Benukobputanckoe Ynpasnenue ATOMHOM 3Hepnieﬁ

PAAUOAKTUBHBIE U30TOIIbI —
UX MPUMEHEHUE B MEJQUIIUHE,
MPOMBILUJIEHHOCTHU U HAYYHBIX
UCCIEQJOBAHUAX

Payo-u30TOINBI SIBJISIIOTCSI, B M3BECTHOM CMBICJIE, ITOOOYHBIM
OPOAYKTOM AaTOMHOH 9HEPIHMM, HE WIPAIOIIAM CyLIECTBEH-
HOM posM B paboTe aTOMHOIO PEAKTOpa; OJIHAKO, BCJIEJCTBHUE
ux Bce Gosiee ¥ Gosiee OOIIMPHOIO NPUMEHEHMS, MX IIPOJYKIMS U
pacrpejie/ieHie CTaJy BayKHOM, XOTS M CPaBHHUTEJILHO HEOOJIBIIION,
BETBBIO JIEATEJILHOCTH BemmKoOpuTaHCKOro YipaBiieHuss ATOMHOMN
Omeprueii. Bce pactymme noTpeGHOCTH 0OJIBLIOrO 4YMCIIA pas-
JIMYHBIX IIOTpeduTesei B BemKoOpuTaHuy U 3arpaHuIieil ABJIAIOTCS
[IPUYMHOM 9HEPIMYHOM IPOrPaMMBI PACIIMPEHUsI IPUMEHEHUH |
MPOAYKIMU PAIMOAKTUBHBIX MaTepPHaJIOB.

ITpoayKiwsi pafHo-u30TONOB HaunHaeTcss B Msoronaom Otene-

auu Hayuno-IccnenoBarensckoro MuctuTyra ATOMHON OHEPruu

(HHHAD) B Xapperie, Ijie Moo/ AIMEe MATePUAIThl 00TVYaloTCs
B saAngepuom (arommom) peakrope BEPO. 3xmech BO3HHKAIOT
MHOI'ME OCHOBHBIE PaJMOAKTHBHBIC MATEpPHAJIbl, HAXOIALIME IIpU-
MEHEHHE B OCHOBHBIX HCCJICOBAHHUAX, IPOMBIIIIEHHBIX M 3€MJIe-
JIeJIBUECKHX IIpo0JIeMax, a TaKyKe — OBITh MOYKET CaMOe BayKHOE —
B MEQUIMHE JJIs IMarHo3a M TepaIiu.

HenocpeacrBeHHOe 00JIyueHHe NOAXOAIIMX IIPHPOJHBIX 9JIe-
MEHTOB [Ia€T pa/IMOAKTHBHBIE M30TONBI, Kak Hampumep Co-60,
KOTOPBI IPUMEHSETCA B COBPEMEHHOM JIEUEHMM MYJIBTH-KIOPH
u3IydeHuem. IlyTem HerocpeJACTBEHHOro O0IydeHHs M0JIyYaroTCs
TAK)Ke APYrHe BaYKHBIC HM30TOIBI, H3JIyYalolUe Y-JIyuyd, Kak
HApUMEp HUPUAMN-192, TaHTAI-182, 30JI0TO-I98 U TYJMiA-170;
OHM IIPUMEHSIIOTCSI ¥ B PAaJMOTEPAIIMM KaK MMIUIAHTBI — B (opme
IIPOBOJIOKM WJIM «CEMSH», T.€. MAJbIX OTPE3KOB METAJLIMUYECKUX
BOJIOKOH — ¥ B IIPOMBIIIIJIEHHOM pajuorpaduu OTJIMBOK U CBapOK,
mpuueM HeGOJIBIINE PasMephbl, IOPTATUBHOCTh M HEBBICOKAs I[EHA
ABJIAIOTCS INPEUMYLIECTBAMH II0 CPaBHEHMIO C OOLIENIPMHATHIMU
merogamu. Illupoxuwe rpaHMNbBI, MEXKIAY KOTOPBIMH 3aKJIHOYAETCH
BEJIMUMHBI CPOKA >KU3HU M JHEPIHMM M3JIyUYEHMsI, JIEJIAIOT OSTOT
METOJi NPHMEHMMBIM K MaTepHayiaM camoil pasHOOOpasHOH ILIOT-
HOCTH ¥ TOJIIIIHHEI.

HeymecTHO 1aBaTh 3/1eCh IIepPeUeHb BCEX Pa/IMO-U30TOINOB, MOJIy-
yaeMbIX JIEFCKO B PEAKTOpE IIyTeM OOJIyYeHWs] HEHTpOHAMH, H

-



BCeX BO3MOYKHOCTe} uxX nnpumeHeHust. OTHaKO HECKOJIBKO IPHUMEPOB
METO/IOB TAKOI'0 PO/Ia MOYKET OPOCHTH CBET HA I'POMAJIHOE KOJIHUe-
CTBO IpO0JIEM, TPHM MCCIE[OBAaHHM KOTOPHIX paJMOAKTHBHEIE
MaTepuajbl OKa3bIBAIOTCA II0JIE3HBIMH.

PATTMOT'PADUS ynomunanace y)ke pasbile. -OGHapy)KuBa-
HHME Teuel B IIPOMBIIIJIEHHBIX YCTaHOBKaX, TpyOONpoBONax M
KabessAX MPOBOJMTCA JIETKO IPH IIOMOLIM PACTBOPOB pajuo-
AKTUBHBIX MH/IMKATOPOB WJIM JIETYYMX pPaJMOAKTHBHBIX IIAPOB.
IIpoBepka ¥ u3MepeHHe TOJIUMHBI IPUA HENPEPHIBHON IPOAYKIMHU

YKECTH, Oymaru M JIMCTOBBIX IUIACTMACC — IIyT€M H3MEPEHHUS
CMATYEHMA MM PAaCCesiHMsl [P-M3JIyUeHHs M30TOIOB BpOJIE
TaJUIMA-204, CTPOHIMS-QO MJIM IPOMETHS-147 — TPUMEHAIOTCSH

YCHIEIIHO BO MHOTHX (haGpHMKaIMOHHBIX INponeccax. XOpOIIHM
IIPUMEPOM SIBJISIETCS HEIPEPBIBHBIA KOHTPOJIb TOJIIMHBI YKECTH.

ITIOJIEBHOE JENWCTBUE ®UJILTPOB JUIA YKHIKOCTEM M
JJIs Ta30B MOYKHO M3MEPATh TOUHee M ObICTpee, IPUMEHSST pajHo-
AKTHBHBIE MH/MKATOPbI, HEXEJM C IIOMOIUBI0 CTaHAAPTHBIX
merogoB. QJIMMHUHAIIUA CTATUYECKOI'O 3JIEKTPU-
YUECTBA sBiisieTcs NpUMeHEHHEM, OCHOBAHHBIM Ha MOHW3AIMOH-
HBIX CBOMCTBax pajmo-usoronos. J[lo cux mop sror meron mpu-
MEHSAETCA TOJIBKO B TEKCTHJIBHOH ITPOMBIIIJIEHHOCTH, HO MOJYKET,
IIOBU/IMMOMY, IPUMEHATHECS C pPaBHBIM YCIEXOM B OyMarkHOi
IPOMBIIIEHHOCTH, B IPOAYKIMY IUIACTMACC U B JPYIHX BETBSX
IIPOMBIILICHHOCTH, /i€ HAKOIUIEHHE 3aps/I0B MOYKET ObITh IIPHYU-
HOH Bpe/a WIM Ja)Ke CEpPhe3HOM OIACHOCTH.

B psagy campIx pasHOOOpasHBIX IIpUMEHEHMI{, HAUMHAS C
JABVDKEHMS MJIA B pexax M JlAMaHax a KOHYasg JeHCTBHEM
TPEBOXXHBIX CHI'HAJIOB (mo>kap, Kpaka CO B3JIOMOM),
PaJio-U30TOIIbEl OKAa3bIBAIOT CBOIO IOJIE3HOCTh M 3(P(HEKTHBHOCTD,
JIETKO M INPOCTO paspeliasi TsHKeNble WM NOBHAMMOMY Hepas-
pelIMMBbIe IIPOGJIEMBI.

J1si y/IOBJIETBOPEHUST HY»JI 9TOH OBICTPO pacTymieit BeTBH
texnosiorud HUVIAD mpennaraer cieqyromue CepBUCHI.

HU3oronnasa Illkona

Hsoronnas IlIkona nmpuHMMAeT KaHJUIATOB C YUEHOM CTEIEHBIO
M3 BCEX YacTel CBETa Ha MECAYHBIN KypC 03HAKOMJIEHHUS C OCHOBaMU
U IIPAKTHKOM IPUMEHEHUsT PAaAHMOAKTUBHLIX H30TONOB. B TeueHue
Kypca CTYACHTBI MPOJIEIILIBAIOT (TI0/T HAJ30POM) MHOI'O IIpaKTHYe-
CKUX 3aHATHH C paJMOAaKTUBHBIMHM MaTepHajlaMM, 4YTO HaeT MM
BO3MOYKHOCTh O3HAKOMHTLECS C pPaJMOAKTHBHBIMM TEXHUKAMH X
METO/IaMH, KOTOPbIE BIIOCJICACTBUH OYAyT NPHUMEHATHCS UMY IS
COOCTBEHHBIX paboT.

O0ummii cepBuc oGnyyeHus

XapBe/UICKMII PEeaKTOp HE TOJBKO MOMKET CHA0KaTh KIIMEHTOB
COJBIIMM UMCJIOM PpaJHOAKTHBHBIX H30TONOB, YKA3aHHBIX B



HOBEHIIEM KaTajiore, HO TaKyKe Mpejjiaraer Apyrue o0 IyydresibHbIe
CEPBHCHI; HIDKE YKa3aHO HECKOJIBKO IIPUMEPOB 3THX CEPBHCOB.

N3HOC mnogumMIIHAKOB, IIOPUIHEBBIX KOJIEI] M T.I. JIETKO
OIIPEMENISAETCS, KOrjla TPYILUMECHd IOBEPXHOCTH AKTHUBHPOBAaHbI B
peaktope. IlosABieHuMe pagHOAKTMBHOCTH B CMasKe MAlUWHBI,
CHA0YKEHHOM OOJIyYeHHBIMM YaCTAMHU, SBJIAETCA OYEHb UYyBCTBH-
TEJIBHBIM CPEICTBOM M3MEPEHHs H3HOCA.

OGnyuenne u3MeHsieT (PU3MUECKHEe M XHMHYECKUE CBOMCTBA

mMarepuajoB. B ciyuae IuIacTMacc, MPOYHOCTH M CONPOTHUBIICHUE
MOT'YT YBEJHMUMTHCS. B CTekie, JOPOrdX KaMHAX M JparoleH-
HOCTSIX BO3MOYXHO M3MEHEHHE IIBETa W IOBBIIICHHE [ICKOPaTHUB-
Hoct. OGiyueHHeM MOYKHO CTEPHIIM30BaTh IMIIEBBIE IPOAYKTEI,
VUTMHSISI TAKEM 00pasoM IPOAOIDKUTEIBHOCTD JOITyCTUMOIO XpaHe-
Husg. OOayueHwe CeMsiH MOYKET BBI3BAaTh XO3ANCTBEHHO ILEHHBIC
MyTaL{H.
AKTHUBAIIMOHHBIN AHAJIM3 sBiAeTCsS TEXHUKOH, B
KOTOpPOM CHJIBHBIA TIOTOK HEHTPOHOB M3 aTOMHOI'0 peaKTopa
IIPUMEHSIETCS 1T OOHApy)KEHMsT MaJIbIX KOJIMYECTB HEKOTOPBIX
9JIEMEHTOB, CTAaHOBAIIMXCSA PaJUOAKTHBHBLIMH IIOCIE OOJIydeHM .
B 3TOM COCTOSIHMM MX MOYKHO TOUHO M3MEPSTH, JayKe B TOM CJIydac,
KOI/la MX KOJIMUECTBO MEHbIle OOHAPY>KMBAaEMOI'0 CTaHJAPTHBIMU
XUMMUYECKUMHU WIH CIEKTPOCKONMMYECKUMH METOaMM.

ITo cornamenuio ¢ xapsBevickum Ortjenennem Hsoronos,
MaTepuasibl KJMEHTOB MOryT 0O0JIydyaThCcsd HEHTPOHAMM WUJIM
Y-JIyuyamu JUIsi IIPOBEJEHHsT BBILIEYIIOMSHYTHIX OIBITOB.

OTjen NpOMBbILIEHHON KOHCYJIbTaLMH

B aTom oTesie JaroTCsi COBETHI IT0 IPUMEHEHUIO Pa/IM0-U30TOIIOB
B crendpUUYeCKNX NPOMBIIUIEHHBIX Npobsemax. 3HAYUTEIBHOC
yucIio npobiem ObUIO perueHo 10 cux nop. JlanasHeime 3arpochl
[IPUBETCTBYIOTCS .

O[HaKO YacTO CIIyYaeTCsi, YTO Pe3yJIbTaTOM OOBIKHOBEHHOI'O
00JTyueHHsI BELIECTBA B PEAKTOpe He ABJISAETCA TpeOyeMblid KIIMEH-
TOM paJMOAaKTHUBHBIA M30TON WM coefuHeHwe. B Kauecrse
MPUMEPOB MOXKHO YKas3aTh Ha: PpaJMOXMMHYECKOE pasJiesicHue
Hu30TOna C OOJIBIION YAEIbHOH AKTHBHOCTBIO OT €ro POJMTEIIS,
CHHTE3 MEUEHOI'0 COEJWHEHWs, COMEpIKALIEero paJMoM30TOll,
U TIOJIyYEHME paJMo-H30TONAa B M3BECTHOH (uauueckoit dopme.

AMEPIIDMCKHI PAITUOXUMUYECKHN IIEHTP yno-
BJIETBOPSIET CIeHAJIbHbIE TPEOOBAaHUA B CBA3SH C IIPHMEHECHHEM
PaJIMOaKTHBHBIX METOJOB B 0ojiee CIOXKHBIX Ipolsemax.
IIpumeneHue M30TONOB B MEIMIMHE B KAUECTBE DPa/IMOAKTUBHBIX
(bapmaneBTUYECKUX IIpENapaToB — Ja)Ke €CJIM JIeJI0 B OYEHb
IPOCTBHIX HEOPIAHUUYECKUX COEMHEHUSIX — CO3/IaeT HeOOXOMMOCTh
TILATEJIFHOIO KOHTPOJIA TaKUX (PAaKTOpPOB, KaK HalpuMep H30TOH-
HOCTh, pH u crepmiapHOCTE. Bcee 39TH omepanuu NPHXOMUTCS
IIPOU3BOJUTH C AKTUBHBIMH MaTEpHATIAMM, Y)Ke II0CiIe 00JIyJCHHUS.



IIpumenenue HHIUKATOPHBIX METOJI0B B OHOJIOTMUECKMX M
XUMHYECKHUX CHCTEMAaxX CO3[aJI0 CIIPOC HA YPE3BBIYANHHO MHOIO-
YHCJIEHHBIA PsiJ] MEUEHBIX coeuHenuii. Tak Hanpumep, U3roToB-
JICHUE OIIPE/IEJIEHHBIX COEJQUHEHHUM, BPOJE CaXapoB, aMHHOKHCJIOT
M OeJKOB, MEUEHBIX paJUOAKTUBHBIMH H30TOIAMH, II03BOJISET
IPOCJIEKUBATh IIOIJIOLIEHHE, (DUKCAIMIO MM BO3JEHCTBHE ITHUX
COE/IMHEHMI BHYTPH TeJla, 8 HMEHHO MJI B KaUeCTBE JIMArHOCTHYE-

CKOI'0 OpY/MA MM K€ KaK CPEJICTBO JUIS MUCCIIEOBAHUA MeTabo-
JIA3Ma.

IIpumenenue B- ¥ Y-usiyuaresieil B Tepanyy ¥ IIPOMBIILIEHHBIX
IIPOIIECCaX CO3/Jajl0 HEOOXOAMMOCTh HANAEKHBIX M 0€30I1aCHBIX
PaJIMOaKTUBHBIX HMCTOYHMKOB. (OCOOEHHO BaYKHO yCTpaHEHHE
BCAKOH BO3MOYKHOCTHM OIIACHOCTH HJIM KOHTAMUHAIMH.

Hiwxe gaercsa KpaTKoe ONMCAHHE HEKOTOPBIX M30PaHHBIX I'PYIII
npoaykros PXII.

Meuenbie coeMHEHUs sl padoT ¢ pajiMOAKTUBHBIMH
HH/IUKATOPaMu

B PXII wumeercst Ha cKJaje OOJIBIIIOE KOJIMYECTBO MEYEHbBIX
MB0TOIAMY COEJJUHEHMI, BbIOPAHHBIX TaK, YTOOBI YIOBJIETBODSTH
MOTPEOHOCTH MCCJIe/IoBaTelell B PpA3MUHBIX BETBAX 3HAHMUA.
XOTsA CPOK YKM3HM MHOIMX HM30TOIIOB CJIMIIKOM KpAaTOK JUIsI TOIO,
yTOOBI MX COEIMHEHHWsI MOIJIM XPAaHMTHCA HA CKJIAJIE, MX MOYKHO
BCErjia M3roTOBUTH HA 3aKas.

CnenuanpHOr0 BHUMAHHs 3aCIIy)KHBAeT YIJIEPOA-14, CaMblii
MHOTOCTODOHHMII M HauOoJiee IIMPOKO IPUMEHSEMBIH M3 BCEX
HU30TOIIOB, yNOTPeOIAEeMBbIX B MHIMKATOPHOM pabore. Ha ckianme
JEPXKATCsI CBBILIE 120 Pa3jMYHBIX COCAWHEHMI, MEUEHBIX YIJIe-
POIOM-14 M IIOJIyUYEHHBIX IIyTEM XUMHUYECKOI0 MJIX OHOJIOTHUYECKOrO
cuHTesa. Hope#mmii kKaTajor coAepyKUT MOJIHbBIE XapaKTEPUCTUKHA
9TUX COEIUHECHHH.

CIMCKM 9THX COEJIMHEHMI YBEJMUYMBAIOTCA €XKEMECSYHO 110
Mepe TOro, Kak INIpUOBIBAIOT HOBBIE coeauHeHHsi. IlociiegHue
JIOIIOJTHEHUsA 3aKJIIOUYAIOT, HAIIpUMEpP, aJb0yMUH M3 YEIOBEYECKOIO
cepyma, MEUeHbId HMOJ0M-13I, a TaKyKe opraHmueckue docdop-
copepxkamue uHcekTHIMAbl Ilapatmon, Illpaman m Cucroxc,
meueHble pocdopom-32. Hexoropoe JOHATHE O PaCHpPOCTPAHEHUH
MHJUKAaTOPHBIX METOJ0B JaeT (PaKT, 4To, 32 IATH JIET CYIIECTBO-
BaHMsA, Paguoxumudeckum IIeHTpOM BBICJIAHO OKOJIO 5000 IIOCHI-
JIOK, CO/ICPYKAlllMX CBBIIIE 200 PA3JIMUHBIX MEUEHBIX COCIMHEHUM.

OGpaboTanHbie M30TONBLI — BLICOKas yAelbHasi aKTHBHOCTH

Hexoropele u30TONBI, XOTA U NPHUMEHSAEMbIE B BHE CpPaBHH-
TEJIBHO IIPOCTBIX HEOPraHUYECKUX XUMUKATOB, TPEOYETCs pas/iesIsaTh
OT OOJYYCHHBIX MHIICHHBIX MAaTEPHAJIOB MM OT IIPOAYKTIOB
J€JIeHUsI, YTOOBI IOJIYYHTh MX B COCTOSIHHMM OOJIBILION pajiuo-
XUMHUYECKOM UHCTOTHI ¥ BHICOKOM AaKTUBHOCTH. OTO B OCOOCHHOCTH



BEPHO JIIsI COeAUHEHMUH, IpUMeHsieMbIX B meauimue. Jliaa Gostee
JIOJITOBEUHBIX PaJM0-U30TONIOB, KAaK CTPOHIMHA-Q0, LEe3ui-137,
XJI0p-36, cepa-35 U HATPHi{-22, YUCThIE U30JIMPOBAaHHbLIE U30TOINBI
HaXO/[ATCsI HA CKJIaZe. B ciyuasx, KOrja 3T0 HEBO3MOYKHO BBHUIY
CJIMIIIKOM KpPaTKOro CpOKa YKU3HU, KaK HAIpUMEp JIA Moaa-I3I
u Qochopa-32, peryasipHas eKeHeEIbHAsA TPOAYKIMS Jaer
BO3MOKHOCTh CPOUHOI IocTaBKHM u30TONOB. CyllecTByeT Takke
BO3MOYKHOCTh 3aKa3bIBaTh CIIEIMAJIFHBIC O0JIyUEHU U XUMHUUECKUE
M3BJICUCHHUS .

[MpupoaHbie pagHO3]eMEHTbI

CyliecTByeT HM3BECTHOE UHMCJIO MPHUPOJHBIX PaUO3IEMEHTOB,
KOTOPBIX MCKJIIOUNTE/IEHbIE CBOMCTBA BCE €Ille HAXOAAT OOIIMpHOe
IIPUMECHEHHE B MCCICAOBaHMAX M paguorepammu. Opsum u3
IIPUMEPOB SIBJIACTCS TPAJUIMOHHOE IIPUMEHEHHE Pa/iusa B KJIMHHU-
uyeCKHX NpUbopax; KpPOME pajiusi, JPYrHe 3JIEMEHThI, KaK pajmii-D,
II0JIOHM, ME30TOPHM M PagUOTOPHIl, TOME MOIYT JOCTABJIATHCA
B (hopMe CTaHJAPTHBIX PAaCTBOPOB, KAJIMOPOBAHHBIX HUCTOYHHKOB
M KJIMHAYECKHX TPYOOK M Mroji. MOXKHO Tarkoke IoIydaTh Heu-
TPOHHBIE MCTOUHHKH, COJIEPyKaIlMe OT I /I0 1000 MKIOpuU TIOJIOHHUS
MJTA pajids.

UCTOYHUKH B-U3yYyeHUA AJIA NPOMBILUJICHHOCTH W MEJAHLIMHBI

PajiMoakTMBHBIE MaTepHAJIbI IIOJIY4YaloTCs 00bIYHO B (opme,
HEBBIFOJIHOM JUISI HEMOCPEJCTBEHHOI'O IPUMEHEHUs, M, 4YTOOBI
CIIY>KUTh UCTOUHUKAMHU P- U3JTyUEHMsI, HY»K/IAIOTCA B CHEIMAILHOMN
obpabotke. OTO B OCOOEHHOCTH Ba*XKHO B IIPOMBIIJIEHHBIX
YCJIOBHSIX , KOrja a0COJIIOTHO HEOOXOUMO, [IaXKE B OCTPOM PEXHUME,
YCTPaHMTh BCAKUN PUCK paMOaKTHBHOM KoHTamuHanuu. Ilpoms-
BOJIATCSI MCTOUHUKHU B-U3JIydeHus, umeronme Gopmy cepeOpsaHoi
(hosIbIM UM IUTMTOK ; B BUY TOI'0, YTO PAJJMOAKTUBHOE COEIUHEHHE
CWJIBHO CBSI3aHO BHYTPH METAJLIA, CIIyYalHbIA BbIXO/ HEBO3MOYKEH.
OTH MCTOYHMKHU, MOTYIIIHE COAEpPYKaTh LiepUii-144, IPOMETHH-147,
CTPOHIMI-QO WJIM PYTEHHH-106, IOABEPrarOTCA MHIMBHYaJIbHbBIM
HCTIBITAHUAM M YIOBJIETBOPAIOT BEIMKOOPHTAHCKUE M aMEepHUKaH-
ckue HOpMBbI Oe3omacHocTH. Ta ke TeXHHMKAa IPUMEHSETCS IIpU
U3rOTOBJIEHUHU IUIMTOK, HU3JIyYAIOIMX PB-JIyYd I TTOBEPXHOCTHOMH
TEPANy KOXKH, ¥ 0(PTAIIEMHUECKUX aIUIMKATOPOB JIIs1 B-001yueHust
rJiag.

IMpulopsl 1A y-H3NyYeHHs

HeckobKO Y-M3JIyYaroUuX H30TOIOB OKA3aJIMCh II0JIESHBIMU
opyausimu Juist paguorpadmu. HoBeIM [omoiHEHHWEM HX psija
SIBJIAIETCS I€3Ui-137, KOTOPBIH Telleph AOCTYIIEH B (DOpME ILJIOTHBIX
HCTOYHHUKOB C MHTEHCUBHOCTBIO OT 0,25 /10 6,0 kropu. Ilo pusuue-






UK Atomic Energy Authority

RADIOACTIVE ISOTOPES - THEIR APPLICATION IN MEDICINE,
INDUSTRY AND SCIENTIFIC RESEARCH

Radio isotopes are, in a certain sense, a by-product of atomic energy that does not
play a significant role in the operation of a nuclear reactor; however, due to their
more and more extensive applications, their products and distribution has become
important, although relatively small, branch of the UK Atomic Energy Authority
Energy. All the growing needs of a large number of times personal consumers in the
UK and abroad have initiated a vigorous program to expand the applications and
production of radioactive materials.

The production of radioisotopes begins in the Isotope Department of the Research
Institute of Atomic Energy (NIIAE) in Harwell, where the materials are processed in
the BEPO nuclear reactor. This is where many of the basic radioactive materials arise,
which are used in basic research, industrial and agricultural problems, and also -
perhaps most importantly - in medicine for diagnosis and therapy.

Direct irradiation of suitable natural elements produces radioactive isotopes, such as
Co-60, which is used in modern multi-Curie radiation medical treatment. By direct
irradiation we obtain also other important isotopes emitting y-rays, such as for
example, iridium-192, tantalum-182, gold-198 and thulium-170; they are also used

in radiotherapy as implants in the form of wire or “seeds”, ie. small pieces of metal
fibers, and in industrial radiographs of castings and welds, and small size, portability
and low price are advantages over conventional methods. The wide boundaries
between the lifetime and radiation energy make this method applicable to materials of
a wide variety of densities and thickness.

It would be too long to give here a list of all radioisotopes easily obtainable in a
reactor by irradiation with neutrons and (/ist) all possibilities of their applications.
However, a few examples methods of this kind can throw a light on a vast humber of
problems in the study of which radioactive materials are useful.

RADIOGRAPHY has been mentioned before. Detection of leaks in industrial
installations, pipelines and cables can be easily carried out using radio solutions active
tracers or volatile radioactive vapors. Checking and measuring thickness during
continuous production of tin, paper and sheet of plastics - by measuring softening or
scattering B-radiation of isotopes like thallium-204, strontium-90 or promethium-147
used successfully in many fabrication processes. A good example is the continuous
monitoring of sheet thickness of tin.

THE BENEFITS (EFFICIENCY) OF FILTERS for liquids and gases can be measured more
accurately and quickly using radioactive tracers than using standard methods.
Elimination of STATIC ELECTRICITY is an application based on ionization properties of
radio isotopes. Until now, this method has been used only in the textile industry, but
maybe apparently be used with equal success in paper industry, plastics production
and other branches of industry, where the accumulation of charges may cause harm
or even serious danger.



In a wide variety of applications, from MOVEMENT OF SLUDGE in rivers and estuaries
and ending with the action of ALARM SIGNALS (fire, burglary), radio isotopes exert
their usefulness and effectiveness, easily and simply solving difficult or apparently
insoluble problems.

To meet the needs of this rapidly growing branch of technology, NIIAE offers the
following services:

Isotope School

The Isotope School accepts advanced degree candidates from all parts of the world
for a month-long course to introduce the basics and the practice of using radioactive
isotopes. During the course, students do (under supervision) a lot of practical training
with radioactive materials, which gives them the opportunity to become familiar with
radioactive techniques and methods that they will subsequently use for their own
work.

General irradiation service

The Harwell Reactor not only can supply customers with a large number of radioactive
isotopes specified in the latest catalogue, but also offers other irradiation services.
Below are some examples of these services. WEAR of bearings, piston rings, etc.
easily determined when the rubbing surfaces are activated in reactor. The appearance
of radioactivity in the lubricant of the machine, equipped with irradiated parts, is very
sensitive a useful means of measuring wear.

Irradiation changes physical and chemical properties materials. In the case of
plastics, strength and resistance may increase. In glass, expensive stones and
jewellery, it is possible to change colour and increase decorativeness. Irradiation can
sterilize food products, thus extending the period of permissible storage. Irradiation of
seeds can cause economically valuable mutations.

ACTIVATION ANALYSIS is a technique in which a strong flux of neutrons from a
nuclear reactor used to detect small quantities of certain elements that become
radioactive after irradiation. In this state they can be accurately measured, even
when their number is less than detected by standard chemical or spectroscopic
methods.

By agreement with the Harwell Isotopes Division, customer materials may be
irradiated with neutrons or y-rays for carrying out the above experiments.

Industrial Consulting Department

The department gives advice on the application of radioisotopes to specific industrial
problems. A significant number of problems have been resolved so far. Further
inquiries are welcome.

However, it often happens that the result of ordinary irradiation of the substance in
the reactor is not the required by a client radioactive isotope or compound. As
examples could be mentioned: radio chemical separation an isotope with high specific
activity from its parent, synthesis of a labelled compound containing a radioisotope,
and obtaining a radio isotope in a known physical form.



AMERSHAM RADIOCHEMISTRY CENTER meets the special requirements of radioactive
methods in more complex problems. The use of isotopes in medicine as radioactive
pharmaceutical drugs - even if the matter is very simple inorganic compounds -
creates the need for careful control of factors such as isotonicity, pH and sterility. All
these operations have to produce with active materials, after irradiation.

Application of indicator methods in biological and chemical systems has created a
demand for an extremely large number of label compounds. For example, the
production of certain compounds, such as sugars, amino acids and proteins, labelled
with radioactive isotopes makes it possible to trace the absorption, fixation or effect
of these compounds within the body, nhamely or as a diagnostic tool as a tool or as a
means for studying metabolism.

Application of B- and y-emitters in therapy and industrial processes has created the
need for reliable and secure radioactive sources. It is especially important to eliminate
any possibility of danger or contamination.

Below is a brief description of some selected RCC product groups.
Labeled compounds for work with radioactive tracers

The RCC stocks a large number of isotope-labeled compounds selected to satisfy the
needs of researchers in various branches of knowledge. Although the lifespan of many
isotopes is too short for their compounds to be kept in stock, they can always be
made to order.

Carbon-14 deserves special attention. It is the most versatile and most widely used of
all isotopes used in indicator work. In stock contain over 20 different compounds
labeled with carbon-i4 and obtained by chemical or biological synthesis. The latest
catalog contains complete characteristics of these compounds.

The lists of these connections increase monthly as new connections arrive. Recent
additions include, for example, human serum albumin labelled with iodine-131, as
well as the organic phosphorus-containing insecticides Parathion, Shradan and Systox
labelled with phosphorus-32.

Some idea of the spread of indicator methods is given by the fact that, over the five
years of its existence, the Radiochemical Center has sent about 5,000 parcels
containing over 200 different labeled compounds.

Processed isotopes - high specific activity

Some isotopes, although used as relatively simple inorganic chemicals, must be
separated from irradiated target materials or fission products to obtain them in a
state of high radiochemical purity and high activity. This is especially true for
compounds used in medicine. For more long-lasting radio isotopes such as strontium-
90, cesium-137, chlorine-36, sulfur-35 and sodium-22, pure isolated isotopes are in
stock. In cases where this is not possible due to too short a lifespan, such as for
iodine-131 and phosphorus-32, regular weekly production gives possibility of urgent
supply of isotopes. There is also possibility to order special irradiation and chemical
treatments extraction.



Natural radioelements

There is a known number of natural radioelements, whose exceptional properties still
find extensive application in research and radiotherapy. One of examples are the
traditional use of radium in clinical chemical devices; besides radium, other elements
like radium-D, polonium, mesothorium and radiothorium can also be added in the
form of standard solutions, calibrated sources and clinical tubes and needles. You can
also receive it neutron sources containing from 1 to 1000 uCurie of polonium or
radium.

B-radiation sources for industry and medicine

Radioactive materials are usually obtained in the form unfavorable for direct use, and
so that serve as sources of B-radiation, require special processing. This is especially
important in industrial conditions when absolutely necessary, even in acute
conditions, eliminate any risk of radioactive contamination. There are sources of 3-
radiation that have the shape of a silver foil or slabs; since the radioactive compound
is tightly bound within the metal, accidental release is impossible.

These sources, which may contain cerium-144, promethium-147, strontium-90 or
ruthenium-106, are individually tested and meet British and American safety
standards. The same technique is used in manufacture of tiles emitting p-rays for
superficial skin therapy, and ophthalmic applicators for B irradiation of the eyes.

Devices for y-radiation

Several gamma-emitting isotopes have proven useful tools for radiography. A new
addition to the series is cesium-137, which is now available in dense sources with
intensities ranging from 0.25 to 6.0 Curie. Its physically properties resemble iridium-
192; the advantage of caesium is its much longer lifespan, equal to 33 years.

Inquiries should be directed to:

The Isotope Information Officer, Isotope Division,
Atomic Energy Research Establishment,
Harwell, Berkshire, England.

Or to:

The Radiochemical Centre,
Amersham, Buckinghamshire, England.



