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CKMI MoKaszaTesib CHYXaJICS B KOHLIE SKCMIEPUMEHTA B 1-i1 U
2-1 Tpyniiax, CHUXeHUe COXPaHWJIOCh U B INEPHOJ BOCCTa-
HoBieHusi. BennuuHa 3y6ua R Ha OKI ymeHbluanach B 1-i
rpynme Ha 1-M u 4-M Mecsuax Bo3aeiicteus. Bo 2-it rpynme
— Ha 1, 2 1 4-M MecsiLlax Bo3aelcTBuUs (cM. Tabi. 1).

Ha6nionaembie u3MeHeHusi OKI cBUAETENbCTBYIOT O
CHUXXEHUM COKPaTUTEJbHOM CIOCOOHOCTU MMOKapAa KpbIC
1-11 v 2-# rpynn. M3MeHeHus1 31eKTpUYeCKOil aKTUBHOCTH
MHOKap/a COIJTacyloTcs C aHAJIOTMYHBIMU pe3yJbTaTaMu y
CTapelolMX XUBOTHEIX (Tab. 2).

TonMHa 371aCTUYECKUX BOJIOKOH a0pThl OeNIbIX KpbIC Ha
4-M Mecsilie 9KCIepMMEHTa yBeJIMUMBaJIach Kak B 1-i1, TaKk U
Bo 2-it rpynmax (15,32 £ 0,321 15,29 + 0,31 mMxM, p < 0,001
u p < 0,01 coorBerctBeHHO Ipu 14,07 = 0,13 MKM B KOH-
TpoJie). B BOCCTaHOBUTENbHOM IMEPUOAE U3MEHEHHUSI COXpa-
HWJIKCDL KaK B 1-ii, Tak ¥ Bo 2-i rpymnmnax (16,74 £ 0,22 u
16,18 £ 0,21 Mxm cootBeTcTBeHHO, p < 0,001 u p < 0,01
npu 15,13 £ 0,199 MKM B KOHTpoJiE).

MopdomeTpruecky 0OHAPYXKEHO CHUXEHHE COOTHOLIE-
Hus S/ MHOKapaa B KOHLIE 9KCIIEPUMEHTA Y XXUBOTHBIX 1-1
rpymmel (0,03 £ 0,0019 yen. en. npu 0,0435 £ 0,0034 yen. en.
B KoHTpose, p < 0,01). B BoccTaHOBUTENBHOM MEpUOJE CHU-
XKeHHe OOHapyXeHo Kak B 1-i1, Tak W 2-H rpymnmax
(0,0236 + 0,0012 u 0,0237 £ 0,0013 ycn. en. COOTBETCTBEH-
Ho nipu 0,0317 £ 0,0024 ycn. en. B KoHTpoie, p < 0,01).

CootHouieHne CT/KM yBenuunBanoch B KOHLE IKCIIEe-
pUMEHTa Yy XMBOTHbIX 1-#1 W 2-# rpynn (0,084 = 0,005 u
0,0697 = 0,0031 ycn. en., p < 0,001 u p <0,01 cooTBercr-
BeHHo 1nipu 0,056 + 0,0042 yci. en. B KoHTpoJie). U3MeHeHus
VIMEJIM MECTO 1 B TIEPUOJ, BOCCTAHOBJIEHHSI Y KMBOTHBIX 1-M
v 2-1 rpynm (0,0832 £ 0,0062 u 0,0786 + 0,0022 ycn. en.,
p <0,0l u p<0,001 coorBerctBeHHO 1pu 0,063 + 0,0018
yci. el. B KOHTpoJie). YBenuyeHue cootHouieHuss CT/KM
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ACTAaHWU COEAUHUTEIbHON TKaHU B MUOKAp/IE
U 2-¥ TPYII, YTO XapaKTepHO U [UIsI XHUBOT-
TBEHHOM CTapeHWHU B Bo3pacTe 12 u 24 Mec.
HHOE BO3lelicTBUE obuled BUOpalUM M CO-
el lyma INpuBoauio K mnosbllieHU0 CAJL
a 3-M 4 4-M Mecslax 9KCrepuMeHTa. B me-
BreHUs1 CAJl MogOMBITHBIX XXMBOTHBIX BHOBb
YPOBHSI KOHTpoJisd. Apyrux MopdodyHKIMO-
HEHUI CO CTOPOHBI CEpAEYHO-COCYIUCTOM
30JIMPOBAHHOM BO3EMCTBUM 00l1ell BUOpa-
y BYIOLLIErO €l 1iIymMa He HaOJ10aa/IoCh.

[TpoBeneHHbIE HCCIENOBAHMSI CBUIETENIBCTBYIOT O Hebna-
TOITPUSTHOM BJIMSIHUM M30JIMPOBAHHOIO M COYETAHHOIo (C
obuiei BMOpalyeit U COMyTCTBYIOLUMM €M 1IIyMOM) BO3JEH-
cTBust Tonyona (Ha yposHe 1K) Ha Mopdonoruio Muokap-
Ja 1 aopTbl. M3onmpoBaHHOe AeiicTBUE 001eil BUOpaluu U
COMYTCTBYIOLLETO €l 1IyMa He BbI3bIBAET CTOMKUX M3MEHe-
HUH Mop(hoGYHKLIMOHAJILHOTO COCTOSIHUSI CEPAEYHO-COCY-
JMCTOM CUCTEMBI 9KCITEPUMEHTAIbHBIX XXMBOTHBIX.
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Summary. The paper presents the results of an investiga-
tion of the isolated and combined effect of toluene (at the level
of the maximum permissible concentration (MPC), general
vibration, and its concomitant noise on experimental animals
(rats). The changes detected in the morphofunctional status
of the cardiovascular system are indicative of the isolated and
combined effect of toluene, general vibration, and noise at the
level of MPC on the morphology of the myocardium and aor-
ta of experimental animals.
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MOJINXJIOPUPOBAHHBIE BU®EHWIBI JUBEH30-11-TMOKCUHbI 1 TUBEH30®YPAHLI
B KPOBU KOPEHHOT'O HACEJIEHHA POCCUIICKOT'O CEBEPA

I'Y HayuHo-npousBoacTBeHHOe o0beauHeHue "Taiidyn", O6HuHcK, PI'Y CeBepo-3anagHblil Hay4YHbI LEHTP TMTHEHBI U OOLIECTBEHHOTO

3nopoBbst, CaHkT-IletepOypr

[onuxnopuposannsle 6udenwnsl (ITXB), nonuxinopu-
pOBaHHble  AMOEH30-T-IUOKCUHBI U AMbGeH30(]ypaHb
(TMIXOO/ITXO®D) oTHOCATCA K CTOMKUM OpPraHMYecKMM 3a-
rpsizHsiionuM BentectBaM (CO3), ornacHOCTb pacrpocTpaHe-
HMSI KOTOPBIX B OKpYXalolleil cpene TNpU3HAHA MHUPOBOM
npo0JaeMOiA.

CO3 065afaloT BBICOKO TOKCUYHOCTBIO, YCTONUMBLI B
OKpYKalolllel cpeie, HaKaruiMBalTCss 6MOTOM, epeHocsaTCs
Ha GosbLIMe paccTOsIHUS 110 BO3AyXy U Bone. [Tonanast B op-
TraHU3M 4YeJIOBeKa, OHM NPHUBOAAT K TSIKEJICHIIMM Hapylle-
HUSIM B HOpMaJIbHOM (DYHKLIMIOHUPOBAHUH €TI0 HEPBHOIA, pe-
TIPOAYKTUBHOM M UMMYHHOM CUCTEM.

J1isi TpelOTBPALLEHMST YTPO3bl 3I0POBbIO YEJIOBEKA U OK-
pyxatoleii cpene ot CO3 6bina paspaboraHa KoHBeHums no
OCYLUECTBICHHIO MEXAYHAapOMHBIX Mep B OTHOLUEHMMU OT-
nenpHbx CO3 [5]. KoHBeHUMs1 Gbuia TIpHMHATA U OTKpPbITA
Ui noanvcanus Ha KoHdepeHMM MoTHOMOYHBIX MpeACTa-

pureneit, npoxoausiieir B Crokronsme ([lIBewusi) B mae
2001 r. Ha cerogHsiuHuii neHb ee noanucana 151 crpaHa, B
toM uncie Poccusi. CToKronbMcKasi KOHBEHUMS BCTYNWIA B
cuny 17 mast 2004 r. Y3 moanucaBluMX KOHBEHLIMIO cTpaH 71
CTpaHa cTaja CTOPOHOM KOHBEHLMH, T. €. paTudHULIMpoBasia
ee. OO6s3aTeNIbCTBA CTPAH IO BBINIOJHEHUIO TIOJIOXEHUM
CTOKTOJIBMCKOM KOHBEHLIMM KaK HEOOXOIMMOE 3BEHO TMpe/i-
I10JIaraloT OCYIIECTBJIEHHEe HAa HALIMOHATBHOM M MeXIyHa-
POJIHOM YPOBHSIX COOTBETCTBYIOIUMX Hay4HbIX MCCIELOBa-
Huit mo CO3 u npoBeneHue MmouuropruHra CO3 B Hanbonee
MOJABEPXKEHHBIX OMACHOCTU PETMOHaX.

W3BecTHO, YTO apKTHUYECKHE SKOCHUCTEMBI U KOPEHHOE
HaceJleHWe CEeBEPHBIX TEPPUTOPUIl HAXOAATCS B 0OCOOOM
OTMaCHOCTH B CHJIY YSI3BUMOCTHM CEBEPHBIX 9KOCHCTEM U BO3-
nescteust CO3 [2, 3]. [anbHuii atMmocdepHblit neperoc CO3
MPUBOJMT K 3arpsI3HEHMIO apKTUUECKUX PErMOHOB, YIaNeH-
HBbIX OT HCTOYHUKOB 3arpsisHeHusl. Huskue teMmneparypsl U
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1.1. Cronkue ToKcnuHble BewectBa (CTB) B apkTunyeckom 6uocoepe -
3aKOHOMEPHOCTU 3KCMO3ULUM U 3J0POBbE KOPEHHbIX XKUTenei

Matasi TIpOJOIKUTEIBHOCTh CBETOBOTO IHS (3MMOIt) croco6-
CTBYIOT MoBbilIeHHIO0 criocobHocTM CO3 K HakoOIUIEHHIO B
aJIeMeHTaxX apKTHYeCKUX aKocucTeM [2]. Hanbonee Bbicokue
yposuu CO3 6bU1M OGHapyXeHsl y Mopckux ntil [2]. Ko-
spduumenTs HakoruieHus I1XD B ciyyae MOpCKUX MIeKo-
MUTAIOILMX YW TITHI, TIUTAIOIMXCS] PbIOOM, MOTYT IOCTUraTh
10°—107 [2].

OCo6EeHHOCTH TPAAMLIMOHHOTO MUTAaHUS KOPEHHBIX Ha-
ponos CeBepa (BbICOKHH YZENbHBII BeC B pallMOHE PhIObI U
Mgca C BLICOKMM COAEpKaHUEM KUpPa) NPMBOIAT K MOCTYII-
nenuio CO3 B opraHM3M uejioBeKa. Takue BellecTBa, Kak
[TXB, nuoKcuHb U dypaHbl, 6yay4Yu pOACTBEHHBIMU COEIM-
HEHUSMM, SBJISAIOTCSA "TOPMOHAJIbHBIMM UMHUTaTOpaMu”, 1o-
JaBJisis BbIpaGOTKY TOPMOHOB B OpraHM3Me M Hapylluasi Hop-
MaJIbHOE TeYeHHe IPOLIECCOB, TaKMX KaK CIEpMaTOreHes,
OBYJIALMS U T0JIOBOe pa3BUTHe. MI3BECTHO Takke, YTO rop-
MOHAaJIbHBI AKcOanaHe MPOBOLMPYET BO3HMKHOBEHHUE 3710-
KayecTBEHHBIX HoBooOpasopaHuii. [Tockoneky CO3 pacTBo-
PUMBI B 3KUpe, OHM MPOXOISAT Yepe3 IUlalleHTapHbli 6apbep,
rocTyrnasi B OpraHM3M peGeHKa B NepHOf BHYTPUYTPOOHOTO
Pa3sBUTHUS C KPOBBIO MaTepy M B IPYIHOM BO3pacTe — C Ma-
TEPUHCKHM MOJIOKOM.

BMecTe ¢ TeM O HAcCTOSILLETO BPEMEHU CBENECHMS O CO-
nepxannn CO3 B cybeTpaTax yenoBeka Ha Poccuiickom Ce-
Bepe ObIIM JOCTATOYHO OTPLIBOYHBIMU U HETMIOIHBIMU [2—4].

Lenbro HacTosiel paboThl SIBUJIOCH MCCIIENAOBAHUE CO-
nepxanusa [TXB, ITXIO/TTXI®P B KpoBM KOPEHHOTO Hace-
nenus Poccuiickoro CeBepa M OLIeHKA UX reorpadguueckoro
pacrnpeneneHusl.

HccnenoBaHue MpoBOAWIN B YeTblpex peruoHax Poccuii-
CKOM APKTHUKM:

1. Konbckuit monyoctpoB — MypMaHcKast o6mactb (c.
KpacHowense u c. JloBosepo). KopeHHoe HaceneHue — B
OCHOBHOM CaaMbl, B pallMOHE KOTOPBIX 3HAUNTEJIbBHOE MECTO
3aHMMAIOT MSICO OJIeHs U pbiba. PernoH HaxonuTcs moa Bo3-
JIEACTBUEM MECTHOM JOOBIBAIOLIEN W METALypruiyecKoi
TPOMBIILIIEHHOCTH U AaJIbHEro repeHoca BbiopocoB EBpornbl
n CkaHauHaBuU. PerMoH BKIIIOYAET KPYNHbIE HaceJleHHbIe
MYHKTHI, TaKe Kak MypMaHCK, Y CBSI3aHHbBIE C HUMU TOPTHI,
a Tax>Ke XpaHUJIMIIA PAOAKTHBHBIX OTXOAOB AESITEIbHOCTH
CesepHoro ¢rora.

2. Huxnss yacts 6acceitna p. [Teyopnl. KopeHHoe Hace-
JIeHUe — B OCHOBHOM HEHUBI, B TPAAWLIMOHHOM IMUTaHUU
KOTOpBIX NpeobiiafaroT MsICo OJieHsT M peuHast ppida. Pernon
HaxoJMTCA TOJ BO3ACICTBMEM KaK JaJIbHEro MepeHoca, Tak
M MHOXECTBa MECTHBIX UCTOYHUKOB 3arpsi3HEHUs1, BKJIIOYasl
HedTsHble pa3paboTKH.

3. ITonyoctpoB TaiiMblp, BKJIIOYAs HUXHEE TEUEHHUE P.
Enuceit. KopeHHoe HaceleHre — B OCHOBHOM [JOJITaHbl U
HeHUbl. TpagMLMOHHOE IUTaHWE BKIIOYAET MsSICO OJIeHS,
PEUHYIO pbIOY 1 1M4Yb. PErMOH HaXoauTCs MO BO3AEMCTBUEM
MECTHBIX UCTOYHMKOB 3arpsi3HEHUsI, TJIAaBHBIMU U3 KOTOPbIX
SIBJIAIOTCS JOObIBaIOLIass ¥ METAJUTypruyeckasi pOMBbILLIEH -
HocTbh Hopuibcka 1 BbIHOC 3arpsi3HeHMit ¢ Bogocbopa EHu-
cesl peYHBIM CTOKOM.

4. Yykorckuit nonyoctpoB (Uykorckuit AO). KopeHHoe
HaceJleHe — B OCHOBHOM YYKYM M 3CKMMOCHI (MM I0TIUKH),
B TPAAMLIMOHHOM TMUTaHUHU KOTOPBIX TNPeo0IalaloT MOPCKUE
MJIeKOMMTAIolIMe, priba U oJieHU. B pernoHe B OCHOBHOM
OTCYTCTBYIOT MECTHbI€ MCTOUHMKH 3arpsisHeHus. [Ipencras-
JIIeTCA, YTO AaJIbHUI NepeHoc u3 paitoHoB KOro-BocroyHoit
A3WH SBJISIETCSI OCHOBHBIM MCTOYHMKOM 3arpsi3HEHMI1 B pe-
TMOHE.

ITpo6Grul kpoBu Ha aHanu3 [1Xb orbupanu y 2 rpymnmn Ha-
ceneHMs: 1) y pOXEHMLI U HOBOPOXIEHHBIX (MYMOBUHHAS
KpOBb) B POJWJIBHBIX IOMaX MCCJIEAYyeMBbIX DAlOHOB; 2) Y
0OBIYHOTO B3POCJIOTO HACEJIEHMUST OOOMX I10JI0B B OCEJIEHUSAX
KopeHHbIX HapomoB. IIpobbl kpoBu Ha aHanmu3 [IXI/
XA oTOupanyu TOJBKO Y B3pOCIIOro HaceneHus. JJaHHbIe
0 pacrpelesieHUM KoJM4yecTBa 0TOOpaHHBIX IIpob 1o ucclie-
JyEMBIM PETMOHAM TIpEACTaBleHbI B TaOM. 1.

IIpoGel MaTeprHCKOM KpOBU OTOMpPAIM M3 BEHbI Ha 1—
3-i1 neHb nocie poxoB. [TpoGbl MYyNMOBUHHOM KPOBH OTOMpa-
JIM BO BpEMSI POJIOB Cpa3y IMocjie OTCeUYeHH s IyMmOBUHBL. O0b-
€M IIpo0 KpoBU cocTasiisii okosio 10 M. OTaeneHue riasmbl

Ta6nauua 1

PacnpeesieHHe KOJMYECTBA MPOAHAJIH3MPOBAHHBIX MPOO ILIA3MbBI
KPOBH 110 MCCJIeLyeMbIM PerHOHAM

Yucno npo6 | Yucno npo6 | Yucno npod
Pervon KPOBH POXe- | MYNMOBUHHOM |KPOBH OOBIYHO-
HUL KPOBHU ro HaceleHMst
Konbckuit MojiyocTpoB
(MypMaHckas o6:1.) 7 6 40 £ 7*
Heneukwuit AO 21 21 32 + 6*
Taimbipckuit AO 77 78 5+ 16*
Yykotckuit AO 103 70 80 £ 15*
Hroro... 208 175 157 £ 44*

[IpuMmevaHue. 3Be3noyka — YUCIO Mpod, MpoaHAIU3UPO-
BaHHBIX Ha cogepxanue TTXIO/TIXAD.

npousBoamin UeHTpudyruposanreM npu 3000 06/MMH.
Cpasy nocyie or6opa Npo6sl 3aMOpakBaBIU U 10 NMPOBE-
IEHWs aHajiu3a XpaHWiM Tnpu Temreparype —20 + 2°C.
B npo6ax rutazMbl KpOBM OMpENENsiiv cieayiolye 15 KoH-
re”epos [TXB no Homenknarype IUPAC: 28/31, 52, 99, 101,
105, 118, 128,138, 153, 156, 170, 180, 183, 187. CoaepxaHue
nrokcuHoB (17 Hanbonee TOKCUYHbIX 2,3,7,8-3aMEILEHHBIX
KOHIeHepOB) OIpeielisiv B 15 mpo6ax miasmel kposu ¢ Uy-
KOTKM (M3 HMX 3 0ObeAMHEHHBIE NPOOBI), 7 nMpobdax nia3Mbl
kpoBu ¢ Kosbckoro nonyocrpoBa (M3 Hux 1 npo6a o6beau-
HeHHas), 6 npo6ax n3 Heneuxoro AO u 16 mpo6ax ¢ Taii-
MbIpa (M3 HUX 4 0ObeAMHEHHbIE NIPOOHI).

OO6paslibl M1a3Mbl B3BEIIMBANIU ¢ ToyHocTbio g0 0,01 T,
MOMELLAIN B KOHMYECKYIO K016y o6beMom 100 cM> u mo6as-
JISIM PacTBOP CyppOraTHOrO BHYTPEHHEro craHaapra. B ka-
YecTBe CYppOraTHOTO BHYTPEHHETO CTaHAapTa MCII0JIb30BaIN
s aHanu3a [1Xb pacTBop cMecH M30TOMHO-MEYEHbIX KOH-
rerepos I1XB 28, 52, 101, 138, 153 u 180 (cmecp EC-4058
of Cambridge Isotope Laboratory — CIL), nna ananusa nn-
OKCHHOB — pacTtBop 2,3,7,8-3aMelleHHBIX U30TOMTHO-MeYe-
HbIX cra”gaptoB (cmech EPA 231SS, Wellington Lab.). Ana-
au3 [1XB npopomunu B obpasliax Iuia3Mbl Maccon 2—5 T,
anayms MIXIJ/TTXAP — B obpasuax go 25 r.

K npo6am no6asisuid 5 cM® MeTaHoNa [Iisi KOAryJsiLuu
6enkoB 1 skcTparvpoBain CO3 cMechlo TeKcaHa U METHII-
TpeT-OyTuioBoro 3¢upa B cCooTHoweHUM l:1 mo obbemy.
DKCTpaKLM1IO IPOBOAWIN ABYMsl TIOPLIMSIMU PacTBOPHUTENSl B
TeyeHue 5 MUH. OObeAMHEHHbIN 3KCTPAKT BLICYLUWBAIA HaL
6e3BofHbIM cynbdarom Hatpusi. 10% 3KcTpakTa MCHONb30-
BaJIM IS OTpeAeIeHUs CoAepKaHUsl TUTTUAOB IPaBUMETPU-
yecKUM MeTolnoM. [Ipu HanbHellIeil OYMCTKE 3KCTPaKTOB
JIMTTHABI OTAENSIM METOAOM Te/ib-GWIbTPALIMM Ha XpPOMATO-
rpadpuyeckux KonoHkax ¢ 20 r Bio-Beads SX-3.

3areM akcrpakT Wi aHanusa [1XB dpakumoHuposanu
Ha 3 r geaktuBrpoBaHHoro 3% cunukarens (Merck). @pak-
umio, cogepxatnyio [TXbB, anonposanu rekcaHoM. OUKCTKY
skcerpakTa uia aHanusa [TXIA/TIXAD npoBoaunu 3ateM Ha
MHOTOCTIOMHOI KOJIOHKE C CWIMKareneM (CHJIMKareib
+H,SO,, cunukarenb +KOH); ¢ akTMBHpOBaHHON OKMCbIO
amoMuHud (10 r); Ha KosoHKe ¢ 4,5% yriepon/LIeouToM; ¢
aKTHBHPOBAHHOM OKMCHIO alloMUHUA (3 T).

W HCTpYMEHTATbHBINM aHAJIM3 NMPOBOAMIMN U3 o6bema 10—
20 mMm®. Tlepen aHanm3oM B MpoObl HOOGABSIA COOTBETCT-
BYIOLIME BHYTPEHHUE CTaHIapThl (recovery). B kayecTse
BHYTpeHHero crangapra (recovery) mis aHanusa [IXB uc-
MOJIb30BaJIM pacTBOp KoHreHepa PCB 166, mia aHanusa
NXO0/TIXOAP ucnonb3oBanu cmech NK-IS-A, 1199, co-
nepxaiyio *C,,—1234-TCDD u "“C,,-123789-HxCDD.

Ananu3s o6pasioB ra3Mbl KpoBU Ha conepxanue [1Xb
MpoBOOMIN Ha Xpomaro-Mmacc-criekTpomerpe VARIAN
SATURN 2100T. Maentndukauuio koHrenepos I[1Xb npo-
BOJMJIM 10 XapaKTePUCTUYECKUM MOHAM M OTHOCHUTETTBHOMY
BpeMeHM yaepxuBaHus. [Ipenen obHapyxeHUs: MeTona ISl
MHOUBUIyanbHbIX KoHreHepoB [1XDB paccunTbiBanu cratu-
CTMYECKU C YYETOM HX COIEPKAHWs B MPOLIEAYPHBIX XOJO-
cThiX obpasuax. IIpenensl oOHapyXeHWsS] ISl Pa3TUYHBIX
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MonuxnopupoBaHHble 6UpeHnnbl, AN6eH30-N-[NOKCUHDI
n anbeH3o¢ypaHbl B KPOBU KOPEHHOro HaceneHunsa Poccuinckoro CeBepa

xoHreHepoB [IXB BapbupoBanu B uHTepBaie ot 0,002 mo 0,08 ~
MKT/J1 B 33aBUCUMOCTHU OT B3SITOM [UIS aHATU3a HABECKH. © Sl = & ca
VsomepcrietUyeckmii aHaIM3 TLIa3Mbl KPOBM Ha co- 2 L | 8858558585835, 22
gepxanve ITXAI/MIXA®P nposoaunyu mMeronom [X-MC Ha = = °| CI’ ? °| [ 111111511
npubope SATURN 1200 MS/MS ¢ ucronb30BaHMEM XUMH- S Eleoceoe 999‘/ elgelsecns
YyeCKO HMOHHU3ALMU U [ETEKTHPOBAHMEM OTPHLIATEIbHBIX = 5 E g - R B - B R SR RCRCRS)
MOHOB, XapaKTEPH3YIOLLNX OMpeelIsieMbie COeINHEHHs B pe- 51| SSSS 238738 °°g%
sxume SIM. Ipenen o6HapyXeHHUs ISl OTAETbHBIX KOHTEHE- 5 | B s =) ss
pos ITXIA/TIXO®D Bapbupyet ot 0,08 Hr/n (wig okrauso- ;, —
MepOoB) A0 3 HI/n (Ansl TETpau3oMepoB). Ela ~ ~N A~~~ AAA~A~A~
B LieiX KOHTPOJIsi TPaBUILHOCTH BBLITOMHEHUS M3Mepe- Bl | 0aRassssl882R38828
HMi1 Bce 06pasLibl aHAIM3UPOBATH B CEPHsIX, BKIIOYAIOLIMX z|213352 RPRE 3? T9979997%
12 06pa3lioB KpOBH, MPOLEAYPHBINA GIAHK, KOHTPOIbLHBIN sldlelll=zlggasgagay
obpasell, NPUroTOBJEHHDIH B na6opaT013nu C U3BECTHBIM KO- =N IS TroSeeeeceessSsS
JINYECTBOM OTIPEAESISIEMBIX COEAUHEHMIA. Fle2a222g3eyssaagy
1Nl BHEWHEro KOHTPOJISi TOYHOCTH aHajiu3a OAHOBpE- g P, P R e e S
MEHHO C TMOJNIEBBIMU 00pa3LiaMy aHaJIM3UPOBAIN KOHTPOJIb-
Hble 06paslibl I1a3Mbl KPOBH, NpeaocTrasisgeMblie MHcTuUTy- ~ = = o
TOM IUrHeHsl 1 Tokcukonornn Keebeka (Kanana) B pamkax Tlaa 2go8a88%0aaa8g3R
MEXIYHAapOAHOM IporpaMMbl MHTepKanubpauun AMAP S R BB A Dk RN R s B e QPN
. T |0 | o0 s Rs | o0 | |
Ring Test. AHanu3bl KOHTPOJBHBIX OGpPAa3LOB BbITIOIHSIN ST 1ol 1710727177010 0n
"Bentenyio”. Bo Becex 6 payHIax MHTEpKaTMOPALMOHHBIX UC- tleezeceeSegeceSeSss
S;:;?Hlm 6bUIM TTOJTy4EHBI YIOBJIETBOPUTENIbHbBIE DPE3Y/ib- g g‘ a 5 g g ® g 'é 3 .,;; ==y S § °8‘ 5 E
. ScoC oo sco g0 ocogasN
Bri6opxu pe3ynbTaToB aHaM3a MO TPYInaM M3 pas3HbIX % g © © ee
pPETMOHOB M paiioHOB 06paGaThiBAIM CTATUCTUUECKUM METO- 3
oM. PaccumThIBAIM CpeHME IEOMETPUYECKHE 3HAUEHUS z |8 PN W - I P
koHueHtpaumit [1XB u MMXIOO/IIXA®P B niasMe KpoBU MO 11223 RE22SZ8ES 83 )
OTAENBHBIM BbIGOPKaM. |l T Is11sTT 17
B 1abn. 2—4 nipuBeneHbl CpeiHUE TeOMETPUUYECKHE KOH- ildd 84 do edgcsllislag~
ueHTpaumu 15 aHanm3upyeMbix KoHreHepos I1XB u nuamna- I SN s I A I S I S RS
30HBI X U3MEHEHHs (B CKOOKAX) B MCCEAyeMbIX PETHOHAX a 222253582 2822823499
Poccuiickoii ApkTuku. Tam e IMpoBeleHbl M KaXIOi 5 g =3 s o< SEECES R
TPYNIIbl CPEAHSS] TeOMETpUYecKas CyMMa 15 KOHIeHepoB E
IIXB (nanee npgcm cymma [1XB) u cymma [TXB B nepecyere 2 N F~
Ha Apoxiiop 1260. ) Tl soccescaeeTgas2ge
Cymmy I1XB B nepecuete Ha Apoxaop 1260 paccunTsi- g |3 : 2225S55535253239°% ‘;‘g
BaJIv yepe3 KoHueHTpauuu 138 u 153 xonreHepos I1Xb cie- é e T T T T 111471447481
AyrolMM obpasom: Apoxiiop 1260 = 5,2(XB138 + XB153). s | 2|2 eeeeeeeveevvevgde
MaxcumanbHbie ypoHU cymmbl I1XB o6HapyxeHbI B Ma- = | S]E)8998383533388338S58 .
TEPUHCKONH M NMYNMOBMHHOM KpoBH M3 YyKoTcKoro paioHa % S é SScosSs g SScsSSS &
Yykorckoro AO (3,75 u 1,41 MKr Ha 1 J1 na3Mbl COOTBET- E=z]|°* < 3
CTBEHHO), TIPU 3TOM B OTHAEJIbHBIX INMpPoGax KOHLEHTpaUUH 2 2 =1 5
cymmbl ITXB pocturator 11 Mkr Ha 1 1 nnasmbl. CpenHee I Bl Rl = S =
3HayeHue cymmsl [1XB B mMaTepunckoit kposu (3,75 MKr/n) glz|Li|=582828838 S==33832% =
B nepecueTe Ha Apoxyiop 1260 cocrasnser 9,88 MKr/J1, uto B e 21511l 99777F+57.L9L4 4 S
2 pasa npeBbIIIAeT PEKOMEHAOBAaHHBINA YPOBEHD, NPU KOTO- 5 § g cegeeeeecloecseee o §
POM He TposiBisieTcsl TokcuuHoe Bosaeiicteue [1XB Ha ye- 5|2 |E eg R la R 88 +S-SS7 £
JIOBEKa, PaBHbII 5 MKT/N (110 ApoxJiopy) B KpOBHU TS JeTei @ oy P e R s s S =3 3 Sx = &
M XeHIUH Miaze 40 ner [6]. B otaenbHbix npo6ax u3 Uy- ) g|° e ° ee e
KOTCKOTO paiioHa 3TOT ypOBEHb 3HAYMTEJBLHO IPEBbILUEH. E §
IMprnynHoit Habmonaemoro mnoBbilieHoro ypoBHs IIXB B 2 g oo ]
KPOBHM KOPEHHOTO HACeJIeHUsI TPUBPEXHOTO paitoHa BOCTOY- s | 0888298328858 =0C §
Hoit UyKOTKM MOTYT GBITh 0OCOGEHHOCTH MX TPAAMLUOHHOTO § Sl o[ 74 :
MMATaHMsl, B YAaCTHOCTU BBICOKMI YHENbHBII BEC MODPCKHMX g g Ll Ll 1l L4 4T 5ag g
MJICKOITUTAIOLIMX U PHIOBI B pallMOHE. 3 IR =R PN Bl -
N3 nHaceneHHbIX NMyHKTOB TaiiMbipa HauGoJblIME KOH- 3 o - D e N e B e R = IY- RN S
ueHTpauuu cymmbl ITXB B MaTepuHcKoit KpoBH 0GHapyxe- gla|s|°°°eeeeeeeeee "3 a
Hbl B lyauHke (cpenHsist — 2,15 MKr/n, MakcuManbHas — = o= |7 N
5,16 mxr/m). U3 Tabn. 2—4 cnepyer, 4To MaLGHTapHBI 4 S I ~ &
Gapbep B otHoweHuU I1XB nmeeT pasinyHylo cTeneHb 3¢- E SVl 228saa2e228333X228
(EKTUBHOCTH KaK Ha IMOMNYJISILMOHHOM (CpeaHee Mo BhIGOp- g |75 || et B Stinieinh S £ A =& g
KaM OTHENbHBIX PETMOHOB), TaK M Ha WHIMBUAYAIbHOM g = o | o 1= 1 dadddddd -
YPOBHE (I1ana3oH KOHLEHTpaLWii). S il SIS AC IS 2SS S22 =
Ilpu cpaBHennu maHHbIX oT 2002 r. [11] no KoHuUeHTpa- 3 Flo8o508Ta8IssIoTTs &
unu ITXB B mepecyere Ha Apoxnop 1260 B MarepuHCKOIA . flSncSoRSTIS AS % g
KPOBHM XXMUTENEH TIONYYeHBI Clefylollire 3HaYeHus: B [ peH- g g1° ° S °Teeseen ®
JMaHaMu — 6,4—36 MKT Ha 1 71 m1a3Mel (KOPEHHbBIE XUTEIH 9 ot
NpubpexHbIX paiioHos), B Mcnanaun — 3,4—14,9 Mkr/n, B E_ i :T:
Kanane — 2,4—8,0 mxr/n, B Hopseruu — 6,6 Mxr/1, B ®uH- S < s
JnaHau — 3,8 mxr/n, B llIBeunu — 6,1 mxr/n, B Poccun — z a %) § °
1,5—4,3 MKr/. g I - - -
Tpu aHaM3e STHX JAHHBIX BUAHO, YTO HAMMEHbILee 3a- g £ |25555888888e5555:¢8 -
rpsisHeHUe MaTepuHcKoii kpoBu [TXB paHee Habnoganoch B 5 2 b=z &
Poccun v @unnsHavu. Besmunnel conepxanus I1XB B Ma & 2582288088835 58
° - Q NN O\ o ot vt ot et ot e o~ O €
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1.1. Cronkue ToKcnuHble BewectBa (CTB) B apkTunyeckom 6uocoepe -
3aKOHOMEPHOCTU 3KCMO3ULUM U 3J0POBbE KOPEHHbIX XKUTenei

Cpennxe reoMeTpHYECKHE KOHUEHTpauuH (B MKr/a) KoureHepos ITXB B nia3me KpoBH xuTeJeii noayoctposa TaimMbip

Tabnuua 3

r. JyanHka r. XaraHra Hopunbck
KOHrEHepr HXB MaTepHHCKas MaTepUHCKas MaTepruHCKast
(n = 38) nynoBuHHas (n = 39) (n=129) nynoBuHHast (n = 29) (n=10) nynoBuHHast (n = 10)
28/31 [CI3] 0,04 (0—0,11) 0,02 (0—0,08) 0,04 (0—0,09) 0,02 (0—0,05) 0,03 (0—0,06) 0,03 (0—0,09)
52 [Cl4] 0,04 (0—0,12) 0,03 (0—0,10) 0,03 (0—0,07) 0,02 (0—0,07) 0,02 (0—0,03) 0,03 (0—0,07)
99 [CI5] 0,16 (0—0,36) 0,06 (0—0,43) 0,09 (0,03—0,31) 0,04 (0—0,11) 0,13 (0,09—0,17) 0,08 (0—0,31)
101 [CI15] 0,05 (0—0,37) 0,03 (0—0,16) 0,04 (0—0,12) 0,03 (0—0,08) 0,05 (0—0,08) 0,04 (0—0,12)
105 [CI5] 0,11 (0—0,63) 0,07 (0—0,42) 0,07 (0—0,16) 0,06 (0—0,16) 0,09 (0,03—0,23) 0,07 (0—0,23)
110 [C15] 0,09 (0—0,23) 0,10 (0—0,35) 0,07 (0—0,11) 0,08 (0—0,17) 0,09 (0,06—0,12) 0,08 (0—0,17)
118 [CI5] 0,29 (0,06—0,86) 0,10 (0—0,82) 0,16 (0—0,43) 0,09 (0—0,25) 0,27 (0,15—0,47) 0,13 (0—0,47)
128 [CI6] 0,02 (0—0,17) 0,008 (0—0,12) 0,01 (0—0,04) 0,01 (0—0,04) 0,01 (0—0,08) 0,01 (0—0,08)
138 [Cl6] 0,27 (0,07—0,74) 0,08 (0—0,47) 0,14 (0—0,35) 0,05 (0—0,13) 0,18 (0,11—0,32) 0,10 (0—0,35)
153 [Cl6] 0,50 (0,13—1,61) 0,11 (0—0,55) 0,29 (0,10—0,84) 0,08 (0—0,20) 0,26 (0,16—0,60) 0,18 (0—0,84)
156 [Cl6] 0,10 (0,02—0,28) 0,02 (0—0,26) 0,05 (0,01—0,12) 0,01 (0—0,07) 0,07 (0,03—0,15) 0,03 (0—0,15)
170 [C17] 0,10 (0,03—0,32) 0,01 (0—0,19) 0,06 (0—0,22) 0,009 (0—0,04) 0,05 (0,02—0,12) 0,02 (0—0,22)
180 [C17] 0,17 (0,04—0,56) 0,03 (0—0,12) 0,10 (0,02—0,39) 0,02 (0—0,06) 0,08 (0,03—0,23) 0,05 (0—0,39)
183 [CI7] 0,03 (0,01—0,09) 0,005 (0—0,04) 0,02 (0—0,35) 0,006 (0—0,03) 0,01 (0,005—0,03) 0,01 (0—0,35)
187 [C17] 0,07 (0,02—0,23) 0,01 (0—0,07) 0,05 (0,01—0,14) 0,01 (0—0,04) 0,02 (0,008—0,05) 0,02 (0—0,14)
CymmMma [1XB 2,15 (0,85—5,16) 0,52 (0—4,03) 1,21 (0,15—3,03) 0,43 (0—1,0) 1,35 (0,79—-2,59) 0,79 (0—3,03)
Apoxiop 1260 4,0 (1,04—12,2) 0,99 (0-5,3) 2,24 (0,52—6,19) 0,68 (0—1,72) 2,18 (1,4—4,78) 1,46 (0—6,19)

TEPUHCKON KPOBH KOPEHHOTO HaCeJIeHHsl, NpeCTaBlIeHHbIE
B JaHHOM paboTe, HaxonsTcs B npeaenax 4,16—1,35 Mxr 1 1
nnasmMel — 1o Apoxyiopy. Mckniouenune cocrasiser Yykor-
CKMi1 paiioH Poccuu, pesynabraThl Mo KoTopoMy 6ojblie
CpaBHMMBI C JaHHBbIMU T0 3arpsi3HeHuto [1XB xpoBu Hace-
nenust Kanazpi.

M3 xonrenepos [1Xb HanGosee yacTo ¥ B HaUGONBLIMX
KonnyecTBax BcTpeyaercs 153 xoHrenep — 2,2', 4,4', 5,5' —
rexcaxnopbudenun. PacnpeneneHusi KOHreHepoB B Tapax
KPOBb MaTepy — IYMOBUHHAas KPOBb MOX0XH MeXIY coboiA,
T. €. IpY NMpoHUKHOBeHUU [1XDB B KpoBb MJlaieHIIa COOTHO-
LI€HHE KOHTE€HEPOB 3aMETHO He M3MeHsieTcs. OqHako Kap-
THHa pacripegeneHus: KoHreHepos I[1Xb B o6pasuax nap Kkpo-
BHU, 0ToOpaHHO# Ha KonbCcKOM ToslyocTpoBe, OT/IMYAETCSH OT
KapTHHBl pacripefie/ieHUs] KOHTeHEpOB B KpPOBM XKMTeJei
TpeX APYTMX PETMOHOB. DTO MOXET ObITh 00YCIOBJIIEHO 0CO-
OGEHHOCTSIMU pallioHa NMUTAHUS XHUTeJIeH 9TOro pervoHa.

B nna3sme KpoBH B3pOC/IOro HacejieHMs, KaK IpaBMIIO,
koHueHTpauus [IXB B HeckosibKo pa3 BhIlllE, YeEM B IIa3Me
POXEHML Y NYTIOBUHHOI KPOBU. DTa TEHAEHLIUS XapakTepHa
s Konbekoro nonyocrposa, TaiiMbipa 1 YykoTKu.

PeaynbraThl aHanu3a npo6 KpoBH B3pOCIOro HaceleHUsl
Ha conepxanue [IXIOO/TIXAP (MuUHMManbHbIE, MaKCH-

MaJIbHbIe W CpeHUE TeOMETPUUECKHe 3HAUYeHHUsl) TIpeICTaB-
neHbl B Ta6i. 5. Konuenrpaunu IMTXI/TIXAD ykazansl wis
OTAEJIbHBIX KOHIeHepoB (B Ir Ha | r niunuaos). Tam xe npu-
BEEHbl 3HAUYEHHUs cyMMbl 17 HauboJsiee TOKCHUUYHBIX KOHre-
HEpOB AMOKCHHOB U (ypaHOB (0011asi TOKCUYHOCTDb TIPOOHI),
PacCYUTAaHHOM B MEXAYHAPOJHOM TOKCHUUYECKOM 3KBUBAJIEH-
Te — M-TD (B mukorpammax Ha | T IMNMIOB U B HAHOrpaM-
Max Ha 1 J1 Tu1a3Mbl KpOBH) M B TOKCMYECKOM 3KBHMBAJIEHTE,
ycraHoBieHHoM BO3 B 1997 r. — BO3-TD (B nr Ha 1 r Jiu-
nunoB). Ins pacueta obluei TOKCUYHOCTM — TNpPOObI KOH-
LIEHTPALMIO KaXa0ro U3 17 ToKcHyHbIX KoHreHepos X1/
[MXJ® nepeMHOXaIOT Ha CBOM MHAMBUAYAIbHBIH TOKCHYE-
CKMi1 3KBUBIEHTHBIN dakTop (M-TO® u BO3-TOD coor-
BETCTBEHHO) T10 OTHOLLEHHUIO K 2,3,7,8-TXJI 1 nonyyeHHbIe
3HauYeHUs1 Tokcuyeckoro 3kBuBaieHTa (M-TO u BO3-TD)
IUIsl KaXI0Tro U3 17 KOHIeHEepoB CKJIaAbIBalOT.

B tabn. 6 npuBeneHbl BenMunHbl TO®, ycTaHOBIEHHbIE
110 pa3HbIM CHCTEMaM — IO MeXIyHaponHoi cucreme TOD
(M-T93)[13] u o cucreme BO3 (EBporneiickuii LIEHTp MO OK-
pyXamllei cpeae M 310poBblo) [10].

W3 tabn. 5 BUAHO, YTO KOHUEHTPALIMK AMOKCHUHOB (Cpeji-
HME TEOMETPHYECKHE 3HaYeHHsI) B pobax KPOBM B3pOCJIOro
HaceJieHUs1 000MX TOJIOB BO BCEX PETMOHAX YKJIa[blBAIOTCS B

Tabnuua 4

Cpennne reomeTpHyeckHe KOHUEHTpauuu (B MKr/a) konrenepos IIXB B miasme kposu xuteneit Koasckoro noayocrposa n Heneukoro AQ

Konbckuit nonyoctpos, JloBosepckHit paitoH

Heneuxuit AO

Kowurenepst ITXB (IUPAC)

marepuHcKas (n = 7)

MyNnoBUHHas (n = 6)

MaTepuHcKas (n = 21) nynoBuHHas (n = 21)

28/31 [C13] 0,04 (0—0,11) 0,06 (0—0,14) 0,02 (0—0,05) 0,01 (0—0,07)
52 [Cl4] 0,02 (0—0,04) 0,23 (0—0,53) 0,20 (0—0,05) 0,02 (0—0,06)
99 [CI5) 0,09 (0—0,20) 0,08 (0—0,31) 0,09 (0—0,23) 0,04 (0—0,15)
101 [CI5] 0,05 (0—0,14) 0,07 (0—0,33) 0,03 (0—0,06) 0,03 (0—0,05)
105 [CI5] 0,11 (0—0,27) 0,16 (0—0,81) 0,07 (0—0,14) 0,06 (0—0,10)
110 [CI5] 0,17 (0—0,33) 0,17 (0—0,98) 0,09 (0—0,15) 0,09 (0—0,13)
118 [CI5] 0,23 (0—0,60) 0,26 (0—1,44) 0,11 (0,04—0,30) 0,09 (0—0,33)
128 [C16] 0,02 (0—0,07) 0,009 (0—0,23) 0,02 (0—0,15) 0,005 (0—0,01)
138 [CI6] 0,23 (0—0,57) 0,16 (0—0,61) 0,19 (0—0,56) 0,07 (0—0,45)
153 [CI6] 0,22 (0—0,48) 0,15 (0—0,58) 0,61 (0—2,39) 0,16 (0—0,89)
156 [CI6] 0,01 (0—0,11) 0,03 (0—0,18) 0,08 (0—0,35) 0,009 (0—0,09)
170 [C17] 0,03 (0—0,15) 0,03 (0—0,19) 0,12 (0—1,12) 0,01 (0—0,23)
180 [C17] 0,05 (0—0,28) 0,05 (0—0,38) 0,22 (0—1,30) 0,02 (0—0,40)
183 [C17] 0,008 (0—0,05) 0,006 (0—0,07) 0,03 (0—0,19) 0,004 (0—0,03)
187 [CI7) 0,02 (0—0,13) 0,04 (0—0,16) 0,09 (0,02—0,62) 0,008 (0—0,08)
Cymma TTIXB 0,71 (0—3,33) 1,12 (0—5,32) 1,64 (0,02—6,54) 0,43 (0—2,44)
Apoxiop 1260 2,34 (0—5,46) 1,61 (0—6,19) 4,16 (0—15,34) 1,20 (0—6,97)
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MonuxnopupoBaHHble 6UpeHnnbl, AN6eH30-N-[NOKCUHDI
n anbeH3o¢ypaHbl B KPOBU KOPEHHOro HaceneHunsa Poccuinckoro CeBepa

nuanasoH 0,28—9.4 nr Ha 1 r M-TD nununos.

wv —_~
MakcuMaJibHble 3HaYeHUs OTHOCATCA K XaTaHr- ;gf ~ =~ ~ ~ ~
ckoMy paitoHy Taiimbipa, MUHHManbHbeie — K He- 2 S S o8 a8 a csag
HeukoMy AO. Ilpu 3TOM MakcUMasbHble KOH- = gg T YU T T an& ‘T
LEHTPALMK B OTACIBHBIX ITPOGAX BO BCEX PETHO- ‘o 3 % d9dede tEgeOgTT RS T DL l\l CL <
Hax OTJIMYAIOTCS NIPUGTM3UTENbHO B 2 pasa M co- a|sEfffoe e St i SR eSgSag
crapmor 14,9—37,6 nir Ha 1 r M-TD nunugos 25 o o ! ) psa Y
(cM. Tab. 5). £ s FE I8 g  av=g
B Lie710M COOTHOILIEHHE KOHIEHEPOB B KPOBU =
XuTejeil 06CeI0BaHHbIX PETMOHOB Majo OTIIH- §
yaeTcs. B cocraBe Mpo6 KpoBM U3 BCEX CEBEPHBIX . _ ~ _ -
perrioHoB P® MpeBalupylOT OKTaXJIOpANOEH30- 2, IaSo caan 7 garg8q
n-gMokeuH  1,2,3,4,6,7,8  rentagMokcMH W i i TS 9 e 7 T S8
1,2,3,4,6,7,8 rentadypaH. DTH KOHTEHEPHI OObIU- Silsddalw dosund legeg 114 il
HO TPHUCYTCTBYIOT B (DOHOBLIX 0Gpa3Lax OKpy- R R e R R - I DV PA S
Xaiomeit cpeasl. HauGonee Toxcuunsle 2,3,7,8 S @ o — 2 —ola v Tidea
terpaxyiop- W 1,2,3,7,8 meHTaxiop3aMelleHHbIE f<‘ =l A S A it
IMOKCHHBI M (ypaHbl, KOTOpble, KaK INpaBUIo,
NPUCYTCTBYIOT B KPOBU paboOYMX OMACHBIX TIPOM3-
BOJICTB, & TAKXE B KDOBM JKUTEJEM 3arpsisHEHHBIX 9 ~ B ~ —_ o~
JAMOKCHHAMU TEPPUTOPHIA, He ONpeleNeHbl BO of ! S Jo = v eeaaw
BCEX NMPOaHAIU3NPOBAHHBIX MTPOOaX KPOBU XUTeE- § b ‘T "l’ ‘T ‘T ‘|° T TTe <
JIeil ceBEpHbIX PETMOHOB. 5 3 ucchQQU-de,chO,UO,géTgi
OaHaKO MOXHO OTMETUTh HEKOTOpbIE pasiv- | z | FFEFoFL@FSEERSEEERfR SIS S
4us, TPUYMHY KOTOPBIX NTOKA TPYAHO OGBSICHUT. E 3 - o - & Cewens
B xposu xureneit Heveukoro AO B ominuune ot 5 v =g ] X SRS TO
JPYTMX PETMOHOB He oOHapyxeH 2,3,4,7,8 neHra- T -
XJopanbeH30(hypaH, KOTOPLI COCTABISET 3aMeT-
HYIO 4acCTb CyMMapHOM TOKCHYHOCTHM npob. Ox- = —~ —~ ~ ~— o~
TaxjopanbeH30hypaH o6HapyXKeH TOJIBKO B KPo- + S TS0 e o I EN @
BU xuTeneit Yanena (Yykorka), XaraHrckoro T a9 T T - T TT9
paiioHna Taiimbipa 1 Heneuxoro AO. 5 < wﬁ'c:rJ]échU'dqéolcl,UQ'U'OVﬂo[ol\
W3 naHHbIX JMTEpaTyphl ClIEAYeT, YTO B IUTa3Me E | E; EEfogl S =€ 2C8ag = =< 5;93
KPOBU PaboYMX IMOKCHMHO ONACHBIX TPOM3BOACTB B 22 3 Moo — ©S oS o © o Do
1996—1998 rr. 6bUIM OBHAPYKEHBI CJICAYIOLIKE < |8 2 B aee neETa
ypoBuu [IXI/TIXJI® (BO3-TD): y paGounx Ha 5] =
TPOU3BOACTBE XJIOPCOAEPKALIMX NECTULIMAOB — E -
128 — 490 nir Ha | r iunupos [7, 14], y pabouunx S| - —_— — ~— o~
MYCOPOCXKMTaTe/IbHbIX 3aBOAOB B SmoHun — S|z ! oo o) pt Pl !
11,3—831,9 nr Ha | r nunumos [20]. HMccnenosa- t S| < TT Za g TTE9
HUud B paiioHe CeBepHoro Ypana (pecrnyGinka 2 % R R R A R C', O[ g9d9eTdy g ‘T o
KoMu) nokasanu, yTo 3arpsisHeHHe OKpYXaloLleit 2 g |fFfFFERleFrFunSsslsesggeg
cpenbl BbIOpocaMu M cOpocaMu aepeBooGpadarhi- e‘g_ % o~ =< ~ woSa
Baroulero komrekca (B6au3u CoikTbiBKapa, Mx- = 2, < R, ~] Sa “ =
Mbl B Pecriybnnke Komu) u HedrenepepabaTni- 2 *
BAIOLLEro MPou3BoAcTBa (YXTa) MPUBEIH K MOBbI- £ Y
weHunio yposHei TIXII/TTXIP B XxpoBu xuTe- g « &~ A~y A ~&8 T
Jieit atoro paiiona [8]. Tax, y paboumx nepeBoos- z : s ® o2%s g d5=2
pabaTbIBaIOLIET0 KOMIUIEKCa MX OOHapyXeHo B 5 I . L ‘T I T ,\i AN
cpenteM 44,7 nr Ha | r MnuaoB, y pabounx Hed- 3 S 22T TSS Y e TTEESS LS
TernepepabaTbiBAIOLIMX 3aBOAOB — 25,3 nrHa | r % z c< LCCe o zeze
JIMTTUIOB: TIPY 3TOM Y XMTENeil OTHANCHHBIX OT @ g R oS P | RS e
9TUX KOMIUIEKCOB TEPPUTOPUI (KOHTPOJIb) B KpO- § g E N =3 Cs < =
BU HailleHbl Takxe BblcOKMe ypoBHM ITXJI/1/ S| g S
NXA®P —30,0 1 14,5 nr Ha 1 r BO3-TD nunuuos = |7 Sa =] oo s E
COOTBETCTBEHHO. 2 o = g NS =S% g
Ypoeuu NXAA/TIXA®P B KpoBM XHTeNEl ro- E n . |1 1 79729 £
ponoB Poccnu B 3TH e rofibl COCTABUIIM: B TOPO- g 2 eeeeeadiiaaeeeeiss8sTS &
JaxX M CeNbCKMX MECTHOCTSX Bawkupuu — 24,8 u 5 g == T zeeee £
39,8 r Ha | r M-T® nUNUIOB COOTBETCTBEHHO = Y ot Lo I S 3
[1], y xurteneit Upkyrckoit obnactu — 14,8—37,3 g o a2 SR L§
nr Ha 1 r BO3-TO nunupos [17], y xureneit = @ [
CaepioBckoit obmactn — 21,7—64,4 nr va I r : 8 % <
BO3-T3 nunuuos [1]. CaMble BbICOKHME ypOBHH = - 3 E =
JMOKCHHOB B KPOBH I10 CPAaBHEHUIO C TAKOBBIMU % 3 E= 3
y HaceJleHUs ApYTMX roponos Poccuu u HekoTo- < 5 . 2
PBIX CTPaH MUpa OGHAPYXXEHDBI Y XUTeNbHUL[ Ya- z — 8 “
naeBcKa BOIM3M 3aBoAa MO MPOM3BOACTBY Ya06- g ol ' 66 L= ©
penuit. CpeiHee comepxaHHWe OMOKCHHOB B WX B z = 5 PCACACA:) 33 E iy = -
kpoBH (1997—1998) cocrasuno 24,5—75,2 nir Ha = 8 5 § % % & >=<( 5 g % % % EE & &Q ) s
1 r BO3-T3 nunumaos [16]. B S goz_r_.r_og g[um.‘z_.r_‘r_o;,c;\ o >
Cpeanye KOHLEHTPALMHU IMOKCHHOB B KPOBM g g il Eogod oy ey ) EEgxbane 525 z
Nipe/ICTaBUTeNIell TeHEpATbHbBIX MOMYISALMI Hace- = S RN DR S eddd R a
JIEHUs! 3apYBGEXHbIX CTPAH COCTABWIM: B SIMOHUM g e eder o] e o g el et el fed o] e 5 $3s3 R
(r. ®ypyoka) — 16 nr Ha 1 r BO3-TD nunumos & PERRSRRRIR SR ¥\ ::22‘::22205‘5‘53
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1.1. Cronkue ToKcnuHble BewectBa (CTB) B apkTunyeckom 6uocoepe -
3aKOHOMEPHOCTU 3KCMO3ULUM U 3J0POBbE KOPEHHbIX XKUTenei

Ta6bnuua 6

3uavenns TOD® pua IIXI/IIXID B MeXIYHAPOLHOM CHCTEMe
(M-TO®) u cucreme BO3 (BO3-TDD)

3HaueHust TOP
OnpenensieMblit KOMIOHEHT

M-T3® [2] BO3-T3® [3]
2,3,7,8-TXO00 1 1
1,2,3,7,8-TleXA1 0,5 1
1,2,3,4,7,8-T'kX10Q 0,1 0,1
1,2,3,6,7 ,8-T'kXAJ 0,1 0,1
1,2,3,7,8,9- kXA 0,1 0,1
1,2,3,4,6,7,8-ImX 1 0,01 0,01
oxan 0,001 0,0001
2,3,7,8-TXO® 0,1 0,1
1,2,3,7,8-TeXAP 0,05 0,05
2,3,4,7,8-ITeX1® 0,5 0,5
1,2,3,4,7,8-T'kXA®P 0,1 0,1
1,2,3,6,7,8-TkXAD 0,1 0,1
2,3,4,6,7,8-TxkXAD 0,1 0,1
1,2,3,7,8,9- kXD 0,1 0,1
1,2,3,4,6,7,8-I'nXA® 0,01 0,01
1,2,3,4,7,8,9-I'nX1® 0,01 0,01
oxXaoe 0,001 0,0001
[12], B pa3HbiX yacTsix BbetHama — 17—57 nr Ha | r BO3-

TO nununos [18], B l'epmanuu — 18,2 nr Ha | r BO3-TD
qunupos [15].

B cpaBHEHUM C 3TMMU HaHHBIMM MaKCUMAaJIbHbIE CpEl-
Hue koHuenTpaunu IIXAI/TIXIP B KpoBu XuTeneii ceBep-
HbIx Tepputopuit Poccun (5,0—9,4 nr Ha | r M-TD nunu-
J0B) HWXXE MUHUMATbHBIX KOHUEHTPALIMIA B KPOBU XUTeNei
WHAYCTPUAIBHBIX PETMOHOB.

K coxanenuio, cnenyer oTMeTHUTb, YTO MHPOPMALIUS TTO
ypoBHsaM ITXII/TIXA®D B KpoBu TipefcTaBUTENed CEBEPHBIX
HaponoB orpaHumyeHa. CpaBHEHMWE IOJYYEHHBIX B JaHHOM
pabore pesynbratoB comepxanus [IXII/IIXI®P B kposu
B3pOCJIOro HaceleHus 00OMX MOJIOB MPOBOAWIM C JAHHBIMU
aHaJIM30B KPOBM MaTepeil U3 CeBepHBIX paitoHoB KaHanpl.
CpaBHeHME 3TO OMpPaBAaHO TeM, YTO MaTePH TaKXKe SIBMSIOT-
Csl TIPEJICTABUTENISIMU TIOTYJISILIMM HACEJIEHUST OTAENbHBIX pe-
r'MOHOB. M3BeCTHO, UTO B OpraHM3Me MaTepeil KaK MOJIOABIX
MpPEeACTaBUTEIbBHULL TIONYJSILMM HAaKaNJWBaeTcsl MeHbllee
konmnuecto TIXI/TIXO®P B ominune or Gojee B3POCHILIX
kaTeropui [19].

Tax, B KaHacKoM oT4eTe 1o rporpamme Northern Con-
taminations Program [9] npuBoasTCs KOHUEHTPALIMU CYyMMBI
NXI0/TIXA®P B oObeauHEeHHBIX Mpobax KpoBHM Marepeil
Pa3HbIX STHUYECKUX IPYNN U3 CEBEPHBbIX TeppuTopuit Kana-
abl. Tak, y XuTesnel KOPeHHbIX HApoNOB (MHYMTOB), B OC-
HOBHOM COCPEIOTOYEHHBIX B IPUMOPCKUX paiioHax KaHasbl
(Nunavik, Baffin, Inuvik, Kivallig, Kitikmeot), cymma
NXAO/NXAP (6e3 yyera TOKCHUHOCTH KOIJIaHAPHBIX
PCB) B kpoBu paBHsinach 29,8 nr/n B M-T3, B To BpeMs Kak
Y KUTeNe pasHbIX 3THUYECKMX TPYII, XUBYLIMX B Oosee
KOHTMHEHTaIbHBIX paitoHax CeBepo-3anaiHblX TeppUTO-
puii, aTa BeaM4yMHa coctaBmia 67,0—115,0 nr/n B M-T3,
T. €. MaKCHMaJIbHbIE CPEIHHE FeOMETPHYECKNE KOHILIEHTpa-
uun TIXOO/TTXAP B KpoBH B3pOC/IOro HaceneHus ceBepa
Poccun (14,4—30,7 nir/n), npencrasieHHble B JaHHOH pa6o-
Te, CPABHUMBI C COAEPKAHMEM JMOKCUHOB U (h)ypaHOB B Kpo-
B NpPEICTaBUTEJIbHULL KOPEHHBIX HApOJOB CEBEPHOTO Mobe-
pexbs Kanaapl (MHynTOB). MHTEpBan (MUH—MaKc) ypoBHeil
IMXIOA/TIXAD B KpoBM XuTeneii ceBepa Poccuu, npyseaeH-
HBII B Tab/. 5, BKJIIOYAET TAKKE BEJIMYMHBI, PABHbIE KOH-
ueHtpaunn TIXIO/TIXAP B KpoBM APYrMX 3THHUUYECKMX
IPYIII XXEHCKOro B3pPOCJIOro HacesieHus cesepa KaHaapl.

OGpaiuaer Ha cebs1 BHUMaHKME pa3HOE OTHOCHTENILHOE pac-
npegeneHue coaepxanns B Kposu [1Xb w IMXII/ITXAP no
pervoHaM. Ecim MakcumanbHble KoHueHTpaunu [1XB B Mare-
PUHCKOM KpOBU HaOMIONANM y XUTeNbHUL YyKOTKM (CM. pHuC.
1), To MakcumanbHble KoHueHTpaunu [IX/TIXJI®P B Kposu
B3pOCJIOTO HacesieHUs OOHApyXXeHbI Y XuTeell XaTaHICKOro
paiioHa Taiimbipa. IpeanonoxuTenbHo, 3To MOXET GBITh 06y-

CJIOB/IEHO, BO-TIEPBLIX, PAa3HBIM COCTABOM JOHOPOB B 3THX
Tpynmnax, BO-BTOPhIX, Pa3HbIMM MCTOYHUKAMM 3arps3HEeHUs
[IXB v MXOI/TIXAP okpyxarolieit cpejibl MCCEAyeMbIX pe-
TMOHOB M, BO3MOXHO, Pa3sHbIMU TYTSIMHM TIOCTYIUIEHMSI STHX
TOKCHMKAHTOB B OPTaHM3M XKHTEJIEil TeX WM MHBIX PETHOHOB.
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MOP®OPYHKIIMOHAJIBHOE COCTOSTHUE KJIETOK KOCTHOT'O MO3T'A ITPU CBUHIIOBOM

1 IIMHKOBOM MHTOKCUKAIINH

KpacHosipckuii rocynapcTBeHHBbIH arpapHblii yHHBepcuTeT, KpacHosipckas rocyaapcTBEHHasi MEAMLUMHCKas aKaleMust

B coMaTnyeckmx KIeTKax 3yKaproT SAPBILLIKO MPeACTARIsAET
co00i MYJNBTUAOMEHHBIN CTPYKTYPHBLIA KOMIUIEKC, OCHOBHOI
dbyHkuMelt KoToporo sipnseTcst 6uoreHes pudocom [3].

MHoroo6pa3sHble MOp(OOrMUecKue TUIIbI SAPbILIEK OT-
paXXaloT CTEeNeHb MaTOJIOTMUECKMX U3MEHEeHMIT B KileTKe [2,
6,9, 12]. Ilpu 5TOM B KJIeTKaxX, AKTUBHO CUHTE3UPYIOILINX Oe-
JIOK, SIIPBILIKK YBEJIMYEHBI B pa3Mepe, a B MaJOaKTUBHLIX B
TPAHCKPUILNN SApax SIAPBILIKKA OeQHbl TpaHyJspHBIM U
GubpunasipHbIM KOMINOHeHTaMu [4—7, 9,14].

M3BecTHO, UTO pa3Mepsl siAPBILLIEK OTIPEAEAIOT CTENEHDb
TPAHCKPUITLUMOHHOI aKTMBHOCTH SIIPBILIKOBOTO amnrapara,
IIpA 3TOM KpyIMHBbIE sApbIlIKU (1-ro THna) obnagaior Gonee
BbICOKMM ypoBHeM cuHTe3a pPHK, yeM Menkue siapbiiukum
(2-ro Tuna) [9].

CocrosiHne s1AepHOro MaTepuaia U siApbILIKOBOro arma-
para KJIETOK SBJSIETCSl OOQHUM M3 IToKaszaTeseil (PyHKLMO-
HaJIbHbIX U3BMEHEHMWM, POUCXOSLIIMUX B KJIETKE MPU pas3jiny-
HBIX Maroyiornyeckux npoueccax [10, 11], B Tom uucie npu
HeoOpaTMMOM MOBPEXAEHUM KJIETOK IPU JeHCTBUM KCEHO-
OMOTUKOB.

Llenblo HalMX MCCAEJOBAHMI SIBUIACH OLIEHKa Mopgo-
(byHKLMOHABHOTO COCTOSIHMS SAPBILLKOBOIO arlapara KJIeTOK
KOCTHOTO MO3ra NPY CBMHLIOBOM W LIMHKOBOM MHTOKCHKALMU.

Pabora nposeneHa Ha 35 Genbix GECMIOPOAHLIX MbILIAX-
caMLax JABYXMECA4YHOro Bo3pacrta Maccoit 18—24 r o 5 xu-
BOTHBIX B KaX10# rpynre. XJ10pua UMHKA MCIOJIb30BaIM B
nosze 20 Mr/Kr, 4To, COTTTACHO JaHHBIM JiMTeparypsl [1], co-
OTBETCTBYET 03¢, 00/lafalollell LMTOTOKCHYeCKUM 3hde-
KtoM in vivo. ZKMBOTHBIM 1-# Tpymnnbl BBOAMIN BHYTPUOpIO-
LIMHHO XJIOpUJ LMHKa B no3e 20 Mr Ha | Kr Macchl Tesna B
(usnonornueckom pactsope. Mccnenosanne mopdonornn
KJIETOK KOCTHOTO MO3ra IMpoBOAMIM Yyepe3 24 4. ZKUBOTHBIM
2-i1 1 3-11 Tpynn BBOAMIIM KCEHOGMOTHK B TOM Xe€ 03¢ exXe-
JHEBHO B TeueHMe 5 M 10 nHeil cOOTBETCTBEHHO, C Moce-
JNYIOLUMM aHAJIOTMYHBIM uccienoBaHueM. JKHBOTHBIM 4-ii
IpYIIibl BBOAWIM PacTBOP alleTaTa CBUHUA B no3e 20 MI/KT B
TeyeHue 14 aneit. 2KMBOTHBIM KOHTPOJIBHOM IPYIIIbl BBOAU-
711 BHYTPUOPIOLUMHHO (hU3HOIOTUUYECKUIA pacTBOP.

3a60i1 XMBOTHBIX OCYLIECTBIISUICS TIyTEM LIEPBUKATIBLHON
JMCJIOKALMM CIIMHHOTO MO3Ta B LIEIHOM OTIele.

HccnenoBanne M3MEHEHMId AKTMBHOCTM $APLILUIKOBOTO
anrapara KJeTOK KOCTHOTO MO3ra IpOBOIAWIN TyTeM (PUK-
CHpOBaHMSA B TeYEHHE 7 MMH B METaHOJIe Ma3KOB KOCTHOTO
Mo3ra 1 06paboTKoii nx no craHaaptHoi meroauke [13]. To-
CJle OKPAaCKM KJIETKM KJlacCMPHULMpOBaId 1Mo dopMe sapa
(Ha 200 keToK KOCcTHOro Mo3ra, yB. X 1000) ro Bumam: [ —
KJIeTkM 6e3 Mopdonornyeckux noppexaeHnii; 11 — kierku
¢ MOp(OI0rMYECKMMHU NIPU3HAKAMM JeTpafallii XpOMaTHHA.

B nmaHHBIX KJIETKaX C TIOMOLLBIO OKYJspa-MHKPOMETpa
MOB — 1 x 15 onpezensiin 2 TUNa syAPBILLEK 110 AMAMETPY:
1-#1 — kpymHble (2—4 MKM B J1iaMeTpe), KOMITAKTHbIE U HYK-
JIEOJIOHEMHBIE C BbHICOKOI (DYHKUMOHATBHON aKTUBHOCTBIO;
2-11 — MeJKHMe (10 2 MKM B AMaMeTpe), TI0THble hUOpUsp-
HbI€ C HU3KOW (PYHKLMOHAILHON aKTUBHOCTBIO [6, 9].

CraTucTnyeckylo o6paboTKy IMOJYYEHHLIX PEe3yJbTaToB
TIPOBOAWIN C MCIIOJIb30BaHUEM f-KpuTepust CTbIoJeHTA.

B xome HalMX 3KCIEPUMEHTOB YCTAHOBIEHO, YTO IPU
OCTPO#i 3aTPaBKe JKUBOTHBIX XJIODMAOM LIMHKA B 03¢ 20 Mr/Kr
4epe3 24 4 OTMEYAIOCh OCTOBEPHOE CHUXKEHUE YUCa Kie-

TOK 0e3 MOpQOJIOrMUECKUX TOBPEXACHUN siiep, a YMCIIo
KJIETOK C NpU3HAKaMM Aerpajalvy XpoMaThHa yBeauyuBa-
Jochb. YMCao KPYMHBIX M MEIKUX SIIPBILIEK B KJIeTKax Ge3
Mop(OoJIOTUYeCKUX HM3MEHEHWIH CHU3WJIOCh M COCTABWIIO
89,70 £ 0,32% (p < 0,001) n 74,50 £+ 0,46% (p < 0,001) co-
OTBETCTBEHHO, TOrJa KaK B KJIETKaxX C JAerpajalueil XxpoMa-
THHA YUCIIO MAKPOSIAPBILLIEK HE UBMEHWIOCH, HO B 5 pa3 Bo3-
POCIJIO YMCIO MUKPOSIAPBILIEK MO CPABHEHHIO ¢ KOHTPOJIEM.
[TaTrcyTouHoEe BBeleHHWE KCEHOOMOTHKA CHU3MJIO TNPOLIEHT
KJIETOK 6e3 MOp(hOJIIOrMYeCKNX MOBPEXICHNUN U YBEIUYUIO
MPOLEHT KJIETOK C Aerpajauueii xpomatuHa. [Ipu saToM Ha-
6J1I01JTOCh TOCTOBEPHOE CHUXKEHUE BCEeX THUTIOB SIAPLILIEK B
KJIeTKax 6e3 MOop(osOrMYecKMX U3BMEHEHHH siiep, Toraa Kak
B KJIETKaX C Ierpajalei XxpOMaThHa YNCII0 KPYIHBIX SApbI-
LIEK BO3POCTIO B 2 pa3a, a MeJIKUX — B 6,5 pasa 1o cpasHe-
HMIO ¢ KOHTpoJsieM. [Tpu aecaTucyTOYHOM BBeAeHUU XJIopHaa
LIMHKA OTMEYaJoCh 3HAYMTENIbHOE CHUXKEHHUE YKMCIIa KIETOK
6e3 MopGhoa0oTHUYECKHX TTIOBPEXKICHUH AIep U IeCSTUKPATHOE
yBeJIMYEHNE YNCNIA KIeTOK C NMPU3HAKAMM Jerpajaliii Xpo-
MaTuHa. KonnuecTBo sapbiiieK 1-ro 1 2-ro TUIoOB B KJIeTKaxX
6e3 MOpHOTOTMYECKUX MOBPEXACHUH SIIEP CHU3UIIOCh U CO-
craBuio 83,79 £ 0,44% (p <0,001) wu 59,74 + 0,35%
(p < 0,001) coorBeTcTBeHHO. BMecTe ¢ TeM B KJIeTKax ¢ Mpu-
3HAKaMM Jerpajalny XpoMaTUHA YKCII0 KPYTTHBIX U MeJKUX
SIIPBILLEK IOCTOBEPHO BO3POCIIO U cocTtaBmiio 16,21 + 0,45%
(» <0,001) 1 40,26 £ 0,35 (p < 0,001) coOTBETCTBEHHO.

B nonynsiumu kierok 6e3 MophoIornuyeckux M3MeHeHU I
siipa OOHApPYKeHO [OCTOBEPHOE CHMXEHME KOJIMYecTBa sii-
pBILIEK BCEX TUIIOB MpU NEWCTBUHU XJIOPUAA UMHKA K 5-M U
10-M cyrkam B no3e 20 Mr/kr.

[1pu BBeneHuM aueraTta cCBMHUA B g03e 20 MI/KT B Teye-
HUe 14 cyT yBeJIMYMBAIOCH KOJMYECTBO KJIETOK C Jerpaaa-
et xpomatuHa B sape (35,33 £ 1,19 u 6,70 £ 0,61%
(» <0,001) B oribITE M KOHTpOJIE COOTBETCTBEHHO). CpeniHee
KOJIMYECTBO KPYMHBIX U MEJKHUX SIAPBILIEK B AAaHHOM TUIIE
KJIETOK JOCTOBEpHO yBeanumBaercs B 2,8 u 3,3 pasa cooT-
BeTcTBeHHO. [IpeobragaHue KonuyecTBa SAPLILIEK 2-T0 TH-
na Hag 1-m (55,08 £ 1,57 u 28,97 + 2,77% 1o cpaBHEHMIO C
KoHTposieM — 16,90 = 0,78% (p < 0,001) u 10,40 + 0,80%
(» <0,001)) MOXET CBUIETEILCTBOBATh 00 M3MEHEHUU CTE-
MEHW TPAHCKPUITLMOHHOI aKTMUBHOCTU: MEJKHE SIAPBILIKU
obnagaloT KpaliHe HU3KKUM ypoBHeM cuHTe3a pPHK [8].

Takum ob6paszom, MoBpexaeHUe SIAEPHOTr0 MaTepuaia
KJIETOK I0J BO3AEHCTBUEM XJIOpUIa ILIMHKAa M aleTaTa
CBMHLA COTPOBOX/IAETCS YBEJMUYEHUEM KOJIMYECTBA SI/I-
pBILIEK C U3MEHEHHBIM COOTHOLIEHWEM TIPaHYyJISPHOTO U
GUOPUNIIPHOTO KOMIIOHEHTOB. OTU U3MEHEHUSI, BEPOSIT-
Hee BCero, XapaKTepu3yloT NojJaBjieHue aKTHUBHOCTU Ge-
JIOK-CUHTE3UPYIOLLETo anrnapaTta KJIeToK WIX UHAYLHPO-
BaHHbIE KCEHOOMOTUKAMU U3MEHEHUS JIOKAJIM3aLUU U aK-
THBHOCTHM HYKJIEOJSIpDHBIX OENKOB.
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