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I. INTRuDUCruRY R'U~.HKJ .\ND .;UMlLARY (J/ .' : •. JllMvNY 

To the general public, the most impo~tant question about 

tal lout from nuclear tests 1 s: "'"'bat is the risk of medicsl 

harm to the popuiation as a result of tellout; it there 1o a 

risk, what can be done to reduce it'?" . ...;1nce ita inception, 
I 

the United jtates pr~gram of nuclear tests has included a 

coneidersble effort. to drlte~n:ine the deposition or fallout 

outside the actual test area, to eatimnte the possible medical 

baaard of such r1a:lout to ~e1Rons exposed to it, and to 11farn 

ot needed counterme•sures wt.en the occasion arisea. Contributing 

to this effort !'las been tt,i- 11fork or the· A.EC, the agency 

directly responsible ror nucleer test oper~tions, the U. s. 
!ublic Health .:>erv1ce, and the hearings conducted b7·the 

Congreaaional Joint Committee on Atomic Energy, 

Tvo separate aapect6 of the probl~m need to be considered: 

(a) ·rhe medical risks to the total population resulting troa 

the widespread disseminati~n of radioactivity from tests which 

occur &DJ'Vhere i~1 t.he 11forld. (b) 'nle medical risks to local 

population•, resulting froa relatively abort-range fallout 

which apreada rapidly from the test site iL Nevada to surrou.nd-

1.ng colUllULit:i~n, a"ld sometimes - depending on 11fe&tber condi­

tion• - to diH~aD~ areas in the oontin1tntal United States. 'lbe 

tirat ot these p_·0:,'tt11u1 hs.s been given extensive cone14erat1on 

recentl79 the St. '..ou~• Citi&•D•' ~omaittee tor 1'uclear llltoz-­

aation (C11I) ha• prerioual7 nbaittec! extena1Ye teati~ rel­

evant to it. 

' I \ 
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' In th• present testimony we are concerned with the second 

part or· the problem: IJbat medical risk IDaJ be raced b1 local 

populations aa a reault or L~ort-rar.ge tnllout from the NeTada 

Teat Site? The Technical ry1Tia1on or ClfI has made a detailed 

analysis or th!.s ?ro'ul.,roi w!lich .a.sy be summarized as tollowa: 

l) 'l'he A.EC h~1 majn~ained a ays~em tor monitoring fall­

out radioactivity in ret.;lo:iA aurround1ng the lfevada Teat Site, 

in order to -.ns~.dc the P'~R'li '>l~ haza.:·ci.3 to local population• 

and to W&l"ll o! ::eede-1 prec '\'..&t 1 onar1 l'leaaures. Ma.11' or the 

ra41oact1v1 ty r111&.d inr;a obt~t!le·~ duri:ig nucl'Jar testa, ccmclu-

aiona regarding P''sstb:e m•!,aco.l bazar·la, and recommended ccnm­

term.a8\ll'ea h4Te been presented by the A.EC Jn reports and 1A 

testimo:iy be!~re this Somm1ttee. The gener~l concluaion put 

torvard in these A.SC rep~r~~ h~B been that the teat prograa 

baa been carried out vitbout any discernible threat to th• 

\ 

aalety of local ropul~tion&. In some inatancee local group• were 

adv1aed to atiQ" 1n1oors tor a llh&rt period, or to eYacuat•t 

brietl7, a particular location in which exceaa1•• expo.ure vaa 

expect•d. 

2) In eoot.raa~ our ~"l7a1a or the •am• monitoring 4ata 

published by th" .:..:rx .~L°'",. ~hat ns a reaul t ot nuclear teata 

at th• !~v~dd Tast Sit~ in ~he perio...l 1351-62, a number of 

local popul!tions es~•~ially iJ Nevr.da, Utah and Idaho, an4 

prob&bl7 other comiuni~~es 1ca~ter&d throughout the contiA­

eotal United Sta~•• h've b~~n axpoaed to fallout ao i.nteilae 

•• to repreeent a ••dically unacceptable hasarct to obildrea 

vho ~ drink tr•ab loc•ll7-pro4uced •ilk. 
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3) The reaaon tor the serious d1acrepanc7 between A.EC 

ooncluaion• and our own conclusions regarding the aal•t7 ot the 

levada teat program ia the following: 

Bearl7 all m011itor1.Ag data reported by the AEC repreaent 

radioactivity measurements ot either the gamm.&-r&7 1ntenait7 

emanating troa the ground, the total beta-radioactivit7 depo-

ai ted cm a gwmaed ti lm placed on or near the ground, or of total 

beta activit7 in th~ air. There are established aatet)' atan­

clarda regarding expo9Ure to the bod.1' trom a given level of 

radioactivity which has ita source outside the b~. 1'h••• 
standards tor CJttrntl exposure have been uaed, b~ tbe ~. 

to evaluate environmental rad1oact1v1t7 meaaureaent• cl\lring 

nuclear test•. In most cases, the measurement• in the regiOA• 

neighboring the test site did not exceed 1h1J aatet1 limit. 

Tb• ilx: therefore concluded that there waa no baza..rd to the 

nearb7 populatinn•. In the tev instances vbere tbe g&11&a and 

beta meaaurements indicated tbat this satet7 level tor exter­

nal expoaure would be exceeded, protective aeaaurea (re .. ining 

iDdoora, or evacuation) vere recommended. 

!be torecoing ~ interpretation ot ga.ma an4 beta radia­

tion ••••uremente 1s 1 hovev~r, valid onl1 1r tbt 'allout ¥hie~ 

gives rise to th1! ra412activit1 does not epter 1pto the toOO 

cbtip. It fallout radioisotopes do enter the food cbaiA and 

tiJM! their vay into the bod1, certain iaotopea become b1ghl7 

ccmcentrated iD a particular part ot the bod7 and expoae 1t 

to ••r7 intenae radiation. 8atet7 at&D4arda tor 11t1rpal 

e~o8Ul'• are then no longer applicable. Iodine l'l 1• a par-

\ 
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t1cul1tr problem t.n this regard for it becomPo c1uickly concen-

trat ed in the thyroi· l Eotl Hnd ·.,rt.en ta.ken in with the food. 

-
Thuo if a ea11UDa rad1ntion monitor to a pa.oture outs1.d• the 

Nevada Test 3ite uhows a ~eadinR of .087 r/hr at 12 hours 

followine ~~c time of a nu~lcar tc~·~, WPaoured st three feet 

above ground level, t 11lt:: in.licaten th<' afpe11·ently maximuc sale 

level, sin<' e tt".c per :n.i ssi t' l P t;tandard for Cl')n t. inuous exposure 

from a so1JrC•! e/t,l":'!".a 1 tr, t;1.,.. rody t...; ~-9 r/year (effect.ive 

biological ·i ~.-:>"'), 1.1}.i 1 ii in ~ 1\H Vd 1 ent to a cto:..~e rate of •087 r/h.r 

at l.? hours f<'.'l !.owing s t~at,. 8o"'e·.rer, 1! a milk cow reeds on 

this pasture <U1d ]t~ ::iii\ i: !'~·e.·t'.i.~· ~0ntrnmed ~.Ya small child• 

this concJ.".JR1or. l e~ome;> 1 r.v:ll.ct. Un·1er "hese circumstances it 

can be ahown th!lt this s11me gamma reading (i.e •• 08? r/hr) 

probabl7 !'P.tlects a ~nn<'er.tration ()f i')(\ine l~l in the grass. 

which after passing into the ~ow's milk and being consu.med 

by the child may d"l1 ver to tl!e child's thyroid gland a r-41-

ation dos~ of 175 to 1200 rad~. This dosage exceeds even the 

a11tet1 standAr~n ~or r :1ri1Ht i oc~ ·1ori(er~ ( ~ rads to the thyroid 

per 1ear) by a fr~tor of S to 40 ano is so high as to repre-

sent a oeri.r,tts po~ ~nv.1 1. ''fit.St: uf t.~.yroid cancer. 

Teat ~ite rE>3io"1 l1eco~c ir.vol1d if it can be show that the 

readings or whi -~h t:i •-y arc based w~re taken in the re~,ions 

in which r:i lK r "l•;ro ~r-17..~ •Jki r :·r .. 1ui..:e milk that is treohly 

consumed b;,- chi ldxeu lvcal~y. our study of a nun.ber ot region• 

around the Nevada Test Site showa that in lllnnJ' caees f11llout sutt1-

c1entl)' intense to contair. such excessive amounts of iodine l'l 
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hac probat·ly oc-.:urred in arear. "'hich produce mi lK tll&t is 

trcohly concumetl by sigllifi(.;"illt numbers or children. Thero­

!ore the publ1shed values of p;a.:r..ma and beta radiatlon indicate, 

in many in::;tu.nccc. no•, tr.at -.h,.. ;·e~Lrn iR totally safe for its 

inhabitants) but that lo\'.'Al ct.i ldrl'!n have been subjected to 

grossly excPso~vc radJatio~ 1ores to their thyroid glands. 

\Jashington cotL'1ty, lftah with a live birth rate of more 

than two hw1dred ~an c.P.rve a~ an example of the problem con­

fronting commun1t1es around the Nevada Test ~ite. At least 

a~en times oincl!! 1952, Washi.:igt.0n cour.ty children received t~­

roid doaes in the ) to 100 rad range or higher. Milk tor 

these children seems to come almost entirely from local 

dairying. ~ven ln the largest town, 0t. George (pop. 5,000), 

one dairy ~ollec.: ;:;.s m11 k only in 'waehi ngton county &Ld another 

!rom cows in thr~e surrounding counties. Hence, farm children 

drinking milk frc·Cl the fairily cow were not alone amon~ children 

exposed in ~.he cc-u..'lty. On :-~ay 19, 19)3 1 in the whole of 

\lashington county, gamma readings from shot "llarey" show that 

the minimum <!ose a child probably received would be 50 rads. 

St. Gecrge recei ·1e<1 10<' ~o : 00 .cad poasi ble thyroid dose and 

Hurricane showed J5C to ,v rad values. Later, on Augu~t ,1, 

195?, shot ''Smoky" of chc P! umbvb beries deli vere<l an esti­

mated 10 t" 6/ raj thyrcid c;1S•· over an 8000 aquare mile area 

outside the Nevada Teat :.;:it•·, _ncluding \Jashington count7. 

The local fallout. pattern from that shot spread s1gni!ic8Jlt 

doc;es a.a tar at> ""00 miles :iorth to Rock 5pr1n~a, \Jyoming. 

\ 
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' It might te a~ded that the Atom~c f.nergj' Com.miaaion 1asuea 

licenses for.the handling or iodine l~l concentrations higher 

than .02 ~icrocuries pee liter. Our estimate~ show that dozens 

or times the milk in theae areas coulj contain more than .05 

microcuries per liter. 3trictly speakin6, the rarmera and 

dairies should have had an A.F:C license to handle the milk at 

all. 

4) The biological effitct.n or radiation exposure or the 

tb7roid, at U1t.> levelb e;cpe,~te1 in the region of the Nevada 

Test Site, are readily de·111..;ea froz: t.he available 11 terature. 

sufficiently larg~ dos~~c c1u1 cause u.yroid cancer. It is also 

agreed, as stated in the Federal hadiation Cowicil Report No. 2 

(September 1961), that ''th4' child's thyroid is ~ore sensitive 

to the carc1nog~nic effe~ts 0f radiation than the adult tty­

roid. This conclusion is based vpon severul studieo in re-

cent years of the 'j(.!ci;r,.·1.mce flf thyroid carcinocia in children 

who hlld previously receiv~d tberapeutic ~-irradiation.in the 

neck region for enlarged ~hymus or for other benign head and 

neck condi tiona. ~f1'e inciddn~e of thyroid carcinoma in these 

children was ai3:11fic:~rtl; :lif.7 .. er than 1ll control groups who 

had not been •~re\•iously 1r .'adiatet1.. In the!Je studies cancer 

of the thy1 o; ,~ wac. ol>r.t•rveu in children a.!tor exposures as low 

aa approximat 1ly 1 1
•·) rt:n. '' 

Thus, the pocs; l,~e t: y.··-,iu radiation exposurea of children 

near the !it:vadli l'e'3t Sit~ if' clearly in tho range considered 
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carcinogenic by the Federal k·HJiation Council. Cm the asaumP­

tion that the induction of cancer is prorortional to radiation 

exposure, an estlmnte 0f risk c·rn Le r.wtie. Beach and Dolphin, 

of the United Kingdom ~tomic Energy Authority, conaidering cev­

eral sources of data, ~olculated that, on the average, 35 case• 

ot thyroid cancer may be expected per million persons exposed \ 

to one rad of thyr0~d radi~tion. In termG relevT:lilt to the 

pr•sent testimony, : 1~ 28~ children exposed to 100 rad tb1Toid 

radiation may d~velop thyroid cancer. By ~ atandard, this 

is an unacceptatl~ risk 

Estimates of r~di~tion damuce are difficult, not only 

b~cause of -the uncertaintie.:; of sor.ie of the assumptions, but 

al so because damage docG not become evi<lent for c.1.1.ny years 

after the exposure hA.S taken pl1ce. The average latent period 

between radiation and cancer of the thyroid approximates 10 

yearo; in aome inotances, the latent period may extend to 

20 years. If th<? thyroid radintion expoaures near the Nevada 

Test 31te are as ~igb as suggested in this testimony, caretul 

medical follow-up ..,t· oxposed populations might yield eY1deoce 

of damage by thiA ';~me 

5) A survey o~· ~hf' a·"atlable g11mma and beta radiation 

measurements of ~a~lout resulting from }l or the total o! 99 

tests conduct eli "., N,.,vac '" j r. the pc1·i od l q52-58 shows that 

conditions "'bi ch \ J&1~. t-h~ circ:11cir,tances stated above) lead 

to hazardous thy:"o ... ,1 exJ.iost.1·es in ch1 ldren have occurred not 

onl,. in areas neighhoring the Nevada Test Site, but also in 
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loe al resions scattered acroas the cootine·nt aa tar aa 'lro7, 

New York. Thie comes ~bout ns a renult of weather conditions 

at t~,e time of 'l p:irticul11r e~T loci on, which t1ay 1uickly car~ 

fallout <1t, hit>h 'lltit11<lc:; f1r =iany cr.ileB, 11nd then precipitate 

it to the ground where an 1ntenoe thunderstorm occurs. Local 

fallout depositl">H "rhich , ou~d r.avP. resulterl in thyroid ex­

posures to childrt-n i.n the range of 5 to 40 rads have, tor 

example, occurred in ~';-oy, New York on April 26, 1953 and in 

Roswell, New Mt:xit.o on April 25, iq53. Galt Lue City values 

were~ to lb rads for f11.l1011t on l"iay 7, 1952, and 2 to 12 rads 

tor Callout on March 24, 1G~3· 

6) This ha~n.rd hAs ari~en not only rrom nuclear teats in 

the atmosphere a.nd At the earth's surface, but also as a r.. 

sult o! certain ~ergroun~ nuclear teats. Venting (produo-

tion or radioactive clouds capable or producing fallout) has 

been reported for ~t l~ast seven u,nderground nuclear teats: 

Shot ECG of Operdt1on Teapot, September 15, 1961; Project 

Gnome shot, Decemtor 10, 19(.l; the Des Moines shot, June 13, 

1962; Project Scdn'l. July f,, 1962; and shots on March 5, 1962, 

April l'•, 1 CX>?, ~.:i1! I1&~1 19 t 1'1f·2. ;\1 though data for these 

shots are re la ti vc:·.~ l.:..ZLi t P.<l, we calculate that, tor example, 

tallout from the!" u,1dei•5r-ound Gnome 3hot del t vered su!ticient 

fallout to th' vic·:nit." 0f t'llrlobad, New t":exico to c&uae th7-

roid levels of f .,.o t. 'l to 55 -,.d ~ in children, under the cir­

cumstances outL.:H .. i above. 

\ 
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7) Ir the gamma and beta radi~tion measurementa taken 

during Nevada tests hAd been correctly interpreted at the time 

that the1 were made (i.e. taking into account the reGult8.llt 

exposure to children's thyroid~ where the food chain condition• 

led to iodine 13! intake), simple rreventive measures could 

have been taken to avoid exposure. 1'11~ would require onl7 

that inhabitants ot the reg~on be warned to avoid the drinking 

ot !resh milk produced lo;;3Lly. Fluid milk supplies trom other 

regions, or powdered mlik, could have been readily substituted, 

thereb.1 preventing the ingest.i.on of excessive iodine l}l !rom 

local milk. We know or :io instance i.n which such a warning 

was issued. until the summer o! 1962, when high iodine l'l 

levels obs~.rved in ~ommtr~ial milk supplied in Utah led 

atate health officials to d1·1ert current milk trom the mark•t •. 

8) Correct interpretat~on of gamma and beta rad.iatio.n 

monitoring ceasurements should have been possible by 1954 Oil 

the basis '"lf then-available scientific theory. 'Illus, it vaa 

known at that tim! that (a) iodine l'l compr1aea a apecitio 

traction Of the total tiaaion product, which C&D be estimated 

trom overall meaahremt1nts r.f gamma and beta radiation and 

th• age or to.ll,,u\. de:r>c·e,.t; (b) icdiae l'l ~ &long with oth•~ 

tall out pl'Niucts, ls ,:.,,p< sl ted 0n pasture grass and enter• 

the !ood chain; ·~ 1) ic>d.inc 13.... in f vod 'bee omes concentrated 

in the thyx·oid, t:1erehy tnrreru·i.ng its biologica.117 et!ective 

doaage to the body. After lCJ5'7 tilere was not only a theor•~ 

ica.:. baois for thi::; int;·r.1-r4't1it.1or., but also a detailed 

practical illuatrati~ or itG importL~ee. IA that year • 
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Bri tish nuclear rMct or at \.'inc!uc'!le acci.dcntly emitted a 

very conaiderable amo11nt of radtc&ct1ve dehria. Detailed 

monitoring measurement.~-. r.ho~ed that f·fl~;turo l>lnd contaminated 

by this frtllout prl'.'duct:d ~ilk ~o hPa"ily contaminated with 

iodine 13~ ao tc llP.C~Ps1tate that 1.t he dumped. The scientific 

studies oi: the ':.Jic.dscole ~:c;astt'l' providtt valuable data 

which can be us.'..J to r'. evel or the prc,per interpretation ot the 

moni t o:-ing l'lleaa'4 rt•n..,~ ts in th~ regi ~n of the Nevada Test Site·. 

_ Al though the import..~~~ r.1 f fC'rcn :}es b(·twt·en the hazard ot ex­

ternal ra<lintil>-': fro;o, ra:~out. nn,l the .Internal hazard, es­

pecially to th~ tr.yroJ..d, •r;::..:, n·co191i z~d by at least one A.EC 

of !icial in 195 9 ( s~e .:;ord on Ir .... ning testimony to Subcommittee 

on Rcs~arctf Deve 1 op~er.~ and Radt~t10n 1 Henrings, 1959, p. ~5) 

mo:i·: -:.o::.:!nf- ,.-oc .J1:ros, ~r.c inter;:ir~tHt::.ol.! cf re2ults were not 

all;er'3d to bri.Jg them in l:..nt:t .,..'tth thts concept. 'l'bus, the 

inadequatl! int~i:-r::-etative prC'cedurea which have until now 

obscur~ t~" t:uE; ha::.•r.\ result~ng 1'roe: short-range Callout 

trom nuclear ~eat~ 4r. N~vad~, could have been corrected some 

J'6ars ago. 

9) Ccrre~t1:n o.;: •.1. d-~nc'"~bed !.nadttquacy of monitoring 

atmc,sp~eri.c nr.1 ·1r .. l ~r·g'-0'Jr:1 ~.uC'1 flar tests, but e.lso hazard• 

possible fr<j-.::. dC·:>~J~,t~ ~~·1e•'tll~S ru~loar reactors, which 

a l so pro .:hi ·.: ., " , i. ~ , r- :. ~ l 'i r . r; ~ 

0n th<· ~-'lG' ~ of t!°'t: ~.-. -.~~-::~~:.: con~~dcr.:iti'lns, the anal,.aia 

ot tho hbzarct 1·rom ran O'...!~ in tr.c re~1on of the ilevad.a Test 
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Si te prepared by the 3t. Louis Committee for Nuclear Informa­

tion reaches tne following conclusions: . 

l) Analysis ot the available evidence showa that children 

residing in the states borderin~ the Nevada Test ~ite have, 

ae a result ot tall.out from nuclear teats at that site, 

probably been exposed to medically aigniticant radiation. 

2) These exposures were avoidable, tor on the basis ot 

radiation monitoring carried out by the AEC during the teat 

programa, the probability or exposure should have been eYident 

in time to warn the population to take simple precaution&17 

atepa. 

3} HOZ>itoring procedures in the Nevada Teat Site regi~ 

have been inadequate in that they do not take into account 

the importance ot internal exposure to radioactivity entering 

the body in fallout-contaminated food. Direct and prompt 

measurement o! iodine l}l in local milk, which is the most 

effective method of estimating the hazard from this isotope 

have not been done, or, it done, have not been reported. 

Moreover, indirect but nevertheless useful estimates ot 

the iodine 131 hazard, which can be determined from the aYail­

able gross gamma and beta radioactivity measurements have not 

been made heretofore. 

4}· Past assurances ot the safety to nearby pop~lationa 

ot the Nevada test pro~ra.u;s are not substantiated b7 the 

present analysis of av3ilable data. Assurances that "the 

hazard bas been successfully confined to the controlled areas 

\ 
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of the Te~t .iite" are not jwstified in thP a.bserir:e of direct 

measurements of radio,1ctivity level:; in loca..1 milk. Even the 

1nadequato indirect measurements th~t h~ve been carrie~ out, 

it properly interpreted, ahoulct hl'lve alerted t.he responsible 

agencies to the serious potential health hazarr1s during test 

programs and to the neceBsity of ~arning the population to 

t11ke simple, readily available protec:ive measuree. 

5) 'lbese hazards ilre not res~. ri. ct od to at:uosph<'r1 c tee ta 

alone. Available data nhow thnt following at lea~t 7 u.nder­

groWld tests, local fallout contamination comparable to that 

~roduced by .-itmospheri ~ t;P~ts o~c\Jrn~d. 

6) In_view of tlie forc13.oin1T. concluf;ions we rccoauriend, 

urgently, a thorough review of preHent f3llout monitoring 

procedurei», with a view to rectifying thf'> present ina(leriuauea 

with respect to data, int<'q'rE't::1tior., qnd ;.>ublic inforitation 

regarding precautionary measures. ln View of the probabl• 

high radiation exposures to the population in the Nevada Te•t 

Site region we recommeo~ a careful medical !ollow-up study 

or exposed individuals, in order to facilitate detection and 

treatment of poasible diseases. 

\ 
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II. it. Ril'Ol<T m: ~ 1.1'. IODINl. 1 Yl. HA2,~HD FLO!": ~OhT-R;J\Gt 

FAl..LOU'• 1 :mDUCCD BY ~""JC~ TE£.TG AT 'IBE NEV~Di\ TEST 

SITE 

l) The problem 

Thia report is an inquiry iuto tht: hazard resulting trom 

exposure or local populationa, especially in the vicinity ot the 

Nevada Test .Jite to 1Ni1ne 131 in !P.llout produced by nuclear 

explosions at that site~ 

At the hea.ringa o! the Joint Congress~onal Committee on 

Atomic Energy held ill 195'/, Dr. Lylt: Alexander ::>ummarized 

the iodine 131 hazard briefly: "For Ii period ot days following 

a heavy r\eposi ti on of fresh fallout, iodine 131, whict1 has a 

half lite o'f 8 days, may he of iQport ance in direct contamina­

tion o! vegatat1on. Radioiod ... ne is .sf'lecttvely concentrated 

in the thyroid gland, where excessive accumulations cause 

cancer and cell destruction. :njury to the gland may not 

be detected unt i ~. lone; a~ter the iodine has deca.red. ,,l 

The Federal Radiation Council, in its Report #4, litates 

that "In the !lpecial case where nearly all o! the annual intake 

(of iodine !31) c0uld come fro~ dxpo5ure :J Abnormally high 

concentra~ir>ns in 

nuclear expl0Ri0•. .Jf 1 JW y1 elc., t b ~ C ..,· . ..;.r.;; i !. .:·e.: ogni zed that 

some small nu~ber o:" 1:--d:'V~dunl 1n1an-;~ ~ould conceivably 

primarily to on~ high exc1~rsi·m of lcvel6 in :.')62 was 620 

millirems in Salt Lake Cit.y, ,.,hei·e ~otlt of the dose did 
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• 2 result !rom a aingl~ brief a~rie& ot teat explosions. 

The highest individual do~e, therefore, could have been 

30 times the avcra~c, or 18.6 re~s. 

Thus, it has been recogn1z"d th:t io1i1ne l~l represents 

a potentiall7 important hazard froc fallout, Until recentl1, 

considerations o! this problem, with !ew exceptions, have 

been limited to iodine 131 exposures expected in the popula­

tion as a ~hole during period.a o! active testin~. Thia 

problem has been d1scuss~d in detail before the JCAE, and 

the Jt. Louis ~omcittee for Nuclear Information hns reported 

on 1t.'l'-1t has been recGgnized that rapid mea~urements ot 

iodine 131 in milk provide a useful index or the radiation 
-

exposure to the thyroid ox1-1ectcd in a child consuming the 

milk. \Jh.ile this type or information is therefore imp .... rtant 

1.n estimating the iodine 131 ha&ard rrom fallout it has cer­

tain 11mitut1ons. Nearly all av~ilable measurements ot 

iodine 131 in milk are based on 1:1rt..t: coCUI.1ercial supplies. 

rbese represent pooled milk from many widely acattered tarma. 

Such measurements tlre, or course, valuable in eatimating the 

iodine 131 intake of children who drink coCJ.mercial milk 

' I 

ot this type. Ho"ever, the pooling ._,rocess conceals variations 

iD iodine 131 levels among separate regions and it is 1m-· 

possible to determine how much iodine 131 would be taken in 

by a child who conGu~e~ freuh milk directly from a cow or 

herd stationed in a p~rticular local area. Nevertheless, 

the latter is the situation ~hich governs milk consumption 
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ot IW1,1 rural children. Since much ot the region aurround-

• 
ing th• Sevada Teat Site is occupied by tarms and rather 

small t01ima L in which th1a type ot looal milk cansu=ption auat 

prevail, it becomes necessary to know the iodine l" content 

ot num.:_~roua aeparate small !arm-size ailk suppliea in order 

to detenli.ne the iodine l}l intake ot children U.vi.Ag iA thia 

region. 

Un!ortunately appropriate measurement• ot iodine l'l 1A 

local milk wppliea do not appear to have bee JD&de. Jar 

this re .. on A1t~Q$ e•tiaatea ot tli• hazard to the t~o14.ar• 

not poaaible, a• they are in tbe case of ll&D7 larg•-ecale 

population• which consume commercial milk suppl1••· IodiDe 

l'l measurement• of commercial ailk auppl1ea for a Aua~r of 
-

c1t1ea have been available aince 195?. 

Becauee ot tho lack or eucb direct information on 1o41o.• 

131 levels ot llilk conaw:aed by children in th• r~gion of the 

Nevada Test Site, it become• 11eceaaar,- to dn_,lOR .a -.t~Qd 

tor eatim.ati.llg tbeae value• troa other tJP•• ot fallout 

measurements. 

In what tollowa, ve con•id•r bow thi• can be clone. 

2) Ip41reot estimation or 1od1nt 1'1 ltnl• fro! .. . 

overall measurements ot gam~t !Jld l>fta rtd1tt1gp 

\Jhen nuclear t1aa1on occura, a 'Wide range of atomic 

product• reault. The pb.yaical•proceaaea vbich result iA 

th• appearance or the different product• ot nuclear 

tiaaion have ~en atu~i~1 extBnaively. from the•• atu41ea, 

' \ 
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i t is known that po.::-c.:.ct..l.a:.. .... ,...arlioisotopes, suer. as iodine 131, 

represent a rel.at1·,·el:; con.st·,nt ;>ruv)rtion of the total radio­

active debris. Hcnc..: if ~ :r.casurerr.ent of the total Dmount o! 

fallout i.s ootainea ~t l.B i-·oss,;,.b:e tc. calculate th~ a.1tount of 

iodi::ie 131 produ.:ed. F:·o~~ tr_-;..s value or.c- c11n estimate the 

amount of iodine l3l pn:;;.;ent ; u ta~lc-.lt "c.Jy determinir:G the 

"age" of the fallout, i.e. the tir1e betwc>en its production in 

the nuclear explonion anl its measure~ent, for like all radio­

isotopes i :ine 13~- decayG \.'::..th time. Thus. if one makes a 

measureme:it of the tcta! gammo or beta :-adioactivity emitted 

by a sample of fallout, and can A.lt:o determine its "age," it 

is possible to ~stimate tbe amou_~t of iodine 131 present. The 

relevant calculations are present.:-"d in ·:letail in tt:.e Appendix. 

During th_i.s inter·ra: oomc "fractionation" may possibly occur, 

1.e., as the fallout drifts along, soce isotopes may become 

deposited out soon€r thar1 others. Nut much i ~; known 3b0ut 

this p=ocess. In ~eeping with general practice ln thi~ field 

(see for example, Du.n.-ii.ng: Hearings, Radiation Subc om.mi t tee, 

1959. Biologica~ and Environmental Effects o! Nuclear ·iar, 

p. 44~), tho possible effects of fr~ctionation are not 

considered in our ca~culatio~s. 

Once an est~mate of iodine 131 on the ground 

is availab:e, it ~.s pcssi b:e qu::. te re:Jdily to calculate how 

much of it ·"'111 go ~ntc. milk, and how much of the radioiodine 

in the milk will becoc~ concentro~td in the thyroid of a child 

drinking ,_'~lC qu-•rt o~ milk pe:- dAy (the standi:ird usually used 

in fallout cn1c'..J"'i_::.t.icu). 
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This can be acco~plishcd fro~ a c0n~ideration of knowr~ 

cases of fallout ,B1ld tran~r:i ssion fro~ cr:-nt :~::r!ination on grass 

to milk anii. reaul tar,t thyroid iodine level~. Lap;:;5 h.q.s made 

such a calculation -bnsed on the fallout _incident at the 

Windscale pile No~ l, an experimental nuclear reactor, which 

caused the release of 20,000 curies of iodine 131 to the 

atmosphere. The ioriinc fell ~.n farms in the area and then 

appeared in cows: milk in a.r:iounts aB hi~h as 100,000 micromicro­

curies per liter. Though infants did not drink the milk 

becau.ne it was reLI::oved from the market, the thyroid radiation 

dose that would result from such concentrations can be. calu-

culated on the basis of st.:.ndard dozimetrJ procedures._ The 

combined calculo.tion indicates that L.c/M2 depozition of i~ine 

131 results_ in a dose of 5 rads to an inf:int thyroid ,gland. 

This is the basia for the lower of our two estimates. 

(See Appendix for details) 

It should be noted that Lapp was not the fir~t to .make 

use of the '--!indscale experienc·e. Gordon Dunning e:~ titnated 

in 1959 the thyroid dose due to raioiodine in fallout. His 
- . 

estimate indicates, "Based on 1.Jindscale experience, 

l;~cI1 31JM2 -+-~ O .. lµ.cI 131;11ter of milk. For ·one liter 

o! this ~ilk . ---:-'-> 2 rad dose to in·re..nt • s. thyroid. For. 

continuous consumption of milk from cows-grazing on paatu~e-· 

until r131 activity essentially zero · .. .,. 22-44 rad d,ose. "~­

His calculation ~1as for a wartime situation, but an a~mospberic 

nuclear explosion creates and depooits radioactive fallout 

irrespective of the use to which it is put. 
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that 100 per r;ent of .1t"'1or:iter1 ; odinC' 131 L r· -:-,~r.ed en edible 

figure based on experioent b Ly R. J. Go.rn"r, wl-10 observed the 

transfer of iodine 131 from the diet of cows to their milk.? 

Bnsed on Garner's tiata l.<;r 1 31;r.2 yield.::: ·.1 _:.-)rad dose to the 

infunt thyroid, for- contin:.ou:> ingestio:1. 

ThllS empirical evidence ~ndicates 1 range for the infant 

thyroid dose due to a r,ive~ depouition of iodine 131 on an area 

where mil:7 cows f!!".:\7.e.. Using the <Jteps ciN~cribcd earlier, it 

is po5Si bl~ to cs t. i.m,~. te th!:? thyroid ·Jone on the ba~i s of· ext er-

nal beta o.nd ga:nwa intensities. For example, a gamma intensity 

of 30 mill iroentgensr.~-: ':.!" at Belmont, Nevada, 8 hours after an 

~xplosion 0n 28 May J957 indicnt~s an io~ine deposition of 

650 1.. 1 ,..c/crr-2 and a poss:t ble resultant peak level in milk from 

cows eating grass in the area, of f~om 260,0CX> to 1,040,000 

l•.l(c/li ter of milk - The do~e to an inf ant's thyroid from con­

tinued inzestion of thi !3 mi. U· would probably be between 32 

a.r.d 214 rads. Or, 11sing beta readings 1 the average beta count 

at Salt Lalte City o~ May?, 19~2, for example, was 23,000,000 

disintegrations per minute per ::.quare foot (d/m/ft2 ). This 

would ::i.:- ?:pected to lead to infant thyroid doses of from 

3 to !8 rads. 

---------·--
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Due_ to ;:)hort.-Ran1<:(-: r:: l l OU t Prom t hf' !foV"ada ?e:.;t ~i te 

·As shown above it is po~si~le to calcula~c, from local 

~easurecentz o! gam0a and oeta radiation, what radiation 

exposure to a child's.thyroid eight theoretically ~esult !rom 

a given depo:.·>1.t of fallout. :Jince the AEC has reported 

numerous measurementz of g<J.mma and be-ca radiation, togeth~~. 
. ' ~ 

with 'the times of :neasure:nent, and their relation to a 

particular nuclear explosion (the time of which is also given), 

these d~ta can be converted to estirtntcs or possible iodine 

l;l exposures to the thyroic according to the procedures 

outlined· Qbove, and given in ctet~il in the Appendix. .Juen 

calcul'ations have been made for 189 di!farent readings at 

various locationo following 31 different nuclear test .chots 

c0nchieted at the Nevada··Test Site during the peri~ 1952-

1958 •. :·The··oV'orall results are presented in Tables I-V. 

rn-eacb case, two estimates of the possible thyroid dose have 

been ·calculated, using the tuo different observations (Wind­

scale and Garner) described above. The lower or the two 

estimat·e·a yi:elds thy1-oid. dosages which range from 0.6 rad 

to 555 rads. · The higher of the two estimates yi_elds thyroid ' ' ! . ' ,' 
dosages ~h~ch range ~~~~ 4 rads to 3760 r~ds.. ~cc~ing to 

the higher estimate, of the separate locations, 50 received 

su:fticiel'lt !all out to result in a possible dose ot 100 rads 

or more to the thyroid. In 15 cases even the lower estimate 

yielded'a thyroid dose over 100 rads. It is evident £roe this 

au.mmary that the Nevada teGts have produced 1nstance3 o! 
\ l 

' '· 
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rr.dioact1vity measureoents after conb tests 
ind!.eated oro'bable hieh iodine 131 leo:el.,. 
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Fig. 2 

Area in Utah where rndioactivity r-:erurure­
~ta after bott.b testn indicated orobable 
high iodine 131 levola. (See tab1ea} 
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ficant radiation expo.sure to r,!".i ld1er.~ 1 thyroid::> ir. un 

apprecinble n~~ber of i ~st~mcc~;. 

Soc:e locations in t~.<· ~iev.:.'1a rericn novc reccive;d such 

p0!::3i ble do!::agcs on re po at cd occ ai:,i c,i. ~;. 

Currant, Nevada, for nst.o.J1ce, a ~own of about 75 people 

located about 80 ~iles north of the test :3ite, re~eivc4 

significant doses on March?, 1955; i-lay 5, 1955; _May 28• 1957; 

July ,15, 1957; July 25, 1957; and ;tuc;u::>t 18, 1957. Infant 

thyroid doses would all be greater t!wn 2. 5 rads, and in 4. 

case.:. out of the 5, could have cxcc.::ded 25 radc. Another 

example in Lockes, Nevada which received three significant 

doses, all of which were 10 rads or core by the lower. 

estioatcL By the higher estimate, the dosos on two occasion~ 

m~. have exceeded 100 rads. 

Washington county,· Utah is one of the most heavily popu­

lated of the· areas to receive heavy fallout depocitionf?. It . 

is an area in·whieh, on at lea::>t one occasion (May 19, 1953), 

citizens in several com.cuniticG were aGked to stay indoors 

for several hour~ after a test shot. Fallou~ on that date 

blanketed the entire county. Infant thyroid doses due te>· 

contax:iinated milk migh~ have reached from 150 tQ 950 rads __ _ 

in Hurricane, Utah, and· it is very likely that the ·minimum 

dose for inf ants in most ot the county due to milk from 

cows. fed fre~h pastura3e was about 50 radc. 

The lQrgcr;t town in Washineton County, 3t. Georee1 

(poP':llation 5,000) received .. possible ~axicuo doses or 

PWWWW t t:.e --""1--"l"l,W""l"°'W_U_CZ!l!ll!Ai __ ._ • .._.,,. _ __., --·- ·~--

' . 
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Locatio:i d/o/rt
2 

P.e.:idin~ 
Cen.Jity 

c/l b3.:;ed 
Thyroid - Hads 

2 on: 
c/cm · ~dnd-x io6 

H + Hr. 
'/ind.sc:lle ' Carner Scale ! ::.:irner 

r--
I SECT M::;n: 
I - 17 MARCH'53 - 16.2 Kt. - 3011 - f'TV"'- .'';.."'f") ... \,) ' ....... ~ 
r-- - -· 

Knoxville, Tenness1?c 1.9 36 15.5 6,2CO 24,~---- .8 5 - --- --- -·-· - -----· 
I 

Z".:10? ~'tCi - 24 )".;._~3 .1953 - 24,4 at, - 3C'\ ' - r:c·.-,:.,P - . 
I Salt l...:tl<e City, Utah 15.0 12 35.3 14,100 56,400 ") 12 I ... 
r--· - -- . - ·-- - -- -·-- . 

'. Ely, Nevada 6,3 12 14 .B 5,900 23,700 ,.7 5 -- ------- - ·- -------
Rapid City, .. ~. D. 2.04 36 16.6 6,700 26,6oo ,8 6 

SHOT DIXIE - 6 . .PRIL 1953 - 10,9 KT. - .300' - TO"..ER 

~st~m,_ i-:as~ . __ _ _ .?.•}. 36 41.6 ~ 16,~ 

.SHOT, JWXlER - l~ A.I'RIL 1953 !"' -23 i:t. - 3{'0 I - TOWE!\ 

4,900 19., ~'"'9 __ : 6 4 _J..: ____ . -

' Grund Junction, Colo 2.9 36 .- --------- --·- ------- ·-T -- . -· - ·- 23.~_ - -· .. ?!~~- __ }0_~ - _l ____ _? __ _ 

l~-'~- . 36 
I 

! Ro.::...,ell, N, M. 
:---· -- - --- .... - . - -

131 

-:lr.::.nd -I_~c~i~n_, _Colo 11 12 25.9 
I 

1-
De~_l'Jg~!'!_~~,. ~~"":~ . 1.5 ;,( 12,2 

Al_!?~q_~!~.l.... ~:_L M, 7 8 - _, 12 1~.4 

~·· . ---~_...,,...,--.,...,, . ..,., __ , __ , ________ .. _,..__ 

L 42,4CO 

7,8<?9. 
. 52 ~lCO 

10,;oo 

4,900 

7 70~ - ' . -

170!_000_ .. ? ____ -.. ~_5 ___ --· 

31,300 l 6 

4l ,4r() l 9 

i9·,r:1:9 .6 4 

_ .?~~o ____ 1 ___ ; -~. 
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25-165 rads on Eu.rcll 17, 1953i 110-735 rF.ld::> on May 19, 1953; 

?-42 rads on l"ic.rch 1, 1955; 4-20 r::ds on I":ay 1), : 055; 

and 28-185 rads on .AuGust 31, ir;57. 

?he.:.e doses are r0nr€· ~--:·. :-: t::.. ti ve of the \..'hOl€.' of 

Washington county, 

The August 31, 1957 value i·1as auc· to shot "Smoky" of 

Operation Plumbob. Fallout froo this explooio~ resulted in 

measurcmcnto indicating infant thyroid doses of 10-6? rads 

over an 8000 oquare cile area outsi1e the Test Site, of 

which washineton county comprised 2500 square ciles• Equally 

high levels were reported as f.'.l.I' away ao Rock Springs, Wyoming, 

700 miles 1rom the Test Site. 

Caseo of relatively high thyroid doses in'locations 

distant from the Nevada 'l'est Si tc appear to be fewer than 

near the Site, although this may be due in part to the fact 

that monitoring outside the test area ic even less extensive 

than for the region within a 200 =ile radius. One distant 

case was that in raoy, New York on .~pril 26, 1953. Contam­

·ination or milk was not measured at thet time but Ralph Lapp 

·estimates that iodine 131 in milk might have reached 100,000 

µ~c per liter. As a ~eoult, infants maJ have received doses 

to the thyr~id as high as 30 rad3. 

Duricg 1952 and 1953, ono to ~en rad doses or more to 

in!.:.nt thyroids ~ay h~vc occurred ~~ areas near Salt Lake City 

- on May 7, 1952 and agflin on ;;~:-ch 24, 1953; at Boise, Idaho 

and Great Falla, Montana on J~ne 5, 1952; Boston, f.assachusetts 



,,,: 't - J_,,___ 

on April 17 lC'lr.J.3· Grnnr1 J-"~--~ · ,.., 1 - 7 , a .. .... \_,.. - . , . .1 ..... .. 

r-:ay l 9' 195 3-: 

received by childr~ns' thy~~~ :3 ~s a result of 

fallout iron the liev;:::.C:.c:i. Tc:-:~ .3i to'! · 

It has already been pointed ou·. -C.h'.:!t the above estimates 

are theoretical i in that ;;hey s'.:'lm.,r '·rhat thyroid radiation 

do~ases ::ight resu.lt, pro·..rj_din0 that :he iodine 131 in the 

depo~ited fallout actually entered thl! f )O'l chain and was 

ingested bJ children locally from 1 ocal :.y-pruduced milk.· 

\./hat is the likelihood. th_..t ::;uch doses di.:. actually 

occur? .:Wo conditions ::;.u:: t 'have bC' en ::.1.;t: t:ha t there were 

I!l.ilk cows grazing in tr:e conta:::ii.natec pl.sture~, and that 

c,hildren drank 1:!:e milk. 1·1oni torinc r~~port.:; have rarely 

·supplied information of any dettlil or. these queations 

(no detailed information io available for the tests held 

in 1952, 1955 and 1958; for 1953 testin1:1:, one survey to 

check for grazinc; animals in areas of high fallout was 

reported; and for 1957 testing, and a13ain for 1961 and 1962, 

milk m~:mi toring clata of lied tcd ·;alue are available). Census 

reports, however, indicate that there were 4438 milk CO\-JS 

on the farms and r~c!".es in Lincol!l, i!y.", Cl ark, =1 ko and 

\.Jhite Pine COULtic:::., in rrt:vada (the ar0J.s closest to the 
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:·.:LK CC·!S I:: ..;,~'!.-~ :;,,! ,',\[:,; 
.... ·- • .J • " . . 

. . : : : ~ .:,;... c;· ,._ ... ) 
2-fJ'.r.:: ~·/)4 !959 

?~!"":...~-S .·i: £-';.;.r:. '~ '!Ek F':.;·~ ::-. 
Co~'1ty S..tatc ~c·port~r~? : [-,.., , ::~:..)::.:~r-:ir ... Ccu1~ Rq .. 0 :-t 1 :~ ~ 

'w'.:...s~~on Utah 556 - !..+(. (j l. ( 1):R ~.l._c7 7 ~. -_,._ ·; 

Iron II .>.24 .. }{. c 
'-.)') .•. :<) £",' ,(" 

Cla.rk Nev. 1)7 li..< }i'\~. l'.~/"<, P. :; 

Elko II 251 11.; ... ) .:13 791 l~: 

Li=coln " 1C3 - 7c 444 6o ) " 

Nye ,, E-7 _"', -,..,) '7(; i,l;() ft.. 

'd.1i.i t~ Pine II 111 8·'\ 86 61+2 83 ., ~ 

~ .. c,:· tr·.:...~.JS, 1?59 ll.._ I ..L. ....... ~. 

!\•;r:ir-' ~ ,. C ~:',.'S ir.. ~erd 
l r~- 9 }','-1') 20:-.:9 )0-49 

r:u~: ... ~ r' of Herd!l 

'iaehi::.gtoc Utah 14~ 136 ,~ 

..a..t...: 11 11 

Iron II 81 lC) 5 6 4 
Clark Nev. Z1 i ., 

;<. l 3 ? 
Elko " 37 121 3 none none 
Lincoln " 18 52 3 3 2 

?\ye II 29 3.3 1 non a none 
White Pine II 21 52 l l 6 

test site) in 1950. These sa;::e counties hod 3782 milk cows 

in 1954, 3920 in 1959. Only Ont. cow.c,y, ~:ye, consistently 

reported .fewer than 500. A ::ore det.:.i.il~=d report for 1959 

indicated tha"t" out of 451 fEJr::-.s rf)portinc in these counties; 

402 of these had cetween one Ml~ ninr; e,~d 49 had herds of 

10 or more. 

:·ilk 
Co·. ·s 

I t:, 7,-. 
~- ,JV 

79J 
.._>())6 

4')3 

459 

.HS 

554 

50-r 

:;;, 

1 

13 
none 

2 

l 

2 

fallout, aanote-d earli,"'r> hn-1 H:98 !::!..lk cow~-' in l'.)SC:, ."127 in 1954 

milk cows and 'the remnining lOC !:ad 10 or more. 

' 
" 
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'.r'he C Ilt: ,1 ct J.i l -.;"Cl 
... ... ,. .. :'·~ ' " -. ,. : - +· :~ .. ·- •A .. 1 L 

;·8in t 75 ,... i l 
I 

•' ._, ': ,..._ 'l, es tJOrt !·~ t. ,. •· '. ... t ! ir.,·.\. ...... _ 
·' --- ~ • - . .,/.,,,,. 

._1._~(i !~even !ier,:!:..:i or ... {,;, .. ('·:-:.· .. ··1~ .. 7, • .. c··._.,..., ._, ~_;:-- ... · er .. 

e ";!arry. ") "' 

to 1000 rads. 

. I 

y ') ~ ... t (., ·.. . . r .:_' f. ,~. ( ' ... \J • -j 

Were there inf3.L.ts ond c:·:il1r·:.·.'.'1 : .': :-".0 are<). ~.o drink 

'?:a"c,J 0 VII 
POPOLATIC~ STATISTICS FOR sa~C'?!::l· CCL'!.::~::; :J2,,,_i:;; 7HE NEVADA 7.::.:.sr ;;IT.E 

1950 

County State Total Pep. i'er cer.t rc.:;iccnce Per cent uJlder- Live 3irtl'J.5 
:::-ural far!'D 5 y~ara old 

'.ia.shington Utah 9,836 23 data for 332 

Iron " 9,6112 10 3C6 tb.s age 
Clark Nev. 48,289 24.2 group 1,247 

Elko II 11,654 17.6 2'j4 
not 

Uncol.zl. " 3,837 10.6 91 available 
Nyo II 3,101 16 53 for 1950 
White Pine " 9,424 8.6 232 

196o 
\f~hington Utah 10,271 5.2 12.8 230 

Iron " 10,795 3.9 13 2?4 

Clark Nev. .12? ,016 1 12.4 3,554 
Elko II 12,Cll 13.7 11.3 292 

Lincoln " 2 , 1~ .H 6.0 11.9 56 

Nyo " 4 .,.~J 
I~· ( '+ lO.l 9.5 6Lt 

'.'h.i t €' Pi?".e II 9,208 4.3 12 208 
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:,·.'J'' i:: tr.e cc.' <n~les 

approxicately 2~0 to 3CO children ~: 6 to 18 months ic tl:e 

cowity at any giv~n tiILe. 

Individunl children on any of'' l.:...rt:: !1u:-:~ter of ranches 

could have received ~~igh t:-iyro.:.d rndi:1tior: doc.cs (such as, 

for instance, the 21 to 137 r.;;ds pc.s~:i ': . .1lc at u-.e Geyser Ranch 

in Nevada on July 15, 1957). There are repeated cases in 

which we knov1 it is quite likt:ly tiH-: a consiJerable n~ber 

were exposed. '?he en ti re 1 . .Ja=:hingt en county was blanketed 

with fallout levels th~t cou1d cau8e 5-100 rad or higher 

dose3 on at lea.:;t 7 dl ff ere:: t ')CC a:.:.. i..--:,ns. 

Not only was frc.:;h .u:ilk or~ far~s probably affected, but 

also pasteurized milk, for ~uch of the milk delivered in the 

county i3 not i';ixed ~·1i th ::iill'= frorri ~,t!1er circa;:;. St. George 

has one local dairy, the :ib.i ::ei:ead 0airy, Hhich collects milk 

only in \.fo.shinbton County, in the i::.=..ediat;e vicinit;y of 

St, George, and distributGs it locally. ?he ~.rden Meadowgold 

Dairy collects itf' milk in nearby Iron, Fiute and Beaver 

counties. These dairies tave been in busineso throughout 

the period under c on:..1iderati on 1:1i th the saoe collection and 

dl.'stribu~i·"~ ~-~~~r" l9 .,., ,_;.,. !"_, __... < t; ....... 

Pasteur!zei cilk r- .......... 
..i. - '-•·· 

to have ic]ine 1 evPl ::o loHer ';)y a fa,~tor of .85 than the 

------------- ---·-- ... -... -....-~-~--~· --



"· .: -.,.,,:,_,-

fresh ~ilk froc the 3rc~. 

tc callee•_, ;;roce._::: .:-... nd di::::rih.;.t.n ·:' ... :l~:. 

(Oth<'r d.J.iries active i~ . ."-;.:::-.·~:.r::t.cn ~-···:::-cy :-:r~ tL·.: 

.,.,,;e...-c:-on "ai· ry vr i ~\.. '"hi"·"' ... , , ··t . " -;- .. v ~-,.... ,,,, . .~ ........ .;;, .,, , .•• .i~--1: "' -.1:-~ •• ,1 ... r.: o·~. , ·~ ~.n..., et,;..J...;., .... c.:rc it 

i::> presumably pooled • ... ·ith other ::lilk, :::J.:l ti:c Highland Dairy, 

which has come in more recently, distributing uilk fro~ 

northern Utah.) 

The chain, therefore, fro;r, nuclear explosion thz·oug..11. 

fallout, pasture, cow and :::iilk :.o cLiJ".rc1 h.< ... s been co.:r:pleted 

in many of the3e area3 ar.d .for a cor:.:>i 1er·able number of children. 

\Jhat biological effect would be expL'ct.ed from these exposures? 

5) ~he biolo~ical ~i~nificnnce of these levels 

It is now we 11 v.n~n·r:i tti.:;. 't rad io.:...c '.: .i vr:: iodine presents 

a special hazard to infants !'or- the foL~.owi.ng reasons: 

1. Hilk is the largest hur:.an di·~tary source of 
iodine 131 and children generally dri~k more milk 
than adults. 

2. For the same quantity of io1:ir.r" en the foo<l 
eaten, the cells of t!J' :~;yroi(: ::·~· a;: infant 
receive 10 to 15 tices the ios~ r0c0ivcd by the 
cells of an adult thyroid.. 1:'.e :'._;_;_f;-..:.n t thyroid 
is much smaller, generally wei:~in; aoout 2 
Gra.I:!s, whereas the adult th:,rr:::,: '.H:~.::;~·,s about 
20 grar:s. In the infant a giv"''n fl"i.l<'l!ltity of 
radiation i~ spread over ~ QUCh ~==ll~r ~ass, 
o.nd each sram receives a great0r :.i.:-;...:,J..nt of 
radiation. 

3. Tte inlant' s thyroic! ':r,y be r:-.c! .. t:· :c.:nsi ti ve than 
the ad~lt':: to c.:inccr i:H'.'.;.::tio:-:.. r.,,- r,':r1rion. 
·Thyroid cancer \ta~ observe i in c!':il :1 "':: ·).fter a 
sinsle exposure to radiat1Jn of 15G re~.4 



f"1 ~ •• ,· ' , 
'-~ ·- ... . ~ ' 

c3.rci::oz:;enic eifect of c!:ildre:., 

drav:i ::5 upon the evid ~nc e or _ : _:."'1 i :~: - :nt l y ::i r-h~r i r .. c ider.c e of 

carcinoma in children '.·:r.o ::-~·.J t.cen c:·:-pJ:er.. to x-i1-r::.dia~ion 

in the neck regior., th.1.ll in co~trol croups not so exposed. 

The s::.3.llest dose co.pable of i..r. :·..;cir:c co..r..c2r is not known, 

but it is c;enerally assu.r:.ed that tr.e: :re~u0nc::.: of induct:d. 

cancer m:;.y be proportion.::d to ·~c.::e, <::o•·:n to very low levels 

of e:,:posure. On tlle a ~.su.r:.p t io:i of no tr..resr.old, Beach and 

Dolphin of the United Xingdoi: Atomic Z....-:ercy "u.:.thori ty estimate 

that if or.:.e Irillion infants were exposed to 211£ rad of 

thyroid radiation, 35 would be expected to develop thyroid 

cuicer •. 

The AEC's peroissible external effective biological dose 

of 3.9 r could result in an internal thyroid dose of 175 to 

1200 rads, and actual exposures, a~ we have shown, may have 

ranged froo well below to well above this dosage. 

6) Underr;round tests 

Significant radiation level.s fro= continental testing 

h~ve not been confined to surface and atmospheric shots •. 

Venting of subsurface shots has been reported for at least 

seven ca.ses: narch 23, 1955 (sLot :-:ss, of Operation Teapot); 

Septer:iber 15, 1961; Jecel:lber 10, 19Cl (I-·roject Guo::e); March 5, 

1S.S2; April 14, l<?G2; :·:o.y 19, 1962; J 11nc 13, 1962 (the Des 

r-:oi:.ie:::> stot) and Ji..;.ly 6' 1962 (the .....;edun shot' 100 kiloton 

st.ct 635 feet underground). 1 ' 20 , 21 1he Des Vioines shot resulted 



..... 
-~ 

·)1 
t <'.'\~t :i<­

~.;;; . 

C..o::.:es in t::.!.: range fror::. 7 to 5) rad;:, :.:--. t:·.e irr:.::ediate vicinity 

of Cx:-lsb-3..: • 

• ~y objective apprai~al of the 0~tLcatc~ ~~ce here 

n.ust t3ke into accoll.Jlt thE'ir li:Jitati:-n;:;. 

The ~ain problco iD a cen~r~l lac~ of u~eful data~ 

b r:iost cases, detailr:d milk data w:.::. not reported, ar-d when 

it vas, the inforcation was not in ~sable foro. 

Tn.olc VIII 

Sooe cstiitated infant thyroid doscc for Project GnoQe (Dece~ber 10; 1961)• 
D:.:.ta are from A.EC report number FNE-132f. 

,--------- -,----
i I 
;Time of: 

--- - ------ ---, 

P.ot s;;ot 

Lcc::.tion 

'(.Rate 

mr/hr 
!- - ----- -- -------·-- ....+-·- ---

.. 3 

) ' 

I Reading iI-131 C0n~i ty 

:H + r.r:::::, ,. c/cr:.i 

10.,l? ).64 

131 

lc4 

--... ~----... -...n-.---~----~-~--~ ....... --..-------

1-131 in Fre.c.'h }:ille r.:0:::~ to Ir:f:-..nt 
1 '. c/1 b.:;.ccd on: ':iiy:-oid - Fb :i.:;; 

15 ;700 

52,r~o 
r---

262,CAIJ 
- . - -------- _!. ... -

-.'i:ld-- , Garner 

.5 

l? 
---·- ~-

7 

8 

3 

43 
--j 

54 -- - __ I 



d:...t:.i on fre.s:-. milk civf·: . ..;·. 

3Vailable. In 1957, durin~_ C:;,:·c::::-3.tic:i :-1•..:=':Jot, ::.ilk »·c:;::, :·:.st.cd, 

·::,at only for gro.sr: beta radiation 3n<l fo1· stro:.:.tium 90. The 

srosz beta v~lues do not proviJc a basi~, tn this case, !or 

inferring iodine levelz, and while cJ.lculations can be mode 

from ~trontiuo level:::, they do not carry t!1e :::a.we certain-cy 

as actual ioC.ir.c fisures. 

Detailed ::ilk ::::oni torinc; fi11-u.re.s :-1ere not reported for 

the 1958 test series, Operation H3rct~ck II. ':'he two tests 

for which E1=_lch ::c :.i <corinc was re~ort ed w,:::e Project Gno::::e, 

Dece::iber 10, 1961, at Carl sbnd, Ne": l"':e:x:icc and the Des Moines 

stot, June 13, 1962. However, ~11 iodin~ ~easureoents for 

Gno=c were made in milk collected ei~hcr before the test, 

or at least one month after the test, when any high levels 

that eight have occurred had already dissipated. 22 

For the Des Moines test milk was again monitored either 

too early (June 13~ the day of the te~t) or too late. 23 

Concentrations of 600 and 500 micromicrocuries per liter 

were found at two locations on June 20 and 21, but the 

actual peaks at those locations would ~ave come about 

June 15-1?, two to four days after t!':e explosion. 

More ade';~atc datn either h.::.V(· r.ct bH::: taken, or have 

not been made avail"lble to the publi.:'.. (;. report by the 
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no ~ilk data for t~~ ~rr~od bcfJre l~~~, ~n1 data ~aken after 

f roc .; ....... . ~ ...;, in 

Fha~e I, offc1te oonitorinc cost: run 3~~ut ~3/4 million 

per year. 

and 

At the lS~~? hearing::> or: Ltllc,~t, :~.E: ,>.EC stated, officially, 

':'ht'.<'e two isolopcs - rnr~.i .) str ::-. _: '.l::. ,::l:ld re:.: :.oio(:ine 
co!'l:~titutt: the :'r..:.nciol•.: .i.:Fr·rL:.: ;_-.:.;·,:!'-is fro::. · 1e 
ra(,1· O"'cc· ""T"'-~ • ,~7-:l·'ced. iD'' .. -r1e ,le'. ,-,~- '· ........... of ·•t-v·'·'" ... ......... ... ~ t..: .. :J 1- ... ....... ..... ~ ,) v "- - - . ~ . Lr ..,;... v .. _ "" . '~ w.... - ...... 

1·1c::::or:.3, L·o4C!-'~ :~.~~:~~i.Jn ~r.·:~ :..l1.sr~r:-:---)r. ~~.lea~. ri1 r~e .·i..~o=:ic 
::r_e:rgy :or:'..l!lis~ior. ;;-is br:r·n ~::(~:.".,'·, ·: f·:.:,:r· tl:ree years 
::..:: a broad 3t.u.1y c:,;.' tr,e r~~:! i ...,ac · ::. -,.~ ~- )~·.:.:.s of t:hese 
i.:-otorc-3 2nd c·')n~·..;.c:ts yc:.,1·-r·.:un ! __ ,.; . .::..\.,nri::t-: of 
-:D.ese r:::.:lio:-,,,(:r~·::~ic.c:, :.r. I"':::~y lJc,, ion::. :-..ny A·:cu­
r:.ulaticn of r:·.e. ,_. i:'l~/·rl 1l:J :::n t,c '.t:~ccted with 
("..::eat S(;:1.':itiv~":.J' SO 'C\;·.t 10 v;.·,r-::J..'.: •_f ~.Otf'.nt.iz:l 
·r:~"'~"'"'(1' .-·'.)''1d ..... , .... ; •• ,..,.., i'or· .. ·. fo''<" ··1-'' .:.:,,~ .... 1-l cl""""•.,.er 

.. -~·-Jo.A.. ...._.., \,4- \,.I !_ . .._ .. ~! .. _..-._ '~ 4.· •"-J ''·""~-"'~ ~{:-;. 

ocrurr-::.,! iroz:: test de:::oLd:i'r:·:. ~i;.:-- .1n0unts oi 
raciio$~:ror..t.iuo and rA::'.ioi..:,:1.i:.c ·.·:11.cL h::nr( f·1llen 
outside t~.t:: <:1.reas near u.:.e r.~.:' :~it.c·:·. ~i.; a result of 
all atooie te~;ts U:'. i o· noi·' ::!r~., .:.~:.:::_:,;:ific<...;."'lt cn'.".'.::ared 
to concentrati0ns that would b8 c~n~id~red ha~ardous 
to health. 

The hazard has been succe~sfully confined to the 
control l·..:J a::"'·: :: f the - ··•· . .::it·:>. 

are c.:: incorrec~ f-_-_. ... -1::::'":.• c.: of ·:~~ ~az.ar·:~ to the loc;:"tl popu-

lation fro::n fello~:: in ~-•ie ~·:cv::.."'..?. 'l'e.st .::ii-ce region. 
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