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Evaluation of Photoneutron Dose in Radiotherapy Room Using MCNPX
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Abstract

Recently, high energy photon radiotherapy is a growing trend for increasing therapy results.
Commonly, if you use high energy photons above 6~8 MeV nominal accelerator voltage, It lead
the photo-nuclear reaction and the generation of photo—neutron are accompanied and these
problematic factors are issued in the view of radiation protection. Therefore, in this study
analyzed for dose distribution of photo—neutron in radiotherapy room based on MCNPX. As a
result, absorbed dose is increased sharply from 10 MV to 12 MV. It was founded that the rapid
increasement of photoneutron fluence was related to the absorbed dose at above 10 MV. Also,
in case of the recommendation of ICRP 103, the outcome of an exchanged equivalent dose which
based on calculated an absorbed dose, showed lower equivalent dose than ICRP 60 by reflecting
the contribution of secondary photon for absorbed dose of human body in the low energy band.
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1% 2. Simplified schematic of a conventional therapy
room design

H 1. Structure materials and abundance of concrete

Atomic symbol Mass number Abundance
H 1 0.56%
O 16 50.01%
Na 23 1.71%
Mg 12 0.26%
Al 27 4.56%
Si 14 31.36%
S 16 0.13%
K 19 1.92%
Ca 20 8.26%
Fe 54 0.07%
Fe 56 1.13%
Fe 57 0.03%
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H 2. Neutron weighting factor according to the ICRP

60
Range of energy Weighting factor
(10 keV 5
10 keV ~ 100 keV 10
100 keV ~ 2 MeV 20
2 MeV ~ 20 MeV 10
Y 20 MeV 5

H 3. Neutron weighting factor according to the ICRP

103
Range of energy Weighting factor
(1 MeV 9.5+ 18.9¢ WmEI/6
1 MeV~50 MeV 5.0+ 17.0¢ I CEIY6
) 50 MeV 9.5+ 3.95¢ MOUENs
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H 4. Results of neutron absorbed dose and equivalent dose

8 Absorbed Equivalent dose(Sv/e) 10 Absorbed Equivalent dose(Sv/ie) 12 Absorbed Equivalent dose(Sv/e)
MV dose(Gy/e) ICRP 60 ICRP 103 MV dose(Gy/e) ICRP 60 ICRP 103 MV dose(Gy/e) ICRP 60 ICRP 103
O 1.17E-26 1.82E-25 1.41E-25 O 7.65E-26 1.17E-24 9.91E-25 O 6.44E-22 9.87E-21 8.36E-21
A 1.07E-32 3.11E-32 2.33E-32 A 1.056-31 1.37E-30 1.10E-30 A 2.10E-22 3.00E-21 2.38E-21
B 221E-33 1.51E-31 1.10E-31 B  9.83E-32 1.47E-30 1.18E-30 B 2.16E-22 2.92E-21 2.32E-21
C 1.036-32 1.46E-31 1.08E-31 C 7.94E-24 1.11E-22 8.89E-23 C 3.18E-22 4.44E-21 3.53E-21
D 7.78E-33 1.04E-31 7.20E-32 D 7.14E-32 9.09E-31 7.00E-31 D 2.03E-22 1.50E-21 1.15E-21
E 7.89E-33 1.03E-31 7.31E-32 E 6.96E-32 9.54E-31 7.39E-31 E 1.16E-22 2.64E-21 2.03E-21
F  5.84E-33 7.60E-32 5.34E-32 F  6.69E-32 8.65E-31 6.68E-31 F  870E-23 1.12E-21 8.56E-22
M 293E-34 293E-33 2.01E-33 M  3.26E-33 3.18E-32 2.15E-32 M 1.39E-32 1.37E-31 9.34E-32
X 0.00E-00 0.00E-00 0.00E-00 X 0.00E-00 0.00E-00 0.00E-00 X 0.00E-00 0.00E-00 0.00E-00
14 Absorbed Equivalent dose(Sv/e) 16 Absorbed Equivalent dose(Sv/e) 18 Absorbed Equivalent dose(Sv/e)
MV dose(Gy/e) ICRP 60 ICRP 103 MV dose(Gy/e) ICRP 60 ICRP 103 MV dose(Gy/e) ICRP 60 ICRP 103
O 2.57E-21 3.98E-20 3.40E-20 O 9.20E-21 1.43E-19 1.22E-19 O 1.45E-20 2.26E-19 1.94E-19
A 1.71E-21 1.28E-20 1.02E-20 A 4.45E-21 4.79E-20 3.85E-20 A 8.05E-21 1.66E-19 1.34E-19
B 9.10E-22 2.40E-20 1.92E-20 B 3.41E-21 6.27E-20 5.05E-20 B 1.186-20 1.14E-19 9.15E-20
C 1.58E-21 2.22E-20 1.78E-20 C 4.00E-21 5.63E-20 4.53E-20 C 1.27E-20 1.79E-19 1.44E-19
D 1.07E-21 1.02E-20 7.86E-21 D 255E-21 3.83E-20 2.97E-20 D 6.67E-21 5.99E-20 4.65E-20
E 7.79-22 1.41E-20 1.09E-20 E  2.92E-21 3.36E-20 2.61E-20 E 4.56E-21 8.77E-20 6.81E-20
F 9.12E-22 1.18E-20 9.10E-21 F 227E-21 2.94E-20 2.28E-20 F  4.43E-21 5.75E-20 4.46E-20
M 221E-24 2.20E-23 1.50E-23 M 8.09E-23 8.03E-22 5.48E-22 M 8.94E-23 8.92E-22 6.10E-22
X 0.00E-00 0.00E-00 0.00E-00 X 0.00E-00 0.00E-00 0.00E-00 X 0.00E-00 0.00E-00 0.00E-00
20 Absorbed Equivalent dose(Sv/e) 22 Absorbed Equivalent dose(Sv/e) 24  Absorbed Equivalent dose(Sv/e)
MV dose(Gy/e) ICRP 60 ICRP 103 MV dose(Gy/e) ICRP 60 ICRP 103 MV dose(Gy/e) ICRP 60 ICRP 103
O 2.53E-20 3.94E-19 3.38E-19 O 3.87E-20 6.03E-19 5.18E-19 (¢} 7.86E-20 1.22E-18 1.05E-18
A 1.73E-20 1.98E-19 1.59E-19 A 203E-20 3.24E-19 2.61E-19 A 2.41E-20 3.41E-19 2.75E-19
B  1.40E-20 2.44E-19 1.96E-19 B 2.30E-20 2.87E-19 2.32E-19 B 2.42E-20 3.40E-19 2.74E-19
C 1.43E-20 2.01E-19 1.63E-19 C 251E-20 3.54E-19 2.86E-19 C 3.36E-20 4.75E-19 3.84E-19
D 857E-21 1.01E-19 7.82E-20 D 1.17E-20 1.70E-19 1.33E-19 D 1.51E-20 2.31E-19 1.80E-19
E 7.66E-21 1.13E-19 8.77E-20 E 1.30E-20 1.55E-19 1.20E-19 E 1.76E-20 1.99E-19 1.55E-19
F  853E-21 1.11E-19 8.60E-20 F 1.086-20 1.41E-19 1.09E-19 F 1.22E-20 1.58E-19 1.23E-19
M 1.96E-22 1.95E-21 1.33E-21 M 1.73E-22 1,73E-21 1.18E-21 M 420E-22 4.19E-21 2.87E-21
X 0.00E-00 0.00E-00 0.00E-00 X 0.00E-00 0.00E-00 0.00E-00 X 0.00E-00 0.00E-00 0.00E-00
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