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temperature latitudes with a fev months. Thus we will consider materials with
half lives of a fev months as potential long range hezards. Among the fission
products, Srgo is the classic example of & vorldvide hazard and Sr89 is an
exaxple of a long-range but not worldwide harard.

| In the following estimmtes of amounts of radiocactive materials formed,
experimential numbers were used vhere available. For neutron capture in ground

and air it was assumed that one neutron per 150 Mev total yleld was emitted by
26

neutronn/MI‘) For an sir burst all
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the \reapon, (taken oquiva.lent to 2 x10
neutrons were usumed to be absorbed by niirogen, while for s surface burs: half o
are taken to be captured in ground and half in air. Activities produced in r :

ground are assumed to be mixed in the fireball and fall out like fission products.; -

Y

The following pctentially bazardous radicactive materiale have been L
considered. !;
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A, Half lives longer than 1 yur

Srgo'
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j:t 5% one cbtains .16 Megacuries Sr90 per Msgaton fission (Mc/MI' fission).
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Sr9° is discussed in order to compare clean and fission weapons.

gl_": Formed in 95% of all air captures. This gives:

.02 Mc/MT for air burst
Ol Mc/Mr for surface burst.

Coso: May be produced in up to ~.1% of neutron captures in ground, leading to

10_23 surface bur-t.\‘.
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Taking this higher figure we obtain
12 Ne/MT,

Fe°”?: Produced in ~.5% of ground captures or 5 X 1025/14’1‘ for surface burst.
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3 euries/MT.
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C1”°: For surface detonation over see water will produce about 60c/MT.

Cau: For surfece detonation cmr typieal ground will produce about Le/MT with

e maximm of about 240c/MI for a surface burst cn limestome.

Csly‘ : For surface detonation an typical ground may be formed in ~.01% of

ground captures of 3 x 10%e/Mr.

B. Half lives less than one year:

'Sr89: Formed in about 5% of P fissions or 30Mc/MT fission, but only in about

3% of fissions for standard two Btage weapons.

k5

Ca “: Formed by neutron capture in ground -- in about 05% of captures in average

ground, .2% in concrete and 3% in limestone. For detsaonstions on concrete we have

27 Me/MT,
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Note thet the production of Cal‘5 will vary markedly with the Ce. content of the

surface on vhich the weapon is detonated.
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Jln addition about 25Mc of \-'1 my be expected but this is proba-

———

_bly sppreciably less hazardous than the w185.

ﬁ: May roduce from «~.05% of neutron captures in averege ground. This leads

to about .5 ¥c/MT but mey vary considerably with phospherocus content of soil.
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Fe’gz From iron in weapons have produced & x 102 atoms per MI or .2 Mc/MT.
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The above figures are summarised in Table I:
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It will be seen that all the elean radiocactive products are unlikely to
be a vorldwide hazard for ener.gy releases, N 105 megatons. Thus they are prob-
ably of no great concern in the present rate of testing weapons and ve shall
consider only the harard associated with their use in wartime, 1.e,, Ve aseume .
that the radioactivity 18 injected over a short period of time.
Of the long lived isotopes produced by clean bombs it 1g likely that Clh
is the most herardous. Estimmtes may be made from the rediocarbon studies,
1Libdy takes & carbon inventory averaged over the earths surface of .45 gm/ cn® of
earbon in the biosphere and eatmosphere (a similar number would obtain for atmoe-
18

phere plus yert of biosphere plus top of ocean). This gives 2.25 x 10 gm of

available carbon on the earth's surfece. If from NBS Handbook 52, we take meximm

bR

permissable amount of C7 4in body at 25;1::1 (for large populations) and body mess

as including about 10 kg C; then the meximm permissable ratio of Clu/to C in

14 per gram of C. This corresponds to a total Clh

biosphere 18 2.5 x 1073 ue C
production of 5.5 x 10° Mc or a yield of 3 x 10° Mt,

Messurements exist on the increase in Clh activity due to weapons tests.
On the above seale, about 50 Mt of neutrons have been released to the air, We
would predict from this a production of 1 ’Mc of Clh and an increaseof Clh ir
atmosphere and blosphere of about .5 wuc/gm. This correeponds to .02 disinte-
grations per sec per gm of C, which is about T% of the naturml rate. An increase
of about 10% in the Clh concentretion in the atmosphere bas been observed -- thus
indicating that our estimmtes are reasonable.

> Mt could_ increess the clh con-

It may be noted that detonation of 3 x 10
tent of the atmosphere by a factor 103 above naturzl levels. Conceivably an
increese of this magnitude could produce non-physiological hasards such as per-

turbation of weether by increasing conductivity of the air. However it appears

lNote that this and most subsequently Quoted levels would increase the radiation
level in a critiecal organ by a factar 10 above the natural background.




T-1009
Page 7

unlikely that this particular effect could be important. The natursl Clh in

the air contributes at the most (at sea level over wvater) only IO'h of the ion

pairs vhich produce the air conductivity. Thus increase of the C‘m

levels by
103 would increase air conductivity by only = 16%. Much larger variations
occur naturelly, with altitude, and eir over earth vs. air over water.
For Srgo » Anderson and langham have summarized fission megatons required
to produce hazardous levels of Srm. For a world average, 3 x 101' Mt fission
would lead to about 1ue/kgn Ca er 3 x 100 Mt to .1 ue/kgm Ca. D

b

0 distri-

(Which number is most similar to the 25 pe C '?) Variability of Sr
bution and capture has led some tO recommend that these ylelds should be divided
by about & factor 10 to have a safe level of Sr90 everyvhere (outside the

locality of detonation).
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The chief hazard of 0060 may lie in its use as a trace element of impor-

tance to some organisms or simply as & general source of [ radiation from the

ground, One may estimete the latter danger ss follcws: Suppose the c°60 is

deposited uniformly cover the earth surface where it has a mean life against
removal by weathering of ~ 1 year. If a dose, to exposed flesh, of 1.5 r in
one year is considered roughly compareble to the large populstion figures, we
estimate (from figure 9.120 of Effects of Nuclear Weapon) that this corresponds
to about 10 curies/mi® or a total yleld of about 2 x 10° Mt. This indicates

60 1k

that Co could be directly a hazard comparable to the ineviteble C™, and

its production should dbe kept low in elean weapons, It mmy be argued that a
mean life of 1 year sgaingt weathering is much too large, but on the other hand

there will no doudbt be concentrations in the fallout,

An estimate may alsc be made on the harerd of ingested 0060. If one

takes lougn/cma of available Co on earth surface, 5 x 1074 gn of co®

in a perscn, & maxiwnm permissable amount of C:o60 in body of .3 ue, and

assunes equilibrium between 0060 and ordinary Co 1in biosphere he finds 2.5 x

.’!.O5 Mt required to yproduce a hazardcus level, However, in vievw of the apparently

poor absorption of Co and its short effective half life (as reported in

Handbook 52) it would sppear unlikely that equilibrium can be established in the

Coﬁo lifetime, Nevertheless it would appear vwise to devote further study to 0060.
The remaining long lived isotopes of table I sppear less hazardous tharn

clh, by an order of magnituds or more. Fe55 appears harmless unless there are

efficient mechanisms for direct consumption of Fe. This conclusion can be reached

by considering Fe’’ in equilibrium with available Pe in the same manner that

210 , 0136, 31 134

Srw (relative to Ca) was treated by Libdbby. Pb Ca™, Cs are

created in too smll quantities to bde bhazardous.
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Of the short lived isotopes, Cahs and W'lej appear most worthy of
attention. P32 does not appear as hazardous &s C;h5 -- becsuse of its sharter
half life.

45

The hazard of Ca 89

my be compared vith that of Sr since these have

similur half lives. It mmy be expected that 1 curie of Gah5 produced by &
bomb is sabout as hazardous as 10 curies of Sr89. This factor 10 is arrived at
through the following factors. Sr is discriminated against relative to Ca 4in
entry into human bones by & factor (10). The energy of the cahs " is (1/6)

89 -, The nalf 1ife of Ca¥® 18 (3) times that of SrY.

the energy of the ©Sr
This longer half life will give the Ca.h5 a longer time to reach bones so that
perbaps an added factor (2) advantage is obteined. 10 = (10)(1/6)(3)(2) .
Thus the hezard due to Ce'” production as in Teble I is sbout tvice
that due to Sr89 from a 5% fission weapon. For a Bimilar detonation over Lime-
stone these figures give c;hs predominating over Sr89 by & factor of about 30.
A quantitative comparison between daxmge due to Sr69 and Sz'93 is
difficult to make. Probably energy deposited by 51'89 in bones is % 10% of
the Srgo energy.., Hovever it is delivered 100 times as fast., It appears that
under adverse conditions the Ca.h5 formed in 8 5% fission wespon could be more

damaging than the Srgo.

s
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an inow,?e daur\({._pg pf considerable attention .]J

" . If one assumes thet W behaves like Mo in the body, then the saving

feature appears to be that only 2 x lo'h of the ingested w® (Mo) will

reach bone, the eritical organ, (NBS Eandbook 52). The energy per Wls5










