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plutonium in this chemical and nhysical combins&tion canr be prsdicted %o da
minimum. Studies undsrtaken during the war and suposequently publishaed re-
lating to the uptakes of plutoaium by plants, indicated in the species
studisd that considerspls sccumulation took place iz the region of the
roots., Thars was very little triuslocated tc the laafy porticn of the
plants. This evidence would sug,est that it is improbable that with most
plants, whose products are consumed oy @nimals ard man, that thers would
be sufficisnt nlutonium contsmination to present sany very troublssome
menace, The likelihood #that “he nlutonium which might bs contained im
plants and plant derivatives would bDe in a form capabls of ready assimi-
lation seems most ualikely. This noint, of course, cannot 0e consiisred
conclusive, but it should be a ralativaly easy matter to determine if
rlutonium, complaxad with the more common organis acids, eto. foumd in
plant tissue, is more readily avsorbad.

Tha third coasideration listed in the report, nanely the deposition
of olutonium in the vone, following its inhalatiom, c&n likewise e con-
sidersd of relatively minor significance. .Jith regard to this situation,
considerabls sxpsrimental svidence has besen accumulated to demonstrate
that oxides of nlutonium &rs sosorbsd through the &lveoli into the uvlood
stream to @ very minimal degree. An exact limit osnnot be fixed but experi-
mental avidsnce indicatac an upner limit of tha ordsr of 0,1% as definitely
astablishsd.

The fourth factor, nsmely axt-rnal radiation from fission products
is readily subjectsd %o calculation and has been investigsted in consider-
able detail in “he report. ‘hils admiitedly for local areas, it ocan ove
a very serious provlem, the number of oombs requirsd to provoke lethal
or sublethal levels for global areas is famtastically high, lying some-
whers in the rangs of 108 to 108 bombs. At the present lavel of techno-
logical productivity in this country and that which may be sxtant in the
Soviet Union, for the forsaeabls futurs, would appsar remote,

The second itsm of the revort, namely the bresathing of plutoniunm
in the 2ir end lodgemant of & radioactive particle in the alveolar region
of the lung is worthy of very careful snd detailed consideration. In our
sstimation, we heve falt this factor to ue of sufficlent importance to
axplors the possiule circumstancss surrouading it im comsiderable detail.
It was of intarest to make some 2stimatas 2s to the samount of radiatiom
that would be delivared %o regions of ths lung where particles might be
retained. Bv way of iutroduction, it is spnarently generally comsidsred
the* insolubls particles whose sizs faxlls within the range of 0.1 to 1.0
micrograns ars most subject to prolongsd retention in the lumygs followiag
their inhalstion, The immediste sit=s of depositiom is in the alveoli and
alveolar ducts. Their fate thersaftor is not %too clearly sstablished in
all instances. It has bsen demonstrated in man that particles of carbon
and silicon dioxide aventually tend to accumulste in the lymphoid tissues
of the lungs. This obsarvation, of ccurse, doss anot take into considsration
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those particlss which, followinyg entrapment by the alveolar structures,
are subseouontly moved out of those areas and on to ths ciliated epithel-
ium of tne broanchial tree whers they would oe rapidly carrisd away and
aventuzlly swallowsd in the sputum. Studies done at Chicago aud in this
Laboratory, using radioactive aerosols of both plutomium and fission prod-
uots, demonstratsd a rather high degree of entrapment within the alveolar
structurses but no sccumulation was observed in the lymphoid tissues. Some
consideration may be givem to the fact thet these studias werse dome with
rats and that behavior of varticles in the humam luag might oe significant-
ly diffarent. The point remains, however, that merosols containing part-
icles of the micron rangs composed of plutonium ard fission products will
lcdge in the slveolar structures and be retaimed there for long periods of
time. In the rat, as a first assumption, it can be stated that approxi-
mately 257 of the radiosctive aerosols inhaled are imitially retaiaed in
the alveolar structures. It is difficult to give & sigmnificant value

for the biological half-life, &s these materials were obssrved to be re-
leasad from the lungs in ever decreasing rates. To give an idea of the
order of magnitude of this effact of the retention, roughly 4% of the total
activity inhaled was still present in the lumgs at the end of a year. Ad-
mittedly, numbsers such as these are only %o be comsidered qualitatively
and should be detsrmined with greater precision by using larger animals
such as nossibly dogs or monkeys.

In any avent, there is no question acout the high probaoility of
lodgement of these radioactive particles in the lung for protractad in-
tervals of tinme following their inhalation.

Wa fouad it of intsrest to make an sstimate as to the amounts of
radiation delivered by such particlaes, Ths details of the computatio.s
are included in the appendix. In meking thase computations, two situations
wara sslacted. First, the amount of radiation delivered by the plutoalum
and second, that delivered uy the contained fission products &ssuming no
iisprovortionation. The following assumptions were made for ths calsula-
tions: sizs of marticlss - 2 microns in diameter, density -~ 5, contant
of plutonium by weizht = 2%, rangs of rlutonium alpha particlss in tissue
- 40 microns. In the sass of +hs fission oroducts, it was assumed that the
sams waizh%t of fission products wars present as that of plutonium and 2
pariod of savsn days of decay from the tims of the nuclear detonation to _
the moment of inhsalation wes employ=d, Finally, am average batsa ray )
anerzy par disintegration of 0.4 Mev was taken and a range in tissus of 1
millimeter sud the affact from za~ma rays ignored. The rasult of the somp=
utations ravealad that the samount of radistion deliversd within the volume i
of tissue sudbjected %o ionization from *hs alohe narticles of plutonium 1
was 390 roantgen scuivalents ohysicsl psr day and ir the case of the beta \
rays from fission proiucts, the value at 7 Jays was 72 roentgsn squivalents |
physl:sl nar day. '

These Lwo aumbers, snd in particular, the valus of plutoaium on the
basis of the high dosags lsvel, very long half~life, amd relstively greater
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sffectivensss of alphs particle irradistion w~q1i arn2ar nost ~minens
particularly with respsct %o the rossibility of carcinogsuesis. There are
some consideraticas, however, that may : A,igats *h‘ =svecislly alarming
circumstancas surrounding this. Iun the first »lacwe, it weuld sesm ~lausiole
theat ceroinogenesis from irradirtion must possess 1 =2

tical factor. In other words, encrmous aumbers of cel
environment receive hits from alpha particles ss a3 v~
contamingtion of raiium in the body and other aatursl radice=slemsnts as
well as dsnse ionizaticn 4rails from radiation asscciatad with cosmic rays.
Hare, wa have all of “hs body sxposed to a very leow l-vel of radiation.

In the case of the small perticle besring rlutcuiww 2.C its associntad
fissicn oroduzts, we have small voluns of the body with a relatively lim-
ited number of cells axposed to varying iutents of radiatiocun. Uow wnat

ares the potentislities of cercinogenesis in %these %wc zasas? e o not know,
and it may well ba that this voint for the moment is very highly spsculativs
and will remein so umtil settled by some long-term @«nimal studies, =spec-
ially on %hs species most closely alliad to men, At tae nreseut time, 3
careful survsy is beinyg made of the lung secticns of the rats =xrousd %o
radicactive asrosols, ccrtsining both fission products and plubtonium. ¥alls
these rasults will be informative and of intersst, thay caanot vs sonslderesd
as conclusive. Our personal opinion is thsi ths carciacgenic potentialiti:s
of a few particlas im ths lun,s is orobrily mors a2ciparaols ho hhe i r0e

of carcinogsnesis from redium in the skeslston of the order of 1 alcrogrim.
dowevsr, this is only a&n opinion based upon speculation «nd should us con=

sider=d as such.

A numoer of other points come to mind in perusiag the report some
of which suggest a different assessment of the fzctors cousiderad aad cthavs
s sorrection %o statements msde. aimong the correctioms, which ars 2ctuxlly
quite minor, ars the following. The biological hralf-Gime of nlutonium In
the skalston is probably mors in the order of 10C y=ars thaw 10 years, Tus
reason for this statement is “hat in this Laborstory, 2 human sudject was
followed for almost a year after the parentersl administration of a uixturs

.L.—-—\-

of Pu?38 and Pu?39., At the end of this interval, the deily rate of sxcrati-u
was still falling snd was only a few thousands of a parcent per day. IZ
hes been demonstrated shortly sfter thas nlutonium wes ainminishered Shet Tas
skelatal uptaks was of the ordsr of 70 to €0 percent. It may Dbs motsd in
passing that this individual received the radicachtive squivalsnt of 50
micrograms of Pu239 about 5 years sgo and %o dats has shown no evidencs of
any menifest rediaticr injury. Another point which was refarrsd tc urisfly
earlisr in our report is that the translocation of rlutonium aud most of
the fission nroducts into the lsafy and seed veariang portion of plants is

very small.

It may be of interest, wihen considering the amount of plutoniua an
individual might get inside of him whan exvosed to au envircnment containing
this elemsnt, to recall the expsriences of the radium refining industry.
Here, one finds individuals who have personally hendled in rather closs
contact and under ralatively poor hygienic conmditioms, from 10 to 0
grams of radium. Upon examinatica of such people, one {inds rsther
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fraguantly that thisrs 28s Seen an int-~rrel contamination of the order of
from 1 %o 10 micrograns, The radium -iiffsrs from plutonium in that wost
of its semrouads xra vary soluble wnich :sans avsorption can readily tako
~lace following inhalation or ingsstion. Assuming oaly 10,5 refisution
that tuken inte the Lody as 8 rouyh S

ization versus guantity of rwdium hardl

othar words, i% would seem likely Shat one wight live inn s environmentd
vihera *3= -lytonium concentration on the greowil was in the rangs of & gjrew

the factor of izntarnal contar=
a1 is of the order of 10°, In

nar scuare mile withcut zettizg into too sericus difficulty. This of ccurse,
takass into cousidsration that very repidly, %he amtural procosses of weathsr-
in, will cover ur most of Shs meb-=rial sc that it will ve insccessible in-

sofar as introducticn into the vody ias sencermed, I this assunpfion is
valid, Shen it can o2 sesn thet the llssion rrcduct oetz and jmuwma intsrnal
radiction will rrooeonly oe far nors of & hazard then the pluftcnium oncs

the narticles havae come 5c rast on the ground. .oith regard tc Lthe resuspan-
sion of particles containing fissionm products and plutonium, we have the
faeling that hers again, the nrocasses of weatharing to ethsr with the
4ilution wculd meks this potential hszard appear to be without too much
significence. Another poiant vnich comes tc mind 1s that particles whose

size falls in the 0.1 to 1.0 micron rauge will remain suspended in the

air for wery loay nericas of time rrovided there is no precipitation by rain
or snow, However, this wasning #f7act ol the atmosphere would seem to raducs
the menacs of the ovar-all situation Tor ome2 Shey are sarrisd dowa, it serns
very unlixely that %thsey can uve in & nosition to do auy harm insofar as in-
halation is conesrnad.

Anoth=r point of aigh significance to ue considared in asvalusti. g
=) =3 =3
the conclusicszs of the Gabriel revort, 1s the distribution of particlss with
rasnect %o size., “Thile the aviience noints %o resl dariger of carcinogsonesis
with partizlas of 0.1 %0 2.0 micron radii, largser rarticles do not resdily
i s o N

1-dge in the alveolar ragion dut are carrisd uway and =vantually swallowad,
Thie dstn swamarized in Taoles Al and A? of the Jabriel report, iudicuxte thasd
lass then 0.1 psrcent of tha perticles are in the smell size rangs. Isnce,
if we accapt the cnlcoulations made Ly Ko :ith, the nuabsr of Lombs requirsd
to give 8 nrobability of 1 that s verscer in the U.S,A. would racive a 0.1 -
"0 micron rartizls would be 10% %imes the anumbder requirsd to give A  parte

»
igle or 10° x 10 = 10° Lomos.

oy }

The theoratical caleoulaticus given by Snith on rarticle size aro
cartrinly overly siwolifisd and it is doudntful if the problem can be hand-
lsd oy 3any theory o anuclei fermaticn &% oressnt. Howsver, additiozal
study should be _ivsn tc the nroblam alcng the lines developed by M. Volier
(Fenetokdsr Fhassnveldumg, Sdwards 3ros., Ann .rbor, pp. 121-152, 1545)
and amplified in recsnt studics o5y Victor La Xer ol Jolumbia Univsrsity.
~1so thars is nc assurance that thes sampling methods used in previous bomb
tasts wera adequats Lo detzrmine “ha uumoer of smell particlss. Indsed,
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the vercentazs of such particles ma&y DdDe considersbly larger than the nresent
data indicate, It appears that this vhase of the problem should be thorough-
ly studied in future tests,.
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