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Dose and Effects of Indoor Radon in Taiwan

Abstract

Radon-222 (or simply “radon”) produced from the uranium-238
decay series in soil and rock in and seeps into buildings. When radon is
inhaled, some of its short-lived decay products are retained in the lungs
and irradiate cells in the respiratory tract.

This study is based on the data of residential radon concentration
investigation in Taiwan, executed by Radiation Detection Center (RMC)
of the Atomic Energy Council (now restructuring for Nuclear Safety
Commission, NSC) during 2015 to 2021. The average of indoor radon
activity concentration in Taiwan is 19.33 m*/ Bq. The dose conversion
factor is adapted the parameter in the ICRP Report No. 137 published in
2017, it was estimated that the annual effective dose of radon for
Taiwanese due to radon inhalation is 0.90 millisieverts (mSv).

The annual effective dose of radon for Taiwanese is lower than those
of the world (the global average annual effective dose of radon is 1.26
mSv on UNSCEAR Report 2008) and the United States (the average
annual effective dose of radon in United State is 2.28 mSv on NCRP
Report 160), which may be related to the fact that the content of thorium
and uranium series elements in Taiwan is not special, in addition, the

building of Taiwan emphasis on ventilation.
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F F 471900 & d 4g ® i & 7ag & (Friedrich Ernst Dorn)#t
#FW (2] » AR FH(radium)ip B T S RGC S 68
e B b ehy 1 A gl it § *ﬁfjﬁl{i FodHaR%

4&(radium decay chain)¥ 4z § f45 % F AP > 4Bl 1

uranium-radium decay series thorium decay series
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zsza zzgRa 575y 224'Ra
\1600y 3.66 dl
222an zzuRn
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21BPO 214 210, 2|EP 212P
199 5014 60.6 m
305m ; 164u52|0 138.38d 0.15s 212g; —
e . e 2‘°Pb4 Y app o iy

Bl 143 <% % 44(radium decay chain)
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1986 & » 2 Wk B i F (Environmental Protection Agency >
US. EPA)# 3% % % 800 » L2 FE P F 434 FROT
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¥ 03 § £3& 17 % AL B (EPA’s recommended action level) o
2009 & - & J fF2 5 (World Health Organization - WHO)
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(International Commission on Radiological Protection » ICRP) %
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KEY TO INGRESS ROUTES
1. Through cracks in solid floors

2. Through construction joints

3. Through cracks in walls below ground level
4. Through gaps in suspended floors
6. Through cracks in walls

6. Through gaps around service pipes
7. Through cavities in walls

B 2%PM 5§ %k

Bl & %k : https://www.icrp.org/publication.asp?id=ICRP%20Publication%20126
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PEFERERT T X RS - FRESE REF(US. EPA)Z 3
N F F b &1 (Assessment of Risks from Radon in Homes) [5]


https://www.icrp.org/publication.asp?id=ICRP%20Publication%20126

PoSTR RPN F § E 2k (78 2L & (recommended action level) %
pCi/L > T 5 & = = 2 ¢ 150 £ 5 (Bg/m’) s + % =4 e % (World
Health Organization - WHO) 2009 # % i 2. £ 0 ¥ F 4551 (WHO
handbook on indoor radon: a public health perspective) [6]) * - #%
RPN F 25 A M (reference level) i & = = 2= 100 F s
(Ba/m’) -
B cst 4 R ¢ (ICRP) & 2007 # % 2. % 103 51472

[7) ¢ > uEf @& 10 Fa 2 (MSv)iTs 4 AHE > d 32
HERENCZZPN T F 25 TARLIE =2 210 600 B s
(Bg/m®)~ 1 ¥z M §F F2 2FAELE =3 2 1500 B 5
(Bg/m®) - ICRP % 2010 &% 2. % 115 %44 [8)> 1 & § 4*
¥z 2387 %9k % (Lung Cancer Risk from Radon and
Progeny and Statement on Radon) » 3% £ ¢ £-4 % § & 7/ E 0
B%% > BT F bk d(risk coefficient) 2 o~ 2 & > F)p A
% # #P (Statement on Radon) [9) # > #-Az 3N 5 § 2 23
Homreg 2 &+
F A L&+ 22 1000 B s (Bg/m®)oICRP #2014 & #7%
2 % 126 5Ldfr 2 [10] 2 R E &% r f RE 2L BHP &
(Radiological Protection against Radon Exposure) - 3§ £ ¢ =% 5 p

PR AELEE D
+ = 2% 300 B 5 (Bg/m?’) -
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> 300 B v (Bg/m®) s 1 iEHTE N F 2
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100 b 3(Bg/m’) > BB # * 3t

i B2 R0 FFRER A 1o Rl e g
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21 FRBESSOT N T FIRE

B e # i LA B
. o ESer - e ) )
FEEREELE | a4 ? rei;nmeﬁji 4 pCi/L
(U.S. EPA) : (150 Bg/m®)
action level)
= ol _E'.]%‘« 5 A% 3
(WHO) 2009 (reference level) 100 Ba/m
W%%"‘ZTCFE E’%i Rg 2007 e .z : 600 Bg/m?®
T 3
% 103 5547 2 (reference level) | 1 i£3-#7 : 1500 Bg/m
W‘%%xzﬁg f)j‘ Ag 2010 T iz : 300 Bg/m?
e 3
% 115 554 2 (reference level) | 2 f£3-#7 : 1000 Bg/m
Rt L R ¢ Ty i ;
(ICRP) 2014 ceference level 100~300 Bg/m
% 126 5L4p 2 ( vel)
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R st 4 B € (ICRP) » 1993 # % 65 5LdF 2

" Protection Against Radon-222 at Home and at Work ; [11]) - #¢ £

FIp A e SE ORCAIRT R F 4 B E 0 A B3R R B2 2 1 (F8T7

SHE M BRI 2

# 2 ICRP % 65 %48 % 2 § § #1328

FFERER BAEG RS | FRER o
z‘»"‘-‘l‘] P g =3 ox (EEXP) @"I
(By/m?) R LREE | F]S
g (mSv) (hrly)
‘ 200 3
[ERes 7000
600 10 0.4
10 500 3 2000 '
e 1500 10
Bz g BTG 2INA - LAZTFERNFEHFEF 7000 /) pF/

& » T gFF)F (equilibrium factor) 3 0.4 # 5 » Aot § § ERER
2% 2% 200~600 B (Ba/m®)z Z R0 7 ehiE i S E 4R

&y

§203~10 6 A (MSV) o 1 FFHrf ARG LA 11 fE
&6 PR 2000 | P/ E 0 T §F%F) 4 (equilibrium factor) 3 0.4 4% & >
EOYE FOERERE 23 A= 500~1500 B o (Bg/m)z i s
MR E R SRR AR F 2T 3~10 F F 2 (mSv) o



R 2cstiz 24 B € (ICRP)* 2010 # =4 2 % 115 5L3p ¢
"Lung Cancer Risk from Radon and Progeny and Statement on

mmM’ﬁ%ﬂ@ﬁﬁﬁﬁﬂéﬁ%’ﬁﬂiﬁ&%ﬁ%mw

coefficient) » d 2.8x10” < 3 5x10*/1 = A& ¥ (WLM)> 9 5 &
21 o
Bcbfr L B € (ICRP)F 3t 2014 & 2 2 2 % 126 5L4%

2. "'Radiological Protection against Radon Exposure ;> & 1335 %
115542 ¢ " N2 F Fh'% > £G4 F #E o WLz %
PEFEREREZS ORB000 TR E 3R £ 8 ICRP
% 65 HLAF L Apfe (L2 Ed PR 2 & & 7000 /] p* ~ T {75 &
0.4) > ICRP % 126 8547 & & 912 5 4 B * & § »<# € (Ecxp) 40
310 £ & 2 (MSv) -

ICRP % 65 5.3 2 2 ICRP % 126 $5L3F £ 2_ %% & % b fidr
%30 1% GFR RGBSR A ;‘??’é)ii}é)i“iiﬁ A
300 B s (Bg/m®) o @ 4 & F ruH B (EEXP))I* ¢ i Ta s
(mSv) -

B e st 4 B ¢ (ICRP) 2017 & 22 2 % 137 5482
" Occupational Intakes of Radionuclides: Part 3 ;> 38 2 3 & §_4-%¢
IFARBRERER S/ HEEWHF)F ZRE > I3

F A ¥- 4 R & ICRP % 126 5:3r 2 "rﬁ-’;igm%‘ﬁ'—%—ﬁ;ﬁ ' s
AY P AIBOAZAPR NEEIIE KT g hFaSris 8 % 3
M- A Rl p R ERRT) T § S HEFROLGE ZRF
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4L % £ # # %]+ (nominal dose conversion coefficient)
6.7x10° (MSv/h)/(Bg/m®) > 4r% & Ak R 1 (T8 B3 (748 4
HE a1 T AR > BAEER TS ERS
(mSv/h)/(Bg/m®) -

d L EATTFREZEPA LA ERKAF S 2 300 B
2.7 BB A &5 2R £ (Eexp)tp 5 3T 14 £ 8 2 (MSv) o
LS E FERKERS 23 27 300 B o (Bg/mY)z g R
R iniE A E 3 2R T (Eexp)ip 5 T4 2 0 2 (MSV) o

% 3 ICRP # f # 8%/ 21 fiL

L B A AR
2 ¥ 5k k= ) % ;F/é}i,};)i ¥ F AT
7 K 2R A 2/ = e (Ba/m? (EEXP)
GRS £ & 4 (MmSv)
ICRP
% 65 5LaR £ o00 10
ICRP Bl
% 126 538 £ 300 10
ICRP 300 14
% 137 5L3F 2 | 1 traer 300 4




() tRLF FREFRE S
1 BMERRFHHREFEL R ¢ (UNSCEAR)

e R R+ EH R E L R ¢ (United Nations Scientific
Committee on the Effects of Atomic Radiation - UNSCEAR)*+ 2008
# D 4x 2. T Sources and Effects of lonizing Radiation : United
Nations Scientific Committee on the Effects of Atomic Radiation
2008 Report to the General Assembly (2 = fj 4% UNSCEAR 2008
w4), [12) ZEE o F 2 2 F Rt 2 B L &5 3¢
| & (Effective dose per individual per year in global population,
Egopal) 563440k 4> & 5 2555~ ¥ 2455~ F 7%~ - $E4
F4x Kh2 TEEE A\#gﬁbl}’]o 2HF B HEEMEL BT
EF2HE L EE 242 FF S > 2 HEM ok AGH T F %

r»E2Eaw BAR KIRDB A TIEE G 25H R (Egopa) THEEA

HiEE039FF 4.048FF 41260 4% 029%F 2
r i 7? Boxig s g AT ij-&”ﬁ B & (Eglobal)'?* £ 126 £a &
SEod 0 X4 AN525% 0 T hoi & hd g kR o

44 AL FiEHHE

18 5 AR B AT
- :& ﬁﬁ A E (quobal)
F % A _
(cosmic radiation) 0.39(0.3-1)
b 4odg 5
(terrestrial radiation) 0.48 (0.3-1)
SN
(inhalation exposure) 1.26 (0.2-10)
W
(ingestion exposure) 0.29 (0.2-1)
R 2.42 (1-10)
MCFOR % iR UNSCEAR 2008 4% £ (2008) Volumn 1,4 1 (P4) ;5 A4~ %32 o
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2. ¥ W

FREBATHORAEHHETFRRL LI RNEHPEERE
% R ¢ (National Council on Radiation Protection - NCRP) ** 2009
# % 4 2. % 160 5.3F 2 T lonizing Radiation Exposure of the
Population of the United States ;3% & (4 ™ # # NCRP % 160 5L3F

2)[13) # ¢ % - £ 23 M F B {E5anti o

NCRP % 160 83p 2 s # 2. 3 W4 Bl sy g 22 T
12 # 3 »H| £ (Effective dose per individual per year in United
State, Eys) =+ & 311 £ & (%it4r b)) T dhdg st ~ & £ i3
W d o HEIFABALE KR B A TIeE G s0H £ (Eys)
LuExE(033FF S ~021FF % 2285 42 029 % 5

=
St
hn

b

Ffrd e A T35E 5 saH £ (Eys)* & 2.28
EG A SEG s ARIRDTFHH LR O FHRTE
15 542 73.3% o

25 FRXAFFHHHE

Hiz:%a 2 (mSv)

o4 FRRA2ZTIES
= 228 £ (Eus)
* 9 15
: L 0.33
(cosmic radiation)
F 4 i o
: -~ 0.21
(terrestrial radiation)
o 2.28
(inhalation exposure)
Sl 0.29
(ingestion exposure)
B3t 3.11

S F# &R 0 NCRP % 160 848 2 (2009), % 1-1, (P.12) ; ##= § A32 -
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PASZHBZEA RS A X 2T 4 “7(Nuclear Safety
Research Association » NSRA)4# % p #TEH 4 hL /7P A K
RN R TR f’f;%i o & AR T4 ERB %x%fﬁ(m‘—&fsiﬂi DK
T) s B ATEB G H 2020 £ {72 AT 0 B 2022 & AR
TAREARIT L B R g. @#5&—@@&@@%(4&3
ERR) L [14) &P AF 2 2F PEATR A& 275
Bedy s P AT R et 22 B4 T oE 5 2uH £ (Effective dose
per individual per year in Japan, Ep) &3+ i =+ & 2.08 ® & % (%3t
ok 6) THEHM b AGFH L FR 2 FEAr BAR NRY
PAXRE A ToE G 5B BE(E) % 55# 030 3
%033 FF % 046 TG 22 099 FF A o pAF R
IR aRREAES

F i A B A T imE 4 2H £ (Ep)
5046 F 5 4 0 4k BRET AE B I5Sr2 21.9% -

%2 6 PAXARFRGHAE

o PARRZ TiaeE $
ié_‘k? ?‘»‘gt’é?lj‘_g‘_ (EJP)
F o B
: . 0.30
(cosmic radiation)
I
: - 0.33
(terrestrial radiation)
L3 WS 0.46
(inhalation exposure) '
Sl 0.99
(ingestion exposure)
B3t 2.08

T AL R R L DR PR RS L RAFTA (5
%

X
SERWE) L P66 AFT ® .
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(z) ERFFERREZ ERZ 2

i](indoor radon gas measurement)z_ ik B ¥ A4 &

ENFF R
7V (active) £z 4g 6> ;N (passive) B B R B o A d VBRI KRB F ¢h

e R T Ol RIT AT Se B licdy 0 AR T 4R ()
&

LERBI R EBERLT L AN ERREL F
R B KEFERF S

N3

ZnS(AQ) e 48 2 L
b TR LR P R ﬁ%/r}ip;’

BR T AERIEEFEY S TEER > FERYRE

(activated charcoal detector - 4] 3) ~ F# & i i Jp] % (alpha-track

S

detector » 4rB 4) 5 4 o
B R BB 3) 0 EAIF BHASIT F P E § oo

R 2~7 R fE o FEw R HRIHENELS T PSP R B

RIER g P SRS R E LR B § T

B 4) 21
Byt o ER P TIHEZPNT FERER o A% w87 BR2ZR
VEMAEERRL M AT F 2R R AR o

Bl 3 /= ek 1P| % (activated charcoal detector ; ACD)

Bl % % &  https://rdsjk.com/products/specialized-radiation-safety/charcoal-canister.html
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B 4 & guEt P (alpha-track detector ; ATD)

B & % & : https://radoncorp.com/testing-shop/radtrak?2

— A T AENP PRI RE R BT N2 THR S

Vi AT E T BT E BRI AR AR B S BRI R

%@E’%Q&*%@ﬁﬁﬁi“’ a4 BE R 7 FIPE R 4 T

#5178 (time-weighted average) > X 7 = /| PFafi #ic > 2 % PP T %
FoARE o A e R TR o

e

§WEWx%ﬁ’%$ﬁﬁﬁm$ % B B 73% 2% (ANSI)
FH2ZEREMNFFEHEER AP 223K T Protocols for
Conducting Measurements of Radon and Radon Decay Product
Measurements in Homes | 4 7 £ | & § PF2. iR B R4 B 7
[15-16) &R BH AT F M 90 = 4 10 b~ jEdE 47 50 o &
b S FEEEE30 S > TR B RE L0 4 5
WAITARFE - REF FHATKE B F B TR
%%eﬁ BAR BB IR S .S LR BRI ko

=3

&~

o FEPNZREARELY T O A R b kA2 5 FE gD
» B

J%@qﬁﬁm@nggwo

> R E
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T—
' 3 Feet (90cm)

~ B20 Inches
(50cm) T

3 Feet 90cm)

B 5§ F bk B &

Bl & % & : https://standards.aarst.org/MAH-2019/
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2106 E AR T AENEFT LB FOAZTT F ARG
BHEL TG ALV EZAT SR NE A¢ AR 108 3
110 £ 72 A A2 2P & F BplEdg ) T A P R4
* R E
AP oA E1043% 106 2" B RAETE FERG SR
BEHELTG A3 EE AP o/ FAZT FAE LRI
i# * "TRTM-1688-2 | i #> ;% 5 # ff #& % % [ Safety Siren Pro Series
BB N F R E S AP AR 108 1 110 & 72 R
WA

oy
N F F BRlEcdperie ¥ end TRTM-1688-2 ) 21 #5% F
BB EF ERE -

=

1
#% ® 2 T AIRTHINGS Corentium Plus |
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