sl

SO

or

20134

o
or

E
or

70
To-

Ho

Tor
Mo
=0
oF
i



or

6%

administrative offices in universities
20134

A comparative study of microorganism concentration in
humidifier's water tanks and vibrators, depend on user's
operating habit at the scene of hospital ward and

o
or

E
or

0

To-



or

-

w

A comparative study of microorganism concentration in
humidifier's water tanks and vibrators, depend on user's
operating habit at the scene of hospital ward and
administrative offices in universities

Tor
Ho
ol
ald
HJ

oF

6

20134

o
or

E
or

0

To-

Ho

or
Ho
=0
oF
i



TR

o]
=

20139 6¥

oy

KO

=

A9

Xl
o

o

A

v
o




47709] 7H57104 Almg AFSte] 93709 Al=mE EATH A3t 6770(72%)
o] Mmool HHgolrt AEo] Hlom Bt FEi 1.844 log CFU/ml ©]
o, 7571 BEolA 1.522 log CFU/ml, #S5A FEo|A 1405 log
CFU/ml2 AZo] =3vh. I#-3dutHols 4270(45%)7F HEo] =L
M, ¥+ T+ 0813 log CFU/ml ol 7k57] &%°lA 0.540 log
CFU/ml, A&5A FEAA 0.434 log CFU/mlZ2 H&o] =3t H%olE= 38
M(41%) 0] A=A HEC] Hem HHF sX& 0.475 log CFU/ml o]H,
71571 =&%°lA 0.498 log CFU/ml, #-&xF F&ofl4 0.342 log CFU/ml=Z
AEol =

715710 AR B(®4) T SEE 167ME AFste] BHe Ay} gt
ot 670(38%), &H°l 3M(19%), AFSAdeteglols AEo] HA| Fgto,
571 & 6/ AHote] AT Axt ge|e|ot 270(33%), 15 dHtE e
of 271(33%), %ol 17H(17%) A A& =AUt



757 R 2 ARESET 2 % udE sk %2 F 3%%
71571 EFo| webds vreElol(p=0.283), 1E-gAutE 2ol (p=0.264), =
ol (p=0.283) 2.2 Yepon, 7lg7lol AR E(dp)o] wetAE Y] ﬂa
oH(p=0.366), IF-2A8tH 2 oH(p=0.456), HFol(p=0.514)22 yElFoH,
AL = ARl mEbA= R oR(p=0.002), 1EAdurE eof
(p=0.178), FH°](p=0.02)2.2 vefstct. HE AzdHel oA e
oHp=0.022), 1F-2A4Egoh(p=0.238), FFZo|(p=0.02)C& UEton,
71571 ZEAIZe wEbAE g 2lok(p=0.042), 13-4 E]oH(p=0.792),
Tl (p=0.499) % Yettorn, & w70 weta= HrE|]ob(p=0.0014),
TS eH lokp=0.633), FHol(p=0.816)2 eIt}

HAgA ARESHE 757 W £ RAE skite] AREAE B Z
o a2 AgutE|goret ZRo|(r=0.726) % 7t AvEAR Jepgton,
HAgA AMgole 22uhs7]oAe IR AddtE Elotet Fo](r=0.721)
SE ol ATt e on], WA JhETlA SRES AT o O
ZroAuteElotet FWol(r=0.684) B& ol AWuAZL 71 FATh 7157
W A o] aetds JggAddE loret F50](=0.467) st
AEEAR Yebgon, M2 B 3AIZ mEtae gt Eotet g3t
Bl2]ohr=0.667) w= Ztof] ATTAS HYgon 2 weF7|o wretds v
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pneumonitis) 22 7157 @F wEo] A #HEe] A AR Ath(Banaszak
EF 5, 1970; &%, 2013). H|=RE A7)0 7HAolA 745715 ARERE AR
SolAA T HE T AREe]l Hixz] AEsE i Miller MM 5,
1976; Anderson K &, 1989; 8Fs<, 2013). 1971de] Fink 52 ©] A%
o] Yo g A TIETINA =
AstdchFink JN 5, 1971). o] 1990dd ZF¥7kzA] 7HAHa ARRA
HVACY] 7}57] 2d8& AHAQ0 o= 43 wH4dgt A7t A% 2o
HATHEFES, 2013). 7H57] 2ol ok Hdeh Aol tfRE> HE| 2ot
£ A dder ISR oM, I 9o w8olE ol ist=
A AAT(EFES, 2013). b OEEAdHE IS ol A=A
&b AT IUTH(EFES, 2013). 7hs7] Hdee] HdQlo=w ofH+= m
EAS 7H57] 3 bully 371 S AGARE o5t 4
FHoz Hriet AFE Att(Rylander 5, 1978; Rylander and Haglind,
1984; Kateman ‘5, 1990; Pal &, 1997; Baur &, 1988; Ohnishi &,
2002; ¥F&<, 2013).

A AlFole bRt E79 7H5717F ARSEAL Qloy 75T AR A
g AR FEel w7571 W obulk AlRE o85Sty % mAdEY sk

H717} ol ol Bl7h glt.

Micropolyspora®] Actinomycetes ©]
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)
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A24 At =27

B @7k Jh57] el Aot Fgol 22 ulgEo] FAskT A, vl

Qo] FAPTGA QAHoZ GFL nAL 20 FHHE A%, b

719] Bage) ol ofmF P A Fohir] $js) A=A o]

T ATEAS A 99 FRIY WA D getm GPACIA gk

e 7H571E Moz thewt 2o TAH BAe st

D 7H5719 2, AFARE] ol B2 AFste] Lt veeo}, 1
u N 5, 7M7) e $F0] B S

Ha/duH 2]oHGNB), #3°lg F



2) 757101 AHeE B(@4)e st dut wrealol,

(GNB), 58°lE AT &, 71571 Wl +5l 3 5=

!

3 He7] AL, M) ASADS AR A4S ST 2ARL 7
71 el 5% PR BEst vmstel WAE 40 9% WAL 89
2 wergict.



A12 4+ 98

2 A7 ALl ST 40084 RO BRI 139 BAGA AFgoh
7M7) 19588F Ml ST et 29] WAANA Abgsl 7Hs7] 28H)
£ tgoz sk

A AR A 7Y BE D SRR Sg710] Aot
S(0I5ich, 2ok Vrelelol, TS Ao GND) 9 FRolsicl,

A22d a7+ LY

AEAF 71202 20139 19 17¢, 29 219, 29 25-26% F 4Yole
v, RS o

ANa HF i R Al=5 (Sampling)

ZARA THE71E FEY BACA A8t

o YA ARFALA ARgSEL dE 28 F

19thet & 7He] ot

o4 AHgsT e

30,
i

5
ok
e

745719 el E 8% 2 AFAREA 38749 AlmE AHF st9A, 7t
71 AHet B9 SRES F547] T TRl & A9 ﬂiz‘ﬂ i
7 APRACA ARESHE 28tho] THET] Wl B 9 WEA FEelA 55709
A=E AFstAem, 757l AHSS B9S2 58 357 SolA
L& 15709 AlBE x}HoPOﬂE} = AN 5 115790



2. A=A

K7l W ES, AEAEE 2 7RIl ARSRE E(@E LETIe=

(FARCON®,Express7590)°l] B+el 138 1=l(COSTAR®,10mD)& AHg-ote]

30 mlE  AFSHH AFHG AlEs EBHFEFARCON®,S0mL)o F4gt

Aarb QEER] Ydrs Zutz Ag4ds 52 olgst FE e &
|

A nE AR exkelglch

e
ol ol

3. A2 B4

B Hbs BulkAl=9] HH|2jolE HiFet7] f1et A=uix]= TSA(Trypticase
Soy Agar), J1a/dute|2]oRg HiZ|9] Mac(MacConkey Agar), =g°l8 HijA|
Q1 SDAC(Sabourand Dextrose Agar + Chloram)E X2 ol HYS 51C

o Adeefz]e] 242 [# 13 Z.



(& 1] W28 =4

gt 2]ot-& Hjz] : TSA(Trypticase Soy Agar)

Enzymatic Digest of Casein 15.0g
Enzymatic Soybean Meal 5.0g
Sodium Chloride 5.0g
Agar 15.0g
(Final pH : 7.3+ 0.2 at 257)

Jr/ddtE EloRg 8] ¢ Mac(MacConkey Agar)

Peptic Digest of Animal Tissue 1.5g
Sodium Chloride 5.0g
Pancreatic Digest of Gelatin 17.0g
Lactose 10.0g
Pancreatic Digest of Casein 1.5g
Bile Salt 1.5g
Neutral Red 0.03g
Crystal Violet 0.001g
Agar 13.5g
(Final pH : 7.1+ 0.2 at 257C)

=3o]g Hjz] : SDAC(Sabourand Dextrose Agar + Chloram)

Enzymatic Digest of Casein 5.0g
Enzymatic Digest of Animal Tissue 5.0g
Dextrose 40.0g
Agar 15.0g
Chloramphenicol 0.05g
(Final pH @ 5.6+ 0.2 at 257C)




HjZl= =st7] A Clean bencholl Al 3-4A1%F AZAIX] & nlo]d 2ujgls o]
goto] ImlA Biz]of &0t wix]e] =g of Alsrt ix]o] 5] 552 5
s HIZE E27h ofz] ¥ = & ZA] v |(incubator)oll &31th. HiE|
2lobg iR = 35T 297 wifoby, Hgol8 HiAle 22 2kolA 49 &<t
HjeFsto] e colony)= Alstltt. Hehrrt Y+

1He] 2kt golet ge|ejor Y=HColony)< AlSstal £t WS Foto] &
A2 shonh JEo] @9+ A& Imld Colony Forming Unit(CFU)o|tt,

=4 ZARE Microsoft ExcelE o]gsto] dHlolHE Aot o SPSS
TKe7) AMEAL] Age] we

AR SRS QUHA BARAS olgste] RAslgom £ ugEge 4

<
™
&
<
c
w
=
|t
o
o
o
£
N
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N,
o
o
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A3 A2

A 1A 757 W 25 udE 37t

—_

A 7k W AR Al WE HtE oL T

A=z Bt B}
& 14
(n) (log CFU/ml)  (log CFU/ml)
2 E A& 19 2.483 1.419
HA
=% 19 2.301 1.304
R e 27 1.405 1.251
YA

=% 28 1.522 1.348
Al 93 1.844 1.405




7571 W % srelgor 93708 A% A3t 67H(72%)2] Al=mollA uret
wrh g4 35 1.844 log CFU/mIIND  ~ 5.461 log CFU/ml)o] it
Y HA A5 FEoA= 19709 A= F 1870(95%) 2] Al=ollA H
gob7} vgkom Bt 2.483 log CFU/mIIND ~ 5.461 log CFU/ml)o]l
TEEY HA 2504 19709 AE F 1770098%) ] Al=molA Uerte

2.301 log CFU/mI(ND ~ 5.567 log CFU/ml)°]%ict. tistn 3%
A& FolM= 27709 Az F 2071(74%) 9] Azl vegten 3
1.405 log CFU/mI(IND ~ 4.691 log CFU/mDe]|%it}t. tietw PAHH =
solAl 28709 A& F 2270(79%)°] A=A vehstem B 1.522 log
CFU/mI(ND ~ 5.380 log CFU/mDo|th(E 2, 13 1, 2).

7Hs7) de] vl Rl g 1Ee ofx Asel 9lX etk B Seue

==

o > HOSL L o

= = =
g RAE A1ES e B VlET A% aasle ogAw
3

H
=71 A3 k=4

A0 eEe B RSt @ 37 FOE uAsel B
o0 mE B RAA PRt Fastdn B

A= Hi=
gaot st tishEd HA A5a BE 9 EEoA HisLrt HiE
I e HA A= 9370 F 4170(44%) 2] A=A 7]



& L (logCFU/ml)

& = (logCFUfmI)

DRSREE
5 mss
a M
- d
. I ia
%l . "JI i
o- ; L BE G N [ n I in
i 2 3 4 &5 (] 7 8 g 10 11 iz i3 14 15 16 1y 18 19
Y 7kl

G D FEY A k7] ARG vl B,

OASAEE
5 mES

4

3

i . [ min
| - _____I AU '_Hm__ |
o IR “ : ﬂ I i §i Il

1 23 456 7 8 9101112131415161718192021222324252627 28

@Y 7571

aE D ot WA 7] AR aealot S,
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2. Fad 7hs7] Wi AR Rl e IHeAUE R0 s

(& 3] A2E 7hs7] W ARl e IHsdRE 2o 5

A= N FEEHAL
R HF A
(n) (log CFU/mD  (log CFU/ml)
AsAEE 19 0.813 1.075
HA
=5 19 0.777 1.059
25 A= 27 0.434 0.851
P4
=5 28 0.540 0.899
Al 93 0.613 0.971

71571 W 5 2"=/dHHRor 93718 B4R Adt 4271(45%) 9] Azl
A e oer B4 Fk= 0.613 log CFU/ml(ND ~ 3.857 log CFU/ml)
Y WA A5 FEAA 199X = F 1270(63%) 2] A=l
A Yepgter " 0.813 log CFU/mIIND ~ 3.642 1og CFU/mbe] it}
TEEY BA 254 19719 A= F 1170(58%) 2] Al=ofA HEtor
Bt 0.777 log CFU/mI(ND ~ 3.857 log CFU/mDo]%itt. thetw P44
A&z FZ2olA= 27709 Alg 5 87H(B0%)° AlzolA uehtor Bat
0.434 log CFU/mI(ND ~ 2.850 log CFU/ml)o]qitt. tigtn PAHA EX5]
A 28709 Alm 5 117HB9%)9 Aol uegtem BEat 0.540 log
CFU/mI(ND ~ 2.766 log CFU/mDolth(E 3, 119 3, 4 &X). IH34
sejelol AR 9@olRE Uehjt Amolch. T-gAueobt et
Ud 1 g uAE ool ¥ Aow woE:
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&5 & (logCFU/ml)

ml (h “H

I 2 3 4 5 10 11 iz i3 14 15 16 1y 18 19

e 77l

B FEIY P M7 AN Tk} S

= L (logCFU/ml)

I“ . |

123 456 7 8 9101112131415161718192021222324252627 28

a3 7he7

4 ok WA 77 AN TSl Sk
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3. FAd 757 Wl AFA] e EF0] 5k

[ 4] F2® 71571 W AR E 58] §=

Az b FEFHA}
FAa AN 214
(n) (log CFU/ml)  (log CFU/ml)
A sAEE 19 0.555 0.866
HA
=5 19 0.548 0.923
AsAEE 27 0.342 0.644
P

=5 28 0.498 0.790
Al 93 0.475 0.802

71571 W 4% FFol 93E AT A3t 3870(41%) 2] A=A UErs
om Wi FEE 0475 log CFU/mIIND ~ 3.143 log CFU/ml)o]|itt. &
Y B AR FEolA 19719 Alm F 1170(58%)2] AlmollA Lrekkt

Ht 0.555 log CFU/mI(ND ~ 3.013 log CFU/mbe]3itt. Z3hd¢d
HA BEo|A 19749 A2 F 87(42%)0] Al=ollA UEehtow B 0.548
log CFU/mIIND ~ 3.143 log CFU/ml)°]itt. tistn PAA sz BB
ANM= 27709 A= F 1071(37%) 8] M=ol Yebgew Ba 0.342 log
CFU/mI(IND ~ 2.164 log CFU/mDo|3itt. thetw g4 =&FlA 28719
M= F INEB2%)8 Al=olA detew Bt 0.498 log CFU/mIIND ~
2.477 log CFU/mDoltH(E 4, 17 5, 6 I=X).
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&5 & (logCFU/ml)

5 & (logCFU/ml)
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——1

6 v 8 % 10 11 12 i3 ‘14 15 16 17 18 19

e 77l

2 B4 7K7] AR Bl S,

]

1 23 456 7 8 9101112131415161718192021222324252627 28

@Y 7571

B 771 AHAAE =] sk
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A 2 4 7FE710 AMgshe =g nE 5

7HE7100 AHgole BE@S) F £5E 16718 AFste] B4 At Hhe|
Zlots 67(38%) 9] Al UEgton FEHSE EHZOA XA 3
CFU/mlolgitt. f4=ellA 9] Heglot s vzt dE & £V 2
Aoty A7)ET HwetH W o R ettt 5| Ig-2/gutE ot
£ 16709 A= B5% ez otk #FEole 370(19%) 9] Al=molA] et
oo ) %7 1 CFU/ml2 WA vepdoh®E 5, 13 7 43).
7}5719] AHgstE B(YES) F A4 B olE AFste] EAHS A b
Hl2ot= 270(33%)2] AlmellA vetgtes 2o w7t 78 CFU/mlo] 3l
SHH H4719] BolAe 27H(33%) 2] AlgoA  Ig/AduteEote YEete
o Al skt 103 CFU/mlo|dct. F%Fols 17H(17%)2 A=A urebst
o A Lt 21 CFU/mlolYth(®E 5, 19 8 Z=x).

ole} Ze AW B ul, 7H57o A}ﬁ L oE2R £522 A8Y Tk 2
A g Aoz muEd e 44700 BS A48T wels 239
SIS 0TI B AT A7 Glong Foph Baw Az e
gk 58] 5719 Beldk ARl §ale 2zeAutE ol edsol
AL SEBelAE WA U BRIt AZEe 8 Fol7t wa
& Aoz uepith B dApane] ofstd 15719 942E SEES AE
s Aol He adsttn & 4 At
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B L (CFUfml)

o] T T T T T T T T T T T T T T T
0 11 12 13 i4 15 16

ad D7kl Atke =@ § axEd e Ek

120

2rE| 2| Cf
TIEr2 M EE|E|O
S5 = 3= HECF
B=E0|

B0
£
3
60 -
i
40

40 —4—

20 1—

.

1 2 3 4 5 &

=2

ad 8 77l Agske (@) § B97] 29 e
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[ 5] 75710 AHget S0l IE midE =

dhg| 2o} J7-2-Ad et 2o} =3Ol
A e
(n) o FFEWaL o WAL i FZFWat
(CFU/ml) (CFU/ml) (CFU/m)) (CFU/m)) (CFU/ml)  (CFU/ml)
=3 16 0.688 0.982 0 0 0.186 0.390
A7 E 6 18.333 29.008 19.167 37.75 3.5 7.826
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A 34 77 TR 2 AASEEe] UE nAdE v v

A7 E5 D AR gLl wet A od HEst gkl Ao
g gt gebd 5% 0gE 5wot 7le7] £5, AR B85, 4
T2 TR AT W A Y, k7] 4547 s B s

MA 9 st AN gk THE71E B

nph7), AR R FRotel B8R SEE v EsHEEK

>

7H7]

6).

=z9
P =1

ke

2ol Bt Fre HFA7E7IN4 2,186 log CFU/ml= 3 FR/2] 7}

=71 & 7P A vEigen, gl 2gulsU|E Hdskrh 1.834

log CFU/mIgth. 7FEA7157]1= B 5271 1.513 log CFU/mlg2 7} &

< Aog yeyth v 715719 @R HE ol s FAACE
1

G9] &2 gddthp = 0.674). ofutE 1 o]§ 71579 ERHEOE Jls
719 BedHY 94 59 ohE adEol nAle ol EdHoR A8
7] B Aog FHHEC weF 22 27, & 2 ey 9 72 9%
£ AMERE A9 U570 SRER nAE TRt & o S Ao
£ HYS Zolth o2 FF T& AFE Soto] HoAHoF & Zow wo
Gl=g

aggdutEleo Bdt sEE 2|urksTlolA Bkt 0.668 log
CFU/ml= 3 &/ 7571 § 7F¢ =4 Uetden, bgos 719475
719] B@#5E7} 0.612 log CFU/mIE UeRgth B3A715719 34 &
£ 0.075 log CFU/ml2 uvetyth. Jd3ddteelol sk 7157 S7E
2 SAAR fF9482 UEhA] AdtHp = 0.264).
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T30l Aol 2ZurtE7]oA HdsE7F 0.529 log CFU/ml= 3%
7o 7hs71 5 7P A e 2o g JHEANETE HdtEkrt
0.280 log CFU/ml= Uehgt. HHA7ks7]9 Hat skve 0.087 log
CFU/ml2 3 $7°] 7h571 & 7P @7 debaoh

=0l Tk FF HEEol w9 Igg/dutH o] FRet ntriR =

M7z BAA folde e ghelthp = 0.283).
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EEl

6] 7I571 EFol WE % e = vl

Al = ot Er= el -7
4% oAE 7l 5 = ° } v
(n) (log CFU/ml) (log CFU/ml) (a=0.05)

23757 8 2.186 1.942 0.674
dhe| 2ot Z-S 0754 79 1.834 1.361
ZFE A 71571 6 1.513 0.957

oA 71571 8 0.075 0.130 0.264
ag-2/dute|glot Z22 07154 79 0.668 1.004
7FE 2471571 6 0.612 0.952

EA7157] 8 0.087 0.231 0.283
=50] 250754 79 0.529 0.847
7tE 2471571 6 0.280 0.420
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dhg|glol Bt HEE A7) BoA 2.07 log CFU/mIZ $5%5 B 5

)l 1.765 log CFU/mlEtt =A YetEth A7) 204 vdE 527t =

A vepdt wreElor B Bt SR EET A UEREA|THE 5) AL
= frefekal @teHp = 0.366).

TEdutd ol B3 Bt Fhve A7l EolA 0.742 log CFU/ml= 4
B Bd 5% 0.569 log CFU/mleth &4 vetgeh, 28-24dte o} &
T SARCE FostA] tHp = 0.456).

o] Bt Tk HH[EF Tk ¥ IHFAHH oL Fet Hiti® 4
4 0.507 log CFU/mI2 A47] & ¥4 %% 0.381 log CFU/mlK
A yee 5380] see FARCE FolskA] ZAthp = 0.514).

—}

)
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B
NE

A

wt
(log CFU/ml)

(a=0.05)

(log CFU/ml)

(n)

0.366

1.284

1.765

69

o
<

a2 o}

1.701

2.07

24

o
<

ﬂmo

0.456

0.872

0.569

69

o
<

1.195

0.742

24

o
<k

ﬂmo

0.514

0.797

0.507

69

al]
<

0.801

0.381
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oo
<
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2.939
o 3
Helo} st

s

-
=

sho] g2

[¢)

19zt 7R
9, weelot B Bk

(¢}

HasE7t 1.645 log CFU/mlZ et

E-’
o+ k&= 1.573 log CFU/ml2 YERTY

log CFU/ml=2

=
—

ut
)

3

I

Tod
ol
Ho
of

0.002).

Hp

fo=]
XA

of

°

_Cq

o

o
o] P FEX 7571l

=7} 0.780 log CFU/mI2 &< % 1
0.580 log CFU/mlKt} =7 et

T7F 0.160 log CFU/ml2 Ut

o

o
a1
=]

ol

E]

1
o

w7 et

&
Fotag el

aL
o

o
=

=1
=
=

\

T E5 uiEelol bret 2

[e)

t=2A g

1
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—

ol <}

o

He-s%7F 1.020 log CFU/mIZ 7}

g5l =
0.178).

urefelo} 2§

5

0.02).

o] 27}

o ey

=

o]
Holz] ekt (p

HAtHp
0.500 log CFU/mlXEt} b =7 yebedeh whebA Ig3gue 2ol 5=

o =7} 0.571 log CFU/ml=

=
=
=



Aazs Bt HEFHAL p—#t
T U=
(n) (log CFU/ml) CFU/ml) (a=0.05)

31 1.573 1.302 0.002
dhg| 2lo}f 46 1.645 1.298
16 2.939 1.373

31 0.571 0.946 0.178
T1h5/d e 2ot 46 0.500 0.855
16 1.020 1.199

31 0.160 0.390 0.02
=] 46 0.580 0.899
16 0.780 0.896
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4. Y5 AlF o] ohE vdE sk v

2 Abgate] PP, B
T Qloiek. WA B Abgs)

SEAZ, 283 AHA AE Aoz o

sejejol WE BEL ARAE Agste] QRS s © 3291 log
CFU/ml2 2% A4HE) & i} 22 226 A1 o9 oo v &
A et gor B2 2He AHL o1AL rmh B w7} 2.385
log CFU/ml2 Uehgrh 2wt Atgsle] AHe slge weol Bd Sre
1,666 log CFU/mlz LFEFET), Bhe|elol Bt LHTM o] et £
Aoz FostdtHp = 0.022).

38,

el B FEE AHAE ARSSH] AlEe skle ™ 1459 log
CFU/mlz =% A8 & iy 22 F73] Alds shele WE2n 7 Ye
Ho. ooz 2% ARgSte] AlEE & 0.475 log CFU/ml 9] ¥+ 5
R UeyY 22 29 Ade stde W ¥d s=e 0.192 log
CFU/ml= Yepsdtr. 5%°] 5= E-F Hegot sot o] 7 AAYH
of met sAHez Foskdt(p = 0.02).

ot

a8y dgZAEtE o Bt ke HEH Pl Bk oF &0 FRolAA
d MHAE Agste] AlAS St ™ 1.384 log CFU/ml 2= =4 e
won =9t ARgste] AlAHE odlE o B Fx 0.603 log CFU/ml=
Bt == = 2 o Ht 5= 0.451 log CFU/mIZ
B, I"EAdutE ol e sAA SR 79 ohA] Skthp = 0.238).
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s wmamyn o v e bt
(n) (log CFU/ml) CFU/ml) (a=0.05)
B9 AMS 75 1.666 1.397 0.022
B2 S875] AA 14 2.385 1.218
A HA AH& 4 3.291 0.63
BT AL 75 0.603 0.982 0.238
=2 515 AlA 14 0.451 0.737
AIAA A8 4 1.384 1.127
=9 AR 75 0.475 0.785 0.02
= =2 S50 AA 14 0.192 0.471
AIAA A& 4 1.459 1.179




5. 747] 2E A7l e R = bl

747 2% Azl e AT SAIZE - 10A1ZE D10AREOE hebste]

FEE v THE 10. F2).

gre|e]ot Wi sk GAIZE 75718 ARE SF9E ™ 2.445 log CFU/ml
2 SAIZE - 10A1ZF 2 10417 7HE71E AHS & ool vl A e
o, o202 Y10A7F 75718 ARE ofds o 2.05 log CFU/ml o B+
SERE UERTE SAIRE - 1047 7HE71E AR olle o B9 Bk
1.048 log CFU/ml&2 uyetyltt. gre|2jot sk 7157 2

Aoz {9 stlrk(p = 0.042).

JE-3AutelEor B FEE SAZE - 1043 7HE71E AHE SHES
0.689 log CFU/mIZ 7 =7 vehdod, thgoz Y1047t 715718 A
£ 519 o 0.587 log CFU/ml ¢ BF L2 Uesdch GAZ 715715
AHE 39S W] i %= 0.468 log CFU/mIE Yebgth 1h2Adute|
of k= TAANCE {9 stA|7F ASkHp = 0.792).

=8o] B FE+ SAZE - 10A1ZF 7HE71E AR SFle ® 0.599 log
CFU/ml2 7V =7 vyehgon, ttgoz (A7 715718 AR sh9e o
0.392 log CFU/ml2 Yebgth. Y)10A1ZF 7H5718 AHE ote o B+ 5k
£ 0364 log CFU/mIZ 7F¢ W& Bt s=2 Uelth 3] s &
Jgedete|Eote] kel upivi R FAFCR {9 SiA7F YSkth(p =
0.499).

et

- 27 -



T - v e Pl
(n) (log CFU/ml) (log CFU/ml) (a=0.05)

(5A7t 10 2.445 1.347 0.042
ErElEtor 547 — 1041 36 1.048 1.054
> 10417 47 2.05 1.55

(5A17F 10 0.468 0.566 0.792
ageAutElElol  5A17F - 10417 36 0.689 0.973
> 10417 47 0.587 1.032

(5A17F 10 0.392 0.499 0.499
A 5AZF - 10417 36 0.599 0.787
> 10417 47 0.364 0.853
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Al = Bt TEHEA} p—#&k

T s & (n) (log CFU/ml) (log EFU/mI) (a=0.05)
1d 67 1.521 1.214 0.0014
dhe| 2ot 24 20 2.674 1.608
>2d 6 2.678 1.162
1d 67 0.553 0.905 0.633
TehS/d e 2 of 2¢ 20 0.781 1.222
>2d 6 0.730 0.593
1d 67 0.447 0.834 0.816
=] 2 20 0.512 0.861
>2d 6 0.654 0.495
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6. 7157 B RFF/l] B2 AT FE Hi

7H571 & ngFrlol wEt 1Y 71, 29 F7], )29 F7= mefsty E
]

greEjol Wit FEE )2d FE V7] B2 uE S5He o 2.678 log
CFU/ml2 19 F7] 9 29 = ] &

A vepgod, thyog 2d F7=2 757 ES uE ofde o 2.674 log
CFU/ml ] B &2 Uetgth 19 F7128 7157 &5 1@ o9l
Bt HEE 1.521 log CFU/mIZ2 UErstth ghg o}l &

gF70ol weh BAFCR §9] 5tAtkp = 0.0014).

Jgre el B BEt 29 3712 k] BS a# a4 o
22 @

2 9 o HdE HEE 0.553 log CFU/mIZ Yebgth 138418k
of Bk FAACE {9 skx7F AtHp = 0.633).

8o v v »2Yd FUIE 7hs7] B2 WA Si8lE o 0.654 log
CFU/mIZ 7V &7 vehged, 2oz 29 7|2 52 w4 39S 1
B T+ 0.512 log CFU/ml= UeEEe 19 F712 &2 WA st
o B 5% 0.447 log CFU/mlZ 71 e Bd sx=2 vehgct
E=
[e)
[e]

fio

[e=]
S
&

o

[©)

—_

FA]7

-

olt

BE EG IgSguEecle] SEet npiAz AR §9

[e]
o = Ba o1

orettHp = 0.816).
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A4 A 5% A

it
off
l.n
N
1o
o
r
r o)
2

75 e € do2 HEstd %5 nde s dudAE 2

Ao AMESHE THE7 W % AE FRite] AddAE BT Z
= [ 12]9F Zol Uty BrHotet 18 dulE| 2lok(r=0.673), |f
glotel Fgo](r=0.502), TH-=/dutelg]oret Fgol(r=0.726) F=7F AEH
Ag 7HE Aoz HBch as3Adte elotet Fgolo] AuuAst 71
A epsi

Z¥zhol PA AL thIt Zt

Log({4 7H5711A 9] Js=/d8tH|=lot s CFU/mD = 0.53 X log({4
757104 9] srelElol 5= CFU/mD) - 0.46 (n=38, p<0.0001, R*=0.4524)

Log(t84 715710149 F3o] %% CFU/ml) = 0.33 X log(HA 7k57]0]
A¢] wtelgjol & CFU/ml) - 0.24 (n=38, p=0.001, R*=0.252)

Log(84 7F571014 9] F%o] %% CFU/ml) = 0.61 X log(HA 715719
Aol agreAdutdglol % CFU/ml) + 0.07 (n=38, p<0.0001 R?=0.527)
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JOES49dI2I 0K loaFal )

=301 (loaFl/ul)

-

[
L ]

*

& hd -
- +
v = 0.5255; - 0,467
-, B = 0.4524
L ]
-

Srel2|0FH{ 1ogCAl/al)

A 7571 W EElgjoret IAdHidE o Fo] A
= +
. ¥ . y = 0,586 - 0,235
- R: = 0.2517
+
0~ P
- *
. * T e e sr 0 & -
A 2 3 4 5
utgi2|0H 1 ogCFU/al)
10> A 71571 W EfElgjoret Fgo] Fro] A
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L

v = [0.808% + 0.0674
Rz = 05288

&
+

L

S201(1ogF ¥al)
= ta
>0

L ]

*

+* *

>
+—4

T
5 1

0 4 +

+ o
15 2 25 3 35 4 45
ag=s4udHiel 0K logFal)

.

7 11y WA A7) W aeEteEole) o] o] Ak,

upelelo} SEo Z7teh JFS Aol SRR folsA F7HIY 9
Fa)skl, selelol S Z7kshE Bl HEE foshl 7K 10
F2), aguelol S50t Z7keta BBl BEE folsh] F7HIY
11 F2)sHe A0 uehgeh delol s5st T8t elol S5 wat
S oF 45%, urelelot BEsb g Auteelol B WELE oF 25%, 1HE
gardlelol HE7} Bl BT WekE oF 52% F=E vEhd 4 9k

YN AHEShE THe7IA 5 ndE XY AudAE

B [ 1319 2ol uebuth welelolel TghgAutd|elol, e ofe}
I, TR AurEeotel Bao] Sl AR} BS ok et
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[E 12] 94 7Hs7elAe] 5% m4E Srrke] 4 WEes

grefelol  aggAutElEe gl
gt 2o} 1
a-gAdHrE 2o} 0.673 1
%ol 0.502" 0.726 1

1% SO5ENA R9F

(% 13] A4 AL710049] 4% vAE SErie] 4P HEegAs

ate] 2o} T-s/detE ot =50l
ate] 2o} 1
Jg-a/durE o} 0.176 1
=350l 0.038 0.211 1

1% fOlRENA SOl
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2. A 25m71E710AM 9 5 nE X0

Aol A ALgate 7Hs7] WellAl drelelobet kg e elol, uhloter
wol, JeAuERlolst Be] st ABVAS A Ho veked

L AANA ASStE 25mHETIAA Y 5 nldE TR AEEAE

A sigct.

Mr L oq

HAA AMShE 25mE7] W S nldE TR AudAE 24

et Adt= (3 14]9F o] yErytt dre ottt Os-3/dutE|2]ohr=0.678),
dhe2foret Fgo](r=0.491), IF-/dutd 2oret H50](=0.721) F=7}F 4
HAE e Aoz Ko, JEg/dutdelotet ol AuaArt
7V A versT

717k A AL ohgt Erk

Log(HA Zgupris7oA el Jg-ggdutdelol sk CFU/ml) = 0.55 X
log(8A  zgumpris7loAe] whealol B& CFU/mD) - 049 (n=34,
p<0.0001, R*=0.459)

Log(4 zgup7ls7lelAe] el s% CFU/mD = 0.34 x log(§4 %
Su7psrlel el whelElol & CFU/ml) - 023 (n=34, p=0.003,
R*=0.241)

Log(84d ZZ7H5710148] F%e] & CFU/mD) = 0.61 X log(4 =

So7bE71eA el aggAdetH ot k. CFU/mD)  +  0.07 (=34,
p<0.0001, R*=0.520)
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JES 920K log(FLal )

ad 12

=301 (loaFl/ul)

K

+
L
L 2
[ ] * -
~
Y = 0.5484: - 0,4850
" ¢ R: = 0.4594

HhEf| 2| OH{logCFU/mi)

A 28u77] ) rejzlolel TRkgAtelzlol o] AR
1
.
3 .
3 . Nl * v = 0,335 - 0.2339
Rz = 0.2408
. *
1 2= = %
L ]
0 — A ——BP—0—0—0— --— T
fﬁ' A 2 3 4 5

SrdleloH1ogCA/al)

9 13 ¥4 259Pks7] W dEEoret 5go] sk .
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L

w

y = 0.8088¢ + 0.0657
Rz = 05201

S201(1ogF ¥al)
a
e
*
o’

L ]

[
*

T
5 1 15 2 2.5 3 35 4 4.5
OESHYHI2I0H loaCFlal )

a9 14) B4 25ls7] W dds/duEElotet £380] skeo] A,

dte2lot F=rt SUbetd dgAduteElglor sRx foletA FSVHAHE 12
A z)5h, dhgElo} %7 Z7lehH o] Hhn SolskA ZHaE 13
Fz), 2o w27 716 5780] $Ex oSt S7HIH
14 F2)she Aoz yebd. HHEot w7t ddaAHHEor s R}

5 oF 46%, UElot Ert AL oL S WSS oF 24%, 1S
/g ]a]o]- lr_l:,j]- _:_nJro] o Hqg].__ oF 500, z%lzl_g L].q-uq 2 oh;]._

[E 14] ¥4 2gupri57] oA o] HE ST AT HEYA
grefelol  agkeAdtElEel  Fol
atef| 2o} 1
J=3/dHrE 2 of 0.678" 1
Hgo] 0.491° 0.721° 1

1% fol5EAA ol
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off
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o2
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r <]
2,

HA ka7l AR E2(Ee) § eREcA % tdE s A
BAE AT 23 [® 1519 o] yegth, Hre2fotet a5 dute 2
oFr=0.503), 1HE/d = 2ot 580](r=0.684) Fx=7F AHIAE 7HA=

Aow ekt
7Azto] PAAL theTt 2t

Log(84 & $£5EA ag2Addglor 5= CFU/ml) = 0.35 X log
(B4 2 $EEA9 wrelgol % CFU/ml) - 0.15 (n=36, p=0.002,
R?=0.253)

Log(¥5 & B4 e F3o] 5% CFU/mD = 0.66 X log(d+ & =+
TR aggAuH ol 5% CFU/mD) + 0.05 (=36, p<0.0001,
R?=0.467)

OIS 2UdI2I0K logFal )

1 . ¥ =0 F3% - 0,152
* Rz =[0.2531e
> *
0 . —&—8h— +——& & T

——¥ ¥

3 2 3 4

Stdl2I0H 1oaCRU/Am1)

H 15 B4 7ka7] gl o HreEjotel I duElE]or wef .
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W
»

L

. v = [0.8508: + 0.048
] R = 0.4674
1

SEZ01(logFlVal)
a
>0

* +*

0 > & & -
*+— 44 +—4 "

T T T
a i 2 3 4

JE=42H 2|0 logtFl/al )

a9 16 A 7571 el we 2dEs/dHERloret wFo] sk .

srelelo} =7k Zobetd JRreAutElEel SEE felsh F7HIH 15
Fz)stol, T ol SEst S5k Bl SRR S 37}
(2% 16 FR)ske Aoz vehgeh. vreeo SEot azkeAutE el B
= WSHE oF 25%, JFLAUEEel BEot BBl b= WAE oF 47%
Yz ehd 4 g,

(% 15] B4 71571 95 5 of| A 2] s st
I HEdA
grefelol  agkeAdtElElel  Fol
g 2jof 1
JEE/dErEH ot 0.503 1
o] 0.378 0.684" 1
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77l WRAAEE & 2T ARESt] AlER A4 T mAde sk
SUEAE 24 skt

7] MEARE F B9 AEs] ARS & 49 5F nAE Bk
o gEAE 24T Ave (E 1619 2ol vekdth sheeotet 13
urelok(r=0.432), 1S4 Elotet BBol(r=0467) St A

i oo Y

LogAlAH el w2 Jg-gduteelol 5= CFU/mD) = 0.30 X log(AlH
Hdof| w2 vhgglol %% CFU/ml) + 0.09 (n=75, p<0.0001, R*=0.186)

Log(Al&uHe] w2 Zwo] & CFU/ml) = 0.37 X log(A|d ¥l w2
aFeAuE el & CFU/ml) + 0.25 (n=75, p<0.0001, R*=0.218)

off

wn

L ]

2
- 3
= b
] * + *
T, & .« * e v =0.303 + 0.09%
;E & ¥ F: = 0186
oo -,
{0 1
H * & +

* + 4+

Srei2|0H 1ogCAl/ml)

(18 17> 7Ks7) AEEEe] mhe dheelotsl TRk AetE|Rlo o] Ak,
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y = 0.3131x + 0.P5

=30l (logFl/al)
»
+*
*

R* =0.2178
+ * * .
L
1 5 0. +*
* + +
&
a 0+ T + a] 4 T T
a a5 1 15 2 25 3 Y 4 45
Q=S H9HI2I0H logFal )
(19 18) 7k571 ARl wg 23 deEeorel 3ol w5k JuaA.

wrelelo} =7k Zobeke JEregutElElel SEE Gels F7HAY 16
Fz)stol, T ol SEst S5k Bl SRR S 37}
(27 17 FR)ske Aoz vehgeh. vreeo SEot aeAutE el 5
= WSE oF 19%, JFeAUtEEel SEot BBl b= WekE oF 22%
Yz ehd 4 g,

[ 16] 7H57] g AR e 5% UAE SEz) A vEYs

a2 of aggAgaE ol Bgol
atef| 2o} 1

J=-g/duhe Elo} 0.432" 1
%o 0.263 0.467 1

1% fOlRENA SOl
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Log(& &sgAtel g ad3dudH 2ol 5= CFU/ml) = 0.44 X log(&E
FEAT] w2 ghelElel &% CFU/ml) - 0.22 (=46, p<0.0001,
R?=0.445)

Log(® 3gAI7te] w2 FFo] »% CFU/ml) = 0.67 X log(E& ZFAI7tl
ageAutE ol % CFU/ml) + 0.23 (n=46, p<0.0001, R*=0.411)

&3 &
B .
[=1]
2 s * ot
= =
= +
d
- v = 0.4 - 0.2234
ol - i
20 . Re = 0,445
%l-g * +
ml 04 T + . 4

1 2 3 a

-1
SIEI2I0H | 0gCFU/n])

Id 19 7ks71 22 = 332l mE Helotet g dHtHz]of
o] A
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y=0.6741x+0243

o
o
E . R?=0.411
£ + AN
—
= 3 . -
=l
MO

+ +

8] +* +—& T 2 T
1] 1 2 3 4

JE= 42 el 0H logtFU/nl )

" 200 7ka71 2 & SaARel e dgadHEHRloret wge] Fo
A

2ol Tzt FrFeskH I#dutEleor Bk fostA S7HH 18

Fz)ete, agkggutE|Elol sEr Frleh @l BEE folsi 7t
(3% 17 F2)ske o2 vyt wejo} BEsh agSdaeelor 5
T HEE oF 45%, dF-SAEE|gol HEvt Zao] =r WSS oF 41%
JE2 vehd 4 9o

sejelol  J@egdelElol Bl
uHg| 2o} 1
=g HrE 2ot 0.667* 1
=%l 0.284 0.641* 1

* 1% reeEolA el
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6. 7I57] & wgFrlo] mE ¥ v st A

7}%71011 AH-8-3t %% 12 ulth w3 sho] AL W 4% nE kLzb
3 18]9f Zo] yehgth HHgorelt T1#3Ad

‘#Eﬂﬂo}(r=0.430), vhe2lole} Zabo](r=0.328), 1S AutE|glole} o

(r=0.400) L7} ABPAS 7R Aoz Hgon g glotel 1ehe

g ot T o] FTEATE 7HE 2A vEhH
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ABSTRACT

A comparative study of microorganism concentration in
humidifier's water tanks and vibrators, depend on user's
operating habit at the scene of hospital ward and

administrative offices in universities

Lee, Sang Min

Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

Humidifier is widely used in hospitals, offices and house. It helps
reducing some adverse health effects such as allergic symptoms by
maintaining the relative humidity. However, if it is not cleaned properly or
water is contaminated, it may cause microbiologic contaminations, which may
result in adverse health effects. This was conducted to evaluate
microorganism contamination in the water remained in the humidifier and in
the water taken from tab water or water purifier to make a supply to

humidifier.

Nineteen and 28 humidifiers that were being used in the bedrooms of a

hospital and offices in two universities in Seoul respectively were investigated
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from 17 January 26 February 2013,

Thirty eight water samples were taken from water container and vibrator
parts of the humidifiers used in hospitals and 7 water samples that were used
for make—up water supply for the humidifiers were taken from tab water
and water purifiers. Also, 55 water samples were taken from water container
and vibrator parts of the humidifiers used in the university offices and 15
water samples that were used for make—up water supply for the humidifiers

were taken from tab water and water purifiers.

The results of this study were as follows.

1. Bacteria were detected in 67 water samples(72%) among 93 water samples
taken in the humidifiers. Average concentration of bacteria was 1.844 log
CFU/ml. In the hospital bedrooms, average bacteria concentration(2.483
log CFU/ml) in the sample taken from the vibrational compartments in
the humidifiers, was shown the highest one. Average bacteria concentration
of water container in the humidifiers were 2.301 log CFU/ml in the
hospitals and 1.522 log CFU/ml in the university offices. It has been
found that the average was 1.405 log CFU/ml in the vibrational
compartment in the university office humidifiers.

2. Gram (-) bacteria were found in the 42 water samples (45%) among 93
samples. Average concentration was 0.613 log CFU/ml.

3. Fungi were found in the 38 water samples (41%) among 93 samples.
Average concentration was 0.475 log CFU/ml.

4. Bacteria were found in the 6 samples (38%), fungi were in 3 samples
(19%) but no Gram (-) bacteria were found in the tab water as a source
water to fill up the humidifier water containers. In the water purification

system or water purifiers, bacteria were found in the 2 samples (33%),
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fungi were in 2 samples (33%) and Gram (-) bacteria were found in 1
sample(17$) among 6 samples.

5. Simple correlation tests showed that bacteria concentrations have
relationship with humidifier type(p = 0.674), source water(p = 0.366),
water replacing period(p = 0.002), cleaning method(p = 0.022), humidifier
operation duration(p = 0.042), water replacement frequency(p = 0.0014)

6. Simple correlation tests showed that Gram (—) bacteria concentrations have
relationship with humidifier type(p = 0.264), source water(p = 0.456),
water replacing period(p = 0.178), cleaning method(p = 0.238), humidifier
operation duration(p = 0.792), water replacement frequency(p = 0.633)=
A= .

7. Simple correlation tests showed that fungi concentrations have relationship
with humidifier type(p = 0.283), source water(p = 0.514), water replacing
period(p = 0.02), cleaning method(p = 0.02), humidifier operation
duration(p = 0.499), water replacement frequency(p = 0.816)

(Key Words] : humidifier, microorganism, bacteria, gram—negative

bacteria, fungi
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