
Dosimetry 

Projects in dosimetry and cellular effects are closely integrated and have the mutual purpose of explor
ing the connections between the primary physical events produced by radiation and their biological 
consequences. Dosimetry concentrates on the physical aspects of this problem, ranging from the use 
of cross-section data to calculate the energy deposition pattern for charged particle tracks to the 
design of irradiation facilities required to make specific exposures to test biophysical models. 

ENERGY DEPOSITION BY DELTA RAYS 

F. C. Weigand* and L. A. Braby 

Quantitative interpretation of the biologi
cal effects of different high LET radiations 
relies on a suitable description of the dif
ferences in the energy deposition patterns 
of these radiations. There are no experi
mental techniques with sufficient spatial 
resolution to measure these patterns, so 
they must be determined by Monte Carlo cal
culations. The Monte Carlo method, though 
time-consuming, would be quite reliable if 
all of the physical processes and cross 
sections involved were known. Unfortu
nately, this is not the case even for ener
getic protons interacting with simple 
molecules, much less for more complex pro
jectiles such as H2+ or He++. Typically, 
track structure models are developed using 
the best data available and the results are 
then compared with various experimental 
results. One good experiment for this pur
pose is the measurement of energy deposition 
in a small cylindrical site by primary 
charged particles that pass near the site 
but do not intersect it. 

Experimental measurements for protons (Glass 
and Roesch 1972) have been compared with 
Monte Carlo calculations for proton tracks 
(Wilson and Paretzke 1980) and the results 
are in good agreement, helping to confirm 
those calculations. The calculations are 
now being extended to projectiles with more 
complex electronic structures which add 
additional delta ray production pr~cesses. 
In addition, ions such as H2+ and He++ are 
being used for biological experiments which 
wi 11 requi re more deta i 1 ed knowl edge of the 
energy deposition patterns. For these rea
sons the experimental apparatus originally 
used by Glass and Roesch has been fitted 
with a new collimator and preamp and is 
being installed on the 2 MV van de Graaff. 
Tests of the detector gas gain and resolu
tion are underway. 

* NORCUS Student. 
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RADIATION DOSIMETRY 

W. C. Roesch 

In 1980, the National Council on Radiation 
Protection activated a scientific commit
tee (SC #52) under the chairmanship of 
Dr. H. H. Rossi of Columbia University to 
prepare a broad analysis of the principles 
of dose calculations. As part of our con
tribution to the work of this committee, I 
made a mathematical analysis of simple 
radiation fields that is useful in discuss
ing the region of applicability of ordinary 
radiation dosimetry. 

When irradiation is by radionuc1ides depos
ited in a tissue, the radiation is often 
very nonuniform because of nonuniform depo
sition and because of agglomeration of the 
active atoms into particulates. Usually the 
actual distribution is not known. It has 
been customary in these internal deposi
tions, for lack of anything better, to cor
relate the observed effect with the absorbed 
dose that would have existed in the tissue 
had the activity been uniformly distributed. 
The question of just how good or bad the 
assumption of uniform deposition is has 
not been answered. This and related 
questions are called by some the field of 
"mi ni dosimetry." 

While developing the application of micro
dosimetry to internally deposited radionu
clides (Roesch 1977), I showed how the 
nonuniformity of deposition could be coupled 
with the statistical matters of concern in 
microdosimetry, thus simply avoiding the 
assumption of uniform deposition. 



In order to deal with the minidosimetry 
question, I considered only one-dimensional 
fields and showed that the Fourier transform 
of the dose distribution equaled the product 
of the transform of the activity distribu
tion and the transform of the dose distribu
tion due to a plane source of unit activity 
and suitable distribution of emission 
angles. Enough information exists in the 
literature about plane sources to determine 
or estimate this last factor. For simplic
ity in calculation, I chose to compare 
sinusoidal activity distributions with the 
uniform distribution; this choice should be 
adequate for understanding real distribu
tions. Figure 1 shows typical results. The 
solid line is the activity distribution. 
The long-dash, short-dash line is the dose 
distribution that would result if the same 
activity were uniformly distributed. The 
dashed line is the dose distribution for a 
radiation of short range compared to the 
oscillations. The dose at a point is due to 
particles emitted within range of the pOint; 
thus short-range particles must follow the 
activity distribution closely. The dotted 
line is the dose distribution for a radia
tion of long range. The penetration of the 
particles attenuates the effect of the 
oscillatory source. 

For more specific calculations the question 
was asked: what fraction of the cells in 
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DISTANCE IN MEDIUM (ARBo UNITS) 

FIGURE 1. Examples of How the Dose Due to an 
Oscillatory Source Differs from the Dose if the Same 
Activity were Uniformly Distributed. The activity 
distribution (-); the dose distribution if the same activity 
were uniformly distributed (_0_); the dose for a source of 
short-range particles (--); the dose for a source of long
range particles (0 •. ). 
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the tissue is exposed to a dose within a 
specified percentage (25% was used) of the 
dose that would have existed if the same 
activity were uniformly distributed? For 
almost all beta-ray sources, nearly all the 
cells were within the 25% of the uniform 
dose. But for all alpha-particle sources, 
only 16% of the cells received doses within 
25% of the uniform dose. (A 1 imi t of 16% is 
reached for all short-range particles.) 
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RE-EVALUATION OF THE HIROSHIMA-NAGASAKI 
RADIATION DOSES 

W. C. Roesch 

In 1976, Or. H. H. Rossi of Columbia Univer
Sity described to the National Council on 
Radiation Protection (NCRP) some new calcu
lations that he and his colleagues had made 
based on the doses received by the survivors 
of the atomic bombings at Hiroshima and 
Nagasaki. On the basis of these calcula
tions he recommended the NCRP lower its per
missible doses for neutrons. [This recom
mendation was later published with Mays 
(Rossi and Mays 1978)]. 

One of the responses of the NCRP was to set 
up a Task Group on Atomic-Bomb Dosimetry, 
under the chairmanship of Or. H. O. Wyckoff 
of the NCRP, to review the dosimetry for the 
data on which the recommendation was based. 
The Task Group, to which I was also appoint
ed, began its work in 1976 and held a number 
of meetings with the staff at Oak Ridge 
National Laboratory who had made most of the 
original dosimetry studies. The Task Group 
finally concluded that the material in the 
literature and in published laboratory 
reports was insufficient for a scientific 
review of the dosimetry. The main problem 
was information that was missing because it 
was classified SECRET. The Task Group rec
ommended that a person with proper security 
clearance should dig into the classified and 
unclassified reports to assemble the neces
sary information. Their hope was that a 
satisfactory part of the result might now be 
declassified and released to the general 
public. 

The recommendation was passed on to the 
Department of Energy (DOE), which responded 
by funding Dr. G. D. Kerr of Oak Ridge to 
undertake the task. Kerr began in September 
1979. He not only searched the early lit
erature but inquired about recent research 
that was relevant and was thus led to draw a 
number of other investigators into the study 
(Kerr 1981). 




