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REPEAlED INHALATION EXPOSURE OF BEAGLE DOGS TO AEROSOLS OF 239 PuO XII.
2'

Abstract - Beagle dogs were exposed once or semi-

annually for 10 yr by inhalation to aerosols of PRINCIPAL INVESTICATORS

23 9PuO2 to study the relative doses and effects of J. H. Diel

these two types of eposures. All exposures have F. F. Hahn

have been completed. Dogs exposed at high levels B. A. Nuggenburg

died predominantly of radiation pneumonitis and

pulmonary fibrosis. Dogs exposed ac lower levels, either once or repeatedly, are dying of a

variety of causes including lung cancer. Dogs have survived up to 12 yr after their first

exposure. Preliminary results suggest that single and repeated exposures cause similar health

effects for equal accumulated radiation doses.

People exposed by inhalation to plutonium include workers who have inhaled measurable amounts

of plutonium over an extended period of time.1 No radiation-related health effects have yet been

observed in people inhaling plutonium. Most animal studies have been done with single exposures.

While 239 PU02 is highly insoluble and remains in the lung for long periods after inhalation, the

level does decrease with time in contrast to repeated or chronic exposures where the level remains

relatively constant or increases with time. lo estimate possible effects on people exposed over a

period of time requires a careful analysis of results from single exposures of animals to

plutonium and a knowledge of how single exposure effects are related to those from multiple

exposures. The experiment described in this annual report paper is designed to study this problem.

METHODS

lhis experiment was designed based on existing results of the health effects caused by single

inhalation exposures of Beagle dogs to 239 PuO2 .2 Three different assumptions were made to

estimate possible effects. The first of these was that the same health effect would occur with

the same radiation dose independently of the time sequence of exposures. A second assumption,

which gave a lower effect per unit dose for repeated exposures, was that each exposure would act

independently to produce the health effect. The third assumption, which gave a higher effect per

unit dose, was that the same total activity deposited in the lung would produce the same effect

independent of the time when it was deposited 1976-77 Annual Report, LF-58, pp. 189-192).

Using models based on these assumptions and the existing data on the health effects of inhaled

239 PuO2, the study was designed with a high-level exposure scheme that was almost certain to cause

radiation-related health effects and a lower-level exposure where the expected health effects were

highly dependent on the assumptions made for the relative effectiveness of single and reperted

exposures.

Beagle dogs were exposed semiannually to achieve either 0.01 or 0.1 JjCi 037 or 37 kBq) deep

lung deposition of 239 PuO2. For comparison purposes, another group of dogs was exposed only once

to achieve 0.1 jC i (3.7 kBq) deep lung deposition of 239 PuO2, but repeatedly sham exposed to

simulate the treatment of the repeatedly exposed dogs. Control dogs were also sham exposed
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semiannually. A serial sacrifice group was included to study the effect of repeated exposures on

the retention of inhaled 239 PuO2- In all cases of 239 PuO2 exposure, a monodisperse aerosol with a

0.75-vm activity median aerodynamic diameter was used. The experimental design and its present

status are illustrated in Figure .
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Figure I Experimental design for the longevity study of Beagle dogs exposed repeatedly by
inhalation to 0.75-lim activity median aerodynamic diameter aerosols of 239 PuO2 (status as of
9 30/88) .

STATUS

A summary of the dogs that have died to date, including causes of death, is presented in Table

1. Descriptions for individual dogs are to be found in Appendix A. Survival times for all dogs

with indications of the cause of death are shown graphically in Figure 2 and are summarized by

cause of death in Table .

Eight dogs died during the past year. They include four dogs exposed once to 239PuO2, three

exposed repeatedly, and one control dog. Malignant pulmonary tumors were the major finding at

death in all but one of the exposed dogs. The other dog died of congestive heart failure. The

control dog was euthanized because of a perianal gland carcinoma. Descriptions of the findings

are given below. Estimates of total lung dose are also given. These should be considered

approximations since final determination of lung retention parameters is not yet possible.

Dog 10258

Dog 1025B was euthanized 3713 days after the first of 18 inhalation exposures resulting in a

total of 022 pCi (8.1 kq) of 239Pu being deposited in deep lung and an accumulated dose of 480

rad 48 Gy) to lung. This dog died because of a large, primary, lung tumor in the right apical

lung lobe and hypertrophic osteopathy. Histologically, the tumor was an adenosquamous carcinoma

that metastasized to the other lobes of the lung and the tracheobronchial, mediastinal, and

sternal lymph nodes. A second primary lung tumor, a bronchioloalveolar carcinoma, was noted

histologically in the left apical lung lobe. Periosteal proliferations, indicative of
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Table 

Summary of Deaths in Dogs Repeatedly Exposed by Inhalation

to 0.75-um Aerodynamic Diameter Monodisperse Aerosols of 239 PuO2

(Status as of 930/88)

Total Days Cumulative

Number Pulmonary From First Dose to

of Deposit Exposure Lung

Diagnosis Dogs (nCi/kq)a To Death (rads) b

Dogs Exposed Repeate IV

Radiation pneumonitis and

pulmonary fibrosis 11 150-240 1267-2013 1700-3000

Radiation pneumonitis,

pulmonary fibrosis and

pulmonary carcinoma 2 180-190 1829-1908 2500-2700

Pulmonary carcinoma 12 20-230 7892-3927 440-3400

Bronchioalveolar carcinoma

and osteosarcoma (mandible) 1 198 2374 3200

Carcinoma (pituitary) 1 25 3033 470

Melanoma (oropharynx) 1 17 2450 300

Ruptured gall bladder 1 13 2125 190

Accidental death 2 11-22 364-1933 60-330

Dogs Exposed Once

Radiation pneumonitis,

pulmonary fibrosis and

pulmonary carcinoma 1 80 1920 1700

Pulmonary carcinoma 8 11-32 2715-3871 320-880

Pulmonary mixed tumor 1 17 3901 520

Heart, congestive failure 1 14 3740 410

Hepatic degeneration and

pulmonary carcinoma 1 20 3564 580

Mammary adenocarcinoma 1 22 3466 610

Immune hemolytic anemia 1 16 1651 310

Vertebral disc herniation 1 25 1030 360

Sham Exposed Dogs

Strangulated hernia 1 0 969 0

Accidental death 1 0 2250 0

Perianal gland carcinoma 1 0 3941 0

al nCi = 37 Bq.

bl rad = 0.01 Gy.
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Figure 2 Survival of dogs exposed semiannually by inhalation to monodisperse aerosols of 239 PuO2

(status as of 930/88).

hypertrophic osteopathy, were present in the distal bones of all appendages. Other lesions were

minimal and were related to aging.

q_pq IQ28B

Dog 102BB died from chronic, congestive heart failure during anesthesia performed for

diagnostic purposes. This occurred at 3740 days after single inhalation exposure resulting in

0.13 Ci 48 kBq) of 239Pu being deposited in deep lung and an accumulated dose of 410 rad (.1

Gy) to lung. At necropsy, there was severe cardiomegaly and severe pulmonary and hepatic, passive

congestion. The only tumors found were small, multiple, renal fibromas. Other lesions were

related to aging and included mild, lymphocytic gastritis; prostatic hyperplasia; hepatocellular,

nodular hyperplasia; and glomerulonephritis.

Dog 1036A

Dog 1036A was euthanized 3871 days after a single inhalation exposure resulting in 03 PCi

(4.8 kBq) of 239Pu deposited in deep lung and an accumulated dose of 320 rad 32 Gy) to lung.

This dog was euthanized because of a large, primary tumor in the right apical lobe.

Histologically, the tumor was a papillary adenocarcinoma. The tumor had not metastasized but

occupied most of the lobe. Other lung tumors were noted histologically. A bronchioloalveolar

carcinoma was found in the right intermediate lobe and a squamous cell carcinoma was found

associated with the right main stem bronchus. Other lesions in the lung were marked, focal,

septal fibrosis and arterial thrombosis. The lymph nodes draining the lung showed a moderate

lymphoid hyperplasia. The only other tumor found was a testicular, interstitial cell tumor.

Dog 1043A

Dog 1043A a sham-exposed control dog, was euthanized 3941 days after initial sham inhalation

exposure because of a recurrent perianal gland carcinoma that metastasized to the lungs. The only

other tumor was a renal fibroma. Other lesions were incidental lesions related to aging.

DU 1Q51B

Dog 1051B died 3809 days after a single inhalation exposure resulting in 020 JjCi 74 kBq of

239Pu deposited in deep lung and an accumulated dose of 520 rad 52 Gy) to lung. Death was due

to chronic heart failure and pulmonary edema. At necropsy, multiple primary, papillary

adenocarcinomas were found in the lung. The tumors had not metastasized outside of the lung. A

carcinoma, in association with cystic hyperplasia, was found i the prostate. Other lesions were

incidental.
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Dog 1063B

Dog 1063B died 3901 days after a single inhalation exposure resulting in 016 jjCi 59 kBq of

239Pu deposited in deep lung and an accumulated dose of 510 rad (5.1 Gy) to lung. The dog died

with pulmonary edema secondary to a large tumor in the right diaphragmatic lobe. Histologically,

this was a malignant mixed tumor of the lung. It had both sarcomatous and carcinomatous elements

in intimate association. Hypertrophic osteopathy was indicated by periosteal proliferation in the

long bones of all four limbs. Other lesions were incidental. The only tumor found was a renal

fibroma.

Dog 1065B

Dog 1065B was euthanized 3927 days after the first of 19 inhalation exposures resulting in a

total of 027 pCi (10 kBq) of 239Pu deposited in deep lung and an accumulated dose of 620 rad 62

Gy) to lung. The dog was euthanized because of a large tumor in the right apical lobe.

Histologically, the tumor was a papillary adenocarcinoma of the lung that metastasized to all

lobes of the lung and the sternal, mediastinal, and tracheobronchial lymph nodes. In addition,

the tumor had invaded the thoracic aorta. Elsewhere in the lung there was a minimal, focal,

alveolar, septal fibrosis. The tracheobronchial lymph node was atrophic due to fibrosis.

Numerous incidental lesions were present, however, none were tumors.

Dog 1078S

Dog 1078S was euthanized 3624 days after the first of 18 inhalation exposures resulting in

0.21 pCi 7 kBq) of 239Pu deposited in deep lung and an accumulated dose of 440 rad 44 Gy to

lung. The dog was euthanized because of a large tumor in the left apical lobe. At necropsy,

multiple masses were present in all lung lobes with a 2 x 25 cm mass in the left apical lobe.

Histologically, the mass was a papillary adenocarcinoma of the lung. A bronchioloalveolar

carcinoma was also noted in the left diaphragmatic and right apical lobes. Hyperplastic nodules

of alveolar epithelium were also present in the right apical lobe. A number of other neoplasms

were found; an oral melanoma, a colonic leiomyoma, an adrenal cortical adenoma, multiple vaginal

fibromas, multiple mammary adenomas, and a complex mammary adenocarcinoma.

DISCUSSION

The Beagle dogs exposed repeatedly to the high level of 239 PuO2 are all dead. All but two of

these dogs died from radiation pneumonitis and pulmonary fibrosis, with lung tumors being present

in some cases. The other two high-level dogs died of lung cancer. The Beagle dogs exposed

repeatedly to the lower level of 239 PuO2 have been exposed 20 times; all scheduled exposures were

completed. Sixteen of these dogs have died; eleven deaths can be ascribed to irradiation of the

lung. Of the dogs exposed once to 239 PuO2, fifteen have died, ten of radiation effects to the

lung. Three of the sham-exposed control dogs have died.

lwenty-six of the original 84 dogs in this study are still alive, including 9 out of 24 for

the single exposure group, out of 24 for the lower-level repeated group and 9 out of 12 for the

sham-exposed control group. None of the dogs exposed repeatedly at the high level survive. For

these dogs, total radiation dose to death appears to be the best predictor of time to death from

repeated exposures when compared to single exposures at about the same level 1986-87 Annual

Report, LMF-120, pp. 280-283). The remaining data that will allow us to make a valid comparison

of single and repeated inhalation exposures to insoluble 239 PuO2 at lower levels in this species

will be available from this study in the next few years.
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