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{../niut·rst.'i' of Hoeft· 1ifr1. S: ,:,,, I oj .'.f('fl/,_ ,·11(> (11~d [)enJrl!ry. 
,·-.Jc!.it 1i('•, .\t·u· ) ::r1, 

TOXICOLO~~y O:F I~•\ D10NUCLIDES 

.Ti~. t'}.S!S !l'::!nV r·~uj;)Dt.\~:!itl·_:-: ~.,· 1 "•:t bf~ \'~C•.\f:'d [I('.. 0.'~1/Jn~~ t~.,.~ rHl:.-t 

r .. tU'."!L fc.r r_h.·. rtJ::.._·t' ~· .. ,~_:se u.· t'.'.~ r'\.1-..i~.i~; •.)~~ iu·.~- ·,cg 

t""···.)d~1· ... t'. 1.-:int;-r.:1·· ~~Y.. . .:t,, I··~' .':·13:1-:: ,._l;1d :; •. :.L'ti...:. a \::'fy ! •• :·1_;:.~ 

amo~in:. «: .. ._·.r;; Jia3 oeen dc:·.c. ln a -;~n,•: o_;r knLm:edi;<? of these :igcnts is 
aL110<: 0~1· ,,,- pwportion 11• rhe numh..:rs of human beings affected dirc ... ~tly. 
e.\(1~r1 '.._:: ,· : ~1biqu;10,h C.' :'"~:·Jr.::"' r1 .• ::1d:s !r(1:T1 fall-out. For this reaso'1 .ht: 
nirrc·". · .. : . _, _._, -::o put ; .. ,'i:ltiu:i li:i ·c11<..:~ i1: , .:;srl'ctivc with other h::i.<:ards, 
particui.u .. 1n .:ansideiirg erl\irn1;mc"1ta\ ,'oilution, is laudable (1). However, 
krny.,!1:'.:!;l f;.:ti1;edwith radiation a;.d r<ldil'i_,oturcs is proving very ;Jseful to otl·.tr 
arc<i.' cf .. ·,,:ce:lui:_•. l·k·ll". 1t.!:' rt"1,(v i:-; ,tirc .. 1:1; :;•ifllarilv to the pharmacok);fr .. t-
tc:·.:i...( 

Si'L" 

h:t:; ',,:\t• 

t \~··:·din :1-.i, Annual Revicv.· st·:-1e;; 
·.r- c~::-:.t·:,.~\' "' ; · · .... ·;. :: \·e:·i!.'.'.~.L: flood of ne·1 '·' ,.,,.;( 

_·c1 ~r:':'iet~d. :t111.:h of it .. r·>- •it '· f c:•.re,imen?.; and prngram' b.:·:o!tm 

'" I ,•1·';• ),1.' l ··f· ·: i::r :·._ ·~f revie\\S, <) 1-·;i··.:i::. 

. '~~>.-;!1· 1'.lr Ii' ,-,.)rhl!'f<1.nt· nl St~iers(3_l, nonc·aµrear 

'. ' 

:\. .\ :.tft.e cor.:~::Ld.·___;_1:.i c1:·. 
_ .•... (.'.;._;:~t.:.·,t.., ( ?~1;, ~r,vu~d be a"ai~abh~ 
1 •

1 1•:'r~ai:i nf it'> <:!rnpters are refrrcPced 

'.)Ofn~~t'·i'.,tl ~ .. ~~~'~; rc::1I. ~)um~~ :.: ire ~:,··~ .. -~ JJ~i\'t~ btl.!n 0n~j.;~..:l,; .:·~.g:., bio~hc1nical 

Lflcc·:.,, ::1:.:ru:. c01tatioli, nu:!: ... · n;:.'.:·:.c. t:1c;·.;;py of radi,1nc1clid.:: d.!po~iti0n). 
ott"-.t.': ~ c-;·. c.·~ ~h. 1n .;11r~~"t (c .. ::;.,'" ·;{~t...· 1 - ':'~ ... - l"]ttcrns. ~::?t!_l'i; nJ ne-\\ h·.~rn, inhu!~-
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Tl.,, e(-,.~c~; ,1f ···:~·:1, r(u.:\ 1 .• -~:(~ di:rcsnci:. in L\n-:~ ce1'!)~ t:.~'L1t:S~ c.nd or.;J·.i.-:-:.~'.j 

cfe er 1'< l•.1t>•.;:j fC• r( ,;(/,~ (\ :f'.c(l<1 entirely !n tJ"",(: illllr/.:~g faGU)~(HJ rfOQUi,:r!J \\ J: '.i 

cher.:1..::1! to\ici:y P 1 ."?"- r~~i:- ~~ .:;ir:nlfi.("'-!r:t r<.'i~. E\..:ept in..._j;.ie;1tJ.H:, th:s ~> r;t~: 

perrt"~t~Pt £:~;\.\ -l b~re .'..!r~ a ;c\\ \·er>· pezzhni; .:ir..:.:u~us:un:.:-.~5~ ~-£-the [u\;..· c.:i::·_:-i,.J­
gen:..:·!:."· oi· radon g,..:s ir: an:r:--::iis ( t~J "':crr:r-~:.~ed :~• ~he r1igi1 cdrcj~10~:;-r.; ...... :~ ..._;:· 
son:" cti1:-r alpn~.-e111Cuer<; aiter inhalalion, \\heh tc:mpt intrcdi..~·:io:1 of a 
5p~.:iL . ..:. :.:la .. -:~ical t::r.~i:t . .::r t:--1-.:- niore effc,:tive nu.Jiae. A11o:her e\.:?rr-j.'k :s :~~-! 

rner'.~W!•c·d 0y \lnsi:.d;c·: (6> .:::•r,ccrn;ng r.u-:'.ides <i;;;h ::!S 6°Co, 5 qE:·, ~"Zn, ~·s. 
45 Ci..,, ,,.,- \,; .. ~Jch r.~"J~l'~t';f!l .ln~1~ugs of ~:ab:t.~ t.:Jr::~-...·~rit~, ~2rrr.ally r··c~~:--.: ~:-. :t~ 

bio~r"~· ~"r.:- .. 
l..1rni1 tl-.~ ir1i~r.:~u~.rT .. :r) CJ':., ra•Ji2t.ion s.yJr..>:., iu :i~~u!:. is S·J hi.;:· I:. L:~·-.:c: . .:r-t:·~ 

that :rie:-e is no chan;::.:: f,~r discrepancies se:::h as those me11ioned to '.:e :,cc~--:.in:.:-J 
for ty .ari..itions in :he t'r.ergy derositior. parrern in t:me and sr2:e. n:·:!~a·'0n 
e~kcts (includ:ng recoil und excitation enerf.')) will be assumed 'o b.: suffio:!er.r 
except for low specific activities, presence of carri.:r, etc. Thu>. rr,<: .. ;herr.::..;: 
rroperties of the nudidc and its compounds enter primarily as det~:m-.ina:1ts e: 
sub-cellular, cellular, and tissue localization. These, in turn. control bio\o,;:.:..:.I 
·~i'fect; tc· a !arge C\tent by determining the distribution of rad'a :i0n dthe b.,rn 
micro;ccpically an:.! macroscopicaliy. Toxicology of radior.ud;d:·:< . .-.;~s;:·i .t · ·" 

commo;:ial;ty of ultimate effect Y.ith sources usual!: exter:nl to.) tl" . .:: ~rndy s1.;,:" .1• 

X, ;·, and neutron radia:ion, is tb~ idio~yn,;rati.::. 
Acute effecL~ of de;'osited radionudides are similar to the ::!Cc~c raG· . .'.,1:-; 

~j~~dn . .:~~:c (2.0) :').:i..:n \-.1.L e.\tcr;,~~1 sour;cs, p~·~r::cu!i.idy \\it~ :i~c:~ ... i.:5 .. :. .. _" 
!' c;t r'.~-':~\ localized . ..\11 dividi"'!g cell<. and therefore tre T;<;5Ut7' in wl".:.::-' . ·· 
rcsiLit. 1ray be al;i:creu ,.;·verely and the P<".hl110~.' ·" c:err • .:·J l:J:r. ,;;,;i[ 11:<·=· 
siYe m.:il:unct'or.. The k1ng-terrn sequclae C'f rnodera!e co>;·s o,· grt:;.,'~'' :: :·: 
~:.re c~)=-~·inogenesis. ~=~1~trc c~i::i11ges, and flC''1tu 1'1..":-0t~-; ~n:rrs of ""'J'1J.~ 
iuc;i;'-'.1;1g nephros:::leros's. ;:.;·:·.urcsclcrosis, Fr·rc•i-;: •1a~n~;1r ;:>r:t>:~;.>~~ i; ;­
ing hyperten>ion; end.xrin-c ..• 11J irnmurn.:·J,)f_iw .::i;tuib.::.~ .. :::::: t:::.r:si.:::: 1 J · 

co1.tim1:ng hematopoie;i.::- Ji·;turb.~nces; arid nonspec\n: cc,?.nge; ir:cit,(,t:. I> 
span ~hortening, an efect tha~ may be unrdated to specinc patbolog[.:.:;,;i _, ;,:· ~-.• s 
(21). t'.s discussed lat..:r, :~~ erfo:ts of "e~y low dos-:':- ·-·~ua:I) m:.i;~ C'C ;~r,:c. 

fi uL:. , ~1.::St. 

A :cod example of fr.e b:-03.d range )r -ef."ect5 <>:c1 .:fter ;,c.::;:•: re J. '~ • ·:. 1 ~ 
r,,-) e·~-e1;jve soft-:.i~suc ~(·~~.t:r i:i i~ stu..:rcs 1.~ !th ~~(':1 ::: .rs:. ·r~;s ~-~--~:--~ ar·. r'::: 

:.1 -.·:r: brou!=ht cca:::!e:dy L'p to da•e :.ind e'<'.ten;,i\t l·::;<.,R wnri- ;idJ.:,1 :-1 
!:s:. Pan·en.._1\· {._..: t. "f~1~ s1rr,Llant:, v: .. ~'~ .- (c;._: .. :t• ·· .. ·.-.>di._,,.; .L.:~.n:~'S ·· ~· 

.~1:;.d pa~t1~1_·':~r~.:( 1'.1 :!::1... httli::r y..-~-:-~., . 

- 1 ~ ·::'",.. :.'ro::it1r:•~1. rtn: 1t:fli~~rr1 ce-siu:n. and r.J.do;-, (2..f·: :-aj~ ... ~..::'.i\~;: cc,·..;J L ~.:'J~-....~: .. 
µh.':;~1hl•rous, anJ ,g:::>': 12:':· iron 1)6J. ; 3;th:>rium. i1nu ~"'urann:n ;:-i: ;~;10 

'! ., .- . ·.~··« 
:. ,. •• , ·-·:;.<!• ··;· ·' .>: il>' ,;"'l·: .. i<f,"x'i; ':". 

.- .;,, . 

' . .. .~" ·, ' , .. 
.:.'.?«(,>;, .. 1,;.;·J,;:.,,j.,~'~".'•_, lf·Y,·~ ,·~r • ; e:,: •·> -· !, 
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.l'i!::'.'. t:clls. t;~;;u1;s. an.: or,:ani:;ms 
•. ~ 11 ·r·,;.-jng. rndiation pr,,du.:ed. \l/ith 

:. .; .. 1·:::.!'-!r::tl u1 :·:nit..m :.md thorium, 
:·t>.,'. E \Ct'.JJI inciucnl<-il:<. t:1is is not 
:.~ .1: .. ,;m>tan<.:b, e.g. tr.~ low can:ino­
. :: .. :, d w the high cari.:inugcnicity of 

. 1 •. !I!•. 11 hich tempt introduction of a 
r·.:c'.d:-. P.nother t•arnp!e is that 

.:·>. ~.·.ich as 00co, 59 Fe, 65 Zn, 3 ~S. 
..... ":, n.rnts norm::i!:y present in the 

·· l.o,.tll'. is ~o :·,:,,:·,;y developed 

. r. '·1 ,1., tl:o'e mentioned to oe accounteJ 
r,:1.!;:-n in time and sp<cce, radiation 

.··i.·:; •:.ill be assumed to be sufficient 
. • : ,,: .:J.rrier, etc. Thus the chemical 

· ,, ·1·.!s enter primarily as dete;minants of 
: '".rn. These. in turn, control biological 

1 ·~ tfr.!rif,,Jtion of radiation dose both 
.. .-,,!q:,:- of r:idionuclides, despite the 

.. ,, ·' s :.i• •.;i:i: external to the body su.:h as 
#' l ..:~~di.;,;. 

: dt", Jr,· ;imilar to the acute radiation 
, ~ ,. i~L:!,,:ly with rmdit~;:,; 1:1at arc 

.1 n(I lil•~refore the tiSSUCS in \Vhich they 

; .. ;""''··~ i., d·~ri\ed irorn their progrcs­
,.f ""'lkr .. Hc doses oi i,'l"Cate!;t interest 

rl : '· .. 'cl!'l'CrDUS forrrL; of patho!,1gy 
f1 'r,.,~is: •ascular ;:iathology incll:d­

;: ,.: : ..::s~..J1·banccs; transient and 10:-.; .. 
;.-1• '1('n~rec1fic changes including li'e­

•> .; ;u.i;,r.:J to specific pathological changes 
,,_. • "1 ~ l'.oses usual!y must be inferred 

f:·,·t·, ~ecn after moderate dmes t'f 
=111 Po (8). This entir•: area ri<.:s 

~ '1·~·1· ivc USSR work addec by 
•.'. ·-. tL: ~- rac.h~tion :-.il:kn~)Si i-.; 

·,\ '~~'. 1 :_!~,~rt1~ r.-n ·r,~ :·~r:1J" 

... ·1 .. ~~ku:.a (2J). ·r:-.c:v ~.1·:: 

;, ·;ictia:tivc cohali. sod1u1i;. 
.d,;1 <ll1d ~j 8 uranium c:.7): am1 

l ,, l
0

'. ,·, 

' · L.n 1.~;. l..:4.:11 appr''"'"n.::, Ill<'. :.•WJc."l'.1 1rom U'l1: Hewpomt ot generai pathoiogy 
and gcncr.Jf to.x.:.:e:i.-·_.:;--:. '-\ "') ;:··ul11-L.;. ~t~ .. '-~ stul~i1.:~. ~ .-ic ·.o!~J"'r:·: ()J:. 

6 ·:;Zr, ;n,jud·:s. 
f .. 1r ... '<c.~n~p~~ ... :·.d,~~-··:-- .; • l~ ~-;'-~,j-· ..... ·~··\Jl"~ t1f ;.i1~ \..~#1·..:l'--Lt~ '-l'H1-'\ \..)l- f.J.L··:J~l:i l2~:iJ. 

~ff..:cl., L1n d:~ fr1ii~i, ... ·.:,._.j ~\\.;,\.. u.- ;i1t.: !!!;:.;.rt l.,;\J,. <y,;;("lu.-.;1-..:.!I changes (Jl 1, irnn1uno­
lo~y 132>, s0r;-..1;- ,.,t ''" ~ .. 11~"' 1 ::;-;.:· i1:1.r1ily tr,11:::~cc1 Uf'(ii :Ha!' !r 1\·\\:k f·-c,n:): rJor~1:e:--:e~ 
i·1 oth~T p«r'> o: ;' :r·c \\ ,•: tJ. \', (' ;;;r.:. ti:~reiure. gr.:::·: ti:, indrd:te..: lL> (~. \\'. Do!rh1o:i 
fer hi..; editin2 ~·~- t~·.: tr~.1 11.i:~!~!·~1 l~ c~f thi;-se \"o:t.;n1::s in~o Eng:!:)h. 

CARCINOGENESIS 

The rr:l'5' .;n,·1m0,-;. most fe,m:d. ind r.l•)St studied k)rt_s-renn ltJ\ic(']ogic eff<.:, 
of rl::fh''"i1e.! :··.-!(~; ,r.~Kli.:e~ is :re itidu::~~:"'n of r.eC'p~:!s~a. loi!i?i;,;: r::idi~ti(" ... 
Ltdi·~ii~:.'}•:::·i...J l~,-.. d,_; ;>t: j-·n:;"'t._,~ _._:1L1 :~Jr1~ ·;~(In~ to b~ 1~~·: ... riy \..I u1~:\cr~a1 car~ir. ·­

g(T .. l·~ n~l l'·~·:-n:~.~:. ~~r--~l..::1id h .. 1:· ~·:..1n .. _k,-. r-r,n1c·r~~ 1 '.1Ci.:ircn).a;.::.:~ir~~~~l:.::drnnj•..:'.· . ..:. 
he.I\') r.u.Jei, ~•..: .. .;:.,i,..:e: has be<::1 J.::mo1istra·:ed to 1xctir either in incre.:i~cd 
incidence or by temporal advance'11ent of nc>rrnal ir:cidence with moderate w 
high doses. That it ca11 occur at low d:ises is a reasonable ex1rapolation but sub;·~..:t 
to much co1Hrover~:· (set': Dosc-Resporne section) . 

None of 1hesc cancers are unique to ionizing radiation but can be caused ty a 
varidy of other agents. and there is growing interest in the role of promotion.:>.! 
agems, i.e .. .:o-carcir.ogem stk'h as viral agents (33), and chemical agents 11. :;...; ; 
Cdvin (J51 spe.::t:!::i«.:s th?.t the thr~·: most studied modes of C'.ircin0;;cnesi·--­
vi;al, d'.•.:n·i:al. aml radiation-:na) have a molecular process in CO:"IlIIll'n. al-
though 'i"; 1 :xN1: 0f this has not ycl appea~•::!. . 

That :'H:sc prl'Cesses may involve somatic murations has been be!ie\ed ;i-os>ible 
f.~r at'':--?'<~ t\\'t) de\..;1c'r:-~. F~ecer.t recn·1~ider:.i.7i.:'n nf th<~ p!-'.er.orre1~~t c:~· p·t_-.t~1 '.lr:· 

and rad;w11 tc':,1col1,r.;; on the !h\!or:- of steady-state murn.rion rates t 16) ream·", 
~h;! ;··l:~. -· .· ... · __ :J t:::-1·: .... 6h en ~i g~r.;.:-.:.. bJ.5~~: L:-:.ing ~bsoLn:; r~l~I;! tftt."llJ·-·-1i ~~-:~.~.k­

thro..i~:, t;·L1Jr. o,._ ai!-too-co:"Jrnwn Jcpe1;dcnc.: on stri..:ily c1i.'::'.<!i'\ .1.ti011": 
aorma':he-". 

Jn ti1e reriod covered by tr.rs paper. i'•'t-e-ntial for c:ar.:inoger.e<.;; er .;;i b•]« 
VC\!'iet: Of l aCi0:1,. c:Jides ha5. bt"e:1 '.':!\ j~·'. "°'(~ :Jnd d::'~;J!';l·COt;!d ;:';'•.1'..L oc::i, (_;-.f, 
13-18 :. 

CARCr.-;OGEl'\ESrs HY ALPHA E:o.nrnRS 

=-
2':. t\1 .1;,. .1:1 :·T •. ' ·.-/:.ucc.' l!u~·lhJer i 1: ,. ·:r - ~'-~· clc.:.~s::.: ~er . ..:h'.":"':.!:~ ~::~· ~'~e :~i: !_. 

of r.co/:.1s':1 indu, :ii in man by radi<i·~udid;:·s is found ii~ studies r:' L'.:al i':Cin;e~, 
~:' .. "'.:u~·---. -·~~"r: ·::::"' . .:!-.d patient~, re.::1;i" ·r:~~ ~adit~n1 ~-' ..i t?·.e:-..l::X'i.~~~..: ~; .:~r-t ... :"". T'··.:. 
ir'.''.101"1 lt ;;:,,<.:,1:«: a;-e 226 Ra th.:.ll-l•fc !~o:O :-rl, 22 ~ Ra 1 ~"ksocl~ori .:~·:. '.'1.il!-

_,,· 

., ~r ~:r ·J. .. i:J.:• -,:~ .~t·~·t·, -\ ~:.:-:~.n.~!\C ~~.i:·-'.'.(ir~. rJi r:--.,:· :\~JT .:L'~ . .:· 1• 

.l 1;._; 

r·.., .. 1;1..:. 1· .. ;_, -.-. t S'· .. : l.::.~aii i'3"""~ ~·--.; =··--'\ .. ::;:·~::>::. .::- ,~ \J:·~:.: ... ~ -

('Hl~i:·:.; v __ - \~·;"; :__ Cr~ ~ ~-q11··";-; ::· ·;'1L-''a1 1 11'" '.)." t1\,:•,r ,:"~· .,, 

'._if .. ,).· l' bi:·-~:1~ · ~~-=-~tt~J :i··hi 2bc·~--1~ ~-:1-·0 ~;.·J·~ . ..:· J.--~.:-1J.(: fr.~~··.:· 

1..·;' e.'<! l;~ ~. ~:t.:i1-. c~:.~f;:. and !20 ur:c\p·.J~cu :11,,~i.:hcj 11 1.tGJ 
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Radiolo!!ieal cffe-:h :m: sce'1 at avernge rnrnu1Mive ~kek'.nl do~e5 a hove f-e~·.veen 
lu'JO-t11JO r~id~. Ti1~~ ~"~·~~.~1 ! c'!!t t11.rc!- 1"t\ .. "d!-11.~ll(\~ \~L~~\),Ji.i!~~.:; a!:d i"h!J.J ~·i.l~~i:-10-

11.a~.1 auH.ttl~ the (';'.1rL ;:.i1'.;;_;i.'.1..::3.;~;,,. '.11,. .. d1k: 1 1111!"-eie •. .-~·~",] 1 :1 1 ~!h-•.1.1~.1.:~ l..'."<!~C"i 1"' d.2~ _:: 
U.Uu. lncrl!.::h.:L 1-cn1~~~(:~~.J ~.i1J:l);o.l l'.:e '.):'.111~1' (1''er a 1.\Jdr.._· d1.-'1::i~:e rat:~~ fr0r~ 1000-

1ur•10rs ... r other du:crn,1!"\\: ehan!cc. \1<rc f1J11nd, i.e .. tri::rl° ,!f'f"';:<J.rs w be n•J 

~:.11ic;.dly, ~:gnitlc:m, .. ii.ii t[ .. 2 b·.hm . l c' ;Ju.ti bod:,. L'L 1,Jc;, 1J: ;10,Hll 0.5 uCi of 
,·,.1.d~ ~:''f{:..1. .\.ls,i, il(t l!i},, .. ,tr an.J} 1 

... ·~·.i 1u11ctio11 !_!i\·1. ..t ci~'~t'-1.l h~\ 1:~c Jc1~~ 
~~~)pons~ re:ation~.1ip I·cr l .. ii;1or 1ni...,\,k:-1cc .... ('iass,ica~ ·\~ray )\..·u~-l~- ~a nL:r.:cncal 
1:• ~.duJ.t:on of ,J] ~:....ct,:fa~ cffci...t'i in cd ... ::1 lnJ.>.·idual. l·;i,l i·i~ . .:- "'· ;;;i ._:<.r1:.:. ::.~.'.··1 \•, :_i1 
;·, le ~lg!~!fo.:~nt er::::,·;": o·.;currirf; r .:_~J:)v. IU1:~0 r:..icb. The inl"J.~.:::;' . .:~ cf s~"c;\~ 

~;r) i·:\ r~rcater '•\ :(· dh.'··~'--· ir~~: ( .li-~1UJ~.pj·"·,.: d.J~C 1 ci h: lb~ ~d('. u'.~~r;-.~::· ... ':l c.:.l 

~ ... tlll pJuP~e~ rna:·: ..... ~di} (liJ\.\Jltl.~fd. 'lnus~ tl is vnty tbe tun101 1.;(:;u~r:~~ th..:.r 
~.c :JJ':) Lti h~n·c. ·· (lL:t" J 1)-..C<\':- 1J.:11·: ... c r~Lil1L1ns:1:~. in the ran~e ; 1 11 10-:.1)J1t{) 

v .rnui<~ti\'e rads. 

In contrast to nrc;.·'.Jtio;,• frc'm <rnimal experiments with alrha err.itters 
.>. .?-9) there sccr,:d L> b:.: a Ju~c-rnk effect in H1ese studies of alpha irr..idia1ion 

1; ht.:rrnms (kss d1ar.;;..: p·:~ c~r:1uiativ<: rnd-year at lower dose rates), alfr,ough 
uthcr complex corn~'utation~ are requ:red to demonstrate the effect. 

Ar10lher hur;1ctn rop1.!ation stud1.~d independently at the Argonne ~ational 

.::.borat0ry cH1:i An·o!1(e C:irh·e~ R .. ":irch Hospital covers an icknrificd g".Jup 

<>'. :.~1·:,Jt 5::: :·.oc":-· !:i :if 11.··1'1 :::-.1 ·,x:e !);;,!r studied in some J.:wiL :--t11't of 

.111:,c- i-a;'c' ·c•.c:, ;.;,: •· ;1·.;·: .. 2' 'T . .1 i.tt;:-ogc:r:i~<:lly. Finkel. ~1:llc;- &.1-la:;:crlik 
'-'i.}} Ii;:rt:ir1 ; .:.:!.:_.:. l .. , ,._,_y i:, th .. :s~.; 2~!.J cases, 23 b(n:t_; ::t...tr..:.: .... 1nld'!, 16 
.:Jr,inc•ma:: .nc.qly of.,, i°'t-J d ;.r •' pc.ranasal sinus, and 7 leukemias and ar'l:istic 

1· • ·.·1·· /•' .::. ·~. ~~·: 1i:~:·;ible Jne.\i'r.:-:J ,i;.i; ..... ..::.ion. 
\)o•·:c}( r"1r•n-"? 0

• ·.s '8•""' cr"1";i~; '' ~ t0 d'"' "1lT;;1<:·~s but witho·.:'. rt'e ;:c1-,:i!cxity 
\.'[" i.--. :if(,,:, ...... ,_(:-. (l~Jr-'l• ...... ~ l r~'(.', 1n lhl! ~C·llf~C. For a \arlet:r· c1f ;·;-a~ons 

1n·~S<' .,ut··.·:·, pr·.:•:r t'<.J•·:_,., •. 1(·,a~·c r-nrnarity as maximum rad11,;rn 1 urdens 

r·_,·~~- .~'·. ~~e~·,:.-: <Jf .ll. ! 1 ·. ··' :·11~::i1··i.:i:1: tu:,·1c .. ~ rl'5C 1:1cr'..." or 1~ss ;:,...~arlv 

• .. "l. , .. ._: ~ -~~ .... ..; C . ..: ~···· J .. · ... 1.-1. J.:L:~..t.; ~.Jr1c.i.t ... ,l_ pretcrn1inaI l>l!rJ~rt cir (;.(lout 
L.? 11l. 1 : : ., Rel (nk'.!i• I est1:11 •1;:J ma.~ •mum burden. No cases ""~re fou-d xlow 
1Le~c 1m:.rn \ Jiues l·i _1:id:i burden. To us a possiok chreshold appears in these 

dd.U.i ;.dSt). If l 1 ~e s.1,-:t. _ ~1r·' ·, ill;•"Jfl::i c.f doslri1etr-: c.1k~ul..uion are used :-h ar·rlied 
'·· ' .. : '1 " ' I}·: C' 

-\:-gr.l:•rie -..t' tr~:e~ ·1 • 

Th:· r(:~~-.•-:"' ~!1·.:;·~~ 

l i '-)' I-. ._;. · ; • • I..! i. J I I' 

reside ir, Hee me''.'' <1· 
b:r an .. 111a:vs1~ h 1 ·.•: 

·i•..:·':;,"' .... ~ 

.. r1.!.i1 J~:It.:rcn~t.:. i :~: .~.:t ... l ~~;\! ~:· ... :~t.:r1::.:·.: ,:1 

.L:C !)\.·,pui1:1titril~- ~~1J1: .. 1 .. :.i.1 \.~\,,- .. :"::.:.tit·. f.1 

~ 1 ·- ;- J ;' - '~1 • 

1 ·11t. .. :::J!·,y resp1.!42ts. 11·t· u::-:-t.'h."111·( ·:.~« ~cru'-.li. 

1aw '\anci!ir.,:r. a view st;engthcr:cd, tr.o,igh n·•t rrcwen. 
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. '" ,, 11c:c (->~tr.:om"<. and :1ca<l carcino­
...... \cd<:di t~i)!'1-josc cuse5 i~ 0.28 -=: 

\,it~(; ,k·.:.1~·c ra"rc fr,'rn J1J(li1-
, __ t 5t~.l rn~i\:du:tl';) 110 r;,diogcnic 

t \•,1und. i.~ .. 1!1i:n: ar:x.'..lrs to bt: no 

_,_,! .~. <!~ b.irde:i of" about 0.5 uCi nf 

..... ::"n •!iv.cs a cbse-11' r.o the dose-
. . ·· .. !.h'>ICJl X-ray ,~·0r..: ",a numerical 
· :.· :.'.11;:'. did ri'>e '"ith dose. ag,tin with 

,, •.. r .. "h. T;-.c incid(;1Kc nf sever..: 
. ,.,,: J.i . ..c. and ti1;:: age cli.>tribution at 

•· ,:r.1' ck· :umor incidence tt1at 
: 1 .. ,.,h;r in the range JOO.J-:0,000 

, · :,1: .:·· rerimcnts \\ ith alpha emitters 
,, . l ;:: 1'1c,..: studie~ of alpha irradiation 
... - . :.1r ilt kmer dose rates), a:though 

• ·.-J !ii d::11onstratc the effect. 
!'.! T1:r.!e:-itly at the Argonne National 
,.i; I lc.;;):tal covers an identif.ed group 

--:·, ... · ,tLidi::J in some dct,iil. Most of 
· ,·_:: :,:J!ly. Finkel, Miih:r & Hasterlik 

•1 1 c: .c :.<i .> t:as::s, 23 bone sarcomas, 16 
...... _.;ii '111.1>. ar'd 7 leuJ...emia;; and a plastic 

' : ... 'I '"'ilr<1b!c unexposed pr•1'tllation. 
.. :·.it i 1:,1>,:> ~1ul ''1th nu the c.:•mplcxity 

1· ' , ·u: ·~ Fer a v:.iriet,· of :·e<;SO:-!> 

... , · ·· ;s; m:.i\imum r:.idium burdens 
·: : ;1 ~. '> a calcul.itcd rr.diation dose in 

·:·;.·r:. rc•se mor~~ or Jes-; linear!:_, 
'.•: rr~·t<:rminal burden or about 

1rn ":rd~·n. i'<o ca-;es were found below 
i ;·. ·,:bit: threshold appears in thc.'e 

"1•··1:· rt· c.:ikulation are used as applied 

r:1c a;'rJ:,·ablc rad doses in the 
". ,.·,..: 1:: 1i1:.: !1UT 51uJy. 
: · -· .c r ::latil.ln J bove the" crit ica: ., 

·. · :·.::.::1;,,~ 111 ·r.~ Argonr1t'. rns~< is 
'.': _-r T'>: da :.1 arc rn:<entcl'. in 

''· :
0.Jr·1,_u:hrly with rq:;Md to 

-~ 1 .. 11··· 1'.1:a!. A.'.so t!1c· r1:r·-'L1 
·1 . . : k' .•. : .. n.~n(~ fli.i~~ ~H .. lt11~:._~ 

·it·:--:c .. thPi.lgh :in: pr'''<':L 
,.\ '...; 1-,\C RH cas·:~. \\' it11 777 
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do~c-res;:io1h<.: ('\)''~'---.!•.•'I iL ,;1L;a;,·,_! ~- \ PPl1Cntia l ;,)rill r I 11.·D 2e - D,'Do. where 
J - incid·:;;cc:. f) t11i,d d;ci·~\<I: d:1·.: i1m:anl a(c:«1mu'a1etl t11 the time of diag­
, .. ('·,i ·,1 V1/h,,:r: !~.~ .1 .. ·_ :'.-.i" ... ,'! : 1.'r,:· .. · J \\ith lal:...T t~.tr~ hy ihc ~~~1111:- ~~rnup (4~) 

th-~ carci:':,rn~~ _·:!-:-·:>, ;~;'v. :~o cJ r~1: ~' ! . tCd nni fi-- :t ('<:"ntir'H.:nus funcl;nn over the 

cntir\."' dt,~l. :·c-, !.-)·'· ,1J::h_·t1t!h the .'l:HL: ,_J;~l. lL.H4t \..'l)IHinu\..'J lo ~•t 1hi.: above funi:tiDn 

n.:a.:.ocabl1,, \\cil. 

Tih' MIT J~'l1 .·\rg:1nn,~ f''nuLHi1':b arc in rroces~ of being combined for 
furti<cr Stlld~. ,-ni·~·-:'lli[Jnt \\ ith liK un;ciai retin.:rncm of Dr. Evans from MlT . 
Th-, :inc n;L,·.:G ;-~::" 1 e:ns arc c;1·~co 1 ;dated in a .. Center fr>r Radiol:>iolngy" in 

the D:,;:,io11 o;" 1~ !Jiologi..:,il l·':'Y'i~~ at l11e Arg.1m:ie Laboratory under the 
tlir.:ct1,1n 0: i)r. l~ ot.::-t L RU\'- IJ r.J. Thus, this invaluable resource to the under­
St J1;:.;~c::-: cf --h:: 1.:~\i._,:·y nf r..:,\h»11'JJi-...k~~ n1 n1~in \\.ii!. il is gr~atly to be h·Jpcd. 
C•l:ll1.-:uc in a \;':u:1'1v ·· imnion;:l" or;i~·1~iza:ion. Currently known expo·;.:es 
arc c,nected h1 sun;, e wdl bej·uncl th.: year ]ll'JO and, frnm an epidemiolog:.:<1i 
standroint, a con:p!ete study j,_ essential. 

Radium-.']4 ( Thori11111-X) in hwnL111s.--An entirely separate population for 
determinat:on of the carcinogenic effects of deposited radium in man is a poputa­
tio:i of about :ooo German si.;bject< who received. shortly after World W:'.r H, 
repeated injectio:1s of 2 NRa (Tho!ium-X. half-life 3.62 days). They receive:: a 
tio:>trum c.1ikd "Peteost~or" for i: .!ended treatment of ankylosing spo'.1..l;- li1is. 
tuber.:uio:.is, ar:d other d.sease on ti~·: initial rc..:ommendatic>n ofa country ..!o, h'r. 
Spi.::ss (4.)) first described the population: 1178 names known. 802 individuals 
checkeJ. now 897 I 4-i l. Fi fry-three bo;ie sarcomas have now been reported with 
awr:t,~·~· 1imr sir. 0;<' the first ir.jectic~n stand ng at 2! year; for juvenife5 and 18 
year!, 10~ l!!P. aJu)is. ln:::iaence •e:::rn:d to £;.: rl!lated more o;- less iin<:ariy to the 
~1' f. .. ;;: · ~.t .:.:::~...t: :' ."i<~. '-dth ~.oc~~ in.:.·on'.=i:.::.tencies. Th~ incidt?~cc r'.1L.:: :;~·1 ~.hi$ 

h<<s -,,:Js 14°~ r·::- 100 rads •~vcr:if'.e 'keletal dose fo; jL'vrniles and O.i"~~ ;:>er 
100 r •. ds iri adults. The lowest '""crage skeletal dose associated with a bor,e 
s,. r,_o:n<i ••:.; 9U r; ... Js in an adult, at· out 1 ~O rads in the c:cv1·1bi11.:.d ju ..-er:ilc .. T!ie5~ 
rni11i:11ai c;d..:ul<1tc.) doses (if they ''re ;r;;i.i1:-1a! at all) arc considi;rab!: be:ow the 
..:o:ll'•aratle figu:-es for radium-2-~A r ! 1} •. h"~-1.~0D rads). This may represent :l 

greater inherc·1t e:Tectiveness of th~ s]·c·rt.::r·lived radium isotope, but the differ­
enc..: is rr.ore li\e ly to be a matter cif dosimetric calculation. As Sriess & May~ 
rcint out \451, th~ calculated dose fr:~:n 2 HRa to th·~ cdls at potential risk, e.g., 
i1. a :,o."i ,j~,,.J-;: ... )er IO µm lt;ick ;;1.../_.,c..:.:nt t·.) o,;11i:: ~urf.tce:>, ;,; JJ.:1 !<ap~ 9 t:.1Ks 

\1irJ,,-r fcv 2 ~~;;: 1 th<in the calculat~J average to bone. The sho1i-lived isc·lc»'e 
Cli)c/:; ·:w: ·. :~·(•:e of its cncrg;, ·.< hi:e adhc;!ng '•J the bom· 5'.Jrf,tct: t·1·11: '"i'ler 
:,,,_·c· -.11 ,,; ,, : ;;. th~ mineral n1~·t-i\. The re<ult 0f ri rrc::>kula:ion .. ~· thsc •.'11 
!f1j,, I· , ; ! ,. · ,i<;: the lo\vCSI ,ar:.om:. des,; fr()ff, 2 :.1Ka and lO recu~e 1-:e 

''. ! 

., , ·.J.::·~(' re- ,.: :·. n11~. 1~ ~t i"t'JI di'ferc"!'1ce i r e~·r.: 1::j·1i-i:.!n~~.:; or a d11~~:-r-

.:l. · ··.1L:· r .: ulcu!.: ''-''"'-S .. rh": ':,,:: that radiogenic t·1mo's are occurri~1g 

"if~l'!!!':rtn•:\,~•·1!'f't~-r:.::~.~·,~.:_·•-;~~l.Jjl:< ~·- ...... ~ --~~·o:.-.rr ~ .o:_y. .... J ~ ~~~~ "'M , 11t 
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fron1 ratlrci~Di:~ic~.:i ~:!·.~~ ,,:;1::):1 in ~-:n!?icr t1un1.11 ror:~! .:fr,n is inc1Jn~rovcr::~.1~. 
1~v..o 1e0.k1?!':iiJ~ iE~\;.: '-1 ~,1 !'< ... it'd ;;; ttns popul~.t~ion, bLM~ ~i ;.~ r~ot (.i.;l!,"ii:1 ·~:-~e:t--• ..:r 

they an~ r:1·.'~n~~· .. 1i.:. 
C>f~r~~ci:•' irH-;.·r~:~t 1n th:"- "tPJ\J~.1 i .... tht.,, ctT~.:t .~,f~1rotr;.~;:~i·)a (:.f~"'.::'"·\-....:\.H"t.! rt~portt:.i 

\cry iC~c;· .. !:; ,.~~1. i-L'r .:..i 11.'-i,;J ~~.'L,~! J"---·Y~. i.'0:; . .:.r\1...d ;_.,_:,1~~ . ..:;; -.-.J~ hi;;'. .. :~: u:~ 

prv1racti.v1 :if tl.<: o pc,: .. ;m:. This i·~ 1.:Clntr;crj hJ ihe .. Eu:1i dos~-f.ilt? crfec[s ;,,~e:; 

m radiJ~j,·,,,,'.!',, ''h1di rt•,:u:ate th;,;t more r1.:~·11"'ery can G.:..:ur .it ~,:1:.er Jos.e-~:.i!.:; 
aHd c\ ... :ec~..:~ ~\·..;n d1;.: u~~.d t:\.f\.x.::t.JUJn of htlk ~~lct..:1 o: d1::-l:!-r:t~e .. ,,_ i~h high u;1~.i; 
t'nerg\· tr:o:-<t'·:r (LFI) r:t(i1<1unn (14 4(1), !'>pi.;-~~ & ~bys oner SC\eral p!.:.t:;;'(');c 

; .H.i!:...>tii(\;_··~:.:i:...\.i~ c:q::;lan~ .. 11.._i:b ,..._:r this ld"'.ll~u~I, but ih.11 ur.krJJ\v.;-i. cff(·_··. r-~· 

p1o~r'"~:.:u 1 ... ··r·1, ~.g .• in._ri....t'.ltJ ELunb..:r:. t>l~ lrtl.ldiateJ cclb, lc~s sub~e4ut!nt :-.. '.:,··~; 
0f r•rl~;11~1L~·qi 1 !1! 1.··.:qs, :'n~:} 1;·;~.·d~i.)il t)I. t:·u: stin1u~~b {0 Li:~i Ui\l~:0·1, eil;_ 

J'."lnin~ dn:1CL1l'. w t:\f'!.li•'<. A f'.l~ther .::-.am;nation oi· this phenomenon i-. .,e".~::· 

Urat,i.im mi1:ers.--A third i1rportant bumar. population demons:n:;·::g .i.:.;; 

carcinor~nic effects oi radionuclide~ is the group o.- n~ir.ers \\ho · .. vork t..:::'.~r­

ground in uranium mines. High ir.cidencc of pulmonary carcinoma <Xcur, in 
this gr1.~~1p. From a !>ccio-ec:momic standpoint, this is one of che most impc•rE'.1t 
t"Xpo~e·:: po~mlations 1:xr:mt, as individuals are currently working and ex~P', ~re 
con:rc•l for thee is a lively and imr.iedi;:;'e topic. But it is ais0 a r.L~'.·: : ·~ .. 
di;1k:i1. group to ar.al:z« bec;n:se of tt'chnical and srn:ntir:.; cc·r:·.::ik ,1'.i.:'.­
par;iv .. lar!y dosimetry-than either of the radium groups. 

The fact that miners in ccn<.;.in area;, of Ct:ntral Lur0p1: (E.-z ;\fo..;:'.~ai:i.s1 

h:o ct excess:.,.e ::hcase ol 11ie re~pira1ory syster.i and th:H there was a high i'.1cic<>r :c 
\Ji tu ·.g '·\.;,r.~·t.:: .iitS Deen ~n1..~v .. :1 ior a \'t:.·J long :111.e. Tha. it"'•~ Jui.: i~~~ f1;.i.rl .... , 
1?<.:' ·;·1; .,,:Tsc·re ~o r:drn f8.P.:i its dc.::s":te~ product<• in the :ri-,'., :' :! -·::~ 

m«rc n•ent m1tization <·l'1. -ihe mc•st studied and <mai~zed poru•,Jt.c1n" :1~ 
miners of t!".e Colorado Pl:lleau n:gion in {he United Stites. :-.c' era:. rte; :~t 

:;y:1;r0:>:. :ir,;: ;;overr.mcnLl H:\ie\•s. irv;Jec!ing hearin:!> :-.:L~:~ ::.:: .1 )i-• C 
ii1 .. ttt:C er· . ..\to:r:ic Eriergy of ~he Cu:.~r.45~~ ;:irC\·id·.: :;J~1~r:~ ~~01..~lPnc-; .. r'.-;·i:i ~.-~~·-·; 

Tile subj·!ct is stiil controvcsial but u~ primd.!) i.:ici,; i1a\e n·Jw i::>:.:'l ic<t"•», ;:·., 
well sntk:d. 

The pro~k'.":1 here is not uraniem at all, but exposure to r~.don g:::; 5ee-'<'.: 
in10 the tum:.:::s from the decay of rndium in the uranium ore k r,do;i. 2~ .. ':: 
in l ... tr., ~.,:~;...:· ~;:g ~O i:5 ~..;·.~re.:.~ _,..:._:~:.Le~· r .. ··.JJ~c:J, H.~t.-\ '· ~. t /,. ... .... : :~ '.I: 

Rc.C "2 1-1lJ 1. 1',aC (2 1 .;P·J), R •. D (21 ')PbJ, R:iE (::i)B;\ •. :-..: ·;'..:F 1-· .'.:· 

"} .ir:·.t ia ... 11 ~t· he pre:o;!.:r·,t in V~:~~ydi;j ;: .. -~i~":)rt:cn·., f;,;;que:1 i~. J1.:i..:1' ... ~ zc · .. ._._ ,,. 
c:L,, s . ..:.1: 1 ! rnr~y d;:-vr.1op i~ lr:i..: b.-_,d) frern co;:t~r~('r'.' !~!;:.t ·:·~!~re:~ ~·.:.rh:-r. t 

. · ti~e ~\t':~,. t.L.ug1':ti:r r1·c1 (lll:'~ arc il.t: 1s •. ::~··11t c~:c: · .. ~.:··.; ·er 
·~~ ·. Jt !s C":·1 r°ir': •'qv~ d:nLJ~\:-r- ;1;:.t ···:: \' ~: l~!' ·r.=i:- ·.·;·· · 

.. \. .. ~. !~~D:: '! ;. ::;·,_~. ~4 :-u.1f·~~fi.; "'-~ 2l :,· .... c:). /\;1~n.:.;~.c:i;.; .:!.:)~~ :-

', ~' ""'··:1-· 1 1 r~~:·,")s;..ec_ 7n·~: dc;·.:'";-.in.:tion 1.::f e\~S~.lre. Stn.;~ ~he- h1e~,'''.1 . .:-~· 

,,.q i• ).'.':·ta:ll of thes~ n:::J;.h'.c:-s ~ir.: :x-en~it1i1g nuc!ic..:s, :ind .111 t.it r::.:>: -

.. 
·,'; ''ii•'r :· ~;.. "' ,, / • 1 ' ·., ·~ ....... ·11 .. · ~··~-:- ...... t.. 

,, ' 1·,, I l '' • ,·.'~ 11•,,,·1'· ft1; ~ ,"•.,.,· l ';>?.tl!~.,.,j,."!. . ...;,;,.;-, t,.,, 

... 

·. ··-,-,,·:.:"· 



., .. '.1.:i:,~"'11. bul it is not certam whether 

~ , •· · ·i ,__·.~r3.~tion (_. r c.~rci·~t1rc r·--·p1.~r1t:d 
~ •••• 1~ ')~rv~.:d in~idcn.:c v:.~:~ hi~~hi:r on 

i ... ~, 1 Pi.c U'Ul.:d d J~,c-rah: cffc\.:ts ~ccn 
· · ·,, •\ .,.,.., .:an !X'<.:ur a: kw.a dose-raws 

! •;, L'i of c1.1~c-r.tte \\ i11'. high linear 
~,,, .,, 8. M.iys c1ff\."r ~everal plausible 

. L , .. 1:. h;! n,)t unknOW!l, effect of 
·· t1ed .:clb .. k.>5 subsl quenr killing 

· -cl!nulu, w cell divisi0n, etc. Hut it 
. r· .: ' ,f :h,, ;il~.::norn~non is clc<1rly 

l<•fl1a 1 p,1pulation demonstrating the 
, ,~.« •:·~· of miners 1\ho work under­

. :· 11f :-u!monary carcinoma occurs in 
· . •io;nL this is one of the most important 

! . . tr<: cu,rcntlj v.orking and exposure 
..... "': 101'ic. But it is also a :.:1uch more 

,: 'i, .ii and sciemific c(1rr:piexities­
: .;;.: ... .;:·. f:rDllpS. 

·n : •Y C•:n 1ral Europe (Erz Mountains) 
, .. .;m <ind that there was a high incidence 

": t::·:e. That it \\as liue ir, part ;1t 
,·. ''·'i!·.::r<,) in the mir1es is a much 

·,. ~ ;Fi .. ,_i:t :.cd por:uL1~it111 is l~ .. e 
· . l' .. it·:J State-;. Sever<:.! recent. 

l: .: .,, : ·~.i~ ir:gs tx:fore the Joint Com­
" c1·11rk Jocume'.Halion (48-5u;. 

. : · '''' ~:. ha\e nm~ 'xen reasonal:ii} 

:. !,,,'. e~po·rnre to radon gas S!!eping 
i:. ;L~· uranium C'fe to radon, znJ this 

,. ;.ts. RaA (218 Po1. RaB ( 214 Pb\ 
""i.. 1c'"Bi). and Rar 12 '·Po;. 

'.1 ·:" frequently attached !0 vect(•f 
,:.::'<•r:c that entcn.:d e:ul;::r. lt ,s 
· ~ ~::e :'"'1-ii~:ir.d 0ffenrkr$ r'-1 th{ I"' 

: ,, dl:h :112y •.!xen the:r full rad~·.:1 -

._' 

• CI " ,~ • 

. · -~ ·\;:-,·:r-(.:ciu·'J~.~ :~·-·.,:: u~ .· .. c 
H l~~e~ are o:·so~r\·-' ir;i;-"1('' t_ 

;;.· Si~:·~i: ~ilC biL'1d~:,_.,, i;) 

111~.;!:Jes. and all tu: rcl.:or . 

l 

I 
t 

' 
... ,...:o...-~£\,,..,~o1.".!J.~,.~ .... ~ .:,_.:,, . ..; .... ~. !J_,_'_ 0: ..... ..l,-~i:.:..:.J..t..,J,., .t, 1 ... _ .1. i&d.c ... :~· ....... ~~l1~~ ... o.. .• o.~.l.t~\.t.Ai, ~,:i~_,'.. -,;.~ .L~'. ~-' :i•'a.1~'1i.iiW\ .... ~~,.:,r,..J.>1\o..o ... ·• · '" ·~ ;• 

J.\~•r..;.u u.11.. 1.:.:u~ .... 1 .... .:i ..... : 1,, 4\..,, .. · .... ~ .. 1, .......... ..,, ............... 1;. i.J, .i. •• tJ-J.Jt.,i u j...~uL,.,\;;.a Vl lrJ.~ C.ll..:CtS 

of tile SC•l'!-tis~~;c <c~·c.~,~·. p,1il'·niur11 ! ~l l. 
H 1~ca11't" cif ~::c _1;~r.·1: 11 i" .. ~ .-, 1' ·:·.::~l'"' 1 ·1~~r~~ t0dy ~'~J~·~k:::.( in e·.:pn!:: .. :: i:-ldiv:d~1 Jl5 

~nd bic:l: ~J.'' '. • .:;'1.. ; : ··:..:. •• ~ ~i~·- ..... :,-.... ~ ~ .·J • ....: \pu~~!C \\ ~$ i..'.GO(:L~J tb.:.;.t C(1Ult..i bl~ rc~ .. 1[CJ 

tll the racir ... i...ci' i•: ~ ;,,;; t:ic ;;i 11'" ..iir. The Lln;t .igrceJ !lfiLll1 i~ the .. \\.'orJ.. in~ 
Lcvd ., \\\L>. 1.1C'l!:d :!5 .lf1~' CJmhination of short .. !ived c:tughtc~s of radci:i 
(radium A. n. C ~.m! C 1 in <'ne liter of air, which results in e:nission (not 
ne.:·2;,~ 1rdy a·'",,•r,1 .i•1:-.l 0f 1..1 > !05 lv\c\' of ;Jlltentul J.irha >e!Jt.!rgy in their 
decctv to rarJium D. !.nre;ral exposure units are the "Worl.;ing Lne' Mon!':•"' 
(WLM) ..:.nL! th<:"\\' xi\ ing Lc.,c:i Yc:1r ., (\VL Yj and cumulative values of thc:~c 
(CWU-.!, CW LY). \\ i1h certain as$ump!iom regarding daughtef'-rroduct raii•)S 

and pcn:en:a'!e <'l lree io:1s. J WLM is equivalent to about 7 rads (52) but wi1h 
.a J;.:.r :.;_.-:.:Lieto; ()f Yc.i·\.1i1·:·c. e.r,. - 5 tads . 

\\•i.ik C<'nv-:ni..:nt ln measure. thl:S·~ units ha\'C many problems. RJdiation d:1~c 
is not prorortional w WL, WLM, or WLY, but depends upon the ratio of 
activities konccntratioml of the several daughter nuclides present and their 
clearance f: :i::i th·;> lung. Morken ~tates (53). the fa..:!or may be as large as 9.fi 
betwee'.l rni\tures wi1h only Ra:\ and those with equal concentrations of RaA . 
RaB, and RaC. Ir. a similar cakula1ion, Pasternack (54) calculates a factor of 5 
variation in the rel.ltions;1ip of lung dose to WL (or WLM), depending upon tr.e 
concen:r<:lions of RaA, RaB, and RaC present. It is only when there has been 
total deed' of activity in the lungs, i e., at the ~ite of deposition, that !he ratio o·· 
dose tale lo workins levd is unity. Add the fact that dose to bronchiolar ep:ih·~­
lium m;p, be as much as a factor or 10 higher than average lung d.)se, and th~ 
WL is seen as a ratht:r fluid measure of dose. Yet the short life of the daught~rs 
and r';cir n,o,·ern·~:11. out of the lung make retrospectiv·~ analy5is or' idn~ do5e 
from ~.xcr~•i~1;1 r..tl·:s, deposition or 110 Pb or 210 Po almost as tr'cky. Tbi::·eiore, 
!h:.: ;,::. · ,, ;.: :nc::1·ur.:ble uril ir .>ii:1 h~c<, ~011tir:ucd to b0id ;,way. 

In l r ::; !;i ~ L: ;L:al Radia:iori CQuncii isstJed guidance for che cor.trnl of rnc~1· 
tion b;;zar;;1 : in uranium mining (55). Because of the urgency of the subject, a 
K·\S-NKC Ad~i.,,.xy Committee prepan:d a fu::ther report analyzing scienm!,:: 
nndir~;s cf pertinence (52). This report concluried that a causal assoc;,:riori exiq, 
bet·.;.:cn b:1g cartcer incidence in the 1:1im.:s <i.nd exposure to : OC.1C' wmulati,.:: 
WLM (C\lv'L \!)or more, that there is a statistically significant increase in lung 
cancer risk for miners receiving between !00-400 CWLM, and tLat radiation 
t":rcwtre i-iY1' r··rl0n da1.1gh1er o~miur1~ con1ributed S'Jb~tantial!" •o thi< ir::-re?<e 
r:ie i ncrc: .se~ 1n :ewer WLM groups were riot staristically signilic:.rnt ~'lt ma> 
hxor~e S"• wit I· •irne as more indi\·iduals er:ter rl'c i;roup c~·ccr 5'.' civ. /1 <. :1 

~c,1e1,t!:L ... l:.';L ,i:c nu;-.1ber of lung ca;icer cases among the :.iranium miners 1~ 

..... 
: ~th Se:"'ice ~;:-~- lr r~""e ... ~3r.i1n~d a!! .-..r tb 1 ~ c·.·i ::.k~i:.·t~ :! .... '.~ 1..:rC.: t.: ,., 

11 ' 1F7l <Su •. 'J .u· .. ·,\~~s c0on.:::1.·d(·.~ ·.vn.a:1. '-.r 1 d :·.._;:i,:.".~\!d by .. J.:-. 

u: .. :ii. ~I~ :>>; t~.(,'', ··:"~ Group .... C•:-1ffvcne ... ~ z .: e\~1 m!';e tL: 
•. 1... . i :1 i • .;J.!2' , · .. i.. .. 11~nt.:1~ : ... Iioiis. regatJir·g the CtHU:-v: c:" rr11,..1e at:-!~l).')-

1· .... f.!'--°<~~..., t:i:.:h~:.it.~ tht: ~t..·' ... erai cog:1~zant Fe~e:4d a.;~11ci~s anJ tLe 

. '·:·:~.·~~?~:?·~:7:7:T·~. :::;;~:::.r.~;~r.::~:r~~~~~;·: if':::\ .:··.;:7~ 
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NAS-~RC. ~~- ;- .. mdu~io,~. '56, 571 rnc,-dify th;.: earlier o:i-:s >'.:;hily. 1':..:t i~ 

es'iencc cc•;1f:rr~1 :nc I' .;·c:•.":.J ;.;an.:er Jbh. r0r r<l:n.:rs in the i:Z·J..-35~ C\\L'.t 
L~r.,t~e .. ~~ r,~, "':.~.j;-,·.!d r:c ... ;·fon i' t~1~<en .)i: J.l~e rnl» nf cJg:o.re~~~ ::-.;1::-l·~~~·[- .. \.:' :'.~-:; 

mint'n tt"nd •o h: 11t>i1:uico1io; :;rid hfavy .;p1oki:r~. it hud !-::".""! c!ir'"b.1lt ~0 firid a 
~uf1l~i::l1! l\'Jli~t:.:r 1.)f !1i..·,nsr;~:;__if\Cr:, to ... ~OI~L;..;i ,. th1.~ U~ta. l-LJ\\~\~.:T. ::1 ~~aC l:li.:!f­

a;enr:::; Rq.>.~rl. it is crn;dudcd that ~ig:uctlL' s:1wking dC>es n0t a-:.:c:.1r,t ~-er t:-ie 

cx;.;es'; !n;.;ickn\.c of can•:<:r. 1 :\l5o. ti'ie lnt.:ragencv group id:mllfied cen.im b:;,;es 
in earLcr \i. .. 0rk. thJ.t in-.1...:.atc that the cxpo:;ure lcvl.!is may hi.i\C" bce:1 cv~!\ .... ~urr.­
att'd. T!!l". '.he 120-}~·9 CWL\l category may actually be lo"er. 

The biswl0g:.~.ll ccil ty;·:t: of bron..:hiolar ca::-cinoca in L1ra:1il.m m:r:.::ro r..:.;; ce.::J 
;eporto.:d to b~ nMrk.cdly Jil:'crent from rhat in the general pc·P..Jw:ic·~, 1.581. 
~·pa'I ·:di uc!dcri:r:r;;lf.::: ~_,·,cs or' turners C-\ and .::'B ~md.:r ~te \'. HC :·~,o' i:..i­
tiC1n sche<nl') rrcdeomir:ate among uranium mi;1.:rs. To verify tbs ai:: · .'-:-::-e:-:der.t 
pane! of pnth.:i:,)i;ists ;c•ic»,.;;d t!te histoiogic rna:erial recently 15'>1 \';;; 1 c:. few 
min0r disagreements this panel confirmed the earlier relative preJ:·;11.· . .;1:·.ce of 
small cd! and L ndiffercr.tic.ted cell types. This may or :nay not b: s ~·:.:ii:; to 

radiation cq)O\ure. Currei;t e\amination of otr.er hard rock m'r.us. :~<.:·Jrsp;.;r 

miners, iron miners, coal miners, etc., indicates that many of these, to-.'. sho~ an 
e:-.cess of ur.diffcrentiatcd cell tumors. But neither are radon ar:d i:; c'aug:l-iter 
products necessarily absent in these environments. 

.\nimal studies in this fie!d have provided support for, ar.d e\·.;;·,;'.y o'.. :".-: 
J;.ta on humc:n exrosecs :nd puzzling contradictions to the h>..;;1E -, ~· _ tl. Or._ 
contradicti0n has been the difficult) in producing bronchog-:nc (;:J.; .:c.n;: rr.~ ;;1 

animals by expo:;ure to radon itself tl9, also Morken, per~o~,;;.i ~on:r-r:;,;n1;;auo:o1. 
although ;'rer:ecpl?..stic c1.,.mge is ~-uspected. The inducti0n of !1.:;~~ c:'.r:c.::- ":· 
nu•:l,des ill liio::: oaughter product Lhain is not serioltsly doub1.e<l. J.1ureJ. ·!'t,,'. 
Hnl.e & 1 ~c!l ((.0) sh::J'.\ :hat 210 ro is :;. ver~ efi'.:cti';e a;en• ... ;-r: .1:·i:-; 1: 
i.:a-1;.:er i!"t -·ats. 

Stuart and others m the Battc'.le-~orthwest group have ix-e:i e,.r,~··.:;,;; : . .:.:: 
St('r:; and ,:ogs to various r~1i \:u:-·.:'> of radon dau;hter~. urJr.i .. :;· c:-: ,;...: · .. ·; ', 
exLaust kmes, and cigarerte s1>:,.k.:: (61--63). b.t·;::. r..:,,ults (6i: ~L.J· ... :::·, .. .: ,_.: 
h~1perp!asia but no signilicant d.fa~rences among the grou;i~ 2< yet. 

Kilibarda et al (64) found th..it ;aJon (at 7.36 ~' 10-s Ci 11 diJ ::.'t ;..: 

the development of silicotic n0dules or otherwise signifka.:-:!ly m.:.c:~-~ :::e ·-,' '.·~­
pathologic picture of rats rec~:ving radon and SiO 2 sim1.:l:a;.eous::-. ";':-~·~ ~c. , ; ;-- ; 
e .. Ld~~T \\vfk by Fren..:.h i.i.Ud,.1.)f.;,. lio\\IC\'Cf, tl1c t:an1c 01 v· ... :SL:'u.: .. ~-,,.:i,·: ..... ~ , ...... L. 

snort. 
;\ f'f· 'iii.:: Iiteratl:re ha~ J;:.vcloped, mu.:h of it during tl:e ~;,:r :J; ;· ')<, r<:H.:; .. 

1m : .. ~ L;.::po.-i1ion. rnm~•!•:C<~ti,•n. and e>.creior: of :J(!on a'1d "' <:.c".u:' ·.'.:,ug.r,:cr 

~ 11_: ~.·,, \ll.qt 1 ~~11. '·i.~)11 :•·:.."u1...:..!C·f'i'fli..)~.k.;~1L.~~ ha.· ..... ~ .... ,·r,:n1·,u:.;~.1 ·-<"-1;1 • 

!\ 1 ,.:11 :r '.'.!'.'·,i b~ .• ,.: ,_:;~ J'' _,._-.:~1..~,1,,hJt t.::11tati\c.:, s:r:c~ t~:c;c ~~no: r~ ... ·~:-= ..:.;-.:..:."":'.\~r:t 

i,,,.,0.'J\.:t...i·niag it. 

.;_,',.·:· .. 

~ , ... ': ' 



• ~-~q1tv the earher ones shgtnly, out in 

1°'!' miner-. ir. the 120--359 CWLl\t 
n"k ti( \::c-:ar·.:tt~ ~n1ukir1g. A: ih~ 

··'"-"'~· lt hau been d1:J-c•Jit to find .i 
. "tile d.:.ta. However, in the Inter­

., .. tc •m,)krng doc~ nut <:.-~count for tbe 
.. : ... :~•<- g:r0c1;: iccnti'.ted ccr:ain biases 

. . ,,. rev.:\, 111.iy h.n-c bi:cn overestim-

·; . .::• .t~·tu~lly be lo\\.;:r. 
.;"•H''-1 in uranium r.1inas has been 

' 1ri •.h.: genera: pcpulation (58). 
· • . ::,1 2:1 ~::Ja the WHO clas<ifica­

;,_: ,, T,1 h~1ry tbis .'.:-.independent 
:r: !J ·-c;,:;:n:iy (5?• \\'ith a fe-v.,· 

: ·:: t.1-:1,·r n::l,rnve predominance oi 
! : • !"av or may not be specific to 

·t._·· t:ard wck n:.111ers, fluorspar ' 
. · ... "t 1 n.i:i) o:· thc!,C. we, show an 

• : \li;I .. , ~-1cr ;ire radon and its daughter 

-, -.;,r!".>:i for. and extension of, the 
J. , -< ·:" h) the hu ::~:tn jata. One 

, 1 ·:~ ·11 :•:<clW!,!t'r1~c c2rcinoma in 
' : •"!.<' ~ ;":r>on:d .:c•n--mtcni:ation), 

., .,·,-d :·•,: nduction of 1ung: cancer by 
.,, • 1' ':· (1'1u!11cd lr-rk,~d. Yuik. 

, .,,- • c :h:..:ll\c agent in ;:>ff•dt·cing lu:ig 

f'"'-"' ha\'e bcce C.l(po:;ing harn­
l '· · 11whtcrs. uranium ore dust. diesel 
'· ·, ' .1rh n:·mits (61) 5how bwnchiola; 

1~: tht' gro_,ups a~ yet. 
• 1.1• :_Jb · 10- 8 Ci/l) did not modily 

'·' '.·:: \>1SC significantly modify the histo­
- . ; · . : SiO~ sirnultaneou~ly. This confirrcis 

·' : :i:nc of ob,cFation \\·as rat11.:r 

· 'i! during the period of tliis revi,~w, 
•. , Pf radon and its several daugbter 

':·r "'<~:· L rgl.! giot.r C'.~ r-1~n'-:1u~:· .. -~:-;:" 

!: 1 1;· t::·..: '.'.)~1·,·cys- to '''--'i-~r i'.>r~·-· . ..._·. 
· · h ;-.e (,.:l1:•t! 1:iutt:j. T! 1 i··- __ ·_1--:.-;~:•·.,:·_•i .. 

'r:1c:c lhcrc i-; not general a\!r.:ur.1::-,l 
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pr..i..iu..::<,, •mu w.: u.,.,,-,,-,!- ._)1 "''-·'" µu;,;11um..:na on Ju:.t: cakulauou. fht:i>e include 
c0n~id,•ration 0r tt\:'1\! t'.H.' rd:. ,:,c!) lWl_'·:r-li>cd 1~·J;:liJcs .: 1 "Pb a1:J l lt:'Po <JS 

rne~i;'-!rcs cifc .. :r:A 1 ~·:- I.,-.;.::_,, .... ~.;·...:. l _·1:; L1~:l .... Llir..:!. i-; Ju ... 11.n\..i~tcJ. in LL:,,; .)~\.·t.:ra.l &l.!nt:rd.] 
I\:'r j'- \\ :--. ....:lii.:\i. 

Ti:o•·ut•·..;s: p.:;;i •. •:;<,--Tbc fvurtl: po;.1 da;ion (•f human exposc;;s v.ith primarily 
:ilrh:1·p«r1ick e"'-;'''~t:rc ('on:a;n, a brgc but diffusely sc::itten:d group of patients 
who ·-c,··:·ivcd t::_:r.::.tJ:1>:. ::i ,-,,,iJ;,,,>p1c;uc ::·1..:dium u~·.:d in Jia>;nosti~· ~.xnrgeno .. 
loi;y. br:~1H·cn I q :i:J ,,;i.:! l <l50. Tl: is c,)lloidal preparation can remai:1 in sim almost 
rnddir,1ccl}. Jr c.Jnt:.ni; several tnonurn i~otorcs in lo\\ but significant quantity, 
whic'- -' ~x ar.c: '-'• c.ne according 10 the age and treatment of the preparation. A 
varielv of tumors,~,- ~nfr tissc!e. r:'.r:icul:!:IJ' of liver and the herr.<ltopoietic syster.1, 
ha\'~ he<.::! ~L~-;:--·.i~ •. J l"-' ~he ;::,n> :·-:~e cf t1~or ... -tr4~5t (65). 1-\ s1/l..".able populatjon e' 
po!c,;,,_ Iii avai!ab'e fer stuJ> rart:cularly in "lcrthcrn Eur,Jpe. but also in 
Pur:u~zJ, the LJnircJ S:.::es, J.1pan, a,1d clscv.here. 

While there wen: e;.1rlicr reports, a meeting sponsored by the International 
Atumi.: Energy Agency «nd WHO (66) provides a good collection of the cogent 
findings to tt•at dale. In som<> porulations, e.g., Denmark (67, 68) the totai 
incidence of tumors was not higher in the thorotrast patients but certain tyres 
of malignancies arpeared that were rare in the control group. In others. e.g., 
Po~rugal (li9) a no:able feoture was the excessive number of leukemias. while in 
Japcn C'U'1 1 -:creased incidence of botJ--, liver can..:er and leukemia and shcrtcni:.g 
of the !..:t.:nt p1:riod apr~ar to be associated with thorotrast depositions. Howev::r, 
the m-.•hl:•n' of' radi;irion c'osc calc'Jlation, the !ow specific activity of chorotr:!st, 
and tl·e rd:~tiv,•ly k)\\ i!1cidencc cast doubt on the interpretations except for the 
mal:?.P int .,.,,_,,,~ulRr ;vnplasms thn seem to be cle~'rly associ<lted wi111 the 
cxposur~5. hibcr (61 ~ recommends holding off for a much larger series of cases 
•han ; . ' .0!lL :-;·-~ y..:, c;..,Jic.I COJA·,:,..:!tJ,C·OO -,-;; JOC~J-3000 in tne sruJ.ici g:··)U::-» 

and ;in c :J~.:n ;.1ti~'J; ;>·~riod of 25 ycab. Ab~att (71, 7:.J called !or a coord;nated 
inrernational dfort tn reach these goals whiie the material \l'<J.<; still avai~able. 

D:)~i···.ctry has b<"en dirricult, and even separation of radiation from cl1e1T1i~al 
dicxt' ha> :atw:d cn1cern for the validity <'If the result~- Th:.- inter:ia1ic-1al effort 
urged in Vienna has not materialized. But a frw further reports of effe.cts have 
appcar.::d. 

~I uth ct al, in 1971 (73), summarit::::d clinical examinations of thorotrast 
;--~·r ··it':' j~· ~~rc··~:r, =r: Horn bu:~~ tS:.!ar) :_ :1f Fr2.nkfi1~t L:. \1. and :('":T·::l: .. :.:·(:d thc:-;·1 

wi!h the tobl bod:. turden of 208Tl (ThC"), measure<!. hy whole budv cou:iti~~. 
;~r,:' fly ·l-:w:·1r·· c:o- 1·:·it cfext'ired air. The new rc:;u1ts d.1 not pr···.,ictc 2 '';.-;!5 fo;­
t~ihl'r ;n .. ·i•kn:,· ' - dose-response relationsh:ps of turn.Jrigene·,is. Of ·he 6000 

l'' 11 •)J~. ~ri i·_; ntH :· .. :::.t.)i~/::. ?S'.'~ ..:2:nnc•I b:.: >:•_J.~cJ. '.\l:~Lc 1:.·~~ ~1 . .i"•C 

1. -re. ,- ,,,rnin,.-n 1:'. • 1it.·a1h. A hi;h r:erc-ent;~·p.: r.f 1110,e w:th RE:'\ 
· ~ 1!:1)'-.. c.<: - ..;..:ho:'-1:-'.i(' val:Jcs in tLt! B:u:-nl:11!t..:i .. te~ .. t. :vh.nh 

.11 '1 1·-~~1 : ~ 1 j p;.;.t:e~··:_, '.\.!lh j ~Jrln13.ry liver Ii.!7nor. 

;.:·,.J;_. "-•~ rL0r.:: po:.i:;~t: for d:romosome aberrations in sampies of 

.. . . . 
. I ·~ , .. l-1 .,~:.µ;-;,-.. .• <t'1-!.': .-- .. :~•-:1:,·,.-., ~"?~\·~.""' 

' '1 ,' ~· . , '· ; .;. ' -; ~ ; .. 

;,·-.·. I ,1; .... · 

';•. 
..~:' "~ 

- ' 
·! ./~<<·:,,· ... ~~,1'' r ,.;:.-~:1~·:;\f#,;,;, ... tJ:-;j>j; .• ;-1~,'i;-·~:1/'1'.f~,.\.V· -~~T··~1f..\.""° .... -o::./;-;,~,; 



.,.•,·. 

,.·, 

i: 

,:· ·-

r I.· •,····· 

·'. t'-, 

~! ~,•1 ,t •• 1; ~ ~;/1 ·, 

.. , ~ .. 

' 
"~·:~t~_\' "q;' f .\ 

' .. 
. .'' .f • 

' ~'' 

• ~ ., I ~ >"~ ' 

' ' -~I' 1 f,1 ': ! 

"'1 .... ·• 

/ 

" ............ ,. 

:. ' 

: :r:'..~~- ~~- ~ ... {: _~7~.;;.: •••• ~ ~ .... ,~.,.:.;;. . ...,...:...= .. "' •• ...,. ''" .·~.:·"'~".1:~,:.. ....... ~~ --·-~ .~ .. ri"...,,,.u.-...:"-·~-wA·L ... -d4·~ii ·,.1a'4J.:~~·i:1, ... ·.- ..... ~·•'.r,. ...... ~ ... • · ~.,,' : 

J·' ,:, :!. 

334 

p.:.:uplia .. u i>wod. Aii oi me 5U lllorotrdst patu::nls examined !>hov:e,1 abberw ~Pr>< 
\vhi!c :wne were seen i11 the (('ntrol {'asc,:. Als0 a dose-effect n::,,. iY'·.f1::;. ;_-:~ ~, 

tc be n~~~ilin·~J.r but in t..n~ ~;·~.1: r:-,ins \.1-;th bddy Uufdt.:n vr c .. .I. .. :.~.i ... til •. ~ .:~\_· ... ~· • • 

appe<l.r pv· ,ibk :o d.:ri\c. The c.bcJT,lli•.Jlb \\t:le iargeiy i.m:aks (5···ii(, ;:,•e l".1' ,·. ~·~ 
scored cctis·1 and dicentr1c chro·nosonH',; hut not ~kleticn,; or rin~:. .. Ti1 t· r :;,;: :·:· 
ship betwci;a these tinding5 and cancer 111ciJcncc is, of course, stili in the· ~rec '!,,­

tive 5rnge. 
It ~l';::-J-; unt:kcly at th•: p:-·:~cr-.t _iunc:ure that the ma:-.1rr:oth sci.:!l::,:,: ,,,.,,, 

technic:.il problems in the '.horotrast patients will be solved in tirn.: to ;L .;, . , 

group as quanti:ati•ely <.dtisfyin;; "~some of the others but it !S !ior,.i · ·.;,; ·, 
effort will continue nevertheless. 

Pl:a:1,;i:.r•1.--Thcre are no recorccd incidents of cancer in ma;, fro::: 1 '.: ••• , 

tion of a.·.y plutonium isotope, alt!-1ough there h:lve bceri rnn'•.: de'.',",·" :· · r ·· . • 

the v.orkcr populatio:1 (74, 75). This rt:fkcts largdy the effectivenes-; cf'"': ... -,: 
measures and perhaps also the relatively short time during which tt:c~e ':w • (':': 
burdens have been e.>;tant. Nevertheless, became of the import~ncc C'f pl'.~L··:·i•. ·:1 
to the nuclear energy industry, full-scale animal studies ha\t: been u;,~c.·., .i:. 
since the early 1940s and have expanded considerably since the early and miu-
1950s. Also there are metabolic data in man extending over many years. These 
ha\'e been reviewed, recalci.;Jated, and reinterpreted (76). 

During the period of this review several milestones have ~-.een passed in fre 
animal \~ork. Dougherty & Mays (77l and Mays et al (4>, repc:t th:it t!Jc chid 
cause of death in their la~ge beagle colony exposed to one of s;;veral bc:-:c­
seeking radionuclides, 226Ra, 239Pu, 228Ra (mesothorium), 228Th, ar.d 90Sr is 
bone cancer. \Vith 239 Pu. death with osreosarcoma 8 ye<trs afr·r ir.:•:.:t:c::-i .::·'." 
plutonium appears to be about 6 times as likely (on an activity basis) a~ for 
22 '5Ra. This high reiative effectiveness is exceeded only by that frir c =--rh. 

The most recent data (78, 79) reconfirm this finding, and all studies rc11era1e 
in the dog the earliest suggestion of such a difference in toxiciry bet\1 een ;:ilt:!0-

nium and radium made on the basis of work with rodents (80, 8l'J. This ~r.rir:.:31 
toxici~y ratio has figured strongly in the settir.g of maximum allov.-:-.blc exposures 
to plutonium (75, 82). 

The possible mechanisms for this difference have now been all but settled as 
residing in the mode of deposition of the nuclides in bone (4. 77. 81, SJ, .;.nd m<":-::. 
others). Plutonium deposits and remains on bone s•.•r;·a:e<. ~ h~r.::";; r,,,j' rn 

after a short period of surface attachment, exchanges with ca L:ium and cero 0 i•' 
more or less t'1roughout bone mineral (although -;till not U",:fornl~: i·1:~ 1· .. i.c 

led many to refer to plutonium as a·· surface seeker" and to radium as a .. ' c·''J:-ne 
seeker." 

There are other dif'.or·~r.ce,.;. Pluhmium dtpo>:ts i;1 sof1 ti,,k:, 11h;Ic , ... •. ~-.; 
1ra;1s;enth-, to a much !!:"•c.3ier e\te:it 1har. r«diur..,_ard •u·nc''; or' sn~· · 1 • 

liver, are nO'.\' appearjng i;-1 anin1ai:; ..:.:arr)ing l .. !tlg-::.::rnl (h..'~:.J~lrs \Jr ·:L-t.::1- .. i ~· 

(~·81. Bile duct and other lesions have also appeared. This l1as led r,i,,~, 13·1) '•' 

calculate the relative ri5k to bone versus liver <::ancer with parcnlernli:- in1ected 

.... .:_., •·; - 1.'; '. ,.··;;: ,.,.~ ·~'.':·rt'...,,.•-.:.~. 1 ~"·· ,,~ •. ~,.: /,~/::.~ .• ~~\ ./ •:.·, _,• t 

·.-·~~..b.··~1 ..... '.f-1.::"!,1µ ... -/,.f_,;~, ... ;1~~..,; .. :;..;i~., . .:,,.,fJ i'-,1•-'"-!;.l·;"f r,,,;.k"~{ff,:1.·~- ·~ '· •.· ... -

::· ' ... ~, •f · .... ,, 

.~.; ./,_..,. .. ·'.··r·,~i/'~~··«~ }•' ~_.·:" '· .. , 
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';·.:;~c<:. Also a lfose-c!icct relationship (seated 
• • ,1 n); ixidy burden or c:.dculatcd do~e) did 
~:r,q:' \\·ere l~rgcl.v br::'ak.;.. <5--Sf, f:"Cr hunc.~rcJ 

'"'··"· bu: 11•)! deletions l'i r.ings. Tho;'. relation­
-·:· :i•~i.;(t:~c i,, of cou~s<:, sciil iu the !>pe.::ula-

.tt;:,lure th<!t the mammo'b scientific and 
·.,;1,:nh '\ill l'C ~oiYcd in ti:nc to m.:iJ...e this 

· w1:1c o: the ethers but it is hoped that the 

· !'":.idc:ts ciica:i,:er in man trnm !he deposi­
•u;:11 there h;'t>•: been some depositions in 

:. ~.:.:c1.•s brg.:!) the cffectivencs~ of control 
v.·/y ~hort time during which these low body 
•:-.: .. h<.·.;-;1u~c of the importance of plutonium 
-~~'.·ilc _ anunal studies have been underway 

·' i"-.:d ... onsiderably smce the early and mid-
· l.1 m ~an extending over many years. These 
'".! reinterpreted (76). 

<'' ~n~~ mi!estoni;:s have been passed in the 
' an" ~lays et al (4), report that the chief 
i\c'..lon) exposed to one of several bone-

" Ra I :m:so:horium ), 22 sTh, and 9oSr is 
' ,;)~ osrcosarcoma g vears aft · · . . er ll1Ject1on of 

.:; ;: .. .; J,kcJy \on an a.:civity ba-;is) as for 
"ni.'t't!dd only hy !hat for 229Th. 

• · !·l1J 1:, tiii; li1.J'"o ·•nd all st j' . . . · .. ·=-· " ut 1cs reiterate 
,:,1·~·;: tl1·l:r<'nce in toxicity berween pluto-

' ·•, W'l•-. f"•\•r•s(80 81) -h· · · 
, . • ·• "· ' • • J is cmpmcal ...... "-·~·,in , ·,f . 

· · · · !! '· m<:.~imur.i allowable exposures 

"''.'~ren,·e h:ivc now been all but settled as 
..... ,.li\:l;dcs in bone (4 77 81 83 d 
.. , • h ' ' ' ' an many 
, .... ·. ·n." one surfaces, whereas radium 

. : · , .. ~~-·-·; \\ith cabu:10 anJ dt:posit~ 
'" ··urh ~?i!l not uniformly). This h 
· · :·~• '"~" ~:.d to raJ1um a~ a·· volu;; 

.. -
···~·.4·; 1' .• :" 

I 
f 
I 
l 

.,,t ,. 

. . ~ . 
. , ,.:-; ... :.~· . ..,,:.. ...... ~:.:.u .. ~...,., .~.A.l~.'.#.S~: •. : ... ..,.1L1-.. 1~ ., .... ~ :,. ..... l': ,\.' • ~ .• 

TOXICOLOGY or RAOIONl 1CUDES 33.-\ 

plutomum anu tu u1.; ..:on..:iu~wti lhaL d\..: n~."' 1 ..... u._.w. "'lw ... 1. 1,u, "'"'' ""L .• -. 
depends '"l the r''t:t.: t'f entry. Henc.;c the rclati\'c risk will alsn vary with r -~ 
il:.J.J~ ('!. ~td~~~: .. is:r~!~~'n ~H1d t~i'..; c0nc!~1s:•L'n i.:Jnn 1)r ~"c c.·'(tC"::dcd tt°' p!tFtlJl;~, 

en1~rin~ b:~ r'-'ut..:s c.~~11.:r t:~ ... ;1 i1tj.:..:!iOr~. 

The l1lc'<1n skeletal r,!J ,)l,,c at !he k1\>t::it lcvcl sl~l)\\il'g o~t..: .. ban;c.ma to Ja:c 
is 78 r.ld~ :<t J y..:ar b~rcn:: death, 116 r:.tds :1t th: t\me cf cc;.nh a11d the ye:ip; 
betv,een i·1jection and deatl~: 9.92 (~'9). tr w.~ c~rnrare these to the 1ll1mlx:rs seen 
in ' . .l<hcr :i.;·.inn'-; :;::J n~.:·n fc)f 

226
R;1 fr·: .:inriric!l tcn:icity ra:io pf sli~htly <Jhovc 

5 a?pcars to be L11ly co11iirmed in this !:irl::c' c.xperimeit. 
Rc;;ent \\,)rk alsci ir.J.ke, rossible compari~"m c)f the cffc-:'.ive dl'Se:; for ostec­

sar.:oma in rode~~t~ to those in beagl'.!s. BulJakov & Lyubclrnnskii (85) ~uin­

marized wNk with 22•)8 rats receivin~ niutnnium 239 at ab,)ut 3 months 01· ag:e. 
Jncide:1ce :.~le~ t'f 2.bi'.'Ut 3 ~.; c.rc sc~:- at c:.vcr<•.ge cai•:ula:cd skc..'ktJ.l do~l., oi' 
frorn 25-76 rads dep<"ud[ng L1n romc nf en~ry and compound. Mays (per·;on:::I 
communication) o!..:ulates the lifetime risk of bone sarcoma in this exp.~rimc:1t 
as 0.06 % per rad. But this may not be a smooth function, as many grou;is at 
low doses showed no ostecsarcomas. 

The data of Finl-.el & Biskis (86) using CF! female mice show as calculated b) 
Mays & Lloyd (79) 3.9~~ im:idence at 40 rads dose accumulated up to 140 days 
before death. This is less than 0. l ~-;; in:idence per rad. Neither of these rate~ arc 
markedly different from those for the dog, e.g. 0.37 '}~ per rad at estimaccd start 
of tumor gr'O'.\ th or perhaps lower. Since this figure is for monomeric p\utonium 
(see page 336), which may be about tY.i•~e as carcinogenic as the r0lymeric Lm11, 
the difference among the species becomes even less significant. This relative 
confluence lends credence to extrapolation to man and the expectation that the 
carcino?enicity of plutonium in the bones of man may well be a foctor of 5 or 
more greater than that of radium. Thi~. is the figure currently used in assaying 
hazards o; man. Llo:d & Marshall (87) sugg.:st that t:ie re!::otive t'!':.:c1ive1~"-"' 

factor may be higher in man than in dog because of ciifTcrences in bone struc:ure 
and the higher rate of burial of surface deposits of 239Pu in the dog. 

The development of lung cancer in ammals inhaling aerosols of plutonium 
h<is now b<'en fu :ly documented ( 19. 88. 89). 

In an independent study on inhaled aerosols of 239Pu and : 38 Pu in the dog, 
Yuile, Gibb & Morrow (90) report increasing pulmonary pathology, typical of 
radiation effects, from about 1500-2000 rads to 15,000 rads. They do not, 
l:owe•:er, report frank pulmonary carcinoma . 

Damage to accessory pulmonary structures, especially pulmonary lymph 
nodes, is commnnly seen, especially if the compound inhaled •s insoluble and is 
cleared from the lungs rrimarily by nonsolubilization pr:Jcesses. \\11th pluton:um 
•)':id-~. r:i-~jor c.cc~rnu'ations ('(;:ur in tra:heobron::hi:tl-hr;-,;-i'.1 nc<k~: 5:'--1 rn 
tir.ies t~:e con.::~mratio~ in lung. Fi!::r0~io.. sc:-ar:·ing. and lo<,s qf 1' mrhati.' nndt•tc~ 
.:.re common, bur frank ncopl<i>;., c.:· ,:u:sc stru(i urcs hao uOl ·: .. ~.1 .' · :.::-.i:. .. . 

(;)1) report~ :):at l\\O \lc1gs a~d several r<1:;; that inha!ec "<nlqr:': n!••'.;111:·1•·:· 
developed maiignam lymphoma, and Ldx:i d .il (92) ro;; 1JtXl ;yn,r;:10;;1.-, ;11 <it. 
regional lymph nodes of a dog n:ceiving J.ir-oxidized plutonitlm b_; su'xut:',;1C'cus 

"i I' .~ :.;. ' • i· .·-~·." - ' : / ·,· ~. ~ . " ··~.~ ·i(•'.1'j;~ ~. ; .•. t 
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injcc:io;1. Lymphoma of the bo:pafo: lym;-h nodes of a pig rcci:!· in'; rilu:c.: iT · 
nitrate subcu:ane0u,dy is rc;,orced by J\k(i;1nah;111 ct al (~IJ). 01 ·!~•:ciai ;r,:c 

in the s'.tldv of Yu1lc. Ciihi' & '.\1orrnw (901 i· the f.i..:t that lun~~ ·~,,j,,,~< ·.: 
to reflect t•'tal rulm<'nM) r;:di;q!o:1 dn'e ,,Joi le I) mph 'lOdl' cbrn~gc ',\ ·1, '" 

~cnsiuvc lu ,los..:: r;.tc. 
Fe\\ •· mc:aboli::: .. studic-; of tissue distribution follow through rhto" l·.':ig-1,·; 

toxicit,· to the extent seen in th~~ work of Ro5cnihal & Linden"iaum 19~) In i!''·· 

\llC1fk [11UtOl1iUm n:cei1·eJ hy intravenous IHjCCl!Ol1 in 111011•)'11('.HC fym •' 
clear!~· more can·inogenic 10 hone (CF ;~" 1 female mice 1 tkm <imd;ir ,_;, ,,,., 

recci\C.~ in polym~ri..: f()~111. Tilt: :ni..:c re..:ei\ in~; the m0nomcric: l·.>nri "'b-! 

earlier ;1 ith osteos.ucl'ma and developed abuut twice the in.:Jcn~·c .;,.ci; 

number:'- nf mice 1>ith turr:.::irs and in numhcrs ur tumors pa n'.P'JV'. 'i "; ":' 
concen:r:.i 1ic'n of monomenc plutonium ur>on endo~tcal surfac.'. ,,,- me:: ~r: .. , ! 

and \Ci id1ral trabc..:uhe m.i~ h<tve played an import-int role in ::1is p;~e1 ,•a c:;', • 

but it is ciillcult to arrive at a factor of 2 by this explanation ailmc. T:1c :· •.' . 
meric plutonium deposits to a greater extent than monomeri,; i1: liv,;r ;:ir,J <.' .: .:;· 

elements c1 f the rcticulo-cndothelial system and incidcn.:c of hep;i toruas wa< •· , 

with the polymeric form compared to 2-J ~·~ with the monomeric plutlmiurL 
Whether or not this difference contributes also cannot be decided. Also :he 
phenomenon may not occur to the same degree at very lo"' conccntratior.s ,,~· 

the nuclide. 
The above may contrast .-ith the findings of Della Rosa & S•aPnard 195) ;1 i~'.1 

21 L'Po where large differences in tissue distribution did not inlluence acu[e 
toxicity. However the end points are quite different, riz: LD 50 versus can::ino­
genicity. 

All of the work quotee> above refers to ;;qPu. To\icily oT 2 ·"'Pu ha~ l··et:n 
reported as greater than 2:1

8 Pu on an activity ba~i' 196) but the dat:: de n1.1· 

extend to relative carcinog.:nicily. 
Jrradiated nuclear fue's always contain some americium-:'.4! along v,1:n 

pluwnium. For this rea.><)n comparative i:arcinogenicity of :· 41 A1~1 :o 130 P..: 
is of interest. Taylor & Bensted (97) have re..:ently negated earlier f:.m!ir!:;' 
shov. ing equal toxicity of the;e two nuclides in a long-term study in rats. in their 
exper!ments 241 Am appears to be much kss effective than D<ipu in rro~tKin,; 
bone tumors: 21 ~·~ and 47~~ incidence in animals receivir.g 2.5 uCi kg or 
7 uCi kg of 241 Am respectively, compared to 80 ~~incidence in aninnls receiYi 1~; 
2.9 uCi kg of 239 Pu. The difft:n:ncc is attribut~d by :b:: au~hors t.J ,i;l;..:r.::;.~.;, 
in the chemical handling of the trivalent arr,eri;;ium compared to 1:1;; pn:.:!•r~ ;­
nantly tetravaient p!utoniuni. e.g. dilkre'i;:es in bindi:1g to plasma ptl.':~.:1.-. 

clearance rate. etc A few soft tissue lesitl'l'i, i>Jcludin!:( kuk.•mia. '":re ,;<."er. ::: 

this st1,;::iy but not in suiLi.::nt number w a::aw a ccmra1 ison er· 1:'t'fo.·:·r'. .c::, ...... . 
::'t .. n tho:..1gh nc can.:<·:- ca~Cs or .::ither ~,C"rit'1>~ :e~ic;''i ic\C .. ~'..,!. 'c·:: 1 .'.·:~· 

i11j:Jr;.l h;,;\.; appc~n:LI in m<111. the P<)f,l.;.:.,iu1. :ii' ;.,1u\11;1iu1'~ 1HJ:t.~,, ,, 11."' .. 
con>.:t:n:t ~urvciila!:cc !'741. /\ l~I'~~c·d St~lte~ Trari .. -?:·u:r~'1il:n·: R·:?i•,:.r~: ;--.:-.... h ..... 

orgarized nndcr the spors:'r'hip of AEC by the lfanford Fnv1r0nm1~nt:il Hca·:1, 

Foundation and all pos~iole efforts are bcin;; made to sti.:dy this gwup fur C<JI~.-



' ,,, .. , 
,;·d •. ,,,,,:.,,. ..... u .. ,,~,·-~~, .. ~ .. J·..: .. h_., 4.· 

--"· ,.,1!pll ;"H.l<:.> Ui ~pig lC...t:l>"1g plUlvlllUlll 

.\L'" t::·;ihan ct al (931. Of sr:;ccial intcrt'.sl 
1111 . ..., t~K' t'Jct !hat !un~~ '.cs!ons 5-'~;.·n:cJ 

• .. ,, '"'' I) :nph n0Je ~:.:magc wa5 moi.: 

. ~: ;!: ih~it1on foll::iw through the long-term 
.:" fJ.,1•:,·nthJI & Lind.;:nb;111m (94). In this 

., "." ·:·_is·tinn in monc:.mcric form wa-, 
· f .- J female mice) thar. similar doses 

1·:.:"•·ff·F th.: I1l(•nomeri.:: ·orm began dying 
" ;' . .l ;ibout twi,·e the i1 .cidence both in 

"1'f>,,·rs of tumr1rs per m•Juse. The higher 
':i· "· v:,h~l~Jl surfo-..,,; of mctaphyseal 

:: .T1t·wtJc-t wle ir> ch'~ ph~nomer10n. 
.1i:. t•) :his explanation alone. The pol}­

... ' '" t.:nt than monomeric in liver and other 
• ·, ;, .. : 1 ;:n.I incid.;:nce of lwp,Homas was 6 '>~ 

._,, 3 '., 'dth the monomeric plutonium. 
· ; r: b>..Heo; also cannot be decided. Also the 
1 ,.:.1::; Je:;r..::e at very low concentrations of 

· ' ,i;:'/C' c1f D\!1:a Rosa & Surmard (95) with 
'".: ,i:, m but ion did nut in1luence acute 

r•" :·1:i!c cfo~·.:-rent, i·i::: LD~c· •errn~ carcino-

'' 1,, ~JQr>u. Toxicity of 13 ')Pli has been 

.t,;i1 .ty bsis (96) but the data do .-iot 

'':'1:1c- arnericium-24! along with 
:~! · •H· ,·;,1..:inogenicity of 241 Am to 239 pu 

!. .. '~ nxcntl} negated earlier findings 
,Jt<. 1·, a iong-tenn study in rats. In th;ir 
1 b · cffo.:tivc than 2 39Pu in prod-.icing 

,,.,. 111 animals receiving 2.5 uCi/kg or 
.~::I !t1 q0°;, incidence in animals receiving 

:,· '' "' Ht·d hy the authnrs to ciiffercP·~es 
'.:': ~~ lit.I11.:1um con1pared to the :--·redomi .. 

'"• •n bindin~ to plasma .proteiris. 
r · ! duJing leukemia, were seen in 

._., .t ._·{·.,·:1f'~p·i~·un 0f c~r:?:tivent~~-~. 

"'t.:" ks1on.; tcxcert •,-.,,·;•.! de,,,,,,, 
;''t:;, 1n:un1 'HCl'Ll~,-.) i~ Lr~ ... :, .. 

'; '' 1 ~P!n:(·na1n1 Rc 1j t;- .. h~~s t·c\ 

: ·. t1::1d E:r;iror;rrn.:•~:al Heali11 
• :~ l(l 'ituJy this grn1.Ip for com-
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Jt.~siont and one nic~1.Ll1"\:~1.l ,_i;· ti~"' c. hL.:.it f:.-L~ be('n rcr<,nt:·.d in ai~otl:er ind!vidt;al, 
hut corrcia1;nn \i..-F~.., """"h.1~~··:-i:r;·n d,r 0 >'-·--in:1 ;, very cir.:-~1ms\tH~tial at thi' juncture. 

Natural [";·w:i., ·11. · '·~~·.:·. ::.il '.ir.:·,i~::c1 (v-iu ;:iks ,:1;~:t!! 2:1;0unts o:· :.' 5U ar.d 
2HU) h~:s been Lhe '"'''_ic..-t ('" -;;: .. -:r.;1 !ong-krm su11.:i1e~ O\'er more ti1an two 
dcxa<'e>. Tb12sc :.'e !12'"· ~"~·-:.: • .:;, .. ..:orr.pk:;e. Th;; dkci> of U-nat i:1 salub!e 
fl'•rm M•.' ,~,T1 !.;~::,er_, .1-. nc~h~"to\i·:·i•,· 2rcd :i.rt> 3'lrihuted tn rheri:·~:i'. rather 
thaE to radi:llilir: eff''''"· In 1m.•!u\1lt' form the c;offel·ts of na:ural uranium are 
consid·~l".:d lo t·c "'' 1,• rad:ali(·n. ::..;t ·=·1~ly r<?.:cntty f-:ave neop!as:ic changes 
been ,Jt·munstr;::e,1 ";n·1 !his 'cry j, m srecirii.: <.!Clivity suostance. Af1er up to 
5 yeais of c.;pchu:-;: tc' L:Cc Just t.y inh<iiation at 5 mg U na1/m> on a 5-day 
p·.:r 1.i..\.'1..·~,_ ::i<.:f:c ~·!·:.:- ~~:· . .; ~~ P-~-..=~-t:\~·..:··~ Jre ... ~rb~f\;·ti0n i:';~f~1.)(.~ cf up to 6.5 yea:·; 
the il)lll>ti:rni Re ·c"::' :er C".i1~r Tie:~ r i ~)8) t;,1: r~:iw shtm n pulrnonar~ neopla<i,! 
in 4 ol 13 exrcsed dci;« and epi1i-1~hal proiikrJ.'.ion and metaplasia in severz.l 
others. While this is a definite fi:dirg it i;; some\\ hat tempered by the fact th;;., 
25 exposed mm1k :) s in :he same experiment hase shown only extensive fibro>is 
and no r>corhsia <:.s )Ct. It can t-e concluded that natural uranium is clearly 
not very likely to produce r.idiogenic tum:Jrs. Conversely, the fact that no kidney 
damage was ~ccn by any me2.surc, histological or functional, supports the con­
clusion thJ.l "insoluble" natural uranium i;; not likely to show ncphrotoxi-.: 
effect~ a!ld it:·. control shouid be bascc! on poten:ia! radiation damage. 

Howcv(r r:ven ~ ch~'-'lf!'-' lo urnr.ium trioxide rr:akes a large diffcrer:ce in ph31·­
macokine1i.:s and thus potential effec'.5 as demonstrated hy Morrow. Gib!:- & 
Beiter t9\l 1. Hence any such generalizations should not be extrapolated unduly. 

CA~nsoc;;:r,LSJS BY BFT.·\ A~ Bl~TA-GA.'-f\I.\ E~nITERS 

Jn i::e1w;-;1!. nuclic!ts v. hcse carcinogenic action resides primarily in emission 
.:;f bu" ; .. 1r,,..:ks J•< ,-·r a gaum.i p:;oton .:.;-e kss etfrct;vc a~ ~r~·i1i.;g~n~ per 
rad fr-:u: the .Lipha rarti!c emitter>. This seems to be tr'Je in pan ror otner 
biolng'c:' enc pci:-: ., also. Rei.'ent work of ~iJ<'.Cial interest i' suni;r;ariz,: ! in thi~ 
SC(tion. 

':.'1rcrtir1m and related r.uc!ides in a11in'.1.'s.-The concern generar1• :i by th1: 
presc:1 co: in the biosphere oi fission prcd,1..:ts from testing of nudear v.ea.rons 
in the atrnm,pherc lej to massive experimental studies of the behavicr :1nd effects 
of r'w~e rwdid,!s. '.\'hile much work i" ,;.Ji in p\"og:ress many recent n.'Tons may 
be r<;ganLc a~ rr >.c:>[ones. The pu;::;11,heu p:-cree(jjngs vf a sym;-'.:·s1u1;1 0·1 

raWO'it! ":·i1; ·m' e•.;-1>,me heiJ in D1\ h. Cai;forma in February I<;;- J are no;; 
;:. ".:l!at·:-c ·. ! .' ! .. :· .. '. : r.:1:; up-to-,_'.atc :r.,:1; <:.sre.::t~ of ::ii~ !Jrg,: iidJ. 

-; h~f~·:. 1 r· · 1 . l ~~rjrncrit~ are r:·r-:~-:-:---:ed ln t}~e r_~"d:0~:n~!'1:;urr1 5>.·m·>:-~iuni . 
.... :. ~1n!~- 1 : "r ) th:.: rrin:~H\ :-:ld roirit 31hi ..:cu~c (·F L!.C(l_Th ir1 G .--.f !'t1~~c 

1 ~-·J;·t :::.1 ~ :;: ·_.:--l~~.;of;y i~ -·~~ ~·~,-j,-_:·r .. v.: :.:(1.''..··~·r .~11 S~d-l~ 

· ·.,.;:·,and :'.·~(·ri~ . .__-·me c:1:;r';eS in rr;J'1 in! ~ 1r.:~ 1 

.. '. _.~.-~:· i:1,: . :~: i:-. ,L .;·, L~y i:'.j:::~J r:ij:os:rc!~ i:J:--r !CJ- 10:" 1 .. 

· .1r~: v,!!i: f''Jcr~.;. T 1-:\:. ti:rn.-,rs artr'.ru::'.rie ro the 90Sr -Y 

: . .,''. ,, . , 

,, 

t '"'" 
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a!t: osteosarco1Ha, k:1';1:~r;;1) .. 1r..:o~n.i . .im.l fibro~;,r,·,;n::.: ia bone as \\eH ;" 
cp~dr~r1rit)i(i carcinnffia ,')t the urz:f il:~d n:t' .. d ~Bvi~!1..~s.~ i~«fl'.f.,hnsarc~)nla, myc!('id 

i '! ~ 1-.e L: :n h ~-~';r~.r!n~·~:· ~:~. 
int!.\~, .. ~L~J {. 

1

: Sr i1~1:-. L '.:L'.."l a..:.s.Jr..:iut~J v, .:.11 ,..;-.L.t. • .:n1ogern...: t·1-u:;;~-.; on bone n1arrov .. 

ar;d :he; lvmrhc.,rcticu.a~ s::: l''"' o:· n ·:1::•u~c S\I inc as (2l":..:.ri1H~•-4 b;1 C!arkt.> ct<:! 
f!•:'ii w\1::-::: Pool c• al! :o-r·, rcr:'rt .1 i~•t:n hcrr!ence c-f i10Pe sarC"oma in h-:a![lt:-c 
r.:1·-:1\ing quite lar~.c r;,1fot1iL·n dos-~,. i1u.11 ''"-'Sr rccei-,,cJ i:y inge;:ion. 

\k('h:'Ji!n & Jon;:~ ( l()f<: h}ve 'wr:1'1;inz~:' cogent!~; r:.uch t'f 1he infni'.~Lllion 
o_, llHHOr ir.cidencc with JaJic-;tn·:;:,t"ll i:; at.'mab. /.hil..Jugh small chan~es in 
;_; .... 1.i1.:•ur<: liavc occurred in tt;c in~<.. 1::-., t11eir Table Ju i·-; such a useiu1 sumrnar; 

i: i> :·.:prf'du1:cc ;x·lo"'.- (T .r 1·: .! : 
(':jr experit:ncc '"ith inliaii:ct ''.~("•'.'um ( lfl9i shov .. ·s also a predominenc·e of 

:~:: ·"I'~ of no:ie siui\·J r to th~ l.J -:;;.1, d .:d A.rgonne l"ational Laboratory swdic; 
".- 1lt Jogs rcceivinf, ;ingk intr . .;.;enc1;.; ir.je;:tions. Th:s indicates that 1he inhaled 
~t;. ·.;.~~um compoLTids are re· . : iv;;:; r -Pre mobile than some of the insolubli.: 
~, i Jc<, sud1 as Pt!•) 2 and :ha~ l:ei::e .:. apt to 1:-e the chief tissue at risk with 
E~m11tium, regardless of raute o: c1~try, as Jong as the doses are small. 

All of these strdies show « ron ,; '.J <;1 to be ·considerably less effective as a car-
• :iog•!ll in l:c1n.c th<..n r.:di: .. ;-;:; ar.J :he: oth~r alpha err.itters. Its ctfectiven.:ss 
;c',;.iii\e to :-:i·.!i-..;[l :i1 1.1~ :·-:.1)c .:.•q ~ ·1:1·,;:n1 u Utah i~- about 0.1)7---0.24, and 
:' .. ::1'.L:~ ·~ffr:~-. t'-'r - .: :.,, r;.1 1 ,(:> _ :: n :)::: .:..1 1 :! '.: · t;d !rn:-'.1 :he other experiment~. 

ln dogs i:1iiJ:i11'! ';»)SrC\,. cal- 1Ji:'1nl cum1_l1,i.ive dosc:s associated with neo­
plasms nngcc1 from 40\.ll; ;·.:!G; 10 ao. h1'-!1·1 as 22,!JUO rads (1 JO) compared 10 much 
:,,-:;,~1 1 '.Cr ~t:)S'.,'' .o~.:.: -,~. '.i'<. ,) '.',': I ,,ci, ·: ii ;.\[!_1'etS (lf development Of bone Sar•: Oma 

t:':1''l':rs. The new e'pcrirl't-r1i-; con­
' ::.is by be!:. ::. :d txta .. w·.ma 

J,,., 1ut. c.,.:.;.,i .-c ,._ ;.":. :p,.:.--.2>:-~·:[)t for the worldwide ;iopula-
.io1, 1:.\\:1.se,1 w i;-d1-..L ... ,_, ..• ,.;,._:L,;,;oJ sq::aru::l_, tht:rc is only on<: discrete 
::;1 i'i~~1~'.C)J1 of' hum;;- 1V.;'; ;[·",; [,:·~ ~:,id~rniol<'f:ic::! 'itUdy \':hich has r2.d CXpO· 

;;u1.: w rndis,tror.1 .. 11": .. Fe:· u. 5bo:t ocr:oc lur-;iir..:•us dial painters ir: Cze;:hc­
sk•vaJ..:ia and Switz::rl.nd i.;,:cd a co~pour;d cont:1i.1ing 90Sr and 226 Ra. Volf 
i1021 r;!oorh on a ''J(·c;o oi ;c.3 r<L~es_ l\.lliller .Ho; .;..;:ntril::l'tors (lll] n:;iurt on 
•. ~ ~c.__p c 1 t.) \..a5~:,, ·. , d .. 1;-J. \ 1...~ '1HU ~..i . .\.Otly. i i1 tl1L .b. S~ group,. v. hile '~1·~lJi.J.h.bL1 ltJI.! 

dino: rnaui~ wei '.' " .i-: ucuok ti•c •:OlllWl r~11.~ a:i.l pc-~i<ive ctini.:::.tl findin;;<~ 

... ' ._ ~ l. 

)•: -~i ~~:· ~!-.c~r .,tu .... ~y :s dc:\-..·t:.::; :1...~ :-t''. '.~~.sis oft:--> 
·" · kh:·•ic ~::uJ;~s. T:ey d0 rer•'n ,; c:t~e:'- ::f c:i.rcinor.la 

wiih irn.:idmcc in l', LlE: catc•I t;roup :.o low that ti1e probabi1ty ._,f seeing these 

. 'I' 

~ . ''•., ,.. 

··~ '-.... 

~ ':t··r . . '·~· ·~.).~. ··'~:·d . .f~~·;·if:. ',i"· .... .. I', .: 
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. .,,\.:_.,.." ia.~~t...:..).;.,.,,(Ai-4~~:•~ '.>j: ........ ,:~~~ ... ·~i.,;..),J.'4, •. .v,.,_.;~·~.,.; ... '!-;,~ ~:' •': 

..... ,.,, -.nu 1101u;,;u1.:0u.:. w OvfiC as well as 
, · .J na>'.11 cavities. lymphc·sarcoma, rnyeloid 

.... ·rL('r~ \Ycrc sc,rnc hcn:~it1.;L)gic:.d f~1ta!itics 

· .. :tl1 kuke!llt'~enic cfrctb on bone marrow 
:·: .1.i~!turc swint: as dcscrib-:d by Clarke ct a! 

I 1!'h P1.-1de!lce of t>onc sd.rcoma in beagles 
.;·'.i 

90Sr r::;.:('i':~d l"r i1i;;t:stio;L 
:·:-- ::mzd c0gently much of the information 
... 1»! in animals. 1'>ltl10ugli small changes in 
~"n. thi:ir Table 10 is such a us:ful summary 

1.1i~1 ( i(N) sho»vs ;;lso :i. rredomtncncc of 
.:: .. I 1\r1.;on•~;: ~ati0nal Laborat0ry studies 

;:. mJel·tions. This indicatc·s that the inhaled 
.a tlll"f:: mobile than some of the insoluble 

•· 1\ apt to be the chief tissue at risk with 
· ··:·. as long as the doses are small. 

:·!':l to be considerably less effective as a car­
,; :he other alpha emitters. Its effectiveness 
·~i•eriment at Utah is about 0.07-0.24, and 

i.:\datcd from the other experiments. 
.• 'cod cumulative doses associated with neo­

, •1i,!h as 22.0<XJ rads (I 10) compared to much 
·.11 Jc~rees of development of bone sarcoma 

"':'tl.l emitters. The new experiments con-
.-;1 c.ircinogencsis by beta and beta gamma 

.,, ::"pe.r.--·E.\ccpt for the worldwide popula­

' · • ·J ~r<iratt:iy, there is only one discrete 
'"· ,fcm·oli)~~rc::.:l study which has had expo­

~' ~:c>-u luminous dial painters in Czecho­
... 1<..nJ ct>ntaming 90Sr and 226Ra. Volf 

.... \f,Jlcr .. 1nd contributors (Ill] report on 

... , '· '" I ri 1.'ie rir<.t group. while ·:hmmosome 
, ·:11w1 rate and positive clinical findings 

'· ·'"lid Ix: attribmed to the radionuclide 
· · i: ~r c,ir;imon. There were oniy 4 cases 

· i1: 01 T: ;--. rmis<;ible bo. !·; bunkn for 

:··:i.11~:.c.~ v..cn.! seer~ 1n ~vcr~ 1.~xposed 

'•:'!'· i< :..:.~,·ott'd to J.ii:.lI:.·sjs of ti1is 
, __ , J,1 ILport 6 cases of carcinoma 

" :,w. th;it t:ie probabili<y o! seeing these 
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6 C<!''"" of malignant disc1sc is only 0.0006. Yet the boJ~ bcJi, :.': ,~ c.f ·' F 1'. ~· "' 
'3 1 Cs. R<tt.lium C. anJ rad,,!1 as \\t'li a< "•lsr-9'!y .ire ot '''·" .... ,:· 
mJximurn rcrrn1"~1 blc b('d:.: ~-'Urden f<"'r oc(.:i_: ~a.~ion.J C\r·1..'~~~;- . .', ! I· 
rdu~e co belic\'e the l'i.JT•:ino1~1;'1S 10 Ix raJin,:·:·!iC Tbey s~:g:;t r: :.J 

(:If r~!:.:..~ .. \-up J.:-~.~ CLr~:i1.."'l unaiysis of the gr,1ur~ before co:1ciudi~;::'. .. i.~·.t ;:-.. :~ .... 
true i':cidence due to radioqrcntiurn exposure. 

A:ti1Jugi·. the groups are comrlicated bv the rresem:e Df radil!ri ;,( ''''."':' 
:he p.lir:t and in the bo.:.y buruen, furtiier ana:ysis is imp0rtan; snx.: lr.c' ';~-
burden~ are generally co1h1der:::hly greater than tl105e er r~J:t:·:; -.:. · 
and ef'.-..:cls, if they de• a)p<:ar, might thus be rdatable to ra..:ii,J~tro11;i1..! :. c" "' . ..,: • 

R1:dio'vdi1;c.-The fr:ct that radioiodine, r:-imarily l ~Ir' call rr .. .:' .. :-; ::· 
carcin:J na in animals is wdl-t:stablished. Th.it ionizin~ radi~!i·•: .. :: :. 
prnc;;~i.:d th)roid neop:~sia in man is also clear (1121. I'r:.nar:. ir.t~;,··;'. :,- .. 

review centers on the populations exposed to fall-out and ra1ic;h ··.:-~: 

radioil1dine for the tn:<~trr.ent of thyroid diseases. The Lii'.-cui t:\\": ' :·:; 

considered under a separate heading. In the sttJdies \I i1h r<.lients. '': f 'c' -
considerdbly less prone to produce thyroid carcinoma than comp<lTab!e rac 
doses of external radiation by a factor of about IO. 

Other iodine isotopes 132 f, 1331, and 1351 seem to be more etTe.;tive iii ;':C·· 

ducing thyroid carcinoma, and cakubt:;d doses are mor~ .:,ir,;i~ar toJ ex;en., 
radiation. Casarett (113) speculates that this difference r'::y be due to !~c 

extremely nonuniform di>tribution of iodine isotopes in follicular colloid al,~r~ 
with the relatively low energy of the 13 1 I beta particle compared to the otl-." 
iodine isotopes. 

A general estimate of the risk of thyroid carcinoma in chi 1drer. for e-xte;-::Ji 

forms of ionizmg radiatio:i (lar~ely X-irrncli:ltio:i and ~a~ rtL r·1 :('t<'n;' ; ; I G- : · 
additional cases per rad per million exposed persons (l l-tl. Ti1.: rj<k frn:n : 3 i 
would thus be about l-2 additional cases per rad per million in children a;;d 
lc;s in adults. Estimates for leukemia in-.:idcnce from X-1rrad!a•i,1u .. re aj . .;u: 
20 additional cases per rad per million expo.~ecs. 

In viev. of the greater mortality from leukemia than from thyroid car::ir.n:in. 
much concern has been expressed over the chances for leukemia indu.:tinn frnn. 
radioiodine in the treatment of thyrotoxicosis. This h::s received more em;:ihas:> 
recently than the induction of thyroid carcinor.1a. In 1963 Saenger. Thor'~-' "· 
Tompkins (115) pdlishcd & prelir.1inary report on a group ot .Li,•J\iu p<iut:nr,. 
(with 98.8 ~.;;follow-up) which indicated that there was no uiffercu..:.;- in leui.:crr.1.1 
incide:ice betm:en patients re.:eiving 131 I or thyroid surgny. l:lu: '' ::~ e;t: . ...:: 
treatment the observed mortality from leukemia for h:·".'e:·1 1 ~wcici r .' ric•.:' ·1 

;;oup v.as, repond ..:s so·:.~ higher than i·cJr tbc general l .. S n,1p;~':t .-.n T:·:1 

The :.l6C·.lJ~usti..:d !l'.1..~k\,,.1nia iticic.crice rate V\.J~ t l ._1er 1:..:1 '.1(.11.J ~~l!! 1 t·:.· :.c·:~-· 

the 131 1-treat~d pa:ie-rHs <rnd 14 ;,, tho~.·: tr-;·c:c•:i ':I: '.'-_.r::.'.:~::·:··.:. T:-,_j 
lack of a gross increase was confirmed, althcus"i :he L:C"' e:rs~ tt";:;: "'· ::: '"~ 

confirmed, as a much larger population would have bc.;n u.::edcd to p;-o'"°' thi1 

; I,--~~~ ·>'11" ~ d • .·:" •· .'.) J/..,f'~, \,( l,;+:;_.;t.j:•~'~r..'."' 7J~.f: .. ~11 '1·~~~t.1i,.:;,~,._;.f ~::1l'~ !.-1: :.'·\~,;~~;,~,o;l·:·."~· )•;_ 
,, :~ . 

• ,-_, j 

.~. ~' '.~· , ·~ •• !': " -C ·'. , .','-:' ,.',.f _f,;. • •-:-•' $-':;I <J': I.' I.' , 

':- ~ •·• · t""~..,t'-···:".~f.;f'.., ~·,,,,-.~,.:~~;~it':'.;•,., ·· .;.~-~·~ li'j.,~·~j .. dp' .iv , ... <o'•Ji · . .;;,;i, · "':' ~-' ·~ 
~ '.Jo • '"' J. .! ; ' . ' . ) . ' >. ' ~. 

-~ .. '!,,. : • '·'l.~l'.•/.'ii,-.• ,4 :-:> ;: ,_.,_.,;. oi.ll!i,.~·f .:-



·. r1 ;"\IY)(i. Yet the body burdens of all i,,_,.r·;, ·. 
.... ·'.; ~,; <}(:Sr- " 1'Y are S() tow (\10.::1 he. ,, 

r .-·~c.·cratio11a! e\fhl~Uf-.:!) thL\t th~ iH1l'«'r 

r~'dit\~enlc. 'They .;;ugg~~~t a ionger rt:rii.'1.: 
,·,_ :,;.;,1ur, hcforc cl1nc'..idin; th<.! t!i,, i .•. 

· t''\pl1SUt"C. 

:it·:d t1) the prc~.::nc.:· cf r.:idium islltl•;-.._, in 
·· ~r ,1r·.al:--s1s is 1mp(1rtant smu:: the 

9 
>s: .. '' ! 

<!•·c:>rcr than those of rndium or cesium, 
-.,;, !:Je r1::.it2b'.c tc r'di~1stromium e.xro''Jrl'. 

, , ':.10:·. rrimari1y 131 J, ~a.n protluc.: th:;roid 
,:,-.:,L ·1.h:it io1:izing r;;diativn can ar:d hC1:; 

• J.,,_. ..-:..:lr ( 1 l2i. P:i:n;•.r: interc;.~ :·er thi, 
c\;it>~cd to fall-out a:id patic:ns rec1:iving 

" · .,,..j diseases. The fa!l-.J11t exposures are 
.'. ·1 •. Jn the studies \\ith ratients, ;

31
l seems 

.- • 1. ,:1:: ti~yroid carcinoma thJ.n comparabk raJ 

P:tN of about 10. 
· "" :•.r-•d 1:; 51 seem to be more effective in pro­

' "'::·~d doses are more ~.imilar to external 

: ·:. 1!-.11 r.his diiferen~e may be due to tbe 
"· ,.; j,,Jine isotopes in follicular colloid along 

. r c.: ' · ! i lx:ta particle corn;:;arcd to the c.tber 

i, ' : ,•i.J .a:·cinoma i:l ~h:'.drec for external 
, \'<·r '•'i:>.tion and l!amrna p!" o\ons) 15 10-20 

1 1., r ,1 ;cd pt:rsons li 14). The nsk fro:n ' '' l 
' ·;;ii .;:-r~ per rad per million in children rn1ti 

· ::J,,:11ce from X-irradiation an~ <.1::-:,ut 
r:i ,'\-r'('l.)C'~S. 

""' ·~·ul...:mia than from thyroid c;i:·cino.::t:, 
'" .. ·r rhe chances for leukemia induction from 

• · ·· "!•" ".ico~is. This has received more emphasis 
' .. , ••• 1 •·<trcinoma. In 1968 Saenger. Ti1om.1 & 

i.' n.:;;~Hl o::l a grc\i...lf' of 3ll,r~100 ~~,al; 1:i1~.~ 

· l that th-:.-re was no differ·~n·:e in leukemia 
· 1 [ 0r th:- roid su:gery. But 11. • '< ~'1hcr 
1f•·Jl c11i1a for hyperth~r,,id p:t•ic:nto as a 

:~:·~.: £1..·c,._,~t·J..i L.S, ,. ·;· ' 1
' ,-·1 ;' .. 

:~"1if\. t.k·lJ.;kd .'l!t~ .. !> 1· 

1 t ~...,, .' r l ~ '•1 , 

.1 \.~ i b ~ ; : ' . j. 

:' .. . , .... 
' '._1, ,:. 
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There was an ar'rarer.t e"<C:e5~ nf cicute leukrr,.wi ir. ""\ales rei:ch·i11g 1.ltl 
t5 cases oh~i;r\uJ -.~-~- ~.~. 2.5 t·· p1..·c~·:l1 ~nd a .:cr~-~~')J.:"«~~!·.: Lc!~ ... ·lc i;1 b·.)tl1 si.:.\es 
i:·, ~n~:{d~n..:c.: 1.H · .. :~ .. _-,.,~ .... r: •1;~~·:i: · .• :-. \:·.: k~·- -~'--·1n1a t 2.\ 1 ''1:.'ser\·c; .. ~ \.\:r\tt.~ 4 .. ~ t.1"\~"'e-tt~c!J. 

Tr·.;.:-~- 1~ nndlllf.~5 (tre ..... 1~i:1rJre1.1 tJ und ~(;;,.1nd co:?~ic;rc:it \\'ith the. data from the 
an~::~0~~ir~~r :';;:= .. ·d~:'.:::,::-~ ,1:-:~~ ~i:~-·r-.I: ~1; :~?~.' SL~rvi\L'I"S. T1:.1r:~;-~~:n~ (C~!~\1~.k·,; fr:. .. 1t 

nont: or t!w ~w.i.~·s ,J..:;11(>rL.·r~i;~ :r;du~1i;~,n of ,eu~cmia at lo1\ tota!-hGdv doses 
c·f .'.:--·Jdi~fiVI'. ~ 1-_.d ;: ... :: ~ -~ 1 I u~ .. ltrn.:nt u~- thyroid Jiscase catnes nv grea.ter risk 
(h- lc.Jh~Ln,d. ~!~1..~:-; l1 1,•v· :::.·,ir::;_.!r). 

lr:...'.b.:tion r1i ... ·:1rcnh"1s:imal a'.Jerrat10r .. ' by iodine-isotopes ha,; ben reponed 
in ::c!h ar::m.J:s ~-~ 17. ! }g) and ;i~.:.:r· :_ 1 19i. 

!,i~J~'.·, ~1f th(~ ,~~-~"'~1~:iti'J!1 on '.0di'.1~-is~~:opt!s !n ~nim3.~s utilizes re:atiYe]y hig1~ 
ccLc~:·:::·~~~!t.~·ns. }'!..: ~·i;.:1. ~ ~:, Th~--ir:t . ..lS~ S1..'ot: 8:.. ChifT~lle (I :0'1 l\JV~ rcp~rtied on r~.: 

n1i.;\ab1-1!1.':li1'! i.!.1~ ~ .. J-.:,:'--.~-" uf :i' .. ::.i.1~'2. ;inu lnJt.:·..:[~J 1 
=-

1 I no~ 0njy at moder~tci.y 
r.~~.!i": c..:0::-c k·\\~'. 1 ; but~,_: :~\(·is .._1i .. _:,1-.:~T~:.: in lhc ;JJ.St a-; ··cc1ntr..:.ii·· o:- .. tracer . 
The avt:rage i11fini1e Cie1a radi;.ittan ..:i;ises w the thvroids of these animals rc.m:d 
from 797-4510 :ads. The lowe~t infinite dose ,;·as 286 rads and the higb.2st 
18,6Cv rads. Thyre:id tu:nors. u.;uJlly ioliicu!ar a<lenomas. occurred in ;:i!i 
animab including tht: controls, but tumor incidence in the higher level animais 
was greater by a factor of about 3 over that in the con1rol and !ow-level group~. 
There wert: also alterations in the pi1uitary gland with pituitarv adenorr:i 
oc.:urring ith~r n;,•d<>·ately hi~h do5ai;e. It 1s i:.teresting to note th;t :he·e ,,.J, 
no alu:r;; ::~-11 in liie->;nn in animZ!is maintained for a longeviry st:.idv e·. :..: 
tn.:>ugh ~--in~e of them received acct .. raulative radiation doses to lhe ti:; roid of 
ap,1rn:-;;nu.cly l 5,0\X' ~;,id:;. HO\\ ever, biologi~al change of a grcat;;:r er lc°"se: 
degree ''as seen at all of the dose le•cls. 

Orher /,e111 i:;rd be•a-ganuna emiucrs.-Bair (l9) summarizes the in:ide:l:~~ n• 
eii l :, 1'. :v · .. : <:r · "·C.! gi,.::n by i.Hra:.:-.:..:n-zal inj~1ion. ,. ' 'Ru. ; '' 1~.i1 pdh:i 
iri1p:J1~t.;. ' 2p ir,~p,.nhs, tcco v.i:< imp\ams, 1' 8A.u, 0 ~Fe. 35 5. and ' 03 Ru 
after inr:ai:11ir·n or hjection. Sander-. Thorr::ison & B~ir (!'.?l' gi\·<! r,n e-..re~'­

mcnt-b~ -exricrim-:r' review. Radi:ition d('~ ;:s to the lung Jre so hi:;h in .. !~ th~·.: 
in;L:!~c·~s 1l::1t it ls r~aseriable to cJr;:- 11 1j~~ ~h:tt t~.c·:.~ :r.;:Ji~cs a:c c(.:..;.Li~.-;.i; 

in.:ffo.:i.;n; c.ircinogenic agents. Ho\\ever the studies do not ordinar,iy include 
many lO\\-<lvse scg:r;ents or sufficient :i;ne really to determine the i.:mg-term 
1'8!cntia1itie~' of t:~e<;c nuclide.;. There i• :i report of fc.•ur squamous cc;J car.::,,,,_ 
-~·t ·1-:-::1 !:1 -~r-~ ·:~ 1 -~:dir:g 144Cc ("\~_:;.:~I, a:'7i'~Uf1i:; ;"'l:..'dL;:\;--g ·. ·-; -~-- ,' ·.·.·· 
0;1/\· ur tc :'500 ra•. ~ and a large stud: ',·,ith de>gs rec:~iving t"- 4c~ 'rcnp,-~a\~,­
!:-".~'1 ftF·~·,l c: l~ ~.r:. ::·, ·:~og:-ess <:t t~ie Lr'v:<.zce F;)Unda~1on. St.rk~ ._::_ D.:::.·> :~:: 
~!rt J rn5 1 :~c r;.:l!"":l·r~::r.«· pathoJog:-· chan :-:eop!a~ii.;: change in racs recei\·i;ig ·v;;t~~,:<·-~ 

·a~ :_ ~1 J:r~ l ~.:. -1 ~ ~. 

._;". l ·' .. '-.;D I'O' f..-f: rsP02'SL R~~L\ 110>.'SEfPS 

· '·'·=·~· p.~r~u 1_., .·r') f.1:· ~1J1onu(ii 1J~, .are ~Ith.:- r.~t.:rc __ ~nrn.._-,·e\_ 
, ....... ,. 11..: tH ::r1q;-~ .J.~.Jc!i~e ·'-'!- r:i:-.an.-,J.,_L•l:H~.: u.t 1oxicc1Jop:y. Tnis .::;.n-se-'i ~n L1~::~ 
,,:'. -~'tile i'f(":ii".I!•' ofradi:i.tic-i ·1;,,;~'"''.S not to be sat!sti~d ._,.i-h s11ch s;n-~-1e ... .:- .. ~ . • • ~- t • 

-~~: 1""''l7~.;:r~·'~;'.'~f 'f!'t;~";;:tr :~ : · :: · . : ""-"'·'''"1" -" 
• 
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p:::rnmeteT> ~1' administered do5•~. Sirict: t!~e units for dose •)f .::\t1~ •. ! 

::tre in ~tl)'~l·-·~d tern1s ~~ i:~ llf.'.ttrai t • .J P~ :ci r\r:..~S-~Jl! doSC') ~~::.-;cri.::(:.; 

ctTccts of raJj1.::nucJhk::) 1!1 si!~1;1t.?.r tcnns (! . ..:.) !"ad-; ~nd rems). S net.: :1·.-;:· ~;_:~ •• \ ,-, 

dose d~pem1<: neavily upon \he kinctiLs o! CILhO! pt:un, distnbut.·. ·. , rc.c 
tran~iocation, etc., at all kvd;; of organizatic>n from organ sy"" '•~ 
r:-.c1ch of t~e lit.::r:iture pertinent to the to.xi•;olog:y of radionuo:iidi:,; ;., .... , 
i:;rimarily to this aspe•:t, i.e., pharmacokiueti-:s. Spact: )rC\'c-~H, ~ ''.': , _.-,,, 

consideration of thi5 e:1ormous 1itcrat'Jre here. Als0 in th•,~ pra.:1i:,0 d :;,;,_ ., 
mcdiciiw it is desirable to knO\\ within rca:;cnable lin:its ti;-;: r .>,' :. : .. 
the target tissue and other:;, either to pr;;vcnt undue e.\I Ool!'«. ::i "'''" · 

1e:;ts er h~ dl'liver a kmw.n do:.·~ for therapv. 
The classic schem:i for internal dose compuwtion deviscc! :.1:-;;c'i) •· .• \, 

Quimoy & Hine (124) and universally app!i..:d since lt•i! i.1tc 1;.,. :·, , 
expanded in the intervening years (1~5). Rather elaborc.te cqut;•' " 1 

developed for photons, beta particles, point sou.-. .. es, surfa.\.'•? Jr:.d' ~! :::-..: , .. 
etc. As described by Loevinger (126) a sirnpkr, mere gc1i:ta1 trL-';:; ·: .· 

desired, particularly for the practice of nuclear medicine. To accomplish 1:,,:, 

group kr.own as the" Medical Internal Radiation Dose Committee .. (~!!Pf 
was organized by the Society of Nuclear Medicine. Several pampl':l;-t~ r?.' 
been published as supplements to the Journal of Nuck.1r M::dicin« 1 !2".! ... '? 
which detail the work of this co:nm:ttee and its S;Jonscr5. They r~~·;~-:< ·", 
unifying principle the conce-pt of "specific absorbed traction .. (<ti="¢ m \\i.~. 

if>= the absorbed fraction in mass m) which had been introduced eari1er 
gamma-ray dosimetry(! 31). The pamphlets give th·~ schema !ab)es cf abo~'.:· 
doses, radionuclide d·:cay schemes, and other needed inio1 mat ion. f' _:._ 
issues will concentrate 0:1 specific subst.l:lC\:~. of ir.1cre~· in i't:c1 ':i~ ,,.._~ ~i,:i­

especially radiopharr.:iaceuticals. 
The principal accomplishment of the MIRD schema is to rrnvide a s:-c 

expression which covers dose from an; W'-lrcc of ac~.i·.ity to <!r-:. L.:·g.:: :·:r 
types of radiation. It. is stated to haH: genend a;ii:lic;ofi'lity as 1c1:1~· J.> re 1 ~'· 

geometric relations do not change with time (126). Th!s iancr is a nee in.:c'·l1»'-' 
able reservation with certain isotopes. Bm to the extent that abs:Jrb:d fr:<;:! 

and specific absorbed fraction are parameters of interest for predicting biol a;:· 
effect, and to the extent the schema give them directly, the new plan ha,; ;::j, 

tages. For those brought up with the Marindli, Q.;i,ril) .~ Li;.c ~::~'- ~ _,, 
new approach will seem unfamiliar and not an obviou> sin1r!i·J..:at:o;·. :._ 
may become clearer \vith use. Fortunately ti1e ao~~1n~J .:i<·~~; , ...• .:~Li .• ~ 
M!RD Sche:m1 are stz,'.cd not to te r::icic:? Ji:: diff~rer: fro;0 ft,.;o:,; ::c:c!..I 
cy the older ~:c:hr:-ds (J~6. p. 487). 

~i\rJ e~ua!ly i~11~_,0rt2r:t -~ui:.ct!·.)rt of ~·:~.e :.rrr::D :." ~-.--- ;·-~r· 

of mcta';),:Jli.; dat:i <1Pd 1::·ctimes o;' nu di :lt:'' ac'.t .. i;;,,:, ... ~ ,;•, _ ... 
ceuticab, alon~ wilh in:or,;nti,1n on L;;tcr· o•.:::: :" J.:'~'"C'.1 1 

'" j · 

purit)', s:ability, etc,\\ ~1;:~1 might affect a':::;crh·~ll d0.;r:. 

Greenfield & Lane 1125) have contributed a tirr.,:\ ~:ii.l corr.;''::c cr:o.;":· 
radioisotope dosimetry <..irned at both th; rc:;earci'er <:nd rh· r·:·~.,,,_. o.~ 

······:- "''1"!"-- ... ~--.-..~·· ..... 

~ ~:;, ·1,r;,•; ',r; '. ,··,·i~ii.~' 

. -- .. .:."" .~ 



,, 
- •• ' • -<"' j'._;;.. .. ~ - -

· l.:i:ice the units for d0se of ext<."rn:!I radi:t1i••n 
;,: tr} to present do~cs a>se.;;«tnl "ith ih.: 

1:~f;\~ t1.c .. r,u.is an<l renv.,). Sinc.1.: ttle ab\;'rb:·' 

• ·1c'.i1.:s of ab~orption, c1~tributton, re:cnri"'" 
. -:·;,~r~izJtion frc.n; or;:.!~·. t;:.'~tcn-1s ~~~ ........ ;::-, 

:·.• ·.>1~ ro:<i1.·ology of radionu•:J;<ics i>. dc:vo1ed 
··~'i:.:.1~·0.:..i11ui1:s. Sri<c-c preH:rn~ any scri0th 

.·.:1m: here. Also in the p1-.l-.':i.;c l'f nu-:icar 
.,,.;iJ:n reasonable limits the radiation dose to 

1; rn:v<:nt u'1jue exposurL· in diagnostic 
··: :~1:.:T~!"'Y· 

"''"'n:pt:tat'.or; devised lc;rg::;y by Marinelli. 
;;~~:.y aprilicd ~ince the iate i9~us, has lx:<:n 
_:, \ l ::51. Rarhi:r elal:-<.•u.te e;·,'.lalions k1vc 

· .. l~"i.. pcmt sources, surface and volume sources, 
'J:;'(d a ;:impler, more gen~ral treatment was 

: ' .. .:t of nuclear medicine. To accomplish this a 
-,,:crn.i! Radiation Dose Committee" (MIRD) 
;:: N•Jclear Medicine. Several pamphlets have 
"(' the Journal of Nuclear Medicine (127-130) 
'":·.nuu~-c and its sponsors. They present as a 

·: ;1t0.:ih;; absorbed fraction" (<]! = rj;/m where 
· .; 111) which had been int:-oduced earlier for 
:.,J"•i'hkt~ give the schema, ta!Jks of absorbed 

' ;-,.;:;, un<l other needed information. Future 
: -.:i•:,t::nccs of interest in nu;::lear medicine, 

:L~ ~1IRD 5-:hema is to provide a single 
• .. ' .J ·i:- -.ource of acti1,ity to any target for all 

'•!'C 11.::11eral a'.'>olicabi!ity as long as relevant 
"';: 1 ·ime fl 26). This iatter is a not inconsider­

r;.it i11 ihc c;..tent that atsorbed fraction 
... i;,1r,wtcrs of interest for predicting biological 

·..., i;: •!!° tiii::m directly, the new plan has advan­
. ,:· \Ltnndli. Quimby & Hine methods, the 

J :,,1: ;u1 obvious sir~plifkat'.0n but it 
"· · · .• :d:: the ab~orbcd dose~ cakul:lted by 

•
1•.Jy ,frT~"cnt f''(•r;i tl-ios:.: cakubted 

\~!HD commit(ec i~ :i:.:• rnmpila:ion 
·i.~t...:i :idrn:nj!-tcrt:1..i =~~. '.dbt>lled nhnrrn.t·· 
, -... r..i~.:-!· '~"' 1_·hen1ic.3! ,,~- J rad.':.)2hcrr~::~~' 
.. f .;.i;i ;-)l.i, l~O.S.t. 

•." · · H·,,ireJ a t.mely and cC'nirlek chapter o;~ 
'"'"; t.i~ fey~archer and the physician. li 

"reflects the odiber<.111ons, if not the me1hods, of caiculating absorbed dose .. 
(125, p. 101) of \HRD t:ut on the whole prc11·idc~ a s:•111C'.\!1;1t more cb~;i._ l 
ft...,IT .. ·; .. ~c. .:\b.J~ .. , t2-L'L·J ~...!:-·,.c~ .. of the ... cL..t:-:~i..:d.l ~· ~i)}~;0.i~i·1 CJ:: b1_. f0L1.nd i;. t:-..: 
Chi:.p1e1 b) Har~·cr ( u::.. a:1J lhe ~'OL'k r•)' lk1ll1t:e ( t 33) . 

Hu0dred5 ('f ;i:;f'l,·rc h:~\".~ 2dc!re''•?d d(>~imetr;,: rr-:'blen" 0f a p::irticubr 
isc•wpe in "· parti..:tJ,u ~~;<em. The,;;: .:.rnno1 be re·,iev.ed here ncept ir; connec­
tio'1 \\ith d0sc-r::s;'c':-ioe re1a:io'lsi1ips as ::i gcne:.i: prob:c:-'1. Of special intcr-·st, 
hJ\1."~\·t:'r, is a :.-..i:r:1 .. >·· ( 10l. pa~"'~rs 1~:-01Ti th..:_· ~"';:;\V ,~·n1k Lni\'t:r.-.it; Liscitute or En­
vircnmental ~kdi;;i;ic by \\';enn illld wlkagi.:cs ( 134-136), on the radiation c,1~·,;: 

from nuclid~·s tin: (~ec:.:: t~· eiectrnn c1ptur:: (1r 1rternal c0mer~icn. It is pr.;nced 
out that frequent\\· >\u;cr de.:rron emissirJ11, which can occur in such ca~·:•;, is 
"nore prob:!b!e th;?r-, >.·r:tY cmis<;icin for ekrn«!~'.s of biol ::-g: ~al interest" 'I Jl. 
p. i). The r.:mge of <:c . \~1g-:r .;;<.:ctr .Jn i~ . .::onsidcr~ biy shortc,: ti1an the mean ~·rec 

~"'att1 cf the equiv'1~er.c -i.-r..ty. Then:·fp:·c :.::onventional dosag-·..: ca'.:::-J!ations rn~ ~ be 
quite inaccurate if the biologi~al object of impo1 tance is small compared to the 
mean free path of the anticipated x-ny. If specific localization of an Auger 
electron emitter occurs m sub-cellular !.tructurcs, \'ery localized irradia:1on may 
take place. Come:i:io:;aJ dosimetric calculations assuming uniform distriol!tion 
would miss this almost entirely. 

Wrenn (134\ showed th:it the difference in dose to the erythrocyte with Fe-55 
is a factor of 10 higher than to the rest of blood because of these phenomena. 
and with some iron-(;omaining complexc<; such as ferritin whi:!: bind dos~!y to 
intra-cellular structures. the difference be:ween local dose and a conven!ior.::illy 
calculat·~d one may be even greater. Fdge et al (137J and Gil!~spie ct ;:il C33) 
have explored the physi;:a! dosimetry in th)TOid for 12 5 I, another Auger electron 
"emitter." 

DoJc-effect re1utionsNps.-Underst<,nJing and formulatin,; the re<.t:i01•ship 
of dose to effect is especially important ir. considering the effects of radionucliJcs 
at this time bec:i.use of the strong current emphasis on the effects of very low 
dose5. Acute effects at high doses of beth external radiation and internal emitters 
generally follow the sigmoid relation~ '.1ip familiar in chcmic..i 1 wxicology. Bt.:t 
genetic effects of radiation are characteristically linearly related to dose with no 
apparent threshold [vvith a recent exception-female mice (I 39)] and the same 
relationship is po:aulated to hold for some somatic effects including carcino­
_:;;;n.:-sis. This has been tern:ed the" iine;.u no-threshcld r.<odel.'' T!':e 19-:':: para 
of Evans, Keane & Shanahan (37) presents a useful history of this corc~rt. as 
::prlied to radiat'on protection. where it was adoNcd ;i~imari'>' tecause it v.-c.s 
conservative (114. J40). That it gives an upper limit to risk i5 eYident t ::i the 
n:cn: th:it :k t ue rel.:it:cnshi;l l:.s t..<ow a iine::.r cxtn: ~)·)L~ic•!1 from Ju: .. ::: fc)r 
"':Heh d~t.i ;ire t.'l:'.3.nt. 

f:v;::n:> el 11 n:we !:.~c·n rhe ':1ew rJ-at Ti~e r~gion cf m>-efl«~·:·• de'·'.:T:~ec !~ 111(' 
~c.:t10;~ u'.1 i.:ur~inogcne~i;; abcve is t~1:-.t<:.rnounr to a "pra~._:,._t] tlircsh,·1,l '" 1n 
that tJ-.c ir.cidcnce is so low withm the life span of the specie;; concerned ,1s to be 
negligible. Others (141-145) do not accept this view and maimain in essence 
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th:i! th~ lin·~r.r :i·::>-~hr':>fwld ~c1dcl t'1n rn.:i:l". .. :r be supported nor refuted \I !ti 
mud Lr~·"" 111,,,,~ben d .:;:p,i,;cc~ rn th..: l·Y.'.' Ju~.;: demain. A full-bl<l\\J .... : _ 
trt'-'vt.···-::: l:.b r··-·l~·J·t~ti n' ...-.- •hi':\ rn.1Per ~ind'\!~! prot-~1t .. '.y n{1t b;? ~~~tt~cJ' tr' t;· .­

enc> ~~1n.,:·,;;ti.1n llncii qud:e.;; now in rro<!r~<~ ('r pianncd can be completed. 
TE;._, ~1~<; 1 ·h,! C\LJ..:ri1;-.,.._~ii.', c~1n LO:.tribut...: s;~:n~~~,cantl), and ~.hl)\\: ..:lcar:: c·i.1 

the ;n~1' er i> noi a snq':c one. ~,1'Jys & u,,:.:<l (I 1Cl summarize S e:xH:,_'.,; .. 
c:"fX'rd'l<:ns in•olving graded de,.::-; of rad1ostrontium and radiocalc1u'.':'1 •· 
ll<'.:c. r:.it:" pi~"' a.r:d ckg~ .. A linear rt:!;.nilH'1 docs not tit the do;;c-resr0r• 
rda1i011 V('IY \\ eli in any of \hem and at low dmes there is alway' a !0wer inci,4 ~!·c· · 

(fr ~'{l~C:Jll:. Zli(l,I tn;1 r, pcJicted by a Ji near c;..trapoJation \\ itfi Ill) thrcslJo.J. ,', 
.,:;::1J 1d tyre rc!"tioL fits better. By contrast, the analysis by Mays Ci al li9J ..;; 
~;Ill, :Jr c':rc:~inic'11['> ·., it'1 '' 'pha emitters ( plu~onium, ruJium, el-.'.' '-~lO\\ s ~1 t. :o: 

i1< 10 a tinc:ir no-tt?rc~nolJ re'.;ition than to a sigmoid 011e. Tarr.1''.in & Go:m:.., 
( i.f3! i:-:<ist that ti1c !!, ~ar h:;1utl-.•;sis is the 011!1one1;1at fits till ixaglc-dog d.;:c 

for alph:i. emitters. 1f there is really a di!Tcrcnce between the ai;il~J and beta 01 

bcta-g:!mma emitters, as \lays' ana~ysis suggests, the direction is consi>r::· 
With knc·.q1 di!Terenccs in cell and tissue recovery from effect~ of the two 1-..ir.c 
of radiation, although other explanations may be just as valid. 

An example of how risk estimates differ with the model is seen in the anal)~ ·· 
of Mays & Lloyd. At doses below 1000 rads the projected risk !!:-: man~ in : ' 
years is I ::i: I ~arcomas'!06 person-rads for a "!ow-dose Ii ,,'..tr ;:1odd" :.·1. 
4 = 4 sarco::nas ·10 1 c rerson-rad" for a dose squared model T~·,u; the di~L·1:. 
is not cri-;ial ! 

Other models hav..' bt:en presented. Rosenblatl (146, 147; utilizes a ir.i,i: 

dimcn~ionai surface logistic model to account for simullanrnu:> comri::-t:' 
o: c,'>L'. Lind time u,, o'reo,;~,rcoma i11~·ioencc in ix<i.gles rc1..civ111g ra,;·, 
r:'lclin<t:('lntium. ami ?mpl:iys the Cut!er-Ede-rer life •,, t-,lc ;n ::h.~.c r '. i' 
treat: l~ dearhs tram causes other than the one a: issue. This logi"1 ic :y·~ r·> ·· '". 
1s nor linear anywhere. Also, it permits age-related icicidences t•) b·~ c:iL . 
(e.g. 10~/~ curnuiative ost·;osarcoma incide.1cc \.Ycul~ ,)\.:cur ,1t i.~~.:c :•:; 
beagkt. It is discussed in detail along \\irh risk c\>J.ll:atinn~ b~'' ::d ,1; 

Goldman & Bustad \ 49 L 

.Mole (150) describe; tr~ prob.lbility of bone tumor in mouse and dog:·,:,".: ~ 
90Sr as directly proportional to the square of the n·Jmber of bet;; :· ~,·;=.:'.c.; 
em:tied in the skeleton .·.1a kikgram bcdy weight. This did r.'-': appc:r· t:' I: .1 ,'. 

:c..1 '·:·-er. for ~:;:I~J. ~r .. 1,L:..._·s. l~t: aL;o gcnr.;raL,:~!:'.) ~li..iC tiai: "lJi.a i'..·c:ui .t',~tL_, 

;:-3'~'.,iL rat, and dog de1~1cnst~<-.;c essen.ially eqmi! ;· ... ci-J>t'.mi1i1 i·.; .,f ;;ie '-' .,i; 
:i,•. c 1cndostc;1J cclL;i, a 1t\111cv.hat ur.c:q1cutci r11cnu111u: .. r1. 

J':~,c.l!y. as rem::ir~;,e,~ c~· !:.van<: ": ;ii l'}.7) the !i:1ea:' 111)n:'1r,,,:1old re,»,', 
.-·~ _ _·L~ lbe s·~nh.: .,·u~HL·t:.T L1f JnJurcd i1 1d!\·.".:luals p-.·1 pl'I".i·~, 1·r~i.·j ri..!g3rdlt:";;<i:- \ 

~d.' ~·i~c cxpP .. urr~ jiH.<' :"' ;;rlt~di\i.~~:u i;· ·.~e e\~c,:.cd groLtjl. Tl .. :; h::.~ q0• 

::-.!. hcc:r: :~~ :.:. \~ .-.\~ t!1.: ~or1·1a~i .... ~f:';.::.::t::, 01· r;h~,Jll(•n '~1thuu1.:,1, ~: ;_-, ~C.i;Ci. ... ;· 

• . .>,~ to \'.' :~•!('. 

(l .. , .t'bcy . 
ft must be oovioLs fror." all this that n('ne of the studies, m:ln or :i::Ji:-r:·~ 

• 'Ii . ·~.- •. ..I'' t I· .... ' ;. '. ,· .. ;._.. ' ... , .. .. .: 

) '· 
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··•~~:m neither uc i.upponc.i nor reluted withuut 
1 ;:~e low lill'L' dom<:.iP. !\ full-blown t·o 11 • 

. , ,,.,.j \1ii; ,·;u~.,.t:t) r.c: h.· ~ettl.:J to cvcr.'­
;i:·og.rc,, uc pi.rnacJ ..:al'. be l"L)rnplctcd. 

·• ::'t!t<: '11•:1it:~•1ntiy. and sho" clearly tha1 

.;_,,, .\. Li,))J (110\ summarize 5 extensive 

.. ·, '•f r;\O!<.''.tr·Jntium and raoi0calcium in 
. .i 1.-:.,1;":1 J•.1cs not '.it 1hc dose-respon'c 
. .i IL'" i;~o"~s there is ah\ays a lo·., er incidence 
.: lirn:,\r c>.lcapohtion v.ith no threshold. A 
, ,1;;11.bL the anal:- sis by M::iys ct al (79) cf 
., .. , 1i''utPnil!m. radium, etc.) show5 a better 

.• :: '·' :, Sl'.;lllciJ one. Tar:1~lin & Gofman 
., thl o-il:. one that fits the beagle-dog dav 

.. ,htf1.:n::il.:c between the alph::i and beta or 
'":dvs1s suggests. the direction is consistent 

. 11" ,uc r<.:'CO\ery from effects of the two kinds 
· •. 1: ions may be ju~t as valid. 
_., i.l11Tcr with lhc model is seen in the analys;s 

l LlOO rads the projected risk (in man) in 50 
·;.rads for a •'(ow-dose linear model" and 
. ·r :i Jose squared model. Thus the differer;ce 

... :d Rosenblatt (l 46, 147) utilizes a t:r-r.e­

'l w account for simultaneous contribut'ons 
.·! '!1~·i.Je!1cc in beagles receiving radiur1 or 
~ utler-EJerer life table method (14'3'. for 

i: <: u11..: :tt lS:·UC T t1i~ k•gi~ jc type rt>[•<.'. b•: 

.ll.> a~·c-n.:L:tcd i;iddcnces to be ca.!ct1i1tcd 
· ·: .. ,,, mc1,kncc would occur at age 50 in the 

I, '\lf! 1•. :th n~k C\'aluations based on it. by 

·'.· ,,;·;-.or...: tumor in mouse and dog receiving 
'~-: ~quarc of the number of beta particles 
"' f>.,,J_, \\Cight. This did not appear to hold, 

• ... • "1·r:·c~:i li 7~~ that the darn fr0'.'.1 '.TIC'TJ~c . 
. ,-,c•11-;d!} coual radiosensiti\ity of the critical 

,n, .. ": '·"
1 rhenomenon. 

•: .. .1 i371 the linear nonthresholc1 model 
• 1 ' 1 \·:,!~: i', rcr rc:rson-r:ld r1..").:;~1":"'1._~Ie:-.;; ,.,.-

··~.· :.:~noc;;ed g;rt\l.~j .... T~i ~~~H~ nl'!. Tr 
~L: ... .-:--. ~ 1 1 ra~lii.l'.c•n aah''L~h ir ::i. ~ .. :t;c~ .. :i .. 

!t ~111.cs! n~\cr :..::·p;,,.~,'.i-~ i·: 1 .:::~~--~:c~\ 

,,:;, .. · 

I - , ~ ' , _. .1, 

.... . r., "". '' ;.~.-: .. ~,,... 
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att1 . .'~1rin:1 ;~_., the ir~-:r0nar:~ ~,,.-·~ t~1at a 
sigm(~1\1 '~:J· . .'.J·">n.snip ~ ... ~~u in ~t r :;;·t·\ic1y l~·l·11.:.>~cd~·.)tJ~ anH~h1, ;it•pui •. tth.ln 

(hon·ic·g~nc,1c·; :n ter~ll~ '.10l or~:' or ,'.~~"'n·:ti'..:S ~· .. t c',f C.\po~urc to 1 
... ·ni"lln::,utf117 

factC'r>. C" ·, :,.,, ·;<1~< nt. ,·,1rc. ct.-:." ~1;l" rebxt rr·i1nz ri 1':' t ne rcl~1ti' ,. i(iC"titv t'f 
threshc:d., iii '."at p<1pui:ttion. thri.:,hnids mi;:.-.; vary rnlll:h more n a hi,:hly 
hctero_;'cr;:r.·.1 ... :•uma:1 f'8pula1ic:'n ard t!'e r<+,1i1.1;i he le~~ sign;.'d ?.nd iron: 

Jiacar. 
Anoth:r '..<":' or th<: in:..:n~ivc study -Jf l..('.»>J'l!Sf-'Onsc rdati . .1m for radio­

nucliJ:.:~ i"' r·:\:21t :.1~\.~, of ~h1 ·'"do1.~·~lin~-~-·,__'< 1 ·,,· •• ('O\·(··.:pt. -r!1;·. ~,:_s dt:veh·~:icd 

to h;,:.ndk ;_! .' '-1·~~.::ri 1 :ir-,g the !JClh~ti-: ·~lk:.:1~ o·- r:nl;atlon and:, ~rccifo::illy the 

dose req,;1 .. '-" Jouo:.: che rn,: ,h;n,:c :a:,: o:' •. L;tvcn mutation. 1,NOTE: Some 
other g,; "'· · 11: ''kc ts ma) rise «:: Iii..: ~.:iuan. or 1hi.: dose or by other functions). 
The cor.:r; '· ; . "-TY <kpcnJcrr ._,po;·, the pd•li.:t.:,,. kinetics of the genetic res­
ponse. c.'.:. ' · ":H, cur,mlath'" ct,~. ~.1m:.: ,u,11J,1r• t 143, 151) have applied this 
concert tc1 ::- re nogenesis induced b~ rad1onuc 1idcs as well as by external radia­
tion. Fu~" ilr ~cnt:1! to the arb"utrn:nt is -.\ heJ1:r o:· not"increase in incidence is 
in pwp.J:: '"t :~> normal i•1ciucn.;.: r:_tc~ :i: on :11' ,_:solute b~,~is. \Vhile the Jata 
brou,:'1: : ·u;- ;i.;.: prinu• ;iy 1or t''·: _:-.1;,.I 1...l. ~ i1.;n, ;ir, ICRP analysis (!.'.i:) 

does r.c'. ,~:1:;,1l 5:JI>''"· ,-,,., 1 .. -.. 1 T~: 1 i'""· ·1 .; · .~~"c' C•'ll',idcrable diffep:ncc 
to the pn~ · •, • i,_.,n ot' risk f;·.-111 the t.r)'<; i;!\· ol" \H" •:l~ form~ .:>f cancer induced by 
radior l'.: 11 .•L ->. · 

Bl;,i~ 

for HI 

i1r.:._ :.::~ed 1 ;-_.; 1i '~ ~ ... :ic· ... ~-~ 11.. 1, ~>-n for ra ... ~iotiu;lidcs as a tooI 
·1 g~:t.''~~; n1~c~t~:1·~n,:: ... !·i' . .-.t vc<.-.t·l ~Luj1t:.'. {i53, 154), the ~a~l 

l :'.. 1.·- ·::.:. i--. b:-ag,k·.). ~-J.:in 

r I:,-('[~, "-:c\\rr'an & Altsd'>'.!ler 
(15: '.·, 'll i .. .ilf ;,,.·,1~1c"'; i;· :Jt:.:.r~::.:!. :~, -"~1 l.: .. :~~("i~· ...:.~.~...:he c.,,.nciudcs that t!":ere 
iJ.n .. 1 .. l ..• 1 -/ .:,; ••• u:,t·~...: 1.: ... L.-. · , ·~·• ••• : •• _ir. :.-1~¥ i; .. Ji,:.ion. ().-ic, ;,.:har-
a-.: ».'r1 ~lk' •. : , :·1~~;· ,~(: .. _~-~ i:-. cilri.:c1 1 ~ J .• 1Li {·,, ( '· .-..,:;.~:;.<..si>- th.;" ~.~tht'r, characteristic 
._c ''"· c1:>.•.·-;, r?:rn·r·'-' :i rr..Jc:h L::. :;· i:,; :!tPi_,' .~:'<:'and follc:.1 ~ only after a tong 
·1:·.::n1 >~·~i ,,, .... l k use-; d.vernf:.: .... ,ei_;.il do,·~ fr,Jrn fa.:. ,;.;\c,:;I bone-seeking 

:;uclid'.; i'. 1.f~c Jog;. applied ht:1 .. 1·racL..1tion dusc in the rab. and the inferred 
!ting(.,,,;,-, ,:·al.:ul;Hio;~ bad. f:, 1 -.1 nw .. ,uiLd '''JPb c0.·1c~: •Jl boae in the 

urlt.iJ~J'L .:'·:· 1-r.'.\, ~'St"-~ i 5":). 1 ;.: ,. 1 _.~) iJ.l'.:ilHd-.:3 \..'...;:.:-:.tU1H 1J •. h ... ·~'4tt.:. '~ i:11...L i~ cer-
i.H 1 r11~· .,; .r .. 't.• 0 ,: l~ di >,.!S,~f:.J 

ci..:l{~.:.. _ .~~~ ;tt...: 1r1g, :.:C'i•;S ;.!:-..: 

c. ··1 "\. ·, 1,., If 

.. 1;1 Jl~ ···-~· (~';~ 

d~r.~]~, .. ~.' ~r.t~ ·-11_1:r:hl"f ;:f ,·:·. 

· r:·· i" f , ... ,.~,-

1,,, 

~l :. :; 

J .. _'I.., 'n··utr'r ~·,:.r :~ :_~!'·':;i !'.1t1:;l: ~'}re. 

,, ... :t.ft!· .. I BLur·,~ ·,j~r1r~c-,_~ 2~1'.J r.:.:-­
....·-.r ! .. :ii2h")(1 r !'":~.; _f n/.- 1: i·· 

·.~1··~ '" !~\'r~n l<' l•n~ i..:: •. ij)al~f1( {'r J,1 .. ,~ld 

.!-, .'.;\l ~ ! .-~~ ~. rrc~t:::: ~·r:·: c~ ~ ~ ~-·:.~·. ·-> 

" '.. ~ .. •, ( 

-~·· ,"·: 

":·- ...... ..., ' I' ~.o, 

·T..~r~<Y: ~-''·.,,::·:-~.··..._ -~·,:=-~ :.i_;:•.-Jtltr-~~·~-~-·~ l 



~: ' . . 
'. ·~ . 

·, .<. 

--' 

·4>~;t•1··~"" .,~,,~~~?~·7,~·~:·1·(¥•:-~~··:~~J~~t~'.:~1 

''._,.1, •. 

i'. ··~· ~! . , ·,' . ' I 

~O;J.1, ,c,q' • ,~ 0 \ 

.,,-

'"'·•i(" '1.:1.•\,' 

I_,,.. 

; ;._' 

', ~-

j. 
') 

' 
·"•.~ ~ ~l~t·\i.: .. j ·~·· 
,!, - • ~ ,, ; ,,: • \ .-

• . ',l ~ .... ,.~:.,l' 

, ' .; ,. ·""~ 

·J· 

1.,. 

' · ... /Y .~ .. \::.\.it 
i 
r 

. j,' ' 

'· ., ~"t :.,ir;":".' '"" 1" ,,. ..... \:: t·•-~:;~·., .. ~ 
. ~. \ . f '' i }i_~· 

. :.:t~!" t"'~·,, 1 ···~~:~.1h<::.·~~1·::'i1:~:~~~·· .. ,; .. ·.·.:, .·~ \;• _,.,,·~· 
.(,,, ,"i~'!i 

"·,' 

• ,I ,. '; • > " i'~ '" I :·:·:>\ 
;.; :\ ;,·; ;~'·1-.-(~1:..~ .. u.:~ -~~:·\'· _ 

i '•I •'r t ' I • ~' 'j.' -'I • \•~' I 

. ~ " . 
•' ':4 ,+• ~ . ' 

,. j · > ' I 'fi l : ' : .) ' " '' • ." 'It •~··: ' 

·· .. -, .. ;:)4:~.-/:;·).v .. ·;, -~.·. ,_ .. , .1 ~., ... ~ 

'' 

' •. '~''"'~';.;.\¥ 1-,.':.:1?' 
'•".,;:•··I"• 

'·' 't.•.··i' 
. .- • ~ f' '~' • ':1 .. h~ 

A 
."(•~ 

' '.J;j 

· ~- ·.·L/1 !, . ~~: ;.~.::' ~~ ;t 
,,.,,;.,,.i,,...,f~'Ji,·;i~ 

346 

Agrecm<:nt tu the dat.J i~ ~"~ gc)C•d as for Bl<iir's ongi1;;,I a-;sum[1tlt''1S. 
Ir i~ unt'oriunJtc :h.1; :h~r.: 1~. 1J<..1 indqY.::ndcr.~ C\1,"lc'Ke frum bi•.>lu~:- 1, 

in oncngrnt.'·,is :rnd it is difficult to visualize how these cou1d or-?nr,: · ' :):, ' 
a single lo·.,. and a >in!,!k high-um.~ mcci1ani:;rn \\'nhc~ll such d:,~.: r.: 
the tc5t of the thenry re->!> ilea\ ti;- on fitttri~ ii'.·:e' It' d::.ta \' irh C' :::,: . 

scatter. 
Tr.:.; rr.,1st ;-,._·cJcd i1;:'orm~:t!._; -, ir1 tlw re:.iim of 1.'.c·<-n.:~p·.1;1,:; rc'.:i::c):rs: 

as fuli and complete coverage ~h po•.>iblc :J.t 10w do;;es. ar. air.1c:;1 cc:c!·,J1!'::' . .> _ 

full rang~~ i.1 ~-in~k exp.::rimcnts, an expensive ar,d ume-cor1surni'.1~ ih> .. _. ·: 

mforn;a: :on :ror.1 cetlular and ussuc oi.:;lcgy '' l:i.::11 \\ ould 'erif•.- ~he ;~:c ... .:'. 

now bew.g, ii any1hing, overnorkeJ. 

E:r-.vIROl\'MEhTAL ASPi::CTS 

Fall-out jron: ll'eapons ft'Jt,'ny.-The enormous <::ct1vity f'.C!l·~nieJ b :1·: 

"fa11-ciut ci:-:;:ro'·(:rsy .. has grc.::.t!y cnh,;;nced our kno-., ;cdgi: ~ :· :!::: ;rel- L-. . <. :·· 

and effects of the rad:onuclidc~; produced in fission. In the pcri0d of tr's r:::, ;t' 
the enviror,mental surveillance activities begun by the r\EC and l;1'.c·r fr.·~ ._ .:; 
Public Heal!h Serv:ce have continued regularly. They shc1w ce>ntin~id ..'ccL.':< 
in the amounts of rad1onuclides in tne atmosphere and the biosf:'here wl1i.::h ::.~..l 

their origin in fallout. The regular reports from the AEC's Health and S<;;-.;;-' 
Laboratory in New York City and the several stations of tre PHS m'twcr·~ 
reportf'd in .. Radiological He1lth Data and Rerort' ·· should be ;:-c:1~u'•ed :-.:·· 
details. The e'Tc-:ts of Siberian. Chinese. and French tests on the irnenio;y c i 
fission produc1s can readily be detected. 

Typical and moderately re.:rnt repons on the amounts of fissi.:.in 1mJ-iuc•; 
and related elements in the environment (158-171) show the behavi-'.'lr c·f ih~ 
importa:~i r.u.:Ldes to be pred:c~..Lblc in broad ;erms but idiv:'_. r:c..-,u;.: in cc:...i;.> . 
Remote rnrners of the world and tlieir indigen0vs p01"1l'b.t;ons r :Ye '"cer. '-e2.~ -:~~ ~ 
out and measured and some e•idence gathered of esreciaily hrgh ..::01-:cemrat;o~~ 
in simple plants and animal lire in the arctic. 

The passage of fall-out nuc!ides through food chains and the;r <:i·o;bi· :r: '~ 

the trope sphere and stratosphere can now be viewed a~ n:asonabl:,· estJ ':>Ls:-~:: 
despite llie need for fuller understanding of many det1ils Oi2-Jo1l1. The b'.:.: 
IAEA symposium (180) is an especially useful cor.ip.:ndium. 

Direct measures of long-term effects of an acute fa! I-out exposure on ma:i an:. 
fortunately, represented by only one incident, the resider.ts of the M.irsb:l 
lslands ir: the Pacific, particularly Ronge:ap, and the .:~e'" o!' a j,1~;~;-i,;-;.: r.'.-_; - ; 
vessel involved in the same in;:ident. The Rongelap gr0up, whi:~1 was 2\;-. .::;"-·-~ 
to fresh :'.:11-ou; from t~:c test of a th,;:rmonucie;,,r dev 1~1: Ll ; :; 5-1. ,:"'":-2rn ;,:, .• _ ..... 

studied by a multi-disciplinary, multi-institutional gr0up. T:1c '"lC'>! ·-.·:-' "'!~ 

interu~1 .::0:1la:ni{jiJ.tion \' ~L~-. v.'tth i~0t0~~s of iodini.:. l~·onurd ~~ ... ~1 ~ J t· 1,: i :H·: ~ ~ 

muitip 1.: nodule~ of the th~r01J glarid I0-14 ye:n·5 after l'~e e'.:'''·.-:: n ·: 

,, -~ - !~ '• ~4' ' '7 ' ' f. .: 1...·1 .-:, 

... \· 



.,. · BLiir'$ original ass'1mptions. 
I •. , • • !., .. ..._. r, .... ).., t,., '.., 

• ·--··n~ri1at1on pomts to a muttlptn.:lly 01 l<1c1or.. 

' .• :'.:~ l"!,lW :h::s:.: C•)Ul.J OPC'clt\;' tu i'tnda.:;e 
·' ::,·i.:l:u:--.n. \\. .1huut ,!•Ui..:h \Ln:ct vu iii1.:;\;;,1, 1 

r, ·.~:·u;:_~ lines to data v,id1 ...:on~idl:r..lt.k 

1 1•. ··1.·:1im of Jose-response rc:atior;ships i.> 
, ,:,;.ti i_,.,\ d,>sc'., an almC'st unending taA: 

• .. ,_ •·,·1,;,·.~ an.:i tinK-cor1sur;;ing ta-;k: and 
, ;_, .. 1l,l:,::y v. hi~h would verify the models 

;: \, "iAL ASPECTS 

· t .. ,-r:: •.'ll" ac•ivity gencrat~d by the 
· , .r:~·eJ our k.no\\·lcdgc of t'1e metabolism 
~ ; ·:-d iP ti~~io:i. Tn the period of this review 
· · :- ;...::;t;H by the AEC and later the U.S. 

.: ~ r.:::".a~ly. They show C'Jlltinued decrca~c 
· ,~ :irrnz•srhcre and the biosphere which had 

, · 1·• .. 1, rt> irom thr.: AECs Health and Safety 
',.,.: • i1<.: 'c>era; stations of tre PHS netv>ork 

, .. ~l :i;,,'. Rq-:-:ms"' shou~d ~ con~u!ted for 
..,,,_ :rnd French tests o;-i the inventory of 
l 

qwrt• 011 the amounts of fis;ion prodL\Ct~. 
· !" · '! '8- 1711 show the hcnavior cf th« 

· · ia b:-(1.tJ terms but idio:synl:ratic in c'.daiis. 
. ' · .. ,, , ..•. 1.:;v, f'• ·;:iu:ati;:m; ha1·e been sc.:u..:h1:1: 
.: ,:J.. 1 ..:reJ of e>pecially high concentration:; 

.,, :'·e vciic·. 

·cr .. 111:h food chains and their circulation in 
•·. • · 1:-e v~c .... ~d as reasonably est? hli,~·c,! 

.• ;; 1,_ l'f many details (172-180). The 1971) 

. : ..• !i; L;::..::ful c.:ompendium. 

:> ,J,. <lil acute fall-out exposure on m<'.!n ar~. 
· i.·i!crt. rhc re~idc~lts of ~h(' :-otnh·1: 1 

·•:,\": :!;!p, and the crew of a Jar;.,1csc hshirg 
··~ r~G~~;·l~p g:rcup. \Vhir:h 1,i·;,,.; ::''.r·fl<:.1"(1 

.,, ,,1, kar device in I ~54, h..i< b<:'.en J :11 . .:c. ,,; , 

. ~ ·~· . 
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• I 

' 
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the Ron;cfap rc~ich~n'"· T~( tr•t::l i: ::~r:-; nr: mv.\ 20 0t1' of 64 c:>:~'Oiccs. 17 children 
1 • 

1 ,,·· ,,,.~ .. , -1 i --" !:1~,., c· 1 k·l;!_,~r ~1 r:tdi~1rk•n dP~e:o to 

lhyrotd SUfgtt)' (11J. Li i....i ... i•~\..u -u;...;. - ..... ...,;..~d-~ ...... ~.~·'·'·• .... ~ • ~ ... ' ... ·•·-·· _._w· 

mato;.is n·Jduks e\·,tT'· f•.•1,_"1ni•:.:d p;q1:;L,ry a:->d kI\i.:ular l.'.<m.inorna .. in one 
,;_iuL (l 1 :\d!~. 'TL·~ k.:.~i\-,L- ~·~, ,.~'r·.t 1 :~.,-.-. ~ 1,\sr.~ci::i.~~(~ ·-.~-i~h iodif1t.~ deflcicnt:y but 
lhc 1\ii.·~r~i-1.;ili~s.: nh~h\.:.:> ~~-..: l..4iCC •.. u.:·..>' ... ~-l~~l 1)f s;:,:~lf;_,0-1 ~-nd de ;·h)t normi~~iy .sh:J\\' 

iodine (i~iicic1Kv. 
Gr,>wtJ·, ;; 11 .j ,i·:\i::,,,-nic:;: rct<:rd:.t."on Wt.T~ also tk~nrbcd in sii!:ht to m·:>dr.:rat.: 

dq.'P~c ;;1 ;o!i'C 0:· the e\1)·'.'S·:d -:.·l1:ldr•:n. Two mai<: child:cn dcH:loped atrophy 
of the 1::y 1,,;:J J.1i-'. LL'.:~' .\-.·.1l''~ ,:r,.,_., .,, rerar'~~-11:o:c. The condition was c::msider­
ab!y ;Jtc:-.·:;ctcd b:; t:·~;;tr;1cct with :h:.rnid hormone. 

Ev.rL"·~~s ,,n nc;~ho~'r;ng 1slanli.; tba~ rc'c<::iv1.:d et'nsidera.bly lower d0ses (by a 
facw;· of ~t Jea~t '.::l bve not shown any of 1he above changes hith the exception 
of.::rne ~'01:\•:lar t~wrni<l in <!n i ndiv;dual receiving about 401~ of the dose calculated 
for th,' Flo;1gd:ip

0

7c:s.Jc.:·_,,, [t •:Z:'."\"' .,, ::·; suied wir'1 surety th2t tbs is racicgenic. 
No 1-: _;::emi:1 1;;,, t<:<:n ,·:en in th.:- -~-,1·c1scd '.ffOU:::>. Fertility has been ur,changed 

but till numb.:T of m:s~::.rriages 2.nd o: iil-'.Jirths W:iS about a factor of 2 higher 
in the exposed women during the first 4 years after exposure. This has not 
continut:d since the ii:itd period. 

Of special irnportan.ce is the dela) in devdopment of these effects of iodine in 
fall-out. um;! the mid-1960;, i.e .. for over 10 years after exposure, the exposed 
peopie gave no obvious evidence of thyroid abnormality. 

Other J."ll1\'t·lations have r•eceived more than the world-wide dose from fall-out 
bm the~ r:l'.:~ not and cannot be stu-:11ed with ne precision of the Marsha:ie,,c· 
group. Fn: t'\ample, "' gro1;p of chi;d;·cn (4827 examined) in St. GeorJe. TJta\ 
rcc~!ycd le·' bl!t :;.ignific2.nt exposure~ 10 fall-o'Jt from some of the earl: Nevada 
tests. Th> µop1hti<-m, exposed in tr.e early 1950s, has proven difficult to stmly. 
F:::ri-i,21r,,i do·:e'. in cne most expo~c.J group range fro:;n 84-120 rads :\v (1~2, 

l 83) ol't.1in~t! prim<1rily by drinkin;; cont~minated milk. Attemp!s to frnci 
~ny.rci ·: 1- _.d.lt.:~. l~f' •u'.:~--~r rlth·._·k1 ~·:·· • - thio;; fTD~Ip c,:".lr!ehr:a·l,l·:~ \\'ith ir~~;<·s~~Ci": cf 
..:ontamw:ik:v milk !l<i\e Hot b..::.:.>n ;,Jccessful. Hoffman 1.184} concJi,,:'-:-s that 
"ba<d en the available data with ii'- limitations, the exp0sure received by the 
childr,~n dr_i~~ not appear to ha>e mused any signific:'-llt incJc;j&e iu tb:,r(,:;i 
l'C·:';-•1:~~ J." B:irri'lg une ... pected ne'\ fmdi•gs. it must be conclud1"J • ."la: ti"Jts 
group will 1ut yielti any further informati.'n . 

Be11.i;ming in the :ate 1960s, Sterrgla•;s b~ contended that there i~ a causal 
as-;c·ci::.L.:m betwf~n the deposition ·Jf foll-out nuclides, particularl:• 'H'sr. ar.d 
i:·.'.:_ ·· t ; -,.: !:r<' r .. ,,~ rt2l:ty, ;ndudipr, 2 "T~'lt':!r than exvected incidcm.e of child­

ho,J(i kc;Le-nici. s;1,ce he is now apph·ing the same views to 1aui011u.::.'u" •.L,;­
c~ 'l'f."; 1 T ·, ··:i:l .:ir c:11ergy in;;ta] lations. tb.e discu~sion wiH be po~tp.::·:1e::i w 
1h::· fol·.'" h:; -;~..:~1.m. 
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p;:>v.c r rc~Ktors. fuc:1 n:rrocc,,ing facilifie<. ;,nd nuckar rcsc:uch <. Hi : :' . 
111ent i:...tbora1('fi~s b ~l~ actt\'L'. inC:i:cd 1,.rl: .. ·iJ.l, ,~.-:-w~ :::.t t(;:.." rr\!~t.~r:1 ~·~·. :. l ~· ... , 
mNl~ now rc11anling the bic.l0gical ir>1;·.~1-.:t cf <::1c·:1 r;:~t·:1sed ff.?C'; !r"'- . ,._. 
probability of their occurrence may wcl1 Je1crrnint.: 1h:: u:;·t:\.:iior, ,j,· L -:;- f;: .. 

tcd:nok•gy. Snm.:- of 1he ma1or issue5 \\ill be examined ben:. \~,.,:, >cn·r; ;: 
arc ;.i\,1il::bk (180, 185). 

The biological prob!cms devohc again upon the tru.-: sh~l'C o:· t'.·::· ·:'. · . 
reSP«'me rel;,tion~.hip, .iltl~ougb for pr.i~!ic:i.l f'\lrp1)Ses the con~n.a11"e '''·11'''"· 
tion i.'> mude that the linear no-tbre~hold m0Jc! ho:ds. r\\S(). < d i::::.,.L. 
must s!i0w that they arc maintaining t~e lowest practicable rde.:;,c ;.;'; ,;;,, r ".1:. 
lc~s of gct:er;'.l '.it.i:1dards (140). 

The prirr.ary cunsiderations are (a) evidence or effects frnm ;:.io: z:; ; Jl · .. 

(b) actual and potential release rates anJ their imp<i.ct, and ((;. ·,[:~ r~,;~ c. 1 

ecosystem. 

Eddcnce of effects from past activities.-Except for the n:.r<' i:-1sta··1,:,·< • ' 
accidental releases of significant quantities of radionuciid~. ati inr"erer..:.:~ 

regarding effects of past activities involve the epidcmiologica: a p~roach. Stern­
glass (186-189) correlates increases in fetal death rate (actually a leoser dec!~nir:g 
slope on a long-continuing decrease in rate"' hich he terms an" e\C~"'.'" :nort:•lity ··, 
with infant mortality in Albany-Troy, N.'(., ;-;e,, Ycrk SLPe \S Calikrnia. 
Missouri, the entire United States compared to Sweden. and t:i.e 1ib..e with the 
time of arrival of fall-out fro:n the Nevada tests. USSR t<:s'.s, and P.:::.:i.ic thermo­
nuclear tests. For nuclear facilities he relates excess infant r!lcrt2Hy to routine 
radionuclide emissions frcm boiling water reactors in Limcb. ;.1ici1i;;"':1. 
Cali;"0rnia, Pennsylvania, and N•!W YNk, a :·,:..::\ rer,··.xe-;<::(! r~;:-·•;·~· i!' W!.''l~rr 
New York, the Hanford Atomic Products Works c.t Ricnland. Washngton and 
to Brookhaven National Laboratory on Long Island (!90-191). Even the small 
educational and testing reactors are linked, by Sterngl.:.ss, :..:- ,:t:kt<:'l»~·u; ef'.c,·t; 
on children living in the r.eighborhood. In ali cases the de~:t is ce~cribcd l'i 

"excess mortality" within a rather circu:r:scril:>ed gcop-'.lprac:il area ·· dov. n­
wind" of the facility after a variable latent period, and di.:.e to radior.udid<'> 
released in its operation. These claims, many of them made in public hearings 
and proceedings, have generated considerable concern in th: general put,L.:: 
and government alike. 

Stcrnglass does not estimate doses to the recipients but any reJoonable ,al· 
culation from the levels of rek:ase, or even multipks d1Crc,1!, i :di.;.,,.;;, ti.:: 1.1,;._. 
tion dose to be \·:ry srra\1. Thm. very gn·at r:.di•:-•em;li"in ·~·f :re ·~mbr;.o r,,1,i 
fetus is implied by his c.:i>1du~i0n;;. \Vhile diligent •aborJ.tory stu::i!~~ c)i L'C n.:i.i , . 
scn•1tivit~ ofthcfetu>i.iI1U;1C\\l:omi:1:iri:·.~ ... ls'.l:).:» ... ,i1",'.- ,-. ,:···:;.--~ ··.:·· .; ,. 1 . 

approach those n~-.:essary iu a-.:1.:0u,;; f1)f th;;: 1:·::r::i~•:;. r:w:' ,-1~~'"· t ·•I rt) 1· ,: 

nuclide exposurt.:s. Thus, the human embryc J.'.iC fett!S :-'' .. l''t N- ccvbid-;:r.1."i' 
more sensitive than any of the animal popu;.i:i0ns scu1.r.:J, :,~ su=::-stan:iate :rr 
prnposition made by Sternglass. 
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·:!i:ies, and nuclear re-;earch :ind develop­
, · : .. dal. i·_;· '.:: ;•t the rre<ent tirnc. Decisions 
••:1p.i1.:t (>\ ~t:ch r.::c::i:;eJ nL'cl!d•:s and the 
\'·:Ii dcit'rmia-~ the direction of our future 

. , , "ill be ::xi!:1;ined here. Many summaries 

·i':1in Uf'"JP the trne shape of the dose­
;1~.1cti.::a1 purposes the conservative assump­

. :-·,rw~d model holds. A\o, all ins:allations 
1.: :he lowest rracticab/e release levels, regard-

:: c\·id<.'nce of effects from past activities, 
anl their imr:act and (c) the role of the 

'• ;;Utffs.-Except for the rare instances o• 
quantities of radionuclides, all inferences 

rn•·o\ve the epidemiological approach. Stern· 
'•., i!l fetal death rate (actually a lesser declinilig 

~ 11"1 rate which he terms an" excess mortality'') 
i rnv. N. Y., New York State vs Califorr.i1, 

· ( ampared to Sweden. and the like with t'.~e 

· · :-.;cvada tests, USSR tests, and Pacific thermo­
~ he relates excess infant mortality to routine 

i:o~ water reactors in Illi11ois, Mich pn, 
.. 'York, a fuel reprocessing facility in western 

... :\1.::ts \\'orhs "t R:tr,l:.F1d, Washing~J1 :u'.c. 
on Long Island (190-192). Even the ~mall 

:;•i: linked, by Sternglass, to deleterious eifocts 
.• ; .lod. In al! cases the etiect is desuib(d as 

''.·' cin:ums.::ribed geographical area .. down­
. ."!:: ';..1ent reriod, and due to radi-:int:clides 

. :um~, many 0f them made in public hearings 
n1r~iderable concern in the general public 

· •'""-~ to the recipients but any reason.ible cal· 
· •r even mul1 1rles thereof, indicate~ the radia­
,~r:.· great radiosensitivity of the embryo and 
'·' • 0 '.!i!:'c t <.:i-.oratc.ry studie'' of the rel:>.tive 

'""' .·!< ( l ~) dea;ly s"0-.v .'~rt>ater ~emoi!1Vily 

':~ ::i:'.!tl.:'.·. the factcrs (Jf .:.: ~--.:~en.:r.: Jn :ic.•t 

· >.·1r t\-'.-.: niortalttv rates at!ri')utt>d 1.-. ra..lll)· 
.. ~:uk;.o and ft.:tu> r.·,u,'. b>; co:-~i,!aahly 
--,i l'"rulations studied, w 5ul:isl~~ntiatc '.ht· 

J ,.1 ..... !f.·!'_Q.·>~l:~~f>;~·.·\~··. ;. 

• ' ' ! ' 

Thl.:rt.; ha\C l--::en many ~nd Y01l1r>:inc:!5 rc:fvt3.?ion< C'f the<:e daim~ ~ 193-2(}2} 
and it i·i i1!:r:ns:}jbk~ ~c ch.:1.aii 1h..:r:1 h"":·c. 'Jl:c pr.'.i'.Llf'..'t ~-(.L1..;:lr.·~:-- ;\.~iJ.:c f;:.;: tc ihe 
lack cf ;1:~ 1. .. rii.1t?n11o!tH1.:.:a-1~) -s·JH; c·.!~ ~~ .. ·:"l:J~.-·t~· .~ '!l (t·11r~r ~lit.' t·r ~ .. :-.-·~·~,1i'~~(,~n. 
Jack ')f ._~rn~1dcrBti1.)n ct' 1.;~1 .. ln~:t.~•. 1··1 ~1,,.l ... -iCi·c ... ~onc:11:.i.:· !.U 1 _: ... c:· t!":e \::r .:: .·5 ~'-::.';'t:Ja .. 
tion5. LL.::._ L~ ._·, d';L~-.....;~11.:-'· .:viJ1,.., i... :\ ... ~ ·~-··: ;;.: ::· ~:. __ , ___ :·~.·<~ ~~·.:.it'.~~': .. -.:: L:~·:~:-s 

have b~en C\~'.uded or :.~.::coun1c< fur. :.'.:'G l:::c'. c:'t. ,;;:.w<i,;.a.l r;r.;:- ::; ;~.:1::c:•n£ 

the J,·J.ta. 1~-'1> critid'-rn ha:'! C.Uil»t. ta:·; ..... i> i'rvn1 ..;,::.:..:~Jjl·i: .. ~~·:sts u~~J :i:.~!:s.::~~~a;-..s. 

SeconJ\:;, r1 ~_: .... !S 1-.H~e L~,su~· \"·:u1 ~tK :i.:·,L~! 1.:~~ l.i"J;. ... ; r1~r !t1ll·1:1L.:t (~i~L :.:_ti1...·1~. -~~.-:~~ 

direc:ions. a•.\ uther asre.:ts u:- tne ·n~·~1,ure ~ilLJ'.IOn, .J1;J :>t;W: ;.~< tc>e s.l\.:il· 

ti on \.\'a' no~ , ."' ,~·~scrii:cd. Fi1·l~l1y s,·:rT:e c,~~ :L: ,.:~, * iCi·-;rf·::~ i.7:~1> ·~~.!1:..: · :.:n {'! t::c 

they pli:!C~ ; C 1.li t\t: 11 (.li. pn."'i 1.1( (ill d1~ prP!l~-~,_-·t ~L. 

Then·\",,:· )CCTI a lew Otlll'!' similar Cld1;·;, L',-' ,m·o.-.;ir;g ~.:.r:~~r ir.c'.cie:.:.: '·' 
the cr.t~.·l 1 L1Ltic'n, e.g., \\ c~k l~::1~.; ..:i:;:, i ~.~r:c.;;:C. c..ir:.:.:::: in·..:;Cer:~:~ ir; c 
small rcrn:i ;)r; living near ·.ho lndi:m P.:i'nt. "•cw York m:dear station. T!:.: 
statdi~:!l < · -:-.1i;kmio!ogica·, 'c'ltability -.·; sLld1 a small population is in dout:. 
Fad~ley I:" .1,. ·1rrsems dat<.1 sho Nin~; in.:r c.: ;.:L~ .·i:2 !ignancy in.::idence for pop:.rb· 
tions in ,-c:n,111· counties in Oregon livir.,: Lear. c~ mt1uer.ced by, the Columbia 
River. lk ; · t~ihutes this w the r"dionudicl::s dis.charged from the Hanford 
Atomic P·e>:'uct'.; op;:-raiior '1p~tre;rn ?: Rrc~~1;;,hl, Wa~hington. The data were 
deer•::-(~ ·. '.~, ;'Jf';nrt :>.c :.~r>•:'.t".:t·r~· '":· !::\..' :.- •,: Y~r.1r.f i::t)5) because seveol 
pert r.c":1 ' .. , i \>.'•Lrnt•<.:; ·• (".' ,ni:t\·: · '·, i: :2 '' ·: .. :- ana:;on, ::iasicdata on a.:tL.:.1 
numl;.:;,,, .. >J;;;.LLh~ w:;-_ l. J< ._,,1;Jpiic.:, ... ·:re ... .- .1 Lek. cf:,_;? or sex adjust;:-:e::: 
for cc,.,.','.:·, Kr.:cv .. n h.' '·i.1J :11 L:-: ,,. f: •. ..:.~.J...c.~ •• :nJ :i1~:~ ,i,.:u; no acc.:i..i:-.!~::_!; 
for T}•,· d; Yn·rce ir c~ l('.'.f m0rt"1:1 ; 'c•l'.l'•·· c1 0ccur bet••it!en urban and rural 
~JOpU1 .. '. 1 

rl.n-

P'~-·\1:.!i::; rr~~1·.1 P'Kl~'.1~ Pr.~:,..gy ;·1s·111!. -: ···\·: ha"e Xen i.J.Jcu1nent:.kd fer n:a.:1y 
=\,'e''f~.· -~bl','h . .' f\l.':,n .no·~~ f~-,r j"' ·."l!"( I~ .:···,,lr1Jil~Lel"i~.Ji r·)~~utan-.s. Cur;·~~~:~y 

1 :..: \j ,_. :;·: ·:-:t111i1:,:~ ~,f 'h~ c:1t' ... 1 ';,.:,, .. ,. .''.:·~ r·t'i•!".~t' i~ t.\::..::~i··r up. l}sing: these 
ilg.uH:-.. c1-~:~.;[~ ~J,·~ b~ aq;L:c.d :··1-c1~1 s:~ .... i .. , i:· . .;:~.;n::!;s ~:~d :·:-::.::.:1 at hlgb~r J·JSe-5 . 
The n.;!~•-~c:,. \\!:.it-: usu:~!\y srr:,•· "'1 ~I·,; ~:Hs of concenir~uo~ per u~it volume. 
rnn~cti;·,,,," ;:m-:i-.•;it t'.J t'10usa!1':L. ;~f -~1'•it:' (If' an ir:tegral bo;i,; and th~ gradu::l 
-:...,t:~!d-.: :1 ' ~~· :· ~· 1v~~-.~.-n·er~ ::~ ·('•Jr··~· 0f .- .... )'.iCf'rn. <)r ~ 11.: ~~ter f'..,:::;.j~ et:·~""· 

in~ l.'' · · ·c:· ir:cid;...·;it :h~!~J.: re::·:·.~--,~ :r·Pt;iOut:: or?Jy a smali irz.(··riLi:\ f"lth)Y·'! ~arurJ.i 
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Th:· rol:: n_f the :-Jco·.-v·s, ;~ ... - i .~·. p~vr.:.nt1~: f\~r toxic effects iil ;na:i C)f ra0.'.,:-.­
nuclirks relc.:sed !c the ~11'/l"'.''.":"2\! -,, ck;·~:r:ds :;;early upon t;1e proces~ inve> \tQ 
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in transfcrrin~! di(. r,u·:::l:..:~ fr.;_, ... n r~iea:.;c poi 1·.: or nh·;d~ to intake by rr.J:~. ~.!~ .. 
of ttie bur! .... _: .... nipo 11(~! .. ~ ,-·"~ r 1 d!:·1 ~.-~l'·i.-, ~y j~ r:fr-v·1ted tn ·;t.1dk'J r•r thi~ ~Hre·.~ •. \ 

iHi.::- u~11;. ~:J~\ .c :·L.:',< frc;;--: :Le ~1~·. iror~r.1<:nt lo mar 1:1 s:r_;n;n~ar:: quanti~: ~\-.i ... ,-·t 
l';1 dir~c i;1!i:.1.'.1'. i)fl •)r a ,.·onwm1naf\:d \\C•und (2'.lt\ 21171, 01ner nuc;1,it·~ T.'~ 
r::nd to cuc.:c··nr,;; :1: in ;Jn1~ or rr.ore or~anism or \C:Ctor in thi.: ecJ~ystem. l'ltir,··. •.: 
2. 1.:cdr.-iul~;~i.-::\1~ :n :nar~ d:rcnds ur1\'r~ ·.\ht~th('r c1~ not t~~s criti ...... 2.1 '\tep i~ ;rrv:)~',··.·,~ 

0" by-f'"·'.;ed. ( c·rn:emrnuon factors of several thOL:sand are not unconr-:w; 
(203) . 

Much elfort has been anJ ts being expended in identifying critical p<:r~-..a:.s 
120::1, 1!0) e.\! .. air-kaf-c-.1w-milk-body versus air-soil-plant-cow-mi!,.-body . 
.F ... ~-.. -cn~ \\01 l·. ::~.~~~c-~ i;: .::.-·::1:- ; 1·~at icllar :1t--~orpri0n l)f rran} nuclides i~ ~ir< ... <.r-.t::. 
grearer tbar. rlnt '.t'rc'U~'~' root systerol'i to make the tl!st t!:e ··critical i:·e<:i•··. ::.\ ·• 
e.g. 9 c'Sr in many iP;,t<J.nces. HO\\Cver. this is not the critical pa1hway ,; r.;i;k l)r 

d<:iry products are not consumed. In this event, the critical pathway muy ~:•scead 
be th!ough grain :is is tl~e case in the Orient, and the resultant intake :;.~:) t'li! 

'lUite diF.erent. 
Another aspect is the identification of critical nuclides (209, 211). The isotopic 

com~osition of disr.:harges differs with the type of reactor and the timC: (·7 cpera­
tion, and it is difierer.t for a fuel processing facility than for a reactor. T ,1L.S, the 
rriti:·al pathv.ay wit! not ncct;.;:;arily be the same for different '~pcs o;· ('!<'' .:ti'.'ll. 
Of s~cial con:crn has been t:1e possibiiity of an ur.detected critic;;! f.'c•'..1'-' C.j or 
critical nuclide. The role of zinc-65. for example, was not :.>ppre:.- a!ed unti: 
fopanese inves<igator~ drew attention to it (212). The primary likelth•x .. d fr'~ 

sue~ a find'.;~~: now is in am;atic err,,iron:nents, espe;ially oceanic :21 J . 
::.ml in the development o!· different fuel cycles. 

.... . 
_.'"":':. 

>··"~ ti::i f-L. :·i''tgo.cen eith~:r~ is the ~·:i 1 e of tirne ... :li·.ce ~5o~c1 r'.::~ l-fi;1:~:•rt:_P,.~ .. -

fce~h frisk" p:-oducts bccorn~ Jes-. sigr.ificant later O':. Ind~ed, if t:rne-, :•r :: '.r~ / 

~s in the consideration of radioadive waste d;spo~aI, some "'ery i:.n-:\;:::~::G 

nu:1iue.> r.-<:(C1me ··critical·· t.J tne e·.1aluat:on oC pc>1en11al nazi.L;li 1 IS). 
An e.xcelknt summ:;.ry of the fa 1_'tcirs to be ~·onsid~red in ir•c msI<in(: , .... 

single ri••cr system in Europe· is S<~i:n in the paper by Feldt (21 :>). 

Radionuclide ef!ects on" !m1'tr" orqamsms.-Quite apart (· .. cim tbe mo·.<:: ...... 
of radiom!'Jides through an l!1~nsvstem to man is the pos~i~·i,i:-.. 01- d~iner 

Cif<:cts in;, v-er organisms. Tt.;s assumes 1mponance to m::~i 111 rropor;w·. c,1;; ~ 

i:nr•onc:r::' ,.,f that organism •o the eco~y'.>tem or as a m•:rn t>er ·Ji a '.• ,.- ,, ci-:,•:. 
f~~.'.:..jJ.~i::Jt~ ei~.(._:t5 ha\C i1C'~·, beCG clearly dCalOnStratcd in ':-ilg.1·d~. C~).i:...! ··· •. ''":i.:.t~c 

"V' :e! ~--~~- cor:tr•)1. ~1~:r:·'·1 ·1·' V~-hitr.~ ()ak l a~c ~~1 {):1~ }{.~d·:'C JI1:·-._·- ... j-.. c 1 

".';d! .. ~= b:;; .. ·1 di:\:~l."'ted ·_tt detcr!"nintni~ tht: !"'aC:ifio::.i.:1 
•• 1·;;.qj .. ·;·v nI·ar,1c1a'· ... :~·. ··:-:. 

,,;~ ar.d . \ . .,,:· ,· .. _:1 ;l~~y;ystcnr.i ~.1~·:-1 ·~~- ~ ~:·i~·ri .. :.> ,.'-''.1~ ... ·~-. , .. 

'\ "f t:' ~':;: :-- s0<11~- ', 1r~r:.;e.~. e g., t~1e re~:11~·.-e1y t1;~r1 ~··n~ittviry ('' --i·q"\•;er·· 

.... L.} •• 

. ~ .·· c _ i.··-•~.-:i.-~r:rr .. ~:;.~ :n ;:·.,_,_)t c.;ga~1isc1s, ~u key crgJni:.:n h:is ~~-:t ~rr1_.- ... 2~! 
\1iih sud: exquisite s,;r1sitivi1y :rnd in " key po.sicion in a.n e.:osysio:;m ~,, i;.,;.t-,L'-' 

.... / .......... ,,, - •J. ,, ... , 
. ~, '·,• . ': '-'. 
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~ 1 ... ~ .... .J.:.:.: th.:uoi: \ .. :! H.t"''~\.: ~l} ,iJ •. u.:,;.. U) HlQ.U. i\.lu'-:n 
;.y i~ J::votcC: io swd1c~ on this asr·~ct. Some 
·, ;t ::.·, n ·1rnon fprrn, ::-:re ..;o ins0h .. 1h!~ th:_·.t the:. . . . . 

. ~ .;::!t.:ni ~o 111ar. in s1~.~1!:11..·;.....n~ ~tuL1n:1~y t:s~cr·t 

, ":..-,! \\Olllhl (206. :07 ;. Oti1cr nw::iJ..:; rnav 
'r:;:iriism or wcior in the <:CC"Y'tem. Ulti:n:i:c 

" "' ht."ther or not this critical ster is involved 
., . ('f several thou~.and ate rct uncommon 

, .:1:,: cxpcndd ir, ;den~i~: ing critic;:i.1 pathways 
·". ~i0dy \·ers'.tS ;i.ir-soil-rlant-cow-milk-body. 
•nr i!hnrption of many nudides is sufficiently 
·: ·1:. to rni1h: <he first (he ·· cri:ical p;:llh\\a) .. 
-. 1."r, this is no: the critical patlw·ay if milk or 

; ~ thi~ event, the critica·1 pathway may instead 
:.~ the Orient, and the resultant intake may be 

. li.'n of critical nudides (209, 211 ). The isotopic 
. "'1th the type of reactor and the time of opera-

. ·'clct:ssing facility than for a reactor. Thus, the 
•n bt· the same for different types of operation. 
• ..... ·.sibility of an undet1xtec! critical pathway or 
_ ··' .~ .. for example, \Vas not appreciated until 

:-·1n"'n to it (212). The primary likelihood for 
:·" environments, especially oceanic (213, 214), 

. ·~·. fud cycles. 
':: ro?c of time, since isotopes of importance in 

... : .· ·:ifi.::ant 1 . .uer on. Indeed. if tim..::s are long, 
.1.~:ivi: waste disposal. some very unexpected 

~ c·.aiu<ttion of potential hazard (18). 
: .. ~t,•r:. w be .;:onsid.;-red in the instance of a 

···::1 in the paper by Feldt (215). 

il'(J1111isms.-Quite apart from the movement 
,1~111 to man is the possibility of deleterious 

- 'r'lt"' impor1ance to man in pror0rtion to the 
~ .. ,;,ysrcm or as a meml-.er of a food cnain. 

.iri:> demonstrated in hii_!hly contaminated 
' ''· Uu.r. L:il<:e at O<ik Ridge. Hundreds of 

".~'' 1·: r~· :lillo('CTS;!i\ ity ,.f .1:;irr,1ls. plants. 
"''l - 'u..:11 as a rrnpi::a! r~1irifrm~.;1. While 

:- ... : r-. '~~ · ·;c'.:: h:~;~1 ~cii<M;\J.t)" :)f ~.:-J;1;f~:~·~ 
~ '(: \!1 1 ~ :'·c~~c:es jq s-..~n·:i•i\·ir~ :1i' <ft!erert 

j ...... r .. ....:y organi-...1 .. ·1J.:, )Ct ~PP~~~H.:J 
•..• i~ ~.~)- 0,'·)J'.ion in ~n r.::..:(l'))"St\.m to ni:g~te 

··'! 

TOXICOLOGY OF RADIONUCLIDES 

.\,...l.~~.~~1 .... ~L\.· ~· ... ;"l...";1 ;,.,.._:11\..\,..P\~ u .... lh.u JjUiYl !:>(UIJi' .. :) \.\l.~it l.1Je;J:i..:i ';'{i~;,JlJ.t.:.:> ~- ... '•). 

Th.:rc arc ;;omc- findings that ckarlv need further c;,plo11a1ion. Fnr •:;,;;m. :c:. 
Polikar;iov (:!J7l rc-rort-.. fro1n i.:.xtcn-;i\·e studic~ "i1h '~~(triu;.~ ~~nd f: ... ,~h··\' · . ·· 
fi:>.h ~:;~s t!1at 1L: ~Lhi 1~'.} i"1;· !...~n, :..lt~~ j..; !..:'JL'l 1:,J 1 .. VC!l d~ ! 0 S rC'. J of c~n~1:n i:;ol~); .;·_:. 

..\!so, the 0ccanic cnvironmc~lt is so 1asl thar ,1c c'an11ut ii..c! f..i!!_, ct1nllJ,·1h .,c 
have aa) mun.: :lian i•''Slln the scudy of its ratk"~colu5y (213). it is hc·pcd a 
sub>equcnt reviC\\ can devote special attcmion to some of these problems. 

SPECIAL PROBLEMS 

Tritium and tram111u1<11io11.-Enrering the body as tritiated water, tritium f 'H) 
distributes as bndy 1\atcr and any radiation effects produced are comp:irahlc 
w who\e bocy inadi;ction. Wh.;:n it ,~ntcr:; in org:rnio. forn1. particul"rly "' .' 
lahel for nucleic acicl r~e.:urs-Jh. it may be incorporated into vital structure. 'Uc~1 
as D':'-lA. This iauer .. :.bled to much concern that its effects, esreciall} g~i1ctic 

and carcinogenic. might be much greater than the calculated radiation dose wouid 
predict. That sud: concern was lar~:ely unfounded was shown by Bene\ & 
Feinendegen (218) in l 966. But the concern has continued in both scicnt:fic :...ml 
lay circles and has become part of the" nuclear power con:roversy." 

A full re-examination of all aspects of the problem was presented by Bond 
(219). His conclusion is that in higher organisms, at least, all effects of ~ririum 
can be accounted by tl1e radiation dose delivered and have the same radnJbio­
logical meaning as a similar dose from X or alpha rays of the same dGs:! pattt:rn. 
Also just recently the ICRP (220) ar.d NCRP (140) have revised an ~arlier 

recommendation that a quality factor of 1.7 be applied in calculating rem doses 
for tritium and other ,·ery low energy electrons or photons. The factor ha» be.:n 
recurned to 1.0. 

One of the- flaws in the earlier n:asomng seems to have beer' the mi,, ;-,J~r­
standing that the range of the beta particle even from a low-energy source such 
as tritium is actually long compared to the cross-section or ocher reasonable 
;neasure of Dt'\A as a target. No special local deposition of energy should be 
expected excepc for Bragg-Gray considerations. 

A residual concern is the so-called transmutation effect (change 0f ;)arent 
atom to one of different atomic number, usually plus local recoil and excitation 
energy). Re-examination of this possible effect not only for 3 H but for other 
incorporated isotopes, e.g., 32 P. shows (218. 221) that a transmuution etfrrt 
uoes e.xist ~omettmes in cukaryocic cells bur not in prokaryotic cells e\cept under 
special circumstances. These special circumstances involve srecitic molecn!ar 
arrangemems such as cytosine tntiated in tile five position and incorpo~ated 
into Di'A (Jf growir,g cells C~2). Sir.cc considerable effort f'~ust be -:'\:'cr..icd L· 
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L'!'Tu.:t:1 ~,Iay a r:·:i.1ur rJl..:, if an), in r~·oh.aryDt~c ct:l!s. 

<~-ahill &. 'ruile f223J have recently ck~crihed c1fr•·t;; cf C1'.ntinunh c· ~'''"'·: 
".0 tri:i;i.ti.L \'. atcr on pregnant rJ.ts. The cJ.lcui:ited radialil:n du;_,1: '"~' ."rucli 
0.3--30.0 rads day. The higher doses ~roiJuced micro~nccphaly, stt:ril:t;, ~:u1:tin1:;. 
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:--.. •. ;.;.J:1:;-1.: 1.:ff~1..:t ··~-·~' 1- 1h:1· ·..::er ·)··11; ·;it?.!!C':""ium h .. s !:'e~n 1.k~~r:~~.:.! fr1r 

tri:i.; 1. \1.i;1y ot:1cr l'T'·us ,.:· '.nti,.im 10-...i:·Gil':Sl' can i''· i1:iund i-1 t!.c ~e-.1c-• 

by J..1·:11(s (224) a~1d l\~L·..:rH ~>'I~1pc5ia ('.. g. 2:5;. 
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