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ABSTRACT

The radon concentrations were measured to survey distribution of radon concentrations in Seoul subway stations. The
radon concentrations in air and water were measured at seventeen subway stations(Mapo, Chungjongno, Sodaemun,
Kwanghwamun, Chongno3ga, Ulchiro4ga, Tangdaemun, Sangildong on Line 5;Nowon, Chunggye, Hagye, Kongnung,
Taenung, Mokkol, Chunghwa, Sangbong, Myomok on Line 7) using the RAdtrak™ radon gas detector, Pylon AB-5
continuous passive radon detector and liquid scintillation counting method from January to May 1999. The major results
obtained from this study were as follows: The long-term mean concentrations of radon were 61.8 Bg/m® in office, 78.9
Bg/m’ in platform, 38.2 Bg/m? in concourse and 20.1 Bg/m® in outdoor, respectively. These levels were less than the
action level (148 Bg/m®) of the U.S. EPA. The highest level of short-term mean concentrations was 116.55 Bg/m® at
Chongno3ga station on the 5th line subway stations, while the lowest mean concentration was 19.55 Bg/m® at Mokkol
station on the 7th line subway stations. The highest concentration of radon in the road water and storing underground
water in the subway stations was 234.7 KBq/m® and 155.5 KBg/m® in Sodaemun subway station, respectively. The
results suggest that radon concentration in subway stations seems to be affected by ventilation and radon concentratin
in underground water in the subway stations.
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Fig. 1. Sampiing locations at the 5th and the 7th line subway in Seoul.
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Table 1. Characteristics of Pylon AB-5 continuous passive
radon detector

Ttem Characteristics
Sensitivity 150 cpm/pCi/L
Detection limit 1.0 pCi/L
Scintillation matter ZnS(Ag)
Volume 272 ml
Diameter 5.5cm
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Table 2. Radon concentrations by a long-term measurement at the sampling site in subway stations

Concentration, Bg/m’

Line 5

Line 7
Station Ist 2nd Mean Station Ist 2nd Mean
Office 25.9 44.4 35.2 Office 99.9 88.8 94.4
. Platform 48.1 37.0 42,6 Platform 103.6 146.2 124.9
Map'o Concourse 185 370 278 NOVOU  oncourse 370 759 564
Outdoor 18.5 18.5 18.5 Outdoor 18.5 22.2 20.4
Office 40.7 37.0 389 Office 77.7 124.0 100.8
. Platform 62.9 48.1 55.5 Platform 1184 162.8 140.6
Chungjongno - ourse 185 206 241 CMNEEYE oo 22 685 453
Outdoor 18.5 18.5 18.5 ‘ Outdoor 18.5 222 204
Office 85.1 1447 99.9 Office 74.0 70.3 722
Platform 88.8 88.8 88.8 Platform 74.0 103.6 88.8
Sodaemun Concourse 185 407 296 T Concourse 185 500 342
Outdoor 21.46 29.6 25.5 Outdoor 18.5 18.5 18.5
Office 66.6 66.6 66.6 Office 51.8 66.6 59.2
Platform N.A. 92.5 46.3 Platform 129.5 192.4 161.0
Kwanghwamun Concourse 29.6 55.5 42.6 Kongnung Concourse 555 814 68.5
Outdoor 18.5 N.A. 9.3 Outdoor 18.5 18.5 18.5
Office 114.7 118.4 116.6 Office 444 33.3 38.9
Platform 103.6 170.2 136.9 Platform 333 27.8 30.5
Chongno3ga Concourse 92.5 111.0 101.8 Taenung Concourse 18.5 204 194
Outdoor 259 24.1 25.0 Outdoor 18.5 N.A. 9.3
Office 44.4 88.8 66.6 Office 18.5 18.5 18.5
) Platform 88.8 151.7 120.3 Platform 18.5 333 259
Ulchirodga Concourse 185 555 370 MoKkl course 18.5 18.5 18.5
Outdoor 18.5 25.9 222 Outdoor 18.5 18.5 18.5
Tangdaemun Office 77.7 59.2 68.5 Office 259 85.1 555
stadium Platform 777 118.4 98.1 Platform 48.1 51.8 50.0
Concourse 222 333 27.8 Chunghwa Concourse 18.5 51.8 35.2
Outdoor 222 N.A. 1.1 Outdoor 18.5 18.5 18.5
Office 18.5 259 222 Office 333 44.4 38.9
. Platform 18.5 18.5 18.5 Platform 259 37.0 31.5
Sangildong Concourse 18.5 18.5 185 SWELONE o uree 185 592 389
Outdoor 18.5 18.5 18.5 Outdoor N.A. 18.5 9.3
Office 333 51.8 42.6
Platform 259 59.2 42.6
Myomok Concourse 18.5 20.6 24.1
Outdoor 18.5 N.A. 9.3

N.A. : Not Availabled
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Table 3. Results of one way analysis of variances test between radon concentrations and sampling sites

Sampling site Number of sample Mean (Bg/m’) Standard deviation Duncan method” p value
Platform 33 78.9 8.55 a
Concourse 34 38.2 4.25 b
p<0.01
Office 34 61.8 5.66 c
Outdoor 29 20.1 0.55 d

*Mean concentration for sampling sites in homogeneous subsets are displayed

Korean Journal of Environmental Health, Vol. 30(5)



474 ol - A -

=3 - A

Table 4. Radon concentrations by a short-term measurement at platform in the Sth line subway stations

Radon Concentration, Bg/m*

Time

Mapo Chungjongro  Sodaemun Kwanghwamun Chongno3ga Ulchirodga Tongdaemun Sangildong
23:00 35.89 4329 41.07 77.70 119.51 71.04 87.69 69.93
00:00 34.04 44.40 48.84 104.34 99.53 67.34 59.94 61.42
01:00 21.46 37.37 74.37 119.14 101.01 61.42 58.83 56.24
02:00 15.54 39.59 54.39 88.43 95.46 76.96 66.23 69.19
03:00 4.44 29.60 44.77 107.67 106.56 92.50 54.02 96.94
04:00 8.88 11.84 54.39 91.76 84.73 92.87 58.46 99.53
05:00 14.43 8.51 43.29 103.61 103.23 92.13 94.72 95.09
06:00 36.63 14.43 4921 111.37 103.97 100.64 82.88 106.56
07:00 21.46 3.70 64.01 113.22 88.43 82.88 89.91 91.02
08:00 21.46 9.62 74.37 118.77 113.22 81.77 66.97 62.16
09:00 24.79 19.98 7178 104.71 141.34 68.08 62.53 67.37
10:00 20.72 333 63.27 93.98 118.03 74.37 66.23 71.04
11:00 26.64 46.62 65.12 84.73 106.93 76.59 66.97 62.16
12:00 25.90 49.21 6031 101.38 113.96 65.12 84.36 27.38
13:00 2442 48.10 66.60 107.30 131.72 67.71 88.43 79.18
14:00 25.53 36.26 68.82 105.08 130.98 71.70 79.92 72.52
15:00 32.56 34.41 63.64 104.71 157.62 79.92 103.23 107.3
16:00 39.22 28.12 75.11 89.91 170.57 7548 99.16 87.69
17:00 36.63 32.19 76.96 99.16 165.76 67.34 108.78 93.24
18:00 46.99 29.97 88.06 116.18 130.98 66.97 85.47 107.67
19:00 48.47 37.00 80.29 84.73 106.56 59.94 65.49 106.19
20:00 32.56 39.22 62.90 91.02 103.60 58.46 54.76 92.50
21:00 25.90 39.66 69.93 85.10 89.91 43.66 59.20 62.53
Mean 26.76 30.61 64.57 102.42 116.55 74.08 75.30 80.68
S.D. 11.00 13.53 12.52 13.47 23.93 13.07 16.69 20.72
S.D. : Standard deviation
N e HEFE 119.14 Bym’, 170.57 Bg/m*E 9392 167, 184, 20719 6.29 Bg/m’d) 7 W
Boon, FRvte g gEFre] dY Wil Fof HEFEE YeRloH, 329 7141 Bym’= 7S =
A = 7R AU SX247192 24 64 < HEFEE HERT F31E 449} 5A]9) 1554
o] 100.64 Bgm'2 7P =& FEFEE JEled Bg/m’Z 7HY @2 SEFEE VERISH, 1349 7t
2179 43.66 Bg/m'Z 714 e BETEE YERR 4 =o BEEEe 5291 Bym'E UrE}kHE} B399
3, FUHELE 349 1740 ZHzb 54.02 Bg/nd, 739- 2719} 3A]ef] 12,58 Bg/m'Z e EFEFLEE

fEERe 7MY B2 g
el AdEe 1249 27.38 Bg’E 7}
Zyz}

108.78 Bg/m*2] 713 whe

=2
CR===0

T e dEEsE Jehllon, 6X9 18Ade
106.56 Bg/m’, 107 67 Bg/m'®) & BErEs et
Wk 784e] A HESL 04l 962 Bym'® 7t
ke E%Ei £ velion 3479 43.29 Bg/m*Z
7P 52 BEEEE e 4892 oMt 124]
of 74 W& BEEES 629 Bg/m'E: LERRCH, 5
Aol 58.83 Bym’® M ¥ glEEwE Uehldd

el em, 6749 62.16 Ba/m’S] 71¢ g——g BGEEES
Uehdth, 3292 1679 31.08 Bgm'e 7H whe
g Eg velien, A9 77.70 Bgm’ 71 &
< HAEFEES Uitk sAIGE 2048 14490
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Table 5. Radon concentrations by a short-term measurement at platform in the 7th line sub stations
Radon Concentration, Bg/m’
Time Myomok Sangbong Mokkol Chunghwa Taerung Kongnung Hagye chunggye
16:00 15.54 15.54 31.08
17:00 21.83 21.83 65.12
18:00 34.04 21.83 24.79 40.70 105.45 123.95
19:00 12.58 24.79 21.46 68.45 87.32 133.20
20:00 21.83 12.21 21.83 58.83 49.58 96.20
21:00 15.54 18.50 24.79 18.87 68.08 58.83 80.66
22:00 18.50 12.58 9.25 31.08 24.79 65.12 43.66 99.16
23:00 31.08 18.50 18.50 15.54 34.41 74.37 68.45 108.78
00:00 9.62 6.29 12.58 34.04 21.83 71.70 77.33 111.74
01:00 18.50 18.50 12.58 27.75 24.79 71.41 62.16 96.20
02:00 18.50 34.41 28.12 34.04 12.58 71.41 61.79 105.45
03:00 43.29 18.50 71.41 28.12 12.58 62.16 83.99 71.41
04:00 21.83 21.83 21.83 15.54 40.33 71.41 133.57 71.41
05:00 12.58 58.83 46.62 15.54 58.83 62.16 102.49 102.49
06:00 24.79 40.33 24.79 37.37 62.16 58.83 99.53 5291
07:00 12.58 18.87 31.08 37.37 46.62 55.87 65.12 80.66
08:00 18.50 31.08 12.58 34.04 34.41 65.12 5291 55.87
09:00 21.46 15.54 21.83 18.50 15.54 43.29 58.83 62.16
10:00 24.79 27.12 12.58 40.33 37.37 55.87 71.41 102.49
11:00 18.87 18.50 18.87 31.08 31.08 58.83 55.87 83.99
12:00 12.58 6.29 18.50 28.12 28.12 68.45 62.16 71.41
13:00 24.79 18.50 19.24 5291 24719 62.16 71.41 111.74
14:00 21.83 18.87 12.58 21.83 15.54 5291 49.58 111.74
15:00 15.54 9.62 37.37 21.83 55.87 5291 102.49
16:00 6.29 117.28
17:00 9.62
18:00 6.29
19:00 18.50
20:00 6.29
Mean 20.67 21.75 19.55 29.76 28.00 61.05 71.56 93.63
S.D. 7.73 11.60 14.68 9.75 1328 10.99 2236 22.04

S.D. : Standard deviation

Table 62 A|6t3 74749 o] &A7HE ExF 238 %
ZA1(00:00~07:00), LAZZA7H07:00~09:00), HIZE|
SA17H09:00~17:00), LFE A1 ZH17:00~21:00) 22
T Ao 7H21:00-23:00)0 2 FEE A4 dale &
Qo] we} thd 7pHAoY BI-FAI} A 7L
LABZAIZE, LFEIZAIE 2 oAzt el vlal A
Hoz A4 veludtt ols HIEFA} 23YHA|A]
o] #r|Fo] f-5207e ol ¥ Fzke] o] Hlv
& o2 AlZHgel] BlE) 7hAske RS aHE w 3]
Arrt Arhl F71F ez S 34 432
T 202 gAY &, 3R] 7 9ahiel
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Table 6. Mean concentration of radon by time zones at platform in the 5th and the 7th line stations

Radon Concentration, Bq/m’

Station

Midnight”  Office-going hour” Midday?® Closing hour® Night”
Mapo 19.94 22.57 28.86 38.48 35.89
Chungjongno 26.64 11.10 38.84 36.63 43.29
Sodaemun 54.76 69.93 70.67 63.64 48.84
Sth Kwanghwamun 107.67 112.11 98.42 94.35 77.70
Line Chongno3ga 99.16 114.33 136.90 107.67 119.51
Ulchiro4ga 83.25 77.70 72.89 57.35 71.04
Tongdaemun 67.71 73.26 86.95 66.23 87.69
Sangildong 83.62 73.63 72.15 92.13 69.93
Chunggye 87.32 66.23 100.27 108.41 103.97
Hagye 88.80 58.83 60.68 75.11 55.87
Kongnung 67.71 54.76 56.24 58.09 69.93
7th Taerung 33.30 32.19 2442 21.83 29.60
Line Mokkol 31.08 21.83 10.73 10.36 14.06
Chunghwa 27.38 29.97 35.15 24.79 23.31
Sangbong 28.49 21.83 17.76 19.24 15.54
Myomok 21.46 17.76 19.98 21.09 24.79
Mean 57.97 53.63 58.16 55.96 55.69
Standard deviation 31.01 32.68 35.83 32.87 31.81
1) : 00:00-06:00, 2) : 07:00-09:00, 3) 09:00-17:00, 4) 17:00-21:00, 5 )21:00-23:00
A At BETE ZAPAME ThE A H AT FEE 7FEAA AR fdEE B F
3 2 FES B ZeE Hol, 2y AE ¥ A st AREFFY BeEveE SAS
AsrEel ghe el e Aqdd vs ot ¥ th 34 At F ABEFAM VY &2 SEddE

2yl 0 ehesest 7 Ued Ao nalt

+Z 2lEsT &4 do

177H Z3 9G] mnh Apz 2 AL 102
b 2% 209 5 PEFEE ol Table 7 2
Table 83 2t} 443 AEFH kA3l 5
BETTt Arzst A5 dETEEL AN
o2 FA veigth R EEHYF)NIAY BREE T
FEE MUE(234.7 kBg/m®), =2(191.5 kBg/m®), 3t
Al(1709 kBg/m®), 5-2(1683kBgym»)e ¢o8 &
dEHAECE li%‘ioﬂ% P e gEdHFETE

HQ YAl » Ecﬂ(83kBq/m3)_E ZAtE R A4

Z2@AF)Y 75 BEFFTEE MUF55.5kBy
m?), 3H4(136.2 kBg/m®), SR 247K127.9 kBg/m®), &
5(105.0 kBg/m®), F237H77.5 kBg/m*)9] £O02 H2
HFEFAEFTES KoM, FHE AT kBgmplA W
HBEHFSEE B JAM =kl 2hE
HFsEe A BEE HolT 9SS ¢ 5 U

o AEFE ARSI &3 o B ATE S8l

T2 H2 dikE 991043 kBym)e2 A
on, HEHO2kBym)IM 71 W BERAEE
i‘,’\i‘:}

o] AF A7 =NkAISHUFINY BEHFES
7} 7% A JERen], @)l 9 A
sl e A ER T s EE AT AYsY BEdETEE
o Bis] viA el 2eln AlEErEe] e
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el wRkR SRl SEE T s eIt A
FEHFFERT B olfeE =W 2RE 544 A
kel vhEo] AgZe] ARHAJUE T AN
B3 2 opr|git 58 58 stErot BAad Ao

2 oAAZI.
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Table 7. Concentrations of radon at the underground water in Table 8. Concentrations of radon at the underground water in
the Sth line subway stations the 7th line subway stations
Station Radon Concentration, KBg/m® . Radon Concentration, KBq/m?
Road water  Storing water Station Road water Storing  Reclaimed
1st 8.6 69.9 water water
Map'o 2nd 7.9 6.3 1st 1773 130.8 104.3
Mean 8.3 38.1 Nowon 2nd 178.0 9.0
Ist 16 i3 Mean 1915 699 1043
Chungjongno 2nd 16.9 5.0 st 782 584 594
Mean 10.8 46 Chunggye 2nd 427 20.8
1st 282 4 118.4 Mean 60.5 39.6 59.4
Sodaemun 2nd 187.0 191.8 Ist 198.9 128.6 77
Mean 2347 155.5 Hagye 2nd 143.0 1439
1st 144.5 76.4 Mean 170.9 136.2 7.7
Kwanghwamun  2nd 143.6 104.6 Ist 220.9 134.1 92.1
Mean 144.0 70.5 Kongnung 2nd 115.6 75.9
1st 91.2 105.7 Mean 168.3 105.0 92.1
Chongno3-ga 2nd 1221.0 493 Ist 747 41.1 36.9
Mean 106.6 775 Taerung 2nd 59.7 39.2
1st 102.0 121.8 Mean 67.2 40.2 36.9
Ulchirod-ga 2nd 1273 1339 Lst 87.6 96.5 9.2
Mean 114.7 127.9 Mokkol 2nd 79.7 83.7 )
Tongdaemun Ist 761.6 46.2 Mean 837 90.6 92
Stadium nd 74.0 312 1st 113.8 44.2 379
Mean 79.0 44.7 Chunghwa 2nd 37.8 46.9
1st 26.9 235 Mean 75.8 45.6 379
Sang-il-dong 2nd 259 15.6 Ist 703 41.6 20.0
Mean 2.4 195 Sangbong 2nd 59.1 33.1
Mean 64.7 37.3 20.0
Ist 41.9 N.A.
3 doh ol & oM E AN AP Myomok 2nd 30.0 12.2
T7NF N AEEES VIRAEE, §5, T, Mean 36.0 12.2
71 kel 3RS sk Askr 79 Thedd N.A. : Not Available
SE HA W ¥7) Fol Sedassde] dEde
A8k
R T I e\ O R S U B S i s g ZALSIATE Table 92 5541¢) 27l HAle}; 7549]
zApel) 8l 5EAle) SRS R 9 72 Ul Satel 278 Wellx 278 2AM 713 E o
Aol SAGE s 7 Wl 49 71EE & Bl Zlolrt. AP 71 HEE & st glo] I

Table 9. Distribution of atmospheric phenomena factors at platform in the Sth line and the 7th line subway stations

MeanzStandard deviation

Temperature (°C) Humidity (%) Wind velocity (m/s) Air pressure (atm)
Kwanghwamun 13.6+1.7 38.1£2.3 1.01+0.60 1.010+0.001
Chongno3ga 144+1.5 42.1+4.5 0.87+0.53 1.010£0.002
Chunggye 20.5+0.1 50.2+0.7 0.37+0.06 1.010+0.001t
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Table 10. Correlation between radon concentration and various atmospheric factors

Concentration Temperature Humidity Wind velocity Air pressure

Concentration 1.000

Temperature 0.108 1.000

Humidity 0.103 0.660™ 1.000

Wind velocity 0.251™ —-0.037 -0.214 1.000

Air pressure -0.625" -0.403" -0.312" -0.314" 1.000
*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)
71V S FARIL e, 55 o HANY] 7 BAAS AHEE Table 113 2t} =Rk 2
AollMe] & - SRt 754 7] HAk SAFgelA EHFEES ATR AT GEdHd s 4o
o] 2 - FEIF O w2 AYE Hvh Table 102 e DALY 073608 =& FAAAIE Hol3 3l
714912 et etEsEete] ARAAE Ve ich O (p<0.05), AL-ET9] SEBHFrdd] g 4

FETES 7137k ABATE 02518 %) Abdad
AE el ot StEsEs e JeEE
-0.6252 &9 HABAE JeRRThE@ZE p<0.01). ©]°)
sl R= @ Fole] ARdAE BAIFCE feld
ztolg wolx dth A U] BErmet 2 - 55
7re] Aol Fd Ao)E Holx] g2 R
Al 2 Wdbia g o3 QAR & - FE7F YA
A RRIES dAL U] FEsRe &

e Aoz Azgcl E3 G g8l wie} @Al
F& 9 7)gke] WMES JAL Y BGES

= =
BFS FT ASL AT Uk &, Gl ¢

) ASFREAN BEEHE 2 Yol Tk A
o7 oA
T F9 BEFE 310kBg/m*2 i 7] S &
3 u}

EFEE 37Bym’ AR S/t A Ko

2 & Fo PEvEd F7) 9 SEsEste 84
& AFus) g8 Azl S3EHY e BEHEE
o} w7 2 A 37130 B EddEe]

A ABASTE 05132 o] ARAAE BT
(p<0.01). ©1& =¥+ AFFEFEBRYFEY =g
FErF Az B3 AEESe HedasEel 2
FEHFE TAL UL AL v HE3E A sk
435l Y= aEdgrre 27 9 HA) U &
7l 9] SEdarEste] JRUAE dHRT 4
AF7E 057302 4o AABAS BA O (p<0.05),
Qe ez 57499 ) 3 e
WEESe] AR EF JAATTE 0.6542 g
BAE YERATHp<001). ol el 5ol &
A7 Bde) @45 2 Bd Uil A= o
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Table 11. Correlation between radon concentrations in the underground water and airborne radon concentrations in the subway stations

Road water Storing water ~ Reclaimed water Platform Concourse
concentration concentration concentration concentration concentraion
Road water concentration 1.000
Storing water concentration 0.736™ 1.000
Reclaimed water concentration 0.513° 0.184 1.000
Platform concentration 0.573" 0.367 0.654” 1.000
Concourse concentraion 0.375 0.165 0412 0.743" 1.000

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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