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Distribution of ?’Rn Concentration in Seoul Subway Stations

Jae-Sik Jeon! - Dok-Chan Kim*

Seoul Metropolitan Research Institute of Public Health and Environment
*Department of Chemical Engineering, University of Seoul

ABSTRACT : Indoor radon(mRn) concentrations of subway stations in Seoul area were measured to survey the environmental indoor radon
levels and to identify sources of radon. The radon concentration of indoor air by method of long-term measuring with o-track detector were
surveyed at 232 subway stations from 1998 to 2004. And the radon concentration in ground-water was measured with a method of alpha
particle counting, To trace main source of radon, 8 out of 232 stations were selected and their radon concentrations in tunnel and on plat-
form were analyzed. Total geometric mean and arithmetic mean of radon concentrations in all stations from 1998 to 2004 were 1.40+1.94
pCIL, 1.65+1.07 respectively. Geometric means of radon concentrations on platform and concourse were 1.54+1.96 pCi/L, 1.23+1.88 pCi/L
respectively, with higher concentration at the platform than at the concourse. The geological structure was significantly correlated to the indoor
radon concentration in subway stations region. Radon concentrations of adjacent tunnel and ground-water of subway station was significantly
correlated to the indoor radon concentration in subway stations. And There was a significant difference in radon concentration, depending
on the depth levels in platform of subway stations(p <0.05).

Key Words : Radon(® 22Rn), Subway Stations, Radon Map, Geological Structure, Ttunnel

29 : B ATE 42X A AU 2] F FELTS 2A] 1 BARE 24 - gAsy) Asd SAsYTh 199897
B 20044717 23] AE PO E FARENE ASTe AN BY) 3 PNGES FAHACH AT FEBEE @
AR et} ZFAATh BHES F LS FAS] A3 ©) AAE WPk 24 QA 57 AREL o
@ 37 B AESEE ZABYTE AAGA] BE BESE 2NE% SABFE D YSFFE 27 1405194 pOiL, 16551075
o, 5275 AELY NHREE 27 1545196 pOiL, 1234188 pOLE S2ANY BEFE/L ELe SERT o £A Uet
o QTR A HERTE DU JBYS vgom HINRs ArFe BESEE 94 5439 BESEA 2 9
FE oA AUk BE ALY 5330 AL e Lo] A=o e} BESEY oS HHTHp<0.05).

FHO - e, AEGAL FEAR, AZT R, B

1.ME ol% & ¥ 5607y o]Fo] o]g3dte 37% olFe F£F
’ 2HES vehia glon, Asgikre 20063 A F
APt Al AFRES 2 24417 Z 80~90% 0] 20170 A2 F2F AR AEITo2A QAh A

Ly

e AUelN BT 9w, BRI uA g o B/ AT A7 gEdl Sadsg. Asasd 28

3 AzEo Aystz Ay E¥E] 9= BEOA e RAEZ L AR, BE, AW, ALY HERL
EZo 9 Zad BEAZ obd £ Aok Fz Agzgr Fol glem, o9 dRES AgFHeR YHA L, e
A9 oduY 27t B BY|RE oz 82 9 2 AR oz BATE olFE IFS YEEFAA &
& ANF7Iegel AN AREF B Bao) Wy FY AFH I

EoAI Ytk 2 & AFRAANE NERE $UL O E EQ7LS, AFAA, A47ts 2 Aske S F= 8
At A4z 304 BAYoE QUBIA BV gYgel S FEE AdAd ¥ EAse Aduriselr
d=gel goh A8Ade eFSE AdAe lo4d AF  SV1RT A AL WY /A2 TRo, PRn, P'Rng)
39 BALaTt EAEE B 42 U, TTh, Uz
AFste AdRAs SANER b, *'Pb, Pb Az

* Corresponding author A a4 237 F29% 59 TRex BARY 3
E-mail: jeon1807@seoul.go.kr L 2is Ydv. 214 214 o o o WAL
Tel: 02-570-3369 Fax: 02-570-3364 Bd=e TPo, T'Bi, T'Pb, T"Pogt 2 PRI BYAME

J. of KSEE / Vol. 28, No. 6. June, 2006



- PFOEREH BEE oA g3 HLe AT
Aol olo] F HAZ HILE VATt g2 dUAER
AR A" T A g AF AHFEL 19909
FWAAE 2gH Adel 9 APZE] 1, 295 AA B
o1} 199419 16.7%RA% HAGol 7 AJgEo] 19993 o] F
REE 1912 AAsk 20043005 20.6%2 vhebgtom® o]
£ 39 AWFZH FAE FolE e gles Rolth

ZHES S8 o= QIS o)stRA(CO)St A A
U3BolMe d7led= B7HE 98 32 A tracer)2A],”
e AZHE 59 AZ2ERE F83 AH0 ¢
o} vk Q1A mA = 44T Pl we} v=E 1988
dol A2t E=3 2 (Indoor radon Abatement Act)S A A st
o AP 9lon, Y AAFER 1980 FHHEE
HEPAsS FE4 SuA AugtEolNe siAE
7b 2 AZRG g a7t 893 APHR 9o, =
e B FAAG dig A FEsE A7e 2ok
AR AFA?g s AFHow o]2fA:
Aotk 53] AFGA gEol tig BF 3479 FAAA
9 B/ 4 AZe 93 A7V B9 253 Aotk F
Z ARY ARINABYE VNN Al BES B
#AH7IES 48 AL 5 2Y AYY wi¢ FAh 22X
2 & & ok

E A7 AgA99 1987] AFHAA EAE 2
Ao g 19983 EE 2004371 AN BFEEE BX
g}l ojd] JFL wAE 9 EHL FrlsEtk
& 523 LeE FEREE YR gle EF dAE
Wges gEe] F 28 49e F4, 24 9 45
55 AZYE A s

"l‘_: Al
AT =2

2. AP

21, SEAT| Y oY

A AHF7 A AV HESEE 19989 R E
20043747 Wi 5~99 Alolg] o 3AQY EoF AL ow
ABRE AFHstE EAHTE AN Gabs 1549
9 A}, 25 ML 3770 QAL 354 297 A}, 454
2170 AL 5L 507 QAL 654 L 387 dAL 7S
3770 GAL, mAgo 2 8549 AL 117] HAlelH, 1,
719 ZF AR F 2329418 T RS JESEE &
STk AEARH AFL F A qFAFH, $47F 2 35
Ao d5E2E FEHAT AA FFAEL T 2,8394
Hoz A=Y AsYr HESE FEAE S Table |
3 2t

HZNA L5xd HEEIE VI e 9] F 8
AR FH3517 Yot 2006d 19 18YHE 29 22974
oF 1713 Ak BEuE 2 PR A HESE
£ ANEE ZAEIAT 4 QatelA g 3%, R
552 dIds 52717 B¢ AEEEY FPE A
st dAEdE s BEdE: QAR FFEGEA

—_

oo ox
o flo o o H

=)

A9

=
A

\./—‘

NeAd AHade) PHESE BE 54 589

Table 1. Numbers of each sampling sites for long-term radon
analysis during 1998 ~2004

Annual
Line Number 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
of statio
1 9 6 11 26 25 24 25 23
2 37 12 28 91 90 87 88 87
3 29 12 25 65 65 63 65 66
4 21 6 16 49 49 48 49 49
5 50 22 46 | 108 | 108 | 106 | 106 | 106
6 38 - - - 90 86 90 87
7 37 4 14 84 85 85 84 85
8 11 6 12 35 35 35 35 35
Sum 232 68 | 152 | 458 | 547 | 534 | 542 | 538
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Fig. 1. Photograph of a-track detector setting.

Fig. 2. Microphotograph of 200(left) and 800(right) magnifica- ks T*Eltﬂzﬂ"] 8793 Y. 5E2Y FS 5547 3
tions by microscope. FAE AZse E2 M4 B5ERAAM BINES

Table 2. Geometric mean values of radon concentration in Seoul subway stations during 1998 ~2004

Line Radon concentration(pCi/L) Mefm
1998 1999 2000 2001 2002 2003 2004 of line
1 0.96+1.39 0.85+2.02 1.53+1.67 1.09+1.98 1.10£1.90 1.47+1.48 1.69+1.46 1.28+1.78
2 0.87+1.69 1.13+1.94 1.33£2.08 1.63+1.68 1.07+1.84 1.75%1.54 1.74+1.63 1.44+1.83
3 1.09+1.77 1.13£2.35 1.58+1.95 1.36+1.92 1.31£2.07 1.67£1.58 1.55+1.78 1.44+1.91
4 1.28+1.74 1.48+2.42 1.252.01 1.65+1.85 1.5742.08 1.72+1.73 1.66+1.85 1.55+1.94
5 1.08+1.64 1.20+2.19 1.61£1.99 1.66+2.06 1.301.99 1.58+1.74 1.59+1.90 1.49+1.96
6 - - - 1.55+1.95 1.04+2.08 1.60+1.66 1.491.91 1.40+1.94
7 1.44+1.74 1.08+2.01 1.83£2.08 1.42+1.89 1.03£2.18 1.53+1.76 1.3742.18 1.37£2.03
8 0.68+1.77 1.231.96 0.89+1.84 1.15+1.98 0.81+1.77 1.10+1.82 0.99+1.95 0.98+1.89
Annual mean  1.02+1.70 1.16£2.14 1.43£2.02 1.49+1.93 1.16£2.03 1.58£1.69 1.55+1.89 1.40£1.94

Table 3. Summary of mean radon concentrations in Seoul subway stations during 1998 ~2004

Annual Radon concentration(pCi/L)
Type of mean 1998 1999 2000 2001 2002 2003 2004
AM 1.1740.61 1.48+1.07 1.75£1.15 1.83£1.25 1.38+1.04 1.78£0.92 1.69+1.00
GM 1.02+1.70 1.16+2.14 1.43+£2.02 1.49+1.93 1.16+2.03 1.58i1.6.9 1.55+1.89

AM ; Arithmetic mean GM ; Geometric mean
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Table 4. Subway stations measured above 4 pCi/L, radon
concentration at platform during 1998 ~2004

Line Station Mean Max. Min. (abzijﬂ;c(,‘yi 1)
Dongdaemun Staudium 319 4.61 1.76 2
Ahyeon 2.51 426 1.64 1

2 Euljiro 4(sa)-ga 233 4.02 1.16 1
Ewha Womans Univ. 216 428 1.25 1
Jamsil 328 429 2.56 1
Gyeogbokgung 331 402 185 1
Anguk 312 4.02 237 1

3 Jongno 3(sam)-ga 323 478 2.08 1
Chungmuro 451 476 3.85 4
Seoul Nat'l Univ of Education 2.65 4.50 1.58 1
Namtaeryeong 513 753 389 4

. Samgakji 278 462 1.76 i
Hoehyeon 254 405 1.67 1
Chungmuro 334 452 186 3
Gwanghwamun 4.68 8.50 3.16 3
Gunja 3.01 4.14 1.26 1
Dongdaemun Staudium 464 742 333 2

5 Seodaemun 483 827 3.28 2
Euljiro 4(sa)-ga 455 533 392 4
Jongno 3(sam)-ga 533 925 3.89 3
Cheoggu 326 4.14 1.86 2
Chungjeongno 3.18 442 2.1 2

6 Korea Univ. 452 512 410 4
Yeokchon 337 446 2.59 [
Gongneung 370 4.60 2.53 2
Nowon 420 6.65 1.89 3

7 Madeul 3.52 458 2.02 1
Junggye 335 592 1.69 1
Hagye 351 417 2.00 2

Table 5. Subway stations measured above 4 pCi/L, radon con-
centration at concourse during 1998 ~2004
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Fig. 3. Histogram of "2Rn concentration in Seoul subway sta-
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4 Namtaeryeong 349 456 285 1
Jongno 3(sam)-ga 296 456 171 1 Table 6. Distributions of indoor radon concentrations(pCi/L)

5 Gwanghwamun 3.67 750 155 1 according to each sites of subway stations
Seodaemun 254 400 137 1 Site Arithmetic Mean Geometric Mean  Range N

6  Yeokchon 325 499  1.60 1 Plaiform 1.83+1.18 1.54+1.96 ND~9.25 1,324
Nowon 433 591 288 2 Concourse 1.43+£0.90 1.23+1.88 ND~8.17 1,325

7 Madeul 2.73 419 115 1 Transform 1.93 £ 1.08 1.62+1.88 022~645 278
Junggye 3.14 448 227 I N; Numbers of each sampling sites category

ot 3 arelX] 287 62, 2000 6
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Table 7. Comparisons of radon concentration between granite
and non-granite rocks

Type of rock N AM SD GM GSD Max Min
Granite 843 206 122 176 185 925 ND
Non-Granite 1864 151 096 130 191 7.53 ND

N; Number of sample, AM; Arithmetic mean, GM; Geometric mean,
SD; Standard deviation, GSD; Geometric standard deviation
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Fig. 5. Distribution map(platform) of *’Rn concentration in Seoul subway stations.
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Table 8. Comparisons of radon concentration
basement levels

according to

Basement level N AM SD GM GSD Max Min
1 908 134 083 116 188 502 ND
2 1148 156 095 134 189 817 ND
3 541 190 114 164 187 753 ND
4 194 239 135 201 194 850 ND
5 88 250 165 198 214 925 043

N; Number of sampling, AM; Arithmetic mean, GM; Geometric mean,
SD; Standard deviation, GSD; Geometric standard deviation
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Table 9. Summary of indoor radon concentrations at the tun-
nel of subway stations for about one month(2006.

1. 18~2. 22)
Radon concentration(pCi/L)
Line 3 4 7 4
Chungmuro Chungmuro Nowon Mia
Tunnel 1 ! 1 1
Dongguk Univ Dongdaemun Staudium Junggye Miasamgeori
Mean  2.14+1.01 2.83£1.01 7.73£1.30 1.88£0.63

Table 10. Summary of indoor radon concentrations at platform of subway stations for about one month(2006. 1. 18~2. 22)

Radon concentration(pCi/L)

Line 2 3 3 4 4 4 4 5 7 7
Dong Dong . Dong
. M
Station daemun D%ng,gUk Chungmu Churngmu daemun Mia sam laori daemun Nowon Junggye
Staudium - 0 ° Staudium g Staudium
Mean 0.90+0.64 1.36£0.68  2.30£0.95  2.14+0.28 1.68+0.74 0.99+0.20 1.36£0.61 2.92+0.64 5.52+1.35  4.80+1.84
UivtetE 5oty X] 267 63, 2006 6
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Table 11. Comparisons of radon concentration according to
ground-water volume

Ground-water N AM SD GM GSD Max Min

Over 1000 ms/day 193 2.06 103 183 1.81 435 ND
Below 1000 m*day 267 146 093 136 187 438 ND

N; Number of sample, AM; Arithmetic mean, GM; Geometric mean,
SD; Standard deviation, GSD; Geometric standard deviation

Table 12. Radon concentrations of ground-water at subway
stations measured high level radon in 2004

Volume of Radon
Line Station ground-water concentration(pCi/L) of
(m’/day) ground-water platform
3 Chungmuro 55.3 1,388 438
4 Namtaeryeong 752.9 718 435
Cheonggu 550.1 - 4.14
Dong daemun Staudivm 1,764.2 1,590 4.05
5 Euljiro 4(sa)-ga 2,325.6 1,352 4.16
Gwanghwamun 626.4 1,899 4.16
Jongno 3(sam)-ga 1,745.3 1,195 4.15
6 Korea Univ. 6,079.7 1,185 4.10
Nowon 5,758.6 850 417
7 Hagye 1,054.1 - 4.11
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