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Assessment of Effective Doses in the radiation field of contaminated

Ground Surface
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Abstract

Effective dose Conversion coefficients for radionuclides contaminated on the ground surface were
calculated by using MCNP4A code and male/female anthropomorphic phantoms. Different from the
two step approaches of previous workers where were determined the radiation field first then the
phantom responses, the more exposure situation has been directly simulated. Responses to 19 of
mono energies ranging from 40keV to 10MeV were used for calculation of the effective dose
conversion coefficient for 90 radionuclides important in radiological assessments. The comparison the
results for mono energy with those of Jacob and FGR(Federal Guidance Report) show that the
results of Jacob are less than our results, particularly at low energy, while FGR results are higher
by around 30 %. The deviation of the former may be due to the assumption that the source was
located at 0.5g/cm2(3mm) deep in the ground. The deviation of the latter may be attributed to the
differences in the phantoms used, the radiation field calculation method, the assigning method of

tissue weighting factor.
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Table. 1. Element and mass weight fraction of air and soil.

Element Air(%) Soil(%)

C 0.012

N 75.52

O 23.18

Na 1.03

Mg 1.03

Al 14.69

Si 68.29

Ar 1.28

K 2.90

Ca 3.10

Ti 1.03

Fe 8.28
AIR

Ta

Anthropomorphic
phantom

—— I

Ty Air thickness
Ty Soil thickness
r: Source radius

Fig. 1. Source/Anthropomorphic phantom configuration for calculation of effective dose from photon
sources distributed in finite ground surface.
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Fig. 2. The comparison of effective dose calculated in this study with effective dose
equivalent obtained by FGR and Jacob.
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Fig. 3. The conversion coefficients of effective dose calculated from monoenergies
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Table. 2. Doses Conversion coefficients for exposure to contaminated ground surface.

Effective Dose(Sv per Bq m™®) and relative error(%)

Be-7 411E-16  159% Cu-62  9.49E-16 5.1 Ba-137m 4.80E-16  18.0
C-11 8.70E-16  13.8 Cu-64  1.70E-16 9.3 Pr-143  194E-17 2675
N-13 847E-16 16.1 Zn-62 3.98E-16 74 Pm-149 352E-17 211
Na-22  167E-15 20.3 Zn-65  448E-16 189 Eu-154 957E-16 195
Na-24  273E-15 242 Zn-69m 354E-16 14.1 Gd-159  7.27E-17 449
Mg-28 1.05E-16 19.2 Ga-66  1.77E-15 20.1 Ho-166 8.79E-17 192
Al-28 1.32E-15 184 As-74  640E-16 14.2 Lu-177 461E-17 36.2
Cl-38 1.13E-15 156 Se-73 1.01E-16 59 W-18  3.82E-19 108
Ar-41 9.52E-16  20.6 Br-80 1.31E-16 656 Ir-192  721E-16 10.1
K-40 1.46E-16 0.3 Kr-85 1.37E-17 4179 T1-209 1.58E-15 16.7
K-42 3.25E-16  22.0 Kr-86m 191E-16 26.0 Pb-210 2.07E-17 735
Ca-47  78E-16 215 Kr-88 1.32E-15 239 Pb-214 2.73E-16 12.3
Ca-49  2.00E-15 239 Rb-88  6.19E-16 4.1 Bi-214 1.07E-16 23.8
Sc-44 1.70E-15 179 Zr-95 5. 73E-16  20.7 Po-210  6.73E-21 206
Sc-46 149E-15 229 Nb-95  590E-16 21.0 Po-214 639E-20 214
Ti-45 T4TE-16 132 Mo-99  1.53E-16 45 Po-215 1.50E-19 143
V-48 216E-15 22.1 Ru-103 392E-16 154 Po-216 1.30E-20 215
Cr-49 9.74E-16 6.3 Rh-106 2.92E-16 378 Rn-222 338E-19 143
Mn-52m 181E-15 21.2 Ag-110 142E-15 20.2 Ra-226 1.03E-17 60.5
Mn-54 6.36E-16  21.7 Cd-115 2.13E-16 75 Th-230 6.76E-18 802
Fe-52 6.67E-16 8.2 Sn-123  4.96E-17 4926 Th-231 8.15E-17 340
Fe-59 8.53E-16  23.8 Te-127 1.27E-17 146.7 Th-234 190E-17 128
Co-56  251E-15 237 1-129 6.66E-17 158.3 Pa-234m 843E-17 451
Co-57 1.88E-16  64.0 [-131 3.36E-16  10.7 U-234 8.03E-18 974
Co-58  9.12E-16 4.0 I-133 5.10E-16  14.5 U-235 1.86E-16 25.7
Co-60  1.79E-15 23.0 Xe-131m 5.00E-17 142.2 U-236  6.64E-18 922
Ni-56 1.39E-15 16.2 Xe-133 8.72E-17 89.2 U-238 6.53E-18 1086
Ni-57 140E-15 225 Xe-133m 4.84E-17 19.0 Pu-238 840E-18 902
Ni-65 444E-16 137 Xe-135 257E-16  39.3 Pu-240 8.02E-18 898
Cu-61  7.01E-16 14.0 Cs-134 1.22E-15 19.6 Am-241 882E-17 220
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