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Abstract
In this study CT image of rat is used for the development of internal

dose calculation method of nuclear medicine and to assess the accuracy
and efficiency. IDL is used to convert the CT image into a voxel
phantom. Both detailed voxel model and the homogeneous model are
used for the Monte Carlo calculation of the S value of tumor for various
energy of electron source and I-131 radionuclide. For electron source
of energy < 400 keV, the results of homogeneous model, after applying
correction factor, agree well (< 5%) with the results of detailed voxel
model. The agreement is also observed for the dose calculation of I-131.
In dose distribution calculation, the speed up of factors 20 and ~50 are
observed for the electron dose and photon dose component calculation
when the homogeneous model is used. For electron source of energy >
400 keV such as Re-188, used of homogeneous model should combined
with more complicated multiple point source assignment and mesh tally

technique in order to obtain more accurate results.
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FIEL o 1 MCONPX 22 35wl BAlEAz Y - d 20 CT i~ /]
APFAEE At ¥ f* MCNPX ¥ crepeated structure 4514 %
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(A)Nuclear Decay Data

Mean Energy Emitted
Per Nuclear Transition

A=) A
:Z”IE"

A, = mean energy of i-type radiation
emitted per nuclear transition
1, =number of i-type radiation

emitted per nuclear transition

l

S-factor

> Ad(r < 1,)

ny

=) A®, (1 < 13)

m,. =mass of target organ 1,

S(r 1) =

@, (1 «1;,) =specific absorbed fraction

=¢,(r, «<1,)/ my

(B) Radiation Absorption Data

Absorbed Fraction
for Source Organ r,, and Target Organ 1,

i-type radiation energy
absorbed by target organ 7,

¢ (ry < 1,) =~ =
ok " i-type radiation energy
emitted by source organ 7,
For non-penetrating (np) radiations

T P P fomln momad ala
Such as alpha particie and electron

¢ (r,<n)=1 k=h
¢(n «n)=0 k#h
For penetrating (p) radiations
Such as x-ray and y-ray
0<¢(n, «n)<l
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(tally) ™ 3% 224k MCNPX *® 370 mesh tally & j# © i€ 7 mesh tally pF %
PR S ) 0 A A7 tally ehmesh % o) 223wl F A T e
WE AR NHRFEE Bl o T 7 20T R 5 g R

mesh tally mﬁi%l R R B o

¢ SEDF

SDEF ERG=0.765 POS = D2 PAR =3

SI2L -0.3000.012 1.536 -0.276 0.012 1.536 -0.252 0.012 1.536
-0.228 0.012 1.536 . onveeii

-0.228 -0.204 1.632 -0.204 -0.204 1.632 -0.18 -0.204 1.632

SP2 D 1 308r
c TALLY CARD

tmesh

rmesh3

cora3 -0.384 151 0.000
corb3 -0.384 231 0.192
corc3 1.524 41 1.644

endmd
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(1)SDEF : 4 stz &+ % o

(2)ERG @ &3 T st~ v £+ ) M MeV 5 ¥ 2o

(3)POS : 53k Ttk ehifhi=% > POS=D2 & 7 %6tk G - BA T

gjw ] o SI2 % 71 &k i ¥ F M (source information) fpt # 3K 25

T B R  2 RR ~ BE SR (0, 2) I SP2 RS A e 5

—=

(source probability) » SP2 D 1 308r % 7= 309 B BE&4 kbt i 56 &
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(4)tmesh @ & % {¢ * mesh tally +
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F o
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rLb R g e RS SHiRde Re-188 2 £ R B o ek 5 BRSTIRHC
#7 N 2 mesh tally - #ic% o ecie H B gl oRe-188 th g F Sk iy i
doB 4 (MIRD # i) » 2 3 3 T30 £ 5 0.765 MeV » i& 7 MCNPX
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Re-188 beta spectrum
9.00E-01

8.00E-01
7.00E-01
6.00E-01

5 5.00E-01

™)

> 4.00E-01
3.00E-01

2.00E-01
1.00E-01

0-00E+00 T T T T I T T T T I T T T T I T T T T L T T T !
0.00 0.50 1.00 1.50 2.00 2.50

Energy (MeV)
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1B A S el 2 AR E R Rk i -

¥ - B33 R 11131 iR

Electron Detailed Model Homogeneous Difference
Source S (mGy/Bq-s) Model (%)
Energy (keV) S (mGy/Bq-s)
10 3.55E-07 3.56E-07 0.03
50 1.73E-06 1.74E-06 0.41
100 3.26E-06 3.30E-06 1.08
150 4.52E-06 4.59E-06 1.45
200 5.52E-06 5.59E-06 1.36
250 6.29E-06 6.37E-06 1.36
300 6.83E-06 6.97E-06 1.93
350 7.14E-06 7.37E-06 3.23
400 7.27E-06 7.64E-06 5.15
I-131 5.18E-06 5.26E-06 1.39

22 55 fAHGE 131 P4 < RN A Rt B
B4 8 £ L o 9 en g % CPU % 17-3770 3.4 GHz» 16G 2 a8 -
& #c(figure-of-merit, FOM) % * kTRt E»ad » H 2.5 5

FOM =1/(c’T) 4)
He R E S5 Bian TLH PP 418 1 49 5 FOM
B BRSO PR EAE T TR T - R
¥R A R L0 S IR T 131 SR T S 30 A at ok

B a2 A2 B B3 MA L E KX L 46 028 T

ETINS
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131 * < BRp B E L F > B2 BHEAF B 8x8 B2
HBE > FOF AT T I RIS g2 AL HE

WAL AN 20 2 48 8 o d B AR i & RALLF

e £ <30 400keV 07 F SR F R EAIET 54 KRG
LAF e S BLEFJRE T & mesh tally P EciF Pl et S o & 3

»

Re-188 F F Sfifis B 5% (T F it A # & 2.15MeV 11 7) o 305 1t

BB SE 5 5.7x10° mGy/Bg-s» &2 3 mfl 2 oA R S A £ 1% o
R I VAT @ % meshtally 3t B F & < £ el @ 4

FRAERMAORET AN E AT ERR o TG 4§

IS
-3

B E R B w2 P F * /) dmesh tally » H 28 sk

1
%_—.:5
R

5

5 X E B 9 67% - i B R EET t F MCNPX & MCNP6
f£d omp T FE AR AT i@ * mesh tally 27 % 5+ &£
VLR o Lt AR T T B 2wl F 05N 3% mesh tally ¥ cell tally & {7
AREBHEAEIE ASETREG M B RME R

mesh tally 3+ & pF 7~ £ >t cell tally 92t 5 PR - 84 4 & 57 ¢

mesh tally &2 i¢ = 3= 5 P 3] e e F] o
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% 251131 Pfiz +

HAgp HE -y R

W3y £ BB R R E
Homogeneous Model® Detailed Model”
electron photon electron photon
component | component component component
CPU time 75.33 27.49 90.03 96.20
(min)
lo 0.13% 0.55% 0.16% 0.63%
FOM*® 7855 1203 4339 262
Speedup’ 1.8 4.6 1 1
PE L HE BRE R E
Homogeneous model® Detailed model”
electron photon electron photon
component component component component
CPU time 93.32 32.38 1120.21 1164.23
(min)
lo 0.13% 0.56% 0.17% 0.65%
FOM 6341 985 309 20
Speedup" 20.5 48.4 1 1
32 x 32 x 227 voxels
®256 x 256 x 227 voxels

¢ Figure-of-Merit = 1/(6°T), T: computing time

Speedup = the ratio of FOM of homogeneous model and detailed model calculation

% 3. B 4R § 254 R (mesh tally) 22 3 88 & W04 A £ 3
B E i - (Re-188 T F SRR A)

Model S(mGy/Bg-s) Difference
Homogeneous 5.70E-06
Detailed 5.66E-06 1%
10 <0.3%
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F 439F 1 BRI B UR 2 mesh tally 22358 2 B3R 23 8

PR 1L i -(Re-188 § 3 SRR A )

2

=g

[ERCa R B s
Homo. Model®
Detailed model”
Re-188 electron Re-188 electron
component component
CPU time (min) 241 197
lo 0.31% 0.28%
FOM* 431 647
Speedup’ 0.67 1

32 x 32 x 227 voxels, the size of mesh tally = 0.24 x 0.24 x 0.24 mm3,
total tally meshes = 16 x 24 x 5 = 1920 meshes (homo. model)
®256 x 256 x 227 voxels, thd size of cell tally = 0.24 x 0.24 x 0.24 mm’,
total tally cells = 313 (detailed model)
¢ Figure-of-Merit = 1/(¢°T), T: computing time
Speedup = the ratio of FOM of homogeneous model and detailed model calculation

# 5 okl 2 #0704 cell tally ¥2 mesh tally 3+ 5 pF it fii

(Re-188 7 3 s+iR 2t A)

FEARE BHEORE

Detailed model”
Cell tally Mesh tally
CPU time (min) 2215 3674
"The size of cell tally = the size of mesh tally = 0.24 x 0.24 x 0.24 mm’
tally number of cell = total number of mesh = 256 x 256 x 227
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