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Thisreportgivesa comprehensivesummaryof the project

literaturedealingwith the absorptionfiexcretion and body deposi.

tion of plutoniumwhen administered”in m?u?iousformsand by various

routesto therat.

Additionalexperimentaldataare prese:~tedregardingtho

metabolismoi’@utoQiwm

injection The results

1. The first

when administeredto therat by intravenous

indicatedthe i?olloxing~

day followingintravenousinjectionof

3?uq(!SQ3)2the urinaryexcretionof plutoniumwas ‘7.5per cent of

the dose as comparedto 0.33, 0.57,and o.~ per centwhen adminis.

teredas 2uC13, +4 c~trate coqlex res~ectivelyopU(N@3)40andPu

Fecalexcretionduringthe firstday WCS correspondinglylowerfollow.

ing injectionof l?u02(N~)20 Qn the thirtiethday followingintra.

venousinjectiontherewereno significantdifferencesin either

~~inaryar fscalexcretionof plutoniumadministeredas PUC1
3°

PU(NQ.2Jh, Pu-lLkcitratecomplex,and Pu~@~)2, At this time the

averagewinary excretionwaa 0.014per cent of the injecteddose

a~d the averagefecalexcretionwas 0.22Wr cent. The ave&ge ratio

of fecal-tourineryexcretionwas 16/3.. Urinary and fecalexcretion

ewves are givenfor s32 formsof plutxmiuminjected. ●

2. The skeletonwas the principalsite of depositionregard.

less of the form in whichthe plutoniumwas injected. Four days follow.

ing injectionof plutoniumas X?UCI +4 citratecomplex~~3 Q JWJQ3 j+? ~

-~g
‘m-l.JiJj~fJ) c~–~
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depositionwas 44.9, 29.3, 56.9, and 56.5 per CeQt

of the injecteddoserespectively.Depositionin the liverunder the

aboveconditionswis 22~9039.79 9.6* and 9.1 per c-t Of the Wetted

doserespective~y~Depositionof plutoniumin kidney.spleen,and in

~balance~was not greatlyaffectedby the form in which the plutonium

was administered.

3. The size of the injecteddose ofl?u~~citratecomplex

dld not affecttheper cent of the dose excreted

urines Likewise,the size of dose did not alter

injectedmaterialpresentin the varioustissues

ing injection.

in the fecesand

the per cent of

six days follow-

4. lYhenFu* was administeredorellyin5 per cent sodium

citratesolution.the presenceof the citrateseewedto increase

absorptionof the plutonium

tion was stillquitelow .-

doso.

Seventy-eightper

gastro.illtestinaltractwas

frcm the gastro-intestinaltract. Absorp-

only0.3 pezzcent of the administered

cent of the plutoniumabsorbedRrom the

depositddTinthe skeletoaend 703 per

cent in the liver, Body depositionof plutoniumabsorbedvia this

routeseems to resemblethat of plutoniuminjectedintravenously

as l~02(IJ03)2or l?u+4citratecomplex.

,.
-~

.

.
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WIRODUCTION

Large

developmentand

scaleprocessing of plutoniumwas necessaryin the 1

~oduction of’the atcxoicbomb. Ihe futurewill un-

doubtedlysee the developmentof otheruses for thismaterial. The

toxicnatureof plutoniumhas made the studyof itsmetabolismin
.

the animalorganisma matterof great importance.Exte&ive animal

experimentationis imperativeif a fullunderstandingof the toxic

propertiesof plutoniumis to be gainedand if’suitablexneerisare

to be devisedfor the

thismaterial.

TM rat has

storiesfor the study

many of thesestudies

protectionof the healthof perscmsworkingwith

been used extensivelyat this and otherlabor.

of themetabolismof plutonium. me resultsof

are scatteredthroughtheprojectliteraturein

thq form of preliminaryreports. The purposeof thisi?eportis to

sumwrize the work on metabolicstudiesof plutoniumand to re~ort

additional.investigationscarriedon a~ thislaboratory. Theseinv-

estigationsconstitutea ratherintensivestudy

thismaterialwhenadministeredintravenouslyto

of’the mstaboliemof

the rat.
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and I@tinodof Administration—.

@&--- The absorptionof

plutoniumintothe animalbody from the site of administrationis

greatlyai’fectedby the methodof administrationand the valence

stateof the plutonium Wunilton~sresults (CN-2383) indicate that

**3 next -d pU&2 is mostreadilyabsorbedel?~a solutiouof IRK&

least. The aboveorderseememore or less independentof themethod

of admjaistration.Table1 summarizeshis resultson the effect—.

TABLE le-- EIYF!XT03?VALENCE~WATEON AESCX?RTICNOF PLUTUNIUMFRCMTHE
sITE c@’ADMINISTRATION

Methodof Valence Days afteradministrationand

Administration State % remainingunabsorbedat site

4 days 16 dOyS 64 days
I

Intramuscular” +3 77 68 39
+4 96

I +6 %

Subcutaneous +4
-I-6

Intrapulmm+=y$’

‘/ i~
$Theadministereddoseminus the amountremainingin the lung is not
a measureof theamountabsorbed. somematerialwas removed&au the
1- by cilliaryaction.

of valenceon the absorptionof plutoniumwhenadministeredintra-

museularlyssubcutaneouslyand intrayulmon=ilytorats. Therate
of absorptionis veryprobablydirectlydependenton the volubility

.
of the plutoniumcompo8undformalby hydrolysis a*JJ@-p.H..o_f:-$B&::--:;:=l-_—--

~~i4==W’l?
$.,.
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tissuefluidsor absorbingsurfaces~
.

siteof administrationis relatedto

mat absorptionfrom the .

hydrolysisand volubilityof

“ plutoniumat the absorbingsurfacesis indicatedby resultsob-

tainedby the Chicagogroup (.khi-1653).They foundthat the absorption

of Pu+4 and Pu02+2from the lung was greatlyenhancedby the presenoe

of citrateion. Not only was absorptionof bothvalencestatesin-

creasedbut bothwereabsorbed

a ccenplexingagent {cIu-2740).

The Californiagroup

of absorptionand excretionof

of rats. ZMe Pu02 smokeswere

solutionsof Pu(N~)4 or IW24

to the same degreein the presenceof

made an intensivestudyof therate

plutoniumoxidesmokesfrom the lungs

producedin two ways. In one case

were evaporated on cerbonelectrodes

after whichthe electrodeswere arced. Zhe otherprocedurewas to

embedswsllpelletsof’plutoniummetal fi carbonelectrodeswhich

were thenarced. Thereseemedto be littledifferencein the

behaviorof the oxidesmokesin the lungwhen producedby the above

procedures.lh generaltheirresults(CN-2132,CN-2238,CXX232,

CN.2546,CN-29050CN-3076,A2&1808)indicatea numberof important

points regardingthe behaviorof finelydividedPU02 in thelU of

the rat. himals sacrificedimmedie.telyafterexposureretained

about80 yer cent of the inhaleddose~ About50 per cent of the in-

haledmaterialwas retainedin the upperrespiratorytmct. In 96 hour=

the majorityof the PU02 depositedin the upperrespiratorytractwas
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About20- 40 psr centof the inhaleddosewas depositedin the al-

veolarareasof the lungwhere~accordingto lungradioautographa,it

was ratheruniformlydistributed.At 64 days 10 - 25 Ker cent of the

inhaledactivityremained‘inthe lung and at 2~6-daysabout5 per cent

remained. At 64 daya therate of bronchialexcretionof the plutonium

remainingin the lungswas about one per cent per day. They concluded

that the half-lifeof l’u02in the lungwas aboutsix months.

The absorptionof plutoniumdepositedin the lungas PU02

was vary slight. cMy aboutone per cent of the inhaleddose was found

in the skeletonand other tissues64 days afterex~osure. At 129 daya

theyrepor+~dthe highestper gram activityof tissueto lungwas l/8000“

‘I’heabsorptionof plutoniumfrom

teredas &u02 smokeis much less

teredas a solutionof a soluble

cate thatexposureto Pu~ dusts

the lung when the plutoniumis adminis-

than *he ebsor~tionwhen it is adminis-

salt. !Iheaboveresultsstronglyindi-

may resultprimarilyin hazardto the

lung tiseueratherthan to the skelet@lstructures.A urineanalysis

for plutoniura-ynot be of appreciablevalue in indicatingdeposition

of PU02 in the Iungtsince its absorptionfrom thisregion is so

extremelylow. 1% may be necessaryto developothermethodsof’diag-

nos~ exposurein caseswherepersonsare ia contactwithl%% dust.

C&allyadministeredplutoniumis absorbedvery slightlyby

the rat. Hamiltonet al (cN-2383)reportedthatless than0.05per cent

of the adminietemeddose was absorbedfrom thegastrc=.intestinaltract



thata seriesof & rats showedan averageskeletaluptakeof 0.006

per cent of an orallyadministereddose of 45#’ofPu02(N~)2. If

the skeletaldepositionof plutoniumis takeuas 60 per cent of the

absorbed

wouldbe

absorbed

dose,then the absorptionof orallyadministeredplutonium

about0.01per cent.

The Chicagogroupreported(WE KSC 520) that themouse

0.06per cent of a 6.15mg. dose of’plutoniumadministered

.

orallyas Pu(N~]&. They foundthe body distributionof’plutonium

absorbedfromthe gastro.intesliinaltractwas esaea~iallythe same

as thatabsorbedfrom othersitesof administration.

we are presentingfi thisreportadditionalinformationOn

the body distributionof plutoniumabsorbedfrom thegastro.in-testinal

tractof the

B.

Distribution

Pa%.

Effectof ValenceStateand Mathodof Aihninistration~—— —— . —.

O& PlutoniuIR&i.n ~o.. Hamiltonand co-workers

(CN.2383)studiedthe JIIetahOliSmOfPU+30 2U+4,and2uO$2 when

administeredsubcutaneouslyintramuscularlyintrapu3.monarily0and

intravenouslyto rata. They foundthatre@rdless of the valence

stateof the plutoniumand the routeof admhiatrationthe body deposi.

tion was essentiallythe mme when correctionwas made for the amount

of materielremaini~ unabsorbedat the s$te of admi.nistratia.A

possibleexceptionto the abovegeneralstatementis the retenticxa

of plutoniumb~ the liverfollowingintravenousinjection. She

Californiagroup found380 73, and 29 per cent retentionof plutonium

UNCLASS!F!E5
-————-- .—
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in the liverfourdays after intravenousinjeeti.onof i?u+3,1%+4,

and WO&2 respectively.!iherespectiveamountsof absorbed

plutoniumretainedin the liverfour days afterintramuscularad-

ministrationwere5.5, 305a and 14 per teat. The high liverre-

tenticnfollowingintravenousinjectionwas explainedby Hamilton .

(W-2383) aa

in the blood

endothelium.

possiiilyresultingfxcmprecipitationof the product

and filtering out OX theparticlesby thereticulo.

The ChicagoLaboratoryapparefitlydoesnot agree

with thispostulation(cN-2653)0

Tnerealso seems to be considerabledisagreementregard-

ing the amountof plutoniumretainedin the liverof the rat following

+20intravenousinjectionof FuQ2 Hamilton

the plutoniumwas retainedin the liver16

thoughhe had reportedearlierthat29 per

foundonly3 per ceht of

daysafter injectional-

centwas retainedat the

end of the fourthday. The ChicagoLaboratoryfoundfrom 20 to 40

per cent of the plutoniumdepositedin the liversof both rata and

mice 4 - 14 daysafterintravenousinjectionof Pu02*20even in the

presenceof completingagents.i.e.citrateion (CN-2905].

Resultsobtainedat CaliforniaOChicago,and in thislab-

oratoryshowconclusivelythatthe skeletalsystemis the principalsite

of plutoniumdepositionin the body. Over50 per cent of the absorbed

dose seemsto depositin the skeletonregardlessof valencestateof the

plutoniumor themethodof administration.A possibleexception,of

Course.may be the case of unusuallyhigh,Iiver sitionfo~lowing

uNcLi:~~@’”~” ..___
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intravenousinjectionof Pu+4. Radioautc?graphicstudiesby both *he

California(CN-2905)and Chicagogroups (CN-23M?)show that the

siteof plutoniumdepositionWithiAthe skeletouis in the endostium

and periostium. Depositionis especiallyhigh in the trabecular

region. Excellentstudiesby Copp and HamiJ.ton(MW RSS-540)have

shownconclusivelythatplutoniumis fixed in the osteoidmatrix

and not in the bonesalts, Their studiesshowedthatplutoniumcon-

centratedin thematrixof the callussursoundi~ a fracture. If 3.%

was not administeredto the animaluntilbone saltshad invadedthe

callus.concentrationof plutoniumin the callusVJaS slight. They

also showedthat it was possibleto trapa majorpart of the plutonium

depositedin the andostiumbeneatha layer of bonesaltsby meansof a

decalcification- calcificationcycle. The bestresultswere obtained

when the animalwas decalcifiedby beingke@ cm a phosphorusfreediet.

The kidneyand spleenretab relativelylargeamountsof

plu%oni.umalthoughtheirspecificactivity is only about one-fifth

to one-tenth that of bone. The kidney.spleen.and liverretain

about 0.5 - 1.0 ~er cent&er gram of the absorbedplutoniumfour

days afteradministration.The retentionin theseorgansseems

unaffectedby the valencestateof the plutoniumand themethodof

administration.An exception$0 the abovestatementis the case of

high retentionby the liverand s~~leenfollowingintravenousinjec.

tion ofPuh~ dndPut4.

The plutGQiumcontentof nerve,muscle,and reproductive
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also seemsunaffectedby valencestateof’plutoniumand by method

of administration.

The effectof valencestateand methcxlof administration

on the concentrationand distributionof plutoniumin the bloodof

rats has not been studiedvery thoroughly.Russellet al (cN-3167)

(CN-2653)have made a detailedstudy of the concentrationand

distributionof plutouiumin the bloodof the dog followingintra.

venousadministrationof e lethaldose Qf Pu~(N~)2 -. 0.36mg. per

kg o The ylutcmiumconcentrationin the

the first half hour and after seventeeu

concentrationof about O.Ol~per ml. of

b“ooddecreasedtenfoldin

daysreachedan equilibrium

blood, Frecticallyall of

the plutoniumin the bloodwas containedin the@globulin fraction

of the phxxna. .

c. Effectof Vale”nceStateand Method of Administration—— —— —— .

on theExcretionof’l?lutonium~ theRat.-.The Californiagroup..— . .—

havereportedstudiesof the effectof valencestateend methodof

edminietmticnm therate of

!lheystatedthat therewas no

excretionof plutoniumin its

they presentto supporttheir

From theirdata i% seemsthat

excretionof plutonium(cN.2383).

apparentsignificantdifferencein.the

tAreevalenoestates. !lhedata that

conclusionis rathsrlimitedOhowevere

the ratio of fecalto urinaryexcretion

was from5/1 to 10/1. ~is was true for plutoniumin =11 threevalence

statesfourdays aftereitherintravenousor intramuscularadministration
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absorbedat the site of the intramuscularinjection.The ratio

of fecalto urinaryexcretionof absorbed~~lutoniumadministered

as Pu~ and Pu02~2was essentiallylC/1 duringthe first16 days

f’OIIOWingsubcutaneousinjection.The Chicagolaboratoryfollowed

the excretionOZ plutoniumby

injectionsof lethaldosesof

firs% 14 days.14 per cent of

a group of 5 rats given intravenous

RQ02(N~3)2@N-2905)~ Duringthe

the injec’%ddose was excreted. The

ratio of fecalto urinaryexcretionwas3/1. In anothergroup of

rats givenPu02@~)2 intravenouslytheyfoundthe plateauof urinary

excretion

exuret-

excretion

excretion

occurredat about25 days. .4tthis time the animalswere

0.01- 0.02 ~er cent of the injecteddose per day. Fecal

did not leveloff untilabout40 days.

of plutoniumati40 daya was about0.08

injecteddo~e. The resultsof the abovestudies

in tabularformby E. R. Russell(cN-3J.67).

EXH3R3MEMTKLi@PI’EiODs

The dailyfecal

per centof the

have been summarized

A. GeneralExperimentalProcedure...~be purposeof the

experimentsconductedat thislaboratorywas to studyin detailthe

effec%of citrateionOvalencestateOand variousotherfactorscm

the body distributionand

intravenouslyto *herat.

You= male rats

used for the experiment

excretionof plutoniumwhenadministered

rangingSn size from200 to 300 g. were

~he animalswere arrangedintofourgrcups



.

.

-3.0 -

of 12 rats each. Each animalwas injectedintravenouslywith approxi-

mately l,5fot? plutonium. The rats in the firstgroup received

plutoniumin the form of a solutionof FuC13,the secondgroup

received3?u(N~)4.the thirdgroup received FU02{N03)2 and the

fourthgroupreceivedFu~4 complexedwith sodiumcitratepresent

as 0.3 per cent Na3C6H50705@2Ch

The animalsin eachgroup werehousedthree‘tothe cage.

The metabolismcageswere speciallyconstructedto facilitatethe

collectionof urineand fecesseparately.The cage arrangementwas

essentiallythatused at the Universityof RochesterSchool

cine. The detailsof thearrangementare shown in ~i~. ~.

Wriaeand fecessaiipleswere collectedat 24 hour

of Medi-

intervals

throughthe sixteenthday afterwhich theywere collectedat 48 hour

intervals.Each sampleconsistedof the pooledexcretionfrom three

rats. Feces sampleswere driedimmediatelyat 10~0C. and stored.

Urinesam~leswere collectedwithoutthe use of a preservativeand

storedin therefr~erator.

In orderto determinebody depositionof the injected

nlutonium,one-thirdof the animalsin eachgroupwere kj.lledand

autopsiedat one of the tollowingtime intervals:4 daysO16 days,

or 32 m l@ daysafter injection.Liver.kidneysOspleen,and carcass

were savedseparatelyfor analysis. All sampleswerepraservedby

placi~ them in suitablescrewca~g.edspecimenjars and desiccating

in a dryingovenat 105°C. for 48 hours. me jarswere sealedand
.

the samplesstorodin the refri$era%or.

...~$~,
fl-Kv~r3”:. .
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B. ~eparation of $olu’ticms.~- TIN?solutionof PuC13used—.

in theseexperimentswas preparedas follows: A piece of plutositam

nstal(9~ Pu by spectrographicanalysis)was placedin a volumetric

flaskand dissolved.in the smallestpossibleamouatof 6~HCI by

adding theacid dropwise from a micro pipeto When the metalwas

canpletelydissolved enough6 ~ HC1 was addedto make the solution

1 ~ with acidwhen dilutedto volumewith water. This solutionwas

assayedfor 3JUby radioassay.

.& injectionsolutionof PuC13containing~~!u per ml.

was preparedfrom the abovestocksolutim by dilutinga suitable

aliquotto the desiredconcentrationwithwater. This solution

had a pH of ap~oximately2 upon finaldilution.

The Pu(N~)4 stocksolutionwas preparedfrcman aliquot

Of theZ?uC~3stock. _ou&@ 8&HN ~ was addedto make the SOIUti.Q

1 & in acid when dilutedto volume. Eeforedilutingto volumeO

however,the solutionwas allowedto standuntilthe blue colorof

PU+3 had completelychangedto thegreenishbrownof Pu(N03)4.

After dilutionthe plutonin’concentrationwas determinedby radio.

assay. A completespeCtra2absorptioncurvewas run on the sOIU%iOR

to establishthe completeabsenceof2u*3 and X?U02+2.The solution

to be iujectedwas preparedfromthe above stockby dilutinga suit.

ablealiquotto the properconcentrationwith distilledwater. WQ

solutionwas prepsredjust beforeuse. It had a PH of 2 and con-ined

wicLR@~”’i~J..-.=.—.—---_____.....—.——.—--—
.—-—--’ ‘--”—
“_—
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The PU*4 citratesolutionused for injectionwas prepared

from thePU(N03)4stocksolutionby dilutinga suitablealiquotto the

desiredplutoniumconcentrationusinga solutioncontaining0.3 per

centNa~C6H@#j~H20 to make the dilution. The fiw=l solutioncon-

tained45~Pu per ml. ad had a PH of 4..5.

A stocksolutionof Pu02(NCkJ2was preparedtrcm the-1-4

ni%ra%eo T& desiz-edamourtof l?u@03)4h 1 &lHN~ was trans-

ferredto a volumetricflask. EnoughNaBr03was addedto make the

solution0.051,!upo?.afinaldilution. After standingfor 2 hours

the solutionwas dilutedto volume’with1 ~ HN .
%

@ absorptioncurvewas run on the abovesolution. There

was no indicaticmof the presenceof’Z%‘3 and W+4. The injection

solutionwas preparedjustbeforeuse by dilutingthe stocksolu-

tion to the desiredplutoniumconcentrationwithdistilledwater.

A sampleot the finalsolutionmm ~sayed for thepresenceof’Fu+3

and J?u*’$ using a basic’cupferronextractionin the presenceof citrate
.

end bichromateioas.as proposedbyl?ryxell(LA-395).Over 97 per cent

of the plutoniumin the finalsolutionwas in the plutonylstate. The

pH of the solution was approxktely 2 at the timeof the i.njection~

cc! Method of Injection.-.All injectionsweremade by way——

of the femoralvein. The rat was anesthetizedwith ether. A half-inch

incisionwas made in the skinover the region02 the femoralvein. The

veinwas exposedand tie fasciacarefullyclearedaway. While one

operatorheldpressureon the vein abovethe point of injectionsanQther
—— -.~ ..-

u$icMs~~~i~~~–
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operatorcarefullyentered‘~heveinwithe 5/8*g 27 gauge hypodermic

needlebearinga one ml. imberculin,syringefilledto the’~ aii.mark“

with the solutionto b3 ih~ectedi .r!ieneedlewas extendedabout~

inchintothe,vein towardthq he”wt~ .i?r.epsureqn tihqveini%s released

and approximatelylflof ’Puslowlyinjectdd. !We volumeof solution
I

injectedwan appmmhuately0.35ti. in a.1~casee.

Zhe actualamountof plutoniuminjected

making ~dumqy”injectionsas followst lluri~the

was determined

injectionof a

by

particulargroup of rats

administered‘toeachrat

‘thesam needleused for

an mount of solutionequivalentto that

was dischargedfrom the syringethrou~h

the injectionintoeach of fivew50 nii.

volwnetricflasks.

the solutionswere

tidm~ ~jections

assayedfoi!plutoaiuinoT& averageof the five

was takenas the averagedoseof plutoniumre-

ceivedby tlm antils in the ~OuPe

D. Wthods of Analyses---?he kidneys,liver,and spleen

were preparedfor analysisin essentiallythe ssmemanner. ‘ihe

tissuewas transferredto a 300 nil..Kjeldahlflaskand 15 ml. cone.

HNq was added. %e acid &s carefullyboiledotf untilthe sample

partiallycharred. llknnil.of fumingHN03 was addedto the contents

of the flaskand the samplewas againboileddown untilcharring

began. Anothertireatmx?ntwith 10 nil.of cone.HN~ was carriedout

followedby

riitricacid

10IIIY..of~oper

and the hydrogen..... ...

cent H#2. After the evaporationof the

peroxidea whiteash usuallyremained.
,.. .—

.
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If theash was not whitethe entireprocedurewas repeated. T@ ash

was dissolvedin 4 & lIC1’and the solutiontransferredto a volumetric

sufficientglutcxliuln$0

suitablealiquotof the

allowa direct

solutionwas

avaparateddirectlyon a platinumplate. The platewas heatedto a

dullred to deccxnposetracesof organicmatter. T&? plutoniumwas

thendeterminedby countingthe plate in a proporticna3.alphacounter.

Whenknown amountsof’plutoniumwereadded to rat Iivers,theaverage

recoveryby the aboveprocedurewas 90 per Cemto therefore a 10 per

centcorrectionwas appliedto all liverresults,

Becauseof the relativelysmallamountof plutoniumin the

spleenand kidneys,largealiquotsof thesesolutionswere snal~~ed

by the cupf’erronextractionprocedvre(LA-395). Whenknown amounts

of plutoniumwere added to rat spXeensand kidneysOtheaveragere-

coverywas 80 per cen$. A 20 per cent correction ma appliedto all

analysesof kidneyand spleen.

The carcass,consisting of skeletonand ‘balance~bwas

placedin a glazedporcelaincasseroleand driedfor 48 hoursat

1050c. Thecasserolewascoveredwith a heavypyrexplateand

placedin a coldmufflefurnace. The ‘tmperatmreof the furnacewas

then raisedto 450-500° C. over a periodof 4 hours. Ashingwas

*The ~bahince’~representedall the carcassexceptskeletonOkidney.
spleen,and liver.

WcMsJl$l~~ ~~~=
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continuedat &jO-~OOOC. for thenext 20 hours. AJftercooling,

the ash in the casserolewas transferredto a 20-nmshsieve. The

flakeymite ash of the #balance@was separatedfrom the skeleton I

by

of

gentlyshakingthe sieve.

‘Jheskeletonwas transferredback to

60UC.Hcl

About 15 @.

*O boiling.

centrifuged.

addedO and the mixtureallowedto

of H2C)was added

The solutionwas

The supernatant

and the contents

transferredto a

the casserole,15 ml.
I

standfor severalhours.

of the casseroleheated

centrifugecone and I

liquidwas transferredto a 100 @L. I

volumetricflask. The residuewas transferredback to the uasserole,
I

dried.and ~ain ignitedat 450-500°C. untilcompletelywhite. The

residuewas ‘takenintosolutionby treating with successiveportions
.

of hot 6& WI whichwereadded to the volumetricflaskcontaining

the firstsupernetant.

~he same

analyzed

me ash from the ‘balancedwas dissolvedby essentially

methodas describedfor the bone.

Suitablealiquotsof the boneand ‘balancedsolutionswere

for plutoniumby the cupferronextractionmethod(LA-395).

When knownamountsof plutoniumwere addedto bone and ~balance~ash,

solutions theaver~e recoverywaa 80 per cent. A 20 per cent cor.

reationwas appliedto all analysesof boneand @balance@.

Urinesampleswere transf’e~redto a 300 ml. Kjeldahlflask,

evaporatedalmostto drynessOand thendigestedby alternatetreat-

~Rt with COnCo~ ~ and 30 per cent~~. The procedurewas essen. .,

.
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tiallythat used for kidneyeliver,and spleen. When a whiteurine

ash was obtainedQit ~;astakenup in 4 ~ HC1 and transferredto a

volutmtric~ask. AliquotsQt’the urineash solutionwere analyzed

for plutoniumby the cupferronextractionprocedure.Averagerecovery

of knownamountsof plutoniumaddedto rat urinewas 80 per cent. A

20 pr cent correctionwas added to all results.

Fecessampleswere driedsweighed.and ground. A 5 g.

aliquotwas transferredto a platinumcrucibleand carefullyignited

over a low flame Zhe cruciblewas finallyheatedat a dullred heat

untilthe feces ash was a greyish-whitecolor. ‘lheash was treated

twicewith 10 ml. of coxc~H(71and evaporatedto drynesseach time.

Zhe residuewas extractedwith10-15ml. of ho% ~~HCl, transferred

to a centrifugecone.centrifuged,and the supernatanttransferredto

a jo ml. volumetricflask. ‘Iheextractionwas repeated. the residue

was

for

and

Waa

then transferredback to theplatinumcrucibleand i~ited again

one hour. The residuewas fumed

5-10 ml. of ConcoHF. Af’terall

treatedwithhot 41JHCI and ‘the

twicewith5 ml. of cone,HC1

HF was drivenoffO theresidue

extracttransferredto the

volumetricflask. M’ all the residuedid not dissolveafter theHF

treatmantOit was centrifugedout and discardedafter an addit~onal

treatmentwith & ml. of aqut3regia.

A suitablealiquotof the fecesash solutionwas analyzed

, for plutoniumby the cupferronextractionprocedure. A 20 per cent

correctionwas appliedto all fecesresults.
b -

_—_

—-- -- -“” -- --- ._
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EXPMUMEmm mmLTs

A. Effectof VMenae Stateand——— ——

FecalExoretionof PlutoniumAdministered—— ——.

All laboratoriesconcernedwith the study

~=

UN(IASSIFIED

Citrate~~ Urinaryand

Intravenously~ &m.-.

of the physiologicalproblems

associatedwithplutoniumhavereportedexoretiondata. Littleeffort,

has been ex~endedehoweverOon establishingthe effectof valenceof
●

plutoniumon the excretionrate. Hamiltonet al (CN-2383)did not run

cmplete excretioncurvesbut pooledsamplesfor analysisat rather

broad%ime intervals.They wereprimarilyconcernedwith excretion

followingintramuscularadministrationand failedto observeany

essentialdifferencesin the rate of excretionof Pu@, P@, and

%~u *2 from the animalbody.

Wble 2 presentsthe data collectedduringour studyof—.

the dailyurinaryand fecalexcretionof plutoniumwhen administered

intravenouslyto the rat as PuC1j, +4PU(N03)4,PU02(NClj)2andPu

citratecomplex. Thesedataare presentedgraphicallyin the form

of excretioncurvesin-. ~ o ~. The most obviouspoint indicated

by theseresultswaa the extremely

urineduringthe firstday..

~rin&lthe fir8tday the

administeredas PU~(N~)2 mS ?.5

highexcretionof Pu02~2in the

urimry excretionof plutonium

per cent of the injecteddoseas

aanp=ed to 0.33,0.57,and 0.?2per can% for PU+3,Pu114,and PU+4
.

citratecomplexrespectively.Russell(CN-3167)observeda hi@ “
., .. ..

.“
urinaryexoretiono,f.plutoniumW the dog awl also by t% kuman

.,
..

-. .. .

UNCLASSiFIEj
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Period
hys After
Injection

Q
&

2.3
&

5:6
6.7
7-8
8-9
9.10

10-11
1L12
12.13
13-14
14-15
15.ldz
16-17
17-18
18-29
19.20
20-21
21-22
22-23
23-24
24-25
25-26
26.27
27-28
28-29
29-3o
30-31

.-
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TAELE2--- EFFECTOF VALENCESIAIEAND CIWW!E
I-~INARY ANE FECALEXCRE’IION W PLUTONIUM

A~IS=D INTRAVENOUSLYTO TRE R&T,

Ave.~
-..

PUC13
urine Feca

0.191
0.139
0.182
0.127
0.080
0.057
0.052
0.057
0.067
0.051
0.OL6
0.039
00037
0.032
0.032
0.029
06022
00031
0m014
O.olg
0.009
“--

0.014
C)e009
0.009
0.009
0.012
---

0.022
0.017
0.015
Oooli!

p:

3:24
3094
3*44
3.16
2.64
2.21
2.64
1.87
1081
1.94
1009
1.23
1.11
0.82
03?
0072
0.63
0.54.
0.33
0.26
0.23
0.29
0.23
0.20
0.22
0.24
0.19
o.1~
0.17
0.18

0.009 0016

e Excreted
I

?er Cent of IujectedDose

PUOW3)4
Urine Feces

0.436
0.137
0.169
o.~24
0.117
0,086
0.082
00104
0.069
0.054
0.061
0.0/+2
O.ojo
0.040

“-.
o.ol@
0.030
0.036
0.036
0.035
OK!035

“.-
-..

0.025
0.025

“.”
-...

0.025
o*025

---
----

0.017

0012
1063
?o??

4.43
4.09
2.58
2.15
1.60
1.65
1.17
1014
0.89
0.61
0.70
0,58
0.63
0.71
0055
0C55
0.51
0.51
0.37
0.37
---
---
0.25
0.25
---
---
O*25
0.25
---

Qooi? -T--

UN(J-

Uxtie Feces

0.436
0.269
0.240
0.201
0.165
0*137
0.126
0.084
0.087
0.075

1
0.0 6
0.0 6
0.059
0.057
00054
00047
0.040
0.046
0.046
0.034
0.034

---
---

0.026
0.026

.Q-.
---

0.026
0.026

---
..-

0.016

0.38
1.89
2.94
2.72
2.07
1.50
1.29
1.79
1.30
1.01
0089
0.86
0.92
Oeti
0054
0056
Oolp
0.47
0047
C---
---

0.28
0.28
-..
- “-

0.52
0.52
---
..-.

0042
QJ@
. ..-

Puq(NOj)2
WriAeFeces
6.60
0.937
0.400
0.300
0.250
0.23%
0.150
0.175
0.13?
0.137
0.099
0.065
0s059
0.054
00054
o*051
o.o~o
00011
0.024
0.015
06015
0.012
0.006
0.005
0.005
0.008
0.017
0.032
0.011
0.011
0.005
0000J
0.011

0.78
1.51
1.29
1.07
0.95
1.07
0.93
1.03
0086
0.60
0.83
0.92
0.60
0.58
0.58
0s37
0.24
0.48
0.69
0.29
0.24
0.17
0.22
0.30
0.19
0.21
0.49
0.27
0.22
O=@
--e

o●3O
*

*-= - ~—
— .— . .—
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TABIX2 (Continued)

————

.

Samgling Ave.&Per Cent of XnjectedDose@ Excreted
Period

Lkly8After PuC13 Pu (NCkj)4
Injection I pu+%itrat~

Wine Feces Uriae Feces} Urine Feces
I

32-33
33-34
34”35
35-36
36-37
37-38
38.39
39-40
40-41
U-42
4=43
43-44
44-45
45-46

●

(Footnotes)

Q

---
---

0.014
0.014

“.-

0.014
0.014

---

0.016
0.016

---

0.35
0-35
---
---

0039
fJe39
---
-“”

0.26
0.26

---
----

0.29
002’9
“--

---
..-

0.017
0.017
0.017

-.”

---

00014
Oeoll+

0.30
0.30

--.
-..
----

0.32
0.32

---
---

0.20
0.20
0,36
0.36

!Ihenumbersof rats composingthe averageexcretionvaluesin the above
tablewereas f’ollowss

SamDlinRPeriod J?!Q3 =L@QQ .-Pu+4 cite z&O&Oj&

Through4wl day 12
z

12 15
lhrough16th day
After 16thday 3 : : ;

‘IhodosegesinjectedwereE’uC13 lfj.z~, W(N~)4 14.2~,PU+4 citrate15.0~,
and Z?u02(N~)215.1~

JAI@+ ina 0.3 per centsolutionof lSa3C6H~~.5&+@
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duringthe firstfew hoursfollowingthe intravenousadministmtion

of m02 (N% )2. It seemsquitepossiblethat thishigh excretionrate

of plutonylplutoniumduringthe firstday is an actualphysiological

result of the valencestate. Throughoutthe first4 . 6 daysthe

urinaryexcretionof plutoniuminjectedas W~(lJ~)2 remainedsome-

what higherthan the excretionwhen the plutoniumwas injectedin the

otherforms. ~is time intervalmay be assumedto be the timerequtred

for all of theW+*2 ionsto be reducedto a lower valen”ce.It is

interestingto note thatthe very high urinaryexcretionOf Pu~+2 was

accompaniedby a loweredfecalexcretionrate. only5.6 per cent of

the injecteddose was excretedin the fecesdur~ the firstfour days

as comparedto 13.8 per cent for PuC13*14.0 for PU(N03)4,sad 10 per

cent for Pu+4 citratecaqplexo The high fecalexcretionof plutonium

after injectionas PuC13 or E’u(N03)40maY be, howevero

higherdepositionin theliver (seeTableA).

The data in ~ble ~ ocmparesthe urinaryand

of the variousformsof plutoniumat one day and at 30

injection. This tablewas preparedfrom the curvesin

by tak~ the urinaryand fecalexcreticmvaluesat 30

a resultof its

fecalexoreticm

d~s after

~.g-~

days. We

ratiosof fecalto urinaryexcretiondurirqgthe firstday after in.

jectionemphasizesthe extent to whichthe excretim of plutonyl

plutoniumdifferedfrcm the excretionof’plutoniumadministeredin

otherforms. In the formercase the

to 3/1 to 10/1 for the otherforms.

UNCIii&.)

ratio was wly 0.3/1compared
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ME!E!uio-”A COMPARISONOF FECALAND URINARYEXCRETIONOF
VARIOUSFORMS(3?PLUTONIUMON THE KU?STAND 90TH RAYS AFTERINZ!RA-

WENOU9ADMINISTRMI1ON‘IOTHERAT

Gpd.end % Dc= ExcretedIst my % DoseExcr,30th DSY
Valence Urine Feces F/u Urine Feces F/U

PuCl
3

0.33 3.27 10/1 0.011 0.15 11#1

‘(N03 ‘4 ‘
0057 3080 7/1 0.016 0.28 17/1

W02 (H% )2 7.50 2.30 oe3/1 00011 003.8 16/1

PU+4Cit. O.n 2025 3/1 0.016 0.28 i7/1

.. ....———

~—” -—

1
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jectkn therewereno outstandingdifferencesin eitherurinaryor

fecalexcretionregardlessof’the farm in whichthe plutoniumhad

beenadministered.At this timethe averagedailyurinaryexcretim

was about 0.013per cent of the injecteddose. The averagefecal

excretionwas 0.22per centand the averagefecal.to urinaryexcre-

tion ratio was 16/1.

The excretioncurvesshown in ~. ~ - ~ emphasizethe

extremelyhigh fecalexcretionof plutoniumby the rat. Regardless

of the form in which the plutoniumwas injectedOthe fecal.output

30 days afterinjectionwas 16 timesas krge as that in theurine.

In thisrespectthe humanand the rat appearto differwidely. The

ratio of fecalto urinaryexcretionof plutoniumby the humanat 30

days Is at most 1/1 (unreporteddata obtainedat this laboratory).

The vide differencein the rateat which the rat and the humanexcrete

plutoniumin the fecesshouldbe consideredwhen evaluatingtoxi.

cologicalstudiesin whichtherat was usedas the testanhnal.

There wereno outstand% differencesin the excretion

of PU*4 when injectedas the citratecomplexand as PU(N03)4. In

“&hefarmercase.however,fecalexcretionwas somewhatlowerduring

the firstfew days. The lower fecalexcretionmay be due to a 10VJCi3?

depositionin the liver (see~blelJ.

B. Effectof ValenceStateand CitrateIon on-—— —— .— —.

Distributionof’PlutoniumAdministeredllltravenousl~to theRat.-..—

the data in Table& show the distributionof plutoniumin the

.—
.-~

. W’WS:::!ED~
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TAEU4--- EFIIXTOF VAUiICE)STA!XE,,CI’DVHT.ION
AND TIM! AF’IKRLNJZ’GTIONON METABOLISMOF

JZUTWIUJ ADMINEIXI?EDJ.NTRNENOIE&_Y!N)‘IRERAT.
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Iktys
After

Injection

4

32

l@

————

‘Bssueor
Excretion

Liver
Spleen
Kidneys
Skeletcm
Balanoe
Urine
Feoes
TcYML

Liver“
Spleen
Kidneys
Skeleton
Balance
Urine
Feces
TUSAL

Liver
Spleen
Kidneys

22.92
0073
2.20
44.91
13.54
0.90

M.sM
102.3

7.04
0.96
0.67
42.28
1;o;!

*

5.38
0.73
O.QO

Skeleton - 53.81
Balance

I
7.86

Urine 1.20
Feces

I
*

‘rcYrAL 0

Liver
Spleen
Kidneys
Skeleton
Balance
Urine
Feces
TOT&r

Per Cent of &jected Dose~ I

?u+4Cit~
——

9.56
,0.67
1.64
56.93
13070
1.34
10.89
~

f+:+;

0079
60.30
10615
2.15

2.70
0.57
0036

. I6oj5
7.85
2.85

06
+?

JX!s!Xl
~ 1020 ~

~ Each value k an avarageof resultsobtainedfor the tissuesq excrement
of 3 rats in case of PuClq,4 rats in case of RI (Z?oa)1,and Pu+ oiimate

—.

lJU{N% )4

39069
1019
1.36
2?.43
11.88
0.93

+
1 .11

.._~

26.14
1.40
0.74
3;.;;

1:69

21.84
1.43
QalQ

31.88
5.21
2.15

PU02(N% )2
I

9.11
0.51
1.91
~;.:;

●

7.89

3.37
0,48
1.14
58.50
7.58
9.18 .

2078
0-33
0.73

56.84
9046
9.30

?!kM.
e

42

Z2

and 6 rats in ease of PuO~(N )2.
231502fi i’u(No3)414.;; 2.+4 citrate15.0~.The dosagesinjettedwerePU

and PU02(Nq)2 15.l~.
1Ju+4in a 0.3 per cent solutionof Na3C@507 .&$J!@o__ -

~~UNCLASSirlE&-
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rat body at 4, 16, and 32 or 48 daysafter intravenousinjection

as PuCIO,Pu(NOm),, J?u* citrateccmplex, and PuOfi(NOa)6. Regerd-
2 24 c

leas of tineoriginalform in which the plutoniumwas

skeletonwas theprincipalsite of depositicm.When

was Mm.inisterecl - Pu~ o~tr~te ma PU02(N% )2~ the

<.

injected,the

the plutonium

skeletal

depositionwas approximately60 per cent oi’the injecteddose.

Liver deposition-s quitelow when the plutoniumwas injectedin

thesetwo forms. Four days followinginjectionthe amountsdeposited

in the liverwere 9.1 and 9.6 per centrespectively.When injectedas

‘C13 ‘d ‘U(N*3)4’
the per cant of the dosedepositedin the liverwas

much higherthanwhenadministeredas Pu* citrateor Pu02(N~)2. Deposi-

tion in the liver4 days afteradmi.nisimationof PuC13 was 22.9per cent

of the injecteddose.
‘en ‘iJectedasm(N03)4’ ‘position h ‘h=

liver was 39.7perCeuto Skeletaldepositiauof plutoniumwas

ccmrespondinglylowerfor thoseformsgivingthehigherlivercon-

tent. Four days followinginjectionof plutoniumas PuC13and Pu(N03)4

depositionin the skeletonwas 44.9and 29.4 per cent

respectively.

No outstandingdifferenceswere obsarvedin

of the dose

the deposition

of plutoniumin the kidney

variousforms. At the end

following@b?&IvenoUsinjection of ‘the

of the 4th day kidneydepositionranged

fromL36 to 2.20 per cent. At 16 dayedepositionin the kidney

rangedfrom 0.67per cent in the case of PUC13 to 1.14 per cent for

1-
,
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Depositionof plulmniumin the spleenfollowi~ intra-

venousinjectionwas not greatly differentfor the variousformsof

plutoniuminjected. M was the casewith the liver,the highest

depositionin the spleen

+4as PW23, Pu(N03)4,pu

tioa of plutoniumin the

0.81,0.61,and O.~per

9he

l@ days) were

regardingthe

time intervals

much too short

effectof time

m obtainedwithPu(N~)4. When ~jeC*ed

citrate,end Pu02(N~)2, the averagedeposi-

spleenfor the threetime intervalswas 1.34,

centrespectively.

chosenin this study (4016, and 32 or

to permitany significantconclusions

on distributionand relocationof

plutoniumin the body followingintravenousinjectionin various

formso

In generalthe plutoniumcontentof the liver,kidneys,

and ‘balance*decreasedwith t&e. The

showany significantchangesduringthe

for the experiment.

skeletonand spleendid not

short the intervalsallowed

me data in !@blek and the excretioncurvesshownin

~. ~ - ~ suggestthatfecalexcre’ticmof plutoniumwas higher

for

and

thoseformsgivinghigherdepositionin the liverOnamelyPuCl
3

~(m)l.~
~4

The resultsrepwted in !lhbleAon body distributionof

plutoniuminjectedintravenouslyinto the rat agreequalitatively

with thosereportedby Hamilton(CN-2383).Quantitativelythe a@?ee-

ment is poorestwith regardto the depositionof plutoniumin the



T
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liverand skeleton. Four daya followingintravenousinjecticmof

PuC13, PU(X03)4,and PU02(N03)2She reportedliverdepositionof

38, ~, and29 per centrespectivelycomparedto 22.9,39.7,and9.1

per cent foundin this study.,Four days followinginjectionhe

founddepositionin the skeletonwas 33.50 14.4,

respectively far plutoniuminjectedin the three

In this studytherespectivevaluesfor skeletal

and 46.0per cent

valencestates.

depositionwere

4409,29.4,~d56.5 per cent. The body distributionof plutonium

16 days followingintravenousinjectionas Pu02(N~)2 agreesquite

well with

PU44 with

deposited

thatreportedby Hamiltonesgroup (CN-2’?40).

The data presentedin TableA indicatesthatcompleting

citrateion drasticallyloweredthe amcuntof plutonium

in the liverfollowing9

supportsthepostulatethathigh

intravenousinjectionmay result

intravenousinjectia. ‘IMsresult

depositionin the liver following

from hydrolysisof the plutonium

at the pH of the blood. The colloidalparticles formedby hydrolysis

may then ‘befilteredout by thereticulo-cndotheliumof the liver

(CN-2383). Zhe Chicagolaboratoriesdo not concurin this belief.

Theirresults

depositim of

c.

theRat---If——

the degreeof

thismaterial

have not showna pronouncedaffectof citrateon liver

intravenouslyinjectedplutonium(cw2653).

Effectof Size of Dose on Mctebolismof Plutoniumin—— ——— — —— ..
urinaryexcretionis to providea basisfor determining

exposureof workersto plutonium,themetabolismof

in the bodymust be independentof the size of dose.

~3miiii=UNCLASSIFIED.--.—.—————
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The metabolismmust be essentiallythe same whetherthe body content

shouldresultfroma

followingexperimnt

on the excretionand

intravenouslyto the

single largedoseor

was devisedto study

bodydistributionof

rat.

Fivegroupsof maturemalerats

from severalsmallones. !!he

the effectof si~ of dose

plutoniumwhenadministered

,
.

were injectedwith 0.032~

(2250 c/m),1.1?, 5.3~, 15~ and52flof plutoniumrespectively.lhe

plutoniumwas administeredas @+4 citratecomplex in a solution

0.5 per centwith sodiumcitrate. !ihepH of the solutionwas apprccci-

mately6 and thevolumeinjectedwas kept constant-- 0.35 niL. I&tie

and feces samples were collecteddailyfor six days

plutonium. At the closeof the sixthday following

snimsls were sacrificedand theirtissues analyzed.

and analyzedfor

injectionthe

lhe data in ~ble ~ shm the relaticiuahipbetweensize

of doseand the dailyurinaryand fecalexcreticmof plutonium

injectedintravenouslyintothe rat, ~e~cent of the injected

dose excretedper day in both feces end urinewas not significantly

affectedby the size of the dose. In fact,the agreementin per

cent excretedfor the varioussizeddoseswas remarkablyclose. At

the end of the sixthday after injectlcnthe spreadin totalfecal

excretionwae frt.xn8.4 to 12.8per cent of the dose. The spread

in totalurinaryexcretionwas from1.6 to 2.1 per cent.

The distributionof plutoniumin the animalbody was like.

wiseunaffectedby the size of the injecteddose (Table6). The
._—

uNcu~$’:~~~ -~z
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TABLE6--- IZCT0??SIZE OF DME ON MUMJMLISM
OF =UM

organ Size of Inj. Doseand Ave.D per Cent of Dose Per @’@n
w

Excretion oeo32~ lmlr
/

5Q3f I 15(f’ I 52 ~

Liver 7.79 9.32 10.43 9.56 9.39
Spleen 0.66 0044 0-45 0.67 O*49
Kidneys 1.33 1.22 1.64 1.46
Skeleton 56.12 57630 6:$ 56.93 6J.g
Balanue 18.34 14.30 14039 13.70
Blood 1.50 1.25 1.00 -. 1:10
Urine 2.07 1.71 1.95 1.58 2.09
Feces +%2$ ~J:5 +!#Z 12a

L

+
*

TOTAL . e 0 9 .9 0

Q plutoniumwas injectedas the3-4citratecomplex~epared frmg(’NOO)4
by makingthe solution0.5per cent withNa3C6H5C+. ~~ ~0.
of each solut$cmwas apprcxcimately6.

~ All animalswere sacrlfiaedat the end of the 6* day.

& Each valueis the averageof resultsfrom3 rats. Valuesfor the 15~
dose are an averageof resultstram 12 rats.

4.. .. . ___ . . .

~==
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skeletonwas the principalsite of deposition.Approximately60 per

cent of the injectedplutoniumwas foundin the skeletcmregardless

of the size of the dose. the resultsfor skeletaldepositionranged

from56.1 to 60.5per cent for all doses.

The per cent of the dosepresentin the totalbloodvolume

was also quiteconstant. The range in bloodcontentfor the various

dosagessix days followinginjection

amountof plutoniumdepositedin the

per cent.

was 1.0 to 1.5 per cent. The

liverrangedfrom7.8 to10.4

D. Metabolismof PlutoniumAdministeredorall~to the.— ——

~--- Absorptionof orallyadministeredplutoniumis quitelow

(CN-2383,MU3RRS-5530MUCKSC-520) -. onlyabout 0.01per cent

of the totaladministereddose. Becauseof the low absorptionfrom

the gastrointestinaltractlittleinformationis availableregsrd-

i.ngdistributionin the body of plutoniumabsarbedvia thisroute.

Absorpticmof plutoniumfrcm the lung was enhancedby the presence ‘

of a completingion, i.e.citrate(AMd653). me followingexPeri.

ment was set up to determinethe absorptionand body distribution

of plutoniumwhen administeredorallyto rats simultaneouslywith

a largeexcessof sodiumcitrate.

foreach

198<PU,

lhreeyoungmale rats weighing200 g.

groupo Group1 was @ven 46~ofgu44,

group3 waagiven488fPufiand group 4

eachwere selected

group2 was given

was given 200015

The firstthreedosageswere administeredin as per cent solution I
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of Na3C6H7.5@@. l’hroughmistakethe 2000r dosewas given in a

0.5 p= cent solutionof sodiumcitrate. All dosageswere ad.

ministeredby givingone.fifth+’ the totaldoseper day for five

consecutivedays. me volumeof solutiongivenper day was 2.5 ml.

Four days afterthe last administrationof plutoniumthe

animalswere sacrificedand the liverseskeletonOand ‘balancefi

analyzed.

!l%eresultsare given in yble 7. ‘iheseresultsindicate

thatabsorptionof plutoniumfrom thegastro-intestinaltractwas

increasedby the simultaneousadministrationof a largeexcessof

sodiumoitrate. The increasein absorption,howver~ was not great.

Onlyabout0.3per cent of the plutoniumwas absorbedwhengiven in

a 5 per cent solutionof sodiumcitrate.

The amountof plutoniumadministered,and the strengthof

the sodiumcitratesolutionused did not significantlyaffectthe

per cent of the absorbeddosedepositedin the liverand skeletata.

If the amountof absorbedplutoniumthatwas excretedin the urine

and fecesduringthe t- of the experimentie disre@rded9 the

averageliverdepositionfor all dosageswas 7.3 per cent of the

amountabscmbed. The averageskeletaldepositionunder thesecondi.

tionswas 78.7per cent of the absorbedmaterial. Theseresults

indicatethat the liverand skeletaldepositionof plutoniumabsorbed

from the gastro-intestinaltractwas essentiallythe same as the

depositionwhen the plutoniumwas injectedintravenouslyas PU.J__—~

UNCMSWIED —
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2awL2””- A13SORPTI(II AND BODYJMMRIBUTION OF
PLUMNIUM AE$KU?ISTERED0RtXlLY4TO THE RAT.

‘IWal Dose % Dose % of Abs. P~ per Organ

Absorbed Liver 1 Skeletqm Balance

46 0934 7.8 70.8 21.4

198 0.32 8.2 81.7 1001

400 0.25 307 88.1 8.2

2000Q 0.06Q 904 74.2 16,3

Ave. .- 7.3 78.7 14.0

~ The firstthreedoseswereadministeredin 5 per centsolution
.5* 0. The 2000(‘dosethroughmistakewas ad.

~~~a%~~% O* per cent citratesolution. All doseswere
administeredby givingone-fifthof the totalamountof plutonium
per day for five days.

~ Theamotuifi
duringthe
sacrificed

of the absorbedplutoniumexcretedin fecesand urine
experimentalperiodwas neglected. !Iheanimalswere
ten daysafterthe beginningof the experiment.

.
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citratecomplexor as Pu02(N% )2. A similarccmxison w ~de

betweenthe depositionof plutoniumabsorbedfra au intramuscular

injectionand plutoniuminjectedintravenouslyas J?u02(N~)2

(CN-27/+0) .

General

seemsto indicate

considerationof all resultsreportedto date

thatregardlessof valencestate~ the deposition

of plutoniumabsorbedslowlyinto the body (as is the caseafter

oral, intramuscular,or intrapulmonaryadministration,etc.) is

similarto the depositionfollowingintravenousinjectionof

‘4 citratecomplex.Pu~(N~ )2 or Pu s
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