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Introduction

The Atomic Energy Commission (later ERDA, and today 
the Department of Energy) sponsored lifespan inhalation 
studies using beagle dogs to predict the risks of plutonium 
intakes in man

Battelle Pacific Northwest Laboratories (1960s –
1980s), 600 dogs:

239PuO2, 238PuO2, 239Pu[NO3]4  (Park et al.)

Polydisperse, range of activity levels

Lovelace Inhalation Toxicology Research Institute,  
216 dogs

239PuO2, monodisperse, three particle sizes 
(Muggenberg, Guilmette et al.)
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Previous findings

Linear dose-response for 
lung cancer over the 
range 50 to 2000 cGy

Slope (risk coefficient)    
= 435 cancers per million 
dog cGy (r = 0.98)

Atypical incidence of lung 
cancer (16%) in controls

No lung tumors in the low 
dose region (2 - 150 cGy)

Half of the controls and 
dogs in the low-dose 
region were still alive

September, 1984



Purpose of this study

Update and complete the earlier, unfinished study

Reassess the dose-response relationship for 239PuO2-
induced lung cancer in the very low dose range (0-2 Gy) 

Determine the risk coefficient for 239PuO2-induced lung 
cancer

Test for statistical differences between controls and low-
dose groups

Evaluate whether there may be a threshold for 239PuO2-
induced lung cancer, as observed in rats at 1 Gy

The scientific value of these lifespan radionuclide intake

studies in laboratory animals cannot be overstated



Reality or conjecture?

Definitions

Radiation hormesis:

The hypothesis that chronic low doses of ionizing 
radiation are beneficial; producing a positive, healthy or 
beneficial effect compared to unirradiated subjects

Radiation homeostasis:

The concept that an internal physiological equilibrium is 
maintained without added benefit; characterized by 
normal function despite various insults (sometimes used 
interchangeably with hormesis)



Lung Dosimetry

Cumulative absorbed dose (Gy) for time t (days): 

where 1.385x10-5 is a unit conversion constant 

f is the fraction of energy absorbed in the target tissue (1.0), 

E is the alpha particle energy (5.15 MeV), 

A is the initial lung burden (Bq), 

m is the mass of the lungs (g), assumed to be a constant fraction 
(0.011) of total body weight, 

and                      is the biological retention of 239PuO2
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Lung Dosimetry (continued)
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From the measured final lung burden at time t, and 

assuming a single-exponential clearance function

where F is the fraction of the initial lung burden remaining 

at time t, and T1/2eff  is the effective retention half-time

(Does not include dose from environmental background, daughter 

products, or radionuclide contaminants)



Statistics

Plotted percent lung tumor incidence by dose groups

Fit the data points by least-squares regression analysis to 
either pure quadratic or pure linear functions

Determined the correlation coefficients

Added error bars representing:

Standard deviation of the mean absorbed dose

95% confidence interval about a Poisson distribution on 
the observed lung tumor incidence

Performed an exact test (on the null hypothesis) to 
determine the probability that the controls and the lowest 
dose groups have the same underlying probability of 
tumor incidence, and that tumor incidence is unrelated to 
dose (testing for a “threshold” effect)
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Fewer lung cancers at high 

dose attributable to 

competing incidence of 

radiation pneumonitis 

(deterministic effect) that 

produces early deaths

Lung cancer 

(stochastic effect) 
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Quadratic dose-response function    

Ŷ = 15.36 + 0.0893 (X) –2.22 (X2)

r = 0.96
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 (X) + 0.0925, r = 0.91

slope = 125 lung tumors/ 106 dog cGy
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 (X) + 0.662, r = 0.98
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n = 16

n = 10

n = 28

slope = 2390 lung tumors/106 dog cGy

Ŷ = 2.39 x 10-3 (X) - 0.026,    r = 0.98

n = 11

n = 8



Results

This study provides important information on lung cancer risk from 
239PuO2 over a broad range of lifetime doses

Shows dose-dependent mortality due to lung cancer (bronchiolar-
alveolar carcinoma, adenocarcinoma, and epidermoid 
carcinoma)

Long retention times in the lungs for insoluble 239PuO2

Teff1/2 = 1200 ± 480 d (about 3 y)

Shows radiation pneumonitis at the highest exposure levels

Lung cancer risk best described by a purely quadratic function

The slope increases with decreasing absorbed dose

Three risk coefficients were derived over three dose ranges:

2390 (0-200 cGy), 1360 (0-400 cGy), and 125 (500-2800 cGy) 
lung tumors per million dog-cGy



Results and conclusions

From curve-fitting, neither the quadratic nor the linear fits 
strongly support a threshold effect.

However, statistical differences were found between the 
controls (28 dogs, five lung tumors) with zero dose and the 
first group (16 dogs with no lung tumors) (p = 0.053) . . . 

and between the controls and the first two groups combined 
(26 dogs with one lung tumor) (p = 0.0051)

.  .  .  suggesting the possibility of radiation homeostasis at 
low doses (at 2 - 70 cGy) compared to the zero-dose 
controls.

If a threshold effect exists, it falls in the range 15 - 40 cGy.



Acknowledgments
Beagle dogs (600)

U.S. Department of Energy 

Jim Park (principal investigator)

Bill Bair, Roy ThompsonÀ, Ray Buschbom,                                                           
Judy Mahaffey (study design)

Bill Cannon and Douglas Craig (plutonium aerosol)

Gerry Dagle, (pathology)

Harvey Ragan (hematology)

Ken Swinth (chest counts)

Stephen Rowe (veterinary medicine)

Gerry Powers (lung tissue counts)

Ethyl Gilbert (statistics)

Ed Wierman (animal care)

Chuck Watson (tissue archives)

Technicians and others not listed specifically above

Additional statistical support for this paper:  

Allen Brodsky


