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DOSIMETRY CONSIDERATIONS IN THE REPLACEMENT 
OF RADON-222 SOURCES BY GOLD-19B SOURCES 

FOR THE TREATMENT OF PATIENTS. 

Radon-222 sources have been used in Australia for the 
treatment of patients since 1929 and the calculation of 
absorbed doses rom such sources is well established. An 
alternative to radon-222 is gold-198 which, in suitable 
form, .-nay be used for permanent implantations and for 
surface, interstitial or intra-cavitary applications. 

Because radon-222 and gold-198 have differert charac
teristics, the data to be used in calculating the absorbed 
dose to a point in a treatment volume will depend en the 
particular scurce used. The data are related to the 
energies and abundances of the beta and gamma rays err.itted 
from the nuclei and on their half-lives (T,). The enercies 

2 
of the beta and gamma rays emitted by radon-222 (in equil
ibrium with its decay products) and by gold-193 are given 
in Table 1; the half-lives of radon-222 and of gold-19E 
are 3.625 and 2.70 days respectively. 

In determining the absorbed dose at a point in tissue 
from a source, the beta rays emitted by the radionuclides 
are usually ignored. They are absorbed within rhe source 
itself or in the first few millimetres of tissue surrounding 
the source and their contribution to the absoi sd ccze at 
the point is negligible, unless that pcint is adjacent to 
the source. 

The absorned dose (D) at a point in tissue frcrr. a 
point source can be calculated from the following formula 

n X x A x B x f x F u = 2 

r 

where X = the exposure rate in air for unit activity 
of the radionuclide at 1 cm from the 
source, 

A = activity of the source, 
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B = ratio of exposure in water to exposure in 
air at the point, 

? = factor to convert from exposure to absorb
ed dose, 

F = exposure factor, 
r = distance of point from the source. 

The absorbed dose D will be in grays provided SI units 
are used, but in rads if the old units are used for calcula
tion purposes. These latter units are given in brackets 
where appropriate. 

In the above formula, the value of X to be used for 
calculation purposes will depend on the particular source 
to be used for treatment purposes. Sofer has recommended 
that a value of 59.2 x 10~ 6 C.kg"1 ,h"1 .MBq"1 (6.49 R.h""1. 
mCi ) at 1 cm be used for radon-222 sources of filtration 
0.5 mm Pt equivalent. Values of X for radon sources of 
other filtrations have been calculated from Sofer's paper 
and are given in Table 2. For gold-199 sources, not moun-sd 
in outer containers, it is recommended that a v/alue of 
16.2 x 10~ 6 C.kg"1.h"1.MBq"1 (2.32 R.h" 1.mCi" 1) ( 2* at 1 cr 
be used. If gold-1 9fl is mounted in outer containers, the 
gamma rays will be partially absorbed in the walls of the 
containers and allowance must be made for this by multiply
ing X by e " where |i is the linear absorption coefficient 
of the material of the container and d is the wall thickness, 

(3) Using data given by 5torm et al and assuming an effective 
energy of 0.412 MsV for photons emitted from gold-198 
sources, the calculated values of \i for brass, stainless 

-1 -1 -1 
steel and gold are G.026 mm , D.024 mm and 0.26 mm 
respectively. 

In practice, linear sources are used, rather than 
point sources. The use of the values of X for point sources 
is satisfactory provided the length of the source is small 
compared to the distance of the point from the source. 
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However, for points well off the perpendicular bisector of a 
long source, allowance may need to be made for oblique filt
ration. The procedure given by Sofer can be employed fcr 
this purpose provided that appropriate values of u, for 
gold-198 sources are used. 

Thus the exposure rate in air at distance r from a 
2 

source can be calculated from X x A/r . The appropriate 
•'activity" of a source must be used in this expression. The 
activity of a radon source has always been determined by 
comparing the intensity of gamma rays emitted from the 
source with that from a radium source of known content, 
suitable corrections being made for geometry and source 
filtration. This method of determination gives the actual 
activity of radon sources and this is always used in the 
above expression. The activity of a gold-198 source is 
determined by measuring the exposure rate from tne s:ur:s 
at a specified point and then using an appropriate value of 
X to calculate the activity of the source. The value of X 
used for an unshielded source for this purpose is 

— ft — 1 — 1 —1 
16.2 x 10 C.kg" ,h~ ,MBq~ at 1 cm. As there is sere 
self-absorption of gamma rays in the source, this method 
gives the "equivalent activity" of the source. The ecuive-
lent activity is defined as the actual activity of er> „.-.-
shielded point source which would produce the same exposure 
rate ...t the specified point as the source being meas.rsc. 
The value of the equivalent activity so determined will 
depend on the distance between the point and the scurce, Dut 
for clinical purposes the differences in the values obtained 
at different distances for short sources are negligiole. 
Thus, for gold-198 sources, the "activity" used in the eoove 
expression and in clinical prescriptions is the equivalent 
activity. 

In clinical applications, it is important to determine 
the exposure rate (and subsequently the absorbed dose r-jte) 
at a point in tissue rather than in air. In tissue thsre 
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will be absorption of radiation between the source and the 
point and scattering of radiation to the point from neigh
bouring tissue. With radium and radon sources, these two 
processes nearly compensate each other and are often ignored 
when the distance between the source and the point is short 
(a few centimetres). In those cases, the calculation of the 
exposure rate in air instead of in tissue is considered 
satisfactory for clinical purposes. 5everal workers have 
investigated these processes and determined ratios of the 
exposure in wa-er to the exposure in air (B) at varying 
distances from a number of radionuclides. Safer fitted a 
polynomial to the ratios obtained by workers using radium 
and radon sources and the values corresponding to distances 
ranging up xo 1D cm for such sources are given in Table 3. 

(4) Meisberger et al have also fitted polynomials to the 
ratios for radium sources as well as for sources of several 
other radionuclides. (For radium, values of the ratios 
obtained from Meisberger's polynomial showed good agreement 
for distances up to 10 cm with those obtained from 5ofer's 
polynomial.) The values corresponding to distances ranging 
up to 10 cm for gold-19B have been calculated from Meisberc-
er's data and these are also given in Table 3. 

In order to convert from exposure rate in air or in 
tissue to absorbed dose rate in tissue the factor f must be 
used. This has the same value for gold-196 as for radon-222 
sources. It can be taken as 37.2 when converting from 
Coulombs/kg to grays (or 0.96 when converting from roentgens 
to rads) ( 5 ). 

To determine the absorbed dese at a point in tissue, 
the treatment time must also be taken into account. As the 
activities of radon-222 and gold-198 change rapidly during 
the course of a treatment, the treatment time is replaced 
by the term exposure factor F, For a specified treatment 
time (t), F can be calculated from the formula 

F = i i _ x (1- B-°- 6 9 3 t / Ti) 
0.693 
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Values of F for different treatment times for radon-
222 and for gold-198 are given in Table 4. 

If the same absorbed dose is to be delivered to a 
point in tissue from either a radon-222 or a gold-198 source, 
different activities of the sources will be required at the 
commencement of treatment. The initial activity of a gold-
196 source can be calculated from the activity of a radon-
222 source of the same dimensions using the relationship 

a A X R n ^R_n IE". 
Au Rn Y „ r 

*Au b A u Au 
with appropriate values of X, B and F being obtained from 
the Tables and modified where necessary. The subscripts 
Au and Rn refer to gold-198 and radon-222 respectively. 

Some treatment regimes involve an array of sources. 
In these treatments it is not usual to calculate the absorb
ed doses to incividual points but rather to use rules which 
wculd result in the treatment volume being uniformly irrad
iated, generally to within +_ lO'jS. Rules for the distribut
ion and activities of radium and radon sources used ir such 
arrays were formulated by Paterson and Parker in the 193G's. 
These rules may neeo modification when other radionuclides 

(6 ) are used because of the«.r different characteristics. Das 
has investigated the distribution of gold-198 seeds when uzeti 
for square and rectangular superficial areas and for volume 
inplants and Dale has investigated the distribution for 
circular areas. Both workers have proposed rules which, 
although different from the Paterson-Parker rules will enable 
acceptably uniform doses to be delivered to the treatment 
volumes when using gold-198 sources. 

-?*f 
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TABLE 1 

Characteristics of Radon-222 and Gold-19B 

Gamma energies 
Radon-222* 

about 20 in the 
range 0.24 to 
2.43 MeV with an 
effective energy 
of approximately 
1 MeV 

Gold-198 
0.412 MeV (9R.5% 
emitted with 4.0% 
internally 
converted) 
0.676 MeV (1 .0%) 
1.083 MeV (0.2%) 

Beta energies several in the 
range 0.4 to 
3.26 MeV 

0.29 MeV (1.2%) 
0.96 MeV (58.6%) 
1.37 MeV (0.03%) 

*In equilibrium with decay products radium B 
and radiur, C. 

TABLF 2 
Exposure rate X at 1 cm from radon-2 2 2 scurce 

Filtration cf Source 

,3 mm Pt ecuiv. 
0.5 
0.8 
1.0 
1 .5 
2.0 

E 
h" 

xposure Rc- t e X 
k g " . 

E 
h" • 1 -1 

' ,MBq R 

60.5 X 10" -6 e .73 

59.2 t! 8.4 5 
56.9 I I 6.16 
55.4 II 7.95 

51.9 I I 7.45 
48.8 I I 7.00 
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TABLE 3 

V a l u e s o f Bf Re i t i o o f E xposu re i f ! We t e r / E x p o s u r e i n A i r 

D i s t a n c e (cm) B_ f DT Radon - 2 22 B f o r Go ld -196 

1 0 . 9 9 3 1.023 

2 0 . 9 8 3 1.017 

3 0 . 9 7 0 1 .012 

4 0 .954 1.006 

5 0 . 9 3 7 1 .000 

6 0 .918 0 .9S7 

7 0.S98 0 .973 

8 0 . 8 7 8 0 .955 

9 0 . 8 5 7 0 .931 

10 0 .835 0 .901 

TABLE 4 
Exposu re F a c t o r F 

T rea tmer t t i m e s F f o r Radon-222 F f o r Go ld -19E 
1 r i=>\ f 0 h o u r s 2 2 . 0 2 1 . 2 

12 h o u r s 31 .5 2 9 . 9 

2 days 0 h o u r s 4D.3 37 .5 

12 h o u r s 4 8 . 3 4 4 . 3 

3 days 0 h o u r s 55 .5 50 .2 

12 h o u r s 62 .2 55 .4 

4 day s 0 h o u r s 66 .3 6 0 . 0 

12 h c u r s 73 .8 6 4 . 0 

5 days 0 h o u r s 78 .9 67 . C 

12 h o u r s 83 .6 7D.7 

6 days 0 hou rs £7 .8 7 3 . 5 

12 h o u r s 91 .7 75 .9 

7 days 95 .2 7 8 . 0 

8 days 101 .4 81 .5 

9 days 1C6.5 84 .2 

10 days 110 .8 86 .3 

12 days 117 .4 89 .2 

15 days 123 .7 9 1 . 5 

20 days 128 .9 9 2 . 9 

25 days 131 .0 9 3 . 3 

OO 132 .4 93 .5 


