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somewhat larpr d!le to the short- lived iodine isotopes (l) and the 1131 

f N:lm Pacific and Russia :i tests . 

r131 
is a fission product formed in nuc~ear explosions. It and 

other products are 2arried in the air dc\11"."l'N 1:1.:! fr•Jm the point of detana-

tion. When this fallJut settles on past"ure:;, the exposed forage becomes 

contaminated. 1
131 

appears in the mi:.k. ·Jf cattle ingesting r131 in their 

feed. If 111Bn drinks this radioactive milk, r131 
concentrates L'1 and 

irNdiates his thyroid gland. 'n\ese ~rocesses suggest 5 ways for estima-

131 tins thyroid exposure from I . n.ey are listed in decreasing order of 

validity in Table 1 and will be discussed separately. 

Table l 
WAYS Cf ESTIMATING Df{ROID E~URE 

A. Ii;i in thyrc!d gland 
B. I in milk 
C. Gulla activity in pastures 
o. Beta activity in air 
E. Fission yield and fallout trajectory 

A. f3 l IN ?HYRQID GM\ll> 

!ha .,.t direct wy to naluate t131 doae to the thyroid i.9 to 

.-aure its IUl a.stet by ,..ay countina. We lllH•ured r"1 in 2'4 people 

durinl the Utah 11'-, f qg :lllt rt al. 1962, but unfortunately failed to include 
,_ 1>: 

• eh 

appear. A dravbaek to tllpoid counttna ia that •peeia11Md equ,fl at ia 

"41'11.red and only a lmited nmaber of people cen be .-luatecl. 

1. t13 l IN Mll.J 

h"eah milk a by far the •jor source of fallavt IUl for our 
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Arn. ·r::-A ~C•t.c~: -:--....:..:·, ,•:- ~.· 1.'TAH ---- ------.. 
A.:.l sa~l~·:Wtt.."'i! ::.;. e:l ~·: ~d~: 1~i-<> ,_:_:·, ~. 
:1[~:1~th e.xc-Pt f.:i~· ~~.: ·:est3 r..~5/ :.c"::: ,. 

:::v Ltah ~·t:ate Oepar~nt: of 

~ -.-:.: H.a rry (St. Ge· ~ ;~; 
= 

· . .x ~-:- lt _:: .\:mie (St. G"-'!orae) 

A IR 
' 

A rR 
3 AIR T..,.. , ..,. _-.; :J~ B'.'R-3 ~ p,~. ·~ HCURS .\ .. ....,,,..... .. : ;:; . ~ , T. 

WT0.
3
AV. 

'(~!::~ """I ~, ,L ?.AY ,\: ~\ ....... - ''I AT 2-. HF.S ,S.',.~f?Ll:D . ..._. . .'t\ • 

pc/m 

·.~· '<._¥\ NAt1[ 

"?:.: 1:::; ION OF TtS r 

:·.t, ,. S2 EASY* L: J 2 :·· I Qt)O :t ') 

- , \II,,', Y 52 FCD<* 11 -, r ~ ...... ~ * 
• , .J~U l 

- - - - - - - - - - - - - - - - - - - - - - - - - -
.. , . i. ~ • - , CJC 8673 0.59 .:. . .:. 'j \!/; r\ S 3 ANN It: " .. 
s.u 4':1,000 7693 S.08 
}. 6 7 5,0CO 1630 l+.00 

13 75 4-,000 2048 ~.17 
19.97 l.,OCO 802 10.16 ~117 

32 3. 76 4,170,000 ~SC,360 S.33 \ 
~: . 

8. O't 2,380,000 6~ ,600 3.2S . ·1: .:_] .'4.1\Y 53 HAR.RY~• 

11.67 630,000 264,600 16.00 
15.80 4,4,000 26,620 a.. 25 
21.75 ll+,000 12 ,~32 7.17 239,56~ 

28 MAY 57 BOLTZMl~ 12 129. S8 266 2,014 

2 Jml 5 7 FRANkLIN 0.1~ 316. 01 '44S 676 

18 ;UN 57 WILSON 10 55,37 675 llld 

) JUL S7 K()(]) 11' 28.08 498 603 

~1 JUL 57 s2.se 7 I 090 10,281 2. so 
J!.17 3 J ()(){) 14,"10 2.50 

,r:.·)S. SI 2 I lJlf.O 3 ,901t 2. so 
tMJ. 75 1,687 3,566 ~.01 

..az.so 258 660 11.112 3,006 

.,-36.00 6'+4 l,OSO 7.tl 
55.59 73 200 16.0t 

18 AUG S7 S~SL\ 17 35.00 908 l,"26 lf.R 
3S.7S 3, 164 S,09- 2.19 
39.83 2,260 4,lSI It.OD 
52 .42 l,2~S '3,175 12.ll 3,212 

YAir c0ncer.tr-at~or.s fr00t Ref. 6. Time from .buNt to asaay not pven. 
**Air concentrations and tiMes are to mid-samplini period; data from Ref 8. 
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NEVADA NAl1E KtLO'l'ON HJtS 8L~S'!' P" 'Tl " ':'1 ~.:JURS AIR 
E.<?LCSION Cl' TESi' YIELD TC ASSAY . ~ ,\ .;; ,,; y .\ ~ 2 .... HRS ;A~PLED ~·3;.· ... . ' . 

pc/m 

23 AUC 57 OOPPfZJt ll ::,4. 67 SS~ l,l+SS 

30 AUG 57 FR. ~IME 4.7 75.JS .!..54 64S 

31 AUG 57 SHOJ<IY 44 74.·83 2., 
'J .L ~ • ,-~:C.: 3 

~ SEP 57 ~LlLE 1 1-2 75.00 9.23 3 , ti!.+ 7 

r) SEP S7 WHEEU:R 0.2 2 7. 1)d l l :+ l3 2 

.!..6 SEP 57 ~'E\o."!'OH . u 2 5 .')2 7SDO 8,52'.) 

23 SEP 57 WH I f'.'tEY 1 ~ 
L.J 81.00 L3 ~ 500 

23 SEP 57 CHARLESTON 12 98.33 212 1,15~ 

7 OCT 57 MORGA~ s 57.58 878 2,51.i. 6.33 
78 .2 s 2 lS ass 17.67 l,316 

- - - - - - - - - - - - - - - - - ------ - - - - - - -------~----
22 OCT 58 SOC:CJUtO 6 73.50 501 1.914 

30 OCT 58 BU\HCA 19 100.00 533 2,958 

- - - - - - - - -------------- ------------- - - - -
6 JUL 62 SE.I».N ioo• ~.oo 900 2J115* 

7 JUL 62 L.FELLEa 11•20 ~l.00 101 2SO 

11 JUL 62 JCIGI It 1(1.t < 20 S2.0t 16 1'1 

l~ JUL 62 S*LL IOf ,zo so.2s "so 1089 

17 JUL 62 50 .162 11 27 

( " ·.>It··· 

.. 

~h of the f•llout activity fram S9d.an ,... due to neutron acti.,.ted 
wl87 (10} which is not • fi••ion product. Less than 30 kilo~ona of 
the Sedan yield was f rOIA fission (5) . 



l ;;enc ies, but thu5 f .Jr 

r)ITle of these reaul t:5. 

... 
- I -

(t.iJne}-l.Z variation in activity. Unfortunately, r~fe~nce (6) does not 

.;ive the time fran burst tc 1ssa1 f·•r ?:hf' f'_,.,.1•; ~7 May S2) and fox (25 May 

j.:) shots. Result5 are listed in rable 2. Ti.-nes of explosion and kiloton 

yields are from the Effects of Nucle~r Weapons :962(9). 

In a001e ,_,.:ises a number of air •~lea were taken aerally durifts a 2~ 

hour period. ln auch :in$tancea each adjusted air concen'tretion - aalti-

plied by the fraction of a day it wa ~led. 'nlen thee• r.suln WN ~ 

added to o~•in the weiihted aveNp concentMtion for the entin 2'l hour 

period. 

If OIMI aasumea a proportionality between beta activity in the air and 

r131 ruchin& man throultt the food chain it ia poa• ible to crudely estimate 

thyroid expoa\lres for thoH yuN for 1'li.ch air data are avtailable. -..Ult• 

a re shown in Table 3. · 

c 
YEM 

.. ESTIMlTED AV • 
cw mAlfr 'lllYIOID • DCM 'r'° 
1H2 21,000" S.9 
1953• ? ? 
l9H 1 7 
1957 l0,"50 ••• 1951 1t,1n 1.11 
1962 3,522 l.O ... 

*St• George 2..0 I 000 61 

**Time after burst, not iivm (6), he• been aaa\Jftled by lie (p«rhapa J.ncorHCt­
ly) to be l day. 

·~lcul.A~ed fl"Jm tneasured r131 
i.11 ~ilk. 



uncert:.:. i.:.t ies, t~E -;rea t~...,t J[ wr. ~· .. , :..:. -n )~abty how well (or poorly) a 

singl·::? .Jir rnoaitor ::;t.J.tion can -;a.-p'..;: : :·::.~.:..m.:t trajectory. Contamination 

than indicated ~Y '.''ese cst~~:cs. it.:.:::. ~1J<Iiown hO\ol ·.::losely the dairy 

prilctice ~~ St. George, Utah corresponds to th•t !or the state•• a whole. 

In 1962 every case of h~gh 1~ 31 in ~ilk cou:d be traced to grazing on con­

tamU.. ted ~as t:..re -:.ir uf, i .. ng c cnta:nina ::eJ feed. Very little 1131 appea~ in 

th~ r:i:.~ 1.f ::-..ittl.e e:,l.'.lusively eating feed. which had been &tol'ff prior to 

h ... . . (:2 , 3) t. e c·Jn_am.l.Nltmg event . 

Most oi the air beta in 1962 was fran the Sedan shot(2, 3 ,,.~S), but 

much of the Sedan activity -s due to neutron-activated w187 (lO). Clli(I' 

measurements of milk collected bet...een the Sedan and Small Boy •hots indi-

131 cated that about 75% of the I fran the July 1962 tests 1lllla from Small 

Iloy a lone (3). Nc.rmalizina to the 1089 pc/11l3 and 0. 7S rad fl"Qla S..ll Boy 

would i.ncri!&Se the eatimllted doses for previoua ye.rs in Table 3 by a 

factor of 2. ~. On the other hand, if the &veNp intake for tm total 

state i• ~••u.ad to equal the USPHS •lu• for the Silt Lake City llilk ,..i, 

all 

£. 

waa uaed 

.... ••ila.ble (to •) ,_ ... -~ IUlk 

- J1t ltSl, 1953 and 19SS. 'llaaetON, wtllllr •tlkad 
,., i'' . . ,,, ·~ 

tllll upeeure for the•• ~· t131 
.,....... -

•••\med proportional to the yields of nucl•r ct.rte. detomnt Mt••• 1 

April and 31 October of .. ch y•r. V•ptation .. t•n by •ilk C99 doea not 

gr0tit in the win~er and thu• u unlikely to be contul.inated with r1:11 fraa 
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winter shots. The same holds for a number of othe~ fission products ~nd -suaae•t• an ~cellent way to conduct nuclear tests with a ~inin.Ml of ex-

pot1ure to the population. 

In additi<;n to all of the limitations des:::ri~d in the last 2 pa~-

i?'Pha of the precedini •~tion on air beta concentration, one 111.A•t add 

uncertainties in the direction of fallout and its rete of descent. 

Meteoroloiical trajector-iee (for C'Ollstant altitude) are available for the 

teat• in 19S3 (8), l9S7 (J) and 1962 (S), but what we really need are the 

upper-air fallout (U. F.) trwjectori•• which pNCiict the depo•itjgrl of 

fallout aioni the i!"ound. 

'niyroid doae estilmte• frcm faaion yields aN 1iwn in !Ila.le &a. 

Yt:AR 
~ IESTS 
i9s1 
1952 
l9S3 
1955 
1957 
1958 
1962 

Table " 

nm.om OQS£ tsTit!IES rM FISSION YMP 
KILOTQtf Y LD . AV. ISAJft' 

(l AS - 31 OCtl DI· Q(!I (W)l 
11 o.~ 
·~ l.6 

252 5.3 
14 2.0 

3ttat •••• 
S1 l.-
? 1.0 

illd'lfenclmtly if tlw yiel.M 

• The 9.6 ....... f• lft7 .. 8ftillllhd , ... the~ 1-• ....... 
for 1962 and the air Mta c:-.:mtN~f.GM 1 .. 1112 I 1•7 (eillt Ml• 1). 

• Dunnins •Ute• tlwt Uclu~ lCJCll kilotana of fiutm •• N 1PI .. prior to 
l9S9 at the Nevada tKt ain{7). 'nle total CfJ-•ion + fusMm) yield for 
Newada teat• prior to 1159 _. 1036 kilo~am C" • l!ma virt'ually all wa 
fiuion. 
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-Car.tbinil1g the resu'!.ts from air teta :.:-.:.r.centrations (Table 3) and 

~.:.uton yields (Ta!::..' t..) the folL:-•.¥.;.n:; >-~c esti..-ia':es are ;_:>!"€senred in 

7able S. !lop·~l.at_jns estir.-.at<>d .:::-rcr. ;_~-~~ '"L96•J .:. S. Ce!1S'...:S a:id Ref(7J. 
Tab :0 S 

:3~RY 1)f DCSE ES71:."IA!ES 

YEAR l_;TAH INFANTS EST. AV . TIL DCSE (RAD) 
·'Jf :'EST ~~ER 

.., 
YR ~- rn BETA YIELD ~N '-

'·IS l :...,~. 000 0.4 0.4 
: F2 ·:..,'JOO S.3 1. 6 3.8 
:.. ~ s 3"" 43,CCO ? 6.3 6.3 
l .~. - -. -·) ~ ';S.C:OtJ ..., 2.0 2.0 
~ ') s 7 47 '~·~·0 ,3. 6 8.6 8.6 
' 'l ~ ... 
• ·. ') .J '•E . . 1 tL: l. 4 l. 4 l.4 
L tj o2 ~3,J()(} l. 0 ? 1.0 

·:~t. George mo 68 &t 

Agrt>eme:-1t bet'Ween the 195 7 dose estimates is a consequence of tW way 

. :he data w.;s normalized and sii!'lif ies nothing. 'n1e agreement between the 

.9S8 estimates may reflect the fact that the air be~a measurements in 1957 

and L958 were made at the same place (Salt L&ke City) by the •ame apncy 

(Utah State Depa.:'tment of K•lth). However, th-e 1958 ap-eement •y be 

f Jrtuitous. A larger difference is seen in the 1952 estimates when the air 
' 

samples were taken •t Qaden and Price by a different agmncy and the timM 

from e 

incident individual doaea .......,. 

least l&J tiJnes the state avenae (2 ,l) and 
""fff, : 't? J -~ / 

··la._.: fl'Gbably occurred in previous years. 

Despite die lim.ited accurecy of these eatialatea, S cancluaiona are 

SUgg@Sted: 

(a) nie exposure in 1962 was small ccnpered to that durin& several pre-

ceding years. 



(b) nle worst ye.a rs 5 c e~ to be ~ J :iJ J.;-: :! L-J s 7 . 

(d) The St. Ge75rge l'?xposures ~ .. :er.:: siz.Jt:l.~. 

(e) These ~cse ~s~~~atcs need to be improved. In particu!.ar, field gamna 

data should be releas~.J; air beta conce:itrations shculd be ~-::c dva:.1-able 

::)r 1951, 1~52, !.JS3 and l<JSS; ar.d .ii nr_;t contrary to the ir:.tc:rests 0f 

~ational secu:-it;/, ~.::..ci:,-n yh:lds for the July 19G2 tests are r:eeded. 

?erhaps a fut"--. re ·· ~ ... i.C:0nt'' hi!.l proviJ.~ t~e needed calibration check! 

I realize that c;.:iy attempt to predict an increase in cancer due to low 

doses of radiation is subject to great inaccuracy and criticism. ntis ia 

especially tt"ue when the dose estimate& are so very approximate. !h~ 

fore, it ahe~ld be understood that the following estimates were made pri-

marily to indicate whether or not an effort to search for increased 

thyroid cancers would be justified. 

Archer and !:>~son (ll) haw tabulated lO thyroid cancers in 2253 

children x-irradiated as infant• for "an enlarpd thyn.tB" with an averap 

dose of 225 rads, arid an aversp follow-up time af 14. S years. At pr.sent 

we have . t.ian • how mny additional tbrr<>id cancers will develop 

at Dury have calculated that 0.05 

"aponta expected ncmmlly in thi.a 

:r··(. 

NIJOl·lii'I·· ;'tii'·r:-per iod. AH..-1.Ra a l.inear relation between 

doee and inci~e•, there should be l caae per S0,000 ad-children. 

• To my sati.afact ion th.is relation ha• neither Men proved or disproved 
adaquately for thyroid cancer. 
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The !'"'- .l.·. s-e , .... ;en~e~_.::: -· ... ·-·· r ' ' 

- ~ QL' -··-u .~ -·'-~ -"- -'-' 
. ~. . - 1131 . 
~rr~, i-a~.i.cn tram ~~ or.i./ 

-!"ats, but .:.t is :.mk-:~· ... 11 whethe:· -::-.is rt::'...:i':::.r.n a.!..::oo :.::_Jplies tc the human 

infar:t. '::''~·:: '."t'E:~Lred :"lunbers ,:.E ::"".yr·~i:.:. r~J.;-:cers i..'1 tt.Jh children are 

tabula. ted ir. ...., ' . -
.i..·3.~ ... ~ Q =-~r both,) r€la':~\.'C: biolcgical effective::"less r.n.s.; 

sf l anc.! a R. I:.£. of ·~. 1. 1'!--.ese va lt.;es are cor.:pared with the number r:if 

"'spontaneous·· cases ex?ected by a ;;e lS years. Children are arra!1ged by 

age recogni.:ing that some .:hildren were irradiated at age 0-l and again at 

age 1-2. Irradiation received at age 2 and older has bei!n assumed arbit-

rarily (although ?erhaps incorrectly) to be wit~out effect. 

AGE 
IN 1963 
13 
12 
11* 
LO* 
9 
8 
7 
6 
5 
4. 
3 
2 
l 
0 

'tSt. 

Table 6 

PREDICTED THYROID CANCERS 

NUMBER OF EST. AV. TH. 
CHILDREN I)(l;E (RADS) 

20,000 0.4 
20,000 "'·2 
21,000 10.l 
21,000 6.3 
22,000 2.0 
22,000 2.0 
23,000 8.6 
24,000 10.0 
24,000 l.~ 
25,000 0 
25,000 0 
26,000 1.0 

~,;.:;.~ 1.0 
''Y" 0 
·~· .. , .. 

... " 

IN UTAH CHILDREN 

PR£D. 
REE • l 

0 .16 
l.68 
4.24 
2.64 
0.88 
0.88 
3.96 
4.80 
0.67 

0 
0 

o.~ 
O.S2 

0 

0.95 

21.§0 

ni. CANCERS 
RBE • Q.l 
0.02 
0.17 
0.42 
0.26 
0.09 
0.09 
0.40 
o.~ 
0.07 

0 
0 

o.os 
o.os 

0 

Q.lO 

2.20 

"SPON." 
0.44 
o.~4 

0.47 
0.47 
0. 49 
0.49 
0.51 
0.53 
0.53 
o.ss 
o. 55 
0.58 
0.60 
0.60 

0.02 

5.S7 

I~ lil.nber of f allou't- induced thyroid cancers a ~ 
(for an R.D.E. of l) or 2 (for an R.B.E. of o.lJ. n..e would be in add-

ition to the 6 "spontaneoua" case• apected to dewlap in thia ~ ail.lion 

children during their first lS years. 'tile larp 

children provides a rare opportunity to test· the hypothesis that small 



- ; -

.:csPs t:o the inf.Alt ':h:_, ~· - _.:_ • - ' •:._ : - . 

-On ':he •)~her hand, i£ ar: ~== .:f C. l ~::, :~ ~::.,~· ... -; the truth, then it 

tane0us". One :::annct r-ie!..~1 but · ... ender wh.3t ::-ract.:cn ::f the S•:-ca~led ''spon-

taneous" ~ancers are in fact due t,) medical x-rays given bef )~ or after 

tirth. 

If a suf f i.: i ent iy high thre:=.hold ex istc; for the induction of thyroid 

cancer by ~rrad.i.ati0n, r~en there 1TIOY be no cases caused by fallou1:. 

The fact that many children were born when there was no teatJ.na with­

in 2 years af birth provides an internal control by which the nonial . 
··:{. 

incidence of thyroid cancer in Utah can be established. Aleo, tile ...... •· 
. :··I 

diatri.butior:" of fallout suggests that slightly contaminated area• could 

serve as controls for those heavily contaminated. Finally, the fact that 

with other factors be.ing equal, I:3 l dose is proportional to lllilk conaump­

t ion su~est:s that ..i..n theoey the low ailk drinkers could Mrve aa controls 

~-or the high milk drinkers. ~er, f'l'OM the pJ'Bct ical •tandpoint, the 

work and uncertainty. in utiaatin& indivichNll 111ilk ccnn.J119tiona in retro-

spect 

which 
1

'u.. ta the precU.ct.ion t!w.t the m1elle of ca.au 
( 

at St. Nd to that for the •tat• •• a 1fhole. It ia 
. ). 

indeed fortuNl~ '"'tt~t:~Y a f.., 'llllndred chilcfnn rectived ~ apo1Nna. 

Crude as these doae •timtes are, they indicate tm _.,.iM!aility oE 

studies f o'i" possible delayed radiation effect• in Utah. To be hu.id\tl 

such studies should have long-term support and look for other effects in 

addition to thyroid cancer. 

_A 
~ . '~ 
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