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ABSTRACT
The life-span biological effects of inhaled scduhlc, alpha-emitting rxdicmuclides depositd
in the skeleton and liver were studied in 5 groups of 20 beagles exposwt to initial lung
depositions ranging from 0,48 to 518 Bq/g of lung, Avemgc plutonium amounts in the
lungs decreased to approximately 1 % of the find body deposition in dogs surviving 5
years or more; more than 90% of the find dcpositio”s accumulated in the Ii”cr a“d
skeleton. The liver-to-skeletal ratio of deposited plutonium was 0.83. Tht incidence of
bone tumors, primarily osteogenic swcotm+s causing early mortality, at final grour
average skeletal depositions of 15.8, 2,1, and 0.S Bq/g was, respectively, X5%, 50%,
and 5%: there wt!re no bone tumors in cxposurt groups with uwi.n wera~c dqxIs[IIoII.
lower than 0.5 Bqlg. Elevated semm liver enzyme levtils were observed in expmsuw
groups down to 1.3 Bqlg. The incidence of liver tumors at final gn,up aver:tgc Ii”cr
depositions of 6.9, 1.3, 0.2, aad 0,1 Bq/g, VWS, respectively, 25%, 15%, 15%, and
15%; one hepatoms occurred among 40 control dogs. The nsk of the l]ver cxnccr
produced by &al& plutonium nitrate wasdificult
toasscss d.c. t<>tl>c co,npc[ing risks
of life

occasional other systemic sites. Peritrabecular fibrosis was observed as a deterministic
finding in all groups that produced bone tumors.
Liver damage was evaluated by observing serum levels of liver enzymes, Elevated
serum chemistry values first occurred at 4.1 years after exposure in group-5 dogs when
the group average accumulative dose was 2.8 Gy. At this time, tbe dose rate was 60 to
70 cGy per year. There were biphasic elevations of serum alkaline pbosphatase (ALP)
and serum gluramic-pyruvic transaminase (GPT) in ind ividual dogs. An earl y increase
was followed by a return to control values, and a later effect was characterized by
persistent, increased elevations of both ALP and GPT. GPT and ALP vai ues in doseIevel groups 3 and 4 also became significantly higher (P< 0.05) than those for controls.
Ten intrahepatic bile-duct tumors occurred in 5 dogs from group 4; 4 cholangiocarcinomas (one fatal), 4 cholangioadenomas, 1 hepatoma, and 1 Ieiomyosarcoma, 1ntrahepatic bile-duct tumors also were present in 3 dogs from group 3, 1 dog from group 2,
and 2 dogs from group 1; these consisted of 4 cholangiocarcinomas
and 2 cholangioadenomas. Fatal hepatocelhdar carcinomas occurred in 2 dogs from group 2, and nonfatal
hepatocellular carcinomas were present in 1 dog from group 1 and 1 control dog.
The mean
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examinations were made on hematoxylin- and eosin-stained paraffin sections;
stains and transmission electron microscopic examination of selected tissues.

special

3. Results
Bone tumors were the main cause of death or euthanasia in the 2 highest exposure
groups (Table 1); 22 came from the axial skeleton (lumbar vertebra, 6; cervical vertebra,
4; thoracic vertebra, 3; sacrum, 3; ribs, 3; facial hones, 2; nasal turhimte, 1) and 14
from appendicular skeleton (humerus, 6; pelvis, 4; femur, 2; radius, 1; scapula, 1),
Some dogs had multiple sites. The tumors were osteogenic sarcomas arising from
endosteal surfaces, except for 2 hemangiosarcomm in vertebra of 2 dogs from group 2
and an anaplastic osteosarcoma in the radius of 1 dog from group 3. Metastasis occurred
to the lungs of 10 dogs, kidneys of 4 dogs, regional lymph nodes of 2 dogs, and

comparing the risks of skelefal deposition, because we observed similar tumor incidence
(described above) in dogs exposed by inhalation (compared to intravenously injected).
The importance of the liver damage produced by inhaled plutonium nitrate was
difficult to assess given the competing risks from lung and bone tumors. The liver tumors
related to plutonium were bile-duct tumors, similar to those seen with intravenously
injected plutoniumfi but in contrast to the fibrosarcomas observed in dogs exposed to
inhaled 23’PuOZ.7Autoradiographic studies of liver in dogs exposed to inhaled plutonium
in our laboratory show, in general, single tracks arising from hepatocytes in dogs
exposed to 239fJu(N03)4 , alpha stars in dogs exPosed t’J ZWpu02, and both single tracks and
alpha stars in dogs exposed to 23nPuOz.
The liver-to-skeletal ratio of plutonium deposition is similar to the ratio in humans,
although in humans the ratio declines from about 0.7 at 10 years to 0.5 at 40 years after
intravenous injection. * These similarities further validate the utility of the dog model in
helping to assess the risks of accidental plutonium deposition in humans.
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