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ABSTRACT

In activity areas of subway workers and passengers in Seoul metropolitan subway lines 1-4, mean concentrations of
airborne bacteria were relatively higher in workers' bedroom and station precinct whereas concentrations of particulate
matters, PM,, and PM, 5, were relatively higher in platform, inside train and driver's seat as compared with other activity
areas. This result indicates that little correlation between airborne bacteria and particulate matters was found, which
assumed that most airborne particulate matters distributed in subway consisted of mainly inorganic dust like a
metal particles. Mean concentrations of PM,y and PM, s in station precinct and platform exceeded the threshold limit
value (PM,q : 150 pg/m?®, PM,; : 65 ng/m’) but those in station office and ticket office were below it. The genera iden-
tified in all the activity areas of subway over 5% detection rate were Staphylococcus, Micrococcus, Bacillus and Coryne-
bacterium, of which Staphylococcus and Micrococcus covered over 50% of total airborne bacteria and were considered

as predominant genera distributed in subway.

Keywords: subway, airborne bacteria, PM,o, PM,;, underground, ground
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2. 2y

1) BHAE

ANE FHL 59 28379 FHoZ HAFFH one-
stage viable particulate cascade impactor(Model 10-
800, Andersen Inc., USAYE AME-3la] 108 B¢ &
7152 Z3% A8 AFH A 70% alcoholZ FH]

& A T, 7 AFE A 28
cycloheximide 500 mg®] A7} Trypticase soy agar
(Lot 2087730, Becton Dickinson and Company,
USA) BiAE A3sieh. 23] 489 WA vdy
2 THAE HA] sl 35+ 1°C 28] wijd]
oA 1~29 &<t wiFEtt. Wi & wix]e] F9E
e (colony)yS AlFE ol I71FHmA)CE e W
BHoE i vAEY FE(CFUM)E &3tk
1, 2 ZF).

CFU (Colony Forming Unit)/m’
= Colony counted on agar plate/Air volume(m?)

(D

Air volume (mm’) = 28.3 /min X sampling time(min)/10°

@

TS Y RE EHAF-2 Bergey's manual &
T wel +5& 583195, Gram 24 $ AHE
31573 Al="9l VITEK(Model VITEK 32 system,
bioMerieux Inc., France)S %3l biochemical test=
ANB] #FL F7} BHAA.

2) ol;q.)\]- g_o:lﬁxl

U2 2EEAA PM e PMys= A5 247)
(Dustmate, Tumkey Instruments Ltd., Cheshire, England)
2 olg3jel & Aol vhal 291 W] 24W 5
Ao WFAE Rz s

3) B4 A=

SAS package(SAS/Stat 9.1, SAS Institute Inc.,
Cary, NC, USAYE ©l-83)0] X511 #ei#s} o] 87
o o 24 AAhol wE FRAE, A REE
A, oJAtslEad] = 2]l ANOVA 2 Duncan®)
UF Bm A e ol g3l

I &= 3 &
1L X5k XIS Fo HE HY
Table 1914 AAJ8K= vle} 7o) Asha AIrpEe)

Fo BF 999 o AR, A4, EL, 204 )
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Table 1. Concentrations of airbome bacteria and particulate matters in subway workers' activity areas

Station office Bedroom Ticket office Driver's seat Outdoor
. GM 156° 164 118 140
T.CAB. GSD 87 69 16 39
(cfu/m’) Max. 314 322 131 204
Min. 26 49 94 28
GM 75.1° 84.4° 93.2° 2712 154.5
PM,, GSD 333 389 105.5 55.0
(ug/m’) Max. 146.3 167.3 4253 2535
Min. 382 407 185.9 78.6
GM 56.7° 65.6° 65.0° 127.8° 102.1
PM,, GSD 454 31.9 51.9 437
(ng/m?) Max. 120.9 1389 184.8 1742
Min. 292 387 79.3 413

*: a, b, c means that averaged values within the row by the same letter are not significantly different.

2347 Ha w2 42 156 cfum’, 246 cfum?’,
164 cfu/m®, 118 cfm™@] Ho =2 ZAHT} FAH S
2 el 7H Eo1, $314o] 7Y e Aoz EA
Ao (p<0.05), & AR Wl EA 7k BAA A}
ol foileo] fle AlE EMHATHp>0.05). &
M2 A9 e B 40cfwm’eE S E &
AM-g AL Yz] A Xo] BF A9 gy =
& Roz F=AE

A3 i} %% Qo] W FL oo o|FE
24 A9 AY =, AR AN 5%, A @A
He] §84 zolgt AEHEd, ¥ 2 A% AF
3l Y S duiRes ga AEe] deEe] &
°4§’r7l7} L3 o]FoIXA] LAY BrALEe] Z}
T as l R AU FAeE FRARY =
o] #AREAL). ol ATl ‘T‘B-
ALl F st Al F AFsle Algelzks A
o ZAE § F UuhE® 4o A 2 A ¥
Az} oo 252 folle L AL e 3
LE0] AY g9, olEF 22 JAETIT XA
o R Eo] FH o] AAX] RIoH iy
|A5e] A% &7yt 28 AU AE 2EH
A g AEHE fFAEI AR WE] M w2 7
fAFe FEE Kol Aoz wekEnt uekd Askd
2Rk HA F7h) BeAlEe o FFe BEs)
Brysl) deire 5 24d 8] ) ofRo) o}
E 2F nAE 9 va Hrte] AR A (case
by case study)’t FFHooF & Aoz} AZET A
7A XS ZPRte] & F9z FEd FRAla
T TS Bus FUl9] AT A7 7] W

Gns ﬁ
o~ &o

As AYASY FHARE =5 FEE ABRHoR
B S gou PRdest BEd B9 oEol8
Ade) A FAIEO) 800 cum'g Abehd A
32 AR B FalE eHrEe e P
3o ojet BT AT LN AE U
A A B0 e ) Al gof
;) 5= Hgol 1 olgelmE Raalze T 2K
o sfsl Al F717F 2PHALE 2L 27 W
Fol*® A&H A 2714 B2t ATHE v
o Ak eaMel A% o AR, ThE, P4el
xR © sk B2 Qo ArhHoz ¥ Aol
g dEsgion 2 A% Be £AE Vel
o ol Askd gal Pl Base eddel

ype] el 9% TEA 4714 BAol of
d 25 4Ee TP T4 9y Edolat

ez Aepdo] st Ast F7hl E¥ske vt
o] Qoo ZZ(bioacrosol)o] & NAZZY] 1% ©]3tet
= AYel] ZAS sixME + Ut

FAE 282 PMt PM,s2 B 5T 9
ARl 751 pgm®H 56.7 pg/md, Aol 84.4 pg/m’
T 65.6 ug/m®, THEL7} 932 ug/m’H 65.0 pgim®, &
ZAAjo] 2712 pgm’s 127.8 pg/m’e 2 A o] pPM,,
I PM,s ;‘:r 0] 7T EROH(p<0.05), L+
A A e BAXHSE Aolrt gle ALE E4HAU
r:Hp>0.05). 29 PM, PM,s8 Bad Txe 47
154.5 pg/m*# 102.1 pg/m’s A Ho] L34 A
% UmR] 4 F B Hero vhe o7 FA}
Lo l= :

o AR, A, EAiM FHE A 29 ER
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Table 2. Concentrations of airborne bacteria and particulate matters in subway passengers' activity areas

Station precinct Inside train Platform Outdoor
GM 224 165 134° 140
TCAB/ GSD 102 32 36 39
(cfu/m’) Max. 353 192 176 204
Min. 111 121 91 28
GM 182.1* 311.5° 359.00 154.5
PM,, GSD 97.2 6.6 1713 550
(ug/m’) Max. 310.1 316.1 480.1 253.5
Min. 122.6 306.8 237.8 78.6
GM 87.7* 125.5° 129.0° 102.1
PM, GSD 39.0 145 67.0 437
(ng/m’) Max. 126.8 135.7 176.3 1742
Min. 489 1152 816 413

*: a, b, ¢ means that averaged values within the row by the same letter are not significantly different.

f: Total culturable airborne bacteria
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Qg 2BEAA PMH PM, 0] BE FEE o
TU7F 1821 pg/m’sH 87.7 ug/m®, A4o] 3115 pg/m’
I 125.5 pg/m’, $737°] 359.0 pg/m’F 129.0 pg/m’
o2 EFYgHo] FAHCE PM ot PM,s BF 9 7
7+ 7P ”‘ikOU%(p<0.05), B 57478 e 2ol
7b e Aom BMEATH(p>0.05). Al X BF A9
o] PM,, H# FTEET & Z0=2 Jegou,
PM, ;2] 73-9olle Ad3 7T doe] B TR
o BN o FllE W2 AR ZAEAN.
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5(1999)9& Ak —7Ji°l
0| e.Enle] o] 8AEG A =
ot A3k R
& Bo dR=IE 2 PMOl Aoz wol BEs}
ol#g & UAke] PME A9

Sitzmann

9 %

)

olo o
A Sxw=

Table 3. Comparison of PM,, and PM,5 concentration measured in

Fa FHMe

RsigiEd,

this study with other reports

AAE 24

A 24
AT T

Aq9S XA g
HERAlde 55 A8 &
o] Alte]
B39 F=e A3
SN A
Aoz BEAHAUL ole
;q— 01x].)~(.]— gocl‘:’;dg] 2y 01%]-7}
sk ZoE K
o] E3tEo] F7] Fof 4=
7o £ oHEA7 Y] ke AFAAo] YRS BT
Donaldson(1978)**#} Robertson®} Frieben(1984) 3=
"J bel A @ﬂ'oﬂ‘:} AT T AFAEY F
714 Exo] Judom wol
A= 2 EE EH’\}——E gt A7+ @-ﬂ'"ﬂ <A,
g Z3 Asi

529 oy

AES i’o‘]—‘a}-

Sl kiad

°]'r

Inside train

City Country PM;, PM, s PM,, PM, References
(pg/m)

Seoul Korea 3115 125.5 359.0 129.0 This study
Berlin German 147 - - - Fromme et al.”
Guangzhou China 55.0 44.0 - - Chan et al"¥
Helsinki Finland - 21.0 - 535 Aarnio et al.'®
Hong Kong China 44.0 33.0 - - Chan et al."®
London England - 247.2 - - Adams et al.'V
Mexico city Mexico - 61.0 - - Gomez-Perales et al."”
New York USA - 62.0 - - Chillrud et al.'®
Seoul Korea 144.0 1184 125.8 111.1 Park et al?®
Stockholm Sweden - - 470.0 260 Johansson and Johansson'®
Tokyo Japan - - 28~147 - Furuya et al.'?
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Table 4= A3} GA1e] A3 AHAet 549 Fo
25 g9 B3 HeAlwe £5E&)e HEES
BAFET it} ZAIPY BE FGYoM Staphylococcus,
Micrococcus, Bacillus, Corynebacterium & 3|
HEaAgel sl zZHz} 5% o)de] AEEE 29 #
FAFOE YEgen, o] F SwphylococcusSt
Micrococcus®] F-Al70] A3 B1E&2 50% ©1
¢l AoZ ZAEULE ANEOF Siphylococcus 0]
7 e AEES HIoU, Idd A s
Micrococcus 9] 71&-80] 7P¢ =S8kth. o]H & &
Agel B2 g2 AlEo] opd thE AW FIRE
oz RRAds 5488 =9 dF Bag?Ho
3 Ao FARE o2 ZARESI

ZAE EgAdol AadQ HAE: SAS AnR

LA Sy B |
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Aeromonas 4°] 78} EHAl7 L2 EAEH. A
L AZE 1% o5k 7EF BAFOZ Nocardia®h
Pseudomonas 0] SAHA=Y, 53] Nocardia %)
AL T el A ASEHA e Aol &
Holk. oA A&k YA wt FFHIF e i
Aol 8E olfr= uiF 2L Apolo] 7 A
olg} FHHT. & 9 AFA, viEA, o Ul UF
¥ 15 A fAE A, 214, A4, 578
A AeE &8 7| wet eAM Ade A
= =Z2E7)E it diRE 2% A 9XsL
Jom B3 577 A9 Gell wet R sigol uj
FEA Bala 2o e B MEE TR Adg
7] FoE FRAl7|le YR e 5 S A
olg AlmEh I FH2 B¢ tE FidgE 2
o] HYEo] AMEhR= ol Wl T3 e Fh
=77F BdsA AYEA Zshd o] EFF AQRE R
Al B EeEMS TS T Aol AzE.

1% °]3te] W& AZEgo)7l sht 7[et FiAde R
ERFE ZAE F uii-Fo] ¥ Ald(Streptococcus
spp., Enterobacteriaceae spp.) S-& A &g Ul
=22 W] W a3 &4 Mg (Escherichia spp.,

:

WA AR wES A AU 244 A, 7 Pseudomonas spp., Aeromonas spp.)?] A2 LHA]
&, 223 AR TR F Stk o AR, slE Art. WP gl olE e bE A3 A
&, 9 Y 7S 1% o3kl AEEE 2 7E st 9] 2% S A=A AR+ e
BONFC R Enterobacteriaceae &0 FARAE whd A7t Faisojor & Aor}), Tt Ak I &
34, AH, 57739 7% Enterobacteriaceae 5 ke FHAe] 54 A5 drEy Be] o
A& R &3l A Escherichia(E-Coli), Pseudomonas, ast] M PAE Faxdae v 2AFE S
Table 4. Genera of airborne bacteria identified in underground areas of subway station
Workers' area Passengers' area
% S(:?gf; Bedroom zlf;k;t Dl;;/;r's psrfsactilg:t Inside train  Platform
Staphylococcus spp. 42.8 16.2 50.5 352 55.8 338 30.5
Micrococcus spp. 26.3 624 24.6 30.2 16.4 28.5 329
Bacillus spp. 10.2 8.3 12.8 18.0 8.8 13.8 17.6
Corynebacterium spp. 9.5 6.3 6.2 52 7.3 9.3 43
Enterococcus spp. 53 - 1.8 2.8 32 7.4 35
Streptococcus spp. 08 28 0.5 0.8 12 15 23
Enterobacteriaceae spp. 0.3 - 09 - 0.8 - -
Nocardia spp. - 0.6 - - - - -
Escherichia(E-Coli) spp. - - - - - 0.1 0.8
Pseudomonas spp. - 0.2 - - - - 04
Aeromonas spp. - - - 04 - 03 -
Other species 4.8 32 2.7 74 6.5 53 7.7
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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