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A, Introductiomn

Calculaticns of radiation dosagz to the thyroids of sheep ingeste
ing falleout have bzen made olsewhere (1l). It was there conczluded
that these deses. were not larrs encu:h to aceount for deaths among
the animals. It is ccntendsd here that althoa~h the activity found
in the thyroid serves as an index c¢f total radiation exposare, tho
thyreid dose is but e of several possible types of internal irradi-
altion which will occur when ingzestion of mixed fissian products has
taken olaces. Ths most important of thess appears to te the dose to
ths bcne marrow from long lived isctopes 'ith slow biological turnover.
This effact has zenerally bien ccnsidersd to be chronic in character,
but it appears possible that "short term® effects may also ocour if
tha concentrations ars sulficiently high and the emitters are of
noderats 1y long half life. Strone evidonea of boeno mairow damag: hs
been femd in sauples taken from the gkeletcns of several of these
animals and subjocted to histopatholorical examinatim (2). This
accapanies the avidence of thyroid and other damagz also observed,
and is undcubtedly of rreat:r importance than the latter tot he surviwal
and wall being of ths animal., These observations and thé calculations

przsented here constituts rather stron: arguments “or the conclusion

that radiaticm =ff:cts played an important frole inug'xbéﬁszES
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mortality cobserved among the animals.
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Tha calculations are bascd on the only availa.le experimental data:
a) the concentrations of activity measured in the thyroids scme weeks
after the fall-outs, and b) the dose rates in air as mzasured in the
fall-out areas at ths time the fall-ocuts occurred. The aly additional
assumptions are: a) that th: fission proauct mixture contained the same
relative proportions eof severzl radicactive nuclides as are calculatedﬂ
by Hunter and Ballou (3), and b) ‘hat the animals ats 2000 gm dry
vegetation per day and romaincd in a2 fall-cut arca for abeout 3C dayse
(The latter assumption c¢'n bc rslaxed scmewhat and shorter sxposurc
times be assumed; it can still bs shown that the given thyrceld activities
imply hizh concentraticns of activity in the bone over a cansidsrable
p:riod). In addition tc the boae marror acticity calculations, rouzh
gstimates arc made of a) the total dose to the intestinal wall fram
the fission products as a whol:s which pass throu:ii, and b) local ex-
ternal beta doses fromf ission prolucts elin:ing to the body surfacz.

In ccaputin: the doses, the fizures for thyroid activity and dose
rates an the ;round ziven in r=ference (1) are used. Comparable ['isures
ar: later given for the saaplss measur-d in this laboratery, whica nad
lcower activitics througnout. O necs these latter .nimals showad dzi'inite
pathology, the hisher activities :iven in rerfer nce (1) shculc al .ost
certainly indicats similar =ffzcis in ticss animals,.

The doss tc the thyrcid for the Shot 9 case, whore the I inal thy-
roid activity was measur:d e 3 July, will {irst be recalculatad,

using ths Hunter - Ballou &> gressicn for thes activity o 1131.
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This also ylelds a figure for initial uptake of fission products as a
whole, which permits the caloulations of uptake to the bone of several
isopopes of Sr, T, Ba and la, Thess elements probably contribute the
major -ortion of activity within the bone, The relation between
initial uptake and goncentration of fission produsts per unit area
(estimated {rom the dose rates msasured in air) then may be used to
extrapolate to Shot 2 case as was done in referemse (1). For the animals
exposod to both Shot 2 and Shot 9 fall-out, this procedure will yleld
total doses and concentrations.
B/ Apsumptions
1. Highest measured sctivity on July 8 was 4eb x 1072 po/gn of To0
in thyroid.
2. Time of both fall-outs was 2 hours after detemations., Initial
gomma dose ratess '
20 or/hr for Shot 94t 3¢5 hr.
500 mr/hr for Shot 24t 2 hr.
3. The animals ate 2000 gm of vegetation per day., BRHetentions
of the elements arc as given by Hamilton (4) and are stated in what

follows;

Le Activities of muolides with time, in disintegrations por mimute
per 10,000 fissions, are as $iven by lunter ani Hallou (3) and are stated
in the following diseussions.

a = ae+ A = Q,0855

[~]
(4 2 ) S

n 2d
o OOM) ll)
ao = 60506 (7?3) £309 mg on 15 Junee
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Let Al(t) = Activity 1131, d/m per 10,000 fissions.

A(t) = Total activity of fission preduets, d/m per 10,000 fissions.

Total activity of fission products in the area, ;Lc/ftz

[

—~
o+

~—
L}

Activity ToU in the area, uefrt”

v
t*
L
[ ]

2
o] = Arca, in ft /day, grazed by shecp
p = Fraction 1'131 caten which goes to thyroid.
If the flosion products in the area are not disproportionated,

u(t) _ uylt)

-

A(t) [dy)
and thus the amount of ToF per day going to the thyroid of the sheep is

Q(t)-mﬂI(t)co.oooooooocoo (1)

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

;-mu(t) (t) -2 2ccooceesos (2)
o

Where A, = total biclogical and radicastive deasy constant for i
a-amunto.flnl(m)inthwmidat
any time t {daps)

Also, from H, M Parker, ref (5)
5‘55_@3..0000..0.0000.(3)

Where D = dose rate, rep/day, to organs the dot denoting the time deriwmative
of D,

Lets
= = maas of organ, gm

E = average energy of beta radlation, Mev
(a1l radiation assumed absorbed in the tissue).
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Thus from (2) and (3),

5# Lﬂbﬁ-zﬁm(t)ﬁ(t) o ¢ 5 0 ¢ 0 & o 0 0o (1&)
n 1YEY)

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) is of the form

ﬁ(t).klc-_klt*kz‘-&t e 0 e 00 ¢ 0000 (5)

with
k‘l w 0,0205 k2 = 0,00359 ¢ = time after fission, days

AL = 0,085 X, = 0,554

The first term in the above is dus to the radiosctive decay of ToF, while
the second term - and & third term which was neglected since it is amall
after 3 hours - allow for the contrdibutions from ether decay chains to
the TF activity. (The second term also falls to s negligible amount
by 4 days, but is insluded),
A(t) 18 of the form A(t) = kt~
Where k = 6170, n = 1,12 for t . 4 hrs (N. Bs Ballou).

n

Since an initial uptake is to be detsrmined, 8 time t = 3.5 hre is taken,
at which both u(t) and At) are known. Then, letting E = 0,20 Mev, m = 11 gm,

avemagdeﬁneaquanm-g Roi%l ® 6 6 9 ¢ 6 6 60 6009800 o0 (6)

h | t) =R - S
émwa _{:ieeoir hikse:af‘ B,(t) R A (L) (7)

Also, ks-zmﬁ-l

ard letting Ar + b = 2\, as in ref (1), there results for equation (2)
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ienans no(kle="‘12 - kpo7R2%)
with a solution

2= oﬁ [ R L “"1‘2‘“*1)] [ ol PyAy) Y-t "‘2"']. . (8)

haﬁxxgtakena-Oatt-tl;axﬁfcreqmtian(h)

with a solution -

Dw ﬁ;g [o'alt]., o oM (Bty) 20_’1":] (9

%51}_7 [2110 A (22y-2)e Aty A0 -2 (t-1) - A%, }

havingebosenD-D,D-G;tt-tl.

(Forlmagtarﬂmnhthecﬂnstmttluybcm-o)
Substituting the values shosen into equation (8), there results with
t = 27 days as in reforence (l)andtl 0.15 day,

3.9 = B,[0,0205 (0.0874) - 9:37 x 1073 (9.0 x 10 3)]
0.0855

R = 186 pefday per d/nI> per 10" rissions,

or RI(t) = 186(0.0169) = 3.,1._# 1:L 33‘/elay init.hlly-

‘dhﬂe
Delgl 4 (0u501) + Qe (0.347) = 209 + 6 & 220 220 rep. 1n 27 days
:'31110 -3

Ift10grﬂ_t2 = o, thereregulta

8 = 261(1 # 0-0) - 18.4(0 - 0 ¢ 0383) = 261 + 7 & 270 reps to .
Formulas (7) and (8) may thus be simplified hy neglecting the smaller
axponential terms, tut letting ¢ = 0 reaults in ebout 20 per cent too

-6
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C(ONPDENSRE |
high & dose entimte, I is semn Hus & scumint lowr LOHxitial upteke
figure remilis from these calsulstions, b Ahe total doss &s about the

De Extramiation to the ot

It erm caloulates from the initial wptake & valus for initial oon-
estration of setivity in the srem, & dissrermnsy appoars in cooparing
1% with the indtial dome rete messured i aire This leads to diffcvenges
in the estimte of uptake ant dosage for thelifhet 2 ease.

Fran eguaticn (6),

u(t) » By_ &ty
o §

Tor ) = 25 b, wity) « 3K Q90112 & 00 yre?
which 1 the total astivity of the fisedia predusts st tim &, sesuing
that the sres gmsed, § = 2 £1°aye |
Oc arrived st in sother wy, .
ay(ty) -k‘h’_ -%ﬂﬁ/ﬂzﬁf Inl.
| ) | L | "
Binoe st 3.8 hr.%a’ ® 0.0013 of the total fisafon prod-utastivity,

Wty) ~ 0.T7/00001 = 700 pmfrt?,
Thus, if the fiml eorcentration in the tioveid s s neesured, this
sommertyation of total fission produsts m the grewnd is Sxplied,
Uning the relation given én zef (1),

4 | ) :
30" ewds £ s H{hdr/or)e
produsts per zd”, e

¥snce ¢ « 8.7 in the relstion (min?) « ¢ (arfu)
Thus a dose Tate in alr 18 Sulied of 22 « @ mr/r,
or & factor of 4 grester than that messurel « If ene accepts the only

“* “
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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. Sinse p, the fraction
retained, seems a conservative estimate at 0,20 ard is a fairly well
known quantity, one can accept it and see what value of q would lead to
the value of u(tl) implied by the measured air dose rate, which is

uty) = 20(8.7) = 170p0/2t>
Then

q =ity o, . & rt%/day
PAT(L;) 0.2(170)(0.001L)

or a fastor of about 4 as noted,

It 48 evident that when this is applied te the Shot 2 case, where only

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

will increass the dose estimate by the same fastor, The figure of 82 £t%/day
geens mro reasonable than that of 0 ft.g/dny. If ons keepe the assumption

of 2000 gm total vegetation eaten per day by the sheep, this implies that the
area comtained sbout 25 gn/ft> of edible dry vegstation. Alternatively, the
animal ecould well have eaten more than 2000 gm per day. It might of course

be suggested that only a ‘frwtinn of the fission produsts present on each
square foot of soil was actually ingested, in which casc the total ground
covered would be necessarily greater. In any case, it is the product of
such a fraction and such an area which is importants 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 same amount of

-8
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vegetation is eaten in a smell area or over a large one, the quantity of

fission produsts ingested is proportional to the area of plant surface
eaten rather than the grounievered, as long as the deposition was
similar andvthe animals ate in the same mamner, One might assume this
for a sheep,

For humns, an effestive (biological ¢+ radioactive) half life of
6 days is observedj thus the biologlcal half 1ife is scmewhat more than

simply equal to the radioactive halflife as is hers assuwmd, Thus

6=2%Ty ;1 -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 thyroid
dose saloulated hare iy thus be a generous sstimate, On the other hand,

a lower uptake figure would put the figure of grasing and rotention rate
assuzed still further in disagreement with the figure for ground consentra-

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

then

g

Wth n = 1.2, this oqals 260 m/hr, and u(ty) = 8.7(260) = 2300 po/tt”

-9- AN
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0g2)(82 hr
R, = S0 {0a208) 0 2.5 x 20 at 3.5, and

R() = 2.5 x 107(0,0169) = 42T /day nitial uptake

Then from equation 9
L 25,8 (04987) - 9401  (0.352) = 3.48 x 10° +87 & 3400 rep
D =y 3t & S

o0

in approximataly 100 days.
As a check, let us see how much of this rather high eoncentration of

sctivity wuld remain by ¢t = 1064 (March 2% - June 15)

aw2.5x10° Q,%i(lxlo'!‘)-ﬁ = 0,06 = 4n total
Q0 5 :

thyrota,

For a 11 gm thyroid, this is approximately 5.57.':!.0"3 je/an, or
about 5,5x10™7 (2,22¢107) = 1.2x10° eounts per mirute, For an aversge
407 effieient seintillation counter with well, about 5000 op would be
present dus to this first dose, at ithe tims of counting. Sinee this is
0,06 po out of a total of 0.506, shout 117 of the astivity eounted would
be due to the Ghot 2 exposure., This would reduse hy 117 the estimates of

BofcrrShot';,hmadmthoulmuqmwmmwﬁomnfor
Shot 2. A dose of about 3200 rep might then be more accurats. However,

it should bes noted that on the "high spot" hypothesls the total dose from
shot 2 might be much less as pointed out in ref(l), aleo that irregular
distribution of activity in the thyroid might alter the dose estimates

based on it, In the other dirssction, p may bs dloser to 0,30 than 0,20,

ard hence more retention and higher dosages would have cecwurred.

-10- [ T—
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Es Thyrcid doses from other isotopes of iedine, The dosages dus to the

other short 1ived isotopes of I may now be estimated. T>F ard I are
of interest as pointed out in ref (1); in addition, it is evident that
T2 15 very tmportant and eannct be neglected. One term of the ref (3)
expressions is here used, except in the case of qu.

1 ot 91 T @ 0u45 ey Ky = 0,269 Ky @ 225 Ay = 04792 per day

0,269) (,0sT92(015) ,,-0uT92(5h)_,,0uT92(,7))
(0.89) (0) (0)

Dw 2,2

2(0.,792)2

D= 83 pep
Shot 23

De 2 0P(20) = 12 -
inﬁl( ) o4(80) @ 1200 rep

% et 94 ky = 098152, = 249

K, = 1.55E (av) = 0.3 Hov
Dw- MIM%!%)(-O-NA y= 15 rep
2A2.49 . ¢ 00" ———
0.688

Shot 23

D = 13.4(15) = 200 rep

T2, Hers the half 1ife of T2 $teelf is short, 2.4 hr, but it s the
132 1132
daughter product of Te whish has a 77 hr half 1life, Hence is
present in the fiseion products for several days and contributes a gon-
aiderahlo dose, It will bo zssmed that the qum:iocwedthrmghom

half 1ife by the time it reaches the thyroid, i.e., that the time of transport

- S
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of an T=2 stom from intestinal tract to thyroid is 2.4 hrs. To allow for
both the above circumstaness, one musi use two axponentisls in the expression
for AL(t) given in vef. (3) and multiply A;(t) by 4 in equation 2. Again
using equation 8 with these modifications, (with A(r + b) = A + A, here

ard not 2kl):

Ew0,7 oy K = 0,058 N - 0.216 A, = 0.0855
' 1l as before

KB w 3,5 x2 - 0,0416 12 = 6e93

t'l = 0,154 tz = 274

For Shot 9:

"Dm zzﬂ_,%}%gzg’—o.m(o.ls)
2(0, 0.302)(e +0 - 0)
186) (0,0 -6.93(0.15) -
ﬁzl(é.t;si%{‘o.'so’ %gz & -0 +0)

= 280 - 2 = 260 rep

For Shot 21

D = 13.4(280) = 3700 rep

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

or lees, 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 1’131 activity in the samples,

22 ——
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uﬂarmrot‘pmmomwwhmtom.wtorhigh
spots.

The dose estimates in parts C & D are based on contimwus ingestion
of TO% over the entire period. If ingestion ceased after about 30 days,
but the I°F remained in the thyroid, the doss 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 T2, whish is as large as
thetoulf'sl,dou, is received within the spase of several half lives
of T6%, or about 9 days, while that due to I'>° 4s recedved during sbout
3 days ant trom T35 4n approximtely 1 day. Thess axposures have
been salculated asmzing they cormenced at 3.5 hry it is of importance
in calculating the uptakes of glort lived melides 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 comsarvative, considering the
thyroid damage observed in the samplese.

Fe Activit the

The irradiation of the bone marrow may be estimated utillizing the
uptakes of total fission products caleculated in C and D, The isotopes
Sré9, Sr70, Sr9l, 190, Y91, Bali0 and Lali0 will be considered Lere.
Rather than total doses or dose rates, concentrations in ac for the whole
arimal will be estimated, as it is felt that these figures are more easily
interpreted, The data on uptake and retentiongiven by Hamilton (i)
will be used as & basis for evaluating thedr relative importance, Data
on radiosotive decay and chain relationshipe are from ref (3).

mﬂg AREHIVER



o

1. [ PS

A (t) - 0.00418e O* 3 (4 40 days)

PSr » 0,03 1o 0403 Del will be used here,

This is felt to be a eonservative astimate.
Here p is the produst of Hamiltonts "oral absorption™ and “accumuliation
in prineipal organ.”

Bological half 1ife 3200 days. Thms the valus ) = 95.6_?3'3.4?:10
will be used heree
Shot 9z

The eonecentration in the bone is given by equation (8) modiried for the

case A, = A, and with k, = O, In this case, Rowleé;k = 106 0.1 = 33,
I [ ]

w

Le‘b‘.:laoarﬂt-?!?d.

f’:n%gg, (¢0-IL(T)_ ~(0,0I3140,007)(27)
w112 0. K1-N.639) = fi’?f. on 19 June
This is stil) building up dn this date.
Shot 23
t = 27 days
a =69 xaﬁzﬁ - Lu(6.9) = 2.
The uptake of Sr°> for theShot 2 case has been estimsted from the Shot 9
case aswuing the wvalues of 0 q and theA's to be the same as for Shot 9,
Sinee the ingestion of the fission produets probebly did not last lorger
thhn 30 days, the times have bsen lept at 27 days as well. Thus the Shot 9

results need only be rultiplied by 2) .
Ro

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

Km269 x107°  p=0J0 Ro =188

Shot 93 2%(2._42 1073
as= 3.1,7 xxm- ) (000913) - 9..26..@_.@
Shot. 23

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

The uptake of Sr’° is negligible in comparison with that of St*0,

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

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

93(0,651) ,  (,-LoTA3t_, ~1-TA36-0.00347(t-k, )y

&"3.u7x103
The bulldup of Sr91 reaches a pesk and then falls off within several
dayst
Shot 9%
t: 0.5 1d .
v oom e M
For the Shot 2 caset
t: Ol5d 14 24
as L0 L0  Laue

Ithsmtwammumblomentrntunof&ﬂmtnforzor
3 days, which shortly dissppears. In its place, however, the daughter
. product Y01 remains, as will be seen in the next caleulation,

‘ g — EER e
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he YO, A =75 2107 dayl A, = 0u255 day
9 -3 -5
2, =22 12107 K e2g2W

Since exoretion is greater than 500 days half 1ife, it may be neslected
for the tines here Lrrvolved, Then

2= Bm“&(fklt-a'xzt)
and for the same tince as before, for Shot 9,

a =200 156 (267 x 207°) (-3.8 ¢ 272)

= 1.7 207 40 in 27 days. Hegligible for both shots.

This 1s the uptake of YT'° fram outside. But in addition the Sr't,
which is about &5 times as strongly concentrated in the bone, liberates
Y7 there as mentioneds The deposition comurs within the first few dayse
Nleglocting axeretion, the concentration af T'- due to this rrocess 18
glven byt
5, T3,

& .1131 _Aza

Whare

e AR
W¥hich rosults in

sl - an -
A Mll_f%;”i;' - ;7_.;&2 -53'“?-’5»1 *Jt%_

~(Ay & A0t o A,
+1_i__}é_)_____& ovoootooocoooceoo-(m)
Mekh-2 ]
For 11 = 1,713 E& s 0,651

Ay =347 2107 B w93

33-0.3122 tines as bafore




O
*

Shot 93
a e lBL s 930.650) &%% T
-2 g0
Shot 2t

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

(This might be reduced by a fastor of 2 if one Sr't half 1ife (9.7 hr) has
passed before deposition within the bone has oscurred, However, deposition is

probably more rapid than this.
6 BaC, Using equation 8, with

xl-s.uxm'z R =93

A = 5,393 . 1,39 x 1072 k= 040229

Shot 91
a = 93(0:0229) (0,232 - 0.,159)
L9 x107
-1l e
Shot. 21

a = 11(13.4) = 150 go 1n 27 d.

7. La'*®, 2 situstion amalogous to that of T oeeurs hers, Only a
small amount of L0 pegmt be expested to enter fromthe gut, bub there
also exists the buildup from the decay of B’ onge within the bone. It
mybeoalcﬂatdinthoaamnfyumthammtnﬁonoftﬂ,mms
equation (10) with

M o= 5el x 1077 R = 0,029

b el39xW02 R w93

A3 0416 Tines as before s
- A
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Then
g = 304L (93) (0.0229) (g 1ebb _ g lo8hy
139 0,362 0,348
= 105 jo at 27 days (Thot 9)
And for Chot 2

a = 1o5 (13.4) = X0 at 27 days.

The total dose to the Antestingl wall frem the beta radiation of the
2ission products as a whale may also be estimated. As a rough approximation
the intestine may be regarded as a oylirder of one centineter radius and
mmtwlmm,tmndthahwsmn&:bmofmmm

ard water, mmmmwmwsmmmmmmmm
various time intervals after turst, the value of 4 may be estimated for
watar during these times as fallowss

8 0;322
P -~

Yhers & = linear abeorption soeffisient, am -

P = density, m/em’ (for water P = 1)

d$ = halfyintensity thickness of -material, m/caz.
The@nutitydéumuyubeutmd@thdthommafamsmtm
Ag a first approximation, then, one may ealculats 4fP from the Feather range =
snergy realations

R = 0,515,060  (gy/edd)
mﬂ‘m ...-.........c-........(u)
o.mm-o.léo

~-18~-
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As a check, one may ostimate a half thickness value for a given energy spsctrum
from the absorption curve in Al. (3ee Table). Using the Feather V&lue; it is
seen that for d = 1 cm; the valus of pd for these intervals exceeds 6 and the
cylinder behaves like an infinite slab with respect to self absorption, for
which ( ref, 6 ): I2A0/ll o v o oo et e e o oaecoasess s (12)
If one takes all the betas to be absorbed within a 3mm shell of intestinal
mucosa whose density is about 1 gm/emd , the total mass of irradiated wall will
be 6907 gm. The total area will be a = 21rl = 2000 clz, and the total flux will
be Ia, or

Q= Ia z 2000we2urlt) 21% Ag(t) betas/sec x 3.7 x 10 ,
Ap 2000

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

5:553_‘_211‘7(1;) - 1.7!AT(t) rcp/day......o...- (13)
690T B R

Where T 1s in Mey, p in ca”l, aq(t) in po/et?

Since it has been assumed that the sheep turns over 2000 gm/day, this
amount is always in the intestine, with its activity falling off as Ar(t) = A-go(&):n
Then the total dose i»s

D= LeZAp byl Bt s v e v ne e e ee cannee s (I
po° b

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

t, = 0.15 day and AT, = 2300 po/ft2,
_ ng # ( t‘;l,'-ul t.l‘“i)

3

t
D = L7 (2300) )y Y = (o3
i=1 F -3

0.....'.(15)
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For the periods under consideration, (ref.7)

1 0t t n, E Ei ii(aba) d%(Faathor) Py

° n

1 0,154 1d 1.12 1.9 Hev 0.75 Mev 0,10 gn/em® 0.1l gn/em® 6.4 cm™l
2 1 4L 125 1.2 Qelds 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)
= g§g=§gg 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 calculation in view of the
asgumptlons, but it does illustrate that a rather significant degree of damage
could oceur in thias radicsensitive area.

Ho BExtornal beta doseas. Several cases were reported (8) of animals
with activity deposited on head, abdomen, etec, 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,
-1.2

[ ) . L] . e L] L] L] . . [ ] * . L 2 * L] L . (16)

b b t
t2 - tl x (ﬁ)
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Let D*z z 0,05 rep/hr t, = 26d t = 0.15d
then D, = 0.05 (--:-’n-é-—)l'2 -
Dtl = Ve 0.15 =25 mpﬁn' (b‘tﬁ)
: 1¢2 '0.2 "’002
and D=z 5Dy by et
= 5(25) (0.098) (24) (0.96)

=280 rep.
If a comparable deposit had oscurred on shot 2 whers the level of contamination

was higher, one might estimate a dose of280 (13.4) = 3800 rep for a similar

body area.
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 burat as a beginning.: Estimates 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 ﬁt,f (0.020) 20 = 0.40 rep/hr
beta, then D =280 (0.40)/2.5 = 4.5 rep beta

While if the ratio was 14011, ;)tl = 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

1131 activities 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
finally listed. They are lower in all cases than the doses calculated in
parts A to H,

-t
i
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Bullock #1
0.550 gm sample, 29,100 epm on 19 June 40X eff. counter
Activity in thyroid on 19 June, 0.06 po/gm
Activity in 11 gm thyroid at death, 1.0 Fc.

If exposure occurred at shot 9, the rate of intake of 81 g¢ 3,5 hrs wast

R () = 186 x g-:g (0.017) = 0.81 po per day.

Dose to the thyroid from shot 9 IX31, Da ‘}:‘3 (203) = 52 rep

Similarly,
Corry #5. Shot 9 T131; D 2 52 x 38300 = 69 rep
29100
Bullock #3. Shot 9 I121: D w52 x192 = 34 rep
291
Webster #3, Shot 9 111y D2 52 x 119 = 21 rep
291

Three other animals with lower sctivities were listed.

If one aasmnés that these animals ingested and retained the other iso=-
topes in the same proportions as celculated 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 i1s assumed to have produced all the activity detecsted
in the thyroids. These results together with the total for the Hilko - Cedar
City animals are summed up below, If the animals whose samples were sounted
here also received another exposure from an earlier shot or if these 81
activities themselves resulted from an earlier shot it would materially in=-
erease the dose estimates. Tt 1s not known whether this occurred, but the
condition of the tissues observed here 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, than the doses would all he increased by about a factor
of 10, as 1s seen in the firast sections of this diseusasion. If such was the
case, bone sammles of the animals would so indicste by the activity of sr29
and !91, which would still be present and would yleld values higher than be-
low indicated when extrapolated back to time of exposurs. However, such a

determination appears impossible at this time,

Bullock Corry Bullock Webator
#1 #5 #3 #3

Total I3 Thyroid 150 rep 200 rep 100 rep 60 rep
5r3% Bone 1.8 Iuc 2.4 pe 1.2 ,uc ' 0.7 ,xc
gp?0 0.02 0.03 0.01 0.01
srot 2.4 3.2 1.6 1.0
71 5.1 6.7 34 2.1
pal49 2.8 3.7 1.8 1.
La140 Oul 0.5 0.3 0.2
Gut Wall 15 rep 20 rep 10 rep 6 rep
Mouth, External l1-8rep 1-11 0.7 =5 Oud = 3

23
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do Sunpmary
1, Using the data from ref, 1, an estimation of eeveral additional

doses to the Hiko = Cadar City sheep exposed to falleout from both Shot 2
and Shot 9 1s 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 greatsr importance than the thyrold 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, Maxlmum consentratiocns in the bone were estimated, at times

indleated, ofs

9r%? (53a nair 1ife) 99 pue 27 daey levels, both shots
3r® 25 yy 1 pe 27 day levels, both shots
srl 9,7 hr halr 1ife 140 po 1 day level "
Y91 €1 day 290 pae 4 day level "
Bal40 13 day 160/uc 27 day level n
Lal40 40 by 22 pe 27 day level t

c¢. Total beta dose to mucosa of small intestine from fission
products as a whole on the order of 103 reD,

de Local dose around mouth and head as high as 10° rep from eling=-
ing material: as high as 102 - 10° rep from the ground,

8. Total external gamma dose negligible,

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

Laboratory, similar doses to saveral animals exposed in other areas are cal-
oulated. This 1s done assuming the activity in the thyroid on the date of

# F ]
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sounting was all due to Shot 9. All results are of the order of one-sixtieth
of the above. No reaaonable astimate of exposure due to any other shot can
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 sarlier shot, This appears more llkely 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 untll death of the
aninals on 1, June (with no exposure from other shots), would imply an ini-
tial ingestion rate of about ALX),nmﬂﬂay. This would be consistent with all
the above azsumptions 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 gonditions:
a. Total thyroid dose would havs been about 32000 rep from IL1
alone and as high ss 90000 rep from all I isotopes.
b. Concentrations in the bone might have reached 2.5 mc of Igl,
880 me of 5¢89 ete, for the total animal -~ a factor of 9 higher than those
ealculated 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.
c¢e 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 exposure did oecur earller than Shot 9, but pro-
bably not as early as Shot 2,
3. It can be concluded that radiation damage ocecurred with the above
doses, although perhaps not in sufficient degree to be a prime eause of
death, However, the animals were probably weakened enough to suceumb to

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

285
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animals were almost certainly harmed by both their own and their mother's
exposuresg, which would account for the increased mortality of young lambs
obgerved. The data is scanty and the estimates admittedly rough, but this
conclusion seems reasonable. It is felt that these exposures constituts a
clear example of the Internal hazard from filssion product fall-outs in which
protracted ingestion of the material mey take place. Although this hazard
is of course maxinized for a grazing animal, tha relevance of these expo=
sures to such human problems as water supply and orop contamination should

not be overlooked,

s

C. A. SCNDHAUS
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