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247Am Ha TeppuTOpMSAX, NpUNerarmx K 6eNo0pyccKomMy CEKTOPY 30Hbl
orceneHna YepHobbinbckoit AJC: 3arpsasHeHne no4s, NPOAYKTOB
NATaHWUA 1 OLEHKA [03 BHYTPEHHEro 06ay4yeHnsa HaceneHns

E.K. Hunosa', B.H. Bopraosckmii?, C.A. Taraii3, H.B. /lynapesa?, JI.B. 2Kykosa®

'IleHTp 1o simepHoit u paguamoHHou 6e3onacHocT MUC Pecniyonuku benapycs, Munck, besapych

2 [oMeNbCKMIA TOCYJapCTBEHHBIN MeAULIMHCKUI yHuBepcuteT, [omens, berapyck
SUHctutyT pagrobuonorun HalvoHanbHol akaneMun Hayk benapycu, Tomens, besapych

21 Am sensiemes eOUHCMEEHHBIM PAOUOHYKAUOOM YEPHOObIALCKUX PAOUOAKMUBHBIX 8bINAOCHUIL, cO0ep-
Jcanue Komopoeo 8 okpyxcarouell cpede 0o 2058 e. npodoaxicaem éo3pacmams. Lleavro nacmosueli pabo-
Mbl A6454AC OYeHKA 003 GHYMPeHHe20 00ayuenus > Am jcumeneil HaceaeHHbIX NYHKIMOG HA MEPPUMOpULU,
npuneearowell Kk 30He omcenenus Yeprodvinsckoi ADC. Jlns docmudicenus: yeau Oblau YCHAHOBAEHbL CO-
epemennbie yposru codeprcarus ' Am u conymemeyioweeo ’Cs 6 nouse u npooykmax numanusi Ha 4acm-
HbIx n008opbsx Bpazunckozo paiiona Tomenvckoii oonacmu Beaapycu. Codepucanue *'Am (Ey=59,6 k3B)
6 nouse u V’Cs (Ey=661 k3B) 6 nouse/npodykmax onpedensiu memooom 2amma-cnexmpomempui. Onpe-
denenue yoeavHoil akmuenocmu **'Am 6 npobax npooyKmoe numanus @blnOAHANOC PAOUOXUMUYECKUM Me-
MOOOM ¢ UCHONB308AHUEM CeNeKMUBHbIX IKCMPAKUUOHHO-Xpomamoepaguueckux cmon. Ilpu cpednem yposhe
1,3 kBr/M? makcumanvhas naomHocms 3azpazHenust no4evl **'Am moxucem docmueams 3,6 kbk/m?, a oas
conymemeyioujeeo ’Cs — na 1—2 nopsadka eeaununnl eviuie u eapvupyem 6 npedesax om 50 kbrx/m? do
350 kbk/m?. Maxcumanvhas yoeavhas akmugnocms *'Am 6 npooykmax ycmanoenena 6 npooax auc-
moeoil 3eaenu nempywku — 33 mbk/ke, a 6 npobax kapmogens, caexavl, AyKa (nepo) He npeswviulaia
5 mbk/ke. Codepucanue conymemeyroueeo ’Cs 6 npobax pacmumensHoil npoOYKyuU Haxoo0ua0Ch 8 npede-
aax 3— 12 br/xe. B pacuemax oyenku oxcudaemoil 003bl 6HYMperHHe20 004yHeHUs N0 NUWEeB0Tl UeNnoUKe KOH-
CepeamueHo NPUHUMAAOCY, YO 6CE OCHOBHbIE KOMNOHEHMbL PAUUOHA HACeAeHUe ROAYHAem Ha AUMHOM HOO-
sopve. Pacuem 003v1 6HymperHe2o 00ayueHUs npu UHeaAsyuy npou3eedeH 6 npeonoaoNCeHUl, Ymo Jcument
n0080PLA BLINOAHAIOM PAbOMbL HA NPUYCA0eOHOM Yyuacmke 4 4 6 deHv 6 meueHue 7 mecayes. B cymmaphoii
odcudaemotl 0oze 6HympenHe2o obayuenus om **'Am scumeneii nodeopvs npeobaadaem UHANAYUOHHAS
cocmasasouas, moeoda KaxK nepopanbHbulii Nynbo s645emcs OOMUHUPYIOUUM 8 YOPMUPOBAHUU CYMMAPHOLL
00301 6HympeHHe20 00ayuenus om conymemeyioueeo ’Cs, komopas é 20 u 6onee pas npegoiuiaem maxKosyo
003y om **'Am.

Kimouessie cioBa: *“’Am, 7’Cs, nnomnocms 3aepazHenus nouevl, yOeabHAs AKMUGHOCHb, HACENeHUE,
NPOOYKMbl NUMAHUS, UHSAAAUUSL, 0030 BHYMpEHHe20 00/1)1eHUs.

BeepneHue

B paamoakTUBHbIX BbINaAeHNsaX 4epPHOOLINIbCKOro reHeau-
ca, KPOME aL-U3JTyHaIoLLIMX M30TOMOB MIYTOHWS, NPUCYTCTBO-
Bas Takke B-manyvarolmii nuzoton — *#'Pu (T,,= 14,3 net),
KOTOpbIA cocTaensn okono 98% (rno akTMBHOCTU) OT CyM-
Mbl M30TONOB MayToHus [1, 2]. CornacHO oueHkam gokna-
na leHaccamb6nen HayyHoro komuteta OOH no gencTeuio
aTomMHol paanaumm (UNSCEAR 2008), HavanbHas akTuB-
HocTb 2*'Pu B cocTtaBe BbIGpocos YASC cocTasnana 2,6 MbBk.
[oyepHum npoaykTom pacnaga >*'Pu aBnseTca paavoHyKnng,
21Am. MpopomxuTensHbI nepro nonypacnaaa *'Am (T, =
432,2 neT) C NCnyckaHMeMm BbICOKOIHEPreTUHECKNX a-4aCTuL,
(E=5485,6 kaB, 5442,9 kaB) onpeaensetT BO3pacTaloLLylo
3HAYMMOCTh 3TOr0 PaAMOHYKAMaA NpY BO3MOXHOM €ro BO-
B/I€YEHUN B MULLEBbIE LIEN0OYKM, BeayLlme HenocpencTBeHHO

K YyenoBeky. B HacTosLee Bpems *'/Am aBnSeTcA e AMHCTBEH-
HbIM PaAMOHYKINAOM M3 COCTaBa YePHOObLINBbCKMX Paamnoak-
TUBHBIX BbINaAeHUiA, coaepXaHne KOTOPoro B OKpyXatoLlei
cpene npoaomkaeT Bo3pacTtaTb. MakcumanbHas obulas ak-
TMBHOCTb ?*'Am B okpyxatoLleii cpene oxunaaetcs B 2058 . n
6ynet coctasnatb 0,077 MNBk, 4To B 2 pa3a NpeBbICUT CyMMap-
HOEe KonmM4ecTBo 2Pu, 2*Pu 1 2°Pu B yka3aHHoe Bpems [2].
Hanbonee BbICOKME YPOBHM MOBEPXHOCTHOrO 3arpss-
HEHWS MOYBbI M30TOMaMM MJIYTOHUS NOCE YePHODObLIILCKONA
KaTacTpodbl XapakTepPHbl 4SS I0XHbIX PANOHOB [OMENbCKOM
obnactu benapycu, 4acTb N3 KOTOPbIX BKIIOYEHbI B 30HY OT-
CeneHns 1 He ucnonbaylTcsa ang npoxusanusa [3]. Ha co-
BPEMEHHOM 3Tarne Npu CHUXKEHNM YPOBHS 3arpsi3HEHNS MOYB
137Cs (yOblib 32 CHET paaMoakTUBHOIO pacnaja cocTaBnser
2,27% rop) akTyanbHbIM SIBNSIETCS YTOYHEHNE TEKYLLMX YPOB-
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Hel cogepxaHus 24'Am 1 ougeHka ero Bkiaga B Ao3bl 00y-
YyeHua HaceneHus, NPOXMBAIOLLLEro Ha AaHHOW TEPPUTOPUN.

Lienb uccnepoBaHusi — OLEHNTb 103bl BHYTPEHHETO 06-
nydeHns 241Am xuTeneit HaCeNEHHbIX MYHKTOB Ha TEPPUTOPUN,
npwneratoLeli K 3o0He otceneHnst HepHobbinsckon ASC.

3apnauun uccnenosaHus

B 4ncno 3apay nccnefoBaHus BXOAMIO:

— YCTaHOBWTb COBPEMEHHbIE YPOBHU coaepxaHus 24'Am
n conytcTeylowero '¥’Cs B noyBe 1 NpoaykTax nuTaHus Ha
YyacTHbIX NoaBopbsx BparuHckoro palioHa Momenbckol 06-
nactn benapycu;

— BbIMOJIHUTb OLLEHKY MakCMMasbHOW OXMAaemMol rono-
BOW [03bl BHYTPEHHero 06sy4eHunst ot 2#'Am n '¥’Cs ons xu-
Tenen 4acTHbIX NOABOPWIA BparmHCKOro panoHa ¢ y4eToMm no-
CTYMNNIEHUS NMPY UHTANALLMN 1 MO MULLLEBOW LIernoyKe.

Marepuanbi 1 meTogbl

B nepuog 2017-2018 rr. 6611 nponsBeneH otéop npod
MOYBbI M MPOAYKTOB MUTAHMS U3 YACTHbIX MOABOPUIA HACENEH-
HbIX MYHKTOB Ha TEPPUTOPUN PAAMOAKTMBHOIO 3arpsi3HEHNS
BparunHckoro paiioHa fomesnbckoli obnactu benapycu. Ons
MOSyYEHNS1 COMOCTaBUMbIX PE3YNbTAaTOB MPUMEHSICA YHU-
$urumpoBaHHbIn MeToa, NpobooT6opa. OT60op NP6 NOYBLI HA
Yy4aCTKaX YaCTHbIX MOABOPUIA BbINOAHANM NPOOOOTOOPHUKOM
C rpyHTOMNpueMHoli Tpyboin auametpom 3,5 cM Ha rnybuHy
naxoTHOro ropm3oHTa 20 cM. Ha kaxgom ydacTke npoBoau-
M 5yKonoB (To4YeyHblx Npo6) MeToaoM KoHBepTa M cdop-
MMPOBbLIBANM CMELLaHHbIN 00paseL, kaxaon npobbl MOYBbI.
Mnowanka oTbopa Kaxaon To4eyHHol Npodbl BbibMpanach Ha
POBHOM OTKPbLITOM MecTe, He MeHee 20-30 m OT gopor. Ha
BbIGpaHHbIX y4acTkax 0T6opa npob noyBbl NpoBoAnAN 3-5 13-
MEPEHUIA MOLLHOCTN aMOWEHTHOrO SKBMBANEHTA [03bl ram-
Mbl-n3nyyeHns (MO/[) Ha BbicoTe 1 M OT NMOBEPXHOCTU MOYBbI
nosumeTpoM-pagmnometpom MKC-AT1125 g0 poctuxkeHust
CTaTUCTUYECKON NOrpelHocTn He 6onee 15%. Ha yyacTtkax
YacTHbIX noaBopuii bparnHckoro panoda M3/, cocTasnsina
0,07-0,37 Mk3B/4. [TNOTHOCTb CROXEHWUS MOYBbI PA3NNYHBIX
y4yacTKOB pasfiMyHa, No3aTomMy B 1abopaTopHbIX YCNOBUSIX
onpenensinm 06beMHYIO MIOTHOCTL KaX a0 Npobbl MOYBbI.

Mocne TpaHCMOPTUPOBKX MPOBLI MO4BLI OCBOGOXZANM OT
BKJIIOYEHWUI (KaMHW, KOPHM) U BbICYLLUMBaIN A0 BO3AYLUHO-CY-
XOro coctosiHus. [lanee noyseHHble Mpobbl NMoMeLLann B CO-
cynbl MapuHennu o6bemom 500 cm® ¢ hUKCMPOBaHHOW BbICO-
TOI 3aMOSfIHEHVSI M3MEPUTENBHOrO cocyda s obecneyeHns
YHUOMUMPOBAHHOM  reoMEeTpuM  n3mepenuin.  CogepaHve
21Am (E=59,6 kaB) n ¥7Cs (E=661 kaB) B nouse onpenensi-
I METOAOM FaMMa-CreKTPOMETPUN C MCMOSb30BaHMEM MO-
JYNPOBOAHUKOBOIO  (KOAKCUanbHOr0  repMaHueBoro, cepust
XtRa) netekropa pacLUMPEHHOro SHEPreTM4eckoro avanasoHa
«Canberra-GX3020». Aetektop GX3020 MMEET TOHKMNIA MEPTBHIN
cnoii TonwmHon 0,3 MM, YTO NO3BOJISIET B COYETaHUM ¢ Gepun-
JIMEBBLIM OKHOM KprocTarta TonLmHoi 0,5 Mm obecneunTs pervc-
TPaAUMIO N3MYHeHVs B AMana3oHe HU3KMX SHepriii Ao 3 kaB. B 06-
nactn 60 k3B aHepreTmyeckoe paspelleHe FWHM octaensno
0,87 3B, adpdekTBHOCTL 0,03 (OTH. €. Ans reoMeTpumn CoCyA,
MapuHennu). 3awpmra oeTekTopa: HapyXHas cTanbHas 060s104Ka
9,5 Mm, cBuHeL, 102 MM, BHYTPEHHWUE Cnouv 0510Ba 1 MM 1 Meaun
1,6 MM, 4TO 06ecneynBaeT ypoBeHb hoHa 0,017 ¢

Bpems namepeHns B 3aBMCMMOCTU OT akTUBHOCTU Npood
ONa CBeOEHUs K MUHMMYMY CTaTUCTMYECKOM MOrpeLlHoC-

TV BapbmpoBanocb ot 14 go 1 cyt. MorpewHocts 30% ans
onpeaenexHus 2'Am (EY=59,6 kaB) cumTanacb npuemnemMon.
KOHTpO/Ib Ka4yecTBa U3MepeHnin NPOBOAUAN C UCMOJIb30Ba-
HMEM aTTECTOBAHHOI0 CTaHAAPTHOro obpasua no yaenbHom
aKTMBHOCTM paguoHyknnaos >4'/Am un '¥'Cs.

B uenom, noyBeHHble 06pa3Lbl 0TOMPaNCb C TEPPUTO-
pUM YaCTHbBIX NOABOPUIA MO MNPUHLLMMY ONTUMANbHOIO OXBaTta
NiOLaAM HaCeNeHHOro NyHKTa, T.e. MecTa oTbopa npob pac-
CpenoToYeEHbl Ha YCIIOBHO PABHOM PacCTOSIHUM Apyr OT ApY-
ra, 4tobbl MONY4NTb HaMbosEee aleKBaTHYIO OLLEHKY CTEMEHN
3arpsi3HEHHOCTY NCCNEAYEMOrO HACENEHHOr O MyHkTa. Beero
B BbparuHckom paiioHe 6bino 06cnenoBaHo 28 HaceneHHbIX
NyHKTOB, 0TOGpaHo 1 npoaHanuamposaHo 108 npob nouBbI
Ha TEPPUTOPUM JINYHBIX NOABOPUIA 3TUX MYHKTOB.

Mpo6bl NPOAYKTOB MUTAHUS OTOMPaSINCh U3 OBYX JINYHbIX
NMOACOOHbLIX XO35IMCTB, IAe YCTAHOBIEHO MakcumalibHoe COo-
nepxaHue >'Am B npobax noyYBeHHbIx 06pa3LoB. OTbrpanmcb
NpoAyKTbl MUTaHWS B KONMMYECTBE 1 Kr Kaaoro OCHOBHOMO
WHIpeOMEHTA paumoHa NUTaHKS XUTENeNn HaCENeHHbIX MyH-
KTOB: kapTodenb (2 nNpobbl), 3eneHHbIE KynbTypbl (5 npob),
KopHennoabl (ceekna, 1 npoba). Mpobbl knybHe- 1 KOPHENJIOo-
[0B MOABEPra/inCb aHan3y Nnocie yaaneHus YacTuL, NMoYBbl
nocpesCcTBOM OTMbIBKM BOON, HO 6€3 CHATUS KOXypbl. Cpes
npo6 NMCTOBOW 3eNeHn (canart, nyk, NeTpyLika) Npou3Boam-
€S Ha BbICOTE 2-3 CM OT MOBEPXHOCTM MOYBbI; U Aanee, 6e3
npoLieaypbl O4MLLEHMS BOOO YKa3aHHble 06pasLibl Hanpass-
JICb Ha aHaNMTMYeckne namepeHus. Takum o6pas3om, npea-
BapuTenbHas npobonoaroToska obecneyvsana cobnoaeHve
Hanbosiee KOHCEPBATUBHOMO MNOAX0A, YYMThIBAIOLLErO loCTa-
TOYHO PacrnpoCTpaHeHHyo GopMy NOTPeONEHNS HAaceNEHNEM
NPOLYKTOB, NPON3BELAEHHBIX HA IMYHOM NOABOPLE:

— KJy6HM KapTodens n KOpHeNNo[0B 63 yaaneHns Koxy-
pbl («B MyHAMPE»);

— NINCTOBYIO 3e/1EHb NOCHE CPe3kn 6e3 NpeaBapUTENLHON
06paboTkM BOAOWA.

Onpepenexvie yaoensHo aktneHocTy '¥7Cs B npobax npo-
[YKTOB NMUTaHNS BbINOJHANIOCH FaMMa-CreKTPOMETPUYECKM
METOAOM.

OnpeneneHne yaenbHOl akTMBHOCTU 2'Am B npobax
NMPOAYKTOB MUTAHUS BbIMOJIHANIOCH PaAVOXUMUYECKUM Me-
TopoM (MeToamka BbINOAHEHMS u3MepeHu 4486-2012.
MeTtoguka onpegeneHns yaenbHbIX akTUBHOCTEN 2%8Pu,
239+240py  24TAm B BMONOTMYECKNX 0ObeKTax anbda-crnekTpo-
METPUYECKMM METOAOM C WCMO/b30BaHWEM WOHOOOMEH-
HOr0 M 3KCTPaKLMOHHO-XpoMaTorpadmnyeckoro matepvana
MU MONyYEeHMEM CYETHOro obpasua 3NeKTPOOCAXAEHNEM)
[Method for measuring specific activity of 2%Pu, 239240 py,
21Am in biological objects by alpha-spectrometry using ion-
exchange and extraction chromatographic materials, as well
as obtaining counting sample by sedimentation (In Russian].
ANropuTM PaLMOXMMNYECKON NPOLLeaypbl BKIOYaN Cnenyio-
LLMEe OCHOBHbIE OMepauymmn: 030J1EHNE; KUCSTIOTHOE BCKPbLITHE;
KOHUEHTPMPOBAHNE N OYUCTKA OT PaMOHYKIMAOB LLENOY-
HbIX W LLENOYHO3EMESbHBLIX METaMoB; o4nctka Am ot Pu
(IV) Ha Anion Exchange Resin; ounctka Am ot Sr (Il) n Fe (ll)
Ha TRU-Spec Resin; ouncTtka Am oT naHtaHouaoB Ha TEVA-
Spec Resin; anekTpoocaxaeHne Am Ha CYETHYIO MULLEHb
B BUOE METaJ/IN4eckoro Aucka. M3mepeHne akTUBHOCTU
24/Am BbINOSHANOCH Ha anbda-CcrnekTPOMETPUYECKOM KOM-
nnekce Alpha Analyst, Canberra, ¢ kpeMHMEBLIM MOAYNPO-
BOOHMKOBLIM AeTekTopoM PIPS, aHepreTnyeckoe paspeLue-
Hue < 15 KaB, addekTnBHOCTb pernctpauun B ananas3oHe
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3Hepruii 3—-6 MaB (ans paccTosiHus obpaseL-aeTekTop 5 Mm
He MeHee 18%, ana paccTosHus obpasel, — aetTekTop 1 Mm
He 6onee 31%), ¢oH < 1 nmn/4 gna aHepruit 6onee 3 MaB.
Bpemsa n3mepeHnsi CHETHON MULLIEHU COCTaBnsANo 1-4 CyT.
XnMmn4eckunin Bbixog, no BBOAMMOM MeTke >**Am BapbupoBar B
npeaenax 80-95%. MNorpewHoCcTb onpeaeneHns akTMBHOCTU
He npesbiwana 30%. MuHMManbHO-OETEKTUPYEMAs aKTUB-
HocTb (MOA) 2'Am B npobax NpoaykToB 3aBucena OT Macchl
30/1bHOro octartka nNpobbl 1 He npeBbiwana 0,001 Bk /npoby.

PesynbTtatbl n o6ecyxaeHne

Mo peaynbTatam onpeneneHns cogepxanus >'Am B no-
4YBE YaCTHbIX MOABOPUI HACENEHHbIX MYHKTOB BparmHckoro
paioHa 66111 cHOPMUPOBAHBI TPY FPYMMbl HACENEHHBIX MyH-
KTOB, KOTOPbIE XapakTepuayloTCs MUHUMANIbHbIM, CPEAHUM

N MakCMMasibHbIM YPOBHEM YAESIbHOM akTMBHOCTM 2*'Am B
noyBe:
« 1rpynna(tabn. 1) A <5 Bk/kr
YCTaAHOBJIEHO MUWHMMaJIbHOE cofepXaHue 2'Am B no-
4BE MOABOPUIA HACENIEHHOIO MYHKTA — YAENbHAsA aKTUBHOCTb
2Am MeHbLle MVHUMAaJIbHO-AETEeKTUPYEMOI aKTUBHOCTU,
JIMBO C y4eTOM MOrpPeLLIHOCTM He NPeBbIaeT YPoBeHb 5 BK/Kr.
2 rpynna (tabn. 2) A < 10 bk/kr
YCTaHOBJ/IEHO CpeaHee coaepXaHue 2*'Am B noyse noj-
BOPUIA HACENIEHHOMO MYHKTA — YAeNbHas akTMBHOCTL 24'Am ¢
Y4ETOM MOrpPeLLIHOCTH He NpeBbIaeT ypoBeHb 10 Bk/Kr.
3 rpynna (tabn. 3) A> 10 Bk/kr
YCTaHOB/IEHO MakCuMasbHOE cofepxaHune 24'Am B noyse
NMOLABOPUIA HACENEHHOMO MYHKTa — YAeNbHas akTMBHOCTL 24'Am
C Y4E€TOM MOrpPeLLHOCTM MOXET NPeBbILIaTh YpoBeHb 10 Bi/kr.

Tabnmua 1
CopepxaHue 2*'Am n conytcTByiowero '*’Cs B nouse noasopwuii H.n. Mukynuumu BparuHckoro paiioHa lomenbckoit oonactu
[Table 1
241Am and accompanying '¥’Cs contents in the soil of the farmlands of Mikulichi village of Bragin district, Gomel region]
241Am 137CS
HaceneHHbI nyHKT
[Village] Bk/kr KBKk/M? Bk/kr KBk/M?
[Ba/kal [kBa/m?] [Ba/kgl [kBa/m?]
'[‘,"\A":E‘L’J’I‘l(':;:" 11] 2,8+0,7 0,46 2130£270 350
?&”.Eﬁﬂﬂﬁ.”f] <18 1560200 322
Mukynnymn 3 i +
[Mikulichi 3] 3,5%1,5 0,81 1320170 305
mmg;r‘ 4”]' 2,240,6 0,54 1280+160 311
'[\,"\A":Eﬁ’l‘lgar'sﬁ <1 930£120 171
'[\:A"I'Q’J’I‘E:I"'G? <1,8 55070 117
'[\,"\A"I'Q’J’I‘K”:;r';] A7 1010130 223
Tabnmya 2
CopaepxaHue 2'Am n conytcTBytoLlero '*’Cs B nouse nogeopwmii H.n. lyéonud BparuHckoro paiioHa lomenbckoii o6nactu
[Table 2
241Am and accompanying '3’Cs contents in the soil of the farmlands of Dublin village of Bragin district, Gomel region]
241Am 137CS
HaceneHHbIn nyHKT
[Village] Bk/xr KBk/Mm? Bk/kr KBk/Mm?
[Ba/kg] [kBg/m?] [Ba/kg] [kBg/m?]
Oy6nuH 1
[Dublin 1] 4,1+0,7 0,97 328+41 7
Oy6nnn 2
[Dublin 2] 5,6+1,1 1,17 418+53 87
Ly6nuH 3
[Dublin 3] 2,1£0,6 0,48 234+29 54
Ly6nuH 4
[Dublin 4] 4,8%1,1 0,98 462+58 94
%’f&?ﬂ”;] 5,9+1,2 1,36 40651 94
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Tabnmya 3

CopepxxaHue 24'Am u conyTcTBylowero '*’Cs B no4Be U NpoAaykTax nuTaHua noasopuii H.n. Co6onu BparuHckoro paiioHa
Fomenbckoii o6nactu

[Table 3
241 Am and accompanying '*’Cs contents in the soil and foodstuffs of the farmlands of Soboli village of Bragin district, Gomel
region]
241Am 241Am 137CS 137CS
. noysa* nNPOAyKT* noysa* npoaykT*
Hace?\?Tle'“]“VHKT [fﬂpgﬁy'g : [soil] [foodstuffs] [soil] [foodstuffs]
ilage oodstuffs
¢ Bk/kr KBk/Mm? MBK/Kr Bk/kr KBk/M? Bk/Kr
[Ba/kgl [kBa/m?] [mBa/kg] [Ba/kg] [kBa/m?] [Ba/kg]
Cobonm 1
+ - + -
[Soboli 1] 6,7+1,8 1,4 1130£140 240
Cobonu 2 He otbupanuncb
[Soboli 2] [Notselectea] ~ 02*18 1.4 B 530=100 120 B
Cobonun 3
[Soboli 3] 7,222 1,2 - 1570+200 270 -
Kaprogens 8,9+1,2 1.4 2,0£0,5 990+130 160 3,8+0,9
[Potatoes]
Cobonun 4 JluctoBoii canat
[Soboli 4] [Leaf salad] 9,2+2,3 1,4 13,125 1120£140 170 3,3%1,1
Jvk (nepo) g 5193 14 2,8+0,8 1120£140 170 2,70,9
[Onion feather]
Ceekna [Beet] 7,3¥2,0 1,3 3,7+0,7 1570200 270 2,7+0,4
Kaprogens 7 3.5 9 13 5,11,0 1570200 270 2,8+0,4
[Potatoes]
Jlnctosas
Cobonn 5 neTpyLika 16,3%3,2 3,6 33,3+6,0 1340+170 300 11,7£2,2
[Soboli 5] [Leaf parsley]
Jluctosoit canat 71415 1.3 19,6+3,1 1150+140 210 3,2%1,2
[Leaf salad]
Jyk (nepo) 71%15 13 3,00,8 1150+140 210 2,7+0,9

[Onion feather]

*YaenbHas akTMBHOCTb PaAMOHYKIMAOB B NMOYBE OMNpeaeneHa Ha BO3AYLLIHO-CYXYy0 Maccy, B MPOAYKTax — Ha HaTypasibHYiO Maccy.
[The specific activity of radionuclides in the soil is determined by the air-dry weight, in the products — by the natural weight].

Camble BbLICOKME YPOBHVK coaepxaHus 2*'Am B nouse
(cM. Tabn. 3) OTMEYEHb! Ha MOABOPLAX HACENEHHOMO MyHKTa
Cobonu. MoaTomy Ha MOABOPLSIX YKAa3aHHOrO HaCEeHHO-
ro nyHkTa Gblnn Takxke oToOpaHbl Y NPOAYKTHI MUTaHWS ANs
YCTaHOBJIEHMS BO3MOXHOMO COEPXAHUS B HUX 24'Am.

MpoaykThl MUTAHUS OTOMPANUCb TONBbKO Ha MOABOPLE
3 rpynnbl, rae 6bisv yCTaHOBNEHBI MaKCUMabHbIE YPOBHM CO-
Jepxanus 2#'Am B nouse. PacnonoxeHne HaceneHHbIX MyH-
KTOB OTHOCUTENBHO PaHuL, 3eMEeNb BbIBEAEHHbIX U3 UCTONb-
30BaHUS (PaamnonorMiyecknin 3anoBeaHuK) n YepHoObblbCKOM
A3C npepnctaBneHbl Ha pucyHke. PacctosHne ot HYASC
0o H.n. OyénuH — 43 kM, oo H.n. Cobonu — 46 Kkm, A0
H.M. Mukyninum — 52 km.

[aHHble Tabnuupl 1 CBUOETENLCTBYIOT O TOM, 4TO B
H.NM. MukynnyM npu JOCTATOYHO BbICOKOM YPOBHE 3arpsis-
HeHVs MoYBblI MoABOpPWIA conyTcTByloWMM '¥7Cs Ha 4eTbl-
pex U3 cemMu NoaBopwviA YPOBHM codepxaHus >'/Am B noyse
MEHbLLE MUHUMA/IbHO-AETEKTUPYEMOI aKTMBHOCTU, Aaxe
C Y4€TOM TMOrpeLlHoCTM yaenbHas akTMBHOCTbL 24'/Am B no-
4yBE NOABOPUIA H.M. MUKyNMYM HE MPEBbLILIAET YPOBEHb 5 bk/
kr. Has kapTuHa HabnoaaeTcs Ha NOABOPbSX B H.M. Jy6nuH

AKY AU

Bparunckuii paiion

€o6onm Mn
-

Jly6nmH
“

Tlonecckuit rocy1apeTBeHHBIH paIHallHOHHO-
9KOJIOTHYECKHH 3a[OBE/THHK

Puc. PacnonoxeHne Ha KOCMUYECKOM CHUMKE HaCeNeHHbIX MYHKTOB
Mwkynnuun, Cobonn, lyénvH BparuHckoro paioHa fomensckoi
0651aCcTN OTHOCUTENBHO OTCENEHHbBIX TEPPUTOPUIA (PaaMaLMOHHO-
9KONornyeckunin 3anoseaHuk) n YepHobuinbckoit ASC
[Fig. Location on the satellite image of Mikulichi, Soboli, Dublin
settlements of Bragin area of Gomel region relative to the resettled
areas (radiological reserve) and the Chernobyl nuclear power plant]
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(tabn. 2): yctaHOBNEHbl OTHOCUTENbHO MeHbLUMe (Mo cpas-
HeHWo ¢ H.M. Mukynunun) — oo 10 pa3 ypoBHM 3arpsisHeHns
MoYBbI COMYTCTBYIOLLMM LE3NEM, MPU 3TOM yAeNbHas akTUB-
HOCTb 2*’Am B NMOYBE 3TUX NOABOPUIA C YH4ETOM MOrPELIHOCTU
He npeBblwaeT ypoBeHb 10 bk/kr.

CpaBHuUTENbHBIA  aHaNM3 COBPEMEHHBIX YPOBHEN CO-
nepxanusa >'Am n conytcTeytowlero '*’Cs B no4se Tpex Ha-
CeneHHbIX MyHKTOB BparvHckoro parioHa (cMm. T1abn. 1-3)
NnokaablBaeT, 4TO OTCYTCTBYET NpsiMasl 3aBMCUMOCTb MeXAay
OAHHBIMU PAAMOHYKIMAAMUN — CaMble HU3KME YPOBHU ame-
puums 0,5-0,8 kbk/M? B nmoyBe noaBopuii HabngalTcs B
H.N. Mukynuuu, rge oOTMeYeHbl CaMble BbICOKME YPOBHU Lie-
3us, gocTuralowme 350 kbk/M?. Ecniv ¢ y4eToM cogepxxaHus
21Am B no4Be MOABOPUI HACeNeHHble MyHKTbl 06pasyloT
Bo3pacTawowmii pag: Mukynnan—AyénnH—Cobonun, T0 no
copepxaHuio ¥’Cs aHanorunyHblii psg, BO3pacTaHUs Bbiris-
ont nHave: AybnmH—Cobonu—Mukynnun. He otmedaetcs
kakasi-nnbo Koppensums mexay 3arpssdHeHnem >'Am un ¥Cs
MOYBbI PACCMaTPMBAEMbIX HACENEHHbIX MYHKTOB U PaccTosi-
Huem o YASC (cMm. puc.).

JaHHble Tabnnupl 3 CBMOETENLCTBYIOT O TOM, Y4TO B Ha-
ceneHHom nyHkTe Cob6onm Ha OOHOM M3 Y4aCTKOB YAaCTHOIO
noasopbst (Cobonu 5) ¢ y4eTom 06bEMHOI MAOTHOCTA CNO-
XEHUS MOYBbI YCTAHOBNEHO MakcuManbHoe (NpUHUMasi BO
BHVYMaHVE HaceneHHble NyHKTbl BparmHckoro panoHa) npum-
cytcTtBme 2'Am B nouse — 3,6 kBk/M2. Ha mpyrux yyactkax
3TOro Xe NoABopbs coaepxaHune >#'Am okasanock B Tpy pasa
MeHbLUue 1 coctaBuno 1,3 kBk/M?, 4To COOTBETCTBYET cpef-
Hel BeNMYMHE MIOTHOCTW 3arpsi3HEHUs aMepULMEM MOYBbI
no Bcem 06cnenoBaHHbLIM NOABOPLSIM HACENEHHbIX MYHKTOB
BparnHckoro panoHa.

MpuHMMasa BO BHMMaHWE CPefHUiA YPpOBEHb rMobasbHbIX
BbINafleHNI Ha MOYBEHHbIN nokpoB Pecnybnuku Benapycb
239+240py ~ 60 Bk/M?[4,5], MOXHO 3aKJIIOYUTb, YTO YPOBHM CO-
BPEMEHHOIO 3arpsi3HeHns Noyskl 2'Am BparnmHckoro paioHa
lomernbckol 06nacT Ha OTAENbHbIX y4acTkax TEPPUTOPUA A0
100 pa3 MoryT npeBbIlWaTh A04EPHOOLIILCKMIA (POH robanb-
HOro 3arpsi3HeHs NO NYTOHMIO.

MpencTaBnsnocb BaXHbIM ONPefennTb, kakoe 3arpsi3He-
Hve 2Y'Am pacTUTeNbHON NPOAYKUMA U3 JINYHLIX NMOABOPUIA
MOXET OblTb COMPSKEHO C YCTAHOBMIEHHBIMU YPOBHAMU CO-
[ep>XaHns 3TOro pafMoHyknmaa B noyse. AHanns nutepatyp-
HbIX MCTOYHMKOB MOKasas, YTO OCHOBHOE COAEPXaHNe ame-
puums B npobax kapTodesis MOxeT OblTb CBA3aHO C KOXYPOI
[6], a nncToBas NMOBEPXHOCTL B NPO6Gax 3eMeHHbIX KyNbTyp
MOXET ObITb HOCUTENEM KakK MOBEPXHOCTHOIrO, Tak U KOpPHe-
BOrO 3arpsi3HeHus paguoHykangamu [7, 8].

Pesynbtatel onpegeneHnst yaenbHOM akTMBHOCTU 24'Am
n conyTcTaylowero '*’Cs B pacTuTesnbHOM NpoayKuuu, no-
Jly4aeMol HaceNeHNeM Ha JIMYHbIX NOABOPbSX, NMPEeACTaB-
neHbl B Tabnuue 3. MakcumanbHas yaenbHas akTUBHOCTb
24 Am B npoaykTax nutaHus Ha ypoeHe 10-30 munnnbekke-
penen B 1 Kr HaTypanbHOro MPOAyKTa YCTAHOBMEHA B MpO-
6ax nmcToBoi 3eneHn netpywkn (33,3 MBK/Kr) 1 NIMCTOBOrO
canata (19,6 mbk/kr). B npobax kaptodens, CBeKkbl, jiyka
(nepo) yaenbHas akTMBHOCTb 24'/Am Haxoamnach B npenenax
2-5 mbk/kr. Mpu 3aTOM cofepxaHue conyTcTeytollero */Cs
B Npobax AaHHOW pacTUTENbHON npoaykumm (cm. Tabn. 3)
YCTaHOBJ/IEHO B Amana3oHe 3—12 Gekkepeneil Ha 1 kr HaTy-
panbHOro NPOAYKTa, YTO Ha TPY NOPSAKa BENNYUHLI MPEBbI-
LaeT coaepxarue 'Am.

Ha ocHoBaHUM dakTnyeckmx AaHHbIX 00 YPOBHSX COBPE-
MEHHOr0 3arpsidHeHus 24'Am n conytcTeyowmm ¥’Cs noyssbl
1 NPOAYKTOB NMUTAHWS, NMOYYaEMbIX HACESIEHMEM HA JIMYHOM
noaBopbe, B COOTBETCTBUM C pekoMeHgaumsmum [9, 10] Bbl-
MOJIHEHa OLLeHKa MakCUMasbHOWM OX1a2emMol rogoBo 403kl
BHYTpPEHHero obnydenHus ot **'Am u '¥’Cs gns xutenei on-
HOro 13 noagopwuii bparuHckoro panoHa (Cobonum 5) ¢ yve-
TOM MOCTYMJIEHNS MPU MHrANaUMM 1 Mo NULLEBON LIeNoYke
(tabn. 4).

PacueT oxupaemon [03bl BHYTPEHHErO 065y4eHus npu
WHransiLym nponsBeLeH, UCXOAs N3 MPEANOSIOXKEHNS, YTO XU-
Tes NoABOPbLS BbIMOJHAIOT CEJIbCKOXO3ANCTBEHHbIE PaboThl
Ha npuycanebHoM yyacTke 4 4 B feHb (2 4 yTpoM, 2 4 Beve-
POM — COrnacHO ONpocam HaceneHuns) B Te4eHne 7 MecsiLeB.

B pacueTax OueHKM 0XnaaemMoin O03bl BHYTPEHHero 06-
JIYHEHUS MO MULLEBOW LLENoYKe KOHCEPBATWMBHO MPUHUMA-
JI0Cb, YTO BCE OCHOBHbIE KOMMOHEHTbI paLuoHa (kapTodenb,
3€e/1EHb, 0BOLWM, PPYKTbI U Arodbl, MOIOKO, MACO, Aiua) Ha-
CeneHve noslydaeT Ha IMYHOM noAaBopbe. pu OTCyTCTBUM
JaHHbIX O COAEPXaHUN PaAMOHYKINAOB B NMPOAYKTE BBUIY
HU3KNX aKTMBHOCTEN MCMOMb30BaIUCb PACYETHbIE AAHHbIE
C Y4€TOM MaKCUMaJsbHbIX KOHLEHTPALMOHHBIX COOTHOLLEHWIA
B COOTBETCTBMU C MEXAYHAPOLHbIM CrpaBo4YHMKOM IAEA-
TRS-472[11,12].

Takmm 06pa3oM, OLLeHKa 0XNAAEMON 003kl BHYTPEHHErO
0065Ty4EHNS MYTEM MHransuMm Ha NpMMepe OAHOro 13 NoABO-
puin BparnHckoro parioHa fomenbckoli obnacti nokasana,
4YTO MpPW BbINOJIHEHWM HAceneHNeM pPaboT Ha JIMYHOM Mopa-
BOpbe B H.M. Cobonun f03a OT MHraNsauMOHHOIO NOCTYNIEHNS
amepuuma coctasnset 3,3x102 m3B/ron, (3% oT npenena
cpenHen ronoBor 9 deKTUBHOM [03bl 00yHEeHUSt HACeNeHus
B CUTyauuu nnaHnpyemoro obnaydeHuns — 1 m3s/rog (Kputepum
OLEHKN paanaLMOHHOr0 BO3OENCTBUS: [MIIMEHNYECKNn HOP-

Tabnvua 4
OueHKa MakCUMasbHOM 0XUAaeMoi A03bl BHYTPEHHEro o6sy4yeHus ot 24'Am
u conyTtcTByiowero '¥’Cs Ha yacTHOM nogBopbe Co6onu 5, m3B/ropg,
[Table 4
Estimation of the maximum expected internal dose from 2*’Am and accompanying '*’Cs at the Soboli 5 farmland, mSv / year]
137cs 241Am
Mwesas Lenoyka WHranaumsa Cymma Mvwesas Lenoyka WHranaumsa Cymma
[food chain] [inhalation] [total] [food chain] [inhalation] [total]
8,21x10" 1,04x10°3 8,22x10"" 1,28x10°% 3,32x10? 3,45x102
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matume Pecnybnukun Benapyck. 2013. 8/26850 [Criteria for es-
timating radiation exposure: Hygienic standard. Registered at
the National register of legal acts of the Republic of Belarus,
registration number 2013/8/2650. (In Russ.)]. B T0 xe Bpems
0032 NMpy MHrangUMOHHOM MyTU NOCTYMEHUS COMYTCTBYIO-
wero Cs Ha aTtom nogeopbe — 1,0x10°mM3B/roa, 4to Co-
ctaenaet 101bko 0,1% OT yka3aHHOro 4030BOro npeaena.

Kak cnemyet 13 gaHHbIx Tabnuubl 4, B CyMMapHO oXnaa-
MOV 103e BHYTPEHHEro oby4eHust oT 24'Am xutenei nog-
BOpbsi NpeobnanaeT AoNs UHrasisUuMOHHOM COCTaBNSIOLLEN,
TOrga Kak nepopasbHbIi NyTb NOCTYNAEHUS SBNSETCS LOMU-
HUPYIOLWMM B GOPMUPOBaHNM CYMMAPHON 0XMAAEMOM A03bl
BHYTPEHHero 06s1y4eHuns ot '¥Cs.

OpHako Ha COBPEMEHHOM 3Tane MnpoAomKaeT npesa-
nupoBaTb (6onee 4em B 20 pa3 oTHOCUTENBLHO 24'Am) cym-
MapHas [03a BHYTPEHHEro 065y4eHns, KOTOPYIO HaceneHme
nonyyaet ot noctynneHus *’Cs. MMpuHMMas BO BHMMaHWe
pes3ynbraTbl ONPOCA XUTENEN, COrIacHO KOTOPbIM, OHU HEe
NPOn3BOAAT HA CBOEM MOJABOPbLE MSICO-MOJIOYHYIO NMPOAYK-
LM0, MOXHO 3aK/0UUTb, YTO peanbHas [o3a OT NOCTYMIeHns
PafVOHYKIMAO0B MO MULLEBOW Lienoyke 6yaeT HUXe, HEM KOH-
CepBaTUBHO OLLEHEHHas [03a.

3akoveHue

YcTaHoBNEHO, YTO Npu cpeaHem ypoBHe 1,3 Kbk/M? mak-
CYMaJsibHasi MJOTHOCTb COBPEMEHHOIO 3arpsi3HEHUSI MOYBbI
24/Am Ha TeppUTOPUN YaCTHbLIX NMOLABOPUIA HACENEHHBIX MyH-
KTOB BparvHckoro paioHa MoxeT pocturatb 3,6 kBk/M2.
MNoTHOCTb 3arpsI3HEHNS MOYBbI ATOV TEPPUTOPUM A9 COMYT-
ctylowero '¥’Cs Ha 1-2 nopsaka BenyMHbl BbilLe U Bapby-
pyeT B npegenax ot 50 kbk/m? go 350 kBk/M2. MpuHUMas BO
BHVYMaHWe CpeiHuii ypoBeEHb 106asibHbIX BbIMaAeHNUI Ha no-
uBEHHbI NokpoB Pecnybnvku Benapyck 229°240Pu ~ 60 bk/m?,
MOXHO 3aKJII04YUTb, YTO YPOBHN COBPEMEHHOIO 3arpsi3HEHNS
nousbl >'Am BparuHckoro paiioHa fomesnbckoii 06acTi Ha
oTOenbHbIX yHacTkax Tepputopmmn Ao 100 pas MoryT npeebi-
WwaTh A04EPHOObLINLCKUI GOH rMoBGanbHOro 3arpsi3HEHUs Mo
NAYTOHNIO.

MakcumansHas yaenbHas akTMBHOCTL 2'/Am B ripoaykTax
Ha YaCTHOM NOJBOPbE YCTaHOBNEHA B NPO0ax NMCTOBON 3e-
neHn netpywkn — 33 mMbk/kr; a B npobax kaptodens, CBeK-
Nibl, nyka (nepo) yaenbHas akTyBHOCTb 24’Am He npeBbillana
5 mBk/kr. Mpun aTomM coepxaHve conyTcTayollero '¥'Cs B
npobax pacTUTENbHOM NPOAYKLUMN HAXOAWMIOCH B Npeaenax
3-12 BbK/Kr, 4TO Ha TpPX NOPSOKA BEAMYMHbBI Bbille, YEM CO-
nepxatue '/Am.

B cymmapHoii oxmaaemMoi [o3e BHYTPEeHHEro obyyeHns
oT 2'Am >xuTeneli noaBopbsa NpeobnanaeT MHransauMoHHas
cocTarssioLLas, Torga Kak nepopanbHblii MyTb NOCTYNAEHNUS
SIBNISIETCS  OOMUHUPYIOLWMM B HOPMMPOBAHUN CYMMApPHON
0XXM12eMO [,03bl BHYTPEHHEro 0651y4eHns ot '¥7Cs.

OvieHka n,03 061y4eHMst okasana, YTo NPy BbINOHEHUN Ha-
cesieHreM paboT Ha OAHOM U3 NINYHBIX MOABOPWI 103a OT UHra-
NALUMOHHOro noctynnexnsa 'Am coctasnsaet 3,3x102m3B/rog,
(8% oT oT npegena cpeaHen rogoBon 3GGEKTUBHOM O03bl

06ny4yeHns HaceneHns B cMTyaumu niaHupyemoro obnyye-
Hust — 1 M3B/roa). B To e Bpems go3a npu MHransLuMoHHOM
nyTn NOCTynneHus conyTtcTeytowero '*’Cs Ha JaHHOM nof-
Bopbe — 1,0x10-°m3B/roa, 4to coctaBnseT Tonbko 0,1% ot
yKa3aHHOro J,O030BOro npeaena

Ha coBpemeHHOM 3Tane npojos/kaeT npeBannpoBaTtb
(6onee yem B 20 pa3 oTHOCKTENBHO 2*'Am) cyMMapHas [103a
BHYTPEHHEro 00ny4YeHus, KOTOPYIO HaceneHne nony4yaeT ot
noctynnexus '¥Cs.
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241Am on the territories adjacent to the Belarusian sector of the Chernobyl NPP resettlement
zone: soil contamination, foodstuffs and population internal dose assessment

Ekaterina K. Nilova *, Vladimir N. Bortnovsky 2, Svetlana A. Tagai 2, Natalia V. Dudareva 2, Lyudmila V. Zhukova 2

'Center for Nuclear and Radiation Safety Ministries of Emergency Situations of the Republic of Belarus, Minsk, Belarus
2 Gomel State Medical University, Gomel, Belarus

3 Institute of Radiobiology of the National Academy of Sciences of Belarus, Gomel, Belarus

21 Am is the only radionuclide of Chernobyl radioactive fallout the content of which until 2058 continues
to increase. The purpose of this work is to assess the **'Am internal exposure doses of residents of settlements
on the territory adjacent to the resettlement lands of the Chernobyl nuclear power plant. To achieve this goal
the current levels of *Am and accompanying ’Cs content in the soil and foodstuffs were determined at
the private settlements of the Bragin district of Gomel region of Belarus. **’Am (E 59.6 keV) content in soil
samples and ’’Cs (E 661 keV) content in soil/food samples were determined by gamma spectrometry. Deter-
mination of ' Am specific activity in food samples was performed by the radiochemical method using selective
extraction-chromatographic resins. With an average level of 1.3 kBq/m?, the maximum soil contamination
density of *'Am can reach 3.6 kBq/m?, and for "’Cs it is one or two orders of magnitude higher and ranges
from 50 kBq/m? to 350 kBq/m?. The maximum specific activity of ' Am in products is determined in samples
of leafy parsley — 33 mBq/kg, and in samples of potatoes, beets, onions per feather — not exceed 5 mBq/kg.
The content of accompanying "*’Cs in samples of plant products is in the range of 3-12 Bq/kg. In estimation
of the internal dose of exposure by the food chain it is conservatively assumed that the population receives all
the main components of the diet in their own farmstead. Calculation of the dose of internal exposure during
inhalation is made under the assumption that the population performs work in the garden 4 hours a day for 7
months. The total expected dose of internal exposure from **'Am residents of settlements is dominated by the
inhalation component, while the oral route is dominant in the formation of the total dose of internal exposure
from concomitant ’Cs, which is 20 or more times higher than **'Am.

Key words: ?Am, 7’Cs, density of soil contamination, specific activity, population, food, inhalation, dose

of internal exposure.
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