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N3YUYEHUE OCOBEHHOCTEN HAKOIIJIEHUA UCKYCCTBEHHBIX 1 ECTECTBEHHBIX
PAJUOHYKJIINIOB B KOPHAX JIOIIYXA BOJIBIIIOI'O ARCTIUM LAPPA L.

© [Ivsxosa H.A.

Boponexxckuit rocygapcrBeHHbII yHuBepcutet (BI'Y)
Poccus, 394018, Boponeskckast o6acts, r. Boponex, YHuBepcurerckas ., 1. 1

BopoHesxckast 06,1aCTh TPagULUIMOHHO SIBIISETCS BOKHENIINM PAllOHOM pacTeHMEBOACTBA U 3emieneust. OQHAKO OCBO-
€Hlle MIHEPAJIbHBIX PECYPCOB, aKTMBHAS XMMWI3aLMI B CEIBCKOM XO3SIICTBE, ITOCIeNCTBIS YepHOOBUIBCKOI aBapmiL aKTy-
aJM3MpPOBANIM BOIPOC CHaOXEHMS MUIIEBOI IIPOMBIIUIEHHOCTI Ge30IacHbIM U 3((EeKTUBHBIM PACTUTEIHHBIM CHIPHEM.
HexauecTBeHHOe pacTUTENbHOE ChIphe U IIOJTyuaeMble M3 HEeTO IIPOAYKTHI IBIAIOTCA BAKHBIMU MCTOUHMKAMIU IIOCTYILJIe-
HUA PasjIMYHbIX S5KOTOKCMKAHTOB, B UaCTHOCTY, PaAMOHYKINAO0B, B OPTaHM3M YeJIOBEKA.

Hensn: nsyueHne HaKOILIeHNS HauboJee 3HAUMMBIX MCKYCCTBEHHBIX M €CTECTBEHHBIX PaAMOHYKIUAOB B KOPHSIX JIO-
myxa GOJIBIIIOTO, 3aTOTOBJIEHHBIX Ha PA3JINMUHBIX C TOUKM 3PEHNS aHTPOIIOTEHHOTO BO3MENICTBUS TEPPUTOPUIX BopoHex-
CKOIT 06JIacT.

Marepuanbl 1 MeTOABL. B ycinoBusax skcrepuMeHTa B 00pasijaXx BEPXHUX CJIOEB IOUB U KOPHSIX JIOIyXa GOJBIIOTO
ONIpeNeNsyl yAEJNbHYI0 AaKTMBHOCTh OCHOBHBIX [OJTOXKMBYIIMX JICKYCCTBEHHBIX pafgmom3oTonoB (ie3nii-137,
CTpOHIMIT-90,) M YaCTO BCTpeUaeMBbIX B IPUPOME €CTECTBEHHBIX PaAMOHYKIMAOB (Topmii-232, xammit-40, pammii-226) Ha
crnexrpoMerpe-paguoMeTpe MKI'B-01 «PAI9K».

Pesynprarel. Bece nsyueHHble 00pasifbl KOpHEN JIOIyxa GOJIBILIOTO, 3aTOTOBJIEHHbIE B €CTECTBEHHBIX U JMCKYCCTBEH-
HBIX (uTOLEeHO03aX BOpOHEKCKOM 061aCTH, COOTBETCTBYIOT CYILECTBYIOIIUM TPEGOBAHMUAM paqMalllOHHON 0e301MacHOCTI
(nepBaﬂ rpynna). ITpn yBenmyeHMM ymeabHON aKTMBHOCTU CTPOHIMA-90, nesms-137, topua-232, xamusg-40, pagmua-226
B IIOUBE BO3pAcTasa UX yOeJbHas aKTMBHOCTh B KOPHSIX Jiomyxa 0osbiroro. KoppeasaimoHHbI aHAIN3 YOENIbHO aKTIUB-
HOCTM MCKYCCTBEHHBIX 1 €CTECTBEHHBIX PAIVOHYKIMIOB B IIOUBE U KOPHAX JIOMyXa OOJIBIIOTO ITOKa3aJl HalINYMe BecbMa
3aMEeTHOI B3aMMOCBS3M MEXIY HAaHHBIMIU UMCIJIOBBIMM ITOKAa3aTeIIMM, UTO IMOATBEPANIIO IIPEMMYIIECTBEHHOE TPAHCIIOU-
BEHHOE X 3arpsA3HEHNeE.

3akiaroueHue. 3aKOHOMEPHOCTY HAKOILJIEHNSI B KOPHSIX JIOITyXa GOJIBIIIOTO OMpeaesieMbIX IIPUPOAHBIX I TEXHOTEH-
HBIX PAIVOHYKIMOOB OIMCAHBl MATEMATMUYECKUMY 3aBUCKMOCTSIMY C MaKCUMAJIbHBIM K03((ULUMEHTOM HOCTOBEPHOCTH

AIIIIPpOKCUMalIN.

KiroueBrie ciroBa: Boponeskckas 06acts; cTpoHImit-90; 1e3nii-137; ropmit-232; kanuit-40; pagmit-226.
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ruu, BI'Y, r. Boporex. ORCID iD: 0000-0002-0766-3881. E-mail: Ninochka V89@mail.ru

ITpu aHanm3se KadecTBa JIEKAPCTBEHHOTO PACTH-
tesibHOTO chIpbst (JIPC) m mpemapaToB B COOTBeT-
CTBUM C HEVICTBYIOIIUMMU TpeOOBaHMSIMM HeoOXo-
IUIMO YYUTBIBATH OCOOCHHOCTY aKKyMYJIALIMM pa-
nuonykiungos [1, 2]. JlekapcTBeHHBIE pPacTeHUS
CIIOCOOHBI IIPOSIBJIATH CIIOCOOHOCTh K HAKOILIEHIIO
JaHHBIX 3SKOTOKCMKAHTOB, KaK MCKYCCTBEHHOIO
(HaanMep, cTpoHLMIT-90, nesua-137), Tak u npu-
POJHOTO IPOMUCXOKIEHNS (Hampumep, Kajmii-40,
panuii-226, Topuii-232), KOTOpble aKTMBHO MUTPHU-
PYIOT IIO LIEMOUKE «I0YBa —> JIEKAPCTBEHHOE pac-
TUTEJIbHOE ChIpbe —> JIEKAPCTBEHHBIN IIpernapar —
4yesloBek» [3, 4].

HambGosee 3HAUMMBIMM MCTOUHMKAMU ITOCTYII-
JIeHUsA B OKPY>KalOIYIO Cpely TEXHOTE€HHBIX pajau-
OHYKJIMIOB SBJIAIOTCA ATOMHBIE 3JIEKTPOCTAaHLIVIIN,
XpaHMIMIIA pPagMOaKTUBHBEIX OTXOIOB, a TaKke
NpennpuaTus 0 UX IepepaboTKe, TaK Kak IIpe-
MMYILECTBEHHO BCE OHU ABJIAITCA IIPOTYKTOM
pacnana ypaHOBBIX dpaep. EcrecTBeHHBIE paamo-
HYKJIUOBI IPUCYTCTBYIOT B TOM MJIM MHOM KOJIUe-
CTBe BO BCeX 00beKTaX IPUPOIBI, He CBI3AHBI C Je-
ATEJIbHOCTHIO UYeJIOBEKa I TEXHOTEHHBIMM KaTa-
cTpodaMu ¥ pacrpefesleHbl Ha IIaHETe OTHOCHU-
TEJIBHO PaBHOMEPHO [5, 6].
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ITouss! Boponexckoit obsactu — peruona Ilen-
TpaJbHOrO YepHO3eMbsl, SBIISIOLIETOCS BaXKHBIM
ITOCTABIIMKOM pPacTeHMEBOXUECKO IPONYKLMU —
NIPeVIMYIIIeCTBEHHO IIpefICTaBIeHbl YepHO3eMaMI,
KOTOpbIe OTIMYAIOTCSI BBICOKMM COIep)KaHMeM TIy-
Myca, IJIMHBI, WIa U OPYTUMX OpraHMYecKNUX Be-
II[eCTB, UTO OOYCJIaBIMBaeT GOJIBIIYI0 €MKOCTb IT10-
IJIOLIEHNS PaJUMOHYKINJOB M UX IIPOYHYI0 COpO-
nuio. [TosTomy comep:kaHme pagMOaKTUBHBIX 3Jle-
MEHTOB B UEPHO3eMHBIX II0UBAaX BCErja OTHOCH-
TEeJILHO OoJjiee BBICOKOE, YeM, K IIpUMepy, B II0J30-
JIUCTBIX, CEPBIX JIECHBIX U1 KPACHO3eMHBIX [7, 8].

Jlonyx o6sikHOBeHHBIT (Arctium lappa L. (syn.
Lappa edulis Siebold ex Miq., Lappa officinalis AllL,
Lappa major Gaertn.,, Arctium majus Bernh.,
Arctium edule Beger, Lappa vulgaris Hill)) - nBy-
JleTHee KPYIIHOEe TPaBSHICTOE PACTEHME CO CTEePiK-
HEBOJ KOPHEBOJ CMCTEMOII C MOIIHBIM TIJIaBHBIM
KopHeM 10 1,5 M miuuHoi. B dapmarum ncmosns3sy-
10T KOPHU JIOITyXa OOBIKHOBEHHOT'O B BIUEe OTBApOB,
9KCTPaAKTBl — B TalOJeTUPOBAHHBIX, IPAKIPOBAH-
HBIX JIeKapCcTBeHHBbIX dopmax [1, 9]. [Ipumensrorcs
BHYTPb B KadyecTBe >XeJYeTOHHOTO, IIOTOTOHHOTO,
IUypeTUUecKOro, IPOTUBOBOCIANINTEIBHOIO, IIPO-
TYBOOIIYX0JIEBOTO, MMMYHOCTUMYJINPYIOILLETo, aH-
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TUOKCUIAHTHOTO, TUIIOIUINIEMUYECKOr0, TeIlaTo-
MIPOTEKTOPHOTO, IPOTUBOAMAOETIUECKOTO, PAHO-
3QKMBIISAIONIETO CPENCTBA, CTUMYJIUPYIOIIETO 006-
MeH BEILIeCTB U HOETOKCUKAIMIO OpPraHM3Ma;
HapYy>KHO — [UJIS JIEUeHUsT YTPeBOil chimu, QypyH-
KyJe3sa, 9k3eMsl [10-23].

[Iupoxoe mpumeHeHUE OOBICHIETCS GOraThIM
xummueckum cocrasom paugoro JIPC, B ocHoBe
KOTOPOI'0 JIeKaT IIOJIVICaXxapUabl (mo 35-45% VHY-
JnnHa), Tpoctele caxapa (ot 3-4% mo 30%), cnusw,
CEeCKBUTEPIIEHONABI, (UTOCTEPUHBI (CUTOCTEPUH,
CTUTMACTEPUH), TIOJIUUHBI (APKTUHAIb U AP.), KUP-
uele kuciaots! (0,4-0,8% ¢ Hpe06nananmeM IIOJIHEe-
HACBIIIEHHBIX (M0 60%) — JIMHOJIEBOI, JIMHOJIEHO-
BOI1, MAJILMUTUHOBOI), JTUTHAHBI (APKTUIH, apKTU-
reHnH), ¢GeHonkapO6oHOBbIe Kucaorsl (0,9-1,3%,
npeobaaloT  XJIOPOTEHOBAsd, WM30XJIOPOTeHOBasl,
kodeitaas), daaBonoumnasl (1,3-2,3%), KyMapuHBI,
apupHoe macio (0,07-0,17%), opraHnUecKme KICIO-
TBI, aMUHOKMUCIOTHI (10 3aMeHMMBIX U 8 He3aMe-
HUMBIX C IIpeobiaaganmem apruamuHa (24,09%), mpo-
anHa (20,21%) n cepuna (14,92 %)). Kopun nomyxa
OOBIKHOBEHHOIr0 0Goratbl BuTamMuHaMu (0COBEHHO
B6, B5, B9, B4, C, E, PP, K, kapoTuHougamm), Makpo-
(xammit, maramit, ¢pocdop, cepa, KaJIbIMiT) U MUK-
possmeMeHTamu (Meqb, KeJIe30, CeJleH, MapraHerl,
LMHK) [1, 24, 25, 26].

CUHAHTPOIIHBI PyAepATbHbIN BUA, CHIPbE KO-
TOPOTO 3arOTAaBIMBAETCS U3 AUKOPACTYILLIMX OCOOEIL.
Vmeer GOJBIION apean — yMePEeHHBIN KIMMaTHYe-
ckuit nosic Ceseproit u IOxHoit Amepuxu, EBpa-
sun. Iupoko BcTpeuaercss Ha MyCTBHIPAX, Ha CBAJ-
Kax, y OOpOT, Ha 3a0pOIIEHHBIX TEPPUTOPUAX U
HapyILIEeHHbIX (QUTOIeHO3aX, O0raThIXx a3oToM. Xo-

poOLIO pacTeT B CYyIVIMHUCTBIX, TJIMHIUCTBIX, Ilecya-
HBIX, CyIecuaHbIX TMouyBax ¢ pH OGiauskux
Kk HelrparbHbiM. O0agaeT yCTOMUMBOCTHIO K 00-
aydeHUo0. [laeT IIOTOMCTBO C BBICOKOJ BBDKIBae-
MOCTBIO ¥ MaJION [OJIEV aHOMAaJINI IIPU JJ;e(bI/[uMTe
BJIarY, IOBBIIIEHHON TeMIlepaType, BBICOKOM pa-
OMOAKTUBHOM (POHE, UTO HejIaeT ero ONTIMAaTbHBIM
00BEKTOM 39KOJIOTO-PapMaKOTHOCTUUECKUX JICCIIe-
moBauwmit [1, 9].

Ienp uccaemoBaHms — U3yueHre 0COOEHHOCTE
HaKOIUIEHNS JICKYCCTBEHHBIX UM €CTeCTBEHHBIX pa-
OUOHYKIUIOB B KOPHAX JIOIyXa OOJIBIIIOrO, 3aro-
TOBJICHHBIX Ha TeppuUTOpuy BopoHeskcKoit 061acTu.

MATEPUAJIBI U METO/IBI
NCCIIEOJOBAHUA

Br16op TeppuTOpMIL A1 3aTOTOBKY KOPHEI JIO-
mmyxa OOBIKHOBEHHOTO OOBSCHSIETCS OCOOEHHOCTS-
MU aHTPOIIOT€HHOTrO Bo3meiicTBus (puc. 1, Tabm. 1)
(4, 5].

Kopuu somnyxa 60JIBIIIOr0 3aroTaBJIMBalIN B CO-
orBeTcTBUN ¢ TpeboBanmsamu PC.2.5.0025.15 «Jlo-
Iyxa KOpHI» B KOHIle CeHTs0ps. Taxke orGupann
mpoObl  BEPXHMX  CJIOEB  IOYB  (IIyOMHOIM
0-10 cm) [27].

Ananmus o0pasIoB IIOYB ¥ KOpHEN JoIyxa
OOBIKHOBEHHOT'O IIPOBOAVUIM Ha CIEKTpOMeTpe—
pamuomerpe MKIB-01 «PAISK». Hsmepsin
YIeJIpHYI0 aKTMBHOCTh Hamboiyiee BaKHBIX JCKYC-
cTBeHHBIX (1e3ms-137, crpoHuua-90) 1 ecTecTBEH-
HBIX  paguMOHyKIuAoB (Topma-232, kammsg-40,
pamus-226) [1, 9, 27].
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tadi. 1).

Fig. 1. Map of preparation of soil samples and large burdock roots (designations are deciphered in the Table 1).
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Results of Determination of Specific Activity of Radionuclides in Specimens of Common Burdock Roots (Bq/kg)

Dapmayesmuueckue Hayku / Pharmaceutical sciences

Tabmua 1
Table 1

Pesynbrarhl onpeneneHNIit y e IbHOM aKTUBHOCTI PAIMOHYKINIOB B 00pasuax KOpHeIt Jomyxa
06b1KHOBeHHOTO (BK/KT)

o Paii

N AU SaroTOBIIL Sr-90 | Cs-137 | Th-232 | K-40 Ra-226

n/m Area of collecting

|, | Bopomexcimi sanmosenmiK 104437 | 57.147.4 | 12.124.9 | 308+67 9.4+53
Voronezh reserve

5. | XOTEPCKMIL 3aIIOBENHUK 112441 | 28.1+3.9 | 11.3+3.8 | 46153 9.6+5.0
Khopyor reserve

3. |BopueorneGexnt p-H 116453 | 273458 | 14.6+6.1 | 418+70 7.242.2
Borisoglebsk district

4 | ceno Enann-Konexo 10.843.8 | 29.4+8.0 | 18.4%2.0 | 451+46 | 11.43.1
village of Elan-Koleno

5, | ceto Hipkienenuk 16.744.0 | 57.3+3.9 | 14.3+4.1 | 428+75 | 18.0+4.6
village of Nizhnedevitsk

6. | T OcTporoxck 13.9453 | 532485 | 20.143.8 | 590+89 | 19.4+5.8
town of Ostrogozhsk

7. | T Cevmmyxu 15.242.9 | 59.844.0 | 19.4+45 | 510494 | 20.1+7.5
town of Semiluki

g. |- Hososopomex 9.0+4.1 | 60.149.5 | 20.3+2.7 | 483456 | 18.7+4.9
city of Novovoronezh
BLICOKOBOJII)THI)IC JIMHUN SHeKTPOHepeHa‘{

9. (HosoBoporexcKuit roposicKoit OKpyT) 12.9£5.0 | 58.6+4.3 | 17.4+4.8 | 498+64 20.3+7.3
High-voltage power transmission lines
(Novovoronezhsky city district)

1o, | JhrcKmHCKIA p-H 82425 | 51.0+7.5 | 12.1+3.8 | 356449 | 15.6+4.9
Liskinsky district

jq, | Qoexosatcxmit p-i 13.124.9 | 42.95.8 | 24.3+2.9 | 474+67 | 18.9+6.2
Olkhovatsky district

19, | [ToArOpeHcKuit p-1 14.6+5.1 | 43.7+6.8 | 22.1+5.1 | 614+73 | 20.0+2.8
Podgorensky district

13. | [1€TPOMABIOBCKILA p-H 10.043.9 | 29.64+3.0 | 19.6+4.0 | 553+81 | 16.1+1.8
Petropavlovsky district

14, | TpuGaroBCKINE p-H 112458 | 27.8+4.1 | 16.4+3.8 | 493+62 | 19.8+6.3
Gribanovsky district

15, | XoxompCKMit p-H 15.742.9 | 573456 | 23.145.9 | 550470 | 19.6+7.9
Khokholsky district

16, | Homoxomepcmi p-i 13.144.0 | 29.2+4.8 | 18.3+45 | 510+23 | 20.4+5.4
New Khopyor district

17, | PempeBckmit p-n 15.243.9 | 57.3+3.9 | 14.8+3.0 | 497+70 | 15.9+4.0
Repyevsky district

13, | BopoGeBCKIni p-H 11.045.1 | 27.1+2.9 | 19.3+6.2 | 450493 | 17.3+7.4
Vorobyevsky district

1o, | [TamHCKWit p-H 13.9+4.0 | 468450 | 16.4%+3.1 | 518+29 | 18.6+3.8
Paninsky district

g0, | BepxHexaBcKuit p-u 15.743.8 | 54342.6 | 21.146.9 | 511493 | 18.9+4.0
Verkhnekhavsky district

g1, | OPTWIBCKII p-H 16.3+2.2 | 37.144.9 | 21.4%5.0 | 484+64 | 19.4+3.7
Ertilsky district

gp, | POCCOMIANCKILI p-H 131449 | 462461 | 19.1+3.8 | 563+80 | 17.2+6.3
Rossosh district

g3, | Oxomo OAO «MumypoGpersy (r. Poccomn) | 3o oo | 41 0i39 | 216042 | 541436 | 17.045.0

Close to OJSC "Minudobreniya" (city of Rossoch)
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Ta6auna 1. OkoHuaHUE

Table 1. End

O 000 «b I

24, | DKOTO «Bopwar» (r. [osopiio) 10.1£6.0 | 28.3+6.2 | 15351 | 434+45 | 19.446.21
Close to LLC "Bormash" (town of Povorino)

.B 0

25, | Tn DOPUCOTTICHCR 9.6£3.7 | 29.9+4.4 | 16.1%3.7 | 453262 | 15.48.4

city of Borisoglebsk
.K

26, | hATAt 12.1#5.1 | 30.7#5.1 | 18.845.3 | 571#48 | 17.6+2.8
town of Kalach
Oxono TtemmoasnekTpoctanuu «BOI'POC»

g7. | (r- Boporex) 12.8+4.7 | 75.8+3.0 | 32.3+43 | 918+90 | 21.8+1.8
Close to “VOGRES” Thermal Power Plant (city of Voro-
nezh)
Oxonmo AO «BOPOHEXCHHTE3KAYYVYK»

28. (r. Boponex) 14.3+5.3 70.1£5.9 29.4+2.9 | 943+53 20.6£2.0
Close to LLC “Sibur” (city of Voronezh)

.B

29, | Oxono pomoxparmmmia (r. Boporex) 13.6£5.9 | 732463 | 22.24¢4.0 | 913+41 | 20.1+4.9
Close to the water reservoir (city of Voronezh)
O

30. | ~roNoasporopta 10.8+3.7 | 46.747.0 | 204432 | 411250 | 15.947.1
Close to the airport

.B

31, | Yonma r. Bopomesx 15.6£5.1 | 68.8£3.5 | 27.4£5.0 | 891424 | 20.5+1.8
A street in city of Voronezh
B M4 (P I p-

3. | Brom Tpaccer Mé (Pamorciani p-u) 13.3£1.9 | 54.745.6 | 15.647.3 | 421#31 | 14.7+2.9
Along the M4 route (Ramon district)

33, | DROM® Tpaccer Aldd (AH],H”?{CK"M p-H) 10.943.6 | 58.3+8.3 | 16.946.2 | 46147 |  9.8+7.5
Along the A144 route (Anna district)
Brons tpaccet M4 (ITaBnoBckuit p-H)

34. 10.2+4.1 49.6+5.2 14.0£5.8 | 411458 14.5+3.0

Along the M4 route (Pavlovsk district)

Bmoap HECKOPOCTHOII IOpOru

35. (Boryuapckuit p-H) 10.3+£3.5 | 26.1+£2.1 | 19.3%6.0 | 47263 18.6+4.1
Along the non-high-speed road (Boguchar district)

36, | DAOIE KEIE3HOI Jopor 13.8+4.2 | 36.6£3.0 | 17.243.2 | 389452 | 15.7%6.9
Along the railroad

HomycTtuMas ynenpHas akTMBHOCTh

PanVOHYKINOB 200 400 - - -

Permissible specific activity of radionuclides

PE3VJIbTATHI NCCJIENOBAHUA
N X OBCYXIEHUE

AHanns3 IOJy4YeHHBIX pe3yJIbTAaTOB IO OIpee-
JICHMIO VAENBHOM AaKTMBHOCTY PagMOHYKINOOB
B IIOYBAX permoHa II0KasaJl, UTO COIJIaCHO JaHHBIM
JUTEpPATyphl UX MOKHO CUUTATH CPEIXHECTATICTI-
YecKMMM IJIS cpemHeli monockl Poccun.

Haxorrenne cTpoHIMSI-90 B KOpPHSX JIOIyXa
OOBIKHOBEHHOTO (Tabiy. 1) XapaKTepusyercs Cpem-
HUM 3HayeHNEM VIeJbHOM AaKTUBHOCTU Panyo-
Hyxkimaa 12,6 DBx/Kr npm BapbUpOBaHUM  €T0
ot 8,2 bx/kr mo 16,3 bx/kr. /[laHHble 3HAUeHIUSA Ha
MOPAA0K MEHBIIIe IIpefebHO JOIyCTUMON yIesb-
HOJ AaKTUBHOCTM CTPOHLMA-90, yCTaHOBJIEHHOIO
T'ocymapcrBenHoit papmakorieeit. YaenbHass aKTUB-
HOCTh Le3ud-137 BappupoBasia or 26,1 Bx/kr mo
75,8 Bk/kr nipu cpenHeM 3HaueHUn 46,4 BK/kr, 4TO
TaKXe 3HAuMTEJIBHO MEHBIIIe IIpefesbHO OIIyCTH-
MBIX HOPM II0 JAaHHOMY IIOKasarenio. [[1sg Bcex

MPOAHANM3UPOBAHHBIX KOPHEN JIOmyXa OOBIKHO-
BEHHOT'O YIICJIOBBIE 3HA4Y€HUSI CYMM IIOKasaTeseil
COOTBETCTBUS TpeGOBaHMAM panuanyoHHOM
6e30MMacHOCT 1 IIOTPEIIHOCTENl UX OIpemesIeHIs
He 1mpesblanmu 1,0 (cocrasmmm or 0,12 mo 0,25,
CpenHee 3HAUEHUE — 0,18), 4TO IO3BOJILET pu-
3HATH BCe M3yueHHBIe 00pasisl qaHHoro Braa JIPC
COOTBETCTBYIOILVMM KPUTEPUIO PpPaaMalVIOHHON
6esomacHocTu (epBas rpyIna).

YnenpHast aKTMBHOCTb IIPUPORHBIX Pamyo-
HYKJINIOB B KOPHAX JIOIyXa OOBIKHOBEHHOTO IIPU-
HIMaJIa 4UMCJIOBhle 3HaueHMsa ot 11,3 Bx/kr mo
32,3 Bx/kr nmpm cpegHeM apu@MeTHUECKOM IS
Bcex m3yueHHBIX 00pasoB JIPC 19,0 Bx/kr mis to-
pusa-232; ot 308 bk/kr mo 943 Bx/kr mpu cpemHeM
o permoHy 526 Bx/kr pna kamma-40; ot 7,2 Bx/kr
o 21,8 Bx/kr co cpegHuM 3HaueHmeM 17,0 Bx/kr
IUId paausa-226. IlpegenbHo DOy CTUMblE 3HAUEHUS
IpUpOoAHBIX paauoHykiaunos B JIPC He HOpMupy-
I0TC4, HO IIOJIyUEeHHBIE NaHHBIE MO>KHO CUNTATh
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HEBBICOKMMI OTHOCUTENBHO paHee IIPOBEIEHHBIX
1ICCIeqOBaHMIAL.

3HaueHNs yOENbHON AaKTMBHOCTU OIIpefelisie-
MBIX PaAMOHYKINUAOB B KOPHAX JIOIIyXa OOBIKHO-
BEHHOIO OTJIMUYAIOTCI HeOOJNBIINM IMAla30HOM
BapbUPOBAHNUSA I OTHOCUTEJIBHOV PaBHOMEPHOCTHIO
pacrpeneneHns I U3ydaeMbIX TEPPUTOPUIL 3aro-
TOBKI CBIpbsA. [Ipu 3TOM HambOJbIINMe 3HAUEHUS
CYyMM ITOKa3aTeJell COOTBETCTBUS U ITOTPEIITHOCTEN
ux omnpepeneHus, 3¢pPeKTUBHON yHEeNbHON aKTUB-
HOCTU HpuponHbix PH, a Takxke yHenpHBIX aKTIB-
HocTen nes3nd-137, ropua-232, kannga-40, pagnua-226
OTMeUeHBI B 00paslaX, 3aroTOBJIEHHBIX BOIU3U
rertoanekrporcraniuu «BOI'PIC», a takke BOIM-
3u xummdeckoro npennpusatui AO «BopoHexcuH-
Te3KayuyK», Ha Mobepexxpe BOpOHEKCKOTO BOIO-
xpaHyuuia, Ha yianue [dumuTposa ropoga Bopo-
Heka. OOBICHNUTD MOJIyUeHHbIE PE3YJIbTATHI MOKHO
TEM, UTO IIOCJIeJHIE TPU paitoHa 0TOOpa 00pas3IIOB
pAacIIONoKeHBl Ha MPUMEPHO PABHOM M OTHOCU-
TenbHO HeboisbiroM paccrosHuu ot TII[ «BOIP-

9C». [onroe BpeMs Ha MAaHHOM IIPEeNIPUITUN B
KauecTBe TOIUIMBA  JICIIOJIb30BANIM  KaMEHHBIN
yToJib, GOraThIil COMEp/KAHMEM PA3JIUUHBIX IIPU-
ponubix PH, B TOM umcie pagMomM30TONOB KaJIus,
pagusi, TOpUs U Ap., KOTOPbIE MOMAJAI0T B OKPYsKa-
IOLIYI0 Cpeqy BMecTe ¢ BbIOpocamu B atmocdepy
B BUJI€ 30JIbI VIV HEOKOTA.

JleTaIbHBI aHATN3 KOPPEJSLMOHHON 3aBUCK-
MOCTM aKTUBHOCTEN MCKYCCTBEHHBIX M €CTECTBEH-
HBIX PaJUMOHYKIUIOB B IIOYBE U KOPHAX JIOIyXa
Ooxpioro (tabi. 2) IOKasaj HaJluMulMe BechbMa 3a-
METHOI B3aMMOCBSI3Y MEXIY NaHHBIMU UVCIIOBBI-
MM ITOKAa3aTeNIMU, UTO MOATBEPKIANIO IIPEUMYILe-
CTBEHHOE paAMOHyKIumHoe 3arpgsHeHne JIPC ue-
pe3 mouBy. VM3yueHme yHeNbHO AKTUBHOCTU MC-
KYCCTBEHHBIX 1 MPUPOOHBIX PaJAMOHYKINUIOB
B II0YBe U KOPHSX JIoImyxa Gosbloro (puc. 2-6) mo-
Kasajo HaJIMumMe IPSIMOIl 3aBUCUMOCTY MEXIY
TUMU IIOKA3aTeIIMU. 3aKOHOMEPHOCTY II€PEXOa
paguoHyKianmoB n3 moussl B JIPC omnmcanbl mate-
MAaTUUYECKUMI 3aBUCUMOCTSMIU.

Tabnuna 2
Table 2

KoadpurimeHTs! KOppesiun MeKay yaeaIbHbIMIU aKTUBHOCTAMI PAIVIOHYKINIOB B II0YBE
7 KOPHSX JIOITyXa GOJIBIIIOTO

Correlation coefficients between specific activities of radionuclides in soil and roots of large burdock

Pagmomnsoron
FO] Sr-90 Cs-137 Th-232 K-40 Ra-226
Radioisotope
Koaddpuiimenr xoppengiinmn
b PpeJIL 0.96 0.99 0.90 0.96 0.88

Correlation coefficient
) 18
= :
e B 16 y = -0,0039x2 + 1,6948x + 1,9265
2 =
| o
5 i 14
E 28 1
& EZ
° g8 5 10
2283
gLEE 8 °
2 %‘5
E 2 E 6
2 9
5 £ 4
2 E
E B 2
g =
> w 0

0 2 6 8 10

YenbHas akTMBHOCTS CTPOHIMA-90 B 11ouBe, Bk/Kr
Strontium-90 specific activity in soil, Bq/kg

Puc. 2. 3aBucuMocCTh yaeapHOM aKTUBHOCTY CTPOHUNA-90 B KOPHAX JIOMyXa GOJIBIIIOTO OT €r0 yIeJIbHOI aK-

TMBHOCTU B ITIOUBE.

Fig. 2. Dependence of strontium-90 specific activity in large burdock roots on its specific activity in soil.
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Puc. 3. 3aBUCHMMOCTD YOEIBHOV aKTUBHOCTU Le31si-137 B KOPHSIX JIOIyXa OOJIBLIOTO OT €ro yAeJNbHOI aK-
TUBHOCTHU B ITOUBE.

Fig. 3. Dependence of specific activity of cesium-137 specific activity in roots of large burdock on its specific activity in soil.
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Specific activity of thorium-232 in soil, Bq/kg

Puc. 4. 3aBUCHMOCTD yIeIbHOJ aKTMBHOCTY TOPMA-232 B KOPHSX JIOIIyXa OOJIBILIIOTO OT €ro YAeJIbHOIN akK-
TUBHOCTH! B IIOUBE.
Fig. 4. Dependence of specific activity of thorium-232 VA in large burdock roots on its specific activity in soil.
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Puc. 5. 3aBucumocThb yneﬂbHOf;[ aKTMBHOCTU Kanusa-40 B KOpHAIX JIOITyXa GOJIBILIOTO OT €T0 yneJIbHOf;[ AKTUB-
HOCTU B ITOUBE.

Fig. 5. Dependence of specific activity of potassium-40 in roots of large burdock on its specific activity in soil.
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YnenbpHag akTMBHOCTE pagus-226 B 1ouse, Bk/Kr
Specific activity of radium-226 in soil, Bq/kg
Puc. 6. 3aBUCHMOCTD yIeJIBbHOM aKTMBHOCTM paansa-226 B KOPHAX JIOIIyXa OOJIBIIIOrO OT ero yXeJIbHOI akK-
TUBHOCTHU B IIOUBE.

Fig. 6. Dependence of specific activity of radium-226 in roots of large burdock on its specific activity in soil.
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Taxkum o6pasomM, Bce M3ydeHHbIe 00pasIbl KOp-
Hell Jiomyxa OOJIBIIIOrO, 3arOTOBJICHHBIE B eCTe-
CTBEHHBIX ¥ MCKYCCTBEHHBIX (uTOIeHO03ax Bopo-
HE)KCKOJI 06JIACTH, COOTBETCTBYIOT CYIIeCTBYIOILVIM
TpeOOBaHMAM paAMalMOHHOI Oe3omacHoCTH. 3Ha-
UeHNS YHEJNBbHOM aKTMBHOCTM IIPUPOIHBIX U ecTe-
CTBEHHBIX paguoHyKiIunoB B JIPC oTBeyaroT 3ako-
HY HEIPepbIBHOTO PAaBHOMEPHOIO pacIIpemesIeHNIs.
JleTabHBIN aHAIN3 KOPPEJILVIOHHOM 3aBUCIIMO-
CTM yHAEJIBHON aKTMBHOCTY VICKYCCTBEHHBIX U €CTe-
CTBEHHBIX PaJVOHYKIVIOB B IIOUBE M KOPHAX JIO-
myxa GOJIBIIIOTO ITOATBEPANI IPEMMYILEeCTBEHHOE
TPAHCIIOUBEHHOE PaAVOHYKIMIHOE 3arps3HeHNe
nsyuaemoro JIPC. Ilpn yBenmdyeHuu ynenbHON ak-
TUBHOCTY PafMOHYKJIMIOB B IIOYBE BO3pacTajla UX
yIeJpHas aKTMBHOCTh B KOPHSX JIOITyXa OOJIBIIIOTO,
OJIHAKO MHTEHCUBHOCTh MX HakomeHus B JIPC
NIPEeVMMYILEeCTBEHHO CHIDKaJIAch. 3aKOHOMEPHOCTH
Iiepexoa OIVCAHBl MaTeMaTWYECKNMI 3aBVICVIMO-
CTAMM C MaKCUMAJIbHBIM KO3(pQUIMEHTOM TOCTO-
BEPHOCTH aIlIIPOKCYMALIVINL.

KOH®JIUKT MHTEPECOB

ABTOp AeKJIapupyeT OTCYTCTBUE SIBHBIX M IIOTEHLM-
aJbHBIX KOH(QJMKTOB WHTEPECOB, CBSI3AHHBIX C IIyOJINM-
Kaluell HacCTOSIIEeN CTaTh.
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STUDY OF PECULIARITIES OF ACCUMULATION OF ARTIFICIAL AND NATURAL
RADIONUCLIDES IN ROOTS OF LARGE BURDOCK, ARCTIUM LAPPA L.

© Dyakova N.A.

Voronezh State University (VSU)

1, University PL, Voronezh, Voronezh region, 394006, Russian Federation

The Voronezh region has traditionally been the most significant area for crop production and agriculture. However,
the development of mineral resources, the implementation of chemical fertilisers in agriculture, and the consequences
of the Chernobyl accident have highlighted the necessity to ensure the food industry has access to safe and effective plant
raw materials. The use of low-quality plant raw materials and products derived from them represents a significant source
of exposure to various ecotoxicants, including radionuclides, which can enter the human body.

Objective: to examine the accumulation of the most significant artificial and natural radionuclides in the roots
of a large burdock plant, harvested in different territories of the Voronezh region, with a view to determining the extent of
the anthropogenic impact.

Materials and methods. Under experimental conditions, the specific activity of the main long-lived artificial radioiso-
topes (cesium-137, strontium-90) and naturally occurring radionuclides (thorium-232, potassium-40, radium-226) on a spec-
trometer (RADEK MKGB-01 radiometer) was determined in samples of the upper layers of soils and roots of large burdock.

Results. All of the studied samples of large burdock roots, which had been prepared in natural and artificial phytoceno-
ses in the Voronezh region, met the existing radiation safety requirements (first group). With an increase in the specific ac-
tivity of strontium-90, cesium-137, thorium-232, potassium-40, radium-226 in the soil, there was an accompanying increase
in the specific activity of these radionuclides in the roots of a large burdock. Correlation analysis of the specific activity
of artificial and natural radionuclides in the soil and roots of large burdock revealed a highly significant relationship be-
tween these numerical indicators, thereby confirming the predominant transposed pollution.

Conclusion. The accumulation patterns in roots of large burdock, naturally occurring and anthropogenic radionuclides
are described by mathematical dependencies, with an accuracy of approximation that is as high as possible.

Keywords: Voronezh region; strontium-90; cesium-137; thorium-232; potassium-40; radium-226.
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