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PUU40NARYCARCIIWGENESISPROM PLUTONIUM-CONTAININGPARTICLES

RobertG. Thomas,DavidM. Smith,and ErnestC. And~rson

Life SciencesDivision,Universityof Callfornla,Los A.lames
SclentiflcLaboratory,LOS Alamos,New 14exlao,U.S.A.

The potentialpulmonaryeffectsof i..haledplu,oniumhave been
smmartzed In recentyears (1,2)and the need for furtheranimal
researchhas been emphasized. The results ?nesented here are the
cutgrowthof an effort tc assess the tumorigeneslaof focai
plutoniu sourcesIn the Syrian hamster respiratory tract (3,4).
Becauselocalizedradtation(hotspots)in bone was knownto be more
tunorigenicthan diffuse radiation, it was thought that this same
phenomenon may prevail in the lung tissue. Eased primarily upon
studieswith beta Irradiationof the skin (5) modelswere developed
as guidelinesfor our “hot particle”research.

MATERIALSAND METHODS

To createwell-controlledplutoniumsourceslocalizedin
specificnunbersin the Syrianhamsterlung it wao decidedto use
the intravenous(IV) routeof administration.Ceramicspherical
particlesof zlrconi”mdioxidewere manufacturedsuch that fixed
smallamountsof plut~nim couldbe homogeneouslyincorporatedin
them,to controlthe strangthof each particle’sradiationfield
(6). The particleswere uniformly10 urnin diameter(6) and were
Injected into the jugular vein (7),after which they lodge in the
lung capilla~ybed, A “CO tag was also added so that retention
characteristicscouldbe determinedthroughperiodicwhole-body
counting.

The aerosolparticlesfor inhalation(INH)”s*udieswere of two
differentchemia;viea. In the earlierwork it was deoidedto
nebulizea mixtureof the Zr02 sol used in the hot particle
microspheremanufacture;into the sol was Incorporatedthe desired
amountsof l“PU or *$’Puand “CO. The sol waq nebu ized (8) andkthe dropletspassedthrougha he~tingcolumnat @ 900 C. The
animalswere exposedin a nose-onlysetup ,9). :he resulting
aerosolwas polydispersedwith a aerodynamicmass mediandiameterof
@ 1.8 Ym and a geometricstandarddeviationof @ 1.8. The second
type of aerosolwas from plutoniumdioxidegeneratedin a similar
fashion,but the startingmaterialwas a suspensionof “9Pu02 in
distilledwater. TM aerosolsamplesfor analysiswere uollected
with cascadeimpactors(10)or electrostaticprecipitators(11).

The Syrianhtisterswere allowedto live out theirlifespan
and were sacrificedonly when moribund. They were necropsiedas
soonas feasible,and routinegross and microscopicpathological
examinationswere performed(12, 13).
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Data on the tumor incidenees in all three (IV and INN) studies
are presented in Tables 1-3. The histology slides for the PU02
studies have not been completely read so the available results only
are mesented in Table 3. The typesof tumorsare in~ieatedin
Tables 2 and 3, primarily to
adenoeareinomas.

TABLE 1. Pulmonaryneoplasm
injection of mlcrospheres in

No. of
Spheres

● Per

CONTROL

2360

10 900

58 800

312 000

TABLE2.

‘Lung

show-theratiosof adenomasto

inoidencefolLowingintravenous
Syrianhamsters

Praotion Lung
of Lung Tumor

: Burden No. O!’ Irradiated No. of Inoldence
lnW_l@lXWSU~XIUIUUS ~

o 521 0 3 0.6

140 68 1 0 0

97 17 5 0 0

120 160 28 19 12

130 25 80 2 8

Pulmonaryneoplasmincidencefollowinginhalationof
Pu-ZrO=aerosolparticl~sby Syrianhamsters

G

Initial
Lung
Burden

i)

o

6

8

76

87

101

No. Of

144

40

43

50

50

44

Tumor
7ncidence

(%)

0.7

5

12

28

40

50

1

2

5

11

12

10

Adeno-
MmJx?m

0

0

0

6

8

9

squamous
Cell

0

.0

0

0

0

3

DISCUSSION

It is obviousthat plutoniumalpha ir~adiationdistributed
focallyis not tumorlgenio(Tablel).-When less than 5% of the
pulmonarytissuereaaivesthe radiationdose, thereare no observed
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tumorsat dwtth. More diffuse irradiation doss lead to the
formation of tumors.

TABLE3. Pulmonary neoplasm inoidence following inhalation of PU02
aerosolparticlesby Syrianhamsters

Initial
Lung

Burden
nCi)

o

40

96

110

144

Tumor
No. of Incidence

W@SZS~

50 0

63 4

66 13

60 7

65 16

Fr~ R- ●

Undiffer-
Adeno- entiated

~ .WWU!!!!

o 0 0

1/23 o 0

6/54 o 1/54

1/46 1/46 1/46

7/49 1/49 o

● All animalsin this studyhaze not been processed;hence, the
Incidence are basedupon fewer than the total exposedin each
group.

●* Carcinomasand Sarcomag

Inhalationstudiesare much more productivein the induction
of lung tumors,as shown in Table 2. A trendof increasedtumor
incidencewith increasinginitiallung burdenis obvious. There is
also an apparenttrendfrom adenomainductionto more invasivetypes
of tumor,with increasinginitialhug burden. The same dosage-
incidencetrendmay be forthcomingin the PuO studies (Table3),
but more data ayaitanalysis. iA currentlyun xplainedeffectis the
apparentlygreatertumoryield producedby Pu-Zr02comparedto PuO .
Averagl~athg last 3 dose groupsof the lattergives 12 * 3$ tumor?
from a mean lung burdenof 117 nCi while averagingthe last 2 dose
groupsof the Pu-ZrO aerosolgives 45 f 6% from94 nCi. Particle

Lsize and residencet e do not accountfor any difference.

SUMMARY

Plutoniumadministeredas an alpha radiationsourceto the
respiratorytractsof Syrianhamstershas resultedin various
inaidencesof neoplasia. Adenomasare the primarylun~ tumor
observedt but adenocarcinomas are alsc prevalent.
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