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Fig. 1.

source for computation of tissue dose rate.
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Table 1. derived
measurement of exposure dose rate (Xa/min) at 20 cm

Apparent activity was from the
distance from source center and compare to that of the

well-typed Curie Counter.

Xar(R)/min  Apparent Curie Discrepancy

at 20 cm Activity __counter (%)
295GBqg 290GBq

93.5 1.9
(798 Ci) (7.83 Ci)

Table 2. Polynomial regression for mathematical models
accounting for tissue attenuation and multiple scattering
in a medium surrounding an Ir-192 radioactive source.

Xw/Xa = Ao + Ar + Ax® + Ax® + Ag”
Ao - 1.04424
A1 = 0.00522
Az = -0.00231
Az = 3.60534E-5
A4 = 5.77645E-7
where,

Xw = Exposure in water.

Xa = Exposure in air.

r = Distance in cm from source to point of
calculation. Ag, Aj, Az, A3 and A4 are zero,
first, second, third and fourth order polynomial
fitting coefficients.
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Fig. 2. The tissue attenuation factors of Ir-192 high
dose rate source. The black square fitting shows the
Meisberger’'s constant and the black round with error
bar allows the empirical tissue attenuation factors

within £1% of discrepancy.
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Table 3A. Normalized output factor to reference dose ( 0.001358 cGy/mCi-sec ) of apparent activity at 10 mm of

transverse distance from source center. ( Upper region of central source axis)

[mml Transverse distance in mm from source center
YIimm 0 10 20 30 40 5 60 70 80 90 100 120 150 180 200
0 --- 1.000 .247 .109 .061 .038 .026 .019 .014 011 .009 .006 .003 .002 .001

10 544 4950 200 .100 .058 .037 .026 .019 .014 .011 .008 .006 .003 .002 .001
20 228 190 122 076 049 034 .024 018 013 .010 .008 .005 .003 .002 .001
30 100 093 073 .054 .039 028 .021 .016 .012 .010 .008 .005 .003 .002 .001
40 055 054 .047 .038 .030 .023 .018 .014 .011 .009 .007 .005 .003 .002 .00L
50 035 034 03t .027 023 .018 .015 .012 .010 .008 .007 .005 .003 .002 .001
60 024 024 022 020 017 015 012 010 009 .007 006 .004 .003 .002 .001
70 017 017 016 .015 014 012 .010 .009 .007 .006 .005 .004 .00Z .00Z .001
80 013 013 012 012 .011 010 .008 .007 .006 .006 .005 .004 .002 .002 .001
0 010 .010 .010 .009 .009 .008 .007 .006 .005 .005 .004 .003 .002 .001 .001
100 008 .008 .008 .007 .007 .006 .006 .005 .005 .004 .004 .003 .002 .001 .001
110 006 006 006 .006 .006 005 .005 .004 004 004 .003 .003 .002 .001L .001
120 005 005 .005 .005 .005 .004 .004 .004 .003 .003 .003 .002 .002 .00L .001
130 004 004 004 .004 004 .004 .003 .003 .003 .003 .002 .002 .001 .001 .001
140 003 .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .001 .00L .001
150 003 .003 .003 .003 .003 .003 .002 .002 .002 .002 .002 .002 .001 .00l .001
160 002 002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .00l .001
170 002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001 .001 .001
180 002 002 002 .002 .002 .002 .002 002 .001 .001 .001 .001 .001 .001 .001
190 002 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .00L .001 .001
| 200 001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001

*Dywarer (1) [cGy/Time)=0.001358(cGy/mCi-sec) x Output Factor X Aupparent activiy (mCi) x Time(sec)

Abolel E9l MARA Y FA £, o A FA EBFYHA Je nAdFEAdolrt. ZERI] AT
th = AUFFS 9hoz @ N 73 Ay Ay T AT AL 20cm BojR AXAA
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sk Aol @ ZRy] BASLS WA A & 2 g 2AY o8 A1) 9 FUFTA
718 &A3sE CRC-035R °]2F( Capintec )¥ &  o)j&3te T on, Table 1 & o] WAse A
B waste] JdH 2r7IWAFeE 24Y 51z 243= CRC-035R ©|-2%( Capintec )9 5
T A A A Hlwd s 29 ol dAsE e He
ALAAL Bab ol xjof Bls) AAzA 9] F49%
A9 FEA B FFrt 22T dAd 2 ¥
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Table 3B. Normalized output factor to reference dose ( 0.001358 cGy/mCi-sec) of apparent activity at 10 mm of

transverse distance from source center. ( Lower region of central source axis)

X Transverse distance in mm from source center
Y[mm] 0 10 20 30 40 5 60 170
0 --- 1000 247 109 .061 .038 .026 .019 .014 011 .009 006 .003 .002 .001
-10 835 469 197 099 058 .037 026 019 .014 011 .008 .006 .003 .002 .001
-20 202 171 117 074 048 033 .024 018 .013 .010 .008 .005 .003 .002 .001
-30 089 .082 .068 .051 .038 .028 .021 .016 .012 .010 .008 .005 .003 .002 .001
-40 049 046 042 035 028 022 018 014 011 .009 .007 .005 .003 .002 .001
=50 031 029 028 025 021 018 014 012 010 .008 .007 005 .003 .002 .001
-60 021 020 020 .018 016 .014 .012 .010 .008 .007 .006 .004 .003 .002 .001
=70 015 015 014 .014 012 .011 .010 .008 .007 .006 .005 .004 .002 .002 .001
-80 011 011 011 .010 .010 .009 .008 .007 .006 .005 .005 .003 .002 .002 .001
-90 009 009 .008 .008 .008 .007 .006 .006 .005 .005 .004 .003 .002 .001 .001
-100 007 007 007 .006 .006 .006 .005 005 .004 .004 .004 .003 .002 .00l .001
-110 006 005 .005 .005 .005 .005 .004 .004 .004 .003 .003 .002 .002 .001 .001
-120 005 .004 .004 .004 .004 .004 .004 .003 .003 .003 .003 .002 .002 .00l .001
-130 004 .004 .004 .003 .003 .003 .003 .003 .003 .003 .002 .002 .001 .001 .001
-140 003 003 .003 .003 .003 .003 .003 .002 .002 .002 .002 .002 .001 .001 .001
-150 003 .003 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .00l .001 .001
-160 002 002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001 .001
-170 002 002 .002 .002 .002 .002 .002 .002 .001 .001 001 .001 .00l .001 .001
-180 002 002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001
-190 .001 001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .00l .00f .001 .001
=200 001 .00i 001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001
*  Duwater (1) [cGy/Time) = 0.001358 x Qutput Factor X Aappareant activiy (mCi) x Time(sec)
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Characteristics of Tissue Dose of High Dose Rate Ir-192
Source Substitution for Co-60 Brachytherapy Source

Tae-Jin Choi, Ph.D., Ho Joon Lee, M.D., Ok Bae Kim, M.D.

School of Medicine, Keimyung University

To achieve the 2D dose distribution around the designed high dose rate Ir-192 source substi-
tution for Co-60 brachytherapy source, we determined the exposure rate constant and tissue
attenuation factors as a large depth as a 20 ¢m from source center.

The exposure rate constant is used for apparent activity in designed source with
self-absorption and encapsulation steel wall. The tissue dose delivered from the 4401 segments
of 25 mm in a diameter and 2.5 mm height of disk-type source layer. In the experiments, the
tissue attenuation factors include the tissue attenuation and multiple scattering in a medium
surrounding the source.

The fitted the polynomial regression with 4th order for the tissue attenuation factors are
very closed to the experimental measurement data within 1 2% discrepancy. The Meisberger's
constant showed the large uncertainty in large distance from soruce.

The exposure rate constant 469 Rcm’mCi-hr was currently used for determination of
apparent activity of source and air kerma strength was obtained 0.973 for tissue absorbed dose
from the energy spectrum of Ir-192 source.

In our experiments with designed high dose rate brachytherapy source, the apparent
activity of Ir-192 source was delivered from the 54.6 % of actual physical source activity
through the self-absorption and encapsulation wall attenuations.

This paper provides the 2-dimensional dose tabulation from unit apparent activity in a

water medium for dose planning includes the multiple scattering, source anisotropy effect and
geometric factors.

Keyword: Brachytherapy Source, Ir-192 Source, Tissue Attenuation Factor, Air Kerma
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