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Abstract

The underground living spaces have become one of the major environment of this decade in

urban area. This study was carried out to examine contamination level for purpose of preservation
of the pleasant underground environment. Three subway stations and three underground shopping
centers in Seoul and two underground shopping centers in Busan were selected and surveyed by
measuring gaseous pollutants (80,, NG,, CO, HC, HCHO, CO,), dust, airborne microbes, and the
other air condtions (temperature, humidity, air pressure, air flow, kata cooling power).

These examined data were compared with four kinds of standard (building sanitation manage-

ment, rocm air quality standards, occupational safety and health standards, ventilation equipment)

as environmental hygiene.
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Table 1. Summary of Key Parameters Measured |

Pollu—

tants Method

Instrument

50, |Conductivity method|Kimoto Model 313
™

NOx | Chemiluminescence |Kimoto Modd 258
method

HC G.C(FID) method

co NDIR method

Kimoto Model 712
Kimoto Model 520
CO, |Detector method |Gastec
HCHO |Acethy! aceton Jasco UVIDEC-
method 505

TSP |Piezobalance method |Thermo System

Inc Model 3500

Table 2. Plate Count Agar®
!

Reagents Volume
Trypton 5.0 ¢
Yeast extract 2.5 &
Glucose 1.0 &
Agar 150 &
Distilled Water 1 g

(pH: 7.0+0.1)
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Table 3. Correlation Coefficient and Regre—
ssion Equation between Underground
Environment and Qutdoor.

Item Equation Correlation
SO, Y=0.58 X+ 15.6 0.52
NO, Y=0.63X+12.5 0.64
HC =-0.006 X + 47.6 -0.007
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Table 4. Seasonal Variation of Meteorological Conditions and Airborne Microbes in Underground
Shopping Center
Item Dry-bulb Wet-bulb Humidity Air Air flow .Kata éirborne
A AN IR IR T Il Mol Kl ey v oo
Jongro-2Ga 18 (11) 8 (5) 27(36) |1011(1011) | 0.4(2.2)| 8.6(20.03 18(35)
zgfg'g‘;de“"g 17 (11) 9(4) | 32(28) [1015Q1010) [ 0.3 (4.0)] 8.9(26.8) 9(31)
w [Myungdong 24 (23) 13012 23(23) | 998(996) | 0.4(1.2)| 5.3 (9.6) 43(50)
5 |Daehyun 18 (15) 12 (9 49(40) [1004(1002) | 0.8(3.93| 9.5(21.9) 54(40)
K Gugje 16 (14) 1@ | 656 (1001000 | t.01.10[12.1 (7.5) 117(85)
Sub-total 19 (15) 11(8) | 39¢39) [1006(1004) | 0.6 (2.5 8.9(17.3) 46(48)
- Jongro-2Ga 30 (31) 24 (26) 61(68) | 994993 | 1.4(6.8)| 4.5 (7.0) 31(66)
. gj“;g‘;e“"g 28(32) | 23(25) | 67(55) | 994994 | 0.8(5.9)| 4.3 (5.0) | 53(10T)
“é Myungdong 20032) | 23(20) | 59(52) | 995090 | 1.4(7.0| 4.7 (5.6) 40(78)
a Daehyun 26 (28) 20 (22) 57(60D [1004(1003) | 0.4(0.8)| 4.4 (4.9) 79(124)
Gugie 25 (24) 22 (22) 79(84) [1003(1003) | 0.3(0.6)] 4.7 (6.5) 85(-)
Sub-total 28 (29) 22 (24) 65(64) | 998997 | 0.9(4.3)} 4.5 (5.8) 52(94)
Jongro-2Ga 23 (18) 14 (9D 46(43) {1007G007) | 1.2(2.8)] 8.6 (17.1) 46(50)
Y agoune 2218) | 1613 | 57(62) [1005(1009) | 1.4(2.9)| 9.5(16.9) | 30(131)
§ Myungdong 21 (19) 15 (14) 55(60) |1004(1003) | 0.8(2.8)| 8.4(16.1) 32(33)
E‘ Daehyun 21 (21) 15 (15) 54(53) [1005(1000| 0.6 (3.4)| 8.0(14.7) | 119(134)
Gugije 21 (18) 17 14) 60(64) [1002¢1001) | 1.0(¢3.9)| 8.9(19.5) | 101(226)
Sub-total 22 (19) 15 (13) 54(56) | 10051004 | 1.0(3.2)| 8.7(16.9) 66(115)
"~ Total 23 21 16 (15) 53(53) | 1003(1002)| 0.8(3.3)} 7.4(13.3) 58(86)

( ) : Outdoor
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Table 5. Seasonal Variation of Meteorological Conditions and Airborne Microbes in Subway Station
Dry~bulc Wet—bulb Humidity Air Air flow }_<ata A.irborne
temp temp pressure cooling power |microbes
o (@oD)] (% ‘(mb) (m/sec) (m.cal /ed/sec)| (5min)
w | Seoul Station 18 (15) 10 (D 36 (30 | 1006(1005) | 0.9(2.3)| 10.9(18.2) | 67 (155)
'g Sineoldong 212D 13 (1D 37(30) | 10051003 0.8(0.5) 8.6(8.9) 36 (605
2 City Hall 22 (21D 15 (149 52 (43) { 994 (993 0.8(1.5)| 8.3(10.7) 6(12)
Sub-total 20 (19 13 (11 42 (35) | 10021001)| 0.8(1.5)| 9.3(12.6) 37(76)
.. | Seonl Station 31(33) 27 (25) 72(51) | 991 (99> | 1.2(0.5) 3.7(2.3 65 (31)
’é Sinseoldong 30 (30D 25(23) 61 (54| 998 (997D 1.0(4.8) 3.4(8.0) | 62(132)
a City Hall 31 (30D 25 (24) 59 (62) | 992 (990§ 1.2(2.0D 3.5(.1) 33(32)
Sub-total 31 (3D 26 (24) 64 (56) | 994(993 | 1.2(2.5) 3.6(5 2 53 (65)
Seoul Station 22171 13 (9 36 (33) [10021001) | 1.5(2.2)| 9.7(16.5) 42 (33
§ Sinseoldong 22017 16 (13) 58 (63) [1001(1000) | 1.1(3.1)| 10.1(17.8) | 41(113)
2 |City Hall 19 (18) 14 (14D 53 (65) | 1005(1003) 0.8 0.9} 9.2Q4.1) 37 (26>
Sub-total 21 (D 14 (12) 49 (54) | 1003(1001) lv.O 2.9 9.7016.1 40 (58)
Total 24 (22) 18 (16D 53(48) [1000(998) | 1.0(2.1)| 7.5(11.3) 43 (66)
( ) : Outdoor
Table 6. Japanese Room Air Quality S tandards®’
Item Season Grade
A B C D B
Temperature zm:mer ) 5 22 %091 i > 3
© | Atumn | 22~24 5 % it > 4
Winter 22~23 21 220 5 B > f
Humidity (%) 50~ 60 B 271 HH | 0B
Air frow  |Summer | 040~050 | BTGB | G.53Th:00 | 6:06%8:08 | ° bk
mrsec) | e, | 0-30~0.40 | BHB=BAT | B3BB.BR | S:Bma4E | O bR
winter | 0.20~0.30 | §{5Z04 | 8497868 | §:88%8:88 [ b
Ko o | eo<ro | LIZ88 | §0RD | UAS%E | O %%
cooling pover e o0 | WASRY | TA=BY | BA=BT | %Y
Usual < 0.069 0.070~0.099 | 0.100~0.139} 0.140~0.199 | > 0.200
Forced venti- 0.099 | 0.100~0.139 |0.140~0.199] 0.200~0.249 | > 0.250
Eg;;ft?lueels)tove < 0,099 0.100~0.199 (0.200~0.349| 0.350~0.499 | > 0.450
TSP(md ) 0.09 0.1~0.29 0.3~0.9 1.0~1.9 > 2.0
Airborge microbes <29 30~74 75 ~ 149 150 ~ 299 > 300

A : Clean condition

C : Permissible condition

E : Inappropiate condition
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Table 7. Building Sanitation Management
Standards??
Item Standard
TSP Not more than 0.15m3 /7
co Not more than 10 ppm
co, Not more than 1,000ppm
T Not less than 17°C and not
emperature more than 28T
. L Not less than 40% and not
Relative humidity more than 70 %
Air flow Not more than 0.5m/ sec
Table 8. Occupational Safty and Health
Standards (OSHA)
Pollutants Environmental Standard
S0, " 5 ppm 8—hr TWA
CO, 5,000 ppm 8 hr TWA
HC 50 ppm 8-hr TWA
HCHO 3 ppm 8-hr TWA

Soviele] B WATHA RADHLED
ol BES MsluE AAY BmEWREH
AEBEED T 553 £z A 9
Ed CO, CO,, REL #¥oluo] &34
=3 :
AakolX & olu] mguge) Hafy TS &
Bl BT o] HEHO BEHE v
A REGESEHEME) GETES fEst
=& HEST Qo Sl Hd
B B BBE SO02 A8 WRY
BHol U 2HS wasin Qo

] L

Mg, ZilmEe] 5E mTHE 38 #
TEHRE dele 19854 3 ARH 11¥7}
A AR 2 RTRERYEY ETHE £
BER 5= BEGERYN fEA F/xslo
oS 22 gRe I

1. #TFHtEe] SO, FHMEE 25ppb,
HWTHBL 3lppb A REHEo] =iz} 28
E RYor o g3 2o mES Jehioh

2. NO, &= BEHMS MERL uet 2
£RE HYon #TME TRERT o
=2 mEIC

3. #HTFE#F] HC FHBEL 5.3ppm
°l: #FHRE-S 4.8ppmolYi TR 4+
MARBLRES REX7T AoV HTHe
dre ABAEET =2 BREES 290

4. COe HTMES HTHE BTN
3.7ppm o2 o FHo] KKK H2 RES U
ehdlon] HEhBl wel ABARY BRE
o 2 £RE nych

5. hTafFe] CO, FHBEE 780ppm
ol WTHESL 740ppmo A HTFHRER
o BTESHNN o 58 BEE Rygod 4
MRt g =4 Jelyo

6. HCHO= s F&BET #hTFrsssolAl
Y =L BEES Jeilen @ELR o
€ BRE Ao Fasiych

7. MTHESY TSPFHAHEE: 0.18m¢/
m, WTRBL 0.21m¢g,/ S Jepon o
FHo] h&m e BEIOU FEHET) W
ERFEC] weEl 2R/E BT

8. Rt £ /ISAde FH 19~22
CTEX ZFHEES 2 277} Yoy o4&
Hole AREE et £4 Jdebdn = B
Es REBEN ZTEREY 40~ 70% HERA
o &3t}
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9. WTEEY KEL AFRT 1~2mb
Ax mgon, KEHS 0.1~ 2.6m sec 9
HWEZA HFEEs T4 0.8m sec, #BF
BRES 1.1m /sec2A BEHE Effo=
E2 Hola E KataBH#H NS 5 7.4
millical /e sec Rt}

10. ¥ TFHgEKs BTN 58157.6,
WT&EENA 43 +30.4 24 REhBS H
el wal 4gd £RE B

2 £ x M
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