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SECRET

STUDTES ON THE INHALATION OF ¥YSSICHBABLE MATERIALS
ARD FISSION PRODUCTS AND THEIR SUBSEQUENT FATE IF RATS AND MAN

K. G. Scott, H. C. lLanz, Dorothy Axelrod,
Josephine Crowley, and J. G. Hamilton

ABSTRACT

The purpose of these'erperiments wvas to ascortain the possible
hazard resulting from inhalation of fissionable materials and fission
producta. Aerosols of plutonium, uranium plus fission products, pro-
toactinium, and short-lived fission products obtained from the cyclo-
tron and the Clinton Pile vere administered to rats. A 2r89 serosol
vas administered to one human subject and to ratas. Aerosols of “he
above elements were almn‘at totally retained by the hesd and lungs
immediately after exposure. After four days the lungs contained the
1.argest percentagé of these elements. The elements deposited in thz
head vere qu:lckly. eliminated via the gagtro-intestinel tract. The
same avenue of elimination was used dy the lungs, but at 8 slower
rate. The emall percentage absorded into the body was primarily da-
posited in the skeleton after conditions of equilidrium had boen es-
tablished. Radiocautographic etudies indicate that the site of depo-
eition in the lungs of these materisls i1s in the dronchial passages
and the alveolar structures. They are repidly removed from the
dbronchial tree, presumadly dy cililary action ard are very slovly
released from the alveoll., No accummlstion of any of the radio-

elemente ﬁas obgerved in either blood vessels or lymph nodes.
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“Introfuction: The stulies presented here were undertaken to deter-

mine the distribution end fate of fissicnable materials and their
products in rats and in man. The work in particular deals with
the metabolism of plutonium, wranium, protoactinim, and the pro-
ducte of nuclear figsion when thess elements are vintroducsd into
the lux':xgs of rets. The elemente mentioned were studied as ﬁﬁely
divided smoke particles, produced dy high temperatures, or as

the finely divided nitrates of plutonium.



Gareral Techniques: The methods descrided below were used in all

experiments which were derigned to deposit activity in lungs of

~ animalg. With the exception of ths one human study, young rate
veighing between 200 and 300 grams vere ueed in all experiments.
These rats vere prepared for exposure by an intraperitoneal in-
Jection of sodium pentoberdital. The dose was 40 mg. per kgm. of
body weight for male rets, 30 mg. per kgm. for female rats. After
the drug had taken effect, the long whiskers on the rats’ noses
vere closely clipved. The iips were festened together with a
three-carnered stitch betweer the lover 1ip and the two halves
of the upper lip.- Then, glass nosepleces were cemented in place
with celloidin. The mouth wae also sealed at this time with
celloidin to prevent any paasage of zir between the lips. The
ebove procedure completely sealed off the openings of the mouth
and directed the rats® respiration through a2 single chammel.
The completed preparation is illustrated in Figure 1. The ani-
male thus prepared were then attached to the exposure chambers,
which wvere the same as or similar to the chamber shown in Figure
?.

After exposure to serosols contelning the above mentioned
elements, the rats were kert in metabolism cages so that fecal
and urinary excretiaons could be colléc'bed separately. The animals
wore killed at varying times after exposurs and their tiesues,

urine, and feces were sssayed for the element bdeing studied.
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.‘l'he method of assay varied with the type of radiation produced

by the element wmder study. The assay was accomplished a3 followe:

1.

The animels were killed with chloroform.

The tissues of interest vere removed by dissection and weighed.
Tiesues vere then wet or 4dry ashed.

In the case of plutonium, the animel ash was separated from the
elsment by chemical means. These analyses were carried out by
performing lanthanum fluoride prscipitations of the animal ash
in acid solution, or by extmctiné the plutonium from solutions
of animal ash with thiophenyltrifluorcacetore. The exact de-
tails are given in the report covering the fnte of plutonium
vhen injected m'tnvenously into rats and humen beings. The
amount of plutonium present in the samples was determined dy
counting its alpha emigsicn in a linear amplifier.

In the case of beta and gamme emittors, the activity of the
animal ash wvas counted directly with a Geiger-Muller counter
or 8 Leuritzen electroscope. Corrections were then meade for
the absorption of activity by the animml ash present in thre

samples.
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Figure 1

This 1llustretion shows a rat which has been prepared for
aeroscl exposure, with nosepiece in place and mouth sosied with

celloidin.
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Flgure 2

The complets aerosol exposure system 1is hereih 1Nustrated.
The anesthetized rat is breathing oxygen, at a rate illustrated
by the flow meter, along with the active serosol produced in the

elec‘i:ric 8rcC.
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CHAPTER I
PLUTONIUM STUDILS

1. Intrapulmonary Deposition of Plutomium as PuOs(NO3),

a., Element and Method:

A mathod for the introduction of amell particles of pluton-
jum nitrate into the lungs of rate was devélope'd after considerable
experimentation. Particles of plutonium nitrate 0.3 to 0.20 Mcr@s
in Qlameter were produced when PuOp(Ni0s), vae diseolved in ethyl
ether, carbanasd with dry CO, gas at 760 pounds pressure per square
inch, and foafced through 2 gold Jet at the adove mentioned pressure
into an exposure chember. The exposure chamior was warmed to 110° F.
with a heat lemp., The orifice of the gold jet was sbout 0.001 inches
in dismeter., When the ether-plutcnium-COs mixture wae ejected from
a Jet of this size, all of the ether droplets evaporatsd immediately
upon entering the exposure chamber. The dissolved CO, caused the
smell ether droplstes Jormed by the Jet to decrease thelir size fur-
ther because of tha efforvescence of the CO» at the reduced pree-
sure of the exposure chamber. Rats wers commected to the exposure
chamber shown in Figure 3, after having besn prspared for exposure
as described in ths Introduction and Gensrsl Techniques.

b. Equipment:

The quipment used in these experiments is shown in dotall

in Figure 3.
c. TYield:
Three to four per cent of ths total emount of plutonium

digsolved in the ethor and later introduced into the exposure chsmber

1119215



Figure 3

Figure 3 is a dlagramatic sketch of the equipment used to
produce aerosols of PuOs{NOs)s. The plutonium dissolved in
ether with COp in the lover chamber is forced through the gold
Jet at 760 pounds pressurs into the upper exposure chambder. As
the ether evaporates in the warm chember, the PuOn(FOx), aerosol
is suspended. Its droplet elze igs further reduced dy the ex-
treme effervescence of the COp, in the ether at atmospheric

pressurs.

L1192 1b
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vas deposited in the rate. This was sufficient activity to follow
the fate cf plutonium in rats for long periods of time.
d. 8igze of Particles:

Particles of plutonium produced with the sdove described
ether spray were trapped .cn anyl acetate films and were later viewed
with an electron microscope in order to deterﬁino particle size.
The spize was determined by placing electrom microscope screens in
a glass tube vhich was comnectsd on one end to the exposure cham-
der and on the other end to a one milliliter syringe vhich was
made to correepond to the respiratory rate and volume of the tidal
air in rats. The type of particles produced are ghown in Figure
4, vhich is repregentative of soveral sets of electron microscope
screesns which vere exposed. Particles ranged in size from 0.6 to
0.01 micrans. The average particle was 0.25 micrans in dlameter.
It can be seen from the picture that the particles were very compact
and round as contrested to the chain-like appearance of the parti-
cles produced by burning plutonium or urenium {aee Chapter IX,
Section 13, 24, and Figures 13, 16, 17, amd 18). The electron
nmicroscope screens were counted for plutonium activity and vere
found to contain 8 x 10-F miorograms of plutonium per square mm.
of microacope film. ‘

e. Results: _

The fate of plutonium nitrets vhen administered to rate

by the method descrided in Sectlion la is summarized in Tadle I.

Plutonium agsayas on rat tissues and excreta were performsd. The

1119218 .



Pigure 4

Electron mioroscope pictures of plutcnium serosols as PuOp(NO3),,
particle size aversging 0.28 microns, X 8000.
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TABLE I

Distribution of Flutonium in Rats When Inhaled as r,,o.,(no}b _Spray

. .

GOA:::la 3 :nﬁll ’ Gh:nnix;s 2l§nmo 1 A:iih’;u
L] ¥ ¥ % [ ¥ L) £ %
Ofgen |oran | organ |Gram |organ |orem loran lorem |organ lvam
{LURGS 48.8 |05.8 |30.2 l18.0 ba.s h7.0 leo.9 hir.s 8.0 k.47
h‘mz 0.62 1 0.05] .99 .o7| .87 | .0o71 38| 05| .55 |.o8
krmm 0.17 1 0.06 | .11 .05' .0 | 03] .13 | .ok ] .09 -'.051
0.0 | 03] .ou| .06] .05 | .o o7 081 .08 | .12
nro | 475 | 20| 800 .33 hoo | 1|67 | .20 1.8 | .
BALAWCE 1| 101 | .03 ! 3.8 | oo |z | .0 | &3] .1 .5é - .01
1. 500 | 0 fusk | s {16 | .oa | sl oo | 30 Liom
37._1; 1.51 | b5 '.é; 1.25 | .05 | .84 ok a3 L.o1
.95 1 .0% ) 1.16 02 { b3 |<.00 ‘ -40 :1_.01 .38 ,:.Qi
Daily Rates of Excretion in Fer Cent
1 Dey b Daga 16 Dags 64 Dy
FECES _ 23,2 2.82 .82 .25
WINE .58 .ob .009 .006

1 Balance is primarily composed of 'mscle, but 2lgo includes any tissue re-
siduss and fat not listed in table.

FH192

Z |



date 1s presented as the retention and/or excretion of plutanium
in per cent of the dose for the following time p,o;‘iode after in-
halation:

(1) Imediatsly after exposure, which is entitled

zero time in the tables.

(2) At one day after exposure.

(3) At four days after exposure.

(4) At sixty-four days after ea:posufe.
It can be seen by an examination of Table I that at zero time, the
major part of the plutonium was deposited in lungs and the respira-
tory passages in the head. In addition, & proportion of the plu-
tonium in the 1uné| wvas rapidly absorbed into ths dlood etream.
The major part of the plutonium in the blood wae withdrawn from the
'jblood stream by the gkeleton. Measurable amounta of activity were
found in liver, kidney, spleen, and muscle. |

One day after plutonium administration, absorption of sctivity
from the lungs into the dlood stream continued to occur but at a de-
oreasing rate. The major part of the activity earlier deposited in
the head appeared in the first day’'s feces collection and in the
gastro-intestinal tract. In generel, concentrations of plutonium
ip liver, kidney, and spleen approached their meximm values at tﬁis
time periocd.

Four days after admihistmticn, the head was practically claai- of

~ plutonium. There appeared to de contiﬁuzd excretion of plutonium from

the lungs via the dronchial tree. "I.'ne data suggests that any addition-
al passage of plutonium through the lung capillaries did not occur 4n

large amounts.
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By the sixteenth day, the lungs had lost over 50% of the plu-
tonium which they contained at the beginning of the experimemt.
The major part of thie appeared to have been eliminated via the tra-
chea and appeared in the rocoa: The data also euégoats that the
deposition of plutonium in the animal proper hed reached a quasi-
equilidrium among the verious tissues. The only additional change
noticed at sixty-four days was the continued .lung elimination
vhich at sixty-four daye had removed five-sixths of the original
plutonium deposited at zero time. Figure 5 repreeents rate of
elimination of plutonium from the lungs.

The values for lung elimination of redio-elements glven in
Figure ~5 and other lung excretion charte pertsin to the activity
deposited in the lung only, and not to ths ectivity in the whole
animel,

After exposure, lungs could conceivadly e¢liminate activity
via the bronchiel tree or by absorption of the radio-elements into
the blood stream. Since adbsorption is a smsll factor with the
elements studied herein, the main avenue of lung elimination is via
the dronchial tree. From the bronchilal tree, the elements are swept
into the gastro-intestinal tract, and, since little absorption
occurs, are eliminated from the body.

During aerosol administration to lungs, large amounts of
activity are deposited in the namo-pharyngeal reglon es well.

This activity is completely swept into the gastro-intsstinal
tract prasum'blyz by ciliary action in the first four days aﬁ".er

inhalation. PFor this reason, studies of fecal excretion will not

119223,



Figure 5

Figure 5 1llustrates the elimination of plutonium from the
lungs when administered as an aerosol of PuO,(KOz), in ether.
Theae values vere calculated as described in Chapter I under
reeults. It can be seen that approximately four-fifths of the
plutoniun is eliminated gixty-fmxr days after administration

of the aerosol.
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serve as an index of the lung elimination during this time inter-
val, although radio-autographic studies show that the major por-
‘t;ion of aotivity trapped in the dronchial tree is eliminated
during this time.

Yor the above reasons, the value used for lung elimination
four days after aerosol administration was calculated as follows:
For example, vhen severai groups of animals were exposed at one
time, some of them were alwaye sacrificed immediataly after ex-
posure. The total amount of the activity in the lunge of the
zerc time animals was considered to be the initiel dose. If
this value is one thousand counta per secand and the four day
animls had sight hundred counts per second remaining in their
lungs, the four day animels were considered to have 80% of the
initial dose etill remaining in their lungs. The calculation
of lung elimination figures after four days was more direct .aince
the per cent remaining in the lungs ves merely the percentage of the
aotivity found in the lung, plus that cccurring in the feces.

The date in 'I!a'bie I for three rats, suggpatn, therefors, that
Plutonium administered via the lungs vas deposited primarily in
the lungs and skeleton, iith measurable amounts in liver, kidney,
and spleen, and very small amounts in muscle and skin after con-
ditions of equilidrium had been reached.

2. Intrapulmonary Depoaitio:i of Plutonium as Pul»

a. Flement and the Mathods:
A43itional serosols of plutonium, thege being plutonium
oxidse, 'vere administered to rats. sm.n particles of plutonium

11149220
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oxide were produoed. (1) by burmning with an electric arc the chlor-
ides or nitr@tes of plutonium which hed previously been evaporated
| upon carbon electrodes from an aquecus solution, and (2) by durn-
ing metallic plutonium fmbedded in carban electrodes with an elec-
tric erc. The electrodes used with plutonium metal had been pre-
pared for the experiment by dr1lling holes 0.01 inches in diameter,
and 0.25 inches in depth, on the enda, and then imbedding 200 to
300 micrograms of plutonium in the holee. Bats were prepared in
the same memmer as in Section 1, and were allowcd to breathe the
gas containing the plutonium partiocles during the period of burn-
ing. This was done in an atmosphere of pure oxygen in order to
avoid the production of undesiradble emounts of carbom monoxide.
b. Equipment:

The details of the equipment used are to be found in
figures 6, 7, and 8. It can be sesn from an examination of these
figures that two sizes of exposure chamber were employed. These
wvero similar with the exception of volume: 6Scc. in Figures 6
and 7, and 600 cc. in Figure 8.

c. Yield:

The yield of plutonium oxide to the rats, when adminis-
tered by the above method, varied betveen 2% and 13% and was not
related to the size of the exposure chamber, but more apparently
was related to the reapiratory rate of the rats during the few -

- minutes of exposure time. The average yleld for twelve exposures

was 5.4%.
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Figuree 6 end 7

Figures 6 eand 7 show the details of the exposure chamber used
to produce aerosols by burning the radio-element dopoeited om
graphite electrodes in an electric arc. This was dane in an atmos-
phere of pure oxygen in order to prevent the formation of poison-

ous amounts of carbon monoxide.

11922
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Tigure 8

Pigure 8 depicta the larger type of aeroscl producer, Thip
© accommodates a larger number of rate then the type gkowmn in

Flgunese 6 and 7.
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4. Bize of Partlcles:

Aerosols produced for these studies were not collected on
electron microscope screens for determining particle size. These
aerosols vere, however, produced under the sams conditione as the
aerosols of plutonium plus fission products which were collected
on screens during durning and vere meesured. Figure 13 shove
these particles which varied in size between C.06 and 38 microms
in diameter. The average size was 0.%9 microns in diameter.

e. Results:'

8ixty-three rats were exposed to plutmim;t oxide emokes as
described above and pacrificed at periods from 2ero time, ome day,
four days, sixteen days, sixty-four days and two hundred fifty-six
days. The plutonium content of their tissues end excreta was
detormined with the following rosults: (See Tables II and III).
Immediately after exposure {at zero time) most of the plutonium
wes deposited in the head and lungs. Measurable amounts of plu-
tonium were dete.cted in skeleton, and in the poft tlesues at zero
time.

At one day after plutonium administration,l the loss of plu-
tonium from the hesd wae the major change. The plutonium lost
from the heed was found mainly in the feces and in the gastro-
intestinal tract. This eliminetion continued, so that at four
days, the respiratory passages of the head were practically free..
from plutonium, and eny further fecal excretion appeared to come
from the lunge via the bronchiel tree.

Sixteen days sfter plutonium edministration, equilibriwm
appeared to have been raached with respect to the absorbed plu-

F119233



Distridbution of Plutonium i{n Rate When Inhaled.as Pu0, Asrosol

TABLE II

Préparod by Burning the Chlorides and Nitrates of Plutonium in Carbon

0 Time 4 Deye 16 Days 16 Days
7 Animals S Animals 1?2 Animals 4 Animals
% % % % 4 % *
per per per per per per per per
Orgen Gram Organ | Grem Organ | Gram  |Organ | Oram
UNGY 37.5 16.3 42.1 %1.8 19.7 12.2 1.k 5.2
E‘VB} .27 .03 O7 .01 .11 .0} .03 Nexk
EDRE! Not Taken .01 .01® LOl1%® L0le .0l 01%
lsmmon 1.3 | .ok ) .02 .28 .02 .38 | .07
?2.3%0 .01 1.38 .01 .35 .01% .01 .01%®
G.I. TJ1 .03 .50 .20 .60 .03 .08 ] .ol
EEAD 5,82 .80 3.19 .13 .30 .02 .13 .01
Dally Rate of Nxcretion in Per Cant
1 Day I Days 16 Days 64 Days
FECES 20.7 6.7 1.4 .02
DRINE 5.5 12 .0k £.001

l. 3Balance is primerily composed of muscle, but also includes any tlesue
residues end fat not lieted in tabdle.

#  Valus measured was less than0.01% of the totsl activity in animel.
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TABLE III

Distribution of Plutonium in Rats When Inhsled as IO, Aerceol

Prepared by Burning Plutonium Metal with Carbon

S amtnte | 7 Aotais | b amimals |7 satmis | 5 Aotmate | Actmds

% £ | % % ) | % [ F | F | % | ®

OE'Z;GS:; nof-eg:ncpr:; Jopg;nncpr:; of-;:nopr:; of-'g:nucpr:; of-;ncpr:;

bumes  [3t.2 0.8 I35.5 h6.3 b7.7 he.s bo.s hu.7 hoo 17.3 Ju.8 [1.6
hvm .ol .ovf .07 .ovd; 02! .01% .05 .oﬁ, 03| .o1% .03] .o
bm .01¥ .01{1 .01 .01{ 04 .o .01M .01 .o1m .01 .oiM .014
Eﬂm Not ‘l‘aken; - - i - - - ‘-- - - LO1® ,OIJ
&m.mox 1.171 .10]3.%0 29% 92| .06} .75 .ovf1.5 |-.081 15! .01%
matance ¥ 1.55 | .o1]s.57) . ﬂ 8] o1 sul .oiw 0] o8] .02 | 014
. B.1. ia.m oobss J1a tia7] o6l el Lon ! a6 | ows] .02 | 019
fmap bo.s Is.05hss | .72 oul ool ot l oo | .52 | .o | .ore| .onef
| En .10 { .O1% .03 | .01% ,01%j<,001

Daily Rate of Excretion in Per Cent

1 Day 4 Days 16 Days | 6l Daye 256 Days

URINE 3.3 .13 .05 .01% - .01

FECES 25.2 ] 6.3 .99 .ok .01%

1. Belance is primarily compossd of muscle, but also includes any tissue rasidues
and fat not listed in tatle. -

*

(N

G233
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TABIE IV

Distribution of Plutonium in Rate When Inhaled as FuaO, Aerosol

Prepared by Burning Plutonium Plue nﬁsion Products o.. Tarbon

0 Hours % Days 16 Daye 6 Days | 128 Dege

4 Animals 3 Animals 3 Animnals 3 Animnls ! 2 Animals
3 4 4 4 4 2 | ¢ * % 1

per per per per per per per per per per

Organ |Grem |Organ {Cram |Organ |Gram {Organ |{Grem |{Organ {Cram

URGS 8w.5 | 9.60|61.2 115.3 16.4 | u.67 | 8.38 | 1.69 |1%5.3 8.51!
[x.rvm 07| 0.22 | .02 .ou | = ® » » *
EIOREY ot 1| asf .os] o4} 02} = » “ »
- i
EFLEEN ot o5 as ¢ as) o2l o2} = ° s
2.12 07| 1.8 071 2.0 OT ] = . .01 i ®
BALARCE L 4.4 | .o1f 1.4 | 35§ » . . ok | w
G.T. 21.0 3.78 ] 6.04 ol S5k .02 .09 o 03 ; ®
Emn 35.6 1.2 | 2.4 o8l s0f{ .00 .18 08l @
km ] .08 » 3 » » E -
Daily Rate of Excretion in Per Cent
1 Day 4 Days 16 Days 6% Daye | 128 Day | 256 De:
PrRINE 1.55 .27 .02 " s s
' Hcm ' 17.7 .26 .28 .18 ,05

1. Balahce ie primerily composed of muscle, but aleo irnciudes any tissue residues

and fat not listed In table,

*  Value measured was less than(.01% of the tc*sl activity in enimel.

L
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tonium in the goft tissuse and in the skeleton. Skeleton contains
the grestest concentration of plutonium, whereas liver, kidney, and
spleen contained relatively wore plutonium than the soft tissues of
the hoead, the balance, and the gkin.

At sixty-four days, one-half of the plutcnium remeining in the
lungs at sixteen days had been excreted. This excretion continued
at decreasing rates. However, it was stlll a measurabie value at
tﬁo hundred fifty-eix days, at which time the lungs contained ap-
proximately one-ninth of the plutonium originally deposited in them.
Figqures 9 end 10 demmstraie the rate of eliminstion of this pluton-

{uxz from the lungs.

3., Quantitative Studies cn the Fraction of Inhaled Plutonium Oxide

Retalned by Rats

a. and b. Element, Method, and Equipments

A sories of experiments was undertaken in an attempt to as-
certain vhet proportion of inhaled PuO, emoke was retained in rats.
A velve gystem (diegremmed in Figure 11) had been develorad which
made it posaidle to determine cn a quentitative dbasis the proportion
of inhaled plutonium which was retained. Thc cepillaries in the valve
vere filled with mineral oil, and the nose piece ﬁaa attacheé to the
animal in the usual manner as described in ¢he Introduction and the
General Techniques. The exhaust (exhalation) outlet side of the eys-
tom had & gmall glass-woo.. plug inserted to entrap ths exhaled actl-
vity. In addition, this ocutlet wae comnected to a large flask to
catch any plutonium that might not have been adsorbed on the glase-

wool.
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Figure 9

Figure 9 represente plutonium elimination by the lunge of rats
after exposure to aerosole produced dy dburning plutonium chlorides
or nitrates in an electric arc. It can be peen that approximately
four-fifths of the administered doee has been eliminated after

sixty-four deys.
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Figure 10

Figure 10 represents the rate of plutonium elimination from
the lungs after the adminiastration of plutonium oxide eerosols
produced by dburning metallic plutonium imbedded in carbon elec-
trodes with en electric arc. As in Pigure 9, Figure 10 ehove
that sabout four-fifthe of the plutonium is ¢liminstsed in eixty-
four days. About nine-tenths is eliminated in 256 days efter

serosol edministrstion.
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Figure 11

Figure 1l 1illustratee the constructian and operation of the
one way trep used to determine the emcunt of aerosol retained
by the rat in op® inspiration and expiration, The aerceol en-
ters through opening 1 and ie pulled through cil trap 2 irto
space 3 vhich 1s connectad toc the rat®s nosze. Upon exhulstion,
trap 2 preventg the escape of the serosol in that direction so that
the expired asrosol leaves the syetem via oll trap b which leads

to exit 5. The aerosol is caught in the glass-wool filter at 6.
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" c. 8ize of Particles:

Photomicrog:apha taken wvith the aid of the electron micro-
scope of the PuO, smoke in the exhaled alr (sec Figure 11 for posei-
tion of collecting screens) revesled psrticle sizee ranging from
0.1 to 1.0 micron in diameter. Xigure 12 ehqve particle size.

d. Regultas: '

The plutonium in this portion of the exheust eyastem to-
gother with the small guentity in the nose piece, exhaust valve, aand
the short length of tudbing comnecting the two valves was considered
to represent the exhaled Pu0, smoke. The plutonium in the animel
piue that which was exhaled, as noted a‘bo.ve,'was considered to
represent the total amount inkasled. On this dasis, with & group
of four animals exposed to PuO, smoke prcéuced by durning plutonium

metal in a carbon arc, the following veluee were cbaerved:

The Distribution of Pul»s Emoke in thy Ret Trme-

diately After Exporure on the Bagis of the Amount cf Flutonium Inheled

Rat f1 Rat §2 TFat #3 Rat £

Lungs 12.7% 23.2%  29.0% 9.32%
Head 50 . 7% 53.8% 58.6% 57.2%
Exhaled 36.6% 12.4%  33.5%
Total Re-

tained by

the animal 63.4% 87.6% 66.5%

It can be seen from these results that in the rat approximately
75% of the inhaled Pu0» smcke wes retainsd in the snimal. Aleso, 1t
must be kept in mind that all of the material in the upper respira-

tory trant {(head) was rapidly removed by ciliary actiom, then
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Flgure 172

Pigure 12 18 an electron microscope picture of plutonium oxide

serogols exhnled ty rata (X 8000).
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evallowed and eliminatod dy way of the digestive tract without having
- been absorded. The volume of the dead apace botween the intake vilve
and the rose of the rat was approximately 0.2 cc. This was of the
order of 20% of the volume of air moved through ihe ayetem with each
regpiration, Hence, the factor of error intrcduced by ro-dreathing

414 not appear *to De significent.
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CHAPTER IXI

STUDIES ON FISSION PRODUCTE

1. Aerosols of Plutonium Plus Fission Products

a. Element and the Method:

Carbon rods ccntaining imbedded Plutoriium metel wore dom-
barded with slow nsutrona in the heavy water rile &t Argonhe for a
period approximating cn® month. The fisaion products thus foiwed
were then dispersed ac sorosols along with the plutonium in an
electric arc and administered to rats by the mothods descridbed
in Chapter I, fecticn 2a. The fisslon products ware spproximately
four months 0ld when these studies wers initlated.

b. Equipment:

Ths equipment used wes the same ag that employed for the
plutonium oxide smokes, as described in Chapter I, Section 2b. (See
Figures 6, 7, end 8.) The figsion products which were avallable in
this mixture were mainly the long-life slemsnte rasulting from piu-
tonium fiegsion.

c. Yield:

The yield of both plutonium cnd fission products in the
rat wvas high enough to follow animals for one hwmdred twenty-eight
days. The yields vwers similer to those in the plutcaium oxide ex-
periments of Chapter I, Sectian 2.

d. 8ize of Particles:
The particles rspsulting from the combustion of these

carbon-plutonium rods were trappsd upon eryl acetate films and

1119248



electron microscope pictures were teken of them. Cf several screens
shxdi;d, it was fourd that the range in particls size varied detween
0.06 and 38 microns in diamster. The average particlc size was0.h9
microns in diemeter. In addition, the screene were checksd for
radio-activity and were found to centain 1.5 x 10-% micrograms of
Plutonium per square millimeter of electron microscope screen, &nd
1.6 x 10-6 microcuries of activity from fissicn products per aquare
millimeter. The type of particle observed when eerosols of plu-
toniun are made by this method is shown in Figure 13.

. Results:

The data obtained cn the pulmeonary edministration of piu-
tonium produced by burning the metsl with carbon electrodes is
summarized in Teble IV. The results were similar in most reepects
to the deta obtainad by durning plutonium metal, as descridod in
Chapter 1, with the exception of lower skeletsl dsposition et
sixty-four and cns hundred twenty-eight days. The rate of lung eli-
mination i represented in Figure 1.

A comparison of the distridution of fission products in rats
after pulmonary adninisi—ution of asrogole ccntzaining plutoniuwm
plus fission products is summrized on Table V. It can bo seen
from an examination of Table V that the mejor portion of the fis-
sion products vas deposited in lung =nd head at zero tims. Meagur-
able amounts of activity were also found in the skeleton, the liver,
the kidney, and the spleen.

The fission products deposited in the head were cieared out
during the firet four days after aerosol administration, and ap-

peared in the excrata.

F11azuqg
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Pigure 13

Figare 13 dep:lcts plutonium serosols as PuOp produced dy durn-
ing plutonium metal with graphite electrodes in an electric arc.{x80cC)

119250
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Figure 14

Figure 1% represents the rate of plutonium elimination from
the lungs of rats folloving adminiatretion of aerosols of plu-
tonium with its fission products. It can be seen thei ebout
two-thirds of tho plutonium has been eliminestsd ore Mundred

tventy-eight days after exposure.
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TABLE V

Distridution of Fiseion Product Aercsols When Inhaled by Rate

Prepared by Burning Plutonium Plus Its Fission Producte on Carbon

2.

and fat not listed in table.

3.

»*

L1119

2ot

Aetivity excluding that deposited in deoe.
Talu2 reasur-ed vas less ther 001

a2 the totel scrivitr in enimel,

0 Hours | 4 Days 16 Days 6% Days | 128 Pays | 256 peys
4 Animels |3 Animals |5 Animals | 3 Animels | 2 Animale | 3 Animal
[ * ] '3 * ® 4
per ©per |[Yyer | rer { per |per | per | per » |per | per | pe
Organ Organ{Cran |Orzan Crar |Orpgen Grar (Organ (ram {Organ la
fLoncs 43.0 }110.6 i56.2 k.5 |17.0 {4.8%} 8.84 1 2.,12] 8.82 |4.90] 2.3 | .27
LIVER 371 031 .20 .051 .oh| « O3] @ LOh | 2 .08] =
[ETDREY 261 k| .19 .05{ .ob| .01] .02| # 03 | @ 03| #
mem 2] .ozl o8l .osl .22l .ozl Loxl .02l .o2 | .05 .1 .00
ls;u-rou 2.7 1 .10}16.9 ] .2612.301 .081 .26 = Jo ool a7l o«
Ewmﬁ 1.9 .01] 2.0 Ol 36| » A3 | 25 | .10 #
I 18.4 615.3 A5 551 .02f .col .01l .09 | # LO5] #
lm\m!' 40,1 11251 2.8 1 .08] .21 .o0) .1k} @ 0 | # o5l =
Hot included due to
I;:m Surface Contamination 08| @ L6 | # .06 | # 021 @
Daily REats of Excrotion in Per Cent
1Day | 4 Days | 16 Days| 32 Days | 64 Days | 128 Days | 256 Days
JRINE 2,5 | 0.18 0.07 1 Ol .01 .02 .02
f[jncms 20.h 3.58 NS N a8 | .07 .02
l. Wet weightas of tissues,
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The fission products deposited in the lungs were not repidly re-
moved but appeared to be exoreted slowly via the bronchial tree, so
that et sixteen daye, approximately two-thirds of the activity had
beer eliminated. Relatively little of these elemsnte was ebsorbed
via elther the lung caplllaries or ths gestro-intestinal tract, es
deposition values of skelston, liver, and kidney diéd not increase
as the experimsant progressed, bul tanded to decrease.

Lung elimination of fiesion producte continued for the duration
of the experiment which, in this case, wes two hundred fifty-eix
deys. At this point, but ono-twentieth of the figsion producte

originally deposited rerained in the lungs. (See Figure 15.)

2. Aercscls of Fission Products from Uranium isetals

a. The Element and the Method:

Uranium wire containing fission producte was used for
aerosol studies after 1t had been expossd to ai~w nsutrone in the
Clinton Pile. At the beginning of the animal exposures, the uran-
ium contained 6.8 microcuries of fission product activity per
milligram of uranium. These fission producte were approximately

two monthe 0ld when these studies were initiated. The wire was

10.020 inches in diamster and the total weight of urenium burned

in each experiment was 0.048 grams. It w.sv fourd that uranium wvas
extremely pyroforic in an atmosphere of pure oxygen. When sn elec-
tric arc was struck between two carban clectrodes (110 A.C., 440 olma
resistance) in which lengths of uranium wire had been ingerted, the

uranium dburned completely and rapidly.

18259



Maure 15

Figure 15 demomstratee lung edministratiom of fiscaion pro-
ducts of plutoni.tm folloving adminiptration of asroscls of the
oxide of plutonium plus ite fission products. Comperison of
figures 1l end 15 shovs that the persistence times ol the tission-
products fraction in the lungs 1s less than the persictence tims

of the plutonium freaction of the aeroaol.

1119250
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b. Equimment:
All of the exposures vere carried out in the chamber descrided

" in Pigure 8. The other details of the expariment werse exactly the seme

as those descri‘t;ed in Chapter I, Sectiom 2b.
c. Yield:

In three separate exposures 13.8%, 13.1% end 14.6% of the

total fiesion products activity were deposited In the rats.
d. 8ize cf Particles:

Uranium fission product aerorols vwere collected upon electron
microscope films; (See Figures 16, 17, and 1C). Very 4iffuse, chain-
1like structures were formsd when the uranium was burned, meking it
rather difficult to determine the exact particle size. Estimations
of particle size veried betwern 0.06 and 9.4 micrams, the aversge
size being 0.97 microns. 4

e. Results:

Anime}) studies of uranfum-fizsion products aercsols were
cartied out for sixty-four days and the averegs valuos ave sumnarized
on Table VI. It can be semu that these relatively larger particles,
as compared to Pulp smokes, were trapped primerily in the respiratory
passages of the head of rats, resulting in a relstively low lung
deposition at zero time. In addition to lung snd head depositiom,
gmall amowmats of activity from figsion products were found 4¢n the
skeleton and in tho soft (issues of the rats.

One day after exposure, the hesd wes practically free of fissiom

products. Further adsorpticn of fission procicts appeared to have

' takon place, since ths total psrcentage of fiesion products in tke

119

body waa groster ct opne dar them at garo Gtime.
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Tigure 16

Figure 16 1llustrates aerosole produced by dwrning uranium
virve containing fiesion products. The Tisaion products vere pro-
duced by exposing the ursnium wire to slov nautrons in the Clinton
Pile. lengths of the ursalum wire plus ite fission prcducte were
irsorted in two cardbon electrodss. An electric src wae etruck

betwoen the electrodes tc produce the aerosol. (X ho,oco)a
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Jiguys 17

Figure 17 deplets neroncis prerorsd by baonling vreniul nstal
plus fission procucta in grapuits cleetx:sies in en saosrhsry of

oxyzan. (X 8CO0;.
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3y the fourth day, over 90% of the fiseion products depositsd
in “as Tats 1ad been eliminated, primarily via the gastro-inteetinal
tract. The aaximm velues for skeletsl depomsition were obtained at
this time.

z8gion prolucis ceapositsd in the lungs were elimiuvated via the
‘bronshicles ari trachee, 80 et aixtsen deys alter orposuruv slmoet half
of the fiassion prﬁ:’.ucts had been dispooed of and wors found in tke -
feces. The fiesicn proiucts remaining iau the dody st sixteen days
vere less taan those found at four days.

Thi: sugzestc that the body is capabtle of excreting sora portiom
of the figsion prducte rathsr rapidly. Sixty-four daye-aft:r fieaion
producta adernistration, the lunge had lost two-thirde of their eoti-
vity-elthar ty ceniliary a‘beorp‘c‘lon or by excretion via the bronchial
tree. (See ¥igurs 19). In edditior, coneide-rbls excration of fission
producis_ from the body war obsarved. FEkeletal deposition wea eporoxi-
mately cne-half of vhat it had toen at Pour dayi. IToes of Tiseiocn
preducts by soi’™t tissues at plxty-four dnys proved to be even greater

than that from sksleton. (Eee Tebdls VI.)

3. Carrier-free ¥isuicn Products

a.and b. Zlamert, Method, and Equirment:

Lerosole coatalning cerrier-free fisclon products were pre-
vared by dburning them on cerbon iz en slsciric arc and wzre depositsd
in rets using the techiiqus described in Chrvtar I, Secilca 2e. The
carrier-free fission products representsd “he .ong-llved fractidn
of eledments resulting from ursnium ©lesicn in the pile at Climton

Laboratory eix mentzs prior to tule study. This mterial wes obtalned

1192009
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TABLE VI

Distribution of Fission Product Aerosols in Rats

red

Bum: Uranium Plus Fiesion Products in an Flectric Arc

TOAﬁiL:lo hlm;ih;ls 5hmlu 5121111):;0 76211?:1-
) 1% 5 4 (3 3 % 1 3
per per per per per per per per per penf
Organ |Grem [rgan |Gram iOrgan |Grem |Orgen lGram |Organ lG:
#mmcs 1.61| 6.55 19.76 | 6.b0 | 5.23 | 2.87| 7.31 | 3.60 | h.27 |2.48
E&vnn 201 .0t | .08F .01t .06 | ool opl e | 021 @
L:nnz! 05] 031 031 021 021 .0l 02| @ o | o
L;mxnl | Mot |maxen | -- - - - - - - L o
anm ] 0% 11,44 JA1 11,93 081 1.34 1 .07 .33 OJ
mexx 14501 .01 l2.461 021 671 ¢ A7 [ * .19 | »
r T, 1,051 .01 Bs.ohl 152 taanl .05 .is » 04 | #
EExAD 82.3 | 3.97 16.501 .43 | # » 05 | . 081 @ |
Lm | REX . L2 1 # |
Daily Rate of Excretion in Par Cent
1 Day 4 Daym 16 Days 64 Days
JRINE 3.58 .31 0.07 .
FECES 5.3 3.3 .16 .07 .

#  Value moasured wcee less than .01% of the total sctiviiy in animal.
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Pigure 19

Plgure 10 represents the elimination of fission producte from
‘the lungs of rats for & psriod of time four to sixty-four days after
inhalation. The pei' cent remaining at four days is 87% of the ini-
tial dogse. The initial Acse 1s tho awount of fisslon products found
'in the lungs of rate sacrificei immediatsly after inhmlation. After
sixty-four deys, approximately four-fifths of f.he tctal fisaion pro-
ducte inhaled hes left the lungs, and is found piimerily in ths ex-

oreﬁ .
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from Clinton in diluted acid and weas free from uraniuxr and inert
carx;iere. It wes evaporated upon carbon electrocdes by the use of
an infra-red lamp. The electrodes were subsequently burned in an
elactric arc in the exposure chaxber to produce the aervsocis. -

¢. Bige of Particles:

Electron microecope pictures of the carrier-free figeion
product aeroscl showed that the particles produced wore from five
to one-tenth microne in diemster with an average size of .63 mi-
crons. {See Tigure 20). These particles wo::e prinerily carson.

) Them was no obvicus relation between the apparent rumber of
particles and the particle activity when the elsctron microscope
goreens were assaysd for fisaion product sctivity. ESince the
fiseion products themsclves were not intimately dound vp with the
carbon originally as was the case with fission prcduct plus plu-
tonium and uranium, it seems very unlikely that they were trans-
ferred to the rats solely on the carbon pariticiass. It ie euggested,
then, that a part of the fission products retained dy the rate
were of a particle size smaller than the range cf the electron mi-
oroecope.

d. Results:

Two groups of animnls were exposed to fissicn product
aqrbsolu prepared in the above memmer. The resulte are sumsarized
ir Tadble VII. It can be ceen from an examinatlon of the zerxo time
exposures that there was great veriation in relative percentagos
of fission products deposited in lungs versus the head. In the

first expdsure, 224 of the activity wes fourd in the lungs and 50%

-
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Figurs 20

Aerosols of carrier-free fissioa products evaporated on grephite

rods and burned in en electric arc. (X 8000).

1192710

40






in the head. (See Tadle VII, Animal Group A). In the second ex-
posure, 654 was found in the lunge and dut 15% in the heed. (See
Table YII, Animal Group B)I. Sach a difference 1nA the locaticn of
fission product retention makes consideration of the trends of move-
mant of fission producte at later dutes difficult. Thus, it can be
gseen that at four days the animals taken from Group A contaired 14%
of the total fission products in their lungs, vwhereas at sixteen
daye animals taken from Group B contained 25%. If the early éepo-
gition in the head ie discarded, the lurg values ottained fﬁm the
two difforent exposures are ;!xom comparedle,
In gensral, however, about 10% of the fission product eerosols
) prepared in the above mentioned manner found their way into tkhe body
~ tissues quite raasdily. It can be seen thet there were measurable
amounte in all of the tissues at zerv time. The xate;xti.on of fisaiwn
products by gkeleton increased during the eutire aixtpfour deys of
the experiment. |
Liver and kidney took up incressing amcunts of ﬁeeim products
for the firet eixteen days after exposure to flesion product asrosols.
The primary avenue of elimination of fission products in these studies
vae via the feces. The feces contained &t lsast tea timee as much
f1ssion products es was found in the urine, from the sixteenth day
to the sixty-fourth day of the experiment. The date also shove
thet lungs vere a@in able to eliminate the major pcrtion of the
fission products deposited in them originally by excration vie the

bronchial tree and by entrance of the activity into the dlood atream
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TABLE ViI

pistributicn of Carrier-Free Fission Product Aorosols in Rats

¥hen Burr.ed on Carbon Elsctroder

0 Timel 0 Time? 4% Daysl | 16 Dnys2 | 64 Daye®
3 frimale 2 Animmis| 3 Anirmla | 2 Anfmels { 2 Animals
1 ¢ ] % 1% 1 F |5 | F|FF
é§;<§§ é;;<§; £§;<§§ i@k £$;£;;<£:l
oo Wit 113 hulex b (36,3 Ob.b 818bs.k 1127 15,68] 29N
% I 13 o) M IS, 0. 0011.62 12‘ JLE L .03
JJ1 ) .ol 13l .okl .o9f .osl .m0 .17 29| .07
24 arh o] .02l .02} .02} .02} .02
1.77 .0811.55 .06 |2.3 101 6.5% 271 6.71 ] .2%
b.o6] 0312061 « |.o3] # | 82| # | S0
G.1, 3. 77 1 .15 012.9 A3 1 81| o2} 601 .02] 201 ®
EEAD 50,8 | 2.38 h5.4 ] .70 § .61 LObl bt #* *
{ml ; 17.% 341238 } .06 W63 1 091 27 | < ST ®
Dally Rate of Excretion in Per Cent
1 Day t b Daya 16 Tays 6L Dave !
FECES 29.3 3.30 e.73 .20 i
URINE 1.12 0,60 .07 & !
1 Exposure 1
2 Exposure #2
*
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through the capillary wallas. Figurs 21 presents rete of fission

product eliminstion from the lungs.

L. 4 Preliminary Study of the Fate of Srort-Lived Fission Producte

A preliminary study of the fate of shori-lived fission products
hed been conducted before the Clinton Pile wes pleced in operation.
The purrose of thls goriese z;f soevhat laboricis and eleborate ex-
veriments was to eveluate the poeaible hazards arising from the in-
helation of ¢he short-lived, noble gae ancastors of ths long-lived
fiesion product's and the subsequent deposition of the long-lived
active depceits in the lungs and other tissues of the body. It
wag not within the scopo of this work to comsider in detail the‘
verious situations which might erige during operstiomn of a pile
and result in the release of the short-lived radlocactive lso*opes
o2 krypton and xenon. Eowever, it is apparent that such 2 posei-
bility exists, in perticulay with en aire.cooled pile. The possi-
bility exists that in addition te kryptoa and xesaen; bromine and
iodine might also act as gaseocue components in viay of thsir vo-
latility. Howsver, the well known high degrse of chemlcal re-
activity of both of thesge elanents in the moicatomic state tenids
to cause their depvoeition upon the first surface encountered. This
phenomencn hae bean observed in the exreriments to te described and
will d2 discussed later. The kmown iong-lived fieslon products
vhich have ndole ga snsestors ere Srf9, sr90, ¥, 7193, Cal35, BallO,
Col¥l (o 40 pulh3 1t i these flesion products with which the

| experimenta of this repcrt/‘are concernsd.
This partisuiar problem hed deen first considered several months

bafore the overation of "re n»ile et X. This mdie it necessary to

L1192 74



Figure 21

Figure 2. representa tae lung eliminetion of carrier-tree fls-
gion products which wsre glso free of uraniur or plutoniuam. Abtout
nine-tentis of “he initial doee 18 eliminsted eixty-four days after

gdministraticn.
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cmplof the 60-inch cyclotron for the production of the radiocactive
‘amanation. The plan of the experimental approach was to expose

rats to the inhalation of the short-lived gaseous fission products

and then to determine, both immediately afterwards and several

days later, the distribution of retained activities in the various
tissues., This scheme, while simple in theory, was found tc be most
difficult to execute. The requirements of such expefimanta, wers

of such a nature a# to almost make it impossible te obtain any use-

fal resulte. In the first place, most of the nalf-lives of the gaseous
ancestors of the long-lived fission products are very short. At the time
most of the experiments were done only one of these half-lives w.s
known with any reasonably aczcuracy (Kfsg, half-life 180 seconds) and the
others were either indicated as less than 30 seconds or very short.
This consideration; therofore, made it necessary to devise an erana-
tion generator which would permit the removal of the radiocactive
recoils from the source and their transfer, within a few aeéonda, te

a chamber containing the animals, This, of course, required that

the dimensions of the source be as emall as possible. Such a require-
ment of size did not lend itself readily to using the neutrons

from the cyclotron, whichk are predominately of Ligh energy (16-20 Mev),
with a maximum density of approximately 3-x 105 em.™® seconds -1,

and a total of 1012 seconds -1 from ¢ Be target, vhen bombarded with
200 micrcamperes of 16 Mev deuterons. The alternative solution was
to bombard a uranium plate directly with the beaﬁ of 16 Mev deuterons

in a small bell-jar and to sweep out the recoils with a stream of

ez



aes. Thie wvas the arrangement employed and the emsnstion gemerator
1s shawn in Figure 23, This system was relatively tmsatiefactozv
since the yields of fission activities were low. However, it ap-
poared to be the moat practical approach, when thess experiments
vere done, end a sories of animel exposures were made with thie de-
vice.

a. Method:

The emanation gsnerator and sxpcsure chamber sontaining
three rats were get up as indicated in Figures 23 and 24. The
exhaust gases from the exposure chambsr were collected in the two
large bottles. Thie wae done in order to determine the totsl quan-
tity of long-lived fission producte arising from the gaseous
emenation that was delivered to the exposure chamber. In ‘one of
the experimente (#3), an assay of the collected loﬁg-lived fipsion
products wvas mace and 1s chown in Table VIII. In the first four
experiments, helium was used to gweep out the recoils from the ema-
nation generstor. The rate of oxygen flow into the exposure cham-
ber ranged from 45-50 mi111liters cm™ ! end aversged 45 millilitere
min.-l. Because of its greater dengity, argon was employed in the
last experiment in place of helium in an attempt to irmprove the ef.-
ficiency of the emanation generator dy collecting more of ths re-
colls. The rate of flow of argon for this experimert wae 35 milli-
litere min.l. The —ate of flow of .oxygen wag the same for both the
helium and argon experirents. The deuteron borbardment of the U plate

in the emanation gemerator wuries from 100 micioempere hours to 500

11192718



Filgure 27

Figure 72 represents the target chember vesd for the pro-
duction cf Fisslon Product recoils adnministered to tiie rats
pictured in Figure 23. In sddition, a detalled view is given
of the wire used to cullect for aesay the flssion products produced

by the generstor.
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Figure 23

General view of arrangemsnt for animal exposures to short-~
lived emenations from uranium fission. Ths emanation gemerator
13 commected to the enime]l exposurs chembsrs by & copper tube with
g2 1 mm. bore. The bottles for collecting ths exhaust gases are

also shown. The lines for the helium and oxygen may bs seen.

1119281
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Figure 24

Close up view of exposure chamber conteining three rats. The
"T'" connection conducted the oxygen and helium, the latter gas
containing the emsnstion. The short tube with & pinch clamp wae
deeignad for the removal of gas samples and was rarely used. The
third tudbe cazrried the exkaust gmses to the two coliection bottles.

The volume of the system from which the rate breathed vas 180 cec.

1119263
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TABLS. VIII

ASSAY OF EXHAUST FRC ‘G EMANATICE EXPERTMENT #3

Bombardmen': Sept. 20, 1943

500 Micrcampere Houvrs

GAS FLOW
On = 49 cc/Min. He « 35 cc/Min.

Assay (corrected to O time and © Thickness)

Strontium 17.0 cts/sec
Barium 200 ctg/eec
Cerium 13.5 cta/eec
Zirconium 39.0 ¢us/sec
Yttrium _ ‘ 89.5 cte/sec

11192835
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microampere hours. The time of exposure varied from two to six hours.
The gamma-ray exposure of the animals from the cyclotron ranged from
' 20r to 100r. '

In the second, third, and fourth experiments, soms of the animals
vere sacrificed immediately at the termination of the exposure and the
active tissues meeasured within two hours. To ‘correctione for self-
absorption by the samplea could be conveniently applied. However,
most of the samples fell within a range of two to four grams in
weight, and the ensrgles of the beta reys of the fission products

- present at this time interval vere quite penetrsting. The errors
introduced were probably not in excess of ten to thix;ty per cent.
Corrections for decay during th_e intervel req_u:lred %0 meapure the
semples averaged less than fiftazen per cent and were onitted. These
tissusse, after completion of thelr immedlate measurements, were ad-
ded and sg=in measured a week to ten days later for their content of
the long-lived fission products. To these series of dsterminations,
appropriate corroctions for eelf-absorption were applied.

The remaining animsls were kept for four days before they were
gacrificed. The collection of excrete, ashing, and messuremsnt of
all ssmples wore conducted in the szme mammer as has been described
in earller reports. The fission products collected from the walls
of the expoeuré chamber and the exhsust were employed for determi-
nation of the neceasary self-abasorption correction to be applied to
_the asghod eﬁecimens. ’ |

b. Reeults:

The results of theee experiments ere ghown in Tables IX to

XIX, end the aseay of tls corilect:d residual activis: from the expo-

118280
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sure chamber and its exhaust for the third experiment is shown in
Table VIII. Due to the high degree of activity noted on the ekins

of the animals;, a partially successful attempt to raduce this effect
ves accemplished in the legt experiment by vrappinrg the enimele in
cellophane during the exposure period. Tables X, XIII, and XVII,
viich present the data from the animals whose tissuee Jere measured
within two houre after removal from the exposure chamber, revsal

that falrly uniform distribution took place for most of the tilssues.
The most notabla exception to this genersl pattern was observed

with tﬁe lunge which showed the highest deposition per gram. Thie
general pattern vas duplicated in the meassuremenis teken of thase
semples at a mica leter i‘ntervsl after all of the ghort-lived fiesion
produste had decayed (Tabies XI, XIV, XVIII;. The distritution per-
centages eare oxpressed in terms of retateed activity and excludes both
ekin and the gaatro-intestincl tract. These tissues and the excreted
activity are omitted since during exposure a congidereable portion of
the active deposli settled out on the hair and wee subsequently
licked off by the enimals and swalluwed. Considerable variation wae
noted between the ¢iffsrent sxperimonte but several consistent trends
may be obmerved. F;rat, from fifty-five per cent tc ninsty-five per
cent of the ratained activity was rutained by the skeleton. The only
soft tisgsue, as'de from the thyrold, shoving a consistently high up-
take was lung. The remairier revesled s per grem gpecific ectivity
which ranged from one-‘wentieth to> ane-hundredth of that of the skele-
ton. Although these soft tissuse showed & small uptake, it was detec-

tzble with an aversge accuracy of aporoximately twenty-five »er cemnt.

1119287



c. Discussion:

The high degree of deposition of activity 1n the gkeleton
compared to the relatively low activities in the .soft tissues indi.
cated that most of the retained activity (excluding ekin and the
gastro-inteetinal tract) was due to strontium and berium. This in-
ference was substantiated both by the assay of the exhaust (See
Table VIII) and the experiment descrided in the following section.
The amounts of activities swallowed and subeequently excreted were
not of sufficient magnitude to account for the observed activities
in the sgkeletons of the animela at the four-day periode. It must
be kept in mind that the oral sdsorption of strontium and dbarium
(the principle componemts observed in these experiments) in rats
1s from eight per cent to fifteen per cent. The relative amounte
of retained activities of the animals at the four-day intervals in
these oxperiments ranged from twenty por cent to eighty per cent end
avernged aporoximately forty per cent. The levels of the small amounte
of activities in the soft tissues {excluding skin and gastro-intesti-
nal tract) were too high to be due to strontium end berium snd were
thought to be smll amovnte of the rare earths and Zr. This infer-
ence was also substantirted by the assay shown in Table VIII and the
experiment described in the next section.

The small amount of activity per crgemn observed for the thyroid
indicates that most of the iodine produced in the generator was
retained there or wes flltered out by the filter in the tube con-
necting the emenation generator to the exposurc chamber.

The practical results of these expsriments suggest that the danger

of & high degree of julmonary ectivity from deposited long-lived fission

1119288
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TABLE IX

EMANATION EXPERIMENT f1
THREE ANIMALS EXPOSED FOR 100 MICROAMPERE HOURS 6-h4-43

SACRITICED FOUR DAYS AFTER EXPOSURE

AND TIESUES MEASURED TWELVE DAYS AFIER EXPOSURE

GAS FLOM
Helium 35cc Min-1 Oxygen UScc Min-l
Distridution lLess

Measured Activities Skin and Ercreta

% Per £ per % per $ per

Orgen gram Organ granm
Liver 12 .02 .64 .03
Kidney .07 .0b o .06
Skinl (86.5)
Bono? %7.6 2.65 | T30 5.1
Balance’ 17.0 .17 260 .26
Thyroid A5 . 1.8 .23 2.8
Total letained

Less Skin 65.%

Urine 6.5
Feces 145, 0

1. Aniimale skirmed, mezsured value for entire sikin is not included
in digtribution calculation.

2. Measured valuec for entire skeleton.

3, Measured wvalue for remaining carcass less skin sand skeleton but
including dlood and miscle.

11192879



TABLE X

EMANATION EXPERIMENT #2

THRER ANIMALS EXPOSED 7-10-43 POR 111.6 MICROAMPERE HOURS

ONE ANIMAL IMMEDTATELY SACRIFICED AND TISSUES MEASURED WITHIN TWO HOURS

A¥TER EXPOSURE TO EMANATION. G. I. TRACT AND SKIN OMITZED FRCM NEASUREMENTS

GIE ¥1O0W
Helium %8coc Min-1 Oxygen kSco Min-1
Measured Values Distribution
~ Gount | Count %
Per per Per Per
Organ Cram Organ Gram
Heart 3.5 3.5 1.0 1.0
Liver | 16.6 1.5 b7 43
Kidney 7.0 3.2 2.0 .91
Testes 3.8 1.2 1.1 3h
Spleen 4.8 3.5 1.4 1.0
Musclel 81.(”:") .9 2% {eat) | .26
Bone? s0.(est) 5 5 1, 3lest) | |
Brain 14 | .8 A 23
Lungs 12,0 k.3 3.4 1.2
Tat 2.1 ; 8 25
Blooa3 170.(e%) 33 5 18, 3(est) | 3 o3
| Total 352.2 ! J :

1. Muscle estimated on besis of 5% of bedy weignt.
2, Bone Astimated on basis of 20 grams.
3. Blood estimated on basis of 8% of dody weight.
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TABLE X1

EMANATION EXPERIMENT 42

SAMPLEE FROM EAME ANIMAL ASHED AND MEASURED TWENTY-TEREE DAYS LATER

Distributicn Less
Voasured Values Skin and G.I, Tract
Count T Count %
per per per par
Orgen - Crem Orgsn aram
Heext .1 21 o7 IR
Liver 48 .Oh 3.5 <29
Eidney B .04 .7 3
Testab A .03 .7 2
Spleeon ol o1 o o
hﬂ-clel 1,95 (¥ ‘op 1;{.3(”"3 ,Iﬁ
Skin? 3.8 .35
G.I. Tract® 2.6 1
Bonek 6.2 . .15 k5.8 1.1
Brain o1 I .06 i 4
Pat Ol .
Blood? yg(eet) .0% 3 5l08t) 32
Lungs .93 .33 , 6.8 2.k
Balence® 5.75 .06 L2.1 M
Total Retaindd less
Skin and G, I. Trast 1%.68

1. Estimsted on tasis of 45% of dody veight.

2. Animal skinned, measured valus for entirs skin.

3. @. I. tract removad and meapured as & unit.

k., Messured value for ertire tkeloton.

5. Blcod estimated cn beeis of 8% of tota) body weight.

6. Meseeurad value for rezaining carcass less skin and
giteleton but includirg dlood and muscloe.

119291
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TABLE XTI

EMARATION EXPERIMENT y2

REMATNTAG TWO ANIMALS SACRIFICED FOUR DAYS AFTIR EYPOEURE,

AND SAMPLES MEASURED TWENTY-THREE DAYE AFTER EIPOSURE

Distribtution Less Bkin
Meagured Activities G. I. Tract
— ; - and Excreta
Count Count % * ®
per per per : por
Organ. : Gram Organ : Gram
Heart .05 .05 o5 oD
Liver .20 .02 2.0 o2
Xidney .05 02 ) -]
Testes .05 .02 9 o2
leen
Bﬁusclel 1.0(est) .01 10, {est) B
Sxin? 5.8 JA%
G. I‘ Tractd 48 .02k
Bone 5,48 .20 4.8 2.0
Lungs 24 013 2.4 1.3
ht 01 1.C
Bloodd ,3("'5) 00 4{est) 2
Thyroid .05 1.0 5 10,0
Balance® k.0k .04 50,4 X
Total Retained
less Skin and
G. I, Tract 10.0
Urine .86
Yeces - 15.0

1. Estimated on bdasis of 45% of body weight.

2. Animal gkinned, messured valus for entire skin.

3« G. I. tract removed snd measured as a unit.

L, Measured value for entire skeleton.

5. Blood estimmted on dasis of 8% of total body woight.

6. Measursd velus for remaining carcass logs skin and skeleton
. dbut including tlood and muscls. '
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TABLE XITI

EMANATION EXPERIMERT #3

OXE ANIMAL EXPOSED 9-20-43 FOR 250 MICROAMPERE HOURS

ANIMAL IMMEDIATELY SACRIFICED AND TISSUES MEASURED WITHIN TWO HOURS AFTER

EXPOSURE TO EMANATION. G. I, TRACT AND SKIN OMITIID FROM MEASUREMENTS

GAS FLOW
Helium 28Bce Min"1 Oxygen 49cc Min-1

_ Measurod Values Digtributicn

Counts Counte ¥ %

pex per per per

Orean Cram Organ Grum
Heart 10.5 8.48 .78 .63
Liver €2.8 7.81 L 6% .58
Kidney 58.1 3202 k.31 2,38
Testes 8.12 3.32 .6(6) .26
£pleen 7.51 9. 5 10
Mugolel uy3,0(est) | 3 28 x> glest) .32
Bone? 3300 (eet)] 155 2L 6{ast) 1,23
Brain 9,02 6.3% .68 A7
;ra::g! 36‘?050 g.z 8.88 %.90

° o 2.23

Blood3 15k.o(est) | 8. 32 11 i {est) S
Thyroid 1.0 20.0 oX 1.5
Truchea 85.6 187.0 6.3h4 13.8
Totel 1354 .0

1. Muscle estimated on basls of 45% of bcody weight.
2. Bone estimnted on dasie of 20 grams.
3. Blood estimated on basis of 8% of dody weight.



TABLE XIV

EMAHATION EXPERTMEST :#3

SAMPLES FROM &AME ANIMAL ASEED AED VEASURED ELEVEW PAYS TATR

“Distribution Less OKin

__keasured Values and G. I. Trect
Counts Counte %
per per par pe

Organ Gran Orzan Cran
Heart 25 21 <31 27
Liver 2,07 .26 2.53 252
Xidney 45 .25 55 .31
Tegtes 21 .05 51 .05
Spleen o1 1 21 B
l!;l;icl 15 4 (e8t] 17 18.9{eut} .2
Sicin? 197.0 k.68
G.I., Tract 26 .4 1.2%
Benalt 3,7 1.62 52k 1.98
Brein 59 U2 1D 51
Fat . | 05 ol .5
Blood’ 2,28 A2 2.78 .15
Iungs 2,34 1.5% 2.87 1.90
Trachea 2.09 h.57 2,57 5.€1
Thyroid 1 2.0 1 2.5
Balance® 29,2 R 52.1 =
Total Retained

leas Ekin and '
G. I. Trect 81.76

1. Eastimated on basie of 458 of body weight.
2. Animal skinned, measuved valus for entirs skin.
3. G, I. tract removed and mesgured as a unit.

ho

5.
6.

Meagured wvalue for entire skelston.

Rlood estimated on basis ot 8% of totel body weight.
Margured valus for remmining carcass legs skin and
skeleton dut including blood and migsle.

NERVAL



SACRIFICED YOUR DAYS LATER AKD TISSUEE MEASURED ELEVEN DAYS AFTER FXPOSURE

TABLE XV

EMANATION EXPERIMENT #3

TWO MORE ANIMALS EXPOSED 'OR 500 MICROAMPERE EOURS

Measured Acgziti'es

Pistribation Less SEin

end G. I, Tra%t

Counts Counta
Per Fer per per
Organ Gram Crean Gram
Hoart -15 .15 .02 .02
Liver .83 .06 .097 .009.
Kidney b .26 083 .0k
Testes .15 .06 .029 009
Sploen:l .25 .60 .038 092
Mascle 6.6 .09 1.0 .01%
Sxin2 25%,0 6.0
c. I, Tract® | 24,3 1.2
Bono 608.2 .1 93.6 2.15
Brain od Noxd 15 ol
Lungs .92 S5k Jdh .083
Jat . " v ’ o4
Rloodd 1,2(est) .07 ,18{est} o
Trachea 1 1.0 .15 1.5
Thyroid 07 3.5 .01 R B,
Balanceb 33,6 A3 5.93 .068
Total Retainad
Less Skin and ‘
G. I. Tract ! 650.0
Urine 21.4
Yecoe %93.1
Dose por : )
! Animal ' 17940 !
1. ZEstimated on basis of 45% of bvody waight.
2. Animal skimmed, measured value for entire skin.
5 G:. I. tract rexxcved end measured asg s unit.
4. Meagured value for entire skeleton.
5. Blood estimated on dasis of 8% of total body weight.
6. Meamvred valus for remaining carcass less skii and

skelston but including bdlood and muscls,

1119295
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TABLE IVI

EMANATION PXPERIMENT #4

THO ANIMALS EXPOSED 11-12-43 FOR 500 MICROAMPERE HOURS

ANIMALS BACRIFICED FOUR DAYS JATER ARD TISSUES MEASURED THIRTEEN DAYS

AFTER EXPOSURE

i __Helium 95cc Min-l Oxygen 45cc Min~1 _
Distridbution lens
Measured Activities Skin and Excreta
Counts Counte 4 G
per per per per
Organ Gram Organ Gram
Hetrt 05 .06 )] Ol
Liver .33 ol lT .21 .029
Eldney 12 056 078 .035
Testes .05 ' .02 .03 .02
Spleen .05 .05 .03 .03
Musciel 6,44 066 k.0 .ok
Skin2 ns.s 3.63
G. IE Tractd | 13.6 .39
Bone 128.8 6,20 T9.7T 3.75
Lungs .17 od .10 e .
Blood’ .50 {est) .03 051(931'.) -
mmes 31gh o}h 1905 21
Brain .07 045 .Ob A .03
Total Retained
Less Skirn and
G. I. Tract | 160.9 i
Urine 43,20 !
M. 59,‘06 i
Dose per H
Animel 21600 | ,

1. Estimated on basis of 45 of body weight.

2. Animel skinned, measured valus for entire skir.

3. -G. I. tract removed and measured as a unit.

L, Measured value for entire skeleton.

5. Blood estimated on basis of 8% of total body weignt.

6. Msasured value for remmining carcsss less skin and
skeleton but including blood and emscle.
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TABLE XVII

EMANATION KXPERIMENT §5

W0 AKIMALS EXPOSRD 12-15-43 FOR 100 MICROAMPERE. HOURS

MIWWSMWWMEAMWMHWOEMM

EXPONURE 10 EMAMATION.

0. I. TRACT AND SKIR OMITIED FROM MEASUIEMERTS -

ANTMALS WRAPPED IN CELILOPHARE TO REDICE ACTIVE DEPCSIT ON SKIN

—GAS JLOW
__Argan 380c Min-1 mﬁgx 4oco Min-1
_ Meagured Values ! Distritution
Counts | Counts : %
per ver yer per
Organ Gram Oryan | Sram
Eeart 4.8 9.0 Lk .02
Liver 34.9 5,33 3.17 N0
Kidney 19.1 é“g" 1.7 1.31
Spleen 3.22 .67 29 .19
Musclel ,(eat) 7.89 45.5 T2
Bone? 270, (est) 18.2 ok .6 1.66
Brain 1.72 2.96 .16 , 27
Lungs 105.0 69.3 9.57 \ 6.30
Fat 3.0 2k.9 - i 2.27
Bloodd 123, (eet) | 130 11.2\e8t) 1.0
Thyroid 2.0 k0.0 .18 ‘ .64
Total 1099.0 | ‘

1. Muscle estimated on besis of 45% of dody weight.

2. Bone estimated on dbasis of 20 grams.

5. Blood estimated on basis of 3% of body weight.

1119297
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TEBIE XVIII
EMANATION EXPERIMENT

SAMPLES TROM SAME ANIMALS ASHED ARD KEASURED EIGHT DAYS LATER

' ' Distridution Less
_Measured Values Skin and G. I, Tract
Counts Counts T
per per per per
Organ Grenm Organ Gram
Heart .1 ) L%0 .60
Liver 1.78 .16 5,25 Ry
Kidney .35 .25 1.05 JTh
1’@ 01 %) 05 °9
:ﬁsclel 5.1(est) 38 15.0leat) 7%
Skin€ 12.5 Bl
G.I. Trectd 5.85% .52
Rmsl 22,0 .59 65.2 1.74
Brain .19 .32 56 .95
Lungs 3. 47 eéga 10.2 6.7k
Yat 21 . 2,0
Bloodd s (est)| 3 - (ont) 52
Thyroid .1 2.7 Al 8.0
Balance® 5,7 .06 16.8 .18
Totel Retained
less Skin and
G.I. Trect 33,8

1. Eotimated on basis of 45% of body weight.

2. Animal skinned, measured value for entire skin.
3. G. I. Tract removed and measured as a unit.

o Mesasured velue for entire skeleton.

1 .
%. Blood estimatsd on basis of 8% of total body weight.
6. Mezamured wvalue for remaining carcess lsss eXin and

sksleton but including dlood and mmscle.
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TABLE XIX

EMAFATION EXPERINENT #5

wommsmosxomeoomcxomﬁm

‘ BAMI@WBHBMMNMWHMTDANWW

Pistritution less Stin
- Maasured Activities and G. I. Tract
Counts Tounte " % %
per par 1 per per
Organ Cram Organ Gran
Heart ol -1 .15 <15
Liver 1.28 1k 1.91 .21
Eidnsy .51 .16 .19 24
Splesm «29 oMT A3 ~LTO
Muscled x_1(est) .Ob .5 .06
8kin< 7.4 .67
G.I. Tractd 2.05 07 -
Bonelt 59 .6 | 3,35 89.2 5,01
Liung 1.20 oTT 1.79 1.1%
Trachea 1 A .15 6
Thyroid 5 1.0 15 1.5
Balenced 4,25 .05 6.33 .07
Total Retained
Leos Skin and
6. I. Tract | 66.9
Urine 13.2
Focas 100.6
Dose Per T729. 0
Animal ! .

1. Tetimated cn dasis of 45% of btody weight.

o, animel gkizned, measured value for sntire ekin,

3. G. I. Tract removed and mesgured as & unit.

. Kessured velue for entire skeieton.

5. Measured vaiue for remaining carcase jess ekin snd steleton
but including blood and muscle

11149289



products is not great vhen the geses leak from the plle at ratee of
~he order of ten feet per secoud or more and thue reeult in the re-
lease of significant emounts of the gaseous parents of the rare eartis

and zirconium.

5, Short-lived Fission Products from the Ciinton Plle®

a. and b. The Elsments, the Method, ard the Equipment:

A study vas made of the fate in rets of short-lived fission
products produced by the Clinton Pile. The expoeurer were conducted
between November 7, and December 10, 194L. The rats were exposed to
fission products from the pile for periods of time approximating two
hours. The fiesion products were produced by the action of slow neu-
trons on uranium foil which was located in the fission recoil appar-
atus of the pile. The recoils from the sbove mentioned uranium fission
vere caught in the alr circulating in the recoll apperatus and were
transferred to the rate. Thie air was kept at mmicity of 60% and a
temperature of 7S°F. The air and the fiseion products were brought
through 2 one and one-half inch pipe with twelve outlets fitted for
rat exposure. This part of the system at which the rate were exposed
was run at 8 slight negative pressure. The ~verage time which elapsed
dYetwesen the departure of the fission products ifrom the recoll appar-
atug ani the arriwal of the fission products at the site of exposure
was three seconds in the first group of experiments and twelve seconds

in the second group of experiments. Thie difference in hold-up time

¥Mhego studics wer= nal> poesidle throvugh tke cooreration of Dr.
Fo o, Curtis Dr, Vello Cekm, erd U MIse Izvarett.
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resulted in a variation in the relative percenteage of short-livec
ﬁasi&) products, administered ‘to the rats. Details of the cperation

pile fission recoil apvaratus ere summarized in the following list:

' Expt. Pile Power Activity Boiaup Pressurss of Rat Maifold
No. of Cas Time Inlet Pressure Outlet Pressure
122 4,200EKv. 18 /Jecec. 3 sec. -? cm. of water -3 cm. of weter

3& 4 4,100Kv. 15 Jeo. 12 esc. -1 cm. of water -1 cm. of water

Schematic diagrams of the fission recoil apparatus are ghown in Fi-
gures 25 to ~8.

‘Fiesion products from the circulating eir in the fission recoil
apparatus were trapped on glass wool. A subssquent snclysis st a
later date showed the following elements to be preeent, with their

‘relative percentages of Bota emisszion listed as follows:

Per Cent of Total RBeta Emlgsion®*

Strontium .4
Columbium 6.9
Zirconium 8.5
Ruthenlum 4.4
Cerfum 28.3
Yttrium 1.6
Bariun v o.h
Costiunm 0.0
Telluwrium 1.9

The analyeis glven ebove was performed when the fission products coli-

loctei were avproximately four months old.

e are indsbtsed to Douctor ¥. V. Eume for the sbove analyses of the
P eaion produste fron the nile.
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Figures 25 - 28

Figures 25 to 28 1llustrate by a echematic dlegrem how fiseion
products were administered to rate.b The fiesicn products which
recoil from the uranium foil in the pile are brought to the rats
by the circulation of ‘air in the system shown. The average age of
the fiseion products delivered to the rats cen te waried. Auto-
matic recording and control of the temperature snd humidity of the
eir 1g accomplished. The activity of the fission products is

centinmicusly recorded by the ionization chamber,

1119302



b iy SO by SIIOWSYIS

WGUDY>

" uoapoTIUOr
SR

R R—

XA

- AR . ‘
‘#,éa%ﬁn,&%avw& RN

REPUMOLS OF
I eopd PO




c. Results:

' Tebles XX, XXI, and XXII eummarirze the data from the experi-
ments at Clinton. Meefon products were detected in all of the tissues
from the rats killed at zero time. No essertial differonce in depo-
gltion of activity at zero time was observed between the throe-sgecond
and the twelve-second holdup times. At the ceseation of exposure a
major portion of the fission products found in the animals was con-
tained in the lungs. large asmounts of fission products were also
deposited in the head and skeleton. Liver and kidney contained the
largest amounts of fission producte of the soft tiesues with the
exception of thyroid, which aboorbed extremely large umounts of what
wvae apparently radiocesctive 1odine. .

One (ay after exposure, the lungs ksl lost approximetely one-half
of the activity weasured at zeroc time, Skeleton, liver, and thyroid
conteined an even greater percentege of the activity at one day than
at zer;: timo. The rather high activities originally observed in
muscle had spparently been lost to other tissues or had deen elimil-
nated from the body since these wvalues were lower at one day than
at zero time. The values cbteined on excretion of fission products
by the four groups of rate after exposure to euanations from the pile
s prosented in Table XXIZ. One day after exposure, one-ﬁﬁ,ﬁ of the
activity was excroted in the fecees and cne-tenth in the uripne. In
general, at four days, the ectivity walues for the lurg, heed, liver,
kidney) and thryroid wore lower than st one day. Skeleton appsrently
had reached equilidbrium by four dayse. The lungs com¥inusd to elim!-

nate figsion producte go that at four days 1ess ttan one-half of the
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producte originally present in them remained. The activity deposited
in tﬁe.head hed boeen reduced %o & much lower level at this time period.
The sctivity from iodine detected in the thyroid at four days was less
_ than the walues obtelned for one day. This 1s presumably expleined
by thq decay of iodine which has a shortsr half-life than the half-
lives of the combined fiseion products. There wes continued fecel and
urinayy excretion at four days dut at a.reduc'ed rate. The activity
in te feces wae primarily due to firslon preducts excretsd from the
lungs via the bronchisl ires.

Nire-tonths of the originsl activity deposited in the lunge wes
elther sbsorbed or wee eliminated cixteen daye after fission products
hed besn sdministered to rets., (See Figurs:s 29 and 3C). Since the
vailues for the other tissues in the body et this timm pericd wore
eesentially the same or lover than those cbtained at four days, {ls-
elon prcducts logst frow the lungs eppeered in the feces. Thie walue

. epproacked one per cen® per day, sixtesn days after exposure. The
value for urine was C,1%.

Because of the relatively short helf-life of meny of the flssion
products used in this study, the lecngest time perlod used in these
exverizents was thirty-thiee dajys after exposure.

Of the activity rvmeining in the animals at thirty-tiaree days,
the lergest percentsge of the fipsion products was [Leld by the skele-
ton. The activity found in the lungs 4id not seem to be essentially
different in percentage from the wvalues oﬁserved at al:teen days. On
8 per grem basis, liver and kidney conteined but 0.1 of the activiiy

deposited 1a the ekeleton. Values obtained for thyrold vwere comparatle
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to liver and kidney. On a per gram basis, muscle and skin contained

but 0.1 of the activity value detected in liver and kidney.
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TABLE XX

Distribution in Rats of Short-lived Fission Products from the Clinton Pile

GAS HOLDUP TIME » 3 SEC.
Exposure 1 Exposure 1 Exposure 1 Exposure 2
0 Time 1 Day ' L Days 16 Days
3 Animals 3 Animals % Animmls 3 Animals
® 4 4 % 3 g % ¥
per per per rer © per per per per
Organ | Gram Organ | Gram Organp | Grem Organ | Grem
Lwmes  '39.2 120,75 | 35.62 | 7.8 | 1.7 | 8.32 | w.u7 | 3.46
LIVER 4.61 .49 6.€1 .82 4,20 .56 1.%5 1 .17 |
KIDREY 1.16 .61 571 .28 .36 .21 0.11 .07
G. I. 6611 w0 | 7761 b2 | 152 .09 | 1.0%| .ou
SKELETON | 20.4 .98 | 27,00 | 1.52 20.5 1.16 | 22.9 1.76
MoscLE | 8.57 | .5 | s.9u | .03 1.8 | .03 | 2.11 | .02
HEAD 2k.0 1.54 1.00 .07 2,01 .13 .8% .06
SKIN 6.61 | o.24 | 1.8% | .07 731 .03 | o.bo | .02
THYROID | 0.k1 [20.7 l 3,01 150.0 1.90 {95.0 ,oﬁ 5,40
BERART | 0.20 [0.20 | e | @ ~0.001]-0.000 | = s
_ SPLEEN 0.18 | 0.23 05| .07 | o.o | .05
BLCOD Ao | 13 ‘] .33 | 0.09
FAT 0.05 | 0.05 |2 0.001 ko.001 | <0.001<0.001
TUMOR !

#  Valuo measured was lese thanC.01¥% of the total activity in animal.
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TABLE IXI

Distribution in Rets of Short-lived Figsion Producte from the Clintomn Plle

‘ CAS HOLDUP TIME 12 SEC. ) P
Exposure 3 Exposure 3 Exposure = Exposure L | Exposure L
1 Day L Deys 16 Days 0 Tme 33 Days
3 Animals 3 Animels % Animals 3 Animals L Animmls |
% # £ ] ® | % ] % 1% | %
per | per per ¢ per per [ per ! per . per :per i per
1 Orean | Grem |Organ | Gram | Orgen |Gram |Orgen |3rem brgan | Grem !
J T H {
UNGS o4,10] 15.53 115,001 9.42] 2.9% | 2.99 }ha.s 28,3 l4.251 2.73
. !
IVER 7.671 .96 3.00| .52 1.%3 A6 | sl ealis | a5
|
KTDREY 591 3h .zuy .17l 6] o8] s3] .si]o.e8| M
A
B, X. 7.3 0481 1.891 0.07] .33 0.02; 3.85 | 0.19]0.2) .0
! :
EFFLETOR 17.731 1.02 125.93] 1.36] 23.0 1,10 120.0 1.16 bk, 1.0
USCLE 3,05 DL ] 2.35 03] 1.67 021 5,81 L0711.221 C.0¢
?;AD 3.08f 0.76 | 2.06{ 0.17 .67 1 o.ol |18.4 1.231 0,61 0.0
{
| 1.71] ©.05] .56] 0.02 26 | = 2.57 | 0.10] 0.90] & i
!
THYROTD L.7502%..0 | 3.%7073.5 | 0,10 | 5.13 | 1.4 71,0 29 1ty
{ ¢
HRART .0ki 0.0k . & 0.08 | 0.08 .09 .07 i
SPLEEN .051 0.09} 3.37} 0.20 .05 | 0.07 ’
{
BLOOD | B '
v | [
AT 02| 0.07 i 0.04 | 0.0%
1] !
TUMOR ’ | | : [ 0.47] 0.07
%  YValue measured wes less than(Q.Cl¥ of ths total ectivity in animal.
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TABLE XXII

Daily Rate of Excretian in Per Cent of Short-lived Fission Products from the

Clinton Pile

GAS HOIDUP TIME = 3 SEC.
Exposure 1 Exposure 1 Exposure ?
1 Day L Days 16 Duys
Facos Urine Foces Urine Foces Urine
1at Day £1.00 11.66 14,72 8.78 10.51 | .07
Lth Day 540 .38 2.97 0.35
16th Day 1.04 .10
33rd Day
CAS HOLDUP TIME - 12 SEC.
Exposurs 3 « Expoeure % Exposure 3 | Exposure 4
1 Day 4 Deys 15 Days X3 Days
Faces A Urine | Feces Urine | Fecea Urine jFecea Uring
lgt Day 16.ph§;10.,oo 18.50 | 7.80 19.75 i3.03 |5.22 | 3.09
Lth Dey 5,92 11.00 2.90 {0.67 11.89 {0.23
16th Day .79 .09 {1.64 .20
3%rd Day l. 0.92 .16 i

1119309



Figure 79

The luag excretion of {ission products produced from uranium
foil in the pile and brezthed by rate 1s shown 1in Figure 29, In
this case the holdup time is three seconds. It can be seen from
the date that about 95% of the total asctivity deposited in the
lungs et zoro time has been elimineted sixty-four days after ad-

ministration.
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Figure 30

The lunz cxcreticn of fission products produced from uranium
foil in the plle and breathed by rats is chown in Figure 3. The
average aée of the recoil Zigslon products wes twelve secands in
these experiments. About nine-tenthe of the activity had left fhe

lungn sixty-four days after administretion of fission products.
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CEAPTER III

STUDIES OF THE FATE CF PROTOACTINIUM

WHICH WAS DEPOSITED IN LUNGS COF RATS

1.& 7. The Element, the Method, and the Equipment:

In order to study the meteboliem of protocctinium, Pa”7>, without
carrier, was irtroduced into the lunge of rate as an serosol in srgon.
The aserosol wasg obiained by cresting electric discharges between two
electrodes vhich had protoactinium deposited upon their surfaces. The
electrodes used were concave gold buttﬁns, one centimeter in dismster,
on wkich carrisr-free protoactinium in solution had heen evaporated
with the aid of a heat lsmp. The electrodes were then inatslled in
the large size exvosure chamber in place of the carbon clect:cdes
uged In precsding experiments. The protocactinium wss then disperased
in en atmosphere of srgon dy pessing 15,000 volta bstuwecn the two
electrodes which were placed five to eight wm. apart. A 0.01 micro-
fared condensor was connacted scross the high voltage line, which
aided In causing tha electric discharze. It was found that rets
coulé Preathe argon without oxygen during the time of protoactinium
inhalation without injury to them. Oxygen was evoided in the sx-
posure chamber because of the production of uncasirable amounts of

ozone,

3. Yisld

The yield of uwctivity obteined wae proportionsl to the time

the arc was allowed to operate. Thirty seconds of electric arc was
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sufficient to depoeit adequate activity in the rats for studies up

to sixty-four days.

4. FResulte

Table XXIIY presents the resulte of the sdministration of proto-
actinium to eleven rats, which were sacrificed at times ranging from
sero time to sixty-four deys after the exposure tc activity. At zero
tims, protosctinium ves deposited in approximetely squal amounts in
the lw:gs and head, each of which contained atout forty per cent of
the total activity. Muscle, skeleton, snd liver contalned sufficiently
high concentrations of protoactinium to indicate a fairly rapld abd-
sorption of the element from the lungs. A certein amcunt of skin con-
tamination occurred, presumiably from contact with the large smounts
of activity found around the nostrile during diessection of the ani-
mals. The activity found on gkin a‘hould probably be coneidered as
part of the protoactinlum deposited 1In the head.

Further evidence of lung absorption is supplied by data taken
Pive days after protoactinium exposure. The retention values of
protoactinium by the skeleton had increased by a factor of tea dur-
ing thias time. The protoactinium level of balence remained as high
as 1t vap at one day. Most of the protoectinium deposited in the
head had been excreted in the teces. The lungs remained the primary
depository of protoectinium at flve deys after Intrapialmonary ad-
ministration. Data cbtelned on rats sixteen days .after rrotoactinium
admirigtretion was similar to thet of five days, no large trenslo-

cation of protoactinium being observed botween these two time perlods.
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TABLE XXIII

Distribution in Rats of Carrier-Free Protoactinium Inhmled as Aerosol

Dispersed by Electric Are

0 Time 5 Daye 16 Days 64 Days
? Animals 3 Animals % Animals 3 Animals
% % % % ¥ % % %
per per per per ver per per per
Orgen Grem |Organ Gram Orgen Jram Organ i10ram
LURGS ko.55 110.55 {b6.70 115.70 139.03 11%.01 ! 6.85 }1.16
LIVER .20 .02 .29 .03 .1h .01 .17 .01
[KIDNEY 03t .01 | .20 i .08 221 .07 .08 1 .03
SPLEEN Rot Teken - - - -- - -
exrrETON | .3 | .01 {319 1 .13 91 1 03 11,4 1 .06 ‘_
BALANCE 1) 0.06 | # 2,78 + .02 11,991 .00 1300 ! .00
b 1. 1630l asla s | 0l o3 | | ;1
BFAD 39.05 11.09 1 .81 1 .03 Dol oo 1 o ) 01 g
ECOx 9.68 | .33 | .u8 ! = S8 1 o .58 .01
Deily Rate of Excretion in Per Cent
1 Day | i Ds 16 Days 64 Dgve |
Jrine 259 o .20 26
Feces 2z.bo 2.06 53 17
i. Balance is primarily composed of muscle, but also includes any
tiesue residues and fat not listed in table.
*  Value measurcd wes lsuz than .01% of the tétﬂ. ectivity in enimal
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Some .lung elimination via the dronchiole tree was observed as well

ap loss from the body via the urine. This lung eliminsticn continued
duriné the course of the experiment. (See Figure 31). At sixty-four
days, only one-eighth of the protoactinium originally in the lungs
remeined. The levels of protoactinium found in the 'urina vere half
ag high as those of feces. Thig suggests that protoactinium wae
readily lost from ths body through kidney function. It will be
further noted that the ‘bala.l;xce continued to conta.m more activity
than skeleton. Since these tissues are verr ective metabolically

and enjoy & large dlood circuletion, this situstion probably fa-

cilitates loss of protoactinrium from the body.
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Flgure 31

Figure 31 shows the olimination of protoactiniuz from the
lungs of rats after exposurs to an aeroscl of protoactinium pro-
¢ duced by a 15,0007 A.C. electric die_charge in argon. Pro>to-
actinium can be quite readlly removed from the lurzs. More than
four-fifths of the meteriel hag been eliminated sixty-four days

after administration of the aercsol.
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CHAPTER IV

RETERTION OF INHALED ZIRCONIUM AEROSOLS IN MAN AND RATS

1. Element

A single inhslation experiment was done on one of us- ueing
the eighty-one hour Zr09. This material pad bdeen produced from the
4 - ”n reactiom on yttrium by the 60" Cyclotron. It had been pre-
pered in- the carrier-free gtate 2and fres from other radioactive
contaminants. No detectable amounts of long-lived activity are pro-
duced in this type oi preperastion of 21'89 .

2. Msthod of Froducing Smoke

This materisl was suspended as an serosol in argon using the

o
electrical discharge equivment described in Chapter III. The chamder
in wvhich the zr39 smoxe wag produced was the large size. This is
shown in Figure 6, Chapter I. It had a voluzs of six hundrad cubic
centimaters. A geries of preliminary runs were made so that z
predstormined amount of 7289 could be susvended ss an asrceol
avoiding the denger of voletilizing excessive smounts of thias
substance. The finel arrsngement was such that thirty seconds
of electrical discharge produced an asrosol which contained ap-
proximately one microcurie of 7r39. Before the actunl experimsnt
vas underteken, a series of determinations for the rate of settling
of the gerosol within the cylinder were made, so that the necessary
correction factor could be applied for the few seconds required for

the active material to be trangferred from the exposure chamber to

the lungs of the eubJject.
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3. Human Study
While the ameroscl was being inhaled through a short rubber tube

placed in the left nostril, one hundred cubic centimeters of argoen
containing the 2139 aerosol wee withirawvn for mssay. The inhaled
ges was exhaled through the mouth into a glass wool fllterziand
seversl additional breaths of inactive alr wcre talken which were

aleo exhaled through this filter.

L. Ecuipment for Rata

A similer experiment was done on rats ueing the traps descrided
in Crapter I, Section 3, so that the date obtained on doth rets and

£ human being could be ccrrelated.

5. lj\esults

The resulte obtained frem the humen study are tstulated in Tsebdle
XXIV and the results obteined from the rats on Table XXV.

Zt can bYe seen from these roaulte that in the case of the human,
the amcunt of Zrd9 retsined st the end of three ¢ays wee asproximately
three times the émount found in rats et the sams tipe intervel. This
difference would appear to be represented to a large degree by the
fact that in the case of man, very little Zrl% waa exhaled and cnly
thirty-two per cent of the total of inhaled "r89 way excreted. The
emount excreted in the humen experiment was epproximetely three-fifthe
of thzt observed 1n the rats. From this huran experiment, it would
errear that from two to three times the pul-.onary retention takes
place in man ae compared with the rat. This hypotheals assumes
that the upper respliratory tract and bdronchial tree of dboth enirals

vere slrcet comrlately cleared out of zctivity by he and of the
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thiré day. It 1e known from radiocsutographic studles in rate that this
~1s the case, and the very rapid decresse in excretory rate in msn aftar

the third day suggeets thet this assumption is velid for the humen.

The amounts of ZrS9 absorbed through the lungs and deposited In the

skeleton at the three-day interwal in the rets was small and it ie

assum?d a comperable effect took place in the human study.
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TABLE XXIV

A HUMAN INBALATION STUDY WITH CARRIER-FREE zxB9 AS A SMOKE

(Total Activity Inhaled = 2,430 c/s)

Fecal Excretion
Time c/s % Excreted
let Day 12 hours 7l 7.1
25 hours he6 17.5
45 hours 134 5.5
prd Day 49 hours 40 1.6
59 hours 3.7 0.15
5rd Dsy 71 hours 2.3 0.10
Total Excr;ted T77.0 3?.0
Total Activity )
Exheled 53.0 ~.20
Eetimeted Activity
Retained 1600.0 66.70
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TABLE XXV

PARALLEL INHATATIOR STUDIES WITE CAFRITER-FREE zr39 IN THE RAT

Zero Time
I'iggua Anirsl A | Animal B| Avers “ Animal AlAnimal B|Average
Lungs 72,1 21.0 1..% 26.4 18.9
n,4ver 5] .1 L3¢ 62 L6
3. I. Tvact 21 .1 2.1% .03 p.20
Skeleton ) .1 4,80 1.82 3 35
flead 20.7 k2.1 2.51 2.6 p.49
rine
0-1 Day .71 23 2T
-2 Days 73 Sk 6L
-3 Days LEE .5C 239
rotal 1.77 1.27 1.50
[Feces
D-1 Day 9.62 7.b1 8.50
1-2 Dage 3.3, | 25.6 9.5
>-3 Deys ih,? 10.9 12.5
Total 57.2 k3.9 5C.6
hctivity E;haled 30.5 28.8

{
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CHAPTER V

RADIO-AUTOGRAPEIC STUDIES CF THE DISTRIBUTION OF INHALED

FTSSIOMABLE MATERIAZS AND FISSION PRODUCTE I FAT LURGS

1. BHistologiczel and Padlo-eutogrephical Mothcds

After inteorvals, as stated in the text, folloving the inhalation
of the aerovsol being studied, the rates were killed with chloroform.
The lung tissues wers fixad, while intac’ in the animals, by the In-
Jection of 80% alcohol (pE approx. 8.C) into them through the tra-
chea. (Zenker-formol could not be used @as e fixatlive because 1*
vas found to casuse the fcgging of the X-ray film; formalia could not
Ye used because it leached vlutcnium froam the tissues.) The lungs
wvere then dlasected ocut, and a ter overnight fixation the tissues
vere dehydrated in dIoxane and embedded in parsffin. Sections
ten micra in thickness were cut and mounted on microscope slides.
The pera?fin wes removed by weehing the elldes in xylol. The
slides wore dipped into very thin celloldin and set on edge to
dry, the ilatter materiel serving to afford tnem & thln, protec-
tive covering.

Fach slide was coversd with a pisce of Ee2tman or Agfa no-
screen X-ray film, carefully wrapped in blackpsper to exclude
iight, end pleced under a lead weight to hold the film In cloge
contact with the sections. {To check the poseibility of the
velght of tho lead blocks ceusing a dlackening of film, insctive
tissus secticn= were set up in the method descrlided ebove; no

f£11m dsrkening wes observed.. With slpha particles, at leest one
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count per secornd per square centimeter was require¢ to strike the film
to obtain sufficient dlackening in ten days. After sufficlient time

had elapsed for getting an sdequate blackening of the film, the films

vere removed and develoned, and the slides were stained with hema-

toxylin and eosin. Each stainsd slide and 1ts radio-sutogreph was
eysmined microscopically, and the regifons of darkeming were compared
with the corresponding histological structure. The areas of darken-
ir.g on the film correspond to the regicn: in the sections where the
sdmis’atered materiel was accunulated. Representative aslides ard
their corresponding eutographs rere selected to de photomicrographed

and are pressnited here.

?. Ekegultas

a. The Digtributicn of Plutonium as PuOn/I0z), in I Ticsue.

Smeil nartisles of plutonium were priduced hy diésolving
PuOs(NN0%)» in ethyl ether end ejecting it as a spray. {See pege §
for deteiled method). Lung radio-autographs of rate sacrificed
immediately afler inhaslation of this material ehcwed a concentra-
tion of plutonium on the surface of bronchi, emall, terminal and
respiratory bronchioles, alveolar ducts, ernd a random distribution
thronghout the alveolar structure. (Figure 3?.) The totel plu-
tonium content of this lung spproximeted three microgrems at this
time. Eixteen days aftaer exposure, ﬁhe amount of plutonium pre-
gent wzg ccnzideranly less end was clesred off of toe surface of
the structurss ncted at zero time, i.e., small dronchl, small and
terminsl bronchioles, alveolar ducts; the remaining activity in
thz iung tiem=2 wee sceattarad through the luxig end wae apnarently

Tr the elwacdt . Tlapos -
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Filgure 32

Derosicion of Plutonium es ?uOG(NOB)E in Ether Spray. Zero tiis.
Lung. (% 1C). Tote deposition of plutonium on the surface of a
Yronchus {largest structure in lung sectiom), ebsence o rlutonium
in blood veszels locatzd 2Louvs end belovw latter siructure, surfece
concentration on small, terminal, and respiretory drornchiclez, end

alveclsr ducts.
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. b. The Distribution of Plutanium as PuO, in Jung Tissue. (Pn +¥)

(1) Plutonium oxide was produced by the intense heating of
the nitratecs and chlorides of plutonium by iwans of an electric arc.
(See pags 17). Irmediately after inhslation, the lungs showed a
concentretion of plutonium on the walls of emall dronchil, emanll and
terminal bronchioles, elvsolar ducts, end a random distridution in
alveoli, (Fimure 34). At eixtosn days (Figure 35;, thie surface
concentretion of pluteriuwn dilesppeared, leasving spots of activity .
quite wifcrmily srrenged throughout the lung tissue. Sixty-four
deys efter expcsure {Figure %6), the plutonium remained in a spotty
distritutior pattern throuzhout the lung.

(2} Plutcniam oxids was prnduced by dburning plutoniun
netal by means of an electric arc. (Sce pagel7). The resuite of
=hle ané the previcus exneriment were ldentical. At zero timo,
moet of the plutonium was concentrated on the walle of bronchi, smail
and terminal brenchioles, snd on alveoler-duct walls (Figures 37, 38).
After cas dey, the plutonium was cleared off of thess surfaces and
wap ¢istributsd In a random, spotted pattern throughout the lung.
(Figure 39). At 4, 15, and 64 days, tae plutonium w e still epothy,
with & emall degree of clearing out >f the muterial. (Figuree &V, |
Lz, ko).

¢c. The Tistribution of Aercosols of Tieaion Prcdusts Obteined

From Burning Tranium Oxide Plus Fisslon Producte

Urznium wires conteining fission producte were bturned in
an electric erc, resuliing Iu the procduction of ursnivm oxide plus

fissicn product serosols, (Ses pege 36). It muet be noted that
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Pigure 34

Leposition of Plutcnium as PuOp - obtained from burning ni-
tratee and chlorides of FPlutorium. Zero time. Iung {X 9). Xote
deposition of lutonium Primexrily on surface of vronchial tree,

with atsence of radio-ectivity in blood vessels.
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Figure %5

Depoeitian of Flutaniwm 83 Pul. firom burning aitrates and
chlorides of piutonium. 16 days after inhelaticn. Lung. (X 1k).
Plutcnium cleared off surface of brenchiel tree, with scattered

gpots of activity throughout slvsolar structure of lung section.
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Figure 36

Depositior of plutonium as Puls from durning nitrates and
chlorides of plutonivm. 64 days efter inhaletion. ILung. (X 10).
After 64 days, considerable plutonium remaining in spotty pattern

throughout l:ing.
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Figure 37

Deposition of Plutonium as PuOp (from burning Pu metal). Zero
time. Lung. (X 10). XNote depositicn of plutonium on dronchisl tree

surfece wvith scattered activity thropghout the rest of the lung.
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Figure 38

Depoaition of Plutonium as Pu0p {from burning Pu metal). Zero
time. Iung. (X 10). XNote deposition of plutonium on bronchial tree

surface with egcattered activity throughout the rest of the lung.
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Figure 39

Depositicn of plutonium as PuOy, from burning Pu metal.
(ne dey after inhalatiom. Lung. (x 11). No plutonium remains
on bronochial tree surfaces, as at zero time; radio-cctivity is

arranged in spots throughout all of alveolar structure,.
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Figure 40
Deposition of plutonium as Puoz from burning Fu metal,
Four days after inhalation. Lung. (x10). EKadio=activity is

arrenzged in spots throughout all of alveolar structure
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Figure 41
Depozition of plutonium as PuO2 from burning Pu metal. Sixtee
days after inhalation. ILuig. (x10). Radicectivity is erronged

in spots throuzhout all cf alveolar structure.
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Pigure 42
Deposition of Pluténium as PuO2 from burning Fu metal.
Sixty=four days after inhalatian. Lung. (x 12). & considerable
amount of plutonium still romains in the lwng in a spotty dise

tribution pattern.
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the mdidautogmphs are from the flssion product sciivity, uwrsnium
beiné of extremoly long half-life. At zero time, the ratorial ves
diffusely dietrivuved, with gors concentraticn on tronchloler vells.
(Figures 43, tl;, Aftor cre dey, the letler suritce corcentration
wag no icngsr roted, the ectivity crrenced il "fanely thrcughout the
lung. (Figure 1&5). APtor “our end pixtoen J-ye (Figuros L€, 4T)

there vag a rapcca distrituticn slziler to thot noted alier ons

(B

a7. At sixiy-rour days, the meterisl ves feirly unlform iy dis-
tributed throushout the tisaue in atoud helf of the eestione
(Figure 48), and in the otker belf tisre vas periphersl concern-
tration (Figure 49).

d. The Detritution of Thort-Lived Fi .,sion Prelucte from the

Clinton Plle in lung. (Ces pags’n for deecripilon of rethod.}

At zerc tims, the fission preducts fere unosvenly distrli-
wuted in ihe lung tissus, with sume of the bronchial peseegss being
ouslirsd vwith activity. (Plagure 50). At on2 dcy the 'Tlssion product
disoritution was felrly uniforin threuzaout ths lung tlesuz, (F1c
51). It wae not vossgible to get antegraphs fon the lorzor recovery
pericd eximnls due to the low sctivities rcoaining in tre lung tis-
ersg at those timse. It vill %5 nozed from tho sutograrlz thet the
perticle elze of the flapfcp prefucta in thls cxperizmaan wsre much
g ller than thoge in tha e’*;criwnt doacribel above wder ¢, A8
woz pointed out in the metebolic stuiles, the ezaller sized fizsiom
producta vers runoved from the lung foater thon the lergsr particles
(8sction 2); prosumably the eixll psrifclse pzsacd across lung ca-

pillary walls end entered the gzasrzl circulatinn;

-
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Figure 43

Fission products from dburning urenium and fission products.
Zero time. Iung. {X 10). Fission producte deposited throughout

the lung vith some concentration on bronchiolsr wells.
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Figure 4
Fission products from burning ureniun and fission produots.
7ero time. Lung., (x 9). Note abscnoe of radio-aotivity from

lymphoid tissue and blood vessels,
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Fiure 45
Fiselon Produsts frem Lurnin, wranive end £lssicn prodisics
Cre day af%ar iinalatisne. Lunpe ({x 12). [Plssica nrolucts ure

~

distributed “shreughout the 1lui e
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Figuee 43
Fisaicm produsts freoa Hurning vrealun aad fission DUICUCUS.
Four days affjer inmanletion. Lm;s, Ix 8). Fisczien orocucis

dictributed wharouznout the luase

*
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Fizure &7

Figsion producus from burning uranive end fizsiom producis.

Sixteen doys afior innalation.

Lunge

distributed throughout the lung.
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Fi ure 48
Fission preducte from curninmg ureniua end fisciom
Sixty-four daye aftor inhalabtion. L. {(x 9)o TIissiom

ers diétriﬁdh@d throughout the luns.
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Fissioz
Sixzty=four duys

scounulatica of
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ure 40

.

products from burning uranium and fiezion procdactse.

afser inhelatiate.

fission products.

Lunge

(x 2).
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Figure 50

Fission Products from Clinton Pile, Zero tims. ILumg. (X 14).
Note wncen dietrituticn of fisslon products, with the gurfsces of

a few of the tremchiolar peseeges outlined with redlo-activity.
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Fizure &l
Fisasion Produsts from the Clin%on filo. Cas day eftor
inhalation. (x 10). NNote the even distribution of fiszion
product activity throughout the lung tissus. Noto difference
in size of particles as compared with plutonium and cercsols of

fission products.
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Discussion:

‘The foregoing studies demonstrate that, upon intialation, asrosols
produced by any of the methods used in these invesiigations are pri=-
marily trapped n the head and lungs. The radio-sleoments used in
these studiea‘which are deposited in the respiratory passsges of
the head are rapidly eliminated via the gastro-intsstiaal tract,
so that these passages are re;ativaly free from contamination
four éay:'qffer‘exPOSure. 'he time ror haelf-elimiration of cgti=,
vity'rrpmlthe upper raspiratory tract was less than tweuty=-Imr
hours. The above mentioned elemsnts, when inhaled, persict in the
lungs for longor periods of time, but a definite exorstion via the
branchial tree was observed in all of thse elemec:ts studiad for the
duration of intervals up to 256 days.

The rate of eliminationvof these asros.1s appears to be somewhat
proportional to the particls size., A compariaon of .he groups
shows that plutonium inhaled in the form of tha oxide, which héd
an averége partiéle size §f 0.49 microns, was eliminated moro‘
rspidly than partioles of PuO,(1'0z)p, which were of smaller par-

. ticle size, the average size of the latter be‘ng 0.25 microis.: It
wi.l be noted further that a jreater proportion of these rela=~
tively larger particles was depoa?ﬁed'in the respiratory passages
of the head rather than in the lungs. This was desmonstrated when
urenium plus fission products was inhaied-' These particles had
an aferage size of 0.97 microns. - Furthermore, it appears that

the passage of the elements in question through the capillary
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walls of the lungs is related to particle size. A coarparison of
aerosols of uranium plus fission products (whose particles averaged
0,97 micrans) with carrier-free fission products aerosols (whoaé
| particles were much smaller than the above) demonstrated a much greater
abaorp:bion of fhe latter.
When plutonium was inhaled in the plus six valence state,
es the soluble compound Pu0,(N0;), in an ether spray, a greater
percentage ¢f plutenium was absorbed into the body via the capil=
- laries of t'he lungs, than when plutonium was inhaled in the plus
four valence state as en insoluble compound (Puoz).
Radio-autographio studies of limg tissue showed that upon
inhala.tioﬁ of the differont aercsols the site uf deposition of
the radio-element was the epithelium of the bronchial tree,
with a spotty distribution throughout the rest of the 1@5. Thero.
was & rapid removal of the radio-elements from the broanchial and
alveolar duct surfaces as compared with thoir slow disappearance
from the remainder of the lung, the latter localization being
primarily in the alw_raoli. There was no concentration of thes
radio-elements in. either lym;:h nodes or blood vessels.
The lung autographs from inhalation experimsnts with
(1) plutonium oxide, Pu0,, obtained from burnirg the plutonium metal,
(2) plutonium oxide, Pu0,, obtained from burning the nitrates and
ohlorides of plutonium , and (3) fission products produced by burning

uranium metel containing fissicu products were strikingly similar,
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FPlutoniwn oxiue, Pu02, is very insoluble in tissuwe #li:icés, =nd cone
would, thus, expect it tq be retzined in lung for & long time, i.e.,
sloﬁly absorbed from ;ung tissue; In the case of fission products,
tte radio-elerments vhick were ret ined in the luniy were undoubtedly

~ the rcre ecrths, zirconiuw., zand columbiun, {rather than the more
soluble raéio-elemcnts suck &s barium, strontiu., cesium, iodine,
end tellurium), and these, too, due to their insolubility,‘bne «ould
expect‘to be held in the luar for a long tise. Fro- qEéérVutlog'gf the
radio-autographs, this appecrs to hold true in boih caseq;"ﬁlutonium
es PuOp(ND; ), 1s much more soluble than pluéoniun és Pub,, anc the
former should disapﬁear from the lung gt a rmeh more ropld rate then
the oxide, which is apparentl what occurs in the autosraphs. Further-
rore, the metabolic‘studics showed that relatively little Pu02>1a
absorbed into the bloud streem, vwhile considg;able Puoz(Noz)z was
absorbed, wiich agein would account for the more f'pid discnrearance in
the sutosrzphs of the scluble Puoa(NOS)zﬁas cerpared with quz.

The zutosraphs of plutonium frexz the insoluble oxide :Té& the
solucle Litrﬁte, cna thlose froz.tha fiséion producis produced by
burniz- ur:nium wire plus fission precducts differed from those suto-
gréphs of the fission proaucts fro- the Clinton pile; the latter
were recoils froi; the neutrcrn fission of uraniuz, und were, therefore,
of ruch smaller size than the abo#e zentioned plutonium =znd
fission product zerosols. This difference in size is obvious in
the sutocraphs. It is conceivghle tiet their small size would allow
their passage aeross capillury wulls to cnter thie generzl eirculation,
thus ciearing the lungs at 2 much faster rcte. Tiis would account

for the f:e¢t tkat autogranhs of longer recovery periods were

EREENE



impossible to obtain duc to tle scall amount of rodio-activity
present 2t thosz times. i.oreover, since these {'ission rroducts
are the short-livec precursors of the lonz-lived fission products,
(tbe radic-activity fron the latter elerments ¢iving the outograph),
‘and are soluble, they would travel quite soe distrnce before
dec:iyin, to their insoluile long-lived .uncestors. The latter
effeet could cecount for the wuite uniform distribution of the

rodio-netivity throu “hout ths lune.
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