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TOXICITY OF 90 Sr INHALED IN A RELATIVELY INSOLUBLE FORM BY BEAGLE DOGS. XVII.

Abstract -_ This study was initiated to dtermine

health effects resulting from inhalation of 9Sr in PRfNClPAL INVEST17GATORS

a re7ativo-ly insolubl frm. Beagle dogs werp brief- 11. B. Snipes

2y exposed by inhalation to produce lung burdens of F. F. Hahn

9OSr that anged from 012 to 96 VCi (4.4-3SOO kBq)l B. A. Muggenburg

kg body weight. xposures to the higher concentra J. L. Mauderly

tions of 90.qr caused radiation pneumonitis and pul- R. 0. McClellan

monary fibrosis, typically resulting in death < 500 .7. A. Pickrell

days after exposure. Exposures to ower concentra-

tions r producing longer term health ffects, including cancer of the lung, heart, nd

irachpobronchial lymph nodes. most tuniors hve been hemangiosarcomas. Three 90sr-exposed dogs

were Puthdnized during the past year. one rmaining exposed dog and one control dog are both 

yr old and are being maintained for IffelAme observation.

This study was initiated to estimate the potential long-term effects in humans exposed by

inhalation to 9Sr (Strontium-90 refers to an equilibrium mixture of 9Sr-90Y) in a relatively

insoluble form. Strontium-90 was chosen for study because of (1) its long physical half-life 28

yr); (2) its high probability for release in certain nuclear accidents; (3) its chemical

characteristics, which mimic calcium in the body; 4 its energetic beta emissions (from 90Y); and

(5) its high probability to injure humans if encountered in sufficient quantity in the environment.

This study includes 106 dogs exposed once to achieve initial lung burdens ranging from 012 to

96 VCi 44-3500 kBq) of 9Sr/kg body weight. The particle matrix was fused aluminosilicate

(FAP), heat-treated to produce relatively insoluble particles. Eighteen control dogs were exposed

to stable strontium in the FAP matrix. The experimental design for this study is shown in

Figure 1. Experimental procedures, including methods for calculating initial lung burden and

radiation dose to lung, have been reported in detail 1970-71 Annual Report, LF-44, pp. 181-182;

1974-75 Annual Report, LF-52, pp. 173-177; 1980-81 Annual Report, LF-91, pp. 90-94).

STATUS

Of the 106 dogs exposed to Sr and the 18 control dogs, exposed dog and control dog were

still alive on September 30, 1988. Detailed data for all dogs are presented in Appendix A. The

relationship between initial lung burden of 9Sr and survival time for dogs that inhaled 9S in

f used aluminosilicate particles is shown in Figure 2 Initial lung burdens of 9Sr, major

findings at death, and radiation doses to the lung for dogs that have died are summarized in

Tables I and 2.

Three dogs exposed to 9Sr were euthanized during the past year. Dog 748B was euthanized 4824

days after exposure because of a pleural mesothelioma. Its initial lung burden was 098 JJCi/kg

(36.3 kBq/kg). Euthanasia was performed approximately 2 mo after thoracic radiographs revealed

mild pleural effusion and a cranial mediastinal mass. At necropsy, the parietal and visceral

pleura were covered with a whitish proliferative growth that was fat-like in appearance, but
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Figure I Experimental design for life-span study of Beagle dogs exposed by inhalation to Sr in a fused aluminosilicate matrix (status as
of 930-88).
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Figure 2 Relationship between initial lung burden of Sr and survival time for Beagle dogs that

inhaled 9Sr in a fused aluminosilicate matrix (status as of 930-88).

Table I

Dogs That Were Euthanized in This Study Between 10/1/87 and 930/88

Initial Lung

Survival Times Burden Cumulative

(Days After (1jCi 9OSr/kg Radiation Dose

Tattoo Exposure) Body Weight )a to Lung (rads) b Comments

748B 4824 0.98 7300 Mesothelioma, pleural

756A 4958 0.12 620 Pyelonephritis

763A 4808 0.22 1400 Hemangiosarcoma, spleen

al pCi = 3 kBq.

blOO rads = I Gy.

firmer in consistency. The growth was prominent along the sternebrae and contained several

multiloculated, fluid-filled cysts. The lungs were atelectatic and had multiple pale, round,

nodular masses randomly distributed over pleural surfaces. Microscopically, metastases of the

mesothelioma were found in the lung, trachea, heart, pancreas, and lymph nodes (tracheobronchial,

sternal, cervical, and mediastinal) . Other prominent lesions were parathyroid adenoma, renal

fibroma, testicular seminoma, Sertoli cell tumor, and a marked, hepatocellular, nodular

hyperplasia.

Dog 756A was euthanized 4958 days after inhalation exposure that resulted in an initial lung

burden of 012 pCi/kg 44 kBq/kg). It had renal failure associated with marked pyelonephritis.

The inflammation was suppurative and involved most of the renal tissue. Osteopenia and

alveolitis, probably secondary to uremia, were also present. Numerous tumors were found,

including bilateral interstitial cell tumors, esophageal leiomyomas, gastric leiomyoma, and

bilateral thyroid adenomas.
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Table 2

Summary of Deaths for Control and Beagle Dogs Exposed by Inhalation to Sr

in Fused Aluminosilicate Particles (status as of 930/88)

ILBa Survival Times Cumulative

Number (VCi 9Sr/kg (Days After Radiation Dose

Diagnosis of dogs Body Weight) Exposure) to Lung (rad) b

90 Sr-E- - _Ugsed

Neoplastic Disease

Lung 24 0.8 35 644-4200 4,400-66,000

Nasal Cavity 1 8.5 2496 31,000

TBLN 12 0.27 77 1807-4272 770-31,000

Heart 15 1.5 17 1461-3767 19,000-58,000

Bone 1 9.2 2753 36,000

Bone Marrow 0

Liver 4 0-12 26 2301-4774 550;12,000

Other Organs 10 0.15-15 1683-4808 570-48,000

Non-Neoplastic Disease

Lung 3b 0.26-96 159-2927 1,000-96,000

Bone Marrow 0

Liver 0

Other Organs 5 0-12 45 3412-4958 620-14,000

Controls

Neoplastic Disease

Lung 2 0 3680;4932

Liver I 0 3859

Other Organs 9 0 3534-5407

Non-Neoplastic Disease

All Organs 3 0 4254-5540

Accidental Death I 0 2558

a1LB = Initial lung burden. 1 VCi =37 kBq.

blOO rad = I Gy.

Dog 763A, whose initial lung burden was 022 ICi/kg (8.1 kBq/kg), was euthanized 4808 days

after inhalation exposure because of a massive splenic hemangiosarcoma that ruptured, resulting in

marked intraabdominal hemorrhage. Widespread metastases were also found in the liver, lung,

brain, kidney, mesentery, subcutis, and lymph nodes (tracheobronchial and sternal). These

widespread metastases probably contributed to the dog's debilitated condition. Other tumors found

were a heart base tumor, testicular interstitital cell tumor, thyroid follicular adenoma, and

multiple skin papillomas. In addition, a marked lymphocytic cholangiohepatitis and marked,

chronic, interstitial nephritis were also present.
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DISCUSSION

Results from this life-span study continue to provide data on the long-term biological

response to 9Sr inhaled in a relatively insoluble form that yields a continuous beta-radiation

exposure for the lung, thoracic lymph nodes, heart, ribs, and other tissues proximate to the

lungs. Early effects involving dogs that received high radiation dose rates included radiation

pneumonitis and pulmonary fibrosis. Longer-term effects resulting from lower radiation exposures

have been tumors in the lung and surrounding tissues. Hemangiosarcomas have been the predominant

tumor type. Tumors in tracheobronchial lymph nodes and the heart have also been an especially

significant finding. Tracheobronchial lymph nodes accumulate particles translocated from the lung

via the lymphatic drainage system. The radioactive particles are trapped in the lymph nodes,

where they irradiate the lymph nodes and surrounding tissues. The lymph nodes are situated in

close proximity to the heart. Focal areas of the heart, therefore, are subject to radiation doses

that may exceed the dose to lung tissue. This helps to explain the large number of cancers in the

hearts of dogs that received substantial lung burdens of 9Sr-FAP.

Dogs exposed to the higher burdens of 9Sr had atrophic tracheobronchial lymph nodes as a

result of radiation damage. Dogs exposed to the lower burdens of 9Sr had accumulations in the

nodes that were small enough that the nodes apparently remained functional, but were damaged by

the radiation dose to the extent that hemangiosarcomas developed. It is significant that

biological effects have been seen in the lung-associated lymph nodes of dogs where lung burdens of

9OSr caused no observable effects in lung. The final evaluation of these results will include an

analysis of the patterns of beta dose in the tracheobronchial lymph nodes, heart, and lung, for

correlation with the range of biological effects seen in this study.
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