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A super bonb is expected to ralease many more neutrons than an ordin-

asy bomb. The ratio of the neutrons released may be 10,000 or noro. Captare

of these neutrons in various subatances will give rise to radionetivities and

these activitien will contaninate the atrosphere and the surface of the earth.

That these contaminatlons are going to be can be influenced to a considerable

oxtent by selecting the materials that go into the construction of the super

boab and by selacting the surrounding In which the super bomb is detonated.

In most contemplated detonations a considerable fraction of the neutrons will

be slowed down and eventually captured in the nitrogen of the atmosphere.

Such capture gitas rise primarily to the long lived carbon 14, 1notops. It

18 probably possiblo to reduce other important radionetivo contarinatione

caused by the super bonb. In sost applications, however, croation of carbon

14 1s unavoidablo.

It will be shown in the following that the aetivity of the carbon 14

will romain below the tolerance as long as the mmber of supere detonatad ra-

maine smaller then 1200, assuming the carbon 14 activity to be procent in the

chend cal specios C02. It will be shoun that while other chemical foras are

poasible, 1t 10 unlikely that they will be nore dangerous than CO,° Generation
of nucloar species in the atmosphere, other than carbon 14, will be shown not

to be a liniting factor.

Additional contaminatlon will cortainly arise due to the fact that all

Uraniu 235 (or Plutonium 249) found in the neighborhood of the super is likely



to suffer flasion due to the great abundance of neutrona released by the super.

Some dosigns of the super which are son contemplated will produce approximately

then the mumber of ripers which can be tolerated throughout the surface of the

earth will be 40 tines loss than the number of ordinary bombs due to contamina-

tion by fission products. This lattor figtra may put a sharper liniaation on
the maber of supera which one can detonate than the liaitation due to carbon 14.

To shall arbitrarily define a super bonb as one which releases a thousand

tines nore enorgy than the more effective stock plle bombe. Thas, we shall
assume that the energy released 16 4 & 107 tone of THY Or 1.6 = 102k orga.

The net reaction in the super 18 S

for every 12-1/2 million volta or for

every 2 & 10-5 orga. The supor therofore releases a total of 8 = 1028 neutrons.

Thus no produca 1.33 x 105 gran atome of Carbon Ido

It is interesting to conpare this arount of Carbon 14 with the estimated

total anount which is neintained by the corle radiation. This anount has been

computed (1) and It 16 ostimated that to Carbon I4 atons are produced by the

E. C. Andereon, Dissertation, Univeralty of Chicago, Departuent of

cosmic radiation per aquaro continuter and por second. loing for the ball 1180



per square centimeter of the earth's surfade. The total maber of "natural

Carbon 14" atoma throughout the earth'e surfaco la thorofore 2.68 = 10.

He see, thereforo, that approsmataly 33.5 supere will produce as much Car

bon 14 as corresponde to the natural activity present on the earth.

•
The figuro of 33.5 supera 18, of course, In no direct relation to the

mumber of supers which 111 produce a tolerance dose of Carbon 14 because

1. The quantity of "natural" radloactive carbon 1s greatly below

tolerance and

2. The radiosotive carbon produced by coanic radiation in apparently

distributod in a uniform manner throughout the whole carbon inven-

tory with which atmospherio carbon dioxade can exchange in tines

short compared to geologieal periode. On the other hand, the car-

bon 14 produced by super boabs will remain concentrated for e oon-

alderable longth of time in a relatively anall fraction of this can
bon Inventory. It 1s north unile to glve in this comection tha

total carbon inventosy •

7.25

0.59

0.35

0.12

TOTAL 8.2

To obtain the total Inventory, multiply by 5.1 = 1018 the eros of the certà

which is withih 10% of the observed value 1f no use Iuan and Ladenburg'a data

- 3.

Carbon Inventery

Ocean "carbonato"

Ocean, dissolted organio
Biosphere

Atsosphere

1n ca?, This gitos un a predioted speedlo activity of natural radiocarbon

•



In order to obtain the total mumber of supere which will produce a

tolerance dose of carbon ll, no shall assume

1. That the carbon 14 is rapidly distributed in the ataosphere bat 1s

not further diluted by distribution in the oosen dr in the biosphere.

Thia assumption say underestinate local carbon 14 concentrations in

the atrosphere for relatively short periods of time. On the other

hand, within a period of a year of two sone of this carbon will suraly

be distribated in the blosphere and in the ocean and therefore the

anount of carbon 14 in the atsosphere is on the whole l1kaly to be

less than the anount to which our assuption will lead us.

2. To assume that the concentration of carbon ll, in the human body in

the sane as 1t 18 in the atrosphere. This assumption of coures 1e

in contradiction with the previous assumption that the carbon 14, 10

distributed in the ataosphere alone. It 18 clear however, that these

contradiotory assumptions will lead to an over-estimate of carbon 14

in the human body and therefore we shell ers on the side of caution.

3. Sinco carbon 14 1s an endtter of soft beta radiation, 1t 1s 11kaly

to exercise a phyalological effect only when it is incorporated in
the book.

To assume that the tolerance dose in reached when the carbon 14 in the bod

the tolerance dose for both clinical norkers and for people vorking on atonio

energy projects.

-4 -
(2)

for the cosmio ray noutron intensity

(2) Fuen, Lo, Phys. Ret. 74, 504 (1948)

Juan, Lo, Ball, Am. Phys, Soc. 36, 9 (1949)

releases. 3 rop por gras of body per moek. Thia doss has beon ostablisbed as



per gran of tissue per second. The mumber of carbon 14, atons per gras of tissue

which will produce such sotirity 16 1.1 x 10l4, The average anount of carbon
contained in tinene 1a 18,5. The tissue sost rich 1n carbon 18 fat, which oon.

subject to the greatest carbon 14 concentration) shall be exposed to more than
the alinical tolerance of 0.3 rep per week. One tous finds that no tissue nay

tolerance dose will not be exoseded 1f the ratio of carbon 14 atone to normal

carbon atons remains smaller than 3.1 x 1009, No cas, thereforo, tolerato 15

carbon 14 atone, a totel of 1200 super bombe can be tolerated.

OTHER CRITICAL FORMS OF CARBON 14 ACTIVATE

Walle natural carbon 14, 18 apparently confined to CO, and carbonates 1n

the inorganio world and enters the biosphere only by photosynthetic and meta-
bolio processes, there is a profound difforenco between "natural" carbon 14
and the material produced by a "super", namely the average natural carbon 14

aton 1a some 8000 years old and has had ample time to experience all possible

carbon 14, however, 1t 18 possiblo that an appreclable amount of the astivity

night be found in less stable chendcal apecies with other and sore effootive

paths of entoring living natter. He shall consider the other chenical specdos

acting with the atzosphere, (Sinoe the carbon 14 1a present originally as 100-

•• 5.
One rop correspondo to 1.7 & 1012 1o1 paire por gram of tissuo. A

done of .3 rap por mock corromporta to 8.4 $ 105 101 palra por gram and second.

A aineto bete disintegration of the derdon 14 (nudima energy equela 155 KeY)
gives rise to 2000 101 pelre. Sea, vo cen tolerato 4.2 = 102 disintogratione

taina 70p. To ahall denand not even fat (the tiana riabest in carbon and heros

contein more then 3.5 $ 10" normal cerbon atoms per cublo centimeter. The

the etaosphero 1.02 x 1032 carbon 14 atons, Sinoo a super prodacon 8 x 1028

chenicel resotions with 1ts enviroment. In the case of the nenly foreed "super"

ubich ars theraodynand cally capeble of formation fron the carbon 14 atone so-



lated atons, m sust oonsider the free energy of formation of the various

free energy of mablimation of carbon is added to the fres energy of formation

that the original carbon 14, 1a producod with a considerablo linette energo se

"tracer" concentration of the carbon 14, sost of the renotione must be core

leter reactione do not affect the primary reaction.) Experiente uns planned
at this laboratory to determine the actuel chenical apecies in which aotivity
18 found after the irradiation of air with neutrons of the appropriata energios.

1. 0(8) + 92(8) → 60(8) +068)

- 6,415

287,880

$126,465

Do note thats

a. CO will vasy probably for according to equation 1.

b. It 18 unlikely that any CO, "ll fort directly by equation 3. (loes

a third body 18 present 1s the colliaion) alnos the COz would be left

to equation do

Ho my thereforo expect to find a certain fraction of the carbon 14, so-

tivity present as CO immediately after the detonation. Has tale carbon sonorado

any appoific entry into the animal body and will thie result 1n a further lind-

ration 1a the possible maber of supers?

• 6 .

abenicel spacion fron, fazeous carbon, In affect, thereforo, the negative

and some thermodynamically matable spasies can be forzed. It ahould be noted

that 1t can ovoroono any chondcel potantial bartlera. Also, because of the

aldered as resalting in the formation of free radicaln (such sa 0 or N) mboas

Сатров. коротила:

2. (088) +068)→693(8) +018)
3. (68) +0268) 00268)

lo (02(8) →00(8) +018)

A50 = -165, 415 cal/sale (29801.)

exalted by an amount sore then anough to cause dissocation acoording

c. The CO can eventually be oddised to COz aooording to equation 2.



The spocific entry of 00 1s of course into the blood strean through

It has been shown

the Inspred alt. In otber words, CO 18 competing with, and hence diluted by,

the Oz of the atmosphere. Since the ly 1a present at 100 tipos the concentra-

108s by a factor of 3.3 for the CO than for 60z. in the casa of CO one curbon

radiation damage to blood calla, another dilution factor of 304 x 10% (tho

Is all the carbon la, produced by one super fores CO, in diluted in the

grams of Blood calle

Thia compares with the tolerance doses

ation of a mich larger number of expere uithout polsoning the ataosphere. In

•7=

the formation of carbarybenoglobla. No hall show that the abeorptton of
Co by this mochanian 18 co plataly negligible.

• (3)
that the ratlo of carboxybesoglobin (ICO) to

(3) Mintrobe, Moll., Clindcal Bematalogs, 2nd 5d., P. 112

oxybenoglobda (ubOz) In the blood 18 giron by

He - 200 162)
ubera (C0) and (02) are the raspoctito concentrations of thate species in

Elon of CO2 In the als, the resultant affective "speciflo activity" tould bo

I entore a solocule of solecular weight 16,000 end, 11 one viabas to conaidor

concentration of benoglobn in blood collo) enters.

ataoaphere and cones to equilibriun with benogloble one finda:

grans of heroglobin

9.2 x 10 atom of garbon 1.

1211 abel
grans of tiamon

Thas the asaption of carbon monoade fornation would peradt the deton-



the long run the CO ulll be converted to CO, and the celculations of the pre
vious section will apply.

3. 698) + 4(8) → 68(6) • 1(8)
-120,090
-22.634

From these equationa ve say concludes

return the activity to carbon diosido, so that only equation 8 given

us a ner poolest iCh. It 1s alear that only a fraction of the totel

activity 11l1 reach this species.

Unfortunately no quantitative data ate avalable on the notebalian of ACM.

It 18 certain, boroves, that nost of the cyanide in converted to tilooyanato,

wich in distributed and exorated

oralation in the body is to be expected. It 1s unlikaly that the presenos

of Cl ill lead to a harper limitation on the pertassible maber of supers

than carbon dloside. Thie 18 only & probability and not a certainty. Chenical

and biological experimente are planned to deteraine the exact fate of the carbon

• 8∞

SM nad Related Speedens

6. CN(8) + 0(8) →Co, (8) + 1(8)
7.0 08(6) + 10(8) → 1680(8) 4 868)
в ясно(8) + 10(6)→09(8) +199368)

8. СП(є) + 40(8) → 81(6) + 08(8)

Др = - 9,790

-1/ 774

- 2,960

a, CH con be foraad according to equation 5. (Ito polyperisation to tho

unal 022 la very laprobable because of tha extremely lon conoma
tratioa.)

b. The asdention and hydralyale will undoubtedly cowert Cll to otber
spoolos as Indiested 1n egantiona 6, 7 and 8. Squations 6 and 7

intlarly to the halogens so thet no ago

(4) Gooden and 01lsas, The Pharmacologdcal Beade of Therapertios, P. 699



On the ubalo, these statemente on the fate of carbon 14 bave a greater

that have been made and to an even proster extent it 18 dus to the foot that

Although the great majority of the neatron fron a super wald rosalt

ney also fana. Fast neutrons on 1-14 can give rise to 1-3 (trition) and this

species night also arise fron the moper reaction Itsall. On the basis of tha

18 not 11kaly to be nose then 18 of the carbon la produotion, valle production

Tha energy of the trition bate is only 1/10 that of the carbon ll bete, but

activity. The wudun effect fron trition in therafore nearly the same as that

fros carbon 14, assuming the sene dilutions, Honoros, the concentration of metor

vapor in the atrosphere in at least 3 times the anount of COz and is probably

sash soro. Also rapid dilution by the meter of rivers and oceana la to bo

nificant linitation in the maber of supers.

= 9∞

dogros of sellabllity than the current diecuadona on the bologleal essoots

of flondon produote. This 1a dus, 11 pert, to the connervativo aaruptione

tha baberlons of certon, rhich 18 ono of the most common alesente in the blos

aphero, 18 wuch better mows and understood then the blological bebarious of

the marrow flation produote. for the latter, the porsibllity of concentre-

ton abaina eodota and those say fire sine to unexpected polsoning effeste.

DEER BARTOACY VE PRODIETS

In the produation of cerbon la, approclable enoubte of other radiorativo spodies

(5)

cross-seetlon seasured ty Corneg and libby toltion prodestlon fron altrogen 14,

(5) Cornog and Libby, Plya. Rev. 22, 1046 (1941)

from the super can be no nore then 1$ of the sount of iresoted deuterium.

the half 11fo 18 500 time loes giving a corrouponding Inorease in the speadfle

expostad. Thorofore, tha fornation of tritiun le not likely to crono a sig-



produced relativo to carbon 14 productios, Calum 5 Elros the Initial so

dus entiraly to their very short half lives and that after two daye all
these activities will be radioad to a mall fraction of the carbon 14, ro

There renein to be considared only the activition produoed from the

sentially 100% flasion because of the tremendous buret of neutrons from a

super. The quantity of flasion produsts can therefore be exposted to be

about 40 tines that fron in ordinary fission bomb scoording to proment er-

bomb nand to initiato the resotion of the super. If the talerance of normal

entimate of the linitation on the number of ampedes This limit right be
lower then the one derived on the basie of the carbon th haserd. It should

be noted farthermore that the amount of activa saterial needed for the dator-

= 10 •

A survey has boon sedo of opter notivition l1kals to ba produced by

a buret of neatrona 1n the atrosphoro, Tablo I nonarison the resulto of
these cloulations. Calum 4 civia. the staber of atons of a fiven apesdes

tivlty of the pocos relatio to the laltlal carbon ll astivity, and
Calem 6 giros the relativo notivity after too days. It 1ll be nored

that altbough the Initlel sotlulty of sore species is very high, this 1m

tilty. Turtherbro, the long l1ved sotivition are all due to rare gas
1sotopes uhieh cartnot be concentrated in the body.

The fast sutrons fron the super may elve rise to antivitien whist

as yot have siot bion discoverad. Such notiultios are Ilkaly to have short

LiTos. A seditl' for such additional aotivitios mould coes to be indiostod.

nateriale of boab construction, Any fissionable naterial vill undergo on

tinatos of dosies, which assuns 80 8 of flusonablo netorial in the fleadon

1188102 bombi were kao, a laotor of 40 below thie rould soon a reasonable



ation of a super la at the present stago secessarily a aredo grass.

stration mat also be considered, However, 1t would eone that a ruffi-

active produota are available so that axy danger fron tila souros could be

- 11 -

Astivation of strotural or tamper materialn uned in the bogb con-

dont number of comon alements with low cross rootlong and/es short lived

casily avoided.
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