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A, Introduction

Calculaticns of radiation dosagz tothe thyroids of sheep ingeste
ing falle=out have bzen made olsewhere (1), It was there cenczluded
that these dcses were not larcs enoush to account for deaths among
the animals. It is ccntended here that althoath the activity found
in the thyroid serves as an index of total radiation exposare, tha
thyroid dese is but e of several possible types of internal irradi-
alion which will occur when ingestion of mixed fissimn products has
taken slace. Ths most important of thesa appears to bte the dose to
ths bcne marrow froaz lang lived isctopes vith slow biolozical turnover.
This effact has zenerally bien ccnsidered to bs chronic in character,
but it appears possible that "short term" affects may also octur if
th3 concuntrations ar: sulficiently high and the emitters are of
noderats “ly long half life. Strone evidonce of bens masrow damage hos
been fomd in sanples taken from the skeletens of several of these
animals and subjected to histopatholozical examination (2). This
accapanies the avidence of thyroid and other damags also cbserved,
and is undcubtedly of rreat:r importance than the latter tot he survival
and w21l being of ths animal., These observations and thé calculations

prescnted here constitute rather stron; arguments Zor the conclusion

that radiatien =ff:cts played an important frele in thpdpcremsedryEs
mortality cbserved among the animals, 326 U. S ATOMIC ENERGY
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The calculations are based on the only availa.le sxperimental datas
a) the concentrations of activity measured in the thyroids scme weeks
after the fall-outs, and b) the dose rates in air as m2asured in the
fall-ocut arcas at ths time the fall-ocuts occurred. The anly additicmmal
asgumptions are: a) that th: fission proauct mixture containod the same
relative proportions of several radloactive nuclides as are calculatedﬂ
by Hunter and Ballou {3), and b) ‘hat the animals ats 2C00 gm dry
vegetation per day and rcmaincd in a fall-cut arca for abeut 3C days.
(Thae latter assumption c¢'n bc rolaxed samewhat and shorter sxzposurc
times be assumed; it can still bs shown that the given thyrcld activities
imply hish concentraticns of activity in ths bone ovser a cansidsrable
piriod), In additicn tc the bone marrow actiqity calculaticns, rcush
estimates ar: made of a) the total dose to the intestinal wall fra
the fission products as a whols which pass throu:i, and b) local ex-
t:rnal beta doses fromf ission products elin:ing to the bLody surfacs.

In ccaputing the dosaes, the fizures for thyroid activity and dose
rates an the ;round ziven in rzference (1) are used. Comparable ['iures
ar: later given {or the sancples measurzd in this laboratory, whica nad
lcower activitiss througnout. < nes thess latter .nimals showed dzi'inite
pathology, the hisher astivities :iven in rorer nce (1) shculc al.ost
certainly indicats similar sffzets in tuoss animals,

The doss tc the thyrcid for the Shot 9 case, winore the final thy-
roid activity was measur:d an 3 July, will {irst bs recalculatad,

using the Hunter - Ballou &> gressicn for the activity of 1131.

a I ..”i,i I"”.
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This also yields a figure for initial uptake of fission products as a
whole, which permits the caloulations of uptake to the btone of several
isopopes of Sr, Y, Ba and La, These elemonts probably contribute the
major portion of activity within the bones The relation between
initial uptake and coneentration of fission produsts per unit area
{estimated from the dose rates measured in air) then may be used to
axtrapolate to Shot 2 case as was done in referemce (1). For the animals
exposod to both Shot 2 and Shot 9 fall-out, this procedure will yleld
total doses and concentrations.
B/ Assymtions

1. Highest measured sctivity on July 8 was heb x 1072 so/gn of o
in thyroid.

2, Tize of both fall-outs was 2 hours after detonations. Initial
gamma dose ratess .

20 ar/hr for Shot g &t 345 hre
500 mr/hr for Shet 248t 2 hr.

3. The animals ate 2000 gm of vegetation per day. Retentions
of the elaments arc as given by Hamilton (4) and are stated in what
kfollawss

4o Activities of muclides with time, in disintegrations per mimute
per 10,000 fissions, are as §iven by lunter and Ballou (3) and are stated
in the following discussions.

s latdon: 4 Dor A
1131 in tiyroid - Shot 9. 11 gm Thyroid.
+AL
a =3¢ A = 0.,0855
I Py —
o.oaé)( )
a, = 0.506 (7.3) -(-3.9 ma on 15 Junse
-3~
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Let AL(t) = Activity 3, d4/m per 10,000 fissions.

A(t) = Total activity of fission products, d/m per 10,000 fissions.
a(t) = Total activity of fission products in the area, uc/ft’
ur(t) = Activity oL 4 the area, m/'ft2
q = Arca, in ft2/day, grazed by sheep
p = Fraction I:LB 1 caten which goes to thyroid.
If th. f£ission products in thc area are not disproportionated,

wt) | ugl)
A(t) %)

azﬂthuathcmntorllnperdaygougtothothnoﬁotthonheepis

Q(t)-ml(t)co.ooooooooooo (1)

Then the changs in the thyroid activity per day is given Ly

;-mu(t) (t-xﬂb‘oooioooo (=)
(+)
ihere A, = total biclogical and radioactive deosy cemstant for -
a ~ amount of T°F (gs) in thyroid at

any time t (daps)
Also, from H, M Parker, ref (5)
5-55_}& o 9 ¢ 0686 060 068 8 08 0 00 (3)

Where D = dose rate, rep/day, to organ; the dot denoting the time deriwative
of D,

Let:
= = mags of orgsn, gm
E = average energy of beta radiation, Mev

(all radiation assumed absorbed in the tissue).
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Thus from (2) and (3),

.D.-bkl;bﬁ-?iﬁp@(t)ﬁ(t) cesevecsoe (4)
m k)

Equations (2) and (4), when solved, give the activity of the tissue at any
time and the total dose received,
From ref (3), AI(t) in of the form

&(t).klﬁ-_llt-kz‘-&t e s 000 60000 (5)

with
k‘l » 0,0205 kz = 0,0035% ¢ = time after fission, days

AL = 0.0855 X, = 0,55

The first term in the sbove is dus to the radicctive decsy of T%, while
the second term - and a third term which was neglected since it is small
after 3 hours - allow for the contributions from ether decay chains to
the 1‘131 activity. (The second term also falls to a negligible amount
by 4 days, but is included).
A(t) 4s of the form A(t) w kt~
Where k = 6170, n = 1,12 for t . 4 hrs (N. E. Ballou).
Since an initial uptake is to be determined, a time t = 3.5 hr. 1s taken,
at which both u(t) and Aft) are known, Then, letting E = 0,20 Meve m = 11 gn,

a‘)emagde{fneaquamlﬂ-g RO.'BA%S)‘ ® 6 06 6 6 66 60 600906060990 (6)

n ' t) =R totoocuc.obc.oooo?
émtbf _{:ieeoir hxikse:m‘ R,(t) A (t) (1)

Also, RB'ﬁmE-l

ard letting Ar + b = 2\, as in ref (1), there results for equation (2)

n
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ae+ 22 = Ro(kle:'xlz - kze’kat')
with & solution

2. oﬁ [ o™t - "‘1(2*"*1)] [ oDy ha) YAt "‘2"']. . (8

hav:ingtakena-Oatt.-tlz and for equation (4)
Temy b hbge M
2y D = kRy(Ie 1 e )
with a eolution -

Dw ﬂ;g [o-hlt]., . e""I(zt"'tl) - 20—’1{] (9

+ kﬂ%___j[zllc-ﬁt - (211;-).2)‘-‘2{;1 ~120"a1(t’tl) 'Az{t}

T e

having chosen D = D, D @ O a8t t = ..

(Forlmgtarﬂmllhthecﬂnatmhtluybcm-o)
Substituting the wvalues chosen into equation (8), there results with
t-?]dmuinntsreme (l)amltl-o.wdag,

3.9 = 0,025 (0.0874) - 937 x 107> (9.0 x 10 3)]
o) 50855

B, -186;uﬁh.yperd/m1131perlol’mam,

or Ri(t) = 186(0.0169) = 3el po 32 /day inttdally,

thile
Dalegl _ 5 (0.801)+ 0o668 (0.347) = 209 + 6 = 220 zep. in 27 days
%31 x 10 0.03 -

Irt]_Ogrxl_tz - o, thereregulta
3-261(140—0)-18.&(‘0-000.383)-261+7=-&.tom.
rormilas (7) and (8) may thus be sinplified Ly neglecting the smaller
exponential terms, tut letting t = @ reasults in ebout 20 per cemt too

6
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(ONMDi, |
high a doss estimte, Ib is sem thes & scamdwt lower fndtial uptaks
£igure remilts fyrom these calsulations, but ths total dous is about the
s an rof (1) eorsludes.
De Extrarelation to the ot £ Gl

If ors ealoulstes from the inftixl wptahe & valus for initial oon-
cstration of sotivity in the srem, & dissreraney appears in cooparing
4t with the indtial dome rate muasured in afr. This leads to diffovenges
in the estizate ef uptaks and domage for thelfbot 2 case.

Frea equstion (6),

u(s) » By ala)
Pq

For 4y = 3.5 b, u(ty) o X QIR @ w0 e
whizh 1s the total sctivity of the fisedén predusts at time ¢, sssuing
that the sres gsed, § = 20 £33 /daye |
Or arrived at in mother wy, .
2{ty) -ﬁ_‘ﬁ?_ -Ooﬂﬁ/ﬁzﬁt‘ In]‘.
A . n "
Sinos ot 3.4 hrg%?s’ ® 0.0011 of the total fisston prodewt astivity,

wWty) ~ 0.77/0.0011 = 700 mitt?,
Thus, if the finl soncertration in the Ligroid wes ss aeasured, this
scroantyation of total fission produsts e the prownd is dgplisd,
Using the relation given in zef (1),

| ﬁ‘mgﬁw«wﬁu).
¥hanos ¢ = 8.7 in the relation (mefrs?) « ¢ (arpo)
Thus & dose 7ate in atr 15 Suplied af 22 « @0 rfia,
or & factor of & grester than that nossured « If ene scoepts the only

-t M
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other measured quantity, that of the dose rate, as about 20 mr/hr, a
better value for either p or q must be chosen. Since p, the fraction
retained, seems a conservative estimte at 0,20 and is a fairly well
known quantity, one can accept it and see what value of q would lead to
the value of u(t;) implied by the measured air dose rate, which is

ulty) = 20(8.7) = 170p0/rt°
Then
(4,) _ o 2
q='% . 1»_1T - & ft7/day
PAIH:)_) Ce2 170)(000011) /

or a factor of about 4 as noted.

It is evident that when this is applied to the Shot 2 case, where only

the dose rate in air at 3.5 hr is known, this increase in area covered

will tnorease the doss estimate by the same factor. The figure of 82 ft</day
seems mro reasonable than that of 20 ﬁ.aldny. If one keepe the assumption

of 2000 gm total vegetation esten per day by the sheep, this implies that the
ares comtained about 25 gn/ft? of edible dry vegetstion. Alternatively, the
animal esuld well have eaten more than 2000 gm per day. It nmight of course

be suggested that only a ‘frwtinn of the fission products present on each
square foot of soil was actually ingested, in whish case the total groumd
covered would be necessarily greater. In any case, it is the product of
such a fraction and such an area which is importamt; it is only necessary
to assume this "effective’” area to be constant from day to day in both
localities. This is probably not bad, since whether the sams amount of

-8
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vegetation is eaten in a small srea or over a large one, the quantity of

fission produsts ingested is proportional to the area of plant surface
eaten rather than the grounieoversd, as long as the depoaition was
similar an\ivthe anirals ate in the same mamer, One might assume this

for a sheep,
For humans, an effeetive (biologioal + radicactive) half life of

6 days is observed; thus the biclogioal half life is somewhat more than
simply equal to the radioactive halflife as is here assuned, Thus

6=2xTy;m =2

BrTb

If this applies here, both a lower initial uptake and lower total

dose are implied by a given activity measured in the thyroid., The £hyroid
dose saloulated here imy thus be a genersus sstimste. On the other band,
& lower uptake figure would put the figurs of grasing and rotention rate
assumed still further in disagreement with the figure for ground eoncemtra-

tion based on the dose rates measured in the ares.
Using the values of air dose rate amd g which bave been discussed,
one may estimate tha dose to the sheep from Shot 2 as was done in ref (1).
Hers the dose rate at 2 hrs was 500 mr/hre At 3.5 hours, this is

then

500345777
| )
#ith n = 1.2, this oquals 260 m/hr, and u(ty) = 8,7(260) = 2300 po />

as in ref (1), Then

~9- ‘
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o a2 hr
Ro.%’_{-o-:%nl.z.sxﬂus.s.m

R(t) = 2;5 x 103(0.0169) = 42@»1’31/&“ initial uptake

Then from equation 9

25,8 .(0.987) - 901 (0.352) = 3,48 x 10° +87 & 2400 rep
D= a5 0.0343 —_—

in approximately 100 days.
As a cheok, lot us see how much of this rether high contentration of

activity wuld remain by ¢ = 104 (March 24 - Juns 15),

4 w25 x10° 9_._%5(1:10")-0 - 0,06 go 4n todal
020855 -'

thyrotd,

For a 11 gu thyroid, this is spproxizately 5.5 x 107 se/gm, or
about 5,5x1072 (2,22x107) = 1.2¢10° oounts per mimute, For an average
40Z effictant sointillstion courter with well, about 5000 epa would be
present dus to this first dose, at the time of countinge Since this is
0.06 40 out of & total of 0.506, shout 1< of the activity counted would
be dus to the Ghot 2 exposure, This would reduwse Ly 117 the estimates of

Bafersmt‘?,hamomothavdmotqardthmthauafﬂoamntor
Shot 2. A dose of about 3200 rep might then be more accurats, Howsver,

it should bs noted that on the "high spot® hypothesis the total doss from
shot 2 might be much less as pointed out in ref(l), also that irregular
distribution of activity in the thyroid might slter the dose estimates

based on it, In the other direstion, p may bs doser to 0,30 than 0.20,

ard henes more retention and higher dosages would have cecwrred.

-10- [
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F. Thyrcid doses from other isotopes of iedine, The dosages dus to the

sther short 1ived isotopes of I may now be estimsted. T> and I are
of interest as pointed out in ref (1); in addition, it 4s evident that
132 45 very important and eannct be meglected. One temm of the ref (3)
expressions 1s hers used, except in the case of T~2,

T3, Shot 91 F w 0u5 Mev K = 0,269 Ky m 2,25 &) = 0a792 per day

D 2,25000(0.28) (OLTIR0NS) (g OuTIAS) g 0251)) |
(0.89) (0) (0)
D« 50 pen
Shot 23

Dw 2 0°(80) = 12 -
*'ifg;( ) o4(80) = 1200 rep

% snet 94 k= 098L{A, = 249
Ky = 1.5 E (av) = 0.3 Hev

De M(%&K%iiﬂ)(-oo”h )= 15 rep
2 249 [ + 000 ———
0.688

Shot 28

D = 13.4(15) = 200 rep

92, jere the half 1ife of T2 itself is short, 2.4 hr, but it is the
daughter produst of Te’>2 whish has & 77 hr half 1ife, Hence I=- s

present in the fission products for several days and contributes a con-
sideratle dose. It will bo xssuned that the T~ has decayed through ons

half life by the time it reaches the thyroid, l.e., that thn time of transport

- ]
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of an T2 atom from intestinal tract to thyroid is 2.4 hrs. To allow for
both the above circumstances, one mush use two exponentisls in the expression
for A (t) given in ref. (3) and multiply Af(t) by 3 in equation 2, Again
using equation 8 with thess modifications, (with A(r + b) = A + A, here
ard not 2&1):
Ew0,7 Mov K =0,0581 A =0.216 A, = 0,085

1 as before
Ky = 345 K, = 0.0416 A, = 6493

tl-0.15d t2-27d

For Shot 93

"Dm %i%}%@;gx—o.m(o.ls)
2(0. 0.302)(e 0 - 0)
186) (0,0, ~6493(0.15) -
+22£.935%0.302%! & ~0 40)

= 280 - 2 = 260 rep

For Shot 21

D = 13.4(280) = 3700 rep

These latter dosages all ogeur within short times, 'of the order of a week

or less, and leave no ed idence in the form of lingering activity., We can
only estimate them on the basis of the relative amounts of the various

isotopes in the fission products present at any time. Again, an error of
117 may also be present due to lingering Shot 2 1131 activity in the samples,

12 S
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uﬂarmrot‘pmmomwwhmtomrorhigh
spots.

The dose estimates in parts C & D are based on contimous ingestion
of T gver the entire period. If ingestion ceased after about 30 days,
but the T°F remained in the thyroid, the dose would be smallerj an
estimate only will be made here of another fastor of about 8/9. However,
1t must be emphasized that the dose fram the 17, whish is as large as
the total T, doss, is received within the spase of several half lives
of Te™2, or sbout 9 days, while that due to I° 4s reseived during about
3 days and from T3 in appraximstely 1 day. Thess exposurss have
been aalculated assumdng they cormenced at 3.5 hry it is of iuportance
in calculating the uptakes of gliort lived muelides to fix this tine.

It is evident that the totals sould have been as high as 9,000 rep, and
probably exceeded 4,500, This is still comservative, considering the
thyroid damage observed in the sarples.

Fo Activity in the

The irrediation of the bons maryow may be estizated utilizing the
uptakes of total fission products calculated in C and De The isotopes
Sre9, Sre0, Sr9l, Y90, Y91, BallO and LaliO will be considered Lere.
Rather than total doses or dose rates, concentrations in ac for the whole
animal will be estimated, as it s felt that these figures are more easily
interpreted, The data on uptake and retentiongiven by Hamilton (4)
will be used as & basis for evaluating thedr relative importance. Data
on radiogotive decay and chain relationshipe are from ref (3).

DO% ARGHIVES
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AST(t) - o.om.me“o'm (¢ 4in days)

Psn =003 to 0uli03 Dol will be used here.

This is felt to be a eonservative estimates
Here p is the produst of Hamilton's “oral absorption” and “accumuisatlion
in prineipal organ.™

Aologieal half 1ife > 200 days. Thus the valus A = %-3.47xm‘3
will be 1sed here.
Shot 93

The ecreentration in the bons is given Ly equation (8) modilied for the

welbnllaxﬂuﬁhkznc. In this case, Rowleé;k - 186%@2._-93.
I ®

Le‘bﬁlioandt--??d.

Then
93(418a00)  (4-00I3L(27)_ ~(0.003140,00347)(27)
i WU

- 112 §0.K3-N.639) -@mm June
This is still huilding up dn this date.
Shot 21

t = 27 days

;-6.9::%_325 « 13.4(6.9) = 92 0
The uptake of Sr2® for theShot 2 case has been estimsted from the Shot 9
mcaumh:gthomlmaquaxﬂthc&hwbommutersmt%
Since the ingestion of the fission produwots probebly did not last longer
thhn 30 days, the times have been kept at 27 days as well. Thus the Shot 9

pesults need only be multiplied by W_Z} .
oot 7 e
w ——

-
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2, s, A = Tekd x 1077 4oyt Ay = Jeb7 x 107 any

K=269 x107°  p =00 Ro =188

Shot 93 2%(2._42 1073
am= 347 xxm- ) (000913) - 9..26..@_.@
Shot 23

a = 134 (0,066) = Qq.88m at 27 days.

The uptake of Sr'° is negligible in comparison with that of S0,

3. 8%, A eL73 A, =347x107 k0.8

Emtlno.uédu. since this is a short lived nuelide,

93(0.651) ,  (,-L.7A3t_, ~1-TA36-0.00347(t-k, )y

& "3.u7x103
The buildup of Sr91 reaches a pesk and then falls off within several
dayst
Shot 93
t: 0. 1d .
v ooe ke M
For the Shot 2 caset
t: Ol5d 14 24
as L0 LO0ue  haue

Ithsmtwammumblomentrntunof&ﬂmtnforzor
3 days, which shortly dissppears. In its place, however, the daughter
. produst Y91 remains, as will be seen in the next caleulstion,

‘ e — EERarea—
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b TO, A =79 22070 any dy = 00255 day
0 -3 -5
A, =22 1392107 1y = 267320

Since excretion s greater than 500 days half 1ife, it may be neglected
for the timocs here inmvolved. Then

2= Bmﬁl(fﬁt-o'fﬁt)
ani for the sane tinos as before, for Jhot 7,

a =200 106 (2,67 2 207°) (-38 ¢ 2741)

1.7 x207% 0 in 27 days. Hegligible for both shots,

This 1s the uptake of Y7° from outside. But in addition the S,
which s about &5 times as strongly concentrated in the bone, liberstes
v there as mentioned, The deposition cowurs within the first few dayse
leglecting axcretion, the concentrution of T due to this procoss is
glven byt
5, %

L J

& .113' _Aza

e Y
thich rosults ;
a= » S . -
A, Eozl[f)l- Ay ;1 32..5 1 RI.B)‘I %t-_ﬁ__%____

!-(ﬁ hzt . L,&

heh-iy
For llatl,m H.Q_.éﬂ

A, = 347 2207 B w93
75-0«»0122 tines as before

dhaore

0'0..‘.....0“00..(10)




I
- - 4. -. .

Shot 93
.= %%3_;_ -3 93(0.651) %ﬁ% ;0:537’ o
-2 go
Shot 2t

a = 20(33/4) = 270 by 4 days

(This might be reduced by a factor of 2 if ane Sr'- half 1ife (9.7 hr) has
passed bafore deposition within the bone has occurred. Howsver, deposition ls
probably more rapid than this.

6. a0, Using squation 8, with

-2 .
505.&1210 Ro 93

A, = 0,693 =1.39x107° ko = 0,022
50

Shot 91
o = 33(0:0229) (0,232 - 0.159)
1.9 x 10™
- 11 e
Shot. 23

a =11(13s4) = 150 go 1n 27 do

7. La, Agitufbnmlegmtothatax”mhm. Only a
snall amourt of La*? pegnt be axpested to enter fromthe gut, bub there
aleo axists the buildup from the decay of Ba'’° onge within the bonss It
mbecalcﬂ;tdmthomnfyummemmtnﬁonoffn,naing
equation (10) with

A = Sell x 107 R = 0,0229

)'2 » 1,39 x 10-2 RO,‘Y' 93

A3 = 0ell6 Times as before >

. ANy
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Then
am Skl (93) (0.0229) (2_1“"6 - "’10&)
1.39 0.3

.62 0.3&8
= 145 o at 27 days (Shot 9)

S————

And for Chot 2
a = 1o5 (13.4) = 20 at 27 days.
G Doss to the Intestisal Ualls.

The total dose to the ¥ntestingl wall from the beta rsdiation of the
fission products as & whole may also be estimated. As a rough approximation
the intestine may be regarded as a cylinder of one csmtinster radius and
mm«m,m&nammnxtmormmnmu
ard water. mmmmmmunmmmmmm
various time intervals after burst, the value of 4 may be estimted for
water during these times as followss

8 O;gﬂ
? [

Yhere s = linear absorption coeffisient, ot

P = density, @zx/cm3 (for water P = 1)
d} = halfyintensity thickness of -zaterial, gu/caz.
The q:nmitydiism,yaboutmd@thdthowcrabetaamtm
As a first approximation, then, one may ealculate nfP from the Feather range =
energy ralations

R = 045435, ~0.160 (gv/en)

mﬂ‘m ...-............-......(11)
0.5£6Em-0.160

~18-
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Ag a check, one may estimate a half thiclmess value for a given energy spsctrum
from the absorption curve in Al, (3ee Table). Using the Feather Value, it is
seen that for d = 1 em, the valus of pd for these intervals exceeds 6 and the

eylinder behaves like an infinite slab with respect to self absorption, for
which ( ref. 6 ): I=A°/l|.|x.............-.....-.(12)

If one takes all the betas to be absorbed within a 3mm shell of intestinal
mucosa whose density is about 1 gm/cm3, the total mass of irradiated wall will
be 6907 gm. The total area will be a = 2nrl = 2000 ca?, and the total flux will
be Ia, or

Q=Ia = ZOOOWBZﬂ(t) 212 Aqg(t) betas/sec x 3,7 x 104 ,
g 2000 s

all of which is absorbed in the tissus. Hence equation (3) will apply. Thus

E 21T alt) = 1.7!AT(t) POP/dAY « « o o o s 0 o o o o (13)
6901r B p

Where E s in Mev, p in cn"l, Ap(t) in pc/ftz

e

* 55 ol

Since it has been assumed that the sheep turns over 2000 gn/day, this
amount is always in the intestine, with its activity falling off as Ap(t) = ATO('&):H
Then the total dose i»s

Dz Ll Ap to Bt d o co o vvnoess soooonss (L)
po° s

o
The integral will be divided into three periods over which n, E , and thus p,
are taken as constant to a first appraximation. Then for the shot 2 case, where

= 0,15 day and Aty = 2300 pc/ff.2
oy my (8304 £

D = .7(2300)2_:t - -
=1 F1 i

00000000(15)
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For the periods under consideration, (ref.7)

t n, E Ei d 1}’(aba) d %(Feathar) Py

1 0,154 1d 1,02 1.9 Hev 0,75 Mev 0,10 gm/er® 0,11 gn/en® 6.4 o™l
2 1 4 1.25 1.2 Qddds 0.05 0.06 11

3 4 30 0.98 0.85 0,29 0.03 0.04 18

Thus the total dose in 30 days, D, is

D = 1.7 (2300) (0.030 ¢ 0,047 ¢ 0.133)
s 820 rep  for shot 2, and 820/13.4 = 60 rep for shot 9.

It is of interest to note that 120 rep of the shot 2 dose occurs in the first
day, 180 rep between first and fourth day, and the remaining 520 rep in the
following 26 days out of 30, and similarly for shot 9. This of course cannot
be considered as more than an order of magnitude caleculation in view of the
asgsumptions, but it does illustrate that a rather signiflicant degree of damage

could oceur in this radiosensitive aresa.

B. _External beta doses. Several cases were reported (8) of animals
with activity deposited on head, abdomen, etc. If one assumes that this de-

posit results from contact with the ground, particularly around the mouth and
head, one can calculate an extreme case for 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 from the ground itself can be estimated.
For the first case an 8 July dose rate reading of 50 mr beta on the head
of an animal is taken from ref. 7. This is the highest of the group of read-

ings given,

L] . L] . L L] L] L L] L ] L * » L 4 L} L] L L} (16)
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Let nz,;2 = 0,05 rep/hr t, = 26d t, = 0.15d
then D, = 0.05 (...gé._)l'z - )
By, = 002 5735 = 25 rep/hr (beta

h 102 "0-2 "002

and D= sn151 ty (tl -t, )

= 5(25) (0.098) (24) (0.96)

=280 rep.

If a comparable deposit hed occurred on shot 2 where the level of contamination
was higher, one might estimate a dose o£280 (13.4) = 3800 rep for a similar
body arasa. |

From the ground itself one oan make a similar guess; hers one uses the shot
9 figure of 20 mr gamma at 3.5 hr after burst as a bexinning.§ Estinates of the
ratio of ionization from beta radiation to that of gamma in falleout fields
range from about 20 to 14011, at the contaminated surface (ref.9). Using the
same time interval and a dose rate initially of ].Jtl: (0.020) 20 = 0.40 rep/hr
beta, then D =280 (0.40)/2.5 = 4.5 rep beta
While if the ratio was 140:l, I‘Jtl = 85 (0.020) 140 = 2.8 rep/hr beta

and D =280 x (2.8)/2.5 = 32 rep beta
for shot 9, with a comparable exposure after shot 2 of
D = 60 = 430 rep beta.

Such doses probably would be only to areas around the mouth, and would of

course be in the superficial tissues of the skin,
Some figures for the

131 gotivities in sheep thyroid samples counted in this Laboratory (10) and
the corresponding dose estimates made on the basis of parts A to H will be
f£inally listed, They are lower in all cases than the doses caloulated in

parts A to H,

4
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Bullock #1
0.550 gm sample. 29,100 epm on 19 June 4LO% eff, counter
Activity in thyroid on 19 June, 0.06 po/gm
Activity in 11 gm thyroid at death, 1.0 ’xc.
If exposure occurred at shot 9, the rate of intake of 1131 at 3.5 hrs was:
R (t) z 186 x 343 (0.017) » 0.81 po per day.
Dose to the thyroid from shot 9 1331, D 3'%:8 (203) = 52 rep

Simil&rly'
Corry #5. Shot 9 T131; p & 52 x 38300 = 69 rep
29100
Bullock #3. Shot 9 I11: D @ 52 x 192 = 34 rep
291
Webster #3. Shot 9 11913 D 2 52 x 119 = 21 rep
291

Three other animsls with lower activities were listed.

If one aammés that these animals ingested and retained the other iso-
topes in the same proportions as cslculated for the Hiko - Cedar City animals,
one may estimate total thyroid doses, bone concentration 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 resulte together with the total for the Hilko - Cedar
City animals are summed up below, If the animals whose samples were gounted
hers also received another exposure from an sarlier shot or if these 81
activities themsslves resulted from an earlier shot it would materially in-
erease the dose estimates. It 1is not known whether this occurred, but the
condition of the tissues observed hers seems to imply higher doses and con-
centrations than would have resulted from Shot 9 alone. If a Shot 2 - Shot 9

exposure occurred with a ratio of fall-out intensity similar to that for the

2 N
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Hiko - Cedar City case, then the doses would all be increased by about a factor
of 10, as is seen in the first sestions of this diseusaion. If auch was the
case, bone samvles of the animals would so indicate by the activity of sr8?
and Y91, which would still be present and would yield values higher than be-
low indicated when extrapolated back to time of exposurs. Howsver, such a

determination appears impossible at this time.

Bulloeck Corry Bullock Webster
#1 #5 #3 #3

Total I; Thyroid 150 rep 200 rep 100 rep 60 rep
sr8% Bone 1.8 ,uo 244 pe 1.2 ,uc ' 0.7 ,xc
gr?0 0.02 0,03 0.01 0.01
st 2.4 3.2 1.6 1.0
1 5,1 6.7 34 2.1
pa™4° 2.8 3.7 1.8 1.1
La140 Oul 0.5 0.3 0.2
Gut Vall 15 rep 20 rep 10 rep 6 rep
Mouth, External l1-8rep 1-1 0.7 =5 Oe4 = 3
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d. Summary
1, Using the data from ref, 1, an estimation of several additional

doses to the Eiko - Cedar City sheep exposed to fallwout from both Shot 2
and Shot 9 is made. It is contended here that the thyroid dose was higher
than ref. 1 indicated, 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 hesad.

a. Total thyroid beta dose from both exposures was estimated
at 4530 to 9000 rep (/4 isotopes of iodine).

b, Maximum conoentraticns in the bone were estimated, at times

indieated, of3:

5r5? (53a haif 1ife) 99 e 27 day levels, both shots
sr® 25 yr 1 pe 27 day levels, both shots
87 9,7 hr half life 10 po 1 day level "
1 ¢ day 290/uc 4 day level "
BalAD 13 day 160/uc 27 day level n
1al40 40 by 22 pe 27 day level "

¢. Total heta dose to mucosa of small intestinse from flssion

products as 3 whole on the order of 103 ™D,

d. local dose around mouth and head as high as 10° rep from cling=-

ing material: as high as 102 « 10° rep from the ground.
8. 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 in other areas are cal-
culated. This is done assuming the activity in the thyroid on the date of

4 F
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sounting was all due to Shot 9., All results are of the order of one-sixtisth
of the above. No reasonable gstimate of exposure due to any other shot can
be made unless further information is available on these animals.
Alternatively, the attiviiy in the thyroid could have been due to an
exposure from an sarlier shot., This appears more likely than a Shot 9 expo=-
sure, glven the observed pathology in the thyroid and bone marrow of these
animals. For example, a continual ingestion from Shot 2 until death of the
aninals on 1, June (with no exposure from other shots), would imply an inie-
tial ingestion rats of about 4£K),nm/day. This would be consistent with all
the above asgsumptions 1f 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 thyroid dose would have boen about 32000 rep from ILT
alone and as high ss 90000 rep from all I isotopes.
b. Concentrations in the bone might have reached 2.5 mc of 191’
880 me of 589 eto, for the total animal -~ a factor of 9 higher than those
calculated for the Hike - Cedar City case, and a factor of about 540 higher
than the assumption of a Shot 9 exposure to these other animals indicates.
ce Gut doses of about 104 rep beta might have ocourred as well,
These two extremes provide a measure of the range of possible doses.
It appears likely that an axposure did oecur earller than Shot 9, but pro=-
bably not as early as Shot 2.
3. It can be econcluded that radiation damage occurred with the above
doses, although perhaps not in sufficient degree to be a prime cause of
death., However, the animals iere rrobably weakened enough to suceumb to

othor causes which would not have been lethal in themselves, and newborn

25
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animals were almost certainly hermed by both their own and their mother's
exposures, which would account for the increased mortallty of young lambs
observed. The data is scanty and the estinmates admittedly rough, but this
econclueion seems reasonable. It 1s felt that these exposures constitute a
clear example of the internal hazard from fission product fall-outs in which
protracted ingestion of the material mey take place. Although this hazard
is of course maxinized for a grazing animal, ths relevance of these expo-

sures to suck human problems as water supply and ocrop contamination should

not be overlooked.

s

C. A. SCNDHAUS
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