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Dose Evaluation Using Mathematical Simulation of Radiation Exposure
Body in Mammography System
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Abstract

Mammography is mostly performed by series projection on both breasts. While taking mammography, it is
less than average glandular dose of 3 mGy which regulated. But mammography is exposed much more doses
actually, due to additional or series projection. Also, it is difficult to recognize around organ dose except
exposed breast. Using mathematical simulation of radiation exposure body in mammography, we studied around
organ dose distribution by changing thickness(25, 30, 50 ym) of filter and relative absorption dose rate which
set on basis of exposed breast. as a result, when setting of basis of exposed breast, dose of opposite breast
is more affected approximately from 79.26 to 86.31%. when using 25 um of filter thickness than 30 pm, 50
um of filter thickness in Mo/Mo, W/Rh combination which used actually, absorbed dose rates for opposite
breast and around organ were low.
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Fig. 2. Geometry for MCNP simulation.
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Table 1. Average energy and photon flux according to the

target/ filter combinations

Mo/Mo combinations Avera(gll\;e)nergy H}o)t; /nsgcl)ux
Mo filter 25 um 1.65 6.06E-09
Mo filter 30 um 1.66 5.646-09
Mo filter 50 um 1.70 42309

Mo/Rh combinations Avera(g‘i\;a)nergy H}c)t}:) /nsgcl)ux
Rh filter 25 um 1.75 4.266-09
Rh filter 30 um 1.76 3.70-09
Rh filter 50 um 1.80 2.09-09

Rh/Rh combinations Avera(glza\;e)nergy Ph(o)t; /r;(:cl)ux
Rh filter 25 um 1.83 2.586-09
Rh filter 30 um 1.85 2.346-09
Rh filter 50 um 1.91 1.626-09
W/Rh combinations Avera(gll\;e)nergy Ph(ojt; /ns;cl)ux
Rnh filter 25 um 1.75 2.7%-10
Rh filter 30 um 1.78 2.50E-10
Rh filter 50 um 1.83 1.80E-10

E s J A 50 m Mo fiter
0.00E+00 T - “‘”J I——a —p———
025 5 73 10125 15 175 20 225 25 275 20
Energy(keV)

Fig. 3. The X-ray spectra of Mo target with Mo filter.
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Table 2. The organ dose by changing filter thickness : exposure to left breast (unit = mGy)
No/Mo No/Rh Rh/Rh W/Rh
Organ
2 pum [ 30 um | 50 um | 25 um | 30 um | S0 pm | 25 pm [ 30 pym | 50 pm | 25 pym | 30 um | 50 um
RT Breast 1.3900 | 1.3900 | 1.4500 | 1.5500 | 1.5400 | 1.5700 | 1.6200 | 1.6000 | 1.6500 | 1.5500 | 1.5600 | 1.6100
LT Breast 1.7000 1.7400 1.8300 1.9000 1.9100 1.9600 1.9800 1.9700 | 2.0900 1.9000 1.9200 1.9700
RT Lung 0.0017 | 0.0027 | 0.0034 | 0.0064 | 0.0093 | 0.0090 0.0087 0.0011 0.0016 0.0070 | 0.0011 0.0099
LT Lung 0.0115 | 0.0128 | 0.0124 | 0.0179 | 0.0187 | 0.0215 0.0262 0.0268 | 0.0364 | 0.0173 | 0.0217 | 0.0283
Thyroid 0.0544 | 0.07% | 0.0782 | 0.12%0 | 0.1320 | 0.1280 | 0.1410 | 0.1640 | 0.1510 | 0.1340 | 0.1460 | 0.1310
Heart 0.00688 | 0.0074 | 0.0107 | 0.0103 | 0.0159 | 0.0127 | 0.0165 | 0.0171 | 0.0205 | 0.0117 | 0.0136 | 0.0180
Table 3. The organ dose by changing filter thickness : exposure to right breast (unit : mGy)
No/Mo No/Rh Bh/Rh W/Rh
Organ
25 pum [ 30 um | 50 um | 25 um | 30 um | S0 pm | 25 pm [ 30 pym | 50 pm [ 25 pym | 30 um | 50 um
RT Breast 1.7200 | 1.7400 | 1.7900 | 1.8300 | 1.8300 | 1.9100 | 1.9900 | 1.9800 | 2.0100 | 1.8300 | 1.8600 | 2.0000
LT Breast 1.4100 1.4200 1.4900 1.5300 1.5400 1.5500 1.6000 1.6100 1.6300 1.5300 1.5600 1.5900
RT Lung 0.008 | 0.0122 | 0.0115 | 0.0200 | 0.0229 | 0.0201 | 0.0208 | 0.0244 | 0.0367 | 0.0197 | 0.0206 | 0.0233
LT Lung 0.0022 | 0.0038 | 0.0028 | 0.00%6 | 0.0075 | 0.0087 | 0.0083 | 0.0127 | 0.0127 | 0.0072 | 0.0092 | 0.0091
Thyroid 0.0692 | 0.0643 | 0.0106 | 0.0868 | 0.0930 | 0.0919 | 0.1340 | 0.1290 | 0.2380 | 0.0086 | 0.1020 | 0.1270
Hear t 0.0113 | 0.0084 | 0.0117 | 0.0111 | 0.0126 | 0.0159 | 0.0151 | 0.0182 | 0.0223 | 0.0102 | 0.0164 | 0.0159
Table 4. The result of relative absorbed dose rate base on left breast
No/Mo No/Rh Bh/Rh W/Rh
Organ
25 um [ 30 um [ S0 um | 25 pum | 30 um | SO um | 5 um | 30 um | 50 pm | 25 um | 30 um | 50 um
RT Breast 81.5% | 79.75% | 79.26% | 81.47% | 80.61% | 80.3% | 81.94% | 81.32% | 78.81% | 81.3% | 81.31% | 82.16%
RT Lung 0.30% 0.47% 0.56% 1.00% 1.45% 1.36% 1.31% 1.66% 2.38% 1.0% 1.72% 1.50%
LT Lung 1.73% 1.88% 1.73% 2.40% 2.50% 2.81% 3.3% 3.48% 4.46% 2.3% 2.90% 3.6%
Thyroid 0.42% 0.60% 0.56% 0.90% 0.91% 0.86% 0.94% 1.10% 0.96% 0.93% 1.01% 0.88%
Hear t 1.16% 1.23% 1.70% 1.57% 2.41% 1.87% 2.41% 2.51% 2.84% 1.77% 2.06% 2.65%
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Table 5. The result of relative absorbed dose rate base on right breast

No/Mo Mo/Rh Rh/Rh W/Rh
Organ
25 um 30 um 50 um 25 um 30 um 50 um 25 um 30 um 50 pm 25 um 30 um 50 um
LT Breast 82.11% | 81.12% | 83.25% | 83.8% | 84.05% | 81.16% | 80.38% | 81.22% | 81.2% | 86.31% | 83.68% | 79.3%
RT Lung 1.50% 2.08% 1.91% 3.25% 3.72% 3.12% 3.12% 3.67% 5.43% 3.21% 3.2% 3.45%
LT Lung 0.34% 0.57% 0.40% 0.7% 1.06% 1.17% 1.08% 1.65% 1.62% 1.01% 1.27% 1.16%
Thyroid 0.53% 0.4% 0.78% 0.63% 0.67% 0.63% 0.8% 0.86% 1.56% 0.63% 0.72% 0.84%
Hear t 1.90% 1.40% 1.8% 1.75% 1.9% 2.41% 2.1% 2.67% 3.21% 1.62% 2.54% 2.2%
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