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Abstract

The persons’' spending time in underground spaces within indoor environment show a
tendency to increase every year, but in Korea, levels and sources of pollutant in underground
spaces have not been well-characterized. Therefore, as part of a larger indoor environmental
study, conducted at subway station in Seoul, nitrogen dioxide was measured using passive
samplers in 16 subway stations, 2 tunnels and 70 workers of subway station.

The mean concentrations of nitrogen dioxide in subway stations were 27.87+7.15 ppb at
station office, 35.768.35 ppb at platform, 5260+13.04 ppb at outdoor, respeciively, and the
Indoor/Qutdoor ratio were 0.49~0.93.

The mean concentrations of nitrogen dioxide in tunnels were 4491+467 pph in
Chunggye-Nowon tunnel with a single track, 42.55123.33 ppb in Mokkol-Taenung tunnel with
double track, respectively, and as a result of t-test, a single track levels were higher than

double track levels (p<0.05).

The mean personal exposure of the subject of station workers was 20.40+0.75 pph.

I. 4

2Eg AAH ARRY Adez s @
Hael g dRgel thdd AlFTelA
olf£ojAx Qx, AT % A =AP T
2 ASASFR olge] HuHe § AU
3} AFB7 B WHE AHen YR,

Ho EAle] ARAEL DHaFe] ArE

ol §8 AEHE A} A5 45(2000)

A st zH A &E, AHdrt, AsEE F)oliMe] A
Aol HA F7hEE ATE Kol oy 3
Ye& o Aaleitd ed8Ede 449 5
=2¥o] Udt SAsst HolelA gup¥, 2#u
AYFZ) 2 gE8de 4%E A Hofste A
L a9 oz AT eFEAY AL FHF
{personal sampler)2] 7ldel] 2]sted sHgle] 24
2d =232 A% 9EFY AAAES



AISHEMAIR OIMSIE L sE0F UPZQ| Qg4 HUE2 135

gtelste FA ik,

ole 2 dpelX x&FTre #HHaike A
SIEYE e Hdy .9 oA vE =
of W By olatElEs ¥EREZ vlotai=
H, dapyle] TREE YR ZEE daog o
Agdze s =2F ¥ AETAE 5 9%
Ao TRFA g g9l APAHE FAL
At ¥ A7l BRe xstAeiatel olarsha
2o FEEE P oligAre Y x3FL 2
Arste] 2R Holutul Qlalel N dge B4
gozd ARFTUY F7) L9BA =EFR A
dso A7geke] nlele ZE A5E3I F7)F
GEOIMESS-ER 23R

1. CHAF DU diey

1. A2 2 2

B oATE 19999 29 1095 5d 39 12¢
7HA] ¥ 24413 F_F A &A A shE 53] Tk
HANCLE, A2, MR, SR 237 24
2471, BoREsh)e 7349 9 SN, F
A, &A, T, HIYE, HE, T A, WE)
o 34, 974 4 Jo0lA oL FEE
depslis @, zF ogapd 2HAEQ 7 YL o
Ao olitgAAd A =2RE FAHFUL,
MEA ZALE W8 dastd olstshase] xd
atal Azdgate] gEAdS metsiyv) =3 g
W] olatzag el odn ZALE 9lsl #oiubal
o] & F AHe HI(WHE-HE, =9-FA)E
e R 19999 59 12UFE 14YU7t#) 29
F gdul ojatstd s S ETE 2AMEGL

AstAY W o)itstAAyEe 24 = el -
Z3o] 2o AHEE 23A7|7E Badge-typed
NO: personal sampler® o) &3st5th A Ha)
2 HEdy olagdssre &L £4%, 9§
Aol FAHzg 9719 QT FPRe)
sampler® AA ¢ £ 24743 § 78k B8
o, Bdul ofistaA 5 R 77
FYRZYEH & GAle e FYEabz
20m FHH o2 sampler® Azt Bl o4t
a4 FEEXE TASET BE o)tEd Ao

2. ¥4

Badge-type® NO» personal sampler®) #a =
BAME Yanagisawa®} Nishmura®, z27e] wyo
2 gapsivh g SPzAe westd AAag o
S W3 dEFAMEE 48 AH g4
E2k5 HHEsle] dEAE wiEsia A7)7IUH L
Z 7EA 3 F HA AT AEE F thA 3
FElo daloR g

m. g4 %

1. A3d 99 o)itsA4: Fi

ANF7IA dTF dYegEAde] =Y &
o] AyErdd o A JFL vAR=A 7
ofshs A Fasio, olF Tl 4% A A
dozie WaHE edEde] HAuUlFr)Ed 7|
A Feke A%d & ¢ Auk? gy ded
Wol E4ste LgEFe] Aulfdes A
st AR E Ad - 2 ¥l(Indoor/OQutdoor ratio) 7}
olgHx gy

Table 1 X &4 #Ashd 55434 7549 4%
Harall A SAE olidalA sl H@Frel A -
9 HE vehd Folul, JEHolA 2787E715
pob, &44AA 3576835 pob, £171e1A 5260
+130 ppbE 74, $7%, 954 ¢om B2
FEE Ugdon iR 9)rld e mHY
o] 87.34 ppb, ¥4l ME HEFH 4488 ppb,
AL A= S0 3773 ppbE 4T AR =
A viebkch AW -9 B9 W9E 049~093&
Hojxn glo] &t Hap| olatstA 4o F @Ay
Ho] AL 7)eis Aoz AR

Table 2 2 Fig. 12 &3 9419 97|, 9
A, F7Are] ol dslaEsct Gapd An FrE
WA R s £He] s 2AE 3
g vebd Aol GEH o|itEtALEE o

KOREAN 1. SANITATION Vol. 15, No 4, 2000



A,
[ s i

136

BEJ| - UED - =N

Table 1. NO» concentration(ppb} & Indoor / Qutdoor ratio in the subway station

5nd line nd line
Office Platform Outdoor 1O Office Platform Outdoor /O
Mapo 310 2470 4543 055 | Nowon 2 N.A. 87.34 -
Chungjongno 1535 1892 3872 049 i Chunggye 27183 33.39 445 075
Sodaernun 2239 229 4274 054 i Hagye 2327 363 922 093
Kwanghwamun 1122 4208 5511 076 : Kingnung 29.37 N.A. 4375 -
Chongno 3-ga 2998 33.28 43.95 0.76 | Taerung 3773 41.09 47.08 0.87
. Mokkol 3630 4488 5.8 088
Ulchirc 4-ga 3146 40.32 56.49 0.72
Chunghwa 3229 4257 %9 076
Tongdaemun  ghz0 3432 819 059 Sangbong 2150 4411 7475 0.59
stadium Myonmok 2431 4164 5726 073
Mean 2501 304 4866 - Mean 3016 4057 Hh.67 -
N.A. : Not available
1/0 ratio : (platform NOz concentration / outdoor NO» concentration) ratio
Table 2. Correlation between NO» concentrations and variation of facilities
) Office Platform  Outdoor  I/O ratio Depth Inhalation Exhaust
Platform 0.296
Outdoor 0.212 0.653"
I/0 ratio 0.280 0.669™ ~0.112
Depth -0.101 -0.513 -0.225 -0.485°
Inhalation -0.110 -0.441 0.202 -0.226" 0.567"
Exhaust -0.133 -0.306 -0.162 -0.108™ 0.6627 0.826"
Volume 0.086 -0.272 -0.284 -0.133 0.338 0.538° (.653"

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

Wrel AAdS BolR gktE
| ol QFdo] gut el =AY A
nirlo] A @& AsEFToR #f7ldM FUH
= ol Ae o wa] JEAY FA R 7
g Q4 So) o HAHE olAstAze] o
gk g Hh= o] ohdzt Alatgh ER S
olastala ¥Est Zb watele] A 97
o)4tat A A =9} r=0653(p<0.05), A - 9 ]
=0669(p<005)2 EATHOE fold a4
oo, g HFESE AL oA #

Aoz et £33 oliFdad FEE

A4 n¥HE 2L

rir o 2 _\2

A g A AL5A 422000

ale] A%, FANF wiFer 2 e 84 F
o] W=o v 7] «1 o] gt A Ae EIo A]H|
Aol oarg w1 PE ASE A

2. §4y o3t A FEEX

Table 3 5 AAHe v ojitstdA Fx
Bds QAHT 478 dab s3] olitsEAs F
w2 el Flelth dFte R ofFeql FA-
2 AR e olidddsd HIFES
4491+467 ppbE REon, BHded ofFo

HE-HE A9 Edul oldsdid HdEE



AGHEAND] OIEHEA SEQ HRAQ QIMEE L HIE2 137

20

10 Rsq = 0.4269

7|

Fig. 1. Correlation between NO: concentrations
of outdoor and platform

T 42551333 ppbE JeRlth = o5 HYH
AT 2 =499, FAYG, GEUTY, 9
oo £ ojatgtdA HEFFEE Zzb 4466
ppb, 43.74 ppb, 49.03 ppb, 45.99 ppbE Yebwich
Fig. 2= % B4 72E /AFgezn Jed
Aog vk B Mg @ BN 5 Be 3}
°]d& 7Rz ¢vk %3 Fig. 3% Fig. 4= 5 ©
U olitalase] FEREE HoFn Uk &
Al-xg e HEW o]akstEAe] BREEE
g Azt {FARE FREEE UElden,
Y-S F<tel Hdu olisiAie] FEEX
= HdFgYRe] vx7F €49 | & 739 F
o vla] tha v FEETE el ofel
T HEY o4tEtdA HEFEY AolE FAH
A FA-= 73 B ol gEFE
7t WEF-elFUT 2 By olatsl A HAE

s

ERtt 4984 A WERo(p<os). o s
A7 F¢ |71 FF vzl g 7R
F-d Y78 B oldbEEA dTerhy
T 9Tty g2 F719 wsiFrxE R
A-=9 FF HEW oPdEds ¥F =7 o
=A vebdeh olg & ol B4 BdEu ot
g4 HasEech AT HdW olitstE s
HEFenrt g2 A& dhgsin gtk

B
E

Chunggye-Nowon tunnel

Fig. 2. The schematic diagram of tunnels

Fig. 3. Distribution of concentrations in Mokkol-
Taerung tunnel

Table 3. NO:z concentrations(pph) in tunnels & platform

Site Mean Standard deviation Range
Mokkol(n=4) 45,99 1.18 45.05~47.69
Taerung(n=4) 49.03 2.71 46.20~5154
Mokkol-Taerung tunnel(n=35) 4255 3.33 37.84~-50.99
Chunggye{n=5) 43.74 2.05 41.42~47.03
Nowon(n=3) 44.66 295 41.25~46.42
Chunggye-Nowon tunnel(n=45) 4491 4.67 23.32~51.32
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Fig. 4. Distribution of concentrations in Chung-
gye-Nowon tunnel

Table 4. Mean personal exposure level(pph) to
NO; of station workers

Number of ' Standard
Mean .. Range
samples deviation
) 1403 ~
32 2940 975 £0.89
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Table 5. Mean personal exposure level(ppb) of
NO: by housing form

Housing form
Private  Tenement Apartment Others
house house house
Number  oi7a0n 70419 14(483%)  3(103%)
(n=29)
NO; Conc. 3751 29.69 28.37 2747
{ppb)

Table 6. Mean personal exposure level(ppb) of
NO: by heating apparatus

Heating apparatus
Ol fired Gas fired Central

boiler boiler  heating Others
Number a1 006y 17667%) 9(300%)  1335%)
{n=30)
NO, Cone.gapy 371 7150 B/
{ppb)
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Table 7. Complaint rate(%5) of respondents by selected symptoms in station workers

Eve complaint

Skin complaint

Bones & sinews complaint

Symptoms  Complaint rate Symptoms Complaint rate{ Symptoms  Complaint rate
Evesight fails 114 Itching 343 Legs pain 114
Eye pricking 157 ﬁ;ﬂ’“g"“‘t 329 Waist pain 31.4
Tears fall 33.3 Blister 14.3 Joint pain 30.0
Mote in eye 286 Change of skin 14.3 Cramp 329
(vellow)
Congestion 429

Respiratory organs complaint

Nervous system complaint

Digestive organs complaint

Symptoms  Complaint rate Symptoms Complaint ratei Symptoms  Complaint rate
Hoarse 14.3 Delicate nerves 42.9 Lack appetite 186
Neck dropsy 329 Lose confidence 200 Pang 9.0

in oneself
Cough 129 Forgetfulness 7.1 Indigestion 343
{=3 months)
Bloody phlegm 86 Annoying 186 Vomiting 214
Cold{monthly) 10.0 Uneasiness 35.7 Diarrhea 157
Snivel 214 Inaudible 157 Coenstipation 17.1
Gasp 64.3 Mistake hearing 15.7 Hypertension 18.6
Tinnitus 17.1 Heartbeat 5.7
Ankle dropsy 114
Chest pain 30.0
Fatigue b7
Cold sweat 114
Vertigo 314
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