
PULMONARY DISTRIBUTION OF INHALED 239pu02 IN DOGS 

Investigators: 

J. F. McShane, G. E. Dagle, J. F. Park and D. L. Catt 

Dogs exposed to 239PU02 by inhalation were killed from 1 to 69 mo postexposure. The dis
tribution of plutonium in the lungs, which was studied by analyzing autoradiographs, changed 
relative to time postexposure. This study investigates methods of measuring these changes. 

Beagle dogs were given single, nose-only 
exposures to aerosols of 239Pu02 (see Dose
Effect Studies with Inhaled Plutonium Oxide 
in Beagles, this Annual Report). Eight of 
the dogs were selected for this study; they 
had estimated initial pulmonary burdens of 
1 to 7 wCi, and were killed from 1 to 69 mo 
postexposure. 

At necropsy the lungs were inflated and 
fixed by intratracheal perfusion with 10% 
neutral buffered formalin. Autoradiographs 
were prepared from histologic sections. 
Photomicrographs were prepared from contact 
negatives of the autoradiographs of right 
apical lobe cross-sections from each dog. 
The position of each alpha star was marked 
on the print, resul ting in a "map" of the 
plutonium distribution. 

TABLE 7. Distribution of 

To determine the distribution of plutonium 
in lungs, a transparency containing a grid 
of I-cm squares was placed over each plu
tonium map. The percentage of squares that 
overlaid alpha stars on the map was calcu
lated. Results are summarized in Table 1. 
The data showed that the percentage of grid 
squares containing alpha stars dropped from 
100% at 1 mo postexposure to 50% at 69 mo 
postexposure. However, this may be due only 
to lower plutonium lung burdens at later 
times postexposure. Therefore the grid field 
was evaluated from another perspective. 

This was done by finding the highest I-cm 2 
alpha star concentration on each photograph. 
Table 7 shows the number of stars found in 
this square, along with the percentage of the 
total of that section's alpha stars that is 

a -Stars in Autoradiographs of Lung 
Cross-Sections from Dogs Exposed to 239PUO 2 

Dog No. 913 739 747 617 690 760 761 753 

Months Postexposure 12 21 31 31 69 69 

Initial Pulmonary Burden, ~Ci 4.9 1.5 7.5 3.2 3.1 1.4 1.5 2.4 

Final lung Burden, Wei 4.7 1.4 3.8 2.4 1.1 0.7 0.4 0.4 

Total a -Stars in One Section(a) 1676 601 1065 930 359 326 497 258 

'x, of Grid Square Containing a-Stars 100 100 64 61 56 61 54 

Highest Concentration of a-Stars in One Square 31 41 22 45 62 43 

His:hest Concentration in One Sguare x 100(b) 
Total Number of a-Stars 1.8 3.8 3.5 13.7 16.5 16.7 

Subpleural C]", 20 21 51 33 . 30 41 44 

Midlung % 20 11 16 10 11 17 

Aggregation % 16 35 30 50 

(~ Autoradiograph of Right Apical Lobe 
( )The % of Total a-Stars Found in the Centimeter Square of Highest Concentration 
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contained in that square. Note that no square 
from the dog killed at 1 mo contains more than 
1.8% of the total stars, while both dogs 
killed at 69 mo have single squares containing 
over 16% of the entire observed alpha stars. 
This suggests a focal accumulation of plu
tonium which tends to increase with time 
following exposure. 

The focal accumulations frequently con
tained overlapping alpha tracks. These were 
called "aggregates," and were defined as 
two or more alpha stars whose tracks overlap. 
Thus, aggregation percentage is the propor
tion of the total number of alpha stars that 
were overlapping. The data on four dogs are 
summarized in Table 7. The percentage of 
aggregated alpha stars increases with time 
postexposure. The overlapping of alpha 
tracks indicates that a decreasing proportion 
of lung tissue is absorbing the pulmonary 
radiation dose. If alpha star distribution 
were random and uniform, more aggregation 
should be found in the lung with the most 
plutonium. This is the opposite of the 
experimental observation: the dog killed at 
1 mo had an aggregation percentage of 16, 
while that killed at 69 mo, with less alpha 
activity, had a 50% aggregation percentage. 

To determine the site of focal accumulation, 
a line was drawn through the center of each 
lung photograph, representing the middle of 
the lobe. The location of the plutonium 
was evaluated by directly measuring the 
position of each alpha star between the 

pleural surface and this midline. For each 
alpha star, the ratio of the distance between 
midline and pleura was calculated: 

Midline to alpha-star distance x 100%. 
Midline to pleura distance 

Histograms made of these ratios were 
scaled with interval bands at each 20th per
centile (Figure 12). These graphs divide the 
lung into five segments; the plutonium found 
80-100% of the distance away from the midline 
is considered "subpleural." Table 1 lists 
the subpleural concentrations and those found 
in the increment closest to the midline. 
Dogs killed at 1 and 5 mo postexposure exhibit 
a homogeneous distribution of alpha activity 
between midline and pleura. Five.of the six 
dogs killed at 12 mo, or later, after exposure 
have high subpleural ratios and low midline 
ratios. The degree of subpleural concentra
tion did not increase after 12 mo. However, 
dog 753 did not fit this trend; even at 
69 mo, its subpleural concentration was very 
low. 

These initial quantitativE data on the 
pulmonary distribution of inhaled 239Pu02 
in the lung are compatible with previous 
qualitative descriptions in dogs and morpho
metric measurements in rats. The sequence 
of events following inhalation of 239Pu02 
includes phagocytosis and then migration, 
resulting either in clearance or concentra
tion of radioactivity. This seems to be a 
dynamic process that may influence radiation 
dose distribution and pathogenesis. 
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FIGURE 12. Site of Accumulation of mpu02 in Dog Lung 
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