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OJ1eHeBOACTBO — KM3HEHHO BaXKHAS OTPAC]b CEeJIbCKOTro Xo3siicTea B paiionax Kpaiinero Ce-
Bepa Poccuiickoit @enepauun. Msco, nedeHb ¥ NMOYKH CEBEPHBIX OJieHell AKTHBHO YNOTPEOJSIOTCA B
NHIIY MECTHBIM HACEJeHHEeM, a TAKXKe WAYT HAa 3KCMOPT, MOITOMY MPOodIeMa XHMHYECKOTO 3arpsisHEHHsI
NPOAYKTOB OJIEHEBOACTBA, B OCOOEHHOCTH CTOMKMMH OPraHMYeCKHMH 3arps3HUTENISIMH H TSKEJIbIMA
MeTAJUIAMH, TPEICTABJISET HAYYHbIA W MPAKTHYECKMiA WHTepec. B HacTosmieM mcciieJ0BAaHUM MbI Briep-
Bbl€ ONpeNeNI COodepKAHNE TOKCHYHBIX 3arps3HUTeieil B Msce M CYOMPOIYKTaX CEBEPHOrO OJIEHS C
NPUBSI3KOil K reorpad)iuecKMM PerHOHAM M OLEHWIM PUCK NMPH YNOTPedJeHNMH B MUILY OJEHbHUX MOYeK,
nevyeHH u msca. Hamreii meibio OblLIa OLEHKA COJEepXKaHUSA TUOKCHHOB (NMOJMXJIOPHPOBAHHBIX IHOEH30-
napa-IuOKCHHOB M TOJMXJIOPHPOBAHHBIX IHOeH30()ypPaHOB), TMOKCHHOMOJOOHBIX MOJNXJIOPHPOBAHHBIX
OueHUIOB, KaAMHUS W PTYTH B CYONPOAYKTAX W MBINIEYHOIl TKAHH CeBEPHBIX ojeHeil (Rangifer taran-
dus tarandus L. n Rangifer tarandus sibiricus Murray) u3 Bocbmu pernoHoB Kpaiinero Cesepa Poccun
(Mypmanckas ob6nactb, Heneukmii aBroHomHbIii OKpyr, Pecnmyonmuka Komm, fAmano-Heneukmii AO,
noayocrpoB Taiimbip, Pecny6oiuka Caxa, Kamuartckumit kpaii, Yykorckuii AO), m3ydenne BpeMeHHOI
JUHAMAKH 3arpsi3HEHHs] MOCPEJICTBOM CPABHEHHS C JAHHBLIMH JUTEpPaTypbl 15-j1eTHeil AJaBHOCTH W pac-
4eT /103bl MOCTYIUIEHHS KCEHOOMOTHKOB B OPraHM3M MpEACTABUTENIEll KOPEHHBIX CEBEPHbIX HAPOOB.
IIpo6b1 TKaneil ceBepHbIx osieHeil (704 MHIMBHAYAJILHBIX 00pPa3la MBILIEYHOW TKAHW, MEYEHH W MOYEK)
H KopMa (sirejib, rpuObl, KOMOMKOPM, 3epHO) oTompasm B 2014-2016 romax. Comep:kaHue CTOMKHX Opra-
HUYEeCKHX 3arpssauTeseii (miokcumnoB u AlIXDB) ompenensii MeTOIOM XpOMATO-MACC-CIEKTPOMETPHH
BBICOKOTO pa3pelieHus ¢ MOCJIeIyIOnuM nepecueToM KOHIEHTpamuii B TOKcuYecKne dkBuBajieHTsl BO3.
W3mepenne KOJIMYECTBA TOKCHMYHBIX 3JIEMEHTOB (KAIMHsi M PTYTH) BBINOJIHSUIA METOIOM MACC-CHEKTPO-
MeTpun ¢ MHAYKTHBHO cBsizaHHOil mia3moii (MCII-MC). YcraHoBieHo, 4TO JUOKCHMHOBOE 3arpsi3HEHHe
npoAyKuMH oJieHeBoAcTBa B paiioHax Kpaiinero CeBepa mMeeT yeTkoe reorpaduyeckoe pacmpenesieHue:
Jocturaer MakcumMyma Ha KosbCKOM MOJIyoCTpOBe M CHHXKAETCS MO Mepe NPOABWIKEHMS] HA BOCTOK,
TOrJa KaK [UISl TSKEJIbIX METAJUIOB MOJO0HOW 3aBHCHMOCTH OOHApy:KeHO He ObLI0. B uyacTHOCTH, CO-
Jiep:KaHne TUOKCHHOB B MEYeHH y CEBEPHBIX oJieHeil BapbupoBayio ot 42,2+10,6 nr TOK BO3/r xupa
B Mypmanckoii o6aactu 10 1,2+0,6 nr TOK BO3/r xxupa B Uykorckom AO. Conepxkanue Kaamus B
sireJie ¥ TpUOAX CYIIECTBEHHO He MPEBHIMIANO KOJIHYECTBA 3TOT0 META/UIA B KOPMOBOW NMPOAYKUMH IJIs
KPYIHOTO pOraToro cKora u cpuHeil. KoHumeHTpaumusi pryt B sirejie Obuia Bbille, YeM B (hypaKHOM
3epHe, HO 3HAYMTEJILHO HE MPEBOCXOIWJIA COldep:KaHHe ITOro MeTajlia B Komoumkopme. CpaBHenue mo-
JIyYeHHBbIX Pe3yJIbTATOB C JAHHBIMH JMTEPATYPHI MOKA3aJI0, YTO 32 MOCjaenHue 15 jeT Koaum4ecTBO IMOK-
CHHOB B TleYeHH OJIEHEll CYHMIeCTBEHHO CHM3WJIOCh, 4 KAJIMHS M PTYTH B MEeYeHH M MOYKAX — MHOTOKpAT-
HO BO3pociio. Mbl TaKKe MPOBeIH PacyeT I03bl CTOMKMX 3arps3HUTE]Ieil, MOCTYNAlmeil B OPraHu3M
YeJIOBeKA MPH YNOTPeOIeHHN MsICa, MeYeH! W MOYEK CEBEPHBIX OJieHell. YCTAHOBIEHO, YTO HAWOOIbIINIA
PHUCK 115 30poBbs NpeacTapiser Kaamuii. Tak, ynorpedienne oieHbUX CyOnpoayKToB B 6 u3 8 mccie-
JOBAHHBIX PETHOHOB MOXKET MPUBOIUTh K MOCTYIUIEHMIO B OPraHM3M KaIMHUs B /103aX, MPEBBIMIAIOIINX
MaKCHMAJbHO AOMyCTHMYI0 Oojiee YeM B 3 pa3a. B To ke BpemMsi pacueTbl moKa3ajim, 4YTo ynorpeodieHue
OJIEHbET0 MsICA He HEeCceT PUCKA UIsl 37A0POBbs. YUMTHIBAs PACTYIIWil B MOCJeNHEee BpeMsi HHTepec K
nepepagoTKe oJieHbeil meYeHHu /1S NPOU3BOACTBA NMPOAYKTOB MUTAHMS, 1IEJIeCO00PA3HO YYUTHIBATH CBE-
JIeHNs1 0 HAKOIUIEHHH B Heil CTOMKHMX OPraHWYeCKNX 3arpsi3HATENIeil 1 TOKCHYHBIX 3JIEMEHTOB.

KimoueBbie cioBa: Rangifer tarandus L., ceBepHblii 0JieHb, AMOKCHHBI, MOJUXJIOPUPOBAHHbIE
oudeHmIbI, KaaMmii, pTyTh, CTOIKNE 3arpsi3HuTenn, Kpaiinuii Cesep.

OJ1eHeBOICTBO — BaxKHask OTPacib CEIbCKOro xoasiictBa Poccuiickoit
®epepanyu. OOlLee IOr0JIOBEE CEBEPHOTO OJICHSI Ha TEPPUTOPUM CTPaHBI JO-
cruraet nopsiaka 1,5 MiH kuBoTHBIX (1). OJeHMHAa BXOOUT B YMCJIO OCHOBHBIX
IPONYKTOB IIMTAaHMS KOPEHHBIX HapomoB ceBepa Poccum, mostomy ocobyio
BaXXHOCTb IPUOOpETaeT M3ydeHME 3arps3HEHHOCTH OJIEHhEIrO Msica M CyOIIpo-
JIYKTOB ITUOKCUHAMU U TOKCUYHBIMU daeMeHTaMu (2-4). CunTaeTcs, 4YTo ceBep-
HbI€ 3KOCHCTEMBI CKJIOHHBI K HAKOIUICHUIO CTOMKMX 3arpsI3HUTEINIEH, ITOCKOJIBKY
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00J1aJal0T HEOOXOMMMBIMU /IS 3TOIO XapakKTepUCTUKAMU, BKIJIIOYas OCOOEHHO-
CTU KJMMara M TpoduuecKux Lerei. 3arpsa3HUTeNM AOCTUIaloT HaMBBICLIMX
3HAUEHUI B OpraHu3Max, HaxoMsILMXCSl Ha BepluudHe NuileBoil nernu. Ha cre-
MeHb HAKOIUIEHMSI KCEHOOMOTHKOB BJIMSIIOT BUI, KOPMOBBIE IIPENMNOUYTCHMS U
MeTabomyecKasi akTUBHOCTb XXKMBOTHOIO. B cilydae ceBepHBIX OJieHei BaXHYIO
pOJIb UTpaeT CE30HHOE HAKOIUICHME XKUpa U ero MOOWUIM3alus B 3UMHUM Nepu-
on. HakormuieHHbIe B XKMPOBOM TKaHU JUNOMWIbHBIE COCIUHEHUSI, B YACTHOCTHU
JIUOKCUHBI U JUOKCHMHOMNOAOOHbIE MNONUXJIopupoBaHHbie Oudenunnl (all1XBb),
MpU MOOWIM3ALMM KUPOBOK TKAaHU IOIafaloT B APyrue opraHbl M TKaHU (5-7).
IToka3zaHo M30MpaTesbHOE TOBBILIEHHOE HAKOIUIEHWE NTMOKCUHOB B MEYEHU Y
OJIEHEW M OBELl M0 CPaBHEHHUIO C IPYTMMM MPOLYKTMBHBIMU XHMBOTHBIMM (KO-
poBaMu, CBUHBSIMU, NTULIEH). OCHOBHOIN MyTh IomnagaHusl AMOKCUHOB 1 AITXb
B OpraHu3M — aJIMMEHTAapHBII, BMecTe ¢ KOpMaMH U Mo4uBoii (8, 9).

ITprunHaMu MOBBILLIEHHOTO HAKOIIEHUS NUOKCUHOB U nl1Xb B meye-
HU y OJIeHEeil M OBell CTAHOBSITCS OMOXMMHUYECKHE O0COOEHHOCTM (B YACTHOCTH
OoJjiee HU3Kasl aKTUBHOCTh (PEPMEHTOB NETOKCU(MUKAIIMU, B TOM UYHCJIE LIUTO-
xpoma CYPIA, y oTuX BUAOB XKMBOTHBIX); YacTas CMeHa MECT BbIaca, IOBBI-
1LIao11asl BEPOSITHOCTh IOIMAaJaHus Ha 3arps3HEHHbIN TMOKCMHAMU JIOKATbHbBIN
y4acToK; MomnagaHue B OpraHM3M >KUBOTHBIX YaCTHUEK IMOYBHI MPU Bhimace (8).
Y MosnonHsKa CeBEepHBIX OJieHEe IOKa3aHO aKTUBHOE IOCTYIUIEHWE IUOKCU-
HoB U al1Xb ¢ monokom matepu (10). IToBbillIeHHOE HaKOIIEHWE AUOKCUHOB
XapaKTepHO TOJILKO IJis MEeYeHU OJIeHEel; MX comepXXKaHWe B IPYTrMx opraHax u
TKaHSIX, BKJIIOYAsl MBILILbI, TOYKHU, KUP, KPOBb, MO3T, CEJIE3eHKY, HE3HAUUTEIb-
Ho (11, 12).

B TeueHue Bcero roma riaBHbBIM KOPMOM [UISI OJIEHEU CIyXaT COCYydU-
CThlE pACTeHUs M JIMIIAHHUKU, OCHOBY KOPMOBOI 0a3bl cocTapisieT sireib. Ha
JIMIIAMHUKY Tpuxonurcsa 6onee 50 % xopma B 3uMHUIA nepuon. HakorieHue
TSKEJIBIX METAJ/UIOB B JIMIIAMHUKAX TMpU aTMoc(hepHON KOHTaMMHALIMM U aK-
TUBHOE MOTpeOJieHUe JUIIAHHUMKOB OJIEHSIMU B 3UMHUN MEPUOI CUUTAIOTCS
KJII0YeBBIMM (DaKTOpaMu, OINpPEnessIOIIMMU COAEPXKAHUE TSDKENbIX METAJIJIOB B
opranudme (13). OcHoBHoe 3arps3HeHue KpaiiHero CeBepa NpOMCXOOUT 3a
CYET TPAaHCTPAHUYHOTO aTMOC(EpPHOro M ruapochHEepHOro MepeHoca U3 IPYIUX
perroHoB. Hampumep, Toabko 13 % UCTOYHUKOB 3arpsi3HEHUsI pTyThio MypMmaH-
CKOI1 00J1aCcT! pacmojioxkeHbl Ha Tepputopun Kosbsckoro nmojyoctposa, 22 % — B
OoCTaJIbHBIX permoHax Poccuu, a ocrampHoe npuxoautcss Ha Epomy, Kwuraii,
Awmepuky, LleHTpanbHylo A3MI0 U Ipyrue peruoHnl. B To e BpeMs BKian B 3a-
IpsI3HEHVE TUOKCMHAMU M TOKCUYHBIMU 3JIEMEHTaMU BHOCSAT M PACIIOJIOXEHHbBIE
Ha Tepputopun KpaiiHero CeBepa NpOMBILLICHHbIE NPEANPUSITYS, B TIEPBYIO OUe-
penb ropHomooObiBatoie — «CeBepoHukesb» (Konbckuii momyoctpoB) u «Ho-
punbckuii Hukenb» (KpacHosipckuit kpaii) (2). IloauxiaopupoBaHHble OMGEHUIbI
aKTMBHO TMPOU3BOAMJIVCH B MPOIIJIOM IJIs1 pa3IMYHbIX HYXI, HalpUMep BXOIUIU
B cocTaB TpaHdopMaTopHOro Macia, Kpacok u jakoB (14). Ilpu uccnenpoBaHumn
Kpaitnero Cesepa Poccun B pamkax MexxayHapoaHoi «IIporpaMMbl MOHUTOPUHTA
U OLEHKM COCTOSIHUSI APKTUKW» CEJIaH BbIBOJ O HAJIMYMM aKTHMBHBIX HEYCTAaHOB-
JIeHHBIX UCcTOYHMKOB nI1Xb Ha TeppuTopuu Pycckoil ApKTHKM, KOTOPBIMU, BEPO-
SITHO, OBLIM MeCTa XpaHeHUs HeyTUIn3upoBaHHBIX 3amacoB [1XbB (2).

JloaroBpeMeHHOE BO3IEMCTBHUE MOBBILIEHHBIX KOHIEHTpPALUi ITUOKCHU-
HoB 1 AlIXb Ha opraHu3M BbI3bIBa€T HeraTUBHbIE 3(D(HEKTHl B OTHOLICHUU UM-
MYHHOI, HEPBHOW W SHAOKPUHHBIX CHCTEM, HapyllaeT MOJIOBYIO (bYHKIIMIO U
pa3BUTHE IIOAA, CTAHOBUTCS NMPUUYMHON OHKOJIOIMYecKux 3abosieBaHMil (15).
KangMuit TokcuueH B MEpBYIO ouyepelb ISl MOYeK, MOXET BbI3BaTb CEpPbe3HbIE
HapyleHUsT UX (PYHKILMUHU, BIUIOTh 0 MOYEYHOU HegocTaTouHocTu. HakoruieHue
MeTalJla IPUBOAMUT K IeMUHepaau3auuu Kocteil. Ero BosnmeiicTBUe Takxke CBSI-
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3aHO C YBEJIMYEHMEM YacTOThl paka JIETKMX, SHIOMETPHs, MOYEBOrO My3bIps U
MOJIOYHOM XeJie3bl (16). PTyTh 0Ka3bIBaeT TOKCHYECKOE BO3ACICTBUE Ha pa3BHU-
BAIOLIYIOCSI HEPBHYIO CHCTEMY, HEraTMBHO BJIMSIET HA MMMYHHYIO, KPOBEHOC-
HYIO U TIOJIOBYIO CUCTEMBI, TleueHb 1 1ouku (17).

B HacrosiieM uccienoBaHMM Mbl BIEPBbI€ OIPEACTMIM COAepKaHUE
TOKCHUYHBIX 3arpsi3HUTEIEld B MsICe U CYONpPOIyKTaX CEBepHOIo OJIeHs ¢ Tpu-
BSIBKOH K reorpaMyecKuM peruoHaM M OLEHUIM PUCK IPU YHOTpeOJIeHUU B
MUY OJIEHbUX MOYeK, MeyeHu U Msca. Haubonbluee 3arpsi3HeHUE MEYEeHU ce-
BEpHBIX OJICHEH AMOKCHMHaMU ObLIO oTMedeHOo Ha KosibcKoM mMojyocTpoBe, Aa-
Jlee MX KOJMYECTBO CHMXKAJIOCh IO Mepe MPOABMKEHHUs C 3amaja Ha BOCTOK.
Jna xkagMusi M pTYTU TOA0OHOM 3aBUCUMOCTH HE OOHAPYXWIU.

Hameii nenplo Oblla OLIGHKA comepXKaHMSI ITMOKCHHOB, JTUOKCUHOIIO-
JMIOOHBIX MOJUXJIOPUPOBAHHBIX OM(MEHUIOB, KaAMUS U PTYTU B CYONPOIYKTaX M
MBIILIEYHO TKaHU CeBepHBbIX oyieHeil (Rangifer tarandus tarandus L. v Rangifer
tarandus sibiricus Murray) u3 BocbMu peruoHoB KpaitHero Cesepa Poccuu,
U3yYyeHUEe BPEeMEHHONM AMHAMUKM 3arpsi3HEHUST MOCPEACTBOM CpPaBHEHHUsS IaH-
HBIMU C JUTepaTyphl 15-JeTHEelH JaBHOCTU U pacueT MO03bl MOCTYIICHUSI KCEHO-
OMOTUKOB B OPraHU3M IPEeACTaBUTENEil KOPEHHBIX CEBEPHBIX HAPOIOB.

Memoouxa. TIpoObl TKaHel ceBepHbIX oyeHeil (704 MHAUBUAYATbHBIX
o0pasiia MBIIIEYHON TKaHM, MEYEHU U MOoYeK) U KopMma (sirejb, rpubbl, KOMOU-
KOpMa, 3epHO) OTOMpanu MHCIEeKTOphl Poccenbxo3Haa3opa B paMKax rocymgap-
CTBEHHOTO BETEPMHAPHOIO MOHUTOPMHIAa 0e30IAaCHOCTM MUILIEBON MPOAYKLIMU U
kopMmoB B 2014-2016 romax B BOCBMHA OCHOBHBIX OJIEHEBOTUECKMX permoHax Poc-
cniickoii @emepannn: MypmaHcKast o0nacTh, HeHellknmii aBTOHOMHBIIA OKpYT
(AO), Pecniyonuka Komu, Amano-Heneuxkuit AO, nonyoctpoB Taitmbip (Kpac-
HosIpcKuii Kpai1), Pecnybnuka Caxa (Axyrus), Kamuatckuit kpait 1 YykoTrckuii
AO. OOpa3upl TKaHel goctaBasiv Bo Beepoccuiickuii rocygapctBeHHbIN LleHTp
KayecTBa U CTaHAAPTU3ALIMU JEKAPCTBEHHBIX CPEACTB IJII XKUBOTHBIX U KOPMOB
(BTHKH, r. MockBa) B 3aMOPOKEHHOM COCTOSIHUM.

ConepxaHue IUOKCUHOB (IMOJUMXJIOPUPOBAHHBIX AUOEH30-Mapa-IuoK-
CHHOB U MOJIMXJIOPUPOBAaHHBIX AubeH30dypaHoB) 1 Al1Xb onpexnensnu coriaacHo
yTBepKIeHHON MeToauke (18) ¢ ucmonb3oBaHHEM XpOMAaTO-MacC-CIEeKTpOMeTpa
Autospec Premier («Waters Corp.», CIIIA.). PazamopoxeHHbie 1ipo6sl (50-100 r)
U3MeJbYaIu U Tocje O00aBieHUs BHYTPEHHMX CTaHAApTOB (PacTBOPHI U30-
TOMHO-MeUeHHbIX AuokcuHoB U AlTXb, «Wellington Labs», Kanana) neperupanu
¢ copoentom Prep DE («Dionex», CIIIA) mo moayyeHUs] OQHOPOIHOM ChITyYeid
Macchl. 3aTeM MX SKCTparupoBajiv IO HaBIEHUEM CMECBhIO TeKCaH-IUXJIOPO-
metaH 1:1 (06.) Ha anmapate ASE 350 («Dionex», CIIIA.). DKCTpakT 006e3KUpU-
Bamu (H,SO4/cvnmkaresns), OUMINAIN Ha KOJIOHKAX, 3amoidHeHHBIX 10 % akTuBu-
POBaHHBLIM yIJIEM Ha LieJuTe, YIapUBaJd U IMPOBOAMIM aHAIU3 C ITOMOIIbIO Ta30-
BOro xpomatorpada ¢ macc-crekrpomeTrpudyeckuM aetekrupopanuem (I'’X-MC) B
pexuMe MOHMUTOpPMHIra BbIOpaHHBIX MOHOB (SIM) mpu Macc-crneKTpoMeTpuye-
ckoMm paspemieHun He Himke 10 000 ¢ uCnonb3oBaHMEM KANWLISIPHOM KOJIOHKU
VE-Xms (60 mX0,25 MM, «Agilent», CILIA). CyMMapHyI0 KOHIIEHTPALIMIO KOHTe-
HepoB AruokcrHOB U AI1XDB, BeIpakeHHYI0 B TOKCHMYECKMX 3KBHBajleHTax Bcemup-
Hoii Opranuzaimn 3apaBooxpaHeHus (TOK BO3) nepecunThiBaiu Ha comepxkaHue
XKHpa B UCXOAHOM oOpasle. 2KUpHOCTh MpoO OMNpenesisii rpaBUMETPUYECKU T10
T'OCT 23042-86 «Msico 1 MsICHBIE TIPOAYKTBI. MeTOmbI OIpeeSICHUsT KIUPa».

KonuuecTBo TOKCUYHBIX 3J€MEHTOB B 0OpasliaXx OLEHMBAJIM COIJIAaCHO
yTBepxkaeHHoil MeToauke (19). ComepxkaHue TOKCHYHBIX 3JIEMEHTOB (KaaMUil U
PTYTh) OIPEIC/ISUIM METOAOM MAacC-CIIEKTPOMETPUM C HMHIYKTUBHO CBSI3aHHOM
mnasmoii (MCIT-MC) Ha macc-cnekrpoMerpe Varian 820 MS («Varian», ABcTpa-
aug). Jiga mpoBedeHUST M3MEPEHMI oOpaslbl PacTBOPSUIA B a30THOM KHCJIOTE

366



CMOCOOOM 3aKPBITOr0 MMKPOBOJHOBOIO pas3jioXKeHUs Mpoo.

IMoctymnaromyto B opranusm cymmapHyto no3y C(x) auokcuHos u al1Xb
paccuutbiBanu 1o ¢opmyne: ClI(n) = CC(n) X CII(n), rme CC(nm) — cpeaHee
coaepxxaHue cyMMbl 1MokcuHoB U AIIXDB B meueHu, moykax WM MsiCe OJICHEH,
nr TOK BO3/r obueit Mmaccel; CII(n) — cpeaHee moTpebieHue MeYeHU, MOYeK
WK Msca, r/(4yen. - Hem). M3-3a OTCYyTCTBUSI CBeEHUI O MOTpeOIeHUM OJIeHbel
neuyeHu xureiasiMu KpaitHero Ceepa Poccum miisg pacyera MCIIONb30Bald Be-
JINYMHY TOTpebieHus nedeHn caamamu B Hopsermn — 64 r/(uen. - vem) (13),
YUUTBIBASI CXOXKUI pallMOH Yy HApoOIOB, 3aHMMAIOIIMXCS oJieHeBOnCTBOM. Konu-
YeCTBO MOTPeOIIeMOro B rofl Msica OJieHsI ObLJIO B3SITO M3 JAHHBIX 10 OJEHHBIM
yykyaM (Yykotckuit AO) u coctaBwio 72 xr/(uen. - rox) (20). ITocrynaromue B
opranusMm Ja0o3bl kKagMust 1 prytd CJI(T), MKT/(4es. * Hel), BRIYUCISLIM 1o (op-
myne: CH(t) = CC(t) X CII(t), rme CC(T) — cpenHee colepxKaHue KaaMMUs
WIX PTYTU B MeYeHU, MoUKax win Msice ojeHeit, Mkr/kr; CII(t) — cpenHee mo-
TpeOJieHue OJieHbeil MeYeHu, MoueK MM Msica, T/(4en. « Hem). Tak kak mH@Op-
Malus O MOTpedJeHUM OJIEHbMX MoYeK KopeHHbIMU Haponamu KpaiiHero Cesepa
Poccun oTcyTCcTBYeT, MCIONB30BAIM MPUBEACHHOE BhIllIE 3HAUYEHUE Ul MEUYCHU.
Heobxomumo Takke y4ecTb, UYTO, COIJIACHO JAaHHBIM, IMOJYYEHHBIM IJISI 3CKUMO-
coB ceBepa KaHanmpl, KOpeHHbIC OJICHEBOMUECKME HApOIbl IMOTPEONISIOT IOYKU
OJIeHS B KOIM4YecTBe OoJibllieM, uyeM IleueHb (21). TloaydyeHHble pe3yabTaThl
CpPaBHUBAJIM CO 3HAYCHUSIMU AOMYCTUMBIX MEPEHOCUMBIX HEICJbHBIX 103 CYMMbI
nuokcrHoB U AlIXDb, kammus u prytu. Qs cymmbl auokcuHoB ¢ al1Xb u xan-
MM UCITIOJIb30BAIM 3HAYEHUSI COOTBETCTBEHHO 14 MI/Kr M 2,5 MKT/KT MaccChl Teja
yesoBeKa B Hejaelo, ycraHoBiaeHHble HayuHbiM komuTeToM EBpocorosa 1o mu-
meBbM TipoayktaM (EU Scientific Committee on Food) (15, 16), nig prytm —
yctaHoBineHHoe BO3 3HaueHue 4 MKI/KT Macchl Teja 4esioBeka B Heaenlo (22).
Jnsa mepecyera 3HaUEHUI ¢ KWJIOrpaMMa MaccChl Tejla Ha OpraHM3M YesioBeKa Kc-
MOJIB30BAIM MOJAEINIEHYIO cpeaHIoo Maccy 60 Kr, mpuMeHsiemyo BO3 (23).

CraTucTryeckylo obpaboTKy pe3yabTaTOB OLICHKM HAKOILJIEHUS TOKCUY-
HBIX 3JIEMEHTOB IPOBOIMJIM JII PETMOHOB ¢ 4yuciaoM obpasuoB N > 10. Cpen-
HUEe 3HAYeHUsI KOHILIEHTpalMii B HEKOTOPBIX oOpa3lax MoABepraau AMCIIEPCUOH-
Homy aHamu3y (ANOVA) nna oOHapyKeHMSI CTaTUCTUYECKUX PasIuuuil MeXIy
pernoHaMu. CTaTUCTUYECKU OOCTOBEPHBIM cuuTajgoch paszimuue ¢ P < 0,05. B
TabnMMuAX NpeacTaBieHbl cpeaHue 3HaueHus (X) 1 olmbku cpegHux (A).

Pezyrvmampi. Copepxanue AUoKcMHOB U AI1XD B MbIlIeYHO TKaHU
CEeBEPHBIX OJICHEH He MPEeBbILIAIO JOMYCTUMbBIX 3HaUeHu# (Tabma. 1).

1. Hakomiende JMOKCHHOB M JHOKCHHONOIOOHBIX MOJMXJIOPHPOBAHHBIX OM(EHWIOB
(A n olIXB, nr TOK BO3/r xupa, X+A) y ceBepubix oneneii (Rangifer tarandus
tarandus L. u R. tarandus sibiricus Murray) B peruonax Kpaiinero Cesepa Poccuu
(2014-2016 rompr)

Pernon/umncino o6pas3ios | pii | I + al1Xb | A.alIXBb, %
[MTeuens
MypmaHckast obnactb/34 42,20£10,55 145,60+£23,99 29:71
Heneukuit AO/155 23,90+5,98 85,20+13,95 28:72
Pecnyonuka Komu/10 20,71+5,18 - -
SAmano-Henenxuit AO/79 14,01£3,50 - -
IMonyoctpos Taiimbip (KpacHosipckuit kpait)/22 5,06+2,43 18,60+5,34 29:71
Pecnyonuka Caxa (Akytust)/5 1,10£0,53 - -
Kamuarckuit kpaii/S 3,50+1,68 - -
Yykorckuit AO/10 1,20%0,58 - -
Duunsiaaus (3)/— 42 84,1 50:50
MbpiuredyHass TKaHb
MypmaHckast obnactb/24 1,30%0,62 - -
Heneukuit AO/5 0,67+0,32 - -
IMomnyoctpos Taiimblp (KpacHosipckuit kpait) /35 Memnee 0,5 - -

IIpumeuanue AO — aBroHOoMHBIN okpyr. TOK BO3 — Tokcuueckue 3KBHUBaJIeHThl BceMupHOI opraHuM3a-
LMW 3[paBOOXpaHeHusi. JomycTumoe colaepkaHie IMOKCHMHOB B MeuYeHu — 6, B MblleyHoM TKanu — 3 nr TOK
BO3/r xupa (24). [Ipouepku 03HAYAIOT OTCYTCTBUE NAaHHBIX.
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B 1O Xe BpeMsl KOJMYECTBO AUOKCMHOB B MeYeHU ojeHel n3 MypmaH-
ckoit obnactu, Heneukoro aBroHoMHoro okpyra (AQO), Pecnyonuku Komu u
Amano-Henenxkoro AO 6bu10 Bbillie JonycTUMoro. Hamboee BbICOKOE comepka-
Hue auokcuHoB U aIIXDBb (B 7 pa3 BhIle OOIYCTUMOIO) BBISIBUWIM B IEYEHU
osneHeit Ha KonbckoMm mosiyoctpoBe. ChnenyeT oTMeTuThb, uto nI1Xb cocraBnsiu
okojio 70 % ot ob6ueit TokcumuHoctu auokKcuHoB U I1XB, BeipaxenHoit B TOK
BO3, nng Bcex Tpex MCCIeIOBAaHHBIX PErMOHOB. 3arpsi3HEHUE OJIEHUHbI AUOK-
CHMHaMU CHMWXAJIOCh IO Mepe MPOIBMXKEHMS ¢ 3amaga Ha BocToK. CpegHue 3Ha-
YEHMS COAEpKAaHUS OTUOKCUMHOB Ha TeppHTOpHH ceBepa OUHIIHANM, YCTaHOB-
JleHHble puHcKkuMK ydeHbIMEA B 2006-2011 romax (5), XOpoIlo KOPPeJIUpOBaIN C
JMaHHBIMM, MOJYYeHHbIMU Hamu g Konbckoro nonayoctpoBa. OnHakKo HeoOXO-
IUMO OTMeTUTh, yTo BKIan AIIXDB B 00lyl0 TOKCUYHOCTb CTOMKUX OpraHUyec-
Keckmx 3arpssnuteseir (CO3) mig neyeHu ojeHelr Ha Tepputopun OuHISHINN
ObL1 cymectBeHHO Huke (50 %), yeM Ha TeppuTtopuu KoJabCKOro mojyocrpoBa
U ApYyrux peruoHoB Poccum.

2. Coznep:kaHne KaJMisi M PTYTH B KODMaxX M B OPraHM3Me ceBepHbIX ojeHeil (Rangi-

fer tarandus tarandus L. n Rangifer tarandus sibiricus Murray) u3 pa3jJndHbIX
peruonoB Kpaiinero Cesepa Poccun (Mr/kr, X+A, 2014-2016 Tombr)

Oopaselt | Peruoun [Yucno obpasuos| Kagmmii | Pryts
[Meuenn MypmaHckasi obnacTb 109 1,400£0,200 0,350%+0,080
Heneukuit AO 155 0,260+£0,040 0,170+0,070
Pecnyonuka Komu 10 0,620£0,090 0,260+0,060
SAmano-Henenkuit AO 78 0,720£0,110 0,180+0,080
IMonyoctpos Taitmbip (KpacHosipckuit
Kpaii) 67 0,340£0,050 0,033+0,015
Pecnyonuka Caxa (SAkytust) 5 0,960+0,140  0,200+0,050
Kamuarckuii Kpaii 10 0,530+0,080 0,090+0,040
Yykorckuit AO 8 0,830£0,120  0,090+0,040
Ioukn MypmaHcKas 061acTh 67 4,400+£0,700 0,600%0,140
Heneukuit AO 48 1,500£0,200 0,700+0,170
Pecniyonnka Komu 10 1,700£0,300 0,380%0,090
SAmano-Henenkuit AO 49 4,300£0,600 0,580+0,140
IMonyoctpoB Taitmbip (KpacHosipckuit
Kpaii) 10 0,810£0,120 0,060+0,026
Pecnyonuka Caxa (SAkytust) 4 7,600+1,100 0,950+0,230
Kamuarckuii Kpaii 10 2,500+0,400 0,410%+0,100
Yykorckuit AO 8 5,600+0,800 1,100+0,300
MpbllieyHas TKaHb MypmMmaHckast 06J1acTh 6 0,012+0,004 0,110%0,050
Heneukuit AO 5 < 0,005 0,020£0,009
SAmano-Henenkuit AO 10 < 0,005 <0,01
IMonyoctpoB Taitmbip (KpacHosipckuit
Kpaii) 35 < 0,005 <0,01
SArenb MypmaHckasi obnacTb 20 0,029+0,009 0,031+0,014
I'pubsbl (Monbepe30BUK) 3 0,042+0,013  0,084%0,037
SArenb Pecnyonuka Caxa (SAkytust) 6 0,071+£0,021 0,032+0,014
3epHO dypakHOEe PasHble permoHbl 6 0,035+£0,011 0,013%+0,010
Kom6ukopma miis KPC
U CBUHEW 10 0,055+0,017  0,027+0,012

IMpumeuyanue. AO — aBroHoMHBIIT okpyr, KPC — kpymHbIii poratslii ckot. Jonyctumoe copepxanue (JC)
kanmust B meyeHn — 0,3 mr/kr, B moukax — 1,0 mr/kr, B MbieyHoit tkaHu — 0,05 mr/kr; 1C pryTd B IeyeHu —
0,1 mr/kr, B moukax — 0,2 mMr/Kkr, B MbiiiedHoit Tkauu — 0,03 mr/kr (24).

CopnepxaHye KaagMys M PTYTM B MBIIIEYHOM TKAaHU CEBEPHBIX OJICHEl
HaXOAWIOCh B IpeleiaX AOMYCTUMBIX 3HAYeHUi (Ta6m. 2). OmHaKo B IEYeHU U
IMOYKaxX I0Ka3aTely 3HAYUTeJIbHO Bo3pacTaiu. [Ipy 5ToM He OTMEYajoCh BhI-
PaxkeHHOI'O CHIDKCHHUS KOJIMYECTBA TSLKEIBIX META/UIOB B OpraHaX M TKaHSIX IIPU
IPOIBIDKEHUM C 3amaga Ha BOCTOK, aHAJIOIMYHOIO HaOJIIomaeMoOMy IS JUOK-
cuHOB. KoinyecTtBo kamMus B sresie (OCHOBa KOPMOBOI 0a3bl OJICHEI) U TpH-
0ax CYIIECTBEHHO HE IPEBHIIIAI0 COAEPXKAHUS 3TOr0 MeTala B KOpMax JJIst
KPYITHOT'O pOraToro ckoTa M cBuHeil. KoJlMyecTBO PTyTH B sArese ObLIO OOJIbIIIE,
yeM B (pypaxkHOM 3epHEe, HO IPEBHIIIAI0 TAKOBOE B KOMOMKOPME HE3HAUYUTEIh-
HO. To ecTh IOJIlydeHHBIC TaHHbIC HE ITO3BOJISIIOT OOBSCHUTH 3arpsi3HEHUE OJIe-
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HBbUX CYONpPOMYKTOB TSKEIbIMU MeTa/ulaMu. BeposiTHO, Kak U B cilyyae ¢ AMOK-
cuHaMmu (8), KJIIOYEBYIO POJIb UIPAIOT OTJIMYMS OJ€HEH OT APYIMX BUAOB IPO-
JIYKTUBHBIX XXMBOTHBIX (BbIIIAC Ha JIOKAJbHO 3arpsI3HEHHBIX Y4acTKax TepPpPUTO-
puu, 3arjaaThbiBaHWE YacTUIl MOYBbI). BO3MOXHO Takxke, YTO OOJbILIOE KOJUYe-
CTBO KaaMHS M DPTYTH COAEPXUTCS B JAPYIMX BUIAX IOTPEOISEMOrO OJIEHSAMU
kopMma. HakomieHue pTyTM B rpubax, Hampumep, ObUIO 3HAUMUTEILHO BBILLE,
YyeM BO BCEX JPYTMX BUIAX KOPMOBOI MPOAYKIMU (CM. Taoi. 2).
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Pernon

Cpennee coaepxkanme amokcunHoB (nr TOK BO3/r xwpa; A, Bb), kammusa (mr/kr; B, ) m prymm
(mr/kr; [, E) B newenn (A, B, [1), mpimeunoit Tkann (b) u moukax (I, E) y ceBepubix oaeneii (Ran-
gifer tarandus tarandus L. n Rangifer tarandus sibiricus Murray) w3 pa3mmuabix pernonoB Kpaiinero
CeBepa Poccum: 1 — Mypmanckast o6actb, 2 — HeHeukuii aBToHOMHBIN OKpyT (AO), 3 — Pecny6-
muka Komu, 4 — fmano-Heneuxuit AO, 5 — monyocrpos Taiimbip (KpacHosipckuii kpait), 6 —
Pecnyommka Caxa (Skytust), 7 — Uykorckuiit AO, 8 — Kamuarckuii Kpaii; a — JaHHbIE MOJIyYeHBI
B 2001 romy B pamkax [IporpamMMbl 1O MOHUTOPMHTY U OIleHKe cocTosiHus Apktuku (AMAP
2001), 6 — pesynbrarsl, moaydyeHHsie B 2014-2016 rogax.

Ha pucyHke mpeacTaBieHO CpaBHEHME HAIMX PE3Y/IbTaTOB C JaHHBIMH,
noiaydeHHbiMu B 2001 rogy B pamkax [IporpaMMbl 10 MOHUTOPHUHIY U OLICHKE
cocTosiHusT ApkTtuku (2). OHO TO3BOJISIET 3aKJIIOUUTh, UYTO COAEpPXKAHUE JUOK-
CHHOB B OpraHax M TKaHSIX y CEBEPHBIX OJICHEl 3a Ipolleniime 15 jer 3HaYu-
TEJIbHO CHU3WIOCh, B TO BpeMsI KaK KaaMMsI ¥ PTYTU — CYIIECTBEHHO BO3pOCIIO.

B tabmunax 3, 4 1 5 npuBeneHBI pe3ysIBTaThl pacyeTa MO3bI CTOMKMX 3a-
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IPSI3BHUTEJIEH, MOCTYIAlolIeld B OPraH13M 4eJIOBeKa IpHU YIOTpeOJeHUU Msica, Iie-
YeHU U TOYEK CEBEPHBIX OJICHE!, B CPABHEHMM C IIEPEHOCHMOI HelIeJIbHOM TO301A.
YnorpebieHue B MUy IeYeHU OJIeHEH 0OYCIOBIMBAJIO IOCTYIUICHUE B
OpraHM3M YeJIOBeKa 3HAYMTEIBPHO OOJIBIIMX 103 TMOKCUHOB U nl1XbB, yeM mpu
3. To3bl KaaMuMs ¥ PTYTH, NMOCTYNAIOUIME B OPraHU3M NPH YNOTPeOJEeHHH B ITHIILY

CyOnpoayKTOB U Msica ceBepHbIX ojieHeid (Rangifer tarandus tarandus L. n Rangi-
fer tarandus sibiricus Murray), B CpaBHEHHH C TIePeHOCHMbIMH

IIponykr, Hoza, Mkr/(uen. * Hexm) % ot I1]]

Peruon

CyorpoaKT KagMuii \ PTYTb Ka;:LMI/H?I\ pTYTh

MypmaHckast obiactb, Heneukuii AO,

SAmano-Henenkwnit AO, monyoctpoB TaitMbip Msico <1 <1 <1 <1
MypmMaHckast 06J1acTh [Meuenn 88,96 22,40 59 9
Heneukuit AO 16,64 10,88 11 5
Pecnyonuka Komu 39,68 16,64 26 7
SAmano-Henenkuit AO 46,08 11,52 31 5
IMonyoctpos Taitmbip (KpacHosipckuii kpaii) 21,76 2,11 15 1
Pecnyonuka Caxa (SAkytust) 61,44 12,80 41 5
Kamuarckuii kpait 33,92 5,76 23 2
Yykorckuit AO 53,12 5,76 35 2
MypmaHcKas 001acTh Ioukn 278.,4 38,40 186 16
Heneukuit AO 97,28 44,80 65 19
Pecniyonrka Komu 110,72 24,32 74 10
SAmano-Henenkuit AO 277,12 37,12 185 15
IMonyoctpos Taitmbip (KpacHosipckuii kpaii) 51,84 3,84 35 2
Pecniyonuka Caxa (SIkyTust) 486,40 60,80 324 25
Kamuarckuii kpait 159,36 26,24 106 11
Yykorckuit AO 355,84 68,48 237 29

IMpumeuyanue. AO — aBroHoMmHbIIl OKpyr. [lepenocumast mosa (I11) kammuss — 150 mkr/(uen. - vem), [T
pryti — 240 MKT/(4en. * Hem).

4. CymmMapHble 103bl THOKCHHOB W JHOKCHHONOTOOHBIX MOJMXJIOPHPOBAHHBIX OH(pe-
HuioB ([I u nITXb, nr TOK BO3/r obiueit Macchl), mOCTynaomue B OPraHusm
YeJI0BEKA MpPH YNOTPEOJIEHNH B MMILY Msca M NEeYeHH CeBepHbIX olieHeil (Rangifer
tarandus tarandus L. u Rangifer tarandus sibiricus Murray), B cpaBHeHHH C Tepe-
Hocumoii no3oii (I1/1)

n Harpyska
Pernon DOLYKT, XKup, % | A + all1Xb | Ha opranusm, |% ot I1/]
CyOIpOAKT
rr/(4en. « Hem)

MypmaHcKasi 001acTh Msico ~5(18) 0,0650 98 12
Heneukuit AO 0,0335 50 6
IMonyoctpos Taitmbip (KpaHosipckuit kpaii) 0,0085 13 2
MypmMmaHckast 00J1acTh [Meuenn 4,5 6,55 419 50
Heneukuit AO 6,0 5,11 327 39
Monyocrpos Taitmbip (KpacHosipckuii Kpaii) 5,0 0,93 60 7

IIpumeuanue AO — aBroHoMHbIM okpyr, TOK BO3 — TOKCcMueckue 3KBUBaJIeHTh BceMupHOi opraHusa-
umu 3apaBooxpanenusi. [1J1 — 840 nr TOK BO3/(uen. - Hen).

5. CymmapHblii TpOIEHT 3arps3HHUTeNIeil, MOCTYNAIIIMX B OPraHU3M YeJIOBEKA MpH
ynoTped/ieHdd B ULy CYONPOIYKTOB M Msca CeBepHbIX oJjieHeil (Rangifer taran-
dus tarandus L. u Rangifer tarandus sibiricus Murray), B CpaBHEHUH C TiepeHOCH-
Moii 1o30ii (IT1/1)

% ot I1]]
Peruon I + nIIXb KaaMU PTYTb
(reyeHb + MsCo) | (TeyeHb + MOUYKHU) |(TI€YeHb + ITOYKM)
MypmMaHcKast 06J1acTh 62 245 25
Heneukuit AO 45 76 24
Pecniyonrka Komu 100 17
SAmano-Henenkuit AO 216 20
IMonyoctpos Taitmbip (KpacHosipckuii kpaii) 9 50 3
Pecnyonuka Caxa (SAkytust) 365 30
Kamuarckuii kpait 129 13
Yykorckuiit AO 272 31

IIpumeuanue AO — aBroHoMHBIN OKpyr, I u al1IXBb — IMOKCHMHBI U TMOKCMHOMOIOOHBIE MOJIUXJIOPUPO-
BaHHble OueHmbl. [IpOMycKr 03HAYAIOT, YTO JaHHBIE OTCYTCTBYIOT.
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noTtpedseHuun msca. B MypmaHckoil obnactu (HauboJjiee 3arpsi3HEHHbIN JMOK-
CHMHaMHM pervoH) no3a AuokcuHOB M nlIXDB, Bo3smeicTBylollasi Ha HacejleHUe
MpU MOTPeOJeHUN Msica 1 TIeYeHU CEBEPHBIX OJIEHEH, cocTaBiisyia 6oJjiee IMoJo-
BUHBI BCEil MepeHOCHMOM 103bl. B OTHOILLIEHMY PTYTM HauOOJbllIasl Harpy3ka Ha
OpraHu3M IMpOMCXOAWIa MNpU IOTPeOJEHUU TOYEK CEeBEPHBIX OJieHEeH, a CyM-
MapHas 103a MpU MOTpeOJIeHUU TMeYeHU U ITOYeK He IpeBbllaja TPeTU OT Me-
peHocuMoii. B oTHolIeHUM KamMMsl CUTyallvsl oKaszajach KpaiiHe HeOJarompu-
SITHOM, TTOCKOJIbKY MpPU YIOTPEeOJEHUM B MUILY OIHUX TOJbKO IMOYEK IepeHO-
cuMas 103a B OOJIBIIMHCTBE PErMOHOB OKasblBajach MpeBbllieHa. CyMMapHas
Harpy3ka Ha OpraHu3M 4eJIoBeKa Mpu IMOTPeOJeHMHU MeYeHU U MOYeK CEBEPHBIX
oJieHe#l Oblla HAaCTOJbKO 3HAUMTEJbHA, YTO MpEeBbIllIAJa MEPEHOCUMYIO A03Y B
LIECTU M3 BOCBMHU MCCJIEIOBaHHBIX peruoHoB (Kpome Taiimbipa u HeHerkoro
AO) u pocrurana HauBbIclIMX 3HaueHuid B Pecnybnuke Caxa (Axytust) (ripe-
BbIILIAET MEPEHOCUMYIO 103y OoJiee yeM B 3,5 pasza). 10o3bl KaAMuUs U PTYTU, MO-
CTynalollye B OpraHM3M yesioBeKa IMPU YIMOTPeOJEeHUU B MUILY MsICa CEBEPHBIX
OJIEHEI, BO BCEX UYEThIpeX MCCICAOBAHHBIX PETMOHAX COCTABIISLIA He Oomee 1 %
OT JOIIYCTUMOI CYTOYHOM JI03bl.

Crnenyer Takke ydecTb, 4TO KopeHHoe HaceneHus KpaitHero Ceepa
Poccuu monBepraeTcsl 3HaYMTELHOMY BO3AEHCTBUIO AUOKCHMHOB, AIIXB u TOK-
CUYHBIX 3JIEMEHTOB U U3 IPYIMX UCTOYHUKOB, IIOMUMO OJIEHWHBI, BKJIIOYAsl IU-
LIEBbIe MPOAYKThI, B YACTHOCTU MOPCKMX MJICKOIMTAIOIIMX W phIOy (26). Hemap-
HO ObLTa MPOIEMOHCTPUPOBAHA BbICOKAs MHILEBast LIEHHOCTh Msica oyeHel (25) u
OJIEHbCH MEeYeHM, a TaKKe TO, YTO NUIIEeBas LIGHHOCTb OJICHbEH MeYeHU 3HAUYM-
TEJIbHO BBILIE, YEM TOBSDKbEH, U TeYeHb OJIEHeH cieayeT MCIOJb30BaTh MPU U3-
TOTOBJIEHUH MpoAaykToB nutaHus (27). I1pu pazpaboTke peuenTyp NpOomyKLMU U3
OJIEHbECH TIEYeHU 11e7eCO00pa3HO YUMTHIBATh CBEACHMSI O €€ 3arpsi3HEHUM CTOM-
KMMU OPTaHUYECKUMM 3arpsI3HUTENIIMU U TOKCUYHBIMU 3JIEMEHTaMU.

Takum 00pa3oM, 3arpsi3HEHHE IEeYEHU CEBEPHBIX OJICHE! DUOKCMHAMU
HMMeEeT YyeTKoe reorpacpuyeckoe pacnpeneieHue: Hauboiee 3arpsi3SHEHHbIA peru-
oH — KoJbckuii mojiyocTpoB, ganee comep:KaHue IUOKCHMHOB CHWXKAETCS I10
Mepe TMPOIBMXKEHUS C 3araga Ha BOCTOK. B OTHOIIEHMM 3arpsi3HEHMST CyOnpo-
JIIYKTOB CEBEPHBIX OJIEHEe KaaMueM M PTYTblo MOJ0OHasT 3aBUCUMOCTb HE MpO-
saBisgeTcs. 3a mpolueaive 15 JeT comepkaHue IMOKCMHOB B OJICHBEH IeYeHU
3HAUUTEJbHO CHU3WIOCH, 4 KAAMUS U PTYTH B MEYEHU M MOYKAX — CYLIECTBEH-
HO Bo3pocyio. CorinacHO IMOJYYeHHBIM AaHHBIM, SIT€JIb MOXET ObITb HE OCHOB-
HBbIM HMCTOYHUKOM MOCTYIUUICHUSI KaAMUS W PTYTU B OPraHU3M CEBEPHBIX OJie-
Hell. YmoTpebseHUe Msica CEBEpPHBIX OJICHEH W3 MCCAeAOBAaHHBIX PErMOHOB HeE
HeceT CYIIECTBEHHOIO puCKa I 3M0pOBbsl HacedeHus. B To ke Bpems pery-
JISIpHOE M JUIMTEJbHOE YIOTpeOJeHWe B MUILY IMEeYEHU U TOYeK MOXKET Ipen-
CTaBJIATh AOMNOJHUTEIbHBINA PUCK, MOCKOJBKY MEPEHOCHMMbIE MT03bl KauMusl MpU
9TOM OKa3bIBAaIOTCS IPEBbILIEHBI 0ojiee yeM B 3 pasa.

Q@I'BY Bcepoccuiickuii eocyoapcmeenHblil Ilocmynuaa é pedakuyuro
Llenmp kavecmea u cmandapmusayuu 1eKapcmMeEeHHbIX 2 uroasn 2017 eoda
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Abstract

Reindeer herding is vitally important agricultural sector in Russian Far North regions.
Meat, liver, kidneys and other offal are highly consumed by indigenous people and go for export,
therefore problem of reindeer products safety related to chemical contamination is of both scientific
and practical interest. Here, we report levels of dioxins, dl-PCBs, cadmium and mercury in reindeer
meat, liver and kidneys determined in 704 individual samples of meat, liver and kidneys of reindeers
(Rangifer tarandus tarandus and Rangifer tarandus sibiricus) from 8 main reindeer-herding regions of
Russia within the broad geographical range from western to eastern border of the country, including
Kola Peninsula, Nenets Autonomny Orkrug and Yamalo-Nenets Autonomny Orkrugs, Taymir Pen-
insula, Kamchatka and Chukotka. Stable organic pollutants, including dioxins (polychlorinated
dibenzo-para-dioxins and polychlorinated dibenzofurans) and dioxin-like polychlorinated biphenyls,
were determined by high-resolution chromatography-mass spectrometry and expressed as WHO toxic
equivalents (WHO-TEQ). Toxic elements were determined by mass spectrometry with inductively
coupled plasma. Dioxin pollution has shown clear geographical distribution. It reaches the highest
level at the Kola Peninsula and decreases to the East. Heavy metal pollution did not show any geo-
graphical trends. In particular, dioxins concentration in reindeer liver varied from 42.2+10.6 pg
WHO-TEQ/g of fat in Kola Peninsula to 1.2+0.6 WHO-TEQ/g of fat in Chukotka. We have also
investigated cadmium and mercury levels in different feed samples (lichen, mushrooms, compound
feed and forage grain). Literature analysis showed a significant decrease of dioxin levels in reindeer
liver over the last 15 years, while cadmium and mercury content in reindeer liver and kidneys has
increased dramatically. Causes of clear geographical distribution of dioxin pollution and significant
rise of heavy metal contamination need further research. It was shown that cadmium poses the high-
est health risk. Consumption of reindeer offal in six out of 8 investigated regions may lead to cadmi-
um intake exceeding the tolerable intake level more than threefold. In the meantime, consumption
of reindeer meat poses no health risk related to any of the investigated contaminants. Taking into
account growing interest to reindeer liver processing for food production, it is usable to take into
account our data on possible risk of longtime consumption of reindeer offal.
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