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Monte Carlo Simulation of Pregnant Female Phantoms and Dose Assessment of Fetus
and Pregnant Female from Diagnostic X-ray at Abdomen Examination
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ABSTRACT

Mathematical phantoms of representing the adult female at O, 3, 6 and 9 months of gestation were constructed, and
organ doses and effective doses were calculated in standard irradiation environment and abdomen X-ray examination.
Phantoms were based on the data set of ORNL and MCNP4B, a general-purposed Monte Carlo code was used for
dose calculation. Firstly, organ doses and effective doses of pregnant female and fetus for 0.4 and 0.8MeV broad
parallel beam incident from AP and PA direction were calculated. Then, the same calculations were performed in
abdomen AP X-ray examination. As gestation period went by, effective doses of pregnant woman decreased because
major organs were shielded by expanded uterus. Fetus of 9 month is lower than that of 6 month because of shielding
effect of placenta for AP irradiation.
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Table 1. Elemental composition of the tissues for pregnant phantom sets

Percent by weight
Element
Soft tissue Lung Skeleton Fetal skeleton

H 10.454 10.134 7.337 7.995
C 22.663 10.238 25.475 9.708
N 2490 2.866 3.057 2712
o) 63.525 75.752 47.893 66.812
F - - 0.025 -
Na 0.112 0.184 0.326 0.314
Mg 0.013 0.007 0.112 0.143
Si 0.030 0.006 0.002 -

P 0.134 0.080 5.095 3.712
S 0.204 0.225 0.173 0.314
Cl 0.133 0.266 0.143 0.140
K 0.208 0.194 0.153 0.148
Ca 0.024 0.009 10.190 7.995
Fe 0.005 0.037 0.008 0.008
Zn 0.003 0.001 0.005 -
Rb 0.001 0.001 0.002 -
Sr - - 0.003 -
zZr 0.001 - - -
Pb - - 0.001 -

Density [g/lcm3] 104 0.296 14 122

(@) Non-pregnant (b) 3-months (c) 6-month (d) 9-month
Figure 1. The phantom set in view of x=0 and y=0



Table 2. Volumes of the models of the uterus, uterine contents, fetus and placenta

Volume [cm?] Non-pregnant 3-month 6-month 9-month
Uterine wall 76 359 802 1053
Uterine contents - 440 2710 5730
Fetal soft tissue - - 1470 2510
Fetal skeleton - - 94.6 287
Placenta - - 298 448
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Table 3. Condition of abdomen AP examination



Target material W

\oltage [kVp] 75

Current*Exposure time [mAs] 16

Anode angle [°] 13

Material of filtration Al

Thickness of filtration [mm] 25

Focus to Surface Distance [cm] 75

Beam size at the midplane [cm % cm] 28.2x37.6

Beam Center (0,-84.8,18.03)
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Figure 2. X-ray spectrum of W target, 75kVp, 13°, 2.5mm Al total filtration
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Figure 3. Organ doses of 4 phantoms for 0.4MeV parallel beam in AP direction
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Figure 4. Organ doses of 4 phantoms for 0.8MeV parallel beam in AP direction
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Figure 5. Organ doses of 4 phantoms for 0.4MeV parallel beam in PA direction
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Figure 6. Organ doses of 4 phantoms for 0.8MeV parallel beam in PA direction
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Figure 7. Equivalent doses of 4 pregnant phantoms in abdomen AP examination

(c) 6-month pregnant

(d) 9-month pregnant
Figure 8. Cross sectional views of pregnant phantoms at z=13.52




Figure 9. Effective doses of 4 pregnant phantoms in abdomen AP examination

Equivalent dose of the fetus [Sv]

0.00050

0,
0.00045 \\
S 0.00040
9,
3
& 0.00035
©
2
2 0.00030 \
(4]
2
| 0.00025 \
0.00020
[ A [ A [ [

Nonpregnant

Months of gestation

3-month pregnant 6-month pregnant 9-month pregnant

0.0025

0.0020

0.0015

0.0010

/

0.0005

/

0.0000

/

Nonpregnant

3-month pregnant

6-month pregnant

9-month pregnant

Months of gestation

Figure 10. Fetus doses of 4 gestation periods in abdomen AP examination.

Figure 11. Comparison of cross sectional views at z=23.5 plane between 6-month(left) and 9-month(right).



4. 00

ud o0,36900 UO0OD OUOOLOO ObOO Ubbod bbooobbh oOXdy boooboo o
gdbb 00 0ddo bboo oo obooo.bboo bbb O ORNLD D OO 0o
U 00b bbOodb ODbbodo oboboodb MCNPdBO OODO OOObb boodo.
ool godd oo 0ob 0odd good bbb bboobb oo oo oo boooo
goobob obodo bbodob booob oo 9bud b Dbbuo UL boOobb oo
elUd0d 0Obh Uod bbo.d oob boo Ubbtoo U0 bboobo bbodb boo
ud od goudd goood oo oo oobo oo xg goo oo booo oo o
good oo oooob googdg bbb boooo oo b o ooo.bobobbob ooo
gobob bbb bobo bbo 0,14,24,57,8000 U000 ObODO ObbhOod0o 0 OO0 bUuo 0o
U0 oodododoobh bbb bbb, b bbb bbobob bbb boxd boodg o
ud oot ood gdg o obb 0odd ood bbb ooodo oodd boob ooon
Uobodobbdodd.

ooog

[1] National Council on Radiation Protection and Measurement, lonizing Radiation Exposures of the Population of
the United States, NCRP Publication 93(1987).

[2] M. Cristy, and K. F. Eckerman, Specific Absorbed Fractions of Energy at Various Ages from Internal Photon
Sources, Oak Ridge National Laboratory Report ORNL/TM-8381(1987).

[3] M. G. Stabin, E. E. Watson, M. Cristy, J. C. Ryman, K. F. Eckerman, J. L. Davis, D. Marshall, and M. K. Gehlen,
Mathematical Models and Specific Absorbed Fractions of Photon Energy in the Nonpregnant Adult Female and at
the End of Each Trimester of Pregnancy, [4] LANL Group X-6, MCNP-A General Monte Carlo Code N-Particle
Transport Code \ersion 4B, LA-12625-M(1997).

[5] K.Cranley, B.J.Gilmore, G.W.A.Fogarty, and L.Desponds, Catalogue of Diagnostic X-ray Spectra and Other
Data, Report N0.78, The Institute of Physics and Engineering in Medicine(1997).

[6] J.H. Hubbell, W.J. \kigele, E.A. Briggs, R.T. Brown, D.T. Cromer and R.J. Howerton, "Atomic Form Factors,
Incoherent Scattering Functions and Photon Scattering Cross Sections”, J. Phys. Chem., Ref.Data 4,471(1975).
[7100 OO.

[8] D. Hart, D.G. Jones and B.F. Wall, Estimation of Effective Dose in Diagnotic Radiology from Entrance Surface
Dose and Dose-Area Product Measurements, Report NRPB-R262, National Radiological Protection Board, Chilton,
Didcot, UK(1994).

[QQO0O0O, 000,000,000 XO0O OO0 000 oO00bOO0 ooooodr, oooooooo
0 2001 0OO0O0O0ODO O00,pp.153~158,20014.27, O OO0 ODOOOO.

[10] International Commission on Radiological Protection, 1990 Recommendations of the International Commission
on Radiological Protection, ICRP Publication 60, Pergamon Press(1991).



	분과별 논제 및 발표자

