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ABSTRACT

The present study was designed to reproduce in the! labora-
tory an acute exposure of mice to early fallout (2 days old)
such as might result'from a land-based nuclear detonation.
Biological data wergobtained 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 golubility was comparedto 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 byiinges-
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
the same airborne sjmulant.
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' SUMMARY

i The Problem

; The present study was designed to reproduce in the laboratory an acute
‘exposureof mice to early fallout (2 days old) such as might result from
fa land-based nuclear detonation. Biological data are required on the
,uptake, 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
solubilitymust be compared with that of two previously studied fallout
;simulants, The simulant administered by gavage provides data on the
uptake of fallout by ingestion as compared with inhalation,

{ These data are required for an evaluation of the radiation dose to in-
4 dividual tissues and organsifrom inhaled fallout as compared with the
{concomitant external radiation dose that the animals would receive if
exposed to the same airborne simulant,

t Findings !
f '

Following a 3-hr exposure to a dry-particle simulant of a land-based
i nuclear detonation, 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 Gl tract, as
compared to the rate of loss of the simulant from the respiratory syste,

 
The ratio of activity in the GI tract to that in the respiratory system

following exposure to the ionic, mud-slurry and dry-particle simulants
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 noted with the previously studied lonic
¥ simulant. In terms of total respiratory and GI tract activity at | hr,

i the skeletal activity was twice as high for the ionic simulant as for the
4 dry-particle simulant, while the reverse was true for the liver activity.
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Following the administration 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 inhalation exposure. It was found that the absorp-
tion across the GI tract proyided an important portal of entry for the
dry-~-particle simulant into the systemic circulation following an inhala-
tion exposure. The compoajtion of the simulant material in the varioug
tissues during the first ¢ days following exposure appears to be domina-
ted by one or a group of fisgion 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 were the thyroid and the skeletal tissues, the
former having anaffinity fox the short-lived iodine isotopes and the
latter for the longer-lived{ssion products.

The thyroid received the:) ghest dose to any tissue from the internally
deposited fission products,‘fThe 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 thiat to other tissues over a longer period ‘of
time, since the skeletal: actjvity falls off more slowly than that in other
tissues. The internal ra ie dose to individual tissues was, with the
exception of the dose tothe:he'thyroid, lower than the concomitant external
dose received by the animals
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(Exposure to fallout from4 “puclear detonation) ¢gr to an ‘aerosol formed
in controlled nuclear fissign, results ina biolo “ica}.hazard bathfFom)a
external radiation of the oaeand from radiation emanatinggem,a dt
ternally deposited materia revious studies, YFindicatedtt at the '
shortaterm effects which a gar following a cnaened exposure,(i,¢
external and internalexpoghive) result.primari. from the external|:Vata,
tion, The amount of material ‘sufficiently great 9penetratethe.yna Lural i.
filtering defenses of the living organism and produce immediate effecth \
ig.pecessarily associated with a very large amaur of externa fades f
aeHyematerial, There arg) however, situations in whichthe|inyerhal

jation is of primary congern. Such situat 9 fifclude the’ long-term2:
effects produced by internally. deposited isotop¢omwith long radiogstive”

. and. biological half-lives; long-term effects o Yetumulated small’ déses
of short-lived as well as long-lived isotopes; and damage to indivigual” i

tissues resulting from selective localization of isotopes, |

In order to assess these situations, it is necessary to understand the
metabolism of the fission products, i,e., the uptake, distribution, and
retention in the body of the various isotopes which are inhaledand ine
gested, While a number of the long-livedfission products have been’
studied,'* information is lacking in vewhiek first, on the metabolism
of a very early fission-product mixture (which includes ortelived
fission products) and secondly, on the behaveettanecraedpaaray F
products competing in the beady metabolism withthe numerpuspinee
fission products found in the spectrum. formed onp bombardmaaPor yranium,
The behavior of an isotope administered singly may differ frp,theisotope
taken ina mixture of fissionproducts, 4 we ao pes

While physical instrumentation can be used to. determine:‘the ‘external
dose to an organism, if is aot sufficient for calgulating the: ternal:ex-
pesure since complementary metabolic data aref‘lacking on‘the uantity’
of. internally deposited matexgial in particular Highyes and orBans 4and on
their turnover rates as a fugction of the amoun$pregent inco ete;Eyal
environment, rr ty ts utehiney

In the present experimenter therclore, a direcp:gyaluation,; BS ty
of the uptake and “intribugen of fission products deposited innierna ly

-|- ;
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in mice as a result of expagyre to a dry-particle simulant incorporating
2eday old fission material,The simulant employed was composed of
tracer amounts of fission»pxoduct chlorides adsorbed completely on dirt
particles in a wide size range, The simulant was gene rated‘as airborne
particulates and representa,qualitatively, the fallout which’ tightbe | ''
encountered as a consequenge of a land-based nuclear detonation. The
simulant is, however, notémecessarily of the samechemical form as
fallout which would tend torgpeximize the hazard as approximated here,

 

   
   

      

 

   

    

    

A the fate of two other types of ajmulanta—
ft slurry simulant,? The former’ ‘épresé ts

the falloutithat might oce Mowing a nuclear de chation in’aes water,
and thelatter a detonationiin ‘a shallow harbor, The biological response
to anexpogure to fallout i Adependent on the "properties of thée?carrier
material, The results ob Hedwith the drysparticle simulant in the’

present experiment were copipayed with results obtained witH’other
typea of aimulants produced ae ee iae oe’ + fi

ie previous studies,’

In ordestp assess the ‘¥al ;
10des ofentry for theMas

simujant ’ as administere@s .
modeof a f hinistration wa at

Earlier studies have tras

   

tive importance”of inhalation and ingestion
pion products in sti Body, thaede particle
mice bygavage and, the respo fe'e'to thig’

7

t following, in} lation, ferty,$

EXPOBNEEs| we ag oe ths bavi rote
{ 2 pel ‘fy tee thitgs

af ”

i soa} bes ph
. aie : K : vey veteta dl aye # oghe

iw. é poi it ifEXPERIMENTA 1, “+ atERIMEN ‘eal rr ut
ind yl ‘ a

. ot i Ry
Preparation of (heSimulans. ; ise:

The simulant was prepared fromneutroneirradjated uranjum obtained
from the Materials Testigg‘Reacitor, ° The mixture of fissiot-products
was dissolved in JIG) andqdded to a solution of previously prepared dirt
particles of Ambrose clay loam of less than’40 microns in diameter,®:
The partig}g -fisssion-progugt mixture was eyaporated to dryness ina
ball mill fo insure mixing, The resultant s{mulant consisted'of dirt
particles With an average giameter of from'] to 5 microns With the
fission products adsorbedon the surfaces. ‘The solubility of’the activity
adsorbed on the clay part{gles was 8 per cent in'water and18'percent
in HCl at pH = |, The aniti@ls were exposed'to this simulant within 2_

days after the removal ofthe irradiated uranium from the reactor,
ree

 

* Materials Testing Reactor autorafervice PHIMips Perroteufh Go,Idaho Falls, Idaho,
‘ a 4D 4) ' tA \

& de

UNCHLASSIFLED

a
A

 

«

w
e
t

tee
on

Me
S

aaai
eki
y

Cit
ye
h

tn
S
y
ae

oe
at

Bd
e

hh
e
i
n

Phe
al
e

e
g

B
E
T
T

E
S
a
l
E
e
S
e
i

cider
PE
T
e
e
,

   

i
Ra

a=
,

t
m

ek
ee

.
a
i

Nab
SS

RD
ga

hall
A
O
R
AA
R
T

Ra
s
H
a
n
A
E
S

She
s
S
e
t

ih
cig

ei
E
E

g
e

g
e
e
G

o
e

w
e
t
e
n
k
a

g
e

gate
eet
e
n

ot
i

he
“Te
W
t

ep
ta
s
e
g

ae
le

«
-

:
ws

Zo
o

Sans
s
e
n
a
t
e
.

red
tn

teS
e

ae
s
t
a

y
a
a
l

ne
Don
o
t

at
es
l
e

t
e
e

3
=

fi
sr

:
“a

Ph
P
a
e
s

Sy
6

he
al

Pecg
El

a
a

a
e
s

a
e

.
T
R
S
F
a
eR
O
S
.

 



ore se ee ee

     
  Th1e expeimental appad Bfus for generating the aerosol and exposing

the animala'(scc Fig. 1) Was previously described.4® The equipment:
congisted of: (1) an aerogh]generator, (2) the animal exposure cham. gl
ber,(3) sample collectorHor collecting particles (for determination.of a
weeaerosol concenty tion) and (4) supporting equipment (pump,etc. ). 2

A generator was design
cles. at a cqnstant concent
of'the outey'tube provide

     
   
  
     
   
      

 

  
  
  
   

       

   

       

   
  
   
  
  

  
  
  

    
   
  
  
   

   

 

  
  
  

   

     

‘to provide a stream of airborne dry parti a.
tion level (3,2 * 1078 pc/ml).® The rotation

R constant advance of @ brush against theisur-
Bticles. The particles thus agitated werepicked
jvered to the exposure chamberat a flqwrate
. i. yei a

Menice were exposedto the dry-particle-fallou!
Bical to that used with theionic simulant,4‘In 4
Bing a measured amount of the Sryieimajeet a

h tube to 36micgy..
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ithe prpsent study,
simblant ae manner ide¥

ist Faolution can
dminitered by atg ;

   
: ced in groups of‘bleach, starting 3at | hyhrlafte a

ure and at various:iitervals upto'l5 days, ‘ The experimentalpyO-
re fostmensuring! hamictivity of the:fisgjonproducts in the ee
een described in‘a Bavious report, “ye a

hehe

e animals were SAG;

   

   

   

 

   

¥
he distribution of:i" ae activity was determined in the following x

oxgans and'tinsues: regulatory tract (starting at the upper end ofthe u
lazynx) and’‘lungs, liverg ibia, thyroid,head,and GJ tract and contents A
(fram top’Of esophagus: al region), The. autopsies were carriedout ‘

ith: care to avoid crag p tamination, cs x

he ‘taspe assays wer@—perforined by determining the gamma activity a
‘sodium iodide gangma scintillation counter. The tissues were “a

crucibles and positioned under the crystal.ted ig Coors porcelg@
gured due to the inherent difficulties with pre»-ity was not meg

  
gamples for cqinting. However, previous experiments’have .
he gammaac Ayity measurementsipatisfactorily reflectt the 3
-product acti sity. # : 4

RESULTSAND “—— a : ay 4

Initial Uptakeofthe Iph ervsol byAnimalTissues
The distribution of the adioactive fallout simulant in the tissues and 4 organs of mice exposed the airborne simulant for 3 hr, and serially
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[sac rificed at periods ranging from 1 hr to 15 days following exposure,
is shownin Pig. 2. At lhyafter exposure, approximately 90 per cent
Jof the internal ac tivity (agdetermined by’ gamnia activity measurements)
was found in the Gf tract, although all the activily originally entered the
body by inhalation, It appaars that most of the radioactive maferial was

Jassociated with large particles which presumably were rapidly moved
pack up.fhe respiratory tract by ciliary action and swallowed, while the
famallerjparticles penetrated to the alveolar tissue, A small but signi-
ficant fraction of the material in the Gl tract was absorbed into the body

   

 

  
  

  

  
¥By the third day only LtPe gent of the maximum activity in the GI tract
remained, N

  

i,

radioactive sibstance which entered the
systemic circulation did qgin a matter ef hours, Loss of activity from
the blood was very rapidAt ] hr the activity in the liver was approx-
imately 2 per cent of the agtivity in the Gl tract, while both the respira-

    

 

The major portion of ¢

tof the activity. ‘The thy d contained 0,2 per centof the Gl tract activity
and the head 9 per cent, The high level of activity in the head probably
rreflectsithe presenceof:" pa rticles-which were inhaled and trapped
tin the nasal passages, '

The initial distribution‘ activity ‘differs markedlyfrom that observed
following een re of migerto the ionic liquid acrosol* and the slurry type

story tract being |, the acthyity of the Gi'tract was 80 +13 far the dry -

(Type 1), and ta t 1,1 for e jonic-emud ‘slurry aerosol (Type 1),

If the total activity found in both the respiratory tract and the Gl) tract
Fis usedags the basis for cgmpar ison, the amount of activity retained at
Lhr inthe skeleton is 2.34 O.b per cent with the Type l simulant and
only 1.3 £0. per cont with Type Il, suggesting that the dry particles
may not be as available tq:bone as the ionic form, On the other hand, —
the activily retained by the liver when the animal is exposed to Type It
simulant (again in terme ef total Gland respiratory tract activity) was
“169 £ O,) per cont as compared to d,) + 0.1 per cent for Typed, The
higher retention of the particulate simulant by the liver is probably

-associated with the natura} function of particle entrapment by the reticulos.4
‘ endothelial system, 7hese findings sugges | that the particulate aerosol
S retaing its adsorbed fisstgn products inthe body,

initial Uptake of Inge stedsieiulant .

In the experiment in which the dry-particle simulant was fed the mice
by stomach lube, the initéal distributionof aativity in the GI tract and
in the soft lissues and akgjeton is very similar to that following inhalation
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‘ {following either inhalation‘or gavage; the remaining material was excreted,4

‘aerosol (see Table 1), Qn the basis of the activity found in the respira- ..

  
   
    

       
     

         

  
            

  

ftory tract (including lung}@nd skeleton contained approximately |.2 per cent ae
  

     
      

      
    

    

      

  

  

Fparticle simulant (ype TH), as compared to 3.2 + 0,3for the liquid ae resol| oy ‘
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TABLE 1
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Distribution:of Activity in Mice | HupAfter ‘Bx
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pure: to Fallout Simulants
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Respiresory: Tractot and Lung dy 14: bin
“ay ritege he i . 1 tao ad

Gastrointestinal Tract and Contents a-: 8 he 42 80 + 18:
hrootapes fy i, ‘ ‘fi ' i red “ 7S

1 ++ Skeleton. i | : 0.006! t out, 0,22 ‘bo  0,00 4° > ,23
: ] igs ‘ Hg At ‘ ’ a4 ; ‘ {

‘Head 0.985 + 0649. 41 of 6.7 + 16
port ade at . t: thy , a

Biversy) og + 00%: 1,82 ety be oT
vt Ste ad — pe i ti

‘Thyroid | 0,0088 + 009: 0,028 4 oo OTB 07

(a) Respiracory tract activity is expressedlas 1, Allother values ats 5 PX rested in terms of ratio ta    respiratoty tract activity, ae vbr ow _
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| TABLE 2 . ;
Distribution of Activity in Mice at \ Hr Follqwing Administration of 4

the Dry-Particle Simulant wel
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Gastrointestinal Tract and Goment@) yl t it ”

. : ip | ,

Respiratory Tract and Lung 0.0125,4 .002 ipo 0,006¢ + .001
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exposure’ (Fig. 2B). The comparison of the amount of activity in the
various tissues followings lation and gavage of the TypeIII simulant
is presented in ‘Table 2.|' Followinggavage, approximately 1,3 + 0,2 per cent
of the activity in the GI 'tractfat’l"hr gained entry into the-blood stream and
was retained by the live? gudibkeldton, the primary sites’of internal depnsi-
tion of the simulant. In cémparison, about 3.2 + 0.3 per cent of the GI

‘tract activity was found{wMEEbve x and skeleton following the inhalation
exposure-to the same simujant.? Thus, absorptionfrom the GI tract
accounts for an avcrage af'23’per cent of the activity deposited inthe
skeleton following an inhalation*exposure, and 50 per cent of both the
liver and respiratory trasaptivity: Only half theiactivity in the respira -
tory system, therefore, |derives from material directly inhaled and ab-
sorbed through the alveolar‘tlegpue; the other half is obtained frommaterial
which enters the circulation;jpon absorption through the Gl tract, These
data emphasize the fact.that-the:GItract is a significant portal of entry of
a dry-particle aerosol into‘t ystemic circulation following an inhalation ~
exposure<{! Thus, the phygicgicharacteristics (such as particle size)which |
have to befconsidcred inievaluating the absorption of particles must be cone }
sidered with respect to the intestinal membranes as well'as the alveolar |
tissue. Po fe
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The radjoactivity in all'th tissu 8 except the skeleton,and thyroid
following both inhalationiandigayage decayed rapidly, decreasing toa
fraction of | per cent of theig’Ivhr activity by the 15th day. The skeleton
and thyroid, however, eptainedfrom 4 to 9 per cent of their 1 hr activity
at the 15th day. The drop infactivity, in each tissue was afunction of two
simultaneous processes!’theradioactive decay ofthe fission products
andithebiélogical loss’ o Imiulant mate rial itself from the tigstes,
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Radioactive DecayofHacioactive

The composition of the vadioactive material deposited in a tissue is
reflected in the radioactive ecay ourveof that tissue. IA order to gain
information on (he selective pptake, 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’ (followingad.
ministration by both inhalation‘and gavaye) 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 offthe tissues 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 which are characteriged by relatively long half-lives, The activily
of material, weposited inthedine F decayed with a.somewhat higher rate |
than other: soft (issues, Thetapparent increase, in activity.at | day prol.
ably reflects the growth of a‘gamma-emitting daughter from a heta-emil

ting parent radionuclide, i
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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 oneor a
group of fission products, as seen from the similarity in the radioactive
decay rates:for all the tissues during the first4'days, The thyroid, of
course, has an affinity for iodine’®! and the shorter -lived iodine wwadio-

- isotopes. Lo; f
“+

  
   

   

PA gamma spectrum analysis will be used in future experiments to
identify the major fission-product components of the simulant material,

‘ ’ *
 

7 Following the administration of the simulant material by stomach tube,
the radioactive 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: Ree
either mode of administration a large fraction“of the radioactivematerialMw
enters into the systemic circulation by the Gl/portal of entry. ES

Biological Loss of Simulant

The gammaactivity of each tissue taken iromimice sacrificed/at
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 GJ tract was veryrapid
and could be separated into two components, The initial rapid loss of
material with a few hour's half-life probably corresponds to the rapid
loss of material from the Gl tract via excretion, The second component
with a half-life of several days was probably related to the slower pul-
monary elimination of the lung "fixed" activity and to the normalexcre=
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 matcrial from blood to other tissues, After this initial: rapid
loss, the activity in the blood approaches a constantlevel,

Following administration of the simulant by gavage, the material
rapidly passed through the GJ tract at approximately the same rate that
was observed following inhalation, The rate of loss of the simulant
through the GI tract was such that the stomach and small intestine con-
tained | per cent of the maximum activity at 2 and 5 days, respectively,
post -radiation, The activity in the large intestine fell to | per cent of
the original activity by the 18th day. » ‘
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19 /of ‘radioactivity’from the Gl tract contras :
with the relativelyslow bjglogical loss observediin the respiratory sygtem.:
At 5 days fgllowinggn inhalation exposure, 42:pezy cent of the. maximum: &.
agtivity of.the respipatoryptract is still present.is'The loss of activity

_ from the lung: for the! firsfa}5 days was carve
ft simulantgt} ‘and III, The curve

The verytrapid cleara

 

    
        

   
    

theiinhalatip
ther‘respiratory system canrbe described by,2:
rapid loss of:material (habfwlife about 10 hr is)

J theirapid upward movemathe material ‘in t
the’ second:process#“oor of. approxim
associated’y ith the:plowexlogs' of the smaller:p
alveolar tidgye. With sigiulan
activity following Ndminietsetite
rapid than’¢ tfollowing
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‘stayed.nedevel:‘in the
concentration appeared

Eyaluation of the Inte rngRadiation Hazard
.

“While calculationof rapiationdose from fa}lout with any.degree of:
precision is difficult, pproximation based-onexperimental data igs
feasible and was performed here, In order to'evaluate the*dose toin
dividual tissues jollowingran inhalation exposure, fhe activity
tissue as a function of time was determined (Figs 5). The‘Qieatest
activity per gram ee as observed in the thyroid at 1 heéfollowin re
exposure, At this time ‘the activity in the GI tract (includin ‘content
was next highest, followed by that in the respiratory tract, /iN an

ae
The tota}dose received by each organ for comparable ener ies ago :

course, praportional toithe area under ite-curve: (see Table:3}, The:
thyroid, for’ example, x ceived 170 rad, ° ‘This'was by forthie highest” -
dose received by any off the tissues measured during the Istiay oxexpexi- :
mental period studied, ifhe ratio of the dose received by thhe:thyzal
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* Calculation.was performed by ene integration,
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\ that received by the’vespiratorytractwas:‘much greater’ followingexpe
sure to the®‘dry -parti¢le eimulant than:following moeofthe ionig¢,
simulant. - :

2

         

 

«= It is to betnoted that, oyer anextended period, '‘bone!’would receive:the
"3: greatest integrated,dose since’.‘Whe isotopes deposited in,spone have:ha:

lives ranging up to 2f.(-yeara: (Se!*) and, in jaddition,’ have long biologi
half-lives. “Incontrast, the longest-lived:'Yodine’isotope! has an,seeey
half-life of 7.7 daysnd thus delivers.its doge in'a ‘short periodiof,

  

   

  

      
      

   

  

 

The dose’rate to:the individual tissues can bedetermines by:‘age:
the following ero ;

 

KaF f “4 7 .
“ * Kw 6 SE a

where ; & oe ss
y: : -

= ‘dose rat vin rad/h vag

Qe beta actiyity of each tissue in d/min (gamma activity:wa ° “ a
e ‘measured experimentally:in this study and was converted,to : as

‘beta actiyity.om thegbacia that the ratio of gamma ghatonsite 3H
beta particles atthie:timerwaeapproximately 1,2)7 ° yd

 

* The following document ts"referenced forine convensence of those who have access to it, >
Sondhaus, C.: “The Ratio of Lung Bete Does to Whole-body Dose During Given Time tneevale
After an Atomic Bomb Detonation, U.S. Naval Radiological Defense Laboratory Report, .
USNRDI.-304, -12 eceunbaty 1968 eonepenitt
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ts’ weight oftisesgien:uli 2 VLG io cale abs
un mi iameow BADHari ge Prdiesbeoy stbee:

ivterg/grhto vagy! 4

0) ( ye he mrtiok spl|oy V4 5 x10 we

s ? 466mHOUBMrixorgg A Tate ype

Thadagerate'ae ithe! depopited'isotopes! iverwi oelof! yadiou! ¥
activevenergy to the’ dat’ ilivaltertedpony ah bloulate alyw

a, cpsumingthe
n-ti isotop,

nureons oF ae
“of tellurium isotopes.? ‘Dunning,’ the' er
ignoring’these isotopegfis not any‘greater than:thgfotherjinhe rent)upis
taintiestin this thyroidigose approximation,| They
‘topes are not conside separat
2of energies of Tahortsfpredit”meeeei ie

The.“dose rate to theldther tissuds/atl+hr'wamal
: The value fog Eg for all tissues other!$ha
mately 0.39 Mev froms] to 4 days postudetonatiaqgzal
‘toho 1Bgayee L. , ‘ ve

a | myoy rete Lt YeAige ch Hain np
rnalep‘sumptions implicit in this caloulation-gg. edivatrthe simula,

8she Hfigenc ously distagbuted in thetissue: andjsmpondly,tithe energ
‘completely absorbed-iptthe tissues! The energylal
taken,’ therefore, as qual to the energy emisstapy: ©

PssluatonotheExtespalRadiationHazard

> Since ya simultaneoug exposure: of the animatitenthe airborne. sintulanty.
pecur fordinarily withinternal radiation, it is ‘of; rere to relate‘the *

ose with t Qpncomits externaldo ae greicules,
pprerRkactal siituationtypenaldohoh ay ‘ ynbe aetal‘iatnigh
‘Apronalone thus the Ri ternal do vissaa se

dh ¥f f y Te Se ede ferry Bert

LOE ae ge ve wwe meeaig«

(3 Aand he rere peeshehAd x



following calculation appl gayonly tothe, agnerayatanydt is-to.beynsted:
$hat.iatin thig:calculations:‘eonpogencous siisaleet ‘in:ee aerosol igi
asurmed, gnd.ian.infinite ppepenol penoaol is wleaimplied,.. It is to be!
ane githat for caleal abit aonta Nenehon‘gamma radia-

tis 0 tprimary peekace)(whi q raaas,.4g basedon:«.
be An: igximation oft Contern doserate at 1 hr’...

gulaihave been, necadadanythese, mice had:thelsbean,exposedtai:
Fosakin a eRtel acAleulated#4, LOW AYOtyyrons etoe

: oat walter

axjotiei ‘anda ulleyhe
boyaty ont ‘al aaqoioes vo dt grbcgagi

ns sao”ilo wit ad » obtabatt
ev/aipse‘hetabiaaon toa di agi)
4 Pheaviladante| to Poly rans, Ww29205 04

izad/be ina ATiselg'o} yas uh 4 “ity ’

‘ hel wantMay ut a yhel cd’
aM22 rad/hri aie ad mag Vohe oo ba tnrcy

‘enh el od &
“The integrated dose thatshgjmice would receive. externally when .
psedfor:3 hr to the sae vosol ina 2 Wifieldrigapproximatelyy'¢

thad.(ofhe ratio oftherggigynal-dose'to the. donesenceived bynbhengira
g ‘fromthe internals was : 8, whichgpexgapondso10¢ ‘

‘fheoretipal calculatiog pon {Apri6 yetan ady a 92

: brie edeeoo Mea waht
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limited$0 lubility wascompared with that’wine previg: ly“atuidte ‘ali.
_out simulagts; an ionic quid aerosol and:Aimud-liorryeero80l.” The
simulant was also administered by gavage‘to providedatapon¢the’ uptake
of fallout by ingestiona3.cpm aredwith inhalation,

peared primarily ‘i ithe GI tract,

DAVte

Follo a japr a

quic A{Port
‘Lesser conce tratitny 0 found in thethead, liver,
skeletona ad thyte “Thetradi vity.we removedivery'rapidly!

reeniatlgey IEE
5P 9° alnyBonyia@ In ibaha

The ratia of a,sty,Hfpe GIx4ct to that in the respiratory aystjem
following exposure ¢Me onic, dd-slursy and dry-particle simujants
was 3.2, 12 and 80,:Treepactively. The rate of bolageiliaatign of
the dry-particle simulant.material from the skeletoniand liver wagicon- .
siderably‘greater than was noted with the previously*tafed tonic:‘pimi ‘
lant, Interms of total respiratory and GItract activjty’gt1 hr, ‘the
skeletal sfue wastwice as high for the ionic simulantiasfor‘oT
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particle sjmulant, While the reverse was true for theliver!activit

  Following the administration of the simulant by gavagey:‘the initipt SES
distribution of activity in the GItract and in the tissues: was very similar
to that following inbalation exposure, It was found that the! absorption
across theGI tract provided an important portal of entrysfor the:-dyy-
particle simulant into the systemic circulation following’an inhalatjon
exposure,’ The composition of the simulant materialin:thevarioug
tissues during the first 4 days following exposure appeara‘to be dem-
inated by,one or a group of fission products, as seen from the similarity
of the radioactive decay rates for most of the tissues, ‘The resulte wer
similar fer both inhalation exposure and administration by gavage: Ex»
ceptions tp these findings were the thyroidand skeletal tissues, for

 

  

having an‘affinity for the short-lived iodine isotopes, and:the latte for
the longes-lived fission products.   The thyroid received the highest dose to any tissue from the inteynall
depositedfission products, The GI tract received the next highe at: dose,
which was, however, less than 10 per cent of the doge to.‘the thyroid..
The dose to the skeleton, while lowest in the 15-day‘periodstudied, will’
probably be greater than that to other tissues over a: tongs? period:‘of .
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