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KPATKHUE COOBILIEHUA

CPABHUTEJ/IBHAA OIIEHKA COJAEPXKXAHWA ITVIYTOHU S
U PAIVIOIIE3UA B MBIIIIIAX XAPUYCA (Thymallus baicalensis) p. EHICEN
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B paGoTe MPUBOASTCS Pe3y/IbTaThl U3MEPeHUs: conepskanus iytonus (23%240Pu) B mbiiax xapuyca Thy-
mallus baicalensis, obuTalOIIETO B CpeHEM TedyeHUM p. EHuMcelt BOIM3M MecTa MOCTYIJICHUS B peKY pano-
aKTMBHBIX c6pocoB TOpHO-XxMMMUecKoro KoMmouHara, B 2011—2019 rr. Conepxanue 2>%24Pu B Mpluimax
Xapuyca U3MEHsUIOCh B nuamna3oHe 7—32 MBK/Kr cyx. Macchl. MakcuMalibHas BeJIMYMHA 3aperucTpUpoOBa-
Ha B 2019 1., yepes rof nmocJe yBeJandeHus 00beMa KOHTPOJIMPYEeMbIX cOpocoB rutyToHus B p. EHuceit. Ot-
HOILIEHNUE YAeIbHBIX akTuBHOCTel 23%-240Pu/13Cs B MBIIIIIIax Xapuyca GbIIO Ha TOPSIIOK HIKE aHAJIOTHY-
HOT'O COOTHOIIECHUSI B APYTUX TMAPOOUOHTAX, YTO CBUIAETEIbCTBYET O MEHbIIEH OMOJIOrMYeCKOM JOCTYITHO-

CTH TUTYTOHUS TS PBHIO.
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nyronuii (38Pu, 23-24°Py) nocrynaer B p. EHu-
ceii B COCTaBe€ KOHTPOJMPYEMBIX paglOaKTHUBHBIX
copocoB TopHo-xumuueckoro komoumHata (I'XK).
M30T0ITIHI IIIYyTOHUS B CUJTYy OOJIBIIIOTO IIepHUOIa MO~
aypacnazga (87.7 ner mia *¥Pu, 2.41 x 10* ner mia
9Py u 6.54 x 10° ner ma **°Pu) HakarmBaoTcs B
DKOCHCTEME CO BpeMEHEeM M MOTYT IIpEICTaBJISITh
OMNACHOCTH AJ1s1 OMOTHI B IOJITOCPOYHOI ITIEPCIEKTUBE
KaK HMCTOUYHUK O-usiiydeHus. CoaepkaHue IUIyTO-
HUS B TOHHBIX OTJIOKEHMSIX, MAKpOo(pUTaX U 3000€H-
toce p. EHucelil BO3pOoCio B MOCIEIHWE TOIbI B OTBET
Ha yBeJIMYEHUE COpOCOB IJIyTOHUS B peKy [1]. B Ha-
CTOsIIIIee BpeMsl HET OITyOJIMKOBAaHHBIX HAHHBIX IO
COZIep>KaHUIO IUTYTOHUS B IPEACTaBUTEISIX MXTUODA-
yHbI p. EHUCEl, HECMOTpsI HA UMeloIIecs] pe3yibTa-
ThI OLIECHKU T030BOM HAarpy3ku mjist peio [2]. YToObI
BOCIIOJTHUTB 3TOT MPpOoOeJI, B JAHHOI paboTe MBI Olie-
HUBAJIM coiepKaHUe TJIYyTOHMUSI B MBIIILIAX Xapuyca
6aiikanbckoro (Thymallus baicalensis Dybowski,
1874), KOTOPBIIA OTHOCUTCS K YMCIIY MAacCCOBBIX IIPO-
MBICJIOBBIX BUJIOB Ha cpeHEM yyacTke EHucest, B mie-
puod OO M MOCJEe YBEJIMYECHMsS KOHTPOJIUPYEMBIX
COPOCOB TUTYTOHUSI.

MATEPHAJIBI U METOINKA

Pr16 oTitaBnuBanu B p. EHucCel B aBrycTe-oKTs0pe
2011—2019 rr. Ha pacctosiHuu 10—15 KM HUZKe MecTa
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panmoakTiBHBIX cOpocoB I' XK, 1 Ha poHOBOM yyacTke
peku, pacnojioxxeHHoM Ha 90 kM Beiie XK [1, 3]. B
OIHY MPoOY 00benUHSIU MBI OT 10—30 xapuycoB.
BospacT pbI0 B BEIOOpKax cocTasisii 2—4 roga. I1po-
OBl MBIIIILI, CHATBIE C OCEBOTO CKeJieTa PbIO, CyLIWIN
npu 105°C u o3oms1u, Kak onucaHo panee [3]. Co-
JlepKaHKe BJIard B Ipo0ax MBIIIIIL cocTaBisuio 73 £ 1%.
IMnyToHuii 3KcTparupoBain U3 MPod 30Jibl pacTBO-
puUTEJIeM U BBIIAESUIM C TIOMOIIbIO MOHOOOMEHHOI
cmosbl AB-17-8 [1]. ConepxxaHue U30TOTOB TLTYTO-
Hug (P920py, 28Py) B npobax U3MepsUIM Ha 8-Ka-
HajbHOM alib(ha-crekrpomerpe ALPHA-ENSEM-
BLE-8-RM ¢ HU3KO(OHOBLIMU KPEMHUEBBIMU Oe-
texkropamu ENS-U300 (Ametek, “ORTEC”) B LIKII
MHOTOB3JIEMEHTHBIX U U30TOIMHbBIX UccienoBaHuit CO
PAH (HoBocub6upck). I[Ipenen ooHapyXeHUs U30TO-
noB 1rytoHus coctasisul 0.001 Bk, ¥7Cs — 0.05 Bk.
ConepKaHue Y-U3IydyarolnX paguOHYKJINUAOB B IPO-
0ax 30Jibl U3MEPSUIM C TIOMOIBIO TaMMa-CIIeKTPO-
MeTpa ¢ repMaHueBbIM AeTekTopoM GX2320 (“Can-
berra”, CIIIA) [1, 3] B UB® CO PAH (KpacHosIpcK).
VhenbHble aKTUBHOCTU PAaUOHYKJIMIOB B Tpodax
MBILIL] TpUBeAeHBI B BK/KTI cyxoit Macchl Ha 1aTy OT-
JioBa pbI0. B KayecTBe OIIMOOK pPe3ybTaTOB yKa3aHbl
MOTPEITHOCTY U3MepeHUs (CTaHAapTHbIE OTKJIOHE-
HUST), paCCUMTAHHBIC TSI CITyYaiHBIX COOBITHIA.



CPABHUTEJIBHAA OLHEHKA COJEPXAHUA IMNIYTOHUA U PAANOLE3UA
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Puc. 1. ConepxaHnue IIyTOHUS 239.240py, (A) u paguore3ust B¢ (B) B mpimiax xapuyca p. Enuceii (rucrorpammsi, bx/kr
CyX. Macchl) U B €XEroIHbIX cOpOcax B OTKPbITYIO ruaporpaduieckyto cethb (rpaduku, bx/rom). B orMeueHHBII 3Be300UKOM
ron aHaJIu3 Ipo6 He Mpou3BoawiIcs. JlaHHbIe 0 cOpocax palMOHYKIMAOB MOJIy4YeHbl 13 otyeTa Pocruapomera [4].

Fig. 1. The content of plutonium 239.240py (A) and radiocesium B37cg (B) in the muscles of the grayling of the Yenisei River (his-
tograms, Bq/kg dry weight) and in annual discharges to the Yenisei (graphs, Bq/year). Samples were not analyzed in the year
marked with an asterisk. Data on discharges of radionuclides were obtained from the report of Roshydromet [4].

PE3YJILTATbBI U OBCYXIEHHUE

B 2011—-2019 rr. conepxanue **-24Pu B npobax
MBI Xapuyca cocTaBisuio 7—32 MBK/KT cyx. mac-
cbl. MakcumajbHasi BeJIMYMHA 3aperucTpupoBaHa
yepes Tof, IToCiie YBEIMYEHUS €XXeTOTHbBIX KOHTPOJIH-
pyeMbIx copocoB miryToHus I’ XK B oTKphITYIO THIPO-
rpadudeckyro ceth (puc. 1, a) [4]. Conepxanue >*Pu
B MBIIIIIAX PBIO HE TIPEBBIIIATIO0 MPEASIOB OOHApYKe-
HUs 3Toro u3oromna. CoaepxkaHWe U30TOIOB ILIYTO-
HUS B MBIIIAX pbIO ¢ (poHOBOTO yuacTka p. EHuceii
He MPEBBIIAIO TpelesioB X OOHApYyXeHUs, paBHO
KaKk u copepxaHue ’Cs. YienbHble aKTUBHOCTH
239.240py g MblIILIAX Xapuyca p. EHUceit conocTaBUMBbl
C BeJIMYMHAMU, 3apEeTUCTPUPOBAHHBIMU B MBIIILIAX
pBIO, OOUTAIOIINX BOIM3U PagUOAKTUBHBIX COPOCOB
TNPEOIIPUSTUNA IIepHON MPpOMEBIIIIIeHHOCTH. Hampu-
Mep, B MbIlIax peid u3 p. Pona (Rhone River), oou-
TalOLIMX BOJIM3U COPOCOB MPEAIIPUITHUS II0 TIepepa-
0OTKe OTpabOTaBIIETrO SIASPHOIO TOIIJINBA, COIEPKa-

PAJUALIMOHHASA BUOJIOTUA. PAIWOBDKOJIOI'A

Hue 23%2Py cocrapnano 2—7 MmBK/Kr cyx. Macchl 3],
a B MBIIIIAX CPEAN3EMHOMOPCKUX phI0 BOIM3UM ADC
Bannennoc (Vandellos NPP) — 7—31 MmbBxk/kr cyx.
maccel [6]. B 11e10M ciieayeT OTMETUTD, YTO OITyOJIM -
KOBaHHbIE JaHHbIE MO COAEPXKAHUIO TUIYTOHUS B
MBILIIAX TMPECHOBOAHBIX PbIO HEMHOTOYMCIIEHHBI.
M3 nybnukauuii M3BECTHO, UYTO yIeJbHasi aKTUB-
HOCTb IJTYTOHUSI B MBIIIILIAX PbIO 3HAUUTEIBHO HIXKE,
YyeM B ITeUeHM, ToHaaax u koctsx [7, 8]. [Toatomy npu
OIIEHKE J1030BOIA Harpy3ku U MPOTHO3UPOBAHUU OT-
JIaJIeHHbIX Onojiornyeckux 3@ eKToB a1t uxTuoda-
VHBI CJIEIyeT YYUThIBATh OCOOEHHOCTU HAKOTLJICHUS
IUIyTOHUS B OpraHax 1 TKaHsX pbIO.

B mepuon Halero ucciemoBaHMs CoOIepKaHUE
pamuolie3rs B MBbIIIAX Xapuyca COCTaBiIstjio 1.5—
5.5 Bk/kr cyx. macchl (puc. 1, 6). Conepxanue ¥’Cs
B MBIIIIIIAX XapUyCOB CHUXaJoch B nepuon ¢ 2011 nmo
2015 r. Bcien 3a CHIDKEHUEM KOHTPOJMPYEMBIX COpO-
COB BTOr0 PAgUOHYKIMIA B OTKPHITYIO THIpOTpadu-
Ne 1 2023
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JecKyio ceTh (puc. 1, 6). OTHOmEeHnEe yOeIbHBIX
akTuBHOCTell 23%240Py/Cs B MblIILIax Xapuyca Ba-
peupoBajiochk B nuamasoHe 0.003—0.020, yto como-
CTaBUMO C COOTHOIIIEHUEM B €XErogHbIX cOpocax
I'XK (0.006—0.040), HO Ha MOPSIOK HUXKE, YeM B
Ipyrux npencraButeisx Ouotrel Enuces (0.011—
0.719 B BomHoMm mxe, 0.004—0.211 B pmecte Onectsi-
meM, 0.006—0.66 B ampunonax) [1], yro cBUOETEb-
CTBYeT O 0ojiee HU3KOI OMOJOTMYECKON HOCTYITHO-
CTH TUTYTOHUSI TSI PHIO.

Takum oOpa3oM, ydeabHble aKTUBHOCTHU ILIYTO-
HMS B MBIIIIAX xapuyca u3 p. EHuceli mmomamgaooT B
Mara3oH BEJIUYUH, XapaKTePHBIX 111 UXTUO(MayHbI
M3 BOIJOEMOB, 3arps3HEHHBIX pagOaKTUBHBLIMU
copocamu. COOTHOIIEHHE YOEIbHBIX aKTMBHOCTEM
IUTyTOHUS U paauoLIe31s B MBIIILIAX PbIO MO CpaBHE-
HUIO C aHAJIOTUYHBIM COOTHOILIIEHUEM B IPYTUX THJI-
POOMOHTAX CBUAETEIBCTBYET O 00JIee HU3KOM 61010~
TUYECKON MOCTYITHOCTU TUTyTOHMS Uit puio. Ilomy-
YeHHbIE PE3YJIbTaThl MOTYT ObITh UCIOJIb30BaHbI IS
OLIEHKM 103 1 OTHAJICHHBIX OMOJIOTUYECKUX 3 PeK-
TOB Y PBIO M X IOTpEOUTENCHA.
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The paper presents the data on the content of plutonium (239’240Pu) in the muscles of the Baikal grayling Thymallus bai-
calensis, inhabiting the middle reaches of the Yenisei River in the vicinity of the radioactive discharge point of the Mining
and Chemical Combine, in 2011—2019. The content of 239.240py; jp grayling muscles varied within 7—32 mBq/kg dry
weight. Highest value was recorded in 2019, a year after the increase in the volume of controlled plutonium discharges.
The ratio of activity concentrations 239’240Pu/ B7Csin grayling muscles compared to the similar ratio in other hydrobionts
of the Yenisei indicates a lower bioavailability of plutonium for fish.
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