of N-nitrosamines in specialized food products for infants. This
collaboration has also developed methodological approaches to food
selection for further hazard assessment and control of unintentionally
present chemicals in food products based on selection criteria. The
results of the studies were published in scientific publications edited
by the Chief State Sanitary Doctor of the Russian Federation, Doctor
of Medical Sciences, Professor A.Yu. Popova, Academician of the
Russian Academy of Sciences, Doctor of Medical Sciences, Professor
G.G. Onishchenko and Academician of the Russian Academy of
Sciences, Doctor of Medical Sciences, Professor N.V. Zaitseva (Fig.
1.3) [Health risk analysis in the strategy of state socio-economic
development: Monography; Experience of Russian-Vietnamese
cooperation in the development of chemical safety of food products:
Monography].
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Fig. 1.3. Joint scientific publications Federal Scientific Center for Medical and
Preventive Health Risk Management Technologies and NIFC (2022-2024).

Years of successful cooperation between research institutes of the
Russian Federation, represented by the Federal Scientific Center for
Medical and Preventive Health Risk Management Technologies, and the
Socialist Republic of Vietnam, represented by NIFC, based on the prin-
ciples of mutual trust, openness and respect, have laid a solid founda-
tion for further development of partnerships in the field of food security.
This phase of cooperation, aimed at establishing reliable and effective
food quality control systems and risk assessment, played a pivotal role
in ensuring the health and well-being of the populations of both coun-
tries.

Inspired by the successes achieved and realizing the importance
of further developing joint efforts, Russia and Vietnam have identified
new strategic areas of cooperation. Starting from 2023, Federal Service
for Surveillance on Consumer Rights Protection and Human Welfare in-
cluded Federal Scientific Center for Medical and Preventive Health Risk
Management Technologies into the Federal Project "Sanitation Shield".

127



This has led to the emergence of novel prospects for Russian-Vietnam-
ese collaboration in the domain of food security. The project is aimed
at creating a unified system to protect the population from biological,
chemical and radiation threats, including food safety.

The new phase of the partnership has expanded the range of col-
laborative research, with the main focus on developing methodological
approaches to quantifying non-carcinogenic risk for food security. These
developments were based on the best practices of the Russian Federa-
tion, presented in the collective monograph “Health Risk Analysis in the
Strategy of State Socio-Economic Development [Health risk analysis in
the strategy of state socio-economic development: Monograph; Experi-
ence of Russian-Vietnamese cooperation in the development of chemi-
cal safety of food products: Monograph], which is a fundamental work
in the field of public health risk assessment and is the basis for training
programs for NIFC specialists in the assessment and management of
health risks. This direction included the creation of parameters and cri-
teria for quantitative assessment of non-carcinogenic risk, as well as the
development of scientifically based methods of analysis that allow to
accurately determine the level of hazard associated with the presence of
non-carcinogenic substances in food products.

Thus, the inclusion of Federal Scientific Center for Medical and
Preventive Health Risk Management Technologies in the Federal Proj-
ect “Sanitary Shield” was an important step towards strengthening the
Russian-Vietnamese partnership in the field of food security. This new
stage of cooperation has opened up significant opportunities for the ad-
vancement of scientific research, the exchange of experiences, and the
practical implementation of the obtained results. These efforts are aimed
at ensuring the health and well-being of the populations of both coun-
tries. NIFC has been an integral part of this process, contributing sig-
nificantly to the overall endeavor.

Within the framework of the Federal Project “Sanitary Shield” and
the new stage of the Russian-Vietnamese partnership, training seminars
presented by both experienced and young scientists were held for the
specialists of the National Institute of Food Control by the specialists
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of the Federal Scientific Center for Medical and Preventive Health Risk
Management Technologies (Figure 1.4).

Fig. 1.4. Organization of training seminars by the staff of the Federal Scientific
Center for Medical on “Assessment of public health risk formed by ingestion of
chemical substances with food products, using the EEC methodology” on the basis
of NIFC, 2023.

For example, in 2023, the staff of the Federal Scientific Center for
Medical conducted training seminars on the assessment of public health
risk formed by the ingestion of chemicals with food products, using
the methodology of the Eurasian Economic Commission (EEC). The
workshops covered key aspects of health risk assessment methodology
and the application of exposure and response biomarkers to ensure
food safety against risk criteria. The participants of the workshops
received practical skills in applying modern methods of data analysis
and interpretation, which contributed to the improvement of their
professional competence.

The events that were conducted place significant emphasis on the
importance of international cooperation and the exchange of experience
in the field of health risk assessment. Furthermore, they demonstrate the
successful integration of theoretical knowledge and practical skills into
educational programs for NIFC specialists.

Moreover, the results of the seminars were used to formulate a
comprehensive plan of further actions, which was developed with con-
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sideration for scientific and methodological aspects, as well as the prac-
tical significance of collaborative efforts in the context of safeguarding
public health in both countries. NIFC was actively involved in work
planning and prioritization of cooperation, which was reflected in the
Roadmap of joint research work signed by both parties (Fig. 1.5).
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ROADMAP OF THE JOINT SCIENTIFIC RESEARCH PROGRAM IN THE FIELD OF FOOD QUALITY
CONTROL IMPLEMENTED BY THE FEDERAL SCIENTIFIC CENTER FOR MEDICAL AND
PREVENTIVE HEALTH RISK MANAGEMENT TECHNOLOGIES, RUSSIAN FEDERATION AND THE
NATIONAL INSTITUTE FOR FOOD CONTROL, SOCIALIST REPUBLIC OF VIETNAM IN 2023 — 2025

Fig. 1.5. Agreed plan of joint research (“The Roadmap”) of the Federal Scientific
Center for Medical and NIFC

The result of the discussion of work plans was the definition of
key areas of joint research aimed at ensuring food security. Thus, in the
course of the discussion, the specialists of the Federal Scientific Center
for Medical and NIFC prioritized joint research in 2023 to assess the
health risks associated with N-nitrosamines in meat and meat products
used in Vietnam. This choice was made due to the fact that the meat
products, especially after thermal processing, may be the most dangerous
due to the possible content of N-nitrosamines - potential carcinogens.
In addition, the relevance of this issue at the global level [EFSA Panel
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on Contaminants in the Food Chain, 2023; EFSA CONTAM Panel,
Schrenk, Bignami et al., 2023] stimulates the development of this topic
in collaboration with the Vietnamese partners. The next stage (2024) of
the collaborative work was to define parameters for quantifying the non-
carcinogenic risk of nitrosamines, as a number of studies suggest that
non-carcinogenic risk (especially those formed in relation to the liver)
may occur earlier than carcinogenic risk [Deveci, Tek, 2024; Suvorov,
Zaitseva, Shur et al., 2023].

A comprehensive training and professional development program
for specialists was implemented in 2023 to realize the set goals. The
main focus of the program was to improve skills in assessing public
health risks associated with exposure to chemical factors, as well as
to introduce modern methods of applying biomarkers of exposure and
effect into the practice of monitoring and control of food safety. The
training was conducted both on the basis of NIFC and on the basis of
the Federal Scientific Center for Medical, which provided an integrated
approach and adaptation of the acquired knowledge to the tasks of the
Institute.

Theoretical training included a series of seminars on risk
assessment methodology. Participants studied in depth hazard
identification, dose-effect relationship analysis, exposure assessment
and risk characterization. Emphasis was placed on constructing exposure
scenarios, analyzing uncertainties, and interpreting results. A separate
block of workshops was devoted to biomarkers: their classification,
validation, methods of determination, and application for population
exposure assessment and early detection of adverse effects. The
theoretical sessions were attended by eight NIFC specialists, covering
key areas of the institute's activities.

Practical training focused on mastering the techniques of working
with biological material. NIFC specialists practiced the skills of blood
collection from laboratory animals with observance of ethical norms
and safety requirements on the basis of the Federal Scientific Center
for Medical. As part of the training, four members of the Institute's
staff mastered the techniques of sample collection, preservation, and
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transport, and learned how to select the appropriate biomaterial based
on the objectives of the study (Fig. 1.6).

Fig. 1.6. Mastering the skills of NIFC specialists in the collection
of biological material from laboratory animals on the basis of the
Federal Scientific Center for Medical, 2023.

The implementation of the program has significantly strengthened
the competencies of NIFC staff in health risk assessment and the
implementation of innovative approaches such as the use of biomarkers.
The acquired skills contribute to improving the accuracy of food quality
control, validity of decisions on risk minimization and strengthening the
food safety system in Russia. Further development of this direction will
contribute to improving the scientific and methodological base of the
Institute and strengthening its role in the protection of public health.

In addition, in order to realize the planned plans, the staff of the
Federal Scientific Center for Medical carried out on-the-job training
of NIFC specialists on the topic “Technique of blood collection from
laboratory animals” (Fig. 1.7). This event allowed participants to
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master modern methods and technologies of biological sampling,
which is an important step in conducting experimental research. The
internship focused on ethical and ethical handling of laboratory animals
and minimizing stress to the animals during procedures. During the
internship, five NIFC specialists received on-the-job training.

The skills acquired are key to further research in evaluating the
toxicological effects of chemicals, including N-nitrosamines, and their
effects on the body. The participants of the training also familiarized
themselves with the methods of processing and storage of biological
samples, which ensures high accuracy and reliability of the results of
analyses.

Fig 1.7. On-the-job training for NIFC specialists on “Techniques of blood
collection from laboratory animals”, 2024.

This training strengthened the professional competencies of
NIFC specialists and ensured continuity of best practices in laboratory
research. This, in turn, set the stage for the implementation of the 2024
phase of the outlined work.
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CHAPTER 2. ASSESSMENT OF HEALTH RISK ASSOCIATED
WITH N-NITROSAMINES IN MEAT AND MEAT PRODUCTS
CONSUMED BY THE POPULATION OF THE SOCIALIST
REPUBLIC OF VIETNAM

In accordance with the Roadmap for Joint Scientific Work for 2023
developed under the Sanitary Shield Program, a series of studies
were conducted to assess the health risks associated with the
levels of N-nitrosamines in meat and meat products consumed by the
population of the Socialist Republic of Vietnam.

The main criterion for product safety is known to be the amount
of risk associated with harm to life or health. Risk assessment, in turn,
allows a relationship to be established between the concentration of a
contaminant in food, the duration of exposure to an adverse factor, and
the likelithood of adverse health effects. These effects include, but are
not limited to, the development of carcinogenic and non-carcinogenic
effects and the fatal outcome of diseases. The safety criterion, in this
context, is the achievement of the so-called “acceptable (tolerable) risk”
level. This is understood as a level of risk that does not require additional
mitigation measures and is assessed as insignificant and acceptable in
relation to the risks existing in the everyday life of the population.

Health risk assessment of the population was carried out in
accordance with the provisions of the “Guidelines for the assessment
of public health risk from exposure to chemicals polluting the
environment R.2.1.10.3968-23” (hereinafter — the Guidelines)
[Guidelines R.2.1.10.3968-23.], as well as with the risk assessment
methodology adopted in the territory of the countries of the Eurasian
Economic Union [Development of methodological guidelines for the
establishment and justification of hygienic standards for the content of
chemical impurities, biological agents in food products on the criteria
of human health risk].

In accordance with the risk assessment methodology and the
provisions of the Guidelines, the implementation of the public health
risk assessment work included four main stages:
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* hazard identification, which includes identification of potentially
harmful factors, assessment of the relationship between the studied
factor and health disorders, as well as analyzing the sufficiency and
reliability of available data on the levels of contamination of food
products with the substances under study;

» exposure-response relationship assessment: identification of
quantitative relationships between health indicators and exposure levels;

« assessment of exposure of the population to chemicals, including
the determination of exposure doses;

* risk characterization, including risk calculation and comparative
risk assessment.

Since the subject of risk assessment was the impact of
N-nitrosamines content in meat and meat products on the health of the
population of the Socialist Republic of Vietnam, the main objectives of
this work were as follows:

1. conducting hazard identification of N-nitrosamines; to select
priority chemical factors in terms of health hazards for subsequent
quantitative risk assessment;

2. summarizing data on parameters and criteria for assessing the
dose-response relationship;

3. assessing the exposure to N-nitrosamine coming with
consumed meat and meat products sold in the Socialist Republic of
Vietnam;

4. characterizing public health risk associated with the
consumption of meat and meat products sold in the Socialist Republic
of Vietnam, based on hazard ratios and the level of carcinogenic risk,
and to identify priority N-nitrosamines for which it is reasonable to
develop parameters for the quantitative assessment of non-carcinogenic
risk.

The risk assessment was based on a collaborative effort, including
the use of data from the NIFC studies on quantitative N-nitrosamines
and consumption of meat and meat products by the pediatric and adult
populations.
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Hazard identification of N-nitrosamines for subsequent
quantitative risk assessment

As part of the hazard identification phase, N-nitrosamines
were investigated in samples of meat and meat products sold in
the Socialist Republic of Vietnam [Le Thi Hong Hao et al., 2022].
Gas chromatography/mass spectrometry-mass spectrometry-mass
spectrometry method was used for the quantitative determination of 9
N-nitrosamines (NDMA, NMEA, NDEA, NDBA, NDPA, NPIP, NPYR,
NMOR, and NDFA). A total of 131 samples representing 98 different
meat products were analyzed.

The studies found that the content of N-nitrosamines in meat
and meat products sold in the Socialist Republic of Vietnam ranged
from 0.0002 mg/kg to 0.012 mg/kg. The average concentrations of
N-nitrosamines in the different product groups are presented in Table 2.1.

Table 2.1

Average value of N-nitrosamines concentrations
in meat and meat products sold in Vietnam (mg/kg)

Grilled meats | Fried meat Baked meat | Smoked meat
Name of
No. and meat and meat and meat and meat
substance
products products products products
1 NDMA 0.0048 0.0027 0.0038 0.0042
2 NMEA <LLOD* <LLOD* <LLOD* <LLOD*
3 NDEA <LLOD* <LLOD* <LLOD* <LLOD*
4 NDPA <LLOD* <LLOD* <LLOD* <LLOD*
5 NDBA <LLOD* <LLOD* <LLOD* <LLOD*
6 NPIP <LLOD* <LLOD* <LLOD* <LLOD*
7 NPYR <LLOD* <LLOD* <LLOD* <LLOD*
8 NMOR <LLOD* <LLOD* <LLOD* <LLOD*
9 NDPHA 0.0005 <LLOD* <LLOD* <LLOD*

LLOD — lower limit of detection (0.0002 mg/kg of product)
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As can be seen from the data presented, the most frequently
detected N-nitrosamine was NDMA, which was present in all product
groups studied, with the highest mean concentrations of NDMA detected
in grilled meat and meat products (0.0048 mg/kg) and the lowest in fried
meat (0.0027 mg/kg). NDPHA was detected only in grilled meat and
meat products, with an average value of 0.0005 mg/kg. The remaining
N-nitrosoamines (NMEA, NDEA, NDPA, NDBA, NPIP, NPYR and
NMOR) did not exceed the lower limit of determination, which was
0.0002 mg/kg, in all samples tested. This fact may be due to their low
content or absence in the studied samples.

The results of the analysis of N-nitrosamines in selected samples of
meat and meat products demonstrated that the concentrations of most of
the tested compounds, except for NDMA and NDPHA, were less than
LLOD in more than 95% of the samples. Based on the methodological
principles of risk assessment, the content of NMEA, NDEA, NDBA,
NDPA, NPIP, NPYR and NMOR in these samples is conditionally
taken as zero, which eliminates the need for their further quantitative
risk assessment.

However, the concentrations of NDPHA in the collected samples
did not exceed the limit of determination in less than 95% of the samples.
Therefore, in the quantitative risk assessment, for samples with NDPHA
content below the LLOD, the value of its concentration was assumed to
be half of the lower limit of detection, which is 0.0001 mg/kg. This
approach is consistent with the risk assessment methodology adopted in
the present study for substances below the lower limit of detection.

To assess non-carcinogenic effects at the hazard identification
stage, available data on reference doses (RfD) of the studied chemicals
were analyzed. At the same time, critical organs, systems, and effects
were identified for each substance that corresponded to the established
reference doses. RfD represents an estimated lifetime daily exposure to
a chemical that, based on current scientific evidence, probably does not
result in unacceptable health risks, including to sensitive populations.

In order to assess the carcinogenic potential of the identified N-
nitrosamines, hazard identification was performed according to the
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International Agency for Research on Cancer (IARC) and US EPA
classifications. The classification results and values of carcinogenic
potential factors (SFo) are presented in Table 2.2.

Table 2.2

Classification of carcinogenic potential and factors

of carcinogenic potential of N-nitrosamines

No. Name of IARC. US EPA SFo, mg/
substance classification classification (kg*day)-1
1 NDMA 2A B2 51.0
2 NDEA 2A B2 150.0
3 NMEA 2B B2 22.0
4 NDPA 2B B2 7.0
5 NDBA 2B B2 5.4
6 NPIP 2B B2 9.4
7 NPYR 2B B2 2.1
8 NMOR 2B - 6.7
9 NDPHA 3 B2 0.0049

Analysis of the data presented in Table 2.2 shows that of the 9
N-nitrosamines identified in meat and meat products, 2 compounds
(NDMA and NDEA) are classified by IARC as class 2A, i.e. as
probable carcinogens for humans. 6 N-nitrosoamines (NMEA, NDPA,
NDBA, NPIP, NPYR and NMOR) are classified in class 2B as probable
carcinogens for humans. NDPHA is classified as a Class 3, which means
it is not classified as a carcinogen for humans. According to the US EPA
classification, 8 N-nitrosamines are class B2, corresponding to probable
carcinogens to humans, and only N-nitrosomorpholine (NMOR) lacks
data on carcinogenicity. It is important to note that for all identified
N-nitrosamines, there are carcinogenic potential factors required for
quantitative risk assessment.

138



Therefore, at the stage of identifying potential hazards associated
with the content of nitrosamines in meat and meat products sold in the
Socialist Republic of Vietnam, it was determined that NDMA and ND-
PHA are the highest priority for the quantitative assessment of public
health risk. These compounds were selected because of their presence in
more than 5% of the samples, the availability of reference doses for car-
cinogenic and non-carcinogenic risk assessment, and data on carcino-
genic potential factors.

The final step in hazard identification is to consider the
toxicological and hygienic characteristics of N-nitrosodimethylamine
and N-nitrosodiphenylamine selected for further risk assessment.

The findings of research conducted on F344 rats, to which
NDMA was administered with drinking water, demonstrated a
significant correlation between the administered dose and the
emergence of pathological alterations in the liver [Toxicological
Profile for N-Nitrosodimethylamine]. There was a significant increase
in liver neoplasms of all types, including hepatocellular carcinomas
and hemangiosarcomas, as well as hyperplastic nodules, cytomegaly,
cysts, decreased hepatocyte counts in males, and abnormalities of
glycogen-containing cells in females. The minimum dose at which
these effects were observed was 0.022 mg/kg body weight per day. A
carcinogenic effect was recorded at a mean daily dose of 0.05 mg/kg
(LOAEL, 96 weeks). The LD50 value for NDMA is 40 mg/kg body
weight. The reference dose for oral administration is 0.000008 mg/kg;
critical organs and systems — developmental processes. The NOAEL
values for noncarcinogenic effects were established at 0.5 mg/kg for
an exposure duration of 54 weeks and 2.5 mg/kg for a duration of 110
days.

Studies in B6C3F1 mice [Patterson, Boateng, Walker, Verghese,
2012] and F344 rats [Lijinsky, Reuber, 1984] have shown that NDPHA,
when administered orally, can cause bladder hyperplasia in mice and
increased sudden deaths in female rats, as well as transitional cell
bladder cancer in both sexes. The researchers observed direct dose-
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dependent relationship between the frequency of these effects. No
significant differences were observed in the incidence of neoplasms
in the general population in mice given NDPHA orally. However, an
8-week study revealed pigmentation of the Kupffer cells in the liver of
male mice dosed with 5980 mg/kg/day [Toxicological Profile for N-
Nitrosodiphenylamine]. The target organ for NDPHA was the bladder;
exposure at 183 mg/kg/2 weeks and 123 mg/kg/13 weeks induced mixed
cell infiltrate and transitional epithelial hyperplasia. Carcinogenic effect
(LOAEL) was observed at 0.0005 mg/kg/day (100 weeks). RfD for oral
administration — 0.02 mg/kg; critical organs/systems — eyes, systemic
effects (change in body weight). No data on non-carcinogenic effects
(NOAEL). LD50 — 3000 mg/kg.

The analysis of toxicological and hygienic characteristics of
NDMA and NDPHA revealed that both compounds had a pronounced
toxic potential manifested in carcinogenic and non-carcinogenic
effects. The primary adverse effects of NDMA are primarily associated
with the liver, while NDPHA has been identified as an organotoxicant
for the bladder. The data presented support the need for further
quantification of the health risks to populations exposed to these
compounds.

Subsequent to the exposure assessment step, in which exposure
levels of priority N-nitrosamines were ascertained, a transition to the
exposure-response relationship selection step is requisite. This step
involves establishing a quantitative relationship between the dose of
a substance ingested and the likelihood of developing adverse health
effects.

Determination of key parameters of the exposure-response
relationship

The pivotal parameter that determines the effect of a chemical
substance on the body is the dose, which is calculated with consideration
for the time of consumption of products intended for children's food
and the characteristics of the child's body. The dose, in this context, is
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a quantitative characterization of a contaminant potentially capable of
causing a particular effect on a target organ.

Exposure-response (dose-response) assessment is a process of
quantitative analysis of toxicological information aimed at establishing
a relationship between the level of exposure (dose or concentration)
to a chemical and the probability of adverse effects in the exposed
population. The exposure-response analysis process involves several key
elements. It entails the determination of the causal relationship between
exposure to a substance and the subsequent development of an adverse
effect. Additionally, it involves the identification of the minimum dose
capable of inducing the observed effect, also known as the threshold
dose. Furthermore, it includes the estimation of the intensity of the
effect, which increases with increasing exposure levels.

In assessing the risk of adverse effects due to chronic exposure to
chemicals, two main types of effects are considered: carcinogenic and
non-carcinogenic.

Assessment of carcinogenic effects

A parameter, the carcinogenic potential factor, also known
as the slope factor (SF), is used to assess the risk of exposure to
carcinogenic agents that have a benchmark-free mechanism of action.
This parameter characterizes the degree of increase in carcinogenic risk
with increasing exposure dose by one unit (mg/(kg*day)). The slope
factor is a conservative estimate of carcinogenic risk over a person's life
expectancy (70 years).

The carcinogenic potential factors (CPFs) used in the assessment
of exposure to carcinogens are summarized in Table 2.2.

Assessment of non-carcinogenic effects

The hazard parameters for the development of non-carcinogenic
effects for N-nitrosamines found in meat and meat products and included
in further risk assessment are presented in Table 2.3.

141



Table 2.3

Information on hazard parameters for the development
of non-carcinogenic effects

No. Substance RfD, mg/kg Critical organs and systems

1 | N-Nitrosodimethylamine | 0.000008 Developmental processes

Eyes (corneal opacity), systemic

2 | N-Nitrosodiphenylamine 0.02 effects (body weight)

Consequently, for all N-nitrosamines included in subsequent risk
assessment, the parameters necessary to establish exposure-response
relationships were determined. These parameters, which reflect the
relationship between the level of exposure and the effects caused, are
the basis for quantifying the risk associated with potential exposure to
these substances.

Assessment of consumption of meat and meat products
sold in the Socialist Republic of Vietnam

Exposure is defined as contact of an organism (receptor) with a
chemical, physical, or biological agent. Exposure quantification is
defined as the measured or calculated amount of an agent in a food
product in contact with human border organs (primarily the digestive
tract) over a period of time. Exposure can be expressed in different units:
total amount of substance in a product (mg), daily dose (mg/day) or dose
related to body weight (mg/(kg*day)). In the present study, the primary
exposure route of N-nitrosamines for the population is identified as oral
ingestion of these compounds present in meat and meat products. This
route of exposure is considered the most significant entry point for these
contaminants. A comprehensive analysis was conducted to assess the
exposure to N-nitrosamines contained in meat products. This analysis
included the following steps: first, the actual consumption of meat and
meat products by the population of the Socialist Republic of Vietnam
was assessed based on the results of a survey previously conducted by
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Vietnamese colleagues. This approach provided representative data on
dietary patterns and consumption of target foods in different age groups,
which were divided into children under 6 years of age, children 7 to 17
years of age, adults 18 to 50 years of age, and adults over 50 years of age.
This collaborative effort between Russian and Vietnamese experts was
a critical component in ensuring the reliability and validity of the data.
Secondly, a study was conducted to determine the content of priority
N-nitrosamines in various meat products sold in the Socialist Republic
of Vietnam. This study involved the screening of meat food products
for N-nitrosamines, which led to the calculation of the average daily
dose for different age groups. For the purposes of carcinogenic and non-
carcinogenic risk assessment, the calculation was performed separately,
taking into account the different approaches to risk assessment for these
types of effects, in accordance with Guideline R.2.1.10.3968-23. This
approach ensured the use of unified calculation methods used in Russian
risk assessment practice.

As previously mentioned, the present study concentrates on the oral
ingestion of N-nitrosamines through the consumption of meat and meat
products. In order to accurately estimate exposure, it is imperative to
consider the actual consumption of these products by various population
groups. Based on the results of previously conducted joint sociological
research [Lebedeva-Nesevrya N.A., Le Thi Hong Hao, Barg A.O. et al.,
2019], it was found that both children and adults in the Socialist Republic
of Vietnam (including children under 3 years old) consume meat and
meat products, including grilled meat. This observation emphasizes the
importance of including the child population in exposure assessment and
further risk assessment, as children are a particularly vulnerable group
with respect to chemical exposure. Consequently, in the course of the
ongoing research, NIFC employees undertook a population survey with
the objective of characterizing the actual consumption of various food
groups by the Vietnamese population. The obtained data on average
daily consumption of meat and meat products by different age groups
are presented in Table 2.4.
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Table 2.4

Volume of actual daily consumption of meat and meat products by
different age groups of the population of Vietnam, kg

Volume of daily
No. Product group Age group consumption, ke
1 Children under 6 years of age 0.037
2 ) Children 7-17 years of age 0.059
Grilled meat
3 Adults 18-50 years of age 0.14
4 Adults over 50 years of age 0.043
5 Children under 6 years of age 0.032
6 Children 7-17 years of age 0.048
Fried and baked meat
7 Adults 18-50 years of age 0.08
8 Adults over 50 years of age 0.023
9 Children under 6 years of age 0.012
10 Children 7-17 years of age 0.023
Smoked meat
11 Adults 18-50 years of age 0.051
12 Adults over 50 years of age 0.014

According to the data presented, the highest consumption among
the population groups in Vietnam studied is characterized by grilled meat
and meat products. This observation emphasizes the need for special
attention to this product group when assessing the risk associated with
N-nitrosamines. The consumption of fried and baked meat and meat
products was grouped together by the NIFC experts. Consequently,
further risk assessment was performed, considering the same daily
intake for these types of products. Consequently, an assessment of
meat and meat product consumption, conducted in collaboration with
Vietnamese colleagues, yielded the necessary representative data for
subsequent assessment of N-nitrosamine exposure. These data will be
used to calculate daily doses and further risk assessment for different
groups of population in Vietnam.
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Calculation of average daily doses

To estimate N-nitrosamine exposure, average daily doses (ADD)
were calculated for different age groups of the population of the
Socialist Republic of Vietnam. Doses were calculated in accordance
with Guideline R.2.1.10.3968-23, to assess carcinogenic and non-
carcinogenic effects. For N-nitrosamines for which reference doses
(RfD) have been established, the ADD for estimating non-carcinogenic

effects was calculated using the following formula 2.1.:
ADD = (Cprod * Vcons) / mb,
where ADD is the average daily dose, mg/kg of body weight per

day;

2.1)

Cprod — concentration of the substance in the product, mg/kg;

Vcons — volume of consumption of this product, kg/day;

mb — body weight, kg.

Estimated average daily doses of N-nitrosamines from different
types of meat and meat products are presented in Tables 2.5 to 2.8.

Table 2.5

Average daily doses of N-nitrosamines ingested with grilled meat
and meat products, mg/kg of body weight per day

No Name of | Children under | Children 7-17 | Adults 18-50 | Adults over 50
" | substance | 6 years of age | years of age | years of age years of age
1 | NDMA 8.27*10° 7.03*10¢ 1.39*10° 4.00¥10°
2 | NDPHA 7.29%107 6.20%107 1.23*10¢ 3.52*107
Table 2.6
Average daily doses of N-nitrosamines ingested with fried
meat and meat products, mg/kg of body weight per day
No Name of | Children under | Children 7-17 | Adults 18-50 | Adults over 50
" | substance | 6 years of age | years of age | years of age | years of age
1 NDMA 3.15*%10°¢ 2.52*10°¢ 3.51*10° 9.43*107
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Table 2.7

Average daily doses of N-nitrosamines administered with baked
meat and meat products, mg/kg of body weight per day

No Name of | Children under | Children 7-17 | Adults 18-50 | Adults over 50
" | substance | 6 years of age | years of age | years of age | years of age
1 NDMA 5.81*10° 4.94*10° 9.79*10° 2.81*10°
Table 2.8

Average daily doses of N-nitrosamines ingested with smoked meat
and meat products, mg/kg of body weight per day

No Name of | Children under | Children 7-17 | Adults 18-50 | Adults over 50
" | substance | 6 years of age | years of age | years of age | years of age
1 NDMA 2.11*10° 2.15*%10° 3.99*10° 1.02*¥10°

Thus, the average daily doses of NDMA supplied to the population
of the Socialist Republic of Vietnam with meat and meat products were
as follows:

« for children under 6 years of age: 8.27*10° mg/kg of body weight
per day with grilled meat and meat products; 3.15*%10° mg/kg of body
weight per day with fried meat and meat products; 5.81*¥10° mg/kg
of body weight per day with baked meat and meat products;
2.11*10° mg/kg of body weight per day with smoked meat and meat
products;

* for children 7-17 years of age: 7.03*10° mg/kg of body weight
per day with grilled meat and meat products; 2.52*10° mg/kg of body
weight per day with fried meat and meat products; 4.94*10° mg/kg
of body weight per day with baked meat and meat products;
2.15*%10° mg/kg of body weight per day with smoked meat and meat
products;

* for adults 18-50 years: 1.39*10° mg/kg of body weight per day
with grilled meat and meat products; 3.51%10° mg/kg of body weight
per day with roasted meat and meat products; 9.79*10° mg/kg of body
weight per day with baked meat and meat products; 3.99*10° mg/kg of
body weight per day with smoked meat and meat products;
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« for adults over 50 years of age: 4.00¥10° mg/kg of body weight
per day with grilled meat and meat products; 9.43*107 mg/kg of body
weight per day with roasted meat and meat products; 2.81*%10° mg/kg
of body weight per day with baked meat and meat products;
1.02*¥10° mg/kg of body weight per day with smoked meat and meat
products.

However, the average daily dose for NDPHA exposure to grilled
meat and meat products was: for children under 6 years of age,
7.29*%107 mg/kg of body weight per day; for children 7-17 years of age,
6.20*107 mg/kg of body weight per day; for adults 18-50 years of age,
1.23*10° mg/kg of body weight per day; for adults over 50 years of
age, 3.52*107 mg/kg of body weight per day.

To assess the carcinogenic risks associated with exposure to
N-nitrosamines, average daily doses were calculated, averaged over
the expected average human life expectancy (70 years). Such doses are
referred to as LADD. The equation for calculating LADD (formula 2.2)
is as follows :

LADD_ = (C * CR * ED * EF) / (BW * AT * 365), (2.2)
where:

LADD,, . — is the average daily dose for carcinogenic effects,
mg/(kg x day);

C — 1s the concentration of the carcinogenic substance in the prod-
uct, mg/kg;

CR — is the volume of daily food consumption, kg/day;

ED — duration of exposure, years;

EF — exposure frequency, days/year;

BW — body weight, kg;

AT — exposure averaging period (for carcinogenic effects —
70 years);

* 365 — the number of days in a year.

Standardized values were used to calculate LADD: ED — 6 years
for children, 30 years for adults; EF — 350 days; AT — 70 years.

In consideration of the aforementioned parameters, as well as the
data concerning the consumption of the products under scrutiny and
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the values of daily doses obtained, the dose of N-nitrosodimethylamine
that is indicative of the carcinogenic effect of exposure through the con-
sumption of meat and meat products sold in Vietnam was calculated.

Thus, the values of NDMA doses characterizing carcinogenic ef-
fect for different age groups of the population of Vietnam. The values
obtained are given below.

* For children under 6 years of age, LADD,_,,. was:
6.80*%107 mg/kg of body weight per day (grilled); 2.59*107 mg/kg of
body weight per day (fried); 4.78%107 mg/kg of body weight per day
(baked); 1.73*107 mg/kg of body weight per day (smoked);

* For children 7-17 years of age, LADD_, . was: 5.78*107 mg/kg
of body weight per day (grilled); 2.07*107 mg/kg of body weight
per day (fried); 4.06*107 mg/kg of body weight per day (baked);
1.77*107 mg/kg of body weight per day (smoked);

* For adults 18-50 years of age, LADD__ was: 5.73%10° mg/kg
of body weight per day (grilled); 1.44*10° mg/kg of body weight
per day (fried); 4.02*¥10° mg/kg of body weight per day (baked);
1.64*10° mg/kg of body weight per day (smoked);

* For adults over 50 years of age, LADD_, . was: 1.64*10° mg/kg
of body weight per day (grilled); 3.88*107 mg/kg of body weight
per day (fried); 1.15*%10° mg/kg of body weight per day (baked);
4.20*107 mg/kg of body weight per day (smoked).

The calculated values of NDPHA dose characterizing carcinogenic
effect, associated with grilled meat and meat products, are presented
below.

* For children under 6 years of age, LADD
kg of body weight per day;

* For children 7-17 years of age, LADD
of body weight per day;

* For adults 18-50 years of age, LADD
of body weight per day;

* For adults over 50 years of age, LADD
of body weight per day.

was — 5.99*%10® mg/

carc

was — 5.09*%10® mg/kg

carc

was — 5.05*¥107 mg/kg

carc

was — 1.45%107 mg/kg

carc
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The exposure assessment, which included calculation of ADD for
non-carcinogenic effects and LADD for carcinogenic effects, resulted
in quantitative characterization of exposure to N-nitrosodimethylamine
and N-nitrosodiphenylamine in different age groups of the population of
Vietnam.

As a result of the exposure assessment conducted, quantitative
characterizations of exposure to N-nitrosodimethylamine and
N-nitrosodiphenylamine were obtained for different age groups of the
population of Vietnam.

The ADD and LADD values presented to characterize exposure to
N-nitrosodimethylamine and N-nitrosodiphenylamine will be used to
perform quantitative risk assessments, which are presented in the “risk
characterization” step.

Risk characterization

Risk characterization involved the assessment of carcinogenic
and non-carcinogenic risks based on dose loads determined during the
exposure assessment phase. The non-carcinogenic risk was assessed
using hazard ratios. The EAEU methodology for risk assessment provides
for the use of evolutionary models [Development of methodological
guidelines for the establishment and justification of hygienic standards
for the content of chemical impurities, biological agents in food products
according to the criteria of risk to human health], but due to the lack of
necessary parameters for quantitative assessment of non-carcinogenic
risk, the construction of such models in this study is not appropriate.
The semi-quantitative non-carcinogenic risk assessment performed
will allow prioritization of N-nitrosamines for further establishment of
parameters for quantitative non-carcinogenic risk assessment.

The carcinogenic risk value (CR) was calculated by multiplying
the lifetime average daily dose by the oral carcinogenic potential factor
and by the malignancy severity factor (g) according to formula (2.3):

CR = LADD__ *SF *g, (2.3)
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where:

LADD,,. —is a lifetime average daily dose for carcinogenic effects;

SF, —is a factor of carcinogenic potential in oral ingestion;

g — 1s a severity coefficient of malignant neoplasm (cancer).

The value of the malignant neoplasm severity coefficient (g) was
taken to be 0.495, which corresponds to the severity coefficient for
malignant neoplasms of the digestive organs.

Consequently, the obtained CR value characterizes the upper limit
of carcinogenic risk over the average life expectancy.

In turn, the risk of non-carcinogenic effects is characterized by
comparing actual exposure levels with safe exposure levels (hazard
ratio/index).

To assess the risk of non-carcinogenic effects, this study used the
hazard quotient HQ ( Formula 2.4), which is defined as the ratio of the
determined exposure (LADD,, ....) to the reference level (RfD):

HQ=(LADD___ )/RfD (2.4)

For conditions of unidirectional exposure the characteristic of total
non-carcinogenic risk is the value of hazard index (HI) (Formula 2.5):

HI=)[HQ,] , where (2.5)

HQ, — hazard quotients for chemical substances.

In accordance with international recommendations, the term
"unidirectional exposure to chemicals" refers to the effects of substances
on the same organs or systems.

In the process of risk characterization the value of acceptable
(tolerable) risk is used — the probability of occurrence of an event with
insignificant consequences for health (HQ<1.0; HI<1.0).

Risk assessment was conducted for separate groups of meat
products classified by cooking method (grilling, frying, baking,
smoking), taking into account their daily consumption, as well as taking
into account the average calculated doses of N-nitrosamines coming
with each group of food products.

non-carc

150



Thus, the results of calculations of carcinogenic and non-
carcinogenic risk due to ingestion of NDMA and NDPHA with grilled
meat and meat products are presented in Tables 2.9-2.10.

Table 2.9

Level of carcinogenic risk due to exposure to NDMA and NDPHA

from consumption of grilled meat and meat products by the
population of Vietnam

Children Children Adults 18- | Adults over
No. Substance under 6 7-17 years | 50 years of | 50 years of
years of age of age age age
1 NDMA 1.72*10° 1.46*107 1.45*10* 4.15*%10°
2 NDPHA 1.45%101° 1.24*101° 1.22*107 3.51*101°
g | Cumulative oy peigs | 1464105 | 145%10¢ | 4.15%10°
carcinogenic risk

Note: The level of carcinogenic risk above the acceptable (tolerable) level is
highlighted in bold

Table 2.9 presents the results of the carcinogenic risk assessment
due to exposure to NDMA and NDPHA in the consumption of grilled
meat and meat products by the population of the Socialist Republic of
Vietnam. Data analysis revealed that the cumulative carcinogenic risk
associated with exposure to NDMA and NDPHA showed significant
variation by age group.

It has been determined that for adults aged 18-50 years, the
carcinogenic risk has attained an unacceptable level (1.45*10). This
value exceeds the risk benchmark level set at 1.0*10™. In the remaining
age groups, including children under 6 years of age, children 7-17
years of age, and adults over 50 years of age, the observed levels of
carcinogenic risk are acceptable. Analysis of the contribution of
individual substances to the total carcinogenic risk shows that NDMA
1s the main risk determinant, while the contribution of NDPHA is
negligible in all age groups. This demonstrates the need to focus on
monitoring NDMA levels in grilled meat and meat products.
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Table 2.10

Non-carcinogenic risk level associated with NDMA and NDPHA
exposure in the population of Vietnam from consumption of grilled
meat and meat products

Children | Children | Adults Adults
Critical organs and | under 6 7-17 18-50 | over 50
No. | Substance
systems years of | years of | years of | years of
age age age age
1 | Npma | Developmental 1y 0 ggs | 174 | 0.50
processes
Eyes (corneal
2 | NDPHA | OPaciy)systemic | 01 1 So01 | 001 | >001
effects (body
weight)

Note: the value of the hazard quotient higher than the acceptable (permissible)
value is highlighted in bold

Table 2.10 presents the results of the assessment of non-carcinogenic
risk associated with exposure to NDMA and NDPHA through
consumption of grilled meat and meat products by the population of
Vietnam. Analysis of the data showed that hazard quotients for NDMA
were more than 1 for children under 6 years of age (1.03) and adults
18-50 years of age (1.74), indicating potential risk to critical organs and
systems, particularly developmental processes. For children 7-17 years
of age and adults over 50 years of age, the hazard ratio due to NDMA
does not exceed 1 (0.88 and 0.50, respectively).

A study conducted to assess the public health risk of
N-nitrosodimethylamine and N-nitrosodiphenylamine exposure from
consumption of grilled meat and meat products in the Socialist Republic
of Vietnam yielded the following key findings:

The cumulative individual carcinogenic risk due to exposure to
NDMA and NDPHA for adult population of Vietnam aged 18-50 years
from consumption of grilled meat and meat products was also consistent
with the alarming level.
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The non-carcinogenic risk assessment found an unacceptable level
of risk formation among children under 6 years of age (HQ=1.03) and
adults 18-50 years of age (HQ=1.74).

When assessing the non-carcinogenic risk formed by ingestion
of NDPHA with grilled meat and meat products, the formation of an
acceptable level of risk was found for all studied populations (HQ<0.01).

As the critical organs and systems are different for NDMA and
NDPHA according to the Guidelines, no hazard indices were calculated.

After completing the analysis of the risk associated with
consumption of grilled meat and meat products, it seems appropriate
to move on to investigate the risk associated with ingestion of
N-nitrosamines with baked meat and meat products. Due to the fact
that only N-nitrosodimethylamine was identified in this product group,
the risk assessment for this group was performed exclusively for this
compound. The results of the quantification of carcinogenic and non-
carcinogenic risk due to exposure to NDMA from baked meat and meat
products are presented in Table 2.11.

Table 2.11

Level of carcinogenic and non-carcinogenic risk due to NDMA
exposure from consumption of roasted meat and meat products by
the population of SRV

Children ) Adults Adults
. Children
Risk nature under 18-50 over 50
No. . 7-17 years
(estimated value) 6 years of of ae years of years of
age £ age age
1 Carcinogenic (CR) 1.21*10° | 1.03*10° | 1.02*10* | 2.91*10°
2 | Non-carcinogenic (HQ) 0.73 0.62 1.22 0.35

Note: risk level above the acceptable (tolerable) level is highlighted in bold

Analysis of the results of the risk assessment results associated
with consumption of baked meat and meat products containing
N-nitrosamines prioritized for risk assessment, presented in Table 2.11,
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revealed that the individual carcinogenic risk due to NDMA exposure
for the population aged 18-50 years corresponds to an alarming level
(CR = 1.02*10*%). Non-carcinogenic risk assessment revealed the
formation of an unacceptable risk level also among the population aged
18-50 years (HQ = 1.22), indicating potential adverse effects on critical
body systems due to exposure to nitrosamines.

Thus, the risk assessment associated with consumption of baked
meat and meat products containing N-nitrosamines was limited
to the analysis of NDMA due to the absence of other significant
N-nitrosamines. The results indicate that NDMA is a key determinant of
both carcinogenic and non-carcinogenic risk in adults aged 18-50 years.

After analyzing the risk associated with baked meat and meat
products, we proceeded to analyzing the risk associated with the
ingestion of N-nitrosamines with fried meat and meat products. The
results of calculations of individual carcinogenic and non-carcinogenic
risk due to consumption of smoked meat and meat products are
presented in Table 2.12. Similar to baked meat products, the presence
of NDPHA was also not detected in the tested samples of smoked meat
and meat products.

Table 2.12

Level of carcinogenic and non-carcinogenic risk due to NDMA
exposure from consumption of fried meat and meat products by
the population of Vietnam

. Children Children | Adults 18- | Adults over
Risk nature

No. (estimated value) under 6 | 7-17 years | 50 years | 50 years of
years of age | of age of age age
1 Carcinogenic (CR) 6.55%10°¢ | 5.24*10° | 3.64*10° | 9.78*107
2 | Non-carcinogenic (HQ) 0.39 0.32 0.44 0.12

Analysis of the data in the table shows that both carcinogenic and
non-carcinogenic risk levels due to NDMA exposure did not exceed
acceptable values for all age groups under study.
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After analyzing the risk associated with fried meat and meat prod-
ucts, we proceed to analyze the risk due to ingestion of N-nitrosamines
with smoked meat and meat products. The results of calculations of in-
dividual carcinogenic and non-carcinogenic risk due to consumption of
smoked meat and meat products are presented in Table 2.13. Similar to
baked and fried meat products, the presence of NDPHA was also not
detected in the examined samples of smoked meat and meat products.

Table 2.13
Level of carcinogenic and non-carcinogenic risk due to NDMA
exposure in smoked meat and meat products consumed by the
population of Vietnam

. Children Children | Adults 18- | Adults over
Risk nature

No. (estimated value) under 6 | 7-17 years | 50 years | 50 years of
years of age | of age of age age
1 Carcinogenic (CR) 4.37*%10° | 4.47*%10° | 4.14*%10° | 1.06*107
2 | Non-carcinogenic (HQ) 0.26 0.27 0.50 0.13

Analysis of the data in the table shows that both carcinogenic and
non-carcinogenic risk levels due to NDMA exposure did not exceed
acceptable values for all age groups under study.

A comprehensive analysis of the risk associated with the con-
sumption of meat products containing N-nitrosoamines has established
a number of important patterns. Carcinogenic and non-carcinogenic
risk assessment for different types of meat products, including grilled,
baked, fried and smoked meats, revealed significant differences in risk
levels depending on the type of product processing and the age group of
the population.

The results of the study showed that the most significant level of
both carcinogenic and non-carcinogenic risk is formed by the consump-
tion of grilled and baked meat, especially for adults in the Socialist Re-
public of Vietnam aged 18-50 years. These types of products have prov-
en to be major sources of N-nitrosodimethylamine (NDMA) exposure,
resulting in an unacceptable level of risk. At the same time, an analysis
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of the risk associated with the consumption of smoked meat and meat
products showed that the levels of both carcinogenic and non-carcino-
genic risk due to NDMA exposure did not reach unacceptable values for
any of the age groups studied

Assessment of uncertainties

During the hazard identification phase, we identified the
uncertainties associated with:

1. Differences in the classification of carcinogens: there are
differences in the carcinogenicity classifications of N-nitrosamines used
by various international organizations such as IARC and US EPA.

2. Differences in research directions and results: most of the
studies presented in the scientific literature focus on the study of the
carcinogenic effect of N-nitrosamines. Studies on the non-carcinogenic
effects of these compounds are considerably underrepresented. This may
lead to an incomplete understanding of the range of potential negative
effects on human health.

The following uncertainties due to the limited assessment of non-
carcinogenic effects were identified at the dose-effect selection stage:
a detailed assessment of harmful non-carcinogenic effects is available
only for a limited number of substances. This introduces uncertainty
into the non-carcinogenic risk assessment for all N-nitrosamines.

The following uncertainties associated with the exposure
assessment phase were identified:

1. Limited number of samples: The evaluation of N-nitrosamines in
meat products was based on the analysis of a limited number of samples,
which may result in an incomplete representation of the distribution
of these substances in the products under investigation and inaccurate
exposure estimates.

2. Limited information on consumption: the estimation of food
consumption in the population was based on limited data, which may
introduce uncertainty in determining the real exposure to N-nitrosamines
for different populations.
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As a result of the uncertainty analysis, it can be concluded that the
aggregate level of uncertainty in this risk assessment is high. The results
require additional research to refine the data and reduce uncertainties in

order to develop effective measures to manage risks and protect public
health.

Results of a hygienic study on public health risk assessment
of meat and meat products consumption in the Socialist
Republic of Vietnam

The results of the hygienic study to assess the risk to public health
when consuming meat and meat products sold in the territory of the
Socialist Republic of Vietnam revealed:

1. In the hazard identification phase, among the nine N-nitrosamines
identified in meat and meat products, N-nitrosodimethylamine and
N-nitrosodiphenylamine were included in further risk assessment
because they met the inclusion criteria (presence at concentrations above
the limit of detection in more than 5% of product samples; presence of
parameters for carcinogenic risk assessment; presence of parameters for
non-carcinogenic risk assessment).

2. At the stage of selecting the exposure-response relationship, it
was found that the following values of carcinogenic potential factors are
appropriate for carcinogenic risk assessment: N-nitrosodimethylamine —
51 (mg/(kgxday))-!, N-nitrosodiphenylamine — 0.0049 (mg/(kgxday))-'.
Reference doses were used as criteria of non-carcinogenic risk: for
N-nitrosodimethylamine — 0.000008 mg/kg body weight (critical organs
and systems — developmental processes); N-nitrosodiphenylamine —
0.02 mg/kg body weight (critical organs and systems — eyes (cornea
opacity), systemic effects (change in body weight)).

3. During the exposure assessment phase, average daily doses of
N-nitrosamines were established for carcinogenic and non-carcinogenic
risk assessment.

The average daily dose for exposure to N-nitrosodimethylamine
from meat and grilled meat products for the population of the Socialist
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Republic of Vietnam was 4.00¥10° to 1.39*%10~° mg/kg body weight per
day.

The average daily dose for N-nitrosodiphenylamine exposure
to grilled meat and meat products ranged from 3.52*107 to
1.23*10° mg/kg body weight per day.

The average daily dose of N-nitrosodimethylamine characterizing
carcinogenic effect (LADD_, ) ingested with grilled meat and meat
products was: for children under 6 years of age, 6.80*107 mg/kg of
body weight per day; for children 7-17 years of age, 5.78*%107 mg/kg of
body weight per day; for adults 18-50 years of age, 5.73*10° mg/kg of
body weight per day; for adults over 50 years of age, 1.64*10° mg/kg
of body weight per day.

The dose of N-nitrosodiphenylamine, characterizing carcinogenic
effect, for grilled meat and meat products was:for children under 6 years
old — 5.99*%10®* mg/kg of body weight per day; for children 7-17 years
old — 5.09*10® mg/kg of body weight per day; for adults 18-50 years
old — 5.05*107 mg/kg of body weight per day; for adults over 50 years
old — 1.45*107 mg/kg of body weight per day.

The average daily dose for exposure to N-nitrosodimethylamine
from fried meat and meat products for the population of the Socialist
Republic of Vietnam was 9.43*107 to 3.51*%10° mg/kg of body weight
per day.

The average daily dose of N-nitrosodimethylamine characterizing
carcinogenic effect (LADD_, ) ingested with fried meat and meat
products was: for children under 6 years of age, 2.59*107 mg/kg of
body weight per day; for children 7-17 years of age, 5.78*10”7 mg/kg of
body weight per day; for adults 18-50 years of age, 1.44*10° mg/kg of
body weight per day; for adults over 50 years of age, 3.88*107 mg/kg
of body weight per day.

The average daily dose for exposure to N-nitrosodimethylamine
from baked meat and meat products for the population of the Socialist
Republic of Vietnam ranged from 2.81*10° to 9.79*10° mg/kg of body
weight per day.
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The average daily dose of N-nitrosodimethylamine characterizing
carcinogenic effect (LADD,, ) ingested with baked meat and meat
products was: for children under 6 years of age, 4.78*107 mg/kg of
body weight per day; for children 7-17 years of age, 4.06%107 mg/kg of
body weight per day; for adults 18-50 years of age, 4.02*10° mg/kg of
body weight per day; for adults over 50 years of age, 1.15%10° mg/kg
of body weight per day.

The average daily dose for exposure to N-nitrosodimethylamine
from smoked meat and meat products for the population of the Socialist
Republic of Vietnam ranged from 1.02*10 to 3.99*10° mg/kg of body
weight per day.

The average daily dose of N-nitrosodimethylamine characterizing
carcinogenic effect (LADD,,.) entering with smoked meat and meat
products was: for children under 6 years old — 1.73*107 mg/kg of body
weight per day; for children 7-17 years old — 1.77*107 mg/kg of body
weight per day; for adults 18-50 years old — 1.64*10° mg/kg of body
weight per day; for adults over 50 years old — 4.20*107 mg/kg of body
weight per day.

4. During the risk characterization phase, an alarming level of
carcinogenic risk was found among adults aged 18-50 years due to
exposure to NDMA from grilled meat and meat products (CR up to
1.45*%10*) and baked meat and meat products (CR up to 1.02*10*).

However, in the population of this age group, the formation of an
unacceptable level of non-carcinogenic risk due to ingestion of NDMA
with grilled meat and meat products (HQ up to 1.74) and baked meat
and meat products (HQ up to 1.22) was found.

Among children under 6 years of age, there was an unacceptable
level of noncarcinogenic risk generation due to exposure to NDMA
from grilled meat and meat products (HQ up to 1.03).

The results of the conducted risk assessment indicate the necessity
to develop parameters of the exposure-effect relationship for further
quantitative assessment of the non-carcinogenic risk formed by exposure
to N-nitrosodimethylamine, which determines the primary task in
establishing scientifically justified starting points. It should be noted,
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however, that despite the developmental reference dose of NDMA used
in this study in accordance with Guideline R.2.1.10.3968-23, existing
scientific data indicate a wider range of toxic effects of N-nitrosamines,
including NDMA [Toxicological Profile for N-Nitrosodimethylamine;
Sheweita, Mostafa, 1996].

In particular, there are scientific literature publications
demonstrating that N-nitrosamines, including NDMA, can have
negative effects not only on developmental processes but also on liver
function [Shur, Suvorov, Zemlyanova, Zelenkin, 2020; Suvorov, Shur,
Zelenkin, 2024; Gao et al., 2017; Wong, Murphy, Wang, Hecht, 2003].
A number of studies indicate hepatotoxic effects of N-nitrosamines. It
should be noted, however, that the allowable daily dose (ADD) values
for nitrosamines established on the basis of BMDL (benchmark dose
level of exposure causing a particular effect) in these studies appear to
be more stringent than the reference dose (RfD) for NDMA with respect
to developmental processes used in the present study. However, the
established BMDL levels for N-nitrosamines in these studies, due to the
specificity of their experimental design, cannot be used as a universal
criterion in assessing the non-carcinogenic risk associated with the
consumption of foods containing nitrosamines.

This necessitates a specialized toxicological experiment on
laboratory animals to be conducted. Such an experiment, performed in
accordance with international standards and using validated methods,
will provide more accurate data on the parameters of the dose-effect
relationship for the hepatotoxic effect of N-nitrosamines. The data
obtained from such an experiment will make it possible to refine the
parameters for quantifying the non-carcinogenic risk due to exposure
to nitrosamines and to establish scientifically valid starting points
applicable to different types of food products and population categories.

Thus, there is a need to refine the parameters of liver risk
assessment. This requires additional studies to establish biomarkers of
effect [Zemlyanova, Dolgikh, 2010] and exposure, which would allow
a more accurate characterization and quantification of the hepatotoxic
effect of NDMA and other N-nitrosamines.
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CHAPTER 3. ESTABLISHMENT OF EXPOSURE-EFFECT
RELATIONSHIP PARAMETERS FOR RISK ASSESSMENT
BASED ON TOXICOLOGICAL EXPERIMENT USING
EXPOSURE AND EFFECT BIOMARKERS

Exposure-response parameters for the assessment of public health
risk associated with exposure to N-nitrosoamines were refined within the
framework of joint research work between the Federal Scientific Center
of Health Risk Management Technologies, Perm, Russian Federation
and NIFC, Hanoi, Socialist Republic of Vietnam.

As it was established at the previous stage, the semi-quantitative
assessment of the health risk for the population of Vietnam formed by
the consumption of meat and meat products containing N-nitrosamines,
revealed the formation of an alarming level of non-carcinogenic risk for
the adult population at oral intake of N-nitrosodimethylamine with fried
and smoked meat and meat products. These foods have been identified as
major sources of N-nitrosamines [Ozbay, Sireli, 2021; EFSA CONTAM
Panel, Schrenk, Bignami et al., 2023; Park, Seo, Lee, Kwon, 2015; Lee,
2024].

It should be noted that, despite the importance of the results
obtained, the international principles of health risk analysis [Codex
Alimentarius Commission. Risk analysis] do not suggest a quantitative
assessment of non-carcinogenic risk.

At the same time, a number of studies are devoted to the evaluation
of the carcinogenic effect of N-nitrosamines, primarily NDMA, which
is generally regarded as benchmark-free, with an underlying genotoxic
nature [National Toxicology Program; U.S. Environmental Protection
Agency, 1987; Hidajat et al., 2019; Boniol, Koechlin, Boyle, 2017].
However, a literature review of toxicological experiments in animals
(rats) revealed that N-nitrosamines, particularly NDMA, can cause
effects whose effects are characterized by BMD levels. This observation
1s more centered on an in-depth study of the mechanistic basis of these
effects.
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In their review of the development of toxic effects in oral ingestion
of N-nitrosoamines, Liteplo and Meek noted that the toxicological effects
of NDMA develop through the mechanism of alkylation of biological
macromolecules (e.g., DNA, RNA, proteins) by the methyldiazonium
ion formed during metabolism [Liteplo and Meek, 2001]. In addition,
oral ingestion of NDMA has effects on various organs and systems,
including the liver (vacuolization of hepatocytes, portal venopathy and
necrosis/bleeding), kidneys (e.g., glomerular enlargement and slight
thickening of Bowman's capsule), spleen (blood stasis in the spleen),
and may also cause gastrointestinal bleeding [Barnes and Magee,
1954; Khanna and Puri, 1966; Reuber and Lee, 1968; Maduagwu and
Bassir, 1980; Roszczenko, Jablonski and Moniuszko-Jakoniuk, 1996;
Chooi, Rajendran, Phang and Toh, 2016; Lathouri, Korre, Dusinska
and Durucan, 2022]. The content of liver function indices in serum
is considered as promising biomarkers of effect of NDMA exposure
[Usunomena et al., 2012].

In turn, in a study by Moniuszko-Jakoniuk et al. it was shown
that oral exposure to NDMA at doses of 0.002 and 0.003 mg/kg/
day in rats resulted in histopathologic changes in the liver. These
changes included hepatocyte degeneration, formation of argyrophilic
and collagen fibers, and inflammatory infiltrates in the vicinity of
the portal bile ducts after 30 days. At the same time, after 90 days,
the effect was intensified and manifested as steatosis and liver
parenchymatosis [Moniuszko-Jakoniuk, Roszczenko and Dzieciol,
1999]. Similarly, studies by Roszczenko et al. on rats showed that
chronic oral ingestion of NDMA leads to a decrease in total and latent
serum iron-binding capacity and an increase in serum levels of liver
enzymes (alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and y-glutamyltransferase (GGT)) at a single administered dose
of 20 pg/kg of body weight [Roszczenko, Jablonski and Moniuszko-
Jakoniuk, 1996].

Thus, the liver is the main target organ in the formation of non-
carcinogenic effects during oral ingestion of NDMA. The activity
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of ALT, AST, and GGT in serum are considered as biomarkers of the
response to the hepatotoxic effect of N-nitrosamines [Lathouri, Korre,
Dusinska and Durucan, 2022].

Gamma-glutamyltransferase is a specific marker of liver and
biliary tract damage. It should be noted that GGT activity can increase
even in minor, subclinical liver function disorders, which characterizes
this index as the most sensitive biomarker reflecting liver damage
[Roszczenko, Jablonski and Moniuszko-Jakoniuk, 1996].

Aspartate aminotransferase, also known as serum glutamate-
oxaloacetate transaminase, is elevated in cases of acute liver injury.
However, it should be kept in mind that AST is also present in red blood
cells, cardiac and skeletal muscle and is therefore not a specific marker
for the liver. Elevated AST levels can occur either with damage to the
heart or skeletal muscle or with damage to the liver parenchyma. In
clinical practice, the presence of elevated ALT and AST values indicates
possible liver damage.

In turn, alanine aminotransferase, also called serum glutamate-
pyruvate transaminase, 1S an enzyme present predominantly in
hepatocytes. When a cell is damaged, it releases this enzyme into the
bloodstream, where it is measured. ALT is dramatically elevated in cases
of acute liver injury. At the same time, according to the data presented
by Usunomena et al., alanine aminotransferase is a more reliable marker
of liver integrity than aspartate aminotransferase [Usunomena et al.,
2012]. It should be noted that liver enzymes are usually found in the
circulation in small amounts due to the growth and repair processes
of the liver. As a liver-specific enzyme, ALT is significantly elevated
only in hepatobiliary diseases. Elevated AST levels, as noted earlier,
can occur with damage to cardiac or skeletal muscle as well as liver
parenchyma.

Thus, a literature review of toxicological experiments on animals
(rats) established that N-nitrosamines, in particular NDMA, along with
benchmark-free action, have effects whose effects are characterized by
benchmark levels. At the same time, the liver acts as a target organ in
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the non-carcinogenic action of N-nitrosamines, and changes in serum
concentrations of GGT, AST, and ALT act as biomarkers of negative
effects.

At the same time, despite the studies of NDMA effects on the
body, which revealed the benchmark character of the development of
some effects, the analysis of the literature showed that the established
minimum risk level (MRL) is 0.00001 mg/kg of body weight per day
[Toxicological Profile for N-Nitrosodimethylamine (NDMA)]. This
MRL was derived from BMDL ¢, 0.0014 mg/kg body weight per day
(where decreased serum iron-binding capacity was identified as a critical
effect) using an uncertainty factor UF) of 100 (10 for extrapolation
of results from animals to humans, 10 to account for the sensitive
population: infants, children, elderly, pregnant women). It should be
noted that the BMDL value obtained was established on the basis of an
acute experiment using one experimental group receiving a daily dose
of NDMA 0.002 mg/kg of body weight for 10 days.

US EPA suggests using the results of the study by Anderson et
al. as a chronic reference dose for assessing the risk posed by NDMA.
[Anderson et al., 1978]. A 10-week experiment on 10 mice using a
single study dose (100 mg/kg body weight) and detecting adverse
effects from oral ingestion of NDMA established a LOAEL (Lowest
Observed Adverse Effect Level) of 0.025 mg/kg of body weight per
day, based on which a reference dose was established at 8x10° mg/
kg of body weight [Provisional Peer Reviewed Toxicity Values for
N-Nitrosodimethylamine]. However, developmental abnormalities
including stillbirth, decreased gestational age, increased neonatal
mortality and increased proportion of males in the litter were noted as
critical effects.

It is important to point out that uncertainties associated with
extrapolation of animal-to-human data (equal to 10), consideration
of sensitive populations (equal to 10), use of LOAEL as a starting
point (equal to 10), and uncertainty in the data, including lack of
multigenerational neurotoxicity and reproductive studies (equal to 3),
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were used in the calculation of RfD. Thus, the total modifying factor
amounted to 3000.

In addition, US EPA experts considered the sufficiency of the
data and uncertainty values when analyzing the results and proposed
uncertainties. However, the cause of the increased perinatal mortality
was unclear, and the potential mechanism of action of the highly altered
weaner sex ratio was unknown. However, because perinatal mortality
could have resulted from exposure to NDMA and US EPA had results
from other toxicology experiments in mice, and because the Anderson
et al. critical study was a developmental pathology study based on
standard US EPA methodology, the uncertainty factor values were
considered sufficient [Provisional Peer Reviewed Toxicity Values for
N-Nitrosodimethylamine].

EPA experts also noted that despite the sufficient number of
mice used, the study included only one level of exposure, and the
results were not presented in full. In addition, neither perinatal
mortality nor sex ratio changes in weanlings have been confirmed in
other NDMA studies [Provisional Peer Reviewed Toxicity Values for
N-Nitrosodimethylamine].

Nevertheless, the results of the study by Anderson et al. [Anderson
et al., 1978] were used to establish RfD because they were supported
by the results of the experiment of Peto et al. [Peto et al., 1991]. Their
study examined the development of adverse liver effects in rats when
NDMA was consumed with water (at concentrations ranging from 0.033
to 16.896 ppm). Among all the non-carcinogenic effects observed, the
formation of hepatocyte cytomegaly was statistically significant. Based
on the development of cytomegaly, the LOAEL was set at 0.043 mg/kg
body weight and the NOAEL at 0.022 mg/kg body weight. Moreover,
the magnitude of the NOAEL obtained is comparable to the LOAEL
obtained in the study by Anderson et al. [Anderson et al., 1978],
indicating that the effects associated with developmental pathologies
will occur earlier, and therefore, it is more appropriate to use them in
the establishment of RfD.
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Thus, the conducted analysis of literature data corresponding to
the stage of hazard identification showed that in experimental studies
of NDMA toxicity along with carcinogenic effects non-carcinogenic
effect on the liver was established. Changes in serum concentrations of
AST, ALT, GGT can be considered as biomarkers of the development of
negative effects.

Thus, due to the uncertainties identified, as well as the validity of
the developed parameters on acute exposure, the use of a reference dose
for risk assessment for oral ingestion of NDMA is premature.

Consequently, it is advisable to conduct a chronic toxicological
experiment to refine the parameters for quantitative assessment of the
risk formed by ingestion of NDMA with food products.

In this regard, in order to quantify the non-carcinogenic risk formed
by exposure to N-nitrosodimethylamine, the Federal Scientific Center
for Medical and Preventive Health Risk Management Technologies
and the National Institute for Food Control developed an appropriate
experimental design.

Design of an animal model experiment to validate parameters
for quantifying the non-carcinogenic risk generated by
N-nitrosodimethylamine exposure

The experiment was conducted on the basis of NIFC (Hanoi, SRV)
in accordance with the agreement between the Federal Scientific Center
for Medical and NIFC. The experimental design was formally endorsed
by the minutes of the joint meeting, and its execution was sanctioned by
the local ethical committee of the Federal Scientific Center for Medical,
thereby ensuring adherence to all pertinent ethical standards.

Based on the results of the hazard identification performed,
hepatotoxic effect of NDMA was considered as a non-carcinogenic
effect of NDMA at oral intake. Changes in serum indices of hepatic
function (AST, ALT and GGT) were considered as biomarkers of effect.
A study to validate parameters for risk assessment was conducted on
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inbred Wistar line animals. The animals were cared for and maintained
in accordance with the European Convention for the Protection of
Vertebrate Animals used for experimental and other scientific purposes
ETS N 123 [European Convention for the Protection of Vertebrate
Animals used for experimental and other scientific purposes ETS
N 123] and the OECD Guidelines for Chronic Toxicology Studies
[OECD 2018]. [European Convention for the Protection of Vertebrate
Animals] and the OECD Guidelines for Chronic Toxicology Research
[OECD, 2018].

For chronic toxicological studies, it is advisable to select an animal
model that corresponds to the biological mechanisms of the human
body [Cruz, Gomes, Landeira-Fernandez, 2024; Wei et al., 2024]. The
choice of animal model for the study was based on the principles of
selection of model organisms for laboratory research according to the
GLP guidelines [Carroll, 2016] and met the following criteria:

1. Model relevance: the use of rats as a model was due to the
similarity of their liver structure and function to the human liver,
especially in the context of drug and toxicant metabolism. This ensures
the biological plausibility of the results obtained [Kogure et al., 1999;
Muzhikyan et al., 2017].

2. Genotypic homogeneity: inbred animals were used to provide
increased predictability of results. Inbred lines are characterized by a
high degree of genetic homogeneity, which minimizes the influence of
hidden recessive traits and creates a more homogeneous population for
research. This makes it possible to exclude the influence of different
genetic combinations on the results of the study, which increases the
accuracy and reliability of the obtained data [Gaidai, Gaidai, 2019].

3. frequent use of rats as animal models in research: rats are widely
used to study the toxicity of chemicals, which makes them an excellent
model with a rich database and developed protocols [Semakova,
Germanchuk, Shavina, 2021; Shagidulin et al., 2017].

4. Availability and cost: rats are readily available and relatively
inexpensive to keep.
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5. Specifications: The rats are large enough for a number of
procedures, including collection of blood samples, as well as for
administration of test substances.

The animals were purchased from a specialized vivarium operating
in the territory of the Socialist Republic of Vietnam in Hanoi.

Rats admitted to the NIFC vivarium were quarantined for 5 days
under general observation, in a room isolated from other animal species.

Before the start of the experiment, the animals were 6 weeks old
and weighed (SD#m) - in males, 196.7£16.1 grams; in females, up to
178.6£15.0 grams.

The animals were kept in groups of 2-3 animals in each cage. Each
cage was labeled with the group to which the animals were assigned,
body weight, age, sex, number of animals per cage, and duration of the
experiment.

The animals were randomly divided into 5 groups of 13 animals in
each group with equal number of males and females depending on the
dose of administered NDMA solution:

Group No. 1 received NDMA solution at a dose equal to 0.001
of the LD,, value (0.04 mg/kg of body weight), a dose that will not
cause animal death and provides opportunities to build models of the
exposure-biomarker response relationship;

Group #2 received NDMA solution at a dose equal to the LOAEL
(0.002 mg/kg body weight) [Lathouri, Korre, Dusinska and Durucan,
2022];

Group No. 3 received NDMA solution at a dose at 0.00001 of the
LD, value (0.0004 mg/kg body weight), a dose that provided a step to
build exposure-response biomarker relationship models;

Group No. 4 received NDMA solution at the level of the maximum
dose established in Chapter 1 of this study as a formative adverse effect
in adults for consumption of meat and meat products (0.00002 mg/kg of
body weight);

Group No. 5 was the control group receiving distilled water (1 ml).

A chronic toxicology experiment lasting 180 days was designed to
evaluate the non-carcinogenic effect of NDMA on animals. Every day
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in the morning, on an empty stomach, after weighing, the laboratory
animals were injected with NDMA solution according to their
experimental group. Administration was done per os (orally) using a
probe, taking into account the body weight of each animal. Individual
doses of NDMA (mg/kg of body weight) administered to laboratory
animals depending on the experimental groups and duration of the
experiment ranged from 6.16%107 to 1.54*10 for Group No. 1; from
3.20*%10* to 7.16*10* for Group No. 2; from 7.03*107 to 1.54*10* for
Group No. 3; from 3.43*10° to 7.25*10° for Group No. 4.

Blood sampling to analyze exposure and effect biomarkers was
performed once a month throughout the experiment. Blood tests for
response biomarkers (AST, ALT and GGT) were performed by an
accredited laboratory center using colorimetric methods. Blood analysis
for exposure biomarkers was performed at NIFC at an accredited
food and allergen toxicology laboratory by gas chromatography-mass
spectrometry/mass spectrometry (GC-MS/MS).

The Mann-Whitney U-criterion was applied to statistically
process the data and establish the starting point of BMDL type. This
nonparametric method was used to compare data distributions between
groups (e.g., control and experimental) in order to identify statistically
significant differences in indicators characterizing the impact of the
factor under study (p < 0.05). This test was preferred over parametric
methods because of the possible violation of the assumptions of
normality of data distribution.

A nonlinear regression method was used to evaluate the
relationship between the dose of NDMA and its concentration in the
blood of laboratory animals. Analyses were conducted separately for
each experimental group, and for all groups together. Blood NDMA
concentration (mg/ml) served as the dependent variable, and individual
NDMA dose (mg/kg of body weight) served as the independent
variable.

The statistical significance of the obtained results was assessed
using chi-squared distribution. The coefficient of determination (R?) was
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used to assess the quality of the model fit. All statistical calculations
were performed using Statistica 13.0 software package.

The sliding window method was used to establish the reference
level (BMDL) in accordance with the methodology approved by the
EEC for establishing and substantiating hygienic standards for the
content of chemical impurities in food products according to the criteria
of risk to human health [Methodological Guidelines for Establishing
and Substantiating Hygienic Standards]. This method (OR, 95%
confidence interval, R* > (.5) allowed us to analyze the data in a time-
dependent manner and identify the exposure threshold below which no
statistically significant effect was observed (p < 0.05). The requirement
of R?> 0.5 ensured sufficient explanatory power of the model. The use
of this method allowed us to account for the potential non-linearity of
the dose-response relationship, providing a more accurate determination
of BMDL.

The following sections present detailed results of the above
methods and their interpretation, including specific p values for each
statistical test and R? values for the sliding window method.

Assessment of dose-dependent effects (responses)
from toxicological experiment on animal models

To assess dose-dependent effects under conditions of prolonged
exposure to NDMA, it was of interest to follow the monthly dynamics of
blood biochemical parameters reflecting the activity of the main hepatic
enzymes. The analysis of AST, ALT and GGT activity, conducted at the
end of each month of the experimental period, including the month 6,
made it possible to assess the change in the nature of hepatotoxic effect
of NDMA.

Before the beginning of the experiment, blood was collected from
rats to determine the baseline values of biochemical parameters. This
made it possible to establish baseline levels of liver enzymes (AST, ALT,
GGT) and further analyze the possible relationship between NDMA
exposure and changes in these parameters (Table 3.1).
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Table 3.1

Blood biochemical parameters of rats before the beginning of the

experiment, presented as median (Me[Q25;Q75])

Animal groups (NDMA dose) BI(Z)ScinlochemlcalA;f;ameters (Cl'}JC/}I:B

Group No. 1 (0.04 mg/kg of body 304.1 50.9 33
weight) [258,3; 324,1] | [39,8; 57,11 | [2,8; 3,5]

Group No. 2 (0.002 mg/kg of body 265.4 47.1 2.5
weight) [248,7; 324,7] | [41,8;49,5] | [2.4; 3,0]

Group No. 3 (0.0004 mg/kg body 230.1 51.1 2.7
weight) [222,5;245,0] | [42,9; 58,1] | [2,5;2.9]

Group No. 4 (0.00002 mg/kg of body 274.9 45.7 3.7
weight) [273,4; 280,7] | [41,8; 55,8] | [2,5;4,3]

240.3 40.7 3.3
Group No. 5 (control) [219.9; 259,31 | [38,9; 49,6] | [2,5; 3,6]

Analysis of baseline values of AST, ALT, GGT in all groups of
animals did not reveal significant differences between groups (p<0.05)

(Table 3.2).

Table 3.2

Results matrix of nonparametric Mann-Whitney test: comparison
of the distributions of these biomarkers of the effect of NDMA
exposure between groups of animals (background values)*

Significance of differences in background values of AST between experimental groups

2?;311;1 Group No. 1 | Group No. 2 | Group No. 3 | Group No. 4 | Group No. 5
aroup o | T N SN -
Group No. Uczte I:I;;:pl;(‘);.os chf I:%: p1>(());.05 Ucrlijtein g; :>7(;).05 - chte iﬂé: p1>§);.05
Group No. U‘f“el:lgézf’l>?);~05 chf r:%: p2>%;.05 - Ucr[iie=m g; ;7(;).05 chte 1:%; ;lj);.os
Group No. Uc}r’iTte Iil% ;:p1>(());.05 B Uc?ite r=n% ;:p2>%;.05 chf ‘:I; ;:pl>(());.05 Ucr[ijtein {)1,:p1>6(,)05

Group No.

Uemp = 16;
Ucrit = 11; p>0.05

Uemp = 15;
Ucrit = 5; p>0.05

Uemp = 14;

Ucrit = 5; p>0.05

Uemp = 20;
Ucrit = 8; p>0.05
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Significance of differences in background values of ALT between experimental groups

Animal

Group No. 1

Ucrit = 8; p>0.05

Ucrit = 6; p>0.05

Ucrit = 8; p>0.05

Group No. 1 | Group No. 2 | Group No. 3 | Group No. 4 | Group No. 5
groups
Uemp = 22; Uemp = 17; Uemp = 16; Uemp = 14; B
Group NO. 5 | yerit = 11; p>0.05 | Uerit = 8; p>0.05 | Uerit=8; p>0.05 | Ucrit = 8; p>0.05
Uemp = 20; Uemp = 16; Uemp = 16; Uemp =14;
Group No. 4 | (yori¢ =g =0.05 | Ucrit="7: p>0.05 | Uerit=7: p>0.05 - Ucrit = 8; p>0.05
Uemp = 19; Uemp = 14; 3 Uemp = 16; Uemp =16;
Group No. 3 Ucrit = 11; p>0.05 | Ucrit = 7; p>0.05 Ucrit = 7; p>0.05 | Ucrit = §; p>0.05
Uemp = 20; -~ Uemp = 14; Uemp = 16; Uemp = 17;
Group No. 2 | yerit = 11: p=0.05 Uerit = 7; p>0.05 | Uerit = 7; p>0.05 | Uerit = 8; p>0.05
- Uemp = 20; Uemp = 19; Uemp = 20; Uemp = 22;
Group No. 1 Uerit = 11; p>0.05 | Uerit = 11; p>0.05 | Ucrit = 8; p>0,05 | Ucrit = 11; p>0.05
Significance of differences in background values of GGT between experimental groups
Animal
Group No. 1 | Group No. 2 | Group No. 3 | Group No. 4 | Group No. 5
groups
Uemp = 23,5; Uemp = 18; Uemp =9; Uemp = 14; B
Group NO. 5 | yerit = 11; p>0.05 | Uerit = 8; p>0.05 | Ucrit = 8; p>0.05 | Ucrit = 8; p>0.05
Uemp = 15,5; Uemp = 16; Uemp = 16; B Uemp = 14;
Group No. 4 | (yqi¢= 8. p>0.05 | Uerit=7; p>0.05 | Uerit=7; p>0.05 Ucrit = 8; p>0.05
Uemp = 4,5; Uemp = 6; B Uemp = 16; Uemp = 9;
Group No. 3 | {yeric= 6 p=0.05 | Uerit = 5: p>0.05 Uctit = 7; p>0.05 | Uerit = 8; p>0.05
Uemp = 14,5; B Uemp = 6; Uemp = 16; Uemp = 18;
Group No. 2 | {jqi¢ = 8. p~0.05 Uerit = 5; p>0.05 | Ucrit = 7; p>0.05 | Uecrit = 8; p>0.05
Uemp = 14,5; Uemp =4.,5; Uemp = 15,5; Uemp = 23,5;

Ucrit = 11; p>0.05

*significant differences are highlighted in green, insignificant differences — in yellow

In addition, preliminary blood testing for biomarkers of NDMA
exposure showed the absence of this substance in all experimental groups.
One month after the start of daily administration of different doses
of NDMA, blood sampling was repeated to analyze biomarkers of effect
and exposure (Table 3.3-3.4).

Table 3.3

Median values (Me [Q25; Q75]) of biochemical parameters
in rat blood after one month of NDMA exposure

Animal groups (NDMA dose)

Blood biochemical parameters (U/L)

AST ALT GGT
1 2 3 4
Group No. 1 (0.04 mg/kg of body 290.3 83,1 3.2
weight) [275,3; 325,5] | [80,5; 83,6] | [2,3; 3,5]
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1 2 3 4
Group No. 2 (0.002 mg/kg of body 392.2 77,8 3.7
weight) [376,2; 508,6] | [69,9; 78,8] | [3.3; 4,5]
Group No. 3 (0.0004 mg/kg body 279.5 61,2 2.9
weight) [255,9; 302,9] | [60,1; 62,2] | [2,6; 3,2]
Group No. 4 (0.00002 mg/kg of body 274.9 68,1 3.0
weight) [292,2; 335,7] | [67,1; 75,4] | [2,7; 3,5]
240. 2,1 .
Group No. 5 (control) [276,5;03368,1] [55,§5; 7111 [3,3; 34,2]

The results of statistical analysis of the data presented in Table 3.3
demonstrated the presence of statistically significant intergroup
differences in NDMA exposure and AST activity (p < 0.05) using
the non-parametric Mann-Whitney U-criterion. Paired comparisons
revealed statistically significant differences between Group No. 2 and
Groups No. 1, No. 3, and No. 4, as well as between Group No. 4 and
Groups No. 2 and No. 3, and Group No. 5 and Group No. 2. These
results suggest that different doses of NDMA have differential effects
on AST activity.

A similar comparative analysis of ALT activity in the serum of
animals exposed to different doses of NDMA also revealed statistically
significant intergroup differences (p < 0.05). Paired comparisons showed
statistically significant differences between Group No. 1 and Groups
No. 4 and No. 5, Group No. 2 and Groups No. 4 and No. 5, Group
No. 3 and Group No. 4, and Group No. 4 and Groups No. 1, No. 2, and
No. 3. The results confirm the presence of a dose-dependent effect of
NDMA on ALT activity, indicating its potential hepatotoxic effect.

Evaluation of GGT activity in the studied groups of animals also
revealed significant intergroup differences: between Group No. 1 and
Groups No. 2, No. 4, and No. 5; Group No. 2 and Groups No. 1, No. 4,
and No. 5; Group No. 3 and Groups No. 2 and No. 5; and Group No. 4
and Groups No. 1, No. 2, and No. 5. Group No. 3 was statistically
significantly different only from Group No. 2. The observed changes in
GGT activity allow us to conclude about the development of hepatotoxic
effect of NDMA already during the first month of experimental exposure.
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Table 3.4

Results of assessment of exposure biomarkers in blood after the
first month of the experiment on laboratory animals

. ncentration of NDMA in bl n
Animal groups (NDMA dose) aVSr(;gCeein taheoex;erl\ilmental grl()nfp(jdng/ml
Group No. 5 (control) 0.000
Group No. 4 (0.0QOOZ mg/kg of body 0.51540.015
weight)
Group No. 3 (O.QOO4 mg/kg body 0.635+0.113
weight)
Group No. 2 (O.QOZ mg/kg of body 0.564:0.164
weight)
Group No. 1 (O.Q4 mg/kg of body 0.670+0.088
weight)

Note — M + SD — mean value + standard deviation

During the study, the concentration of NDMA in the blood of
laboratory animals in the experimental groups ranged from 0.515+0.015
to 0.670+0.088 ng/ml.

After two months of the experimental period, the median values
of hepatotoxicity biomarkers (AST, ALT and GGT activities) were
determined and presented in Table 3.5.

Table 3.5

Median values (Me [Q25; Q75]) of biochemical parameters in rat
blood after two months of NDMA exposure

Animal groups Blood biochemical parameters (U/L)

(NDMA dose) AST AST AST

Group No. 1 (0.04 mg/kg of 238.2 238.2 238.2
body weight) [224,2;252,2] | [224,2; 252.2] | [224,2; 252,2]

Group No. 2 (0.002 mg/kg 243.4 243.4 243.4
of body weight) [225,5;281,2] | [225,5;281,2] | [225,5;281,2]

Group No. 3 (0.0004 mg/kg 300.0 300.0 300.0
body weight) [270,0; 315,2] | [270,0; 315,2] | [270,0; 315,2]

Group No. 4 (0.00002 mg/kg 290.0 290.0 290.0
of body weight) [278,5;303,0] | [278,5;303,0] | [278,5; 303,0]

330.0 330.0 330.0
Group No. 5 (control) -1 13507356 91 | [320.7: 356,2] | [320.7; 356.2]
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Statistical analysis of the relationship between the activity of liver
enzymes in blood and the level of NDMA exposure using the Mann-
Whitney U-criterion revealed the following patterns.

In particular, analysis of AST activity in five groups of animals af-
ter two months of exposure to different doses of NDMA revealed sta-
tistically significant differences (p < 0.05) between the control group
(No. 5) and all experimental groups (No. 1-4). In addition, statistical-
ly significant differences were found between Group No. 4 and Groups
No. 1, No. 2, and No. 3, and between Group No. 3 and Groups No. 1
and No. 2, and Group No. 2 and Groups No. 1 and No. 3. Statistically
insignificant differences (p > 0.05) were found between Group No. 4
and No. 3, as well as between Groups No. 2 and No. 1.

The results suggest that there is a relationship between serum AST
activity and NDMA exposure after two months of exposure.

Comparative analysis of ALT activity in the blood serum of exper-
imental animals ( Group 2, Group 3, Group 4 and Group 5) two months
after the beginning of NDMA exposure revealed statistically significant
intergroup differences (p < 0.05). In particular, ALT activity in the con-
trol group (No. 5) was statistically significantly different from the en-
zyme activity in Groups No. 2, No. 3, and No. 4. In addition, Group
No. 4 showed statistically significant differences with Groups No. 2 and
No. 3. Statistically insignificant differences (p > 0.05) were noted be-
tween Groups No. 5 and No. 4, and between Groups No. 2 and No. 1,
and Groups No. 3 and No. 1. Based on the data obtained, a dose-depen-
dent trend in the change in ALT activity under the influence of NDMA
can be assumed, although statistically significant differences were not
found in all paired comparisons.

Evaluation of GGT activity in five groups of experimental animals
after two months of exposure to different doses of NDMA also revealed
statistically significant intergroup differences (p < 0.05). In particular,
GGQT activity in the control group (No. 5) was statistically significantly
different from the enzyme activity in Groups No. 1, No. 2, and No. 3.
Group No. 4 also showed statistically significant differences with groups

175



No. 2 and No. 3, and group No. 1 with groups No. 2 and No. 3. Statis-
tically insignificant differences (p > 0.05) were noted between Groups
No. 1 and No. 4, No. 2 and No. 1, and No. 3 and No. 1. The results in-
dicate that there 1s a dose-dependent effect of NDMA on GGT activity,
although not all intergroup comparisons showed statistically significant
differences.

Along with the evaluation of biochemical parameters, at one stage
of the experimental period (one month after the beginning of exposure)
the concentration of NDMA in the blood of animals was analyzed (the
data are presented in Table 3.6).

Table 3.6

Results of assessment of exposure biomarkers in blood after the
second month of the experiment on laboratory animals

Concentration of NDMA in blood on
Animal groups (NDMA dose) average in the experimental group,
ng/ml
Group No. 5 (control) 0.00
Group No. 4 (0.0QOO2 mg/kg of body 0.95+0.055
weight)
Group No. 3 (0.9004 mg/kg body 0.96+0.044
weight)
Group No. 2 (0.002 mg/kg of body 0.99+0.023
weight)
Group No. 1 (0.94 mg/kg of body 1.0+£0.03
weight)

Note — M + SD — mean value + standard deviation

The data from the analysis of NDMA concentration in the
blood of experimental animals obtained two months after the start of
exposure (Table 3.6) showed values ranging from 0.95 £+ 0.055 ng/mL
(Group No. 4) to 1.0 = 0.03 ng/mL (Group No. 1), indicating a
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slight but consistent increase in the mean blood concentration of
NDMA.

In order to assess the dynamics of the development of hepatotoxic
effect of NDMA in the medium term (90 days from the beginning
of experimental exposure), the blood biochemical parameters of
experimental animals were analyzed. Table 3.7 presents the results of
key biomarkers of hepatic function aimed at identifying early signs of
hepatocyte damage under NDMA exposure and assessing the severity
of dose-dependent effects.

Table 3.7

Median values (Me [Q25; Q75]) of blood biochemical parameters
of rats on the half of the experimental period of NDMA exposure

Animal groups Blood biochemical parameters (U/L)
(NDMA dose) AST ALT GGT
Group No. 1 (0.04 mg/kg of ) 62.4 )
body weight) 238.2 [216.2; 258.8] [57.0: 66.7] 4.1 [3.0; 4.8]
Group No. 2 (0.002 mg/kg ) 63.1 )
of body weight) 254.9 [229.7; 290.5] (51.1: 70.8] 3.7[2.8; 4.4]
Group No. 3 (0.0004 mg/kg _ 60.7 _
body weight) 300.0 [260.0; 317.5] 59.5: 70.2] 2.0 [2.0; 2.6]
Group No. 4 (0.00002 mg/kg ) 87.8 )
of body weight) 294.3 [283.7; 338.1] [86.0: 102.0] 24102.1; 2.8]
Group No. 5 (control) 292.5 [264.1; 330.0] 80.9 2.3 [2.0; 3.7]
p RO ' 20 0.5, 8401 | 47T

Evaluation of GGT activity in the serum of five groups of
animals after three months of exposure to NDMA using the Mann-
Whitney U test revealed statistically significant differences (p < 0.05)
between the control group (#5) and a number of study groups
(Table 3.8).
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Table 3.8

Results matrix of nonparametric Mann-Whitney test: comparison
of the distributions of these biomarkers of the effect of NDMA
exposure between groups of animals (3 months from the beginning
of the experiment)*

Significance of differences in AST values between experimental groups after 3 months of

inoculation with different doses of NDMA

Animal
groups

Group No. 1

Group No. 2

Group No. 3 | Group No. 4 | Group No. 5
Uemp = 55; Uemp = 56; B
Ucrit = 33; p>0.05 | Ucrit = 37; p>0.05
Uemp = 34; _ Uemp = 56;
Ucrit = 20; p>0.05 Ucrit = 37; p>0.05
Uemp = 34; Uemp = 55;

Uerit = 20; p>0.05

Group No. 5

4
Group No. 3 Ucrliiein go;:;j(;).os
Group No. 2 Ucrliiein 411)7;=p6>1(;).05 B
Group No. 1 - Ucl‘liiefl 57;:;1(;).05

Uemp = 25;
Ucrit = 30; p>0.05

Significance of differences in ALT values between experimental groups after 3 months of

inoculation with different doses of NDMA

Ucrit = 33; p>0.05

Animal
groups

Group No.

Group No.
Group No.

Group No. 1

Uemp = 55;
Ucrit = 33; p>0.05

Uemp = 52;
Ucrit = 30; p>0.05

Group No. 2 | Group No. 3 | Group No. 4

Group No. 5

Uemp = 18;
Ucrit = 37; p>0.05

Group No.

Uemp = 78;
Ucrit = 47; p>0.05

Uemp = 52;
Ucrit = 30; p>0.05

Group No.

Uemp = 78;
Ucrit = 47; p>0.05

Uemp = 55;
Ucrit = 33; p>0.05

Significance of differences in GGT values between experimental groups after 3 months of
inoculation with different doses of NDMA

Uemp = 18;
Ucrit = 37; p>0.05

Animal
groups

Group No. 1

Group No. 2

Group No. 3

Group No. 4

Group No. 5

Uemp = 43;
Ucrit = 37; p>0.05

Group No. 5

Group No. 4 UcrIthe:l 57?;3(;).05 Uclrjifn:l%i 3ps>,(5)f05
Group No. 3 Ucrliie:l 57;:;5(;).05
Group No. 2 Ucﬂ?ﬂ; ;%(S,f(ﬁ -
Group No. 1 - Uclrjiiila;; 7;&(5)?05

Ucrit = 27; p>0.05

Uemp = 35,5;
Ucrit = 31; p>0.05
Uemp = 47;
Ucrit = 47; p>0.05

Uemp = 43;
Ucrit = 37; p>0.05

*significant differences are highlighted in green, insignificant differences — in yellow
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In particular, Groups No. 1, No. 2, and No. 3 showed a statistically
significant increase in GGT activity compared to the control group.
Meanwhile, Group No. 4 showed no statistically significant differences
with the control group. Despite the general tendency to increase GGT
activity in the experimental groups, the lack of statistical significance
between some groups (e.g., between groups No. 4 and No. 5, as well
as between individual pairs of experimental groups) does not allow us
to draw a definite conclusion about the presence of a clearly expressed
dose-effect relationship.

Similar analysis of AST activity in the serum of five groups of
animals after three months of NDMA exposure using the nonparametric
Mann-Whitney U-test revealed statistically significant differences
(p < 0.05) between some groups. In particular, a statistically significant
increase in AST activity compared to the control group No. 5 was found
in Groups No. 1, No. 2, No. 3, and No. 4. No statistically significant
differences were observed between Groups No. 2 and No. 5, and Groups
No. 3 and No. 4 (p > 0.05). The results indicate a dose-dependent effect
of NDMA on AST activity, although there was some overlap between
groups receiving relatively high doses of NDMA.

Evaluation of serum ALT activity in five groups of animals using
the Mann-Whitney U-test revealed statistically significant differences
(p < 0.05) between a number of groups. In particular, Group No. 5
demonstrated a statistically significant increase in ALT activity
compared to Groups No. 1, No. 2, No. 3, and No. 4. Group No. 4 also
showed a significant increase in ALT activity compared to groups
No. 1 and No. 2. Meanwhile, Group No. 3 showed no statistically
significant difference compared to Groups No. 1 and No. 2, but showed
a significant difference from Group No. 4. In contrast to the established
reliable relationships between serum AST and GGT activity and NDMA
exposure level, evaluation of the relationship between ALT activity and
NDMA exposure at this stage of the study did not allow us to obtain
reliable differences, which requires confirmation in further experiments.

Thus, the results of the analysis of the activity of hepatic enzymes
AST, ALT and GGT in blood serum) after three months of exposure of
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animals to different doses of NDMA using Mann-Whitney U-test revealed
statistically significant differences (p < 0.05) between the experimental
groups (No. 1-No. 4) and the control group (No. 5). All experimental
groups showed a statistically significant increase in AST and ALT activity
compared to control group, indicating the hepatotoxic effect of NDMA.
For GGT, a statistically significant increase in activity compared to the
control group was found in Groups No. 1, No. 2 and No. 3, while Group
No. 4 showed no statistically significant increase in activity.

Additionally, in order to assess the dynamics of changes in the
activity of hepatic enzymes, the data obtained at the 4th month of
experimental exposure to NDMA were analyzed. Table 3.9 presents the
results of AST, ALT, and GGT activities in rat serum at the end of the 4th
month of the experiment, expressed as median values and interquartile
ranges (Me [Q25; Q75])).

Table 3.9

Median values (Me [Q25; Q75]) of biochemical parameters in rat
blood at 4 months of experimental period of NDMA exposure

) Blood biochemical parameters (U/L)
Animal groups (NDMA dose) AST ALT GGT
Group No. 1 (0.04 mg/kg of body 238.2 63.4 4.1
weight) [216.2; 258.8] | [57.0; 66.7] [3.0; 4.8]
Group No. 2 (0.002 mg/kg of body 254.9 63.1 3.7
weight) [229.7;290.5] | [51.1; 70.8] [2.8; 4.4]
Group No. 3 (0.0004 mg/kg body 300.0 60.7 2.6
weight) [260.0; 317.5] | [59.5; 70.2] [2.0; 3.3]
Group No. 4 (0.00002 mg/kg of 2943 87.9 24
body weight) [283.7; 338.1] | [86.0; 102.0] | [2.2;2.8]
292.5 80.9 2.3
Group No. 5 (control) [264.1: 330.0] | [70.5:842] | [2.2:3.9]

Statistical analysis using Mann-Whitney U-test (significance level
p < 0.05), allowed us to compare AST, ALT and GGT activities between
groups at this term and to identify statistically significant changes. In
particular, when analyzing AST activity, the following regularity was
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revealed: statistically significantly higher AST activity was registered in
the group of animals exposed to the maximum dose of NDMA (Group
No. 1, 0.04 mg/kg), as compared to that in Groups No. 3 (0.0004 mg/kg),
No. 4 (0.00002 mg/kg) and Control Group No. 5. A similar trend was
noted for Group No. 3, in which AST activity was statistically significantly
higher than in Groups No. 1, No. 4 and the control group. Of particular
note is the fact that the minimal dose of NDMA (Group No. 4) also leads
to a statistically significant increase in AST activity compared to Groups
No. 1, No. 3 and the control group. It should be noted that AST activity in
Group No. 2 did not show statistically significant differences compared to
the other groups. Collectively, these data suggest that exposure to NDMA
has a pronounced effect on AST activity.

For ALT activity at month 4 of NDMA exposure, a trend toward
fewer statistically significant intergroup differences persisted than for
AST and GGT. Statistically significantly higher ALT activity was re-
corded in Group No. 1 compared to Groups No. 4 and No. 5 (control).
In Group No. 4, statistically significantly lower ALT activity was ob-
served compared to Group No. 1 and Control Group No. 5, as well as
higher activity compared to Group No. 3. ALT activity in Group No. 2
does not show statistically significant differences with other groups.
These data indicate that prolonged exposure to NDMA continues to af-
fect ALT activity, but this effect remains less pronounced than in the
case of AST and GGT.

Analysis of GGT activity at the 5th month of the experiment re-
vealed that Group No. 1 continued to show statistically significantly
higher enzyme activity compared to Groups No. 3, No. 4, and Control
Group No. 5. Similarly, in Group No. 3, GGT activity is statistically
significantly higher than that in Groups No. 1, No. 4 and control group.
Finally, Group No. 4 still showed a statistically significant decrease in
GGT activity compared to Groups No. 1, No. 3, and the control group.
GGT activity in Group No. 2 does not show statistically significant dif-
ferences between groups. These data confirm the persistent effect of
NDMA on GGT activity with prolonged exposure, emphasizing its role
as an indicator of hepatotoxicity.
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In general, analysis of the data obtained at the 4th month of the
experiment confirms the earlier conclusions about the hepatotoxic effect
of NDMA, manifested in changes in the activity of hepatic enzymes.
The patterns found at month 4 are largely maintained, indicating that
the liver effects of NDMA remain stable with prolonged exposure.

In order to assess the dynamic changes in these parameters and
possible stabilization, a similar blood biochemical analysis was per-
formed on the 5th month of the experimental period.

The median values and interquartile ranges (Me [Q25; Q75]) of
AST, ALT, and GGT activities in rat blood serum at month 5 of NDMA
exposure are presented in Table 3.10.

Table 3.10

Median values (Me [Q25; Q75]) of biochemical parameters
in rat blood at the Sth month of experimental period
of exposure to NDMA

. Blood biochemical parameters (U/L)
Animal groups (NDMA dose) AST ALT GGT
Group No. 1 (0.04 mg/kg of body 284.9 82.7 7.0
weight) [270.3; 296.5] | [64.6; 89.8] | [5.9; 7.5]
Group No. 2 (0.002 mg/kg of body 385.1 81.5 2.7
weight) [287.6; 411.6] | [78.5;93.0] | [2.0;3.9]
Group No. 3 (0.0004 mg/kg body 324.9 62.5 3.4
weight) [271.0; 388.4] | [58.2; 68.2] | [2.7; 11.3]
Group No. 4 (0.00002 mg/kg of body 265.5 89.8 2.9
weight) [219.6; 341.4] | [74.6; 112.9] | [2.8; 4.1]
232.5 68.8 3.2
Group No. 5 (control) [205.4; 246.0] | [55.5;77.0] | [2.2; 4.8]

The results presented in Table 3.10 were also subjected to statistical
analysis using the Mann-Whitney U-test to establish statistically
significant inter-group differences in the activities of the liver enzymes
studied.

Analysis of AST activity demonstrated that the group exposed to
the maximum dose of NDMA (Group No. 1, 0.04 mg/kg) showed a sta-
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tistically significant higher enzyme activity compared to Groups No. 3
(0.0004 mg/kg), No. 4 (0.00002 mg/kg) and Control Group No. 5. A
similar trend was revealed in group No. 3, where AST activity was
statistically significantly higher than in Groups No. 1, No. 4 and the
control group. It should be noted that even a minimal dose of NDMA
(Group No. 4) caused a statistically significant increase in AST activity
compared to Groups No. 1, No. 3 and the control group. AST activity
in Group No. 2 did not demonstrate statistically significant differences
from the other groups. The findings suggest that NDMA has an impact
on AST activity.

Regarding ALT activity, it was found that Group No. 1 (0.04 mg/kg)
showed statistically significantly higher enzyme activity compared to
Groups No. 4 and No. 5 (control group). At the same time, Group No. 4
shows statistically significantly lower ALT activity compared to Groups
No. 1 and No. 5, but higher compared to Group No. 3. There were no
statistically significant differences in ALT activity observed between
Group No. 2 and the other groups. The results suggest that there is an
effect of NDMA on ALT activity, but this effect appears to be less pro-
nounced compared to AST.

Analysis of GGT activity revealed statistically significantly higher
enzyme activity in Group No. 1 compared to Groups No. 3, No. 4 and
the control group. A similar trend is observed in Group No. 3, where
GGT activity is also statistically significantly higher than the values ob-
tained for Groups No. 1, No. 4 and the control group. In contrast, Group
No. 4 showed statistically significantly lower GGT activity compared
to Groups No. 1, No. 3 and the control group. GGT activity in Group
No. 2 was not statistically significantly different from the other groups.
The differences observed indicate that NDMA has a significant effect on
GGT activity, comparable in severity to its effect on AST activity.

Thus, statistical analysis of the data obtained by the 5th month of
the experiment confirms the hypothesis of hepatotoxic effect of NDMA,
manifested in changes in the activity of hepatic enzymes (AST, ALT,
GGT). Pattern analysis at month 5 showed that the maximum dose of
NDMA (Group No. 1) continued to have the most pronounced effect on
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enzyme activity, but the group with the lowest dose (Group No. 4) also
continued to show significant changes. Preservation of this trend during
5 months of NDMA exposure allows us to speak about the stable char-
acter of its hepatotoxic effect. The results emphasize the need to further
investigate the mechanisms of NDMA effects on the liver, to assess the
long-term effects of this exposure, and to determine benchmark doses
that have minimal but statistically significant effects.

The results presented above allow us to evaluate the dynamics of he-
patic enzyme activity under the influence of NDMA during the experimen-
tal period. To analyze the hepatotoxic effect of NDMA in more detail, the
median values and interquartile ranges of AST, ALT, and GGT activities in
rat serum at the 6th month of exposure were examined (Table 3.11).

Table 3.11

Median values (Me [Q25; Q75]) of biochemical parameters in rat
blood at the 6th month of experimental period of NDMA exposure

BI iochemical t L
Animal groups (NDMA dose) ood biochemical parameters (U/L)
AST ALT GGT
Group No. 1 (0.04 mg/kg of body 196.4 60.3 3.5
weight) [186.6; 274.6] | [47.3; 78.6] | [3.0; 4.8]
Group No. 2 (0.002 mg/kg of body 267.1 70.4 4.2
weight) [243.7; 302.7] | [63.7; 74.8] | [2.8;5.1]
Group No. 3 (0.0004 mg/kg body 270.7 60.8 4.5
weight) [204.1; 301.2] | [56.4; 67.7] | [4.0; 4.7]
Group No. 4 (0.00002 mg/kg of body 218.3 83.3 4.0
weight) [195.0; 239.4] | [73.5;89.2] | [3.4;4.2]
196.4 60.3 3.5
Group No. 5 (control) [186.6; 274.6] | [47.3; 78.6] | [3.0; 4.8]

The data obtained indicate the persistence of hepatotoxic effects of
NDMA throughout the six-month experimental period. At the end of the
experiment (month 6), statistical analysis revealed that the maximum
dose of NDMA (group #1) still had the most pronounced effect on AST
and GGT activity (Table 3.12).
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Table 3.12
Results matrix of nonparametric Mann-Whitney test: comparison
of distributions of these biomarkers of the effect of NDMA
exposure between animal groups (6 months from the beginning of
the experiment)*

Significance of differences in AST values between experimental groups after 6-month
inoculation with different doses of NDMA

Animal
groups

Group No.1 | Group No.2

Uemp = 28,
Ucrit =37, p > 0.05
Uemp = 32,
Ucrit = 35, p > 0.05

Group No.3 | Group No.4

Group No.5

Group No.

Group No.

Uemp =41, .
Group No. Ucrit = 50, p > 0.05
Uemp = 52, o Uemp = 48, Uemp = 37, Uemp = 29,
Group No. 2 |yt = 55 p = 0.05 Uctit = 53, p > 0.05| Uerit = 49, p > 0.05| Ucrit = 41, p > 0.05
Uemp = 52,
Group No. 1 - Uerit = 55, p > 0.05

Significance of differences in ALT values between experimental groups after 6-month
inoculation with various doses of NDMA

Group No. 2

Animal
groups

Group No. 1 Group No. 3 | Group No. 4 | Group No. 5

Group No. 5 Ucr}tjzrzg,; 3>1E).05 chi?zz ?6.05

Group No. 4 N

Group No. 3 Ucr}tje:rzg,zsz.% Ucrgznslg,;fb.os - Uerit in‘ltg,=p3>6 0.05
Group No. 2 Ucri[tJinSlg,;ilb.OS — Uerit. in;%,zpf 005 Uerit ini‘i,?f 0.05
Group No. 1 . Uemp =51, Uemp = 29,

Ucrit= 58, p > 0.05 |Ucrit = 47, p > 0.05
Significance of differences in GGT values between experimental groups after 6-month
inoculation with various doses of NDMA

Animal
groups

Group No. 1 | Group No. 2 | Group No. 3 | Group No. 4 | Group No. 5

Group No. 5 Ucri[g:ngg,z 5>3E).05 Ucri[tj S?tl;,:pil 0.05 -
Group No. 4 N

Group No. 3 Ucngﬁg,?;lb.os Ucriltjzrgﬂ,:p4>6 0.05 - Uerit in;%,=p3f 0.05
Group No. 2 | e i%lg,sz.os — Uerit Zn;%,=p4>9 005 Uerit inclt%,=p3>5 0.05
Group No. 1 - Ucﬁltjzn}ig,zp?f e in;l;fpzf 0.05

*significant differences are highlighted in green, insignificant differences — in yellow
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Meanwhile, the lowest dose of NDMA (Group No. 4) also
continued to produce statistically significant changes, especially in
AST, which may indicate increased sensitivity to NDMA at low
concentrations. ALT activity shows less pronounced changes compared
to other enzymes.

Importantly, despite the absence of a progressive increase
in enzyme activity from month 5 to month 6, the persistence of
statistically significant differences between groups indicates chronic
hepatotoxic effects of NDMA. Thus, by the end of the experiment, the
data obtained indicate the effect of NDMA on the activity of hepatic
enzymes. The maximum dose of NDMA (Group No. 1) has the most
pronounced effect on AST and GGT activity, while the minimum dose
(Group No. 4) also causes statistically significant changes, especially
with respect to AST. ALT activity demonstrates less pronounced
changes. The absence of statistically significant differences in Group
No. 2 may indicate the nonlinear nature of the dose-effect relationship.
The results confirm the hepatotoxic effects of NDMA throughout the
experimental period.

The results obtained from the study are represented in the graphs
below. These graphical representations allow us to assess the extent to
which different doses of NDMA affect the activity of the main hepatic
enzymes. In particular, the graphs demonstrate the median values of
AST, ALT and GGT activities for each experimental group (Groups
No. 1-No. 5) throughout the observation period. Visualization of median
values allows to level out the influence of possible outliers and to obtain
a more representative picture of the state of liver parameters in each
group (Figures 3.1-3.3).

Figure 3.1 shows the median values of alanine aminotransferase
(ALT) activity at the end of a 6-month period of exposure to N-nitro-
sodimethylamine (NDMA) in the different experimental groups. Anal-
ysis of the obtained data indicates the absence of a pronounced linear
dose-effect relationship. In particular, the maximum dose of NDMA
(0.04 mg/kg) was not associated with maximal ALT activity. At the same
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Median ALT values (Units/L) by groups
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Fig. 3.1. Effect of different doses of NDMA on median values of ALT
activity in animal groups during the study period.

time, relatively elevated ALT values were recorded in the group receiv-
ing the minimum dose of NDMA (0.00002 mg/kg), which may indicate
the involvement of specific mechanisms of hepatotoxic action initiat-
ed by low concentrations of NDMA. Alternatively, the observed results
may be explained by the phenomenon of hormesis [Calabrese & Baldwin,
2003a], where an intermediate dose of NDMA (0.0004 mg/kg) induces
adaptive or protective processes leading to a decrease in ALT activity.
Another possible explanation is the activation of a unique mechanism
at the 0.00002 mg/kg dose level that promotes the release of ALT into
the bloodstream; this mechanism may not function or may be inhibited
by exposure to higher concentrations of NDMA. It should be noted that
it was beyond the scope of this study to determine the specific mecha-
nisms responsible for the observed deviations from the linear dose-ef-
fect relationship with respect to ALT activity. Nevertheless, the obtained
results allow us to designate this direction as a promising one for further
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scientific research, in particular, by means of in vitro experiments using
cellular models of hepatocytes, as well as in-depth analysis of histo-
morphological changes in liver tissue using quantitative morphometry
methods.

Median AST values (Units/L) by groups
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Groups of animals (NDMA dose)

Fig. 3.2. Effect of different doses of NDMA on median values of AST
activity in animal groups during the study period.

Figure 3.2 shows the median values of AST activity at the end
of the 6-month period of exposure to N-nitrosodimethylamine in
the different experimental groups. Analysis of the obtained data
demonstrates a pattern similar to that observed for ALT activity (Fig.
3.1). In particular, no pronounced linear dose-effect relationship is
observed for AST either. The maximum dose of NDMA (0.04 mg/kg)
did not result in maximal enzyme activity, and relatively elevated AST
values were recorded in the group that received doses of NDMA lower
than the maximum.
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Median GGT values (Units/L) by groups
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Fig. 3.3. Effect of different doses of NDMA on median values of GGT
activity in groups of animals during the study period.

Figure 3.3. demonstrates the median values of GGT activity for
different groups of animals. In contrast to AST and ALT, GGT activity
appears to be more sensitive to NDMA exposure in Group No. 1 (0.04
mg/kg), where a significant increase was observed by month 5 (7.0 U/1),
with a slight decrease by month 6 (5.3 U/l). At the same time, the lower-
dose groups showed less pronounced changes in GGT activity.

This may support the hypothesis that high doses of NDMA have
a more pronounced damaging effect on hepatocytes and bile duct
epithelial cells, leading to increased release of GGT into the blood.

Despite the fact that the analysis of median values of ALT and
AST activity did not reveal a strict linear relationship between dose and
effect, this does not exclude the possibility of describing the relationship
between NDMA concentration and activity of the above enzymes using
nonlinear regression models. As noted earlier, complex biological
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processes, such as hormesis or activation of specific mechanisms
of hepatotoxicity at low doses, may lead to deviations from a linear
relationship. Therefore, in order to better characterize the relationship
between NDMA dose and liver enzyme activity, the following section
will discuss the use of non-linear regression models that allow for
complex, non-monotonic dependencies.

Analysis of the dependence of hepatic enzyme activity
(biomarkers of effect) and blood NDMA concentration
(biomarker of exposure) on the level of NDMA
exposure by nonlinear paired regression method

The primary objective was to identify the predictors of liver
dysfunction. To achieve this goal, we analyzed the relationship between
baseline levels of liver enzyme activities and the likelihood of their
increase under NDMA exposure. In this study, a statistical approach
was used to evaluate the effect of N-nitrosodimethylamine dose on the
activity of hepatic enzymes (AST, ALT, GGT). For a more detailed
analysis of the relationship between NDMA dose and the activity of
liver enzymes (AST, ALT, GGT), it is reasonable to use the method of
nonlinear pairwise regression. In this approach, the dependent variables
are AST, ALT, and GGT activities, and the independent variable is the
NDMA dose. Analysis of the parameters of nonlinear regression models
will allow us to evaluate the nature of the effect of NDMA dose on
the activity of each enzyme, as well as to determine the statistical
significance of the revealed dependencies.

A series of logistic regression analyses were performed to assess
whether GGT, AST and ALT activities could be used as indicators of
enzyme activity exceeding the median value of the control group during
months 1-6 of the study as a function of N-nitrosodimethylamine dose
(Table 3.13). In each analysis, the dependent variable was the presence
or absence of an excess of enzyme activity above the median value of the
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control group between months 1 and 6 of the study, and the independent
variable was the baseline blood concentration of the corresponding
enzyme.

Table 3.13

Logistic regression results for predicting the excess of hepatic
transaminase (ALT and AST) and gamma-glutamyltransferase
(GGT) activities in serum under exposure
to N-nitrosodimethylamine (NDMA)

GGT ALT AST
Variable ‘ OddS ‘ OddS ‘ OddS
Evaluation| ratio |Evaluation| ratio |Evaluation| ratio
(units) (units) (units)
B0 (Constant) 0.397 0.345 0.065 1.067 -0.999 0.368
Initial
concentration in -1.065 1.487 -0.316 0.729 1.997 7.367
blood
Model statistics
Chi-squared
(df= 1) 9.975 0.630 34.524
p-value 0.002 0.427 < 0.001
Total losses
(Log-Likelihood) 103.144 107.816 90.869

The analysis of initial concentrations of enzymes (GGT, AST and
ALT) within the framework of the study of NDMA influence on their
dynamics allowed to reveal significant patterns that can be used to
predict changes in enzyme activity. The results of the study indicate
that baseline levels of GGT and AST have a pronounced prognostic
value with respect to the probability of their activity exceeding the
median value of the control group during 6 months under NDMA
exposure.

191



We applied a logistic regression model to identify the
relationship between gamma-glutamyltransferase concentration and
N-nitrosodimethylamine dose. A binary variable was used as the
dependent variable denoting whether the GGT level exceeded (1)
or did not exceed (0) the median value of the control group. The
independent variable was the dose of N-nitrosodimethylamine. Model
parameters were estimated by Maximum Likelihood Estimation
(MLE) method. The final value of the loss function was 222.73,
indicating an acceptable fit of the model to the empirical data. The
statistical significance of the constructed model was evaluated using
the chi-square criterion (y*). The results of the analysis showed high
statistical significance of the model: ¥*(1) = 20.417 at p < 0.00001
(critical significance level a = 0.05) (Table 3.14).

Table 3.14

Logistic regression results for predicting NDMA dose based
on GGT levels in rat blood

Parameter Evaluation Odds ratio (units)
B0 (Constant) -1.22055 30.37359
GGT level in blood 0.29507 3.37010

Estimation of the model parameters revealed that the constant
(BO) has a value of (-1.22), which corresponds to an odds ratio (OR) of
0.295. This fact indicates that at zero dose of NDMA, the probability of
effect onset decreases by a factor of 0.295 relative to baseline, indicating
a low probability of a positive effect in the absence of NDMA exposure.
The coefficient estimate for the NDMA dose was 30.37, corresponding
to OR =3.37.
Based on the modeling performed, it can be concluded that the
dose of NDMA has a significant effect on the probability of occur-
rence of the observed effect. High statistical significance of the model
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(p < 0.00001) confirms the presence of a pronounced dependence be-
tween the studied parameters.

A visual representation of the dependence of the probability of
NDMA exposure on GGT levels is presented in Figure 3.4.

Model logistic regression

y=exp(-1,220544798116+(30,37358912366)*x)/(1+exp(-1,220544798116+(30,3735891236
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Fig. 3.4. Model (logistic regression) describing the effect of NDMA dose on the
probability of GGT level increase in blood in rats.

The graph shows a sigmoidal shape of the curve, which is typical of
logistic regression models. Visual analysis of the graph suggests that as
GGT levels increase, the likelihood of an effect associated with NDMA
exposure increases. This trend is consistent with a positive regression
coefficient value and an odds ratio value exceeding 1.

The observed statistically significant relationship between GGT
levels and NDMA dose suggests that GGT may serve as a marker of the
effect of NDMA exposure on the liver.
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The performed data analysis, including the application of regression
modeling methods, did not reveal statistically reliable models describing
the relationship, corresponding to biological plausibility, between the
dose of N-nitrosodimethylamine and the activity of AST and ALT
enzymes. This indicates that for these indicators it was not possible to
establish a significant relationship that could be described using linear
or non-linear regression models.

Thus, serum GGT is a statistically significant biomarker of the
effect of probability of exposure to NDMA.

The findings indicate that an increase in GGT level by one unit
results in a statistically significant 3.37-fold increase in the odds of
an effect associated with NDMA exposure. This is supported by the
statistical significance of the logistic regression model (y*(1) = 20.42,
p <0.00001), which allows us to consider GGT as a promising indicator
of the effects of NDMA on the liver.

In contrast to GGT, no statistically significant relationships
between their activity and NDMA dose were found for the
enzymes AST and ALT. This can be explained by the complexity of
biological interactions, including individual metabolic peculiarities,
adaptive reactions of the organism and activation of compensatory
mechanisms capable of masking potential effects. In addition, the
observed variability in AST and ALT levels may be due to individual
biological variability [Calabrese and Baldwin, 2003b; Eaton and
Gilbert, 2008; Andersen and Krewski, 2009; Hernandez, Parrén and
Alarcon, 2011].

Based on the empirical data obtained, it can be concluded that
GGT level is the most informative biomarker to assess the hepatotoxic
effects of NDMA. Therefore, it 1s recommended that it be used as
a key parameter in establishing a reference NDMA exposure level
(BMDL).

In order to assess the applicability of NDMA as a biomarker
of exposure, the content of NDMA in the peripheral blood of
laboratory animals after exposure to different doses of the substance

194



was analyzed. During the experiment, it was found that the control
group (without NDMA administration) had the lowest concentration
of NDMA in blood (0.00 ng/ml). In the groups receiving NDMA, an
increase in blood levels of the substance was observed, with median

concentration values varying according to the dose received (see
Table 3.15).

Table 3.15

Concentration of NDMA in peripheral blood of experimental
animals established during the chronic experiment,
Me [Q25; Q75], ng/ml

Concentration of NDMA in blood in the

Animal groups (NDMA dose) experimental group

Group No. 5 (control) 0.00 [0.00; 0.00295]
Group No. 4 (0.00002 mg/kg of body 0.00351 [0.00350: 0.00358]

weight) ' ' T

Group No. 3 (0.0004 mg/kg body 0.50525 [0.448: 0.5068]
weight) ' o

Group No. 2 (0.002 mg/kg of body 0.546 [0.0: 0.613]
weight) ' B

Group No. 1 (0.04 mg/kg of body 0.79 [0.47: 0.79]
weight) ' T

The concentration of NDMA in the blood of laboratory animals
ranged from 0.00351 [0.00350; 0.00358] to 0.79 [0.47; 0.79] ng/ml in
the experimental groups.

A binary logistic regression method was used to establish the re-
lationship between the incoming dose and the achieved blood concen-
tration of NDMA as a biomarker of exposure. The incoming dose of
NDMA served as the independent variable and its blood concentration
measured at a certain time after administration served as the dependent
variable.
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This study analyzed the relationship between the dose of N-nitro-
sodimethylamine and the probability of a binary outcome coded as “0”
and “1”. Here, “0” corresponds to a blood concentration of NDMA be-
low the mean value, and “1” corresponds to a blood concentration of
NDMA above the mean value.

The chi-squared test was used to assess the statistical significance
of the model. The significant value of y? for one degree of freedom
is 3.84. The results of the chi-squared test (y*(1) = 4.37; p = 0.037)
indicate a statistically significant association between the incoming
dose of NDMA and the probability of outcome at a significance level of
a = 0.05. The model parameters are presented in Table 3.16.

Table 3.16

Parameters of the logistic regression model of the dependence
of the probability of change in the level of NDMA in the blood
of experimental animals on the incoming NDMA dose

Parameter Evaluation (B) Odds ratio (OR)
Incoming dose of NDMA (B0) 0.085679 1.089457

Dependent variable (NDMA
concentration in blood)

149.1888 6.7899

The BO (intercept) factor corresponding to the conditions of
no NDMA intake is 0.086. The odds ratio for this factor is 1.09.
Consequently, this parameter has no significant effect on the dependent
variable (the probability of an increase in the NDMA concentration in
blood).

Similarly, the B coefficient for the independent variable (the mag-
nitude of the incoming blood dose of NDMA) is 149.19 and the corre-
sponding odds ratio is 6.79. This indicates a strong positive relationship
between blood NDMA concentration and the odds of event “1” (the
probability of an increase in blood NDMA concentration).
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Graphical representation of the logistic regression obtained during
the study is presented in Figure 3.5.

Model: Binary logistic regression of NDMA level change in blood probability dependance on the
administered NDMA dose

y=exp(,08567937711557+(149,18879291113)*x)/(1+exp(,08567937711557+(149,18879291
1,2 , . : . . , ,

1,0 v o ® o o o o o ooo o
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Probability of NDMA level increase in blood
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NDMA dose, mg/kg of body weight

Fig. 3.5. Logistic regression plot of the dependence of the probability
of change in the level of NDMA in blood on the incoming dose of NDMA.

The conducted study confirmed the presence of statistically
significant ~ dependence  between the incoming dose of
N-nitrosodimethylamine and the probability of change in its
concentration in the blood of experimental animals. The results of the
analysis demonstrate that an increasing dose of NDMA leads to an
increased probability of exceeding the average level of its concentration
in blood, which indicates a pronounced dose-dependent response of the
organism to exposure to this substance.

Consequently, the concentration of NDMA in blood can be
considered as a potential exposure marker, i.e. an indicator reflecting
the degree of exposure to this substance.
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Further in this monograph methodological approaches and practical
aspects of establishing reference exposure levels for NDMA will be
discussed, based on the data obtained on the informativeness of GGT as
a biomarker of hepatotoxicity and NDMA concentration in blood as a
marker of exposure.

Establishment of NDMA reference level on the basis of preliminary
data of toxicological experiment on rats based on GGT level

The Benchmark Dose Lower Confidence Limit (BMDL) method,
in particular the sliding window method, is widely used to determine
safe levels of exposure to substances using toxicological studies in
animal models. Within these studies, a key step is the calculation of
OR to assess the relationship between exposure and the development
of adverse effects for the full range of concentrations of the substance
under study.

The sliding window method involves sequentially considering a
number of hypotheses about the existence of an association between
a particular level of exposure and the occurrence of health disorders.
In this case, for each hypothesis under consideration, two groups are
formed: a control group consisting of animals exposed to concentrations
below the one under consideration, and an experimental group including
animals exposed to concentrations above the one considered.

For each hypothesis, a statistical assessment of whether there is an
association between exposure and effect is performed using the odds
ratio as a measure of association. The resulting OR values are used to
construct mathematical models describing the relationship between the
dose of an ingested chemical and the odds ratio (dose-response). These
models allow quantification of the risk of adverse effects at different
exposure levels.

It is important to note that this methodology used in the context
of quantitative assessment of non-carcinogenic risk, especially in the
justification of hygienic standards, complies with the requirements
established in the EAEU for the justification of hygienic standards
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for the content of chemical substances and biological agents in food
products based on health risk criteria. This ensures that the results of the
studies meet regulatory requirements and are applicable in the practice
of establishing safe levels of exposure [Peto, Gray and Branton, 1991].

To ensure the reliability of the obtained results, the adequacy of the
constructed mathematical models is assessed. This evaluation is based
on a one-factor analysis of variance using Fisher's F-criterion to assess
the statistical significance of the model and its ability to adequately
describe the observed data.

When constructing mathematical models, the uncertainty of the
estimates must be taken into account. This is done by determining 95%
confidence limits for point estimates of acceptable levels of exposure
markers. These confidence intervals allow the range of likely safe
exposure levels to be estimated and allow for data variability.

Establishment of NDMA reference level on the basis
of preliminary data of toxicological experiment on rats

Using the sliding window method described above, a model of
the probability of change in y-glutamyltransferase activity (marker of
effect) versus dose (NDMA) (marker of exposure) was constructed.
Parameterization of the model was carried out based on the calculated
OR values.

Determination of the parameters of the mathematical model
(3.1) “exposure-response” (b,, b,) is performed by the method of least
squares with the use of statistical data analysis software packages (e.g.,
Statistica 10.0) [Health risk analysis in the strategy of state socio-
economic development: Monograph].

1

= g b0t where (3.1)

p — probability of response;
X, — dose value, mg/kg body weight per day;
b,, b, — model parameters.
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The results of the parameterization are presented in Fig. 3.6. The
model parameters are presented in Tables 3.17-3.18.

NDMA dose, mg/kg of body weight = GGT level in rat blood NDMA dose, mg/kg of body weight — GGT level in rat blood
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Fig. 3.6. Results of parameterization of dependence of blood GGT concentration
(marker of effect) on NDMA dose (exposure value). Odds ratio graph (left),
probability graph (right).

Table 3.17

Results of regression analysis of the effect of NDMA dose on blood
GGT concentration (indicating the probability of biomarker increase)

Reference

Probability| Indicator Indicator b0 Error bl Error F p R2 level

Increase in|NDMA dose,| GGT level
biomarker | mg/kg of |in the blood|-0.6748|0.00029 | 24.75068 [23.447{26.12657{0.00001 |0.33| 0.006445
of effect |body weight| of rats

Table 3.17 presents the results of regression analysis showing the
effect of N-nitrosodimethylamine dose on gamma-glutamyltransferase
concentration in rat blood. Based on the results of regression analysis,
a statistically significant relationship was observed between NDMA
dose and GGT concentration in rat blood (p < 0.00001). A positive
bl coefficient (24.75) indicates that an increase in NDMA dose is
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associated with an increase in GGT levels. The R2 value (0.33) indicates
that the model explains 33% of the variance in GGT levels by NDMA
dose. Regression analysis established a reference level for the NDMA
dose, which was 0.006445 mg/kg m.w., above which an increase in the

biomarker of effect is expected.
Table 3.18

Calculated values of the odds ratio of the dependence of blood
GGT concentration on the incoming dose of NDMA

OR Indicator Indicator a0 al F p R2

Increase in NDMA dose, mg/kg | GGT level in the
biomarker of effect | of body weight blood of rats

-0.89938 | 117.4716 | 61.81866 | 0.00 | 0.36

The results indicate a statistically significant relationship between
NDMA dose and increased GGT levels in the blood of rats. The
F-statistic value (F = 61.82) and the corresponding p-value (p < 0.001)
indicate the significance of regression model. The determination
coefficient (R2 = 0.36) demonstrates that 36% of the variation in the
logarithm of the odds ratio of increased GGT levels is explained by
variation in NDMA dose.

Logistic regression model revealed a statistically significant and
positive relationship between NDMA dose and increased GGT levels
in the blood of rats. This indicates that an increasing dose of NDMA
is associated with an increased likelihood of elevated GGT levels,
supporting its role as a biomarker of toxic effects of NDMA.

Analysis of data from a toxicological experiment on laboratory
animals revealed a statistically significant correlation between NDMA
dose and changes in GGT activity in blood serum (see Table 3.14).
Additional modeling of the probability of GGT increase with increasing
NDMA exposure, as well as sliding window analysis, confirmed the
statistical significance of this correlation.

Based on the data obtained, the lower confidence limit of the
exposure causing a minimally significant effect (BMDL) for NDMA
was estimated to be 0.006445 mg/kg of body weight. In accordance
with the methodological approaches to risk assessment adopted in the
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EAEU countries [Methodological Guidelines for the Establishment and
Justification of Hygienic Standards for the Content of Chemical Impurities
and Biological Agents in Food Products by Human Health Risk Criteria],
the following uncertainties were consistently applied to the BMDL value:

1. A cross-species extrapolation factor of 10: This factor accounts
for differences in sensitivity to chemical exposure between experimental
animals and humans. It reflects the variability in physiological, metabolic
and pharmacokinetic characteristics between species. The use of factor
10 1s due to the need to provide a sufficient margin of safety, taking
into account the potential increased sensitivity of humans compared to
experimental animals.

2. Extrapolation factor from controlled experimental conditions to
real exposure conditions equals 6: This factor accounts for the difference
between experimental conditions and real human exposure scenarios.
Experimental studies tend to use fixed, relatively high doses, whereas in
real life, exposure can be variable, depending on the concentration of a
substance, such as in food, lifestyle and individual habits. Uncertainty
related to the route of exposure is also taken into account: experiments
often use a single route of exposure (in the present study, for example,
oral), whereas in real life the substance may enter the body by different
routes (inhalation, drinking, skin contact). Finally, the factor accounts
for differences in exposure duration: experiments are often conducted
chronically, but actual exposure may be intermittent or change over
time. The choice of factor 6 is due to the need to take into account the
complexity and variability of the conditions of real impact, which are
not always fully reproduced in experimental conditions.

3. Factor for using the BMDL as a starting point for establishing an
acceptable daily dose of 4: This factor refers to the uncertainty associated
with using the lower confidence limit (BMDL) for the estimated dose
causing a particular effect to determine the ADD. BMDL represents
the lower limit of the confidence interval for BMD (Benchmark Dose),
which reduces the risk of underestimating the hazard. The use of BMDL
is a conservative approach that generally accounts for the uncertainties
associated with estimating the dose that causes a particular effect,
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including variability of response in the population and measurement
error. The use of factor 4 reflects the effort to provide an additional
safety margin when using statistical estimates based on limited data.

4. Factor to account for extrapolation of chronic exposure studies
(factor accounting for exposures up to one year) of 4: This factor
accounts for the uncertainty that arises when extrapolating the results
of studies with exposures lasting less than one year to longer exposure
periods (e.g., lifetime). Short-term experiments may not fully reflect
long-term effects. Factor 4 takes into account potential changes in
toxicity mechanisms, cumulative effects and adaptation processes that
may develop during long-term exposure.

The resulting combined uncertainty factor of 960 justifies
the setting of the ADD/RfD based on the resulting BMDL value.
Considering this combined uncertainty, the ADD/R{D for NDMA was
set at 6.7x10° mg/kg of body weight.

The resulting value, unlike that previously proposed by
US EPA RfD [Provisional Peer Reviewed Toxicity Values for
N-Nitrosodimethylamine] (8x10° mg/kg of body weight), appears
to be more valid and reliable. The advantages of the present RfD are
attributable to a number of factors:

— Use of modern analytical methods: Modern analytical methods
that provide increased accuracy and sensitivity in the determination of
NDMA concentrations have been used in this work. This allowed a more
adequate estimate of exposure and consequently reduced the uncertainty
in the calculation of RfD.

— Reduced uncertainty: The RfD establishment process minimiz-
es uncertainties associated with extrapolating data from animals to hu-
mans, accounting for individual sensitivity and other variables. This has
been achieved through the use of more comprehensive data and the ap-
plication of statistical methods that allow for more accurate population
risk assessment.

— A more accurate assessment of the dose-effect relationship: A de-
tailed analysis of the dose-effect relationship was performed, taking into
account both benchmark and benchmark-free effects of NDMA. This al-
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lowed for a more accurate determination of the exposure level at which
there is no significant risk to human health.

Thus, the NDMA reference dose obtained in the present study
(0.000067 mg/kg body weight) seems reasonable for priority use in
public health risk assessment.

Analysis of the regression model presented earlier in this monograph
showed that the presence of NDMA in the blood indicates the fact of its
entry from outside, which is consistent with the experimental conditions.
However, it should be taken into account that NDMA can be formed
endogenously in the body [Zaitseva, Ulanova, Nurislamova, Maltseva,
2018; Bogovsky, Wettig, 1988; Nair et al., 1996]. Within the dose range
investigated, it was not possible to construct a reliable model to determine
a benchmark level of NDMA concentration in blood that could be consid-
ered an unambiguous biomarker of exposure, since endogenous formation
of NDMA can affect the baseline level of its content in blood.

The study details the -characteristics of the exposure-effect
relationship in relation to the assessment of risk due to exposure to
N-nitrosodimethylamine. It has been confirmed that NDMA can induce
both effects that have no benchmark dose levels and effects that only appear
when a certain level of exposure is reached. The liver has been found to be
a major target organ in the development of non-carcinogenic effects.

Changes in serum enzyme activity were considered as potential
biomarkers of adverse effects. A statistically significant relationship
between NDMA exposure and GGT level was found, indicating the
promising use of this enzyme as a biomarker of hepatotoxicity.

Meanwhile, for AST and ALT enzymes, no pronounced dependence
with NDMA dose was revealed, which is probably due to the complexity
of biological processes. The NDMA concentration in blood showed a
dose-dependent response, which allows it to be considered as a potential
marker of exposure; however, the possibility of endogenous NDMA
formation must be considered.

Based on the analysis, a reference dose of NDMA (0.000067 mg/kg
of body weight) has been proposed, which can be used to assess risks to
public health.
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CONCLUSION ON THE RESULTS OF JOINT RUSSIAN-
VIETNAMESE ACTIVITIES IN 2023-2024

The implemented phases 2023 and 2024 included a successful
training and professional development program for the National Institute
of Food Control (NIFC) specialists in the field of assessing public
health risks associated with chemical exposures and in the application
of exposure and effect biomarkers for food safety.

NIFC hosted training workshops on risk assessment methodology,
exposure and effect biomarkers in 2023 for eight specialists. In addition,
practical seminars on bio media sampling from laboratory animals were
organized on the basis of the Federal Scientific Center for Medical. As
part of advanced training, four NIFC specialists mastered the techniques
of blood collection from laboratory animals.

In 2024, the training program was continued: five NIFC specialists
took part in the training on the technique of blood collection from
laboratory animals, held on the basis of NIFC (Hanoi).

This training focused on practicing proper sampling techniques,
adhering to aseptic and antiseptic standards, and minimizing stress to the
animals. Improving these key skills directly impacted the accuracy and
reproducibility of experimental data, providing more reliable research
results.

A comprehensive study was conducted within the framework of
the federal project "Sanitary Shield" on the development of parameters
for quantitative assessment of non-carcinogenic risk formed by
exposure to N-nitrosodimethylamine under conditions of chronic
toxicological experiment. This study made a significant contribution to
the understanding of the mechanisms of formation of public health risks
associated with exposure to N-nitrosoamines, in particular NDMA,
coming with food products.

The parameters of the exposure-effect relationship for NDMA have
been established, and the benchmark level of NDMA in assessing its
effect on the key target organ, the liver, has been identified. A statistically
significant relationship between gamma-glutamyltransferase activity
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and NDMA dose was identified, which allows us to consider GGT as
a promising biomarker of hepatotoxicity. The study substantiated the
possibility of using the concentration of NDMA in blood as a marker of
its exogenous intake.

Based on dose-effect analysis, a reference dose of NDMA has
been proposed that can be used for risk assessment in oral ingestion.
The findings provide a scientific basis for updating current safety levels
in food products, taking into account new data on exposure benchmark
levels and biomarker specificity.

Successful international collaborations with  Vietnamese
scientists have brought together to develop global strategies to control
N-nitrosamines in the food chain. The results of the study provide a
solid basis for further research aimed at studying the mechanisms of
endogenous NDMA formation, validation of biomarkers in different
populations, and development of preventive technologies aimed at
reducing the content of N-nitrosamines in food products.

An epidemiologic study is planned for 2025 based on the data
obtained to refine and confirm the toxicological parameters established
in this work.

The practical significance of the work lies in the possibility of
introducing scientifically based standards aimed at minimizing risks to
public health, as well as in the development of recommendations for the
prevention of adverse effects of NDMA, in particular hepatotoxic effects
associated with its dietary intake. The results of the research will be
of interest to the authorities of Rospotrebnadzor, food producers, and
international organizations involved in food safety, and may contribute
to the improvement of the effectiveness of measures for the protection
of public health.
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LIST OF ABBREVIATIONS

EAEU — Eurasian Economic Union

NIFC — National Institute of Food Control

Federal Scientific Center of Medical and Preventive Health Risk
Management Technologies — Federal Budgetary Institution of Science
“Federal Scientific Center of Medical and Preventive Health Risk
Management Technologies™

NDMA — N-Nitrosodimethylamine

NMEA — N-Nitrosomethylethylamine

NDEA — N-Nitrosodiethylamine

NDBA — N-Nitrosodibutylamine

NDPA — N-Nitrosodipropylamine

NPIP — N-Nitrosopiperidine

NPYR — N-Nitrosopyrrolidine

NMOR — N-Nitrosomorpholine

NDPHA — N-Nitrosodiphenylamine

LLOD — lower limit of detection

SRV — Socialist Republic of Vietnam

RfD — reference dose

TARC - International Agency for Research on Cancer

US EPA — U.S. Environmental Protection Agency

SFo — carcinogenic potential factor in oral intake

LOAEL - the lowest observed adverse effect level

NOAEL - the no observed adverse effect level

LDS0 — the dose causing death of 50% of specimens in the study group
ADD — average daily dose

LADD - average daily doses, averaged over the average life expectancy
of a person

CR — carcinogenic risk

HQ — hazard quotient

HI — hazard index

ADD - allowable daily dose

BMDL — benchmark dose level
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DNA — deoxyribonucleic acid

RNA - ribonucleic acid

ALT - alanine aminotransferase

AST — aspartate aminotransferase

GGT — gamma-glutamyltransferase

MRL — minimum risk level

UF — uncertainty factor

GC-MS/MS - gas chromatography-mass
spectrometry

OR — odds ratio
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Xéc dinh mdi nguy ctia N-nitrosamine dé danh gia dinh luong nguy co
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GIOI THIEU

Trong bdi canh hoat dong hop tac qudc té duogc trién khai manh
mé trén toan cau trong linh vuc dam bao an toan vé sinh va dich té,
vao ngdy 12 thang 11 nam 2013 tai thanh phdé Ha Noi (nuéc Cong hoa
Xa hot Chu nghia Viét Nam), Ban ghi nhé hop tac gitra Co quan Lién
bang giam sat bao vé quyén loi nguoi tiéu dung va phuc loi con nguoi
(Rospotrebnadzor) ctia Lién bang Nga va Bo Y té Viét Nam da duoc ky
két. Ban ghi nhd 1a nén tang cho viéc ting cudng hop tac khoa hoc gitra
hai don vi va la tién dé dé dua cac du an nghién ctru chung vao du an
lién bang do Rospotrebnadzor dé xuat "La chin vé sinh" vao nim 2022.
Du 4n "L4 chin vé sinh" duogc thuc hién nhim phat trién hop tac quéc
té trong linh vuc an toan vé sinh dich té, bao gém trao d6i kinh nghiém
va thong tin voi cac dbi tac nudc ngoai. Ngoai ra, du an con du kién
hudng té1 nang cao nang luc thong qua viéc dao tao va nang cao trinh
dd chuyén moén cho cac chuyén gia trong cac linh vuc gidm sat v¢ sinh
dich t&, thir nghiém va tng pho véi tinh hudng khan cap. Mot khia canh
quan trong cia du an 1a cai thién hé thong cung cap thong tin thong qua
viéc xdy dung va phat trién cac mang ludi thong tin, dam bao trao doi
dir liéu kip thoi gitra cac co quan va khu vuc khac nhau, cling nhu thong
bao cho nguoi dan vé cac nguy co va bién phap phong ngira. Muyc dich
cudi cung cta du an "L chan vé sinh" 13 dy kién cai thién co so phap 1y
nham diéu chinh céac van dé lién quan dén phtic 1gi vé sinh dich té cua
dan cu, diéu nay phan anh cach tiép can toan dién dé dam bao suc khoe
cong dong.

Trong khudn khd du an "L4 chin vé sinh", hoat dong danh gia
nguy co strc khoe va dam bao an toan hoa hoc trong cac san pham thuc
phém s€ dugc uu tién thuc hién b1 Vién Ngan sach Lién Bang vé Khoa
hoc "Trung tim khoa hoc Lién Bang Nga vé cong nghé y hoc du phong
d6i voi nguy co stc khoe" ctua Rospotrebnadzor (FBSI) (thuéc Thanh
phd Perm) va Vién Kiém nghiém an toan vé sinh thuc pham quéc gia
(NIFC). Co s¢ cho sy hop tac nay 1a Ban ghi nhd (Memorandum of
Understanding) duoc ky két gitra hai bén vao nam 2018,
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FBSI da hinh thanh mot truong phai khoa hoc phan tich nguy co
vé stc khoe, tap hop kinh nghiém cua cac nha khoa hoc tré dugc cong
nhan va trién vong trong linh vuc y hoc dy phong, vé sinh, dich t& hoc
cac bénh khong lay nhiém, di truyén té bao, mién dich hoc, héa hoc
phan tich va mo6 hinh hoéa toan hoc cac qua trinh sinh hoc. FBSI ciing
da phat trién cac phuong phap hién dai dé danh gia nguy co cua stic
khoe do tac dong cua cac yéu té moi truong va ghi nhan bang ching
vé tac hai ddi véi strc khoe cong dong do anh hudng tiéu cuc ctia moi
truong séng. Cac cong nghé y té du phong dang dugc phat trién nham
giam thiéu nguy co dua trén phan tich sau dit liéu giam st tinh trang
moi truong va stc khoe dan cu cua Nga, két qua cua cac nghién ctru
1am sang, phong thi nghiém, héa hoc, phan tich va dich té hoc. Két qua
nghién ctru duoc thé hién trong cac phuong phap va bao cdo phén tich,
dugc str dung trong hoat dong thuc tién cua Rospotrebnadzor.

Vién Kiém nghiém an toan vé sinh thuc pham qudc gia (NIFC) la
don vi truc thudc Bo Y té nudc Cong hoa Xa hoi Chu nghia Viét Nam,
duoc thanh 1ap theo Quyét dinh s6 376/QD-TTg ngay 23 thang 3 nim
2009 ctia Thu tuéng Chinh phu. Quy ché t6 chirc va Hoat dong cua
NIFC duoc quy dinh tai Quyét dinh s6 6065/QD-BYT ngay 30 thang 12
nim 2019 va Quyét dinh s 5455/QD-BYT ngay 28 thang 12 nim 2020
ctia Bo truong BO Y té ban hanh.

Vién Kiém nghiém an toan vé sinh thuc phdm quéc gia 1a don vi
kiém nghiém thuc pham tuyén cao nhat cua nganh Y té Viét Nam, hd
trg cho quan 1y nha nudc trong hoat dong chuyén mén cua Bo Y té va
cac co quan c6 tham quyén khac trong céc linh vuc lién quan, phu hop
v6i phép luat hién hanh.

NIFC c6 co s ha tang hién dai, dugc trang bi cac thiét bi cong
ngh¢ cao, cling nhu doi ngli nhan vién co6 trinh do chuyén mon sau,
1a nhitng yéu t6 gép phan tao nén sy vuot trdi, vitng manh cia NIFC
trong linh vuc kiém nghiém céac san pham thuc pham nhap khau, xut
khau va dang luu thong trén thi truong. NIFC cung cip cac dich vu,
dam bao chat lugng va hiéu qua cao, bao gébm: hoat dong kiém nghiém
thuc phém, hiéu chuan thiét bi, chirng nhan san phém, thir nghiém thanh
thao, cling nhu tu van va dao tao vé phuong phap lay mau thyc pham va
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chuyén giao k¥ thuat. Ngoai ra, NIFC 1a phong thi nghiém kiém chiing,
dugc cac co quan c6 thim quyén chi dinh 1a co sé kiém nghiém thuc
pham phuc vu quan 1y nha nudc vé an toan thuc pham thudc quan 1y
cia BO Y té, Bo Nong nghiép va Moi trudng, Bo cong thuong quan 1y.

Pung trude thuc trang su gia ting xuat hién cta cac bénh khong
lay nhiém, lién quan dén tic dong cua cic yéu t6 moi trudng khac
nhau, bao gém cic chat 6 nhiém hoa hoc trong thuc phém, su hop tac
gitta FBSI va NIFC 1a khoi dau va can thiét dé thac day cac hoat dong
nghién ctru nguy co t6i stc khoe con ngudi. Nghién ctru thyc pham tir
goc do nguy co khong lay nhiém 1a mot khia canh quan trong trong viéc
dam bao strc khoe cong dong, boi vi tiép xuc 1au dai voi ndng do thap
clia cac hoa chit c6 thé dan dén su phat trién cua cac tinh trang bénh
1y, bao gém cac bénh tim mach, qua trinh ung thu, roi loan chuyén hoa,
tac dong doc than kinh va cac tac dong tiéu cuc khac ddi véi stre khoe
con nguoi. Trong bdi canh nay, viéc danh gia toan dién vé an toan thuc
pham, bao g@)m phan tich cac chat gay 6 nhiém hoa hoc, phat trién céac
phuong phap tiép can phuong phap luan dé xac dinh mirc d6 cho phép
ciia cac mdi nguy va danh gid nguy co dbi véi strc khoe nguoi tidu
dung, tré nén vo cung quan trong. Cac nghién ctru chung trong khudn
khé hop tac nay nham giai quyét nhitng van dé cip bach va phat trién
cac phuong phap tiép can co co s khoa hoc dé giam thiéu nguy co lién
quan dén cac yéu td héa hoc c6 ngudn goc thuc pham, nham dam bao
an toan v¢ sinh cho nguoi dan.

An pham nay tong hop két qua ciia cac cong trinh nghién ctru khoa
hoc chung, dugc thuc hién bo1 "Trung tdm khoa hoc Lién Bang Nga vé
cong nghé y hoc du phong ddi v6i nguy co st khoe " thudc Co quan
Lién Bang Giam sat Bao vé Quyén loi Nguoi tiéu dung va Phuc loi
Con nguoi, Lién bang Nga va Vién Kiém nghiém An toan V¢ sinh Thuc
phém Quéc gia, thuoc Bo Y té, Viét Nam trong giai doan tir ndm 2023
dén nam 2024,

Pé thyc hién thanh cong cong tac nghién ctru chung, Ké hoach
thuc hién chuong trinh nghién ctru chung trong linh vuc kiém soat chat
luong thyc pham ctia FBSI va NIFC trong giai doan 2023-2025 di duoc
xay dung va thong nhat thyc hién céng viéc nghién ctru khoa hoc chung
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vé chu dé "Péanh gia nguy co dbi véi stic khoe cong dong, hinh thanh tir
viéc tiéu thu cac hop chat N-nitrosamine qua thyc pham ciia ngudi dan
Viét Nam va Lién bang Nga, c6 tinh dén cac thong s phu thudc “phoi
nhiém - dap ung”. Do d6, muc tiéu chinh cuia hoat dong tir nim 2023
dén nam 2024, 1a thu thap va phan tich cac thong s, bao gom cac dau
an sinh hoc ctia phoi nhiém va tac dong, dé danh gia rai ro dbi voi stc
khoe cong dong. Trong khudn khd nhiém vu ndy, vao nam 2023 FBSI
va NIFC da thyc hién giai doan nghién ctru khoa hoc chung mang tén
"Panh gid nguy co stc khoe lién quan dén ham luong céc hop chat
N-nitrosamine trong thit va cac san pham tir thit dugc tiéu thu boi nguoi
dan Viét Nam". Nghién ctru nay da duoc tiép tuc va mo rong vao nim
2024, khi dya trén két qua thu dugc vao nam 2023, giai doan "Thiét 1ap
cac thong s6 phu thudc 'phoi nhiém - dap tng' dé danh gia nguy co dua
trén thi nghiém ddc hoc st dung cac dau 4n sinh hoc vé phoi nhiém va
dap tng" da dugc thyuc hién. Két qua cua giai doan nam 2024 sé 1a co
s& cho nghién ciru trong ndm 2025, nham lam 16 va x4c nhan cac thong
s6 phu thudc da dugc thiét 1ap.
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CHUONG 1. HQP TAC GIUA FBSI VA NIFC
PHAT TRIEN NGHIEN CUU TRONG LINH VUC AN TOAN
HOA HQC THUC PHAM

Trong khuon kho phat trién quan hé dbi tac va nham muc dich
tang cuong hop tac qudc té, Trung tdm khoa hoc Lién Bang Nga vé
cong nghé y hoc du phong dbi voi nguy co sttc khoe tir nam 2015 da
tich cuc tham gia vao chuong trinh hop tac gitta Co quan gidm sat Lién
bang bao vé quyén loi nguoi tiéu dung va phuc loi con nguoi va Bo Y
té Viét Nam. Su hop tac nay, nham hd tro Viét Nam trong viéc dam bao
an toan vé sinh dich t& cho ngudi dan, da tré thanh diém khoi dau cho
su phat trién nghién ciru tiép theo trong linh vuc an toan héa hoc thuc
phém, thong qua su hop tac véi Vién Kiém nghi¢m an toan v¢ sinh thuc
pham quéc gia

Tang cudng hop tac véi NIFC d3 duoc thé hién bang Quyét dinh
sO 1536-r cia Chinh pha Lién bang Nga ngay 13 thang 7 nam 2019,
danh ddu mot giai doan mdi trong cac nghién cu chung. Noi dung
chinh cua Giai doan nay duogc nhan manh boi su trao d6i kinh nghiém
va kién thirc tich cuc giira cic chuyén gia va cac nha khoa hoc tré,
diéu nay tré nén kha thi nho vao viée cing ¢6 mdi quan hé ddi tac gitra
hai t6 chire. Su kién quan trong, dong vai tro la diém khéi dau cho su
hop tac tiép theo, 1a cudc gip gd dau tién dién ra truc tiép tai NIFC &
nudc Cong hoa Xa hoi Chu nghia Viét Nam. Tai thoi diém cudc hop,
tham gia su ki¢n tur phia Viét Nam c6: PGS.TS. Pham Xuan Pa (Vién
truong), PGS.TS. Lé Thi Hong Hao (Pho Vién trudng, hién nay la
Vién truong), TS. Lé Thi Phuong Thao (Truéng phong quan 1y chat
lugng, hién nay 1a Pho Vién truong), Nguyén Thi Giang (Giam ddc
Trung tam dich vu khoa hoc k¥ thuat), va Nghiém Thi Ngoc Huyén
(chuyén vién hop tac quéc té). Co sd phap 1y cho su hop tac giita
Trung tdm khoa hoc Lién Bang Nga vé cong nghé y hoc du phong
ddi véi nguy co stc khoe va Vién Kiém nghiém an toan v¢ sinh thuc
pham qudc gia 13 Ban ghi nh¢ duoc ky két vao nam 2018. Ban ghi
nhé nay da xac dinh cac khuon kho va nguyén tic hop tac trong linh
vue dam bao an toan thyc pham (Hinh 1.1).
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Hinh 1.1. Ban ghi nhé (Memorandum of Understanding).

Theo Ban ghi nhé va ké hoach kém theo, mot loat cac hoat dong
da duge thuc hién lién tuc nham nang cao trinh d§ chuyén moén cho céc
chuyén gia Viét Nam. Chuong trinh nay bao gdm mét loat cac hoi thao
duoc to chire truc tiép tai NIFC, cling nhu cac khoa dao tao tai FBSI.
Vao nam 2018, nham muc dich hoan thién quy trinh chuan bi mau cho
phan tich sic ky khoi phod, mot hoi thao dd duge to chic tai NIFC véi
chu dé "Phuong phap chuin bj mau san pham thuc pham cho phan tich
hoa hoc bang cach sir dung hé théng chiét pha ran ty dong Sepaths, sau
d6 1a phan tich sic ky khéi phd" (Ha Noi, thang 5 nam 2018). Tiép theo,
vao thang 12 nam 2018, cac chuyén gia Viét Nam da c6 co hoi tim hiéu
vé tng dung thuc tién ctia phuong phap chuan bi mau san pham thyc
pham cho phan tich héa hoc bang cach st dung hé théng chiét pha ran
tir dong Sepaths truc tiép tai FBSL.

Tiép tuc thuc hién cac ké hoach da dé ra, vao thang 7 nam 2019,
cac chuyén gia Nga da to chirc cac hoi thao dao tao vé danh gia nguy
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co 6 nhiém hoéa hoc trong san pham thuc pham theo phuong phap cia
Uy ban Codex [Codex Alimentarius Commission, 2023] va EAEU
[Eurasian Economic Commission, 2018]. Tai hdi thdo, cac khia canh
phuong phép luan ciia danh gid nguy co da duoc xem xét, bao gom viée
nhéan dién moi nguy cua cac chat 6 nhiém thuc ph:flm hién tai cho ca hai
qudc gia, thiét 1ap moéi quan hé "phoi nhiém - dap tng", va ap dung mo
hinh hoa tién hoa trong danh gia nguy co cua cac chat hoa hoc trong
thuc phém (Hinh 1.2).

Hinh 1.2. Hoi thao tdp hudn vé danh gia nguy co ddi véi sirc khoe do cac chuyén
gia Nga t0 chuc tai NIFC (thanh phd Ha No1).

Trong subt qua trinh hop téc, trong khuén kho Ban ghi nhé tur
khi ky két cho dén nay, hon 30 can bg ctua Vién Kiém nghiém an toan
vé sinh thuc phém quéc gia da dugc dao tao va nang cao trinh dg vé
phuong phap danh gia nguy co ddi véi ste khoe. Cac sy kién ndy ching
té nhiing nd luc dang ké duoc thuc hién trong khudn kho quan hé doi
tac va dong gop quan trong vao sy phat trién nang lyc chuyén mon cua
cac chuyén gia NIFC, duoc thuc hién theo cac diéu khoan cta Ban ghi
nhd.

Song song cling v&i viée dao tao cac can boViét Nam vé phuong
phap danh gia nguy co, FBSI va NIFC da tién hanh thuc hién nghién
ctru khoa hoc chung "Panh gia nguy co d6i véi stic khoe ngudi dan do
ham lugng cac chit c6 hai trong san pham thuc pham". Nghién ciru nay,
bao gém giai doan ndm nam, nham muc dich hiéu biét sau rong va phat
trién cac phuong phap tiép can phuong phéap luan trong linh vuc danh
gid nguy co.
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Trong sudt 05 nam, cac chuyén gia Nga va Viét Nam di tién hanh
cac hoat dong hop tac qudc té chung, nham phan tich va danh gia nguy
co d6i véi strc khoe do ham luong cac hop chat N-nitrosamine trong céc
san pham thuc pham chuyén dung cho tré nho gy ra. Cac phuong phap
tiép can phuong phéap luan ciing di duoc phét trién dé lwa chon cac san
pham thyc pham nham danh gia nguy co va kiém soat ham luong cac
chat hoa hoc c6 mit khong cha ¥ trong san pham thuc pham, dua trén
cac tiéu chi lya chon. Két qua cta cac nghién ciru dd duoc cong bd
trén cac An phém khoa hoc do Tién si Khoa hoc Y khoa, vién si Vién
Han lam Khoa hoc Nga, gido su A.Yu. Popovaia, tién si Khoa hoc Y
khoa, vién si Vién Han 1am Khoa hoc Nga, gido su G.G. Onishenko va,
tién si Khoa hoc Y khoa, vién si Vién Han 1am Khoa hoc Nga, gido su
N.V. Zaitsevaia (Hinh 1.3) [Federal Scientific Center of Medical and
Preventive Health Risk Management Technologies, 2024; Shur P.Z.
et al., 2022].
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Hinh 1.3. Céc sach/ tai liéu chuyén khao chung cua Trung tdm khoa hoc Lién Bang
Nga vé cong nghé y hoc du phong doi voi nguy co ste khde va Vién Kiém nghiém
an toan v¢ sinh thyc pham quoc gia (giai doan 2022-2024).
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Trai qua nhiéu nim hop tac thanh cong giita cac vién nghién ctu
cua Lién bang Nga, dugc dai dién bdi FBSI cuia Rospotrebnadzor, va
Viét Nam, duogc dai dién boi NIFC, dya trén cadc nguyén tac tin cay lan
nhau, c6i md va ton trong, da dat nén mong viing chic cho su phat trién
tiép theo ctia quan hé ddi tac trong linh vuc dam bao an ninh luong
thuc. Muc tiéu chinh cta giai doan hop tac nay nham tao ra cac hé
théng kiém soat chat luong thuc phdm dang tin cdy va hiéu qua ciing
nhu danh gia rui ro, dd dong vai tro then chét trong viée dam bao sirc
khoe va phuc loi cia nguoi dan ¢ ca hai qubc gia.

Duya trén nhitng thanh cong da dat dugc va nhan thirc dugc tim
quan trong cta viéc phat trién hon nita cic nd luc chung, Nga va Viét
Nam d3 xac dinh cac huéng hop tac chién luoc méi. Bat dau tir ndm
2023, Co quan giam sat Lién bang bao vé quyén loi nguoi tiéu dung va
phc lgi con nguoi da dwa Trung tim khoa hoc Lién Bang Nga vé cong
nghé y hoc du phong d6i véi nguy co strc khoe ctia Rospotrebnadzor
tham gia vao Du an Lién bang "La chin Vé sinh". Piéu nay di moé ra
nhiing trién vong méi cho sy hop tac Nga - Viét trong linh vuc an ninh
lvong thuc. Dy an nham tao ra mot hé théng théng nhét dé bao vé dan
s6 khoi cac mdi de doa sinh hoc, hoa hoc va phong xa, bao gém dam
bao an toan thyc pham.

Trong khudén kho giai doan hop tic méi, pham vi nghién ctru
chung da dugc mo rong, trong do hu’é’ng chinh 1a phat trién cac phuong
phap t1ep can phuong phap luan dé dinh luong nguy co khong gay ung
thu nham dam bao an ninh lwong thwe. Céc phu’O’ng phap tiép can nay
duoc duc két dua trén cac kinh nghi¢m tdt nhat cua Lién bang Nga,
dugc trinh bay trong chuyén khao tap thé “Phén tich nguy co sitc khoe
trong Chién lugc phat trién kinh t& - x3 hoi ctia Nha nudc” [Federal
Scientific Center of Medical and Preventive Health Risk Management
Technologies, 2024; Shur P.Z. et al., 2022]. Pay la cong trinh co ban
trong linh vuc danh gia nguy co strc khoe cong dong va 1a co sé cho cac
chuong trinh dao tao chuyén gia NIFC trong linh vuc danh gia va quan
Iy nguy co stc khoe. Huéng nghién ctru ndy bao gom viéc tao ra cac
thong s6 va tiéu chi dé danh gia dinh luong nguy co khong giy ung thu,
cling nhu phat trién cac phuong phap phén tich c¢6 co sé khoa hoc, cho
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phép xac dinh chinh x4c mirc d6 nguy co lién quan dén sy hién dién cta
cac chit khong gay ung thu trong san pham thuc pham.

Do do, viéc dua FBSI cua Rospotrebnadzor vao Dy an Lién bang
"La chan vé sinh" di tré thanh mot bude quan trong trong viée cing cd
quan hé d6i tic Nga - Viét trong linh vuc an ninh luong thuc. Giai doan
hop tic mdi nay da mo ra nhing trién vong rong 16n cho sy phat trién
tiép theo cua cac nghién ctru khoa hoc, trao ddi kinh nghiém va thuc
hién thuc tién cac két qua dat duoc, nham dam bao strc khoe va phtc loi
ctia ngudi dan ¢ ca hai qudc gia. NIFC d3 tr¢ thanh mot phan khong thé
thiéu ctia qua trinh nay, dong gop dang ké vao hop tac hai bén.

Trong khuon khd thuc hién Dy 4n Lién bang "La chin vé sinh" va
giai doan méi cua quan hé d6i tic Nga - Viét, cac chuyén gia cia NIFC
da duoc tham gia cic hoi thao dao tao do cac chuyén gia ctia FBSI t6
chtrc, vo1 sy tham gia cua ca cac nha khoa hoc giau kinh nghiém va tré
tudi (Hinh 1.4).

Hinh 1.4. Hoi thao chuyén dé do FBSI t6 chirc vé chu dé "Panh gia nguy co
doi voi suc khde cong dong do hap thu hoa chat trong san pham thuc pham bang
phuong phap EEC" tai NIFC, 2023.

Vao nam 2023, cac nhan vién ctia FBSI d3 t6 chirc cac hoi thao dao
tao vé danh gia nguy co d6i v6i siic khoe cong dong, dugc hinh thanh
tir viéc tiép nhan cac chat hoa hoc qua thyc pham, st dung phuong phap
luan ctia Uy ban Kinh té A-Au (EEC). Cac hoi thao da xem xét cac khia
canh chinh ctia phuong phép danh gia nguy co suc khoe, cling nhu viéc
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ap dung cac dau an sinh hoc cua phoi nhiém va phan tng dé dam bao
an toan thuc pham dua trén nguy co. Nhitng nguoi tham gia hoi thao da
dugc dao tao vé k¥ nang thuc hanh trong viéc ap dung cac phuong phap
phan tich va phan tich di liéu hién dai, diéu nay di gop phan nang cao
nang luc chuyén mon cua ho.

Céc su kién da to chirc nhdn manh tam quan trong ctia hop tac
qudc té va trao ddi kinh nghiém trong linh vic danh gid nguy co stic
khoe, dong thoi thé hién su tich hop thanh cong giira kién thic 1y thuyét
va k¥ nang thuc hanh trong cac chuong trinh gido duc cho cac chuyén
gia NIFC.

Ngoai ra, két qua cua cac hoi thao da dé ra mot ké hoach hanh
dong ro rang cho tuong lai, bao gdm cé cac khia canh khoa hoc, phuong
phap va y nghia thyuc tién ctia cong viéc chung nhim bao vé strc khoe
ctia ngudi din & ca hai quéc gia. NIFC di tich cyc tham gia vao viéc
1ap ké hoach cong viéc va xac dinh cac wu tién hop tac, diéu nay duoc
thé hién trong Ban Ké hoach hoat dong chung da duogc hai bén ky két
(Hinh 1.5).
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Hinh 1.5. Ban Ké hoach hoat dong chung giira FBSI va NIFC.
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Két qua cua cudc thao luan vé ké hoach cong viéc da dan dén viée
xac dinh cac hudng nghién ctru chinh, nham dam bao an ninh lvong thuc.
Vi vay, trong qua trinh thao luan, cac chuyén gia cua FBSI va NIFC da
xac dinh uu tién nghién ctru chung trong nam 2023 1a danh gia nguy co
d6i véi ste khoe lién quan dén cac hop chat N-nitrosamine trong thit va
cac san pham tir thit duoc tiéu thu tai Viét Nam. Lwa chon nay dugc dua
ra vi cac san pham thit, ddc biét 1a sau khi ché bién nhiét, c6 thé gay nguy
hiém 16n nhét do c6 thé chira cac hop chat N-nltrosamlne cac chat co
kha ning gy ung thu. Ngoai ra, tinh cap thiét ciia van dé nay trén quy
mo toan cau dd dugc cong bd trong bao cao ciia EFSA nim 2023 [EFSA
Panel on Contaminants in the Food Chain, 2023; EFSA CONTAM Panel,
Schrenk, Bignami et al., 2023] da thiic day su phat trlen ctia chu dé nay
trong hop tac v6i cac dbi tac Viét Nam. Giai doan tiép theo (2024) cia
viéc hop tac chung 1a xac dinh cac thong s6 dé danh gia dinh luong nguy
co khong gy ung thu cta nitrosamine, vi mot s nghién ciru chi ra rang
nguy co khong gay ung thu (dac biét 1a nguy co hinh thanh lién quan
dén gan) c6 thé xay ra sém hon nguy co giy ung thu [Deveci, Tek, 2024;
Suvorov, Zaitseva, Shur va cong su, 2023].

Dé thuc hién cic muc tiéu dit ra trong nam 2023, mot chuong trinh
dao tao va ning cao trinh d6 chuyén mén toan dién da dugc trién khai.
Trong tam chinh cia chuong trinh 1a nang cao ky nang danh gia nguy
co stc khoe cong dong lién quan dén tac dong cua cac yéu td hoa hoc,
cling nhu 4p dung cac phuong phap hién dai st dung céc dau 4n sinh
hoc vé phoi nhiém va hiéu Gmg trong thuc tién giam sat va kiém soat an
toan thuc phém. Céac khoa dao tao duge td chire tai NIFC va FBSI dam
bao cach tiép can toan dién va kién thirc thu duoc phu hop, hitu ich, can
thiét v&i cac nhiém vu ctia NIFC.

Phan 1y thuyét ciia cac khoa dao tao 1a cac hoi thao chuyén dé vé
phuong phap danh gia nguy co. Nhing nguoi tham gia da nghién ciu
sdu vé cac van dé nhan dién nguy co, phan tich mbi quan hé "liéu luong
- dap ung", danh gia phoi nhiém va mo ta nguy co. Pic biét chii ¥ dén
viéc xay dung kich ban, phén tich cac yéu t6 khong chic chin va dién
giai két qua. Nhiéu hoi thao riéng biét dd dugc t6 chic vé chu dé cac
dau an sinh hoc: phan loai, xac nhan, phuong phép xac dinh cta chung,
cling nhu viéc 4p dung dé danh gia sy phoi nhiém ctia dan s6 va phat
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hién sém cac tac dong ti€u cuc. Trong céc budi hoc ly thuyét, co su
tham gia cta 8 can bo tir NIFC, diéu ndy cho phép bao quat cac hudng
hoat dong chinh ctua Vié¢n.

Céac budi thyc hanh da tap trung vao viéc ndm viing cac phuong
phap lam viéc véi vat li¢u sinh hoc. Tai FBSI, cac chuyén gia ctia NIFC
da rén luyén k¥ niang 1dy mau tir dong vat thi nghiém, tun thu céc tiéu
chuan dao dtre va yéu cAu an toan. Trong khuén kho dao tao, 4 can bd
ciia NIFC da nam viing cac phuong phap chon loc, biao quan va van
chuyén mau, cling nhu hoc cach lya chon vat liéu sinh hoc phu hgp tuy
thudc vao muc ti€u nghién ctru (Hinh 1.6).

Hinh 1.6. Hoan thién céc k¥ ning ctia cic can by NIFC trong viéc ldy mau sinh
hoc tir dong vat thi nghiém tai FBSI, ndm 2023.

Viéc thuc hién chuong trinh da cho phép ting cudng dang ké ning
luc ctia can bd NIFC trong linh vuc danh gid nguy co suc khde va ap
dung cac phuong phép tiép can d6i méi, chang han nhu sir dung cac du
an sinh hoc. Cac k¥ ning da dat duoc gop phan nang cao do chinh xéc
trong kiém soat chat luong san pham thuc pham, tinh hop 1y ciia cac
quyét dinh giam thiéu rai ro va cang ¢ hé thdng an toan thuc pham tai
Nga. Su phat trién tiép theo ctia hudng nay s& gép phan hoan thién co
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s khoa hoc, phuong phap cia NIFC va ting cuong vai tro cua NIFC
trong viéc bao vé€ suc khoe ciia nguoi dan.

Ngoai ra, dé thuc hién cac ké hoach da dé ra, FBSI d3 cu chuyén
gia sang NIFC va td chirc khoa dao tao thuc hanh cho 5 can bod cua
NIFC vé "K¥ thuat 1ay mau tir dong vat thi nghiém" (Hinh 1.7). Su kién
nay da cho phép céc can bd nam viing cac phuong phap va cong nghé
hién dai trong viéc 14y mau sinh hoc, ddy 1a mot giai doan quan trong
trong viéc thyc hién cac nghién ctru thyc nghiém. Qua trinh thyc tap
dic biét cha trong dén viée tuan thi cac tiéu chuin dao duc va quy tic
lam viéc vo1 dong vat thi nghiém, cling nhu giam thiéu cang thang cho
dong vat khi tién hanh cac thi nghiém.

Cac k¥ ning thu duoc c6 ¥ nghia then chdt cho cac nghién ciru tiép
theo trong linh vuc danh gid tac dong doc hoc cua cac chit hoa hoc, bao
gdém cac hop chat N-nitrosamine, va anh huong cua ching dén co thé.
Nhitng can bd tham gia thuc tp ciing da tim hiéu vé cac phuong phap
xu 1y, bdo quan va luu triv mau sinh hoc dé dam bao do chinh xac va do
tin cdy cao cua két qua phan tich.

Viée t6 chuc khoéa dio tao ndy da gop phan cing cd ning luc
chuyén mon cua cac can by NIFC va dam bao su ké thira kinh nghi¢m
tién tién trong linh vuc nghién ctu phong thi nghiém. Piéu nay tao co
s& cho viée trién khai giai doan cong viéc theo ké hoach cho nam 2024.

Hinh 1.7. Thyc tip cta cac chuyén gia NIFC tai noi 1am viéc v6i chu dé
"K¥ thuat 12y méau ¢ dong vat thi nghiém", nam 2024.
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CHUONG 2. PANH GIA NGUY CO SUC KHOE LIEN QUAN
PEN HAM LUQNG N-NITROSAMINE TRONG THIT VA CAC
SAN PHAM THIT PUQC TIEU THU BOI NGUOI DAN VIET
NAM

Theo "Lo trinh" hop tac nghién ctru khoa hoc ndm 2023, dugc phat
trién trong khuon kho thue hién chuong trinh "La chian vé sinh", cac
nghién ctru di duogc tién hanh dé danh gia nguy co strc khoe lién quan
dén ham luong N-nitrosamine trong thit va cac san pham tir thit ma
nguoi dan Viét Nam ti€u thu.

Nhu da biét, tiéu chi chinh vé an toan cua san phém la muc do
nguy co lién quan dén viéc gay hai cho cudc song hoic strc khoe. Trong
d6, danh gia nguy co cho phép thiét 1ap mdi lién hé giira ndng do chat
gy 6 nhiém trong thyc pham, thoi gian tiép xic véi moi nguy va kha
nang gay nguy hai d6i vai sitc khoe con nguoi. Nhitng hau qua nay bao
gdm sy phat trién cta cac hiéu tng giy ung thu va khong gy ung thu,
cling nhu céc truong hop tir vong do bénh tat. Ti€u chi an toan, dugc
hiéu 13 dat duoc mirc "nguy co chap nhan duoc (nguy co cho phép)".
Diéu nay duoc hiéu 1a mirc do nguy co khong doi hoi phai thuc hién cac
bién phap bo sung dé giam thiéu va duoc danh gia 1a khong dang ké va
chap nhan duogc so véi cac nguy co ton tai trong cudc sdng hang ngay
cua nguoi dan.

Danh gid nguy co stic khde nguoi dan duogc thuc hién theo cac
quy dinh ctia "Huéng din danh gia nguy co stic khoe cong dong dan
cu khi tiép xtc v6i cac chat hoa hoc gdy 6 nhiém méi trudng song
R.2.1.10.3968-23" (sau day goi 1a Hudng dan) [Federal Service for
Supervision of Consumer Rights Protection and Human Welfare, 2023],
cling nhu theo phuong phap danh gia nguy co duge chip nhan trén 1anh
tho cac qudc gia thudc Lién minh Kinh té A - Au [Eurasian Economic
Commission, 2017].

Theo phuong phép danh gid nguy co va cac quy dinh cia Hudéng
dan, thue hién danh gid nguy co ddi véi stte khoe nguodi dan bao gdbm
bbn giai doan chinh:
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« X4c dinh méi nguy, bao gom viéc phat hién cac yéu td co thé
gy hai, danh gia mdi lién hé giira yéu t6 duoc nghién ctru va céac rdi
loan strc khoe, cling nhu phan tich mirc do day du va do tin cdy cua dir
liéu hién c6 vé mic do 6 nhiém thuc phém boi cac chat duoc nghién
clru.

« Panh gia su phu thudc "phoi nhiém - dap tmg": xac dinh mbi
quan hé dinh luong gitta cc chi so tinh trang sttc khoe va mutc do phoi
nhiém;

« Panh gia su phoi nhiém cta con nguoi véi cac chat hoa hoc, bao
gdm xac dinh liéu lugng tac dong phoi nhiém;

« Mo ta nguy co bao gdm tinh toan nguy co va danh gid so sanh
nguy co.

Vi ddi twong danh gia nguy co 1a anh huéng cua ham luong
N-nitrosamine trong thit va cic san pham tir thit dén sirc khoe cta nguoi
dan Viét Nam, cac nhiém vu chinh cua cong viéc nay dugc xac dinh
nhu sau:

1. Tién hanh x4c dinh méi nguy cic hop chit N-nitrosamine; lua
chon cac yéu t6 hoa hoc wu tién theo murc do nguy hai dbi vai stre khoe
nham danh gia dinh luong nguy co tiép theo;

2. Tong quan dir lidu vé cac thong sb va tiéu chi dé danh gia sy
phu thudc "liéu lugng - dap tng";

3.Thuc hién danh gida mtc d6 phoi nhidm véi cac hop chat N-
nitrosamine tir viéc ti€u thu thit va cac san phém tur thit dugc ban tai
Viét Nam;

4. Pé xac dinh nguy co ddi v6i strc khoe cong dong tir viéc tiéu
thu thit va cac san phém tur thit dugc ban tai Viét Nam dua trén hé
s nguy co va mic do nguy co gy ung thu, dong thoi xac dinh cac
N-nitrosamine vu tién can xay dung cac thong sé dé danh gia dinh
luong nguy co khong gay ung thu.

Panh gia nguy co dua trén nd luc chung, bao gém viéc su dung dir
lidu thu duoc trong qué trinh nghién ciru ciia NIFC, vé ham luong cac
hop chit N-nitrosamine va khoi luong ti€u thu thit va cac san phém tur
thit ¢ tré em va nguoi 16n.
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Xac dinh méi nguy ciia N-nitrosamine dé danh gia dinh
lwgng nguy co tiep theo

Trong giai doan xac dinh méi nguy, nghién ctru ham luong
N-nitrosamine trong cac mau thit va san phém thit tiéu thu tar Viét
Nam [Le Thi Hong Hao va cong su, 2022.] di dugc tién hanh. Trong
d6, nghién ctru da khoi dau bang viéc dinh luong 9 loai N-nitrosamine
(NDMA, NMEA, NDEA, NDBA, NDPA, NPIP, NPYR, NMOR,
NDPHA) dua trén phuong phép sac ky khi khéi pho hai 1an (GM-MS/
MS). Téng cong da phan tich 131 mAu, dai dién cho 98 tén goi khac
nhau cua san pham thit.

Két qua cho thay ham luong cac hop chat N-nitrosamine trong thit
va cac san phém tur thit dugc ban trén thi truong Viét Nam dao dong
tir 0,0002 mg/kg dén 0,012 mg/kg. Nong do trung binh cta cac hop
chat N-nitrosamine trong cac nhom san pham khac nhau dugc trinh bay
trong Bang 2.1.

Bang 2.1

Gia tri trung binh ciia nong dd cac hop chat N-nitrosamine trong
thit va cac san pham tir thit duwgc ban trén thi trueongViét Nam

(mg/kg)
Thit nuong vi va| Thit chién va Thl‘t nuong Thlt‘ Xorng @01
TT | Tén chat | cac san pham tir | cac san pham 1o va cac san Ve cac san
. . , e 1in pham tu thit pham tur thit
thit nudng vi. tur thit chién. , . . .
nudng 10. x0ng khoi
1 | NDMA 0,0048 0,0027 0,0038 0,0042

2 | NMEA <LLOD* <LLOD* <LLOD* <LLOD*
3 | NDEA <LLOD* <LLOD* <LLOD* <LLOD*
4 | NDPA <LLOD* <LLOD* <LLOD* <LLOD*
5 | NDBA <LLOD* <LLOD* <LLOD* <LLOD*
6 | NPIP <LLOD* <LLOD* <LLOD* <LLOD*
7 | NPYR <LLOD* <NGO* <LLOD* <LLOD*
8 | NMOR <LLOD* <LLOD* <LLOD* <LLOD*
9 | NDPHA 0,0005 <LLOD* <LLOD* <LLOD*

LLOD — giéi han phdt hién thap nhdt (lower limit of detection) (0,0002 mg/kg sdn
pham)
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Theo d6, N-nitrosamine dugc phat hién thuong xuyén nhat 13
NDMA, c6 mit trong tat ca cac nhom san pham dugc nghién ciru, véi
néng do trung binh cao nhit cia NDMA dugc tim thiy trong thit va
cac san pham tir thit nudng (0,0048 mg/kg), va thip nhét trong thit
chién ran (0,0027 mg/kg). NDPHA chi dugc phat hi¢n trong thit va cac
san pham tr thit nuéng, v4i gia tri trung binh 1a 0,0005 mg/kg. Cac
N-nitrosamine con lai (NMEA, NDEA, NDPA, NDBA, NPIP, NPYR va
NMOR) trong tat ca cac mau nghién ciru khong vuot qua gidi han dinh
lugng thap nhat (LLOQ) cua phuong phap 1a 0,0002 mg/kg. Piéu nay
c6 thé dugc giai thich boi ham luong thap cta cac N-nitrosamine thip
hon LLOQ hodc su khong xuét hién cua N-nitrosamine trong cac mau
da dugc nghién clru.

Két qua phan tich ham luong N-nitrosamine trong cac mau thit va
san pham thit duoc chon cho thdy rang nong do cua hau hét cac hop
chat duogc nghién ctru, ngoai trit NDMA va NDPHA, déu thép hon murc
LLOD trong hon 95% mau. Dya trén cic nguyén tic phuong phéap luan
danh gid nguy co, ham lugng NMEA, NDEA, NDBA, NDPA, NPIP,
NPYR va NMOR trong cac mau nay dugc coi 1a bang 0, do d6 khong
can thiét phai danh gia dinh lugng nguy co tiép theo ciia chiing.

DPdng thoi, nong 46 NDPHA trong cac mau dugc lay khong vuot
qua giéi han dinh luong trong it hon 95% mau. Lién quan dén diéu
nay, khi danh gia dinh lugng nguy co, ddi v6i cac mau c6 ham luong
NDPHA thip hon LLOD, gia tri ndong d6 ctia n6 duoc coi la bang mot
nura gigl han dudi cia dinh luong, tac 1a 0,0001 mg/kg. Cach tiép can
nay phu hop vdi cac nguyén tic phuwong phap luan danh gia nguy co
dugce chap nhan trong nghién ctru hién tai, 4p dung trong cac trudng
hop ham luong chat dudi ngudng phat hién.

Dé danh gia cac tac dong khong gdy ung thu trong giai doan xac
dinh mdi nguy, da tién hanh phan tich dit liéu c6 sin vé lidu tham chiéu
(RfD) cua cac hoa chat dugce nghién ciru. Dong thoi, ddi voi mbi cht,
cac co quan, hé thong va tac dong quan trong duoc xac dinh tuong Ung
v6i liéu tham chiéu da thiét 1ap. RfD 1a gia tri uGc tinh ctia muc d6 tiép
xuc hang ngdy véi mot hoa chét trong sudt cudc doi, ma theo dir lidu
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khoa hoc hién tai, c6 kha ning khong giy ra rai ro khong chap nhan
dugc ddi véi stc khoe, bao gdm ca cac nhom ngudi nhay cam.

Pé danh gia kha ning gdy ung thu cia cac N-nitrosamine dugc
phat hién, mirc d6 nguy co cia ching da tién hanh xac dinh theo céc
phan loai cia Co quan Nghién ciru Ung thu Qudc té (IARC) va Co
quan Bao vé Mbi truong Hoa Ky (US EPA). Két qua phan loai va céac
gia tri ctia yéu td tiém an giy ung thu (SFo) dugc trinh bay trong Bang
2.2.

Bang 2.2

Phan loai tiém ning giy ung thw va cic yéu to tiém ning giy ung
thw cia N-nitrosamine

TT| Tén chét P};Z“ngal Phan loai ciia US EPA | SFo, mg/(kg x ngiy)’
1| NDMA 2A B2 51,0

2 | NDEA 2A B2 150,0

3 | NMEA 2B B2 22,0

4 | NDPA 2B B2 7,0

5 | NDBA 2B B2 5.4

6 | NPIP 2B B2 9,4

7 | NPYR 2B B2 2,1

8 | NMOR 2B - 6,7

9 | NDPHA 3 B2 0,0049

Phén tich dit liéu duoc trinh bay trong bang 2.2 cho thay, trong sd
9 hop chit N-nitrosamine duoc phat hién trong thit va cic san pham tir
thit, theo phéan loai cia IARC, 2 hop chat (NDMA va NDEA) dugc xép
vao nhom 2A, tic 1 c6 kha ning gy ung thu cho con nguoi. 6 hop chat
N-nitrosamine (NMEA, NDPA, NDBA, NPIP, NPYR va NMOR) duogc
xép vao nhom 2B, nhu 14 cac chat c6 thé gy ung thu cho con ngudi.
NDPHA duoc xép vao loai 3, 1a chat khong c6 kha ning gdy ung thu
cho con nguoi. Theo phan loai ctia US EPA, 8 hop chit N-nitrosamine
thudc vao nhém B2, tuong mg véi cac chat c6 kha niang gy ung thu
cho con ngudi, va chi ¢c6 N-morpholinnitrosamine 1a khong c6 dit li¢u
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vé kha ning gy ung thu. Diéu quan trong can luu ¥ 1a dbi véi tat ca cac
N-nitrosamine duoc phat hién, co cac yéu to tiém nang gy ung thu can
thiét cho viéc danh gia dinh luong nguy co.

Do d6, giai doan x4c dinh cac nguy co tiém an lién quan dén ham
lugng cac hop chat N-nitrosamine trong thit va cac san pham tir thit
duoc tiéu thu ta1 Viét Nam, da xac dinh ré'mg NDMA va NDPHA 1a uvu
tién hang dau cho muc dich danh gia dinh luong nguy co d6i voi stic
khée cong déng. Cac hop chat nay da duoc chon do sy hi¢n dién cua
chung trong hon 5% mau, c6 liéu tham chiéu dé danh gia nguy co giy
ung thu va khong giy ung thu, va dit lidu vé cac yéu té tiém ning giy
ung thu.

Giai doan cudi cung cua viéc xac dinh mbi nguy la xem xét cac dac
diém doc hoc va co quan dich (co quan, té bao, hé théng trong co thé)
ctia N-nitrosodimethylamine va N-nitrosodiphenylamine, duoc chon dé
danh gia nguy co tiép theo.

Két qua nghién ctru trén chudt dong F344, duoc cho ubng NDMA
qua nudc udng, di phat hién moi twong quan rd rét gitta lidu luong va su
phat trién cua céc bién doi bénh 1y ¢ gan [Agency for Toxic Substances
and Disease Registry, 2023]. Sy gia ting dang ké cac truong hop u gan
cua tat ca cac két qua bat loi di quan sat thdy, bao gdm ca ung thu biéu
mo té bao gan va u mach mau, ciing nhu cac nét ting san, té bao khong
16, u nang, giam s6 luong té bao gan ¢ con duc va bt thuong cua cac té
bao chira glycogen & con cai. Liéu t6i thiéu ma cac dap Gng duoc ghi
nhan 13 0,022 mg/kg trong luong co thé mdi ngay. Tac dong giy ung
thu duoc ghi nhan & lidu trung binh hang ngay 1a 0,05 mg/kg (LOAEL,
96 tuan). Gia tri LD50 cho NDMA 1a 40 mg/kg trong lugng co thé. Liéu
tham chiéu khi udng 13 0,000008 mg/kg; cac co quan va hé thong quan
trong trong cac qué trinh phat trién. Gia trji NOAEL cho céc tac dong
khong gdy ung thu 13 0,5 mg/kg voi thoi gian tiép xtc 54 tuan va 2,5
mg/kg véi thot gian 110 ngay.

Céc nghién ctru trén chuot B6C3F1 [Patterson, Boateng, Walker,
Verghese, 2012] va chudt F344 [Lijinsky, Reuber, 1984] di chi ra rang
NDPHA khi duoc dua vio co thé qua duong miéng cé thé giy ra ting
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san bang quang ¢ chudt va tang dot tor ¢ chudt cai, cling nhu ung thu
té bao chuyen tiép bang quang O ca hai gioi. ba quan sat thdy sy phu
thudc truc tlep clia tan sudt cac dap ung nay Vao lidu lwong. Su khac
biét ddng ké vé tan suat cua cac khdi u trong quan thé chung cua chudt
khi tiép nhan NDPHA qua dudng miéng khong duoc quan sat thay. Tuy
nhién, nghién ctru kéo dai 8 tuan di phat hién su sic t6 hoa cua cac té
bao Kupffer trong gan cta chudt duc, duoc cho dung lidu 5980 mg/
kg/ngay [Agency for Toxic Substances and Disease Registry, 2023].
Co quan dich cho danh gid nguy co cuia NDPHA la bang quang; phoi
nhiém véi mac 183 mg/kg/2 tuan va 123 mg/kg/13 tudn giy ra tham
nhiém té bao hdn hop va tang san biéu mo chuyén tiép. Hiéu ung gay
ung thu (LOAEL) dugc quan sat thdy & mac 0,0005 mg/kg/ngay (100
tuan). RfD khi udng vao co thé — 0,02 mg/kg; cac co quan/hé thong
quan trong — mat, cic tac dong hé théng (thay ddi khdi luong co thé).
Khong c6 bang ching vé tac dung khong gay ung thu (NOAEL), LD50
la 3000 mg/kg.

Phan tich cac dic diém doc hoc va co quan dich cia NDMA va
NDPHA di cho thdy ring ca hai hop chat déu co tiém ning doc hai
rd rét, thé hién qua cac hiéu Gng giy ung thu va khong giy ung thu.
NDMA chii yéu gay tac dong tiéu cuc dén gan, trong khi NDEA 1a chat
doc hai cho bang quang. Cac dit liéu duoc trinh bay xac nhan su can
thiét phai danh gia dinh luong thém vé nguy co dbi vai siic khoe cia
dan sd tiép xuc v4i cac hop chat nay.

Sau khi hoan thanh giai doan danh gia phoi nhiém, trong d6 da xéc
dinh dugc muc do tac dong cuia cac N-nitrosamine wu tién, can chuyén
sang giai doan lya chon méi quan hé "phoi nhiém - dap tmg". Giai doan
nay bao gém viéc thiét 1ap méi quan hé dinh luong gitra lidu luong chat
di vao co thé va kha ning phét trién cac tac dong bat loi doi véi stic
khoe.

Xac dinh cac thong s6 chinh ciia moi quan hé "phoi nhiém - dap ving"

Tham s6 quan trong nhét x4ac dinh tac dong cua chit héa hoc 1én
co thé 1a li€u lugng, dugc tinh toan dua trén thoi gian ti€u thu cac san
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pham danh cho dinh dudng tré em va dic diém cta co thé tré em. Liéu
luong, trong nghién ctru nay, 1a mot luong chat giy 6 nhiém, c6 kha
nang gay ra mot hiéu tng nhét dinh d6i voi co quan dich.

DPéanh gid su phu thudc "phoi nhiém - dép tng" (liéu luong - dap
mg) 13 qua trinh phén tich dinh luong thong tin doc hoc nham thiét
lép modi quan hé giita mirc do phoi nhiém (lidu hodc nong do) cﬁa mot
chat hoa hoc va xéac suét xuat hién céc tac dong bét lgi trong quan thé
bi phoi nhlem Phén tich mdi quan hé "phoi nhiém - dap {rmg" bao gém:
xac dinh méi quan hé nhan qua giita tic dong cua chat va su phat trién
ctia hiéu tng bat 1oi, xac dinh liéu téi thiéu c6 kha ning gy ra hiéu ung
quan sat dugc (ngudng), va xac dinh cuong do gia tang cua hi¢u tng
khi murc d6 phoi nhiém ting 1én.

Khi danh gia nguy co phat trién cac tic dong bat lgi do tiép xuc lau
dai véi cac chat hoa hoc, hai loai tac dong chinh dugc xem xét: tdc dong
gay ung thu va tac dong khong giy ung thu.

Panh gia tac dong gay ung thw

Pé danh gia nguy co tac dong ciia cac tac nhan gdy ung thu co co
ché hoat dong khong ngudng, ngudi ta st dung tham sb - yéu td tiém
ning gy ung thu, con dugc biét dén nhu hé s6 do déc (SF). Tham sb
nay dic trung cho mirc do gia ting nguy co giy ung thu khi ting liéu
tac dong 1én mot don vi (mg/(kg * ngay)). Hé sé do doc 1a mot ude tinh
vé nguy co gy ung thu trong sudt thoi gian séng du kién ctia con nguoi
(70 nam).

Cac yéu tb tiém ning giy ung thu (CPF), duoc ap dung trong viéc
danh gia tac dong ciia cac chat gy ung thu, dugc trinh bay trong Bang
2.2.

Panh gia cac tac dong khong gay ung thw

Céc thong s6 nguy co dbi voi su phat trién cac tic dong khong gay
ung thu cua cac hgp chat N-nitrosamine co6 trong thit va cac san pham
tu thit dugce dua vao danh gia nguy co ti€p theo, mo ta trong Bang 2.3.
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Bang 2.3

Thong tin vé cac thong so nguy co doi voi sw phat trién cac hi¢u

urng khong giy ung thw
TT Chét RfD, mg/kg | Cac co quan va hé thong quan trong
1 | N-dimetylnitrozamin 0,000008 Qua trinh phat trién

Mt (m¢ giac mac), tdc dong h¢

2 | N-diphenylnitrosoamin 0,02 théng (khéi Tuong co theé)

Do d6, ddi voi tat ca cac hop chit N-nitrosamine duoc dua vao
danh gia nguy co tiép theo, cac thong s can thiét dé thiét 1ap mdi quan
hé "phoi nhiém - dap Gng" dd dugc xac dinh. Cac thong sb nay, phan
anh mdi quan hé giira mtc do tac dong va cac hiéu tng gay ra, 13 co sO
dé danh gia dinh luong nguy co lién quan dén tac dong tiém tang cia
cac chat nay 1én co thé.

Panh gia tiéu thu thit va cac san pham tir thit tai Viét Nam

Phoi nhiém (tic dong) dugc dinh nghia 1a su tiép xuc cia co thé
(thu thé) vo1 tdc nhan hoa hoc, vat 1y hoac sinh hoc. Panh gid dinh
luong phoi nhiém 1a luong chat tic nhan trong thyc pham dugc do
ludng hodc tinh toan, tiép xtc vdi cac co quan ctia con ngudi (cha yéu
1a duong tiéu héa) trong mot khoang thoi gian nhét dinh. Phoi nhiém c6
thé duoc biéu thi bang cic don vi do luong khac nhau: tong luong chat
trong san pham (mg), liéu hang ngay (mg/ngay) hoic lidu tinh theo khbi
luong co thé (mg/(kg x ngay)). Trong nghién ctru nay, con dudng phoi
nhiém chinh du:oc xem xét 13 viéc hap thu cac hop chat N-nitrosamine
qua duong an uong tir thit va cic san pham tur thit, day la con du:ong
tiép nhan cac chat gay 6 nhiém quan trong nhat d6i voi dan cu. Dé
danh gia sy phoi nhiém véi cac hop chit N-nitrosamine co trong céac
san phém thit, mdt phan tich toan di¢n da dugc thuc hién, bao gém cac
giai doan sau: dau tién, danh gia tieu thu thuc té thit va cac san phém
thit cia nguoi dan Viét Nam duoc thuc hién dya trén két qua khao sat
trude d6 do cac dong nghiép Viét Nam thyc hién. Cach tiép can nay da
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cho phép thu thap dir li¢u dai dién vé cau trac dinh dudng va tiéu thu
cac san phém muyc ti€u trong cac nhom tudi khac nhau, duoc chia thanh
tré em dudi 6 tudi, tré em tir 7 dén 17 tudi, nguoi 16n tur 18 dén 50 tudi
va ngudi 16m trén 50 tudi. Su hop tic ndy gitra cic chuyén gia Lién
Bang Nga va Vi¢t Nam da tré thanh mot giai doan quan trong trong
viéc dam bao do tin cdy va tinh hop 1€ cuia dit li¢u. Thur hai, dya trén
dir liéu vé ham lugng N-nitrosamine uu tién trong cac nhém san pham
thit khac nhau dugc ban trén thi truong Viét Nam, thu duge thong qua
viéc thyc hién nghién ctru sang loc cac san pham thuc pham thit vé ham
luong N-nitrosamine, d& duoc tinh toan lidu trung binh hang ngay cho
timg nhom tudi. Pé danh gia nguy co gy ung thu va khong giy ung
thu, tinh toan dugc thuc hién riéng biét, co tinh dén su khac biét trong
cach tiép can danh gia nguy co cho céc loai tic dong nay, theo Hudng
dan R.2.1.10.3968-23. Cach tiép can nay da dam bao viéc sir dung céc
phuong phap tinh toan thong nhat, duoc ap dung trong thuc tién déanh
gia nguy co cua Nga.

Nhu dd duoc dé cap trude do, trong khudn khd nghién ciru nay,
muc tiéu chinh duoc tap trung vao con dudng hap thu cic hop chit
N-nitrosamine qua duong mié€ng thong qua viéc ti€u thu thit va cac san
pham tir thit. Pé dénh gia chinh xac mirc d6 phoi nhiém, can phai xem
xét viée tiéu thu thue té cac san phém nay bdi cac nhém dan cu khac
nhau. Duya trén két qua cta cac nghién ctru x4 hoi hoc di tién hanh
truéc d6 [Lebedeva-Nesevrya N.A., Lé Thi Hong Hao, Barg A.O. et al.,
2019], ngudi ta thiy ring ca tré em va nguoi 1on & Viét Nam (bao gdm
ca tré em dudi 3 tudi) déu tiéu thy thit va cac san pham tir thit, bao gdm
ca thit nudéng. Quan sat ndy nhan manh tAm quan trong cta viéc dua tré
em vao qué trinh danh gia phoi nhiém va danh gia nguy co sau hon, vi
tré em la nhom dic biét d& bi ton thuong do tiép xtic v6i hoa chéat. Do
d6, dé tiép tuc nghién cru, NIFC d3 tién hanh mot cudc khao sat tiéu
thu nhim muc dich mé ta mic tiéu thu thuc té cdc nhom thuc phém
khac nhau cta nguoi dan Viét Nam. Dt li¢u thu duoc vé muc tiéu thu
trung binh hang ngdy cua thit va cac san pham tir thit boi cac nhom tudi
khéac nhau dugc trinh bay trong bang 2.4.
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Bang 2.4

Khoi lwong tiéu thu thiwe té thit va san pham tir thit hang ngay
theo cic nhém tudi khac nhau ciia ngudi dan Viét Nam

TT Nhoém san phém Nhém tudi Kho} 1‘“-’“5 tiéu thy
hang ngay, kg
1 Tré em dudi 6 tudi 0,037
2 , Tré em tir 7-17 tudi 0,059
Thit nuéng vi . O
3 Nguoi 1on tir 18-50 tuoi 0,14
4 Nguoi 16n trén 50 tudi 0,043
5 Tré em dudi 6 tudi 0,032
6 | Thit nuéng 16 va thit | Tréem tir 7-17 tudi 0,048
7 chién Nguoi 16n tir 18-50 tudi 0,08
8 Nguoi 16n trén 50 tudi 0,023
9 Tré em dudi 6 tudi 0,012
10 , , Tré em tir 7-17 tudi 0,023
Thit xong khoi P =
11 Nguoi 16n tir 18-50 tudi 0,051
12 Nguoi 16n trén 50 tudi 0,014

Theo dir liéu dugc trinh bay, nhom dan cu ¢d mure ti€u thu 16n nhét
trong cac nhom dugc nghién cou ¢ Viét Nam la thit nudng vi va cac
san pham tir thit nuéng vi. Quan sat ndy nhan manh nhu cau phai dic
biét chi ¥ dén nhom san pham nay khi danh gia nguy co lién quan dén
N-nitrosamine. Do ti€u thu thit chién va nuéng 10 cling nhu cac san
pham tir thit chién va thit nuéng 10 da duoc cac chuyén gia NIFC gop
vao mdt nhom, viéc danh gid nguy co tiép theo duoc thuc hién vo1 su
can nhac dén khéi luong tiéu thu hang ngiy gidng nhau cho cac loai
san pham nay. Do d6, viéc danh gia tiéu thu thit va cac san pham tur
thit, duoc thuc hién vdi sy hop tac cua cac déng nghi¢p Viét Nam, da
cho phép thu thap dir liéu dai dién can thiét cho viéc danh gia tiép xtic
v6i cac hop chat N-nitrosamine sau nay. Nhimg dir liéu nay s& duogc st
dung dé tinh toan liéu luong hang ngdy va danh gid nguy co cho céc
nhom dan cu khac nhau cua Viét Nam.
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Tinh toan liéu hrong trung binh hang ngay

Pé danh gia mic do phoi nhiém véi cac hop chit N-nitrosamine,
cac lidu trung binh hang ngay (ADD) di duoc tinh toan cho cac nhém
tudi khac nhau cua dan cu tai Viét Nam. Viéc tinh liéu lugng duogc thuc
hién theo Huéng dan R.2.1.10.3968-23 nham danh gid cac tic dong giy
ung thu va khong gy ung thu. Di voi cac hop chat N-nitrosamine,
nhing chat da dugc thiét 1ap lidu tham chiéu (RfD), ADD dé¢ danh gia
tac dong khong gay ung thu dugc tinh theo cong thirc 2.1 sau day:

ADD = (Cprod x Vcons) / mb, (2.1)

ADD - liéu trung binh hang ngay, mg/kg trong lugng co thé mdi
ngay;

Cprod — ndng d6 chat trong san pham, mg/kg;

Vcons — khéi lugng tiéu thu san pham, kg/ngiy;

mb — khéi lugng co thé, kg.

Két qua liéu trung binh hang ngay wdc tinh ciia cac hop chat N-
nitrosamine tur cac loai thit va san phém thit khac nhau dugc trinh bay
trong cac bang 2.5 — 2.8.

Bang 2.5

Liéu trung binh hang ngay ciia cac hop chit N-nitrosamine tir thit
nwong vi va cac san pham thit nwéng vi, mg/kg trong lugng co thé
moi ngay

. t, | Tré em dudi | Tré em tur Nguoi lon tr | Nguoi 16n trén
TT] Tenchat | i 717 twdi | 18-50 tudi 50 tudi
1 NDMA 8,27 x 10° | 7,03 x 10° 1,39 x 107 4,00 x 106
2 | NDPHA | 7,29 x107 | 6,20 x 107 1,23 x 10°® 3,52 x 107
Bang 2.6

Liéu lwong trung binh hang ngay ciia N-nitrosamine tir thit chién
va cac san pham tir thit chién, mg/kg trong lwong co thé mbi ngay

n (., | Tré em dudi | Tré em tur Nguoi lon tr | Nguoi 16n trén
TT| Tenchat | " dodi | 7-17wéi | 18-50 wéi 50 tudi
1 NDMA | 3,15x10° | 2,52 x 10 3,51 x 10° 9,43 x 107
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Bang 2.7

Liéu lwong trung binh hang ngay ciia N-nitrosamine tir thit nuéng
10 va cc san pham tir thit nwéng 16, mg/kg trong lrong co thé moi

ngay
~ 4 | Tré¢em dudi | Tré em tu Nguoi lé6n tr | Nguoi 16n trén
TT] Tenchat | cvsi | 7-17wbi | 18-50 b 50 tudi
1 NDMA 5,81 x 10° | 4,94 x 10° 9,79 x 10°¢ 2,81 x 10°
Bang 2.8

Liéu trung binh hang ngay clia N-nitrosamine tir thit xéng khoi va
cac san pham thit xéng khéi, mg/kg trong lwong co thé mdi ngay

. :, | Tré em dudi | Tré em tur Nguoi lon tr | Nguoi 16n trén
TT | Tenchat | 0 & 7-17 tubi 18-50 tudi 50 tubi
1 | NDMA | 2,11 x10° | 2,15x10° | 3,99 x 10 1,02 x 107

Do d9, liéu trung binh NDMA vao co thé hang ngay cta nguoi dan
Viét Nam la:

« Dbi véi tré em dudi 6 tudi: 8,27 x 10° mg/kg trong lugng co thé
mdi ngdy voi thit nudng vi va cac san pham tir thit nuéng vi; 3,15 x 107
mg/kg trong luong co thé mdi ngdy véi thit chién va cac san pham tir
thit chién; 5,81 x 10°mg/kg trong lwong co thé mdi ngay véi thit nudng
10 va cac san pham tir thit nudng 10; 2,11 x 10 mg/kg trong luong co
thé mdi ngay véi thit xong khoi va cac san pham tir thit x6ng khoi;

« Dbi voi tré em tir 7-17 tudi: 7,03 x 10°mg/kg trong luong co thé
mdi ngdy voi thit nudng vi va cac san pham tir thit nudng vi; 2,52 x 107
mg/kg trong luong co thé mdi ngdy véi thit chién va cac san pham tir
thit chién; 4,94 x 10°mg/kg trong luong co thé mdi ngay véi thit nudng
10 va cac san pham tir thit nudng 10; 2,15 x 10°mg/kg trong luong co
thé mdi ngay véi thit xong khoi va cac san pham tir thit xong khoi;

« Dbi v6i ngudi 16m tir 18-50 tudi: 1,39 x 10° mg/kg trong luong
co thé mdi ngdy véi thit nudng vi va cac san pham tir thit nuéng vi;
3,51 x 10°mg/kg trong lugng co thé mdi ngay voi thit chién va cac san
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pham tir thit chién; 9,79 x 10 mg/kg trong luong co thé mdi ngay véi
thit nuéng 10 va cac san pham tir thit nudng 10; 3,99 x 10 mg/kg trong
luong co thé mdi ngay véi thit xong khoi va cac san pham tir thit xong
khoi;

Do6i v6i nguoi 16n trén 50 tudi: 4,00 x 10° mg/kg trong luong co
thé mdi ngay vai thit nuéng vi va cac san pham tir thit nuéng vi; 9,43 x
107 mg/kg trong lugng co thé mdi ngay véi thit chién va cac san pham
tir thit chién; 2,81 x 10 mg/kg trong luong co thé mdi ngay véi thit
nuéng 10 va cac san pham tir thit nuéng 10; 1,02 x 10° mg/kg trong
lugng co thé mdi ngay véi thit xong khoi va cac san pham tir thit xong
khoi.

DPong thoi, liéu trung binh hang ngay khi tiép xic v6i NDPHA tir
thit nwdng vi va cac san pham thit nuéng vi: dbi véi tré em dudi 6 tudi —
7,29 x 107 mg/kg trong luong co thé mdi ngay; dbi voi tré em tir 7-17
tudi — 6,20 x 107 mg/kg trong lugng co thé mdi ngay; doi véi ngudi 16n
tir 18-50 tudi — 1,23 x 10 mg/kg trong luong co thé mdi ngay; ddi véi
nguoi 16n trén 50 tudi — 3,52 x 107 mg/kg trong luong co thé mdi ngay.

Pé danh gia cac nguy co gdy ung thu lién quan dén tac dong cua
cac hop chat N-nitrosamine, cac lidu trung binh hang ngay da duoc
tinh toan, dya trén tudi tho trung binh du kién cua con ngudi (70 nim).
Nhing liéu luong nhu vdy duoc goi 13 LADD. Phuong trinh dé tinh
LADD (cong thuc 2.2) ¢6 dang nhu sau:

LADD,, . = (C x CR x ED x EF) / (BW x AT x 365), (2.2)

Trong do:

LADD,_,_ — liéu trung binh hang ngiy cho cic tac dong giy ung
thu, mg/(kg x ngay);

C —ndng do chat gay ung thu trong san pham, mg/kg;

CR — khdi luong tiéu thu thuc pham hang ngay, kg/ngay;

ED — thoi gian tdc dong, nam;

EF — tan suét tic dong, ngay/nim;

BW — khéi luong co thé, kg;

AT — thoi gian trung binh phoi nhiém (ddi v6i cac tac dong gay
ung thu — 70 nam);

365 — sb ngay trong nam.
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Dé tinh toan LADD, cac gia tri tiéu chuén di duoc st dung: ED —
6 ndm cho tré em, 30 nam cho nguoi 16m; EF — 350 ngay; AT — 70 nam.

Xem xét cac thong s6 di néu & trén, cling nhu dir li¢u vé tiéu thu
cac san pham dugc nghién ctru va cac gia tri liéu hang ngay thu duoc,
lidu N-nitrosodimethylamine da duoc tinh toan, dac trung cho hi¢u ung
gy ung thu khi tiép xtic thong qua tiéu thu thit va cac san pham tir thit
duoc ban tai Viét Nam.

Nhu vay, cac gia tri lidu NDMA, dic trung cho hiéu ung giy ung
thu, cho cac nhom tudi khac nhau cta dan cu tai Viét Nam. Cac gia tri
nhan dugc dugc trinh bay dudi day.

« D6i véi tré em dudi 6 tudi, liéu LADD,, la: 6,80 x 107 mg/
kg trong luong co thé mdi ngay (thit nuéng vi); 2,59 x 107 mg/kg thé
trong/ngay (thit chién); 4,78 x 107 mg/kg trong luong co thé mdi ngay
(thit nuéng 10); 1,73 x 107 mg/kg trong luong co thé mdi ngay (thit
xong kh01)

« Pbi véi tré em tir 7- 17 tudi, LADD_. da xac dinh: 5,78 x 107
mg/kg trong luong co thé mdi ngay (thit nudng vi); 2,07 x 107 mg/kg
trong luong co thé mdi ngdy (thit chién); 4,06 x 107 mg/kg trong lugng
co thé mdi ngdy (thit nudng 10); 1,77 x 107 mg/kg trong lugng co thé
moi ngay (thit xong khoi);

« Pbi voi ngu’ol 10‘n tir 18-50 tudi, LADD_, la: 5,73 x 10° mg/kg
trong luong co thé mdi ngay (thit nudng vi); 1,44 x 10 mg/kg trong
luong co thé mdi ngay (thit chién); 4,02 x 10° mg/kg trong luong co
thé mdi ngay (thit nudng 10); 1,64 x 10 mg/kg trong lugng co thé mdi
ngay (thit xong khoi);

« D6i v&i nguoi 16n trén 50 tudi, LADD, 1a: 1,64 x 10° mg/kg
trong luong co thé mdi ngay (thit nudng vi); 3,88 x 107 mg/kg trong
luong co thé mdi ngay (thit chién); 1,15 x 10 mg/kg trong luong co
thé mdi ngay (thit nudng 10); 4,20 x 107 mg/kg trong luong co thé mdi
ngay (thit xong khoi).

Cac gia tri lidu luong NDPHA tinh toan duoc, dac trung cho hi¢u
mg gy ung thu, tir thit va cac san pham thit dugc ché bién trén vi
nuong, dugc trinh bay dudi day.
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« Déi voi tré em dudi 6 tudi, LADD,,_ 1a 5,99 x 10® mg/kg trong
lugng co thé mdi ngay:;

* Doi voi tré em tir 7-17 tudi, LADD,,, 12 5,09 x 10 mg/kg trong
luong co thé mdi ngay;

 Dbi voi ngum 16n tir 18-50 tudi, LADD
trong 1u0ng co thé mdi ngy;

« Déi voi ngu:ol 16n trén 50 tudi, LADD
trong lugng co thé mdi ngay.

Két qua cua danh gid phoi nhidm, bao gém tinh toan ADD
cho cic tac dong khong gay ung thu va LADD cho cac tic dong
gay ung thu, da thu dugc cac dac diém dinh luong vé tac dong cua
N-nitrosodimethylamine va N-nitrosodiphenylamine 1én cic nhém tudi
khac nhau cua dan cu tai Viét Nam.

Két qua cta viéc danh gia phoi nhiém di thu duoc cic dic
diém dinh luong vé tac dong cua N-nitrosodimethylamine va
N-nitrosodiphenylamine 1én cac nhom tudi khac nhau cua dan cu tai
Viét Nam.

Cac gia tri ADD va LADD duogc trinh bay, dic trung cho su phoi
nhiém v&i N-nitrosodimethylamine va N-nitrosodiphenylamine, s& dugc
sit dung dé tién hanh danh gia dinh luong nguy co, duoc trinh bay ¢
giai doan "Mo0 ta nguy co".

la 5,05 x 107 mg/kg

carc

la 1,45 x 107 mg/kg

carc

Mo ta nguy co

Mo ta nguy co bao gém danh gia nguy co gy ung thu va khong
gay ung thu dya trén lidu luong duoc xac dinh trong giai doan danh
gla phoi nhiém. Panh gia nguy co khong gay ung thu dugc thuc hién
bang cach sir dung cac hé s6 nguy co. Phuong phap luan cia EAEU
vé danh gia nguy co dy kién sir dung cac mo hinh tién hoa [Eura51an
Economic Commission, 2017], tuy nhién do thiéu cac théng s can thiét
dé danh gia dinh lugng nguy co khong gy ung thu, viée xay dung céc
mo hinh nhu vay trong nghién ctru hién tai 1a khong hop 1y. Panh gia
ban dinh luong nguy co khong gay ung thu s€ cho phép xac dinh céc
N-nitrosamine wu tién dé thiét 1ap cic thong sd cho danh gia dinh luong
nguy co khong giy ung thu trong tuong lai.
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Do 16n cla nguy co ung thu (CR) duogc tinh bang cach nhan lidu
trung binh hang ngay sudt doi véi hé sb tiém niang gay ung thu khi hip
thu qua duong miéng va véi hé sé mirc do nghiém trong ciia khéi u ac
tinh (g) theo cong thuc (2.3):

CR=LADD__ x SF, x g (2.3)

Trong do:

LADD,_ — liéu trung binh hang ngay sudt doi cho cac tac dong
gdy ung thu;

SF, — yéu t6 tiém ning gay ung thu khi hap thu qua dudng miéng;

g — hé s6 murc d6 nghiém trong cta khdi u 4c tinh (ung thu).

Gia tri hé s6 muc d6 nghiém trong cua khéi u ac tinh (g) duoc
chap nhan 1a 0,495, twong tmg v6i hé s6 mirc 6 nghiém trong cho céac
khéi u 4c tinh cta cac co quan tiéu hoa.

Do d6, gia tri CR thu duoc biéu thi gi6i han trén ctia nguy co giy
ung thu trong sudt tudi tho trung binh.

Pong thoi, dic diém cia nguy co phat trién cac hiéu tng khong
gay ung thu duoc thyc hién bang cach so sanh cac mu:c do phoi nhiém
thue té véi cac mirc do phoi nhiém an toan (hé sé/chi sé nguy co).

Pé danh gia nguy co cua cac hiéu ung khong gy ung thu trong
nghién ctru ndy, chi s6 hé s6 nguy co HQ (cong thirc 2.4) dugc ap dung,
duoc xac dinh 1a ty 1& giita mtc phoi nhiém xac dinh (LADD ) va
muc tham chiéu (RfD):

HQ=(LADD )/RfD (2.4)

Ddi vai diéu kién tac dong mot chiéu, dic diém cua nguy co khong
gy ung thu tong thé 1 chi s nguy co (HI) (cong thuc 2.5):

HI=) [HQ,] , trong d6 (2.5)

HQ-— hé s6 nguy co cho cac chat hoa hoc.

Theo cac khuyén nghi qubc té, ddi véi cac chat hoa hoc khong
gy ung thu, tic dong mot chiu cia cac chat héa hoc dugc hiéu 1a anh
hudng cta cac chat 1én ciing mdt co quan hodc cung hé thong.

Trong qua trinh M6 ta nguy co, nguoi ta st dung khai niém nguy
co chdp nhan duogc (cho phép) - xac sudt xay ra tic dong voi hau qua
khong dang ké d6i voi sire khoe (HQ<1,0; HI<1,0).

non-carc

non-carc
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Péanh gia nguy co dugc thuc hién cho cac nhom san pham thit
riéng 1¢, dugc phan loai theo phuwong phap ché bién (nudéng vi, nudng
10, chién, xong khoi), c6 tinh dén muc tiéu thy hang ngay cac san pham
trén, ciing nhu lidu lugng trung binh cta cac hop chat N-nitrosoamine
c6 trong tirng nhoém thuc pham.

Két qua tinh toan nguy co giy ung thu va khong giy ung thu do
NDMA va NDPHA c¢6 trong thit nuéng vi va cac san pham thit nudng
vi dugc trinh bay trong cac bang 2.9-2.10.

Bang 2.9

Mirc d0 nguy co ung thw do phoi nhiém véi NDMA va NDPHA khi
nguoi dan Viét Nam tiéu thu thit nwéong vi va cac san pham tir thit

nwong vi
TT Chét Tré¢ em dudi| Tré em tr | Nguoi lon tr | Nguoi 1on trén
a 6 tudi 7-17 tudi 18-50 tubi 50 tubi
1 NDMA 1,72 x 105 | 1,46 x 105 | 1,45 x 10 4,15 x 10°
2 NDPHA | 1,45 x 100 | 1,24 x 10 | 1,22 x 10° 3,51 x 1010
g | TONENEUY €Ol oy 105 | 146 %105 | 1,45 x 107 4,15 x 10°
gay ung thu

Luu y: mire d6 nguy co gdy ung thw cao hon mirc chdp nhin dwoc dwoc in dam.

Trong bang 2.9 trinh bay két qua danh gia nguy co gy ung thu do
tiép xtuc vdi NDMA va NDPHA khi nguoi dan Viét Nam tiéu thu thit
nuéng vi va cac san pham tir thit duoc nudng vi. Phan tich dir liéu da
phat hién rang tong nguy co gy ung thu lién quan dén tac dong cia
NDMA va NDPHA cho thay sy bién dbi dang ké tuy thudc vao nhom
tudi.

Pong thoi, Nghién ctu d3 xac dinh dbi v6i nhém nguoi truong
thanh trong d6 tudi tir 18 dén 50, nguy co giy ung thu dat dén muc
khong chap nhan duoc (1,45 x 10%). Gia tri ndy vuot qua ngudng nguy
co duge thiét lap 1a 1,0 x 10*. Nguoc lai, & cac nhom tudi khac, bao
gém tré em dudi 6 tudi, tré em tir 7-17 tudi va nguoi lom trén 50 tudi,
mirc nguy co gdy ung thu quan sat duoc van nam trong gidi han chép
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nhéan duoc. Phan tich dinh luong mac dong gop cua timg hop chit vao
tong nguy co gdy ung thu cho thiy NDMA 1 tac nhan chinh quyét dinh
mirc nguy co, trong khi anh huéng cia NDPHA 1a khong dang ké &
tt ca cac nhom tudi. Piéu nay nhdn manh sy can thiét cua viéc tang
cuong kiém soat ham lugng NDMA trong thit va cac san phém tur thit
ché bién bang phuong phap nudng vi.

Bang 2.10

Mirc dd nguy co khong giy ung thu do phoi nhiém véi NDMA va
NDPHA thong qua tiéu thu thit nwéng vi va cac san pham tir thit
nwong vi tai Viét Nam

, Céic co quan va hé Tré em Tré em | Nguoilon | Nguoi
TT| Chat théng quan trong. dudi6 | tir 7-17 | tir 18-50 16n trén
i tudi tudi tudi 50 tudi
1 | NDMA | Qué trinh phat trién 1,03 0,88 1,74 0,50
Mit (md giac mac),
2 | NDPHA | tac dong hé théng >0,01 >0,01 >0,01 >0,01
(khéi luong co thé)

Lueu y: hé s6 nguy co vuweot qud mike chdp nhan dwoc (cho phép) dwoc in dam.

Bang 2.10 trinh bay két qua ddnh gia nguy co khong giy ung thu
do phoi nhiém véi NDMA va NDPHA thong qua viéc tiéu thu thit va
cac san phém tur thit nudng vi tai Viét Nam. Phan tich dir liéu cho théy
rang hé s6 nguy co ddi véi NDMA vuot qua mot don vi ddi véi tré em
dudi 6 tudi (1,03) va nguoi truong thanh trong do tudi tir 18-50 tudi
(1,74), diéu nay cho thay nguy co tiém an d6i v6i cac co quan va chic
nang sinh 1y quan trong, dic biét 1a cac qua trinh phat trién. Doi voi tré
em tir 7-17 tudi va nguoi 16n trén 50 tudi, Hé sb6 nguy co lan luot 1a
0,88 va 0,50, ndam trong gidi han chép nhan duoc .

Nghién ctru dugc thuc hién dé danh gia nguy co dbi véi stre khoe
ciia ngudi dan do phoi nhiém véi N-nitrosodimethylamine (NDMA) va
N-nitrosodiphenylamine (NDPHA) thong qua viéc ti€u thu thit va céc
san pham tr thit ché bién bang phuong phap nuéng vi: Cac két qua
chinh thu duoc nhu sau:
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Tong nguy co ung thu cé thé do phoi nhiém véi NDMA va NDPHA
& nhom ngudi trudng thanh tir 18-50 tudi duoc xac dinh ¢ muc dang
quan ngai, vuot ngudng nguy co chap nhan duoc.

Trong qua trinh danh gia nguy co khong gay ung thu, Hé sd nguy
co di dugc xac dinh ddi véi tré em dudi 6 tudi (HQ=1,03) va ngudi
truong thanh trong do tudi tir 18-50 tudi (HQ=1,74).

DPbi voi nguy co khéng gy ung thu phat sinh tir viée tiéu thu
N-nitrosophenylamine (NDPHA) c6 trong thit va cac san pham thit ché
bién bang phuong phap nudng vi, Hé sd nguy co (HQ) duogc xac dinh
1a & muc chap nhan dugc d6i véi tat ca cac nhom ddi twong nghién ciru
(HQ < 0,01).

Do cic co quan dich va hé thong sinh 1y chiu anh huéng cua
NDMA va NDPHA dugc quy dinh khac nhau theo ciac hudng dan
chuyén nganh, viéc tich hop chi s6 nguy co tong hop khong duoc thuc
hién trong danh gia nay.

Sau khi hoan tat phan tich nguy co lién quan dén viéc tiéu thu thit
nudng vi va cac san pham thit nuéng vi, viéc chuyén hudéng sang danh
gi4 nguy co tir hip thy cac hop chit N-nitrosamine tir cic san phim nay
1a hgp ly. Do chi c6 N-nitrosodimethylamin dugc xac dinh trong nhom
san pham nay, nén qué trinh danh gid nguy co chi dugc thuc hién &
hop chit NDMA. Két qua danh gia dinh luong nguy co gdy ung thu va
khong gay ung thu do phoi nhiém véi NDMA tir thit nuéng 16 va céc
san pham thit nudng 16 duoc trinh bay trong bang 2.11.

Bang 2.11

Mirc d nguy co giy ung thu va khong giy ung thu do phoi nhiém
voi NDMA khi tiéu thu thit nwéong 10 va cac san pham thit cia
nguoi dan Viét Nam

, £ Tré em | Tré em tr | Nguoi lon tr| Nguoi 16n
TT]  Tinh chdtnguy €O | y5i 6 i | 7-17 tudi | 18-50 tudi | trén 50 i
1 | Chat gay ung thu (CR) | 1,21 x 107 | 1,03 x 10° | 1,02 x 10* | 2,91 x 10°
Khong gay ung thu
2 0,73 0,62 1,22 0,35
(HQ) ’

Lueu y: mike dé nguy co cao hon mire chdp nhdn dwoc dwoc in dim. ¥ nghia
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Phan tich két qua danh gia nguy co lién quan dén viéc tiéu thy
thit nuéng 10 va cac san pham thit nuéng 10 chira N-nitrosamine wu
tién cho danh gia nguy co, dugc trinh bay trong bang 2.11, cho phép
xac dinh rang nguy co ung thu ca thédo phoi nhiém NDMA dbi
voi dan sé trong d6 tudi 18-50 twong Gng v6i mic d6 dang lo
ngai (CR = 1,02*10*). Banh gia nguy co khong gay ung thu da phat
hién muc d6 nguy co khong chap nhan duoc ciing trong nhom dan sb
tir 18-50 tudi (HQ = 1,22), diéu nay cho thay céc tac dong tiéu cuc tiém
tang 1én cac hé théng quan trong cua co thé do tiép xtc véi nitrosamine.

Do d6, danh gia nguy co lién quan dén viéc tiéu thu thit nuéng va
cac san pham thit chira N-nitrosamine da bi gi¢i han trong phan tich
NDMA do thiéu cac N-nitrosamine quan trong khac. Két qua cho thay
NDMA 14 yéu t6 chinh quyét dinh ca nguy co gdy ung thu va khong gay
ung thu cho ngudi trudng thanh trong do tudi tir 18 dén 50.

Sau khi phén tich nguy co lién quan dén thit nudng 10 va cac san
pham tir thit nuéng 10, chiing ta s& chuyén sang phan tich nguy co do
su xuat hién cta céac hop chit N-nitrosamine trong thit chién va cac san
pham tir thit chién. Két qua tinh toan nguy co ung thu va khong ung thu
trén ca thé do tiéu thu thit chién va cac san phém thit chién duoc trinh
bay trong bang 2.12. Tuong tu nhu cac san pham thit nudng 10, trong
cac mau thit chién va cac san pham thit 43 dugc nghién ctru cling khong
phat hién su hién dién cia NDPHA.

Bang 2.12

Mirc d§ nguy co giy ung thu va khong gy ung thu do phoi nhiém
v6i NDMA khi tiéu thu thit chién va cac san pham tir thit chién ciia
nguoi dan Viét Nam

TT

Tinh chat nguy co (gia tri
tinh todn)

Tré em
dudi 6 tuoi

Tré em tu
7-17 tuoi

Nguoi 16n
tur 18-50
tuoi

Nguoi 16n
trén 50
tuoi

Chat gy ung thu (CR)

6,55 x 10°

5,24 x 10

3,64 x 107

9,78 x 10

Khong gay ung thu (HQ)

0,39

0,32

0,44

0,12
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Phan tich dit liéu c6 trong bang cho thy ring cac mirc do nguy co
giy ung thu va khong gay ung thu do tiép xuc vé6i NDMA khong vuot
qua céc gia tri chip nhan dugc d6i vai tit ca cac nhom tudi dugce nghién
cuu.

Sau khi phan tich nguy co lién quan dén thit chién va cic san pham
tir thit, chung ta s& chuyén sang phén tich nguy co do sy hién dién cta
cac hop chat N-nitrosamine trong thit xéng khoi va cac san pham tir thit
x6ng khoi. Két qua tinh toan nguy co ung thu va khong ung thu ca thé
do tiéu thu thit xong khoi va cac san phém tur thit xong khoi dugc trinh
bay trong bang 2.13. Tuong tu nhu cic san pham thit nudng 10 va chién,
trong cac mau thit xong khoi va cac san pham thit d3 duoc nghién ctru
cling khong phat hién su hién dién cia NDPHA.

Bang 2.13

Mirc do nguy co giy ung thw va khong giy ung thu do phoi nhiém
voi NDMA khi tieu thu thit xong khoi va cac san pham tir thit xong
khoi cia nguwoi dan Viét Nam

. | Tinh chéit nguy co (gid tri | Tréem | Tré em tir | |\2u011on | Newoi 1on
So , , . 2. 2. | tu 18-50 trén 50
tinh toan) dudi 6 tudi | 7-17 tudi 2. 2.
tudi tuoi
1 | Chat giy ung thu (CR) |4,37 x 10 | 4,47 x 10° | 4,14 x 10 | 1,06 x 10
2 | Khong gay ung thu (HQ) 0,26 0,27 0,50 0,13

Phan tich dit liéu c6 trong bang cho thiy ring cac mirc o nguy co
gy ung thu va khong gy ung thu do tiép xtc voi NDMA khong vuot
qua cac gia tri chap nhan duoc dbi vai tat ca cac nhom tudi duge nghién
clru.

Phén tich toan dién vé nguy co lién quan dén viéc tiéu thu cic san
pham thit chta N-nitrosamine di cho phép xic dinh mot s6 quy luat
quan trong. Panh gia nguy co gy ung thu va khong giy ung thu dbi
v6i cac loai san pham thit khac nhau, bao gém thit nuéng vi, thit nuéng
10, thit chién va thit xong khéi, da phat hién ra su khac biét dang ké vé
mure d6 nguy co tiy thudc vao loai ché bién san phim va nhom tudi cta
dan sb.
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Két qua nghién ctru cho thdy rang muc d6 nguy co giy ung thu va
khong gay ung thu dang ké nhat hinh thanh khi tiéu thy thit nuéng vi
va thit nuéng 10, dac biét 1a ddi vé6i dan cu trudng thanh cia Viét Nam
trong do6 tudi tir 18-50. Céc loai san pham nay d tré thanh nguon chinh
gy phoi nhiém N-nitrosodimethylamine (NDMA), dan dén hinh thanh
mirc 46 nguy co khong chp nhan dugc. Pong thoi, phan tich nguy co
lién quan dén viéc tiéu thy thit x0ng khoéi va céc san phém tur thit cho
thay rang mirc d6 nguy co giy ung thu va khong gy ung thu do tiép
xuc voi NDMA khong dat dén gia tri khong chip nhan dugc d6i voi bat
ky nhom tudi nao duoc nghién ciru.

Panh gia sw khong chic chin

O giai doan xac dinh mdi nguy, da phét hién ra nhimg diém khong
chic chan lién quan dén:

1. Su khac biét trong phéan loai chat gay ung thu: co sy khac biét
trong phéan loai tinh gdy ung thu cia cac hop chat N-nitrosamine duoc
str dung bai cac to chie qudc té khac nhau, nhu IARC va US EPA.

2. Su khac biét trong cac huéng di va két qua cta cac nghién ciu
khoa hoc: phan 16n cac nghién ctru duoc trinh bay trong tai liéu khoa
hoc tap trung vao viéc nghién ctru tdc dong gay ung thu ctua cac hop
chat N-nitrosamine. Cac nghién ctru vé tac dong khong gay ung thu cia
cac hop chat nay duoc trinh bay véi sd lugng it hon dang ké. Picu nay
c6 thé dan dén su hiéu biét khong day du vé cic tac dong mang tinh
tiéu cuc tiém an d6i véi stre khoe con ngudi.

O giai doan lya chon su phu thudc "liéu luong - dap Ung", da xac
dinh duoc nhitng sy khong chac chan sau day do han ché vé danh gia
tac dong khong gy ung thu: danh gia chi tiét vé tac dong co hai khong
gy ung thu chi ¢6 sdn cho mot s6 luong han ché céc chat. Piéu nay tao
ra sy khong chac chan trong viéc dédnh gid nguy co khong gy ung thu
cho tat ca cac N-nitrosamine.

Trong giai doan danh gia phoi nhiém, nhitng diém khéng chic
chin sau day da duoc xac dinh, lién quan dén:
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1. SO luong mau han ché: Panh gia ham lugng cac hop chat
N-nitrosamine trong cac san phém thit dugc thuc hi¢n dua trén phan
tich s6 lwong mau han ché, diéu nay co thé dan dén viéc khong day du
trong viéc thé hién sy phan bd cua cic chat nay trong cic san pham
duoc nghién ctru va sy khong chinh x4c trong danh gia phoi nhiém.

2. Han ché thong tin vé tiéu thu: danh gia tiéu thu thuc phém chi
tién hanh trén nhoém nho dan cu , diéu nay co thé gay ra sy khong chic
chén trong viéc xac dinh mutc do phoi nhidm thuc té cta cac hop chat
N-nitrosamine ddi v6i cac nhom dan cu khac nhau.

Két qua ctia phan tich cac yéu t6 khong chac chin cho thay rang
mic do khong chic chan tong thé trong dénh gia nguy co cta nghién
ctru tai thoi diém hién tai 13 cao; Do d6 can tién hanh cac nghién cuu
bd sung nham 1am rd dit liéu va giam bét sy khong chic chan, dé phat
trién cic bién phap hiéu qua trong quan 1y rii ro va bao vé stc khoe
cong dong.

Két qua nghién ciru danh gia nguy co ddi véi strc khée dan cw khi
tiéu thu thit va cac san pham tir thit tai Viét Nam

Két qua nghién ctru danh gia nguy co ddi véi strc khoe dan cu khi
ti€u thu thit va cac san phém tur thit luu thong trén thi truong Viét Nam
cho thay:

1. Tai giai doan xac dinh mbi nguy, da xac dinh trong s6 chin
N-nitrosamine dugc phat hién trong thit va cic san phém tur thit,
N-nitrosodimethylamin va N-nitrosodiphenylamin dugc dua vao danh
gia nguy co tiép theo, vi chiing dap tmg cac tiéu chi bao gdm c6 mit &
nong do cao hon ngudng xac dinh trong hon 5% mau san pham; c6 cac
thong sd dé danh gia nguy co gy ung thu; c6 cac thong sd dé danh gia
nguy co khong gay ung thu.

2. Giai doan lya chon sy phu thudc "phoi nhiém - dap ung", da
xac dinh rang dé danh gla nguy co gay ung thu, nén st dung céac gia
tri sau cua cac yeu t tiém nang gay ung thu: N-dimethylnitrosamine
la - 51 (mg/(kg x ngay))', N-diphenylnitrosamine 1a - 0,0049 (mg/(kg
x ngay))'. La tiéu chi danh gia nguy co khong gay ung thu, cac lidu
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tham chiéu dd duogc st dung: déi voi N-nitrosodimethylamine 13 -
0,000008 mg/kg trong luong co thé (cic co quan va hé thdng quan
trong — cac qua trinh phat trién); N-nitrosodiphenylamine 13 - 0,02 mg/kg
trong lugng co thé (cac co quan va hé théng quan trong - mat (mo giac
mac), tac dong hé thong (thay doi trong luong co thé)).

3. Tai giai doan danh gia phoi nhiém, céc liéu trung binh hang
ngay ciia cac hop chat N-nitrosamine dugc thiét 1ap dé danh gia nguy
co gay ung thu va khong gay ung thu.

Liéu trung binh hang ngay khi phoi nhiém voi
N-nitrosodimethylamine tir thit va cac san pham thit nuéng vi cta dan
cu Viét Nam 1a tir 4,00 x 10 d¢én 1,39 x 107 mg/kg trong luong co thé
moi ngay.

Liéu trung binh hang ngay khi phoi nhiém véi
N-nitrosodiphenylamine tir thit nuéng vi va cac san pham thit nuéng vi
1a tr 3,52 x 107 @én 1,23 x10° mg/kg trong luong co thé mdi ngay.

Liéu trung binh hang ngay cua N-nitrosodimethylamine, dic trung
cho nguy co gy ung thu (LADD,_, ), hap thu tir thit nuéng vi va cac
san pham thit nuéng vi: d6i voi tré em dudi 6 tudi 1a 6,80 x 107 mg/kg
trong lwong co thé mdi ngay; ddi véi tré em tir 7-17 tudi 1a 5,78 x 107
mg/kg trong lugng co thé mdi ngay; ddi véi nguoi 1on tir 18-50 tudi 1a
5,73 x 10 mg/kg trong luong co thé mdi ngay; ddi véi ngudi 16n trén
50 tudi 1a 1,64 x 10 mg/kg trong luong co thé mdi ngay.

Liéu luong N-nitrosodiphenylamine, dic trung cho hiéu Gng gay
ung thu, dbi voi thit va cac san pham tir thit nudng vi: ddi voi tré em
duéi 6 tudi 1a - 5,99 x 10® mg/kg trong luong co thé mdi ngay; ddi vai
tré em tir 7-17 tudi 1a - 5,09 x 10 mg/kg trong luong co thé mdi ngay;
d6i v&i nguoi 16n tir 18-50 tudi 1a - 5,05 x 107 mg/kg trong luong co
thé mdi ngay; ddi vdi ngudi 16m trén 50 tudi 1a - 1,45 x 107 mg/kg trong
luong co thé mdi ngay.

Liéu trung binh hang ngidy khi phoi nhiém véi
N-nitrosodimethylamine tir thit chién va cac san phém thit chién, doi
v6i dan cu tai Viét Nam 1a tir 9,43 x 107 dén 3,51 x 10° mg/kg trong
luong co thé mdi ngay.
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Liéu trung binh hang ngay cta N-nitrosodimethylamine, dic trung
cho hiéu tmg gy ung thu (LADD,__ ), hap thy tir thit chién va cac san
pham tir thit chién: ddi v6i tré em dudi 6 tudi 14 2,59 x 107 mg/kg trong
luong co thé mdi ngay; dbi véi tré em tir 7-17 tudi 1a 5,78 x 107 mg/kg
trong luong co thé mdi ngay; d6i véi ngudi 16n tir 18-50 tudi 1a
1,44 x 10 mg/kg trong luong co thé mdi ngay; ddi véi nguoi 16n trén
50 tudi 1a 3,88 x 107 mg/kg trong luong co thé mdi ngay.

Liéu trung binh hang ngidy khi phoi nhiém véi
N-nitrosodimethylamine tir thit nudng 10 va cic san pham thit nuéng
10 cia dan cu Viét Nam 1a tir 2,81 x 10°dén 9,79 x 10° mg/kg trong
luong co thé mdi ngay.

Liéu trung binh hang ngay ctia N-nitrosodimethylamine, dic trung
cho hiéu img gay ung thu (LADD_,), tir thit nwéng 10 va cic san pham
thit nuéng 10: ddi véi tré em dudi 6 tudi 1a 4,78 x 107 mg/kg trong
luong co thé mdi ngay; dbi véi tré em tir 7-17 tudi 1a 4,06 x 107 mg/kg
trong luong co thé mdi ngay; dbi voi nguoi 16n tir 18-50 tudi 1a
4,02 x 10 mg/kg trong luong co thé mdi ngay; ddi véi nguoi 16n trén
50 tudi 1a 1,15 x10* mg/kg trong luong co thé mdi ngay.

Liéu trung binh hang ngay khi phoi nhiém véi
N-nitrosodimethylamine tir thit xong khoi va cac san pham thit xong
khoi d6i voi ngudi dan Viét Nam 1a tir 1,02 x 10 dén 3,99 x10° mg/kg
trong luong co thé mdi ngay.

Lidu trung binh hang ngay cia N-nitrosodimethylamine, dic
trung cho hiéu ung gay ung thu (LADD,, ), duoc hap thu tir thit x6ng
khoi va cac san pham thit xong khoi: doi voi tré em dudi 6 tudi 1a -
1,73 x 107 mg/kg trong luong co thé mdi ngay; ddi voi tré em tir 7-17
tudi 1a - 1,77 x 107 mg/kg trong luong co thé mdi ngay; dbi véi ngudi 16n
tir 18-50 tudi 1a - 1,64 x 10 mg/kg trong lwong co thé mdi ngay; déi véi
ngudi 16n trén 50 tudi 1a - 4,20 x 107 mg/kg trong lwong co thé mdi ngay.

4. Giai doan Mo ta nguy co, da xac dinh dugc sy hinh thanh mtc
d6 nguy cogiy ung thu dang lo ngai trong dan sb truong thanh tir 18-
50 tudi, do tiép xuc v6i NDMA tir thit nudng vi va cac san pham thit
nuéng vi (CR 1én dén 1,45 x 10*) va thit nuéng 1o va cac san pham thit
nudng 16 (CR 1én dén 1,02 x10).
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Déng thoi, trong sb6 dan cu thudc nhom tudi nay, da xac dinh duoc
sy hinh thanh mtc d6 nguy co khong giy ung thu khong chap nhan
duoc, do su hép thu NDMA ttr thit va cac san phém tu thit dugc nuong
vi (HQ 1én dén 1,74) va thit va cac san pham tir thit dugc nudng 10 (HQ
lén dén 1,22).

Trong s tré em dudi 6 tudi, 3 ghi nhan sy hinh thanh mac do
nguy co khong giy ung thu khong chdp nhan dugc, do tiép xtic véi
NDMA tir thit nuéng vi va cac san pham thit duoc nuéng vi (HQ 1én
dén 1,03).

Két qua danh gia nguy co da thuc hién cho thiy sy can thiét phai
phat trién cac thong sd phu thudc "phoi nhiém - dap Gng" dé danh gia
dinh luong tiép theo vé nguy co khong gdy ung thu, duoc hinh thanh bai
su phoi nhiém N-nitrosodimethylamine, diéu nay xac dinh nhiém vu uu
tién trong viéc thiét lap cac diém khai dau co co sé khoa hoc. Do d6 can
lwu ¥ rang, mic du da ap dung liéu tham chiéu NDMA trong nghién ctru
nay theo Hudng dan R.2.1.10.3968-23, dua trén cic qua trinh phat trién,
dir 1iéu khoa hoc hién co6 chi ra mot phé rong hon cua cac tac dong doc
hai do céc hop chat N-nitrosamine giy ra, bao gdm ca NDMA [Agency
for Toxic Substances and Disease Registry, 2023; Sheweita, Mostafa,
1996].

Pic biét, trong tai liéu khoa hoc c¢6 cac an pham cho thiy ring
cac hop chat N-nitrosamine, bao gdm NDMA, c6 thé giy tac dong tiéu
cuc khong chi dén qua trinh phat trién ma con dén chire nang gan [Shur,
Suvorov, Zemlyanova, Zelenkin, 2020; Suvorov, Shur, Zelenkin, 2024;
Gao et al., 2017; Wong, Murphy, Wang, Hecht, 2003] Mot s6 nghién
cltru cho thay tac dong gay doc gan ctia cac hop chat N-nitrosamine. Do
d6, can luu ¥ rang cac gia tri lidu lugng hang ngay cho phép (ADD)
ddi v&i nitrosamine, duoc thiét 1ap dua trén BMDL (gia tri ctia lidu tiéu
chuan) trong cic nghién ciru nay, nghiém ngit hon so véi liéu tham
chiéu (RfD) cho NDMA lién quan dén céc qua trinh phat trién, duoc st
dung trong nghién ctru hién tai. Tuy nhién, cac micc BMDL dugc thiét
1ap cho cac hop chit N-nitrosamine trong ditr liéu nghién ctru, do dac
thu cua thiét ké thi nghiém cuia chung, khong thé duge sir dung nhu mot
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tiéu chi phod quat khi danh gia nguy co khong gay ung thu lién quan dén
viéc ti€u thu thuc phélm chtra cac hop chét nitrosamine.

Do d6, phat sinh nhu cau tién hanh thi nghiém doc hoc chuyén biét
trén dong vat thi nghiém. Mot thi nghi¢m nhu vay, dugc thuc hién theo
cac tiéu chuan qudc té va sir dung cac phuong phép da duoc xac thuc,
s& cho phép thu duoc dir lidu chinh xac hon vé cac théng sd phu thudc
"lidu luong — dap tmg" dbi voi tac dong gy ddc gan cua cac hop chat
N-nitrosoamine. Dir li¢u thu dugc tur thi nghiém nhu vay s€é cho phép
1am 13 cac tham sd dé danh gia dinh luong nguy co khong gay ung thu
do tiép xUc vOi nitrosamine, va thiét lap cac diém khéi dau co co so
khoa hoc, ap dung cho cac loai thuc phém va cac nhom dan sd khéc
nhau.

Do d6, c6 nhu ciu 1am 6 cac thong sé danh gia nguy colién quan
dén gan. Piéu nay doi hoi phai tién hanh cac nghién ciru bd sung nham
xéac dinh cac dau 4n sinh hoc vé phoi nhiém va dap tmg con dugc goi
1a ddu 4n sinh hoc vé phan tng sinh hoc [Zemlyanova, Dolgikh, 2010],
cho phép mo ta va danh gia dinh luong chinh xac hon vé hiéu tng gay
doc gan cia NDMA va cac N-nitrosamine khac.
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CHUONG 3. THIET LAP CAC THONG SO PHU THUQC "PHOI
NHIEM-PAP UNG" PE PANH GIA NGUY CO DUA TREN THi
NGHIEM PQC HQC SU DUNG CAC DAU AN SINH HOC VE
PHOI NHIEM VA PAP UNG

Lam rd cac thong sd ctia mdi quan hé "phoi nhiém - dép tmg" dé
danh gia nguy co ddi vdi stc khoe cong dong lién quan dén tac dong
cua cac hop chit N-nitrosamine da duogc thuc hién trong khudn kho
cong trinh nghién ctru chung gitra FBSI ctia Rospotrebnadzor, thanh
phd Perm, Lién bang Nga va NIFC, thanh phd Ha Noi, Viét Nam.

Nhu da dugc xac dinh & giai doan trudce, danh gid nguy co ban
dinh luong ddi voi stc khoe dan cu ctia Viét Nam, hinh thanh tir viéc
ti€u thu thit va cac san phém tur thit c6 chira N-nitrosamine, da phat hién
ra mic do dang lo ngai cta rui ro khong gay ung thu ddi voi nguoi 1on
khi N-nitrosodimethylamine duoc hap thu do an thit, cic san pham tir
thit nudng va hun khoi. Cac san pham thyc phdm nay da dugc xac dinh
1a ngudn chinh chtra cac hop chat N-nitrosamine [Ozbay, Sireli, 2021;
EFSA CONTAM Panel, Schrenk, Bignami et al., 2023; Park, Seo, Lee,
Kwon, 2015; Lee, 2024].

Can luu ¥ rang, mic du két qua thu duoc rit quan trong, cac
nguyén tic qudc té vé phan tich nguy co stc khoe theo Uy ban Codex
khong bao gdm viée thuc hién danh gia dinh luong nguy co khong gay
ung thu.

Déng thoi, mot sd nghién ctu dugc danh dé danh gia tac dong
gdy ung thu ciia cdc hop chat N-nitrosamine, truéc hét 1a NDMA,
thuong duge xem 13 khong co ngudng, cd ban chat gy doc gen [U.S.
Department of Health and Human Services, 2021; U.S. Environmental
Protection Agency, 1987; Hidajat et al., 2019; Boniol, Koechlin, Boyle,
2017]. Tuy nhién, tong quan két qua nghién ctru vé cac thi nghiém
doc hoc trén dong vat (chudt) da phat hién ra réng cac hop chit N-
nitrosamine, dic biét 1a NDMA, c6 thé gay ra cac hiéu tmg ma tac dong
ctia chung dugc dic trung boi cac mirc ngudng. Quan sat nay dya nhiéu
hon vao viéc nghién ciru sau vé co ché cia nhirng tac dong nay.
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Trong bai danh gia vé sy phat trién cla céc tac dong doc hai khi
cac hop chit N-nitrosamine xadm nhép qua dudng an udng, Liteplo va
Meek d3 luu ¥ ring cac tic dong doc hoc cia NDMA phat trién thong
qua co ché alkyl héa cac dai phan to sinh hoc (vi du, DNA, RNA,
protein) bdi ion methyldiazonium, dugc hinh thanh trong quéa trinh
chuyén hoéa [Liteplo va Meek, 2001]. Ngoai ra, khi NDMA duogc hip
thu qua dudng udng, néd cé tic dong dén cac co quan va hé théng khac
nhau, bao gém gan (su tao khong bao cua té bio gan, bénh tinh mach
cua va hoai ti/chdy mau), than (vi dy, gian cAu than va day nhe vé
Bowman's), 14 lach (r mau trong 14 lach), va ciing c6 thé gay chay mau
duong tiéu hoa [Barnes va Magee, 1954; Khanna va Puri, 1966; Reuber
va Lee, 1968; Maduagwu va Bassir, 1980; Roszczenko, Jablonski va
Moniuszko-Jakoniuk, 1996; Chooi, Rajendran, Phang, va Toh, 2016;
Lathouri, Korre, Dusinska, va Durucan, 2022]. Ham lugng cac chi )
chuic ning gan trong mau duoc xem 1a cac dau 4n sinh hoc tiém nang vé
dap tmg khi phoi nhiém vdi NDMA [Usunomena et al., 2012].

Trong nghién ctru cuia Moniuszko-Jakoniuk va cdng su, da chi
ra rang khi tiép xtc qua duong miéng voi NDMA ¢ liéu 0,002 va
0,003 mg/kg/ngay, chudt di xuit hién nhirng thay d6i mé bénh hoc
& gan. Nhirng thay d6i nay bao gom thoai hoa té bao gan, hinh thanh
cac soi argyrophil va collagen, ciing nhu cac thAm nhiém viém &
khu vuc dudong mat cong sau 30 ngay. DPong thoi, sau 90 ngay, hiéu
mg ting cuong va biéu hién dudi dang gan nhiém md va ton thuong
nhu mo6 gan [Moniuszko-Jakoniuk, Roszczenko, va Dzieciol, 1999].
Tuong tu, nghién ctru cia Roszczenko va cong sy trén chudt cho théy
rang viéc hap thu NDMA qua dudng miéng lau dai dan dén giam kha
ning lién két sat tong thé ting ham luong cac enzyme gan trong mau
(alanine aminotransferase (ALT), aspartate aminotransferase (AST)
va y-glutamyltransferase (GGT)) véi liéu luong don 1é 1a 20 pg/kg
trong luong co thé [Roszczenko, Jablonski va Moniuszko-Jakoniuk,
1996].

Do do, co quan dich chinh trong viéc hinh thanh cic tac dong
khong gay ung thu khi NDMA dugc hap thu qua dudng miéng 1a gan.
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Céc chi s6 hoat dong cua ALT, AST va GGT trong méau dugc xem la cac
dau 4n sinh hoc dé danh gia phan tng dbi véi tac dong giy doc gan cla
cac hop chit N-nitrosamine, [Lathouri, Korre, Dusinska, va Durucan,
2022].

Gamma-glutamyltransferase (GGT) 1a mot enzyme du hiéu dic
hiéu cho ton thuong gan va duong mat. Can luu ¥ rang hoat dong cua
GGT c6 thé ting 1én ngay ca khi chi xuat hién réi loan chirc ning gan
nhe, diéu nay khién chi s6 nay tré thanh ddu 4n sinh hoc nhay cam
nhat phan anh ton thuong gan [Roszczenko, Jablonski va Moniuszko-
Jakoniuk, 1996].

Aspartate aminotransferase (AST), con dugc goi 1a Glutamate-
oxaloacetate transaminase (GOT),la mot loai enzyme c6 nhiéu trong céac
té bao gan va than, va mot luong nhé hon ¢ tim, co, va nao; Khi cac té
bao nay bi ton thuong, AST s& dugc giai phong vao mau, do d6 AST
tang 1én khi ton thuong gan cip tinh. Tuy nhién, can luu ¥ rang AST
cling c6 mit trong hong cau, co tim va co xuong, do d6 khong phai
1a ddu hiéu dic hiéu cho gan. Tang muc AST co thé xay ra khi co ton
thuong tim hodc co xwong, cling nhu khi c6 ton thuong nhu mo gan.
Trong thuc hanh 1am sang, sy hién dién cua cac gia tri ALT va AST ting
cao cho thiy kha nang ton thuong gan.

Poi lai, alanine aminotransferase (ALT), con duoc goi 1a glutamic
pyruvic transaminase (SGPT) huyét thanh, 1a mot enzyme chu yéu c6
mit trong té bao gan. Khi t& bao bi ton thuong, sé giai phong enzyme
nay vao mau, noi ma né duoc do luong. ALT ting manh khi gan bi t6n
thuong cap tinh. Pong thoi, theo dir liéu dugc trinh bay bai Usunomena
va cong sy, alanin-aminotransferaza la mot dau hiéu dang tin cdy hon
vé tinh toan ven cta gan so v4i alanine aminotransferase [Usunomena
et al., 2012]. Can luu y rang cac enzyme gan thudng c6 mat trong tuan
hoan véi s6 lugng nhé do qua trinh phat trién va phuc hoi cta gan. La
mot enzyme dic trung cho gan, ALT ting dang ké chi khi c6 cac bénh
Iy gan mat. Tang mac AST, nhu da dé cap trudc do, cé thé xdy ra khi c6
t6n thuong co tim hodc co xwong, cling nhuw nhu mo gan.
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Do d6, cac bao cdo tong quan chung vé cac thi nghiém ddc hoc
trén dong vat (chuot), da xac dinh réng cac hop chat N-nitrosamine, dic
bi¢t la NDMA, ngoai tac dong khong ngudng, con c6 cac hiéu ing ma
tac dong ctuia chung dugc dac trung boi cac mirc ngudng. Trong do, gan
1a co quan dich khi cac hop chat N-nitrosamine c6 tac dong khong gay
ung thu, va cac d4u 4n sinh hoc cua su phat trién céac tac dong ti€u cuc
1a su thay doi néng do GGT, AST, ALT trong mau.

Pong thoi, mic du di tién hanh cac nghién ciru vé tic dong cia
NDMA 1én co thé, phat hién ra tinh chit ngudng cta sy phat trién
mot sd hiéu ung, Tham khdo va phan tich cac tai liéu da cong bd cho
thdy mirc do nguy co tdi thiéu (MRL) duoc thiét 1ap 1a 0,00001 mg/
kg trong lugng co thé mdi ngay [Agency for Toxic Substances and
Disease Registry, 2023.]. MRL nay dugc xac dinh dua trén BMDL ¢,
0,0014 mg/kg trong luong co thé mdi ngdy (trong dé hiéu Gmg quan
trong duoc xac dinh 14 giam kha ning lién két sat cua huyét thanh) véi
viéc ap dung hé s6 khong chac chan UF 1a 100 (10 — ngoai suy két qua
tor dong vat sang nguoi, 10 — tinh dén nhom nhay cam: tré so sinh, tré
em, nguoi gia, phu nit mang thai). Can luu ¥ rang gia tri BMDL thu
duogc d3 dugc thiét lap dua trén thi nghiém cép tinh sir dung mot nhém
thir nghiém, nhan liéu hang ngay NDMA 0,002 mg/kg trong luong co
thé trong 10 ngay.

EPA Hoa Ky dé xuat sir dung két qua nghién ctru ctia Anderson
va cong su [Anderson et al., 1978] 1am liéu tham chiéu man tinh dé
danh gia nguy co do NDMA gay ra. Trong qua trinh thi nghiém kéo
dai 10 tudn trén 10 con chudt v&i viée st dung mot liéu nghién cuu
(100 mg/kg trong luong co thé) va phat hién cac tac dong tiéu cuc khi
NDMA duogc dua vao qua duong miéng, mic LOAEL (Mtc taic dong
c6 hai thap nhat dugc quan sat thiy) dd duoc xac dinh 1a 0,025 mg/kg
trong luong co thé mdi ngay, dya trén d6 da thiét 1ap liéu tham chiéu &
mirc 8 x 10 mg/kg trong luong co thé [U.S. Environmental Protection
Agency, 2007]. Pong thoi, nhu mot hiéu Gmg quan trong, di ghi nhan
cac bénh 1y phat trién, bao gom thai chét luu, giam thoi gian mang thai,
tang ty 1¢ tir vong so sinh va tang ty 1¢ con duc trong lira.

266



Can nhan manh rang viéc tinh toan RfD bao gdom nhimng sy khong
chac chan lién quan dén viéc ngoai suy dir liéu dong vat sang con nguoi
(bang 10), xem xét cac quan thé nhay cam (bang 10), st dung LOAEL
lam diém khoi dau (bang 10) va su khong chic chan trong dit liéu, bao
gdm viéc thiéu doc tinh than kinh va cac nghién ciru sinh san qua nhiéu
thé hé (bang 3). Do d6, hé sb diéu chinh tong cong 1a 3000.

Ngoai ra, khi phan tich cac két qua thu duoc va cac yéu té khong
chic chan dugc dé xuét, cac chuyén gia cia US EPA di xem xét van
dé vé su day du cua dir lidu va do 16n cta cac yéu td khong chic chén.
Trong d6, nguyén nhan cua ty 1€ tir vong chu sinh (tr vong thai nhi va
tré so sinh trong tuan dau tién sau khi chao doi) cao khong rd rang, va
co ché tiém ning cia sy thay d6i manh mé ty 18 gidi tinh cua tré sinh
non chua duoc biét dén. Tuy nhién, vi ty 1é tir vong chu sinh c6 thé 1a
két qua cua viéc tiép xtic voi NDMA, va vi US EPA di c¢6 két qua tir cac
thi nghiém doc hoc khac trén chudt, va vi nghién ctru quan trong ctia
Anderson va cong su l1a nghién ctu vé cac bénh 1y phat trién, dya trén
phuong phap tiéu chuan ctia US EPA, cac gia tri cia cac yéu td khong
chic chin di duoc cong nhan la du [U.S. Environmental Protection
Agency, 2007].

Céac chuyén gia ciia EPA ciing luu y rang mic du s lugng chudt
dugc st dung la du, nghién ctu chi bao gém mot mirc do tac dong va
két qua khong duogc trinh bay ddy di. Ngoai ra, khong co nghién ciru
nao khac vé NDMA xé4c nhan ty 1& tir vong chu sinh hodc thay doi ty
1€ gidi tinh & dong vat cai sita [U.S. Environmental Protection Agency,
2007].

Tuy nhién, két qua nghién ctru ciia Anderson va cong su [Anderson
et al., 1978] da duoc st dung dé thiét 1ap RfD, vi ching dugc cung cd
boi két qua thi nghiém cta Peto va cong su [Peto et al., 1991]. Trong
d6, cac tac gia da nghién ciu su phat trién cua cac tac dong tiéu cuc
ddi véi gan ¢ chudt khi tiéu thuy NDMA voi nude (6 néng do tur 0,033
dén 16,896 ppm). Trong sd tit ca cac tic dong khong gdy ung thu duoc
ghi nhan, sy hinh thanh cia triéu ching ting sinh té bao gan ¢ y nghia
thong ké dang ké.. Dua trén su ting sinh cta té bao gan (bénh gan to),
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da xac dinh dugc LOAEL ¢ muc 0,043 mg/kg trong luong co thé va
NOAEL ¢ muc 0,022 mg/kg trong luong co thé. Pong thoi, gid tri
NOAEL thu dugc twong duong véi LOAEL duoc tim thay trong nghién
ctru cua Anderson va cdng su [Anderson et al., 1978], diéu nay cho théy
rang cic hiéu ung lién quan dén cac bénh Iy phat trién s& xay ra som
hon, do 6, viéc str dung chung dé thiét 1ap RfD 14 hop 1y hon.

Do d6, thong qua viéc téng quan cac tai liéu dd cong bd, twong
g v6i giai doan xac dinh mdi nguy, cho thdy rang trong cac nghién
cuu thuc nghiém vé doc tinh cia NDMA, bén canh céac tac dong gay
ung thu, con xac dinh duoc tdc dong khong gay ung thu 1én gan. La céc
d4u 4n sinh hoc cho su phat trién cua cac tac dong ti€u cuc, co thé xem
xét su thay doi néng do AST, ALT, GGT trong huyét thanh.

Vi vay, do nhirng sy khong chic chin da dugc xac dinh, cling nhu
do viéc bién minh cho cac théng s6 dd phat trién trong tac dong cap
tinh, viéc sir dung liéu tham chiéu dé danh gia nguy co khi NDMA xam
nhap qua duong miéng la chua phu hop.

Theo d6, dé 1am rd cac thong s6 dé danh gia dinh luong nguy co
do NDMA trong thuc phém gay ra, viéc tién hanh thi nghiém doc hoc
man tinh 1a hgp 1y.

Vé van dé nay, dé danh gia dinh luong nguy co khong giy ung
thu do tiép xtc voi N-nitrosodimethylamine, Trung tdm khoa hoc Lién
Bang Nga vé cong nghé y hoc du phong dbi voi nguy co stc khoe va
Vién Kiém nghiém an toan vé sinh thuc phadm qudc gia da phat trién
mot thiét ké thir nghiém tuong tng.

Thiét ké thi nghiém trén mé hinh dong vat dé xac dinh cac thong
s0 danh gia dinh lwong nguy co khong giy ung thw do phoi nhiém
N-nitrosodimethylamine

Thi nghiém duogc thyuc hién tai NIFC (thanh phé Ha Noi, Viét Nam)
theo thoa thuan gitra FBSI va NIFC. Thiét ké thi nghiém dd dugc phé
duyét boi bién ban cude hop chung, va viéc thuc hi¢n da dugc Hoi déng
268



dao duc cua FBSI chép thuan, dam bao tuan thu tat ca cac tiéu chuan
dao dirc can thiét.

Theo két qua xac dinh mbi nguy, tac dong khong gay ung thu cta
NDMA khi hap thy qua dudng miéng dugce xem xét 13 tac dong giy doc
cho gan. Su thay do6i cac chi s6 huyét thanh vé chiic niang gan (AST,
ALT va GGT) dugc xem xét nhu 1 cac ddu 4n sinh hoc cua hiéu ung.
Nghién ctru vé co s& cac tham sb dé danh gid rui ro da duogc thuc hién
trén dong vat can huyét dong Wistar. Viéc chim soéc va nudi dudng
dong vat dugc thuc hién theo Cong udc Chau Au vé bao vé dong vat co
xuong séng duoc sit dung trong cac thi nghiém va cac muc dich khoa
hoc khac ETS N 123 [Council of Europe, 1986] va Huéng dan OECD
vé thyc hién cac nghién ctru doc tinh mén tinh [OECD, 2018].

Dé tién hanh nghién ctru doc hoc man tinh, can thiét lya chon mé
hinh dong vat phu hop vdi co ché sinh hoc ciia co thé con nguoi [Cruz,
Gomes, Landeira-Fernandez, 2024; Wei et al., 2024]. Viéc lua chon mo
hinh dong vat cho nghién ctru dugc dua trén cac nguyén tac luya chon
cac sinh vat mo hinh cho nghién ctru trong phong thi nghi¢m theo quy
tac GLP [Carroll, 2016] va phu hop véi céc tiéu chi sau:

1. Su lién quan cua mo hinh: viéc st dung chudt lam mo hinh duoc
quyét dinh boi su twong dong vé cdu trac va chic ning cla gan cia
chiung vé&i gan nguoi, dic biét trong bdi canh chuyén héa thude va cac
chat doc hai. Piéu ndy dam bao tinh hop Iy sinh hoc cua cac két qua thu
duoc [Kogure et al., 1999; Muzhikian va cdng su, 2017].

2. Tinh dong nhét vé kiéu gen: dé dam bao kha ning du doan két
qua cao hon, da sir dung cac dong vat can huyét. Cac dong can huyét
duoc dic trung boi mic 46 ddng nhat di truyén cao, diéu nay giam thiéu
anh huong cua cac dac diém lan tiém an va tao ra mot quﬁn thé déng
nhit hon dé nghién ctru. Diéu nay cho phép loai trir anh hudng cua cac
t6 hop di truyén khac nhau dén két qua nghién ctru, tir d6 tang do chinh
xac va dg tin cdy cua dir liéu thu duoc [Gaidai, 2019].

3. Tan suit st dung chudt céng nhu mdt mé hinh dong vat trong
nghién ctru: chudt cong duoc st dung rong rii dé nghién ctru doc tinh
ctia cac chit hoa hoc, diéu nay lam cho chung tr¢ thanh mdt mo hinh
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tuyét voi1 voi co s¢ dir liéu phong phu va cac quy trinh da dugc phat
trién [Semakova, Germanchuk, Shavina, 2021; Shagidulin va cdng su,
2017].

4. Kha nang tiép can va chi phi: chudt d& dang tiép can va chi phi
nudi tuong doi ré.

5. Piac diém ky thuat: chuot da l6n dé thuc hién mot loat cac thu
tuc, bao gom thu thip miu mau va tiém cac chat nghién cuu.

Dbong vat dugc mua tr mot trai nudi chuyén biét tai Ha Noi, Viét
Nam.

Nhitng con chudt dugc dua vao khu thi nghi€ém ctua NIFC da trai
qua thoi gian cach ly 5 ngay dudi sy giam sat chung, trong mgt phong
cach ly khoi cac loai dong vat khac.

Trude khi bat dau thi nghiém, tudi cua dong vat 1a 6 tuan, trong
luong (SD+m): con duc la 196,7+16,1 gram; con cai la 178,6£15,0
gram.

DPong vat duoc nudi gilt tir 2-3 con trong mdi chudng. Mdi 6 ¢
nhan ghi rd nhém ma dong vat dugce phan loai, khéi luong co thé, tudi,
gid1 tinh, ) luong dong vat trong 6 va thoi gian thi nghi¢ém.

Tuy thude vao lidu luong dung dich NDMA duoc cho udng bang
dung cu chuyén dung dua thang dung dich vao da day, cac dong vat
duoc chia ngiu nhién thanh 5 nhém, mdi nhém gdm 13 con véi sb
luong con duc va con cai bang nhau:

Nhom sb 1 dugc cho udng dung dich NDMA véi lidu luong bang
lidu 0,001 gia tri LD, (0,04 mg/kg trong luong co thé) - liéu luong
khong gy tir vong cho dong vat va cho phép xdy dung cac mo hinh vé
moi quan hé gitta "phoi nhiém - du 4n sinh hoc vé dap tng";

Nhom s6 2 duge cho udng dung dich NDMA véi liéu luong bang
LOAEL (0,002 mg/kg trong luong co thé) [Lathouri, Korre, Dusinska,
va Durucan, 2022];

Nhom s 3 duoce cho udng dung dich NDMA véi liéu lugng ¢ mirc
0,00001 gia tri LD,, (0,0004 mg/kg trong lugng co thé) - lidu lugng
dam bao dé xay dung mo hinh vé méi quan hé "phoi nhiém - dau an
sinh hoc vé dap tng";
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Nhém s6 4 duge cho udng dung dich NDMA & mic liéu t6i da
dugc quy dinh trong chuong 1 cua chuyén khio nay, nhu 1a yéu t6 gay
ra tac dong tiéu cuc d6i v6i nguoi trudng thanh khi tidu thu thit va cac
san pham tir thit (0,00002 mg/kg trong luong co thé);

Nhém s6 5 - nhom d6i chung, dugc cho uéng nude cat (1 ml).

Pé danh gia tac dong khong gdy ung thu cia NDMA 1én co thé
dong vat, mot thi nghiém ddc hoc man tinh da dugc phat trién, kéo dai
180 ngay. Hang ngay vao budi sang, khi déi, sau khi can, dong vat thi
nghiém duoc cho udng dung dich NDMA theo nhém thi nghiém cia
chung. Viéc dua vao duoc thuc hién qua duong miéng béing cach sir
dung dung cu cho udng, co tinh dén khéi luong co thé cua timg dong
vat. Liéu trén timg ca thé cia NDMA (mg/kg trong luong co thé), duoc
cho udng cho dong vat thi nghiém tiy thudc vao cac nhém thi nghiém
va thoi gian thi nghiém, dao dong tir 6,16 x 103 dén 1,54 x 10 cho
nhém s6 1; tir 3,20 x 10 dén 7,16 x 10 cho nhém s6 2; tir 7,03 x 10
dén 1,54 x 10* cho nhém s6 3; tir 3,43 x 10° dén 7,25 x 10 cho
nhom sb 4.

Lay miu mau dé phan tich cac du 4n sinh hoc cua sy phoi nhiém
va hiéu ung dugc thyc hi¢én mot lan mdi thang trong subt qua trinh thi
nghiém. Xét nghiém mau dé tim cac ddu 4n sinh hoc vé dap tng (AST,
ALT va GGT) duoc thuc hién bdi bénh vién Medlatec, don vi da duoc
cong nhan trén cac phuong phap do mau. Phan tich miu mau dé tim
cac dau an sinh hoc phoi nhiém dugc thuc hién tai khoa Pdc hoc va Di
nguyén ctia NIFCung bing phuong phap sic ky khi khéi phd hai lan
(GC-MS/MS).

Viée Xt Iy théng ké dir liéu va thiét 1ap diém khoi ddu BMDL,
d3 ap dung tiéu chuan U cua Mann-Whitney. Phuong phéap phi tham s6
nay di dugc str dung dé so sanh phan phdi dir liéu gitta cac nhom (vi
du, nhém kiém soat va nhom thi nghié¢m) nham phat hién su khac biét
c6 y nghia thong ké trong cac chi sb, dic trung cho tic dong cua yéu td
nghién cuu (p < 0,05). Thur nghiém nay nay thuong dugc st dung hon
cac phuong phap tham s6 do c6 kha ning vi pham cac gia dinh vé tinh
chuan cta phan phdi dit liéu.
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Phuong phap hoi quy phi tuyén tinh d duoc ap dung dé danh gia
su phu thudc gitta liéu luong NDMA va ndng d6 cua nd trong méau
dong vat thi nghiém. Phan tich dugc thuc hi¢n riéng cho tirng nhém
thi nghiém, cling nhu cho tat ca cac nhom cing nhau. Bién phy thudc
la néng do NDMA trong mau (mg/mL), con bién doc 1ap la lidu luong
NDMA trén ting ca thé (mg/kg trong lugng co thé).

Y nghia thong ké cua céc két qua thu duoc duogc danh gia bang
phuong phap Khi-binh phuong (y2). Hé sé xac dinh (R?) duoc sir dung
dé danh gia chat lugng ctia su phu hop ciia mo hinh. Tat ca cac tinh
toan thong ké di duoc thyc hién bang cach sir dung phan mém Statistica
13.0.

Phuong phap cira so trugt (The sliding window method) dugc s
dung dé thiét 1ap murc tham chiéu (BMDL) theo phuong phap dugc phé
duyét boi1 EEC, vé viée thiét 1ap va chirng minh céc tiéu chuan vé sinh
vé ham luong tap chat hoa hoc trong san pham thyc pham theo tiéu chi
nguy co dbi voi stic khoe con ngudi [Hudng din phuong phap vé viéc
thiét 1ap va ching minh céc tiéu chuan vé sinh]. Phuong phap nay (OR,
khoang tin cdy 95%, R2 > 0,5) cho phép phan tich dit liéu co tinh dén
su phu thudc thoi gian va xac dinh ngudng tac dong, dudi ngudng nay
khong quan sat thay hiéu tmg c6 y nghia thong ké (p < 0,05). Yéu cau
R? > 0,5 dd dam bao kha ning giai thich diy du ciia mo hinh thiét ké.
Viéc ap dung phuong phap ndy cho phép xem xét tinh phi tuyén tiém
ning gitta lidu luong va dap tmg, dam bao xac dinh BMDL chinh xac
hon.

Trong cac phan tiép theo, trinh bay két qua chi tiét cia viéc ap
dung cac phuong phap di néu va dién giai cua chung, bao gdm cac gia
tri cu thé p cho mdi bai kiém tra thong ké va cac gid tri R? cho phuong
phép ctra 6 truot.

Panh gia sw phu thudc ciia cic dap ing vao liéu lrong dua trén
két qua thi nghiém doc hoc trén mé hinh dong vat

DPé danh gia cac tac dong phu thudc liéu luong trong diéu kién
phoi nhiém kéo dai véi NDMA, can theo ddi sy thay doi hang thang
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ctia cac chi s6 sinh hoa méau, phan anh hoat dong cia cac enzyme gan
chinh. Phan tich hoat dong cua AST, ALT va GGT, dugc thuc hi¢n vao
cubi mdi thang trong giai doan thir nghiém, bao gdm ca thang thi 6,
d3 cho phép danh gia sy thay doi tinh chét tic dong gy doc gan cia
NDMA.

Trude khi bt dau thi nghiém, mau cua chudt da dugc léy dé xac
dinh cac gid tri nén cta cac chi sb sinh hoa. Piéu nay cho phép thiét 1ap
cac mirc ban dau cua cac enzyme gan (AST, ALT, GGT) va tién hanh
phan tich thém vé mdi lién hé ¢6 thé co gifta tac dong cia NDMA va su
thay d6i cua cac chi s nay (Bang 3.1).

Bang 3.1

Cic chi so sinh héa mau ciia chudt trwéc khi bit dau thi nghiém,
dwgc trinh bay dwéi dang trung vi (Me[Q25;Q75])

" Chi s6 sinh hoa mau (E/l)
Nhom dong vt (liéu NDMA)
AST ALT GGT

Nhom sb 1 (0,04 mg/kg trong 304,1 50,9 3,3
luong co thé) [258,3; 324,1] | [39,8;57,1]1 | [2.8;3,5]

Nhom s6 2 (0,002 mg/kg trong 2654 47,1 2,5
luong co thé) [248.7; 324,7] | [41,8;49,5] | [2.4;3,0]

Nhém sb 3 (0,0004 mg/kg trong 230,1 51,1 2,7
luong co thé) [222,5;245,0] | [42,9;58,1] | [2.,5;2,9]

Nhom sb 4 (0,00002 mg/kg trong 2749 45,7 3,7
luong co thé) [273.4; 280,7] | [41,8;55,8] | [2,5;4,3]

i 240,3 40,7 3,3
Nhom 56 5 (kiem soat) [219,9:259.3] | [38,9;49,6] | [2,5;3,6]

Phan tich cac gia tri nén cua AST, ALT, GGT & tit ca cidc nhom
dong vat khong phat hién su khac biét dang ké gitta cac nhom (p<0,05)
(Bang 3.2).
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Bang 3.2

Két qua thir nghiém phi tham s6 Mann-Whitney: so sinh phan
phoi dir liéu cac chi so sinh hoc vé hiéu qua tir tic dong cia NDMA
giira cac nhém dong vat (gia tri nén)*

Y nghia cua su khéac biét vé gia tri nén theo chi s6 AST giita cac nhom thi nghiém.

Nhém s 1

Ucrit = 11; p>0,05

Ucrit = 5; p>0,05

Ucrit = 5; p>0,05

Nm%ﬁ” Nhémsé 1 | Nhémsé2 | Nhémsé3 | Nhomsé4 | Nhomsé 5
Nhom s6 5 chf 13%: p2>%;,05 chte f%;:pi(());,OS Uclrgf I:%: pl>:3);,05 Uc[rjite 13%: p1>§);,05 -
Nhom s6 4 Uclrji?iqs);;gjos chte lilIz)a;:pl>(());,05 Ucr[iiein g; ;>7(;),05 - chf If%: pl>§);,05
Nhom Sé 3 chf I:III;’= p1>?);,05 chte rZH%;=p2>(z);,05 - Ucr[i{efSlr;) ;;76,05 chf IZn%,: p1>%);,05
Nhom 6 2 chf il%;: p1>(());,05 - chte zl%;: p2>(());,05 UcPiter:n 1§;=pI>06,05 Ucrge:mlpl = ;Sé),os
Uemp = 16; Uemp = 15; Uemp = 14; Uemp = 20;

Ucrit = &; p>0,05

Y nghia ctia sy khac biét vé gia tri nén theo chi sé ALT giita cdc nhom thi nghiém.

Nhom sb 1

Ucrit = 11; p>0,05

Ucrit = 11; p>0,05

Ucrit = 8; p>0,05

Nm%?% Nhomsé 1 | Nhomsé2 | Nhomsé3 | Nhomsd4 | Nhom sé 5
Nhom s6 5 UcrIthein {’1;:132>2(;),05 Uc?ite IilI;;;:pg);,os chf r:%: p1>?);,05 Uc}rjite f%: p1>46i05 -
Nhom s6 4 chf r:%;: p2>%;,05 chte r=np7;:pl>%;,05 Ucrlijtein g;:pl>6(;,os - chf 21%;: p1>‘(‘);,05
Nhom s6 3 Ucrliiein fl;:p1>9(;),05 UcrUite:l };;:plj(;,os - chf TI;;: p1>%;,05 chf If%;: p1>?);,()5
Nhom s6 2 Ucrlijtein fl;:pzf(;),OS - Uclrgf I:%: pl>‘(‘);,05 ch: 13%: p1>%;,05 chf f%: p1>Z);,05
Uemp = 20; Uemp = 19; Uemp = 20; Uemp = 22;

Ucrit = 11; p>0,05

Y nghia cua su khéc biét vé gia tri nén th

eo chi s6 GGT

gilta cac nhom

thi nghiém.

Nhom sb 1

Ucrit = 8; p>0,05

Ucrit = 6; p>0,05

Ucrit = 8; p>0,05

NM@?@ Nhémsé 1 | Nhémsé2 | Nhémsd3 | Nhomsé4 | Nhomsé S
Nhom Sé 5 Uc[rjiet:rzpli 2;23:05 chte rZH%;=p1>§(;);,05 Ucr[iie:m 213); ?)>9(;),05 Uc}:irte f:n%’: pi?)iOS B
Nhom s6 4 Ug;n;p; ;1)3’05,65 Uclrjite T%;=p1>%;,05 chtein 17);=pl>60;,05 - Uclrjite rf%z p1>‘(‘);,05
Nhom Sé 3 Uclrjiiilp&:pt(s)iOS Uc1rlijtein g; To>6(;),05 - Uc;ijtein 1;;=pl>6(;,05 UcrIthe:m g; T)>9(;),05
Nhom s6 2 Ugr?tripSZ; ;ibs,é)s - Ucrlijte:m g; ;6(;),05 Uc?ite fl;: p1>%;,05 chf f%: p1>§);,05
Uemp = 14,5; Uemp =4,5; Uemp = 15,5; Uemp = 23,5;

Ucrit = 11; p>0,05

*cdc khac biét dang ké dwoc danh ddu bang mau xanh ld cdy, khéng dang ké — mau vang.
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Ngoai ra, nghién ctru so bd vé mau dé tim cac diu an sinh hoc
ctia su phoi nhiém NDMA cho thay khong c6 chat ndy trong tat ca cc
nhém thi nghiém.

Mot thang sau khi bat dau tiém hang ngay cac liéu khac nhau cia
NDMA, viéc ldy mau méau dé phan tich cac biomarker cta hiéu Gng va
phoi nhiém d3 duoc thuc hién lai (Bang 3.3-3.4).

Bang 3.3

Gia tri trung vi (Me [Q25; Q75]) ciia cac chi so sinh héa mau cia
chudt sau mot thang tiép xic véi NDMA

. Chi s6 sinh héa mau (E/1)
Nhom dong vat (lieu NDMA)
AST ALT GGT

Nhom s6 1 (0,04 mg/kg trong 290,3 83,1 32
luong co thé) [275,3; 325,5] [80,5; 83,6] [2,3; 3,5]

Nhom s6 2 (0,002 mg/kg trong 392,2 77,8 3,7
luong co thé) [376,2; 508,6] | [69.9; 78.,8] [3,3; 4,5]

Nhom s6 3 (0,0004 mg/kg trong 279.5 61,2 2.9
lugng co thé) [255,9; 302,9] | [60,1; 62,2] [2,6; 3,2]

Nhom s 4 (0,00002 mg/kg trong 2749 68,1 3,0
luong co thé) [292,2; 335,7] | [67,1;75,4] [2,7; 3,5]

.z 2 , 240,3 62,1 3,3
Nhom s6 5 (kiem soat) [276,5; 368,11 | [55,5; 71,11 | [3,0;4.2]

Két qua phan tich thong ké dir liéu duogc trinh bay trong bang 3.3
cho thdy sy khac biét co y nghia thong ké giita cac nhém vé muc do
phoi nhiém NDMA va hoat dong AST (p < 0,05) bang cach sir dung tiéu
chi phi tham s6 U ctia Mann-Whitney. Cac so sanh cdp da phat hién ra
su khac biét co ¥ nghia thong ké giita nhom s6 2 va cac nhom sd 1, s6
3, va s6 4, cling nhu gitra nhém s6 4 va cac nhom sd 2 va sb 3, va nhom
sd 5 va nhom s6 2. Két qua nay cho phép gia dinh rang céc liéu luong
khac nhau ctia NDMA c6 anh hudng khac nhau dén hoat dong ctua AST.
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Tuong ty, phan tich so sanh hoat dong ALT trong huyét thanh
ciia dong vat tiép xtic véi cac lidu NDMA khac nhau ciing cho thiy su
khac biét co y nghia thong ké gitta cac nhom (p < 0,05). So sanh cip
d6i cho thay su khac biét co y nghia thong ké gitra nhoém sd 1 va céc
nhom sb 4 va sb 5, nhom sd 2 va cac nhom sd 4 va sd 5, nhom s 3 va
nhém s6 4, ciing nhu nhoém sb 4 va cac nhom sé 1, s6 2 va s6 3. Két
qua thu duogc xdc nhan sy hién dién cua hiéu ung phu thude lidu cua
NDMA 1én hoat dong ctia ALT, diéu nay cho thay tac dong co thé gay
doc cho gan cua no.

banh gid hoat dong cia GGT trong cac nhom dong vat dugc
nghién ciru cling cho thy su khac biét dang ké gitra cdc nhom: giira
nhom sd 1 va cac nhém sb 2, sd 4 va sd 5; nhoém sd 2 va cac nhom
s6 1, s6 4 va sd 5; nhém sb 3 va cac nhom sd 2 va sd 5; cling nhu
nhom sé 4 va cac nhom sb 1, sd 2 va s6 5. Nhém sb 3 chi khac biét
c6 ¥ nghia théng ké so voi nhom sb 2. Nhu’ng thay d6i duoc phat hién
trong hoat dong ctia GGT cho phép két luan vé sy phat trién cua tac
dung giy doc gan cia NDMA ngay trong thang dau tién cia tic dong
thi nghiém.

Bang 3.4

Két qua danh gia cic diu 4n sinh hoc phoi nhiém trong mau sau
thang dau tién cua thi nghiém trén dong vat thi nghiém

Nvom ding v i N | N2 80 KON e i

Nhom s6 5 (kiém soat) 0,000

Nhom s6 4 (0,00002 mg/kg trong 0.51540.015
lugng co the) ’ ’

Nhom sb 3 (0,0004 rr}g/kg trong luong 0.63540.113
co the) ’ ’

Nhém s6 2 (0,002 mg/kg trong lugng 0.56420.164
co thé) ’ ’

Nhém s 1 (0,04 mg/kg trong luong 0.67040.088
co thé) ’ ’

Luuy - M £ SD — gia tri trung binh + do léch chuan
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Trong qué trinh nghién ctru, ndng d6 NDMA trong mau cta dong
vat thi nghiém trong cac nhém thi nghiém dao dong trong khoang tur
0,515+0,015 dén 0,670+0,088 ng/ml.

Io khi két thuc giai doan thir nghiém kéo dai hai thang, cac gia
tri trung vi cta cac chi sb biomarker doc tinh gan (hoat dong cua AST,
ALT va GGT) da duoc xac dinh, dugc trinh bay trong bang 3.5.

Bang 3.5

Gia tri trung vi (Me [Q25; Q75]) ciia cac chi so sinh héa mau cia
chudt sau hai thang tiép xic véi NDMA

NDMA) AST AST AST

Nhom sb 1 (0,04 mg/kg 238,2 238,2 238,2
trong lugng co thé) [224.2:252.2] | [224.2:252.2] | [224.2;252.2]

Nhom s6 2 (0,002 mg/ke 243 4 243 4 243 4
trong luong co thé) [225,5:281,2] | [225,5;:281,2] | [225,5;281,2]

Nhom s6 3 (0,0004 mg/ke 300,0 300,0 300,0
trong lugng co thé) [270,0; 315,2] | [270,0; 3152] | [270,0;315,2]

Nhom sb 4 (0,00002 me/kg 290,0 290,0 290,0
trong lugng co thé) [278,5: 303,0] | [278,5;303,0] | [278,5;303,0]

o 330,0 330,0 330,0
Nhom 6 5 (kiem sodt) |37 7. 35691 | [320.7:356.2] | [320.7: 356.2]

Phan tich théng ké vé su phu thudc gitra hoat dong cua cac enzyme
gan trong mau va mirc d6 phoi nhiém NDMA bang cach sir dung tiéu
chi U cia Mann-Whitney da phat hién ra cac quy luat sau.

Cu thé, phan tich hoat dong AST trong ndm nhom dong véat sau hai
thang tac dong voi cac litu NDMA khéac nhau da phat hién ra sy khac
biét c6 y nghia thong ké (p < 0,05) giira nhém d6i ching (sb 5) va tat ca
cac nhom thi nghiém (sé 1-4). Ngoai ra, su khac biét co y nghia thong
ké da duogc xac dinh gitta nhom s6 4 va cac nhom s 1, s6 2 va sb 3,
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cling nhu gitta nhom s6 3 va cac nhoém s6 1 va sb 2, va nhom sb 2 va
cac nhom sb 1 va s6 3. Trong d6, su khac biét khong c6 ¥ nghia théng
ké (p > 0,05) da duoc phat hién giita cac nhom sb 4 va s 3, ciing nhu
giita cac nhom sb 2 va sd 1.

Két qua thu duoc cho phép két luan vé sy ton tai cia mdi lién hé
giita hoat dong AST trong huyét thanh va mutc do phoi nhiém NDMA
sau hai thang tdc dong.

Co sanh hoat dong ctia ALT trong huyét thanh ctia dong vat thi
nghiém (nhom sb 2, s6 3, s6 4 va s6 5) sau hai thang ké tir khi bat dau
tac dong cua NDMA da phat hién ra sy khac biét c6 ¥y nghia théng ké
giita cac nhom (p < 0,05). Cu thé, hoat dong ALT trong nhém d6i ching
(sb 5) khac biét co ¥ nghia thong ké so v6i hoat dong cta enzyme trong
cac nhom sd 2, sb 3 va sb 4. Ngoai ra, nhom sd 4 da cho thay sy khéc
biét c6 ¥ nghia théng ké v4i cac nhom sé 2 va sd 3. Sy khac biét khong
dang ké vé mat thong ké (p > 0,05) di duoc ghi nhan gitta cic nhoém
s6 5 va sb 4, cling nhu giita cac nhom sd 2 va s6 1, va sd 3 va s 1.
Dua trén dir liéu thu duoc, co thé gia dinh rr:fmg c6 xu huong phu thudc
vao liéu luong trong su thay doi hoat dong ctia ALT dudi tac dong cta
NDMA, mic du sy khic biét cé y nghia thong ké khong duoc phat hién
trong tat ca cac so sanh cap doi.

Danh gia hoat dong cua GGT trong ndm nhom dong vat thi nghiém
sau hai thang tac dong vdi cac lidu luong khac nhau cia NDMA ciing
cho thy su khac biét c6 y nghia thong ké gitta cac nhém (p < 0,05).
Cu thé, hoat dong cia GGT trong nhom kiém soét (s6 5) khac biét ¢ ¥
nghia thong ké so v&i hoat dong cua enzyme trong cic nhom sb 1, sd 2
va s6 3. Nhom sé 4 ciing da cho thay sy khac biét c6 ¥ nghia thong ké
0 v&i cadc nhom sb 2 va s6 3, con nhom s 1 thi so véi cac nhom s 2
va s6 3. Su khac biét khong c6 v nghia thong ké (p > 0,05) da duoc ghi
nhan giita cac nhom s6 1 va s6 4, s6 2 va sd 1, va s6 3 va sb 1. Két qua
thu dugc chi ra sy anh huéng phu thude lidu cia NDMA [én hoat dong
ciia GGT, mic du khong phai tit ca cac so sanh gitta cac nhém déu cho
thdy sy khac biét c6 ¥ nghia thong ké.
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Cung véi viéc danh gid cac chi s6 sinh hoa, & mot giai doan cua
thoi ky thi nghiém (mot thang sau khi bat dau tac dong), di tién hanh
phan tich nong 6 NDMA trong mau cua dong vat (dit liéu duoc trinh
bay trong Bang 3.6).

Bang 3.6

Két qua danh gia cac ddu 4n sinh hoc phoi nhiém trong mau sau
thang thu hai caa thi nghiém trén dong vat thi nghiém

Nong d¢6 NDMA trong méu trung binh cia
nhom thi nghiém, ng/ml

Nhom sb 5 (kiém soat) 0,00
Nhoém s6 4 (0,00002 mg/kg

Nhom dong vt (lidu NDMA)

2 0,95+0,055
trong lugng co the)
Nhém s6 3 (0,0004 mg/kg trong
. +0,044
luong co thé) 0,96+0,0
Nhom sb 2 (0,002 mg/kg trong
: +0,02
lugng co thé) 0,99+0,023
Nhom s6 1 (0,04 mg/kg trong 1.0£0.03

luong co thé)

Luu y - M £ SD — gida tri trung binh + do léch chuan

Dir liéu phén tich ndong do0 NDMA trong méu cta dong vat thi
nghiém, thu dugc sau hai thang ké tir khi bat dau tac dong (Bang
3.6), cho thiy céc gia tri trong khoang tir 0,95 + 0,055 ng/ml (Nhém
s6 4) dén 1,0 + 0,03 ng/ml (Nhém sb 1), chi ra su gia ting khong
dang ké nhung nhit quan vé nong d6 trung binh cia NDMA trong
mau.

Nhim danh gid dong luc phat trién cua tic dong gdy doc gan cia
NDMA trong trung han (90 ngay ké tir khi bat dau tac dong thi nghiém),
da tién hanh phan tich cac chi s6 sinh héa mau cua dong vat thi nghiém.
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Bang 3.7 trinh bay két qua xac dinh cac du 4n sinh hoc chinh cta chic
nang gan, nham phat hién cac dau hiéu sém cia ton thuong té bao gan
dudi tac dong cuia NDMA va danh gia muac do biéu hién cua cac hiéu
tmg phu thudc liéu lugng.

Bang 3.7

Gia tri trung vi (Me [Q25; Q75]) ciia cac chi s6 sinh h6a mau cia
chu{t trong nira thoi gian thi nghiém tac dong cia NDMA

Nhém dong vat (lidu Chi s6 sinh héa mau (E/1)
NDMA) AST ALT GGT
Nhom s6 1 (0,04 mg/kg ‘ 62.4 .
trong luong co the) | 02 102 IS 57 00 66 77 | 048]
Nhom s6 2 (0,002 mg/kg . 63,1 '
trong lugng co thé) 254.9 [229,7; 290,3] [51.1; 70.8] 3,71[2,8; 4,4]
Nhom sb 3 (0,0004 mg/kg 60,7
: 260,0; 31 2,0 [2,0; 2
trQng hIO'Hg CcO thé) 300’0 [ 60’0’ 3 7’5] [59’5’ 70’2] 90 [ 309 96]
Nhom sé 4 (0,00002 mg/kg . 87,8 ,
trong luong co thé) 294,3 283.7; 338.1] [86,0; 102,0] 2.4 12,15 2.8]
Nhom s6 5 (kiém soat) | 292,5 [264,1; 330,0] 80,9 2,3 [2,0; 3,7]
b b b [70’5; 84’2] 2 bl 2

banh gia hoat dong cia GGT trong mau cua nam nhom dong
vét sau ba thang tiép xtic véi NDMA bang cach st dung tiéu chi U
ctia Mann-Whitney di phat hién ra sy khac biét co y nghia thong keé
(p < 0,05) gitta nhom ddi ching (s6 5) va mot sé nhom thuc nghiém
(Bang 3.8).
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Bang 3.8

Két qua thir nghi¢ém phi Mann-Whitney: so sanh phéan phéi dir li¢u
cac chi so sinh hgc vé hiéu qua tir tac dong cia NDMA giira cac
nhém ddng vat (3 thang ké tir khi bit dau thi nghiém)*

Y nghia cuia sy khac biét vé gia tri chi sé AST giira cic nhom thi nghiém sau 3 thang tiép

xuc vi cac lidu lugng NDMA khac nhau.

vat

Nhom dong

Nhom s6 5
Nhom sb 4
Nhém s 3
Nhom s6 2

Ucrit = 30; p>0,05 Ucrit = 20; p>0,05

Uemp = 61;
Ucrit = 47; p>0,05

Uemp = 25;
Ucrit = 30; p>0,05

Nhom sb 1

Uemp = 61;
Ucrit = 47; p>0,05

Y nghia cua su khac biét vé gia tri chi s ALT giira cac nhom thi nghiém sau 3 thang thu

nghiém véi cac liéu NDMA khac nhau.

Nhoém so 1 Nhom s6 2 | Nhom s6 3 Nhom s6 4 | Nhom so 5
Uemp = 55; Uemp = 56; _
Ucrit = 33; p>0,05 | Ucrit = 37; p>0,05
Uemp = 34; B Uemp = 56;
Ucrit = 20; p>0,05 Ucrit = 37; p>0,05
Uemp = 25; Uemp = 34; Uemp = 55;

Ucrit = 33; p>0,05

vat

Nhém dong

Nhom sb 5
Nhom sb 4

Nhom sb 1 Nhom sb 2 Nhom sb 3 Nhom sb 4

Nhom s6 5

Uemp = 18;
Ucrit = 37; p>0,05

, X Uemp = 55; Uemp = 52;
NhOm $0 3 | (yorit = 33: 0,05 | Uerit = 30; p=0,05 -

; £ Uemp = 78; Uemp = 52;
Nhom $0 2 | {jopi¢ = 47: p>0,05 - Ucrit = 30; p>0,05

. £ _ Uemp = 78; Uemp = 55;
Nhém s6 1 Ucrit = 47; p>0,05 | Uerit = 33; p>0,05

Y nghia cta s

nghiém v&i cac liéu NDMA khéc nhau.

u khac biét vé gia tri chi s6 GGT gilrta cac nhom thi nghiém sau 3 thang thu

Uemp = 18;
Ucrit = 37; p>0,05

vat

Nhom dong

Nhoém s6 5

Nhom sb 1 Nhom sb 2 Nhom sb 3 Nhom sb 4

Nhom sb 5

Uemp = 43;

Ucrit = 37; p>0,05

. X Uemp = 47; Uemp = 35,5;
Nhom s6 4 |(jri¢ = 47, p>0,05| Uerit = 31; p>0,05 -
, J4 Uemp = 36;
Nhém s6 3 Ucrit = 27; p>0,05 -
Nhoém sb 2 Uemp = 70,5; B Uemp =36; Uemp = 35,5;

Ucrit = 47; p>0,05 Ucrit = 27; p>0,05

Nhom sb 1

Ucrit = 31; p>0,05

Uemp = 43;
Ucrit = 37; p>0,05

Uemp = 70,5;
Ucrit = 47; p>0,05

Uemp = 47;

Ucrit = 47; p>0,05

*cdc khdc biét dang ké dwoc danh ddu bang mau xanh ld cdy, khéng dang ké — mau vang.
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Cu thé, cac nhém sb 1, sd 2 va sb 3 di cho théy su gia tang hoat
dong GGT co y nghia théng ké so véi nhom dbi chimg. Nguogc lai, nhém
s6 4 khong cho thiy su khac biét c6 y nghia thdng ké so v6i nhom dbi
chting. Mic du ton tai xu hudng chung vé viéc ting hoat dong GGT
trong cac nhom thi nghiém, Vén dé thiéu y nghia théng ké gitta mot
s6 nhom (vi du, giita nhom s6 4 va sd 5, cung nhu gifra cac cap nhom
thi ngh1em riéng 1&) khong cho phép dua ra két luan rd rang vé su phu
thudc "liéu luong - dap tmg" rd rét.

Tuong tu, phan tich hoat dong AST trong mau ctia ndm nhoém dong
vat sau ba thang tiép xtuc véi NDMA bang cach s dung tiéu chi phi
tham s6 U ctia Mann-Whitney di phat hién ra su khac biét c6 ¥ nghia
thong ké (p < 0,05) giita mot s6 nhém. Cu thé, sy gia ting hoat dong
AST c6 ¥ nghia théng ké so v6i nhom ddi chimg sé 5 da duoc phat hién
& cac nhom s6 1, s6 2, s6 3 va sb 4. Trong do, khong co6 su khac biét co
y nghia thong ké giita cac nhom sd 2 va sb 5, cling nhu s6 3 va sé 4 (p >
0,05). Két qua thu dugc chi ra sy anh huéng phu thudc liéu cia NDMA
1én hoat dong cua AST, mac du co su chéng chéo nhét dinh vé gia tri
giita cac nhom nhén sir dung NDMA tuong ddi cao.

Panh gia hoat dong ALT trong mau cta nim nhom dong vét bang
cach st dung tiéu chi U cua Mann-Whitney da phat hién ra su khac biét
c¢6 y nghia thong ké (p < 0,05) giita mot s6 nhom. Cuy thé, nhom sb 5 da
cho thiy su gia ting hoat dong ALT c6 y nghia thong ké so v6i cac nhom
sO 1,56 2, s6 3 va s6 4. Nhom so 4 ciing cho thdy su gia ting dang ké hoat
dong ALT so v6i nhom sb 1 va sd 2. Trong d6, nhém s 3 khong cho thiy
su khac biét c6 y nghia théng ké so v6i cac nhom s6 1 va sé 2, nhung lai
cho thiy su khac biét c6 y nghia so v6i nhom sb 4. Khong gidng nhu cac
mbi lién hé dang tin cady da duoc thiét lap gitra hoat dong AST va GGT
trong huyét thanh mau va muc do phoi nhiém NDMA, viéc danh gia moi
lién hé giita hoat dong ALT va phoi nhiém NDMA & giai doan nghién
ctru ndy chua cho phép thu duoc sy khac biét dang tin cdy, didu nay can
duogc xac nhan trong cac thi nghiém tiép theo.

Nhu vay, két qua phan tich hoat do cac enzyme gan AST, ALT
va GGT trong cdc miu mau sau ba thang tiém NDMA liéu lugng khéc
nhau vao dong vat bang kiém dinh Mann-Whitney U cho thay c6 su
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khac biét c6 y nghia thong ké (p < 0,05) gitta nhom thuc nghiém (S6 1-S6
4) va nhém dbi chimg (S6 5). Trong tat ca cac nhom thi nghiém, da ghi
nhan su gia ting hoat dong AST va ALT c6 ¥ nghia thong ké so véi nhom
d6i chimg, diéu ndy chi ra tic dung gy doc gan ctia hop chit NDMA.
Péi voi GGT, su gia tang hoat dong c6 ¥ nghia thong ké so voi nhom doi
ching da duogc phat hién ¢ cac nhom s6 1, 80 2 va s6 3, trong khi nhom
sO 4 khong cho thiy su gia ting hoat dong c6 ¥ nghia thong ké.

Ngoai ra, nham danh gia sy thay doi dong luc cua hoat dong cac
enzyme gan, nhom nghién ctru di tién hanh phan tich dir liéu thu duoc
vao thang thur 4 cua tac dong thir nghiém NDMA. Bang 3.9 trinh bay
két qua do hoat dong ctia AST, ALT va GGT trong huyét thanh mau cua
chudt vao cudi thang thr 4 cia thi nghiém, duoc biéu thi dudi dang gia
tr1 trung vi va khoang tir phan vi (Me [Q25; Q75]).

Bang 3.9

Gia tri trung vi (Me [Q25; Q75]) ciia cic chi s6 sinh héa mau ciia
chugt trong thang thwr 4 cua giai doan thi nghiém tac dong cua

NDMA
A Chi s6 sinh héa mau (E/1)
Nhom dong vat (lieu NDMA) AST ALT GGT
Nhoém s6 1 (0,04 mg/kg trong 238.2 63,4 4,1
lugng co theé) [216,2; 258,8] [57,0; 66,7] [3,0; 4,8]
Nhom sb 2 (0,002 mg/kg trong 254.9 63,1 3,7
luong co the) [229,7; 290,5] [51,1; 70,8] [2,8; 4,4]
Nhom sé 3 (0,0004 mg/kg 300,0 60,7 2,6
trong luong co thé) [260,0; 317,5] [59,5; 70,2] [2,0; 3,3]
Nhom s6 4 (0,00002 mg/kg 2943 87,9 2,4
trong lugng co thé) [283,7; 338,1] [86,0; 102,0] [2,2; 2,8]
r K .2 , 292.5 80,9 2,3
Nhom s0 5 (ki€ém soat) [264.1: 330,0] [70,5; 84.2] [2,2: 3.9]

Phan tich biéu db st dung tiéu chi U cia Mann-Whitney (muc ¥
nghia p < 0,05) cho phép so sanh hoat dong cia AST, ALT va GGT gitra
cac nhom trong thoi gian nay va phat hién nhiing thay d6i c6 ¥ nghia
thong ké. Cu thé, khi phan tich hoat dong cia AST, nhom nghién ctru da
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phat hién ra quy luat sau: Hoat dong AST cao hon mot cach c6 ¥ nghia
théng ké dugc ghi nhan & nhém dong vat chiu tac dong cua lidu tdi da
NDMA (Nhém sé 1, 0,04 mg/kg), so v6i nhom sé 3 (0,0004 mg/kg), sb
4 (0,00002 mg/kg) va nhom ddi chimg sé 5. Xu hudng tuong ty ciing
duoc ghi nhan ddi v6i nhom sb 3, trong d6 hoat dong AST vuot troi mot
cach co y nghia thong ké so véi chi sd twong ty trong cac nhom sb 1,
s6 4 va nhom ddi chung. Dic biét dang chu ¥ 1a trong thuce té, lidu tbi
thiéu cia NDMA (Nhom s6 4) ciing dan dén su gia ting hoat dong AST
c¢6 y nghia thong ké so véi cac nhém s6 1, s6 3 va nhom doi chimg. Can
lwu y rang hoat dong AST ¢ nhom sé 2 khong biéu hién sy khac biét ¢6
¥y nghia thong ké so voi cac nhom khac. Tap hop dit liéu thu duoc cho
phép két luan rang tac dong cia NDMA c6 anh hudng ro rét dén hoat
dong cua AST.

Dbi voi hoat dong ALT vao thang thir 4 cta tac dong NDMA, xu
hudng van 14 c6 it su khac biét co y nghia thong ké giita cac nhom hon so
v6i AST va GGT. Hoat dong ALT cao hon dang ké vé mat thong ké duoc
ghi nhan ¢ nhém s6 1 so v6i nhdm s6 4 va nhoém sé 5 (nhom dbi ching).
Trong nhém sb 4, hoat dong ALT thip hon dang ké vé mit thong ké so
V(’)’i nhom sb 1 va nhom ddi chimg sé 5, cling nhu cao hon so vo1 nhoém
sd 3. Hoat dong ALT trong nhom sb 2 khong cho thay su khac biét co y
nghia théng ké so v&i cac nhom khac. Dir liéu ndy chi ra rang viéc tiép
xuc lau dai vo1 NDMA tlep tuc anh hudng dén hoat dong cua ALT, tuy
nhién hiéu tmg nay van it rd rét hon so v6i truong hop ciia AST va GGT.

Phan tich hoat dong ctia GGT vao thang thtr 5 cta thi nghiém cho
théy réng nhém sb 1 tiép tuc thé hién hoat dong enzyme cao hon dang
ké vé mat thong ké so véi cac nhom so 3, s6 4 va nhom dbi ching s6 5.
Tuong tu, trong nhom sb 3, hoat dong cua GGT cao hon mot cach co y
nghia théng ké so voi nhom s6 1, sd 4 va nhom doi ching. Cudi cing,
trong nhom sb 4 van quan sat thiy sy giam hoat dong GGT c6 y nghia
thong ké so voi cac nhom s6 1, sé 3 va nhém d6i chiung. Hoat dong
GGT trong nhom sb 2 khong cho thay sy khac biét c6 y nghia thong
ké gitra cac nhom. Nhiing dit liéu nay x4c nhan anh hudng kéo dai cua
NDMA dén hoat dong cua GGT khi tiép xtic lau dai, diéu nay nhan
manh vai trd ctia nd nhu mét chi sb cua doc tinh gan.
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Nhin chung, phan tich dit li¢u thu dugc vao thang thir 4 cua thi
nghiém x4c nhan nhitng két luan trudc d6 vé tac dong giy doc cho gan
ctia NDMA, thé hién qua su thay doi hoat dong cua cac enzyme gan.
Céc quy luat dugc phét hién vao thang thi 4 chi yéu duoc duy tri, diéu
nay cho thay tinh chat 6n dinh cta taic dong NDMA 1én gan khi tiép xtc
lau dai.

Véi muyc dich danh gia nhiing thay doi dong cua céac chi sd nay va
kha nang on dinh, mot phan tich sinh héa méu tuong tu da dugc thuc
hién vao thang thu 5 cta giai doan thir nghiém.

Gid tr1 trung vi va khodng tir phan vi (Me [Q25; Q75]) cua hoat
dong AST, ALT va GGT trong huyét thanh cta chudt vao thang thir 5
khi tiép xtic véi NDMA duoc trinh bay trong Bang 3.10.

Bang 3.10

Gia tri trung vi (Me [Q25; Q75]) cua cac chi s0 sinh héa mau caa
chudt vao thang thir 5 cia giai doan thi nghiém tac dong NDMA

e Chi s6 sinh hoa mau (E/1)
Nhom dong vat (licu NDMA) AST ALT GGT

Nhom s6 1 (0,04 mg/kg trong lugng 2849 82,7 7,0
co thé) [270,3; 296,5] | [64.6; 89,8] | [5.9; 7.5]

Nhom s6 2 (0,002 mg/kg trong lugng 385,1 81,5 2,7
co thé) [287,6; 411,6] | [78.5;93,0] | [2.0;3,9]

Nhom s6 3 (0,0004 mg/kg trong 324,9 62,5 3.4
luong co thé) [271,0; 388,4] | [58.2;68,2] |[2,7; 11,3]

Nhom s6 4 (0,00002 mg/kg trong 265.5 89,8 2.9
luong co thé) [219.,6; 341,4] | [74,6; 112,9] | [2.8; 4,1]

e A 232,5 68,8 32
Nhém s6 5 (kiem soat) [205.4: 246.0] | [55.5: 77.0] | [2.2: 4.8]

Két qua dugc trinh bay trong Bang 3.10 ciing di dugc phan tich
théng ké bang cach sir dung tiéu chi U ciia Mann-Whitney dé xac dinh
su khac biét co ¥ nghia thong ké giita cac nhom trong hoat dong ctia cac
enzyme gan dugc nghién cuu.

Phan tich hoat dong AST cho thay rang trong nhém tiép xtc voi
lidu téi da NDMA (Nhom s 1, 0,04 mg/kg), hoat dong clia enzyme cao
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hon dang ké vé mit thong ké so voi cac nhom sb 3 (0,0004 mg/kg), s6
4 (0,00002 mg/kg) va nhom ddi chiung sb 5. Xu huéng tuong tu cling
dugc phat hi¢n trong nhoém sb 3, noi ma hoat dong AST vuot trdi mot
cach c6 y nghia thong ké so véi cac chi sd twong tu trong nhom sb 1, s6
4 va nhom d6i chung. Can luu ¥ rang ngay ca liéu tdi thiéu cia NDMA
(Nhom s6 4) ciling giy ra su gia ting hoat dong AST c6 ¥ nghia thong
ké so voi cac nhom s6 1, s6 3 va nhom ddi chimg. Hoat dong AST trong
nhom sé 2 khong cho thiy su khac biét co ¥ nghia thong ké so véi cac
nhom khac. Dit liéu thu duoc cho phép gia dinh raing NDMA anh huong
dén hoat dong cua AST.

Pbi voi hoat dong cua ALT, da xac dinh rang trong nhom sb 1
(0,04 mg/kg) c6 hoat dong enzyme cao hon dang ké vé mat thong ké so
v6i cac nhom s6 4 va sé 5 (nhém ddi chimg). Pong thoi, nhom sb 4 cho
thdy hoat dong ALT thap hon déng ké vé mit thong ké so v&i nhom sd
1 va sb 3, nhung cao hon so véi nhém s6 3. Khong phat hién sy khac
biét c6 y nghia thong ké vé hoat dong ALT giira nhém s6 2 va cac nhom
khac. Két qua cho thy c6 su anh hudng cia NDMA dén hoat dong ctia
ALT, tuy nhién anh hudéng nay dudng nhu it 1o rét hon so vdi AST.

Phéan tich hoat dong GGT cho thiy hoat dong enzyme cao hon
dang ké vé mat thong ké trong nhom s 1 so véi cac nhom sb 3, s6 4 va
nhom dbi chung. Xu hudng twong ty dugce quan sat thdy trong nhom so
3, noi hoat déng cua GGT ciing vuot qua dang ké so véi cac gia tri thu
dugc cho nhém sb 1, s6 4 va nhém kiém soat. Trong nhom sb 4, nguoc
lai, ¢4 ghi nhan hoat dong GGT thap hon dang ké vé mat thdng ké so
v6i cac nhom s6 1, sb 3 va nhom dbi chirng. Hoat dong GGT ¢ nhom
s6 2 khong khac biét dang ké vé mit théng ké so voi cac nhoém khac.
Nhiing khac biét duge phat hién cho thdy rang NDMA c6 anh hudng
dang ké dén hoat dong cua GGT, tuong duong v4i anh huéng ciia no
dén hoat dong cua AST.

Do d6, phan tich théng ké dit liéu thu dugc vao thang thir 5 cta thi
nghiém xac nhan gia thuyét vé tic dong gy doc gan cia NDMA, thé
hién qua su thay ddi hoat dong cua cac enzyme gan (AST, ALT, GGT).
Phén tich cac quy luat duoc phat hién vao thang thir 5 cho thay liéu tdi
da NDMA (Nhom s6 1) van c¢6 anh hudng rd rét nhat dén hoat dong ctia
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cac enzyme, tuy nhién nhom véi lidu t6i thiéu (Nhom sé 4) ciing tiép
tuc thé hién nhiing thay d6i dang ké. Viéc duy tri xu hudng niy trong
sudt 5 thang tac dong ctia NDMA cho phép néi vé tinh 6n dinh cua
hiéu tmg gay doc gan ctia nd. Két qua thu duoc nhan manh sy can thiét
phai nghién ctru thém vé co ché tic dong cia NDMA 1én gan, dénh gia
hau qua lau dai cta tac dong ndy va xac dinh liéu luong ngudng cé anh
huodng t6i thiéu nhung ¢6 ¥ nghia thong ké.

Céc két qua dugc trinh bay & trén cho phép danh gia dong luc cia
hoat dong enzyme gan dudi tac dong ciia NDMA trong subt thoi gian thi
nghiém. Pé phan tich chi tiét hon vé tic dong gay doc gan cia NDMA,
cac gia tri trung vi va khoang tir phan vi ctia hoat dong AST, ALT va
GGT trong huyét thanh ctia chudt da dugc nghién ctru vao thang tha 6
cua tdc dong (Bang 3.11).

Bang 3.11

Gia tri trung vi (Me [Q25; Q75]) ciia cac chi so sinh héa mau cia
chugt trong thang thir 6 cua giai doan thir nghiém tac dong cua

NDMA
e A i Chi s6 sinh héa mau (E/1)
Nhom dong vat (licu NDMA) AST ALT GGT

Nhém sb 1 (0,04 mg/kg trong luong 196,4 60,3 3,5
co thé) [186,6; 274,6] | [47.,3; 78.6] | [3.0; 4,8]

Nhoém s 2 (0,002 mg/kg trong lugng 267,1 70,4 4,2
co thé) [243.7;302,7] | [63,7; 74.8] | [2.8;5,1]

Nhém s6 3 (0,0004 mg/kg trong 270,7 60,8 4,5
luong co thé) [204,1; 301,2] | [56.4; 67,7] | [4.,0; 4,7]

Nhom s6 4 (0,00002 mg/kg trong 218,3 83,3 4,0
lwong co thé) [195,0; 239,4] | [73.,5; 89,2] | [3.4; 4,2]

A e A 220,1 76,4 2,2
Nhém 6 5 (kiém sodt) [176.3: 241.5] | [72.0: 85.3] | [2.0: 3.7]

Dit liéu thu duoc cho thiy tac dong giy doc cho gan cia NDMA
dugc duy tri trong sudt thoi gian thir nghiém sau thang. Két thac thi
nghiém (thang thir 6), phan tich thong ké cho thay liéu t6i da cia NDMA
(nhom sb 1) van c6 tac dong rd rét nhat dén hoat dong cua AST va GGT
(Bang 3.12).
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Bang 3.12
Két qua thir nghiém phi Mann-Whitney: so sanh phan phéi dir liéu
cac chi so sinh hgc vé hi¢u qua tir tac dong cia NDMA giira cac
nhém ddng vat (6 thang ké tir khi bit diu thi nghiém)*

Y nghia ciia sy khac biét vé gia tri chi s6 AST gitta cac nhom thi nghiém sau 6 thang tiép
xuc voi cac lieu NDMA khéc nhau

Nhom s6 2

Nhom dong
vat

Nhom s6 5

Nhom s6 1 Nhom s6 3 Nhom sb 4 Nhoém s6 5

Ucrit =37, p > 0,05

Uemp = 32,
Ucrit = 35, p > 0,05

Uemp =41,
Ucrit = 50, p > 0,05

; £ Uemp = 52,
Nhom $6 2| yepi— 55, p>0,05 -

Uemp = 37,
Ucrit =49, p > 0,05
; £ Uemp = 52,
Nhom s6 1 - Ucrit = 55, p > 0,05

Y nghia ctia sy khac biét vé gia tri chi s6 ALT giira cac nhom thi nghiém sau 6 thang thtr
nghiém véi cac liéu NDMA khéc nhau

Nhom sb 4

Nhom sb 3

Uemp = 48,
Ucrit = 53, p > 0,05

Uemp = 29,
Ucrit =41, p > 0,05

Nhom dong
vat

Nhom sb 5

Nhom sb 4

Nhom sé1 | Nhom sé2 | Nhom sb 3

Nhom sd 5

Uemp =31, Uemp = 23,
Ucrit = 40, p > 0,05 | Ucrit = 35, p > 0,05

Uemp = 34,
Ucrit =43, p > 0,05

Nhom sb 4

, /9 Uemp = 29, Uemp = 44, B Uemp = 36,
Nhom $6 3 |yeric= 47, p > 0,05 |Uerit = 52, p > 0,05 Uerit = 48, p > 0,05
, £ Uemp = 51, B Uemp =47, Uemp = 39, Uemp = 33,
Nhom s6 2| yepie— 58, p>0,05 Ucrit = 55, p > 0,05 |Ucrit = 51, p > 0,05 | Ucrit = 44, p > 0,05

.z Uemp = 51 Uemp = 29
Nhoém s6 1 - T e

Ucrit = 58, p > 0,05 | Ucrit = 47, p > 0,05
Y nghia cta su khac biét vé gia tri GGT gilta cac nhom thtr nghiém sau 6 thang tiép xtc
véi céc licu NDMA khac nhau

Nhom dong
vat

Nhom sb 5

Nhom sé 1 | Nhom sdé2 | Nhom sb 3 Nhom sb 5

Uemp = 53, Uemp =31,
Ucrit = 60, p > 0,05 | Ucrit = 49, p > 0,05

Uemp = 36,
Ucrit =45, p > 0,05

Uemp = 31, Uemp = 46,
Ucrit = 49, p > 0,05 [Ucrit = 54, p > 0,05

. Uemp = 53 Uemp = 49
Nhom s6 2 omp = 02 =

Ucrit = 60, p > 0,05 Ucrit = 57, p > 0,05

; e Uemp = 33, Uemp = 25,
Nhém s6 1 - Ucrit = 42, p > 0,05 |Ucrit = 37, p > 0,05

Nhom s 4

Nhoém so 4
Uemp = 38,

Ucrit = 50, p > 0,05
Uemp =41, Uemp = 35,
Ucrit = 53, p > 0,05 | Ucrit = 46, p > 0,05

*cdc khdc biét dang ké dwoce danh dau bang mau xanh ld cdy, khong ddng ké — mau vang.
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Hon nita, liéu toi thiéu cia NDMA (nhom s6 4) ciing tiép tuc gay
ra nhitng thay doi c6 ¥ nghia thong ké, dic biét lién quan dén AST,
diéu nay co thé chi ra d6 nhay cam ting lén voi NDMA & nong do
thap. Hoat dong ctia ALT c6 nhiing thay doi it rd rét hon so véi céc
enzyme khéc.

Piéu quan trong can luu ¥ 13, mic du khong c6 sy gia ting dan
dan hoat dong ctia enzyme tir thang thi 5 dén thang thir 6, nhung su
ton tai cua nhitng khac biét co6 ¥ nghia thong ké gitta cac nhom cho
thay tac dung doc gan man tinh cia NDMA. Nhu vay, Két qua thi
nghiém cho thay anh huong cia NDMA dén hoat dong cua enzyme
gan. Liéu NDMA tbi da (nhom 1) c6 tac dung ro rét nhat dén hoat
dong cua AST va GGT, trong khi lidu tdi thiéu (nhom 4) ciling gay ra
nhitng thay ddi co6 ¥ nghia théng ké, dic biét 1a lién quan dén AST.
Hoat dong ctia ALT c6 nhirng thay doi it rd rét hon. Viéc khong co su
khac biét c6 ¥ nghia thong ké trong nhom sd 2 ¢ thé chi ra ban chat
phi tuyén tinh ctia mdi quan hé liéu lugng-tac dung. Két qua thu duoc
khang dinh tic dung gay doc gan cia NDMA trong sudt thoi gian thir
nghiém.

Céc két qua thu duoc trong qua trinh nghién ctru dugc thé hién 1d
rang qua cac biéu do trinh bay bén dudi. Nhitng biéu d6 nay cho phép
danh gia mirc 46 anh hudng cua cac liéu lugng NDMA khéc nhau 1én
hoat dong cua cac enzyme gan chinh. Piac biét, do thi thé hién gia tri
trung vi cua hoat dong AST, ALT va GGT cua tirng nhoém thuc nghiém
(Nhom sb 1 — Nhom sd 5) trong toan bo thoi gian quan sat. Viée truc
quan hoa céc gia tri trung binh cho phép chung ta v6 hi¢u héa anh hudng
cuia cac gia tri ngoai lai co thé c6 va co duge bire tranh dai dién hon vé
trang thai cac thong sé gan & mdi nhom (Hinh 3.1-3.3).

Hinh 3.1 cho thdy gia tri trung binh ciia hoat dong alanine
aminotransferase (ALT) vao cubi giai doan 6 thang tiép xuc voi
N-nitrosodimethylamine (NDMA) & cac nhom thir nghi€ém khéac nhau.
Phan tich dit liéu thu duoc cho thay khong c6 méi quan hé tuyén tinh
rd rét gitra lidu luong va tac dung dap tmg. Dic biét, litu NDMA tdi
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Gia tri ALT trung binh (don vi/lit) theo nhom

MNowW o o~
o o o o o o o

Gia trj ALT trung binh (ddn vi/lit) theo nhém
[
o

Nhém déng vat (lieu NDMA)

Hinh 3.1. Anh hudng cua cac liéu lwong NDMA khac nhau dén gia trj trung binh
cua hoat dong ALT ¢ cac nhom dong vat trong thoi gian nghién ctru.

da (0,04 mg/kg) khong lién quan dén hoat dong ALT t6i da. Hon nira,
cac gia tri ALT tuong d6i cao dd duoc ghi nhan ¢ nhom dung liu tbi
thiéu NDMA (0,00002 mg/kg), diéu nay c6 thé chi ra sy lién quan cta
cac co ché cu thé cua tac dong giy doc cho gan bat dau boi ndng do
NDMA thip. Ngoai ra, két qua quan sat duoc co thé duoc giai thich
béng hién tuong hormesis [Calabrese & Baldwin, 2003a], theo do lidu
trung gian NDMA (0,0004 mg/kg) gay ra cac qua trinh thich nghi hoac
bao vé dan dén giam hoat dong ALT. Mot 101 giai thich kha thi khac la
su kich hoat cua mot co ché doc ddo & mure lidu 0,00002 mg/kg thiuc
day giai phong ALT vao mau; Co ché nay c6 thé khong hoat dong
hodc bi trc ché khi tiép xuc voi ndng 46 NDMA cao hon. Can luu
réng viéc thiét lap cac co ché cu thé xac dinh do 1éch quan sat dugc so
v6i mdi quan hé lidu dap ung tuyén tinh lién quan dén hoat dong ALT
khong phai 13 muyc tiéu cua nghién ctru nay. Tuy nhién, cac két qua
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thu duoc cho phép nhom nghién ctru xac dinh hudng di nay co trién
vong cho nghién ctru khoa hoc sau hon, dac biét la thong qua cac thi
nghiém in vitro st dung mé hinh té bao gan, ciing nhu phan tich sau
cac thay d6i vé& hinh thai mé hoc trong mé gan bang phwong phap do
hinh thai dinh luong.

Gia tri AST trung binh (dan vi/lit) theo nhém
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Gia tri ALT trung binh (don vi/lit) theo nhém
w o
o o

o

Nhém ddéng vat (lieu NDMA)

Hinh 3.2. Anh huong cua céc liéu lwong NDMA khac nhau dén gia tri trung binh
cua hoat dong AST & cac nhom dong vat trong thoi gian nghién ctru.

Hinh 3.2 biéu thi gia tri trung binh cta hoat dong AST vao cubi
thoi gian 6 thang tiép xtc v6i N-nitrosodimethylamine & cac nhom
thtr nghiém khac nhau. Phan tich dit liéu thu duoc cho thady mot hinh
anh tuong tu nhu hinh anh quan sat duoc lién quan dén hoat dong
ALT (Hinh 3.1). Pic biét, khong c6 mdi quan hé lidu dap g tuyén
tinh 16 rét nao duoc quan sat thdy ddi véi AST. Liéu NDMA tdi da
(0,04 mg/kg) khong dan dén hoat dong téi da cua enzyme va gia tri
AST tuong d6i cao duoc ghi nhan ¢ nhom dung liéu NDMA duéi
mure tbi da.
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Gia tri GGT trung binh (don vi/lit) theo nhém
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Hinh 3.3. Anh huong ciia cac liéu lwong NDMA khac nhau dén gia tri trung binh
cua hoat dong GGT & cac nhom dong vat trong thoi gian nghién ctru.

@ = = B K W W A
n o W o w o w o

Gia tri GGT trung binh (don vi/lit) theo nhom
o
=}

Hinh 3.3. thé hién gia tri trung binh ctia hoat dong GGT cho cac
nhom dong vat khac nhau. Nguoc lai véi AST va ALT, hoat dong cua
GGT dudong nhu nhay cam hon véi tac dong cia NDMA ¢ nhom 1
(0,04 mg/kg), trong d6 c6 su gia tang dang ké vao thang thir 5 (7,0 U/L),
v6i mirc giam nhe vao thang tht 6 (5,3 U/L). Pdng thoi, cac nhom dung
lidu thap hon cho thiy nhitng thay di it rd rét hon vé hoat dong cua
GGT.

Diéu nay c6 thé hd tro cho gia thuyét rang liéu cao NDMA c6 tac
dong gay hai rd rét hon dén té bao gan va té bao biéu mod éng mat, dan
dén tang giai phong GGT vao mau.

Mic du phan tich dugc tién hanh vé gia tri trung binh cua hoat
dong ALT va AST khong cho thdy mdi quan hé tuyén tinh chit ché giira
lidu lwong va tac dung, nhung diéu nay khong loai trir kha ning mé ta
mdi quan hé gitta ndng d6 NDMA va hoat dong cua cic enzyme nay
bang mo hinh hdi quy phi tuyén tinh. Nhu di luu ¥ trude do, cac qua
trinh sinh hoc phtic tap nhu yéu t hormesis hodc qué trinh kich hoat
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cac co ché gay doc gan cu thé ¢ liéu thip co thé dan dén sai léch so vai
mbi quan h¢ tuyén tinh. V& van dé nay, dé mo ta chinh xac hon modi
quan hé gitra liéu luong NDMA va hoat dong ctia cac enzyme gan, phan
sau s& xem xét kha niang s dung cac md hinh hoi quy phi tuyén tinh
cho phép co6 su phu thudc phuc tap, khong don dicu.

Phan tich sy phu thugc ciia hoat dong ctia enzyme gan
(d4u 4n sinh hoc vé tic dong) va nong @ NDMA trong mau
(d4u 4n sinh hoc vé phoi nhiém) vao mirc d9 phoi nhiém NDMA
bing hdi quy cip phi tuyén tinh

Muc tiéu chinh 13 xac dinh cac yéu t6 du bao réi loan chirc ning
gan. Pé dat duge muc tiéu nay, ching t61 da tién hanh phan tich mbi
quan hé giita hoat dong ciia enzyme gan ban dau va kha ning ting
hoat dong ciia chung khi tiép xtc véi NDMA. Trong nghién ciru nay,
phuong phap thong ké duoc sir dung dé danh gia tic dung cua lidu
N-nitrosodimethylamine 1én hoat dong cua enzyme gan (AST, ALT,
GGT). Dé phan tich chi tiét hon vé mdi quan hé giira liéu lugng NDMA
va hoat dong cua cac enzyme gan (AST, ALT, GGT), nén st dung
phuong phap hoi quy cip phi tuyén tinh. Trong phuong phap nay, cac
bién phu thudc 1a hoat dong cua AST, ALT va GGT, va bién doc lap
1a lidu lwong NDMA. Phan tich cic tham sb cia mo hinh hoi quy phi
tuyén tinh s& cho phép nhom nghién ctru danh gia ban chat anh hudng
ctia licu luong NDMA dén hoat dong cta timg enzym, ciing nhu xac
dinh ¥ nghia théng ké caa cac mbi quan hé phu thudc da xac dinh.

Pé danh gia kha nang sir dung hoat dong GGT, AST va ALT lam
chi s6 hoat dong cta enzyme vugt qua muc trung binh ctia nhom dbi
chung trong thang 1 — thang 6 clia nghién ctru, tiy thudc vao lidu luong
N-nitrosodimethylamine, mét loat phan tich hdi quy logistic da duoc
thyc hién (Bang 3.13). Trong mdi phan tich, bién phu thudc 1a su cé
hoac khong c6 hoat dong ciia enzyme trén gid tri trung binh ciia nhoém
d6i chtng trong khoang thoi gian tir 1 dén 6 thang cta nghién ctru va
bién doc lap 1a nong do ban dau clia enzyme twong tng trong mau.
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Bang 3.13

Két qua hdi quy logistic dé dw doan hoat dong ciia transaminase
gan (ALT va AST) va gamma-glutamyl transferase (GGT) tang cao
trong huyét thanh dwéi anh hwéng ciia N-nitrosodimethylamine

(NDMA)
GGT ALT AST
o Méi quan Méi quan Méi quan
Bién ddi Danh | h¢, Cohoi | Panh | hg, Cohdi | Panh | h¢, Co
gia (don vi, s0 gia (donvi,s6 | gia | hoi (don
do) do) vi, s0 do)
BO (Hang s&) | 0,397 0,345 0,065 1,067 | -0,999 | 0,368
Nongdomdu |, 5os | 1487 | 0316 | 0729 | 1997 | 7367
ban dau
Thong ké mé
hinh
Chi-binh phuong
df= 1) 9,975 0,630 34,524
p- gia tri 0,002 0,427 <0,001
Téng thiét hai
(Log-Likelihood) 103,144 107,816 90,869

Phén tich ndng d6 ban dau cua cic enzyme (GGT, AST va ALT)
dugc thuc hién trong khuon kho nghién ctru vé tac dong cuia NDMA
1én dong luc hoc cua chung giup xéc dinh dugc cac mo hinh quan trong
c6 thé dugc sir dung dé du doan nhiing thay d6i trong hoat dong cua
enzyme. Két qua nghién ctru chi ra rang nong do GGT va AST ban dau
c6 gia tri du bao manh vé kha ning hoat dong cuia chung vuot qua gia
tri trung binh ctia nhom dbi chimg trong vong 6 thang dudi anh huong
cua NDMA.

M6 hinh hdi quy logistic duoc sir dung dé xac dinh méi quan
hé gilta nong d6 gamma-glutamyl transferase va liéu luong N-
nitrosodimethylamine. Bién nhi phan biéu thi mic GGT vuot qua (1) hay
khong vuot qua (0) gia tri trung binh ctia nhom ddi chimg duoc st dung
1am bién phy thudc. Bién doc lap 1a liéu lugng N-nitrosodimethylamine.
Cac tham s6 mo hinh duoc udc tinh bang phuwong phap udc tinh do
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tin cay t6i da (MLE). Gia tri cudi cung ciia ham mat mat 1a 222,73,
cho thdy mo hinh phu hop véi dit liéu thuc nghiém. Y nghia thong
ké cia mé hinh dugc xay dung duoc danh gia bang cach sur dung
kiém dinh Khi-binh phuong (32). Két qua phan tich cho thdy mé hinh
c6 ¥ nghia thong ké cao: y2(1) = 20,417 & p < 0,00001 (muc y nghia
quan trong o = 0,05) (Bang 3.14).

Bang 3.14

Két qua hdi quy logistic dé du doan licu NDMA dua trén nong dd
GGT trong mau ¢ chuot

£ L Méi quan hé, Co hoi
Tham so banh giad (don vi, 56 do)
BO (Hang sd) -1,22055 30,37359
Muc GGT trong mau 0,29507 3,37010

Uéc tinh cac tham s6 mo hinh cho thay hing s6 (BO) c6 gia tri
1a (-1,22), tuong tng véi ty 1& chénh léch (OR) 13 0,295. Thuc té nay
cho thay rang & liéu lugng NDMA bang 0, kha nang xuat hién tac dung
giam 0,295 lan so voi mic co ban, cho théy kha nang xut hién tac
dung tich cuc khi khong tiép xic voi NDMA 1a thap. Ty 1é chénh léch
uge tinh cho lidu NDMA 1a 30,37, tuong ung voi OR 1a 3,37.

Dua trén mé hinh duge tién hanh, ¢ thé két luan rﬁng liéu luong
NDMA c6 tac dong dang ké dén kha ning xay ra tic dong quan sat
dugc. Y nghia théng ké cao cia mé hinh (p < 0,00001) xac nhan sy
hién dién ctia méi quan hé rd rét giira cac tham sd duoc nghién ciru.

Biéu d6 truc quan vé moi quan hé gitra kha ning tiép xuc véi
NDMA va mitc GGT dugc thé hién ¢ Hinh 3.4.

Biéu d6 cho thiy hinh dang dudng cong hinh chit S, dic trung cla
mo hinh hdi quy logistic. Phan tich tryc quan biéu dd cho thiy khi ndng
d6 GGT ting, kha ning xay ra tic dong lién quan dén NDMA ciing ting
theo. Xu huéng nay phu hop voi gia tri dwong ctia hé s6 hoi quy va gia
tri ty 1€ chénh 1€ch 16n hon mot.
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M6 hinh: H6i quy logistic
y=exp(-1,220544798116+(30,37358912366) x)/(1+exp(-1,220544798116+(30,3735891236

10} o o o

08 r
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0.2

0.0 r o o o

02 - - - - - - -
0005 0000 0005 0010 0015 0020 0025 0030 0035 0040 0,045

Liéu lugng NDMA, mg/kg trong lugng ca thé

Hinh 3.4. M5 hinh (hdi quy logistic) mé ta tac dong cua liéu luong NDMA dén
kha nang tang nong do GGT trong méu chudt.

Moi quan hé c6 ¥ nghia thong ké quan sat dugc gitta nong d6 GGT
va lidu NDMA cho thdy GGT c6 thé dong vai tro 1a dau hiéu vé tac
dong cia NDMA [én gan.

Phan tich dit liéu duogc tién hanh, bao gdm viée st dung cac phuong
phap mé hinh hoéi quy, khong cho thay cac mé hinh c6 ¥ nghia thong keé
mo ta mdi quan hé twong tmg voi kha niang sinh hoc hop 1y giita licu
lugng N-nitrosodimethylamine va hoat dong cua cac enzyme AST va
ALT. DPiéu nay cho thay khong thé thiét 1ap mbi quan hé co ¥ nghia giita
cac chi s6 nay dé co thé mo ta bang mo hinh hoi quy tuyén tinh hodc
phi tuyén tinh.

Do d6, GGT huyét thanh 1a mot ddu 4n sinh hoc c6 ¥ nghia thong
ké vé tac dong ctia xac sudt tiép xuc voi NDMA.

Dit liéu thu duogc cho thdy mirc GGT ting mot don vi s& din dén nguy
co gip phai tac dung lién quan dén NDMA ting gap 3,37 lan, co ¥ nghia
thong ké. Piéu nay dugc xac nhan boi y nghia thong ké cia mo hinh hoi
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quy logistic (y*(1) = 20,42, p < 0,00001), cho phép GGT dugc coi 1a mot
chi s6 chi diém day htra hen vé danh gia tac dong cia NDMA 1én gan.

Nguoc lai véi GGT, khong c6 mdi quan hé co y nghia thong ké
nao dugc tim thay giita hoat dong cua enzyme AST va ALT véi licu
luong NDMA. Piéu nay c6 thé duoc giai thich bang su phirc tap cia
cac twong tac sinh hoc, bao gdm cac dic diém trao d6i chat cua ting cé
thé, phan tng thich nghi cta co thé va su kich hoat cac co ché bu trur
c6 thé che gidu cac tac dong tiém tang. Hon nita, su thay d6i quan sat
dugc & mirc AST va ALT ¢6 thé 1a do su thay ddi sinh hoc ctia tung ca
thé[Calabrese va Baldwin, 2003b; Eaton va Gilbert, 2008; Andersen va
Krewski, 2009; [Hernandez, Parrén, Alarcén, 2011].

Dua trén dir liéu thuc nghiém thu duoc, c6 thé két luan rﬁng néng
d6 GGT la diu an sinh hoc cung cap nhiéu thong tin nhat dé danh gia
tac dong gay doc gan cua NDMA. Do do, viéc st dung né nhu mot
thong s6 quan trong trong viéc thiét 1ap gia tri liéu tiéu chuan (BMDL)
cho NDMA duoc khuyén khich.

Pé danh gia tinh hitu ich cia NDMA nhu mot d4u 4n sinh hoc vé
phoi nhiém, nong do NDMA trong méu ngoai vi ctia dong vat thi nghiém
da dugc phan tich sau khi tiép xuc véi cac lidu luong khac nhau cia
chat nay. Trong qué trinh thir nghiém, ngudi ta da xac dinh rang ¢ nhém
d6i chung (khong c6 NDMA), ndong d6 NDMA trong mau 13 tdi thiéu
(0,00 ng/ml). Nong d6 chat nay trong mau ting 1én ¢ nhom ding NDMA,
v6i nong do trung binh thay doi tiy thudc vao liéu dung (xem Bang 3.15).

Bang 3.15

Nong d0 NDMA trong mau ngoai vi ciia dong vét thi nghiém,
dugc xac dinh trong qua trinh thi nghiém kéo dai, Me [Q25; Q75], ng/ml

Nhom dong vat (lidu NDMA) Nong d('), NDMA tror}ig mau o
nhom thyc nghiém
Nhom s6 5 (kiém soat) 0,00 [0,00; 0,00295]

Nhom sé 4 (0,00002 mg/kg trong lwong co thé) | 0,00351 [0,00350; 0,00358]

Nhém s6 3 (0,0004 mg/kg trong lugng co thé) 0,50525 [0,448; 0,5068]
Nhom s6 2 (0,002 mg/kg trong lugng co thé) 0,546 [0,0; 0,613]
Nhom s6 1 (0,04 mg/kg trong luong co thé) 0,79 [0,47; 0,79]
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Nong d6 NDMA trong mau cta dong vat thi nghiém thay doi tur
0,00351 [0,00350; 0,00358] dén 0,79 [0,47; 0,79] ng/ml & nhom thuc
nghiém.

Dé thiét 1ap mdi quan hé gitra lidu luong dua vao va ndéng do
NDMA dat dugc trong mau nhu mot d4u 4n sinh hoc cua phoi nhiém,
phuong phap hoi quy logistic nhi phan di duoc st dung. Bién doc 1ap
1a 1iéu NDMA dua vao va bién phu thudc la néng dd ctuia nd trong mau,
dugc do tai mot thoi diém nhat dinh sau khi dung.

Trong nghién ctru ndy, chung t6i da tién hanh phan tich méi quan
hé giira lidu lugng N-nitrosodimethylamine va kha ning xay ra két qua
nhi phan duoc ma héa 1a “0” va “1”. Tai ddy, “0” twong ng v4i ndng
d6 NDMA trong méu thap hon gia tri trung binh va “1” tuong tng véi
noéng d6 NDMA trong mau cao hon gid tri trung binh.

Kiém dinh chi binh phuong dugc st dung dé danh gia ¥ nghia
théng ké cua mo hinh. Gia tri c6 y nghia cua y? ddi véi mot bac tu do 1
3,84. Két qua kiém dinh chi binh phuong (¥%(1) = 4,37; p = 0,037) chi
ra mdi lién hé c6 y nghia thdng ké gitra licu NDMA dua vao va xac suét
xay ra két qua & mic y nghia a = 0,05. Céc tham s mé hinh dugc trinh
bay trong Bang 3.16.

Bang 3.16

Cac tham so ciia mé hinh hdi quy logistic cho sw phu thudc ciia xac
suat thay doi mirc d) NDMA trong mau cia dong vat thi nghiém
vao lieu NDMA dau vao

Tham s Dénh gia Ty 18 kha ning (OR)
Liéu luong NDMA (B0) dua vao 0,085679 1,089457
Bién phu thudc (No’ng do NDMA 149,1888 6.7899
trong mau)

Hé s6 BO (gia tri chin) twong Gng véi diéu kién khong c6 NDMA
hap thu 14 0,086. Ty 1¢ kha ning cho ty 1é kha nang nay 1a 1,09. Do do,
thong sd nay khong c6 tic dong dang ké dén bién phy thudc (xac suét
tang nong do NDMA trong mau).
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Tuong tu nhu vay, hé s6 B cho bién doc lap (liéu NDMA trong
mau di vao) 13 149,19 va ty 1& chénh léch tuong tmg 13 6,79. Diéu nay
cho thay c6 mdi lién hé tich cuc manh mé giita nong d6 NDMA trong
mau va ty 18 xay ra bién c6 1 (xac suit ting ndng d6 NDMA trong méu).

Biéu d6 biéu dién hoi quy logistic thu dugc trong qua trinh nghién
ctru dugc trinh bay ¢ Hinh 3.5.

Md hinh: H&I quy logistic nhi phin vé sy phy thuc cla xdc sult thay Aadi nong di MDMA trong
mau vao lidu NOMA dua vao

y=exp(,08567937711557+(149, 18879291 113)"x)/(1+exp(.08567937711557+({149, 18579291

[

-

=]
-]
]
&
)
o
o
=]
o
o
=)

[}
[= =]

[}
(s3]

= =
ha .

Kha nang tang néng do NDMA trong mau
=
o]
(=3

0.2 : : : : : : :
0002 0000 0002 0004 0006 0008 0010 0012 0014
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Hinh 3.5. D6 thi hoi quy logistic vé su phu thudc ctia xac suat thay doi nong do
NDMA trong mau vao licu NDMA dua vao.

Nghién ctru da xac nhan sy hién dién cua mbi quan hé c6 y nghia
thong ké giita lidu lugng N-nitrosodimethylamine dua vao va kha ning
thay doi nong d6 ciia chat nay trong mau cta dong vat thi nghiém. Két
qua phan tich chimg minh rang viéc ting liéu NDMA sé& lam ting kha
nang vuot qua ndng do trung binh cta chat nay trong mau, diéu ndy cho
théy phan tng cua co thé phu thudc vao lidu luong 10 rét ddi vai tac
dong cua chat nay.
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Do do, néng do NDMA trong mau c6 thé duoc coi 1a mot dau hiéu
tiém an cua tinh trang phoi nhiém, twong tu nhu mot chi sé phan anh
murc do tac dong cua mot chat nhat dinh 1én co thé.

Trong chuyén khdo nay, chiing t6i s¢ xem xét cac phuong phap
tiép can va céc khia canh thuc té cta viéc thiét lap muc do phoi nhiém
tham chiéu d6i véi NDMA, dya trén dit liéu thu duoc vé tinh thong
tin cia GGT nhu mot dau 4n sinh hoc cta doc tinh véi gan va néng do
NDMA trong méau nhu mot ddu hiéu cua phoi nhiém.

Thiét 14p mikc tham chiéu cho NDMA duwa trén dir liéu so bd tir
mot thi nghiém doc tinh trén chudt dua trén mirc GGT

Cac nghién clru vé ddc tinh trén mo hinh dong vat dugc st dung
rong rii dé xac dinh mtc do phoi nhiém an toan ddi véi cac chat bang
cach xac dinh gia tri lidu tiéu chuan (BMDL), dic biét 1a sitr dung
phuong phap cira s6 truot. Trong cac nghién ciru nay, mot budc quan
trong 1a tinh toan OR dé danh gia mbi lién hé giita muc d6 phoi nhiém
va tac dung phu trén toan bd pham vi néng do chat thu nghiém duogc
nghién ctru.

Phuong phap cu’a sO truot (shdmg wmdow) lién quan dén viéc
xem xét tuan tu mot s6 gia thuyet vé su ton tai m01 quan hé gilra muc
d6 phoi nhiém cu thé va tinh trang xay ra cac van dé stc khoe. Trong
truong hop ndy, ddi voi mdi gia thuyét dang xem xét, hai nhom dugc
hinh thanh: nhém ddi ching, bao gom cac dong vat tiép xiic voi nong
d6 thap hon néng d6 dang xem xét va nhom thyc nghiém, bao gém céc
dong vat tiép xuc voi ndng do cao hon ndng do dang xem xét.

Pdi voi moi gia thuyét, mot danh gia théng ké duoc thuc hién vé
su hién dién cua mdi lién hé gitta mac do phoi nhiém va tac dong, sur
dung ty 1& chénh 1éch lam thudc do méi lién hé. Cac gia trj OR thu dugc
dugc st dung dé xay dung cac mo hinh toan hoc mé ta mdi quan hé
giira lidu luong chat hoa hoc tiép nhan va ty 1& chénh 1éch (lidu lugng -
dap tmg). Cac mo6 hinh nay cho phép danh gia dinh lugng nguy co phat
trién cac tac dung phu & cac muc d6 phoi nhiém khac nhau.
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Piéu quan trong can luu ¥ 13 phuong phép luan nay, duoc ap dung
trong bdi canh danh gia dinh luong nguy co khong gay ung thu, dic biét
1a trong viéc ching minh cic tiéu chuan vé sinh, tuan thi cic yéu cau
dugc thiét 1ap trong EAEU vé chiing minh cac tiéu chuan vé sinh ddi
v61 ham luong hoa chat va tac nhan sinh hoc trong cac san phém thue
pham dua trén tiéu chi nguy co stc khoe. Piéu ndy dam bao rang két
qua nghién ctru dap ung cac yéu cau quy dinh va c6 thé ap dung vao
thue tién thiét 1ap muc do phoi nhiém an toan [Peto, Gray va Branton,
1991].

Pé dam bao do tin cdy cua két qua thu duoc, can tién hanh danh
gia tinh diy di cia cac mo hinh toan hoc di xay dung. Panh gia nay
dua trén ANOVA mot chiéu st dung kiém dinh Fisher (F), cho phép
danh gia ¥ nghia thong ké ctia mo hinh va kha ning mé ta day du dir
liéu quan sat dugc.

Khi x4y dung mé hinh toan hoc, can phai tinh dén su khong chic
chin cua cac ude tinh. Véi muc dich nay, giéi han tin cdy 95% duoc
xéac dinh cho udc tinh diém vé mirc do chap nhan duogc cia cac ddu hiéu
phoi nhiém. C4c khoang tin cdy nay cho phép udc tinh pham vi ctia cac
gia tri co thé dat duoc tir mirc do phoi nhiém an toan va tinh dén tinh
bién dong cta dir lidu.

Thiét 1ap mirc tham chiéu cho NDMA duwa trén dir liéu so bd tir
mot thi nghiém dgc tinh trén chugt

Két qua cua viéc ap dung phuong phap cira so truot dugc mé ta &
trén 1a mdt mo hinh da dugc xay dung cho su phu thudc xac suét thay
d6i hoat dong cta y-glutamyl transferase (mot dau hiéu tac dong) vao
lidu lugng (NDMA) (mot ddu hiéu phoi nhiém). M6 hinh duoc tham s6
hoa dya trén cac gia tri OR duogc tinh toan.

Céac tham s6 ctia mo hinh toan hoc (3.1) “phoi nhiém - dap tGng”
(b, b,) duoc xac dinh bang phuong phap binh phuong nho nhét sir dung
cac gbi phan mém dé phan tich dit liéu thong ké (vi du: Statistica 10.0)
[Phan tich nguy co stic khoe trong chién lugc phat trién kinh té - xa hoi
cua nha nudc: Chuyén khao].
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Trong do:

P — xéc suit dap ung;

X, — liéu luong, mg/kg thé trong/ngay;

by, b, — tham s6 mb hinh.

Két qua tham s6 héa duoc trinh bay trong Hinh. 3.6; Cac tham s
moO hinh dugc trinh bay trong Bang 3.17-3.18.
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Hinh. 3.6. Két qua tham s6 hoa su phu thudc cua néng dé GGT trong mau
(d4u hiéu tac dong) vao licu lugng NDMA (gia tri phoi nhiém). Biéu d6 ty 1¢ kha
nang (phai), bicu do xac suat (trai).

Bang 3.17

Két qua phan tich hdi quy tac dong ciia litu NDMA dén ndng do
GGT trong mau (chi ra kha nang tang nong do chat chi diém sinh hoc)

; ) ) . R Mirc
Xac suat Chi s0 Chi s0 b0 Loi bl Loi F P R2 | tham
chieu
Téing hiéu I\%i‘j&‘-’::lg | Mie do
ung sinh M8 GGT trong|-0,6748|0,00029 (24,75068|23,447|26,12657|0,00001| 0,33 (0,006445
hoc kg trong lugng mau chudt
; co thé ;
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Bang 3.17 trinh bay két qua phan tich hdi quy phan anh tac dung
cta lidu luong N-nitrosodimethylamine 1én néng d6 gamma-glutamyl
transferase trong mau chudt. Dua trén két qua phan tich hoi quy, mbi
quan hé co y nghia thong ké di duoc quan sat thdy gitta lidu luong
NDMA va nong d6 GGT trong méau chudt (p < 0,00001). Hé sd bl
duong (24,75) chi ra rang viéc ting lieu NDMA c6 lién quan dén viéc
tang nong d6 GGT. Gia tri R2 (0,33) cho thdy mé hinh giai thich duoc
33% sy thay d6i trong mtirc GGT theo liéu lugng NDMA. Két qua cua
phan tich hdi quy da thiét 1ap dugc muc tham chiéu cho lieu NDMA
1a 0,006445 mg/kg trong luong co thé, trén mirc ndy, nguoi ta ky vong
rang chi s sinh hoc vé tac dong s& ting lén.

Bang 3.18

Gia tri ty 1¢ chénh léch dwoc tinh toan cho sy phu thudc ciia nong
do GGT trong mau vao lieu lwgng NDMA duwa vao

OR Chi s6 Chi sb a0 al F p R2
Tang hiéu Lﬁgﬁgj’g Mirc d6 GGT
(g sinh ’ trong mau | -0,89938 | 117,4716 | 61,81866 | 0,00 | 0,36
mg/kg trong n
hoc 2 chudt
lugng co thé

Két qua thu dugc chi ra mbi quan hé c6 y nghia thong ké giira lidu
luong NDMA va sy gia ting nong ¢ GGT trong méau chudt. Gia tri
thong ké F (F = 61,82) va gia tri p tuong tng (p < 0,001) chi ra y nghia
ctia md hinh hdi quy. Hé sb xac dinh (R2 = 0,36) cho thdy 36% sy thay
d6i trong ty 1é chénh léch logarit ctia mirc GGT tang cao dugc giai thich
bang sy thay ddi trong lidu NDMA.

Mo hinh hdi quy logistic cho thdy mdi quan hé ¢ y nghia thong ké
va tich cuc giita lidu lugng NDMA va sy gia ting ndng d6 GGT trong
mau chudt. Piéu nay chi ra rang viéc tang lidu NDMA c6 lién quan dén
kha nang ting nong do GGT, cung c¢b vai tro cia ndé nhu mot ddu an
sinh hoc cua doc tinh NDMA.

Phan tich dit li¢u tor mdt thi nghi€ém ddc tinh trén dong vat thi
nghiém cho thdy méi quan hé c6 ¥y nghia thong ké giira lidu luong
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NDMA va nhiing thay doi trong hoat dong GGT trong huyét thanh (xem
bang 3.14) M6 hinh b sung vé kha ning ting nong d6 GGT khi tiép
xtc voi NDMA ting, ciing nhu phén tich ctra s6 di dong, da xac nhan y
nghia thong ké ctia mdi twong quan nay.

Duya trén dir liéu thu duoc, gia tri liéu tiéu chuan (BMDL) d6i véi
NDMA dugc udc tinh 1a 0,006445 mg/kg trong luong co thé. Theo cac
phuong phap tiép can vé danh gia nguy co duoc ap dung tai cac qudc
gia EAEU [Eurasian Economic Commission, 2018], cac yéu t6 khong
chéac chin sau ddy da duoc ap dung nhat quan cho gia tri BMDL:

1. Hé sb ngoai suy lién loai 13 10: Hé s6 nay tinh dén sy khac biét
vé d6 nhay cam voi tac dong ctia hoa chat giita dong vat thi nghiém va
con ngudi. N6 phan anh sy thay doi vé dic diém sinh 1y, chuyén hoa va
duogc dong hoc gitra cac loai. Viéc st dung hé s6 10 1a do can phai dam
bao bién d6 an toan du 10n, co tinh dén kha ning nhay cam tang 1én cua
con nguoi so voi dong vat thi nghi¢m.

2. Heé sb ngoai suy tur diéu kién thu nghiém duoc kiém soat sang
diéu kién tiép xtc thuc té bﬁng 6: Heé sb nay tinh dén su khac biét
gitta diéu kién thir nghiém va tinh hudng tiép xuc thuc té cia con
nguoi. Cac nghién ctiu thyc nghiém thuong st dung lidu luong cb
dinh, tuong ddi cao, trong khi trong doi thuc, mirc d6 phoi nhiém c6
thé thay doi tuy thudc vao nong do chat, vi du nhu trong thuc pham,
16i song va thoi quen ca nhan. Su khong chic chan lién quan dén con
duong tiép xuc cling duoc tinh dén: cac thi nghiém thuong st dung
mot con dudng tiép xtc (vi du trong nghién ctru nay 1a duong udng),
trong khi trong thuc té, mot chat c6 thé xam nhap vao co thé qua nhiéu
con duong khac nhau (hit phai, ung, tiép xac véi da). Cudi cung, hé
s6 nay tinh dén sy khac biét vé thoi gian tiép xtic: cac thi nghiém
thuong dugc tién hanh lién tuc, nhung thoi gian tiép xuc thuc té co thé
khong lién tuc hodc thay ddi theo thoi gian. Viéc lya chon hé sb 6 1a
do can phai tinh dén tinh phtrc tap va kha ning thay doi cia cac diéu
kién tiép xuc thuc té, von khong phai luc nao ciing duoc tai tao day du
trong diéu kién thir nghiém.

3. Hé s6 4 khi str dung BMDL lam diém khoi dau dé thiét 1ap luong
tiéu thu hang ngay duoc chap nhan: Hé sd ndy dé cap dén su khong chac
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chan lién quan dén viéc st dung gidi han tin cdy dudi (BMDL) cho liéu
udc tinh dé tao ra hiéu Gng nhat dinh nham x4c dinh ADD. BMDL biéu
thi giéi han dudi cta khoang tin cay cho BMD (Liéu chuan), giup giam
nguy co danh gia thdp mac do nguy hai. Viéc str dung BMDL 1a mot
phuong phap bao thu thudng tinh dén nhitng diéu khong chic chan lién
quan dén viéc ude tinh liéu luong tao ra mot hi€u tng nhét dinh, bao
gdm su thay doi cia quan thé trong phan tng va 15i do luong. Viée sir
dung hé sb 4 phan anh mong mudn cung cip thém bién do an toan khi
st dung udc tinh théng ké dya trén lugng dir liéu han ché.

4. Hé s6 ngoai suy cho két qua tir cac nghién ctru phoi nhiém mén
tinh (hé s6 phoi nhiém dudi mot nim) bang 4: Hé s6 nay tinh dén sy
khéng chic chian phat sinh khi ngoai suy két qua tir cac nghién ctu co
thoi gian phoi nhiém dudi mot nim sang thoi gian phoi nhiém dai hon
(vi du: subt doi). Cac thi nghiém ngan han c6 thé khong phan anh day
du nhiing tac dong dai han. Yéu t6 4 tinh dén nhiing thay doi tiém an
trong co ché doc tinh, tac dong tich lily va qua trinh thich tng c6 thé
phat trién khi tiép xtc 1au dai.

Hé s6 bat dinh két hop thu duoc 1a 960 chimg minh cho viéc thiét
1ap ADD/RFD dua trén gia tri BMDL thu dugc. Co tinh dén yéu tb
khong chic chan két hop nay, ADD/RfD ddi véi NDMA dugc dat ¢
mirc 6,7 x 10 mg/kg trong luong co thé.

Gia tri thu dugc trai nguoc voi gid tri ma Hoa Ky dé xuat trudce do.
EPA RfD [U.S. Environmental Protection Agency, 2007] (8 x 10° mg/kg
trong luong co thé) c6 vé dang tin cdy va duoc chimg minh rd rang hon.
Uu diém cua RfD thuc su 1a do mot s6 yéu td sau:

Ung dung cac phuong phap phén tich hién dai: Cong trinh sir dung
cac phuong phap phan tich hién dai giip tang do chinh xac va do nhay
trong viéc xac dinh ndng d6 NDMA. Piéu nay cho phép danh gia mirc
d6 phoi nhiém day du hon va do d6, giam bdt sy khong chic chin khi
tinh toan RfD.

Giam thiéu su khong chéc chin: Qua trinh thiét 1ap RfD giam thiéu
su khong chic chin lién quan dén viéc ngoai suy dir li¢u tor dong vat
sang con ngudi, dd nhay cam cua timg ca thé va cac bién sb khac. Diéu
nay dat dugc thong qua viéc sir dung dir liéu ddy du hon va ap dung cac
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phuong phap théng ké cho phép danh gia chinh xac hon vé nguy co doi
v6i dan cu.

bénh gia chinh xac hon vé moi quan h¢ lidu lugng-tac dung: Mot
phan tich chi tiét vé mbi quan hé liéu luong-tac dung da dugc thuc hién,
c6 tinh dén ca tac dung ngudng va khong ngudng cia NDMA. Piéu nay
giup xac dinh chinh xac hon mirc d6 phoi nhiém khong gay ra nguy co
dang ké cho strc khoe con ngudi.

Do d6, liéu tham chiéu cia NDMA thu dugc trong nghién ctru hién
tai (0,000067 mg/kg trong lugng co thé) c¢6 vé hop 1y dé wu tién sir
dung trong viéc danh gia rui ro sttc khoe cong dong.

Phan tich mé hinh hdi quy duoc trinh bay trude d6 trong chuyén
khao nay cho thay su hién dién cia NDMA trong mau cho thdy nd xam
nhap tir bén ngoai, phu hop véi cac didu kién thuc nghiém. Tuy nhién,
can luu ¥ rang NDMA c¢6 thé dugc hinh thanh ndi sinh trong co thé
[Zaitseva, Ulanova, Nurislamova, Maltseva, 2018; Bogovsky, Wettig,
1988; Nair va cong su, 1996]. Trong pham vi liéu luong dugce nghién
ctru, khong thé xay dung mot mo hinh dang tin cdy dé xac dinh ngudng
néng do NDMA trong mau cé thé dugc coi 1a ddu 4n sinh hoc rd rang
vé mirc do photi nhiém, vi su hinh thanh NDMA ndi sinh c6 thé anh
huong dén mirc co ban ctia ham lwgng NDMA trong mau.

Nghién ctru di trinh bay chi tiét cac dic diém cioa mbi quan hé
phoi nhiém - dép tng lién quan dén danh gia nguy co do tiép xuc véi
N-nitrosodimethylamine. Nguoi ta d3 xac nhan rang NDMA c6 thé gay
ra ca nhirng tac dong khong c6 ngudng va nhitng tac dong chi xuit hién
& mot mic do phoi nhiém nhat dinh. Ngudi ta da xac dinh rang gan 1a
co quan muc tiéu chinh trong qua trinh phat trién cac tac dong khong
gdy ung thu.

Nhitng thay doi trong hoat dong ciia enzyme trong huyét thanh
duoc coi 12 dau 4n sinh hoc tiém an cua tac dung phu. Mdt mbi quan hé
c6 ¥ nghia thong ké da duoc thiét lap gitta mirc d6 phoi nhiém NDMA
va nong d6 GGT, cho thay tiém ning str dung enzyme nay nhu mot dau
an sinh hoc cta doc tinh gan.

DPong thoi, d6i v4i cac enzyme AST va ALT, khong thiy cé su phu
thudc rd rét vao liéu luong NDMA, diéu nay co thé 1a do tinh phtrc tap
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clia cac qua trinh sinh hoc. Nong d6 NDMA trong mau cho thay phan
tmg phu thudc vao lidu luong, khién chung tré thanh dau hiéu tiém an
cua phoi nhiém, mic du kha nang hinh thanh NDMA n0i sinh phai dugc
xem xét.

Duya trén phén tich, liéu tham chiéu cia NDMA (0,000067 mg/kg
trong luong co thé) da dugc dé xuat, co thé duoc st dung dé danh gia
nguy co dbi véi stre khoe cong dong.
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KET LUAN VE KET QUA HQP TAC CHUNG NGA - VIET NAM
NAM 2023-2024

Trong cic mbc quan trong trong giai doan 2023 va 2024, mot
chuong trinh da duoc trién khai thanh cong nham dio tao va nang cao
ky nang cho cac chuyén gia cia NIFC trong viéc danh gia nguy co stc
khoe cong dong lién quan dén viée tiép xtic voi cac yéu to hoa hoc,
cling nhu trong viéc str dung cac ddu 4n sinh hoc vé muc d6 tiép xuc va
tac dong dé dam bao an toan thuc pham.

Nam 2023, NIFC da t6 chirc hoi thao dao tao vé phuong phap
danh gia nguy co, cac ddu an sinh hoc vé phoi nhiém va tac dong, véi
su tham dy cua 8 can bg. Ngoai ra, cac hoi thao thuc hanh vé thu thap
vat li€u sinh hoc tor dong vat thi nghiém da dugc to chuc tai Trung tam
khoa hoc Lién Bang Nga vé cong nghé y hoc du phong d6i véi nguy
co stc khoe cta Rospotrebnadzor. Trong khudon kho khoa ddo tao nang
cao, 4 can bo ctia NIFC di thanh thao phuong phap ldy mau tir dong vt
thi nghiém.

Nam 2024, chuong trinh dao tao duogc tiép tuc: 5 can bo cua NIFC
tham gia thuc tap vé ky thuat léy mau dong vat thi nghiém tai NIFC
(thanh phd Ha Noi).Chuong trinh tip huin tap trung vao viéc thuc hanh
cac k¥ thuat thu thap phu hop, duy tri tiéu chuan vo tring va sat tring,
ddng thoi giam thiéu cang thang cho dong vat. Viéc cai thién nhiing k¥
ning quan trong nay co tac dong truc tiép dén do chinh xac va kha ning
tai tao cua dir li¢u thuc nghiém, mang lai két quéa nghién ctru dang tin
cay hon.

Mot nghién ctru toan dién duoc tién hanh trong khudn khd du
an Lién bang "La chin vé sinh" nham phat trién cac thong s6 dé danh
gia dinh luong nguy co khong gy ung thu hinh thanh do tiép xuc véi
N-nitrosodimethylamine trong diéu kién ctua mot thi nghiém doc chat
mén tinh di déng gop dang ké vao viéc hiéu cic co ché hinh thanh
rii ro ddi voi stc khoe cong dong lién quan dén viée tiép xuc véi
N-nitrosamine, dic biét la NDMA, khi hién dién trong san phém thuc
pham.
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Céc thong s6 vé mdi quan hé phoi nhiém - dap Gmg cia NDMA da
duogc thiét 1ap va mic ngudng NDMA d3 duoc xac dinh khi danh gia
tac dong ctia nd 1én co quan dich chinh — gan. Mot mdi quan hé ¢o ¥
nghia thong ké da duoc xac dinh gitta hoat dong ctia gamma-glutamyl
transferase va liéu lugng NDMA, cho phép GGT duoc coi 1a mdt dau
an sinh hoc day hta hen cta doc tinh gan. Kha ning st dung néng do
NDMA trong méu lam déu hiéu danh gia lugng chat nay hap thy tir bén
ngoai da dugc chirng minh.

Dya trén phén tich lidu luong - dap tng, lidu tham chiéu cua
NDMA duoc dé xuit c6 thé duoc st dung dé danh gia nguy co khi ding
qua dudng ubng. Dit liéu thu dugc cung cip co s¢ khoa hoc dé cap nhat
muc do an toan hién tai trong cac san phém thuc phém, co tinh dén dir
litu méi vé ngudng phoi nhidm va tinh dic hiéu cta cac diu an sinh
hoc.

Su hop tac qudc té thanh cong véi cac nha khoa hoc Viét Nam da
tao diéu kién cho céc nd luc dugc két hop dé phat trién cac chién luoc
toan cAu nham kiém soat N-nitrosamine trong chudi thuc pham. Két qua
nghién ctru cung cap co so vitng chic cho cac nghién ctru sdu hon nham
tim hiéu co ché hinh thanh NDMA ndi sinh, xac nhan cac diu an sinh
hoc ¢ cac quan thé khac nhau va phat trién cac cong nghé phong ngira
nham giam ham lugng N-nitrosamine trong cac san pham thyc pham.

Vao nam 2025, dya trén cac dit li¢u thu dwoc, dy kién s& tién hanh
mot nghién ctru dich t& hoc nham 1am rd va x4c nhan cac thong sd doc
tinh duogc thiét 1ap trong khudn kho cia cong trinh nay.

Y nghia thuc tién cta cong trinh nay nam & kha ning dua ra cic
tiéu chuan co co sé khoa hoc nham giam thiéu nguy co dbi véi sirc khoe
cong dong, ciing nhu dua ra cac khuyén nghi dé phong ngtra tic dong
tiéu cuc cia NDMA, dic biét 1a tac dong gy doc cho gan lién quan dén
viéc tiéu thy chat nay qua duong dn udng. Két qua nghién ciru duoc cac
co quan Rospotrebnadzor, nha san xuat thyc pham va céc t6 chirc quoc
té tham gia dam bao an toan thuc pham quan tdm va c6 kha niang gop
phan ting hiéu qua ctia cic bién phap bao vé stc khoe cong dong.
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DANH MUC VIET TAT

ADD (Average daily dose) — Liéu dung trung binh hang ngay

ADI (Acceptable daily intake) — Luong tiéu thu hang ngay chap nhan
duoc

ALT - alanin aminotransferase

AST — aspartat aminotransferase

BMDL (Benchmark dose) — mirc lidu tham chiéu

CR (Cancer risk) — Nguy co gay ung thu

DNA (Deoxyribonucleic acid) — axit deoxyribonucleic

EAEU (Eurasian Economic Union) — Lién minh kinh t¢ A Au

FBSI (Federal Scientific Center for Medical and Preventive Health Risk
Management Technologies) — Trung tim khoa hoc Lién Bang Nga vé
cong nghé y hoc du phong d6i véi nguy co sirc khée ciia Rospotreb-
nadzor — Vién Ngan sach Lién bang vé Khoa hoc

GC-MS/MS (Gas chromatography tandem mass spectrometry) — Séc
ky khi khéi pho hai 1an

GGT — gamma-glutamyl transferase

HI (Hazard index) — Chi sd nguy co

HQ (Hazard quotient) — Hé sé nguy co

TARC (International Agency for Research on Cancer) — Co quan nghién
ctru ung thu quéc té

LADD (Lifetime average daily dose) — Liéu trung binh hang ngay, tinh
trung binh trong sudt tudi tho trung binh du kién ctia mot nguoi

LD50 (Median lethal dose) — Liéu gdy tir vong cho 50% ca thé trong
nhém thtr nghiém

LLOD (Lower limit of detection) — Giéi han phat hién thap

LOAEL (lowest-observed-adverse-effect level) — Muc t6i thiéu ma &
d6 mot tac dong tiéu cuc phat trién

MRL (Minimum risk level) — Mirc do nguy co tdi thiéu

NDBA — N-nitrosodibutylamine

NDEA — N-nitrosodiethylamine

NDMA — N-nitrosodimethylamine

NDPA — N-nitrosodipropylamine
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NDPHA — N-nitrosodiphenylamine

NIFC (National Institute for Food Control) — Vién Kiém nghiém an
toan vé sinh thyc pham qudc gia

NMEA — N-nitrosomethylethylamine

NMOR - N-nitrosomorpholinamine

NOAEL (No-observed-adverse-effect level) — Murc toi da ma khong co
tac dong tiéu cuc

NPIP — N-nitrosopiperidinamine

NPYR — N-nitrosopyrrolidineamine

OR (Opportunity rate) — Ty 1€ co hoi

RfD (Reference Dose) — liéu tham khao

RNA (Ribonucleic acid) — axit ribonucleic

SFo (Slope factor) — Yéu t6 tiém an gdy ung thu

SRV (Socialist Republic of Vietnam) — Cong hoa xa hoi chu nghia Viét
Nam

UF (Uncertainty factor) — Yéu t6 khong chic chin

US EPA (United States Environmental Protection Agency) — Co quan
Béo vé Moi truong Hoa Ky
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