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ABSTRACT

A simple method of using point-pair distribution together with point kernel for internal
dosimetry calculation is described. For a source organ or tissue S and a target organ or
tissue T, the corresponding point-pair distribution p(r, T<-S) is the distribution function
for distance r separating randomly selected point pairs in the source and target regions.
Once p(r, T<^S) is computed, it can be used with the point kernel for photon or electron
to calculate the dose received by the target organ due to radiation emitting from the
source organ. The case for liver as the source organ and kidneys as the target organ is
used to illustrate the application of the above technique.
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I.- Introduction

Accurate computation of internal dose is normally carried out using computationally
intensive codes such as MCNP1 and EGS42 that are based on Monte Carlo technique.
However, simplified and less computationally demanding method has been developed for
the same purpose. In this paper, the use of point-pair distribution function in conjunction
with point kernel to simplify internal dose calculation is described. As an illustration, the
technique is applied to a case with liver as the source organ and the kidneys as the target
organ.

2. Point-Pair Distribution Method

A brief description of the method will be presented in this section.

The point-pair distribution method is based on three conditions. These are: (1) the
radiation is emitted isotropically from the source, (2) the domain of computation
(including the source and target) consists of materials with uniform interaction
coefficients, and (3) the source and target organs are sufficiently far from the boundaries
so that an infinite homogenous medium can be assumed for the domain.

D(T<-S), the average specific absorbed dose rate in a target volume Vt due to uniformly
distributed radiation sources Q(rs) in the source region of volume Vs is given by:

D(T «- S) = — jdVs \dVt Q(rs) p(rt) G{rnrs).
vt
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In the above equation, p(r$ is the density at location rt and mt is the mass of the target
volume. G(rt,rs) is the point kernel (or Green's function) which gives the mean specific
absorbed dose at target position rt per source radiation emitted from a source at position

For homogeneous and infinite medium, the point kernel G depends only on the source-to-
target distance r = |rt - rs|. Equation (1) can be simplified to:

D(T<r-S) = QVM \dr G{r)p(rJ <- S), (2)
0

Where the point-pair distribution p(r,T<-S) is given by

r s v.

Here Qt(r,rs) is the solid angle subtended at rs by all points in Vt that are at distance r
from rs. The point-pair distribution can be interpreted as the probability that the
separation between a point randomly selected in S and a similarly selected point in T is
within dr about r. This distribution should be the same if the source and target are
interchanged. Hence

(4)

For more details on the derivation of the point-pair distribution method, please refer to
the paper by Faw and Shultis3.

In this paper, the use of the point-pair distribution to compute the absorbed fraction, a
normalized dose rate independent of the source strength is demonstrated. The absorbed
fraction is <J>(T«-S) is the fraction of the energy emitted from the source organ that is
absorbed in the target organ. This can be expressed as

EQVs

In the above equation, E is the energy of the source radiation and Qtot
 = QVS, is the total

emission rate (s~l) from the source region. Equation (5) can be rewritten as

= ^~ \dr G(r) p(r, T <- S). (6)

The specific absorbed fraction is given by fi(T <



For photons, the point kernel is

1
G(r) =

An r" p
where u/p and jien/p are the total and energy absorption mass interaction coefficients for
photons of energy E. B is the buildup factor accounting for the contribution of scattered
photons to the absorbed dose. The buildup factor is represented by geometric progression
taken from the ANSI/ANS-6 A3 Draft Standard4.

3. Application of the point-pair distribution

As an illustration of the application of the point-pair distribution method, the specific
absorbed fraction in kidneys due to gamma ray emitted isotropically from a source
uniformly distributed in the liver is computed.

In this example, the organs for an adult human are considered. According to Cristy and
Eckerman5, the organs used in the example can be described mathematically. The
equation for liver is
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The parameters for adult male and large adult female are: a = 16.50 cm, b = 8.00 cm, x
- 35.00 cm, ym = 45.00 cm, Zm = 43.00 cm, zi = 27.00 cm, and z2 = 43.00 cm.

The kidneys are expressed mathematically as
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The parameters for adult male and large adult female are: a = 4.50 cm, b = 1.50 cm, c =
5.50 cm, x0 = ± 6.00 cm, y0 = 6.00 cm, zo = 32.50 cm, and xi = 3.00 cm.

To compute the point-pair distribution p(r, S<-T), the following procedure is used:

i. Use a random number generator to randomly choose a point in the liver.
ii. Similarly, choose another point randomly that is in the kidney.
iii. Compute the distance between the two points and place it in the appropriate bins

(50 bins were used for r).
iv. After sufficient points are obtained (in this problem, 500,000 point pairs were

chosen), calculate the mean and standard deviation of the point-pair distribution in
each bin.

v. Use the point-pair distribution obtained together with the gamma point kernel to
numerically compute the absorbed fraction for the kidneys.



The gamma ray absorbed fractions in the left, right and both kidneys were computed
using a program modified from the THYRFRAC program written by Faw6.

Figure 1 depicts the point-pair distribution p(r,T<-S) for the left, right, and both kidneys
for adult male or large adult female. The corresponding specific absorbed fraction for
several gamma energies are listed in Table 1. Also listed in Table 1 are the results from
Cristy and Eckerman7.
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Figure I. Point-pair distribution for liver (source) and kidneys (target).

Table 1. Specific absorbed fractions for the liver as the source and kidneys as the targets.
The second column values are for both kidneys taken from Cristy and Eckerman7 while
the third column values are those obtained from point-pair distribution method. The
fourth and fifth column values are for the right and left kidney respectively.

Photon Energy
(MeV)
0.100
0.200
0.500
L0O0
2.000
4.000

Specific absorbed fraction (kg1)
Adult male or large adult female

1.5E-02
1.4E-02
1.3E-02
1.2E-02
1.1E-02
8.1E-03

1.9E-02
1.7E-02
1.5E-02
L3E-02
1.1E-02
8.7E-03

1.6E-02
1.4E-02
1.2E-02
1.0E-02
8.5E-03
6.9E-03

3.4E-03
3.4E-03
2.9E-03
2.6E-03
2.3E-03
1.8E-03



As shown in Table 1, except at energy values (<1.0 MeV), the difference between the
point-pair distribution results and the Cristy and Eckerman7 results is less than 10%. Due
to the proximity of the right kidney to the liver, the right kidney has higher specific
absorbed fraction than the left kidney.

4. Conclusion

A brief description of the point-pair distribution method for internal dosimetry
application has been presented and its application to the case for liver and kidneys has
been demonstrated. This example shows that as long as the conditions for the point-pair
distribution are met, the point-pair distribution method gives comparable results to those
obtained by computationally intensive method such as the Monte Carlo method. For
organs where the effect of the boundaries cannot be ignored (e.g. testes, ovaries, and
breast), correction factors for the point-pair distribution method can be used.
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