
• Microdosimetry of Internal Sources 

The purpose of this study is to develop practical methods for calculating microdosimetric distribu
tions of plutonium or other alpha-emitting elements that are deposited, especially as particulates, in soft 
tissue and lung tissue. This study will aid the correlation and extrapolation of radiation effects measured at 
different levels of exposure and in different species. Computational methods are being developed and 
tested in the Radiological Physics Section. Concurrently, the Dosimetry Technology Section is developing 
cell and tissue models in which those methods will be applied. 

Computer pro1rams for Microdosimetry of 
Alpha Partic es in the Lung 

W. C. Roesch 

Our computer program for calculating mi
crodosimetric densities attributable to 
alpha-particle emitters in homogeneous tis
sue has been revised to work for lung tis
sue. Little that was conceptually new had 
to be added to the program, but wholesale 
changes were needed in the order of the 
computational steps because the computer 
memory was not large enough to permit us 
to handle lung tissue the way we handled 
other tissue. 

To calculate a microdosimetric density 
for particulates randomly distributed in 
the lung, we first assume that a particu
late is on the surface of an alveolar wall 
adjacent to a cell and calculate the den
sity in specific energy allowing for the 
spread in distance from that wall to the 
nucleus. Then we assume that the particu
late is on the next wall and correct for 
the distribution in distances across the 
first alveolar space. Then we go to the 
other side of the second wall and correct 
for the distribution in wall thicknesses; 
then to the other side of the next alveolar 
space; and so on. The probabilities for 
different distances from a nucleus to an 
alveolar wall, across alveolar spaces, and 
through alveolar walls were those for bea
gles and were obtained as described in the 
following article in this report. The cal
culation is greatly simplified by the sto
chastic independence we found to exist be
tween the probabilities for adjacent 
structures. 

Figure 2.36 presents one of the simpler 
consequences of the inhomogeneity of the 
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lung. It shows the density, f(z), in spe
cific energy produced by two similar par
ticulates, one of which is separated from 
a given site by 30 ~m of tissue, while the 
other is the same distance away, but 27 ~m 
of that distance is taken up by air space. 
Because they are at the same distance, 
their alpha particles have equal probabil
ities of traversing the site, but those 
that travel through air lose less energy 
and arrive at the site with lower stopping 
power. They thus deposit less energy in 
the site, with a resulting shift of the 
distribution toward lower specific ener
gies. The computer program for the lung 
takes care of these differences as well as 
those attributable to stochastics in alpha
particle emission and in location of the 
alpha-emitting particulates. 

The geometric effects produced by the 
lower density of the lung relative to other 
tissues are more dramatic than those caused 
by the stopping power changes. First, for 
comparison, Figure 2.37 shows for a solid, 
homogeneous tissue the mean probability 
density for all positions of a cell nucleus 
relative to a particulate. The particulate 
emitted 10,000 alpha particles on the aver
age. Figure 2.38 shows the mean density 
for the same particulate in the beagle 
lung. Superficially it looks like that for 
the solid tissue; the dramatic difference 
is in the range of the abscissa. Much 
higher specific energies are produced in 
the solid tissue. The difference is due 
to the number of alpha particles that de
posit energy in the sites. Examination of 
the details of the computation shows that, 
for the lung, typically just one alpha par
ticle affects each site. For the solid 
tissue, a large number of alpha particles 
(typically 25) affect each site. 
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Figure 2.36. Effect of Air Spaces in Lung on Microdosimetric Densities 
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Figure 2.37. Mean Density in Specific Energy for 
Particulate Emitting 10,000 139pu Alpha Particles in Solid 
Tissue Whose Cells have Sensitive Sites 4.66 I'm in 
Diameter 
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Figure 2.38. Mean Density in Specific Energy for 
Particulate Emitting 10,000 139pu Alpha Particles in Beagle 
Lung Tissue Whose Cells have Sensitive Sites 4.66 I'm in 
Diameter 



Such a difference is expected. Because 
the lung is about 1/5 the density of solid 
tissue, the alpha particles travel about 5 
times as far. The probability of travers
ing any particular site is thus about 1/25 
(inverse-square attenuation) that in solid 
tissue, as observed. 

While the probability of traversing any 
particular site goes down, the number of 
sites traversed goes up: the number of 
cells at a given distance is proportional 
to the square of the distance. Therefore, 
less energy is deposited per site, but the 
number of sites increases in proportion. 
The. same total energy (the alpha-particle 
energy) is absorbed in both cases. In 
other words, in the solid tissue, rela
tively few sites are traversed many times 
and many sites are completely missed; in 
the lung tissue, few sites are traversed 
more than once, but few sites are com
pletely missed. 

Microdosimetry of Plutonium in Beagle Dog 
Lung· 

D. R. Fisher, W. C. Roesch, G. F. Piepel, 
J. L. Daniel, and W. M. Bowen 

A better understanding of the microdo
simetry of internally deposited radionu
clides should provide new clues to the com
plex relationships between organ dose 
distribution and early or late biological 
effects. Our study focuses on the microdo
simetry of plutonium oxides in the lungs 
of beagle dogs. For many years, this labo
ratory has been conducting long-term toxi
cological studies of the life-span effects 
of inhaled transuranic elements in beagles. 
The value of the data resulting from these 
animal studies will be greatly enhanced as 
the internal dosimetry is refined. The ul
timate objective of the study is to improve 
dose-response correlations. This summary 
reports our recent progress in modeling the 
microstructure of pulmonary lung tissue and 
calculating microdosimetric quantitites for 
inhaled plutonium. 

Last year we reported the development 
of analytical techniques to define probabi
listic source-target parameters using image 
analysis of magnified lung-tissue fields 
(Fisher, Daniel and Piepe1 1980). A ran
domized scheme was used to select specimens 
of lung tissue from three healthy adult 
male beagle dogs. The image analyzer was 
programmed to perform measurements along 
evenly spaced horizontal lines across the 
magnified field of view, simulating 
straight-line paths of alpha particles. 
Gray-level contrast was used to categorize 
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intersected features such as tissue, nu
clear material, or air space. The location 
coordinates of each feature were recorded, 
and the feature's chord length was calcu
lated. A large data set resulted from 
these measurements. The dependability of 
the automated analysis was verified by hand 
measurements on a smaller set of enlarged 
photomicrographs. 

It was then possible to construct hypo
thetical alpha particle tracks through lung 
tissue and to determine total track length, 
the widths of tissue or air segments en
countered, and the number and widths of 
epithelial-cell nuclei traversed along each 
path. 

Histograms of air-sac widths, tissue
chord lengths, and distances from tissue 
walls to cell nuclei were constructed. 
QQ-plotting of the lung morphometry data 
showed that the distribution of air
chamber-chord lengths closely resembled a 
gamma probability density function. The 
gamma probability density function is de
scribed by the equation 

g(x) (20) 

where x is a variable representing the ob
served chord length, a and a are parameters 
of the function, and r is the gamma func
tion, which is a constant obtained from ta
bles when the parameter a has been deter
mined. The distributions of tissue-chord 
lengths and of distances from nucleus to 
tissue wall were both found to approximate 
the Weibull probability density function 

a-I _xa/a 
w(x) aX 8 e for x, a, a > 0 (21) 

Mean estimates of the parameters for the 
probability density functions are given in 
Table 2.2. Taken together, these 

Table 2.2. Estimated Probability Density Function (pdf) 
Parameters for Lung Model Distributions 

Feature 
---

Air chords 

Tissue chords 

Nucleus-to-wall distance 

gamma 1.119 

Weibull 0.983 

Weibull 1.162 

f3 

86.617 

8.002 

2.936 



probability density functions constituted 
our model of the microstructure of beagle 
dog lung (Figure 2.39). 

To calculate the microdosimetric proba
bility density in specific energy (z, in 
rad or Gray), we 1) determined the specific 
energy densities at all distances in the 
lung from a single point source, 2) repre
sented the activity as a distribution of 
point sources, and 3) convoluted the point
source densities from that distribution us
ing Fourier transforms (Roesch 1977). The 
preceding article in this report describes 
the method used to calculate the microdo
sime~ry of inhaled plutonium particulates 
in the pulmonary lung. The lung model 
(Figure 2.39) was used in these calcula
tions (Roesch and Fisher 1980). For each 
calculation, we assumed that the plutonium 
particulates were located on the surfaces 
of alveolar walls. 

The single-event density curve (Roesch 
1977) for a 239pu02 particulate in the 
beagle dog pulmonary lung is shown in Fig
ure 2.40. Probability densities in 

specific energy can be determined from the 
single-event density for various exposure 
conditions in the lung. Figure 2.41 shows 
the mean density in specific energy for 
cell nuclei of the pulmonary epithelium in 
the beagle, where the plutonium particu
lates were assumed to be randomly distrib
uted on alveolar walls and each particulate 
had the same activity. For this example, 
the exposure period was 28 days, during 
which 29 alphas were emitted from each par
ticulate. The absorbed dose was found to 
be 23 rad. The probability of no energy 
deposition in a site (given by the Dirac 
delta function 6) was 0.92. The curve in 
Figure 2.41 is similar to the single-event 
density curve because relatively few alpha 
decays were considered (in comparison with 
the next figure). Figure 2.42 resulted 
from extending the exposure time to 1400 
days. The delta function dropped to 6 = 
0.02, indicating that most of the sites 
were traversed at least once. In addition, 
the absorbed dose (1140 rad) is more repre
sentative of the distribution of specific 
energies. 
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Figure 2.39. Lung Model for Microdosimetry: Estimated Probability Density Functions for Air-Chamber-Chord 
Lengths, Tissue-Wall Thicknesses, and Locations of Epithelial-Cell Nuclei Relative to Alveolar Walls 
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Figure 2.40. Single-Event Density for Epithelial-Cell Nuclei from a Point Source of 239PU in Beagle Dog Lung 
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Figure 2.41. Dose to Epithelial-Cell Nuclei in Beagle Dog Lung from Inhaled mpU02 for an Exposure Period of 
28 Days 
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Figure 2.42. Dose to Epithelial-Cell Nuclei in Beagle Dog 
Lung from Inhaled 239PUO, for an Exposure Period of 
1400 Days 

Since the mean lifetimes of epithelial 
cells are relatively short (-28 days), 
Figure 2.41 may be more indicative of the 
microdosimetry for ~ndividual cells than 
is Figure 2.42. Some of the important 
factors in lung microdosimetry yet to be 
considered include the long-term migration 
and clearance of radioactive materials in 
the lung, changes in lung-tissue structure 
caused by fibrosis, and the size distribu
tion (and possible agglomeration) of Pu02 
particulates. Also, a distinction must be 
made between Type I and Type II epithelial 
cells. 

The density and geometry of the lung 
tend to have an effect on the microdosimet-
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ric densities similar to the dispersion of 
activity in a solid tissue. The methods 
discussed in this report for determining 
the microdosimetry in the lung make it pos
sible to evaluate the differences in spe
cific energy density for so-called "hot 
particles" versus uniformly distributed ac
tivity. Work is in progress to refine in
ternal microdosimetry so that correlations 
with long-term biological effects can be 
established (Fisher and Roesch 1980). We 
expect that this improvement in dose
response information will eventually be 
used in predicting the relative toxicities 
of inhaled alpha emitters, and in improving 
and updating radiation protection 
standards. 




