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In the field of radiation protection, the reference man has been widely used in external and
internal dose evaluations. It is constructed using different geometric formulas to conform to the real
human morphology. By cooperation of the Monte Carlo simulation technique, the absorbed dose for
each organ can be evaluated. Monte Carlo simulation technique simulates the interaction between
radiation and matter. The amount of energy deposition by radiation is depending on the characteristic
of matter. The tissue parameters such as element composition and density of most organs in the
reference man are replaced by water or soft-tissue. However, these tissue parameters from different
organs usually have a large variance, which will cause the simulation result with some error.
Therefore, the optimization of tissue parameters of organs in the reference man is important. In the
second year, we analyze computed tomography (CT) images. By stoichiometric calibration, the
optimized elemental composition and physics density for each organ can be found. Thus, the

accuracy of dose evaluation can be increased.

Key words : Monte Carlo simulation, stoichiometric calibration, computed tomography
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At B A E %2 (stoichiometric calibration) ##4 (7 F » 24 P4 * Gammex RMI %
74 % 54 (GAMMEX RMI 467 Tissue Characterization Phantom, WI, USA ) - }* 48 %
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(g/em®) (g/em®)

Lung (LN-300) 0.28 0.3

Lung (LN-450) 0.4 0.45

Adipose (AP6) 0.9 0.92

Breast 0.96 0.99

CT Solid Water 0.99 1.02

Brain 1.05 1.05

Liver (LV1) 1.07 1.08

Inner Bone 1.09 1.12

Bone (B200) 1.11 1.15

Bone (CB2-30% Mineral ) 1.28 1.34

Bone (CB2-50% Mineral ) 1.47 1.56

Cortical Bone (SB3) 1.69 1.82
True Water 1 1
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W= 5 RMI467 B S CTHf 6 A2 2 Fif TH7 15 BRBTE 2 25 AP g
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1. Solid water
2. LN-300 (Lung)
3. LN-450 (Lung)
4. Breast
5. Cortical Bone
6. Brain
7. Solid Water
8. True Water
9. Adipose
10. B-200 Bone
11. CB2-30%
12. CB2-50%
13. Inner Bone
14. Solid Water
15. Liver
16. Solid water
Bl= ~ RMI467 B4z CT # % N RN ?T{s% RS E_%‘«
EZ o RBESIfRRIARA AESAFLNER IHCT
, p(g Element weight CTN
Tissue .
cm—3) H C N O Mg Si P Cl Ca meas.
LN-300 (Lung) 7.86 0.30 85 594 2 18.1 112 08 O 0.1 -743.52
LN-450 (Lung) 7.84 0.45 85 596 2 181 112 06 O 0.1 -552.80
Breast 7.24 0.98 86 70.1 23 179 0 0 0 0.1 -59.68
Cortical bone 14.14 1.82 34 314 1.8 36.5 0 0 0 0 268 126291
Brain 6.31 1.05 10.8 725 1.7 149 0 0 0 0.1 12.21
Adipose 6.40 0.92 9.1 723 23 163 0 0 0 0 -108.15
B-200 bone
) 10.90 1.15 6.6 555 2 236 0 0 32 0.1 &9 21951
mineral

CB2-30% 11.39 1.34 6.7 535 2.1 256 0 0 0 0.1 12 469.70

CB2-50% 12.98 1.56 48 416 1.5 32 0 0 0 0.1 20 855.67

Inner bone 1090 1.13 6.7 556 2 235 0 0 32 0.1 89 226.19
Liver 8.11 1.04 8.1 67 25 20 0 0 0 01 23 78.40
Solid water 8.11 1.02 8 673 24 19.9 0 0 0 01 23 -10.58
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Tissue CTN meas. CTN calc.
LN-300 (Lung) -743.52 -705.73
LN-450 (Lung) -552.80 -558.87

Breast -59.68 -45.99

Cortical bone 1262.91 1275.60

Brain 12.21 27.14

Adipose -108.15 -112.75
B-200 bone mineral 219.51 221.00
CB2-30% 469.70 467.44
CB2-50% 855.67 839.67
Inner bone 226.19 210.15
Liver 78.40 24.26
Solid water -10.58 -0.30
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Element weight

fissue - plgem™) C N O Ca P NaMg s O K Fo 1 eale)
Adipose tissue ~~ 0.95 114 598 07 278 0 0 01 0 0101 0 0 0 -61.41
Blood 106 102 11 33 745 0 01 01 0 02030201 0 5636
Brain 104 107 14522 712 0 04 02 0 020303 0 0 3901
Breast 102 106 332 3 527 0 01 01 0 0201 0 0 0 817
Cell nucleus I 106 9 32742 0 26 0 0 04 0 0 0 0 336
Eye lens 107 96 19557 646 0 01 01 0 0301 0 0 0 5241
GI tract 103 106 11522 751 0 01 01 0 010201 0 0 2476
Heart 106 103 121 32 734 0 01 01 0 02 03 02 01 0 5697
Kidney 105 103 132 3 724 01 02 02 0 020202 0 0 4467
Liver 106 102 139 3 716 0 03 02 0 030203 0 0 5417
Lung (deflated)  1.05 103 105 3.1 749 0 02 02 0 03 03 02 0 0 4522
Lymph 103 108 41 1182 0 0 03 0 0104 0 0 0 2849
Muscle 105 102 14334 71 0 02 01 0 03 0104 0 0 4402
Ovary 105 105 93 24 768 0 02 02 0 020202 0 0 4625
Pancreas 104 106 169 22 694 0 02 02 0 010202 0 0 3471
Cartilage 11 96 99 22 744 0 02 05 0 0903 0 0 0 7034
Red marrow  1.03 105 414 34 439 0 01 0 0 0202 0201 0 20.63
Spongiosa 118 85 404 2.8 367 74 34 0.1 0.1 02 02 0.1 0.1 0 26839
Yellow marrow 098 115 644 07 231 0 0 01 0 0101 0 0 0 -32.07
Skin 109 10 204 42 645 0 01 02 0 020301 0 0 7751
Spleen 106 103 11332 741 0 03 01 0 020203 0 0 5511
Testis 104 106 99 2 766 0 01 02 0 020202 0 0 3670
Thyroid 105 104 119 24 745 0 01 02 0 01 0201 0 0.1 8235
Corticalbone 192 34 155 42 435 225 103 0.1 02 03 0 0 0 0 138228
Cranium 161 5 212 4 435 176 81 01 0203 0 0 0 0 909.01
Femur 133 7 345 28 368 129 55 0.1 01 0201 0 0 0 50725
Humerus 146 6 31431369 152 7 010102 0 0 0 0 690.89
Mandible 168 46 199 41 435 187 86 01 02 03 0 0 0 0 1012.23
Ribs (2nd, 6th) 141 64 263 3.9 436 131 6 01 01 030101 0 0 60138
Ribs (10th) 152 56 235 4 434 156 72 0.1 0.1 03 0.1 0.1 0 0 769.58
Sacrum 129 74 302 37 438 98 45 0 0.1 02 0.1 0.1 0.1 0 41951
Spongiosa 118 85 404 28 367 74 34 0.1 0.1 02 02 0.1 0.1 0 26839
Vertebral (C4) 142 63 261 3.9 43.6 133 6.1 0.1 0.1 03 0.1 0.1 0.1 0 62111
Vertebral (D6, L3) 133 7 287 3.8 437 1.1 51 0 0.1 02 0.1 0.1 0.1 0 48328
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