
• Microdosimetry of Internal Sources 

The purpose of this study is to develop practical methods for calculating microdosimetric 

distributions 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 extrapo
lation of radiation effects measured at different levels of exposure and in different species. 
Computational methods will be developed and tested in the Radiological Physics Section. Con

currently, the Radiological Health Section will develop cell and tissue models in which those 
methods will be applied. 

Calculations for Microdosimetry of 
Internal Sources 

W. C. Roesch 

The detailed theory behind the microdosim
etry of internal sources was presented some 
time ago (Roesch 1977). It is mathematical 
and complicated. This year a simplified ver
sion was prepared for the 6th Symposium on 
Microdosimetry. This version is for those 
who are interested in using the technique but 
do not wish to become soecialists in the de
tails (W. C. Roesch in ~ress). Essentially 
the same material was submitted to the task 
group on microdosimetry of the International 
Commission on Radiation Units and Measure
ments. 

The new treatment proceeds by analogy with 
conventional microdosimetry and draws on the 
basic paper by reference for proofs. Con
ventionally, theoretical microdosimetry con
structs densities in specific energy by add
ing the energies deposited in individual 
events while allowing for the stochastics in 
both the number of events and the energy de
posited in each event. For application to 
internal sources, the same calculational 
methods are used to add energies. However, 
these energies correspond to individual oc
currences of something else that is Poisson 
distributed, not to individual events. For 
example, the something else might be the num
ber of particulates in the vicinity. Finding 
the energy depositions in individual occur
rences requires a sequence of calculations of 
the same type. The sequence is the same as 
that used for the computer programs that per
form the detailed calculations. 

Many of the computer programs prepared for 
the microdosimetry of internal sources were 
rewritten in ASCII Fortran because of the 
change at Hanford from a CYBER to a UNIVAC 
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computer. Subprogram calling arguments were 
left unchanged so that no revision is neces
sary when using the system. 

Soft Tissue Modeling for Microdosimetrical 
Application 

D. R. Fisher and J. L. Daniel 

Work has proceeded in two phases on the 
development of a mathematical representation 
of deep lung tissue. This representation 
should lend itself well to descriptions of 
the specific alpha particle energy distribu
tion. The project includes: analysis meth
odology development and data extraction 
from alpha track simulations. 

The scanning control equipment for the 
"Quantimet" quantitative image analyzer was 
programmed to automatically measure the fre
quency distribution of cytoplasm, nuclei, and 
free air space encountered by simulated alpha 
particles. To prevent operator bias, the 
Zeiss Universal microscope automatically per
formed observations at random locations on 
specimen sections. Future programming will 
specify points of particle origin randomly 
along the interface of the alveolar lumen and 
the epithelium. 

The probability of an alpha particle tran
secting a biologically sensitive nucleus and 
imparting a specific energy will be computed. 
This will be accomplished by incorporating 
information on the proportionate volume of 
the nucleus within the cell and the relative 
distribution of critical cell nuclei as a 
function of total nuclei in the field of view. 

As the operational methodology is improved, 
a new series of data will be generated from 
slide specimens of healthy canine pulmonary 
tissue. This tissue was obtained under 
rigidly controlled pressure fixation and 



staining conditions to permit characteriza
tion of tissue shrinkage. Multiple alpha 
particle track simulations should provide a 
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statistical model of cell types and spatial 
distributions appropriate for microdosimetry 
calculations. 


