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Abstract

Platform screen doors (PSD) installed at 289 stations in Seoul metropolitan subway from November 2005 to
December 2009, are expected to prevent death from afall and improve air quality. In this study, we systematically
surveyed changes in radon concentrations before and after PSD installation in Seoul metropolitan subway stations.
By solid-state nuclear track detectors(SSNTD), the radon concentrations before and after the PSD installation were
measured at 54 stations of 6 lines from 2 to 7 reported to have relatively high radon concentrations. Mean radon
concentrations at platforms were decreased by approximately 56% from 121.7 Bg/m® to 54.0 Bg/m®. Before PSD
installation, mean radon concentrations were in the decreasing order for subway lines 7, 5, 6, 3, 4 and 2. On the
other hand, after PSD installation the order was changed to 5, 6, 7, 3, 4 and 2. According to a radon map of Seoul
metropolitan subway, the number of platforms where radon concentration over was 74 Bg/m® decreased from 38 to
12 after PSD installation.

Key words: Subway, Platform screen doors (PSD), Radon concentration, Solid-state nuclear track detectors
(SSNTDs), Radon map
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Table 1. Dates of PSD installations and radon survey.

. . PSD Radon
Line Subway station installation  survey
Dongdaemun History & Culture Park ~ 2007.11 2007
Ahyeon 2009.11 2008
Euljiro 4 (sa)-ga 2009.12 2008
5 Ewha Womans Univ. 2006.06 2004
Jamsil 2007.12 2007
City Hall 2009.12 2008
Y eongdeungpo-gu Office 2006.05 2004
Y eoksam 2007.07 2004
Gyeonghokgung 2009.12 2008
Anguk 2009.12 2008
Jongno 3 (sam)-ga 2008.06 2006
3 Chungmuro 2009.12 2008
Seoul Nat'l Univ. of Education 2008.02 2007
Dongnimmun 2009.12 2008
Hongje 2009.12 2008
Namtaeryeong 2009.12 2008
Samgakji 2009.12 2008
Hoehyeon 2007.11 2006
4 Chungmuro 2009.12 2008
Miasamgeori 2008.12 2004
Myeong-dong 2007.08 2004
Dongdaemun Station 2006.04 2004
Dongdaemun History & CulturePark ~ 2008.06 2004
Gwanghwamun 2007.10 2007
Dongdaemun History & Culture Park ~ 2008.12 2008
Seodaemun 2008.12 2008
Euljiro 4 (sa)-ga 2008.12 2008
Jongno 3 (sam)-ga 2008.12 2008 . .
Cheonggu 2008.12 2008 Fig. 1. SSNTDs set at subway stations.
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Fig. 2. Setting for simultaneous analysis of long and short-
term measurements.
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Table 2. Comparison of radon concentrations according to long and short-term measurements.

. 22Rn (Bo/m’)
Measurement method Measurement period No. of samples -
Mean+SD Max. Min.
Long-term 8 (radon cup) 104.3+5.2 1117 97.3
Short-term 20111.26~2.28 33(day) 101.8+18.4 144.0 735

Table 3. A statistical summary of radon concentrations before and after PSD installation at subway stations.

. _— #*Rn (By/m’)
Site Sampling period
No. of samples Mean SD Range
Subway platform Before PSD installation (April ~ July, 2004~ 2008) 54 121.7 59.7 48.1~264.9
(Line2~Line7) After PSD installation (April ~July, 2010) 54 54.0 285 12.8~120.6
Subway concourse Before PSD installation (April ~ July, 2004~ 2008) 54 75.5 1.7 13.7~200.5
(Line2~Line7) After PSD installation (April ~July, 2010) 54 34.0 21.1 51~828
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Fig. 5. Correlation between radon concentrations of platform and concourse before and after PSD installation.

Table 4. Comparison of average radon concentrations before and after PSD installation at subway lines.

22Rn (Bg/m®)
Radon reduction rate (%)
Line Before PSD installation After PSD installation
Platform Concourse Mean Platform Concourse Mean Platform Concourse Mean
2 713 50.2 60.8 26.3 14.4 20.4 63 71 67
3 117.2 50.5 83.9 37.0 22.3 29.7 68 56 65
4 73.4 53.7 63.6 35.1 17.2 26.2 52 68 59
5 1489 97.4 1231 77.3 45.2 61.2 48 54 50
6 137.6 79.0 108.3 65.6 48.3 56.9 52 39 47
7 167.6 112.9 140.3 62.7 43.8 53.2 63 61 62
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a4 PSD A A3t Fo) 5470 AekA 573 eE
=x 23 25 HL3le] 23 2ER = (radon
map)E 13 7(PSD Ax] H)=} 13 8(PSD AX| %)
o wlmstel vtehygleh shEA =M ok 4 glsel,
PSD A% Fol= A Az fAFsHA | #adst 7]
ik oAb} sipsrdlel 912she Ak el
Aefo] 91Xg AAfelA Ao B w2
FREZEE BolX S Al 4 vk m=E HIR
g AR FITRIME A4 A9 eEsRd )
o A% A=re] BhEA=E sk 7Y Ak
o] 2= $JsiA #el= sk gloh(Sundd et al., 2004;
Gunderson and Schumann, 1996). u]=eof| A A A&
3t e HEAEE AW BE = A3 A

A5, =Re) Wby, 20 A F9HE 17
T AR 5 57 e Aestel Agsielnt
(Gunderson and Schumann, 1996). U5 |3} Ao A
e st ¥ @4S YAHY 4 9l zehy
ole) BelHel 270 wle} sl 2 ehEe) &
A B A o] gl ¥ bl TEEE
A PR s =eka @ 4 ik mets 2
FoA A4 - AN ShEAEE AsEN by
Qw7 2ol W7k R W BERY A
of AEshe gl 574 hESA HolElE olf
aho] zhgahele.

%) 7oA & 4 gl%o], PSD A Aol A
547) Ak % oF 31%¢l 177 HAke] S7dgelAl A

J. KOSAE Voal. 28, No. 1(2012)



Above 148 Bg/m®
74~ 148Bg/m®
Below 74Bg/m®
// Subway line

I Granitearea

=1 Non-granite area

OO0 e®

2712 F#e]7]F (Korean Ministry of Environment,
2004)<] 148Bg/m*g =3}g] o}, PSD A= & (29
el 7123 AA 9les BT 4 ok =
3 2hE wwsh 74Bgm® o 43e] oale PSD A
Aol 387 Akglont AR Felx 124 k= 7
23kgeh. A4 5470 Ak 5 207 Aabh b
b Aol 1218k glow, 73 IR AHES
AR Ao MRE] dAF] W e DAl
<148 <1k (Jeon and Kim, 2006). w}ebr 344 1%
% Zeo] 28U Al dislel PSD 44 F
Adx Y3 ) F 8 e el Yed 4
o= Azgch £¢ste] PSD Az A5t o
E ¥E $F0] 2/ Wolzivhy Ankunt a4
Tt getos AsAY lare] Yeolbel A
238 PE FrE F/M7E Jadte 2dE
o) Asta wgHel Ak Br)AzEe) o
W7k Yestehy Ak o)} g AR o
 5=e] 7]edde] PSDE ©AE e do|et
5 W AgA A diE Ad SEzAb 2 ¥
7he B3 B 3 weke] 23] o 7Fo

o r

4. 4 =

A7 PSD (47T ze]) A2 A - 72|
AR B = ME wa Boje] sl
5470 A}2 dake2 MAeT, 2004 5E 20104

F=d)7)373 st A 284 Al 15

A W A% oz 24T P B ARE
2 EASGE B Q78 Bl Thew 2 AEE

de 5 Ak

1) PSD A= A - %] 57 AT 2BE v=E
747} 121.7Bg/m®, 54.0Bg/mi o2 AX] o) <k 56%
7= 9let. PSD Aol whe} o o] Afel|A] 2}
E ¥57) ZraEgor, 98 A #3E vE9
3712 B3k PSD AX| A - 3 £7pe) gl
gE v=zhe] AAS A3 A, PSD Ax A
r=0.662, p< 0.0001, A% 3 r=0.837, p<0.00012]
ARDAE B4

2) 349 HF #FE v BAAT, PSD A2 A
= 734 >53A4>634>3340>4354>2354
Foz TaMA 7MY e B FET Bgon,
Az Fo| 534 >634>734>3540>4354
>234 o2 53N B vepgoh A
A 57 B vEE MEHER(2~45
el MEEAHE (5~73A)lM PSD A o
Z+7}y 62%, 53%2] 7FA&S Hgth

3) PSD Ax| Aelli= 5470 Asta o F 177] JA}
o) £7H4 BE v=71 #E7]|E 148Bym*E 23}
g ot A2 Folle 7|EET JAb) e A ¢
obet w3t B =7} 74Bg/m® o] AFql HAR= PSD
A2 Aol 387] Ak ot AA] Foll= 127] At
2 Akt

PSD A= & AspE Y =E s A3 Aol v
d s AAEAE Bs el 4 Qe o

N



2T A F ALA3HAY e o] Wi

£ =l iz AFHl Akl A8 A A

[s)
o Agsta £EA

it
ki
.|

o

A5 A](2007) A3k = AL 2he v= EE,
A-&A] B =218 (2007. 10. 5).

AAA, A, g, wedwh, f7<lAd, 2345 (2009) PSD
7b AEY wAEA 9 e s wAE o
&, 32733 A At a=EA.

Doi, M. and S. Kobayashi (1996) Surveys of concentration of
radon isotopes indoor and outdoor air in Japan,
Environment International, 22(1), S649-S655.

Durrani, SA. and R. 1li¢ (1997) Radon measurements etched
by track detectors, World Scientific.

Espinosa, G. and R.B. Gammage (1995) Radon levels survey in
the underground transport metro system in Mexico
city, Radiation Protection Dosimetry, 59(2), 145-
148.

Gunderson, L.C.S. and R.R. Schumann (1996) Mapping the
radon potential of United States; Examples from
the appalachians, Environment International, 22(1),
S829-S837.

Jeon, J.S. and D.C. Kim (2006) Distribution of 2?Rn concent-
ration in Seoul subway stations, J. of Korean Society
of Environmental Engineers, 28(6), 588-595.

Jeon, J.S,, JY. Lee, and D.C. Kim (2007) Temporal variation
and source of 22Rn in subway stations, J. of Korean

A

A 67

society of Environmental Engineers, 29(11), 1231-
1242.

Kim, D.S. and Y.S. Kim (1993) Distribution of airborne radon
concentrations in Seoul metropolitan subway stations,
Health Physics, 65(1), 12-16.

King, C., B. King, W.C. Evans, and W. Zhang (1996) Spatial
radon anomalies on active faults in California,
Applied Geochemistry, 11, 497-510.

Korean Ministry of Environment (2004) Indoor air quality
management act for public spaces.

Korean Ministry of Environment (2010) Standard method,
Indoor air quality management act for public spaces.

Lee, T.J, J.S. Jeon, SD. Kim, and D.S. Kim (2010) A compara
tive study on PM,, source contribution in Seoul
metropolitan subway station before/after installing
platform screen doors, Journal of Korean Society
for Atmospheric Environment, 26(5), 543-553.

Liendo, J, L. Sajo-Bohus, J. Pafalvi, E.D. Greaves, and N.
Gomez (1997) Radon monitoring health studies in
the Caracas subway using SSNTDs, Radiation
Measurements, 28(1), 729-732.

Sundal, A.V., H. Henriksen, O. Soldal, and T. Strand (2004)
The influence of geological factors on indoor radon
concentrations in Norway, Science of Total Environ-
ment, 328, 41-53.

Yafasov, A.Y. and V. Akimov (2001) Tectonic factor in the
formation of the radon fields in the atmosphere of
the Tashkent subway, Atomic Energy, 90(2), 130-
136.

Yu, K.N., E.C.M. Young, and K.C. Wong (1996) A survey of
radon properties in underground railway stationsin
Hong Kong, J. Radiol. Prot., 16, 37-43.

J. KOSAE Val. 28, No. 1(2012)



