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COMPUTER PROGRAM MODIFICATIONS FOR LUNG 
MICRODOSIMETRY 

R. Ha rty and R. 1. Hadl ey 

Computer codes were previously developed at 
Pacific Northwest Laboratory to calculate 
the microdosimetry of internal alpha emit
ters present in the lung (Roesch 1981). 
These codes were created by revising the 
earlier microdosimetry codes that applied to 
homogeneous tissue to account for inhomo
geneous lung tissues. A lung model based on 
statistical studies of beagle dog lung 
microstructure was incorporated to describe 
the distributions of tissue, air space, and 
cell nuclei in pulmonary lung tissue (Fisher 
and Roesch 1981). 
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The first lung microdosimetry codes were 
written in BASIC computer language for a 
desk top microcomputer. The codes were 
written to conserve memory and mi nimi ze run 
time. Even so, the calculations were time
consuming (10 h) and the program was inflex
ible due to memory capacity constraints. To 
alleviate this problem, the codes were 
translated into FORTRAN and loaded onto a 
larger computer. This work substantially 
shortened the time necessary for program 
execution (12-15 min) and increased the 
flexibility of the program. 

Lung microdosimetry code revisions have 
required more effort than originally 
expected due to their complexity. We are 
currently in the process of documenting the 
code and verifying the FORTRAN code results 
using output from the original version 
written in BASIC. Important modifications 
being incorporated into the lung model 
include a revised statistical model of the 
dog lung (Fisher, Hadley and Bowen 1981) and 
a function to incorporate long-term migra
tion and clearance of radioactive materials 
from the lung. 
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SPECIAL WORKSHOP ON LUNG DOSIMETRY 

D. R. Fi sher 

A Special Workshop on Lung DOSimetry was 
convened in Salt Lake City, Utah, on 
April 21-22, 1982, to stimulate the use of 
improved radiation dOSimetry and to formu
late a stronger basis for dose-response 
relationships for inhaled radionuclides. 
The two-day workshop was held in conjunction 
with the 30th Annual Meeting of the Radia
tion Research Society. The workshop 



attracted a large number of participants 
from foreign countries in addition to the 
U.S. delegation. 

Invited speakers at the workshop included 
Wolfgang Jacobi (West Germany), Joseph Diel 
and Bruce Boecker (Lovelace Foundation), 
Werner Hofmann (Austria), Darrell Fisher 
(Pac i fi c Northwest Laboratory), and Pau 1 
Morrow (University of Rochester). The 
presentations centered on the adequacy of 
current models for lung dosimetry, the 
usefulness of microdosimetry, the value of 
data derived from animal studies, and the 
health impact of radon and its daughter 
products. Additional sessions of the 
workshop were devoted to retention and 
distribution of inhaled materials, and dose
response implications for man. 

Radiation dosimetry of the lung is a complex 
subject because many variables are consid
ered simultaneously. For example, lung 
clearance is the product of many competing 
processes; dissolution of particles, 
mechanical clearance by cilia, recoil or 
diffusion emanation of daughter products, 
and phagocytosis. New information was pre
sented on long-term retention of inhaled 
particles in the upper respiratory tract of 
some experimental animals. If similar 
mechanisms are applicable to man, this 
finding could have significant health risk 
implications. 

A frequent subject of discussion concerned 
inadequacies of the ICRP lung model (ICRP 
1979) for estimating deposition and reten
tion of internal emitters. Tables of reten
tion and clearance values are given for 
different radionuclides, but for many indus
trial inhalation exposures the composition 
of the inhaled particle matrix is in fact 
more influential than the imbedded radio
nuclide. Also, current values for inhaled 
plutonium dioxide are inadequate for radia
tion dOSimetry and health protection 
purposes. 
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New methods of track-etch alpha spectrometry 
were demonstrated that may be used to 
investigate both the spatial distribution 
and identity of mixed alpha emitters 
deposited in the respiratory tract. 

At the microscopic level of dosimetry, the 
question of relevant dose was discussed at 
length. The inherent problems associated 
with conventional dose averaging and the 
stochastic nature of energy deposition by 
discrete alpha-emitting particles in the 
respiratory tract warrant continued mirco
dosimetry studies. How the concept of 
"specific energy" can provide a better dose
response relationship is uncertain. The 
probability that a cell is traversed by an 
alpha particle may be a more important ana
lytical tool than the specific energy it 
received in the process. 

Further research is needed to determine the 
health sigificance of microscopic distribu
tions of radiation energy in the lung from 
inhaled particulates of plutonium or other 
alpha emitters. Although the basic mech
anisms of carcinogenesis are still largely 
unknown, improvements in dosimetry, such as 
those described at the workshop, will lead 
to a better understanding of the hazards 
associated with inhaled radioactive 
material s. 

Publication of the full proceedings of the 
workshop is in progress. 
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