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Construction of MIRD-type Korean Adult Male Phantom and
Calculation of Dose Conversion Coefficients for Photon
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Abstract - MIRD-type Korean adult male phantom, "KMIRD” was constructed to calculate
Korean-specific dosimetric quantities for radiation protection consideration. The external
shape of KMIRD was based on national physical standard data of Korean. KMIRD has
thicker trunk than MIRD5 and arm models divided from trunk. The height and weight of
the KMIRD are 171 cm and 638 kg. ICRP23 data were referred to constitute organs and
tissues of KMIRD. However nine organs were constructed based on Korean reference data
provided by Radiation Health Research Institute. In the present study, the MCNPX2.3 Monte
Carlo transport code was combined with KMIRD to calculate dose conversion coefficients for
photon in the energy range from 0.05 to 10 MeV. The simulated irradiation geometries are
broad parallel photon beams in AP, PA, LLAT and RLAT direction. Absorbed dose
conversion coefficients were compared with data calculated with MIRD5, MIRD-type phantom
based on ICRP23 reference man. In some organs, the discrepancies between two phantoms
amount up to nearly 30%. The effective doses conversion coefficients of KMIRD are lower
than those of MIRD5. The dose discrepancies between two MIRD-type phantoms are because
of physical differences between Korean and Western, also geometric differences between two
phantoms. KMIRD should be revised using the full set of Korean reference data of all
organs. The developed MIRD-type Korean adult male phantom can be applied to dose
assessment of internal exposure.
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Table 1. Comparison of organ or tissue masses between
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KMIRD and MIRD5 [g].

Organs KMIRD MIRD5
Bladder 2338 509
Heart 647.3 603
Kidneys 325 288
Liver 1466.4 1833

Pancreas 56.5 61
Spleen 2038 176

Stomach 402.6 402
Testes 312 38
Thyroid 197 199

Fig. 1. Skeleton and external shape of KMIRD{rendered
by Sabrinal7).
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Fig. 2. Conversion coefficient ratio KMIRD/MIRD5 for AP(left) and PAfright) direction.v
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Fig. 3. Conversion coefficient ratio KMIRD/MIRDS for LLAT(righty RLAT(eft} direction.

Thyroid

Fig. 4. Sectional image of thyroid {left KMIRD, right: MIRDS).
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Fig. 6. Sectional image of liver.
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Fig. 7. Comparison of effective doses between KMIRD
and MIRDS.

Table 2. Absorbed dose per unit air kerma free-in-air. Dy/Ka. in AP direction (Gy-Gy ™).

Energy(MeV)
Organ
0.05 0.1 04 08 2 8 10

Testes 17777 1.8535 1.3492 1.2446 1.1691 1.0934 1.0907
RBM’ 0.3314 0.6298 0.7644 0.7850 0.8192 0.8067 0.8021
Colon 09168 1.3219 1.0046 0.9593 0.9592 0.9415 0.9441
Lungs 0.9549 1.2399 1.0170 1.0017 1.0080 0.9963 1.0015
Stomach 1.1706 1.4630 1.0906 1.0182 0.9958 0.9637 0.9628
Bladder 1.2360 1.5670 1.1301 1.0340 1.0273 0.9930 09925
‘Liver 1.0402 1.3602 1.0313 0.9756 0.9661 0.9550 0.9581
Esophagus 0.4043 0.7959 0.7366 0.7440 0.7942 0.8502 0.8544
Thyroid 1.44%4 1.5605 1.2146 1.1038 1.0246 0.9506 0.9501
Bone surface 1.9565 1.6931 0.8769 0.8511 08715 0.9268 0.9451
Skin 0.9576 . 11233 0.9906 0.9780 0.9912 0.9829 0.9859
Effective dose™  1.0277 1.2696 0.9982 0.9508 0.9373 09114 09118

RBM* . Red bone marrow

*x The unit of effective dose per unit air kerma free-in-air, E/Ka: Sv~Gy_1



102

42 @39 E dxse oA, FF A%
A7td Zz dste RN SlabskE B
W s ade ey IS a2y o
¥ B71dME KMIRD7} MIRD5E T %& A%
S 22 F4E o F 2YIIARY fa4d
F9 Aole 10%E RoluA ok

# 2%¥E 59 KMIRDE °]-§3l9 4&d F4
B719 R FFAZFEAAAYL FaIFZ
BUAE AP, PA, LLAT, RLATS %3] o
A el

a4 &

MIRD3E @5 A4Uddd 25 EZF KMIRDE

BERB BB @ - B29% 2R 20045

Asa, Fa 4 RAF AFAPAAE
Azadd. 2AdTFdAN AFse 94 2719
¥ZRE A8 ICRP239 A8 g AH83dld =
dsiZ Ao Uy 71 TR, FVEEAS
A A AFde AgE vgeE 438 AF
stk A& AFHRAAE MIRDSE ©}83)
of A4 Avet viwFPR, F7)E HFAAY
d9¢ 2Msgn A3 MELY A 3o
s}, RosZA| e 715 Aolst HFHA
F2 ddelth. ZE F7]d U@ @5 FEAS
g ¥rdo F=d MIRDY ZHIAE A
gopgch. FF KMIRDE ©| 839 AF % SAF
AE o] WRs e o4 3FE s, 9
Age va EM3E ATE TR 7 UL A
oz dqiddd.

Table 3. Absorbed dose per unit air kerma free-in-air, Di/Ka, in PA direction (Gv-Gv"‘).

Energy(MeV)

Organ 005 0. 04 08 2 8 10
Testes 0.3491 0.7197 0.7420 0.8683 0.9180 0.9760 09711
RBM 0.4208 0.7736 0.8637 0.8575 0.8689 0.8347 0.8281
Colon 0.5087 0.9414 0.8086 0.8123 0.8503 0.8843 0.8874
Lungs 0.9642 1.2905 1.0681 1.0342 1.0277 1.0085 1.0121
Stomach 0.4575 0.7907 0.7145 0.7486 08318 0.8595 0.8642
Bladder 0.2936 0.6364 0.6300 06715 0.7626 0.8336 0.8357
Liver 0.5644 09117 0.7768 0.7932 0.8392 0.8794 0.8828
Esophagus 0.4928 1.0196 0.8577 0.8433 0.83329 0.8942 0.8982
Thyroid 0.4116 0.6592 0.7421 0.8324 0.8311 0.8733 0.8635
Bone surface 2.5033 2.0455 0.9867 0.9287 0.9245 0.9597 0.9767
Skin 0.9526 1.1234 0.9956 0.9822 0.9927 0.9833 0.9866
Effective dose 0.5071 0.8420 0.7734 0.8036 0.3334 0.8603 0.83602

Table 4. Absorbed dose per unit air kerma free-in-air, Di/Ka, in LLAT direction (Gy-Gy ™).
Energy(MeV)

Organ 005 01 04 038 2 8 10
Testes 0.2510 0.4610 0.5978 0.7136 0.7867 0.8698 0.8727
RBM 0.2301 0.4467 05750 0.6173 0.6953 0.7321 0.7307
Colon 0.2230 0.4564 04172 0.4892 0.6073 0.7502 0.7658
Lungs 03113 05131 0.4974 0.5560 06736 0.7948 0.8066
Stomach 0.6216 0.8622 0.7368 0.7717 0.8286 0.8980 0.9022
Bladder 0.2816 0.5163 0.5389 0.6276 0.7223 0.8505 0.8633
Liver 0.1032 0.2309 0.2997 0.3853 0.5290 0.6963 0.7085
Esophagus 0.1930 0.4465 0.4683 0.5687 0.6289 0.7644 0.7876
Thyroid 1.0823 1.3321 1.2246 1.1723 1.1767 1.1274 1.1287
Bone surface 1.3623 1.1672 0.6544 0.6683 0.7398 0.8403 0.8602
Skin 0.6548 0.8109 0.8076 0.8391 0.8927 0.9255 0.9308
Effective dose 0.3355 0.5387 0.5543 0.6165 0.6964 0.7822 0.7894




ok

3 424 MRDE RS ZA Az ¢ #x ¥ E yFFAAdR AE 103
Table 5. Absorbed dose per unit air kerma free-in-air, Dr/Ka, in RLAT direction (Gy-Gy ).
Energy(MeV)
Organ
0.05 0.1 04 08 2 8 10
Testes 0.3008 0.4101 0.6219 0.7156 0.8272 0.8604 0.8738
RBM 0.2352 0.4508 0.5758 06153 0.6922 0.7309 0.7300
Colon 0.2271 0.4035 0.4020 0.4552 0.5861 0.7352 0.7453
Lungs 0.3661 0.5579 05361 0.5901 0.7043 0.8155 0.8267
Stomach 0.0591 0.1776 0.2444 0.3213 0.4941 0.6692 0.6789
Bladder 0.2921 0.4948 0.5374 0.6200 0.7451 0.8374 0.8577
Liver 0.5348 0.8011 0.7035 0.7370 0.8157 0.8891 0.8931
Esophagus 0.2026 0.4448 0.4860 0.5443 0.6569 0.7789 0.7925
Thyroid 1.0808 1.3025 1.1766 1.1667 1.1633 1.1168 1.1136
Bone surface 1.3966 1.1693 0.6560 0.6665 0.7366 0.8390 0.85%
Skin 0.6556 0.8129 0.8076 0.8398 0.8938 09253 0.9309
Effective dose 0.3062 0.4684 0.5192 0.5760 0.6792 0.7615 0.7700
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