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Preface 

As industrial use of radioHcti,-e mate'rials, X-l'n.\-s. nnd 
particle accelerators increases, it is essential that ndequnU· 
precautions b(: takcn to protl'ct the uS(,l' and tll« public 
against excessin~ exposuro to rndiation. RpctiollHl ('OIll
mittee Z54 of American Stnndnrds "\880('ia tion \nlS 
formed urHkr t110 sponsorship of tlte 1\ ntiolllli BUI'C'au of 
Standard" to fonnulnte snfety standards ill field. 1n 
1946 the Commith'e issued XllH'ricnn \r ar Standard Z;'jt.l, 
"Safl't,- COlle for the Indu8tri1d ese of X-rl1\-8," \dlicb is 
preselltly in the process of l't,yi"ion. . 

Basic stnndnrds for maximum pel'missi hie ('XPOSlll'P to 
ionizing radiation art' establisht'd and rt'yis('d from time to 
time by the Kntionnl COlllmittet' on Radiation Proteetion 
and :"ieHslll'cments, and by the 1nterna tional Commission 
on Radiological Protection. Tbe pmposc of thc 1'.5·1 COlll
mittce is to form ulnie snfety cod('s in \\-liieh t]wsc bnsic stan<l-

and other appropriate data lII't' applied to industrial 
radiation protection problems. 

The present membcrship of tll(' Z54 Seetionai C'olllmittee 
is as follows: 

Chairman: 
Serretary: 

,Yo Smith, X atiollal 
G. Lamb, Alll('ri~all 

Americall College of Radiology ____ _ 

American Confe'renee of Go\'ern
mental Industrial H vgienists. 

American Crystallogral)hie Associa
tion. 

American Industrial Associa-
tion. 

Al1I.crican Instit.nte of Electrical En-

G. C. Ih'Jln~-. II. II. :\Iorgall' 
F. O. Coe*, R. n. Xe\\e!l.* 
D. E. YnllFaro\\e, D. A. IIola-

dn\'.* 
W. l'arrbh. 

II. ,Yo Speicher, C. IL \Yi!· 
Iiams. * 

J. '1'. Wilson. 

r\ II I t'1""'''''' , Iroll and Str,cl Institllte ___ F. Shafler, L. * 
::\Iediral Association R. ?-[Ol' gall, F. O. Coe," 

American l'etroleum Institute 
American Public Health Associatioll_ 
American Roentgen Ray Soriet.' __ _ 
American Society of :'I["ehanical En-

gineers. 
American 
American 

rials. 

of Safety Engineers_ 
for TCiiting :\fate-

American Welding Society _ . 
of Casnal ty and 

,. AlternutlO. 

H. R Xe\\-el1. * 
L. C. 1\0""". E. J. Hang. * 
:\l. Ei'Pllbml. 
F. O. Coe, R. H. ?-Iol'gan.* 
X. L. }[ot'hel. 

. Chapman. 
Hastings. 

M. J .. Pitfie." 
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Atomic Industrio,] Fornm, Inc.. Dr. J. ,,'. Ho,,-land, S. J. 
Harris. * 

Confcrenee of Staie and Proyincial S. H. Osborn. 
Health Authorities of Xorth .\mer-
iea. 

Electronie InJu"triC', 
I ndnstrial :\Iedieal 
lutcma t ional A':'oeirt tion of 

lllental Labor O(fieials. 

J. T. Brothel's, X. Anton.* 
Dr. Frank Borrelli. 
:\f. Kleinfeld, A. Abrahams. * 

Illternatiollal :\s:,ocia tiOll of :\Iachin- J. 1,. Sullh-an. 
IstS. 

Joillt Elcctroll Tube 
Coullcil. 

Xational Assoeiation of :\[1]tllal Cas
Halt..,. Companies. 

Xational Bureau of Standards __ 
X ational Electrical :\[allllfactlll"erS 

. \ssoriatioll. 
Xational Safety Counei] __ 
Boeiet\" for XO;I-Destrurii\"(; 
rndCr\\Titers' La\)oratories_ 

S. Atomic Energy COlIllllis,;iou 
. S. Depo,rtlllcllt of tll(' .\ir Force, 
:\lediral Sen'i('e. 

C. S. Department of the Arrny 
C. f'. Department of Lahor, Bnreall 

of Labor Standards. 
·C. S. Department of 

reau of :\ledieille and 
U. S. Department of the 

rl'au of Ordnance. 

Bn-

Bu-

G. S. Department of the Xa'·y. Bu
reau of Ship,; Code 3,10. 

D. S. Peck. 

C. R. "'ilIiams, W. E. Shoe
maker. * 

S. W. Smith. 
A. L. Pace, C. D. :\Ioriarly . 

II. \r. Speicher, K. A. Kelson. * 
_ A. F. Cota. 

H. L. Horn, G. E. Schall. * 
W. D. Clall"" 
H. T. P. deTredlle, A. F . 

:\1('\,('[". * 
C. K 'Coner, R. II. Duguid. 
H. D. Giclel. 

C. Gartenlaub. 

E. L. Criscuolo, J. C. Johns
tOll. * 

C. L. Frear. 

C. S. Public Health Serdre, Depart- P. J. 'alaeI'. 
mCllt of Health, Education, and 
Welfare. 

Members-at-large: C. B. Braeo\rup, G. Fcrlazzo, H. Mermagen. 

Xine working subcommittees huve been established. The 
reports of the' su bcolllmi ttees are approved by the main 
committee before publication. The subcommittees and 
their clwirml'Il are as follows: 
1. General Pr,)yisions and :\letllOcls and Materials 

of Protedioll_____ ___ _ ________ C. B. Braestrnp. 
2. Health ProYisions and .\lo11itoring _ _ _ _ G. C. Benny. 
3. X-ro,y Protection fOJ 2,UUO-ky Installatiol1s and 

Lo\\'er ____ _ __ D. T. O'Connor. 
'1. X-ray Protection for Iuslallations Abo\-c 

2,OOOkY._____ _ A. L. Pace. 
5. Gammo, Ray Sources for Industrial Hadiog-

raphy _____ _____ __ n. Blalz. 
6. Electrical ProtectiolL ______ • ___ _ F. J. Euler. 
7. X-ray Diffraetion, Fluorescence Analysis and 

Microradiography _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ W. Parrish. 
8. Sealed Bela Rav Sources _ _ _ _ R. S. Hoehlin. 
9. Contaminatioll Le\'e1s of Industrial \\'. A, McAdams. 

* Alternato. 

IV 

The present Handbook was prepared by the Subcolllmittee 
on Sealed Beta Ray Sources. Its membership is as follows: 

H. ROCHLIX, Chairman. 
W. CLOIn;. 
e. B. FOS'l'ER. 
L. EG(1~IAX. 
S. J. HARlUS. 
S. D. :\1 TLLHOt:SE. 
G. \Y. :\IoRG.\x_ 

S. E. (ksox. 
H. W. HAPI'. 
E. SHAPIRO. 
R. C. S"i'RATTOX. 
\V. E. S'YTFT. 
C. "r. WALLlU'C'S8X" 

In preparing this Handbook, the subcommittee at first 
attemptE'd to formulate rigid safety ruh,s for tb> manufnctUl'P 
and use of hetn-rH,\' SOU1'C('8. It was lutel' dt.'cidcd that, in 
\rie\\" of tll(' pn'sC'ut rapid expansion of this iechnolog,\-, it 
would be more useful to pl'('pare a generalized discussion of 
the llUlIlY aspects of persolllwi protection in connection with 
be tn-ray sources. 

).fucll of tll(' lIwt('rial in Sections 14 and 1:'; of this Hand
book \nlS taken from National Bureau of Stimdards Hand .. 
book 54 (rciE'rencC' 5). 

Suggestions for imprO\'eI1lC'ltt. of this Handbook will hI' 
welcome. Such suggestions should be sent to tll(\ :x ntional 
Bureau of Standards, "Washington 25, D. C. 

A. Y. c\STIX, Ihrectur. 
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Safe Design and Use of Industrial 
Beta-Ray Sources 

1. Scope 

l.l. This IIandbook has been composed to sen-e as a 
guide to\\-anl safe design, manufacture, installation, use, 
maintenance, and disposal of beta-ray sealed sources for 
industria I applica tiolls (s('e section 2.28). 

l.2. It is hoped that the information contained herein 
will help the reader to compl? \yith the radiation protection 
regula tions issued by the United States Atomic Energy 
Commission and other Federal and State agencies. Ho\\'
e,-er, these goyernmental regulations may be changed from 
time to time and may differ in detail from the recommenda
tions herein. ..:\ list of such regulations is giv-cn in a.p
pendix A. 

2. Definitions 

Terms in this Handhook \\-ill be used in accordance with 
the follo\ying brief definitions. For a more complete glos
sary, sec rcferenres 21, ~~n, and 46. 1 

2.l. Absorbed dose. The absorbed dose of finy ionizing 
radiation is the amount of energy imparted to matter by 
ionizing particles pel' unit JIlass of irnHliatedmaterialat the 
place of interest. It is expressed in rads. (Kote: 'Yithout 
the qualifying worcl "ahsorbed", dose can haye sm-eral 
meanings. See section I of reference 48, and sections 2.13, 
2.21,2.22, and 4.8 of reference 6.) 

2.2. Activity. ..A. synonym for curiage. 
2.3. Background radiation. Hadiation arising from radio

actin material other than the one directly under considera
tion. Bac kgl'Olllld radia tion due to cosmic rays and natural 
raclioactiYit)~ is nhyays present. There may also be ad
ditiollal background radiation due to the presence of sources 
of radia tioll ill other parts of the building. (See also defini
tion, reference 2l.) 

2.4. Beta rays (or Beta particles). Electrons (either 
negatiye or positin) emitted during radioacti,-e disinte
gra tion. 

2.5. Container. In conuection with a sealed source, the 
container means the seJ.lecl enclosure which surrounds the 
radioactin material. 

1 Hefen..'llce~ are giyen ill section H) on pag:r 23. 
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'),';, Contamination Dcpo"ition or pr('s-
,'l:I'I' r ]';,d11!:1<'1 l!1:ltniill ill Illly pl:H'(' \\"lw]'(' it is not 

I. ;111,1 Plll'til'llb ill :lIly ph('(' \\h('l'(, its pre,;Pllcc ('nn 
bI1l'],:I1, Till' li:lI'lll lllll\ h(' in \'ilil1 Ihe ntlidity of 

it prol'!';!ll]:(" or ill heillg' H SOllI'C(' of ' 

_.1. Curiat'e. The nlllltiH'1' (II' l'uriC's. 
:!, ...... Curie. 'I'll" ;llin of ,lilY l'uiliuHctin' llilclidl' ill 

\\ Itil' tlWlllillll"'f'llf t' iOlls iH'), ~(,(,()Ild i" :'l.700XIO!O, 
'2,~l. I;au!;hter. _\ j'nrnwII 11\' tIll' dl'en,' of it 

lil\:I('(\l" lllli,lidi', lllll~\' h(' l'itllC'r' rndio-
;If,ti\-c' nl' :--:(;.1 Lh\, 

",Ii). Dose. ;-:"(' ",\11-.01']'('<1 D(1::'{'," 
.) 1 I Gamm:l rays. l:h'I·l!'(llllnC:II(·tlc rniliatioll of short 

\\li '1":):"1 h:l 1 (";I:I'('~Jl"lI,l higll r1'('qlJ('Jl('~-' pmitted b~-
Jl1 i 111 ilw ('(,l) or l'lldiol(l i\'l' dl'l'llr· 

:..'.1 '2. Half-life. The tll!I' ill \I'hii'll tli(' (,llringp of n 
"1' till!' rlld ',H,ti tlllllid,' \1;1:' dp('ll.n,d t,) hdf its initial 

:.;, I ::, botJpe. ()111' of :,(,\(,],t/ Iluclide;:; hH\'llIg till' smul' 
J:illliJ.n '11111" in tlieir nud Ill'u('p hdongillg to 

'1. .u1 dili'nil1:! ill the nUlIlbpl' o[ nen/rOllS, 

II 1::':': , For exalllple, strolltlulH-88 

;,Ilcroeu[!{' I )lll'-lllillioJlth of H curie (:LiOO 
. ~1~~:·; (,~:'1';11;1 I:{'l' ~ti('(,!\,(i '1, 

'..! i -'. :'.liUkurie ;11\,'. ClI{\-thi)ll~nll(lth of n pmil' (:3.iOOX 
11 (: 1 i,I]::' pc!' ~l'("ll::l , 

:.:.1 ii, :\IilIirad llli:I(:. OW'-lhotl':;l1l1llh of a rnt!, 
",17, :\1illirem 1111'l'111'. ()Ill,-thlll:'::Jt1dth of n l'<'Ili. 

:' ! .~. ~~nIliro('nt;,;pn ! illl". ()lll'-tlwllS:llldth of H l'o('lltgC'11. 
:!. ~ !I, ::\uclidp .. ~\ ill ,1tOlll elwnlct('l'iz('(l by thl' 
I~<i! [i()ll ol 11" is, i, C',. til(! 111l1111l('l' of pmtolls, 

11m,,:,('!' "l' ll(,illrlJ]I~, nut! l'IlI'L"\' ('I'ntl'ut. 
l,:..'Il. Prototype ~iflll('l'. "\ ~{)uJ'('(' 1l.~('d for typC' tpsts of 

llt l \\-

:2,:!1, Had. 'I'll<' d i,; 11 lI11it ()f nbsol'l.t'd rl](liatioll dose 
nlld j~ ('flU:,11!1 l' I "I'gs pel' g'l'<1111. 

:..',:2:..', Radioactiyc material. :'I Iat l'I'IHI 
,ill'-: ~P"!Il;lll('lIlh ll\ld,';ll' di"inl('gl'1l1 

!'!tll,c.i, of CU1PII:'l'lll:il' 01' d('('Ir!lllUlgl 

\\'hieh iii lllHjPJ'

)'('iitdting in the 
rndi'lti(lIl, such 

"I Letn, "'i1IIII!II!. or ::\-1'<\\:';, 
:..',,~:L Had~oa('(i\itv. ' l'll'()U,; linden!' d'lSill lioll 

ii)l (,Jlli:,~i(ll1 Ill' "()!illh1 '11 I' lit' ('h'd it' nulintiolls. 
:.'.~)+. !:adioisotope. ,\ l'Cldi(l;ll'tl\'\' isotope or an d('ll]('llt. 
:..' .);,. Hem. Til,· qUlin! or :lIly iOllizing rndintioll sllrb 

1I.'il tlH' ('lll'i'gy illQ}:Jl1l'd to ;] hiul()~!ical , tissu(', 

Ol'g;lIl, or organislll) per gl'il1l1 of li\'illg matt"l' by th(' ioniziug 
radiatioll ]))'('S{'l1t in the ]'egion of ill/pn'st litls the same 
hiolof::ienl !'fl'eclin'llC'ss as [Ill ah5ol'hc·d fl,:s!' of I rnd from 
ligiltl.\- iilt(,],pd X-I'n,\':'; gl'IH'J';lled ;1 t potelltials of :.!on (0 ~)QO 
kiloyolts, Fur mdi111io!l plllpl:;;es, 1 n'lll mn~' 
tit' 111k('n as ('qlliy:de11t to 1 rad for b('(n ]';iYS nnd gnmmn 

r:-:'ep S('ctiollS 4.1' Hlld ;j,:.!. (e) of rC'!I'['I'!lC(' 

Rep. ;\11 oh50lp(e llnit of ilj,sorf;l'd Njunl to 
9:3 C'rgs pC'1' grnm. Heplal'l·d iI\' t11e nld. 

2.n. Roentgen. The (!l!l1ntit~, of::\- or g'1llmllll radintion 
sllch thnt till' n';stlCinll'd eOl'jll:s('ulnr l'missioll ])(>]' n.OOI:!!):) 
gralll of air in air, iOllS !'lllTyill'2: Olle ekdrostatie 
;lllit uf qUlIntity of C'lPcfrieil," of (,il (wr' Si<;:ll. Li.. ullit of 
t'XP(ISlll'(' ) 

2,:?~. Sealed source. l{ndio;lI,tiw mall'l'inl that is e11cnsed 
ill. Hlld is to hl' usc!l ill, 11 ('on(,lil\('1' in ,I tllnlllll'l' il1t('ndecl to 
prf'YP1l1 It'nkngl' of tlw ]';lIliOHl'li\'!' lllnil'l'inl. l~Hks"l stnted 
oth('l'\\j:,<" tile "'I'm "3('aled SOllI'Cl''' in llli;; lLmdbook is 
U1HI0l'stood to I'eff'l' ollh' to ",)lll'l'e;; l'OlltU rnt!inncli\~(' 
IllHtrrinl that (·tllit:" hetti I \y!t('l!t('t' or not it also ('mits 
nlpha, gn 111ll1n , Ot· ntl1l'l' inlinn, ,md \dwtl:el' 01' 110t the 
bpt~l rn~'s nrC' tOlnll~- "hiplded Ihe ('olltnill<'l'). 

~,:?O, Weekly dose. 'I'lli' lhsl' !wf'in'd in any p('riod of 
7 l'onserlttiyC' da,\'s, See H~\k;orbl'd Dose." 

3. Radiation Exposure 
;:u. Ralifll (if JJ(/2(/,d8. Th(']'l' is a \Iidl' ynrldy of tYJle's 

and stn'll;.rtlts or Sl'nL,d l)('tn-nty SOlll'(,('S 11S1,(1 in mall'\" dif-
ferent industrial II 'Thel"(' is n I'Ol't'('"pollilingly 
Il-illl' nHlg(' ill tlw n,;"ocint(,d hnz<1 hotlt during 
the m,lllufnctul'l' of "Olll'r(';< tllHI in tl\{·il' 1[:';('. The in-
formation Oll mdi,ltioll prot(,(,tion <llId l'lll!'l',:l'l'lI(',I' PI'OCI'I];tn'S 

gin'll in this ,.;tanllnI'll ]lnriinllnl'h' ill S('etiOll'; :1. 1·1. Hnd 
is intl'lJ(ll'd n,; a g'l'lll'ml gllid(' and \Iil! he'll pplic:I ble to a 
gn'at('1' or Ir:N'r dq';l'el' (lepl'llding UPOIl lhl' iculnr SOUl"C(,S 

an d n pplietl t iOIl. Thl' of Lazard 
upon tlll' lllilllhl't, nll(l stl'l'llgtll of tIll' SOli n'c' " , h(1\\- tI1l',\' nre 
lllOuuted and "hidded, the dl'sign of till' contuill(']'s \\'it11 

to pJ'('n'lllillg' ll'tlkag:(', ,wei otile)' f,letors. (Sec also 
s('ction G. J ). 

3.2. Sutlli'/ ilf JIilz(ud.s. TIll' pot('ntial iJ<lZ<1nls to bC,llth 
from radiation llIay 1)(' cln"si[:ecl lllld('l' two hending's: 

) Hndiiltion originating outside til(' ])0(1,\-, 

) Hadintioll nrisillHting frolll rntlioaetiyC' matl'rinl inside 
til(' horl \'. 

For sl'nl(,d twtn-rny source's ill normal use, proteetion is 
J'(:quin'd again,.;t the fi typ<, of Il:lzan!. J[ n "enl!'(l sOUl'!'e 
should kak, the l'1J(lioaetin: matt·rinl thus rl'lclIsed may be 

-:! 



taken into the body through the moutD, nose, or broken 01' 

intact skin. o'i,-ing rise to the seeond of hazard. 
:3.:3. E:rtel'~al aJld internal Dose Lim :"[nxiIllUll1 P('1'-

missiblc dose limits for radiation nnd maximum 
permissible intake limits for radionctin llwlerinls an~ recom
mended by the X ational COlllmitt('(' on Radin lion Protection 
and :"leasllrements (XCRP) and the Intel'llatiollHl COlnmis
sion on Radiological Protection. These recolllillenda tions 
fire re,-ised from time to time as Ill'''' knowle(lg-e becollle's 
an\ilabl(' reO'ardillo' the \'nriolls efrects of radiation Oil tl1<' 
human bod; and the metabolism of YHl'iOliS radioisotopes. 
Because these exposure limits nre subject to ehnngl', speeilie 
,-allIes an~ omitted from the body of this Handbook. For n 
SUl11l11aIT of CUlTc'nt reCOlllllH'ncfations, see appendix H. 

3.4. Beta-Ray _lccurate measnremeni of ex-
tc>rnal beta radial ion is more com plica tell tban 01' 

gamma-ray mensHrellwuts, and. requirc>s the s~ryi('es of it 

qualified expert to seiel't proper lllstnnnents, eahbrnte tbem, 
and properly interpret tlI"iI' l'NHlillgS ill h'rms of surfac(' dose' 
and depth ~lose ill tissue. Tl~ gl'lll'r.al, ~lIcl.lllleaSUl'Clllellts ~all 
be made WIth a properl.''' d(':,ilgnecllOfllzntlOn ch.Hlllher, :dl1cl~ 
has H winch)\,· thin en01wh to admit a substuntwl frnetlOn ot 
the betn particles. Sucll a cham her cnn he calibrntecl witlt 
a standard source of similar encrgy distribution, 
preselTinO' similar geometl'i('111 conditions. Prccise measure
ment of beta racliation from a surface' is best done \\Ith an 
pxtrnpolation chamber. See references a, 27, 29, ;30, 
:~.5, and 3G. 

The outermost layer of skin is cOllsi(iPrecl to \)(' a dead 
cornified la \'('1'. which acts ns n filt!'!', nnd the beta-rn \' close 
should be ine[\Slln'd for tl1l' zone inllll('diateh- . this. 
This dead laYer is oftell tnb'l1 to han' nn ay(:rng(' yalue of 
7 . 1~o1' the ey(" l!O\\TyeI" it is zero, aiHl for the 
palm of the hanel, 40 mgieJl12 is OftC'll 

a.O. Penetrating Radiation. In addition to measuring the 
beta raeliu tion from betn-rn y SOl.l!,('e.s. n itpution should he 
gin'll to the secondnry X-rnclintioll (hrelllsstrnhiung) pro
duced by beta rnys in shi(·ldillg matNiuls, and to tlj(~ fact 
thnt many betH-emitting mclioisotopps also ('mit SOl1ll' gamma 
radiation. Shielding \\'11i('11 compl(,tC'i.,- stops tlw heta radi/I
tion nU1V be ina(IPqnate protection against the more pl'lle
trating bremsstrnhlung- and gamma l'Iltiiatioll. 

4. Selection of Radioactive Materials 
4.1. Selection of Hadini.sotope. In those cast's where mon' 

than one radioisotope \\-ill satisfy the fllnctloIlfll requirements 
of a particular npplicntion, pl'cfpl'ence shollid be gin~n to the 
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one of 10\\'e8t toxicity. Table 1 of refpl'ence au or appendix 
B of ref(·rence 47 may be as a gllidt' in compllring the 
relatiye ty of radioisotopes. 1\(:'I''''1'encc 25 COIl
tains a convenient table for selecting- beta ewil tel'S nceo]'(ling 
to energ\- and half-life. 

4.2. Selectioll of Form of Radioi8otope. The chemical and 
physical form of the radioisotopes eOll tained in sC'Hled sources 
should be so chosen as to: 

(a) :"Jillilllize chemical or radiation dnmage \\'hich may 
cause tIw sealed sourcC' to raclioaetin~ uwtt'rinl. (For 
('xflmple, nitratps and organic pompoullc!s m'p llsllally lInnC'
ceptable. Sec section .5.1.) 

(b) :"Iinimize tllP likelihoo(l of intake illto the hody amI of 
retention in the bodL 

':\linimize disI)el'sion of the mdioncti \'(' matC'l'iul if tht' 
contniner sbould leak, or be damngC'd III nn accident or hre. 
Liquids, pom\Pf's, or n:aclil.\- d,'compos('d solids arc uSll:111~' 
undesirable. Hlldioactin 1I111Y be H('('eptuhle if all.\ 

I('nkage ,,-auld be certain diffuse so q uiekl~- tluct no Olle 

could inlmle nn excessin quantity. . 
Following :1\,(' H f('\\C examples of prl'fcrred fOJ'lIlS fol' rndlO

actiye material in sealed sources: 
Raclioaetiye metal foil or plnting (8(,C' 1'('1'el'<'nc(' I 

Radioactive pO\n\er bound inside a thin golll ribbon 
by a powder-metallurgy teeimique. 

, (c) A f~ls('d glass or of \\'hich the ra(lioisot~)pe 1'; 
one constItuent. _l type of should be ehosen tllat b 

I'('Sist:lllt to rudintion damage. 
HaciioHctiYe bowled to n ceramic with 

cement tbn t is to racliu Lion damage. 

5. Desig,n of Sources 
.5.1. General, The design of a sealc'(1 SOlll'C(, "holllcllw 

sueh as to minimiz(' the }JI'Obllhility of leakage' of lit(' radio
actiye mnkriai. both ill normal shipnwilt nnd usc' and uwli'l' 
sllch abnormal conditions us Clm 1)(' fores(,(,11. Cal'dlll 
cOllsi([pl'ation should be gin'll to (,YC'lItllul lilllllng(' 
to the contnin('l' or its senl b.'- auy of tllp following fndo!'s: 

(n) 1\ncliation from tllP SOUl'('C it:;;plf, including botl: r1il'('ci 
radiation (lumagp, alul secom];l!'y ('/f('ct,;, :mdl as proclllction 
of oz01le in the air in the SOlll,(,(', tll!'!'('b.'- uC(,l,h'l'<lting possible 
corrosion spction 6.;)). 

(b) Attack ehe'lllicals in8ie\c' tht' ('o11tn.in('1'. 
(c) Attack by ('otTosive fumes, so]"P1Its or other ch('micnls 

to which the 80111'('(' nHly 1)(' ('xp0';l,(l section G. 
(d) Buildup of gns Pl'('8sure insi(k the COIlLlinel' th(' 

action of radiation from the source npOll tll(' contaIner 01' 

its contents, or by heating, sueh as ill a fire. 
5 



(') 13l'eakdOiHl llm' to diseharge of high dectrical po
t mtials built up b~' tlw tl'lUlsmissioll of beta particles through 
insula ting ma t(,l'i8 1. 

(f) Yihratioll, shock, or otl1C'1' 111l'chanical injury 
sC'ctioll 

(g) Stl'C':',Ws set up by difi'C'],C'IlCl'S ill tlwl'mal expansion 
of contaill(,1' parts, 

(11) DP1el'iora tion inhl'rt'll t in tIll' mntl'l'inls used for the 
contnill('1' (l" g., loss of 80}Y('lltS 01' plastil'izel's from plastics). 

Damag(' by high or low tl'lllpemturE's, humiclity, low 
Pl'(,SSll]"(' l'x]lC'ri(,llCe(l ill shipnwnt by nil', or any other 
1.1llfHyorable ellyil'ol1111C'lltal couditions that can he fon's('('n 
(sce seetion G.:?). 

5.2 A&8f11lbl!/. The QPsign of the 8t'al('(1 containC'r should 
he such as to makc, disH:'scmbly dif\lcult. (Examph's: 
welding. l'iyl'ting'. crimping, soldering, pel'ning, cOH'l'ing 
~el'ew hends with sol(ln.) 

.'i.3 Internal CtiUza(!oli SOl1rces. In mnny ]wta-ray 
SOUl'f'l'S, tlll' twta rllys Ill'ed not l'nlE'l'ge hom the sealed COll
tainet to perform their dl'sin,d fum'tioll. Examples of such 
"01I1'(,(,S an' llllel('ar butt('ric's; !lud sdf-lllminous Hlllrb'rs, 
\\-liidl consist of radioHctin mu te1'ial mixNI wi tll II phosphor. 
Such SOUl'('Ps shOlll(l normally be designcd with a thick 
('Hough contaitH'I' to pn>vent emel'gence of any bE'ta rays. 
(S('<, s('etions 11.2 !lnd 
, ;").4 Iiigh-Cul'lage Sources. SOU1'Cl'S COl1tailling more than 
n few ('mit's of raclioactin' matl'rial rise to spcciul 
problem'! Khie11 are beyond the SCOI)(' of this IInlldbook. 

6. Prototype Testing, 

6.1. General. B('c!w'!l' many of the fHctors listpd 
in s('('tion 5 n ['p diflieul t to (,YHiua t(' , it is 
J'N'Ollllll(,lHkd tlw t tpsts he lTlHclp on prototypes of 
nC'w SOlll'('(, dpsign l)('fol'e SOIll'CPS of sueh dl'sign aT(' put into 
industrial m,e. IImy ('xtpnsin~ the Pl'ototypl' t('sting should 
1)(' dqwnds lIpOll thp following fnctors: 

(a) Rntliotoxicity of thp radioisotopl', 
(b) ell(' Illi cal a J1( l physical form of the mdioiso topp 

(likelihood of aC('iclental dispersal, etc). 
(c) ::\ ttlnlwr of millic\Il'ic's ill eHch samel'. 
(d) ::\ulllbC'l' of souret'S to 1)(' malh,. 
(p) Dc'gl'(,l' to which similar han proH'd to be 

leak-tigh t for long pc'riods of timp unclc'r similar 
conditions of use. 

For eXHIllplt', sinc(' it ] O-millicuric strontium-90 source 
contains more than 1,000 times til(' maximum permissible 
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intake qml.ntity, vpry thorough prototype t('sting of 
a sourCl, 'would be a(l\-isablp. 

In general, a prototype test eonsists of sub.ieC'tillg it proto
type source to cll('mieal nttnck, ('xtrl'nWR of tempprntur(', 
preSSUl"(', shock. \-ihratioll, dc., n t ll'ast as Rl'Y('I'e [IS such 
sources 1)(' C'xpp('ted to l'!,(,(>jy(, in use, shipllwnt or 
storage, tlwn illS]wding' thl' prototyp(' sOlll'ce for Ic'abgt' 
of raclionctiH' material. In oJ'lkr to pass thl'sl' tests th" 
sourel' should show no dC'tl'ctahlc· lealmge. (For methods of 
measuring surface ('olltnmination and -h'uknge, SC'E' Sl'('tiOIl 
G.7.) 

\\lIC'11 a source window or 
radioaetiYC' mutc'rial sonll'timl's It'aks out quite' . Jt 
is thE'refol'l' Hlh-isnble to makp t\H) leakage t!'sts at \l'ast one 
wed;:: apart bdore ('onelucling tlw t a SOlll'(,(' dol'S 110t leak. 

6.2. Tempel'fltul'e (lnd PI'IS811l'e Except fol' 
sources intpnd('d for special applications, the' pxt!'('Tllt'S of 
teIrIIwmtul'e aIlll pl'l'ssure an' lil;:dy to \)(' (,ll('onnt(,l'l'cl in 
shipmpnt rathl'I" thull in usp. Outdoor jl'lll]Wrntllr(,s in th(· 
United Stntes Yal'y from about 54° C (-65° F) to 57 0 C 
(135 0 1<,) in thl' shadp.2 A sOlll'('e shippe(l by ail' at :3;:i,OOO 
feet in an llllpn'Ssuriz('d, nnheatl'd bag:g!lge COlIl]Htl'tlIH'llt 
will l'XperlellcP nn absolute pl'l'ssure of about 7 inches of 
mercury (0.2:3 atmosplH'l'e) and may ('xpt'ril'IlCe tl'mlwmturt',; 
as low as -6(jD C (-760 F). 

G.:3. Shock. 
6.3.1. Shock in Shipment. The following tpst is sug

gested to simulute the slweks u source may ellC01I11tc>1' dmitlg' 
shipment. The SOurCl' is placed in a capp('d ml'tnl pipl' 3 
fppt loug, with a diaIllPti'l' 11,t !Past twic(' the maximum 
(lilllellSi(;n of the SO 111'(' e . 'I'll(' pipe is ro ta ted about its 
midpoint at sueh a tlwt tll(' SOlll'(,(' will appl'oxima It' 
a frep fall from one ('nd of thp pipe to the otlll'I·. Since the 
WIlY in which tilt' sourc(' fulls nm \' \)(' ('ritical, this tpst 
be [epeatpd for nt least 100 falls .. TIll' SOurCl' is thel1 I't'moy('d 
and tesl('(1 for ll'akagp. The intC'l'iol' of th(' pipe should 
also hl' exnrnill('d for radiouctin ('ontaminatioll. A thin 
removnblE' lilll'l' for the pipe will facilitate this, amI will 
also simplify ci0contmnina tion of the pipp. 

6.:3.2. Shocle in J.1ill Accidents. A mort' severe shock 
tE'st than thp aho\'e may be (lesirabh' if the sourct's Itrc 
int.endl'd for applications in plants where he'avy 
may be E'xped('d from mill uccilll'nts g., sted mill thickness 
gagE·s). 

f5.4, Corrosion. St'uled bE'ta-ray sources for industrial use 
a.n' ('sT)('eiully vulnprable to leakage due to corrosion bl'cause 
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of (n the thin windows lWlllin,d to permit the bet!l, rays 
to elll('rg-e, awl (bi !Itr lUl'g(' Ynriel." of corrosiYe fumes and 
c1)('mienls foullel in imlns! rilll rstahlislnllents. The proto
typr SOlllTl' should 1)(' subjl'ctrtl to attHek by those chelllicals 
tim t llllly l'('HSOlltl bly hl' exp('ded ill illd lIstria1 eIlyiromnell ts. 
\rlwre possihlr. :1eed(,1'tlU'd life tpsts should bc' matlp to 
(ktl'rmine the pfrpd of mall." ypars exposure to slllall COll-

eentratiolls of ngl'nts. 
EYen SOll],('(,::' ('al'f~fully proteded from spills of ('olTosiyc 

liquids arE' suhject to cOlldensation of water droplets which 
comhiJle with (l'nsPS commonl." present in ilHlustrinl atmos
pherrs. a,,' h,nlrogen ehloric1c' and sulfur dioxide, to form 
cOl'l'osin' twids. ,\ccording' to page 154 of referellce 8, fl. 

O,OO:2-imh thk·kll('SS of tYPl' ;304 stainless steel will he pelle
Irntc.d ill about 12 In' a 10 hwlrochlorie acid 

nt room tpllljwraltlre. Ploting staullcss with n, 
110ble lllctal snell as rhodiulll is usually not uch'isable. sUlee 
/1cceiprat ed corrosion is liahle to orrUl"by gal'nlnie action at 
lllicl'Os('opi(' imperfectiolls in tbe platillg. 

C'orro;;ioll ]'(',;i51HIIC(, is a complex suhject referellces 8 
nnd m. nilt! the hl'ipf comlllPnts abo\'(' are intended merely to 
indic::te the llpe(lfol' ('nreful attcntion to potential corrosion 
in 1 lip dl'si:~'n alld llse of sealed bpta-ruy sources. 

OJ;. Ra,diatioll Dama{i(' , The physical prop('l'tics of many 
matpriHIs an' challg-ed WIlC'1l subjerted to ra(liniioll. In 
i':cllernl. nre lenst nffpclecl by beta radiation, while 
or:.2:nnic llultprials nre nmong' those most susceptible to radia-
tiOll (sec refNcnces 10 through 16). 

nC'\;1 ion etln. oypr a period of time, eause u sealed 
somep to leak by \'al'io\ls difYC'l'ellt modes of adion. surh as, 

Decomposition of the thin window, . 
Deromposition of cemell binders or used to 

seal parts of the container together, 
(c) Decolllpositioll of wuter, solder flux, or other material 

inside thc' sealed contlliner, gidng rise to internal gas 
pressure which ruptures the contaillPr. 

It is usually ulldesirahle to use allY organie muterinl in the 
of sources which contain more thall a few microcuries 

of rndioHcti,'e material. 
One way to determine the "safe life" of a prototype sOUl're 

is to giye it a radintioll damage life U'st; tbat to wait until 
the prototype somee suffers leuknge because the radiation 
damage from ils own radiatioll. In most cases this \\ould 
take too long to be practicahle. 

Anothel' way is to make un accelerated life test, by pre
n special test source similar to the prototype but COIl

say, 100 timps as much actiyity. If it is feasible to 
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thp sJ)('~'inl sonr~'~ in suell 11 way that the actual 
absorl?ed closp III t be cntwal l!laterinls is 100 times greater 
than m the prototype, und If Olle WNe to aSSllme time 
r~'('iprocitr, the prototype would be eel to last 100 
tImes ~s long: ~lS the sl)('cial tes~ souree leaking. Sinee 
tlwre IS eOllS)(IE'r;1ble nneer!amh- ns to how far the time 
reciprocity prillciple ma? be ex't!'<lpoluted, an appropl'inte 

fndor should used. 
.All accelerated . t ('st enll also made b." bombarding a 

prototype source \nth betn mys from a laro'p external radio
actin' source or with au e~ectroll beam fr~m n high-energy 
accelcrnt~r .. If such, maChlllPS are lIsed, extreme enre must 
he tah'll llllJlterpretlllg the test results, the differences 
il? energy spectra ,nn.cl ill ~oll1hnl'(lmel\t g.-eoJlletry lllny gi\-e 
nse to Inrge yarwtIons III absorbed close in the critical 
matel'inls. 

Since gamma rays amI beta ra vs CHuse similar radiation 
damage for equal iibsorbed ~l high gumma flux facility 
cnll also be used fo~ radiation dnmag~' (,:sts. For example, 
Il,close mtl' of 2X l()' roentgens per ho\ll' is antilnble from the 
chschnrged fud elemen1s of the Idaho Falls :\fnterials Testing 
llNlcl or (see reference 19). . 

If accurate rndiation damage data are ilyailable for aU the 
components of :1 l1e\\" SOlll'ce design, it may not be necessary 
1.,0 test the complete prototype assembly to determine the safe 
Ilfe, Herc ug-nill, hOIYeH'r, eonsernttiyc fuctors should 
IJe emploYNL 

fiJi. [)isp(/"~I!l 1'(8f. Gilder sperinl pirCllmstances, \\'l1pro 
the SOlll'('.e is expected to be ns(,d ill such a way that the 
sOUl:ee willdow may be accidentally torn or punctured, it. is 
adnsable to test tho prototype to determine how readily 
the I'ndioartiyo mH t orinl will (1isperse from n, damaged sourc(~. 
To make snch n tpst, the somce may be placed ill a small 
ellelosLl~e so. . eel as to facilitate the. following' steps: 

(a) 1 he thm WJJldO\y of the source IS punctured or torn 
while in the enelosllJ'('. 

(b) The sourcc, still,in the enelosure, is subjeett'd for at 
lpast 24 hours to such nil' currents and dbration as would be 
likely to occur ill normal use, 

(e) The SOUI'CO is transferred to a second pnrlosure. 
(d) The inside surfaces of the first enclosure are ehcckl~d to 

d('[('rmil1e how much radioactiye material has left the source, 
The use of a g'lon:d box or similar deyioe is reeommendcd 

to protect the operator against cOlltal11ination and external 
radintiOl~ hnzarc1~ tl~is test. It may be preferable to 
make tlus test WIth a sJwcwl source, scaled down say, 1 
percent of the of the prot01lype, ' 
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6.7. Surface Contamination Tcst j\flth{)ds. The test 
methods descrihed hclmy are intended merely as cxamples of 
acel'ptnhlc rnrthods. Othcr t('st methods mlly also be 
neeeptn ble. The"e tests "hould be made only by pers(~ns 
who nre qualified to cope with the nttcnciant haznrds, lfl

dud ilHt tho",e urisillg from lenking sources as well as from the 
ex t el'llnl rndin t ion. 

6.7.1. ll'ip( 1't8t. All ext (~rnal sll.rfaces of t l~e souree con
tainer are ,,-iped thoroughly WIth n piece of m<:Hst absorbent 
paper. The paper is thcll placed a n~.easurc.d dIstance from. a 
Geio'pl' counter or other smtnble dCYleC wInch has walls thm 
ellO~lgh to admit beta ra \'S f!'OIll the radioisotope iIlYoln:d, 
and thc adidty on the paper is measUlwl. (1"01' I~casu.re
mcnt tC'{'hniq11()s, see l'efel'ell(,('S 3, 18, and 20.) A eahbratIOn 
for this test consists of placing a small known amount of the 
rndioiostope in questioll (say 0.05 mi~'roc\:rie) on ~ surface 
similnr to the somce eontamer alld perforHllng- the WIpe tests. 

Sometimes. H more sensiliYe test may be obtaillPd by 
a suitable rompkxing agpnt such as Versenc, rather 

tlwn WlltCI'. to moisten the absorbent paper. 
6.7.2. ImmO'sion-Scrub Ted. In some cases a small 

len};;: can lw found more quickly by immersing the source. in 
water (or a solution of a complexing agent) and serubbmg 
the surface with H brush. The source is then removed, the 
solution is cyaporated to dryness, and the activity of the 
l't·siduc is measured. 

This immersion-scrub method can bc readily adapted 
to testing the source's susceptibility to corrosion by ,'arions 
liquicls. 

6.7.3. In determining whether it source leaks under 
shock, "ibratioll, and extremes of terr~peratur(' and pressu~'e, 
care must be taken in each ease to lllsure that any radIO
aelin material whirh leaks out of the sourre remains con· 
fineJ in some enclosure suitable for measuring its activity. 

7. Instruction Manuals 

7.1. Instruction manuals for sealed somees and for cq uip
ment containing sealed sourees should inelude information 
on the follo\yillg subjects, as appropriat e: 

(a) l\ecommellded procedures durillg installation, normal 
US0, shutdown and storage to proteet personnel from excessive 
rndiatiOlL (See sections 11, 12, 1:), and 14.) In pal'tieuiar, 
the l'c('ommellded frequency and method of leakage tests 
by the user should be specified. 

(b) Reeommended proC'edures in case of aceident, fire, 
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or flood to minimize radiation hazards and radioactiye COll
tamination hazards to personnel. (See section 15.) 

(e) A statement of the tested "safe life" of the source from 
the stal1(lpoint of radiation damage section 0.5). It 
should be clearl.Y recommended that the source be disposed of 
hefore the elld of said safe life, ineluding recommendations 
for or referellC'es on safe disposaL (See sectioll 1:~.2.) 

(d) A statement of the temlwrature ('xtremes, pressure 
pxtremes, slIOek and yibrutioll nllder whieh the prototype 
source passed the leakage test. (See s(·etions 6.1, 6.2, and 
6.3.) -

(e) Information on the resistall(~e of the SOll1'ce to attack by 
corrosive fumes, soln'nts, 01' other clH'micnls. This should 
ineludp both: 

(1) A description of the SOlll'(,(, ('onstraction, induding 
the materials llsed und the thickllPss of thr thiruH'st portion 
of the sealed container, and 

(2) A listing of typical chemicals to which the somce 
container may be sllfC'ly exposed aml elwmieals to which it 
should llOt he exposed. The list of chemicals to which the 
source may be safely {'xposc·cl should lw hased OIl !lctual tests 
OIl the materials of which the SOUl'eo is constructed, and sholl 
iuclude data on concentrations used, t('mpl'rature, and dura
tion of exposure. (See section GA.) 

8. Labels 

8.1. Caution Labels. TIl(' presenee of smled beta-ray 
sources during normal llse or storngl' shollid be made known 
bv Olle or more suitable' In bels on the source 01' on dcyiees 
contninillg the S01l1'(,<', or by signs ill the area where the souree 
is 10('ate(1. Sudl labPls or signs should be dumble and con
spicuous, should display the 'slandord radiation symhol (see 
fig. 2, p. 23), and should bellI', whero !lpplicable, wording sub
stantially as follows: 

(11) CAUTION-RADIOACTIVE MATERIAL. Unauthor-
Ized persons stay at least ____ feet away. 

(b) This equipment contains not more Lhan 

millicuries of (name of radioisotope). 

(c) III ease of emergency call _ . __ _ 
(X:"ue) 

or _ _ _ _ ____ _ 
(Phone) (NaIll") (Phone) 

(d) Do not operate before reading instruction manual. 
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8.2. Identification Labels. 
8.2.1. Eyery sealed source container should bear, if 

and practieabl(" n durable identification labrl or 
\yhich shonld illeimie the following information: 
(n) TIJ(' word "radiollctiye." 
(b) X aml' or s~-mbol of radioisotope(s) and npproxi-

Inate clInage. 
(c) Year of s('ali~lg. 
(d) Idelltificn tion of mHnufacl·nrer. 
(e) Serialllllmhpl'. 

Example: Rndioaetin:' S01ll'ce Xo. 497 
10 mc. TI 204 
Doe "\1fg. Co., 1954 

8.2.2. If it is not [pasihle or prncticable to put all of the 
information listed in S('etiOll 8.2.1 on the source container 

this informil tion shollid b(' shown on a durable In bel 
so loputed as to minimiz(' the probllbility of the source be
coming separnted from t1[(' identificution labeL In the case 
of small SOUlTes manufactured in lnl'ge qllantities, It type 
number may be used instead of a seriHl !lumber. 

9. Manufacture of Sources 

9.1. Production Testillfl. scaled SOurCl~ should be 
testeu for leakage before heing by the manufacturer. 
For test methods, see 6.7. 

9.2. Safety. Detailed instructions for sufe pro-
cedur~s during source munufacture are beyond the scope 
of tIllS Handbook. (Sec references 1 and 2.) Unsealed 

materials should be handled onlv under the 
superdsion of a qualified radiation sufety expert. 

9.3. Jlanujactul'ing Records. The rnn~ufacturer should 
keep complt'te records of 1111 sealed sources produced. These 
records should include the following information foJ' eaeh 
source: 

(n) Serialllllrnber, if IIny (otherwise type number). 
(b) The sp('cific mdioisotope(s) contnilled in the source, 

and the chemical forms of said radioisotopes. 
(c) Date of sealing. 
(d) Source strength (curiag-e), and the method or a 

cncl' to the method of determining it. 
'fhe dates and results of all tests performed 011 the 

source. 
(f) A dl'scription or !l reference to the description of the 

design and mdhod of manufacture. 
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The date of shipment or transfer. 
The name !lnd address the tnmsferee. 

10. Shipment of Sources 
10.1.. Rndioncti\~(' mntl'rial sl~ollld be shipped in conform

ance WI th all IwrtlllenL l'('gula tlOns of the Int(']'stMe Com
?le~'ce. qOJllmi~sioll or other gOn'l'Ilm('llt agency hn\-ing 
]Ul'lS(hctJOll. ~('e apppndix A. . 

11. Installation of Sources 
11.1 General Preca?ltions. The loea.tioll and usc of 

sources Hnd of ('quipmeIlt, sealed sources 
be sueh thnt: 

The sources are so mountc'd ns to minimize the 
exp.osure of persons to l'I1dia Lioll timing the use or 
mallltenance of the SOlll'ces, and to limit the exposure of 
ot11('1'S to dost's that are lll'gligible with respect to maximum 
permissible (\os(' limits. 
. (b) .Ol~pol'tunity for tampering by unqualified I)('rsonnl'l 
IS mmlllllzed (p, g., use of a ptlllloek). 

(c) The possibility of damage to the source from fire 
flood, storm, industrial Hccidellts, cold, shock vibration' 
eOlTosin' fumes, etc., is minimized. ' , 

(d) In the ('vent of damn.gc to a somee. likelihood of dis
persal of mdioaetive ma tNial and consequent hazard to 

is minimized. For ('xample, transport of senJed 
sOlll'ces by blasts of compressed nil' increases the probability 
of rnptmc and of subsequent wide dispersaL 

11.2. Shielc!1:ng. The thickness of mnterinl needed to 
stop betn rnys Inay be obtained from figure 1 (p. 22). Since the 
Yalu('s of betn-ray rnngp shown arc measured along the 
er?oked pat~ls of tl~e beta particles, il shield of cOlTesponding 
tluclmess vnIl prOVIde a fndor of safpty. In terms of milli
g1'l1111S per square centimeter, most mait'rials have similnr 
stopping powers for beta rays. Vnlues rc'ad from the lead 
c:UI've will be adeq un te for lighter rIm terials. The dll ta for 
figure 1 were taken from refpl'ence 34 ,vhieh contnins 
of stopping powt'l' mnges for many other 

and compounds. Sec also 12 of rdcrence 38. 
Ligh t nre pref('ITecl for beta-my shielding because 
they produee less of the penetrating s('C'ondul'v X-radi~lLion 
(bremsstrahlung) (see section 3.5). Mdals ~are preferred 
over because they are more resistant to mdiatioll 
dflm~ge (~ee sectioll 6,5): Tn designing beta-ray shields, 
eOllslderatlOn should be ginn to the l'pileetion or scattering 
of beta radiation by the shields or other objects. 
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11.3. Instruction 11v!an?wls. EyPl'Y installation 
lll('nt containillg a sealed source sholild be 
instruction lllanual containing the information 
spctlOIl 7. 

11.4. S({fety Program. At the time of 
uset· of n source should set up an adequate 

tltp lIla tters listed in sections 7, 

of pquip
with un 

listed in 

the 

12. Inspection by User for Leakage 

12.1. Frequency. Sourct's in industrial use whieh contain 
enough radionetiYe rna terial so tha t ll'nknge tlll'l'eof would 
be a· hazard to p0'l'sonnd, should be inspected periodically 
for leakage at least as often as is l'l'commended in th0' instruc
tion nuuiual (section 7). The rc'commencled fn'queney of 
sueh h'almge tests will differ fo]' diffC'J'l'nt sources, depending 
upon such factors as: 

(1) Number of years of fa\'orahlp 'with sources 
of similul' design llllliPl' similar conditions of use. 

(b) Curiage of thc source. 
(e) Radiotoxicity of the radioisotope. 
(d) Clwmical and ph.ysical form of tlIr radioisotope 

(likrlihood of accideninl 
:Fol' tlIP majority of sealed SOUl'el'S 
testing at least eYery 6 months is re(.~OInn[lel Leakage 
tests should also be made aftpl' mill aftpr shipIIlf'llt 
to a new location, and at sllch otl1('r timps as enyil'onmental 
conditions may cause dnmuge to tlIP sourpe seal. AllY 
SOU1'(~e found to hrITe a l(>ak she.mld be l'C'moyed from use anci 
disposNl of or repnil'ed (sc(' sl'dioll 13.2). 

12.2. lYvt ification (~f Leakagp. Information 011 the dis
covelT of IC'akage and on thc probable cause tlwl'eof should 
be sell t both to the manufacture!' and to the Isotopes 
Branch, Atomic Energy Commission, "Washington 2.5, D. C., 
in orell'r to provide dn ta tha t mny be helpful in designing 
safer sources. 

12.:3. TC8t Alethods. The test methods dl'seribed in 
section G.7 may be llsed, pl'o\'ided that such tpsts are made 
by a person qualified to ppl'form thC'm and interpret 
the results properly. 

'rhe following special leakage test method is sllggpsLPd for 
those cases where the source is moullted in a dCY1ce which 
has an opening through which beta radiation 
emerges (c. g., a thiclmpss This opening is kept 
covered at all times with a of thin adllPsive cellulose 
tupe. At regular internds g., once eal'll week) the tape 
is removed cnrefully und replaced with a new piece. The 
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removed piece is folded in two, \\~ith the sticky sirles togetht'l', 
to seal in any rndioactiyc contamination \\:hich may han; 
adh.ere~l to it. The netiyity on the tap<, is th(,11 ' 
to meltcnte whether the source hns leaked. This 
hus the of intpI'posing nn additional blll'ripr to the· 
sprend of contamination in cuSP n sourcr dol'S leak. 

13. Storage and Disposal of Sources 
13.1. of u s('nh'd SOlll'P(> WllPIl not in usC' bC' 

such as to thC' probability of tampering 01' handliu<r 
by unqualified PPl'SOllS or the probability of pxcessiy~ 
exposure of personnel to rndin tioll. If a source is stol'C'd foJ' 
~nore t~ulll 6 months, it should be testpcl for IpukagC' bdore it 
IS put mto usc. 

1:3.2, SOUl'CpS that require disposal shonld be eithl'r rp
tUl'IlC'd to the manufnctllI'0'l' 0]' disposl'rl of in some ot110'1' 
manner appron~l by tIl(' e. S. Atomic Ell('rgy Commission 
oy othpr Hppropnnty gOH'rnn1('llt agency. D0'tnih'd iuforma
iIon on elisposal of radioaetiyr SOUl'PC'S is lwyonrl tbe scope 
of tbis Handbook. Sre rl'fprrnces 23, 24, anil 31. 

14. Working Conditions 
14.1. GeneraL Bl'fore a pl'l'son is allo,,~ed to handle 

sourct's 
and how to 

14.2. 

"hall lw infol'llwd of the hazards involvpd 
against them. 
Jloll1:tul"ing. Personnel monitoring should 

whp1'c radiation safet.Y depl'uds upon 
A film badge mll~" be used. 

be 

badges or rings incorporating films arC' ayuil
able for !tWIll expOSUl'e to til(' lwnrls. If II 
ilIaI' operation is routine or repditivp amI the hazard is 
the 10cnI exposme may be established without the 
of such dcyicl'S continuously. See l'deI'ences :3, 
and :3:3. 

1 ~.:3. !1ad1:ation Protection Oifi~er. In ewry plan t handling 
radlOl1ctIve sources that constItute a potential hazard to 
personnel, some responsible clllplo.ne should be desiO'nated 
as radiation protection ofIicPl'. The radiation protection 
officer should be responsible for the 6stn blisllll1l'nt of satis
fnetol'Y working conditions uccording to CUl'l'('nt standards 
including those recommended in this Handbook. He 8110111(1 

authority, as wpll as responsibility, to inH:stigate uncI 
on all phases of the work in matters of radiation pro-

His recommendations should take oycr 
work rpquirernents in order to sufegunrd health. 

~.""'n"'" the public, and the reputation and of 
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14.3.1. The specific responsibilities of the rudiution 
protection ofIicel' or his depu ty should include the following 
duties: 

(n) thnt e\'Cry "'01'1~E'r sclN·ted to han.dIe 
rndioactin SOutTPS 1111s suitable physlenl nm1lllentul reqUlrE'
ments to qualify him for thE' ,york t? be pel:f0l'm{~d. 

(b) B(, l'E'sponsibl{' for. the lllstrlletlOn of person!l(·l 
l'E'ganling safl' \\'ol'king prar11ct'S, ~on:s('q1lt'nees 'Y!lleh 
llWY 1'P8111t from OH'I'E'XPOSIlH' to l'admtlO11, and proppr 
prof,c'c\ures in em~'rg:en('ies... . 

(e) Es1n bhsh and mmntH1l1 opPrHtlOnalYl'ocE'durps so 
that the radiation exposUl'P of each ,\,ork('j' IS kppt as far 
hl'low the maximum pel'lllissi hk HS is pl':1('tic11 ble. 

(d) Assure' that undcr normal conditions no onc re
cein's more than the maximlllll permissible dose. 

Im-estigate each cnse of or l.llmol'llml 
exposure deterllline the eause and steps to 
its recurrence. 

(f) ,\ssure that personnel monitoring deyices arc 11s('(1 
where needed und keep pC'l'lllanC'Il t records of the results of 
such monitoring. 

~\.ssure thnt suitable ellution labels or an~ m 
place find where n'quil'cd (section .8.1) .. 

Keep records of nIl sources meludmg their 10cl1-
tions. 

(i) Conduct radiation SUlTP~~S and periodic 
('sts amI ke('p records of tlH'lll (sectIOn 1.:2). . 

(j) ,\.ssme that all shields, contmIlers, .ll!1d hnJ)cllmg 
cquipmc·nt llre lllnintnim'\l in sntisfnctol'Y COrHlitlOn. 

PIHn ami post m acin1llcc adeqllate procedures!Ol' 
coping neei(lcnts,fiood, SOl1l'CC Icnkage, etc., ,wlncJl 
llligh t rpslllt ill cxtcrnal OH'l'('Xposlll'e of. pNsonnd ~)I' lI~b~kc 
of radioHeti"e matpl'iais. This should lllelucle mamtauung 
and posting a list of 10cll1 ph~-si(:il1lls 'y11O haye familiarized 
thelllSelyes in nci'nl1lct' \\lth dlllglloslS ami tren tmen t of 
radin tiOll injuries and l'ndi.oisotope in tak~' ... (See section 15.) 

14.8.2. Since thc ultllna te responsIbIlIty for adequate 
radiation prot,cetion l'(:'sts with top mn!lllgement, steps sh?ulcl 
be tn ken to mS\ll'e (hat the prot(:'eilOl1 program deSCribed 
nboye is initilltpd as 'Hitten eompany policy and is ll?t 
permitted to clet('riorate oyer the years due to clIHJlge:;'l m 
personnel, vH(,l1tions, pressure of other ete. Su.ch 
steps might well include an ~H'l'lmgelllent . the ra~llH-
Lion protection OmCN is appomted by aml ~llreetly l:espons~ble 
to the plant mllIwger or a eompany executIye, and IS rcqmrpd 
to submit to him periodic reports on the status of radIa
tion proteetion progl'H!ll. 
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14.4. Physical EJ'amina(i()/:s. !\o sp(~~'inl ('xa~ninatio.m 
otlwr tlwn tlIOS(, eonsiclered good mechen1 or mdnstl'lal 
practicc should he n'q~lircd .. PrpPlllploynwut physical ('X~lll
inntion is nhnn-s ndnsnble lJ1 order to l'e\'ca1 uny phYSIcal 
conLlitions t111lt'lntc'r m~l\' be attribut(·d to 1'1I(lintl0n C'XPOSlll'P. 
Tbe pl'Ppmplo.nnent E'xH'lllinntion sl101l1d include; (n) InPlI,ical 
history, (b) rndill tion CxpOSU1'e ,physlc,11 ~.'~a~ll11I1H~. 
tion, Hncl (d) Lloo(1 count. If tl!c'l'l' an.\' pos::nlnhty 01 

neciclPntnl oyel'CxpOSlll'l' of finy person, a normal blood-COUll t 
series for nny such indiyidunl nwy he useful as a Intel' refer
ence to in(tirnte the preS('flCe or flbsence of sigllifieant radil1-
tion damage. 

15. Accidents Entailing Radiation Hazards 

15.1. Intl'Oduction. Radintion OYCl'C'xpos1ll'e mlly illYolw' 
external radiation only, 01' it mH.''- illelude intake of radio
ach..-e material into tl~C' hoch- from ,1 somee. In the 
enmt that only extern1l1 nHliation exposurc in ('xcess of the 
permissible liniit~ is il1Yolnd, the ('n~tsc of the O\'('}'('XPOSUl'O 
should he im'('stlgnt('(l, and correct! \'(. measures should. lw 
tnkpn. "\. distinction should be llllHlp b"hH'ell tecluucal 
OVC1'expOSlII'e only slightly in excC'ss ?f per1~li~sible lill}its. 
and oyel'eXpOSllre 11l1\'ing the connotatlOll of .11.1]111')'. \\ hen 
the totnl m-erCxpOSlIl'e ('xeeetis 25 ITlnS, or if aetual m-el'
C'xposure in this rnnge is suspect~d, a physician .should. he 
consulted, prefel'nbly from thc lIst referrcd to 1Il sectIOn 
14.3.1 (k). ... . 

In (he ease or leakilF' sources, s])l11s, or Sllllllal' HC(,ldeats, 
in \\'hich there is an.,- I~ossibllit." of jng"sti~ll, iphnlation ~f 
radioacti\'e matl'rial or snere bod~- contalllll1aholl, a physl
cian sho\lld be consultpt\ immcdiately 'rhe information 
below ma\- be initin1h- to the physician in 
,,-('II as to'IH'I'SOnS a\\'iliting the physician's nnlnll. S('e 
section \"1-4 (p,lge 20) of l'('[erellcc 2,. ami. refl'I:(:'llce 22. 

TllO hazards rcsllltlng from COl1tnllllIlatlOn of humans find 
the entlT of radioactive substances into tltc body Ylll'.'- gr('atl~' 
with Ylll'ioos isotopes, dcpending on their ph~-sien} ane! 
chemical properties and forms. Because tho meta holIsm of 
these in humans is often not well understood, ral1.1er 
detailed proeecl1l1'es are d0scribecl in order to prOYlt!e 
h(,lpful il1form~ltion for any f~tl1.rC. accident that may occur 
as \\'ell as to md tlIp exposed IIlthnduals. 

The proeedll1'es listed below may be abridgefl nl~I)l'opl'iat 
for aeeidpnis 111,\'01 dng sources of Ycry low GUl'lllge. As a 
"'uide for suell abrichrE'mcn t, sec section ;::.3. The prO('edllrOs 
~nay also be modi/ted when it cnn be immediately asee1'-
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tained that contamination lS eonfim,d to a small known 
nrea. 

15:2. SU/II'N 

15.2.1. If 
pot(,llti:ll1~' 
occurred, I h" 

renSOll to suspect that 
lUllOll1lt of radionetin~ 
l'IllPrgPllCY Il1eHSUl'es should 

of a 
has 

taken 
at 01[('(': 

(a) ::\0 immediate attpmpt should be made to clean 
up the 

(b) All ",indo\I's should he dosl'd, [nJlS ancl air-coJldi
tionel' should be shut off, and ('\'E'nOlle s])o\l1(1 
1(,:1\'(' the room. " 

(c) All doors should 1)(' dosed and lo('k('d. 
Cd) If pO\nh,l't'd SOU1'('PS are illYOl\NI, tbe door and 

all otlwr OjH,'llillg':" IendilliJ. into tll(! room should 
be s('lil('d willI wide masking or adhesi,p 
tnp<, aJl(1 henyy l\Tapping pnp('l'. 

II ho might han: heel] ('ontnminnted 
be tesled for rfldioaeti\-it Y, awl, if con

taminated should 1'('1110\'0 hi" clothes and b(' 
If no llWlHR are nn-tibbie 

it should be assumed tbat ])('1'80)] 

SeE' section 15.:3. 
(f) to (he contaminated area should be 

prohibited until a consult ant eX])Orie11('ed ill 
radiation hazards can bp called ill and his 
[\(h'lce followed. 

(g) Spo('ial pl'ohh>IllS nsso('iated \yith the spillnge 
of liq uid SOtll'C(,S are coyered ill referE'llCe '2. 

15.2.2. L'ntier no ein'll111s(allces should allY untrained 
])('rson attempt to examine 01' clean tiP 11lly spillPd radioac
tiYe mnt('rial. The cleanup technique should 
,,-itll tbe sanl(' ('nre tiS is lls('d in qUHlltita(i\'e ehell1icnl anal-
ysis or in hn hmHllillg" of "iruleJl! 
'Fans or yentilnt npparotns should not bp turned on in 
an attempt to blow owny (he l'ndioisotopt', 
in special casps sources (see sp('( , 
Sueh It lIHlllPUH'l' will di,.,spminnto the radiout'liyo ma-
terial throughout the aren. ] f tlHe' radioisotope is 1>10\1'11 out 
of a huildilw. air currents milV enrrv the ii.Jlel\ diyj(led ma
\ ('rio I into ll~~l1'hv windows or'nir-illtake dllcts: Proper pre
cautions takl>ll'immediotely \yill protect hllllUlll life and 
millimize financial losses. 

15.2.:3. If the IC'ukinf,!: 1'Ildioisotope is in (be form of 11 
gas, it may ill' .~ld'l'r to blow it outdoors than to allow it to 
difruse throughout n building' Ihrough cracks nroulHl . 
('(c. The proper emrrgellCY procedure for enell such lllstal-
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laUon should be plmlllNl in ach'ancc IlIH] posted. (See 
14.:3.1 .) 

15.3. Eml'l'(f(licy Carl' {(!r Contaminated Pfl'.~ong. 
15.3.1 All SllSjl('(·t pd p<'rSOilS be sUlTevecl for 

radioa('tin~ COlI t n mina tioll. reference 2 for suggested 

15.3.2. If llO mOllitoring in,,(I'Ulllellt is n\'ailnblp, all pos
sibly ('xpoQ,('<i ]ll'lH)])S sil01lid be l'(~g'flrded as cOlltmninnted. 
Wi]'les from \I11'iou:'1 pnrt,., of I he bodic>s of tlwsl' pel'.sons nnci 
tJll'il' clothillg should be made \yjll! some tYJw of (hsposnhle 
I issue, filtl'l' ])npl'l'. or blotting pnprr, and the ,,;ulllpies placeel 
in sepnrntl' Inlwled pnyelojles for flltllrl' study. .. 

] 5.3.3. Contnminale(l ]WrSOllS should remOH1 all Slglllf
iellnl h' ('ontnJlli~lI1 u'd ciolililJ<r carefullY nnd pine!' it in some 
Iype of ('oll(aillCl' "or bag. '1f such n ('olltninpr is 
not clothillg should be put on to pnwent 
('onlamillalioll of floor [llld fumitlll'(,. The cnll he 
m.onllol'(,d 1a rr to c/clpl'llliJ1l' the of dpcolltnminH
t iOll 01' \ he n('('([ for di.;posa 1. 

15.3..1. Contaminated prrso1l5should thell h('co\rr('d ,lith 
some type' of ('lJ:J'rg't'HCY dothill)2: and takell to 11 shower area 
for bn thillg'. 

15.3,5. Bathing shoul(l he done' uuder showPl's, and 
('Ollllllereinlly l1\-aifable ckterg'('ll\" and SOilpS COil hl' llsed. 
S('Hral s(>p~U'nte \\f\"IJillgs should he performed. lfi;.dlly 
alkalinp soups, nl)l':lsin-s, organic soh-ents, or d('lllll'l'S that 
lend to inc]'PI15<:' p('I'Jl)eahili(y of the skin should not lit, used. 
Speciol 51lOuld be gin'll to of fingc'rnails, 
lornuils, llm;! S('[llp. NIl'S, and boely folds. 

] 5.3.G. SCl'Ilh bl'llsiles should be but CHre should 
bo tnkel1 thnt the skill sudaers do not abraded. 

15,:3.7. After the ho(h~ is ,,-ell 
ho wilh a suitnl)le monitoring Hw1 nd
elit iona] slllears tnkell \,ith clisposa ble tissues, co( t OD-( ipped 
a pplicH tors, or fi\tpr pnper. 'I'll? Cl;r enllals and !loslrils 
should be swnbbed for contamlJlntlOll. tests twe 
('specially importllnt. if alpha contmllilla( iOll mny be possible, 
since alpha sm'H')" lllS( l'lnnents may not be able. to detect 
body cOlltumina.t ion ill recessed areas. Fresh clot lung should 
be j;ut on. 

] 5.3.8. Small cuts and ot1101' brenks in the skill surface 
should be sought for em'dully, sillce ahsorption of isotopes 
call occur by this route. Such lesio11::; should be deeolltnlll
illated after" tho aboYe wflshes by repeHtNl 5-minute scrubs. 
RemoYHI of scnbs alld (Tusts to eliminate COll

tmninntiol1 should be under the uirectioll of 11 
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15.3.9 . .A ph~'sicinll should he called immedi<ltely. pref
erably from thc list rcfclTc(1 to in sed ion 14.:3.1 (k). He 
shoufcl carry out appropria t e medical stwlies on COllt ami
lwted nersoll5. such as till' follo\\"illg: 

'(a) In the case of ingeslion. illbalation, or .,,"ound 
contamination Ill" "bOlle-seekers". su('h as strontlllm·90, 
prompt iuj eetion' or local applicn tioll of certaill drugs can 
II 111 rkec! h· reduce subsequpnt dc·positioll in the ])()lles (see 
referellces 40 througb 45). The ph~'sicinll C1m ohtain up·to
date illfol'lnnlioll on :3uch treatme'lll promptly by telephone 
from the Director Di\"ision of Biolo~T and :'Iedici11e. e. S . 
. Atomic Elll'r&!T C;omllli,;,;ioll. \\'ashi\i"ton, D. C., or from 
the medical efi;'ector of 011e of the large' Atomic Energy Com
mission instnllatiolls. such 118 Hanford ~\tolllic Products 
Operation. Richlaml. 'Ynsh.. or Los ~\lalll08 Scientific 
LahoratOlT. Los ~\lnmos. X. ;"iex. 

(ll)' ~\ complctc lllcclicni history should he takel\ with 
special emphasis on preyious occupational history aIHI pos
"illie exposure to rac1intioll. 

(c) "\. thorougb physical examillati?n. with standard 
llrilwly"is llWY be indic·11ted. If pxposnrc III the nmg'e of 25 
rems IS sU:']lceted. a comple'[e red. "hite, ami elillercntial 
blood COUllt may need to he made. Such hlood COlllltS 
should normally 'be repeH ted d'1 ily for at least 7 days. 

(d) QuanlilntiH' collection of urin~ shoul(l he made 
for the first 72 hours for nssay of the Isotope·. A small 
sumple (approximatelY 100 ml) 'of mine should be collected 
hel\H'cn 1 anel 3 hOlirs nftl'l' the llcci(lent, a11el should be 
kt'pt ill a separate ('emtniner, Each cla)"s specinwn shoulcl 
1)(' put in 11 sppal'n te COil t ni.w'1'. These Sp~Cill1C'n~ 1~111y l.w 
colleete(l in bottles contnimllg 10 ml of ehlutl' mtne aCId 
(approximatd~" 10 ml of conc(,l,ltrntecl nitric f:c!cl per litpr 
of \yater) for eHch 24-hour S1WCllllell. All ndehtlOllal 1,0 ml 
of C'Ollcpntrnted nitric acid sllOlII(1 be :1(I(I('el to the SP('Clllll'll 
after the colll'ction is complete, A presenntiYe such as 
formalelclryele may 111so 1)(' added to thl' specimen, if refrig
l'ration is· not 11\:ailahle. Can· nm"t b(~ taken to preyent 
con t aminH tion of these snmpl es, 

(e) Feces collection for the first 7::! bours for detpr
minntion of raelioactiyity, Ench clay's specimen should be 
put in a sepnrat(' cOlltail.1('1'. Thpse (,[ll,l be col,lecleel in 
ronnel. 1-quart carelboanl Ice-cream COllI11111Prs. (are must 
be taken to preHllt cOlltamination of these salllpil's. 

(f) AlTan')'emenl should be made for slllTeys of the 
total body gam~na radiation \yith a sellsitiYe measuring 
deyicc if 'sll~h facilities are ayailabk 

'(g) 'Yithin 72 hours, blood should be taken in 20-ml 
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samples for determination of radioactiyity. One blood sall~
ple should be takc'n betw('C'll 1 and 3, hours. af~er the a.cel
dent, if feasihle, io prm-icle enrly ellHgllO~tlC .mformn tlOll, 
Cnre must be taken to [)l'e\"ellt eontamlllatlOn of these 
samples. 

(h) The specimens of urine. feces, and hlood shonld 
be refrigeratl'd anel kept until nrrnllgl'ments cnn he. made 
for radioactiyity nnnlysis at a qualifiedlnbonltor.'-. Proper 
collection anel storage' of th(,s(' salllpl(,s will be of grl'a t \-nlul' 
in prescribing trea tml'n t for the cont~minn ted persOl~s and 
also in obtaining' further clnta conCl'l'nmg the metabolIsm of 
thc isotopl' im-olH(l. . 

] 5,4. Decontaminat ion. Thl' following recommend a tiOllS 
will fncilitate the cle>nmlp of a l'adioactin i80top(', l'spl'eially 
,,"hen it is ill the form of a po\Hler, This work shollid 1)(' 
dOlle on1\' ullcler the dirl'et sllpen-i:oioll of a qnaliiil'd l'adiit
tion Saf(:l~- eXlwrt. For additional gu~(lnn('(' anel f~r d~ ta 
on maximum 1wrmissihle lenJs of l'(·slchwl contamma tlOn 
in areas to 1)(' ]'('occupie(l, see referencl' 2,., . 

(a) ~\. traffic-control program should .be l.llstltutl·d llllllH'

diateh- to minimize spread of contnmlIlntlOll on sho(·s to 
other 'areas. 

(b) The following equipment should be ayailable: Hespi
rators. coyeralls, shoe coyers, yacuum cleaner, and steel 
drums for refuse, 

(c) Inexpensin latex or plastic oyershops can be ,uSNl. 
Ordinnr~- paper bags may be llsed as shoe eoyers III all 
Plnero·ene'\". 

(dr Pl'~>iodic S1ll'H'YS \\"ith appropriate radiat.ion detection 
instrumell ts should be performed and the rl'aehngs recorded 
on an areu map, 

(p) Y ncuum clealling sholliel be l)('rfo~'llled before wet 
mopping or scrubbing. By :'uc:uum cleanmg' first, t.he c~m
tamina lion will be reduced slg'lllficantly and less raehoaet~ye 
ma t erial will become lodged in the flooring. A filter ,ducl! 
is efficient for particll's down to 0.2 micron in diameter should 
he ill the intake line of the Yllcuum cleaner.3 The operator 
should \Har a suitnble> respirator nnel helmet. 

(f) After dr~- yacumn clenning or if n suitub~e yne:uum 
('kaner ,,·ith filtcr is not uyailahle, damp moppmg \nth a 
c!eiero'ent and ('helatir)O' UO'ent will help to remm-e radioac
tiYe tontamination. C~re ~mllsi be taken in disposing of the 
contaminuted mop and waier. 
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FIGt:RE 2. Standard rarlialion s!Jmbol. 
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Appendix A. Listing of Pertinent Laws and 
Regulations 

L RegulrltiIJ/l8 ()f till; C'"ild Alollcic F:,lCrgy (7om-
1{I?88iun, as publi ... hed frolll tillH' to time in tllP Federal 
H('gistel', mny be obtUlIlCd from tIlP JsotoP('S Branch, U. S. 
Atomic Energy, \YushillgtOll D, C. Parts 
peTtinent to sC[lh~d sources include: 
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Part 20, "Stnndnrds for Protection Agninst Radintion," 
Published in Fcdcl'nl Register, Tuesday, Jan
unr.'~ 29, HI;)I, 

Part 30, "Licensing of Byproduct \fateriaL" PI'esent 
revision published in Federal Register, ,Jan
uury 11, 19;36, 

PHrt 31. "Radiological Protection for Sealed 
Sources," Publicntion of proposed draft pend-

2. Regulatiolls Shipping JIaterial. Sllm-
mnrized in "Hnmlbook of Federal Regnlntions ,\ppl,ving 
to the Transportation of Hudioaetin \fntcl'ials," published 
July 1955 by the U. S, .Homic Enl'rgy Commission, Diyision 
of~ Co,nstrllction nlld Suppl,\~, Traffic \fnnngemell t Section, 
Waslungton 25, D, C. O~ pages). Handhook docs 
not include ICC shipping contnilll'l' specifications.) Full 
official texts and latest l'e\~isions of shipping regulations 
may be obtained as follO\n;: . , 

(a) Interstate Commerce COlli [(rgu/rrtions, Published as Title 
'19, Pnrts 71 to 78, of the Codp of Feder:!! Amend-
ments are p\lhli~hed in tll(' Feoernl Botll ]]lnv be 
purohased from the SlIpprintl'ndput of DO('11111cnt6, Go\'ern;nent 
Printing Office. Wn~ltill~joll 2Ei, n, (', tll(' ICC 
regulati()Ils ll1a~' purchitsHl from Bureau of 

of Amprican Hailro:«]s, 30 \'esf'y Street, Ke'" 
price The shipping labels 

can also he the B lIrea u of 
(b) Civil Board Publisl1('d as Title 14, 

Part 49, of the Code of HegubtiollS. :\Ia~' he pllfcllased 
fer :;:0,10 from the t:;upC'l'inl('lldl'llt of Documents, 

Printing Oil1cp, WnEhilll':ton 2,), D. Co, uncle!' tlw 
title, "Cidl Rep;lllnliolls, Part ·10: Tran:5portation of 
E:xplosiycs ami Dnll!cerons Article's," Page 9 o[ this 
publication in:5tructiollS [or obtaining anwndments 
issued since last prilltin~. 

(c) U S. Postal [(egu/otions. Clwvter n', ,\rUele 37, "Hadioactive 
" and nrn' re\ isiollS tllC'rdo lIUl\' lw obhined from the 
Trnllspoi·tatioll. Post Oflice Dc:partment, \\'ashingtoll 

(d) . 8. GUri/'d [(('(lillafiot/B. of radio-
actin: materi':]' hy appear ill 140, of the 
Code of Fl'(h'l'n] Hc'gnlntiolls ,;S a llH' lliled , Feo('J'al Hegister 
Jul." 1 i. and December 1\)52. These nlHy be purclinsed 
from 1 he of Gon:fllllwllt Printing 
Office, 25, D. C, 

:30 RegulatiollR, if any, issued by the State or municipaWy 
or both, in ,\,hich betn-roy sources nre mnnufactured or 'used. 
Inforllln tion on nn~' such rnd in tion pl'otpctioll l'(·guln tions 
can usually be ohtnim·tl frolIl the State or municipal Depnrt
menL of Health, 
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Appendix B. Maximum Permissible Exposure 
Limits 

Th~ l?roblelll of estab~is~lillg bnsic formulas for mnximulll 
pernllsslble~ exposure lUl1Its thn,t ill\Toln~ an nccpptablt) 
deg!'e'~ of l'lsk for persons occnpn bonally pxpos('d to ioniz.ing' 
radln tlO,ns and pr~n\lc n,dequn te protection for others in 
the ell\~lr?nS o! rl:(hlitIOn sources without unduly hampering 

III tillS held, has been the subject of much careful 
onr llumy .'~enrs by both nn tional and international 

groups. The K ationnl Committee on Radiation Protection 
and ~I('asmements (~CHP) in the Unitell Stat('s and the 
Int{~nu~ tionnl CO!Tmli~sio~1 on Radiological Pl'Otcetion (IC'HP) 
ha,'(' pIOneered m tillS fwlcl Ilnd 1ll1,-e issued YHriolls stnte
Inents of tb~lil' coneiusions, Those of tllP ~CRP have bepn 
publislH·d as Kational Burenu of Standards Hnndbooks Hnd 
of pnrtieular interpst in connection ,,,itlL the present dOCll
ment are KllS Handbook r;n, "Permissible Dose From 
F~\:t('rnal Sources of Ionizing Rndiation" (reference. G) and 
1\BS Handbook 52, U\Iaximum Ppl'missible of 
Radioisotopes in the Humnn Bo(h- and \Iaximum Per
missible Concentrations in Air an~l ,rater" (sl'e table 1 
nne~ ,reference 4), These handbooks are at present under 
renSlOn, but these rc\-isions proba bh- will 11 nl.ilable SOOIl 

after publication of the present Huridbook on Senll'd Beta
Rny SOlll'Ces. 

TABLE I. Jlaxillllwl permissible amI/lilt! of rwlimwclides re/oteri to 
infernal dose .: b 

Radiontlclidf~ ""[PBB d 

I'C 
2HO 

13 
4,6 

3:~ 
1.3XIO' 

60 
to.! 

2.8 

;\.'CHP and 
will publish 
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Prosen t l'PoomnH'lHla tiolls for UI'(' 

cxpn'sspd in terms of "oontroll('d an'!",
is OliP in \\-hich thr occupational 
radiation or nHlioactlH' llHltt'rial is 
l'wliaf'io/l sa/rly officI!'. (This 
is one tlwt ]'('quin's oontl'ol of tH'Cess. occllrmncy. nnd 
ing conditions for radiation protection 

RCCOmllll'nc\ntiolls for \fl1ximmn (\lPD) 
for perSOllS outside ('olltroll(·c\ nrNts. Inlt wilhin the same 
gelH'rnl l'llyirolls. is OIIP-tellth thnt spl'cifil'd for controlled 
IIr('as. illte~l'nt('d on'r lwriods lip 10 1 yelll' find with 
con;;idl'I'n tion for \HJrldo:l(1. lIS(' fn dol' IIlHl occupancy 
Table :1 is ~in'n lwlcm- ;1;; n eOllYI'UiPllt slIlllmary of thl' 
prescnt bflsir rl'COllllll(,1ll1 ntions for \ I PD; bowcypi·, HHnd
book 59 should be cOll:;ul 1 ed for H III ore' complete trentment 
of t he basic fnotors. 

, 

T.',RLE 2. Recomlllended lillliis on CXfJ08W'P 10 radi7tion 

I HL'qllin'rn('llt~ Itl..-;i(h' ('O!!~ I :\-otations 
_~'~~ __ ~,~~ll_l'd ,~llc_'f>~'cclS __________ ~~~~~~~~~~~: 

(·rilitol {)rwlrl.~: 
]nf'llld('s' \yho]" 

ht,~t!1 ~lr]( 1 t! 
hlood-formiT:g 
g-nllS and g-orwd". 

Ot/lfr Groans: 

Skin of \:.;hole Ij(l(ly ___ _ 

H:1nds, fed, and. ron'
urms. 

l!ifunalOrgaTis: 

[

I " ,,', PO", ~ ~ . ~ ~ ~~ 
Any nul of ~ 

Suhmitted for the' s(·(·( ional Committee Z.54 of the AnlPl'i-
can Standards ~\sso('intion. 

SCOTT W. 
WASHl?\OTO:\", l\oH'mbcl' 1957. 
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