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Abstract—The conversion coefficients of effective dose per unit air kerma and equivalent
dose per unit fluence were calculated by MCNP4A code for antero—posterior(AP) and pos-
tero— anterior(PA) incidence of broad, unidirectional beams of photons into anthropomorphic
MIRD phantom. Calculations have been performed for 20 monoenergetic photons of energy ranging
from 0.03 to 10 MeV. The conversion coefficients showed a good agreement with the corresponding
values given in the draft publication of joint task group of ICRP and ICRU within 10%. The
deviations may arise from the differences of geometry in the MIRD phantom and the ADAM/EVE
phantoms, and the differences in the codes and cross—section data used. Inclusion of a specific
oesophagus model results in effective dose slightly different(5% at most) from the effective
doses obtained by adopting the equivalent doses for the thymus or pancreas. Deletion of the
ULI from the remainder organ appeared not to be significant for the cases of photon dosimetry
covered in this study.
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Table 1. Tissue weighting factor.

weighting factor, wy

Tissue
ICRP 60 ICRP 26

Gonads 0.2 0.25
Bone marrow(red) 0.12 0.12
Colon 0.12 -
Lung 0.12 0.12
Stomach 0.12 -
Bladder 0.05 -
Breast 0.05 0.15
Liver 0.05 -
Oesophagus 0.05 -
Thyroid 0.05 0.03
Skin 0.01 -
‘Bone surface 0.01 03

Remainder” 0.05 0.30

* the remainder is. composed of the following addi-
tional tissues and organs ; adrenals, brain, upper
large intestine, small intestine, kidney, muscle,
pancreas, spleen, thymus and uterus. Lately, the
upper large intestine was replaced by the extra-
thoracis region[7].
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Table 2. Elemental composition of materials(in pe-

rcent) used in MIRD phantoms.

Element Lungs Skeleton Bulk RBM*
H 10.21 7.04 10.47 1043
C 10.01 22.79 23.02 43.09
N 2.8 3.87 2.34 3.34
(0] 75.96 48.56 63.21 43.09
Na 0.19 0.32 0.13 0.05
Mg 0 0.11 0.02 0
P 0.08 6.94 024 0
S 0.23 0.17 0.22 0
C 0.27 0.14 0.14 0
K 0.2 0.15 0.21 0
Ca 0.01 991 0 0
Fe 0.04 0 0 0

* Red Bone Marrows.
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Table 3. Distribution of red bone marrows(in per-

cent) used in MIRD phantoms.

Bone region Red bone marrow

Skull 131
Vertebrae 284
Ribs 10.2
Scapulae 48
Both Arms 19
Both Clavicles 1.6
Both Legs 38
Pelvis 36.2
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Fig. 1. Front and side view of the exposure geo-
metry. The position of the MIRD phantom
is shown with respect to the planar photon
source.
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Table 4. Organ doses per unit of fluence(Sv cm2) as a function of photon energy

The relative errors are deviations from the ICRP/ICRU values.

in AP geometry.

Photon Energy(MeV)

Organ
0.1 04 08 20 8.0
Gonads 6.669E—13(2.7 2447E—12(0.7) 4.440E—12(0.2) 8.049E—12(4.8) 2.020E—11(1.1)
Marrow 3095E—13(19) 1489E—12(4.2) 3.025E—12(55) 6648E—12(55) 1.761E—11(3.8)
Colon 5482E—13(4.8) 2090E—12(3.7) 3.794E—12(05) 7.594E—12(2.0) 1.980E—11(1.5)
Lung 5012E—13(5.1) 2056E—12(56) 3.880E—12(5.1) 7.708E—12(2.9) 2.007E—11(3.0)
Stomach 6.080E—13(0.2) 2207E—12(15) 4.079E—12(0.8) 7.796E—12(0.6) 2.020E—11(0.4)
Bladder 5973E—13(24) 2177E—12(26) 3910E—12(42) 7.658E—12(2.7) 1.952E—11(0.9)
Liver 5086E—13(19) 1978E—12(1.1) 3.665E—12(1.8) 7.351E—12(28) 1.940E—11(2.7)
Oesophagus 3254E—13(4.8) 1391E—12(9.1) 2881E—12(6.0) 6.303E—12(30) 1832E—11(1.8)
Thyroid 6.051E—13(3.6) 2651E—12(1.1) 4.825E—12(0.9) 9.323E—12(3.8) 2.234E—11(9.8)
Skin 4.028E—13(04) 1877E—12(14) 3656E—12(18) 7.651E—12(29) 2043E—11(3.7)

Bone surface
Remainder
Adrenals
Brain
ULL
SI
Kidney
Muscle
Pancrease
Spleen
Thymus

Uterus*

6.781E—13(4.5)
3.904E—13(9.8)
2.105E—13 —
2.906E—13
2.523E—13
5.092E—13
2.326E—13
4579E—13
4631E—-13
3.508E—13 —
6.645E—13(3.6)

4.722E—-13(7.1)

1.821E—12(7.8)

1.640E—12(6.2)

1159E—12
1467E~12
1018E—12
1.963E—12
1234E—12 —
1915E—12
1.856E—12
1519E—12 —

2402E-12(1.1)

1.866E—12(0.2)

3435E—12(7.5)
3.166E—12(5.6)
2470E—12 —

3047E—12 —

1894E—12
3682E—12
2.602E—12
3670E—12
3.520E—12
3027E—12 —
4303E—12(0.7)

3442E—12(12)

7.149E—12(7.3)
6.662E —12(4.5)
5828E—12 —
6.704E—12 —
3849E—12 —
7.340E—12
5915E—12
7.611E—12
7.386E—12
6.533E—12 —
8.343E—12(38)

7.109E—-12(1.3)

2.010E—11(6.9)
1791E—-11(3.7)
1655E—11 —
1.886E—11
1L018E—-11
1925E—11
1724E-11
2.024E—11
1997E—11
1808E—11 —
2.098E—11(9.9)

1.778E—11(0.3)

relative error(%)

* Geometry given by MIRD was used.
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Table 5. Organ doses per unit of fluence(Sv cm? as a function of photon energy in PA geometry.

The relative errors are deviations from the ICRP/ICRU values.

Organ

Photon Energy(MeV)

0.1

04

0.8

2.0

8.0

Gonads
Marrow
Colon
Lung
Stomach
Bladder
Liver
Oesophagus
Thyroid
Skin
Bone surface
Remainder
Adrenals
Brain
ULI
SI
Kidney
Muscle
Pancrease
Spleen
Thymus

Uterus*

2551E—13(15.1)* 1.229E—12(7.8)

4.908E—13(1.5)
3483E—13(8.9)
5.147E—13(0.4)
3.057E—13(1.9)
2.775E—13(4.8)
3.897E—13(2.1)
4.188E—13(0.4)
1411E—13(28.1)
4.006E—13(1.8)
7.930E—13(5.2)
4.250E—13(2.0)
6611E—13 —
2953E—13 —
2.194E—13 —
3960E—13 —
6470E—13 —
4475E~13 —
4427E—13 —
5691E—13 —
1.861E—13(3.4)
3.859E—~13(1.0)

1.905E—12(34)
1.558E—12(4.2)
2.099E—-12(0.9)
1441E~12(2.7)
1.337E—12(0.3)
1644E—12(2.0)
1.765E—12(1.4)
1.020E—12(8.4)
1.876E—12(1.9)
2.032E—12(8.8)
1.727E—12(2.0)
2.326E—12 —
1467E—12 —
9290E—12 —
1679E—12 —
2.354E—12 —
1902E—12 —
L797E—12 —
2.143E—12 —
9.960E—12(6.1)
1.682E—12(3.7)

2.634E—12(7.0)
3.806E ~ 12(4.6)
3.035E—12(4.9)
3.953E—12(0.6)
2.929E —12(3.0)
2.770E—12(1.0)
3.191E—12(2.3)
3.315E—12(0.2)
2.305E— 12(8.0)
3661E—12(2.2)
3.724E—12(8.3)
3.272E—12(3.2)

4.137E—12
3048E—12 —
1797E—12 —
3252E—12 —
4239E—12 —
3650E—12 —
3392E—12 —
3942E—12 —
2.105E—12(6.7)
3.161E—12(0.1)

6.118E—12(2.6)
7.700E ~12(5.2)
6.528E —12(2.6)
7.807E—12(0.5)
6.421E—12(2.8)
6.069E —12(2.4)
6.753E—12(1.8)
7.168E—12(3.0)
5.801E—12(0.9)
7647E—12(2.8)
7.565E—12(7.7)
6.771E—12(2.8)
8134E—12 —
6.712E—12 —
3609E—12 —
6.785E— 12 —
8179E—12 —
7573E—12 —
7028E—12 —
7649E—12 —
5.197E—12(6.6)
6.841E—12(5.0)

L741E—11(1.0)
1911E—11(4.4)
1.817E—11(0.3)
2.022E—11(0.7)
1.784E—11(15)
1.665E—11(2.4)
1.833E—-11(L7)
1.939E—11(4.2)
1.708E—11(2.6)
2.042E—11(2.9)
2.079E—11(7.0)
1.816E—11(3.7)
2019E—-11 —

|

1.890E—11

9.970E—11

1.836E—11

2.055E—11
2021E—-11

2.015E—11

2.010E—11
1631E—11(3.5)
1.684E—11(2.3)

relative error(%)

* Geometry given by MIRD was used.
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Table 6. Effect of different approaches in oesophagus dosimetry. The relative errors are deviations

from the specific model.

Effective dose conversion coefficient, E/Ka(Sv/Gy)

Irradiation mode

Energy
(MeV) AP PA
Specific Thymus Pancrease Specific Thymus Pancrease
model model

0.03 0364  0383(5.17)° 0.354(2.58) 0.146 0.138(5.21) 0.143(1.99)
0.06 1.298 1.323(1.86) 1.288(0.79) 0.788 0.762(3.36) 0.792(0.50)
0.08 1420 1.442(1.55) 1.413(0.48) 0.936 0.908(2.95) 0.939(0.40)
0.1 1357 1.378(1.55) 1.351(0.45) 0.933 0.905(2.95) 0.940(0.77)
0.15 1214 1.230(1.28) 1.209(0.46) 0.877 0.852(2.76) 0.881(0.52)
0.2 1141 1.159(1.55) 1.136(0.45) 0.841 0.820(2.51) 0.846(0.61)
03 1.066 1.079(1.21) 1.063(0.30) 0.817 0.799(2.20) 0.821(0.55)
04 1.035 1.047(1.08) 1.032(0.31) 0.792 0.775(2.16) 0.797(0.51)
05 1014 1.024(0.97) 1.011(0.27) 0.805 0.789(1.97) 0.809(0.47)
0.6 1.001 1.010(0.93) 0.997(0.31) 0.804 0.789(1.86) 0.808(0.50)
08 0.987 6.995(0.87) 0.985(0.20) 0.807 0.792(1.82) 0.810(0.34)
1 0.964 0.972(0.79) 0.964(0.09) 0.820 0.807(1.55) 0.823(0.34)
15 0.950 0.958(0.75) 0.949(0.12) 0.833 0.824(1.10) 0.836(0.28)
2 0951 0.958(0.68) 0.951(0.02) 0.849 0.839(121) 0.851(0.21)
3 0.946 0.952(0.66) 0.946(0.06) 0.870 0.861(0.94) 0.873(0.35)
4 0.948 0.953(0.56) 0.949(0.09) 0.882 0.875(0.77) 0.885(0.40)
5 0.946 0.951(0.45) 0.948(0.16) 0.881 0.874(0.72) 0.878(0.29)
6 0.942 0.946(0.42) 0.943(0.15) 0.881 0.875(0.65) 0.885(0.41)
8 0.933 0.937(0.42) 0.934(0.15) 0.871 0.866(0.58)  0.876(0.52)
10 0.937 0.940(0.30) 0.938(0.06) 0.873 0.868(0.50) 0.876(0.43)

+relative error(%)
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Table 7. Effect of deletion of ULI from the remainder.

Effective dose conversion coefficient, E/Ka(Sv/Gy)

Irradiation mode

Energy
(MeV) AP PA
with ULI  without ULI relative  Lih ULI  without ULI relative
difference difference

0.03 0.364 0.365 (0.27)* 0.146 0.147 (0.68)
0.06 1.298 1.301 (0.23) 0.788 0.792 (051
0.08 1.420 1.422 (0.14) 0.936 0.939 (0.32)
0.1 1.357 1.360 (0.22) 0.933 0.936 (0.32)
0.15 1214 1217 (0.25) 0.877 0.880 (0.34)
0.2 1141 1.143 (0.17) 0.841 0.844 (0.36)
03 1.066 1.069 (0.18) 0.817 0.820 (0.37)
0.4 1.035 1.038 (0.22) 0.792 0.795 (0.38)
0.5 1014 1.012 (0.20) 0.805 0.808 (0.37)
0.6 1.001 1.003 (0.19) 0.804 0.807 (0.37)
0.8 0.987 0.989 (0.20) 0.807 0.810 (0.37)

1 0.964 0.967 (0.31) 0.820 0.823 (0.36)
15 0.950 0.953 (0.3D 0.833 0.836 (0.36)

2 0.951 0.954 (03D 0.849 0.852 (0.35)

3 0.946 0.949 (0.32) 0.870 0.872 (0.23)

4 0.948 0.951 (0.32) 0.882 0.885 (0.34)

5 0.946 0.949 (0.32) 0.881 0.884 (0.34)

6 0.942 0.945 (0.32) 0.881 0.884 (039

8 0.933 0.936 (0.32) 0.871 0.874 (0.34)
10 0.937 0.940 (0.32) 0.873 0.876 (0.34)

+relative error(%) =%%LX 100, where(E/k.). and (E/K.).. are the conversion coefficients

with ULI and without ULI respectively.
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Fig. 2. Effective dose per unit air kerma in free
air, E/Ka, in unit of Sv/Gy, for monoener-
getic photon with energy up to 10MeV inci-
dient in AP on MIRD phantom.
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Fig. 3. Effective dose per unit air kerma in free
air, E/Ka, in unit of Sv/Gy, for monoener-
getic photon with energy up to 10MeV inci-
dient in AP on MIRD phantom.
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