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ABSTRACT

In diagnostic X-ray examinations, dose assessments for pregnant female and fetus are realistically difficult, and
related research is also lacking. Therefore, in this study, the purpose of the simulation was to analyze the dose
and fetal dose for pregnant female during abdominal X-ray examination. Based on the data presented in ICRP 89,
this study produced phantom reconstructed of the existing prenatal phantom, which was used to analyze the
evaluation of the organ dose and fetal dose of pregnant female according to pregnancy week and the difference
between the dose of the existing phantom and the reconstructed phantom. As a result, the abdominal X-ray test
showed a tendency to show higher doses for organs close to the direction of the source joining. In addition, it
was confirmed that fetal doses in posteroanterior position were reduced by more than 65% compared with

anteroposterior position.
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1. BH7IE2 ANEA}
ALHF-o Hjole] A E7ME flE ZHIER

e Ao Sgom, B ATAE v 2
et~ A5 (Los Alamos National Laboratory,

LANL, USA)°lA 7l¥3$ MCNPX(Monte Carlo N
-Particle Transport code, ver. 2.5.0, USA)E ©]-&3}%1
t}. MCNP ZAFA o] olg] whals= 24 o312

Dax717] 9ElA 5 x 107702 3 2EdE AL&3)
o] BIEE 3% oWz 4F AAE sAon, &
G ALl A= F6 Tally(MeV/g)E AHE-3}
At
L1 Xehg AR A

218 WA= Digital Diagnost 4.1(Philips,
Nederlands) N2 Bgjs A9A stgdon, X
’ﬂ%# 23 Fg EL} 7E¥o] T4 ],oar)r BB oy

(<3

BA 2AE AESIHERER AA Algse B

Zg71HE EUiz HAASFTE m3 oAb

Jdre Fe AAE gl Jderw, A A
BB

(Erec) & 722 HEASTUIHAP)Y} FHW

%

4m

ofk

Air

Al Filter
( 2.6 mmAl)

Fig. 1. MCNP X-ray Tube Model.

Table 1. X-ray Tube Specifications and Diagnostic
X-ray imaging conditions in this study.

Target material w

Anode Angle [°] 13
Material of filtration Al
Thickness of filtration [mm] 2.6
Voltage [kVp] 85

Current x Exposure time [mAs] 20
Focus to Surface Distance [cm] 100

Beam Size [inch] 14 x 17
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Fig. 2. Created by MIRD Phantom(Pre) &

6 month

9 month

Post

Post

Post

ICRP 89 Revised Phantom(Post).

Table 2. Elemental composition of MIRD phantom model (Pre phantom).

Organ 1(3;22? H C N 0 Na Mg p S cl K Ca
Lung 0.296 0.0 102 29 758 02 ; ol 02 03 02 -

Bone 1.4 73 255 31 479 03 ol 51 02 01 02 102
Soft tissue 1.04 105 27 25 65 01 01 01 02 01 02 ;

Fetal Skeleton 122 80 97 27 68 03 01 37 03 0l 0l 80
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Table 3. Elemental composition of revised phantom model (Post phantom).

Organ ]()g(;gl:?; H C N (6] Na Mg P S Cl K Ca I
Lung 0.26 10.3 10.5 3.1 74.9 0.2 0.1 0.2 0.3 0.3 0.2 - -
Bone 1.4 7.3 255 3.1 479 0.3 0.1 5.1 0.2 0.1 0.2 10.2 -
Soft tissue 1.03 10.5 25.6 2.7 60.2 0.1 - 0.2 0.3 0.2 0.2 - -
Muscle 1.05 10.2 14.3 3.4 71.0 0.1 - 0.2 0.3 0.1 0.4 - -
Skin 1.09 10.0 20.4 4.2 64.5 0.2 - 0.1 0.2 0.3 0.1 - -
Brain 1.04 10.7 14.5 2.2 71.2 0.2 - 0.4 0.2 0.3 0.3 - -
Eyes 1.07 9.6 19.5 5.7 64.6 0.1 - 0.1 0.3 0.1 - - -
Thyroid 1.05 10.4 11.9 2.4 74.5 0.2 - 0.1 0.1 0.2 0.1 - 0.1
Upper face 1.22 8.9 24.1 2.8 55.7 0.2 - 2.6 0.2 0.1 0.2 5.1 -
Larynx 1.10 9.6 9.9 2.2 74.4 0.5 - 2.2 0.9 0.3 - - -
Trachea 1.03 10.5 25.6 2.7 60.2 0.1 - 0.2 0.3 0.2 0.2 - -
GI Tract 1.03 10.6 11.5 2.2 75.1 0.1 - 0.1 0.1 0.2 0.1 - -
Ovaries 1.05 10.5 9.3 2.4 76.8 0.2 - 0.2 0.2 0.2 0.2 - -
Uterus 1.02 10.6 315 2.4 54.7 0.1 - 0.2 0.2 0.1 0.2 - -
Urinary bladder 1.04 10.5 9.6 2.6 76.1 0.2 - 0.2 0.2 0.3 0.3 - -
Spleen 1.06 10.3 11.3 32 74.1 0.1 - 0.3 0.2 0.2 0.3 - -
Heart 1.05 10.4 13.9 29 71.8 0.1 - 0.2 0.2 0.2 0.3 - -
Pancreas 1.04 10.6 16.9 2.2 69.4 0.2 - 0.3 0.1 0.2 0.2 - -
Liver 1.05 10.3 18.6 2.8 67.1 0.2 - 0.2 0.3 0.2 0.3 - -
Kidneys 1.05 10.3 13.2 3.0 72.4 0.2 - 0.2 0.2 0.2 0.2 0.1 -
Breast 0.94 11.6 51.9 - 36.5 - - - - - - - -
Placenta 0.995 10.3 6.5 2.0 78.2 - - 0.2 0.1 - - 0.4 -
Fetus 6 m 0.97 10.5 6.9 1.6 79.5 - - 0.4 0.1 - - 1.0 -
Fetus 9 m 1.02 10.5 6.9 1.6 79.4 - - 0.5 0.1 - - 1.0 -
Fetal Skeleton 1.22 8.0 9.7 2.7 66.8 0.3 0.1 3.7 0.3 0.1 0.1 8.0 -
- Body| Surface Swefics s
AN
Uterine wall
= Uterine Contents [— Other uterine tissue
2 [~ Fetal skeleton
i~ Fetal skeleton | Fetal sottissne.
|- Fetal soft tissue
I~ Other uterine tissue
Body | Surface s 5

X=0

(A) 3 month

(B) 6 month

Fig. 3. Cross-section of uterine model

(C) 9 month
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[I. RESULT
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Fig. 4. MCNP & SRS 78 Spectrum nomalization.
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Table 4. Organ Dose According to Gestation Period

(Abdomen AP, Pre Phantom) (unit: mGy)
0 m 3 m 6 m 9 m
BREAST* 3.80 3.80 3.86 3.88
LUNG* 1.35 1.35 1.41 1.40
STOMACH 2.30 2.30 1.70 1.14
LIVER 1.73 1.73 1.47 1.02
THYROID 3.83 3.83 3.81 3.81
BRAIN 0.40 0.40 0.40 0.40
KIDNEY* 0.34 0.34 0.18 0.11
PANCREAS 1.03 1.03 0.78 0.41
ESOPHAGUS 0.71 0.71 0.65 0.61
SPLEEN 0.64 0.64 0.53 0.34
THYMUS 3.01 3.01 2.98 2.99
TRUNK SKIN 2.40 2.40 2.40 1.57
SMALL
INTESTINE 1.42 1.62 0.44 0.45
ADRENALS 0.41 0.41 0.34 0.20
COLON 1.56 1.55 1.64 1.89
URINARY
BLADDER 2.41 2.43
OVARIES 1.05 1.06 0.32 0.23
UTERUS 1.44 2.23 1.31 1.78
FETAL
SKELETON 3.19 1.96
FETUS 0.93 0.85
PLACENTA 2.73 2.86
PREGNANT
WALL 1.54 2.02
UTERINE TISSUE 1.07 1.67

3% UTERUS = Pregnant wall + Uterine tissue
*Left and Right organ included
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Table 5. Organ Dose According to Gestation Period

(Abdomen AP, Post Phantom) (unit: mGy)
0 m 3 m 6 m 9 m
BREAST* 3.02 3.02 3.06 3.07
LUNG* 1.41 1.41 1.49 1.48
STOMACH 238 237 174 1.18
LIVER 1.78 1.78 1.51 1.05
THYROID 426 426 426 426
BRAIN 0.39 0.39 0.39 0.39
KIDNEY* 0.37 0.37 0.20 0.12
PANCREAS 1.06 1.06 0.83 0.45
ESOPHAGUS 0.69 0.69 0.64 0.59
SPLEEN 0.69 0.69 0.58 0.38
THYMUS 2.97 297 2.95 2.95
TRUNK SKIN 239 2.39 2.39 1.56
ALk 1.47 1.68 0.46 0.47
ADRENALS 0.40 0.40 0.33 0.19
COLON 1.62 1.61 170 1.97
Y 2.59 2.64
OVARIES 115 1.19 0.36 0.27
UTERUS 138 2.16 1.24 1.72
SKELETON 3.15 2.00
FETUS 111 1.07
PLACENTA 3.04 3.13
PREGNANT 1.45 1.92
UTERINE TISSUE 1.00 1.62

% UTERUS = Pregnant wall + Uterine tissue
*Left and Right organ included

gjote] 35 370 Ag 0] 0.54 mGy= 54
HRom, 671l 0.32 mGy, 971€l 0.23 mGy=
AA FH| 2 24 gopd o] stk |
o} wii= 67 Lol 0.97 mGy, 970l 1.13 mGy= ¢
2 F78 s ARl TVt st 3o WUty
Atk Bk 670L el 0.12 mGy, 97H€ el 0.06 mGy
2 Al 7= AeE do] HaAskith

Post #ME 2] ¢ Table 73 Zo] Fo|A] 329
mGy= 7Fg ¥ A%S B, Pre WEH I v
sto] Mdgkol oF 6% S Fstlth 2 oF 19% %

Table 6. Organ Dose According to Gestation Period

(Abdomen PA, Pre Phantom) (unit: mGy)
0 m 3 m 6 m 9 m
BREAST* 031 0.31 0.32 0.32
LUNG* 1.63 1.63 1.74 1.74
STOMACH 0.53 0.53 0.52 0.53
LIVER 0.98 0.98 0.99 0.98
THYROID 0.33 0.33 0.40 0.40
BRAIN 0.45 0.45 0.45 0.45
KIDNEY* 3.09 3.09 3.10 3.10
PANCREAS 0.90 0.90 0.86 0.85
ESOPHAGUS 0.76 0.76 0.73 0.75
SPLEEN 1.92 1.92 1.93 1.93
THYMUS 022 022 0.19 0.19
TRUNK SKIN 248 248 247 246
INTESTINE 0.77 0.75 1.28 0.78
ADRENALS 2.13 2.13 2.04 2.04
COLON 0.68 0.67 0.32 0.30
ORINARY 0.45 0.46
OVARIES 0.83 0.84 0.77 0.83
UTERUS 0.73 0.54 0.57 0.33
SKELETON 0.97 113
FETUS 0.32 0.23
PLACENTA 0.12 0.06
PRt 0.49 0.37
UTERINE TISSUE 0.67 0.31

3 UTERUS = Pregnant wall + Uterine tissue
*Left and Right organ included
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Table 7. Organ Dose According to Gestation Period

(Abdomen PA, Post Phantom) (unit: mGy)
0 m 3 m 6 m 9 m
BREAST* 0.26 0.26 0.27 0.27
LUNG* 1.67 1.67 1.78 1.78
STOMACH 0.53 0.53 0.53 0.54
LIVER 1.01 1.01 1.02 1.02
THYROID 0.38 0.38 0.42 0.42
BRAIN 0.45 0.45 0.45 0.45
KIDNEY* 3.29 3.29 3.30 3.29
PANCREAS 0.91 0.91 0.88 0.88
ESOPHAGUS 0.75 0.75 0.74 0.75
SPLEEN 2.05 2.05 2.05 2.06
THYMUS 0.22 0.22 0.20 0.20
TRUNK SKIN 247 247 247 2.45
NTRAT 0.81 0.78 132 0.80
ADRENALS 210 210 203 2.02
COLON 0.71 0.70 0.33 0.32
DRy 0.49 0.52
OVARIES 0.89 0.93 0.84 0.91
UTERUS 0.70 0.53 0.55 0.32
SKETHTON 0.96 114
FETUS 0.39 0.29
PLACENTA 0.13 0.08
PREGIANT 0.46 0.35
UTERINE TISSUE 0.63 0.30

% UTERUS = Pregnant wall + Uterine tissue
*Left and Right organ included
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