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SECRET 2 

K. 0. Scott, E. C. Lanz, Dorothy A3Celrbb, 
Joaephine Crarley, and J. 0. Hamilton 

above elsareate vere almost totally retained by the hoad and lunge 

imaned ia t e ly  aFter exposure. A f t e r  four day6 ths lunge contained the 

largest percentage of them elements. me elements deposited In ths 

head vem quickly eliminated via the gastro-lnteetinal tract. The 

same avenue of e l z m i t i o n  wa8 used by the lunge, but a t  a slower 

rate. The &l percentage absorbed into the boQ ma primarily ds- 

poelteU In the ekeleton after oanditione of equilibrium had bsen 88- 

tabliahed. Radioautogmphic etudiee indicate t&at the e f t s  of depo- 

e i t l a n  in the lunge of them meterlale l e  in the branchial paeeagee 

and the alveolar etructuree. They are rapidly reaoved fmm the 

branchial tree, preembly by ciliary action ar.d are very elovly 

released frolh t5e alveoli. Bo accnmhtlan of any of the -10- 

elements was obaemed i n  either blood veeeels or lymph nodes. 

1 I I 9 2 8 - 1  
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Introduction: Ths etublee preeented he~m wm Mdertakem to deter- 

mine the dietrtbutim and fate of flaelanable materiale and their 

prcx3uute ln  reto and in man. The work in partiuular deala with 

the metaballam of plntonlum, uranium, protoaotlnlun, an& the pro- 

ducte of nuclear ffeeion vhen these elemsnta are introduced I n to  

the lunge of rets. The elenmite mentioned were etudied ae iinely 

dioided smoke particlea, pWuced by high tsanparatams, or a8 



eIperimanta whioh were designed to deporit activity In lungs of 

anlmale. W i t h  the exception of th3 one hunraa atutly, y o ~  r a t a  

weigh- btxeetn 200 and 90 gram Are ueed in a l l  experirpente. 

Them rete vetre prepared for exposure by an lntrepewllxmeal in- 

Jectlan of aodium pentobarbital. 

body weight for male mu, 30 mg. per kgm. for f d e  rats. After 

the d w  had taken effect, the long vhiekera 011 the rate' noem 

w e r e  0108ely clipped, 

The doae was 40 mg. per kgar, of 

The i ipe  wen feetened together w i t h  a 

three-cmerei l  etltch betwetm the lower l i p  anb the two halves 

of the upper l i p .  Then, glaae noeepiecee vem oensnted In place 

with celloidin. The mouth m e  &eo eealed st t h i e  time with 

celloidin to  prevent any paeesge of sir betvee-? the lipa. 

above procedure completely'sealed off the opentnge of the mouth 

and directed the ratea reopiration fhrougb 8 single charmel. 

The 

c he onmrpleted p m m t i a  16 iiiu~tra-8 in FI- 1. ~ h s  ai- 

male thw pmpared were then attached to the expoeure chanbere, 

which were fhe ~ a m b  aa or slmillar to the chamber ehom In Figure 

3. 

After expoeure to aeroeola containing the above mnticmed 

elements, the rata were kept In netaboliam cage6 eo that fecal 

and U~IMI-J excretlcolr could be colleuted eepmte ly .  The animals 

were Mlled at varying time after expoaure and their tieauee, 

urine, and feces were aeaayed for the element being stUbieQ, 
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The mbthod of aeeay mrlab with the type of mdiatlcm pradwed 

by the e1-t under atudy. The amay vaa  acoompliehed aa foUoVe: 

1. 

Po 

3. 

4. 

5 -  

The aninmls v m  killed with chlorofbm. 

The tiseues of intezwot v8m removed by dissection and tmigaea. 

Tleeuee v m  then wet or dry aehed. 

In the case of plutonium, the anlmaal aeh wae separated from the 

by C b a m i d  -6. -68 -886 WOm C m e d  Out by 

perfonalng lantbenum fluortde preaipiteticme of the animl ash 

in acid oolutim, or by e-ctlng the plutuniwu fPcm solutions 

of animal aeh w i t h  th~ophenyltrinuoroacetolze. The exaat de- 

tails a m  given In the raport cowrlng the fbte of plutanlum 

vhen in3sctsd lntraveaauely into rata  and human beings. The 

amount of plutonium pllasent in the eample~~ wae determinsd by 

oountbg i t e  a l a  emleatan in a llnear amplifier. 

In the cam of beta and 

anlmrl ash wae counted directly w t t h  a Geiger-Muller counter 

or a Ialaritzen electrorcope. Comotlone vere then made for 

the sbeorption of aatlvity by the animl aah present In Wa 

eaPrplee * 

emittore, the activity of the 



Figure 1 

"hie illmtretion ahme a rat which h e  been prepared for 

aeroaol expoaum, with noeeplecs la place and mouth mied wlth 

celloidin. 

f I I 9 2 1  I 
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The camplete aerosol erpwure syotem i e  herein illwtra%ed. 

T b  aneathetized rat ie breathing oxygen, at a rata i l l u n t m t e b  

by the flow meter, almg vith the active aerosol produced in tBe 

electrlo arc. 





Bmall ether droplet0 9;rrmsd by the Jet to demwae their e l m  Atr- 

thsr because of the effervercance of the CO, at the rsdueed pres- 
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is mapendeb. 

tmxm efferveacenca of the COP in the ether at atmbspherio 

p r o e m .  

I t a  droplet eize is fhrther reduced by the ex- 





wae deposited In the late. Tbia uaa eufftcispt activity to follow 

fbs fate cf plutanium in rata far lmg period8 of t h e .  

I 5  1 9 2 1 8  . 
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I 1.95 .03 1 .16 , .02 .43 .coo: ! -40 . z  -01 .g 1 ; -01 

Dally Rate of Exaretlon in Per Cat 

1 Brrlrvrm l e  prtnmrily of muscle, but dl80 lncludee any tilasue re- 
~ i a ~ e  aad fit not iieted in t s ~ .  

1 1 1 3 2 2 1  



dstk i o  prominted ao retention and/or excrutim of plutmium 

in per aant of ths dose for ths follwiag tlme pprloba at.tbr in- 

hslatlcm: 

(1) tmarAIAt8lf after erpoeure, vhlch ie antitled 

Zero timb in the tsblse. 

(2) A t  me day aiter sxp0mz-a. 

(3) A t  fuur BByr after expomame 

(4) A t  sirfy-four days after expasure, 

It can be reen by an eramlnatlon of %&le I that at zero timb, the 

mJor pert of the plutoslium vaa 8eposited i n  lunge and the reepira- 

- tary paseagee in the head. 

taarlum in the 1- VCLB rapMly abe- l a t o  the blood e-. 

Tbs mS3m part of the plufnnitrm ia the blood VaE withdrawn fmm tbe 

In abbitian, a pmportlon of the plu- 
. .  

'blood atream the ekeletan. Msaoumttle axmunta of actlvlty were 

fomd in liver, kidney, spleen, and musole. 

One day after plutonium a&d.ni8trCltion, abeorptim of s.utlvity 

fma the -a into th6 blood e t r e m  cantZnW to occur but at  a de- 

orea8- mate. The =Jar p a r t  of the activity earlier depositud lu  

ths head appeared in the ffret  Qy's feoss colleotion anb in the 

Four day8 after dmlnletrafica, the head vaa praoticelly clear of 

plutonium. Them appeered t o  be cuntinursd excretion of plutonium fi.6m 

the 1- via the bxunchlal tree. The data auggaete that any addittan- 

al pamw of plutoniuru t h r o w  the lung capillarlee did not occur in 
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BY thb 8irtesnth day, the h ~ b  l o s t  over p$ of the plu- 

ton- whtch they cartained a t  the baginning of the erparimant- 

The m@r part of t h l e  appeared to have besn ellmlnatsb via the trs- 

C h s s  d appeared hl the f b W S .  The data d e 0  eUggSSb that fhs 

deposition of plutonium In the anlnul praper hed reaohed a quael- 

equillbrivm amng the Vario~~ tleeuee. The only additional ohsnge 

noticed a t  rirty-four daye m e  the continued lung eliminstion 

wbiuh a t  eirty-four day0 had remvwd five-sixths of the origirral 

plutonluadepwlted a t  tern t lms. Figure 5 repmeante rate of 

elimiaatlcm of plutmlum iraop the lunge. 

The valwe for lung elimination of radlo-ele=mts giwn in 

FQure 5 and other lung excretlan charte pertain tn the activity 

dePOS1ted in the lung anly, a d  not to the actlvlty in the vhole 

Einllml. 

Af'ter erpoaure, lunge could cancelvably ellrdnate aotlvl- 

via the braschlal tree or by absorption of the rabio-etlementa l n t o  

the blodl stream, Sirrce absorption l e  8 d l  f'Rctor vfth the 

elenmnte etudled herein, the main avenue of lung eZlminetlan is vla 

the 'bronchisl m e .  F r a  the bronchial tme, the elerasnte arm mapt 

into the e4setro-intestinal tract, bnd, einm little absorption 

occntre, a m  elimiaerted ApDn the body. 

During aeroeol adminletratlon to lungrr, large amaunts of 

WfiHfy &W0 dspoS1ted the naS9--dl -Oar 88 We=. 

m e  actlvfty l e  CQmpletelp a w s p t  Into the a9aetrO-lntcrstinal 

tract pre8umBbly by ci l iary acttan In the first four days afbr 

Inhalation. For tbie ream, etudiea of  fecal exrretioxt will not 



reenfits. It can be eeen that approrilaatelg four-iiftha of the 

g1u-m l e  ellmtxmted elxty-four Qya after adminia-trl9tlan 

of the aerosol. 







and 0.a inchea in bpth ,  on the eade, anb tbsn lnibddlng 200 to 

300 dcrogrslas of plutaollum l.n the holee. Bete were prapared 

the e- 

&ae containing the plutanium partlolee during the period of burn- 

lng. Thie ~ e ) e  bone in an atmosphere of pure oxy- in order to 

avoid the production of rmdesirable emounte of carbon monoxibe. 

as in 6euticm 1, and wra allowed to breathe the 

b. qulpmbnt: 

The d e b i l e  of the equipment u o d  are to be found in 

f m a  6, 7, end 8. It can be seen 

figures that two u l z e ~  of erpoeure chamber were employed. Thsse 

w e r e  eindlar with the exoeptlan of volumst 

emti 7, and 600 CC. in Figure 8. 

813 examhation of them 

6%~. in Figurer 6 

C. Yteld: 

The piela of plutonium oxide to the pate, when admbie- 

tered by ths above mbthcd, vnr led  between 2j6 and 13% and m e  not 

related to the size of the erpomre chsniber, but more apparently 

m a  related ta the map~rertorp rate of the rats durin@l rm 
minl;rtee of eupoeure tlma. Ihe  average yield for twelve exposme 

Vae 5.4dp. 
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eleotran ndcroroope s m n n  for de*amlnlng particle el-. Tbeae 

aerosole were, hawevsr, produced under the 8 a m ~  ccolditione 88 the 

aaroaole of plutonium plue f iasian product6 which vere oollected 

on sorwne during burni~lg end mre maeured. Figure 13 ehmo 

them particlee which varied in eiee between 0.06 and 38 ndcrans 

in dismeter. The a- sire wae 0.49 nclorane In diambter. 

e. Reeulta: 

Sixtg-three rata were exposed t o  plutaulum oxide waaker s o  

described above and eaari f ld  a t  periods from zero time, one day, 

faur b y e ,  elxteen dam, eixty-four days an& tu0 hundred f l f ty-elx 

bays. 

detorndhed w l t h  tb follotmng reeulte: 

The plutonium content of their tiasuea anb ercreta vaa 

(See Tablea If and =I), 

fmneb1stely after exposure (at zero time) moot of the plutonium 

was deposited In the head and lungs. Measurable anabunte of plu- 

tonium were detected in ekeletan, and in the eoft tienuee at zero 

fraB the head wae found lminly in the feoee and in the gastm- 

in tss t ine l  tract. This elimination conthuetl, eo that a t  four 

w e ,  the reepiratorg paeea@e of the bead wret practically frm-.- 

from plutonium, and any M e r  fecal excretion appeared to oame 

f%m the lungs via the branchial tree. 

Sixteen days sftar plutonium admhietJratlon, equllibritaP 

appeared to have *&en mched w l t h  reqect to the abeorbed plu- 

I d 1 ? 2 3 3  



Dally Rate of Ercretion Fn Per C m t  

I 

1 Day 

20 07 

3.3 

4 -  16 D S ~ S  64 Daye 

6.7 1.4 . OP 

.13 0 04 c .001 

1. 

- 0  
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Dally Rate of staretian in Per Con% 

1. Bnlsaee is prZ&ly ocmpoeed of mueals, but ala0 lnchules any tiesue mriduss 
and fat not listed In table, 



Dletr ibut lm of Plutonium in Rata when Tnhriled am -0, Aemrol 

Daily Rats of -retion in Per C a n t  



tanlum in tbe eoft tieetlbe and in the Bkeleton, 

the gmateet conesatsatIan of plutonlum, whoreaa livar, Jclbney, and 

splsen containsd relatively =re plutanlum than the sof t  tleeuee of 

the hoad, the balanm, and the ekln. 

8keletm contalna 

A t  o w - f o u r  bye ,  me-half of the plutmium mmlnlng I n  the 

1- at  elxfiwn day@ had bean eroreted. 

at  b m e i n g  ratee. However, it m a  still a measurable mhle at  

two hundred fifty-six days, a t  which tirim the lunge cantabed ap- 

proxlmtely one-ninth of the plutcaLium ariglmlly depoelted in thsm. 

Figures 9 end 10 8erprm~tm+% the rate of elimination of thle pluton- 

Thle  excretion continued 

tun fram the luoge. 

3. Quont,itative Studies M the Praction of  Inhaled PlutOaium =de 

Retained by Rate 

certaia w h a t  proportian of inhaled -o2 &e V88 retained in rate. 

A valve egstenn (dia&re3nmsd in Figure U) hub ben bevelar;ad whlch 

made it paeeiUe to determine cn a qwntltative basfe the proportion 

of inbaled plutonium which v a ~  mtalned. !k capillnries in the valve 

were f l l l e d  with m i d  oil, and the nom piece was attache  to the 

aninral in the ueud manner as deecribed in +%he Introbx;F.ion and the 

Teohnlquea. The exhuat (exhalation) out?.et Bide of the eye- 

tam had a emall glaae-ww.. plug ineerted to entraF tha exhaleb act l -  

vity. 

catch any plutonium tbat might not have been adsorbed on the glaee- 

vool. 

In addition, t h l e  ou t le t  m e  canneoted to a large flask to 



Figure 9 
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Lun &&nation o f  Plutoniumfdlowing ln- 

Burning t h e  Chlorides and Nitrates of Plutonium 
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Figure 10 rep%mnta the rate of phtonZtn: elimiaatian f r o m  

the lunge after the admlnletratlon of plutonium oxide aer9sole 

produced by burning metallic plutonium imbedded 3-n carlaon elec- 

trodes w i t h  en electric m, Ae in Figure 9,  Figure 10 rhwe 

that &out fwr-flfthe of the plutonium l e  c!.tzn8mted in aixty- 

four b y e .  

aeroaol admlnistxation. 

A b u t  nhe-tenthe l e  eliminated in 236 days af’ter 



8 ,  

F i g u n  30 

8 Lung Elimination of Plutonium Fol lowin 
'Inhalation o f  Plutonium Oxide Prepare 

. by Burning Metallic Plutonium 

26. Q 

Y 

I 

f '  

6 



c n L .  

Figure 11 l l l u e t r u b s  the ocmst;nxctian and operation of the 

one way trap used t o  detmlmine the emaunt of aerosol retained 

by the rat in o m  ~ p i r s t i m  anti expiration. 7!he aemeol en- 

ters through opening 1 ma ID pulled thmugh o l ~  trap 2 icto 

apace 3 vhlch is connectfl to the mtDa noae. 'tlpan erhtit+tlon, 

trap 2 prevent8 the eecape of the eeroad  fn "(;hat dlmctlon 80 that 

the orpired a m s o l  leavee *e eyctesn via oil trap 4 vhioh lead6 

to erit 5. ' p b ~  aerosoL i a  caught in the @.a~s-wool fflter at 6-  





!The plutonium in W e  portIan a i  ths exheust spetem to- 

to represent the exhaled PuO? emoh, 

plue that vhich wea exhaled, REI noted above, wae comlclered t o  

T b  plutonium in tihe anfmal 

of four animala expoeeti t o  Pu02 smoke prcducsd by Burning pLutOnim 

metal in a carbon arc, the follassfng d u e s  were oblaenOa: 

Total Re- 
taflled by 
the animal 65.4s 07.6 66.s 

It can be seen from them resulte tbat in the rat approxlniatellp 



P ~ g u m  2 ie en electrim micmecope p ic twe  of plutonium orido 

aeroeole exhnled ky r a t a  (X 





evallcnted anb eliminated by wey of the dlgeetive tract without having 

bean abeorbl. 

and the r,o9e of the rat vaa approxinmbly 0.2 cc. 

order of 20$ of the V o l w  of air moved t h m q h  the system w i t h  each 

zeopiratlan. Ecnoe, ?actor o? e m r  in-uaeb by ro-breathiw 

did not appear to be significant. 

Ths mlumb of the dead apace batmen the infxke ~ 5 1 ~ s  

Thin vae of the 

\ 



b. 4utpm3nt: 

The equipment u d  7b~8 the 88mb a8 that employe& for the 

thio mLrtura vera mildly the long-life eleaunte maultlng Prom plu- 

tonium fleeion. 

o., Yie ld :  

. 



oixty-four and one h\mdred twenty-eight days. The rate of 1- eli- 

e t I a  18 rtipreopmted in F t m  14. 

A coqaslmtm of the dlstrlbutlan of inL16l0p1 producta i n  rate 

after pulsnonars adninisation of aerotels cczt6!m9ag plutonium 

plue f'leaian pra8uets l a  mmmericed on Table V. It can be seen 

A.om en eraminetion of Table V that the arajor portion of the f l ~ -  

d o n  products vaa deposited in  lung &nd head a t  zero ti-. Bieaaur- 

able ammnta of activi%y were also found in the ekeleton, the liuer, 

the kidney, and the spleen. 

The fleeian prcducts deposited in the head were ci&red out 

anring the firet four dare sftar uerosof admlnistlatlcm, and ap- 

peama l3 the sxcrsta, 
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FZgiule 23 tleplcte plutuniwn aeroeolo ae h o p  produced by burn- 
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Dally Rate of Rcmtion in Per C e n t  

32 Dare Dqv0 6 

-04 "01 e 0 2  .02 

8 18 .07 .02 



The fierim products depoelted in the lunge were not rapidly re- 

moved but appeared to be exmeted rlwly vla the branchial tam, 60 

that a t  e l r teen  me, appraxirpktnly two-thirds of the activity had 

been eliminateb, Relatively l itt le of fheee elem3nta was absorbed 

vie sitbm the lung caplllariee or thg eetro-inteetiaal -ot,  as 

depoeitlan values of akeleton, liver, and klduey did not increaaa 
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b. l r q u l ~ t :  

All of the srpoerursr vere cerrled aut in the chamber deaorlbd 

Anlnal etudlse of .ulaniua-fl;eion pm&uete aemeole were 

on Table VI. It can be m e m i  tbEt these relatively hr-2 particlee, 

beposition at zero tfpas. in addltlarn to lung and h e 4  depoeltlan, 

enall amunto  of s o t l P i t y  f r o m  fr-eulon producte vert found h the 
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Dally P a t e  of Ezcretlan in Par Cent 



Figure 19 repreeente the elimlnatlcm of fission prodlrote From 

%e lunge of ra ta  for a psriod of tiim four to sixty-four b y s  after 

in5ahtion- me per cent rsruatntng at four b r a  i a  8% of the ini- 

tial dom. 'Fbe inLtlal &se l e  tho munt. of' fission prduote found 

in the lunge of rats aacr l f iae  la&aa&htely a w r  lnhlat ion.  After 

I 119213-1  





f r o m  C l i n t o n  in diluted acid and was f'tw fxwm uranltn! and Inert 

carriers. It ves evaporated upon carbon electrodes by the m e  of - 

electric BFC in the expoc8urs dumber to produrn thd aerosola. - 

c. Slee of Particles: 

Electron microewpe pictures of ths oarrler-he fleeion 

Them waa no obvioue mlatlm between the sppe;rent lTumber of 

~ ~ c l e s  snd tihe particle activity when the electran micraeccrpe 

eureene were aeayed for flseim product eatlv-ty. 

flaeicm proilucts themeolv~e vere not intlnateQ bound up with the 

carbon o r l @ d l y  $8 wae the cam w l t h  Pleoion m'cbuct plus plu- 

tanitam and uranium, it seema very unllkslg that they were tram- 

ferred to the mte solely on the carbon psrtlclbs. 

then, that a part of the fleeion producte retained by the rate 

were of a particle eize mnaller t h n  the range cf the electron mi- 

onecope. 

ebce the 

It tfi eu&13eebd, 

a. Iiesulten 

'Rao p u p e  of aniorrls v81'4, expoeed to flseicn pmduct 

aem80lcr prayarsd In the above menner. 

1~ a b l e  VZI. 

expoeuree tkt shere vaa great variation in relatim percenta@m 

of fleeion products bepoeltud in Lunge vermus the head. 

first e r p o m ,  2 8  of the activity wae f& in the l&s and 50% 

!Fb reeulte a m  aumarlzed 

It can be men frcm an e3tanlnatton of the zero t h e  

In the 







in the bed. ( h e  Table VII, Anim~l Group A). 

pobure, 6% VSB fa\rab in the lunge and but 198 in the head. 

Table Vn, Aalmal Group B). 

flseion product retention makea caneldewtlcm of the tran48 of mom- 

In the 8 8 c d  QX- 

(See 

each a difference in the looation of 

the experiment. 

to the eixty-fou~tJ~ &ty of the experiment. The data ale0 ehm8 

that lunge wre again able to elindnate the mador pertian of the 

f leelcm producte deyelted in t b e m  ariginally by excrstiaa Vis t b  

bronchial tme and by entmce of the activity l n t o  the blood e t r 8 m  





throu& the capillary walle.  Figum 23. presenta rate of f l se lan  

pmduct ellndnation from the lunge. 

4. k P r e l * W S W  of the Fate of mort-Lived F~EOIOII Producte - 
A pre1tdrsz-y etudy of ths fatu of rjhorb-liwd fleeion product6 

hed berm csaducted before the Clinton P i l e  wee pf.aced ln operation. 

m -0- o r  IMU 80rIee of ~ta~csvhat labortom anb ehbonte ex- 

porhmte was %D eoaluats the pwafble hsznrde aria- From the in- 

halation of -;he ehort-lfved, noble @E anosatore of - lon~-ZIved 

fleslon produzte and the subsequent depoaltlon of the long-lived 

active W o e i t e  in the lux438 aml other tieeues of the body. It 







omploy t he  &inch cyclotron for the production of t h e  radioactive 

amanation. 

rats t o  t h e  inhalation of the  short-lived gaseous fiseion products 

and then t o  determine, both immediately afterwards and several  

The plan of t h e  experimental approach was t o  exposo 

laker, the  d i s t r ibu t ion  of re tained a c t i v i t i e s  in t h e  vaxious 

tissues, Thie scheme, w h i l e  simple in theory, was found t o  be most 

difficult t o  e;Eecute, The requirements of 3uch o x p e r h n t r ,  wen 

of 3uch a n a t c e  au t o  alniost aake it b p o s s i b l e  t a  obtain av use- 

f b l  resulte, 

anceetors of t h e  long-Uved f i s s i o n  product8 are very short ,  

moa of t h e  experiments we= done only one of these half-Jives ?rue 

horn with m y  renanmbly ascuracy (l(pws half- l i fe  180 seconds) and t h e  

o thers  were eithek indicated as 1888 than  30 seconds or very short. 

This conaideration, th8rofor0, made it necessary t o  devise an emma- 

t i o n  generator which would pemit t he  removal of t h e  radioactive 

r e c o i l s  fro3 the source and t h e i r  t ranefer ,  within a few seconds, t o  

a chamber c o n t d n i n g t h e  animala, 

t h e  dimensions of the  murce be as emal l  as pOS8ible0 

ment of size did not lend i tself  readily t o  using t h e  neutrons 

f r o m  t h e  cyclotron, ivhict are predominately of kigh energy (16-23 Mev), 

with a maximuri density of approximately 3 x bo 

and a tctal  of  lou seconds 

2W microamperes of 16 Mev deuterons, 

t o  bombard a uranium plate directly w i t h  t h e  b m n  of 16 MeV deuteroar 

i n  a d boil - jar  and t o  sweep out t he  r eco i l s  wi th  a stream of 

In .the first place, most of t h e  i ialr' -UVes of t h e  gaseow 

A t  t h e  t h e  

This, of c o w ~ e ,  required t h & t  

Such a r e q u i r e  

II. -2 -1 cm, second8 
-1 from i: Be t a rge t ,  ihan bombarded with 

The a l t e rna t ive  solut ion uas 



since the ylelbe of flselan act ivit ies  were lev, However, It ap- 

pnmd to be the most ppactical approach, v h n  theas erperlmnte 

were bone, and a eerier of an%& exposure8 were made Vith tlilfe! be- 

vice * 

9. bthod: 

The exanation generator and sxpcawe c-br *@mtaining 

thra rate Y B ~  set up ae indicated in P1-e 23 and 24. 

exhamt epaee f r o m  the erpoeure chamber were collected in the tvo 

large bottle@. This vae acme in order to determine the total. quan- 

t i t y  of l cqp l imd floeicm prdlucte aria-  from the egsseoua 

The 

emnation tbnt wae delivered to the exposure chsmber. 31 one of 

erperimaats (#3), an aaeay of tha collected long-lived flesion 

product8 wae Zpsce and l a  ohown in Tabbe =I. 

expel.imaatS, helium wae ueed to  weep ant the resoils from the ema- 

nation generator. Ime rate of mygem f l o w  into the expoeure c ’w-  

ber ranged A.cm 49-50 milliliters cm” and awn%@ 45 mlllllltere 

r n l s ~ * - ~ .  Became of i t a  greater denalty, argon was employed tn the 

last erperlnrent in place of helium in an attempt to i n p x m  the ef- 

ficiency of the emsnatlan gonaretor by collecting more of tha re- 

In the ftrat four 

COtlS. O f  f l o V  Of m- fOr this eqsfimfit -8 35 dlli- 



B l ~  32 repreeezrba the target chamber wed for the pro- 

duction cf Fieelon PrOducL rem110 adIaInieteW t0 the rata 

pictured in Fib- 23. In addition, a detailed view l e  given 

of the arim ueed to cd lec t  for aesay the fieelon products produced 

by the generatas, 
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Csnellsl PIOW of amangemant for anin;& ezpoecee t o  shart- 

l fved em~~mtlone FMlan unnium fleeion. The miamtlon generator 

13 coIwscted to the anSn~1 errp0mx.m cbantel-8 by a copper tube vith 

E 1 ran. bore. 

ala0 down. 

The bottles for collecting tis exhaset p e a s  are 

The lines for the helim and oxye~n m y  bs seen. 
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Cloee up vim of emoatule chamber cmteining three rata. 123s 

"T" ccovlsctian oonducted the oxyeen and helium, the latter @e 

contaln¶ng the emanatim. Ibe short; tube with 8 plnch clamp wae 

deeigned for the mmval of @e sample0 and was rarely ueed. 

thilld tube carried the e x h u t  gastte to the two coliectlan bottlee. 

The volume of the syetern fhm which the rats breathed c i a  180 cc. 

The 
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h m .  The timb Of e X p O S U r e  m e d  fmo *O  8- ho-b 

The --ray expo- of the enimale fram the crclotwn ran@ fram 

30r to lOOr. 

. 

In the eecand, third, and fourth erperimant;e, 6- of ths animdLe 

vere aacrifiaed immediately a t  the tsnnlnatfon of the e m o w  and the 

activa tiesuee ma- vithin two plours. Ilo c m c t i o n e  for eelf- 

absorption bJr the eanrples could be conveniently appliod. Hmver, 

in m e t  of the Emtplee fell vithin a range of tvo to four 

weights& the energlee of the bta raye of the flasian pmducte 

present at  t h l e  time fnterwl w e r e  quite penetrating. The errora 

intrdluced vere probably not In  ~XCBBB of ten to tb'zty per cent. 

C m c t l o m  for decay during the intomel required to m B a m  the 

earnplea average& leaa than iiftsen per cent and =re onitbd. 

tiernee, after campletion of their lmebiate maeurenrsnte, were ad- 

ded and a&n me8aured a week to ten b y e  later for their content of 

the lcmg-lived flsaion praducte, To these eerles of dsterminatians, 

appropriate comctiana for Eelf-abeorption were applied. 

'These 

The rerain- animal8 vera kept for four &aye before they were 

sacrificed. The colleotion of excreta, aehlng, and msaewnmnt of 

' all mmrplee were conduatea In the aame mmer a8 h e  been deecrlbed 

in earlier reports, The f i aa lon  products collec.ted i r o m  the m l l ~  

of the expoam cbaniber ond the e m u a t  wen employed for determi- 

nation of the neceafsary eelf-abeorptian cormctian t o  be applied t o  

the ashed epeclmne. 

b. Reeults: 

Th3 resulta of theee o~erirwnts are shown in Tablee Ix to 



suze chamber and ita exhaust for the third experlmbnt i e  ehovn in 

Table VIII. Due to the hl& degree of aotlvlty noted on the ekins 

of the arimalr, Q partially auoceaem attempt to raduce t h i e  effect 

m a  accmpliahed fn the leet expemnt by ETap9- ths %nl.mde 

cellophane during the expoeure period. 

visich prewmt the data Frtrm the anllnale whose tleeusc -are meaaurod 

w t t h l n  two home after removal f’rm the erpoeure chamber, rev* 

that fair= unifonm dletribution to& place for met of the tleeuee. 

The m e t  not&ls exception to t h i a  genezal pattern ma obaerved 

vith the lun&s which ehuwgd the hi@& dapoeltlon per &rem. Th3.a 

general pat+arn m e  duplicated in the nnsseuremnte takan of  thaee 

eamplea a t  a muoh later interval after a l l  of the abort-lived fieelan 

Tablee X, X I I I ,  aod XtlI, 

p r d U 3 t e  h89 dOCay& (T8bh8 XI, XIV, XVIII; - The d i & I d t U t i ~  per- 

centape  @re expreseed in tern of r s t a h d  sctZtrity and excludee both 

&‘a and the ga&m-intestsfncl  t rac t .  !i!heae tiaeuee and the exoi.gted 

actlvlty a m  amitted eirce dUrpna exposure a considerable portion of  

the active deposit sett led out on the hair and waa eiibeequently 

licked off  3s th0 animala SSFallvwed. Corzsiderablo &atLon wae 

noted between the csiffsrent 3~erirwnts but several conelafeat tremch? 

may be obaerPea. F i r s t ,  from f”ifiy-flvs pel’ cent b ninety-five per 

cent of zhe ~3’caine8 activity vae rutatxx+d by the akeletan. 

so f t  tissue, ae’de f r o m  t’2e ttiyroid, Bhar l rq  a coneistenQ high up- 

tako m e  lung, 

which ranged P p ~ m  one-%sntZeth t3 rx.e-h&dth of that of the ekele- 

ton. EJ.#o@ these eof i  tleeuee showed u Smalluphke, it wa8 detec- 

table with an asera@ accuracy o r  apv?oximtsly tvsnty-five 3er cent. 

. 

Ths e 

The remalrAer reveeled a per gmm eljecific eet1vit;;f 



c. Dlecuaelon: 

The hi& degree of  depoeltion of act iv i ty  b the akeleton 

caaapenxl to the relatively low activit ies  in the soft tiereuse lndl- 

cated that most 31 the retained aotlvi ty  (excluding ekin and the 

gastro-inteetinsl tract) wao due to etrontium and M u m .  

ferenoe ME eubetantlated both by the aeeay o f  the exhauet (See 

Tablo VnCI) and the experhunt deacrlbed in the followtng eectiaol. 

The smwnts of act ivl t lee m o v e d  and eubeequmtly excrete8 vere 

not of eufficlent -tude to  auoount for the obeemed actlvltiee 

Ln the skeletons of ths aninnla a t  the four-thy perlode. 

be kept in Ildnd that the o r a l  aberuption of etrontlum end barium 

(the principle ompanernte observed in tlzeee elcperimsnts) In r a t a  

I s  fkom eight per aent to flfben per c a t .  

of retained aat lv i t les  of the animals a t  the four-dag intervals in 

them experimcrnte ran@ from ixenty per cent to eight? per oent and 

avera@pd apprarrktely forty per mt. The level3 of the Bmau amounk 

o f  aoti-tie8 in the eoft tiesues jexclubing akin and gastro-inteeti- 

nal tract) were too high to be due to etrcatlun; and barium and were 

thought to be txrall amunte of the ram eertha and Zr. This infer- 

ence w e  eleo eubetantlcted by the aeesy ehm in Table V I I I  and the 

experiment deecrlbba In the next seotlan. 

Thia in- 

I t  m e t  

Tim relative amnunte 

The e m d l  mount of activity per organ obeerved for the m i d  

indlcatea that m e t  of the lodine produced in tb gsnsrator vaa 

retained there or wa8 f i l tered out by the filter in the tube con- 

necting the emanation generator to the e x p o e m  chamber, 

!Fhe practieiLreeults of thase erperimnte a w s t  that the danger 

of a high 8erp.ee of @monaq ectivity from d~poeftod long-lived fiaeion 
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praducts l e  not p a t v h e n  tbe @see Leak f’rom the p i l e  at raws of 

’Am order of ten feet per eeomd or more a d  fhua m d t  in the re- 

leaee of si&ficant tlaowte of the g a e m e  parents of tibe rare e&a 

5 .  Short-liVe- Piselan Produats fkwn the CZintcm P i l e +  

a. end b. The Elenmnte, the Method, and the Equipment: 

A etudy wa6 xmde of the *fie In rets of short-lived fiaeian 

products produced by the C l i n t o n  =le. Tha e x p o m e  were conducted 

bewen H m b r  7, snd DwePPber 10, 1944. The rsts uem crpoeed to 

fissicm products Aom the pile for periode of timer appmx-ting tu0 

hours. 

trona on uranium f o i l  which use located in the fleeion rsclofi amar- 

The fieeion producte were produced by tihe action of slaw mu- 

atue of the pi l e .  

were mught in the air clmulating in the mooil apperatus and were 

traneferred to the rate. 

The mcoile frcan the abom msntianed uranium fleeion 

air was kept at harierty of 6oq6 and a 

through a m e  one-half inch ptpe w l t h  twelve outlets f i t ted  for 

rat expoeure. 

waa run at a Crliat negative pre6sur8, 

Thle part of the eyetern a t  which the rate W B ~  expoes9 

The ?vetrage time which elapsed 

atue an9 the arrival of the f i e e i m  producta at the e i te  o f  expoetam 

m8 three 88COIld.6 the f l m t  m p  Of 8ml%f?Xkt8 anb -1Ve BOC&B 

in the eecond group of erperlnusnteo This difference in hold-up tine 



’ 2 

1 b ? 4,330 Kv. 18 /cc, 3 e-. -2 cm. of water -3 cm. of tmter 

3 8e 4 4,100 XV, 15 /co. 12 a m .  -1 cmc of water -1 cm. of watnr 

Schematic dla@?axu of the fieaim recoil apparatue are sham In PI- 

guree 35 to 90. 

Ph310n producte from the ciraulating air in -9 fiselon recoil 

apparatw were trapped an glaes wool .  

later date &awed the f o l l o w l ~  elemnts to be preeent, w i t h  their 

relative percentagee of B e t a  mlasicm l le ted  88 followe: 

A eublesquent ~ e l s  a t  a 

Per C e n t  of Total Beta f eel an* 

4.4 

Columbium 6.9 
ZirCOniUlll C . 5  

RUthgniUlU 4.4 

Corium ?8.3 

Y t t r i u m  41.6 

B a r i U  3.4 

Ceaium 0 .o 

Telluxxtm 1.9 

The analyefa $Inn  6bove wa8 performd when t he  Pieeion products 003- 



Figurea 25 t o  28 i l luetrate by a echematlo diagram how Fleeion 

2roducts vbre adminfetered to mite. 

recoil fraa the uranium f o i l  in the pile are brought to the rate 

The Fleeion producte whi& 

by the circulation of air in the s y e t m  ahown. The aversw age of 

th3 fiseim producte dellvemd to the rate can la wried. Auto- 

matic recording and control of the temperature end hmibity of the 

air ie acmnplishea. 

ccntinucue~ly recorded by the ionlz~t4,cm cbni3er. 

The act lv l ty  of the i ieeion p i ~ & ~ r , t s  l e  

I I f 9 3 8 2  
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C .  Beeulte: 

Tablee XX, XifI, aad XXl aummrfze ths data f r o m  the erperi- ' 

mente at Clinton. 

f r o m  the rate kf l led  at cem time.  

Fleeion pmilucte were detected in all of the t i0bUee  

Eo eeseLtial difference In bepo- 

and the twelve-eecond holdup time. A t  the ceseatlon of e p o w i  a 

major portion of the fieeion probuute fa?nd in the antmale 1-0 con- 

tained ~II the 1 ~ 4 ~ .  L E W ~  of f i ~ ~ i ~ n  prod~cta  m= a le0  

depoeitsd i n  the head and skeleton. 

lergeet amunte of Fieoion pmiiucte of the sof t  tiesuee w i t h  the 

Liver and kidney contained the 

exception of thymid, vhich aboorbea extrceaDsly large mount8 of what. 

wab apparectly radiosctivn iod4h10, 

One Cay aftar expoane, the lunga 329.1. l o s t  approxiHatAy one-half 

of the activitr  msaeurpd at.zero time. Skelebn, liver, and thyroid 

muecle had Gpparently bexi 106% t o  other +,isms or had baen ellmi- 

mtsd from tha body e h c e  these valuee we= lover at me bay thaa 

at zero time. The values obtained on excre%on OP flseion produota 



prodUCt6 ori- pmosnt In them remained.. The actfvity deposited 

than che Psluee o'bteined for one day. 

by the &ecay of iodine which hae a ahortm haU-life 

Thie is preeumbly explained 

the half- 

l ime of the emiblned f ieelm producte, 

m h z y  axcretiati at fou r  dws but a t  a reduced rate. 

Them vae cc,ntlnued focal. ma 

The activltr 

m h e n  for the other tiseuee in the BcxQ at thee ti= period were 

eesentfally the earn or lower thw thoae ~ b t a b e d  at four days, f le -  

products used in this study, thO l w a t  tim period us& in thew 

expertzente wa8 thirty-three dap after exposure. 

ton.  me activlty found .In .the lunge did not, awm' to be essont1all.y 

deposited ¶.a the ekeleton, Talime obtained for thp.vid were comparable 



to liver and kidney. 

but 0.1 of the activlty value detectetl in l l v e r  and kidney. 

On a per gram b e l s ,  muecle and akin contained 

. 
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Distribution in Rats of Ghort-lZved F l s s l ~  Products irom the C l l n t a m  P i l e  



TABUXXI 

e 

Distribution tn Rata of Short-lived Fimim Prodtacta f2-m the Clintm P i l e  

* Value meaeured vee less t k i Q C I $  of the totai ectivity in animal. 



TABLE XHI 

I GA8 HOWUP TIME = 3 6EC. I 
E.rrpoeure 1 ~ O E U X W  1 Expo- 3 
1 4 Days 16 

Feces Urine Feces Urine Feces Urine 
! 

let, Day 71.00 ii .66 14.73 0.70 10.51 i 4.07 
4th b y  I 7.44 30 I 9-97 0.35 

16th h ; ~  1.04 .10 
I 

Dally Rate of Excretim in Per Cant of Short-lived Fission I’rodiicts from the 

ClLnton Pile 



’i%e hug excmtian of I”ission products produced frem uranium 

thie  -68 tihe holdup time l e  thme seconds. 

the data that about 95s of the total activity depoeited in the 

I tcen  be 8-n A-om 

lump e t  zero time has leea ellninated sixty-four dags a?tor ad- 

mlnistmttlon. 





E-k 

a 

them experixdxe 

lunga eirty-four b y e  aftm admlnletmtion of fiseian products. 

fibout nine-tenthe of the activlty had left the 





STUDIEQ OH TElE FATE CF T " O A C T I N I U M  

WHICH WAS DEPOSITED Tm U3GS OF RATS 

l.& 2. The Elemont, the bW2xxl, and the Eqwipmant: 

In order to etudy the laetabolimn of probcctinim, PePz, without 

crrpcier, vae lr.troduced into the l q o  of rets ae an aerxmol ?d argm. 

The aerosol vacj ob'ained by creatlng electric diecharges bgtveen two 

electPode8 vhich had protmct2iim depoeited upon their surfaces. The 

electrodes wed were concave gold buttone, one centimeter in diameter, 

on vkich carrier-Free y?otoactinSum i n  eolution had heen evaporated 

w i t h  the 316 of R h a t  lnmp, The electrodes w e r e  then ina+&ed in 

the 1-w s i z e  emouurs chau%sr in place o f  the carbon cleckmlee 

ueed in preceding expertmnte.  "he protoactlcium w e  %hen dlsperaeZ; 

Zn an ntmoaphere of E r g o n  by pa~eing 15,mq volta between the t xo  

elactmdee whfch w e r e  pbcsd five t o  ef@t m. apart. A 0.01 mlcm- 

aided i n  cawing tba electric Blschmge. 

coule breathe argon without oxygen durlng the time of pmtoacttnium 

It wae fomd that rate 

inhalation w l t h m t  i n J r y  t3 "hem. O x y g e n  evoidee b the cx- 

poeure chamber beceusa of tks production of unrLaelr6bie amount.e of 

ozone 

3.  Yield - 
The f i e l d  of r;cti+-ty o3taincd was pmportionrsl t o  the tine 

the arc was allowed to opemte. Thix%y seconds of electric arc y 8 ~  

I t I 9 3 1 4  



su f i i c i en t  to depoeit adequate activlty i n  the r a t a  for studiee up 

to eirty-faur b y e .  

4, Reaulta 

'fbble XXIII preeenta the Peeulte of the administretian of proto- 

a c t b i u m  t o  eleven mi+&, which were eacrlficed a t  tlmm rang?.ng Prom 

zero time t o  sixty-four &ye after the expoeure tc, a c t l v l t y .  A t  zero 

tlm, protoactinium wee Oepoeited in appro&Lwtaly q u a l  mounts In 

the luiige and head, each of vhich catained about f w t y  per cent of 

the total a c t i v i t y n  Muecle, ekeleton, and liver coEtalned sufiPic1entl-y 

high conccntratione of protoactinium t o  Indicate a fairly rapid ab- 

sorpticca of the element from the lunge. A cer ta in  ancunt of ekin con- 

tamination o c c - m d ,  pmsumubly from contact .i.Jith tho large snounts 

of  a c t i v l t y  found aroune the n o s t r i l s  during dieecction of the ani- 

mals. The a c t i v i t y  found on skin should probably be coneidered as 

part of the protoactlnlum deposited tn the bead. 

Further evidence of 3.w absorption i a  eupplied 'by data taken 

five b y e  after protoactiriiun exposure. The retent ion values of 

protoactinium by the akeleton had increaesd by a fac tor  of tea Our- 

1% t h l a  time. The protoactinium level of balance remined a8 high 

as it was a t  one bay. 

head had been excreted in the fecea. 

M s t  of the  protoactinium degoeited in the . 
!l%e lunga remained the primary 

depoaitory of pro toec t in im at five b y e  af te r  intrepfimnary ad- 

mfnls+xatlon. Data obtahed on r a t a  eixteen b y e  after Frotoactinfun 

atb.lr ie.t ;rrt lon m e  similar to t ha t  of five daya, no l a r e  tranelo- 

cation of protoactinium being ObBerVed between thsse two time p?rldeU 



Dietrtbutlon in Ratm of Carrier-Free Pratoactlnium Inhaled as Aeroeol . 

I 

Dispraed bg Elec t r ic  Arc 

1Day I 4 Day0 

* 24 

Deily Rate o f  Excretion In Per Cent 

16 D a m ,  64 D a s e  
I 

-30 ?6 

1. %lance I s  p r m w l l y  coqoeed of znwcle, but a180 incluciee any 
tielrue realdues and f a t  no% listed i n  table. 



Same.lung ellmtnation vla the branchiole trw wae observed aa well 

ae loes from the body via the urlne. Thle lung eliminatlan continue& 

d-8 the cour8e of the erpeHlPsnt. (&e m m  31) A t  6iXty-fOUr 

dags, only one-eighth of  the protoactinium o r l ~ l l y  In the lungs 

m i n e d .  

8 8  high a8 those of feces. Thle mggeets that protrnctlnium m e  

read iu  lost Warn the body through h i b e y  Amction. 

M e r  noted that the balance continued to contain more activity 

than ekeleton. Since thgae tieeuee are very Ect lve  metabolically 

and enjoy a lasge blood clrculetlcm, this situation probably fa- 

cllltates loes of protoacticium f’rom the b-., 

The levels of protoactinium found in the urlne w e r e  half 

It w i l l  be 



Hgue 31 ehme the elfieination of psatoactfniun, from the 

lunge of rate after  expo^^^ to  an aerosol of protoactinium pro- 

0 duced 'by a 1c/,OoO8 A.C. electric dieohnrf;e in axgm. Pmto- 

actinium can 3e quite readlly moved f r o m  the Luzgs. 

four-PiftAs of the mterisl has been eliminated elxty-four dare 

after adminietxatlon of the aercaol. 

More than 
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1. 

the 

a -  PII resctian q~ yttrium by the 60" cyclotron, It bad bean pre- 

pared 1 n . W  camter-fbe eta* and fzwe from other radioactive 

contaminants. No Betectable amOUnt8 of long-live8 activity are pro- 

in this type oi preparation of z&. 

2, Mstplad of F'roaucing Smoke 
I 

"hie material me suspended as an aerosol in argon. using the 

electrical diecharge.equZpment described in Chaptar XI. The c'hambr 

in which the Z& smoke was produced wae the large s fze .  Thia is 

ehovn In Figure 6, Chapter I. 'It  had a volu,=a of six hundred cublc 

centimetern. 

predetermined mount of Zr@ could be suapmded 8s an aemeol 

A eerles of preliminary runs were  made do that a 

avoidlrq the danger of volatilizing exceeeive amounta 0.0 this 

eubstence. The final arrmqematwas such that t h i r t y  eeconde 

of electrical discharge produced an aerosol which cantabed ap- 

proxiniately o m  microcurie of &. Before the actlual experiment 

wae undertaken, R eerie6 of detmmlnatiane for the rate of settling 

of th3 seroeol -thin the cyliudar were made, eo that the neceessry 

correction factor could be ap2lZed for tha f e w  aeconas required for 

the 

the 

l l l c t  

active material to be transfen=& from the expoaure chamber t o  

lung8 of the eubJect. 

3 2 0  
0 



3. HumanStudy 

While the aerosol wae being inhaled through a ehort rubbar tube 

placed in the left noetril, one hundred CUMC centimtera of argon 

con&ining the ~,89 aero801 waB Vithdmwn for aeway. 

gao wae exhaled through the mou"21 into a glass wool filter+ 

several additiord braathe of lmctive air wcm Wan which were 

aleo exhded through +Xis flltsr. 

me I-& 

I. Ecuiwnt  for Rate 

k almi lsr  experirwntwaa done on rats us- the trap8 d e e c r i b b  

In Chapter i, Sect?on 3,  80 that Kie data obtalned on both rete ~ ~ l d  

E human being c w ~ l d  be correlaled. 

XXIV end the relnilte obtain& f r o m  the rate on !Table XXV. 

Oiffemoce would appear to be repmaen%& to a large degree by the 

of tht. obsercs& In the rate. F m m  thla ~LYZEZI eqerlnent, it would 

place in man ae compamd with the rat. T h l ~  hypotheate aeeumsa 

t h a t  at3 upper reepiratory t r a c t  and bronchial %me of both.aninsl8 

were .%',wet c w l a t e l y  cleared out 04 n c t i w t y  b y k e  ana of the 

9 1 1 9 3 2 1  



t h l ~ . . ’ y .  It IB known A.om rsdiuautogmphlc studlee In rete that t h l e  

is the case, and the very rapid decrease in excretory rate in man a m r  

the third day auggeets thet thie saemption I s  valid for a e  human. 

The amounts of ZF89 absorbed tkmugh the lunge and depoelted ?.n the 

ekeletm a t  the W e - d a y  I n t e r n 1  In the rcts m e  eroall and It l e  

assm9cl a conapamble effect toak place in the human study. 



Fecal  Excretion 

Tim c f e  

let b y  12 houra 

35 koure 

45 home 

?rid I)ag 49 h O ' n 8  

59 ha- 

3rd Day 71 hour@ 

T o t a l  Excmtsd 77'7.0 

Total Activity 
Ez;haled 53.0 

Eetinated hctivitp 
Bsteined 1600 (. 0 

rr .  20 

66.70 
-- 

I 



9.A 

Zero Time 

I= -1 3ay 

o t s t  1 I 

7 "- 

39.7 

JP.ctivity -led 

~~ 

21,o 

.1 

.1 

.1 

k2.1 

Av3ra3€ 

24.6 

*1 

. l t  

.1 

40 "9 

28.t 

~ ~ 

AnLnaal P 

L.5  

. 3c 

?.lh 

4.& 

3.51 

9.6? 

3.34 

i4*? 

57.3 

- 

R n i n a i  1 

26.4 

.62 

9.07 

1. .89 

3.46 

D 73 

" r,L 

1.37 

3.20 

3 35 

?A9 

9 1.. 70 

39.5 

l?.S 

~c .6 
- 



RAEIO-AUJW%WIC S1vDIEs OF THE DISTRIBUTION GF IIlEAUD 

1. H i e t o l O g 1 c a ~  and Padlo-autogrephical i+bth&a 

A f t e r  intervals, ae stated in the text, follovhg the lnhalatim 

of the aeroaoi bLng &ufiied, the rate ;acre kz l l ed  d i t h  chloroform. 

The lung tissuoe we= fixad, while lnttzc' In the animale, by the in- 

jection of 8C$ alcohol (@ approx, 8.0) I n t o  t h ~ n  through the tra- 

chea. 

wa8 found to caum the fcgglng of the X-ray film; forroa1i.i could not 

3e ueed because It leached oll;tmium A.cm the tieeuea.j 

w e r e  then d ie sec td  out, and after overnight fixation the tieeues 

were  dehydra+& in dcoxane and mbe&kd In paraffin. 

(Zenker-fomol could not  be uaed 6 8  e flxatiw because i' 

The lungs 

Sectlono 

ten micra in tMcheas were cut and mounted on micraecape s l idea .  

The peraYfln W ~ B  reaoced 'by waehi~g the el idee i n  xylol,  

sliclee we;* dipped into very thb celloidin a d  eot on e@ to 

dry, the lat ter naterfal eervfng to afford tbsm E tWn, P i x ~ C -  

tlve covering. 

The 

Each s l ide  was covered with a piece 02 Er2tman 3r Agfa no- 

screen X-ray fflm, carefbUy wrapped in bhckpsper to exclude 

Light, and placed under a lead w d & t  to hold the fllm In cloee 

contact w i t h  the sectione* 

weight of tho lead blocks ceueiw a blackening of film, imctlve 

tissue esctlcnz vere set up In t% nethoc: deecribd ebove; co 

fib brkening wets obeemed.? 

(To check the p m s i b i l i t g  of  the 

~ ~ t h  alpha jmrttclos, a t  Lee& one 



count per 8ecm.d per square centimeter was mqu1reC to s tr ike  the fila 

to otrtain eufficlent blackening in ten days. 

had o h p e e d  for getting an adequate blackening of the film, the film 

A f t e r  eufflclent time 

. 

w e r e  mmoved arid deoeloaed, snd the el leee were etelned With hsma- 

t o q l l n  (llsb eoein. 

e&ned aicroecopically, md the reg20ne of darkening wem capred 

with the correeponding h i s t o l o g i d  e t r u c m .  The area8 o f  darken- 

Each atein6d slide and i t a  radlo-auto5ph wa8 

11.8 on the fllm corr~epand to the region. In the lsectlone where the 

a&&.< atered mtsrkl was accmuulatel iiepmeentat4,ve alidoe and 

their  c o r r e ~ ~ m - b i n g  eutographe :?ere aelected t o  be photamicropphed 

a& are pmasnW here. 

3 .  EcsuLts 

? ~ O : , ( I p 0 3 : ~  in ethyl ether end e3ecting It a e  a epray. 

f o r  dscAled method). 

immdlatelg aYar inhalatfon of thie nmbrlal ehc-d a concentn?- 

(See page 8 

Lung malo-autographs of rats eacrlflced 

tion of plutoniun. on the surface of bronchl, emall, terminal and 

reepXratory bronchioles, alveolar ducts, end a random d'r3trlbutlon 

tkmighout "he d v e o l a r  etmctum. ( ~ i g u r a  33,) The total plu- 
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. b. !!%e 'Distrlbutfon of Plutmium 88 PuO, in Lung Tissue, (PI1 t47 

Plutonium oxide wae produced by the intsnse heating of (1) . 

the nitrafies and chlorl86e OS plulmium by mans of an electric arc e 

(gee paw 1-i , 

concentretian of plutonium an th0 walls of d l  bronchi, small an& 

IrmecIisteIy aPter inhalation, the lunge showed e 

terminal bronchioles, elveolar ducte, and a rmdm dletribution In 

alveol: + 

cLmcent:*tion of plutarlun blssppeaped, leaving spots of activl*;g * 

quite uaiPcmi1y a-ed throughout the lizny: tieme, 

daye a f t e r  expa-um (FI- 56), the Plutmium rsmalned in a spotty 

dietrihit ior oattsrn tZro@out the lung, 

(F3gux-e 34). A t  six%o?m dap (Figtaw 351, thle eurf%ce 

Sixty-fo*r 

(2) Plutoni-m oxids wae prduced by burning p1uton.l.m 
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3eposit"Lc of plutonium as PuOp Fram burmirig nitrates end 

caori5es of plutonim. 64 daye after inhalatian. LUIS. (X IO), 

After 64 b y e ,  canS1dera"ole plutonium remaining in spotty pattern 

throughout I.-* 





Depoeitian of Plutcmfum at3 (from bum~ng ~?r metal)  e Zero  

time. Lung. (X 10). Hote deposition of plutmium on bronchial tree 

eurfece w3t.h ecattemd activity thropghout the met of the l w .  
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Deposition of Pluttmiw ae b o p  (fnm ~ i n g  PU netal). Zero 

time. 

aurf'ace v l t h  aoattexd activity throughout the rest of the lurng. 

fnrng. (X 10). Hote deposition of plutonium 011 bronchial troe 
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liapositicn of plutoniun as h O Z ,  from b u r n i q  Fu metal, 

We day after inhalatian. Lug.  (x 11). IJo plutmium remains 

011 bronohial t ree  surfaoes, as at zero time; radio-Lctivity is 

arranged in spots throughout a l l  of alveolar structure. 
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Figre  40 

Depoeltian of plutoniun as PuO Pro3 burnkg Fu netal, 

Four days after inhnlation. Ltq. (do). Radio-astivity is 

2 

. . arrmged in spots throughout all of alveolar s t ruc ture  





Mgure 41 

Tjepoeition of plutonium as Pu!12 from burning Rr metal. 

days after inhalation. big. (x10). RodioeafivLty fs arl.mged 

in spots throu$out all cf alveolar stmcturo. 

Sixtaw2 





Figure 42 

2 
Deposfticn of Plutoriurn 18 PuO from burning ku metal. 

Sixty-four days after inhalation, L w e  (x 12). ii oonaidorabls 

amout of plutonium still rorraks in the lung in a spotty di3 -  

trfbution pattern. 
e 

, 



I 

I . .  









Figure 44 

Fission produots from burning m i u n  and fissim produots. 

Zero time. Lung. (x 9 ) .  IVoto absenoe of radio-aotivity from 

lymphoid tissue and Slood vessef6. 
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Dfsoursiant 

11.18 foregoing studies demonstrate tha t ,  upon Waulation, aeroaols 

produoed by any of the methods used in these inve t t iga t ions  a re  pr i -  

marily trapped !n the head and lunga. 

these s tud ies  whioh are deposited i n  the respiratory passages of 

The radio-elements used in 

the head are rapidly eliminated v ia  the gastro-intsst:nel tract, 

80 t h a t  these passages are r e l a t ive ly  f r ee  f-om codmnination 

fogr days v f t e r  egposure. 

v i t y  from the upper raspiratory t r a a t  was less than tt?enty-2?r4r 

hourd. The above mentioned elements, when inhaled, peraibt  is tlze 

lungs for longor periods of t ine ,  but 8 d e f b i t e  exoretion vla the 

brmohial tree was obsemod in all of ths elexrie-its atudjsd fo r  the 

duration of in te rva ls  up t o  256 days. 

The time for half-elfd.cntian of coti-. 

The r a t e  of elimination of these aero8.b appears t o  be sonewhot 

proportional t o  $he p a r t i c l s  size. 

shma t ha t  plutonium inhaled in the form of t h s  oxide, which had 

A conpariron of :he groups 

an average pa r t io l e  size  of 0.49 microns, was eliniurrtsd mor0 

rapidly than par t io les  of P U O ~ ( : ! O ~ ) ~ .  which were of smaller par- 

t i c l e  size,  the  average site of the  l a t t e r  bn:.nnE; 0.23 rnicr0.1is. - It 

w;A be noted further that a preater proportion of these rola- 

t i v e l y  larger  par t io les  was deposi ted _. in the respiratory passagerr 

of the head rat!ier than i n  the lungs. Thia wns dernaatrated when 

ureniwn plus fission products was inhaled. 

an average 812s of 0.97 micrana. 

the passage of the e1eme:its in questian through the oapi l lary 

Thsso particlea had 

Furthermore, it appears that 
. .  



w a l l s  of the  lungs i a  re la ted  t o  p a r t i o l e  size. 

aerosols of uranium plus fissicm produots (whose psrt ioleo averaged 

0.97 microns) with c a r r i e r f r e e  fission produots seroaols (whoso 

par t i c l e s  were muoh amaller thGn the  above) demanstratod e nuoh greater  

A conpariaan aP 

absorptian of the l a t t e r .  

Wien plutonium waa inhalod i n  the plus a i x  valence state, 

as the soluble conpound R?Oz(TJ03)2 in an e ther  spray, a greater  

p e r o m t a p  .#' plutonium was absorbed ' h t o  the  body v i s  the oapil-  

l a r i e s  of the luiga, then when plutonium was inhalod in the plua 

four valenoe s t a t e  as an insoluble conpound (PuC$). 

bdio-autographio s tudies  of lung t i s s u e  showed t h a t  upon 

inhalat ion of the d i f f e ren t  aero8018 t h e  s i t e  uf deposition of 

the radio-element v m s  the  epithelium of t he  b r a c h i a l  t r e e ,  

with a spot ty  d i s t t i bu t i an  throughout the rest of the 1a.1~. There, 

trms a rap id  removal of the redio-elements from the branohial and 

alveolar  duot surfaoee as oompared with thoir  slow disappearmom 

frm the reminder  of the l b g ,  t h e  l a t t e r  l a c a l i t a t i m  being 

primarily i n  the alveoli. 

radio-alenents in e i the r  lymph nodes or blood vessels. 

There was no conoentraticm of the 
r - .  

ate lug autographs from inhalatim experiments with 

(1) plutonium oxide, h 0 2 ,  obtained from SUrniLg t he  plutonium metal, 

( 2 )  plutonium oxide, h O Z ,  obtained from burning the n i t r a t e s  and 

ohlorides of plutonlun , and (3) f'i8sion produats produced by burnin; 

uranium metal containing fi8siati products were s t r ik ing ly  similar, 



- 2  

Plu ton iun  otibe, EuO is very i n so lub le  
2' 

xould, thus ,  expect it t o  be re t t ined i n  

i n  tis::ae < l i . i C S ,  :.nd one 

l u g  f o r  e 10::~ t b e ,  i .e., 

s l o ~ l y  obsorbcd from 1u.c~ tissue. I n  the case of fission products, 

t 'ce rodio-elerants Ehlcl; re re  r e t  ined lrA the l~-,~- ccrc undoubtedly 

tiie x r e  ecrths, zirconill", cnd coltmbiun, ( rc ther  than the  more 

s o l i b l e  radio-eleucnts suci; os bzrim, strontiu.:, cesiux, iodinc, 

and tellurium), ana thcsc, too, due t o  t k c i r  i:Asolubilit!:, one r.oeld 

expect t o  be held Ln the 1 ~ : -  f o r  a iorlc t k e .  

radio-outopphs,  t h i s  appecrs to bald  t rue in bo tk  cfisee. 

8s P U O ~ ( ~ ~ ) ~  is much nore soluble t h z i  p lu ton iw  cs t'u02, znC the 

former should d i s e p p w  frorz tke  lu'lp c t  a ruck. =ore x p i d  rcte than 

the oxide, which is o?parentlr c h a t  occurs I n  the  eutot-rllpho. 

mre, the xetsbol ic  studies shored tixt relst9vel:r l i t t l e  TuOz i a  

absorbed i n t o  the blorhd strcm, - a h i l e  considerrblc P u O ~ ( I L ' O ~ ) ~  mas 

Fro:-. obsematlon' of the  

:'lutoniun 

Further- 

absorbed, i k i c t  agcin aould accouqt f o r  'the 

t h e  rutoZrcjnhs of t h e  scluhle PuO (NO ) - o s  
2 3 2  

The euto:lrr.pha of plutoalux frcs tLe 

s o l u l e  t - i t rz te ,  ccd t!.oee f r o 2  tho fiosim 
- .  

:arc r p i a  d i s m p a r a n c e  In 

ccrp::red x i t h  hOZ. 

insolLble oxide 'ne. the  

protic:s proauced by 

burniz * ura:.iiiu? zire p l u s  fission prcducts uiffercd f r o 3  tkose nuto- 

p q h s  of the f i s s i o n  proaucts f r c r  tFe Clinton p i l e ;  the latter 

cero r eco i l s  f r o x  thc n;.utrbn f i ss ion of u n n i G ,  iqd = e m ,  therefore, 

f i s s ion  product nerosols. This difference i n  s i z e  is obvious in 

the nutogrn:Jhs. It is conceivable t i  r.t tLeir S C C ~ J  s i ze  sould allo::. 

t h e i r  poosa;;c across c?.pill:irj a.~lls t o  en te r  tie t-emrLl circclotion, 

thus ciearini; tLe lungs nt  a &much f m t e r  =to. 

f o r  the f:.et %kat autographs of lonpr recovery per iods  ::ere 

Xis  L70dd account 
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ir.upossit.de t o  obtain duc t o  tile sm11 i:mUt of rcdio-cctivity 

present a t  thos? tines. 

are the short-l ivec precursors of t h e  l o n ~ - l i v e d  f isoion products, 

(the radio-activity frm the l o t t e r  elcnents i-ivinx the autograph), 

Loreover, s ince these Tission Droducts 

'and are  coluble ,  they r;oLla t r ave l  quite s~1T.e aist*.rce b e f o r e  

71;c l e t t s r  dec:;yin,; t o  t he i r  insoluLle lon;;-livcd ~ c c e s t o r o .  

effect could rccouct for the -u i te  u:iiforn dis t r ibLtion of t h e  

rLdio-zctivity throu hout t h s  lunp. 

t I 1  9 3 - 1 2  

http://ir.upossit.de
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