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Ao ZHE 1.2me] EoldlA 50 LS
100LY] F7INEE FUAA FAES T A% 10 um
olal BAHA|(PM, )2} & HA|(total particles)®] FEE FHE
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=319t

France)Z o] &35}om,

OldEe 22X

BNFE Alnast Ao 42 ZH2} plate count agar (agar,
15.0 g; tryptone, 5.0 g; yeast extract, 2.5 g; glucose, 1.0 g; water,
1000 mL)9} dichioran rose bengal chloramphenicol (DRBC) agar
(agar, 15.0 g glucose, 10.0 g peptone, 5.0g; KH,PO,, 1.0¢g;
MgSO, - TH,0, 0.5g; rose bengal, 0.025g; dichloran, 0.002 g;
chloramphenicol, 0.1 g; water, 1000 m)E AM8-3}e] 33FATH®).
Al29] AH ) plate count agare 35°CollA 48 AL vk F
AAG Qe A48+, DRBC agars 25°CollA] 120 A1ZE
HjoF & vERd Jge Aesidtt. 78 JErRTE 87) A
F7) AzAL w72l et 3] imell EAEhe HH A
(most probable number, MPNYZ B4kttt T3k A 25 4
Aseet 371 ATy A 55 Alole] 45 BAE wet
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7 BAE 53 Ao gz 548 ZARIATH20). 13
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API Staph kit, 2324 A& APl 20NE kit?} APl 20E kit
(bioMerieux, France)Z AHE-8ld 4oz FAHs}90H, T4
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=451 23 A(unidentified) o2 7HESI T Ade] A4,
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19-21°C, O-M 18~21°C, H-H 16~19°Col}.om, Bxo] H
S-M 14~20°C, O-M 16~20°C, H-H 8~11°C2] HHT}. nH9
ASETE S-M 52~66%, O-M 50~66%, H-H 50~62%Z =74
Y, B9 A9E S-M 58~90%, O-M 57~62%, H-M 56~
68%2] WG We F ABAHA S-Mo] I HolA
223 2= 247} 7~12°C9} 8~10°Ce] M, FhFEs
AT Bror 247} 58-~74%9} 67~75%3A T

Plate count agar®] Al F &gl 7|28t Tt &l "‘IH 3
Aol F71F AT =S Fig. 19] VERIRICE 87 & gshd
BEgks vmsRd, wael A YA 2528 MPN/m3, %3]
AAZE 4843 MPN/m®, 3 & 628.8 MPN/m2] A=, A} &
A BS $gAIe HARS REoen, BErdMes YAzt
131.7 MPN/m®, AAAIZY 1,1108 MPN/m’, 3} F 4408
MPN/m*E, $hAIZel 718 shokal AAAIZe 7 w3ttt
(Fig. ). AT} BExo] AlF 55 vHWEH, A=
walo) Berth Bzt 712 1.7 Ax gkou A=
Boyl w234 o EshukFig 1). FA0] SEHA] S
Wt & s-Me] wAH BEolM E43 FU)F Al v, ¥
gko] 4ZF 183 MPN/m’$} 30.0 MPN/m*0|%lom, 817] & &
AAZE 5] 52%( A} 27.0%HE) FFEOE ¢ sttt
(Fig. 1). 38 Ag =9 A 2% Alo]9] Spearman®] =9
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Fig 1. Distribution of airborne bacteria at classrooms (A) and
corridors (B) of schools with different situations.
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Fig 2. Concentration of PM,, (A) and total particles (B) at S-M and H-
H.

FAAIE (e ThAIZ 0.78 (P<0.05)01903, TRE Ad8ollM e
A 9] freldeo] gldlen, AAHo 2= 0.64 (it<0.0)AT)
el Al F=et FdFE Alojdle AAH o2 fo44e] AU
29 A4BBA (r,=-0.39, it<0.05)F HJc}.

7] T mAedA 8AIzE A& AFHI A 3 vlAHA
(PM,,) BE S-M 542 pg/m’, H-H 283 pg/m’olglon, & ¥
A(total particles)= S-M 86.0 ug/m®, H-H 57.5 pg/m*°] AtHFig.
2). HAAR S FEE FHAIL, AR W & 5 dde
T-ste] ARSI, FHAIZEO] S-M 46.0 ug/m®, H-H 27.0 pg/
w2 7P} @E w58 JeRAT Wt 3o S-M 904 pg/m’,
H-H 424 pgm’2 7P E3kom, nidxs & WX 589~
66.0%(S- M) 46.4~56.7%(H-HyS A& th(Fig. 2). W F
S-M2] ¥IwAdA =43 vAHA] FEE 19.8 pgm’E 7]
T S84 36.5%0100H, F WA FET 292 ugm’E 7]
ZF ZAR 34.0% TF0)ATHFig. 2).
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Fig 3. Distribution of airborne fungi at classrooms (A) and corridors
(B) of schools with different situations.

MPN/m’S.Z 717 E4thFig. 3). A Bt IAF 5%
Bl B, FPAZ s mAde] BrHTh FEFg 71F 1.9
AT =ou A4Azbele Bert nARETh 158 o =%
(Fig. 3). o] TslA] g W 5 S-M9] 371%F A &
T= nAo] HHE 31.8 MPN/m®, B%7} B 832 MPN/m*ZE
Adrt o =4 245 AckFig 3). 39 S Al T
A s AW 259 AAH o2 S ABBA (=044, it<
0.05) B, ulFToe frojidol e AaaA) it
F71% A = A T% Aleld) AEAFE)E 0.57(it<

0.00HZ ¥ AHAAE YepdAn).
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S-MellA soLY] F71F M-S EHSF plate count agaroll
WA 414709] F2hs SU3 iR Aoz Arhste 3287)
o] gl 22 F oM, olE s o Fez
E4E EASATH Table 1). LA B 2UA Aol A
of whg} AA| MlF A 62.5-882% AR, 1HSA
At ZHA L] 10.3-29.2%2] HHAHATHTable 1), BEollAe 2
g Are] AA) Al k] 61.5~90.9%2) BLAgeH, 1
T4 M A2 9.1~33.3%2] WA 21|51 THTable 1).
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Table 1. Morphology of airborne bacteria grown on plate count agar (S-M)

s F71F uAE BE p91

Number of colonies (%)

Morphology Atclass At lunchtime After class Vacation

Gm +, cocci 48 (82.8) 48 (73.8) 45 (62.5) 15(88.2)

Classroom Gm -, cocci & rods 6(10.3) 14 (21.5) 21 (29.2) 2(11.8)
Gram variable 4(6.9) 3 (4.6) 6(8.3) 00

Total 58 (100) 65 (100) 72 (100) 17 (100)

Gm +, cocci 10 (90.9) 66 (82.5) 8(61.5) 8(66.7)

Corridor Gm -, cocci & rods 109.1) 8 (10.0) 1(7.7) 4(33.3)
Gram variable 0 (0) 6(7.5) 4(30.8) 0(0)

Total 11 (100) 80 (100) 13 (100) 12 (100)

S-MOllM e et & Hel 2 542 218 FU15 AlFE 3
g3, 0 Fo 2978 HE aelw Yoz A £ 23
7Rk HAARE 447he] HEe o R, AP kitS o83t A
214, Asets S we} A0 2 T (Table 2). F
71% AT 4 295 AWEY, gy AT A4S
Micrococcus spp.0] S870Z 71 2ol AA Ao 604%S =}
SR, Staphylococeus 4:°) 1I7WZ A9 11.5%STH Table

Table 2. Tentative identification of airborne bacteria (S-M)

2). Staphylococcus %9 73 THREE S epidermidis 37, S,
saprophyticus$} S, xylosus 2} 270, S. sciuri, S. lugdunensis, S,
lentus, S. simulans §°] Z} 1709 BE¥E X1 Kocuria
varians=. 54 E FHEo] 17) FTH(Table 2). IHA AT
Sphingomonas paucimobilis7t 5702 A& 52%3L, deromonas
salmonicida, Chryseomonas luteola, Burkholderia cepacia 5 °)
z+ 2,

183 Agrobacterium  radiobacter®}  Pasteurella

Origins Identification (# of colonies) Kits used
Micrococcus spp. (7)
Staphylococcus epidermidis (1) API Staph
Staphylococcus saprophyticus (1)
Classroom . o
Sphingomonas paucimobilis (1)
. ; API 20NE
Agrobacterium radiobacter (1)
Atclass Unidentified*(1) API Staph & 20NE
Micrococcus spp. (7) API Staph
Corrid Staphylococcus xylosus (1)
orndor Chryseomonas luteola (1) API20NE
Unidentified (2) API Staph & 20NE
Micrococcus spp. (8)
Staphylococcus epidermidis (2)
Staphylococcus sciuri (1)
Staphylococcus lugdunensis (1) AP Staph
Staphylococcus lentus (1)
Classroom Staphylococcus saprophyticus (1)
. Sphingomonas paucimobilis (3)
At lunchtime ~ Aeromonas salmonicida (2) API 20NE
Chryseomonas luteola (1)
Unidentified (4) API Staph & 20NE
Micrococcus spp. (16)
Cortidor Staphylococcus x%/losus nH API Staph
Staphylococcus simulans (1)
Unidentified (2) API Staph & 20NE
Micrococcus spp. (14) API Staph
Classroorm Sphingomonas paucimobilis (1) API 20NE
Pasteurella aerogenes (1)
. . Unidentified (1) API Staph & 20NE
During vacation .
Micrococcus spp. (6)
. . API Staph
Corrid Kocuria varians (1)
orndor Burkholderia cepacia (2) API 20NE
Unidentified (3) API Staph & 20NE

# % id was less than 90%
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aerogenes Z} 17H§ UERI T (Table 2). =313 3715 Ao 3
goRBE TF 9 4 13 FL TAY 4 e, da gt
2] 13.5%%) 137}1«1 e Eﬂi}g(% idyo] 90% ®]RFo]o)A
AR kitZ EQ1EA @skdh 7HE e HEE HEd
Micrococeus spp.= WA A3EE AA) Feke] 33.3~82.4%
£ 2SI, BEAAME 50.0~80.0%S AFASHHE THTable 2).

3718 ¢ Eel g3

S-MolA RF4E 243 DRBC agarZ B A 4670,
ANz 337H, 3 & 3070, WE F 407 T 149709) W
e 2, fidsidod, o IS g ey 54
o 7]3‘5-3}04 & F27R] SR8 HTable 3). 3 149709 At
S 2HRE § &9 JAFS AT 4 UM, Cladosporium 4
o] 2AE 7P Bol AA| 9 48.3%S9 T, TR O 2 Penicillium
0] /NZ 15.4%, Aspergillus %5°) 20702 13.4%52H, °)&
Al ol AA A 77.1%F AASATHTable 3). I ol

Table 3. Tentative identification of airborne fungi (S-M)

Origins e
(Number of colonies Identification .
examined) (Number of colonies)

Classroom (32) Cladosporium spp. (28)
Fusarium spp. (1)
Unidentified (3)
Cladosporium spp. (11)
Aspergillus spp. (1)
Mucor spp. (1)
Unidentified (1)
Cladosporium spp. (7)
Aspergillus spp. (8)
Penicillium spp. (2)
Unidentified (i}
Cladosporium spp. (8)
Aspergillus spp. (4)
Unidentified (3)
Cladosporium spp. (5)
Aspergillus spp. (2)
Penicillium spp. (4)
Mucor spp. (1)
Paecilomyces spp. (1)
Curvularia spp. (1)
Unidentified (3)
Cladosporium spp. (3)
Aspergillus spp. (3)
Penicillium spp. (2)
Fusarium spp. (1)
Mucor spp. (1)
Aureobasidium spp. (2)
Unidentified (1)
Cladosporium spp. (5)
Aspergillus spp. (2)
Penicillium spp. (5)
Unidentified (6)
Penicillium spp. (10)
Cladosparium spp. (5)
Unidentified (7)

Atclass Corridor (14)

Classroom (18)

At lunchtime
Corridor (15)

Classroom (17)

A 1
frer class Corridor (13)

Classroom (18)

During vacation
Corridor (22)

Kor. J Microbiol

Mucor 4:°) 37V, Fusarium 53 Aureobasidium 4°) 2+ 20, 1
23 Paecilomyces &3¢ Curvularia 40 Z} 172 VEpstow,
A 16.8%% 257 He FeiH 5o FAHA Fa
E}(Table 3). Az & AlRANME Cladosporium 42
Eo} 4671%F 3970E 84.8%S ARSI
Penicillium 42 VERA] 949} THTable 3). W} 5ol X3 }‘1
BolM= Penicillium £:0] 407 A F 15742 71 &8 W
7F =om, 1371 e $ASIA] Zatdth(Table 3). T4
Qe BEe DA Brod 2 Aolg nolx) Seton] 3
2 o) TR ARSRE 1 R S TS FAT
AATH(Table 3).

T E39)

3

A srael Ao} 87) F dshd 3
715 Al g5 P E
oz FgAIREY o] wigkom, HAAIR | HzeA
of ko] 7P =AU the o R H& X2 W §9f wilo]

Aot x=F g stwolM e F &S FU)F A she
WA Ag UMY 52%, Bx9 A £ 27.0%
FEog uje vt oleidt Arle g S TS Al
] 5w gl HFEs e A stile] 854 5
7 AfE o] s G Bl S8 Hofth o
o 435 ajEAY] sEx WE F P WA, 9AE
ARAZE, W o] o g ZIlEle, FU)E Mat wxe] Wt
o} B BAE BT ) ¥|=; South CarolinaT9] 258
ol 23 ArAT el wEd Mlgaeet o dhga Fx Alod)
frelgdo] e AREIAT JALH, 2 A AFAER o]
PR Frb A Fke] mRES Qe AR - R 8
71EEet TAZE 217 WiEel] A 716 Exgke Aol o4
o] YT} WAL S Aorakar Ak(15). 3HA Al tﬂrﬂﬂ*ﬂ 7]
T e el Fh, WA 39 Mt H-HollX e FEA
Ztoll, O-ME 3 Foj 7} E}, BEo] AL S- Mg T4
2roll, 0-Mz} H-He F4A7Hel 717 o} dhae) m& Aol5
Hh & AqtellA 3715 vdEY] 2HE JHE 2 AL s
713t Safpow, Al 2 L_A Tee AU 259 fo4)
AE oFo] AAAAE B, S AolMe) ZAIME A
1% A 59 AEA syt A o] #sie) =g
o] UASE ARl k(7). o]zl ﬂ— A EEANA F
71% nAE FE T3 7150l 8AIZE B8 24X B Po R
A AlE]ojof sl ol5 A& A& A&H lE ANF T A
2 AE T EAR e Mgel dasitia wdE

2 A7 gt duje F71F Addge mAdlA 18-762
MPN/m’, B-50)4 30~1,800 MPN/m*®) ®WIH 1L, 371F F
FE ZACA 32-391 MPN/m®, B0 A 83~225 MPN/m*2]
HAR SAEAeH, o]5gt £xle k2 v S € s
Fx| ol 1 @13% Oﬂ%LXP-OI Z4E gt Hlmkﬂ 53] =2
TEE < USITE 2f=9] o2 shaE e sk

@) Fste] v,
ol 743 A S

LHOH
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r:i of
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N At = g o= 4 A= 7~19,500 CFU/M’?
ol &3l om, Ao 967)) wA FHF AE TEE
Hie] 500 CFUM?, HtHgko]l 4,500 CFU/MmeIAx, wl=r
Connecticut2] 27 258w A F49) FEE 2,000~
50,000 spore/m>®] HAFTH11, 22). = FRHolM AdE=
Z=23) *7]T MY EEE 504,149 MPN/m*S] A, A
T s55 Hun Adizke] 242 661 MPN/m*®} 1,888 MPN/m’
= ;@Q?}F}(ﬂ U FEHUL] Al Fxol tig d7+AE
9] A} A= 128~971 CFUm’S] W HThd, 5). A =
A7 ABE ] AT tigk Ay 371" FA71EL,
8 71#, BEA1A SolA 800 CFU/M® o3& A& & o] 9o
D% AW daeE Y FR7RES AREHAA F71E Adwt
FE-2 AFo] girh. gHH FR XY 71 AT &
T EU=oA] 884,751 CFUMS] AR, I $55 &
T=oA 2~16,968 CFU/m’, UE  YokohamaollA <13~3,750
CFU/m?, Z18]31 Taiwan 24 EAI9AME 1,605~18,306 CFU/m’
2 2353013, 25, 27).

o] A BANA 2R AT A 2Akgh ek
61.5-90.9% FFolRem, Az HAdH #Ho| e
Micrococcus £0] F71% A2 60.4%Z RSk 71 Bl
2L THT F71= Aol BA A ME Micrococcus
o] A Fge] 36.5%=2 71 o] BE3IATH7). ¥hadd =

N7t 22 Al &2, Aok B4)e] AT

_11}1'

W Helelx &8 ¥

ANAM = Staphylococcus 73.0%, Micrococcus 20.7%, Lactobacillus
46% 59 AP, & FGr Staphylococeus 57.5%, Micrococcus
21.4%, Enterococcus 10.4%, Bacillus 72%%E B3}l o],
Micrococeus 48] 2 Rxrt 7B &2 st Ay F7)9F A

ol2 Hoju Stk uidrlsst F71F Ali TR At olF
E g3, Avplers 53 A2 4 fid JE AP kitR
F4A E3 Ay 58S BAER Y 5= ARSSte 9
i
E‘

Best ok @8, Fesold Foe e zAld 23
A EE, :LELOE/HA M2 Micrococcus spp., Kocuria
spp., Staphylococcus spp.= ZAFeH B& ANONA, Bacillus spp.
= ZAV At 90%014, Nocardia spp.S 33%01A4 EAEA
om agkSAlel MO E Pseudomonas sppi ZAFSH AUie]
80%SN| A, Aeromonas sppi= 40%ANA ZESFHTH13).

2 AFe g AWy @74 /\1*‘\:— Cladosporium 2,
Penicillium 42, Aspergillus ¢ 50| &71% AT 77.1%E 24|
g o™, olF Cladosporium 40| 7};(‘ ekt felA
3 3715 A 58 A5 BY, Penicillium £°] 7V &
SkaL, Aspergillus 53¢ Mucor 5% ZHSR L, £ A9}
2] Cladosporium 42 RIFA] o, FXHoljr g3
[} 47} @A Wk B A7 ARAR Hire EekidL
FAEHT). D= A F71Re FATT EE &
9} 2¥x @e gz ez sk Hm T-oll A,
Penicillium %5, Cladosporium 2%, Aspergillus %, yeast < =
E gudA HEFHoE EASHLH, Penicillium =,
Aspergillus <3, yeast 52 F 1E9] shwolA Zo|7} AR

b

mSL&

}1]

st F71% PAE B 193

Cladosporium %9] %+ 24 37 ] 2 o] BA7} A7)1H §nlol
}"] o 558 Huslar Joi18). whadl Penicillium 49 &
S aE A S R e, 99 512
o) A AANE vIFe 4gA G F 204 oA
Penicillium spp.2] &x=7F Aot 2 F7149] A7) Qe &
oA Hot frojidel Al o w=UTH10). WIFETY FA7t
Az¥s selo} Ada dhsivoA 3 ZALNME, Penicillium
Grol ZAV AAS] B7) AR BT SHSAGAT, Wil
A3 ANgdl W} Cladosporium & 32 Penicillium 4°] %73
she Ao & vehdtile). stal A Frlo] o) R¥EE=
Cladosporium <53} Penicillium %2 & F&o|A9] 54, 4
ERog FAA B Ao 8214 4, 181 ols A
o] Ah E713el TIAE o) e Rk AAH 477}
S3tha AT
2 Aol Suel AW BN el 71%8 Hes
F7)F Aaa 2ete] 55 RAFehL 5o, BAEAE
A ZAe= SR T 22 ANEE KR
Wl BAE AT W, 2 el A3k oldle B
AES HAaH7IRAAY MAE B F8 AATE
A 2SS AL A3l ek e T B B
715 HAES EAE s gRlsty] Hs) "7*‘01]/‘1 ImpingerS
o]-8-&t] 30 mL/min.o] FEOE Q3 9AlolA Q% 5A74A] &
F 8AIZH 37t EFSLA, membrane filter (0.2 pm pore size)
2 TS ofsie] MRS BHHL DNAS FEE T,
PCR S A&t out 54 vAE /HAITS g8 + ¢
Ak FF AES] A AE R S A nAdE 24
o) o] Aasfelet Ak,

ZAlel o

B A7E 200435 EAAGB7IE/ LAE ] 7] A4
o ojsl == UE

28
LA, 1989. AWV ed. she)a8g 3= 32, 1279-
1285.

2.0AA. 1994, A &2 ?4.—“1— TF o]& Al AU F7
ZF PAE 2o #AgE AT FEAALE = g
HrlL :

3. 5%, A E. 1990, Air samplerS o83k MY W &

7] Z uAE LEEY =4, ﬂoﬂ 22, 221-226.

4,323, a4l 1998. ?4_ o @_‘HMVH el
AE 2o B3 A+, @%M%Ma}w 8, 231-241.

5. 28F, 344, AdAE, 4495 2000. Y5 Z?& o LH
ded F7) & wAE Wk daifiAErsA |
115-125.

6. 34, M. 1991, U|YELS o] &3 IR #HY, /1A
= ARk ] e ﬁﬂ gtk I Eks] A g, 73-81.

7. 8333 ololm] AHA, AFA. 2003, FL AU
AoA 7% vAE o AFE WE vyEE3 A



194 Ahmi Lee et al

10.

13.
14.

15.

16.

17.

39, 253-259.

Atlas, R M. and L.C. Parks. 1996. Handbook of microbiological
media. CRC press, Boca Raton, Florida.

Burge, H.A., D.L. Pierson, T.O. Groves, K.F. Strawn, and S.K.
Mishra. 2000. Dynamics of airborne fungal populations in a large
office building. Curr. Microbiol. 40, 10-16.

Cooley, J.D., W.C. Wong, C.A. Jumper, and D.C. Straus. 1998.
Correlation between the prevalence of certain fungi and sick build-
ing syndrome. Occup. Environ. Med. 55, 579-584.

. Daisey, .M., W.J. Angell, and M.G. Apte. 2003. Indoor air quality,

ventilation and health symptoms in schools: an analysis of existing
information. Indoor Air 13, 53-64.

. Fischer, G. and D. Wolfgang. 2003. Relevance of airborne fungi

and their secondary metabolites for environmental, occupational
and indoor hygiene. Arch. Microbiol. 179, 75-82.

Gorny, R.L. and J. Dutkiewicz. 2002. Bacterial and fungal aerosols
in indoor environment in Central and Eastern European countries.
Ann. Agric. Environ. Med. 9, 17-23.

Gravesen, S. 2000. Microbiology on Indoor Air '99-what is new
and interesting? An overview of selected papers presented in Edin-
burgh, August, 1999. Indoor Air 10, 74-80.

Liu, L.J., M. Krahmer, A. Fox, C.E. Feigley, A. Featherstone, A.
Saraf, and L. Larsson. 2000. Investigation of the concentration of
bacteria and their cell envelope components in indoor air in two
elementary schools. J. 4ir Waste Manag. Assoc. 50, 1957-1967.
McGrath, J.J., W.C. Wong, J.D. Cooley, and D.C. Straus. 1999.
Continually measured fungal profiles in sick building syndrome.
Curr: Microbiol. 38, 33-36.

Meklin, T., A. Hyvarinen, M. Toivola, T. Reponen, V. Koponen, T.
Husman, T. Taskinen, M. Korppi, and A. Nevalainen. 2003. Effect
of building frame and moisture damage on microbiological indoor
air quality in school buildings. ATHA J. 64, 108-116.

. Meklin, T., T. Husman, A. Vepsalainen, M. Vahteristo, J. Koivisto,

J. Halla-Aho, A. Hyvarinen, D. Moschandreas, and A. Nevalainen.

Kor. J. Microbiol

2002. Indoor air microbes and respiratory symptoms of children in
moisture damaged and reference schools. Indoor Air 12, 175-183.

19. Mohr, A.J. 1997. Fate and transport of microorganisms, p. 641-

650. In C.J. Hurst, GR. Knudsen, M.J. Mclnerney, L.D. Stetzen-
bach, and M.V. Walter (ed.), Manual of environmental microbiol-
ogy. American Society for Microbiology, Washington, D.C.

20. Murray, R.GE., RN. Doetsch, and C.F. Robinow. 1994. Determi-

21.

22.

23.

24.

25.

26.

27.

native and cytological light microscopy, pp. 21-41. In P. Gerhardt,
R.GE. Murray, W.A. Wood, and N.R. Krieg (ed.), Methods for
general and molecular bacteriology. American Society for Micro-
biology, Washington, D.C.

Samson, R.A., E.S. Hoekstra, J.C. Frisvad, and O. Filtenborg.
2002. Introduction to food- and airborne fungi, 6th edition. Cen-
traalbureau voor Schimmelcultures, Utrecht, Netherlands.
Santilli, J. and W. Rockwell. 2003. Fungal contamination of ele-
mentary schools: a new environmental hazard. Ann. Allergy
Asthma Immunol. 90, 203-208.

Shelton, B.G.,, K.H. Kirkland and W.D. Flanders. 2002. Profiles of
airborne fungi in buildings and outdoor environments in the
United States. Appl. Environ. Microbiol. 68. 1743-1753.

Smedje, G, D. Norback, and C. Edling. 1997. Asthma among sec-
ondary schoolchildren in relation to the school environment. Clin.
Exp. Allergy 27, 1270-1278.

Takahashi, T. 1997. Airborne fungal colony-forming units in out-
door and indoor environments in Yokohama, Japan. Mycopatholo-
gia 139, 23-33.

Watanabe, T. 1994. Pictorial atlas of soil and seed fungi-morphol-
ogy of cultured fungi and key to species. CRC press, Boca Raton,
Florida.

Wu, P.-C., H.-J. Su, and C.-Y. Lin. 2000. Characteristics of indoor
and outdoor airborne fungi at suburban and urban homes in two
seasons. Sci. Total Environ. 270, 33-42.

(Received April 23, 2005/Accepted August 13, 2005)

ABSTRACT : Distribution and Characteristics of Airborne Microorganisms in Indoor Environment of

Schools

Ahmi Lee, Nayoung Kim, Soyeon Kim!, and Jongseol Kim* (Division of Biological Sci-
ences, 'Institute for the Gifted Science Education, University of Ulsan, Ulsan 680-749, Korea)

To assess microbiological indoor air quality in schools, concentrations of viable airborne microorganisms were
monitored at classrooms and corridors of 3 middle or high schools in Ulsan. Airborne microorganisms were
sampled at various situations during a semester (class-hour, lunchtime, after school) and during a vacation with
an impaction-type air sampler. During the semester, the number of bacteria was the highest at lunchtime in cor-
ridor with an average of 1,111 MPN/m® and lowest at class-hour in corridor with an average of 132 MPN/m’.
During the vacation, the bacterial concentrations at classrooms and corridors were only 5% and 27% of the val-
ues during class-hours of the semester, respectively. Among the colonies tested, 60% were identified as rel-
atively harmless Micrococcus species and 12% were Staphylococcus species. During the semester, the average
values of fungal concentrations at each situation ranged from 105 to 213 MPN/m’, and the values during the
vacation were 32 MPN/m® at classrooms and 83 MPN/m® in corridors. Fungal genera such as Cladosporium,
Penicillium, and Aspergillus were identified from the colonies. The obtained data can be considered as a step to
set a guideline for bioaerosols in indoor environment of schools.



