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Fig. 1. Radiation dose assessment procedure for NORM added consumer
product based on ICRP 103 using monte carlo simulation.
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Table 1. The List of NORM added Consumer Product and Geometric-modeling Method.

Product Product size (m) Product weight (g) Hours of use (h) Geometric modeling
Gypsum board 0.7x0.9 3500 7811 Room
Anion wallpaper 0.1x0.1 31.4 7811 Room
Anion paint 0.2kg - m™ 1000 7811 Room
Bracelet 6.9 8760 Phantom *
Necklace 20.54 8760 Phantom *
Belt(wrist) 4.03 8760 Phantom *
Belt(ankle) 8.06 8760 Phantom *
Belt(knee) 23,25 8760 Phantom*
Moxa stone - 360 8760 Phantom*

* Product recommendation of use(amount + area™)
" ICRP 110 reference phantoms
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Fig. 2. A geometric room modeling(3 mx4 mx2.8 m) of gypsum board, anion wallpaper, anion paint.
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Fig. 3. Voxel phantom segmentation modeling.
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Fig. 4. Interactive segmentation for 3D-visualization on female_belt_knee.
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Fig. 5. Geometric-modeling of bracelet, necklace, belt, moxa stone to ICRP 110 reference phantoms.
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Table 2. Gamma-ray Energy and Emission of 2*U Series Calculated by

DECDATA.
Nuclide
Energy (keV) Emission (%)
Parent Daughter

143.76 10.96

2y 185.72 57.2

205.31 5.01

235.96 12.9

*"Th 256.23 7.0

329.85 2.94

2o 271.23 10.8

401.81 6.59

269,46 13.9

**Ra 323.87 3.99

Py 338.28 2,84
2tipp, 404.85 3.78

832,01 3.52

23Ry 50.09 33.9

293.5 35.2

776.9 1.2

s 10231 0.9

1104.5 2.2

1294.5 0.9

1399.2 1.2
21Bj 351.06 12.88
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Fig. 6. The result of annual effective dose to voxel phantom by NORM added product.

=
>
o
>

—A_E): 1=} y - ) o [e] H
2% A FA, AT - AT AR ML AeHE)
o Akt

Zt AETE FAAE AWERHE, dF )l 44
< TAREE 7PEEAL ThEAlEel T3 AAL
Aalxo] FEi= IAEA Safety Standard Series No,

RS-G-1.7¢ whel $ebE, EFS 1 Bq-g' ZEHFS 10
Bq-g' 2 7P n4stglon] B A, A
A7) &S 788k, MCNP Alatel]l ALg-H U 7
o, PTh A, “Kel tig FArlluxel WEELS
methods for evaluation of radiation from building ma-
terials &{15] Fa18kaL *°U AY FoleluR|e} WEE
(Table 2) 3 7} S5d HER~AE-S HEES 19
3o} ICRP 107 DECDATAE(16] &3] &3t}

MONP AATE elubole] TEARRIE g w
Al FEAFANS S8, FFAFEGy - sHE W
s Aol o slEQle welsel PARIEA
(radiation weighting factor, Wy) 124 S7HXZEE
Sv - sHE& Attt

G o] e Az digk SUMARE s ]
e WegEsel A9E S/ Avas. 4%
o S/ Aatdzte] ICRp dx 103 2ZH71EA
(Table 3, tissue weighting factor, Wp)& 283} 2=
Moz FANFES ANFL of7lo) FFAE AHEA
ol W2 A7t fEAHS ARk

3. 4% 4 =9

3.1 9% HUAY SLFAF] FEAF

B Aol 7hEAIEl $eE, EF 1 Bq - g, e}
% 10 Bq - g' i 7Hste] dAEE b oz <l
g A FEAFS Akt FF REAE THeA
FALRE, Sol BA, Sol IRIEE AW 3 m x
4m x 28 m 27|19 WeH Fgko] ZAEFA 20

em, BE 23g - cm?) 9ol FALo] TUASA BT
H PR 7Pgete] i AWARE 89nE A AREA
ke 7811 ARE AR&SF ICRP 110 7|FWE S ©]&3)
o] A FEAFS AlLrete] Fig. 622 YeRligit ¥
Foll datsf o] §akA] e T AlEe] WRuES 1L
SHAl k2 TSkl Ik fEAMEE, Mixcs
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0.07 mSve g 7t FEXFFLS 0.48 mSvolH tHE
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Table 3. Tissue Weighting Factors of ICRP 103.
Weighting

Tissues factors (W) Sum
Bone marrow(red), Colon, Lung,
Stomach, Breasts, Remainder 0.12 0.72
Gonads 0.08 0.08
Bladder, Oesophagus, Liver, Thyroid 0.04 0.16
Bone‘ su%'faces, Brain, Salivary 0.01 0.04
glands, Skin
Total 1.0

Remainder: adrenals, extrathoracic tissue, gall bladder, heart wall,
kidneys, lymph nodes, muscle, oral mucosa, pancreas, prostate,
small intestine, spleen, thymus, uterus/cervix
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Table 4. Comparison of Effective Dose per Year Contributed by Photon
and Electron from Moxa Stone.

Nuclide Photon (mSv - y™) Electron (mSv - y™)
8y 0.013548 0.000164
3y 0.003894 0.000068
#2Th 0.016278 0.000056
YK 0.0123 0.00016
Total 0.04602 0.000448
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Development of the Monte Carlo Simulation Radiation Dose Assessment
Procedure for NORM added Consumer Adhere-Non-Adhere Product based on
ICRP 103

Ho-Jung Go", Siwan Noh ", Jae-Ho Lee ", Yeon-Soo Yeom", and Jai-Ki Lee"
“Department of Radiation Protection and Radioactive Waste Safety, Korea Institute of Nuclear Safety
"Department of Nuclear Engineering, Hanyang University

Abstract - Radiation exposure to humans can be caused by the gamma rays emitted from natural radioactive elements(such
as uranium, thorium and potassium and any of their decay products) of Naturally Occurring Radioactive Materials(NORM) or
Technologically Enhanced Naturally Occurring Radioactive Materials(TENORM) added consumer products, In this study,
assume that activity of radioactive elements is **U, U, ®*Th 1 Bq - g, K 10 Bq - g' and the gamma rays emitted from
these natural radioactive elements radioactive equilibrium state. In this study, reflected End-User circumstances and evaluated
annual exposure dose for products based on ICRP reference voxel phantoms and ICRP Recommendation 103 using the Monte
Carlo Method. The consumer products classified according to the adhere to the skin(bracelet, necklace, belt-wrist, belt-ankle,
belt-knee, moxa stone) or not(gypsum board, anion wallpaper, anion paint), and Geometric Modeling was reflected in Republic
of Korea “Residential Living Trend-distributions and Design Guidelines For Common Types of Household.”, was designed the
Room model(3 mx4 mx2.8 m, a closed room, conservatively) and the ICRP reference phantom’s 3D segmentation and
modeling, The end-user’s usage time assume that “Development and Application of Korean Exposure Factors,” or
conservatively 24 hours; in case of unknown. In this study, the results of the effective dose were 0.00003 ~ 0.47636 mSv
per year and were confirmed the meaning of necessary for geometric modeling to ICRP reference phantoms through the

equivalent dose rate of belt products.

Keywords : NORM added consumer product, Voxel phantom, Exposure dose evaluation
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