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Abstract

This study investigated the species distribution characteristics of airborne bacteria in the indoor air across 14 childcare
facilities in Ulsan, considering facility and regional characteristics. Gram-positive bacteria were the most commonly found,
with human-origin bacteria outnumbering those from soil or other external sources. Micrococcus luteus was the most
prevalent species, followed by Staphylococcus, Moraxella, and Bacillus. While most bacteria are harmless to humans, the
presence of opportunistic pathogens underscore the need for careful environmental management in spaces occupied by
children with vulnerable immunity Correlation analysis revealed that temperature and humidity were positively associated
with the abundance of Micrococcus and Staphylococcus species, while Moraxella correlated with humidity. Higher child
occupancy increased Staphylococcus and Moraxella levels, though the relationship with area per person was inverse and
ambiguous. The Shannon-Wiener diversity index, showed low overall bacterial diversity due to air’s inhospitable nature, but
diversity rose with temperature and humidity, potentially increasing pathogenic risks. These findings highlight the
importance of hygiene management with respect to temperature and humidity in childcare facilities.
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Table 1. Characteristics of selected child-care facilities for this study

Facility Type Year of open Total zarea No. of care Ave. area ofz N.o‘ of Ave‘.area ,

(m?) room care room (m?) children per child (m?
A Public 1992 200 5 40.0 50 4.0
B Public 1992 242 6 40.3 47 5.1
C Public 1994 250 8 31.3 41 6.1
D Private 2014 650 9 72.2 117 5.6
E Private 1998 826 13 63.5 74 11.2
F Public 2018 318 7 45.4 86 3.7
G Private 2008 252 7 36.0 31 8.1
H Private 2016 234 6 39.0 63 3.7
I Public 2011 260 7 37.1 60 4.3
] Private 1997 402 7 57.4 126 3.2
K Public 1983 248 6 41.3 47 5.3
L Public 2017 205 4 51.3 42 4.9
M Private 2001 290 7 414 53 5.5
N Private 2011 446 14 31.9 141 3.2
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Table 2. Indoor air quality of facilities in this study
Facility Teomp‘ Hum. CO, PM- 1(3) PM-2. 35 Bacteri§
(°0) (%) (ppm) (ng/m’) (ng/m’) (CFU/m’)

A 22.6 50.0 532 7.8 3.9 126

B 23.5 50.8 744 13.8 5.1 712

C 20.8 30.5 584 4.2 2.6 190

D 20.0 43.2 538 18.4 11.6 202

E 18.3 44.8 558 9.6 5.6 146

F 17.0 24.6 578 11.3 8.4 71

G 14.6 51.7 634 2.7 1.3 118

H 19.7 27.9 509 20.8 12.7 139

I 24.4 46.6 626 22.0 11.8 475

J 26 50.6 538 23.0 12.0 293

K 18.0 38.7 719 23.4 15.0 449

L 22.7 48.7 523 18.8 16.3 180

M 23.5 64.5 579 18.6 12.5 494

N 23.2 63.5 684 5.7 3.4 590
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Table 3. Proportion of cultured airborne bacteria of genus-level

Airborne bacteria of genus-level

Proportion (%)

Micrococcus
Staphylococcus
Moraxella
Bacillus
Pseudomonas
kocuria

etc.

45.9
23.8
11.0
8.4
26
2.0
6.3

HE, SEuare] AgARl AYgr] 5 B4l
AZ Pt vlwste] B ZANA Staphylococcus <5
ol thh E2 AE HIEE Boe], ol 4L i, &

o 2o I8 AKX Staphylococcus 0] FEH

of

Hlo) A OE Re AE WS Hel o)
Astsiet. S8, 413} A 9H 02 T BT

% Micrococcus %, Staphylococcus <,

Bacillus % 22 3% N7t AR HFE Hof 7
AIES] 29490 B4 21 5 UK Park et
al., 2022). o5, 7 H-2 o X= Micrococcus
&8 Staphylococcus 4°] B A o2 Bl
==, o= B A o FR1e] E9o] AL g
o o]=19] HFo] HIHisto] Alat A} /o] th=7]
wfZolct, whahA Al Q] B0 utael B3] =i
Fol thEA ehg2 & 4= AtH(Kim et al., 2006).

g oflo] el tigh B-5-Alw2] F(species-level)
H B A A3KFig. 1), Al FF=2+= Bacillus
&3t Staphylococcus % Y2k 8%, Pseudomonas%;
3%o| AEHAA, Kocuria %, Paenibacillus & 2
Moraxella 4 ZVZr 2%°] AE=Hdd. TS,
Micrococcus % 1%°| AEENCH, Arthrobacter
oxydans, Curtobacterium albidum, Psychrobacillus
psychrotolerans 5 71EF Al 2 EFS 7Yooz
st= Ald=olHt. ©] % Micrococcus luteus=
ZAL Y ojdlo]] REoA AEE oW, o s
A€ Wit w52 A2 Moraxella osloensis,
Staphylococcus ~ epidermidis,  Staphylococcus
hominisZ2 WP, Micrococcus luteuss E4O]
U 7], EollA HAEI T AR, 2550 mie
F2 NSt Atz A Al 9, Aeh AV= 5
of 3AeTt Aty o2 QAo Fafiet ol qt WY

Ol

10 2N
T
ol :lo

AstA Al F4 tAF S FofstAY HEA &
g dod & k. Staphylococcus epidermidis
S} Staphylococcus hominis GA THFU uato] A
Ao 2A BofeiAt g A5E FIsHAY T
WSl ¢Rlo] 7]k sh, WA skt Al Aufated,
Hd5E 4 4 Aot Kocuria marina® Kocuria
rhizophila= EoIU o5 Zutof] ZAsHAA Q1A
Foflol, EEA BHYdoeR 28It Bacillus
luciferensis, Bacillus thuringiensis ¥ Bacillus
megaterium o< EFoIA 7195, AAofl= F5i
5kl 238 Fw o2 28517 S Ministry of
Food and Drug Safety of Korea, 2013). °|4™d A
4 R At F2 AFEY] g5 A =
2 EFoluf AlFofA 7]1g Fo2A Rt o= ]l
A A7 si7F o, WA st Al= 71214 B
TOo R 28 & Q= TE0lIh

vtH HAAN E4AE WSk Staphylococcus
aureus, Bacillus cereus, Moraxella osloensis,
Branhamella catarrhalis 52 F-Alwo]l ZAF o
g ool 14.3~50.0%2 HE Y=g HY
o, Staphylococcus aureus= &5 FH LA
o2 gejdl AlFE f foltt, o] Al o R2] 4
Ao 2 A dutd o 2= Balishit, Az kAol
H&, 799, Ed5S dorl= 5 W A 5714
Ul F ot= AAXY. Moraxella catarrhalis
(Branhamella catarrhalis= Ao 3871, Aot 4
A7)0l FASHHA FFAEAY 2571A A&
et 55] 718A] g el 72 dllo s A-gRit)
Moraxella osloensis =3t oA HAL AR AE
WAje] dlwo)A|gt, WeAIsiAto| A= g-urg ot

S5EE I 4 Ao} Bacillus cereus= A7}
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Species of bacteria

Child-care facilities
A B C D E F G H 1 J K L M N

Arthrobacter oxydans
Bacillus cereus

Bacillus galactosidilyticus
Bacillus luciferensis

Bacillus megaterium
Bacillus pumilus

Bacillus thermoamylovorans
Bacillus thuringiensis
Bacillus weihenstephanensis
Curtobacterium albidum
Kocuria marina

Kocuria rhizophila
Lysinibacillus sphaericus
Microbacterium testaceum
Micrococcus luteus
Moraxella sp

Moraxella catarrhalis
Moraxella osloensis
Neisseria subflava
Paenibacillus amylolyticus
Paenibacillus mendelii
Pseudomonas fulva
Pseudomonas luteola
Pseudomonas oryzihabitans
Pantoea calida
Psychrobacillus psychrotolerans
Solibacillus silvestris
Staphylococcus aureus
Staphylococcus capitis
Staphylococcus caprae
Staphylococcus epidermidis
Staphylococcus haemolyticus
Staphylococcus hominis
Staphylococcus saprophyticus

Staphylococcus warneri

-

Shannon index

141 169 153 137 162 1.06 127 1.04 139 172 0.96 134 157 183

*Reference of color

[ Jocru

1~10 CFU

[0 11~s0crU I si-i0cru A 101~ cRU

Fig. 1. Distribution of airborne bacteria species and their abundance in each facilities.
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Fig. 2. Correlations between indoor condition parameters of child-care facilities and Micrococcus luteus.
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Fig. 3. Correlations between indoor condition parameters of child-care facilities and StaphAylococcus species.
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2 EE o A 291 o2 wrE
Staphylococcus &30 /4B HAE Fig. 301 e
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Fig. 4. Correlations between indoor condition parameters of child-care facilities and Moraxella species.
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Table 4. Result of correlation analysis between indoor air quality, facility characteristics and airborne bacteria

A Ave. area
Temp. Hum. CO; PM-10 PM-2.5  Bacteria Total ve. ag_?g of care  Shannon
() %) (ppm) (ug/m’) (ug/m)  (CFU/m’) area (m?) p ler?z)l room index
(m?)

Temp. 1

Hum. 0.483111 1

CO; 0.014022  0.251309 1

PM-10 0317663  -0.0688  -0.12043 1

PM-2.5 0.216246  -0.11074  -0.25463  0.925851* 1

Bacteria 0.59158*  0.5545*  0.75691**  0.23292  0.055346 1

Total area -0.18347  0.081433  -0.1782  -0.07955 -0.10101  -0.13078 1

ggf‘cahﬁfg -0.48741  0.02232  0.008666  -0.3569  -0.31346 -0.25135 0.541253* 1

Ave. area of z " c

C;’re room -0.1171  -0.04328  -0.44885 0.349716  0.365898  -0.30562  0.726546* 0.301259 1

Shamong5777gr 066786 0125591 -0.28092 040205 045714 034288 0.073544 0054417 1

* The correlation coefficient is significant at the 0.05 level (two-tailed)

** The correlation coefficient is significant at the 0.01 level (two-tailed)
o] Aolsto] HEE = FRAITY P t=2A vE Aot 4 2 sk S7l 92 nd o 9o, of=dl
HHKim et al., 2007). o] 9] 2H7|&-2 ofFolo] A HGof 543 g2lo

Al B HZ|(PM-10 2 PM-2.5)E H-AlE2] 5 & Ag3 Jy ervte s BERAR o= QIR 9

Lof Fou|e TAE §lis A o= Helrt, o= nlAlH AE FFTlole B5E 4 sl=dl, 53] skdvlol=

A0) 557l W] wgo 2 pEn, ofRlo]5e] A7 8] mgo] WolA| T LR} 45} EolAlE S
= Sloll FAo] m¢- Fa3t ojo| Yy o] £G4 nAIH 57t 2-g517] wiolot, 24 Aateld 3 W F o

o] 5ot et AAZET e e 4EoR T AL LRl Ad-91U Aot 2gAE SEotel
57 Qodch, =g Wektoz o) ulguiAe 9 AL BA e gstor), exst st
ZFool 2, 4 oS AP SRl oROle) &S A A Ik 5, A
et 2elE Ao B2 5 nAER e Y FEETGHAY 2E 9 FLUt BRAlTY] vl
o Ao} glo] Lo RS Har ool A 2 e vlAt Aoz Lehith Aoz Al
o olgle] 4, 184 AR UA % olglo] 1919 B A4S A 4GAE Soieh AW Ay

AERAE BgARe] BES} SO ATVAS Hol 7] F HAAFE WELA Aol SAlF R A
S 910 0 ORIRIC el M S Thg, Al Sl A7) S el A

25 Hgof whet ojdol ] B US4 O] WY 7Hs/do] AR B R HeAo] oFgt ofglo] &
o2 FAsty e, BRAlT] Fk SHlA % HH gk 1A 1ol Ad 4 ek B3], & A ¥
WA 2zz0] Ao g wehg A BEAE FUS= Bacillus cereus’t AZEE o9

DA B4 A3k A RgAZ AR AL ool A o] Ad-91d A4} 1.69~1.83 0% THE o]

A Qs plo] gl FBE ATY] Foldsteis  goldnrt A UeRt AukFig. 1)2 ¥ 1, ofele]
o sEg Uehih A o dsiehas] SR olgle] 3 A B4l Bele] Qo] A L& @ FEwo]
S9] @5l vy, gr]-&of i), mhebA g7t uj$ Fas 221dE & 4 Qlh
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