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RADIOACTIVE POISONS

by E. P. Wigner and H. D. Bmyth : 50/

In addition to the explosive arrangement which has been recently

d1eanssed by Pr’ool, there are tws other deatruative mechenliama whioh osn

1. M. le Lo PUO.. ROPOI’t. B3 and B4

be based on U [lssion. Both of thom are bLasod on the power engine and they

do not requlre the separstion of the U tsotopes or preparation of the element

v4. NN I

The first of these meohaniams is Stilard's "neutron ship™, This

is & siip or an airplane, driven by & U encgine, which, naturally, looses a
gront many neutrons. These neutrons have e physiological effect in the sur-
roundinrs.
roposed
The second mechanism is that of the radiocactive poisons, H
also and E. O. Lawrence.
in this connection by Professor8:. Breit, This mechanism

can be discussed more easily than Sgilard's neutron ship and will be taken

e Flret,

RADIOACTIVE PCISOIS
A uranium power engine will oreate, ms ;y-procuct, & Yery ocon-
siderable amount of radicactive materials. These radicaotive materials can
be axtracted from the vngine by flooding it with water or some other suitable
solvent. The 1life time of the differsnt radioactive substancea varles between

fractiona of @ second to about one day. The lattar, long lived, subatances

are partiocularly dangsrous since they can be transported to considerable dis-
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tanoces without loosing too much of their activity. They can be separated

from the ramt by chenmjcal meth~ds and distributed in cowder form over a

ponallnyatiin a)oan, Thay are ;carVinlaryly danpasane | Yhay mamlk Jﬁ -raye
which some ol tham probadly do.

It has been sstimated? that a powsr encine (workins with unsepar=

2. lialban and Kommrskl's Report

atod or partially serarated U) ocan develop 105 kilowntts of enerpy. Tiuls (s
5 x 103 x 107 erg/se0 or 1018 x 106 erg/day. One rission yields 4.8 x lo=19

x 1.6 % 108/500 = 2,6 x 104 er;;s o tnat one haa 1029/2.6 x 1074 = 4 x 10%3
fissions per day. After one day's running of the angine, the number of radio=
active atoms with a life time of one Jday wili de, therefore, ¢ x 1083 multiplied
by the number of these atoms per rission. Let us assune that the latter number
is 1/4 (wnich is a low estimate) the efficiency of extraation 1, then, 1 day
after the extraction one still wili have mbout 4 x 1022 rediomotive atoms {(about
6 gramn). If each emits a d/’-ray. this will be also the number of ‘/".r.y.
Al o dlmpoani.

The physiologlcal effsct of Lheee dﬁ ~rayva oan Yo very orulaly aa.
timated by comparing it with the effect of X-rays.

Let us denote, for convenience sake, the intensity of X-rays which
oorrusponds to 1R unit per second, anilRl unit iuntensity. Such a unit creates
in 1 com of air 1 electrostatic unit of ions of both charges per second. Since

the mass absorption coefficient ol air is ahout® .6 om'l/gr em™3 for ;I‘-rayu

3. A. H. Compton and S. K. Allison, X~rays in Theory and Lxperiment.
Appendix IX.

of average hardnesas (\ = ,5A°), an air layer of 1 cm thickness absorbs
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oo 1.Y 2 107N @ 00 x 10N af tha total intanaity., The X-rayas whinh fal}

Auring a secomd un a om“ LI Lheir inteuslly is et unit oreate, therefore,

’

1/.65 x 10™3 = 1500 e.s.u. of ions of both charges, i.e., 1500/4.8 x 10~10 «
3.2 x 1012 jons of both charges.«{ Jy o ,&(.,(é alger led .

About 100 R units over thn whole body (i.e., an exposure of the
whole body to X=-ravs of 1IR! unit intensity for 10U seconds) give very ser-

fous disturbances.® Sinoe the X~-rays aro compintrly sbsorbed in the body,

3.2 x 1012 x 100 = 3.2 x 1014 ions paira per em? of tne body is atout all a
man ocan stand. Since 1l /"—ray or averanre, say 3JU keV enerpy, rives $ x 10°/
45 = 7 x 10° ion pairs, the body cennot stand more than 3.2 x 1014/7 x 10% =
5 x 1010 /) -ravs ver cm®.

If the r.'adioactlve material is spread on a hoerizontal ~lane, the
nivehime ol /-rn_yn ntetkin - unbt mren of o vertbenl tpppat IR bl pp ogopna
as the nunber ot /-rnya leaving unit arca of tne torizontefl vlane. [uus a
man will be scriously iniured i i.e stands on m lnne each cmé ol wh.ich erits

11

durins his sojourn there 1V /—rays. If the lite ti:e o' a /-nctive

radioactive material is 1 day, it will smit durin- w dny .50 /-rn;,'s and a

a o«
man cannot stnnd Around witnout prote tion in an area wnlch contnins more t..an

10”/.63 = l.6 x luu radioactive ntoms per cma.

Thus the 4 x lu22 radionctive ato.s walch, nceorin: to cur estinmute,
can be otained per day from a ower plant, auftice tfor scricusly contaminat ing
an area of 4 x IOZZ/I.U x 1011 =20 x 1010 cm2 = (v x lub cn-u)z = (b Km)z.

It 18 unnecessary to say that this is only & rou-n estiinrte ancd tnat the real

area can be, peruaps, lU tines lurc-er, or, pernavs, luv times sanller.
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PROTECIION AGAINST RADIOACTIVE PCISONS

The absorption coefficients for /’-rlyn are given in the following

t-blos in unitas of em-l.

6. W, Heilter, The Quantum Theory of Radiation, p. 215.

50 keV 100 keV 250 keV 500 keV 1000 keV
Atr 2.2 x 1072 1.45 x 10 1.1 x100 g x 107
Tater .19 .15 12 .095 .07
Al .85 .44 .29 .22 .16
cu (or Fa) 1.1 .7 b

I'h h [ WHu

These numbers show that tne difficulty of protection incr-ases greatly with
inoreasing, hardness of tne [-rays. This holds, fortunately, also for the
prrsonnel carryins out the contaminntion and presunanly prevents the use of
any radionctive material with dﬁ-rayl above 3U0 keV.

Lot us assure that the parso:nel is at a distance of lu meters from

the radioactive material. The nunber ot J’-rnys per cmd at tnis distance will

17

24 3 2
be 4 x 10 /ln x 1W0° =3 x 10 per cm . For safety, this number should be

multiolied by at least 1V since tne intensity is ~reater at the be -inning of

the triv tian at tne arrival at the destiration. Since one can stand o x luld

2 . .
Jﬁ -rays per cm , the nrotection imust decrease trne 1intensity oy a factor

) : .4
3 x 1017 x lu/v x luloﬂ/ 108 - elb . For 25U keV enerpy cr*-raya, 4 om of lead
would be sufficient for this. Taking s chanber of 100 em x 100 em x 200 cm, this

3 T £
requirea 10y ||l4 <4 oemoed o 10 wm oap 4B Lo e e A0 ke Yaad,  Thia
Ay placcg gt 47 Na avao
[
could be reduced by nboul a tactor Lw%1around the radioactive material, ratner
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thlndthe personnel.
The simpleat prfotestion in the contaminated area probably oonsista
in washing the radioactive material under the ground. A depth of 5§ cam prob-

ably suffices to reduce the aotivity under the critical amount. In towns, ,

oy

the water would carry the radioactive naterial into the sewage system. The >
washing crew should operate from well armored tanks--an armor of 2-3 em iron
seems adequate. It is fortunate that the whole danger disappears in a couple
af daya and that {t can he datnoted with relative enso by placing electros~
ooupes al abr.et lularssslinue or vlher approprintae polnie,

This method ot protection is impossible wnile the material is float-
ing in the air. However, during that time it may be dispersed by wind and the
inside of buildings witnh filtered alr-intake remains safe. If the radiomotive
material is not uniformly distributed but left in relatively large chunks, some
of these chunks may escape deteotion and cause considerable damage before they

are either detected or btefore they decay naturally.

THE NEUTRON SHIP
The difficulties connected with the construction of a meutron ship are
naturally greater than those connected with a stationary heat engine. Supposing
that these difricuities can be overcome, one can assune that the power of the
engine of the neutron ship is about 1/10 of the powsr of the stationary engine.
The numbur of neutrons which the machine can emit and still keep functioning
o ha antinabad fo e 1780 per tanlone [is tena e § g lUln nettbrone

recond available.
-4 -1

The macroscopic absorption coefficient 2¢ of air is = 1.7 x 10" om .
-4
X 4
The density of neutrons in free:.space would be ﬁ?;;} e where v is
a

the velooity of the neutrons " 1.2 x 10-24 x 3/4 x 2.7 x 1019 x 273/%93 -

-6 =
4.5 x 1077 ol the absorbing cross seotion per ccn, N tho o 0 1P'3\ Qe
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gencrated at tne source per second, r is the distance (rom the source. The
. N -2
stream of neutrons per cmd is Jpa ("fJ(l/l
The phyeiological action of a neutron is about as strong as that
nf 20 Jf-rays of 30V keV enerry. Thus a man {s endanrered {f he la exponad
1o, ] "
ta toow 00 ”,ru e .h 2 10 nevtronse por um'. ol va aaripnn Lhiat Lo L of
-Xa
exnosure is t, sec, then the danger point is reached if N(1txar) 2 X /#7473

. -)(t
=2 Fx /0', < €. 4/(1‘/4.*}(”‘«\(4/1 weacles e 2

7

/1.(;1.:':/0'/1: 0% LEx /o“,occ/ o,

Assuming a velocity of 360 lm/hour - 104 cm/ sec {or the plane, we can estimate
t = 10-‘ r if the nlane passes the objeot once. For n passages we have

t - 10-‘1 nr or r = 60n (1l+ "f»t)a-v“cm. This is, of course, a very short dis-
tunce &é:'n = 1 so that it appenrs, of{ hand, that the reutrcn ship does not
constitute a serious darger. .

It must be admitied, however, that our estimates may be considerably
in error. Also, the pilot could, for short times, produce bursts of neutrons
by releasing much greater nunters of neutrons. Such bursts could be produced
Sy removing the scattering shield of the engine.

An mdequate protection of the pilot mrminat the nrutrona could be pro-
ehdnd by mowery totok (about Lod ve) snber abilelde droloetion of the Largal Le,
on the other hand, much more difsicult than in the case of redioactive poisons
because there is no time for washins away the coison but the protection must be
prosent at the timo the ship flied over. The protecting shield, if present at
the flight of the neutron ship, could be:quita thin ( a coucle of cm thick )
sheat of a hydrogeneoud material or any othor neutr n absurbing substance.

On the whole, it a~pears that the reutron ship constitutes a less ser-
ious menace than thml—owf the radioactive poisona. The reason for this is eason-

tially that it aprears to “e difficult to concu:trnte its action for e sufficiently
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long time to a relatively small area.
The warkie, of both moohaniams desorves a more detailed study than

given in these pages. will reapncl Lo bl pnd o bl o wop sl me, whien

constitutes a more immediate threst than that of tne neutron srip, & knowledge

of the /f;r:diation of the lony lived [lession products would be valuable.

Recommendations:

(a) Research on [~ radiation of fission products

! 1s suggested.

(b) Arrangements for the manufacture of eleotro-
scopes in sufficient numbers to serve as detectors
of radioactive poisons at important points should be
considered.

(c) 8eparation of radiocactive materials from

other materials in the power plant should be investigated.
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