
sa4E FURTHER CtllSIDERATIGNS at RADIATICl'f DffiAGE TO SHEEP FRCll 

FALL-OOT DURING ~HE SP.UNG 1953 NUCLSAR ~'lEAPONS TESTS 

BEST COPY AVAILABLE 
A. Intrcd.uctiai 

Calculaticns of radia.tim dosage to the thyroids of sheep ingest-

ing fall-cut have b·~en made als"""1ere ( 1). It was there c on:;luded 

that these doses. were not larr;e en0'1,;h to a.ceount for deaths amen~ 

the animals. It i:3 ccntendad here that althoJ. ~ht he activity found 

in the thyroid serves as an index of total radia.ticn exposure, thJ 

thyroid dose is but cna ot several possible type:1 or internal irradi-

ai.ion which will occur when 1ngestim of mixed fiasim prcducts bas 

taken ;:llac~. Tha most important of thes3 appears to be the dose to 

tha bone marrow i'ra:i long liv~d isotopes nth slew biological turnover. 

This effaot has ~enarally bJen am3iderad to be chronic in character, 

but it appears possible that "short term" affects may also oc,".".ur if 

tln cono~ntrations ar'J 3u~'ficiently high .:md th.J emitters are of 

been fci.md in sa:.iplas taken frcm thG skeletcns of several of these 

animal:s and subjaoted to hist opathol~ical examinatim ( 2). This 

ace an IEJlies th'~ 3vidence of thyroid and other damage al.5 o observed, 

and is undcubtedly of :~reat ·,r importance than th~ lat'Wr tot he surviv.al 

and well bein$; of the animal. These obser1ations and the o.:ilculaticns 

presented here constitut.;;; rather stron;_; arguments _:9or the cmclnsicn 

that radiaticn ·~!!.:ct3 pleyed an important 

mortality observ.ad among the ani....ials. 
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The calculations a.re baaed on the only' availa.,le ex~rimental datas 

a) t~e cmcentratiorus of activity measured in the thyroids sane weeks 

af'tcir the fall-outs, and b) the dose rates in air as m'3asured in the 

fall-out areas at tha time the fall-outs occUITed. The only additional 

ass-,unptions are: a) that th~ i'issicn tJrOOUC't IJixture contain.:;d th.; same 

relative proportions of sav·eral radioactive nuclides us ar\3 calcalated 

by Huntar and Ballen (3), and b) '.:.hat the animals ata 2000 gm dry 

vegetation per day and r·:i:uain.;d in ~ fall-o;it area fer about JC du.;;:.;. 

(Thd latter assumption c .n bJ rala.xed san.ewhat :ind shcrtcr a:;.:::pc::;u~ 

t:iJnes be assumed; it can still ba ;;>ham that tha ,,;;ivan thyroid activities 

imply high caicentraticns of activity in tha booe <Nur a ccnsid<:Srable 

pariod). In addition tc: tl1e baie marrOii' acti.-ity calculations, rcu:;h 

estimates ara made of a) the total dwe tc the intestinal wall frcm 

the fission product~ as a wnols whi,:h pass throu;h, and b) local ax

t:n-nal beta doses frc;n fission proJucts aliu;in.,; tei tl.c< boc.ly ~..;.rf ac-i. 

In cc.nputins the doses, t ht:t fi;ure::i for thyroid activity <i.u<l do.;e 

rates m the cround ;;;iven in r'~ference (1) are LlSed. Comparable ;·i~ures 

ar.! latJr '.jiven for the 3cw.~l0!3 maa.sur.:d in this laboratory, whic:1 i1ad 

lcNer activiti..:s thro-.• g.hout. S J1ca th..;s.:; lattdr ,nliJals show\jd d;:i'inite 

pathology, the hi;;h·3r actbitie:s ;iv(m in r-.:t'er :ncl,:l ( 1) <>hci.llG a.L.ost 

c~rta:inly indicata ;5irailar dll -:cts i.n tlwso animah. 

The dos<J to the thyroid for the: Shot 9 case, wh..;re the final th:r

roid activity was measur,)d en .3 July, will first be recalculatJd, 

us :ing the Hunter - Ballou e; prdssicn !'or the activity of rlJl. 
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thU a1&so )'ield• a t1gure tar initial uptake ot fiaa!on product• u a 

wbo1e • which pel"lllit• the oalculationa ot uptake to the bone or MVeral 

iao)opee Of Sr, t, Ba am La. TheH elemnta J=4"0bl,~ contribute the 

major ~rtion ot activity within the bone. Tho relation between 

initial uptake am ooncentrat1on ot t1s1ion prod.uate per unit area 

( eatitlat.ed !'rom the dose ratea meuured 1n a1:r) then a&1' be uaed to 

extrap0lato to Shot 2 au• • was done in retereme (1). For the animale 

caQXJSod to both Shot 2 mi Shot 9 tall-out, th1JI procedwe w1ll. yield 

total d.oeu am eonoentratiomt. 

BJ ~~ 
1.. tlighut. -.sured activ.1t7 on JW.7 S,.. 4.6 x 10-2 pt:./~ ot r'1 

111 thyroid. 

2. Thle ot both tall~s was 2 houn after detonations. Initial 

gmma doee rates a 

a'.> mr/hr tor Shot. 9 at '•' hl·. 

500 mr/hr tor Shot 2 at 2 hr. 

3. Th• amnal a ate 3XX> &T.!l ot vegetation per da:r• Retentions 

Of the el.ament8 &Z'fJ aa giwn by Ilamilton (4) mi are stated in what 

tollow&i 

4. .lctiT.t.tie• or nucl.1des with time• 1n did.nt.egratU>na pe1' minute 

per 10,CXX> n.aaiona, are u ~:ven by Uuntv al'll. Ballou (3) &Di are stated 

in ti- tollow1ng d.1acwtdo118. 

t. Rtl m 1]UJQn1 ot 'l'trmAA !lO@e trgm x1:':; All ~ 2• 

:r131 1n ttqroid - Shot. 9. ll gm Th1'z'o1d. 

&o • ae+1'.t ~. o.oess 
<Ti• a.ld) 
t. 24d 
a • (0.046)(11) 

a
0 

o o.506 (7.a) • 3.9 me on l5 June. 
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Let "J(t) • Actirlt1 :r131 , d/m per 10,000 fissions. 

A{t) • Total activity ot fission products, d/m per 10,000 fissions. 

u(t) • Total activity- of fission products in the area, µ,c/ft2 

~(t) • Activit7 :r1Jl in the area, µc)rt
2 

2 
q • Area, in ft /da.y-1 grazed b;y sher.:p 

p • Fraction !131 eaten which goes to thyroid. 

If the fis::.>ion products in the area are not diaproportJonated, 

u(t) 

.l(t) 
• u,.(t.) 

AtiJ 

Q(t} • PllU:t(t). • • • • • • • • • • • • • (1) 

Then the change in the tb;yroid activit7 per dq ill ~'nn by 
• 
a • pqu(t)A..(~ - i...,a • • • • • • • • (2) 

A7l5 
Where \..b • total biological. am rad1oact1ft deoq ocmatant for !131 

& •amount ~ :r1'1 (•) 1n tlqroid at 
&fJ7 time t (d&Jlt} 

Also, rrom H. M Parker, ret (;) 
• 
D • 55-i:-4 • • • • • • • • • • • • • • • (3) 

• 
Where D •dose rate, rep/dq, to organJ the dot demting the time derivative 

ot D. 

Leta 
II • m&U ot organ, gm 

E •average energy of bet.a radiation, M8T 

(all radiation asaumed abaorbed in the tiane). 
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Thua trom. (2) am {3), 

n + ~ bn • ;;i pqu(t)'t(t) • • • • • • • • • • (4) 
"' -111 A(t) 

F4uationa (2) mi (4), when llOlnd, giw the activit7 of the tissue at Mi' 

From ret· (.3), AI( t) 1a ot the torm. 

'J:(t) • 1'i,·-~t - k2• -'2~ . . . . . . . . . . (5) 

vi th 
lei • o.02J5 ~ • 0.00359 t • time atter tisaion, days 

\ • 0.0955 1z • 0.554 

'l'be .t1rat term. Sn the aboft 18 due to the radtoaatiw clecq ot r'Jl, while 

tti. aecror.d term - and a third tem 1dl1oh wu neglected •inee it 1a email 

after J hours - allow tor the contributiOm trom ether decq oha1ns to 

the x1Jl act1vit7. (The 1ecom term al.lo falla to a negligible amount 

by- 4 dqa, but 1a inoltdecl). 

A(t) 1e ot the torm .A.(t) • kt-n 

Where k • 61.70, n • l,12 for t. < 4 hn (H. E. Blllou). 

Since an initial uptake 1s to be determined, a ttma t
0 

• 3.5 hr. 18 taken, 

at wb1ch both u(t) &rd A~t) are laJMl. Then, let;tinc E • o.a> Hev. m • ll gm, 

&e ma.~ dtfine Gt 1u411fi.J..1 R0 • ~ • • • • • • • • • • • • • • • • • (6) 

AhJ. -the rAte ()( ri-.hkt of- Rx(t) • R0Ai(t) • • • • • • • • • • • • • • • • (?) 
! Ill .J- ·t°1nte t ls ; 

Alto, 

a.rd letting 1.1- + b • 2l:t_ ae in nt (1), there rnulta tor equation (2) 
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having taken a • 0 at t • ;_J &Di tor equation (4) 
•• • :Lt ~t 
D + 21:i, D • tj?0(K:J.e-·1-~e - ·~) 

with a eol.ution 

D • Wo [.-~ti• .-~Ca-t:t.) - z.-~t] 
~2 . 

+ k.f.fo . I ~·-~t - (~=~).-~;_ -12·-~Ct-ti>-Azt1] 
2>.i laC2l:t-~) l 

. . 
havine aboUn D • D, D • 0 at t •ti• 
(For long t ar.d IDl&ll ~the oonetant. ;. 97 be Mt • o~ 

Subetituting the ftl.uea eh:>•en into equation (8), there Melllta with 

t • Zl ~as in reference (l) a.Di~• 0.15 dq, 

3.9 • R0f9,03:>~ (0.0874) - 9aY! x 10-.3 (9.0 x 10-3)1 
Lo.ass; :J 

no • lS6 ,.'Jdq per d/mf31 per 104 t1uit>m, 

or R1(t) • 186(0.0169) • l.l /'° f 31/da:r .initiall;r. 

14bile 

(9) 

D • lt9l -:J (O.a:n) + Q,~ (0 • .347) • %19 t 6 ~Zia l~· in 'Zl dQ8 
•• 31 x lO 0.03 

It ti O ~ t 2 • m, there ~t• 

I • 261(1 + 0-0) - 19.4(0 - o + 0..38'3) • 261 + 7 ; 27t) m. to m. 

Formulaa (7) aIXl ( 8) may tha be a1mpll.t1ed bT n.e&lecting the tmaller 

exponential t~, but letting t •a> reault• in about ID per cent too 
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_,,_ 



othel" iaeuured quantity, that ot the doe• n"• aa about 20 1JJ'l:/hr, a 

better .:J.ue tor either p or q muat be chonn. Sinoe p, the traction 

retained, nema a comenative estimate at 0.20 am 1a a f"a:irl.7 wall 

known quantit7, one can accept it am ••• what value ot q would lead to 

the value of u( ti) im.pliecl by th• measured air doae rate, which 18 

u(t1) • 20(8.7) • l70IJIJ/tt2 

Then 

q. nx<ti> • ,.i • B2 tt2/dq 
pA1 t-t1) o.2{170){0:-oou} 

or a tact.or ot about 4 aa noted. 

It ii n:ldent that when this .ta applied to the Shot 2 cue, when onl.7 

the doae rate 1n air at 3.5 hr is ~ tb1a increase in area covered 

will 1ncreaae the do•• eetimate by th• -- factor. Th• figure ot 82 rt
2
/day 

1eema more reaaonable than that ot al n 2/d.tq. I! one keepe the assumption 

of 2000 gm total ntgetation eaten per "'1" "1' the aheep, thia implies that the 
2 . 

ar• contained. about 25 p/tt ot edible dry vegetatiOn. Alternatbely • the 

animal could lf8ll. haw eaten Dl)1'G than 2XX> gm per d&T• It might of course 

be sugguted that onl.7 a traction o! the f.iaaion procluote present on each 

eoverect wuld be neceuaril1' greater. In &IV' caee, it 18 the product or 

such a traction ard auah an area which 1a importal'ltJ it 1a only neoea8aJ:7 

to auume thU "etteoti ve" area to be conatant from da,y to d&7 in both 

localities. Thia 18 probably not bad, ainoe whether the same ar.oount of 
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vegetation u eaten 1n a small area or onr & large one, the quantit7 ot 

!'iasion prod.mt• ingeeted.·11 proport;ioml to the area ct plant sur!ace 

eaten rathr than the grourdao'f'Gl'ed, u long u the deposition vu 

aindlar &a1 the animal• ate 1n the same manner. One might usume this 

tor a aheep. 

For twmanl, an et.teotive (biological + zwt.ioanive) halt lit• of 

6 d&y8 1a obaenCJ th\111 the b:tologioal halt lit• ia' 10mMl&t more .than 

·~ equal to the nu:l!outi:n balt11te u 1a het"9 ......m. Thus 

6 • S J( Tb J T • 7.4d 
8 • T. b 

b 
'It thia appl..iN here, both a loww initial uptake atd lower total 

dose e&lculated. hare aq thua be a genero\18 utiate. On the other band, 

a lowel' uptake figure would. pttt the tJ.gure ot puinc &a1 retention rate 

tion based on the doae rates measured in the .,.. 

t:ra1ng the values of air doae rate ani q vhioh ba.ve been discUflaed, 

one,_, ut.1nat• the do.. to the sheep trom Shot 2 aa waa done in nt (l). 

Here the doae rate at 2 bra vu 500 '!111/hr• .lt 3.S houn, this ia 

then 

With n • l.2, th1a oqual..e 2!0 ll11"/hr, aIX1 u(ti) • s.7(260) • 2300 pc/rt2 

aa 1n N4 (l). Then 

-9-



R(t) • 2.5 x io'co.0169) • 42pcrsi/da7 initial uptake 

Then tram equation 9 

D 25,a · .'!!(0.987) -~ (0.3;2) • 3.48 x io' +87; %00 l"!I? 
• 7,'Jl:AJl'~ 0,0363 

in apprmd.matel.1' 100 deJ'll• 

Aa a cheek, let us ... bolt much ot t.hia rather b1gb ooncGtrat:lon 0: 

activit7 wculd remain by t • lD&t (Marcil 24 - Jam 15). 

11 • 2.S x llY 0.Q2)5(l x 10-4) - O • o.06 Ill' 1n tot.al 
o.oas; 

thi'ro!d. 

For a 11 gm thpoid, tbia 1a approximatal.7 5,5 x 10-3 118/1/A or 

about 5,.5x10-3 (2.22lcl.07) • i • .2xl.CY oounta peJ' mim&te. For an avvage 

0,06 po out ot a total ot 0.506, about ll% ot the ut1v.l't7 oounted would 

R
0 

tor Shot 91 heme also the .:Lue~ q am thua tbHe ot R
0 

am D for 

Shot 2, A doM ot about. 3200 ftl' .rd.ght t.he be nr»:e ucurata, !lowft'er1 

it lhcnW:l be noted that on th• "!d&t1 9POt." hfpothu1a the total do• from 

abot 2 might be much lee• aa poimed out in ret(l), al8o that irregular 

diatribut.ion of activity- 1n the thJroid m1ght. alt• the dose ut.1matea 

baaed on it. In the other direotion, p ~be cl.oaer to 0.30 than o.a>, 

-10-



E. ~ do•• tl"Glll other 1eotopa ot ildine. Th• dmap8 dua to the 

other abort lived illotopea ot I..,. naw be eatlated. t1'1 am x135 are 

of interest u pointed out in ret (l) J in addition, it 18 rd.dent that 

1"2 ia Yflr7 important am oarmot be negl.eoted. One term or the rer (.3) 

expl"eUiona 19 hen used, except in the G&H ot zl'2• 

·:r13'1 Shot. 9• i • o.i.s Mn 1:1. • o.269 '3 • 2.as li. • 0.792 per d&1' 

D • 2f2S(l,,lCO.,W) ( -0.792(0.lS) .. -0.792(.54) .,_-0.192(.,7)) 
2 0e192 2 • _ _, A 

(0.89) (0) (0) 

Shot 21 

0- ~rY{ 00) • 12..4( 00) • 1200 rep 

i135
1 Shot 9• 1'i • 0.98lf\ • 2.49 

83 • l.Sj E {av)• OJ Mn 

D • l.5Ct§6}(Jt9§l)(-0.374 )• l5 rep 
2 2.49 • + 0-0 

o.688 

Shot 21 

D • 13.4(15) • 3X> rep 

f32 a Here the halt Ute ot t1'2 1tael.t u short, 2.4 hr, but it 1a the 

daughter pzooduot of Te132 whioh bu a 77 hr halt Ute. Heme -f'2 u 

prMent in th• ft.aion produota tor aneral dqa am oontributu a aon

aiden.ble doae. It will bl uaumed that th• x1'2 baa d~ through one 

halt lite lJ1' the time it reach•• the t1J1roid1 i.e., that the time of transport 

-ll-



ot an zl32 atcm t'l"ODl intestinal tn.ot to tbJroid 1e 2.4 bra. To allow tor 

both th• abow circumatanoes, one mun use tw ex.ponentu.ia 1n the exp.r•euion 

tor A1(t) given in ret. (3) and multiply A1(t) by i in equation 2. Again 

using equation 8 with thue modirioationa, (with 1'.(r + b) • ~ + \ here 

arr! not ~)s 

E • o. 7 Mey K • o.05m. 
l 

For Shot 9: 

• 28) - 2/. • 280 rep 

For Shot. 21 

D • 13.4(280) • 3100 rep 

\. 0:.216 ~ • o.oss5 
u betore 

+O - 0) 

-0 +O) 

Tbeae latter doaapa all oocm- Within short tm.,. ' ot the order ot a week 

or lea, a.rd lean no ft. idence in the .torm ot linger.tag activity. We can 

onl.7 utinate them. on the baaia or the rel.atiw an>unta ot the l'&rious 

isotopu in the tiaaion products ire•errt. at &Il1' time. Again, an error ot 

1.1$ wq alao be pre#ent due to .lingering Shot 2 I1'1 activity in the samples, 
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apota. 

Th• dose .U.tea in im-t• C & D are bu«l on ooat.imloua ingeation 

of :r1'1 over the entire period. It i:ngest.ion o-e:l after about :30 d&JD, 

but the r-31 remdned in the tb;vr01d, the dotle muld be ll'DlllerJ an 

utimt. onlJ' v1ll be -4• here ot anothw tutor ot abOut 8/9. However, 

it mu.st be apbuised that the dotl• tl"CD the f32
, wb1oh 1a u large aa 

the total P, doM, u reo.tm Within the.,... ot H'1W&l ba1t lina 

ot Tel:J2, or abOut 9 dip, while that due to ~ ia reoeived. during about 

3 dA1'8 tJJl tNa ~5 in a~ l dq. ft•• ex.paurea have 

been oa.l.culated. uS\md.r.c the)" OQl!lmeflCed at 3.5 brJ it 19 of i.'llpcrt.ar.ce 

in calculating the uptakee o! s!iort lind zsml id• to t1x thia tiJae. 

It ia rd.dent that th• total.a oould haw been u hi&h u s,oco rep, am 
probl.b17 exceeded 4,soo. Thia ii still comenative, oom:.idering the 

thrroid damll• o'blenecl 1n the ~. 

F • Activit:r ~ tu ilPll! 

The irndS&t!on ot the bone ma.:tTC*' 11&1' be estimated utilizing the 

upt;akea of total tisaion pi'Od.ucta oaleulatld 1n C ar:d D. The isotopes 

5r89, Sr90, Sr91, 190, m, B&l.40 am Lal.40 v.Ul be considered here. 

I?ather than total do8• or doae :atea, aomentratjmia in f11: to:r the Wale 

arJ.mal will be ..U..t«l, u it 1a !elt that these tiguna are more euil.7 

interpreted. The data on uptake am~.,. b:f" Hamilton (4) 

will b4I lllled u a bads for cnaluating the!Jt re.1.at.iw Jmportance. Data 

on rad~ive deoa7 &rd cthain relationsbipe are trca ret (3). 
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l. 

A.,_ (t) • 0.00418e -O.Ol.31 (t in dlqa) 
.. il:' 

P Sr • 0.03 to 0.40J 0.1 Will be uaed here. 

Tl1.ia ill .talt to be a aonaervatiw utimte. 

Here p ia tba product ot Hamil.ton ts "oral ab8orpt,ion" ani "ecc-Jll11llation 

1n pri.'l&i~ organ. n 

Biolog1eal ba.1.f li:f'e >a')() da7s· 'i'hu the 'Wlluo \ • 0,993 • J.47 x 10-.3 
200 

Shot 9& 

The eoncantnr.t.iQn in thQ bona ia given tv" equation ($) raodJ.:U.~ for the 
p 

cue ~ • "i_ am w1th ~ • O. In this oue. R
0 

• 18' ~ • 1$6 9~ • 93. PI 0.2 

Let t~ • 0 and t • 27d. 

Then 
2J(f.J.tHl.0-3} ( • ...O,Q131(27)_e -(O.oJJl:tD.00347)(27) 

a • 3.4.':XW-T ( 

• U2 I0.101-4).639) • ~ on 19 June 

'!'his :ta still J>uildi.ng up 4n th1a date. 

Shot 21 

t • 27 d.q9 

& • 6.9 x ~ • lJ.4(6.9} .. ?a • 

The u-pta.ke ot SrfR for theShot 2 ca&• hu been eat:t.ted trom the Shot. 9 

cue •Utmdnc the value. ot ~ q am the>..ta to be t.h4' aame aa for Shot 9. 

Since the ingeat:lon ot the fusion prod.Ullte probably did not last lotger 

t&2an :30 d'75, th• timea have been ~ at 'Zl dqa u well. Thus the Shot 9 

result• need only' be multiplied by RofShqt 2~ • 
Ro Shot 9 
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90 2. Sr • 

p • O.lD Ro • 186 

Shot 91 

Shot 2• 

a • 13.4 (O.o66) • o.as. at 'Z'/ dqa. 

The uptde ot Sr90 u neg) jgibl e 1n ~ with that ot Sr'l.JJ • 

3. s~91• A_i. • i.713 12 • 3,47 x 10-3 k • o.6.51 

Here ~ • O.l.46 dq, lime tlWt 1a a ahort 11'"4 maoJ 1de, 

a. 93(0.6'1) 't c.-1.rut_. -lc'll3t-Oe00347(t.-~)) 
3.47 x J.<rJ 

'nle 'buildup at Sr91 rt&Chea a peak am then fall.a otf Within several 

da181 

Shot 91 

ti O,Sd ld 2cl 

as 8.0• ~14- J.~ 

For the Shat 2 oae•• 

ti O.Sd ld at 

as ll.0111 1J.QJAl ~ 

It ia aeen that a ~ ooneentat:ton ot Sr'Jl- aiat• tor 2 or 

3 dQa, Vh:1ch ahortl.T diappean. In tt·a plaoe, howe•er, the daughter 

produat I9l raai.na, u will be aeen in the ncrt. oalculation. 
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4. .po. ~ • 7.59 x 3.0-5 --l 12 • 0.255 - -l 

\ • o~ • l..39 x 10-3 ki • 2.'7 x io-5 

Since ex.cretion ia greater than .500 clap halt life, it 1'!IQ' be noslect«l 

tor the t~ heN involved. 'l'hen 

• i... t Lt. a• ~(•-"J. ... -!,) 

am tor tho _. tin1ae u betore, f'ol" Sbot. 91 

a •Os~ lS6 (2.67 x 10-5) (-3e8 + 27.l.) 

• 1.7 x u:r4 111 1n Z'/ daQ9. ,,_.'U8'1>'• for bot.h abot,a. 

Tb1a Sa the uptake ot .,pa t1'Clll ~ Bat. in .W.t.ion tho Sr91, 

vl'.ich ia abautt 65 tinm .. ~ ~ 1n tbe bone, l1bel"ate8 

y?1 there u =-nt.1ona1. The depold.Uac ooen vitldn tho tint. fw da18• 

t~ing ax:cret.ion, the ~ ot .pi. due to tbia z;rocoa 18 

g!.ven lJyl 

5. '!.'11. 

+ ;<\ • ~ • ~] .•...••••••...••.. (10) 

·~-~ 
For ~ • l. 7JJ k]. • 0.651 

~ • 'J.47 x 10-.3 R • 93 .... a 



Shot 91 

Shot 21 

a • 20( J3/4) • 220MP b7 4 d&1W 

(Tb.18 m1ght be reduced bT a tutor ot 2 if one Sr91 balt lite (9.7 br) baa 
puaed baton deposition vitJdn the bone ball oeourl'C. U.ever, deposition is 
prob&bl.1' more raJd,d than tbia. 

6. BaJJ,tJ. tTairJ& ecpation s. with 

Shot 9• 

Shot 21 

-2 
~ • 0.693 • 1.39 x lO 

50 
~. 0.0229 

a • 93(0.0229) (0.232 - 0.159) 
1.39 x 10-2 

a • 11(13.4) • 150 119 in Z1 d. 

7 • i..140• A •itation analogoua to that ot y9l OffUN here. Onl7 a 

ama.1.1. amount of u140 Jdaht. be axpeotecl to Gtw t1-'M p.t, but. there 

al.8o ex::f.eta the bail.dup hem the decq ol Bal.40 ODO• 'd.th:ln the bome It 

May be oalculate:l 1n the same vaf 7 ae wu the oonaentra.Uon ot y91, u.:b:lg 

equation (10) w.ith 
• -2 

~. 5.41x10 

~ -2 2 • l.39 x lO 

13. o.w 

~. 0.0229 

Ra..~• 93 
Time• aa bet01"9 
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a • J.& (9') (0.0229) <1-
1

: - .-
1

•84) 
l • .39 0.3 0.348 

• l.5 Id!! at Z1 da1s (3Jot 9) 
I 

An1 !or Ghot 2t 

a • i.s (13,4) • :1Dpo at Z1 c1&7a. -
Th• total doee to tbt ~ .U hOa t.he 1:Mlta Ndkt,jon of the 

fild.on ~vet• u a vhol.e !1IQ" alao be ~. Aa a l'OU&b apprm::b:lation 

the int.eat1ne ~ be regud.ed u a qlSnter ot ane ~ rad1ua ml 

lO nmt .. loncth. nllAd. • a ~--- nd:nve ot till.ton pl'OClucrt8 

am at.er. t1dng the eat•ted. ..i.ue or \a tor na.:t.on prodmt.a during 

'VU'1oua time int.anal.a att• bunt, tbl -1.ue ot p. _,- \Mt eatimated tor 

watar during th ... timu aa !al.low• 

a 
p 

Where p. • lJ.mmo abeorption coettil:d.cit, I/IA -l 

P • donait;r, pt.2 (for water P • 1) 

dt • haU\d.ntenaU.7 th1ckneaa ot ·zat.er!al, p/oa2
• 

The quantity di is ~ about. one cdghth ot the ranee ot a beta epectn:m. 

Aa a first a~tion, then, one Dla1' oalculate llf1 tram th• F•ther rarJge • 

flDMr8T relations 

p. - S(0.69Jl • • • • • • • • • • • • • • • • • • • • • • .(11) 
o.SJ,.3Em-O.li0 

-ls-



Aa a check, one •Y estimate a halt thickneaa Talue tor a given energy spectrum 

rrom the absorption curve in Al. (See Table). Using the Feather Value, it ia 

seen that for d = 1 cm, the value ot p.d tor theae intenals exceeds 6 and the 

cylinder behaves llke an infinite slab with respect to self absorption, for 

which ( ret. 6 ): I : Ao/4)1 • • • • • • • • • • • • • • • • • • • • • (12) 

It one takes all the betas to be absorbed within a )Diil shell ot intestinal 

mucosa whose density is about 1 ?}l/cm.3, the total mass ot irradiated wall will 

be 690lf gm. The total area will be a : 2lfrl = 2000 C1fl?., and the total nux will 

be Ia, or 

Q:. Ia : 2000,,.-S2AT(t;) • 21 ~ AT(t) betu/aeo x 3.7 x lfi4- • 
4p. 2000 

all ot which is absorbed in the tissue. Hince equation (3) will apply~ 'lhua 

D: 55 L 21 ! A.r(t) : 1.7 ! Af(t) rep/da7 ••••••••••• (13) 
6~T F p . 

- r 

Where E is in Mey, J1 in ca'""l, AT(t) in J10/fi2 • 

Since it has been assumed that the sheep turna Oftr 2000 (Ill/ day, this 

amount is always in the intestine, with it.s activity tailing ott as AT(t) : AT
0 
(~:n 

Then t.he total dose ia ~ 
l 7 n1 - -n ( ) D : ..!... AT

0 
t 0 E t dt • • • • • • • • • • • • • • • • • • 14 

l1 to 

The integral will be divided into three porioa onr which n, Em' and thus p, 

are taken as constant to a firet appraximation. Then for the shot 2 case, where 

t 0 = 0.15 dq and AT0 = 2300 pc/rt21 

~ t. n1 '1 ( t;-ni t.
1
-rlj_) 

D : 1. 7 (2300) ~ o Pl ( ni - l) • • • • • • • • (l5) 
i-1 
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~ 
For the perioda lmder consideration, (rel'. 7) 

- dt(abe) dt(Feather) 1 to t n1 E Ei f 1 m 

1 0.15d ld 1.12 1.9 Mev 0.75 hlev 0.10 gm/am2 0.11 gm/cm2 6.4 cm•l 

2 1 4 1.25 1.2 0.44 o.os 0.06 11 

3 4 30 0.98 o.ss 0.29 0.03 0.04 18 

Thus the total dose 1n JO daye, D, is 

D : 1.7 (2300) (0.030 + 0.047 • 0.133) 

s 820 rep tor shot 2, and 820/13.4 • 60 rep tor shot 9. 

It is ot interest to note that 120 rep of the shot 2 dose occurs in the f'irst 

day, 180 rep bet\l88n ti.rat and fourth d&T, and the remaining 520 rep in the 

following 26 dayll out of 30, and s1m11ar17 for shat 9. This ot course cannot 

be considered as more than an order ot magnitude calculation in view or the 

assumptions, but it does illustrate that a rather significant degree of damage 

could occur in this radiosensitive area. 

H. kternal bet' doses. Several cases were reported (S) of animals 

with activity- deposited on head, abdomen, etc. It one assumes that this de• 

posit results from oontaot with the ground, particularlj" around the mouth and 

head, one oan calculate an extreme case tor external beta exposure from this 

material by' assuming that the material was deposited at the beginning of the 

exposure and remained throughout it. In addition, an external beta exposure 

to the head tram the ground itself' oan be eatimted. 

Far the .t'irst case an 8 July dose rate reading ot "So mr beta on the head 

ot an anjmal is taken trom ref. 7. This is the highest of the group o.t' read· 

ings given. 

n .~t -1.2 
t 1 x() • 

·1 
• • • • • • • • • • • • • • • • • {16) 



• 
Let Di2 : o.os rep/hr t2 = 26d ;. = 0.15d 

• ry6 ,1.2 
then Dt

1
: o.OS C.0:

15 
: ZS rep/hr {beta) 

and D - sD t 1.2 (t -0.2.t -0.2) 
- t1 1 1 2 
= 5('2.5) (0.098) {24) (0.96) 

:280 rep. 

If a comparable de-posit had occurred on shot 2 where the level of contamination 

was higher, one might estimate a dose ot280 (13.4) : 3800 rep tor a similar 

body area. 

J"rom the ground itaelt one oan make a similar gueses here one uses the shot 

9 f'igure of 20 mr gamma at 3.5 hr atter burst as a beginning. Estimates of the 

ratio of ionization trom beta radiation to that ot gaua in tall•oui:. fields 

range from about 20 to J.4011, at the contaminated surtaoe (ret.9). Using the 
• 

same time intel"Tal. and a dose rate initial]Jr of D1ii: (0.020) 20 = 0.40 rep/hr 

beta, then D :280 (0.40 )/'l-5 : 4.5 rep beta 
• 

While if the ratio was l.4011, Dt : SS (0.020) 140 : 2.8 rep/hr beta 
1 

and D :]$() x (2.s)n,_5: 32 rep beta 

tt:Yr shot 91 with a comparable exposure after shot 2 ot 

D • ~ - 430 rep beta. 

Such doses probabl,y would be only' to areas around the mouth, and would of 

course be in the superf'icial tissues of the skin. 

I. Qmre est;l;nt;ea tor lh•P gpo11d alsnhme Some figures tor the 

1131 activities in sheep tlJ1roid samples counted in this Laborato17 (10) and 

the corresponding dose estimates llade on the basis ot parts A to ff will be 

f'inaJ.4 listed. They are lower in all oases than the doses calculated in 

parts A to H. 
i' 
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Bullock #1 

0.550 gm sample. 29,100 CJD on 19 June 

Acti rl tr in t!J1roid on 19 June, o. 06 pc/gm 

Activity in 11 gm thyroid at death, 1.0 fO• 

40'{. ett. counter 

It exposure occurred at shot. 9, the rate of intake of zl3l at 3.5 hrs was: 

R (t) : 186 x ~ (0.017) • 0.81 pc per day. 

Dose to the thyroid troa shot 9 11311 D :1 i.g (203) = 52 rep 
3.9 

Similarly, 

Corry 115. Shot 9 tl3l1 D : 52 x J§l2Sl: 69 rep 
29100 

Bullock /JJ. Shot 9 I131: D • 52 :z: J.26 • 34 rep 
291 

Webster 113. Shot 9 11311 D : 52 x JJ.2 :: 21 rep 
291 

Three other aniuls with lower activities '!fSr& listed. 

If' one assumes that these animals ingested and retained the other iso

topes in the same proportions as aaleul3ted tor the Biko • Cedar City animals, 

one may estime.te total thyroid doses, bone oonoentration of other isotopes, 

fission product beta dose to the gut wall and external exposure. This would 

apply to Shot 9 which is assumed to have produced all the activity detected 

in the thyroids. These reeulte together with the total tor the Hiko - Cedar 

City animals are summed up below. Ir the animals whose samples were aount.ed 

here also received another exposure from an earlier shot or ii' these IJJl 

activities themselves resulted f'rom an earlier ahot it would materiall,y in-

ereaae the dose estimates. It is not known whether this occurred, but the 

condition of the tissues obae~ here seems to imply higher doses and con-

centrations than would have resulted f'rom Shot 9 alone. If' a Shot 2 • Shot 9 

exposure occurred rlth a. ratio ot fall-out intensity similar to that for the 

2)... 



Hiko - Cedar Oity oase, than the doses would all be increased by about a :tactor 

of 10, aa is seen in the first seotions ot this diatSWtaion. Ir suoh was the 

aase, bona s&!lrolee of the animals would so indicate bf the activity of sr89 

and y9l, which would still be present and would yield values higher than be• 

low indiaated when extrapolated back to time ot expoaura. However, such a 

determination appears impossible at this time. 

Bullock Co~ Bullock Webster 
#1 115 113 13 

Total I; Th;yroid 150 :rep 200 rep 100 rep 60 rep 

sr89s Bone l.S f1o 2.4 po 1.2 ro 0.7 fC 
sr90 0.02 0.03 0.01 0.01 

sr91 2.4 3.2 1.6 l.O 
y91 5.1 6.7 3.4 2.1 

Bal.40 2.3 J.7 1.s l.l 

tal.40 0.4 0.5 0.3 0.2 

Gut 'Nall 15 rep 20 rep 10 rep 6 rep 

Mouth, External 1 - 8 rep 1 - 11 0.7 - 5 0.4 - 3 

2j 



1. Using the data from ref. 1, an e stims.tion of sneral additioi'l81 

doses to the Biko - Cedar City sheep exposed to fall-out from both Shot 2 

and Shot 9 is made. It ia contended here that the thyroid dose was higher 

than ref. 1 indiea~ed, and that total loads of other isotopes in the bone 

were of even greater importance than the thyroid dose. Some irradiation 

of the gut appears possible as well as local, moderately strong external 

doses to mouth and head. 

a. Total tbJrroid beta dose from both exposures was estimated 

at 45JO to 9000 rep (4 isotopes of iodine). 

b. M:arlmum oonoentraticns in the bone were estimated, at times 

indicated, oft 

sr89 (5Jd ha.1.f' life) 99 p.c ;t7 day levels, both shots 

sr90 25 yr 1 pc 'Z"/ dq lave ls, both shots 

sr91 9.7 hr half' life 140 F" l day level ,, 
y91 61 day 290 fC 4 day level II 

Bal.40 13 day 1601uc 27 day level ,, 
tal40 40 hr 22 pa 7! day lewl II 

e. Total beta dose to mucosa of small intestine from fission 

products as a. whole on the order or io3 rep. 

d. Ioeal dose around mouth and head as high as io3 rep !'rom cling

ing materials as high as 1o2 • io3 rep from the ground. 

e. Total external gamma dose negligible. 

2. On the basis of data from thyroid sample counting done in this 

Laboratory, similar doses to saveral animals exposed 1n other areas are cal• 

oulated. This is done assuaing the activity in the th;r.roid on the date ot 



.__. 
r,,ounting ws all due to Shot 9. All reaulta are ~ the order of one-eixtieth 

ot the above. No reasonable esti::n.atEl of exposure due to arq other shot oan 

be made unless further information is available on these animals. 

Alternatively, the attivity in the thyroid could have been due to an 

exposure from an earlier shot. '?his appears llOre likely than a Shot 9 expo-

sure, given the obse!'Ved patholota in the teyroid and bone marrow of these 

animals. For example, a continual ingestion f'rora Shot 2 until death of the 

animals on 14 June (with no exposure f'rom other shots), would imp'.cy' an ini• 

tial ingestion !"ate of about 400 p.c/day. This would be consistent with all 
I 

the above assumptions if the sheep had been in a fall•out area where the 

gamma dose rate at 3.5 hrs had been about 2 r/hr. Under these conditions: 

a. Total th.vroid dose would have been about 32000 rep !'rom r13l 

alone and as high as 90000 rep from all I isotopes. 
91 b. Conoentratione in tho bone might have reached 2.5 mo of Y , 

880 pa or sr89 etc. for the total animal - a factor of 9 higher than those 

aalculated for the Hiko - Cedar City ease, and a factor or about 540 higher 

than the assumption of a Shot 9 exposure to these other animals indicates. 

e. Gut doses of about io4 rep beta might have occurred as '!Vell. 

These two extremes provide a measure of the range of possible doses. 

It appears likely that an axoosure did occur earlier than Shot 9, bttt pro

bably not as early as Shot 2. 

3. It can b& concluded that radiation damage occurred with the above 

doses, although perhaps not in sufficient degree to be a prime oause ot 

death. However, the animals were probably weakened enough to succumb to 

other causes \1hich would not have been lethal in th9J18elves, and newborn 



animals were al.most oerta.inlJ' harmed b)" both their own and their mother'• 

exposures, which 1'0Uld account tor the increased mortalit7 of young lambs 

observed. The data is scanty and the asti..":latos admittedly rough, but this 

eonclueion seems reasonable. It is felt that these exposures constitute a 

clear example of the internal hazard from fission product fall-outs in which 

protracted ingestion of the moterial me:y take plaoe. ilthough this hazard 

is of course maximized for a grazing animal, tha relevance of these expo-

sures to such human problems as water supply and arop contamination should 

not be overlooked. 

cH 
C. A. SCNDRAUS 
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