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: The usoe of fission produots a3 a mllitary ogent presonts )

number of vory novel couslderations whioh distinguish this potontial

weopon from chomicnl tools of war, such &s mustard gas, lewisite, phos-
gone, ot cetora. Tho mnjor differences botween chomical end radioaotive
poisons may bo divided into the following principal oategories. One;

" the quantity of readiosctivo poison required to produce.lethal offects can

. be monsured in tho rango of micrograms while in the onso. of chemicael sgents,
there is ususlly roquirod tons to hundrods of milligrams to produco jcomparable
biologicel damage. Two; it is impossible to detoct the prasence of radio-
notive polsons without the ald of suitable elocirical dovices such ns
Geigor counters, ionization. chambers, electiroscopes, et cetora, In othor
words, the radintion from rediosotivo materials oannol be detectod by touch,
smoll, taste, .ot cetora. Three; the biological damege produced by such
rudietions has o high degroe of latenoy in that evon with lethal dosages,
ths full effeots may not eppear for intorvals sxtending from days to the
ordor of sevoral months. In addition, complete rocovory from sub-lothal

- injury may not occur in a considorable portion of individualas exposed
and this faotor of ohronio injury may be ocxpeocted to ocour in & much

higher prorortion of subjoots than mizht bs oxpectod from sub-lethal ochem=
ical injurles from most, if not all, of the known war gases. Four; radio-
active poisons mey persist in an infeoted roglon for oxtrewoly long
periods of time, if tho matoriel injected has & sufficiontly long helf-
lifo. Five; removal of radioactive matoriels once they havo becomo daspos-
ited on soils, buildings, roads, et cetera, will be in most instonces so

- diffioult that for all intenta and purposes, dooontaminat1on may be oon-
ald:red an almost insurmountabls problem. - . 2

’ : The fis3sion products can bs esmployod eithor agsinst persommol,

both oivilien end military, or thsy may.bo used to impalir if not destroy
the use of mgricultural areas for the purpcse of producing food orops.
Those matorials can produce injurg to man, as well as animels. Injury

can arise from several different meohanisms, nsmoly, inhaletion, ingostion,
and extornal irradistion. Following; absorption into the body the mejority
of the longer-livod fission products, whose half-lives oxtend from the ordor
of two wieoks to many years, are acoumulated end teraoiously rotained im the
skeleton. Thare, thoy produce intemmal irradiation of the very semsitive
bono marrow and oven rather trivial emounts ocon praduse lethal offoots.
Tho inhalntion of finely suspended partioles suel. as dusi.or smoke, coatein-
ing o mixture of the longer-livod fission products is attouded by &
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/’ » significent percentage of inhaled matorial beinj; rotained in the lungs for

intorvals cxtending to es long as & ycar., A verisble but sigrificant frection
of the fission products initially rotained by the lunﬂs following inhala=-
tion will be ebsorbed through the lung tissues into the blood stream end
then be deposited within tho skeleton, In gensral, the demage to the '
lungs will be proeater than to the blood forming tissues w1th1n the bone
marrow. However, it is perfectly feasible to.prepare radioactive smoke of
such a charector so thaet the injury .to the bone marrow will predominate
over pulmonary demage. 1herral ingestion of many of tho fission products
is followed Ly a rather trivial degree. of ebsorption from the digestive .
tract. If en unsaparatod mixture of long-lived fission products is employed,
less than from 3% to 10% will be ebsorbed through the digestive tract.
Approximately half of the materisl so absorbed will becomo depositedwithin
the skeleton. Ixternal irradiation arising from filssion products spread
over o large aroa, presents snother importsat aspect of the problom of
radioactive warfare. Inesmuch as both bets end jeoma rays are emitted fronm
the fission products mixture, superficial as well as penetrating damage
moay ocour. In tho main, the gamma rays will bo the more ominous cf the

"~ two radietions insofar as lethal injury to persomnel is concerned. From
400 %o 600 roentgens is believed to constitute en acute lethal dose of pen-
etrating gauma rays for an adult humen. Severe and slow healing lesions
of the skin snd subcutenesous tissues will oocur following 3,000 to 6,000
roentgens of beta irradiation of an energy range from 250,000 to 2,000,000
volts. Due to the fact that bete rays aro rolatively easily absorbed, a
considerable diminution of that effcot will ariso from absorption in olothisg;,
shees, el oetora.

b 4 st

' Tae contemination of soils presents another aspeat of the destruct-
ive potentialitios of the fission products ez a military agent. The sccom- '
panying report on the behavior of fission products and soilsgrpXucidates
this issue to a oonsidorable degrees. BAriefly, the situation is that most
of the long-lived fission producta, becausse of their chomical properties
bacone extremoly firmly fixed on to soil particles. Plents growing in
such contamineted soils havo the potentiality of accumulating to a very
high degree, a considerablo fraction of the fission products that are fixed

_upon the soil particles. Inasmuch as this eccumulation by the plants
oocurs chiefly in the roots which are relatively sensitive to radistiom,
it cen be readily sppreciated that significant areas of ground may be
made ossentially sterile insofar as tholr egricultural use is concerned.

In sddition, there is a corollary problem whioh arises, nemely, the assim-
ulation of certein fission products, notably cesium and strontium in the
leafy portious of plents. Conceivably, food crops growing in soils ocon-
teminated below the level required to kill plents could result in the
poisonnb of the plent products insofar as animal or human cons umption,

is oonoerned. '

The quentity of given fission product mixture that is required
to produce demaging offeots, whethor it be ia humens or plents, dopends
upon tho ago end composition of the fission produst mixturo employed.
Obviously, thore is almost en wlimited seriecs of numbors which oould
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be given for such amcunts since thare are not only meny elemonts involved
ja the fissicn product series but also the helf-lives of the individual
olements produced in fission extend from seconds to centuries. However,
as & practical consideration, the most effective group of fission product
elements, &s military agents, are those whose half-lives range from severel
woeks to the order of a year. This group of fission products will serve
08 the Lasis for the values subsequently given. More precisely, it will
be for a mixture of fission products that exist in en irradieted natural
"mixture of uranium for a period of 100 days which is then alloved to cool
for a period of 60 days before removal of the flssion products as a group.

"As a result of treocer studics done at serkeley, asnd subsoquent | -
oxperiments including en investigation of rodiation effects which wole v
accomplished elsewhere on the Projeot, the following cursory picture has
been-compiled. The inhalation of 10 millicuries of the unseparated fission fj
product mixture described above is estimated to be & minimum lothal dose
for the average adult humen. It is presumed that lethal injury will arise
in the mein through pulmonary demsge rather than bone marrow destruction.

The oral ingestion of at least 100 milliouries of such a mixture would be
required to produce lethal injury which in this oase would erise primarily \
from bone marrow demage produced from the strontium eand barium absorbed from)
the digestive traot and subsequently deposited in the skeleton.  An estimate!
‘of the emount of this fiesion product mixture required to produce extemel
gamma rey injury oan best be expressed in the following menner; 1l ourie of
radium gemma ray equivaelent per square meter spread over a lerge plain

aroa will produce at a level of 1 centimetor from the ground - 0.8 roontgens
par minate, 10 centimeters from the ground - 0.6 roentgens por minute, sud
100 centimotors from tho ground ~ 0.4 roentgens por minute. IExpressed in
Ferms of roentgens nor day, corresponding velues sre 115 roentpgens, 86 roent-
gena, end 57 roentgong, respeotively. In estimating these velues, an aversge
ganma rey enorgy of 0.7 Mev was assumed end ebsorption in the air as well

as so0lf absorption in the soil hove beon Ignored. The corresponding

emount of beta irradistion is very difficult to egtimate in viow of the 1
variation produced bv tho different thiolmess of artioclos of olothing, ot
cetera. In general, however, it is likoly that the gmrma ray offects will
predominate as the more destructive. .Inasmuch as 100 r of -total body
redietion oan be oxpected to produce, in & significent numbor of individuals,
scme degree of irreversible redietion demege, it would appear that e flux

of gamme rays at this intensity would render such an area essentially unin- j
habitable., It shculd be kept in mind that the values given aebove for

gernna radiation roepresent a hypothoticel situation inasmuch as distribution
will nover bo uniform and thore will-be other variations due to the presence
of buildings, trees, and irrepgularities of terrsin. A detailed discussion

. of the emcunts of material required to produce crop damago is presented

in the ecoompanying reports A more precise evaluation of the quantitios
involved for tho storilization of agricultural lends must await the acoumu-
lation of further scientifioc knowledpge in this field of investigation.

In addition to tho oritical effect upon living plents following
the contamlnation of large aress, thore is a furthor consideration whioh
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presents & most ominous ocomplication. Assuming a relatively uniform and
viidespread doposition of fission products over ereas of many square miles,
there will arise varying.and wmprediotable conocentrations of this activity
0s o rosult of rein or meltinz snows., It must be realized thet initially
a large fraction of the doposited fission produocts will be on ths surfaoce
of the soil, plamts, buildings, roads, el cetsra, as a thin film of dusk,
Rain or melting snovs will wash a signifiocent fraction of these materiels
exay end they will be asccumulated in the run-off wabter aand may be carried
considserable distauces to enother location., It is quito logical that a
rodistribution in a concentrated form would prove most disturbing, part-
jcularly from the point of view of, gemna rediation if such removal and -

. redistribution should ooccur in a thiockly populated erea. .

The possible methods of distribution of fission products that
ars of " militery eignificance heave besn investigated only to & very limited
degres ond on an extremely small soales Such methods were developed prim~
arily at Berkeley for the purposes of studying the behavior of fission
product aerosols following their inhalation by enimals. Stebls aerosols
may be produced by depositing fission products upon a smoke produocing S
egeat, as for example, the zinc hexachlorethane~ammonium perchlorate mix-
ture which hss besn used for meny years for the purpose of obsouration, i
Suoh & type of preparation would appear well adapted for producing fiesionvi
vroduct asrosols to subject urban populetious to fissilon produot poisming
by inhelation. Other possibilities prosent themselves such as disperssl
of a fine powder by meens of a bursting charge, the reduotion of the prin-
cipal fission products to a metallic state and thelr subsequent combustion
to form finely divided oxide smokes, the produotion of fine spraya of sol=- .
utions of fission products, and the dispersion of a fission product mixture |
in the form of small particles of the size of the order of O. 1 millimeter
in diemetor. These are problems a&bout whioch there are meny individuals
better qualified than I to present Intelligent suggestions. It should be
pointed out that in meny instances, it is to be presumed thet whers esrosol
concentrations of fission products oem be orested at suffioient levels to
produce serious biologicael deamege as a result of inhalatiorn, there will
occur the deposition of such suspensions upon the ground in sufficient
quentities that Hit1 epproach, if not exceed the radietion flux, that will
result in seveF® Bxternal gamma ray demaze to individuals so exposed.

e

There are knovn 8t pregsat vary fow and relatively inadequate
measures thet can bo employed %o oombat the problems erising from radio-
sotive warfare. In tho first plage, the removal of long-lived fission produots,
onco thoy heve become oither deposited within the lungs or ebsorbed in the
body, has been wsuoccessful. Absorption from the digestive traot following
oral ingestion can be reduced significantly by inereasing the oalocium content
of diet for severel weeks before administration of the fission products.
The administration of caloium or strontium at the time of absorption or
subsequently, is not of significeant value., The administration of strong
cathartios at the time of oral ingestion would be of value to reduce the
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"/ time intervel when theo unabsorbed fission products would remein within
/ " the digestivo trect and henoe reduce the degree of looal redistion of
| these orgens., However, absorption of fission products from the dipgestive
J troot is not significantly roduced by the use of cothartlcs. Obviously,
/ it is not prectical to adequately protect individusls from oxtemal gemma
/ radietion if thoy are to move mbout in ereas which heve been heavily c¢cm-
F taminated, The typo of leed ermour that would bo required would weigh
/ -mAany tons. In eddition, it should be pointed ocutl that there is no satis-
faoctory mothod for ocombating the éffects of radietion once the individual
' has been so oxposed, In brief, there is no satisfeotory method of reducing
the effecte on personnol from fission products oithor following introduction
of these azents into the body or gftor damaglng oxtomal body exposurc has
been reoelved. N
The recént and illuminating exporiences from Operation Crossroads
emph851yos the diffioultius thet will be enccuntoered when oxternal objects
bacomne ocntaminated with fissicn produots. It 1s essontially impossible to
leach them from soils end the diffioculties that will prosont themselves
for the deconteminction of buildings, roeds, ond other men-mado structures
may be oxpected to bte almost equally insurmounteble. In othor words, once
- these agents eare deposited, the troatmwent of both enimale end irnenimato
-objects that have become infected with radiocactivity would appoer to be an
elmost hopeless task in light of our prssont Ikmowledge. The previous prep~ -
araticn of arvas that may be expeotcd to bs s0 vxposod offors only 1inited
' enoouragement.

|
|

| The most significent remedial measures that may be taken follow-
ing the deposition of fission products will fall into two major catogories, -
: Firs», the rapid evacuation of personncl in such areas as.may bo infeoted,
end e prompt survey of all such individuals so that those who have received
suffioient materinl to expect sorious damage moy be hospitalized for what-
ever pallietive measures may be availablo to reduco their distress. At the
same tire, such a woeding out procoss makes it possible to relsaso Individ-
uals who aro relatively freo from radioactive contamination for whatever
aotivities that moy bo needed under such ociroumstemncoes., It is possible to
~organize e very rapid ead rolatlvely procise meens for meking tho type of
disorimination noted above if proper arrengoments have been made before-
"hend. The second phase of this problem is, of oourse, the prompt monitoring
-of infected areas so that the degree of oontamination end denjor can be
properly detormined. The dotoction of demege to individuels from oxbtornal
gemma ray irradietion is less satisfoobory. This is dud to tho faot that
frequently tho amount of irradiation requirod to produce immodicto recotions
of radistion sickness such as neuses, vomiting, et cetorae, is not fer from
the lothsl dose, The chonge in number and distribution of tho leukooytos
of the circulating blood is relativoly sensitive to amounts of radiaticn
In the rango of 50 to 200 roentgens., Uowever, due to tho fact that tlio pro-
. oodure of taking a blood count requires of the order of thirty minutes, it
might be difficult to ndequately examine 1arge numbars of individuals within
& short speoe of time,

The possiblo types of epplication of radiocactive apents as
military weapons oon be initially divided into two mejor olassifications;
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stratogic and tectical., Ono of the principal siratezic uses of fissica
produots will probably be against tho clvilisn populetion of large citioes,

It oan beo well imagined the degree of consternation, as well as fear and
opprehonsion, that such an agent would produce upon e larpe urben population
after its initiel use. Aport from the effect upan the morele of the populecse,
thoro 1s of oourse, the possibility of rendering large areas within the oity
uninhabitable due to the prolonged gomma redietion of such conteminated
ereas.. thile it is ontiroly likely that the source of fear induced by such

e weapon would be diminished as the population became bettor informed as to
the nature ond degres of hamzard to bo expected, the fact that lerge sections

of oitios would be renderod untenable would soriously dislooate the normal

T N——

funotioning of the nation as a wholo wore meny cities to bo involved sinul-
teneously. Contemination of rosevoirs does not appeer to be a vory effootive
usse of fission. products duo to the fact that the majority of them weuld very -
quiokly attuch themselves to the concrete or earth containing the water

and ‘those that did not remain behind would tend to be caught in the water
system with the result that little if any active material would_sctually
roach the individuals dependont upon the wator supply. It is possible,

of ocourse, that conteminetion of a very smell resevoir by a largse emount

of eotive matorisl might conceivably produce some offective contamination

of tho water, but oven here, I do not boliseve it Yikely that the effective-
ness .of such a proosdure would warrant the use of the lerge emownt of mat-
eriel required., It would sppear that fission products might be very effeot-
ive for the denial of access to small koy areas,notably reilroads, shipyerds,
docks, hirhly conocentrated large industrinl establishmonts, as for example

. steel mills, powsr plents, factories procuoing essential commodities, et.

cotora. The ndventage, of ocourse, of this typo of interruption of function
is that the regions so treatod are not physically destroved end if the
eppropriate fission produot mixture is employed, the interval during whioh
such ereas are rendered inaooassible can be pretty much soleoted at will,

.Possible taotloal applioat1ons that are fairly obvious are the
denial of certein areas to troops, notebly beach heads, narrow mountain
vasses, canals, et cetera. The direot use of fission products either egeinst
massed troops or against personnel in trenoh fortificetions, not readily
noutralized by more conventional agents, might be quite effective. The
possibility also presents itself of the contanination of military nateriel
of various types, as for exemnle, airoraft, quartermsster stores, ammunition
dumps, et oetera. It is entirely possible that the use of fission products
might be effectively oxtended egainst neval vessols either by shelliny, using
missiles conteining fission produots,or by spraying tho material over the
entire ship.

It is oxtremoly diffiocult for me to make intellizent evaluations
of the rolative importaonce of different strategio-and tactical uses of radio-
sotive agonts since I am quite unfamiliar with military science, Before
leaving this phese of the application of radioactivity to warfare, it is
poertinent to point out thet the amount of fission produsts produced in
croation of sufficient plutonium for a bomb would be adequate to rsnder un-
inhebiteble for a poriod of weoks to months en area that is cowparablo to
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that dostroyoed by the explosion of a single bombe. +vhon it is congidered that
i3 i1s posgible that within thoe next decade there will ba produced plutonium
in amcunts vhich may epproach en annuel level in the rango of tens of tons,
it beceomes appsront a naticn producing such materiel at this level would
prossess tho potentielity of rendering tens of thousands of square miles
completely wninhabitable even for intervals of the order of a few days.

I strongly fecl that the best protection that this netion oan
securc agsainst the possibilitles of rediocctive agents veing omployed as
8 nilitary tool by some forelgn power is & thorough evaluation end under-

to predict the evil consequences that will result from the use of such an
wnpleasent military implement, such conclusions that could be made %culd bo
inedequete. In othor words, I believe that it is neocessery for the adequate
defensos of this netion that en active and comprehensive exemination of the
ontiro problem be made by the armad services. Suchia program, I feel should| !
bo carricd oui by tho Chemical Verfars fervice with the collaboration of

other interestod brenchus eof the e:my 2nd the ravve. Inasmuch as it is eppar-
ent that such studies must be made by meens of large scele exporimontation,

~as well as laboratory research, it will be essentisl that thore be made

available in soms isoleled region an extensivo proving growmd. Here a large

- verioly of fiold trials could be conductoed, the naturo of which are sguggestoed f

in earlier discussiong in this roport. 1. !

'To me, it would appeer thet the Chemical Varfare Servioe, in

~ view of its.long-standing experience in the use of other chewiocal and phys~

ical agents of werfare, wculd be best adapted to undortoke and suporvise
such a program. . In addition, it wculd eppear highly desirable to appoint

a8 civilian edvisory committee composed of & group of chemisis, physicists,
ond men trained In the medical and biologloal sciences. This group of oiv-
ilian scientists, which would presumably be drawn from qualifioed individ-
uals who have had extcnsive.expericnco'in.the difforent aspects of tho recent
dovelopments in nuclear enorgy, - would sorve to assist and advise the armed
foroes whenever such help would be needed. I believe that it would beo
wmappropriate as well as difficult to sesk tho assistance of universities
for direct research aid on most of the problems of investigation that the
program indicated above would require. Lowevor, the fundamental lmowledpe

.in the fiolds of chenistry, rhysiocs, end medicine that is in the handa of

tho civilian soientists should be drawn upon fresly. o
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