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Abstract

This project analyze issues related to existing exposures, including
two main topics: cosmic radiation induced flight doses received by
aircrews and naturally occurring radioactive materials (NORM). For the
cosmic radiation induced flight doses, we establish flight dose
measurement techniques and evaluate aircrew doses using developed
assessment software. We also provide dose assessments for representative
routes departured from Taiwan, disseminate information to publiscs, and
propose relevant radiation dose management recommendations.
Regarding the application of NORM, based on the laboratory's past
experience in radon gas measurement and dose assessment, we expand the
evaluation model for products containing naturally occurring radioactive
materials. We also establish in-vitro dose measurement techniques for
NORM in building materials, disseminate relevant information to publiscs,
and assist the Nuclear Safety Commission in conducting post-market
surveillance of NORM-containing products to ensure the radiation safety

of the public using these products.

Keywords: flight dose, naturally occurring radioactive material(NORM),
personnel dose assessment.
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2000
1000

0
2025/6/11 00:00  2025/6/12 00:00  2025/6/13 00:00  2025/6/14 00:00  2025/6/15 00:00

Date/Time

B33 ~0.5L/min # § % # #-5"

Bg/m?3
8000

7000
6000
5000
4000
3000
2000
1000

0
2025/6/14 00:00  2025/6/15 00:00  2025/6/16 00:00  2025/6/17 00:00  2025/6/18 00:00

Date/time

B 34~ 0.5LL/min # § % ¥ 5"



Bg/m3
25000

20000

15000

10000
5000

0
2025/5/12 00:00 2025/5/13 00:00 2025/5/14 00:00 2025/5/15 00:00 2025/5/16 00:00

Date/time

B 35~ 0.03 L/min # § % # 3"

Bg/m3
9000
8000
7000
6000
5000
4000
3000
2000
1000

0
2025/5/15 00:00 2025/5/16 00:00 2025/5/17 00:00 2025/5/18 00:00 2025/5/19 00:00 2025/5/20 00:00

Date/time

B 36 ~ 0.03 L/min ¥ # % % #;"
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2.1.1Abdullahi & % 18 k& T2 #H W 3
2z 2 f1& F I = & (Gombe State University)=7 Abdullahi & 4
[16]i¢ * B & ¥ ¥ % (High Purity Germanium detector > HPGe) <
e B PAEAS T RRIE  FTE SN HE kG TR F AT
BEPES KT LA ERE KR & F LEFHRE oL m
FARE AR CFFE > 1% HPGe:2 7 £ B Jpt B L 5
cF1Ra-226~Th-232 fr K-40 F R k& - HF L I FRER Y

MG AR S (D)R E R ER G AR (E) 0 24T

el

D(nGy h™") = 0.08Ck + 1.1Cq, + 0.92Cy,

E(pSvy™) =D(nGy h™") x CE(Sv Gy™') x OF x #(h)
H ¥ Cp~ Crp ~ Crg™ 4l 5 Ra-226 ~ Th-232 fv K-40 c& Bk R
(Bq/kg) > #fie RP 112 B3R 2 [17]:02 8 % k2t 8 I e & -
&g g oA £ (D) ¥ ¥ 8- # i3 # UNSCEAR 47 2 Annex
B [18] 3 3% F]+ (conversion factor » CF) 0.7 (Sv/Gy) » 2 2 Z p

¢ * ¥]3 (occupancy factor » OF) 0.8 » #5fie te 3 ) ehpF P t k3t
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2.1.2Jang ¥ X i Nz H e §

¥ B =+ i #7 3 #7(Korea Atomic Energy Research Institute) :
Jang % A [19]#% * HPGe B Bl2H ¥ chx MK bt fa > #7e
MCNPX 42 % [20]#5 2 ICRP %% 4 BEAE[21] 256 & 4 9 j42
AR R E o PERRET BRI X
41* HPGe £ #] Ra-226 ~ K-40 #& Bk & (Bgkg) » ¥ # * ¢ R
& % 3+ % ¥ ¥ 2 (inductively couples plasma-mass
spectrometry » ICP-MS) & i#| Th-232 =% &k & (Bg/kg) - &% »
1 = /’%a‘%féfi—év’?Markkanen SRRCAIR2] KT s R 5 42
ExS S RX2.8 o' o BEERRAES R 2.35 g/lem3 920 cm B
MEBERETanTE S o & Az At A CT §ijad Tﬁm
ICRP § |42 % 4 4 EAE[21]> 4B 37 #77 » F]* MCNPX[20]
5 RARS O kS B S A 0 =% ) Ra-226 ~ Th-232
o K-40 9 42 4~ M B8 05 »o® £ 5 (Sv/h per Bg/kg) » 4%
8 B8 £ 27 £ pl2. Ra-226 ~ Th-232 4r K-40 9% A ik & (Bg/kg)
T I E A AR (mSv/Y) ) A2 ki 2 E R E

95E 803 1.46 mSvly il o
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Room model

® 2.8m
00
L
i
4dm

5m

B 37 ~ ICRP %%  BAE % > 5 B H3 p [21]

% 8~ & fE e ICRP 7/~ i 5 2@ £ 5 [21]

Radionuclide Male (Sv h™! per Bq kg™ Y Female (Sv h™! per Bq kg™ 1)
20Ra 4.99E—10 521E—10
B2Th 7.09E—10 7.26E—10
K 4.89E—11 4.94E—11

2.1.3 Gehrcke & A $4g R @ 3

1t B B3 =R g &4 [ £ & (Federal Office for Radiation Protection »
Bfs):7 Gehrcke % 4 [21]#% * HPGe € R B 7 &2 44cm ~ ok
BT E R PRSP o R R iR R R 2 [22]8 (5
Ao M RE € L EAT 3mm < -] 5 105°C B R g
24 o) pE > BN BATE BY 35 21 X i F] Ra-226 2 Rn-222
T e B 58 RP112 BL3R 2 [17]0 i b 3 p 532 7
BAREITRT A= }]?%éﬂ’—l’g' 2 %% 5 <031 1.0mSvly #F-

19k~ foF 47 0 % > 00 RP L2 B4R 2 [17]602 32 5 5 e

FRATHR Y T W A RE MR M RIS 2 AR
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TEFIRER B 2 R B E 2 R FE AT

G0 ABRIRE 22 457 R 2 BB AT

(1) 2 W gl & ZBF R & 353 3 3l

(2) f1* HPGe # # Bt 7 R # N £ 24k 51 Ra-226~ Th-
232 v K-40 i# R kR -

(3) FI* PP fEE RRE Y B E (R 9)h

Sy A R (D) > 4eT 5

-—\\

e
=
Py
=)

D(nGy h™") = 0.08Cg + 1.1Cq, + 0.92C,

H ¥ Cp~ Cpp ~ Cra” S 5 Ra-226 ~ Th-232 4r K-40 i & ik
B (Bq/kg) > 0.08 ~ 1.1 ~0.92 Z 35 e Gyt UER 5 By
S SRR S E RN

(4) fUr s e E 5 - foh P EWH G B E(E) 0 40T S
E(pSvy™') =D(nGy h™") x CF(Sv Gy™") x OF x (h)

#+¢ CF % 0.7 (Sv/Gy) » OF 5 0.8 >t 5 7000 (hly) » & ¥ -

#hE > & RPI12 %324 ANNEXII ¢ ¥ K3k ' OF %3k >
e AR A R B ER R EFRPFOTE -

# 9~RP 112 3R 4 # & F370 S84 [17]

Dimensions of the model room 4mxS5mx28m
Thickness and density of the structures 20 cm, 2350 ke m™ (conerete)
Annual exposure time 7000 hours
Dose conversion 0.7 Sv Gy
Background 50 nGy h'!

Specific dose rate, nGy h'' per Bq kg
Structures in a building causing the 26pa PThH e
irradiation
Floor, ceiling and walls (all structures) 0.92 1.1 0.080
Floor and walls (wooden ceiling) 0.67 0.78 0.057
Floor only (wooden house with concrete 0.24 0.28 0.020
floor)
Superficial material: tile or stone on all 0.12 0.14 0.0096
walls (thickness 3 cm, density 2600 kg m™)
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FRICEP P TEL FHPHE PR HEHEAFO - - 2
<2 fFEBE FE ) RAEO ST A F (R FFHE)
B sERERANT  EIERKER I BF T R E -
RE o b FHIAE

AR AR 4 RE M F 0 WRIR T AR 38 T 0

\\\Xr

’1‘7'

SR A 10> 2 RBP4 BHRE R&EEL S 7 ?:]#%i =
R E 1% AT-1121 £ #5584 BHR T R RET ERAE

1

Fo BRI S E AT IR EFN 0 2 kﬁ?ﬂﬁ%ﬁ
FieiTie- BT AR A 02uSv/h o H ¢ BB HE S
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£ 10114 & 7 4o sk i % i H

i S (E/E/3) |EFHE S 0cnM £ & (K 2/ &)

WP e H FHAR (cm/cm/cm) FFR | TR FRE
e A 253x163x2 0.083 0. 000 0.085 ~2F
Ll 314x203x2 0.107 0.022 0.085 =
T kR h 249x171x2 0. 060 0.000 0.085 N
(%ﬁ/iE'JﬂEl B 2 ki 293x143x2 0.083 0.000 0. 085 LN
1144107 Tath 310x133x2 0. 051 0.000 0.085 N
9379 ) £83 294x159x2 0.085 0.000 0.085 A
IS 326x200x2 0.160 0.075 0.085 WA
L EL R 271x160x2 0. 058 0.000 0.085 ~ 2T
why 2R 251x190x2 0. 060 0.000 0.085 WA
kg2 T 333x189x2 0.085 0.000 0.09 P EE
kEirs 297x191x2 0.219 0.129 0.09 P EE
FOh AraF 320x182x2 0.102 0.012 0.09 EE
BRI 327x197x2 0. 081 0.000 0.09 A
Blue River 303x195x2 0.081 0.000 0.09 =
I 293x191x2 0.113 0.023 0.09 =
2. ¥%8B e 327x198x2 0.086 0.000 0.09 EEF
(iplp & ok 301x167x2 0.079 0.000 0.09 ~2F
114#10° Y 293x187x2 0.054 0.000 0.09 ~2F
23P) £i 289x186x2 0. 069 0.000 0.09 A7
BE LI 292x146x2 0.071 0.000 0.09 N
G e R ] 181x158x2 0. 064 0.000 0.09 <27
=R A 242x131x2 0. 067 0.000 0.09 < 2T
TR 292x161x2 0. 066 0.000 0.09 < 2T
N 199x153x2 0. 065 0.000 0.09 R F
BT A 233x192x2 0. 067 0.000 0.09 < 2T
6 3T IR 275x190x2 0.142 0.022 0.12 A
P 8 275x179x2 0.142 0.022 0.12 A
3 % Td 5+ 341x200x2 0.197 0.077 0.12 A
(:Fﬁ/:;ﬁ'lﬂﬂ EF bk 248x168x2 0.094 0.000 0.12 A 2T
114410 T iEA 265x126x2 0.101 0.000 0.12 A27
931 ) LR 275x186x2 0.093 0.000 0.12 ~ 2z
8T 235x170x2 0. 087 0.000 0.12 ~ 27
W2 290x142x2 0.088 0.000 0.12 ~ 27
XFR P2 313x193x2 0. 091 0.000 0.12 A
BT 185x297x2 0.112 0.000 0.116 A
4% ] EESET 293x201x2 0.110 0.000 0.116 =
(%é/i?'lﬂﬂ " Lo g pho 293x195x2 0.112 0.000 0.116 =
1142107 + £%e 316x196x2 0.112 0.000 0.116 A
931 ) ER: AN 300x180x2 0.119 0.003 0.116 A
iR T 165x316x2 0.121 0.005 0.116 A
2k A 275x152x2 0.122 0.006 0.116 W
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