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ABSTRACT

The present study'was designed to reproduce in the!labora-
tory an acute exposuye of mice to early fallout (2 days old)
such as might result'from a land-based nuclear detonation,
Biological data were obtained on the uptake, distribution,
and retention of the inhaled fallout simulant, Further, as a
basis for comparingithe effects of different types of simu-
lants, the metabolig*behavior of this dry-particle fallout
simulant of limited solubility was compared to that of two
previously studied fallout simulants; an ionic liquid aerosol
and a mud-slurry aerosol, The simulant was also adminis-
tered by gavage to provide data on uptake of fallout by inges-
tion as compared with inhalation, From these data, an ‘
evaluation was madg of the radiation dose to individual tissues
from inhaled fallout as compared to the concomitant external

radiation dose that the animals would receive if expoged to
thﬂ same airborne simulant.




i SUMMARY

f The Problem

i The present study was designed to reproduce in the Jaboratory an acute
jexposure of mice to early fallout (2 days old) such as might result from
‘a land-based nuclear detonation. Biological data are required on the
tuptake, distribution and retention of the inhaled fallout simulant, Fur-
ither, as a basis for comparing the effects of different types of simulants,
ithe metabolic behavior of this dry-particle fallout simulant of limited
‘¥solubility ' must be compared with that of two previously studied fallout
fsimulants, The simulant administered by gavage provides data on the
uptake of fallout by ingestiop as compared with inhalation,

{ These data are required {or an evaluation of the radiation dose to in-
¥ dividual tissues and organsifrom inhaled fallout as compared with the
{concomitant external radiation dose that the animals would receijve if
“exposed to the same airborpe simulant,

 Findings '
4 i
Following a 3-hr exposure to a dry-particle simulant of a land-based
-{ nuclear detonalion, the activity was quickly cleared from the lungs and
" appeared primarily in the gastrointestinal (Gl) tract, Lesser concen-
trations of activity were algo found in the head, liver, skeleton and thy.
“roid, The radioactivity was removed very rapidly from the GI tract, as

fcompared to the rate of loss of the simulant from the respiratory gystenm,

1
{ The ratio of activity in the Gl tract to that in the respiratory system
f following exposure to the ionic, mud-slurry and dry-particle simulants
P was 3.2, 12, and 80, respectively. The rate of biological elimination
 of the dry-particle simulant material from the skeleton and liver was

4 considerably greater than was nuted with the previously studied lonic

¥ simulant, In terms of total respiratory and GI tract activity at | hr,

% the skeletal activily was twice as high for the ionic simulant as {or the
4. dry-particle simulant, while the reverse was true for the liver activity.
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Following the admmxstnt‘on of the simulant by gavage, the initial
distribution of activity in the GI tract and in the tissues was very simi-
lar to that following inhalatipn exposure. It was found that the absorp.
tion across the Gl tract proyided an important portal of entry for the
dry-particle simulant into the systemic circulation following an inhala-
tion exposure. The composjtion of the simulant material in the various
tissues during the first 4 days following exposure appears to be domina-
ted by one or a group of ﬁogion products, as seen from the similarity of
the radioactive decay rates for most of the tissues, The results were
similar for both inhalation exposure and administration by gavage, Ex-
ceptions to these findings wqre the thyroid and the skeletal tissues, the
former having an affinity log the short-lived iodine isotopes and the
latter for the longer-lived { uion products.,

The thyroid received thev ghest dose to any tissue from the internally
deposited fission products,’{The GI tract received the next highest dose
which was, however, less than 10 per cent of the dose to the thyroid,
The dose to the skeleton, while lowest in the 15-day period studied, will
probably be greater than t at to other tissues over a longer period of
time, since the skeletal’ act jvity falls off more slowly than that in other
tissues, The internal rp ion doge to individual tissues was, with the
exception of the dose to hyroid, lower than the concomitant external
dose received by the anim*;r.
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.ﬁxposurc to fallout from, enuc)ear detonationp 9r to an aerosol fuormed
m gqntrolled nuclear {igsign, results ina bmlo kca; ha za;d bqth fi'dm §h¢
e);t‘ernal radiation of the o g’&msm and Irom ra iq.tlon emana; ng fr% n it
ternél,ly depesited materia revious studxes, : v¢ md:catedt at 't !
short-term effects which g ¢ar following a_cop ed expmsureg (i.g
external apd inlernal expog B?(e ) resujt primari rom the externpl radiaé
tion, The amount of matel"}” suffxcxently gqeat ] penetrqte the. ,na ura} f-‘
filtering defenses of the living organism and produce immediate eifecth |
is. ppceasaply associated with a very large Q,mqp of externa x;a ; ; .
act ye material. There arg, howeVer, situationg’in which the | n;’erhal |
?,txon is of primary congern. Such situat o }nclude the' lo -icr ‘}
effects rgduccd by interpally deposited isotopé l} with long radioac W‘é
- and biological half-lives; lopg-term effects o ac‘c\’:mulated small doses
of short-lived as well as long-lived isotopes; and damage to individuil ;
“ tissues resulting from selective localization of 1sotopes. ; i

In order to assess these situations, it is necessary to understand the
metabolism of the fission producls, i.e., the uptake, distribution,: and
retention in the body of the various isotopes which are inhaled and il}v
gested. Wh:lv a number of the long-lived fission products have been’
studied,! information is lacking in two(areas- first, on the metabolism
of a very early fission-product mixture (which ch pdes ort-lived
figsion products) and secondly, on the bohaviorggf ongelmﬁvygggis}ion F
products competing in the bady metabolism withi the numeroys, thqr ‘
fission products found in the spectrum. formed op bombardrp of ramum. o
The behavior of an isotope a‘qlmmmterod singly may differ }'?,m th¢ igotope :
taken in a mixture of fissionproducts,

) 3 ((\ “ } R
While physical mqtrument.atlon van be used to determme thﬁ ?xternal_ ..j}:
dose to an organism, it is gt suffjcient for calgqlating the' ternal ex-' ;

pesure since complementary metabolic data ave! hckmg onfghg uaptity‘
of jnternally deposited mategial in particular t;qgges and or a,n! nd on
their turnover rates as o fu.gctmn of the amoung presgent in ghﬁ Wct, rnal
environment, ug, y q., P Mi ,,‘,,,h_ “y

In the present vxpcnmqmﬁ therclore, a dsreg}, qyaluatxo g,s. f
of the uptake and «h«;tnbugon of fission products deposnwd nierna i

i I ;
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] Fyepa :
he simulant employed w ompooed of
3 ¥ o

tracer amounts of ussmu-ﬁﬁﬁd"" chlorides adsorbed co mpu:wty on diri
particles ip a wule size ch. The simulant was gener ated s airborne
N R T R RN Ly R SRS TR L ITre P elo . A_11_..a et b e, ._\.‘.'l.._ .
paliLiiaied auu lcpl’b&ﬂl‘“ Waillatilveiy, I iaii0ul wnicn ‘Q
encount ed as a consequef of a land-based nuclear dctonation. 'I‘he

rily of the samei chemical iorm as

simulant is, however, nowmces sarily

fallout which would tend to?gaxi mize the hazard as approxxmated here,
; ?i

Earlier gtudies have tra&m the fate of two other types of sjmulantq-—

:"
= e

"an ionic 91?}1 plant® and a !& "slurry simulant‘.' The t’orme;' ?presehts

the fallout’ hat might oc 1 owing a nuclear detonatmn m e watér,
and the lat*er a detonationtn a shallow harbor, ‘The’ biologic%l response
to an equnure to fallout ig% ;pendent on the prqperties of the carrier
material, | The results objpified with the dry=particle s:mulq,ﬁi in the"
present expenment were ¢ pared with resnlts obtained witﬁ’other

HQ
types of qwulants produc@» previous studies,’/ s
_ In ordexﬁi? assess the y&%t ve importance of £nha; tion “559 ingestion
as modes o ?ntrv for the g products into the bodv. '"__ é:v.nartiglg
simwant W ap administeregMo mice by gavagé‘a d the'’ requﬁ e'to thig
mode of administration wiss omnared with t that oﬁowmq inf g“i ‘
P {e} &Yy r /] oy,
expOQQreru o ."y] - .”" Q‘q 1 V.
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ML o feosiiTasg Ll P st e o diatad eamliime ohtalndd
4 3C 93t ‘I At it Wil s 'll l'P “'EH AP0 Ht.'\ll T \‘"l.ll Vaujareil ?Clﬂll A ‘lll UGG
from the Materials 'l estiggiReacior, 'I‘he mixture of fissiodeproducts
FYUSE ¥ I, TN T AN TERE Mislionm ol muhiriatialy mbbhwa wad A wt
Wah Qidh *Ve Vi ll\.ll (lllu QT 1O a ﬂ\)l\ll«lt'll i p&uvtuuruy ;vytu vu ull(b
particles 9{ Ambrose clay loam of less than’40 microns in diameter,®
The Pal‘t cla -nt.'»um-p!uq gt mixture was ey aparated to dryne:ss ina
hall mill o insure mlxmg, The l'cqultant 9 mula nt c01\5i5t¢d‘of dirt
piil“tiCJBS ‘Yy“ltn AN Average | giameicy of {rom 'l to 5 microns with the '
fission products m|~m|'l)cd on the wrfaceq. ‘The solubility oﬁghe activity
adsorbed Qr‘; ‘ht' clay ;mru@*éi was 8 per cent in'water and 18 per cont
in HCI at pH = The .mimals were oxposod’t o this simulant'within 2
days after the removal of: t‘e irvadiated uranium from the rgactor,
* Materials Tegting Reactor inr .mmu'm ce, Phililips i"ﬁiﬁr‘tﬂ% Ca.‘,’zéatsa sllsy Idahv !
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4'1_"§e expeyrimental appamgtus for generating the aerosol and exposjng
the animalg’(sce Fig. 1) wigs previously described 4® The equipment:;
congisted ofs (1) an aerosPl-generator, (2) the animal exposure cham-
ber, (3) sample collectorgffor collecting particles (for determination of
sizgg-and aeroso! concenty

“Afgenerator was designfid to provide a stream of airborne dry parti-
cles at a cqnstant concentfation level (3.2 X 1072 pc/ml). The rotation
ofithe outey'tube providediconstant advance of a brush against theisur-
facaiformed by the dry;
uphy the agrstream a

jvered to the exposure chamber at a flowzate

‘cuft for, ; : B
ithe prﬁgseut study, v o ice were expooed‘ﬁto the dry-parficle-ﬁllbut

simhlant izg’a manner ideilical to that used with the ionic simulant,$“In

afsolution contifiling a measured amount of the dry:simulant
dmlq%;e ved by stag tube to 36, micey T g
% P - RN i e

e anixiials were 8ac, ) Az fte
ure a,_;'zd at vario&ui Bevvals up to’}5 days, < The experimentalipyo-
diire forimeasuring:thagctivity of thc;ﬁug*gwgmduct- in the tissugs

stheen dfg:aa vibhed in vious report/ T

87!
'«%‘.

a activity was diz‘ yrmined in the following
gatory tract (gtarting at the upper end of the
bia, thyroid, head,and Gl tract and contents
al region), The autopsies were carried out
tamination, S

he distzibution of gan
ans and‘tissues; resd
larynx) and lungs, liverg
(fram top~of esophagus
wi ,.cal'e..:;go avoid cr

o

‘ perforined by determining the gamma activity
ma scintillation counter, The tissues were
crucibles and positioned under the crystal.

‘sodium iodide ga
ted ip Coors porceld

samples for cginting, However, pyevious experiments'have
e gamma acflyity measurementsisatisfactorily veflect tbe

D
=5

- e

REﬁULTS:'ANU mscussgy ‘

Inhigiia.l Ugték_g_iqg_g_he In hgtg Aervsol by Animal Tissues

The distribution of the adiom-tive fallout simulant in the tissues and
organs of micr exposed to the airborne simulant for 3 hr, and serially
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ion) and (4) supporting equipment (pump,{stc. ).
. Fad

pticles. The particles thus agitated werq picked

i éed in groups of"%%’;each, starting at | hyl ter

[ty was not meggured due to the inherent difficulties with prep-
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sa( rificed at periods ranging from | hr to 16 days fullowmg exposure,
is shown in I°ig. 4. At 1 hy:after exposure, approximately 90 per cent
fof the internal ac tivity (as determined by gamma activity measurements)
was found in the Gl tract, although all the activity origipally entered the
body by inhalation. It appears thal most of the radioactive maferial was
_assocnated with large particles which presumably were rapidly moved
”ack up- §he respiratory tract by ciliary action and swallowed, while the
fsmallerparticles penetrated to the alveolar tissue, A small but signi.
‘ fmant fraction of the material in the Gl tract was absorbed into the body

$By the third day only | Pe,

cent of the maximum activity in the GI tract
re mained, A '

i,

3

jradioactive s\:bstum:o which entered the
g'in a matter of hours, Loss of activity from
t 1 hr the activity in the liver was approx-
stivity in the GI tract, while both the respira-

The major portion of t
Esystcmic circulation did
the blood was very rapid. g
imately 2 per cent of the

tof the activity, The thyr d contained 0,4 per cent of the Gl tract activity
and the head 9 per cent, *# The high levql of activity in the head probably
'reflectsithe presence of- l%'ge pa rticleu«iwhich were inhaled and trapped
{in the nasal passages, ; v _

The initial distribution q activity differs markedly from that observed
.-_;following expns.u re of migerto the ionic liquid acrosol® and the slurry type
‘aerosol > (sce Table 1), 7Qn the basis of the activity found in the respira- .

‘tory tract being |, the actiyity of the Gl'tract was 80 + 13 for the dry -

(Typc 1), and 12 ¢ 1.1 fo:\f e ionic-mud slurry aerosol (Type 1),

If the total activity found in both the respiratory tract and the Gl tract
is used as the basis for cQmpar ison, the amount of activity retained at
1 hr in the skeleton is 2,34 0.1 per cent with the Type | simulant and
only 1,3 £ 0.1 per cent wu{) Type 1, suggesting that the dry particles
may not br a«s availahle tg:bone as tho ionic form. On the other hand,
the activity retained by thc liver when the animal is exposed to Type 11
Casimulant (again in terma of total GI and respiratory traet activity) was
"LY 1 0,0 per cont as compared Lo 1,1+ 0.1 per cent for T pe 1, The

hxgl\cr retention of the pagticulate -um\ﬁant by the liver is probably
;associated with the naturad function of particie entrapment by the rveticulos:
5endulhehal system, P he” findings suggest that the pavticulate acrosol
Cretains “‘lts adsorbed (;satgp products m\the bhody,

initiad upldlu' ol ln;.,vsteﬂ i; wlang \

in the experiment in which the dry-particle simulant was fed the mice
by stomach tube, the initigl distribution of sotivity in the GI tract and
in the 8oft tissues and skgleton is very similar to that following inhalation

‘i

DS‘

PO PR

 ollowing either inhalation ‘or gavage; the remaining material was excvoted,

e UNGLASSLELED

T

4

ftory tract (including lungland skeleton aoptained approximately 1.2 per cent i

particle simulant (Iype Im, as cumpared to 3.2 + 0,3 for the liquid ae vm,ol;:. g
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Distrmbution of Acnv;ty in Mice | Hther E

1

§
TABLE 1

#i

| . urc to Fallout Stmuhnts

s U i s : ¢ «(
*‘l Ve R il
IR oot Af
L Tiague. fio b
N A b “”;lw“c
K T RS g A T
Respirstory: Tract and Lung(’) T END NNNT 12
Hy it GR Ty
- Gastrointestinal Tract and Comenu 8.8:& E .3 ?s 12
otges By ; ,' .
ci S‘telﬂon' e ooooq‘ _": .011 0.22 z- 14 &
o Y g . -;.M i
i Head.1- 08814 + .084 1l e
R T P T :l’?j
. Liver.=, 0.04§ + 000 081
B N ] ‘l' b
“Thyroid | o.ooqa + 003 0,028
(8) Respiratory ract activity is expresscilas 1. All‘other values Aty P)?cemq in terms of ratio la
respiratory tract activity, i ae lt' S
I ', ¥} . i(,' :
¢ i1 aF: R
)TABLE& ”‘“” .
Distribution of Activity in Mice at | Hr Follqwing Administration of <

the Dry-Particle b;mul%nt :
ih

!

K]

TSRS ST U TR L SRS g : —_——.. ‘ b

‘ Method of Adminjsusation of Simulant T

Tissue inhalation ;b Gavage o

. Ja— - i - S£ ol U r " o
Gastralntestinal Tract and (:nmcnu“‘) 3 ' i

Respiratory Tract and Lung
Sheleton

Liver

0,0125, 3 002
N
0,014 ;¢

}
0.0194 13 004

)

001

7

.

I 1]

o s

1
[Ril

:""}:“"‘f‘“ el

s

. 0,0064 + .01
0,0028 + ,001

0,010 4+ ,003 .

M P e TeE——————swAes e n mes s ewespm.

owe

(.1) Gastrointestina) ract activity (s expressed as 1" Al othot v{}\m are exptemd tnterm of

1atio to gastmmu-ulnnl fract aetivity,
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exposure’ (Fig. 4B), The comparison of the amount of activity in the
various tissués folluwinq: lation and gavage of the Type Il simulant
is presented in 'l'able 2, Fo ing gavage, approximately 1,3 + 0,2 percent
of the activity in the GI'tractiat’l hr gained entry into the blood stream and
was retained by the lived.2nd
tion of the simulant, In'cdmparison, about 3.2 + 0.3 per cent of the GI
“tract activity was {oun'd"iﬁ“ih{“‘l‘iver and skeleton following the inhalation

exposure-to the same simiulapt:* Thus, absorption’from the GI tract
accounts for an average af 23'per cent of the activity deposited in'the
skeleton following an inhalation-exposure, and 50 per cent of both the

liver and nespiratory tr*qtf"g’f'tLVity. Only half theractivity in the respira-
tory system, therefore, devives from material directly inhaled and ab-
sorbed through the alveolar:tiggue; the other half is obtained [rom'matcrial
which enters the circulationipon absorption through the GI tract, These
data emphgsize Lhe fact.that-fhe-GI tract is a significant portal of entry of
a dry-particle acrosol into‘t ystemic circulation following an inhalation
exposure¢fi Thus, the physic

)
at’

-

sidered with respect to the jntestinal membranes as well'as the alveolar
tissue. S .

- e, - . ey l;:; G v W iy

The radjoactivity in'all thg tissues except the skeleton,and thyreid
following both inhalationjandigayage decayed rapidly, decreasing to a
fraction of | per cent of theiy 1 hr activity by the 15th day. The skeleton
and thyroid, however, rgtaix{e@l%from 4 to 9 per cent of their 1 hr activity
at the 15th day. The drop inti'a,c'givj\ty,,in each tissue was a function of two

- radioactive decay of the fission products

simultanegus processess “th .
and/the: biglogical loss o fmulant material itdelf from the tigsies,
t

toalyprrie 1 Y

: tivit

Radioactive Deciy of
facdioactive Jee

The composition of the- radioactive material deposited in a tissue is
reflected fn the radioactive decay ourve of that tissue, If order to gain
information on the selective uptake, the gamma activity of the tissues uf
animals sacrificed at | hr past-exposure was measured at intervals ove
a 30.day period., 'I'hese decay curves for various tissues (following ad.
ministration by both inhalation‘and gavage) are shown in Fig, 3. The
similarityfof the curves (with the exception of the skeleton) indicates
that the isotopic distribution of the internally deposited fission product:
in most ofythe tissucys was very similar, The lower rate of decay of the
activity infthe skeletal tissue reflects a fractionation in the uptake of the
fission-product mixture due to the affinity of bone for certain of the ele .
ments whigh arc characterized by relatively long half-lives. The activily
of materia) «:posited iq,,_t.hp,?w,er decayed with a somewhat higher vate
than otherisoft tissuecs, Thetapparent increase in activity at | day prob-
ably reflegts the growth of aj?gamma.-emitting daughter from a heta-emil
ting parent radionuclide, ¢

; 3
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sKeléton, the primary sites of internal deposi-

licharacteristics (such as particle size)which
have to beiconsidered infevaluating the absorption of particles must he con-
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- isotopes,

. A gamma spectrum analysis will be uscd in future experiment{s'to
; identify the major fission.product components of the simulant material,
\ , 12
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The composition of the fission-product mixture in the various tissues
(with the ‘exception of the thyroid) appears to be dominated by one or a
group of fission products, as seen from the similarity in the radioactive
decay rates for all the tissues during the first 4'days., The thyroid, of
course, has an affinity for iodine'® and the shorter-lived iodine iradio-

1

o Following the administration of the simulant material by stomach tube, ‘ ‘

" the radiocactive decay of the material deposited in the various tissues

. (Fig. 3B) was very similar to that observed following the inhalation ex-
. posure, The basis for the similarity probablyilies in the fact that'in .
..either mode of administration a large fraction‘of the radioactive:material
- enters into the systemic circulation by the Gl'portal of entry,

B

Biological Loss of Simulant

The gamma activity of each tissue taken from'mice sacrificediat
various time intervals following exposure was corrected for radjoactive
decay back to | 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 GI tract was very rapid
and could be separated into two components. The initial rapid loss of
materinl with a few hour's half.life probably corresponds to the rapid %
loss of material from the Gl tract via excretion, The second componeut ;{
with a half-lifc of several days was probably related to the slower pul- 7,
monary elimination of the lung ""fixed" activity and to the normal.excre-
tion of internally deposited material, The rate constant for the’loss of
activity from the blood is also quite high initially, due to the rapid ex.
change of material from blood to other tissues, After this initial rapid
loss, the activily in the blood approaches a constant level, S

Following administration of the simulant by gavage, the material
rapidly passcd through the GI tract at approximately the same rate that
was observed following inbalation, The rate of loss of the simulant
through the Gl tract was such that the stomach and amall intestine con.
tained | per cenl of the maximum activity at 2 and 5 days, vespgctively,
post-radiation. The activity in the large intestine fell to | per cent of
the original activity by the 18th day. N :
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" The veryfrapid clearangeiof radxoactivityi trom the Gl tract contra
with the relatively’ a}ow b; glogzcal loss obscrved&}p the respiratory sy
At 5 days fgllowing an inhalation exposure, 42:pag:-cent of the maximu
- agtivity of. the respiratoryigract is still present.;iThe loss of activity:
" from the lunE for the firsill5 days was approxi ately the same followih

thqtinhala.ng ~of sm}ulant;j ‘and III, The cqry ‘biological decay io i

Ty system cgnsbe described by, 2:
Lis p;obably‘associated wi
el

’piratory tract, while
gcly 7 days)'is proba

theirespirat

rapid loss of: material (hadfwlife about 10 hr

theirapid upyward movemgasof material int

"the* second processi(withia

asgocxated ith the: plow%gxlq

alveolar txg\l With sigpalant I the bioloztgalg@ecay of\ resp;rator
tion of the simulantihy gavage ig;much

halation (Fig, 43)

the air side fof tlw 1y
}is depooited\o h

argund 3 dg, oy
" tion ‘expos the biologicalturng byt
‘ Wmodes of administragion. For bﬁl ‘type

thyroid-bu lda‘, ? to a: max;}’ ‘um in:

'Evaluatxon of the ntern adiation Hazard -

‘While calculation of r iat:on dose from ia}lou; with any. dogree of
precision is difficult, an/approximation based- omexperimentgl data ig
feasible and was performgd here, In order to' ‘evaluate the*{d se to m
dividual tissues ionowm -an inhalation expoauu, the activi
tissue as a function of tipne was determined (Pigs 5 ). The greatest
activity per gram txssu as observed in the thyroid at 1 hr«ffollowin
exposure, At this time the activity in the GI tract (includingicontent
was next hiqhmt. (ullnwmd by that in the respiratory tract,

The total do«w recewgd by each organ for comparable engr ies ia,gaoi ;
course, praportional tonthc area under ito»curvg (see Table:3), The LR
thyroid, for example, = rgceived 170 rad, ®* ‘This“was by t'ar”t?u high L
dose received by any ofithe tissues measyred during the lhgsy expefi- - . ag
~ mental period studied, @pe ratio of the dose received by thg-thyroidito i

* Caleulation-was performed by Wtc integration,
;( ; - l & -
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' that received by the‘yespiratory~tract was much greatep' following ‘exy
" sure to the‘dry-particle simulant thanifollowing inhalation of the ionig,
simulant, . 4 o A T |

< fr“(’, . % . N . [ . -

LR , ; o '
It is to betnoted that, over ap extended period,:bone/ wyould receive the
greatest integrated dose since’the isotopes deposited in.pone have ha.

lives ranging up to 27 years: (Sr¥) and, in addition, have long biologi

half-lives, “In conty, {nt’.‘ the lox;gest-lgvedfiodine‘ _}‘aotppq} has an gffec
half-life of 7.7 days’;;%gd thus leiverggits doge in'a /’; of t

¢ periodielt
q;e‘ indjyidual tissyes can be gét‘;évrm,ine,g bxfiluqc“

Y

' The dosei%rate to
the following formu

o v/ ¢ .

. Q= ¢

I & K —— ¢ « I3

where g 3, _ oo B
b rg - ' R

1, = idose ratguin rad/h g: o o

. Q = beta acti;_rity of each tissue in d/min (gamma activity ‘waai." ~ “\ ’

v ‘measured experimentally:in this study and was converted.to ; ,’-v}
‘beta actiyity.om thesbasis that the ratio of gamma pbqton;s,gso o

R o Y lj'

§

Jbeta particles at.this timarwas approximately 1.2)0

* The following document is-referenced fot:@e convenjence of those who have access to ft, © ‘
sondhaus, C,’ ‘The Ratio of Lung Beta Do to Whole~body Dose During Given Time Intorvals -
After an Atomjc Bomb Detonation, U,8. Naval Radiglogical Defenss Laboratory Report, . :;

USNRDL.-384, -12 Deccinbeg, 1963 (CONE?BNTML),
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h totis’ to beeips rtict CERTEREN N A
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" M la nmwm:umq 500 .rxgjumhr. s
,¢‘ depumedﬂi*sotbbu deMver wl uidtwnxdu
d at’ t!gguatmge&poc - dh-- L

" 'Phis calculation does:gpt considey theztollurmmf
“of tellurium isotopes.Hfjowever, -as pointed ouw
ignoring/these isotopegtis not any- ‘greater than :
taintieg?in this thyroidﬁfose approximation. Thq

e not conside, separ 1; (i
jies of Ishort-{?ed/l"ﬁ gﬁﬂl {“at d“f) i'?%

" The. dose rate to Wher tissuéds'at’ H*hrtwam& po ncal?culatcd (Ha
Table 3), The value fof Ep for all tissues otherithan thyroid is'appro
iimately 0.39 Mev fromal to 4 days post-detonat, ¢ LLY "2‘9, Mev fr m

1 to 15 ys. ;
A ok e faikoe b Balay i

: j?‘sumptiono implicit in this caloulationapgdivstthe simulapt ..
s honvddeneously distighuted in thetissue andissp ndlyr,mhcuenerg ;a;'
Fplet ely absorbedoigithe tissue;! The energylal ovpttpuper: tiaa\ieri_
ytaken. therefore, as qg’ual to the energy emissdons ' &f '

w»ww

i 8incesa simultaneous exposure’ of the animahxmw abrhorae. simqla,nt«
ccur grdmartly with’internal radiation, it is ofs ptereat to relate’the ©
nter, ose with t ncomxta, exjernal d : In articular, =
o Rf‘y@ tal s1tuat?:pﬂ~)xoweve {g Fi gt xsﬁed in Eﬂé” :

asrm.e J3hd thus the gagernal dode g i diteetly g’i’l’h#
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tr Jt_{ti t teh idxl‘ £ cHi 1 haldd a¥18 ;*‘dmuw s |
bag o - i'l'n ef!’ éiﬁé 'ﬁev 1fnh -
oY) Fehkvior of this ’dfy ) 2
limlted oq ubzllty was compared ‘with that; tWé pré "it\x‘dl ‘ﬁli-
_out almulaats. an ionic liquid aerosol and: ymud-slurry% osol. ‘-
simulant was also administered by gavage'to provide ‘da

of fallout l;y lngestlcmq ﬂcg a‘x"e(clxwlth it; lation, &
14 v

e dry-pa»;lcle aimuu;xt. actlvityt
earcg primarilwl ithe GI' tract,
e algo found in the Mad, liver,

. vity wa ‘removed! vqry*rapidly from
F#mm‘)& te of lon of the simglgm from‘*“l\e |

on the* u&;ake

Y
: ;’an u:)(‘ I 2ibha ’ ; 3 .‘

The ra » pf aqtl {p Gl ;g ct to that in the resplntorv l)’i em
following g;posure onic, d slurry and dry.-part} cle simulants
was 3.2, 12 and 80,3 eopqctively. The rate of blologlcaliallmlnatlgm of

Jiver waqecon-

the dry-pé;tlcle simulant material from the skeleton: ‘%g
siderablyigreater than was noted with the previously® ltudle d ionic: leu-
lant, Interms of total respiratory and Gl tract actlvlty? t'l hrthe
skeletal activity was'twice as high for the ionic simulan tor th ydry -
particle sZmulant, vglnle the reverse was true for th i, %ﬂactivlt

0

7

Following the administratxon of the simulant by gavagﬁ +the lnit? '
distribution of activity in the GI tract and in the tissues:-was very imilar
to that following inhalation exposure, It was found that thei absorp xon
across the Gl tract provided an important portal of entryifor the: dyy-
particle s%@mulu nt into the systemic circulation following-an inhalatjon
exposure,’ The composition of the simulant material'in:the’ varioug

tissues duyring the first 4 days following exposure appears'to be dom-
inated by.one or a group of fission products, as seen from the sithilari
of the radieactive decay rates for most of the tissues, The rewlﬁa were
similar for both inhalation exposure and administration by gavage. Ex-
ceptions tg these findings were the thyroid and skeletal tissues, e forme;
having an‘a{finity for the short-lived 1odme isotopes, and, the latte £or

the longex;-lwvd fission products,

I"‘
M

{

The thy;oxd received the highest dose to any tissue from the int¢rnally
deposited fission products. The GI tract received the next higheat dose,
which was, however, less than 10 per cent of the dose to the thyrgid,
The dose to the skeleton, while lowest in the 15-day period ‘studied, will
probably pe greater than that to other tuweu over a: longer perio ‘of
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