The Korean Journal of Microbiology (2011) Vol. 47, No. 1, pp. 38-49
Copyright (© 2011, The Microbiological Society of Korea

(e}

bioaerosol©] WA= HHEZQ] IAHoZ= FALAE ©

Ho g ARFEL 37T MRS Y], AEFAR
A 53 2ol F2 FVIHRE T Hupde A o
s
7oA MABESH 3714 Hrhke A 2 R
FEEE Y8 & a3t vAES EUSh= aerosol,

SH-HEIAMOIM BIQ 7HSEH 271F DAl 2E U £
oyt DXQ - HES - S
Siithslm KitTaictst s

Distribution and Characteristics of Culturable Airborne
Bacteria and Fungi in Municipal Wastewater Treatment Plants

Kyo Nam Park, Ji Yun Koh, Choon Soo Jeong, and Jongseol Kim"
Department of Biological Science, University of Ulsan, Ulsan 680-749, Republic of Korea
(Received December 15, 2010/ Accepted December 31, 2010)

Bioaerosols generated from wastewater treatment plants may create health risks for plant workers
and nearby residents. To determine the levels of culturable airborne bacteria and fungi in
bioaerosols, samples were seasonally collected above and near the aeration tanks of one feces-urine
and three sewage treatment plants in Ulsan, Korea with an impaction-type sampler. In the
feces-urine treatment plant, concentrations of heterotrophic bacteria were between 1.3(20.2)x10°
and 2.6(+1.2)x10* MPN/m’ above the aeration tank and between 1.7(+1.0)x10° and 7.2(+2.2)x10°
MPN/m3 near the aeration tank. Coliform bacteria were detected both above and near the aeration
tank. In cases of sewage treatment plant, the numbers of heterotrophic bacteria ranged from
1.9(+1.2)x10" to 1.8(+1.2)x10° MPN/m’ above the aeration tank and from 5.0(+2.8)x10° to
6.6(£2.0)x 10° MPN/m3 near the aeration tank. At reference sites, the concentrations of heterotrophs
in ambient air were measured between 7.0x10" and 2.7x10' MPN/mS. When we isolated and
tentatively identified heterotrophic bacteria, Pseudomonas luteola was the most dominant species in
bioaerosols from wastewater treatment plants, whereas the most abundant one in reference samples
was Micrococcus sp. When we measured fungal concentrations in bioaerosols, they were rather
similar regardless of sampling locations and seasons, and such genera as Cladosporium, Alternaria,
and Penicillium were commonly identified.
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Table 1. Temperature and relative humidity at sampling locations

Sampling location

Temperature (°C)

Relative humidity (%)

Spring Summer Fall Winter Spring Summer Fall Winter
YC (0 m) 35 37 33 19 93 70 93 91
YC (10 m) 16 30 29 18 90 79 86 73
OS (0 m) 21 23 26 15 52 84 39 53
OS (10 m) 24 24 22 13 50 77 68 60
YY (0 m) 22 24 23 14 46 77 54 61
YY (10 m) 25 26 22 15 38 75 46 54
HY (0 m) 25 25 17 3 38 71 72 85
HY (10 m) 24 24 15 3 37 85 81 85
Taewha Station 21 23 8 11 37 84 41 58
Univ. Ulsan - 23 24 12 - 84 43 40

x10° MPN/m’, HY-STPol|A] 7.3(¥0.5)x10' MPN/m’2.2 =

Z SAHAKFig. 1A).
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Fig. 1. Distribution of heterotrophic bacteria in bioaerosol samples collected at different locations: (A) spring, (B) summer, (C)

fall, and (D) winter.
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Fig. 2. Distribution of fungi in bioaerosol samples collected at different locations: (A) spring, (B) summer, (C) fall, and (D) winter.



42 Park et al.

Table 2. Tentative identification of bacterial isolates from bioaerosol samples (spring)

No. of colonies

Identification YC OS YY HY Taewha Univ.
0 10 0 10 0 10 0 10 Station Ulsan
Micrococcus sp. 1 3 2 1 1 1 4 2 1
Staphylococcus cohnii 2 1 4 1 1
S. hominis 1
G(+)
S. lentus 1 1 1 3
S. schleiferi 1 1
S. xylosus 1
Sum[G(+)] 6 6 5 2 3 5 5 2 3 4
Aeromonas hydrophilia/caviae
A. salmonicid 1 2
Burkholderia cepacia 1 1
Chryseobacterium indologenesis 2
C. meningosepticum 1
G(-)  Pseudomonas luteola 1 1 1 1 1 1 2
P. putida 1
Rhizobium radiobacter 1
Shewanella putrefaciens 1 1
Sphingomonas paucimobilis 1 1
Stenotrophomonas maltophilia 1 1 1 1
Sum[G(-)] 2 2 4 4 5 3 4 1
Unidentified 2 2 4 2 3 1 2
Total 10 10 9 10 10 10 9 8 3 5

4.7(£0.4)x10° MPN/m’, OS-STP 3.6(+0.3)x10° MPN/m’,
YC-STP1.9(20.8)x10° MPN/m’¢] &XGed, ol tz+
27421 B15}ed o] 4.6(£0.1)x10° MPN/m®, £-2Htig}ke] 1.6
(+0.3)x10° MPN/m’9} H]S$:3+ =X SthFig. 2A). T7|Z2&%
H 10 m AYE & AFA AT 2d F== HY-STP
9.0(+0.4)x10> MPN/m’, YY-STP 6.7(+0.4)x10° MPN/m’,
OS-STP  4.9(+0.0)x10° MPN/m’, YC-STP 4.7(+0.0)x10
MPN/m’ 5¢] <=4 THFig. 2A).
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INZ ERI=tHTable 2).
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Fig. 3. Distribution of coliform bacteria in bioaerosol samples collected at different locations: (A) spring, (B) summer, and (C)

winter.
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Table 3. Tentative identification of bacterial isolates from bioaerosol samples (summer)

No. of colonies, total

Identification YC

OS YY HY Taewha Univ.

0 10

10 0 10 0 Station Ulsan

Micrococcus sp.
Staphylococcus chromogenes
. cohnii

. hominis

G(+) S hyicus 1
. lentus

. schleiferi

. sciuri

thh tn ' \!oa \”a ”»

. xylosus
Sum [G(+)] 1

1 3 5 4
1

Acinetobacter junii/johnsonii
Aeromonas hydrophilia/caviae
Burkholderia cepacia
Chryseobacterium meningosepticum
Ochrobactrum anthropi

G(-)  Photobacterium damselae

Pseudomonas fluorescens

P. luteola 2

P. oryzihabitans

P. stutzeri

Stenotrophomonas maltophilia 1 1

Sum [G(-)] 3

Unidentified 7 8
Total 10 10

10

10 10 10 10 10

coccus sp., Aeromonas hydrophilialcaviae, Stenotrophomonas
maltophilia?} 2YZy  27), Acinetobacter juniifjohnsonii<}
Ochrobactrum anthropi7} Z3Z} 1720] At Table 3). E7|%
Z3(10 m)olA E213F 337) F&he] A9 Pseudomonas 42
P. luteola?} 67V, P. oryzihabitans”} 170$33L, Staphylococcus
2:9] 8. hyicus 27N, S. lentusS} S. xylosus7} Z¥Z+ 1708010
o 1 89 Micrococcus Sp. 370, Stenotrophomonas malto-

philia 27V, Photobacterium damselae7} 17 ZAZEE At
(Table 3). WiRT AlBolA B 2070 e 7§

Micrococcus sp.7} 97N, Pseudomonas 2] P. luteola 37V, P.
stutzeri 17V, Staphylococcus 42| S. chromogenesS}t S.
sciuri, Burkholderia cepacia, Chryseobacterium meningo-
septicum?} 232+ 17§ 0]cHTable 3).

7 AEEFE E71Z0 m)ollX 4071, E71ZE ZA(10 m)
ol A 4070, thETt Aol 2070 5 100709] E71%F Al R
2] SRS Ao, 124 1789 Alds I8k
(Table 4). E712(0 m)ellA 2]+ 4078 o] A9 Micro-
coccus sp.7} TNG3L, Staphylococcus 2] S. xylosus7} 37M,
S. cohnii®} S. hominis7} 22+ 1712] X5 HJTHTable 4).
%A NS Pseudomonas luteola?} 87W= 78 Bko
W, T30 F Aeromonas salmonicida 57V, Stenotrophomonas
maltophilia 47V, Vibrio metschnikovii 27V, Brevundimonas

vesicularis 17]33CHTable 4). E71ZF Z3](10 m)oix £t
4078 B2l 7% Micrococcus sp.7} 717N, Staphylococcus <
9] S. cohnii 27V, S. caprae, S. epidermidis, S. lentus7} Z}Z}
171¢] HtKTable 4). 1324 AlT-S Pseudomonas
&9l P. luteola T7W, P. aeruginosa 17§33, TREOZ

Stenotrophomonas maltophilia”} 57V, Aeromonas salmonicida

By
LS

370, Shewanella putrefaciens 27N, Acinetobacter baumanniil
calcoaceticus®} Brevundimonas vesicularis7} 2¥ZF 171 9|
St Table 19). thZT A5 7% Micrococcus sp.7} 87K,
Staphylococcus lentus®} Pseudomonas luteola?} Z3Z} 3712
o|AQal, 1 2| Brevundimonas vesicularis, Kocuria varians/
rosea, Ochrobactrum anthropi, Rhizobium radiobacter, Stenotro-
phomonas maltophilia7t ZYZ+ 17§ 0] ATHTable 4).

A MBS B 7120 m)ek £71E FA((10 m)olA]
247} 4070, & AAIA 137] 5 9370 ko] s
2o, 4% 1359 AdS FHHORE s tHTable
5). X710 m)ollA 23 Heke] A Staphylococcus <5
9] S. cohnii 77N, S. lentus 57V, S. capitis$} S. saprophyticus
7V Z¥z}y 27W, S. hominis$} S. schleiferiﬂ Zyzt 170,
Pseudomonas 42| P. luteola 97, P. aeruginosa 57V, P.
SfluorescensS} P. stutzeriZ} 232y 17§¥olYleH, I ¢
Micrococcus sp. 67N, Aeromonas hydrophiliajcaviae 27) A Th
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Table 4. Tentative identification of bacterial isolates from bioaerosol samples (fall)
No. of colonies
Identification YC oS YY HY Taewha Univ.
0 10 0 10 0 10 0 10 Station Ulsan
Micrococcus sp. 4 4 2 3 1 4 4
Staphylococcus caprae 1
S. cohnii 1 1 1
G(+) S. epidermidis 1
S. hominis 1
S. lentus 1 1 2
S. xylosus 1 2 1
Sum [G(+)] 1 5 6 3 5 3 2 5 6
Acinetobacter baumannii/calcoaceticus 1
Aeromonas salmonicida 1 1 2 2 2
Brevundimonas vesicularis 1 1 1
Kocuria varians/rosea 1
Ochrobactrum anthropi 1
G(-) Pseudomonas aeruginosa 1
P. luteola 4 2 2 4 2 1 1 2
Rhizobium radiobacter 1
Shewanella putrefaciens 1 1
Stenotrophomonas maltophilia 2 4 1 1 1 1
Vibrio metschnikovii 2
Sum [G(-)] 7 9 3 2 5 4 5 4 4
Unidentified 2 1 2 2 2 1 3 1
Total 10 10 10 10 10 10 10 10 10 10
(Table 5). XE7]Z (10 m)olA EZg+ FZFe] H¢- saprophyticus, S. schleiferi, Micrococcus sp.7} 272+ 17§14 0]

Pseudomonas 2] P. luteola 177V, P. aeruginosa 274, P.
fluorescens 1703l Staphylococcus 2] S. cohnii$} S.

xylosus?} 242} 570, S.

lentus 47N,

caprae,

S.

ATHTable 5). E&T AES] 7% Swaphylococcus %9 S.
lentus 97N, S. schleiferi®} S. xylosus?} 242} 170, 2123l P.
Iuteola”} 27 THTable 5).

Table 5. Tentative identification of bacterial isolates from bioaerosol samples (winter)

No. of colonies

Identification YC (O] YY HY Taewha Univ.
0 10 0 10 0 10 0 10 Station Ulsan
Micrococcus sp. 3 3 1
Staphylococcus capitis 1
S. caprae 1
S. cohnii 2 4 2 2 1 1
G(+) S. hominis 1
S. lentus 4 1 1 3 2 7
S. saprophyticus 2 1
S. schleiferi 1 1 1
S. xylosus 2 3 1
Sum[G(+)] 7 5 2 1 9 5 6 7 2 9
Aeromonas hydrophilia/caviae 1 1
Pseudomonas aeruginosa 4 1 1 1
G(-)  P. fluorescens 1 1
P. luteola 3 5 3 6 1 4 2 2 1 1
P. stutzeri 1
Sum[G(-)] 3 5 8 9 1 5 4 3 1 1
Total 10 10 10 10 10 10 10 10 3 10
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Table 6. Tentative identification of fungal isolates from bioaerosol samples (spring)

No. of colonies

Identification YC oS

YY HY Taewha Univ.

Om 10m Om 10m Om 10m Om 10m Station Ulsan
Acremonium 1 1
Alternaria 3 6 5 1 1 1
Aspergillus 2 1
Aureobacidium 1
Cladosporium 8 4 6 3 3 7 6 8 8
Cylindrocladium 1
Dactylaria 1
Paecilomyces 3 2
Penicillium 5 1 2 1
Unidentified 1 1 1 2 1 2
Total 10 10 10 10 10 10 10 10 10 10

AAH R L7120 m)olA 15871, E71Z Z2(10 m)ol
A 15170, dIZ2F AA-NA 617) 5 370702 Smalds AR
o} 7120 m)ols] B3 1587) F F aPU AlFe
6270(39%) 3L, I2F4do] 6670(42%) ™, 307H(19%)=
V84| FalgithTables 2-5). X712 2410 m)ox] £
g 15170 ko] A9 a3 5370(35%), 1HSE 64
Na2%m=2 FHF=EJT, 34M23%)= FRlskA] Z3hdth
(Tables 2-5). =T AlFolA] 22t 61709 F71F Al
kAol 4070(66%), LEo43°] 1770(28%) L, 470(7%)
= ERIBHA] Rtk 17 AMlate]l V1% Ao o
E AAS gz AT g9, B 9 seAgAAde] =
7120 m)e} 712 210 m)dME TFSA Aol a2
G Mol vlE)] o =2 WEE E2]E I cK(Tables 2-5).
3715 Q| iy ¥ 3

23 3715 JAdE =33 DRBC agar2HE 49j9] F
S A2 vl Al vidsted 27120 m)olA 4070, =
712 22110 m)elA] 4070, tE A4 2071 5 1007 A
o] s dom, 940 AP Jds ERISHA
THTable 6). E7|Z0 m)olx &g 407) Hego] Z§-
Cladosporium 4:°] 1470(35%)2 7V B}al, Alternaria <5

3} Penicillium 4:0] 22} T0(18%)Q.LH, ©lE 34:0] 70%
£ XXM THTable 6). I &  Aspergillus 43
Paecilomycetes 39| Z¥Z+ 37, Aureobasidium 3}
Cylindrocladium 4:°] Z¥Z} 17§19, 370 g2 &els)
A ATk 712 23(10 myolA E2]g Fghe] Hex
Cladosporium 4:°] 2370(58%) %2 7V& k3L, Alternaria <5
o] 970(20%) A THTable 6). L £ Paecilomyces < 27N,
Acremonium %5, Dactylaria %5, Penicillium 4] 232t 1744
ol 37e] e ERISHA] Rtk thxT A AHS
1670(80%) F 2ol Cladosporium <0\, Alternaria 43}
Penicillium 4°] Z}Z} 17§ 0]glom, 27 e 3RIsHA
L399t Table 6).

2 AZERE 720 m)olA 4070, E7E 2H(10
m)ollA 3070, thzT A 2070 5 907) Wt Feke] =5l
e Ao, 759 AP TS FRISHHATKTable 7). X
7120 m)©] 7%~ Cladosporium 4;°] 197), Penicillium 4°]
87), Alternaria 4°] 5/019oH, ol 3%c] A 9
80% S AR5t Table 7). L 2] Candelabrella 4] 27},
Acremonium 4:0] 170993, 47 BFL 15K st
(Table 7). E71Z 210 m)olA E2)3 Fte AQdx

Cladosporium <5 147N, Penicillium % 47V, Alternaria < 3

Table 7. Tentative identification of fungal isolates from bioaerosol samples (summer)

No. of colonies

Identification YC oS YY HY Taewha .
. Univ. Ulsan
0m 10 m 0 m 10 m 0 m 10 m 0 m 10 m Station
Acremonium -
Alternaria 1 1 - 1 1 3 2 1 3
Aspergillus - 1
Candelabrella - 2
Cladosporium 8 7 2 - 6 2 3 5 8 3
Paecilomyces 1 -
Penicillium 5 - 3 4 1
Unidentified 2 1 2 - 2 1 2 1 1
Total 10 10 10 - 10 10 10 10 10 10




Table 8. The description of sewage treatment plant studied

e Aol B7]E nYE BE 47

Sewage Influent treated Influent quality (mg/L)
3 Treatment process
treatment plant (m’/day) BOD COD SS T-N T-P
oS 89,300 Standard activated sludge process 104.3 85.2 128.9 30.8 2.0
YY 247,000 Standard activated sludge process 105.9 78.9 152.4 34.6 3.6
HY 26,400 SymBio 118.6 102.4 128.2 28.5 2.0
NZ, o5 3%¢] A o] 70%5 A5t Table 7). Qle] BFHog w3 o= AZMETKS, 4, 10, 15). 33

21 9 Aspergillus 43+ Paecilomycetes 0] 2z} 1701804
a, 157H9] ;gal-_o. E;G o};{ B3] ]—SﬁiEHTable 7. T;HZ—?L 1\]
o AL Cladosportum & 1170, Alternaria & 474,
Acremonium < 27V, Penicillium 4 17§1992.H, 27) HZe
3ol E3lthTable 7).
k|

20093 AAEE bioaerosold] EXE FALEE Ao, &
= B gAY F71F A TR RS XHM H]
3 Hgk 71Fo2 A 12008 § £ FX9oH, )%
(0 m)ollA E71x ZA(10 m)BETH Hof 444 o =34tk =
g g2t A¥Fe 2 sl Hske a9 549 Al
o] 15 oFAdel I3 ] H& NEE AEFHIU ol 35A
gAY T2} 371F AT T8 HAeS ov|gith
S 27120 m)] ¥7T At sET FH VIFeE X
712 2A(10 mET o] @Etoy) gzt A4 vlsix=
A3 o w8 w55 B ole s EAIAdA 27
ole]e] thE FAo Alde] F71F el T8 AU
/\Wﬂt‘r 2 A7 AL e vtlA oE A7AE
WHo R S48t gk x|} Hlud W o =
2> %E—E— RHolx&e &9Ith3, 4, 6, 7, 9, 20, 21).

TolA, YC-STPY] &71% Al v E7127F A
= *E‘LHOM 1.3(¥0.2)x10*-2.6(x1.1)x10" MPN/m’, X7]|%

AE9] 9B 2974 1.7(£1.0)x10%-7.2(22.2)x10° MPN/m’
2 f$ =4 SAEATE £ Bolx EHFe] AF} o
= W= B ofe] TS Uz} TR FHY
bioaerosol A|EIA HEEH T YC-STP2 S4HA9] Hix
9 iz SeAE AHFsl] A AAHE, $714 48] i
o2 29g3la Urh23). E7)F 1Z2E 4x37.6%4.6(7FEXAZ
xZlol, m) I7]olH, AT WA o g E7|gth 20089 4

B 368 m’/dayS *]2|3ATH23).

YC-STP ©]€]9] slg=*]2]AlAdollA 2008A 71F sl
=, A, U5 Table 89 FeI3tATh23). ol A4
o] F7F A TEE AR, 7120 mY BF YY-
STP 5.0(£0.8)x10'-4.4(20.8)x10° MPN/m’, OS-STP 7.3
(£2.0)x10%-1.8(+1.1)x10* MPN/m®, HY-STP 1.9(+1.2)x10'-
55(+10)x101 MPN/m’¢] ¥ $%th OS-STPAlA 7 =%k

, HY-STPo|X 717¢ wsith skrxie|dol we oleigh 2t

l* AY, 713 59 B34 820¥ I A, fYst
o] 4, A, 27 5 3R g oy 2

nilo FN i3

FFI

3
g ofe] 8Q1S FAHoE AWEY, A
A &S YY-STPo| 250,000m* /Y= 7P =i,
0S-STP®] 150,000m*/<, ~18]3 HY-STP®| 32,000m’/I=
7174 At} A4 2008 A2 HE YY-STPO| 247,000m’/ Y&
71 @skal, OS-STPo] 89,300mY%, 18]l HY-STPO]
26,400m’ /U= 7FF ZUTHTable 8)(23). 20084 7|FC&
A fdee =28 vusEd, COD+ YY-STP
78.9 mg/L, OS-STP 852 mg/L, HY-STP 102.4 mg/LZ
HY-STPo] 7P¢ %9tom, T-N& YY-STP 34.6 mg/L,
OS-STP 30.8 mg/L, HY-STP 28.5 mg/L=Z YY-STP¢] 7}¢
ETH23). webd 370 seAelAld & OS-STP 7|39
3715 At =7 78 B2 ol sl Rl E sl
o /\;du]—g_i‘_-. )Huﬂo] Q;q o}b\;} 2009@ }_/\]_}\];‘{j @_XH
S HPE Y] A YY-STPH OS-STPS REF SHAEHA|
Hog FdspARt 271‘“‘0% zke)7b vk YY-STPS 7H
R RN %1‘?:1% Ag35le] E7)9} vlE7] wyke] )
2 REREE FAolH, o]d Wil 0S-STPS 7|AI2EHE Y]
715 ARESle] SR FFd o3 7|EE HAAIZICH
HY-STP& Zxksle} ghdo] 3 g2 23E= Anlo)e
(SymBio) S A&kt o] TR A9 Hilslel 24
Aol Al &S YeRd 4 JES Ak TEE W
o2 FAT Fart o} T S Al Bl
AR 2715 Sk A E71xe FERE Aot
=T, YY-STPL 11x59.4x11(7}2xA|ZxZo], m) Z7]1¢]
F7)Z 1270, OS-STP-L 50.8x76.2x4.5(7}2x A ZxZ0], m)
=719] ¥E7|% 37}, HY-STP-S 1.7x68x4(7FEx M| ZxZ1o], m)
7] E71Z 78S D3 ATh23). wEtA olE sEAE
Ao E7ZNAM F715 AT T2 X ole F2 X
71l E7)Z2] FER(Z0], 95 ti7]et Hike BHA F)
o 7198k Aoz ety 3 Tl degoew A
A oA gl 37T Al FEe R A
A o948 Ade 27 JAATHAE HAA).

s Al E71E FA A B7)F Al FEE YY-
STP 2.6(+3.2)x10'-2.4(+0.8)x10° MPN/m’, OS-STP 5.0(+2.8)
x10-6.6(£2.0)x10° MPN/m’, HY-STP 7.3(+0.5)x10'-1.8
(£1.0)x10> MPN/m’] 9|9tk OS-STPY] A9 AFd =
Aol & Aol7t A=), A™A aHtE A8 AF L
T o5k AoR AAXI: AYA Aok wiiol| FE
st E E7)1Z A 119 FYE AXelA
st om, Fakolu 27|22 HE Q] Aol w2 Alxt
Heh= £481A] Kalsich HY-STPS 4% 2715 A

op
Si

0{t

¥ &9
2

of R i
[l
1o mlo
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ke 3 HOE EV|RNAY FUIF A TR W
A%F YY-STP, OS-STPeh= €] X7|ZHTE 1 Z3jofA
71 At s=7F 9 E4Th HY-STPS 27|21 13} 3
Z7} bioaerosol®] & WY o g FAE =Y, 2709 13 A
Azxe 2|z} 2] Aoz EEHY o FYsEe
Fol7t Iz Fol9 ZobA sl EEFH nigel o) 4
Al bioaerosolo] WAT 4 = FXE 3l Tk
YY-STP9] 7% HEE7|HE4sle] 27148 stk 9l
AR EAZAAN F7)1F At FE= wWE FEEG 106 o
F ET ALolA F71F Al AEL AW FEo] %
< 7] W Zel(10), FEETINA 2715 el FaYstaL HE
7] wHkE ol P IS 13 Fevt
HY-STPOllM = Z7|Z2RT 12k JHx AN 3715 Ad
o =t o =Uth EuA Ay 2 F HHAME
bioaerosol Ao == o] vt Auks, 15). s
AAs Btz AAE, 1A ARER, 2V|F, 23 AR, &
A g2 L8R 24 5 A7 3HEE bioaerosolS EF
st Al ¥EE 24T Z8U) Aok
LA AUt He didTT Ade 2728} 2%
AEEHATE B A= AduRE A}
B3t A SAYS A88t] didta Alte] & 543
Aok ST ot Aol vl diFes 2
EAlslE i wiel Al FEE HAaTEIRE T
e oAHE] Utk EgE B AFeXE SEAE Al )
Gl 71z o g FUF AT Ao FEE AR
AT AR R EAskE PAE TR BE AT
= ST 5 gloe Y AE 1 W, £ A7
= F AES HAEEIAAY HAE
TR F8 JATE TR KIS 7L oJHs]
o $AAY:= g oltk FHTole wdel oJEsA] e
DNA-based microbial source tracking WHE 7]d=o]
bioaerosol2] ALY FRlel] o]g3slar JYrh2). ol WHS
g8 A9 B AT} 2ol 2 wiATEY ikl EA)
SlME tiTT Ald-S AESa g1 4 s Ae=
giEapsl=g

2 ool 30

EE_I

S 2] Al ol A] bioaerosol ] =& THE 17344 4
Fog= 74 Asy g =] SA Fo] diEHolth 3
G A3 F A A 1go] B2 T tide] Ha Ytk
(22). YWY O Z biocaerosol2] =&l 23t A7} 3l Hr}
+ dose-response WA AHI AFHQ =F HrP} oY
the A wjFol Aleks vk 9low, =% Hrlol uigh e

=

o] Fjte] Aagd Farl Qltke). £ A= A HUE
EHo=2 A A AR g5l FaL JskAe 4%
on, @A A#RE e e ddle ojHoh
SAIRE B @ o] NFHAESQ] T Al E7)1F &
olel 712 ZA9] TANFAME AEHH endotoxin
AU+ Pseudomonas 2] Aldd HAAZE 4R o3 £&
FEZR= Aeromonas 0] 2 FEE SAZTHR= He a1
& @ bioaerosol =2l o5k 717} fl31A3<] Wyt st

o
i

J3

Sl AIAo A BASRE V1% PSS FdA 2 F
v A 1737 Hslle] 291e] & 4= Qlth o]E AlAdolA 37
T Ao Je T S gelEhr] 8l &4kl 914
g A 13H(YC-STP)# sAlEld 33(YY-, OS-,
HY-STP)2] ¥E71%8} E7|% 23] AGollA AdEE 3%
HAES EF54rh YC-STPY 2715 A ¥5& 7|2
oA 1.3(£0.2)x10%-2.6(+1.1)x10* MPN/m’>, E7]% Z=]olA]
1.7 (£1.0)x10>-7.2(£2.2)x10° MPN/m’Z ¢~ =gton of
AFTEE AZHATE YY-, 0S-, HY-STPY ¥71= AT &
T Z7)ZA 1.9(21.2)x10'-1.8(+1.2)x10* MPN/m®, 37
Z ZA9)A 5.0(22.8)x10%6.6(+2.0)x10° MPN/m’¢] 94
t}t YC-, OS-, YY-STPoIAY] 371%F M s Uz A
Holl vl8] BFgk 71Fo 8 E7ZANME 16-1,2008), E71%
SAH M= 92808 AT U] EL RO, TU|FE A
(10 m)Et} X710 m)ollA 1.7-4.4¥) A% O =Uch 3]
T Ads 2Esld sAT A7 seAEAAeAE
Pseudomonas luteola, Z+ A3 X= Micrococcus sp.7}
FHsI 371 ] wEE VE Hoh £7)E A
oA O Egkom E7|E 9o thE T8 WAl EAFS
ARV Cladosporium, Alternaria, Penicillium® 3490] F
2 AEHAL
ZAte] 2

B ATE 2009 2987t AlE o] ARl A
ol 23] FAEAE A8 AN =R T4 AHEA T
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