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ABSTRACT 

This seventh published bibliography of 500 references 
is compiled from the Data Base on the Environmental Aspects 
of the Transuranlcs built to provide information support 
to the Nevada Applied Ecology Group (NAEG) of ERDA's 
Nevada Operations Office. The general scope Is 
environmental aspects of uranium and the transuranic 
elements, with emphasis on plutonium. Laboratory and 
field studies dealing with the effects of plutonium 239 
on animals are highlighted in this bibliography. 
Supporting Information on ecology of the Nevada Test 
Site and reviews on the effects of other radionuclides 
upon man and his environment has been Included at the 
request of the NAEG. The references are arranged by 
subject category with first authors appearing alpha
betically in each category. Indexes are given for 
author, geographic location, keywords, taxons, permuted 
title and publication description. 
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PREFACE 

This publication of 500 references is the seventh in 
a series of bibliographies published by the Nevada Applied 
Ecology Information Center to provide Information support 
to the Nevada Applied Ecology Group (NAEG) of ERDA's 
Nevada Operations Office. The scope is centered on the 
environmental aspects of plutonium, but has been expanded 
to include uranium and the transuranlcs. Studies on the 
ecology of the Nevada Test Site, redistribution and 
resuspension, low-level radiation effects, and reviews 
and bibliographies on other radionuclides have been 
included at the request of the NAEG. The subject category. 
Biological Aspects, is subdivided to separately list the 
plant and animal studies. A majority of the references 
deal with several subject areas requiring multiple 
categories I however, each entry is chosen to be 
categorized according to the main subject area described. 
Laboratory and field studies dealing with the biological 
effects of plutonium 239 on animals are emphasized in 
this bibliography. Current and pre-1962 domestic 
literature as well as foreign literature is actively 
sought. This bibliography contains literature dating 
back to May, 1944. 

Indexing for the Data Base on the Environmental 
Aspects of the Transuranlcs conforms with the definitions 
of concentration ratio, inventory ratio and transfer 
coefficient by the Plant Uptake Panel at the ERDA/DBER 
Workshop on Environmental Research for the Transuranium 
Elements held in Seattle, Washington, November 11-14, 
1975. These definitions are as follows: 

• Concentration Ratio = CR 
(unltless) 

PR _ Activity/Unit Dry Wt. Product Material 

Activity/Unit Dry Wt. Reference Material 

Examples: 

uptake; CR,,,^„,,3^^,) - . ^ g ̂  ^f 

Translocation ; CR(3^^,/,^^,j = gĝ '/g ?A tlTf 
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Inventory Ratio = IR 
(unltless) 

TO _ Activity/Unit Area in Product Material 
Activity/Unit Area in Reference Material 

Examples: 

TR - (Pla.nt Concentration) (Plant Biomass) 
(Plant/Soil) ~ (Soil Concentration)(Soil Depth)(Bulk 

Density) 

(pCl/g Dry Plant)(g Dry Plant/m ) ^ 
TpCl/g Dry Soil)(m Soil)(g Dry Soll/m^) 

Transfer Coefficient = K = Fraction/Unit Time 

Example: 

All the published literature references are contained 
in the Data Base on the Environmental Aspects of the 
Transuranlcs and are available for searching upon 
submission of specific requests. 

Citation Form 

The references are arranged by subject category with 
first authors appearing alphabetically within each category, 

As a result of computer limitations in indicating 
superscripts and subscripts in the standard manner, certain 
conventions have been established in the bibliography: 

1.) X sub t (X being a variable) means 
X or X subscript t. 

2.) In chemical compounds and elements, 
NaI03 (for example) means NalO . 

3.) 10(E+3) or X(E-3) (E denoting exponent) 
means 10^ or X"-̂ , respectively. 

4.) For units of measurement, such as 
centimeters, meters, feet, etc., 
X3 means x3. 
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Indexes 

Indexes are provided for: 1.) authors, 2.) geographic 
location, 3») keywords, 4.) taxons, 5») permuted title and 
6.) publication description. 
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SAMPLE REFERENCE 

This is an example of the format for the descriptive 
fields used in this bibliography: 

Sabje.ct Cattgon.y 
Record Namb&r 
iSequtntlal Nambtft 
0^ Re^e/tance) 

Aatho/i 

Con.pon.atc kathon. 

Publication Vatc 

6 
7 

S 

9 

10 

BIOLOGICAL ASPECTS, ANIMALS 

2 <0Q0 > 
Dagle, 6.D., R.D.^Phemlster, J.L. Lebel, R. Jaenke, 
and R.L. Watters, Battelle Memorial Institute, Pacific 
Northwest Laboratories, Richland, WA; U. S. Atomic 
Energy Commission, Division of Biomedical and 
Environmental Research, Washington, DC. 1975 

-Plutonium-Induced Popliteal Lymphadenitis in Beagles. 
Radiation Research, 6l, 239-250; BNWL-SA-5119; l4 p. 

g 
Fifteen adult male beagles were subcutaneously 
Implanted with 10.6 to 39-4 uCi of high-fired 
Pu 239 Pu02 with a mass median diameter of 
about 0.7 um into the left hind paws. The Pu 
particles accumulated in the popliteal lymph 
nodes. Histopathologic changes In these lymph 
nodes were characterized primarily by reticular 
cell hyperplasia. Increased numbers of macrophages, 
necrosis, and fibroplasia. Eventually the Pu 
particles became sequestered by scar tissue that 
often replaced the normal architecture of the 
lymph node. Light-microscopic autoradiographs 
of the popliteal lymph nodes showed a time-
related increase in number of alpha tracks per 
Pu source. Electron microscopy showed that Pu 
particles wer^ aggregated in phagolysosomes of 
macrophages. (RAF) 

Four electron micrographs of Pu particles in popliteal 
lymph nodes are given. 

document Title 

Publication Ve&cH.lptlon 

Abstract 

AbAtracton.'6 Initials 
Comments 
[Pertinent Numerical 
•Data] 

http://Con.pon.atc


BXQIQQICU ISPFCTS 

1 
<i> 

<i> 
AbraiiSff B. 5 Dnivergltf of Chicago^ Cfcicagcp ILo 
19ii5, Mai 

lahalatica of PliitOBim. cg-2992? Part of 
'mnthlj Health Fepcrt cfi Prcfelems P^latiag tc 
Product fei: HcEth cf Jfay? ISHSp Cp, 12-15) # ^5 

An update cf data fros a pr^'^loias study of 
iHhaiatioB of Vn is presented fcE the Arc 
aeroscl studies and t racs intubatioa studies™ 
Analyses are s t i l l iBCOiplste OK the grcup 
of r a t s esccsed t c a tracer aercscl 
coBsisting of a mixture of PmC*̂ } and 65 da^ 
En, %'ide scat ter points sade ccBclusicas 
d i f f i cu l t . Tl̂ e rate cf elimination was about 
the same, with 2D leaving the lung soaeahat 
faster , Falf-time in the luag was abcat 8 
days iot ZB and l*?.^ days for Pu» Tissue 
analyses have been cosplsted for iistufcatioD 
experiments and will be reported in de ta i l im 
a fortbcosing progrpss report , isiag 
absorptiou i^ith PuC*a) Bi*rate cr complex 
occurred very rapidly darlBg th€ f i r s t da^s 
then subsided tc a rate character is t ic cf 
PaC-t-^l, i i t h PiiC*^) ni t rate^ absorptios aas 
slow and Inccmpletee Majcr s i t e s of 
deposition Mere the l i^e r aisd skeXeton, 
Mdition cf c i t r a t e caused rapid afcsorptlcu 
from t1-€ lungs. Calgcn acts such l ike 
c i t r a t e but seemed to be a poorer coaplsEing 
agenta (EfM) 

<2> 
AndersoHp E,C»p G,a« Drakes T,?!. Hcilandp J.H, 
londoR^ J. E. Perringsj and J .S . s îlsciiff Los 
Hasos Scientific lafcorator^p Los Slaaose !3B. 
1973^ March 

The Hot Particle Project, Esposare ci Inisals. 
La-5227-FB; Part of Pichmcnd^ C.3. aud Hoelz^ 
G.Lc {Ccmps.)? Biological and Medical Research 
Group CH-4J ?Bi!ual Pepcrt^ Janaarv through 
December^ 1912„ (p„ 1-^)^ l̂ a p. 

Scie of tie experioaeiital conditicns for an 
on-gcing ^ilct stud^ dealing ^ith possible 
carcinogenesis resulting from localised 
iiraciaticn cf ti'̂ '̂ ue 1?Y highly radioactive^ 
Insoluble microparticles ^ith emphasis cf 
Po02 if. * he limg are given. Included is a 
tas'ilar review cf the Vn coBtent cf 10 
cai-che"̂  of 2rC2 microspheres and 8 espcsiire 
lev<3ls listed in the prei/ioaF yearns annual 
report. The eKperisen-ss Mpre planned as an 
esplcratoiy survey coi?ering a wide dynaiaic 
range using 60 gclden hassters per group 
which werp tc be extended to 15C animals ppr 
group. Due t:c an uiiPicpected low biological 
response -̂ be rang© cf enperiiaents was 
eKtended %ith a sere modest number of 
ani.^als. Cue additlcual grcap cf animals sas 
injected ^ith 6000 spheres (0.22 pCi/sphere)* 
The total lung burden of these anisals aas 
1o 3 î Ci. ifi order to gii?e eKposures ZG such 
larger Husfcers of smaller and mere mobile 
particles^ additional groups of 30 aniials 
were injected with total lung bardens cf 
about 1C0 TiCi. One group recei¥ed from 
IffCOĈ OOO to 2eOOO,000 spheres/asisal {0.07 
pGi/gphPre}^ and the ether received 2p0€0j00€ 
spheres/asiial (0.42 pci/sphere). These 
tHo groups ¥ill be coipared ^ith the 
cbservaticn -̂ hat 0.1 uCi luog burden resulted 
in a survival time cf cnl^ 1 yr in rats. 
Twenty-four animals received Co SI labeled 
spheres bj intratracheal insufflation tc 
studj possible differences in fcrsign-bcdy 
lespcnse *c particles on opposite sides of 
tiie alfceolar-capillary sail. A small number 
of rat:s was injected ^ith 600Q spheres/aniial 
(51.3 pCi/sphere) to de•̂ eEmine if tnis species 
lanich has more natjiral luog disease shCMSd a 

higher incidence of radiation damage 
pcssibily as a result of synergistic effects. 

<3> 
Ĵ rnoldp J.S,^ and i.S.S. Jee^ irgonse Hational 
labcratorye leiontp II; Osiversity of Otah^ 
College of Medicine^ Badiobiology Division^ 
Department of ̂ natoayp Salt lake City^ OT, 
1957^ July-September 

n̂serican Journal of Matoiy^ 101^ 367-417. 

Ycung female (160 gi) rats sere given 5 
uCi/feg cf platonium f*̂ ) citrate intravenously 
aad serially sacrificed hetween 2 hoars and 
1̂ 7 days, Sross and detailed ra^icautcgrais 
ci undecalcified sections of the lumbar 
vertebrae and f©surs ^ere doRe. The results 
shc^ that plutonium ¥as localised in high 
concentration at endosteal surfaces and to a 
lesser degree at periosteal and endosteal 
surfaces oi vascular channels. Ic apparent 
selective deposition was observed with 
respect to the presence cf osteoclastic or 
osteoblastic activity. Neŝ  bone î hich las 
deposited after injection overlayed the 
strata cf initially deposited plutonium. Ill 
pcst-injection bene was readily identified by 
its diffuse labeling, ^here resorption 
occurred^ plutcniu® derived fro!3 tBe rescrhed 
bone progressively concentrated in th& 
osteoclasts. Zhe plu^onioi cf the 
cgteoclasts aas later transferred to 
idcrophages, The above circuistances 
sjaiquely î eioBstrated both tse formative and 
destructive phases of reccnstruction. 
FlutoniuE coBcentraticn in osteoclasts was 
interpreters as evidence cf the active rol€ of 
t^e cell in resorption, it is speculated 
t!;at the csteofclast acts as î ŝ surface tc 
fragment the bone and then digests the 
isgestsd bene particles io its c^toplasm^ 
fehere it concentrates the libe>rated 
platonius. The localisation of plutonius in 
bene and ths reticuloendcthelial system^ 
tcgethf̂ r î ith its lack of digfusibllity, 
suggests that it is a cclloil. The 
irreversible nature of its deposition 
suggests collodial adsorption as being the 
piincipal Eaechanism cf boas fixation, (auth) 

lirEoldp J.S,p and ^.S. S. Jee^ University of 
Htahff College of Hedicineff Fadiobiolcgy 
DivigicBff Department of taatonyp Salt Lake City^ 

Autoradiography in the localisation and 
T̂ aSidticn Dosage of Padiuia 226 and Flutoniui 23Q 
in th^ Bones of Doqs= Laboratorv Investigationp 

Icung adult beagles (14-20 months of ace) 
%€re given sufficient radius chloride in Pu 
citrate intravenously tc prod'ice *lie 
following given levels of retainea bodv 
biJEden: f1) .Oia3» C2) .C8b, C3) C-27/|y) 
.61 and fS) 2,5 nCi/kq cf body weight. Three 
separate aatoradicgraphic approaches were 
yadertalfen to evaluate the gross and 
microscopic distribution cS the elesents and 
the distrib'3tion of radiation dosage^ naielyp 
gross distribution sicrodistrrbitioa and 
ĝ antitatiife autoradiography. Per the gross 
distribution^ the over-all pattern of Pu and 
Pa in contact autoradiography of afaole fescra 
is surprisingly similar* Fcth ?a and Pu 
concentrate in the trahecular bone of toe 
sstaphyses cf long hcnes and xn flat bones 
bi3t they are deposited in very 'luch loser 
ccncentration in the trabecular bene 
ejiphyses. A difference hetween ?a and Fu xs 
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3I0LGGICfiL aSFECTS 

<4> CCHT. 
seen in c o r t i c a l fconeg w^ereas a s e a l l 
gaan i t y of ^̂ â i s se^ii d i f f u s e l y th roughout 
t h e corte^ff T'd i s v i r t u a l l y absGHt ia t h i s 
ar€a» Fu shows an i n t e n s e e n l ' ^ s t c a l 
GOficeatrat icr l i n i n g rhe i ied ' iUaiy c a v i t i e s 
of t h e shaf t and t o a l e s s e r sx ten tp a t the 
p e r i c s t e a l s u r f a c e . For n i c r o d i s t r i b a t i o u p 
?u i s i n i t i a l l ^ ' • depos i ted in a r s l a t i v e l y 
u n i f c r i l a y e r on a l l c a l c i f i e d c s s e o a s 
s^srfaces ^hich have a blcod simply or ar@ in 
c o n t a c t Miti^ *hp I l n i n t cf t h e narrow s p a c e s . 
If r e s o r p t i o n occurs a t s?jch a su r face^ t h e 
depos i t ed Fii c o n c r n t r a t e s in the cy top l a sg cf 
t h e o s t e o c l a s t s , '^he c o n t r a c t between t h e 
absence of activi^-y in a l l bene t h a t e x i s t e d 
p r i o r t o i n j e c t i o n and t h e d i f f u s e l a b e l i n g 
cf a l l bone depos i ted a f t e r i n j e c t i o n l a k e s 
i t p o s s i b l e to follow t h e sequence cf bene 
Esodeling. The r a d i a t i o n e f f e c t s en 
remodeling a re no ted , l a r k e d d i f f e r e n c e s a r e 
apparent in the c c n c e n t r a t i o n and 
d i s t r i b u t i o n of *he a c t i v i t y frcia cue dcse 
l e ^ e l t c a n c t h ^ r . In th€ animals with the 
h ighes t burden cf ^u? both the r e so rp t iv© and 
format ive phases of remodel ing cf t r a b e c u l a r 
touQ a r e a r r e s t e d . The dose r a t e t o so f t 
t i&sue at 10 s i c r c f ros the r a d i o a c t i v e bene 
s u r f a c e ¥as c a l c u l a t e d t c be ^5 r a d s / d a j for 
Fa and 100 rads^/dav for Pu. The a c t u a l 
c o n c e n t r a t i o n of Fa a c t i v i t y in bene i s 
g r e a t e r t han tha* cf Pu ly a f a c t o r of 2.5= 
BO'S^v^Tg because of t h e d i f f e r e n c e s in t b e i r 
g e c n e t r i c r e l a t i o n s t c t h e s u r f a c e c e l l s cf 
boaep F^ proves to d e l i v e r a g r e a t e r 
r a d i a t i o n dose to s^urface c e l l s . CFHll) 

<5> 
fitnertooff E. F.s T« F. Coughertyj, F ^ i . Brueager^ 
G.M. Taylcip and F . a . '^toverp Un ive r s i t y of 
Otah^ Col lege of neiiciu^g Fad iob io lcgy 
D i v i s i c s e Dejartment of Snatciyp S a l t i a k e Ci ty^ 
DT. 1965^ Harch 31 

P i l o t Studf cf the Effect of C o r t i s o l on 
^ r i s o d i u i Calciu® D'"Pi Enhanced Excr^ t ioa cf 
P l u t c n i u ^ 23"^ in the Beagle . COO-119-232; Pa r t 
of Boughertyg. T.F.^ Research in F^dicbiology^ 
tonual Sepcr t ci P rog re s s i n the I n t e r n a l 
I r r a d i a t i o n P rog ra i s CF° 18S-19^)e 222 p . 

ft dog 6€8 days old was i n j e c t e d l i t h 2.72 aCi 
P^ 239/^g- Orifie and feces ^er@ l a t e r 
c o l l e c t e d and analysed for Pm 239 t o 
de termine t h e p r e t r ea tmen t e x c r e t i o o r a t e s . 
Two pass ive doses o^ C o r t i s o l ^^re given t o 
mobi l i se Fu 239 t o make it a v a i l a b l e fo r 
c h e l a t i o n by Ha3Ca BT?^ and subseguent 
e E c r g t i c n . Ho p r a c t i c a l l y s i g n i f i c a n t 
i n c r e a s e in exc re t i on was observed? and t h e r e 
was se s i g n i f i c a n t removal cf PtJ 339 frcm t h e 
dogsg l i v e r , (hn^h) fF^H| 

<6> 
Athertosj^ D.P.p B . J , Stoverp i«SoS- dee? We 
Stevensp and F.w. Ertienger^ U n i v e r s i t y of Utah? 
Col lege of Hediciiiep Hadiobie logf Bivisiom^ 
I t epa r t i en t of Inatoofe S a l t l ake Cisf^ ST« 1972 

S k e l e t a l P e t e n t i o n and B i s t r i b a t i o B of Polymer ic 
and Moacmeric Pl^i toulM 239 in Beagleso 
Sadiat iCB Besearch^ 51^ 538. 

Pn 2J9i^^) Mas given intravemosssly to b e a g l e s 
int 11) t h e P u - t r a n s f e r r i n c o i p l e ^ C^n-TfK 
(2) O,0S B e i t r a t s buffer i^n~n} ^ aed 13) 

c i t r a t e b^f fe r^ pH eqiiivaleist t o 6» a s a 
suspens ion of s e a r c o l l o i d s i z e f a r t i s l e s 
IPu-"!). i s exp^ctedg t h e o v e r a l l 
d i s t r i b o t i e i i of the polymeric f o r e ©f 
piuteniu® dees not resemble t h a t elsser^^a 
^h@u i t i s admin i s t e r ed as th© ^©aoaeric 
complex with c i t r a t ® or t r a n s f e r r i n . The 

s k e l e t a l r e t e n t i o n of plutcniuEj . %neE 
i n j e c t e d in a nionoaeric f-srm^ i s ^Q% of t h e 
i n j e c t e d d o s e . The re-seot ioa of Fu-S in tfa^ 
ske le ton yas l e s s than 1/20 t h a t seen in Pu-M 
cr Pa-Tf a t cosparafcie tiEB€s. The s in i for^ i ty 
of •^kpl^'tal d i s t r i b u t i o n cf Pn-P frca bene t o 
bene i s markedly l e s s than t h a t seen with the 
t%o ^ono^er ic forms. Peduced s k e l e t a l 
r e t e n t i o n in animals i n j e c t e d s i t h Pu-F say 
i!idica*e a d i f f e r p u t s k e l e t a l r e t e n t i o n 
i c c h a n i s i in animals i n j e c t e d wi^h polymeric 
p lu toniu i i . Su to rad iographs s i l l be shewn to 
c l a r i f y t h i s point* C^ath| (Coaolete a r t i c l e ) 

Bair^ H.J.g B a t t e l l e ^esscr ia l I n s t i t u t e ^ P a c i f i c 
Northwest L a b o r a t o r i e s ^ Biclcgy B e p a r t i e n t p 
Bichlandp W ,̂ 1^74 

C a i c i n o g e n i c i t y of Inha led Badio! iucl ides . 
C9NF-7ao702; BM^I-sl-50^^s Far t of Frcceedlngs 
cf the Health Physics Inn^ial Symposie^ held in 
Boustcnff TesaSff J a l y 7 -11^ 197^1^ C10 P O -

The c a r c i n o g e n i c i t y of i nha l ed a lpha and 
b e t a - g a s i a e m i t t i n g r a d i c n i j c l i d e s has been 
d g i c n s t r a t e d in a nussber of animal s p e c i s s = 
HcMever t h e da ta from t h e s e s t u d i e s a r e 
iradegoa^-e to a s s e s s with confidence t h e 
r e l a t i c n s h x p between the inc idence of luag 
cancer and the r a d i a t i o n dose . These da ta 
are rev ie^cd^ and p o s s i b i l i t i e s fc r 
e s t i m a t i n g t h e d o s e - e f f e c t r e l a t i e n s h i p s a r e 
d i s c u s s e d . Severa l t a b l e s sumaar i^ ing the 
da ta are presen ted? one shCMiag Pu"indi:Gea 
I tng cancer in expe r i i s en ta l animals from Eij 
c i t r a t € a n i t r a t e ^ o i i d e and ammonim 
plutonium psnta carbonatep asd p l u t c n y l 
t i i a c e t a t e . A graph shewing t h e r e l a t i o n s h i p 
t^tyseen t h e q u a n t i t y of P?j 23^ PuC2 depos i t ed 
and t h e s u r v i v a l t ime in dcgs i s shown as 
« e U a s one of t h e c a l c u l a t e d cumula t ive leaa 
alpha dose t o t h e Inn^ f r c i d i f f e r e n t Vu 
ccssoonds admin i s t e red t o s e v e r a l 
e n p e r i i e n t a l a n i a a l s o Seie cf the problems 
a s s o c i a t e d s i t h d e t e r i i n i n g the' a p p r o p r i a t s 
dcse valt ie t h a t r e l a t e s t o cancer i nc idence 
a i e enuaerated= Ihese lBclad«= e s t i m a t i n g 
a l v e o l a r d e p o s i t i o n and pa lacnary c l ea rance^ 
the aaknown s i g n i f i c a n c e cf s p a t i a l aad 
temporal d i s t r i b t a t i e n of t h e r a d i a t i o n dose 
fro® t h e r a d i o a i i c l i d e t h a t i s d e p c s i t e d ^ and 
de t e r a iB ing t h e turner appearance t i i e . Sc@e 
appraoches taken t o e s t i m a t e d o s e - e f f e c t 
r ^ l a t l c n s h i p a re mentioned stich a s the 
l o g a r i t h m i c profcit curve and mathemat ical 
^ c d e l s . Because cf t h e inadequacy of t h e 
a v a i l a b l e data^ a l t e r n a t i v e s a r e needed t o 
e x t r a p o l a t e t h e r e s o l t s f r ca a a i i a l 
e spe r i i@nts t o aan for p?irposes of developing 
r a d i a t i o n p r o t e c t i o n s t a n d a r d s . A 
p o s s i b i l i t y sugges ted i s a t o x i c o l o g i c a l 
approach l a which t h e a p p r o p r i a t e r a d i a t i c i i 
dcse ®od€ls needed t o d e s c r i b e cancer 
i a d u c t i o n a re of secondary impor tance , ifnn) 

Eair^ W.J«s and J . F , Park^ B a t t e l l e MeMrial 
I n s t i t u t e ^ P a c i f i c Horthw€st l a b o r a t o r i e s ^ 
Pichlaiidp wa, 1967p J u l y 

Comparative D i s p o s i t i o n of Fear Types of 
Flstcniym Bionides I f ihale i by Sogs . B i i I - 4 8 S | 
P a r t of Tbcipsosa H.Co and S^e^ea^ E=0. C^^^-)? 
Msi ia l Heport for 1966^ CF« 63-65) ^ 207 p , 

Groaps ©f t h r e e ^ogs i a h a l e d dry a e r o s o l s ef 
cue of foer d i f f e r e n t p lQtss ia® d i o x i d e s , 
t^© ©Hides s e r e prepared by c a l c i a i o g t h e 
o i a l a t © a t 1@0@ c ©E a t 350 Ci a a e t h e r was 
^soaaced by t h e i g n i t i o n ©f t h e s t a b i l i s e d 
i ^ t a l a t ^50 degreeSp Bn6 asiother by t h e slew 
o^idatiosiiof t h e pure l e t a l a t 123 d e g r e e s . 
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<8> CCNI, 
The p a r t i c l e s i s e c h a r a c t e r i s ' 
a e r o s o l s ^ere s i s i l a r with cc 
diaEi€ters cf abctjt n.5 u . Th 
h a l f - t i i e of o x a l a t e c a l c i n e d 
about cue year^ h a l f of t h a t 
ox ides t e s t e d . The g r e a t e r 1 
t h i s oKide was accoipanied by 
a c c u s u l a t i c D of plutoniuai in 
T r a n s l o c a t i o n of p ln ton i i j i t o 
o u t s i d e of t h e lung and Iv^ph 
for the dogs which inha led ex 
Urinary e x c r e t i o n of p lu ton iu 
t r a n s l c c a t l c n appeared t c be 
o x a l a t e c a l c i n e d at 350 C. (H 

t i c s of t h e four 
unt median 
e lung r e t e n t i o n 

a t 350 C Mas 
of t h e o t h e r 
yng c l ea r ance of 

g r e a t e r 
t h e lysph nodes . 

t i s s u e s 
nodes -^as l e a s t 

a l a t s a t 1000 C. 
as Hell as 

g r e a t e s t for the 
AT) 

BaiTp W.J.p and D.H- Hellandp Hanford I t o s i c 
products Cpera t ion^ Fichland? wa» 1S61^ Harch 

Plutonium I n h a l a t i o n S t u d i e s . ^ . B c r t a l i t y in 
Dogs a f t e r l E b a l a t i c n cf ^lutcniura 239 Py02. 
HW~68803j la p . 

In 28 bea 
p i u t c n i u s 
u by inha 
i n s u f f i c i 
a f t e r e^p 
and the h 
the t o t a l 
syaptCDS 
r a t e s p 20 
ly^phopen 
conf ined 
I t was CO 
0„1 uCi 
cause dea 

qle dogs 
d i c s i d e 

l a t i c n ^ 
encv occ 
c s u r e , 
r c n c h i a l 

plxitoni 
included 
per cen 
a. Hi 
to lungs 
ncluded 
u 239 re 
th of 

depositing 
of particle 
deaths dye t 
urred two lo 
Longs costal 
lyisph ncdes 

nn conterjt. 
increased r' 
t weight IGS 
topathclcgic 
and bronchi 
that initial 
r gra@ cf lu. 
dog within a 

1 t c 130 aCi of 
s i 2 e 0.5C-C.6^ 

c r e s p i r a t o r y 
o ths t o a year 
sea 95 per cent 
a per c e n t of 
Clinical 
espiratory 
s and marked 
effects aere 
al lyisph ncdes. 
depcsition of 
ng ^ould rarely 
year. (luth) 

See a l s o Pad ia t ion Pesearch^ 15^ 811-821 0 9^2). 

<10> 
Bair^ E^.J.s D.a. Mi l la rd ^ S. Harlos^ and ? - I . 
Hacket ts General E l e c t r i c Ccipanvp Banford 
L a b o r a t o r i e s ^ Biolcgv Operation^ Pichland^ Wl. 
19 60 

PrelisDxnar^ Chservations on the Pharmacodynamics 
and Biological Effect̂ ? of Inhaled Platonius 
Oxide in Dcgs. Radiation Besearch^ %2e ̂ 19. 

Immediately after an inhalation exposure of 
dogs to a pltitoniua oside aercncl 60^ of the 
deposited plutonioa was in the lung and the 
remainder ^as distributed between the ypper 
respiratory passages and the gastrointestinal 
tract, ŝ ithin tso ^eeks after esposure^ 
about 5C^ of the deposited plotonius was 
excrsted in the feces anc less than one % in 
the ijrire, i:he half-time for @:̂ cretiOii of 
inhaled plutonlus oxide sas found to fee as 
great as 1̂ 00 days in WO ^eek studies. Cnly 
small quantities of plutcnius (less than cne 
% of the deposited dose) were translocated 
ircm the Icng tc ether tissues lith the 
exception c£ the trachQOI:ronchial lymph 
nodes. The concentration of plutonium in the 
traclieol:rcnchial lysph ncdes Mas about 30 
times higlier than in lyng two and one-half 
years after p?ilgcnary depcsition of plutoniuE 
oxide. The data suggest continuous transport 
of plutonium fros lung to ly^ph aode sith a 
laxiium burden of plutonium accumylating in 
the nodes within a year after exposure. She 
histcpathclcgy cf tracheobronchial lyaph 
nodes and lung was described. Ho Esagligaart 
neoplasis have been observed in dogs 
following inhalation of plutoniui oxide. 
Bogs depositing between 5Q and ISC aCi cf 
plutCBiui died aithln two to four months sith 
massive gross lung changes. Bleed lymphocyte 
counts showed an early decrease following tlie 
inhalation exposure. CAuthHCo^p3.ete article! 

<11> 
Eair^ H.J.p and I) = H. Willard^ Hanfoid Atomic 
Predicts Cperaticnp Hanford Laboratories 
Operation^ Biology Labcratcry^ ^ichlaad^ ^S. 
1962 

•*̂ l!2tcnius Inhalation Studies, a. Mortality in 
Dogs after Inhalation cf Flutouius 239 P«02. 
Padiatlon Pesearchp Ib^ 811-R2la 

Beagle dogs were 
aerosols^ at a co 
of pu 239 02 per 
particle diameter 
range in tne guan 
130 UCi) in the d 
the duration of t 
^ere alive 21 mon' 
deaths cccarred 2 
and were doe to r 
Lungs contained 9 
ncdes '4% of the t 
Clinical symptoss 
respiratory rates 
iarked IVEiphopeni 
were confined 
ncdes. It yas co' 
deposition of 0.1 
Icng ^culd rarely 
a |ear= Ĉ t̂h) 

exposed tc û 23*= Pu02 
ncentration of 1C(E-3) uCi 
si of air. The ^edxan 
ranged frcsi 0.50-0.65 u. t, 
tity of Fa deposited C1 K 
cg£ was cbtained ty varyinc 
he ejjpssure tise. Two dogs 
ths after exposurp*. ^11 
tc 1̂  icnth-? aff°sr ê p̂osure 
espiratory insufficiency, 
?f and the bronchial lyEph 
otal plutonium content. 
include>d increased 
20'? ̂ eignt loss^ and 

a. Histcpatncloqic effects 
I'iiiqs and bronchial lymph 
ncluded that initial 
uCl cf Pu 239 per gram cf 
cause death of a dog ŝ ithin 

See also HW-56803^ 24 p. (1961), 

Baiiff W.J.p B.H. ^illarda and B.J. JlcClanahan̂  
Hanfcrd Atomic Products Gpera-cioEj. Pichlandg. IsS. 
l96Qs January 15 

Excretion ana Translocaticn of PlotcDiusi 239 
Dxcside After Inhalation. Hi~65S00; Part of 
Kornberg^ H.S^j, Hanfor6 Biology Pesearch innual 
Feport for 1*359̂  (p. 116-121) p 208 p. 

3cre than 7*1 of Pu deposited in dcgs by 
irhalat^rn cf Fu 2̂ 9 ?UC2 ^as foond in lungs 
iMeaiately after exposure^ ?tie half-time 
fcr Mhcle-fccdy reteistloo cf Pa was about 
1p800 days during the period from about 10 to 
ut weeks after exposures. Translccation of 
P?] fro^ lung to tracheobronchial lyiph nodes 
Mas a major pulmonary clearance prccess, 
large variations in daily sxcretion of Pu in 
urine and feces were deicnstrated. {̂ uth) 

<13> 
BallcUff «J.E«e General llectric Company^ Hanford 
lahcratorlesp Eiclcgy laboratory^ Richland^ iS,. 
1962e Januarv-Harch 

Eemoval of Deposited PlutcBioa by 
TrlethyleiietetraBlBe Hexaacetic Scid. 
193Ct'822)^ 13Q1-130£|« 

Natureff 

The effectiveness of triethylenetetrasine 
hsKaacetric acid^ (TTHS.) ̂  ̂ as cospar̂ 'd ŝ ith 
DTE^ in reaeving deposited Pu. Sdult female 
Sprague-sawley rats averaging about 220 g 
fesxe injected intravenously with 
approxiiately 1.3 uCi Pu as the citrate 
ccsplex. DTPS ^as adiinistered at pH 8-9^ 
either orally cr intraperitoneally. Pu 
ccntent @as determined in excreta^ livere 
femur and total residual carcass. The 
ressilts shoi that prompt intraperitoaeal 
administration of TTHi resulted in greater 
removal of Vu tzcm bone than was accomplished 
^ith eguivalent BTPA treatment. ETPI Mas 
hc^everj. nore effective in reducing liver 
deposition. DTPfl and tlBl were egually 
effective in promoting Su escreticn t̂ hen 
given intraperiotoneaily IS days after the 
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<13> COMI, 
radxonucl 
the chela 
^ith dela 
adi2.Histr 
reduced b 
extsB' 
dose. 1h 
effective 
to the re 
lower ora 
superxori 
than D'^IA 
d«aath of 
7,5 is/kg 
both chel 
occurred 
TTHA is * 
of a prac 
m re^ovi 

xde injection, '̂ he erf' 
tmg agents was sarkedl 
yed treatment. The ora 
aticn of 5 mm/kq DTPS o 
cne depositici! to about 

4-foia lower mtrape 
€ '^lEA treatment yas so 
than f^Vl particularly 
icval cf Py fron the la 
I dosage level of 2.8 a 
ty of ""̂ sa over DTPI wa, 

and r e s u l t e d i n severe 
ne animal . I t a highe 
severe d i a r r h e a was ob 

a t i o g agen t s and 50^ ^o 
m t h e "'^'BA a n n a l s by 
he fir^t substance to s 
tical degree cf oral ef 
ng Pu. (F^^) 

ec txvenes s of 
y decreased 
1 
r TTHI 

the saa@ 
r i t o n e a l 
neshat so re 

Mith r ega rd 
ve r . a t t h e 
m/kq t h e 
s more t o x i c 

d i a r r h e a and 
r dosage cf 
served Kith 
r t a l x t y 
t h e lith day. 
hcij promise 
f ec txvenss s 

Table 1 shcMS comparat ive effec*-iven€ 
and TTHl m rei'Gval of Pu, 

<ia> 
Sallou^ J.E.ff Hanford atomic Produc t s Operat ion? 
Richland^ %A^ 1962^ January 15 

Metabolism of MeptuBiut^, Hfe-72^00; Far t cf 
Kornberg^ !-. §. and S^e'seaj E.G. (Eds.) s Hanford 
Eiclcgy Pesearc'^ annual Report for 1961^ ( p . 
41-43) 9 18C i:. 

Dust saip 
and Nucle 
«=valijatio 
Padicchem 
indicated 
uCi/91 =0 
reaamder 
was aduin 
chronical 
absoiptio 
reterticn 
to atout 
""he dust 
cent am in 
associate 
237 m la 
crant Fadu 
snoMS. F 
appeared 
aB a^crag 
body bard 
feedings 
or less • 
ingested 
citrate s 
state wa; 
absorptio 
sas about 
dose, i^n 

les were obtain 
ar Company^ ^ad 
F as a potentia 
ical analvqes o 
gross alRha co 
per Gen* due t 
from uranluis i 
is-ered either 
Iv to rats to d 
n and t o x i c i t i ' 

of a s i n g l e ga 
1 per cent of t 
%ias fed as a ^a 
g 0.0^4 uCi Np 
d s ixed s o l i d s . 
t s fed a d i e t c 
cah da«?t for a 
CCd COBSUSptlCE 
normal on - h i s 
€ dcse cf 0.0^2 
€n cf Ht) 2^7 a t 
yas 2«^ per cen 
han 0.1 ps^r cen 

I n t e s t i n a l ab 
c l u t i c n s -ranked 

BpC*6) > nv Ct5 
n o-̂  *-he p\cst s 

1 per cent of 
th ) C?̂ f1) 

ed f r c s Dnion Car 
ucahff Kentucky^ f 
1 h e a l t h hazard . 
f *he Paducah dus 
n t ammat ion of C-
c Np 237 and the 
s c t o p e s . The das 
acu t e ly cr 
e te rmine gut 

Iwenty- fcur hour 
vage feeding ancu' 
he admin i s t e red d 
t e r su^^pensxon 
237 and ia sg of 

"'he bui ldup cf 
cistainxng 1=^ per 
3i™day per iod i s 
and weight g a m 

d i s t which prcv id 
uCi ^Yy 237/day 

t a m e d a f t e r 31 d 
t of the da i ly dc 
•̂  of the t o t a l a®. 
s o r p t i o n cf neptu 
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) > ! l p ( t i | | . 
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<15> 
Eallous J.E.ff and J . I . Palotay^ B a t t e l l e 
Memorial I n s t i t u t e ^ • ^ a c f i c Ilorthw^st 
l a b o r a t o r i s ' ^ ff Eiolcgv Deuartien-c^ •^ichlandsp ^I 

Oral f r e rapy for Deposited ^ l u t o n i m . 
Phys ics^ 12^ 895~B9^. 

Health 

Young adul* female rats seighmg 250 g were 
adiifistered chelating agents (̂ ^̂^ and 
related ccEipounds) by gavage 1 hr after 
lilatcniua citrate imectiois and at daily 
intervals thereafter. DT^a and TTHi 
Ctriethyl€iiotetraninehexace-*-ic acid) ^ere 
givec as the ^onocalcium-sodiam salts at pH 
6-7. tlVf pentaethvl esters were adjusted tc 
pH 4. Effective oral therapy for plutcBiui 
m rats was obtained with a ""THR dose of 3 
•a-soles/kq admini^^tered 1 hr after plutonium 
citrate im<^ctxor- nailv oral admiaistratior 

of a 1.5 p-moles/kg dose^ initiated 1 hr 
after plutoniui injection and continued for 9 
dayStf ®a@ only largmally effective. 
Hsasureaent of the enhanced excretion of 
plutoniue in the bile during perfusion at 
different intestinal segments with chelating 
agents indicated that the agents are absorbed 
on oral therapy are discussed. {BSP) 

<16> 
Barren^ E.S.G.^ University of Chicago^ 
II. 19tt5̂  ̂ ay 

Chicago^ 

Phospholipid Turaover xn Product Poisoned 
aniosals, CM-2992; Part of Monthly Health Beport 
en Ptcbless Relating tc Product for l̂ onth of 
lav, 1945ff Ip. 5-11), as p. (Eeclassified 
Janyary U, t^5€) 

Sn expenseo-*' was devised to checv the 
validitv cf the observations that Pu treated 
rats developed a fatty appearing liver. 
Metabolism of phospholipids m the rats gave 
an indication cf deranged fat se*-abolisii 
resulting m the grc«-s pathological picture 
observed. Control female rats were fasted 
fcr ^0 hours then injected .*.nto the stoiach 
Mi*h 0.5 cc/200 gi cf 0.62 ®g ''̂/cc inorganic 
phosphate fclXcMed by 1 cc. of cod liver oil. 
ID ^U animalSff 2 sg/kilo of Pu was given 
intravenously 5 days before ~^ 32 
adFJxnistration. Bicod sas -̂ aken fro^ the Fu 
animals fcr î hite count, non-erotexn nitrcgen 
and cholesterol estimations, aaiisals from 
hcth groups were sacrxtxcied a-f* 3^ 6̂  9̂  15, 
3Cff 60;, and 102 hours af*-er ini*-ial feeding 
cf the phosphate. The entire 
gastrointestinal *ract and feces collected 
^ere ashed to deterime the extent o-*̂  ^ 
ahsorption, and the liver was analysed. Thp 
aBimals in tne "^n -series sbosed more 
individual variations than m *-he control 
ser^esj but this did not exceed "'0-15%, The 
intestinal absorption of = 32 was no-̂  
impaired bv the amodn^ of ''̂u higher than in 
1-he controls. This could be >̂ xplained by the 
initial parts cf the curves {0-9 hrs) ^ere 
similar shoMxng transport of "̂  to tne liver 
and renewal of P m phosphrlip^d siolecules 
Has not at'fected by Fu poisoning, "̂ he ceak 
of ^he cufve IS pcstpcned to "̂S hrs m ~u 
arimals as compared to 9 hrs in *iie controls, 
""his j.£ difficult to explain as *• he livers 
did no*- appear fatty. The ^hi*e count Mas 
IcSff nonprotein nitrogen (H'^n) and 
cholesterol seeied ncrial. i^^.n) 

<17> 
Baxter, D.̂ .s M. 5̂. ̂ osenthalj and a, Lindenbaua„ 
argcnne national laboratory. Division cf 
Biological and Medical ''©searcĥ  Srgcnne^ IL. 
1<573̂  Jely 

T̂ lutcnium Becorporation by Glucan and delated 
rcEfcunds as Sd:3uncts *o ET'̂ S Theranv, 
roNF-730a31| Part of Proceedings of t̂ g 21st 
annual Syaposxua of the Padiatxon Research 
Socistv held in St. louis, Fissourxs Aprxl 
29-Hay 3̂  1973. Publi-̂ hed in Radiatxon 
Research, ^=(3|^ 516. 

DTESg carrently the treatment of choice fcr 
plutonium pcisoBing, is Ixisxted tc removal of 
eitracellular plutonium because it is 
essentially unable to oenetrate cell 
seihranes. The effectiveness of veast 
glucaup given as an adjunct *o ETP§ therapv 
has been demonstrated in reaovina additional 
hepatic pltitonius previously unavailable fcr 
chelation by CTPI. Tc elucidate the 
mechanism of glucan actxcn, other substance® 
have been tested. Th»se include 
isosclerotan, bacterial c^ll wali 
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<17> COMT, 
po lysacchar ides^ a pyran copolyserg poly 2/C^ 
Ti la ronep ard T r i t o n HH 1339, Each co^poand 
was adminxsteredj. i n con iunc t ion with DtFIj 
t o a i c e i n j e c t e d xntrav-^poaslv wi th mid-range 
polymeric p lu ton iun f i ve days p r e v i o u s l y . 
Four of t h e t e s t e d subs t ances removed 
s i g n i f i c a n t a d d i t i o n a l p l a t o n i a i from t h e 
l i v e r Dy ^ weeks. Of thesei, t he most 
e f f e c t i v e (pyran copolyaer) and l e a s t 
e f f e c t i v e (T i l a rone | a re s o l u b l e 
x n t e r f e r o B - m d u c e r s . a d d i t i o n a l s t u d i e s ¥ i t h 
pyran have sho^n t h a t 1) another pyran 
copolymer i s a l s o e f f e c t i v e xn removal of 
h e p a t i c Plutonium, 2) removal i s e f f e c t e d m 
about one week, and 3) h e c a t i c p l u t o n x u i 
removed by pyran i s not t r a n s l o c a t e d t o bone 
m t h e absence of DTPS a s i s t h a t removed h^ 
g lucan . The two cosspounds ¥ i t h i n t e r m e d i a t e 
e f f a c t i v e o e s s were glucan and i s o s c l e r o t a n . 
These a r e in so lub le^ morphological ly 
d i f f e r e n t but chemica l ly s imi l a r^ 
g lucopolTsacchar ide c o E s t i t u » n t s of y e a s t and 
fungal c e l l wallSp r e s p e c t i v e l y . 
(Auth) (Cosplete a r t i c l e ) 

<1S> 
BelyaeVff Yu. S. 196« 

R e l a t i v e Ef f i c i ency of Cer t a in Complex Compounds 
XV t h e Pemoval of Plutonium 239 f r o s the 
Organism. aSC~tr-6a08; Pa r t of Sadiobiology^ 
(p. 125-126) ; ^ a d i o b i o l o g i y a , a{5! , 7fe0-763. 

Die-i-onxiia m t h e form of the c i t r a t e ¥as 
i n j e c t e d i n t r a p e r i t o n e a l l y i n t o r a t s xn doses 
of 0 . 8 - 1 . 0 u c / r a t . The fol lowing c h e l a t i n g 
a g e n t s isere ad 'ainis^pred par i^ntera l ly a t 
d i f f e r e n t * i s e s a f t e r Vn a d m i n i s t r a t i o n ; 1) 
Ca Ha3 s a l t of 
t r i e t h y l e n e t e t r a a m i n e h e x a a c e t i c acid (TTHS), 
2) ca Na s a l t o^ 
t e t r a e t h y l e repen taaq i inehpp taace t i c ac id 
(TPF^I, 3) Ca H& s a l t of 
2^2*"d ias^nod i^ thy l su l fxde of t ^ t r a a c e t i c 
ac id r s ) , an3 ^ '"a Na5 s a l t of 
d i e t h y l e n e t r iamxnepeptamsthyl - phosphin ic 
ac id (BTt̂ PS) , "^le s t r o n g e s t e f f e c t a t e<irly 
s t a g e s was shown by '"THS,, Thxs complexone 
^as s e v e r a l t imes ^ore e f f i c i e n t thar 3fP^ 
which ¥as taken a s the s tandard for t h e 
e f f i c i e n c y o-̂  t h e o the r cosp lexon^s . The 
e f f e c t of 'T'PHa Mas somewhat weaker than t h a t 
of TTH^ bu* s t i l l s t r o n g e r than DPT^. The 
l e a s t e f r e c t i v e was T'S? which i s t h e r e f o r e of 
no i n t e r e s t -̂ OT- f u r t h e r r e s e a r c h , BT^Pfe was 
e f f e c t i v e for t h e removal of plutonxam from 
so f t t i s s u e s and s k e l e t o n a l though o i t h e 
whole I t s efficis^'ncy was l e s s *-han t h a t of 
TTEhs TPHS and D'^^a. sfhen t r e a t i e n t 
complexcnes was s t a r t e d 30 days a f t e r t h e 
j .n3^ct ion of plutoBiuEi, the e f f i c i e n c y of 
TTHa d id ro t d i f f e r from t h a t of TPHA and 
DTPa, CR?F) 

Tables are given of Pu con ten t m r a t o rgans 
(Ixver^ kxdn<=ysp s p l e e n , ske le ton ) 3p 16 and ^5 
days a f t e r a d m i n i s t r a t i o n of conpiexons . 

<19> 
Belvaev, ^ot g iven . 196U 

PlutoniUEi H^nioval m F a t s Given So©e Co^plesoBS 
by Mouth. i i IC- t r -7^90; pa r t of ^oskalev^ ¥ u , I . 
(Ed.) ff D i s t r i b u t i o n , B i o l o g i c a l •affects^ and 
Acce le ra ted Excre t ion of Radioac t ive I s o t o p e s , 
(p. 356-360) , £S0=; p , 

^xperi'aents w^re conducted on sale rats, 
weighing 220-270 grass, Qxven a solution OJ. 
plutoniai nitrate xntraperitoieallyi, pH 6,5^ 
at a concentration of 0.66 ^o 1,01 uCi/rat. 
Tiie cosplexons were given by loutn using a 

gastric catheter at different txies following 
tne Pu in3eGtion. Organs analysed for Pu 
content were Kidneys^ spleen, liver aid 
skeleton. It was found that EDTI and BCTa^ 
C 1p2-bian]inehexanetetraaceti.c acid) hj south 
was ineffective^ even at the early stages, 
with respect to ^u resoval fros the skeleton 
ot liver. EDP^ was effective only whec given 
2 or 6 hours after the Pu iniecticn. 
Multiple administration of BEDTa 1 day after 
administration of Pu lowered the Pu level m 
both the liver {1,6~tcia decrease) and 
skeleton C^5^ of the control); however, when 
xt was given 30 days after Pu, the effect was 
chiefly due to the Pu level in the liver 
C2-fold decrease). The best response sas 
obtained with DTP^ which diiiEished Pu 
ccntent of the liver and skeleton regardless 
of txae of adBXBistration, ^hen this agent 
was given 30 days after PUj. there was a 
y,S-fold decrease xn its level m the liver 
and a 1.6-fold decline m the skeleton (61% 
of the control), (nkF) 

Tabular data give Pa 239 levels xn rat skeleton 
and liver ^ days after mgestioa cf coaplexon, 
m rat organs on the 16th day, and on the 83th 
day with late adsinistratios cf complexions. 

<20> 
Belyaev, Yu.a, 
196^1 

and V.K. Le'iiEarg, Hot g iven . 

E f f ec t ivenes s of Die thy lene t r i a sxnepen taace txC 
ac id Following I r t r a t r a c h e a l Mmiu i s t r a txon of 
PlutcBium. AEC-tr-7590; P a r t of ^oskalev^ Y?3.I, 
(Ed.) , D i s t r i b u t i o n , B i o l o g i c a l Ef fec t s^ and 
a c c e l e r a t e d Excre t ion of Radioac t ive I s o t o p e s , 
(p . 361-3*^6) , !105 p . 

Hxperxients were conducted on 86 H i s t a r r a t s 
^seighmg 160-180 g; Pu was adamis t ' ^ r ed 
m t r a t r a c i i c a l l y as t h e n i t r a t e , pH 2^ and the 
aissoniUEpentacarbcnate, ph 7 .4 , The Pu 
s c l u t i o p s were given m a volum^^ or 0 .3 s i 
con ta in ing 0 ,7^-0 ,9 uCi P a / r a t . Ca DTPS ya^ 
giv^n both m t r a r r a c h e a l l y and 
i n t r a p e r i t o n e a l l y . The "̂ u con t en t o t l i v e r , 
whole lungs and femur wa? analy^<»d. The 
pf fec t iven '^ss of ^"PA, w^ti r e f e r ence t o 
removal of Pu 239 given XB the roroi of t h e 
n i t r a t e cr c a r h o r a t e complex m t r a t r a c h e a l l y 
fro-a the l u n g s , %as p e g l i g i o l e , even a t the 
e a r l y 'Stages cf t reatE-ent , I n t r a t r a c h e a l 
ads iBj-Stra t ion was somewhat more e f f e c t i v e 
than i n t x a p e r t x o n e a l , ?=u-pentacarbonate of 
asmonium, when given xnt ravenous ly was 801 
r>=taiiiPd in tne l i v e r . Th-̂  mean eKcretxon of 
Pu 239 m u r i n e was O.l^o and xr feces 12'̂  
{between the 1st and 7th J a / s ) . S i n j l e 
x n t r a p p r i t o n e a l a d m i n i s t r a t i o n of 0TPA (2*̂  
hoars a f t e r i n t r avenous a d i ^ o i s t r a t i o n of a 
Pu-carbonate coniplex) lowered the pu 239 
con ten t ef t h e l i v e r by SI'?, (HAF) 

<21> 
B^^rd^xs^ C.C. (Ed . ) , armed FOECP«; I n s t i t u t e of 
Pa thc logy , ^ashinf^ton, DC. 1971 

Pathcloyy o'̂  I r r a d i a t i o n . t^xl l iass cu-d ^ i lK ins 
Company^, s a l t i a o r e ^ Maryland, 710 p . 

'5'he bock p resen t 
the e f f p c t s of r. 
a n i reviews t h e 
on the s u b j e c t , 
c o r r e l a t e the s t 
u l t r a & . t r a c t u r a l 
t c i r r a d i a t i o n w 
b i o p h y s i o l o g i c a l 
a s p e c t s as they 
a f t e r i r r a d x a t x o 
e x t r a p o l a t i n g as 

^ t he cu r^^n t rncwleajp of 
adxat ion on man and animals 
l a t e s t l i t e r a t u r e a v a i l a b l e 

^ t t e s p t s hdve been made to 
r u c t u r a l aid o t t e n th€ 
f e a t u r e s of t i s s u e r e a c t i o r 
i t h t h e c i m i c ^ l 
, g e n e t i c and f a n c t i o n a l 
ar*^ ^a ' i i f e s t ed i u r m g and 

The p-»-oDl(̂ [a<5 ot 
i£Bal da ta t c maa are 



<21> 
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BIOLOGICAL ASPECTS 

<21> CONT. 
d i s c u s s e d . Two c h a p t e r s , one dea l ing with 
bone-seekxng radionucXxdeStf <^uch as Pu 239, 
Ha 226, Pa 228, Th 22S and Sr 90 , and t h e 
o t h e r wi th t o x i c i t y a s p e c t s of i n t e r n a l l y 
depos i ted Pu 239 have been a b s t r a c t e d 
s e p a r a t e l y fo r t h e da ta base , Cther c h a p t e r s 
inc lude t h e e f f e c t s of i r r a d i a t i o n i i 
mammalian c e l l s in v i t r o , c l m x c a l uses of 
r a d i o i s o t o p e s ^ r a d i a t i o n c a r c i n o g e n e s i s , the 
e f f e c t s of r a d i a t i o n on s k m , t h e nervous 
sytem^ s a l i v a r y glands^ g a s t r o i n t e s t i n a l 
t r a c t s l i v e r , c a r d i o v a s c u l a r s y s t e s ^ 
endocr ine g l a n d s , hematopo ie t i c system, 
lymphat ic svstem, t h v i u s ^ pulmonary sys tem, 
g e n i t o u r i n a r y t r a c t s kidneys and organs of 
s p e c i a l s e n s e s . The e f f e c t s of acute 
i r r a d i a t i o n in man a re desc r ibed as we l l a s 
treatcaent for t h e r e s t o r a t i o n of the 
hesaa tpo r i e t i c s y s t e i p such as by t r a n s f u s i o n s 
cf c e i p a t i b l e au to logous or i s o g e n i c bone 
marrow. (TW) 

<22> 
Bernard, S,'R,, and r 
National Laboratory? 
October 

.^. iloloway. Oak Ridge 
Oak ^idge, TN. 19659 

Estimate fcr Fluorine 1 for Plutonium Compounds, 
OHKL"38a9| Part of Health Physics Division 
to'iual Progress Report -̂ or Period Ending July 
31, 196^, «D. 212-213), 2S7 c. 

ExperiaeRtal data on ra t s are reviewed which 
persi t soie fluorine 1 estiojates to be made 
of sose 1̂2 compounds. Part icular reference 
IS lade to studies by Weeks, et al^ and 
Ballou, For the present i t i s suggested that 
fluorine 1 equals 2 x 10<E-2) for ingestion 
of isoncsseric Pu and 2 t 10|E-5) for ingestion 
of Pu as an aged colloid. No data are 
available for the estxaation of maEaged 
colloidal solutions of Pu S-i-̂ si . |H^F) 

90 and Pu). They say be generalisea, when 
their ce l l s may contain alkaline phosphatase 
or lack i t . They lay be localised to 
ahdoixnal viscera, the reticulo-sarcoi§atous 
fc r i , in which case the ce l l s lack alKalxne 
phosphatase, (autb) 

<2^> 
Bleaney, B.^ Churchill Hospxtalp Medical 
Research Council^ Bone-Seekmg Isotopes Research 
Opxt, Oxford^ Eagland. 1967 

Radiation Dose-Eates Near Bone Surfaces xn 
Pabbits after an Iniectxon of Plutonxum, 
Physics xn Medicine and Biology^ t3(1), 1U5-160, 

babbits 6 weeks old given single intravenous 
injections of 1.25 5ic/kg of plutonium n i t ra te 
were kil led at dxffer«sBt tiises after 
injection. UndecaXcxfxed sections of feiars 
and vertebrae were preparedjr and the dose 
rates determined by track counting on 
autoradiographs, la trabecular bone, 24 
hours after in-iectionj, the ra t io of aaxxsauos 
tc sxExmus dose rates to s te i c e l l s outside 
the endosteal surface xs aboat 3;1. ^11 the 
trabecular bone surfaces have a deposit of Pta 
239» Kt 16 weeks after mjectxonff about one 
fif th of the trabecular bone surface s t i l l 
has a significant dcse ra te , and caly a few 
per cent of the surface has no pltatoniam 
d€posxt, even though nearly a l l the 
trabecular bone has been formed since 
injection. Since most of the endosteal bone 
surface i s trabecular bone^ a large volusae of 
stem c e l l s and marrow ce l l s is i r radiated by 
these deposits. There i s also a significant 
dose ra te dae to plutonxum xn the siarrow. 
Caiath) CB̂ F) 

Tabular date are given on dose rates m 
trabecular bone m feiurs and vertebrae. The 
dis t r ibut ion of dose ra tes i s shown xn graphic 
form. 

<23> 
Bland, !!.R., J .F . l o u t i t , and 3,H. Sansoi? 
Medical Research Councilp Padiobiology llnit? 
Harwell, England, 197a 

Histocheixcal Phosphatases and f^etacbroiasia xn 
Hurine Tuiors Induced by Bone Seekiag 
Radionuclide®, Brit ish Journal of Cancer^ 29, 
206-221. 

Tumors induced la mice, either CBS norial and 
chi^aericalff or C3f!, by Sr 90 or Ha 225 or 
plutcniu® have been examined hxstocheaxcally 
with CI I diazotate fast red v io le t LB sa l t i s 
naphthol hS-n phosphate buffer at pH 8,6 and 
5,2, C2) 1"9 dimethyl rethylene blii® 
(Taylor). I t i s concluded that the diagnosis 
of ostecsarcoma i s fac i l i ta ted with Taylor 's 
Blue which s ta ins osteoid metachEoiaticaXiy. 
Cells of csteosarcosa, l ike norial 
osteoblasts , contain alkaline phosphatase bat 
this aay be lost hj mutation exther xn th@ 
original tumor or subsequently on passage of 
the tiamor serxally to coipatxble hosts. 
Osteosarcoiata may contain g iant -ce l l s of two 
foras, bi sarre tutnor ce l l s and csteoclastsi 
the lattp^r ccntaxn acid phosphatase. 
Osteosarcoiata which rataxn the i r osteoid on 
ser ia l passage have few cel ls contaxaxng acid 
phosphatases. Frxiitxve lesenchyial ce l l 
tu tors of angiomatous form oay occur, if the 
bone marrcM i s i r radia ted , e.g. by Sr SO-̂ f 90 
and Pa, These tu tors lack osteoid and c e l l s 
interpret able as osteoblasts or osteoclasts 
{though they destroy bone). Tumours 
c lass i f iable as fibrosarco^ata occur rarely^ 
and may be truly of f ibroblas t ic origin or be 
autated osteosarcoaata. Lysphomata also 
occur when the marrow is iriradlated Sr 90-f 

<25> 
Boeckerff B.B.^ R.G, Cuddxhye F.F. Hahn, and H.O. 
KcClellan, tovelace Foundation for l^edxcal 
Education and Hesearchp Inhalation Toxicology 
Research I n s t i t u t e , aihuguerquo^ IM. 197^, 
Deceiber 

h Seven-?ear Study of the pulmonary Betention 
and Clearance of Cesiuo 137 lahaled in Fused 
aluminosxlxcate par t ic les by the Beagle Dog, 
LF-49; Fart of Boecker^ B,B. and Rupprecht, E,C. 
CEds,), Annual Report of the Inhalation 
Tosxcology Hesearch I n s t i t u t e , October U 1973 
through September 30^ 1974 |p. ^8-52), 384 p, 

Long-tere pulmonary retention and clearance 
were studied using 30 beagle dogs given 
single, 15-®XE inhalation exposures to Cs 137 
labeled fused aluaxnosxlicate partxcles 
Cag&D~1,5 to 1,7 am̂  sxg^a sub g=1,6 to 1,8)„ 
hn average of about 60^ of the i n i t i a l body 
burden was excreted rapidly grxmarilj xn the 
fecesi the remainder was retameS for such 
longer perxeds, la 2 dogs observed for 7 
years after exposure, the longest component 
of w!ioXe-b®ay retention had an associated 
biological tolf-life of 530 days. Txssue 
aaalyses for aogs sacrxficed in pairs out to 
7 years after exposure showed prolonged 
retention xn the lung? transfer of 
significant quanti t ies to the 
tracheobronchial Ijoph nodes and some soft 
tissue accumulation of released Cs 137. 
Results have been mcorpoEated into a kxa^txc 
model to study the re la t ive xiportasce of 
various lung clearance laechaBisms, These 
data OB long- t en lung reteatiosi and 
translocation to tracheobEonchxal lymph sodes 
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<25> CCNT. 
were s x g n i f x c a n t l y d i f f e r e n t t han those 
oDserved p rev ious ly i n dogs exposed by 
m n a l a t i o p t o ^u 239 ?u 02 . {^uth) 

<26> 
Bogatov, L.^ . , and Z. •̂ o K a l ^ y k o v a , 1961 

Ir v e s t i q a t i o ! ! o^ thp '^uncti 
Blood system m Dogs in t h e 
a f t « r Chronic Influ^^nre of 
AEC-tr-5265j sar*- of Lebedi 
SosKaleVff 'Su.l . {5!ds,) , Bio 
Badxatxon and Problems of B 
D x s t r i b u t i o r , T r a n s l a t e d -^r 
th<= S t a t e Pu t l i shxnq House 
F i e ld of atomic Science and 
OSSP^ (p. 32-«2) , 187 p. 

coa l s t a t e of t h e 
Long-Term P e r i o d s 

I o n i s i n g Eadia txoB. 
n skx i . A . ? , and 
l o g i c a l E f fec t s of 
a i i o a c t x v e I s o t o p e 
OS a p u b l i c a t i o n of 
cf L i t e r a t u r e m the 

'^echrology, foscow^ 

Twenty- three dogs from 17-33 ka xn weight 
were d iv ided i n t o foa r a^oups f o r d i f f e r e n t 
t r e a t m e n t s . Tne 1s^ group r ece ived c h r o n i c 
ga iaa x r r a d x a t i o n xn dcses of 10 R/day up t o 
a t o t a l of 1300 R. ^or the 2nd grouo , Fu 
n i t r a t e was xntroduced xr the blood m 
aaounts of O.OS uCx/kg four t x n e s with an 
i n t e r v a l cf one moRta, The combined e f f e c t s 
of gamia x r radxa t ion and ^u were i n v e s t i g a t e d 
XB the 3rd group and the a th groups r e c e i v e d 
chronxc eKterna l gâ nma x r radxa txcn m amounts 
of 18 B/day up t o a t o t a l dose of 9̂ 45 B, 
There was a l s o a c o i t r o l group. C e r t a i n 
s t r e s s e s were app l i ed t o the a n n a l s ^ such as 
l a s s i v p o r r epea t ed b l o o d l e t t i n g s and t h e 
m t r a a u s c u l a r i n t r o d u c t i o n of d e f a t t e d m l k 
and a d r e n a l i n , ^he r e s u l t s show t h a t xn a l l 
l o g s , both eKD^r^ mental and cortrolSe, t h e 
r e a c t i c u of th^ p e r i p h e r a l blcod t o t h e 
mtroiuc-*-ion of milk was sono typ ic and 
consxs*-ed of t h e develcpment of pronounced 
l e u ^ r o p h i l x c l e u c c c v t o s i s , C e r t a m 
d i f f e r e n c e s xn t h e course of r e s t o r a t i o n of 
th^ blood a f t e r mas-^ive blood l o s s were 
p resen t -^ n t he exper imen ta l '^ogs^ xn 
cospar i soB with *he c o n t r o l s . Xn dogs with a 
iOrg pe r iod a f t e r ch ron i c i r r a d i a t i o n Cgroup 
4 ) , r e g e r e r a t x o n o^ t h e p e r i p h e r a l blood 
occur red mere rapxdly than xn t h e c o n t r o l s , 
Tn a l l thp a n i a a l s with r epea ted 
filoodlf^tt ^ngs, tfe* a i o u n t s of e r y t h r o c y t e s 
and he ioglobin decreased a f t e r r epea ted blood 
l o s s e s . Daring t h e p e r i o d of b l o o d l e t t i n g , 
t h e rumb^rs cf reticulocyte^"? xncreased f i v e 
t o seven txE^p'S. Nonmobolizatxon of t h e 
e r y t h r o c v t e con ten t I P a l l dogs occur red 21 
days a f t e r cf^ssation of the b loodle t t ing<-
with t i e escep t -on of t h e animals XB group 2 
xn which I t ja'? delay'=a u n t i l t h e 32nd day. 
In t h e i r r a d i a t e d an ima l s , a sha rpe r and laor*^ 
prolonged decel*^^a*-ion of the blood c l o t t i n g 
was observed a f t e r t n e f i r s t blood l o s s t h a r 
m t h e c o n t r o l s . Although xn t h e c o n t r o l s 
t ae c l o t t i n g t ime i nc r ea sed frois s e v e n - e i g h t 
t o 10 'ixn, xn t h e i r r a d i a t e d arliBals xt 
xncreased t o 16 ram. H o r i a l x s a t i o n of t h e 
c l o t t i n g occurred a f t e r a day xn t h e 
c o n t r o l s ^ and a f t e r s e v e r a l days xn t h e 
exp^ r iB^n ta l dogs . The changes r e¥ea led xr 
some of *he ^xperiEaental dogs i n d i c a t e t h a t 
complete r«^storat ion of t h e f u n c t i o n a l 
a c t i v i t y cf the hemopoie t ic s y s t e i and t h e 
o r g a n i s i as a iiholp does not occur xn a l l 
c a s e s and depends l a r g e l y on the p e r i o d s 
a f t e r c h r o n i c x r r a d x a t i o n i n f l u e n c e , (FMH) 

<27> 
Borxsov, ¥ , P . , ^ot givPB. 196̂ 1 

Changes xn C o r r e l a t i o n Between I s o t o p e s xn a 
HiKture of P roduc t s of Uranium Pi-^sion with 
SesorptiOB Thereof from t h e D i g e s t i v e T r a c t s 
aEC-t r -7590; Pa r t of rfoskalev^ T u . I , CEd.), 
D i s t r i b u t i o n ff B i o l o g i c a l Effec ts , , and 

^Accelerated Excre t ion cf Radioac t ive Xsotopes 
Cp. 99-102) , «05 p . 

^n aged s o l u t i o n of f i s s i o n fragisents {2 
years eld) con ta in ing 9^% r a re e a r t h elements 
CCe UiJ, Sr 90, Yttrium 90 and Sr 95) Has 
admin i s t e red through a t h i n c a t h e t e r i n t o the 
r a t « s stomach xn l a r g e doses (7^ uCx/kg) t c 
provide adequate concentra txon m x n t e r n a l 
organs and t x s s u e s a f t e r r e s o r p t x o n . The 
r a t s were s a c r i f i c e d on the 3rd day, t i s s u e s 
and organs were measured r a d i o i e t r i c a l l y . 
S t ron t ium, : X t t r i a s , and, x i p a r t , sirconxuiUff 
were 90-96% concen t r a t ed xn bone t i s s u e . 
Here than 5Q% cf t h e Ce HtJ a c c u i u i a t e d I P 
the s k i n . The p e r c e n t i l e of s t r o n t i u i xn the 
Ixver was lower than in the i n i t i a l s o l u t i o n . 
The d i s t r i b u t i o n of i s o t o p e s xn bones? 
mu<^clesp Ixver and s k m were 96 ,70 , 0.75^ 
0.04 and 2.51^^ r e s p e c t i v e l y , f o r s t ront iums 
9 6 , b , 0.91^ 0 . 0 5 , 2 , a«^ for y t t r i u m 2 3 . 5 , 
15,02, 2,38 and 59, n fo r ce rxum and 90.7^ 
1.^, 0 .2^ , 7,56% for sirconxum. lE^F) 

Tabular da ta a re given on the c a a r a c t e r x s t x c s of 
s o l u t i o n s used for r a d i o c h e i i c a l a n a l y s x s , 
r a d i o c h e i i c a l cosposxtxon of m x t i a l s o l u t i o n s 
and biomedxa, cumulat ive a c t i v i t y i n o r g a n s , 
comparat ive r a d i o m e t r i c and r adxoches i ca l da ta 
and dxs t r ibu txon of i s o t o p e s in organs-

<28> 
Borxsov, 
1Q6U 

¥ , P . , and F .S , Krivchenkova, l^ot g iven . 

Acce le ra t ion of Excre t ion of Badxoactxve 
I s o t o p e s , Evalua t ion of Soie I s a e d i a t e Measures 
i^gaxnst In:iary by Hadxoactive Subs tances . 
^^C-t^-759G; P a r t of Hoskalevp l u . I . (Ed . ) , 
D i s t r i b u t i o n , Exologxcal Effects^ and 
tecelerated EKcretxon of Radxoactxve i s o t o p e s , 
(p . 303-311) ^ aO^ p . 

Severa l agents were t e s t e d as emergency ca re 
f c l lowmg i n t a k e of I! 238, Po 210^ Ce Ua 
and Sr 90 xn t h e aige&txve t r a c t , a lb ino 
r a t s weighing 200-250 g were ad ixnxs te red 
r adxo i so topes x n t r a p e r i t o n e a l l y or 
i B t r a g a s t r i c a l l y m doses of lO-l'^ u c i / k g . 
Drags were gxveB isnsedxately a f t e r i n t a k e of 
t h e r adxo i so tope i t h e r a t s were s ac r i fxced 
a f t e r 3-5 days . Folonxui , Ce and Sr tx s sue 
and organ l e v e l s s e r e e s t x i a t e d 
r a d i o m e t r i c a l l y , 0 by f l u o r e s c e n c e . 
Sa iu l t aneous i n t ake of U and s o d i u i 
b i ca rbona te xn the g a s t r o x n t e s t x n a i t r a c t , of 
0 and heavy metal a n t i d o t e , c e r x u i and 
ccso lexons inc reased d e p o s i t i o n of 
r a d i o n u c l i d e s in t i s s u e s and o r g a n s , 
Act iva ted c h a r c o a l did not prevent abso rp t ion 
of the r a d i o n u c l i d e s t e s t e d . A decrease of 
e f f e c t i v e n e s s of Sa3 Ca DTP^ was noted shen 
C€ l^y pene t r a t ed xnto the dxges t ive t r a c t a s 
CGSipared t o i t s e f f e c t i v e n e s s when Ce US4 was 
givep x n t r a p e r i t o B e a l l y . There are 
c c n t r a m d i c a t x o n s a g a i n s t t h e use of 
coisplesons for g a s t r i c lavage or 
r ecoBtas ina t ioB of the l o u t h , s i n c e 
e spe r i i s en t s proved t h a t with p e n e t r a t i o n of 
complesoos xn the s to^achp m c a s e s of o r a l 
Ce m4 po i son ing , t h e r e was a sharp xncrease 
XB l e v e l of d e p o s i t i o n of the r a d i o i s o t o p e in 
the l i v e r and bones . A benefxcxal response 
(decreased depcsxtj.cn xn t h e kidneys) was 
obta ined xn exper iments involv ing 
a d s i n i s t r a t x o B of 0 238 t o animals with t h e 
use of phosphates . I t was deiaonstrated tha t 
antidotum metallorum and '^dry hydrogen 
s u l f i d e " (hydrogaxBOae su l fhydra te ) were 
e f f e c t i v e a g a i n s t po loBiui xn t h e stomach, 
b a r i u i s u l f a t e was e f f e c t i v e agaxns t 
s t ron t ium '̂ Q po i son ing , and 
fluorexon—"against Ce 1̂ *$ l e s i o n s . Fluoreaon 
(^, ' ^ -dx-ca rbosy ie thy l 

http://depcsxtj.cn
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<28> COnT, 
aiiEciethylfluroescem) diminished deposition 
of Ce liiii in the skeletoB and l i v^ r , 
coBcarrentlv, (RaF) 

<29> 
Boydff H.a., C.G, ^aabe, and P,K. Peterson, 
Lovelace Fcundatxon for Hedxcal Education and 
Sesearch, Inhalation Toxicology i?esearch 
In s t i t u t e , aibuguergue^ MH. 197^, December 

Production of Monodisperse Respxrable aerosols 
of aaericxoa 2m Dxoxxde and Evaluation of In 
Vxtro Dissolutxon. l,F-a9s Part of Boecker, B.B. 
and Rupprechtp F,C. p d s . ) , annual Report of the 
Inhalaticn Tosxcology Research I n s t i t u t e , 
October 1, 1973 through Septegiber 30^ 197^8, {p. 
1-7), 3g« p. 

\ method IS described for the production of 
isonodisperse (sigsa sub g less than 1.2) 
par t ic les of km 2m am02 for use xn 
inhalation esperxsents wxth dogs and rodents. 
The effects cf physical and chemical factors 
on the prcdoGtion of polydisperse aerosols of 
hm 2^1 6m02 w«re studied and evaluated. The 
be-^t aerosol was achieved when a suspensxon 
of asericiusi hydroxide with 2.S lag am/ml at 
pH=7.3 was aero-solized and passed through two 
heating columns xn succession, the f i r s t at 
300 degrees C and the second at 1050 degrees 
C« The par t ic les were roughly sperxcal and 
had densities; near 8 gi/csiB the aerosol â AD 
and sigiaa sub g were about 1,S u® and 1.7? 
respectively, 'lonodxsperse partxcles were 
separated and collpcted wxth the Lovelace 
aerosol Partxcle Separator CI'̂ ^S) and 
subsequently suspended in deionxsed water 
wxth pH ad-justed to 10.2 wxth ^F3 for 
nebulization to produce mondisperse aerosols 
for inhalation exposures. Par t ic les 
collected on f i l t e r s Surxng inhalation 
eKperiierts were used for evaluation of m 
vxtro dissolutxon ra tes wxth two systems and 
various forms of a lung fluid simulant. The 
important role o* phosphate ions xn such 
iissclutxcB sys te is was demonstrated, 
suggesting the pot^-ntxal for the equally 
xraportan* role of free phosphate in retarding 
dissolution of a,ni02 par t ic les xn ths lung, 
C^uth) 

<30> 
BrookSy a , I . , P.J. LaBauve, i?.0, HcClellan, and 
D.a. Jensen, Lovelace Foundation for Hedxcal 
Education and Research, Inhalation Toxxciology 
Research I n s t i t u t e , Albuquerque, NS. 1974, 
December 

Chrososora? Abpr^atxcn " '̂reguency xn Blood 
Lymphocytes o^ Anxmals with Plutonium 239 Lung 
Burdens. L^-^^ ;̂ Part of Boecker, B.B, and 
Supprecht, F.C- fSds.) , Jlnnual Report of the 
Inhalatxcn Tox-icology "Research Instxtute^ 
October 1, 1973 through Septesiber 30, 197^, (p. 
165-169)^ 3Ra p. 

Other xnvestigators have sugge-^ted a causal 
relat ionship between accxdent Pu 239 
exposures xn lan and the presence of 
chromosome aberrations xn blood lymphocytes. 
To assess th i s relat ionship experimentally, 
16 Rhesa=5 monkeys and 171 Chinese hamsters 
were exposed by •'nhalaticn to Pu 239 Pu02 
â ^̂ r̂oscls and an additional ^ hamsters were 
injected with Pu 239 c i t r a t e and the 
rreguency of aberrations xn blood lynphocytes 
determined. Lung burdens m the hamsters 
^ere estimated by se r ia l sacr if ice and 
radicarlav^xs. ^ftp-r an xnxtial rapid 
clearance phase, thp Pu 239 was retained m 
the lonkey lung wxth a long effectxve 
half-liff^ > ^00 days. At 30 days after 

iBhalatxoBp 99% of the sacrxfxce body burden 
was XB the lungs of both specxes. The ranges 
of cumulative radxatxon dose to the hasister 
lungs 30 days after xnhalatxcn were 
calculated to be 80-170, 220-5^0 and 830-2120 
rads for xBitxal lung burden levels of 10-30^ 
3G"70 and 180-260 nCi/g, respectxvely. By 
120 days, these doses were calculated to be 
aO-350, 500-710 and 1440-2170 rads, Haisters 
with the hxghest lung burdens had a medxan 
survxval time of about 80 days, Ho deaths 
occurred xn any of the cther treated hamsters 
or lonkeys by 250 days after Pu 239 
inhalation. Hamsters sacrificed at 30 days 
showed an increase m chromosome aberration 
frequency with increasing dose to lung of 0, 
0, 0.0 14 and 0,089 aberrat ions/cel l xa the 
controls , 80-120^ 220-540 and 830-2120 rad 
groups, respectively. By 120 days after 
inhalation, the aberration frequency xn the 
controls was 0.012. The frequency xn animals 
with doses that produced significant l i f e 
shortening (1^^0-2170 rads) had decreased to 
0,018 and 0.032 aberrat ions/cel l xn a n n a l s 
wxth lung doses of 500-710 rads, at 380 days 
after injection of 60 nCx ?u 239 cx t ra te /g i , 
haisster lymphocytes had an aberration 
frequency of 0,048 aberrations/celX, The 
level of chroaosoiae damage in the Pu 239 Pu02 
exposed isonkeys at 30 and 90 days after 
mhalatxon was not different than observed in 
ccBtrols, (auth) 

<31> 
Brooks^ A.L,, R.F, Peters , and J.C. Retherford, 
Lovelace Foundation for Hedical Education and 
Hesearch, Inhalation TcKicolcgy Research 
i n s t i t u t e , aibuguerque, NH, 1974, December 

The Fffect of Hxcrodcse Distribution OB 
ChrciosoEe aberrations Frequency m Liver Cells 
of the Chinese Hasster Following EKposure to 
nutCRium 239 Pu02 or PLutonxui 238 Pu02 
Par t ic les , LF-49; Part of Boecker, B,B. and 
Rupprecht, F.C. (Eds.) , annual Report of the 
inhalation Tojcicology Eesearch Ins t i t u t e , 
October 1, 1973 through September 30, 1974 (p. 
174-178), 384 p. 

Chinese hamsters were injected intravenously 
wxth Pu 239 Pu 02 or Pu 238 Pu 02 par t ic les 
of known size or with Pu 238 c i t r a t e to 
deterixne the effect of par t ic le s ise and 
specific ac t iv i ty on the frequency and 
dis t r ibut ion of chromosofse damage XB the 
l ive r . Three partxcle sises were used m the 
P« 2^9 Pu02 experiment. 0,15, 0,fJ4 and 0,89 
u i , and a l l anxEals were injected wxth a 
constant actxvxty, S x 10|E-4) uCx Pu 239/ga 
body wexght. The Pu 238 Pu02 was xa3ected in 
three par t ic le s izes , 0,17, 0.4 1 and 1.1 um 
and at three ac t iv i ty leve ls . The Pu 238 
c i t r a t e was miected at 5 s 10 {E-3) uCi Pu 
238/gm body wexght, HaEs^ters xnjected with 
Fu 239 PU02 were sacrificed at 15, 42 and 122 
days after xngection and those mgected with 
either Fu 238 ^u02 or Pu 238 c i t r a t e were 
sacrificed 12 days after injection. The 
approKxmate sizes and distr ibution of 
partxcles were determined by autoradiogaphic 
methods. The number of alpha t racks /s ta r 
Increased as a function of the partxcle sxse 
injected, A change xn part icle s ise witn 
time was noted as smaller part icles were 
aggregated xnto larger ones by the phagocytxc 
action of Kapffer c e l l s . Injection of Pu 239 
Pu02 and Pu 238 Pu02 produced a dis t r ibut ion 
of chromosome damage which was non-poxsson in 
nature, Plutonium 239 PuQ2 produced 
increased daiage wxth increasing average dcse 
with some ce l l s containing a large number cf 
aberrat ions, but there was relat ively l i t t l e 
partxcle size effect, conversely, aberration 
frequencies after Pu 238 Pu02 injection were 
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<31> CONS. 
inversely related to particle size and no 
cells were seen nxth large amounts of damage. 
The Pu 23 8 citrate produced 6 s 10(2-3) 
aberratxons/cell/rad ahxch was a higher rat© 
than observed for Pu 238 particles. Thxs 
rate is similar to that observed previously 
for PU 23 9 citrate. Risk for the production 
of cellular damage in the Ixver was greater 
per uCi following xnjectxon of either Pu 238 
or Pu 239 citrate than xt was following 
deposition of the same aiount of Fu 239 Pu02 
or Pu 238 Pu02 particles, cauth) 

<32> 
Bruenger, S.H.j, D, F, atherton^, and B,J. Stover, 
Oniversity of Utahj College of Hedxcm®, 
Eadiobiology Division, Department of Inatosy, 
Salt Lake City, OT. 1963p Karcb 31 

Studies of the Oxidation States of Plutonxtss 239 
IB Infection Solutions. C00-225s Part of 
l̂ ugh«>rty, T,F., Research m Hadxobxology, 
ABnual Report of Work xn Progress on the Chronic 
Toxicity Prograa, (p- 62-72), 136 p. 

A study was sade to determine what 
spontaneous changes occur xn ths Pu 239 
injection solutions during the interval (1*3 
days) between preparation of the solution and 
xnjectxcn of the dog. By a combination of 
precipxtatxon and spectrophotoaetric methods 
It has been shown that the plutonium injected 
into the dogs xs about 9 8^ Pu{*4) aad 2% 
puc+6), imth) (fnn) 

<33> 
Bruenger, F,H., ^. Stevens^ D.H, &therton, 6,K, 
Taylor, and B.J. stover, onxversity of JJtah, 
College of Medicine, Padiobiology Division, 
Department of Anatomy, Salt Lake City, 0T, 1972 

The Effect of the Physxcal-Chemxcal s ta te of 
PlutOBXum on I t s Early Dxstrxbution in the 
Liver. Radxatxon Kesearch, 51, ^39. 

The early depo<?itioR and subcellular 
dis t r ibut ion of Pu{*4) 239 m canine l ive r 
following administration cf either s t r i c t l y 
moBsmerxc Pu(t4) as a transferrin complex 
(Pu-Tf), non-polymeric PuCt4) m c i t r a t e 
buffer pF 3.5CPa-H), or largely polymeric 
PuC*^) 3.?! c i t r a t e buffer pH 6 (Pu-P) has been 
studied. Large differences m the quant i t ies 
deposited and the intraorgan distr ibution 
patterr in the l iver were observed. Liver 
depositions ranged -Pros 25"̂  of t o t a l dose for 
the s t r i c t l y mononeric (Pu-Tf), an average of 
32^ for ^u-e, to equivalent to 70% for the 
largely pclymerxc materxal, autoradiographs 
show that i n i t i a l l y Pu-M i s d«=posxted 
uniformly and dxf-^usely xn hepatic ce l l s 
whereas Pu-P was found largely in random 
clus ters xn retxculoendothelxal c e l l s . 
Cellular distrxbution patterns of Pu-Tf and 
Pu-1 xriected dogs were quite similar. Liver 
nosogenates of a Pu-M iBJected dog and the 
animal xnjected with Pu-P also were studied 
by di f ferent ia l and xsopycnxc sucrose density 
gradient procedures, ^onoaeric plutoBxus was 
xEit ial ly associated with soluble l iver 
proteins, i . e . , f e r r i t i n , and was found at 
l a t e r txj^es with subcellular partxcles rich 
xn mitochondria and also with lysosomes. In 
these organelles, most of the nuclide was 
ei ther mt̂ mbrane bound or possibly associated 
with heav^ granular material. In homogenates 
of liv^^'r obtained from dogs xngected ¥xth 
Pu-T= laost of the nuclxde sedinsented wxth 
nuclei c^ mxtochondrxa, So association of 
Pu-P With soluble proteins could be 
d^ionstrated even at very short times after 
xB^ectxon. (^uth) (CoBiplete Article) 

<31> 

<34> 
Bruenger, F,H., s, steveBs^ B.J. Stover, and 
D.L, Berliner, OBXversity of Utah, College of 
Hedxcme, RadxobxoXogy Dxvxsxoa, Departsent of 
anatoisy. Salt Lake City, UT. 1964, September 30 

Chemical State of Piutonxum |t4). C00-119-231| 
Part of Dougherty, T,F., Research m 
Radxcbioiogy, annual Report of Hork in Progress 
OB the Chronic Tosxcity Progras, (p. 99-109), 
173 p. 

The oiethod of gel-filtratiOB was used to 
study in vitro the binding and the 
distribution of Pu(*4) xn dog plasma. It was 
found that the main portxon of Pu was bound 
by albuExn. Only a small amount of plutonium 
was associated wxth high iiolecular weight 
protexns. The medium weight globulins of 
type 75 and 4-55 were essefitially free of 
plutonxum, ISuth) 

<35> 
Bruenger, F.W.j, B.J. Stover, SI. Stevens, and 
B.E. itherton, University of Utah, College of 
Medxcine Eadxobiology Dxvxsxon, Department of 
finatcmy. Salt Lake Cxty, 0E. 1968, torch 31 

Note on the Exchange of Plutosium 239 Between 
Tranferrin and Ferritin in Vitro. COO-119-237^ 
Part of Dougherty, T.F., Research xn 
Eadxcbiology, annual Eeport of Work xn Progress 
IB the Internal Irradiation Prograa, (p, 
153-157), 168 p. 

The transfer of Pu 239 1**4} froa traasfemn, 
which xs the transport grctexB fcr iron, tc 
ferritin, which is a storage protein for 
iron, has been investigated bj gel filtration 
and gel electrophoresis. UsxBg blood serum 
from a beagle and equine ferrxtin, 'Sue 
results show that the reaction 
Eu(*a)-transferrin t femtxn-transferrxn * 
Pu 1*4)-ferrxtin occurs in vxtro at pH 8, and 
that under the specific conditions of this 
egpenment the ferritin complex is more 
stable than the transferrin cogiple^. {6uth) 

<36> 
ErueBger, F.B,, B.J. Stover, and h. Stevens, 
University of Utah, College of Medicine, Salt 
Lake Cxty, OT. 1969, Harch 1 

On the Binding of aaericxum 4̂1 xn the Canine 
Lxver. COO-119-240, Part of Dougherty, T.F., 
Research xn Eadxobiology, annual Report of Kcrk 
xr Progress in the Internal Irradiation Program, 
(p, 139-161), 279 p. 

When km 241 C*3) in citrate burfer was 
xnjected intravenously, about half was 
deposited xn the liver of the b'̂ agle. The 
lxver was separated into five fractxons which 
are connective tissue, nuclei and debris, 
mitochondria and lysosomes, mxcrcsomes, and 
soluble materxal. The concentratxon of Am 
241 was sxgnxficart in all five fractions. 
The soluble fraction was separated according 
tc molecular weight, and im 241 was found 
with the material of highest wexght, of 
approximately ^5u,0C0 H.H., and of 
approximately 1500 ̂ ,H. The material of 
highest weight with whxch am 241 was 
associated was tentatively identified as 
Ixpofuscxn, The materxal of 450,000 fi.W, was 
purifxed and identified as ferrxtin. Tne 
association of am 241 wxth ferritin xs ot 
high stability. The material of 
approximately 1̂ 00 r̂ .W., ̂ x̂th wnxch ouly a 
s^all amount of the am 241 was assocxated, 
was not identified. Analysis of a dxgest cf 



<36> 

BIOLOGICAL aSPECTS 

<36> CONT. 
t h e ^xcrosomal f r ac txoa shewed Am 241 bound 
t o f e r r i t i n and t o an u n i d e n t i f i e d m a t e r i a l 
of high wexght. The reac txon 
a s { * 3 | - t r a n s f e r r i n * f e r r i t i n r e s u l t s i n 
t r a n s f e r r i n * a ® ( t 3 ) - f e r r i t x n was shown t o 
occur m v i t r o as i s the case wi th Pu 1*^), 
Limited r e s u l t s show t h e Pu 239 may a l s o be 
s t r o a g l y bound by f e r r i t i n xn t h e l i v e r of 
the l i v i n g dog. 

<37> 
Brues , a.H.p H, auerbach , G.f?. DeRoche, and D.D, 
Grube, argonne Na t iona l Labora to ry , a rgosne , XL. 
1966, Deceiber 

Mechanxsms of Carcxnogenxs, aHL-7278a P a r t of 
B i o l o g i c a l and Medical Research Dxvxsxon annual 
EeDort, 1966, Cp, 132-134)^ 324 p , 

Thxs p r o g r e s s r e p o r t d e a l s with the s tudy and 
d e f i n i t i o n of c o n d i t i o n s under which t u t o r s 
a r e induced by l o c a l x r r a d x a t i o a , wxth 
s p e c i a l e i p h a s x s on t h e sk in and immediately 
u a d e t l y m q t i s s u e s . F indings suggest t h a t 
mouse m o r t a l i t y deoends s t rong ly on t h e 
po r t i on of body i r r a d i a t e d , a f t e r 
x r r a d i a t i n g a «?omewhat sma l l e r p o r t i o n of t h e 
body s u r f a c e {50-60*) than xn a p rev ious 
s tudy with 7200 r a d s e x t e r n a l b e t a r a d i a t i o n , 
mice su rv ived w e l l o f r 6 months. So tnmo^s 
appeared aft«^r 7200 or 5000 r a d s (16 and 11 
hours e x p o s u r e ) , A sharp f a l l i n l e u c o c y t e s 
and lymphocytes was observed xn t h e f i r s t 
week, foHow*=d by a r ap id recovery t o Bormal 
v a l u e s . Studxes on skxn s e c t i o n s of h a i r l e s s 
mice t r e a t e d wxth 5000 r ads s u r f a c e dose 
which were gxven t r x t x a t e d thymidine before 
sac rx fxce showed t h a t Mh s y n t h e s i s was 
markedly reduced for one or two days a f t e r 
x r r a d x a t i o n and then r o s e t o v a l u e s which 
exceed t h e c o n t r o l . S t u d i e s on t h e 
c a r c i n o g e n i c ac txvx ty i n r a t s a r e coatxnusd 
wxtn xmplants of S i l a s t i c , s o l i d and porous 
Tef l en , c e l l o p h a n e , porous f i b e r g l a s s 
p r e f x l t e r s , s o l i d dxscs of r e a c t o r grade 
g r a p h i t e , and i i l l i p o r e f i l t e r s of 6 graded 
pore s x s e s . Our a t t empt xs sad@ to r e l a t e 
t h e growth r a t e s of benign and mal ignant 
eamiary tumors xn r a t s t o the h i s t o l o g i c 
c h a r a c t e r x s t x c s of t h e s e t u t o r s , t o t h e age 
of t h e animals and to t h e i r exposure t o 
s - r a y s or t o a lpha r a d i a t i o n f r o s xn j ec t sd 
p a r t i c u l a t e Pu 239. Hylar i m p l a a t s 
contaxnxng 5, 10 or 15 uCi Sr 90-¥ 90 placets 
subcu taneous ly xn female r a t s ^ e r e observed 
for one yea r and compared t o animals wxth 
Hylac xmplants w i thou t r adxoac txvx ty . 
animals wxth radxoac txve sources showed 
sarcomas a r i s i n g from th@ capsu l e and 
a d d i t i o n a l subcutaneous f i b r o s a r c o n a s , 
FxBdxngs fo e^pe rxaen t s in ^h ich p a r t i c u l a t e 
Pu was xn jec ted subcutaneous ly or 
i n t r a i u s c u l a r l y xn to r a t s were a s f o l l o w s ; 
r a t s r e t a i n e d , a t about 1 1/2-2 y r s , 
followiBg iffi3©ctxon, 25-iS5^ of t h e dose a t 
t h e subcutaneous s i t e of m j e c t i o B j t h e 
s k e l e t o n r e t a i n e d 8-161 of t h e dosei about 
1-2% was found in the l i v e r and 0 . 2 - 0 , 3 ^ I B 
sp leen- A cosparxson of mice i n j e c t e d 
subcutaneous ly with p a r t i c u l a t e Pu 239 CI-33 
ug| and lonxc Pu 239 f1.2Q ug) showed t h a t 
with t h e former, 48% remained a t t h e 
i n i e c t i o E s i t e and 11% appeared xn th^ 
s k e l e t o n ; with t h e l a t t e r , 3% r e n a m e d a t t h e 
s i t e and 2S% was depos i t ed m bone. CEaF| 

<38> 
Brues , a.M*, B, auerbach , G.^. DeSoche, and B , S . 
Grube, argcnne Na t iona l L a b e r a t o r v , ^ rgonae , I I . 
1965, December 

Hechaiixsms of Carcxnogenes i s . aML-7136s P a r t of 

B i o l o g i c a l and Hedxcal Research Divisxoa annual 
Pepor t , 1965, (p . 164-166), 338 p . 

Sprague-Dawley female r a t s each rece ived 8 
s x i u l t a n e o u s subcutaneous xn jec txons 
t o t a l l i n g 9 . 9 , 2 . 2 , o r 1.3 ug o^ po lymer i c , 
p a r t i c u l a t e Pu 239, a l s o , because of t h e 
^nown high l a c i d e n c e of la imary tumors in 
i n t a c t females and cf an apparen t i n c r e a s e d 
XBcxdence m plutonxum-xnjected r a t s , t a e two 
higher dose l e v e l s were ad i s in i s t e red t o 
c a s t r a t e d females , an a d d i t i o n a l group 
rece ived a s i n g l e x n i e c t i o n of 1,3 ug 
i n t r a m u s c u l a r l y i n t o t h e r i g h t t h igh l u s c l e s . 
In i x c s j a s i n g l e subcutaneous xnjectxon of 
1.3 ug cf po lymer ic , p a r t x c u l a t e Pu 239 was 
gxven and i t s e f f e c t was compared wxth t h a t 
en a group r e c e i v i n g 1.3 ug lonxc f so lub le ) 
Pu 239, Local and s k e l e t a l burdens were 
measured as a func t ion of t x s e , and tumors 
were esasxned h i s t o l o g i c a l l y . Two years 
a f t e r subcutaEeous i n f e c t i o n of p a r t i c u l a t e 
Pu 239, about 35^ of t h e i n j e c t e d aaouat 
rega ined xn t h e a r ea of i B i e c t x o n . To t a l 
s k e l e t a l burdens in encess of 1 ug appeared 
a f t e r t h e h i g h - l e v e l i n j e c t i o n s , and bone 
tumors appeared m t h e s e r a t s a f t e r 360 d a ^ s , 
Mhere the t o t a l i n j e c t i o n s were below 2,6 
ug, s k e l e t a l burdens Mere l e s s than 0 ,2 ug 
and no bone tumors appeared . The c a s t r a t e 
group shewed somewhat h ighe r s k e l e t a l burdens 
than t h e cor responding i n t a c t a n i m a l s . Sx^ 
months a f t e r xn t ramuscula r XBiectxon t h e r € 
was a r e t e n t i o n of about 80% xn the i n j e c t e d 
muscle. I a j e c t x o n - s x t e sarcomas xn r a t s 
began t o appear xn t h e hxgh-dose groups a t 
360 days , t h e s a i e txme as the begxnnxag of 
appearance of bone tumors . In i i c e xa j e s t ed 
wxth p a r t i c u l a t e Pu 239 the f i r s t bone tumor 
appeared a t 328 d a y s ; xn those l a i e c t e d wxth 
xcnxc m a t e r i a l a t t h e same dose (and wxth 
higher s k e l e t a l burdens) the f i r s t t u i o r 
appeared a t 22^ days . Io t u t o r s a t t h e s i t e 
of xn jec t ioB appeared in i x c e . When 
p a r t i c u l a t e plutonium was i n j e c t e d 
subcu tancus ly , a u t o r a d i o g r a p h s showed "s ta r s* ' 
xn the a rea of l o c a l xnjectxon xndxcat ing 
highly polymerxc a a t e r x a l . SxBgle t r a c k s 
were seen xs the s k e l e t o n , I x v e r , s p l e e n , and 
IB l o c a l l y xBduced sarcomas i n d x c a t i n g t h a t 
t r a n s f e r from t h e s i t e of primary daposxtxcn 
occurred fo l lowing depolymer isa t ioH or 
s c l u b x l x s a t x o n . (F^H) 

<39> 
Bruesa a ,H . s H. auerbach , G.S, DeHoche, and I,.!!, 
Px la r skx , Argonne i a t i o n a l Labora to ry , Argonne, 
I L . 1964, Becember 

^echanxs^s of ca rcxnogenesxs . aMI.-6971| P a r t of 
B i o i c g i c a l and Sedxcal Hesearch Divxsxos a s a u a l 
Sepor t , 1964, | p . 47-^8)3 223 p . 

The c a r c x n o g e n i c i t y of l o c a l l y i n j e c t e d Pu 
239 was exaa i sed cofflparatlvely l a specxes of 
d i f f e r e n t s i z e . Local i n j e c t i o n s of 
p a r t i c u l a t e suspens ions of plutonium were 
given t o r a t s and mice and a s e r i e s of 
female r a t s was ova rxec t c ixzed before 
i n j e c t i o n xn order t o p reven t t h e o rdxaarx ly 
high iBcxdeBce of sa^mary t u t o r s . Larger 
a n n a l s { r a b b i t s and dogs) w i l l be xmcluded 
in l a t e r e sperxments . Sxnce p a r t i c u l a t e 
plutonilim xs removed f r o s the xnjec txon s i t e 
fas inha led plutoaium p a r t i c l e s a re from the 
lung) l axn ly through XBCcrgoratxon xn to 
macropnages, experxments were c a r r i e d out 
using suspeasxoas of plutoniusi 239 p a r t i c l e s 

o de termine t h e x r e f f e c t s on macrophages xn 
txssue c u l t u r e . The f a t e or c e l l s A x c h 
xnqest t h e s e a lpha-emxt txng p a r t i c l e s w i l l be 
s tud ied by l a p s e d - t i m e c inematography. Frooi 
t h e r e s u l t s , i t appears t h a t p a r t x c u l a t e 
Plutonium xs a s a t i s f a c t o r y p r e p a r a t i o n fo r 
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inducing subcutaneous tutors since local 
tumors were beginning to occur in r a t s given 
xmectxens o^ 1.0 and 0.4 uci. (FBM) 

<40> 
Bukhtoyarova, S,H,, ¥.K, Le^terg, and F.S, 
Frexsxnger (Translator), academy of medical 
Sciences, assp. 1959 

Tumors Developing m ^ats after Intraperi toneal 
Infection of PlutoBium Nitrate (Plutonium 239), 
Voprosy Onkologii, 5(8), 140-148; Problems of 
Oncology, «C8|, 13-24, 

ihxte r a t s weighing 110-130 g were 
administered plutonxui n i t ra te as a single 
intraperi toneal mgection a t pH 2 xn doses of 
6.3 s 10CE-3), 4.0 s 10(1-3), 1.89 x 1&CE-3), 
0.63 X 10 (E-3) and 0.315 s 10(B-3) uCi/g, 
Survxval txse, peripheral blood cfeanges and 
pathological changes m organs and txssues 
were studied. The average survxval time ^ith 
Pu doses of 6.3 x 10(E-3), 4.0 K 10{E-3) and 
1.89 s 10 (F-3) uCx/ko was considerably 
shorter than that of the controls . Fxndxngs 
suggest that developsent of osteogenxc 
sarcc^as represent the ics t i@portant l a t e 
consequences of accumulation of Pu 239 xn the 
body, a i l fxve doses caused appearance of 
osteogenxc sarcomas and of various soft 
t issue tuioEs (maoimary gland, e^ndocrxne 
gland, pituxtary tussrs) m the r a t . The 
dose of 1,89 K 10(E-3 ) uCi/kg of Pu n i t r a t e 
represented the optical sarcoiogenxc dose. 
Osteogenic sarcomas were characterised by 
multicentric growth and by polyiorphous 
s t ruc tu re . Soft tissue tumors showed a 
greater variety and were less differentiated 
than xn the control anisals- (HaF) 

Doses and number of anxsals bearing tumors, and 
local isat ion and type of soft t issue t a io r s are 
gxven xn 2 tab les . The relatxon between the 
development cf osteosarcoma and dose and tx ie xs 
given xn graphic form. 

<41> 
Buldakov, L.a. , K.a, Frokhxn, and a,P. Nxfatov, 
Ministry of Health, instxtute of Biophysics, 
Moscow, asSR. 1968 
Kinetics of th© Plutonxus^ 239 Metabolism xn the 
Case of Prolonged Peroral A.dixnxstratxon. 
aEC-tr"7013s Part of Fadxobxology, Cp- 161-171), 
232 p.s Hadiobxologiya, 8(6), 900-907, 

The dis tr ibut ion in the internal organs, 
resorptxoB m the gastroxntestxnai t r a c t , and 
kmatxcs on the accusulatxon of a cx t r i c acxd 
solution of plutoniui adiinistered perorally 
daily at doses from 0.01 to 10 uCx per day 
were investigated in experiients on 337 r a t s . 
I t was established that the resorption of 
the isotope in the xBtestxnes does not depend 
on the amount introduced and doiprxses 
0.058-0,066 percent. Of the resorbed amount 
xa the skeleton, 71-83 percent xs retained xn 
the skeleton, 10.̂ 1-20 percent in the lxver, 
2.5"6.5 percent i i the kidneys, and 2.2-7,6 
percent xn the lungs. The diatrxbutxoB of 
the isotope XB the internal organs xs 
diffuse, while in the luien of the 
gastroxBtestmal t rac t xt xs diffuse aBd xn 
the fori of "s tars" from the tracks of alpha 
partxcles corresponding to fragaeRts of plant 
ce l l s of food masses. The s i tes of the 
"s ta rs" are si tuated on thQ surface of the 
Eucous fueEibrane of the GI t r ac t . In areas of 
erosion and deep ulcers in the GX t r a c t , 
prxsarily in the pharynx and cecu^ of a large 
number cf aggregates of Pu i s dxstrxbuted 
over the entire daniaged surface. The 

accumulation of plutonxum xn the internal 
organs xs descrxhed by an exponentxal 
function and for tne skeleton takes the foros 
E-0.0478 X t |E-0.87S), whxie the radxatxon 
dcse rate xncreases during the entxre Ixre of 
the anxnal. In the large xntestmes, the 
dcse rate xs practxcally unchanged during the 
perxod from tne fxrst to 600th day, <auth) 

<42> 
Buldakov, L.a., L,G. Filxppova, and G.V. 
Khalturm, Ministry of Health, Institute of 
Biophysics, floscow, USSR. 1972 

The Bate of Plutonium 239 xn the Case of 
Subcutaneous Injection 

The behavior and microdxstributxca of 
plutOBiui 239, injected subcutaneously, xn 
the hesa and tetravalent sonoaer foris and 
the tetravalent polyaer form were studied in 
experiments on guinea pigs. It was shoiu 
that T sub off of plutonius xn the hexa and 
tetravalent lonoser rorms and tetravalent 
pclyier form for the slowly exchanged 
fractxoBS is 86, 80» and 1220 days, 
respectxvely. The isaxn site of deposition of 
the absorbed plutonxui xs the liver and 
skeleton, a decrease xn tne activity of hexa 
and tetravaleBt loncier plytonxu^ m the 
liver occurs wxth T sub off 39.5 and 79,^ 
days, respectxvely, whxle for plutonxui of 
the tetravalent polymer fcrs xt occurs aith T 
sub off=240 days. The activity of the 
isotope xn the skeleton decreases wxtn a 
perxod of 134 days. The mxcrodxstrxbutxos of 
the xntroduced plutcnxui coapounds xn the 
skeleton xs jaonotypxc; in the liver the 
hesavalent and tetravalent lonosers are 
distributed diffusely, while the polyser 
forss dense "stars" of tracks of alpha 
particles, (auth)(Coiplete test) 

This lanuscript xs deposited xn VI^ITI as Ho, 
3639-71 Dep from October 26, 1971. 

<43> 
Buldakov, I,a,, E.B. Lyubchanskii, Yu.I. 
Hoskalev, a.P, Hxfatov, a,a. Horvath 
{Translator), and B.G. Tliosas (Ed,), Lovelace 
Foundation for Hedical Educatxon and Hesearch, 
Inhalation Toxicology Research Instxtute, 
albuguerque, HH. 1970, June 

problems of Plutoniusi Tosxcology. LF-tr-41, 225 

Thxs book contaxBS a sunsarisatxon, 
systesiatizatxoB, and analysis of the 
pyblxshed data relatxag to the toxicity of 
plutonxui. The prxncxpal areas discussed are 
physical and cheixcal properties of Pu 239, 
distribution of Pu 239 xn the body after 
various routes of admxnxstratxoB, bxologxcai 
effects of Pu following various routes of 
adffixBxstration and the basis for settxng the 
isaxxsus periissible Ixixts of Pu 239 xs the 
hunan body, axr and water. Four-hundred and 
twenty references are Ixsted. (saF) 

<44> 
Buldakov, I.a,, Ym.X, Moskalev, and V.N. 
StrelHsova, 1961, December? 1961, November 

Observations on the Biological action of 
Plutcniui 239, Bulletin of Experimental Biology 
and ^edxcxne, 52 |7), 1277-1280| Byulleten 
Eksperxmental^ros Biologxi i sedxtsiny, 52(11), 
57-61, 

^hxte rats weighing 182 g were gives 
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xntraperitoneal injections of plutonxui 
c i t r a t e a t pH 6 in amounts of 0,00125, 
0.0025, 0.005, 0.01, 0.02, and CCS uCx/g, 
The effects of plutoniua 239 on the Xxf® 
span, wexght and perxpheral blood as well as 
on the development of bone tumors was 
investigated. Tisie-effect and dose-effect 
curves were traced and the i r relat ionship 
wxth the l i fe span, body wexght, erythrocyte 
and leucocyte count was established, 
according to the l i f e span cr i te r ion , the 
actioB of Pu was of a threshold character. 
The maxxial noneffectxve dose of Pu was equal 
to 0.0025 uCVg. ^xth the admxnistration of 
Pu xn a dose of 0.0025-0,005 uCx/g a hrxef 
erythrocytosis was found, subsequently 
followed b¥ s tab i l iza t ion of the number of 
erythrocytes at the xnxtxal l eve l . When Pu 
was given m higher doses an anemia leading 
to the death of the animal developed by the 
14th-30th day of the experxEieat. Leukopenxa 
occurring as a resu l t of Pu adnmxstrat ios 
was i r revers ib le . The incidence of 
osteosarcomas was 3.1-27.2'^, and was about 
tne same in sales and xn females. (RaF) 

^abular data are given on sean survival time of 
r a t s and on the inndence of osteosarcomas. 
Changes xn the number of leucocytes and 
erythrocytes at different tiise intervals after 
Pi2 xa^ectxcn are shown graphxcally. 

isustad, L.K. , K.a. s t i t ze lp E.K, Haro, and H, 
Goldman, Unxversity of California, Radxobiology 
Laboratory, Davis, ca. 1972 

The choxce o-̂  the Beagle for Padxobiologxc 
Studxes, Part cf Stover, B.J. and Jee, ^ ,S.S. 
{Eds.), Radiobxology of Plutoniuia. J.w. Press , 
^a l t Lake City, Utah, (p. 20^-212), 552 p. 

Originally chosen ^or widespread experimental 
use en the basis of caretakmg, anatomic, and 
physxologxc con-^ideratxoBS, the beagle has 
proven to b<= an excellent sodel for syteaxc 
studxes whose resul t s say be applxed to man. 
There are numerous oaral l^ ls among the la te 
sy=5temxc e^fpcts o^ internal ly deposited 
emitters and of extp'rnal radiation to the 
beagle and san, and the breed i s nakxng 
wortnwpxle contributxons xn several areas : 
XB radxonuclide tox ic i ty , as a fsodel IB the 
scaling of the effects of alkalxae earth 
radionuclide'? on bone and bone marrow and 
bloods 2.n respiratory physiology, as a model 
for th'^ oulmonarv effects of inhaled 
radioBuc'' ides; xn rs'production, where i t xs 
of ^peci^l value in estxiat ing the effects of 
f e t a l and neonatal i r radat ion. The eKteESiv*^ 
ca^ielxne data acquired over the past 20 years 
should enable useful extrapolations to ee 
made fro^ beagle to man on the natural 
processes involved xn aging as well as on 
radiation-xnduced alterationsp part icularly 
oncocen€<?is. 'Established corollaries between 
canine and human ages prcvxde a useful 
template for the scaling cf dose-response 
over t l i e , esS'^.ntial to guantxtalxng the 
effect=^ of low-level, long-term exposure to 
radiation and to (Evaluating po'^sxble rxsks to 
husan populations. (auth) 

Cacle, J . ^ . , V.G, HoTstman, and L.K, Bustad, 
Canford k-^omic Products Ooeration, Richland, Ma, 
19f 1, jaimarv 1̂  

"ffccts of Irtradtsrsal Tniectxon«! of Plutoniua. 
4^-72500; •^art of Kornberg, H.a, and Swezea, 
E.G CHd=,), Hanford Biology 'Research annual 
Heport for 1961, (p. "-o-^l), 180 p. 

Eight blond mxaxature swine, SXK being held 
for l ifetime observations, were xnjected 
intrader^ally wxth doses of 0,0016 to 5 uCi 
plutonxui n i t r a te at various s i t e s on the 
l a t e ra l thoracxcs-abdoaxnal region. The 
quantxty of plutonium detected by external 
sonitoriBg of the s i t e s injected wxth the 
three highest dose levels varied from 98 per 
cent a t one day to less thaa 2 per cent after 
565 days, a considerable variatxcn xn the 
degree and duratxoa of the gross pathology, 
e .g . , xnflamuatxoE and size of ulcer, 
occurred between sxnaxlar s i tes aiaoag aniBsals, 
Cauth) 

<47> 
catsch, a , . Nuclear Research Center, Instxtute 
of Badxobxology, Karlsruhe, Geraaa Federal 
PepublxG, 1961 

badxoactxve Metal Hobxlx^atxcn. 
Proceedxags, 20, 206-219. 

Federation 

The mechanism of action and effectiveness cf 
various chelatxng agents i s described, 
Bi^ercaptopropanol (BaL) was ineffective 
agaxnst radxometals of pract ical in te res t , 
wxth the exception of Po 210. Radxoyttrium 
and Pu respond fair ly well to EDTa but there 
xs Barked dependence on the txae of 
adsxnxstratioa. The significance of re la t ive 
chelate s t ab i l i t y xs pointed out as xn the 
case of 1,2"dxamxnocyclohexanetetraacetic 
acxd (CDTa) which has substantxally higher 
stabxlxty constants than B0Ta for most l e t a l 
xcns, but only slxghtly dxffereat relatxve 
s tabxl i txes . I t s biological effectiveness i s 
thus comparable t© EDTI and not superior in 
t es t s done wxth Pu, radxocerxum and 
rad ioyt t r iu i . Results froi esper i ients with 
ra ts show the considerable differences xn 
effectxveness het^(sen EDTa and DTPa, the 
l a t t e r feeing lore effectxve in retentxon 
studxes with Y 91, Ce 144^ Th 234^ Pu 239, 
Fe, Cr, Co, Zxig ̂ n aad U, The hxgher 
hcmologue of DTPa, ten-dentate 
triethylenetetraiixnehexaacetxc acid (TTHa) , 
when admiBistered ear ly , inh ib i t s deposxtxcn 
of radiocerium, and radioyttrium xn the 
skeleton much sore than DTpa. In experxm^nts 
on the influence of chelatxng agents xn the 
acute toxxcxty of uranyl pxtrate xt was seen 
that when a single dose of the chelatxng 
agent was administered early, the LD 50 of U 
was xncreased from 6,7 sg/kg to 12,4 mg/kg by 
EDTa and to 16.2 sg/kg by DTPa. However, the 
tc:gxcity of TTHa was 100*̂  l e tha l to 0 
injected anxsals withxn cne hour of 
adsmis t ra t ion . In the case of 
radiostrontxui, PTPa proved to ae gust as 
XBeffective as ''̂ DT ,̂ The greatest reductxcn 
in radxostrontiui deposition xa the skeleton 
ha<5 been obtained wxth Dxaicad ^ast Blu*, but 
since thxs dyestuff xn effectxve doses has 
proved strongly tcxxc and sosetxmes l e t h a l , 
xt has no practical importance, "̂ he role cf 
the kidneys in the effectiveness of chelating 
agents i s discussed and experiments wxth 
nephrecto®i2ed anxmals are descrxbed, DTPa 
causes a marked increase of radicinetal 
excretion in the fetus also, especially xn 
the case cf taose, whxch like radxoceriusp 
are deposited to a large extent xn fie l i v e r . 
The differences in the extent to waich the 
radiometal xn the Ixv̂ -̂r and skeleton can be 
depleted by DTPa were shown for Pu, daxly 
admiiixstratxon of DTPa over 2 weeks reduced 
the Pu content of the lxver to 3'̂  of the 
control, whj.le that of the skpleton f e l l tc 
50'^, I t IS suggested that the effectxveness 
of DT'Pa xs dup to xts penetration xnto the 
in t racel lu lar space, partxcularly XB the 
lxver, and xt xs expected that xf thxs 
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process were intensified, there would be a 
corresponding increase in effectiveness. The 
guestica of DTPa toxicity is disciassed 
briefly, (fm) 

Table 1 shows effect of CaHa3-DTPa and 
CaHa2-EETa on retention of different radioactive 
metals Cf ^1, Ce 144, Th 234, Pu 239, am 241) in 
rats. Table 2 shows effect of sodium 
polyphosphate on retention of Y 91, Ce 144 and 
Pu 239 ia rats. 

<48> 
Catsch, a,, Nuclear Fesearch Center, Institute 
of SadicbxGlcgy, Karlsruhe, German Federal 
Republic, 1963 

Toxicology! radioactive Hetals. 
of Phamacology, 3, 243-266. 

annual Review 

A review is given of the toxicity of 
internally deposited radioactive metals. The 
behavior of a given radiosetal ia the 
organism can ultimately be explained by 
certain chesical, particularly 
coordination-chemical and ion exchange 
processes, an exact satheiatical foraulaticn 
of retention and excretion of a radionuclide 
is of great practical importance in so far as 
it is a requisite for the calculation of HPC 
values. The temporal distribution of the 
radiation dose seems to have difference 
iaportance for radiatioBS with different lET, 
a quantitative analysis cf radiotoxicity 
requires a determination cf the radiation 
doses which accunulates in the organ after 
administratloB of a given amount of 
radionuclides. In this, knowledge of the 
retentioB functions as well as ths 
sicrcscopic distribution in the organ is 
needed. Possibilities of therapeutic 
treatment are mentioned, the Bost promising 
being the use of chelates. Sections are 
devoted to individual radiometals including 
the transuranic elements, the rare earths and 
yttrium, thoriua, poloniuB5, the alkaline 
earths, and raiscellaenous metals (It 192, Ca 
137^ Xn 1ia, 2n 55, Pu 106, Sr 96, Co 60), 
For the transuranic, the laetaboliG behavior 
of as 241 in rats is compared with Pu 239, 
Taere is faster removal of am 24 1 from the 
liver and reduced initial deposition in the 
skeletOB- Several experiseatal results are 
cited, about 20'̂  of an inhaled Eu 239 PuC2 
aerosol with a sean particle si2e of 0.2 u 
was retained by lung of mice. Using 
experimental data the HPC for man is computed 
as 1.6 X 10CE-10) uCi/iBl air cot̂ pared to the 
value of 4 X 10(^-11) nCi/ml recommended by 
the ICBP. CoEceraxng the dependence of Pu 
23^ toxicity upon thp dose rate, it is 
reported that single doses are sigaificantly 
more effective than fractionated ones in the 
induction of hematological reactions, and the 
reduction of the lif^-span in rats. The 
therapeutic effectiveness of EDT^ and DTPa in 
aan fcllowing coB*-aminatioa by Pu 239 is 
reported. C^nn) 

<k9> 
Catsch, A,, Wuclear Besearch Center, Institute 
ot Radiobiclogv, Karlsruhe, German Federal 
Fepublic, 19^2 

Principles and Trends in Therapeutic Removal of 
Internally Deposited Hadionuclides. Health 
Physics, 8, 725-730. 

The general principles governing the 
therapeutical reifoval of radionietsis ey 
cnelatir.g agents are outlined. Experimental 
data are presented demonstrating the 

dependence of chelate effectiveness on ths 
Buiber and the nature of ligand atoms as yell 
as on the molecular configuration of the 
ligand, liplicatioas derived from 
esperisental data and from the 
multicompartseatal nature of a body organ for 
working out an optical dosage schedule are 
discussed. Several experimental results are 
discussed, for example, those dealing sith 
the effectiveness of chelating agents |EDia, 
DTPa, TTHa and TPHa) oB retention of Y 91, Ce 
144 and Th 234 in rats when treatment is 
early or delayed. The effectxveness of 
multiple chelate doses is also discussed aad 
experiigents cited, among them studies on the 
removal of monoaeric Pu 239 by multiple DTPa 
dcses C500 mg/kg) from liver and skeleton cf 
the mouse. The effect of esterified 
pclyaiinoacids is also briefly discussed, 
cauth) {Tm) 

Figure 6 shows reaoval of sonoiaeric Pu 239 hj 
multiple DTPa doses (500 ig/kg) froe orgaas of 
the mouse. Figure 1 shows effect of SDTa, DTPa 
TTHa, and TFHa on the retention of radiometals 
(Y 9 Iff Ce 144 and Th 234) by organs of the rat. 
The calciui chelates (250 uM/rat| were 
administered a few sinutes post-injection C®sEly 
treatment) or on the third day (delayed 
treatment.) 

<=̂ 0> 
Chipperfieia, a.B,, and B,K, Taylor, Institute 
of Cancer Fesearch, Department cf Sicphysics, 
Sutton, Surrey, England. 1970 

The Biading of americium and Plutonium to Bons 
Glvcoproteins. European Journal of 
Biochemistry, 17, 5S1-585. 

By seaas of a gel filtration technique xt is 
shown that platoaium and americium differ in 
their mode ef binding tc two glycoproteins 
isolated from bovine cortial bone. Plutonium 
binds more strongly than asiericium. 
Plutonium biadiag is maximal at pH 5 and 
aaerlcium at pH 8, and sialic acid is 
involved in the binding of plutonium but not 
aiertciuia. The sechanisas by which ^hese 
elemeats bind to glycoproteins ia vitro arc 
discussed. (luth) 

<'̂ 1> 
Christensen, H.H., W.S.S. Jee, G.N. Taylor, and 
N. Nebeker, tlniversity of Utaa, College of 
Medicine, Padiobiology Division, Departaeat of 
aaatcay. Salt Lake City, OT. 1972 

Distribution of Internal Radiation-Induced 
Osteogenic Sarcoia in Varxous Species, Part cf 
Stover, B.J. and Jee, ¥.S.S. (Eds.), 
Eadicbiolcqy of Plutonium. J.t̂ . Press, Salt Lake 
Cit^, Utah, (p. 1^5-202), 5'̂2 p. 

The localisation of ostecgenic sarcoma varies 
markedly from species to species, whether 
occurring as a "spontaneous tumor" or as a 
result of an iaternally-deposited, 
bcne-seekiag radionuclide. In husaas the 
spontaneous tumors showed an uaasual 
predilection tor the region ox the Knee 
jciat, Ka 226-iBduced tumors m humans are 
located priiarily in the appendicular 
skeleton (90^), tnt there are relatively few 
at the knee joiat. The most common site is 
the pelvis, la dogs 60^ of the 
radiation-induced tumors wore found in the 
appeadicolar skeleton, whereas in lice oaly 
25^ of such tuEors were ŝc located. The scst 
ccmaoa site in t̂ e aouse is the vertesral 
ccluma, Tn the case of both dogs and Eice 
the distributions of Pu 239 and Ea 
226-induced osteogenic sarcoma wer^ quite 
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<5\> con. 
I x s s i i i l a r . Cloth) 

Table 1 and Table 2 give the aistribution of 
spontaneous csteogenic sarcoias IE liSBiaas» 
Table », 5 ana fi give the aistribation of 
osteogenic sarcoias in dogs. Table 7 and 8 gi¥e 
the distrifcation of osteogenic sarcomas in sice. 

<52> 
Clarlte, 8.J., and ».J. Pair, HaEford itomic 
Prodficts Gcerationp Faaford Laboratories^ 
Pichland, Hi. laeii, January 1"̂  

Pathologic sffpcts of Inhaled Plutouiam 
Particles. HM-SOSOO; Part cf Korn^erg^ U.h. and 
SKezsa, E.G. (Eds.), Hanford Biology Research 
ianual Repcrt for 1063, (p. tt2-«3), 259 p. 

Inhalation of Pa 23'» Pa02 particles by beagle 
dogs produced deatk withiB ^̂ ' to 855 days in 
aniaala having Innq burdens of 2 to 27 mci. 
Deaths Mere prec«»dpd by a progressive 
lympliopenla and respiratorj distress. 
Deposition of the particles in the lungs was 
followed by substantial translocation to the 
bronchial and mediastinal lymph Eodes. 
Pulacnary lesions consisted primarily of 
severe fibrosis followed l:y metaplasia. 
Although prisary lang carcinoma had sot been 
observed, nanf of the changes that had 
occurred were similar to those found in those 
neoplasBs. C&uth){"IH) 

Table 1 shews time of death and body burden data 
In beagles inhaling Pa 23'? Pa02 particles 

<53> 
Clarke, W.J., J.R. HcKenney, 7.G. BoEstnan, L.J. 
Seigneur, 3.1. Terry, and L.K. Bustad, Hanford 
ItoBic Products Operation, Sichland, Mk. 1959, 
January 5 

Plutoniun Betabolisa In miniature S^ine. 
H¥-59SO0; Part of Davis, J.J. (Ed.), Banford 
Biology Research annual Report for 195S, (p. 
5«-60), 156 f. 

The bleed optâ .e, tissae concentratioB, body 
burden and excretion pattern of plutonium, 
variously administered, were studied in 
fourteen yearling miniature s^ine of the 
Horael strain, initially averaging 70 kg in 
body weight. By the intra¥encus route, 5 uCi 
of pa 239 ¥ere adiinistered in the fora of P« 
(ta) citrate at pH fi.O, by the intratracheal 
route, the dose was 30 uCi as Puftl) Hitrate 
at pH 2.'i, and by the intragastric route, 600 
uCi were adaiaisterea as CPu(*«J nitrate at 
pH 2.0. It ¥as shown that the percentage of 
adainistered dose of Pu 239 retained by the 
adult liniature swine at 600 days was about 
20,000 tiles greater after intravenous than 
after intragastric adoinistration. The 
piutcniua showed a higher concentration in 
liver than in bone, regardless cf path of 
entry. The elioinatioo rate of the isotope 
was dependent on rô ite of adpinistration, 
being slowest after intravenous dosing. 
IKntk) (PHK) 

Table 3 shows concentration of Pu 239 in liver 
and bone at 30 and 600 days after administration. 

<58> 
Clarke, B.J., J.p. Park, J.l. Palotay, and H.J 
Bair, aeneral Electric Coapanf, Biology 
Laboratory, Bichland, 9A. 1fl6«, June 29 

Bronchiclo-Jlveclar Taaors of the Canine lung 
Following Inhalation of Plutcnium Particles, 
inerican Review of Besplratory Biseases, 90, 

Inhalation of platonium particle caused 
spontaneous deaths at 55 to 1,â 6 days after 
exposure in beagle doqs having a lung burden 
of 0.6 to 118 uCi EuC2. Four dogs surviving 
Bsre than 1,150 days and one aniial that died 
150 days following exfosure to high levels of 
plutoniuB aerosols showed bronohiolo-alveolar 
tnaors. Slthough Best of these neoplasas 
were locally invasive, and some appeared tc 
te of aalticentrie origin, no evidence of 
regional or distal metastasis was seen. The 
progression sequence of tuaor foroation 
appeared to be desaoplasia, metaplasia, and, 
finally, neoplasia. (Anth) 

Bortality and dose statistics, and distribution 
of Pu i% of body burden) are given in tabular 
for*. 

<55> 
Clarke, H.J., J.F. Park, J.L. Palotay, and K.J. 
Bair, Battelle He«orial Institute, Pacific 
Northwest Laboratories, Bichland, W&. 1966 

Plutcniaa Inhalation Studies. 7. 
Bronchiolo-aiveolar Carcinomas of the Canine 
Laag Following Plutoniua Particle Inhalation. 
Health Physics, 12, 609-613. 

Inhalation of Pa 239 Pa<}2 particles C»it»i 
oeaat aedian particle disBeter ranging froB 
0.1 to 0-5 ©icro) by forty beagle dogs caused 
spontaneous death in ten animals having lung 
burdens of from 0.5 to 2.0 uCi. Deaths 
occurred at 29 to ^6 months post-exposure. 
Th© pathologic effects observed in the lungs 
of these animals consisted primarily of 
severe fibrosis followed by alveolar cell 
hyperplasia, and bronchioiar and squamous 
tjpes of letaplasia. Five of the aaiaals 
showed bronchiolo-alveolar carcinoaas, an 
incidence of 13 per cent as coapared to a 
priaary lung tuaor incidence of 0.2 per cent 
in canine necropsy aaterial. All neoplasis 
originated in peripheral lung areas in 
association with particle retention, 
fibrosis, and bronchiolo-alveolar metaplasia. 
Th© irradiated, proliferating cells, 
coaprising the hyperplastic and aetaplastio 
response to lung scarring, appeared to be the 
nidus of tuBor foroation. Netastases sere 
seen in one dog. (iuth) 

Table 1 shows body burden and distribution of Pu 
in tissues Clung, lymph nodes, liver aad bone| 
of dogs. 

Cole, K.S., Oniversity of Chicago, Health 
Division, Chicago, II. 19»S 

Biological Kesearoh Section. Cfl-3190i Part of 
Report of Health activities for lonth of July, 
19»S, tP. 2-1), 17 p. CDeclassified Deoeaber 15, 
1955) 

S progress report is given on several 
research projects. Dogs given single and 
daily doses of total body ^-rays showed a 
75-180^ increase in the S fraction of 
adenosine triphosphate-he^osephosphate. Bew 
methods of producing aerosols efficiently are 
being investigated, scie results are given 
on the biological effects of Zr 93-ct) 93, ana 
I 92 injected into rats, Sr 89 injected iato 
aice, and plutoaiaa nitrate injected into a 
BOase. leaatological studies were carried 
cut on rats previously given Pu. detheds are 
being Investigated to deterilne the aaonat of 
Pu in large asounts (1-2 liters) cf urine 
froi project personnel, in ongoing research 
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<'>b> c o m , 
Frojsct -Icals with *he biologic action of x 
and qaEisa rays on iicep guinea pigs and 
rabbi t s , Patho'^ogi-'al and. hematological 
findings are giv^n. (P^^) 

<57> 
Cole^ K.S.p !3ni¥ers3 tv of Chicago^ Chicago^ XL, 
IQ'̂ Sff December 15 

Biological Research Section. CN-^358; Part of 
Jacobson^ I . C ^ e+ a l , ^epor^ of Health 
Actx¥itie3 fcr Mon-̂ li of Nove-nberp 19^5^ (p, 
3-1)s 7 p. (Declassified January 18^ 1956) 

The absorption of mgasted Pu was studied in 
>̂ iK r a t s that wer^ ga,ven 
gx¥^K plu•^o^l^Es bv stomach tube as the plus 4 
n i t r a t e at a concentration of abosit 0,5 mg 
per M.1 and at a pH of about 2- the actual 
dose ¥as about U.7 i ic rogra is /g . The r a t s 
were sacrificed a t intervals following 
ingestion and two ^eaurs from each of five of 
the ra t s iiere ashed and analyzed. The feiurs 
contained from 2.9 to 8.a x 10{F-5) percent 
of the dose. Multiplication of the fesur by 
30 gave a figure for the entire skeletor of 
from 8,7 to 2^ x 10(̂ -̂ 1) percent of the dose. 
T'he resu l t s showed that the plus ^ n i t r a t e 
given cral ly to ra ts at a lev^l of 4=7 
^xerograms per gram was absorbed from the 
gas t ro in tes t ina l t rac t m an amount not over 
3 X 10|E-3) percs'B^, I s another enperxment^ 
tiie hematological effects of Pu were studied 
m B̂C aale micp that were given 0,25 
microqram/g of plutons-um. The hemoglobin 
level showed a moderate^ progressive 
reducticn that reached i t s lowest point a t 25 
weeks, Srythrocyt® counts showed a 10 to 1*=̂  
percent reduction that persisted throughout 
the UQ lecjss of the experiment. The 
Eeterophil value also showed an imiedxate 
reduction tha-S" reached i t s saximus depression 
at 8 ^eeks. Recovery followed rapidly after 
t h i s poirtff however^ and the heteropnil 
counts sere above those cf the controls at 32 
weeks. I t was concluded that r€COverY 
occurred m tne he'-erophil coan-^ m sp i te of 
Gontmucus irradiation? biat i-hat no recovery 
occurred m the red cel l and lymphocyte 
counts, Ĉ ffF) 

Tacle 1 shews absorption of orallv administered 
Pu by r a t s . 

<58> 
Coles K.S.ff J , J , Hicksonj, and J,G. Hamilton^ 
Onversi ty of Chicago^ Fetallurgical Laboratory^ 
Chicago^ I I . 19̂ 84̂  August 1? 

Honthly Beport on Problems Relating to Product 
for Period Ending Julv 3U 19̂ 2̂ ^ CN-1990s 6 p . 
(Declassified January 2p 19^2) 

The monthly progress report updates isorlc 
being per-^oried at the MetallMrgical 
Laboratory and University of California 
Radiation Laboratory, work m the biological 
research section is contintimg ¥xth studies 
of dis t r ibut ion of Pu m rats after ^u C1^ 
aerosol inhalation '^scretion and toxic i ty of 
?u Cia m rabbits^ rats^ and aicee and radiaii 
experiments. The Medical Industr ial Hazard 
section reported an surveys of personnel and 
f a c i l i t i e s for radiation contaiination. 
Cont iBiiation of <^tudies by the University of 
California Radiation Laboratory are reported 
on radioautograohic studissg t racer studies^ 
and decoEtanination s tudies . (BBlf) 

0ni^ersity of Chicago^ Chicago^ 11. 19^^^ July 
in 

Monthly Pealth Seport or ^roDiess Relating to 
Product for Period ^^ndmg Jnue 3Qg '\9'iii. 
CN-1910; "^ D. (Declassified February 14^ 1956} 

The lonthly health report 
Laboratory updates isork i 
Metallurgical Laboratory 
of California eadiatioo L 
biological research sec t i 
dcn^ or aerosol productio 
exposure studies on r a t s , 
recovery of the prodact f 
Medical Industr ial Hazard 
surveys of radiation and 
f ac i l i t i e s and personnel 
metabolic studies of plut 
fcr radioautographic stud 
studies on ani ia ls . {BBf5 

s fros Clmtor 
n progress at tap 
and the Oaiversity 
aboratory. The 
on covers siorK being 
(, Pu Cli* aerosol 
and analytical 

roE tissues. The 
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coEtasmation of 
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) 

<5«> 
Cole^ K.S,^ J,J. Nickson^ and J,G, HasEiltoâ  

<60> 
Craigff D.K., R.I. BuschDom, and J.P. Herring^ 
Battelle ^eEorial Institute^ Pacific Northaest 
labcratorieSj Richland^ WI. 1972^ September 

Pelationsiips Between the Size DistriDuticn of 
Plutcniu^ 239 Pu02 Aerosols^ Aerosol 
Concentration^ and l̂ ebulizer Suspension 
Concentration, BHiJL-Î Ô (Part 1); Part or 
Thoipsonff B.C. i'Ed.)^ annual Report for 1971^ 
(p. 178-189)<, 313 p. 

In a study of los level effects of inhaled Pa 
239 Pii02 m beagle dogSj alveolar burdens 
over the 1500-roia range froi 2 nCi to 3 uCi 
Kere deposited munanesthetized dogs by 
aerosol inhalation. Aercscls Kere generated 
b^ pebulizmg isagnetically stirred 
suspensions of Pu 239 Pii02 particles m 
wateri the aerosol concentration Ĉ OMC) beifig 
varied s priiaarilŷ  by changing tjie Ĵu 
ccncentraticn of th@ suspension (SS^). If 
the mass concentration of the suspension was 
kept below about 10 mg 1540 uCi) Pu02/!!lff a 
good correlation (RsO.827 for n=6U} was 
observed between COSC and SSk with constant 
air flow through the exposure ciaaber, SS^ 
values fros 1 to 600 uCi/sl gave COTC values 
10 the range 1.5 to about 3D0O nCi/i, 
However, the aerodyrsamic equivdlent size 
distribution also varied significantly witb 
CGNC. The activity sedian aerodynamic 
diasseter (aM^D) increased from about 1.5 tc 3 
urn as COHC increased fE=0«786 for n^64)^ 
^hile the geometric standard deviation (GSD) 
decreased (S=0, 576 versus h^AD). These 
observations help tc explain the large 
variation observed m the percentage alveolar 
deposition of inhaled Pu 239 Pu02 aerosols 
froĝ  less than 1̂  to nearly 50% m 64 flogs 
fer which tise are thus far available, & 
change in AnAQ from 1.54 urn (QSJ) 2,61) to 
2.77 um (GSD 1.61| decreased the percentage 
of Pu 239 activity m particles having 
aerodynamic equivalent diaseters less than 1 
ui froE 32.63 to 1.52. This effect on 
particle sise is the major factor detersiioxng 
percentage alveolar deposition, (̂ uth) 

<61> 
Cro^leyp J,p H. Lang, K. Scott^ and J,G, 
Haosxltone Oniversity of Chicago^ Chicago^ IL. 
1946, Hay 31 

h Comparison of the Betabolxsia of Plutonium 
CPXutonxuB5 238| xn Han and the Eat. CH»3589; 16 
p. (Beclassified November 21^ 1956) 

The fate of plutoniu® injected intravenously 
into a husan subject and xato rats ̂ as 
followed m parallel studies. The 
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<61> COHI. 
d x s t r x b u t i o n of p l t i tonxui aiaong the t i s s u e s 
of t h e body and t h e average d a i l y rat® of 
e x c r e t i o n of t h i s element were co ipared l a 
man and r a t s . Tn genera l^ t h e r e s u l t s of 
t h e s e exper iments showed a high degree of 
prolonged r e t e n t i o n of p l u t o n i u i in t h e body^ 
with s e l e c t i v e d e p o s i t i o n xn t h e skele toEp 
e s p e c i a l l y in t h e r eg ion ad jacen t t o th® bone 
marrow m t h e e n d c s t e a o and t r a b e c u l a r bone. 
The e l i m i n a t i o n of plutonium f ros the body 
occurs a t h igher r a t e s xn r a t s than xn l a n . 
During t h e course of t h e s e s t u d i e s , r a t s 
e l x a i n a t e d SO'̂  of t h e plutonxuta admin is te red^ 
whereas xn the p a r a l l e l esperxment xn aanj 
only about 5« was e x c r e t e d . The e l i m i n a t i o n 
of p l ia tonius was pr imarxly xn t h e f ece s xn 
r a t s , and in san t h e major e l x a x n a t i o n of 
p l u t o n i u i occur red v i a t h e u r x n e , C^uth) 

LounaiE, Belgxum. 1966 

The Hetabolism of Transuraisxui Elements-
Bul le txE d^Information de l ^ a s s o c i a t x o n Beige 
pour i e Development Pac i f igue de 1^ Bnergie 
^ t o n g u e , 11C60)j 13-17; ORIIL"tr-1463s 13 p . 

a review i s given of t h e t o x i c i t y and gene ra l 
c h a r a c t e r i s t i c s of t h e metabolism of t h e 
t ransuran ius i e lements sx th e spkasxs on 
p l u t o n i u i . Elements b r i e f l y d i s c u s s e d a r e 
asierxcxu®, curxum and c a l i f o r n i u m . The 
d e t a i l e d discussxon of plutonxusi d e a l s with 
g e n e r a l cha rac te rxs txcSp p e r i i s s i b l e foody 
fcurdeoff a b s o r p t i o n , XBhalatxcUp x n 3 u r i e s , 
f i n d i n g s in s an , and long- term e f f e c t s j 
p a r t i c u l a r l y i s the s k e l e t o n -
Decontaiainatxon methods xn case of a c c i d e n t a l 
exposure t o t r a n s u r a n x c s a re ment ioned. CBSF) 

<62> 
Dagl@, G.E, , Colorado S t a t e Oniversxtyy Fo r t 
C o l l i n s J CO. 1973, august 

Lysph Node Clea rance of Platonxum from 
Subcutaneous wounds m Beagle . Coo-1787-18; 
Ph,D, T h p s i s , Colorado S t a t e U n i v e r s i t y ; 127 p . 

The lymph node c l e a r a n c e of p l u t o n i u i oKide 
from subcutaneous i m p l a n t s was s tud ied in 
a d u l t beagl©"? t o s i m u l a t e a c c i d e n t a l 
contatoxnation of hand rounds . Ex t e rna l xn 
sx t a s c i n t i l l a t i o n data tiere c o l l e c t e d fro® 
*ho p o p l i t e a l lymph nodes of each dog a f t e r 
9 .2 t o 3^,4 uCx of Plutonium oxide was 
subcutant^ously implanted i n t o t h e l e f t or 
r i g h t hiiid paws. The l e f t hind paw was 
amputated 4 weeks a f t e r x n p l a n t a t i o n t o 
preven-'- con t inued d e p o s i t i o n of plutoniuia 
osxde p a r t i c l e s i n *he l e f t p o o l i t e a l lyiaph 
node. Groups of 3 dogs were s a c r i f i c e d ^ , 8 , 
16, and 32 weeks a f*e r p l u t o n i u i l a p l a a t a t l o n 
for h i s t o p a t h o l o g i c , e l e c t r o n mic roscop ic , 
and r ad iochemica l a n a l y s i s of r e g i o n a l lyssph 
nodes , an a d d i t i o n a l group of dogs r e c e i v e d 
t r e a t m e n t with t h e c h e l a t i n g agent 
dxe th lene t rxaaxnepen taace txG acid {DPTS)-
P l u t o n i u i r apxd lv accumulated i n the 
p o p l i t e a l lymph nodes a f t e r subcutaneous 
xn^ectxcn i n t o t h e hind paw, and 1^ t o 10^ of 
the implant dose wa<? p r e s e n t xn the p o p l i t e a l 
lyaph ncdes a t t h e t ime cf necropsy. 
H i s t o p a t h o l o g i c changes in t h e p o p l i t e a l 
Ivmpn nodes with p lu t c m us p a r t i c l e s were 
c h a r a c t e r i z e d p r i m a n l v by r e t i c u l a r c e l l 
h y p e r p l a s i a , i n c r e a s e d number of macrophages, 
n e c r o s i s , and f i b r o p l a s i a . •Eventually, t h e 
Plutonium p a r t i c l e s bscaae s e a u e s t e r e d by 
sca r t i s s u e t h a t of ten replaced the e n t i r e 
a r c h i t e c t u r e of the lysph node. Light 
mic roscop ic a u t o r a d i o g r a p h s of t h e p o p l i t e a l 
lymph nodes showed a t x i e - r e l a t e d i n c r e a s e m 
nuaber of alpha t r a c k s oer p l u t o n i u i s o u r c e . 
" I p c t r o n FiicroscopY showed t h a t the p l u t o n i u s 
p a r t i c l e s were aggr^^gated m phagclyaosomes 
of macECphag^s, "'hc're was s l i g h t clf=-arance 
of p l u t o n i u i from the p o p l i t e a l lymph nodes 
of dogs raon-'tored for 32 weeks. The 
c l e a r a n c e of plutonium par-*-xcles from the 
p o p l i t e a l lymph nodes was a s s o c i a t e d wxth 
necrosxs or ^sacrophages. The e x t e r n a l i l i a c 
lymph node* contaxn^^d fewer pXutonxum 
p a r t i c l e s than t h e p o p l i t e a l lymph nodes and 
h i s t c p a t h o l o g i c change-^ were l e s s s e v e r e . 
The s u p e r f i c i a l l a g u i r a l lymph nodes of one 
dog con-^'amed a p p r e c i a b l e aaounts of 
Dlutcnium. Treatment with D'̂ 'Pa dxd no t have 
a measurable e f f e c t on t h e c l e a r a n c e of 
plutcnxum from the Boplx tea l IvaDh nodes , 
(^uth) 

<63> 
Deboxs, J . K . , Sa in t Baphal l Oniversxty Clxnxc, 

<.64> 
DeBruyn, P.P.H.tf '^ot gxven. 1948 

lymph node and I n t e s t i n a l Lymphatic T i s s u e . 
Par t of B loo i , H, ( E d , ) , Hxstopathology of 
I r r a d i a t i o n fro® E x t e r n a l and I n t e r n a l Sources , 
Chapter 8 . HcGraw H i l l Book Company, I n c j New 
Yorke Sew York, Cg. 348-4£55) , 808 P . 

The damage l a t h e lymph node of a n m a l s 
eaposed t o s~rays xs c o r r e l a t e d wxth t h e 
amount of r a d i a t i o n , Thxs c o r r e l a t i o n i s 
ssen m the amount of d e b r i s r e s u l t i n g from 
the d e s t r u c t i o n of lymphocytes , but xs 
p a r t i c u l a r l y marked xn t h e changes of t h e 
I j i p h a t x c n o d u l e s . I n r a b b x t s , doses of 800 
and 600 g c o s p l e t e l y de s t roy t h e g rea t 
nsaiori ty of nodu le s , r e s u l t i n g xn a 
" n o d u l e - f r e e " perxod u n t i l about 3 weeks 
a f t e r t rea t iaent^ a t which t i s e nes nodules 
begin to f o r s . Since t h e LD 50/30 days of 
K-rays for r a b b i t * r a t , and guinea pig a re 
approximately 800, 600, and 175 K, 
r e s p e c t i v e l y , i t appears t h a t t h e i n t e n s i t y 
of damage i s r e l a t i v e l y independent of the LD 
50/30 days v a l u e . Both f a s t and slow 
neu t rons produce h i s t o l o g i c a l l y t h e s a s e 
changes m the ly^ph node a s do x - r a y s . The 
changes produced m t h e lymph node by 
i n t e r n a l l y a d s i n x s t e r e d r a d i o a c t i v e 
m a t e r i a l s a re h x s t o l o g x c a l l y t h e saae as 
those produced by e x t e r n a l l y a p p l i e d 
r a d i a t i o n s . F i s s i o n - p r o d u c t s m i x t u r e , 
admin i s t e red t o r a t s xn doses of 23 and 33 
uCi/g bv aavage, coisple te ly des t royed the 
nodules m the mesen te r ic lymph node. 
St ront ium 39 admin i s t e red i n t r a p e r x t o n e a l l y 
t c mice produced mild changes xn tne 
r e t i c u l a r c e l l s a f t e r 3,6 uCx/g, A dose of 
14,5 uCi/g caused complete d e s t r u c t i o n of the 
ncdu l e s . Sodium 24 a d a m i s t e c e d 
x n t r a p e r i t o n e a l l y m mxce xn a o s e s varying 
from 47 t o 83 ixcrocurx«as / g r a i caused 
c c i p l e t e des t ruc txon of t h e nodules of the 
lyioph node. No nodules were found xn the 
lymph nodes of r a t s i n j e c t e d m t r a c a r d x a l l y 
wxth z i r c o n x u i 93-niobxus 93 i n dcse s ranging 
f i o i 3 .0 to 7 .0 uCi /g , In r a t s i n j e c t e d 
m t r a p e t i t o n e a l l y wxth radiam xn doses 
r ang ing fross 0.02 t o 0 ,5 uCi /g , t h e r e was 
a f t e r two t o s i x months a corrc^iatxon between 
i-he niiEiber of lysph nodes with nodules and 
the d o s e . The in t r avenous xniec txon of 0.08 
uCx/g of Plutonium, or t h e m t r a s u s c u l a r 
m i e c t x o n of 0.1 uCi/g produced in tiie lysph 
ncdes of mxce only moderate n u c l e a r and 
cy top lasmic dasaage t o lymphocytes . 
i,yn3phopoiesis was not a f f e c t e d . Plutoniais 
la^jectsd i n t r a v e n o u s l y xntc r a t s in doses cf 
0,125 and 0,06 uCx/g complete ly des t royed the 
lymphat ic nodu les , Sxth t h e pxcept ion of 
sxrconxuffi 93-niobiusi 93 and p lu tonxua , the 
i n t e r n a l l v applxed r a d x a t i o n s had t h e same 
effect"^ m t h e i n t e s t i n a l lymphatic t i s s u e a s 
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<6U> CONT, 
xn t h e l y i p h n o d e , P o l l c w x n g t h e s e t w o 
a g e n t s t h e r e w e r e i x n o r q u a n t i t a t i v e 
d i f f e r e n c e s xn t h e r e a c t i o n o f t h e t w o 
t i s s u e s , (Ruth) (FffH) 

n u m e r o u s h i s t o l o g i c a l s e c t i o n s a r e s h o w n . 

<65> 
D e d r i c k , f l , , ^ . E , S i k o v , a n d D . D , Hah lum, 
B a t t e l l e M e m o r i a l I n s t i t u t e ^ P a c i f i c M o r t h w e s t 
L a b o r a t o r i e s , B i o l o g y D e p a r t i s e n t a B x c h l a n d , ¥ ^ . 
1 9 7 3 , J u l y 

D x s t r x b u t x o n and e f f e c t o f F l u t o n i u a 238 xn t h e 
F e t o p l a c e n t a l U n i t o f t h e S a t . C O ! I F - 7 3 0 4 3 1 | 
P a r t o f P r o c e e d i n g s o f t h e 2 1 s t A n n u a l Sympos iu ia 
of t h e B a d i a t i o n R e s e a r c h S o c i e t y h e l d xn S t , 
L o u x s , H x s s o u r x , a p r i l 2 9 - H a y 3 , 1 9 7 3 , 
P u b l x s h e d xn B a d i a t i o n R e s e a r c h , 5 5 { 3 ) , 5 1 5 , 

The d i s t r i b u t i o n of h e a v y m e t a l s w i t h i n t h e 
f e t o p l a c e n t a l u n i t (FP0) of t h e r a t s h o w s a 
t y p i c a l p a t t e r n , a l t n o u g h d i f f e r e n c e s 
r e l a t i n g t o t h e s c e c i f i c m a t e r i a l , 
p h y s i G o c h e i i c a l •sta-'-e^ a n d s t a g e of g e s t a t i o n 
a r e a p p a r e n t . 303*^3 of Pu 239 a s low a s 3uCx 
t o t h e d a i h a v e a p r o n o u n c e d e s b r y o c x d a l 
e f f e c t when a d i m i s t e r e d a t 9 d a y s of 
g e s t a t i o n , a l t h o u g h 50 u C i i s n o t l e t h a l a t 
15 o r 19 d a y s . The p r e s e n t s t u d y w i t h Pu 2 3 8 
was u n d e r t a k e n t o e v a l u a t e t h e e f f e c t o f 
s p e c i f i c a c t i v i t y OR t h e d i s t r i b u t i o n a n d 
t o x i c i t y c^ D l u t o n i u n ! IB t h e p r e n a t a l r a t . 
P r e g n a n t r a t s w e r e i n t r a v e n o u s l y i n j e c t e d 
wxth g r a d e d d o s e s o f c i t r a t e d Pu 238 s o l u t i o n 
a f t e r ^ d a y s o f g e s t a t i o n and k x l l e d 5 d a y s 
l a t e r . T h e c o m p o n e n t s o f t h e FPO w e r e 
w e i g h e d , e K a m m e d , and s u b i e c t e d t o 
r a d i o a n a l y s i s a n d a u t o r a d i o g r a p h y , M o r t a l i t y 
was i n t h e same r a n g e a s f o u n d w i t h Pu 2 3 9 , 
b e i n g 40*^ a f t e r a d o s e o f 6 uCi t o t h e dam 
w i t h a f u r t h e r i n c r e a s e a t d o s e s of 7 . 5 u c l 
and a b o v e . Othe '^ a n i m a l s w e r e i n j e c t e d w i t h 
3 uCx Pu 238 a f t ^ r 15 o r 19 d a v s of 
g e s t a t i o n , k i l l e d 24 h o u r s l a t e r , and t h e 
d i s t r i b u t i o n of a c t x v x t y d e t e r m i n e d . The 
p a t t e r n o f r e l a t i v e c o n c e n t r a t i o n s was 
s i m i l a r t o t h a t f o u n d w x t h o t h e r h e a v y 
s s ' ^ t a l s ' m a r k e d a c c a i u l a t x o n i n t h e a ^ s s b r a n e s 
( p a r t i c u l a r l y t h e y o l k s a c ) , l e s s xn t h e 
p l a c e n t a , and l e a s t i n t h e c o n c e p t u s , 
s u g g e s t i n g t h a t s p e c i f i c a c t i v i t y d o e s n o t 
i n f l u e n c e p a r t i t i o n . ( S u t h ) ( C o m p l e t e a r t i c l e ) 

<6&> 
Dockun , N . I , , a n d W . S . S , J e e , U n i v e r s i t y o f 
O t a t i , C o l l a g e of M e d i c i n e , S a l t L a k e C i t y , 0T , 
1 9 6 6 , f i a rch J 1 

E f f e c t o f D a i l y I n j e c t i o n s O-P P l u t o n x u s 239 on 
R a t B o n e s . € 0 0 - 1 1 9 - 2 3 4 ; P a r t o f D o u g h e r t y , 
T . F . J R e s e r a c h i n F a d i o b x o l o g y , a n n u a l R e p o r t o f 
Work i n P r o g r e s s m t h e I n t e r n a l I r r a d i a t i o n 
P r o g r a s ^ CP- 1 8 0 - 1 9 0 ) ^ 3 2 6 p . 

R a t s w e r e a d m i n i s t e r e d 0 . 5 uC± o f Pu 239 
x n t r a p e r x t o n e a l l v d a i l y f c r 7 , 6 , 5 , 4 , and 3 
d a y s f o l l o w e d by from 1 t o 5 d a y s r e s t , H 
3 - t h y i i d i B e was a d m i n i s t e r e d 
m t r a p p r i t o n e a l l y t o s o s * o-? t h P g r o u p s o n e 
n o u r p r i o r *o s a c r i f i c e a t 8 d a y s , a n o t h e r 
g r o u p r e c e i v e d 7 i n t r a p e r i t o n ^ ^ a l l y x n j e c t i o B S 
of Pu 239 and a f t e r ^8 a d d i t i o n a l d a y s was 
a d s i s i i s t e r e d H 3 - t h y m i d i n e o n e h o u r p r i o r t o 
s a c r i f i c e . C o n t r o l a n i a a l s w e r e g i v e n H 
3 - t h y f f i i d i n e a t t h e sa 'oe t i m e , n a i e l y a t 65 
d a y s . The p a r a m e t e r s i n v e s t i g a t e d i n c l u d e d 
t o t a l o s t e o b l a s t s p e r u n i t a r e a , t r a a e c u l a r 
D ^ r i m e t e r , o - ^ t e o c l a s t s a n d o s t e o b l a s t s p e r 
s i l l i m e t e r c f t r a b e c u l a r s u r f a c e . F o l l o w i n g 
Pu 239 a d m i n i s t r a t i o n i t was f o u n d t h a t t h e 
s e s e n c h y a a l C P X I c o p u l a t i o n t e n d e d t o f a v o r 

t h e f o r m a t i o n of o s t e o c l a s t s r a t h e r t h a n 
o s t e o b l a s t s i n b o t h t h e s h o r t - t e r © and 
l o n g - t e r m e s p e r i i e n t a l a n i s a l s when t h e y w e r e 
ccBspared wx th t h e c o n t r o l s f o r t h e s a a e t i o ® 
p e r x o d . f ^u th ) 

<67> 
D o u g h e r t y , J . H , , O n i v e r s x t y of U t a h , 
P a d i c b x o l o g y L a b o r a t o r y , S a l t L a k e C i t y , OX* 
1960 

c o m p a r i s o n of E f f e c t s o f L e t h a l Body B u r d e n s of 
P l u t c n x u i n 239 a n d R a d i u s 226 on H e i a t o p o x e s i s m 
B e a g l e s . E a d x a t i o n E e s e a r c h ^ 12^ 4 3 1 , 

The b l o o d p i c t u r e was f o l l o w e d a t m o n t h l y 
i n t e r v a l s m t e n a d u l t b e a g l e s g x ^ e n a s i n g l e 
x n t r a v e n o J i s x n i e c t i o n of an a v e r a g e o f 1 0 . 4 
m i c r o C i / k g of E a - 2 2 6 a n d n i n e d o g s g x v e a an 
a v e r a g e of 2 - 8 8 mxcro C x / k g of P u - 2 3 9 
i n t r a v e n o u s l y . C o m p a r i s o n s w e r e made t o 
s i m i l a r d a t a m t w e n t y f o u r c o n t r o l a m i s a l s . 
The s k e l e t a l d o s e r a t e s t o t h e r a d i u i d o g s 
a r e a p p r o x i m a t e l y 2 . 5 t i i o e s t h a t t o t h e 
p l u t o n i u m d o g s a t o n e y e a r . H o w e v e r , d u e t o 
d i f f e r e n c e s m t h e r a d i o n u c l i d e d i s t r i b u t i o n 
xn b o n e t h x s d o e s n e t a c c u r a t e l y r e f l e c t Dcne 
marrow d o s e . The a v e r a g e s u r v i v a l t x m e was 
1046 d a y s f o r r a d i u m x n j e c t e d d o g s a n d 1338 
d a y s f o r t n e p l u t o n x u m g r o u p . T h e r e w e r e 
e i g h t b o n e t u m o r s i n t h e r a d i u m g r o u p and 
t h r e e bone t u m o r s xn t h e p l u t o n i u i g r o u p . 
The d e t a i l e d h e m a t o l o g i c a l f x n d m g s f o r a l l 
g r o u p s w i l l foe p r e s e n t e d . No t u m o r s o f 
h e m a t o p o i e t i c o r i g i n w e r e f o u n d . D e s p i t e 
d i f f e r e n c e s xn r a d i o n u c l i d e d i s t r i b u t i o n , 
t y m o r i n c i d e n c e , s u r v i v a l t i m e a n d a m o u n t and 
d i s t r i b u t i o n o f s k e l e t a l damage b e t w e e n t h e 
t ^ c g r o u p s of d o g s , t h e d e g r e e a n d t i m e 
s e q u e n c e of d e p r e s s i o n i n b l o o d c e l l e l e m e n t s 
a n d h e m a t o l o g i c a l f i n d i n g s a t t i m e of d e a t h 
w e r e r e m a r k a b l y s i m i l a r , ( a u t h | ( C o m p l e t e 
A r t x c l e ) 

<68> 
D o u g h e r t y * J . H . ^ U n i v e r s i t y c f U t a h , C o l l e g e of 
n e d i c x n e , P a d x o b i o l o h y D i v i s i o n , D e p a r t m e n t o f 
anatCEay, S a l t Lake C i t y , UT. 1972 

"^he H e m a t o l o g i c C h a n g e s I n d u c e d by P l u t o n i u m 239 
XE B e a g l e s , ^ a r t o f S t o v e r , B , J . a n d J e e ^ 
w . S . S . ( E d s . ) , E a d x o b i c l o g y of P l u t o n i u m . J , f e , 
P r e s s , S a l t l a k e C i t y , U t a h , (T), 7 5 - 8 6 ) , 552 p . 

The h e m a t o l o g i c c h a n g e s f o l l o w i n g a s i n g l e 
i n t r a v e n o u s x n ^ e c t x c n c f a w i d e r a n g e c f 
d o s e s o f Pu 2 3 9 { 0 . 0 1 6 - 2 . 8 u C i / k g ) i n y o u n g 
a d u l t b e a g l e s h a v e b e e n f o l l o w e d e v e r t h e 
l i f e s p a n of t h e a n i E i a l s . I h i s s t u d y h a s b e e n 
u n d e r w a y f o r 20 y e a r s , a l l o f t h e d o g s i n 
t f i e o r x g x n a l 12 i n f e c t i o n g r o u p s h a v e d x e d , 
t h e m a m c a u s e o f d e a t h b e i n g o s t e o s a r c o m a . 
B l o o d c e l l s a l t e r a t i o n s were f o u n d i n d o g s 
r e c e i v i n g t h e f o u r h i g h e s t d o s e l e v e l s . The 
c h a n g e s w e r e d o s e - d e p e n d e n t and w e r e m o s t 
marked xn g r a n u l a r l e u k o c y t e s w h i c h w«re 
m a x i m a l l y d e p r e s s e d a t 2 t o 3 w e e k s 
p o s t - x n j e c t x o n . a s u s t a i n e d l y j i p h o p e n i a 
o c c u r r e d a t t h e two h i g h e s t d o s e l e v e l s . li 
t r a n s i e n t e a r l y t h r o m b o c y t o p e n x a and a n e m i a 
w e r e a l s o f o u p d m h i g h e r l e v e l d c g s . h 
m o d e r a t e a n e m i a r e a p p e a r e d a s t h e a n i m a l s 
became t e r m i n a l . T h e r e was t a y e l c i d 
m e t a p l a s i a m s p l e e n s a n d l i v e r s o f d o g s a t 
a u t o p s y . The h e m a t o l o g i c c h a n g e s f o u n d a f t e r 
Pi! 239 i n 3 e c t i o n w e r e c c s g a r e d t o s e v e r a l 
o t h e r i n t e r n a l e m i t t e r s (Ra 2 2 6 , la 2 2 8 ^ Sa 
228 and Sr 90) , The b o n e - s u r f a c e s e e s e r s , '^u 
^39 a n d Th 2 2 8 , w e r e foiand t o b e t n e s c s t 
d a m a g i n g t o t h e h e s a t o p o x e t i c s y s t e m . ( S u t h ) 

T a b l e 1 g i v e s p e r i p h e r a l b l o o d f x n d m g s on 
5 - l e v e l Pti d o g s . T a b l e 2 g x v e s b o n e n a r r o w ^ / E 
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<68> CONT, 
ra t ios in "lev«̂ l Pu dogs. 

<69> 
Boughertv, J.H., J.̂ . Bowers, B.C. Bay, and P. 
Keyanonda, University of Utah, College o£ 
Medicine, Radioblology Division, Salt lake City, 
UT. 1955, July-^Dec^mber 

Comparison of Hematologic Effects of Internally 
Deposited Padius and Plutonium in Dogs, 
Mdiology, f̂ ,̂ 2S3-2'=̂ 9; Part of Proceedings of 
the 40th Annual Syaposium of the HadioXogical 
Society of ^crth ^lerica held in Los Angeles, 
California, Deceiber 5-10^ 1954, (7 p.). 

Young adult male and female beagle dogs were 
injected Intravenously five dose levels of Pa 
226 and Po 239 in the citrate form. The dose 
levels were estimated on a retained basis as 
2,5, 0,81, 0.27 and 0.086 and O.Oia uCi/kg. 
Retained burden was estimated by total gasia 
counting, breath radon measurements, and 
urine and fpcal assays. The hematologic 
determinations Included hemoglobin, volume of 
packed red blood c^lls^ red cell count, 
cellular indices, white cell count, direct 
eosinophil count, platelet count, 
s&diientation rate, reticulocyte coant, and 
icteric index, ^o significant hematologic 
alterations have been observed during the 
first year in animals receiving 0.086 or 
0,014 ucl/kg of Pu or Fa. A significant 
leukopenia developed in dcgs which retained 
amounts of 0,27, 0,S1 and 2,5 uCi/kg of Pu or 
Ra. There was no significant difference of 
lemkccyte depression between Pu and Ra 
animals at comparable dose levels^ Leukocyte 
numbers fell at all dose levels at 21 to 30 
days, then increased during the next 30 to 6C 
days to reach a subnormal plateau, A 
depression in granular leukocytes was seen in 
the 0.27 uCl/kg dogs with lymphocyte values 
remainirg within normal limits during the 
year of observation, h depressioE of 
lymphocytes was seen in animals receiving the 
two highest dose levels. K variable but 
significant depression in erythrocyte values 
was seen in dogs receiving the 2,5 uCi/kg 
dose of Pu. (nkV) 

Tihe dose-time relationships of leukocyte, 
heterophil, lymphocyte and platelet response to 
Pu and Ha are given in graphic form. 

<70> 
Doughertfff T.F.^ University of Otah, college of 
!!ediGXEe, Radiobiologf Blvlsion, Department of 
anatomy. Salt Lake CltYg 0T= 1962, March 31 

Research on Padiobiology^ iHoual Report of Work 
in Progress on the chronic Tonicity Program. 
COO-225; 135 p. 

Injection tables are given and explained for 
the chronic toxicity studies on dogs using 
the radionuclides Ha 226^ Pu 239^ Ra 228, Th 
228 and Sr 90. Several related studies are 
reported and 3 of these have been abstracted 
separately for inclusion in the data base. 
The studies Include anatomical distribiation 
of radiation-induced fractisres in beagles^ an 
electrophoretlc study of serum protelB 
fraction in Ra 226 and Pu 21^ iRjected dogs, 
pathologic and normal bone remodelling as 
visualised by radioautographic diatribatioa 
of Pu, the long-ten effects of gn 239 ia 
adult beagles and comparative toxicity of Ha 
226, Pu 2 39, and Sr 90 in adult beagles. 
CFMH) 

<?1> 
Dougherty, T,F., Oniversity of Otah, College cf 
"Medicine, Hadioblology Division^ Department of 
tea^c^Y, Salt Lake city, OT, 1960̂ , March 31 

Research in Hadioblology, An annual Peport of 
^ork in Progress on the chronic Toxicity 
Prograi. COO-220s 225 p. 

Progress is reported for tne various sections 
of the chronic toxicity program. The project 
is designed to obtain information on the 
influences of internally deposited 
radioisotopes on certain functions which 
occur during aging. Injection tables are 
presented for the toxicity and test animals 
used in the study with Ra 226, Pu 239, Ra 
228, Th 228 and Sr 90- Eleven papers have 
been abstracted separately for inclusion in 
•̂•he data base. These include the 
distribution of the radionuclides in dog 
teeth and the histopathologic changes in 
teeth containing Pu, the effect of internally 
deposited radionuclides on the blood vessels 
of cortical bone, the localized distrxbuticn 
cf Pu 239 in the lumbar vertebral centra of 
5-level dogs and a case of bone tumor arising 
from the temporal bone. (Tnn) 

<72> 
Dougherty, T.P.s University cf utah^ College of 
Medicine, Hadioblology Divislciip Department of 
anatcay^ Salt Lake City, OT, 1960, September 30 

Pesearch in Badiobiology, Semiannual Report of 
Work in Progress on the chrcnic Toxicity 
Prograi- COO"222| 140 p. 

Progress is reported for the chronic toxicity 
prograi involviisg dogs injected with Sa 226, 
Pu 239, Ba 228, Th 228 or Sr 90. The 
injection tables are shown in tabular form 
and give the age and weight of the animals, 
injected dose, date injected and dose to the 
skeleton - Reports are included on 15 test 
radium dogs and on soft tiŝ sue tumor 
incidence in beagles with long-ters internal 
radionuclide burdens, |FHH) 

<71> 
DurbiB, P,W,, Lawrence Radiation Laboratory, 
Division of Medical Physics^, Berkeley, ca. 1960 

Metabolic Characteristics within a Cheaical 
Fanily, Health Physics^ 2^ 225-238, 

The available data have been reviewed for the 
biological behavior in rats of high 
specific-activity radioisotopes of seventy 
elements- Tracer guaBtities were 
administered in single iatraauscular 
injections. Groups of rats were autopsied at 
various intervals, and tissues and excreta 
were assayed for radioactivity- Distribution 
data were arranged according to the grouping 
of the periodic table of the elemeEts, The 
aoions (including the halogens), the 
esygenated or ihalogenated ions of Groups 4, 
5 and 6ff and the transitioo metals were 
rapidly elimiisated by the kidney. The 
icnovalent alkali metals were distributed 
almost UEiforilf In soft tissue with 
ŝ bsegiient excTBtion by the kidney. The 
bivalent cations, eHC€pt Hg(E*2|^ CdCE*2| and 
0Q2CB4-2), were deposited priaarily in bone 
mineral and were elieinated slowly in both 
urine and feces. The tripositive elements of 
Group 3, the laathanides, aad the actinides 
w^r@ deposited ±m liver and bonee The liv^r 
fraction was excreted via the bile without 
recirculatioEg ^hile that deposited in boae 
was turned aw@^ at a rat@ slower tliaa that of 
ncMal bone reiodelling, Th® quadrival^Et 
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<73> CO?IT 
catxcn'? such as ZrfE-s-^), Th(6'-^) and 
Pu02(g*^) were deposiSted almos^t e s c l u s i v e l v 
in taon«=' and were Isoind more s t r o n g l y than t h e 
Group 3 e l e m e n t s . The p r o p e r t i e s t h a t 
determine b i o l o g i c a l behavior ar*^': (a) the 
OKxdation s t a t e s t a b l e a t body pH^ (b) the 
o o l i b i l x t y of th^" s t a b l e « t a*e , (c) t h e 
tendency t o be xpco-»-porated i n t o o rgan ic 
coapoundg, a rd (d) -̂ -he tendencv t o a s s o c i a t e 
wxta s p e c i f i c p r o t e x n s . iSuth) 

<7ii> 
^.bnerc B.G., and ^. Schwar t s , Dortmund 
Or 3.ver:3ity, Tortnund, f^eraany, 1*̂ 734, October 

I r v e s r i g a t i o n s on thp B a c t e r i a l L^^achmg of 
U-̂ anxum O r e s . Erzme-t-all, 2 6 ( 1 0 ) , 
48 4-490, (German) 

Bas ic p r i n c i p l e s of t h e process of b a c t e r i a l 
I '^achmg a re covered . S s p e r i i i e n t s ¥ i t h 
uranium o r ^ s from d e o o s i t s in t h e Federa l 
Republic cf Germaiiv, os ing v a r i e t i e s of the 
t h i o f c a c i l l a s , a'̂ *̂  d p s c r i b e d . Exper imenta l 
r e s u l t s and op^xm^'sation of l each ing 
c o n d i t i o n s a re d i s r u s s e d . Another method 
combining ch'=^'nxcal and m i c r o b i o l o g i c a l 
l e achx rg i s desc r bed , (G'̂ ) 

<75> 
ElKxnd, h I , , l o t g iven . 1963 

Piiosphatase S c t i v x t v and Con te r t o-? C a l c i u s , 
Phosphorus arsd Hitrogen xn Sabbi t Bony T i s sue 
a f t e r I n ju ry with Plutonium 239. aEC-t r -5436, 
Fa r t of Badicb io logy , (p- 32 -36 ) ; 
Kadioi3xologiya, 1 ( 3 ) , 3'=l-3^4. 

KaBbxts aged 1^0-240 d a y s , s^exghxsg 2,5-"3.0 
K^B ^ere adminis te red plutonium n x t r a t e 
i n t r a v e n o u s l v a t pH 2 a t dose^s of 7 aCx/ka 
and 2 u C i / k g . The r a b b i t s w^re s a c r i f i c e d 3 , 
? , 14, J O , 135 and ISO davs a f t e r th^ 7 
uCx/kg and 13^, 180 and 360 day a f t e r t h e 2 
uCx/kg ?u m i e c t i o n . Bony t i s s u e was 
analyzed for Ca^ P? N and phosphatase 
a c t i v i t y . Separa te i n v e s t i g a t i o n s a t 
dxaphysxcal and e p i ^ h v s i c a l Dor t ions of 
t u c u l a r bones wer-e c a r r i e d o j t - The a l k a l i n e 
phosphatase ac txvxty m r a b b i t bony t i s s u e a t 
doses of 7 uCx/kg Pu decreased in t a e 
epxphysxs and d i aphvsxs , I t doses of 2 
uCi/kg Pu, t h e d e c r e a s e of enzyme a c t i v i t y 
was noted only i n the e p i p h y s i s , '^he c o n t e r t 
of c a l c i u m , phosphorus and t o t a l n i t r o g e n m 
bones of e x p ^ r m e n t a l a n n a l s dxd no* d i f f e r 
s i g n i f i c a n t l y from t h e c o n t r o l . (E^F) 

<76> 
S i l x s , L-C. , and D.L. B e r l i n e r , S t a t e 
Ur^ivers i ty , Department of Zoology, Log^n^ UTA 
Unxver'sity of 0tah* Col lege of ^@dicxne, 
Eadxobiology Div i s ion , Department of Anatomy, 
S a l t Lake C i t y , UT» 1966 

I p t e r n a l l y Deposi ted Eadxonuclxdes aad xh® 
Subsequent ^ I t p r a t i o n of androgen Biosynthesxs 
by Canxne T e s t i c u l a r T i s s u e - COHF-660212| P a r t 
of P roceed ings of t h e 14th Innaa l Sysiposxo® of 
the Eadxat ion Fesearch Soc ie tv held i n Coronado, 
C a l i f o r n i a , February 13-16^ 1966, Publ i shed m 
Badxation S e s e a r c a , 27, 549, 

The data presen ted xn t h i s r e p o r t were 
ob ta ined fro^ adialt Beagle dogs which were 
s a c r i f i c e d accord ing t o a p rea r ranged 
schedu le . These an imals were p a r t of the 
compara t ive s tody on t h e b i o l o g i c a l e f f e c t s 
of soae r a d i o n u c l i d e s m the b a s i c program of 
t h e E a d i o l o g i c a l Dxvxsion of t h e Department 
of ^ n a t c i y . U n i v e r s i t y of Utah- The dogs 

<73> 

were m i e c t e d wxt^ the var ious r a d i o n u c l i d e s 
according t o t h e p ro iec* o u t l i n e . Fxve 
animals w^re mjGi-ted wxth 3,2 oCi/g o£ Ba 
226, fiv*= aniiaal^ r ece ived 0.016 uCi/g of Eu 
23^ , t h rpp rec^iv^d C.30 uCi/kg of Pu 239, 
fivs^ aniiBals "ece ivsd 0-016-0.30 u^ i /g of Ih 
228, two animals r ece ived 3.34 uCi/g of ^a 
226, a.ni oa^ anxmdl rece ived 0.17 uf-.^/g of Sr 
9C. •K'our c o n t r o l animals w r̂*̂  inc luded for 
c c s p a r a t i v e purposes IiBme3iately a r ^ e r tn-^ 
animals were s a c r i f i c e d , one-gram a l x g u c t s of 
th<? tf'St^s were s inced ard mcuoa ted with 
5-i3regnenolooe-7 alpha-H 3 and 
p r e g e s t e r o n e - 4 - c 14. Isolai- ion and 
quan^xficatxcn cf the s t e r o i d 
intf^rn'Pliate'^showed t h a t 5-pr^gneroxoBe wa-̂  
conver ted i n t o 17 a lpha-hydroEyorcges te rone , 
ardrostf^nedxone, and tes tosterone^ t a s t e r than 
was proge ' s te rone , a-? has been demonstrated by 
e the r workers . The convers ion cf thp two 
androgen p r e c u r s o r s i n t o a n d r o s t e r e d i o n e , 
t e s t o s t e r o n e , an i t o t a l androgens wafe. 
markedly r«^duced for a l l of the i n i e c t e d 
a r i a a l s . Thus, t ne se da ta saow t h a t 
i n t e r n a l l v depos i t ed radionucl ide '^ t o 
dxmiPish androgen b-s ©synthesis m v i t r o as 
has been prevxouslv repor ted fo r th® ad rena l 
g lands of doqs , a'̂ d t e s t e s from mice and r a t s 
a f t » r the l a t t e r had rece ived va r ious modes 
of i r r a d i a t i o n . (4uth) 

<77> 
E l x i s ^ L.C.^ and D . L . f^erlmerj- U n v e r s i t y of 
Otah , Col lege of Heaicxn*^, Rad icb ic l c jy 
Div is ion^ DppartM^nt ot Anatomy, S a l t Lake; C i t y , 
U-̂ . 1967, ^arch 31 

Tnp s t r e e t s of l o n i z i r g Ead ia t ions on Endocrine 
C e l l s . 6. A l t e r a t i o n s xn Androgen B i o s y n t h e s i s 
by Canine T e s t i c u l a r Tissue a f t e r t h e I n t e r n a l 
Deoos i t ion of Some Rad ionuc lx ies . C O O - 1 1 9 " 2 J 6 ( , 
P a r t of Dougherty, T •^., Research i r 
•^adxcfciology, Annual Peport cf Wor?̂  m Progress 
in t-he "internal I r r a d i a t i o n Progra i^ | p . 
218-251) , 268 p. 

i^ale beagle dogs were I r j e c t e d m t r a v e r o o s l y 
with v a r i o u s r a d i o n u c l i d e s (^a 226, pu 2-^9, 
Th 228, Ea 228 and Sr 90) tfhea approKxaately 
IS months of age . Az v a r i o i s ^im^ l E t e r v a l s 
thp t«=stes were removed f ros the a n x s a l s , and 
mcuoa ted witn pregnenolone-7 alpha-t! 3 and 
proges te rone-4-C 14. The r e s u l t i n g s t e r i o o 
i n t e r m e d i a t e s were i s o l a t e d by paper 
chromatography and d e r i v a t i v e fo rmat ion . The 
Pathways ob'^erved f c r the s y n t h e s i s of 
androgens were e s s e n t i a l l y t h e same as t h o s e 
observed from per fus ion s t u d i e s by o the r 
workers . The 17-alpha-hydroxylat iOB of 
p roges te rone was diminished in a l l but one 
ai3imal, which had r ece ived Sr 90 . S i m i l a r l y , 
l e s s a rdros tenedion ts , t e s t o s t e r o n e , and t o t a l 
androgens were produced by the t i s s u e s frcEi 
the t r e a t e d a n i a a l s a s compared t o t h e 
c o n t r o l group. Pregnanedione was i s o l a t e d 
fro® the i n c u b a t i o n s of a t l e a s t e i g h t dogs . 
The occur reace of t h x s compound with r e s p s c t 
t o f eve r s i n t r e a t e d a n n a l s was d i s c u s s e d , 
When a MDPH-generating syst«»i was added t o 
in-uufeatiOB of t i s s u e s f r o s hath groups of 
a n i m a l s , t h e r e was an i n c r e a s e m s t e r i o d 
b i o t r a n s f o r m a t i o n s fo r both groups Although 
t h e i n c r e a s e xn memcles s i t e s t o t a r o s e and 
andros tened ione p roduc t ioa was g r e a t e r for 
t h e c o n t r o l group a f t e r the a d d i t i o n of the 
c c f a c t o r - g e n e r a t m g sys tem, t h e pe rcen t 
i n c r e a s e in andrcs t ened ioEe , t e s t c s t e r o n e ^ 
and t o t a l androgen product ion was g r e a t e r for 
the t r e a t e d groiap. (^uth) 

<?8> 
F r l e k s o v a , E , ¥ . , and Ao Perber CTrans l a to r ) , 
I s r a e l Program fo r S c i e n t i f i c T r a n s l a t i o a s ^ 
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<78> CONT, 
Je rusa lem, I s r a e l , 1969 

D i s t r i b u t i o n of P lu ton iun 239 in t h e Animal 
o r g a n i s e , ^EC- t r -6982 | P a r t of E r l eksovaJ 
S, ? . , D i s t r i b u t i o n of Rad ioac t ive Elements m 
the ^ a x s a l Organxss (Polonium 210, Ead io thorxu i 
228^ Pluton-^um 239, and S t r o n t x u i 90) ^ a t l a s , 
(p. 112-144) , 161 p . 

^or a s t udy of t h e n a t u r e of Pu 239 
d i s t r i b u t i o n in t h e organism and i t s 
l o c a l i s a t i o n in t i s s u e s and o r g a n s , m a t e r i a l 
was ob ta ined from 286 whit^ ra*-s and 20 whi te 
mice fo r r a d i o a u t o g r a p h i c e x a i m a t i o a . Pu 
239 n i t r a t e (0.9 1 cm 3 s o l u t i o n s a t pH 6.4) 
was adgsmis tered m t r a p e r x t o n e a l l y . 
A c t i v i t i e s of s o l u t i o n s were 0 , 1 5 , O.O80 
0 .04 , 0 . 0 2 , 0 . 0 1 , 0 , 0 0 5 , aad 0.0025 mcx/kg. 
Twenty mice rece ived 0,15 mCx/kg 
subcu taneous ly . Animal's were s a c r i f i c e d and 
organs and t i s s u e s were examined from 5 
minutes t o 578 days . Examination was l ade OK 
•••he x n i e c t i o n s i t e , l u n g s , myocardium, 
h e m a t o p o i e t i c o r g a n s , sex o r g a n s , bones , and 
XE some anxmals, t h e nervous sys tem, acu te 
r a d x a t i c n s i c k n e s s developed with 0,15 t o 
0,08 mCi/kg, t h e subacu te f o r i appeared with 
0,04 to 0 ,02 mCi/kgj and a t a l a t e r d a t e , 
o s t e o g e n i c sarcomas developed w i t h 0 . 0 1 , 
0 ,005 , and 0.0025 mCx/kg. Plutonium 
d i sappea red froa t h e organs of a l l sys tems 
compara t ive ly r a p i d l y , even f r o s t h e l i v e r ? 
with t h e except ion of the s k e l e t o n where i t 
was accumulated and r e t a i n e d fo r a very long 
*xme. Thus, •'•he bones a r e t h e s i t e s of 
development of the most severe p a t h o l o g x c a l 
p rocesses and tumors , such as o s t e o g e n i c 
sarccma, a s soc i a t ed wxth the d i r e c t e f f e c t of 
an a lpha e m i t t e r . (BBM) 

<79> 
Erokhin^ B - ^ . , n.k. Koshurnxkova, E.Ra 
Lyubchanskix, &,P, Ni fa tov , and G.M, He 
Mot g iven . 1964 

jetov. 

levels ana Hxcrcdistribution of Plutonium 239 in 
the Eat Lungs and Liv®r, and Morphological 
Changes m thê se Irgans Following Intratracheal 
Mministratiois o^ the Isotopes. aEC-tr-7590; 
Part of ^oskalev, YU.T. (Bd.), Distribution, 
Biological Fffects, and accelprated Excretion of 
Radioactive Tsotope=3, CP- 42-62) , SOS p. 

5=lutcnius 239 was admnistered 
mtratracheally to Wxstar rats of both sexes 
weigning 140-160 g^ams m a dosage of 7 
uCi/kg as the nitra+e (pH 2) and the sodium 
plutonyl ttiace-t-atp (pH 6.5). The anxmals 
were sacrificed after 20 iBxnutes, 1, 6, 12 
hoars, U 3, 4, 8, 16 days and 1, 3, 4, 6 and 
9 months, T̂ ê behavior o-̂  plutonxus in the 
lungs fcllowma ^ntracheal administration of 
different «;alts thereof was deternsxned 
primarily by the physxcochemical form of the 
compound adainistpred- a) the plutonxum 
content of the lungs was 5-10 times higher 
after administration of nitrate than sodxum 
pltstonvl triacetate, b) elxixnatxon of 
plutcnium wa^ subject to an exponential law; 
however, there was faster elimination ir the 
f-ase of scdius Dlutonvl triacetate, A large 
quantity of Dlutoniara was transported by 
macrophage'^ from the lungs to the regional 
lymph Rcde<=. Th»re was slower accumulation 
of plutonium fn the liver at the early stages 
(20 sinutes to 234 hours) after 
administration of nitrate than after sodium 
plutcnyl triacetat®. it the late stages (4-6 
months), the plutonium level xn the rat Ixver 
becarae the s^me following administration of 
nitrate and sodium plutonyl triacetate, 
constituting 0.9-0.56 and 0«9e~o.57%, 
respectively, of the given dose. The 

microdxstrxbution of plutcnium xn the rat 
liver was primarily diffuse following 
intratracheal administration of the xsotcpe 
in the forsi of nitrate and sodxui plutoayl 
triacetate. The histological changes in the 
lungs were related to the miGrodxstributxon 
of Plutonium and they developed prxianly xn 
feci of accumulation of the radioisotope. 
The severxty of the pathological changes and 
time of thexr appearance were related to the 
accuiulatmg lonxsation dose. The earlxest 
changes consxsted of dystrophy and 
desguamation of bronchial and alveolar 
epxthelxum, and perivascular edema. 
Thereafter, chronic inflammation developed, 
mainly of a productive nature. Ultimately 
the pathological process resulted xn 
development of paeumoscelerosxs. The 
sclerotic process usually developed 
indirectly, on the basis of proliferation cf 
connective tissue cellular elements wxth 
fcrsation of fibrous structures. Ho 
sigaxfxcant sorphologxcal changes xn the rat 
liver followxng intratracheal administraticn 
of plutoniui nxtrate and scdxum plsitonyl 
triacetate in a dosage of 7 uCx/kg were 
observed. (H^F) 

<80> 
Er^hov, E-B., and D.P- Osancv, 1970, December 

Distribution of Plutonium 239 m Intact Skxn 1 
Its Surface Contamxnation, f̂ edxtsxDSkaya 
Fadxclogiya, 15(12), 44-46, (Russian) 

The penetration of 
epxder^is Ĉ P to 15 
•superficial contaix 
22 raxglets whose mo 
IS sxailar to human 
Specific activity x 
epidermis at variou 
contact wxth Pu 239 
fcrm. It was found 
specific actxvxty w 
at any fixed depth 
the temDQ decreased 
that the amount of 
radioactive prepara 

Pu 239 through the 
0 um thick) daring 
natxon was studied usxng 
rphological sk^n structure 
skin. The results of the 
ntc the depth of the 
periods of tiae of 
are given xn graphic 
that at the beginning the 
as very raoidly xncreased 
and after 12 hr cf contact 
and became balanced, x.e. 
the absorbed and expelled 
txon was equal. (EVJ) 

<81> 
Foreman, F, 
Los alamos. 

, Los alamos Scieatxfxc Laboratory, 
nn, 1958 

^lu^cnium Bxnding by Bone, 
9(1), 115. 

Radiation Research, 

Previous studies have shown that, when 
plutonxum is shaken wxtsi various powdered 
bone fractions, the fractions from which all 
of the organic material has been removed have 
the greatest uptake and the fractxcn from 
^hich all of the calcium has been removed has 
the least. Other studxes strongly indicated 
that the mode of combination xs simple 
adsorptxon to the surface of the bone powder. 
These fxndmgs suggested the possibxlity 
that plutonxuis is taken up in the skeleton on 
the surface of bone mineral, rather than by 
combination with some organic material as was 
previously belxeved. The study is a 
fcllow-up of the prelxMxnary findmgs-
Pcwdered fresh bone was extracted with 
ethylenedxasxnetetraacetxc acid to remove 
calcium and after careful washing was shaKea 
wxth plutoniuis. as before^ very little 
uptake was noted. Arother portion of thxs 
calcxu^-free bone powder was «^qmilxbratea 
wxth Ca{*2) and then shaken wxth glutonium. 
Uptake occurred raoxdly and almost to the 
e:̂ tent of untreated powdered bone. 
autoradiography; of bones of rat fetuses 
xn^ected wxth plutonxum, i-̂ --, bene 
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<81> COMT, 
contain 
areas, 
limited 
the bon' 
rachiti 
standar 
shaken 
plutcni 
in the 
left GU 
showed 
finding 
plutcni 
with th 

ing both calcified and precaiclfied 
howed that plutoniui uptake is 
entirely to the calcified portions of 

Bones froi young rats rendered 
• by diet were calcified in vitro by 
. calcification techniques and then 
ith plutonxua. Considerable 
,m was taken up. Similar bone treated 
:ame fashion, except that CaC-s-2) was 
. cf the calcification solution^ 
arkedly less plutonium uptake. These 
further indicate that the uptake of 

im by the skeleton is by combination 
• tone m i n e r a l . C^uth) (Complete Text) 

<82> 
Foreman, H., and ?. l^ igrovic . U n i v e r s i t y of 
Minnesota , Minneapo l i s , IM. 1963 

Nephro tox ic i ty of c h e l a t i n g a g e n t s . 
CONF-67 0521; ??onographs on Nuclear Hedic ine and 
BicXogy, Nc, 2; P a r t of Romberg , H.A. aad 
Norwood, W.D. ( B d s , ) , Proceedings of a Symposiui; 
on the Dia-gncsis and Treatment of Deposi ted 
Rad ionuc l ides he ld i n S i c h l a n d , Washington^ May 
15-17, 1967, fp, 419-423), 680 p = 

The r o l e of rsanganese (*2) in r e n a l l e s i o n 
ds»veloFient fol lowing the a d m i n i s t r a t i o n of 
Ca c h e l a t e s of e t h v l e r e d i a m i n e t ^ t r a a c e t i c 
ac id (EDTS) and d i^^ thy lene t r i aminepen taace t i c 
ac id (DTPa) was I n v e s t i g a t e d . The c i i e l a t e s 
were admin i s t e red i n t r a p e r i t o n e a l l y t o r a t s 
and the l e t h a l i t y r a t i o was de te rmined . It 
was shown tha* the t o x i c i t y of Mn DTP^ was 
aeasured by l e t h a l i t y was s i g n i f i c a n t l y lower 
tiian t h a t of the Ca c h e l a t e . The e f f e c t was 
l e s s marked in t h e case of t h e EDTA c h e l a t e s . 
Likewise the -t-OKicity of the En c h e l a t e s 
us ing r e n a l t u b u l a r f i n d i n g s as the 'snd poin t 
was much lower than t h e Ca c h e l a t e s . I!n(*2) 
given a long with the Ca DTPa did not 
i n f luence th-̂ ^ t o x i c i t y of Ca DTPa, 
Apparent ly i t i s a t r a n s i e n t d e p l e t i o n of 
t u b u l a r t i s s u e ^n (43) and a temporary 
i e h i b i t i o p of ^n a c i t l v a t e d enzyme t i i a t I s 
involved t h a t cannot be r e p l e n i s h e d or 
r e c t i f i e d by concur ren t admins t ra t ion of 
manganese. (^f^^) 

<83> 
Foremd.n, H,, J . P o s t , and C, Finnegan, Los 
Alamos S c i e n t i f i c Laboratory 1, Los Alamos, W, 
19 57 

The E^iect of I r r a d i a t i o n in t h e Absorpt ion of 
Platoniiim in -^he G a s t r o i n t e s t i n a l T r a c t , 
Padxation -psea rch , 7^ 267-259. 

r^ale adul 
i r r a d i a t e 
a r a t i o o 
i r r a d i a t i 
10 (S-^6) G 
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Table 1 shows e f f e c t of % - i r r a d i a t i o n on 
d i s t r i b a t i o E of Pu admin i s te red by mouth. 

<84> 
F r i e d , J . F * , lirgonne Mational Labora tory , 
D iv i s ion of B io log i ca l and Hedical Hesearcli, 
a rgonne , IL . 1961 

In f luence of Phys ica l S t a t e on t h e Eeaoval of 
Hydrolyzable Badioelements by Che la t i on . 
aNL-6637| Par t of Proceedings of the ? th Annual 
SyiBpcsium on Sioassay and Ana ly t i ca l Chemistry 
held in Argonne, I l i i n c i S p October 12-13, 1961, 
(p . 5-8) , 100 p . 

Experiments us ing Th 234, Pu 239, and Ca DSPI 
were done ro determine t h e e f f i c i e n c y with 
which an e x t r a c e l l u l a r agent could remove 
i n t r a c e l l u l a r r e l a t i v e l y i n s o l u b l e d e p o s i t s 
of r a d i o a c t i v e me ta l s . In one experiment 
mice were i n j e c t e d i n t r avenous ly with two 
fcrras of Pa ( ion ic and c o l l o i d a i ) a t a l e v e l 
of 3.3 uCi/kg for t h e i c n i c and of 2 ,6 uCi/kg 
f c r t h e c o l l o i d a l . DTP^ the rapy , oegun 3 
days l a t e r ^ c o n s i s t e d of twelve d a i l y IP 
i n j e c t i o n s a t 500 mg/kg each- I t was seen 
t h a t the i o n i c Pu was divided almost evenly 
between l i v e r and bene whereas t h e aaoynt of 
c o l l o i d a l Pu in the l i v e r was over tw ice t h a t 
in t h e bone. In the anxmals r e c e i v i n g DTE^ 
ths^rapy, i o n i c Pu was almost c o i p l e t e l y 
removed from th'e l i v e r in 3 days , whereas in 
t h o s e r e c e i v i n g c o l l o i d a l Pu, the Ixver s t i l l 
r e t a i n e d almost t w o - t h i r d s of i t s i n i t i a l 
burden a f t e r t h e e n t i r e t rea tment period was 
e v e r . In ssSDsary, the t o t a l r e d u c t i o n of 
l:cdy burden brought about cy DTP^ tiierapy was 
cons ide rab ly g r e a t e r in these animals 
r ece iv ing ior . ic Fu (75'^ r educ t ion ) than in 
t h o s e r e c e i v i n g the c c l l c i d a l form (40^ 
reduc t ion) . (F^^) 

<95> 
<5ali]:in. G.P, , Not given- 1974, June 

Dist rxbu^ioE of Uranium In th« Body R t t e i Siagl*;^ 
and Chronic Entry of Uranism Os ide-Pea tox ide . 
Gigisna i S a n i t a r i y a , 6, 37-40 , (Russ ian , English 
Summary) 
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<86> 
Goldthorpe, H.C., and S- Bennett, Oniversity ct 
Utah, College of .medicine, Radiobiolc^y 
Division, Salt Lake City, UT. 1959, March 31 

Biochemistry Group. CCO-218; Part of Stover, 
C.K., Jr. (Ed.)ff knnual Progress Report, 1959, 
(p, 72-84), 224 p. 

The effects of Fa 22f̂  and ?n 239 (2,5 UCI/KCT 
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<86> CO^T. 
retained dose) on the levels of various serum 
constituents in dogs are reported and 
compared tc normal values, formal serum 
Drotem values gradually rose tc 6-4 g at 4.5 
years and then declined gradually. Serum 
protein xr Pu animals decreased after 
iniectxon, followed by a rise of total 
proteins at 7 yrs of age. Fa 226 iniectxon 
was followed by a droo in total protein 
values. There was then an xacrease until 3,3 
yrs followed by a decrease to 5.8 g at 4.8 
yrs, 'dermal albumin values increased xn 
young anxsals to 3-4 g at 4,'̂  yrs, then 
decreased to 3,0 at 6.5 yr ever going below 
the glohulin values. In anxmals injected 
with Pu, albumxn decreased guxckly, reaching 
2.1 g at 4.6 yr, it then leveled off at abou-s-
2,3 g at time of sacrifice. Globulin values 
decreased aft^r xnjection, but at 2,7 yrs, 
started to rise reaching 2,7 g at txme of 
sacrifice. Other serum constituents reported 
on are calciui, inorganic P, alkaline 
phosphatase^ urea nitrogen, chlorides aad 
carbon dioxide. The effect of environmental 
•f-esipera'̂ ure m blood serum values was also 
investigated. i¥^n) 

<87> 
Goldthorpe, h.c, L, H^wxtt, aad S. Kxng, 
Onxversity of n-s-ah. College of Eledxcine, 
Eadxobiclogv Division, Department cf anatomŷ , 
Salt Lake City, UT. 1962, Farch 3 1 

Sn Electrophcretic study of Serum Protein 
Fractioas in Vadium 226 and Plutonxum 239 
Injected Dog^, roo-225; Past of Dougherty, 
•". P., T̂ esearch in Padxobxology, Srnual Report of 
Work xn Progress on the Chronxc Toxicxty 
Program, (p. 4 9-58), 136 p. 

Dogs were injected with 3.00 uCi Ea 226/kg of 
2.77 uCi Pu 239/kg. The serum prot@xn 
fractions were determined 
electrophoretically. "̂ he results showed that 
serum albumin values tended to stay faxrly 
normal after â 226 XE3ection^ while 
injection of Pu 23^ was followed by a 
lowerxng cf the serum albumin values. The 
alpha 2 fraction was greatly affected, 
Plutoaxum 239 had the greater effect^ but th® 
values r*=turiied to ^he normal level after 125 
days, Plutonium 239 xniection was also 
followed by an xncrease of values of the beta 
1 fraction, Hadiu® 226 injection appeared to 
inhibit gamma globulin production at seven 
days, but frc® ther?' on up to fifty days 
there was xncreased production followed by 
decreased prcduction lasting up to 125 days. 
After that tiise, values followed the normal 
curve, Plutonium 239 seeped at first to 
XEfexbxt gamma globulin pEoductxon» However 
at 290 days there seemed to be stimulation of 
gaiBsa globulin production. This may h@ tied 
dp wxth beta 2 fraction increases, (Suth) Ĉ HH) 

Fxgur® 2 shows the effect of Ba 226 and Pu 239 
OP albutin and globulin in serum of dogs as 
compared tc normal controls. 

<88> 
Haixltou, J.C 
S>rgonn@, II, 

,, ̂ rgonne national Laboratory, 
1944, May 2 

Technical Progress Beoort on the Metabolic 
Studxes of Fission Products, iDDC-1061s 2 p, 
(Declassified June 25, 1947) 

A series ef tracer experiments wxth rats have 
beea undertaken with product xn all 3 of its 
valence states in the fosi of a solEtion, 
Production was given at a dose of 15 
ug/animal by intramuscular injection. 

laterpulmonary administration and intubation. 
Eesults indicate that less than 0,05% was 
absorbed from the digestive tract in any of 
the 3 valence states, Followxag 
xntramuscular xniection the plus 4 product 
was poorly absorbed tro^ the xniec-cion site. 
Of the absorbed fractxoo 3Q% was d^posxted in 
the skeleton and much smaller aiounts m 
liver and kxdnevs. Sxxteen days after 
xnterpulmonary administration 9^% was 
retaxned by the lungs and BQ% o^ the absorbed 
dose was deposited in the skeleton. At 16 
days foi^lowmg latramsucular xniection of 
plus 3 and plus 6 product the skeleton 
retained 55^ of the absorbed dose. Followxng 
latrapulmonary administration 50^ of the plus 
3 product and 321 of the plus 6 product wa^ 
retained by the lungs and over SQ^ of 
absorbed plus 3 and almost 90^ of absorbed 
plus 6 product was m the skeletor. (RAF) 

<89> 
Hamilton, J.G., University of Califcrnxa, 
Berkeley, Ckt University of California, San 
FranciscOff CS. 1949, Januarv-June 

The f*etabolisii of the Padioactxve Elements 
Created by Muclear Fxssxon, The New England 
Journal of Medicine, 240(22), 863-870. 

Signxfxcant metabolic characteristics of the 
fission products and of Hp and Pu are Ixsted. 
It xs shown that Mp and Pu are not absorbed 
tc any sigaxficant degree by the ^ay of the 
digestive tract, after parenteral 
adeinxstration over half the fission-product 
group, as well as neptaniui and plutonxum, 
are accumulated by the skeleton and 
elxmxnated from thxs organ very slowly. The 
rates of eliminatxon from the skeleton of 
neptunium aad plutonxu® are quite slow, Tae 
daxly eHcretxon of plutonxum xn the rat falls 
tc 0.0 1 percent of the ascunt remaining xn 
the body a year after the intramuscular 
adsxnistratxon of thxs radxoactive element. 
SadxoautographxG studxes were made of the 
distrxbutxon of the radioactive xsotcpes of 
stroatxum, zircosixu®, columbium, cerium, 
element 61 and plutonxum xn S-mxcroa sections 
of undecalcifxed rat femurs. It can be seem 
that most of the Pu is apparently deposited 
m the periosteum and endosteua, aad xn the 
region of the trabecular bone. The direct 
introduction xato the lungs of soluble 
compounds of the carrxer-free fxssxon 
products, and aeptuniu© and plutonxum, 
demonstrated that the radxoelements that were 
act absorbed from the dxgrestxve tract were 
retaxned by the lungs to a consxderable 
degree for a prolonged interval, Exght 
months after exposure to a plutoniui oxxde 
asrosolff which is as xasoluble cospouad of 
the elemeat, 4 percent of the total guantxty 
inhaled stxll remained in the lû ,gs. 
Comparable values were observed with plutonyl 
nitrate, a soluble cempound of the element^ 
aad wxth the long-lived fissxosj-groduct 
niiture. There was very little absorption 
from the lungs, and subsegueat deposxtxoa xn 
the skeleton, after inhalation of the 
plutonxum oiide aad fissxcn-prcduct aerosols 
xs aa xnaoluble form. However, nearly 10 
percent of the plutonxum, whan xahaled as an 
aerosol of the soluble plutonyl aitratep was 
al:sorbed through the luags la the fxrst 24 
hzs and deposited in the skeleton, The 
property of accueulatxng in the regions 
imsiediately adjacent to the bone marrow gi^es 
Pu a significantly greater degree of 
radiotoxicxty than an eguivalent aaouat of 
Ba, (Fnm 

Table 1 shows a summary ©£ the letabolxsi of the 
prxacxpaX members of the loag-la.v@d fxssioa 



B I t l j G l C a L ASPECTS 

23 

<8!3> CONT. 
p r o d u c t s , Np ana 'Su m tne r a t a f t e r p a r e n t e r a l 
and o r a l a d m i n i s t r a t i o n . 

<90> 
h a a i l t o n , J . r , , Tjaiver'^xty of Chicago, Heal th 
Divis ion^ Chicago, TL. 1945 

Technica l Ercgress Peport on the Metabol ic 
i j tudi^s of Plu-^oniua. CN-3190; P a r t of Report 
of h e a l t h A c t i v i t i e s -^or Month of Ju ly^ 1945, 
(p. 10 -17 ) , 17 p, ( r e c l a s s i f i e d December 15, 
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. ̂  !lo-!- given- 19^5, Fay 9 

Technical Progress Report on the metabolic 
Studies of ^redact. rN-2905; Part of Monthly 
Hfe-ai th Eepcrt en Proble'i*? Felating to Product 
^or ^onth of' aprili. 1«?45, (p. 21-21), 29 p. 
(i'̂ rlassifxea December 22, 1952) 

Sadicautographxc studies froi? rats that 
rec<̂ iv€d fu DJ intramuscular adaiEisratios 
snowed that no perreptible differences 
occurred m th» microscopic distribution of 
Pu xn bone between the three pripcipal 
valence states o-̂  Pu- The two principal 
regicn's of deposition of Pu m the bone were 
m the rî gion of th® eadosteusn and the 
cancellous porricn of the bone. The 
periosteui almost invariably contained many 
times l^ss Pu ^han did the region adfoining 
•«-he etidosteum. 5?esults are reportea for rats 
tuat wer^ exposed to Pu0 2 aerosols produced 
by byrnirg neutron irradiated Pu metal Mhxc^ 
contaxned fxssior products. The distribution 
of Pu and fission products m lungSg Ixver, 
Kidney, spleen, head, skeleton, urine and 
feces IS given. The uptake by the skeleton 
of the fission products was consxderably 
gr^arer than that -̂ or Pu. The soft tissues 
had a Ic^ content of both Pu and fxssxon 
products. c^Hn) 

<92> 
Haaxltoop J.G., pt al, Tjp̂ v̂ T'̂ lty cf Califsrsia, 
^adxatxon laboratory, Berkeley, CI. 1944^ July 
14 

Technical Progress Eeoort on the Metabolic 
Studies of Plutoniui. CN-1910| Part of Honthly 
health Report on Problpms Helatxng to Product 
for Period Ending June 30, 1944, (p. 4-5), 
CDeclassxfxed February 14, 1956) 

Four-day intravenous anlial studies with Pu 
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<93> 
Heller 

SI-
pi 

, H 

3 valence states showed 
trxbution as seen xn the 
stratxon of Pu with the « 
stributxon xn the liver. 
ver ranged from 28^ with 
wxth Pu plus 3 and 71.5% 
elxiinary 64-day studies 
Pu by xn+ramuscular ard i 
stratxon showed that the 
te of xnjecticn for Pa pi 
us 6 Pu was 42*̂ , 69% and 

a similarity 
intramuscular 
xception of 
Plutonxum xn 
^u plus 6, 
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of aaxaals 
ntrapulionar/ 
retentica at 
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36^. (BAI-) 

Hot given. 1948 

The Testes, Part of Bloom, il, (Ed.), 
Histcpathology of Irradiation from External aîd 
Internal Sources, Chapter 12. ^cGraw Hill Beck 
Company, lac, êw York, New York, (p. 550-597), 
808 p. 

The effects on the testis of rabDit, rat, 
mcuse and guinea pig of externally applied 
beta, gamma ard total-i)ady s rays and fast 
neutrons and of internally administered 
radioactive isotopes in rabbit, rar aad mouse 
are de'scrxoed. The cnanges appeared to be 
quantxtatxvely similar, but there sere marked 
liff^rences in tne degree of dasaae at the LB 
50/30 days l^vel. The stea cells ^ere the 
Bcst radiosensitive elejients, Dcses as lew 
as 8-8 H per day of gasaa rays r̂om an 
external source had cumulative effects, 
resulting m complete elimination of 
spermatogenesis from the guinea pig testis. 
Fcllowxng fast neutrons and x-rays at tne I"̂  
50/30 davs level recovery was usual, ratsier 
than permanent sterility, Radius, plutcnium, 
and zxrcoaxum 93-niob̂ uii 9 3 prov̂ îd to te the 
most destructive to the germinal epitneliunj 
strontium 89, phosprorus 32, barium 
140-laiithaEUiB 140, and yttrium 91 caused 
comparatively milder damage. Sot, enough 
aaxaals were treated with the other xsotopes 
tc permit definite statements as to thexr 
effects, la mice changes xa the testxs were 
morp severe after a dcse cf 0,09 uCi/9 of ̂lu 
intravenously admnistered than after 0,1 
uCi/g given xntraauscularly- In rats, a 
variety of doses (0,125, 0.3b, 0,03^ 0,015^ 
and 0,008 uCi/g was adsiinxstered and 
extensive injury result:ed- The observed 
damage consisted of the nearly cciplete 
disapBearaace of all spermatogenic cells by 
120 days after 0.06 ucx/g. Less extensive 
destruction was noted at 64 days after 0.03 
uCx/g and at 150 days after 0,015 aCi/g, 
Half-life of an ageat, type of emissxoa, or 
pattern of autoradxographxc dxstribution 
cculd not be correlated consistently with 
dasage. Except in a few anxmals in the 
neutron and radium experxments, the the 
Sertoli cells aid not appear to be 
signxficantly altered. The xnterstxtxal 
cells were extremely radioresistant, 
(h^thifn^) 

<94> 
Holler, Hot given. 1948 

Bone, Part of Bloom, ^<. (Ed.), Hxstopathology 
of Irradxation from External and Internal 
Sources, Chapter 5, lacGraw-HilX Bock Company, 
Inc., New fork, Sew York, (p. 70-161), 808 p. 

The processes of cessation and resumption of 
growth of the femur and tibia after treatment 
wxth various externally aad xnternally 
adimxstered radiations were described. 
There were some similarxtxes betweep the 
effects of radxations from external and 
interaal sources. Bone reacted xn a similar 
fashion to the several xnteraally 
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<94> COHT, 
admin i s t e red I s o t o p e s , (Sr 89p Ba 140-La 140, 
P 32, Y 9 1 , Ha 24 , Ba, Pu, fxs sxon-p roduc t s 
m i x t u r e , Zr 93»Nb 93 , Ce-Pr (275 day) and C 
14.) Dxffereaces observed depended 
prxncxpa l ly on age , s p e c i e s , dose , mode of 
admxnis+ra t ion , and i n t e r v a l . In r a t s 
m i e c t e d with radium or p lu tonium, bone 
growth was resumed d e s p i t e t h e long h a l f - l x f e 
of t h e agen t - afte^* an xnxtxa l cessa txon of 
growth fo l lowing x a j e c t i c n of s t ron t ium 89 
i n t o young r a t s a resumpt ion of growth 
occur red , whxch was fol lowed by a second aad 
permanent s t u n t x n g . Thxs i s cons ide red a s 
prematiire ep iphysea l c l o s u r e . The new bone 
t h a t formed between the "e ld" spongxosa aad 
t a e ep iphysea l c a r t i l a g e was o r a c t i c a l l y f ree 
of r a d i o a c t i v i t y . The d e p o s i t i o n of most 
agen t s was masimus a t t h e d i s t a l end of the 
f»mur and p r o x m a l epd of the t i b i a , t h e 
a r e a s of maximum growth of t h e s e bones. l a 
young ra t® t r e a t e d with s t ron t ium 89, 
f r a c t u r e s occurred near or in t h e a r e a s of 
bone d e v i t a l i s e d bv t h e deDos i t ioa of t h e 
i s o t o p e . One very snarly os teogen ic sarcoma 
was observed in t h e t i b i a of a Sr 89 t r e a t e d 
r a t . S e v e r a l o t h e r o s t e o g e n i c sarcomas were 
noted a f t e r t r ea tmen t wi th t h i s a g e n t . Br ie f 
r e f e r e n c e s were sade to deposx^xon of carbon 
14 i n bone, to t h e f ac t t h a t a lxzarxn and 
plutonxum i n j e c t e d a t t h e sanie t i s e a r e 
depos i ted m t h e same p l a c e s in the b o a e , aad 
t o t h e d i s t r i b u t i o n m pigeon bones of 
s t ron t ium 89, yt-f-rxum 91 and plutonxum, 
(au^h) 

<95> 
rtobbs, C,H,, E.O. HcCle l l an , C,S . l u s t g a r t e a , 
J, k. &!ewhxnney, J . J . I i g l i o , 0,G. Raabe, and 
D.0. S l a u s c n , Lovelace founda t ion for Hedical 
I^ducatxon ar d Research, I n h a l a t i o n ToKicology 
Research I r s t i t u t e , Albuquerque, *JH, 1974, 
December 

Tox ic i ty of Inhaled Rlpha-EE*'ttmg 
Radionuclides—An Exper imental approach. LF-49s 
P a r t of EoerKer, B , ^ . and Hupprecht , F.C, 
( E d s , ) , annual Report of t h e I n h a l a t i o n 
Toxicology Research I n s t i t u t e , October 1, 1973 
through September 30, 1974^ (p. 136-139), 384 p , 

& s e r i e s cf i n t e r r e l a t e d dose- response 
s t u d i e s m which beaa l e dogs and Syr ian 
hamsters were exposed t o a e r o s o l s of 
t r a n s u r a n i c a l p h a - e m i t t i n g r a d i o n u c l i d e s i s 
d e s c r i b e d . The c h a r a c t e r i s t i c s of 
monodi-sperse a e r o s o l s of Pu 2 3 ^ , Pu 238, Am 
241, Cm 244 and Cm 242 ox ides a r e d i scussed 
r e l a t i v e to th^xr use m s t u d i e s t o de te rmine 
the r e l a t i v e impor tance of such f a c t o r s a s 
thî * l o c a l dose around t h e p a r t i c l e , t h e 
s p e c i f i c a c i t i v t y of t h e p a r t i c l e and t h e 
^ ize and nuE^ber of p a r t i c l e s inhaled ( the hot 
p a r t i c l e gues t i cn) en t h e r e s u l t i n g 
B i o l o g i c a l e f f e c t s . Other f a c t o r s such as 
th^ e lementa l c h a r a c t e r i s t i c s and the 
chemical fora of t h ^ m a t e r i a l and the age of 
the animal at t h e t ime of i n h a l a t i o n which 
may i n f l u e n c e the ^-oxici ty of t h e s e 
r a d i o r u c l i d e s was studi^^d, '''he purpose of 
the studie"? was t o de termine the b a s i c 
r e l a t i o n s h i p s between t h e r a d i a t i o n dose 
pa*-t^rn and the r e s u l t i n g b i o l o g i c a l e f f e c t s . 
Cauth) 

Table 2 shew* l o c a l aad smeared dose e s t i m a t e s 
for beagle dog lung-fLB=:1 uCi . Table 3 shows 
l o c a l ard average lung dose e s t i m a t e s fo r Pu 238 
PuC2 beagle dcg dose - r e sponse s tudy caD-1,5 usi) , 

<96> 
Hobbs, C-H., J . a. 1^'whinney, D,a, Slausoa^ R , 0 , 
ElcClellan, a n i J . J . ^ i g l i o , Lovelace Foundation 

fo r I9edical Education and Research, I n h a l a t x c n 
Toxicology Besearch I n s t i t u t e , a ibuguergue , MK, 
1974, December 

Toxicxty of Inha led Plutcniusi 239 Dioxide l a 
Isamature, Toung adu l t aad aged Syrian Hamsters . 
2 , , LF-49s P a r t of Boecker, B,B. and Eupprecht , 
F ,C. ( E d s . l , Annual Report cf the I n h a l a t i o n 
Toxicology Research I n s t i t u t e , October 1, 1973 
through September 30, 1974, (p. 150-155), 384 p , 

Syrian hamsters have been exposed a t e i t h e r 
28 ( x i m a t u r e ) , 84 (young adu l t ) or 340 (aged) 
days of age t o po lvdxsperse a e r o s o l s of Pu 
239 Pu02 t o b e t t e r de f ine dose- response 
r e l a t i o n s h i p s fc r t h x s r a d i o n u c l i d e xn a 
popula t ion wxth a wide range of ages such as 
would be t n e case wxth a human popu la t ion 
followxng a c a t e s t r o p h x c nuclear a c c i d e n t , 
animals were exposed t o obta in xnx txa l luag 
byrdens of 240, 60, 15, 3 . 8 , 0 , 9 5 , 0 . 2 5 , and 
0,029 nCx for the m a a t u r e and young a d u l t 
anxmals and 240^ 60, 15, and 3.8 aCi fo r the 
aged anxmals . animals a re being maintained 
both for s e r x a l s a c r i f i c e t o de te rmine the 
r a d i a t i o n dose p a t t e r n fo r lung and o t h e r 
t i s s u e s and for l i f e s p a n c b s e r v a t i c a t c 
deterEBxae dose™ response r e l a t i o n s h i p s , a t 
t h e p r e s e n t t i m e , only animals with i n i t i a l 
lung burden (ILB) of about 200 nCi cr h igher 
exposed a t e i t h e r immature, young a d u l t or 
aged anxmals have shown increased m o r t a l i t y 
as compared t o c o n t r o l s . at t hxs t i m e , t h e 
young adu l t or aged anxmals have shown 
xncreased m o r t a l i t y as compared t o c o n t r o l s . 
a t t h i s t i m e , t h e young a d u l t immature and 
aged animals a re 68, 73 and 27 weeks 
p c s t - i n h a l a t x o n exposure , r e s p e c t i v e l y , The 
animals t h a t died m t h e higher IIB groups 
had r a d i a t i o n pneumonit is aad pulmonary 
f i b r o s i s along with a t y p i c a l pulmonary 
e p i t h e l i a l h y p e r p l a s i a . H i s t o p a t h o l o g i c a l 
examination i s not complete on a l l a n n a l s 
t h a t have d i e d , but no pulmonary neoplasm* 
have bpen observed to d a t e , (auth) 

<97> 
Hollias, J,G,, E1.C, Stcrr, and a, Durakovic, 
National Pesearch Council^ Ottawa, Ontario, 
Canaaa, 1974, February 

'''he Effect of Natural Physiological Stresses and 
lirtxfxcxal Hormonal Stresses on the Retention of 
amencxum and Plutonium by Rat Bone, 
COiF-730907 (Part 1); Part cf Snyder, il.S. 
(Ed.), Proceedings of the 3rd International 
Congress of the IRPa held xn ilashington, B.C., 
September 9-14, 1973, (p. 74^-478), 1475 p. 

amerxcium 241 and Pu 239 were adiainxstered by 
intravenous xniection to rats. The xn3ection 
vclume of 0,1 ml obtained '̂0 nCx of am 24 1 or 
Py 239. It was found that the retention of 
amerxcium and plutonxum by rat bone varies 
with age and sex, and during oregnancy and 
lactation, ^hile the calcium content of bene 
was 'Substantially reduced by lactations the 
retention of araericium and plutonxum was 
scarcely affected- Ifhen the -food ccasunption 
of lactatmg rats was restricted to that of 
control virgin rats fed ad libitun, the 
retention of americius by the Done of the 
lactatmg mothers was greater than «hat of 
the con-^rols. The e-ffect of parenteral 
administration of parathyroid hormone and a 
restricted dietary intake of calcium 
xncreased the retention of aiierxciura at a 
time when bone calcxus was reduced. In 
contrast, the retention cf amerxcium by rat 
bene during the intense anabolic perxod of a 
mother immediately after lactation was less 
than that of the controls. The retention cf 
aierxciua and plutonium by bone was also 
reduced after either a series of 
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<97> CONT, 
i n t r a p e r i t o n e a l xn^ectxons of calcium 
g lucona te or parathvroxdectomy, 
(auth) CBnn) <CTS) 

Table 1 shows r e t e n t i o n of as and Pu by r a t s 7 
days a f t e r x n j e c t i o n . 

<98> 
Huffman, F .N . , and J . C , Norman, Thermo E l e c t r o n 
C o r p o r a t i o n , Waltham, HA; Card iovascu la r 
S u r g i c a l H<=isearch L a b o r a t o r i e s , Texas Heart 
I n s t i t u t e , Houston, TX. 1973 

Study of *he E f f e c t s of a d d i t i o n a l Endogenous 
Heat , PH-43-66-982-7; tSB-212-952; 240 p . 

The f e a s i b i l i t y of implan tab le c i r c u l a t o r y 
suppor t systems depends on t h e a b i l i t y of t h e 
body t o d i s s i p a t e the r e j e c t hea t f ros the 
power s o u r c e d r i v i n g t h e blood pu^p. I f t h e 
energy source i s a r a d i o i s o t o p e , the body 
must a l s o t o l e r a t e chronic i n t r a c c r p o r e a l 
r a d i a t i o n . The o b j e c t i v e of t h e endogenous 
heat program i s t c c h a r a c t e r i z e the e f f e c t s 
of x n t r a c o r p o r e a l n u c l e a r r a d i a t i o n and 
a d d i t i o n a l the rmal load on aammals. The 
program i s a c o n t i n u a t i o n of i n i t i a l c a a m e 
s t u d i e s usxng e l e c t r i c a l heat exchangers and 
subsequent e f f o r t s u t i l i z i n g hea t exchangers 
energ ized by 16- and 24-watt Pu 238 
( p l u t o n i u i 238) c a p s u l e s . Hor® r e c e n t l y , t h e 
e f f e c t s of HES ( r a d i a t i o n e q u i v a l e n t 
s o u r c e ) - 2 4 capsu l e s which s i m u l a t e t h e 
neutron and gaasa r a d i a t i o n envxronsent from 
a 24-watt pu 238 heat source have been 
eva lua ted i n mongrel dogs, Wi thm t h e pas t 
r e p o r t i n g perxod, the two primary focx have 
been; (1) t h e xBiplantatxon of s imula ted 
thermal systems (STS) xn c a l v e s fo r 
e v a l u a t i n g t h e e f f e c t s of a 50-wat t h e a t lead 
us ing a f u n c t i o n i n g l e f t v e n t r i c u l a r a s s i s t 
pump a s a b lood-cooled hea t exchanger ; aad 
(2) tne i s p l a n t a t x o n in primat'=s of RES-50 
c a p s u l e s which model the shape and d e n s i t y of 
a h a l f - s c a l e power source for d r i v ing a blood 
pump. Ihe long- terss s u r v i v a l s xn good 
c o n d i t i o n of both Pu 238 and RES m p l a n t e d 
dogs and primatp'^, as wi=ll as t h e STS 
i m p l a n t a t i o n s , a r e encouraging t h a t t h e 
a n t i c i p a t e d r e j e c t heat and dose r a t e l e v e l s 
from imp lan t ab l e c i r c u l a t o r y suppor t systems 
may be p e r m i s s i b l e , (auth) 

<99> 
I l y m , I . a , , I n s t i t u t e of Biophysics^ Moscow, 
USSR. 1974, February 

R e g u l a r i t i e s m Metabolism of Ead ioac t ive 
I s o t o p e s Upon Inc idence on the Sk in , 
CONF-730907(paET 2 ) ; ^ a r t of Snyder, M,S. 
p d . ) , . P r o c e e d i n g s , of the 3rd I n t e r n a t i o n a l 
Congress of t h e IFPa he ld m Washington, D . C , 
September 9-14, 1973, fp, 1371-13-'6)^ ^ 7 5 p . 

The r e p o r t , based on exper imen ta l da ta aad 
calcula-f-ed-dosimetr ic e s t i m a t e s p r e s e n t s a 
d i s c u s s i o n on the metabol ic r e g u l a r i t i e s of 
r a d i o n u c l i d e s of t h e e lements of v a r i o u s 
grouTDS of t h e ^endPleev o^r iod ic system when 
•cfieir s c l u t ^ o n s a r e apo l i ed t o t h e s k i n . 
Data a re analysed for t h e l e v e l s of 
accumulat i on , -̂ hc mode of i n t e r cu taneous 
dis^-rxbut ion and e l i m i n a t i o n from the sk in of 
p igs of U f i s s i o n fragments (Cs 137, Sr 89, 
Bd 140, Y 91^ r e 141,144, nd 147, Pr 143, Te 
132ff no 94, T 131, as wel l as »o 210 and 
t ransuraniuiP t=»li=>raen*s Pu 239 and am 2 4 1 , 
Common f e a t u r e s m -t-he d i s t r i b u t i o n of t he se 
agents m •'•ne sk in i r r e s p e c t i v e of t h e x r 
c b e n i c a l o r i g i n have been e s t a b l i s h e d . 
£-sseat ia l d i f f e r e n c e s m t h e accumulation 
l e v e l s of radioac*-ive sub^tanc^s xn •'•he s k i r 

and in t h e l e v e l of percutaneous r e s o r b t i o n 
have been found, Uranxuo, Th, t r a n s u r a a x u i 
aad t ransplutoaxum e lements , Te and Po^ were 
c l a s s i f i e d as r a d i o n u c l i d e s wxth a low l e v e l 
of percutaneous r e s o r p t i o n , while those sxth 
a high l e v e l of percutaneous r e s o r p t i o n 
inc luded r a d i o n u c l i d e s of the a l k a l i n e 
e l ement s , the chromium subgroups , aad groups 
7 and 8 of the P e r i o d i c System, I t xs shown 
t h a t t r a n s f o l l x e a l a r rou t e xs t h e main way of 
r a d i o n u c l i d e p e n e t r a t i o n i n t o t h e body 
through the s k i n . (auth) (FHM) 

Table 3 shows k x a e t i c s of elimiaa*-ion f r o s the 
sk in of some r a d i o a c t i v e subs t ances (H 3 , Cs 
137^ Pu 239, Po 210.) 

<100> 
Ivann ikov , a , T , , L,f!, Earbxtnaya, and D,D. 
Smolxa, 1964 

Ef fec t of S,!I , II ,M,-Tetracetxc 
2 ,2^-Bxaminodiethylsul fxde on Excre t ion of 
Uranyl H i t r a t e and Course of Uranium 
I n t o x i c a t i o n xn B a t s , aEC- t r -7590 | Par t of 
Moskalev, Yu . I , (Ed , ) , D i s t r i b u t i o n , Biologxcal 
E f f e c t s , and acce l e r a t ed Excret ion of 
Badxcactxve I s o t o p e s , (p . 375-380) , 405 p . 

Hale a l b i n o r a t s weighing 140-180 g r a s s were 
admin i s te red subcutaneous ly 5 ig /kg u rany l 
n i t r a t e for acu te U i n t o x i c a t i o n . One hour 
l a t e r DDSTa CN,N,H,N, - te t raace t ic 
2 a 2 ' - d x a i i n o d i e t h j l s u l f i d e ) xa t h e f o r i of 
the agueous calcium dxsodxum s a l t s o l u t i o n m 
a dosage of 50 uao les /100 grams r a t weight 
was given i n t r a p e r i t o n e a l l y for t h e f i r s t 5 
days . Uranium con ten t was determined 
f l u o r o n e t r i c a l l y xn bones , kidneys and l i v e r . 
Experimental r e s u l t s were assessed according 
t c s u r v i v a l , change in body weight , and 
c l i n i c a l s igns of l e s i o n s , DDSTa was found 
be an e f f e c t i v e complexiag agen t for u rany l 
n i t r a t e ; i t xncreased e l i m i n a t i o n of 0 fros! 
t h e o rgan i se when given a t both the e a r l y 
s t a g e s a f t e r U and at the l a t e r s t a g e s , wnen 
d e p o s i t i o n of 0 has a l r eady occur red . The 
complex compound of U and DDSTa was excre ted 
in the u r i n e . The data p e r t a i n i n a t o 
r e s i d u a l J l e v e l s m t h e r a t organism were 
i n d i c a t i v e of a s i g n i f i c a n t decrease i n t h e 
accumulation of U, p a r t i c u l a r l y xn the 
s k e l e t o n , whxch i s the chief r e s e r v o i r of B, 
(Fa?) 

<101> 
Jacofcsoa, L .O , , Unxversxtv of Chicago, Chicago, 
IL . 1945, June 15 

^he J^etabolism of T i ssues of Bats Treated with 
P l u t c n i u i (-s-e) t i t r a t e . CN-2992; P a r t of Barron, 
E .S .G. , e t a l . Monthly Health Report en Probleais 
Re la t ing t o Product f o r !^onth of ^ay^ 1945, (p. 
37-47) , 47 D. (Dec lass i f i ed January 4, 195d) 

Rats were i n j e c t e d i n t r avenous ly with 2 mg/Kg 
Pu(4-6) n i t r a t e and s a c r i f i c e d a t d i f f e r e n t 
i n t e r v a l s of txme from 2 davs t o 10 days 
a f t e r x n i e c t i o n . The a e t a b o l i s n cf the 
fo l lowing t i s s u e s was s t u d i e d : l i v e r , k idney, 
s p l e e n , h e a r t , submaxi l la ry gland adr«^nalto, 
and thymus. The spleen was moderately 
reduced xn s i z e up to 5 days a f t e r the 
xnjpctxon of Pu. Six days l a t e r , however, i t 
went down cons ide rab ly so t ha t i t became only 
one ha l f or even a t h i r d of the ncrmal s i z e . 
The oxyger consumption of thp' sp leen s l i c e s 
decreased t c about half ot thp normal value 
b^ the t h i r 3 day. Pu produced some dasiage t o 
t h e l i v e r as shoi^n by a dxixnxshed 
g l y c o l y s i s , a s l i g h t diminut ion or 
a c e t o a c e t a t e formation and a s l i g h t 
mhibx-^xon m tne u t i l i s a t i o n of pyruva te . 
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<101> COST. 
In t h e k idney, Pu produced s l i g h t damage as 
shown by a diminished OKidaticn of b u t y r a t e 
and of g lu t ama te . The r e s p i r a t i o n of h e a r t 
s l i c e s and the o x i d a t i o n of a c e t a t e were not 
i n f luenced by the I n j e c t i o n of Pa t o r a t s i n 
l e t h a l d o s e s . J H t h e a n i a a l s showed the 
c h a r a c t e r i s t i c leukopenia produced by Pu 
i n j e c t i o n . (F1M) 

<102> 
Jacobson , L . C , and E. 
Chicago, Chicago, IL . 

S imions , On ive r s i t y of 
1915, Hay 

acute E f f e c t s of Plutonium on t h e P e r i p h e r a l 
Blood of H a n i a l s . CH-2992; Par t of Monthly 
Health Beport on P rob lea s S e l a t i n g t o Produc t 
for Honth of Hay, 19llS, (p. 16-18) , 115 p . 

The e f f e c t s cf i n t r a v e n o u s l y admin i s t e red Pu 
(t6) n i t r a t e on the c o n s t i t u e n t s of 
p e r i p h e r a l blood of t h e r a t have been 
s t u d i e d . Doses of 0 . 0 , C.25, 0.50 and 1.0 
ug/gn were given t o tt groups of 9 r a t s . Hean 
va lues of blood c o n s t i t u e n t s sampled f r o i the 
t a i l v e i n s a t i n t e r v a l s through 167 days a r e 
s amaar i s ed . ^11 t h r e e doses reduced t h e mean 
l e v e l of e r y t h r o c y t e s per aa3 s i g n i f i c a n t l y 
below c o n t r o l l e v e l s by ^7 days . In r a t s 
i n j e c t e d with 0 .25 ug/ga a r e d a c t i o n of 30% 
i s a p p a r e n t , and g r e a t e r than fo r the dose of 
1,0 ug/gm. At 167 days , recovery had not ye t 
occu r r ed , though va lues were higher t h a n t h e 
135 day s a i p l i n g . A 10-20'? r educ t ion in Bean 
hemoglobin in a l l e i c p e r i s e a t a l groups was 
noted a t 33 days . This p e r s i s t e d through 167 
d a y s . I g a l n , t h e s h a r p e s t r e d u c t i o n was 
noted in a n i « a l s r e c e i v i n g 0.25 u g / g a . The 
lean l e u c o c y t e per Mm3 f e l l most 
p r e c i p i t o u s l y wi th t h e h i g h e s t dose , but was 
comparable by 7 days and a l l groups remained 
low. H e t e r o p h i l s per !a®3 were reduced 50^ in 
a l l groups by 7 days and s o . Low with no 
recovery in 135 days , a s i i i l a r exper iment 
i s i n p r o g r e s s us ing 0,5 u g / g i and 2 .0 ug /gs 
of *6 c i t r a t e p l u t o n i u i . S i i l l a r ' r e s u l t s 
were o b t a i n e d wi th 0.5 ug /ga , ba t death 
supervened with the l a r g e r dose . (BBH) 

<103> 
J e e , W.S.S. , O n i v e r s i t y of Otah, c o l l e g e of 
Medicine, Medical C e n t e r , Hadioblology B i v i s i o n , 
S a l t Lake C i t y , OT. 1971 

Bone-Seeking Radionucl ides and Bones, P a r t of 
B e r d j i s , C.C. (Ed . ) , Pathology of I r r a d i a t i o n , 
Chapter 1 1 , B i l l i ams and » i l k l n s Conpany, 
B a l t i a o r e , Haryland, (p. 186-212), 710 p . 

The c h a p t e r i s d iv ided i n t o four s e c t i o n s ; 
d e p o s i t i o n of r a d i o n u c l i d e s , r a d i o l o g i c a l l y 
d e t e c t e d changes , h i s t o l o g i c a l l y d e t e c t e d 
changes , and i n d u c t i o n of •a l ignanoy in bone. 
h s u M a r y i s given cf t h e d e p o s i t i o n of Pu 
239, Ka 226, Pa 228, Th 223 and Sr 90 in 
bones . The o a l c i u a - l l k e r a d i o n o c l i d e s 
( a l k a l i n e e a r t h s ) a r e c a l l e d volume s e e k e r s 
and d e p o s i t in s i t e s i d e n t i c a l t o Ca in bone . 
IB c o n t r a s t t o t h i s p a t t e r n , both Pu 239 and 
Th 228 a r e depos i t ed on bone su r f aces and a r e 
c a l l e d s u r f a c e - s e e k e r s . However rad io thor iUB 
has a g r e a t e r v a r i e t y fo r r e t i c u l o e n d o t h e l i a l 
c e l l s and a p p r o x i i a t e l y 25* of t h e Pu 
d e p o s i t e s in l i v e r . Soie of bone changes 
occu r r ing in beag les fo l lowing I f i o j e o t i o n 
of Ha 226 , Pu 239, Ba 228 aed Th 228 a r e 
s t r u c t i r a l changes in t h e Bandible , 
d e s t r u c t i v e changes in the t e e t h , p a t h o l o g i c 
f r a c t u r e with and wi thout h e a l i n g , d i s t o r t i o n 
of c o r t e x of long bones , d i s t r u t a n c e of 
a e t a f h y s i c a l t r a b e c a l a t i c n , o s t e o l y t i c 
r a r e f a c t i o n , r i b end d e a a r c a t i o n , a s p e c t l c 
n e c r o s i s and t u a o r f o r i a t i o n . The 

rad io induced h i s t o l o g i c l e s i o n s In bones of 
beagles i n j e c t e d with Pu 239 a r e desc r ibed 
and a h i s t o p a t h o l o g i c hypo thes i s of alpha 
i r r a d i a t i o n induced bone d y s p l a s i a i s 
p r e sen t ed . So^e of t h e f a c t o r s which 
i n f luence t h e e f f e c t i v e n e s s of a given 
n u c l i d e in the i n d u c t i o n cf bone isalignancy 
a re sumsaarised. I t i s pointed out t h a t t h e 
bone s u r f a c e - s e e k i n g a l p h a - e m i t t e r s a r e aore 
t c ^ i c than the bone v o l u i e s e e k e r s because 
i^cre of t h e i r energy i s absorbed in c e l l s and 
l e s s i s absorbed in m i n e r a l . The c r i t i c a l or 
s e n s i t i v e t i s s u e in t h e i nduc t ion of bone 
t u t o r s and squamous carcinoma i s probably th<s 
o s t e o p r o g e n i t o r c e l l s and basa l l a y e r s of the 
sguaaous ep i the l ium near bone s u r f a c e . There 
i s t e n t a t i v e agreegieEt, t h a t t h e c u r r e n t 
t y so r da ta on man suppor t the t h r e s h o l d 
dcse - response h y p o t h e s i s . On t h e c o n t r a r y , 
the Slice da ta s t i l l suppo r t the l i n e a r 
non- th resho ld dose - re sponse h y p o t h e s i s . <FMM) 

Table 11.3 shows the i n c i d e n c e of o s t e o s a r c o s a s 
and carcinoma fol lowing d e p o s i t i o n of bone 
seek ing r a d i o n u c l i d e s in man. 

<10*> 
J e e , W.S.S. , On ive r s i t y of Utah, Col lege of 
Hedic ine , Hadioblology D i v i s i o n , Department of 
i n a t c i y . S a l t l ake C i t y , OT. 1972 

P l u t o n i u s 239 in Bones a s v i s u a l i s e d by 
Photographic and Weatron-Induced 
^.utoradiography. Par t of S t c v e r , B . J . and J e e , 
S .S .S . ( E d s . ) , Hadioblology of P l u t o n i u a . J . l . 
P r e s s , S a l t Lake C i ty , Otah, (p. 171-19(1), 552 
p . 

Deta i led a u t o r a d i o g r a p h i c s t u d i e s found 
plutonia® 239 to be ; (1) a hone s u r f a c e 
s eeke r , (2) non-uniform on bone s u r f a c e s , (3) 
buried by d i f fu se ly l a b e l e d p o s t - i n j e c t i o n 
bene, (^) removed f r o s bone by o s t e o c l a s t i c 
a c t i v i t y , (5) c o n c e n t r a t e d in o s t e o c l a s t s and 
• ac rophages , (6) resoved £ro» bone s u r f a c e by 
6 aoa ths p o s t - i n j e c t i o n in dogs i n j e c t e d with 
0.015 aCi of Pu 239/kg, (7) concen t r a t ed i n 
lac rophages with hemos ide r in , and (8) 
accumulated i n l ac rophages of bone la r row a t 
dea th . The accamala t ion of l a b e l e d 
•acrophages i s an i n d i c a t o r of a l t e r e d 
k i n e t i c s of both l ac rophages and bone c e l l s . 
Labeled macrophages a r e observed in 2 , 7 , 0 . 9 , 
0 . 3 , 0,09 and 0,05 uCi/kg but not i n 0.015 
uCi Pa 239/kg i n j e c t e d dogs, in improved 
aethod for s tudying t h e d i s t r i b u t i o n of Pa 
239 i s a e s c r i b e d , i n which f i s s i o n fragment 
t r a c k s and bone i i a g e i n l e san p l a s t i c f i l s s 
fron bones con t a in ing Pu 239 were produced 
when i r r a d i a t e d by the rmal neu t rons ( d e t a i l e d 
nea t ron a u t o r a d i o g r a p h y ) . P r e l l « i a a i y 
r e s a l t s f r o i coaa t i ng f i s s i o n t r a c k s £ E S I 
s a « p l e s of dog and huian bones a r e d i s c u s s e d , 
(»uth) 

Table 1 g i v e s percen tage of Pa 239 a s s o c i a t e d 
with s i t e s wi th in luaba r v e r t e b r a l b o d i e s , a s 
s t u d i e d by au to rad iog raphy , l a b l e 2 g ives 
average s k e l e t a l r e t e n t i o n and d i s t r i b u t i c n for 
four 3 - l e v e l Pu beag les *0 t o 560 days a f t e r 
i n j e c t i o n . Table 3 g i v e s s k e l e t a l r e t e n t i o n and 
d i s t r i b u t i o n for 11 1- leve l Pu beag les 35 t o 769 
days a f e t r i n j e c t i o n . 

<10 5> 
J e e , S . S . S . , G . i , Kenaer, «.H. B a r t l e y , M.L. 
DookuB, H. Sah, H. B u e l l e r , and K. Sche££rahn, 
O n i v e r s i t y of Otah, Col lege of Hed ic ine , 
Badlobiology d i v i s i o n , Departisent of Aaatooiy, 
S a l t Lake C i t y , 0 1 . 1967, March 31 

P r e l i a i n a r f Sepo r t : Changes in T a s c a l a r i t y of 
C o r t i c a l Bones Induced by Bone Seeking 
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<105> 

<105> COM. 
Radionuclides, COO-119-236; Part cf Dougherty, 
T.F., Sesearch in Badxobiology, S,nnual Report of 
l̂ ork in Progress in •'•he Internal Irradxation 
Program, (p. 97-125), 268 p. 

A technique of India mk-gelatm injected 
vessel hits per unit area of metatarsal shaft 
was used to determine the alteration xn 
vascularity induced by graded, single 
intravenously injected dose of Pu 239, Ha 
225, Th 228, ̂ a 228 or Sr 90 m adult 
beagles. Percent of cross sectional area of 
bone with vascular channels was 11,4 plus or 
Bxaus 1,4^ in ^29 *o 3896 day old controls. 
The reduction xn vascularity was dose and 
time dependen*-. Significant reduction xn 
vascularity occurred ats 1.1 uCi of radium 
226/kg after 1900 days and 2300 rads, 0.096 
uCi of plutoniuo) 23Vkg after 2200 days and 
350 rads, 0,17 uCi of mesothorius 228/kg 
after 2^00 days and ^00 rads, 0.032 uCx of 
radxothoriuiE 228/kg after 1900 days and 250 
rads, 100 uCi of strontium 90/kg after 1000 
days and 8000 rads. The values for estimates 
of tne accumulated dose necessary for the 
reduction m vascularity ^o manifest 
themselves are as follows: 0.06 uCx of radium 
226/kg and 260 rads^ 0.016 uCx of plutonxum 
239/kg and 100 rads, 0,00162 uCi of 
radxothorium 22B/kg and 10 rads, 32 to 100 
uCi of strontium 90 aad 7000 rads, (auth) 

Figure 5 sno^« effect of graded doses of Pu 239 
on percent vascularity of bones of dogs as a 
function of accumulated dose. 

<10b> 
* e , Ê .S.S,, B.J- Stover, D.H. ^therton, R-S, 
Hical, ard P. Tegge, university of Utah, College 
of Medicine, Salt Lake City^ UT- 1962, 
September 30 

The Long-Term Effects of Plutonium 239 in Idult 
Beagles. COO-226; Part of Dougherty^ T.F,^ 
Res*=arch in Hadioblology, Sefsiannual Report of 
Work in î rcgress on the Chronic Toxicxty 
Program, (p. 95-127), 135 p. 

Tne progress of n^ne years of work (up to 
October, 1962) to detPMine the toxicity cf 
plutonxum 239 in the skeleton of adult 
beagles is susmarxsed. Intravenous 
miectione cf 2,8, 0.90, 0.30, and 0-096 
uCx/kg plutonxam (•3-4) citrate induced 7/9, 
12/12^ 12/12, and 7/8 bone cancers. The 
average accumulated rads to the skeleton 
varied from 326 plus or minus 70 to 6470 plus 
or minus 1590 rads. Systematic radiographic 
and histologic search for bone tuaors 
revealed lultiple primary osteosarcomas and 
the anatosical distrxbutien for each dose 
level. The anatomical distribution of 
ostecsaEccsas di-Pfered for each dose level. 
A, sguaseus cell carcinoma invading the 
frontal bone was detected in the 0.096 uCi/kg 
group. The skeleton exhibited 
radxographically and histologically extensive 
gross tissue damage in th@ higher dose 
levels, while isolated ejapty lacunae and a 
slight amount of resorption occurred in the 
trab^culae ©f 0,096 uCx/kg dogs. In contrast 
to the iiniEsal dasage of the spcngiosa of the 
0.096 uCx/kg group. The tibial compact of 
the samp skeleton exhibited a high incidence 
of canal plugs and loss ef osteocytes in 
ostŝ cns. Th«=> distribution and redistribution 
of plutonxum are reviewed to emphasise th® 
aon-unxformitT of the radionuclide xn osseous 
tissue. Detailed radiochemical analyses of 
bone saiplt̂ -s of four beagles injected wxth 
2.8 uCi/kg Pu 239 also revealed a wide 
variation m the coiscentration of plutonxum 
in the sas® bone of several dogs aad xn 

varous bones of a given dog. The amoung of 
activity m the mandible and shaft of the 
humerus was faily lew. Correspondingly, the 
tumors from the shafts of long bones and the 
mandible were restricted to the higher dcs€ 
levels. Highest concentration of the 
vertebral column was in tne sacrum and 
thoracic vertebrae, but most of the tumors 
arose m the cervical and luiBar regxons-
The concentrations of plutonxum m rxbs, 
scapulae, and pelves were in the same range 
as the vertebrae, but more pelvic tumors Here 
detected. The addition cf lower dose levels, 
^hen the anisals and space are available tc 
insure a safety factor xn the experiment is 
announced, (auth) 

The incidence of osteogenic sarcomas m beagls 
dogs iniected isitn Pu 239, the distribution of 
Pu 239 in the skeleton, the variation of average 
skeletal dose and numbers and sites of 
osteogenic sarcomas are given m tabular fosm. 

<107> 
JohnsoHi? l.J.ff E.L. Matters, J.l. letel, C,E, 
Lagerguxst, and S.E. Hammond, Los alamos 
Scientific Laboratory, Los aiaaos, ^n^ Colorado 
State University, Fort Collins, CO; Dow Chemical 
Company, Bocky Flats Division, Boulder, CO. 1972 

The rxstributxon of Plutonium and amerxcxum: 
Subcytaneous Ĵ diinistration of Plutonxum Dioside 
and the Effect of Chelation Therapy. Part of 
Stover, B.J. and Jee, H.S.S. (Eds.), 
Hadxcbiolcgy of Plutonium- J,̂ - Press, Salt 
Lake City, Utah, (p, 213-220), 552 p. 

Translocation data obtained following 
subcutaneous implants of Pu02 in dogs, 
simulating Pu contaminated sounds waich have 
been experienced m plutoniua handling 
facilities, are presented. Tissue 
distribution of pu and IB^ wxth and without 
chelation therapy, are presented. Besults 
observed include apparent tissue ^u aad km 
concentration equilibrium within the first 
two weeks after ^u02 implants. Chelation 
therapy did not alter tne Pu concentration m 
the tissues, but significantly reduced the 
average Am concentration in the skeleton and 
liver. The importance of rapid removal, 
where feasible, of imbedded Pu xs 
re-eMphasi2ed by these findings. The use cf 
DtVk therapy for the oxide form of Pu in a 
contaaxnated wound appears tc be cf limited 
valu@. eolith) 

Table 1 gxves percent of implanted Pu la 
tissuesss. Table 2 gives percent of implanted 
m xn tissue. 

<108> 
Kalxstratova, V.S,, I.S. Katsapov, and ¥.1, 
Trxfonovp Not given. 1974, February 

Rxolcgxcal Effects observed Mith Combined 
^Kposure to ̂ ^adiatioas. COM?-730907 (Part 1), 
Part of Snyder, H.S. (Ed.), Proceedings of the 
3rd International Congress cf the lEPa held xn 
i^ashmgtofs, D.C, Septeaner 9-I45. 1973, Cp-
172-175), 1475 p.(Kussian, Bnglxsh SuiMry) 

The combined effects of I 131, Am 241, HTO 
and of external radiation sources w©re 
studied xn white rats- The results obtained 
indicate that combining cf radionuclide and 
whol^-body external gamma irradiation in 
various cosbxnations can be expressed 
differently, i.e. , either by summation of 
the effects or by their increase or decrease, 
(luth) 
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<109> 
K a l l f e l s , F . a . , C . l . Comar, P.H. Craxg, and a .P , 
C a s a r e t t , Corne l l U n i v e r s i t y , ^ew York S t a t e 
Ve te r ina ry C o l l e g e , Department of Phys ica l 
Biology^ I t h a c a , MY, 1972 

B i o l o g i c a l E f fec t s of Radia t ion from Simulated 
Plutonxua 238 Power Sources in Dogs, 
CONF-7201081 COO-3167-28| P a r t of Proceedings of 
a Symposium on Research animals m ffedicijis held 
m Washington, B.C. , January 28-30, 1972, (1^ 
p , ) . 

The ^imual-'-ed r a d i a t i o n sources used in t h x s 
exper iment c o n s i s t of a ccmbinat ioa of Cf 252 
( to p rov ide the neu t ron component of a 30 
watt Pu 2 33 source) and Sr 90-Y 90 
Bremsstrahlung ( to provide t ^ e a d d i t i o n a l 
photon f l ux needed) , The s o u r c e s , p laced 
i n t o a s t a i n l e s s s t e e l c a o s u l e , were 
implanted i n t o Labrador F e t r i e v e r s d e l i v e r i n g 
1, 5, 1^, or 70 t imes t h e r a d i a t i o n dose 
expectc^d from a 30 wat t PU 238 power s o u r c e , 
and dose r a t e s t o v a r i o u s organs Mere 
de t e rmined , a t o t a l of 48 dog-^ have been 
implanted -̂ o d a t e wxth a laKiium t o t a l 
accumulated dose m a s i p g l e dog of 37,000 
rad a t 1 cm ^vom th* '̂ su r f ace of the i m p l a n t . 
Post-mortem '^xaaxnatioa of soip dcgs r e v e a l e d 
a comple te ce'^sa'^ion of sp^rr ta togeaesxs and a 
s t r i k i n g r e d a c t i o n xn lymckocyte popu la t ion 
of t h e sDleen and a^^semterxc lygiph nodes m 
thp 7Q K a n n a l s . S i i x l a r , though l e s s 
severe l e s i o n s were observed m t h e 15X dogs . 
In a d d i t i o n , one 70X dog developed a mast 
c e l l sarcoma a t the implant s i t e and t h e 15x 
and 70X dogs k i l l e d a ^ t e r one vear showed a 
r e d u c t i o n m numbers of megakaryocytes and 
^e ry th ropo ie t i c e lements m t h e bone marrows 
in t h e v i c i n i t y of the x i p l a n * . No 
•funct ional changes were spen in IK or 5X 
an imal s . (Suth> (^AF) 

xncreased Ixv^r d e p o s i t i o n approxxnate ly 
f i v e - f o l d . C^^th)(Ccmplete Text) 

<112> 
K̂ HXBff B , , Un ive r s i ty of C a l i f o r n i a , Div i s ion of 
Phys io logy , Berkeley^ CS,; Oniversxty of 
C a l i f o r n i a , Crocker Hadiatxoa Labora to ry , 
Berkeley, ca . 1963 

E f f e c t s of Sxrconiuii C x t r a t p on Ear ly Femur 
Uptake and Urinary Excre t ion of R a d i o i s o t o p e s , 
Health P h y s i c s , 9, 1031-1034. 

Ef fec t s of s i n g l e i n t r a p e r i t o n e a l 
adi i inxs t ra txoi i of n o n r a d i o a c t i v e zxrconiui! 
c i t r a t e on femur uptake and urxnary e x c r e t i o n 
of e i t h e r s imu l t aneous ly i n j e c t e d xa t r avencus 
r adxoac t ive cerium (Ce 144), plutonxum (Pu 
239(*6) | or y t t r i u m {Y 90) were coapared xn 
r a t s d u t m g t h e xnxtxa l pos*-xnjectxqn hour . 
In t h e experiment n i n e t y ycuag a d u l t female 
Lcng-Hvans r a t s (average ^ t . 175 g) were 
i n t r a v e n o u s l y i n j e c t e d wxth Ce 144, Pu 239 or 
T 90 i n dosages of 5 , 0 ,5 and 40 uCx/arxmal, 
r e s p e c t i v e l y , con ta ined xn 0.25 ml of 0 , 0 1 ^ 
sodium c i t r a t e , pH 6, K i t h m 30 seconds 
f c l l owmg i n j e c t i o n of r a d i o i s o t o p e , 
f c r t y - f i v e of t h e anxmals wer^ 
i n t r a p e r i t o n e a l l y i n j e c t e d wxth a 
non - radxoac t ive z x r c o n i u i c i t r a t e s o l u t i o n , 
m a dcse of 40 mg per aaxmal. The r e s u l t s 
show t h a t sxrconiUE t r ea tmen t xs a s s o c i a t e d 
y i t h xncreased plasma d i sappearance of Pu 
239. Ccspar i sons xn c o n t r o l and t r e a t e d 
anxmals i n d i c a t e tha-*- s i r ccnxua c i t r a t e 
t r ea tmen t has no e f f e c t t o a l t e r r a t e s of 
femur d e p o s i t i o n for t h e e a r l y t x i e x n t e m a l 
s t u d i e d , and t h a t i t enhant^es u r i n a r y 
e x c r e t i o n of Ce 144 and ¥ 90, yjith only a 
very small e f f e c t on Pu 239 e x c r e t i o n . 
( lu th) (̂ ^M) 

<110> 
Kalmykova, Z."^,, 'Ixn-'stry of Hea l th , I n s t i t u t e 
of B ic ihys iGs , Moscow, USSP, 1968 

S t a t « of *-h*̂  •̂ ed Blood Cell=; and Femodvnamics -^TI 
the Case of I n h a l a t i o n o-*̂  ^mponxum Plutonium 
Pen taca rbona t* by *?at< .̂ AFC-tr-8013; P a r t of 
J?adiobxclogv^ (p. 204-208), 232 p, ; 
RadiODiol-^giya, 8 ( 5 ) , ^2'^-^2'f, 

I t was sh cwn on 31"^ r a t ^ of the Rista r l m e 
(130-160 g p we-sght-) t h a t m t h e case of a 
s i n g l e i n h a l a t i o n of a ma c m us plutonxum 
pentaGar^ona-*'p, wxth t h e deposi-^xon of 
0 .0^4-0 .0 3'> u*"! of DlutOBiua 739 m th*^ 
lung^ , hypoxemia, prcomuanied by hvpervolemia 
and accpT eratxon o^ blood flow, p e r i o d i c a l l y 
ar i ' sess m -i-he ca-^^ of chronic i n h a l a t i o n , 
dur ing t n s la-^e T>eriods, 18-20 pe rcen t 
e r y t h r o c y t e s ^^th an in«"reased ac id 
r p s x s t a n r e appeared in ^\e b lood . (^uth) 

<11 1> 
Katz, J . , «. H ^e*^<s, and !^,D, Oakley, Genera l 
F i e C t r l c Cera panv^ Hanford ^ tcRxc Products 
Opera t ion , ^^chland, wa 1953, a p r i l 9 

P o s s i b l e Th>^r?^pputic Agents ^or Radia t ion 
Damage. KM-2^688, r^a^* o^ Pesearch and 
ijevelopiB-^nt Activi*--'^-s Oua r t ^ r l y •^rcqres'^ Bepor* 
l o r January-March, 19^3, (p. 16) . 

Olacuronolac^-orie, a conpcund not p rev ious ly 
invest iga* 'Pd m connec t ion wxth p l u t o n i u s 
t h e r a p y , ¥a=: snown -̂ o a f f e c t • s ign i f i can t ly 
th-^ di=^tr^bu-^ion o^ plutonium i i the r a t^ a 
s i r g l e in t raDPri*on«al do-^e given 30 minutes 
aft-^r Plutonium admins s t r a t i o n decreased 
skelf=t^l d e p o s i t i o n by about 2 ^ 1 , decreased 
foof'c txs-^ue deoosi^-'on by about 40%, and 

<113> 
Kawm, B . , Veterans a d m i n i s t r a t i o n Hcspxtal^ 
•Radicxsotose S e r v i c e , For t eoward, BD, 1962 

^•^fects of Zirconium on Early Fpm ŝr Uptake and 
Urinary Excre t ion of FadxGisc topes . Rad ia t ion 
Research, 16(4) , 583 

I n f e c t i o n of animals with sxrconxum c i t r a t e 
s c lu txons iS known to a l t e r markedly t h e 
d i s t r i b u t i o n and e x c r e t i o n of r a d i o i s o t o p e s , 
e f f e c t s o^ prompt sirconiUm c i t r a t e 
i n i ^ c t x o n s on e a r l y plasma d i s a p p e a r a n c e , 
uptake by femur, and arxaary e x c r e t i o n or 
-(.ntravenousl/ a d a i n i s t e r e d r a d i o a c t i v e ceriUEu 
(Ce 144) plutonxum (Pu 239 (6)) aad y t t r x u s 
{1 90) Mere s t u d i e d in r a t s . Following 
t r e a tmen t the nlasma c c n c e i t r a t i o n s of t h e 
r a d i o i s o t o p e s were Dropor t iona l t c ta<=' plasma 
c o n c e n t r a t i o n s of z x r c o n i u i l a b e l l e d wi th Zr 
9̂ =. Thx*? e f f e c t decreased xn the o r d e r Ce 
1^4 > Y 90 > Pu 239. g r a p h i c a l a r a l y s x s of 
the da t a showed t h a t femur uDtake could be 
r e l a t e d by a c o n s t a n t cf p r o o o r t i o n a l i t y 
e i p r e s s e d xa t e r n s of E I olasma " c l e a r e d " per 
un i t tim'=. For Ce 144 t h i s a'scunted t c about 
r ,018 E l / a m The c o r r e s s o a d m g va lues for 
t h e ot h^r radxc i^o^cpes Mere 0.0019 m l / a m 
(Pu 239) and 0,0008 ml /^ in (Y 9 0 ) . Treatment 
^ i t h sxrconium a l t e r e d the v a l i e s t o 0 008 
ml/mm (Ce 144), 0,0016 ml/min {̂ u 239) and 
0.0012 ml/mxn {/ 9 ) ) . ^nalogouq vaxues t c r 
u r i n a r y <^xrr^txon were g e n e r a l l y low, but 
^QT^ i nc reased markedIv hv the 2,i.rconiam 
t r e a t i e D t . The con-^rol valu-^s aaoant^d t o 
G,0a-J6 ml / am (CP l a u ) , 0,0009 ml/mm (Pu 
2-9) and 0.0OQ6 ml/mm (Y 90) , gi^h 
sirconiura trea'^ment t h e s e c o n s t a n t s ascunted 
t c 0,169 ml/mm |Ce K4) , 0.0019 ml/mm {Pn 
2^9) and 0.017 ml/mm (1 9 0 ) . Thp use of 
the^«s p r o p o r t x o r a l i t i ^ s as raeasir^s of 
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<113> CONT. 
e f f e c t i v e n e s s o f z i r c o n i a a t r e a t m e n t i s 
d i s c u s s e d . ( a u t h ) ( C o m p l e t e a r t i c l e ) 

<114> 
Kawin , B , , a n d D.H. C o p p , U n i v e r s i t y o f 
C a l i f o r n i a , ^ l e d i c a l S c h o o l , D i v i s i o n of 
P n y s i o l o g y , S e r k e l e i s CA; U n i v e r s i t y o f 
C a l i f o r n i a , C r o c k e r R a d i a t i o n L a b o r a t o r y , 
B e r k e l e y , c a . 1953 

E f f e c t o f 2 , 3-Ba m e r c a p ^ - o p r o p a n o l (B^L) Upon 
D i s t r i b u t i c n and E x c r e t i o n o f P l u t o n i u m -
P r o c e e d i n g s of t h e S o c i e t y f o r F x p e r i m e n t a l 
B i o l o g y a n d f ^ e d i c l n e , 8 4 , 5 7 6 - 5 8 8 , 

Young a d u l t f e m a l e r a t s w e i g h i n g 200 t o 240 g 
w e r e i n j e c t e d i n t r a m u s c u l a r l y w i t h 15 ug of 
h e x a v a l e n t Pu 239 a s t h e c h l o r i d e . SoiEe 
a n i a a l s r e c e i v e d 9 i n j e c t i o n s o f 10 a g , 
2 , 3 - d i a e r c a p t o p r o p a n o i (B^L) i n 0 . 1 ml p e a n u t 
o i l i n t r a m u s c u l a r l y , a t 4 h r i n t e r v a l s 
f o l l o w i n g t h e i n j e c t i o n c f Pu w h i l e o t h e r s 
w e r e B a L - p r e t r e a t e d (10 mg BaL ^ h r p r i o r t o 
a d m i n i s t r a t i o n o f ^u) a n d t h e n g i v e n B a i 
a f t e r t h e ?u i n j e c t i o n . U r i n e a n d f e c e s were 
c o l l e c t e d a t 2 d a y s a n d 8 d a y s f o l l o w i n g 
i n j e c t i o n of Pu . A* t h e end of 8 d a y s , t h e 
r a t s w e r e = ^ a c r i f i c e d a n d l i v e r , k l d n e y s , 
r i g h t f e m u r , r i g h t f o r e l e g , l e f t f o r e l e g a n d 
c a r c a s s w e r e a s s a y e d . The r e s u l t s SEOW t h a t 
i n t r a m u s c u l a r i n j e c - f - i o n of 
2 , 3 - d i m e r c a p t o p r o p a n o l i n d o s e s 
t n € r a p e u t i c a l l y e f f e c t i v e i n a r s e n i c a n d 
m e r c u r y p o i s o n i n g h a d no e f f e c t on t h e 
d i s t r i b u t i o n a n d e x c r e t i o n of i n j e c t e d 
D l u t o n l u i ( h e x a v a l e n t ) , w h e t h e r g i v e n p r i o r 
t o o r f o l l o w i n g t h e a d m i n i s t r a t i o n of t h e 
m e t a l , (Auth) (T'in) 

T a b l e 1 s h o w s t h e e f f e c t s o f B a i u p o n 
d i s t r i b u t i o n ( In l i v e r , k i d n e y s , f e m u r , c a r c a s s ) 
and e x c r e t i o n of i n t r a m u s c u l a r l y i n j e c t e d P u . 

<115> 
K e n n e r , G . H . ^ a n d W - S . S . j e e ^ U n i v e r s i t y o f 
U^ah, C c l l e a e o f M e d i c i n e , S a l t l a k e C i t y , UT. 
1 9 6 7 , l a r c h 3i 

E f f e c t s o f Ag^ a n d 3 o n p - S e e k i n g R a d i o n u c l i d e s on 
rh^ V a o c u l a r l t y o f Ron^s f rom a d u l t B e a g l e s . 
COO-11 '3-236; P a r t o f l o u g h e r t y , T . F - , R e s e a r c h 
i n P a d i o f o i o l o i y , a n n u a l P e p o r t o f Work i n 
P r o g r e s s i n •^he I n t e r n a l I r r a d i a t i o n P r o g r a m , 
( p . 1 2 6 - 1 4 3 ) , 268 p , 

C e l l o i i i n s e c t i o n s o f t h e d i a p h y s i s o f 
m e t a t a r s a l b o n e s i n j e c t e d w i t h I n d i a 
i n k - g e l a t i n from a d u l t b e a g l e s w e r e s t u d i e d 
t o d e t e r m i n e t h e e f f e c t o f a g i p g and i n t e r n a l 
i r r a d i a t i o n on t^ .e d e g r e e of v a s c u l a r i t y and 
soiae i n d e x of b o n o r e m o d e l i n g . The 
e x p e r i m e n t a l dog'? w e r p i n j e c t e d w i t h 2 - 7 , 
0 , 9 , 0 . 3 , O.O^/'ov 0 - 3 1 5 UCi of p l u t o n i u m 239 
c i t r a t p / > c g o r 1 0 , 3^ o r t uCl o f r a d i u m 226 
c x t r a t e / k q . ^ h e d^rar^e c f v a s c u l a r i t y Mas 
d e t e r n l n e d ^v t h e o>^served r a t i o s o f t h e 
n u a i e r o r h a v e r s i a n c a n a l - s c o n t a i n i n j ( I n d i a 
i'i''^ <uRol*.-! tr ' iGte! v a s c u l a r c a n a l s ) t o t h e 
t o t i l n u p c ^ r o f > 'av*=rslan c a n a l s . Bone 
r o r i O J o l i r T ^&s r ^ l a * e d t c t l"^ numb^^r o r 
f o r a i i n ^ c p ^ ^ n n s , TH*^ o n l y c ^ i n g e o b s e r v e d 
vTi'.a ill'. Ka.c d I d ^ * i n c r e a s e in t h e nurab^-^r o i 
f o r i ^ i n q i s ^ f ^ ^ n ^ . ' ^ I W ^ V G ' ^ , f ^ ^ r e was a marked 
d'^'cv^^se in v a s c a l - ^ r i * v (f^f^cri^f^s^d p e r c e n t 
I n d i a in'^ ir i t^^rt*- '! c a n a l r an^ i.ncr*^d5ed 
Dili J g r 1 c ^n^.lB) i n a r i m a l s : giv^'^n lni*-"^ct l o r . s 
of 2 . 7 , ' ^ . \ ^-r 0 . 3 UCi o f ?'i ? 3 9 / k g o r 
inj 'T^cti cr';: o^ in^ 1^ o r 1 m i c r o n Ha I 2 6 / ^ g . 
•^a'̂  l o r s '.": V s . ^ c n l ^ r i i - y was n o r e I n t e n s e a n i 
aTn^^ar-c^d ^ a r M - ^ r i n a n i m a l s ln j '= 'Cted w i t h 
. . i - ' i p r do?- '^- . L'^ss i n y a s c ^ i l ^ r l t y i s 
Tt^'i'^y!:'- d >̂ v i n i ^c^^^ c a n =̂1 ••- ' nan i if^stev^ I t g e l t 

a t l o w e r a c c u m u l a t e d r a d s t h a n p l u g g e a 
c a n a l s . I n c r e a s e d n u m b e r s of f o r m i n g c s t e o n s 
o c c u r r e d a t h i g h e r d o s e s o f p l u t o n i u m and 
r a d i u m - ( a u t h ) 

< 1 1 6 > 
K h o d y r e v a , H , a . S o t g i v e n . 1965 

T h e P e n e t r a t i o n o f P l u t o n i u m 239 t h r o u g n t h e 
S k i n , ^ e d i t s i n s k a y a R a d i o l o g i y a y 1 0 , 
4 2 - 4 6 , ( B u s s i a n , E n g l i s h Summary) 

E x p e r i m e n t a l s t u d i e s were u n d e r t a k e n t o 
d e t e r m i n e t h e p o s s i b i l i t y of p l u t o n i u a 
n i t r a t e p e n e t r a t i n g t h e i n t a c t s k i n o f 
r a b b i t s , P l u t o n i u a 239 p e n e t r a t i o n t h r o u g h 
t h e I n t a c t s k i n sias a s s e s s e d by t h e a i c u n t o f 
a c t i v i t y i n b l o o d a a d i n t e r n a l o r g a n s of t h e 
a n i m a l s . B l o o d r a d i o a c t i v i t y was m e a s u r e d by 
a l p h a - t r a c K p h o t o g r a p h y on t h i c k - l a y e r p l a t e s 
o f t h e a - 2 - 5 0 t y p e . P l u t o n i u a n i t r a t e 
a p p l i e d i n t h e f o r i o f a s o l u t i o n i n a do- ' e 
o f 0 , 4 and 4 u C l / c m CE*2) o f s k i n s u r f a c e 
a fcsorbed t h r o u g h t h e s k i n of a n i m a l s , a 
r e l a t i o n s h i p was e s t a b l i s h e d b e t w e e n t h e Pu 
239 c o n t e n t i n t h e l ; lood and t h e q u a n t i t y 
a p p l i e d on t h e s k i n . I n t h e e p i c a t a n e o u s 
r c u t e of a b s o r p t i o n t h e g r e a s t e s t amoun t was 
f o u n d i n b o n e t i s s u e . On t h e I 4 t l i d a y up t o 
7C% of t h e a b s o r b e d q u a n t i t y was f o u n d i n t h e 
r a b b i t s k e l e t o n , a t t h e end of t h e 
o b s e r v a t i o n t i i i e a b o u t 0 .15 '^ r e g a i n e d on t h e 
s k i n . (RAP) 

< 1 1 7 > 
K o n s t a n t i n o v a , ¥ . V . , Wot g i v e n . 1 9 6 3 ; 1964 

D e o x y r i b o n u c l e a s e A c i t i v i t y i n R a b b i t L i v e r 
a f f e c t e d b ^ P l u t o n i u a . a E C - t r - 5 4 1 7 ; P a r t o£ 
E a d i c b i o l c g y , ( p . 1 9 - 2 2 ) ; F a d i o t a i o l c a i y a , 3 , 
50 1 - 5 0 3 . 

B a b b i t s of b o t h s e x e s w e i g n i n g 3 . 0 t o 3 . 5 kg 
w e r e i n t r a v e n o u s l y a d m i n i s t e r e d a s o l u t i o n o f 
p l u t o n i u m n i t r a t e i n a s i n g l e d o s e of 7 
u C i / k g . a f t e r 1^ 3 , 7 , and 15 d a y s , a n d 
a f t e r ^ , 3 , 4 , 5 and 6 m o n t h s , t h e a n i m a l s 
were s a c r i f i c e d and th«> a c t i v i t y o f DNAase 2 
was d e t e r m i n e d xn t h e l i v e r . The a c t i v i t y o f 
DlUase 2 c o n s x d e r a b l y i n c r e a s e d a l r e a d y 
w i t h i n a montn a f t e r p r i m i n g a n i r e a c n e d i t s 
EBaxlmum v a l u e ( B . S - f o l d i n c r e a s e ) 4 1/2 
m c n t n s a f t e r i n t r o i u c t i o n of t h e 
r a d i o e l e m e n t . (RaF) 

<118> 
Konstantinova, ¥-V., and R.E. Libiason. Mot 
given. 1*2̂ 9, January-FeDruary 

The Effect of Plutonium on the Content and 
E'̂ nevial of Nucleic acids in Some Fafcblt Tissues. 
Biocheastiry, 24(1), 89"?-903. 
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TaDles are qiv^n on Tj^igat of o r g a n s , amount of 
Pu i o n i z a t i o n dose , and c o n t e n t of t o t a l H and P 
in raf^bit t i s-^ues a f t e r Pu ad i i* i i s t r a t i o n , of 
c o n t e n t and s p e c i f i c a c t i v i t y of n u c l e i c ac id P, 
ard of amount of n u c l e i c a c i d s and i n t e n s i t y of 
uptakf of F 32 in bon«= marrow c e l l s . 

<119> 
Kornberg, H . a . , Hanfori Atomic Produc t s 
Opera t ion , ^' iology Sec^ion^ P i c h l a n d , wa. 
February 16 

1956, 

Ba ology Research , annual Pepor t , 
H&J-4 150 0; 188 c . 

1955. 

The r e s e a r c h a c t i v i t e s of th^^ Biology Sec t ion 
were summarised for t h e year 1*^55. The 
r e p o r t s f a l l i n t o the fo l lowing c a t e g o r i e s ; 
e f f e c t i v e n e s s of i s o t o p i c d l l u t i c n , s t u d i e s 
on r a d i o a c t i v e p a r t i c l e s , s t u d i e s i n p l a n t s 
and animals Inc lud ing mic rob ia l s t u d i e s , and 
e f f e c t s on product ion f a c i l i t y e f f l u e n t s on 
r a t s , f i s h and p l a n t s . Several s t u d i e s of T 
131 In sheep and p igs a r e r e p o r t e d . Three 
papers froo' th^ r^^port were inc luded in t h e 
da ta b a s e . (HP) 

<120> 
Kornberg, H . a , , and J . J . Davis ( M , ) , Hanford 
atomic Products Opera t ion , Biology O p e r a t i o n , 
Kichland, m, 1959^ January 5 

Hanford B i c l c i y Research annual Report f o r 1958, 
K&--59500; 156 p . 

Th^ s u b j e c t s d i scussed i n t h i s annual r e p o r t 
i n c l u d e ; uptake and metabolism of s t ron t ium 
and calcium In p l a n t s and a n i m a l s , t h e 
r e t e n t i o n and e l l i s i n a t i o n of p lu ton iun 
fol lowing dlffer^n*- r o u t e s of a d m i n i s t r a t i o n , 
synergism of pluton5u® and e x t e r n a l 
K - i r r a d l a t i o n , t r a n s l o c a t i o n of i n s o l u b l e 
oxides cf Pu 219, ^u 106, Sr 90 S04 and ag I 
131 in t h e l ung , Rp^tabolisfs of Zn 65 and W 
185, i n t e s t i n a l t r a c t i r r a d i a t i o n by I 90 , 
and e f f e c t s cf procf^ss e f f l u e n t s on t h e 
b i o t a . Three papers were a b s t r a c t e d 
s e p a r a t e l y for t h e da ta base , (HP) 

<121> 
Kcrnberg, H, a , , and D.^, Warner CEd,)^ Hanford 
A.tomlc Products n p ^ r a t i o a , P i ch l and , wa. 1960, 
Janaury 15 

Hanford Biology Research annual Beport for 1959. 
HM-65500S 208 p. 

The 38 papers in this 1959 progress report 
deal with some aspects of internal emitter 
metabolisi and tonicity, and relate soae 
observations on th^ biclcgical effects of 

•̂ t̂ernal radiation. Seven papers '̂ ere 
abstracted separately for the data base, 
areas ?̂ tadied include an investiaation of 
S E-Ca relati en shi ps and their r et eat ion In 
the animal body and in plants; and K, Cs 137 
and ?b 86 relationships in plants and soil. 
also discussed are aspects of Sr tonicity in 
miniature swine and -̂ he ccmparative toxicity 
of sr 90, Ra 226 and Pu 239 In swine. Other 
large animal research deals with 
effectiveness te-̂ ting of selected radiation 
pEOtC'Ction pjocedures; the biological effects 
0^ I 131 in sheep and swine, and its removal 
t loi le:>aves. The setabolisa of P 32 and 2n 
65 uas investigated in fish, mice, rats, and 
raas, A method fcr measuring in vivc P 32 by 
breasstrahlung was developed. Radioactive 
particles studies irclude the effects cf Sr 
"̂0 Sr04 inhalation on mice; excreticn and 
tsanslccation of Pu 239 Fu02 after 
inhalation; distriiDution and toxicity of 
inhaled Pu 239 Pu02 and biological effects of 
Pu aad Pu In sice. Papers dealing with tne 
biological effects of radiatiort discuss the 
effects of gastrointestinal irradiation on 
glucose absorption; polyvinylpyrrclidine 
egcretson as an indicator of radiation damage 
In the iotestinei the effects of combined Fu 
and X-irradiation in rats ; and cytological 
aspects of irradiated yeasts. a technique 
was established fcr measuring the lEOvesent of 
radionuclides across gill seibranes. Reports 
are given on the radioactive contamination of 
wildlife for 1959; Chinook salaon spawning 
near Hanford; 2n 65 in marine mollusks near 
the Columbia River mouth; iutaticn aad 
temperature effects la CHGNDBOCOCCUS 
COLUMNaRIS; and on the participation in the 
^environmental program of Project chariot, 
(FaP) 

and V,K, Leinberg, Not 
<122> 
Koshurnikcva, lU a, 
given. 1964 

Effects of aseptic Inflaaiatlcn on Long-Ters 
Sequelae in Rats Given Plutonium 239, 
aEC-tr-7590; Part of ^cskalev, Iu,I, (Ed,}^ 
Distribution, Biological Effects, and 
accelerated Escretioa of Radioactive Isotopes, 
(p. 551-256} , 405 p„ 

experiments were conducted oa 264 wistar rats 
cf both sexes, with an inital weight of 
100-200 g. The rats were divided into four 
groups. Plutoniuis nitrate soluticns (pH 2) 
were given once, iatraperitoaeally in a 
dosage of 0,63 uCi/kg to the animals in the 
first group. Turpentine was given to the 
rats in the 2nd group 15 days after 
administration of the same dosage of Pu. 
Only turpentine was given to the 3rd group of 
rats. The 4th group served as a biological 
control. 0,1 ml turpentine was given once 
every 2 weeks for 3 lontha, subcutaneously in 
the thigh, to indues aseptic iaflaaaation. 
The experiments showed that aseptic 
inflaamatioa combined with small doses of Pa 
239 curtailed survival of experliental 
females. aseptic inflaamatioa disiinished the 
incidence of bene and heisatopoietic tissue 
tumors in rats of both senes. Multiple 
injections of turpentine, adiinistration of 
s^all doses of Pu 239, as well as the 
conbinatioa of these two factors, induced 
seme rise in incidence of neoplasms of 
endocrine glands, (HaF) 

Tabular data are given of localization and 
incidence of tumors and of morbidity in 
experisental and control groups of animals. 



<12 3> 
Kraevs^^y, >3.a.g, V.IJ. S-^re l ' t sova , and Y a . I . 
losKalev , acad'^ry o^ •^ciencps, f'lo^coWs, USSP, 
i o t a 

bore - e s u l t s of Studying th^ Blastomogenic 
Ef iec t of Radioac t ive I s o t o p e s , a c t a Unio 
I p t e r n a t i o n a l i s Contra Cancru-n, 2^^, 1151-1164. 

Tusnors induc*^! in r a t s by depos i t ed 
r a d i o a c t i v e fi^i'^ion produc ts of urani 
s t u d i e d ii doses ^̂ rom 100 t o 1-̂ 00 tim 
+ he nasimun p#^rmlsf;ible l e v e l . a 20-
tumor i nc idence was oJ^served, severa 
of tumors ^jere diff*^re^ntlatel a c c o r d i 
th*^ir ffierharis-^s of development as a 
ot t h e iso*-OT>'̂ s d i s t r ibut ion In t l s s u 
rad i a t lor io.se and dose r a t e . One ty 
tupior fosteo.'^arcomas, l i v ^ r and 
gastroin'*"'^'^t i n a l tumors) r e s u l t e d f ro 
dir-^-ct PKposure of tissu*^ t o ionlsin;^ 
r a d i a t i c n , anoth'^r typi^ (tumor of th 
Hypophysis) , ind'iced bv a l l the xsoto 
i r r esoec! - Ive of t h ^ l r d i s t r i b u t i o n in 
t i s s u e s , d^'veloped by i n d i r e c t i n f l u e 
well a s ry d i r e c t ra-^la t ion exposure . 
t h i r d group of n<^oplasms ( l e u c o s e s , t 
tne marmarv gi ands) occupied ar i n t e r 
p o s i t i i n . Thplr i n c i d e n c e i n c r e a s e d 
dose but ^as not s i c r n i f i c a n t l y a f f e c t 
change of dose r a t e . (PaF) 
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Pu were co^PDined with m a l t l p l e o l o o a l e t t i n g 
and turp^'Htine inddced a s e p t i c i i i f lamnat icn . 
E s p e r i i ^ n t s were conducted on sv'istar r a t s cf 
botn SGxer Hfciqninj 10U-12J j r ans witn •^in^le 
i n t r a p e r i t o n e a l i n j e c t i o n s of plutonium 
m i t r a t e (pH 2) m a dosage of }o6i aCi /kg . 
Changes in body weight and s u r v i v a l tiipe w îfc 
s t u d i e d ; blood t e s t s were pertor^it^a twice a 
acnth . S ingle a d n i n i s t r a t i o n of Pu r e s a l t e d 
i r a decrease of s u r v i v a l t ime to r Males; 
mu l t i p l e b l c o d l e t t i r . q and a s e p t i c 
inflammation did not a l t e r the r e spons€ . 
Repeated b l c o d l e t t i n q s <=Ktenaea tne s u r v i v a l 
cr aale r a t s . In l e i a l e s , a d n ' i n i s t r a t i o n cf 
Fu alon^^ as we l l as a corobination of the tho 
c-^her f a c t o r s , aid not altf^r t a e njean 
su rv iva l t ime. Blood i ^ t t i n ^ and a s e p t i c 
inflammatioB did not r e s a l t in any 
apprt^ciable changes In the numoer of 
e r y t h r o c y t e s , heaoglobin cr r ^ t i c u i c c y t e s . 
Nc s i g n i f i c a n t cnanges m eryt s i ropoies is '^as 
observed. The changes r e f e r a b l e to wiiits 
blood c e l l s , manifested by a g radua l decrease 
in t o t a l numoer of l eucocy te s and lympnocytes 
with an i n c r e a s e in n e u t r o p h i l s w€re 
a t t r i b u t e d t o age , a s e p t i c I n t l a m s a t i c n and 
tn t oge the r r e s u l t e d in p rogres s ive 
depress ion of leukocyte responoe, Sase 
i n c r e a s e in thrombocyte nuiiher was noteu 
a f t e r the 1st and 2nd b l o o d l e t t i n g . (RaF) 

<124> 
K F i V o l u t s k i l , a . L . , a.L, TiKhcai rova , V.a, 
Turchamiioca, and '^, G<=rrard (Trans l a to r ) , 
I r s t i t u t e fo r Evolut ionary morphology and 
Ecology of aDimal=?, f^oscow, OSS^. 1972 

Changes in S-tructure of anisial P o p u l a t i o n s 
( T e r r e s t r i a l ard S o i l I n v e r t e b r a t e s ) Due t o S o i l 
Contaminat ion with S^rontiuK 90. OBNL-tr-2823; 
6 D.; P e d o b i o l o g l a , 12, 374-380. 

^ s tudy was c a r r i e d out o:^ the a c t i on of Sr 
90 contafi ' inated s o i l on the s t r u c t u r e of 
animal popula-^ions and on the accumula t ion of 
Sr 9C by va r ious sooc i e s of land and s o i l 
i n v e r t e b r a t e s . B i r c h - p i n e f o r e s t p l o t s were 
cont aipi leafed wl^h 1.® u^^i/n? 5r 90; 
o p s e r v a t i o n s were F^ade in l a t e s p r i n g . 
Dxfferen-f- animal a rcups r^^acted d i f f e r e n t l y 
to s o i l con ta ip ina t ion . The popu la t ion 
d e n s i t y of t h e s o i l - d w e l l i n g microfauna ¥as 
markedly decreased in 3 r - c o n t a s i n a t e d s o i l . 
Sac rophy te s , rairiworms, and d ip lopods were 
e s p e c i a l l y s e n s i t i v e ; no ^ffpct was observed 
in f l y ing i n s e c t s (Dip te ra , S t a p h y l i n i d a e , 
E l a t e r i d a e ) or on "^rombididae and 
Hermi th idae- S f f e c t s of r a d i a t i o n on 
ove rwia t f r ed i n v e r t e b r a t e s wer^ l e s s than on 
i n v e r t e b r a t e s in t h e i r a c t i v e and 
r e p r o d u c t i v e p e r i o d . The s o i l i n v e r t e b r a t e 
popu la t ion decr^as^ed cons ide rab ly dur ing 
t h e i r m u l t i p l i c a t i o n and t h e i r n e s t pe r iod of 
saxlmum afcundance in Sr contaminated s o i l . 
No p a t t e r n could be found of the amount of 
accumulat ion of Sr ^0 in d i f f e r e n t s p e c i e s ; a 
wide v a r i a t i o n was observed. S n a i l s 
accumulated r e l a t i v e l y more Sr 90 than did 
rainworms, (HftP) 

<12 5> 
Kudasheva, a n i *3.a« Koshurnlkova, 1964 

Effg-cts of a d d i t i o n a l P a t h o l o g i c a l F a c t o r s on 
P e r i p h e r a l ^Icod of Rats Given Plutonium 239. 
aEC-t r -7590; Par t of Moskalev, l u . I . ( E d , ) , 
D i s t r i b u t i o n , B i o l o g i c a l E f f e c t s , aad 
anjselerated Excret ion of Rad ioac t ive I s o t o p e s , 
(p. 230-237) , 405 p. 

Data a re given p e r t a i n i n g t o t h e p e r i p h e r a l 
blood of r a t s when r e l a t i v e l y sFiall doses of 

<126> 
LaBa^ve, ^ . J . , a . L . Broof'-s, R.O. r i cCle l lan , and 
D.K. Head, Lovelace Foundation for l e d i c a l 
Education and Research, I n h a l a t i o n Toxicology 
r e s e a r c h I n s t i t u t e , a ibuguerque, KM. 1974, 
Dececiber 

F e t e n t i o n , D i s t r i b a t i o n and Excre t ion of 
Plutcnium 239 Dioxide P a r t i c l e s Labeled with 
Ytterbium 169 in twe Rhesus ncnkey a f t e r a 
S i n g l e acute I n h a l a t i o n Exposure. LF-49; Par t 
of Ececker, B.B, and Fupprecht , F.C. (Eds-l^ 
annual Report of the I n h a l a t i c n Toxicology 
Fesearch I n s t i t u t e , October 1, 1973 ta roagh 
September 30, 1974, (p. 170-173), 384 p . 

SiKteer. Rhesus monkeys wer*^ exposed t o a high 
f i r ed Pu 239 Pu02 a e r o s o l label*5d witii lt> 
169, and r e t e n t i o n , d i s t r i o u t i o n and 
e x c r e t i o n p a t t e r n s were d e t e r i l n e d . a f t e r an 
ea r ly r ap id c l e a r a n c e phas€, which uad a 
h a l f - l i f e of l e s s than one day, t h e remaining 
plutonium was r e t a i n e d in the lungs with a 
h a l f - l i f e t h a t appeared to be g r e a t e r than 
500 days . 3y 30 days a f t e r exposure , 99^ cf 
the Pu 239 in t h e body was in t h e l u n g s , a t 
t h i s t ime , 6 to 10^ of t h e Yb 169 burden was 
in the c a r c a s s and ske le ton suggest ing t h a t 
t he re was d i s s o c i a t i o n of some YID 169 from 
t h e p a r t i c l e s . The r e i a i n i n g Yb 169 a c t i v i t y 
was in the l u n g s . There was l i t t l e Pu 239 i n 
the l i v e r , bone or lyaph nodes. The 
p a r t i c u l a t e m a t e r i a l was c l ea red r a p i d l y from 
the g a s t r o i n t e s t i n a l and upper r e s p i r a t o r y 
t r a c t s and appeared in feces over the f i r s t 
four days . The l e v e l of ?a 239 in f eces 
re tu rned t o background by SIK days* Urinary 
esc re t ioB of Pu 239 reached a peak by 8 t o 10 
days and then rega ined a t a cons tan t r a t e 
throughout t h e remainder of the exper is ieEt , 
These da ta a re useful in c a l c u l a t i n g 
r a d i a t i o n dose to a v a r i e t y of organs and 
r e l a t i n g t h i s dose to t h e appearance of l a t e 
e f f e c t s f r o i inha led a l p h a - e m i t t i n g 
p a r t i c l e s , (auth) 

<127> 
L l k h t a r e v , I , a . , G.¥. a rkhange lskaya , a , I , 
Dobroskok, T .a . Svonova^ N,F, Kore l ina , G.P, 
Krasnoshyekova, ¥ . S . S s p i n , and a . P . Oshakova, 
The I n s t i t u t e of Pad ia t ion Hygiene, Leningrad, 
USSS, 1974, February 
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<127> CONT. 
Use of a s p e c i a l i s e d analog Computer for t h e 
Ê odi='l of t h e Metabolism of some Rad ionuc l ides . 
CO^F-73C907 (Part 2 ) ; P a r t cf Snyder , H.S. 
( E d . ) , Proceedings of t h e 3rd I n t e r n a t i o n a l 
Congress of the IHPa hpld i n Washington, D . C , 
September 9-14, 1973, (p . 1358-1363), 1475 p . 

The a j p l i c a t i o n of analog computers i n the 
s t u d i e s of n o n - l i n e a r siodels of DTPa a c t i o n 
(fol lowing Pu I n j e c t i o n ) and of i od ine 
m e t a b c l i s s , and of an a g e - r e l a t e d model of 
s t ron t ium ard calcium m e t a b o l i s i in man i s 
d e s c r i b e d . The t e c h n i g u e s involved in t h e 
s o l u t i o n of t h e problems a re examined and 
s u i t a b l e s t r u c t u r a l schemes t o be analysed 
on analog conpute rs a r e sugges ted . The 
ob ta ined p r e d i c t i o n s a re in good agreement 
with seme exper imen ta l f i n d i n g s , which g ive 
every reason t o cons ide r t h e suggested models 
to be a d e q u a t e . Thus, th^ analog computer 
l o d e l l i na p r o v i d e s an e f f e c t i v e means for the 
q u a n t i t a t i v e a n a l y s i s of the s u f f i c i e n t l y 
GomDlicated non- l in '^ar problems of 
r a d i o n u c l i d e t r a n s p o r t in t h e l i v i n g 
organism. (Auth) (PMH) 

<128> 
Lindenbaum, S. , D,il. Bax te r , and fl.W, Rosen tha l , 
argonne N a t i o n a l l a b o r a t o r y . Div i s ion of 
B i o l o a l c a l and "^edical Research, argonne, IL , 
19 7 2 

Comparison of Blood Clearance and Six-day T i s sue 
B i s t r i b u t i o n of lonomerIc ard Polymeric 
Plutonium 2^^ in the b e a g l e . Radia t ion 
Research, 5 1 , ^40-54 1. 

No ccmpara t ive mefahol lc s t u d i e s of moaomeric 
and p c l y n e r i c plutonium have been made l a the 
dog, a l t houah t h e d i s t r i b u t i o n , r e t e n t i o n , 
and t h e r a p e u t i c removal cf d i f f e r e n t 
phys i ca l - chemica l forms of i n t r a v e n o u s l y 
admin i s te red olutonlum i n t h e ^ouse and r a t 
a re f a i r l y well documented. In the p r e s e n t 
paper we corpare th :̂" e a r l y blood c l e a r a n c e , 
the u r i n a r y and -^ecal e x c r e t i o n , and t h e 
*?-day di-=;tr ibuticn in l i v e r , SDleen, k i d n e y s , 
i unqs , Ivmph nod'^s, t e s t e s , s k e l e t o n , and 
Doae snarrcw of two widely d i f f e r i n g 
Dhys lca l -che- i i ca l forms o*" plutonium in t h e 
beagle dog. Two-year-old male argonne-bred 
beag les were eac^ given a s i n g l e i n t r a v e n o u s 
i n j e c t i o n of 3.= uCi (about '^. 3 uCi/kg) of 
'^i ther nonomeric pl ' i tonium c i t r a t e (about '̂ O'̂  
u l t r a f il-*-erable) c h igh ly polvi^^ric 
plotcniuff' n!-*-^ate p^ss than l'̂  
u l t r af i l t e rab le ) . i^esul ts t o d a t e i n d i c a t e a 
no re r a p l d Mood c l e a r a n c e and a high marrow 
c o n c e n t r a t i o n of the polymer ic , a s compred t c 
•^ne monc^eric p lu ton ium. For i n t e r s p e c i e s 
con p a r i sons •**he plutonium p r e p a r a t i o n s used 
t o r the logs were a l s o In j ec t ed i n t o a i c e . 
In both -species t h e con ten t of polymeric 
plutonio'n in -^he wirroys of the long bones a t 
^ davB 'tsa.'s a'lproxi'^at eiy twice t h a t of the 
aon sraeric nrepara-^lon . The 6-day 
•i 1st r i b ut ion of "monomer i c plutonium In t h e 
dog tis^^ues -^i l l provide b a s e l i n e va lues for 
es-^ima-^-inq t^e combined e f f e c t of DTPa and 
*tie ye?s s t c e l l wal l polysacch g r ide g lucan . 

(auth) (CorrpIe-«-e ?,rt-5cle) 

<12^> 
Lindenhaup, .̂, C. Lun«1, H. Smoler, and M. Ŝ. 
rosenthal, ^ ncnn*̂ -' *ia*-ioHal Labora ̂ ory, argonne 
-L. 1968 

Preparation I, ^baracterization and Distribution 
ir '•̂ouse Tiisû .̂  of Graded Polymeric ani 
Monomer ic riutonium. •Radiochemical and 
autoradiographic Stu^^ies. CÔ F-6''0̂ 2 1; 
lonograrh.̂  on Nnclear f-leiicine and Biology, No. 

2; Part of Kornberg, H.a, and Horwood^ W.D, 
(Eds,), Proceedings cf a Syigosiuia on the 
Diagnosis and Treatment of Deposited 
Radionuclides held in Richland, Washington, May 
15-17, 1967, (p, 56-64), 680 p. 

Solutions of plutoniumC*4) nitrate, adjusted 
tc pH 5,5-6.0 and stabilised with citrate^ 
wsre fractionated with respect to particle 
sise by passage through Sephadex columns. 
Three graded solutions of narrow particle 
sise range thus obtained, in which the 
fraction of plutonium ultrafilterable through 
cellophane lemfcranes was less than 1^, 30^ 
and 100"? respectively, were injected 
intravenously into mice. at sacrifice, five 
days later, livers, spleens, femurs and 
tibial shafts (the latter separated iato hard 
bone and marrow fractions) were removed for 
plutonius analysis aad autoradiography. '̂ ith 
increasing ultrafllterability, less plutonium 
was deposited in liver, spleen and marrow, 
while more was deposited in bone. Injection 
of the graded solution containing 30% 
ultrafilterable plutonium, from which both 
larger and smaller particles had been 
removed, resulted in a significantly 
different organ distribution of plutonium as 
ccmpared with previously used, ungraded, 
sGluticns of the same ultrafilteraoility. 
With the graded solutions, the greatest 
differences in tissue deposition were found 
between the most polymerised plutcnium and 
the two less polymeric forms. The pattern of 
deposition in souse tissues thus appears to 
depend on aggregation of plutonlum-contalning 
particulates to some critical particle siae. 
Filtration of plutonium solutions through 
calibrated millipore filters indicates that 
this critical size is below 0.5 u and well 
aeove 0.01 u in diameter. Quantitative 
autoradiography of livers from sice given 
graded polymeric plutonium showed differences 
in deposition between parencymal and littcral 
cells (60*̂  V. 40*̂ , respectively) ; the ratio 
was larger (70'̂ ; v, 30"̂ ) after the graded 
Ecnoneric soluticn. Stars in both liver and 
spleen were seen only after the most 
polymeric solution. (auth) 

<1^0> 
lindenbaum, a., J1.W. Rosenthal, and I.ŝ , Easter, 
srgonne National Laboratory, Oxvisicn cf 
Piolcgical and l̂edical r?esearch, argonne, IL, 
1973 

"ffect of DTPa ani Glucan en Eecorpcration of 
"Monomeric Plutonium an the Reagle Dcq. 
cnNF-730431; Part of Proceedings of the 2 1st 
annual Syrposiue of the ? adiatlon Research 
Society held In St- Louis, "lissouri, aprll 
29-nay 3, 1973. Published in ''adiatlon 
Pesearch, 5'̂ C3) , ̂ 16, 

Tne long biological 
Plutonium 23^ obser 
beagle dog follcwin 
generally interpret 
cellular Incorporat 
known intracellular 
polymeric plutonium 
(diethyleaetriamine 
to be ineffective a 
deposited Pa becaus 
permeability. Yeas 
beenly deionstrated 
effect ive, in mice, 
plutoniuî  not (robll 
usefulness of these 
species, the dog, t 
alone or In conjunc 
begun 6 days after 
0.32 UCi/kg of mono 
dcgs (3 per group) 

half-time of monomeric 
ved in the liver of the 
g intravenous inject ion is 
ed to be the result of 
ion, analogous to the 
hepatic retention of 
in the mouse, DTPa 
pentaacetlc acid) is known 
gainst intracellular 
e of poor menbrane 
t glucan, however, has 
in this laboratory to be 
in removing hepatic 
ised by DIPa. Io test the 
two substances' in another 
reatment wltn DTPa, either 
tion with glucan, was 
intravenous Injection of 
merle plutoniuK, Beagle 
receiv̂ ai D'l'Pa (100 m^/kg. 
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<130> CONT, 
tw ice weekly) e i t h e r a lone or in a d d i t i o n t c 
g lucan (3 i n j e c t i o n s of 15 mgAg a t 4-week 
i n t e r v a l s ) . By 3 ntonths DTPa, e i t h e r with c r 
wi thout g l u c a n , had removed 50̂ = of t h e 
plutonium from t h e s k e l e t o n , 96^, froa t h e 
l i v e r ^ and between 50'̂ - and 90^ f r o s •s.he o t h e r 
so f t t i s s u e s , a s coi^ipared t o u n t r e a t e d 
c o n t r o l s , Glucan along with DTPa removed no 
a d d i t i o n a l plutonium, Th© high e f f e c t i v e n e s s 
of DTPa, with no a d d i t i o n a l p l u t o n i u i removed 
by g l u c a n , sugges t s t h a t the long r e t e n t i o n 
of sonomerlc p l u t o n i u s in t h e dog l i v e r i s 
probably not l^ie t o i n t r a c e l l u l a r 
i n c o r p o r a t i o n , (auth) (Complete a r t i c l e ) 

<131> 
LindenDdum, a . , ^.W, Rosen tha l , D.W, Bax te r , 
N ,£ . 2gan, G .S . K ^ l e s p e r i s , F ,S , M o r e t t i , and 
J, J , R u s s e l l , argonne Na t iona l Labo ra to ry , 
Argonne', IL. 19'^2, r^cember 

Metabol ic and The rapeu t i c S t u d i e s cf P lu ton iu i ! 
apd americium. a'II-7^"^0; Pa r t of Div i s ion of 
B i o l o g i c a l and Medical pesearch Annual Pepor t , 
1972, (F. 121-125) , 23^ p . 

The progra!! ai^ps t o develop new approaches t o 
the the rapy of pci.'scnlng by r a d i o a c t i v e and 
n o n r a d i o a c t i v e l a e t a l s . Pre'vlous work has 
d e o o n s t r a t e d the e f f e c t i v e n e s s of c h e l a t i n g 
a g e n t s such as PTPa; a t t e n t i o n i s d i r e c t e d 
toward e t h e r ther iapeut lc approaches aimed a t 
removal cf the po r t i on of Pu not r e a d i l y 
r^r^oved i>y FTPa, S tud i e s were a l s o c a r r i e d 
out en t*ie uptake of norjaal (calcium) 
aDnorsal (of PC and Sr) meta ls in c a r t i l a g e 
and bene. a pro'ir'="^? r-^port i s given = 
Glucan and j)'^t>\ ns^r^ t e s t e d i n thv beagle do j 
for t h e i r a b i l i t y t o r e l u c e Pu d e p o s i t s . 
DT?a (10*^ mg/kg i n j e c t e d TV ^wlce weekly f o r 
12 weeks, s t a r t i n g 6 days a f t e r i n j e c t i o n of 
l o n s ^ e r i c F?i-23*s c l * r a t e ) removed 50^ of the 
Dono buT'iep, ^-^ of the l i v e r burden, and 
netwoen ^^•'^ and "̂ o*̂ , of t h e m r ^ e n of a l l 
o t a » r s o f t tir^su"^ assayed (except marrow), 
wnen given as an ad i^nc t t o '^TPa, glucan 
(in-tecte-^ in -^hr^e t l^,es at a dose of 15 
ag /kg , a* ^ wk i n t e r v a l s beginning 6 days 
a5t.-i.r Pu) '^i^ "o* 'ncif-eas': or sodlfy ths 
e?j:^?c*s of t he f'^PA, Glucan has teen shown 
to remove a ^ ' rac t ion cf Pu, presumably 
i n t r a c e l l a l a r , t h a t i s not a v a i l a b l e fo r 
removal by I T ^ s , To e l u c i d a t e the mechanism 
of j l u c a n a c t i o n , o the r r e l a t e d suos t ances 
were '-.ested. "f t h e s e , t h e ^os t c^ffi^ctive 
(pyran copclvmer) and leas;:* ef-p«='Ctxve 
(T i l a rone ) a r e s o l u b l e i n t e r f e r o n - i n d u c e r s . 
Furt i ier work has sh^^wn t h a t and the pyran 
copolymer i s a l so e f f e c t i v e In regioval of 
h e p a t i c ^u. "he •f-oxiclty of the adjuct 
s u b s t a n c e s was i n v e s t i g a r e d , Tn ano the r 
projs=rt ^mrl*^yinq autoradiograt?1'Y^ two new 
f i n d i n g s wer^ repor teds a) in leg l i v e r , 6 
aay.^ a f t e r i n i e c t l o n of polyTieric Pu^ t h e r -
wa?? d * en-•ff^ld i n c r e a s e Q-^ t h e cen t r i l o fca r 
c o n c e n t r a t i o n of Pu a s ccnpared to t n e 
p -^ r i rhe ra l r e g i o n s , b) s p e c i e s diEfereac--;s m 
l i v e r func t ion were i n d i c a t e d by a l i v e r 
c o n c e n t r a t i o n of rionomeric and polymeric Pu 
a s s o c i a t e d with l i v e r parenchymal c e l l s of 
tne dog, compared ^Tith t h o s e of t h e '^ouse. 
boiae r'=^s'2l-«-s a r e r epo r t ed for an eHperisnent 
on t h e e '^fects of t^.e p h y s i c a l - c h e m i c a l s t a t e 
of Pu on lif<^time -Datnol ci ic-al changes in 
a i c e . ^lcro'° 'copic ^^tulies^ of bones a r e being 
done t o corr '^ ' la te '^one tm^or Inc idence with 
s k e l e t a l lose and t o conpirs^ 
J i iKtopa tholo^ ica i s^^qtielae in bene as 
c o r r e l a t e - i with -io^e^ time and form of Tu 
adE- in i s te red , (T^m 

<130> 

<132> 
Lindenbaua, a. , ^,lf, Posenthal, M-M, Mestfall, 
E-S. Horetti , and J , Russell , Argcane National 
Laboratory, argonne, IL, 1964, Decemoer 

Therapy of Poisoning &y Fadicactive and 
Nonradioactive Petals, ANL-6971| Part of 
Biological aad Medical Research Division annual 
Beport^, 1964, (p, 212-214), 230 p , 

a progress report i s given on several 
experiments conducted, in one espariments 
the differential distr ibution of Pu in tfie 
marrow and on the boae surface of tne t i b i a l 
shaft, following adisinistration to mice of 3 
Pu solutions of varying colloidal propert ies, 
was measured. Th^ colloidal properties of 
the plutonium solutions were measured by the 
u l t r a f i l t r a t ion technigae and by tne 
differential uptake of plotoniuis in tne 
t issues of the mouse. The plutonium analyses 
of t issues from mice kil led at 6 days showed 
a different pattern of degcsition fcr each of 
the three solutions. Injection of a nighly 
colloidal solution (Pu 18^ 
ultrafil terable)was followed by a ixver 
deposition of HQ% of the injected dose (I-D-) 
ard a bone deposition of 12,6% I,D. The 
intermediate colloidal plutonium solution (Pu 
30'̂ . u l t ra f i l te rable) was bellowed cy a 
deposition of 46 .̂ and 24,a-? T.D, in l iver and 
bone, respectively, and the a3S«omeric 
sclution (PU 90'̂  u l t raf i l te rable) sy 28̂ ^ ana 
^2,4"^ I.D, anoth^^r experiment showed that 
the feiur Is the most representative bone in 
terms ot" uptake of Fu, Tiie temurs 
representiid 7.6'^ of the to ta l sjieletal ash 
aî d contained 8.3^ of the retained Pu, in tne 
case of the control eaice and 7.8"^ in the case 
ot D'^ra-treated mice. Experiments on the 
Icng-t^rm effects of tXPa showed that th^ 
latent period (tiS".' t c thfe ueata cf tae f i r s t 
ncuse ^ith a bone to:aor) increased with tne 
ascunt of Pu remoV'=a by th*=rapy from 153 days 
in tne Pu controls to 23fe dnl ^5^ aays in the 
t%(0 treated groups. I t was als3 faunc that 
therapy with the DTFa ester was foilowei by a 
removdi of a fracticr. cf cc l lo i i a l Pu 
uravailable to tae Ca chelate of riPa. l e s t s 
with def^^rrioxamim' B-suIronate (EFOI?) w«̂ re 
also reported. {Fm.} 

<133> 
Lindenbaum, a . , ani J . Sch^ibeEt^ argcnnc 
National Laboratory, Divisico of biological ana 
!^edical research, Leeont, II- 1"̂ 60, august 13 

£'ostainf-d action of In^'Cted Cholating agents. 
Nature, 187(4737), 576-57b. 

feasarement of the J l t ra f l l t ' ^ rab i l i ty of 
tissue deposits cl various radiaooclidfe,? ^as 
made following tr-^atment of ani^nals with 
chelating agents. The calciai sa l t of DT̂ a 
{335 H'gn'/kgs body wt. as tne acid fora) or 
saline waŝ  given intraperi toneally to ra ts 
three days after a foingle Intrayer.ous 
Infection of a soluticn ccitaxning 3 5 u^s In 
239 in 1 percent sodium citrat*^ at pH 5-6. 
Tne r a t r and their saline controls ^̂ erc-
killed at intervals of 1, 2, 3 and 7 lays 
after inj*-^ctioa. Tho u l t r a f i l t e r ad i l i t y ct 
Pu fros the bon«, l ive r , and plasra was 
oeasure-d. It was evld^'nt that Pu leposxt's-I 
in the tissues nad ieen rendered aiffasiblfc 
by th'"> pentaacetlc acid and tsiat tne 
diffusibi l i ty remained ten or Eior̂  tisifes 
greater than that of tne control d,ni3:aljr icr 
at Is'^-st 7 da/s after a single Ini'^vcticn ot 
Pu. "̂ he ett*-ctlven'^ ss cl TTPft, relative tc 
FETa in proiotir.g t^e a i t r a f i l t e r a M l i t y of 
Fu was- test'^d usin^ plasca and he^ariaisei 
whole blood. The Pu was injected 
intravenously Into uats ani 2 al oz biooa was 
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withdrawn 15 I^IR l a t e r , sol j t icns o£ the 
chelatlna agents were addei to the whole 
0lood or to plasTa to provide? final 
Gonc^ntraticris rai-glng froa lOf^-S) to 
10(3-5) '^. The superlar i ty of DTPa over EDTa 
was Fhown by the sharper rise in the Pu 
content of th'^ u l t ra f i I t rates at 
concentrations of chelating agent in the 
range 10(1^-^) ^ to 10(^-5) n. Similar 
t^Kperlaentj^ ?̂ ej-e made with thorium using Th 
23^ as a tracpr, a similar sup«^rxority of 
DTP̂  over TD'̂ a in acc^l'^tating the excretion 
of ?h frop r a t s ^̂ as d«^aonstrated. (FHH) 

<134> 
lisGO, H., a-̂ d '^,H- Kisieleski , argonne National 
Laboratorv, Pivision o^ Bioloqlcal aad Medical 
Fesearch, Le^os-^, 11, 1953 

The Fate and 'Pathologic Effects of Plutonium 
fe ta l l iplanted Into Fabbits and Pats, American 
Journal of Pathology, 39, 305-321. 

Pieces o" ^u metal ranging ii weight frosi 
O.el to 1,^0 ng were Implanted under the skin 
of ^ Eale rabbits and 3 female r a t s . The 
animals were Dermitted to l ive cut the i r l i fe 
?:pan and were sacrificed only when moribund. 
The organs ( l iver , swleen, kidneys, luags, 
and tes t i s ) were prenared and weighei for 
cheiical aralysi'^ ani samples were taken for 
hii^tologl c «xaiinatioR, Plutonium 
determination ^as also dene on urine and 
fecal sample?:. The resu l t s show that 
plutoniua ?fletal, whea iaslanted 
subcutan-^-ously into rabbi ts aad r a t s , 
disintegrated into many small fragments soon 
after in-^roduction into the t i ssues . The 
pieces were found to be relat ively iner t 
local ly, and only small amounts of plutonium 
were absorbed fro^ the implants during an 
observation period e^tendiag to 1048 days. 
The i ip lanta t ioa s i t e s became heavily 
calcified in a l l animals, Hetention aad 
organ dis t r ibut ion studies gave eviSeuce that 
rabbits absorbed considerably more plutonium 
under these conditions than r a t s , Th^ 
najonty of tlip anisals appeared to suffer no 
i l l effects froi the local implants or from 
thfe absorbed plutonium. However,, one rat 
di^d with an osteogenic sarcoma of th© spine 
produced by the deposition of plutonium in 
the skeletal t i ssues . The data indicate that 
both species can harbor considerable 
quant i t ies of unsietabolised plutooium in the 
subcutaaeous t issues without showing evidence 
of tills in the excreta, fauth) (Fn'i} 

<13 5> 
Litviaov, H,^, Hot given. 1959 

Horpliolcgical changes of Bone t issue in acute 
and Subacute affection with ^lutoniui, 
Meditsinskaya Padiologiya, 4(5) ^ 63-72, (B^^S^I^K^ 
English Sunmary) 

Experiments wer^ conducted on 70 ^hit® ra t s 
who received intraperi toneally plutonium 239, 
Considerable changes were seen la the bone 
t i ssue upon administration of 0 ,15, 0,08, 
0,04 aad 0,02 uCi/g body weight. The changes 
were lost pronounced in th© long bones aad 
had a def in i te sequence of development. In 
th© course of the f i r s t days following the 
adais is t ra t ion of plutonius there was an 
increase of bone resolution with development 
of ce l lu lar- f ibrous t i s s u e , contaialag a 
large quantity of osteoblasts , after the 
secosd week a gradual iahlbitioB ©f the 
processes of enstioisdral ossification ensued, 
with reconstruction of the bane aad a drop ef 
the amount of osteoblasts , at the height of 

affection (3-5 weeks) t o t a l iahibi t ion of the 
processps of osteogenesis with death of 
osteogenic t issue was observed. In an i i a l s 
receiving plutonium with specific ac t iv i ty of 
0«0»i and 0.02 uCi/g body weight, the 
dlstur^anGe of osteogenesig was marked to a 
lesser degree thaa in introduction of 0,15 
and 0,tl8 uCi/g in the course of the second 
icnth the growth of bones was restored to a 
certain extent. The formation cf a large 
gaaatity of immature bone t issue was seen in 
the eetaphyses and diapayses. at tae end cf 
tlie th i rd loeth premature cessation cf tae 
bene growth took place. The amount of 
immature boae in various portions of tho 
skeleton increased, (Auth) 

<136> 
Lloyd, ^,D,, ^.S,S, Jee, D.R, athertea, G.M, 
Taylcr, and C.W. flays, Oniversity of Otaa, 
College of l̂ edicine, Eadiobiology Division, 
r^partieat of anatomy. Salt Lake City, OT. 1972 

americiu^ 241 in Beagles; Siological Effects 
and Skeletal Dlstributior^, Part of Stover, 3«J, 
and Jee, W.S.S, (Fds.)^ Radiobiology of 
Plutonium, J,W. Press, Salt Lake City, Utah, (p. 
141-148) , 552 p. 

Like Pu 239, injected Am 241 deposits en bene 
surfaces withip. the skeleton. Mo iiportaot 
differences were observed in the gross whole 
bene distribution of ku 241 coEoared with Ea 
239, in beagles Injected with 
citrate-coapleKsd aiC-̂ S) or PuC-s-4), Hoyever, 
autoradiography revealed that the isital 
distributioa of Am 2̂ 1 upon bone surfaces was 
mere unifora thaa that of Pa 2 33. For Pu 
2 39, the deposits oa endosteal and trabecular 
surfaces were about 2 tc 4 times greater than 
on the periosteal surfaces. For am 24 Ij, they 
were only about 1.5 to 2 tines greater than 
the periosteal deposits. Biological daiage 
froi Am 241 in beagles has been observed la 
all 4 tissues of highest activity 
ccacentratioass liverj, thyroid, skeleton and 
kidney, (auth) 

Table 1 gives gross distribution of Am 24 1 in 
beagle skeleton compared with that ot Fu 239, 
Table 2 gives relative distributioa of aa 241 
and PU 239 in lusifcar vertebral bodies and distal 
femurs of young adult beagles at 3 weeks 
post-injection. 

<137> 
Lloyd, R.D,,C.W. !'!ayss W. Fisher^ and H, Hints© 

Oniversity of Otah, College of Medicine, 
Sadicbiology Division, Department of aaatcmy. 
Salt lake City, OT, 1962, Harch 31 

Total Body Gamma-Ray Counting of Plutoniui 239, 
COO-225| Part of Dougherty, T.F,, i?esearGli in 
Hadioblology, Annual Eeport of Work in Progress 
on the Chronic Toxicity Prograis (p, 76-83), 136 
p. 

The infreguent gamma rays produced ia the 
radioactive decay of Bu°239 have been used to 
assay the plutoalum content of living dogs 
each given a single intravenous injection of 
py 239 ranging in activity from 16 aci to 35 
uci, 200 to ^7^ days prior to tke studies. 
Oolike the sore abundant 17 kev ^ rays which 
ase aliost completely absorbed within a large 
aaisal^s body^ the gaiia rays at 100 kev and 
380 kev can be employed in the measurement of 
Pa 239 in the skeietoa. Beagles coutaiaiag 
0,1 to 28 UCi Fa 239 were positionea ia as 
axe 33 cm from am 8̂ ^ K 4*̂  8a(TI) detector 
inside a steel rcoa ^ith 6̂  thick walls. For 
ccuatisg periods of 30 miautes, accuracies of 
0,6 UCi M 239 at 100 kev and 2,1 uCi Pu 239 
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a t 380 keV were o b t a i n e d . (auth) (FMM) 

<13S> 
Logan^ F . , and ^, Todd, United Kingdom atomic 
Energy a u t h o r i t y . Heal th and Safety Department, 
Ch a p e l c r o s s '̂orV-Sj, annon, Dumfr iessh i re , 
Sco t l and . 196P 

^"hole Body coun t ing c^ Plutcnium i n Ra t s , 
I n t e r n a t i o n a l Jou rna l of app l ied 'Radiation and 
I s o t o p e s ^ l'^, 422-425. 

a method for t h e de te r ia ina t ion of the 
Pd-byrden of an u n a n a e s t h e t i s e i animal us ing 
Dldtcnium 237 as l a b e l fo r Plutonium 239 i s 
descrifcsd. The plutonium s o l u t i o n was 
i n j e c t e d i n t r a p e r i t o n e a l l y i n to r a t s aad a 
diagram of the whole body count ing 
arrangement i s g iven , With the arrangement 
desc r ibed background was about ^00 coun t s per 
minute and a r a t burdened with 75 nCi ?u 237 
gave 15,000 coun t s T^r a i n a t e . The coun t ing 
per iod was 200 sec in a l l c a s e s . P r e l i i s i na ry 
eKperiraents showed t h a t the count r a t e s from 
d i f f e r e n t r a t s with i d e n t i c a l body bardens 
va r i ed by up t o 20 per cent^ I t was 
t h e r e f o r e not p o s s i b l e t c apply t h e same 
c a l i b r a t i o n f a c t o r to each r a t . In an 16 r a t 
experiment *-he average d i f f e r e n c e between t h e 
a i q i ^ s t and lowest v a l u e s of the c a l i b r a t i o n 
f a c t o r fo r each r a t was 5,6^ and tne worst 
d i f f e r e n c e was 10 .4^ . The main advantage of 
the whole body count ing s e t h o l i s i t s 
s i m p l i c i t y and speed. No troubleso^fc; eKcreta 
c o l l e c t i o n was involved (except dur ing t h e 
f i r s t few days) and th*^ body burden of the 
animal was known v i r t u a l l y wi thout d e l a y . 

Tdble 2 compares t h e ^o 237 -Pounl by whole body 
coun t ing with t h a t recovered a t autopsy in 
l i v e r , ske le ton^ and o t h e r t i s s u e s of r a t s ^ 
a f t e r i n j e c t i o n wi th "̂ ^ nCi of Pu 237. 

<139> 
Lundgren, D.X., F-F. Hahnp a. Sauchez^ and R.O-
McClel lan, Lcvelace 'foundation for Medical 
^. lucation aad Fesearch , I n h a l a t i o n ToKicology 
Hes'sarch I n s t i t u t e , Altsuquergue, ffH, 1974, 
DeceiBber 

an t ibody FespOL?es and Pulmonary Lesions a f t e r 
I r h a l a t i o n of Cerium 144 Eioxlde or Plutonium 
23'3 Dioxide and Subsequent In f luenza Virus 
I n f e c t i o n in Ellce and Syr ian Hamsters, LF-49| 
Fer t of Boecker, 3 . ^ - and Fupprecht , P,C, 
( F d s . ) , annual Pepor t of t h e I n h a l a t i o n 
Toxicology Research i n s t i t u t e , October 1, 1973 
through Septssiber 30^ 1974, (p, 211-214), 3S4 p . 

Female mice S t o 10 weeks of age were exposed 
by i n h a l a t i o n t o Ce 144°Ce02 or Pu 239 PuC2 
and Syr ian hamsters 12 weeks of age were 
exposed bv i n h a l a t i o n t o Ce 144 Ce02- The 
a c t i v i t y median aerodynamic d iameter of the 
Ce p a r t i c l e s ranged from 1,2 to 1,5 um and 
for the Pu p a r t i c l e s , i t was 1,0 t o 1,6 u i . 
The cumula t ive absorbed be ta doses t o t h e 
lungs of l i c e and hamsters and t h e cumula t ive 
a lpha r a d i a t i o n do<se to the lungs of mice 
t h a t i n h a l e d PU was c a l c u l a t e d from a 
3-coiponent curve f i t t o the r e t e n t i o n of t h e 
r a d i o n u c l i d e in t h e l u n g s , animals were 
i n f e c t e d with i n f l u e n z a v i r u s 7 days or 3 , 6^ 
or 12 months a f t e r i n h a l a t i o n exposure and 
e n t e r e d i n t o groups fo r e i t h e r s e r i a l 
s a c r i f i c e or l i f e s p a n o b s e r v a t i o n . S e r i a l l y 
s a c r i f i c e d animals were bled t o o b t a i n se ra 
fo r a e r c l s g i c a l c c a f i r m a t i o n of i n f l u e a g a 
v i r u s i n f e c t i o n . Syr ian h a a s t e r s i a n o c u l a t e d 
with i n f l u e n z a v i r u s 3 months a f t e r exposure 
to Ce had a mean i n i t i a l lung burden of 11 

UCi (20,000 rads to 
ionoculd ted 6 month 
(26,000 r ads t o the 
exposed t o Pu, t he r 
nCi with 26C rad; 
months a f t e r exposu 
( innocula ted 6 mont 
WHS a d e f i n i t e supp 
f ix ing an t i rody in 
i n t l uen^a v i r u s ^ 
exposure t o Pu 23'^ 
obse rva t ions of sev 
squamous c e l l d i f f e 
t c Ce 144 Ce02 and 
Inf luensa v i r u s was 
o b s e r v a t i o n s cf an i 
l&aF) 

t h e lungs) an 
s had a mean I 

l u n j s ) . In t 
e was a mean I 
G t h e lung6 (1 
re) and 340 r a 

a f t e r expo, 
r e s s i o n of com' 
s i c e i n f e c t e i 
onths a f t e r in 
Fu02. PreVioa 
e r e metaplas ia 
r e n t i a t i o n In 
subseqaent iy x 
not confirmed 

Eals examined 

d t h o s e 
13 of 12 uci 
he mice 
L3 of 7.4 
nnoculated i 
ds 
ure) , Ther^-' 
piement 
%itn 
h a l a t i o n 

witn 
mice exposed 
ni-jcted a i t n 
by 

t o d a t e . 

<1iiO> 
Lustgartea, CS., J,?, .̂-̂ swr̂ inney, C.K- Koi3i3S, 
J.L. Maaderly, F.C. HcClellan^ J.J, fiiglio, J,a. 
Pickrell, and Q.G. ^aabe, Lovelace Foandation 
for Hedical Education and Research, inaalaticn 
Toxicology Research Institute, aibuqoergue, nv.. 
197^ , December 

Toxicity of Inhaled Plutcnius 238 Dicside in 
Beagle Dogs, a. Bonodi sperse l-*̂  um Plutonlais 
238 Dioxide Pdrticles. J?, 'lonodisperse 3.0 um 
Plutcnium 238 Diosiie Fartxcles. 1,. LF-49; 
Part of Boecker, B.B- azid "̂ apprecht, F.C. 
(Eds,), annual Peport of tae Inhalation 
Toxicology Research Institute, October 1, 1973 
through September 30, 1974 (p. 140-144), 384 p. 

Studies on the metabolist, dosimetry ana 
biclogical effects of inhaled Pu 238 
particles have been initiated in beagle dcgs. 
Tc obtain essential inforaatloa on the 
iiportance of the homogeneity or 
ncn-hoiogeneity of the radiation dose to lung 
(the hot particle guesticn), dogs have seen 
exposed to monodlsperse aerosols (sigma sab g 
less than 1.2) of Pu 238 Eu02 of eitiier 1.5 
us or 3.0 um aerodynamic diameter (AD)- By 
using monodisperse particles of these two 
sizes, the average dose to iuog xs held 
Gcnstant for a given initial lung burden 
(ILB) but the local alpha dose around tee 
t̂ o siges of particles varies ey a factor ct 
about 10, To date, 48 dogs have been exposed 
tc each of the two particle sises of Pu 238 
Pu02 (total of 96 dogs) res-ilting in graded 
ILBs which range fros 0,CC8 to 2,2 uCl/Kg of 
body weight. Sixteen dogs exposed to a 
diluent aerosol are serving as controls. Of 
the total activity inhaled, tne dogs exposed 
tc 1.5 ua At particles depositei 53^ ia total 
body and 4 3'? in the pulacaary region while 
Gcrresponding deposition values n in the dogs 
exposed to 3,0 um as aerosols were 73S and 
45^, ail the dogs are surviving with nc 
detectable abnormalities at from 10 to 293 
days post-inhalation exposure. It is 
anticipated that an additional 48 dogs (24 
fcr each particle size) and 8 controls will 
fee added to these dcse response studies o'̂ er 
the next few sonths. In addition, a serial 
sacrifice study will be initiated to 
determine the radiation dcse pattern 
resulting froa inhalation of these 
jaonodispers® sises cf Pu 238 Pu02, (auth) 

<141> 
E5ahlum, D.D,, J . I - Pa lo t ay , and ^ , J . C l a r k e , 
General E l e c t r i c Company, Hanford L a b o r a t o r i e s , 
Biolegy Laboratory^ Richland , l?a, 1965, May 29 

E f f e c t of I n t e r n a l Ei i t -cers on Liver Tumors 
Induced by Dimetfeylaminoarobeureace, Mature, 
206(4987) , 945-946, 

Female r a t s were i n j e c t e d i n t r avenous ly wxth 
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a b e t a - e m i t t e r Ce 144-pr 144 (2 or 20 
u C i / r a t ) , or an a l p h a - e m i t t e r , Pu 238 (2 
u C i / r a t ) . The r a t s were fed a d i e t h igh i n 
r i b o f l a v i n and p r o t e i n t o which Ô OS'̂ ^ DHaB 
was added, '^umor deve lop ien t was eva lua t ed 
a t v a r i c d s i n t e r v a l s , a f t e r 44 weeKS the 
animals were s a c r i f i c e d and a 
h i s t o p a t h o l o g i c a l examinat ion of t i s s u e s was 
c a r r i e d o u t . a decreased inc idence of t u s o r s 
was found in the i n t e r n a l l y i r r a d i a t e d 
a n i m a l s , s s p e c i a l l y t h o s e r e c e i v i n g t h e 
h igher dose 'o f Ce 144-Pr 144 in a d d i t i o n t o 
DMAS, Ihe e f f e c t of r a d i o i s o t o p e t r e a t m e n t 
was a dec rease r a t h e r than an i n c r e a s e in 
tooor i n c i d e n c e , H i s t o p a t h o l o g i c a l changes 
found in the l i v e r s of r a t s fed D^aB were 
*~hose of degenera t ion^ h y p e r p l a s i a , and 
r e o o l a s i a invo lv ing t h e parenchyma, b i l e 
d u c t s , and g^upportlng c o n n e c t i v e t i s s u e , 
e i t h e r s i n g l y or in c o n b i n a t i o n . an imals 
t n a t r ece ived only ^he r a d i o n u c l i d e s showed 
none o^ t h e foregoing p a t h o l o g i c a l changes . 
The a u t h o r s p o s t u l a t e t h a t c e l l s in the e a r l y 
s t a g e s o^ c a r c i n o g e n i c development a r e 
s u s c e p t i b l e t o smal l q u a n t i t i e s of r a d i a t i o n 
and are des t royed before e x t e n s i v e 
m u l t i p l i c a t i o n can o c c a r , (Ra?) 

<142> 
^ark ley^ j . i ^ . , argonne Na t iona l Labora to ry , 
D iv i s ion o-*̂  F io log i ca l an 3 ' ledical Research , 
s r q o a n e , IL , 1^63 

Fe rcva l of "c lymer ic ' ^ lu ton lus fro!^ Bice by 
Combined Tterapy with ^he C a l c i u i Cne la te and 
P f n t a - S t h y l Hster of OTPa. I n t e r n a t i o n a l 
J o u r n a l of Rad ia t ion ^ lo logy^ 7{4i , 405-407, 

CF So. 1 female mice, 70 days o l d , weighing 
21-23 g were each given 0,')^2 uCi Pu 239 in 
0,2 ml i n t r a v e n o u s l y . Various groups were 
g iven a s e r i e s of i n t r a p e r i t o n e a l i n j e c t i o n s 
once a day for 1't days of 0,2 ml of e i t h e r 
s a l i n e ( c c n t r o l s ) ? P'^Pa e s t e r a t 75 mg/kg, Ca 
DTPa a- 350 mg/kg or Ca BTPa at 300 Eg/kg 
immediately followed a t !>T^a e s t e r a t 7̂ ^ 
i g / k g . L i v e r s , s c l e e n and f e a u r s were 
analyzed -For °u . t t was seen t h a t d e p o s i t i o n 
was high in l i v e r and ^^pleen and low in the 
s k e l e t o n . Treatment wl tb e i t h e r Ca DTPS or 
W^A e s t e r a lone s i g n i f i c a n t l y lowered t h e Pu 
conten t of the l i v e r by about *-he same afBount 
in each case (28^ r e d u c t i o n ) , Treatment with 
Ca DTPa an'̂ . 07^^ es-^e^ combined gave a t o t a l 
r e d a c t l c n (^^^) which i s d i r e c t l y a d d i t i v e cf 
the ef"^ect of each. The ^u c o n t e n t of the 
sGleen wa s r a i s e d by t r ea tmen t Hith e i t h e r 
agen t s l n a l y , i n d i c a t i n g t h a t ^cme of t h e Pu 
removed f ro^ the l i v e r was r e d e o o s i t e d in ^le 
spli^en. Foweyer, when combinel t r ea tmen t was 
7 iven, th i s Increa'^e ^as p reven ted ; moreover 
t h e level in the i^pleen was lowered 
s i g n i f i c a n t l y below t h a t of t h e c o n t r o l s (601 
r e d u c t i o n ) . The P'l con t en t of boae was 
reduced Hy t r e a t s e n t with Ca DTPa a l o n e , but 
was unaf-^ected by t h e Di'pa e s t e r , and t h e 
e f f e c t cf t h e combined t rea tment en Done was 
the same as t h a t o'̂  t h e Ca DTPa a l o n e . C^^^) 

a t a r d e shows the e f f ec t of t r ea tmen t with DTPa 
e s t e r and C^ n?p^ .^inaly and In combination on 
the d i s t r i b u t i o n o'*̂  polvmeric Pu i n mice. 

<1U3> 
fiatveev, V . I . , " i n s t i t u t e of BioDhysics , "Moscow, 
USSR- 1^''1, Br . r i l - June 

a Technique for Dosed a d n i n i s t r a t i o n of 
P a d i o a c t l v e a e r o s o l s t o Dogs, Fyaiene and 
S a n i t a t i o n , 36^ 25^-258. 

A n e t h o i i s ie=;cribei f o r a o n e - t i ^ e iosed 

d i r e c t i n t r a t r a c h e a l a d m i n i s t r a t i o n of 
a e r o s o l s to dogs which p reven t s subs tances 
from e n t e r i n g the g a s t r o i n t e s t i n a l t r a c t by 
l i c k i n g a e r o s o l s off t h e i r body su r f aces or 
fEoa pas s ing from t h e nascpharyne i n t o the 
g a s t r o i n t e s t i n a l t r a c t . Dogs inha led 
a e r o s o l s genera ted from s a l u t i o n s of 
plutonium n i t r a t e s and p l u t o n i u a c i t r a t e s 
with a c t i v i t i e s rang ing frcm 2 t o 23,8 
uCi/ml. The m i g r a t i o n a l a c t i v i t y from the 
lungs t o the i n t e r n a l organs was d e t e r i l n e d 
by r a d i o m e t r i c a n a l y s i s of l u n g s , l i v e r , 
blcod and femur. Re ten t ion of i s o t o p e was 
determined t o be about 24*̂  of t h e inhaled 
I s o t o p e . (EaP) 

A t a b l e i s given with c a l c u l a t i o n s of t h e amount 
of i so tope r e t a i n e d in t h e dcg^s body a f t e r 
i n h a l a t i o n of Pu 239 a e r o s o l s . 

<144> 
FajSg C M , , B . J . S tove r , B.H, Glad, aad D.R-
a t h e r t o n . Un ive r s i t y of Utah, Col lege of 
Medicine, Radiobiologv P i v i s i o n , S a l t Lake C i t y , 
UT, 1959, March 31 

S k e l e t a l Dosimetry in Otah Beagles . COO-218; 
Tar t of Stover^ C.t^.g J r . (Ed.) , annual Progress 
Repor t , 19^9, (p . 121-145)^ 224 p . 

?a lues for the s k e l e t a l r e t e n t i o n of Pu 
radlothor lani and s t r o n t i u i in beag les were 
ob t a ined . Equat ions were developed for the 
average s k e l e t a l r a d i a t i o n exposure a t any 
time a f t e r i n j e c t i o n l a u n i t s of r a d s / d a y , 
r a d s , and r a d - d a y s . Values were | . l c t t ed f c r 
a 1- level dog in each t o x i c i t y ^roup, 
(ftuth) (F'lH) 

<145> 
f^cCiellan, P .O . , B.B, 3oecker , F, P. Hahn, C H , 
Hobbs, R.K, J o a e s , and !^,B, Sn ipes , Lovelace 
Foundation for Medical Education and Research , 
I n h a l a t i o n Toxicology Pesearch I n s t i t u t e , 
a ibuguerque , im^ 1974, February 

Comparative T o n i c i t y of Inha led ^ e t a - E i i t t i n g 
^ a d i c n u c i l d e s ia Beagle Fogs . CONF-730907 (Part 
1 ) ; Part cf Snyder, W.S. (Sd-I^ ^Proceedings of 
t h e Srd I n t e r n a t i o n a l Congress of t h e i s p a held 
in Hashlngton^ D.C-, SeDteisber 9-14, 1973^ (o . 
2C8-213), 1475 p . 

f^our l i f e s p a n s t u d i e s a r e being conducted in 
which Beagle dogs have been e s p o s e i v ia 
i r h a l a t i c n to a e r o s o l s of fused c lay 
p a r t i c l e s c o n t a i n i n g 1 90,. Y 9 1, c-e 14̂ ^ cr Sr 
90 r e s u l t i n g in graded i n i t i a l lung burdens 
of r a d i o a c t i v i t y , ?^ith a l l four a e r o s o l s , 
the l abe led p a r t i c l e s a r e t e n a c i c u s l y 
retrained in the lung with e f f e c t i v e r e t e n t i o n 
h a l f - t i m e s of 2 . 6 , 53 , 178 ani 400 days , 
r e s p e c t i v e l y . ilith t h e Y 90, Ce U4 and Sr 
90 in fused c l a y , t h e p h y s i c a l h a l f - l i f e i s 
s u f f i c i e n t l y long t c a l l e y t r a u ' s l c c a t i o n of 
sffall g a a n t l t i e s of r a d i o a c t i v i t y , presumably 
in p a r t i c u l a t e fori?, t c t r a c h e o b r c n c h i a l 
l^sph nodes and movement of s o l u b i l x s e d 1 9 1 
and Ce 14a to l i v e r and s k e l e t o n and Sr 90 t o 
s k e l e t o n . &lith the h i g h e s t i n i t i a l lung 
burdens , d e a t h s r e l a t e d t o r a d i a t i o n 
pneumonit is and pulmonary f i b r o s i s were 
observed in a l l four s t u d i e s wi th in 400 days 
post i n h a l a t i o n exposure . Tne r a d i a t i c n dcse 
requi red ^o produce e a r l y dea tns was lowest 
fcE Y "̂O and h i g h e s t fo r Ce 1̂*4 and Sr 90 
being r e l a t e d to the luaq t e t e o t i c n 
hal ' : - t i i^es (and r a t e of decrease of r a d i a t i o n 
dcse r a t e ) , La te r dea ths ( g r e a t e r than 64C 
days) r e l a t e d t o p r i s a r y pulaonary 
hgi^angiosarcomas have been observed in dogs 
t h a t inha led 144 ce or Sr 90 in fused c lay 
with cumula t ive lung doses g r e a t e r than 
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< la5> COMT. 
20,0 00 r a d s . The c u r r e n t s t a t u s of t h e 
s t u d i e s ( to 1B00 days p o s t - i n h a l a t i o n 
exposure) i s d i s cus sed and compared with 
s i m i l a r s t u d i e s conducted with Pu 239 Pu02 a t 
Ba t t e l l e - l^o r thwes t - Of s p e c i a l i n t e r e s t i s 
the development of primary pulmonary 
hemangiosarcomas ( e n d o t h e l i a l tumors) with 
chron ic a lpha i r r a d i a t i o n from plutonium. 
(auth) 

<146> 
KcCle l lan , P . O . , H,W. Casey, J.W, Cab le , and 
L.K. Bustad, Hanford atomic Products Ope ra t i on , 
Richland , ^ a . 1962, January 15 

Trans fe r of Heavy Pad lonuc l i de s t o Milk. 
H^"-72500; P a r t cf Kornberg, H.a, and Swezea, 
E.G. ( E d s . ) , Hanford Biology Pesearch annual 
Peport for 1961, (p, 4 4 - 4 9 ) , 180 p . 

feature puregred Suffolk sheep i n t h e i r second 
t o four th month of l a c a t i o n were i n j e c t e d 
i n t r a v e n o u s l y with Ce 144, Pr 144, Hp 237, Pu 
239, and am 241 in the fo l lowing amounts and 
forms: Ce 144-Pr 144 a t a dose of 1000 uCi in 
the form of the c h l o r i d e . No 237 a t a dose of 
150 UCi, as the n i t r a t e , Pu'239 a t a dose of 
150 uCi, as the n i t r a t e and An 241 a t a dose 
of 150 uCl in t h e fora of c h l o r i d e . Milk and 
blood samples for r a d i o a n a l y s i s were 
c o l l e c t e d a t f requent i n t e r v a l s fo r up to 10 
days p o s t - i L i e c t i o n and the plasma and i i l k 
c o n c e n t r a t i o n of the n u c l i d e s w^re expressed 
as per cent of i n i e c t e d dose and p l o t t e d 
aga in s t t i n e p o s t - i n j e c t i o n . Both Ce 144-Pr 
144 and as 241 d i sappeared r a p i d l y from the 
plasma and were c o n c e n t r a t e d in milk, whereas 
Np 237 and Pu 239 both d i sappea red s lowly 
from plasma and t h e milk c o n c e n t r a t i o n s were 
always le ss than those found in plasma. The 
average milSr-to-plasma r a t i o s weres Ce 144-Pr 
144^ 3 . 4 ; Mp 237^ 0,05s Pu 2^9, 0 ,025 ; and am 
241, 2 , 3 - From t h e da ta a v a i l a b l e , i t would 
not appear t h a t any of t h e s e heavy 
radion?ic l ides wculd r e p r e s e n t a s i g n i f i c a n t 
hasard to man v i a i n g e s t i o n of s i l k from 
animals grazing on contaminated f o r a g e , (FMI5S 

<147> 
McClellan, F .O, , G.S, Vogtp J . F . McKenney, ^ . E . 
Kerr , and L . r . ^ u s t a d , Hanfcrd atomic Products 
Opera t ion , Richland , wa. 1962, January 15 

Comparative Toxic i ty of Stront ium 90? Radium 
22*3^ and Plutonlup 23^3, HW-72500; P a r t of 
Kornberg, H.a . and Swesea, E.G. ( F d s . ) , Hanford 
Biology Research annua'? Report for 1961, (p-
3b-£t0), 180 p. 

Twenty-oie feirale m i n i a t u r e swine were 
i n j e c t e d i n t r avenous ly with Sr ^ 0 , Ha 226, or 
Pu 239 in doses of 1̂4 aCi Sr «0 /kg , 6,4 uCl 
Ra 2 2 6 / k a , or 1-3 uCi/Pu 239/kg- Severe 
r educ t ion in leukocyte numbers were seen 
dar ing t h e f i r s t t h r e e months a f t e r 
r adxonuc l ide i n j e c t i o n - Neu t roph i l s showed a 
g r e a t e r dep res s ion than t h e c e l l t y p e s . The 
nost s?'--'vere change was e v i d e n t i n the groups 
admin i s t e red PU 23*^. Nine male an imals 
i n i e c t e d i;̂  mon^-hs p r e v i o u s l y and t h e i r 
c o n t r o l s were s a c r i f i c e d t c provide specimens 
for s tudy of e a r l y h i s t o p a t h o l o g i c a l and 
n i s tochemica l changes , (auth) (FMH) 

<14f^> 
Hewhinney, J . a . , J . J - '^ igl io^ C H . Hobbs, and 
17.0. "^cClellan^ Lovelace Foundation for Medical 
Education and Pesearch , I n h a l a t i c n Toxicology 
r e s e a r c h I n s t i t u t e ^ a iberquercue^ NM. 1974, 
Decegioer 

<145> 

Short-Term E5etabolism of Three Sizes of 
Hoaodisperse Plutonium 238 Pu02 aerosols in 
Beagle Dogs, LP-49; Part of Boecker, B.B, and 
Fupprecht, F,C, (Eds.), annual Report of the 
Inhalation Toxicology Research Institute, 
October 1, 1973 through September 30, 1974 (p, 
37-39), 364 p. 

Inhalation exposures of 30 beagle dogs were 
conducted using lonodisperse and polydisperse 
aerosols of Pu 238 Pu02 to leasure the 
initial pulmonary deposition aad short term 
translocation cf Pu 238 to other tissue. 
Three sizes of acnodisperse aerosols (0.7, 
1,5, 3.0 urn aD) were compared with a single 
polydisperse size (1.5 ui A^AQ) in this 
study. animals were sacrificed at 0̂  8 and 
32 days after inhalation exposure and tissues 
analysed for Pu 238 content radiochemically. 
Initial pulmonary deposition decreased as 
mcnodlsperse particle sise increased and the 
pclydisperse aerosol closely resesbled the 
smaller monodisperse size in initial 
deposition- upper respiratory clearance was 
nearly complete at 8 days after inhalaticn. 
Minimal translocation of Pu 238 to tissues 
was found at 8 and 32 days post-inhalaticn 
exposure- Transport of Pu 238 PuC2 particles 
tc tracheobronchial lysph nodes appeared tc 
be particle size dependent at 32 days after 
inhalation. (auth) 

<149> 
!loskalev, Yu.I. (Ed,), 1971 

Penicte aftereffects of Radiation Damage, 
aEC-tr-7387; 574 p. 

The colleccion of 68 articles presents the 
scst recent data on tumorous and nontumoroos 
fcrms of remote aftereffects arising with 
damage by external sources of ionising 
radiation and inccrporated radioactive 
Isotopes. Two articles haye been abstracted 
spearately for the data base. Materials 
include aeif data on the spontaneous frequency 
of tUFiors in anisals, on remote aftereffects 
fcllowing exposure to high-energy protons, 
mixed gasma-neutrcn and external beta 
IrradiatioKff and also plutonium 239, polcniui 
210, americium 24 1, protactinium 233, tritium 
oside and uranius, the effect of radiation on 
offspring, on the prevention of remote 
aftereffects, and also information on the 
relationship between the primary mechanlssss 
of the action of radiaticn ani reÊ ote 
aftereffects. BKtensive data have oeen used 
in convincingly demonstrating the 
exceptionally high blastomogenic activity cf 
the rare earth and transuranium elegients (Ce 
144, Pa 233, Pu 239, Am 241|, ?u 239 has an 
exceptionally high blastomogenic activity. 
In the case of damage by this radioactive 
eleaient tumors of the bones and lungs and 
also sclerotic processes in the pulmonary 
tissue and subcutaneous cellular tissue arise 
with the acGusulaticn of very Insignificant 
doses. Facts are being accumulated 
indicating a dependence of the 
csteosarcomogenic effect of Pu 239 on the 
path and rnvthi of adsDinistration. It Has 
found that the osteosarcoaogenio activity or 
Pu 239 in the case of inhalation and chronic 
peroral administration is greater than in ttie 
case of a single intravenous administration. 
The lesser {in ccsparison with Pu 239) 
biological and osteosarcomogenic 
effectiveness of another transuranium 
element, asi 241, was soEieshat unexpected, as 
revealed by ths latest data^ this is 
attributable to peculiarities in the 
raicroqeoietry of the distriDutlon of the 
ccnsldered emitters in the bone tissue. in 
ccntrast to Pu 239, the relatively great 
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<1U'3> COHT-
q u a n t i t i e s of am 241 in the bone t i s s u e a re 
bound with mineral s t ruc tu re -^ , whereas 
p ro t e i n s t r u c t u r e s ( s l a l o p r o t e i n s , 
t r a n s f e r r i n ) hold c o n s i d e r a b l y g r e a t e r 
q u a n t i t i e s of Pu 239. For t h e f i r s t t ime 
data a r e presented on t h e felastciogenic 
e f f e c t s of Sr 90 on the g l i a l e lements of t h e 
c e n t r a l nervous system and on t h e biochemical 
changes i n the lungs a f t e r i n h a l i n g Pu 239 
and am 24 1. One hundred f ive t a b l e s , 208 
f i g u r e s and b i b l i o g r a p h y of 1,028 i tems a re 
i n c l u d e d . {F^'i) 

<150> 
Moskalev, Y u . I . , and J , F , S , 
(Trans la to r ) , 195R 

5rad ley 

P ? g u l a r i t l e s in t h e D i s t r i b u t i o n and T o x i c i t y of 
Pad ioe lemen t s . t ^ i o f i s i k a , 3 ( 6 ) , 725-731 , 

Some r e g u l a r i t i e s i n the d i s t r i b u t i o n s and 
b i o l o g i c a l e f f e c t s of r a d i o i s o t o p e s a r e 
d i s c u s s e d , "^he e lements in any one group of 
t h e p e r i o d i c system behave very s i a i l a r l y . 
The types of d i s t r i b u t i o n d i s t i n g u i s h e d a re 
the s k e l e t a l , t h e l i v e r , the uniform and the 
kidney, Complexing a g e n t s , c a r r i e r s and pH 
a l t e r t h e d i s t r i b u t i o n t y p e s found with 
elements having hydro lysab le compounds; they 
produce no e f f e c t s with elements g iv i ag 
mostly s o l u b l e compounds. T o x i c i t i e s should 
not be eva lua ted in t e rms of a c t i v i t y a l o n e , 
s i n c e the r a d i a t i o n dose i s tf^e primary 
paramete r , aad not the decay r a t e . The 
e f f e c t i v e n e s s of any e i i t t e r depends on i t s 
p h y s i c a l parameters (energy , emiss ioa t y p e , 
h a l f - l i f e ) and on i t s p h y s i o l o g i c a l behav ior 
( d i s t r i b u t i o n t y p e , r a t e cf e l i m i n a t i o n , 
i eqree o-*" abso rp t ion from depots) , The da t a 
I n d i c a t e t h a t some e lements (Sr^ Ba, Ra, Y, 
3 r , Pu) a r e o s t e o p h i l l c , while o the r s ( l a , 
Ce, 5m, ? r , ai? Cm) a r e s e l e c t i v e l y depos i t ed 
In the l i v e r ; so^e accumulate l a r g e l y in 
muscle (K, Cs , Rb), whereas o t h e r s tend t o 
p re fe r t h e r e t i c u l o e n d o t h e l i a l sys;tem (Mb, 
RU, Te, PC), (auth) (FEIH) 

Table 2 shows t ime doses produced in organs 
( s k e l e t o n , l i v e r , k idney , s p l e e n , bene aarrow) 
a f t e r i n j e c t i n g LD 50/30 amounts of e m i t t e r s 
( inc lud ing Cs 137, Sr 90 , f 9 1 , Pm 147, Fu 239, 
'J 233) . 

<151> 
Moskalev, Y u , I , , l . a , Buldakov, 
S t r e i « t s o v a , 1961, December 8 

aad f,I, 

Dependence of the Biological action of Plutonium 
Upon the Rhythm of Its Fntry Into the Organism-
JPRS-in22; Fart of Radioblology, Cp, 297-315), 
453 p.; Hadiobiologiya, 1(2), 25C-256. 

Male and female rats weighing 170-200 g ¥ere 
administered intraperitoneally plutoniui 
citrate solutions (pH 6) in a single or 
fractional doses cf 0.00125, 0,005, 0,02 or 
0,08 uCi/g of rat weight. The effects on 
duration of life, body weight, peripheral 
blood and occurrence of tumors ^a.s 
investigated. The lifespan of rats given Pa 
depended not only on the dose but also on the 
rhythm of the isotope introductloE, at doses 
of 0,00125 uCl/g thP life span did change and 
was not depeadent on the rhythm of iatake. 
In doses of 0,005-0,08 uCl/g, fractional 
administration prolonged the life of the 
aniaals, LD 50 values increased with 
fractional Pu administration. Changes in the 
body weight and hematological values were 
first less pronounced than at later periods 
when isotope administration was discontinued, 
at a dose of 0,0012^-0,02 uCi/g tuiaors of 

bcdy tissues developed both in single aad 
fractionated Pu Introduction. (RaF) 

<152> 
Moskalev, Yu,I., E,J, Rudnitsfeaya, L.a. 
Buldakov, a.P, Nifatov, aad L.<J. Fillppova, Met 
given, 197 4, February 

Resote aftereffects associated wxth Damage oy 
Transuranium Elements, CONF-730907 (Part 1); 
Part of Snyder, M.S, (Ed.), Proceedings of the 
3rd Internatioaal Congress cf the IHpa held is 
Washington, D.C, September 9-14, 1973, CP» 
167-171)^ U75 p, (Russian, English Summary) 

la experiments oa rats and dogs the late 
effects of malignant and aeomalignant 
development after the intake of various 
compounds of Pu 239^ am 241 and Up 237 were 
studied. It has been shewn that dogs and 
rats after the intake of transuranium 
elements develop osteosarcomas, leucosis, 
tuiaors of lungs, liver, kidneys and ether 
organs, sclerotic processes (contracted 
liver, nephrosclerosis, pneusosclerosls) at 
the sites of deposition or transition of the 
isotope and septlcal processes of various 
localisation, after the intake cf Pu 239 the 
siinimuia csteosarcosogenic dose is within 5 
rad aad after am 241-17 rad. The laHimum 
frequency of osteosarcoma developemeat after 
the intake of am 24 1 is 33^ in rats and 100^ 
in dogs, with the decrease of dose 
accuiulated in the bone tissue the relative 
osteosarco^ogenic efficiency is increased ia 
dcgs as compared to rats froi 3 to 30 times, 
Hhen the doses are close to minimum effective 
ones the osteosarcomogenic activity of Pu 239 
is five-fold that of ai 241. The development 
of leucosis after the intake of transuranius 
elements occurs more often aad at earlier 
periods relative to control animals. The 
maximum yield of kidney tumors (2-4,5^) is 
observed with am 24 1 when the doses used are 
within 35-200 rad. after ths inhalation of 
soluble compounds of am 241 the frequency cf 
pneumosclerosis aad lung tuior development is 
lower as compared to Pu 239, The routes of 
am 241 and Pu 239 intake into the body do not 
affect the values of carcinogenic doses fcr 
the particular tissue. The liniaus 
osteosarcomogeaic and leucomogeaic dose for 
nitrate of Mp 237 after intravenous injection 
i£ below 0,1 Ci/kg. (auth) 

<153> 
HoskaleVff tu,!,^ ?, 
Lemberg, Not given. 

, Strel'tsova, and ¥.K, 
1969 

Remote Sequelae of Radiation Damage. 
aEC-tr-7195s Part of Moskalev, lu.I, (Ed,), 
Radioactive Isotopes and the Body^ (p. 439-458), 
458 p. 

The reaote effects of radiation damage are 
grouped iato tumorous and nontumorous forms 
of injury. Both forms cf injury are 
eiperiaentally documented; included are 
pertinent literature findings- The 
nontumorous forms are pathological processes 
such as nephrosclerosis, cirrhosis of the 
liver, pneuiosclerosisa different versions of 
vascular pathology and endocrine 
disturbances. These pathological processes 
are determined by the region and form of 
irradiation, the dose, the biological 
properties of the irradiated substrate, etc« 
EKperiseats oa white rats^ after a single 
tctal irradiation with protons and neutrons 
or with a single intraperitoneal injection of 
Ss 90 or Po 210, showed cxEhosis of the liver 
is approximately 8-20% of thQ exposed 
aaiaals, alpha-emitters eshibited a greater 
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c i r r h o t i c ef foct than beta-em i t - t e r s , 
Nephioscheros is a rose in 6-18^i of r a t s 
irradiat'=^d once by p r c t c o s or n e u t r o n s . 
I r r a d i a t i o n by al-oha p a r t i c l e s cf 
iacoifoEdi-ed •̂ ô 210 caused a r i s e in 
aephrosc l f - ros i s in about '40% of r a t s . The 
t requency of thp d i s e a s e reached a majcimus 
{B\% in aalp;^, 100'^ in femal^s^ fo r a dose of 
0.0048 u ' " i / a . Pne-iimosclerosis de¥elopGd 
p re f e r en t i a l I v in c a s e s cf i n h a l a t i o n or 
i n t r a t r a c h e a l in*-ak^ of poor ly r e s o r b i n g 
r a d i o n u c l i d e s , 'p'xtjerlments with 
i n t r a t r a c h e a l Pu 23^ PuNom a d m i n i s t r a t i o n t o 
r a t s in a q u a n t i t y of 7 nCi/q showed t h a t the 
deve lcpaent of pneamosclerosi s occurred i n 
s e v e r a l s t a g e s c h a r a c t e r i s e d fcy a c l e a r 
c o r r e l a t i o n between t h e dose and t h e r e a c t i o n 
of the parenckysa . Endocrine d i s t u r b a n c e s 
were observed In ^0^ of i r r a d i a t e d a n i m a l s . 
EKperimisntal data on the tumorous forms of 
remote seque lae were ob ta ined wi th a s i n g l e 
i r r a d i d t i c n cf white r a t s by p ro tons and 
neutronsj . and by alpha and b e t a - e m i t t e r s , 
Pliitoni'in' 239 was i n j e c t e d i n t r a p e r i t o n e a l l y 
In to r a t s and r a^ ' b i t s in doses cf 0,00001 t o 
0 = COe*̂  ' iCi/g and »o 210 yas i n i e c t e d 
intraperiton*=>alIy i n t o r a t s a t doses of 
0.0003 to 0.02 uCi /g . The b e t a - e m i t t e r s were 
3r 90p Sr Ao^ Ba I^JC, Y 90^ Y ^ 1 ^ Ca 45^ P 
32s, Ce Ua^ Vm 1U7̂  t a mo^ Kb 95^ Cs 137 and 
R?j 1U6, 'Malignant and benign new growths of 
differen-^ t i s s u e s (osteosarcomas^ l e o k o s e s , 
tumors of t h e g a s t r c i n t e s t l n a l t r a c t s l i T e r , 
k id ieys j . l ungs , S'^xiial organs^ I n t e r n a l 
s e c r e t i o n glands^ e t c . ) developed on the 
avera-^e in ^^7^ o-̂  t he r a t s and P-6% of r a b b i t s 
t e s t e d in t h e ch ron i c phase of r a d i a t i o n 
i n i u r y caused by alpha or be ta e m i t t e r s . 
Neutrons and p ro tons e x h i b i t e d t h e g r e a t e s t 
bldstciDcgenous effec'*- causing fhe appearance 
of tumors in aa-4^^ of males and 77-63% of 
fenia ies . M u l t i c e n t r i c growth of tumors was 
observed both under e x t e r n a l neutron and 
proton i r r a d i a t i o n and i n cases of 
r a d i o n u c l i d e i n c o r p o r a t i o n . R a d i a t i o n s v i t h 
a high i o n i z a t i o n d e n s i t y e x h i b i t e d a h igher 
c a r c i n o g e n i c a c t i v i t y than r a d i a t i o n s with 
lower i o n i z a t i o n d e n s i t y . The p o s s l D i l x t y of 
suppress ion or s t i m u l a t i o n of some tumor 
f o r s s i s presented y i t h a d i s c u s s i o n and with 
soife experiment a l da ta on t i s s u e m i t o t i c 
a c t i v i t y . (P&F) 

<15«> 
Ifoskale¥(. Yu.I.ff and ¥.*5. 
1965 

S t r e l t s o v a ^ Not g i^en . 

E a d l a t i c n Caocerogenesis and t h e Problem of 
fiestoratiofi. ^ e d i t s i n s k a y a Padiologiya^ 10, 
uO-a?.(Hussi an) 

The frequency of occurrence of cs teosarcos ias 
and leukeEiia in r a t s was i n v e s t i g a t e d a f t e r 
s u c c e s s i v e i n i e c t i o n s of Sr ^ 0 , Ce UU and Pu 
239 oi?er va r ious t ime pe r iods va ry ing frcsi a 
d a i l y i n i € c t i o n t o an i n j e c t i o n each U 
months. Out of a t o t a l of 52*̂  r a t s , 
os teosarcomas were found in 99 ratSp and 
ieaK€E3ia was diagnosed in 32 c a s e s . The 
frequency of occur rence of l e u k e i l a d id not 
change ^ I t h i nc r ea sed t ime of a d m i n i s t r a t i o i i 
of a gli?en amount of a c t i v i t y . on t h e o the r 
hand the frequency of occur rence of 
os teosarccmas decreased ^ i t h i n c r e a s i n g t i a e 
of a d m i n i s t r a t i o n . Thus, on i n t roduc ing a 
t o t a l of 102 u c i of Ce 194 I n t o a r a t in f lv€ 
s h o t s once a week? OBce each 2 neeks , and 
once each four weeks, t h e pe rcen t ages of 
osteosarcofflas were î O, 40 and 31% 
r e s p e c t i v e l y , with t n e sho t s t h e p e r c e n t a g e s 
were H'^tg 33'^ and 0'̂  r e s p e c t i v e l y . S imi l a r 
r e s u l t s were obta ined with Sr 90 , Ifith the 
a lpha e m i t t e r Pu 239, f r a e t l o n a t i o n of the 

dcse r e s u l t e d in an i n c r e a s e in the frequency 
c£ occurrence cf csteosaEccmas. Thus, a 
s ing le i n i e c t i o n cf 1.25 x 10(5-3) uCl of Pu 
2 3^/q gave a 3% freguency of os tecsarccnsas . 
The saEi*̂  amount of Pu 239 in j ec t ed d a i l y over 
a per iod of 50 and 100 days gave csteosarccs}a 
f requenc ies of U . 2 and 11.11 r e s p e c t i v e l y . 
With ¥eeklY i n t e r v a l s between s h o t s t n i s 
frequency increased t c 2 1 . y". The saore 
d i f f e r e n t i a t e d tumor for ins were found in 
those cases where t h e dose to t n e Done t i s s u e 
was low. (TIT) 

<1^5> 
[^oskalev, ? u . I . , V.F, Zhuravlev, A.il. I s t o s l n a , 
I . K. P e t r o v i c h , and D. A. Kasi^ekcva? I n s t i t u t e of 
E>iophysics^ Moscow, IfSSU. 1971 

p ^ l a t i v e B io log i ca l Ef fec t iveness or T r i t i a a , 
':ONF-71080<5; P a r t of Moghiss i , a. A. and C a r t e r , 
i^.W. (Eds.) , Proceedings of a Symposium on 
Tritit^m held in l a s Vegas, Nevada, august 
30-September 2, 1971. ''Messenger Graph ics , 
P u b l i s h e r s , Las Vegas, Mevada^ (p. 2«0-24a) , 607 
p . 

The effects of beta radiation froci t r i t i u s 
¥€re ccspared with the gasma radiation frcs 
Cs 1̂ 7 in order to determine the BBS,. 
Esperlssents ¥ere performed using ^Sl r a t s . 
Tri t iated water was given to animals in 
guantities of 3.0, 2.0, 1.0, 0.6, 0.3, 0.15 
sCi/g tody weight. Other rats were 
ccntinuously exposed gamma radiation of Cs 
137 in a special i:iStallation at the same 
incident dose rate as was calculated for tne 
tiitlum* The P2E of tritium was seasurea in 
terms of the following indices: survival 
ra te , peripheral blcod response, and thymic 
and splenic weight responses. The dose 
causing death of one-naif cf the rats within 
the f i r s t four days was 1.36 and 3.72 
kilorads for t r i t iuE and jaiiaa radiatxcn, 
respectively. Hence, the RBE of tritiuEi 
oxide is equal to tao. On the basis of 
acr td l i ty ra tes yith various doses of tritium 
cKide and external gamia radiation, doses 
were calculated which caused death of 50^ cf 
ra ts by days 12 and 30. In the case of gaiia 
radiation of cs 137, the Ld 50/12 was 1820 
plus or minus 13^ rads,. and in the case cf 
tiitium 1350 plus or minus 30 rads |P=0.05)-
The LD 50/30 was equal to 1200 plus or minas 
£)3 and 895 plus or minus 53 rads, 
respectively. These resul ts show that the 
REB of trltiutQ is equal to 1.35 ani 1.34. 
Thus, the SBH of tritl\ss3 oxide l ies between 
I.Sa and 2.0 using the survival c r i te r ion , 
'̂ hen used in acutely effective doses (3.0 to 
0.^ oCi/g body weight or 3000 tc 690 rads) 
tExtiui and gamma radiation led to strongly 
marked leukopenia in the ra ts . The degree of 
leukopenia following exposure to equal doses 
was greater ^ith tritium than with gasia 
radiation. The dose causing a 50^ decrease 
in leucocyte count was 22̂ 1 rads for tritiuia 
and f*26 rads for gaEia radiat ion. The dose 
causing in twofold decrease in lyighocyte 
count, one day after exposure, was 270 rads 
for tritium and 390 for gaima radiation. The 
BBE of tr i t ium is thus 1.a5. Analysis of the 
resul ts has shown tha t , judging from the 
responses of peripheral blood and thyaic and 
splenic weights, the fiBE of t r i t i u i oxide 
l i es between 1,̂ 5 and 1.93- Thus, in the 
case of acutely effective doses, tritium beta 
radiation i s biologically more effective than 
the gassa radiation of Cs 137. The 
relat ively greater biological effectiveness 
of tritium appears to be due to the fact that 
i t develops 10 to 30 times as great 
ionization density per unit t issue ¥oluii!e as 
s or gassa radiation, (Vnn) 
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<156> 
f l u g g e n b u r g , E . A . , J . 8.. K e w h l n n e y , J . J . M i g l i o , 
D.O- S l a u s c n , and P . O . EfcCle l l ans , L o v e l a c e 
F o u n d a t i o n f o r l e d i c a l E d u c a t i o n a n d R e s e a r c h , 
I n h a l a t l c n T c x i c a l o g y R e s e a r c h I n s t i t u t e , 
S l b u q u e r g u e , NH. 197fi, December 

B r o n c h o p u l s o n a r y L a v a g e and DTPA T r e a t m e n t f o r 
t h e Remova l o f I n h a l e d P l u t o n i u m 2 3 9 of V a r i e d 
S o l u b i l i t y i n B e a g l e P o g s , 2 . . L F - a 9 ; P a r t o f 
M c c l e l l a n , ^ . 0 . and P u p p r e c h t , ? . C . ( B d s . ) , 
I n h a l a t i o n T o x i c o l o g y R e s e a r c h I n s t i t u t e A n n u a l 
R e p o r t , O c t o b e r 1, 1^73 t h r o u g h S e p t e m b e r 3 0 , 
1 9 7 4 , ( p . 2 6 9 - 2 7 3 ) , 3a2 p . 

The e f f i c a c y of b r o n c h o p u l m o n a r y l a v a g e and 
c h e l a t i o n t h e r a p y was d e t e r m i n e d f o r r e g i o v i n g 
Pu 239 f rom b e a g l e d o g s a f t e r i n h a l a t i o n of 
Pu 239 a e r o s o l s o f d i f f e r i n g i n v i v o 
s o l u b i l i t y . The f o u r a e r o s o l s u s e d w e r e 
n e b u l i s e d f r o i i a s o l u t i o n o f ?u 239 P u C l ^ and 
h e a t t r e a t e d a t t e r ^ ^ p e r a t u r e s o f 3 2 5 , 6 0 0 , 9 0 0 
and 1150 d e g r e e s C, r e s p e c t i v e l y . S i s d o g s 
w e r e e x p o s e d t o e a c h of t h e f o u r a e r o s o l s a n d 
1 d o g s i n ^^ch g r o u p w e r e t r e a t e d 
s u b s e q u e n t l y by l a v a g e and i n t r a v e n o u s 
d i e t h y l e n e t r l a a l n e p e n t a a c e t i c a c i d (DTP6) ; 
t h r e e d o g s s e r v e d a s u n t r e a t e d c o n t r o l s . 
T i s s u e a c c u m u l a t i o n of Pu 23"^ i n t h e 
a n t r e a t e d c o n t r o l d o g s a t s a c r i f i c e 56 d a y s 
p o s t - e x p o s y r e , e x p r e s s e d a s a p e r c e n t a g e of 
•*-he i n i t i a l l u n g b u r d e n (TLB) , Mas S% i n 
l i v e r a n d ^'^ i n s k e l e t o n f o r t h e 325 d e g r e e s 
C a e r o s c l g r o u p , 1'̂  i n l i v e r and 2% i n t h e 
s k e l e t o n f o r t h e ^00 d e g r e e s r g r o u p , and 
l e s s t h a n 0.6^- i n t h e s e t i s s u e s f o r t h e 900 
d e g r e e s and 11*^0 d^^grees C a e r o s o l g r o u p s . 
'T ' i ssue a c c u m u l a t i o n w a s 1.0*^ o r l e s s o f t h e 
11*^ f o r a l l o r g a n s i n t h e t r e a t e d g r o u p s o f 
d o g s . The u r i n a r y e x c r e t i o n of Pu 239 was 
I n c r e a s e d i n t h e t r e a t e d d o g s c o i a p a r e d t o t h e 
G o n t r c l d o g s t h a t i n h a l e d t h e 3 25 d e g r e e s C 
and 600 d e g r e e s C a * ^ r o s o l s a n d v a s low i n a l l 
d o g s e x p o s e d t o t h e *300 d e g r e e s and 1150 
d e g r e e s C t r e a t e d a e r o s o l p a r t i c l e s . Ten 
b r o n c h o p u l T i o n a r y l a v a g e p r o c e d u r e s r e m o v e d a 
mean of a a t o f t h e n , ^ o f Pu 239 from t h e 
l u n g s . The a e r o s o l t e m p e r a t u r e and r e s u l t i n g 
d i f f e r e n c e - ^ i n s o l u b i l i t y o f t h e p a r t i c l e s 
d i d n o t i n f l u e n c e t h e e f f i c a c y o f t h e l a v a g e 
p r o c e d u r e . An i n v i t r o s o l u b i l i t y o f t h e 
par-»-lcle=: d i d n o t i n f l u e n c e t h e e f f i c a c y o f 
t n e l a v a g e p r o c e d u r ' = ' . An i n v i t r o s o l u b i l i t y 
t e s t p r e d i c t e d t h e r e l a t i v e i n v i v o 
s o l u b i l i t y o f t h e li a e r o s o l s . T h e s e r e s u l t s 
a r e d i s c u s s e d i n r e l a t i o n t o t h e c h o i c e of 
t h e r a p y a n d i t s t i l l i n g , {A.utb) 

< I 5 7 > 
^ o g g e n h u r g , F , f i . , J , a , ^ e w h i n n e y , J - J , H i g l i o , 
and D , 0 . S l a u s o n , L o v e l a c e F o u n d a t i o n f o r 
^ l e d l c a l E d u c a t i o n and R e s e a r c h , I n h a l a t i o n 
T o x i c o l o g y R e s e a r c h T n s t i t u - f - e , \ l h u q u e r q u e , H«1. 
197a , December 

?€-moval o f I n h a l e d Am-^riclum 2U1 frosa t h e B e a g l e 
Dog by l u n g L a v a g e ; & ' " H o t S t u d y . LF~Ji9; P a r t 
of B o e c k e r , B . B . and • R u r p r e c h t , P . C . ( E d s , ) , 
a n n u a l d e p o r t o f t h e i n h a l a t i o n T o x i c o l o g y 
R e s e a r c h T n s t i t u t e , O c t o b e r 1^ 1973 t h r o u g h 
S e p t e m b e r 3 0 , lQ7!i , ( p . 27a-27f i ) ^ 38Ss p . 

The p u r p o s e c f t h i s p i l o t s t u d y was t o o b t a i n 
in fors ia -^- lon on t h e r e l a t i v e e f f e c t i v e n e s s o f 
l u n g l a v a g e and i n t r a v e n o u s c h e l a t i o n t h e r a p y 
on ^he r ^ i j o v a l o f \^ 241 from t h e d o g . S i x 
B e a g l e d o g s w e r e d i v i d e d i r t o 2 e q u a l g r o u p s ; 
•f-he f i r s - ^ a r o u p wa^ e x p o s e d by i n h a l a t i o n t o 
raonodisp'^rse p a r - ^ i c l e s o f Am 2 ^ 1 , 1,8 urn ^D. 
Thf̂  s e c o n d g r o u p was e x p o s e d t o a 
p o l y d i s p e r s e a e r o s o l . Two d o g s i n e a c h g r o u p 
were t r e a t e d bv l u n g l a v a g e on d a y s 2 a n d 9 
p o s t - e x p o s u r e a n d 
d i e t h y l s n e - ^ - r i a i a l n e p e n t a a c e t i G a c i d (DTPS) on 

d a y s 1 , 2 , 3 , ^ , 7 a n d 9 . Lung l a v a g e 
t r e a t m e n t r e m o v e d 2^% o f t h e I n i t i a l l u n g 
b u r d e n o f Am 2^1 and DTP& I n c r e a s e d u r i n a r y 
e i c r e t i o n t o s o r e t h a n 15? of t h e i n i t i a l 
l u n g b a r d e n (ILB) d u r i n g t o e 16 d a y s of t h e 
s t u d y . T r a n s l o c a t i o n o f A^ 2^1 t o l i v e r a n d 
s k e l e t o n o c c u r r e d I n t h e c o n t r o l d o g s , 6 t c 
H"?' o f t h e I L B , b u t l e s s t h a n 2% t r a n s l o c a t e d 
t c t h e s e o r g a n s i n t h e t r e a t e d d o g s . ( a u t h ) 

< 1 5 8 > 
H u r r a y , R. 
Hot g i v e n . 

H. L i s c o , H. Blooia , a n d !?. H e l l e r , 
1 9 4 5 , Harch 14 

E f f e c t s o f P r o d u c t a d i i n i s t r a t i o n 
I n t r a a u s c u l a r l y t o M i c e . C H - 2 7 4 0 ; P a r t o f 
f^on th ly H e a l t h R e p o r t on P r o b l e m s R e l a t i u g t o 
P r o d u c t f o r P e r i o d E n d i n g F e b r a a r y 1 5 , 1 9 4 5 , ( p . 
5 - 7 ) . 

P l u t o n i u m n i t r a t e was a d m i n i s t e r e d 
I n t r a m u s c u l a r l y , i n t r a v e n o u s l y and 
s u b c u t a E e o u s l y t o m a l e mice a t d o s e l e v e l s of 
1.5 a n d 4 . 5 u g / g . P r e l i m i n a r y r e s u l t s 
i n d i c a t e t h a t i n t r a v e n o u s gu c a u s e d c e r t a i n 
s y s t e m i c l e s i o n s i n t h e l i v e r a n d s p l e e n . 
The raedlan l e t h a l d o s e was b e t w e e n 0 , 6 and 1 
u g / g , w i t h l e d i a n s u r v i v a l of 2 - 3 w e e k s , 
i n t r a s u s c f i l a r Pu showed no a c u t e t o x i c i t y i n 
d c s e s up t o 4 , 5 u g / g - S u b c u t a n e o u s Pu c a u s e d 
s y s t e m i c l e s i o n s , w i t h t h e m e d i a n l e t h a l d c s e 
p r o b a b l y b e l o w ^ . 5 u g / g . L o c a l l e s i o n s w e r e 
o b s e r v e d w i t h s u b c u t a n e o u s and i n t r a m u s c u l a r 
d o s e s down t o 1.5 u g / g . The h i s t c X c g i c a l 
e f f e c t s of Pu i n s p l e e n and l y a p h n o d e s a r e 
d i s c u s s e d . (EAF) 

<159> 
^ u r r a y ^ R . G . , Not g i v e n . 19US 

T h e T h y m u s , P a r t o f B l o o a , W. ( E d . ) , 
H i s t c p a t h o l o g y of I r r a d i a t i o n from E x t e r n a l and 
I n t e r n a l S o u r c e s , C h a p t e r 9 , ElcGraw H i l l Bock 
Company , I n c . , New Y o r k , New Y o r t , ( p . 4 4 6 - 5 0 1 ) , 
808 p . 

The t h y m u s e s of g r e a t n u m b e r s o f r a b b i t s , 
r a t s , r n i c e , g u i n e a p i g s , and c h i c k e n s &ere 
h i s t o l o g i c a l l y e x a s l n e d f o l l o w i n g - c r e a t n e n t 
i n t e r n a l l y w i t h p l u t o n i u ! s ^ r a d l a s , p h o s p h o r u s 
3 2 , s o d i u m 2 4 , and f i s s i o n p r o d u c t s , o r 
e x t e r n a l l y w i t h f a s t o r s l o w n e u t r o n s , b e t a 
r a y s , gasma r a y s , a n d x r a y s . S i n g l e a n d 
r e p e a t e d d o s e s were g i v e n . C o m p a r a b l e 
damage was d o n e t o t h e t h y s u s i n a v a r i e t y o f 
s p e c i e s by a s i m i l a r number of R cf 
s i n g l e - t r e a t m e n t t o t a l - b o d y x - r a y s , 
i r r e s p e c t i v e of t h e v a r i a t i o n s i n LD 5 0 / 3 0 
d a y s f o r t h e s e s p e c i e s . ! l l ce h a d s a a l l b u t 
o t h e r w i s e a p p a r e n t l y n o r s a l t h y m u s e s a f t e r a s 
Eany a s 20 d a i l y 80-R t o t a l body d o s e s of 
x - r a y s , a l t h o u g h s e v e r e d e p l e t i o n o c c u r r e d 
a f t e r 350 R g i v e n i n a s i n g l e d c s e , a n d 
s l i g h t damage a f t e r a s i n g l e 8 0 - ^ e x p o s u r e , 
Z l r c o n i u j a 93 u C i / g and b a r l u s 1 4 0 - l a n t h a n u i 
140 | 5 u C l / g ) c a u s e d c o m p l e t e d e p l e t i o n o f 
t h e r a t t h y m u s w i t h i n 2 w e s k s . 
I n t r a p e r i t o n e a l i n j e c t i o n o f 2 . 5 a C i / g o f 
c h o s p h o r u s 32 I n s i c e d i d n o t d e p l e t e t h e 
t h y m u s . \ d o s e o f 50 t o 80 u C i / g cf s o d i u m 
24 c a u s e d r a p i d and s e v e r e d e p l e t i o n w i t h o u t 
s u b s t a n t i a l r e c o v e r y i n 4 d a y s . I n a m a n n e r 
s l E i l a r t o t h a t f o l l o w i n g a s i n g l e d c s e of 
t c t a l - b o d y i r r a d i a t i o n w i t h an e x t e r n a l 
d s o u r c e - I n t r a p e r i t o n e a l i n j e c t i o n of 1,0 
u c l / g o f r a d i u s c a u s e d p r o g r e s s i v e s e v e r e 
d e p l e r i o B of t h e t h y m u s of a l e e ; d e f i n i t e 
d e p l e t i o n r e s u l t e d i n t h e t h y m u s of r a t s f ros j 
d c s e s a s low a s 0 . 1 2 5 u C l / g . P l u t o n i u m w a s 
d e p o s i t e d i r r e g u l a r l y i n t h e t h y m u s of r a t s . 
The a u t o r a d i o g r a p h c f m i c e w e r e e n t i r e l y 
n e g a t i v e a n d t h e r e was no damage t o t h e a l e e 
a^ any d o s e , w h e t h e r i n j e c t e d I n t r a v e n c u s l } ! 
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<159> COM. 
- l y . 

hand, showed c o n s i d e r a b l e d e p l e t i o n of 
l y i p h o c y t e s in soss speciaseus; i n o t h e r s the 
thymus was unaffected*, a reas c o B t a i n i s g 
plMtcBiUB were dep l e t ed , and ad j acen t 
u i i con t a i l na t sd a r e a s were r e l a t i v e l y nor isa l . 
Damage was observed in one r a t i n t r a v e n o u s l y 
I n j e c t e d with only 0.008 uCi/g of platoi i ium. 
(huth) CFH )̂ 

Severa l h i s t o l o g i c a l s e c t i o n s a r e shown. 

<160> 
Murray, R,f?. i not g iven , 19Jie 

The Sp leen . P a r t of Bloom, H. {Bd. ) , 
His topa thology of I r r a d i a t i o n from Bx te rna l and 
I n t e r n a l Sources , Chapter 7 . fScSraw H i l l Book 
Company, ^ n c , Kew Yorkj, New York, (p. 2 4 3 - 3 ^ 7 ) , 
808 p . 

Tne sp leens of l a r g e nsiabers of r a t s mice , 
guinea p i g s , and ch ickens were h i s t o l o g i c a l l y 
exaained a f t e r exposure t c r a d i a t i o n s from 
Plutonium^ radiuni, phosphorus 32 , sodium 2^ , 
or l i x e d uranium f i s s i o n p r o d u c t s , or t o 
e x t e r n a l l y app l i ed f a s t n e u t r o n s , slow 
n e u t r o n s , be ta raysp gamsa rays^ or x - r a y s . 
S ingle and repea ted doses were g iven . Dai ly 
t r e a t m e n t s of 80 H of t o t a l - b o d y x - r a y s 
s eve re ly deple ted the whi te pu lp of t h e mouse 
spleen by 20 t r e a t m e n t s , but e r y t h r o p o i e s e s 
was d e f i n i t e l y e l e v a t e d a f t e r 24 t r e a t m e n t s -
Grea ter d e p l e t i o n occurred a f t e r 350 H given 
i n a singlf= dos©. In t r ape r i ^ -onea l i n j e c t i o n 
of 5,€ UCi/g of barium 140-lanthanug! 140 in 
n ice caused rap id i ioderate d e p l e t i o n of the 
s p l e n i c whi te pu lp j with coi^plete r ecovery a t 
20 days and concoEiltant h y p e r p l a s i a of 
e c t o p i c Dye lopo les l s in t h e red pu lp . 
I n t r a c a r d i a l i n j e c t i o n of 3.0 isCi/g of 
zirccoium ^̂  q-niobiuis 93 caused s e r e s eve re 
d e p l e t i o n of fh^ s p l e n i c white pulp t h a n even 
14.0 i r l / g of barium 140-lanthanua 140, In 
f u r t h e r c o n t r a s t t o t h e e t h e r be t a e m i t t e r s 
s t u d i e d , e ry th rophagocy tos i s in t h e r e d pulp 
was very s t r i k i n g , and e x t c p l c s y e l o p o i e s i s 
was (lepE^'ssed, ra-'-h'^r than e l e v a t e d , as l a t s 
a s s i x w-^eks a f t e r treatien-*-. Tn t ravenoas ly 
i n i e c t e d p lu ton iun (0.08 uCi/g) caused only 
mild d e p l e t i o n of th« whi te p^Ip of ^ i c e and 
h y p e r p l a s i a of e c t o p i c h e a a t o p o i e s i s i n the 
red p ' l lp , a f t e r a temporary dep re s s ion cf 
t h i s f u n c t i o n . Daaage t c white pulp was more 
s eve re In r a t s , b e i n j s i g n i f i c a n t a t doses as 
low as 0.03 uCl /g- In t ran^uscular i n j e c t i o n 
cf 0-3 uf" i /g caused only F l igh t h y p e r p l a s i a 
of e c t o p i c h e n ^ t o p o i e s l s , Damage t o t h e 
sp leen wa« scsewha* l e s s i^ith radiiasi i n j e c t e d 
i n t r a p e r i t o n e a l l y than with clatcnium 
i n j e c t e d i n t r a v e n o u s l y . a l though 1.0 uCi/g 
of radiuR did c o n s i d e r a b l y more damage in 
moase so leen than O.^s uCl/g of plutonlusB 
( these a r c r c u i h l y e q u i v a l e n t microgram 

amounts) , 0,^^ a ^ i / g of radiu-^ was l8 s s 
damagina then 0.03 uCi/g of plutonium Ir. 
r a t s . ^J i tc radlographs shewed a l l m a t e r i a l s 
more cnnc«=ntrat ed in red pulp than in t h e 
whi te pul ?:; the d e p o s i t i o n f r e q u e n t l y was 
e sp ' ^c i a l l y heavy at t h e t rans i^- lon between 
t h e s e ^wo zones . !Jlth z i rconiui r 93 -n iob lus 
^ 3 , y**'r'̂  UK ' ^ 1 , and radli^r?, however, t h e r e 
was «oae disposition in t h e whi te pu lp , f o s t l y 
around t i e art t-^riole- {^uth) {^'^n) 

Na-nerous h i s t o l o g i c a l s e c t i o n s i r e shown. 

P re l iminary Comparison of t h e Ef fec t s of 
an^ericiui 241 and Plutoniui i 239 on Sera i 
E a z y i e s . CQO-119-236; Pa r t of Dougherty^ f - i . , 
Pssearch in Sad iob io logy , annual Report of Merk 
i a Progress i n t h e iBter f ia l I r r a d i a t i o n Program, 
(p , 207-217) , 268 p . 

Previous r e p o r t s have desc r ibed t h e e f f e c t s 
of Pu 239 on s e rus enzymes in dogs . Elevated 
va lues fo r serua g l u t a i l c - p y r u v i c 
t ransaminase {SGPT) were found l a 0 . 1 , 1.0, 
1.7 and 2 .0 , dose l e v e l s . The percen t of 
seasuresients e l e v a t e d inc reased with 
i n c r e a s i n g dose , Also , Pu 239 produced 
inc reased serum a l k a l i n e phosphatase l e v e l s , 
with an i n c r e a s e i n t h e s e l e v e l s from the 1-0 
t c the 5.0 dose l e v e l , A p o s i t i v e 
c o r r e l a t i o n between se raa a l k a l i n e 
phosphatase and inc idence of o s t ecgea i c 
sarcoma was seen a t a l l but t h e 5,0 dose 
l e v e l . I n c r e a s e s i o SGPT and a l k a l i n e 
phosphatase l easurements c o r r e l a t e wita the 
a i c u n t of r ad lonuc l ide - induced h e p a t o c e l l u l a r 
n e c r o s i s . S s i a l l groop of t e s t dogs has 
been In j ec t ed with Pu 239 a t t h e 5.0 dose 
l e v e l and Im 241 a t t h e 1,0, 2 , 0 , 3.0, 4,0 
and 5,0 dose l e v e l s . These a n i i a l s were 
c l o s e l y s tud ied in the i n i t i a l p o s t - i n j e c t i o n 
pe r iod . Both p l a t o o i u i and aser ic ium were 
l i v e r seeking n u c l i d e s . Inc reased SGPT and 
a l k a l i n e phosphatase l e v e l s have been 
observed in Am 241 bea r ing dogs a s e a r l y as 
four months p o s t - i n j e c t i o n . S ix ty percen t 
more Im 2m than Pu 239 depos i ted in the 
l i v e r , and the changes in serum ensyaes 
ccrrespcnded t o the i n c r e a s e in r a d i a t i o n 
dcse t c t h i s organ. Pu 239 induced changes 
appeared a t l a t e r t i m e s . . The va lues for 
changes in s e r u i ensy ie l e v e l s i n Am 241 dcgs 
and the d i s t r i b u t i o n of AB 241 were compared 
with p rev ious f i nd ings for Pu 239 Induced 
l i v e r dasage . (Auth) 

<162> 
l a b o r s , C J . , J r . ^ *̂ , S t evens , and e.E. f5axwell, 
U n i v e r s i t y of Otan, Col lege ct Medicine, 
Pad lcb io logy D i v i s i o n , Department of Ina to iy^ 
Sal^ Lake C i t y , OT, 1972 

Comparative Ef fec t s of PlHtoniiiiu 239 and 
^.mericlum 241 on Biochemical Paras ie ters ; Hff«ct 
of Dcse and Radionucl ide Burden T i n e . P a r t of 
S t o v e r , B . J , and J e e , M,S.S, {Eds. ) , 
^ad ieb io logy of Plutonloia. J-h". Press^, Sa l t 
Lake C i t y , Utah, | p . 87-104)^ 552 p . 

h comparison of t h e 
241 on serum bioche 
made using ttie^ tech 
r e g r e s s i o n a n a l y s i s 
l ade of da ta frcis m 
with Plutonium anir. 
i n t o tumor and non-
d i f f e r e n c e s were ev 
produce s i g n i f i c a n t 
a l k a l i n e phosphates 
p o s t - l a j e c t i o n tha t 
appear t o be more s 
r a d i a t i o n - i n d u c e d c 
s e rus a l k a l i n e phos 
s i g n i f i c a n c e of the 
poss ib l e r e l a t i o n s ^ 
hormonal e f f e c t s i s 

e f f e c t s of Pu 239 and hm 
l i c a l p a r a s e t e r s has been 
nique of a u l t l p i e 

A s e p a r a t e a n a l y s i s was 
a le and f^smale snimais 
a l s a l s o b^lng s epa ra t ed 
tU!Dor groups. Two jsajci 
i d e n t : Am 2̂ 11 appears to 
changes in S^FT and s e r a i 

s a t e a r l i e r t i s e s 
Pu 239; s a l e fceagls dogs 

uscep t lDle tc 
hanges in SGPT, SGOT and 
phatase than females . The 
se f ind ings ana t h e i r 
ip t o Garcir<.ogenesls and 

d i s c u s s e d . (?.at!i| 

Table 3 gives a tacuiaticn of clinically 
diagncsed osteosarcomas in Pu 23^-ln>^cted 
beagles. 

<U 1> 
Ndbors, C . J . , t7-r,p T'.L. B e r l i n e r , and fe", 
3+-f^ver.s, nni T e r s i t y o^ Utah, Col lege of 
He-dicing, ^aUoMoloqv D i v i s i o n , Department of 
Araton-y, Gait Lake ritv, OT. 1^!^7, m r c h 31 

<1^3> 
Nenot, J . C . , &. ^ass€ , and J , Lafuraa, Centre 
d 'F tydes r^uclea i res , Depar tesent d>i la 
P r o t e c t i o n San i t a i r e , Fonteasy-A.ax-Poses, 
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<1^3> CONT. 
^ r i n c * . 19^° 

^s^tabolism of Plutonium. 
297-312-(French! 

R a d i o p r o t e c t i o n , 2(H) i 

Plutcniun^ does not e x i s t in an i o n i c form a t 
p h y s i o l o g i c a l pH. I t owes i t s chemical 
i n d i v i d u a l i t y t o t h e f a c t of t h e p o s s i b l e 
c o e x i s t e n c e of s e v e r a l v a l e n c i e s . The s tady 
of t h e gene ra l m e t a b o l i s i of Pu i s based on 
the coropounds becatase they allow t h e i s o t o p e 
t o be ob ta ined in a sonod i spe r se form, 
S l i u i n a t i c n •!s then a f a n c t i o n of t h e 
s t a b i l i t y in v ivo of the cc ipound. Two 
phenomena, c e l l u l a r uo take and h y d r o l y s i s , 
i n t e rvene in th^ l i b e r a t i o n of Pu i n t h e 
o r g a n i s s . The stt idy of the i n s o l u b l e forms 
i s l o r e coapl^^xt a .-^^all pe rcen tage of l o c a l 
degrada t Jcn fo l lows the t r a n s p o r t , with 
s toppage at the l e v e l of t h e gangl ions and 
^he r e t i c T i l o e n d o t h e l i a l system. The 
d i s s o c i a t e d s a l t s of Pu hydrolyse on the 
s p o t ; a s ^ a l l f r a c t i o n perhaps i s t a k e s up by 
the plasma p r o t e i n s . The h i s t o l o g i c a l s tudy 
shows t h a t for t h e l i v e r t h e r e i s uptake fey 
the kupffer c e l l s and h e p a t i c c e l l s , fo r the 
bone, t h e r e 1^ double r e t e n t i o n by t h e 
medullary microphages and by the bony network 
and for th^^ kidne-vs ^ h e r e i s g lomerular 
f i l t r a t i o n and r e a b s o r p t i o B with t u b u l a r 
p r e c i p i t a t i o n . The metabolism cf Pu i s t h u s 
governed by t h e phesoiiena of h y d r o l y s i s , 
secondarv degrada t ion and c e l l u l a r t r a n s p o r t , 
Ctr-FHH) 

Table 2 shows d i s t r i b u t i o a of i n s o l u b l e Pu s a l t s 
and ^ e t a l a f t e r l o c a l I n j e c t i o n . Table 1 g i v e s 
t h e pe rcen tage of mlq ra t ion of Pa 239 i n j e c t e d 
m s c u l a r l y i n î uC-fS) '^TPa, Pu(*JJ) EDT^, PuC*3) 
p r o t e i n , Pu(*4) c i t r a t e , Puf*3) b i ca rbona te and 
Pu C*4) c a r b o n a t e . 

<1^4> 
Nenot, J . C . , n, ^ o r i n , P. J^assey^ and J , Lafu^a, 
Commissariat a I ' E n e r q i e a t o s l q u e . Centre 
d 'E tud^s ^ u c l e a i r e s , '^ontenay-aiix-Fos^s, F r a n c e . 
197 1, December 

^ t a b o l i c Study " f t h e Binding of P l a t o n l a i t o 
Scrum P s o t e i n s . •"?^.--^,-42^31 ^UP-47i2-fs 8 
p. (French) 

The l e t a b o l i s n of p l u t o n l u s - t r a n s f e r r i n 
complexes was s t u d i e d in r a t s . Doable 
l a b e l i n g cf t r a n s f e r r i n by Fe =̂Q and Pu 239 
demonstra ted f a s t mig ra t ion f r o i t h e s i t e of 
t r ansmuscu la r a d s i n i s t r a t i o n , s i m i l a r 
d i s t r i b u t i o n p a t t e r n s wi th e i t h e r luscs i la r CE 
in t r avenous i n j e c t i o n s , the unbindiHg of t h e 
t r a n s f e r r i n - p l u t o a i i i a complex a^d, above a l l , 
s i q n i f i c a E t d e p o s i t s of pi^itoBitiSB 1 B bone» 
5s iag ?S3 23^, more accuracy s t i l l was 
achieved in t h e Vr.owledge of th€ element 
d i s t r i b u t i o n a f t e r I s t r a i ^ s c u l a r or 
i n t r a v e n o u s i n j e c t i o n s of the 
t r a n s f e r r i n - p l u t o n l u a c o u p l e s ; wlthiB oise 
week, 93^ s i g r a t e d froi^ the s i t e of 
i n t r a a u s c u l a r i H i e c t l o n s and 70^ of t h e 
n i g r a t l n q f r a c t i o a ¥as depos i t ed i n boEe. 
Cauth) 

<165> 
Hevstrmeva, H .a , , ? . ^ , K o l o t r i n , P .E . l i v s h i t s , 
and ¥ . ^ . Sh«bik , Insti-^-ute of Rad ia t ion Hygiene, 
Leningrad , USSR, iQ-^a, Febnaary 

Effect of I n c o r p o r a t e d Pad ionuc l Ides on 
i saURlty- C0HF-73O9O7<piiT 1)1 P a r t of Snyder , 
w , s . CEd-l , , Proceedings of t h e 3ra 
I n t e r n a t i o n a l Congress of t h e TKpa held i s 
Washington, D . C , September 9-14^ 1973, {p» 
I 4 l - l a 6 ) , 1475 p , (Hi i s s i an , HngXish SMO^ary) 

Data a r^ r e p o r t e d from a study on i i ^ a n o l o q i c 
r e a c t o r s i n c l u d i n g nonspec i f ic and s p e c i f i c 
l i i u n i t y ^ and a l l e r g i c and a n t i a l l e r g i c 
r e a c t i v i t y fol lowing a s i n g l e and c h r o n i c 
adBs in i s t ra t ion of r a d i o i s o t o p e s (Sr 90 , I 
131, Co 137^ Ce 144^ Pa 226, 'Pu 239} t c r a t s 
and r a b b i t s . The d i f f e r e n c e s of some 
r a d i o i s o t o p e s and t o t a l i r r a d i a t i o n e f f e c t on 
i m u n l t y a r e d i s c u s s e d . The dependence cf 
l iBURological a c t i o n upon b iophys i ca l 
p r o p e r t i e s of r a d i o i s o t o p e s i s p o s t u l a t e d . 
CAuth) 

^166> 
Kol lbe , D,, Centre d 'E tudes de 
B r u y e r e s - l e - C h a t e l , Hontrouge, France, 
January 2 2 

1973^ 

Fliiination of Inhaled Plutoniiim Oxide 
Particles by In Vivo Lung Washout, comptes 
Fendus Hebdomadalres des Seances de I'Scademie 
des Sciences, Serie D, 276, 681-68^. (French) 

Rs lung washout processes are only about 10^ 
efficient, it is necessary to repeat the 
process several times. It was observed that 
the efficiency of the process becomes 
constant between the 10th and 40th day after 
contamination cf the lungs of baboons (Bh^IG 
P^PIO) ^Ith a 70 to 200 iiCl per gras Pii02. 
During this delay period^ repeated treatments 
can be carried out, nn tka other aand when 
higher doses are considered It is found that 
the efficiency of the treatment decreases 
rapidly. It is thus necessary to intervene 
MithlE a shorter delay period. This last 
observatioa iaplies that the rate ef lu&q 
washout treatments must be adapted to the 
dcse inhaled. The results obtained la rats 
b| lung lavage post sorten also show that the 
efficiency of lavage as a function of tiie 
varies according to the luag dose. 
CFrance) (FSH) 

<167> 
Norris, W.P., and T.E. Fritz, argonne Sational 
Laboratory, Division of Biological and Medical 
Pesearch, Argonne, IL. 1972 

Interactions of Total Dose and Dose Rate in 
DeterislnlKg Tissue Responses to Touizlng 
Kadiations. Part of Stover, B-J- and Jee, 
y.S.3« (Eds,), Radiobiology of Plutoniuo!. J.fc. 
Press, Salt Lake Clty^ Utah, (p. 243-260), 552 
p. 

Young adult beagle dogs of both sexes ^®re 
exposed continuously to Co 60 ganEia-rays at 
exposure rates ranging frc^ 5 to 300 E/22 
hour exposure day. The study has progiessed 
tc 1020 days of exposure. Three prlaary 
causes of d@ath"septiceiiia«. aaeaia, or 
sjeloproliferative disease (gPS)—have been 
Identified and related to exposure rate. At 
as H/day and above, all dcgs died Mith 
septicemias associated with granulocytopenia, 
kll three causes of death occurred among 
dcgs given 17 H/day, with septicesic deaths 
preceding deaths fro^ aneala, and death from 
HPD occurring even later, at either 5 or ID 
B/day there were no deaths d§3@ to septicenia^ 
aed deaths from aaeiia always occurred 
earlier than deaths froa iPD, The lowest 
exposure rate that produces septicemic deatla. 
is the beagle Is about 17 H/day, while the 
threshold exposure rate for aseaic death is 
about 5 R/day. The liniiui total exposure 
necessary to produce any of the three types 
of death seems to be about 2000 E, Tke 
authors attempted to deionstrste the 
releTance of these findings to the 
interpretation of radiatlGn-induced effects 
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<1t7> CCNT, 
from radi cnucTide« deposi-f-ed wxthm the 
mammalian body. (^u^h) 

<1f̂ 8> 
Osanov, D. ^, , ^. B. 
Sakova, Not given. 

^^shovs O.V, Klykov, and V.S. 
1971, Mav 

The Kinetics cf Dose distr ibution m the Skin m 
I t s contarnirat^on ¥ith Radioactive Substances, 
^d i t smskaya '^adiologiya, 16(5), 
44-^0^ (Russj.an, ^^ngli^h Abstract) 

The pape^ deals with the resul ts of 
experimental investigation of the kxnetics of 
iicrodis-i-ribu-'-ion m the skm of tr i t ium 
oxide, C'=; 137 and n i t ra tes of Sr 89, Pu 239 
and Am 24 1, The authors also present the 
obtained dcse dis t r ibut ions m s t ructura l 
lavers of the skm -̂ rom these isotopes and 
discuss the correlation of doses, surface 
contamination and oenet^ation into the skm 
of the ac t iv i ty , ^ight weeks old swine at 
aporcxiiateiy tw«='n-'-y animals per isotope were 
studied. caut^) 

<16 9> 
Park, h . S . , S.W. Whit^on, and H-S.S, Jee, 
Uriversity of "tah<, College of medicine. 
Department of AnatoEpy, Salt lake City, UT. 1972 

Vascular Theory of Radiation Iniury to Bone, 
Part of Stcver, «^.J. and Jee , IJ.S.S. (Eds.), 
Radiobiologv of Plutonium, J.II, Press, s a l t Lake 
Citv, Utah^ ?p. 305-322), 5 = 2 p. 

""he ^orpholoay of the contents of the 
haversian canals cf cor t ica l bone of old 
controls ard i r radiat lon- imured dogs was 
exaiEined by electron sicrcscopv- Tight 
lunctions were found Detween mesenchymal 
celiSi, preosteoblas'^s and osteoblasts (a 
' 'functicnal" syncvtiujji) . 'T'his "functional" 
^yncytiu-?! was postulated to be involved wit^ 
coordinating the a c t i v i t i e s of c e l l s , 
f ac i l i t a t ing transport between c e l l s and/or 
forismg an extracellular space/bone ba r r i e r . 
Other finf'inqs included croce^ses of 
pericytes luxtaposed to processes of 
perivascular ce l l s and osteoblasts and 
osteocytes containing centr io les and 
microtubules, "̂ he order of decreasing 
radicsensi t ivi ty for ce l l s m the haversian 
canal was endothelial c e l l s , mesenchymal 
ce l l s and osteoblasts, "^rradiation-induced 
changes m endothelial c e l l s included 
decreased nusbers of pmocytotic vesic les , 
vacticlisatxon, thickened and ragged basement 
membrafje, increased numbers of inclusion 
par t ic les ard "b l i s te r ing" . Changes in 
perivascular ce l l s included diminutxoii m 
numbers of cel ls and increased lysoKOial-like 
mclusio"^ m the •^^lls, " ibrosis was 
observed ir the roerivasctilar space, These 
changes were r«= l̂ated to our working 
hypothesis of radiat^-on-induced a l te ra t ions 
xn the t'^ansroort of ions and nolecules 
between blood and bone, (Suth) 

<170> 
Park, J . ? . , ^ , J . Bair, and W.J, Clarke, General 
Sli^ctric Compary, Hanford Laboratories, Biology 
Laboratory, Hachland, Wa, 196!J 

Chronic Toxicity of Inhaled Plutoniui in Dogs. 
CONP-^56; Part of Proceedings of the 12th Annual 
Symposium of the Radiation Fesearch Society held 
in r^iaiii, Florida, Hay 18-20, 1964, Published 
m Badiation Research, 22(1), 222, 

To study the long-term translocation aad 
biological effects of inhaled plutoEiumg 40 

beagle dogs were given single 10-30 minute 
^exposures to Pu 239 Pu02 aerosols. Seven 
dcgs died 28-48 months after deposition of 
4-9 «Ci m the lungs. The body burden at 
deatn was 1.5-3 uCx Kxth about 50% of the 
body burden m the lung, ana as mucu as 50=̂  
m the bronchial and mediastinal lyaph nodes 
of some dogs. The liver ccntamed 2-10'? ana 
the skeleton, 1-a^- The average radiaton 
dcse to the lungs was 9,000-23,000 rads. The 
cl inical signs prior tc death were 
cardiopulmonary insufficiency and 
lymphorenia. In addition to severe f ibrc t ic 
and metaplastic changes, four dogs survivirq 
36 montns after exposure evidenced 
bronchiolo-alveolar tumors. Most of these 
neoplasms were local ly invasive and of 
multicentric origin^ and no evidence of 
regional or d i s ta r t metastasis was seen. Tne 
plutonius distr ibution m tae lung correlated 
with fifcrotic, -metaplastic and neoplastic 
lesions, and c l in ica l cardiopulmonary 
symptois indicated the lung was frhe c r i t i c a l 
organ causing death. (Autn) {Complete Article) 

<171> 
Park, J . ^ . , D.L. Catt, B,K. Craig, R.J. olscn, 
and V,H. Smith, Battelle memorial Ins t i tu te , 
Pacific Northwest Laboratories, Biolcgy 
Department^ Eichland, KA- 1974, February 

Solubility Changes of ^^lutcnius 238 OKide m 
Hater Suspension and Effect on Biological 
Behavior After inhalation by Beagle Pogs-
CON -̂730907 (Part 1); Part of Snyder, M.S. 
(Sd,), Proceedings of the 3rd Interrat ional 
Congress cf tne l^Fk held m «^asaington, D,C., 
September 9-14, 1973, {p. 719-724), U75 p. 

Beagles were exposed to aerosols ot Pu 239 
Pu02 or Pu 238 PuC2 prepared by identicax 
methods of calcining the oi^alate at 750 
degrees C tor 2 hours. The Pu02 was stored 
m water suspensions cf 2 •'•o 3 mg Pu02/!il for 
various periods un t i l required for exposure 
a t which t i i e suspensions of suitaisle 
concentrations were prepared by diluticn cf 
the stcck. aerosols were generated by 
nebulising these suspensions. 
Ol t ra f i l t e rab i l i ty of tne Pu 239 ru02 
sysoension remained stable ranging from 0.1 
tc 0.2^ over a 16 ^onth period- Dogs exposed 
tc Pu 239 Pu02 during th i s time and 
sacrificed 30 to 140 days postexposure had 
^cre than 98^ of the body burden at death m 
the lungs and thoracic lymph nodes. Bogs 
exposed to pu 238 Pu02 6 months after 
preparation of the stcck suspension had 64^ 
ard 50^ ir the lungs and thoracic lymph 
nodes, with 23^ and 3451 m the skeleton and 
81 and 11% m the l iver at 30 and 90 days 
postexposure, respectively. 
Ul t ra f i l t e rab i l i ty of the stock 238Pu G2 
suspf^nsion was 25^. X-ray diffraction 
analyses of the Pu 239 Pu02 and cf fresnly 
preoared Pu 238 Pu02 yielded the expected 
peaks, but the Pu 2 38 Pu02 that had been m 
water suspension for 9 lonths showed nc K-ray 
peaks. Dogs exposed to freshly prepared Pu 
238 Pu02 with 0.2% u l t r a f i l t e r ab i l i t y showed 
lore than 98% of the Pa m the lungs and 
thoracic lyaph nodes 30 and 60 days 
postexposure, while the u l t raf i l te raDi l i ty of 
the water suspension changed fro^ 0.2% to 16^ 
during the 60-day post-expcsure period. 
Radiation damage to Pu 238 Pu02 ^ay be 
responsible for the differences m the 
behavior of Pu 238 Pu02 and Pu 239Pu02 in 
water suspension and m vivo, C^̂ ^̂ ) 

Table 2 shows tissues distriButxon of inhaled Pu 
m beagles, comparing aged and fresh Pu 
suspensions- Table 3 shews retention and 
excretion of inhaled Pu la beagles coiiparint 



<171> 
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<171> CONT. 
aged v s , f rosh ^u suspens ion- Table 5 shows 
ti^^sue d i s t r i b u t i o n of Pu xn b e a g l e s a f t e r 
i n h a l a t i o n of ^n 238 02 and Pu 239 0 2 , 

<172> 
Park, J , F . , H-J. C l a r k e , and W.J- Baxr, B a t t e l l e 
^ m o r x a l I n s t i t u t e , P a c i f i c Northwest 
L a b o r a t o r i e s , Biolcgy Department , Fxchland, wa, 
1965 

Plutonium P a r t i c l e - I n d u c e d Neoplas ia of t h e 
Canine Lung, 1. Clxnxcal and Cross Pathology, 
BNWL-sa-230, CONF-650f^24; P a r t of Proceedings of 
the 2nd I n t e r n a t i o n a l Symposiuia on lung Tumors 
IP ^ n i n a l s held a t P e n i g i a , I t a l y , June 24-29, 
1^65, (20 p . ) . 

Female beag le dogs 12 t o 43 months old s e r e 
g iven a s i n g l e i r h a l a t i O F of plutoniuia oxide 
a e r o s o l . They died or were s a c r i f i c e d when 
dea th was imminent dur ing t h e 3 t o 5 yr 
a o s t - i R h a l a t x o n p e r i o d . The body burdens a t 
death ranged from 0.9 t o 2,7 uCx, The lungs 
and b ronch i a l and m e d i a s t i n a l lyaph nodes 
conta ined "̂ 6 t o 9^^ of t h e body burden, 
^or ty- two t o "^5^ of ^u was i r t h e l u n g s , 
wni le 1? to 49"* was i n t h e b r o n c h i a l and 
m e d i a s t i n a l Ivmph nodf=s. The pu in t h e l i v e r 
-a^ged from 2-15^ , and 1-*^^ of t h e body 
isurden was in t h e bone . The average t o t a l 
r ad i a t i o ' - dose t o t h e lung was e s t ima ted to 
De 9,000-23,000 r a d s , Card lopulsonary 
n s u f f i c i e n c y and lymphopenia were t h e 

primary c l i n i c a l «xgns a s s o c i a t e d with severe 
f x b r o s i s of t h e lung and b r o n c ^ l a l lymph 
nodes, T^e'?e organs con ta ined 76 t o 95 
percen t of the te r ip ina l bodv burden. Five of 
t h e s e am mals showed primary pulmonary 
t u s o r s , ""hree o-̂  ^he a n m a l ^ < ĥowed 
radiograrahxc l e s i o n s s u g g e s t i v e of oulEionary 
n e o p l a s i a 4 t o 9 months before death- The 
tumors were gro=^«lv m u l t i c e n t r i c m 2 of the 
4 animals and m e t a s t a s e s were r o t e v i d e n t , 
however, microscopic exan^mation i n d i c a t e d 
m u l t i c e n t r i c o r i g i n m 5 animals and 
m^' tas tases t o t h e b ronch i a l lymph nodes m 1 
dog. Six of t h e 42 dcgs exposed to Pu 239 
showed b r o n c h i o l e - a l v e o l a r ca rc inomas , an 
inc idence cf 14 pe rcen t cos'pared t o a primary 
lung *-umor i n c i d e n c e o^ 0,2 tsercent r e p o r t e d 
•?or can ine necropsy m a t e r i a l . (HAF) 

<17 3> 
Parkinson^ J , , TTniversity of 'Ttah, Col lege of 
Medicine, Radiobiologv Divi-^xon, S a l t Lake C i t y , 
UT. 1955, September 30 

Dlasma '̂ e s tudv . 
P rog re s s P e p c r t , 

a^cn-3109, » a r t of Semiannual 
Cp. 71-73) , 

\ •^tudy of plasma '^e va lues x 
dogs was c a r r i e d out -f^ollowed 
s tudy of dogs i m e c t e d wi th v 
of Pu, Pa, '^s"'h and ^d'^h. La 
of alasma '^e were observed in 
In t h e animals ad t^ in i s te red '̂  
^dTh c y c l i c - f luc tua t ions m •«• 
were noted ip t h e e a r l y week'? 
m i e c t x o n . Wi<̂ e s^ ngs from 
'?up>^rnoEial value^^' were cbs^er 
'^na'iges d^d not c o r r e l a t e wi'̂  
changes dur ing t h i s pe r iod-
not show *he< '̂̂  c l-anges, ? pr 
jq giv^n on a s tudv d e a l i n g w 
inefaxa and d<=crea=ed -survival 
Dlood c e l l s ^roducp-^ by Pu, "^ 
IP D€agl'^=^, (f?^'p) 

n normal beagle 
by a t o x i c i t y 

a r i o u s dosages 
rge v a r i a t i o n s 

r o r s a l dogs, 
, fls'5'h, and 

he plasma Fe 
a f t e r 

•subnormal t o 
ved- These 
h hematologic 
The Pu group did 
e l i m n a r y r e p o r t 
i t h p o t e n t i a l 
t ime of red 

a, !^sTh and RdTh 

I960, Janaury 15 

Removing P l u t o a x u i In3€cted m Skxn cr Swxne, 
HW-6'=^00, P a r t of Koraberg , H ,a , , Manford 
Biology r e s e a r c h a n i u a l Report for 1959, Cp-
72 -73 ) , 208 p . 

Following i n t r a d e r m a l a d m i n i s t r a t i o n of 
varying doses of Pu(*4) n i t r a t e m swine^ a 
lower r e t e n t i o n (probably due t o Ploughing) 
was observed with h igh l e v e l s t h a n with low 
l e v e l s . Suct ion c u | s appl ied t o 
P u - c o n t a ^ m a t e d puncture wounds were 
i n e f f e c t i v e in removal of the con tammatxcn-
Prelxminary o b s e r v a t i o n s i n d i c a t e t h a t 
t o u r n i q u e t s may axd i n r e s t r i c t i n g 
t r a n s l o c a t i o n of Pu froia contaminated s i t e s , 
(Suth) 

<175> 
i^esternxkov. V . f ! . , 1972 

D e t e r m n a t i o n of maximum Permis s ib l e Plutoniuo: 
239 l e v e l according t o t h e Osteosarccmogenxc 
" ' f f e c t . aEC-tr-7457( Pa r t of Hoskalev Yu . I , aad 
Ka lxs t r a tovag V.S. ( E d s , ) , B i o l o g i c a l E f f e c t s cf 
•Radiation frosa E x t e r n a l and I n t e r n a l S c u r c e s , 
(p- 391-397) , 515 p-

A saathematxcal exp res s ion 
mean l i f e expectancy cf an 
osteosarcoma as a func t ion 
dcse r a t e xn t h e s k e l e t a l 
d i f f e r e n t animal s p e c i e s ( 
The s l o p e of the curve (ga: 
d o s e - e f f e c t func t io r i s m 
p r o p o r t i o n a l t o the mean 
animal s p e c i e s - Est imated 
i n e f f e c t i v e absorbed dose 
s k e l e t a l system c o n s t i t u t e 
0.012 for r a t s , and 0.002 
The e s t i m a t e d maxxmum xnef 
lev®! i n t h e huaan crganxs 
0 ,021-0 .028 uCi , which i s 
than t h e l e v e l approved by 
Commission on •Radiological 
maxxmum p e r m i s s i b l e l e v e l . 

was ob t a ined fcr ^ 
imals Mita 
of mean absorbed 

system, t o r 
mouse, r a t , d o g ) , 
ima) of t h e 
ve r se ly 
u r v i v a l of a given 

maximum 
r a t e s m t h e 

0.05 for mice^ 
rad/day f c r dogs , 
f e c t i v e p l u t o n i u f 
m c o n s t i t u t e s 
1,5-2 *xmes lower 
the I n t e r n a t i o n a l 
P r o t e c t i o n as the 
Cauth) 

<176> 
P e s t e r n i k o v , V.H. 
g i v e s , 1972 

and S,H. Bukhtoyarova, No* 

Dvnamies cf t h e Plutcniusi 2 39-Induced 
Osteosarcomas Growth H a t e . Medxtsxesscaya 
Padxclogxya, 17(3) , 19-24- (Puss.*.ap, Fngl ish 
Summary) 

Roentgen' 
a quantx 
growth 
i n t r a p e r 
of p l u t o 
not orxg 
i s o t o p e 
cha^ac te 
Pcss ib l ' 
o s t e o s a r 
C^uth) (^ 

<177> 
f i e r c e . 

o logxca l f i nd ings were t h e o a s i s f c r 
t a t i v e assessment of osteosarcoma 
a t e in r a t s fol lowing a s i n g l e 
i t o n e a l a d m i n s t r a t i o p of 2,5 mCi/kg 
nxum c i t r a t e , !^ost os teosarcomas do 
m a t e a t the s x t e s of t h e h i g h e s t 
c o n c e n t r a t i o n , Soue t u i o r s showed a 
r i s t i c cf p r i n a r y mu l t i p l e growth . 
e x t r a p o l a t i o n for de te rmining 

copia development time i s d i s c u s s e d -

Not given. 1948 

<17a> 
^ r s i n a , ^-L.ff V-T, Forstman, and L,K, 3 us t a d , 
Har Cord Ji*OiB ic ^rodurt<g Op<=ratxon, Eichxand, W A. 

"'ne G a s t r o i n t e s t i n a l T r a c t . Part of Bloom, ^ , 
C ' d . ) , H i s t o p a t h o l o j y of I r r a d i a t x o n ^ro<i 
" F t e r n a l and I n t e r n a l Sources , Chapter 10. 
•^cGraw ?«xll ^ook Company, I n c . , '̂ ew York, New 
York, (p. 502-540) , 808 p . 

The g a s t r o x n t e s t x n a l t r a c t s of a l a r g e number 
of mice, r a b b i t s , r a t s , guinea p i g s , and 
c h i c k e r s were h i s t o l o g i c a l l y examxned 
fol lowing t r ea tmen t wxth e x t e r n a l l y a p p l i e d 
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<177> CON'^. 
x - r a y s , f a s t n e u t r o n s , s l o w n e u t r o n s , b e t a 
and ga^ma r a y s a n d i n t e r n a l l y a d i i n x s t e r e d 
p l u t c n x u i , r a d i u m , s o d i u m 2 4 , p h o s p h o r u s 3 2 , 
a ad s e v e r a l o-^ t h e r a d x o a c t x v e p r o d u c t s o f 
u r a n i u m f i s s x o n . a f t e r e x t e r n a l l y a p p l x e d 
s i n g l e t r e a t m e n t s o f a b o u t t h e LD 5 0 / 3 0 d a y s 
(500 t o ^ 0 0 B) t h e c h a n g e s were s i m i l a r xn 

m i c e , r a b b i t s , r a - ^ s , a n d c h i c k e n s , H u c l e a r 
s w e l l i n g , p y k n o s i s , a n d f r a g m e n t a t i o n w e r e 
m a r k e d a s e a r l y a s 3 h o u r s m t h e g a s t r i c 
p x t s a n d i n t e s t i n a l c r y p t s . L a r g e d o s e s (23 
t o 3 3 a r i / g ) of f i s s x c n - p r o d u c t s m i x t u r e by 
g a v a g e t o r a t s c a u s e d e x t r e m e n e c r o s i s o f t h e 
m u c o s a , ^Dost n a r k e d m t h e l o w e r i l e u m a n d 
c o l o n . S i t a l l e r s i n g l e t r e a - ^ m e n t s o f 
f i s s i o n - p r o d u c t s m i x t u r e o r o f y t t r i u m 91 
( 5 , 0 u C x / o ) o r d a i l y t r e a t n i e n t s wxth a s h i g h 

a s 2 . 0 i i c r c u r i e s / g t o r a t s f o r t h r e e moi i tn s 
c a u s e d m i n i m a l c n a n g e s - among p a r e n t e r a l l y 
a d m i n i s t e r e d b e t a e ^ m x t t e r s , p h o s p h o r u s 32 
( 2 . 5 u C i / g ) , y t t r i u i i 91 ( 2 . 0 u C i / g ) a n d 
s t r o n t i u m 89 ( 3 , 6 a C i / g ) p r o d u c e d m o d e r a t e •'•o 
mxld d a m a g e , o f d e c r e a s x n g s e v e r i t y x n t h e 
o r d e r n a m e d . P a r e n t e r a l l y a d m i n i s t e r e d 
s o d i u m 24 (47 t o 83 u C i / g ) , b a ' - x u a 
1 4 0 - I a n t h a p u m 140 ( 1 - 4 t o 1 4 , 0 uCx /g ) , and 
e s p < = c i a l l y s i r c o n i u m 9 3 - n i o b i u m 93 ( 3 . 0 t o 
7 , 0 u ' ^ i / g ) c a u s e d s e v e r e damage t o t h e 
g a s t E O i B - ^ e s t x n a l -nucosa . T h e s e c h a n g e s v e r e 
marked m •^^e f i r s t a n d s e c o n d w e e k s 
f o l l o w i n g t r « a t i 3 e n t . C h a n g e s m t h e 
g a s t r o i n t e s t i n a l t T a c t a f t e r p a r e n t e r a l 
i . d m i l u s t r a t i o n o-̂  t h e a l p h a e m i t t e r s (radiUE" 
and P l u t o n i u m ) o c c i r r » a at l a t e r i n t e r v a l s 
and l o w e r dosp'^ t h a n a f t ^ r t h e b e t a i ^ m i t t e r s . 
Damage w a s r o t e d a f t e ^ 0 . 1 2 5 u C i / g of r a d i u m 
11 r a t s , and 0 . 0 6 u C i / g o f p l u t o n i u m i n r a t s . 
I t was c o n c l u d e d * h a t Pu was a s t o x i c a s Pa 
and p r o b a b l y mor*^ t o x i c when i n j e c t e d d o s e s 
w e r e c c i p a ^ e d on a ^ i c r o c u r i e / g b a s x s -
(Hu-fh) CFMH) 

<17d> 
P o h l x t , ^ . E . , and ^ , S c h a f e r , C e s e l l s c b a f t f u e r 
St rahl^^-nund Umwel-f-forschung mteH, ' ^ r a n k f u r t / f l a i r , 
German F e d e r a l ^ e o u b l i c , 1974 

pe- 'ov*^ry a r d P e t s a i ^ i n "^-^a^* ' " e l l ' - A f t ^ r 
I r r a d x a t x o n w i t h D e r s e ^ y T o n s x n a P a r t i c l e s , 
COhP'-73 1050 T^ F a - 3 ^ ^ - 1 7 9 / 2 3 ; P a r t o f P r o c e e d i n g s 
Oi a Sympos \m o r t h e i ^ f f e c t s of N e u t r o n 
I r r a d i a t x c r Upon * " e l l F u n c t i o n h e l d xn 
Nur-^mberg , G e r m a n y , O c t o b e r 2 2 , 1^73^ ( p . 
1 7 7 - 1 8 4 ) , 

A C y b e r n e t i c f iode i h a s b e e n d e v e l o p e d f o r 
r a d i a t „ c p e - P f » r t " m l i v i n g c > ^ l l s . T h i s 
m o d e l i n c l u d e s q i a r t i t a t i v e c h a n g e s m 
' ' a d i a t i c n s e n s i t x v i - ^ y w x t h a b s o r b e d d o s e , 
r e c o v e r y { s p l i t ~ < ^ o ^ e r e a c t i v a t i c n ) a n d r e p a i r 
( l i q u i d - h c l d m g r e a c t i v a t i o n ) , The m o d e l h a s 
been t e s t e d e x p e n s i v e I v w i t h s B a r s e l v 
i o n i s i n g r a d i a t i o n s ( x - r a v s and e l e c t r o n s ) 
u s i n g ' ^ i p l o i d a n d h a p l o x d y e a s ^ c e l l s . 
" x p e r i ^ e n t s ar^^ d e s c r i b e d n w h i c h t ^ e m o d e l 
i s i s e i -^o^ ? ^ a l v 2 i r g i r r a d i a t i o n w i t h a l p h a 
p a r t i c l e ' ^ f r c s i an a m e r i c i u F i s o u r c e . T h e s e 
p a r t i c l e t ) a r e r e p r e s e n t a t i v e f o r d e n s e l y 
i o n i z i n g par^- ic l*^s w i t h known L'^T 
d i s t r i b u t i o r o-^ a b s s r o e d d o s e . I t c a n be 
s h o ^ n q i a n t i t a t i v e i / how muc^ *-he i r r e p a r d c l e 
' • r a c t i o n c^ th^^ r a d i a t i o n damaae i s i n c r e a s e d 
m c c s p a r i s o r wi*-]^ s c a r ' s e l y l o i z inc^ 
r a d i a - * " i o r « . "' '•e q u a n t i t a t i v e ^ r ?a t a ca i b e 
us*^d -f-o p r » d c* r » a c t x o n = of * a s t and s l o a 
>^eat r o n s o f v ^ r i o u s t^-^e-rgy d i s t r x b u t - o n s . 
'^he Gcnsf^quenc^ o^ •*-h'=se r e s u l t s f o r 
r a d i a t i o r *-h^va.pv •s.ifh fa<^t n e i t r o n s a n d '*'or 
r a d i a t i c n p r c t e c - ' - i c n a r e d i ^ ^ ^ u s s e d . (Auth) 

<17M> 
P r o s s f r , 1.., Not g ven. 194^, ^sbruary 12 

4^ 
<177> 

Project Council Ifeeting, Biology Section, 
January 16, 1945. CS-1907| Fart of Mxcksoa, 
J-J., Health inroraation Meeting held January 
16, 1945, (p. 3-6)^ 6 p. 

The distribution of xntravenously injected 
PuC*6) nitrate in the blood olassa of a dog 
was xBvestxgated by seans of the Tselius 
technique. The Pu was attached tc the alpha 
glcbulxn fraction. The first sign of clisxcal 
abnormality was a drop in white count. On 
the 16th day the count was 200. an elevation 
m temperature, and beart rate, and a fall xn 
blood pressure were evident on the 13th day. 
The albumin and gamma globulin fractions 
remained unchanged m total quantity, fhe 
alpha and beta globulins altered markedly. 
There was also an apparent increase in 
fibrinogen, an essentially norial liver 
function was suggested. a mecnanism similar 
to death caused by rays Has suggested. In 
mic» the 30 day 100^ lethal dose with 
intravenous la^ection of the chloride was 1 
ug, 0.^ ug produced only 10% death m 50 days 
under the same conditions. Radium in aice 
had essentially the same toxic levels as dees 
Fu. In rats, Pu injected s.t the level of 2 
ug produced 100^ mortality in 30 days, 1.0 ug 
produced death in 25'̂  under tse same 
conditions, A marked difference in 
distribution of radium and Pu in bon^ ¥as 
seen by studying the radicautographs. (HP) 

<180> 
Pusyrev, a.a., and a.?. Nifatcv, 1972 

Ficrodistributxon of americxuEi 2*̂1 m Some Bat 
Organs Following Intraperitoneal and 
Intratracheal admxnxst.ratxon of this Isotope, 
aFC-tr-TU"^?, J'art of hoskalev, Yu.I- and 
Kalistratcva, V.S, (Eds.), Bxological Effects of 
Fadiation from External and Internal bcurces, 
(p. 43'=;-440), 51"= p. 

Investigations ^ere conducted on 92 Mxstar 
rats of both sexes, weighing 140-150 grams, 
a solution of as 24 1 nitrate (pH .̂8) was 
administered intraperitoneally and 
intra*rachealXy m a dosage ot 7 oCi/kg, 
Three or four animals were sacrificed at each 
of f-he following intervals alter 
admxnxstratxon. I, 3, 6, 24 hours, and 3, 7, 
14, 30^ 90, ISO, 270, and 6̂0 day«, 
histoau*'oradxograms cf soft txssues were 
prepared. Distributxon of th» isotope m 
bene tissue was studied on ashed and unashed 
sections of -̂ emur, rib, and vertebra, 
Bis-^oautcradiograms of the liver of rats 
^acririced 1 hr to 90 days arter 
in'S-raperitoneal administration of the isotope 
revealed essentxally unxfcra distribution, 
after 6-12 months, most of tne isotope was m 
the retxculoendotnelxal cells. The 
histoautoradiographxc data pertaining to 
unashed bone showed that fur tirst 7 days 
after administratxan, am 241 concentrates 
chiefxy or t̂ e active surraces of bone at the 
site of formation or the osseous matrix- The 
natire of microdistrj-bation af am ^41 at 
'Subsequent stages is related to processes cf 
growth and reorgirxsa'**iGn cf bone. In 
cciDarirg tne data with the literature, it is 
seen that at tne ea^iy stages most of tae ar 
2U1 13 concentrated ir bmall^r 
epimetaDhv&ical ar^as, as comT3ared to Pa 2 9, 
t̂ later stages there x^ a iecline m 
isotope content i! the eriost us and 
accumulation in tĥ ^ periosteum. "̂ he 
microdistribution of as 24 1 ̂ n th^ liver, 
kidneys, splê f! and bone tissue is similar 
for both mtratracl- -̂ al an̂ ^ m-^rapertxoneal 
administration H3W*:var, aggregation or *he 
isotopes in the lungs o-'carrei scrn arter 
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<18 0> CO NT, 
intratracheal administration. ?*?orphological 
changes developed at sites of accumulation 
characterised by inflammation and resulting 
In pneumosclerosis. The distribution of am 
in Plyr^phatic tissue is predominantly 
different- (FMM) 

X 10 (E-3) uCi Pu 239 Pu02/3 body weight. 
These activity levels were calculated, on the 
basis of the number of particles present, tc 
Irradiate 3 to 100^ of the liver, analysis 
at 6, 15 and 42 days has shown an increase in 
chromosome aberration frequency with time and 
with activity. (auth) 

<iei> 
S.ehfelds C-F., J , a . Blomgulst, and G.N. Taylor^ 
argonne Haticnal Laboratory, Division of 
Biological and ^eilcal Fesearch, argcnne^ I I ; 
University of Utah, College of fferllcine. 
Department of anatomy. Salt Lake City, UT. 1972 

The Beagles, Part of Stover, B.J. and Jee, 
W-S.S. (Eds,), Padioblology of Plutonium. J.W. 
press. Salt Lake City^ Utah, (p- 47-58), 552 p. 

The history cf beagles as a research animal 
extepds back only t c the comparatively recent 
year of 1950. Start ing at that time, the 
Padioficloqy Division at the University of 
Utah has had a D!a-?or role In pioneering the 
In-laboratory breeding and care of beagles 
for research. This laboratory has produced 
1427 beagles since 1950 with a t o t a l of 32 
animals acquired for breeding purposes; each 
of 103 of the laboratory-bred beagles 
produced cne or more young to contribute to 
th is t o t a l . The descendents of 18 acquired 
and 21 laboratory-bred aalEsals i^ere favored 
in selection of successive generations of 
breeding stock, a l l of the 21 dogs were 
related to the original IB, so a large 
proportion of the colony dogs were direct ly 
related t c the®, although a large number of 
the laboratory-bred beagles were inbred, in a 
Ftaiority (60.3'̂ )̂ of these , the inbreeding i s 
less than that which would resu l t from one 
sibling seating- This colony of beagles was 
started a t a time when there Here no large 
research dog colonics in existence and soon 
becasie a I'odel colony within a prototype 
physical f a c i l i t y . (auth) 

<1B2> 
Eetherford, J .C. , a.L- Brooks, and B,0, 
McClellan, Lovelace Foundation for Hedical 
EducaticE and Fesearch, Inhalatlcn Tcxicology 
Research I n s t i t u t e , aibuguerque, NM, 1973 

Early Distr ibution, Petention and Cytogenetic 
Effects of 0.3 urn Honodisperse Plutoniuoi 239 
Dioxide Par t ic les in the Chinese Hanster. 
COKF-730431; Part of Proceedings of the 2!st 
annual Syaposiui of the Radiation Research 
Society held in St, Louis, Missourijr apri l 
29-Kay 3, 1973. Published in Padiation Research, 
55(3), 512. 

Chinese has^sters were intravenoulsy injected 
with mcnodlsperse 0«3 urn Pu 239 Pu02 
par t ic les labeled with Cr 51, Twenty-four 
animals were injected at each ac t iv i ty level 
of 2 K E(10-3) and 6 x 10|E-5) uci Pu 239/g 
body weight- Four aniaals at each ac t iv i ty 
level were sacrificed at 0, 2, 4, 8 16 and 32 
days post- inject lon. The Pu 239 was avidly 
retained with a s l igh t decrease by 32 days to 
^'4% of the i n i t i a l ac t iv i ty , at a l l 
sacr if ice times, the l iver , spleen and 
remaining carcass contained about 90''^, 20^ 
and 8,01, respectively, of the sacr i f ice body 
burden. The ac t iv i ty per gram of t issue was 
about equal for the l iver and spleen, 
indicating equal competence of the 
ret iculcendothel ial system in these two 
organs and an equal dose commitment. To 
determine the aiount asd distr ibution of the 
cytogenetic damage to the l iver cells^ 
additional hamsters ^ere injected ¥ith six 
graded act ivi ty levels fro^ ^ x IO(E-5) to 6 

<183> 
^hoade R- P., Hot given. 1948 

The Vascular System. Fart of Bloom^ i- (Ed,), 
Histcpathology of Irradiation from External and 
Internal Sources, Chapter 16. McGraw Hill Bock 
Company, Inc., Hew York, Ne^ York, (p. 712-735) ̂  
^08 p, 

Tke early changes in blood vessels were all 
qauntitatlvely alike in animals treated with 
aay one of the following agents; internally 
administered Pu citrate cr nitrate, Sr 89^ Y 
9 1, Ba 101-La 140, Ce-Pr (275 day), Sr 93-Hb 
•̂ 3; and externally applied fast neutrons^ 
slow neutrons and gamia rays from Ra- The 
autoradlographs showed that Pu was deposited 
chiefly in the small vessels aad apparently 
caused damage in thes. It was thought that 
alterations ia the blood vessels cf 
irradiated aniials ¥as probably secondary to 
the course of inflagmatica of the surrounding 
connective tissue. The heart was found to be 
resistant to all the types of radiations 
considered. However, the hearts of radlua-
Injected rats showed deposits of radioactive 
material which damaged them, although the 
myocardium itself remained unaltered, i^E^) 

<184> 
Phoades, ,P-, Not given. 1948 

The Lung. Part of Bloom, H. (Ed.), 
Histcpathology of Irradiation from External and 
Internal Sources, Chapter 15, HcGraw Hill Beck 
Compaay, Tne, Mew York, Hew York, (p. 704-711), 
808 F» 

Bats, sice and rabbits were injected with Sr 
89 in amounts varying fross 0,28 tc 14,5 
uCi/g. Other series of animals were 
variously treated with P 32, Ba 140-La laO, 
â 24, fission products mixture, Ea, Ce-Pr 
(275 day), I 91, Zr 93-^b 93 and Pu. Mustard 
gas was injected intravenously into a small 
series of rabbits- The lung tissue of a few 
rats was studied following iahalatioE of Y 
9 1, Ce-Pr (275 day) and Pu. These rats 
received 28 or 220 microcuries/rat of Y 91̂ , 
50 uCi/rat of Ce-Pr, or 1,5 to 31.5 uCi/rat 
cf Pu- In a specimen fros a rat sacrificed 
one month after inhalatlcn of Pu, the growth 
cf epithelial cells appeared suggestively 
neoplastic. One of the three rats killed six 
nonths after inhalaticn of Ce-pr appeared 
ncraal; the other two coatained extensive 
epithelial cell proliferation. The effects 
of irradiation of rat lungs by Internal 
scurces i#as marked by the almost universal 
occurrence of abscesses in both the control 
and treated rats, Abscesses in the lungs cf 
rats that inhaled radioactive substances 
differed fron the abcesses la untreated rats 
by a proliferation of epithelium that was 
possibly neoplastic- Mice injected 
parenterally with radioactive isotopes showed 
BO changes in the lungs which could be 
attributed to irradiation- The effects of s 
radlatioa^ neutroas^ and beta rays fro® P 32 
were also reported, (FHM) 

<t85> 
Hhoades, B.P- Kot given. 
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<185> CCNT, 
Struct-ares scc*rssorv t o th*^ f ^ a s t r o m t ^ s t m a l 
TrciCt. Par* o^ Blocs', H. C^d.), ' ^ i s topathology 
of I r ^ a d i a t . , c n frosi Ex t e rna l and "fnternal 
S o u r c e s , Chapter 11. '^cCraw-Hi^ 1 Bos-k Company, 
I r e , New Y3rs , >lew York, ( E . "=̂4 1- ^49), 8C8 p . 

Tiie l i v e r s of r a^b t s , r a t s , laxce^ guinea 
p i g s , a i d c h i c k s ^^-r-e exa-ained a f t e r 
t o t a l - b o i y x i r r a d x a t ion m doses ranging 
from 2^ t h r o i g h l̂ '̂ OO F, and the l i v e r of two 
amphibiuTS, a^nchiui^a and T r i t u r u s , a r t e r 
exposure to doses as nigh as 6,000 P . Guinea 
p igs were exoosed t o gaaoa i r r a d i a t i o n from 
an e s t e r r a l ra-^iuTi s o u r c e , and mice *?ere 
exposed t c slow and f a s t n e u t r o n s , Zxcep-^ xn 
t h e Apphiioa and t>i» three-week c h i c k s , no 
a l t e r a t i o n s c o n s i s t e n t w f - t r ea tmen t were 
se-^n m the l i ve i - . The e f f e c t s on the 
s p « c i e s g iven v a r i o u s r a d i a t i o n s from 
mt f^ rna l '^ource'? w*=re t h e sa^ie as m t h o s e 
t r e a t e d e s t e r n a l l v , ^xcBv^t i r *he c h i c k , 
" r i t u r u s and ampniuira. ^n a d d i t i o n , 
au to r ad ioq^ashs we^e made from s e v e r a l 
specimens o* mar̂ ^ o^ t h e s e r i e s - The 
a i s t r ^ b a t x c n o-̂  th^ r a d i c a c t vxty „n th*^ 
l i v e r was d i f f u s e and hoiiogenous for a l l *h^ 
m t e r r a l l v admin i s t e r ed agents (Y 91^ P 32, 
r e - P r , Ba UO-ia 14?", and Sr ^̂ 3) excep t 
plutoniUEi and radium, Tn;}ected plutonium, 
nowever, t e rded t o g a t h e r i n t o c l u s p s . In 
tne au to rad log raphs of scuse l i v e r s a t ^ 
hours throuoh 42 davs a f t e r i n t r avenous 
i n 3 e c t i o n of p lutonium, the shadows changed 
from a r e l a t i v e l y d i f f u s e p a t t e r n a t 6 hours 
t o one shewing smal l d o t l i k e accuEula t ions^ 
t a e s e i n c r e a s e d r s i z e u n t i l a t 42 days the 
agent was agglomerated m mass'^s. In t h e 
l i v e r s c"̂  animals qiv«n radium, which emi t s 
alpha^ b e t a , and qanma p a r t i c l e s , or 
f i s s i o n - p r o d u c t s m i x t u r e , the d i s t r i b u t i o n 
p i c t u r e showed a a e ^ e r a l di-^^^usicn wxth s i aXl 
round c o n c e n t r a t i o n s s c a t t e r e d throughout the 
o rgan . Despit*^ ^h^ d e p o s i t i o n of r a d i o a c t i v e 
? ! a t e r i a l s wi*hxn th*= l i v e r t^ s^ue, 
a o r p h c l c a i c a i a l t e r a t i o n ® were s lxgh t m a l l 
specimens ^xcBvt m t h e r a t s i n j e c t e d wi th 
p lu tcnium. " x c e s s i v e v a c u o l i s a t i o n of t h e 
p ro top lasm, an enormous i n c r e a s e xn c e l l u l a r 
and nucle.-^r s i ^ e , i^haracter s * i c c ldap ing of 
nuc l ea r is^ater^al, and abnormal mi toses were 
no ted- a f t ^ r va r ious i^orms of i r r a d i a t i o n i f 
amounts rang ing from 10 to 1,1*^0 E or mere 
from both i n t e r n a l and e x t e r n a l s o u r c e s , no 
cnanges were seen among t h e a c i n a r or i s l e t 
c e l l s 0-? the panc reas . Plutonium 
admin i s t e r ed m t r a n u s c u l a r l v ^as not l a i d 
down m t h e p a n c r e a s , bu t i n t r avenous ly 
xnject€^a specimens were p o s i t i v e , (FH ÎI 

<186> 
•^icnuond, C. ^.^ and ^ ,L- Thomas, Los alamos 
S c i e n t i f i c Labora to ry , Los a i a s o s , HM. 1974 

Plutonium a^ i o t h e r a c t i n i d e Elements in Gonadal 
Tissue of n&i and an i i s a l s . La-U^-74-1314s 27 D-

This r e p o r t summarizes a v a i l a b l e in format ion 
on t h e gonadal c o n t e n t of mammalian s p e c i e s 
given v a r i o u s a c t m i d e e l e a e n t s by v a r i o u s 
r o u t e s of a d s m i s t r a t i o n . Emphasis i s placed 
on p lu tonium. a l so d i s cus sed i s t h e 
contemporary l^^vel of p lu ton iua from n u c l e a r 
weapors f a l l o u t xn human s u b j e c t s . The 
f r a c t i c n cf the admin i s t e r ed burden of 
plutCRium found in the gonads (FIBG) of f i ve 
mammalian s p e c i e s fo l lowing i n t r avenous 
i r ^ e c t i o n was about 3 x 10(E-4) with only 
about a f a c t o r of 10 between the h i g h e s t and 
lowes t va lues t o al low fo r d i f f e r e n c e s 
between s e x e s , among s p e c i e s or a s a func t ion 
of t ime t o i l e t i n g i n j e c t i o n . FaBG v a l u e s 
•cend t o be sma l l e r in t h e female , a s compared 
with t h e "^ale, and fol lowing i n h a l a t i o n or 

su tcu taneous implan t . Data on t h e FftbG for 
o ther ac* in idea are q u a l i t a t i v e l y ^ i s i l a r to 
t h a t f o r plutonium. The gonada». plutonium 
ccnc^nt ' - a t ions f -o i f a l l o u t xn t he United 
S t a t e s r e s i d e n t s a r e about 0 .^ oCi /kg , not 
anlifce t h a t repor ted ro r other so f t ti&sufes, 
exceDt t h o r a c i c Ivmpn nod»=«, ard bone. (ayt^) 

Th i s r epo r t w i l l a l s o b'^ publ ished m Heal th 
P h y s i c s , 1975. 

<167> 
^ o s ^ n t i a l , ^.E^,, argorne Nat ional L d D c a t c r y , 
D iv i s ion of Bioiogica^. and ^eaxcal 'Research, 
argcnn*, IL . 19*̂ 1 

Long-T'^rm " ' r^ects of Tnerapeu t ic R»noval o t 
I n t e r n a l l v Deposited Plutonium. a^L-oSS?, Par t 
cf Proceedings of the 7th Annual Syacosius on 
^ l o a s s a y and a n a l v t x c a l Chemistry held m 
arqonne, I l l i n o i s , October 12-13, 1961, (p . 
9 - 1 1 ) , 100 p . 

E îce we'"e t r e a t e d o r c ^ a dav with an 
1 n t e r p e r i t o e e a l i n j e c t i c n of Ca DTPa (̂ OC 
^9/kg| or s a l i n e . Therapy was i n i t i a t e s 
th rea aays a f t e r a d m i n s t r a t i o n of 2,6 uCi/kg 
cf polymer-c rorm of plutcn^-u^ and Cjxvea f c r 
1 to 12 days- Tne s i c e were allowed t o l i v e 
u n t i l moribund, when they were s ac rx f i ced and 
autopsxed, and roentgenograms were tafsen of 
the r s k e l e t o n s , o t r e r micey used for 
a n a l y s i s of plutoniam con ten t and 
au ta rad iog rams , were s a c r i t i c e d s e r i a l l y -
The amount of plutonium m the bon*^ was 
redaced by about o r e - h a l t and t a a t i r the 
l i v e r by acout o n e - t h i r d xn mice r e c e i v i n g 
o p t i c a l DTPa t ae rapy (fcr 12 l a y s ) , 
Cc r "e l a t ed witb t h i s reuoval of plutonxam 
frcn t h e s k e l e t o n , bone-tuiaor i nc idence was 
a l s o redaced oy one -ha l f , asing as ar index 
t h e p ropo r t i on of mice in '='ach group t o 
develop bone tumors . In a d d i t i o n , the 
s u r v i v a l of tne plutonxum-poisoned mice ^as 
s x g n i f i c a n t i y i nc r ea sed hy DTPa the rapy f c r 8 
t c 12 days . For example, the mean s u r v i v a l 
tiffl^ m these two combined groups was 
inc reased by 54 days t o 450.2 p lu s or i inu« 
8.5 davs xn compandor wita th.^t xn c o n t r o l s , 
which was 396.5 p lus or minus 8.5 d a y s . 

<188> 
Rosen tha l , H .^ , , argonre Nat ional Labora to ry , 
a rgcnne , IL . 1965, December 

E-Pfects of Experimental A l t e r a t i o a of Phagocyt ic 
a c t i v i t y on Tissue Uptake and Reten t ion of 
Polymeric Plutonium. aNL-713(^i, Pa r t ot 
B i o l c g i c a l and Hedxcal Research Div is ion annual 
i^eport, 1965, (p. 194-196), 342 p . 

a c o l l o i d a l form ot Pu (30^ u l t r a f i l t e r ) 0-1 
uCi per 'aouse, was a d i i n x s t e r e d i n t r avenous ly 
t c 10 1/2-week-old mice a t a t ime when t h e 
r e t i c u l o e n d o t h e l i a l s y s t e i (R2S) yas 
c | : t imal ly s t imula ted with glucaa or depressed 
with carbon or ne thy l p a l i i t a t e - Five days 
a f t e r the i n j e c t i o n of Pu, th» l i v e r 
con ta ined t h e same amount of Pu m both 
qroups of RES-depressed mice, ' i ice 
p rev ious ly t r e a t e d with l e t h y l pa lmxta te had 
30*̂  ^ore Pu in t h e bone a n i 15% l e s s i n the 
marrow than in c o n t r o l s , ^ ice p r e t r e a t e d 
with c o l l o i d a l carbon showed no s i g n i f i c a n t 
Chang®, m t h e amount of Pu m t h e bone, b i t 
had 'SQ% and 26^ more Pu than t h e c o n t r o l s in 
t h e sp leen aad bone marros r e s p e c t i v e l y , 
flice i n which t h e RES had been s t imu la t ed 
wxth glucan p r i o r t o Pu a d m i n i s t r a t i o n showed 
no d i f f e r e n c e s from c o n t r o l s in the Pu 
c o n t e n t of l i v e r , s p l e e n , bone marrow or bene 
a t 5 d a y s . Glucan t rea tment i n i t i a t e d 5 days 
a f t e r i n j e c t i o n of polyi ier ic Pu ^as rol lcwed 
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<18S> CONT. 
by a decrease in the Pu content of the l ive r . 
This depletion of colloidal Pu in the l iver 
by glucan stimulation of the BES, if 
confirmed, may be useful in combination with 
chelation therapy, which should prevent 
translocation to bone and promote excretion. 
(Fm) 

<18 9> 
Rosenthal, ^»W,, J,F, ^ried, a, Llndenbaui, and 
J. Schubert, argoane National laboratory, 
argonne, IL. 1961^ November 

Progress Report: Plutonium Eemoval^ Tumor 
Incidence Studies, aHL-6(l6 4; Part of Biological 
and Eledical Pesearch Division Semiannual Report, 
January through June, 1961, (p. 82-64) , 

Progceĝ s is reported on the experiment to 
correlating tumor Incidence with the degree 
and pattern of removal of Pu from mice by 
delayed therapy with DTPa, Dally injection 
of 500 sg/kg DTPa or of saline ^ere begun 3 
days after injection of Pu 23^ citrate, 2,6 
nCi/kg, and continued for from 1 to 12 days, 
Fach mouse was allo'̂ ed to live until 
moribund, when it was sacrificed aad 
autopsied and a roentogenogram was taken of 
the skeleton- The mean death time for the 
!sice given Pu and saline (controls) were 
396,5 days after injection, and all the mice 
were dead by 515 days. DTPa therapy for 
either 8 or 12 days significantly increased 
the survival. Delayed DTPa therapy can 
Increase th© mean survival time by at least 
50 days or by 13t of the control value. 
Survival of sice given DTPa for shorter 
periods was unchanged from that of the 
controls. In each group, the proportion of 
the lice in which at least one bone tumor 
appeared, has been tabulated as a preliminary 
index of the effectiveness of DTPa therapy. 
The incidence of bone tumors are reduced by 
about on^-half by the 12-day course of DTPa 
therapy. Shorter pericds of DTPa therapy 
had. In general, less effect on the bone 
tumor incidence, Hlstolcgical Identification 
has increased the number of salignancies 
discovered over that found by x-ray alone. 
The ratio of tumor Incidence between control 
and treated sice, however remained 2̂ 1 {€2% 
In ccntrol, 33% in treated). The preliminary 
results indicate that a significant reduction 
in bone tumors by DTPa therapy will be shown, 
and It is iBdlcated that this reduction can 
be correlated with the degree of removal of 
the Pu frcm the bene by DTPa. (F^H) 

Table 27 shows mcrtality of Plutonium-injected 
mice. Figure 21 shoi?s reduction of bone tumor 
incidence by DTPa In ^u-injscted mice at 515 
days. 

<1<30> 
Rosenthal, "̂ .W., and a. Llndenbaui, argonne 
National Laboratory, Dlvisicn of Biological and 
Medical Research, Argonne, TL, 1*̂ 72 

Fffectivenss of Different Therapeutic Regimes of 
Glucan in Pemoval of Polymeric Plutonium from 
the !ious«̂  Liver. Radiation '̂ esearcâ  51, 541, 

He have previously shown that the effects of 
the reticuloendothelial stimulant glucan and 
of DTPa are additive la reisovlng polymeric 
plutcnium frcm the mouse liver. Glucan 
appears to act upon Intracellular hepatic 
plutcnium, unavailable to DTPa. To determine 
the optical time, schedule, and dose for 
glucan therapy, Drellilnary to its use in 
larger animals, F̂ lce injected intravenously 
with mid-range polymeric plutonium were given 

different regimes of glucan in conjunction 
with continuiag DTPa therapy, an intravencos 
dcse of 60 ig/kg of glucan removed the same 
fraction of injected plutcniu® frcm the liver 
by 47 days (8,0-9,5^) whether it was 
administered in a single injection 3 hours or 
5 days before, or 5 days after plutcniusi, cr 
divided and given on 3 consecutive days 
beginning 5 days after plutonium. Thus 
glucan apparently makes effective 
intracellular contact whether it reaches the 
liver cells before or several weeks after the 
plutonium, k dcse of 15 ig/kg of glucan was 
almost as effective as 60 mg/kg- Since this 
lew dose does not induce a significant 
increase in liver or spleen weight, 
reticuloendothelial stimulation may not he a 
prerequisite for plutonius removal, 
lujectloa of a second 60 mg/kg dose of 
glucan, 6 weeks after the first, removed a 
small additional amount of hepatic plutoaiui 
by 90 days. This suggests that InteraltteBt 
administration of low levels of glucaa may be 
a useful therapeutic procedure, 
Cauth) (Complete article) 

<191> 
Posenthal, ^,^.y and a, lindenbaum, argonne 
national Laboratory, arqonne, IL. 1965, December 

Metabolic aad Therapeutic Studies of Plutonium, 
aNL-7136; Part of Biolcgical aad Hedical 
Research Division annual Report, 1965, (p, 
192-193) 342 p. 

a progress report is presented for several 
experiments. Retention data t 90 days are 
reported for mice administered three 
different forms of Pu of Increasing degrees 
of polymertgation (90, 30, and 17-5% 
ultrafilterable). It is seen that the liver 
content of Pu was reduced in all groups, hot 
the degree of reduction (91%, 46% and 34^ 
respectively) decreased with increasing 
pclyierlzation of administered Pu. The 
marrow concentration cf Pu remained the sane 
in mice receiving the twc sost pclyaerised 
forms cf Pu, but in those receiving the 
mcncmeric form there was greater than twcfcld 
increase at 90 days, Hice receiving the two 
most polymerized forms alsc showed little cr 
no loss of Isotope from the femur or tibial 
shaft. The reduction ofllfetlme incidence of 
bene tumors following reduction of the 
skeletal burden of Pu by chelation therapy 
with DTPa has been reported previously- This 
reduction was proportional to the asiount of 
skeletal Pu removed In case of Pu 
administered in the polymeric form but not in 
the case of the monomeric form. It was 
suggested that the monomeric form was a more 
carcinogenic agent, Microscopic studies of 
standardised skeletal areas of mice receiving 
either polymeric or monoserlc Pu, without 
DTPa therapy, have been prepared for the 
detailed studies of the carcinogenic process 
following both forms of Pu. Xn another 
experiment^ therapy with DTPa alone folioMiag 
administration of monomeric Pu in mice 
reduced the skeletal content by 65-̂ , whereas 
ad®ini??tration of both Vitamin a and DTPa 
reduced the skeletal Pu by 73'? or almost tc 
1/4 of the control level. The practical 
usefulness of Vitamin a is however limited by 
the severity of Its ohysiological effects, 
(BM) 

<19 2> 
Rosenthal, M-W., J.H, Marshall, and a, 
Lindsnbaum, argonne National Laboratory, 
argcr:ne, TL, 1968 

autoradiographic and Î adlochemlcal Studies of 
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<192> COTO-
t h e Er fec t of C o l l o i d a l S t a t e of Tnt ravenously 
x r j e c t e d Plutonium on I t s D i s t r i b u t i o n m Bone 
and Harrow, CONi='-670521; Monographs on Nuclear 
Medicine aad Bio logv , ^o , 2 , Pa r t of Fornberg , 
H. a, and Norwood, W.D. ( E d s , ) , Proceedings of a 
Symposium on t h e Diagnos is and Treatment of 
Deposi ted Rad ionuc l ides held m Richland^ 
feshmgton. Hay 15-17, 1967, (p- 73 -80 ) , 680 p , 

Eadiochemical and a u t o r a d i o g r a p h i c ev idence 
xs p r e s e n t e d shoi^mg t h a t t h e r e i s 
a p p r e c i a b l e d e p o s i t i o n of plutonium i s bone 
marrow s i x days aft*»r i n t r avenous i n j e c t i o n 
i n t o s i c e , which remains for a t l e a s t t h r e e 
months- "̂ he amount o-̂  p l u t o n u ^ m t h e 
marrow, and i t s degree of a g g r e g a t i o n , a r e 
g r e a t e r , and the amount of plutonium on bone 
s u r f a c e s i s s i i a l l e r , a f t e r i n f e c t i o n of 
polymeric then monomeric plutonium. a l though 
the amount of p lutonium in t h e marrow i s 
a p p r e c i a b l e , i t i s always l e ^ s than t h a t 
depos i t ed on the bone s u r f a c e s . (auth) 

Taisle 1 shews the d i s t r i b u t i o r of thre^^ forms of 
plutonium a-?ter i n t r a v e n o u s i n j e c t i o n of 0,1 uCi 
m l i v e r ^ s p l e e n , femurs and t i b i a l s h a f t of 
"Sice, 

<19 3> 
f^osentnal, 1-W,, and Y. Fanman, argonne ^ a t i o a a l 
Labora to ry , Div i s ion of Bxologica l and medical 
Fesea rch , a rgo rne , TL, 1973 

Improved pe^ova l o* Plutonium from Hice by 
E r c a p s u l a t i o n of DT'̂ a Within Liposomes. 
CX)^^-73043 1, Pa r t of Proceedings of rhe 21s t 
annaal Symposium of th« Rad ia t ion 'Research 
Soc ie ty held iv S t . Lou is , Missour i , a p r i l 
2'^-'^av 3, 1973. Publ i shed m Pad ia t ion 
Research, 5 5 ( 3 ) , 515-5 16. 

T'he c h e l a t i n g agent 
d i e t h y i e n t t r a^xneDentaac«t ic ac id (DTPa) fea<= 
'encapsulated w i t b i a a r t i f i c i a l l i p i d 
spne ru l e s ca^ led l iposomes . 
L iposope -encapsu la t ed DTpa (80 or 100 mq 
DTi^a/ka) and/or i^on-'^ncapsulated DTPa {100 
tsg/kg) w> r̂« m-ject^d l a t c m-c© 3 days a f t e r 
a d n . r i s t r a t if^n of n i a - r a r g e pol vmeric 
plutoniufn. I r two «xperi35ent;s, 
Ixposome-encapsula ted DTPa removed from ^0 t o 
40% of t r e p l i t on ium i r t h e l i v e r not removed 
by n c n - e r c a p s u l a t e d (convent icna l ) DTPa 
the rapy a t f- t o 10 days a f t e r Blutonium 
ddminis t -^a t ion . a second xniec txca of 
lAHoscmal •HTî a p giv-^n 3 davs a f t e r tft'= f i r s t , 
or a d m i n i s t r a t i o n o^ both encapsu la ted and 
non-encac«ulatpr^ D^^a, d id not remove 
s i g n i f i e d a t 1-7 more plutonium frcm the l^v^^r. 
fhe a d d i t i o n a l plutonium removed froa t h e 
liv^^r by liposome-<=ncapsulated DTpa apoears 
to be excepted in t h e u r i n e - Both l iposomes 
and poly!n(=ric pluto'^iam in r a t s are 
a s s o c i a t e d with th« lyso=eme3 m l i v e r c e l l s , 
we sugges t t h a t t h « l iposomal DTP&, r e l e a s e d 
Dy lysoso'Dal et^synes, removes from the l i v e r 
Dorh e x t r a r e l l u l a r "Plutonium, and 
i n t r a c e l l u l a r o lu ton i xm not a v i l a b l e t o t h e 
conve r t i r t na l TSTV\ t^Av-apv, 
Liposome-ercaDsulated DTPa was a l s o more 
'^•s^'^ective than r-nnv^ntxonal 3'^'^T t he raoy i r 
reifiovmg plutonium -̂ rom t h e s k e l e t o n , a t 
l e a s t a l . 6 - f o l ^ greater- removal f̂ om the 
femurs ar ^̂  a •̂ -•*^old g r e a t e r u r i n a r y e x c r e t i o r 
of p lutcnium were •^^•'und, "̂ he second 
i n f e c t i o n of liposo^aa"^ DlPa r^^moved an 
a d d x t i c n a l f r a c t i o n o^ Pu froF! t h e bone; t h i s 
f r a c t i o n was found in tbe u r i n e . 
(auth) (CoEinlete "^ext) 

<1C4> 
i='oS'^nt(ial, M,E^., 1- STolc^r, and a. L i n i s n b a a i , 

<192> 

argcnne Na t iona l Labora to ry , a rgonne , XL. 1968 

Combined E e t i c u l o e n d o r h e l i a l S t i iau la t icn and 
Long-Term, I n t e r i i t t e n t DTpa Xherapy l a 
Poisoning by Po lyae r i c i^ lu toniui . CCNF-670521s 
Monographs or Huclear Medicine aad Bio logy, ^c , 
29 Pa r t of Koraberg, i l .a . and Norwood, i . B . 
(Eds - ) , Proceedings cf a Symposium on the 
Diagnosis and Treatment of Deposited 
Radxcnuc l i i e s held xn Eichland, Washington, !̂ ay 
15-17, 1967, (p . 403-412)^ 680 p . 

l i c e were given a s i n g l e i n t r avencus 
l E j e c t i o a of 0.1 or 0,2 uCi ot polymeric 
plutoBiu^a, about 30% u l t r a f i l t e r a r l e , ano 
ungraded as t o p a r t i c l e s i z e . Begion^ng t i v e 
days l a t e r they were given 40 mg/kg of t h e 
r e t i c u l o e n d o t h e l i a l system s t imu lan t g lucan , 
once d a i l y for t h r e e days , or 500 mg/Kg of 
DTPa oace every t h r e e days for 28 m ^ e c t i o r s 
or both t r e a t m e n t s . In m„ce given glucan 
alone t n e r e was no e f f e c t on t h e Plutonium 
conten t of any t i s s u e a t the he igh t of the 
r e t i c u l o e n d o t h e l i a l s t i m u l a t i o n , j^ear the 
end of t h e period of s t i m u l a t i o n (41-49 days 
a f t e r p lu ton ium) , t h e l i v e r con t en t of 
plutoniuin was lower (by about 10* of t h e 
in3ec ted dose) than t n e l e v e l m c o n t r o l s , 
and t h e bore con ten t was inc reased by aoout 
the same amourt. l a mice giver DTPa a lone 
t h e l i v e r con ten t of plutcnium was reduced Dy 
about the saise amount, aad the bone buraen 
was reduced t o 30^ of the c o n t r o l l e v e l by S9 
days , combined, the t¥o t r e a t m e n t s aad a 
near ly a d d i t i v e e f r e c t in reducing t n e l i v e r 
burden and t n e same e f f e c t m Doae a s DTPa 
a l o n e . a u t o r a d i o g r a s s of l i v e r s showed t h a t 
both glucan and DTpa reduced the 
c c n c e n t r a t i o r of p lu toaxu i m t h e nepatxc 
parenchy:Ba to a g r e a t e r extent t nan in tae 
s i n u s o i d a l a r e a s , c o r c e n t r a t i o n s of s i n g l e 
alpha t racKs and of s t a r s , r e p r e s e n t i n g 
l a r g e r plutcnium d e c o s i t s , were reduced- In 
a d d i t i o n , m g l u c a n - m ^ e c t e d mice e i t h e r with 
OE without D^p^^ the plutoaiu-B aggrega te s 
appeared more d i f fusa and d i sorgan ized than 
ncrmal. 'T'hese r e s u l t s suggest t n a t t h e s e 
g lucan- iadaced agg rega t e s break op e a s i l y and 
cermit more plutonium to h^ r^^moved b^ 
n a t u r a l mechanisms or theraos^utic agents such 
as DTPS, (MUth) 

<195> 
Roavroy, H. , uom^iissariat a I ' E n e r g i e a t o m q a e . 
Centre d^Etudes, Bruye res - l e -Cha tex , France , 
1^70 

Studs of P o s s i b l e Changes Brcugnt ^bcuf by 
Plutcnxim Cxide xn the Pho^pnatas ic acxd 
a c t i v i t y cf a lveo l a r «!acropnages of the ^ a b b i t . 
c : ]a-^-397e; 96 p . (Frencr , English Summary) 

^he r e p o r t d e s c r i o e s tne var ious t e c a n i j u e s 
used for d ^ t e r i x r i n g the Dhospnatasic acid 
a c t x v i t y of a l v e o l a r r anb i* macrcfxiages a f t e r 
i r h a l a t i o r of r a d i o a c t i v e olutonium oxide 
D a r t x c l e s , exposure of the animal'=, removal 
ard saaplxng of the a l v e o l a r c e l l s , ard 
t e c h n i c a l dosaae. The r e s u l t s obta ined a re 
p resen ted , tney dc ^c^ sake i t po^^sible, i r 
t h i s p a r t i c u l a r c a s e , t o affirm t h a t ar 
iiBOortant c^arae in tne ensymatic a c t i v i t y 
s tud ied occurs (auth) 

<196> 
Pudni t skaya , j i . I . , Not 3iv^n. 1972 

Son^^ a s p e c t s of Thvroid and Para thyrc^a Dama-jfe 
Due to americiuffi i 4 1 . a"C-tr-74579 '^art or 
^loskalsv, Yu."^. and Ka i i s t r a t o v a , ^ - b . ( E d s , ) , 
EioXcgical 'Effects of ^ a a i a t i c n rrcm Extt^rnal 
a r i I r t » r n a l Sources , (D. 486-490), 513 p . 
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<196> COST, 
a f t e r i n t 
c h l o r i d e 
of 0 .2 ' ' -0 
2«l p a r t i 
c a r t i l a g e 
blood and 
of the- St 
Has prffse 
a f i n e l y 
t i ipes . A 
( p a r a f c l l 
3rd da 
pyitnos 
in the pa 
100th day 
seoa in t 
papi lloEaa 
luraen cf 

T. 

ravenous a d m i n i s t r a t i o n of as 241 
i n t o a l b i n o r a t s , in t h e dose range 
.00?^ uCi/gram, an a g g r e g a t i o n of am 
c l e s was observed in t h e t h y r o i d 
, s t a r t i n g on the 3rd day. I i p a i r e d 
lymph c i r c u l a t i o n and c o l l o i d edema 

toma was noted- The r a d i o n u c l i d e 
nt in the t h y r o i d and p a r a t h y r o i d i n 
d i spe r sed ^orm a t a l l examinat ion 
n i n c r e a s e of c l e a r c e l l s 
i c u l a r ) was no ted , s t a r t i n g on the 

Focal c l e a r - c e l l h y p e r p l a s i a , 
and enlargement cf some c e l l n u c l e i 
r a t h y r o i d was observed. By the 

I n d i c a t i o n s of h y p e r a c t i v i t y were 
he thy ro id and formation of 
tous p roces se s p ro t rud ing i n t o the 

f o l l i c l e s . (RaF) 

<197> 
E u s s e l l , J , J , , and a, Lindenfcaum, argonne 
Na t i ona l L a b o r a t o r y , Div i s ion of B i o l o g i c a l and 
Medical Research, argonne, IL. 1973 

Auto rad iograph ic L o c a l i z a t i o n aad Q u a n t i t a t i o n 
of a r t i c l e s Deposited in t h e L i v e r . 
CONF-730431; Part of Proceedings of t h e 21st 
annual Syapo^ lm of the Radia t ion Besearch 
Soc ie ty held in S t . l o u i s , Missour i , a p r i l 
2Q-May 3, 1=!73. Publ ished i n Radia t ion Research^ 
55(3) , 513-

In c a s e s of exposure t o plutonium or o the r 
hazardous a c t l n i d e s , boae i s cons ide red t o be 
the c r i t i c a l o rgan . There i s mounting 
evidence tha t accumula t icn of Pu i n t h e l i v e r 
may a l s c be of concera f o r l o n g - l i v e d s p e c i e s 
such as man- a s e r i o u s problem wtih i n t e r n a l 
e a i t t e r — e s p e c i a l l y with r a d i o n u c l i d e s t h a t 
a r e e a s i l y hydroly^ed and d i s c r e t e l y 
depos i t ed in t h e t i s s u e s — i s how t o c a l c u l a t e 
the t r u e dose r ece ived by the eKact r eg ion of 
the t i s s u e In which d e l e t e r i o u s e f f e c t s w i l l 
subsequen t ly appea r . Q u a n t i t a t i v e 
au to rad iography could provide one approach t o 
t h i s problem. By measuring t h e c o n c e n t r a t i o n 
of a lpha t r a c k s formed l a d i f f e r e n t r e g i o n s 
of t h e l i v e r , v a l u e s can be o b t a i n e d for t h e 
amount cf Pu a s s o c i a t e d with parenchymal aad 
s i n u s o i d a l c e l l s , a s well a s the degree of 
v a r i a t i o n in Pu c o n c e n t r a t i o n i n d i f f e r e n t 
t i s s u e r e g i o n s . Tn t h i s paper we recoapu te 
a u t o r a d i o g r a p h i c data from l e t a b o l i c 
exper iments c a r r i e d out in a l ee and dogs 
i n j e c t e d e i t h e r with a o a o i e r i c or polys^eric 
Pu 239 cr with polymeric a® 241, The 
normal ized d a t a , expressed as t r acks /dpm v s . 
days of a u t o r a d i o g r a p h i c exposure , 
demonst ra te t h a t t r a c k counts ob ta ined a f t e r 
varying exposure t i m e s , and under a wide 
range of exper imenta l c o n d i t i o n s , a re a 
r ea sonab ly v a l i d measure of t h e a i o u a t of 
depos i t ed a c t i a i d e in t h e e n t i r e l i v e r . By 
e x t e n s i o n , v a l i d assays of Pu or am depos i t ed 
a t s p e c i f i c h e p a t i c s i ic ro logl a r e o b t a i n a b l e . 
Data a l s o a r e p resen ted t o demonst ra te 
s p e c i e s d i f f e r e n c e s in t h e r e t e n t i o n of both 
forms of Pu a s s o c i a t e d with parenchymal c e l l s 
of the dog l i v e r , a s compared t o mouse l i v e r , 
(auth)(Complete a r t i c l e ) 

<19 8> 
Hysina^ T.N. , Hot given. 1960 

Plutoalua Elstribution and Excretion in Dogs at 
Differeat Periods of Time, Hedltsinskaya 
RadloXogiya^ 5(11), fi9-53, (Russian, Bnglish 
Summary) 

a study was doae on plutoaiua distribution 
and excretion In dogs following a fourfold 
latravenous adiinistratlon of PuCN03)4, 

tctalllag 0.2 aCl/kg- Three months after the 
4th injection 731 of plutcnium was found io 
the organism, of which 40^ was In the 
skeleton and 30^ in the liver. During the 
subsequent 1 1/2 years the plutonium level in 
the body remained unchanged, except for its 
discharge from the spleen. By the end of the 
3rd year of observations the amount of the 
radioactive element decreased in all tissues, 
including the skeleton and liver- The total 
decrease thereof in the body comprised %1% of 
the dose introduced initially. Plutoniua 
escreticn was studied within the space of cne 
year and nine months. It reached its peak 
value during the first 3-4 days following 
Injection (1,42-0.19'^), then, at tiie end of 
the 2nd year it gradually diminished down to 
0.005^, Beginning with the 2nd week after 
Iptroductioa and throughout the first 6 
months it was being excreted in equal 
proportions in urine and feces. But later 
on, the amount of plutoniui carried by feces 
was 1.5-2 times lower than that excreted la 
urine, a possible method is shewn which 
enables an approximate estimation of 
plutonium level la the organism to be made by 
taking account of its activity In the 
escreta, (auth) 

<199> 
Sanders, CL.^ Battelle Hemcrial Institute, 
Pacific Northwest Laboratories, Eichland, ̂ a. 
1968 

Phagocytosis and Translocatioo of Plutonloi 239 
Pu02 Particles by Perlroneal Phagocytes of the 
Fat. CONF-670521; Monographs oa Nuclear 
medicine and Biology, No- 2; Part cf Koraberg, 
H.a, and Norwood, W.D, (Eds-), Proceedings of a 
Symposium oa the Diagnosis and Treatment of 
Deposited Radionuclides held in Richland, 
l̂ ashington, Hay 15-17, 1967, |p. 81-90), 680 p. 

Female, Sprague-Dawley rats (275-390 g body 
weight) were given intraperitoneal injecticns 
of 1-2 UCi Pu 239 PU02 with 7-9 x 10CE-t6) 
particles/uCi count mean diaieter of about 
0,1-0.2 u aad a range of 0.02-7-00 u 
diameter. Intraperitoneally deposited Pu 
particles were translocated mainly into the 
mesentericomeatal region at five to sa^en 
hcurs after particle administration. 
Phagocytosis of deposited particles was the 
prise factor involved in the removal of 
particles froi the peritoneal cavity. 
Significant direct penetration of the 
pgrltoaeum by particles had probably also 
occurred during the first hour. Phagocytic 
and traaslocative rates were related tc 
particle size. (EaF) 

Photciicrcgraphs (at s560 magnification) are 
given of peritoneal phagocytes after Pu 2 39 Pu02 
administration. 

<200> 
Sanders^ C-I-, aad B.R, adee, Battelle Heiorial 
Institute^ Pacific Northwest Laboratories, 
Biology Department, Richland, M . 1969, October 
6 

The Sltrastructure of Bononuclear Phagocytes 
Following Intraperitoneal adiiaistratlon cf 
Plutonium 239 Pu02. Journal of the 
Reticuloendothelial Society^ 6^ 1-23, 

The ultrastructural chaages in rat peritoneal 
phagocytes daring the first 7 days after 
intraperitoaeal admiaistration of plutoaiui 
dioxide^ uraaium dioxide, and latex particles 
are described. Female albino Sprague-Dawley 
rats (280-360 g body weight) were injected 
with 1,4 uCl Pu 239 Pu02 particles (count 
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<200> CONT-
mean d iamete r , 0,12 u) suspended in s i n e 
s a l i n e . Other rat-s were i n j e c t e d with 
thorium oxide (B ag^ approximately 30 mu 
d iamete r , t h o r o t r a s t or 25 ug) , l a t e x 
p a r t i c l e s (ir^an d iameter 0.13 u) cr s a l i n e . 
The a n i s a l s were s a c r i f i c e d a t 2 , 3 , 6 hours 
and a t 1 and '̂  days a f t e r i n j e c t i o n . The 
r e s u l t s show t h a t numerous p a r t i c l e s were 
l o c a l i s e d wi th in cy top lasmic vacuoles of 
phagocy tes . The s u b c e l l u l a r l o c a l i s a t i o n of 
piutcaiuBi p a r t i c l e s was demonstrated by 
e l e c t r o n microscopic au torad iography- Cnly 
minimal a 1 t i t r a t i o n s were found during the 
6-aour per iod a f t e r p lu tcnium. S i g n i f i c a n t 
a l t e r a t i o n s found at 1 and 7 days a f t e r 
platcnlupi inc luded a marked i n c r e a s e in 
phagocyte s i z e , and i nc r ea sed number of 
"pseudopodia l" p r o p e c t i o n s , n e c r o s i s of 
p e r i t o n e a l c e l l s and t h e i r subsequent 
engulfment by p h a g o c y t e s . Plutonium and 
thorium p a r t i c l e s were found l i n i n g t h e 
I n t e r i o r su r face of lysosomes a t 7 days . No 
s i g n i f i c a n t d e q e n e r a t i c a of p e r i t o n e a l 
phagocytes was observed at 7 3ays a f t e r 
thorium o r l a t e x . Phagocytes e x h i b i t e d a 
r e l a t i v e r a d l o r e s i s t a n c e t o a lpha i r r a d i a t i o n 
from plutcnium p a r t i c l e s . (auth) (FMM) 

<201> 
Schubert^ J . 
Levant , I L , 

, argonne Na t iona l Labo ra to ry , 
t o s t 

FadioeleneEt Pe?5oval by Chelating agents: 
application by ^ass action laws and Other 
Factors- federation Proceedings, 20, 219-220, 

The idea is expressed that chelating agents 
do net work as well as a substance that fises 
the toxic metal at the site o-̂  its 
deposition. Pesults are cited of treatment 
of beryliius poisoning with two identical 
chelating agents, except that one has a 
sulfonic acid group. When these drugs are 
given 4 hoars after adninlstration of Be, 
both comncurds cause the same n̂ arked increase 
of excreticn of Be, but cne protects and one 
does not. The difference lies in the fact 
that the l'=ss water soluble fcrm Inactivates 
a greater fraction of the toxic metal within 
the tissues. The failure of sai in 
radloelement removal is explained by the fact 
that practically all the radloelesents cf 
iaiportanc^ dc not react with sulfur ligand 
atoms^ nas-ely Pu, alkaline earths and rare 
earths. Under physiological conditions there 
is no stable complex formed, and therefore, 
except for Fo, Bai will be Ineffective, a 
convenient way of testing the effect of 
chelating agents Is sjentioned, that is, to 
inject the radloelement into the anisal and 
then withdraw samples of blood containing the 
radloelement- To the blocd, one can then add 
the known amounts of chelating agents aad 
measure the ultrafilterability. It is 
pointed out that when elements widely 
scattered in their hydrolytic reactions such 
as Hg, Ce aad Sr are being compared, one has 
to Insert additional terss, such as the 
hydroxylatln constants in order to have good 
correlaticn. From mass action 
considerations—omitting nonequllibrluu 
processes—it is possible to estimate the 
fraction of radloelement bound ty the legands 
involved, several equations are derived. 
The importance of acertainlng the degree of 
removal of a radloelement from specific cell 
fracticns is mentioned. While it is possible 
to remove many radloelements from the body, 
it is alsc lEsportaat to demonstrate that such 
removal also reduced the tumor incidence 
which follows much later« In long term 
experiments, it was found that removal of Pu 
effected by DTPa treatment given 3 days after 

injection ot pu caused a iaarked decrease in 
bene tumor Incidence, {fnH) 

<202> 
Schubert, J., Universxty of Pittsburgo, 
Department of Fadiation Health, Pittsbur^ft, Pa, 
1972 

Fddioelement HetabolisET and Decorporation as 
Tnflt̂ eaced by Chelation and Mixed 
Compl6xes--Bapld Experiaental and Calculatlve 
approaches to Predict in Vive Behavior- Part of 
Stover, B.J. and Jee, W.S.S- (Eds.), 
Fadicbiology of Plutonium. J.H. Press^ Salt 
lake City, Utah, |p- 355-376), 552 p. 

Th» solution chemistry and metabolism ot 
radioelemeats (radicactive metal ions) are 
closely int err f-3 late d. The relative 
effec-civeness of different chelating agents 
fcr the decorporation of radloelements 
deposited in maaaalias tissues can be sisply 
and rapidly derermlned by ultrafilterability 
cr dialysis of tissues homogenised or linced 
in the presence cf different conceotraticns 
cf a given chelating agent, Xt is pointed 
out that apparent lack cf agreement betŝ een 
the in vitro and in vivo cbservations are due 
tc deficiencies la experimental design and 
interpretation, e.g., the use of a single, 
very high concentration of chelating agent, 
and neglect of the fact that a chelating 
agent with strongly hydrophilic groups, such 
as sulfonic acid. Is less able to make 
contact In vivo with deposited radicelemeots. 
The role of mixed complexes in improved 
decorporation therapy is described. In 
particular, it is pointed out that generally 
tuo or Biore cosspiexlng or chelating agents 
will bind a metal icn mere firmly than a 
single agent (e.g., MaB is twice as stable as 
Ha2 or ^B2 on statistical grounds alone), 
The response of monoaeric and polyiBeric 
radioelments to chelating agents in 
dscorporaticn therapy is shewn tc depend on 
the fact that the rate of d^polyserization of 
the polyser by the chelating agent: is much 
slower than the rate of formation of the 
chelate from the soncmeric form- a 
siiplified method for estiaatlng tae aegree 
tc which a chelating agent binds a 
radloelement In vivc is descirbed. The 
method employs the so-called "coaditioaal" or 
effective constant and side-reaction 
coefficients. It is also pointed out that 
the slope of the ascending and descending 
branches of the urinary cr tissue excreticn 
cisrves of a radloelement following chelatica 
therapy can be utilised to determine the 
physico-chemical state of radloelemeats 
deposited in the body (i.s,, the degree tc 
which the radioelesnent is iri a monomeric or 
pclymeric state). Such iaformatica can be 
useful for prcgaosls and fcr determining 
schedules of treatment. (auth) 

<203> 
Schiartg, S., R, Sagaria, aad C.J- Watson, 
University of Chicago, Metallurgical Laboratory, 
Chicago, IL. 19̂ 7 

Studies of Porphyria Metabolism. 4. The Effect 
of Irradiation on Coproporphyria EKcretioa. 
MDDC-1221| 18 p- (Declassified august 8, 1947) 

The effect of radiation exposure oa 
coproporphyria eKcretion has been studied in 
38 dogs- Some dogs were exposed to single 
dcses of 400 to 450 B, 300 tc 350 8, and 100 
B total body x radiation and some to 50, 1̂0, 
2Se 12.5 B dally s-ray exposure. Strontium 
89 was injected at a coacentraticn of 3,13 
ug/Rg aad 2«87 ug/kg. Lethal doses of Pu 
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a l l da t a o b t a i r e d a re i l l u s t r a t e d in t e rms of 
t h e pe rcen t d e v i a t i o n o*̂  t h e per d i e s 
coorooorpny- ^n exc re t i on from t h e average 
c o n t r o l va lue for each dog. 

<20 4> 
•ncott, K .5 , , D, axe l rod , J . Crowley, and J ,G , 
Famxlton, Un ive r s i ty o-̂  C a l i f o r n i a , Medical 
Scboolff D iv i s ions of Padiology and »ledicine, Saa 
^ r a n c i s c o , C^; ! n i v « r s i t y of C a l i f o r n i a , Crocker 
l a b o r a t o r y . Divis ion o^ i^edical ^ b v s i c s , 
Berkeley , c a . 19̂ 59 

kj p o s i t i o n and Fate of Plutonium, Uranium and 
t h e i r J^ission Products Inha led as a e r o s o l s bv 
^ a t s and ^an , Archives of Pa*hology, £i8, 31-54. 

"h^ purpo'=e of t he se exper iments was t o 
a s ce r t a i i i t h * p o s s i b l e hazard r e s u l t i n g froin 
^nua l a t i on o-̂  - f i s s ionab le m a t e r i a l s and 
f i s s i c n Droducts , a e r o s o l s of o l u t o n a a (Pu 
n i t r a t e s ard •su og i f les ) , uranium plus f i s s i o r 
product =, and o r o t a c t m i u a were admin i s t e red 
to r a t s - 's Zr 89 a e r o s o l was a d m i n i s t e r e d t o 
a human sUD^ect anf̂  t o r a t s . Aeroso ls of t n e 
aforementioned e lement* were almost t o t a l l y 
r e t a i n e d by th^^ head and t h e lungs 
immediatelv a f t e r exposure , a f t e r four days 
tne lung^ conta ined t h e l a r g e s t pe rcen tage cf 
tQf^se elem*^rts. The e lements d e p o s i t e d in 
tne head and b ' -o^rh ia l t r e e w<=re qu ick ly 
e l ^ s m a t e d v a the g a - ^ t r o i n t e s t m a l t r a c t , 
'"he sams averue o'̂  e i i s i o a ^ i o n was presumably 
us'^d by t h e nonc:! l ia ted p o r t i o n cf the l u n g s , 
but a t a slower r a t e . T^e s^a"? 1 pe rcen tage 
dbsoEbed i n to the body ¥a« p r i m a r i l y 
depos i t ed ^n t ^ e s k e l e t o n a f t e r c o n d i t i o n s of 
e q u i l i b r i u m had bee" e s t a b l i s h e d -
Radxoautographic s t u d i e s i n d i c a t e t h a t t h e 
DUj^iorary s i t e o"̂  d e p o s i t i o n of t h e s e 
nati=Eials i s m the b r o n c h i a l passag-^s and 
th'^' alveo^'ar s t r u c t u r e s . Th® m a t e r i a l s a r e 
r a p i d l y removed from the b ronch i a l t r e e , 
presuEab"* y f-y c i l i a r v a c t i o n , and a re slow'iy 
r e l e a s e d -̂ rom the a l v e o l i - 'lo accumulat ion 
o-*̂  any O"? the r a d i o e l e m e n t s was observed i r 
e i t h e r blood v<=ss«ls or lymph nodes . 
(auth) (R\^) 

^ad ioau tog raphs a r e given showing t h e pi lmonary 
df p o s i t i o n o"*̂  Pi a e r o s o l s . 

<2C5> 

BerKeley, c a . 
Un ive r s i t v of C a l i f o r n i a , 
1972 

i^iutonium i^evis i t^d . '^art of S t o v e r , B . J , and 
J e e , ^ . S . S . ( " d s . ) , Fadiobio logy of Plutonium, 
J . *̂ . Pr«=ss, Sal t Lake Cx-t^^ utab , (p. 1-21), 5^2 
p. 

^he acnievem^nts of t n e Fadiobiology 
Labora tc ry o-̂  t he J n i v « r s i t y cr Utah w^re 
reviewed, T̂ ê i n i t i a l ass ignment given the 
l a b o r a t o r y was t o a s s e s s the r o l e of 
plutcr ium as an i n d u s t r i a l haza rd . The 
n i s t o r y of plu*-onium rf^search i s g iven- (FP) 

<206> 
Seienov, B . I - , aad I . P , Tregubeako, academy of 
Sc iences of t h e USSR, Biophys ics Labora to ry , 
Sverd lovsk , tJSSE. 1958, January-February 

The ac t ion of Chela t ing Compoands on Tissue 
Storage and Exc re t i cn from the Living Organise 
of Kadioyt t r ium, Fadxocerium and Plutcoium. 
Biochea i i s t ry , 2 3 , 55-60, 

C n e l a t m g a g e n t s , b ind ing metal c a t i o n s t o 
fcrm s o l u b l e , s t a b l e c h e l a t e s under t h e 
c o n d i t i o n s of the l i v i n g organism, e x e r t a 
pronounced e f f e c t or t h e r a d i o i s o t o p e of 
y t t r i u m , cerium and plutcnium m the l i v i n g 
organism. This e f f e c t i s expressed m the 
a v e r t i n g of s t o r a g e ot the metals i n the 
t i s s u e s and in t h e enhancement of t h e r a t e of 
e x c r e t i o n of t h e metal pci'=ons i n t o ta® 
u r i a e . Experiments were e a r n e d out or whi te 
r a t s wexghirg 1=^0-200 g . Yttrium 91 and Ce 
144 were in t roduced l a the form cf c h l o r i d e s 
(pH 2) i n t o t a e cauda l ve ia m p r o p o r t i o n s of 
3 m C i / r a t . Solium s a l t s cf the c h e l a t i n g 
ccipounds were i n j e c t e d i n t o the 
c o n t r a l a t e r a l cauda l vein in p r o p o r t i o n s cf 2 
X 10(E-5) mole (pH 7 , 3 ) , 2 m a . a f t e r 
i n j e c t i o n of the r a d i o i s o t o p e - Plutoaium 239 
was i n t r o d u c e d m ' ^ r a p e r x t c n e a l l y a t a dcse of 
1 mCi / ra t , in the fcrm of the c i t r i c ac id 
complex (pH 6 ) . Sodium s a l t s of t h e c h e l a t e 
were i n3ec t ed i n t o t h e caudal vein 10 mia. 
f c H o w m g the xnjectiof^ of Pu- a comparison 
of t h e e f f e c t i v e n e s s of the var ious c h e l a t i n g 
l i g a n d s a s s i g n a b l e t o tne group cf 
a s i a o p o l y c a r b o x y l i c ac id comnouads, aad a l s o 
those of t n e paosphate group, p o i n t s out 
s L b s t a n t i a i d i f f e r e r c e s between the two 
g roups , cf both a q u a t ^ t i t a t i v e and a 
q u a l i t a t i v e n a t u r e , '^ne ligand*^ most 
e f f e c t i v e m p r o s o t i r a rhe e l i m i n a t i o n of 
v t t n u m are u r a m y l d i a c e t a t e and scdium 
e t h y l e n e d i a m i n e t e t r a a c e t a t e , whi le t h e most 
Dlutonium IS hexa^etophosphate . The 
Q u a l i t a t i v e d x s t x r c t i o n s r e l a t e c h i e f l y t c 
the f a c t t n a t tne Phosphates enharce s t o r a g e 
of v t t r i u ® aad p l u t o n i u i m the t i s s u e s , 
a l t h o u g h , l a c o n t r a s t t o a^moDolycarboxylxc 
ac id c h e l a t x r g agents^ thev j^narply 
pc lvcarboxylxc ac id c h e l a t i n g a g e n t s , they 
s h a r c l y reduce the accumulation of cerii^B i r 
t h e s k e l e t o n , Th€ data obtained a t t e s t t c 
the f a c t t h a t , a s i d e froa the s t a b i l i t y c t 
the compourds so formed, e s s e n t i a l 
s i g n i f i c a n c e m determining thi^ e f f e c t i v e n e s s 
cf significaacf^ i r de termining t h e 
e f f e c t i v e r e s s of c h e l a t i n g agen t s n̂ay be 
a s s igned t o t h e r a t e of the complexing 
p r o c e s s , and a l s c t o the physiccchemical 
ccap lex ing p roce s s , a rd a l so t o t h e 
phys icocaemica l s t a t e of tne meta l in t i e 
blood s t ream and xn t h e s t a t e of t a e n e t a l i r 
the blood stream and in tae nodv f l u i a s , Tne 
r e s u l t s c i t e d and t h e Gonclusxons arawn frcm 
t h e i po in t t o a p o s s i b l e r o l e os fciologands 
o c c i r r i n g n a t u r a l l v m t h e l i v i n g organism 
(ammo a c i d s , c i t r i c a c i d , phosoha te s , e t c . ) 
xn minera l metabolism. The nigh l eve l c t 
e f f e c t i v e n e s s observed for hexarsetojhoachate 
wxth r e s p e c t t o cerium and Dlut.oaium i s not 
s t i s c e p t i b l e t o c l i n i c a l u t i l i s a t i o n l a veiw 
of t h e c o n s i d e r a b l e t o x i c i t y o^ t h a t 
c r e p a r a t x o n . a t t h e same tx-se, the 
»f-?ect iveness of u ramyldxac« ta te , wnich 
exceeds t h a t of e t h y l e n e d i a m x n e t e t r a a c e t s t s , 
and which lends i t s e l f t c u t i l i z a t i o n t o r t ae 
t r e a tmen t of heavy-icetax poisoning aad 
r a d i o i s o t o p e o o i s c n i n q , i s deserving of 
s p e c i a l a t t e n t i o n , (auth) {1%^) 

Table 3 shows Pu con ten t in oraans and e x c r e t a 
cf r a t s on four th day or exDerxn^^^t- under a c t i on 
of v a r i o u s l i g a n d s . 
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<207> 
Sxkov, M.R,, and D,D. Mahbura, Battelle Memorial 
Institute, Pacific Northwest Laboratories^ 
Biology Department, Kxchland, W , 1967, July 

Effect of age and Particle Sxse on Passage Time 
through the Gastrointestinal Tract of the Bat, 
BHWL-480; Part of Thompson, E.C. and Swezeae E, 
G. (Ms,), annual ??eport for 1966, (P. 93-95), 
207 p. 

Plutonium cside particles (CHD 0-13 u, 0-15 
u, K8 u) wer« administered mtragastrically 
to adult and 6-day-old rats- The anisals 
were sacrificed at 1, 3, 7 and 21 days after 
admiaistratioa aad the retention and 
distribution in the gastrointestinal tract 
was determned. a poorly absorbed soluble 
tracer, ̂ o 106-Bh, ̂ as given mtragastrically 
to another set of animals. Its distribution 
m the gastroiatestinal tract was determined 
fro® 1/2 to 24 hr after administration. In 
the Pu study the smallest particle size 
teaded to be excreted sore completely than 
the other two, oarticularly in the newborn 
aalials, a substantial fraction of all 3 
particle size dxstributions was still present 
at 1 to 3 days following administration, 
Shile the overall passage times did not 
differ markedly for juvenile and adult 
annals, the shorter tract length of the 
neonate resulted in a substantially reduced 
rat^ of passage and a coacoiitant increase in 
tne average time of contact with any given 
length of the tract. There was clear 
evidence for a long-̂ r retenxion of material 
m the stomach and in the ileum of the infant 
rat as compared to the adult. (BIF) 

<209> 
Sikov, B.B,, and S.D. ^ahlu®, Battelle Heiorial 
Institute, Pacific northwest Laboratories^ 
Eiology Department^ Eichland, Ma. 1972 

Ige-Eependence of Plutonium 239 Metabolism aad 
Effect in the Bat, Part of Stover, B,J- and 
J«e, M,SpS- (Eds.), Badiobiology of Plutoniui, 
J.i. Press, Salt Lake City, Utah, |po 261-272), 
552 p, 

a number of studies î ere performed to 
evaluate the metabolism and effects of Pu 239 
relative to aaiial age at tiie of 
adsxnistration. Included Mere esperimeats 
which have demonstrated differences la 
atsorDtion and distribution following gavage 
at various ages, la other studies, the 
partition and aisroscopic deposition have 
been fouad to vary with the age at time of 
injection. The resultiag effects are clearly 
influenced by metabolic differences as sell 
as by tne differences in age-related 
radiation sensitivity- la an analogous 
fashion, cross-placental transfer, 
distribution within the fetoplacental unit, 
and biological effect changed throughout 
gestation. These studies demonstrate that 
values obtained m the adult for calculation 
of permissible exposure limits to 
radionuclides may be inappropriate for 
immature individuals- (auth) 

Table 1 gives the distribution of Pu 239 in rats 
24 hr after infection cf moaomer and polymer. 
Table 2 gives effect of age and physiochesical 
state on the partition of Pu 239 between liver 
and femur at 1 and 7 days after mjection-

<208> 
SiKov, M.R., ard D,D, fahlum, Battelle Memorial 
Institute, Pacific Northwest Laboratories, 
Biology Df̂ partsentff lichland, wa. 1973 

Influence of age on the Late Effects of 
"tonomeric Plutonium 239 la the Pat, 
CO^F-73043 1, Par* o^ Proceedings of the 21st 
annual Sympos-̂ un o^ the Radiation î esearch 
bociety held m St- Louis, Missouri, april 
^ -^ay 3, 1973. Published in Radiation 
Research, ^5 (3) , 514. 

It has beea shown that the letafooliss as well 
as the acute and subacute toxicity of ?u 239 
varies nith age and phvsicochemical fori, 
Th-= late effects, including the eventual 
tumor resporses were studied followirg 
exposure or rats to low levels of monomeric 
Pu 239 at several periods during life-
adu^t, ¥eanlxng, pewborn<. and prenatal rats 
were f=xposed to mcnomeric Pu 239 by a single 
intravenous or intracardiac laiectioa or by 
intravenous injection of the da®. Three dose 
levels which would give average radiation 
doses of approximately 7, 23, or 70 rads to 
the femur in the first 1C days after 
exposire, were used. Hats from each group 
wer* sacrificed at intervals for 
rad-i ©analysis and autoradiography to 
estdblisn the microdosimetry- The remairinq 
animals and controls are being follosed uatil 
deata, a-̂  ''̂  norths postxniection, the 
incidence cf mortality and tumor development 
is greater among ma'̂ es than females. The 
highest incidenĉ ^ of osteosarcomas and 
chloroleukemias, the predosinent tu:aor types, 
has be-̂ a in the an ^als exposed as adults. 
Tumor incidence in the earlier-exposed groups 
IS presently msuf-^icient to indicate any 
differences m their sensitivities, a few 
hewatic tijmors have appeared in rats exposed 
neonatally or prenatally but not in those 
î xposed as weanlings or adults-
(auth) (CoiBple*̂  article) 

<210> 
Smith, D,D,, National Environmental Besearch 
Center, Honitoriag Systems Besearch aad 
Development Divisions Las Vegas, HV. 1973, Jane 

Status of the U.S. Environmental Protection 
agency's l̂ evada "'est Site Excerimental Dairy 
Herd, Japuary 1, 1969-DeceBber 31, 1970, 
^ERC-Lir-539-22, b2 p. 

The U.S. Environmental Prctectica agency^s 
national Eavironmeatal Pesearch Center, Las 
Vegasp maintaas an experimental dairy herd xn 
area 15 of the Nevada Test Site. The status 
of this herd, for *he period January 1, 1969 
througn December 31, 1970, is described. Ihe 
report lists changes and improvements made on 
the facilities, presents herd and individual 
production aad reproduction statistics, 
details health problems and treatments, aad 
summarizes the metabolism, field aad "ad hoc" 
research studies that lavclved the dairy 
herd- The dairy herd ijas utilised for 
studies which defined the critical metabolic 
pathways of selected radionuclides which 
mignt appear in the enviroimeat following a 
nuclear detonation. Each cow was selected en 
the basis of produrtion, stage of gestation, 
breed and aealth. Specially designed 
metabolism stalls were used that provided 
rcatinuous restraint but still allowed 
sufficient movement for coafort and easy 
access for milking ard saiple collection. 
The radionuclides were either administerea 
orally, via gelatin capsules, or 
intravenously as an isotonic solution. 
Sampling of blood, urine, feces and iilK tcok 
place every six hours until peak levels 
occurred- Metabolic studies aere undertaken 
Kith the following radionuclides" iodine 131, 
wolfram 167^ lead 20^, thallium 202, wolfram 
181, tritxated water, beryllium 7, rubidium 
86^ mercury 203 and iron =9. (naF) 
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<21 1> 
SBi th , H., and x . v . chapaan, Sunderland 
P o l y t e c h n i c , school of Pharmacy, Sunder land , 
Durham, England; f Jn lyers i ty of Dundee, 
Department of Efedical B iophys i c s , Dundee, 
Sco t l and . 1565, iugus t 9 

Use of C i t r a t e In Kob i l i s i ng Plutonium m Bat. 
Mature, 223, 6a2-6(l3. 

The use ¥hen c i t r a t e in the t r e a t a e a t of 
a c u t e Pu poisoning i s i n v e s t i g a t e d in r a t s 
with a v ie» of e x t r a p o l a t i n g the da ta t o 
huaans . gdult female H i s t a r r a t s , 
approximate ly 200 g body weight se re each 
qiTen an i n j e c t i o n of 0 .2 s i of a s o l u t i o n 
c o n t a i n i n g 1.7 x 10 (S-3) ug of Pa 239 
i s o t o p i c a l l y nixed « l t h 0.* K 10 (S-?) ug of 
Pu 237 in 0.1 1 c i t r a t e a t pH 7 , The a n i a a l s 
were d iv ided I n t o groups and given an IP 
i n j e c t i o n of 730 g c i t r a t e / I c g of body weight 
e i t h e r be fo re , s i^aul taneously with or a f t e r 
Pu i n j e c t i o n . The maKisum e f f e c t i v e n e s s ^as 
ob t a ined when c i t r a t e ®as gl^en 
s imu l t aneous ly ¥ l t h t h e Pa and fol lot jed by a 
second i n j e c t i o n a f t e r 90 Bin. E f f e c t i v e n e s s 
f e l l off of c i t r a t e t he rapy was de l ayed , but 
i t was cf some va lue up t o 2£J hr a f t e r Pu. 
C i t r a t e i n j e c t e d 30 s i n before Pa was of ao 
v a l u e . The e x c r e t i o n d a t a of Pu 237 i n u r i n e 
and feces showed p r e f e r e n t i a l e x c r e t i o n i n 
u r i n e in the c i t r a t e - t r e a t e d group in t h e 
i n i t i a l 2 day per iod fo l lowing c i t r a t e and 
e x c r e t i o n in both u r i n e and feces occur red 
th roughout the 2̂ ^ days of t h e e x p e r l a e n t . In 
a s tudy on t h e i n f l u e n c e of c i t r a t e 
{administered s i a u l t a n e o u s l r wi th Pu) on the 
d i s t r i b u t i o n of Pu 237 i n the t i s s u e s , i t was 
seen t h a t . In a 3 hr p e r i o d , t h e r e was isore 
r a p i d t r a n s f e r of P« f t o » the p e r i t o n e a l 
c a v i t y , an enhanced u r i n a r y e x c r e t i o n and a 
marked r e t e n t i o n in l i v e r In t h e 
c i t r a t e - t r e a t e d group compared s i t h t h e 
c o n t r o l s . There was, however, ao d i f f e r e n c e 
in t h e a i c u s t of Pu t r a n s f e r r e d t o bone . 
<FHg) (CIS) 

Table 3 shews t h e i n f l u e n c e of c i t r a t e on the 
a i s t r i b u t i o n of Pu 237 in r a t t i s s u e s . 

<212> 
S a i t h , T.H., General E l e c t r i c Company, Hanford 
L a b o r a t o r i e s , Biology Labora to ry , B ich land , n« 
19611, Noveaber 28 

Prevent ion of P l u t o n i u i Deposi t ion by 
Des fe r r i oxaa ine -B . Ha tu re , 201, 899-900j 
HM-SA-3590; 2 p . 

E igh t - aou th -o ld f e a a l e r a t s were 
i n t r a v e n o u l s y i n j e c t e d wi th 2 uCi Pu 2 3 9 ( t « ) . 
One, 5, and 2'* hr l a t e r they were t r e a t e d 
with 0.5 amol/kg of DW» and DF&B 
( D e s f e r r i o x a i i n e - B ) . Br ine and f eca l samples 
were t a k e n . F ive days l a t e r the animals ^e re 
s a c r i f i c e d . S t a t i s t i c a l l y s a imar i zaa r e s u l t s 
show t h a t t r e a t a e n t with DFM decreased bone 
d e p o s i t i o n of Pa t o about one -ha l f t h e va lue 
ob ta ined by DTPH and t h a t the two a g e n t s 
given t o g e t h e r produced a p a r t i a l l y a d d i t i v e 
e f f e c t . The a u t h o r s t h e o r i z e t h a t t h e 
enhanced e f fec t of DF^B i s probably due t o 
i t s d i f f e r e n t in v ivo d i s t r i b u t i o n and t h e 
oonseguent t a p p i n g of Pu poo ls no t a v a i l a b l e 
t o DTPi. This i s a l s o sugges ted by t h e 
c o n s i s t e n t l y lower bone d e p o s i t l o o and h igher 
f e c a l ou tpu t of "u in t h e DPiB t r e a t e d 
a n i o a l s . |S&P) 

The e f f e c t s of t r e a t m e n t s on Pu c o n t e n t of 
l i v e r , k idneys and feanr and e x c r e t a f i v e days 
a f t e r a a « i a i s t r a t i o n a r e given in t a b u l a r f o r a . 

<213> 
S n i t h , T .H . , B a t t e l l e Heaor ia l I n s t i t u t e , 
P a c i f i c Northwest L a b o r a t o r i e s , Biolcgy 
D p p a i t i e n t , Richland , S i . 1972 

Comparison of Ef f i c iency of Removal cf 
P lu tcn ium, Calcium and Sine f ros Sa t s by Calcium 
and z inc DTPi. Rad ia t ion Hessarch , 51 , 5<(0-5«l. 

Ihe r e l a t i v e r a d i o n u c l i d e removal e f f i c i e n c y 
cf ca lc ium aad z inc 
d i e t h y l e n e t r i a i i n e p e n t a a c e t i c ac id {Ca DTPS) 
was e s t i m a t e d when s i n g l e t r ea t i aen t s were 
given a t one hour (prompt t r e a t m e n t ) , or 
m u l t i p l e t reatEaents were given s t a r t i n g a t 6 
days (delayed t r e a t a e n t ) a f t e r t h e 
i n t r a v e n o u s a d m i n i s t r a t i o n of Pu 238, Ce 1i!4 
and Zn e? c i t r a t e (pH 1.6) t o r a t s . The DIP* 
was a d a i n i s t e r e d i n t r a p e r i t o n e a l l y t o groups 
of 6 t o 8 r a t s a t each t r e a t a e n t l e v e l , i n 
the prompt t r e a t a e n t s e r i e s t h e Sn DTP& 
l e v e l s v a r i e d fro» 0.005 t o 2 miol /kg with 
the optimua dose for r e a o v a l of Pn or Ce fron 
s o f t t i s s u e s and bone a t about 1 t o 1.5 
• n o l / k g , which a g r e e s wi th r e s u l t s of a 
s i s i l a r experiment with Ca Dipa. A g r e a t e r 
f r a c t i o n of t h e admin i s t e red Pu was removed 
than Ce and below 0.5 Bmol/kg, Ca DIPA 
removed more Pu than d id s i m i l a r doses of Zn 
DlPil. There was no o p t i i u i dose fo r removal 
of Zn 65 which was exchanged in d i r e c t 
p ropo r t i on t o t h e c h e l a t e dose. Twelve 
t r e a t m e n t s a t DTP! l e v e l s of 0.001 t o 1 
• i c l / k g were given over 12 days in t h e 
de layed t r e a t m e n t s e r i e s , i t lower d o s e s , 
0.001 and 0.01 » io l / l cg , the Ca D1P& appeared 
mere e f f i c i e n t a t removing Pu aad Ce from 
so f t t i s s u e s while Zn DTPJ, caused more 
removal from bone, however, a t about 0.1 
^ i o l / k g t he se d i f f e r e n c e s d i s appea red . The 
e f f e c t i v e n e s s of both s a l t s were e s s e n t i a l l y 
e q u i v a l e n t in caus ing removal of t h e Zn 6 5 . 
( iuth) (Coaplete J r t i c l e ) 

<21i|> 
Smith, ¥ . 1 . , B a t t e l l e H e i o r i a l I n s t i t u t e , 
P a c i f i c Horthwest L a b o r a t o r i e s , S ich land , i j . 
1fl7a, February 

The E i o l o g i c a l D i spos i t i on of E ins te in ium 
S i t r a t e Es(H03)3 i n Rats S f t e r I n t r a v e n o u s , 
I n t r a i s u c u l a r and subcutaneous Ad ig in i s t r a t i oa . 
COlIP-730907 ( P a r t 1) ; Par t of Snyder , » . S . 
( E d . ) , Proceedings of t h e 3rd I n t e r n a t i o n a l 
Congress of t h e IRPi he ia i n Hashington, D . C , 
September 9-1lt , 1973, (p . 725-730) , 1475 p . 

Adul t , female , W i s t a r - s t r a i n r a t s were 
i n j e c t e d s i t h «.76 uCi Es as t h e n i t r a t e m 
0.20 cc pH 2.0 s o l u t i o n (90* a l t r a f i l t e r a b l e ) 
i n t r a v e n o u s l y ( I f ) , i n t r a m u s c u l a r l y (ID) and 
subcutaneous ly (SC). Regard less of the 
i n j e c t i o n r o u t e , Es (»03) 3 was r e t a i n e d 
p reponderan t ly in t h e ske l e ton up t o 21 days 
a f t e r a d i i a i s t r a t i o n . The l i v e r burden 
decreased from 26« of t h e i a l t a l Es 
a d n i n i s t e r e d IT a t « hoars t o 1»« a t 1 day 
and l e s s than 2% a t 2* d a y s . The s k e l e t a l 
c o n t e n t i nc r ea sed t o about 70% on day 7 and 
decreased t o about 56% by day 2«. the l i v e r 
and s k e l e t a l r e t e n t i o n a t 2« days froa t h e SC 
aad 11 i n j e c t i o n s was s l i g h t l y l e s s than f ro* 
t h e IT r o u t e . I n j e c t i o n s i t e r e t e n t i o n was 
g r e a t e r fo r t h e SC r o u t e , 16«, than fo r t h e 
IH r o u t e , 8%. The p o p l i t e a l lyaph nodes 
a d j a c e n t t o t h e IS i n j e c t i o n s i t e r e t a i n e d 
about 0.7% of t h e i n j e c t e d Sose/g oo ipared t o 
about 0 .1 t h a t va lue for the o t h e j lyaph 
nodes and r o u t e s . Kidoey c o n c e n t r a t i o n s a t 
2<t days were higher f t o i the l i and SC 
r o u t e s , 0 .56Vg« and 0.<l3X/g, t h a i f roa the 
H r o a t e , 0 . 3 3 V g and a l l were h igher than 
t h e l i v e r s o n c e a t E a t l o a s of 0 .11 -0 .16« /g wet 
we igh t . In s o i i o s with o t h e r ' a o t i a i d e s , Es 
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<21U> CONS. 
was co^cea t ra^^d more m the v e r t e b r a e aad 
sternum t r a n m ctb«='r bo res - FKcret ion was 
fl^qier i n i t i a l l y an t h e urin*=, but by the 5th 
day sore was be ing exc re t ed m t h e f e c e s -
SKii abso rp t ion was very h igh, about U% o-? 
t h e a v a i l a b l e Es (2 .5 u C i / c a 2 , pH 2 n i t r a t e 
s o l u t i o n ) beina absoroed m 30 i m . (authl 

Figure 2 shows ^s 253 d-̂  s t ^ i b u t on m r a t s 24 
davo fo l lowing thp i n f e c t i o n of Es |M0 3) 3 by 
v a r i o u s r a t * ' : . Table 1 shows Es 2^3 
c o r c e p t r a t i o n m t i s s u e s a f t e r a d m m i b t r a t i o r cf 
y-76 uCi -EsiSC^)^ t o r a t s . 

<215> 
Smith, V .F - , J . I . Pd lo tay , E . J . IcClanahan , H.a. 
Ragan, and W-J. " l a r k e ^ b a t t e l l e 'Memorial 
I r s t i t u t e , P a c i f i c Northwest L a b o r a t o r i e s , 
R ich land , m. 19ss^ January 3 

Plutonium 2^S SNa? ^u®l I n g e s t i o n by Min ia tu re 
Swine. ^HHL"182s Pa'"t of Thompson, E,C. , 
Summary Techn ica l Feport^ SNFO and SNAP 
B i o l o q i c a l S t o d i e s , (p, 10- lU) , 16 p . 

a 49.2 kg Harford m i n i a t u r e pig was fed a 
massive dcse (approximate ly 1 C^) of Pu 233 
SNaP ^upl o a r t i c l e . T o t a l u r i n e and feces 
c o l l e c t i o n ^ : and p e r i o d i c blood samoles were 
oDtamed for 1^ days foIlot?iag Pu02 f e e d i n g . 
Tne pig was then s a c r i f i c e d aad t i s s u e s 
ana lyzed , '^nere was prolonged and e x t e n s i v e 
ho ld jp o-̂  t hp p a r t i c l e s in t h e i n t e s t i n a l 
t r a c t . S l i g h t l y l e s s than ha l f of t h e 
irg*=sted a c t i v i t y was exc re t ed dur ing t h e 
t i r b t 6 davs , "̂ he remaining a c t i v i t y was, 
however, almost t o t a l l y excre ted dur ing t n e 
next 5 days- The t o t a l Pu 238 recovered m 
the u m e and i n t h e t i s s u e s at s a c r i f i c e 
a s o i n t e d to 2 s 10C^-7| tii^es t h e aaoiiat fed-
Over 9^^ cf t h i s absorbed Pu was recovered 
f r o i lysph nodes. The r e l a t i v e l y enormous 
dose of 1 "1 r-^sulted in no g r o s s l y e^2.dent 
damage to th^^ g a s t r o i n t e s t i n a l t r a c t , and t o 
a e g l i g ' ' b i s d e p o s i t i o n m the probably a o s t 
c r i t i c a l o rgans , bone, and l i v ^ r . Any 
conce ivab l e hazard f ro^ inges t ioE of t h i s 
m a t e r i a l would c e r t a i n l y be f a r oetiiexghed by 
t h e acf'O'npap'^ing hazard of i n h a l a t i o n . (fM) 

T'ao.^e 2 shows Pu 238 con ten t of t i s s u e s of p ig 
1i> days p o s t i n g e s t i o n . 

<216> 
Sn ide r , K , S . , Not gxvea- 19^8 

'̂ î e S k m . »a r t of Bloom, W. C^3.), 
His topa tho logy of I r r a d i a t i o n from FKternal and 
I n t e r n a l Sources , Chapter ^. HcGraw H i l l Book 
company, l a c , New Yorkp Hew Yorr, (p, 32-69 | , 
808 p-

H i s t o p a t h o l o g i c a l s t u d i e s on the skm were 
made a f t e r a p p l i c a t i o n of the -following 
i r r a d i a t i o n s from an SKternal sources (1) 
Beta r a y s t o mice {2,500 and 5(^000 r e p ) , r a t s 
{625ff 50, 5, and 0.5 r e p , d a i l y d o s e ) , and 
r a b b i t s (2 ,500 , ^^OOOj, and 12^000 rep l o c a l l y 
a p p l i e d ) I (2) x r ays t o r a t s (600 H), r a b b i t s 
(800^ 10'^, 50, 25, 12 ^ , aad 6 S| i (3) gamaa 
r ays t o gu inea p i g s (8-8 K̂  d a i l y d o s e ) , (H) 
f a s t n e u t r o n s t o r a b b i t s {iM n} g ®ice (117, 
96, and 6^ n ) ; (51 slew n e s t r o n s to a i c e (^00 
a r b i t r a r y u n i t s ) , R i s t o p a t h o l o g i c a l s t u d i e s 
oa t h e s k m were aade a f t e r a p p l i c a t i o n of 
t h e fo l lowing i r r a d i a t i o n s from i n t e r n a l 
s o u r c e s ; (1) a lpha r a y s t o mice from 
in t rasuscuXa ' - m i e c t i o n s of 0,1 uCi/g of 
plutonium and t o mice frooi m t r a p s r i t o a e a l 
m ^ e c t i c n ^ of 1.0 aCi/g cf radiums (2) beta 
r a y s t o r a t s f roa i n t r a v e n o u s i B 3 e c t i o a s of 
2-0 uCi/g of y t t r m s 91 and t o r a t s from 

<2\U> 

intraperitoneal in3ecticns of 0-6 and 0.25 
uCi/g of strontiuBi 89. Striking changes were 
net seen in any of the above preparations 
except m the animals treated witt external 
beta rays. Tl-is fact is interpreted as oemg 
due to the higher dose used rather than to 
an^ action on the skm which is specific fcr 
asternal beta rays- In general, taese SKIE 
changes were similar to those described by 
previous workers using relatively large dcses 
c^ X r^ys. cauth) 

Several histological sections are shewn. 

<217> 
Snipes, H.B., and a.L. Brooks, Lovelace 
Foundation for Fedical Education and Research, 
Inhalation ^OKicology Research tnstityte, 
albuguerque^ Î H. 1974, Decepiber 

An analysis of Dosiietry and Cellular Risk fcr 
Plutor'ia'n Particles m the Luig- LF-49, Part of 
Boecker, B.B. and Eupprecht, F.C. (Eds-}, annual 
Hepcst of the Irhalation Sosi'̂ ology î esearch 
Tf^stitute, October 1, 1973 througn September »0, 
197a, (p. 29-36) , 3Bn r-

Carrept standards ase absorbed radiation dcse 
fcr uairormly dispersed radionuclide as the 
oasis for defining risk and a maxiaum 
permissible luag burden (IIPIB) , g'reseat data 
are insufficient to prove that a uaifori 
dispersion of plutonium m lung tissue is 
icre or less hazardous than a particulate 
fcrs where discrete centers of alpaa activity 
yield higher radiation doses to their 
surroundiags than would cccur for uniformly 
dispersed radionuclides- Tissue adjacent to 
and irradiated bv these particles may 
represent only a small fraction of the total 
luag. The implications of a higher dose and 
dcse rate to these small tissue volumes 
necessitates the determination of the 
relative riSK to lung tissue ror this pattern 
of radionuclide distribution. The paper 
discusses biological and physical factors 
associated t̂ ith sarticle dosimetry la lung 
tissue. Data are presented, along with 
theoretical examples, shich suggest that 
particulate forns of rlntoniisa im lung tissue 
are less hazardous than a uniformly dispersed 
lung burden- a most laportaEt factor la long 
dosimetry for particulate forms of plutonioi 
IS cell turnover time. Cells with short 
tyronver times are at greatest risk froa 
larger plmtcnms particXeg, whereas cells 
mth long turnover tises are t greatest risk 
froa ssall plutonius particles, analysis 
indicates that, using 200 rads as a lethal 
dcse to individual cells, particles of Pu 236 
Pu02 froa 0.1 us to 0.3 us represent the 
laKinum si2e oarticles which deliver a 
sublethal dose to scie prction of the dose 
sphere around the particle during the time 
period 10 to 36^ days after eiposiire. 
Ccmparable numbers for Pu 239 Pa02 are 0.6 urn 
tc 2 umg respectively- Particles large 
enough to produce a radiation dose to 
surrounding cells greater than 200 rads 
during the critical time period yield cell 
death with a subsequent decrease in cell 
risk, ©r potential for caECinogenesis, (auth) 

<218> 
Spiers, F-H-, Internatioaal atomic Energy 
agency^ ^leana^ austria- 1971 

Biophysical Basis for Kadiation Haeiatology, 
STI/BOC/10S 1?echEical Reports Series So» 123| 
Part of Manual on Radiation Haeiatolegy^ Chapter 
3, (p, 45-69)-

The siK parts of this technical report review 
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<218> C0H5. 
t h e f c l l oKing a r e a s ' p h y s i c a l c h a r a c t e r i s t i c s 
of i o n i s i n g r a d i a t i o n s (charged p a r t i c l e s , 
j£-rays, gamma r a y s , n e u t r o n s , p a r t i c l e 
t r a c k s ) i u n i t s of r a d i a t i o n dose (absorbed 
dose , r a d i a t i o n e x p o s u r e , absorbed dose aad 
LBTff BBH) ; l o c a t i o n of r e l e v a n t hemato logica l 
t i s s u e s ; phys ica l d e s c r i p t i o n of t r a b e c u l a r 
bone ( d i s t r i b u t i o n of a c t i v e marrow, bone 
mensura t ion , a neii l e t h o d for spec i fy ing 
t r a b e c u l a r and marrow-cavi ty d imens ions , path 
l eng th d i s t r i b u t i o n s ) s de t e rmina t i on of ®eaa 
dose t o a c t i v e marron ( s i n g l e and m u l t i p l e 
c a v i t y c a l c u l a t i o n s , e s p e r i o e n t a l da ta of 
mean s a r r c ^ dose and sosie r e s u l t s f o r X-rays 
and beta p a r t i c l e s ) ; a lpha p a r t i c l e aad 
neutron i r r a d i a t i o n (volume aad su r face 
d i s t r i b u t e d i s o t o p e s , alpha p a r t i c l e dose 
from volume and s u r f a c e d i s t r i b u t e d i s o t o p e s , 
Pu 293 dosimetry m r a b b i t bone and bone 
marrow and bone sarro® dose from neat ron 
i r r a d i a t i o n ) , EKper i i en t a l da ta sugges t t h a t 
Pu 239 d e p o s i t s occur on a l l bone s u r f a c e s 
with t h e g r e a t e r cosce i i tEa t ioa on e n d o s t e a l 
s u r f a c e s , Plutonium was a l so ^ound m t h e 
bone aarroi i itsel-f' arapearxng both as a 
d i f f u s e d i s t r i b u t i o n of s i n g l e t r a c k s and as 
d i s c r e t e srnall a g g r e g a t e s ( s t a r s ) , (EAF) 

<219> 
S ta the r^ J ,W, , and S, Ho^den^ Na t iona l 
R a d i o l o g i c a l P r o t e c t i o n Beard, Harwel l , 
1975, January 

EngXaad-

The Effect of Chemical '̂'ori on the Clearance of 
Plutoniu® 239 from the Pespiratory System of the 
Bat. ffsalth t^hysics, 28, 29-39. 

This study has investigated the effect of 
chesical for̂ i on the tissue distribution and 
escreticn of plutonium following its 
deposition in the respiratory system of the 
rat. Solutions of various chemical forms of 
plutcnius (nitrate, citrate, oxalate, 
diOKide, DTP6 complex) have beea administered 
to rats by intubation into the 
nasopharyngeal, tracheobronchial or pulmonary 
regions of the respiratory tract. The 
miection volume was less than 3 ul and the 
activity adssinistered (2-3 nCi/kg) was 
comparable tc a few masiiui permissible body 
burdens of Plutonium m san. The absorption 
of both plutonium nitrate and citrate from 
the pulmonary region was approximately four 
times greater than the absoprtion fro® either 
the tracheobronchial or nasopharyngeal 
regions. However, of the plutonium deposited 
m any of the three regions, the relative 
proportion that is translocated to other 
tissii<»s was greater following adiiaistration 
as citrate than nitrate (approKiaately m the 
ratio of 1,6-1). "̂ he absorption of various 
chesical forî s of plutoniuia fros the 
pulmcnary region was m general agreement 
with the conclusions of the TCP? Task Group 
on Luag Dynamics, about 11'̂  of activity 
entering the blood during the first week 
arter admmstration of plutoniurs nitrate or 
citrate wa« retained m the liver at 7 days 
implying that plutoniua was circulating in 
the blood m a "sionoaeric" form. The 
cumulati-̂ e excretion of plutoaius la the 
urine la the sasie period was equivalent to 
about ^% cf the total activity deposited in 
tissues from the blood. The eKperimeatal 
results suggest that this value could be used 
for calculafng th» total tissue deposit frci 
urinary excretion measurements, (Auth) 

<220> 
Stevens, W., D,B, atherton, B,J, Stover, and 
F.W. Bruenger, Oaiversity of Otah, College of 
^diciae, l̂ adiobioloay Division, Department of 

anatcmy. Salt Lake City, U2. 1973, Jaly 

Cosparxson of the Intracellular Distribution of 
Plutcaiu® 239, aaericiuis 2̂11 aad Californiu® 2̂59 
m Livers after Intravenous administration, 
COll?-730f$31s Part of Proceedings of the 21st 
annual Symposiua of the Badiation Research 
Society held m St. Louis, Missouri, april 
29-f!ay 3, 1973, Published la Radiation 
Research, 55(3), 513, 

The intracellular distribution m livers of 
bsagles injected intravenously with either 
Puf-t̂ ) 239, aoiC*3) 2111 or CfC-f-3) 249 is 0.08 
B citrate, pH 3,5 was studied serially. 
Liver hosogeaates were fractionated by 
differential centrifugatioa, i mitochondrial 
fraction was obtained by centrifugatioo at 
60,000 g mm, a lysosooial fraction at 8 H 
10(E*5) g mia and a cytosol at 6 s 10(1*6) g 
mm. Initially all three nuclides were fcund 
in the cytosol and mostly associated with 
ferritin. Considerably higher coacentraticns 
of americiui and califoraiu^ than pl«tcaxui 
rssained in the cytosol at progressively 
Icnger times after adaiaistratxoa. The order 
of the rate of removal of nuclide fros the 
cytosol was Pm»Cf>am. as the nuclide was 
resaoved from cytosol it became associated 
with subcellular organelles, no coastant 
relationship was observed between 
concentration of nuclide and sitochoadrial or 
lysosomal marker. The ratio of nuclide to 
lysosomal marker was consistently higeer la 
the mitochondrial fraction than m the 
lysosomal fraction. However, significant 
ccntaoiination of the mitochondrial fraction 
with lysososses has not been demonstrated 
using electron microscopy. It is concluded 
from this study that mitochoadria aad 
lysosoies aad possibly ether organelles are 
involved with nuclide binding m canine liver 
cells, (Auth)(Complete article) 

<221> 
Stevens, M,, aad D,L, Berliner, University of 
Utah, College of Hedicme, Radiobiclogy 
Division, Department of anatoiy^ Salt Lake City, 
UT- 196a 

SeruEi Transaiinase Levels la Seagle Dogs 
Burdened with PlutoaxuEi 239. Kadxation 
T?esearch, 23, ̂ 20-^29-

Serum glutamic oxaloacetic transaiiaase 
(SGOT) and serum glutamic pyruvic 
transaminase (SGPS) were measured la beagle 
dcgs injected intravenously with Pu 239 m 
dose levels ranging frosi 0.016 uCi/kg to 2,9 
uCi/kg, a signif-scant difference m SGEI 
between ^ales and females of th«= control 
group was demonstrated. There was no 
significant difference between the SGOT 
values of the lales aad females. There is a 
correlation between the injected dose of Pu 
239 and the per cent of SGGT aad SGPT 
leasuresents that are elevated. The dogs 
injected with the hignest doses of Pu 239 
showed elevated traasaiiaase values over the 
period of the espermeat. The increase in 
SGOT and SGPT la plutcniui-burdened dogs is 
attributed to the significant deposition of 
Pu 239 in the livers of these animals- (Soth) 

<222> 
Stevens, W-, F.w, Bruenger, aad B,J. Stover, 
Universxtv of Otah, College of Medicine, 
Fadiobiology Division, Department cf anatcmy. 
Salt Lake City, UT, 1967, Harch 31 

Tn ¥i¥0 Studies on the lateractioas of 
PlutcniumC*S) with Blocd Constituents. 
COO-119-236; Part of Dougherty, T.F,, Research 
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<222> CONT. 
m Sad icb io logy , annual Report of Work i n 
P r o g r e s s i r the I n t e r n a l I r r a d i a t i o n Program, 
(p. 173-190) , 268 p . ; Badia t ion ^esearch^ 33 , 
a90-500-

The d i s t r i b u t i o n of Pu(*^) m blood plasma of 
beag le s was determined as a func t ion of t i s e 
a f t e r i n f e c t i o n of PuCt4}, The animals were 
i n j e c t e d i n t r avenous ly with amounts of Pu|*4) 
ranging from 0,9 t o 2.7 uCi of Pu 239/kg l a 
0,08m c i t r a t e , pH 3 -5 . The plasma was 
sub3ectsd t o g e l f i l t r a t i c a on G-100, G-200 
columns. S i g n i f i c a n t a s c u a t s of Pu(t^) were 
found m the r eg ion of low molecular weight 
p r o t e i n s as we l l a s i n t h e molecular weight 
range of s s a l l molecules aad i o n s . The 
amount of Pu (t4) bound t o prot-^ia i n c r e a s e d 
dur ing t h e f i r s t few hours a f t e r i n j e c t i o n 
and reached a tnaxigium a t about 7 h o u r s . F ro i 
t h a t t i s e en i t decreased s t e a d i l y , 
ConccEimitantlv t h e Pu (-i-iJ) found i s the r eg ion 
of low Eiolecular weight compounds decreased 
con t i nuous ly from 5 minutes t o 30 days- The 
d e c r e a s e in the amount of Pu(*^S in t h e 
reg ion G-^ low molecular weight compounds 
occur red ncre r a c i d l y than did the dec rease 
m Pu(t^) a s s o c i a t e d with low molecular 
weight p r o t e i n s , "̂ he p r c t e m s t h a t bound 
?«( ta ) were i d e n t i f i e d a s t r a n s f e r r i n and 
albuei ia . These p ro t e i a -Pu (*a ) complexes were 
s epa ra t ed by lon-eKchange c h r c s a t o g r a p h y . 
The i r i d e n t i t y was confirmed by 
e l e c t r o p h o r e s i s a s well a s Pe 5Q l a b e l i n g , 
'T'he amourt of Pu(tii) bound by t r a n s f e r r i n 
g r e a t l y exceeded the amount bound by a lbumin, 
(auth) 

<22 3> 
S t e v e n s , P , , C .J . Nabors, J r . , and D.L, 
B e r l i n e r , Un ive r s i t y o^ Utah, Col lege of 
nedicxne , Pa'^iobiology D i v i s i o n , Department of 
anatomv, s a l t Lake C i t v , UT. 1^66, Harch 31 

a Comparision of Serus Transaminase Levels and 
Other Serum C o n s t x t u t e r t s in Dogs Burdened with 
Plutonium 23«, Thorium 228, »adium 228, and 
Badium 226, COO-11«3".23a, P a r t of Dougherty, 
T . F . , ^es^a'^ch m Radi '^biolcgy, a inua l Repor t of 
WorK l a P rog re s s m t h e I n t e r n a l I r r a d i a t i o n 
Program, (p . 9i i-119), 32*̂  c . 
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Plutonium 

produced significant elevations la serym 
glutamic-pyruvic traasasinase (SGPT) aad 
seru^ glutamic-osaloacetic traasaiinase 
(SGOT), whereas thorium produced only small 
increases at low dose levels- (FHH) 

This article is identical to the joyrnal 
article, appearing m annals of the New lorK 
acadesy of Sciences, 1^5(1), 817-829^ 1967^ with 
the eKception of Table 2 which differs xn its 
values. 

<22a> 
Stevens, H-, C-J, labors, and D-L. Berliner, 
Oniversity of Utah, College of Sedicme, 
Fadiobiology Division, Department of anatomy. 
Salt Lake City, 0T. 1966 

Helationship Between Serum alkaline Phosphatase 
and Osteosarcosa m Plutcnium 239 Burdened Dogs. 
COHF-660212. Part of Proceedings of the Uth 
annual Symposium of the Hadiation Research 
Society held in Corcnado, California, February 
13-16, 1966. Published in Eadiation Research, 
27, 5il9. 

The relationsaip between serum alkaline 
phosphatase and bone disease was first 
described in 1923, It was saowa that serug 
alkaline phosphatase increases in bone 
diseases such as osteogenic sarccma- Serun 
alkaline phosphatase was measured xn a group 
of purebred beagle dogs laiected with doses 
of plutoniui 239 ranging froa 0.016 uCi Fu 
239/kg to 3.0 uCi Pu 239/kg. alkaline 
phosphatase was measured u«ing standard 
cclormetric procedures and enpressed m 
Bcdansky units. The control group consist of 
Rcamiected dogs raised and laiatained la cur 
ccloay under the saine conditions as tae dcgs 
injected with plutonum. The sear aad 
standard deviation for the normal female leas 
-̂£$6 plus or iiaus 2.̂ 2 units/lOO ml and fcr 
the aoraal sales y.56 plus or sinus 2.52 
units/100 ffil, Values that esceedea the 90^ 
ccnfidence limits were considered elevated. 
Definitive diagnosis of osteosarccmas was 
obtained by standard post-mortem procedures 
as well as radiographic diaĝ ôsis ir living 
dcgs. ? positive correlation between 
elevated pre-termmal alkaline phosphatase 
iseasurements and incidence of osteosarcomas 
was found. Eighty-siK per cert of the dogs 
originally injected with plutonium m this 
study are now dead. Of these dead dogs, 18% 
had osteosarcomas and 88^ of these showea 
elevated alkaline phosphatase levels-
aikaliae phosphatase levels were also 
measured m control animals bearing no 
radioactivity. Ir this groao, IS'̂  of th?̂  
animals showed elevated alkaline phosphatase 
levels. These findings suggest that this 
measurement along with other data can be used 
to aid la early reccgniticn of osteosarcomas 
before thf̂ y become clinically observable^ 
(auth) 

<225> 
S t evens , S- , C.J , Nabors, aad D-L. B e r l i n e r , 
Univ^r^ i tv of UtaS-, Col lege cf Medicine, 
f?adicbiologv Divis ions Department of aaa tony . 
S a l t Lake C i t y , UT. 1967, Octob'^r 18 

a Coisparison of Serua Transasamase Levels aad 
Other Serupi C o a s t i t u e r t s m Dogs Burdened with 
Piutcaium 239, Thor iu i 228, Badium 228 and 
Hadium 226. anna ls of the Nea York academy cf 
S c i e n c e s , i a ^ ( 1 ) , 817-82*=. 

Ycung beaqle dogs wer* given a s i n g l e 
i n t r avenous i n j e c t i o n of Pu 239e Tn 22b, Fa 
226 and Ha 228 m a citrat«= buffer (pH 3.5) 
a t d i f f e r e n t dose l e v e l s , blood s a i p l e s were 
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BIOLOGIC aL aSFî CT5 
am^aLS 

<22^> con'^. 
taken afte-^ i , 2 and 6 moath-^ ana a t y e a r l y 
i n t e r v a l s f o l l o in ng i n f e c t i o n - The n 3 e c t i o n 
of t h e s e bope-seekipg r a d i o n u c l i d e s produced 
as t h e la ior b i o l o g i c a l end p o i n t ost«^ogenic 
sarcomas. ^he i n c i i e a c e o-̂  t he tumors 
i nc reased as t h e dose of r a d i o n u c l i d e 
i n c r e a s e d , '^he inc reased i n c i d e n c e of 
osteogpn"* c sarcop^as was acco^spanied by 
e l eva t ed =erum a l k a l i n e phosphatase l e v e l s , 
Plutcnium iniec*-'=d dogs had t h e g r e a t e s t 
i n c r e a s e i r seram a l k a l i n e phosphatase 
measure^er t s followed by Th 228, Pa 228, and 
Ra 226. Serufs g lu tamic pyruvic t r a a s a i i n a s e 
(SGPT) l e v e l s m dogs xs s o e c i f i c for l i v e r 
lamage and n e c r o s i s . S i g n i f i c a n t i n c r e a s e s 
m SQP'^ neasurements wei-e noted m Pu 
an imals . ' ^ levat ion of SGP'̂  was a l so produced 
•̂ y Fa 2 25 but was ^ot as larked a s with Fu 
239. Eadiothorium which i s c h e i i c a l l y 
s i E i l a r ant̂  has a s-imilar d i s t r i b u t i o n 
o a t t e r r did not produce t h e s a i e e f f e c t on 
SssPT as 1̂1 (Pu l i v e r r e t e n t i o n i s 10-20 t imes 
higher thap t h e r e t e n t i o n ) . 'Ra 228 had very 
l i t t l e e^fpct on SGPT at any dose l e v e l , Ths 
e f f e c t s of the ^ r a d i o n u c l i d e s en albumin and 
g l o b u l i n in serum fer^ t hough t t o be r e l a t e d 
t o t h e i r d i s t r i b u t i o n m the a n m a l , Radiui 
226 a'̂ d '^a 22B which depos i t alios-c 
eKclusxvelT m t h e ske l e ton had l i t t l e e f f e c t 
on faerum p r o t e i n s . ^lutcniUH and Th which 
d e p o s i t r so f t t i s s u e s , p r i m a r i l y l i v e r , 
s p l e e a , and kidn^^v for "^h, a a l l i v e r f o r Pu, 
produced 'narked hyooalbu^inemxa and 
hyperglcfculinea-sa. ho s i g n i f i c a n t changes 
were observed l a t o t a l pro-^eins for any of 
the n u c l i d e burdened groups of a a i i a l s . 
R e s u l t s i n d i c a t e t h a t cne of the d e t e r a m i a g 
f a c t o r s xn change"^ of blood chemis t ry v a l u e s 
iS t h e d i s t r i b u t i o n of n u c l i d e m the an ima l . 
(HaP) 

Tables a re given of ^ a l k a l i n e ohophatase 
measu re l ea t s e l e v a t e d and i n c i d e n c e of 
os teosarcoma. The * SGPT aad S^QT measurements 
e l e v a t e d m ^u ?39, Th 228, ^a 226 and Ra 228 
burdened dcg® and changes in albumin/gflobul ia 
r a t i o s are shown m g raph ic form. This a r t i c l e 
IS xd '^nt ical "^o t h e r e p o r t , COO-119-23a, ( p . 
<^f.-119), 19i^6, wi th t h e excep t ion c^ Table 2 
wl-ich d i f f e r s IP i t s v a l u e s -

<22 6> 
S t e v e r s , H. , J^.J- S tove r , F.W- Bruenger, and 
G.N, Tay lo r , U n i v e r s i t y of Utah, College of 
f^edicin*=, Radiobiologv D i v i s i o n , Department of 
aiiatomy. S a l t LaVe C i t y , UT, 1969 

Some o b s e r v a t i o n s of t h e Depos i t ion of 
americium 2^1 in the ^hvro id Gland of t h e 
B'^'agle. Rad ia t ion ^ e s ^ a r c h , 39, 201-206. 

"'he d i s t r i b u t i o n of a s 2«1 m t h e t h y r o i d 
g l a r d s of t h r e e dogs a f t e r i n t r a v e n o u s 
i m e c t i o n was s t u d i e d . Bog 1, weighiag 10,7 
jcg, r ece ived 2-78 uCi of Am 2^1/kq and was 
sacrif-sced 22 days a-i'ter i n j e c t i o n . Dogs 2 
and 3 weighing 11.05 kg and 10.5 kg r e c e i v e d 
4.45 uCi of Am 2^1/kg and were s a c r i f i c e d a t 
7 and 8 days a f t e r i n3ec* ioa , r e s p e c t i v e l y . 
The t h y r o i d g l ands were removed, f rozen 
immediately m l i q u i d H2, and coun ted . L a t e r 
the thy ro id t i s s u e was hciogpni2@d and 
s epa ra t ed i n t o f r a c t i o n s by d i f f e r e n t i a l 
c e n t r i f u g a t x c n . E i g h t - f i v e t o a i a e t y per 
cen t of t h e am 2̂ 51 was found with the crtide 
•fibrous r e s i d u e - Cogibiaing t h i s f i b r o u s 
m a t e r i a l with c e l l aisclei and meabraaes 
accounted for more than 90% of the t o t a l 
ac txvxty found in the t h y r o i d . Oa l j very 
s i a l l q u a n t i t i e s were found wxth microsomes, 
mi tochondr ia , aad in t h e 105,000 x g 
s u p e r n a t a n t . I t i s concluded t h a t Im 241 xs 
s e l e c t x v e l j bound by t h e conrec t iTS t i s s u e 

e lements of t h e t h y r o i d . The c o n c e n t r a t i o n 
c-*̂  a i 2̂ 41 in t h y r o i d conaect- 've f s s u ® was 
found t o be 337 tiEies t h a t of a sample of 
subcutaneous loose connec t ive t i s s u e and ^ 
tisees t h a t of connec t ive t i s s u e der ived frcm 
t h e l i v e r - (^^th)(FMH) 

Table 2 shows t h e average c o n c e a t r a t i o a of am 
2^1 in s e l e c t e d organs ( l i v e r . Done t h y r o i d ) cf 
3 beagle dogs- Table 5 shows c o n c e n t r a t i o n s cf 
an 2^1 m connec t ive t i s s u e r e s i d u e s de r ived 
^rom organ homogenates ( l i v e r , s p l e e n , k idney , 
t h y r o i d and a d r e n a l ) . 

<227> 
S t o v e r , 3 . J . , D.P- a t h e r t o n , F . ^ . Brueager , aad 
^. S t evens , Un ive r s i ty of ^or th C a r o l i n a , Chapel 
H i l l , nc^ U a i v e r s i t y of Utah, S a l t Lake Ci ty^ 
VT. 1972 

Comparison of skeletal aad Hepatic Dose Hates 
from Platonium 239 m the Beagle as a Fanctioa 
of Dose Level, Radiation Research, 51, 58*1, 

Tne total skeletal retention was measured m 
several dogs that were injected intravenously 
with 0.005 uCi 239 Pu(ta)/lcg la 0-08 M 
citrate buffer, pH 3.^, The beagles were 
youag adults at the tiie of infection, and 
they were sacrificed sufficiently long after 
injection that the rate of reaodellmg of 
bone surfaces, a process whica removes Pu 239 
deposited on bone surfaces, had decreased 
s gnificaatly- These results are combiaed 
with previous data en early deposition and 
retention m the skeletor, and f=arly and long 
term data on retention in the humerus and 
third lumbar vertebra, to obtain a set of 
skeletal reteatica equations applicable to 
seven dose levels. Using these equations and 
similar ones calculated previously for 
hepatic retention, the cumulative rad doses 
tc the skeleton and liver are compared as a 
furction of dose level. (auth) 

<228> 
Stover, B.J., D.E. atherton, P.M. Brueager^ and 
C,K, Taylor, Oniversitv of Utah, College cf 
Medicine, Radiobiology Division, Department of 
anatcsf. Salt Lake City, 0T. 1966 

Plu*cniu® 239 m Liver, Spleen, aad Kidneys cf 
the Beagle. Radiation Research, 27, 5̂ 8-5f*9, 

Following a single intravenous mjectxcn of 
0,30 UCx Pu 239/g m beagle dogs, both amount 
and concentration of Pu 239 in liver, spleen, 
aad kidneys were fouad to decrease wxth tiie 
fro^ 40 to 1950 davs. The rates of decrease 
are sxgnifxcant but sufficieatiy slow that 
either descending expoaeatials or straight 
lines can be fit for this time interval. 
When compared with the fitted lines, results 
from dogs gxvea 0,01 uCx Pu 239/g and living 
1C66 to 1724 days and these given 0,095 aCi 
Pu 239/g aad living 1617 to 3185 days showed 
a dose level effect on retention m the 
liver. There was no readily apparent dose 
level effect on retention m the spleen and 
kidneys. Possible relationship cf gross and 
iicroscopic changes in the liver aad the 
observed dose level effect will be discussed, 
(aOTH) (Coiplete Test) 

<229> 
Stover, B,J,, and D.R, atherton, 1974 

Kxnetics of the Skeletal Retention of Plutoaiai 
239 (-i-a), Radxatxoa Hesearch, 60, 525-535, 

a kinetic analysis of the observed skeletal 
retention of Pu 239 (-s-a) IE the beagle is 
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<22 9> COf^T. 
p r e s e n t e d . Since s k e l e t a l ret*=ntion i s 
d i r e c t l y r e l a t e d t o bone-re-nodeHing 
p r o c e s s e s , t h e a r a ^ y s i s a n p l i e s only t o 
beag le s t h a t a^e i n j e c t e d m young adul thood 
a t dose l e v e l s l e s s than 0.09^ uCl »u 
2 3 9 ( t 4 ) / k g . at t h e s e dose l e v e l s the e f f e c t 
of i r r a d a t i c n oa bore remodel l ing and, 
nepce, s k e l e t a l r e t^^ r t ion , i s l e s s than t h e 
v a r i a t i o r between a n i m a l s , '^he k i n e t i c s a r e 
i e r ived •^ro!r t h e s e l a c r o and micro 
i b s e r v a t i c n s : (1) '^he i n i t i a l d e p o s i t i o n aad 
t h e r a t e cf decrease xn r e t e n t i o n are both 
h i g a e r m bones t ^ a t have a r e ' ^ a t i v e l y 
g r e a t e r amount o-̂  t r a b e c u l a r bone . One u l n a , 
which has a r e l a t i v e l y g r e a t e r amount of 
c o r t i c a l bore , was analysed from each of 40 
beag les a t dose l e v e l s fropi 0.00064 t o 0.09*=̂  
uCi/3?g a rd a t t imes ^rom 35 t o 4549 days 
a f t e r m i t e c t i o n , •K's^tentioB o-'̂  Pu 239Ct4) m 
thc^ ulna was approximate ly c o a s t a n t over 12."^ 
y r , which i s m c o n t r a s t with t h e r e t e n t i o n 
in tl-s humerus and m t h e t h i r d lusnbar 
v e r t e b r a . In t h e s e bones r e t e n t i o n decreased 
dur ing t h e f i r s t s e v e r a l yea r s and then 
approached approximate ly c o n s t a n t v a l u e s , 
a l s o , cor?^parison of t h e i n i t i a l 
c o n c e n t r a t i o n s shews t h a t t h a t of the ulna 
was cn ly about 2"^ t h a t of t h e o t h e r two 
bones, (2) W.S.S- J ee has showr t h a t Pu 
239{t4) d e p o s i t s i n i t i a l l y on osseous 
s u r f a c e s , "^hen through o s t e o b l a s t i c a c t i v i t y 
su r f ace d e p o s i t s a r e bur ied and Pis 239 
appears d-sf-^usely in new bore . Through 
o s t e o c l a s t i c a c t - v t y su r face d e p o s i t s a r e 
resorbed and Pi '>S^ appea r s m o s t e o c l a s t s -
Lat*=>r Pu 239 appears in osacrophages, which l a 
the f i n a l s t e c d i sappear from bone . The 
macro and n- 'croevents a r e c o n s i s t e n t in t i m e . 
The k i n e t i c podel t h a t i s de r ived could l ead 
to t h e i d e n t i f i c a t i o r of a more meaningful 
dose r a t e parane^eT and a l so could provide a 
b a s i s for e s t i m a t i n g bone remcdei l ing r a t e s 
m the young a d u l t b e a g l e . (auth) 

Tie r e t e n t i o n of '̂ u 239 m the u l n a , huiaerus, 
and t h i r d lumbar v e r t e b r a e a t 3"̂  d a y s - 1 2 , 5 yea r s 
a f t e r i n f e c t i o n i s given m t a b u l a r aad g r a p h i c 
f o r n . 

<23 0> 
S tove r , B - J . , D,R. a t h e r t o n , F-H. Bruenger , and 
D«S. B i s t e r , Un ive r s i ty of o tah . Col lege of 
medic ine , Hadiobiology D i v i s i o n , Department of 
aratomy. S a l t Lake C i t v , 0'^'. 1967 „ inarch 31 

Plutonium 239 m T ^-yer. Sp leen , and Kidaeys of 
t h e Beagle- COO-119-236; ^ a r t of Dougherty, 
T . F , , Research m ^ a d i o b i o l c g y , annual Beport of 
MorK in P rog re s s in t h e I n t e r n a l I r r a d x a t i c n 
Program, ( p , 164-172), 268 p . 

The i n i t i a l d e p o s i t i o n of Pu 2''9 i n t h e l i v e r 
cf dogs i s independ'^nt of i n j e c t e d dose over 
thi^ range 0,096 to 2.8 u c i / k g . The long t e r ^ 
h e p a t i c r e t e n t i o n d^^p^^nds on the i n j e c t e d 
dose as wel l as t ime- The r a t e of dec rease 
of hspa txc r^ t en txon i s p r o p o r t i o n a l t o the 
e a r l y r a d i a t i o n dose r a t e t o ti^e l i v e r - h 
s i m i l a r e f f e c t was not observed in r e n a l and 
sp l^axc r e t e c t i o r o-*' Pu 239. "^he r a d i a t i o n 
dose r a t e t o t h e s e t i s s u e s i s c o n s i d e r a b l y 
l e s s than t h a t t o the l i v e r - (auth) 

Table 1 shews apoarent h a l f - p e r i o d s ( m days) 
for Pu 239 i n beagle t i s s u e s (0.30 uCi Pu 239/kg 
m i e c t e d ) . Equations were c a l c u l a t e d f ro^ the 
da ta r e l a t i n g the pe rcen t m the t i s s u e t o the 
t*i me s i n c e i n j e c t i o n . 

<231> 
S t o v e r , B , J . , •p.W- Bruenger , H- S t evens , D,B. 
a t h e r t o n , aad G-N, Tay lo r , On ive r s i t y of Otah, 

Col lege of l e d i c i n e , Fadiobio logy D i v i s i o n , 
Departmeat of anatomy. S a l t Lake C i ty , OT. 1S7^ 

The EEiect of the Phys ica l -Cae i i ica l S t a t e of 
P l u t c n i u s on i t s Early Retent ion m Plasma aad 
Se lec t ed Soft T i s sues of Beag les . Radia t ion 
Research^ 5 1 , 539, 

Thf e a r l y r e t e n t i o n of Pu 239 (t4) in p l a s i a , 
kidaey^ sp leen and e t h e r sf=lected so f t 
t i s s u e s was s tud ied i r beagles a f t e r 
i m e c t i o n of the s t r i c t l y monomeric 
^ u - t r a a s f e r r i n complex (ou-Tf) , nca polymeric 
Po(tii) m c i t r a t e buffer of nH 3-^ |Pu-M| , and 
l a r g e l y p o l y g e n e Pu(tii) m c i t r a t e buffer of 
ph 6 (i>u-P) , Plasma c o a c e n t r a t i c n s of 
plutonium were c a l c u l a t e d as semi- log 
f u r c t i o a s of time a f t e r i n f e c t i o n . Pu-Tf aas 
removed from t h e c i r c u l a t i o n a t a r a t e slower 
than P u - 3 , whereas, Pu-P i n i t i a l l y l e f t the 
blood at a very rap id r a t e , a t i^ '̂ a f t » r 
i n f e c t i o n e q u i v a l e n t to 87^, b4% aad <2% of 
t h e t h r e e forms of plutcnium were 
c i r c u l a t i n g , plasma, 1001 of Pu-Tf aad a 
l a r g e f r a c t i o n or Pti-^ was p r o t e i n round. No 
p r o t e i n binding of Pu-P was seen , a t two 
weeks a f t e r i n f e c t i o n , c o n c e n t r a t i o n s of 
plutonium in most so f t t i s s u e s were q u i t e 
s i m i l a r for Pu-Tf and Pu-^ . Kidney r e t e n t i o n 
was decreased by a f a c to r of lOg. whereas 
sp leen r e t e n t i o n was l a c r ea sed by a f a c t o r of 
>^0 l a the Pu-P i n j e c t e d an imal . Ihe 
concen t r a t i on of Pu-P in the sp leen was l.fc 
t i n e s g r e a t e r than the concen t r a t i on i r the 
l i v e r . Following d i f ^ e r e n t i a l c e r t r i f u g a t i o n 
of t i s s u e homogenates f ros Pu-P i n i e c t e d 
a n m a l s the pe rcen tage of plutonium m the 
s o l u b l e f r a c t i o n i s g r e a t l y reduced m 
s p l e e n , but not in s i m i l a r f r a c t i o n s of 
kidney when compared t o Pu-Tf and "^u-E 
i a i » c t e d dogs . E!ost of t h e nuc l ide i n the 
kidney was bound t o the f r a c t i o n r i c h in 
mi tochondr ia . In t h e case cf Pu-P, a l a rge 
c c n c e n t r a t i o a of plutonium a l s o was roord in 
t h e a u c l e a r f r a c t i o n of spleen h o i o g e n a t s s , 
•^he c o n c e n t r a t i o n of plutonium m t h y r o i d , 
a d r e n a l , p i t u i t a r y , dura mater , loose 
ccnaec t ive t i s s u e and o ther so f t t i s s u e s s^ill 
be compared- au to rad lographs of s e l e c t e d 
so f t t i s s u e s w i l l be shown. <auth)(Complete 
a r t i c l e ) 

<232> 
S tove r , B . J , , H, S tevens , and F-W, Bruenger^ 
U n i v e r s i t y of North C a r o l i n a , Departi?ient of 
P h a r e c o l o g y . Chapel H i l l , NC, Univers i ty of 
Utah , Col lege of H e d i c i a e , Eadxobxology 
D i v i s i o n , Department of anatomy. Sa l t Lake C i t y , 
0T. 1972 

Chemical a s s o c i a t i o a s of Plutonium 239 (*4) and 
americium 241{t3) m Blood, Liver and Thyroid, 
P a r t cf S t o v e r , B.J . and J e e , W.s .S , (Hds , ) , 
Badicbiology of Plu tcnium. J , ^ . Pressj . Sa l t 
Lake C i t y , Otah, (p, 129-14C), 552 p -

Flutoaiura, as Pu 239 (ty) m 0,08 ^ c i t r a t e 
buffer of pH 3 - 5 , was given by in t r avenous 
i n j e c t i o n t o young a d u l t b e a g l e s , F c l l o y m g 
I n j e c t i o n the c o n c e n t r a t i o n of p l u t o n i u i i r 
blood decreased s lowly , s ince a l a r g e but 
v a r i a b l e f r a c t i o n of tne plutonium formed a 
Gciplex with t r a n s f e r r i n , the i r c a t r a n s p o r t 
p r o t e i n . The Ê U C * 4 ) - t r a a s f e r r i a complex was 
s u f f i c i e n t l y s t a b l e t o be sepa ra ted from 
o ther serum c o n s t i t u e n t s . The fc rmat iea of 
P u ( t 4 ) - t r a n s f e r r i n was blocked by FeC*3) aad 
Pu(t4) was d i sp laced from the coapleK by 
Fe(-t3), The Pu (•i-4S-transferrin a s s o c i a t i o n 
was reversed by c i t r a t e a t pH 7 - 5 , Some 
p l u t o n i u i d e p o s i t s m most t i s s u e s , bu t the 
p r i n c i p a l s i t e s of d e p o s t i i o n a re m t h e 
s k e l e t o n aad t h e l i v e r . Hepatic r e t e n t i o n of 
plutonium decreased slowly with t ime a t a l l 
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<232> COST. 
dose l e v e l s , but the r a t e of decrease was 
g r e a t e r a t highe'f" l e v e l s where t h e r e i s 
marked d e s t r u c t i o n of h e p a t i c c e l l s , a t the 
s u b c e l l u l a r l e v e l in the l i v e r , s igaxfxcan t 
c o n c e n t r a t i o n s of p l u t o n i u i were observed in 
a u c l e a r , mitochondr"< a l , and m i c r o s o i a l 
f r a c t i o n s , l a the c y t o s o l , and a l s o l a 
c o a n e c t i v e t i s s u e . Xn t h e c y t o s o l l o s t of 
the plutonium occurred xn a s s o c i a t i o n with 
f e r r i t i n , t h e i r o n s t o r a g e pro te in^ I t was 
a l s o found m a s s o c i a t i o n wi th l i p o f u s c m and 
with an u n i d e n t i f i e d m a t e r i a l of osolacular 
weight of about 1500. The a s s o c i a t i o n of 
plutcnium with f e r r i t i n i s h igh ly s t a b l e . 
The p robab le mechanism by which 
Pa ( t 4 ) - f e r r i t i n i s e i n x n a t e d from t h e l i v e r 
IS th rough death o-? the hepa t i c c e l l followed 
oy Phagocy tos i s ^̂ y ^E c e l l s aad subsequent 
l o c a l i z a t i o n m the p o r t a l r e g i o n s . l a 
c o n t r a s t , americxum, am 241 (-t3) , i n j e c t e d xn 
the same bu f f e r , was c l e a r e d r a p i d l y f ros the 
b lood, a in ( I I I ) does form c o s p l e s e s i n the 
blood wi th both t r a n s f e r r i n and albumin, but 
they a r e l e s s stabl«= under p h y s i o l o g i c a l 
c o n d i t i o n ^ than t h e complexes of p l u t o n i u a . 
The s k e l e t o n and l i v e r a re a l so the p r i n c i p a l 
d e p o s i t i o n s i t e s for americiam, and t h e r a t e 
of decr^^ase of h e p a t i c r e t e n t i o n i n c r e a s e s 
with i n c r e a s i n g dcse l e v e l because of 
d e s t r u c t i o n of cel l-g, Signi^^icant 
c o n c e n t r a t ons of araericium were found in the 
s e v e r a l s u b c e l l u l a r f r a c t i o n s of the l i v e r . 
Tp ccraparisor with Dlutonium r e l a t i v e l y mere 
americium was found m t h e h e p a t i c c y t o s o l , 
m a s s o c i a t i o n wi th f e r r i t i n , l i p o f u s c m , aad 
a m a t e r i a l of low l o l e c u l a r weight- The 
r e l a t i v e amount of a se r i c ium fouad in t h e low 
molecular weight f r a c t i o n was g r e a t e r than in 
the case of c lu tonium- S i g n i f i c a n t 
c o n c e r t r a t t o n s of americiura were found m t h e 
connec t ive t i s s u e of the t h y r o i d . (auth) 

Table 1 g i v e s r e l a t i v e c o n c e n t r a t i o n s of Im 241 
and Pu 239 l i v e r f r a c t i o n s cne week a f t e r 
i r j e c t i o n . 

< 2 J 3 > 
Stover , B . J . , ard C.?l. S t o v e r , J r . , U n i v e r s i t y 
of North C a r o l i n a , Department o* tsharmacologj, 
Chaoel H i l l , Nr; Univ-^^rsity of Utah, Col lege of 
^ d i c i n e , Radiobiologv Divis- 'on, Department of 
anatomy. S a l t Lake r i t y , UT. 1972 

The Laboratorv for f ad iob io logy at the 
Urxvers i ty of Utah- P a r t of S tove r , B-J. and 
J e e , i^-S-S. C^ds.) , •fadiobiology of Plutonium-
J ,K. P r e s s , Sa l t Lake City^ Otah, (p . 2 9 - 4 6 ) , 
552 p . 

The t o x i c c l o g i c a l e-^fects of Pu were 
i n v e s t i g a t e d e a r l y m Chicago and 
os teosarccmas and group s k e l e t a l damage m 
l i c e were conf i r i ied . as meta'Holic 
l a f o r m a t i c n on Pu accumula ted , i t became 
«vident t h e d i s t r i b u t i o n p a t t e r n of the 
r ad i cnuc l de was a f f e c t e d by chemical for!S, 
admiaist t-at- 'on r o u t e , animal s p e c i e s exposed 
and age a t exposure . The developement of 
Radicbxclcgv Labora tory a t the U n i v e r s i t y of 
Utah IS d e s c r i b e d - (HP) 

<23Ji> 
S tover , C-N. , J r . , Un^vers i tv of Utah, Col lege 
of M e d i c n e , t^adiob ology D i v i s i o n , Sa l t Lake 
C i tv , J I . 1°5Q 

annual P rogress 'Reportj, "^arch 31 , 1959. 
CCO-218S 22-i D. 

P rog re s s i s retjorted on the s t u d i e s m dogs 
i r i e c t e d with ^a. 226, Th 228, ^a 228, Sr 90 
or Pu 2 3 ^ . ^pvep paoers have beea abstract«=^d 
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s e p a r a t e l y for x a c l u s i o a l a the d a t a b a s e . 
These inc lude s t u d i e s on h i s t o p a t h o l o g i c bene 
changes xn bones c o n t a i n i n g Pu, d e t e r m i n a t i o n 
of Pu 239 c o n t e n t of bone t i s s u e , r a d i a t i o n 
induced os t eogen ic sarcoma in dogs and the 
b iochemis t ry r e p o r t , (TM) 

<235> 
S t r e l H s o v a , ? , H . , and Yu.I- Koskalev^ Mot 
g i v e n , 1957 

Radxoactxve I s o t o p e s as Cancerogeaxc a g e n t s . 
^edxtsxnskaya Badio logiya , 2 ( 5 ) , 39 -51 . (Russ ian ) 

Tu to r s of va r ious t i s s u e s appear in aa ima l s 
which a re a f f e c t e d by r a d i o a c t i v e s u b s t a n c e s , 
such as os teosarcoma, adenoia aad cancer of 
t h e mammary g land , leukemia , adenoma of 
hypophys is , of s a p r a r e n a l g l a n d s , of thymus 
and t h y r o i d g l ands , sarcoma cf lympa n o d e s , 
of subcutaneous t i s s u e ^ of the o v a r i e s , 
adenoma aad cancer of the l i v e r , c a n c e r s of 
the l ung , of t h e o v a r i e s , the s tc iaach, t a e 
s i a l l and l a r g e i n t e s t i n e s or of t h e s k m . 
I so topes which a re u s u a l l y l o c a t e d l a the 
ske l e ton u s u a l l y cause os teosa rcomas , t h o s e 
m t h e s k e l e t o n and m the 
l i v e r - - o s t e o s a r c o ! i a s , t u^o r of t h e l i v e r or 
of t h e endocr ine g lands - I so topes which are 
d i s t r i b u t e d evenly a l l over the bcdy cause 
va r ious tumors of t h e s o f t t i s s u e s - The 
i n c i d e n c e of os teosarcomas depends on the 
q u a n t i t y of t h e r a d i o a c t i v e subs t ance which 
was i n t roduced and on the e f f e c t i v e per iod of 
the a c t u a l f i s s i o n of t h e i s o t o p e - The 
nxgher t h e a c t i v i t y and the e f f e c t i v e per icd 
of t h e ' a c t u a l ' f i s s i o n — t h e more t h e 
percentage of development of t h e t umors . The 
o p t i c a l os teosarccmagenic dose of absorbed 
energy for i r r a d i a t o r s egua l s t o 10-20 k r s p , 
t h e a m x a a l dose being 2-3 krep- When d e a l i n g 
with i s o t o p e s which a r e r ap id ly ard 
comple te ly resorbed from a depo t , t h e 
c h a r a c t e r and the t y p e of tumor r e a c t i o n does 
ac t depend oa the method of t h e i r 
i n t r o d u c t i o n - Oa t h e c o n t r a r y , m c a s e of 
i s o t o p e s wnich a re poorly resorbed the tumor 
r e a c t i o n not only depends but f r e g u e a t l y i s 
determined by the method cf i n t r o d u c t i c n cf 
the i s o t o p e . D i s t r i b u t i o n of t h e i s o t o p e has 
nc q u a l i t a t i v e e f f e c t on the apsea rance of 
tne tumors of the sa^mary glands and oa 
I s u k e i i a s , The inc idence cf leukemxas, 
induced by r a d i o a c t i v e i s o t o p e s ranges frcm 3 
t c 10 p e r c e n t . (Trans la to r ) 

Tab les a r e given of o v e r a l l c h a r a c t e r i s t i c 
d i s t r i b u t i o n of r a d i o n u c l i d e s in s k e l e t o n , 
l i v e r , muscle, is-idaeys, s p l e e n , lymph nodes ard 
bone marrcw-

<236> 
S u l l i v a n , H , F . , and V.F. Smith, B a t t e l l e 
Memorial I n s t i t u t e , P a c i f i c Northwest 
L a b o r a t o r i e s , F icMand , wa. 1974, august 

Removal of I n t r amuscu l a r l y l a ^ e c t e l Plutonium 
238-EJitrate f ros the Rat by CoT-tj.nuous I n f u s i c n 
of Che la t ing a g e n t s . Pf3WL-1S50 (Pa r t 1| , ? s ^ t 
of Tho^apson, R - C , e t a l , a rnua l Ri^pcrt f c r 
1973, (p . 112-114) , 162 p . 

C h e l a t i n g a g e n t s , Ca EETa, Ca D'̂ ^a and Sn 
DT^a were admin i s te red by c o n t m u c u s i n f u s i o n 
t c r a t s i m e c t e d i n t r a m u s c u l a r l y with Pu 238 
(NC3)4. The a p p r o p r i a t e a iount of c h e l a t i n g 
agent xa 7.£| ^1 of pH 7.2 s o l u t i o n was 
d e l i v e r e d over every 24 h r , pe r iod by 
in fus ion pumps, v ia c a t h e t e r s xup lan ted m 
the p e r i t o n e a l c a v i t y or jnder t h e sk in m 
the nuchal reg ion of t h e r a t s . I t was shown 
t h a t c o n t i n u o u s in fus ion of EDTa or DTPa 
showed l i t t l e t h e r a p e u t i c advantage over 
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<216> COMT-
r a p i d l y a d m i r i s t ^ r e d , s i n g l e , d a i l y 
t r e a t m e n t s . Due t o t h e g r e a t e r t o x i c i t y of 
coatxBucusly xntus^d Ca DTPa, p rocedures 
s u s t a i n i n g t h a t agent in t h e system ove r ly 
long shculd be cons idered p o t e n t i a l l y 
h a z a r d o u s . (auth) (Tm) 

<237> 
S u l l i v a n , H . ^ . , and B.C. Thompson, General 
E l e c t r i c Company, Hanford L a b o r a t o r i e s ^ Biology 
O p e r a t i c a , R ich land , Ha. 1957, September 28 

absence of L e t h a l Radia t ion E f f e c t s Following 
f^assive Oral a d m i n i s t r a t i o n of P lu ton ium. 
Nature , 180(4587), 6^1-652. 

Plutonium 239 was admin i s t e red t o 
s e v e n t y - f i v e r a t s , by stomach t u b e , a s a 
hydra ted polymer suspended ip a n i t r a t e 
s o l u t i o n at pH 2, TTOS t he r e s u l t s i t was 
seen t h a t death did not; occur from a dose 
l e s s than 88 mCi/kg, and t h a t a l l m o r t a l i t i e s 
r e s u l t i n g from p lu ton iua i n g e s t i o n occurred 
w i t b m 24 h r . Bats s u r v i v i n g t h e plutonium 
feed ings were oDserved for a t l e a s t s i x 
months- Slood counts and body-weight changes 
did not vary s i g n i f i c a n t l y from those of 
c o n t r o l an ima l s . The o r a l plutonium dcse of 
88 mCi/kg'D which r e s u l t e d m ca ly 25 pe rcen t 
m o r t a l i t y can be c a l c u l a t e d t o have d e l i v e r e d 
a t t h e su r f ace of ^he c o n t e n t s of the s i a l l 
i n t e s t i n e a r a d i a t i o n dose of approximate ly 
650,000 rem. S i r c e t h i s very l a r g e dose 
r e s u l t e d m aore of t h e symptoms 
c h a r a c t e r i s t i c of the i n t e s t i n a l r a d i a t i o n 
syndrome, i t may be concluaed t h a t 
a l p h a - r a d i a t i o n o r i g i n a t i n g w i th in the 
c o n t e n t s of the i n t e s t i n e i s l a r g e l y 
i n e f f e c t i v e m caus ing acut® da iage t o t h e 
i n t e s t i n a l wa l l , Tt would appear t h a t f o r 
a l l p r a c t i c a l purposes of hasard e v a l u a t i o n , 
a l p h a - e m i t t i n g r a d i o i s o t o p e s con t a ined Hi th ia 
tn-^ g a s t r o i ' ^ t e s t i n a l tj^^ct mav be ignorsd m 
c a l c u l a t i ng faayiaus p e r m i s s i b l e 
c o r c e n t r a t i o n s . In c o n t r a c t to the r e s u l t s 
witn p i u-̂  o n urn 2 39, s i m i l a r s t u d i e s A.nvolviag 
t h e o r a l a d m i n i s t r a t i o n of y t t r i u m 91 
I ' ^ l i c a t e t | a t i^^a p a r t i c l e s o r g i a i a t i o g 
Within t h e c o n t e n t s o-f t h» g a s t r o i n t e s t i n a l 
t r a c t a r e approximately as e-^fectxve as 
e x t e r n a l x i r r a d i a t i o i m e l i c i t i n g a l l of 
t h^ symptcms of the i n t e s t i n a l r a d i a t i o n 
syndrome. f^l^^) 

<2^8> 
S^ot, Z.Z.f and D.F. T a v l o r , I n s t i t u t e of Cancer 
'Sfesearch^ Foyal Cancer Hosp i t a l , Department of 
Pbysxcsp Lcndor, England. 1962 

The Effec t of ' t reatment with 
Diethylenatr iaff i in '^pe ' i taacet i c aci-^ on tne 
D3.str.i.sutior o-^ '^^lutoniiim 239 Within t h e Femur 
of the Rat , Radia t ion ^es*^arch, 1*^(4}^ 583. 

The d i s t r i b u t i o n of i n t r a v e n o u s l y 
admirist«^red Pu 239 I P the p rox imal , snaf t 
did d i s t a l r e g i o n s of t h e fpsiir has beer 

t a d i s d m vouna growing r a t s t r e a t e d with 
d i^ thy lpp e t r iam^ne '^entaare t i r ' a r i d (^Tpa) a t 
v a n o j s t i n e s a f t a r th»= a d m i n i s t r a t i o n of 
plutcn- 'um. In unt^^^ated animals the h ighes t 
concentrat^OPS of Pn 239 are fouad m t h e 
d i s t a l (epiphvss?^!) region of t h e bone , aaa 
tne lowfi-^t co-^centrat ion occurs in t n e shaf t 
r eg ion . I n t r a p e r i t o n e a l i n j e c t i o n s of DTPa, 
1-5 mn t 1,0 mM Ca ^12/ka bodv we igh t , wi th in 
60 seconds o-* Pu 239 a d m i n s t r i t i o a r e s u l t s 
in a -^air iv uni-^o-rss reduc t ion of the amount 
of ^n 239 r e t a i n e d i r t h e t h r e e r e g i o n s of 
th» bone at 2^ davs , vJhea the t r e a t m e n t i s 
comiencs^ 1 hour i-^t^r plutonium 
a d m i n i s t r a t i o n th« r̂*= i s a g r e a t e r removal of 

Pu 239 from the d i s t a l region t h a n f r o i the 
o the r two a r e a s , a s iosxlar , hnt l e s s 
pronourced, e f f e c t i s seen when t r e a t a e n t i s 
s t a r t e d 7 days a f t e r pu 239 i n f e c t i o n , bu t i f 
the s t a r t of t r ea tmen t i s delayed u n t i l 17 
days t h i s e f f ec t i s not seen- The p o s s i b l e 
b i o l o g i c a l s i g n i f i c a n c e of t he se cfeservatxoas 
w i l l be dxscussed- (^uth) (Complete a r t i c l e ) 

<239> 
Takebe, H-, Osaka U n i v e r s i t y , Osaka, Japan . 
1972, February 

Ef fec t s of Low Dose of Radia t ion on tae Living 
Body. Kagaku, 4 2 ( 2 ) , 79-8 = , (Japanese) 

a review i s p resen ted of the e f f e c t s of lots 
dcse i r r a d i a t i o n . Topics d i scussed a re s the 
concept of p e r m i s s i b l e ^cses e f f e c t s of 5 t c 
2^ R doses on sautation induc t ion in 
Drosophila aad o t h e r s t u d i e s on h e r e d i t a r y 
e f f e c t s ; expe rxsen t s on silkworms and Esice to 
d e t e r i m e r e l e a t i o n s h i p s between dose r a t e s 
and muta t ion; d e l a t e d e f f e c t s of r a d i a t i o n on 
atomic bosb s u r v i v o r s m Hiroshima and 
t^agaskai; mechanisms f c r r e p a i r of r adxa t i cn 
damage in r e l a t i o n to g e n e t i c s ; and 
a p p l i c a t i o n of t h e t a r g e t theory m s t u d i e s 
cr h e r e d i t a r y e f f e c t s of envi roameata l 
p o l l u t a n t s . (HLH) 

<240> 
Tar as 
1968 

and H.a. Khodyreva,. Not g iven . 

"""rfects of Detergents on Skm and On t h e 
abso rp t ion of Badxeactive Subs tances . Hygiene 
and S a n i t a t i o n , 33, 129-132. 

The r e g u l a r d a i l y t rea tp ien t of t h e s k m of 
r a b b i t s (weighing 2-5-3 kg) for 30 days with 
the most e t r i c i e o t d e t e r g e n t s ( p a s t e s Nos-
11, l i b , s o l u t i o n OP-7 with PC, soap So, 3 , 
p r e p a r a t i o n "SashGhi ta -7" and 12% Household 
soap) d id not produce any marked i r r i t a n t cr 
a l l e r g i c e f f e c t s , a s o l u t i o n of Pu(*4) 
n i t r a t e (0.4N) was app l i ed to a 25 cm2 area 
ox shorn r a c b i t s k i r so as t c provide 1 
uCi/cm2 P r i o r to t h e a p p l i c a t i o n of i s o t o p e , 
t |-e s k m area nad been processed ^or 30 days 
with a s o l u t i o n of OP-7 with ^C, p a s t e No. 6 
or No. l i b or household seas ( c o n t r o l ) , Fcr 
t h e experiment with an i n s o l u b l e Pa coipcufldp 
plutoniUH dioxide was aap l i ed t o a shorn area 
of syin m the form of an aqueous suspension 
with kao l in so a s t o provide a dose of 0-^ mg 
of the pure e lement /an imal - I t was seen t n a t 
percutaneous anso rp t i oa of the s o l a b l e 
plutonium s a l t occurred m a l l c a s e s , whereas 
the i n s o l u b l e Dlutonum compound was not 
absorbed- The percu taneous abso rp t ion of 
plutoaium n i t r a t e was no higher a f t e r the US(= 
cf s p e c i a l d e t ^ r g e r t s tban a r t e r t h s use of 
household s c a p . The "Xcerimentai. r e s u l t s 
permit the recomserdat ion or d e t e r g e r t 
( inc luding pa s t e s Mos. 11(c) a'̂  i ^, ^ o l u t i c n 
0£-7 with PC, soap No. 3 and p r e p a r a t i o n 
"2asbchiTa-7") fo r the r e g u l a r c l e a n s i n g at 
thP s k m from r a d i o a c t i v e c o n t a m i r a t i o n , 
while pa s t e No. 11 can be recomme'^lM^ for 
? ina l ( add i t iona l ) washings, (autn) (FH1) 

Table 1 shows Pu c o n t e r t in m t ^ - r r d l organs 
( l i v e r , s p l e e n , k idney, h e a r t , l i n g s , l u s c l e s , 
boast's) of r a b b i t s . Table 2 siows «=ffects of 
d e t e r g e n t s or tne aDsorpt ion of Pu fey r a b b i t s . 

<2iH> 
T a y l c r , G.N., s -^ . Chr^s t ensea , L. S h a o e s t a r i , 
a r a fe.S-S- J e e , Onive r s i ty ot Utah, College of 
'Medicine, J^adiobxclogv D i v i s i o n , nepartmen^ « f 
a a a t e s y . S a l t ^ai^e C i ty , GT. 1972 
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<24 1> COKT. 
The General Syndrome Induced by Plutonium 293 in 
the Beagle. Part of Stover, B.J, and Jee , 
M,S-S. (Eds.)^ fadiobiology of Plutonium, J.W-
Pres?;, Salt Lake Citv, Utah, (p, 5Q-74) , 552 p. 

The Fiost c r i t i c a l factor 
syndrome induced in dcgs 
iaiect ion of tetravalent 
induction cf bone cancer 
chaages, and l iver les io 
serious -̂ nd points were 
fractures, dental change 
turbinats^s. These l a t t e 
functional impairment in 
dogs aad principall? at 
levels . In the soft t l s 
thyroid atrophy and very 
degeneration were induce 
239/kg dose, but neither 
were detectable c l in i ca l 
incidence of soft t l s su 
noted in the irradiated 
not unequivocally establ 
239-induced factor, (A' 

s in the toxici ty 
by a single I¥ 
Pu 239 were the 

, hematopoietic 
Sorae of the less 

pathologocial 
and atrophy of the 

r conditions produced 
cnly part of the 

the higher dose 
sues, i^oderate 
focal kidney 

d by the 2.9 uCi Pu 
of these changes 

Iv, an increased 
neoplasia was also 

groups, but t h i s was 
ished as a Pu 

Table 1 gives Incidence of pathological 
fractures following a single I? injection of Pu 
239. Table 2 gives average t l^e (lon-shs) of 
tooth less in Pu 239 treated dogs. Table 3 
gives the average weight of thyroid t issue in 
control dogs ar.d dogs iniected with Pu 239. 

<24 2> 
Taylor, G.N. ^ W.R. Christensen, W,S.S, Jee , CE, 
Rehfeldj and W. Fisher, University of Utah, 
College of medicine, ^adiobiolcgy Division, 
Ifepartsent of anatoiy. Salt Lake City, UT. 
1962, ^arch 31 

anatomical Distribution of Haaiation-Xnduced 
Fractures in Beagles. COO-225? Part of 
Dougherty, T.F-, Research la Badiobiology, 
annual Eeport of Work in Progress on the Chronic 
Toxicity Program, (p, 31-42), 136 p. 

The anatomical dis t r ibut ion of bone fractures 
In beagles resul tant to retained burdens of 
Ra 226, ^a 228, or ^u 239 indicated trends 
that were unique for the respective 
radionuclides. Three different dose levels 
were considered for each of the 
radionuclides. The fracture tabulations were 
obtained froi radiographs taken at post 
mortem of the defleshed skeleton, Bost of 
the animals died or were sacrificed because 
cf bone tuBors. Plutonium 239 induced the 
lowest nuiber of limb bone fractures. Hadium 
228 produced the highest to ta l incideace and 
the widest anatomical d is t r ibut ion . The Ba 
226 cases more nearly resembled those of Ba 
228, but the t o t a l nuiib^r and dis t r ibut ion of 
fractures was lower. Involveients of the r ib 
cage suggested patterns that were specific 
for the given raaioauclldes, (auth) i?nn} 

Figure 1 shows percemtage incidence of fracturea 
in beagles receiving a single intravenous 
iRjection of ^a 226, ^a 228 or Pu 239-

<243> 
Taylor, G-S-^ T.?. Dossgherty, aad W,R-
Oiristensea, University of Utah, College of 
Medicine, Medical Center Departmeat of Aaatosy, 
Salt Lake City, 0̂ ", 1971 

S5©e Toxicity aspects of Internally Deposited 
plutoniiiiB 239, Part of Serdjis, C.C, (Ed,), 
Pathology of Irradiation, Chapter 7- Mllllaas 
and wilkins Company, Baltlscre, Harylamd (p. 
110-119), 710 p-

Plutonium 239 was administered in the 

tetravalent form at pH 3.5, via a single 
intravenous injection to beagle dogs 
approximately 16 to 17 months of age. The 
results showed that most of the retained 
radionuclide burden was ultimately localised 
in the skeleton (apprcMx^ately 60%) and the 
liver (approxliately 30^), Much less 
significant deposition sites were tae 
thyroid, the kidney and the spleen. The icst 
significant aspects of the toxicity syndrome 
are sujsmarized- The earliest clinically 
detectable radioiniuced change was a drop in 
the leukocytes of the peripheral blood 
approximately 25*̂  of the dogs injected at the 
highest level died with prliary Pu-indaced 
liver disease beginning at approxluately 4G0 
days post-injection. a iioderate number of 
prx!sary liver tuiors occurred in the 
Icng-term low level animals, at the three 
highest dose levels of 2.S, 1, and 0-3 uCi/kg 
pathologic fractures occurred. The earliest 
fracture was observed approximately 390 days 
pcst-9njectlon, with an average skeletal dcse 
of 3,180 rads. an abnormal rate cf tooth 
less was first observed at the 0»094S uCi/kg 
dose level aad the rate increased with each 
successively higher dose, another Pu-indsiced 
bene change was turbinate osteolysis. The 
leading cause of death following IV iajectica 
of tetravalent Pu 239 was the induction cf 
osteosarcomas. These tuicrs occurred as lew 
as the 0,0158 uCl/kg dose level and at an 
average cumulative skeletal dose as low as 60 
rads. Some other conditions which developed 
and are considered as secondary to the 
overall radiation effect are lymphopenia, 
lymphatic hyperplasia, increased incidence ot 
soft tissue tuiors and decreased longevity. 

<244> 
Taylcr, G-I-, and B- Hroayks. University of Otah, 
College of Mediciae, Hadicbiclogy Division^ 
Department of anatomy. Salt Lake City, OT, 
1966, September 30 

Liver Tumors la Beagles Injected with PlutoniQ® 
239, COO-119-235| Part of Dougherty^ t . F . , 
Research in Hadiobiology, Semiannual Beport cf 
Work in Progress in the Internal I r rad ia t ioa 
Program, (p. 71-75), 144 p-

The incideace of bile duct neoplasia in 
beagles injected with tetravalent Pu 239 
(highest dose level being approximately 2-8 
uCi/kg)) very tentat ively indicates that such 
tuiors may be radiatioa-iadaced. ^ost of 
these growths were relat ively s i a l l benxga 
adenomas and were observed as incidental 
findings at autopsy. Two ialigaancies were 
found in 87 cases studied. Hepatic ce l l 
carciaomas aad primary liver 
hemangioendotheliomas have not beea observed, 
(Both) 

<24 5> 
Taylor, G-N.^ M-S,S- Jee, J,L- iilliaas^ and I, 
Shabestari, Oniversity of Utah, College of 
Hediciae, Badioblology Divisi^n^ Salt Lake City^ 
UT, 1972 

Hepatic Changes Induced by Plutoniua 239. Part 
of Stcver^ B.J. aad Jee, 5̂ ,S,S. (Bds,), 
Hadiobiology of Platoniui- J.El. Press^ Salt 
Lake City, Otah (p, 105-127), 552 p, 

Fcr several huadred days following a single 
intravenous injection of tetravalent Pu 239 
in dogs (16-17 nonths of age), siost of the 
liver burdea was retained in the hepatic 
cells, but ultinately a high percentage 
shifted into the liver reticuloendothelial 

The rate of translcsation was 
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<245> 

5> rf'NT. 
g r e a t e s t in the h ighes t l e v e l s . The l i v e r 
I'^'Sicns t h u s induced c o n s i s t e d p r i n c i p a l l y of 
h e p a t i c c e l l nec roses followed by 
regs^n^rat ive changes . R e s t o r a t i o n of t h e 
l o s t c fe l l s was s u f f i c i e n t t o maintain normal 
l i v « r weigh ts except in a few of the dogs 
iniectf^d at t a e h ighes t l e v e l (approximately 
2.'3 uCl Pu 219 /kg) . S i g n i f i c a n t r e g e n e r a t i v e 
changes were produced at i n i e c t e d doses 
ex tending down to 0.016P uCl ?o 239/kg and a t 
average c u i u l a t l v e l i v e r doses of l e s s than 
80 r a d s . S tud i e s a* s t i l l low^r l e v e l s are 
in p r o g r e s s , ba t th*^ r e l a t i v e l y shor t l a t e n t 
pe r iods prt=sently p rec lude e v a i u a t i o n -
I n t r a h e p a t i c b i l e l u c t tumors were observed 
in 10 pe rcen t of t h e Pu 2 3 9 - i n i e c t e d dogs 
s u r v i v i n a beyond 1000 days of a g e ; however, 
'^ost of t h e s e were smal l benign growths which 
were four.d i n c i d p a t a l l y at a u t o p s y . Only 
twenty pe rcen t of t h e tusncrs were f a t a l 
m a l i g n a n c i e s . The inc idence of b i l e duct 
neoplasms in the Pa 2 3 9 - i n i e c t e d dogs was 2 
1/2 t imes t h a t o^ t h e c o n t r o l s , and a l l of 
th^ primary l i v e r ma l igaaac i e s occurred in 
the Fu 23^ g r o u p s , o t h e r forms of pr imary 
l i v e r n e o p l a s i a were not observed . (auth) 

<24b> 
Tay lo r , G, K, , w.S-S. Jee^ >J.L. Docku®, S. 
Hromyk, aad L- Brewster , Un ive r s i t y of Utah, 
College of r^ediclae, f ad iob io logy D i v i s i o n , 
l^partmsn*- of Anatomy, S a l t Lake C i t y , UT. 
1Q66, March 31 

T r a n s l o c a t i o n of Flutoalum 239 i n Beagle L i v e r s . 
COO-119-234; Par t Of Dougherty, 1 . ? . , Fesearch 
in Eadioi-iclcgyi? annual Fepcr t of Work l a 
P r o g r e s s l a the I n t e r n a l I r r a d i a t i o n Program, 
Cp, 71-84) , ^26 p . 

The i r i i t l a l l i v e r d e p o s i t i o n in t h e dog of 
t e t r a v a l e n t Pu 2'^'^g g ivea i n t r a v e n o u s l y 
(approximat '^ly '̂  uCi/kg) la a c i t r a t e buf fe r 
(pH-3 .5) , was p r i n c i p a l l y in t h e h e p a t i c 
c e l l s . However, a t apprcxi iaa te ly 200-300 
days p o s t - i n l e c t i o n a t r a n s f e r t o thw Kupffer 
c e l l s began, and subsequent ly r e d i s t r i b u t i o n 
t o tfeo p o r t a l res^ions occur red , dur ing t h e 
migra t ion the plu*oniu?a was c l o s e l y 
a s s o c i a t e d with i ron s t a i n i n g p igpea t and th€ 
t r a a s l o c a t i c n appeared r e s u l t a n t t o i t s 
a t t achment on t h i s i ron c o n t a i n i n g c o l l o i d . 
The p r i n c i p a l p l t i toniun induced l e s i o n s i n 
the i i v e r c o n s i s t e d of lacdifled r e g e n e r a t i v e 
changes r a t h e r than an i m i e d i a t e primary 
e f f e c t a t the i n i t i a l d e p o s i t i o n s i t e and 
occur red a f t e r long l a t e n t p e r i o d s , (auth) 

A o t o r a d l o g r a i s a r e presp>nt showing l o c a l l s a t i o r 
of Pu i n beag le l i v e r , fo l lcwlag I r . l e c t l o a of 
approximate ly 3 uCi/kg Pu 2 3 ^ . 

<24 7> 
Taylor , G. lU , C.f̂ - Fchfeld^ K,H, Crook, aad H. 
F i s h e r , U n i v e r s i t y of Utah, College of Medicine, 
Fadiooio logy P i v l s i o a , Dei?artment of anatomy. 
S a l t Lake C i t y , UT. 1<s6l', Septesbpr 30 

'J'he Pate of "ooth Loss i a Beagles I n j e c t e d with 
^lutonitim 219^ ^adiam 226 and Padiua 228, 
€00-224? P a r t of Douah^rty, T . P . , Besearch in 
E a d i o b l c l o g y , Sea i aoaua l Bepcrt of work in 
P r o g r e s s on the Chronic Toxic i ty Program, (p. 
32 -37 ) , 104 p . 

The r a t e of t o o t h l o s s in beag les i n j e c t e d 
with givers doses of Pu 219, Ha 226 and Ea 228 
was compared ar.d t h e l e v e l at which a 
s i g n i f i c a n t d i f f e r e n c e occurred was 
de te rmined . The data were compiled from 1227 
semi-annua l d e n t a l exasi inat ions der ived f r o i 
224 doqs . The r a t e of t oc th l o s s induced by 

"̂ a 22b, ^a 22S an i Pu 239 tenaed to i n c r e a s e 
with s u c c e s s i v e l y higher i n j ec t ed aos^g a f te j ; 
the I n i e c t i o n l eve l was r a i s e d ^bove a 
c e r t a i n lainimusi. This tr€Ba cont inued ^nzxt 
the i n j e c t e d dose l e v e l was reached t h a t 
reduced the p o s t - i n i e c t i o a l i f e s p a n below the 
l a t e n t per iod r egu i r ed f c r t a e occurrence cf 
s i g n i f i c a n t t o o t h l o s s e s , (autu) (Ffl^l 

<24e> 
T a y l c r , G-K., C E . Eehfe ld , P , Pe^rermana, and K-
Crock, Univer s i ty of o t a h . College of ' l e d i c i n s , 
Fadlcbio lgy r i v i s l c n . Department of anatomy. 
S a l t Lake C i t y , UT. 1962, March 31 

E l e c t r o c a r d l o g r a n Evaii jat ioa of Bea t l e s with 
Peta ined Fadionucl ide Burdens. COO-225; Par t ct 
r o u g h e r t y , T -F . , Fesearch in Hadiobio logy , 
annual Eeoort of Work in Progress on t h e Chrcnlc 
Tox ic i ty Program, (p. 41-47) , 136 p . 

Evaluat ion of t h e e l e c t r c c a r d l o i r a t a s of 
beag les ranging i n age from 480 t o 34a9 days , 
with r e t a i n e d burdens cf Ra 22fe, Pa 228, py 
239, Th 228, or Sr ^0 did not r e v e a l any 
s i g n i f i c a n t e f f e c t on the r e s p e c t i v e wave 
p a t t e r n s or the time i n t e r v a l s of the P wavw, 
PE segment, PB I n t e r v a l , of QRS i n t e r v a l , 
^axiiuBi i n j e c t e d dose l e v e l s s t u d i e d wese as 
fc l lowss 3.0 micron Ci/kf Sa 226, 10,0 uCi/kg 
Ba 228, 0.3 uCi/jsg 1h 228, 0,3 uCi/sa Fd 239, 
and 100 uCl/Kg Sr 90 (auth) 

<2^9> 
Taysua, D.K,^ D. Brassmer, and C ^ . Fcafe ld , 
U n i v e r s i t y of Utah, Col lege cf ^!„'dicine, 
Fad icb io logy Divisionp Department of anatomy. 
S a l t Lake C i t y , OT. 1*^62, Exarch 31 

a l t e r a t i o n of t h e H e t a b o l i s i cf the Eeagie isy 
F a d i c a u c l i d e s . CGO-225| Pa r t of Dougnerty, 
T . F . , Rfcssearch m Psd iob ic logy , Annual Fepor t of 
Work l a P rogress on the Chronic Tox ic i ty 
Program, (p. 109-121), 136 p . 

Subjec t ive changes in t h e appe-ararxe of 
beagles t h a t have r ece ived s i n g l e l a t r a v e o c u s 
i n j e c t i o n s of rad iona ic l ides t h a t are 
p r i n c i p a l l y bone seeking i a c a a r a c t e r 
prompted the examination of t h e i r metabolism 
by means of c a l c r i m e t r y . Beagle dogs 
weighing about 10 kg were laif^cted with Pu 
239 in doses varying froa 0.0491 iiCl/kg t o 
0.308 uCi /kg, or Ha 226, tue dose being 3.11 
oCi/kg, or Sr 90 in a dose of 102 aCi /kg . I t 
was observed t h a t r a d i o n u c l i d e burdened dogs 
produce approximate ly 10^ more c a l o r i e s of 
heat per l i t e r of oxygen than do the normal 
c c a t r o l s . Resp i r a to ry g u o t l e s t and body 
tempera ture a r e not s i g n i f i c a n t l y a l t e r e d ty 
t h e r a d i a t i o n dose r ange , 0,003 t o 10 rads 
per day mean s k e l e t a l dose , used in t n e 
s tudy . The change ia me tabo l i s s was seen to 
precede t h e f o r i a t i c a of tu i iors- (Auth) (FS^) 

<250> 
Temple, I , a . , s . Harks, aad '^.G, Bair^ General 
F l e c t r i c Company, Hanfcrd L a b c r a t o r i e s , 
Richland, Ma. 1960 

Tumors in Mice a f t e r Pulmonary Deposi t ion of 
F a d i c a c t l v e P a r t i c l e s . I n t e r n a t i o n a l J o u r n a l of 
Fad ia t ion Biology, 2 | 2 | 143-156. 

Twelve-week old BaF1 or caFI f e s a l e mice were 
used i a the exper iment . The i n t r a t r a c h e a l 
a d m i n i s t r a t i o n of p l u t o n i u i and rutheniusi 
p a r t i c l e s suspended in Tween-80 
(polyoxyethylese s o r b i t a n aoaoolea te) or 
P lu roa i c s caused an Increased inc idence of 
pulmonary adenomas compared with c o n t r o l s a t 
l e v e l s of O.luCi 239 Pu02 and 3.0 uCi 
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<250> COHT. 
IO6R111O2. Dpcr^^as^d inc idence of adenomas i?as 
ob ta ined at 0.16 uCt239 P!i02 and 2s^,0iiCi 
106RaO2« I n t r a v e n o u s a d i i n i s t r a t i o a of 
s l j a l l a r p a r t i c l e s caused an inc reased 
i n c i d e n c e a t a l ^^e l of 0.16 iiCl 239 P'̂ COHJ^ 
and a d e c r e a s e at 0 ,?7 uCl P12 239 Pu02. 
Ce r t a in i n c o n s i s t e n c i e s in t h e inc idence 
v a l u e s Mere n o t e d . P ibens (a^h) ad thoracene 
and methy lcho lan th rene ^ e r e used as c h e i i c a l 
c a r c i n o g e n s 1R d i f f e r e n t phasps of the 
e s p e r i i e n t t o a f fo rd a comparison of t h e 
e f f e c t s of c h e a l c a l carc inogeBs Kith t h o s e of 
r a d i o a c t i v e p a r t i c l e s . Various c o B b i s a t i c n s 
of ches i ica l ca rc inogens and r a d l o a c t l ' ^ e 
p a r t i c l s s were a l s o a s e d . The d i a of Pis 239 
Pu02 p a r t i c l e s ranged f roa 0,06 t o 0.6 a with 
a B^an cf O.'̂ - an, '^h^ m^an p a r t i c l e d i a , f o r 
Fii 106 Fu02 was ^ .^ ma and for 
n o n - r a d i o a c t l^e pa r ' ^ i c l e s O.P ma. 

<2f 1> 
Temple, L. S, ff S. Mar^s^ and \^,J, Bair^ General 
E l e c t r i c Company, Hanfcrd LafcoratorieSff 
F i ch l and , '^k, 1^60 

Tumors In Pice ^ f t e r ^(ilmonaiy Deposi t ion cf 
P a d l o a c t i ¥ e P a r t i c l e s . T n t e r n a t i o a a l J o u r n a l of 
Rad ia t ion Biology^ 2 (2?, 1^3-156, 

Twel¥o~¥eek-old Ba^l or f^^Fl f c s a l e a i c e were 
used in *-he e ^ p e r i s e n t . The i n t r a t r a c S i e a l 
a d m i n i s t r a t i o n o^ p l u t o a l u i and r u t h e n i u s 
p a r t i c l e s g^iasp'^nded in Tween~S*^ or p l u r c n i c s 
(polyprcDVlene glycolethflen*^ o^ide po l fape r ) 
caused an ipc reased incid*»Rce of psiliioaary 
adensmas cono^re'2 -siith c o n t r o l s a t l e v e l s of 
0,1 uCi Po 23*3 pu02 and 3.0 uCi Pu 106 Pti02. 
I n t r a v e n o u s a d a i n i s t r a t i o n of s i n l l a r 
p a r t i c l e s caused an inc reased inc idence a t a 
l e ^ e l of 0.16 uc i 1̂51 239 ©u (o B) is and a 
dec rease a t ^ ,37 tsci ?n 23^ Pu02, C e r t a i n 
inconsis t fT>cies ^n t h e inc idence va lues Mere 
noted . F'iboTiz (a ,hi anthracen*^ and 
lac-'thylcliolanthrene ¥e re used as c h e a i c a l 
c a r c lnoqens in d i f f e r e n t phases of t h s 
e ^ p e r i a e n t t o a f fo rd a ccmparison of t h e 
f a c t s of chemical ca rc inogens \iith t h o s e of 
r a d i c a c t i v o p a r t i c l ' ^ s . Various combinat ions 
of c h e i i c a l c a r c i n o g e n s and r a d i o a c t i v e 
p a r t i c l e s ^F^re a l so used , ?fee a d i i n i s t r a t i c n 
of methylcholanthrenei , eltK^^r done on with 
the agen t s caused t h e expec ted marked 
i n c r e a s e in -^u^or i n c i d e n c e . H i s t o l o g i c a l 
l e s l c B s res53l t ina fro:^ d ispos i t ion of 
plu-coLi UQ p a r t i c l e ' 5 inc luded f i b r o s i s wi th 
b r c n c h i o l a r p r o l ^ ' f e r a t i c n and squasous 
meivawlasl a. ^ u t h e n i u i p a r t i c l e s caused the 
presi^T-ce cf nusf^rcus b i s a r r e c e l l s in 
f l o r o t l c l e s i o n s , ^ lu ton iu^ p a r t i c l e s were 
cons ide red responsible- f o r the development of 
two squanmous-cel l c a r c i n o i a s and a 
b r o n c h i o l a r c a r c i n o p a . Two b r o n c h l o l a r 
c a r c i n o s a p occurred i n r t s then lam- t rea ted 
an ima l s , (auth) c^nn) 

<252> 
Temple^ L - ^ . j . S. ^ a r k s j and W.J. Bair^ Hanford 
Stomic J^rodticts Op«ra*-ion, P ich la id^ wa. 1975, 
January '̂  

TuEori l e n i c i tv o^ Tn '^ ra t rachea l ly adminis te red 
P a r t i c l e s . HW-'̂ Q= ôn; ^sar-̂  of Pairis? J . J , CEd.)^ 
Hanforl Bioloqy p<ss*^arch Annual Report fo r 1958, 
(p . 106-108) , 1^^ D, 

Sug^pensions of p a r t i c l e s , r ad ioac t i i f e and 
non- rad io a c t i v e , i". e i t h e r 0.1 per c e n t 
Tw»en~"«0 or n, 1 p^r cen t p l u r o n l c s were 
admin i s t e r ed i n t r a t r a c h e a l l y *-o t^o-month-old 
ferjale BA¥l. ?iice. T^neuoiciitis ¥as observed 
xn about fiv^ per c^nt of a n i i a l s 
admin i s t e r ed pksnti or Pu 02 and U2 per cen t 

of t h e a n i a a l s admin i s t e r ed Hu 106 Hu02- In 
tHC groups given Pu 239 Pu02 l o r e than 70 |:er 
c e n t showed pneumoni t i s . Seve ra l mal ignant 
pial^onary tumors were s ee s fol lowing 
i n t r a t r a c h e a l i n i e c t l o n of Pu 239 P1102 or Bu 
106 BuC2. To ta l doses t o I s sg t i s s a e ^ 
assua lng a 30 d a y - b i o l o g i c a l ha l f l i f e and 
uniform d i s t r i b u t i o n of p a r t i c l e s , were 
e s t i m a t e d , (auth) (FflH) 

<253> 
Thomas, E .G . , Lovelace Foundat icn for Medical 
•^^ducatioR and Research, I n h a l a t i o n T o s i c o l o g j 
Ppsearch I n s t i t u t e , filfcuguergue, N^. 196*4 

In f lyence of ae roso l P r o p e r t i e s and t h e 
P e s p i r a t o r y P a t t e r n Upcn Hazards E v a l u a t i o n 
Following I n h a l a t i o n Exposure , C0MP-4eS| 
STT/EOB/SUs Par t of Proceedings of a Symposinii 
o i t h e Asses s i en t of Rad ioac t ive Body Burdens i n 
^an held in He ide lbe rg , Ger iany, May 11-16, 
IQftU, ^ o l . 1, CP- 3£!~368), 1Ca3 p . 

There a r e t h r e e i igportant b i o l o g i c a l 
parameters which a re necessa ry in e v a l u a t i n g 
t h e hazards f r c i compounds e n t e r i n g the body 
b^ any r o u t e . These a r e CI) t h e aisount 
depos i t ed in t h e body? (2) the d i s t r i b u t x c n 
and t r a n s l o c a t i o n k i n e t i c s w i t h i n t h e body 1 
and (3) t h e r a t e of e x c r e t l c n of the 
m a t e r i a l . Suf f ic ieRt q a a n t i t d t i v e da t a on 
t he se p o i n t s a r e g e n e r a l l y l a c k i n g in t h e 
case of an a c c i d e n t a l exposure , Exper imental 
a r imal s t u d i e s c o r r e l a t i n g d i f f e r e n t p h y s i c a l 
and chemica l c h a r a c t e r i s t i c s of i n h a l e d 
p a r t i c l e s with t h e t h r e e b i o l o g i c a l v a r i a b l e s 
mentioned above are d e s c r i b e d . Values for 
t h e amount and l o c a t i o n of depos i t ed l a t e r i a l 
a s a func t ion of t h e p a r t i c l e s i s e inhal'^d i s 
p resen ted for a t i s s u e soluDle ccmpound 
( c e s i u i c h l o r i d e ) and fo r a t i s s u e 
" insoluble^ ' compound { t a o r i u i ch lo r ide^ . 
H'sidence i s a l s o given t o s u b s t a n t i a t e the 
v a r i a t i o n s which occur in t i s s u e d i s t E i b u t i c n 
and e x c r e t i o n of an e lement , depending ugcn 
i t s p h y s i c a l and chemical s t a t e when 
b r e a t h e d . Data f ros exper iments Mith a e s c s c l s 
cf Eiany coapour.ds, Incl i idlng t h o s e a l r eady 
mentioned, i s used t o show a aa lque 
c o r r e l a t i o n between body burden and f e c a l 
e s c r e t i o n during the f i r s t few p o s t - e s p o s u s e 
days . The advantages in psrforming a n a l y s e s 
en both . irlne and feces for b ioassay purposes 
a r e demons t ra ted . The f a l l a c i e s in c u r r e n t 
methods of p r a c t i c a l hazard assessment f r c r 
a i r sampling and b ioassay t echn iques a r e 
st-ressed th roaghou t , us ing the above da t a as 
egaiaples, (Auth) 

Table 3 shO¥s f eca l to u r i n a r y r a t i o s a f t e r 
i n h a l a t i o n of Pu02 in doqs and n icb iua OKadate 
in r a t s . 

<2^i4> 
Thompson^ P . C . , ^ ' .J . Baire- s , ^ar^cs, and ^.,F, 
S u l l i v a n , General E l e c t r i c Company, Hanford 
l i b c r a t o r i e s . Biology Opera t ion , ^ i c h l a n d , SS. 

Eva lua t ion of I n t e r n a l Exposure Hazards f o r 
Severa l Rad io i so topes 'Encountered in Reactor 
O p e r a t i o n s . a/CG^iF, 15 /1-P /2382 | P a r t of 
Proceedings of t h e 2nd United NaticBs 
T n t e i n a t i o n a l Symposium on th-^ Peaceful Uses cf 
Atomic Energy neld in Geneva, S w i t s e r l a n d , 
Sept€B5ber 1-'l3, 1^58, Vol. 23 , | p . 293-289) , 

Se l ec t ed a s p e c t s of t h e hazards f r o i 
r a d i o i s o t o p e s encountered in th>^ o p e r a t i o n of 
a Pu p roduc t ion p lan t a r e p r e s e n t e d . The 
eKper i iPHts desc r ibed were concerned c h i e f l y 
with Pu 219, the p r i n c i p a l product of tiie 
Hanford P l a n t , and I 131, the aos t 

file:///iith


65 

BlOtOGlClL ASPECTS 
ANIMALS 

<25t}> COKI. 
troisblesoire waste produc'*- of p l a n t o p e r a t i o n , 
^3.nor ejcpcsure i n c i d e n t s which have occur red 
p o i n t -t-o four p o t e n t i a l r o u t e s of p l a tonxus 
en t ry t o the body n a a e l y , punc ture rounds 
from p la ton ium-contamina ted o b j e c t s , 
a b s o r p t i o n through i n t a c t 
p lu tonium-coEtammated s k m , i n g e s t i o n and 
i n h a l a t i o n , ^jctensive exper iments with r a * s , 
mvolvxiig chron ic i n t r a g a s t r i c a d m i n i s t r a t i o n 
of Plutonium over a wide range of 
c o n c e i i t r a t i o n s , in s o l u t i o n s not more ac id 
than pH 2 , have i n d i c a t e d a f r a c t i o n absorbed 
of 3 K 10 (B-5). This f i g u r e has been 
confirmed m l e s s e x t e n s i v e s t u d i e s wi th 
p i g s , Esp'^riments a re r epo r t ed which compare 
the a c u t e l y t o x i c e f f e c t s m r a t s of 
i n g e s t e d , Koorly absorbed alpha e m t t e r s |Pu 
239) and beta ens i t t e r s ( t 9 1 ) , with t h e 
e f f e c t s of X i r r a d i a t i o n app l i ed t o t h e 
e K t e n o r i s e S i n t e s t i n e and to t h e i n t e s t i n e 
m s i t u . The ID 50 dose of Pu 239, 
a d m i n i s t e r e d m - ^ r a g a s t r i c a l l y as t h e n i t r a t e 
was about ^0 a C i / k g . Surv iva l t ime was l e s s 
than 24 h r ard death was probably due t o 
n i t r a t e t o x i c i t y , ^s much as 200 mCi of Pu 
239 Pu02/kg was a d a ^ n i s t e r e d x n t r a g a s t r i c a l l y 
without symptoms of r a d i a t i o n e f f e c t s . This 
dose of cu can b*= c a l c u l a t e d t o nave 
d e l i v e r e d at t h e s u r f a c e of -t-he c o n t e n t s o-̂  
the small i n t e s t i n e a r a d i a t i o n dose of 
approximate ly 1,5 x 10{E*6) rem. Experiments 
were performed with BIC® t o de t e rE ine both 
t h e d i s t r i b u t i o n of the p a r t i c l e s and t a e 
long- t ' ^ rn p a t h o l o g i c a l e f f e c t s . Bo*h Pu 23^ 
Pu02 and •̂ u 106 P1202 were admin i s t e red by 
i n h a l a t i o n a=? a e r o s o l s and by i n t r a t r a c h e a l 
m j e c t i o p as hydroso l s and zhe t i s s u e 
d i s t rxbu t - .on fo l lowing i n t r a t r a c h e a l 
a d i x K i s t r a t i o n i s shown. Malignant ' amors 
were seen a f t e r MOO days in two of 17 a n i s a l s 
i n j e c t e d i n t r a t r a c h e a l l y with 0.06 uCi of Pu 
239 Suo2. Thf= r^^moval of i n t e r n a l l y 
depos i t ed Pu by s i r c o n i u p c i t r a t e , EDTa, STP^ 
an-̂  Vitamin A i s d i s c u s s e d . Experiments 
i nvo lv ing the feeding of I 131 t o sheep ard 
th» h i s t o p a t h o l o g i c and c a r c i n o g e n i c e f f e c t s 
observed m the t h y r o i d g l a id a r e r e p o r t e d . 

Ta^jle 2 stofes t i s s u e d - ' s t n e u t i o n fo l lowing 
i n - ? r a t r a c h e a l aSminis^-^atiou of Eu 106, Ru02 and 
Fa 23'^ Su02 (xr l ung , bone^ a d r e n a l s , muscle , 
o v a r i e s , s p l e e n , l i v e r , lymph and k i d n e y ) . 

<25 5> 
Toabropoulos , E,G,, W,J, Ba i r , and J . F , P a r k , 
Gen«=ral E l e c t r i c Company? Fanford L a b o r a t o r i e s , 
Biology Labora-torv, P i c h l a n d , W&. 1963, Hay 16 

Effec t ox EL ^t h y l e n e t r i a s m e p e n t a a c e t i c ^cid and 
Poiyp-f-opyle'^oglvcolethylene o^ide Po lyse r on 
Excre t i cn of "^nhaled P l u t o n i a i 23^ gu02 m Dogs. 
Mature, 198{ilB81), 703-70a. 

Sight 1-2 y r - o l d beaa le dogs were exposed t c 
plu^"oninw oXide a e r o s o l s , fo l lowing 
exposure to '^n each group of dogs was exposed 
t o an a e r o s o l fro^n an agueous s o l u t i o n of one 
of t h e f o l l o j i n g - ^^"^ na.3~Ca s a l t of DIPS, 
10^ p l u r o n e s (po lvpropylen '^g lycole thy lene 
o x i i e ) , o r 8^ o l d r o n i c s p lus 2% gum a r a b i c -
Oie - iou^ t ' -eatments were given d a i l y fo r 15 
d a y s . Ur n e an 1 faces were ana lysed fo r ^u. 
"'h'^ Pu eycre t ioH r a t e s c-? dog« t r e a t e d with 
p l u r c n i c s were con-^ i s ten t ly a r e a t e r than 
those of un t r ea t ed dogs. D^P^ was l * s s 
f 'Sfect ive than p l u r o n i c s in promotmq 
e x c r e t i o r of Pu. a i tnough p l u r o n i c s 
i n c r e a s e d the ••-ate 0^ e x c r e t i o p of P i , t h e r e 
was no l a r g e eff-^ct on t c t a l body burden. 
'^psul ts iTiSicatP t ha r n e i t h e r DTPA nor 
p l u r c n i c s i*̂  verv ^-^lect ive i " removing 
p lu ton i u^ ox d*= from t h e lungs , (EAP) 

<254> 

The e r f e c t of DTP! and p l u t o n i c s on ^hole-body 
c l e a r a n c e of inhaled Pu xn dogs i s given m 
g raph ic f o r ^ . Tabular da ta a re g iven on Pu 
d i s t r i b u t i o n i n dog t i s s u e s . 

<256> 
Tot te r^ J .T .p O9S, atomic Energy Commission, 
Div i s ion of Biology and Hedicme , Washington, 
DC. 1972 

B i o l o g i c a l Eesearch with PiHtoniua , 19^4-193^. 
P a r t of S t o v e r , B , J . ard J e e , H.S.S. | E d s . ) , 
Hadicbiolcgy of Plutonium. J.M. P r e s s , S a l t 
Lake C i t y , Otah, (p . 23 -21 ) , 552 p . 

animal exper iments us ing CF-1 mic» t o 
determine the t o x i c i t y of uranisis and 
p l u t o n i u i Here perfcrmed a t the ^Metallurgical 
Laboratory at t h e Oj j ivers i ty of Chicago m 
1944 by Braes , Lisco and F m k e l . l a 194? 
t h e s e workers publ i shed a paoer m Cancer 
eesearch e n t i t l e d "Carcinogenic Rctxon of 
Sciie subs t ances ^hich Hay be a Prcb lea m 
Cer t a in Future I n d u s t r x e s " , and a paper in 
Radiology e n t i t l e d , "Carcxnogenc P r o p e r t i e s 
of Badioactxve F i s s i c n Products and of 
Plutonium." IP December, 1952, t h e f i r&t dog 
was ip-^ected a t the Onivers i ty of Utah for 
the puroose cf comparing the l o n g - t e n 
b i o l o g i c a l e f f e c t s of a s i n g l e in t r avenous 
i n j e c t i o n of Ea 226 and Pu 239 m a d u l t 
bfeagles. The Otah p r o j e c t was e s t a b l i s h e d t o 
ver i fy the 0,04 uCi "whole body t o l e r a n c e 
l e v e l " e s t a b l i s h e d for PU 239 by tue Chalk 
Eiver^ Canada, c o n f e r e n c e , Hecent ly , 
wmohasis has been on i n h a l a t i o n , non-unxfcrs 
d i s t r i b u t i o n of dose and bone cancer 
iGra^ txon, (H^) 

<257> 
Tsa rapk in , S.R,, and Z.G. Sych, ^o t g iven . 1S59 

The jsction of PxutoniuE 239 and S t r o n t i u s 89, ^̂ o 
On the Bone Harrow or Hhite Hats . Ped i t ^mskaya 
^ad io log iya^ 4 (6) , 7^-77. (Russian, "snglish 
Susniary) 

Ss'^eriPients j^ere c a r r i e d on r a t s to study the 
r e a c t i o n of bone marrow t o mtraper^-sonea l 
a d m i n i s t r a t i o n of 1.5 mCi/g of Sr 39, 90 and 
0,003*=^ mCi/g of Pu 239. a r a l y s i s of Don^ 
narrow on the 3rd , 8 t h , 16th and 32th day 
•^'cllowmg t h e i s o t o p e a d m i n i s t r a t i o n shc&ed a 
g r e a t e r s e n s i t i v i t y or c e l l s of t h e 
e r v t h r o p o i e t i c s e r i e s in c c i p a r i s c n wxth 
c e l l s cf tne g r a n u l o p o i e t i c s e r i e s , t h e 
presence of -f-fie i n i t i a l hypergenera t ive 
phase, i nc rease of the ruaeer 02 g e n e r a t m a 
c e l l s and p a t h o l o g i c a l s i t c s e s . I f f e c t s cf 
Pu on bonR marrow ccEpared to thos^ of Sr 
%sre c h a r a c t e r i s e d ny i n h i b i t i o n of t h e 
hyperqeneratxve phase and l e s i o n s of 
r r t a . cu loen io t l ^^ l i a l and l i s i o c y t x c c e l l s . 
CAuth) |H4F) 

<^58> 
Tsevelevd , r,P..g 1960, August-September 

The Elutonium Content m the Pro*ein F r a c t i o n of 
i^at Tubular Bones. Biochemist ry , 2?C1), 
4b7-48Q, Pxoknxmiya, 25(4)^ 636-639, 

P^periments {pK to) were c a r r i e d out o^ wirite 
s a l e r a t s weighing 1(=̂ C~1SC Ig , Plutonium uas 
•» n e c t e d i n t r a D e r i t o r e a l l y as t b e c i t r a t e |pH 
6) m t h e aiaount o^ 1,^ u C i / r a t . Four 
p r o t e in cospoinds were i '?olated from bcae 
t i s s u e • coj.j.ag^n, albumoid, mucoid, and 
r e s i d u a l p'-ct'='in. r o l l a ^ t n made up ^u^ cf 
thw hone p r o t e i " , ^Ibumoiis^ mico ids , and 
r e s x a u a l p r o t e in aade up 2 .0 , l . b and 6.91 



<258> 

BiCLOGICaL aST5"'"'̂ S 
a?ii^aLS 

<^S8> CON .̂ 
r ^ s p e c ^ i v e ' ' y . &1^ t h e bone p r o t e i n s 
CO itaiDe'^ Pu. Hith c o l l a a e n was bound 
h5-80^, wi th albiiF?oid 1^^; with iaucoid 3 . 4 ^ , 
and with r^sf '^uai Bro*-'p'iB 5% o*̂  the Pu. The 
m e t a b o l i c a l l v a c t i v e c r o t e i n (albursoid) found 
n t i i e s mor*̂  ?u/f^g of N than do c o l l a g e n and 
r e s i d u a l p ro t e p . "^h^^ relat-'V® s p e c i f i c 
a c t i v i t y c-̂  mucoid surpassed bv 2.5 t x s e s 
trsdt of c o l l a g e n , which aaaht be expla iped by 
a share of t h e s i l f a t e grcup of c h o n d r o i t m 
sui*=ur3C acid i n th^ f i x a t i o n O"? Pu. |BAF) 

<25Q> 
Tseveleva , T „ a , , and ^.•^. Lxbinzon, Mot given. 
1Q66 

Inf luence of Plutonium 239 en the Pree 
Pxbonucleo t ide ^ P t a b o l i s i in t h e Babbit Lxver. 
aEC-t r -6771; Pa^t o^ ^ad iob io logy , (p . 81-67,) 
2=̂ 1 p . , R a d i c b i o l o q i v a , 6(2) 218-223, 

Experiments were conducted on g ray r a b b i t s of 
both sex-^-s, weighing 2 . 0 - 2 , 5 ^•g. The a r i i a l s 
r e ce ived a s i n g l e i n t r avenous xn^ec t ion of a 
s o l u t i o n o-̂  ^u n i t r a t e a t pH of 2,0 i n a dose 
of 7 uCi /kg . The n u c l e o t i d e c o n t e n t and 
i n t e n s i t y c"*̂  ^h^ i n c o r p o r a t i o n or r a d i o a c t i v e 
P i n t o t h e s e cos-pounds were i n v e s t i g a t e d one 
and 15 d a y s , one„ two and s i x months a f t e r 
a d a i B i s t r a t i o n o? t h e Pu s o l u t i o n . Four to 
s i x ani!ial=; were used a t each p e r i o d . I t was 
saown t h a t Pu ni -^ra te caused §> s u b s t a n t i a l 
decrease m ^h.<^ n u c l e o s i d e polyphosphate 
content m the r a b b i t l i v e r , a f t e r one 
^oRth, t h e A'^P and GTP c o n c e n t r a t i o n s were 
approximate ly h a l f the cor responding c o n t r o l 
v a l u e s , ^ h x l e a f t ^ r t h r e e and s i x l o n t h s they 
were n ine and f i v e t i i e s lower, r e s p e c t i v e l y . 
A d i s t i n c t i p c r e a s e m t h e nuc leos ide 
isonophosphate con ten t was noted i s t n e Ixvers 
of the e x p e r i a e n t a l aaxmals . In a i l p e r i o d s 
or t h e i n v e s t i g a t i o n , a d i s t i n c t dec rease m 
tiie x r c o r p o r a t i o n of r a d i o a c t i v e phosphate 
i n t o CDP-choline was d e t e c t e d , which may be 
the cause of t h e appearance of f a t t y 
dyst rophy of t h e l i v e r , K c e r t a i n i n c r e a s e 
in t h e r a t e cf i n c o r p o r a t i o n of P 32 i n t o t h e 
c a r b o h y d r a t e d e r i v a t i v e s of u r i d i n e 
d iphospha te occurred one month a f t e r the 
a d m i n i s t r a t i o n of p l u t o n i u s , whi le a f t e r 
t h r e e months -^hi^ p r o c e s s was 1-6 t o 2,4 
t i i e s a s a c t i v e a s n o r i a l , and was 
accoipan^ed by an i n t e n s i f i c a t i o n of t h e 
f o r a a t i s n cf connec t ive t i s s u e and t h e 
development of c i r r h o s i s of t h e l i v e r . 

<26 0> 
Tsevelf^'va, I , A . , R .^ , L ib inzon , G.S. 
Susiikachevae. "^.M. Kysxna, and a.G. S s r i n a , 
^XRXstry of Hea l th , I n s t i t u t e of B i o p h y s i c s , 
Moscow, 0SSF. 1968 

Biochea ica l changes in t h e Lungs of Sabbxts 
a f t e r I n h a l a t i o n of P l t i t o n i u i . aEC-tr-7015s 
P a r t of Rad icb io logy , (p . 68-760) , 238 p | 
Rad iob io log iya , 8 ( 4 ) , 535-541 . 

The r e s u l t s of a s tudy of the a e t a b o l x s s of 
the lang t i s s u e a f t e r a s i n g l e i n h a l a t i o n of 
amioisxui p l u t o n i u a pen taca rbona te by r a b b i t s 
(weighing 2 ,2 -3 ,0 kg) in a dose producxng 
s c l e r o t i c changes xn the lungs ar@ p r e s e n t e d , 
a s i n g l e i n h a l a t i o n of aMOnium p lu tonxu i 
pe i i tacarbonate a t a dose of O.S uCi/g of 
lungs led t o s u b s t a n t i a l changes in t h e 
metabolxsia of v a r i o u s compounds in t h e lung 
t i s s u e . Th^ metabo l ic p rocesses xn t h e lungs 
were s h a r p l y d i r e c t e d toward fxbExlXo-geaesis 
from t h e f i r s t month a f t e r the t r e a tmen t OE» 
This was evidenced by an i n c r e a s e in the 
con ten t of hvdroxyprolxse (up t o 114-125^) 

and s u c o p o l / s a c c h a n d e s (up t o 13^-140%), 
which was a l ready noted two week^ t o one 
mcrth a f t e r i n h a l a t i o n . Froi thre*^ months 
on, a more i n t e n s i v e xncorporatxco cf su l fu r 
3^ ^nto the s u l f a t e d mucopolysaccharides was 
obse rved . The l o s t s u b s t a n t i a l changes dar ing 
tise f i r s t p e r i o d s of m v e s t i g a t i c n were noted 
xr *he l i p x a s ^ phospho l ip id s , and s i a l i c 
a c i d s . The con ten t of these s u b s t a n c e s tMc 
t^eeks a f t e r xnnalatxon was 185^ 240^ and 16^^ 
of the c o n t r o l , resDectxve ly , (Suth) 

<261> 
Twente, J . a . , and M.S.S. J e e , U n i v e r s i t y of 
Utah, Col lege of Hedicxne, Fadxobxology 
D i v i s i o n , Department of anatomy. S a l t Lake C i t y , 
OT. 1961 

The Determinat ion of Loca l i s ed Concen t r a t i on cf 
^lutcnxuns 239 m Bone. Health P h v s i c s , 5, 
142-148. 

a laxcrodens i tometr ic technique of Measuring 
l o c a l i s e d c o n c e n t r a t i o n s of a lpha-eiaxt txng 
r a d i o n u c l i d e s was used t o d e t e r s i n e the ^u 
239 xn b o n e . The d a t a obta ined by 
E ic rodensx tomet r i c scanning of q u a n t i t a t i v e 
au to radxogra s s show c l o s e agreement with d a t a 
obta ined by t he p r e v i o u s l y used t echn igae cf 
t h e v i s u a l count ing of a l p h a - t r a c k s . The 
accuracy of t h e mxcrodeasitOEaetric t echn ique 
was v e r i f i e d by a ccmparxscn or th® Pu 239 
c o n t e n t of a thori^cxc v e r t e b r a l c e n t r u i 
determined niGrodensxtometrxGally wxta t h e Pu 
239 c o n t e n t of an ad jacen t c e n t r a l measured 
r a d i o c h e m i c a l l y . The aoiQunt of Pu 239 found 
a i c r o d e n s x t c E e t r i c a l l y was 7b per cea t cf 
t h a t de te raxned r a d x o c h e g i c a l l y . Tae average 
Pu 239 concentra txoR a s s o c i a t e d wxth 
have r s i an s y s t e i s , p e r x o s t a a l s u r f a c e s , and 
e n d o s t e a l s u r f a c e s of t r a b e c u l a r bone xn a 
lumbar v e r t e b r a (from a beagle hound i n j e c t e d 
with 2 ,85 uCx of Pu 239/kg 92 days prxcr t c 
s a c r i f i c e ) was, r e s p e c t x v e l y , 0 .30 x 10CE-^), 
0.54 K 10 (-5) and 1.6 K 10 ( E - S ) IIUCX per u2 
of s u r f a c e . The c a l c u l a t e d average loca lxsed 
dcse r a t e de lxvered t o bone t i s s u e and oiarrow 
c e l l s on t h e e n d o s t e a l surface d e p o s i t i s 40 
and 60 r ads per day . These r a t e s a r e t en 
t x i e s t h e p r ev ious ly c a l c u l a t e d average 
s k e l e t a l dcse r a t e . C^uth) 

<262> 
faughan^ J « , C h u r c h i l l Hospxtalj. Bone Research 
Labora to ry , Oxford, England. 1972 

Eone Surfacess What a r e They''', P a r t cf S t o v e r , 
B , J , and J e e , M,S.S. (Eds . )^ Eadxobiology of 
Plutonxum. J.M. P r e s s , S a l t Lake Gityp Utah^ 
Cp. 323-332), S52 p . 

"gone s u r f a c e s " have a cosplen c h a r a c t e r . 
They c o n s i s t of o s t eogen ic c e i l s l y i n g OB a 
i i n e r a l / m a t r i x compoEent ®hxch i s aade up cf 
ca lc iu® a p a t i t e xmpregnatxng c o l l a g e s fxbers^ 
and Aground substance^ coiposed of 
ca rbohydra t e p r o t e i r c o i p l e i e s ^ Xxpxds asd 
p e p t i d e s . Plutoffiiua depos i t ed OB "bone 
s u r f a c e s " xs bound by os t eogen ic c s l l s and 
thex r o r g a n e l l e s , by specxfxc bone 
g lycop r o t exas amd p o s s i b l y by c o l l a g e n . Ibe 
presence ©f plutonxu® withxn or on the 
s e n s i t i v e os teogenxc c e l l s accoun ts fo r t h e 
g rea t carexBogenicxty of t h i s r a d i o n u c l i d e . 
In d i s c u s s i o n of metal bxisdiag by boae xn the 
fy tu re i t xs not suf fxcxea t t o t a l k of "booe 
ssjrfaces*'. The c o n s t i t u e n t of t h e "bone 
s u r f a c e " involved should fee def ined hf 
experiment 8 C^^sth) 

<263> 
faisghaHg 3»e B, Bleaaey^ and K. Wxlliamsoiiff 



BIOLOGICAL kSV^CIS 
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<26 3> CO NT. 
C h u r c h i l l H o s p i t a l , K e d i c a l R e s e a r c h C o u n c i l , 
K * n e - S e e k i n g I s o t o p e s P e s e a r c h W n i t , O K f o r d , 
E n g l a n d . 1967 

The U p t a k e o f P l u t o n i u m i n Bone Ha r rows a 
P o s s i b l e L e u K e m i c B i s k , B r i t i s h J c u r n a l o f 
H a e m a t o l o g y , 1 3 , 492 -^^02 . 

O b s e r v a t i o n s a r e r e p o r t e d on t h e p a t t e r n of 
d i s t r i b u t i o n of Pu 239 and o f t h e r a d i a t i o n 
d o s e r e c e i v e d i n t h e bone marrow of t h e f emur 
c f y c u n g r a b b i t s g i v e n a s i n g l e i n t r a v e n o u s 
i n j e c t i o n o f 1 ,25 u C i / k g of p l u t o n i u a 
n i t r a t e , and k i l l e d a t s u b s e q u e n t t i a e 
i n t e r v a l s . The t c t a l a m o u n t of Pu i n t h e 
mar row f e l l by a f a c t o r o f a b o u t 30 b e t w e e n 1 
d a y and 7 m o n t h s a f t e r i n j e c t i o n . I n i t i a l l y , 
t h e r e w e r e l o c a l i z e d d e p o s i t s o f P u , l a r g e l y 
i n ."macrophages c o n t a i n i n g an i r o n - c o n t a i n i n g 
p i g m e n t . T h e r e was a l s o a d i f f u s e 
d i s t r i b u t i o n . T h e d i f f u s e d i s t r i b u t i o n f ^ l l 
o f f ¥ i t h tlHie a f t e r i n j e c t i o n , a n d a t 7 
m o n t h s t h e r e w e r e p r e d o m i n a n t l y l o c a l i s e d 
d e p o s i t s c f Pu . T h e s e c c n t a i p . e d a o b u t 
o n e - f i f t h o f t h e a m c u n t of Pu s e e n i n 
d e p o s i t s 24 h r s a f t e r i n j e c t i o n . T h e 
p o s s i b l e p h y s i o l o g i c a l a s d d o s i m e t r i c 
i n t e r p r e t a t i o n s o f t h e p a t t e r n of 
d i s t r i b u t i o n a n d t h e r a d i a t i o n h a z a r d 
i n v o l v e d i s d i s c u s s e d . I t i s s u g g e s t e d t h a t 
m a r r o w r e t e n t i o n s h o u l d be c o n s i d e r e d i n 
d e t e r m i n i n g maxisnum p e r m i s s i b l e l e v e l s o f 
t h i s r a d i o n u c l i d e , ( s a F ) 

<2e4> 
H a g e r , l ? . ^ . , N . l , Dockum^ L . a . T e m p l e , a n d D.H. 
M i l l a r d ^ H a n f o r d a tOKiic P r o d u c t s O p e r a t i o n , 
P i c h l a n d , WA, 1956^ F e b r u a r y 1^ 

T o s i c i t f o f B a d i o a c t i v e P a r t i c l e s , l a . 
I n t r a t r a c h e a l T n i e c t i o n o f R a d i o a c t i v e 
S o s p e n s i c n s , HW-41^00; P a r t o f K o r n b e r g ^ H,a-ff 
e t a i . B i o l o g y P e s e a r c h ^ .nnual P e p o r t , 1 9 5 5 , (p» 
6 1 - 7 2 ) ^ 188 p . 

A s u s p e n s i o n o f p l u t o n i u a o r r u t h e n x a m 
p a r t i c l e s w a s i n l e c t e d i n t r a t r a c h e a l l y i n t o 
1 2 - w e e k - o l d BaF s u b 1 f e m a l e l i c e . The l e a n 
d i a m e t e r o f t h e Fu 10602 and PuOH4 p a r t i c l e s 
was 0 . 8 a n d 0 . ^ u , a n d t h e d i a m e t e r o f t h e 
Pu02 p a r t i c l e s r a n g e d f r c i 0 , 0 5 t o 0 , 6 u . , 
T w e e n - 8 0 was e m p l o y e d a s a p r o t e c t i v e 
c o l l o i d . F i b r o s i s , e p i t h e l i a l h y p e r p l a s i a , 
s g n a i i o u s i B P t a p l a s i a , a n d s g u a i o i i s c e l l 
c a r c i n o m a s w e r e o b s e r v e d 11 t o 17 s o a t h s i n 
m i c e t h a t w e r e i n j e c t e d w i t h p l u t o n x u m o x i d e . 
T r e a t m e n t w i t h Hu 106 c a u s e d o n l y n e c r o s i s 
and f i b r o s i s , ( a u t h ) (F^^ ) 

m a r k e d l y a c c e l e r a t e d by t h e d e c o n t a ^ i n a t i c i ] 
p r o c e d u r e . T h i s h a s l o n g been r e c o g n i s e d a s 
a p o t e n t i a l r i s k of any d - ^ c o n t a s i n a t i o i i 
p r o c e d u r e . Much more d a t a a r e n e e d e d i n t h i s 
f i e l d , e < 5 p e c i a l l y w i t h 3 k i n more c l o s e l y 
s i m u l a t i n g t h e husa r - c a s e . (Au th ) ^ C o m p l e t e 
T e x t ) 

<2fe6> 
i J h i t e , H . P , ^ and J . S c h u b e r t ^ A r g c n n e N a t i o n a l 
L a b o r a t o r y , D i v i s i o n o f B i o l o g i c a l and M e d i c a l 
P e s e a r c h ^ C h i c a g o , I I . 1 9 5 2 , J a n u a r y - a p r i i 

The A c t i o n of S a l t s of S i r c o n l u m and O t h e r 
M e t a l s on P l u t o n i u a and Y t t r i u m D i s t r i a u t i o n and 
• E x c r e t i o n . J o u r n a l of P h a r m a c o l o g y and 
E x p e r i a e n t a l T h e r a p e u t i c s , 10^^, 3 1 7 - 3 2 ^ = 

A d u l t f e m a l e r a t s w e r e i n j e c t e d e i t h e r 
i n t r a p e r i t o n e a l l y o r i n t r a v e n o u s l y w i t h 
t e t r a v a i e n t Pu 2 3 9 i n a 11 s o d i a s i c i t r a t e 
s o l u t i o n , pH 4 - 7 . Each r a t r ' lSce ived b e t w e e n 
10 and 20 ug i n d i f f e r e n t e x p e r i m e n t s , 
a p p r o x i m a t e l y 1 uCi o f y 91 was a d d e d t o t h e 
Pa s o l u t i o n i n s c a e e x p s r i a e n t s . T r e a t i e n t 
g e l a t i o n s were i n j e c t e d i n t r a p e r i t o u e a l l y c r 
i n t r a v e n o u s l y a t d i f f e r e n t t i s s a e s f rom 8 
d a y s b e f o r e t o 24 h o u r s a f t e r t h e 
r a d l o e l e m e a t s . T r e a t m e n t o f r a t s w i t h 
z i r c o i i i u E i p r i o r t o i n j e c t i o n o t p l u t o a i u a and 
y t t r i u r l o w e r e d t h e amoun t o f Pu a n d I 
s u b s e q u e n t l y d e p o s i t e d i n t h e s k e l e t o n and 
i n c r e a s e d t h e a i aoua t o i Pu i n t h e S i d n e y s . 
The d e p o s i t i o n of b o t h Pu and Y i n t h e b o s e 
was c o r r e l a t e d w i t h the l e n g t h o f t i a e 
b e t w e e n p r e t r e a t m e n t a n d t h e i r i n j e c t i o n . S r 
i n j e c t e d 24 h o u r s a f t e r Po and Y p r e v e n t e d 
f u r t h e r d e p o s i t i o n o f t h e r a d i o e l e a e n t s i n 
b o n e , bu t had no o t h e r o b s e r v a b l e e f f e c t cr. 
t h e i r o r g a n d i s t r i b u t i o n . In a d d i t i o n t o 2 r 
o t h e r h y d r o l y z a f c l e ^lements'-wa.nqaneseg i r o n , 
t i t a n i u m , a l u m i n u m , and t h c r i u s - r e d u c e d b e n e 
d e p o s i t i o n of P u , b u t h a d v a r i o u s e f f e c t s en 
t h e a i c u n t s d e p o s i t e d i n e t h e r o r g a n s , a i 
a^d Th i n c r e a s e d the Pu c o n t e n t o f zhe l i v e r 
and o t h e r s c f t t i s s u e s . H o n - h Y d r o i y z a b l e 
magnes ium had no s i g n i f i c a n t e f f e c t on t h e 
d i s t r i b u t i o n o f e i t h e r Eu o r Y. Tise 
m e c h a n i s m s by w h i c h s a l t s cf Z r and o t h e r 
h | d r o l y s a b l e e l e m e n t s may a f f e c t Pu a n d X 
l a e t a b o i i s m i s d i s c u s s e d . T h i s i n c l u d e s 
a d s o r p t i o n of t h e r a d i c e l e m e n t on c o l l c i d a l 
a g g r e g a t e s i n t h e c i r c u l a t i o n a n d t h e 
r e l a t i o n b e t w e e n p a r t i c l e s i a e a n d t h e 
r e s u l t i n g d i s t r i b u t i o n o f t h e a g g r e g a t e p l u s 
a d s o r b e d r a d i o e l e s e n t . (RaF) 

The e f f e c t s of p r e t r e a t m e n t w i t h Zr on t h e 
d i s t r i b u t i o f f i o f Pu 239 and ¥ 91 a r e g i v e n i n 
t a b u l a r f o r m . 

<26 5> 
teeks, H . H . , and W.D. O a k l e y ^ G e n e r a l E l e c t r i c 
Company6. H a n f o r d a t o m i c P r o d u c t s O p e r a t i o n , 
E i c h l a n d , HS , IQ'^s , a p r i l 9 

p e r c u t a n e o u s a b s o r p t i o n o f H a d i o e l e m e B t s . 
HH-27688J P a r t o f R e s e a r c h and D e v e l o p m e n t 
a c t i v i t i e s Q u a r t e r l y P r o g r e s s R e p o r t f o r 
J a n u a r y - M a r c h , 1 9 5 3 , f p . 1 6 ) , 

The a b s o r p t i o n o f p l ^ i t o n i u s i t h r o u g h t h e s k i n 
o f r a t s was s t u d i e d o v e r t i f f l e - p e r i o d s 
e x t e n d i n g t o o n e w e e k , nen a D p l i e d a s a 10 
^HMO 3 s o l u t i o n o f PuCM0 3 ) 4 , a p p r o x i m a t e l y 
10^ of t h e p l u t o n i u i was a b s o r b e d by t h e 

a n i m a l s a t t h e e n d o f O H S w e e k , a b o u t 4 ^ o f 
t h e plutojsi iaiB was a b s o r b e d d u r i n g the f i r s t 
t w e n t y - f o u r h o u r s . P a t s s i m i l a r l y 
c o n t a m i n a t e d w e r e s u b j e c t e d t o 
p e r m a n g a n a t e - s u l f a r l c a c i d d e c o n t a m i n a t i o B 
p r o c e d u r e , w h i c h r e s o v e d a p p r o x i m a t e l y 90% o f 
t h e P l u t o n i u m f rom t h e s k i n . ' T h e i n i t i a l 
r a t e o f a b s o r p t i o n o f t h e r e m a i n i n g 10% w a s 

<267> 
H l l l a r d , D . K , , H a n f o r d a t o m i c P r o d u c t s 
O p e r a t i o n ^ E i c b l a n d , w a , 1960^ J a n u a r y 15 

D i s t r i b u t i o n and T o x i c i t y c f I n h a l e d P l u t o n i a n 
239 E i o x i d e , H ^ - 6 5 5 0 0 | P a r t o f R o m b e r g , e . a , , 
Has i fo rd B i o l o g y E e s e a r c h a n n u a l R e p o r t f o r 19S9 , 
{ p . 1 2 2 - 1 2 8 ) , 208 p . 

a d u l t b e a g l e d o g s w 
a e r o s o l s o f v a r y i n g 
p a r t i c l e s i z e . B e t 
t c t a l Pu 2 3 9 Pu02 d 
t h e l u n g f o r two s e 
e x t r e m e l y s s s a l l gua ' 
o t h e r o r g a n s demons ' 
Pu 239 PU02 , O t h e r 
UCi PU 239 Pu02 d i e 
D e a t h was p r e c e d e d 
l y m p h o c y t e c o u n t s a 
r a t e . C^uth) 

e r e e x p o s e d t o Pu 2 3 9 Pu02 
c o n c e n t r a t i o n s and 

ween 53 and 63% o f t h e 
e p o s x t e d was p r e s e n t i n 
e k s a f t e r e x p o s u r e . The 
n t i t i e s f o u n d i n b o s e and 
t r a t e d t h e i n s o l u b i l i t y o f 

d o g s d e p o s i t i n g 25 t o 150 
d w i t h i n 50 t o 75 d a y s . 
hj d e c r e a s i n g t o t a l 
nd i n c r e a s i n g r e s p i r a t o r y 



<268> 

BIOLOGICAL aSPECTS 
aMiMais 

Al i son , E . H . , and J . L . T e r r y , On ive r s i ty of 
Rocnes te r , Kcchest®r, ^Y. 1968 

B i o l o g i c a l S t u d i e s a s s o c i a t e d with a F i e l d 
Belease of Plutonxun' . CONP-670521; Bonographs 
on nuc lear Medicine and Biology, Ho. 2^ P a r t of 
Kornberg, H.^ . and Norwood, W.D, (Eds«) , 
P roceed ings of a Syraposias on t h e Diagnos is and 
Treatment of Deposited i?adxonuclides he ld m 
Richland , Hashington? n&Y 15-17, 1967, (o . 
273-290) , 680 p . 

'''hrs'e hundred dogs , sheep and bur ros were 
exposed *o platcn-'uia a e r o s o l gene ra t ed by a 
h i q h - e x p l c s i v e d e t o n a t i o n . I n i t i a l lung 
burden fo r the t n r e e s p e c i e s were 2 2 , 6 , 10,6 
and 17.7« of the r e s p i r a b l e ( l e s s than 10 u) 
p a r t i c l e s , r e s p e c t i v e l y , and of these burdens 
67, 5,1 and 22*̂  was c l e a r e d s lowly . Ear ly 
c l e a r a n c e showed ha l^ - txmes of 4 .5 and 10 
d a y s , but t h e da ta were inadequate t o 
e s t a b l i s h a slow c l e a r a n c e h a l f - t i a e 
d i f f e r e n t from the u s u a l l y accepted 365 d a y s . 
Ten doas and t e n sheep were exposed t o 
•^lEilar a e r o s o l m coBcert with a l a r g ^ 
amount of xnei-t d u s t , and t he se anxsaals 
showed 4-*^ t imes g r e a t e r c l e a r a n c e xn the 
f x r ^ t 7 days , ^o da ta a r e a v a i l a b l e fo r 
e x t r a p o l a t i o n beyond 7 d a y s . (auth) 

<26 9> 
Yerokkin^ R . a , , H,a, Koshuro kova, ¥.K. Lenberg^ 
a . P . ^Iifatovp and a . a . Pusyrev , l o t g iven, 1971 

Some Pemote a f t e r e f f e c t s of I r t r a t r a c h e a 1 
a d m i n i s t r a t i o n o^ Che^-'callv Soluble P lu ton ius ' 
239 Compounds ^ '^C-t r -7387, P a r t of Reisote 
a^'teref f e c t s of âd̂ f at on Damage, (p . 344-363) ^ 
57a p . 

^ i s t a r r a t s weighxna i n i t i a l l y 140-160 g were 
^n^ected i n t r a t ' ^ a c h e a l l v s o l u t i o n s o-̂  
plu*-cn-«um r t r a t e (PH 2 ) , sodium 
plu-«-onyl t r iaceta te (pH 6 . 5 ) , and n i t r i c ac id 
ipH 2) . The Pu coat>ounds were given i n 7 
s e r i e s tn doses o* n.00042, 0.0042^ 0 . 0 1 , 
0 .031 , 0.C4R, 0 . 1 , 0.42 and 1 uCx. Hats 
adm-" m e t e r e d plutontum n i t r a t e m doses 
0.42-1 uCi and sod-" urn o l u t o n - ^ l t r i a c e t a t e xn a 
dos'^ of 1 uC„/ ra t -showed a c o n s i d e r a b l y 
"-educed mean Ix-^^et^^e m comparison wi th the 
c o n t r o l an imals and wxth rat=! admxni'^tered 
n x t r i c acxd. T'he m- ' c rod i s t r i bu t i on of Pa xn 
the lungs and r e g i o n a l lymph nodes a t remote 
t imes a f t e r a d m i n i s t r a t i o n was c h a r a c t e r i s e d 
by a well-expres=^ed nonUEXfomsity, \ 
r e l i a b l e i n c r e a s e ^n t h e fregiiency of 
pneumoscleros is was observed in r a t s 
admin i s te red Pu i n doses of 0.048-1 aCi xn 
c o m p a n i o n with a r x a a l s given n i t r i c a c i d , 
the optimum blas*-offiGgenxc dose fo r plutORium 
nxtratt:- ra=! 0,42 uCx. an i n c r e a s e xn the 
rrequency of occur rence of palmonary cancer 
was seen m animals g iven ^u m doses 0 .42 -1 
UCI when compared t o animals g„ven n i t r i c 
a c i d . So ^lui? Dlu^on-f l t rxace ta te lead t o a 
more f r e q u e r t occur rence of pu l ionary cancer 
xn ccraparisoK with clatonxum n i t r a t e a t same 
dose l e v e l s . An i n c r e a s e m extrapulmonary 
t a n o r s , f o r the '^ost p a r t due t o 
osteosarcctTias, malignant •'•umors xn the 
ga '^ tEoin-^estmal t r a c t , and tumors of t h e 
e n d o c n n a l gland*^ wa^ seen m r a t s given 
r ad iopdc l ide-^, ? f t ^ r ad mini s t o r i n g plutonxu® 
n i t r a t e m doses of 0.048-1 uCi the f r eque rcy 
of occuE'^ence of c ^ t e o s a r c o i a s was aependent 
on t h e ^u do=;e and t h e t o t a l lOBizat ion dose 
in t h e ske '^^ton. "^n ccmpari^on wxth 
p l u t o r i u s t i t r a t e ( i r e aua l q u a n t i t i e s ) 
sodxuEP pT u t o n y l t r i a c e t a t e had a mere c l e a r l y 
expressed •-steosarccmogenic ef-*^ect. (Ha?) 

rxten'5xve t a b u l a r data a r e given of a l l 

exper imen ta l r e s u l t s . 

<270> 
Yukhlov, a .K . , and g , a , Knyaseva, ^o t g iven , 
1964 

Changes xn the a b s o r p t i o n C h a r a c t e r i s t i c s of 
c-^rebral and Renal f i s s u e a f te i : t h e 
^nccrpoEat ion of Badioactxve Mission Produc t s of 
Uraniu i 235 m Low Doses . aEC-tr-64069 P a r t of 
Radxcbiology^ CP- 5 0 - 5 7 ) , 211 p .^ 
?^adxobxologiya, 4 ( 3 ) , 370-374. 

5lhen mice a re given r a d i o a c t i v e fxssxon 
products of uranium 235 by gavage xn d c s e s of 
0.01 and 1 mCx per k i l o g r a i an i n c r e a s e i s 
noted in t h e adsorp txve a c t i v i t y of t h e 
c e r e b r a l {25 percent) and r e n a l (72 percen t ) 
tissueSff wnich r e a c h e s a maKxmum on t h e 
f x r s t - t h x r d day a f t e r t h e adi i inx<?trat ioa. 
"'he dyna ixcs of changes xn t h e adsorp txve 
c h a r a c t e r i s t i c s of the r e n a l and c e r e b r a l 
t x s s u e s a t t e s t t o p o s s i b i l i t i e s cf 
ccmpensatory recovery of t n e p r o t e i n 
s u b s t r a t e of the r e n a l and c e r e o r a l t i s s u e s 
tcward the end of t h e f i r s t week a f t e r t h e 
a n i s a l s are given a mixture cf uranium 235 
f i s s i o n p roduc t s , (^'it^l 

<271> 
Zalxkxn, G,a . , Y u . I , ^oskalev^ a , I . Seienov, 
Ye ,S . Zhorova, V,N, S t r e l ' t s c v a ^ I , K , Pe t rovxch , 
and ¥ . 1 . Tr i fonov, '^ot g i v e n . 1^74, Febr^jary 

Ma te r i a l s on t h e To i ico legy of Californxu® 252, 
COMF-730907 {Part 1 ) , P a r t of Snyder^ W,S. 
(Bd , ) , Proceedings of t h e 3rd I n t e r n a t i o n a l 

Congress of the lEPa he ld i n S^^shington, D,C. , 
September 9 - l 4 , 1973, (p . 117-128), 1475 
p . CHussxan, Englxsh Smmiaary) 

The r e p o r t contaxns da t a on accumulatxcn, 
d i s t r i b u t i o n ana el imxnatxon of v a r i o u s 
ccmpoundg of Cf 25^ f r o i t h e body of a r i m a l s 
and c h a r a c t e r i s e s i t ^ b i c l c g i c a l a c t i o n a f t e i 
a s i n g l e i n t r avenous i n f e c t i o n of a c u t e l y , 
qubacute ly ard c h r o n i c a l l y e f f e c t i v e d o s e s . 
Symptoms of a c u t e , subacu te and cnronxc 
«niury by Cf 252 a r e desc r ibed and 
c h a r a c t e r x s t x c s cf i t s blastomogenic 
e f f i c i e n c y as a f unc t i on of dose i s g i v e n . 
(Suth) 

<272> 
za lxkxn, C.a, 
1972 

and f . I , Tr i fonov, Not g iven . 

Dxs t r ibutxon of amerxcium 24 1 in t h e Rat 
Organism, as 'Related t c t n e P r o p e r t i e s of the 
adiinx-^tered S a l t , a"'C-tE-7457, Pa r t of 
floskalev, Y u . I . and K a l x s t r a t c v a , ? . S , ( E d s . ) , 
B i o l o g i c a l Ef fec t s of Radia t ion from Ex te rna l 
and I n t e r n a l Sources , CP- 427-434) , 515 p . 

I n v e s t i g a t i o n s were conducted on female 
a l b i n o r a t s weighing 200 p ius or minus 10 
g r a ^ s . a t r a c e p repa ra txon of am 241 was 
d i s so lved xn r t i r a t e , chlcrxdw and c i t r a t e 
s o l u t i o n s , pH 3 . 0 . The c o n c e n t r a t i o n of t h e 
c i t r a t e s c lu txcn of xso tcpe c o n s t i t u t e d 0 , ^ ^ , 
The specxf ic a c t i v i t y of t a e s o l u t i o n s was 
in t h e range of 0 .9-1 uCi/ffll The s o i u t i o r 
of polymeric form of americiam nad a s p e c i f i c 
a c t i v i t y of 0.49 aCi /ml , pd 10,0 , a l l four 
p r e p a r a t i o r s were admin i s t e red in the cauda l 
vein of the r a t s . a t s p e c i f i c i n t e r v a l s 
fo l lowing adaxRxstratxon of the „ s c t o p e , the 
r a t s were s a c r i f i c e d and de te rmina t ion was 
made of a c t i v i t y l e v e l according to 
gatoma-emissxon m "Samples cf d i f f e r e n t organs 
ard t i s s u e s , Ihe Am 241 conten t xn organs 
wa^ excr*^ssed as pe rcen tage of xn iec t ed 
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<272> 

<272> CONT. case of iRt raFesous i n j e c t i o n of the 
d o s e s . The r e s u l t s show t h a t t h e p o l y s e r i c foru of S i 211 (hydronifle), an 
d i s t r i b u t i o n of am 2« 1 in t h e r a t o r g a a i s o i s a d d i t i o n a l " r e s e r T o i r " of the i s o t o p e i s 
of t h e h e p a t i c type s i n c e c o n s i d e r a b l y fcraed in t h e lungs Hhers up t o »«S of the 
gr^-ater Cfcy 2-3 t l i ses ) a c c a i u l a t i o n of t h e I r j e c t e d dose i s r e t a i a e d . (Mtb) JPHH) 
i s o t c p e i s observes in t h e l i v e r a s coaparefl 
to t h e s i ce l e t a l system and I t i s l i t t l e Table 90 shO¥S »a 2H1 con ten t in l o s e r s k e l e t a l 
r e l a t e d t o the p r o p e r t i e s of the adii inister€;d s y s t e i ^ iianqs^ spleen and kidneys of r a t s a f t e r 
s a l t . The americiuB con ten t of the s k e l e t a l I¥ a d m i n i s t r a t i o n of d i f f e r e n t s a l t s o l u t i c n s of 
system fol lowing i n t r avenous a d i i n i s t r a t i o R the i so tope {% of i n j e c t e d doae.) 
cf s c l u b l e s a l t s cf t h i s i s o t o p e does not 
exceed 21^ of t h e admin i s t e r ed dose . In t h e 



<27 1> 

BIOICGICJI aSFECTS 
PLiNtS 

<27 3> 
^da i s j W.H., J . P . BochholZp c . l l . Chr i s t ea son f 
G.L. Johnson , and " . P . Fowler , l o s Maaos 
S c i e n t i f i c l a b o r a t o r y , Los Slamos, >m. %915, 
January 

Stadi--'S of ' ^ lu ton iua , ^m^riciti®, and uranium l a 
SrnflEonsental Hatricp"?. M-5fS1 j 2H p. 

4 n i t r i c a o i d - h y d r o ^ l u o r i c ac id t r e a t a e n t for 
d i s s c l o t i o n of p l u t o n i o i oxides in s o i l s has 
beon developiad; i t s adap t ion t o o the r 
b i o l o g i c a l m a t r i c e s i s d i sc t i s sed . P lu ton i i i i 
r e c o v e r i e s of ^U t o ^9% fro® 1-g samples of 
sp iked and heated s o i l s a re repor ted* 
Adapta t ion of t h e ac id s o l u t i o n to subsequent 
anion exchang*^ s e p a r a t i o n of plutonium, 
fol lc i jed by coup l ina t c known e l e c t r o p l a t i n g 
techniqa<»s, i s d e s c r i b e a . The aptaice of 
p l u t c n i u B , aner ic iaM, and a r a n i m from sp iked 
s o i l s by a l f a l f a , beans , r a d i s h e s , l e t t u c e , 
t o i a t o e s , and b a r l e y i s r e p o r t e d . The 
" a p p a r e n t " s o l u b i l i t y of Pu 238 Pu02 in t a p 
water wa-̂  aeasured , and t h e d e p o s i t i o n cf 
pltitcniiim in ^ I s h , a l g a e , and s n a i l s i n 
aaua r i a c o n t a i n i n g Pu 23B Pu02 microspheres 
i s r e p o r t e d . c&ath) 

<27i|> 
Gar land , T .R . , P.E. Ki ldang , J .w . S e e l , and D.». 
C a t a l d o , Bat t e l l e flenorial I n s t i t u t e , P a c i f i c 
nor thwest l a b o r a t o r i e s , P i ch l and , »» . 197it, 
December 

F a c t o r s a f f e c t i n g Uptake and D i s t r i b u t i o n of 
P l o t o n i u n in Barley and Soybean P l a n t s . 
B!iw,-1950 (Part 2 ) ; Part of ?aaghaa, B . E . , e t 
a l , lEnna l Pepor t fo r 197«, {p. 30 -36) , 238 p . 

Barley and soybean p l a n t s ¥ere grown on s o i l s 
a iended wi th Ptt(lJ03)« us ing t h e s p l i t - r o o t 
t e c h n i q u e . Parameters i n ¥ e s t i g a t e a i n c l u d e a 
t h e e f f e c t s of 1) s o i l yolume and s o i l cols im 
h e i g h t , 2) s t a r c h and » a iendBea ts t o 
o p t i i i z e l i c r o h i a l a c t i v i t y , 3) s o i l t y p e , 
and a) i n c r e a s e d l e v e l s of Pu a d d i t i o n (100 
Mu C i / g ) , OB the uptake and d i s t r i b u t i o n in 
b a r l e y . The d i s t r i b u t i o n of Pa was 
de te rs i iaed in t ops and r o o t s of soybeans 
a f t e r ^0 days of qrewth and b a r l e y a f t e r 27 
days of growth. I n c r e a s e s in t h e t o t a l 
volUBS of s o i l r e s u l t e d in only s l i g h t 
i n c r e a s e s of t o t a l p lant up t ake . The he igh t 
of t h e s o i l column appeared t o be t h e most 
i a p o r t a n t v a r i a b l e . Inc reased uptake i n the 
t a l l e r s o i l column ^as l i k e l y due t o t h e 
i n c r e a s e d c o n t a c t of I n d i v i d u a l r o o t s s i t h 
PB-oonta in iag s o i l . Incnba t loa of E i t z v i l l e 
s o i l « i t h 1 and r markedly inc reased Pu 
j p t a k e by t h e r o o t s . Elevat ion of t h e s o i l 
Pu l e v e l s t o 100 »u only s l i g h t l y i n c r e a s e d 
Pu uptake compared t o t h e 10 uc i^g l e v e l , 
Measeregents of d i s t r i b u t i o n of Pu i n t h e 
shoo t s and r o o t s of b a r l e y i n d i c a t e d t h a t Pu, 
once in t h e p l a n t , ¥as r a t h e r l o b i l e . Cider 
l e a v e s showed a c c a a u l a t i o n near the base of 
the b l a d e , ¥ i t h the l i d d l e of t h e p l a n t 
d e f i c i e n t and inc reased l e v e l s near the t i p . 
In younger b l a d e s , t h e g r a d i e n t was 
c o n t i a u o a s with the base of the blafle 
e x h i b i t i n g t h e lowest c o n c e n t r a t i o n of Pa and 
the t i p t h e h i g h e s t l e v e l s . In the r o o t s the 
g r a d i e n t ^as r e v e r s e d . The d i s t r i b u t i o n of 
Pu i n soybean t i s s u e s « a s , in g e n e r a l , 
s i a i l a r t o t h a t found i n b a r l e y , w about 7 
days of growth t h e soybean p l a n t s developed a 
d i s o r d e r t h a t l i m i t e d t h e produc t ion of 
s e e d s . Bar ley s e e d s , harves ted a f t e r 100 
days of growth, did not con ta in Pu l a 
d e t e c t a b l e q u a n t i t i e s . (B4?} 

I l l t h e i n v e s t i g a t e d p a r a a e t e r s a r e given i n 
t a b n l a r f o t s . 

<275> 
Hsieh , J . J . C . , P .P . Httngate, and B.C. Soesoh, 
B a t t e l l e H e i o r i a l I n s t i t u t e , P a c i f i c KorthHest 
L a b o r a t o r i e s , Biology Department, B ich land , ^ I ; 
p a t t e l l e B e i o r i a l I n s t i t u t e , P a c i f i c Hor thses t 
l a b o r a t o r i e s , EEVironaental and R a d i c l o g i c a l 
Sc iences Depar taen t , P i c h l a n d , (f&. 1968, Bay 

Teape ra tu re of Surfaces i n Contact « i t h 
PlatoEiuffl 238 P«02 Microspheres 

In the course of observ ing e f f e c t s of Eu 238 
Pa02 a i c r o s p h e r e s on l e a f s u r f a c e s , t h e 
g a e s t i c n a rose as t o t h e r e l a t i v e l a p o r t a n c e 
of i o n i z a t i o n ve r sus s imple hea t e f f e c t s . 
Resu l t s of e n p e r i i e n t s shcyed t h a t the 
t e i o e r a t u r e of a n e l l - v e n t i l a t e d s u r f a c e in 
con tac t with a 200 u d i a a e t e r Pu 238 Poo2 
p a r t i c l e Bay r i s e t o 350-1100 F a s aeasa red by 
h e a t - s e n s i n g "TheraaTab" s t r i p s . The 
p o s s i b i l i t y t h a t l e a f damage froa Pu 238 
a i c r o s p h e r e s could be due to t h e r a a l e f f e c t s 
¥as heightened by obse rv ing t h a t t each ing the 
t i p of a ho t g l a s s rod t o l ea f s u r f a c e s 
produced daiage v i s i b l y c c i p a r a u l e t o t h a t 
froa t h e Pu 238. on t h e o the r hand, i t i s 
ne t c e r t a i n t h a t t h e mel t ing and blackening 
of IheraaTab aay not be a oonsegaenoe of 
i c n i s a t i o n - i n d u c e d breakdown of l a t t i c e 
s t r u c t u r e r a t h e r than due t o pure ly t h e r i a l 
e f f e c t s . C&ath) CPHB) 

<276> 
Kornberg, H.&. ( E d . ) , and E . s . Suezea ( E d . ) , 
Hanford atomic Products Opera t ion , Biology 
l a b o r a t o r y , R ich land , H i . 1962, January "15 

Haaford Biology Besearch Annual Report f o r 1961. 
Hif-72500; 180 p . 

The t r a d i t i o n a l e a p h a s i s in t h e s c i e n t i f i c 
p r o g r a i of the b i o l c g y s e c t i o n has been on 
i n t e r n a l e a i t t e r s . The t o x i c i t y in s a i n e of 
i n t r a v e n o u s l y a d n i E i s t e r a d Sr 90 , Ha 226, and 
Pu 239 s e r e compared. In a broad i n h a l a t i o n 
s t u d i e s program, t o n i c i t y and r e l a t e d 
p r o p e r t i e s of s e v e r a l r a d i o n u c l i d e s were 
s t u d i e d . The r e s u l t s of s e v e r a l d i v e r s i f i e d 
s t u d i e s in a a i i a l and c e l l u l a r phys io logy are 
i n c l u d e d . She uptake of a r s e n i c fro« 
d i f f e r e n t s o i l s a s a f f e c t e d by phosphate yas 
measured. The uptake of c a l c l u a and rubidiu® 
by young p l a n t s seeded to occur v ia an a c t i v e 
c a r r i e r system, s ince an i n h i b i t i o n of 
p r o t e i n s y n t h e s i s decreased uptake . F i e l d 
and l a b o r a t o r y s t u d i e s i n d i c a t e t h a t 
co lumnar ls d i s e a s e i n c r e a s e s with c r o s d i a g 
along f i sh and t h a t x - i r r a d i a t i n g t h e 
organism does not produce a more v i r a l e n t 
s t r a i n than t h e pa ren t s t o c k . Six pape r s 
fro® t h e annual r e p o r t i?ere a b s t r a c t e d 
s e p a r a t e l y fo r t h e da t a base , ivt) 

<277> 
S i l l e r , c r . lot given. 

The Sature and Behavior of Local Fallout 
COSF-680507; Part of Proceedings of a Sya iOB posi. 
on Radiological Srctection of the Public in a 
nuclear Hass Bisastet held in Interlaken, 
Switzerland, Hay 26-June 1̂  1968, CP- tS-Sf), 
688 p. 

Ihe general nature of fallout particles is 
discussed briefly is tens of the processes 
leading to their fornation in the oacleaE 
fireball and rising cloud. lahoscgeneities 
ii the clouds are given as a reasoa for the 
dispersion and £ragB@ntatisn in the observed 
fallout patterns. «©st attention has been 
given to details of the deposition processes 
and the behavior of the fallout farticles 
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<27 7> ^OliT. 
daring and after the i r contact ^ith enposed 
surfac'^s '^ith emphasis on th<̂  interception 
and retention of part icles bv olants. The 
retention of fallout par t ic les fcy plant 
foliage depends rainly on th^ size and shape 
of the plants , plant sparing and density, 
wind spe^ d, l a r t i c l p fa l l angl'^ {i.e^^ 
par t ic le FIS^^} , exposure t i ^ e , rainfal l^ 
nuniditYf '^^^ plant growth rat^^s. With a f£¥ 
•^'xc^iptions, the sy face character is t ics of 
the follag"^ is a second order variable, ^he 
dependency ^f the r^t^-^ntion on several oi 
tfiese variables is lllustrat^^i by data 
obtained in Costa Pica for the cereal grains 
barley, oats , and wheat, and for a small 
camphor tce'-- .̂ The representations showK of 
tn-̂ ^ contani'natio!^ of vegetation by airborne 
par*icle^ form the basis for evaluating the 
£>eta and gamna dosages that plants say 
receive from fallout and, to some degree, the 
input iufcrmaticn for the entry of 
radionuclides in several food chains. Data 
OB perscnBel contaiinaticn are rather scarce 
but the f^s data available indicate that hair 
retains par t ic les with a fairlv high degree 
of efficien^-v. <S!ith) (FfK) 

Pig=ire 1 shown the variat ion of es^isated 
specific act^'vlty ¥ith par t ic le size for shot 
S!r.all Bcv (detonated n^ar ground -surface at the 
H^vada Test SltP) . 

<278> 
Solaat., J .K, , ^nd ^, Kle-pper, Battelle P.emorial 
I n s t i t u t e , Pacific ^forthwest Laboratories^ 
EriViEonmental and Life Sciefic^s Division, 
^osystems fet^artment, Pichland, wa. 1^74, 

Jaiuary 

Radiation Doses from Iodine 129. B̂ Ŝ L-1850 
(Part 2); ^art of ?aagban, B.B,, ^t al, Annual 
Report for 1*973, (p. 42-44}, 200 p. 

a suamary of a report dealing with I 129 
levels foaiid in soils and vegetation and the 
resulting radiaticn doses to man and bicta is 
presented. It is assumed that because of its 
Icng half-life T 129 will Ceco!se part of tl̂ e 
tctal iodine pool of any ecosystei. The 
ratio of I 129 to I 127 available to living 
organisms ^ill determine radiaticn doses 
received by thea. External doses ^ill B̂ -
Inslgnifleant conpared to internal doses 
btî caiise of th^ low l;eta and gaasa radidticn 
'̂ 'î ergy. The aaior factor in plant 
contamination is via aerial deposition on 
leaves; the soil-root pathway beccsmg more 
iiportant with time. The orgaa of interest 
in aany organisss is the thyroid wxth a dcse 
pathway of ingestion rather than inhalation. 
Principal foods cf ccncern are D U K , 
vegetables, leat, drinking water and aqaatic 
foods- The calculated dos« rates to the 
Hanan thyroid of various ag^s exceed aa^xnam 
peraissisle dose rates ander the assumptioi:s 
that all iodine in the thyroid sere I 129. 
The adult dose rates are 34 times higher tbar. 
the HPDP, the one-year-old child wculd 
received 9 times the dose In the present 
guide. (HaF) 

Tible 2.12 shows human dcse rates tc the thyrcld 
tron I 12=̂  {mren/yr| at age 1,4, 14 and adult 
a&sjEing all iodine to be I 129. 
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<27 9> 
akatstiff J . , Japan a t o i l c Snergy Research 
I n s t i t u t e , ? c k a i , J apan . 1974 

Recovery of P l u t o n i u s and aoiericiu® froa 
a lpha-Bear ing aqueous Wastes. 3 , . Rad ioches i ca l 
and a a d i o a n a l y t i c a l L e t t e r s , n { n , 33-42 . 

When Pu 
froa a l 
amounts 
I t was 
and PuC 
PuC-t4| 
and PuC 
FeOH3. 
.̂ 1 were 
s i s c e l l 
mCi/1, 
The a lp 
were ap 

<2aG> 
a k a t s u , J , 
I n s t i t u t e , 

and am were fl5sed as t h e i r hydroxides 
pha-bear ing aqueous w a s t e s , t r a c e 
of t h e s r ega ined in t h e s o l u t i o n s , 

found in a l k a l i n e s o l u t i o n t h a t PuCt3| 
•I-6) a re i n s t a n t l y conver ted i n t o 
with d i l u t e H202, a t r c o i t e m p e r a t u r e , 
44) can fee f ixed by scavenging a i t h 

approximately 6 g of Pu and 12 mg of 
recovered frora about 90 1 of 

aneous aqueous wastes approximately 7 
Hlth a r ecovery e f f i c i e n c y of > 90'^. 
ha a c t i v i t i e s of supfsmatant s o l u t i o n s 
p rox imate ly 3 u C l / 1 . C^uth) 

Japan atcmic Energv l?esearch 
" o k a l , Japan. 197a 

Hecovery of Plutonium and americl im from 
a lpha -Bea r ing ^gu'^ous festes^ 2 . . Radiochemical 
and F a d i o a n a l y t l c a l L e t t e r s , 19(1) , 25-32. 

Froa a l p h a - b e a r i n g aqueous w a s t e s , Pu and Kn 
were f l ^ e d as t h » i r hydroxides and s e p a r a t e d 
by d e c a n t a t i o E . The supe rna t an t s o l u t i o n s 
were decontaminated with FeOHl, t h e s l u r r y 
was d i s so lved with HII03 to give a Ca or 
N a - n i t r a t e s o l u t i o n , froiF vhich Pu and am 
were recovert^d by IBP or ?BP so lven t 
oKtrac-^ion, approximate ly 8 g of Pu and 1 "̂O 
mg of a s , with about S^% y i e l d were r ecovered 
from 130 1 of ageuons a a p t e s con t a in ing 
a p p r c x i i a t e l y 12 sC l , a l p h a / 1 . Th^ g r o s s 
a l p h a - a c t i v i t y i!̂  t h e decontaminated s o l u t i o n 
was appEOXit^at^^lv 10 u C i / 1 , (auth) 

<261> 
Bagna l l , K.W,, f^tomic Energy Pesearch 
E s t a b l i s h a e n * , «"heiai=!try d i v i s i o n , Harwel l , 
England. 1^64 

Tl̂ .p Transuranium '^I'^ss^Bts. 
S2, 6*^-83. 

Science P r o g r e s s , 

The d i scovery of t h e t ransuraniuia e lements 
has r e s u l t e d in th® develcpiaent of new 
techniqu '^s in t hp p h y s i c a l s c i e n c e s and has 
playsd a pa r t in the r ena i s sance of i n o r g a n i c 
c h e s i s t r y , Th^-ir o l ace in t h s p e r i o d i c 
c l a s s i f i c a t i o n i s If^scribed a s a r e t J i e i r 
va r ious valency s t a t e s . Chides and o t h e r 
compounds ar^ l i s t e d . H a i i o a c t i v e haza rds in 
working with the^e e lements aro- d i s cus sed ar^d 
s^^^hods of hand l ing i n d i c a t e d . (auth) 

<2P2> 
Bru^-naer, F.Js . , w, S t evens , and B,J , S t o v e r , 
Ur . iv^rs i ty o^ ^Ttah, College of ^ s d i c i n e , 
Fadiobio logy Divi '^ion, Department of anatomy, 
3a] t :,ake Ci^js IJT, IQfiip f^arch 31 

On tne BindiRg of Plutonium(*4) to T r a n s f e r r i n 
and ConalbuEPln, COO-119-236; Par t of Dougherty , 
T . F . , Research in RadiobxGlcgy, annual Report of 
Wor̂  in Proat«^ss in the I n t e r n a l I r r a d i a t i o n 
Program, {p, 1Q1-iqS)^ 268 p . 

The b ind ing o-̂  Pu 239 ( t 4 | by t r a n s f e r r i n and 
cona lbus in r'=iuirp'<^ th-̂ - presence of HC03, 
Terminal s i a l i c ac id groups of t r a n s f e r r i n 
arp> not involved in b indinq of Pu(t4) t o t h e 
p r o t e i n . Conformation changes caused by 
removal of s i a l i c ac id r e s i d u e s do not e f f e c t 
the b inding a b i l i t y for the n u c l i d e . 

S t r u c t u r a l changes induced by an ensyoiat ic 
a t t a c h on the g l y c o p e p t i d e groups l ead t o the 
l e s s of binding a b i l i t y fOE p l u t o n i u s bnt not 
f c r i r o n , (hnth) 

<283> 
Ersjenger, F.W., B . J . S t o v e r , and D.R, a t h e r t c n , 
O n i v e r s i t y of Utah, Col lege of Hedic lne , S a l t 
Lake C i t y , UT. 1962, September 30 

Solvent E x t r a c t i o n of Plutonlis® wi th P i i a a r y 
a i i n e s . coo-226; Pa r t of Dougherty, T .P .^ 
Pesearch i n Fad iob io logy , Sea iannua l Seport of 
Work in P rog re s s on t h e Chronic T o n i c i t y 
Program, (p, 5S-65) , 135 p . 

a^ a c c u r a t e and s imple procedure fo r t h e 
de te rmina t ion of p l u t o n i u a in b i o l o g i c a l 
m a t e r i a l s has l;een developed. Concen t ra ted 
u r i n e , or a s o l u t i o n of bone ashp ^as l a d s a t 
l e a s t 1M in H2S04, and plutoniuEs ^a.s 
e x t r a c t e d ^ i t h a o i u t u r e of G 18 to C 23 
h igh ly branched primary aialnes in xy lene-
P l u t o n i u i was then e x t r a c t e d frooi the o rgan ic 
phase with 8^ HGl and measured by a lpaa 
coun t ing , (auth) 

<284> 
Del le S i t e , a . , G, S a n t o r i , and C. T e s t a , 
Coa i t a to Has l i ona l e per l ^Eserg ia Huclearep 
^o^e^ I t a l y , 1974, February 

The Bapid Determinat ion of t h e Transuranu lus 
E l e a e n t s by E x t r a c t i o n Chroaatograahy i n Orines 
Conta in ing DTPa, CONF-7S0907 (Far t 1) ; P a r t cf 
Snydsrp M,s, ( E d . ) , Proceedings of t h e 3rd 
I n t e r n a t i o n a l Congress of t h e iHPa held i n 
iJashington, D . C , September 9-14, 1973, CP-
•=32-537), 1475 p . 

"^icroporous po lye thy l ene Clicrothene-TIO) 
suppor t ing t r i - s - c c t y l p h o s p u i n e oHxde (TOFC) 
and diC2-ethylheKyl) phosphoric ac id (HDEHE) 
has been used s u c c e s s f u l l y t o e x t r a c t 
r e s p e c t i v e l y Th, Pa, U, Np, pu, a^ and Cs 
from the u r i n e , hs t h e e x t r a c t i o n t a k e s 
p lace in an H^03 sc-dium, STPa up t o 2 g / 1 
dees not i n t e r f e r e , a s p e c i a l i n v e s t i g a t i o n 
was c a r r i e d out for a^ in order t o f ind out 
the bes t e x t r a c t i o n pH, F i n a l l y i t has been 
demonstrated t h a t g r e a t l o s s e s of a c t i n i d e s 
occur when a c c p r e c i p i t a t i c n with Ca and ?g 
phosphates are c a r r i e d out in t h e p resence of 
DTPa. <auth) 

^2^5> 
Jackson , ^ .L . 
WI. 1974 

Un ive r s i t y of Wisconsin, ^ a d i s c n . 

Exchange of Lyot rop lc S e r i e s Ca t ions oy 
micaceous Vermicu l i t e and I t s Weathering 
Products PeteriBined by Elec t ron fficroscopy and 
Eadloch«s5ical a n a l y s i s . COO-1515-56; P rog re s s 
Pepor t fo r the Per iod Fnding august 1, 1971-auly 
31, 1974; 30 p . 

The work i s summarised under t h r e e t o p i c s ; 
CU) f i s s i o n p a r t i c l e t r a c k s of 13 238 p re sen t 
in the o c t a h e d r a l s h e e t of l i c a c e c u s 
v e r m i c u l i t e , a f t e r FF d e c o r a t i o n , were 
photographed by scanning e l e c t r o n n i c ro scopy . 
Before HF t r e a t m e n t , d i f fu s ion of K ( t 1 ) , Fe, 
and Si (OH)4 was enhanced by t h e presence cf 
the t r a c k s , and s e l e c t i v e adso rp t ion of 
fxKing c a t i o n s such as Cs 137(*1) was 
i n c r e a s e d . High r e s o l u t i o n e l e c t r o n 
l icEOscopj (HRBt!) r e v e a l e d t h a t the 
i i x e d - l a y e r s t a c k i n g sequence of most c l a y s 
c c n t a i n some micaceous v e r m i c u l i t e . L a t e r a l 
v a r i a t i o n along tbo (001) c r y s t a l p lanes &as 
shewn by b l i s t e r morphology and a l s o by HFEE!, 
thus demons t ra t ing c o n c l u s i v e l y t h e e x i s t e n c e 
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<26 5> COMT. 
of i n t e r l a y e r wedges a c t i v e i n s e l e c t i v i t y of 
such c a t i o n s as C s f t l ) , (2,) D iva l en t 
c a t i o n s of t h e Sr «^0Ct2) typ€ and t r a n s i t i o n 
and heavy s e t a l t y p e ar® s p e c i f i c a l l y sorbed 
by g e l foriss of hydrous oxides of F@C*3) and 
aiC*3) which a r e a lmost u n i v e r s a l l y p r e s e n t 
a s c o a t i n g s on s o i l p a r t i c l e s . (3.) 
Tropospher ic d u s t s , shown to c i r c u l a t e 
^ o r l d - w i d e and accr^^te i n s o i l s ^ deep-sea 
s e d i i e i i t s , and i s l a n d mountain t o p s f r o i 
r a i n f a l l , show s i g n i f i c a n t r e a c t i o n s with 
f i s s i o n p roduc t s such as Cs 137 (-tl) and Sr 90 
(•#•2) , v a r i a b l e according t o dus t composi t ion-
They i n f l u e n c e t h e f a t e of r a d i o i s o t o p i c 
f i s s i o n p roduc t s in a i r and s o i l , h s u s s a r y 
of t h e f i nd ings I s a i v e n , with r e f e r e n c e s t o 
the s p e c i f i c p u b l i c a t i o n s in which they a r e 
r e p o r t e d , ( lu th) fCTS) 

<286> 
Kay, a , E . ( E d , ) , and H.B. WaHron (Bd,) , United 
Kingdom a t o n i c Energy au thor i ty^ HarKel l , 
England. 19 6"? 

PlutOBius 196^. CONF-f^511D2| Proceedings of t h e 
Boyal Commonwealth Soc ie ty 3rd I n t e r n a t i o n a l 
Symposiusn en Plutoniun! he ld In London, England, 
Hoveiaber 22 -26 , 1«^6^. Chapman and H a l l , London, 
England, 1114 p , 

a t t h e conference s t u d i e s on Pu i n s e t a l l i c 
f o r i was desc r ibed as we l l as t h e c u r r e n t 
knowledge cf Pu c e r a m i c s . The papers were 
grouped i n t o t e c h n i c a l s e s s i o n s with t h e 
fo l l sw lng headings^: t r ans fo rma t ion s t u d i e s , 
a l l o y s y s t e m s , l e c h a n i c a l p r o p e r t i e s , 
c o r r o s i o n , s t u d i e s on ceramic f u e l s , ceras i ic 
phase s t u d i e s and i r r a d i a t i o n behav io r . (FMS) 

<287> 
Ludwick, J . D , , General E l e c t r i c Company, Hanford 
L a b o r a t o r i e s o p e r a t i o n , F i c h l a n l , wa, 196 1 

The a n a l v s i s of Plutonium 241 in i l r i ne . Hsa l th 
P h y s i c s , 6 , f^3~e^: 

A method ^as been developed fo r the 
G u a n t i t a t i v e de te rmina t ion of p lu toBiaa 241 
in exposed personnel through u r ine a n a l y s i s , 
and was des igned for u s e , when n e c e s s a r y , i s 
c o n j u n c t ! CB with t|>p Hanford p l u t c n i u i 
b i o - a s s a y t echn ique of a lpha a n a l y s i s . This-
method i s based on t h e recovery of plutonium 
froa p l s c t r o - d e p o s i t e d d i s k s and subsequent 
e x t r a c t i o n of t h e p l u t o n i u s from 1 !J 
n y d r c c h l o r l c ac id i n t o a l i qu id s c i n t i l l a t o r 
c o n t a i n i n g d i b u t y l phosphate . Plutoniujr 24 1 
be ta emiss ion i s d e t e c t e d in a s t anda rd 
l i q u i d s c i n t i l l a t i o n spec t rome te r , and the 
y i e l d fo r p l u t o n i u s recovery us ing sp iked 
samples of Pu 241 was B^ plus o r axnus 9 per 
c e n t . Sampler c o n t a i n i n g as l i t t l e a s 2.2 % 
10 (E-6) uc of Pu 24 1 may fcp - re l iab ly 
d e t e c t e d , which r e p r e s e n t s 3 . ^ per cent of 
thf̂  maximum p e r m i s s i b l e dose 90 days a f t e r 
personnel -^xpcsare. (auth) 

<2b8> 
^ t l a c k , 3 . ' ^ . , Los ^ l i n o s S c i e n t i f i c Labo ra to ry , 
l o s a i a s o s , im. 19^4, December 

Tn^ C h ^ i i s t r y of •^lutoniun in H-^Iatxon t o I t s 
&f-navior in B i o l o g i c a l and •Environmental 
Systems. €0*^^-74011^; Pa r t of Proceed ings of 
ttf^ Plutoniuni Informat ion Symposium held i n Los 
a l a r o s . New riexico, January 4-5, 1974^ | s . 2-7) , 
9̂^ p . 

Plutonium '^e-al i s <^ilvery-white a t rooa 
t e m p e r a t u r e ani in the absence of any s u r f a c e 
ox ida t ion - I t ia h i r d and b r i t t l e with a 

<285> 

deBsity close to 20 and melting point of 640 
degrees C. The solid letal exists in six 
allotropic lodificatloss, each of which has 
different mechanical properties, such as 
aifferent densities aad hardnesses-. Pa 
dissolves slowly in water; the coamoa 
dissolution agents in the laboratcry are HCl 
aed HBr, The alpha activity of Pu ranges 
from about 3 billion dis/sec/g to over 10 
billion. This range co^es fros the fact that 
Pa produced at high burnups and then recycled 
shows an increasing fraction of the Pu 238 
and Pu 240 isotopes, which have shorter 
half-lives than Pu 239. a typical isotopic 
distribution in reactcr-grade Pu light be 88^ 
Pu 239, 10,6*? Pu 240, 1.2^ Pu 241, 0.2% Eu 
242, aed only 0,02^ Pu 238. There are s rays 
and gamaa rays that are associated with tne 
decay of Pu, although they are aot nearly as 
abundant as the alpha particles. The solid 
ccmpounds of Pu display a wide range of 
colors, for example the fluoride is 
blue-green, the sulfide gcldee brcnse and the 
chloride is green. Pu in solution shows five 
oKidatxcn or valence states rangxn;̂  frcm the 
tsivalent to the heptavalent. all four of 
the common Pu oxidation states (3, 4, 5 and 
6) show a tendency to hydrolyze; PuC4) is the 
osidation state aost subject to hydrolysis 
and Fu(V) is the least subject, a unigue 
reaction of Pu in solution is 
disproportionation: that is, starting wita 
any one oxidation state of Pu, yen could axnd 
up with all four. Xn water solution, Pu has 
the tendency to polymerize. The Pu ions can 
fcrm first a dimer, and then the oxygen 
bridge formation tends to continue until 
large collodial aggregates^ or pclyiers, 
exists, whose siolecular weights exceed 
2C0,000. The polymer is bright green and is 
iEert to nearly all the ordinary reactions cf 
Py. Soie of the anions that for^ complexes 
with Pu are F-, C1-, C03—, S04— and S03—. 
"Ihe complex stability decreases as the charge 
OB the Pu ion decreases and the divalent 
negative ions are usually stronger coaglex 
formers than the monovalent negative ions, 
anioo-exchange processes are xapcrtant for 
the purification or Pu and several eleisents 
can be reioved fro^ Vu with ar, effxcleBcy 
greater than 99.9^. CF«^) 

<289> 
^ikhailova, 0,a., N.S. Shvydko, and D.K, Popev, 
Not given. 1973, august 

Hethcd of DeterEilning Flutoniam 239 in Orine, 
(?igiena i Sanitariya^ 8, 69-71. (Russian) 

Since published methods for Pu 23^ 
determination generally recosaended r^ageotF 
and resins not available commercially in th^ 
USSR, locally available saterials were 
ii^vestxgated, a method was developed in 
which Pu(t4) as the capferronate is separated 
from macro impurities by chlcrcfcrs 
extraction from a nitric acid lediam uslnj 
sirconius carrier or no carrier. An 24 1, U, 
Th, and 3% of the Pu 239 reiamed in th^-^ 
aqueous phase. The Po 210 was removed from 
the plutoniui by precipitation on a nickel 
disk or with Dercury. after removal or the 
chloroform from the organic phase, the Pu 239 
was precipitated -̂ ith amaoaia, using a 
lanthanum carrier, and was comted after 
further processing. The Pu can also be 
electroprecipitated . i^ETT) 

<2^0> 
Nelscn? P.̂ .f I.H. Yaguchi, B.J. Will«r, ana 
¥i.A. Wahlgren, argonn̂ ^ National Laboratory, 



<290> 

CHEHICAL ISfiCTE 

<290> COMT. 
s a d i o c h e i i c a l " e t h o d s . »HL-9060 (Pa r t 3) j Par t 
of P a d i o l o g i c a l and F n v i r o n s e n t a l Besearch 
D iv i s ion Annual Repor t , January through 
Dece iber , 1973, ( p . P - 1 7 ) , 187 p . 

7echEiques t o aeasa re ?u 231, Pu 238, Sr 90, 
Cs 137, and Dlxed g a s s s a - e i i t t i n g n u c l i d e s in 
samples of f r e sh ¥ a t e r , o r g a n i s i s , and 
sedi i^ents a r e d e s c r i b e d . The procedure fo r 
i n i t i a l s e p a r a t i o n from water samples , 
sed iment , f i s h , plan*- and i n v e r t e b r a t e 
samples i s o u t l i n e d and d e t a i l s fo r t h e 
r ad iochemica l a n a l y s i s of Pu, Cs and Sr a r e 
then g i v e n . Known a c t i v i t i e s of Pu 212, Sr 
3^, and a kno^n weight of s t a b l e cesiasB a re 
added t o each sample I n i t i a l l y and then used 
t o de termine r a d i o c h e i i c a l r e c o v e r i e s . The 
p r e p a r a t i o n of Pu 2^2 of es t remely high 
rad iochemica l and I s o t o p i c p a r i t y ±s 
d e s c r i b e d . The use of t h i s s p i k e pe r s i i t s 
a c c u r a t e leasarement of radiochepi ical y i e l d , 
whi le a a i n t a i n l n g a very loa background i n 
the r e g i o n s of i n t e r e s t . Most of t h e 
d e t e m i n a t l o E S of gamma-ray e a i t t i a g 
r a d i o n u c l i d e s eBploy a 1C- x 10-c i Hal (Tl) 
c r y s t a l coupled *-o a ^00-channel p a l s e he igh t 
a n a l y z e r , ou tpu t f r o i t h i s ana lyze r i s 
d i r e c t e d s i i u l t a n e o a s l y t o a t y p e w r i t e r for 
pertaanent copy and *o a keypunch t o permi t 
computer da ta a n a l y s i s . iTW) 

<291> 
S a n d a l l s , F . J . , and fi. Morgan, ! i to i i c Energy 
Research Es t ab l i shmen t , Health Phys ics and 
Bed ica l D i v i s i o n , Harwel l , England. 1964 

K P roce^are for t h e B e t e r i i n a t i o a of 
I l p h a - E i i + t i n q Plutonium in Orine Osiug a 
S o l i d - s t a t e Counter. C0HF-UH8; STI/PBB/8<t; P a r t 
of P roceed ings of a Syspos ia i on t h e a s s e s s a e n t 
of B a d i o a c t l v e Body Burdens in Kan held in 
H e i d e l b e r g , Geraany, say 11-16, lOfid^ f o l . 1, 
(P. 26I-27«) , 10»1 p . 

k se thod for t h e r o u t i n e de t e rmina t i on of 
a l p h a - e i i t t i n g p l a t o n i u i in u r i n e i s 
d e s c r i b e d . In evo lv ing t h i s procedure 
va r ious t e c h n i q u e s for c o n c e n t r a t i n g , 
pu r i fy ing and e l e c t r o d e p c s i t i n g p l u t o n i u s 
were compared, and t h e s e I n v e s t i g a t i o n s a r e 
s u a n a r i z e d . In t h e ptooedare f i n a l l y 
a d o p t e d , u r i n e i s ¥ e t - a s h e d and t h e r e s i d u e 
d i s s c l v e d in h y d r o c h l o r i c a c id . P l a t o n i a i 
(•») i s p r e c i p i t a t e d with i ron c a p f e r r i d e 
froB t h i s s o l u t i o n and e x t r a c t e d i n t o 
c h l o r o f o r B . i f t e r evapora t ion of the 
GhloEofom, t h e r e s i d u e i s o x i d i z e d , 
d i s s c l v a d in h y d r o c h l o r i c ac id and t h e iron 
e x t r a c t e d i n t o d i - i s o p r o p y l e t h e r . The 
aqueous phase c o n t a i n i n g t h e plutomiua i s 
evapora ted and d i s so lved in an ac id aasioniuB 
s u l p h a t e s o l u t i o n f roa which the p l u t o n i u i i s 
e l e c t r o d e pos i t ed onto s t a i n l e s s s t e e l . 
Q u a n t i t a t i v e r e c o v e r i e s are obta ined in the 
e l e c t r o d e p o s i t i o n s t a g e and on o v e r a l l 
recovery cf 8« p l a s o r l i n u s 7^. The 
e l e c t r o d e p o s i t e d p l u t o n i a i i s counted ¥ i t h a 
s o l i a - s t a t e Csi l icon l u a c t i o n diode) d e t e c t o r 
l a a c o u n t e r developed fo r t h i s purpose . The 
lo¥ i n h e r e n t background of t h i s type of 
counte r i s e f f e c t i v e l y reSuced s t i l l f u r t h e r 
by c o u n t i n g only t h o s e a lpha p a r t i c l e s with 
energy in t h e s . 2 - 5 . * BeV r a n g e . The good 
r e s o l u t i o n sh i ch can be cbta ined with t h i n 
e l e c t r o d e p o s i t e d sou rces of p l u t c n i a a e n a b l e s 
t h i s narrow channel t o be used wi th on ly 
sma l l l o s s e s i n count ing e f f i c i e n c y . By 
coun t ing over t h i s r e s t r i c t e d energy r ange , 
t h e blank a c t i v i t y a r i s i n g froa r e a g e n t s and 
i n c o a p l e t e r enova l of a l p h a - e a i t t i a g 
con t aa iman t s in u r i n e I s a l so reduced by a 
f a c t o r cf t « o , t o J a s t over 0.1 p e i / 2 « - h 
s a a p l e . Th«= l i « l t of de t ec t i on wi th t h i s 

itethod i s about 0.025 p c i of Pu 239. C^ath) 

<292> 
Schi^endiman, L . C . , and J .M. Healy, Hanford 
S t o i i c P r c d a c t s O p e r a t i o n , B ich land , »h. 1958 

J S e n s i t i v e i n a l y t i c a l Method for t h e 
O e t e r i i n a t i o E of Very Io¥ Level P lu ton iua i a 
Humans. Pa r t cf Proceed ings of t h e 2nd United 
S a t i c n s I n t e r n a t i o n a l Synposia i on t h e Peaceful 
OSes of atomic Energy he ld i a Geneva, 
S w i t z e r l a n d , Septeaber 1-13, 1958, ¥ o l . 2 3 , (f. 
u a - 1 8 6 ) . 

In t h e new method d e s c r i b e d , n u c l e a r t r a c k 
emuls ions r e p l a c e t h e e l e c t r o n i c c o u n t e r s 
used i n t h e p rev ious method as t h e alpha 
p a r t i c l e d e t e c t o r . The a n a l y s i s s e p a r a t e d 
t h e Plutonium frc® t h e u r ine sample and 
dddeposi ted i t u n i f o r a l y on t o a s a a l l d i s k . 
I h i s d i s k Mas held a g a i n s t t h e nuc l ea r t r a c k 
e i u l s i o n e f f i c i e n c y , a r ea exanined, a rea cf 
e p o s i t ana exposure t i m e . So 
e l e c t r o d e p o s i t i o n c e l l Mas developed and 
• u l t i p o s i t i o n e g a i p i e n t designed t o p e t a i t 
s i i u l t a n e o a s a n a l y s i s of as lany as twenty 
samples . The n u c l e a r t r a c k e i u l s i o n chosen 
t c record the alpha p a r t i c l e s emi t t ed ¥as 
Kodak MTi e i u l s i o a 25 a t h i c k oa 1 by 3 i n 
m i c r o s l i d e s . Optimum deve-opiug t i i e isas 
determined to be 6 a i a in S-19 developer a t 
68 degrees ? p lus or l i n u s 2 d e g r e e s , h 
r ad ioau tog raph i c ^'camera" was c o n s t r u c t e d , 
p e t B i t t i n g t h e s i a u l a t a n e o u s exposure cf 8 
d i s k s . a scanning system of c o u a t i a g ^as 
used. The p a r t i c u l a r advantage of t h i s 
method i s t h a t t h e r e i s v i r t u a l l y ns l i a i t t o 
i t s u l t i a a t e s e n s i t i v i t y s i n c e by a 
o o i b i n a t i o n of reducing the source s i z e and 
i n c r e a s i n g the exposure t l s e a l a o s t any 
d e s i r e d s e n s i t i v i t y should be o b t a i n e d . In a 
r c a t i n e b ioassay program designed t o d i s cove r 
i n c i p i e n t p l a t o n i n a expcsa r e s and i d e n t i f y 
such i n d i v i d u a l s ¥ho may r e q u i r e work with 
l e s s c h r o n i c exposure l i a b i l i t y , t h i s »ethcd 
has proved r e l i a b l e , s e n s i t i v e , and 
adequa te ly p r e c i s e . (PHN) 

See a l s o S u c l e o n i c s , 16 (6 ) , 73-81 

<2<?3> 
Schsendiman, I . e . , and J .M. Healy, Haaford 
Atonic Products Opera t ion , Bichland , MA. 19S6, 
J ane 

Maclear-Track Technique fo r l o w - t e v e l P l u t c n i o a 
In a r i n e . S u c l e o n i c s , 1 6 ( 6 ) , 7 8 - 8 1 . 

A n u c l e a r - t r a c k - e i u l s l o n t eohn iqae has been 
developed t h a t i s adequa te ly s e n s i t i v e and 
r e p r o d u c i b l e . The p l a to i i i ua , a f t e r 
s e p a r a t i o n f roa the u r i n e s a a p l e , i s 
e l e c t r o d e p o s i t e d on a metal d i s k . The d i sk 
i s held a g a i n s t a n u c l e a r - t r a c k e s a l s i c n f c r 
168 h r . The nuc l ea r t r a c k e a u l s i o n chosen 
®as Kodak 8I& emulsion 25 a t h i c k on 1 x 3- in 
a i c r o s l i d e s . I f t e r e a a l s i o a d e v e l o f o e n t , 
t r a c k s a r e coanted under a i l o r o s c o p e . 
Optimaa developing t i a e , u i t h o u t a g i t a t i o n i s 
6 Bin i n D-19 deve loper a t 68 degrees p lu s c r 
minus 2 deg rees . Drying r e q u i r e s «5 l i n « i t h 
a g i t a t i o n and washing, 1 h r . . The 
microscopic coun t of t r a c k s i s made with 
a a r k - f l u i d i U a a i n a t i o n and a ». 3 x o b j e c t i v e 
and lOi eyepiece t o g ive a t o t a l 
• a g a i f i c a t i o n of <I30. 1 s caaa i ag s y s t e a of 
count ing i s employed. The d e t e c t i o n l i a i t of 
l e s s than 0.05 dp i c u r r e n t l y achieved on a 
r o u t i n e b a s i s i s lo® enough t o permi t e a r l j 
recogni t iOB of l o w - l e v e l p l a t o n i a a 
d e p o s i t i o n . The p a r t i c a l a r advantage of t h e 
aethod i s t h a t t h e r e i s v i r t u a l l y no l i a i t t o 
i t s a l t i s a t e s e a s i t i v i t y . By a c c a b i n a t i o n 
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<293> 

<293> COHT, 
of r e d u c i n g sou rce sxze and incEfeasxng t h e 
exposure txise^ a lmost any desxred sensx txvx ty 
should be o b t a i n e d , Experxiaen'*-s have shown 
t h a t e l e c t r o d e o o s x t i o n on 1-msa-dxa a r e a s xs 
f e a s x b l e . ano the r advantage i s the complete 
freedom froEi t h e unpredxc tab le fcehavxor of 
low-background e l e c t r o n x c coun'*'ers and t h e x r 
hxgner c o s t s . C^^^) 

See a l s o Proceedxng*^ o-̂  t h e 2nd Onited Hatxons 
I n t e r n a t x o n a l Synposinim or t h e Peaceful Uses of 
a-f-omxc Energv held i n Geneva, Swx-i-serland, 
September 1-13, 19^8, ( P . 144-146)^ {1958). 

<2Q4> 
S tover , B . J . , F.R, ^ r u e r g e r ? and R. S t e v e n s , 
Unxver-sxty of Utah, Col lege of Medicine, 
Radxobxclogv Dxvxsxon, Department of anatomy. 
S a l t Lake Cxty, 0^, 1f^^6, S^ptesber 30 

Trse i^eactiOR of Pluton^umC*4) wxth t h e I r o p 
• t ranspor t System xn Funian Blood Serun, 
COO-119-23^; Pa r t of Bougherty, T . F . , Eesearch 
xn Fadxobxology, Semiannual Report of Hork xn 
P rog re s s i n the I n t e r n a l I r r adxa txon Program^ (P 
76-95) , 144 D. 

Hhen human blood serum t h a t has been tagged 
xn v i t r o wxth iUonomeric PlutonxuiC*^) 3.s 
sub jec t ed to g e l f x l t r a t x c n a o s t of t h e 
cu{*4} IS ^ound ^r -̂ -wo molecular wexgnt 
rarge-s, t h a t of -̂he low molecular wexght 
se rua p r o t e i n s ard t h a t of s i a l l giolecules 
and xcns . The d x s t r i b u t x o n of •su{*4) betweer 
the two Dsaks was v a r i a b l e . In addxtxon a 
smal l asiount i?as e l u t e d xn the h i g h e s t 
molecular wexght f r a c t i o n . By a c o i b x n a t i o n 
of g e l f i l t r a t i o n , xon exchange, and 
e l e c t r o p h o r e s i s th^ p r o t e i n in t h e low 
molecular weight group t h a t b inds Pu|*4) has 
been i s o l a t e d and shoim to be t r a n s f e r r i n , 
the p r o t e i n -^hat t r a n s p o r t s i r o n , 
?la-*-cnium {•'•4) appeared t o be bound a t the 
i ron bxndxng s x t « s , and t h e r e a c t i o n between 
?u(*4) and t r a n s f e r r x n has been shomi t o be 
reversxfc le . '^he s t a b i l i t y cons t an t of the 
complex was high but l e s s than t h a t of t h e 
very s t a b l e i r o n - t r a n s f e r r i n C O I B I P K , The 
v a r i a t i o n in d i s t r i b u t i o n of PuC*4) between 
t r a n s f e r r i n and the low ?^.g. regxon t h u s xs 
r e l a t e d t o t h e v a r i a t i o n m t h e amount of 
i ron bourd by t h e t r a n s f e r r i n , cauth) 

<2^5> 
T e s t a , C , ^nd G. S a n t o r i , Comitate Hazxonale 
p* r̂ I ' E n e r q i a Nuc lear^ , Hadiotoxicolcgy 
l a b o r a t o r y , Cccupat ional Hedxcxne Servxce^ Eo^e, 
I t a l y . 1972 

Sens i txve flethod for the Set*=r!ixnatxon of Low 
Urxnary Plutcnxum Levels xn Occupatxonally 
Exposed Workers. Gxornale d i F i s i c a S a n i t a r i a s 
P r o t e z i c n e Ccntro l e Badxas ion i , 16(1) , 1-6, 

The p e r f e c t i o n of a s e n s i t i v e and s e l e c t i v e 
l e t h o d fo r t h e p e r i o d i c con t ro l of 
OGGiipationally expo«»d p^^'rsonnel xs 
p r e s e n t e d , a l i t r e of u r i n e was used. Batch 
e x t r a c t i o n of Pu(*4| i s c a r r i e d out i n a 
n i t r i c atmosphere with Microtene-710 (a 
m c r o p o r o u s polyethvlf^ae) •supporting 
t r i - n - o c t y l p h o s p h m e oxide (TQPO) . 
R e - e l u t i o n i s o b t a i r e d by r e d u c t i o n t o Pu(-i-3) 
with a mixture of h v d r o c h l o r i c and hydroxodic 
a c i d , a f t e r d ry ing and recovery laith 
sulph^ir ic acxd, p l u t o n i u f i s e l e c t r o d e p o s i t e d 
on a s t e e l d isk a f^e r 5 h r , us ing C!IH4|2S04. 
The d i sk i s th^n counted with a so l i d s t a t e 
d e t e c t o r with a background of about 0 ,001 
cpm, s^hen hiqh va lues a r e p r e s e n t , a lpha 
spectroffi'^'try can a l s o be c a r r i e d out . The 
method g ives a v i e l d of 7 2 . 5 ^ . P o l o n i u s , 

thorxump nep tun ius , uranxua, orotac t inxuni , 
an ier icxoi , c u r i u i and rad iua d e c o n t a s m a t i c n 
f a c t o r s range f ros 30 t o 13,000. Blanks 
a c t i v i t y (0.07 pCi/24 hr) was m l i n e witsi 
t h e re fe rence value adopted (0,2 pCx/24 h r ) . 
By comparison with anxonxc exchange resxn 
a r a l y s i s , the new Enethod o f f e r s issproved 
thorium and uranium decontamina t ion . I t a l s o 
g ives comparable chemical y ie ld in a s h o r t e r 
execut ion t i a e . |auth) 

<2^6> 
F a g h i r i , i^,, Ohio a g r i c u l t u r a l 'Research a n i 
Devf'lopmert Center , Department ot agronomy, 
Mooster, OH. 1972 

Decontamination of S o i l s Containing F i s s i c n 
P r o d u c t s , COO-414-18, Par t of Haghiri^ ^>^ MC 
F i n a l Technical Feport for March 1971 to august 
1972, (p. 58-66) , 67 p . 

The method for phys i ca l r e i o v a l of s u r f a c e 
c o n t a s m a t x o n a f t e r the app lxca t i cn of 
a spha l t emulsion on case s o i l xs dxscussed . 
Eiperifflents were condacted t o e x a i m e tne 
e f f e c t i v e r e s s of s e v e r a l coiapounds 
(u rea - fo rsa ldehyde r e s i n , Dres inol -40 r e s m , 
DresxB-205 r e s i n ard Vxnsalyn-100 usulsxon) 
as agen t s for embedding s o i l su r f ace 
p a r t i c l e s and to d e t e r i m e the a v a i i a o i l i t y 
of a given f i s s i c n product t o p l a n t s embedded 
m these compounds. I t was snotfii t h a t 
Dresxnc l -40 , !3rss incl-205 and Vmsalyn-IOQ 
EaylsioE spray formed a s a t i s f a c t o r y s c x l 
c r u s t feith f ine sandy loam, s i l t l oas and 
s x l t y c l av loam s o i l s . The s t a s i l i t y of the 
f i l ^ i nc reased with i n c r e a s i n g c o n c e n t r a t i c n 
of the compounds, "^he expemaen t with s o i l 
spiked with 0.075 uCx Sr 90 t r e a t e d wita 
Dresxncl 40, 0res i ' io l -2O5 and ¥ insa iyn-100 
Eiu l sxon ; f rosen and thawed, and then p lan ted 
t c o a t s showed t h a t t h e a c t i v x t y of Sr 90 H 
9G) m p l a n t t i s s u e s tended t o decrease wita 
i n c r e a s i n g c o n c e n t r a t i o n of both D r e s i r c l - 4 0 
and I3resinol-205) uptake by t h e oat p l a n t s 
was reduced as high a s 561 wxth Dresxncl-2C5. 
a l though t h e a c t i v i t y of Sr 90 (t 90) m cat 
p l a n t s due to ?XEsalyn-100 was depressed , 
dxf fe re r* c o n c e n t r a t i o n s of t kxs ccipound had 
nc a p p a r e r t e f f e c t . I t appeared t h a t t h e 
ccapounds did not embed the su r face s o i l 
p a r t i c l e s comple te ly , or i f t h e p a r t i c l e s 
were eibedded the embedding f i l a e v e n t u a l l y 
becase u n s t a b l e under f resh ing and thaaxng 
ccndi txoRs r e s u l t i n g xn separa txon of 
contamxnated s o i l p a r t i c l e s f r o i tne 
embedding fx lB . (F'̂ M) 

<297> 
Lasghaiff IJ.H., Los alamos S c x e n t i f i c Labora to ry , 
Heal th D i v i s i o n , Los alamos^ ^M, 1947, august 14 

DeteriBiBation of Plutonium m Husas Ur ine . 
r*'DDC-1555; La-DC-435; ID p, 

a d e t a i l e d account as g ives of t h e 
c o l l e c t i o n , a s h i n g , and a n a l y s i s of a 24-hcur 
u r i n e sample for p l u t c n i u s . Th i s xs an 
account of the method c u r r e n t l y xn use a t the 
I c s a i a s o s Laboratorxes for t h e d i agnos i s cr 
exposure of personnel t o p l a t o n i u s - The 
s t a t i s t x c a l method for e v a l u a t i n g r e s u l t s i s 
a l s o g iven , (auth) 

<298> 
K e l l e r , C , Univer s i ty of Kar l s ruhe , Kar l s ruhe , 
Gerian f e d e r a l Republ ic . 1973, Hay 

C h e i i c a l , Nuclear , and Bxologxcal P r o p e r t i e s cf 
t h e 'XransuranxuE Elements . 
Sa t i i rw i s senscha f t l i che Ruadschau, 2695) , 
191-204.{German) 



CHEHICaL aSPECTS 

<298> CONT. 
a d e t a i l e d revxe¥ i s given of t h e c h e i i c a l 
and n u c l e a r p r o p e r t i e s , the b io logy and t h e 
haisdllEg cf t r a n s u r a n i c s with comparisons t o 
o the r e lements of the pe r iod ic t a b l e . The 
behavior of t h e t r a n s u r a n l c s i s l a r g e l y 
d e t e r i i n e d by e x t e r n a l , n c n - e l e i e a t s p e c i f i c 

i n f l u e n c e s such as r a d i o a c t i v e decay, r e l e a s e 
of hea t and r a d i a t i o u . P e c u l a r i t i e s such as 
l i c r o s c a l e a v a i l a b i l i t y and s h o r t h a l f - l i f e 
have l e d t o new exper imen ta l t e c h n i q u e s i a 
t h e s e p a r a t i o n of t h e t r a n s u r a n l c s . (BaF) 
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<29 9> 
B a t u r i n , G . S , Not g i v e n . 1972, Novssaber 1 

R a t i o s o f t h e a v e r a g e C o n c e n t r a t i o n s of O r a n x u s 
a n d o r g a o i c H a t t e r i n H e c e n t Sea a n d O c e a n 
S e d i m e n t s , D e k l a d y a k a d e a l i Hank S S S S , 2 0 7 ( 1 ) , 
1 8 6 » 1 8 9 . ( R u s s i a n ) 

V a l u e s of t h e r a t i o u / c o r g a n i c w e r e o b t a i n e d 
on r e c e n t s e d i m e n t s o f t h e m a j o r s e a s a s d 
o c e a n s c f t h e e a r t h . Two c l a s s e s w e r e 
r e c o g n i s e d ! "bac i fg round^ ' 13 c o n t e s t C<^ x 
10 ( £ - 4 ) ^ 1 1 a n d h i g h e r C>5 x 1 0 ( 1 - 4 ) ^ ) ) , a 
r e l a t i v e u n i f o r s a i t y o f U/C ( o r g a n i c ) among 
the- s a s p l e s t e s t e d i n d i c a t e d t h a t on t h e 
w h o l e t h e p o s s i b i l i t i e s of a c c u a u l a t l o R o f 
h y d r o g e n i c 0 i n t h e o r g a B i c c o m p o n e n t s o f t h e 
s ^ d i i e n t s w e r e l i s i t e d . (KSW) 

<300> 
C a r n a h a n , C. i . , a n d P-P., F e u s k e , T e l e d y n e 
I s o t o p e s , Las f e g a s , ! ! ? , 1 9 7 1 , a u g u s t 

D i g i t a l C o n p i s t e r S i m u l a t i o n of W a t e r T a i > l e . 
N ? 0 - ! 2 2 9 - 1 7 3 | 41 p . 

I n i t i a l s t a g e s o f d e v e l o p i e n t o f a 
d i g i t a l - c o m p u t e r m e t h o d f o r s i a a l a t i o n of 
w a t e r t a b l e s h a v e b e e n c c s p l e t e d . The s e t h o d 
a a y be u s e d i n r e g i o n s w h e r e h y d r c l ^ i c d a t a 
i s s p a r s e , A t o p o g r a p h i c s u r f a c e , 
r e p r e s e n t e d by a m a t r i x o f e l e v a t i o n v a l u e s , 
was s m o o t h e d , r a i s e d o r l o w e r e d i n a l t i t u d e , 
a n d c o m p r e s s s i d o r e x p a n d e d i n a m p l i t u d e , to 
p r o v i d e a f i r s t a p p r o x i m a t i o n t o t h e w a t e r 
t a b l e . Tfce f i r s t a p p r o x i m a t i o n was t h e n 
f i t t e d t o o b s e r v e d w a t e r e l e v a t x c a s a t 
p r e s e l e c t e d c o n t r o l p o i n t s . T h i s a d i u s t m e n t 
p r o d u c e d e x a c t f i t t i n g a t c o n t r o l p o i n t s ; 
n o d e s w h i c h do n o t c o r r e s p o n d t c c o n t r o l 
p o i n t s Mere a d j u s t e d by a i c u n t s d e p e n d e n t or. 
d i s t a n c e f r o s a l l c o n t r o l p o i n t s . T h e s e t h c d 
was a p p l i e d t o t h e Hot C r e e k ? a l l e y a n d 
P a h u t e Hesa ar^as? i n N e v a d a , P o s s i b l e 
d e f i c i e n c i e s o*^ t h e m e t h o d r e q u i r i n g f u r t h e r 
d e v e l c p i e n t i n c l u d e d l a c k of a d e q u a t e a e a n s 
t o r v e r i f y i n g o r c o r r e c t i n g a c c s p u t e d s a t e r 
t a s i e by u s e o f h y ^ ^ r o l o g i c d a t a a t o r f - a a t r i x 
p o i n t s , a n d l a c k o f m e a n s f o r m a t c h i n g 
c o m p u t e d e i ^ ' v a t i o ! 5 S a l o n ^ I j c u n d a r i e s b e t w e e n 
a d i a c e n t m a t r i c e s . Comput^^r p r o g r a m 
f u n c t i c R s a r e d e s c r i b e d and c o d e l i s t i n g s a r e 
g i v e n . ( a u * h ) 

<3C 1> 
C h e r d y n t s f ^ v , ? . v , , a n d J , Schmora^ ( T r a n s l a t o r ) ^ 
G e o l o g i c a l I n s t i t u t e o f t h e academy of S c i e n c e s 
of t h e OSSB, B a t i n g L a b o r a t o r y , Moscow, USSF. 
19 71 

OraniuiD 234 i n * h e • '"c^an. P a r t of C h e r i y n t s e v , 
V . ¥ . , U r a n i u m 2 1 4 , c h a p t e r '^, K e t e r P r e s s , 
J e r u s a l e m , I s r a e l , ( p . 177»234) ^ 234 p . 

a rev i r^w 
s o l l u s k s 
s tud i^ - 'S w 
c f 0 i n 2 
P a c i f i c , 
H e d i t e r r a 
a t th«5 S I 
se-f-^^rs. 
a c t i v i t y 
C o r a l s an 
u r a n i u F i i 
th-^^y u s e 
s k e l c i - o n s 
v a l u e o f 
a i n l i a u n T 
w h i c h c o r 
c o n t e n ' ^ , 
wat^- 'rs of 
p r o b a f c l y 

i s g i v e n o f U i n B«^a' 
hfr'llSf a n d dee p s e a 
e r e s a d ^ on t h ^ i-^ot 
0 s p e c i m e n s of w a t e r 
I n d i a n , and a t l a n t l c 
n s a n a n d t h e Fed f^ea 
r f a c e a n d a t d e p t h s 
Ta^ g a m m a - v a l u e CU 2 
unit-3) v a r i e s bei-ween 
d F'ollup^g^ s h e l l s d i 
s o t c p e r a ^ i o a s ^he 
s e a w a t e r t o b u i l d up 

One ^ t u d y showed 
s e a w a t e r i n c r e a s e d w 
a l u ^ o c c u r r i n g a t 2 
r e s p o n d s t o t h e i l n i 

Th«' av-^ra^'^' conti^^nt 
fho w o r l d i s unknow 

n o t i^^sn t h a n 1 , 10(F 

w a t e r c o r a l s , 
d e p o s i t s , 
ODe c o m p o s i t l o L 

f r o a *he 
O c e a n s , t h e 

saiapl '^d b o t h 
op t c 5 , 0 0 C 
3 4 / u 2 38 

1 .13 a n d 1 , 1 7 . 
s p l a y e d t h e s a a e 
s e a w a t e r , s i n c e 

t h e i r 
t h a t t h e gamma 
i * h d e p t h , thp-
k i l o i e t e r s d e p t h 
mum oKygen 

o f 0 i n f l u i d 
n b u t i s 
- 7 ) g / I , By 

estimating the tise taken for river water tc 
fill the ocean basin^ it is suggested that 
1pSaO,000 years Is the laxi^um tine for the 
eiisteBce of 0 ia seawater. The ocean 
ccEtains about 5 billion tons of 0 of which 
dcsens of thousands of tons escape every 
year. The content of Th aad also of IOBIUI 
and protactinu^ in ocean water have alsc been 
deteriined. The dating of corals amd 
pcllusks shells is discussed with ̂ eatioa 
made of the use ±u level of the seas as a 
result ©f deglaciation which followed the 
main guaternary glaciation. studies on 
benthic deposits show that they do not 
contain excess aaounts of U 234 and in most 
cases are even deficient with respect to the 
eguilibriua value. The gaaaa values varied 
between 0.78 and 1.07 with gaama ^ 0,93 as 
the average value. The sea oo^es hoiever are 
xemarkable for their very high Th/U ratioi 
these ssay be as high as 10 in isolated cases 
while the average value is 5.1, The average 
content of 0 in oozes is guite high—2 x 
10<E-€) to 3 ̂  1GCE-6) g/g and the urasiu^ 
leached out of the cose say a.ct as an 
important source of supply of U to the sea 
water. The U cycle in the sea aay be roughly 
represented as follcwsi eleaents ester the 
sea with river waters, both as true soluticn 
with ccllodial particles cr as natter 
absorbed oa these particles. They then ferm 
deep water deposits. The U ̂ hich is then 
leached out of these particle again becomes 
osly dissolved ia water in the fori of orange 
salts, (FMH) 

Table 72 shows isotopic ratic of U, Ta and Ha is 
benthic deposits of the world ocean. This is a 
translation of Beport, UBaM-214. 

<302> 
Cowa^j. H., Jr., Sandia Corporation, albuguergae, 
^̂ M, 1960, November 

PlotonluE Contamination fro® One-Point 
Detonation of an J(M-25 (U) , WT-1=̂ 10; 113 p. 
(Sec set) 

<303> 
risenbud, .̂. 
1968 

New york University, New York, ̂ Y> 

Fadicnuclides in the Fnvironaeat. CCHF-6705^1; 
Ponographs en Nuclear Medicine and Biology, Uc-
2; part of Kornberg, H.a. and Norwood, ̂ .D. 
(!Sds.) , Proceedings of a Symposl^E: on the 
Diagnosis and Treatient of DspositPd 
Padionacli3es held in Bichland, sJasiiirigton, *̂ay 
15-17, 1'367, (p, 3-18), b80 p. 

Twenty-five years o 
energy industry has 
substances can be h 
fission and activli 
detected in thp env 
in husian focd and t 
these nuclides is s 
received foria the n 
radionuclides. .̂or̂  
the environmental €• 
dae to th^ testing 
cGLtaaina^ion fore 
slninal ana is t^ca. 
atcnic energy facil 
exposure in the fut 
radionuclides like 
transuranic nuclide 
in isotonic power s 
curies of Sr 90 are 
fcr Hs in sisall pow' 
operate weather sta 
Coast Guard beacons 
devices. Thousands 

f ejcperiencw in tne atcsic 
shown that radioactive 

.andled saf-̂ ly. Traces cf 
,tion products can be 
ironmeat and in some ca^cs 
i'ssues, but the dose from 
;EalI ccapared wxta that 
aturally occurring 
•eover, essentially all cf 
lontasination tc date is 
c£ oacl-sdr woapons; 
ir.aastrial sources is 
lisei near a f-̂w lar^e 
itles, a source of 
ure siay be froEi the use ex 
Sr QQ, Po 210, and 

•ch as Po 238, for use 
applies. '̂ illicEs cf 
already being separated 

•er supplies that will 
tiens In r^aott areas, m 
and In de^p-sea recording 
of curies of 



<30 3> 

ECOLOOICtt ISPFCTS 

<30 3> COHT. 
r a d l o n a c l i d e s a r e a l s o being used in SM^P 
devices aboard s a t e l l i t e s i n ou te r s p a c e . 
One such un i t c o n t a i n i n g I ' ' ,000 c u r i e s Pn 238 
has r e - e r t ^ r e d t h e atmosphere p r e a a t a r e l y aii*S 
has presas^afelv burned up and becoae d i s p e r s e d 
in t h e app^r atmosphere fro® ¥hich i t i s 
l e scend inq in a new kind of f a l l o u t . Th® 
p o t e n t i a l use of ther i soauc lear exp los ions fo r 
peacefu l purposes i s c o n s i d e r e d . There I s a 
g r e a t d e a l of enthusiasm about the Plowshare 
Program a s evidenced by t h e c o n s i d e r a t i o n 
being given t c t h e c o n s t r u c t i o n of a secoad 
Pasasa Canal with n u c l e a r e x p l o s i v e s . There 
i s a a p l e evidence t h a t i cdern technology i s 
l o r e than adequate t o dea l with the p o t e n t i a l 
r i s k s of r a d i o a c t i v e m a t e r i a l s , and t h a t t h e 
a i n i s a l a i o a n t s of r a d i o a c t i v e c o n t a a i a a t i o K 
t h a t r e s u l t s froa t h e use of nuc lea r r e a c t o r s 
ind e t h e r c i v i l a i a appl ica t ions? of a tomic 
energy Involve n e g l i g i b l e r i s k s f c r trhich i n 
r « t u r n , t h e r e a r e t a n g i b l e b e n e f i t s . Perhaps 
*-ae g r e a t e s t b e n e f i t f ro^ the use of t h e 
nuc lea r power i s -sha*- as a s u b s t i t u t e fo r 
f o s s i l f a^ l s? i t h ^ l p s t c reduce a i r 
p o l l u t i o n . (tethS 

<30«> 
EEery, R.M., an i T . P . Gar land , B a t t e l l e HeEorial 
I n s t i t u t e , P a c i f i c Northwest L a b o r a t o r i e s , 
Bichiando 8 a . 1974, Deceiber 

The Eco log i ca l Behavior of P l u t o n i u i and 
A a e r i c i u i in a i^reshHater Ecosysteas Phase 2 , 
I m p l i c a t i o n s of Di f f e rences in Transuran ic 
I s o t o p i c ' ? a t i o s . B1Hl-19=C (Par t 2)} P a r t of 
f aaghao , B . i ' . , e t a l , Annual Heport fo r 197H, 
(p . 9 9 - 1 0 a ) , 238 p . 

The e c o l o g i c a l behavior of Pu and hn l a a 
freshwat '^r p roces s ing ^ a s t e ^ a t e r pond has 
been s t u d i e d t o c h a r a c t e r i z e the pond ' s 
l i a n c l o g y and d e f i n e t h e i s o t o p i c 
d i s t r i b u t i o n s i n the ecosystem, E e s a l t s f roa 
the s tudy show t h a t t h e h i s t o r y of 
t r a n s u r a n l c s d i scharged t o t h e pond' has 
c r e a t e d a complex combinat ion of source terms 
and i s o t o p i c r a t i o s . Very l a r g e q u a n t i t i e s 
of (J 23S, a p p r o x i E a t e l f lUOO kg, have been 
d i s c h a r g e d i n t o ¥ a s t e t r e n c h e s l ead ing t o t h e 
pond, l i t h r ega rd t o t r a n s u r a n i c i s o t o p e s , 
soma unusua l l y high r a t i o s occur i a t h e pond. 
The r a t i o s of Pu 238 t o Pa 239, fa 290 and 
M 291 t o Pu 239, 2«0 occur r ing i n t h e pond 
b i o t a , a r e s i g n i f i c a n t l y higher thaa t h o s e i a 
the s e d i a e a t s . A common source ©f 
" a v a i l a b l e " Pu aad Am f o r pond b i o t a i s 
sugges ted by the r a s l d e s t a b l i s h a e n t of Pa 
238 to 23'3, Pu 2«0, and Aa 29 1 t o Pu 239, 
2»0, r a t i o s i a g o l d f i s h (CM&SSIOS) »h ich 
were e x p e r i a e n t a l l y i a t roduced i n t o t h e poad. 
Within 2 seeks a f t e r t he se f i s h had been 
i n t r o d u c e d i n t o t h e pond they had acouBulated 
t r a n s u r a n i c r a t i o s which ^ere s i a i l a r t o 
t h o s e of o the r pond b i o t a and d i s s i m i l a r t o 
t h o s e of the pond s e d i a e n t . Cons ider ing t h e 
r a p i d exchange r a t e of i ia te r i a the poad and 
i a p l i c a t i o E S of t h e t r a n s u r a n i c r a t i o s 
occu r r ing in the pond ' s e c o s y s t e a , i t i s 
p o a s l b l e t h a t t h e source of Pu and km which 
i s " a v a i l a b l e " to t h e b io t a i s not t h e pond 
s e d i m e n t s , but t h e s e d i a e n t s of a t r e n c h 
which s u p p l i e s the poad ¥ i t h « a s t e ¥ a t e r froE 
Pa p r o c e s s i n g o p e r a t i o n s . (F^n| 

See a l s o BSH1,-1879, 26 p . (Eecesber , 1971) . 

<305> 
Eoery, B.M., D.C. Klopfe r , and B.C. i e i n e r , 
B a t t e l l e H e i o r i a l I n s t i t u t e , P a c i f i c Borthwest 
L a b o r a t o r i e s , B i c i l a n d , MA. 197», 

The E c o l o g i c a l Behavior of P l u t o n i u s and 

^^ericiuM i a a Freshwater Kccsystems Phase 1, 
Lifflnclogical c h a r a c t e r i s a t i o n and I s o t o p i c 
D i s t r i b u t i o n . BliaL-1950 (Part 2 ) : Par t o£ 
Vaughan, B.E. , e t a l , annual Report for 197JI, 
(p . 95 -99) , 239 p . 

A s tudy concerned ^ i t h t h e e c o l o g i c a l 
behavior of Pu and Im i s being c a r r i e d cut i n 
a shal low waste pond ( I t acres) which has 
e s i s t e d and r ece ived Pu p rocess ing was tes for 
about 30 y e a r s . The s y s t e i i s 
u l t r a - e u t r o p h i c and t h e s a i o r organisms a re 
nacrophytes (mainly POTIKOGEIOS), a l g a e 
( s a l n l y CL&DOPHOHl) , b e n t h i c i n v e r t e b r a t e s 
(mainly d i p t e r a n and odcoate l a r v a e , 
h e a i p t e r a n s , amphipods, an i gas t ropods) and 
g c l d f i s h . Sed i aen t s a r e t h e p r i n c i p a l 
r e p o s i t o r y of Po and i a c o n t a i n i n g about 3S0 
pCi of Pu 238, 239, 280 ( s igaa Pu) /g (dry) 
and about 83 pCi of 4a 24 1/?. POnd water had 
luch lower c o n c e n t r a t i o n s of s i g i a Pu (0.01 
pCi/1) and to 2»1 (1 .1 p C i / 1 ) . In t h e b i o t a 
t h e p r i n c i p a l c o n c e n t r a t o r of Pti and Am i s 
decoiposing a l g a l m a t e r i a l , t h e major feeding 
s u b s t r a t e for t h e sys tem, con t a in ing about 2 
nCi for Pa/g and 25C pCi cf &• 281/9-
S a t e r c r e s s (B08IPP&) has r e l a t i v e l y high 
c o n c e n t r a t i o n s of s i g e a Pu and &B 2 » 1 (532 
and 125 pc i / g r e s p e c t i v e l y ) . E a t i o s of Pu 
238 t o Pu 239, 280 in t h e pond b i o t a a r e 
g e n e r a l l y h igher than t h e s e of t h e s e d i a e n t s 
(C .9) . I t appears t h a t aos t of t h e pond 
organisms, f l o r a and fauna a l i k e , a r e 
s e l e c t i n g Pu 238 s l i g h t l y over Pu 239, 240. 
P lan t l a t e r i a l having t h e h i g h e s t 
accumulation of Pu had r a t i o s ranging f r c i 
1.3 t o 1.6. Only g o l d f i s h a u s c l e t i s s u e had 
a r a t i o favor ing 239, 280 Pu. The r a t i o cf 
Pa 238 t o 239, 280 Pu in the pond wa te r i s 
3 . 5 , which aay be r e f l e c t e d in t h e r e l a t i v e l y 
high r a t i o s of b i o t a , a l g a l f l o e and 
e i e r g i n g c h i r o n o a i d s were the only b i o l o g i c a l 
ccBponents with r a t i o s of &a 281 
lower than t h a t of t h e s e d i a e n t s ( 0 . 1 3 ; 1 ) . 
Watercress had an In 281 to s l g a a Pu r a t i o 
egual t o t h a t of t h e s e d i a e n t s ( 0 . 2 3 ) , while 
the t e i a i n i n g b i o t a sampled had As 281 t o 
s i g a a r a t i o s ranging f r o i 0.8 t o 2 . 0 . 
( iu th) (PSH) 

See a l so BMWL-1867, 77 p . , (Sep teaber , 197i | ) . 

<306> 
Hardy, E . P . , J r . , Heal th and Safe ty l a b o r a t o r y . 
Environmental s t u d i e s D i v i s i o n , New Iorl£, H?. 
1978, October 1 

Depth O i s t r l b u t i o n of Global Fa l l ou t S t r o n t i u i 
90 , Cesiui 137, and P lu ton iua 239, 280 i n Saodj 
Loan S o i l . HSSL-286i P a r t of Hardy, E . P . , J r . , 
F a l l o u t P r o g r a i Quar t e r ly Saaaary a e p o r t , June 
1, 1978 through Septeaber 1, 1978, (p . 1-2 -
I - 1 0 ) , 169 p . 

The o b j e c t i v e of t h i s s tudy was t o a e a s u r e 
t h e depth d i s t r i b u t i o n s of Sr 90, Cs 137, and 
Pa 239, 280 on a b iannua l b a s i s t o e s t i a a t e 
the r a t e of ooveaent . The f i r s t o£ a s e r i e s 
of depth p r o f i l e s a n p l e s taken a t aa 
undis turbed s i t e on Cape Cad have been 
analyzed for t h e s e i s o t o p e s . Ces iua 137 
showed the l e a s t tendency to mig ra t e downward 
folXowea by Pu 239, 280 and Sr 9 0 . C&«th) 

<307> 
J o r d a n , C . F . , B . l . S t e w a r t , and J . l . K l i n e , 
tegonne Ha t i ona l l a b o r a t o r y , l a d i o l o g i c a l and 
Env i rousen t a l Besearch D i v i s i o n , i r g o n n e , I L . 
1978, J u l y 

T r i t i B i iovenen t in S o i l s : The l a p o r t a n c e of 
Exchange and Blgh I n i t i a l D i s p e r s i o n . Heal th 
P h y s i c s , 2 7 , 37 -83 . 
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<307> 

<^C7> CONI. 
Result 's of a f i e l d experxnent t o d e t e r s x n e 
t rx t i i iR p̂  ea^ure^^nt tnrough s o i l were 
co'apared with s e v e r a l p r e d i c t i o n s made by a 
aa tnemat ica i . n o d e l , "^he input pa ramete r s of 
the ^odel were e v a p r t r a n s p i r a t i o n , s o i l water 
d i f -^us ion, o r a v i t y ^low and the pas t 48 hr 
H i s to ry o^ r^ ' in . I t ' i t i a l p r e d i c t i o n s of the 
q u a n t i t y cf t-s°xt„us i n s c i l a s a functxon of 
time were about an order of magnitude too 
low. The ^ i t wa^ g r e a t l v xaproved when 
t rx txu i i exchange with hydrogen on s o i l 
p a r t i c l e s and a high x n i t x a l d i spe rsxon 
through l a r g e s o i l pores were mcor t so ra ted 
i n t o t n e ^odel . (auth) 

<308> 
Jo rgensen , C, 
Provo, Utah. 

D., Brigha 
1Q7G 

Young Onive r sx ty , 

Free L iv ing !1it«s of the Nevada '"est S x t e , F ina l 
Repor t , COO-1731-4, 47 p . 

The x i p c r t a n c e of de te rmining t h e e f f e c t s of 
n u c l e a r weapons t e s t i n g on phytophagous i x t e 
d x s t r x b u t i c n and c o i p o s i t i o n and to e^amxne 
what fT-ee l i v m a a i t e s a r e p r e s e s t a t t h e 
Nevada ^e^ t Sxte i s appare=nt i f nuc lea r 
energy i s cons idered a t a c t i c a l weapon, 
obiectxvt^s o-*̂  t h e s tudy were to exaixne two 
popula txon responses ( spec ies flxversi^y and 
t r o p h i c o r g a n i s a t i o n ) of deser t s txtes , under 
f i e l d c o n d i t i o n s , t c icnxsing radxatxoa and 
pa ' - t xcu la r ly be t a r a d i a t x o n . Fxve saigplmg 
s i t e s r o r t hwes t ard nortfei^ast of P r o i e c t 
Caarxo le t Ground Zero were d e s i g n a t e d , and 
the source of r a d i a t i o n was the f a l l o u t c loud 
frora C a b r i o l e t . Seventeen p h e n o t y p i c a l l y 
d i s t i n c t groups o-̂  Siites were i d e n t i f x e d . 
D i v e r s i t y i r d i c e s and t rophxc l e v e l 
o r g a n i z a t i c n -^or each s i t e xs p resen ted fo r 
Jure 1968 t h r o i g h September 1969, The isa^cr 
form of r a d i a t i o n was b e t a , but jj© a t t empt 
was made to p a r t i t i o r t h e e f f e c t s of gasaa 
and be ta . R e s u l t s suggest t h a t sgecxes 
dxversx ty tended t o xncrease or remain s t a b l e 
when sub j ec t ed t o r a d i a t i o n s t r e s s , a n a l y s i s 
of t i o p h i c l e v e l o rganxsa t ion agreed 
g e r e r a l l v with o t h e r f ind ings t h a t t h e 
p r e d a t o r - u r e v r a t i o decreased with s t r e s s and 
t h a t a m-i t e p r e d a t o r was sore s e n s i t i v e t o 
r a d i a t i o n s t r e s s than t h e mxte p r ey , 
iiowever^ two of the s i t e s did n o t conform t o 
p r e d i c t e d r e s u l t s . More s tudy l o s t be l ade 
of th<^ a p p a r e n t l y unp red i c t ab l e and o f t en 
e s t r e a e v a r i a t i o n s n d x s t r x b u t i c n p a t t e r n s 
of groups and t h e b-'ology of the g roups . 
Taxoncmical l i s t s o"̂  p l a n t s p e c i e s and fauna l 
sampling are i n c l u d e d . (BBI) 

<309> 
Koranda, J . J . , and J . H , Mar t in , Lawrence 
Livermore l a b o r a t o r y , B i o i e d i c a l D i v i s i o n , 
Livermore , r a . 197lj 1972, Ju lv 13 

T̂  e movement of '''rxtiUTi in Eco log ica l Systems. 
a)KF-71G809 OCKL-73178 (Bev. 1 ) ; P a r t of 
toghxssi, S. S. and C a r t e r , H-W. (^ds.)«. 
P roceed ings cf a Symposium en Trxtxus he ld m 
Las ¥egas , Nevada, august 30-September 2 , 1971. 
flessenger Grap lxcs , P u b l i s h e r s , Las f e g a s , 
Hevada, Cp- 430-4^5) , 807 p . 

Trxtxum mcveaent xs eco logxca l systems i s 
GoapXex and invo lves raaay comnar taen ts , both 
p h y s i c a l and bxo logxca l . Th^ uptake of 
t r i t i a t e d water ard vapor occurs r a p i d l y in 
p l a n t s and an ima l s , but because of t h e r ap id 
t u r n e ^ e r cf body or t i s s u e - i s a t e r xn Ixvxng 
o rgan i sms , t h e ha l f - t x i s e s a re g e n e r a l l y 
s h o r t . P l a n t h a l f - t x a e s may he neasdred in 
minutes o r hours^ whxle anxmal body-water 
h a l f - t x i e s a r e one t o two days t o 15 days . 

I s p l a n t s , o rganic f i x a t i o r o-^ t r i t i u m occurs 
even in exposures of s h o r t du ra txc s and tne 
h a l f - t i m e of t i s sue -bound t r i t x u i i s 
cons ide rab ly longer than t h a t xn 
t i s s u e - w a t e r . Trxtiuia movemert m s o i l s i s 
a f f ec t ed by s o i l c h a r a c t e r x s t x c s such as bulk 
densxty aad t n e displaceH*;Bt of tht= t r x t i u s 
ptilse wxthm the soxl systesi by subsequent 
xncreaents of r a m cr x r r x g a t i o n a l wa t e r . 
I n t e rmed ia t e t o long h a l f - t i m e s a re observed 
xn s o i l systems with t h e l a^or f a c t o r s 
a f f e c t i n g l o s s r a t e s being p o r o s i t y and 
r a i n f a l l r a t e . In w e l l - d r a i n e d , porous 
« c i l s , vaDor l o s s e s may be e f f e c t i v e i r 
d i s s i p a t i n g t r i t i u s p u l s e s while m denser 
s o i l s with axgher r a x r f a l l r a t e s , leachxng of 
s e l l water i s the dominant f a c t o r . The 
h a l f - t x i e of t r i t i u s in p l a n t s growing en 
tExtxui-contaEimated soxl i s extended by tne 
longer ha l f - txme xn t h e s o x l . The r o o t scne 
of the p l an t wxll con ta in t r i t i u m for varying 
l e n g t h s of time depenaxng uBor r a i n f a l l r a t e 
and sox l c h a r a c t e r x s t x c s . The f c l l c w m g 
s u i s a r y s ta tement concernxng t h e sove ien t cf 
t r i t i u m m e c o l o g i c a l systems say be l a d e ; 
Tne behavior of t r i t i u m m soxl s v s t e i s 
e^hxbxts a rapxd, i n i t x a l l o s s with t h e 
rasainxng ac txvxty decayxng with x n t e r s e d i a t e 
t c long h a l f - t i m e s , the h a l f - t i a e oi t r i t i u s 
xn t h e shoxl s y s t e i w i l l determxne the e f f e c t 
of the enposure on the r e s t of t h e eco logxca l 
sys tem, *he behavxcr cf trxtxu® xn p l a n t s xs 
s i m i l a r for vapor or l iguxd exposures wxth a 
l a rge f r a c t i o n of the deDosited a c t i v x t y 
being l o s t m a s h o r t - l i v e d coaponent cf th^^ 
h a l f - l i f e decay . Tne benavxor or t r x t i u i m 
e c o l o g i c a l systems w i l l vary with t ^e f l u s c£ 
wat^r through the system and t h e r a t e cf 
b i o s y r t h e s i s . Ha l f - t imes la a g r i c u l t u r a l 
systems w i l l be s h o r t , but uxgh r a t e s of 
x^corporatxon wxll occur , (auth) 

<310> 
?3xyake, ¥ . , Y. Sugxmura, and E. " l a t s a so to , 
!1etecrologxcal Research I n s t i t u t e , Koen^i-Kxta, 
SugiBasx, Tokyo, Japan^ "^okyc Kyoika Oniversx ty , 
Ohtsuka, Eankyo, Tokyo* Jaoan . 19o8, iiarch 

^oniyn-Tnor iua Chronology of the Japan Sea 
C o r e s . Records of GceanograEhxc Morkto xn Japan, 
9 ( 2 ) , 189-19'^, 

The r a t e of deposxt ion of two c o r e s c o l l e c t e d 
a t the depth of about 3,000 ra xn t h e c e n t r a l 
pa r t of t h e Japan Sea Basxn was studxed by 
means of t h e x o n i u s - t h o r x u i mstacd. Resu l t s 
showed tha r a t e of d e p o s i t i o n of 
14.5®m/10CE*3) y for t h e core #64-19 aad 15.8 
i s /10 (E t3 ) y fo r the core #54-21, 
r e p s e c t i v e l y . Uranium conten t xn t a e su r f ace 
l ayer was about 3 pps . an abrup t xncrease xn 
uraniuia con ten t was found below 15 c i - 2 0 csi 
fro® tha su r f ace which ccntxnues t c the 
bcttom of the core o^ 1 m long. Tnis ^ay be 
r e l a t e d t o t h e g r e a t sea l e v e l change durxng 
the l a s t g l a c i a l p e r i o d , (auth) 

Table 1 shows a c t i v i t y r a t i o s of Th 230/Th 232 
and Th 228/Th 232 a n i t o t a l aiaounts of Th and 0 
m Seifu core #64-19 m t h e Japan Sea. Table 3 
shows t o t a l amounts of 0 and a c t i v x t y r a t i o s cf 
0 234/U 238 and Th 230/0 234 xn Sei fu core 
# 6 4 - 2 1 , 

<31 1> 
Rxyake, Y., ? . Sugx^ura, and K, Saruhashx, 
Meteoro log ica l Research I n s t x t u t e , Ko^nji-Kxta, 
SugiDasai, Tokyo, Japan, 1973, Barch 

Conten t of ^ l u t o p i u i xn Hiver Water m Japan . 
Papers xn Heteorolcgy and Geophysxcs^ 24 (1 ) , 
75 -78 , 



<311> 

BCOLOGICai aS5BCTS 

<31 1> COHT, 
The con ten t of p l a t o n i u i 
e i g a t l a i n r i v e r s In Jap. 
The average va lue of the 
Plutonium i s 1.4 K 10 ( E -
X 10 (E-3) pCl /1 i s conta 
l a a t t e r . The annual roii' 
0 .12^ of t h e accumulated 
This s u g g e s t s t h a t t h e f 
adsorbed en s o i l su r f ace 
d i f f i c u l t t o be leached 

in the Hater of 
an was determlned« 

t o t a l c o n t e n t of 
3) pCi /1 i n which 0 .4 
ined in the suspended 
off plutois ius i s only 

p l u t o n i u s OB l a n d . 
a l l o u t p l u t o n l M i s 

f i r a l y and i t i s 
ou t . (auth) 

Table 1 shows t h e r e s u l t s of a n a l y s e s of Pu 239, 
240 in Japanese r i v e r s . 

<312> 
RanderscRj, D . , and J . S . Corne t t , Mational 
ocean ic and atmospheric a d m i n i s t r a t i o n , a i r 
Resources L a b o r a t o r i e s , Las Vegas, N¥. 1973, flay 

NuEierical P r e d i c t i o n of t h e f^esoscale T r a n s p o r t 
of atmosphere E f f l u e n t s : Philosophy and 
Morphology of Experimental I9cdels fo r P r e d i c t i n g 
t h e Mind and P o t e n t i a l R a d i o l o g i c a l F i e l d s over 
t h e Mevada Tes t S i t e . H0aa-TM-ERL^aKL-37| 
aPL?-351-2es "̂ 6 p . 

Two egper issenta l numerical models a re 
d e s c r i b e d amd t e n t a t i v e l y v e r i f i e d . Que 
nodel p r e d i c t s t h e mesoscale wind f i e l d over 
mountainous t e r r a i n and the o t h e r model 
f o r e c a s t s the temporal and s p a t i a l changes in 
the a i r b o r n e r a d i o a c t i v i t y f i e l d t h a t s i g h t 
be a s s o c i a t e d with an a c c i d e n t a l r e l e a s e of 
d e b r i s dur ing nuc l ea r t e s t i n g on the Nevada 
Test S i t e , a mesoscale w i n d - p r e d i c t i o n ssodel 
i s de r i ved from the assumption cf the 
c o n s e r v a t i o n of v e r t i c a l wind s h e a r f o r a 
time pe r iod of at l e a s t 6 h r , over an a r ea 
160 X 160 n mi. This assumption i s c l o s e l y 
analogous to t h e conse rva t i on of h o r i z o n t a l 
v o r t i c i t y , f e r i f i c a t i o n of the 
w ind -p red i c t i on model i s accomplished through 
two d i f f e r e n t modes. F i r s t , 10 independent 
c a s e s of d i f f e r e n t wind regimes a re used t o 
v e r i f y t h e wind p r e d i c t i o n s for t h r e e 
d i f f e r e n t s t a t i o n s . The average 
r o o t - a e a n - s q u a r e e r r o r i n speed for t h e s e 
s t a t i o n s v a r i e s f roa 6,2 kt for a 1-hr 
p r e d i c t i o n t o 9.fi k t fo r a 6-hr p r e d i c t i o n . 
Second, f o r 20 d i f f e r e n t independent c a s e s , 
comparisons a g a i n s t p e r s i s t e n c e f o r e c a s t s and 
wind- ladder f o r e c a s t s , prepared by t h e duty 
f o r e c a s t e r fo r Yucca F l a t , showed t h a t t h e 
model did as well a s both fo r a 2-hr 
p r e d i c t i o n and b e t t e r t han both for a 6 -hr 
p r e d i c t i o n . The r a d i o l o g i c a l - p r e d i c t i o n 
model i s d i f f i c u l t t o v e r i f y , bu t p r e l i m i n a r y 
r e s u l t s look r e a l i s t i c . In t h e s i n g l e case 
used t c v e r i f y the r a d i o l o g i c a l f o r e c a s t s , 
the model p r e d i c t s t h e pa th of t h e d e b r i s 
cloud t c be too f a r e a s t by about 13 n mi, 2 
hr a f t e r d e t o n a t i o n , and by about 20 n s i , 3 
hr a f t e r d e t o n a t i o n , above the 70Q0-ft 
l e v e l , t h e speed of movement of the c loud 
c e n t e r i s too f a s t by about 10 t o 15 k t fo r a 
3.5 hr . f o r e c a s t , '"he 7000-f t t r a j e c t o r y 
compares reasonably w e l l with t h e e s t i m a t e d 
c loud p o s i t i o n s r e p o r t e d by p i l o t s , t h e 
p r e d i c t e d c l o u d - c e n t e r t r a j e c t o r y being 
wi th in about 9 n ml of t h e es t imated c loud 
c e n t r o i d throughout the du ra t ion of a 4-hr 
f o r e c a s t . P r e d i c t e d c l o u d - c e n t e r W 
1 8 7 - a c t i v i t y v a l u e s a r e about an order of 
magnitude too l a r g e ; however, i t i s no t known 
If t h e a e r i a l - s a m p l i n g da ta used in t h i s 
v e r i f i c a t i o n were taken in or nea r the r eg ion 
of maxlsiUR' a c t i v i t y beyond 0 .^ hr a f t e r 
d e t o n a t i o n , (authi 

<313> 
Rober t son , D . C , B a t t e l l e Memorial I n s t i t u t e , 
P a c i f i c Horthwe.^t L a b o r a t o r i e s , Rad io log ica l 

Sciences Department, R ich land , Ha, 1971, 
September 8 | 1972 

In f luence of the Phys ico-chemical FOESJS of 
Radionucl ides and S t a b l e Trace E l e i e n t s i n 
Seawater in R e l a t i o n t o Uptake by t h e Marine 
Biosphere , B^HL-sa-4048| COHF-710988s P a r t of 
Proceedings of a Syipos iua on Marine 
Radicecology held i a Hamburg^, Geraany^ September 
20-24, 1971, (p. 21 -93) , 214 p, 

Xn l a b o r a t o r y exper iments and i a a c t u a l f i e l d 
s t u d i e s g ross d i f f e r e n c e s in t h e b i o l o g i c a l 
uptake between r a d i c a u c l l d e s and t h e i r s t a b l e 
i s o t o p e s f ro^ seawater have been observed and 
a t t r i b u t e d to d i f f e r e n c e s in p h y s i c o - c b e i i c a l 
form. These f o r i s are u s u a l l y c l a s s i f i e d 
i n t o t h r e e c a t e g o r i e s , n a i e l y , s p e c i e s in 
t ime s o l u t i o n , c o l l o d i a l s p e i c e s and 
p a r t i c u l a t e forms. The most Isaportant 
r a d i o n u c l i d e s e n t e r i n g t h e la r i i se e n v i r o n i c E t 
a r e those with r e l a t i v e l y long ha l f l i v e s and 
the a b i l i t y t o be r a p i d l y and e f f i c i e a t i j 
taken up and r e t a i n e d by the marine 
b i o s p h e r e . Seutron a c t i v a t i o n p roduc t s of 
b i o l o g i c a l l y e s s e n t i a l t r a o s i t i c n e lements 
a re f r eguen t ly accuiBulated to a very high 
degree by the b i o s p h e r e . The most 
predominant a c t i v a t i o n products which Have 
been observed in f a l l o u t and e f f l u e n t s f r c i 
nuc l ea r power r e a c t o r s i n c l u d e Pe 55 , Zn 6S, 
Co 60 and Mn'54. These e l e a e n t s a re 
a c c u i u l a t e d from seawater bj f a c t o r s rang ing 
from 1CCB4.3) t o 10(Et5 ) . Case s t u d i e s of the 
i n f luence of phys ico-chemica l forms of 
r a d i o n u c l i d e s in r e l a t i o n to b i o l c g i c a l 
uptake a r e p resen ted for Fe 55, Sn 6 5 , Hu 106 
and Pu 239. Pu 239 c o n c e n t r a t i o n s in ocean 
s u r f a c e wate rs range f r o i 0 .11 -3 .0 x 10|E-5) 
Ci/kg C1.B-48 X lOCE-15) g / k g ) , The 
c o n c e n t r a t i o n s of Pu 239 in marine o r g a n i s i s 
vary wide ly . Pu s e r v e s no use fu l func t ion ia 
the b i c c h e i i s t r y of marine organisms and i s 
co-accumulated by i n g e s t i c n of food, water or 
sediments or i s adsorbed on t h e ou t e r 
s u r f a c e s of organisms . I t appears t h a t the 
major i ty of the p l u t o n i u i p r e s e n t in t h e 
oceans i s a v a i l a b l e fo r b i o l o g i c a l 
a s s i m i l a t i o n s a i a l y in a p a r t i c u l a t e f c r s . 
Fcr seaweeds and c e r t a i n c rus taceans^ t h e 
r e l a t i v e l y high accumulat ion of p l u t o n i u s 
appears t o be a s u r f a c e adso rp t ion p r o c e s s . 
This r e l a t i v e l y high a c c u i u l a t i c n cf 
Plutonium by seaweeds sugges t s t h a t t h e 
c r i t i c a l pathway for Pu 239 f ros t h e ocean t o 
man s i g h t be by consuming e d i b l e seaweed 
p r o d u c t s , a reas of needed r e s e a r c h on the 
d i s t r i b u t i o n and behav ior of v a r i o u s forms of 
ocean ic c o n s t i t u e n t s a r e d i s c u s s e d , iFBn) 

Table 15 shows Pu 239 c o n c e n t r a t i o n in marine 
o r g a n i s i s i nc lud ing f i s h , p l ank ton , cla® and 
s t a r f i s h . 

<314> 
S i l k e r , 5f.B.p B a t t e l l e Memorial I n s t i t u t e , 
P a c i f i c Northwest l a b o r a t o r i e s , Richland , Eia. 
1^74^ December 

Plutonium Concen t r a t ions i n the P a c i f i c Ocean. 
BNWL-1950 (Part 2); Pa r t of Vaughan, B . E , , e t 
a l , annual Report fo r 1974, | p . 134) , 238 p . 

a l i b r a r y of samples c o l l e c t e d f r o i many 
p a r t s of t h e w o r l d ' s oceans i s a v a i l a b l e fc r 
measurement of the temporal and s p a t i a l 
d i s t r i b u t i o n of Pu i s o t o p e s . Measurements on 
v e r t i c a l p r o f i l e samples c o l l e c t e d iKl966 a t 
41 deg rees Ng 143 deg rees W in t h e North 
P a c i f i c Ocean r evea led Pu 239 c o n c e n t r a t i c r s 
of 0.72 dpm/m3 in t h e a ixed s u r f a c e l a y e r , 
dec reas ing t o 0.31 t o 0.42 dpm/m3 wi th in the 
thermocl ine t o a depth of 100 s , a n a l y s i s cf 
s e l e c t e d suface samples c o l l e c t e d oa a 1971 



ECOLOGICai ASPECTS 

<314> COHT, 
c r a x s e ^ r o p S e a t t l e t o Saiaoa showed P u 239 
c o n c e n t r a t x o n s w h i c h a v e r a g e d 0 . 3 0 dpm/m{3) 
xn t h e 30 d e g r e e s t o 4^ d e g r e e s H l a t i t u d e 
i ; a n d , x n c r e a s e d t o 1.0 dpii/mCB} a t 20 d e g r e e s 
N a n d th^n d e c r e a s e d t o 0 , 5 2 t o 0.6'? d p m / a 
C3) a t t n e e q u a t o r , 'f'he 239 , 2 4 0 / 2 3 8 Pu 
r a t x o s i n t h e n o r t h e r n H e m i s p h e r e w e r e 0 , 1 1 
p l u s o r m i n u s 0 , 1 , and i n c r e a s e d t o n e a r l y 
0 . 3 s o u t h of t h e e g u a t o r , r e f l e c t i n g t h® 
i n t r o d u c t i o n o f ^ u 238 t c t h e S o u t h e r n 
H e m s p h e r e by f a i l u r e o f S N a P " 9 a , I n t h e s ame 
y e a r , s a m p l e s w e r e c o l l e c t e d a l o n g t h e 
e a s t e r n b o u n d a r y o f t h e P a c i f i c O c e a n , From 
t h e e q u a t o r t o 10 d e g r e e s S, t h e 239 Pu 
c o n c e n t r a t i o n s a v e r a g e d Q.18 d p ^ / ® { 3 | a n d 
n o r t h of t h e e q u a t o r t h e c o n c e n t r a t i o n was 
q u i t e c o n s t a n t , a v e r a g i n g 0 , 3 1 d p m / m C 3 | . 
T h i s i s i n t e r e s t i n g f rom two s ^ - a n d p o m t s . 
F i r s t , r o c o n c e n t r a t i o n l a x i n u m was o b s e r v e d 
i n t h e f̂  *-c 10 d e g r e e s ^ l a t i t u d e r e g i o n , 
w h e r e d r a s t i c a l l v i n c r e a s e d c o n c e n t r a t i c n s o f 
Be (7) and s h o r t e r - l i v e d f i s s i o n p r o d u c t s i^ere 
s e e n . S e c o n d l y , t h i s r e w a s no 
c o n c e r t r a t x o n g r a d x e n t w i t h i n c r e a s i n g 
l a t i t u d e . B e t h o f t h e s e c o n d i t i o n s i n d i c a t e 
t h a t t h e w a t e r mass xn t h x s r e g i o n w a s 
w e l l - h o i o g e n - ' s e d a s a r e s u l t of y e a r s o f 
advec t iVf^ and d i f f u s x v e p r o c e s s e s e x i s t e n t 
w x t h m t h e o c e a n s . (FM^) 

<315> 
K o r a p d a , J . J . , J."^., F a r t i n , S . E , " h o a p s o n , J r . , 
H. L, S t u a r t s T^,^, F c T ' ^ t v r e , and G. P o t t e r , 
L a w r e n c e L i v e r s o r e L a n o r a t o r y , L x v e r m o r e , c a ; 
U. S , " E n v i r o n m e n t a l P r o t e c t l O P a g e n c y . L a s V e g a s , 
KV. 1 9 7 3 , O c t o o e r 

T e r r e s t r i a l ^ l o t a S a r v e y . NVO-iao {Vol . 1 ) ; 
P a r t o f "Hi^^e t ak P a d i o l o g i c a l S u r v e y , <p . 
2 2 5 - 3 4 8 ) , 736 D. 

'^ti& d i s t r i J D u t i O n o^ r a d i o n u c l i d e s i n t h e 
t e r r e s t r i a l b x o t a t h r o u a ^ o u t t i P i s l a n d s o f 
: :newetaK a t o l l g e n e r a l l y c o n ^ o ^ m s t o t h e 
r e s u l t s o f t h e e n v i r o n m e n t a l radia- f -xon 
s u r v e y . On i s l a n d s wx th ^ l e v a t ^ d l e v e l s o t 

r a d x a t i o n , t h e b x o t a c o n t a i n e d e l e v a t e d 
c c B c e n t r a t i o n s of r a d i o n u c l i d e s . The most 
p r o m x n e n t r a d i o n u c l i d e s a r e Cs 1 3 7 , S r 9 0 , Fe 
^^^ Co 6 0 , Pu 2 3 9 , 2 4 0 , OptaKe c o e f f x c x e i i t s 
a r e g e n e r a l l y v e r y l o w l a b o u t 10CB-3 | f o r Pu 
2 3 9 , 24© xa p l a n t s , and o n l y o c c a s x o n a l 
c o n c e n t r a t i o n e f f e c t s a r e s e e n f o r Co 6 0 , 
t y p x c a l l y xn t h e l i v e r s c f a n i m a l s . The i c s t 
e f f e c t x v e l y t r a n s f e r r e a r a d i o n u c l i d e Mxtfair 
t h e t e r r e s t r i a l e c o s y s t e m s o r Eaew'^'tak a t o l l 
a p p e a r s t o be Cs 1 3 7 , R a d i o n u c l i d e s s u c h a s 
Cc 60 and Fe 5"̂  e n t e r t h e e l e m e n t a l p o o l s f c r 
t h o s e e l e m e n t s and a r e t y p i c a l l y f o u n d 
w h e r e v e r t n o s e e l e m e n t s a c c u s s u l a t e o r 
s e q u e s t e r xn a n i m a l t i s s u e s . L i v e r s , 
k x d n e y s , and h e p a t o p a n c r e a s e s a r e s u c h s x t € S 
i n maiBsa l s , b i r d s , a n d C r u s t a c e a , f^ost 
r a d x o n u c l x d e d i s t r i b u t i o n s m e l e m e n t s o f t h e 
t e r r e s t r i a l b i o t a s a m p l e d m th-^ s u r v e y 
c c n f o r m t o t h e c l a s s i c a l p a t t e r n s t n a t h a v « 
e v o l v e d xn t h e d e v e l o p m e n t c f r a d x o D X O l o g x c a l 
s c x e n c e ; e . g . , S r 9 0 , Cs 137 , Pu 2 3 9 , 240 
h a v e an a f f i n i t y f o r b o n e , Cs 1^7 x s a l s o 
f c u n d m p a y s x o l o g x c a l l v a c t i v e t x s s u e s s u c n 
a s musc l '= , and Fe 55 and Co 60 t y p i c a l l y a r e 
r e t a i n e d i n t h e l i v e r and K i d n e y . Ore 
d i f f i c u l t a s p e c t m t h e a r a l y s i s of t h e d a t a 
n a s beeiii t h e v a r x a t x o n xn t h e b a s i c 
e c o l o g i c a l c o n d i t i o n s p r e s e n t on t i e i s l a ^ i d s 
s u r v e y e d t h r o u g h o u t t h e a t o l l . T n u s , a 
c o n c e ' s ^ r a t x o n f a c t o r d e t e r i i n e d f c r a s p e c i e s 
whxcn IS c o l o n i s i n g a c a t a s t r o o h x c a l l y 
d i - ^ t u r b e i h a b i t a t iray oe g j i t e d x f i e r e n t f o r 
•che saiEe s p e c i e s g r c w i r g m a s t a b l e 
e r v i r o r i a e n t m c l i m a t i c and e d a p h i c 
e g u i l i t r i J i a . ( a u t h ) CF^̂ '̂ I 

T a b l e 59 g i v ^ s r ^ ^ i o r u c l i d e c o n c e n t r a t i o n l e v e l s 
(K 4 0 , ^ e 5 ^ , Co SO, '^r ^ 0 , Cs 1 3 7 , Pu 2 3 9 , 24Q) 
^ o r t e r r e s t r i a l b i o t a s a m p l e s c o n t a c t e d a t 
Hnewe*-aK a t o l l , o c t o D e r 1 9 7 2 - J a n d a r y 1 9 7 3 . 
• ^ab l e 76 j x v e s t h e d i ' ^ t r ^ D U t i o n o f r a d i o r u c l i d e s 
m t e r r e s t r i a l b i o t a a n d s o i l s o r a l i c e , 
H n e w e t i k a t o l l , 1 9 7 ^ - 1 9 7 3 , S i m i l a r t a o l e s a r e 
r r e s e a t ^ ' ^ t o r t h e o t h e r x s l a n a s . 



<316> 

ESJEEGY 

<316> 
C a r r a r d , C , and C . ^ i l e t . C o m m i s s a r i a t a 
P S n e r g i e i^tor^.iqa^. D i v i s i o n de - l e t a l l u r g i e e t 
d ' F t u d e d e s C o m b u s t i b l e s N u c l e a i r e s , 
F o n t e n a y - a o x - ' ' o . s e s , F r a n c e . l^'^Sj, O c t o b e r 

I s o t o p i c C a r d i a c P a c e m a k e r S a f e t y T e s t s a t 1300 
D e g r e e s C e n t i g r a d e a n d 800 D e g r e e s C e n t i g r a d e 
( S o u r c e w i t h I n t e r n a l P r e s s u r e and a S i m u l a t e d 
F u e l ) . CEa-P-44fif^? 23 p . ( F r e n c h , E n g l i s h 
Summary) 

i n a c c o r d a n c e w i t h t h e s a f e t y g u i d e l i n e s 
w h i c h a r e s p e c i f i e d by t h e ^ m c l e a r E n e r g y 
Agency c f t h e ' ^ . F . C . D , ( O r g a n i s a t i o n f o r 
E c o n o m i c C o o p e r a t i o n and C e v e l o p i s e n t ) t h e 
t e s t p r o g r a m on t h e e n t i r e L a u r e n s a l c a t e l 
R e d t r o n i t y p e ^ 0 0 0 c a r d i a c p a c e m a k e r h a s b e e n 
c o n t i n u e d w i t h f i r e t e s t i n g {^00 C {1472) F | 
f o r 30 m i n u t e s f o r 30 m i n u t e s a n d c r e i a t i o B 
t e s t i n g ( 1 3 0 0 C (23*^2) F f o r 30 m i n u t e s , Tt, 
a d d i t i o n t o t h e p r e v i o u s t e s t s , a s i m u l a t e d 
f u e l was u s e d I n th^* s o u r c e , and t h e t e s t i n g 
was c o n d u c t e d u n d e r a p r e s s u r e i n s i d e t h e 
i n n e r t a n t a l u s c a p s u l e , c o r r e s p o n d i n g t o t h e 
p r e s s u r e fcuilt-up a f t e r a t l e a s t t e n y e a r s o f 
o p e r a t i o n . The f i r s t p a r t of t h e r e p o r t 
p r e s e n t s th^ r e a s o n s of t h e c h o i c e of n a t u r a l 
u r a n i u m f o r t h e s i m u l a t e d f u e l i i n t h e s e c o n d 
and t h i r d p a r t s r e s p e c t i v e l y , t h e r e s u l t s o f 
t h e t e s t i n g a t ROO d e g r e e s C and 1300 d e g r e e s 
C a r e d e s c r i b e d . I n a l l c a s e s , t h e t a n t a l u s 
c a p s u l e s r e m a i n e d f u l l y t i g h t a n d no o u t w a r d 
d i f f u s i o n o f r a d i o a c t i v e m a t e r i a l was 
o b s e r v e d , ( a u t h ) 

C F T ) S t i i u l a t e u r C a r d i a g u e R a d i o i s o t o p i g u e E s s a i s 
de S e c u r i t e a 1300 C e t a 800 C S o u r c e a v e c 
F r e s s i o n I N t e r n e c t C o m b u s t i b l e ' ^ a c t i c e 

<317> 
D o r a n , ^ . T . , O . S . 
W a s h i n g t o n , GC. 

a t o m i c E n e r g y C o m m i s s i o n s 
1968 

m a g n i t u d e o f D e p o s i t e d R a d i o n u c l i d e P r o b l e m 
Based o n F u t u r e U s a g e — C i v i l i a n a s p e c t s . 
CONF-67052 1; M o n o g r a p h s on N u c l e a r B e d x c i n e a n d 
B i o l o g y , Ho, 2 ; P a r t o f R o m b e r g , H . a . a n d 
N o r w o o d , W.D, ( B d s , ) , P r o c e e d i n g s o f a S y s p o s i u i 
on t h e D i a g n o s i s a n d T r e a t m e n t o f D e p o s i t e d 
R a d i o n u c l i d e s h e l d i n b i c h l a n d , W a s h i n g t o n , May 
1 5 - 1 7 , 1 9 6 1 , ( p . UTi-iiQ-i) , 680 p . 

The f u t u r e u s e s o f t h e i n c r e a s e d p r o d u c t i o n 
o f r a d i o n u c l i d e s cats be c a t e g o r i s e d a s 
f o l l o w s ? 1) s o u r c e o f h e a t and p o w e r , 2 | 
m e d i c a l d i a g n o s t i c a n d t h e r a p e u t i c 
a p p l i c a t i o n s , 3} i m p r o v e m e n t s i n g e n e r a l 
t e c h n o l o g y i n c l u d i n g i n d u s t r i a l and 
a g r i c u l t u r a l , a n d 4} new a p p l i c a t i o n s i n 
s c i e n t i f i c r e s e a r c h . The g r o w t h of r e a c t o r s 
i n s i z e a n d number i s r e v i e w e d , a l s o t h e 
a m o u n t s a n d u s a g e o f r a d i o i s o t o p e s p r o d u c e d 
by t h e r e a c t o r s . T h e u s e o f r a d i o i s o t o p e s a s 
a s o u r c e o f h e a t a n d e l e c t r i c i t y i s d i s c u s s e d 
i n r e l a t i o n t o s p a c e v e h i c l e s , w e a t h e r 
p r e d i c t i o n , n a v i g a t i o n a n d c o i i u n i c a t i o n s 
s a t e l l i t e s . The p r o p e r t i e s o f i s o t o p e s 
i s p o r t a n t f o r p o w e r s o u r c e s a r e p r e s e n t e d , 
a b o u t 30 i s o t o p e s a r e p r o a l s i n g f o r p o w e r 
s o u r c e s a r e p r e s e n t e d , a b o u t 30 i s o t o p e s a r e 
p r o m i s i n g a s f u e l . N i n e of t h e s e h a v e 
p h y s i c a l p r o p e r t i e s a n d p o t e n t i a l c o s t s t i h i c h 
make them a t t r a c t i v e . Of t h e n i n e p r a c t i c a l 
r a d i o i s o t o p e f u e l s , t h e f o u r b e t a - g a m a a 
e m i t t e r s (Sr 9 0 , Cs 137^ c@ 144 and P a 147) 
a r e f i s s i c n p r o d u c t s t h a t a r e r e c o v e r e d f r o i 
n u c l e a r f u e l r e p r o c e s s i n g p l a n t s , a f i f t h 
b e t a - g a m ^ a e m i t t e r , Tm 170 , i s ^ a S e by 
i r r a d i a t i o n of a s t a b l e i s o t o p i c t a r g e t I n a 
n u c l e a r r e a c t o r . T h e o t h e r f o u r a r e a l l 
a l p h a e m i t t e r s ; Po 2 1 0 , Pu 2 3 8 , Cm 242 a n d Cm 
2 4 4 , a n d a r e n a d e a r t i f i c i a l l y i n n u c l e a r 
r e a c t o r s . Po 210 I s c u r r e n t l y t h e p r e f e r r e d 

f u e l f o r s h o r t - l i v e d s p a c e power s y s t e m s , 
:For l o n g - l i v e d s p a c e s y s t e m s , Pu 238 i s t h e 
p r e f e r r e d f u e l . Fo r l o n g - l i v e d t e r r e s t r i a l 
m i s s i o n s , S r 90 and Co 60 a p p e a r t o be b e s t , 
e x c e p t i n some s p e c i a l i z e d l o w - p c w e r s y s t e i s 
w h e r e i n t h e h i g h e r c o s t o f Pu 238 must be 
a f f o r d e d . The d i a g n o s t i c a p p l i c a t i o n s of 
r a d i o n u c l i d e s a r e p r e s e n t e d i n t a b u l a r f o r m , 
a l s o t h e t h i r t y - t w o gaama o r 
p c s i t r o R - e m i t t i n g a n d s e v e n b e t a - e a i t t i o g 
r a d i o n u c l i d e s i n m e d i c a l u s e a r e l i s t e d . The 
h e a l t h and s a f e t y p r o b l e m was a l s o d i s c u s s e d . 

<318> 
l l u l l i n s , L . J . , G.M, ! l a t l o c k , J . B u b e r n a k , a n d 
J . a . l e a r y , Los a l a m o s S c i e n t i f i c L a t o r a t o r y , 
Los a l a i o s , NH. 1972 

C h a r a c t e r i z a t i o n and P r o p e r t i e s o f H e d i c a l - G r a d 
P l u t o n i u m 238 F u e l s , C0NF-72C519 ; P a r t o f 
P r o c e e d i n g s of t h e 2nd I n t e r n a t i o n a l S y m p o s i u i 
on Power f r o i R a d i o i s o t c p s s h e l d i n M a d r i d , 
S p a i n , na.y 2 9 - J u n e 1, 1 9 7 2 , | p . 4 9 - 6 7 ) , 986 p . 

The Pu 238 r e q u i r e m e n t s , 5 ' : -90 g f o r a n 
a r t i f i c a l h e a r t o r c i r c u l a t o r y a s s i s t d e v i c e 
demand a f u e l h a v i n g m i n i i a l r a d i a t i o n 
p r o p e r t i e s . The p r e p a r a t i o n a n d e v a l u a t i o n 
o f p o t e n t i a l Pa 238 f u e l f c r s s a t t h e Los 
a l a i o s S c i e n t i f i c L a b o r a t o r y h a s l e d t o t h e 
d e v e l o p m e n t o f f o u r f u e l c a m p o s i t i o n s , 
e l e c t r o r e f i a e d m e t a l , Pu 2 3 8 - 3 a t . %Ga, Pu 238 
H, a a d Pu 238 P u 0 2 , The l a t t e r 3 f u e l s a r e 
made f rom e l e c t r o r e f i n e d n e t a l . T h e o r e t i c a l 
and e x p e r i m e n t a l s t u d i e s o f t h e s e f u e l s l e d 
t c t h e c o n c l u s i o n t h a t Pu 238 P u 0 2 i s t h e 
p r e f e r r e d c o i p o s i t i c n f o r h i g h t e m p e r a t u r e 
a p p l i c a t i o n i n t h e a r t i f i c i a l h e a r t p r c g r a s . 
T h i s f u e l i s p r e p a r e d a s a p r e s s e d a s d 
s i n t e r e d o x i d e . P r o c e d u r e s h a v e been 
d e v e l o p e d f o r p r e p a r i n g a n d c h a r a c t e r i z i n g 
c y l l n d r i a l o x i d e s o u r c e s v a r y i n g i n s i z e f rcm 
o n e t o f i f t y w a t t s . ( a u t h ) 

<319> 
Tedfordff C F , , B u r e a u of 
W a s h i n g t o n , SC, 1968 

l e d i c i n e a n d S u r g e r y , 

M a g n i t u d e o f D e p o s i t e d E a d l o s a c l i d e P r o b l e m 
B a s e d on F u t u r e U s a g e — D e f e n s e a s p e c t s . 
COMF-670521S gOEOgraphs on i u c l e a r H e d i c l E e and 
B i o l o g y , Ho . 2 ; P a r t o f K o r n b e r g , H . a . a n d 
! l o r w c o d , W.D. ( E d s . ) , P r o c e e d i n g s o f a S y s p o s i u i 
on t h e D i a g n o s i s a n d T r e a t m e n t of D e p o s i t e d 
R a d l c n u c l i d e s h e l d i n B i c h l a n d , E l a s h i n g t o n , Hay 
1 5 - 1 7 , 1967^ ( p . 4 8 2 - 4 8 6 ) ^ 680 p . 

The f l a v y ' s i n t e r e s t a n d u s e o f n u c l e a r e n e r g y 
d a t e s b a c k many y e a r s t o 1939 when i t was t h e 
f i r s t g o v e r n m e n t a l a g e n c y t o e x p e n d money en 
n u c l e a r f i s s i o n . D u r i n g t h e 23 e n s u i n g y e a r s 
t h e S a v j h a s become o n e o f t h e l a r g e s t u s e r s 
o f n u c l e a r e n e r g y w i t h i n t h e U n i t e d S t a t e s . 
M u c l e a r e n e r g y i s w i d e l y u s e d w i t h i n t h e Mavy 
f c r n u c l e a r p r o p u l s i o n , m e d i c a l d i a g n o s t i c 
a n d t h e r a p e u t i c p u r p o s e s , r e s e a r c h 
a p p l i c a t i o n a n d i n n u c l e a r w e a p o n s . N u c l e a r 
w a r h e a d s h a v e p o s e d p r o b l e i s w i t h r e s p e c t t o 
r a d i a t i o n s a f e t y i n t h e p a s t . HOHever^, i t 
s h o u l d be e i p h a s i z e d t k a t t h e n u i f c e r o f 
s e r i o u s a c c i d e n t s t h a t h a v e o c c u r r e d a r e v e r y 
f g ¥ i n n u i b e r . The m o s t r e c e n t a n d w i d e l y 
p u b l i G i 2 e d i n c i d e n t o c c u r r e d on J a n u a r y 17 
1966 when a BS2 bomber c o l l i d e d w i t h a KC-135 
T a n k e r a i r c r a f t d a r i n g r e f u e l i n g o p e r a t i o n s 
n e a r S p a n i s h t e r r i t o r y { D e p a r t m e n t o f t h® a i r 
F o r c e , 1 9 6 6 ) . T h e r e s u l t i n g i m p a c t p e r i i t t e d 
t h e u n c o n t r o l l e d d l g p e r s i o n o f f o u r n u c l e a r 
w e a p o n s t f e r e e o f w h i c h f e l l oa S p a n i s h s c i l 
a n d o n e i n t h e M e d i t e r r a n e a n S e a . The 
I c c a t i O E of t h e f o u r t h weapond r e i a i a e d a 
s p e c u l a t i v e m a t t e r f o r a b o u t t h r e e l o n t h s . a 
l a r g e - s c a l e o p e r a t i o n c o s t i n u e d on l a n d a s d 
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EWIBCHflEMTAL SSSESSHEI'̂  

<320> 
Bethl^-^ndy, G. , ^ot glV'^P. 19T3 

Environmental a s p e c t s of Nuclear Power S t a t i o n s , 
Savi roE. ien ta l I p t ^ ^ r s , 4 ( 3 ) , 151-19^, 

Tae r a d i o a c t i v i t y t o which we t r e exposed as 
1 r ^ s j l t o" t h e development of n u c l e a r power 
i s a minu-^^ propor t ion of the t o t a l t h a t we 
r e c e i v e ""rem na tu re a n i from l i a g n o s t i c and 
•^'horapeut i c x - r a y s , '^he worl 5 ' s need fo r 
"^neri^y w i l l quadruple in t^e n®xt t h i r t y 
ye^ r s and ^or co^ipelliRq r easons a growing 
s h a r e of -̂ he t o t a l w i l l h>^ provided by 
nuc lea r er.erqY» '^^'•^ r a p i d growth in nuc l ea r 
power p roduc t ion w i l l i n e v i t a b l y i n c r e a s e the 
laount of r a d i o a c t i v e wastes t h a t must be 
managed in a way which avoids env i ronmenta l 
p o l i u t i c n . The technology of waste 
Daaage^sTt i s well developed and t h i s cculd 
De done. Nuclear energy, f a r from oelng a 
major c o n t r i b u t o r tn the p o l l u t i o n of t h e 
'^nviror m^^nt, w i l l In f a c t d l i l n i s h p o l l u t i o n 
a^ i t replar*^s o'^her sou rces o-̂  e l e c t r i c 
-sower su^h ^s coa l and o i l . 'fevertfe«^less, 
p a r t i c u l a r a t t e n t i o n must be , and i s b e i n g , 
g iven t o a nu'^f^er o-̂  problems ^uch as the 
thermal e f f r . r t s of nuc lea r pow* r̂ p l a n t s ; t h ^ 
imprevemro* of tfie technology and economics 
of contain^^ent technlqufs-s for r e a c t o r s and 
r ^ i l oac t l v s^ waKte? l ecoamiss iop ing of o ld 
n?iclear pow -̂̂ r p l a n t s ? and -^he behav io r of 
radiocac*ive m a t e r i a l s in water and a^juatic 
organi'^S'?, "^b^ t echn iques dev^^loped t o 
ensure tho s a f e t y of the nac l ea r i n d u s t r y 
might be j r c f i t a b l v s t u d i e d by e t h e r 
i n d s ! s t r i - r , C6,uth1 

<321> 
Cowart, J . B . , and J .K, Esmond, i^lorida S t a t e 
Un ive r s i t y^ "i l lahasse^^^ Fa, 1974 

?Jraniuii 234 and tfrani'an 238 in t h e c a r r l z o 
Sandstone a î̂ î̂ ^-'r cf •^outh Tp^as . COIF-740312; 
STT/PL-B/3^3; H^a -S^ -1 ^2 /3^ | T^art cf Proceedings 
of a symposium on I so tope Tfchnlqu^s in 
Groundwater Fydrologv h«^li In Vienna^ A u s t r i a , 
^arch 11 -1^ , 19^sj^ Vol. 2^ | p . 131-149), 49^ p . 

""he wa-^ers^ of ^h'^ • "a r r i s c Sani format ion of 
Sotith TenaF, ^ r i r e d statf^-s o^ a i e r l c a , 
•^zhibit a patterir^ o-̂  uranium i s o t o p i c 
d i s o q u i l l b r i u ' ? desc r ibed in term's of U 234/0 
?3^ a c t i ^ i ^ Y r a t i o f'aH") a.n^ uranium 
concent ra-^ion, which may ^e a functxon of 
j^'ochemical f a c t o r s and t h e h y d r o l o g i c 
h i s t o r y of th^^ a r e a . In t e r n ^ cf tiranium, 
two regif^es s»i^p t o e ^ i s t , Th*̂  f i r s t » 
i nc lud ing cu tcrop and near eu t c r cp sample 
l o c a t i o n s , hns waters with r e l a t i v e l y high 
c o n c e n t r a t i A r and low IR, Sopjewhat downdlp, 
th*-* uranism conc^n'^ratlon d e c r e a s e s s h a r p l y 
i t t h e dovnd'^B l i r i t of th« o x i d a t i o n 
•"^nvircrif^nt^ a sone of uranium p r e c i p i t a t i o n , 
r e c o i l G-̂  da.igh^-'̂ '̂ r p roduc ts from the 
p r e c i p i t a t e d u r a r i u p causes an i n c r e a s e of ap 
of t h e wa t e r . Water cf lew uraniym 
r c n c e r . t r ^ t i o L and \iqh a" i s fouBd throughout 
^-h'' down 11D regirae. If a c o r s t a n t ir,psit of 0 
2 34 throu i t t i"5is i^ assumed, th e downdip 
iK^rsase ^r a^ a-^ter thp i n i t i a l I n t r o d u c t i o n 
of 0 2'?4 i n t o tl̂ f̂  wa'^'^r may be a s c r i b e d •*-o 
r a ' ^ i o a c t l v e de^cy of '̂ 2 34. However? t h i s 
a^suDp*-lor. l e i d s t o th^^ c a l c u l n t l o n of a 
Writer flow rat '^ on^ •^w^pti^t'h t h a t de termined 
by o t h e r n^^ans. a i -^erna t lve ly , t h i s p a t t e r n 
(aay t^ an a r t i f a c t cf a chancre of c l i i a t e 
fro"^ ?n^nno years t o tG, CCO y e a r s ago. In 
thi=^ cas*--, *•!« d-^cr^ase i s A^ lowndip i s a 
funct ion cf -\ varylr- i inpa*- Df 0 2J4 as well 
-IS iecay . {au*^) 

<322> 
Hu l l , I , P . , Brookhaven H a t i c n a l Labora to ry , 
fiptcn. Long I s l a n d , HI. 1974 

Rad ioac t ive Ef f luen t F e l e a s e s and t h e Pub l i c 
acceptance of Nuclear F a c i l i t y S i t e s . 
B^L-19492s COMF-741210S iaEa-SH-118/45s P a r t cf 
Proceedinas of a Sy ipos ius en the S i t i n g cf 
Nuclear F a c i l i t i e s held i n Vienna, a u s t r x a , 
December o - 1 3 , 1974, (19 p . ) , 

a pub l i c c o n t r o v e r s y about the r l s ^ s frcm 
r a d i o a c t i v i t y i n e f f l u e n t s f ros 0 . S . nuc lea r 
power p l a n t s a rose in t h e l a t e 1960^3 as 
t h e i r u t i l i s a t i o n was grcwing toward 
l a r g e - s c a l e c o i i e r c i a l b a s i s . Seve ra l 
s c i p n t i f i c c r i t i c s a l l e g e d v a r i o u s l y t h a t the 
e i i s t l n g p l a n t s nad occasioned excess In ran t 
m o r t a l i t y i s t h e i r v i c i n i t i e s , and t h a t tne 
growth of n u c l e a r power ^ould produce l a r g e 
i n c r e a s e s in t a e cancer death r a t e in the 
genera l p o p u l a t i o n . The con t roversy 
occasioned by these a l l e g a t i o n s l ed t o the 
B3TB ccmmittee review of t a e f^ffects ot 
exposure t o low l e v e l s of I o n i z i n g r a d i a t i c n . 
I t a l s o appeared t o u n d e r l i e t h e O.S. aEC^s 
"appendix 1" p r o p o s a l s fc r nuoierical design 
l i m i t s fo r nuc l ea r power p lant e f f l u e n t s . 
These p r o p o s a l s are in tended t o l i m i t the 
dose of any nearby i n d i v i d u a l t o ^ mR/yr, 
This c r i t i c a l review i n d i c a t e s t h a t the 
c r i t i c « s a l l e g a t i c s s were e i t h e r without 
ssfostance or i r r e l e v a n t , 'Jsing e f f l u e n t 
r e l e a s e da ta from r e c e n t y e a r s , the 
popula t ion h e a l t h r i s k f r o i power r e a c t o r 
e f f l u e n t r a d i a t i o n exposures appears t o bs 
fa r s m a l l e r than t a d t f r c ^ fos@xl-faeled 
p l an t e f f l u e n t s , as well as w l t a i r t h e range 
ot t h o s e o the rwise considered a s n e g l i g i b l e . 
Syc^i compar isons a r e suggt-^sted as more 
hop'^ful toward ach iev ing publ ic acceptance 
than " a s low as p r a c t i c a b l e measures , ' ' which 
se rve t o exagaera'-e t h e r i s k s of r a d i a t i c n , 
Cauth) 

<323> 
L i t t l e , C . a , , T.F. ^ insor^ J , a . ^ e g n i e r , L. 
Hers loff , and F.M. Mhicker, Colorado Static 
'Univers i ty , Department of l^adioli-^-iy and 
Pad la t i on Bio logy, For* Col l i r -3 , Cs , 1^74^ Hay 

^ l u t c n i u i in t h e T e r r e s t r i a l Environs of Eccky 
F l a t s . cno-1156-7Cs P a r t of Whick<^r, F , i s . , e t 
a l , 12th Technica l P rogress Beoort on 
Fadicecolcgy of Seme Na tu ra l O r g a n i s i s and 
Systems i n Colorado , ( P . 21-^40 , 69 p . 

The r e p o r t sumia r i ze s e x p e r i e n c e s dur ing tne 
p e r i o l 'lay 1, 1973 -ap r i i 30, 1974 ^t Pocky 
F l a t s with r ega rd t o f i e l d s a s p l i o g , sang l s 
p s c c e s s l n g , a n a l y t i c a l proceduresg. s x o t i c 
i n v e n t o r i e s , and i ^^ i t i a l surveys or Plutonium 
238s 2'i^ In s o i l , l i t t e r , veg^-tation ir.a 
a r i m a l g . For s a i p l i n a , smal ler a r e a s 
(mac rop lo t s ) , c h a r a c t e r i s t i c of l a r g e 
p o r t i o n s of t h e s i t e were chosen. Four 
genera and s p e c i e s , r e p r e s e n t a t i v e cf the 
area were s e l e c t e d , n a s e l y wpstern waea tgrass 
CasROPYPCM SM^THI), c h e a t g r a s s (BPO«!US s p , ) , 
s a l s i f y |T âGOPOGON s p . ) , and | :r icKly l e t t u c e 
(laCTUCa ScaPTOa) . Es t l s ia tes of mear. 
c o n c e n t r a t i o n s of Pu in var ious ecosystem 
cosponepts are shown in t a b u l a r fcrm. The 
data i n d i c a t e t h a t s o i l I s by f i r t^ie l a r g e s t 
Pu-Bearina cosponent of the eco'^ystem^ In 
both «-h** h igh ly c o n t a s l n a t e d dnd tne l € s s 
contaminated area^ s c i l appears t c nave 
g r e a t e r than 98^ of the t o t a l Pu for a gi^en 
square meter . For t h e l e s s c o n t a i m a t e d 
•^'tudy a r e a , t h e con tas i a i a t i cn a p j e a r s to be 
a t t a c h e d l o s t l y t o t h e s o i l p a r t i c l e s m the 
upp^r 3 cm^ for the higiily cor . tao ina ted study 
a r e a , CVPF one-ha l f of the to^d.1 geeas to fee 
found ^e t^een 6 and 1? cif dep th , wai le only 
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<324> 
Lundgr^n, I . a , , U n i v e r s i t y of Minnesota, 
^ i ! n e a p c l i s , MN. 1973 

Mdss D i s t r i b u t i o n of Large at@ospheric 
P a r t i c i e s . Ph.D. T h e s i s , ( Jn ive r s i ty of 
'Minnesota? 1^1 D. ( P i s s ^ r t a t i o n a b s t r a c t s . Vol. 
34^ 5^05-B, Crder ^o. ^4 -10 , ^37) 

The paper d e s c r i b e s *he results? of a s tudy t c 
d^^tersine t h e to-*-al nass and t h e sa s s 
d i s t r i b u t i o n of l a r g e a tmospher ic a e r o s o l s , 
e s p e c i a l l v tha* ia=^s a s s o c i a t e d with 
p a r t i c l e s g r e a t e r than 10 urn ddarngter. This 
'•jtudy al '^c d^*ermined what f r a c t i o n of the 
t o t a l a e r o s o l mass a s t anda rd high-volume a i r 
-gampler c o l l e c t s and wha*- f r a c t i o n and s i s e 
i n t e r v a l s e t t l e s ou* on a d u s t f a l l p l a t e , a 
s p e c i a l a e r c - o l sampling sy s t en , designed and 
b u i l t f c r t h i s s tudy , was used t o o b t a i n 
r ep re sen t a t i v e s iniples of l a r a e a i r b o r n e 
p a r t i c l e s , a su'^urban sasspling s i t e , f r e e of 
l o c a l p o i n t sources of a e r o s o l s , was 
s e l e c t e d . Sanples were c o l l e c t e d under 
v a r i o u s c o n d i t i o n s of wind v e l o c i t y and 
d i r e c t i o n t o o b t a i n measurenient s en d i f f e r e n t 
t y p e s of a e r o s o l s . Study neasureffients show 
t h a t a t i c s p h e r i c p a r t i c u l a t e ma t t e r has a 
bxmodal nass d i s t r i h u t i o n . The l a r g e 
p a r t i c l e mass mo'le was a s s o c i a t e d with 
p a r t i c l e s which ranged from an e s t i m a t e d 0.0 3 
t o 5 um In s l s e . Combined, t h e s e two 
d i ^ t r i b u t ions produced a bimodal mass 
a i s t r i b u t l o n with a minisium around 5 um 
a l a a e t e r . The high-volume a i r sampler was 
found t c c o l l e c t aos t of the t o t a l a e r o s o l 
mass, r o t -fust t h a t f r a c t i o n noroially 
cons ide red a^soc^ated with suspended 
p a r t i c u l a t e s , one day d u s t f a l l measurements 
were made but were not a b l e t o provide a good 
or very us^eful n^a^ure of the a e r o s o l mass 
a s s o c i a t e d w^th larg<= p a r t i c l e s . The two 
fundamental proc'^ssr-s of a e r o s o l fo rmat ion , 
condenoat ion and d i s p e r s i o n , appear t o 
dccoun-^ *^or t h e formation of a hiomodal mass 
dis t r ibu-^ ion in both n a t u r a l and 
an th ropoaen ic a-^roscls , ^^ar t lc le s i z e 
d i ^ t r l D U t i c n n '^asureren^s f r e q u e n t l y a r e in 
t r r o r because ri=Dregentat Ive samples of l a r g e 

a i r b o r n e p a r t i c l e s a re not ob t a ined . 
Consider ing t h i s d i sc repancy , a i r p o l l a t i c n 
r e g u l a t i o n s should spec i fy or be based upon 
an upper p a r t i c l e s i z e l i m i t , ( iu th) 

<325> 
E^arkham, O.D.^ Idaho Opera t ions Of f i ce , Health 
S e r v i c e s Labora tory , Idaho F a l l s , ID, 1973, 
Koveiber 

National Peactor Testing Station, 
Environmentally Belated Publications. 
IDO-12078; 11 p. 

The bibliography was coipiled while revieaxng 
the literature on environmental studies at 
tise Hational Beactor Testing Station, The 
list has been restricted to publications 
resulting froE work in the area since the 
establishment of the site. Progress reports, 
safety review documents and other siailar 
papers have been excluded. Ninety-six 
references are given. Ĉ t̂h) |RaF) 

<326> 
Hayer, R,, J. Jefferis, S, Major, and E.S. 
Davidson, Battelle Columbus Laboratories, 
Coluibus, OH. 1974, June 30 

Pxoenvlronmental Effects associated with Muciear 
Power Plants, a Selected Bibliography, First 
addendum. B!1I-X-654; 399 p. 

The first addendus biblicg 
selected references ccllec 
U.S. atomic Energy Coniaiss 
and organizing information 
fcr general environmental 
nuclear power plants. The 
en Battelle's CDC 6400 GO 
nodified Key~Word-Out-of-C 
program, among the topics 
thermal pollution, thermal 
disposal^ effluents, chlor 
environisental aspects of p 
cf power plant chemicals t 
fcod webs, plankton and fi 
(FHi) 

raphy contains 
ted to assist the 
Ion in acquiring 
to provide bases 
siting guides for 
index was prepared 

puter utilising a 
ontext (moc) 
covered are 
e f f l u e n t s , waste 

i n a t l o n , s a f e t y , 
lutonlum, t o x i c i t y 
c aqua t i c l i f e , 
sh p o p u l a t i o n s . 

<32?> 
Fodr lguezj E . P . , Jun ta ae Snergia "Nuclear, 
Medicine and P r o t e c t i o n Div is ion , Madrid, Spain . 
1968 

Palomares Two Years after. CCNF-6805J7S Part of 
Proceedings of a Symposium on Radiological 
Protection of the Public in a Nuclear ^ass 
Disaster held xn Interlaken, Switserland, Hay 
26-JunG 1, 19f̂ 8, CP- 36-38), 698 p, 

a continuation of the wors carried on at 
Palonares sines the accident is described. 
Ov,^ of the efforts is tne search for 
fragments cf contaminated material with 
reoard tc wor-c on soils. Deep-farrow plouing 
Is recoEiaended In order to produce sufficient 
renewal in the layers of sell to dilite the 
radioactive element. Dispersion of the 
radioactive^ eieients was al.50 achieved by 
several passes Mith rctavatcrs under a fine 
water spray. The probles ot decontammaticn 
of th« sides of the houses was solved by 
a ̂plying several layers of oaxnt. Thxs fixea 
the contamination sc as tc prevent 
resuspension in air, and also aDsorbed the 
weakly penetrating alpha radiation. The best 
form of treatment fcr contaminated plants las 
fcund to be incineration, ^ore the wind 
direction and velocity were inpcrtant so that 
thi SEoke would not reach inhabited areas. 
Sampling has continued. Therŝ  are four 
atirospheric aust collectiog staticns and 



<32 7> 

<327> CCEIT 
samples 
wild pi 
The pre 
people^ 
Deginni 
c o n t r o l 
counter 
Pu, Th 
u r ine a 
read ing 
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Sf?nce of Pu In t h 

!^ciae of whoa wer' 
(?, and others wh 
s '̂as tested with 

Tfrlne samples 
e results wf̂ re ne 
nalyses and whole 
s for soils and p 
locations should 

atinq action in t 
t. fF^^) 

f s o i l 
domestic 
e lungs 
e enpose. 
o were c 

a whole 
were a l s 
g a t i v e f 

body CO 
lant?5, h 

be inva 
he case 

water , c r o p , 
a n i i i a l s . 

of a group cf 
d a t the 
hosea a s 

body 
o t e s t e d for 
or both tiie 
a n t i n g . The 

1 and 
l uab l e i n 
of a s i m i l a r 

r a t i o cf 1;48 (3 ,6 uCi I 129/g i o d i n e ) , 
However, a h igher r a t i c cf Is 11 (15 uCi/g I) 
i s r e q u i r e d for t h e i n f a n t t h y r o i d to r e c e i v e 
the s a se dose r a t e . The reason t o r t h i s 
d i f f e r e n c e i s t h e h igher s t a b l e I 
c o n c e n t r a t i o n i n the a d u l t t h y r o i d (350 pp^) 
than i n t h e i n f a n t t hy ro id (90 p^m). Ta a l l 
i n s t a n c e s , however, a dose r a t e of 1500 
mrem/yr would r e s u l t from a c o n c e n t r a t i o n cf 
1.3 X 10(E~3) UCi I 129 per a gram cf 
t h y r o i d . (auth) 

This r e p o r t I s based on work r e p o r t e d in 
BNWL-17S3 (1973), 

<32a> 
Seson in , P .G . , and D,^, Ga t s , Un ive r s i ty of 
I l l i n o i s , Urfcana, TL. 1974, a p r i l 

Study of Painout of '^•adloact ivl ty in I l l i n o i s , 
COO-1IS9-38| Twelfth P rog re s s Repor t ; 21 p . 

The f i e l d exper iments have been cont inued t o 
e s t i i a t e convec t i^e storm p a r t i c u l a t e 
scavenging e f f i c i e n c y in p roxxpi ty t o t h e S t . 
Lou i s , E^lssouri u r b a n - i n d u s t r i a l complex. 
Complimentary s t u d i e s of the urban a e r o s o l 
c h a r a c t e r i s a t i o n , sou rce s t r e n g t h , and 
removal processed? were a l s o s t u d i e d . The 
1973 f i e l d -effort produced t h e fo l lowing 
t y p e s of samples fo r a n a l y s i s and 
i n t e r p r e t a t i o n : 1) 1513 t o t a l r a i n samples 
froa 81 s i t e s ; 2) 450 s e g u e n t i a l r a i n w a t e r 
samples from 3 l o c a t i o n s ? 3) 2^6 wet /d ry 
samples froi? 8 s i t e s ; 4) 270 a i r f i l t e r 
samples from 7 l o c a t i o i i s ; ^) R1 andersen 
i a p a c t o r samples from 3 s i t e s s S) 14 water 
samples f ros a i r c r a f t i n - c l o u d and 
p r e c i p i t a t i o n a t cloud base? and 7) 9 a i r 
f i l t e r samples from a i r c r a f t . The a n a l y s i s 
procedures r e q u i r e t h a t a l l water samples 
undergo f i l t e r i n g for s e p a r a t e ana lyses of 
so lub le and i n s o l u b l e f r a c t i o n s cf t h e 
e lementa l c o n c e n t r a t i o n s . This da ta 
c o l l e c t i o n e f f o r t provided 4668 samples fo r 
chemical a n a l y s i s . The s t a t u s of the 
a n a l y s i s of a l l t y p e s of data i s d e s c r i b e d . 
The p re l imina ry r e s u l t s of an a t t empt t o 
e s t i m a t e urban a e r o s o l source c o e f f i c i e n t s 
aad the source s t r e n g t h of S t . Louis a r e 
p r e s e n t e d , (auth) 

<329> 
S o l d a t , J . K , , B a t t e l l e Memorial I n s t i t u t e , 
P a c i f i c Northwest L a b o r a t o r i e s , M c h l a n d , wa, 
1974, June 

Env l roE ien t a l Behavior and Radia t ion from i o d i n e 
129, BOTL-Sa-4879| 21 p . 

F e c e n t l y , a t t e n t i o n has been drawn to I 129, 
a r a d i o n u c l i d e which, because of i t s long 
h a l f - l i f e (1.6 x 10(F*7| yr) , h a s a p o t e n t i a l 
f o r long~ter?i accumulat ion in t h e environsient 
from low- leve l ch ron i c r e l e a s e s a t n u c l e a r 
f a c i l i t i e s . Th^ t r a n s f e r of I 129 through 
the b iosphere and the r e s u l t a n t r a d i a t i o a 
doses t o man a re d i s c u s s e d . He tabo l l c 
parameters a re t a b u l a t e d for four ages 1, 4 , 
14 and a d o l t . These paramets^rs i nc lude 
f r a c t i o n a l uptake v i a i n h a l a t i o n and 
i n g e s t i o n , b r e a t h i n g r a t e , mass, r a d i u s and 
i o d i n e con ten t of t h e t h y r o i d s i z e . F a c t o r s 
a r e p resen ted for c a l c u l a t i o n of doses from 
i n t a k e or c o n c e n t r a t i o n cf I 129 i a t h e 
t h y r o i d . F a c t o r s a r e a l s o d e r i v e d f o r 
e s t i m a t i n g t h y r o i d doses from T 129 a i r 
c o n c e n t r a t i o n via the I n h a l a t i o n , l e a f y 
v e g e t a b l e , s i l k or meat pathways, a n a l y s i s 
of t h e atom r a t i o s of I 129/X 127 in t h e 
t h y r c i d r e q u i r e d t o y i e l d a dose r a t s of 1500 
s r e i / y r r e v e a l s t h a t on t h i s b a s i s t h e a d u l t 
t hy ro id r eaches the l l a i t i n g dose r a t e a t a 

<330> 
S o l d a t , J . K . , D.a. Baker , and J , P , C c r l e y , 
B a t t e l l e Memorial I n s t i t u t e , S a c i f l c Northwest 
L a b o r a t o r i e s , B ich land , Ka. 1973 

a p p l i c a t i o n s of a General Coi iputat ional Model 
for Composite Environmental Rad ia t ion Doses. 
l a s a / S M - l 7 2 / 8 2 ; STI/P0B/345j COHF-730503; Pa r t 
of Proceedings of a Symposiui on the 
^ n v l r c n a e n t a l Behavior of Radionucl ides Released 
in t h e M c l e a r I n d u s t r y he ld in a ix-en-Provenceg 
France , !!ay 14»18, 1973, (19 p . ) . 

a mathemat ical model for c a l c u l a t i o n on a 
l a r g e gene ra l -pu rpose d i g i t a l computer of 
r e g i o n a l r a d i a t i c n doses r e s u l t i n g from 
l a r g e - s c a l e use of nuc lea r energy was 
p r e v i o u s l y developed and r e p o r t e d . This 
g e n e r a l model has now been sub-d iv ided to 
permit r ap id c a l c u l a t i o n s for t h e s e v e r a l 
exposure pathway groupings i n aa i n t e r a c t i i j e 
mode us ing the BasiC computer l anguage . The 
s u b - p r c g r a s s a r e completely f l e x i b l e as t o 
t h e nuc l ides^ body c rgans , and paths^ays f c r 
which r a d i a t i o n doses a r e t o be c a l c u l a t e d , 
but i n c l u d e a t t h e p r e s e n t t i ^ e s 1) 
approximately 150 r a d i o n u c l i d e s , i nc lud ing 
t r a n s u r a n l c s , 2} doses t o whole body^. s k i n , 
bcnSff l u n g s , t h y r o i d , and g a s t r o i n t e s t i n a l 
t r a c t , 3) sub-p rograns fo r cloud s u b a e r s i o n , 
i n h a l a t i o n of n u c l i d e s o the r than 
r a d i o l o d i n e s ( resuspens ion of depos i t ed 
n u c l i d e s i s not I n c l u d e d ) , i n g e s t i o n of water 
and a q u a t i c f o o d s t u f f s along with e x t e r n a l 
dose from water and s e d i a e n t s , and I n g e s t i o n 
of i r r i g a t e d c r o p s . Thyroid dose from 
i n h a l a t l c n and i n g e s t i o n and dose to a q u a t i c 
b i o t a can a l s o be c a l c u l a t e d . Dose f a c t o r s 
in t h e programs for the va r ious 
medxa-nucl ide-organ combinat ions have been 
c a l c u l a t e d us ing ICHP methods. For 
r a d i o n u c l i d e s with long e f f e c t i v e h a l f - l i v e s , 
t h e sub-programs c a l c u l a t e e i t h e r t o t a l dose 
c c i s i t i e n t for a s i n g l e yearns in take cr the 
d c s e - r a t e a t t h e end of a s p e c i f i e d pe r iod of 
years a t c o n s t a n t annual i n t a k e . T rans fe r 
f a c t o r s between t r o p h i c l e v e l s have been 
taken in aos t p a r t from s a a s a r i e s pub l i shed 
by o t h e r s , and a r e updated as newer da t a 
becomes a v a i l a b l e . The l a j o r a p p l i c a t i o n to 
da t e of t h e c o a p a r t i e n t e d aodel has been the 
c a l c u l a t i o n fo r the O.S, a t o i i c Energy 
CGnmisslon of envi ronmenta l impact 
s t a t e m e n t s . Ose i s a l s o being aade of the 
s a i e model for e v a l u a t i o n of p o t e n t i a l 
r a d i o l o g i c a l impacts a s s o c i a t e d ^ i t h the 
u l t i m a t e f a t e of r a d i o a c t i v e wastes fo r 
v a r i o u s long- term waste d i s p o s a l c o n c e p t s , 
Cauth) 

<331> 
T r a v i s , J . R . , Los alamos S c i e n t i f i c Labora tory , 
Los alamos, HH, 1974 

a Model f o r P r e d i c t i n g the K e d i s t r l b a t i o n of 
P a r t i c u l a t e Cantaminants ttom S o i l Stirfaces« 
La-tJB-74"1340| CO!IF-740921| Pa r t of Proceedings 
of the a t a o s p h e r l c - S u r f a c e Exchange of 
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•^33 1> CONT, 
P a r t i G u l a - ^ ^ arsd G a s e o u s P o l l u t a n t s Symposium 
h o l d i n H i c h l a n i , W a s h i n g t o n , S o p t e m b e r 4 - 6 , 
1^?4, {^8 p , | . 

A c o s p n t f ^ E i s e d ^O'^el was d f - v o l o p e d t o 
a * i s c r l b e th'-^ r * i i F t ^ i b u t i o n o f w i n d e 
s o i l - c o n - ? a m i ^ a n t ^ 1 - ^ t u r e s , P o t e n t i a l 
p a r t i c u l a t e c o n t a ^ n i n a r . t s c a n , i n t h e 
a | : p r o K l m ^ t l o i , >•=> assuf^ed t o be 
i n d i s t i o ' i a i s -T iab l e ^rom t h » w: nd e r o d i 
i n w h i c h ^h^Y ^ - ^ d i s t r i b u t e d , a g r l 
n-^twcrk c h a r a c t e r i s e d i m p o r t a n t s o x l 
s u r f a c e c o n t r i t i o n s , and mass c o n s e r v i 
c o n t r o l v c l u m » s a r ^ c o n s t r u c t e d on ea^ 
. M a t e r i a l i s t r a n s p o r t e d t h r o u g h t h e v 
^tnl t o p s u r f a c e s o f a c o n t r o l v c l u 
l o d i f l ^ d P a q n o l d - C h e p l l h o r i z o n t a l f l 
f o r i u l a t i c n a n ! m o d i f i e d G i l l e t t e v e r 
f l u x f o r i n ( i l a t i o n , r e s p e c t i v e l y . The 
emission---^, c o r s i d » r e d a s p u f f s f r c s a 
s o u r c e ' ^ , c r e a t e a"- r e g u l a r t^ rî ^ i n t e r 
c o n t a m i n a n t c l o u d ' f h i c h i s p r o p o r t i o n 
tht^ Sfi '^F'^ndable g r o u n d c o n c e n t r a t i o n 
p a f f s d i f f u s a downwind u n d e r tiw^ d e p 
wind v e l o c i t y a n d a-«-piosr-heric s t a b i i i 
c o u i i t i c o F , m a i n t d l n i n g d u r i n g t h e t i 
i n t e r v a l a t h r e e - d i m e n s i o n a l G a u s s i a n 
i i s t r i r u t i o n of c o n c e n t r a t i o n w i t h c l 
v o l a m e . M a t e r i a l f rom e a c h p u f f is d 
m Icwni^ ind c o l l s , l e a d i n g t o t h e pos 
o r l a n y d i f f e r e n t f l i g h t s f r o n t h e s e 
s o u r c e s , Th«= u s e f u l n e s s of th*^ p r e d i 
t i o l i s d e n o R ^ t r a t e d by c a l c u l a t i o n s 
i n v o l v i n a m i - ? t u r e s o f p a r t i c u l a t e Pu 
i n h i ' j ! i l v e r o d a b l e s o i l s u n d e r d u s t s 
c o n d i t i c n F . T i a e d e p e n d e n t s u r f a c e 
G O B c e n t r i t i o n a n d b r e a t h i n g s o n e expo 
i s o p l e t h s , e v o l v i n g f r c m a s m a l l c o n t 
a r - ^ a , sb'»w *-h^ p o t e n t i a l h a z a r d f r o s 
' • - roding t o x i c m a t e r i a l s , ( a u t h ) 
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Wcfcsnal, ^ . , and F , Yaron, Hebrew f Ja ive r s i ty of 
Jf^rusalem, School of app l i ed Science and 
T<-'CJinology, ^ 'rouniwater Research Cen te r , 
Js-rasalem, Isra<^l| I s r a e l atomic Energy 
Commission, Nuclear Research C e n t e r , ^ege r , 
I s r a e l . iq-'a 

ITraniiim 234/Uranium 238 Disequ i l ib r ium in Waters 
or tae Judea Group (Cenoffianian-Turonlsn) a q u i f e r 
ip G a l i l e e , Northern I s r a e l . CONF-740312; 
STT/PU3/373; la^a-Sf^-l 82/34; Par t of Proceedings 
of a Symposium on I s o t o p e Techniques in 
Groundwater Hydrolcgv held in Vienna^ A u s t r i a , 
fferch 11-15, 1974, Vol . 2, | p . 151-177), 499 p . 

a n a l y s i s of "J 234/fJ 238 a c t i v i t y r a t i o s and 
uranium c o n c e n t r a t i o n s were c a r r i e d out on 
samples frop 60 water sources of t h e Judea 
f^roup (Cenoaanina-Turcnian) ca rbona te a g u l f e r 
of G a l i l e e ^ nor the rn I s r a e l . The U 234/0 238 
a c t i v i t y r a t i o s were found t o vary from fron 
1.04 t o 2 . 8 i j and success ive a n a l y s e s of 
s e l e c t e d water s o u r c e s show t h a t va lues frcE 
the same sampling s l te . s rensalned c o n s i s t e n t 
over a t h r e e - y e a r per iod C1970-°?3). The 
recorded values of t h e U 234/0 238 a c t i v x t y 
r a t i o 'say be grouped i n t o th ree main c l u s t e r s 
c l e a r l y r e l a t e d t o t h e p a l e o h y d r o l o g i c a l 
e v o l o t i c n of the a rea under c o n s i d e r a t i o n ! 
(a) low U 234/U 233 a c t i v i t y r a t i o s r ang ing 
from 1.C4 t o 1.72 ( the major i ty not exceeding 
1.55) were reia^rted from t h e water s o u r c e s of 
western f'pper G a l i l e e , This a r ea i s d ra ined 
xnto t h e 'Mediterranean, and i t s meteor ic 
groundwater c i r c u l a t i o n regime i s a s old as 
t h e Neogene, (b) I n t e r m e d i a t e U 234/U 238 
a c l t i v i t y r a t i o s (1 .6^-1 .93) are common among 
th^ water sources of the P l e i s t o c e n e Jordan 
Hift Val ley catchfient a r e a . (c) Higher 0 
234/0 23B a c i t v i t y r a t i o s , r ang ing in g e n e r a l 
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<333> 
Romberg, H.a., Hanford atofsic Products 
Operation, Richland, wa. 19=8, Janaury 10 

Fanford Biology Eesearch annual Peport for 1957. 
HW-53^00; 226 p. 

Thxs annual summary of the research 
activities of the Hanford Biology Operatior 
contains studies en the uptake, distribution 
and turnover oi radioeleients in plants, 
anii'als, and ccraiunities; the biological 
î ffects of ionising radiation on certain 
organs and organisms; and zhB effects of 
operations at Hanford on its plant and animal 
life. Individual reports deal with factors 
that affect radicstrcntiua uptake and 
deposition in plants and animals, tsie 
assessment of fallout hasards of Cs 137, ard 
T 131 uptaKe oy plants and anlEaals including 
biological effects of I 131 in large anxmals. 
Plutonium studies reported range froa 
validating administration techniques and 
measuring distriiaution and turnover of Pu to 
testing agents for its removal frcs the 
animal body, Ssisali and large anî rals and 
soluble and insoluble forias of Pu were used. 
Papers dealing with radiation hasards include 
a discussion of the turnover and removal of 
radioactive particles and pulmonary 
malignancies caused by thei. also given are 
seme aspects of the fundaiental mechanisms by 
which ionising radiations causae biological 
effects. The last section deals with 
measuring concentrations of reactor effluent 
radio©leoents by bio-accuiulation, the 
absorption and turnover of Zn o5, the gffects 
of chroinium on heat on fish and the 
population density of fish in the vicinity of 
Hanford, Ten articles were abstracted 
separately for the data base. (Ra?) 

<334> 
Porch, II,H,, Lawrence LlveriBore Laboratory, 
Liveriore, ca. 1974 

Fast-Besponse Light Scattering Measurements ot 
aerosol Suspension in a Desert area, 
atmospheric Environment, 8, 897-904. 

Observations with a specially developed 
fast-response iastrusent for light scattering 
sseasureiients show that aerosol suspension and 
resuspension by diurnal winds in desert areas 
occur in relatively concentrated puffs of 
dust of short duration fless than or about 2 
min,). The frequency cf these puffs appears 
to be related to the neterological conditions 
cf the area. On chance occasions dust devils 
were observed by the instr-amentation, 
exhibiting aerosol characteristics 
appreciably different from those cf diurnal 
wind-suspended particulatss. ^auth) 
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<13 5> 
armst rong, F . E . , B a r t l e s v i l l e Energy Research 
Cente r , B a r t l e s v i l l e ^ OK. 1974 

Coal Mine Dust T icombus t ib les Content Analyzer 
Unng a Gassaa-Pay B a c k s c a t t e r Technique. 
BIJMIN2S-RI-794S| 10 p . 
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<336> 
KotraDoa, F . , D.P. Bhan t l , S.K, Dua, and P . P . 
J o s h i , Bhabha atomic Research C e n t r e , Heal th 
Physics D i v i s i o n , Bombay, I n d i a . 1974, Ju ly 

a S ing le C e n t r i p e t p r for i^apid a r a l y s i s of 
lonq-Lived Alpha S s i t t e r s in a i r . Health 
P h y s i c s , 27, 'lC3-10«, 

Papid d e t e c t i o n of l o n g - l i v e d alpha e m i t t e r s 
such as Po, Op Th in a i r i s rendered 
d i f f i c u l t because of t h e i n t e r f e r e n c e of 
radon and -^horon daughter p roduc ts always 
p re sen t i n a i r . I t i s known t h a t radon and 
thorcn daugh-^er o roduc ts a re u s u a l l y 
d s s o c i a t e d with the a e r o s o l s of p a r t i c l e s i s e 
l e s s t h e 0.04 u s , whereas t h e raan-sade 
a e r o s o l s a re u s u a l l y l a r g e r , '"his p r o p e r t y i s 
nade use o? in a s p e c i a l l y designed s i n g l e 
s t a g e c » r t r i p e t e r sampling at 1000 l / m i n . 
This i s fcund t o have c o l l e c t i o n e f f i c i e n c y 
t o r l o r g - l i v e d isotop '^s around 65% and for 
shor t - l ive -^ i s o t o p e s around 3'̂ .̂ as t h e 
sample comes out on a f i l t e r paper I t i s 
p o s s l r l s t o o b t a i n an approximate e s t i m a t e of 
c o n t r i b u t i o n from r a d o n / t h o r o n daughter 
oroduct s bv count ing the sa?iple r e v e r s e d , 
t ak ing advantage of t h e aloha energy 
d i f f e r e n c r s betwe^^n radon and thoron daughter 
products and 0? ?h or Pu, Therefore? even 
t h i s 3̂ ^ car ^e dpt^^rpined and d i s c o u n t e d . 
Comparison i s nade between the p r e s e n t 
m s t r u n e n t and the annu la r impac tor , an 
Instrumer t a l s o based on t h e o r i n c i p l e of 
s i z e S '^parat lon. I t i s concluded t h a t t h i s 
i r s t r u s e n t has ^ '^veral d e s i r a b l e f e a t u r e s 
compared to t^e annu la r impactor and i s 
p e s t e r s u l t ^ l for f i e l d u se . (^uth) 

<33 7> 
Palmer, H .E . , "^.s , t^agsan, and J ,A. Cooper, 
B a t t e l l e "lemorial I n s t i t u t e , P a c i f i c Northwest 
Leooratcrie.Sp Pichland ^a . 1958 

"'I p- Doter-pln a t lon of t h e Depth and amount of 
Plutonium 2^9 in Wounds with SI(LI) D e t e c t o r s . 
CO:iF-'^7 0S21; RN&JL-sa-l 2^ 1; "^onogr^phs on Nuclear 
^ € i i € l n e ana Biology, ^^o. 2j P a r t cf Kornberg, 
H.s , and ^'orwoolp fe'.D. (^d?^.). Proceedings o^ a 
Synoosi um on the Diagnosis and '!'r<-^atment of 
Deposited Radionuc l ides held in ^ichland, 
Wr'shlngton, «̂ ay 1=^-17^ 196"^, (?>. 16^-170) , 680 
p . 

The paper d e s c r i b e s t h e use of a l i t h i u m 
d r i f t e d s i l i c o n d e t e c t o r for measuring Po in 
wcunds. The d e t e c t o r i s 3 ma t h i c k and has a 
s u r f a c e area of 3 cm(Et2) . I t i s aoused in 
an evacuated chamber about one - fou r th inch 
behind a .25 Em Be window and main ta iaed a t 
l i q u i d n i t r c g e n t empe ra tu r e . The r e s o l u t i c n 
of the d e t e c t o r i s 0.95 keV for f u l l width a t 
ha l f maximum for a 13.6 KeV x - r a y . The 
s u p e r i o r r e s o l u t i o n a l lows the 3 low energy 
u ran ius gamma x - r ays of 13 .5 , 17,2 and 20,2 
t o be completely r e s o l v e d . The use cf the 
Si (Li) d e t e c t o r w i l l not i n c r e a s e t h e 
s e n s i t i v i t y f o r the measurement of P4 in 
wounds even though i t has a lower backgrcynd. 
The r e a l use fu lness of the counter w i l l be 
in t h e more a c c u r a t e measurements of the 
t c t a l a c t i v i t y and an i n d i c a t o r of t h e depth 
of t h e Pu in t h e wound. (EaF) 

<338> 
Carve r , P . D . , and F . J , Dupsyk, Lawrence 
Livermore Labora to ry , Llvermcre, ca , 1973, June 
26 

Measurement of t h e Hass Spectrosseter E f f i c i ency 
in the I s o t o p i c a n a l y s i s of Very Small Plutoniusa 
S a i p l e s . UCPL-74430| COSF-730547; Pa r t of 
Proceedings of t h e 21st a i e r i c a n Soc ie ty 
Syapcsium on Elass S p e c t r o a e t r y and a l l i e d Topics 
he ld in San F ranc i sco , C a l i f o r n i a , ^ay 20 -25 , 
1973, (p . 351-353) . 
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<339> 
Laurer, G.F. and M. Elsenbud, '̂ ot given. 1968 

In Vivo Measurements of Nuclides Emitting Soft 
Penetrating Padiation. CONF-670521; Monographs 
on Nyclear Medicine and Biology, !Jo. 2% Part of 
Kornberg, H.a, and Norwood, W.D. (3ds.), 
Proceedings of a Symposium on the Diagnosis -ard 
Treatment of Deposited Padlonuclldes held in 
Pichland, Washington, lay 15-17, 1967, (P. 
189-20"?) , 680 p. 
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<339> com. 
Pa 239^ Sr 90p Pb 210 and n a t u r a l and 
e n r i c h e s uranium. Measnreients done t o 
o b t a i n optlmtiffi c r y s t a l t h i c k n g s s j iislng S2/B 
as a figiare of sieritp have SKOWR a thiexnssss 
of 1 Sim t c be a p r a c t i c a l c o s p r c s i s e fo r a l l 
t h r e e n u c l i d e s . The use of t h i s t h i n c r y s t a l 
in ccsi junct ion with a NaT(Tl) c r y s t a l 
a a t i - c o i n c i d e n c e system us ing r l s e t i ^ e 
d i s c r l i i i n a t i o i i i s e f f e c t i ¥ e i n reducing 
background in tlie low energy region by 
approslffiately 70'^^ and t h e Compton continnuso 
of Cs 137 by as macli a s 70^. The use of t h i s 
system has led t o t h e development of a 
p ro to type^ p o r t a b l e i n v ivo coun te r ^ i t h an 
8" d iamete r by 1 mm -s-hick Csl (Tl) d e t e c t i o n 
c r y s t a l aKd an S" d i a i e t e r by 2" t h i c k 
NaT(Tl) a n t i - c o i n c i d e n c e c r y s t a l . The 
c r y s t a l s are mounted in a moveable r i g Khlch 
a l l o ¥ s ^oypsient in the K̂  Y and Z p l a n e s . 
The e n t i r e r i g , i nc lud ing e l e c t r o n i c 
apparat i j s without a mul t i channe l ana lyser^ 
weighs en the order of 200 l b . C a l i b r a t i o n 
measurements p^^rformed with t h e l a r g e c r y s t a l 
have shown sinitauH! s i g n i f i c a n t measurable 
l e v e l s of a c t i v i t y (MS^'s) ¥hich i n d i c a t e 
t h a t body bardensj, sore p a r t i c u l a r l y lung 
burdenSj. iray be measured a t a f r a c t i o n of t h e 
Î PEB without t h e use of a s t e e l room. (R^F) 

<3u0> 
Not givenp AiDerican Conference of Governmental 
I n d u s t r i a l Hvgien is tS j a i r Samplina I n s t r u m e n t s 
Comii t tee^ C i n c i n n a t i ? OH. 1972 

a i r Sampling Ins t ruments fo r Eva lua t ion of 
Atmospheric Contaminants . Fourth E d i t i o n ; 55S 
P-

This f o u r t h e d i t i o n of S i r Sampling 
In s t rumen t s i s a r e v i s i o n and e x t e n s i o n of 
the f i r s t t h ree e d i t i o n s publ i shed in 1960^ 
1962^ and 1966. The t e s t i s o rgan ised i n t o 
f ive major p a r t s . The f i r s t pa r t c o n s i s t s of 
seven i n t r o d u c t o r y papers which d i s c u s s b a s i c 
c o n s i d e r a t i o n s in sampling a i r for s p e c i f i c 
purposes such as sampling fo r con taminan t s in 
work p l a c e s for a i r b o r n e microorganisms^ 
s a a p l i n g i r plnc^s^ a e r o s o l s a a p l i s g fo r 
p a r t i c l e s i z e a n a l y s i s and r e s p l r a b l e d u s t 
sampling. The second p a r t c o n t a i n s 
d iscs jsa ions cf sampler c a l i b r a t i o n ^ and 
i n s t r u m e n t a l f a c t o r s . The t h i r d pa r t i s 
devoted t o systeni ccmponentSp t h e f o u r t h p a r t 
t o sample c o l l e c t o r s inc lud ing f l i t e r s j , 
in*=r t ia l g r a v i t a t i o n a l c o l l e c t o r s , 
e l e c t r o s t a t i c and thermal p r e c i p i t a t o r s , and 
the f i f t h pa r t t o d i r e c t r ead ing In s t ru r aen t s . 
Hach s e c t i o n in the t h i r d , f o u r t h and f i f ^h 
p a r t s G o r s i s t s of an I n t r o d u c t o r y paper and a 
s e r i e s of d e s c r i p t i o n s of a i r sampling 
i n s t r u m e n t s or system copiponents in a 
s t anda rd f o r i a t . Of the twenty-one t e c h n i c a l 
d i s c u s s i o n s ^ el*^ven a re newly prepared for 
t h i s e d i t i o n , and th^^ o the r t e n have had 
'sajor r '^visacn'?. Two papers have been 
a b s t r a c t e d ss^-tsarat^ly for i n c l u s i o n in t h e 
da ta b a s e . {V^m) 

advances in Phys ica l and B i o l o g i c a l Badia t ioa 
D e t e c t o r s . COMf-701112; STX/PUB/269; 
Proceedings of a Syeaposliis on Neif? DevelopneDts 
in Phys ica l and B i o l o g i c a l Ead ia t ion De tec toss 
held In Visnnag a u s t r i a ^ lloveiber 23-27^ 1970^ 
742 p . 

t h i s symposium sponsored by the lAEh was one 
cf a c o n t i n u i n g s e r i e s of meetings t o f u r t h e r 
th© eschang® of informat ion on a l l a s p e c t s of 
personnel and area d o s i i e t r y . P a r t i c u l a r 
©Etphasis was given t o a s tudy of dose s e t e r s 
themselveSj, t h e i r r a d i a t i o n - s e n s i t i v e 
e le isents (both p h y s i c a l and b i o l o g i c a l ) e 
t h e i r instrufflentation^ c a l i b r a t i o n and 
s t a n d a r d i s a t i o n . I n t e r n a t i o n a l 
i n t e r c o a p a r i s o n s t u d i e s on s t a n d a r d i s a t i o n 
and c a l i b r a t i o n of measuring e g u i p i e n t and 
s cu rce s ^ere recommended. Growing i n t e r e s t 
in the development of b i o l o g i c a l dos imeters 
was no ted . The symposium yas a t tended fay 170 
p a r t i c i p a n t s from 29 laeHiter s t a t e s and S 
i n t e r n a t i o n a l o r g a n i z a t i o n s ; 62 papers are 
given in f u l l with d i s c u s s i o n s , IH^F) 

<3a2> 
^rnoldp J . S . ^ and C.T. Wei, Hlnes Veterans 
Adminis t ra t ion H o s p i t a l , Department cf HucleaE 
Medicine, Hlnesj» TL; Kansas Ci ty General 
Hosp i t a l and Medical C e n t e r , Department of 
Pathclogy^ Kansas C i t y , HI, 1972 

Q u a n t i t a t i v e Horpholoy of Ver tebra l Trabecular 
Bone. Par t of S t o v e r , B«J, and J e e , i i .S .S . 
(Sds.) , Radloblology of Plu tcnius i . J.tf. Press? 
S a l t lake C i t y , Utah^ (p. 333-35^4), 552 p . 

The sur face area of t r a b e c u l a r bone^ t h e sea^ 
t h i c k n e s s of t r a b e c u l a e , the sarrow space 
between t r a b e c u l a e fand mean paths) , a.sid % 
bene were measured in v e r t e b r a l t r a b e c u l a r 
bone in 35 "normal" huaans . The data s e rves 
as both a 3 dimensional q u a n t i t a t i v e unigue 
e s a a p l e of q u a n t i t a t i v e morphologic s tudy in 
aging, as we l l as a da ta base for dosage 
c a l c u l a t i o n s in alpha p lu s beta bone-seefslog 
r a d i o i s o t o p e s . The human v e r t e b r a l 
t r a b e c u l a r bone i s composed of t h r e e t y p e s cf 
s t r u c t u r e ; l o n g i t u d i n a l and t r a n s v e r s e 
t r a b e c u l a e , and l o n g i t u d i n a l p l a t e s . The 
numbers of each of the s t r u c t u r e s per cc of 
medullary t i s s u e were measured as well as 
t h e i r dimension in ? a c u t e l y dying cases in 
each decade of adu l t l i f e , u s i n j a th ick 
block microrad lograph ic t e c h n i q u e . The 
su r face a rea per cc of medullary t i s s u e and 
per gm of ash were c a l c u l a t e d f r o i the 
measured d i a e n s i o n a l v a l u e s . Comparison of 
t h e va lues for % bone c a l c u l a t e d fro® 
dimensional speasureients and t h o s e measured 
by water d isplaces ient gave a c c r r e l a t l c n 
c c e f f i c l e n t of 0 . 6 6 . Ca lcu la ted and 
measured, t r a b e c u l a r spaca.ng qave c o r r s l a t i c n 
of 0.73 *o 0 .90 . These r e s u l t s v a l i d a t e the 
geese t r i e giodel and the accuracy of 
measurements. Ruling out 2 c a s e s Mith feca l 
t r auma t i c changes r e s u l t s in a c o r r e l a t i o n 
c o e f f i c i e n t of above 0.9 for the above 
pa ramete r s . (auth) 

<3a 1 > 
Not g i v e n , TT^t^rnat ion ^1 a t c i i c "nergy Sgency, 
Vipnna, A u s t r i a . 1971 
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<3a3> 
M a s s , N. , a"d ^ . L . Sroor , Nat iona l Rad io log ica l 
P ro t ec t i on Board, Harwell , •England. 1974 

Kidney and f^one ^eter t - ion Funct ions in ^h® Puiar 
Fetabolisra of !JraKiui5. P i v s r c s in medicine and 
Biology, i^CU), neo-mu 

The rete'^-^ion of u r a n i u i by bope and kidney 
has be^n re-cva '^uated t a k i n g account of 
r^^c^ntly publ ished data for a man who had 
0epn o c c u p a t i o n a l l v exposed t o n a t u r a l 
u r a n i u i a e r o s o l s an^ for a d u l t s who have 
mg-^-sted u^a^xum a t t h e normal d i e t a r y 
lev^^-ls. ^or l i f e t i m e o c c u p a t i o n a l esi>osiire 
t o u r a n i u i aerosol ' s t h e rew r e t e n t i o n 
func t ions y^eld a g r e a t e r r e t e n t i o n m tone 
and a s s a l l ^ r r e t e n t i o n m kidney than the 
e a r l i e r o n ^ s , which were based on a c u t e 
intake*^ of uraniUE by t e r m i n a l p a t i e n t s . 
Hence bone r e o l a c e ^ kidney a s t h e c r i t i c a l 
organ. The o c c u p a t i o n a l laxim^m p e r m i s s i b l e 
c o n c e n t r a t i o n m a i r for 0 238 and for 
p a t u r a l ET based on r a d i o l o g i c a l 
c o n s i d e r a t i o n s u s n g the XCRP(1959) 1 
l o d e l and th^ HPW r ^ t p n t i o n func t ions 
s l i g h t l y lower -̂ -han fo r the e a r l i e r o 
'^or 0 2 3S the saKiiuss permis '^ ible 
r c -ncen t r a t i o r d^ '^eri ined by c h e s i c a l 
r-^mains •«• ^e -ac^e r^ - s t r i c t i v®. (%uth) 
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Andersen? E . ? . , P . ^ . Bramson 
Ba-*-telle ^emcr ia l I n s t i t u t e , 
L a b o r a t o r i e s , '^ tchland, HA. 

. and H,¥. Larson , 
P a c i f i c nor thwest 
1971 

Bos i sp t ry of Alpha ' ^ l i t t e r s m the Lung. 
CGMF-681013; BKWL-sa-1765; Pa r t o^ Proceedings 
of a S y i p o s i u i en the Dosimetry cf low Energy or 
SI o r t Range I r r a d i a t i o n s he ld in l e n t o n , F r a n c e , 
OctODer 9 - 1 1 , 19Sg^ (p . ^ 8 - 6 3 ) . 

The lung and lymphoid t i s s u e lay well be t h e 
c r i t i c a l organs for many i n d u s t r i a l enposures 
t o the mso '^uble a c t i n i d e r a d i o a e r o s o l s ^ " In 
VIVO" lung leasmrem^nts r rov ide the pr imary 
data for e v a l u a t i n g exposures and subsequent 
i n t e r n a l (^os®. h usefu l secondary 'method 
invo lves f eca l satsDling and e x t r a p o l a t i o n by 
lupg sods^lmg and i>a r t i c l e s-s.z«̂  i r fo rma t ion 
•̂ o ob*-ain a l e a s u r e of the lung c o n t e n t . A 
review i s br*'ef I T p r e s e n t e d of exper ieEce 
with " i n VIVO" lung measurements , f e c a l 
e x c r e t i o n , p a r t i c l e s i z e a n a l y s i s and 
i s o t c p i c coroposi^xon xn t h e i r r e l a t i o n to t h e 
oest dos imetrv c u r r e n t l y p o s s i b l e for 
Plutonium a'^pha e i ix t tp r s m t h e lung. 
•Experience m t h e o p e r a t i o n of s e v e r a l 
p ro to type systems •̂ 'or t h e d^^'tectios of 
uranium and n l u t o n i u t i s c t o p e s and hm 2^1 in 
t h e lung i s d i s c u s s e d . For n a t u r a l and 
enr iched urania®, a lung counter with a 
9-inch diasse*-er by «J-iach th ick sodium i o d i d e 
c r y s t a l p rov ides a d e t e c t i o n l e v e l e q u i v a l e n t 
t o about 20 pf^rcent of a lung burden^ 
s e v e r a l lung count ing s v s t e s s a r e a v a i l a b l e 
for measuring t h e K and gasaa r a y s from 
p l u t c n i u s and aaeTiciu®. I f km 2*1 i s 
p r e sen t s four 12 cm diameter by 1 c e n t i m e t e r 
*-hiGk s c d i m iod ide c r v s t a l s nounted on 
low-noise o h o t o i u l - t i p l i e r s and l o c a t e d on 
both the ^ront and ^he back of t h e c h e s t a re 
u t i l i z e d . Such a s y s t e i w i l l d e t e c t about 
0.1 nci of a i ?U1 which can be r e l a t e d t o th@ 
d e p o s i t i o n of p l u t o n i u i xn t h e lung when the 
r a t i o of Pu 239 and Am 2^1 i s kiso^n« 
J^easonable v a l u e s f o r t h i s r a t i o l a y range 
from 5 to 20; t h u s i n d i c a t i n g a luag 
d e p o s i t i o n of fro® Oa5 t o 2 ^Ci of Pu 239» 
Thm s o d i u i i o d i d e c r y s t a l (1 im th ick) 
a r r a y s and p r o p o r t i o n a l c o u n t e r s are a l s o 
a v a i l a b l e fo r d e t e c t i n g the 17 kef x r ay s 
f ros p l u t o n i u a i s c topes» fh® d e t e c t i o n l e v e l 
of t h e s e c o u n t e r s i s about 10 nCia k 

p r o j e c t i o n c h e s t pharton was des igned and 
c o n s t r u c t e d t h a t as e s p e c i a l l v j s e f a l fo r 
c a l i b r a t i o n of " in v ivo" lung cour t ' ^ r s when 
mea-^uring low energy x- ray aad aaima r a y s 
C10-10C \f^V) . This ineKDeasive phaato^ 
p rov ides complete v a r i a b i l i t y of c h e s t 
t h i c k n e s s and i n c o r p o r a t e s boie s t r u c t u r e s of 
a bone f=guivalent o ia teEial . (4utn) 

' '345> 
Beach, S .A. , G.W. Dolphin, K.P- Duncan, aad H.J . 
Duns te r , United Kiagdon fitoiic Er^rgy M t h o r i t y j , 
Health and Safety Branch, Rad io log ica l 
P r o t e c t i o r D i v i s i o n , Harwel l , England. 19o6 

? Bas i s f o r Routine Ur i re S a i p l m g of Workers 
Fsposed t o Plutonium 239. Health "^hjsxcsB 12, 
1^71-1682. 

A r o u t i n e program f 
o l u t o n i u i m u r i n e 
•̂G t h e o the r method 
i n t e r n a l r a d i a t i o n 
p lu ton iu i= The u r i 
fo l lowing i n t a k e s o 
cons idered ard a va 
body c o n t e n t a p p l i c 
psoposed. A r e f ^ r e 
l e v e l for u r i a a r y e 
s u g g e s t e d . Fac to r s 
sasDlmg procedure 
di-^GUssed, hti exam 
^he r e fe rence l e v e l 
m a t y p i c a l s aEp l i 
mention i s ^ade of 
which a r e taken whe 
encre txon exceeds t 
a c t i on levf^l. {hn^ 

cr the l e a s a r e s e n t cf 
IS d i scussed in r e l a t i o n 
s of c c n t r o i l m g t h e 
dose of t h o s e working with 
nary exc re t i on p a t t e r n 
f p l u t o n i u i compounds i s 
lue for 0, t a ^ l a x i e a i 
able t c a l l c c i p c t i M s , i f 
r c e l e v e l and an a c t i o n 
Kcre t ico r a t ^ s a r e 

i n f l u e n c i n g the c a c i c e cf 
and frequency are 
p ie IS given showing hos 

and ac t ion l e v e l a r e used 
ng prcgra®. s p e c i a l 
the l a a a g e r i a l a c t i o n s 
n a work«^r^s u r i n a r y 
he r e f e r ence l e v e l and the 
h) 

<3Si6> 
Bevan, J . S . , and S..K.M.H. Hague, Borough 
P o l y t e c h n i c , Department of Physicsp London, 
Engla rd . 1968 

Some S p e c u l a t i o n s on t h e Carc inogenic E f f e c t cf 
Inha led ^ Ipha -Sc t i ve M a t e r i a l . Phys ics i n 
Medicine and Biology, n O ) ? 105-112. 

C a l c u l a t i o n s a r e r e p o r t e d on th*» p o s s i b l e 
S ize of malignant fcc^ xn cases of lung 
cance r a t t r i b u t a b l e t o t h e i s h a l a t i o s of 
a l p h a - a c t x v s m a t e r i a l . The c a l c u l a t i o n s a re 
bssed en the probable d o s e - m c i d e n c e f o r 
c a n c e r s , t h e r a d i a t i o n s e n s i t i v i t y of luag 
c e l l s and t h e a c t u a l dose t o t h e lung c e l l s . 
I t IS shown t h a t t h e number of c e l l s l e t h e s e 
f o c i probably l i e s between 15 and 20, and 
t h a t t h e p ropor t ion of c e l l s m t h e b ronch i 
danaged by lo& doses of r a d i a t i o n may he as 
high as 20% t o 251 c^ t h e c e l l popu l a t i on a t 
r i s k . C^^P) 

<3a?> 
Brueyer , F . , and S. R igh i , Coa i t a t o flasxoaale 
ppE l«Eiiergia Nuclear^ , Div i s ioa of Health and 
C o n t r o l s , Borne, I t a l y , Comxtato Na^icaa le per 
l^Energ ia Hucleare , Ra t iona l L a b o r a t o r i e s ^ 
Pedxcal S e r v i c e , Roae^ I t a l y . 197^1, February 

Toxicology of T ranspor t ab le Uraaxusis h C r i t i c a l 
C o n t r i b u t i o n t c Health P r o t e c t i o s of Hork©ES. 
CONP-730907 {part 1 ) . Far t of Snyder, W»Sa 
(Ed,>, Proceed ings of the 3rd I n t e r n a t i o n a l 
Corg ie s s of t h e TBPI he ld xn Hashmgton^ D . C , 
Septesb^r 9 - 1 4 , 1973, |p« 736-742) , 1475 p^ 

Tb€ chemical t o n i c i t y of u r a n i m i s of 
Importance in t h e e v a l u a t i o n of the r i s k cf 
i r t e r n a l contamina t ion because of t h e 
t r a B s p o r t a b l e coipoands of the elements The 
r i s k Ijecoaes most r e l e v a n t rten cne h a s t c 
dea l with n a t u r a l uranxmm or l o n g - l i ¥ e d 



•lELlLAi. A P^CTS 

<3a?> CCNT. 
uranium x^-o^op^s The nas^iauii p e r e i s s i b l e 
coneer'S'ra*-ions r e c c ^ i e n d e l bv TCEP and t h e 
cthfesr I^rait value'^ oroDos^d a r e based on -̂ hc 
r e s u l t s of es'5erim'=nts t h a t , -though complete 
and v a l i d m t h e i r g e r e r a l o j t l m e , a r e 
affect-=d bv the l-»n-'ted tech"»ical 
p o s s i b i l i t i e s ava a lbe when a-^fected. S i r c e 
now fh€' p o s s i b i l i t i e s of dettf 'cting r '^nal 
i e s i o p s ar-^ r^mar^^ably imnroved, i t could b t 
us-^ful to revi>^w •'-h® problem cf the chemica l 
*-osici ty 0^ urar^um both or th>^ b a s i s of the 
advanc^^d technigue-^ a v a i l a b l e and on t h e 
exDs.rienc€ gained m t h ^ f i e l d of h e a l t h 
protec-^ior m nuc l ea r e^v i ron ' san t s . In f a c t 
t ode r r technque^^ allow a r e l a t i v e l y easy 
detect"" cp o*̂  pve^ ^^Ixgh* sod i -^ ica t io^s and of 
th«=ir charac*«'r i=^tic^, a t the same time the 
analys*" "5 o- very s r i a l l b i o l o g i c a l s a i p l e s i s 
po'^sxble. Tt IS mentioned tha-'- s t u d i e s 
c a r r i e d out o^ o the r r e n a l t o s i c s u b s t a n c e s , 
l i k e cadTium, a r e g i v i n g very j . n t e r e s t i n g 
r e s u l t s . Cauth) 

<3i.a> 
Casar«=t*, L J . , Unive^-s-' ty of Roches te r , Scnoox 
or Medici'^e a'̂ d ' ) e r t i s t -^y , Depar^^ent of 
Bad ia t i c r ^ i d o g y , ^ o c n ^ s t ^ r , ^1^. 1960 

Som-̂  %-^s ica l and P h y s i o l o g i c a l • ' 'actors 
Con-^-roliing the Fat*= of Inha led Subs t ances , 2 . . 
Health Phys C'̂ , 2, 3^9-386. 

'^oie of •'"be l e c h a n i s s ^ DV whicb p a r t i c l e s a r e 
^ l ^a r ed f r o ^ ^he lupgs a r e d i s cus sed such a s 
c x l i a r v a c t i v i t y cf t s e ^ p i t h e ^ i u s , 
pnagocytos^ s , lymchat ic abso rp t ion and 
s o l o t i l i s a t i o n , ""mpba^is has been p laced on 
r e l a t i v e l y i n s o l u b l e par t ic le -^ degosi+'ed m 
a l v e o l i . lentioRi^d a r^ *he high 
conr -en t ra t i cns of uranium oxid® i n lympha t ic 
o r a a r s - Work o i plutonium oxide i n d i c a t e s 
tha-*- * i e cciDsound f^^posx-«-ed m *he l u n g s i s 
ev^n-i-ually c'^earf^d v i a c i l i a ~ y a c t i o n , but i t 
a l s o apF^a^«! tlia* Ivapn ncd^ a-^-cuaulaticn of 
p lu t cn UE* osid-^ i=! con«id^rabl '=. Those 
a s o e c t s of luna c l e a r a n c e lecnanisms ar'^ 
disGLs^-ei ^h-'c i a re per^ipen-*- *o tue 
ca^cula*- «̂ ns o*̂  tl~e rad ia t io t^ losage t o the 
lupg as u-^^uailv per'^ormed. (^^^) 

<3a9> 
Paburon, ^ . L . , and I . Jeanmarxe, commissar ia t a 
1* "ne rg i e ^tomique. Cent re d 'E tudes Hs ic lea r i e s , 
Fon tenay -aus - sos»s , 'France. 19*̂ 4̂, J u ly 

C a l i b r a t i o n c^ a Largp ferea Propor-^-ional Coui-^-pr 
t o r P lu top iuF 21'^ ? - rav Detec^iop xn Lungs. 
CFA-R-'^SBO, 27 r . 

A method of calibra-^-ion of a p r o p o r t i o n a l 
coun te r f*^r p lu toniua measure'B^Rt in thp l u rg 
has been dev^-loped ''n t h e basi=- of ^he 
d i f f e r e n c e of a b s o r p t i o n s of t hp 60 keV ray 
of an 2^1 e x t e r n a l sourc?= by an i n d i v i d u a l 
and a phantom, "̂ hp di-^-^erence i s conver ted 
i n t o so^t ti-^sue (muscle) «='guivalent 
Th ickness , a l l o w nq t o corr '^c t t h e phantom 
c a l i b r a t i o n f a c t o r fo r each s u b j e c t . As ar 
aathrcfciBcrphois phantom i s u^^d, an 
e g u i v a l e i t ab-^orption of che«?t bones and i u r g 
IS assumed -''or t h e s u b i e r t and t h e phantom. 
Tne c a l i b r a t i o n f a c t o r , fo r an average s i z e d 
i n d i v i d u a l x<^ 5^ counts per n i n u t e fo r 1 uCx 
of Pu 239 m t h e l u n g . (J^uth) 

<3^0> 
Duncan, F. =. , Onited King^^oi atomic Energy 
^ u t a o r i t y . Heal th and Safety b ranch , 
P a d i o l o g i c a l ^ ro t ec^ ioa Div i s ion , O x f o r l , 
Hrqlaad. 19<^a, January 

<3y7> 

<̂ 3Pie asDects o-̂  th^^ Prevent ion ana " r e a t a e n t c-̂  
"xces s ive I n t e r n a l Radioac^ivs^ C o r t a E i n a t i o n . 
B r i t i s h J o u r n a l of Hadiology, 37 (4^^)^ 120-123. 

Seme of th'=' metaods ot reducm-j the r a d i a t a o n 
dcse t o c r i t i c a l organs fo l lowi rg a c c i d e n t a l 
i n t a k e of r a d i o a c t i v e m a t e r i a l s ar^ rcviei«=d-
f^cre d e t a i l e d c o n s i d e r a t i o n i s given t o the 
p lace of i s o t o p e d i l a t i o n s e t h o l s wj.th 
s p e c i a l r e t e r e r c e t o i n t a k e s of r a d i o i o d i r e 
and t o *he redu*^tion cf i n t e r n a l 
conta'nina^xon by ^ne a d a i n i s t r a t i o - i ot 
c h e l a t i n g agents with s p e c i a l r e fe rence t c 
irtake<^ o-î  p lu ton iun . i^hen t h e use ot 
c h e l a t i n g agen t s i s considered t h e r e a rc t a s 
unde r lymo problems. One i s the need t o r th^^ 
as<=es^ment i r r e a l terms of t h e hasard of 
c e r t a i n q u a n t i t i e s cf r a d i o a c t i v e aa^-er ia ls 
m p a r t i c u l a r o r g a r s of the Dody and t h e 
second i s t^ie lack cf capac i ty t o es t iaa t -^ 
e a r l y and a c c u r a t e l y the ac-«-ual aipounts or 
some r a d i o a c t i v e subs tances xn p a t i e n t s . {Bkf} 

<^^1> 
" v a n s , P .D. , S.T. Keane, and ^ . ^ . S ana ha r , 
f^assac iuse t t s I n s t i t u t e of ' technology, 
repartmen* of Phys ics , Caiobridg*, nA, 1972 

Fadiogenic Ef fec ts xn ^̂ an cf Long-Ti=rm SKele ta l 
^ I p h a - T r r a d i a t i o n . P a r t of S tover , B ,J . and 
J e e , l^.S.S. ( E d s . ) , Badiobioiogv of P l u t o o i u i . 
J,h, P r e s s , Sa l t Lake C i t y , Utah, (p . 431-^^68), 
•̂ 52 p. 

In the abst^nce of human-miury d a t a , some 
r a d i a t i o n p r o t e c t i o n gsiide^ for Pu 239, Sr 
90, and o the r bone-seeking r a d i o n u c l i d e s ai;e 
founded on the humar r ad iu s b a s e - l m e or 
r e f e r ence s t anda ra cf 0.1 uCi Pa r e s i d u a l 
burden, combiT^ed wi'^h r a d i o n u c l i d e tosxcx ty 
r a t i o s determined frcis o b s e r v a t i c n s on 
I cng - l l ved eKperimental a n i a a l s . In t n e 
I .T^T. s e r i e s of husan long- term radium 
c a s e s , f r o i a Dre se r t l y i d e n t i f i e d pop?JlatxoB 
of about 2200 i n d i v i d u a l s , some bOO nave sc 
fa r been s t u d i e d (1'^70) whil* l i v i n g p lus 
acou'i- ^0 a f t e r death th roujn autopsy 
speciffl^'ns, eKhumations, or wi l l ed bod ies , m 
a d d i t i o n t o 120 l a t c h f d w*^ntrji i n i i v idua j - s . 
At average s k e l e t a l cumulat ive dosages above 
about 10O0 rads riarssed r a d i o b i o l c g i c a l 
e f f e c t s were seen , among the 
«=pidemiologxcally s u i t a b l e (unselected) 
h igh-dos^ cases th^ cu iu l a txve inc idence of 
bcn^ sa rccnas pi i s head c a r c m o s a s xs about 
0 .28 . ThP t u i o r appearance time m hunans 
seesed t o i^jcreasc with decreas ing dosage , a s 
I t does in beag l e s , such t h a t t h e r ^ would be 
a domain of dosages fo r which the r equ i r ed 
tumor appearance t ime exceeds t h e l i f e s p a r , 
t r u s d e f i n i n g a prac*-ic®l th resho ld dosage^ 
I r ipore than ^00 i n d i v i d u a l s beloia about 1000 
r ads no r a d i o g e n i c t u i o r s or s i g n i f i c a n t 
s k e l e t a l e f f e c t s were seen and t h e r e was sc 
d i s c e r n i b l e l i f ^ - s p a r shor t ' ^a i ag . io smootb 
a n a l y t i c a l funct ion had been found whicii 
g ives a f ' lose f i t t o cur response vs» do«-29>-
data fo r unselecte"^ cases over t h e e n t i r e 
rangp of dosage. In view of th*^ c u r r e a t 
widespread p u b l i c i t y g i v e i t o s^stravagant 
dea th-pred ic t ion ja from low dos«s of 
r a d i a t i o n , the o r i g i n and proper us^- of the 
OSSCEft^-ICEP l in '^ar n«^nthr^s^old l o d e l s ip 
f o r s u l a t m g maKxssia-risk e s t i i a t e s for 
la rge-Dopuia taon exposures was reviewed« In 
t h e dosage domain below about 1000 r a d s , the 
p r o b a b i l i t v t h a t t h e observa t ion of s e ro 
r ad iogen ic tumors m over 500 xEdivxd^al& sas 
merely a s t a t i s t i c a l f luctua^xon f r o i *he 
UKSCF&P-ICFP l i n e a r Eonthresnold lode l was ! 
in ^ a i l l i o o , thus s t r o n g l y r '^^^ctmg t h i s 
KCd@l. The r e j e c t i o n became even great^-r 
when t h e OMSCESP-ICEP model was apolxed t o 
t hp ML-^RCH radium c a s e s and t h e T h o r o t r a s t 



<35 1> 

HEDICai aSPECTS 

<35 1> CONT. 
c a s e s . In humans undergoing long-ter ia 
s k e l e t a l K - i r r a d i a t l o n t h e r e was evidence for 
recovery p roces se s and d o s e - r a t s dependence. 
L i fe - l cnq o b s e r v a t i o n s were r e q u i r e d before 
the response-vs . -do '^age r e l a t i o n s h i p s were 
c e r t a i n l y t h e f i n a l v a l u e s . For a 
s i g n i f i c a n t f r a c t i o n of the radium and 
mesothoriurn s u b j e c t s t h e l i f e span w i l l 
eKtend beyond the year 2000. Vigorous and 
long- term e f f o r t s w i l l be e x e r t e d by the 
a,EC*s Cente r for Hu?ian Radiobiology t o ob ta in 
the laximui! I n f o r i a t i c n from t h i s un ique , 
i n a d v e r t e n t l y enposed, and i r r e p l a c e a b l e 
human t-GP^lation. (^uth) 

<3f 2> 
F r o s t , H , l . , Henry Ford H o s p i t a l , Department of 
Orthopedic Surgery , D e t r o i t , HI. 1972 

kr. E f f i c i e n t Way t o Analyze Bone A f f e c t i o n s . 
P a r t of S t o v e r , B . J . and J e e , H.S.S- ( E d s . ) , 
Radloblology of Plutonium, J.W. P r e s s , S a l t Lake 
C i t y , Otah, (p. 29 3-3nii) , 5^2 p . 

Using e s t a b l i s h e d o r g a n i s a t i o n a l and 
s t a t i s t i c a l p r o p e r t i e s of b i o l o g i c a l sys tems , 
one can d e v i s e a s t r a t e g y of s k e l e t a l 
r e s ea r ch which r e s p e c t a b l y minimizes t h e 
p r o b a b i l i t y t h a t one w i l l choose an 
i n a p p r o p r i a t e or i r r e l e v a n t s u b j e c t t o s t u d y , 
and e f f e c t i v e l y enhances the p r o b a b i l i t y t h a t 
the sub jec t of s tudy and method of procedure 
wi l l prove r e l e v a n t t o p h y s i o l o g i c a l and 
p a t a c l o g i c a l prcMt^ns r e l a t e d t o human 
d i s e a s e . This a r t i c l e sketch*=*s i n very b r i e f 
fashion soE-e of t h e r e a s o n i n g u n d e r l y i n g such 
s t r a t e g y , and one d i r e c t i o n which one might 
t ake in atteEppting t o i '^pleaent i t . (aath) 

<35 3 > 
Gus'kova, a . F . , and G.D. Baysogolov, Not g iven . 
1971 

Pa thogene t ic C l a s s i f i c a t i o n and Bas ic 
H t i o l o a i c a l F a c t o r s of Radia t ion S i cknes s in 
Man. a E C - t r - 7 a n i ; ^ a r t of Gus«kova, K. and 
Baysogolov, Q.r.g Rad ia t ion Sickness in Elan, ( p . 
25-38) , '^60 p . (Russian) 

A c l a s s l f ica-^-lon of r a d i a t i o n s i c k n e s s i n man 
IS proposed based p r i m a r i l y on t h e 
relation'=^ME of b i o l o g i c a l e f f e c t s to t h e 
dos-^ of i r r a d i a t i o n as sy s t ema t i zed by B. 
'^ayevskly in 19^*^. The two b a s i c v a r i a t i o n s 
of r a d i a t i o n s i c k n e s s a r e due t o e i t h e r t o t a l 
compara t ive ly uniform i r i a d i a t l o n or to 
l o c a l i s e d i r r a d i a t i o n in a d e f i n i t e segment 
of the body cr organ. The e n t i r e e v o l u t i o n 
of t h e response of the organis^is and I t s 
outccms* is d iv ided i n t o acute (subacu-^e) and 
ch ron ic forms of r a d i a t i o n s i c k n e s s . The 
s e v e r a l fcriiis cf acu te r a d i a t i o n s i c k n e s s 
with r e s o e c t -̂ o the l e a d i n g oa thogenes i s a re 
d i s t i n g u i s h e d as acu te r a d i a t i o n s i c k n e s s 
with a) primary l e s i o n cf the nervous systes ' 
( ce rebra l form) , b) with -secondary l e s i o n of 
th^ nervous syst^^m {toxemic form) , c) with 
predcminan-?- l e s i o n of t h e g a s t r o i n t e s t i n a l 
t r a c t { i n t e s t i n a l -^or^), and d) with 
p r e d c i i n a n t l e s i o n cf t h e heinatogenic organs 
( t y p i c a l form). acute r a d i a t i o n s i c k n e s s due 
t o whole hody i r r a d i a t i o n i s subdivided in-^-o 
apprCKistat" done ranges of 1^10-250, 2^0-^00 
and 400-1000 ^. Tĥ * outcomes and 
consequences itay be coiBplete rs^covery, 
recovery with d e f e c t s , s t a b i l ! z a t l o s of 
p r e e x i s t i n g changes and d e t e r i o r a t i o n with 
p r o g r e s s i v e c l i n i c a l symptoms. In t h e 
development c-̂  ch ron i c r a d i a t i o n s i c k n e s s 
forms due t o e i t h e r whole bcdv or p a r t i a l 
i r r ad ia t ' ^ on, 3 Dprlods a r e s che i aa t i c a l l y 
d l i^ t inqulshed: the p e r i o i of fortuat ion of 

t h e d i s e a s e , t h e recovery per iod and t h e 
per iod of outcomes and r e s u l t s of r a d i a t i o n 
s i c k n e s s . The degree of e s p r e s s i c n of 
c l i n i c a l l a n i f e s t a t i o n s may r each l i g h t , 
modera te , s eve re and e s t r e s e l y s eve re 
d e g r e e s . The d i s e a s e , j u s t as i n acu te 
r a d i a t i o n s i c k n e s s , may end in complete 
r e c o v e r y , recovery with d e f e c t s , 
s t a b i l i z a t i o n or d e t e r i o r a t i o n of h e a l t h wi th 
a number of syndromes of p o l y e t h i o l o g i c a l 
o r i g i n . The c r i t e r i a of the degree of 
s e v e r i t y of ch ron i c r a d i a t i o n s i c k n e s s due t o 
uniform whole body i r r a d i a t i o n inc lude the 
e x t e n t of the p a t h o l o g i c a l p rocess ( t h e 
involvement of organs and systems with 
d i f f e r e n t degrees of r a d l o s e n s l v i t y i n t h e 
response t o i r r a d i a t i o n ) , the n a t u r e and 
degree of d e v i a t i o n s ( f u n c t i o n a l , a n a t o m i c a l , 
o r s t r u c t u r a l c h a n g e s ) , the degree of 
r e v e r s i b i l i t y of p a t h o l o g i c a l phenomena, the 
ccmple teness of recovery a f t e r t h e c e s s a t i o n 
cf I r r a d i a t i o n and the implementation of 
t h e r a p e u t i c measures . (EAF) 

<35a> 
Ig l tman , A .T . , H. Bano l i , G.H. S c h m i d t , and 
P.A. Holmes, Medical Col lege of Wisconsin, 
D iv i s ion of Kuclear Medicine, Department of 
Pad ic logy , Milwaukee, •^I. 197Ji, Apr i l 

An Assessment of Alveolar Deposi t ion and 
Pulmonary Clearance of P a d i o p h a r n a c e u t l c a l s 
After N e b u l i z a t i o n . American J o u r n a l of 
Poentgenology, Radium Therapy and Nuclear 
f^ediclne, 120(^4), 776-781. 

A group of c l e a r , nonvxscid 
r a d i o p h a r m a c e u t i c a l s (Tc 99ii04, Tc 
99m-Sn-phyta te , In 111 C13, In 111 DTPA) were 
evalua ted using an u l t r a s o n i c n e b u l i z e r and 
s c i n t i l l a t i o n camera t o determine the 
c c n s i s t e n c y of d e p o s i t i o n la t h e a l v e o l i a t 
n c r s a l t i d a l b r e a t h i n g , systemic abso rp t ion 
and r e g i o n a l o r t o t a l lung v e n t i l a t i o n . The 
u l t r a s o n i c n e b u l i z e r used produced p a r t i c l e s 
of 1.0 u or s m a l l e r . Twelve h e a l t h y 
v o l u n t e e r s wi thout evidence of lung d i s e a s e 
inha led 10-20 mCl of the Tc 99m compounds cr 
2 t o 5 mCi of the In 111 ccmpouuds. Of t h e 
four agen t s n e b u l i z e d , the Tc 99!s-Sn-phftate 
demonstra ted the bes t a l veo l a r l e p o s i t i o n and 
t h e s lowes t pulmonary c l e a r a n c e . Only a 
minimal ataount of the r ad iopha rmaceu t i ca l was 
d e p o s i t e d in t h e t r acheobrcnchxa l t r e e and 
n e g l i g i b l e systemic absorp t ion o c c u r r e d . The 
slow c l e a r a n c e a l lows i sag ing from -4 v i e y s 
r o u t i n e l y with e x c e l l e n t r e s o l u t i o n and a 
r e l a t i v e l y low r a d i a t i o n dose t o the l u n g s . 
(I;AP) 

<35^> 
Jackson , S . , and G.W. Dolphin, [Inxted Kingdcs 
A*-omlc Energy Au tho r i t y , Health and Safety 
branch. R a d i o l o g i c a l P r c t e c t i c n D i v i s i o n , 
Harwel l , England. 1^66 

?^e Est imat ion of I n t e r n a l Radia t ion Dcse f r o r 
r ' e t abc l l c and Orlnary Excret ion Data for a 
î umfcer of Important P a d i o n u c l i d e s . Health 
P h y s i c s , 12, a81-5Q0; AHSB (FP)-R-51; 21 p . 

I i ^ves t iga t ion of an i n d i v i d u a l case of 
a c c i d e n t a l i n t ake of a r a d l o n u c l i a e by 
de t e rmina t ion of the amount of r a d i o n u c l i d e 
in u r i n e has as i t s ob i ec t t h e bes t 
p r a c t i c a b l e e s t i m a t e of tne r a d i a t i o n dose 
commitment to the c r i t i c a l orga:>. For t n i s 
pu rpose , i t i s d e s i r a b l e t c ana lyse a 
c a r e f u l l y planned s e r i e s cf u r i n e samples , m 
order t o d imin ish the u n c e r t a i n t y a t t a c h i n g 
t c s i n g l e , i s o l a t e d r e s u l t s and t c provide 
da ta f o r a sea rch ing comparison with t h e bes t 
documented c a s e s of def ined i n t a k e , which 
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<355> 

<355> CO NT. 
provide t h e b a s i s for i n t e r p r e t a t i o n . The 
primary purpose of r o u t i n e u r ine a n a l y s i s of 
samples from a group of r a d i a t i o n workers i s 
to d e t e c t any s i g n i f i c a n t I n t a k e which has 
o therwise escaped a t t e n t i o n . I t i s 
convenien t to deduce from the a v a i l a b l e 
s e t a b o l i c da ta an i n v e s t i g a t i o n l e v e l of 
u r i n a r y e s c r e t i o n r a t e below which no a c t i o n 
i s judged t o be n e c e s s a r y , but above which 
i n v e s t i g a t i o n of t h e cause of i n t a k e and 
c o n s i d e r a t i o n of f u r t h e r ac t ion i s r e q u i r e d -
A review i s p r e sen t ed of the human da t a 
a v a i l a b l e on t h e Eetabol ism and e s c r e t l o a of 
cesiuiB, phosphorus , polonium, p lu ton ium, 
radlssm, s t r o n t i u m , t r i t i u a and uranium, and 
va lues cf I n v e s t i g a t i o n l eve l a r e sugges ted 
for t he se r a d i o n u c l i d e s . (Auth) 

Figure 3 shows u r i n a r y e x c r e t i o n of Pu a f t e r an 
In take of 0.0^ PuCi 

<356> 
L a g e r g u i s t , C.E. , S .F. Hammond, D . I . BoKowski, 
ard D.B. Hylton, Dow Chemical Company, '^ocky 
? l a t s D i v i s i c n , Golden, CO. 1971, September 17 

Summary of t h e D i s t r i b u t i o n of P l u t o n i u s in t h e 
T i ssues of n c c u p a t i o n a l l v Ssposed Workers. 
FFP-1783; 13 p . 
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acute, variable chronic and chronic invarxant 
exposure, when the urinary eKcretion fails tc 
follow a simple exponential pattern. The 
problems of applying urinary to fecal ratios 
as a measure of lung burden are discussed and 
certain generalizatioES are suggested. Cos 
suggestion is that insoluble particles Pu02 
are reaoved with half-times of a few weeks 
and about six months presumably by two 
different mechanisms. Beth methanxsis 
apparently involve transport through the GX 
tract. About 5 to 10^ of the Inhaled dose 
may enter the blood stream rapidly and 
constitute the systemic burden. t̂ hile 
urinary excretion data are a measure of 
systemic burden, fecal excretion may be 
gaantitatlvely related to pulmonary 
elimination of relatively insoluble aaterials 
and to the burden of such materials deposited 
in the lung. Equations are given for 
estimating systemic and lung burdens from the 
assay of urine and fecal samples. A general 
mcdel for the retention, distribution and 
excretion of inhaled radioactive aerosols is 
presented. The application of whole bcd| 
ccunting for determining Internal body 
burdens of radionuclides, and the liiinaticn 
of the method are discussed. {fHn) 

Table 1 shows Integrated valu^ss for 
urinary-fecal excretion of Pu in % administered 
dose at various times. Table 3 shows fecal tc 
urinary excretion of Pu by Los Alaraos waters in 
relation to model of exposure. 

<358> 
Lushbaugh, C C , P.J. Cloutler, G. Hundson, 0, 
Langham, and S. Gusak, Cak Fldge Institute cf 
Nuclear Studies, Kedical Division, Oak Ridge, 
TN; los Alamos Scientific Laboratory, Health 
Division, Los Alaiios, Nf5; Dow Chemical Company, 
Rockj Flats Division, Hedical Departient, 
Golden, CO.. 1967, October 18 

Annals of the Hew Tork Academy of Sciences, 1^5, 
791-797. 

<357> 
langhaa, 's'. H., los Ala^^os Scientific Labor at cry, 
LOS Alamos, NM. 19̂ 7̂ 

Excretion 1'=̂ thods. Th« Application of 'Excretion 
Analyses to *he De*«=rminaticn of Body Burden of 
Radioactive Isotopes. Brit ish Journal of 
Radiology, ? upplement No . *?, ̂ '=— 11 3 . 

Tne rate cf urinary and f-̂ cal excretion of Pu 
changes w !+•>-, ti s». A graph is given shewing 
the percentacp of the original dose of Pu 
excreted ppr lay by human subjects as a 
function cf days aftor exposure ever a period 
of fIv^ years. The lata show that about 0.8^ 
of the intravenously injected dose was 
excreted on the first day, and that only 
during finit*^ neriods of tlie could the 
•^xcretlcn curves b^ represented by simple 
exponentials. v̂s=n after five years the rate 
of e liininatioii of ̂ u from th^ body still 
seemed to be chanalng. ôî ie lata are 
presented ,'̂ howlng th^ total asiount of Pu 
excreted during p«^rlods c^ ti F-^ ranging f rox 
10 days to '"0 yr. ^rom the values, it 
app-^ars * hat -^h^ concept of a bloloaicai 
half-tls'^ cannot b^ a'aplied in the case of 
Pu, and sclii-5-ion cf the integrit^^d expression 
tor tiip ^ C" »^cre-«-lon tine suggest that about 
20.1 yr. r ay be required for •^in to eliminate 
cn-̂ -̂ -half cf his body burden. Specific 
«spressioi;s for -s-he coef f ici-^n^ s of 
elimmaticn of Pu^ based on excretion data 
for tn» firrt 'i'^^- days are giv^n. Other 
ex pres'5lo!)F d^velop'^'d are us*̂ *̂  to demonstrate 
'leneral rsetbclB for thp de-^^rFiination cf body 
burler fx om urln^ ^.nalyseB f^^llowing sinql̂ -̂  

Autoradiographic and histologic study of 
eight d̂ '-̂ rmal lesions in laa, caised by 
accidentally isiplanted particles c£ metallic 
plutoniuaj, revealed that a mir.ute granulosia 
resulted in whicn after four cr sere years 
ccllagenous degeneration and liguefaction 
occurred. A comparison ct the lesions with 
granulomatons and fibrotic lesions inducea by 
thcrotrast suggested that softening ot the 
granuloma in the •'-hcriua cases 'J&S more 
likely due to the chronic effect of the 
radiation exposure cf the bicod v€ss*^ls than 
open the collagen fibers themselves. Tne 
breakdown cf collagen fibers around plutoiiiu[E 
deposits, however, seems to be related to the 
relatively enormous dcse rate to which these 
fibers were exposed. (Autn) 

<359> 
Sagi, A., and K. Santa, Statens 
Straiskyddsinstitut, Department or Î adia-̂ ion 
Physics, Sod«rsiakhuset, Stockholm, Saed^n; 
Institute of Radiaticn Physics, Stocknoia, 
Sweden. 1973, June 

Fin>}er Fxposure from the Handling of Snort-Lived 
Radionuclides. SSI-I'373-U; 11 p. 

f̂ easur'̂ ffi'̂ nts were made wlt'i TL dosimeters to 
test the amount ot finger ^Kposur-^ recelv-^d 
b^ two nurses working with Ic "̂ ?m (1 mCl) and 
In I13in (1.5 mCi) injections for liver ani 
lyng sclntigrans reapectiv'^ly. A detailed 
description of injection handling technlqaes 
is giv^n. Doses received by eaco nurse ^ei-^-
calculated for each radion;icll-"le separately 
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<3f'9> com. 
because of di-^f^ren* energies, ha l t - l ives and 
handling techniques . For Tc ^^m the dose to 
f-he fing*^rtips was 8 and 1̂  mrads/lnlection, 
ror In 11 "̂m 13 and 31 srads/l°^.lection for 
*-he righ* and le f t hand respectively. The 
calculatf^d doses t>er year received by the 
nurses was su^h lower than •̂ he "̂PD of 75 rem. 

<36 0> 
^arks, F.K., •!. Sacher, and l.O, Jacobson, 
Unlver-^itv 3f Chlcaao, l e t a l l u ra l ca l Laboratory, 
Chicago, IL- 19^9, F^^Vuary 

Hemateologlcal • t̂ud-*es of Plutoniun Project 
Personnel, "ff<=c-̂  of ^xercise of Leukopenia, A 
S t a t i s t i c a l Analysis. A3CD-2133; 20 p. 
(Declassified Jaly 22, 19U3| 

Leukocytf̂  and di f ferent ia l leukocyte counts 
were !nad» on 35 subjects Ims^diately before, 
Iffaediat'^ly a f te r , and 15 sinutes after the 
subjects performed a stanling running 
exercise. These individuals were male and 
female employees of the ^Metallurgical 
Laboratory. One groua selects^d was 
poti^ntlaliy expos-^d to icnizing radiat ion, 
the other grouo had no known exposure to 
f^lgnificant amounts of such radiations^ 
Certain individuals in the potpst ial ly 
exposed group had leukopenias; radiation 
exposure ^as suspec-^ed in the etiology of 
these leuJi-opf^^ias, "pon analysis no 
differ-^nce in response tc exercise of these 2 
groups was noted; a l l responded with an 
Increase in leukocyte values Iffliedlately 
after complptlcn c^ the ex^^rclFse. Ho change 
In the stage of maturatlcn of the 
polymorphcnucl^ar neutropll ls or 
iBoroholcglcal change in the lymphocytes aas 
lotfd in pl-i-h^r group. fAuth) (FaF) 

<361> 
Matsuoka, C , K, Yoshlkawa, and T. Fukuteoto, 
National Ins t i tu te of Radiological Sciences, 
Chiba, Japan. I^SB, Septeaberi 1̂ 367, September 

An Application of Ultra High Speed Alpha 
Autoradiography in -̂ ĥ  Det«^ctlon of Plutonium 
259 Sicin Surfacp ContaKlnatlon. NSJ-tr-136; 11 
p. ; Journal cf Japan Health Physics Society, 
2<3), 121-127; Hoken Butsuri^ 2, 121-127, 

A high speed alpha-radloautographlc techBlgue 
was applied for the detection of Pu 239 skin 
surface copt am ligation to obtain accurate 
information on the contaiinated area around 
the wound. Silver activated zinc sulfide was 
used as an in tens i f le r in soibiitation with a 
high speed Polaroid f i l l . The in tens i f le r 
fll® SOUP ted on the double aluminum coated 
Lumiler f i l l was interposed het'^e^n tke skin 
and the photographic film. All of the above 
autoradiographic procedure was applicable 
without dark room use by employing a special 
l igh t - t igh t attachment, '^he shape of the 
contaminated area with about 150 dps Pu 23^ 
contaslnation of skin can be Identified by an 
exposure of several minutes bv th i s methods 
CAuth) 

<362> 
Mclnroy^ J . F . , M.W« Stewart, and W.Da Moss, Los 
Alaaos Scientif ic laboratory. Health s iv ls lon . 
Industrial hygiene Group Los alamos, SM. 197^ 

Studies of Plutonium in Huian Tracheobronchial 
Lymph Modes. LA-UF-7£i-li45K; CO^F-7^0930; Part 
of Proceedings of the lath Banford Biolo^iy 
symposittm on Padiation and the Lymphatic System 
held in Blchland, ?lashlngtoii, September 

30-october 2, 197a, (IS p . ) . 

Since 1959^ t issues froa 70 former employees 
of the Los AldiBOS Scientif ic Laboratory with 
occupational exposures tc plutonium have been 
egasined following autopsy- Chemical 
analyses of selected t issues were performed 
tc determine the aoiount of Plutonium in the 
body at the time of death. Based upon the 
measured t issue concentrations of plutcnlus, 
estrapolatxQES cf t o t a l body burdens were 
made. Fxposare in spcst cases was to inhaled 
plutonium oxide aerosols. Thirty-three of 
the measured cases had plutonium deposxticos 
ir; the tracheobronchial lyiaph nodes ranging 
fro® 0.1 to 4000 d i s / i in p«r grai cf t issue 
(0.05 to 1800 pCi/g). The duration of 
exposures ranged from 4 to 30 years-
^icroscoplc exa'sinatlon of representative 
sections of these lymph nodes revealed no 
al:normallties other than those which were 
direct ly a t t r ibutable to the basic disease 
which caused the demise of the various 
persons in th i s study. The size dls t r ibut lcn 
of plutonium par t ic les In nodes froa one case 
was determined by exposure of t i ssue section^; 
to nuclear track film. The estimated mass 
median diameter of the part icles was 0.3 UE 
and the dis t r ibut ion had a geometric standard 
deviation of U6. I t i s estlEiated that 95% 
of the individual par t ic les ua had 
corresponding plutonium concentrations 
between 0.001 and 0.22 pCl. |Auth) 

Table 1 shows concentration of Pu and Am in the 
tracheobronchial lymph nodes of a ^u worker. 

<363> 
Merrltt, «.L., n. Cowan, J.W_ Reed, and J.D. 
Shreve, Sandia Corporation, Albuquerque, SM. 
1^^9, Jaly 

Airborne Plutonium fro^ ileapcns Accidents. 
SC-a326CTS); 33 p. |SecE@t>) 

<36a> 
Nelson, I . e . , L.J. Kirby, and ?.H. Thomas^ J r . , 
Battel le memorial I n s t i t u t e , Pacific northwest 
Laboratories, Richland^ WA. 1974, August 

Evaluation of Postmortal Tissue Samples. 
BNWL-1850 <Part 1); Part of Thompson^ R,C,, €t 
a l . Annual Report for 1973, |p . 100-101), 162 p. 

A colloctioa of postaortea t issue samples 
Clung, l i ve r , bone and tracheobroncbial lysipb 
nodes) froi individuals residing cr foEmerly 
residing in the vicini ty of the Hanford 
complex is lade in crder to establish 
baseline guantl t ies of significant 
radioBuclldes as distributed within the body 
and as related to age, occupation, 
geographical residence and point in t i ^ e , in 
ccnjURction with establishing the 
envlroEiental impact of nuclear f a c i l i t i e s . 
Pcstmortei studies are regaired because 
present methods of in vivo aeasuresent do not 
give adeguate data on such important 
radionuclides as Pu 239. Analyses of 
pcstEortei t issue saiples and blood samplsg 
aie also performed for the O^S. fransuraaisiii 
Registry. A four- detector 
alpha-spectroaeter system was ins ta l led , 
which will perait isotopic analysis of 
alpha-eaxttiisg pitatoaiui isotopes in t issue 
samples. In addit ion, th i s apparatus al locs 
use of plutonium t racers such as Pu 236 and 
Pu 2^2 with which shenical yield cf the 
aisalytical process can be checked in the 
processing of each saiple« {fKH} 
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< 3 b 5 > 
N o r w o o d , W.n . , H a n f o r i ? t o s i c P r o d u c t s 
3 j * ^ r a t l o n , He^al-^h O p p r a t l o n S p R i c h l a n d , WA. 
I^^^O, J a n u a r y 

DT?A-Ef f e - ^ t i v ^ n e s s i n Removing I n t e r n a l l y 
Ic- p o s i t e d P l u t o n i u m froip Hu s 'ans 

DTPA h a s b^en shown t c b e a b o u * a s e f f e c t i v e 
i n t r e a t i n g a s m a l l s e r i e s o f h u m a n s a s 
p r e v i o u s i^ork by c-*-hers h a s shown i t t o be l a 
r e m o v i n g d e p o s i t ^ a p l u t o n i u m frcsn r a t s = S i x 
numans « e r ^ i-r^^a-^e't w i t h d o ? e s v a r y i n g from 
0 . 1 t o 2 . 0 g r o f D'̂ PA d a i l y , ^ a t e of 
• - ^ l i m i n a t i c n c f Pu 219 v i a t h p u r i n e was 
i n c r e a s e d by f a c t o r s r a n g i n g f r c s ^5 t o 120^ 
w h i c h i s much ' h e a t e r t h a n any a g e n t 
p r e v i o u s l y us ' ed . On-^ e m p l o y e e d e v e l o p e d a 
m i l d k i d n e y i r r i t a t i o n , p o s s i b l y a s a r e s u l t 
o f t r e a t m e n * . T h l ^ c l e a r - ^ d o v e r n l g n t and 
dl^i n o t r ^ c u r u o o n r ^ ' s u a p t i o n o f t r e a t m e n t . 
T r e a t m e n t s h o u l d f-"' s t a r t e d a s a u x c k l y a s 
p o s s i b l e f o l l o w i n g an a c c i d e n t i n w h i c h i t i s 
^ ^ s t i m a t e d t h a t th«= ^ a x i ^ u i p s ^ r a i s s i b l e 
d e p o s i t i o n of '^ii 239 h a s b e e n e x c e e d e d . 
Where t h e d e p o s i t i o n e x c e e d s t h e s a x i s u E 
p e r a i s s i M e l y a l a r g e f a c t o r , t h e d a i l y 
d o s a g e may 'b<^ d o u b l e d o r t r i p l e d i n i t i a l l y . 
>̂ .i<-̂ u u s e d f o r more^ t h a n a few d a y s , a d c s e cf 
1.0 gpi t w c o r •'•hree t i m e s p e r week f o r t h r e e 
w e e r s I s recosiaen<^ed t o be a l t e r n a t e d w i t h 
p e r i o d s o f t h r e e ^ e e k s o f no t r e a t m e n t . T h i s 
d r u g s h o u l d n o t be u s e d I n t h e p r e s e n c e of 
n e p h r i t i s o r o t h e r k i d n e y p a t h o l o g y a n d 
s i i o u l d be u s p d o n l y w i t h p r o p e r e v a l u a t i o n o f 
t h e p a t l e n t ^ s r e ' ^ a l s t a t u s b e f o r e , d i r i n g , 
a n d a f t e r t h e r a p y . CAuth) 

T a b l e 1 s h o w s e f f e c t o*" DTPA on u r i n a r y 
e x c r e t i c n c f Pu i n man. 

Norwood , ^ . D . , H a n f o r d A t o m i c P r o d u c t s 
• ' ^ F e r a t i c n , ' ' i c h l a n d , WA- 1«^62, J u l y 

E a r l y D i a g n o s i s and T r i ^ a t p e n t of " i n d i v i d u a l s l^hc 
Have E x c e s s i v e D e p o s i t i o n s cf R a d i o i s o t o p e s . 
J o u r n a l o f *^ccupat t o n a l M e d i c i n e , U |7 ) , 3 7 3 - 3 8 2 . 

P a d i o i H o t o r e s nay « n t e r th-* b o i y by 
i n g e s t i o n , i n h a l a t i o n o r a b s o r p t i o n t h r o u g h 
t h e i n t a c t o r i n j u r e d b o d y s u r f a c e . 
I n h a l a t i o n i s t h e m o s t us^aa l me thod o f e n t r y 
i n o c c u p a t i o n a l c o n t a m i n a t i o n . Many f a c t o r s ^ 
x n f l u e n c < - t h e d e p o s i t i o n , c l e a r a n c e , 
t r a n s l o c a t i o n , and e x c r e t i o n of i n h a l e d 
p a r t i c l e s . The i n f l u e n c e of s o l u b i l i t y and 
p a r t i c l e -^iz^^ ar-^ o f s p e c i a l i m p o r t a n c e . A 
l u n g p o d e l spay be h e l p f u l i n mak ing a n 
e d u c a t e 1 a u e s s t o d e t e r m i n e n e c e s s i t y f o r 
t r e a t m e n t when s p e c i f i c d a t a a r e n o t 
a v a i l a b l e , " f e a s u r ^ m e n t s o f r a d i a t i o n 
^ s a n a t l D g from t h e body and o f t h e 
r a d i c a c * - i v e m a t e r i a ' ' i n u r i n e , f e c e s , b l o o d , 
e x h a l e d a i r , a n d b i o p s y m a t e r i a l may be of 
g r e a t h e l p i n p s t i i ^ a t l n g t h e a i o u i s t a n d 
i d e n t i t y c f d ^ p o s i t - ^ d r a d i o i s o t o p e s . T a b l e s 
of maxiauai p e r a ^ i s s l b l e body b u r d e n s o f t h e 
n o s t d a n g e r o u s r a d i o i s o t o p e s a r e a v a i l a b l e , 
a s w e l l a s o t h e r t a b l e s g i v i n g p h y s i c a l 
p r o p e r t i e s a n d g r o u p i n g r a d i o n u c l i d e s 
a c c o r d i n o t o t h e r e l a t i v e h a z a r d s e n c o u n t e r e d 
i n h a n d l i n g t h e m a t e r i a l s . G e n e r a l a n d 
s p e c i f i c m e t h o d s a r e o u t l i n e d f o r t r e a t i n g 
i n d i v i d u a l s who h a v e d e p o s i t s o f r a d i o a c t i v e 
m a t e r i a l en s k i n . I n w c u n d s , i n t h e l u n g s , 
a n d i n t h e b o d y . DTPA I s t h e ipos t v a l u a b l e 
a g e n t p r e s e n t l y a v a i l a b l e f o r i n c r e a s i n g t h e 
r a t e o f t h e u r i n a r y e l i s i n a t l o n of p l u t o n i u m 
and some of t h e o t h e r t r a n s u r a n i c e l e m e n t s a s 
w e l l a s u r a n i u m and many of t h e f i s s i o n 
p r o d u c t s . ( A a t h ) 

< 3 ^ 7 > 
P l o r n i K o v a , I . A . , a n d G .D . ^ ^ a i s o g o l c v . Not 
g i v e r : . 196U 

The E f f e c t o f Sodium C a l c x u a - I T P A { P e n t a c i n e ) on 
t h e E x c r e t i o n of P l u t o n i u m 239 i r o ^ t n e Huaan 
r r g a n i s m . ' ^ e d i t s m s k a y a R a d i c l o a i y a , 9 , 
^ 9 - 5 2 . { R u s s i a n , E n g l i s h Summary) 

F i v e p e r s o n s wno worked f o r e x t e n d e d t i m e 
p e r i o d s i n an e x p e r i m e n t a l l a b o r a t o r y &xth 
d i f f e r e n t Pu c o m p o u n d s w e r e u n d e r 
o b s e r v a t i o n . A l l c a s e s e x a m i n e d were 
a d m i n i s t e r e d 1 g o r p e r t a c i n ^ {10^ s o l u t l c n ) 
f c r s e v e n d a y s . Tn^ a u t h o r s n o t e d t h a t 
p e r t a c I n e e x e r t e d a f a v o r a b l e e f f e c t on t n e 
e x c r e t i o n o r Pu 239 from t h e h u ^ a n o r g a n i s i . 
CBAF) 

T h i s a r t i c l e i s t r a n s l a t e d a s r e p o r t , J P E S " 2 3 5 e . c , 

<368> 
P e c q u e t , 6 . , J. Q u e n t r i c , and J . P . G u e g a e n , 
C e n t r e de R e c n e r c h e s du S e r v i c e d e S a n t e d e s 
A r m e e s , C l a m a r t ^ F r a n c e . 1972 

E x c r e t i o n o f CesluBi 137 , C c t a l t 6 0 , C e r i u m 1 4 4 , 
S t r o n t i u m 90 and P l u t o r l u s 239 by ^ a n . 
CRSSA-1972; ^ a r t o f A n n u a l P r o g r e s s R e p o r t s 
S c i e n t i f i c ^ o r k s , 1972 , { p . 7 9 - 8 0 ) , 268 
p . ( F r e n c h ) 

D e t e r m i n a t i o n s were made of Cs 1 3 7 , Co 6 0 , Sr 
90 and Pu 239 i n t h « a r i n e and s t o o l s cf 
i n d i v i d u a l s v o l u n t a r i l y c o n t a a i n a t e d by 
i n h a l i n g r a d i o a c t i v e d u s t s , t h e s e a u s t s b e i n g 
knows c o m p o s i t i o n . The d a i l y l e v e l o i 
e x c r e t i o n s a s e s t a b l i s h e d f o r e a c h o f t h e 
r a d i o i s o t o p e s c o n c e r n e d , (FR) 

< 3 6 9 > 
F o e , D . A . , C o r n e l l U n i v e r s x t y , C e n t e r f o r 
E n v i r o n m e n t a l Q u a l i t y K a n a g e m e n t , E n e r g y 
P r o j e c t , I t h a c a , My. 1 9 7 2 , !1arch 

H e a l t h H a z a r d s of t n e C o a l and O r a n l u m M i n e r . 
P a p e r No. 7 2 - 7 ; C o r n e l l E n e r g P r o j e c t on a t l c n a l 
^ n e r q y ^ e e d s and E n v i r o n m e n t a l O u a l i t y . 

Ken e m p l o y e d I n c o a l m i n i n g o p e r a t i o n s a r e 
e x p o s e d t o t b e h a z a r d s c f l o n ^ - t e r o i c o a l d i . s t 
i n h a l a t i o n , which h a s b e e n p o s i t i v e l y 
c o r r e l a t e d w i t h a h i g h x n c l d e n c e of 
p n e u m o c o n i o s i s and i t s s e q u e l a e . 
A d d i t i o n a l l y , t h e y a r e e x p o s e d t o t n e r i s k of 
m i n i n g a c c i d e n t s . C u r r e n t m o r b i d i t y a n d 
m c r t a l i t y f i g u r e s r e f l e c t p a s t n e g l e c t of 
d u s t c o n t r o l and s a f e t y p r e c a u t i o n s i n t h e 
m i n e s . Such n e g l e c t h a s r e s u l t e d i n 
e s c a l a t i n g h e a l t h c o s t s f o r m e d i c a l c a r e , 
d i s a b i l i t y p e n s i o n s , and BlacK L u n j B e n e f i t s . 
P r e s e n t o c c u p a t i o n a l h e a l t h c o s t s a m o u n t t c 
58 m i l l i o n d o l l a r s p e r y e a r . P r o j e c t i o n of 
f u t u r e h e a l t h c o s t s i s d i f f i c u l t and w i l l 
depend on t h e e f f i c i e n c y of p r e v e n t i v e 
m e a s u r e s a i m e d a t l i m i t i n g e x p o s u r e of 
w c r k e r s t o c o a l d u s t and mine s a f e t y . 
UranlusB w o r k e r s a l s o h a v e a s e r i o u s 
o c c u p a t i o n a l h a z a r d t h r o u g h t h e i n h a l a t l G B of 
r a d i o n u c l i d e s which a c t a s c a r c i n o g e n s i n t h e 
d e v e l o p m e n t o f l u n g c a n c e r . A s t a t i s t i c a l l y 
s i g n i f i c a n t e x c e s s o f r e s p i r a t o r y c a n c e r 
d e a t h s h a s b e e n f o u n d i n u r a n i u m t s x n e r s w i t h 
I c n g I n t e r v a l s b e t w e e n t i m e of i n i t i a l 
e x p o s u r e and d e v e l o p m e n t of m a l i g n a n t 
d i s e a s e , m i n e r s a r e a l s o e x p o s e d t o d l e s e l 
e x h a u s t f u m e s , p r o d u c t s f r c i t h e d e t o n a t i o n 
of e x p l o s i v e s , and d u s t s composed of s i l i c a 
a n d v a r i o u s l e t a l o r e s . D e r m a t i t i s f rom 
a b r a s i v e h a n d c l e a n s e r s , e l l s , a n d e t h e r 
p r i m a r y i r r i t a n t s a r e co imon i n u r a n i u m 
l i n e r s . The m a j o r h e a l t h h a z a r d s o f u r a n i u s 
m i n e r s a r e c o m p a r a b l e t o t h o s e of 3en 
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'lEDICAL ASPECTS 

<3(^9> COHT. 
i n v o l v e d i n f o s s i l f u e l m i n i n g a n d 
p r o c e s s i n g , v i z . p n e u s o c c n i o s i s , l u n g c a n c e r , 
and a c c i d e n t s . However on a d o l l a r c o s t 
b a s i s i t is p r o j p c t ^ d t h a t f o s s i l f u e l 
p r o d u c t i o n i s c u r r e n - ^ - l y a h e a l t h p r o b l e m of 
g r e a t e r m a g r l t u d e b e c a u s e o f t h e much l a r g e r 
nufflser cf w c r k e r s I n t h e s e i n d u s t r i e s v e r s u s 
t h o s e i n v o l v e d I D n u c l e a r f u ^ l p r o d u c t i o n . 
(Auth) 

<37Q> 
f^oss, D . f l . j ^ 'ot g i v e n . 1968 

A S t a t i s t i c a l Sumnsary o f c j . s . A«-omic E n e r g y 
C o p m i f - s l c n C o n t r a c t o r s * I n t e r n a l F x p o s u r e 
E x p e r i e n c e . ro ' '3^-^70=^21; M o n o g r a p h s on N u c l e a r 
(Medic ine a n d B i o l o g y , Mo, 2 ; P a r t o f R o m b e r g , 
H. A. a n d N o r w o o d , w. D. ( F t ^ s . ) , P r o c e e d i n g s o f a 
Symfos ium or *-he D i a g n c s l s and " " r e a t i s e n t o f 
D e p o s i t e d ^ a d l o n u c l l d e s h e l ? i n " I c h l a n d , 
W a s h i n g t o n , -^ay 1 5 - 1 7 , 198^7^ ( p . ^ 2 7 - ^ 3 ^ ) , 6 8 0 

In r e s D o n s p t o a n i n t e r n a l e x p o s u r e 
i n f o r m a t i o n r e q u e s t by AEC, f i f t y c o n t r a c t o r s 
t o * a l l ? d ^^32 c a s e s . t h e f o l l o w i n g 
i n f o r m a t i o r , was s o u g h t : 1) r a d i o n u c l i d e 
i n v o l v e d , 2) p h y ^ ^ i c a l a n d c h e m i c a l 
c h a r a c t e r i s t i c s o f r a d i o n u c l i d e ' , 3) r o u t e o f 
^•n . t ry , ^) d a t e o f e x p o s u r e , 5) method of 
^ e a s y r e ^ e n t and c a l c u l a t i o n , ^) k i n d of 
o p e r a t i o r , 7) e x t e n t o f d e p o s i t i o n i n t e r m s 
of •̂  bodv burds^-n, ^) c r g a n o r p a r t of body 
a f f e c t e d , a n d 9) t r e a t m e n t I n s ^ - i t u t e d . The 
t i m e p e r i o l 1957 t h r o u g h 196*^ w a s c o v e r e d 
w i t h a 2 5 ^ b o d y b u r d e n s e l e c t e d a s l o w e s t 
e s t i m a t e d e x p o s u r e . E n r i c h e d 0 , P u , t r i t i u m , 
^o 2 10 , I a n d S r 90 w e r e t h e r a d i o n u c l i d e s 
i n v o l v e d i n i n t e r n a l e x p o s u r e c a s e s . The 
i l v e r s l t y o f r a d i o n u c l i d e s , r o d e s of e x p o s u r e 
a n d m e t h o d s of e s t i - ^ ^ a t l o n were s o g r e a t t h a t 
few m e a n i n g f u l c o n c l u s i o n s c o u l d be d r a w n . 
Da*-a f o r e a c h o f thf= s i x r a d i o F U c l l d e s a r e 
g i v e n i n l i v l d u a l l y . F i v e c o n t r a c t o r s 
r ^ t o ^ t p d a t o t a l o f 1"^^ i n t e r n a l Pu 
d e p o s i t i o n s *-hat e x c e e d e d 2 ^ ^ o f a b o d y 
b u r d e n . A i i ^ a j o r i t y o f t h e s e 
c a s a s - - 1 ^ 5 — o c c u r r e d i n two f a c i l i t i e s . 
T h ^ r e w^r*- 2^ c a s e s d u r i n a t h e 1 0 - y r p e r i o d 
t h a t p -xceeded o n o b o d y b u r d e i . The mos t 
f r e q u e n t r o u t e o f *^nt ry wâ ^ Ly i n h a l a t i c n - - 8 7 
c a s e s . Th ' ^ r e w e r ^ ^3 c a s e s w h i c h i n v o l v e d 
w o ' i n d s . "^ost Pu f^? ; t iF5at ions w e r e d o n e by 
u r i n a l y s i s , "^he d e t a i l s of m e t h o d s v a r i e d 
so?i>='what b u t a l l u s » d Langhaf^^^s niodel f o r 
e s t i s a * - i n q i n t e r n a l l y d e p o s i t e d Pu . (RAF) 

T a D l e 1 l i ^ - ^ F c o i ^ t r a c t o r s o p e r a t i n g m a j o r 
AFC-owned f a c i l i t i P s , 

<37 1> 
R u r d o , J . , a n d J . S e d l ^ t ^ A r g o n n e N a t i o n a l 
L a b o r a t o r y , A r g c n n e , I t . I^T^J, F e b r u a r y 

F € t « ^ n t l o n ar d ^ l i ' n i n a t l o L o f p p r k ^ l i u ^ 2^9^ 
C a l i f i r n l u i s 2^^ ^ o H o w i n q A c u t e A c c i d e n t a l 
I r h a l a t i c n . r e M ^ - 7 i 0 « 0 7 ( P a r t 1 ) ; P a r t of 
S n v d e r , W.3 . ( F d . ) , • P r o c e e d i n g s of t h e 3 r d 
I r . t e r n a t i o n a 1 C o n g r p ' s s o f th«= IP^A h e l d l a 
• f i > s h i n g t o n , ^ . C , S '^p^era '^er , Q-1E4, 1 9 7 3 , ( p . 
7.^1-7'^=^), 1^7=-, p . 

A cas"^ of a c c i d e : i - ^ a l i n h a l a t i o n of a s m a l l 
q u a n t i t y cf an i a n i - e d mixturp^ of Bk 249 a n d 
i t s d e c a y p r o d u c t , Cf 2 ^ 9 , i^as s t u d i e d by 
>5ody r a d l o a c - ^ i v i t y ^ e a s u r e i ^ e n t s and e x c r e t i o n 
a n a l y s e s d u r i n g t h e f l r ? ^ t y e a r a f t e r i n t a k e . 
Th^ i n i t i a l c h e s t c o n t e n t o f a b o u t 3 nCi of 
Ct 2ii^ d e c l i n e ' ? a c c o r d i n g t o a 2-GOspoK«^nt 
e x p o n ^ - i t i a l f u n c t i o n of t l i p (ha I f - l i v e s o f 
25 l a y s a n l 1210 d a v ^ l . •Pxcpp^ f o r a n 
i n i t i a l r ^.rii^^ c If^a r a n e e v i a '~h^' f e c e s , t h ^ 

u r i n a r y and f e c a l e x c r e t i o n r a t e s o f b o t h 
n o o l i d e s i n c r e a s e d w i t h t i m e u n t i l 6 0 - 7 0 d a y s 
a f t e r i n t a k e , and t h e n d e c l i n e d . I f t h e 
e a r l y f e c a l e x c r e t i o n was n e g l e c t e d , t h e 
r e s u l t s c o u l d he d e s c r i b e d a s the d i f f e r e n c e s 
b e t w e e n t w o e x p o s n e t i a l c c i p o n e n t s w i t h 
h a l f - t i m e s of 15 -30 d a y s and 9 0 - 1 3 0 d a y s . 
(Auth) 

s e e a l s o F e p o r t , AHL-8060 ( F a r t 2 | , | p . 2 C 6 - 2 1 7 ) . 

<372> 
R u s s e l l , E , H . ^ and J . J . S i c k s c n , A r g c n o e 
N a t l c n a l l a b o r a t o r y , A r g o n n e , XL. 1 9 ^ 6 , O c t o b e r 
2 

The E i s t r i b u t i o n and E x c r e t i o n of P l u t o n i u m i n 
TWO Hunan S u b j e c t s . C H - 3 6 0 7 ; 19 D . 
^ D e c l a s s i f i e d D e c e i b e r 3 1 , 1946) 

D i s t r i b u t i o n a n d e x c r e t i o n s t u d i e s w e r e made 
o f Pu 2 3 9 C*6) c i t r a t e i n two human s u b j e c t s 
g i v e n t o t a l i n t r a v e n o u s d o s e s o f 5 and 9 a . 9 1 
m i c r o g r a m s of p l u t o n i u m r e s p e c t i v e l y . No 
c l i n i c a l e f f e c t was n o t e d a k i c h c c u l d be 
a t t r i b u t e d t o t h e b i o l o g i c a l a c t i o n of t h e 
e l e m e n t i n 155 a n d 16 d a y s of o b s e r v a t i o n 
r e s p e c t i v e l y . Such c h a n g e s a s o c c u r r e d i n 
t h e h e m a t o l o g i c a l p i c t u r e and i n l i v e r 
f u n c t i o n s c a n be a t t r i b u t e d t o t h e t e r m i n a l 
s t a t e of t h e s u b j e c t , t o t h e u n d e r l y i n g 
d i s e a s e , o r b o t h . The f c l l a w i n g t e n t a t i v e 
c o n c l u s i o n s w e r e d r a w n . Tne u r i n a r y r a t e c f 
e x c r e t i o n of p l u t o n i u m i n h u a a n s i s 
e x c e e d i n g l y l o w . The e v i d e n c e would i n d i c a t e 
t h a t t h e " c h r o n i c " (1^0 t h d a y ) e x c r e t i o n 
r a t e d e e s n o t e x c e e d 0 . 0 1 p e r c e n t p e r d a y c f 
th«= a m o u n t f i x e d i n t h e fccdy. The f e c a l r a t e 
o f e x c r e t i o n of p l u t o n i u m f i x e d i n t h e body 
i s l o w e r t h a n t h e u r i n a r y r a t e isy a f a c t o r of 
a p p r o x i m a t e l y t h r e e . The e v i d e n c e i n d i c a t e s 
t h a t t h e r a t e of f e c a l e x c r e t i o n d o e s n e t 
e x c e e d 0 . 0 0 3 p e r c e n t p e r day of t h e a m o u n t i n 
t h e b o d y . The h i g h e s t c o n c e n t r a t i o n o f t h e 
p l u t o n i u m f i x e d i n t h e body i s f o u n d i n t n e 
b o n e m a r r o w . The l i v e r c o n c e n t r a t i o n h a s 
v a r i e d s o w i d e l y i n t h e twc c a s e s a e r e 
r e p o r t e d t h a t i t i s i m p o s s i b l e t o p r e d i c t co 
a r e a s o n e d b a s i s wha t t h e g e n e r a l p i c t u r e 
m i g h t b e . The c o n c e n t r a t i o n of p l u t o n i u m i n 
t h e n e o p l a s t i c t i s s u e o f t h e s e c a s e s w a s n e t 
h i g h . CAuth) 

<-373> 
S a x b y , W.!J . , ^ , A . T a y l o r , J . G a r l a n d , J . R u n d c , 
a n d E. H e w t o n , A t o m i c Weapons R e s e a r c a 
^ ^ t a b l i s h m e n t . H e a l t h P h y s i c s B r a n c h , 
a l d e r m a s t o n , B e r k s h i r e , E n g l a n d , I 9 b 4 

A C a s e of I n h a l a t i o n o f E n r i c h e d U r a n i a s D u s t . 
C0NF-4 i t8 ; S T I / P U 3 / 8 i J ; P a r t o f P r o c e e d i n g s of a 
Symposium on t o e A s s e s s m e n t of R a d i o a c t i v e Body 
B u r d e n s i n Kan n e l d i n H e i d e l b e r g ^ 'Germany, nsy 
1 1 - 1 6 , 1 9 6 y , v o l . 2 , ( p . 5 3 5 - 5 ^ 7 ) , 1043 p . 

T h i s p a p e r p r e s e n t s t h e s:e<3ults o b t a i n e d i n 
th«= s t u d y of a c a s e o f i n h a l a ' ^ i o n o t 
i n s o l u b l e e n r i c h e d u r a n i u m d u s t . Iti^ 
o p e r a t i o n a l b a c k g r o u n d t o t h e c a s e xs 
e g p l a i n e d . The r e s u l t s o f u r i n e and f e c a l 
s a m p l i n g , and c f body r a d i c a c t i v i t y 
? ] 6 a s u r e m e n t s a r e p r e s e n t e d and d i s c u s s e d . 
The a u t h o r s ' t e n t a t i v e c c o c l u s i o n s i n c l u d e an 
a s s e s s m e n t t h a t t h e a n p a r e n t h a l f - l i f e of 
i n s o l u b l e u r a n i u m d u s t i n t h e c h e s t was afccut 
1 y r a n d a n o t e on t h e f a c t t h a t t n e 
e x c r e t i o n d a t a do n o t a p p a r e n t l y a c c o u n t f o r 
a l l t h e m a t e r i a l l e a v i n g t b e c h e s t y t i i e f a c t 
•«-hat t h e f e c a l e x c r e t i o n r a t e was h i g a e r t h a n 
t h e u r i n a r y e x c r e t i o n r a t e f o r a b o u t 1 1/2 y r 
a f t P F i n h a l a t i o n , and t h e s a g g e s t i o n t h a t a t 
t i iP '^s betwep'n 30 a n d 6C d a y s a f a c t o r of ^Co 
may be ns-^d t o c o n v e r t d a i l y u r i n a r y u i a n i c ^ 



MEDICAL ASPECTS 

<^7 3> CO NT. 
y j s c r e t i a i l e v e l s t o t h e l ^ v e l r e t a i n e d i n t h e 
l u n g . (Auth) 

<374'^ 
S c h i d f € > r d e c k © r , H.^ and S. P o l i g , ^ e s e l l s c h a f t 
f u r K e r n f o E s c h u n g , I n s t i t u t e f u r 
S t r d h l ^ n b i o l c g i f e ^ , K a r l s r u h e , G e r a a n F e d e r a l 
Rfc 'pub l i c . 1 9 7 2 , l a y 

E v d l u a t i c n o f ĥ"-"- Lung F u r d e n R e s u l t i r ^ g f r c a 
I n h a l a t i o n o f P l a t o n i u m D i o x i d e w i t h t h e H e l p of 
S e - ' p a r a t i o n A n a l v s i s . KFf<-1^38; C O S F - 7 2 0 5 6 2 ; 
P a r t of Koel^er^r W, ( C o E p . ) , Proc*a€=dings of t h ^ 
btn A n n u a l S c i c ^ n t t f i c S y a p o s i u p of t h e 
A s s o c i a t i o n f o r P a d i a t i o n P r c t e c t l o n h e l d i n 
K a r l s r a h e , ' . -ermany, '^ay 1 7 - 1 9 , 1 9 7 2 , Cp, 
2 ^ 3 - 2 ^ 7 ) ^ 3f, I p . (German) 

The ne# iCRf l u n g m c d e l was u s e d f o r t h e 
i ^ s t i m a t i o n of t h e l u n g b u r d e n o f a n 
a c c i d e n t a l i n h a l a t i o n o f i n s o l u b l e p l u t o n i u m 
dlOKidi-5. A t ^ -^chn i c l an was e x p o s e d t o 
a p p r o K l m a t ' - ^ l y 3 mg o f Pu02 c i t s i d e t h e g l o v e 
b o x . I m m e d i a t ' ^ u r i n ^ and f e c e s a n a l y s i s 
Khow€d a f e c a l e x c r e t i o n cf 1 nCx d a r i n g t h e 
f i r s t 6 d a y s a n d an a c t i v i t y of 0 . 1 p C l / u r i n e 
s a m p l e . The ( lose c o r a n l t m ^ n t was c a l c u l a t e d 
a s s u m i n g c l e a r a n c e f r o ^ t h e l u n g s i n t o t h e 
g a s t s o i n t r s t i n a l t r a c * . Lung a c t i v i t y was 
d s s o s s ^ d t o r « a r i p r o x i m a t e l y 1 . ^ a C i . I t war 
f o u p d t h a t t h e e s t i m a t i o n o f t h e l u n g b u r d e r 
from f ^ c a l e x c r e t i o n l a t a was e a s i e r t h a n 
f rom u r i n e a n a l y s e s . {FAF) 

<37 5> 
S c h u l ^ " ^ K , ? . , a n i ^ ' . n . H h i p F l ^ * l o s A l a c o s 
S c i i - ^ n t l f l c L a b o r a t o r y , Lo.^ Alamosa, im. 1 9 6 7 ; 
196 8 

' ^ n ^ l i t i n a Ag^nf^ i n P l u t o n i u r : t ® " c c s i t i o s - - A 
M i n o r i t y vi .^w. l A - D C - ^ ^ ? ^ ; CO!3F-'^70521; 
H o n o g r a p h s sn n u c l e a r ' ^ p d i c l n ^ and E i o l o q y , S o . 
2 ; P a r t o f Y'^rnlj^rgg F . A . a r d ' ' lo rwood, W.D. 
( F a ^ i , ) , P r c c e - ^ d i n ^ s of a S v n r o s l u m on t h e 
u i a s f n o s i s an i ^ r^^a tmen t o f r ^ p o s i t e d 
f ' l d i o u u c l l d ' ^ s h « l i IE • ^ i ch l andp ^ i s h i n g t o n . May 
1 5 - 1 7 , 1957 , ( P . ^ P " ' ~ ^ 5 2 | , f̂ ^O P . 

^^A-eF. i n y ' l i c h a c h e l a t i n g ac^^nt |3DTA) was 
us^-^d t l r c i n c * ^ t h e l n t » ^ r n a l d e p o s i t i o n of Pu 
2 3 ^ f o l l o w i n g a n acc id ' ^ -n t w e r e r e v i e w e d . The 
ef t« 'C t lv^n>=^s o f th^^ t r e a t m e n t was e v a l u a t e d . 
•fi^B f a c t o r s a g a i n s t r o u t i n e us® o f c h e l a t i n g 
ag*"^i:its i n D l n * o n i i 3 ^ •^^xso^^ore a r p s u a o a r i z e d 
a s f c l l c w s : "^h^ dru^^s a r e of a s l g n l i i c a n t 
l P | r f e o-^ t o x l c i t v . The a d m i n i s t r a t i o n of 
thf'^se a g - ^ n t s m a k e s » a r l y p v a l u a - ^ i o n o f t h e 
s^ - r iousT '^ES c f t h e I n c i d e n t ii-«= f̂ i c u l t , Kosr 
c l i n i c a l s i t u a t i o R f ! a r e no-*° ^nouafa t o b^-^ of 
r ^ a i v a l u e , '^he ef'^fe-cts on t r a c e m i n e r a l 
•n̂ *̂" a b e l l e s ' and l o n g t e r ^ - e f fec t s a r e n o t w e l l 
fcnown. TK« o n l y d r u g c u r r e n t l y r e c o n s e n d e d 
f o r t h i s p u r p o s p c a n a c t l e g a l l y be u s e d on 
h u a a n s i n th*-^ ^Tnî <--̂ d s t a t e s . (FMM) 

<37r-> 
b n y d ^ r , ^ \ S . , ^-ak ^ i d g p N a t i o n a l L a b o r a t o r y , 
H e a l t h P h y s i c s D i v i s i o n , Oak R i d g p ^ TK. 1972 

^rt^ D i 3 t r i R u t i sr* o f P l u t o n i u m i n Taman T i s s u e : 
A P r ^ l l E l n a r y ^T\lY^i'^ oC Repor^-^d D a t a . 
CONP-^2'3rQ6; A^L-aOlU; P a r t o f P r o c e e d i n g s o f 
T i e 1 Ht h B nn a a l S y o p o ^ ' um on B i o a ' i s a y , 
L n v i r o u i D e r ' t a l , m d s n a ^ y t i c a l C l e n ^ i s t r y h e l . i 
m k b r o > k ' 5 ' e r r i c e , I l l i n o i s , rc t '^b^^r 1 0 - 1 1 , 1 5 7 2 , 
{1 p . ) . 

I .'^ I r a r s u r o n i i i n ^ ^ g i o t r y was ^ - s t a b l i sh^^^d t o 
c o l l e c t i r t o o n e c ^ E t r a l r t ^ p o s i t o r y whatevi^.r 
l a t a E i q l . t ve f o u n d !>n w c r k e r s e x p o s u d t o 
t r m g ^ u r a n i c el-^pi'-^n*-^. ' ' ' h i s i n c l u d e s d a t a on 

coFsC^n t ra t i c B s of t h e s e «1^2<^nts i n t i s s u e 
c c l l e s t e d i n a u t o p s y , d a t a on c a u s e o t d e a t h 
a n d / o r m o r b i d i t y , and b l o a s s a y l a t a . The 
hcge i s t h a t some l a y t h i s d a t a m^y p r o v i d e 
v a l u a b l e l a f o r i a t i o B oa t h e s v t a b o l i s a ot 
t h e s e e l*^mes t s a n d on t h e h a z a r l s e o c c o n t ^ r e d 
b ^ e i B p l e y e e s i n w o r k i n g w i t h t h e s . The 
T r a n s u r a n i u m R e g i s t r y h a s p u b l i s h e d a number 
of t a b u l a t i o n s of d a t a a c e a m u l a t e d a t v a r i o u s 
t i m e s , p r i n c i p a l l y d a t a on c o n c e n t r a t i s n s i n 
t i s s u e s a s u p l e s c o l l e c t e d a t a u t o p s y . I h e 
s t u d y a l s o c o l l e c t s d a t a c f t h o s e 
p s r l p l i e r a l l y e x p o s e d t h r o u g h o c c u p a t i o n o r on 
t h o s s l i v i n g n € a r t h e s i t e . T h e s e a i g i i t he 
c c n s i d e r e d a s ^ ^ c o n t r o l s ' ^ f o r t h e s c u d y . The 
d a t a p u b l i s h e d a s o f S e p t e m b e r , 1 9 7 1 , h a v e 
been a n a l y z e d t o o L t a i n p r e l i m i n a r y 
i r d i c a t i o n s of t h e d i s t r i b u t i o n o t p la toKlMfi 
w i t h i n t h e b o d y . As m i g h t b ^ € x p e c t e d , 
r e s p i r a t o r y l ymph n o d e s a r e h l g n waen^-ver 
i n h a l a t i o n i s i n d i c a t e d a s t h e l i k e l y r o u t s 
o f e x p o s u r e , Th® d i s t r i b u t i o n o f p l u t c n i o s 
b e t w e e n l i v e r and b o n e i s e r r a t i c , t h e l i v e r 
b s i n g h i g h I n t h € E a j o r i t y of c i s e s , b u t i n 
nany c a s e s th^- b e n e c o n c ' d o t r a t i o n 13 h i g h . 
A t t ' i p p t s a r e b e i a g made tc c o r r e l a t e t h e 
b c n e / i i v e r r a t i o w i t h t i i ^ o^ expcsuT ' ? 
a l t h o u g h I t I s r e c o g n i z e d t h a t o t h e r i a c t c r s 
I n f l a e n c e t h i s r a t i o g r e a t l y . F i n a l l y , t h e 
SL'Evey i n d i c a t e s t h e l i k e l l f i o o d t h a t l u a j s 
w i l l b e h i g n i n c o r . c e r t r a t l o n o n l y a i r i n g t h e 
e a r l y p e r i o d s fc l loMin*g c i j - s s u r e . (Aa th ) 

T a b l e 1 s h o w s c o n c & H t r a t i O B of Pu i n t i s s u e 
s a m p l e s frctti H a a f o r d w o r k e r s . 

<377> 
S p e i g h t , K .«" . , C . 0„ P ^ a L o d y , a a d l*. ridiaod^^^n. 
U n i t e d ' { i n q d o o A t o m i c E n e r g y A u t h o r i t y ^ R t c m i c 
F n e r g y J e s ^ a r c h E s t a M i s h i e n t , R a d i o l o g i c a l and 
S a f e t y D i v i s i o n , DoEch>-^ster, Dors^^t , L n g l a o - J . 

An I j s p r o v f d ^ ' h ^ r t Phdn*"OF f c r J t u a i e s c£ 
P l u t c n l u m and flnencioe i n Rumar^ L u n g s . 
C0IIF~U4i^; S I I / P O B / i ^ a ; P a r t o t Pro€'?edingfc> o t a 
S y m p c s i u s en t i ; e Ass^^s:M€nt o t R a d i c a c t i v e Scdy 
F a r d e n s i n ^ar h - ^ l i i r Held^- l f ier j , G e r m a n y , Hay 
1 1 - U , 1 9 ? ^ , ¥ c l . 1 , Cp. 1 1 5 - 1 1 0 ) \ IC^J r . 

fe^crk i s i n proqi<=sG cr. th«5 p r o b l e m c i 
m e a s u r i n g p l u t o n l u n and as '^ r ic iaf f i isotcy^-Sg 
e i t h'^r s e p a r a t « : l y o r a s m i x t u r e s , i n th& 
hi'man l u n g . Th'^y ::ay b-^ p i ^ - s e n t do p o i n t c r 
d i s t r i b u t e d sourc*?s and ar^s d e t e c t e d « i i r e c t l y 
t y ^"hfc'ir lew e n e r q y x - a n i ^ a s s a - i a y s . The 
h i g h a b s o r p t i o n of tL-^ K - ^ n i g a m o a - r a y s ir , 
^ h e s o t t * i s s a e , r l D s , s - ^ ^ r n a s , s j i c e , © t c , 
ma^es i t d i f f i c u l t t o c o r r ^ i - l a t e th*^ r e & p o n s e 
of eKt^^ rn^ l d e t e c t o r s w i r a i r o n f i j u r a t i c n of 
i n t e r n a l ^ o ^ r c ^ s . h .sea i-^ i c i r i c a l m e t n c i 
c u s t t h f ^ r e f o r e De i s ^ i 1 1 wii lch s c d r c e s a r * 
placfejd ins id^^ a r - i - a l i o t i c c n m t n s s^avinj 
s i m i l a r d i i e n s i o n s and a b s o r p t i o n p r o p e r t i e s 
t c t h e human c h e s t . The de--slgn a r a 
c c n s t r u c t i o n of s u c c d p h a r . t o s a r e d e s c r x D L d 
and i t £ m e t h o i of u.:^ i l l u s t r a t - ' d . 
^xp '^r isen*- a l r t e s a l t ? a r ? g i v ^ n tct ta*^ p n c t o n 
a b s o r p t i o n of •'-h'̂  c c n s t r u c t i o n a l m a t e r i a l s a t 
e o ^ r g i - ^ s down t o = . 2 ^ K-^V. TUf'-^ir aegr^ o cf 
e q u i v a l e n c e t o h a s a n t i s s u e i s d i s c u s s e d . 
(Auth) 

^ 3 ^ d > 
T a i ^ i s a w a , ' £ . , ^Ui ^ a t ^ n n i v y r s i t v . .oht^ol ot 
^ t ^ d i c l n ^ , E e p a r t D i - n t of P u L l i c H ^ J i l t h , ! i iXM'i ta , 
J a p a r , 1 9 7 ^ , A p r i l 

fT-adite-.T 'Sfi '^^'Ciiar.i^vm <'"<" I r i r . j t - s r oi r j i u i o a c t i v o 
n u c l i o c ' s - fion zh-^ ^nviicumeTit t-i *-^L^ ^UD m Eo^^y 
i n tht^ ' ! i i e i - ^ a r i s t r i c * - , N o r t n ^ r n J a g i n . A c t a 
^ e d i c a ^ t Dio lc - j - ica^ 2'"* ( 3 - 4 ) , 1 ^ 7 - 1 ^ 1 . 



SEDICM. ISPECT^ 

<37e-4 rOST. 
The trarts^^^r of rad^onJic l ides ^rosi t h e 
Mnvitcr^Ker.t to tlse ho^an body was s t u d i e d foE 
a s n e c T t i c bighl'.? pcllii^-ed ar^a fNiigata 
• l i F t r i c t l » The r a d i o a c t i v e con tamina t ion of 
nusan osgapc in *he enviroHment-hamara system 
=-ho¥s ir: qt^L^--ral r e g i o n a l dlff-^^rences n e a t l y 
in p iofcr^ ioK f-o t h e a i o ^ n t of p o l l u t i o n and 
accfiimla-'* ion o^ *al lo i i t ( l o n g - l i f e n d c l i d e s l 
m i i s now a!iPQ@^ tho s a s e or decreac'ed s i n c e 
around l^fs as the coak. The l l i i ga t a 
d i s t r i c t i s a h igh ly p o l l u t e d d i s t r i c t with 
sea^cna l ^ a r l a t i o n ^ ? high r a d i o a c t i ¥ i t f of 
p r^^c ip i t a t ion i n the win te r and I s y i n t h e 
Gdnsere and t h e l e ^ e l of t h e s e n u c l i d e s in 
*he s o i l , food and huaan organs i s e v i d e n t l y 
h i | h . The acc^Bii lat ion of Po ?39 in ha ian 
organs i s sinBsarised for the vears 1963 t o 
1970. lb? l e v a ' o<= Pa 2 3«i i s h ighes t i n the 
bones, 2.4» * c i / . j , followed hy t h e goaad, 
1.88 f c l / g and then the spleen O.UB f C i / q . 
The amount o-̂  -̂a 2^9 in the lungs i n c r e a s e d 
g c a a a a l l y ' i r t i l W<^5, and shosed a a a x i a a s 
» a l a e of 0.1 = 3 f o i / q in l^iss. In eomparisoK 
y i t h t h e Bea^iireoen* v a l u e s of t h e SJSA t h e 
boB.» l e v e l o" ?3 21" of •he Japanese i s about 
H) Tines ' l ig t .er . B a t h ) (F"H) 

Table 5 £how« ^u 2 39 in hmaan organs (ce rebru i i , 
l ung , l i v e r , k idney, s s l e e n , g o s a l , bone and 
ai isclel . Table f, shotjs P ^ 2̂ ^̂  i n haoian lung 
a 1O0-1S701. 

<37 9> 
Tay lo r , D.M., I n s t i t « t e of Cancer Pesea roh , 
> 'pa r tEen t of P ioohys i c s , S i i t ton , Sur rey , 
' n g l a n d . 1=^7 

C e l l a l a r PeDos! t ion and d e t e n t i o n of Plutonium 
2i'5 in Hela t lon t o t h e Induc t ion of MeoplasEss. 
P a r t of s t c v e r , B . J . and J e e , g . S . S . ( E d s . ) , 
Fadiopio logy of P l u t o n i u i . J.W. P r e s s , S a l t 
U k e c i t y , Otali, ( ? . 273-280) , 552 p . 

' jEeater unde r s t and ing of t h e l echan ls ' s s by 
which Pu 23"?, and o*heE a c t i n l S e s , a r e 
t rang^jor teJ round t h e bofly and d e p o s i t e d in 
c e l l s and ti.'ssmes i s impor tan t in o r d e r t o 
permit t h e e z t r a p o l a t i c a ^o ^an of t o g i c i t y 
da t a ob t a ined in e x p e r i a e n t a l an i i s a l s . 
S t a i l e s of t h e s t i b c e l l o l a r a i ^ r i b a t i o n of Pa 
231 in the l i v e r , t e s t e s and ad rena l s o£ r a t s 
have sho^n tha t l y s o s o a e s are l a j o r s i t e s cf 
Pu 2 3« l o c a l i s a t i o n , the j o s s i b l e 
s i g n i f i c a n c e of a s s o c i a t i o n of Vm 239 and &i 
2^1 i s di.?cisssed in r e l a t i o n to tiiEgor 
i nc idence i n hone and s o f t t i s s a i e s . The need 
for f a r t h e r c o n p a r a t l v e s t u d i e s of t h e 
s u b c e l l u l a r distril>n<-ion of 23^Pa i n hanan 
and a n i i a l c e l l s i s emphasized. ( lu th) 

<380> 
Thoaas, F.G. , Lovelace Foundat ion f o r Sed ioa l 
Education and Besearch, F i s s i o n Product 
I n h a l a t i o n L a b o r a t o r y , a ibuqyerque , HH. 1972 

Trache©^ro!ichiaX Lyaph Node I n v o l ^ e a e s t 
Follosjing I n h a l a t i o n of I l p h a S l i t t e r s . P a r t of 
S toTer , B .J . and J e o , t . s . 3 . (Eds.) , 
Padiobio logy of P l u t o n i u i . J .w. P r e s s , S a l t 
Lake c i t y , ' I t ah , (p . 231-242), 552 p . 

I t I s e s t i i a t e d t h a t 50 years of ckEonio 
i n h a l a t i o a of a r e l a t i v e l y l a s o l o b l e e a t e r i a l 
w i l l r e s u l t in a c o n c e n t r a t i o n i n the 
t r a c h e o b r o n c h i a l lymph nodes fPBLN) 
a p p E c x i i a t e l y 300 t imes g r e a t e r than t h a t i n 
the pa laonary r eg ion of the r e s p i r a t o r y 
t r a c t . The a a x i ^ u i p e r a i s s i b l ® lung burden 
(BPIB) of i n s o l a b l e Pa 239 f o r o c c u p a t i o a a l 
exposure based upon sack an exposare s c h e d a l e 
i s 16 n C i . ?Jsing a 1000 graa l ung , t h e 
cor responding c o n c e n t r a t i o n in TBLN a t 50 

years would be ^ .8 n C i / g r a i . Spread 
hcmcgenously ever t h e e n t i r e IBLM t i s s u e , 
t h i s iioold r e s u l t in doso r a t e of 
a p p r o x i s a t e l y 1.3 r a i l s / d a y . By ana lyz ing 
aa toca i l lographs of TBIH fo l lowiag i n a a l a t i c n 
of Am 2^1 fcy beagl*- d c g s , i t was d e t e r i i n e d 
t h a t only aboat 10 per cen t of a g i?en lyafh 
Lcde was absorb ing a l l of t a e r e l e a s e d a lpha 
p a r t i c l e energy, due to xh'- s n c r t path length 
and r e s idence in ^%ot s p o t s . " Thus, t h e 
energy-absorb ing f r a c t i o n of t h e TBLN in an 
i n d i v i d a a l c o f t a i n i n g a BPIB o : Po 239 l i g h t 
i e o e i ¥ e 13 r a d s / d a y . Converse ly , i t t h e "hot 
s p o t " p r c b l e i i s ignored and th» Pu 239 i s 
assumed spread throughout s l l l y spno id t i s s u e 
in the body, the dose r a t e ^ay be reduced fcy 
a f a c to r of 50 t c 0.526 r a d s / d a y . I h i s i s 
s t i l l € t imes the recogn ized p ^ r a i s s i b l e 
occupa t i ona l dcse r a t e t c sof t t i s s u e s a h l 
could be i n t e r p r e t e d t:o so jges t a l o w e r i n j of 
t h e SP18 t o about 3 nCi . D-ie t o the aany 
u n c e r t a i n t i e s inyolved in such a dec i s i on a t 
t h i s t i s e , such as t h e l a s s of i n f o r a a t i o a on 
t h e r e l a t i i r e s e n s i t i v i t y cf nodal t i s s u e , i t 
Ig reccwiended t h a t c u r r e n t s t a n d a r d s be 
• a i n t a i n e d u n t i l more e x p e r i a e n i a l d a t a a r e 
a v a i l a b l e fo r e v a l u a t i o n . J iuth) 

The l o l a s e of t i s s u e be ing i r r a d i a t e d by Pu 239 
p a r t i c l e s in the t rachcofcroBcial lyscn nodes 
when t h e lung has ob t a ined t h e masiaua 
o e r i i s s i b l e burdes i s g i ^ e n . 

<381> 
Thcapson, P . C , J . F . P a r k , and "rf.J. B a i r , 
p a t t e l l e Heaorial I n s t i t u t e , r a c i f i c Sor thwest 
l a b o r a t o r i e s , Biolcgy H e p a r t a e a t , R ich land , s s . 
1-372 

'^jme Speculative SKtensions to Han of Aniial 
f̂tsk Data on Platoniui. Part oi stover, B.J. 
and Jee, W.S.S. (Eds.), Sadiobiolcgy of 
platcjiiuB. J.i. Press, Salt i.a%e city, Utah, 
(p. 221-210), 552 p. 

speculative eKtensicas of the available 
animal risk data to the problem of plutoaiu® 
oxide inhalation by lan suggest toat, 
regardless of the aodel ê Ĵloyel for 
prediction, the risk of lung ttiacrs is hot 
greatly different fron the risk of liver 
tumors, and both lung and li¥er tutors are 
scmewhat Bore likely than bone tunors. 
itsolute nuBerieal predictions of the taaor 
incidence to be expected fro® a «^per®issible 
depositicn*' of plutonium o^lde in the lung 
vary with the model esployod for prediction 
aid little reliance can be placed on these 
nuabers. The lore conservative approaches, 
hcaever, lead to prediotioas of total taaor 
incidence of a few percent froa an initial 
lung deposit of 0.09 uCi, shich is a higher 
nuBber than one would wish to see associated 
alth a "peraissible deposition." (luth) 

<382> 
Volf, ?., Kermforschangszentiua Karlsruhe, 
Karlsruhe, Seraan Federal Bepablic. 1973 

Treatment after Incorporation of Eadioauclideg. 
COlJP-7303ilf (Part 2) ! Bart of Feige, I. JEd.) , 
Proceedings of the Regional Symposium on 
Radiation Protection held io Jerusalea, Israel, 
Haroh 5-a, 1973, (p. 7<13-760) . 

In view of the potentially hacsful effects of 
even siall amounts of certain deposited 
radionuclides, the procedures for removing 
thea froa the body are of great iaportance. 
SOBS of tbe decotporatiom iethods would be 
useful also in the removal of non-radioastive 
metals incorporated as a resalt of iadastrial 
or environaental exposure, first aid and 



f£I'ICAL An^I^-^ 

<3&z^ com 
prompt 
id.aio^c 
tne pel 
dpp l i ca 
reviewe 
a l g m a t 
eKcre t i 
th*?̂  act 
and the 
e f f e c t ! 
a f t e r i 
as well 
c h e l a t l 
f u tu re 

tr*=atiieat m^as 
t l vp cAnta^lTsa 
n* of vl«w in 
£ l l l t v . Thus, 
d cf ^hosoha+e 
^n or. ints^st in 
on of a l l^a l ine 
Isn of ferr^" h«̂  
i l i a s i , yur th^ 
vencss of ch» i 
nco rpo ra t i on o 

a s the probl*^ 
en the rapy a re 
p o s s i b i l i t i e s 

urefr" aft^er 
1-ion ar*^ d 
t h e i r r r a c 
t h e i^iffec 

s , Fulfa te 
a l absorpt 
e a r t h net 

xacyanof e; 
rmore, th' 
d t i n ^ a:Tt̂ n 
f c e r t a i n 
ras of a pr-

e l u c i d a t e 
a r e indlca 

i n t e r n a l 
i s ca saed frCT 
t i c a l 
t s arfe 
s and 
Ion arii 
a i s as well as 
r a t e on ces luF 

t s s h o r t l y 
r a d i o n u c l i d e s 
olong-^d 
d and so re 
t e d . (Authi 

<. 3̂  3> 
Dolpuin^ G.W., K.». buncan, H.J. 1?unster, and S. 
J a c k s o n , OnitPd ^ingdora Atomic '^nergy A u t h o r i t y , 
Autnor i ty H*?alth and Sa fe ty Branch, Rad io log ica l 
P r o t e c t i o n D i v i s i o n , Ha rwe l l , B e r k s h i r e , 
England, l^^s 

Kaximue Permiss l i s le Concent ration-^ xn Air for 
compounds of PliitORiura 239. A!ISBCPP|P-69; 13 p , 

Tiie deprivation o^ th't^ va lues for l a x l s u i 
per-nlss ib 1^ c o n c e n t r a t i o n in a i r (KPC) as 
given in Trpp Pnh, 2 (195^) for so lub l e aaa 
insolubU-" p lu ton iun i s b r i e f l y reviewed for 
the c a s e s of bone, l i v e r and lungs i s organs 
of r e f e r e n c e . In t h e aodel used in ICBP Put , 
2 (19'^9| for t h ^ c a l c u l a t i o n of t h e (nPC) f c r 
i n s o l u b l e r a d i o a c t i v e d u s t s in the lung i t i s 
assumed t h i t 12 1/2^ of the inha led 
r a d i o a c t i v i t y i s t r a n s f e r r e d to the body 
f l u i d s . This t r a n s f e r could lead t o a buil^l 
up of r a d i o a c t i v i t y in a bodv organ o t h e r 
than the lung. However r ecen t da t a both f roa 
dog exper iments and fros? huraan a u t o p s i e s show 
t h a t t h i s i s not *he c a s e and t h e l u n j i s th€ 
c r i t i c a l crg^n fo l lowing i n h a l a t i o n of 
plutor . iup oxii^e. Inha led plutoniuns n i t r a t e 
i s f a i r l y r e a d l l v - t ransfer red t o the l i v e r 
and bone and consequen t ly the Hore 
r e s t r i c t ! V'̂  (^PC! , for s o l u b l e plutosia ia 
nase lv 2 x 10CE-12) uCl/cm3 {WVV Pub. 2 , 
1959) i nvo lved . A l i s t of p l u t o n i u i 
compounds i s given and d i v i d e s i n t o those 
co^p^^^U'is b^h^vir.a l i k e p lu toniuo n i t r a t e a n i 
t h o s e Dehaving Hk^ p lu ton iu i ! ox ide in the 
hu^an bcdy. (Auth) 

Tdble 1 shows t h e d l s t r i b u t l c n of Pu in body 
organs Clung, lynph nodes , l i v e r a nd bone) 
fo l lowing inh^ i l a t lo i of Pu oxide and Pu n i t r a t e 
by dogs . 

<38U> 
Healy, J . K . , C.P. Richmond, and E.C. Anderson, 
Los Alasos S c i e n t i f i c l a b o r a t o r y , Los Alasios, 
HM. I I 7 4 , Jlovember 

A Review of t h e ' ' ia tural Resources Pefense 
c o u n c i l P e t i t i o n Concerning I l s i t s for I n s o l u b l e 
Alpha E i l t t e r s , LA~^810-HS; 20 p. 

Th© i n t e r 
of i n s o l u 
l u n g , a s 
the Matur 
p e t i t i o n 
In l l g n t 
the l̂ HDC 
non-unifo 
surroundi 
d e s c r i p t i 
non-uni fo 
concept o 
problems 
f o l l l c u l a 
d e s c r i l e d 
the r e s u l 

II e t a t l o n s of t h e p o t e n t i a l e f f e c t s 
l e a l p h a - e m i t t i n g p a r t i c l e s in t h e 

descr ibed in t h e document suppor t ing 
al Resources Defense Council (NEDC) 
cf February i a , 197^, a r e reviewed 
of p resen t ev idence . The o r i g i n of 
p roposa l l i e s in t h e very 
tm r a d i a t i o n dose to t h e t i s s u e 
ng a r a d i o a c t i v e p a r t i c l e ^ Some 
en of the n a t u r e of the 
rmity and t h e a p p l i c a t i o n of t h e 
^ r a d i a t i o n dose t o b i o l o g i c a l 
i s given^ The iSeeseian s t u d i e s of 
r cancer produced in r a t sk in a re 

and t h e d i f f i c u l t i e s of app ly ing 
t s of one organ t o ano the r and the 

t±cz of •^ly^-'CZK^s dey^nasiLC*: dr̂ -- *-;apRa3izea. 
Ta€ ri'iidB aa t^ p resen tea i nc ludes tne 
Ifusnbaugh r e p o r t on a leaijFs a s s o c l i t e a with 
Pu in a wound, and the 51easen cdse where tsie 
i K d i v i d i a l adnuled a c r a t e con ta in ing a 
l^^-aKinq ca r ton ct î u 219 s c l a t i c n -ini l a t e r 
dfevelop^-'d a synovia l sarcoma of the l- ' f t 
hand. Taap lm^s and Coc^Tan's x n t ^ i r t r e t a t i o n 
ct th'iS'-' c a s e s are dLalysed on t h e Dasis cl 
b i o l c i i c a l and h e a l t h physics ^^xperiteuct.. Tne 
lung burdens ot mdividaal -^ i^xpcsed to PiS 
d u r i n i th^^ f i r e a t ?ocr f F la t s wer*:; compared 
with lung burdens in ce^igles which aev^-lcg-ad 
luna cancer by Taaplii i and Cochran ana tne 
autrsors draw atti^n-^ ion to th-i d i f re rence in 
size between huEdn and b t aq l e lunq=; and herc^ 
the ^ f f f c t on r a d i a t i o n do8e. I t i s 
concluded t h a t t n e t h e o r i e s upon whici t^^ 
prcposal i s based ^ire not 1:̂  accord with tlie 
evidence and t h a t ti^e t a e c r i e s lo not 
c o r r e c t l y p r e d i c t th*^ outcjat ; of exper iments 
a c t u a l l y as lng insoluDle a lphd- '^^i i t t ing 
p a r t i c l e s . The au tnor s a lao raaintdin t n a t 
the a p i l i c a t i o n of the average orqan dose to 
the e s t ab l i shmen t of l i m i t s i s s t i l l 
a p p r o p r i a t e , a l tnough e x p e r i a e n t a t i o n t o 
narrow e x i s t i n g u n e e r t d i n t i e s on til's ett^cts 
cf non^unifora dc.^e d i s t r i b u t i o n should 
ccnt inu-}, (Auth) CrKM| 

Table 2 giv-^s p a r t i c l e si:2e measur^^ments for Eu 
o p e r a t i o n s . / a b l ^ 3 g i v e s t-stimated ^'hot 
par t i c l e ' ' burdens for Los Alaoos i sor^ers . 

<33^> 
J a n e s , A . C , and N.F. KeDoer, R a i l o l o j i c a l 
P r o t e c t i o n Sorv ice , D«ipartsent of Health and 
S o c i a l S e c u r i t y , Su t ton , S a r r e y , England; Scyal 
l̂ r*̂ *- Hospital^ School of Medicine, Depart sent of 
M'ridlcal P h y s i c s , London, Englani , 197 2 

Pose Heasarements frOD S k e l e t a l PlutcoiuiE 
Compared in l^asisalian S p e c i e s . P a r t of S tove r , 
B . J . and J e e , e^'.S.S. ( E d s . ) , Radloblology of 
Plu^oniuD. J . ^ , P r e s s , Sa l t Lake Ciryj, Utah, 
{p. 281-292), 552 p . 

Measured c o n c e n t r a t i o n s of plutoniais ^39 en 
endos t ea l bone s u r f a c e s were compared for a 
s c r i ed of laamaalian s p e c i e s . Fcr 1 uCi/K^ 
body weight i n i e c t e d , the su r f ace 
c o n c e n t r a t i o n on lUF^bar t r sDeculae i s HO 
pCi/ca2 in th^ r a t , 227 pCi/c^2 in the 
weanling r a b b i t , 258 pCi/ca2 in t h e a d u l t 
r a b b i t and ^4'4U pCi/cm2 In tne ads^lt a e a g l e -
On the b a s i s of a model whereBy t h e tones are 
s i i p l y a l t e r e l in s c a l e frsiD s p e c i e s t o 
s p e c i e s , the c o n c e n t r a t i o n e x t r a p o l a t e d t o 
man would De a p p r c x l a a t e l y 800 DCi/cm2. An 
e i j p i r i c a l model g iving a b e t t e r t i t t o tne 
observed c o n c e n t r a t i o n s in t h e smal l e r 
faaanals gave an e x t r a p o l a t e d va lue of 
a p p r o x l s a t e l y 700 pc i /cm2. A h igher 
concen-^Tatlcn I s p r ed i c t ed when l easu ied 
values of the bone su r face area volume r a t i o s 
were u s e i t o de r ive the su r face c o c e n t r a t l c n 
in nan. Even i f a r e l i a b l e e s t i i a t e of the 
bene su r f ace c o n c e n t r a t i o n s for 
s k e l e t a l l y - d e p G s i t e d p l u t c n i u s In man were 
a v a i l a b l e , l ead ing t o an accu ra t e e s t l i a t e of 
dcse r a t e t o os teogen ic t i s s u e , ignorance sf 
the v a r i a t i o E between s p e c i e s of the k i n e t i c s 
cf normal and malignant c e l l p o p u l a t i o n s 
would s t i l l g ive an u n c e r t a i n e s t i m a t e of 
r i s k . I lu th) 

Table 1 g ives Fu 239 c o n c e n t r a t i o n s on endos t ea l 
bone s u r f a c e s , dsg^ r a b b i t , and r a t . Table 2 
compares t o t a l s k e l e t a l uptake betwe^^n s p e c i e s . 

<3B6> 
Sanders , C . I , , and E.Ho Groff, B a t t e l l e Mesioriai 
I n s t i t u t e , P a c i f i c nor thwest L a b o r a t o r i e s , 



<3e6> 

MEDICAL ASPECTS 

<38 6> c n N T . 
R i c h l a n d ^ WA. •!97JJ, Mov^nber 

B i b l i o g r a p h y ; "Etf^c^s o f R a d i a t i o n on t h e Lung 
w i t h R e f e r e n c e s t h r o u g h 1 9 7 2 . ^ T * l t - 1 8 7 0 | 53 p . 

T h i s b i b l i o g r a o h v i s I n t e n d e d t c p r o v i d e 
r a p i d a c c e - ^ s t o -^he l i t e r a t u r e on t h e 
b i o l o g i c a l e f f e c t s o f v a r i o u s r a d i a t i o n s 
d e l i v e r e d t o t h e l u n g cf nian and e x p e r i m e n t a l 
d n i m a l s . A l i i a i t e d nuj^ber o f t h e l o r e 
r e l e v a n t pape^^s p u b l i s h e d up t o 19iJ7 a r e 
i n c l u d e d a l o n g w i t h a c o n i p r e h e n s i v e s u r v e y o f 
t h e l i t e r a t u r e from 1 9 ^ 7 - 1 9 7 2 . P a p e r s t h a t 
d e s c r i b e t h e b i o l o g i c a l e f f e c t s o f r a d i a t i o n s 
r ropi o c c u p a t i o n a l e x p o s u r e , c l i n i c a l 
d i a g n o s t i c o r r a d i o t h e r a p y e x p o s u r e a n d 
- • x p e r i i a e n t a l r a d i o b i o l o g i c a l s t u d i e s w i t h 
a n i p ' a l s a r e i n c l u d e d i n t h e s u r v e y . 
I n d i v i d u a l ^^'^phasi'^ s a y be on t h e m o l e c u l a r , 
b i o c h e - s l c a l , c y t o l o g i c a l , c e l l u l a r k i n e t i c , 
p h y s i o l c i i c a l o r h l s t o p a t h o l o g l c a l e f f e c t s o f 
r a i i a t i o ^ = ? , a l t h o u g h -^-he l a t t e r e a p h a s i s I s 
t h e s u b j e c t c f t h e m a j o r i t y o f p a p e r s . The 
n o s t - o f t ^ n d e ^ ^ c r i b ^ d r a d i a t i o n s i n c l u d e 
e x t e r n a l x - r a y s , aamtaa r a y s , o r n e u t r o n s a n d 
p u l a o L d r v d e p o s i t p i ^ b ^ t a o r a l p h a e t a l t t i n g 
r a d i o n u c l Hes^ . Papf^rs c c r . c e r n e d o n l y w i t h 
d o s i m e t r y , r ^ e t a b o l i s n of r a d i o n u c l i d e s , 
r a d i o g r a p h i c d i a g n o s i i s o f p u l m o n a r y d i s e a s e , 
o r c l i n i c a l ^ ^ f f i c a c v o f r a d i o t h e r a p y a r e n o t 
i n c l u d e d in t h e ^ l ^ l i o g r a D h y , (Au th ) (RAF) 

<367> 
S n v d e r , W.S. C^d.) , • i n t e r n a t i o n a l P a d i a t i o n 
p r o t i ^ c t l o r a s s o c i a t i o n . 1'S7^, i ^ e b r u a r y 

T h i r d I n t e r n a t i o n a l C o n g r e s s of th© 
I n t e r n a t i o n a 1 P a d i a t i o n Protec-*"lon A s s o c i a t i o n , 
CO^*F-730Q07 fpa r t ' ^ 1 - ? ) ; P r c c e p l i n g s of t h e 3 rd 
I n t e r n a t i o n a l c o n ^ r e s B o f t h e r^?A h e l d i n 
rfashingtcn. I . e . , S^DteF^ber 9-1^5, 1i^75 p . 

"^he c o p f e r ^ n c ' ^ was n r e s e n - ^ e d i n t w o p a r t s , 
t o ^ e t t j e r c c n s i s ' ^ l n g of 237 p a p e r s , o f w h i c h 
? w e r e a b s t r a c t e d s - ^ p a r a t e l y I n t h e l a t a 
b a s ^ . I n par '^ OH^ * h e main t o p i c s w e r e , 
r a d i a t i o r n e r s p e c t i v e I n t h e USA, r a d i a t i o n 
and [Ban; n o n - l o n l ^ l n a r a d i a t i o n ; r a d i a t i o n 
e t f e c t s on a n i n a l s ^ i n c l d d i n g e f f e c t s o f Cf 
2 5 2 , Sr ^ 9 , Cs n 7 ^ T 1 3 1 , ? r 1 ^ 7 , Pu 2 3 9 , km 
2^41 and ' ip 2'^7| j r a d i o e c o l o g v , s u c h a s t h e 
d i s t r l b u t i on O" •-"••nvlronmental Pu i n t h e 
T r i n i t y r i t e ^^r -osys tea a f t e r 17 y e a r s ; 
r ^ ^ a c t o r ' • - x p e t l « ' n c e = , waste- ma n a g e m e n t a n d 
e n v l r c r f f l e r t a l mor i -^ -o r ing j l a t e r a d i a t i o n 
e f fect*^ ; F ^ r s o i n e l d o s i n e * - r y I n c l u d i n g TLD ; 
dosf3 c a l c t i l a ^ i o H ' ^ ; P ' ^ t a b c l i ' ^ ' a o f 0 a n d 
t r a n s ' j r a r lum ^ I p - n e n t s ; and r a d i a t i o n 
a c c i d e n t s . in n a r ^ t w o , *-he ma in t o p i c s 
w>^ie, o p f ^ r a t i o n a l H e a l t h p h y s i c s ; e x p o s u r e 
fropi r a d i a t i o n sourci^ '? o f n a t u r a l o r i g i n ; in 
v i v o s^as i i r eTaen t ' ^ i ^ x t o s u r e f r o s n u c l e a r 
p o w e r ; n o d i c a l e ' ^ p o s u r e ; a e r o s o l s and l u n g 
^aod'^ls; D u b l i c i n f o r m a t i o n , l e g a l a s p e c t s , 
e d u c a t i o n and t r a i n i n g ; and m e t a b o l i s i o f 
r a i i o n u c l i r ^ e s . I n a d d i t i o n t h e 1973 S i e v e r t 
l e c t o r e e n t i - ^ l e d " R a d i a t i o n a n d n a n " was 
r r * ^ s e n t e d . c^n^) 

<?S8> 
S u s u k i , H, , i ^ a t i o n a l T n ^ ^ i t a t e o^ R a d i o l o g i c a l 
S c i e n c e s , C h l b a , J a p a n . 197^^ l a y 

y i a n i u E . S M n KinzoS^u, 1 9 { ^ j , 
1 1 8 - 1 2 i , ( J a p a n e s ' ^ ) 

Ur^n iu!? p o l s o n i no was e x a i i n ' = d h i s ' ^ - o l o g i c a l l y 
i n c l u d i o i r ^ p o r t - ^ on p o i s o n i n g i n t h e 
M a n h a t t a r ' ' r o i e c t ^n t h ^ n n i t e d S t a t e s ^ I n 
auman and a n i s a l '^ '^P '" ' r l s ients , ^h^^ e s s e n t i a l 
i>o l son! nq of ura^'. 'UF h a s bepn d e m o n s t r a t e d t o 
0Si chi^TiC'^' ' D O l K o r : n a and t o c a u s e n e p a r i t l s 

w i t h u r a n i u o 3 , a n d o t h e r d i s e a s e s r e l a t e d t c 
i t . I f f u e l s c o n t a i n i n g t h o r i a i - u r a n i u i 233 
s e r i e s a r e u s e d I n t h e f u t u r e , , r a d i a t i o n 
l E j u r y w i l l a p p e a r i n t h e f o l l o w i n g 
o c c a s i o n s : 1 | when u r a n i u ® I s a c c u i u l a t e d i n 
t h e o r g a n s o f h u a a n s , e s p e c i a l l y i n t h e l u n g s 
a n d 2) when t h e huipan body g e t s n e a r t h e 
p l a c e w h e r e a g r e a t a s c u n t o f u r a n i u i w i t h 
d a u g h t e r r a d i o n u c l i d e s i n a g r e a t q u a n t i t y i s 
p r e s e n t . T h e r e a r e d i f f e r e n c e s i n t h e l e v e l 
Gf p o i s o n i n g b e t w e e n u r a n i u m w i t h v a l e n c e s of 
4 and 6 ; a b o v e a l l , u r a n i u m w i t h v a l e n c e of 6 
i n a q u e o u s s o l u t i o n s h a s t h e a b i l i t y t c 
p r o d u c e a n i o n i c c o m p l e x e s . The amount o f 
u r a n i u m mouse t i s s u e was e x a m i n e d i n o r d e r t c 
s t u d y t h e k i n e t i c s c f u r a n i u s a c o s p c u n d s i n 
t h e b o d y . The e f f e c t o f u r a n i u i p o i s o n l E g on 
n e p h r o n s o f t h e k i d n e y d a r i n g i t s s e t a b o l i s s 
i s c a u s e d by c o m b i n a t i o n of u r a n i u m I o n s w i t h 
c a r b o n m o n o x i d e A n i o n of i c n o x i d e p r o t e i n s i n 
t h e c e l l s , wiilch d e n a t u r e s t h e p r o t e i n s a n d 
d e s t r o y s t h e e p i t h e l i a l c e l l s t o n e c r o s i s ^ 
(JA) 

<389> 
? a u g h a n , J . , C h u r c h h l l i H o s p i t a l , O x f o r d , 
E n g l a n d . 1 9 7 1 , A p r i l 

H a e s i a t o l o g i c a l C o n s e q u e n c e s of R a d i o i s o t o p e 
I n c o r p o r a t i o n w i t h P a r t i c u l a r H e f e r e r c e t o 
P l u t c n l u a , t h o r i u m . R a d i u m , I r o n a n d G o l d . 
S T I / D 0 C / 1 C ; T e c h n i c a l R e p o r t s S e r i e s Mo. 1 2 3 ; 
P a r t c f M a n u a l on R a d i a t i o n H a e a a t c l c g y , C h a p t e r 
2 1 , Cp. 2 1 5 - 2 4 2 ) . 

The t e c h n i c a l r e p o r 
d i s t r i b u t i o n and ch 
l l o o i d v s c r a s i a s o t 
I s o t o p e s I n h u r a n s 
d i s c i i s . s e d a r e t h e a 
s e a s u r e s e n t s o f b i o 
a n d t h e r m a l r a n g e o 
and s u r f a c e c o u n t i n 
d a t a o f man and a n i 
i n a d e q u a t e . Howev^'r 
d i s t r i b u t i o n i n a a r 
i l y c r a s i a s a r e t o be 
i n f o r m a t i o n i s a v a l 
w i d e l y u s e d a s a c o 
of i t s o x i d e , c a s e . 
R c n - l e y k e s l c b l o o d 
d o c u m e n t e d i n t h e 1 
a n i m a l s e x p c s e d t o 
d e v e l o p l e u k e m i a , S' 
o s t e o s a r c o m a s . C o l 
iflarrow s c a n n i n g h a s 
e f f e c t s . (RAF) 

t r e v i e w s t h e 
e m i s t r y , d o s l s 

? u 2 3 9 , Th 23 
and a n l s a l s . 
B s o r p t i c n , u t i 
c d l o s s p l a sF ia 
f T 1/2 p l a s a a 
g of '^e 59 
m a l s expos'^'d t 
, i n v iew o f t 
r o w , s e v e r e b l 

expect>" 'd , '^c 
l a b l e CO Th wa 
n t r a s t ' ne i iu i s 
s o f l e u k s a i d 
d y s c r a s i a s a r e 
i t e r a t u r e . 
r a d i u s i s o t o p e 
e v e r e a n e a i a s 
I c d i a l g o l d AS-

no icnown h ^ i a 

t i s s u e 
s t r y and 
2 and r a d i a m 
A l s o 
l i s a t l o n 

t u r n o v e r 
c l e a r a n c e 

e m a t o l c g i c a l 
o P^ a r e 
he 
ood 
r e d e t a i l e d 
i c h i s 
i n t h e form 
and 

w e l l 
mans and 
s aay 

d 
ea f o r b e r e 
t o l o g i c a l 

<'390> 
V a u g h a n , J , * ! . , C h u r c h i l l , H o s p i t a l , J l e d l c a l 
p . ^ s p a r c h C o u n c i l , O x f o r d , E n g l a n d . ' '956 

Tne E f f e c t s of R a d i a t i o n on Bone . P a r t o f 
B o u r n e , G .H. f E d . ) , The B i c c h t s l s t r y a n d 
P h y s i o l o g y of B o n e , C h a p t e r 2 3 . A c a d e m i c P r e s s , 
I n c . , 'tew Y o r k , flew Y o r k , ( p . 729-76"==), S75 p . 

Th© t h r e e main s e c t i o n s of t h i s r e v i e w d e a l 
w i t h t h e g e n e r a l a s p e c t s c f r a d i a t i o n 
d o s i m e t r y w i t h s p e c i a l r e l a t i o n t o b o n e , t h e 
r e l a t i o n s h i p s of a n a t o m y and p n y s i o l o g ^ o f 
b e n e r a d i a t i o n t o p a t h o l o g y a n a d o s i m e t r y , 
and pa t h o l o g l c a l c h a n g e s I n d u c e d i n b o n e by 
i r r a d i a t i o n . A n a t o m i c and p h y s i o l o g i c 
f a c t o r s d i s c u s s e d i n c l u d e t n e n o n - i i o i a o g e n e c u s 
c h a r a c t e r of b o n e , t h e r a t e of l e t a o o l l c 
* - u r n o v e r , t h e l o c a l i z a t i o n of b o n e g r o w t h i n 
young a n d o l d a n i s i a l s , th<^ d i s t r i b i t i o n o r 
v a s c u l a r * l s s u 6 , t h e p r e s e n c e of an e x t - ^ n s i v e 
c r y s t a l s u r t a c e , a n d t h e r e l a t i o n s h i p o i b e n e 
and m y e l o i d t i s s u e . The p a t a o l o g i c a l c h a n g e s 
a r e c l a s s i f i e d a s e i t h e r r a d l a t i c i i 
o s t e o d y s p l a s i a o r r a d i a t i o n n e o p l a s i a c a a s e d 
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<390> 

<390> COOT. 
by i n t e r n a l o r e x t e r n a l r a d i a t i o n o B o t h 
c l i n i c a l and e x p e r i m e n t a l d a t a a r e s u p p o r t e d 
by a n e x t e n s i v e b i b l i o g r a p h y . The d a t a 
p r e s e n t e d ^how t h a t s a r c o i a juay d e v e l o p m 
Done f o l l o w i n g b o t h e x t e r n a l and i n t e r n a l 
i r r a d i a t i o n . I n t h e c a s e of e x t e r n a l 
r a d i a t i o n , t h e l a t e n t p e r i o d s o f a r r e c o r d e d 
h a s b e e n on t h e a v e r a g e s h o r t e r t h a n t h e 
l a t e n t p*=^riod r e c o r d e d a s d e v e l o p i n g a f t e r 
i n t e r n a l r a d i a t i o n . T u n e r s f o l l o w i n g 
e x t e r n a l r a d i a t i o n h a v e d e v e l o p e d m t h e 
s a j o r x t ? c f c a s e s a^^ te r a d o s e g r e a t e r t h a n 
3 , 0 0 0 r o e n t g e n s , "^he d o s e of i n t e r n a l 
r a d i a t i o n n ^ ^ c e s s a r y f o r t u m o r d e v e l o p m e n t 
a p p e a r s t o b e v a r i a b l e , t h e l o w e r l i a i t b e i n g 
e x t r e m e l y s m a l l » ^ o e x p l a n a t i o n i s a v a i l a b l e 
a t p r e s e n t f o r t h e d e l a y e d l a t e n t p e r i o d m 
t i i e d e v e l o p n e n t b o t h o f r a d i a t i o n 
o s t e o d v s p l a s i a a n d of m a l i g n a n c y f o l l o w i n g 
t h e r e t e n t i o n o f ' s m u t e a m o u n t s of 
r a d i o a c t i v e e l e m e n t s . I n a s s e s s i n g r i s k s of 
r e s p o n s e t o r a d i a t i o n t h e e x t r e m e v a r i a t i o n 
of s u s c e p t i b i l i t y o f i n d i v i d u a l s s h o u l d he 
t a k e n i f t c a c c o u n t . (RA^) 

<391> 
McKee, B .W. , L . L . C l a ^ k , B.M. C o l e , and H « I . 
L i l l y , B a t t e l l e F ® m o r i a l I n s t i t u t e , P a c i f i c 
N o r t h w e s t L a b o r a t o r i e s , R i c h l a n d , WA. 1 9 7 4 , 
S e p t e m b e r 

D o s e - t o - t h e - F o p u l a t on E s t i m a t e s f o r Ose o f 
R a d i o i s o t o p e Pow'sre'^ C a r d i a c P a c e m a k e r s . 
BKWL-18 5 8 ; 6^ p . 

E s t i m a t e s c ^ ^i^ c o B u l a t i o n l o s e were 
d e v e l o p e d m t e r m s o f an ^ ^ q u i l i b r i u s 
f i r s t - i ^ p l a n t r a t e of 1 0 , 0 0 0 1 ^ 7 3 - e q u i v a l e n t 
r a d i o i s o t o p e p o w e r e d c a r i ^ i a c p a c e s i a k e r p p C P ) 
i m D l a n t s p®r y e a r a d i u s t e l f o r p o p u l a t i o n 
i n c r e a s e s m f u t u r e y e a r s . I t w a s c a l c u l a t e d 
t h a * t h e r e w o u l d be f rom 1 3 0 , 0 0 0 t o 2 0 8 , 0 0 0 
^ ? " P « s T u s e m v ^ a r 2 0 0 0 {o^r 1 0 , 0 0 0 
1 9 7 3 - e a u i v a l e n t a p l a n t s p e r / e a r ) . 
i ^ h o l s - t c d v d c s * r a t p s * o a s t a r d a r d l a n 
phan.tom ^rom two d i f f e r e n t i i i o l a n t e d RPCP 
• s o u r c e s w(=re c a l c u l a t e d u s i n g t h e QAD PSA 
c o m p u t e r p r o g r a m , ^ h e t w c s o u r c e s were t h e 
f ^ e d t r o n i c ^o3*=l 9 0 0 0 u s i - g 0 . 1 5 gram^ Pu 238 
and t h e A'̂ CO "Nuc lea r BPCP a s m g 0 . 4 0 g r a s s ^ a 
2 3 3 . T)cs€ r a t ^ s f-rcm t h e s o u r c e were 
c a l c u l a t ' = > d m f o u r d i r e c t i o n s a n d a v e r a g e d t c 
r e p r e s e n t a s i n g l e a v e r a g e d o s e r a t e t o a 
p e r s o n i n t h e v i c i n i t y o f a p a c e i a k e i u s e r . 
I n t e r ^ s c f ^ r o n * a l d o s e o n l y , d o s e r a t e s 
wou ld b e ^0 t o 100"^ h igh© ' - t h a n t h e a v e r a g e 

n t o j r d i r e c t i o n s . The •»?€? u s e p r o i e c t i c n s 
a n i d o s i m p t r v c a l c u l a t i o n s p r o v i d e d i n p u t f o r 
t n e î EPR"̂ TTvE c o s D u t e r p r o g r a m f o r t h e 
d o s e - t o - t h e - c o D u l a t i o n c a l c u l a t i o n s . The 
co^sDute r p r o g r a m o u t p u t p r o v i d e s a b r e a k d o w n 
of t h e d o s e by a g e a n d s e x f o r s i g n i f i c a n t 
c l a s s i f i c a t i o n s o-^ o e r s o n s who r e c e i v e t h e 
d o s e s u c h a s s p o u s e s , t s e ^ b e r s o f t h e 
f i o i s e h o l d , a n d w c V a s s o c i a t e s . The r e s u l t s 
o f t h ^ c a l c u l a t i o n s o f t h e c a l c u l a t i o n s show 
t n a t t h e t o t a l p o p u ' ^ a t i o n d o s e r a n g e s f r o a 
14C0 r e s ! / | e a r t o 6 , 0 ^ 0 r e i D / y e a r . B e c a u s e o f 
t h e l a r q e f - sourc«^ s^?® m t h e A'RCO N u c l e a r 
RPCP, t h e p o p u l a t i o n d o s e s c a l c u l a t e d w e r e 
a p p r c x i m ^ t e l v t w r s ^ a s g r e a t a s t h o s e 
c a l c u l a t e d w i t h t ^ e ^ e d t r c n c "^odel 9 0 0 0 . 
S p o s s e s r e c e i v e d t h ^ g r e a t e s t - i n d i v i d u a l 
d o s e s bu^ t h e s e -^ange o n l y up t o 15 o r 16 
mrem p e r v^ay-f w h i l e * h e o t h ' ^ r h o a s e n o l d 
ise-nbers r e c e i v e d on t h e o r d e r O-P 1 t o 3 mrem 
p e r V ' j a r . D c s e s t o b o t h nonwork a s s o c i a t e ' ^ 
and work a s s o c i a - ^ e s a r e m t h e r a n g e o f a £ew 
t e n t h s G^ sr<=̂ ra p ^ r v e a r . The d o s o t o t i e 
g e n e r a l p o p u ^ a ^ e , w h i c h a c c o u n t s f o r 33 t o 
a 3 ' ' o f t h e t o t a l p o p u l a t i o n dosf=, a v e r a g e s 
o n l y t w c t o ^ e v e n ^nicro r e s s p e r p '^ rson p e r 
y e a r . ^^o-^e o-? t h e e x p o s w r ^ s t o a r y g r o u p 

a p p e a r s t o be e x c e s s i v e and i t was c o n c l u d e d 
t h a t t h e p o p u l a t i o n d o s e f ros i RPCP«s d o e s n o t 
r e p r e s e n t a s i g n i f i c a n t r i s k . C^^ith) (fM) 

T a b l e 1 s h o w s y e a r 2000 p o p u l a t i o n d o s e 
e s t i s a t e s p e r 1 0 , 0 0 0 1 9 7 3 — e q u i v a l e n t f i r s t 
i B i p l a n t s p e r y e a r . T a b l e 7 shows e x t e r n a l d o s e 
r a t e s t o a s t a n d a r d man p h a n t o ® f r o i an 
i m p l a n t e d ABCO EPCP ( m r e ^ / h r ) . 

<39 2> 
Ba3@®sky, B - , A. H a u l , aHsd J , H e y d e r , 
r ^ a x - F l a n c k - I n s t i t u t e f c r B i c g h y s i c s , 
F r a n k f u r t / M a m , German F e d e r a l R e p u b l i c . 196^ 

On t h e D e v e l o p i s e n t o f D e v i c e s f o r t h e 
p e t e r m m a t i o n of T o t a l - B o d y H a d i o a c t i v i t y m 
H a n : A H i s t o r i c a l and C r i t i c a l R e v i e w . 
CONF"4iJ8s STI /PUB/8Si ; P a r t o f P r o c e e d i n g s o f a 
SympcsxESi on t h e A s s e s s i e n t of R a d i o a c t i v e Bcdy 
B u r d e n s m mn h e l d m H e i d e l b e r g , G e r m a n y , nay 
1 1 - 1 6 , 196a^ ? o l . 1 , Cp. 1 5 - 5 2 ) , 1043 p . 

The m v i v o d e t e r m i n a t i o n of t h e t o t a l - b o d j 
c o n t e n t o"̂  i n c o r p o r a t e d r a d i o a c t i v e 
s u b s t a n c e s x s i m p o r t a r t n o t o n l y t o d e t e r i i r e 
t h e n a t u r a l c o n t e n t c f r a d i o n u c l i d e s w i t h i r 
t h e h u s a n body t o o b t a i n f u n d a m e n t a l v a l u e s 
f o r *-he f i x a t i o n of " m a x i m a l o o d y b u r d e n " b u t 
a l s o r o r r a d i a t i o n p r o t e c t i o n t o s u r v e y 
c c n t m o u s l y t h e e m p l o y e e s of e . g . r e a c t o r 
s t a t i o n s , i s o t o p e l a b o r a t o r i e s a n d c l i n i c a l 
h o s p i t a l s , s o t h a t e v e n t h e l o w e s t 
i n c o r p o r a t i o n s c a n be d e t e c t e d a s e a r l y a s 
p c s s i b l e . The d e t e r m i n a t i o n o f t h e amoun t o f 
i n c o r p o r a t e d r a d i o n u c l i d e s by e x t e r n a l d i r e c t 
m e a s u r e a e n t s o f t h e r a d i c a c t i v i t y g o e s s a c K 
t c t h e e a r l y 1 9 3 0 ' s , when t h e f i r s t c a s e s c f 
r a d i u s p o i s o n i n g w e r e e x a i m e d by a e a n s of 
i c n i z a t i o n c h a m b e r s . Only a few y e a r s l a t e r 
a f i r s t " I n s t i t u t i o n f o r t h e P h y s i c a l 
D i a g n o s i s o f Radxuu P o i s o n i n g " was 
e s t a b l i s h e d a t t h e f o r i e r K a i s e r Wi lhe lm 
I n s t i t u t e f o r B i o p h y s i c s m F r a n k f u r t (Plain) , 
T h i s i n s t i t u t i o n c a r r i e d o u t xn v i v o a n d 
p o s t !Bor*eBi d i a g n o s e s . I n v i v o d i a g n o s i s 
c o n s i s t e d m a i n l y of d e t e r m i n a t i o n of t h e 
e s c r e t i o n o f Ra 22^ and i t s d a u g h t e r s xn 
f e c e s , u r i n e and t h « b r e a t h . I n a d d i t i o n , 
d i s t r i b u t i o n of t h e i s c c r g o r a ^ ^ d ^a 2^6 
w i t i m t h e body was e x a m i n e d by means o f 
l o n i s a t i o n c h a m b e r s . However , cn^ of t h e 
p r o b l e i ^ s o f r a d i a t i o n p r o t e c t i o n , n a a e l y 
r e c o g n i t i o n of e v e n low r a d i o a c t i v e 
i n c o r p o r a t i o n s a s e a r l y a s p o s s i b l e , c o u l d 
n e t be t a k e n i n t o a c c o u n t a t t n a t t i a e , s i r c e 
t h e i n s t r u m e n t a l l i s i t c f d e t p c t i c n was of 
t h e same o r d e r of i f i agn i tude a s t h e toaximuE 
p e r i i s s i b l t e body b u r d e n f c r Ra 226 ( 0 . 1 
u g / t o t a l b o d y ) . H o w e v e r , i t became p o s s i b l e 
a b o u t 15 yearfe a g e t o d e t e r m i n e r a d i o a c t i v e 
i n c o r p o r a t i o n s of a b o u t cne c r d e r c f 
magn"»-^ude o n l y belofc t h e n o r m a l Ra 226 b o d j 
c o n t e n t fcv means of h i g h - p r e s s u r e i o n i 2 a t i c n 
c h a m b e r s a n d , l a t e r o n , by s c i r t i l l a t i o n 
c o u n t e r s , F u r t n e r m o r e , loaml'v d u r i r g r e c e r t 
y e a r s , t h e a p p l i c a t i o n of m e t h o d s r o r t h e 
e i t e r n a l d i r e c t e x a m i n a t i o n of i n c o r p o r a t e d 
r a d i o n u c l i d e s was e x t e n d e d t o c l i r i c a l and 
r a d i o l c g i c a j . p r o b l p s s c o n c e r n i n g t h e 
l e t a b o l i s s of d i f f e r e n t r a d i o n u c l i d e s . Tne 
e a p ^ r i E e n t a l p o s s x b i l ' ' t i e s o f t h ^ ' d i r e c t a n a 
i n d i r e c t d e t e r m m a t i o * ^ o f r a d i o a c t i v e 
i n c o r p o r a t i o n w i t b i r t n e human b o d ^ a r e 
d i s c u s s e d m t h i s h i s t o r i c a l a n d c r i t i c a l 
r e v i e w w h i c h i s b a s e d on t h e a u t h c r s ' 
I n v e s t i g a t i o n s and t h o s e o f o t h f ^ r s . (Au tn ) 

T a b l e 9 s h o w s d e t ^ c t i o r l i m i t s o t ^ h o l e - D o d y 
c o r t f e r s i r f r a c t i o n s of t h e fiEBB f o r s e v e r a l 
r a a i o n u c l i d e s i n c l u d i n g Np £;33, tj 2 3 5 , As 241 
a n d Cf 2!*9. 



<39 3> 

"MEDICAL ASPECT'S 

<39 3> 
S c o t t , L . I . , and C .M. test. On ion C a r b i d e 
C o r p o r a t i o n , v - 1 2 Plan-*-, Oak ^ i d g e , TM. 196^ 

D e t e c t i o n a n d ^ v a l u a t i o n o f Uran ium E x p o s u r e s . 
CCNF—448; S ' ^T /»a^ /8£J | P a r t c f P r o c e e d i n g s o f a 
Svmposxu^ on t h e A s ^ ^ s s a i e n t of R a d i o a c t i v e Body 
B u r d e n s i r Ha.n h e l d m F e i d e l b e r g , G e r m a n y , Kay 
1 1 - 1 6 , i^^U, y o l . 2 , ( p . 5 2 3 - 5 3 3 ) , 10^^ p . 

A p p r c F i E i a t e l v iBno p e r s o n n e l of t h e t fn ion 
C a r o i d e c o r p o r a t i o n - o p e r a t e d Onx ted S t a t e s 
A t o a i c S n e r g v C o i s i s s i o n Y-"12 P l a n t i n v o l v e d 
xn t h e r o u t i n e m d u ^ t r i a l - ^ c a l e p r o c e s s i n g o f 
u r a n i u m , •^^ersonrel m o n i t o r i n g i s 
a c c 3 i p l i s h e d fcy s e a n s cf u r i n a l y s i s a n d m 
v i v o g a i m a - s p e c t r u m a n a l y s i s p r o g r a m s . The 
i n t e r p r e t a t i o n o f d a t a f r o i t h e two p r o g r a m s 
and t h e r e l a t i o n s h i p t h e r e o f a r e p r e s e n t e d . 
P e r s o n n e l - m o n - s t o r i n a r e s u l t s f r o i t h e two 
p r o g r a m s a r e d i v i d e d i n t o f o u r c l a s s e s n a m e l y 
low u r i n a l y s i s a n d low m v i v o r e s u l t s ; h i g ^ 
u r i n a l y s i s and low m v i v o r e s u l t s ; l ow 
u r i n a l y s i ' = a n d h i g h xn v i v o r e < ^ e l t s ; a n d h i g h 
u r i n a l y s i s a n d n i g h xn v i v o r e s u l t s . The 
m a j o r i t y c f t h e p e r s o n s n c n i t o r e d f a l l i n t o 
t h e f i r s t c l a s s ; h o w e v e r , f r o s t a e e x p o s u r e 
s t a n d p o i n t t h e l a s t t h r e e c l a s s e s a r e o f 
p r i s e i n t e r e s t , " s a m p l e s of c a s e s f a l l i n g 
i n t o t l e s e c l a s s e s a r e p r e s e n t e d . C a s e s 
e x h i b i t i n g b i o l o g i c a l h a l f - l i f e xn t h e l u n g , 
r a n g i n g f r o a l e s s t h a n 100 d t o a p p r o K i i a t e l y 
800 d, a r e p r<=sen tea and d i s c u s s e d . The 
c a s e s i l l u s t r a t e t h a t t h e e l i n i n a t x o n o f 
u r a n i u ® f r o ^ t h e l u n g v a n e s b o t h xn l o d e a n d 
r a t e o f e l i i i n a t i c n d e p e n d i n g , i n p a r t , on 
t h e e x p o s u r e m a t e r i a l . I n s o l u b l e u r a n i i i s i s 
e x c r e t e d by b o t h u r i n e a n d f e c e s . U r i n a l y s e s 
a r e u s u a l l y a d e q u a t e * o h i g h l i g h t p o t e n t i a l 
e x p o s u r e c a s e s . P o w e v e r , when d o s e 
e v a l u a t i o n s a r e t o be m a d e , c o n s i d e r a t i o n s 
s h o u l d be g 3 v e n t o t h e p o s s i b i l i t i e s o f f e c a l 
e x c r e t i o n and m o d e r a t e e x t e n s i o n s o f a 
b i o l o g i c a l h a l f - l i f e b e y o n d 120 d . To 
e v a l u a t e a u ran iuEs '=^xposare t h o r o u g h l y ^ 
u r i n a l v £ » s , f e c a l a n a l y s e s , and xn v i v o 
s p e c t r u m a n a l y s e s a r e d e s i r a b l e . C o r r e l a t i o n 
c o e f f i c i e n t s f o r r e s u l t s o f t h e t ¥ 0 p r o g r a m s , 
g r o u p i n g d a t a by t y p e w o r k , a r e a l s o 
p r e s e n t e d . r o r r<= la* - iGns r a n g e d from 0 t o 
•8-0.32. (Auth) 

<39^> 
H e l d , K . R . , R . C . H e n l e , a n d J . H . S e l b y , B a t t e l X e 
!feffiorial I n s t i t u t e , P a c i f i c M o r t h w e s t 
L a b o r a t o r i e s , R i c h l a n d , WA. 1966 ; 1968 

P r o m p t M i t i g a t o r y A c t i o n A f t e r A c c i d e n t a l 
B jcposure t c R a d i o n u c l i d e s . BHWi:,-SA-962; 
CONF-67052 1; f !oRographs on U n c l e a r H e d i c m e a n d 
B i o l o g y , Wc. 2 ; P a r t o f K o r n b e r g , H .A. a n d 
Elorwood, W,D. ( E d S s ) , P r o c e e d i n g s c f a Sycgposium 
on t h e D i a g n o s i s a n d T r e a t m e n t o f D e p o s i t e d 
R a d i o n u c l i d e s h e l d xn B i c h l a n d , H a s h i n g t o n , ^ a y 
1 5 - 1 7 , 1 9 6 7 , ( p . 593"599) t f 680 p . 

T h r o u g h 1 
r f an fo rd t 
w i t h p l u t 
p l u t o n i u m 
t h e ' ^ e c a s 
f o r 78 13 
a d s i a x s t e 
r e s u l t e d 
t h a n o r e 
w e r e e v a l 
50%. Som 
t o a x r b o r 
t h r o u g h 1 
c a s e s r e s 
g r e a t e r t 
m h a l a t i o 

966 t h e r e h a v e b e e n 
h a t w e r e p o t e n t i a l l y 
e m u s , H e a s u r e a b l e 

h a v e fce^n d e t e c t e d 
e s . S u r g i c a l e x c x s i 
9^) o f t h e c a s e s and 
r e d a c h e l a t i H g a g e r 
IB d e p o s i t i o n e v a l u a 
g u a l t o o f t h e HPBB, 
u a t e d a t g r e a t e r t h a 

1 ,000 c a s e s o f a c e 
ne p l u t o n i u m h a v e be 
= 6 6 . Of t h e s e o n l y 
u l t e d i n d e p o s i t i o n 
han o r e g u a l t o ^0%, 
B c a s e s h a v e b©@n ad 

201 i n j u r i e s a t 
c o n t a m i n a t e d 

q u a n t i t i e s o f 
m 123 {62%) of 
on was p e r f o M @ d 

12 |6%| w e r e 
t - E l e v e a c a s e s 
t e d a t g r e a t e r 

f o a r o f w h i c h 
n o r e q u a l t o 
i f l e n t a l e x p o s u r e 
en r e c o r d e d 
93 C§^) o f t k e 
e v a l u a t e d a s 

N i n e 
i m i s t e r e d a 

c h e l a t i n g a g e n t . Pif-^-y p l u t o n i i i o i n h a l a t i c a 
i n c i d e n t s i n v o l v i n g a p p r o x i m a t e l y 100 p e r s c n s 
o c c u r r i n g a t h a n f o r d o v e r a t w o - y e a r p e r i o d 
w e r e e x a m i n e d i n d e t a i l . The r a t i o of t h e 
number o f p e r s o n s e x p o s e d t o o l u t o i i u ® m an 
c s i d e fotfH t o t h e n u m b e r o f p e r s o n s e x p o s e d 
t o p l u t o n i u n m a n i t r a t e f o r i was 10 t o 1 . 
S e v e r a l t y p e s of d a t a a r e b e i r g c o l l e c t e d t o 
a s s i s t i n e v a l u a t i n g i n h a l a t i o n c a s e s m 
which t h e p l u t o n i u n i s i n a r e l a t i v e l y 
i n s o l u b l e f o r m . P a r t i c l e s i z e s t u d i e s a r e 
made o f p l u t o n i u s c o l l e c t e d on a i r s a m p l e s 
f i l t e r s and on n a s a l S E t e a r s . A l s o f e c a l 
s a m p l e s a r e o b t a i n e d . U t i l i s i n g t h e ICHP 
Lung l o d e l a n d t h e s e d a t a i t i s o f t e n 
p c s s i b l e t o o b t a i n a p r e l i m i n a r y e s t i m a t e c f 
t h e l u n g b u r d e n and t h e u l t i m a t e b o d y b u r d e n 
w i t h m a wpek o r t w o . I f a v a i l a b l e d a t a 
s u g g e s t s t h a t t h e d e p o s i t i o n o f Pu v i a b r e a k 
m t h e s l c m s a y e x c e e d 0 . 0 1 u C i Pu 2 3 9 , a 
t e o s p o r a r y work r e s t r i c t i o n p r e c l u d i n g f u r t h e r 
work w i t h p l o t o n i u ® o r o t h e r b i o l c g x c a l l y 
s i m i l a r r a d i o n u c l i d e s w i l l be i s s u e d u n t i l a 
f o r a a l e v a l u a t i o n c a n be c o i p l e t e d . I f t h e 
d e p o s i t i o n i s e v a l u a t e d a s e x c e e d i n g 0 . 0 2 u C i 
Pu 2 3 9 , a p e r i a n e n t work r - ^ s t r i c t i o n i s 
r € c o a m e n d e d . T h i s w c r k r e s t r i c t i c n woyld 
a l s o p r e c l u d e f u r t h e r e x p o s u r e t o p l u t o n i u m 
o r b i o l o g i c a l l y s i m i l a r a a t e r i a l a n d p r e c l u d e 
o r l i i i t f u r t h e r e x p o s u r e t o e x t e r n a l 
r a d i a t i o n a s w e l l . C l o s e l i a i s o n b e t s e e o 
r a d i a t i o n p r o t e c t i o n a n d m e d i c a l p e r s o n n e l 
w i l l c o n t i n u e f o r s e v e r a l w e e k s , s o n t h s o r 
even year<5 xn t h e e x t r e m e c a s e s , (Auth) 

<39^> 
L l o y d , E , ^ a n d J . H . M a r s h a l l ^ A r g o n n e N a t i o n a l 
L a b o r a t o r y , R a d i o l o g i c a l P h y s i c s D i v i s i o n , 
A r g c i s n e , I L . 1972 

T o x i c i t y o f P l u t o n i u ® 239 S e l a t i v e t o R a d x u i 226 
xn Han a n d 0 o g . P a r t c f S t o v e r ^ B » J - a n d J e e , 
i ^ . S . S . ( E d s - I , a a d x o b x c l o g y o f P l u t o n i u i . J . ^ . 
P r e s s , S a l t Lake Cx ty^ 0 t a h , CP- 3 7 7 - 4 0 8 ) , 552 
p« 

The relative biological effectiveness cf Pu 
239 compared to Ea 226 xn lan caEnot be 
regarded as being egual to that which has 
been found experiientally in dogs because cf 
the different distribution patterns of the 
two isotopes and the very xiportant 
differences in bone structures between sar 
and dog. Some of the factors affecting the 
relative tosxcities ares Ĉ ) The 
surface/volume ratio of bone axneral xn 
trabecular bone of the dog was found tc be 
higher than the corresponding values xn man 
by about a factor of two. (2) The burial 
rate of surface deposits of Pu 239 m a 1.5 
year-old dog xs at least an order of 
aagnitiide greater than in an adult man. This 
burial rate in dogs appears to be crxtisally 
dependent on age and decreases rapidly after 
the age of 1.5 years, the age at which most 
of the toxicity studies have been performed, 
(3) The percentage of the marrow volisme 
irradiated by alpha-emxttmg bone surface 
seekers xs higher xn the dog-about 25% 
ccipared with about 10% in man. 0} The 
higher proportion of bone voluie per unit 
volume of the vertebrae in the dog—about 35^ 
as cofspared with 25% in paa-^aj ̂ ake the 
vertebrae xn adult man sose vulnerable to 
bone damage* All of these factors would l^ad 
one to expect differences in the hazards froi 
Pu 239 aBd Ra 226 in aaa and dog. The first 
two factors would suggest that tha relative 
tcxxcxty of Pu 239/Ra 226 aay b@ greater xn 
man thaa m 1.5 year-old dog. (Auth) 



'̂ 0'̂  IT S'̂ tt̂ G, r^ES^n-'̂ f^-TjT AND A^ALY^"'" 

Mdtioral Env r o r s e n t a l Pesear-^h Cen te r , Las 
yoga's, NY; ^ r v a l a o o ^ r a t i o n s n ^ f i c e . Las Vegas, 
^n. 197a, -^ec^mbe^ 

" i f rs i te burv^illanc*^ abound the Ne^vada "^est 
S.^t'^, Joly-t*ecemb«>r, 1^7* .̂ Rad ia t ion Data and 
Rfpor tg , 1'=(12), a 0 2 - 8 i 7 . 

'J'ritium r*=leased by th-^ J u l y through December 
1970 t l a r i n a o p e r a t i o n s a t Pro-]Gct ^ a l i s o n 
was d e t e c t e d m a l l t v p e s of envi ronmenta l 
samples ccllf=Gt<=d on th® ground i n o f f s i t e 
ars^ds except for i i l '<: , w a t e r , food , food 
c r o p s , cow feed , u r ^ n e , and animal t i s s u e . 
T l " h i g r e s t conc«n-^ratioB of krvpton-85 m 
a i r sas l e s s t ha r 0.05 prec^n* of the AEC 
s t anda rd , and *he h i g h e s t t r i t -" urn 
c o n c e n t r a t i o n -v n a i r s a n c l e s ^as l e s s than 
0.5 DPrC'='rt of t h e ASC s t a r d a r d . The only 
ĴTS ev*nt •'"hat relea=?ed r a d i o a c t i v i t / i n t o 

zh^ oCfsitf ' envi ronnent during t h i s r e p o r t i n g 
per iod was Baneberrvj or Dece^sber 18, 1970. 
A suBi^ary i s ^iven ot t hp combined e s t x ' i a t e s 
of h y p o t n e t i c a l ^n-^ant t h v r o i d doses which 
were c a l c u l a t e d -Prom measured c o n c e n t r a t i o n s 
of a i rDorn^ •^adioiodine, c o n c e n t r a t i o n s of 
r a d i o i o d m e ip m-* iv^ and e x t e r n a l gamma 
r a d i a t i o n e x p o s u r e s . I t i s seen tha t t h e 
combined thy ro id dose^ wer® below 3.5 rera, 
tn^ r a d i a t i o n p r o t e c t i o n s t a r d a r d for t h y r o i d 
doses t o a r e p r e s e n t a t i v e popu l a t i on sample. 
'T'ne h i g h e s t ^s t i -^ated t h y r o i d dose for 
^anf=5berry isas fo r the sheepherd^rs who were 
working between i^ur^Ka and Duckwater, Nevada, 
and us ing srow for cooking and d r i n k i n g . 
Although no snow being us^d by t h e h e r d e r s 
was cc l l f^c ted , m-^ei-ence froni samples 
c o l l e c t e d around the a r ea suppo r t s a t h y r o i d 
lose e s t i i n a t e of 0 .5 rem p lus or minus a 
f a c to r Q-p ^, which ^s w i t h m the r a d i a t i o n 
p r o t e c t i o n s t a n d a r l of 1.5 r e ^ t o the thyroj.d 
of an i n d i v i d u a l wi^nm the g e n e r a l 
p o p u l a t i o n . (Autnl 

<̂ «>7> 
Alexarder , ^^'^.g Pan t e s P l a n t , A e a r i l l o , TX, 
197a, ^ay 1 

^nv^ron^enta i f^onito^mg Report fo r Pant^x Pl^^rt 
Covpring 197^. nhSn^-'^U-lli =9 p. 

An env iEon i^n t a l moni tor ing program has been 
•establ ished for the^ Paistex P l an t which 
invo lves a i r , w a t e r , s o i l and v e g e t a t i o r 
samplings ani a n a l y s i s . Although Panted 
P lan t opera txons invo lve t h e haBdliag of 
s i g n i f i c a n t guantx'^xes of uranium, p l u t o n i u E , 
t r i t i u i and t o x i c m a t e r i a l s , s a f egua rds have 
precluded p o t e n t i a l l y hasardous r e l e a s e s cf 
t h e s e m a t e r i a l s . Re lease of m a t e r i a l s has 
been r e s t r i c t e d t o smal l amounts of n a t u r a l 
u r a n i u i dep le t ed in t h e i so tope 0 235 dur ina 
o c c a s i o n a l e x p l o s i v e s t e s t f i r e sho t s and 
t r i t i u m which might be found m the ^oca l 
environi^^nt a t s l i g h t l v h ighe r thaa 
background l e v e l s . C o n c e n t r a t i o n s of t h e s e 
r a d x c n u c l i d e s ^er^ wel l below t h e accepted 
AEC c r i t e r i a . (Auth)(RAF) 

<398> 
Ames, L . L . , P a t t e l l e Fe so r^a l I n s t i t u t e , P a c i f i c 
Northwpst l a b o r a t o r i e s . Water and Land Resources 
Department, R ich land , WA. 197ij, February 

C h a r a c t e r i z a t i o n of Ac t in ide ^ea r ing S o i l s : Top 
S ix ty Cen t imete r s of 216-2-9 Enclosed Trsnch. 
BNSL-1812; 74 p , 

ilnder pre-1Q65 waste d i s p o s a l p r a t i c l e s a t 
rianford c e r t a i n a c ^ i n i d e - n e a r i n g s o l u t i o n s 
were d i s cha rged t o ^he s o i l in covared t r ench 
f a c i l i t i e s , A«g. 21^-^-9= A program t o 

<396> 

'cxaaine the soil-ac*iDide rela*'icnsnip m 
sediments fros! a disposal facili-̂ y was 
initiated. Soil nounts were made of soil 
recovered from a core or an uncontaamated 
well drilled alongside the 2-9 trerch. The 
uncontamirated mounts shoy^d tnat the less 
tnan 3C mesh soil was composed of 
predominately seta-ncrphic rock fragments cf 
toe Belt Series, Irought dcwn trcm northern 
Washington and Idano by the ancestral 
Columbia River, Two ^-mcn diameter cores, 2 
feet in length, were taker from the rloor ĉ  
2-9 trench. Overlying one of these cores 
C^-11), was a sludge layer of silicd, alumina 
and -sater- The core (4-5) had no sladge 
layer. At least two types of plutonium w^re 
fcuni m cores U-11 and M-- by 
autoradiographic ard sicroproDe ̂ examination. 
The plutonium particles Cup to 10 us xn 
diamf̂ ter and 60 wt?5 Pur2) were the ^ost 
ccnspicuous fors. '̂ hese occurred near tne top 
of the core 4-11, but extendea down nearly to 
the bottom of core a-5. The second form or 
Plutoniaos occurred m lesser concentraticn 
C<0.4 ^t% Pu02S but was found througnout the 
lengths of both cores associated with 
silicate bydrclysis. Less of alkalies and 
alkaline earths, along with the atsence of 
several metaaorphic minerals found m the 
uncontanmated lounts, indicated extensive 
chemical attacK of soil reck fragsients ^^ 
acidic influent solutions. The Iccaticns cf 
the base of th*̂  silicate aydrolysis zone, and 
associated plutoniai deposition, are 
piesertlf unknown. (Auth) iVH'i) 

•''afcles 12 and 18 show analyses of Pu and 
associated t=legents. 

<399> 
Ealertm, N., C. Beyers, and R, Boalenger, 
Centre d'Etudp d-̂^ l^Energie Sucleaire, Brussels, 
Eelgma. 1965, July 

Pl^toniUH Urinanalysis. BLG-353; 14 p. 

A simple method of urmanalysis, ŝ n̂sxtive 
enough to detect 0.08 dis/mxn of plutonium in 
1500 ml of urine, is described. The method 
ccnsists of a phosphate precxpitatxor 
followed by the destruction of organic 
matters by ashing. An anion exchange is used 
tc separate platoniu® from other remaining 
inorganic ions and the final purified 
plutonium IS deposited or electroplated on 
stainless steel discs and counted in a ZnS 
scintillator. Ter to twenty samples can be 
treated per day by two persons, the resalt 
being obtained three days after the beginning 
cr the analysis. The recovery of about 3 
di./mm of plutonium frcic a litre of urine is 
78 plus or minus 4 percent with 95% 
ccnfidf̂ 'nce, (Auth) 

<400> 
Ekat, I.S-, Tarapar Atomic Power Statxce CCICBJ, 
^nvxEonmental Survey Laboratory, Boisar, 
Maharashtra, India. 1972, Moveisber 

Heed for Environmental Monxtcrxiig for Nuclear 
Irstallations. Indian Journal of Occupational 
Health, 15(1), 8-ia. 

Increased use of radioisotopes for medicine, 
agriculture and industry, fast growth of 
nuclear power production and associated 
nuclear fuel production and reprocessing, 
produce large amounts of radioactive wastes. 
The radioactive gaseous and Ixguxd wastes 
have to be dxsoersed safely xn the 
environments In the envxrcn^ent there are 
®any pathways through which the discharged 
radionuclides can concentrate and reach iian. 
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<400> COMT, 
The H e a l t h P h y s i c s D i v i s i o n (HPD) o f Bhafcha 
A t o i x c R e s e a r c h C e n t r e , which i s a 
c o n s t i t u e n t u n i t o f t h e E e p a r t a e n t of A t o m i c 
E n e r g y , c o n d u c t s s a f e t y n c n x t o r x n g of 
e n v i r o n m e n t a l r a d i o a c t i v e c o n t a i s x n a t i o n f r o g 
n u c l e a r i n s t a l l a t i o n s m t h e c o u n t r y . The 
e n v i r o n i e n t a l p a r a m e t e r s o f i n t e r e s t t o 
n u c l e a r i n s t a l l a t i o n s i n c l u d e s e a s o n a l 
v a r i a t i o n o f w i n d , w a t e r m o v e m e n t , e c o l o g i c a l 
f a c t o r s and d e m o g r a p h y . HPD o r g a n i z e d a n d 
s e t up t h e i ^ n v i r o n s e n t a l S u r v e y L a b o r a t o r y 
(ESL) on b e h a l f o f t h e T a r a p u r A t o m i c Power 
A u t h o r i t y when c o n s t r u c t i o n o f t h e p o w e r 
r e a c t o r s b e g a n . The l a b o r a t o r y a n d f i e l d 
r e s e a r c h c a r r i e d o u t by t h e '^SL t o o b t a i n t h e 
b a s i c f a c t o r s r e q u i r e d t c c o n t r o l 
e n v i E o n e n t a l r a d i a t i o n e x p o s u r e i s 
d e s c r i b e d . I n c l u d e d a r e s t u d i e s o f 
s o i l - p l a n t r e l a t i o n f c r f a l l o u t n u c l i d e s , 
d i e t - u r i n ^ r e l a t i o n -^or f a l l o u t n u c l i d e s f o r 
t h e l o c a l p o p u l a t i o n , a n d s t u d i e s o f 
e n v x r c r r a e n t a l d i s p e r s i o n and r ^ c o n c e n t r a t i c n 
p r o c e s s e s t© d e r i v e ^PC i n s e a w a t s r a n d 
b e a c h e s - (FHH) 

<40 1> 
^ g e n , B . C . , C. A. H e n V e l , C . S , C . W h i t e , a n d G. A, 
M e l f o r d , H e a l t h a n d "Safe ty L a b o r a t o r y , Hew Y o r k , 
m. 1971 

T r i t i u m - i n t a k e m Hew York C i t v . COMF-? 1 0 8 0 9 ; 
P a r t o f l o g h i s s i , A. A. a n d C a r t e r , M-Slo ( E d s . ) , 
P r o c e e d i n g s c f a Symposium en T r i t i u m h e l d i n 
L a s V e g a s , ' a e v a d a , A u g u s t 3 0 - S e p t e i b e r 2 , 1 9 7 1 . 
f l ^ s s e n g e r G r a p h i c s , P u b l i s h e r s , L a s ? e g a s , 
^ v a d a , Cp. 6 3 9 - 6 4 6 ) , «07 p . 

I n a n a t t e m p t t o e s t a b l i s h b a s e l i n e a i o u n t s 
a l l o w a b l e f o r expo«?ure t c t r i t i u m by t h e 
g e n e r a l p o p u l a t i o n t h r e e i n t a k e c a t e g o r i e s , 
d i e t , a i r , and f l u i d s w e r ^ a n a l y z e d f o r t h e i r 
t r i t i u m c o n c e n t r a t i o n . The f o o d m t h e d i e * 
s t u d y was p u r c h a s e d d u r i n g w i n t e r a n d s p r i n g 
1 9 7 0 - 1 9 7 1 . S a m p l e s w e r e f r e e z e - d r i e d t o 
r e m o v e and c o l l e c t l o o s e w a t e r f r o a t h e b u l k 
s a i p l e a n « a s h e d , "^ap w a t e r was d i s t i l l e d t c 
r e a o v e i m p u r i t i e s a n d e l e c t r o l y * - i c a l l y 
e n r i c h e d p r i o r t o c o u n t i n g . M a t e r m t h e 
a i i s i e n t a i r was c o n d e n s e d m a d r y 
i c e - a c » = t o n e b a t h . The c o n d e n s ^ ' d w a t e r was 
a l s o d i s t i l l e d a n d e l e c t r o l y t i c a l l y e n r i c h e d 
DriOE t c l i q u i d s c i n t i l l a t i o n c o u n t i n g * 
D i e t a r / t r i t i u m - " n t a k e v a l u e s w e r e d e t e r m i n e d 
i n 19 f e o d c a t e g o r i e s f c r b o t h l o o s e w a t e r 
and t r i t i u m . SoEne t r i t i u s e n r i c h m e n t was 
o b s e r v e d m t h e o r g a n i c f r a c t i o n o f c e r t a i n 
food c a t e g c r i ' = s . C a l c u l a t e d v a l u e s f o r t h e 
• ^ o t a l t r t nm i n t a > - e m New York C i t y w e r e 
27C0 pCi/<^ay o r 0 . ^ ^ u C / a f o r t h e t h r e e 
modes o f i n t a k e ( d i e t 0 . 6 2 u C i / a ^ a i r 0 . 0 3 7 
u ' ^ i / a a n d f l u i d s 0 . 3 3 u C i / a ) . (HAF) 

D i e t a r v t r i t i u m i n t a k e by f o o d c a t e g o r i e s a r e 
l i s t e d i n T a b l e s 1 - 4 . T r i t i u m c o n c e n t r a t i o n s m 
a i r s a m p l e s ( A p r i l 16, 1 9 7 0 - F e b r u a r y 2 5 , 1971) 
and i n t a p wa-'-e'*- a r e l i s t e d m ' P a b l e s 5 a n d 6 , 

<4o2> 
C a r ^ a g n c , E . G . , ^ o u n d L a b o r a t o r y , M i a i i s b u r g , 
OH. 1 9 7 4 , J u l y 

Mound L a b o r a t o r y ' s P i ^ S u r v e i l l a n c e S y s t e m , 
feASH-13 2 c rNF-*740406 , ^ a r t o f P r o c e e d i n g s of 
t h e 2nd Â Ĉ FnTi ronmen- ' - a l P r o t e c t i o n Symposium 
h e l d m A l b u o u e r g u e , ^ew ^ f e s i c o , A p r i l 1 6 - 1 9 , 
1Q74, V o l . 2 , (P , =^6^ -576 ) , 1151 D. 

? c o m p r e h e n s i v e a i r s u r v e i l l a n c e sys -^es was 
d e v e l o p e d a t i^ourd L a b o r a t o r y - The s y s t e m 
p r o v i d ^ i s f o r s u r v e i l l a n c e of t h e s o u r c e by 
c o n t i n u o u s s a m p l i r g a n d m o n i t o r i n g of s t a c k 
^ m i s s i o n s , "^he t r a n s p o r t c o n d i t i o n s a r e 

c o n t i n u o u s l y m s n x t o r e d a t an on s i t e 
l e t e o r o l o g x c a l s t a t i o n . Hind s p e e d a n d 
d i r e c t i o n a r e m e a s u r e d 160 f t a b o v e g r o u n d 
l e v e l by t o w e r - a o u n t e d m s t r u a e a t s . 
T e m p e r a t u r e s a r e a l s o m e a s u r e d a t t h r e e 
e l e v a t i o n s t o a i d i n d e t e r m i n i n g a t ^ a o s p h e t i c 
s t a b i l i t y . F i n a l l y , c o n c e n t r a t i o n a t t h e 
r e c e p t o r s i t e i s d e t e r m i n e d by c o n t i a u c u s a i r 
s a f o p l m g f o l l o w e d b y s p e c i f i c r a d i o n u c l i d e 
a n a l y s i s , s e v e r a l t y p e s o f s a m p l e s a r e 
c c l l e c t e d a t t h e c o m t m u o u s a x r s a n p l m g 
l o c a t i o n s . Of p a r t i c u l a r i n t e r e s t i s t h e 
c o n t i n u o u s h i g h v o l u m e p a r t i c u l a t e sao jp le 
whose o o n t h l y c o m p o s i t e x s a n a l y z e d 
s p e c i f i c a l l y f o r Pu 2 3 8 . The a n n u a l a v e r a g e s 
o b t a i n e d f o r 1973 r a n g e f rom 1.9 t o 57 
a € x / ^ 3 . A n o t h e r c o i p o n e n t o f t h e a i r 
s u r v e i l l a n c e s y s t e m i s a s m a l l c o m p u t e r w h i c h 
a i l l c o l l e c t d a t a , r e d u c e i t , a o d i f y t h e 
a t m o s p h e r i c d i f f u s i o n e g u a t x o n s , and a r r i v e 
a t a n a t m o s p h e r i c d i f f u s i o n m o d e l f o r ^ound 
L a b o r a t o r y . An u n u s u a l a s p e c t o f t h e s y s t e m 
xs t h e x m p l e a e n t a t x o n o f o f f s x t e s a m p l i n g 
p r o g r a m s t h r o u g h t h e l o c a l p u b l i c n e a l t h 
a g e n c y . (FMM) 

<403> 
C h e e v e r , C . L . , C H . Y o u n g g u i s t , P . H . H i r s c h , 
J . c . Hoh , D.S« J a n e t k a , a n d H.R. F i s h , A r g o n a s 
N a t i o n a l L a b o r a t o r y , A r g o n n e , I L . 1 9 7 3 , J a n u a r y 

E f f e c t s o f H i g h - L e v e l Gaima R a d i a t i o n E x p o s u r e 
of HEPA ^ l i t e r s , CONF-720823 ( V o l , 1 ) , ^&^t ct 
F i r s t , a .W. ( E d , ) , P r o c e e d i n g s cf t h e 1 2 t h AEC 
A i r C l e a n i n g Symposium h e l d xn Oak B i d g e , 
T e n n e s s e e , A u g u s t 2 8 - 3 1 , 1 9 7 2 , ( p . 6 3 8 - 6 4 5 ) , 899 

E v a l u a t i o n of t h e e f f e c t s of s t e p w i s e 
e x p o s u r e o f f i v e 12 x 12 x 6 i n c h BEPA 
f i l t e r s t o Co 60 gaama r a d i a t x c n a r e 
r e p o r t e d . Two o f t h e f i l t e r s h a d g l a s s - p a c k 
s e a l s a n d c a d m x a i p l a t e d s t e e l f r a m e s , t w c 
h a d g l a s s - p a c k s e a l s a n d c h r o m i z ^ d s t e e l 
f r a m e s , and o n e had a p r e s s e d wood f r a s e . An 
a d d i t i o n a l p r e s s e d wood f r a m e f i l t e r was 
t e s t e d a s a n o r - i r r a d i a t e d c o n t r o l . The 
f i l t e r s w e r e i r r a d i a t e d t o n o m i n a l e x p o s u r e s 
cf 1 0 C E * 7 ) , 1 0 C E * 8 ) , 5 X I 0 ( E * 8 ) , 1 0 ( E * 9 ) , 
and 1 .5 x 1 0 ( E * 9 ) R„ At t h e s t a r t and a f t e r 
e a c h p e r i o d o f i r r a d i a t i o n t h e f i l t e r s s e r e 
t e s t e d a t r a t e d f l o w t o d e t e r m i n e t h e p e r c e n t 
p e n e t r a t i o n c f c o m p r e s s e d a i r g e n e r a t e d DOP 
a e r o s o l . The f i l t e r s w e r e t h e n s t r e s s e d a t 2 
t c 3 t i m e s r a t e d f l o w and t h e p e n e t r a t i o n 
t e s t s w e r e r e p e a t e d a t r a t ^ d f l o w . T s c o-? 
t h e s t e e l f r a m e f i l t e r s w e r e i r r a d i a t e d i n 
i r r a d i a t e d i n an a r g o n a t m o s p h e r e a n d t h e 
e t h e r f i l t e r s w e r e i r r a d i a t e d m a i r . A l l 
t e s t s showed a c c e p t a b l e ( l e s s t h a n 0.03%) 
p e n e t r a t i o n r e s u l t s . T h e r e was no 
s i g n i f i c a n t c h a n g e m p e n e t r a t i o n e x c e p t a s 
m e a s u r e d i n t h e l a s t s t e p f o r f i l t e r n u s b e i : 
f o u r , ^ l a t s p o n g e r e o p r e n e and P¥C g a s k e t s 
w e r e a l s o i r r a d i a t e d m b o t h a r g o n and a i r a s 
a b o v e . The e f f e c t s w e r e m e a s u r e d by 
o b s e r v a t i o n , l e a k r a t e m e a s u r e m e n t s , and 
s h o r e d u r o a e t e r h a r d n e s s t e s t s . The n e o p r e a e 
g a s k e t s w e r e p r e f e r e d , a l t h o u g h t h e y b e c a m e 
n a r d . T h e P^C g a s k e t s became t a c k y a n d w e r e 
u n a c c e p t a b l e . The HE^A f i l t e r s c o n t i n u e d t o 
pe r fo r i ! ! a c c e p t a b l y a f t e r i r r a d i a t i o n t c l o s e 
t h a n 10 (E*9) R of Co 60 gamfia r a d i a t i o n , 
(Auth) 

<404> 
C l e a e n t e , G . F . , C o m i t a t o U a s i o n a l e p e r I ' E n e r g i a 
K u c l s a r e , E n v i r o n m e n t a l R a d i o a c t i v i t y 
L a b o r a t o r y , Rome, I t a l y , 1973 

A C o o i p a r i s o n o f C a l i b r a t i o n T e c h n i q u e s f o r t h e 
A s s e s s m e n t o f P l u t o n i u m 239 Lung B u r d e n s . 
COMF-730345 ( P a r t 2 ) ; P a r t o f F e i g e , 1. ( E d . ) , 
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<40a> 

<404> com?. 
Proceedings of the Regional Syaposxum ©a 
Eadiation Protection held m Jerusalei^ I s r a e l , 
Harch 5-8, 1973 (p. 805-819). 

In the leasure^ent of subjects contaiinated 
with Pu 239 the cal ibrat ion procedure 
presents many d i f f i cu l t i e s because of the 
very low energy of the x rays considered. 
The attenuation of the ?u 239 x rays escaping 
from the chest shows a strong dependence upon 
body sise of the subiects^ The Pu 239 
counting equipment used consists of a tmn 
crystal composed by a 125 mm s OaS ss Hal(Tl) 
c rys ta l , optically coupled to a 125 B® S 50 
mil CsI(Na) c rys ta l . The two crystals as® 
connected to a pulse shape discExminatxon 
syste i . "̂ he resu l t s obtained by using the 
two following cal ibrat ion technigues are 
compared- a) the seasureient of thxn sources 
of PU 239 localized in different positions 
inside the lungs of a t issue equivalent 
phantom and the measuretsnt of three human 
volunteers of very different body sxse , who 
inhaled an aerosol labelled with Pd103 as a 
simulator of Pu 239. The resu l t s obtained 
show that the cal ibrat ion factors obtained on 
subiects of very different body buxM s s l l 
vary of about a factor of five. As a 
consequence, if a phantoia calibration xs 
employed, a correction factor has to fee found 
which wi l l take into account the variat ions 
m the response of the ccunter due to the 
different body size of the subjects. In 
addition, the variation cf the response of 
the counter has been studied as a function of 
both the position of the crystal on the 
subject and the individual boSy s ize , (Auth) 

<40 5> 
Delafieldff H.J,, J,A, Dennis, and J,A.B. Gibson, 
United Kingdom Atomic Energy Authority, Atomic 
Energy Research Establishment, Harwell, England, 
1973, Hoveoiber 

Nuclear Accident Dosimetry. Part 2, Dose 
Assessraen* Procedure. AEHE-R-7486s 29 p. 

This report •'s one of three associated 
reports dealing with nuclear accident 
dosimetry, Detail^^d operational instructions 
on methcds cf dose assessment for the United 
Kingdom Atcmic Energy Agency personnel 
c r i t i c a l i t y dosimeter and the ins ta l led Np 
237 dosimeter are provided. The areas 
xncluded m th i s report ar̂ ^ general 
procedures for making a dose assessment, 
personnel monitoring, dosimeter measurements, 
body measurements, derivation of doses from 
dosimeter measur«=^ents and estimation of 
doses -Prom blood, hair and clothing 
•aeasureiBents. I!os« estimates arrived a t by 
different methods require interpretat ion and 
corrections for par t icular accident 
circumstances. (RA )̂ 

The appendix gives measuring equipment and 
calibration procedures, and radiochemical 
ara lys is procedures. 

<406> 
Doiguirevp ^ . I . , G.H. Ka^danovsky^ H,¥. Porozov^ 
and V,H, Shamov, In s t i t u t e of Badiation Hygiene, 
Lenxngrad, USSR. 1974, February 

Monitoring of Low-Energy K-Bay Radionuclide 
Content m Human Body, cOHT-730907 (Part 2); 
Part of Snyder, W.S. (^d.) . Proceedings of the 
3rd International Congress of the lEPA held m 
Washington, D.C, September 9-14, 1973^ (p. 
957-962) , 14̂ =̂  p. 

A 15 cra-dia C,1 cm *hick ^al detector and an 

Ar-CH4 progoEtional counter Mxth a 300 ci2 
window trere ?is@d for in vxvo measurements cf 
Pb 210, Pu 239 and M 241 content xn human 
body. The subject*s background was 
deterimend fron the cortglatxon of the 
counting rates xn two channels, e.g. for Pb 
210: 30-55 and 100-150 kef, respectively. 
The detectors were calibrated on an 
anthropomorphous phantom with the thickness 
of the t issues absorption layer varying frem 
zero to 4 cm. Calculation methods for 
nuclxde content xn c r i t i c a l organs and cases 
xllustratxng dxfferent types of radxonuclide 
distr ibution m human body are given. (Auth) 

<407> 
Duba, A., A.E, Abey, and H,C, Heard, Lawrence 
Livermore Laboratory, Liveraore, CA, 1973^ 
November 

Hxgh Pressure Elechanical Properties of an Area 
12, Nevada Test Site Tuff. 0CID-16377s 20 p. 

The mechanical properties of tuff from 
instrument hole !JG3, tunnel U12e,06 at the 
Nevada Test Site have been investigated to 
1400 MPa. The shear strength increases frcs 
about SHPa unconfined to 12 fiPa at 300 SPa 
aean pressure. A brittle-diictxle transition 
was indicated at about 280 HPa. In 
unilateral strain, the sajgple loads to the 
vicinity of the failure envelope and then is 
parallel to that envelope up to the highest 
stresses, 420 MPa. Hydrostatic pressure cf 
1400 HPa produces about 9̂  volume compression 
and 1.3^ Permanent compaction m tnxs 
apparertly saturated taff« (Auth) 

<408> 
Eakirs, J,D., and A.E, Lally, Onited Kingdom 
Atomic Energy Authority, Atomic Energy Research 
Establishment, Harwell, England. 1972 

Simultaneous Deteramaticn of Plutonium Alpha 
Activity and Plutonium 241 m Biological 
'Materials by Gel Scintillation Counting. 
CONF-710991 (Part 2); AERE-R~6640; Part of 
Crook, ^.A- (Sd.) , Proceedings of a Sysiposui on 
Liquid Scintillation Counting held xn Brighton, 
United Kingdom, September 13-16, 1971. Heydens 
and Son, ltd., London, England, (p. 155-165). 

The method described utilizes a simple gel 
scxntxllaticn counting technique 
simultaneously to determine both Pu alpha 
activity and Pu 241 m a two-channel Packard 
Tricarb Hodel 3214 liquid scintillation 
spectrometer. By using the procedure given, 
alpha-emitting Pu at the 1 pCi level and Pu 
2M1 at the 10 PCX level of activity can be 
adeguatelv detected. (LK) 

<409> 
Fowler, E.B., R.O. Gilbert, and E.i. Sssmgtcn, 
Los Alaaos Scientific Laboratory, Health 
Division, Los Alamos, MM, Battelle "̂ eiorial 
Institute, Pacific Northwest laboratories. 
Systems Department, Richland, WA. 1974 

Sampling of Soils for Eadioactxvity: Philosophy, 
Experience^ and Results. LA-0E~74-1339; 
CONF-740921| Part of Proceedings of the 
Atmospheric-Surface Exchange of Particulate ard 
Gasecus Pollutants Syaposium held m Richland, 
Ssashmgton, September 4-6, 1974, (15 p.). 

In nany cases, the sethcds of sampling a scil 
matrix have not received tne a-*-tention 
required when data derived therefroE are tc 
be applied to problems associated mth 
analyses for radxonuclides. The xiport or 
the soil surface as one ultimate receptor. 
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<409> rOMT. 
and hence source, o-̂  particulate debris in 
tne atmospbere-sur-^ace exchange system xs 
discussed^ A review xs given of aspects of 
one approach to sampling of soils which has 
proved successful m a study of extensive 
areas where contaimation with plutonxui 
exists at a wde range of levels. The 
practical application of the work is reported 
as well as data identifying one source term. 
The development and field application of 
sampling techniques based on a designed 
random sampling scheme and on knowledge of 
contaminant d stributxon are discussed. 
Typical results from participating 
laboratories are presented which indicate the 
degree of success p»xperxenced when the 
approach described is used to obtain data 
relative to inventory, horizontal and 
vertical distribution, and species of 
radionuclide. Problems associated with the 
requirement to obtain a "most probably 
represf^ntative sassple" as well as the need 
for a common expression of extent of 
contaminant, are emphasised. The particle 
problem as its relates to sampling, analyses, 
and interpretation cf data is discussed. 
(Auth) 

Figure 14 shows variation of Pu concentration 
with depth at Ar«̂ a 13, Nevada Test Site. Figure 
11 shows laboratory certificate of Pu 239-240 XB 
large meat samples, figure 8 shows an 
autoradiograph demonstrating variation of 
particle sizes (Paloiares soil). 

<410> 
Freiberg, K.J., and C,G. Saynes, Dow Chemical 
Company, Hccky Flats Divxsicm, Golden, CO, 1974 

Emission ^onitcipg Systems for Plutonium 
Facilities. RFP-2216; COMF-740807| part of 
Proceedings of the 13th AEC Air Cleaning 
Syssposiû  held m San ''̂ 'rancisco, California, 
August 12-1^, 1974, (10 p.), 

Tne primary purposes of oionitorxng gaseous 
effluents are to insure that environmental 
discharges conform tc specified guidelines 
and to evaluate the performance of the air 
cleaning system, '''he paper describes a 
system at a plutonium facility, whose 
important characteristics ares 1, continuous 
monitoring with central readout of the 
amounts o-** radioactive and chemical 
pollutants, 2. extensive fixed sample 
collection, and 3. measurement of the total 
effluent volume. Also described xs a 
technique for in-service contamination 
surveys of filter plenums. The system meets 
the requirements set forth in the ^̂ Mxnxmum 
Design Requirements for New PlutosiuE 
Facilities." CAuth) 

<411> 
Hankms, D.E., Los Alamos Scientxfic Laboratory, 
Los Alamos, NH» 1974, February 

Progress in Personnel Neutron Dosimetry. 
COHF-73C9Q7 (Part 1); Part of Snyder, M.S. 
(Fd.), Proceedings of the 3rd International 
Congress of the IRPA held xn Washington, D.C,^ 
September 9-14, 1973, |p. 515-527), 1475 p. 

The gaper reviews recent progress in 
personnel neutron dosx^etry« A survey of the 
various albedo-neutron dosxietry systems that 
have been developed shows the advantages and 
disadvantages of each of the systems. The 
energy dependence of the albedo-neutron 
dosimeters xs rather poor, and the effect of 
this on their accuracy and usefulness xs 
discussed, ^issxcn-frag^ent damage to 

polycarbonates has teen studied extensively, 
Mxth ojost investigators using the 
spark-counter technique fcr evaluation- A 
survey xs made of the systems currently m 
use, and the probleis associated with thexE 
use are discussed, including sensitivity, 
evaluation time, and exposure of the wearer 
to the fissionable material. At present, 
three O.s. laboratories are known to be 
routinely using fission-track dosiietess on 
personal^ Argonne National Laboratory xs 
using a a 235 system with iica foils. 
Hrookhaven National Laboratory xs usxng 
thcEiui and a polycarbonate foil and Oak 
Ridge National Labortory xs usxng a finger 
ring of thorxum and polycarbonate foil, ®ith 
spark counting for evaluatxon. Other systems 
under study but net yet xn practical 
applicatxon are dxscussed briefly and include 
thermally stxnulated exoeiectron emissxcn 
(TSSE) , direct response of 
thermoluaxnescent-dosxmeter (TLD) materials 
tc fast neutrons, and the response TLD 
materials to recoil protons, (Auth) (FKM) 

<412> 
Hardy, S.P., Jr., Health and Safety Laboratory, 
Envxronmentai Studies Division̂ p New York, Nf. 
1974, October 1 

Fallout Program Quarterly Suiiary Report, June 
1, 1974 through September t, 1974. HASL-286; 
1S9 p. 

The report presents current data from the 
Health and Safety Laboratory (HASL) Prograi^ 
The Institute of Nuclear Science xn Taiwan, 
and th© National Badiation Laboratory in New 
Zealand, Three articles have been selected 
fcr inclusion xn the data base. The xnitial 
section consists of interpretive rejorts and 
nctes on depth distribution of artxficial 
raaionuclides (SE 90, Cs 137 and Pu 239, 240 
xn soil, alpha coatrxbutica to beta 
background, global deposition of Sr 90 
through 1973, fallout plutonium 239^ 240 m 
diet, strontium 90 m huian bone, sedisent 
sampling near Mound Laboratory to obtain 
information about the geochessical behavior of 
Pu in a freshwater system and ocean vs. land 
strontium 90 fallout. Subsequent sectiens 
include tabulations of radionulide levels m 
fallout, surface air, milk, diet^ and tap 
water environiental radioactivity surveys 
from nuclear power plants xn North Taiwan and 
eavxronaental radioactivity surveys from Hew 
Zealand. A bibliography of recent 
publications related to radionuclide studies, 
is also presented. (Auth) (FMi) 

Part 1, Table 1, shows fallout Pu 239, 240 m 
food m Mew York in 1972, Part 3, Table 8 shcis 
the total beta activity, 0, and Sr 90 
concentration m ®ell water at Chienhua, Taiwan. 

<413> 
Healy, J.M,, and i.J, Smith, Los Alaaos 
Scientific Laboratory, Los Alaaos, nn, 1974, 
Septsaber 

Contaixnation Limits for Real and Personal 
Property, Progress Report for the Period of 
January-June^ 1974. LA-5726-gEs 5 p. 

A progress report summary is given for work 
performed at Los Alaaos Scientific Laboratory 
to establish contamination Ixmits for real 
and personal property, Prxsary attention ^as 
aevoted to the question of aurfac© 
cGntasination and transfer of this 
contamination to the body or other objectSa 
iodels, liow@¥er general^ must h^ d@EX¥@d tot: 
the uses of the various types of objects of 
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<413> 

<413> CONT, 
i n t e r e s t , and t h e s e must t e r e l a t e d t o 
t r a n s f e r s of c o n t a m m a t i c n apd r e s u l t i n g 
modes of contaairc»t^on« Work c o s t i n a e d on 
a p p l i c a t i c R c^ t h e pgua t ions and program for 
tn© Wang ^00 c a l c t i l a t o r m d e s c r i b i n g t h e 
r ^ s p r n s e cf th« FIDL^^ t o v a r i o u s 
c o n f i g u r a t i o n s o-̂  plutonium and amerxciua m 
s o i l s , A review of a p e t i t i o n on plutonxuE 
l i m i t s Dy *he Na tu ra l Resources Defense 
Council and a summary of comments on t h e 
proposed s o i l s t anda rd for plutonium a r e 
i n c l u d e d . (BBMl 

<414> 
j^ealy, J . w , , and W,J. Smith, Los Alamos 
S c i e n t i f i c Labo ra to rv , Los Alamos, ^^. 1974, 
Ju ly 

Contamination l i m i t s for Real and P e r s o n a l 
P r o p e r t y . WASF-1332; COW-740405| Par t of 
Proceedings ot t h e 2nd A'C Environmental 
P r o t e c t i o n Symposium held i n Albuquerque, Sew 
Mexico^ Apr^ 1 16-19, 1974, Vol. 2, (p, 705 -713) , 
1151 p . 

Th-a proj«'Ct o^ d e r i v a t i o n of con tamina t ion 
l i m i t s a p p l i c a b l e t o r e a l or persona l 
p r o p e r t y was i n i t i a t e d t o propose and j u s t i f y 
o p e r a t i o n l i m i t s which apply to the r e l e a s e 
or s a l e of p rope r ty which has been used i n 
worK a r e a s w^ere ra -^ ioac t ive m a t e r i a l s a re 
p r e s e n t . The inx*"ial e f f o r t m thxs s tndy 
was a d e r i v a t i o n of a proposed s t a n d a r d for 
g l u t c n x u i m s o i l s . In g e n e r a l , t he maximum 
p e r m i s s i b l e body burden der ived a t t h e Chalk 
River Conference and r e v i s e d for 
non-occu©at ional exposure and *hp ICBP-HCRP 
v a l u e fo r dose t o *he lung of an i n d i v i d u a l 
was adopted, '^h^ primary mode of plutonium 
i n t a k e f rc^ s o i l s i s i n h a l a t i o n , 
Conside^rable a t t e n t i o n was paid t o 
resmspen'Sior from ^he s o i l cy a tmospher ic 
d i s p e r s a l and d e p o s i t i o n and mechanxcal 
d i s t u r l a n c e . A verv crud^^ model was der ived 
t o d e s c r i b e p a r t i c l e d e p c s i t i o r a s a func t ion 
of wind speed, p a r t i c l e s i z e , s u r f a c e 
roughness and a tmospher ic s t a b i l i t y . 
Local ize^ resasp«=ns^on was e s t i i a t e d by ti&i^g 
thŝ i tB|;^g^gpess3_0j^ f a c t o r " a l though i t i s not 
compl'^tely s a t i s f a c t o r y . The reco iaended 
i n t e r i m s t a r d a r d for plutonium i n t h e s o i l 
proposed i s 500 dgm per gram m l e s s than IOC 
UB p a r t i c l e s i z e . A l i m i t a t i o n of a t o t a l of 
1000 dpm per gram in a l l p a r t i c l e s i s e s 
should l i i i t p roduc t ion cf small s i z e s by 
wea the r ing . This s t anda rd i s ou t for review 
and GQiisent. As a r e s u l t ©f the r e suspens ion 
s tudy and t h e need ^o d e r i v e resuspensxon 
r a t e s f ros r epo r t ed d a t a , t h e o r e t i c a l 
i n v e s t i g a t i o n of response c h a r a c t e r i s t i c s of 
the ^IDI^P irstrujBent f o r Pu and I s 
d i s t r i b u t e d n the s o i l p r o f i l e sas s t a r t e d . 
(BBK) 

This regoEt i s based on LA-^4B2-MS, "A Proposed 
In te r im Standard f o r Plutonium i n S o i l s , " J , 8 . 
Healy, 1974, 

<415> 
Herceg, J . E . , and L . J . Johnson, Los alamos 
S c i e n t i f i c iaboratorVff Los Alaaos, NH, 1913 

The Los Alamos S c i e n t i f i c L a b o r a t o r y ' s 
E r v i r c n i e n t a l Hcni tor ing Programs An Overvxev 
with Suphasxs on Environiaental Dosimetry, 
CONF-711101; Pa r t of Proceedings of t h e J o i n t 
Meeting of t h e American Nuclear Soc ie ty and t h e 
Atomic I n d u s t r i a l Foru^ and n u c l e a r Inergy 
E x h i b i t i o n hs ld m San F r a n c i s c o , C a l i f o r n i a , 
tovembpr 11-15, 1973. Publ i shed i n T ransac t iong 
of t h e A i e n c a n Nuclear S o e i e t y , 17, 541-542, 

The LOS Alaios S c i e n t i f i c L a b o r a t o r y ' s 
e n v i r o n i e n t a l Eoni-f-oring program c o n s i s t s cr 
s e v e r a l r o u t i n e and s p e c i a l subprograms a i s^d 
a t measuring both t h e c o n c e n t r a t i o n s of 
v a r i o u s c o n s t i t u e n t s m a i r , water , 
sed iments , and s o i l s and tne l e v e l s of 
e x t e r n a l r a d i a t i o n m t h e Los Alamos 
e n v i r o n s . Atmospheric sas^ples were c o l l e c t e d 
weekly, and 1972 a n a l y s e s r evea led t o t a l 
a lpha , b e t a , and gamma a c t i v i t i e s . Iodine 
131, t o t a l uraniuai, plutonium 239, and 
aser ic ium 241 were a t normal l e v e l s for 
worldwide f a l l o u t m the nor thern a t i o s p h e r e , 
but tExtiuia and p lu ton iup 238 were somewhat 
e l eva ted m t h e immediate l a b o r a t o r y 
e n v i r o n s . All rad.^cact ive c o n s t i t u e n t s frcm 
water samples were a t t r i b u t e d t o n a t u r a l 
o c c i r t i n g s p e c i e s and worldwide f a l l o u t , 
|BB1) (CTS) 

Data en amounts of Pu were not given out say fee 
found m report, LA-5184. 

<416> 
'mai, T.ff and n, Sakanoue, Kanas«iwa UniversxtYp 
Eadiochesical Laboratory, Department of 
Chemistry, Kanazawa, Japan, 1973, April 

Content of Plutonxus, Thorium and Protactinium 
m Seawater and Becent Coral xn the North 
Pacific. Journal ©f the Oceanographical Society 
of Japan, 29(2), 76-82. 

The contents of plutorxum isotopes (Pu 239 
and Pa 238), thorium isctoges (Th 232, Th 2iO 
and Th 228) and protactinium 231 m seawater 
ccllected m the torth Pacific (IS'̂ O)? the 
East China Sea (196Q) and the Japan Sea 
(1972) were determined. These nuclides were 
sequentially analyzed by alpha-rav 
specttoaetrv after separating the^ usxng 
solvent extraction technigues. The contents 
of Pu 239 in surface seawater ranged from C,6 
tc 1.̂  pCi/1000 1, Pu 23e/Pu 239 activity 
ratios being 0.2 to 0,7. The Th 228/Th 232 
activity ratios for the North Pacific tsaters 
varied b^tw^en 7,6 and 30, whereas the sample 
fEOi the ^ast China Sea showed the ver| hxgh 
value, 65, The contents Q£ Pa 231 were less 
than 6^ of that ir equilibrium witn its 
parent U 235. The analysis of plutonium 
isotopes in recent coral from Yoron Island 
was carried out and it was confined that 
plutoniui isotopes have concentrated m 
recent coral with the concentration factor of 
about 1 to 2 X 1Q(E*3). (Auth) 

<417> 
Klemman, H-T,, and H. L, Volcaok, Health and 
Safe ty LabcEatory, E n v i r c n i e a t a l s t u d i e s 
D l v i s i o r , New York, NY, 1970, Apri l 1 

The Quali ty of Radiochemical Analyses m tne 
h e a l t h and Safety Labora tory SuEface Air 
Sampling Program During 1968, HASL-224| Par t of 
Hard | , E , P . , J r . , F a l l o u t PEogran Quar t e r ly 
Suimary Heport , December 1, 1967 through ^arch 
1, 1970s Cp, 1-9 - 1-13) , 144 p . 

Badiocheaica l a n a l y s e s f c r the su r f ace a i r 
sampling program dur ing 1968 were perfoEied 
for t h e Health and Safe ty LaDoratory |BASi) 
by Tracerlafcff I n c . Three q u a l i t y centEOl 
samples a re submit ted along with each monthly 
shipment , B e s u l t s were t a b u l a t e d for 
ana lyses of the blanks for each r a d i o n u c l i d e . 
It g e n e r a l , t h e s e d a t a i n d i c a t e d low l e v e l s 
of contaminaiiion for mo^t r a d i o n u c l i d e s , 
however th© average Pu 238 blank rose from 
0.04 dpi xn 1967 t o 0,22 dpm m 1968, 
Because the amoiant of Pu 238 found xn su r face 
a i r samples i s f r e q u e n t l y in t h e range ot 1 
dge, t h i s Wank may r e p r e s e n t a s i g n i f i c a n t 
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<«17> CONI. 
f r a c t i o n of t h e t o t a l a c t i v i t f and t h e r e 
appears t o be a l a r g e p o s i t i v e b i a s i n Su 238 
TOlaes fo r 1968. Saaples s a b B i t t e d t o t h e 
c o n t r a c t o r i n 1969 ¥e re prepared Hith a new 
s t anda rd s o l u t i o n and So not e x h i b i t t h i s 
b i a s . I t i s p robab le t h a t t h e poor r e s u l t s 
r e f l e c t a degenera t ion of the Pu 238 s t andard 
s o l u t i o n used for p r e p a r a t i o n of t h e 1968 
q u a l i t y c o n t r o l s a i p l e s . (BBM) 

<it18> 
Kloke, i . , and F. m d w l e g , I n s t i t u t fur 
H i c h t p a r a s i t u r e Pf lasse iHranSthe i ten , B io log i sche 
Bundesans t a l t fu r l and and F o r s t u i r t s e h a f t , 
B e r l i n , Serman Federa l Hepubl io . 1962 

S t roE t iua 90 , Cesiua 137, and P lu ton iun 239 in 
Hay Samples froo 19';3 t o 1961. 
B a t u m i s s e n s c h a f t e n , 49, 65-66. (Seraan , Engl i sh 
Sunaary) 

a e SE 90, Cs 137, and Pu 239 content in hay 
saaples was deterslnad froa 19S3 to 1961 in 2 
locations. Soae Sr 90 and Cs 137 was 
detectable in I?"!!, it increased greatly £roi 
1951 to 1955, then decreased slightly again. 
Peak values were obtained in 1958 and 1959. 
Pluctaatlcns in content corresponded to the 
flaotaations of the two other radionuclides. 
PeaKS of Pa 239 sere reached in 1958 and 19S9 
with 5 to 6 pCi/100 g hay. The Cs 137/Sr 90 
ratio decreased oonsiderahly froi 1953 to 
1961 due to preferred root uptake of Sr 90. 
CH&F) 

<ai9> 
KnoK, J.B., H.a, Tewes, T.?. Crawford, and T.a. 
Gibson, Jr., lasrenoe Sadiation Laboratory, 
Li^ermote, C». 1970, Saroh 2 

Radioactivity Released fro« Onderground Suclear 
Detonations: Source, Transport, Diffusion, and 
Deposition. nCRl-loyiO (He¥. 1); 111 p. 

lawrence Radiation laboratory's K DiTision is 
capable of predicting both the close-in 
external gaima radiation field produced hj a 
subsurface nuclear eicplosios and the 
concentration of airborne radionuclides at 
long ranges, including changes in the 
diffusion of the cloud. The report presents 
the basis of and the aost recent results froi 
*he computational physics models of the 
radionuclides produced (the source), the 
transport and siaultaneous lateral eddy 
diffusion of the radionuclides initially in 
the stabilized cloud (the WTC acdel), the 
developient of the sain nuclear cloud {the 
GS« and TISS05 Bodels), and the 
toH-dinenslonal atmospheric diffusion of the 
initial cloud through a tiie and space 
dependent diffusion environnent (the 2 BPOFF 
lodelj. The calculated results have been 
compared to observed data in crder to develop 
estinates of reliability as well as 
indications cf key areas that need further 
investigation. Seven chapters of the report 
were selected for inclusion in the data base, 
(iuth) (C?=!) 

<«20> 
Krey, P.W., K.E. Pried, and B.J. Schultz, 
Isotopes, Inc., Sestwood, SJ. 196?, August 23 

Operation Boiler Coaster, Prolect Officers 
Beport, Pro-iect 2.3. Fallout Collection. 
WP-2503I s?-2=;gi| 10« p. 

Integral and time differentiated xncremeEtal 
fallout collectors vere ê pos«gd after each of 
the four Boiler Coaster events. Each 

collector exposed a sticky file, tso 
•icEOscop® slides, aad a planchet. The 
planchets sere alpha radioassayed in the 
Project S.la field laboratory and served as 
an index for those stations which saapled 
significant fallout. The sticky filas and 
licroscope slides selected for sabsegusnt 
radiosheiical analysis and special 
particulate studies, respectively, ¥ere 
chosen on the basis of the planchet 
radioassay. Bepositicn contours derived frog 
planohet activities are given. Soil cores 
were taken before and after each event to 
represent high, iateraediate, and low-level 
deposition areas. Only the 0- to 1/2-inGh 
fraction of the cor® was reserved for 
subsequent analyses. (HE) 

pernission received June 20, 1975, via phone 
conversation with Project officer, p.II. Krey, to 
enter as a declassified doouaent rather than as 
originially classified as Official Ose Only 
(CIS). 

<lt21> 
Lippiann, M., leu York Oniversity, Institute of 
Environmental Hedicine, Hew lork. Ml. 1972 

Sespirable Dust Sampling. Part of »ir Saspling 
Instruments for - Evaluation of t̂siospherlc 
Contaiinants, Soaith Edition, (p. a-1 - G-16), 
"=.S8 p. 

Techniques of saipling for the evaluation cf 
the tojiicological insult arising froa the 
inhalation of airborne particles are 
discussed. The hazard fron airborne 
particles varies with their physical cheaical 
and/or biological properties. There are s 
nuaber of aajor subdivisions within the 
respiratory tract (nasal passages, pharynx, 
larynx, tracheo-bronchial tree, alveolar 
region) and the structure, size, function and 
different lechanisas for particle elimination 
are discussed for these. Estimates of 
regional deposition based on living aodel 
calculations are given, farious standards 
and definiticos for respirable dust are 
discussed such as the standards of the 
British sedical Besearch Council, O.S. atoaic 
Energy Ccmmissioa, americaa Conference of 
Governmental Industrial Hygienists and 
British Occupational Hygiene Society. A 
variety of acceptable instruments for saiple 
collection has been proposed, with 
alternative specific indice of concentraticn 
fcr each instrument. Basically there are two 
sasBpler acceptance curves described and they 
have sifflilar but not indentical 
characteristics. Instruments for 
size-selective sampling are described, such 
as two-stage and sulti-stage saaplers. The 
latter are designed to simulate deposition 
within Bore restricted subdivisions of the 
respiratory tract. The liaitations of 
selective sampling and selective samples are 
discussed and the application of the 
instruients ace described. (FBM) 

<S22> 
Machta, L., and K. Telegadas, Environmental 
Science Services idninistration. Silver Spring, 
SD. 1970 

Padioidiae levels in the B.S. Public Health 
Service Pasteurized Bilk Setwork froa 1963-1S68 
and their Relationship to Possible sources. 
Health Physics, 19, «69-»85. 

f^eteorologlcal analysis of the paths of 
nuclear clouds has teen used to assign the 
scurce of radloiodine in the milk saiBples 
collected in the O.S. Public Health Service 
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<422> COUT, 
P a s t e u r i z e d ?!ilk network (PgN) . nost of t h e 
i n s t a n c e s of e l e v a t e d va lues between ^ p r i l 
1963 and December 1968 a r e a t t r i b u t e d t o SIK 
a tmospher ic nuc l ea r e x p l o s i o n s m i ies te rn 
China, Only one of f i v e s r a t e r i n g e v e n t s a t 
the Hevada Tes t S i t e ( i . e . Palangum) caused 
e l e v a t e d va lues m the PSB milk, T¥0 p e r i o d s 
with r e l a t i v e l y low c o n c e n t r a t i o n s of 
r a d x o i d m e xn i i l k possess no apparen t 
e s p l a n a t x o n . By s e l e c t x n g perxods ^ i t h no 
a tmospher ic or c r a t e r i n g e v e n t s , i t i s argued 
t h a t a t mcst s n a i l amounts of r a d i o i o d m e m 
the PKS can be a t t r i b u t e d t o a c c i d e n t a l 
r e l e a s e s from underground nuc l ea r t e s t s xn 
t h e Onited S t a t e s dur ing the per iod of 
a n a l y s i s . Eadxoiodme frog a c c i d e n t a l 
r e l e a s e s , r e a c t o r t e s t s , and c r a t e r i n g e v e n t s 
has been d e t e c t e d xn a l o c a l ran milk neti^orl! 
sur rounding the Nevada Test S i t e , (^uth) 

<42 3> 
Nelson, I , C . , B a t t e l l e Memorial I n s t i t u t e , 
P a c i f i c NoEthwest L a b o r a t o r i e s , E ich land , HI. 
1968; 1967^ l^ay ^ 

T h e o r e t i c a l Excre t ion of Plutonium m tJrine 
Based on t h e New IC^P Lung Model. BHWL-sa-1247; 
CON's^-67052 Is Ponographs on Nuclear medicine and 
Biology^ Ho. 2 ; Pa r t of Kornberg, H.^. and 
Norwood, W,D, <Eds«) , 'Proceedings of a Symposium 
on the Diagnosis and "treatment of Deposi ted 
Rad ionuc l ides held m ^ ich land , Washington, Hay 
1^-17, 1^67, CP- 266-278) , 680 p . 

The new ICRP 1-ung i c d e l i s a s i g n i f i c a n t 
advance m e s t a b l i s h i n g a r a t i o n a l b a s i s for 
i n t e r n a l d e p o s i t i o n s f r o s i n h a l a t i o n of 
r a d i o a c t i v e a e r o s o l s . In t h e c a s e of 
plutcnium n i t r a t e and plutoniun o^ ide , 
e s t i m a t e s cf lung and sys t ema t i c burdens can 
be l ade fro© u r i n e or f e c a l a n a l y s i s fo r 
plutcnium i r -t-he p a r t i c l e s i z e d i s t r i b u t i o n 
a.& known. Less s a t i s r a c t o r y , bu t in some 
i n s t a n c e s adegaa te , e s t i s i a t e s of lung and 
sys te ia ic burdens can be lade at long t imes 
af twr i n t a k e wi thout p a r t i c l e s i z e d a t a . 
Data frcn u r i n a r v a c c r e t i o n of plutoniuis a re 
adequate to t^-stitaate sys temic burden 
r e g a r d l e s s of p a r t i c l e s i z e a t about one 
niorth a f t e r i n t a k e ^or plutonium n i t r a t e and 
a t about cne vea r fo r plutonium c x i d e . 
Care fu l ly per'^ormed a n a l y s i s of feces for 
plutonium o f f e r s c o n s i d e r a b l e i n c r e a s e m 
sensi-*-ivitv over the u r i n a l y s i s method fo r 
t h e e s t i n a * i o n of lung burdens. The 
estiBa-t-ion of body burdens by a n a l y s e s of 
body e x c r e t i o n ^or plutonium has b^en 
s t r i c t l y t h e o r e t i c a l and assumes t h e new Iurg 
molel t c be a c c u r a t e xn a l l respt^cts . In t h e 
absence of exper imen ta l evidence to t h e 
c o n t r a r y i t s re^cossendea, however, t h a t 
t h e s e e x c r e t i o n r e s u l t s be used in t h e 
a s se s smer t ©•* i n t e r n a l d e p o s i t i o n s . Because 
of t t e l a r g ^ dsps^ndency en p a r t i c l e s i s e s , 
e s t i m a t e s o"̂  lung ard s y s t e m a t i c burden 
r e g u i r e b e t t e r cha rac t f^ r i za t ion of t h e a i r 
inha led by t h e wor^fer, fJiuth) 

<4^4> 
!«..elsen, J . ^ . , and T .^ . Beas lev , H»inford 
Laboratori*=s, Chei^ical Labora tory , Hichland, ^ a . 
1Qfb4 

Eddiochemical D'=tormiation cf Plutcnium fo r 
Rad io log ica l Purposes , COf?F-4a8| STI/PUB/84, 
Pa r t of Proceedings c^ a Syg-posiuiD on the 
assessment of Fad iopc t ive Body Burdens m Fan 
held „n He ide lbe rg , G<=rfflany, "̂ av 11-16, 1964, 
Vol. 1, ( p . 24^-2*^0) , 1043 p. 

Tn t h i s paper -i-he procedures t h a t have beer 
and ar» curr«=ntly b®ing used for t h e 

<422> 

deteriinatxon of sicro-axcrogram guantxtxes 
of plutonxui xn biological and envxronmentai 
samples are reviewed. Special eighasxs is 
placed on eTCretioa analysis, Espscted 
UExnary eKcretion rates have been calcnXat^a, 
usxng assumed levels of plutoniui deposition, 
sc that the analytical sensitivities of 
various procedures can fc© compared. Complete 
dissolution of excreta, soil, bone, tissue 
asd vegetation are described with emphasis on 
avoiding th® formation of refractory 
compounds of plutoniua which are soulnble 
with difficulty, analytical setheds fcr 
plutonium analysis of these materials are 
revxewed and include co-precipxtation, 
Ixguid-liguid extraction, ion exchange 
chroiatography and the use of Blutonius 
isotopes for yield deterimation by means cf 
alpha energy analysis, Osxng counting 
statistics, co^parxsons are lade cf the 
sensxtxvities available m low-level alpha 
ccunting, using ionization ckambers, 
proportional counters, diode counters, and 
nuclear track esulsxons, Isotopic analysis 
of plutonium by alpha spectrometry^ nuclear 
esiulsion techniques, and liquid scintillation 
counting are included. The use of 
non-isotopic carriers as a source of 
extraneous activity and the envxronmentai 
levels of plutonium recently encountered 
around the yorld are dxscussed xn connection 
with "blank" sasples. Twc possibilities are 
ccnsidered for future methods of plutonius 
analysis where increased sensitivity is 
required. These are activation analysis acd 
fission fragment counting. Ĉ 'ith) 

<425> 
Not g iven . I n t e r n a t i o n a l a t o n e Energy Agency, 
f i e n n a , A u s t r i a . 1974 

Environmerta l S u r v e i l l a n c e Ground Nuclear 
I n s t a l l a t i o n s . COHF-73111?; STl/PlSB/353, 
Proceedings of a Symposium on t h e Environsieatal 
S u r v e i l l a n c e around *3ucleaE I n s t a l l a t i o n s held 
.;.n i^arsaw, Poland, November 5-9, 1973, Vols . 
1-2, 470 p . 

Tfeo-nundred p a r t i c i p a n t s from 26 member 
s t a t e s and 8 r e p r e s e n t a t i v e s of i n t e r n a t i o n a l 
oxgan i^a t ions p a r t i c i p a t e d in a sysposiun m 
Warsaw sponsored by t h e l^Zl and t h e 
government of Poland. S i s ty -one papers aere 
piesen-t-ed cover ing the o b j e c t i v e s of 
environmental s u r v e i l l a n c e , p r e o p e r a t i c n a l 
i n v e s t i g a t i o n s , environmenta l mon i to r i rg 
procedures m noriaal and emergency 
s i t u a t i o n s , t h e i n t e r p r e t a t i o n of r e s u l t s , 
r e sea rch and suppor t ive s t u d i e s , and examples 
of the e n v i r o n a e n t a l s u r v e i l l a n c e prograsis 
conducted a t s p e c i f i c i n s t a l l a t i o n s - A Sisall 
number o^ papers a e a l t with n o n - r a d i o a c t i v c 
cGntaa inan t s , Three papers d e a l t witn the 
problems a r i s i n g m t h e e s t ab l i shment of 
s t anda rds and der ived wcsicmg l i n i i t s and th-^ 
ope ra t ion of adequate environmenta l 
s u r v e i l l a n c e systems for both r a d i o a c t i v e and 
r c n - r a d i o a c t i v e contaminants t n a t Eight ce 
r e l e a s e d t o t h e e p v i r o n i e n t m the nuc lea r 
i n d u s t r y . I t was eEphasised t h a t c l e a r 
o b j e c t i v e should be s e t l o r anv environiaental 
s u r v e i l l a n c e prograsns m c rae r t c avoid waste 
of r e sou rces m manpower and equipment . Six 
a r t i c l e s were s e l s c t e d for i npu t in*-© thP 
Data Base, (ESF) 

<426> 
Not g iven. Bow Chemical Company, Rocky F l a t s 
D i v i s i o n , Golden, CO, 1973, ^ p r i l 11 

E r r a t a ; annual ^eoo t t - EnvironRental 
Safeguard, 1971. HFP-rNV-7lB ( E r r a t a ) ; 17 p . 
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<426> COMT. 
The Roci<v F l a t s Div i s ion annual env i ronmenta l 
r e p o r t , pFP-S?l¥-7iB) annual Reports 
Snviror.fflental Safeguards 1971, Harch 10, 1972 
con t a ined s e v e r a l t a b u l a r and t y p o g r a p h i c a l 
e r r o r s . These e r r o r s , a l though i n s i g n i f i c a n t 
in terms cf compliance with e x i s t i n g 
pnvl rcnmenta l g u i d e l i n e s , a re I n c o n s i s t a n t 
with t h e high degre-:" of accuracy in r e p o r t i n g 
env i ronmenta l s u r v e i l l a n c e a c t i v i t i e s . The 
r e p o r t r e p r e s e n t s pages 15 though 31 of 
T?FP-EM¥-'7 IB as c o r r e c t e d , the e n t i r e t a b u l a r 
summation cf t h a t r e p o r t i s h e r e i n 
r ep roduced , i nc lud ing d a t a c o r r e c t as s t a t e d 
and c o r r e c t i o n s where necessary* The noted 
c o r r e c t i o n s a r e the r e s u l t of a complete 
r e c o a p u t a t i o n of t o t a l s , a v e r a g e s , p e r c e n t of 
s t a n d a r d s and summations. The accoipanying 
changes in t e x t a re a l s o i nc luded . The 
t a b u l a r da t a r e p r e s e n t s s a a p l i n g at v a r i o u s 
l o c a t i c n s on and off s i t e fo r r a d i o a c t i v e and 
n o n r a d i o a c t i v e s t ack e f f l u e n t r e l e a s e s ; 
average monthly r a d i o a c t i v e a i r sample 
c o n c e n t r a t i o n s on and o f f s i t e ; s p e c i a l high 
voluae r a d i o a c t i v e a i r samples; average 
monthly bery l l ium c o n c e n t r a t i o n s in a i r 
samples on and o f f s i t e ? d u s t f a l l s a i p l e 
summary; water s u r v e y s ; y e a r l y sumiarion of 
sediment samples ; s u r f a c e s o i l a n a l y s e s , 
o f f s i t e c o n t o u r s i and v e g e t a t i o n samples . 
Surveys were conducted toz plutonium, 
uranium, and o t h e r l o n g - l i v e d p a r t i c l e 
r e l e a s e s . (BB^) 

C o r r e c t i o n s to the t e x t and t a b u l a r da ta a r e 
given f c r SFP-E?i¥-71B, annual Reports 
E n v i r o n i e n t a l Safeguard, 1971, ' larch 10, 1972. 

<427> 
tot g i v e n . Health and Safe ty Labora to ry , Hew 
f o r k , HI. 1973, Kay 

Surface Air Sa ip l ing Program, 80th Meridian 
Network^ January through Deceiisber, 1970. 
Rad ia t ion Data and R e p o r t s , 14(5) , 307-312. 

The Health and Safety Laboratory Surface l i r 
Saapl ing Program s t u d i e d s p a t i a l and tempora l 
d i s t r l b u t i c n of nuc l ea r weapons d e b r i s and 
lead in s u r f a c e a i r , Saisples were taken a t 
21 l o c a t i o n s in the western hemisphere fros: 
January t o December 1970 and s e n t to Trape lo 
D i v i s i o n , Bichaond, C a l i f o r n i a , E iphas i s was 
given t c de t e rmina t i on of manganese 54 , i r o n 
55, s t r o n t i u i 90 , c a d s i u i 109, c e s i u s 137, 
cerluis 144, Plutonium 238 and 239-
C o n c e n t r a t i o n s fo r t he se r ad lon i j c l i des were 
t a b u l a t e d fo r each month of t h e year and each 
r e p o r t i n g s t a t i o n . The lenger l i v e d f i s s i o n 
p roduc t s and plutonium 239 c o n c e n t r a t i o n s 
should d e s c r i b e t h e g e n e r a l d i s t r i b u t i o n in 
s u r f a c e a i r in a l l p rev ious n u c l e a r weapons 
d e b r i s t r a n s f e r e d fro® t h e lower s t r a t o s p h e r e 
t o t h e t r o p o s p h e r e d u r i n g t h i s c o l l e c t i o n 
p e r i o d . Most of t h e plutonium 238 was 
d i s semina ted t o t h e s t r a t o s p h e r e dur ing t h e 
r e e n t r v burnup of a SII§.P-9^ power source i n 
1964 which r e l e a s e d about 17,000 Ci of Ps 
233, (BBM) 

<428> 
Peterson^ C,H,, U n i v e r s i t y of Minnesota, School 
of p u b l i c Hea l th , f i inneapo l l s , m, 1972 

a e r o s o l S a i p l i n g for P a r t i c l e s l s e a n a l y s i s . 
P a r t of Kir Sampling I n s t r u m e n t s f o r Eva lua t ion 
of a tmospher ic Contaminants^ Fourtli E d i t i o n , (p . 
F-1 - F - 1 1 ) , 5^9 p . 

The meaning cf the terms particle and 
particle size is discussed and the theory and 
sources of error In sampling as well as the 
basics cf presenting and interpreting 

particle slse data are described. The ters 
"particle" is defined as a saall discrete 
mass of solid or liquid matter, particles 
are generally defined according to shape as 
tc one of the following categories; 
spherical, irregular-cubical, flakes, fxbrcns 
or condensation floes (aggregates). 
Depending on the specific sampling objectives 
and the nature of the aerosol the sample iay 
be drawn from a dynamic air stream or froi a 
near static cloud. In this regard, the state 
of the aerosol iust be ccnsidered with 
respect to the air streas velocity, relative 
concentration of particulates, cheaical and 
physical nature of the gaseous system, and 
the possibility of tise dependent variations. 
The physical processes of sampling and 
transporting aerosols are complicated by 
several factors, many of which tend to bias 
the sasiple. particle sampling and subseguent 
sizing errors of this type are labeled 
saspler bias, and are defined defined as the 
vcluietric particle concentration or size 
distribution determined frci th® probe sample 
divided by the actual array of particles 
which existed in the aerosol cloud. The 
average primary factors affecting saiple bias 
can be combined In different ways to yield 
several diraensionless groups to predict 
sampling errors. The laost lisportant of these 
various groups of parameters are the inertial 
ispaction parameter and the velocity ratio. 
Particles of an aerosol will be heterogenecus 
in size and hencs when such particles are 
measured the results are best presented and 
studied by statistical lethods. To sncw the 
difference between presenting and 
interpreting number-size data by the tso 
cciion leans of classification (linear versus 
logarithmic), a hypothetical sample of 
particle auiber-size data is presented. It 
is of paramount lipcrtance that all data 
reviewed for a specific purpose be analysed 
as per a standard method and properly 
designated as to what the lethod Is. (FHf?) 

<429> 
Piatt, S,B„, J,M. Palas, H,L, Ragsdale, D,J, 
Shure, P.G, Hayer, and J,a, Hohrbacher, S^ory 
Onivsrsity, Departaent of Biology, Atlanta, GS; 
Georgia Institute of Technology, atlanta^ Gh, 
1973 

SmpiExcal Benefits Derived from an Ecosystem 
Spproach to Envircnsental Monitoring of a 
Muclear Fuel Cycle Heprocessing Plant, 
CONF-730503| SfI/P0B/345| I&Sa-SW-172/31; Part 
of Proceedings of a Syiposxui on Envircaaental 
Behavior of Eadionuclides Released in the 
Nuclear Industry held in ai^-en-ProvenGe, 
Prance, May 14-18^ 1973, (p. 673-700). 

The environmental monitoring program for a 
nuclear fuel xe^zoceBslng plant C&ll3-®̂ "'S'2lf 
Muclear Services) located in the South 
Carolina coastal plain, is based on a 
man-enviromEent ecosystesa concept, Iigact 
measurement and analysis capabilities include 
radionuclides, noxious ctieiicals and heat. 
The principal pathways tc lan, atnospheric, 
terrestrial and aguatic, are each subdivided 
Into natural, recreational and doiestic 
exponents. Basic inputs include 
meteorology, geology, surface drainage^ 
direction and velocity of groundwater flow, 
interaction of underlying aguifers and 
ecological descrigtions cf the various 
interrelated ecosystems of tke site and 
region. Process water is discharged through 
an ecological gooitoEing, conditioning and 
cooling pond. Sampling from a 100 square 
mile grid is based on significant links in 
the various ecological pathways. 
Standardized procedures for sample 
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<429> COH'^, 
col lect ion, p^'oc^ssmg and analysis have beer 
developed, a l l dâ -a giav be stored, retrieved 
and analysed through an ODesn cosDuterxzed 
program, ae<="igned so that additions can be 
mad-̂  and data verified and retrieved under 
any crde-^ed scheme -̂ or ei ther printed or 
graphic displav, Fsipirical benefits include 
a means •̂ 'or aergira r e s j l t s of basic research 
on dis t r ibut ion and fate of radionuclides, 
noxious chemicals and heat m the natural 
envircnient with monitcring a c t i v i t i e s , based 
on diT-ect and indirect pathways to man. The 
use of ecologically defined samples provides 
rates of movement and bio-accumulation that 
(a) are sensi t ive enough to verify the 
adequacy cf source control with respect to 
environmental qual i ty , (fc) indicate 
lagnxtides and tr^^nds of ecological impacts 
and tnerefore serve as an »arlv warning 
system of potential adverS'P ĉ f̂ -̂ ects to the 
environipnt and lan b^rore thev become 
i r revers ib le or excensii^ely r«=»versible, and 
(c) prov d® a base ^or cciBarison with 
measurements and analyses of effluents froi 
other scurces on a regional and international 
scale. The program can accominodate 
additional questions from other sources on a 
regional and in-^e-^national scale . The 
program can acconmoda'̂ 'e additional questions 
and unexpected iipcacts- "^he procedures and 
ecological models are transferable to other 
nuclear industry, '^'bus, through the 
charac ter i s t ics of comparability, 
acco^Ecdaticn, pred c t ab i l i t v , and 
transference, th^- program eashasizes those 
i3asic fac*-ors and procedures that are 
necessary fcr detPT-jninmg the capacity of the 
enviroraent to r*c»ive radionuclides, with 
ejEKhasis cr both natural and human radiatior 
exposures, (auth) 

<430> 
Eamsden, D., and 'R.*?. Speight, United Kmgdoi 
htcmic Energy au*hori-'-y, ktcnic Energy Research 
Establisnraent, Dorset, England. 1968 

The '^'^asurement of ^lu-^-onius 23^ Tfj V3.V0, h 
Progress Beoort. CON -̂ŝ lO^SÎ  ^oncgraphs on 
Nuclear "ledicne and Biology, Ho. 2^ Part of 
j^orrberg, H R. and 'Sorwood, l?,D. (Eds.), 
Proceedings cf a Svmpo-̂ iu^ on the Diagnosis and 
Treatment o-* D'^posited Sadionucl-'des held m 
Fichland, Washington, ifay 1^-17, 1967, (p. 
171-188) , 8̂C p. 
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ototype aonitormg equipment, consisting 
low background xenon--^illed lultiwire 

crtional courter, used m conjunction 
a large area •<-hin-window«=d sodiu® iodide 

tal, has hQB'^ developed for the 
urement m vivo of the lung content of 
luble r>n 239 at the t̂onj-! c Energy 
bli«hment(, ^m-^rith. The equipment has 
used tc sake ipasureients on a snail 

er of subjects with lung burdens of Pu 
around or xn excess cf the present 
Gtion 1-5 mit of abodt 0.012 uCi, 
braticn factors for the detectors under 
erent gecmetric conditions have been 
m e d by using a realistic chest phantos. 
eguiDient and *echnigues are detected and 
many sources o^ error inherent m such 
urenents are discussed, A number of 
nements are suggested. It is proposed to 
fy the d<^sign of coun+ers and to make 
alterations m techniijue. The resulting 

will be suitable for routine use and 
ill enable the detection insoluble Pu 239 
feuEdens down to a level of about 0.008 
modifications to the phantom will 

arily consist of mccrporatxng the 
Its obtained by the use of ultrasonics on 
al subjects. The introduction of 

hoiaogpnous impregnated lungja ani a liver 
section IS intended, \ system *.s described 
which IS Driaarilv intended to reduce tne 
ccunting tiae fcr complete examination of a 
subject at 40 wxn, and enaole a routine 
esaainaticn procedure for peoole 'at risk' tc 
be established. (FHHI 

Figure 8k shows a sch-^matxc plan o£ new 
equipment—whole body Ecnitor. Figure 4 sheas 
•f-he calibration chest phantom assembly. 

<431> 
Soldat, J.K. (Ed,), ard T. H. Essig fSd.), 
Battelle ^̂ -̂tuorial Institute, Sacific Northwest 
i.abora^'oriess Environmental Health and 
Engineering ^t^partment, Richland, ^A, 1966, 
Septegiber 

Evaluation of Radiological Conditions m the 
Vicinity of Hanford for 196^. BHWL-316, 32 p. 

During 196'^, the environmental surveillance 
prograsi of tne danford environs showed tnat 
tne amounts of radioactive materials present 
were well m t h m nationall| accepted liiits 
at all times and that releases of radioactive 
wastes were well controlled. Phosphorus 3^ 
released to the Columbia Biver m reactor 
effluent continued to foe the most significant 
scurce of radiation from the Hanford project. 
This P 32 IS concentrated by fish that 
inhabit the river dowrstream from the 
reactors. Individuals who regularly eat sucr 
fish as a major part of their diet thrcughcut 
the year could conceivably have taken xn as 
much as 11^ of the annual permissible amourt 
of this bone seeker. Iodine 131 ^n tae 
Hanford environs reoiained at very low 
concentrations m 1965. The Chinese nuclear 
test or Hay 14 caased a brief increase la I 
131, but concentrations seen returned to the 
lew levels experienced during most of 1965. 
The postulated "lasiaum" annual dose from I 
131 to the thyroid ot a siaall child aseuntes^ 
tc only about 4% of the Radiation Protection 
Guide recossended fcr individuals hy the 
Federal Sadiation Council. Tne estimated 
whole body dose of the avprag® ^icsiland 
resident from nuclides cf Hanrord origin was 
^ mrei, ^hole body doses from natural 
background and fallout sources m this region 
are estimated at abcut 110 urea/yr and 2 
srei/yr, respectively. i^^n) 

Table 2 shows annual average concentration cf 
several radionuclides m Columbia River water m 
196*^, (including Np 239). 

<432> 
Swmth, K.L,, Battelle !1eiiorial institute. 
Pacific :̂ or-*-hwest Laboratories, ^ichland, MS. 
1967, April 14, 1968 

Interpretirg Countma Data for Internally 
Deposited Plutonius. BN^L-sa-997, COMF-67052U 
"Ponographs on Nuclear "^edxcxne and Biology,, !i0 = 
2; Part of Kornberg, E.h, and Norwood, W.D. 
(Eds.), Proceedings of a SyEggosius on the 
Diagnosis and Treatment of Deposited 
Hadionuclides held m Bichland, Washington, May 
15-17, 1967, (p. 209-221), 680 p. 

Hapxd indicatxons of inhaled aiounts of 
plutonxu® at levels near the Maximum 
Permissible Body Burden (40 nCi) are possible 
with the equipment described- This 
eguipient, coupled laxth the enhanceient of 
sensxtxvity by radiations from the rapidly 
elximated portion of the inhaled material, 
will yield mforaation on exposed individuals 
who oay have a retained body burden 
constituting a fraction of an HPBB, The 
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<»32> COHT. 
sens i t iv i ty can be enhanced by a factor of 
five but th i s enhancement i s variable to a 
degree depending on exposure conditions. The 
accuracy with which a body burden estimation 
can be sade by in vivo x-ray counting i s 
discussed. Is the data and calculations have 
indicated, the use of An 241 as a t racer i s 
less affected by the many variables present 
and should yield greater sensi t iv i ty for lany 
isotcpic coispositions. The use of &m 241 as 
a t racer requires one to assusse that the 
translocation rates of An 2^1 and plutoniui 
are the sane for counting to be performed 
after a significant lapse of time following 

an exposure. Because of the great 
sensi t iv i ty of the sc in t i l l a t ion counter and 
the ab i l i ty to eff ic ient ly count both the 
x-rays and &B 2«1 ga»ia rays, the use of 
these counters appears lore promising than 
other methods. Proportional counters and, in 
the future, solid s ta te detectors are 
excellent for high-resolution x-ray detection 
and low background ra tes , but the probleis in 
interpretat ion of data s t i l l e x i s t . Whole 
body count data compares favorably with data 
obtained froi bioassay methods. (FH!!) 



PHYSICAL aSEEC^S 

<43 3> 
Borasky, P , , and D.H, Wi l l a rd , Hanford atomic 
Products Opera t ion , Bichland, MA, 1958, Janua 
10 

Elec t ron HicroscopY of Aerosols Containing 
Radioact ive P a r t i c l e s . ^51-53500; P a r t of 
Kornberg, H . ^ . , Hanford Biology Besearch annual 
Report for 19=7, (p. 167-171)^ 226 p . 

This r e p o r t p r e s e n t s t h e e l e c t r o n i o s c o p i c 
appearance of p a r t i c l e s f r o i t h r e e a e r o s o l s 
c o n t a i n i n g Sr 90 , S04, Eu 106 Ru02, o r Pu 239 
Pu02. Three t y p e s of Sr p a r t i c l e s were 
observed, n e e d l e s , needle c l u s t e r s and 
sphero id p a r t i c l e s . ^ r a c t i c a l l v a l l of the 
Ru p a r t i c l e s were t h r e e d i i e n s i o n a l cha in 
a g g r e g a t e s of n i t r a t e spheroid p a r t i c l e s . 
P lu ton ius partic '^ es were predominantly 
i n d i v i d u a l un i*s of dense cubic p a r t i c l e s ; 
a g g r e g a t e s r a r e l y c o n s i s t e d of more than f ive 
u n i t s , iVKF] 

Photographic enlargements of e l e c t r o n 
micrographs cf Sr, ^n and Pu a e r o s o l s a r e g i v e r . 

<434> 
G l a s s t o n e , s . , Los a laaos S c i e n t i f i c Labora to ry , 
LOS Alamos, ^Ho 1967 

SourcebccK on Atomic 's^nergv. D. Van Kostrand 
Company, Inc . , Princeton, New Jersey, 3rd 
Edition; 883 p. 

The reference book describes IT simple 
language, with a si-sniius or mathematics, the 
lost l iportant deve=loDments m those areas of 
science covered by the general tersa "atomic 
energy". The his tor ical approach has been 
used whereever possible. The chapters 
include some of the following topics; 
foundations of the atomic theory, •'•he 
struct'ire of the atoE, natural radioact ivi ty , 
detection and measureient of nuclear 
radiat ions, njclear fission, the u t i l i sa t ion 
of nuclear energy, nuclear ^eac*-ors, the 
synthetic elements (d^sf^ribing the discovery 
and cropert-ies of Nc, Pu, I i , Ek, Cf, Cn and 
other transuranium el^^ents), the uses of 
is^top^* a 1 rail-*-*" ors , biological effects 
and radiation protection and cosmic rays, at 
tne end or each rhai5t*ar, a l i s t xs given cf 
books and a r t i c l e s suitable for further 
reading. C^^n) 

<433> 

<435> 
Horst, T.H,, J.G. BropDO, and C.G, Elderkm, 
Battelle geaorial Institute, Pacific Northwest 
Laboratories, Hichland, VA, 1974, ̂ pril 

An issesssent of the Long-Term Exposure Due tc 
Resuspension. BNWL-18^0 (Part 3)» ̂ art of 
Simpson, C,L,, et al (Eds-), Annual Eeport for 
1973, CP- 223-227), 284 p. 

A sisple model of the interaction between an 
airborne pollutant and the underlying surface 
IS postulated which includes the processes cf 
deposition, fixation by *he soil, 
resus0ension and redeposition. This model is 
used to calculate the ratio between the 
exposure to the resuspended material and the 
exposure to the primary isaterial. Utilising 
current estimates of model paraJieters, this 
ratio could range froiB 5 to 10(S-4), in the 
case where resuspensaon is locally balanced 
hy redeposition^ however, this range xs 
parrowed to 0.5 - 0.05. Horizontal 
homogeneity is a sufficient condition for 
this balance to bold true, (Auth) 

<436> 
Slmn, M.G.N., Battelle Memorial Tnstitute, 
Pacific Northwest Laboratories, Hichland, wa, 
1973, april 

Initial Eesuspension Models. BWL-1751 {Part 
1), Part cf Simpson, C.L., et al, Annual Beport 
for 1972, <p. 5-15), 1̂ 2 p. 

A progress report ̂  
made to understand 
aerosol Da^ticles f 
It IS seen that for 
CE-1) , (Ml ere u is 
th^ air) h r-.zontal 
dislodge most sab-i 
dry soil. This sug 
particle sise distr 
factor of the airbo. 
distribution m the 
Above the surface 1 
convective diffusio 
esplairing experime 
approach based on t 
distribu-«-ion of ver 
explored and it is 
speed data dose cor 
distribution of lar̂  
Directions are ind„ 
theoretical and exp 

s presented of efforts 
the resuspension of 
rom the earth^s surface, 

suD ^ = 20 c!a sec 
the kinematic viscosity of 
wind fluctuations can 
illimet«̂ r particles tros 
gests tnat the soil 
iDution IS the controlling 
ne particle si2e 
near-surface layer. 
ayer, it is shoisn that the 
equation is mcapaele ot 

ntal data A statisitcal 
he probability 
tical wind speeds is 
shown that ooserved wind 
rectly describe the sise 

resuspŝ nded particles, 
cated fcr future 
erisaental studies, (Auth) 



<a'^7> 

PHODUCTIC'I 

<ii37y 
Christff R.p and B, Schulz-Fctbergi, 0-S. atomic 
Energy CoFiiss^oa^ Washington^. DCa 197si 

Development and T'estina of 
Ovorpack-Coastryc^-ions Based on Phenol ic Foam 
K a i l s . co^F-7£io^01 p a r t 1)s Par* of 
Procef^dings of t h e ^th i n t e r n a t i o n a l Sy ipos i a s 
or Packaqiaa an^i Transporfeation o^ Badioac t i^e 
H a t e r i a l s held iii Miami Beach^ Flor ida^ 
SepteiaDer 22-27, i^in, (p, 207-216), 1195 p . 

S.n overpa 
shipment 
plutcniam 
was s e i s e 
i n s u l a t i n 
and «ccno 
t h i c k n e s s 
b o i l i n g o 
The foaa 
b a s i s , ' 
Gonta insr 
c o n s t r u c t 
eEGoynter 
unloadi ng 

s y s t P i 
l i q a l d of l i q 

- c o n t a i n l n 
ted for i t 
g q u a l i t i e ; 
try. In th 
atte^ntioB 

f l i q u i d s 
s p o c l f i c a t 
o prevent 

in the dv 
ed, ap to 
ed da r ina 

was deifeloped for t h e 
and s o l i d 
g Hast€S« k phenol ic foan 
s shcck-abssrb ing and 

i t s ease of h a n d l l s g 
e design of the ov-eEpack 
was given t o a¥oid 

under f i r e c o n d i t i o n s , 
ions were chcsen on t h a t 
deforpat ioi i j t he i nne r 
ushead a rea ^as s p e c i a l l y 

da t e no problems were 
loading^ t r a n s p o r t and 

<^3 8> 
Moulthropf. H.A.^ and J . L , F^apj. A t l an t i c 
Pichfiield Hanford Company^ Bichland^ Ma. 1971 

Desc r ip t ion cf ^ . t l a n t i c P i ch f i e ld Haaford 
Company«s ^ew Compact Flutonitsm Storage 
F a c i l i t y . cONF-710^01; Pa r t of Proceedings of 
the Roc^y F l a t s Symposiu® on Safety in P l u t o n i u i 
Handling F a c i l i t i e s held in Goldenp Colorado^, 
fipril 13-16, 1971^ (p, ^6 -67 ) , 557 p . 

A new p l u t o n i m s to rage facl l i^-f has h&en 
c o n s t r u c t e d at Fichland which u s e s a s h i e l d e d 
c u b i c l e arrangeoient fo r redncing r a d i a t i o n 
dose r a t e s . Redaction i n r a d i a t i o n exposure 
cy a f a c t o r of t en I s expected In the ¥ a u l t s 
f r o i t h a t experienced in plutoni iai s t o r a g e 
v a u l t s p r ev ious ly used* k 
p r o d u c t s - o f - c o i b u s t i o n f i r e d e t e c t i o n system 
throughout t h e f a c i l i t y and a s p r i n k l e r 
^ysteia in t h e sc rap s t o r a g e area pro'?ides 
con t iguous f i r e p r o t e c t i c n . k p r e i i s i n a r y 
e s p h a s l s i s p laced or. fuel r e d u c t i o s ¥ i t h a l l 
conc re t e c o n s t r u c t i o n . Compartmentation 
wi th in culr ic les reduces the amount of 
plutoniuR exposed t o combustion i f a f i r e 
should CGcur. A s t o rage d e n s i t y of 2 ,1 s p o t s 
per square foot i s r e a l i s e d for t h e o v e r a l l 
f a c i l i t y . The engineered c o n s t r u c t i o n of 
i n t e r c o n n e c t i n g p r e c a s t concre te panels t o 
form the bas ic s t r u c t u r e and the sh i e lded 
s t o r a g e c u b i c l e s p rov ides inc reased s a f e t y a t 
decreased un i t c o s t , C^ath| 

<a39> 
Hot givenp U.Sa atomic Energy Comalssion (, 
Div i s ion of Technical Information Estensiong Oak 
Fidge^ TH, 1968^ February 

Transplutonlum Elementss k Bibl iography, 
T I D - 3 3 n | 53 p . 

Pa r t I cf t h i s b ib l iog raphy comprises 332 
p u l b i c a t i o n s dea l ing with t h e prodtsction of 
and the p h y s i c a l and nuc lear p r o p e r t i e s of 
t r a n s p l u t o n l u i e lements in t h e ato^ic-Eumber 
range 9S l e s s than or eg^a l t o Z l e s s than or 
egua l t o 101, Hucl^ar Science ^ b s t r a c t s ^ 
Cheraical a b s t r a c t s ^ and Physics a b s t r a c t s and 
o the r pub l i shed sou rces for 1965^ 1966^ and 
1967 were scanned in prepar ing t h i s 
b i b l i o g r a p h y . The r e f e r ences i n t h i s p a r t 
a re grouped by element from Km t o Hd ( t h a t i s 
hm^ Ca^ Bkff Cfp Esp Fm and Md) -aith 
a p p r o p r i a t e c ro s s r e f e r ences to t h e v a r i o u s 
e n t r i e s . Within each groups t h e r e f e r e n c e s 

are arranged c h r o n o l o g i c a l l y j except for 
cases in which da t e s a r e net kncwsi. 
References covering chemist ry p r i m a r i l y were 
noi- included for the elegients in Par t 1, 
P a r t 2 covers a l l r e f e r e n c e s a v a i l a b l e on the 
traosiiendeleviufB e lements from 1957. J o u r n a l s 
used were the sasne as for Par t 1. This pa r t 
covers chemis t ry as well as product ion and 
phys i ca l and nuc lear p r o p e r t i e s . References 
a i e ar ranged c h r o n o l o g i c a l l y . C^uth| 

Not given^ S.S, Atomic Energy Coan i s s ion , 
Washington^ DC. 197a 

Fourth Proceedings of t h e I n t e r n a t i o n a l 
Symposium on Packaging and T r a n s p o r t a t i o n of 
Radioact ive M a t e r i a l s . COKF-740901 ^Parts 1-2); 
Proceedings of the 4th I n t e r n a t i o n a l Symposias: 
on Packaging and T r a n s p o r t a t i o n of H a i i o a c t i v e 
Mate r i a l s held in Hiafai Beach, F l o r i d a , 
Sep t s ibe r 22-27, 1974^ 1195 p . 

One hundred and one papers were presen ted a t 
the confe rence , and twen ty - th ree of t h e i have 
been a b s t r a c t e d s e p a r a t e l y for the Data Base, 
^long the t o p i c s covered ¥ere r e g u l a t i o n s 
( i n t e r n a t i o n a l j f e d e r a l and s t a t e ) and 
sa feguards ; new package design^ centa lBed 
t e s t i n g inc lud ing thermal aad i a p a c t t e s t s ^ 
and q u a l i t y assurance for the packaging; 
t r a n s p o r t s t u d i e s ^ s h i p i e n t s ^ and the 
exper ience incountered such as c o n t a i i B a t i c n 
of v e h i c l e s and a c c i d e n t s ; nuc l ea r 
c r i t i c a l l t y s a f e t y ; r i s k a s s e s s i e n t ^ whers 
t h e danger t o the e n v i r o n i e n t was d i s cys sed ; 
and t r a n s u r a a i u s packaging^ dea l ing s i t h 
design^ she ld lng requirements^ r a d i a t i o n 
l e v e l s and t r a n s p o r t cf packages cf Cf 252, 
neptunium n i t r a t e ^ Fu n i t r a t e ^ Pu 239 and € 
233, ivnn) 

<s4ai> 
Salsci i j R«j J ,C . Bloieks^p and J . P . Micholsp OoS. 
atomic Energy commission, Washington, DC, 19?« 

Trends and Projected Shipments in t h e Nuclear 
Fuel Cycle Indus t ry t o t h e fea r 2000, 
COMF-7aO901 iPa r t 1) ; Pa r t of Proceedings of the 
4th I n t e r n a t i o n a l Symposiui oa Packaging and 
T r a n s p o r t a t i o n of Radioac t ive M a t e r i a l s held in 
H i a i i Beach^ F l o r i d a , Septeoiber 22-27, IS7J?, | p . 
349-3641, 1195 p . 

P r o j e c t i o n s of t h e produc t ion , shipment , and 
accumulation of nuc lea r fuel? p l u t o n i u s p and 
r a d i o a c t i v e waste from 1974 to 2000 a r e 
p r e sen t ed . The nuc lea r poaer r e a c t c r c o i p l e s 
i s a s su ieS to c o n s i s t of LMSs us ing enr iched 
uranium and plutoniu® r e c y c l e f u e l i a g , HTGBs, 
and LBFBHs, I n s t a l l e d nuc lear e l e c t r i c 
c a ^ c i t y I s taken a s 102^ 500^ and 1200 GW | e | 
a t t h e ends of ca lendar years 198€^ 1990^ and 
2000ff r e s p e c t i v e l y , i^ith an LMPBR c a p a c i t y of 
2C0 G^i@) a t t h e end of year 2000. Srends 
seen i n fue l and Maste sh ipp ing a r e gore 
s t r i n g e n t recovery of r a d i o i s o t o p e s from the 
e f f l u e n t s of a l l t ypes of nuc lea r 
I n s t a l l a t i o n s ; more esiphasis on sh ipp ing 
va r ious types of waste t o f e d e r a l 
r e p o s i t o r i e s ^ r a t h e r than t o b u r i a l grosiads; 
cont inued development of improved sk ipp ing 
ccnceptss shipment of a g r e a t e r p ropor t ion of 
spent f a e l by r a i l r a t h e r than by trracks and 
s h i p i e n t of Pu in t h e s o l i d oxide form r a t h e r 
than as t h e n i t r a t e s o l u t i o n . {Anth} (E^F) 

<m2> 
ScSweeney^ T - I . , Csis Brown, S.W. H e a b e r l i n e , «J. 
HisliiBa^ F.C. Matson^ B,J , Hailff ^»S« Kel ly , 
D»K. Davis, S,N. L iu , and i . D . i i l l i a i i S s ll.s« 
a t c i i c Ea@rgy Comiiss ion, Efashingtoa, DC, 191^ 



PSODOCTION 

<4ii2> CGUT. 
P i s k A n a l y s i s o f S h i p p i n g P l u t o n i u m O x i a e and 
P l u t o n i u m ^ i t r a ^ e , co^F™7aC9ni { p a r t 2) ; P a r t 
Qi P r o c e e d i n g s o'= t h e 4 t h i R t e r n a t i o n a l 
Symposium on P a c k a g i n g ^ n d T r a n s p o r t a t i o n of 
R a d i o a c t i v e f ^ a t e r i a l s - h e l d i n H i a r i B e a c h , 
F l o r i d a , S e p t e m b e r 2 2 - 2 7 ^ 1974 , { p . 1 1 7 2 - 1 1 8 4 ) , 
1195 p . 

T n i s p a p e r d e m o n s t r a t e s t h e a p p l i c a t i o n o f a 
m o d e l f o r a s s ^ ^ s s i n g t h e r i s k of s h i p p i n g 
r a d i o a c t i v e m a t e r i a l by a n a l y s i s o f t h e 
s h i p m e n t o f p l u ^ o a i u m by t r u c k i n t h e f o r i o f 
o x i i € and l i q u i d n i t r a t e . T r a n s p o r t a t i o n 
s y s t e m , t e c h f i c a l a p p r o a c h e s t o a s y s t e i a t i c 
a n a l y s l s and d e v e l o p m e n t c f p r o b a b i l i t y a r e 
d e s c r l n e d , a n a l y s i s d ^ ^ m c n s t r a t e d a 
s i g n i f i c a n t d i f f e r e n c e i n t h e r i s k of 
s a i p p i n q p l u t o n i u p o x i d e i n 6H c o n t a i n e r s a n d 
s h i p p i n g p l u t o n i u m n i t r a t e I n L - 1 0 c o n t a i n e r s 
e v e n t h o u g h d a t a f o r p r o b a b i l i t i e s u s e d i n 
t h e r i s k a s s » s s ® e n t w e r e u n c e r t I a n . T h e 
a n n u a l ri^^k of s h i p p i n g Pu i n C e n t r a l U . S , i n 
t h e y e a r 19pn ( e x p r e s s e d a s ^0 y r d o s e 
c o B - m i t i e n t t o o r g a n ) f o r p l u t o n i u m o x i d e i n 
6M Mas C .2 a n d 1,<~', a n d f o r p l u t o n i u m n i t r a t e 
i n L - 1 0 0 . 4 a n d 4 x 1 0 | E * 4 ) , ' i n l u n g a n d 
bon>%, r e s r e c t l v e l v . ( R ^ F | 

<4h3> 
McSweene-y, T . I . , L.D, Wi l l i ams , E,C, Sa t son , 
J,G, Droppo, t ' .^ . K o t t ¥ l t s , and E , J . H a l l , t l .S . 
^tCBic Energy rommlsslor. , Washington, DC, 1974 

k Pisk ^ s s e s s s ^ n t Model f o r Fad ioac t i ve M a t e r i a l 
Shipments . CONF-7!so*3Qi {Part 2 ) ; Far t of 
Proceedings of thp- 4th I n t e r n a t i o n a l Sy:aposiu^ 
on Packaging and T r a n s p o r t a t i o n of Bad ioac t ive 
M a t e r i a l s hel*^ in ?^iaKl ^each^ F l o r i d a , 
September 22-27, 1974^ (p, 1100-111'^ | , 119^. p . 

This paper p r e s e n t s a method for a s s e s s i n g 
t h e r i s k cf r a d i o a c t i v e m a t e r i a l sh ipments . 
An overview of a r i s k a n a l y s i s model i s 
g iven . The type cf i n f o m a t i c n to perforcs 
the assessmor.t i s d e s c r i b e d . The system 
components c o n s i s t of : s e l e c t i o n of p r o j e c t e d 
n u c l e a r i n d u s t r y c h a r a c t e r i s t i c s ; m a t e r i a l 
s p e c i f i c a t i o n , amounts o r i g i n , and 
d e s t i n a t i c n ; m a t e r i a l c h a r a c t e r i s t i c ^ ^ ; 
t r a n s p o r t mode and c a r r i e r ; c o n t a i n e r and 
amount of m a t e r i a l per ccntain^^r 
s p e c i f i c a t i o n s ; number of shipments r e q u i r e d ; 
and r o u t e , r e s t r i c t i o n s ^ popu la t i on , and 
weatfcer s o n e s . (H^?) 

S ieg le r^ B . I . , Dow Chesiical Cospany, Reeky F l a t s 
D i v i s i o n , Golden, CG, 1974 

I n c i n e r a t i o n Process F i r e an t̂ Fxplcs icn 
P r o t e c t i o n . RFP-221©; CCNF-740307; Fart of 
Procec^dings of t s e 13th asc Air Cleaning 
SyETpcslum hf^ld i n San F ranc i s co , C a l i f o r n i a , 
august 12-15, 19?;*, {13 p . | . 

tho i n c i n e r a t o r s wi l l b^ lucatallPd in the 
plutonium recovery f a c i l i t y under 
c c n s t r u c t l o B a t th^ Pocky F l a t s P l a n r . Ihe 
f i r e and exp lcs i cn p r o t e c t i o n f e a t u r e s 
designed i n t o the i n c i n e r a t i o n f a c i l i t y a r t 
d i scussed as tsell as the nuc lear s a f e ty and 
r a d i o a c t i v e m a t e r i a l c co t a inaen t f e a t u r e s . 
E^en though t h e i n c i n e r a t o r system w i l l be 
t i e d i n t o an emergency poiier g e n e r a t i o n 
system, a p o t e n t i a l hasard i s a s s o c i a t e d witn 
a 60-second de lay i n ob ta in ing emergency 
pcser from a gas t u r b i n e driven g e n e r a t o r . 
This hazard i s e l i m i n a t e d by t h e use of s t eaa 
j s t e j e c t o r s t c provide ncrmal ga? f loy 
through the i n c i n e r a t o r system dar ing the 
f^C~second power i n t e r r u p t i o n . (^utn | 

<U45> 
P u t i n , sJ.H., O.s. 
Washington, DC, 

atomic Energy Commission, 
1973 

The Nuclear Fuel Cycle and i^aste P roduc t ion . 
CONF~721107; Fa r t of Proceedings of a Syaposius! 
on the Hanagement of Radioac t ive Hastes f r o i 
Fuel Reprocessing held in P a r i s , France , 
Hoveiber 27-DeceEber 1, 1972, fp, 15"3o | , 1266 
p . 

The aa in e lements of the s l i g h t l y enr iched 
water -cooled reac-t-or fuel cyc le a re 
d e s c r i b e d . Included are the o p e r a t i o n s ofi 
mining and ^ i l l l i ng , chemical c o n v e r s i o n , 
i s o t o p l c enrichfnent, fue l f ab r i ca t i oup 
r e a c t o r o p e r a t i o n , and ch^eaiical r e p r o c e s s i n g . 
The n a t u r e of the r a d i o a c t i v e wastes 
genera ted in the va r ious s t e p s of the fuel 
c | c l e a r e c h a r a c t e r i s e d . These i n c l u d e ; 
mi l l t a i l i n g s , l o w - l e v e l so l i d was tes , 
h i g h - l e v e l was tes , and l ow- l eve l was tes 
con t a in ing p l a t o n l u i and o the r a c t i n l d e s . 
Techniques for managing was tes , based on the 
p resen t l e v e l of t echnology , as i i e l l a s a 
view toward p o s s i b l e fu tu re a l t e r n a t i v e s a re 
p r e sen t ed . (knth) 
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<446> 
tederson, B .C. , and •^.'^. Olson, A t l a n t i c 
Hichf ie ld Harford Company, Hichland, MI. 1971 

Human Element Design Considerations with Glove 
Boxes at the Atlantic Hanford Company. 
COMF-710401; Part o-̂  Proceedings of the Rocky 
Flats Syspcsium on Safety in Plutonium Handling 
Fac i l i t i es h^ld in Golden, Colorado, ^pr i l 
13-16, 1971^ (p. 4-16), 457 p. 

Important factors ^hich are necessary for the 
safety, ccifort and efficiency involved in 
glove boK work were investigated. Par t icular 
effort ^as expended to define the maximum 
accessible areas o^ the human hands when 
working in glove boKes. a l i s t of basic 
c r i t e r i a was established; 1) the naKimum 
accessible area i s to be provided for an 
operator in a standing posit ion, using both 
hands concurrently In a "clutch-grip" 
fashion, 2) as near as p rac t ica l , there i s to 
be too percent acc^'^s to the hood when using 
one hand at a time, 3} the hoods are to be 
accessible from the sides with a desirable 
maxitaum of two t i e r s of glove por ts , and 4) 
eye ports should h^ provided rather than 
large transparent panels. ^11 eguipment 
mounted xfi^hir the hoods ^ust be accessible 
from the glove ports for operation, 
maintenance, replacement and decontamination. 
Proper location of viewing windows requires 
ful l consideration of work location, reach 
phencmenon and shielding window depth, (B^F) 

Figures 1-3 show diagrams of reach patterns in 
glove boxes. 

<44 7> 
Sosicher, P., P, Barthelemy, and C. Milet, Centre 
d'Etudes *iucleaires, Fontenay-aux-Poses, France. 
1972 

Safety Studies on Sealed Plutonium 238 Sources 
for Cardiac Pacemakers. CONF-720519; Part of 
Proceedings of the 2nd International Symposium 
on Power fros Padioisotopes held in Madrid, 
Spain, Hay 2^-June 1, 1972, |p. 827-848), 986 p. 

In the design in this type of source the S5ain 
efforts were directed towards cladding in 
order tc obtain optimum ccntainoeiit of the 
radioisotoDe, Safety tests performed during 
these studies are based en: 1) 
specifications concerning "radioactive 
materials in special form", 2) 
recoimendatiens made by the Study Group on 
Isotoplc Batteries of the OSCD Wuclear Energy 
agency, and '^) additional studies considered 
necessary for estinsating the resistance 
limits cf the sources. The results showed 
that th€ sealed capsules developed in these 
studies Dresent a hlcfh degree of safety, 
Cauth) (RAF) 

<4ae> 
Carpenter, G.B,, Batteiie !̂ emorial Institute, 
Pacific Northwest Laboratories, Richland, na. 
1969, January; 1̂ 72 

Piutonluii; Personnel 'Exposure Control with 
Increasing Plu-̂ oniuia 240 Content. BNgX--sa-2 110 ; 
COHF-f90103; ^art of Willis, c a . and Handloser, 
J, S. (Hds.), Health Physics Operational 
Monitoring, Proceedings cf the 3rd Health 
Physics Society midyear "fopical Symposiuia held 
in Los angeles, California, January 29-31, 1969, 
Vol. 2. Gordon and Breach, Science Publishers, 
Inc., Mew York, N^w York, (p, 122^-1233), 1848 
p. 

In recent years there has been a marked 
increase in the use of cornierically recycled 

Pu in fuel element fabrication prcgrams. 
Ccisercially recycled Pu has a higher Pu 240 
content than does the Pu shlch has been 
available in the past. This higher Bu 2̂ 40 
ccntent results in increased photon and 
neutron dose rates ¥hich are sufficient tc 
require modification of exposure control 
practices and procedures. This paper 
discusses some of the modified procedures 
which have been put to use at the Pacific 
Northwest Laboratory to effectively aaiataia 
personnel dose within the regulatory liaits. 
Pecossendatins for ccntrclling personnel 
exposure are as followss 1) sinlmization of 
fuel quantities and of the total inventory, 
2| utilisation of photon shields on glove 
boxes and hoods, 3| constant reexamination of 
the program, and 41 evaluation of neutron 
dcsiseter calibration. Ĉ uth) (R̂ F) 

<4a9> 
Cottiell, W,E,, and A. Klein, Oak aldge national 
Laboratory, Oak Bidgê , TH, 1974^ Jane 

Indes to Nuclear Safety, a Technical Progress 
Review by ChronolcgT, Permuted Title^ and author 
Vol, 11, Ho, 1 through Vol. 14, ?io, 6, 
0?^L"!3SIG-115; 52 p. 

abstracts are included for all articles in 
this section of the Nuclear Safety ladeg, 
Scie of the areas covered are siting of 
nuclear facilities, transportation and 
handling of radioactive laterlals, reactor 
kinetics and sources of energy release under 
accident conditions, plant safety features, 
radionuclide release and ajovemeat in the 
environment, environmental surveys, radiation 
dcse to lan from radioactivity release to the 
environment, effects of thermal laodificaticns 
on ecological systems, and effects of 
radionuclides and icnizing radiation on 
ecological systems i^kF) 

]3omning, W.E,, Do¥ Chetsical Ccopany, Rocky Flats 
Division, Golden, CO. 1971 

nesign of Filter Plenum Heat "xchangers. 
CO!TF-710401| Part of Proceedings of the Rocky 
Flats Symposiui on Safety in Plutonium Handling 
facilities held in Golden, Colorado, april 
13-16, 1971, (p. 162-180), 457 p. 

A fire test facility •was constructed at -ehe 
Eocky Flats Division of the I>OM chemical 
Company and consisted of a glove bos, 
protective building and filter plenum. Tests 
performed within the filter plenum are 
summarised. Heated air generated by a fire 
within a radioactive processing building is 
likely to damage the exhaust filters. Ihe 
application of siater sprays to the face cf 
the HEPa filter banks is likely tc result in 
breakthrough of contamination. Therefore, it 
is preferable tc cool the heated air with a 
heat exchange prior to filtration. The 
distribution of the air flow should be 
uniform so that the contact time within the 
spray field is saasiiaized for all portions cf 
the air streara. Design parameters for an 
exchange are subject to uncertainties, and 
the greatest is the temperature of the inlet 
air expected fros a fire. It appears that 
the value for the thecretical heat transfer 
unit is independent of the dlsengager used, 
and because of the relatively high inlet 
temperatures eKpectsd, has little effect on 
the exchanger length reguired. In order tc 
optimize the heat eKchangsr design for each 
filter plenum, it is necessary to determine 
the exchange inlet temperatures. This can be 
dene by a survey of the combustible material 
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<ii5 0> COMT. 
i n t h e a r e a s e r v e d by t h e f i l t e r p l e n u m , a n d 
k n o w l e d g e o f t h e r e l a t i v e h e a t s o f c o m b u s t i o n 
a n d b u r n i n g r a t e s . The d e s i g n c a n be f u r t h e r 
o p t i i i s e d f o r t h e s p e c i f i c c a s e by 
c o n s i d e r i n g t h e e f f e c t o f d i l u t i o n a i r and 
k n o w i n g m e r e a c c u r a t e l y t h e h e a t l o s s t h r o u g h 
t h e d u c t i n g . B a s e d on t h e a s s u m p t i o n s u s e d 
f o r t h e e x a m p l e , w h i c h a p p r o x i m a t e s a g e n e r a l 
c a s e ^ a h«=at e x c h a n g e r l e n g t h o f 5 t o 6 f e e t 
a p p e a r e d n e c e s s a r y f o r p r o t e c t i o n of t h e 
f i l t e r s f o r a 1 h o u r f i r e . (BB^} 

<451> 
I t o u g l a s , F , l . , S o u t h - w e s t e r n S a d i o l o g i c a l H e a l t h 
L a b o r a t o r y , l a s V e g a s , N ? . 1972 

H e a l t h P h y s i c s P r o g r a n a t t h e N e v a d a T e s t S i t e 
E x p e r i m e n t a l F a r m . C O W ~ 6 9 0 1 0 3 ; P a r t o f W i l l i s , 
C. a . a n d H a n d l o s e r ^ J . ^ , ( E d s , ) , H e a l t h P h y s i c s 
O p e r a t i o n a l M c n l t o r i n g , P r o c e e d i n g s of t h e 3 r d 
H e a l t h P h y s i c s S o c i e t y m i d y e a r T o p i c a l S y i p o s i u s 
h e l d i n L os Sng^^Ies , C a l i f o r n i a , J a n u a r y 2 9 - 3 1 , 
1969 , ? c l . 1 . G o r d o n a n d B r e a c h , S c i e n c e 
^ b i i s h e r s . I n c . , Ne-w Y o r k , New York^ ( p . 
3 4 9 - 3 6 0 ) , 184P p , 

Tne P u b l i c H e a l t h S e r v i c e ' s S o u t h w e s t e r n 
H a d i c l o g i c a l H e a l t h L a b o r a t o r y h a s c o n d u c t e d 
a r e s e a r c h p r o g r a m on t h e N e v a d a l e s t S i t e t o 
s t u d y t h e p a s s a g e o f r a d i o i o d i n e t h r o u g h t h e 
f o r a g e - c o w - m i l k - f o o d c h a i n . Two t y p e s o f 
e x p e r i m e n t s i n v o l v e d e i t h e r r e l e a s e o f an 
a r t i f i c a l l y g e n e r a t e d r a d i o a c t i v e a e r o s o l o r 
a c t u a l f a l l o u t c o n t a m i n a t i o n of h a y . T h i s 
p r e s e n t a t i o n d e s c r i b e s scrae o p e r a t i o n a l 
i - i ea l th p h y s i c s p r o b l e m s wh ich w e r e 
e n c o u n t e r e d . A h o u s i n g t r a i l e r i s u s e d t o 
c h a n g e c l c t ^ e s and d e c o n t a m i n a t e p e r s o n n e l . 
E q u i p a e n t i s s t o r e d i n p l a s t i c b a g s o r 
d e c o n t a m i n a t e d . P r e p a r a t i o n of t h e 
c o n t a m i n a t e d h a y and c a r e o f p e n s and a n l E a l s 
a r e e x p l a i n e d . I t h a ^ b e e n p o ' s s i b l e t o 
c o n d u c t t h e s e e x p e r i m e n t s i n w h i c h , oy n o r m a l 
s t a n d a r l s , t h e r a d i o a c t i v i t y I s r e l a t i v e l y 
a n c o n t r c l l e d . Unde r t h e p r e v a i l i n g f i e l d 
c o n d i t i o n s , t h e s p r e a d o f c o n t a m i n a t i o n c a n 
be m i n i m i s e d , a n d i u d g e m e n t i s r e q u i r e d t o 
d e t e r m i n e t h e d e g r e e of c o n t a m i n a t i o a c o n t r o l 
y k i c h i s r -^^asopable a n d p r a c t i c a l . To d a t e , 
no s i g n i f i c a n t p e r s o n n e l e x p o s u r e s , i n t e r n a l 
o r a s t e r n a l , h a v e r e s u l t e d from t h e t e s t s . 
CBBH) 

<452> 
D u n n i n g , G . ^ . , U . S . I^tomic E n e r g y C o m m i s s i o n , 
W a s h i n g t o n , EC, 196P^ 

O b s e r v e d F a l l o u * Pa t - s - e rns a n d C o u n t e r m e a s u r e s 
T a k e n . C O I i ^ - 6 8 0 5 0 7 ; P a r t o f P r o c e e d i n g s of a 
Svraposium en t h e P a d l o l o g i c a l P r o t e c t i o n of t h e 
P u b l i c I n a N u c l e a r Mass D i s a s t e r h e l d i n 
I n t e r l a k e n , S w i t z e r l a n d , n&v 2 6 - J u n e 1, 1 9 6 8 , 
{p . 2 ^ - 3 1 ) , P8B p . 

s e v e r a l I n c i d e n t s r e s u l t i n g i n f a l l o u t 
m a t e r i a l c r e a t i n g a h a z a r d t o t h e p u b l i c a r e 
c i t s ^ d . The b a s i s f o r d e c i s i o n s made , t h e 
implemen- t ' a -^ ion , and r e s u l t s o f p r o t e c t i v e 
a c t i o n a r e r e c o u n - ^ » d . Heavy f a l l o u t on t h e 
f ^ a r s h a l l I s l a n d s i n 19^4 r e q u i r e d e v a c u a t i o r . 
of 239 i n h a b i t a n - ^ s . T h i s was a c c o m p l i s h e d by 
good c a p a b i l i - ^ i e s f o r e v a c u a t i o n a n d 
c o o p e r a t i o n of t h e i n h a b i t a n t s . The h i g h e s t 
r a d i a t l c n e x p o s u r e was 175 r o e n t g e n s , k 
s e c o n d i n c i d e n t a t S-«-. G e o r g e s , Utah i n 1953 
r e s u l t e d i n a d e c i s i o n t o s e n d 4500 p e r s o n s 
i n d o o r s f o r a p e r i o d of 2 h o u r s . The t o t a l 
d o s e s ^stimafed a f ' t ' ^ r ^ a r d s were n o t l a r g e , 
y e t t h e c i r c u m s t a n c e s u n d e r w h i c h t h e f a l l o u t 
o c c u r r ' ^ d l e d t o -*-he d e c i s i o n . N e a r l y a l l 
4500 p e r s o n s w®re u n d e r c o v e r i n 15 m i n u t e s 
wituou"*- p a n i c o r i n i u r i e s b e c a u s e of p r i o r 
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education programs conducted with local 
officials and the general public, k third 
incident at Salt lake City, Otah in 1962 
required counter measures by local and state 
health authorities to reduce iodine 131 
ccntent In silk. Cows were placed on dry 
feed or milk was diverted into milk products. 
Citizens were alarmed to the point where 
they switched to dry milk cr eliiinated silk 
fro^ the diet. One hundred eighty thousand 
people were affected, and a lack of 
understanding of radiation protection guides 
and the ambiguity of guides resulted in the 
fear that arose. The incident at PaloicaEes, 
Spain resulted in plutonium being released 
froia two nuclear bombs and contaalnating the 
loiiBeaiate area. Tests indicated the total 
exposure from resuspenslon after initial 
deposition -to be 5 to 10 rem, but it was 
feasible to scrape off soil for 2-3 inches 
and deep plow the area. Two hundred 
eight-three m3 were stored at the ^EC 
Savannah River Plant, (BB̂ ) 

<453> 
Egorova^ l̂ .S., V,V, Kopaev, I.H. Korzhov, 3,M. 
Parkhomenko, and ¥,a. Sarycher, Institute c£ 
Biophysics, Moscow, OSSP, 1974, February 

Special Problems in Radiation Safety and 
Sanitary Dosimetric Monitoring when ?̂ orking yith 
Transplutoniua Elements. CO!IF-73Q907 |Part 2); 
Part cf Snyder, M.S. (Ed,)^ Proceedings of the 
Ird International Congress of the IPP^ held in 
Washington, D.C., September 9-14, 1973, (p. 
810-ai3), 1475 p,|Russian) 

The factors of radiation exposure at 
operations with transplutcnium eleiaents are 
in guantitative dependence on the 
physico-chemical prcpertlss, tne tiie of 
target irradiaticn in the reactors and the 
degree of their purification froE the 
fragment fission products. The dcses cf 
external and internal irradiation were 
estlipated, (̂ uth) 

<454> 
Ettioger, H.J., P.H. Gonzales Mitchell, H., J.D, 
DeField, and J.C. Elder, Lcs Alamos Scientific 
Laboratory, Health Division, Lo5 masos, NM, 
1^74, July 

Test Methods and Efficiency Studies on 
^ulti-Bank HEPa Filter Systeois, W^SH-1332; 
CONF-7a04Gs=̂ ; Part of Proceedings of tJie 2nd AEC 
Environmental Protection Symposiui held in 
aibugusrque. New Mexicc, April 16-19, 1974, Vcl-
1, {p. 8̂ -14-?) , 1151 p. 

Î ultiple stages of high efficiency 
particulate air (HEPa) filter banks to attain 
decontamination factors of 10CE*9| to 
1GCE*12| are proposed for the LaSL new 
plutonium facility. The MC design criteria 
for new Plutonium facilities r^guires that 
the filtration system shall be designed to 
allow reliable in-place testing and ease cf 
replacement. The designs for a glove fcox 
filter and a four stage process esnaust 
filter installation are shown aad isetacas cf 
in-place testing and filter replacement are 
disciissei, iJhile extensive test data are 
a-̂ ailable to substantiate decontammaticn 
factors of at least 2 x 10 SB*4) for 
individual HlFk filters against sub-micrca 
laboratory test aerosols, such as DOP, 
guantita-«-ive data for the actual work 
situation involving plutcniuni aercsols were 
net avalla»le, h sield sampling program 
provided qeneral criteria defining plutoniun 
aerosol sisie characteristics an3 activity 
concentrations frcE typical plu-̂ -cniua 
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o p e r a t i ' 
p l u t c n i 
cha rac t 
t h e f i e 
f i l t e r • 
q u a n t i t 
success 
perform 
Test da' 
f i l t e r . 
excess 
provide 
-^9.R^.. 
regair© 
the f i r 
f u n c t i c 
HEPa f i 
99,9 8'̂ . 
Cauth) 

<M^5> 
F i s h e r , F.D, 
Corpora t ion , 

s , ^s ing l a b o r a t o r y produced 
t e ? t a e r o s o l s with s i z e 

1st l cs . s imilar t o those def ined by 
sampling tsrogram mul-^lple H3PA 

steips were e v a l u a t e d t o provide 
ive da-^a d e f i n i n g performance of 
^ s t a g e s of HEPS f i l l e r s , and f i l t e r 
ce as a func t ion of p a r t i c l e s i s e . 

show tha* the f i r s t and second HEPS 
ch provide o v e r a l l e f f i c i e n c i e s in 

Q«.^^^., whi le the t h i r d HSP^ f i l t e r 
an average ef-f iclency in e x c e s s of 
hese performance l e v e l s exceed AEC 
n*s . !>ata de f in ing performance of 
and second HEP a f i l t e r s a s a 

of plutonium ae roso l s i z e show t h a t 
er e^f ic i '=ncles are in excess of 
r ^ub-oicron plutonium a e r o s o l s . 

, Nuclear f l a t e r i a l s and Eguipsemt 
Apollo, PR. 1971 

demonstrated the f e a s i b i l i t y of d i sman t l i ng 
R)ajor Pu process ing f a c i l i t i e s in a s a fe 
manner with e x c e l l e n t c o n t a i i n a t i c n c o n t r o l . 

Glove Box Pi r e - P e s 1 s t a n t Mate r i a l s and F i r e 
Suppress ion T e s t s , cn?|F-710401; P a r t of 
Proceed ings cf the Pocky F l a t s Syaposium on 
S a i e t y In Plutonium Handling F a c i l i t i e s held in 
Golden, Colorado , n o r l l 13-16, 1971, (p. 17-25) , 
457 p . 

kp. i n d u s t r y funded, 6EC sponsored hd Hoc 
C o a i l t t e e has been formed t o t e s t and reporx 
en glove hex window m a t e r i a l s and f i r e 
supp re s s ion sys tems . The glove box f i r e 
r e s i s t a n t m a t e r i a l s po r t i on of t h i s s t u d y i s 
l im i t ed t o s t u d i e s of r e l a t i v e perforiaances 
of d i f f e r e n t g l a z i n g m a t e r i a l s , t h e s e a r e an 
argonne ^^ational Laboratory t y p e , H^PO t y p e , 
HSPO Z f r a s e type^ and Los §,lasos S c i e n t i f i c 
Labora tory t yoe , ^ i r e suppress loE systems t c 
be t e s t e d w i l l be l a r g e l y confined t o Halcne 
1301-based systems and w i l l be manually 
a c t i v a t e d , A s i n g l e r e p o r t i s planned t h a t 
w i l l s e r v e as a handbook for t h e i n d u s t r y , 
(BEM) 

<456> 
Foster, C.B. , and H.J, Ssulinski, Atlantic 
Pichfleld Hanford Comoany, Fichland^ MA. 1974, 
June 1 

Decontamination of obsolete Processing 
Facilities at Hanford, aRH-sa-183; 31 p. 

An overview Is presented of the 
decontamination work associated yith the 
remodeling of a large fuels processing plant, 
preparatlen cf a reprocessing plant for 
stand-by and the disaaatling of a Pu scrap 
processing facility (Recuplex), The best 
start on decontamination is contamination 
prevention, and this is initiated during 
design and operational planning. PlanEing is 
also an iiportant ingredient in preparation 
for decorsta^inaticn prior to reiodeling or 
deactivating a facility and involves factors 
of design, operations, and perscnsel and 
coaaunity relations. At the Hecuplex 
facility the glove boxes were contaminated 
internally with gross aseunts of Pu. These 
glove boxes and the equlprsent were cut with a 
power handsaw to a size sihich could be loaded 
into storage boxes and the boxes were sealed 
aad stored by burial in a controlled sone. 
The surfaces of the roo® were decostaainated 
by hand-scrubbing and washing with a 
detergent until residual Pu was less than 
1pOOO disintegration/fiisute per 100 cm â  
The task was completed by repainting with 
three or four coats of aiercoat. 
Deactivation of the Pecuplex facility 

<^57> 
Hulsey 
Ck 

A, 
1974 

General Electric Company, San Jose, 

Shielding Requireseats for Neptunium Nitrate 
Shipping Packages. COKF-740901 (Part 2); Part 
of Proceedings of the 4th International 
Sy@pcsiui on Packaging and Trans&ortation of 
Padioactive Materials held in Miami Beach, 
Florida, September 22-27, 1974, (13 p.), 1195 p, 

ks the market for neptunium develops, -the 
likelihood cf separating and shipping 
neptunium increases. To aid the design cf a 
shipping package, a study of the radiation 
characteristics was perfoEised, S,lthough the 
radiation froa Np 237 is primarily alpha, 
gamma-rays from daughter products and 
Impurities are significant, ^s Pa 233 grows 
in, the gamia intensity increases. The dcse 
rate on the surface of a stainless steel 
storage bottle increases froa about 1,9 R/hr 
to a laxiduis of about 3.7 E/hr within 100 
days after the neptunium is separated. This 
dcse rate levels off to abcut 3-5 R/hr after 
180 days as a result of Pa 233 reaching 
eguilibrlus with Np 237. Shielding studies 
indicated that sose heavy metal was reguired 
within th*̂  shipping package to attenuate the 
radiation tc acceptable levels. (̂ uth> 

<458> 
Jamset, H,, D, Hechallj, and G. Lacourly^ 
CoisFsissariat a I'Ensrgie Atc^igue, Centre 
d«Etudes Nucleaires, Fontenay-aux-Hoses, Erance, 
1973 

Health Physics Aspects of Nuclear Power 
Production. CE^-COHF-25 13; C0NF-73G983; Part of 
Proceedings of the Congress of the Society of 
Electric, Electronic and Eadio Engineers 
Syspcslui held in fittel, Fraiice, September 
11-15, 1973, (18 p.|,(French, English Abstract) 

Radioactive polluticn from wastes aorsally or 
accidentally produced by nuclear 
installations may result in exposure of 
certain groups of the population to 
radioactivity. In ncriial operation, 
radiological protection is secured fey 
establishing dosage lliits and setting up a 
icnitoring systei to ensure their respect. 
Protection against accident risks is carried 
out by laying down intervention lliits and 
preparation of eiergency plans for lisitiog 
the possible damage that light result. (kuth) 

<459> 
Januska, A,G,, M.J, Tyrrell, and G,A. Bennett, 
argcnne National Laboratory, Occupational Health 
and Safety Division, Argonne, IL; argonne 
National laboratory. Plant Operations Bivisicn, 
Argcnnep IL, 1974, September 

Decontanination of Piutonian-Contailnated Glove 
Boxes 

In connection with the irgcane National 
Laboratory efforts to reduce potential 
hazards in the event a plutonium use facility 
was hit by a tornadc, a decoataeiaatioB 
eiperlient was carried out to establish the 
lci?est practicable limits of loese 
coBtaminatiom in an operating gloveboK, and 
to determine the relative lerits cf solvent 
wiping and vacuum cleaning as methods of 
decontaiination. The results showed that a 
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s i n g l e wipi rq of the heav i l y contaminated 
t e s t glov« box Calgon Hel-Cat , Kyco T i a r a , or 
P^nnwalt 21^7 •solvent f o r a s h o r t per iod ot 
ti-^e removed gr^-^at^r t han ^^^ of the l o o s e 
contamina-tior. o r i g i n a l l y oresen-t-, with a 
r e s u l t a n t cor^taFiiBa^ion l-^vel of 10CE*6) to 
10(3*7) dT^!fi/100 cn2 . Subsequent wipings had 
l i t t l e effec*- on r^^soving the reioaining (Is^ss 
than 5'̂ ) cont amir.a*-ion. Vacuum c l ean ing was 
i n e f f e c t i v e as t h e s o l e decontaEsinaticn 
s e t aod ; however, t h i s c l e a n i n g setiiod was 
recoaisended for reaov ing loose p lu toniu i ; iu 
crevic'^'S and o t h e r ha rd - t c -wlpe a r e a ^ , Thes^--
r e s u l t s a l though l i ' ^ i t e d by th« narrow scope 
of •'•he exppTlEient, o-^fered thf' p o s s i b i l i t y of 
decreased decontaminat ion c o s t s for 
g loveboxes compared t o t h e s t a n d a r i 
t e c h n i q u e , which r e q u i r e ! success ive wiping^ 
u n t i l t h e sn'ears were e s s e n t i a l l y c l e a n . 
{&uth) 

<uz 0 > 
Kalmon, P . , Goolyear ^.-s-osic Corpora t ion , 
I n d u s t r i a l Fyr lene and Heal th Phys i c s 
Pepartmenr, Pik'^-^on, o'^. 1970, May-June; 1972 

Admin i^ t ra t i cn of SLP. "̂ n Vive Counting P r o g r a s . 
REerican I n d u s t r i a l Hygiene Assoc ia t ion J o u r n a l , 
31 , 353-357; CO^JF-690l03s P a r t of W i l l i s , C.A, 
and Handlosev, J . S . ( ^ d s , ) , Health Physics 
Opera t iona l moni tor ing , Proceedings cf t h e 3Ed 
Health Physics Soc ie ty '•lidyear Topica l Symposium 
h& Id i n t o s Anqel^s, C a l i f o r r l a , January 2 9 - 3 1 , 
1969, ¥ o l , 1, <^ordori a rd Breach, s c i ence 
P u b l i s h e r s , T o e , Ne¥ York, Ŝ w York, ( p . 
759-771)p 1843 p , 

s . d n i n i s t r d t i v e c o n t r o l s of an i n vivo 
count ing program as a p p l i e d t o i n s o l u b l e 
uranium cc^pcunds with t h e luna a s t h e 
c r i t i c a l organ a r e d e s c r i b e d . C r i t e r i a fo r 
r e s t r l c t l r g work a c t i v i t i e s , and for removal 
from work r e s t r i c t i o n s d e t o r a i a e the c l a s s of 
r e s t r i c t i o n , "he assump-'-lon i s ^ade t h a t t h e 
e f f e c t i v e h a l f - l i f e of i n s o l u b l e uranium in 
the lungs i s one year u n t i l subsequent in 
vivo da^a i n d i c a t e c therwi.se . I f , oa t h e 
b a s i s of a s i n g l e in v ivc c o u n t , the 12 month 
(^EPOsare e x t r a p o l a t e d back t o t h e e s t i s a t e d 
da te of uptake exceeds one luna burden, a 
c l a s s 1 r e s t r i c t i o n i s imposed. This 
i nvo lves a work ass ignment i n which the 
I n d i v i d u a l i s not knowingly exposed t o any 
for^ of uranium. I f th^ exposure i s between 
70^ and ICO*? of one lung burden, a c l a s s 2 
r e s t r i c t i o n U n i t s ^he i n d i v i d u a l t o work 
a r e a s where t h e average a i r b o r n e alpha 
a c t i v i t y i s r.ot expf^cted t o exceed 15% or 
l e s s of t h e p l an t l i m i t depending on the 
chemical form of t h^ u r a n i u s and the 
c i rcum.^tances . P e s t r l c t i o s s a re in fo r ce 
u n t i l subsPGuent v a l i d i n v i v c da ta i n d i c a t e 
t h a t e x t r a p o l a t e d exposure fo r 12 Eoaths 
p r i o r t c t!se dat^- of the l o s t r e c e n t count i s 
l e g s than t h ^ p e r m i s s i b l e lunq burden (0.017 
uCi cf uranium) . The d e r i v a t i o n of t h e lung 
Lurd€n and th^ weiqh-^ of 0 235 e g o i v a l e n t t c 
one lar.g burden a re ^ r e s e n t e d - Methods and 
sainple c a l c u l a t i o n s of In vivo computat ion 
from a s p e c i f i c case are inc luded , (BBl̂ ) 

<4fo1> 
Kleir.^ 
1971 

P . J , , Hound l a b o r a t o r y , l i a m i s b u r g , OH, 

V e n t i l a t i o n Svs-^^is a-̂  Mound Laboratory "PP" 
Bu i ld ing , CONF-710M01; P a r t of Proceedings of 
•th"̂  Eocky F l a t s Symposium on Safety in Plutonium 
Handling F a c i l i t i e s held In •:5olden, Colorado, 
Apri l 13~1€, 1971, (p, 133-148) , 457 p . 

The purpose of th i '^ paper i s t o supply 

i n f o r i a t l o r i on the platoniu'a p rocess ing 
v e n t i l a + i o n systems? and sa jo r s a f e ty p r e d i c t s 
ur.d'^rtav-^r; a t f̂ ound Laboratory In tnc 
p lu ton iua p rocess ina o p e r a t i o n . Should an 
e.mer^encY s i t u a t i o n 4<^v^lopp th<^se 
isprovenf^rts ^ i l l a s s i s t in s a i n t a m i i j g t s e 
i n t e g r i t y of -̂ h*̂  glove bc^es a n i exnaust 
v e n t i l a t i o n systems^ and thereby prevent 
r€l>^a:?e of r a d i o i c t i v e m a t e r i a l s . 
D i f f e r ^ n t l d l p r e s s u r e s between th-^ 
v e n t i l a t i o n systeips a r e used t o r e s t r i c t the 
ccn-t-aminatlon fro^ spreading througnout the 
system, l i l l a i r in the bu i ld ing w i l l flow 
toward *ho next Icw^r pressure a r ea , and 
even tua l ly w i l l jo to the glove rscxes wnich 
have a - . 6 5 nega t ive p r e s s u r e . All a i r i s 
exhausted oat cf one cf four UZt>k t i l t e r 
plenuB's- The iiigh e f f i c i e n c y a i r f i l t r a t i o n 
system coEpi les with l a t e s t s a f e t y 
r s q u i r e i e n t s recoiasended fcr nuc lea r 
h i g h - e f f i c i e n c y f i l t r a t i o n systems. A Halcc 
1301 a u t o n a t i c f i l e d e t e c t i o n and p r o t e c t i o n 
system was aesiga^d and i n s t a l l e d t o r tne 
glove box^s , (EEK) 

<4h2> 
?a theson , L..^, , T.C. Jchnson , a m A.J . O l i v e r , 
Dow Chemical Company, Pocky F i a t s D iv i s ion , 
Golden, CO. 1971 

Air leakage Into Plutoniui Glcve Boxes and Its 
Fffec* en Inert Operations. CONr'-71C401; Part 
cf Proceedings of the Focky Flats Syiiposiun on 
Safety in Plutonium Handling Facilities held in 
Golden, Colorado, April 13-16, 1971, |D. 83-97), 
457 p. 

The Focky Plats Plant plans to substitute 
nitrogen for the dried air used in lany cf 
the present Pu glove boxes to suppress 
Ignition and burning of Pu letal. air 
leakage Into glove boxes will increase tue 
osygen concentration aad water vapor,, both of 
which iBUst be controlled. To aevelcp 
quantitative information on air leakage, an 
eipiricai naterial balance method has been 
developed to relate air leakage intc gicve 
bcxes to resultant Increases in wat^r vapcr 
or oxygen conceEtratioa, Shis allows 
estimation of th^ leakage into glove bOKes 
and also the probable nitrogen reguirements. 
Using water vapor concentration leasureeeots, 
this laaterial balance lethcd has been applied 
tc a large glovefccx system. The analysis cf 
the nitrogen reguiremeats asing the water 
vapor material balance lethod is described, 
and other considerations that arise during 
conversion of a glovebox systei tc an inert 
atmosphere. Opticus economic operation will 
be a balance between extra maintenance and 
operating labor and the csst of the nitrogen 
supclied to the systesi, (BAF) 

<ab3> 
Michels, r.E,, Dow Chesaicai Company, Rocky Flats 
rivision. Golden, CO. 1972, July 21 

Plotcnius Plant Safety, Science, 177(4045), 
208-210. 

Criticise and cosiments are made about a 
report by Dorothy Shapley publishea in 
Science on the Dow chenlcal Company Hock 
Flats Division, There was no inccnsistancy 
In saying the population is safe, and ^ore 
funds are needed to maintain safeness, yet 
Shapley Implied such an inconsistancy-
Shapley's principal source en Reeky Flats 
ccntaaination was E.i. Hartell, and while 
such of his coi^ents have been useful in that 
they focused attention on the problem, his 
data and interpretations should be looked at 
sore closely^ Duplicate saipies at single 

http://ctherwi.se
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<£ie 3> CONT. 
s i t e s d i f f e r e d by a f a c t o r of ^ and 9 . 
Kealth and Sa fe ty Labora to ry pe rsonne l 
c la imed a method us«=d by K a r t e l l abused t h e i r 
da ta on plutonium contamina t ion o f f s i t e . Th€ 
PE'i'SUmpticn -shat equal affloun-''s of plutonium 
l i e in quadran t s both southwest and west of 
thp ^ lant was d i spu ted because of ^ind 
d i r s c t i c n s . n f f s i t « conta i i ina t iof i aad 
•exposure to -workers i n s i d e t h e p l a a t a r e 
t r a n s - s c i e n t i f i c problems, hnt Shapley seeraed 
t o imply Cow i s n e g l i g e n t in e x a a i a l n g former 
•-'Xposed workers only on a vo lun t a ry b a s i s . 
The plutonium In ' lu s t ry i s s a f e r now than 15 
yea r s ago and w i l l be s a f e r s t i l l In 5 y e a r s , 
A s p e r a t i o r s in Shap l ey ' s r epo r t w i l l d e s t o r t 
p u b l i c i udgesen t . (BB*!) (CTS) 

<464> 
Elorse, J , L , , A.L, g a r s h a l l , and A, 1. C e l o n i , 
lawrence P a d i a t l o n l a b o r a t o r y , L l v e r ^ o r e , CA, 
1974 

i n - P e s i d e n c e Health and Sa fe ty SuT?port in a 
Plutonium ^ a c i l i t T . CONF-710401; Pa r t of 
Proceedings o^ t h e f^ocky F l a t s Sysposiuii on 
s a f e t y in P l o t o n i u s Handling F a c i l i t i e s held i n 
Golden, Colorado , Apr i l 13 -1^ , 197 1 (p, 
267-279) , 4^7 p . 

Health and safe-s-y - technic ians (monitors) 
provid*^ i n ~ r e s i d e n c e s a f e t y s-^-rvices t o the 
m e t a l l u r g i c a l r e s e a r c h and e n g i n e e r i n g e f f o r t 
of t h e plutonium f a c i l i t y a t the Lawrence 
Pad ia t ion l a b o r a t o r y , L i v e n o r e , The paper 
d e s c r i b e s •''he q u a l i f l c a t i c i s s of these 
t ecnn ic laBS and -typical s e r v i c e s reEdered by 
them to t h e f a c i l i t v s c i ^ n t i ^ i c p e r s o n n e l , 
such a s , con-*'3iination c o n t r o l , waste 
r e c o v e r y , sBonitoring of a i r sampling 
equipment , f requent s s ^ a r and s-wipe s ample s , 
radia-^icR survey*;, '='guipisent c a l i b r a t i o n a a d 
o u t - p r o c e s s i n g of l i q u i d and s o l i d was t e s t o 
contEol f i r e and c r i t i c a l l t y haza rd , e t c , 
(Auth) 

Tl̂ e appendix g ives an o u t l i n e of s a f e t y 
i n d o c t r i n a t i o n for t^lu^onlui of f a c i l i t y . 

<4b '̂ > 
Odland, L . I , , P.G, Thomas, J . C . Tashner^ H.B, 
KaoiG^an, and P . E. Benson, tJ .S. Air Force 
r a d i o l a g i c a t Heal th l a b o r a t o r y , 5*right P a t t e r s o n 
Air Force Base, Ohio. 1968 

B:oassay Experif^ncps In Support of F ie ld 
' i p e r a t i c n r Ass^ociated with Widespread Di spe r s ion 
of P lu tcn ium. criiF-s^''0521; Ponographs on 
Nuclear ^edicin*^ and Biology, No, 2; P a r t of 
Kornberg, H.A. an ! 'Jcr'wood, ^,D. ( E d s . ) , 
Proceedings o^ a Synposiua on t h e P i a g a o s l s and 
?r^-ati*ai5t cf r e p o s i t € l P a l i o ' j u c l l d c s held in 
Picr i land, ^asbing^on, ^av I ' ^ - i ? , 1967^ (n. 
256-265) , *̂ B0 p , 

Bioassay exp'^riences a s s o c i a t e d with the 
PaloEares nurl«^ar ^ c c i d e r t ind-scate t h a t . In 
s p i t e -it -̂ he ^any handicaps of f i e l d 
o p e r a t i o n s , p^rsopnel p r o t e c t i o n anfi 
(l^eon-^aiination procedures were e f f e c t i v e . 
•̂ fje e x e r c i s e d'^monstrated t h a t modern 
c o F i u n i c a t i o r and t ranspor*-a t ion f a c i l i t i e s 
p e n i t cn^ W'^ll-'^'iulpFed and s t a f f e d 
l a b o r a t o r y to o r o v l i e adegua te suppor t for an 
i n c i d e n t r f *h i s natur^^ anywhere i n thee 
world. s t a rd i , rd iFAF procedures wer*s 
followed to DT'̂ V'̂ r̂.t or s^lnlaise con ta ra ina t lcn 
of p e r s c n r e l by radioac- t ive m a t e r i a l , 
P e c o n t a i i na t ion o-̂  c l o t h e s , s k i n , equipment , 
e-^c, , war lot^e urd-^r f i e l d c o n d i t i o n s , and 
p r i o r t o den^.r-^-ing ^rcm the a rea eaca 
i n d i v i d u a l was i s o l a t e d for 12 h r , dur ing 
which ^ine a l l u r i ne output wâ - c o l l e c t e d for 

b ioa s say . Of nea r ly 1,600 p a r t i c i p a n t s ^ l e s s 
than 20^ have a sys t emic body burden of 
plutoniuia d e t e c t a b l e by u r i n a r y b i o a s s a y , and 
of t h i s nusbers only 25 shcwe-i a valu^ in the 
range of 7-67^ of one p e r m i s s i b l e body 
burden, Provis ioBS have Iseen aade for 
I c n g - t e n fo l lo¥ - t ip on t h e group of 25 a s 
wel l a s c o l l e c t i o n and s tudy of autopsy 
m a t e r i a l as i t becomes a v a i l a b l e . Based en 
a r a l l a b l e methods f o r e s t i a a t l o n of s y s t e i i c 
body burden of Pu 239 fo l lowing an i n h a l a t i o n 
exposure , not one i a d i v i d s i a l who p a r t i c i p a t e d 
i n t h e P a l o i a r e s o p e r a t i o n has demonstrated 
sys temic r e t e n t i o n exceeding t h e laxisiui 
p e r i l s s i b l e amount, (Auth) (BAP) 

<466> 
Parker , Not g i v e n . 1973 

Plutcnium, I n d u s t r i a l Hygiene, Heal th Phys ics 
and Belated Aspec ts , P a r t of Hodge^ B .C. , e t a l 
( E d s , ) , U ran iu i , P l u t o n i u i , T r a n s p l u t o a i c 
F l e i s B t s , Chapter 14. s p r i n g e r - V e r l a g , Nes 
York, Mew fork^ (p. 6 n - 6 6 7 ) , 995 p . 

The broad p r i n c i p l e s of p r o t e c t i o n from t h e 
predominantly a l p h a - p a r t i c l e e m i t t i n g Pu 
G c n s i s t s i n i s o l a t i n g t h e m a t e r i a l f r o i 
c o n t a c t with t h e hugan body by p e r f o n i n g a l l 
o p e r a t i o n s in c losed glove boxes with a 
secondaEy defense of p r o t e c t i v e c l o t h i n g . 
The environment i s p r o t e c t e d by f i l t r a t i c n 
of exhaust a i r f r o i t h e glove boxes . These 
p r o t e c t i v e measures a r e intended t c e l l i i n a t e 
i r h a l a t i o n , i n g e s t i s n , c c n t a a i n a t i o n of 
i n t a c t skin aud c o n t a a i n a t i o a of wounds, 
o the r c h a l l e n g e s t o h e a l t h p h y s i c i s t s a r e 
d l s c u s s e i such as c r i t i c a l l t y c o n t r o l , 
e n v l r o K i e n t a l r e l e a s e s , a n i waste s t o r a g e . 
The medical management of contaiainated person 
i s reviewed and s p e c i f i c methods of t r e a t i s n t 
of contamina t ion c a s e s , such a s by c h e l a t i s a 
t he rapy and l a v a g e , a r e d i s c u s s e d . The 
o r i g i n and purpose cf t h e Transuranium 
Eeg is t ry i s msnt icned , P r o t e c t i o o a g a i n s t 
c E i t i c a l l t y and p r o t e c t i o n from e x t e r n a l 
r a d i a t i o n s a re next d e a l t wi th , A su i^a ry of 
Pu i n t e r n a l d e p o s i t i o n expe r i ence i s g iven , 
fc r example, t h e S tanford exper ience f c r 
1946-1967 sftows 136 c a s e s c o n t a i n i n g 
Eieasurable Pu with 15 c a s e s showing 
depos i t i on about 5% fPBB. Env l ronaen ta l 
p s o t e c t i o n fo r Pu 1 s reviewed with eientlon 
made of -'-he s a e p l i n g aad e c o l o g i c a l p r c g r a i 
a t the Nevada Test S i t e , the a t o s i c bosh 
i n c i d e n t s a t PalcoaEes and ThJ ie and t h e Py 
t i r e a t Bocky F l a t s . A sound waste 
management program i s r e c o i s e n d e d . In t h e 
appendix autopsy da ta a r e presented as well 
a s s p e c i f i c c a s e s of i n t e r e s t d e a l i n g with Pa 
det5osi t lon, {F¥n) 

<4b7> 
P a l e i g h , H.D, (Comp,) , iJ ,S. Atomic Fnergy 
*^"ommission. Techn ica l Information Center , Oak 
Pidqe , TN. 1973, December 

Feac tor S a f e t y , A L i t e r a t u r e Search . 
TTD-3515-P5-S8; 22 p . 

l!!clude3 a re 267 c i t a t i o n s to r e f e r e n c e s 
i ssued dar ing the r e r i o d January 1972 through 
June ^'^13 on s a f e t y a s p e c t s of nuc lear 
r e a c t o r d e s i g n , s i t i n g , m a t e r i a l s , engineered 
s a f e g u a r d s , a n i ops^rating procc-'iures, 
Peporr.^ c i t e d ccncora hazard*^ a n a l y s e s of 
e r t i r e f a c i l i t i e s t o s a t i s t y c o n s t r u c t i o n and 
o p e r a t i o n permit r e g u i r e i e n t ^ , e v a l u a t i o n cf 
the r e l i a b i l i t y of r e a c t o r sys tems and 
ccEPpon^nts, ar.d analysfs^s of t i ie consequ*?nc&s 
of p o t e n t i a l a cc iden t c o n i i t i o n s . S u b j e c t , 
a u t h o r , c o r p o r a t e a u t h o r , and r e p o r t 
numher-ava i la fc i l i ty indexes a re i n c l u d e d . 
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<»I67> 

<«67> CO NT. 
( i u t h ) 

<4f8> 
F o e d e r ^ J . B, , Hot gi¥f5B. 1968 

ft S t a t i s t i c a l S a a a a r y o f O a i t e d s t a t e s A t o s i c 
E n e r g y C o B i i s s i o n l i c e n s e s ' I n t e r n a l E x p o s u r e 
E x p e r i e n c e , W^ - 1 9 6 6 . C O S F - « 7 0 S 2 l ! 
H o n o g r a p h s on N a c l e a r H e d l c i n e and B i o l o g y ^ Ho. 
2; P a r t of F c r n b e r g , H . i . a n d N o r w o o d , M.D. 
( E d s . ) , P r o c e e d i n g s of a Syaposluffi on t h e 
D i a g n o s i s ar.d T r e a t i ^ e n t of D e p o s i t e d 
S i 4 4 i o n u c l i d e s l i e l d i n P i c h l a n d , W a s h i n g t o n , Hay 
! b - 1 7 , 1 9 6 7 , ( p . i » 3 5 - « 5 0 ) , 6 8 0 p . 

a s p a r t o f t h e aSC R e g u l a t o r y 
D l T i s i o n cf C o a p l l a n c e i n s p e c 
f a c i l i t y l i c e n s e s t o e n s u r e t 
a c t i v i t i e s a r e c o n d o c t e d i n a 
d o e s n o t r e s u l t i n u n d u e r i s k 
h e a l t h a n a s a f e t y . I t i s a l s 
f o r t h e i n v e s t i g a t i o n of r a d i 
o r i n c i d e n t s . T h e d a t a pr-
p a p e r a r e f o r t h e p e r i o d 15*^7 
T h e s e d a t a ^ w i t h a few e n c e p t 
l a - m l t e d t c i n c i d e n t s i n v c l v i n 
i n t e r n a l d e p o s i t i o n o f r a d l o n 
haTe r e s u l t e d i n a d o s e t o t h 
e q u a l t o c r g r e a t e r t h a n 2^% 
r e o o a a e n d e d a n n u a l d o s e l i m i t 
c h r o n i c e x p o s u r e s a r e n o t i n c 
c a s e s i n v o l v i n g s i s a d l i n i s t r a 
r a d l o p h a r p i a c e u t i c a l s t o p a t i e 
I n t h e c a s e s i n v o l v i n g t r i t i n 
u s e d a s t h e r ecosn i en f l ea a n n u a 
t o t a l o f ^A c a s e s a r e g i v e n 1 
t r i t i u a , i o d i n e , P 3 2 , S r 90, 
Po 2 1 0 , f i s s i o n g a s e s / c o r r o s i 
6 0 , I 1 3 1 , 1 1 3 3 , >!o 9<!, T c , 
f i s s i o n p r o d u c t s (Cs 1 3 7 , t r a 
a n d 1 3 1 1 , o x i d e s (En 1 5 5 , Eti 
unknown r e s i d u a l c o n t a a i n a t i o 
P l u t o n i u m p e r o x i d e (Pu 2 3 ^ an 
'zm i n an i p p r o x i n a t e 9 : 1 r a t 
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i suBmaty c£ the c a s e s i s g iven in t a b u l a r f o r i 
l i s t i n g phys i ca l - chemica l c h a r a c t e r i s t i c s , r o u t e 
of e n t r y and d a t e , find of o p e r a t i o n , method of 
Sfcdsure^ent-dose, and organ cr p a r t of body and 
t r ea tmen t I n s t i t u t e d . 

<46 9> 
S c o t t , I . R . , 
Corpora t ion , 

and C M . ^ 'est . Union Carbide 
Y-12 P l a n t , Oak ^ i d q e , TS. 1968 

Hfalth Physics apDl ica t lon o^ in Vivo Gamma 
S p e c t r o i e t r y in a Oranium Process ing P l a n t . 
CONF-&705211 Ponographs on Nuclear f^edicine and 
Biology, No. 2; P a r t of Kornbera, H.a . and 
Norwood, ^".D. C^ds.) , P roceed inas of a Symposluii 
or the Diagnosis and T r e a t i e n t of Deposi ted 
Rad ionuc l ides held in ^ i c h l a n i , Hashington, ?ay 

15-17, 1967, (p. 543-552), 680 p. 

In vivo gaiaa spectrometry has been used 
routinely for the past six and a half years 
in the health physics lonitoring cf uraniut 
processing Horkers. The aajor probleas 
associated with the technique are: (1) 
effects of surface contaiiaatioa, |2) 
relative insensitiveness of the aethods, and 
(3) the difficulty cf predicting the base 
sfectruB in the uranium region. The 
solutions to the probleas at y-12 have been 
tc: (a) use the back detector data when 
ccntamination is indicated, {h) increase the 
number of detectors, and (c) derive a 
prediction equation and count a control 
population to assure continued reliability of 
the equation. Experience has shown that 
urinalysis Hill not point oat all exposure 
cases and that generally once a person has 
been resoved from uranium eKposure, the urine 
level yiill return to acceptable levels long 
before In vivo measurements do. 
Consequently, it has been concluded that in 
vivo spectroaetry is superior to urinalysis 
as a monitor for inscluble uraniaa. However, 
fcr soluble uranius and areas of loir eHposur© 
potential, urinalysis is of real value. 
Outh) 

<1170> 
Valentine, i., F, Fitzgibbon, aad L. Martinez, 
Los fllaaos Scientific Laboratory, Lcs alaiaos, 
m. 1969, January 2«; 1972 

Health Physics at the los ilaaos "King 9" 
Eot-Cell Facility. L&-'t07i»; coSF-690103; Part 
of Willis, C.». and Handloser, J.S. (Eds.), 
Health Physics Operational Honitoring, 
Proceedings of the 3ra Health Physics Society 
.midyear Topical Syiaposiua held in Los angeles, 
California, January 29-31, 1969, ¥ol. 1. Gordon 
and Breach, Science Publishers, Inc., lieM YorK, 
Hew Scrk, (p. 1«1-16ii), leas p. 

Health Physics prograis at the Lcs ilanos 
"Sing 9" hot cell facility are described. 
The 16-ssll facility is used primarily fee 
testing and oxasiination of irradiated reactor 
fuel, tut It is also the lain LlSl facility 
fcr materials irradiaticn, large source 
handling, and other aiscellaneous hot-cell 
work. Eight cells are equipped Kith sealed 
alpha contaiBnent boxes for safe handling cf 
plutoniuB enriched fuels. Control systeas 
and operating practices that affect health 
physics at the facility are discussed as Hell 
as the health physics prograas such as area 
mcnitoring, personnel dosimetry, air 
monitoring, surface monitoring, and 
monitoring instrumentation. (Auth) 
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<^7 1> 
Albeas ius , F . L , , ar.d W.C. P e i n i g , 
Labora to ry , Aiken, s r , 1974 

Savannah River 

tong Bange f^anagement of 
Transuran iun-Contas ina^ed Sol id Wastes a t 
Siivannah i^iver, DF-HS-''4-2«^j COi^F-741026; Pa r t 
of Proceedings cf a Symposiui on t h e ^anageoient 
of Plutonium-Contaminated Sc l id Wastes he ld in 
Harcoule , France , October 1 £ J - 1 6 , 1974, (9 p , ) . 

The Savannah ^ Ive r P l a n t , an 80,000 h e c t a r e 
tJS^EC p roduc t ion s i t e in the ^southeastern 
Onlted S t a t e s , has genera ted s o l i d was tes 
contaminated with 60,000 Ci of t r ansuran ium 
n u c l i d e s , i nc lud ing Fu 2 1 % Pu 238^ Cm 244, 
Pu 2^2, Km 243 and Cf 2^2 , These ¥ a s t e s , 
a long with ^00,000 Ci of t r a r - s u r a n i u i wastes 
from e t h e r Ĵ FC s i t e s , a r e s to red i n an 80 
h e c t a r e area on t h e p l a n t s l t e . The r e p o r t 
d i s c u s s e s a comprehensive planning program tc 
r e t r i e v e and conver t t h e was tss t o 
Eonccubus t ib le and n o n d l s p e r s i v e forms in 
p r e p a r a t i o n for cen tu r i e s - lo r ?g s t o r a g e I E an 
eng inee red r e p o s i t o r y . I^uth) 

<47 2> 
Andsrson, K . J . , ^ . t l a n t i 
Coopany, Richland , ¥k. 

'. Hichf ie ld Hanford 
1973, February 

.Atlant ic P i c h f l e l d Hanford Cospany. 
COHF-721030; Pa r t of Proceed ings of the iEC 
P o l l u t i c n Cont ro l Symposiui held i n Oak Ridge, 
Tenneg^see, October 25-27 , 1972^ CP- 153-166), 
^ 9 p . 

The A t l a n t i c 'Lichf ie ld Hanford Coapany (IHHC) 
i s c u r r e n t l y i n s t a l l i n g f a c i l i t i e s fo r t h e 
compaction of both contaminated and 
nonccKtaminatei combus t ib le w a s t e s , The 
f a c i l i t i e s for noncoLtaminated c o s b u s t i b l e 
wastes comorise c o l l e c t i o n c o n t a i n e r s , t^o 
f root - loa^ l ina compactor t r u c k s , and a 
c e n t r a l l y - l o c a t e d con t inuous l a n d f i l l . 
F a c i l i t i e ? s a r e provided for the e n t i r e 
Hanford s i t e with ^PCH a s r e s p o n s i b l e 
o p e r a t o r . For compliance with Execut ive 
Orde^r 11^0"^, o p e n - p i t burning a s c u r r e n t l y 
p r a c t i c e d w i l l b'^ d i s c o n t i n u e d ^h@n t h e 
compaction f a c i l i t i e s a r e a v a i l a b l e i n e a r l y 
c a l e n d a r year 1^73. The f a c i l i t y for 
c o n t a s i n a t s d s e r v i c e on t r answran i c wastes 
c o i p r l s e s a 10-ton h y d r a u l i c p r e s s f o r 
compaction d i r e c t l y i n t o 55-ga l lon d ruas for 
20-y€ar r e t r i e v a b l e b u r i a l i n cc i ip l i ance with 
Imaedia te ac t ion D i r e c t i v e 0511-21, The 
compactcr i n c o r p o r a t e s many f e a t u r e s f o r 
personnel s a f e t y and con tamina t ion c o n t r o l . 
<iuta) 

<47 3> 
Blane, B . S . , n,A^ Schwind, H,W, ICirby, and E.Le 
Murphy, Mound Labo ra to ry , H i a i i s b a r g , OH. 197ii, 
Ju ly 

Hew Process for ^e iov ing P l u t o n i u a from Maste 
Mater—^ P r o g r e s s R e p o r t . waSH-1?32s 
COMF-7a0406; Par t of P roceea ings of t h e 2nd AEC 
HnvircnseBtal P r o t e c t i o n Sv^posioa held i n 
Mbuquerque, !lew Mexico, I p r i l 16-19 , 1974, ¥ o l . 
1, (p. 321-338) , 1151 B, 

k p r o c e s s i s unde>r development a t Mound 
l a b o r a t c r v t o remove r a d i o n u c l i d e s 
( p r i n c i p a i l y p l u t o n i u i 23B) f r o i p rocess 
water p r i c r t o d i s cha rge of the ^a te r t o the 
^ l a ^ i B ive r , Th^ c o n t a i i n a t e d ¥ a t e r normally 
i s l a the pH range from 6 t o S. 0ader t he se 
c o n d i t i o n s , p lu toniuB i s a l l of i t s o x i d a t i o n 
s t a t e s i s hydrolysed anS. e x i s t s l o s t l y i a a 
GoXlcidal cr p o l y n e r i c s t a t e . The l e v e l of 
r a d i o a c t i v i t y i n the l i g u i d s t ream e a t e r i n g 
the Haste t r ea tmen t f a c i l i t y averages about 

2^,000 d i s / s i n / i l (11,3 uC i /1 ) , The waste 
t i e a t a e n t p rocess c u r r e n t l y used has 
CGEsls ten t iy redaced t h e r a d i o a c t i v i t y belc¥ 
t h e r a d i o a c t i v e c c n c e n t r a t i c n g u i d e l i n e CBCG) 
of 11 d i s / i i n / E l ( x 10 {E-l) u C i / i ) . for 
d i s c h a r g e t o t h e r i v e r . However, the p rocess 
ur.der development has t h e added advantage cf 
s u b s t a n t i a l l y reducing the volume of s o l i d 
waste g e n e r a t e d . P i l o t p lan t t e s t s shoss t h a t 
a c o n t i n u o u s f ined bed phosphate t r^at faent of 
unprocessed i n f l u e n t s a t e r a i t h f e r r i c 
hydroxide and p o l y e l e c t r o l y t e s i s necessa ry 
t c remove c o l l o i d a l of p o i y i e r i c p l u t o n i u i 
before c o n t a c t ¥ i t h t h e bene c h a r . Fu tu re 
p l ans w i l l i nc lude the fo l lowing; ( 0 
ccn t inued p i l o t s t u d i e s with 3 - v a l e a t Ee and 
p o l y e l e c t r o l y t e s , (2) e l i m i n a t i o n of 
cc^plexed plutonium s p e c i e s , (3) 
d e t e r a i a a t i o n of bone char c a p a c i t y in g i an t 
e f f l u e n t wa te r , m i n c r e a s e d sizss of boss 
char beds , and (5) r eqenera t ioB cf bone c h a r , 
C^uthl 

F loaeke , J . O . , and W.D. Bond, Oak aldge n a t i o n a l 
Laborao t ry , Oak Ridge, T!l. 197« 

H i g h - l e v e l i las te Management Research and 
Deve lcpsea t Program a t Oak Pldge Na t iona l 
L a b c r a t o r y , CONF-740a28; Fa r t of Proceedings cf 
the 167th Na t iona l S y i p o s l u i cf t h e ^ l e r i c a n 
Cheisical Soc ie ty he ld in Los I n g e l e s , 
C a l i f o r n i a , I p r i l 1-5, 191^, OU p . ) . 

Three a r e a s of major i n t e r e s t a r e being 
e i p h a s i s e d i p r o j e c t i o n s of fu tu re 
r a d i o a c t i v e wastes f ros t h e nuc lea r fue l 
c y c l e for use in p l ann ing , de s ign , and 
envi ronmenta l a s s e s s i e n t s ; i n v e s t i g a t i o E s cf 
t h e t e c h n i c a l f e a s i b i l i t y of reBovj.ng 
a c t i n i d e e l e i e m t s from s a s t e s t c render the 
r e s i d u a l s more manageable in te rms of hazards 
and s t o r a g e r egu i r emen t s i aad e v a l u a t i c n s cf 
g e o l o g i c a l fo rmat ions in a d d i t i o n to bedded 
s a l t for use in t h e d i s p o s a l of va r ious Kinds 
of r a d i o a c t i v e was t e s . P r o j e c t i o n s of wastes 
•sc be genera ted thrcugh the year 2000 por tend 
a f u t u r e management p r c b l e i cf i i g r e s s i v e 
s i z e and c o s p l e i i t y but one which can be 
handled w i th in the ftame^crk of c o r r e n t and 
planned i n v e s t i g a t i v e programs, E^rly 
r e s u l t s i n d i c a t e t h a t t s e a c t i n l d e s can be 
resoved from s a s t e s by t h e ^ i n i i a l i y d e s i r e d 
f a c t o r s of 10 (E-s-2) t o 10|E+^); hoKever^ 
demons t r a t ions and engineer ing assessments of 
the most promising c h e a i c a l f lowshee ts have 
y€t t o he ^ade . Natural s a l t forna t ioBS are 
be l i eved t o o f f s r t h e b e s t p rospec t s f c r 
d i s p o a l of h i g h - l e v e l was t e s , aad t h e c u r r e n t 
p r o g r a i i s d i r e c t e d toward ob t a in ing 
c c n f i r i a t i o n of t h i s a s s e l l as e v a l u a t i n g 
o t h e r p r o a i s i n g g e o l o g i c a l fo rmat ions foE 
t h e i r s u i t a b i l i t y fo r use in t h e d i s p o s a l cf 
H a s t e s , (Auth) 

<a75> 
Davis , T . F . (Comp.) , 0«S« g>tcalc Energy 
CommissioB, Div i s ion of Techa ica l Xnformatioa, 
Oak Bidge, TM, 1966, Ju ly 15 

F a d i c a c t i v e Waste Process ing and Disposal^ kn 
annota ted Bib l iography of Selec ted L i t e r a t u r e , 
TID-3311 CSuppl. 2) s 180 p . 

methods for p rocess ing and d i spos ing 
r a d i o a c t i v e was tes have fceea a CGntiauiag 
ccBcern of t h e nuc l ea r i n d u s t r y -
Oi jc lass l f ied r e p o r t s and i o u r s a l l i t e r a t u r e 
oa t h i s s u b j e c t from February 1955 through 
Ju ly IB, 1366 i s covered in t h e b i b l i o g r a p h y . 
These s e l e c t e d , annota ted r e f e r ences 
supplement TID-3311, TID-3311 (Suppl . I | , 
TID-3555, and TID-3555 CSuppl,| The 
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<47= -̂> CO NT. 
r e f e r < i n c e s a r e a r r a n g ' ^ d by s u b j e c t a n d c r o s s 
r e f ^ r e r . c f ^ d . .Author , c o r p o r a t e a u t h o r a n d 
r<^por* n u n r ^ ^ r - a v a i l a b i l i t v i n d e x e s a r e 
i n c l u d e d ^ ^ , 0 1 2 r e ^ e r e n c p s . ) |^BE?) 

<k7 0 •> 
Hiccman, W,K„, ^e^roj**- Kucl'^ar CoiP|any, Idano 
P a l l s , ID. 1<57a, Ju ly 

Plan for Re+rieval of So l id Low-Level 
fiadioactive Plu^onlufn Waste a t -̂he Nat iona l 
%^actor T^st ir .a Stat^'on |NRTS) . W^SH-1332; 
CONP-740nQ6; Par t of Proceedings of the 2nd 
^ rv i ronmenta l P r o t e c t i o n Syicposiuc' held in 
Albuquerque, -Jew ' le^ lco, a p r l l 1*^-19, 197y, Vol. 
2, {p, K07- 1039} , 11=̂ 1 p . 

A plan for r e t r i e v a l cf s o l i d l o s - i e v e l 
r a i i o a c t i v p plutonins^ (alpha) waste a t t h e 
Na t iona l ^^^actor Tes t ing S t a t i on (NETS) I s 
d i s c u s s e d , '^he di.gcussion d^^-als with t h e 
^ e s c r i p t ^ ' e n s , ca-^-eaor l̂ -̂ s and volusie of a lpha 
w a s t e s , "Sppri^^nce gainc^d i n pas t a lpha wasty 
r e t r i e v a l a c t l v i r i p s , t h e o p e r a t i o n s to be 
cons ide red in th^ r e t r i e v a l p r o c e s s , (for 
example cor.talnmen-^ of waste for 
t r anspor -^a t ion , wast*^ hand l ing , 
t r a n s p o r t a t i o n of ^ a s t e to I t s d e s t i n a t i o n 
and bacScflll o p e r a t i o n s ) and concep tua l 
des igns of f a c i l i - ^ i e s and eguioment r e g u i r e d 
{such as f i r ^ f i a h t i n g ecuipnen^^ r a d i a t i o n 
d e t e c t ! o r f^^uiDmen^, and gene ra l alpha 
c o n t a s i n a t l c n p r o t e c t i o n clo-'-hing and 
•L^quipm'̂ -nt for th'^ working personne l ) t o 
r e t r i e v e alpha waste fron the NHTS Bur i a l 
Ground. {kn-^h) (PFM) 

<a77> 
MdcBeth, P . J . , ani ^,!^, Hickman, Aerojet Nuclear 
Comoany, Idaho F a l l s , TD. 197^^ December 

ITSR; Abov'^'-Ground P f t r i e v a b l e s t o r a g e Hethod 
for LOW-L'SVPI TransuraBic Wastes . COMF-740^3y; 
Par t of Proceedings Q^ a SymposiusD on Waste 
management held in Tucson, Arizona, ^ p r i l 21-2^ , 
1^74, {9 p . ) ; ^:uclear Technclogv, 24, 383-390, 
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<478> 
Ret g i v e n . Oak Fidg^ Na t iona l Labora to ry , 
Chemical Technology D i v i s i o n , Oak Bldg©, TH. 
1°?^, J anua ry 

Program for Tiproved Haste ^anagesent in 
CoE'Eierciai ^Tuclear Fuel Heprocesslng F a c i l i t i e s , 
OP!JL-T!!-a783 ; 24 p . 

The p r i n c i p a l ob iec* ive of t h e program 
proposed i r the r e p o r t i s to decre§.se t h e 
long- term (more than 1000 years ) haza rds of 
r a d i o a c t i v e wastes fron) coamerc ia l n u c l e a r 
fuel r e p r o c e s s i n g f a c i l i t i e s ^ This i s t o be 
accomplished by modifying r e p r o c e s s i n g 
methods c u r r e n t l y in use t o I n c r e a s e a c t i n i d e 
r e c o v e r i e s and t o produce waste s t r e a s s t h a t 
are amenable t o r ecyc le cr f u r t h e r t r ea tmen t? 
a l l ¥ast*^s should be t r e a t e d so as t o ach ieve 
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<a79> 
Robinson^ ? . a . . Not g iven . 
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197a, Ju ly -augus t 

The Leak cf Tank 1 0 6 - T at Hanford. 
Sa fe ty , 1 = ca) , 2460-^6^. 

Kuclear 

This article reviews an lnca.dent in Hh 
approximately 1S,0or qal of radloactiv 
liquid W3st€ leaked from a 533,000-gai 
urdergrcund storage tank at the Hanfor 
of the U.S. atonic Energy Co[smission i 
Th^ »nsuing investigation indicated th. 
leaked Eaaterial was retained in the so 
the vicinity of the Maste tanks and po 
threat to tne ¥ork̂ =rs and the nearby C 
Plver. However, the investigation did 
cut the need for imprcved monitoring 
procedures, which a re presently being 
liplemented. In l̂ 'JI a oes type cf ta 
into n£^ at Hanford for high-level lig 
wastes that are tc be stored for long 
cf time. This design consists essenti 
a tank within a tank. The inner steel 
provides the prlsaiy containment for t 
liquid. In the event or a leak, the 1 
Mill simply flow into tfie annular spac 
between the inner and outŝ c tanks- Th' 
tans assesiDly is further contained ins 
concrete vault, fP.̂ F) 

a Plant 
n 1973. 
at the 
il in 
sed EC 
olu^iia 
point 

nk case 
uid 
pericds 
ally of 

11 
he 
iquia 
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€ whole 
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<y80> 
Pom, F.H. 
1973 

, Lewis Pesearch Center, Cleveland, CH 

Summary of the study of Disposal cf Nuclear 
Waste Into Space, NP,SA-TM-2-68235; Part of 
Proceedings of the 10th Space Congress on 
Technology Today and TcmorrcM. held in Cocoa 
B^ach, Florida, ̂ pril 11-13, 1973, (p. 
7. 19-7,26), 

Ihe National aeronautic and Space 
Administration (N^SA), at the reguest cf the 
kICff is conducting a preliminary study to 
determine the feasibility of disposing of 
nuclear waste material intc space. The study 
has indicated that the Space Shuttle together 
with expendable and non-eicgendable orbital 
stages such as ths Space Tug or Centaur can 
safely dispose of waste material by ejecting 
it froia the solar system. (Ho launching 
system that is under development or planned 
can deposit waste material directly into the 
sssn). The safety problems associated with 
all phases of launching and operation 
(normal, emergency and accident) of such a 
system are being enaiined. Froa the 
preliminary study it appears that solutions 
cas be found that should make the risks 
acceptable when compared tc the benefits tc 
be obtained froi the disposal of the nuclsar 
waste. The techniques proposed tc lake such 
a systei acceptable need to be carefully 
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<a8 0> COI^T, 
verxlied by further study and esperxment, 
Bv«n though sore than one hundred shut t le 
launches would be required per year by the 
year 2000, the cost to the consumer would be 
less than five percent of h is e l ec t r i c b i l l . 
•"ests of Eodels of waste packages impacted on 
•5-einforced concrete and soi l have 
demonstrated the feas ib i l i ty of safely 
containing waste material at impact speeds up 
to 1050 feet per second, C^^th) 

<481> 
Stemdler, f ' .J. , H,H, X-evitz, L,E. Trevorroi?, 
T,J. Gerdmg, ^ - J . Kullen, B.S. Webster, and L, 
B u m s , argorne National Laboratory, argonne, 
IL. 197a, February 

Cbe^aical Engneermg Division, ^a«;te Managesert 
Prograis Quarterly Report, October-December 
1973. aSL-80a7; U% p. 

'letal-comDaction methods have been reviewed 
and mf ormatT on on the i rradiat ion-induced 
property changes o-? Zircaloy surveyed as part 
of a study OF *-he handling of -^uel cladding 

hul l s . Inforiation orgmatmg fro® ^SC-site 
v i s i t s and fro^ a review cf the cpen 
l i t e ra tu re coacerning decomtaaisation of 
plutonium-contaiainated materials i s 
pgesented. The technical and economic 
feas ibi l i ty of adapting reverse esiosis to 
the concentration of t s i t i ua froi t rx t ia ted 
fuel reprocessing wastes ^as briefly 
evaluated. Technical feas ibi l i ty was assumed 
from l i t e r a tu re reports of a difference cf 
about 3% xn the self-dxffusion coefficients 
of THO and H20, and possibly greater 
differences m transport rates xn 
solution-diffusion membranes. The costs cf 
such a process ¥ere calculated from 1 
estimates for the single-stage separation 
factor , 2 the heads flo^ rate for assussed 
concentrations and volumes of feed, product, 
and •aaste m an ideal cascade of membranes, 
and 3 published costs for reverse osiosis 
eguxp^ent. The resul t ranged fro^ lO(E-y) to 
1 mill/kKh of nuclear po^er, depending on the 
assuiaed single-stage separation factor and 
whether tritxum-depleted aater was recycled 
tc the reprocessing plant. C^^th) 
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KEYHOBD INDEX 
135 

CLASSIFICATION 353 

CLAYS 9 0 , 1 0 5 , 285 

CLEAN SLATE 1 020 

CLEAN SLATE 2 020 

CLEAN SLATE 2 268 

CLEAN SLATE 3 020 

CLEARANCE 8 , 12 , 2 5 , 30 , 6 2 , 7 9 , 
1 2 6 , 1 2 8 , 1 0 8 , 1 9 0 , 2 1 9 , 2 6 8 , 
3 0 8 , 3 5 0 , 3 7 0 

CLIBATE 32 1 

CLINICAL STODIES 3 5 0 , 373 

CLOUDS 3 1 2 , 3 2 8 , 331 

CLOUDS, RADIOACTIVE 2 7 7 , 4 1 9 , 422 

COAGULATION 26 

COAL 3 3 5 , 369 

COBALT 07 

COBALT 57 2 

COBALT 6 0 1 6 7 , 3 1 5 , 3 1 7 , 3 6 8 , 4 0 3 , 

0 6 8 

COENZIBES 77 

COLLAGEN 2 5 8 , 2 6 2 , 358 

COLLOIDS 3 , 2 2 , 8 0 , 1 3 2 , 1 8 8 , 2 6 6 , 

3 0 1 , 3 13, 073 

COBPACTIOH 0 7 2 , 081 

COMPLEXES 33 
COMPUTER PROGRABS 1 2 7 , 3 0 0 , 3 3 0 , 

3 3 1 , 3 9 1 , 0 0 2 , 029 

CONCENIBATION 60 

CONCENTRATION FACTOR 3 1 3 , 3 1 5 , 016 

CONCRETES 0 3 8 , 080 

CONDENSATION 320 
CONNECTIVE TISSUE 1 8 3 , 2 2 6 , 2 3 1 , 

2 5 9 

CONTAINERS 0 3 7 , 0 0 2 , 0 5 7 , 0 7 2 , 
4 7 6 , 4 7 7 , 0 7 9 

CONTAIHBENT 3 2 0 , 0 3 7 , 0 0 0 , 0 0 7 , 
0 0 9 , 0 7 0 , 079 

COHTABINATION 5 8 , 5 9 , 6 3 , 8 0 , 120, 
1 6 6 , 1 6 8 , 2 3 9 , 2 0 0 , 2 7 7 , 2 7 8 , 
3 0 3 , 3 1 9 , 3 2 0 , 3 2 6 , 3 2 7 , 3 3 1 , 
3 0 0 , 3 6 1 , 3 7 8 , 0 0 9 , 0 1 3 , 0 2 5 , 
0 3 8 , 0 0 0 , 0 5 0 , 0 5 1 , 0 5 2 , 0 5 6 , 
0 5 8 , 0 6 1 , 0 6 3 , 0 6 0 , 0 6 6 , 0 6 9 , 072 

CONTENT 9 , 1 1 , 1 3 , 19 , 2 0 , 2 7 , 3 6 , 
3 8 , 0 7 , 5 3 , 5 6 , 6 1 , 6 5 , 7 5 , 7 9 , 
9 0 , 9 1 , 9 7 , 1 0 0 , 1 1 3 , 1 1 6 , 1 1 8 , 
1 3 7 , 1 3 8 , 1 0 2 , 1 0 6 , 1 8 6 , 1 8 7 , 
1 8 8 , 1 9 1 , 1 9 0 , 1 9 7 , 2 0 0 , 2 1 0 , 
2 2 0 , 2 2 1 , 2 2 0 , 2 2 8 , 2 2 9 , 2 3 0 , 
2 3 1 , 2 3 0 , 2 3 8 , 2 5 8 , 2 5 9 , 2 6 1 , 
2 7 0 , 2 7 8 , 2 8 3 , 2 9 1 , 2 9 6 , 2 9 9 , 
3 0 0 , 3 0 5 , 3 0 6 , 3 1 0 , 3 1 1 , 3 1 3 , 
3 1 0 , 3 1 5 , 3 2 1 , 3 2 3 , 3 2 9 , 3 3 2 , 
3 3 3 , 3 3 7 , 3 3 8 , 3 3 9 , 3 0 0 , 3 4 5 , 
3 5 6 , 3 6 2 , 3 7 0 , 3 7 1 , 3 7 2 , 3 7 6 , 
3 9 2 , 3 9 6 , 3 9 9 , 0 0 1 , 4 0 6 , 0 0 8 , 
0 0 9 , 0 1 6 , 0 1 8 , 0 2 7 , 0 3 1 , 4 3 5 , 
0 0 8 , 0 7 3 

CONTRAST BEDIA 3 89 

CONTROL 0 0 8 , 0 6 0 , 0 6 4 , 4 7 0 , 4 7 2 

CORALS 3 0 1 , 016 

CORBOSION 2 8 6 , 0 79 

CORTISOL 5 

CHATEHING 022 

CRITICAL ORGANS 170, 3 4 3 , 4 6 8 , 469 

CRITICAL PATHBAY 313 

CRITICALITY 00 5 . 0 3 8 , 4 4 0 , 4 6 4 , 
0 6 6 

CEITICISB 3 2 2 , 063 

CROPS 327 

CROSTACEANS 3 1 3 , 315 

CORIOM 6 3 , 2 8 1 , 2 8 0 , 2 9 5 , 4 3 4 , 
0 3 9 , 078 

CORIOB 242 9 5 , 2 3 3 , 317 

COHIOH 244 9 5 , 317 

CYTOSOL 220 

DATING 30 1 

DCTA 19 

DDSTA 100 

DEBRIS 3 1 2 , 36 9 

DECAY 321 

DECAY PRODOCTS 392 

OECONTABINATION 1 5 , 1 8 , 1 9 , 2 0 , 
2 8 , 0 9 , 5 8 , 6 3 , 8 5 , 1 0 0 , 107 , 
1 2 1 , 1 3 0 , 1 5 7 , 170 , 1 9 0 , 1 9 3 , 
2 0 2 , 2 1 2 , 2 5 5 , 2 6 5 , 2 9 5 , 2 9 6 , 
3 2 7 , 3 2 8 . 3 3 3 , 3 5 0 , 3 6 7 . 3 7 0 , 
3 8 2 , 0 1 0 , 0 5 1 , 0 5 2 . 0 5 0 , 0 5 6 , 
0 5 9 , 0 6 5 , 0 7 3 , 081 

DENSITY 3 3 , 2 8 8 , 3 35 

DEPOSITION 1 , 3 , 7 , 9 , 10, 1 1 , 12, 
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100, 
1 14, 
126, 
137, 
105, 
152 , 
163, 
' 7 1 , 
189, 
2 0 8 . 
219, 
227 , 
233, 
2 0 3 , 
250, 
257 , 
269, 
2 9 0 , 
3 1 1 , 
338 , 
3 5 1 , 
367 , 
379, 
3 87, 
006 . 
020 . 
065, 

PLUTONIOH 200 2 8 8 , 3 0 0 , 3 0 5 , 3 0 6 , 
3 1 1 , 3 1 0 , 3 1 5 , 3 3 8 . 0 0 9 , 0 1 2 , 048 

PLOTONIOB 201 2 8 7 , 2 8 8 , 008 

PLUTONIUM 202 2 8 8 , 2 9 0 . 3 3 8 , 3 6 0 , 
071 

PLUTONIOH, METALLIC 130 , 2 8 6 , 2 8 8 , 
358 

PLUTONYL ACETATES 269 , 7 

PLUTONYL NITRATES 89 

PNEUBOSCLEBOSIS 1 5 2 , 1 5 3 , 1 8 0 , 
2 5 2 , 269 

POLONIUM 0 8 , 2 0 1 , 295 

POLONIUM 210 2 8 , 0 7 , 9 9 , 1 4 9 , 1 5 3 , 
2 8 9 , 3 0 3 , 3 17, 3 4 8 , 3 5 5 , 3 7 0 , 068 

POLYMERS 6 , 1 7 , 2 2 , 3 3 , 3 8 , 0 2 , 
1 2 8 , 1 2 9 , 1 3 1 , 1 0 2 , 1 8 7 , 1 8 8 , 
190 , 1 9 1 , 1 9 2 , 1 9 7 , 2 3 1 , 2 5 5 , 
2 7 2 , 288 

POPULATION 3 9 1 , 0 0 0 

POPULATION DENSITY 120 

POEHYRINS 203 

POTASSIUM 1 2 1 , 285 

POTASSIUM 00 315 

POBER PLANTS, NUCLEAR 3 2 0 , 3 2 5 . 
3 2 6 , 3 8 7 , 0 1 2 , 0 0 1 , 058 

POBER SOORCES 9 8 , 109 , 007 

PRASEODYMIOM 9 0 , 1 8 0 , 185 

PEASEODYMIOH CHLORIDES 106 

PRASEODYBIUfi 14 3 99 

PRASEODYBIUB 100 1 0 1 , 106 

PRECIPITATION 2 7 7 , 2 8 5 , 307, 3 0 9 , 
3 2 8 , 3 9 6 , 399 

PRECIPITATION, CHEMICAL 3 2 , 2 8 9 , 

2 9 1 , 2 9 7 , 0 2 0 , 473 

PRECIPITATION, CHEMICALS 280 

PREDICTIONS 178 , 3 0 7 , 3 1 2 , 33 1, 

0 1 9 , 0 2 9 , 0 0 1 , 0 6 S . 0 7 0 

PREGNANCY 65, 97 

PREPABATION 29, 318 

PRESSURE 300, 06 1 

PRIMATES 3 0 , 9 8 , 1 2 6 , 1 6 6 , 186 

PROCESSING PLANTS 006 
PRDCESSING PLANTS, NUCLEAR 0 0 0 , 

0 5 6 , 069 

PRODUCTIVITY 0 08 

PROGENY 149 , 181 

PROGESTERONE 7 7 

PROJECT ROLISON 39 6 

PROJECT 57 3 0 2 . 363 

PROBETHIUB 107 1 5 0 , 3 1 7 , 387 

PROPORTIONAL COUNTESS 3 4 9 , 0 0 6 , 
0 2 0 , 030 

PHOSEODYNIUB 183 

PB3TACTINIUB 2 0 0 , 2 8 0 , 2 5 5 , 3 0 1 , 
078 

PROTACTINIUM 23 1 0 16 

PBOTACTINIOM 23 3 1 0 9 , 457 

PBOTECTIVE COVERING 4 0 5 , 4 3 7 , 066 

PROTEINS 3 3 , 3 0 , 3 5 , 7 0 , 7 3 , 8 6 , 
8 7 , 1 4 9 , 1 6 3 , 1 6 0 , 2 2 2 , 2 2 5 , 2 3 1 , 
2 5 8 , 2 7 0 , 2 9 0 , 386 

PROTEINS, GLYCO 5 0 , 262 

PULSE HEIGHT ANALYZERS 2 9 0 , 0 1 0 , 
0 2 0 

RABBITS 2 0 , 5 6 , 5 8 , 6 0 , 7 5 , 9 3 , 
1 1 6 , 117 , 1 1 8 , 1 3 4 , 1 5 3 , 1 5 9 , 
1 6 5 , 1 6 9 , 1 7 7 , 1 8 4 , 1 8 5 , 186 , 
1 9 5 , 2 1 6 , 2 1 8 , 2 0 0 , 2 5 9 , 2 6 0 , 
2 6 2 , 2 6 3 , 385 

EADIAITON EFFECTS 207 

RADIATION DETECTORS 1 3 7 , 2 9 0 , 2 9 1 , 
2 9 2 , 2 9 5 , 2 9 7 , 3 3 7 , 3 3 9 , 3 0 1 , 
3 5 9 , 3 6 1 , 3 6 0 , 3 9 2 , 3 9 3 , 0 0 0 , 
4 0 6 , 0 0 8 , 0 3 2 , 4 3 4 , 4 6 0 , 4 6 9 , 476 

RADIATION DOSE 2 , 0 , 7 , 10, 3 0 , 
3 1 , 0 1 , 0 0 , 0 6 , 0 8 . 6 0 . 6 9 . 7 2 , 
7 5 , 8 5 , 9 3 , 9 0 , 9 5 , 9 6 , 103 , 105 , 
1 0 6 , 1 1 5 , 1 2 3 , 126 , 1 3 1 , 1 0 0 , 
1 0 0 , 1 4 5 , 1 4 9 , 150 , 1 5 1 , 1 5 2 , 
1 5 3 , 1 5 4 , 1 5 8 , 159 , 1 6 1 , 1 6 6 , 
1 6 8 , 170 , 1 7 7 , 1 7 8 , 1 7 9 , 1 8 5 , 
2 0 3 , 2 0 8 , 2 1 6 . 2 1 7 , 2 1 8 , 2 2 1 . 
2 2 3 . 2 2 5 , 2 2 7 , 2 2 8 , 2 2 9 , 2 3 0 , 
2 3 7 , 2 3 9 , 2 4 3 , 2 0 5 , 2 4 7 , 2 4 9 , 
2 5 2 , 2 5 4 , 2 6 3 , 2 6 9 , 2 7 0 , 2 7 8 , 

BADIATION DOSE 2 9 7 , 3 2 9 , 3 3 0 , 3 4 4 , 
3 0 5 , 3 0 6 , 3 4 8 , 3 5 3 , 3 5 5 , 3 5 8 , 
3 5 9 , 3 8 7 , 3 9 1 , 3 9 3 , 3 9 6 , 3 9 7 , 
0 3 1 , 0 0 0 , 0 0 2 , 0 4 9 , 0 5 3 , 0 5 8 , 068 

RADIATION DOSIMETRY 2 1 7 , 2 1 8 , 3 0 1 , 
3 0 0 , 3 8 7 , 3 9 0 , 3 9 1 , 0 0 5 , Oi l 

RADIATION EFFECTS 0 , 
3 7 , 
6 3 , 
86 , 
1 0 2 , 
1 1 5 , 
105, 
1 5 9 , 
177 , 
2 1 6 , 
2 3 9 . 
2 5 1 , 
2 6 7 , 
3 0 6 , 
3 8 8 , 

0 3 , 0 0 , 06 
6 0 , 6( . 67 
8 7 , 9 3 , 90 

1 0 3 . 
1 2 1 , 
107 , 
1 6 0 , 
178 , 
2 2 3 , 
2 0 3 , 
2 5 0 , 
2 6 9 , 
3 6 0 . 
3 8 9 , 

105. 
120 , 
150, 
1 6 1 , 
183 , 
2 2 5 , 
200 , 
2 5 7 , 
270 , 
3 6 9 , 
390 , 

5 0 , 
6 9 , 
9 5 , 

1 0 6 . 
130 , 
1 5 1 , 
1 6 5 , 
ISO, 
2 2 9 , 
2 0 8 , 
2 5 9 , 
2 8 6 , 
3 8 0 , 
4 3 0 

1 0 , 
5 6 , 
7 7 , 
9 8 , 
1 0 8 , 
' 3 5 , 
1 5 3 , 
1 7 0 , 
1 8 5 , 
2 3 7 , 
2 0 9 . 
2 6 0 , 
3 0 8 , 
3 8 6 , 

2 1 , 3 1 , 
5 7 . 5 8 , 
7 8 , 8 3 . 
1 0 0 , 101 

1 0 9 , 
1 0 1 , 
1 5 5 . 
1 7 6 . 
1 9 6 , 
2 3 9 , 
2 5 0 . 
2 6 0 , 
3 3 3 , 
3 8 7 , 

RADIATION EFFECTS, ACUTE 1 5 1 , 2 0 3 , 
2 7 1 , 353 

RADIATION EFFECTS, CHRONIC 2 6 , 
2 7 1 , 3 5 3 , 358 

RADIATION EFFECTS, LATENT 7 0 , 1 1 0 , 
1 3 2 , 1 0 9 , 152 , 2 0 8 , 2 0 3 . 2 0 6 , 250 

RADIATION EFFECTS, SUBACUTE 1 5 1 , 
2 7 1 , 353 

RADIATION PROTECTION 30 1, 3 0 7 , 
3 9 2 , 0 2 6 , 0 3 0 , 0 5 1 , 0 5 2 , 0 5 8 , 
0 6 3 , 0 6 6 , 076 

RADIATION SICKNESS 1 5 1 , 353 

RADIATION, COSBIC 030 

RADIATION, DOSIMETRY 4 7 0 

RADIATION, GAMMA 2 6 , 5 6 , 9 3 , 1 0 8 , 
137 , 109 , 155, 159 , 1 6 0 , 1 6 7 , 
1 7 7 , 1 8 3 , 2 1 6 , 2 1 8 . 2 7 8 . 2 8 8 , 
2 9 0 , 3 0 8 , 335 , 3 3 9 , 3 0 0 , 3 7 7 , 
3 8 6 , 3 9 3 , 3 9 6 , 0 0 3 , 0 1 5 , 0 2 9 , 
0 3 2 , 0 5 7 , 070 

RADIATION, GAMMA RADIUM 185 

RADIATION, LOB LEVEL 2 0 3 , 3 2 2 , 329 

RADIATION, LOB-LEVEL 306 

RADIATION, NEUTRON 1 5 3 , 1 7 8 , 2 1 8 , 
3 8 6 , 008 

BADIATION, NEUTBON, FAST 178 

RADIATION, PHOTON 3 3 9 , 3 7 7 , 008 

RADIATION, PEOTON 1 5 3 , Oi l 

RADIATION, X 2 3 , 3 7 , 5 6 , 6 0 , 8 3 , 
9 0 , 120 , 153, 1 5 9 , 1 6 0 , 1 7 7 , 1 7 8 , 
1 8 4 , 1 8 5 , 189 , 2 0 3 , 2 1 8 , 2 3 7 , 
2 5 0 , 3 3 9 , 3 0 0 , 3 0 9 , 3 7 7 , 3 8 6 , 
4 0 0 , 0 3 2 , 2 8 8 , 93 

RADIOACTIVITY 7 3 , 3 1 2 , 3 1 5 , 3 2 2 , 
3 2 8 , 3 7 3 , 3 9 6 , 4 1 2 , 4 1 9 , 458 

RADIOACTIVITY, NATDRAL 3 8 7 , 430 

RADIOAOTOGBAPHY 3 , 0 , 6 , 3 1 , 3 3 , 
3 8 , 5 8 , 5 9 , 6 2 , 6 5 , 7 0 , 7 8 , 8 1 , 
8 9 , 9 0 , 9 1 , 9 3 , 1 0 4 , 1 2 9 , 1 3 1 , 
1 3 6 , 1 5 9 , 160 , 1 7 9 , 1 8 0 , 1 8 3 , 
185 , 187 , 192, 1 9 4 , 1 9 7 , 2 0 0 , 
2 0 0 , 2 0 8 , 2 3 1 , 2 4 2 , 2 4 6 . 2 6 1 , 
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RADIOADTOGRAPHY 2 6 2 , 2 6 3 , 2 9 2 , 
2 9 3 , 3 5 8 , 3 6 1 , 3 6 2 , 3 8 0 , 3 9 8 , 009 

HADIOBIOLOGY 298 

BADIOCHEBISTRY 6 2 , 2 6 1 , 2 8 5 , 2 9 0 , 
2 9 1 , 2 9 8 , 0 0 5 , 020 

HADIOECOLOGY 387 

RADIOGRAPHY 106, 302 

RADIONUCLIDE RATIO 3 0 1 , 3 0 0 , 3 0 5 , 
3 1 0 , 018 

BADIONUCIIDES 2 1 , 2 3 , 0 8 , 0 9 , 7 1 , 
7 3 , 7 6 , 9 9 , 9 9 , 1 0 3 , 1 2 7 , 1 2 7 , 
132 , 1 3 3 , ISO, 1 6 5 , 2 1 0 , 2 3 5 , 
2 0 9 , 2 9 0 , 3 0 3 , 3 1 3 , 3 1 5 , 3 1 7 , 
3 1 9 , 3 3 0 , 3 3 3 , 3 5 0 , 3 6 0 , 3 6 9 , 
3 7 8 , 3 8 2 , 3 8 7 , 3 8 9 , 3 9 2 , 0 0 0 , 
0 0 2 , 0 16, 0 1 7 , 0 1 9 , 0 2 5 , 0 2 7 , 
0 2 9 , 0 3 0 , 0 0 0 , 0 0 3 , 4 0 9 , 0 6 8 , 073 

RADIOPHARMACEUTICALS 3 5 0 , 4 6 8 

RADIOSENSITIVITY 9 3 , 1 8 3 , 1 8 5 , 
2 0 0 , 2 1 6 , 301 

RADIOTHERAPY 21 

RADIOTHERAPY EXERCISE 360 

RADISHES 273 

RADIUM 0 , 6 0 , 8 9 , 9 3 , 9 0 , 1 5 9 , 
1 6 0 , 1 7 3 , 1 7 7 , 1 7 9 , 1 8 3 , 1 8 4 , 
2 1 6 , 2 9 5 , 3 0 1 , 3 5 1 , 3 8 9 , 3 9 2 

RADIOM CHLORIDES 0 

RADIUM CITRATES 115 

BADIDB 226 2 1, 2 3 , 5 1 , 6 7 , 6 9 , 7 0 , 
7 1 , 7 2 , 7 6 , 7 7 , 8 6 , 8 7 , 1 0 3 , 1 0 5 , 
1 15, 1 2 1 , 1 0 7 , 1 6 5 , 2 2 3 , 2 2 5 , 
2 3 3 , 2 3 0 , 2 0 2 , 2 0 7 , 2 0 8 , 2 0 9 , 
2 5 6 , 2 7 6 , 3 5 5 , 3 9 2 , 395 

ESDIUB 228 2 1, 7 0 , 7 1 , 7 2 , 7 6 , 7 7 , 
1 0 3 , 1 0 5 , 2 2 3 , 2 2 5 , 2 3 0 , 2 0 2 , 
2 4 7 , 248 

RADON DAUGHTEBS 336 

BARE EARTHS 

BATS 
1 9 , 
0 0 , 
5 9 , 
8 1, 
9 3 , 
110, 
1 2 1 , 
130, 
152, 
160, 
179, 
196, 
207 , 
2 1 0 , 
253, 
269 , 
155 

1 . 2 , 
20 , 2 ; 
0 1 , 01 
6 1 . 611 

08 , 

3 , i : 
, 27 
, 47 
, 65 

82 , 83, 85 
9 0 , 9 7 , lOi 

1 11 , 
122, 
135, 
153, 
165, 
180, 
199. 
2C8, 
2 16, 
250, 
2 7 2 , 

112, 
123, 
138, 
150, 
166 , 
183, 
200 , 
209 , 
2 1 9 , 
257, 
3 6 5 , 

109, 

r 10 
2 8 , 
49 , 
6 6 , 
88 , 

201 

, 15, 
37, 
56 , 
7 3 , 
89 , 

16, 16 
38, 39, 
57 , 5 8 , 
7 8 , 79 , 
9 0 , 9 1 , 

, 101 , 102, 108, 
113, 
125, 
1 0 1 , 
159, 
175, 
180, 
202 , 
2 1 1 . 
236 , 
258, 
379, 

1 10, 
127, 
150, 
160, 
176, 
185, 
200 , 
212 , 
237, 
265 , 
380, 

119, 
133, 
1 5 1 , 
163, 
177, 
186, 
206, 
2 1 3 , 
2 38, 
266 , 
385, 

EEACTOBS 3 0 3 , 3 1 3 , 3 1 7 , 3 2 0 , 0 0 0 , 
0 2 2 , 0 3 1 , 4 3 4 , 0 0 1 , 0 4 5 , 0 5 3 , 467 

RECOBBENDATIONS 0 0 8 

EECOVEBY 5 7 , 1 7 8 , 2 7 0 , 353 

EEDISTBIBOTION 1 0 6 , 3 3 1 , 035 

BEGENERATION 206 

REGULATIONS, FEDERAL LEVEL 0 0 0 , 

REGULATIONS, FEDERAL LEVEL 4 6 8 

REGULATIONS, INTERNATIONAL LEVEL 
0 0 0 

REGULATIONS, STATE lEVEL 000 

RELATIVE BIOLOGICAL EFFECTIVENESS 
1 5 5 , 1 7 8 , 218 

BEPBOCESSING 0 0 5 , 081 

BEPROCESSING PLANTS, NUCLEAR 4 2 9 , 
0 7 8 

REPRODUCTION 1 2 0 , 210 

BEPRODOCTIVE SYSTEB 21 

BESINS 2 2 2 , 2 5 5 , 296 

RESORPTION 3 , 0 , 2 7 , 2 2 7 

RESPIRATION 9 , 1 0 1 , 2 0 9 , 2 6 7 , 3 0 0 , 
3 9 2 

RESPIRATORY SYSTEM 1 0 , 2 1 , 5 2 , 
1 2 6 , 1 0 8 , 2 1 9 , 25 1, 3 0 8 , 021 

BESUSPENSICN 3 3 0 , 026 , 0 3 5 , 0 3 ^ 

RETENTION 1 , 5 , 6 , 8 , 1 2 , 13 , 17, 
2 5 , 3 0 , 3 7 , 0 1, 0 7 , 0 8 , 0 9 , 5 3 , 
5 5 , 6 1 , 6 9 , 7 8 , 7 9 , 8 5 , 8 6 , 8 9 , 
9 6 , 9 7 , 1 0 0 , 1 2 1 . 126 , 130, 132, 
1 3 0 , 1 0 1 , 1 0 2 , 1 0 3 , 1 0 0 , 1 4 5 , 
1 6 3 , 1 7 1 , 1 7 0 , 182 , 1 8 6 , 187 , 
1 8 8 , 189 , 191 , 1 9 7 , 1 9 8 , 2 0 0 , 
2 0 7 , 2 1 0 , 2 1 1 , 2 1 3 , 2 1 0 , 2 1 9 , 
2 2 0 , 2 2 7 , 2 2 8 , 2 2 9 , 2 3 0 , 2 3 1 , 
2 3 8 , 2 7 7 , 3 0 3 , 3 0 8 , 3 5 7 , 3 6 2 , 
3 7 1 , 37 3 , 3 7 9 , 07 9 

RETICULODENDOTHELIAL SYSTEB 150 

REIICDIOENDOTHELIAL SYSTEB 3 , 3 3 , 
1 6 3 , 1 8 0 , 1 8 2 , 1 8 8 , 1 9 0 , 1 9 0 , 205 

HEVIEB 7 , 2 1 , 0 3 , 0 8 , 6 3 , 7 3 , 1 0 3 , 
2 0 5 , 2 1 8 , 2 3 5 , 2 3 9 , 2 8 1 , 2 9 6 , 
3 0 1 , 3 2 2 , 3 0 8 , 3 5 0 , 3 5 5 , 3 8 9 , 
3 9 0 , 3 9 2 , 0 2 0 , 42 5 , 0 8 1 

RHODIOB 207 

RICKETS 81 

RIVERS 3 0 1 , 3 1 1 , 073 

RNA 118 

RNAase 118 

ROCKS 3 3 5 , 398 

RODENTS 29 

ROOTS 2 7 0 , 2 7 8 , 3 2 3 , 4 1 8 

RUBIDIUM 210 

RUBIDIUM 86 121 

ROTHENIUB CXIDES 2 5 0 , 2 5 1 , 2 5 2 , 
2 5 0 , 2 6 0 , 033 

RUTHENIOB 106 0 8 , 119, 120, 1 2 1 , 
2 0 7 , 2 5 0 , 2 5 1 , 2 5 2 , 2 5 0 , 2 6 0 , 
3 1 3 , 033 

SAFEGUARDS 3 3 5 , 3 6 9 , 0 3 8 , 4 0 0 , 
0 0 0 , 0 0 9 . 0 6 0 , 0 6 5 , 0 6 7 

SALAMANDERS 185 
SALIVARY GLANDS 2 1 , 101 

SALT REPOSITORIES 070 

SAMPLES 2 7 3 , 3 2 1 , 3 2 8 , 3 3 2 , 3 3 8 , 
0 17 , 4 18 , 0 2 4 , 465 

SAMPLING 1 9 5 , 2 1 0 , 3 0 8 , 3 1 0 , 3 2 3 , 
3 2 0 , 3 2 7 , 336 , 3 4 0 , 3 4 5 , 3 5 6 , 
3 7 3 , 3 9 6 , 3 9 7 , 3 9 8 , 4 0 9 , 0 10, 
4 1 2 , 4 1 6 , 4 1 7 , 0 2 0 , 4 2 1 , 0 2 6 , 
0 2 7 , 4 2 8 , 0 2 9 , 0 5 0 , 0 6 0 , 466 

SANDS 321 

SARCOMAS 3 8 , 9 0 , 1 0 9 , 1 3 0 , 1 0 5 , 
1 6 1 , 2 3 0 , 380 

SARCOMAS OSTEO 00 

SARCOBAS, LYBPHO 2 3 5 , 269 

SARCOHAS, OSTEO 2 3 , 5 1 , 6 8 , 7 8 , 
1 0 6 , 1 2 2 , 109, 1 5 1 , 1 5 2 , 1 5 0 , 
1 7 5 , 1 7 6 , 2 0 8 . 2 2 0 , 2 2 5 , 2 3 5 , 
2 4 1 , 2 4 3 , 2 5 6 , 2 6 9 , 3 5 1 , 3 8 9 , 
2 2 3 , 390 

SATELLITES 317 

SCANNING 389 

SCINTILLATION 6 2 , 3 3 5 , 3 3 6 , 3 3 9 , 
3 9 2 , 3 9 9 , 0 0 1 , 0 0 8 , 0 2 0 , 032 

SEAS 2 9 9 , 012 

SEASONS 1 2 4 , 307 

SEAHATER 3 0 1 , 3 1 3 , 0 0 0 , 016 

3EABEEDS 313 

5EDIBENTS 2 8 5 , 2 9 0 , 2 9 9 , 3 0 1 , 3 0 4 , 
3 0 5 , 3 1 0 , 3 1 3 , 3 3 0 , 3 9 8 , 4 1 2 , 426 

SEPARATION PROCESSES 2 9 , 3 4 , 3 5 , 
3 6 , 7 7 , 2 2 2 , 2 5 8 , 2 7 3 , 2 7 9 , 2 8 0 , 
2 8 9 , 2 9 0 , 2 9 1 , 2 9 4 , 2 9 5 , 3 3 6 , 
3 9 9 , 0 2 0 , 0 7 0 , 0 7 8 , 0 8 1 

SEX 9 7 , 1 6 2 , ' 8 6 , 2 0 8 , 2 2 1 , 391 

SHAPE 028 

SHEEP 119 , 1 2 1 , 1 0 6 , 2 5 4 , 2 6 8 , 276 

SHIELDING 9 8 , 0 3 8 , 0 0 0 , 0 0 6 , 0 0 8 , 
0 57 

SHOOTS 270 

SIALIC ACIDS 2 5 , 5 0 , 260 

SILICA 3 6 9 , 398 

SILICON 285 

SILKBORMS 239 

SIBOLATION 109, 300 

SITE EVAIOATION 3 2 6 , 0 0 9 , 067 

SIZE 0 0 0 , 006 

SKIN 1 , 2 1 , 2 7 , 3 7 , 0 6 , 8 0 , 8 3 , 
9 9 , 1 1 6 , 134 , 1 6 8 , 1 7 0 , 2 1 0 , 2 1 6 , 
2 3 6 , 2 0 0 , 2 5 4 , 2 6 5 , 3 3 0 , 3 5 8 , 
3 5 9 , 3 6 1 , 3 6 6 , 3 6 9 , 3 8 0 , 3 9 0 , 066 

SBALL BOY EVENT 2 7 7 

SBOKE, DIESEL 369 

SNAILS 1 2 0 , 273 

SNAKES. CONGO 185 

SNAP 215, 303 
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SNAP-9A 3 1 4 , 027 

SODIUB CABBCNATES 23 

SODIUfl CITRATES 211 

SODIUM 20 6 0 , 9 0 , 1 5 9 , 1 6 0 , 1 7 7 , 

180 

SOIL PROFILE 306 

SOIL TRANSPORT 306 

SOILS 9 0 , 1 1 9 , 1 2 1 , 1 2 0 , 2 7 3 , 2 7 4 , 
2 7 8 , 2 8 5 , 2 9 6 , 3 0 7 , 3 0 9 , 3 1 1 , 
3 2 3 , 3 2 7 , 3 2 9 , 3 3 1 , 3 3 8 , 3 7 8 , 
3 9 7 , 3 9 8 , 0 0 9 , 0 1 2 , 0 1 3 , 4 1 0 , 
0 1 5 , 0 2 0 , 0 2 0 , 0 2 6 , 0 3 5 , 4 3 6 , 
0 5 2 , 0 7 7 , 0 7 9 , 080 

SOILS, SANDY LOAM 306 

SOLAR SYSTEB 080 

SOLUBILITY 2 5 , 29 , 7 3 , 1 5 6 , 1 6 3 , 
2 0 0 , 2 5 3 , 2 8 8 , 3 3 3 , 3 0 8 , 3 5 7 , 
3 7 3 , 3 83 

SOLUTIONS 3 1 3 , 350 

SOLVENTS 2 8 0 , 2 8 3 , 059 

SOYBEANS 270 

SPACE VEHICLES 3 1 7 , 080 

SPECIFIC ACTIVITY 65 

SPECTROSCOPY 3 2 , 2 8 7 , 338 

SPECTROSCOPY, ALPHA 2 9 5 , 3 6 0 , 424 

SPECTROSCOPY, GABMA 069 

SPERMATOGENESIS 109 

SPLEEN 1, 1 8 , 19, 3 7 , 3 8 , 6 8 , 8 5 , 
9 1 , 1 0 1 , 1 0 9 , 1 1 8 , 1 2 8 , 1 2 9 , ' 3 4 , 
1 0 2 , 1 5 0 , 1 5 5 , 1 5 8 , 1 6 0 , 1 8 0 , 
1 8 2 , 1 8 8 , 1 9 2 , 1 9 8 , 2 2 6 , 2 2 8 , 
2 3 0 , 2 3 1 , 2 0 3 , 2 5 0 , 2 5 5 , 2 6 6 , 
2 7 2 , 378 

STABILITY 18 , 3 5 , 3 6 , 7 3 

STACK EBISSIONS 3 2 2 , 0 0 2 , 0 1 0 , 026 

STANDARDS 3 8 0 , 396 , 0 2 1 , 050 

STANDARDS, FEDERAL LEVEL 3 9 7 , 0 1 0 , 
0 1 3 , 0 2 5 , 0 0 8 , 0 7 2 , l4lli 

STANDARDS, INTERNATIONAL LEVEL 
3 0 1 , 3 0 3 , 0 0 7 

STATISTICS 6 0 , 1 1 7 , 2 1 2 , 2 2 0 , 2 6 9 , 
2 9 7 , 3 0 0 , 3 6 0 , 3 7 0 , 3 9 3 , 3 9 7 , 
0 2 8 , 0 3 6 , 0 6 8 , 069 

STEROIDS 7 6 , 77 

STOMACH 5 3 , 250 

STORAGE 3 6 3 , 0 3 8 , 0 7 1 , 4 7 4 , 4 7 7 , 
0 8 1 

STRATOSPHERE 027 

STRESS 308 

STRONTIUM 0 7 , 8 9 , 1 2 0 , 1 2 7 , 1 5 4 , 

2 0 1 , 257 , 333 

STOONTIUB NITRATES 168 

3TB0NTIHB SULFATES 033 

STRONTIUM 8 5 290 

STBONTI08 89 5 6 , 6 0 , 9 3 , 9 0 , 9 9 , 
1 6 8 , 1 7 7 , 1 8 3 , 180, 2 0 3 , 216 

STB ON T l OB 69 185 

STRONTIOB 90 2 1 , 2 3 , 2 7 , 2 8 , 3 7 , 
7 0 , 7 1 , 7 2 , 7 7 , 1 0 3 , 1 0 5 , 1 0 9 , 
1 1 9 , 1 2 1 , 1 2 0 , 100 , 1 0 5 , 1 0 7 , 
1 0 9 , 1 5 0 , 1 6 5 , 2 3 4 , 2 4 8 , 2 4 9 , 
2 7 6 , 2 8 5 , 2 9 0 , 29 6, 3 0 3 , 3 0 6 , 
3 1 5 , 3 1 7 , 3 3 9 , 35 1, 3 5 5 , 3 6 8 , 
3 7 0 , 3 8 7 , 0 1 2 , 0 1 8 , 0 2 7 , 0 3 3 , 068 

SULFUR 201 

SULFUR 35 2 6 0 , 3 5 5 , 068 

SURGERY 3 8 , 3 9 , 0 7 , 9 7 , 107 , 390 

SURVEYS 0 1 0 , 0 2 5 , 0 2 6 , 060 

SURVIVAL TIBE 2 , 7 , 9 , 1 0 , 1 1 , 3 0 , 
5 2 , 5 5 , 6 7 , 1 3 2 , 145, 155, 1 7 5 , 
1 8 7 , 1 8 9 , 2 4 3 , 250 

SBINE 8 0 , 9 9 , 119 , 168 , 170, 2 5 0 , 
276 

SBINE, BINATOEE 53 

SBINE, MINIATURE 0 6 , 1 2 1 , 1 0 7 , 
1 8 6 , 215 

SYNERGISM 1 7 , 1 0 8 , 120 , 102, 190, 
2 5 0 , 251 

TAILINGS 005 

TANTALUM 316 

TAXA 308 

TECHNETIUM 068 

TECHNETIUM 99 3 5 0 , 3 5 9 , 078 

TEETH 7 1 , 1 0 3 , 2 0 1 , 2 0 3 , 207 

TELLUIUB 132 9 9 

TEBPEBATOBE 8 6 , 9 8 , 2 0 9 , 2 7 5 , 316 , 
3 1 8 . 0 0 2 , 4 50 

TEB8ESTRIAL SYSTEMS 3 1 5 , 029 

TESTES 7 6 , 9 3 , 1 2 8 , 1 3 0 , 379 

THALLIUM 382 

THALLIUM 202 2 10 

THEORETICAL STUDIES 2 2 , 127, 153 , 
1 6 3 , 2 2 9 , 3 0 7 , 3 1 8 , 3o6 

THERAPY 5 , 1 3 , 1 5 , 17, 18, 2 1 , 0 8 , 
0 9 , 6 3 , 8 4 , 1 0 7 , 1 1 1 , 1 1 4 , 1 3 1 , 
1 3 2 , 1 0 2 , 1 5 6 , 166, 1 8 7 , 1 8 8 , 
1 8 9 , 1 9 0 , 1 9 1 , 1 9 3 , 2 0 1 , 2 0 2 , 
2 0 6 , 2 1 1 . 2 1 3 , 2 3 6 , 2 3 8 , 2 5 0 , 
3 1 7 , 3 1 9 , 3 5 0 , 3 6 5 , 3 6 6 , 3 8 2 , 
3 9 0 , 0 6 6 , 068 

THERMOLUMINESCENT ANALYSIS O i l 

THERMOLUMINESCENT DOSIMETERS 387 

THIOLS 382 

THORAX 030 

THORIUM 0 8 , 7 3 , 13 3 , 2 6 6 , 2 8 0 , 

2 8 9 , 2 9 5 , 3 0 1 , 3 1 0 , 3 8 8 , 3 8 9 , 478 

THORIUM CHLORIDES 253 

THORIUM OXIDES 200 
THORIUM 228 21, 70, 71, 72, 76, 

77, 103, 105, 140, 173, 223, 225, 

THORIOH 228 230, 208, 310, 416 
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I n t e r n a l I r r a d i a t i o n Program, (P 76-95) , 100 p . 

290 

P a r t of Dougherty, T . P . , Reserach i n RadiobioIogy, 
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Treatment of Deposited Radionuc l ides held m 
Rich land , Hashmqton, Hay 15-17, 1967, (p . 019-
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Hanford Biology Research Annual Report for 1961, 
(p. 01-03) , 180 p . 10 

Pairt of Kornberg, H.A* and Swezea, E.G. ( E d s . ) , 
Hanford Biology Pesearch Annual Report for 1961, 
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Hanford Biology Pesearch Annual Report fo r 1963, 
(p. i.2-0 3) , 259 p . 52 

Par t of Kornberg, H.A, and Swezea, E.G. ( E d s . ) , 
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to Product for Month of Hay, 1905, (p. 16-18) , 05 
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Par t of Hoskalev, Yu . I . ( E d . ) , D i s t r i b u t i o n , 
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P r o t e c t i c n cf the P u b l i c in a Nuclear Mass 
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