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q 21 %7] Q$Zgq AJ% $5 k$q 2 $q(~obinson and 
Nelson, 1995). ~ ] % 0 ]  $-24 Sq] q 9 gq 954 +7-7\% 

q5db-l\ 44 4231 E9 $4 557-1 3Qfl_S 951 JF-5, g 
715, DJ]hfi%, $$, 524 x\+, "dq 24 %q ((4l45 
TZ" 01 4 ('gq $%Z (Sick Building Symptoms, SBS) "s 3 
& Z E  A \ % ~ o ]  %7\8\z $2 F A ~ o ] ~ .  ~3 ~ ~ 4 ~ k ~ ~  
s gq z7laegbll yl ' ,F%~\gsg 454 HIS, aq, 
qfi %24 337] ; t ] ]  4931 o \ g q  q+!-$z\ '2-g $i!];il % 
AJ ;-24 qg+j 4- sq5\7jq "d 4 9  A \ ~ ~ ] T \ ; I ]  01 

s+ -,- 01'- Mi~]]l -J qgq g g  -gzq ~ J - g q 4  QY-ggq 'l 
~\olP01l "lS "01 q (Burge, 1990; Owen %, 1992; ATturo Z ,  

c x 200). 01 ~13 ~\0]Pbl]qS$$24 45% ?!Sg -r 
"724 -13 3Es 4$-$"1$ 3901 q715 3q(Lacey TL 

9-1 Dutkiewicz, 1994; Cox4  Wathes, 1995; Larsen %, 1997). 
^?q 384 ~ \ o J Q q ] q S S  455011 q5 37J q%IH"dg 

"-2 7 7 j  zce gg9 ~ o ] $ - A ]  2014 q S k q 1 A j  5 
51 "2FgZJ + % k ~ j ] ,  551 371 d $ A j  gg QSq1 q8H AJ 

~4420 qyAd01 ",t% -f;~\,  4 9 , 3 x E 0 ]  7-1555- 23 
S 1 3571 AJqq2S %& 32s !i!.zqq %q(Munir 
%, 1996; Jaffal, 1997; Manuel %, 2002; L i q  Hou, 2003). H\O] P 
qlqS$ 43q1 q 3  47_FAJ3943 gq)?q]Ajk  "q-g 
0l+~l$%24g~H~7]g~4g~"$ 413, 0-24 #TFp 0]AJ 

24 93, -f ;O\~l$,  !i9++1g, t lq~q$q]  q8H 3ES 

"%?-f;~jl2('0] e %k%?S 71 3 %E 800 cfu1m3S 
^4"38\04 2 o 20049 93?E] %qgS q$-s\z %2q, 53 

715 % q ~ ]  &324 qqss ;i]s5k 32s #38\z 
% q ( 3 4 ? ,  2004). 
s\;il* ~ \ o l p j l q ~ g ~ 1  9 @ ~ \ 0 - 1  557-1 38 5 q 

NVl q8H 3 4  7 1 5 %  97~\sq] 2481 ;F1195\7]q 

(GOTII~~F Dutkiewicz, 2002) 3 ? 31% bl]Aj 3 3% 4 ++ 2 
q E(Hyvar4'nen %, 200 1 ; Law %, 2001 ; OSHA, 2004) +q q 
44 201 q 2s 841 9 q e  OF* ~ t 4  $j'e Ad-%O1 71 

q3oll 3x11 qAJ +501$-hl@- q A J 2 ~  441 33 EA\ 

3 554 +?-f;~j]2gj 358 7 1 3  *$- 4 3 A j  qys  g7\% 
gQ7\ $$I+. 

%?+412 3% 3q 341q3 *~1$-~lg5 24s 01 

8501 %7\5\@j 3x1 2 9% gA]zEq %7] 49 -g g 
3 AHS~ $9 2~3% q]HJ@q+ 2\$O]]~j $3 44 #7] 

24 -11~~s agE 3% ZAE qi!] g7~~o11 21%~ ~ ~ 4 1 4  
0S "01 q58qq % 0 q ( 4 q & % ,  1986; "4 
3, 1990; 8\$2q y%$, 1991; 4$q9\ g&$, 1993; xj 
4qq- ?%%, 199s; 33% ;-, 2000; 7,l&$ %, 2002; 01% 

4 g, 2005) 4 2  &0\2] 44 9 o\LEI( 3l?S 99 611 q 3  
9+24 %7\g -f;-%l$4 239 -f;o\h] $5 331 Z A \ ~  2 

2. Ha 
71. ';-f;413 
A] S 3L;xdg 33 28.3 .1! 24 -f;%OS 2 3 @ six-stage viable 

particulate cascade impactor (Model 10-800, Andersen Inc, USA) % 
~ \ $ - z \ % g q ,  q- 9711t#2 371qqq 4 4  I 
stage (>7.0,um), 2 stage (4.7-7.0ym), 3 stage (3.3-4.7,um), 4 
stage(2.1-3.3pm), 5 stage (1.1 -2.l,um), 6 stage(0.65- 1. lpm) 0 1  q 
(Andersen, 1958). 53 ;'OF& 3 4  Ai%v61] 44 8 - 1 2 5  %9 
% 7 ] s  2;Td8\%fl_q, +$ 421% 1 - 1.5m ;i]<CS 
5% ;i]"?]Aj 2% *q +35\%0q, qy +44q H ] i z  

g7E 481 q'; ;i]< 130]]Aj 1q +38\%f/-. h]j$ 3H4 
3.11 70%alcoholS 2471 q?$$ &%%{4 3 q, 3224 Ad 



$!$ ~~~~71 4 ~j cyclohexirnide 500mg01 % 713 Trypticase S 01 %5\04 A] S 31 4 %k&q] qE- ?-f;~l]2q %E 3\01 ? 
soy agar (Lot 2087730, Becton Dickinson and Company, USA) Bv ANOVA Duncan4 p ] Z  24 -?kg, $qQ] 3qq % 

A\$-7]7]0]] +)k";k.;rF%q. p;xdo] HHx]+ o ] ~ J s  -L. " 3\01? t- 4 3 H a ,  F + j ] 2  %zpF @d q~\aq 
23 ?A] %@5\04 37C ZaS\4 -11971 til1A-l 1 - 2 9  Eq ggd]? Correlation analysis H!g$ 4 $-S\O~ %A] 4 -f;qAd 

BH~JS\%~.  HI"> q H H x ] " ~  qAJ3 w(colony)$ A]+? o 2 7-1"' D T ~ A - .  03 

Q.11 371 %(m3)>03 L)4+ Mkg03 ?$n] AJSq %!E 

CFU (Colony Forming Unit)/m3 = Colony counted on agar plate I 
Air vo]ume(m3) .......................................................................... 4 (1) 

Air volume (m3) = 28.3 Q Imin x sampling ti1ne(min)Il0~.~ 4 (2) 

5 5 3  ~ f i  0J3 Fg ?-f;~jl ??g Bergey's manual 2$-$0]] q 
i?\ $++$ gxdS)%z,  G m  $3 $ z~@.!gJ A ] & $ q  

W E K  (Model VITEK 32 system, bioMerieux Inc., France) % 5 
6fi biochemical test$ %A] 5\04 $32 F7\ gxd %\%q. 

q. %a 94- 
q? &!ZQ/ Ak~4$E4 0)&?!%-%?!$4] (SAT0 R-704, 

SAT0 Inc, Japan), 01 h,rfl?k'SF% GASTEC detector tube (No 
21C, Gastec, Japan)% 0]$-S\q +dS)$q. 553 h)gq 3 

011 q 3 ?$;~j]$q %E 03 90\g7] 4 81 %3 51 
"8-  , 123g6,r+xd z]$q] 4>]+A\$-q + q g z E  0) 

$-%\7j q A] $ gA1z)q z++g S6fi X] 3 4 gzqg 71 
3' 03 
7 4 ,q .  

q .  541 31 4 
SAS package (SAS/Stat 9.1, SAS Institute Inc., Cary, NC, USA) 

1. +4IY($/ W O I ~ A I W  ?%4lS 35 
2 2 4 h j  41~1 %k fl\q 201 W\3 9 4, -f;o)~] 3, k9 

A] $, g4 5 Y-f;A-l]$ 3 2 552 ZtZ// 404 
cfu/rn" 93 1 cfu/rn3, 294 cfu/rn3, 586 cfu/rn13 +xd q q 541 4 0 
3 - f ; o \ ~ ] g o ]  71% gz, k q + ] ~ ] $ o ]  71% 2g 3% 
9/44 , ,q %q(p<0.05). 2% 3?%4 A\$-4 4]1JPO1]7)x] -f;gq 

q +qq? 3714 - 1 ~  y-f;~jl$ %E+ 1 9 4 ~ ~  
rn', 358 cfu/ml, 134 cfi/rn3, 3 4  cfi/rn13 %d q 5 y-f;~j]$ 
%Eq g+Q] ~ \ 2 7 \ ~ ] 3  + f 0 \ ~ ] 3 0 ]  71% gP 323 3- 
4 q %Oq(p<0.05), qnlx1 41 W01 $-A] 3 ~!4 %E 3\01 

? Ed1423 $;q%\~] tJ-%q(pX.Os). 3 ?-f;4]$ %E 
41 4 3  ZzAd 4134 g$ q Z F  38.1%, 34.1%, 
32.0%, 36.5%3 t e q  q 30 - 40%2] -1 4 q~\%i;'Moq, q 
T~]$-A]  gQq 3\01? 7 5 9 0  g $51~1 %%q 
(pX.05). 
$q %Eq 98,6fiA{ +33 qg, -f;o)h]$, k q + X ] h ]  

$, gq $4 3 ?-f;~j]$ SE? 1,075 cfu/m', 
1,154 cfu/rn', 9 15 cfdm', 1,058 cfu/rnlS, 3%Ad ?-%A{] $ 55 
2 343 cfu/rnl, 3 10 cfu/ml, 272 cfu/rnl, 305 cfu/m13 %3 q %S- 
q, 5 %EpF ESAJ *E zF *0]*~]3aq 5414 
3\01? 32 32s $?qq %q(p>0.05). 4q q %/3pJ 
7H_+f~-1]2 %E Pl%k g$ 20 - 30%2 !i%Oq, u\;X;F7\4 
3 CF+1$-~]$7,r4 %A14 3\0]+ g $ q ~ l  tJ-%q 

Table 1. Characteristics of the regl-~lated p~,~blic facilities investigated 

Site 
Ventilation Measurement 

Dimension No. 
tY Pe Location Time 

Hospital 2,000 n i  (area) Measurement Hall 
10:30 am 

or 2 100 (ward) - 12:00 pm 

Kindergarten 2 1,000 n i  (area) Natural Corridor 7 1 1 :30 am 
- l:00 pm 

Day-care center 2 1,000 16 (area) Natural Corridor 7 1 1 :30 am 
- 1 :00 pm 

Postpartum nurse center 2500 n; (area) Mechanical Hal 1 1 1 :30 am 3 - 1 :00 pm 



tq qq 37 gqS($-&g %, 2002; 8 4 7 , 2 0 0 2 ;  q% 
+- %, 2004; 0 1  3yl 5-, 2004)2/ t l ] i p ]  ggiq- ++o\~]gq 
49  ~123 q$g 303 E A \ ~  %gq, kqqZ) A] 34 

g%g %(2005)q $7 34!Le 9& 
23 zqq2q. 353 ?++A{]$ 9gz\q 9% 4% 9 7 x 1  

$jq1 q%fl 4 l~ lg  7]$4 H l i i ! ~ \  5 x 103 c f u / m ' ( ~ o r n ~ q  

Dutkiewicz, 2002), 1,000 cfu/m' (Law g, 2001 ; OSHA, 2004) !d- 
q FF 9s 39s ~ ~ \ q % q .  51~12 m %q 34171 

Table 2. Indoor and outdoor concentrations of airborne bacteria in the regulated pl-~blic facilities 

Postpartum nurse Hospital Kindergarten Day-care center 
center 

GM '404h' 931" 294 586hc 

Total GSD 21 1 61 1 103 284 
Indoor Max. 176 1,555 408 828 
concentration Min. 256 334 206 31 1 
( c ~ u /  m3) GM 1 94h 358" 1 34h 254h 

"Respirable GSD 
Max. 
Min. 102 97 80 115 
GM 38.1J 34.1" 32.0" 36.5" 

'Percentage GSD 
Max. 
Min. 24.6 
GM 1,075' 

Total GSD 25 7 611 484 426 
Indoor Max. 1,315 1,555 1,298 1,568 
concentration Min. 556 434 306 547 
(cful n i )  GM 343" 3 10" 272" 305" 

"Respirable GSD 
Max. 
Min. 142 113 96 188 
GM 28.2" 23.4" 25.4" 25 .02 

'Percentage 
GSD 
Max. 
Min. 18.2 
GM 0.58' 
GSD 0.24 

Total Max. 0.87 

110 ratio Min. 0.32 
GM 0.66" 
GSD 

"Respirable Max. 

Min. 0.43 

* : Surn of airborr~e bacteria cor~centratiorl measured on the 3 stage, 4 stage. 5 stage and G stage 
t : Value of respirable coriceritratior~ divided by total cor~centration 
T : Result of Duncari test 

- a, b, c rnearls that averaged values withiri the row by the same letter are not significantly different 



59 800 ci~dm'S 543 e o ] $ - ~ ] g g  + o \ ~ ] g S  +$j& 
g +GO]] $14 *gg y!g O\O] s q  gHJ3 68% 0p,q] q 
9 34+ 7 3 4 ? ~ { ] ,  4q ~ \ o ] P q ] q s g q  ?$L 9~83 
5 S\LF7\ 7 j7~\* (Otten4 Burge, 1999; Pastuszka 
5, 2000) o\o]%Ol] H]-r;H 6,%Aj0] 2-g k",,xwq $4 
ZQ9 k q q x ] ~ ]  <q ?+~1]3 3 5 7 1  +dq% +g=o]$- 
A]$ 5 71% 27j] gqg g g7 4-471 01s 99gzfl5 
CF. 
3.H #Go] ?_S;~{]$fq q8H PSq257E 995171 
4 8fl Gallup s(1987) 4 Nevalainen S(1994) i% ?-$~]]3q 4 
q/Ql %EHl (VO ratio) 5 A]",FS\oj * $-8\$ktll, E $7011 
Aj k ZA\qAJ *ol $-A] gq 4q ?-$4]3 %47\ 44 
9.q- F+ 2s 303. zqq 2q. 015 $ ?+4]3q 4 
q/q %E 1 0lAJOS 9 .~9  4g4 3 2 0 0 2 )  4 01 
3 .! DL 1 - E(2004)q 71g -17g42 :-g gq2q. g'Lq0 

?%413q 4LllIQl %E ~1+P1 1 olhoFol$ ?-f;~113q1 
q814q ~ 7 1 7 1  a%q%q~ q32 + 20q, gq 9 
+413q %E % 7 k  7s @71 q] q 4l 24 ?+A]] 301 -$ 
"dq "1w 34s 9 4 4  $71 qSO11 (Pastuszka 5, 
2000, Wu %, 2000) 3 q H J A J g q  3 9 9 7\71 %A] q] 
q q $ l  q-g- qg*gs gg9 + 9 q .  Fg g $5754 3 
?%413q 4~fllQl %5 ~ 1 + 1  1 01 ~l-s L F E F L F ~ ]  @ 01% 

2 7 \ x ] g  ;illh]% + %+~j] ,  361% ZA\ ~ ] + q  A134 AJ 

%LO] q .  Reponen ( 1989) S 4Ql ?-$4]3q 3 5 7 1  9 
7]? Zaq oj$# 74s9.q- g4 7Eoll7F"d- Z ~ Z  9.z 
S\%cOS g 3% 35~\7 \7Eq]  +&Jq %* $$ &2l 

?-$413q 5 5 7 1  &A] qq-9 g ?j7 34% 3$-+8H5 
q. 5fl5 %3 ?@ @g Za01L). $*qgg 4 
q ~ \ o ] P 6 1 ] q S $ $ -  g!E, "&d,] $5, Z7] -$*(Nevalainen 
5 , 1 9 9 3 ) 4  GP TF! @7d ~3011 q+ ~ ~ , F * O S  9 

J WFo] 4 A 2 o  x O F  Ad% ? $01 (Aylorq Paw, 1980) %A O0 1 1 L8 
71  SO] q(Pastuszka 5,2000).  
33 gq ?-$~j]$fq zp,j/+ %-5 ~1-g-S E A \ ~ A ,  L+ 

301 $-A1 !̂. F+ 44 9.q &A1 LFq-9 30s 2q q 2q. 

01 +47F 44~CFM7\%0g ?+~]13011 q 3 M  # 
"A 0 o h l -  & L A  01 ??q 29 7 k  d z 4 ,zH 7 Me Pastuszka %(2000) 

q -17 34q 274 3 C F $ Z A \ @  + ~ = o ] $ - A I < ~  ?+41 
$q] q g  2% +$o] $+$5\qZO,Fg 2 + 3 q .  S\x]yl 
A] $4 $+se q"x] 9 93 4 9 q ++~j]$fq Z S A d  H]  

$01 50-60% % 4 (DeKosterq Thome, 1995; Pastuszka %, 
2000) %% 7,F$+5\g 30-40% ?jEq %4Z LFFt9 4? -17 
34% 1 2 )  3qg + 2 o ]  q9-g -$?2 + 2 q .  ?-$~j] 
3 4  $ 559.e 3gy 3 5 7 1  z{]q SW 3$7] a] q E 

9f;Foj 4 48ps  37&$F GqFi3J ",I9 7% $L&o]o 
g 014 gg3 ?7\*9 G q  q7717.T + g q q o \  2 
301 CF. 

2. WH +f:A1l2 %W S??3 s94q 7341 
Z 3611 LFF)-'d ~14 201 9 8, -$o\~]<,  k g q x ]  A] $,* 

q E 2 ) g q  4q g52 22 - 26'C, AJq$5? 34 - 4O%q 

g 3  L + E [ L ( ~  gq 7-]7#7,Fq *3 &$~Zac-ll 
qxflz 30s E A \ ~  5$+. o ] W t ~ &  % ~ q  4 

383 - 458ppmq 9 3 % 4 % L F E F ~  %?L]], 7&41@71 HJ 

493  gqq2  *+q- * q E 2 ) g q  X\$@7] %#q -$ 
o \ ~ ] g i q -  k g q x l ~ ) < g q -  H]z* gg 32s zqq2 
L+. +xj x 1 s q  gq~l] ~ 1 %  
011 4 21 5\74 LF 01 %%k ~l-34 +s qz$s &AF%F L l - L ~ L  zN 

@g 334 g? h]$gS AJ9i3J @0]7\ $2 30s 
EA\~%>L~] ,  015 A]$ +zq -l \o ]q  %3 3~1 ~ ] $ q  
7179 A \%S~  0 1 g A d - g  9442s  4133 + 3% $q] 
71 qzk 30s g g g q .  

2% 4011Aj 4 1 ~ 1 ~ k  qq 201 4q ?-$~Il3q 35q- 9i 
91 ~Jqg5 Go]]% %7$1*0s ~ , g A j o ]  32 30s - 7; 

qq 2~\(p>0.05).  9 i ~ ~ i  +qG57\ 4q ?-$~j-J]?f 35 
F!qollc-lg OJ%% ?F 7F0l1 q%H~1? ? j 7 ~ E G q  q 
201 921 S\x] ?-$OL)-(Cox, 1968; Bovallius 5, 1978; 
Mancinelliq Shulls, 1978; Marthi91 Lighthart, 1990; Walter 5, 
1990; Macher %-, 1991; ~ i q  Hsu, 1996), g $?bl]Aj? 

Table 3. Environmental factors in the regulated PI-~blic facilities 

Postpartum nurse 
Hospital Kindergarten Day-care center center 

Temperature (C ) 22.4 * 1.3 23.8 2 1.8 22.1 * 1.7 25.3 * 2.5 

R.H. (%) 36.2 * 2.4 37.2 * 4.2 34.4 * 3.5 39.1 * 1.9 

CO! ( P P ~ )  396.7 * 52.7 383.9 * 68.1 346.1 * 29.3 346.1 * 29.3 

*Surrounding condition (%) 28.8 * 3.4 88.3 * 5.7 34.1 * 3.1 71.5 * 2.7 

* : (No. of persodarea) x 100 



L u 0  3. +4lcH3 - 0 l S I d  LH741 23% -41 
i?q S F  

5611h-1 qqg ~1st 201 ~ h \ d ~ J  +?ol-$~l$LH 9% 
- ;\il 01" TT W O A  L L  Staphylococcus spp., Micrococcus spp., 

Corynebacterium spp., Bacillus spp.-!z ?!?I] ?-f;/.fl$ 3 01 4% 
Gq $ s o l  95% olAJ% 2\z1 sl-+ 32s EA\q q 4 %4 
7]$ 97- 8q$(Nevalainen, 1989; Holt, 1990, Rahkonen %, 
1990; Rahkonen, 1992; ~ekos te rq  Thome, 1995; Gomy 5 ,  1999; 
Pastuszka %, 2000; G O ~ Y Q ]  Dutkiewicz, 2002) 4 9 34 2 3 5  

s \ ~  2" ,- ~ ~ ~ j l $ $ g d %  +3 0 $35lq q'&%(l998)4 % 
g7 3qqE tl]$g ZX O& ,̂F% g o ] ?  30s zqq 

2q. $4 y-$;-/.113q -1z OotAJE 4qq a+q 7-14 $- 
A\$$Oq, 4 %q 7]$ 97- $q$(MancineUiq Shulls, 1978; 

Lighthart@ ShafTer, 1995; Di GioMo 5, 19%) 45 d?? 921 
sl-+ 30s -"lh\q 2q. $31 gq kg+] A] gq a+- 3 
oil 4s ?+~124 -1571 9171 4LHW LH? gA$! 

z\?j @71 ofl 481 4 +%??El $-9 Zl 71 01 571  ~ - 1  
3% 93 0,' + Ohj,q. I ~ l q  Staphylococcus 
spp., St~ptococcus spp., Escherichia (E-Coli) spp., ",FFZ 4 9 4 

Lo  710g  $9 Streptoccccus S P P . ~ \ ~ L H  -1571 442q x i  n- 

Table 4. Correlal:ion relationstlip between airborne bacteria and environmental factors 

Air borne Surrounding 
Temperature bacteria R.H. COz condition 

Airborne bacteria 1 .OO 

Temperature 0.17 1 .OO 

R.H. 0.08 0.1 1 1 .OO 

COz 0.33" 0.2 1 0.13 1 .OO 

Surrounding condition 0.48" 0.07 0.17 0.24 1 .OO 

* : p(0.05, ** : ~(0 .01 

Table 5. Genera of airborne bacteria identified in the regulated public facilities 
Postpartum nurse 

Hospital Kindergarten Day-care center center 
Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor 

Staphylococcus spp. 
Micrococcus spp. 
Corynebacterium spp. 
Bacillus spp. 
Enterococcus spp. 
Streptococcus spp. 
Enterobacteriaceae spp. 
Escherichia(E-Coli) spp. 
Other species 



Eqqq q 7  2'2Fdgq 4 3  $7) 8"oFgg 9~1% + 3 
q .  Gorny g(1999)g  49 gq # 7 ] s  %gg 34 $241 E 
A) d 5 11% ;FAA 4139 Pseudomonas spp.9 Aeromonas 
spp.7) q71F 80%, 49%4 ~ 1 9 ~ .  aPq%qx s)%o~,  g 
97(41Aj% 333 d w q  ~ + 4 ] 3 S o ]  g%q]Aj qg 
O J O 3 -  % %$ kherichia (E-Coli) spp.s 41 4 S)g FT 2% 
"JAd 4139 393. z."-?zl%q. q 4 A j  qq iFA]qAk q-5 
0l$-A]$$ q$ #7] 5011% q%]]q] q+&s ~j)2$5fl 

4% 2% ++Ad A { ] $ + +  +JFqqOs 2g H]*S 2x6)~ 2 
oo OF P- olol 
I3 i2 z -,- ~ H q .  *s %23- g%q%x]* 
,̂' q ?kg 5 4  29 2 %gg Lf 2% Enterococcus spp.q 

~ E O O  0 , J- 0 7  J 7 P- O I L  f i i  S s t r e p t ~ ~ ~ ~ u s  SPP.+ 3 2% 'JAJ 
~{]$0]03 .  01011 q 3  k3 xj&kolJ 39 9 7 7 )  +%Jq 
q o l  3 3 0 1 q .  
I$ 1g 33)qAi$ w o l $ - ~ ] g  9 4  g 7 ] q ] ~ j  438  

" " 71% :!o] $3 qq-g 471x1 $3 ?+413z -5 
c z (Staphylococcus spp., Mcrococcus spp., Corynebacterium spp., 

Hospital 
70 T- I 

I r I I 

lstage 'stage 3stage 4stage 5stage 6stage 
Stage of cascade impactor 

Day-care center 

Bacillus spp.) 4 -l X) 371 ol] qg +5 4.35 q€)g 301 
L). J+-$A{]$~ qx)  371% 33% 59 9311 +$A] 2- 
714q -13 42)s gxJ5I  7 7 1  qzq 37k +%I +gq]Aj 

D F ] ~  % % 3  9x)o]q(Seinfeld, 1986; ~enkataramanq Kao, 
19%). ?+4]3 $ x F ~  # 7 1 q q 4  44s %oil rr3-4 )-qk 

5)q (Pasanen z, 1991; Reponen 5, 1996, 1998) 2EZ)q 
g g q  g O J - 8  (Hardklg, 1975; Ellis, 19811, ^kdGZq '2s 
5 4  Wq 34 353 (Pasanen %, 1991) 011 4 54 4 9 8 q .  
Eg $q gA& ~ Z O ]  q q77ESq n] "8% ~j +] 234 
-g7] %+q] qg H)JQ qlflq+5fl 931 Odqjkg @+ gz) 

$"dq %)o]q  2)sIAjZ 94x1715 $-q(L,ehtonen 5, 
1993; Reponen 5,1996; Gorny 5,1999). 6@61 gAd %%7] $$ 
53 $+~j]$q q 4 94 OOWJ$ gx3 71gq q 7 s  
",Fqlig Macher g (1991)q  012q 5(2004)S  13711q 5 
347 4 Aj, Lundholm ( 1982) g 1,2,5,63A] q]Aj 71% Zg P 

r t q q ~  S)%q.  8)~]$- 9 7 0 1 1 ~ j k  -O]$-A] 

gq1 * q $+~j]35q gz) 3719 5E7) tJg 

Kindergarten 
70 1 f 

I 
lstage 2stage 3stage 4stage 5stage 6stage 

Stage of cascade impactor 

Postpartum nurse center 
70 

t ? 1 I 1 
lstage 2stage 3stage 4stage 5stage 6stage lstage 2stage 3stage 4stage 5stage 6stage 
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Fig, 1. Distribution of common airborne bacteria according to stage of cascade impactor. 
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