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Spatial Dose Distribution for Diagnostic X—ray Examination
within X-ray Room using the MCNPX Program
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Abstract

This study is the material of the additional filter(Cu, Ni, CaWO4, Gd+Ba) being used when
the diagnosis X-ray was varied to evaluate the spatial dose distribution accordingly. And it
suggest to find a suitable material. Experiments using MCNPX program based on the Monte
Carlo simulation method was carried out by selecting the chest and abdomen taken. As a result,
each material per dose, the average scatter dose is approximately 62%, 100 cm radius of the point
of the simulated body surface exposure dose and 50 cm radius centered on the point average
about 47%. It is determined that an Al material is currently available in accordance with the
result to be replaced by Cu, Ni material is sufficient. With just the thickness due to the
difference in the atomic number and density adjusted to be about one-tenth of the Al it will be
suitable.
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Table 1. Configuration of the AAPM Phantom.

Region Configuration Material
Abdomen 25 X 25 X 17.78 com Plexiglass
25 X 25 X 2.54 cm Plexiglass

25 X 25 X 0.1 cm Aluminum
25 X 25 X 2.54 cm Plexiglass

Chest 5.08 cm Air gap
25 X 25 X 2.54 cm Plexiglass

25 X 25 X 0.2 cm Aluminum
25 X 25 X 2.54 cm Plexiglass

Table 2. Filter thickness suggest in the Ministry

of Food and Drug Safety.

Maximum rated voltage Total Filteration

(kvp) (mm)
60 kVp below 1.5 mm Al
60 ~ 110 kVp 2 mm Al
110 kVp over 2.5 mm Al
Physicists in Medicine; AAPM)oll A #-8-3F B-5-9} &
B EAE ARSI, 2o Ae QSR

A2l o}3 U (Plexiglass, C:O0:Hs, U= 1.16 g/em) A2
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Fig. 1. Simulated X-ray tube and Target in MCNPX

> Air Plexiglass

Fig. 2. Simulated Chest, Abdomen phantom in MCNPX
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Table 3. Exposure conditions suggest in the L ELI‘
Ministry of Food and Drug Safety.
QAR F0 B 2ols)E A thete] Eish &
Regi Tube voltage(kV) FFD(cm
A 10 Voleelp o Gae) Fe] eked A 3 AHE B el
Chest 120 kVp 180 cm Z:%—% %Xéé‘]_o:] E]—lHi’i\:}
Abdomen 80 kVp 100 cm
1. 88 ZoZEH|
I 5t z = ==
Table 4. Material of Additional filter. 1.1 20| et BASFAAZ0 ARES
Dens HAEFA 2~ & (Photon fluence rate)S BH, 2% <]
Material Atomic number SIELY =
g eREeHiAol A Anske dFulE Ade) bRy
Aluminium (Al) 13 2.7 7 15 mmel A= 338x10° 7i/ee] gto] S5 2ir.
18] 31 Cu, Ni, Gd+Ba, CaWO4 =02 291x10° 7l/e,
2 .94 : : :
Copper (Cu) ’ 89 297x10° 7l/e, 126<10° 7l/e, 1.74x10° 7l/es] #S
Nickel (Ni) 28 8.908 Bk A Fafo] thste] o UAEE 171 S8k
AHEHLS ZAslod o 7 Pl E340
Ca - 20 (13.92%) Oq SEE=ETE T o°]'/\/\——U'1 "]' He =
Scheelite(Caw04) W - 74 (63.85%) 6.01 [Fig. 3122 YERJRITLE o] & AlF-Ho= %E?i zr
O - 8 (22.23%)
A HFo WA= CaWO4, Cu, Ni, Gd+Ba, Al <=
Gadoliniumbromat Gd - 64 79 = 5504 keV, 54.02 keV, 5381 keV, 53.32 keV, 51.12
(Gd+Ba) Ba - 56 :
keVo 2 UERiL
Table 5. Thickness of Additional filter. 1.2 ZAH W St SRSRAASE
Region Material Thickness RO FAE AAE SSD 180 cm Al A AR B
Al 15 mm ©2 50 cm, 100 cm A7 84S AAT ] FAZFAxL
o 015 mm 2 YR F AN PRERALES 2O
Chest Ni 0.15 mm = Huﬂ%i L}E}LHE‘))‘E} thi Al"] 9451‘ %jﬂoﬂ
J T = by k
Gd+Ba 0.3 mm A 50 em o] AH A M= HHE 7lf2i it o
Cawod 0.3 mm 61.3%5 Hom™ 100 cm o]A%H A HANM= H oF
50.1%E Hith
Al 1.0 mm
Cug] 7950 cm, 100 cm =02 A3t 61.4%, 474%%
Cu 0.1 mm
LR
Abdomen Ni 0.1 mm
Ni¢] 7%-50 cm, 100 cm =02 Ht 61.1%, 474%=
Gd+Ba 0.25 mm
EOﬂl‘/}
Cawo4 0.25 mm
Gd+Ba®] 7% 50 cm, 100 cm =02 Hit 64.8%,
487%= BTk
°olE whgoR BrHIH A W] ue KojuE CaWo4e] 2% 50 cm, 100 om +=02 FIF 63.3%,
A 2l AARAY St dig FAEFARES S 465%5 HTE,

gofe] 7ret . 7 AR AAETALL] MEE 3he [Fig 412
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Fig. 4. Peripheral flux to the center of the flux in chest
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Fig. 5. Photon Spectrum of surface in Abdomen phantom.
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Fig. 6. Peripheral flux to the center of the flux in abdomen
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