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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

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

o 239Pu02, 238Pu02, #3°Pu[NOs3]4 (Park et al.)
o Polydisperse, range of activity levels

m Lovelace Inhalation Toxicology Research Institute,
216 dogs

o 239PuO2, monodisperse, three particle sizes
(Muggenberg, Guilmette et al.)
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ABSTRACT

A group of beagle dogs expesed to inhaled “*PuQ, is being followed for life-span effects at
Battclle, Pacific Northwest Laboratory (PNL). This paper reports preliminary lung dose esti-
mates and dose—response relationships for incidence of lung tumors and radiation pneumonitis
which have been observed to datc. Doses were estimated by using both conventional dose-
averaging and microdosimetric techniques. Cascade impactor sampling data were used to
reconstruct the original plutonium aerosol size distributions unique to each of about 120 indi-
vidual dogs exposed to **Pu0,.

Data providing the initial plutonium lung burden and lifetime lung retention—clearance
functions of plutonium for each dog were used for calculating average dose rates, cumulative
absorbed doses, and specific cnergy distributions. A linear dosc-responsc relationship for lung
tumor induction was estimated on the basis of cumulative lung dose. Average time to death
was estimated as a function of average dose rate. Conclusions regarding the potential value of
microdosimetry in the interpretation of such dose—response relationships are discussed.

For more than 12 years, a major life-span study of the effects of inhaled
M9Pu0; in beagle dogs has been in progress at PNL. Dogs were individu-
ally cxposed at 18 months of age to a single, nose-only exposure of
#%Pu0, at different levels, and the survivors are now reaching their
median life expectancy. Increased mortality due to radiation pneumonitis
and lung tumors was observed in the three highest dose-level groups (Park,
1983). Other pathological findings also have been carefully documented,

Long-term animal studies provide important information concerning -
the relationship between radiation dose and associated biological effects.
The dose-response relationship is an essential element in estimating the
potential risks to exposed human populations and in setting standards for
radiation protection.
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Purpose of this study

» Update and complete the earlier, unfinished study

» Reassess the dose-response relationship for 23°PuQz2-
iInduced lung cancer in the very low dose range (0-2 Gy)

» Determine the risk coefficient for 239PuQOz2-induced lung
cancer

» Test for statistical differences between controls and low-
dose groups

» Evaluate whether there may be a threshold for 23°PuQO2-
iInduced lung cancer, as observed in rats at 1 Gy

The scientific value of these lifespan radionuclide intake
studies in laboratory animals cannot be overstated \7/
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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
iInterchangeably with hormesis)
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Lung Dosimetry

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

D(t) = 1.385Xrilr_](5 f EALB(t)dt

where 1.385x10 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 _l:B(t)dt is the biological retention of 2°Pu0O2

—
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Lung Dosimetry (continued)

From the measured final lung burden at time t, and
assuming a single-exponential clearance function

 1.998x1GE A
m

D (T1/2eff )(1_ F)

where F is the fraction of the initial lung burden remaining
at time t, and Tueft IS the effective retention half-time

(Does not include dose from environmental background, daughter
products, or radionuclide contaminants) \g/

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965



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:
m Standard deviation of the mean absorbed dose

B 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 “thr h
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Lung Tumor Incidence, Perce
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Lung Tumor Incidence, Perce
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This study provides important information on lung cancer risk from

>
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239Pu02 over a broad range of lifetime doses

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

m Long retention times in the lungs for insoluble 23°Pu0O2

m Teff1/2 = 1200 = 480 d (about 3 y)

Shows radiation pneumonitis at the highest exposure levels
Lung cancer risk best described by a purely guadratic function
The slope increases with decreasing absorbed dose
Three risk coefficients were derived over three dose ranges:

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