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Study of Internal Dosimetry of Nuclear Medicine
Project Number: 992001INEROOS
C. H. Wu, Y-W H. Liu
Institute of Nuclear Engineering and Science,
National Tsing Hua University

Abstract

In nuclear medicine, radiopharmaceuticals are used for
diagnosis or treatment of lesions. In order to assess the internal dose
caused by radiopharmaceutical, Medical Internal Radiation Dose
Committee (MIRD) developed a series of dose assessment literatures for
internal dosimetry. MIRD formalism uses Monte Carlo method to
simulate the reference man phantom to calculate the S value in target
organ. However, the organ geometry and mass of individual patient are
usually quite different from the reference man. It is questionable that the
dose calculated by using reference man can be applied to individual
patient. In order to elevate the dose accuracy during nuclear medicine
treatment, it would be necessary to use the customized S value for dose
calculations.

The purpose of this study is to establish an internal dose calculation
method for each individual patient. It is a three-year project. The
main items in the 1% year are (1) to establish individual voxel model, (2)
to establish source organ and target organ, and use region-of- interest
function to identify the source organ.

In order to access the accuracy of the voxel phantom, analytical
Snyder head model is chosen as the object for simulation. For

mono-energetic photon source of difference energies and Y-90 electron



source, absorbed fractions and S values are calculated. The result shows
that the voxel-based phantom bears very accurate results comparing
with the results of analytical model. The voxel model based on CT of

individual patient will be used in the 2" year study.
Keywords: Internal dosimetry, Monte Carlo, absorbed fractions,

S values
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Stepl. Physical Data
(A)Nuclear Decay Data

Mean Energy Emitted
Per Nuclear Transition

A=Y A,
:Zniii

A; = mean energy of i-type radiation
emitted per nuclear transition

n, = number of i-type radiation
emitted per nuclear transition

|

(B) Radiation Absorption Data

Absorbed Fraction
for Source Organ ry, and Target Organry
i-type radiation energy
absorbed by target organ r;
i-type radiation energy
emitted by source organ 7,
For non-penetrating (np) radiations
Such as alpha particle and electron

¢(n <n)=

4 <n)=1 k=h
é(r <1)=0 kzh

For penetrating (p) radiations
Such as x-ray and y-ray

S-factor

A 1)
my

=Y AQ

S <n)=

(7 < 7)
my, =mass of target organ r,
@, (r;, < 1) =specific absorbed fraction

=¢(n, < n,) my

0<g(n «n)<l

Radiation absorption evaluated by Monte Carlo Simulation
in mathematical anthropomorphic phantom.
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Step2. Biological Data
Time-Activity Function in Source Organr),
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Step3. Integration of Biological and Physical Data

Source Organ, ry N
Administered H
Activity, AA  ——] ™
Target Organ, r, J ; A
= ¥
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Target Organ=Source Organ, r,

[

) {@
T T
Mean absorbed dose from source ?(r,. <) ?(r,. «n)
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=47 S(r, < 1) = 47,8(r, < 1)

to target organ, ry
\ /
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h

Total mean absorbed dose
to target organ, ry :AoZThS(’kah)
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patient  referenceman

S(r,«nr)=S(r, «<r) if r=r (1.20)
¥t p 2% B s(self irradiation) B E A % 0 TIREBE F 0
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¢ e frmtaf]%.k ot ipf R U & d > MCNP e
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(=) Repeated Structure £ 8 4R 78 I Fr 4 5k 7%
1. k3 e oA &b i
P R EER 5 &Ry Y I H e BAE A
£ 3= - Yoriyaz & %~ 7 2000 & % % 7 2 Zubal Phantom #%g
ZFEMEFEHL AT RRIRNETIELRMNRE O
BofT s FEWS LA F o B i AT R IRTER A MR
SR8 & BEA e F B IRATOMREF o & ) I ¥ e iE Al

%
EEHPAREF LA FCERRE OTHAE A 272

\

)
#-54 R 38 & W4E B | Zubal Phantom %2 2 B 0 B F

4
o R R LR A ARET L - AR
d kI _"T‘LE' "{E.%”g‘mbgﬂ;cl}_,ﬁ'bbvkﬂ 1>‘;;li»4=7\

|22 Yoriyaz # # ¢ £ 2 ORNL/TM-8381 4 2 @ i %
ROt e et H R o *F8 tally o A gt i sk 3 30

AR R BEMA ] (e BT s;j-«\)_'r;mrg—-;mp% v 5T R FA
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hzp g ot 4% 0 A T 107~10° B3 o Yoriyaz ¥ iz
FAHEF IR RRNPF RPN FELAZ R Y P A tally
= N R e o

Yoriyaz 3 % st efe A F E 4] MCNP4B 3+ & » 2 &
» 742 E 5 ENDF/B-V; ## 7 i * MCNP4C -~ ENDF/B-VI
Bw FTAE o5 MCNPAC 35 @ #ant sojeh Sk 2-2
I 4 2-803- 8 5% ¥ Yoriyaz e kAR L A it B B
% EApiten; Hb 8 (MCNPAC/MCNP4B, 4C/4B) #::1 1-
BRFEEELR RS DML L

= SAF(Liver<Kidneys) %3 i £ % 0.01 MeV » 4C/4B

veiE 5 0.049 -
®m  SAF(Target<—Lungs) » &+ it £ 5 0.5 MeV - 4C/4B

L 42 0.780 & 1.152 ¥

,7.% MCNP4C ~ MCNP4B 3+ 3 @ #&m % » MCNP4AC
3y 2% ¥ Yoriyaz i % < {‘K/,,\-F’K-— R nﬁ; S N30
B Fz thoip i LR RET i Hd A ANt 2 i

G FALE AR o
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% 2-2 % k3 i £=0.01 MeV p& et sfe A 5 (g-1)

MC S.Organ® S.Organ S.Organ S.Organ  S.Organ  S.Organ
T. organ® Code Liver Kidney Lung Pancreas Spleen Adrenal
) 4B* 491E-04 6.44E-05 1.19E-06 2.09E-07 0.00E+00 9.87E-06
Hver 4c® 4.92E-04 3.19E-06 1.11E-06 1.90E-07 0.00E+00 9.43E-06
) 4B 3.25E-06  1.81E-03 0.00E+00 1.35E-05 6.18E-06  7.97E-05
Kidneys 4C 3.19E-06 1.81E-03 0.00E+00 1.28E-05 6.01E-06  7.69E-05
4B 1.27E-06 0.00E+00 7.51E-04 0.00E+00 4.54E-06 0.00E+00
Hungs 4C 1.24E-06 0.00E+00 7.55E-04 0.00E+00 4.44E-06 0.00E+00
4B 2.13E-07 1.40E-05 O0.00E+00 1.66E-02 0.00E+00 3.71E-04
Pancreas 4C 194E-07 1.29E-05 O0.00E+00 1.67E-02 0.00E+00 3.64E-04
Spleen 4B 0.00E+00 6.28E-06 4.06E-06 0.00E+00 2.53E-03 0.00E+0Q0
4C 0.00E+00 5.95E-06 4.01E-06 0.00E+00 2.54E-03  0.00E+00
Adrenal 4B 9.11E-06  8.05E-05 0.00E+00 3.75E-04 0.00E+00 1.71E-01
4C 9.48E-06  7.78E-05 0.00E+00 3.51E-04 0.00E+00 1.75E-01

a. MCNP4B b: MCNP4C2.6 c: Source Organ d: Target Organ

% 2-3 4 k3 57 £=0.05 MeV pF et s A & (g7
MC S. Organ S.0Organ S. Organ S.0rgan  S.0Organ  S. Organ
T. organ Code Liver Kidney Lung Pancreas Spleen Adrenal
) 4B 142E-04 3.00E-05 1.75E-05 3.80E-05 4.47E-06 6.09E-05
Hiver 4C 148E-04 3.06E-05 1.78E-05 3.87E-05 4.39E-06 6.23E-05
) 4B 3.00E-05 2.71E-04 6.19E-06 6.04E-05 5.19E-05 1.15E-04
Kidneys 4C 3.05E-05 2.85E-04 6.29E-06 6.17E-05 5.38E-05 1.19E-04
4B 1.84E-05 6.50E-06 8.03E-05 1.22E-05 2.30E-05 1.37E-05
Hungs 4C 188E-05 6.45E-06 8.50E-05 1.23E-05 2.36E-05 1.38E-05
4B 3.79E-05 5.86E-05 1.16E-05 1.38E-03 4.56E-05 2.59E-04

Pancreas

4C 3.86E-05 6.18E-05 1.19E-05 1.46E-03 4.67E-05 2.70E-04
Spleen 4B 438E-06 5.18E-05 2.16E-05 4.56E-05 4.30E-04 2.99E-05
4C 432E-06 5.36E-05 2.22E-05 4.63E-05 4.53E-04 3.01E-05
Adrenal 4B 5.97E-05 1.18E-04 141E-05 2.59E-04 3.02E-05 5.35E-03
4C 6.44E-05 1.20E-04 1.22E-05 2.70E-04 3.05E-05 5.75E-03
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402-4 5 %5 i £20.1 MeV et s fc A % (g

MC S. Organ S.Organ S.Organ  S.Organ  S.Organ  S. Organ
T. organ Code Liver Kidney Lung Pancreas Spleen Adrenal
) 4B 9.01E-05 2.32E-05 142E-05 2.89E-05 5.73E-06 4.35E-05
Hver 4C 9.13E-05 2.34E-05 1.44E-05 293E-05 5.80E-06 4.42E-05
) 4B 2.31E-05 1.65E-04 6.82E-06 4.36E-05 3.65E-05 7.65E-05
Kidneys 4C 2.35E-05 1.67E-04 6.95E-06 4.43E-05 3.69E-05 7.75E-05
4B 142E-05 6.81E-06 5.02E-05 1.14E-05 1.70E-05 1.27E-05
Hungs 4C 146E-05 6.94E-06 5.14E-05 1.16E-05 1.73E-05 1.28E-05
4B 2.88E-05 4.35E-05 1.12E-05 8.20E-04 3.54E-05 1.60E-04

Pancreas
4C 2.93E-05 445E-05 1.16E-05 8.29E-04 3.56E-05 1.62E-04
4B 5.76E-06  3.62E-05 1.67E-05 3.51E-05 2.59E-04 2.47E-05
Spleen 4C 5.77E-06  3.69E-05 1.71E-05 3.55E-05 2.63E-04 2.49E-05
4B 431E-05 7.55E-05 1.30E-05 1.63E-04 2.33E-05 3.34E-03
Adrenl 4C 442E-05 7.69E-05 1.20E-05 1.62E-04 2.50E-05 3.38E-03

% 2-5 4 k3 i £=05MeV pF et sy A (g7

MC S. Organ S.0Organ S. Organ S.0rgan  S.0Organ  S. Organ
T. organ Code Liver Kidney Lung Pancreas Spleen Adrenal
) 4B 8.41E-05 1.93E-05 1.40E-05 2.34E-05 5.15E-06 3.57E-05
Hiver 4C 8.41E-05 1.93E-05 1.19E-05 2.33E-05 5.20E-06 3.58E-05
) 4B 195E-05 1.68E-04 6.63E-06 3.71E-05 3.10E-05 7.01E-05
Kidneys 4C 194E-05 1.68E-04 6.08E-06 3.70E-05 3.10E-05 6.99E-05
4B 1.19E-05 6.06E-06 4.23E-05 9.27E-06 1.43E-05 1.04E-05
Hungs 4C 1.19E-05 6.08E-06 4.87E-05 9.40E-06 1.44E-05 1.05E-05
4B 2.34E-05 3.69E-05 1.05E-05 8.97E-04 2.72E-05 1.51E-04

Pancreas
4C 2.32E-05 3.69E-05 9.50E-06 8.97E-04 2.75E-05 1.50E-04
4B 5.19E-06 3.11E-05 1.80E-05 2.76E-05 2.63E-04 2.06E-05
Spleen 4C 5.21E-06  3.09E-05 1.44E-05 2.76E-05 2.63E-04 2.05E-05
4B 3.64E-05 6.91E-05 1.32E-05 1.53E-04 1.95E-05 3.89E-03
Adrenal 4C 3.64E-05 7.05E-05 1.03E-05 1.51E-04 2.02E-05 3.91E-03
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%26 5 %3 i £=1.0 MeV & st s e % (g

MC S. Organ S.Organ S.Organ  S.Organ  S.Organ  S. Organ
T. organ Code Liver Kidney Lung Pancreas Spleen Adrenal
] 4B 7.58E-05 1.74E-05 1.07E-05 2.10E-05 4.82E-06 3.22E-05
Hver 4C 7.58E-05 1.75E-05 1.07E-05 2.09E-05 4.84E-06 3.22E-05
) 4B 1.76E-05 151E-04 549E-06 3.34E-05 2.82E-05 6.34E-05
Kidneys 4C 1.75E-05 1.51E-04 5.55E-06 3.33E-05 2.80E-05 6.35E-05
4B 1.07E-05 5.53E-06 4.25E-05 8.32E-06 1.29E-05 9.35E-06
Hungs 4C 1.07E-05 555E-06 4.26E-05 8.39E-06 1.29E-05 9.39E-06
4B 2.10E-05 3.26E-05 8.18E-06 7.97E-04 241E-05 1.37E-04

Pancreas
4C 2.07E-05 3.34E-05 8.44E-06 7.94E-04 248E-05 1.36E-04
4B 482E-06 2.80E-05 1.28E-05 2.46E-05 2.37E-04 1.85E-05
Spleen 4C 4.85E-06  2.80E-05 1.28E-05 2.46E-05 2.37E-04  1.85E-05
Adrenal 4B 3.31E-05 6.22E-05 9.45E-06 1.38E-04 1.85E-05 3.20E-03
4C 3.18E-05 6.45E-05 9.14E-06 1.37E-04 1.76E-05 3.21E-03

% 2-7 % %3 i £=2.0 MeV pFernt moyz A % (g™

MC S. Organ S.0Organ S. Organ S.0rgan  S.0Organ  S. Organ
T. organ Code Liver Kidney Lung Pancreas Spleen Adrenal
) 4B 6.19E-05 1.49E-05 9.10E-06 1.77E-05 4.36E-06  2.73E-05
Hiver 4C 6.18E-05 1.49E-05 9.09E-06 1.79E-05 4.32E-06 2.72E-05
) 4B 149E-05 1.19E-04 4.82E-06 2.81E-05 240E-05 5.32E-05
Kidneys 4C 150E-05 1.19E-04 4.83E-06 2.82E-05 2.37E-05 5.32E-05
4B 9.17E-06  4.84E-06 3.24E-05 7.12E-06 1.09E-05 8.05E-06
Hungs 4C 9.17E-06  4.86E-06 3.25E-05 7.22E-06 1.09E-05 7.98E-06
4B 1.81E-05 2.83E-05 6.87E-06 7.09E-04 2.06E-05 1.14E-04

Pancreas
4C 1.78E-05 281E-05 7.28E-06 5.94E-04 2.10E-05 1.13E-04
4B 439E-06 2.39E-05 1.08E-05 2.08E-05 1.88E-04 1.59E-05
Spleen 4C 430E-06 2.37E-05 1.08E-05 2.10E-05 1.88E-04 1.58E-05
Adrenal 4B 2.76E-05 551E-05 7.33E-06 1.14E-04 1.50E-05 1.93E-03
4C 2.71E-05 5.36E-05 7.74E-06 1.13E-04 1.54E-05 1.96E-03

26



% 2-8 5 %3 i £=4.0 MeV prent s fe i % (g

MC S. Organ S.Organ S.Organ  S.Organ  S.Organ  S. Organ

T. organ Code Liver Kidney Lung Pancreas Spleen Adrenal
) 4B 464E-05 1.22E-05 7.41E-06 1.44E-05 3.70E-06 2.21E-05
Hver 4C 4.61E-05 1.22E-05 7.40E-06 147E-05 3.70E-06 2.20E-05
) 4B 1.23E-05 8.32E-05 4.06E-06 2.29E-05 1.94E-05 4.15E-05
Kidneys 4C 1.22E-05 8.28E-05 4.06E-06 2.26E-05 1.93E-05 4.14E-05
4B 7.58E-06 4.12E-06 2.15E-05 5.87E-06 8.90E-06  6.66E-06
Hungs 4C 757E-06 4.10E-06 2.15E-05 6.02E-06 8.91E-06 6.67E-06
4B 147E-05 2.24E-05 596E-06 5.63E-04 1.69E-05 8.51E-05

Pancreas

4C 146E-05 2.27E-05 6.08E-06 3.69E-04 1.72E-05 8.52E-05
4B 3.77E-06  1.94E-05 8.69E-06 1.70E-05 1.33E-04 1.32E-05
Spleen 4C 3.69E-06 1.93E-05 8.66E-06 1.71E-05 1.33E-04 1.30E-05
4B 2.31E-05 4.25E-05 6.97E-06 9.02E-05 1.26E-05 9.00E-04
Adrenl 4C 231E-05 4.17E-05 6.48E-06 8.49E-05 1.33E-05 8.91E-04

2.Y-90 B4t S &1t i
Y-90 &R enT 27 3 5t £ 5 0.935 MeV - Yoriyaz @& *
MCNP4B 3+ 5 Y-90 #4ik 1S & i #2 Snyder % 4 7% 4 chific
B EA gt g kT ko Snyder et B 2 L BEXR R G
LRBFTAIFANEIL A ETERET R ped

s BE o % 2-9 ¢ Yoriyaz # * MCNP4B % Snyder B 483+

-\

r 2 A

Ea @S & Mt i Snyder % 4 43 & % eh S(Liver<—
Liver) ~ S(Kidneys<-Kidneys) £ S(Lungs<-Lungs) 4 %] i
7% ~ 2% 10% - § ¥= B F % 5k EF ¥ > Snyder # % ¢hig

b

"1,\)“&

-

"‘F?
U

~

Fog g LR R FEd WP E 322 FIE LT

2
3

e

BHTIHE BT AR SHMET R A R T T

1S

SHE WG oo BEPE AN DT R d Yoriyaz ¢h
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Snyder/MCNP4B £ Zubal/ MCNP4B = & A8 ezt & & 5 b
#5F I » S(Liver<—Liver) ~ S(Kidneys<—Kidneys)#s S(Lungs
<Lungs)~ w] £ 7 4% ~ 17%%2 42% - Yoriyaz 3% 5 i &_d %
3 BEAEOEE ?ﬁﬂ * @ HIR o

% 2-10 5 2 3 @ * MCNPAC » % &= BREF &7
Y-90 57 S B3+ & £7 Yoriyaz s % vt i o Kf 7 # S(Kidneys
<Lungs)} i x L B ob o ALt B R K A ApiTno

LR e k3 i B SRS A T A Bl e e A
Tgntgr o 2 Y-90 R F SRS Bt 2% ik T
AT RFIET I E 252 Yoriyaz chi & L R4 4p

oo FAEELM E DR B st R I8 E_ FE R o

%29 Y-90 Bk A BEH Y S & (MGY/MBg-S) -
T 3 & £ =0.935 MeV

Phantom/ Source Organ
Target Organ Code Liver Kidneys Lungs
Snyder? 8.25E-05 0.00E+00 0.00E+00

Liver Snyder/MCNP4B®  7.65E-05 6.66E-09 4.76E-09
Zubal/MCNP4B 7.35E-05 4.42E-07 1.76E-07

Snyder? 0.00E+00 4.80E-04 0.00E+00

Kidneys Snyder/MCNP4B 7.04E-09 4.69E-04 1.72E-09
Zubal/MCNP4B 4.65E-07 2.72E-04 3.17E-09

Snyder? 0.00E+00 0.00E+00 1.50E-04

Lungs Snyder/MCNP4B 3.99E-09 1.14E-09 1.35E-04

Zubal/MCNP4B 1.73E-07 0.00E+00 1.12E-04

Data published by Snyder et al., reference 3

PReference 11
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% 2-10 ~#= 3 & * MCNPAC & Y-90 %tk e
S E(MGyYy/MBg-s) £ Yoriyaz & * MCNP4B e+t #2

Phantom/ Source Organ
Target Organ Code Liver Kidneys Lungs

Li Zubal/MCNP4B? 7.35E-05 4.42E-07 1.76E-07

iver
Zubal/MCNP4C 7.37E-05 4.69E-07 1.70E-07
_ Zubal/MCNP4B*  4.65E-07 2.72E-04 3.17E-09

Kidneys

Zubal/MCNP4C 4.64E-07 2.71E-04 0.00E+00
Zubal/MCNP4B? 1.73E-07 0.00E+00 1.12E-04

Lungs

Zubal/MCNP4C 1.73E-07 0.00E+00 1.12E-04

®Data published by Yoriyaz et al. , reference 11

(2 ) *F8 £ F6 Tally %ic & /A 3- 5 & % e 38

k75 & % MCNPAC @ ¢ 4 tally = 5% 4 u] % *F8 ¥7 F6
tally - *F8tally .4 g+ g 2 s » R %73 0§
FERFEMBEFE L FREL LN E F6 tally £ k-
- L2 EERE DN DT S xk’»&f % 2 AT S i

BRI B E AR - AFF Y % * Zubal Phantom £ % B4

m 7

Al b ka fatally S R FE P E ek 3 # 5 0.01
0.05~0.10 ~ 0.50 ~ 1.00 ~ 2.00 22 4.00 MeV ; 3+ & il ~ ¥ B
R B A L A %’“La;]{btang,_,ﬁ *F8 ¥ F6
Gt B % 0w MeV &2 MeV/g o #-F6 crtally S %k + &

PR S MeV ch¥ = o d P8 tally 4 £ 75 B
5@ &g st 3 B8 7 5 > R tally 2t B R %
% 174k % (benchmark) -

ROt tally B SEE RAR SRS AT R

Ik

AR RTE
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(F6 —*F8

depositedenergy

*Fg

depositedenergy) x100% = Difference (2.1)

depositedenergy

Bl 2-3 3 Bl 2-8 5 i * *F8 & F6 Tally %t 8 74 282 vt feo
Bl 2-3mETF 7R FHRET FE5 194879 - &G+ 8 %
FHRFEINEL A MV LRRL 13% B 24 RET
SRR THETTELAG07g Ak F R £ 4G5 24 MeV
o LB RANL 10 %26 % Bl 25 REBE 5 W W
EEHFR L 118160 kF i 465 24 MeV B> 4
Bulh 14%-38% - Bl 2-6 M EBF 5 Wu; HEET TE 5
37069 ek F i BA G L 2 4MeVF LB RS YL 9% -
24 %o o B 2-7T RBF 5% HHEF FE S 5279 wk+
REAELE 128 4MeV P LB R A5 6.5% 20 %
54% ¢ W28 REF AT IR BT IRTESL 4190 &k
F B 505122 4MeVPFE 2R RA Y5 5%20% -
65%% 189 % -

PR RSk o % F6 tally PR R+ 5 B
v ARBTPN FE LR EEMAER R o £
= 4 MeV pF > S FECHRIE B B imde] 5 F 28l
TR R kAL - AU d FreRe X hEF RE
Al MR R BHRARP A RAREY Tl B R
F6 tally € 2 2= ZF HE B G FF E4T BT K0
FE S M BREEFRF L EARGARP A o ® * F6tally 3+

TR

[

mj;t‘{,

o

-
Ik

FgE BRI N TG RADRFE O EBIRG

o

5
AR I IRARBEE oY R B BE A A - B

F_&
R
e
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Difference between tallies

15%

10%

5%

0%

-5%

-—1 W Kidney

A5 A 3 0 *F8 &2 F6 tally e B i = chit AT B A

% 2-11 % 2-12 % i¢ * *F8 £ F6 tally ezt 5 pE Ay vt o ié

* *FQtally e+ 5 p5 ¥ 5 F6tally (2.4~ 14 & » & 7 F6 tally
BRSBTS RP RSB o *F8 2 F6 tally
BEDERL CHAPFIRFRET LT 0 AT EH
TP bt YR e B o Ekié * *Fatally
BEF R0 AP EEFOL AR LR s F
> 1 MeV s s B4 o 30 8
FTREANEBF anadfte BT v 4 # 2 F6 tally i 73+

& *F8 & F6tally i % £ B ¢ & 5%2 p o

Difference=(F6-*F8)/*F8
Source organ=Liver

M Lung

M Liver

M Pancreas

M Adrenal

M Spleen

q'%a:-l!'nlr'- 4

Photon Energy (MeV)

B 2-3RET 595> & * *F8 22 Fotally i3 & it £ AfF L B
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30%

Difference=(F6-*F8)/*F8
Source organ=Kidney

25%

20%

W Lung
M Liver

M Kidney

W Pancreas

M Adrenal

M Spleen

15%

10%

Difference between tallies

5%

0% -

-5%

B 2-4RET

ETTRS

Photon Energy (MeV)

T & * *F8 27 F6 tally i3 =

40%

35% -

Difference=(F6-*F8)/*F8
Source Organ=Lung

30%

25%

H Lung
M Liver

m Kidney

M Pancreas

m Adrenal

m Spleen

20%

15%

Difference between tallies

10%

5%

0%

0.5

-5%

=
N
&
%i
R
Tk
ETTRS

Photon Energy (MeV)

ok > i % *F8 ¢ F6 tally i3 &
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Difference between tallies

Difference between tallies

25%

Difference=(F6-*F8)/*F8
Source Organ=Spleen

20%

15%

10%

M Lung

M Liver
M Kidney

W Pancreas

M Adrenal

M Spleen

5%

0% -

-5%

Photon Energy (MeV)

Bl 2-6 B F 5 UmE o % *F8 2 F6tally i & it

E

B

{

¥
=

‘{.3:
fpa
i

55%
Difference=(F6-*F8)/*F8
50% -—| Source organ=Pancreas
45% | W Lung
M Liver
40% - ®m Kidney
M Pancreas
0, o 4
85% M Adrenal
|
30% || Spleen
25%
20%
15%
10%
5%
0% - _— — —
0.01 0.05 0.1 0.5 1 2 4
-5%
Photon Energy (MeV)

B 27 RET 5%5% & *F8 & Fetally i3 & it
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175%

145%

115%

85%

Difference between tallies

-5%

Difference=(F6-*F8)/*F8
~—| Source organ=Adrenal

HLung

M Liver

W Kidney
M Pancreas

W Adrenal

m Spleen

=y

|

0.01 0.05

0.1

0.5

1

Photon Energy (MeV)

2

B2-8RETF = alF 1 ’ﬁl’ & * *F8 &7 Fotally i = st 2 AFFHZL R

# 2-11 1 * *F8 &2 F6 = fa tally > ;% 3+ B 7505 e & &

P T UL B
*F8 F6 *F8/F6
Photon Computing Computing ratio of
Energy(MeV) Times (min) Times (min) Computing Time

0.01 17.64 3.53 5.0
0.05 71.52 29.17 2.5
0.10 114.49 47.83 24
0.50 218.36 53.07 4.1
1.00 298.36 49.38 6.0
2.00 427.15 46.27 9.2
4.00 621.41 44.98 13.8

i Bige + i NPS=1x107, 16<2%
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%2-12 % * *F8 7 F6 & 4 tally & 582+ 5 % mtex o &

S v R
*F8 F6 *F8/F6
Photon Computing Computing ratio of
Energy(MeV) Times (min) Times (min) Computing Time

0.01 17.75 4.09 4.3
0.05 71.47 27.82 2.6
0.10 122.2 47.25 2.6
0.50 248.13 55.69 4.5
1.00 34451 52.52 6.6
2.00 495.42 49.31 10.0
4.00 470.42 48.52 9.7

i Hige 5 #i NPS=1x10", 16<2%

Lo AP B F6 A tally ¢ SN E B m AR A Y

BT A F R et KR kT i B

SA4MeV g * Z il
BRSO s e m o S B R A Y 5 0.296
1.04 2 140 glem® - 5 7 7 fREAE < L i B S el
B AwrEA LS L 24681012 & 14cm -

foA ol i IR S Rk Y A B N S gl R e G T

FE eI RETS SEET o o
B 2-9 % B 2-11 A %] % % « #r e ‘%bh”g’ 197;, ;;37};@_.39_.?%%
e E8  F6 tally 35 8 % 2 fe s F AR iR o AR VB
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AF ratio = - 0aF (2.2)
*F

AF

O B e sk en AF b () 2-12) 0 B EFRATRLZE 2
Cm B > ¥ grie sk b M AF L BA NG 4516 2 14
BT e BEMAE L #* F6 tally ¢ % 7 AF
Hobe o AR E4%3EiT 1o # % F6tally i & AF W 83 & i
PEFERET BAAL A AABP B bz BE%Y 5 AF
BRI AR RS ST st s o

Bl 2-13 Az fAafbd b3 0 £ T hT 3o 25
HAEEFT I A B oA o BY B b E_;F‘QP\ T F B4R
&E&ﬁﬁﬁwﬁiiﬁﬁﬁﬁ’ﬁﬁ$ PR S BHAR A AT

7T SARARE e i A P8 FEtally it A AL B AR 1Y
F6 tally i & % B 3 e n% 5% « iApF X3 0 & 72 F
@ BIP LT kg o EFL SR 40 AR BARARIT 1 Ed e
REFARAPF > RIS DT IAF LI ELITF T

(%

(charged particle equilibrium, CPE) -
F6 tally &= ;N A B BF R enP gtk mffs » k5
P B A £ *F8tally e SN TR B P P EhAg

KFHBE IR EILPRESNT I T FREFES
4

i SARAE 5 A PFiE CPE o P BLATIR T 472 i £
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Tl BTN QERSNT F A B4 Ko Flt g BN
F6 tally et 5 ¢ 337*F8 tally i

A8
REEFLERea B A BE PR §BER
%

—0— *F8 Tally Lung<-Lung

—=&— F6 Tally Lung<-Lung
e 014
kel ]
3]
o
L
O
0]
2
?
2 0.014
< ]

Relative error<1.5% for *F8 and F6
1E-3 ; . . . T : T . : : T . .

2 4 6 8 10 12 14
Sphere Radius (cm)

Bl 2-9 *F8 22 F6 &7 f L 5 erid _9_%‘« Ik R T

37



Absorbed Fraction

Absorbed Fraction

14 : :
| —&—*F8 Tally Soft Tissue<-Soft Tissue
—A— F6 Tally Soft Tissue<-Soft Tissue
0.1 -
0.01 4
Relative error<1.5% for *F8 and F6
1E-3 T T T v T Y T i T y T Y T

2 4 6 8 10 12 14
Sphere Radius (cm)

B 2-10 *F8 &2 F6 %7 Ip 2 f3 e f Bk e o 5

e
i | —0—*F8 Tally Bone<-Bone
o F6 Tally Bone<-Bone
0.1 4
0.01 5
Relative error<1.5% for *F8 and F6
1E-3 ; . . . T : T . . : T : .

2 4 6 8 10 12 14
Sphere Radius (cm)

Bl 2-11 *F8 &2 F6 %7 Fr X jT ek Effé%« IR HR T e
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3FFIRAFIBHBIE TAEFLBEHE AL
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 AE R o
- TR
1+
3
] #— *F8 Tally Lung<-Lung
—+— F6 Tally Lung<-Lung
4A— *F8 Tally Soft Tissue<-Soft Tissue
F6 Tally Soft Tissue<-Soft Tissue
- @ *F8 Tally Bone<-Bone
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AN A RER T Rt

AT EFF MCNP 53 + Bzl (75 #8358 chifssa
2 aFs R ”‘“%”r/é] g;;z\@ P N e %\'ﬁg'?] )\7}%1% 7\\!'_7\1|J
R B F A IR 4 o IDL A2 E T FL G RaE 2

oo gt R PRz BAHS

1. #P~7 "%k B fj(read CT) @ #-T "ok B 1 0 CT &3

2. ¥9% > 2 1% 2 (voxel define): 4= 512 x 512 erif & F2 | *
MCNP 7 repeated structure = ;8 #-= B % .5 3 % o

3. A M %I (CT to MT) @ # 512 x 512 chifk # ik 4t
Jein CT B % B4k = A R mi -

2 REF S B ROIEE A2 SR

EMEER ORI T EBRA LB EY OHE A
#%E’EF??%?wi%Eiﬁﬁﬁﬂi’ﬁ@ﬁéfﬂ
EAFP RO o MFEF S ARSI A it g
;ﬁ:g*‘s’?% FE-%E ‘E"T%kxirrljv’&j’ N Nﬂzﬁ/),%lagg"t’fw E

Bl 13 R A aoe )z &4 & (absorbed fraction, AF)¥ S
B e

3 @t analytical-based Snyder £ 3] 48 £2 voxel-based
Snyder £f 3| A8 :E (7 AF &2 S & a2t 5 0 12 analytical-based £ 3
LHA s LR T L AE Bet B pFE ¢ * MCNP @ *F8 Tally
KB AFLEZTF P ARG E 8P A T RT T REBR

BLEHEIEF BB EL o AET AN FFEEL
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S R R Bl - Bk L ERE AR
W fEeskeng A AW 5 1045109 £ 1.40 glem® 5 @& * Y-90
T+ 5iR(n £ 5 0935 MeV):t & S iE - #4x voxel-based Hft i
R s S RIS

*FE 7 Arig * ervoxel-based B4 24P Snyder RS TR
BB Gz RL T eho B Z nfz47 & 5 041 x 041 x 2
mm’ > iz ¢ <t i@ @ o voxel-based AR E R 2 4 3

B ot dhanalytical BARAR § 41T 0 dr# 2-13 -

% 2-13 Snyder &g 3] 48 voxel-based -7 £ analytical

WA en %, | 19»‘ yFrr.a b g

Voxel-based Analytical-Based

Tissue Organ V/A ratio®
Mass () Mass ()
Brain 1528.8 1529.1 1.00
Skull 1185.5 1185.2 1.00
Scalp 496.1 495.7 1.00

*\Voxel-base/Analytical-Based

e

Y

PR FER R E AL 1% AT ERE
PERIBET IR IEIDAL X103 1 x 1070 £ 2-14 % %
246ﬁ%%?Q%WL%~§%£$ﬁ§R£$’%%éﬂk
Pl - kF i E 2 AR E RS o & 22142 RET e
2 voxel-based A8 5 & F 0 AF 22 12 analytical 5485 @ &
FIAF ST A F2 0 EHG AR R ET 465 e
B FE A s e A pE S AR A W] 430 0.997 T 1.016 -

0992 1 1.036 &2 0982 1 1.007 > 5 M EF 5 oo ~ k= EF L
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FeRoh 252 RFT iR T R FEEF A6 A RN
B e L m B pE 2L AF » AF b g A B 43 0.995 3
0.999 ~ 1.000 = 1.003 ¢z 0.998 & 1.006 - % 2-16 2 A F F = F¢
Alaso i BE AL B e s kpF 2 AF

WiE o AR VL iE 4 w43 0,996  1.001 ~ 1.000 = 1.005 £2 0.996
% 1.006 - j&_F it 2 % 7 a0 > voxel-based BAY B 0t B S %
analytical #-3] eh % EApE — R & 2-17 52 Y-90 & F &4/h2. S

B RSk T RFF ST ERIE T S e

voxel-based A8 B3 ezt B

35%  H s gty i

X

analytical -3

& 2.7%2 p

o]

% 2-14 i€ * Snyder A8 S f&# 5" voxel based fi-Z| £ analytical -2

EFH R R IR A FFE PR IR RBT R LR
Photon Brian Skull Scalp

Energy  Voxel- Analytical . Voxel  Analytical . Voxel  Analytical .
(MeV)  Based —B;fed Rato Based —Ba);ted Ratle pased —Bg;ted Ratio
0.01 0.977 0.980 0.997 0.023 0.022 1.036 0.000 0.000 —
0.02 0.839 0.840 0.998 0.160 0.158 1.010 0.000 0.000 —
0.03 0.598 0.598 0.999 0.342 0.342 1.001 0.007 0.007 0.999
0.05 0.301 0.301 0.999 0.334 0.333 1.005 0.014 0.014 0.982
0.1 0.173 0.174 0.998 0.141 0.142 0.997 0.014 0.015 0.991
0.2 0.168 0.167 1.006 0.079 0.080 0.996 0.016 0.017 0.977
0.5 0.168 0.168 1.000 0.065 0.066 0.992 0.018 0.018 0.982
0.154 0.153 1.003 0.059 0.060 0.995 0.017 0.017 0.992

0.127 0.126 1.005 0.051 0.051 0.993 0.014 0.014 1.007

4 0.096 0.094 1.016 0.042 0.042 1.003 0.012 0.012 0.984

NPS=1 x 10° ~1 x 10", 16 < 1.0 %
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#. 2-15 i * Snyder 48 = fE -5 voxel-based 7] & analytlcal oA
BEFERE RIS, FPE RS R REBY SEE

Photon Brian Skull Scalp

Energy  Voxel Analytical . Voxel- Analytical . Voxel- Analytical .
R R R

(MeV)  Based -Based MO Based  -Based A0 Based  -Based atio

0.05 0.089 0.089 0.995 0.505 0.505 1.000 0.018 0.018 0.998
0.1 0.073 0.073 0.999 0.204 0.204 1.001 0.019 0.019 1.006
0.5 0.075 0.075 0.998 0.118 0.118 1.000 0.025 0.024 1.005

1 0.070 0.070 0.996 0.108 0.107 1.003 0.023 0.023 0.999

NPS=1x 10°~1 x 107, 16 <1.5%

% 2-16 ¢ * Snyder =48 % f&#;¢ voxel-based #3] & analytlcal il
XE:f’TEHngG—+-&/‘J’)J€'l7 V)&’]{A\j""‘l’ ) “L-gtl’l‘ﬁL’/}};‘l F“FF'K

Photon Brian Skull Scalp
Energy  Voxel Analytical . Voxel- Analytical . Voxel- Analytical .
(MeV) Based -Based °°  Based -Based O Based -Based O

0.05 0.053 0.053 0.996 0.249 0.248 1.004 0.043 0.043 0.996
0.1 0.049 0.049 1.000 0.108 0.108 1.002 0.030 0.030 1.002
0.5 0.056 0.056 1.001 0.066 0.066 1.000 0.038 0.038 1.000

1 0.053 0.053 1.001 0.063 0.062 1.005 0.034 0.034 1.006

NPS=1 x 10°~1 x 10", 16 < 1.5 %

# 2-17 # * Snyder B#%8 % f& ;% voxel-based %s‘ii'l 22 analytical #-3
75k 5 Y-90 ¢9'S ®(mGy Mbgt s 3B & %t

Target Geometry Source Organ
Organ Definition Brain Skull Scalp
Voxel 9.59E-08 2.54E-09 0.00E+00
Brain Analytical 9.60E-08 2.45E-09 0.00E+00
V/A ratio 0.999 1.035 —
Voxel 2.68E-09 1.19E-07 1.11E-08
Skull Analytical 2.64E-09 1.19€E-07 1.08E-08
V/A ratio 1.015 0.998 1.027
Voxel 0.00E+00 1.05E-08 2.44E-07
Scalp Analytical 0.00E+00 1.04E-08 2.43E-07
V/A ratio — 1.016 1.001
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tally o % &3 i -3 IMeV pFv 8 * F6 P~ A *F8 :£ {73+ &

I

I a g
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Y

B)YREF * 5 BE hiFm™ > *F8 &7 F6 #tit RAfF 8 2
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BEAL R B 3-1b) s Az mftally » V835 g
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Source organ=Target organ

Wi wery small O gan
-~ e :
T
L J \h\_,.--"'-'
*F2 Tally
should be used i
—— — : .
Organ ™ | ESource organ =z Targst
. Density > | i
- P | argan
=l H_lrn-l -\.,\.‘ |.I.‘] - b
Suchas lung s o Crossirradiation
=1 glem?
L
Ex1 MV Phatan
< Energy - F& Tally can be used
SR
e
E<l Mev

¥

F& Tally can be used

{a) o]

3 RET Z3 e BE pF o g tally 2 54 Az ®l o (D)
BE T SE B L taly 2 5 e AR R

(4) & * MCNP £ IDL 425 2= 4 Snyder £ 3] voxel-based 48 &
analytical B8 # > 3 BRI AT E F L B o 27 B

B3 SRz oo F8 Y90 R ERZ S E2 R

3

voxel-based #-7%) 27 analytical i3] ez 5 % % - K o &7 14
voxel-based B 48 ikt analytical Snyder BEAE 2 ¥ (74 o d

voxel-based A8 st 5 o F e B SRR A o fi

PaaRlE ) FFREFENEBMESS B TF e
RALH & o pw - R IRUR B o RS B B
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- Lo AT § - ERUFREBA L OEEHEFE - B
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