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Evaluation of Absorbed Dose for the Right Lung and Surrounding Organs of the
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Abstract This study is to evaluate absorbed dose from right lung for brachytherapy and to estimate the effects of tissue
heterogeneities on dose distribution for Iridium-192 source using Monte Carlo simulation, The study employed Geant4
code as Monte Carlo simulation to calculate the dosimetry parameters. The dose distribution of Iridium-192 source in solid
water equivalent phantom including aluminium plate or steel plate inserted was calculated and compared with the meas-
ured dose by the ion chamber at various distances. And the simulation was used to evaluate the dose of gamma radia-
tion absorbed in the lung organ and other organs around it, The dose distribution embedded in right lung was calculated
due to the presence of heart, thymus, spine, stomach as well as left lung. The geometry of the human body was made
up of adult male MIRD type of the computational human phantom, The dosimetric characteristics obtained for aluminium
plate inserted were in good agreement with experimental results within 4%. The simulation results of steel plate inserted
agreed well with a maximum difference 2.75%, Target organ considered to receive a dose of 100%, the surrounding or-
gans were left the left lung of 3,93%, heart of 10,04%, thymus of 11,19%, spine of 12.64% and stomach of 0,95%, When
the statistical error is performed for the computational human phantom, the statistical error of value is under 1%,
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Table 1, Phantom materials and their elementary composition

Material density (g ™) Mass fraction
RW3 1.045 H: 0.0759; C: 0.,9041; O: 0,0080; Ti: 0.0120
Polymethyl-methacrylate PMMA 1.19 H: 0.0804; C: 0.6000; O: 0.3196
o Fe: 0.004; Si: 0.0025; Ti: 0.0005; Mg: 0.0005;
Aluminium 2.7

Mn: 0.0005; Cu: 0.0005; Al: 0.9915

C: 0.0008; Mn: 0,0027; Sit 0.0003;

Steel 7.8 P: 0.00025; S: 0.0005; Al 0.00006;

Ni 0.0007; Cu: 0.0007; Fe: 0,99399
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(a) top view (above)

(b) lateral view (the side)

Fig. 1, Schematic diagrams of the set-up in solid water equivalent phantom environment (a) top view (above) (b) lateral view (the side)

(a) microSelectron-HDR Iridium-192 source afterloader equipment

(b) solid water equivalent phantom

Fig. 2, The image of (a) microSelectron-HDR Iridium-192 source afterloader equipment and (b) solid water equivalent phantom
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Table 2, The comparison of calculated dose and measured dose taken in solid water equivalent phantom environment inserted

aluminium plate (Mean = SD) and relative dose

Distance (mm) Calculated dose (cGy) Relative dose (%) Measured dose (cGy) Relative dose (%)
9 11.40(=0,17)E-12 100 67.91(%0,152) 100
15 5.26(£0.11)E-12 46,14 31.79(£0.025) 46,81
19 3.32(%0.04)E-12 29.12 19.86(+0.038) 29.24
25 2.14(£0,03)E-12 18.77 12,58(1+0,020) 18,52
29 1.56(+0,03)E-12 13.08 9.22(%0.003) 13.58
39 8.82(+0.11)E-13 7.74 5.22(+0,009) 7.69
49 5.66(£0.10)E-13 4,96 3.36(+0.002) 4,95
59 3.97(+0.08)E-13 3.48 2.31(%0.003) 3.4
69 2.81(+0.04)E-13 2.46 1.65(30.004) 2.43
79 2.14(+0,04)E-13 1.88 1,23(£0.002) 1.81

Table 3, The comparison of calculated dose and measured dose taken in solid water equivalent phantom environment inserted

steel plate (Mean + SD) and relative dose

Distance (nm) Calculated dose (cGy) Relative dose (%) Measured dose (cGy) Relative dose %)
9 11,15(%0,20)E-12 100 63.7(0.035) 100
15 5.08(%0,12)E-12 45.56 29.67(£0,108) 46,58
19 3.26(+0.05)E-12 29.24 18.8(+0.036) 29.51
25 2.04(+0.05)E-12 18.3 11.89(x£0.020) 18.67
29 1.50(£0.04)E-12 13.45 8.77(%0.005) 13,77
39 8.74(£0,15)E-13 7.84 4,96(+0.01) 7.79
49 5.45(£0.00)E-13 4.89 3.16(£0.006) 4,96
59 3.79(£0.07)E-13 3.4 2.19(£0.005) 3.44
69 2.70(+0.03)E-13 2.42 1.58(%0,000) 2.48
79 2.00(+0.04)E-13 1.79 1.17(0,002) 1.84
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Table 4, Results of (a) dose deposited in organs and (b) statistical error and (c) organ dose relative to dose in right lung derived

from the simulation of computational human phantom

Organ (a) Absorbed dose (Gy) (b) Statistical error (%) © Orgai: i;;te l;i:tl\(/;)to dose
Right lung 5717.330E-10 0.16 100

Left lung 224.818E-10 0.27 3.93

Thymus 639.506E-10 0.51 11.19

Heart 574.190E-10 0.19 10.04

Spine 722.553E-10 0.12 12.64

Stomach 54.551E-10 0.33 0.95
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