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Fig 1. Concentration of airborne bacteria at classrooms (A) and
corridors (B) of three elementary schools with different situations.
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Fig. 2. Concentration of airborne fungi at classrooms (A) and
corridors (B) of three elementary schools with different situations.

= A8} cHFig. 3). W8 F BG-EY] wAy} Broa =43
WA S 36 ugm’®E 317] T A% 22%0100H, &
U7 FEE SSugm’E 7] F S 19% oIl Al
o A FHAIZHEA 10:00~11:40), FAATHA 11:40~2.3
12:30), 28] W QT 3:30~4:30)F FE3te] A3 u)A|
A FEE, 24 9 AT 69~582 ug/m’, HAAIZE 107
~324 pg/m’, I} F 26~33 pg/m’e] LR oW, BroM= &
AAIZE 97~185 pg/m?, AAAIZE 105~366 pg/m?, W2k F 19-25
pg/m’e] W2, WA Ex BE W3 $of 7P vk miAw
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Fig. 3. Average (6 hr) particulate concentration at classrooms and
corridors (A), and PM,; concentration at classrooms (B) and corridors
(C) of three elementary schools.
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3% AT AAT F AREW, TYFY AT 2
Micrococcus -0 43/NZ 71 Bol A 54 AlFg 71‘:]%94
61%5 AR H, AMEEF API Staph kitC.E& & FF
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S. hepidermidis, S. hominis, S. sciuri7} Z+ 1719] X5 H 31,
Kocuria varians/roseai FAE HAFo] gt aggAHo =
o [ w2 ) 2] A, FHAIRE oA &
ks %J"#—S— 16S RNA fr3zt d3e] Mg 4243
Arthrobacter spp., Micrococcus spp.2F 100%2] similarityS 2
O}, API kitE ©]-8-3F FNA= 2atel] AHXE FR1EA] &
ko, AR wAdA gk F2h 12+ API kit SHAI D
& Alul ol Afeted of o) AFS 4= fISlTh 2dSA Al
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A9 4%Ae XASAL, FHEE S paucimobilis 37V, C.
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FHAE T jlo] FRIekA] E8{TH(Table 1).
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2715 Aol 55

8l7] = AdFE =43 DRBC agar25-E Y2je] F2He A
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o] 69%E 2FA|SFHTHTable 2). 1 TR0 2= Paecilomyces
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Table 1. Tentative identification of airborne bacteria (BG-E)

Sampling location and situation (# of colonies examined)

Gram stain Identification (# of colonies)

Atclass (17)

Gram +

Gram -

Micrococcus spp. (10)
Staphylococcus aureus (3)
Staphylococcus epidermidis (1)
Unidentified (1)

Pasteurella spp. (1)

Sphingomonas paucimobilis (1)

Classroom

(32) At lunchtime (11)

Gram +

Gram -

Micrococcus spp. (9)
Unidentified (1)

Sphingomonas paucimobilis (1)

After class (4)

Gram +

Gram -

Kocuria varians/rosea (1)
Brevundimonas vesicularis (1)
Pasteurella aerogenes (1)

Pasteurella haemolytica (1)

Atclass (17)

Gram +

Gram -

Micrococcus spp. (10)

Kocuria varians/rosea (2)
Staphylococcus aureus (1)
Staphylococcus sciuri (1)
Chryseobacterium indologenes (1)
Chryseomonas luteola (1)

Stenotrophomonas maltophilia (1)

Corridor

(3%) At lunchtime (20)

Gram +

Gram -

Micrococcus spp. (14)

Staphylococcus hominis (1)
Chryseobacterium indologenes (1)
Chryseobacterium meningosepticum (1)
Pasteurella haemolytica (1)
Sphingomonas paucimobilis (1)

Unidentified (1)

After class (1)

Gram +

Kocuria varians/rosea (1)

1% %10, Aureobasidium &8 B Awt A&} g
W BYE HWIRH, Cladosporium 45, Aspergillus 2,

Penicillium <, Ulocladium 4, Fusarium 42 A| St F5o) A

18] o) FRJENOH, Acremonium 3} Stachybotrys

BG-ESIA, Botrytis 48 SI-EN AR A= A}

d
-

i

40
b

B AFoA A Al 2] Ad 371F Aldaees
oA 108~2,329 MPN/m?, B-50A 71~6,339 MPN/m’e] 1

A9, F715 AdFE DAl 24389 MPN/m®, B0l A
59~507 MPN/m’2] W92 A=), Aol Aol Bla)] 4
3} Shuel] mE Hojgat Hagke] Aozt A Fiok 2538

wollAM e ol3t T TR FasuelAe] F7F Al

=479 WA 18-762 MPN/m®, E-& 30~1,800 MPN/m’S} &
71% AdF A A 32-391 MPN/m®, EX §3-225
MPN/m*9} Hlwsle] Zujgk 715 Al 3.54), 22 2,50 3
= o Ekoy, fX1909 Al AdEr ST F715 Al
o] HUg 4,149 MPN/mPe} Ree] Hdigh 1,888
MPN/m*$} Hlng o w4 Hoigk 71E Al 188, 2
4.941 O] SiSkth(1, 4). A} gl 258 28hd wale] -
2% el BE d3pt FE ] B = HARKLF 44l
< o] el Qle e, Wit o} e} Foll SA%
715 Al vARRe] sEe TR FAATR] 24
kol visl] dA 3] Wkt Algte] &5, B3 Fol <3t meho]
3715 WAE T B S vIAH, olg wEke i
Hoj= Aol w20 ¥ 2 93 F= Zlo = AHE n
gA Fas oA AT AelA] Ak ule} Zol(1), A
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Table 2. Tentative identification of airborne fungi (BG-E, SH-E and SJ-E)

Kor. J. Microbiol

Sampling location and situation (# of colonies examined)

Identification (# of colonies)

Atclass (38) Cladosporium spp. (11) Curvularia spp. (1)
Aspergillus spp. (9) Fusarium spp. (1)
Penicillium spp. (6) Trichoderma spp.(1)
Acremonium spp.(2) Ulocladium spp. (1)
Mucor spp. (2) Unidentified (4)
At lunchtime (29) Cladosporium spp. (9) Scopulariopsis spp. (1)
Penicillium spp. (5) Stachybotrys spp. (1)
Cla(s;(r)(;om Aspergillus spp. (2) Trichoderma spp. (1)
Paecilomyces spp. (2) yeast (3)
Alternaria spp. (1) Unidentified (3)
Fusarium spp. (1)
After class (23) Cladosporium spp. (11) Botrytis spp. (1)
Penicillium spp. (4) Stachybotrys spp. (1)
Acremonium spp. (1) yeast (1)
Aspergillus spp. (1) Unidentified (3)
Atclass (41) Cladosporium spp. (22) Acremonium spp.(1)
Aspergillus spp. (4) Alternaria spp. (1)
Penicillium spp. (4) Paecilomyces spp. (1)
Aureobasidium spp. (2) Trichoderma spp. (1)
Ulocladium spp. (2) Unidentified (3)
At lunchtime (44) Cladosporium spp. (12) Curvularia spp. (1)
Aspergillus spp. (10) Mucor spp. (1)
Corridor Penicillium spp. (8) Paecilomyces spp. (1)
(124) Alternaria spp. (2) yeast (3)
Ulocladium spp. (2) Unidentified (3)
Acremonium spp. (1)
After class (39) Cladosporium spp. (16) Scopulariopsis spp. (1)

Aspergillus spp. (8)
Penicillium spp. (5)
Fusarium spp. (2)
Paecillomyces spp. (2)

Ulocladium spp. (1)
yeast (1)
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ABSTRACT: Isolation and Characterization of Airborne Bacteria and Fungi in Indoor Environment of

Elementary Schools

Na Yeong Kim', Young Ran Kim', Min Kyu Kim’ Du Wan Cho? and Jongseol Kim'?*
(‘Graduate School of Education and *Department of Biological Science, University of Ulsan,

Ulsan 680-749, Korea)

Indoor airborne bacterial and fungal concentrations were examined at classrooms and corridors of 3 elementary
schools in Ulsan. Airborne microorganisms were collected with an impaction-type air sampler using plate count
agar and dichloran rose bengal chloramphenicol agar. During the semester, concentrations of bacteria ranged
168~3,887 MPN/m? at classrooms and 168~6,339 MPN/m? at corridors, while those of fungi ranged 34~389
MPN/m? at classrooms and 91~507 MPN/m? at corridors. The bacterial concentrations showed larger variations
between situations and schools compared to those of fungi. When airborne bacteria were isolated and identified,
84% were observed as Gram-positive, and Micrococcus spp. was the most abundant group with 61% of tested
isolates, followed by genus Staphylococcus with 10%. The Micrococcus spp. isolates, of which 75% were iden-
tified as M. luteus, appeared to be from human origins. The protective pigments and substantial cell wall of
Micrococcus may provide selective advantage for their survival in the air. We also isolated and identified 15
genera of filamentous fungi. The most common culturable fungi were Cladosporium, Aspergillus and Pen-
icillium, and these 3 genera were 69% of fungal isolates. Genus Stachybotrys, of which S. chartarum is a well
known producer of many potent mycotoxins, was also detected from one of the schools. Further systematic
studies are necessary with an emphasis on species identification and mycotoxin production of isolated fungal
genera, including Aspergillus, Penicillium, and Stachybotrys.



