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i.. dslc~1 of Biology and J:cdicine 

·')don E. fu:1nJne, fieal th Physicist 
jfo;:hysic:J Dranch, Division of Biolo£Y 2.ncl l'cdidne 

':l'.TE'.A'fi.,~D ff~· I !c'lION :c.os:; TO 11ITHOID OF !!A'l'IVLS FiiOH RONGFL~P 

r C'.,)~< ·l<'.ll ·1 is in i·c.:-ily to your r" c~·:c:Jt fo1· c..n cst1r::ate of 
t~r>:~~-·;- 7 ~;tt\l <"',;:~·._ 3 t) tt~G ~.:1~jroid of" ·~~:c ~rJJ·:~cl~:) ~-~:ltivcs C-t.lC to -~~- c 
jf:,ct l·:~,t ~···!l·l·11;c,, ::s a !T.C:cl:r::..,)l' :,J i._,,;j_;:.c, r.:qbe p::..·c~1cnt in 

f

T :,:; 1.:.1.:.t :::.ft 2.c :i n;:,.:,:otion oi" fa ll0u t >- Ll 1· ~'•l. Tho · telluriu:?J, in 
... ~.-ir:1, r-i(1t didntc[r2.tc into r-orJ;_o~-ctbo i•)dine nhile in the gut, 
.g .;it'1 0u~;s~ci1 ;c:1t c!i::po::;i tion of foe loc:i'>? in tho thyroid. 
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::1c00 ara ~·l'•)c>:ced in fis'3ion. Of t'.l ..:c, 6 21·0 ;JOt of interest 
( 4 h::vc too :s'.1ort a half-life, 1 lcods fo stable iodinc-127 and l 
l:;.::ds to L~dinc-129 vri fo a half-life of 2-4 x io7 years). 'i11e 
r,, 1~ 1·:1.u[': l'ar1 i.0L:oto~')e is tellurit:..~-132, -;yi th a half-life of 77 hours 
, - · i~·1:: -~o Lr:ic1i1;c-132 11.i:th a half-Ufe of 2.4 ~0:1r-s. (Incic'cntally 

~~"? i; i>) "'._~·-l.i1;:1 f."YC::--'~r:=oi4 t:t~t l:_--; •)i"' j_n(c1.".'~St hc:rc.) 

,i·;:~.;.nt: ·~,:1_·.g i):8 c~ric1.r"'.ll c>:ita of P.iL I 1 :~:.yc ;:-,ccc:~Jtcd foeir 
1 ;t·> '·''o f·,~t :;~ere -;-;cr'3 tncc:JVJd o.nc/~)r i;:.:Calcxi the :[Jroci11cts of 
) x is13 .f.'..:-:::i_,·:-i·:i, ;i.s::;·i- ~d they ·,;;era 2.ll insc3·t::d ~Lid il1c:i proceeded 
') -:cl 1·,··'!''.o {'" -•., .. ,, ~·) '1·c~ ·:1·,·c"·)4{1 ";· .. --, (") 1-lJi ('i"') ""r11 c:'or)rt-" '-·- - -' -- .l ..__,_, ~ \.,.; (.~\.... '-''-' \.. l1~t.._;, ..... ~""~ ..l \ -- .J -L ...... '..l. ) \.;,_~ .......... J - --

:;_~ :; -.1 i ';)<1 i::c: i •)bre of ~ 11tcJ.·c,,:.:;t <:'1u ( c) y1e :J.\lccd 8<)30 co;ninr, fl"o.::J. 
'i 1) 2-r1J2. 'P1e calcul:>.U.::ns s'10w t':;~t TlJ2_rlJ2 will produce an 
:o<:c>d c~os~~r:c of about 26%. · 

'~~:e t :0 :.;t csti:-.'l ted peTccn1:.a0e absorption 2::d dcpo3i ti on of iodine is 
;; :t to 1 c: .~~:~_,_r-:ined. 'i'.:e best csti::;-d.c I c;;}n tirn up to date is 
., '· i l 1 ·l' '· c ')(V-f ., "~ ~.~d ; n ·, c~~ r.;-.H' ,, .... ,0..," <2 TJ'o·v 'Y··c 1· I u·i' l l con ti• nue tn ._. __ .._ .• ,__ J.~ '-.-.... .....; '°'"-" -· 41!.J..I 1.c.:o..J.t~....., l..J-"\. ..,., • -..I. ''\.; t.· J ro __ ""J 

;:;c~.:·c':1 for u~c~ t::.•.)nal inforr::ation. In the :::eantir;ie t:.1e table below 
i.::~ic:i.":ss t':e : s.cnit·JdG of doses to t'io thyroid if one a::ssur::cs 20, 
)'J, 2·:d lCO.~ ::-Jy:;.Jrption 2:1d deposition. Incidentally, it may be 
· : > d t: 'l. t L' c calc~1 la ti ~.:-.s below based on 2@ {the nur:'.Jc-r a~sr:.::icd 
~ - T'-~i) ·-'· ~ ,,•'--t~d .lO""'S +,.,. .Lke ~11yro1·d i'r"m r131 a~d f ........ ... ~-J A-_ ;.__J -~ .• (;lo-( .:J LJ__ -~ .~·.....; <.,_ • .._ • ..._, vv t...:l U V' •'- .L '-J ... u 

:.>. t;f >-r 1 i, ccd :'. CC1i::c isotopes tQ be in "OOd ae;reE"fJCnt with t..tiose 
ut5_·J.ted 1Jy V..SL, i.e., 50 r~ps for rlJl a;)d 80 reps for shor~ 
Uved iodine isotopes. 
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I:OSE TO __ ~mYRCID (REP~ 

Assu::d_ng 100~ 
:'etention 

255 
27-';} 

370 
Co 

~--t; j ~-

Assuning 50% 
Retentlon 

123 
14~· 

185 
JO 
?3* 

r.:.;G-'F 

123 
(27):l-:1-
1G5 

30 
(J_i3 5) ::-;} 
(5"35}~ 

Assuming 20% 
_TieV:mt1on __ 

51 
~'~ _, 

74 
12 
37-;~ 

1,19* 

.51 
(10)** 
74 
12 
(74)"*~ 

(22ll>a 

* L' tlS::'J.':C t:::2t r)«:>i'.::lf 0f t>c r132 (:,-:lf-lifc 2.h ~iOUrs) p:ccsent in foe gut i3 
Ccposited in 1_~1c t"·~:·rt)~-~l. 

::-·:r If ass1:r::e all 'Jf to 1152 (:-:<lf-life ?.4 Lours) p:~c:ent in the g1.!t i:::> de;:osited 
in th;y-roid. 

Kost p:::Jc2ble e:sti:::-_:;-te of ratio of doses to foyroid ~-'>: 
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A?~NLX 

Calculations of r~se to T1yroid 

1131 

Ass1:::e: inl1alation a.nd/or in,zcstfon of 5 x 1013 
fissions 

0r 8.5 :<: io7 d/r'/5 x ic13 fL:.;ion::3 

or 33 .J 7c i:1tc::e of I 131 

or I.4 x iol2 ato=cs intake of IlJl 

(Aver~sc energy 0.22 ~e7) 

T'.--, --o (~ .. -·~ C') :: 
·'-' ·.-' .1.. '--_;,_.·O 

As::::;c:,_:G: in.'1al2.tion anc/or ingestion of 5 x io13 fissions 

At 1? /. 1, rl32 inta':\:e is 1.1 x 1011 ato:Js 

':~·.e ~V·~: C::.~e r:ean cner&f of' 1132 is about 0.55 IlleV or 2.5 
ti::es t);at of 1131. 

'2rns, i\e cnGrgy equivale.:it to 1131 would be 

(1.1 x 1011)(2.5) = 2. '15 x loll ato::s of r 131 

:Iowcve:i.·, due to t.'1e short half-life of 1132, (2.4 hrs) · 
as~JBe t~at the energy equivalent of 1.5 x IoJ.:1. atoms 
of 1131 reaches the thyroid. · · 

--131 ,-J 

Trius, t'~e ratio of coses fnz = 9.0 

I . ... . .. 
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1133 

Ass1:r:.c: inhalation and/or j_n,:estion of ) x io13 fissim1s 

At D /. 1, r133 inta!~e is 1.24 x io12 at•DS 

'The c11e:raee i::ean energy of rl33 is &bout 0.36 or 163 t.5..i:~cs 
foat of rlJl. 

'Jrns, the :ratio of do:Jcs 1131 ._: 
••->··~ - o. 7 I J_;._, 

1135 

• t D /- 1 r 135 ; ·1·' ,.•-o ic• 2 J6 x 1011 
aJL. ~,_., Ji. _, __ J \..'- .... ·~ ,:> • .. - ..(_., ___ .J. 

T'c a7er&.se r-.e2c1 c;;2rgy of 1135 ~ :3 <'~0ut 0.3 LGY or l.36 
t::2t of rl31. 

Thus, the energy eqtl-valent to rl31 l-:ould be 

(2.36 x 1011)(1.36) = 3.2 x 1011 atoms of r131 
energy 

equivalent. 

'Jn:.s, r.:i'vio of doses ~ "':: h.2 

j I l 
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Te132 
52 

_ . .7-IJrr .• :";7 1132 
5) 

2.4 ·E·a. .., Xel32 (stable) 
'54 

Assur.:c: inhalation anc/or in:~c;:;t' 'J,1 of 5 :x lcl3 fi'.3sions. 

At D f. 1, Tel32 i ~t~«'rn lCO )1c 

l r: 1-•2. or _ ~ 7 x _u - ~~~ .s 

':"l1:::' n, 7.3 x 1011 2G:y._s of '.Lel32 
into 7.3 x icll ato;:-.s of 1132. 

132 Ti1e av('ragc cean ene:rt;:7 of I 
tL'cS that of I 1-31. 

".rill 1-.~_vc 

is 

disintczra kd 

:ro~.-cvcr, cue to t.Lo ,,·,ort half-Jifc 1)f ::;:132 (2.4 hrs), 
~.s:::rn~c t'1at only l'.10 ce.t~rgy cci1 :iv~c:le21t of 1 x iol2 
"'"·-----~ 01~ rl31 rC:·-ch~s _,_,_e ·L'---~)1·0' <_,,l,\.L.:.-) :.u .5t...: l.•l :1;;'.J..t _ -• 

'-

1131 . ~.,.,. 
foe ratio of coses IUZ(~· J'2.) - 1 1. r;'~I - •4• ie--.,/ 

·-'-' 

. . ~ \.} 

r:;::~~-u::-:iiIC:i co-;.1 L.\ - Dr. i:·.:C1t:r 
2l>- - :r. I:ur1rt.lng 
3A - ?:~o?\/dC:> ::ran<:~ 

1i,5,6A -- ~:.t-1! Fil~:! 

f 
I,/,/ 
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