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Analysis of Scattering Rays and Shielding Efficiency through Lead Shielding for
0511 MeV Gamma Rays Based on Skin Dose
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Abstract Radiation causes radiation hazards in the human body. In Korea, a case of radiation necrosis occurred in 2014,
In this study, the scatter and shielding efficiency according to lead shielding were classified into epidermis and dermis for
0.511 MeV used in nuclear medicine. In this study, experiments were conducted using the slab phantom that represents
calibration and the dose of human trunk, Experimental results showed that the shielding rate of 0.25 mmPb was 180% in
the epidermis and 96% in the dermis, Shielding at 0.5mmPb showed shielding rates of 158%in the epidermis and 82% in
the dermis, As a result of measuring the absorbed dose by subdividing the thickness of the dermis into 0.5 mm intervals,
when the shielding was carried out at 0,25 mmPb, the dose appeared to be about 120% at 0.5 mm of the dermis sur-
face, and the dose was decreased at the subsequent depth. Shielding at 0.5 mmPb, the dose appeared to be about 101%
at the surface 0.5 mm, and the dose was measured to decrease at the subsequent depth. This result suggests that when
lead aprons are actually used, the scattering rays would be sufficiently removed due to the spaces generated by the
clothes and air, Therefore, the scattered ray generated from lead will not reach the human body, The ICRU defines the
epidermis (0.07), in which the radiation-induced damage of the skin occurs, as the dose equivalent, If the radiation dose
of the dermis is considered in addition, it will be helpful for the evaluation of the prognosis for radiation hazard of the
skin,
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BhabAo] QlAof| AN W HAMIAEIE GutelA] Hu],  WHOEe ARE AR, A9 Al 7EA] W] jlom, Ak
MAEA7]|7(World Health Organization; WHO)o| A= A EA2E go| YAMARIE 7} of-$- 9<=sict, o723k
HRbAS wrelE A e Hest Qiri1], WA o] g3t w  oldw Hol BHRE ATl 8 YA E S ARSIt
o= ALARA(As Low As Reasonably Achievable) $1%]9]] SHAIRE, 0.511 MeVe] Loy #] gubile ®&E3h= PET/CT
wha} 2| A0 HWIAPK SRS ARSI Hj9] 0]9)S ARE 3 (Positron Emission Tomography/Computed Tomography)
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Table 1, Components of the experimental
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Hy|7IE22 Bo|rAle] AZ0] Monte Carlo N-P
Transport Code(MCNPX, Los Alamos National Laboratory,
ver.2.5.0, USA)E ARE3}Y, Fig, 13} ZHo] 0,511 MeV9)
ZulAl 17§E ICRU Slab Wy o] ZAM|F T MCNPX+= Al
FE5AS flste] TRt Tally card& Algskal 3lod, &
Aol 9] W B4 LA (Mev/e)E SHoHs
Tally 62 0|83} Ouﬂ B Ao thelo] GyE 3 kTN
of vlal ZAsk3A 54 ‘:‘H“ ICRUOIIA AAE 7HQIA
Fewrol ohd AA| sulef v, T2|al ME o] AR
oz FHEste] AES st olu) Akl B
?J8f 0.25 mme} 0.50 mm«] g2 Ao, 3715
& Yob7] 1 em @92 W} HAL
W, Ade AR, o FA e F¢
=A, & Tl wE 3] FAE(0.50 mm)
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Geometry Material Element weight (%) Density (g/cm?®)
ICRU PMMA H(10.1), C(11.1) 1o
Slab (ICRU) N(2.6), O(76.2) '
Table 2, Thickness of the epidermis and dermis at ages 20-60 years
Males
Site Epidermis (mm) Dermis (mm)
Thorax (anterior) 0.062 2.0
Table 3, Composition of soft tissues for children and adults
Elemental composition (% by mass) Density (g/cm?)
Organ/tissue H C N O Na P S cl K Lo
Skin 10.0 20.4 4.2 64.5 0.2 0.1 0.2 0.3 0.1
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Table 4, Absorbing dose by site according to lead thickness
Gy Epidermis Dermis Slab

without Pb 7.04E-15 8.42E-15 2.25E-15

0.25 mmPb 1.29E-14 8.06E-15 2.11E-15

0.50 mmPb 1,12E-14 6.88E-15 1,96E-15

Table 5, Percentage of absorbed dose per site according to lead thickness

% Epidermis Dermis Slab
0.25 mmPb 183 96 94
0.50 mmPb 158 82 87

Table 6, Absorbed dose by skin thickness(0.50 mm) according to lead thickness

Dermis
& 050 mm 1.00 mm 150 mm 2.00 mm
without Pb 8.39E-15 8.80E-15 8.38E-15 8.11E-15
0.25 mmPb 1,00E-14 8.03E-15 7.24E-15 7.00E-15
0.50 mmPb 8.45E-15 6.83E-15 6.22E-15 6.07E-15

Table 7, Percentage of absorbed dose by dermis thickness(0.50 mm) depending on lead thickness

% Dermis
050 mm 1.00 mm 150 mm 2.00 mm
0.25 mmPb 120 91 86 86
0.50 mmPb 101 78 74 75
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Table 8, Removal Rate of Scattering Lines by Air Layer Thickness

ar gap Epidermis (%) Dermis (4)
0.05 mm 0.10 mm 0,15 mm 020 mm
1 cm 149 100 77 71 72
2 cm 126 87 65 60 61
0.25 mmPb
3 cm 110 78 56 51 52
4 cm 9 70 49 44 45
1 cm 130 87 68 64 65
0.50 mmPb 2 cm 112 77 59 55 56
3 cm 98 09 51 48 49
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