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The relativephysiologicaland toxicologicalpropertiesof ameri-

ciumand plutoniumhavebeen studiedfo210wi& theirintravenousadmin-

istrationto rats.

The urinaryand fecal excretion of amfici= ma ~~ ~ t~t

of plutoniumadministeredas PU(N03)4. The depositionof americiumin

the tissuesand organsof the rat was also similarto thatobservedfor

plutonium. The liverand the skeletonwere the major sitesof deposition.

Zirconiumcitrateadministered15 minutesafterinjectionof ameficium

increasedthe urbmy axcretionof americiumand decreasedthe anxnznt

fouudin the liverand the skeletonat 4 and 16 days.

LDX studiesshowedamerioim was slightlyless toxicwhen given
30

in the acutetoxicrangethanwas plutonium. The differencewas, hm-

ever,too slightto be

dosefor americium.

Survivalstudies,

vations,mqmrimn of

inportsntin establishinga

hematologicalobservations,

tumorincidenceaud

abnormalitiesindicatedthatamericiumand

the same ohmic toxicitywhen givenon

studiessupportthe conclusionthat the

shouldbe essent~ the semmas those

an

largertolemnce

bone~ obser-

the Incidenceof skeletal

plutoniumhave essentially

equalPC. basis. These

tolemuce valuesfor americium

for plutonium.
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THE REUTIVE PHYSIOLOGICALAND TOXICOLOGICAL

PROPERTIESOF AMERScIUMAND PLUTONTUM(*)

INTRODUCTION

Throughthe continuedprogressof the AtomicEnergyProgrammore

more materials,fomnerlyonly laboratorycuriosities,are becoming

ava~ble to eqerimentallalxmatoriesthroughoutthe country. Ameri-

ciumZ1 (an isotopeof element95) is amongthesematerials.

Sincethe announcementof its discoveryin 1946 by Seaborgand as-

sociates(1),extensiveexperimentalinvestigationshavebeen carried

out with thiselement-

The realizationthatamericium(whichks a half-lifeof approxi-

mately500yearsand decaysby& emissionto neptuniu#37)may event-

- iqose a conside~blebath ~zard led Scott,Hamiltonand

associatesto studyits metabolismin ratsas ear~ as 1947 (2). The

azxxmtof americium@ availableat thattimewas smalland theirin-

vestigationswere confinedlargelyto body depositionand axcretion

studiesover a 256-dayperiodfollowingoraland intramuscularadminis-

trationof tracerdoses. They found35.7per centof the absorbeddose

of americiumin the liverand 19.1per cent in the bone on the fourth

day afterintramuscularadministration.Observationsof plutonium

(*)valuableassistancewas renderedby Mr. JamesDutliand Mr. Gerold
Tennyof GMX-Divisionin the preparationof the radiogramsof the
animals.

mlMw:”.9 ●*9● ● & ●*
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and intramuscularadministrationas

(3,4)showedlessthan 10 per centof

the dose in the liverand 6G80 per cent in the bone.

Scottet al (2)observedalso that americiundepositedh the soft

tissueswas eliminatedratherrapid~, largelythroughexcretionby way

of the intestinaltract. Theirresultsshowedalso thatabsorptionof

americiumfrom the gastrointestinaltractwas less than 0.01per centof

the administereddose.

As bone marmw is consideredve~ susceptibleto radiationdamage,

one mighte~ect the differencein quantitativepartitionof americium

(tijectedas AmC13)and plutonium(injectedas PU+4 citrate)between

liverand boneto resultin a lowertoxiceffectfrom the americiumwhen

the two substancesare administeredin equalmicmcurie amounts. In

fact,americiumshouldbe aboutone-thirdas biologicallyeffectiveas

plutoniumat producingperipheralbloodchanges,bonemarrowdamage,bone

sarcoma,and shorteningof life. One mightalso expectsomevariation

in acutelethaleffectsof plutoniumand

relativeextentto whichbonemarrowand

earlydeathof the animal.

americiumdependingon the

liverdamagecontributeto the

Now thatadequateaumnts of theseelementsare availablewe have

undertakena directcoqmrison of the toxicologicaland physiological

propertiesof americiumand plutoniumwhenadministeredfitravenous~

to ~ts in equivalentmicrocuriedoses.

The obviouspracticalreasonfor this studyis to establisha body

•.

.

.

“::-”:
● O*** ● *O ● . . .
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tolerancedose of americiumin relationto the tolemnce for plutonium

in the eventthat it shouldbecomea wide~ usedmaterialh the atomic

researchprogram.

2. EXCRETIONAND DEPOSITIONOF AMERICIU14AND PLUTONIUM

2.1 Comarison of Excretionof Americiumand Plutonium

2.1.1 ExperimentalProcedure.—-Fifteenmale Spragu+Dawley

rats47 daysold (145-155g.) were injectedvia tailvein with 0.03PC.

of americium(a)per g. of bodyweight. The materialwas injectedas

AmC13in 0.26ml. of solutionadjustedto a pH of 5.

Followinginjection,the animalswere housedin wire bottom

metabolismcagesequippedwith a glassfunnelconstructedto facilitate

the simultaneousbut separatecollectionof urineand feces. Animals

were housedthreeb a cageand pu.rinaLaboratoryChowand waterwere

availablead libitum. Urineand feceswere collecteddailyfrom each

groupof threeanimals.

At 4, 16, 32, end

animalswas sacrificedfor

48 daysaftertijectionone grow of three

the tissuedepositionstudiesgivenh

‘aJTheamountof americiuminjectedwas determhed as follows:
After everyfifthanimalwas injected,0.26 ml. of solution,the

volumereceivedby eachrat,was dischargedintovolumetricflasks.
Thesesa~les were thendilutedto volumewith nitricacid and 0.1
ml. aliquotsplateddirectlyon stainlesssteelpl.atesand counted
ti a methaneflowproportionalalphacounter. The averagenumber
of disintegrationsin the flaskswas takenas the amountof ameri-
ciumreceivedby eachanimal.

,* ● ☛☛ ● ● ☛✝ ● a* ● 9

● ** * ● *

Q: : :0

c ::‘%3 : ●0 ●●
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Section2.2.

sentaverages

The urinaryand fecalexcretionresults,therefore,repre- “ “

for 15 animalsthroughthe fourthday,12 animalsfrom

5-16days,6 animalsfrom17-32days,and 3 animalsfrom 33+8 days

afterinjection.The methodsof analysisof urin~, fecaland tissue

samplesfor americiumare givenin footnote(b).

2.1.2 Results.—A comparisonof the urinaryand fecalexcr~

tionratesof americium(administeredas AmC13)and plutonium@ministered

as Pu(N03)4) for the 40-dayperiodfollowingintravenoush jection are

presentedgraphicallyin Figs.1 and 2 respectively.The datawere

plottedas per centof injecteddose &creted per day,and eye-fitted

curveswere drawnthroughthe data. Americiumexcretionwas conpared

with the excretionof plutoniumadtiisteredas PU(N03)4becauseof the

R

.

~b~Sampleswereanalyzedfor americiumas follows:
The entireurtie sauple,representingthe 24-hourexcretionof

threeanimals,was transferredquantitativelyto a Kjeldahlflask
and 10 ml. of cone.HN03added. The contentsof the flaskwere
heateduntilthe residuebeganto char,at whichtime cone.IWO

dwas againaddedand digestioncontinueduntil.a whiteash form .
The ash was re-dissolvedin 2N HNO and suitablealiquotswere

1platedon 2-tichsta~ess steeld scs and countedin an alpha

counter,afterwhichappropriateIMSSabsorptioncorrectionswere
made. Fecalsampleswere driedat U(P for 24-4$hours. The en-
tire24-hoursamplewas groundin a mortarand a weighedaliquot
ignitedin a mufflefurnaceat 4500 for *24 hours. The residue
was dissolvedand analyzedas above.

The balanceof the carcass,consistingprincipallyof skeleton
and muscle,was autoclave untilthe musclewas freedfrom the
skeleton.Muscletissuewas savedfor lateranalysis;the skeleton
was driedand its dry weightdetermined.Americiumanalyseson the
organs,muscleand skeletonwere carriedout by nitricacid digestion
of the tissue,redissolvingthe ash in 2N HNO and takinga suitable

2aliquotof the solutionfor directplatingan counting. In all
instancesstainlesssteeldiscswere usedI’orplatingand the mass
depositedon eachdiscwas careful~ keptbelow0.5 mg.per square
centimeterof platin~”@H’&~. ~ ‘:”:“.
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apparentsimilarityin tissued&positionbetweenamericiumand plutonium

administeredas PU(N03)4(Table3). Tables1 and 2 summarizethe total

urhary and fecalexcretionof americiumand afforda comparisonwith

the totalurinaryand fecalexcretionof plutoniumatiistered as PuC13,

PU(N03)4,PU+~ citrate md PU02(N03)2reportedin an earlierpaperfzmm

thislaboratory(4).

2.2 Collmarisenof TissueD@osition of Americiumand ELutonium

2.2.1 ExperimentalProcedure.--The~er~en~ procedure

is describedin Section2.1.1above. The animalsused h the excretion

studywere sacrificedin groupsof three. Grows were sacrificedat

4, 16, 32, and 48 daysafterinjection.The animalswere killedwith

Chlomfom . Blood,kidneys,testes,heart,lungs,liver,spleen,

gastrointestinaltract,brain,skin,skeletonand balancewereweighed

and

for

analyzedfor americium(b).

2.2.2 Results.—The results of the tissuedepositionstudies

americiumare presentedin Table3. The data are conpred with

depositionstudiesof plutoniumfollowingits

as PuC13~ PU(N03)4~ PU+4 citrateconplex,and

be pointedout thattheplutoniumresultsare

intravenousadministration

-2(N03)2 . It should

froman ear~ studyfzwm

thislaboratory(4)on a clifferentseriesof animalsand the results

may not be completelycoq.xuablein thatthe experimentswere not con-

ductedsimultaneously.Thesedata show,however,tkt ~ericiq l~e

plutoniumin its variousvalencestates,depositsprimarilyin the
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liverand the skeletonfollowingintravenousinjection.

from thesedata thatAmC13is comparableto PU(N03)4or

gard to depositionh thesetwo principalorgans. Four

jeotion38.3per centof the injecteddoseof americium

the liverand 30.7per cent in the skeleton. JM1.lowing

of FU(N03)439.7per

and 29.4per centin

toniumdepositionin

were not co~arable.

It appears

PuC13with re-

daysafterin-

~S foundin

the injection

centof the injecteddosewas foundin the liver

the skeleton. The resultsfor americiumandplu-

the ~balancencannotbe couparedas thegamoles

The W&lanceti,in the caseof the plutonium

analyses,includedheart,blood,testes,skin,G.I.tract,and lungs

whichwere analyzedsepamtel.yin the americiumexperiment.W the

americiumfoundti the abovetissuesis addedto that reportedfor the

balance,the valuesobtainedare roughlyco~arable to thosereported

for plutonium. Comparisonof othertissuesand organsis of little

sign~icancebecauseof the relativelysmallfractionsof the total

doseswhichthey contain. The dataare too incoqlete,or are scattered

too badly,to allowany significantcomparisonbeyondthe fourthday

afterinjection.

The qualitativesimilarityof mode of depositionof americium

and plutoniumin bone is demonstratedby the autoradiogmphsgivenin

figs.3and4. The survey-typeradioautographsof tibiaand vertebra

shownh a, c, e, and g of Fig. 3 weremade by placingundecalcified

bone sectionsin mntact with dentalX-rayfilms. b, d, f, and h are

photomicrographsof the correspondingbone sections.A comparisonof

.

h

.
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with the photomlcrographsdemonstratesthe great

depositionof bothamericiumand plutoniumis con-

finedto

and to a

the epiphysealline,the endosti&lsurfacesof trabecularbone,

lesserextentto the endostiumand periostiumof otherbone.

The detailautoradiographsshownin Fig.4 werepreparedby

placingthe undecalcifiedbone sectionin contactwith an NTA nuclear

trackplate. Afterexposurethe emulsionwas developedand the tissue

statiedwithoutdisplacingit from the plate. A photomicrographwas

made by focusingon the alphatracksin the emulsionthroughthe tissue

4

.

section.

americium

and their

Americium

thandoes

Theseautoradiographsdemonstratethe greatselectivityof bth

and plutoniumfor the epiphyseallineand for the endostium,

n~ly completeexclusionfrom cartilageand densebone.

appearsto be urinespecificallyconftiedto the epiphysealline

plutonium. Thisappearancecould,however,be an artifact

or a resultof more elapsedtime betweeninjectionand sacrificeof the

animal.given-plutonium. Similarautoradiographicstudiesof kwne deposi-

tionof plutonium,americiumand otherradioactiveelementshavebeen

reportedby Hamiltonand associates(2,3,5,6,7).

2.3 Effectof ZirGoniumCitrateon E&cretionand D~osition of
Americium

Schubert(8) showedthata singleinjectionof 51.4mg. of

Zr as zirconiumcitmte markedlyalteredthe excretionand deposition

of plutonium

of the Zr 30

addnisteredto the rat. He foundthatthe administration

minutesafterthe injectionof
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increasingthe excretionof the plutoniumfzmmabout1 per centto about

.

50 per centof the injecteddoseduringthe first24-hour

amountof plutoniumdepositedin the skeletonwas reduced

of 6. TheseresultsindicatethatZr may alsoaffectthe

period. The

by a factor

excretionand

depositionof americium.

2.3.1 ExperimentalProcedure.—Twelve 150-g.

male ratswere injectedintravenouslywith 0.03pc./g.

+rague-Dawley

bodywt. of Am

as AmCl
3“

Fifteenminutesafterthe injectionof Am, six ratswere in-

jectedintraperitoneallywith 40 mg. of Zr as zirconiumcitrate. The

zirconiumcitratesolutionwas preparedaccordtigto the instructions

givenby Schubert(8). The othersix animals

keptas wntrols. The snimudswere housedti

cagesin groupsof three,and dailyurineand

receivedno Zr and were‘

wire bottommetabolism

fecessampleswere collected

and analyzedfor americium.At the end of the fourthand sixteenthdays

threeanimalsfrom the controlgroq and threefmm the grow that re-

ceivedZr were sacrificedand blood,G.1. tract,heart,kidneys,liver,

lungs,skeleton,and remainsanalyzedfor americium.

2.3.2 Results.—Table 4 presentsthe data showingthe effect

of a singleintraperitoneelinjectionof 40 mg. of Zr as zirconium

citrateon the averagedailyurinarg,fecal,and urinaq plus fecalex-

cretionof americiumadministeredintravenouslyto the rat. The data

representaveragesfor stianimalsthroughthe fourthday

antis from4-16 daysafterinjection.Duringthe first
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afterinjectionthe animalsthatreceivedZr excreted34.2

of the injectedamericiumin the urineand 3.5per cent in

per cent

the feces.

The animalsthat receivedno Zr eccreted4.9 per centof the americium

in the urineand 2.0 per centin the feces. The totalexcretionof

americiumin fecesand urineduringthe first24 hourswas 37.7per

centof the tijecteddosefor the snimalsthat receivedZr and 6.9per

centfor thosethatreceivedno Zr. The singleinjectionof Zr had

essenti&Uyno effecton urinaryand fecalexcretionof

afterthe first2&hour period. The totalexcretionof

the 16 daysof the qeriment was 4$.9per centfor the

receivedthe treatmentand 27.4per centfor thosethat

treatment.

the americium

americ~umfor

animalsthat

receivedno

Table 5 presentsthe data showingthe effectof a stigle

intraperitonealinjectionof40 mg. of Zras zirconiumcit=te (15

minutesafteramericiuminjection)on the depositionof americiumh

the varioustissuesand organsof the rat at 4 and 16 days. These

data conparethe per centof injecteddoseof americiumin tissuesend

organsof animalsthat receivedno Zr treatmentwith that of animals

whichreceivedZr. As Zr treatmentis effectiveonlyduringthe first

day afteradministration,the 16-dayresultsare relativelyunimportant.

At 4 daysaftertreatment,however,Zr had materiallyaffectedthe

depositionof americiumin someof the majortissuesand organs. The

liversof untreatedadnals showedan averageof 38.3per centof the

injecteddoseas co~ared to an averageof 17.9per centfor the livers
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of the animalstreatedtith Zr.

containedan

per centfor

containedan

averageof 30.? per

the treatedgrow.

averageof 2.73per
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The skeletonsof untreatedanimals

centof the doseas coqxxredto 22.5

The kidneysof the untreatedgroup

cent coqared to 1.12per centfor the

for significanceof differencebetween~up treatedwith Zr. A t-test

meanvaluesof per centof dose in liver,skeleton,kidney,and total.

carcassshowedthatthe probabilityof observedclifferencesbetigdue

to chancealonewas less thanoneper cent. Therewere significant

clifferencesin the mean values for someof the otherorgansbut theyare

of littleiuporhnce sincethey constitutea ve~ smallfractionof the

totalinjecteddose. The major significantdifferencesh the means

of treatedand untreatedanimalsare shownschematicallyin Fig. 5

with histograms.

3. -TIVE TVXICOIAGICA.LAND PHYSIOIAGICALEFFEZTSOFAMERIIUM ANDc

3.1 Acute Lethality

3.1.1 ExperimentalProcedure.--Animalsused

of the experimentwere againmale 9prague-Dawleyrats

35 daysold, and weighingbetween80 and 110 g. Five

in thisportion

approximateely

~ws, consist-

ing of 20 animalseach,were injectedwithplutoniumsolutionsof vary-

ing strengthsand sevengrcnpsof 20 animalseachwere givencompmable

dosesof americium. Injectionswere made via tail.vein in eachinstanae.

Americiumwas adudnisteredas AmC13;the plutoniumwas administeredas

of each solutionwas adjusted

*

.
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to give injectionvolumesof 0.20to 0.40ml. Table6 givesthe groq

designations,the~c. of radioactivematerialinjectedand the 30-day

*

mortalityin eachgroup.

Mlowing injection,

peratureroomsin wir-bottom

the animalswere housedin constant-tem-

cageswith adequatesafeguardsagainst

contaminationof the area fromurineand feces. Animslswere housed

fourto a cagewith waterand food in constants~ply. Afterthe initial

30 days,the animalswere transferredto regularsnimalroomsand kept

for observationof longrangeeffects. Suitablecontrolgroupswere

keptfor conqmrison.

Due to the relativelysmallamountof americiumavailablefor

this entirestudy,hematologicalobservationsand the studyof long

rangeeflectsincludingtumorticidencewere conductedon the survivors

of the acutelethalstudy. The fact thatthe resultsfor the median

lethsldose of plutoniumcoincidedfairlycloselywith formerstudies

indicatesthat the combinationof hematologlcaland acutelethalob-

servationsin no way alteredthe resultsof the lethalstudy.

3.1.2 Results.—In additionto the data showingthe doseof

americiumor plutoniumreceivedby eachanimal,Table6 givesthe mo-

talityfiguresfor eachgrow duringthe first30 daysafterinjection.

Thesedatawere subjectedto pmbit analysisusingthe basicequations

and methodsgiven

Figure6

in Finney~smonographonpmbitamlysis (9).

showsthe pmbit regression M-s for both -ericium
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and plutoniumobtainedby plottingthe probitof the 3&day killagainst

dose in uc./g.bodyh. The equationsfor the regressionlinesare:

Thesedata show

ditionsof this

pt./g.bodywt.

.

americium

plutonium

thatthe median

experiment,had

with a fiducial

Y= 3.05 + 17.74X

Y= 2.19 + 39.66X

lethaldose of plutonium,underthe cx)n-

a maximumlikelihoodestimateof 0.071

probabilityof 95 per centthatthe

medianlethaldosemightbe expectedto lie between0.056end 0.086pt./g.

In the caseofatnericium,the medianlethsldose hada maximumlikelihood

estimateof O.1.10pt./g.bodywt.,with a fiducialprobabilityof 95 per

centthat the medianlethaldosemay be expectedto

and 0.130pt./g.

The ratioof the most likelyLD~ dosesofI

lie between0.090

americiumand plu-

1 toniumis & = 1.6,and thereis a 99 to 99.9per cent chce that

1 the two are dtiferent.

i
I 3.2 RelativeEffectsof Americiumand Plutoniumon the Peripheral-

Blood

3.2.1 EqerimentalProcedure.—As mentionedabove;the hema-

tologicalobservationswere conductedon the animalsused for

lethalstudies. AnimalsfromGrows I, III,and IVplutonium

the correspondingGroupsI, 111,and IV americiumwere used.

in GroupI received0.032PC., GroupIII 0.050pt., and Grow

the acute

and from

The animals

Iv 0.063

pt./g. boa wt. The groupswere subjectedto bloodcountingat a fre-

quencywhichnecessitatedthe repetitionof a counton eachindividual
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animslonce in every17 to 20 days,an titervalwhichdid not in itself

alterthe hemogramof the animalsas shownh the controldata. Initially

it was possibleto countthreeanimalsfrom eachgroupevery3 to 4 days,

but as deathsoccurred,the intervalsbetweencountingwere increasedto

maintatithe samefrequencyfor individualanimals.

The red bloodcellcount,the totalwhitebloodcell.count,and

the differentialcountof the nucleatedelementsof the peripheralblood

were determlnedon eachanimaleachtime a ‘bloodcountw was done. !lMl

bloodwas used in all cases,and the pipettesusedwere

use for clinicallaboratorydeterminations.Hemostasis

securedafter,bloodwas takenfrom the tail,especially

bleedingtimesoccurredwithprogressingradiationdamage.

thosein current

was carefully

as increased

the effectsof americiumand3.2.2 Results.—Data conparing

plutoniumon the red bloodcell count~e givenin Fig.7 and on the

whitebloodce~ countin Fig. 8. Bloodcountswere takenovera 30-

dayperiodpost injection.Granulocytesend Iyn@ocyteswere equa13y

depressedin the periodimmediatelyfo~otig injection. Throughoutthe

entire300 daysof observation,theproportionof Qmphocybes and grank

locytesremainedessentiallyunchangeddespitethe wide variationsh

the totalwhitecount. Morphologicchangessea h whitebloodcells

were thosenotedin othertypesof ionizfigradiationdamage. TheyCO*

sistedof bizarrenucl-r forms,and increased cytoplasmic basophilia

In the Iyn@m@es.
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3.3 lativeECf,ectsof Americiuman on the Bone 1A

3.3.1 ExperimentalProcedure.—Forty-threedaysafterinjection,

two animls eachfzmm GroupsI and ~ plutoniumand from GroupsI and IV

americiumwere sacrificedand femoralbonemarrowwas obtained. The

materialwas fixedand sectionedby conventionalmeans,and differential

countswere made.
.

3.3.2 Results.—lkmilm.tionof the marrowsfrOJIItheplutonium-

and americium-treatedanimalsshowedno significantdeviationin the

relativenumbersof the variousmamow cellsfrom thatof suitablecontnl

specimens43 daysaftertijection. It was notedwith both substances

thattherewas a fairlymarkedticreasein the generalcellukrityof the

femmil.marrow,an observationwhichagreedwith the ftidingsof Bloom

(10). Phototicmgraphsof the controlmarrowend specimensfrom an ame~

icium-injectedand a plutonium-injectedanti are shownin IN.g. 9.

3.4 RelativeEffectsof Americium and ~UtO nium on Skeletal.Structureq

Approximatelyeightweeksafterinjection,it was notedthat may

animalsin eachgrow were developinglimb deformities.X-ray examination

revealedthatpathol.6gicalfracturesof the longbonesof the limbshad

occurred. In additionto the presenceof fracturesthe

logicfindingswere noted: (1)osteoporosisthroughout

structures;(2) densitiesalongepiphysealgrowthlines

followingradio-

the skeleti.

(especiallypromi-

nent in the uppertibiae);(3)tineneczwsis;(4)markedthinningof the

cortexof the long boneswith occasionalpseudofibrocysticchanges.

.
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Therewas no significantdifferencebetweenthe bonyabnormalitiesof

the groupsthat receivedamericiumand thosethat receivedplutonium.

X raysof the pelvisand lowerlimbsof a controlanimal,an smericium-

injectedsnimal,and a plutoniuwinjected animalare shownin Fig. 10.

The changesdescribedaboveare demonstratedfi theseradiographs.These

ratswere approximately35 daysold when injectedwith americiumand

plutonium.

At deathof the animels,microscopicobservationsof decalci-

fied sectionsshowedextensiveareasof bonenecrosis.

3.5 RelativeProductionof Bone Sarcomah Americiumand Plutonium

Four osteosarcomaswere seenh animalsinjectedwithpl~

toniumand six in animalsinjectedwith americium. The locationof these

tumors,the amountof americiumor plutoniuminjectedin each instance,

and the survivaltimesafterinjectionare givenin Table7. In each

tistance,the tumorwas discoveredat the the of deathof the snimd.

or onlya few daysbeforedeath. In the caseof animalsshowingab- “

nozmalswellingsor unusual-tome, radiographswere also madeprior

to deathfor diagnosticpurposes.

Figures11 and 12 showcharacteristicidiographs of animals

with osteosarcomas,one tijectedwithplutoniumand the otherwith

americium. The latterradiogramdemonstratees metastasisto the liver

and lung. Metastasis,predominantlypulmonary,occurredin four of the

10 animalswith osteo sarcoma.
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Two fibrosarconmswere seenin animalsreceivingamericium,one

apparentlyarisingin the subcutaneoustissuesof the flank,the other

in the softtissuesof the lowerneck.

3.6 RelativeEffectsof Americiumand ~utonium on GeneralHealth
, @d 111.fe%an

3.6.1 Experimental

describedin Section3.1.1.

tail.vein withplutaium and

Ftwcedure.--Theexperimentalmethodis

Groupsof 20 animalseachwere injectedvia

americiumin the amountsshownin Table6.

The animalswereplacedin wire-bottomcagesuntilthe eighthweek when

the occurrenceof spontaneousfractureswas noted. The animalswere then *

transferredto solid-bottomcagesand beddedon whitepine shavings.An
.

adequategroupof controlswas housedunderthe samecondition. Oages

were checkeddailyfor deadanimals.

3.6.2 ResuJ.ts.—The survivalcurvesfor

admals injectedwith americiumandplutoniumare

3.4. Thesecurveswere drawnby plottingper cent

the variousgroupsof

ShOWKlin Figs. 13 and

survivalagainstdays

afterinjectionand drawingan eye-fitted

Fiftyper centof the animalsof

toniumsnrvivedto approximately270 days

curvethroughthe points.

Groq?sI, 11, and IIIplu-

afterinjection.FUtyper

centof the animalsof GxrnpsI, II, and IV americiumdiedby approxi-

matelythe 270thday aftertijection.Fiftyper centof the animals

of Group 111 americiumhad succumbedby the 60th day afterinjection. .

No deathsoccurredin the controlgrows in 365
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unaqlainedreversalof the survivalpatternfor americiumgroupsIII

and IV, plutoniumand americiumgivenintravenouslyti equivalentmicro-

curieanm.mtsseemto havea

A bettercomparisoncouldbe

were usedin thisstudy.

coqmrable effect

made,however,by

on the survival of rats.

using smallerdosesthan

Nearly all animals injected with dosesof plutonium and ameri-

ciumof O.03Z pc./g.bodywt. or greaterappearedin poor health. A

highpercentageof themfailedto gainweight,sustatiedmultiplefractures

and sufferedfkom chronic~per respiratory infectionat sometimeprior

to theirdeath. Occasionalanimalssurvivingbeyond300 dayspost in-

jectiongainedweightnormallyand appearedto be ti a stateof good

generalhealth.

Figure15 showsthe gemeralappearanceof animalsabout300

daysafterreceiving0.063~c. of americiumand plutoniuq/g.bodywt.

as conparedto a nozmaluninjectedanimalfrom the sameage group.

4. DISCUSSION

4.1 Excretionand Dmosition of Americiumend Plutonium

The excretionand depositionof americiumadministeredintra-

venouslyto the rat as AmC13appearedto resemblethatof plutoniumad-

ndnisteredas Ra(N03)4. The urinaryand fecalexcretionof americium

injectedas AmC13,and plutoniuminjectedas l%(N03)4,are showngraphi-

callyin Figs.1 and 2. The excretionwas followeddailyfor a period

of 32-48daysafterinjection.The fecal~cretion rate of plutonium

I .
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was higherthanof americiumduringthe first4-6 days. Afterthis

therewas no significantdifference.Thirtydaysaftertijectionthe

fecalexcretion

tijecteddose.

slightlyhigher

rate of both substanceswas about0.2 per centof the

The urinaryaxcreticmrate of americiumappearedto be

than that ofpluton$.nm.However,the varianceof the

individualpointswas sufficientlygreatthatthe differenceh rate

was not statistical~signjfica,nt.Thirtydays aftertijectionthe rate

of urinaryexcretionof americiumwas about0.05per centof the in-

jecteddoseper day coqxxredto 0.02per centfor plutonium.

The urinaryand fecalexcretionof americiumand plutoniumis

summarizedin Tables1 and 2. Thesedata showthe totalfecal excretion

of americiumand plutoniuminjectedti variousvalencestatesto be

roughlyco~amble at 4, 8, 16, and 32 daysafterinjection.The maxi-

mum variation(100per cent)occurredbetweenamericiumand plutonium

givenas PU(N03)4durtigthe firstfo~daypericd. The total.urinary

excretionof americiumfor eachof the almvettieperiodswas approxi-

mately4-6 times

The highurhary

curredthe first

thatof plutoniumaxceptwhen PU02(N03)2was tijected.

excretionof plutoniumadministeredin thisform oc-

day and was a result

of the plutonylion beforethe animal

The datafor the uriuaryexcretionof

injectionwere in goodagreementW.Lth

al (2)followingintramuscularinjection.

of a high rateof kidneyclearance

body couldreduceit to PU+4.
*

americim followtigintravenous

the resultsobservedby Scottet

cretion,however,were considerablylower
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them. It is interestingto note thatthey correlatedthe highfecal

excretionwith a highdepositionof americiumin the liver. Our results

for liverdepositionwere appreciablylowerthenwere reportedby them.

The data in Table3 showthe distributionof americiumin the

tissuesand orgensof the rat at 4, 16, 32, and 48 daysfollowingtitra-

WIIOUS hj ectionof AmC13. Resultsfroman earlier

the depositionof plutoniumfollowingthe injection

Pu+2 citrategomplexand FU02(N03)2are also given.

paper (4) showing

of PKC13,Pu(NC3)4j

Theseresultsshowed

that the distributionof americiumfollowingintravenousadministration

as AmC13resembledthatof plutoniumadministeredas PU(N03)4. A Com-

parisonof the americiumresultswith thosereportedby Hamiltonet al

(2) showedthat the trendswere quitesimilarand indicatedthat the

liverand bonewere the principlesitesof deposition.The quantitative

results,however,differedoccasion-. Theirresultsshowedless

depositionof americiumin the skeleton,more deposition“h liver,a

more rapidremovalfrom the liver,and a much greaterfecal excretion.

Therewere a numberof diffe~encesin the experimental
.
couldaccountfor the minorvariationsin the two sets

the axpertientsreportedhere,the americim was given

In theirexperimentsintramuscularinjectionwas used

administration.The animalsused In theirexperiment

ratsused in thesestudieswereyounger(47days old)

for the higherskeletalfhcationof americium. ‘

t

1

1

procedures that

of results. In

intravenously.

M a meansof

mre adults. The

whichllUlyaccount

Autordio~phic studies(Figs.3 and 4) usingboth den~
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X-rayfilm and nucleartrackemulsionshoweda qualitativesiuUarity

betweenthe modesof depositionof americiumand plutoniumin bone.

Bothmaterielsdepositedin the epiphysealline,in endostiumand peri-

Ostium. Maximumconcentrationsoccurredin the &eas of trabecularbone.

Our nuclear

ciumin the

Scottet al

or in areas

trackautoradiographsdid not sbw the depositionof ameri-

regionof the bloodvesselsin corticalbone observedby

(2). Almostno americiumand plutoniumoccurredin cartilage

of densecalcifiedbone.

The admhistrationof a singleintraperitoneal

40 mg. of Zras zirconiumcitratefjfteenminutesafter

injectionof

the intravenous
.

injectionof americiummateriallyaffected

body depositionof the americium(Tables4

that Zr ficreasedthe urinaryexcretfonof

the urinaryaccretionand

and 5). Thesedata showed

americiumby a factorof

about six duringthe 16 daysfollowingtreatment.Fecalexcretionwas

slightlydecreasedend the urinaryplus fecal.excretionwas increasedby

a factorof abouttwo. The increaseh excretionwas due entirelyto

the increase in urinargoutputduringthe first&y. The averageurinary

outputof the enimalsthatreceivedZr was 34.2per cmt of the injected

dose duringthe first24 hoursas comparedto 4.9per centfor the animals

that receivedno Zr. Four dt3yS

centof

treated

of 38.3

average

the americiumwas found

with Zr. The untreated

afterinjectionen averageof 17.9per

in the liversof animalsthatwere

contr& showedan averageliverdeposition

per cent. The skeletonsof the treatedanimalscontdned an

of 22.5per centof the americiumcorqxwedto 30.7per centfor

.-

.
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the untreatedcontrols.

4.2

ratswas

RelativeToxicolo~icaland PhysiologicalEffectsof Americium
and Plutonium

The acutetoxicity

slightlyless than

of americiumadministeredintravenouslyto

that of plutoniumwhen the two materials

were given in equal microcurie

cium administeredas AmC13was

plutoniumadministeredaa Pu+&

amounts. The 30-dayLD-50for ameri-

O.llpc./g. bodywt. The l&50for

citratewas 0.071pc./g.bodywt. The

ratio of the LD-50of

greaterthana 99per

two was significant.

bodytolerancelevels

americium to that of plutonium was 1.6 with

centprobabilitythat the differencebetweenthe

h view of the uncertaintyh determiningchronic

ikomacutetoxicitystudiesthis slightdifference

in the LD-50of americium and plutonium would not indicate a higher

relative maximum body tolemnce for americium.

Americium and plutonium appeared to have veg similar quali-

tativeeffectson the peripheralbloodof rats. Ertravenousinjections

of 0.032pt./g.bodywt. produceda significantanemiain about45 days.

The animalsreceivingbothamericiumand plutoniumappearedhoweverto

recoverfrom the anemiain about90 days. They did not, however,re-

covercomplete~ fromthe leucopeniaand theirwhitebloodcell count

variedas muchas two to three standarddeviationsfrom the mean of the

control group over the entire 30&2ay observation period. Anemia and

leucopenia in animals receiving 0.05and 0.063pt./g.bodywt. ofplu-

tonium appeared to be slightly greater then that in animals receiving
A
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a corresponding

logicalstudies

entire300 days
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doseof americium. The relative

are showngraphicallyin Figs.7

of observationthe proportionof

@es remainedessentiallyunchangedin both the

groqs of animalsdespitewidevariationsin the

.

results of the hemato- .

and 8. Throughoutthe

lymphocytesand granulo-

americiumand plutonium

totalwhite count. The

morphologicchangesseenh whitebloodcellswere essentiallythe same

for both groupsof animalsand were thosenotedin othertypesof ionizing

radiation(10).

Sectionsof bone marrowtaken43 daysafterinjectionof ameri-.

oiumand plutoniumwere examinedand comparedwith untijectedcontrols. .

These sectionsshowedno essentialdifferencesin the effectof the two

substances.

cellularity

As

Both materialsproduceda markedticreaseh the general .

of mrrow from the shaft of the femur.

was expected both americium and plutonium produced marked

pathologicalchangesh the skeletalstructures.Thesechangesconsisted

of spontaneousfractures,osteoporosis,densitiesalongthe epiphyseal

growth

bones,

tative

grolq3s

line, bonenecrosis,markedthinningof the cortexof the long

and occasionalpseudofibrocysticchanges. No significantquali-

or quantitativedifferencesin the boneabnormalitiesin two

were obsemed.

OsteogenicSarcoms were observedin boththe americiumand

plutoniumgzmups. The numberof animalsin eachgroupthat surviveda

sufficientlengthof time to developsarcomaswas too smallto permit

a comparisonof the tumorincidenceof americiumand plutonium. The

APPROVED FOR PUBLIC RELEASE
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indicatethatamericium,likeplutonium,producesosteo-

The microcuriedosesof americiumrequiredto produce

sarcomaappearedto be aboutthe sameas forplutonium.

These studiesshowedthat equivalentmicrocuriedosesof ameri-

ciumand plutoniumhad aboutthe same effecton the generalhealthend

the life spanof rats. It shouldbe pointedout howeverthat the number

.

.

I 4

of animalsusedwas perhapstoo smelland the dosesof

plutoniumtoo largeto permita goodco~arison of the

The datapresentedin Figs.13 and 14 howeverindicate

littleor no differencein the effectof americiumand

survivaltimeof ratsover the dosagerangestudied.

americiumand

two materials.

that therewas

plutoniumon the

In generalit my be concludedfrom the studiespresentedh

thisreportthat the msximumpermissiblemicrocurieazmnts of americium

in disposalwaste,drinkingwater,roomair, stackgases&d the bodies

of laboratoryand plantoperatorsshouldbe essentia~ythe sameas that

recommendedfor plutonium. The currentlyacceptedbody tolerancefor

plutonium is 0.6 pg. or 0.04pc. (n). Taking

americiumto be 6.46x 106 alphad./m./pg.the

cium shouldbe 0.04pc. or O.OU pg.

5. SUMMARYAND CONCLUSIONS

the specificactivityof

body tolerancefor ameri-
.

The excretion,deposition,and toxicologyof americiumand plutonium

havebeen comparedfollowingintravenousadministrationto rats. These

studiesare summarizedas follows: UNCLASSIFIED-.

APPROVED FOR PUBLIC RELEASE
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1. In generalthe urinaryand fecal excretion of americiumadminis-

teredas AmC13to ratsapproximatedthe excretionof plutoniumadmlni.s-

teredas Pu(NO)
3 4“

Thirtydaysafterinjectionthe fecalexcretionrate

of americiumwas about0.2 per centof the injecteddoseper day. The

fecalexcretionrateof plutoniumwas essentiallythe same. The urinary

excretionrateof americium30 days~er tijectionas ~C13 -s abut

. 0.05per centof the injecteddoseper day. The urinaryexcretionrate

of plutonium injected as PU(N03)4W+S about0.02per

doseunder similarconditions.

2. The distributionof americiumin the tissues

cent of the injected

and organs of the

rat followinginjectionof AmC13was quitesimilarto that observedfor

plutoniumfollowingthe admtiistrationof PU(N03)4. In both casesthe

majorsitesof depositionwere the liverand bone.

3. Surveyand detailedautoradiogrsphsshowedthatthe mode of depo-

sitionof americiumand plutoniumh bonewas quitesimilar.

~. ‘Asingletreatmentof 40 mg, of & as zirconiumcitrateadmini~

teredintraperitoneallyfifteenmhutes afterintravenousinjectionsof

americiummateriallyincreasedthe urinaryexcretionof the latterduring

the first2&hour periodpost injection.The amunt of americiumdeposited

ti the liverand bonewas significant~decreasedas a resultof a single

treatmentwith zirconium.

end

wt.

5. Thirtyday LD-50 studiesccqsxing the acutetoxicityof americium

plutoniumgavea medianlethaldosefor americiumof O.11pc,/g.body .

conparedto a medianlethaldosefor plutoniumof 0.071pt./g.bodywt.
b
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of americium

the relative

This smalldifferencein the

is not sufficientto justify

for americium.

6. Therewas littlesignificantdifferencein

ciumand plutoniumon the peripheralbloodof rats

and plutonium

tolerance dose

the effectsof ameri-

foil.owtiginjection

materials. Thereof subacuteequivalentmicroouriedosesof the two

was alsono significantdifference3n the effectson bonemarrow43 days

afteradministration.

7. Edh americiumand plutoniumproducedseriouseffectson skeletal

structuresof the rat when administeredin dosesof 0.032to 0.095pc./g.

bodywt. The skeletaleffectsobservedwerepathologicalfractures,

osteoporosis,abnorrmldensitiesalongthe epiphysealgrowthline,bone

necrosis,markedthinningof the cortexof the long bonesend occasional

pseudofibrocysticchanges. Therewas no apparentquantitativedifference

betweenamericiumand plutoniumin the productionof theseboneabno-

rmalities.

8. ~th americiumand plutoniumproducedosteogenicsarcomas. Not

anoughanimalswere used to obtainquantitativedata but it appearsthat

theyc. amountof americiumrequiredta producesarcomasis aboutthe

sameas that requiredfor plutonihm.

9. At the doselevelsused in these studiesboth americiumandplu-

toniumhad a pronouncedeffecton the generalhealthof the animalsand

shortenedtheirlife spanmaterially.
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10. It is concludedfnm thesestudies

miorocurieamunts of americiumin disposal

tb?tthe maximumpermissible

waste,drinkingwater,room

air, stackgasesand the bodiesof laboratoryand plantoperatorsshould

be essentiallythe sameon a~c. basisas thatrecommendedforplutonium.
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Table1.—A Summa?zvof the CommrativeTotalUrinaryExcretion
of Americiumand Plutoniumllurin~VariousThe Intervals
Followiw IntravenousAdministrationto the Rat

.

Days Per Centof InjectedDoseQ
After

lhjection Amc13 Pucl~ ~(N03)A Pn+!iCit. PU02(N03)2

4 5.% 0.70 0.98 1.32 8.55

8 5.98 0.93 1.32 1.75 9.25

16 6.75 1.23 1.68 2.23 9.80

32 8.09 1.46 2.07 2.58 10●04

48 9.91 — 2.28 2.79 —

i/.
~~ Resultsare averagesfor 15 animalsfor first4 days,1.2mimals

from 5-16days,6 animalsfrom 17-32daysand 3 animalsfrom
3348 d&lyS.

Table2.--ASummarY of the CommrativeTotalFecal.Excretionof
Americiumand PlutoniumDuringVariousTime IntervalsFollowinq
IntravenousAdndnistrationto the Rat

Days Per Centof InjectedDosE@
After

Injection Amclg Pucl~ PU(N03)L p& cit. PU02(N03)2

4 7.36 13.88 14.88 10.01 5.61

8 1.4.03 24.54 21.45 15.89 9.50

16 20.55 34.99 27.26 21.54 U.47

32 24.30 39.74 32.81 27.68 18.60

48 — -- 37.00 29.68

17
“ Resultsare averagesfor 15 animalsfor first4 days,32 anbals

from 5-16days,6 animelsfrom 17-32daysand 3 animalsfrom
3348 days. L
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Table3.--Coumarisonof Tissue
lutoniumFollowingIntravenousAdministrationto

Days Tissue Av. Per Centof InjectedDosJ1

After or
InjectionExcrement Amc13 PUC13 l?u(N03)4 ~+~ cite ~02(N03)2

b

4 Blood O.11. — --
GoI.Tract 2.73 — — -- —
Heart 0.I.2 — — .-
Kidneys 2.73 2.20 1:% 1.64 1.91
Liver 38.32 22.92 39.69 9.56
Skeleton 30.73 44.91 29.4.3 56.93 2::
Lungs 0.31 — --
Spleen 0.26 ;73 1.19 o:& 0.51
Testes 0.08 -- --
skin 1.64 -- ::
Balsnce@ 3.38

— --

$

13●54 33..88 13.70 1.1.21
Fete 10007 17.25 15.11 10.89
Uri.n ti s u ,24 ,Eiii
Total 96.54 102.3 99.6 94.7 92.9

—
16 Blood 0.10 — -- --

G.I.Tract 0.90 — — — --
Heart 0.0$ — -- —
Edneys 1.60 0.67 0.74 lo~
Liver 12.60 7.04 26.34 ::Z 3.37
Skeleton 34.67 42.28 30.88 60.30 58.50
Lungs 0.18
spleen O.O8 ;:96 120 O:m 0.48
Testes 0.04 — --

LYmc142 ::2

$

U:95 7.28 10;5 7.58
Fete 27.55 37.61 26.03 20.83 1.2.91
Urin ~ 8.05 1.35 1.62 2.15 9.18

Total 91.72 101.8 94.2 99.0 93.2

(
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32

/$8

Blood
G.I.Tract

Kidneys
Liver
Skeleton
Lung
Spleen
Testes
skin
Balan1#
Fete
Urhl&

Total

Blood
G.I.Tract
Heart
Hdneys
Liver
Skeleton
Lungs
9pleen
Testes

Fete
Uriu

Total

Table3 Continued

0.03
0.07
0.09
1.67
20.93
31.32
0.33
0.10
0.06
0.85
3.07
24.72

●

91.64

0.O1
1.L$
0.12
2.4$
IJ..94
45.46
0.50
0.45
0.08
0.92
4.07
20.55
*

97.63

nays ‘ Tissue “ Av. Per Centof InjectedDos~l
After or

hjection Excrement PUC13 PU(N03)4 Pu+i cit. ~02(N03)~

-- .- -- --
-- -- —

-- —
0.50 — -- 0.73
5.38 — — 2.78
51.81 -- 56.%

-- --
;:73 — -- 0;3
— -- -- --
-- -- —
7.86 -- -- 9X6
33.86 — 20.54

3 – : s
101.3 — — 99.9

-- -- — —
— -- — --
— -- —
-- ;:43 0.36 —
-- 21.& 2.70

31.88 60.45 :
-- -- --
— 1.43 0.57 --

-- —
-- -- —

5.21 ~85 --
— 39.65 29.68

A A :
— 102.6 104.4

-- .- ---
‘ Eachresultrepresents an average value for 3 an5mals. AU plutonium
resultsare from en earlierpaperfmm this laboratory(4).

f2 Balance in plutonium ccqerti-ent included blood, G.I. tract,heart,lags,
testesand skin.

~3 Fe@ ad W- ~cretion res~ts ~e for spec~ic ~lps of ~bdJ3

< end not for the ovez=allavemges shownh Figs.1 and 2 end Tables1—
and 2.
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Table4.--Effectof ZirconiumCitrat~l on AverapeExcretion
of Americid 2 Atitiisteredktravenouslyto the Rat

Days Urine,%Dos43 Feces,z DOSJ3 Urine+ Feces,$ Dos~3
After
njection Am ~+& ~ ~+& ~ ~+Zr

1 4.88 34.24 2.02 3.47 6.90 37●71

2 0.34 o.% 2.21 1.57 2.55 1.81

3 0.25 0.15 1.73 0.98 1.96 1.13

4 0.12 0.11. 1.40 0.97 1.52 1.08

5 0.13 0.07 1.67 1.02 1.80 1.09

6 0.15 0.16 1.45 0.75 1.60 0.91

7 o.~ 0.10 1.77 0.83 1.91 0.93

$ 0.3.4 0.10 1.77 0.83 1.91 0.93

9 0.13 0.O8 1.18 0.50 1.31 0.58

10 0.09 0.07 1.02 0.42 1.13. 0.49

I.1 0.10 0.09 1o11. 0.63 1.21 0.72

u O.O8 0.O6 0.82 0.39 0.90 0.45

13 0.09 0.10 0.68 0.28 0.77 0.38

u 0.09 0.O8 0.70 0.19 0.79 0.27

15 0.10 0.08 0.61. 0.22 0.71 0.30

16 0.09 0.05 0.40 0.16 0.49 0.21

Total 6.9 35.7 20.6 13.2 27.4 48.9

1 “.-...._ .- ,
- sug~e nqection of 40 mg. Zr/ratas zirconiumcitrate,15 min. after
tijectionof americium.

.

A

~2 Iujectedwith O.03pc. of Au/g.bodywt. as AmC13.

~3Restits areaveragesfor6 animalsthroughthe fotihday~dtiree k

animalsfmm 4-16 daysaf$~ i.p~ti~..~ .
::

M ““e; ‘.:
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4 DaysAfter lhjection 16 DaysAfter Injection
Per Centof Doseper Per Centof Doseper

Tissue ~

Tissue Am h+ti Am h+=

Blood O.1.1 0.12 0.10 0.10

G.I.Tract 2.73 2.34 0.90 1.98

Heart 0.12 0.07 0.O8 0.08

Kidneys 2.73 101.2 1.6o 0.87

Liver 38.32 17.85 12.60 11.77

Lungs 0.31 0.23 0.18 0.25

Remains 3.88 5.67 4.88 5.78

Skeleton 30.73 22.49 34.67 20.89

Slclxl 1.64 4.57 0.99 2.11

Spleen 0.26 0.22 0.0$ 0.13

Testes O.O8 0.0’7 oeo~ 0.06

Total 80.91 54.75 56.I.2 44.02

TFete 10007 6.45 27.55 18.87 .

Urin& 5.6? 3/L81 8.05 u

Total. 15.74 41.26 35.60 55.06

GrandTotal.96.65 96.01 91.72 99.08

h
A. Singletijection of 40 mg.
injectionof Am.

Zr/ratas zirconiumcitrate, M*. after

~2 hjected with O.03pc./g. bodyti. of AreasAmC13. All resultsrepr~
sentaveragesof threeanimals.

~3Urinary and fecalresultsare for the specificgro~sof animalsand
not for the over-allav~~~es FQYW ~OFigs. 1 and 2 and Table1.
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Table6.--RelativeAcuteToxicitiof Americiumand
~lutoniumAdnun“ isteredIntravenouslyto IW@

Grow No. Animals po./g.of No. Deaths $ZIfmtality
Materiel No. per Groq BodyWt. at 30 Days at 30 Dsys

Am I 20 0.032 0 0

II 20 o.o~ 3 15

III 20 0.050 3 15

Iv 20 0.063 3 15

v 20 0.095 10 50

VI 20 o.I26 u 70

VII 20 0.189 17 85

Pu I 20 0.032 1 5

II 20 o.o@. 3 15

III 20 0.050 2 10

Iv 20 0.53 10 50

v 20 0.095 16 80

I

LAmericiumwas adudnisteredas AmC13;the plutoniuinwas injectedas
Pu+~ citratecoqlax.
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Table7.--Ecidenceand bcation of Ostewenic Sarcomasin the
Rat Ibllowin#zIntravenousIn.iectionof Americiumand Plutonium

Survival Time
Element Dose Post Injection
lhjected jlc.g. (days) Tumor hcation

Pu 0.063 300 pelvis

0.032 308 righttibis

0.050 351 rightfemur

0.032 351 left tibia

Am 0.032 289 left humerus

0.050 289 left tibia

0.063 290 rightfemur

0.050 291 rightfemuror tibh

0.063 309 qper thoracicspine

0.032 360 pelvis
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Fig. 3. -- Survey Type Radioautographs Showing Mode of Deposition
of Americium and Plutonium in Bone of the Rat.
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a and c are autoradiographs of tibia
b and d respectively.
e and g autoradiographs of vertebra
f and h respectively.

Pu

.

corresponding to

corresponding to

Pu

photo micrographs

photomicrographs

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



KH!!!!!!
9* ● .

●

•.~;-:.: UNCLASSIFIED
: ● 0

● e !,.0co ●
●

j=i
●r ● .:0:0

Fig. 4--- Detail Autoradiograph Showing Mode of Deposition of
Americium and Plutonium in the Bone of the Rat.
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Fig.5 Effect of a Single Injection of Zirconium
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Fig. 9. -- The Effect of Intravenously Administered Americium
and Plutonium on the Bone Marrow of the Rat.
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Fig. II. -- Radiograph Showing Osteo Sarcoma in a Rat 289 Days
After Intravenous Injection of 0.032 pc. Am/g. Body Wt.
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Fig. 12--- Radiograph Showing Osteo Sarcoma in a Rat 351 Days
After Intravenous Injection of O.032 pc. Pu/g. Body Wt.
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