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ABSTRACT

Airborne bacteria, gram negative bacteria (GNB) and fungi were measured in 70 class of 17 kindergartens. The objec-
tive of this study is to identify the factors influencing airborne concentrations of bacteria, GNB and fungi using muitiple
regression analysis. The average concentrations of bacteria and fungi exceeded 1,000 CFU/m’. The average of GNB was
3.7x10* CFU/m’. This results indicated that air of kindergartens was contaminated with microbes such as bacteria and
fungi. ANOVA test found that the concentrations of bacteria, GNB and fungi were significantly different by the char-
acteristics of weather (rain, after rain, sunny) sampling date (July, August, September and October), the location of sam-
pling site (ground level and basement) and the location of toilet (inside class, nearby class and away class). Multiple
regression tests concluded that sampling date, the scale of city where kindergartens are located, the location of sampling
site and ventilation efficiency can significantly affect the airborne concentration of bacteria, GNB and fungi. Most of
these factors could be related moisture. Environmental factors that can cause the increment of moisture should be con-
trolted in order to reduce airborne concentration of bacteria, GNB and fungi. Legal actions concerning prohibition on
the presence of toilet inside class and ventilation criteria should be taken.

Keywords: airborne bacteria, airborne fungi, GNB, kindergartens
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8h3 Falldale ties] BrhAruro 5, 2000; Shapiro
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GNBE vl 93t o s} Ha43 @r)e ug 2
H 52 Bl AHZ o)E3IMHACGIH, 1999).
70709 A F 147 FAY el o] FRAH
oZRE 2%, £%, HANX S A, 24T 9
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stk geglol, GNB, F%30]& wixjs Wzo}
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(Sabourand Dextrose Agar) Z1#]3 GNB HiZA|&=
MAC (MacConkey Agarys AHS-3t). xFe wix&
HIYF71(MIR-262, Sanyo, Inc. Japan)ol|A] dfel@]ol-&
HiR] = 35°CellA 297 )i Fol g WA 7Rt
kst & A3 F 3 24 (colony forming unit,
CFU)E 7Alssiaith. & JerE A" eges
el 371 § S E(CFUM)E B8t
3) AREA

49 (continuous variableye 7] & %, 2%,
371 % dHEglol, GNB 283 Fgo] TE}. o4t
W4 (discrete variabley= TAITFHE, 298 uf 4, &
AN AR, IAAA RS, A, 2PAEANM s
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7|58 S BT TRl 7k HaEas 3
ARME stk SHAEA L oaHEE s
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T2 TR
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CE71E S : oldkslRlA 1,000 ppm o1, ol4kslE
4 1,000 ppm ©]8K(reference)
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A (simple linear regressiony2 &-83l3th =, A
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1.37| & yfeigjot, 23S M4lE|2|OHGNB), SEO|

1 & gelglote}l Fgole] HFe nAlE 29S
QAT 4 AdeE 71E2 1,000 CFU/M*E (OSHA,
2004) 243 2x8 FEw vAEo] HAsA A
A8 4 e ATk w3 09 ¥ GNBY
HHAE 37X 10°CFU/M (B 10~24X10° CFU/MY)C
2 ueht B 2Rl fAgel @l Antgoz
i Eo] W = e LFAuYe eed = 9l
Rch(Table 1). A1) wie} olz3t Fmur}
FE AT YA el s AESE 2

&
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AAISFAL ATHReponen, 1989).

Reponen(1989)7} HaLgh A= 71X ellA] MG &
o] FEH9E 3-1,300 CFU/mIRAE 2Heg]ol=
30~2,500 CFU/M’S.E B AprAze} vssith 1994
dell 219 thE Apeiolre 319 f-3¥ (daycare)
A2 97lle] A FZHEZ1 AP AR PlAE W
2lo] #FA=R o 7A 97 #E 2 e
10~20:d0] B ZAEplA 24 Tgolsme 7Ho
£ Fx9ol 40~600 CFUM’, AFZE7rA4E 20~
9,800 CFUM IR AL FA o] 15~230 CFU/MY,
AFFNE 25~530 CFUM L2 VFEPETHReponen
., 1994). Hyvarinen S(2001»& 1ol 7F3HE o
Fom A% Fole FrwslE 2ARIY. F71E
A7 ARE oA 43 FFo] T=F F71EA7L
AR FaET} felshA vl 38 e
7~1425 CFUm*|AL AEE, k5 A7 ske
frolgt wisle Lo Addo g2 s Agol ARH

Table 1. Mean and standard revelation of temperature,
humidity, culturable bacteria, gram negative bacteria
(GNB) and fungi in classroom air in kindergartens
Mean (SD) Range
Temperature (°C) 26.5(1.89) 22.7-30.7
Humidity (%) 72.0(11.5) 41.0-950
Culturable total bacteria (CFU/m?) 1,800(1,000) 210-5,800
Culturable GNB (CFU/m’) 370(440) 10-2.400
Culturable fungi (CFU/m?) 1,100(570) 67-2,500
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71 A i &F Fole AL §FAIte] B
QA 1 e g AFEAY. FFol 5 v
Fo| oe F7I, AbEe] 8%, A, &7y Bl
QgL 1S £ e FoE B 5 ok

Teeuw S(1994)2 WLz e 19 AES o
Ao g WdZ=S 2 sick building syndrome, SBS)ll o
3k S4go] ZUW(sick building) AT 28R e
A& (healthy building)ellAX HME F=& W23}t
SBS &4 T4g0] =0E ABON HdsEs F v
Hglol7} 159 CFU/m?, GNBE 22 CFU/m’® 28|21l
=3olE 38 CFU/m™|tt. SBS7H Vel A E oA
GNB¢} Q&= (endotoxin)] F=7t S2latA &
Rno=z wnyslgttl o)5] Brd GNB HEH A (10~
33 CFUMye 2 Jrasud A4 wect

Hduleiq] GNB7F A& A9 Alle AR e
A, wipde} o avly RARAG ] 55 oyE
T St B Age] SN, F9784s, H
g} Frevhs ok vlagk AsRieze oy 7 A
o] Utk Exjghe B A7t 1ol
glgjole} FFo] 292 Segvksl Ao2 At
gy F%e] s AWEAdA g nAELd
o] M3l Ao QlHEE Bo| Y HA, Eol ¥
FE gldoly A, 29H 7], FFelrt 2499
#4e MNATE o L= FREA10°~10° CFUMmY)
(Rautiala 5, 1996) Bth= 9t}

2. O[AHH EMY Z7| & HiE[2[o}, J&SA4t
HI2|OHGNB), §&0[ 5= H[nl
Table 2= vHE)|2lo}, GNB 28] FFo] 558

Aige] AR vlwdl Aojt)h & 249 iR,
e wje] EH, AT, 8, 9, 108), ] A,

I

Aol 9% 2Ela H Tog PRSI FA
o7 Fro oyt UeAGE 43 Fojtt

7] F F8o] T FX90] RS EAlY -
b= Aol gtk 23y R E=AIKE, 3
SHnoh e8]8 aqrRe] EAl YRS FXeA vt
B2 okp=0.028)} GNB(p=0.020)2] F== F<]aH
Q). o)A A 7 gl ule) AEEHE 2zl
2ol FEFE e T Ue AE v|git
AE W ol GNB EEd &
olgt kg AR e FeZ JERdthp=0.810).
GNB= Y7 88 o 938 31525 CFUMm’)°] )
Lo} vE o B}l =301} F-98 zjole gignh
(p=0.225). z&jv} #Fol= HI7 & w(1,433 CFU/
mHe}t ¥ $(1,389 CFU/M Pl 233H 55 9

t

o

1w

(925 CFUM)HE} f2ol8tAl #4thp=0.001). ©|A
2 "7} o) H)E Fol= vhe o B FEvt =
o} Fgole] Halo] gubslx]y] &l Aog vt
o} DAEY] WAL 717 AFHA 8ot Miller
5, 1992; ACGIH, 1999). ¥]7} 7} H]2 Foj=
371 & FE7F Fol mlAlEo] HAEtw ol wle} of
Hol52| kFo] & 4 Ut wlEb HF7IF B
e X 52 "4 deisle Aulg HdzsiA st

| zlo} WasEE 7, 8, 92o] 10¥ol vl 9k
Ak 4l Ae7tol] folsixe ekekvhp=0418). ¥vhA
o Tgo|o} GNBE 7¥3 8de] o€ 109l vl3)
o 3ol 749, 8€, 9¥o A3t Hol
1,000 CFU/m*& %233819 12 GNBXx 793} 89l 500
CFUM*S 2348 Zleg & o vAlE 299 <flo]
UE F21Y wAe] Be Aow A £ Qrt. o)X
2 oJE(7, 880l Tt 2 olf= vAES A
ARFER] GTFE viHe 2 25 Fo| 7] A
o]t}. Reponen 5(1989)8] AA7A=E B A9 I
o] e Add ¥ B3 7k wouth o)A &
# 7hgo] ulAEe] Adgdl Hrh A3 =8 =
7} viEEE #70)7] wZel) EE38] Aulel vlAE
o] 298 4 = 2ol gk Adle] 2L A9
Fro A4S v solt}. Hyvarinen 520011 A
S 9o A ojfolM nlg] 23] 22t 4

g2 ulE 4= okl STt

& FHUF o, A3}, Az Fi's

Al FoshA =Uvh E8¥E GNB i FEs
1,185 CFU/m'S.2 Ao A|/fol] wial] 38 o]%
otc}, AlslolA nAE whilo] w2 Qe =2
(75%), WY, A48 7] 502 v
of vlghRSt 2Ho] gr] wlFel ow FehHc)
ZAY AR 2E REEr|gr] wgal A5k
o) ejfe] ARG Frle] FFel o=t uetr A
Eod el dist =28 Eol7] M A&t
A Fdolt e BFES ol I JAEE
ARl 2Re] Mg F7I7F AYEeRE fFYEE
5 3jojof ot

Aol 223 nle} zho] 4T uf I, ZAA]
ZHARA RIS Ay BollAl FEH BEHE &
(&7helth. Hyvarinen 5200172 F71EA7F U
Hellr 282 982 Hurt F3o] w27t FeshA &
& Aoz RN, At F717F B A7)l

ox Oy
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£ ZPIM 398 Selacl, ONB 2el7 30l = Fo A 2o AR, ozt
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Table 2. Mean and standard deviation by characteristics of discrete variables

ol = B oA ¥EF ok Ftt
WA mAY &)

449 WS

g 5 it J& B B8l
goht w0l Aol

s

ZAo=w #ekdn} 3
olEe] EEa7h} Ha ol

ZA7} 27k

EEEIEE BIEEIEU TS
A B0 odE A7 e

GRS B fokLSYANE 34, o]
o NS 1919 A stelor & Aol veht
el daiols PAos
SIA) o, Bol Fake] A3l

Discrete variables No. of sample - Mean £ 5D -
Total bacteria GNB Fungi
Scale of city
Large 29 1,558 +£739 197 £241 990 £ 482
Small 27 2,229+ 1,310 520+ 564 1,259 +496
County 14 1,554 £ 660 4111347 1,115+793
P value 0.028 0.020 0.206
Weather
Rain 15 1,928 £514 431 £389 1,433 £298
After rain 41 1,854 £1,317 301 +£485 925+ 621
Sunny 14 1,681 £396 525+ 325 1,389 +324
P value 0.810 0.225 0.001
Season
July 6 1,872 623 564 +227 1,242 + 198
August 41 1,808 £ 566 509 +503 1,394 + 444
September 18 2,068 + 1,809 73195 734 £ 480
October 5 1,181 +713 123 +108 203 +100
P value 0418 0.001 0.000
Classroom location
Ground level 49 1,976 £ 1,109 310+328 1,114 £ 529
Basement 6 2,038 £ 560 1,185 + 801 1,664 +457
Outdoor air 14 1,230 £ 810 259 +237 1,000+ 616
P value 0.055 0.000 0.042
Toilet location
Inside classroom 4 2,986+ 1,931 894 + 695 1,480+ 520
Nearby classroom 11 1,618 £ 583 342 £ 275 1,311 +476
Away classroom 55 1,795+ 1,010 342 +442 1,064 £ 576
P value 0.066 0.041 0.183
Ventilation efficiency by CO, concentration
>1,000 ppm of CO, 13 2,331 £586 407 £491 1,236 £ 359
<1,000 ppm of CO, 45 1,733 £1,209 117 £407 1,024 £ 570
P value 0.092 0.040 0.213
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FAY dellx 77 F welejolst o] WAl

ol = A=E9] 80/100 o}do] Al =E o] ofof
Bl AAEe) 48 BolthEAER]E- 2000, F-&<
AR 2001; RS AHXFAR 2004). 222 FX
QollA] shgadolt Ashdat 22 vAE 2de] oY
o] H& Ahd dEixe AXd st %Liﬂm HA
7|&o] A= elof iy HdE) A8 EHW
o AL wA | AXE IFABHAY *é_xl—% &-g-8lr]

gtE A A #7127 F8 Akl Zol ashd
7 ddEd, d AsEe Er)9 FdE AE
HA7)Ee] 88 o2 gt

a8 g TR S0 wgkd ekt
sleka F%7F 1,000 ppm ©)) AFelA B lotek
FHole] Tt diiFoR Eokot fefsiE %
ottt 28 GNB Bhe olalsetd Ferl e
M E 406 CFUMLE e ZoXeY Fx(117
CRUM)RT} 521 31A] (p=0.040) Ut} 01149~ F47
3 g7jol siME plAEe] Wale gekg W A
o2 ok

445

flr

FEE MAE

3. 37| & 4el2jof, J&-2M4te2{oHGNB), %
0| ol ¥aks o|xleE 9

S AERA0) 98 F7] F ghE|go}, GNB =
ole] WAl S PAE 89S FUFE p<025
2 A3}, dhelglol, GNB, &3] t'“goﬂ sy
e st wgTt B UXAFAE BUTHTable
3).

we|glols fx1go) 9XT BAFE, SHT w9
I, EAA7], ade] 9], shtAl 94, Erlage
37) & delgiol @Al g2 vEldth. GNBY
H“§°ﬂ %ﬂfﬂ HES Ul 1% ﬂx}% %E, fr2lelo]

o ex, i, 24T A B, F4A 1(74@ 299
4’47‘4, *a 91X, B\ Ee} ol o] Y= A

ol

%ﬂﬂ—f’ﬂ"ﬂ"i p<025 o3z Al
A3l tF 3ARAZ e

o rkﬂ

Table 3. Results of simple linear regression analyses for selection of variables as potential predictors of airborne concentrations of total
bacterial, GNB and fungi(log-transformed, base 10), variables with p < 0.25

Dependent  Log(Total bacteria), CFU/m*

Log(GNB), CFU/m’

Log(Fungi), CFU/m’

Independent B(S.E) R?

P-value B(S.E)

R? P-value B(S.E) R? P-value

Temperature (°C)
Humidity
Scale of city(reference: country)
+ Large 0.144(0.063) 0.072 0.025

0.02(0.006) 0.101 0.007

0.331(0.145)  0.072 0.025

0.084(0.021) 0.195 0.000
0.010(0.004)  0.105 0.006

0.179(0.087)  0.058 0.044

+ Small —0.106(0.065) 0.038  0.108 —0.466(0.141) 0.138 0002 -0.106(0.090) 0.02 0.243

Weather(reference: sunny)
+Rain 0.10(0.077) 0.022  0.220
+ After rain

Season(reference: Oct.)

0.300(0.176)  0.041 0.094
-0.08(0.065) 0.023  0.208 -0.526(0.136) 0.180 0.000 -0.323(0.081) 0.190 0.000

0.25(0.103)  0.079 0.018

- July 0.518(0.257)  0.056 0.048

- August 0.10(0.064)  0.032  0.137
* September

Classroom location(reference: outdoor)
+ 1st floor
+ Basement

Toilet location(reference: away class)
- Inside Class 0.235(0.136) 0.042  0.088
* Nearby Class

Ventilation efficiency (reference: <CO, 1,000 ppm)

+>CO, 1,000ppm 0.203(0.081) 0.100  0.015

0.613(0.130)  0.245 0.000
~0.845(0.135) 0.367 0.000 -0.321(0.093) 0.148 0.001

0.523(0.312) 0.04 0.098

0.391(0.186)  0.073 0.041

0.408(0.075)  0.304 0.000

0.171(0.069) 0085 0015 -0.201(0.164) 0.22 0223
0.789(0.248)  0.131 0.002

0.271(0.153) 0.045 0.082

0.211(0.189)  0.018 0.267
0.171¢0.120)  0.029 0.158

0.178(0.116)  0.040 0.130

GNB: Gram Negative Bacteria, J = Estimated regression coefficient, SE = Standard Error
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gatgoh tasAnde) s 7] F e},
GNB 2|3 F#o] dAd 43 vAe 8dx 2
242 olgfel Zoh(Table 4).

C log(z7] % utelzloh) = 3.105 + 0.20X “ojaka}gta
1,000 ppm©]/d+0.20X “TitFE=A]7(p=0.000, R’=
0.244)

T log(37] & GNB)= 1.845-0374X “qFREA] "+
1.28 X *7 -4 "+0.696 X “8 € "+0.829 X “=] 3} 4~
+0.342 o] A8} R 1,000 ppmo] A (p=0.000,
R’=0.748)

C log(E7) & F%0))=0.234-0.240X “Tf7F 2= A"
+ 0.520X“TY7X0.297X “8Q”—0.0X “LE"+0.382

X “A| 32474 -0.075X <o} kel gt 1,000 ppm ©]
A (p=0.000, R’=0.656)
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Table 4. Summary of independent variables, coefficients, and standard errors of the multiple linear regression model for predicting
airborne concentrations of total bactefra, GNB and fungi (log-transformed, base 10), variables with p <0.05

Dependent Log(Total bacteria), CFU/m’ Log(GNB), CFU/m® Log(Fungi), CFU/m’

Independent B(S.E) R? P-value B(S.E) R? P-value B(S.E) R?  P-value
Intercept 3.105(0.044) 0.000  1.845(0.094) 0.000 0.234(0.064) 0.616
Temperature(°C) 0.009(0.017) 0.110  0.000
Scale of city(reference: country)

- Large 0.204(0.063)  0.147 0.000 0.240(0.076) 0.064  0.003

- Small —0.374(0.076) 0.064  0.003
Season(reference: Oct.)

« July 1.284(0.166) 0.103  0.000 0.529(0.117) 0.103  0.000

- August 0.696(0.166) 0273 0.000 0.297(0.078) 0.273  0.000

- September
Classroom location(reference: outdoor)

- 2]st floor

- Basement 0.829(0.153) 0.000 0.382¢0.111) 0.077 0.001

Ventilation efficiency (reference: <CO, 1,000 ppm)
->CO, 1,000 ppm  0.199(0.075)  0.097 0.010  0.342(0.105) 0.029 0.041 0.075(0.175) 0.029 0.041
Tatal 0.244 0.748 0.656
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