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plutoaium in this chemical aund nhysical combinstion ca&m be prsdicted %o ba
minimum. Studies undsertaken during the war and supssquently published re-
lating to the uptake of plutoaium by plants, indiceated in +the spocies
studied that considerabls accumulation took place iz the region of the
roots. Thore was very little translocated %c¢ %he laafy portion of %he
plants. This evidence would sug est that it is improbable that with most
plants, whose products ars consumed oy aniasls ard men, that thers would
be sufficisnt nlutonium contsmination to present any vary troublssome
menace. The likelihood that %ha nlutonium which night be contained im
plants and plant derivatives would be in a form capsabls of ready assini=-
lation seems wost umlikely. This noint, of course, caanot bde consiisrsd
conclusive, but it should be & reletivaly sasy matter to determine if
rlutonium, complaxad with the more comron organic socids, ets. found in
plant %tissus, is more readily absorbad.

Thae third consideration listed in the report, nanely the deposition
of vlutonium in the bone, following its inhalation, cen likewise be con-
sidered of relatively minor significence. Jith regard to this situstion,
considerabls expsrimental svidence nhas bsen sccumulated to Jemonstrate
that oxides of plutonium are avsorbsd through the &lveoli into the vlood
stream to a very minimal degree., An exact limit oennot bDe fixed but axperi-
mental evidsnce indicatss an upner limit of ths ordsr of 0,14 as defiai%ely
astablished.

The fourth factor, nsanmely sxt-rnal radiation from fission products
is readily subjactsd %o calculation and has been investigatsd in consider-
able detail in the report. “hils admittedly for local areas, it can oe
& very serious prouvlem, the number of pombs required to provoke lethal
or sudblethal lsvels for global areas is famtastically high, lying some-
where in the range of 108 to 108 bombs. At the present level of %techno-
logical productivity in this country and that whioh may be sxtant in the
Soviet Union, for the forseeabls futurs, would appsar remote,

The second itsm of the revort, namely the breathing of plutonium
in the 2ir and lodgement of & radioactive particle in %the alveolar resgion
of the lung is worthy of very caresful snd detailed consideration. 1In our
sstimation, we heve falt this factor to ue of sufficient importance to
explors the possivle circumstancss surrouading it im comsiderable detail,
It was of intarest to maks some astimatss as to the amount of radiatiom
that would be delivared %o regioms of the lung where particles might be
resteined. Bv way of iutroduction, it is spparsntly gemerally comsidersed
tha% insolubls particles whose size falls within the range of 0.1 to 1.0
micreograns are most subjmct to pvrolonged retention in the luaygs followiag
their inhalation., The immediste sits of deposition is ia the alveoli and
alveolar ducts. Their fate thersafter is not too clearly sstablished in
all instances. It has been demonstrated in man that particlss of carbon
and silicon dioxide eventually tend to accumulste in the lymphoid tissues
of the lungs. This observation, of ccurse, doss not take into coasideration

R ; DOB ARCHIVES



> !
7 ” -
et raer i U B

To: Shields “arren Page Three
From: W. M. Latimer & J. G. damilton
October 4, 1949

those psarticlas which, followiay entrapment Ly the alveolar structures,
are subsscusntly moved out of %fhose areas and on to ths ciliated epithel-~
ium of #he bronchial tres whersa they would oe rapidly carrisd away and
eventually swallowed iz the sputum. Studies done at Chicago aud in this
Laboratory, using radiomctive aerosols of both plutonium and fission prod-
uots, demonstrated a rather high degree of entrapment within the salveolar
structurss but nmo sccumulation was observed in the lymphoid tissues. Some
consideration msy be givea to the fact that these studiss wers done with
rats and that behavior of particles in the humam luag might oe significant-
ly diffarent. The point remains, however, that aerosols containing part-
icles of the micron range compossd of plutonium amd fission products will
lcdge in the alveolar structures and be retaimed thers for long periods of
time. TIn the rat, as a first assumption, it can be stated that approxi=-
mately 257 of the radiomctive aerosols imhaled are imitially retsiaed im
the alveolar structurss. It is difficult to give & significant value

for the biological half-life, as these materials were observed to be re-
leasad from the lungs in evaer decreasing rates. To give an idea of the
order of magnitude of this effact of the retantion, roughly 4% of the total
activity inhaled was 5till present in %the lungs at the end of a year. Ad-
mittedly, numbers such as thess are only to be considered gqualitativsly
and should be detsrmined with greater precision by using larger &aimals
such a&s possibly Aogs or monkeys.

In any =vent, there is no question asout the high probasility of
lodgement of these radiocactive particles in the lung for protractaed in-
tervrls of time following their inhalation.

Vis foual it of intsrest to make an sstimate as to the amounts of
radiation delivared by such particlas., Ths details of the computatio.s
ars included in the appendix. 1In meking thase computations, two situstions
wera sslacted., First, the amount of radiation delivered by the plutoaium
end second, that delivered oy the contained fission products &ssuming no
iisproportionation., The following assumptions were made for the calsula-
tions:s size of particlsas - 2 microns in dlameter, density - 5, contant
of plutonium by weizht - 3%, rangs of rlutonium alpha particlss in %issue
- 40 microns, In the s&se of the fission »roducts, it was assumed thst the
sams waizht of fission products wars present as that of plutonium and 2
period of savsn days of decay from the Yims of the nuclear detonation to _
the moment of inhslation wes employed, Finally, am average bats ray )
anersy par disintegration of 0.4 Mev was taken aund & range in tissus of 1
millimster s:i:d the affect from za=mm rays ignored. The rasult of the somp=
utations ravealad that the samount of radiation deliversd within the volums i
of tissues sudbjmcted *o ionization from *he alphe narticles of plutonium A
was 390 roantgen scuivalents »hysical ner day and ir the case of the beta \
rays from fission products, the value at 7 days was 72 roentgsn aquivalents
physi:el nar day. '

These two aumbers, and in particular, the valus of plutoaium om the
besis of the high dosags level, very long half-life, ard relstively grester



To: Shields Warrea Pa = Four

From: W. !, Latimer and J. G. amiltcn
October 4, 1649

sffectiveness of alpha particls Irradistion woull erroar mosh ~mincusg
my.

varticnlarly with respact $o the rossibility of carcinogsumsis. There
some oonsideraticns, however, that may xniitigats *i~ =2svscislly alarming

circumstancss surrcunding thises Iun the Zirst »lscw, it weculda seem ~lausiosle

thet carcinogemesis from irradirtion must possess a2 u0s3t significsnt shtatis-

tical factor. In othsr words, erncrwmous aumbers of cells, ~=van uader zcormal

environment receive hits from 2lpha particles zs 2 r~zult of the astural

contamination of raiium in the body and other astursl radic=elemen®ts as

well as dsnse ionizeticz 4rails from radistiom asscciatad with cosuiic rays,
0

Here, ws have all of the body sxposed to a very lecw l-v
In the case of the small particle besaring rlutcaiue %ad 1
fissicn products, ws have small volume of the body with a relaiively lim-
ited numbsr of cells axposed %o vearying iuteants of radiatiocxn. Vow wnat

ars the potentislities of cercincgenmesis in fthese ftwc zasas? e o not know
and it may well ba that this voint for the moment is vary nighly spoculativse
and will remain so un%il settled by some long-tarm animal studies, <spac-
ially on the species most closely alliad Lo men. At tne rreseut time, 3
careful survey is being made of the lung secticns of the rats =xrosed to
radicactive aerosols, contsining both fission products and rlutconiuwm. Vall:
these results will be informative and of intersst, thoy caimot Le considers:
as conclusive. Our personal opinion is that the carcincgenic potentialiti:s
of a few particles im %ths lunys is probeily nors zcmparaols %o the degrne

of carcinogenesis from rsdium in the skelston of the order of 1 aicrogrsim.
dowevar, this is only an opinion based upon speculation 2nd should ve con-
siderad as such.

[e)

Lo

A numoer of other points come to wind ia perusing the renort scie
of which suggest a different assessment of the factors considerad and cthavs
a correction %to statements made. .among ths correctioms, which ars actually
quite minor, are the following. The biolegical half-hime of nlutonium In
tha skeleton is vrobably mora in the order of 10C y=ars thau 10 years. Tho
reason for this statement is that in this Laboretory, 3 human sudject was
followed for almost a year aftar the parenterel administration of a mixturs
of Pu238 and Pu”39, At the end of this int=rval, the drily rate of sxcre®
was still falling and was only a few thousands of a parcent psr 2ay, I3
hes been demonstrated shortly after tha nlutonium s aininishared Yhet e
skeletal uptake was of the ordsr of 70 %to &0 pesroent. It miy bs uotad iz
ofssing thet this individual received ths radicactive squivalent of 50
micrograms of Pu239 about 5 years 850 and %o dets has shown no evidencs of
any menifest rediaticn injury. Another point which was rafarrsed ftc orisfly
earlisr in our raport is that the %ranslocation of rlutonium fud most of
the fission nrnducts into the leafy and seed bearing portion of plants is

very small,

It may De of interest, wihen considering the amount of splutoriua an
individual might get inside of hiw when exrvosed %o an suvircnment contsaining
this element, to recall the expariences of the radiuu refining industry.
Here, one finds individuals who have personally hendled in rather czloca
contact and under relatively poor hygienic conditious, from 10 %c I0

grams of radium. Upon examimaticz of such people, one finds rather
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fraguently tha+ thsrao n8s geen an int~rrel contamination of the order of
from 1 o 10 micrograns. The radium 1iffars from plutonium in thst aost
of i%ts semrouads aras vary soluble wnich :eaps avsorption cen readily Uake
ion. assuming only 10, reta.iion

~lace following inhalatien or ingosti L3
that 4ukezn into ths body as s rouyn Tigure, the factor of internal ceontar-

A7
i

[=]
iration versus guantity of redium handlet Is cf fthe order of 10°., In
othsr words, i% would seem likely Shat one wight live in sn snvironnent

vihera *7» ~lufonium concentration on the grewil was in the rangs of & grew
nir scuare mile withecut zetilzg into too sericus 4ifricultye This of ccurse
She aatural processes of weathsr-

s
takss into cousideration %that very rspiily,
ing %ill cover ur most of ths met=rial sc that it will ue insccessislie ia-
sofar as inftroducticn iato the ovedy 15 sencerxmed., ID this assuumption is
valid, Sher it can os sesn that the Tlssion prcduct oseta and Jauma intsernal
adistion will rrooenly oe far nors of & hazard than the plutcnium once
,ha narticles h1ave come %S¢ rast om ths greound.  oith regard %o the resuspan-
sion of particles containing fission preducts and plutonium, we h&ve the
£a3eling that hers aguin, the nrocassses of weatharing to_ether with the
dilution wculd mrks 5his potential hszard appear 4o De without too much
siznificance. Another voint shich comes teo mind 1s that particles whosse
size falls in the 0.1 S0 1.0 micron range will remsin suspended ia the
air for wveary long nerious of time rrovided tlhisre is no precivitation by rein
or snow. Howewver, this wasning affact of the atmosphere would seem to raducs
the menace of the ovar-all situsticn for wiics %hey are carrisd dowa, it serns
very unlikely thsat thsy cen Le ia @ nosition to do suy harm insofar as in=-
halation is cconcornad,.

Another point of high significance to ove comsidered in asvaluati, g
the conclusicas of the Gabrisl report, is the distribution of particlas with
rasnect to size., Thile the avidence neoints to resl dargsr of carcinogonesis
with particlas of 0.1 %o 2,0 micron radii, largsr rarticles do not resdily
;2 i the alveolar ragion but are carried away and svantually swallowsd,

1~

“hie datn suamsrized in Taoles Al and A2 of the Jabriel report, iudicates thas
l2ss then 0,1 parcent of the perticles sre in ths small size range. ance,
if we accapt the calculations made Ly W.¥.l.:ith, the nuaber of bombs roquirsd
to give 8 nrobablility of 1 that 3 verser in the U.S5.A. would recive a 0.1 -

2.0 micron prarticls nvulJ be 10% %imes She aumber recquired to give a parte
icla or 108 x 102 = 10% uomos.

jaS |

The theoratical cslcoulaticus given by Jnith on rarticle size ars
cartainly overly simelified and it is doubtful if the problem can be hand-
led 2y any theory ~f nuclsi formaticn &t orasent, Howsver, additioual
study should be iven tc *he n»roblsm aleng the lines developed oy L, Volimer
(Fenetckdsr Fhasanbeldumyg, Bdwards 3ros., Aun .rjor, pp. 121-152, 1845)
and amplified in recsnt studies 5y Victor Ia Mer ol Jolumbia Univarsity.
180 thare is nc asuurrnce that the sampling methods used in pravious bomb
tests wera ajequates to debtasrmine tha aumoer of smell particles. 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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