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Assessment of Maternal Organs and Fetal Doses in Pregnant Female Nuclear
Medicine Practitioners Using the Monte Carlo Method

Yong-In Cho

Department of Radiological Science, College of Health Sciences, Catholic University of Pusan

Abstract The purpose of this study was to evaluate maternal organ and fetal doses by week of pregnancy for pregnant
women nuclear medicine practitioners in the nuclear medicine field. In addition, we intend to present basic data for the
management of exposure doses of female nuclear medicine practitioners. In this study, phantoms of childbearing women, 3,
6, 9 months pregnant women were simulated using MCNPX(Monte Carlo N-Particle Extended) among the Monte Carlo
methods, First, volume source was constructed based on 10 cm of the anterior part of the lower abdomen of the phantom,
and the organ and fetal doses were evaluated for each week of the pregnant woman according to the type of radioactive
isotope. Second, the organ and fetal dose of pregnant women were evaluated by increasing the distance between the
source and the abdominal surface by 50 and 100 cm, As a result, '°F sources showed high organ and fetal doses in preg-
nant women O to 3 months, and the dose distribution gradually decreased in 6 to 9 months pregnant women, The dis-
tribution of organ and fetal doses for “"Tc and "I sources showed the same tendency as that of "®F, and the overall ab-
sorbed dose distribution was relatively lower than that of 'F. Through this study, it is considered that workers in the early
stages of pregnancy within 3 months will need appropriate management to minimize occupational exposure dose.

Key Words : Pregnant Woman, Nuclear Medicine Practitioners, Radioactive Isotope, Monte Carlo Simulation, Maternal Organ
Dose, Fetal Dose
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Table 1, Physical Properties of Diagnostic Radionuclide

Physical Property

9‘)11»—F C ISF 1231
Half Life (hour) 6.01 1.83 13.22
. B Decay .
Decay Type 7 Emission 7 Emission

— Annihilation ¥

7 159.0(0.83) keV

27.5(0.46) keV

B'mex 633.5(0.97) keV 27.2(0.25) keV
— ¥ 511(1.94) keV 31.0(0.09) keV
31.7(0.03) keV

529.0(0.01) keV

7 140.5(0.89) keV
Energy (yield) 18.4(0.04) keV
18.3(0.02) keV

Table 2, Organ and Tissue Composition for a Pregnant Woman Simulated Phantom Model

Composition

Organ H c N O N Mg P s c K Ca Density

(g/em’)

Lung 10.3 10.5 3.1 74.9 0.2 0.1 0.2 0.3 0.3 0.2 - - 0.26
Bone 10.3 255 3.1 47.9 0.3 0.1 5.1 0.2 0.1 0.2 10.2 - 1.40
Soft Tissue 10.5 25,6 2.7 60.2 0.1 - 0.2 0.3 0.2 0.2 - - 1.03
Muscle 10.2 14.3 3.4 71.0 0.1 - 0.2 0.3 0.1 0.4 - - 1.05
Skin 10.0 20.4 4.2 64.5 0.2 - 0.1 0.2 0.3 0.1 - - 1.09
Brain 10.7 14.5 2,2 71.2 0.2 - 0.4 0.2 0.3 0.3 - - 1.04
Eyes 9.6 19.5 5.7 64.6 0.1 - 0.1 0.3 0.1 - - - 1.07
Thyroid 10.4 11.9 2.4 74.5 0.2 - 0,1 0.1 0.2 0.1 - 0.1 1.05
Upper Face 8.9 241 2.8 55.7 0.2 - 2.6 0.2 0.1 0.2 5.1 - 1.22
Larynx 9.6 9.9 2.2 74.4 0.5 - 2.2 0.9 0.3 - - - 1.10
Trachea 10.5 25,6 2.7 60.2 0.1 - 0.2 0.3 0.2 0.2 - - 1.03
GI Tract 10.6 11,5 2.2 75.1 0.1 - 0.1 0.1 0.2 0.1 - - 1,03
Ovaries 10.5 9.3 2.4 76.8 0.2 - 0.2 0.2 0.2 0.2 - - 1.05
Uterus 10.6 31.5 2.4 54.7 0.1 - 0.2 0.2 0.1 0.2 - - 1.02
Urinary Bladder 10.5 9.6 2.6 76.1 0.2 - 0.2 0.2 0.3 0.3 - - 1.04
Spleen 10.3 11.3 3.2 74.1 0.1 - 0.3 0.2 0.2 0.3 - - 1.06
Heart 10.4 13.9 2.9 71.8 0.1 - 0.2 0.2 0.2 0.3 - - 1.05
Pancreas 10.6 16.9 2.2 09.4 0.2 - 0.3 0.1 0.2 0.2 - - 1.04
Liver 10.3 18.6 2.8 67.1 0.2 - 0.2 0.3 0.2 0.3 - - 1.05
Kidneys 10.3 13.2 3.0 72.4 0.2 - 0.2 0.2 0.2 0.2 0.1 - 1.05
Breast 11.6 51.9 - 36.5 - - - - - - - - 0.94
Placenta 10.3 6.5 2.0 78.2 - - 0.2 0.1 - - 0.4 - 0.995
Fetus 6 m 10.5 6.9 1.6 79.5 - - 0.4 0.1 - - 1.0 - 0.97
Fetus 9 m 10.5 6.9 1.6 79.4 - - 0.5 0.1 - - 1.0 - 1,02
Fetal Skeleton 8.0 9.7 2.7 66.8 0.3 0.1 3.7 0.3 0.1 0.1 8.0 - 1,22
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Fig. 1. Simulated Phantom of Female Pregnancy Month
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Table 3, Distribution of Absorbed Dose to Organ and Fetus by Gestational Weeks when "®F Sources are Used (Unit : mGy/h)

Radionuclide ("®F)

The Number of Weeks of Pregnancy

Organ 0 Month 3 Month 6 Month 9 Month

Breast 0.343 0.343 0.256 0.242

Lung 0.164 0.164 0.134 0.111

Stomach 0.590 0.590 0.209 0.121

Liver 0.412 0.411 0.174 0.097

Thyroid 0.082 0.082 0.103 0.104

Brain 0.016 0.016 0.025 0.026

Kidneys 0.201 0.201 0.067 0.050

Pancreas 0.340 0.339 0.121 0.085

Esophagus 0.150 0.150 0.087 0.061

Spleen 0.214 0.214 0.080 0.056

Thymus 0.207 0.207 0.178 0.172

Trunk Skin 0.350 0.350 0.200 0.075

Small Intestine 0.619 0.670 0.192 0.123

Adrenals 0.177 0.177 0.068 0.048

Colon 0.571 0.565 0.349 0.316

Ovaries 0.452 0.443 0.119 0.096

Uterus 0.563 0.770 0.400 0.434

Fetal Skeleton - - 0.394 0.292

Fetus - - 0.354 0.328

Placenta - - 0.841 0.881
2 67014 Blok= 46.0%, 9711 Hjok= 42.7% o2 4 o, s, 7h F Bl o= A WolAlE AR w3
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Table 4, Distribution of Absorbed Dose to Organ and Fetus by Gestational Weeks when *™Tc Sources are Used (Unit : mGy/h)

Radionuclide (*™Tc) The Number of Weeks of Pregnancy
Organ 0 Month 3 Month 6 Month 9 Month
Breast 0.248 0.248 0.193 0.180
Lung 0.106 0.106 0.088 0.071
Stomach 0.455 0.455 0.143 0.071
Liver 0.306 0.306 0.119 0.058
Thyroid 0.040 0.040 0.001 0.063
Brain 0.006 0.006 0.012 0.013
Kidneys 0.134 0.134 0.036 0.024
Pancreas 0.255 0.255 0.081 0.050
Esophagus 0.100 0.100 0.056 0.036
Spleen 0.146 0.146 0.049 0.029
Thymus 0.138 0.139 0.132 0.127
Trunk Skin 0.273 0.273 0.148 0.049
Small Intestine 0.489 0.530 0.119 0.074
Adrenals 0.114 0.114 0.040 0.025
Colon 0.443 0.440 0.238 0.209
Ovaries 0.354 0.346 0.069 0.052
Uterus 0.436 0.604 0.281 0.296
Fetal Skeleton - - 0.404 0.287
Fetus - - 0.264 0.239
Placenta - - 0.641 0.666

Table 5, Distribution of Absorbed Dose to Organ and Fetus by Gestational Weeks when % Sources are Used (Unit : mGy/h)

Radionuclide (*#3)) The Number of Weeks of Pregnancy
Organ 0 Month 3 Month 6 Month 9 Month
Breast 0.054 0.054 0.042 0.040
Lung 0.017 0.017 0.015 0.012
Stomach 0.081 0.081 0.024 0.011
Liver 0.033 0.033 0.020 0.009
Thyroid 0.007 0.007 0.010 0.011
Brain 0.001 0.001 0.002 0.002
Kidneys 0.020 0.021 0.006 0.004
Pancreas 0.040 0.040 0.013 0.008
Esophagus 0.016 0.016 0.009 0.006
Spleen 0.023 0.023 0.008 0.005
Thymus 0.024 0.024 0.024 0.024
Trunk Skin 0.067 0.067 0.036 0.011
Small Intestine 0.083 0.093 0.018 0.011
Adrenals 0.018 0.018 0.006 0.004
Colon 0.075 0.075 0.041 0.040
Ovaries 0.056 0.055 0.011 0.008
Uterus 0.073 0.114 0.052 0.056
Fetal Skeleton - - 0.073 0.045
Fetus - - 0.043 0.040
Placenta - - 0.130 0.133
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