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Tha four major sonsidersticas of imjuriocus sctioms that might be
provoked by the detcaation of 8 large ausber of atomio bombs bhas pesa ligted

in the Oabriel Frojeet report &s fallowas

A, Ingestica of plutoaium depocited om the ground, comsear
trated by plamts used for food, amd its subssquent depesitioa ia

the skeletom.

B, Lodgement of particies from auclear detosations im the
alveoll of the lumge.

Cs Abmorptiom of plutomium following its imhalatiom with
subsegueat depoaitiom ia the akelstonm.

D. Extermal radiantion from the fissioam produets.

An evalustion of tnses factora im some instances is relatively sasy
but im others it bsocmes rather spedulative due to the faot that there is
sot yet at hand gufficient ixformatiom to permit the somstrustioa of quamti~
tatively sy wall as quulitatively scund isterpretations asa predietioas,

It las appropriate first to diseust the four toxie effeata &s eaumer-
ated im the Gabriel Projest report, The first faotor oss e oonsidered of
relniively mimnor jmportamvs. lIa the first pieos, the sesorp from the
digestive truat of evex the most soluble eompounds of plutosfum
order of a few thousandas of a peroeat of the amount imgestecg
seem Almost & certaisty that plutonium oomtaized im the pa
from & pualesar detomatiom would mot oe absorosd with amyth
dozrae pf effioienoy followisg the oral iagsstios of highly i .ubie o
poumds of this element, In other worde, the pertieles, £tyre pre
iasntly semcosed of ¢xides of irom, would tend to protest «Sgonta

3‘,.

It would
iaies arisi
3 7ke tae

slutonium from motiom b the digestive julees. MNorsover, auould
Iu fo

resalled that ths plutomium iteelf moat provably would b
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plutomium in this chemios]l sad physical combimstionm oam ve predigted to be
a.aimum, Studies umdertakea duria; the war sa:i sucssquemtly puclished ree
lating to the uptake of plutomium by plaats, iadicetea in the species
studied that ooasiderabls socumulstiocn took plsce im the regiom of the
roeta. There was very little tranelocatesd to the l=afy portion of the
plants. This evidemoe wculd sug est that it is improbable that with most
tlants, Whoss products are scasumed by Saimils and man, that thers would
be sufficisat plyutomium comtamimation to present amy very troublessome
menaon, The 1likelihood that the olutomium whioch mizht oe aontaimed im
plants and plant derivatives would be im a form capacle of ready sssimie
lation ¢wems wmost ualikely. This poimt, of aourse, caznot be comsi'ered
sosclusive, but it should be a relatively wasy matter to datermime if
plutomiun, cowmolaxed with the mors ocommom orgsmio acids, ete, foumd ia

plant tissue, 18 more readily sbeorbed,

The third comsiderstios listsd im the revort, asnelr the deposition
of olutomium in the bome, followiag its imhalatiom, ceam likewise be gom=
sidersd of relatively mimor sipmifiosmes, Mith regard to this situmtiom,
oonsiderabls experimsntal svidence nas beea sooumulated to demomstrate
that oxides of plutamium sre sbsorbed through tne alveoli imto the blood
stream to & very minimal degres. Aa exast limit ocsammot be fixed but experie
mental svideaos ladiostes am upper limit of the order of 0.1% as defiaitely

established,

The fourth faotor, mamsly exteraal radistion from fissioa products
ia readily subjeeted %o onloylation amd has peen lavestigated iz oompiders
able detall im the report., thile sdmittedly for loasl Aress, it osa oe
& very serious proulem, the aumber of ocomus required to provoke lethal
or subletnal levels for global arsas i1as fantastisally high, lying some-
where in the ramge of 10° to 10° bomve. At the present lavel of teshmo~
logioal produstivity im this country amd that whioh may be exteaat ia the
Sarviet Unlox, for the forsessble future, would sppesar remote,

The sevond jtem of the report, nimely the breathing of plutonium
im the air and lodgement of & radiomctive partiole im the alveclsr regioa
of the lung is worthy of very ocareful amd detsiled consideratiom. Im our
estimdtion, we have felt this faator to be of sufficient importamce to
sxplore ths ponsisle eireumstances surroumiinrc It in comalderable detail,
It was of imterest to make some estimates as to the amouat of ragiation
that would be delivared to regions of the lumgz where partioles might e
retained. By way of iamtroducsticm, it is appareatly gemerally comeidered
that insoluble particles wnoss sire fulls withim the ramge of 0.1 to 1.0
microframs are most sudjeat to prolomged reteatiom im the lumps following
The immediste site of depositiom is im the alveoll and
alveolar ducts., Their fate thereafter is mot %oo clearly established in
sll tootamoces, It hes been demomstrated im wam tast partioles of otrbom

aad silioom dioxide eventually temd to mooumulste im tne lymphold tisaues
This obserwtion, of oourse, does mot take imtc aonalderatiom

their inhalationm.
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thoss partislas whioh, following eatrapment by the slveclar struotures,
a&re subsequsatly moved out of thoSe arsas aad om te “ze ciliated eplthele
ium of ths bromchial tree whers the: would Ve rapidiy ocarrisd awmy snd
sventually swallowed im the sputum. Studies dome #t Caisago amd {im this
laboratory, using rediosative asroscis cof both plutoaium mmd fissiom prods
uots, demoastrated 8 rather high degres of eatrepmeat withia tne alveclar
strustures but mo scoumulation was obssrved i the lymohcid tissuves. Some
songiderstion muy be givem to the fast that these studies were dome with
rats and that behavior of varticles in the huma luag might oe sigaifieants
ly differeat, The poiamt remsims, howsver, that sercsols comtalming parte
ioles of the miorom reage asomposed of plutoaium aad fissiom products will
ledge im the slveclar structures aad be retaimed thers for lomg periods of
time., Im the rat, se ¢ first assumption, it ¢an be stajed thet spproxis
mtely 25X of the radicastive sercaois imhaled are imitially retained i
the alveolar strusturss. It is diffigult to giva & sigaifioant valus

for the bielorieal half=1ife, as these zaterinls were cbserved to be re=
lsased from the lusgs in sver deoreasing rates. 7o give an ides of the
order of maguitude af this effeat of the retemtiom, roughly 4% of the total
sctivity imhaled wae still preseat is the lumgs at the end of & yesr. Ade
mittedly, mumbers suoh as thess are only to be somgidered gualitatively
end should ba determimed with greater precisioa by usimg larger animlis
such ag possibly dogs or momkeys,

In any evens, thers is mc gqusstiom moout the kigh probability of
lodgement of thase radioaative particles in the lumg for protrasted im=
tervals of time followiag their imhalatiom.

We foumd it of imtersst to make &n estimats w3 to the amowmts of
radiation delivered by such partioles, The details of the oomputations
ars izcluded iz the appendixz. Ia makimg thesze computatioms, two situstions
were ssleated. First, the amoumt of radiatioa delivered by the plutomium
and sseomd, that delivered by the somtajined flesiom products assuming e
disproportionsatica. The following asaumptions wers made for the saloula=
tiomms wise of particles « 2 mioroas in dianeter, dessity ~ 5, ocnten$
of plutomium oy weight = 3%, resge of plutosium slpha partieles im tissue
= 40 micromee. In the ease of the fission producsts, it was assumed that the
same welpht of fiaaion produsta wers present ap that of plutonius and B
period of saven days of decay from the tims of the mualear detomation te
the moment of imhalation was employed. Fimally, s sverage beta ray
onercy per disintegration of 0.4 Nev was tekar axd & ramgze im tlzeus of )
millimetsr and the affest from gamma rays i7mered, The result of the sompe
ytatisns revealed that the amount of radiation dalivered withim the velume
of tissus subjeated to lomieatiom from the alphe pertiolss of plutoaium
was 3U0 roeatzem sguivalents ohysical per day amd ia the onse of the beta
rays from fissica produots, the velue at 7 deys was 72 rosmtgea squivaleaty

physioal per day,.

These two aumbers, aad ia partisular, the value of plutonium om the
basis of the high dosags level, very lomg half~life, and relatively greater
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effeativensss of alpha partiole irradiatiom would appear most ominous
partisularly with respeot to the possibility of oureimogemesis. There are
some oonsideraticms, however, that may mitigate tha esspecially alarmiag
olreumstancea surroumdiimg thise In the first plses, it would sesm plausible
that ceroimogenesis from irrsdistion must posssss & wmost sipnificaat atatise
tignl faator. Im other worda, eacrmous aumbers of nells, even umder sormal
environmeat reseive hits frox alpha partioles aa @ result of the matural
contamimation of radium in the body and other metiml radio=elements e
well ue dense ionitetiom tralls from radiatiom sasociatad with commio rays,
Here, we have all of the pody exrosed to ® very lew level of radimtiocm.

Ia the oase of the smll p.rt.‘.oﬁ bearie; plutonium and its asscoiated
fiseionm produsts, we have small volume of the body with & relatively lime
ited number of oells exposed to warying imteats of radistion. FNow what

are the potentialities of carolmogsnesis in thess two onses? Vs do aot Imow,
and it may well be that this poimt for the moment ls very highly speculative
and will remaim 80 uatil settled by some lom ~term amimsl studiss, sepee=
islly om the species most slossly allied to sp. 4t %.e pressat time, &
oareful survey is beiag made of the lum; seotioms of the rats exposed &
radioagiive asrosols, oontainimr both fissiom products amd plutomium. While
these resulta will be informative and of iaterest, they canmot be gomsidered
s oonalusive. OQur persoasl ocpimioa is that the ocaroimozenie potextialities
of @ few partioles im “he lum_.a is probably more eomparabls to the degres
of eareinogenesisd from radium in the skeletoa of the order of 1 miocrogram,
Howsver, this is only an opinion based upom speculatioa sad should be ecas=

aidered as such,

A mumber of other polats sows to mind im perusimg the report mome
of which sug. eet & differsst ssseasmeat of the faactors ocasidered acd athers
® oorregtion to statements made. Amamg the corresticas, whlch sre setually
quite minor, are the followimg. The bioleogloal half-time of plutamium in
the skelstorn 13 probably more im the order of 100 years than 10 years. The
reason for this statement 1s that in this Laboratory, @ husn subjeot was
followed for almost e year after the paremtersl administretion of a mixture
of Pu238 amd Pu?39, At the end of this intarval, the deily rate of excretion
was gtill falling amd was omly @ few thousands of @ psrosnt per day. I%
has besn demonztrated shortly after the plutomium was administsred that the
akslatal uptake was of the order of 70 to BO percemt, It may De noted ia
passing that this imdividuml received the radiosstire equivaleat of 50
pioragrems of Pu3® about 5§ years nzo and co date has showa mo evidiemae of
sy mamifest rediatiom imjury. Another poismt whiaoh wa3 relerred to briefly
sarlier im our report is that the translocatiom of plutomium aad most of
the fissiom nraduste iato the lsafy and sesd bearicg pertiom of pleats 18

very small.

It my be of imtersst, whem goasideriag the amount of plutomium am
individual might get imside of him whem exposed tc an eavircameat osontalaimg
this element, to reaall the sxperiemces of the radium refiamimg ladustry.
Here, ome fimds imdividuals who have persocuslly handled l= rather olese
sontaat and uader relatively poor hygisaie comditioams, from 10 to 100
grams of radium. Upor examimstiom of suoh people, ome fimds rather
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frequeatly that thers has been sn interasl scataminatiom of the corder of

from 1 to 10 miorograms, The rediys differs from plutosium im that most

of its compounds are very soluble whlch metns sbsorption ocamn readily tmke
nlace followiag inhalation or imgestion, Assuming omly 10.; reteutican of
that taken imto the body as a rough fizure, the factor of iatermal coatam=
imatioa versys quamtity of radium hamdled ias of the order of 106, Ia

other words, 1t would sesm likely that ome might live im an eavirooment
where the nlutoaius ocomoeatratiom oa the ground was im the renge of a grams
per square mile without gettisg im%o too serious diffioulty. This of ecurse,
takes into acomsideration that very repidly, the natural proosases of weathere
ing will cover up mest of the material sc that it will De immooessible in=
sofar as imtroduction imto the body is concerned. If this ssaunptioa is
valid, thea it oam be seem that the fizzica product beta amd gaoxe interaml
radistion will prooably e far mors of & bhasgard them the plutomium omoe

the particles have some to rest oa the groumd. odith regard to the resuspsa=
siom of particles oomtainin; flessiom produsts aad plutonium, we have the
foeling that here again, the prooesses of wesatharinzg to ether with the
dilution would makse this potentisl hagard appesr to be without too muoh
siznifioanes. Amoiher poiat which somes to mind is that partioles whoms

sire falls im ths O.) to 1.0 mioron range will remsin suspended im the

alr for very loag pariods of time provided there is mo precipitatica by reia
or saow. However, this washiag ¢ffeet of the atmosphers would seem to reduss
the menace of the over-all situntica for omee they are osrried dowmm, it sesms
vory umlikely that they ean be in & positica to do may harmw imsofar 43 in=-

Balation is oomoermed,

Another polat of high eizanifioanse %o be sousidered in ewaluating
the somolusions of the Jubriel report, 18 the distributiom of particles with
respect to aipe, While the evidence poista to real danger of sareimo;enesis
with particles of Cul to 2.0 miaorom radii, lerger partisles do mot readily
lodge ia the alveolar regios bul are carrisd away and sventually swallowed,
The date summarized im Tables Al and A? of the Oabriel repeort, imdioats that
less thaa 0.l peroeat of the partioles are in the small sice reage. rtemes,
Af we seoept the oaloulatiomns made By ¥.¥.3mith, the number of bombs required
to give & probability of 1 that a persom im the U,S8.A. would recive a 0,1 =
2.0 mleron partiole would be 105 times the mumber required to give s _pares

iole or 109 x 105 = 105 bombe.

The theoretios] ocaloulations givex by Smith om particle size are
ssrtainly overly simplified aud it is doubtful if the problem oar be hamd-
led by any theory of muoclei formatiom at presemt. However, sdditioaal
study should be gives to the problem alemy the limes developed by N, Volmer
(Kemetokder Fhassnbeidumg, Bdwards Bros,, Aan Arbor, pp. 121=152, 1946)
and amplified im recemt studies by Viotoer la Mer of Columbis Umiversity.
Also there is mo Kasurange that the sampliag methods used ia previcus bomb
tests were adequate to determine the numbsr of emall partioles, Indeed,
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the peroentaga of suoh particles may be ocnsideranly larger thas the rressemt
data imdioate. It appears that this phase of the problem ahould be thoreugh-
1y astudied im future tests,

Wendell 1. Latimer

Joseph G. Bamiltos
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