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ABSTRACT 

The present studyewas designed to reproduce in thcilabora- 
tory an acute exposure of mice to early fallout (2 days old) 
such as might result:from a land-based nuclear detonation. 
Biological data werg. obtained on the uptake, distribution, 
and retention of the @haled fallout simulant. Further, ‘as a 
basis for comparing@he effects of different types of s#mu- 
la+, the metaboli(;+behavior of this dry-particle fallout 
simulant of 1imited”aolubility was compared to that of. two 
previously studied fallout simulants; an ionic liquid aerosol 
and a mud-slurry aarosol. The simulant was also adminis- 
tered by Ravage to provide data on uptake of fallout by inges - 
tion as compared wrw inhalation, From these data, an 
evaluation was madg of the radiation dare to individual tissues 
from inhaled fallout’es compared to the concomitant external 
radiation dose that the animals would receive if exposed to 
th 

9 
same airborne r/mulant. 
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tion across the GI tract pr, 
dry-particle sirnulant into 
tion exposure, 

posure and administration by gnvage, EC 
ceptions to these finding‘o’wiro the thyroid and the skeletal timue4s, the 
former having nti affinity fo$ the short*lived iodine isotopes and the 
latter for the longer-livgd.’ 

7 
rsion products. 

dose to any tissue from the internally 
tract received the next highest dose 

10 per cent of the dose to the thyroid, 
The dose to the skeleton, lowest in the 15.day period studied, will 
probably be greater tha? t other tissues over a longer period of 
time, since the skeletal:aq$/vity falls off more slowly than that in other 
tissues, The internal r 

tY 
di ion dose to individual tissues was, with the 

exception of the dose to thr.fhyroid, lower than the concomitant external 
dose received by the animq , 

v 

! 

i 

i 

j iv 

I U N C I_, A S S I I’ I fi3 I i . I -w. *.. , . . . ._ . . . . I_ .” 

P.. 



*g. 

? .$ 
>’ 

i. 
: 

$. 
f ’ 

. 
i_,. 

‘i 

; ADMINISTRATIYE INFORMATION 

:s. 
,. 

I. 
‘5’ 

This work was done as a part of Bureau of Medicine and 
Surgery Project;;Numbar NM 006-015.04, Phase 1, Technical 
Objective AW -6,‘, ao dstcribedi in the U.S. Naval Radiological 
Defense Laboratory Ra*search!Progress Report to the Bureau 
of Medicine and?Surger:y; NAVMED 1343, of 31 December 
1955. i -. 

2.. 

5 

The work also’ir part of the! technical program for the 
Department of the: Army established between Department of ‘i 
the Army, Office, Chief of Research and Development, and 
Bur.eau of SMps#oint figree?ent, 23 November 1955). 

1 :‘ 
.: 

!’ 
,’ 

1 ‘:,, .‘, 
% 

: .’ 
Ackno~ledgrng.pt 

_. T 

The authors v&h to thank B, R. Odom, HN, USN, and Mr, 
L, L. W iltshire for their technical assistance, i 

V 



filtering defenses of the 

tissues resultitlg from selective localization of isotopes. 
I 

I 
I 

In order to ;LSSCSS these situiltiotls, il is necessary to understand the i 
metabolism of the fission products, i.e., the uptake, distribution,:and i 
retention in lh* body of the various isolopca which are in+l,e#_~,ndJnY 
gested. While ;l number of the lollg-livcd’lission products have been 
studied,‘” information is lacking in two areas:: first, on the metabolism 
of a very early fission-product mixture (which, 
fission product !;) iind sccon&y, ott the b(Bhavior 
products compting 
fies’ion produc:I s 
The behavior of i\tI isotope 
taken in a mixt III*C of 
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in mici a0 a result of to a clry-particle rrimuht 
Z-day old fission 

in&porating 

tracer amounts 
simulant employed was com$oued of 

particles ip a wide sine r*e. 
chlorides adsorbed compl4$ely an dirt 

The eimulant war gene rat+$F ai+yrne 
particulate6 and reprcsent;rj;eualitatively, tho fallout which” &@ght’ be ’ ’ 

encountered as a conscqud. 
simulant is, however, no &eeaarily of the earner chemical-form as $Q9 

of a land-baaed nuclear dctonci$ion. The 

fallout which would tend 
t 

ximiae the hal;ard aq approximited here, 
‘1. 

Earlier, \h+die s have 
an .ioi~ ‘c,:9\’ blant’ and a 

f F the fal ou~@at might 
and, tb9, IsttF.lr, a deton 
to an’e+@4&\i$e to fall0 
mate#)r i,#e re 
pre 94+ eveJime.nt .w 
type8 (qf qwlants 

’ 

The slmulant W;\S uran”hm obtainid 
from the &latr t*iitIH ‘I’t*!iti f fiBsi ,iiLproducts 

~olutto~ of prc?yiaualy @pared dir,t 
than”40 microns in’d~ametcr.‘C’ 

e aporated to dryness in 9 
The rc*sultant s mul;Lnt consiatid”of dirt r 

of Crorn”1: to 5 microna 44th the ’ 
jThe kolubility opthe activity 

was 8 per c&at in’Gater and’ 1’8:pcr cent 
wt’ I.(* cxposad’to thiti oimulan~,within 2 

days after the I~VIII~V;I~ of.;t.& irri~tli;~tr*d uranium from Che r88Ctorr ” -“--.“--S..* I 

* Matwlala +I’$II~ I~VICIO~ IrritdItit &ha, I%llllp~ Perrolpf;ifnC%{IdahP Palk, Id8!$0 
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Tpe exp2 imcntal a 
F 

s 
the’ @malq’(scc* Fig, 

for generating the aetoebl and expos’@g 

con$ieted oft (I) an. aer 
rcviously described.‘c6 The cquipma#$$. 

be+ (3) aapple collect 
nerator, (2) the animal exposure ch&$- 
collecting particles (for deterkinati’&$‘of 

eii~,, and aejoso! 
eI 

concea on) and (4) supporting equipment 
‘8 - 

wc rc ca rried::gut 

rforlrwd ‘by detarmining the gamma actiyit y 
scintillation counter. The tissues wdre 

cibles and positioned under the crystal. 
duo to the inh&ent difficulties with prcl) -’ 

g, However, p$aviour cxperimrnta%ave 
mc?aeurements- 

The distribrll ion o$ th. dioactivo fallout oimulant in the tirciueo antI 
organs nf rni~~~~ c*xljooed the ni rborw nimul+nt for 3 hr, and ~t:riolly 
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c riCii:ed irt I~‘riotIn ranging from 1 hr to I5 tlibyfi fullowit\g eXpQnure, 
shown in b’il;. L, At 1 hkaftc?r ~xposurc, approxLma%ely 90 pc r ccnl 

11 ac*t ivity (ae:,determillc?d by’gamnla activity measurements) 
LIIV GI tract, although all thq activity originally c?nte red the! 

It app+@rs thrill most of tlrc! radioactive m;lfct rial WF~ B 
will1 iii t-8’: parti’ales which preeumnl~ly were rapidly moved 

rc!sl)i ribtory tract, by ciliary action irtjd swallowed, while tha 
arli(.l(bs pcnetratsd to the alveolar tinsuc. A small but signi- 

MI ol’ the material in the GL tract Wits absorbed into the body 
r gavage; thq’ remaining material wa H axcrr! t ccl, 
ent of the mgximum activity in the GI tract :f 

i,\ 

The major I)orIion of t bstaI~~:(~ which cntorcd t tw 
mic circ*\llation did Loss of activity from 

1 hr the aptivity in the liver was ajJproX- 

vity in the C$ tract, while both the rcspira- 
d skeleton optaincd approximately 1.2 per ten 
contained 0, per cent of the GI tract activity % 

The high level of activity in the head probably 
ge particlery?hich were inhaled and trapped 

‘4 
4‘ 

tivity.diffd‘re markedly from that observed 
he ionic liquid aerosol’ and the slurry typtb 
e basis of the activity found in the reepira - ,, 
of the Gl’ltraet was 80 &. 13 far the dry- 
c*ompare,d to J.2 f 0.3 for the liquid acruriof 
rli(*-rnrtc\.slurry nerofsol (Type IT), 

reHpir;It(?ry Iract and the 61 tract 
the amoutrt of activity rctaitlcrd at 
ent with ~Iw Type 1 cllmulanl and 
HuggcstiIIH thilt Ilw dry p,arti~*Ies 

l ionic for~n. On 11~ other hand, 
\ the- ;tt:tivity t*cbl,lirltlcl by the livc*r whc~r the irtlill\irl is exposed to Type IiS 
i ain,\ilat\t (;I~~;Iill irl l(*I*rne of tot;11 Gl 0nd rcspirillcbry t:‘rnc:t activity) wan 
- 1 .Y t 0,l I”’ I’ t’t’lll iIt; compared lo 1,l + 0,I prr C:OI\L for ‘I’:Iw I, ‘l’ht! 
hi#hc’r rctt*I)IiIlIl ()I’ Ih(* p~gticnlitlc! Him&M I)y Ihe liver iH probably 

i anwociated wit11 I IW ~r~~~r~~fur~~~iot~ of partir*k ~?ntraprnenl by thrq l~atic\~lo- 
1h1 t.lrc* partic*ulatc? ntrro~ol 

111 lhe CXIH I*iIII(*llI itr w&h thr dry-particle t+irnuliml wncl fed lhv rnicqll 
by $1 omaoII I tiljt*, III~~ init& dlnl.l~il)rltion’o~,ot;ivity in the GI tract nnd 
jth I.lrc- Hall I i!is;tIt*:t tt~!cl ia *to13 iti vc ry similar lo llmt following irrl\ali~I 101i 
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exposure.; (Fig. LB), 

was retained by the live! 
tion of the eimulant. In 
tract zicW$y was found’ 
exposure-to the same 

eiae LIw taat’. 

’ parieon of the amount of activity in the 
tibn’ and gawge of {the Tfp& III sim’ulrnt 

avage, appro@mateF 1.3 i 0.J per cent 
% aincd entry into the;! lood stream illId 

the primary sitee”of internal dellfbsi- 
gbout 3.L + 0.3 per-cent of the GI 

er Lnd skeletonfollowing the inhalation 
.Thua, abrorptionVfrom the GI tract ’ 
T cent of the activit!y depafiited iw4he I 

vexposure, and 50 per cent of both the 
Wity. Only half thetactivity in the respiril - ’ 

from material directly inhaled and ab- 
the other half is obtained fromrmat(~rial 

bsorption through the C;I tract, The!;<? 
tract is a significant portal of entry of 

ystemic circulation folloning an inhalation :;, 
haractcristlalr (such as pqrticle sim)which \. 

ating the absorption of particles must be con- i’ 
$elstinal membranes as welI’!ps the alireolnr ! 

A; 

rid&activity in”a{i”‘& The 
following both Q. 

$&~s’~~,a except the skebetod;ind thyr&id 
irlllaLationian~,gajjrage 

fraction of 1 per cent of !t 
decayed rapidly, decreasing. to a 

and thyroi#l, howcvcr, 
JFhr ‘activity by the 15th day, The skeleton 
@from 4 to 9 per cent of thqir 1 hr activity 

at the 15th day. ‘The d _ tiv@p,in each tissue was a’ function of two 
simultane’ us proccsse 
and~r~the: bi 8 

ioactive decay of, the fission product6 
Odgicn 1 10~s~ tildnt 

f 
materitil,~$Mf fro’in the tidsiles, 

Radioactive Dcc;iy__~f Tissue 
# 

The compositior\ of fhe*q@+otive m;lt.crial deposited in a tissue is 
reflected i!n the r;t(lioactive qecay aurv(I of that tissue, Iii ardor to gailI 
information on IIw selective (rptake, the gamma activity of the tioeues 01 
animals sgcrifi~~(~cl nl 1 hr p&t*xpoeurc~ was measured at interval6 ovt’ I 
a 30-day @eriod. ‘I’l~se decqy cur\ies for vilrious’ti86ues’ (followihg’atf 
ministration by 1,(1!11 
Himilarityfof II) 

inhaiatic#and gavagc) nre shown in FiH. 3. ‘She 
4’ (*~II’VPM (with the cxceptiotl of t.he skeleton) indicates 

that the is#opi(* clisl ribution lof t.lrc intorl,ally deposited fission product!! 
in most oqthe t iHH\It**{ was veiry’ similar, ‘l’hc lower r;rtc of decay of ttlra 
activity in+thc* rilc(*Il’Iit1 Iissue: reflects a fractionation in the uptake of tl\cb 
fiHsion-prqduct tnixl.nre due to the affinity of bone for certain of the elf! 1 
mantn which il I*(’ c-h;rraoteri~ed by relatively lung half-lives, The nctivii y i 
of mate ri& :; :l~c~sitcd i<,,$&~~ &e; dqcayed with G.s,ome\yhat highar,,rW 
than otheri’ooft (is!+t~t*n. * The,.appare’nt increase,, in qctivity.at 1 day pro1 
ably reflects th(* ~;rowth of a~/~amma-emitting daughter from a bata-emi 
tinp: pnre’nt ri~cliollrlclidf?~ 
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The composition of the fission-product mixture in the various ,t)ssucs 
(with the:‘exception of the thyroid) appears to be dominated by on+’ ‘or a 
group of fission products, as seen from the similarity in the radioactive 
decay rates:far all the tissues during the firsi’d’!days. The thyroid, of 
course, ha.8 an affinity for iodinel” and the shorter-lived;iodine!radio- 

I’ isotopes. 
,I _ : 4:’ 

I k A gamma spectrum analysis will be used in future experimsntkta 
L identify the major fission-product components of the simulant material, i 

: Following the administration of the simulant material by stomach tube, 
the radioactive decay of the material deposited in the various tis,sues 
(Fig. 38) was very similar to tha& observed following the inhalation ex- 

: poaure. The basis for the similatiity probebl$$es in$he fact tJ#in ! 

&e,ither mode of administration a large fractiowof the radioactive[._mate,rial! 
“ qntcrs into the systemic oirculation by the Cltportal of entry, :;: 

Biological Loss of Simulant . . . 

t 
The gamma activity of each tissue taken f$ntmice sacrifice&at j 

various time intervals following exposure was corrected for radioactive 
decay back to 1 hr after exposure by the use of the above-mentioned 
radioactive decay curves. The resultant curve approximately describes 
the biological loss of the fallout simulant in that tissue (Fig, 4).? 

The activity of the GI tract and its contents decreased the most rapidly, 
due to the excretory nature of this organ, As previously noted$‘the hio- 
logical decay of the radioactive material in the 01 tract was very’rapid 
and could be separated into two components, The initial rapid loss of 
material with a few hour’s half-life probably corresponds to therapid 
loss of material from the GI tract via excretion, The second componunt 
with a half-lil’c* of several days was probably related to the olow$r pul- 
monary elimin;rtion of the lung “fixed” activity and to the normalexcr’e~ 
tion of inte rtl:hJ ly deposited ma tc rial. The rate constant for theloss of 
activity from I hc* bJood is also quite high initially, due to the rapid e-x- 
change of matc*rial from blood to other tissues, After this initigl,‘rapid 
loss, the activity in the blood approaches a constant level, .’ 

Following ;ttlrl~inisl ration ol’ the simulant by gavage, the material 
rapidly pass{-tl through the GJ tract at approximately the same rate that 
was observc*tl following inhalation. The rate of loss of the simulant 
through the GI tract. was such that the stomaoh and small intestine con- 
tained 1 per CPI\~ 01 the maximum activity at 2 and 5 days, rcsp~i$ively, 
post -radiation, l’lw activity in the large intestine fell to \ per cent ctf 
the original ;r(-livily by the 18th day, ), 
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$+ that receive3 by the@$espi~ator~t&t .wasi much 
:“’ sure to the’f”cjry-par$$l.e si~@$n~ t3?n$ollowing r y, 

simulant. ; ‘1 ? 
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Iants, the metabolic behav$~r.af thiz dry-parricle fallout simuliinr uf limited laws, tSc w&hulir- behavior of this dry-particle fallout aimulant of limited 
lubility was compared to that of frvn previwsly irudied fallout simulanls. an sol&ility wat cwnpated to that of two eviolrrly studied fallout simulant% ZLi 

,~pp$aeqsol aqd a mud-slurry sexowl, The eimulant w8rz also adnuuhteted itic liq$d dewol a# t was also administeted 

to ptovide data an upukt of fallcw by i 
Jut evaluation was mwk 
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metabolic behavior of thk dT-pqticle fallout &mlant of limited 
was anqared io that of two previmwsly studied frfkmt simulana. an 

era& and a mud-ehty apwl. The simulant ivau ah admmkrtered 
ide data on uptake of fallut bjr iugw.l~ as compred with i&ala- by gavage to provtie dar+ 01 up- of fallout bi;fn@-&;+ 
data, an evaluation was uude of the radiation dice to lndhidurrl tiw. From these data. an cvaluatlon ~8 ma .&e% 

inhaled fallout as compared to the e~mc<rmiuat external radiatiw tissue$ rrom inhaled fi&nlt as co 
tb8t tbt adnMs would tecelve if exwed to *b,y,y l&bIxne rtmulant, dm thvi the 
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