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Concentrations of Airborne Fungi and Environmental Factors
in the Subway Stations in Seoul, Korea
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ABSTRACT

Objectives: We measured the concentrations of culturable airborne fungi(CAF) in enclosed environments at 16
underground subway stations of the Seoul Metro in 2013, and investigated the effect of environmental factors,
including temperature, relative humidity, the number of passengers, and distance from the platform.

Methods: The cultured fungi were identified by the lactophenol cotton blue(LPCB) staining method and were
classified by observing the form, shape, and color of colony. A nonparametric analysis was used to determine
if the differences in the concentrations of CAF were statistically significant.

Results: The concentrations of CAF at the stations were the highest in station p(367 CFU/m’) with arange
between 3 and 437 CFU/m’. There was a significant correlation between CAF concentration and the distance
from platform(r = 0.544, p < 0.01). Geotrichum spp. and Penicillium spp. were the predominant species.

Conclusion: It is recommended that special attention be given during rush hour, which is in the morning(08:00-
10:00) and in the early evening(18:00-19:00) to improve the indoor air quality of the subway stations.

Keywords: Culturable airborne fungi, Environmental factors, Number of passengers, Subway station, Temporal
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Table 1. General characteristics of the underground subway stations

Stations Sdin;ali :g]ng Transfer Depth (m)  Construction year P;;Is()e;nzef:rs Platforlzlmc)ilstance
a 08:00-09:00 No 372 1994 303 3.5
b 09:00-10:00 Yes 13.9 1983 5884 7.7
c 09:43-10:43 Yes 21.0 1984 4302 4.5
d 09:53-10:53 Yes 26.9 1993 409 3.5
e 10:34-11:34 Yes 21.6 1996 930 3.5
f 13:00-14:00 Yes 22.4 1985 1916 NA’
g 14:02-15:02 No 15.1 1985 1508 5.6
h 14:11-15:11 No 17.6 1985 3832 5.6
i 14:18-15:18 Yes 16.4 1984 1192 52
j 14:20-15:20 Yes 25.1 1993 1138 NA
k 15:31-16:31 No 25.4 1993 841 3.5
1 15:31-16:31 No 19.6 1985 4999 5.5
m 17:04-18:04 No 11.9 1984 8529 42
n 17:10-18:10 Yes 15.3 1983 1945 5.6
0 17:10-18:10 Yes 23.2 1985 5619 52
p 18:01-19:01 No 12.3 1974 2237 6.3

"NA; not applicated

Table 2. CAF concentrations and average value of environmental factors on the underground stations.

. No. of CAF concentration (CFU/m’) Temp. + SD  RH. +SD
Stations -
Samples Mean SD Median O (%)
a 2 75 105.4 76 20.7 £ 0.9 392+ 19
b 2 414 1.0 414 262 + 0.5 42.0 £ 0.6
c 2 3 1.0 3 25.1 £0.2 395+ 1.0
d 2 3 1.0 3 212 £ 09 47.6 £ 0.5
e 2 62 87.7 64 247 £ 14 564 +£ 2.6
f 2 201 94.0 201 262 £ 0.5 42.0 + 0.6
g 2 124 1.0 124 29.0 = 0.1 494 + 1.8
h 2 139 1.0 139 279 + 0.1 61.6 £ 0.1
i 2 3 1.0 3 28.1 £ 0.0 479 + 0.5
j 2 67 94.0 68 23.1 +£0.2 392+ 1.0
k 2 133 1.0 133 24.0 £ 0.1 397 +£25
1 2 70 99.0 72 252 £ 0.1 27.8 £ 0.8
m 2 62 87.7 64 305+ 0.5 59.0 =+ 0.8
n 2 3 1.0 3 244 £ 03 26.9 £ 0.3
o 2 3 1.0 3 287 +£0.2 509 + 1.7
p 2 367 99.0 367 273 +£0.5 26.6 £ 1.2

HEHE, b Akl Had $27F 414 CFUME Yebd JARE p JARIATHGE67 CFU/MY). R,
7P E=A UERAL, O v R Bt wEIF =4 c,dino GAEANA B 557 3 CFUME 7%
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Table 3. CAF concentrations and identification by platform lines on the underground stations.

Platform No. of CAF concentration (CFU/m*)' Temp. + SD R.H. £ SD
Median (C)

line Samples  Mean SD

%) Identification

Cladosporium spp.(2), Geotrichum spp.(4),

2 10 108 169.2 62 269 24 49.0+86 , . spp.(1). Unidentified(2)
Aspergillus fumigatus(1), Penicillium spp.(4
3 10 113 150.5 67 240 +23 360+09.1 G:; trfchumf sp]f(z), g\% rowli(l) pp-(4)
Aspergillus fumigatus(3), Penicillium
4 12 101 83.8 99 26.3 + 3.1 452 + 11.6 chrysogenum(1), Cladosporium spp.(2)
Unidentified(1)
Total 32 107 49.0 67 25.8 £ 2.8 43.5 £ 10.8
" p>0.05
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Table 4. Spearman’s correlation coefficients for CAF concentration and environmental factors.

Cone. Temp. RH Construction Depth No.of Pl'atform

year passengers distance

Conc. 1.000 0.108 -0.136 -0.173 -0.240 0.108 0.442"
Temp. 1.000 0.529" -0.524" -0.712" 0.704™ 0.481"

R. H. 1.000 0.225 -0.093 0.089 -0.194
Construction year 1.000 0.812" -0.721™ -0.761"
Depth 1.000 -0.718™ -0.590™
No.of passengers 1.000 0.589™
Platform distance 1.000

" p <005 7 p <001, N=32

WAL, TR-O 2 Aspergillus fumigatus, Cladosporium
spp., Penicillium chrysogenum <22 JEFSITH
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Table 5. Multi-variate analysis of CAF concentrations and environmental factors

Factors N Variable Coefficients p-value R*
Temp. 32 Continuous -0.330 0.469
R.H. 32 Continuous 0.158 0.665
Construction year 32 Continuous -0.063 0.896 0232
Depth 32 Continuous -0.105 0.764
No. of Passengers 32 Continuous -0.049 0.830
Platform distance 32 Continuous 0.726 0.023
o] zrAAoele} Ffrrgol] 7ol o3 AAAAE T ATk o]2fdt A= Cho 59 A7ob= UXA
b}F/M THTable 4,5). ol A8k At =4 SHATEY AR & A= 3 AN HFHe
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