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Papunin-226 — pagmnoaktue-
Hblli 9/1IeMeHT, oGpasyoLwmincs
B pe3ynbTate pacnaga npu-
popHoro ypaHa-238. o Toro,
Kak OblL/IM cO3AaHbl U HaKonse-
Hbl UICKYCCTBEHHbI€ Pagn03/IeMEeHTbl U UX N30-
Tonbl (T.e. A0 cepeauHbl 1960-x ropos), aHep-
rms paguvoakTMBHOrO pacnaga paguvus LUMPOKO
ncnosib3oBasiacb B Hayke U TexHuke. OpgHako
BbICOKas aKTUBHOCTb 3TOr0 3JIeMeHTa He TOJb-
KO MOCNYXXWJia HAy4HO-TEeXHU4YECKOMY nporpec-
cy, HO 1 00ycioBUJIa paanoaKTUBHOE 3arpsa3He-
HUe TeppuTopuil PYAHUKOB U BOAHbIX NPOMbI-
C/IOB, a TaKXe pPasfinyHbiX NpeanpuaTuii un
opraHunsauuii, paéoTaBLiMX C paguem.

SArPA3HEHNA B MECTAX 4 0BbIYU PAOUSA

B nameii ctpaHe paguii BriepBble ObLIT M3BJIEYEH U3
ypaHoBoii pynbl B 1921 rogy B.I. XuonuHbeiM. DTa pyna
JIoOBIBaJIach B TPYAHOAOCTYHBIX Topax CpenHeit A3uu, B
OYeHb MajblXx KonuuecTtBax. OOIIMe 3amachkl ypaHa He
npesblianu 120 ToHH. I U3 HUX MOXHO ObUIO U3BJEYb
okoJio 40 r pagus.

HMHTeHCUBHBIE MOUCKM YPAHOBBIX MECTOPOXIEHUIA
HavaJauch B COPOKOBBIX TOJiax, B CBSI3U € pa3pabOTKOil u
CO3JJaHUEM aTOMHOTO OpYXMs. A K IIECTUAECCITHIM
COBETCKHE T€O0JIOTM OTKPbUIM 3aJIeXKU PyIbl C OOLIUM
3a1acoM B COTHU THICSIY TOHH ypa-
Ha. OmHAaKO B BOGHHON M I'paKaaH-
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Raduim-226 is a radioac-
tive element that results from
Uranium-238 decay. Before
artificial radioactive elements
and their isotopes were pro-
duced and accumulated (i.e. before mid-
1960s), the energy of radioactive decay of
radium had been widely used in science and
technology. However, the high activity of this
element not only facilitated technological
development, but also contributed to radioac-
tive contamination of the sites of mines and
fisheries, as well as various facilities that
used radium.

CONTAMINATION IN RADIUM MINING AREAS

In this country, radium was first extracted from uranium
ore in 1921 by V.G. Khlopin. Small quantities of ore were
mined in remote mountains of Central Asia . The total urani-
um stock did not exceed 120 tons, from this quantity, some 40
g of radium could be extracted.

The development and manufacturing of nuclear weapons
set off intensive search for uranium deposits which started in
1940s. By 1960s, Soviet geologists had discovered ore
deposits of hundreds of tons of uranium. However, the
defense and civil industry, transport, agriculture and health-
care used only a minor part of radionuclides in the form

CKOIi MPOMBIILIEHHOCTH, Ha TPaHC-
nopTe, B CEJbCKOM XO3SICTBE U
MeJUIIMHE MCMOoJb30Bajach JUIIb
HE3HAYMTEeJbHAsl M0Jis1 PaJaUuOHY-
KJIUIOB B BUE TTPOU3BOJCTBEHHOIO
panusi U UCKYCCTBEHHBIX U30TOIOB,

226,0254

Radium

Ra 88

B Pacnap, pagms conposoxaaetcs o6pasosa-
HMEM PagMoakTUBHOIO rasa pagoHa, a Takke MOLL-
HbIM anbda- 1M ramma-mnadny4eHmem. TOYeYHbIN
WCTOYHMK B 1 M paams B PaBHOBECKM C OCHOBHbIMMU

a 0oJibllIasi UX YaCThb, HE U3BJICUCH-
Hast M3 pyObl, CKJIaaupoBajach Ha
crelMaJbHbIX IOJUIOHAX-MOTIUJIb-
HuKax (T.e. B XpaHWJIMILAX paanuoaK-
TUBHBIX OTXO/JIOB).

B mecrtax pasBenku, OOOBIYM U
oborallieHus YypaHOBBIX pyd [0
CEeTOIHSIIHEro BPEeMEHM COXpaHU-
JINCh OTBaJIbl M XBOCTOXpaHWIMIIA
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OOYEPHUMM MPOAYKTaMK pacrnaga Ha pPacCTOSHUM

1 cM (Npu HanM4YuM NaaTMHOBOrO GunbTpa TonwmHon 0,5 MM) co3paeT mMoLy-
HOCTb 3KCMO3ULMOHHOW 003bl raMmma-unanyyenus 8,4 P/u.

M Radium decay is accompanied by radon emission, as well as high alpha-
and gamma-radiation. The gamma-radiation exposition dose of a 1-mg point
source of radium in balance with its main daughter products, at the distance of 1
cm (with a platinum filter 0.5 mm thick), is 8.4 R/h.

ENVIRONMENTAL SAFETY
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C HU3KHMM COIepXaHWEeM ypaHa |
paausi. MOIIHOCTb 3KCIO3UIIMOH-
HoWt 1036l (MD]]) raMma-u3inydeHust
OT HEMPOMBIIIJIEHHON pPaBHOBECHOM
pynbl, comepxameit 0,02% ypaHa,
coctaBiasger okomo 200 MkP/4.
OngHako MpU JIJIUATEIBHOM BO3JCH-
CTBUM aTMOC(epPHBIX OCAIKOB B Oel-
HBIX pydax HayMHaeTcs Ipolecc
BBIIIIEIaYMBAHMS YpaHa, 4TO MPUBO-
IUT K o0O0pa3oBaHUIO CKOTIUJIEHUIA
ypaHa U paaus, CO3Ial0IIUX OYEHb
BBICOKMI paarallMOHHBINA (GoH (10
HECKOJBKHX ThICSIY MUKPOPEHTTEH B 4ac).

IlopzeMHbIe BOIBI C BLICOKOM KOHLIEHTpalUeld paausl,
JienaBleil peHTa0ebHON €ro MPOMBIIIJIEHHYIO J100bIYY,
Obl1 oOHapyXeHbl B 1927 romy B paccosiax He(TsSIHOTO
MecTopoxaeHus Ha peke Yxre (7,6 10 1/m u Boime). C
1931 o 1953 roasl 31ech mosydyeHo 271 1, a B COpPOKOBbIE
eXerogHo mo0pBasioch 16,5—17,5 T 3TOrO 3/1€MEHTA.
PanueBbie Bombl ObLIM OTKPBITHI Takke B HE(TEHOCHBIX
paiionax Ipenypanbs u [1penkaBkasbsl.

Paiionbl noObIYM paausi U3 TMOA3EMHbBIX BOJ, €CTe-
CTBEHHO, IMOJBEPIIMCh PAAUOAKTUBHOMY 3arpsi3HEHUIO.
Ha Mecte u3BJIeUYeHMST 3TOTO BelIeCTBA M3 YXTUHCKUX
paccojioB He ObLIO 000PYAOBAHHOIO XBOCTOXpaHWIMILIA,
M Ha MOBEPXHOCTU B OTBajiaX CKomuioch 6osiee 10 ThIC.
TOHH 1uiamMoB ¢ 10 T pagust. 3aech BhissBIeHO OoJiee 700
ydacTKoB 1omaabio ot 10 go 10000 m> ¢ MBI ramma-
nsnydenus go 2500 mxP /4. [Tocne nmpoBeneHUs 1e3aKTH-
BallUM, HECKOJBKO JIET Ha3ajll, YPOBEHb PaauOaKTUBHO-
CTU MECTHOCTU HEMHOTO CHU3MJICS, OMHAKO 3TU pabOTHI
He ObLIM MOJHOCTBIO 3aBEPIICHBDI.

[ ] B mecTax passegku, AoObluM U oGorawieHUs ypaHoOBbIX pya A0
HaCTOSLLEro BpeMeHN COXPaHUIUCh OTBaJibl U XBOCTOXPaHUULLA C
HU3KUM copepXaHueM ypaHa u pagus. Mpu gnutenbHoM Bo3Aeii-
cTBuM atMmocdepHbIX 0CaAKOB B 6e4HbIX pyAax HaunHaeTcs npouecc
BbiLLe/lTaYMBaHUS ypaHa, YTO NMPUBOAUT K 0Opa30BaHUIO CKOMJIeHUi
pPaAuoaKTUBHbIX 3JIEMEHTOB.

There are dumps and tailings with low uranium and radium content in the
areas of geological prospecting, mining and enrichment of uranium ore.
Long-term impact of atmospheric precipitation sets off the process of urani-
um leaching in base ore, which leads to accumulation of uranium and radium.

of industrial radium and artificial isotopes, and their larger
part, still in the ore, was kept at special sites (i.e. at radioac-
tive waste storage facilities).

There still are dumps and tailings with low uranium and
radium content in the areas of geological prospecting, mining
and enrichment of uranium ore. The gamma-radiation expo-
sition dose rate of unprofitable equilibrium ore containing
0.02% of uranium is about 200 mcR/h. Nevertheless, long-
term impact of atmospheric precipitation sets off the process of
uranium leaching in base ore, which leads to accumulation of
uranium and radium that raise the radiation level to several
thousand microroentgen per hour.

In 1927 it was discovered that the brine solutions of the
Ukhta river oil fields contain water with high radium concen-
tration (7.6 « 10~° g/l and higher) that could be extracted for
commercial production. In 1931—1953, 271 grams of radi-
um were extracted from the Ukhta river brines; in 1940s,
about 16.5—17.5 g of this element were produced annually.
Radium water was also discovered in the oilfields of Ciscau-
casia and the foothills of the Urals.

Papuii ooObIBaIOT 113 ypaHOBbLIX Py, Y PaAEBLIX BOA,. Briepsblie 3TOT anemMeHT 661 BbiaeneH Mapueii u MNMsepom Kiopu
B 1898 roay 13 ypaHoOBOW CMONKN AXMMOBCKOrO MECTOPOXAEHUS (Hexuns).
B ToHHEe npupogHoro ypaHa — 0,34 r pagus. lNoatomMy B nepBow nonosuHe 20-ro Beka, 40 TOro, kak 0OHapYXuiu KpymnHble
YPaHOBbIE MECTOPOXAEHWS, f0ObIYA paans U3 pyabl Oblia HE3HAYMTENBHOW. Hanpumep, 13 9XMMOBCKMX YPaHOBLIX Py, A0
1931 rona naeneknu 39 r, 3 pyaHukos CLLUA B 1911—1927 rogax — 202 r pagus. K 1940 rogy Bo BceM Mupe Oblo nosy4ye-
HO okoso 1 kr aToro Bewlectsa. B 1916—1920 rogax ueHa rpamma pagus gocturana 175 Teic. 4011apoB.
PapnmeBble Bogpl cogepxart cebiwe 1+107"" r/n 9Toro pagmoHyknmpa. 9710 NOA3EMHbIE BbICOKOMUHEPANN30BaHHbIE BOAObI U
paccosibl; B HUX MOXET ObIiTb A0 1+ 108 r/n pagus, Toraa kak B NOBEPXHOCTHbIX BoAax (PeKM, 03epa, Mops) cpeaHee coaep-
>XaHue aToro anemeHTa coctaenser 1—5+107" r/n. Ob6oralieHne Noa3eMHOM BOObl pagvemM NpoucXoamT B MpoLLecce ero
BbILLIEIAYMBAHMS U3 TPELLVH 1 KanuaasipoB FOPHbIX MOPOA U MUHEPAOB, COAEPXKALLUMX PAONOAKTUBHBIE SNIEMEHTHI.

Radium is extracted from uranium ore and radium water. This element was first isolated in 1898 from pitchblende of
the Jachymov ore field (Czechia) by Marie and Pierre Curie.
A ton of natural uranium contains 0.34 g of radium. That is why in the early 20th century, before large uranium deposits
had been discovered, the quantity of radium extracted from ore was insignificant. For instance, by 1931 only 39 g of
radium had been extracted form the Jachimov uranium ore; in the US in 1911—1927 the amount extracted was 202 g.
By 1940 about 1 kilogram of this element had been isolated worldwide. In 1916—1920 the price of 1 g of radium
reached 175,000 dollars.
Radium waters contain over 1+ 10" g/I of this radionuclide. These are highly mineralized groundwater and brines; they can
contain up to 1+ 10 g/l of radium, while in surface water (rivers, lakes and seas) the content of this element is 1—5- 10" g/I.
Radium enrichment of water occurs in the process of its leaching from cracks and capillaries in the rock and minerals con-
taining radioactive elements.
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«HE®DTAHOW CNEDy>

KpynHble oyaru pagmoakTUBHOTO 3arpsi3HEHUST MOTYT
dopmupoBaThes U nipu GOPCUPOBAHHOM J0OBIUE HEPDTU U
raza. Tak, TeXHOr€HHOE 3arpsi3HeHHe pairueM YXTUHCKOTO
MECTOPOXAECHHUS HayaJloch eliie B 18-oM Beke mpu 100b1Ye
HedTH. MHOrHME CKBaOXXMHBI MOCE BbIPAOOTKU JTUTENb-
HOE BpeMsI U3TUBAJIN BOMY, TIe COMEPXKaHWE pamusl COCTa-
Basuto n* 10~ 1/, u, B pe3yabrare, BHIHECIU Ha IMOBEPX-
HoCTb 10 20 r 3TOroO BEleCcTBA.

[Mocne piuTenbHON OTKaukyd HeMTU U paccojoB Ha
BHYTPEHHEH MOBEPXHOCTU TPyO B OOJIBLIOM KOJIMYECTBE
HakaruiMBaloTcsl coiu paausi. CeroiHsi Ha HEKOTOPBIX
HedTSIHBbIX TpOMbICIax, ocobeHHo B Tarapcrane u baii-
KOpPTOCTaHe, IMOcjie OTPAaOOTKU MECTOPOXKIEHUIl cTapbie
(1 3arpsi3HEHHbIE) TPYObI ITOPOI M3BJICKAIOTCS U3 HEIp
JIJIsS1 BTOpPUYHOTO Mcnojib3oBaHus. B MockBe, Hampumep,
B 2000—2005 romax pabotHuku LleHTpa TexHoOJOrMM
rnpuema, TpPaHCIIOPTUPOBAHUS PAAUOAKTUBHBIX OTXOJA0B U
paauannoHHo-aBapuiiHbix padoT (Lentp TIIT PAO wu
PAP) TVYII MocHIIO «Pagon»
BBISIBUJIM MHOXECTBO DPaJguOaKTUB-
HBIX TPYO, KOTOpPbIE MCIOJb30BATUCH
B KauecTBe OMop ISl TPOJIIEHOYCHBIX
3JIEKTPOJIMHUM, (hOHAPHBIX CTOJIOOB,
cBail moa ¢GyHIaMEHTHl 3JaHUN U
coopyxxeHuii u 1.a. Ha moBepxHocTu
OTIEJIbHBIX DJIEKTPOOIOp Oblaa 3ape-
ructpupoBaHa MOJ] ramma-uziyde-
Husg mo 1000 mxP/4. Ha yuacrtkax
cknaaupoBaHusi Tpydo B CeBepo-Boc-
TOYHOM oOkpyre MockBel MO3B]]
raMMa-u3JIy4eHus 3a cueT panusi-226
cocraBasna 300—800 mkP/4, a B
paitone CtporuHo pocturama 2500
MKP/4. C aTOro yyactka ObLJIO BbIBE-
3eHo 3200 kr PAO.

B 2005 rony crieumanuctsl LleH-
Tpa OUYMCTUIM OT PAIUMOHYKJIHMIOB
BHYTPEHHIOIO TTOBEPXHOCTb MHOTUX
JIECSITKOB TPYO, UTO MO3BOJIMJIO CHU3UTD UX PaOaKTHB-
HocTh 10 (doHoBoit (MeHee 30 MkP/4). Tem He MeHee,
paboTy 1O Ae3aKTUBAILIUK CTAphIX HEPTIHBIX TPYO Iesie-
coobpa3Hee TTPOBOAUTH TaM, TIe WX M3BJICKAIOT U3 CKBa-
JKWH, TIOJl KOHTPOJIEM MECTHBIX PaJ1O03KOJIOTOB.

face of pipes.

PAOUOAKTUBHOCTb NOA3EMHbIX BOA,

TepManbHble ¥ apTe3MaHCKUE BOIBI IITUPOKO MPUME-
HAIOTCSL B JIEYEOHBIX LENsIX, caaboOMUHepalu30BaHHbIE
apTe3naHCKue — B BOTOCHaOXeHuu. OMHAKO ITUTETbHOE
WCTIONb30BAaHNE TaKUX BOJ TakKXKe MOXET IMPUBECTU K
pPaIMOaKTUBHOMY 3arpsI3HEHUIO MECTHOCTH.

TepmanbHble BOABI, LUPKYIUPYIOLIKE IO 30HAM [JIy-
OWMHHBIX Pa3JIOMOB, OOOTAIIEHBl PaIUeM M €TO MPOU3-
BonHbIMU. Ha [laTuropckoM MecTOPOXIECHWM MUHE-
pPaTbHBIX BOJ, HATIPUMED, COIEePKAaHNE STOTO JIEMEHTA B
OTHEIbHBIX MCTOYHMKAX cocTaBisier 2—3+ 107" r/n. B
TepMaJibHBIX BoJax ¢ TeMneparypoii 22—47 °C Hapsiay ¢
panreM YCTaHOBJIEHO BBICOKOE COJEpXaHue pajoHa. 3a
JUTTETBHBIN TIEPUOJ pa3Tpy3KU TePMaTbHBIX BOJ Ha TEp-
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[ KpynHble oyarn paguoakTmue-
HOro 3arpsi3HeHust moryTt ¢dop-
MupoBaTtbcs U npu dopcupo-
BaHHOW #o0blvye HedTU M rasa.
Mocne pANUTENbHOW OTKa4Yku
HedTn n pacconoB Ha BHYTPEH-
Hell NoBepXHOCTU TPYO B GONb-
LLOM KOJIMYeCcTBe HaKaniauBa-
I0TCSl CONu pagus.

Large scale points of radioactive
contamination can occur from
intensive extraction of oil and
gas. Long-term withdrawal of oil
and brines leads to radium salts
accumulating on the inner sur-

The areas where radium was produced from groundwater
were also subject to radioactive contamination. For instance,
at the site where radium was extracted from the Ukhta river
brines, no tailings dump had been constructed. As a result,
some 10 thousand tons of slurry with 10 g of radium were
accumulated at the surface dumping sites and repositories.
Around 700 sites from 10 to 10000 m? with gamma-radiation
dose rate up to 2500 mcR/h were discovered there. After
cleanup operations, carried out in the early 2000s, the radia-
tion level of the area was somewhat reduced, but the work has
not been completed.

THE OIL TRACE

Large scale points of radioactive contamination can occur
from intensive extraction of oil and gas. For example, the
man-made radium contamination of the Ukhta oilfield began
as early as the 18th century with oil commercial production.
Many wells after the oil had run out emitted water with radi-
um content of n * 10~°g/l; as a result, a total of 20 g of radium
were carried to the surface.

Long-term withdrawal of oil and
brines leads to radium salts accumulat-
ing on the inner surface of pipes. Today,
at some oilfields, especially in
Tatarstan and Bashkortostan, after the
well has been exhausted, old (and con-
taminated) pipes sometimes are dis-
mantled and re-used . For example, in
2000—2005 in Moscow, the specialists
from the Center for RW Reception,
Transportation and Radiation Emer-
gencies of SUE SIA Radon traced many
cases of using radioactive pipes as sup-
ports for trolley bus lines, lampposts,
piles for building foundations, etc. The
gamma exposition dose rate on the sur-
face of some of the electric lines sup-
ports reached 1000 mcR/h. In the
North-FEast part of Moscow, where
pipes were stored, the gamma exposition dose rate caused by
radium-226 was 300—800 mcR/h, and in the Strogino dis-
trict — 2500 mcR/h (some 3200 kg of radioactive waste has
been shipped from the site).

In 2005, specialists of the Center cleaned from radionu-
clides the inner surface of dozens of pipes, reducing their
radioactivity to the background level (less than 30 mcR/h).
However, it is more economic to decontaminate old oil pipes
on the spot, when they are taken out of the wells, under the
supervision of the local radioecologists.

GROUNDWATER RADIOACTIVITY

Thermal and artesian waters are used for medical treat-
ment, and low-mineralized artesian waters — in waterworks.
However, long-term use of such waters causes radioactive
contamination of the area.

Thermal waters circulating in the zones of deep under-
ground faults are enriched with radium and its derivatives.
For instance, in some of the Pyatigorsk mineral water
springs radium content is 2—3 « 10-"'g/l. In thermal waters
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pace peku [TonkyMoK oOpa3oBainch
M3BECTKOBUCTHIE OCANIKU C OKUCIAMU
Keje3a W MapraHila (TpaBepTHUHBI),
cojepxKallue CoJIv paaus u, 1o CyTH,
SIBJISIIOLLIMECS] MOIITHBIMU 9MaHUPYIO-
IMMU KOJUIEKTOpAaMM — TeHepaTo-
pamu pamgoHa. [TosToMy ero Kommde-
cTBO B Bomax pocturaetr 10" bk/m’, a
MB]] raMma-u3jlydeHusl TpaBEepTU-
HOB Ha OTIEJbHBIX yyacTKax cocTa-
BisieT 300 MxP/4.

Bricokoe comepxanue paaust (ne 107" — n<+ 107" r/m)
YCTaHOBJIEHO U B BEICOKOMUHEPATM30BaHHBIX BOIaX TTy00-
KUX TOPU30OHTOB LIEJIOTO DPsiia apTe3MaHCKUX OacceiiHOB
eBporneiickoii yactu Poccun (MockoBckoMm, Psazano-Capa-
ToBCKOM, Bosro-Kamckom n ap). [l1st vcrnonb3oBaHMs
TakMX BOJA B OajbHeoTepanuu MPOOYypeHO MHOXKECTBO
CKBaXXMH, B ToM uucie u B Mockse. B 2001 romy B
MOCKOBCKOIT (hM3HMOTepareBTUIECKON OONMbHULIE BOKPYT
CKBAXXMHBI, OTKAQUUBAIOILEN XJIOPUIHBIA HATPUEBBIN pac-
COJ1, crieuraancThl «PagoHa» 0OHapyXKWIM y4aCTOK paaro-
aKTUBHOTO 3arpsi3HeHus1 rmiomanbio 400 m? ¢ MOJI ramma-
uznydyeHust 1o 120 mxP/4. B ogHOM 13 TIOMeIleHUiT KOH-
neHTpauus pagoHa gocturaia 1000 bx/m* (mpu Hopme 100
Bbx/m*). B mipoliecce ne3akTUBAIINM C 3TOTO yJacTKa yiaie-
Ho 2200 xr PAO, comepxaiuux pagmii-226.

ApTe3uaHCKe BOIbl, HCIO0Ib3yeMble B BOIOCHAOXEHUN
HaceJIeHUsI M B XO3SIMCTBEHHBIX LENSIX, OObIMHO c1abo
MUHepaau3oBaHbl. OHU BCKPBIBAIOTCSI HEIJTYOOKMMU CKBa-
kuHaMu (50—200 M, pexxe 300 M), HO Ha yJyacTKax TIyOUH-
HBIX PA3JIOMOB HaOJIIOMaeTCsT TUAPABINIECKast CBSI3b BEpX-
HMX BOJOHOCHBIX TOPU30HTOB C TIIYOOKUMM, COAEPKAIIIMMU
panueBbie Bonbl. ITo HopmatuBam (CanlluH 2.1.4.1074-
01), cymmapHast ak THUBHOCTb paJIMOM30TOINOB ypaHa 1 paaust
B MUTLEBOI BoJe He No/kHa mpeBbiaTh 0,1 bk/i1, HO, Mo
JNaHHbIM Bcepoccuiickoro HayyHO-MCCIEA0BATEIbCKOTO
WHCTUTYTa MMHEPATbHBIX PECYpCOB, apTe3MaHCKUE BOJIBI,
ucnojyibdyembie B LleHTpanbHoit Poccuu, He Bcerna oTBeya-
0T 3TUM TpeboBaHusM. OOcliefoBaHUE Ha pagvuOaKTHB-
HOCTb MOA3eMHBIX Bon YexoBckoro paiitoHa MOCKOBCKOI
00TacTH, TIpeIHa3HaYCHHBIX UIT BomocHaOxeHus (1996
rof), Mokaszajo: Jaxe B CKBaKMHax mIyoOMHOW 32—90 m
coepXKaHne pPagMoOHYKINIOB (panus-226, ypaHa-238 u ap.)
MPEeBBIIIACT HOpMATUB B 26 13 49 cirydaes.

B 2005 rony B ropone 2Kene3HOTOPOXKHOM COTPYAHUKU
LenTpa TIIT PAO u PAP npoBenu ae3akTUBaLIO KOTEIIb-
Hoit Ne 15. B HakonuTtenbHOM Oake M TpyOOmrpoBoaax ObLI
0oOHapyXeH 0caJoK TolluHON 5—8 cM, rae MBI ramma-
usnydenust gocturana 1500 MxP/4 3a cuer pagus-226 u
Topusi-232. ICTOYHUKOM CTOJIb BBICOKOI paTMOaKTUBHO-
CTM CTaJjla apTe3MaHCcKasl BoJa U3 MECTHOM CKBaXKUHBI.

NOCNELCTBUSA MPUMEHEHUS

NPOU3BOACTBEHHOIO PAOUA

Pammit kxak anba M ramMma-m3iIydaTedb IIHMPOKO
HCTOJIb30BAJICS B HAYYHBIX M TEXHUUECKUX LETISX, a TAKXKe
B MeauuuHe. OH, B YaCTHOCTU, IPUMEHSLICS IIPU U3TOTO-
BJIEHMM COCTaBOB mnocrtossHHoro naeiictBust (CIT) mus
MMPUOOPOB M ammaparypbl HOYHOTO BuAeHUs. Cpeny HUX

BE3OMNACHOCTb OKPY>KAIOLLEWN CPEAbLI

[] TepmanbHble BOAbI, LUPKYUPYIOLLME MO 30HAM MYOUHHBbIX pa3o-
MOB, oGorauieHbl pagueM U ero npousBoAHbIMU. [nutenbHoe
MCNOJIb30BaHME TaKMUX BOA TaKXXe MOXeT NPUBECTU K PaAn0aKTUBHO-
My 3arpsi3HEHUI0O MeCTHOCTMU.

Thermal waters circulating in the zones of deep underground faults are
enriched with radium and its derivatives. Long-term use of such waters
causes radioactive contamination of the area.

with temperature from 22 to 47 °C, along with radium, high
level of radon can be found. During the long period of ther-
mal water discharge, calcareous sediments containing iron
and manganese oxides (adarces) with radium salts have
accumulated in the terrace of the Podkumok river. They
actually are powerful emanating collectors generating
radon; consequently, the amount of radon in the water
reaches 107 Bq/m’, and the exposition dose rate of adarces
at certain sites amounts to 300 mcR/h.

High radium content (n* 10" — n 10" g/l) has been
found in the highly mineralized deep-level waters of a num-
ber of artesian basins in the European part of Russia (in the
Moscow, Ryazan and Saratov, the Volga and the Kama
basins, etc.). To extract these waters (they are used for bal-
neotherapy), a lot of wells have been drilled around the
country, including Moscow. In 2001, in the Moscow Physio-
therapeutic Hospital there was a 400 m? spot of radioactive
contamination with the exposition dose rate of up to 120
mcR/h discovered, located around the well with sodium
chloride brine. In one of the hospital quarters radon con-
centration reached 1000 Bq/m’ (the norm being 100
Bqg/m?’). Some 2200 kg of radioactive waste containing radi-
um-226 was removed from the site.

Artesian waters used in water supply and utilities are usu-
ally low-mineralized. They are extracted through shallow
boreholes (50— 200 m, sometimes 300 m deep); however, on
the sites with deep faults, there is a hydraulical connection of
the upper water-bearing horizons with the deep ones that con-
tain radium water. According to the accepted norms, the sum-
mary activity of uranium and radium radioisotopes in drink-
ing water must not exceed 0.1 Bq/l, but, according to the data
provided by the All-Russia Research Institute of Mineral
Resources, the artesian waters used in Central Russia do not
always meet these restrictions. In 1996, a survey of the
groundwater used for water supply in the Chekhov district of
the Moscow region showed that even in boreholes 32— 90 m
deep radionuclide content (radium-226, uranium-238)
exceeds the norm in 26 out of 49 cases. In 2005, in the city of
Zheleznodorozhny, the specialists of the Center, decontami-
nating a boiler-house, discovered a 5—§ cm thick deposit in
the collecting tank and piping, which had the exposition dose
rate up to 1500 mcR/h, due to radium-226 and thorium-232.
The source of the high level of radioactivity was the artesian
water from the local borehole.

THE CONSEQUENCES OF USING INDUSTRIAL RADIUM

Radium, as well as alpha and gamma emitters, is widely
used in science and technology, as well as medicine. In par-
ticular, it was used to manufacture long-term action composi-
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NIPOBAEMA

YacTO BCTPEUaIUCh pa3IMUHbIC Yachl
(B TOM uwuciie M HapyuyHbie), MB]I
raMma-u3JIy4eHus OT KOTOPBIX COCTa-
Biasiia 150—900 mxP/4. MouHocTb
TTO3bI U3TYICHUST HEKOTOPBIX HaBUTa-
LIIMOHHBIX TMPUOOPOB, TIPHUIICIIOB,
KOMITaCcOB, MAHOMETPOB U T.IT. KOJIe-
6anace B nipenenax 500—3500 mxP/y.
Ha npennpusitusix, B MHCTUTYTaX,
IMKoJaX W My3esix MOCKOBCKOTO
perroHa OBUIM U3BSITHI COTHU TIPEI-
metoB ¢ CIIJI. HaubGonbiyto go3y —
2P/4 — u3nydJana KapTUHa, BUCEBIIAs
B My3see PeBomouuu. PagnoakTus-
HOMY 3arpsi3HEHHUIO IOIBEPICsS U
omH u3 1exoB KoJIbUyrMHCKOTO
3aBofa MO 00paboTKe IBETHBIX
MeTasioB, Tae n3rotosisgau CIT/I. Bo
Bpemst ne3aktuBanyu (¢ 1993 mo 1996
u ¢ 2001 mo 2005 ronpl) oTciona 610
BbIBe3eHO 0K0JI10 850 M* PAO ¢ MB]I ramMa-u3iydeHus OT
60 mo 28000 MKP /4.

PammoakTMBHOMY 3arpsiI3HEHHUIO YacTO IOIBEPTAINCh
U TEPPUTOPUM OPTAaHU3AIWN, MTPOU3BOAMBIINX WU
HCTIOJIb30BABIINX PAaaMOU30TOITHBIE TIPUOOPHI. B KoHIIE
50-x — Hayvase 60-X romoB MpUMeHeHUe paausi-226 B pu-
Gopax pe3Ko COKpaTmiIoch. Ero 3aMeHMIN NCKYCCTBEHHbBIE
M30TOMBI: KO0OanbT-60, KpUNTOH-85, cTpoHIuMii-90,
ue3uii-137, nayronuii-239 u ap. CooTBEeTCTBEHHO BO3pOC
M ¥X BKJIaJ B paaMallMOHHOE 3arpsi3HCHUE TepPUTOPHUI
TIPEITPUATUHA.

C 2001 mo 2005 roabr pabotHuku Lentpa TIIT PAO
u PAP I'VII MockoBckoro «PagoHa» B mpoliiecce ae3ak-
TUBAIIMU BBIBE3NIH ¢ 00BEKTOB MOCKBBI 1 MOCKOBCKOM
ob6aactu 6omee 2200 m* PAO. MccneqoBaHust HyKJIUIHO-
IO COCTaBa 3TUX OTXOMOB ITOKa3aJIl, YTO Ha TOJTI0 PAIHsI-
226 npuxomgutcs 62,0% PAO (mist cpaBHEHMS: LE3Uii-
137 maer 15,5% 3arpsi3HeHuii, riyToHuii-239 — 7.8,
Topuii-232 u Kobanasr-60 — 3,9, ocrajgbHbIe PaIMOHY-
Kiuasl — 6,9%).

TakuM o6pa3oM, pamuii SIBJISIETCS OCHOBHBIM HCTOY-
HUKOM pPaIMOaKTUBHOIO 3arpsi3HeHUS MOCKOBCKOTO
pernoHa. YUMThIBasi CUTYALIMIO, CJIOXHUBIIYIOCS B MeCTax
JIOOBIYM M MCIOJb30BaHUS 3TOTO JIEMEHTa, MOXHO CIe-
JIaTh BBIBOJ; 3arPsI3HEHUE pamgdeM — OJHA M3 OCTPEMIIMX
PaITMO3KOJIOTIIECKUX TTPo0IeM cCoBpeMeHHO# Poccum.
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Decontamination of polluted site at shop Nel4 “KolchugTsvetMet”

tions (LACs) for night vision equipment and devices, includ-
ing clocks and watches with exposition dose rate reaching
150—900 mcrR/h. Some navigation aids, sights, compasses,
manometers emitted between 500 and 3500 mcR/h. In
Moscow, hundreds of items containing LACs were spotted and
withdrawn from public places — enterprises, institutes,
schools and museums. The biggest dose rate (2 R/h) was
emitted by a picture in the Revolution Museum. The premises
of the Kolchugino Non-ferrous Metal Plant, where the LACs
were manufactured, was also contaminated. During the
cleanup operations of 1993—1996 and 2001—2005, some
850 m’ of waste with the dose rate of 60— 28 000 mcR/h were
shipped from the site.

The sites of facilities manufacturing or employing
radioisotope equipment were also subject to contamination. In
the late 50s and early 605, the use of radium-226 was drasti-
cally reduced. It was replaced by artificial isotopes: cobalt-
60, krypton-85, strontium-90, cesium-137, plutonium-239
and others. Consequently, their share in radioactive contam-
ination of sites grew.

In 2001—2005, the specialists of the Center for RW
Reception, Transportation and Radiation Emergencies of
SUE SIA Radon shipped over 2200 m’ of RW from the sites in
Moscow and the Moscow region. The survey of the nuclide
composition of the waste showed that the share of radium-226
was 62.0%, whereas cesium-137 maked up 15.5%, plutoni-
um-239 — 7.8%, thorium-232 — 3.9%, cobalt-60 — 3.9%,
other radionuclides — 6.9%.

Thus, radium is the main source of radioactive contami-
nation in the Moscow region. Taking into account the situa-
tion at the sites where this element is mined and used, we can
say that radium contamination is one of the most acute envi-
ronmental problems in the present-day Russia.

ENVIRONMENTAL SAFETY





