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plutoxium in this chemical au?. nhysical combination can ‘beprsdictoa to bQ
mir.imum. +he war a~d su~sequently putilishad re-Stadies undertaken durin~ .
Iating to %5* uptake of plutozium by plants, indicated in the species
studied that considerable accuziulation took place in the ragim of the
Toots. There was very littla tr%nslocatad to the lflafyportion of’ ths
plant3. This evidezce would sub~ast that it is iuproba~le that with most
plants, whose products are co:lsumedby animals and nan, that thara “would
be suffieisnt nlutonium contsmi~ation to prssent any vary troublesome
menace. The likelihood that +F.rnplutonium which night 5s contained in
plants and ~lant derivativ~s would be in a forx capabla of ready assimi-
lation seems Most u~likely. This ~oint, of courso, cannot be consi<arsd
conclusive, but it should bg a relativ~ly sasy matter to determine if
nlutonium$ complaxgd with the more com,on organis aoids, eto. found in
plant tissua, is more readily absorb-d.

Tha tkir$ coxsideratioa listrndb. the re~ort, namely tha deposition
of plutoni’m in the bona, folloivingits inhalatio~$ can likewisa b8 Gon-
sider~d of’relatively minor si$ificanca. :{ithregard to this situation,
co~siderablc *xp3rimental evidenoe has been accunulatod to Jmonstrate
that oxides of’ plutonilm ars ~~sorb~il tlira~@ the alveoli into the ulood
straam to a vary minimal degree. -insxact limit cannot “Defixrndb’ut axperi-
mmtal evidamco indicatqs an upper liait of th3 order of 0.1$ as d~fi:litqly
established.

The fourth factor, mamely 9xt:rnal radiation frorafissiou products
is readily subj~ctad to calctilation and has ‘been investigated in coiLsider-
abla drntail in ihc report. ‘Jlhilsadmittedly for local areas, it cm ae
a very serious proulem, the number of uombs required to provoke lethal
or sublethal levels fer -lobal areas is

t
Fantastically high, lytig some-

whgra in the range of 10 to 108 bombs. At the present level of techno-
logical productivity in this country and that which may be axtrnntin tha
,Soviet[Jnioa, for the forseeabl~ futur~, would appear remote.

The second item of the report, namely the breathing of ~lutoniw
in the air and lodg~ment of a radioactive particle in the alvaolar region
of the li~g is worthy of very careful and detailed consideration. In our

.s~tinatlon, we h?,vef~lt this factor to ~e of sufficient importance to

exnlors the possi~le circumstances surrouac!ing it in considerable detail.
It”was of iatmrest to maka some ?stiaatas as to the anount of radiation
that would be deliv+red to regions of th3 lung whmre ~articles might Da
rstahed. 2V way of introduction, it 5-sapparently generally considered
th~$ insolubla pR?tizles winose sizs i’ailswithin the range of 0.1 to 1.0
micrograms are most subject to nrolon~ed retention in the lmgs followia~
thyir i~halatiorl. The imrnediatffsits of deposition is in tha alveoli and

+ ~oo clearly sstablish~d inalmolar ducts. Th?ir fate ther~af’ter is ao. .
all instances. It has been demonstrated in man that particles of carbon
and silicon dioxide eventually tend to accumul~to in the ly-uphoidtissues
of the lungs. This observation, Qi’zcurse, dogs aot take into consid~ratio:i

.-
,* r —____ .__.._ .._

!iiiitiem~



f .,
. R

.

. .

{,,,

To: a%ields ‘,farrsn Fade Thra@
Fron: V;.M Latimer & J. G. Anilton
October 4, 1949

those particlss which, followiug mtrapmont by the alveolar structures,
are subsequmtly moved out of ti~osaareas and on to tha ciliated epithel-
iumsof the broxchial tree wh3r9 they would be ra?idly carried away and
eventually swallowed in the sputum. studies done at Ghicago aud in this
Laboratory, ‘usiagradioactive aerosols of both plutonium and fission prod-
uots, danonstrst8d a Tath*r hi;h degree of entrapment within the a17eolar
structures but no accumulation was obssrved in the lymphoid tissues. some

considerrntion zay ‘begives to the fact that theso studies ware dome with
rats and that behavior of oarti~lcs in the humam lug might De si&~ificant-

ly 3ifferefit. The point r&ains, howe~er, that aerosols containing part-
icles of the mioron rangs composed of’plutonium amd fission products will
ledge iu the alveolar structures and De retained there for long periods of
time. In the rat, as a first assumption, it can be stated that approxi-
mately 25$ of the radioactive aerosols inhaled aro initially rwtaiaed in
the alveolar structures. It is fiif’ficult to gi7e a significant value
for the biological half-life , as these materials were observed to be r@-
leased from the lungs in ever decreasing rat*s. To gim an idea Of the
ord~r of ma~nituda of this effect of the retention, roughly 4$ of the total
activity inhaled was still present in the lmgs at the end of a year. Ad-
mittedly, numbers such as these are only to be considered qualitatively
and s~oulcl be rjet~rn~ned with grgater precision by using larger animals

such as possibly dogs or monkeys.

In any event, there is no question aoout the hi6h probability of
lodgement of these rc~di~activgparticles in the lung for protracted iu-
terv~ls of tine following their inhalation.

\“ie fouai it of intmrest to make an asti~ate as to the araouuzs Of
radiation d.elivfiredby such partizl~s. ‘The details of the corsputatio;.s
are included in tha appoxdix. In making th~se computations, two situations
ware sel$ctad. First, the smount of radiation delivered by the plUtoQi’U
and second, tk.at deliv~r~d by th~ contained fission products assuming no

disprouortio~atioa. The !ollowiu: assumptions vieremade for tha calcula-
tions: siz9 of Farticl*s - 2 microns iu diameter, density - 5, contant
of pIutorLium by Wai;ht - ~~g, r~~gs of plutonium alpha particlss in tissue
- 40 ?icrons. ~n th= ~as, of th~ fission ~rOducts, it was assumed that the
same wei;ht of fission products war? prssant as that of Dlutoni’um and a
n~rio~ of SeVTn days 0! ~e~~y from the time of the nuclear datoaation to%
the noxaat of’in!nalationivas employmc?. ?iaally, am average beta ray
~ner~ par ~isi~tegration of 0.4 M6v was takoriand a range in tissu~ of 1
millimeter RX3 the ~f’f’ectfrom ga-ma rays ignored. The result of the Comp-t
utat593s rmvealflithat *he amo’unt of radiation deliverad within the volma ~

of tissua su’aj~ckedto ionization from the alpha narticlcfs of plutonium
was 390 roant~~n ~ouim].?r.ts~hysiz~l n~r ciayand i~ the case of the ‘~eta \
rays f’rora?issio~ ~r-o!ucts, th~ ~altieat 7 days was 72 roentgm equivalents ;
physi :9: :~yr :~hy.

These two aumbers, and in particular, tha value of plutonium On the

besis of ths high dosagg lavel, very 10RG half-life, amd rslativsly greatar
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It my be of interest, -xhen consi2e?in6 the a~lo~t of pluto~i~l~ an

individual might get inside of him whsn exposed to an eri-~irc~usntco~itai~i~;;
this ●lament, to recall the exp~riences of tha ..,a~iuu refi~;i~g ijlciuSt~y.

Hare, one finds individuals who have personally b.andle(iin rather :losa
contact and under relatively poor hy~ienic conciiiioua, f’roc~lo tG ~~~
grams of radium. Upon 4xaninatic2 of suon people, one finds r~tl~~r
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tho percentage of such yrticlas may ‘beconsiderably larger than the yesarut
data indicata. It appears that this ~ha:e af the problem should be thorough-

ly studi~d in ?utur~ tests.

Wendell M. Latimr

~.%. ~&

“dJ saph G. H@~ilton
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