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ABSTRACT

Cooling towers water has frequently been known as a source of infection in outbreaks of Legionnaires' disease and
a source of indoor air pollution. However, there have been a few reports on the presence of Legionella in cooling towers
water and aerosols of various public facilities. This study was carried out to investigate the indoor and outdoor dis-
tribution of Legionella spp and microbe from 132 cooling towers water of public facilities detected L. pneumophila in
Seout and Gyeonggi-Do areas. The results showed that the L.pneumophila among the selected 132 cooling towers was
detected mostly in July (12.0%), followed by August (4.0%) and June, September no-detected. The L. preumophila in
public facilities was detected mostly in department store (27.3%), followed by hospital (8.7%), office building
(5.9%), big market (5.0%) and hotel, subway no-detected. The pH values of cooling towers water with presence
of L. pneumophila showed mostly 8.0 or higher (9.5%), followed by 7.0~8.0 (6.8%), lower 7.0 no-detected. The tem-
perature of cooling towers water with presence of L. pnemophila showed mostly 30°C or higher (9.8%), followed by
26~30°C (6.9%), lower 25°C no-detected. The turbidity of cooling towers water with presence of L. pneumophila
showed mostly 1~2 NTU (8.8%), followed by above 2 NTU (5.9%), lower 1 NTU no-detected. The correlation coef-
ficient between indoor and outdoor concentration of microbes in public facilities showed 0.67 in Legionella spp.
©>0.05), 0.93 in bacteria (p<0.01), 0.94 in fungus (p<0.01), 0.98 in coilform (p<0.01), respectively.

Keywords : Legionella pneumophila, Indoor/Outdoor concentration, Microbes

WE71 Qo] Q1A MRl P

B]- 1,2)

E=A= k1A

e

LM £ -

Ao} A9 A% F 80% ol A7g ol |
o Z, 719, AR, FEAE, st B, A,
A7k, 47, ASA, A o) AT A
B3 Qoml, 53] ofglols} ok, WelRtgel 79

el A7kg Aol BT S AR Qo] 4

*Corresponding author : Department of Environment Engi-
neering, Konkuk University

Tel: 031-852-7812, Fax : 031-852-7823

E-mail : bangsj68@yahoo.co.kr

39

Aqgde 71875 22 B, 35 2 A
BSHH O w9 T QAEF S0 AT /1A
o] it} olHT LHEHEL EFAR il 7]
A 2 wiERe B wet 49s BA A
2 oohet 0dEE TREE 9 A2, 374 &
ol w2} ik veld 4 Qdeh?

AF71eN Besle] g7k FlelA s o
TR ZAATEE B35 7 198985 =373 w)st
dTgeslE Tl AskEte] e B I F



40 BAA - ol - AR - HS P

nZ fElEd] B8 2AL AFAEYE AAIE v Q)
omn, o]2 uEko 2 1990 R|5hEzhe] 37, 9
A JiAE A3t ‘AFEE BAVIE ARAE
AT vk gk A2 Bo] FARAME AsAY, A
M7t & AT FRY o 87 F¢] G5l

£ AulF7Iegdd sk dzhdo] AlFAHoR 214
Bel W} 1995390 AeidEzt ¥ FeEE o
Halsle] Al o 2 AlgE e Tl S
of gt Asla71d S&715S 43S v o> =3
MEAA = HZ AEAW AsEET Y
Azete A A o2 whAgh b YJt?

ANV HS dedle 2¥9EFLS SO, NO, &
A, 94 F o8 FFIF I, olRE Ui At
AL A7t A= Yot 37 FHE dod)
= #AX 2t (legionella spp), Ald(bacteria), N
(fungus) SOl N3 HH37|E SHeA & I+
= Zolry] oj#g AR

#R edeto] A2 AWarldx e AL 1976
d nl= i olse] & SdolAf JiEE v A
R3] F3lolA @ EAde] veRd 2219 At
Z 349315%)°] AFE AP R #AE 7EAA HA
21 McDade 5°] °lA9] Ad#+E Felsip
Brenner §¢] M522 ©|& Legionella pneumophila
2ol HHsiHrt? £ o] WS AT, FA L
W25 (Legionnaires' Disease)°|2ta F-27] A3,

1968'd mIAIZHFOA 1149e] FH WAYSH Pontiac
fever7}t 1977d°] o] L. prneumophila serogroup 1°]
oL A0 oJA0] Legionella % Lol W A0

2 JalME e 19853 KHEY FERE6A
WARSE ek WAo] HaE o7} Qdoh

vl B2 AlA 2ol thepe] phikE bl
o7} HaEe] o]E IF7HEY o] A oHsl] 9
gAML 2FsAoH, AARAZH(WHORE 1989
9 O11E A 25A AA g edeEt 39E g

o] gAedelse] A8k Rl tisld @)l
I FE3T”

58 JUete F30E 2 diE81E 29 A5 W
WAlde] REslEEA AEde] € e Wzheel
FE3] 59 Legionella 0] TAT 7Hs/de] &1 H
2 e Aol

olel] & ATE FYHFTA WAL WhgrolA
PR o7 EEEASS FERIA(pH, &%, %)
2 vl E (bacteria, fungus, coliform, 7|EF TE714%
g g A - 9] 3] T gRleds)
7 R AZY X 54L& ANFeaM & Aot
AEFT 37123 ED FAGE gAodEs 2
RS 3 FEoE dAsl=t J|EARE AT
34 it

I 97ty

1. A

B a7s 24 935 giAAde iags 5
194 Q7= g edalgs F3ixr 2 3571 2
g dodle nAES] BEEA Ady odA dF
2 Aue 312 2 gRedala 2 387 24g v
AEe] Bx B NS 2R H% 489S dA
35t}

194 A+ 20019 6978 997ER] A& E 737
Sl SRS WAL S 2HE 39, AR, Y,
Wby, A5, qEEdd 132308 didez W)
7FEAlel He AgRdl Wz 2 B AFEk] Ay
© 2 ARS-EATH(Table 1).

2 dFE 194 I3 HR edelge] A&
A FHATA A A9 1028 A
F71 29 &4 7] (Air Sampler MAS 100(Cat No.
1.09090.0001, MERK, Germany)Z ©]&3la] A|ZE
I AU AE XA IE sk

Table 1. Distribution of 132 cooling towers water by monthly and central air conditioning facilities

Central air

Sampling period

L o Total
conditioning facilites June July August September
Hotel 1 5 2 0 8
Office 9 32 17 10 68
Hospital 5 12 3 2 22
Department store 0 11 0 11
Subway 0 3 0 0 3
Big mart 4 13 2 1 20
Total 19 76 24 13 132
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SHe Azl 102 ol Aol med Rl A 103
& ¥4 9= AgaRon, ds A8 FIYAE
BAY UL 10708 RS AEE TG

2717 ¥ M=

12A dyolM dztgse] 25& SibanAtd
thermal  anemometer(ModelISA-11)Z, pH= pH
meter(Radiometer. Co. Denmark) 2, BFE & 17
(Nippon Denshoku, WA220K)E ARg&le] 24 314ch.

A ] (Medium)= GVPC, BCYEo, plate count
agar, Sabouraund dextrose agar, desoxycholate agar,
trypic soy broth, mannitol salt agar, asparagine
(Difco, USAYE AM8-"81H o, BEIFE Legionella
pneumophila  ATCC 33152, Staphylococcus —aureus
ATCC 25923, Pseudomonas aeruginosa ATCC 27853
< FHEZADA ol ARE-3IAT)

A AFA AMERE F7)29247)(Air sampler
MAS 100y= F#e Hshila s g2 impactor
ypeO B FIEAE $4, o= ¢ 4 97, 7Y
¥ FAYOE F71E FASE U2l 089 7

olc}, '

3. 7y

D AESHAE HAA

@ Legionella

WS 118 Fdels7) (Advantec. Co. Nippon)S
o8l A1 (045 umpel] THAIA F& B F o3}
A5 2A 2 AYAES 20mpl] B3 R
o] Y-S fEl soecelM 3087 EAlEE &
% L-cystein, soluble ferric(Fe™) pyrophosphate’} ¥
¥ BCYEoHf | (buffered charcoal yeast extract o-
ketoglutarate) = ©] wiA{olA] & A (polymyxin,
cyclohexamide, vancomycin) 2 glycine == 47
A (anisomycin) S F7Fe AHERR (GVPCP HFESIA
o FES vl S50 FRET 25-50% COt
FUSE 35°C WY7IoA 3~797 vl

@ Bacteria 2 fungus, coliform, 7€} 5387] A%
iy

Bacteria 48 AT 1miZ 108]~10%] 34 8}
plate count agar(Difco)ff A& H-2 T 35Co)A] 48
hr VRS & Al

Fungus® -2 Sabouraund dextrose agar(Difco)l] 7
T ImiE 108)~10%) B8t} HFF 22°CA 5~7
o wjst & #4E Ak

Staphylococcus aureusd 82 trypic soy broth(10%
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NaCI7h 90 miell A4 10 miE 35°CoIM 24 hr 7
Al F Z4" o2 mannitol salt agar(Difco)dl] HFE
F 35°CelA 24 hr FR WA

Coliforme A% 1mig 1084~10°0) 3]4] 3}
desoxycholate agar(Difco)E &5 35°ColA 24 hr
S 28 At

Pseudomonas aeruginosa 282 o212} 71 (Difcoyl
A 90mPl A 10miE 35°CIA 24 hr ¥l%F- =)<
AZ365 nm)E o183l 5APFE deA {72 =
g Wgsh

o] WL Hel FHTHAIRHE2000.7.714)'0 2
AFF(2000, AFLGERFELH) 70l 2l AP=ATY.

2) AstelAr g " sA SAPA A

Legionellat 7AX= BCYE agardl] ¥Zd e 2
PAA38te] Gram negative bacillus©] I dissecting
microscopeE. TESIA ‘cut-glass TUS 3lT 3o
A Aesied AL cysteine] §l= BCYEodH
Ao S4B dFE IFeE FHHEL 3
At

Catalase test, nitrate test, hippurate hydrolysis,
urease test, oxidase test, indole test53 Ao %
AL $8le] R v L preumophila 455
Serotyping kit(Seiken, Japan)®} Legionella latex test
kit(Oxoid, UK)y& 183t 3PS SHskA0h

Staphylococcus aureus= mannitol salt agarollA =
I OFRE =@ o] WAl aPE NI API
STAPH(Biomerius, France)Z A§3}3} AgS F8)515
th. Pseudomonas aeruginosa= 5GP
opHlECt|E FHulRlell o]al3le] 35°C 24 hr wl%Us}
o HAoz Wd 7% a8F4 API 20 NE
(Biomerius, France) B AJs}8l AL g} Al
Z1 4 ¥ Bergey’ manual of systemic bacteriology'™®
< e FYsisitt.

3) Air Samplerg ©]-83 glx ez EXZA

Air sampler MAS 100(Merk, Germany)Z ©]-83) &
F 10055 -8 AFE wiA GVPC, BCYEo, plate
count agar, Sabouraund dextrose agar, desoxycholate
agare 1EHA|9} SL3A wigLE, S, WYY
COssE, MlFAHE At Alded dAE 19
A} FdskA sk

m. #x 3 o3

1. WZlEkol giXjedela B2
1A G72 20013 687E 9271 US4 |
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edehre AP A3 WS 13258 R
#F 2 TS AAT AH 103(7.6%)01H ERL
dehto] AEHU-

g edelre] #elg % BHYEELE Table 29

2.
798 763 3 (2B 1 B AEEUL,
sUe 247 % 18@U%e] AEEYLH, 680 197,

992 137 AAleld BF HEEHA skt

uHo20 25} A2 Zol) oJFA thFo| 8 HX L
debr 2el7t W7l 7R Eel 7P w2 79 8d
o ¥A AEHATG Bt o] A B 4Y
Azel dx)shs 2AE W71 /Mgl M =2
793} 89l gx|edero] BA AEHNH, A™
ol agloz <la) 799 /M =L HEES vehl
Atk weld 783 sdolle & o] Al o7t e
shar AlsEh

g e deltol HAEE 1039 EHFEEE B8 L
preumophila group 1°] 97102 ZA&EEC] 90%°IH,
L. pneumophila group 47} 17192 AEEC] 10%S
AR &Rt ol WAHTe] HAdHHE T L
preumophila group 1 &) < 30%Ech=s 4 B2

o wug gwstz o

RIS

2. AlMY HX|eyalrel BX

Fd, AP, B, wlsk, A)sk, g ERlde] B
e YAl odiElt 45 AT HH Table 39 2t

Wsldo] 114 F 370] HEHY 273%2 7V =
A AEHANL, WHYde] 227 F 27(9.0%), AHF-Eo]
687 5 474(59%), tBEAEe] 207 F 12(5.0%)
o] AZ2HUL, 2 9 39 84, A4 37 BF H
25| 23ttt

ARAOA ZHEE 4358 100~200 CFU/100 m} 1
7, 201~300 CFU/100 mP} 173, 401~500 CFU/100 m/
7} 171, 501~600 CFU/100 m! 17422 ZAIEACY &
g WA AEE 2352 100~200 CFU/100 miZ} 2
7, Waldolr 7HEH 332 100~200 CFU/100 m7}
34, HEEE 12& 100~200 CFU/100 mi7} 1739]
ZAE AT

JEFAANA x| edels AR A®e 2 A7}s}
3 e AR} v 23H o] AdA
A9 Y 1079 dredelges 25 3
< a3k W= I Wake Tl ARARRe
hE-g ol & Zog AlgHTh

3. Bixjedatant HEeixielel AREA
Wzge g edelaare] RIAR AR

pH, €% 2 SEb ARES 18] A 9Aers

Table 2. Distribution of L. pneumophila in cooling towers water by months

i . Number of Positive for Number of. samples yielding L. pneumophila serogroup
Sampling period .
samples L. pneumophila (%) 1 4 6

June 19 )

July 76 9 (12) 8 1

August 24 1 @) 1

September 13 (V)]

Total 132 10 (7.6) 9 1

Table 3. Distribution of L. pneumophila in water of cooling towers by central air conditioning facilites

. No. of  Number of positive for Distribution of Positive for L. pneumophila (CFU/100 m/)
Cooling tower .
samples L. pneumophila 100~200  201~300  301~400  401~500  501~600

Hotel 8

Office 68 1 1 1
Hospital 22 2

Department store 11 3

Subway 3

Big mart 20 1

Tatal 132 10 1 - 1 1

Korean Journal of Enviromental Health Society, Vol. 28(3)
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Table 4. Relationship between effect factor (pH, temperature,
turbidity) and viable counts of Legionella pneumophila
in water samples from 132 cooling towers water

Number of

Effect factor Range total cooling Number of .L.
pheumophila
towers water
>7.0 2 _
pH 7.0~8.0 106 6 (5.7%)
<8.0 24 4 (16.71%)
<25 13 _
Temgegiture 25-30 €0 5 6.3%)
>30 59 5 (8.5%)
’ <t 13 -
Turbidity
(NTU) 1~2 102 9 (8.8%)
>2 17 1 (5.9%)

ooz 24390

% 132329 W49 pH, 2%, Bk B¥ w}
E g edelte AE WS Table 49 ).

2 1322¢] YE=ollA Bix| e delto] A& pH
2] W9 7.0~-858 Ikedo ¥ A7olA pH W7}
7.05~-879904 R edEte] 7HEE AFel {AKRE
AFE el X ede} k9t pH 8.0014d
0 247 & 43016.7%)2E 7ME A AE=AL,
pH 7.0-8.0%4 W 1064 F 63(5.7%), pH7} 7.07]%¢
4 e ZEHA 4sdet

o] Aije #HF|edgto] FAHE Adre il
pH 6.0-8.17FA12 Aol EASRs L. pneumophila
= AdFAE wixle] s WA pH 69+4.080)
o £2 pHAl EA17} 71s3ithe EaBel gz ed
Zhhe pH 5.5~9.2 Aleldl S4=9, pH7} 5.0 I3t

olAL 105 o3 A= Faol Erbssivke B
29} gAH AAE Ul pHS} L preumophila
olo] AHAAE BAFHCE AHEY FATs} 0.62
(p=0.052 FF B e AR ZAEUG
(Fig. 1). °|4¢] ZAE 53 pHe sdelre] &
2o Z83 43S miXE BEUAR JAZI.

A edte] A" &% HAdE 28~33CE, d
A QB 25-43°C Aloj¢] 2ol S8, 53]
32-37°CellA dstA ol ST Leoni 579
w9l A3k A4S Jehdh 2571 30°Col Y
o gRledz} FHFIE 594 F SEES%)E IR
A AZHAL, 25-30°CoA 607 F 5EEB.3%)°l
AEHAEA, 25°C BT e AEHA &) 2=
9t L. prneumophila®te) 3 BAAE BAANCE AuH
H, AR 027(p=045)2 TAH e Holx]
Y(Fig. 1) Leoni 59 2%} L pneumophila®) 3%
BA Aol ABET) -048(p<0.01)2) FFEBAS
yehd Aol AR A9 RoFn, % 94 @
A delge] Ao FTE vXe FERAUAR GA
Zct.

#x) odelgo] AEE €% HeE 1.3-32NTU
2 gAede Rdrt 1-2NTUY o 1024 & 9%
88%)= 7V A AEEHAIL, 2NTU oPde] 174
Z 131(5.9%), 1NTU vlTliMe AEEA] 4t}
3t B9l L preumophila®] FEBAE BAZCZ
A RH BT 040(p=025% A4 Fade ¥
oJxu} of FW2] By {18 LETEI} &
o AFE R edEld & ANt At
fAR Aatkg Jehlla o] gx dx] HA edest
o] Z2o) o3 A2 AztHY, W2R A
Yol gl #o A 2 A4 AelgdF 508 Yzt

= = =
E o £ enf €
8 S 8
(=] (=]

5 0 = s =
2 2 2
(&) [ . [
= anf O anf QL
o a a
3 anf 2 . &
2 1] 5
[} T 20 >
5 ] g . g
k=) 0 2 a3 9
o 1] 2 o 2
o 9 027045} 3 POAQ p025

0, | 0] 3 [} 0, R ]

70 72 74 76 78 80 B2 B84 88 T >3 3 X 3 k4 k<] k3 10 15 20 25 o as

pH Temperature (°C) Turbidity (NTU)

(a)

(b)
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Fig. 1. Correlation between L. preumophila and effect factors((a) pH, (b) temperature, (c) turbidity).
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Table 5. Distribution of average L. pneumophila and average bacteria, average fungus, average coliform, average S. aureus, average

P aeruginosa by monthly

Sampling period

June July August September
Average L. pneumophila (CFU/100 m/) N.D. 200 600 N.D.
Average bacteria (CFU/100 ml) 16,000 85,000 110,000 42,000
Average fungus (CFU/100 m/) 97 87 57 53
Average coliform (CFU/100 mi) 17 27 17 16
Average Staphylococcus aureus (CFU/100 mi) ND. N.D. N.D. N.D.
Average Pseudomonas aeruginosa (CFU/100 ml) N.D. N.D. N.D. N.D.

Yol 47124 o9l WX edewel 2N 1
AN Sl RO AAXER, olo] tiE FUNEA
WA Wzbgel Hid Beloae] Basitka 47
A,

4. W2tE=o| x| 2d2tA et oldEnte] A

FUASA WA Wb 13238 gt
nAEe gEE 9 ] 54 A4S AAE ol
A8 Ed2 gxedeltate] AHYE AR

Z 13239] YzhgpollM HEd 93 A=
o5, dElgoly, Ady, WaFEr € 7E 357]
A EFE Table 59 2t}

A edetae] Hadegees 7939 84 #zt
200 CFU/100 mi, 600 CFU/100 miZ ZAIEI oW 69
Z ogol= HEHR] FUTh Bacterias 685 949
7R BE AEE9on, 8¥9) 110,000 CFUmMIE 7}
Z =2 HaASTE YePlY. Funguset coliform &
Al 495 E 9¥7A] BF HEEHILH, Funguse 64
ol 97 CFUMIZ, coliforme 78 27 CFUmMIZ 713
2 JFFErE ey 587 28e fEdle
mAER YA S aureus P aeruginose= 68H-E
9U7HA BF HAEFA 48T

Wzhgre] A edead @ vgE7te] AAe AT
HH Table 63 Zo] Wzigo| x| e delte] A%
3} bacteria, fungus B coliform®] FAE7lle FHAA
o] & Ao Z JePdr) ol Capabianca 59

A} 2 AFHE P 81Ot bacteria $E F
3 dAdelt § thE vAEY] HE AFE FE
ke AL Al due Ae & 7 sk #Aed
2htel 75 vs F AA A=A dEe] 9dde
2 A3l R edelarel] ot WS o] 9
g ARe FFL Y = FHdME T A5
B2 AR AAREe g edektis & @
Fog dAsia Agsieol T Aoz Algdd.

5. AW LRl 37| & nidEe] g7 T

AR Yzigs 13238 dde R #Rledet
o] A& 10FAHA 4, #HY 23, A 1
X, W 33 tige® Adl 10323 A9 1028
Asted 371 F A=Y "W HE(Table 7) 2
e 7] Fo) JE ZAEIITHFg. 2).

A Legionella spp®l Bddgre A9 45
= 4913 HEIAA-10] 8CFUM SR 7 3
ZAEJOH, AR 1o AEER] ). Aol
7ZA%E ¥ 13 gEEAA-19) 11 CFUmeZ 774
=A FdEERoH, Wil 2o e AEHA LUt
Legionella spp. HFd g AU v]9) W=
03~202 ZAFEULH, AWl 7] 5o JAAAE
FAF0Z dEnd ATt 0.67(p=0.06)= A
71 39 Legionella spp2tol 23 aAdol =
Ao = Yehgt.

Hd-13 g ENA-1904 Al 371 F 7F8 =

i

Table 6. Relationship between L. pneumophila and indicator organisms in cooling towers water of central air conditioning facilities

Microbe
L. pneumophila Bacteria Fungus Coliform
Positive Negative Positive Negative Positive Negative
Positive 10 (7.6%) - (0%) 9 (6.8%) 1 (0.8) 6 (4.5%) 4 (3.0%)
Negative 110 (83.3%) 12 (9.1%) 69 (52.3%) 53 (40.2%) 42 (31.8%) 80 (60.6%)
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Table 7. Distribution of average Legionella spp., average bacteria, average fungus, average coliform by central air conditioning facilities

Microbe (CFU/mi)

Central air conditioning facilities

Legionella spp. Bacteria Fungus Coliform

Indoor N.D. 190 40 46

1 Outdoor 4 130 11 31

/0 - 1.5 3.6 1.5

Indoor 6 250 47 70

2 Outdoor 3 200 24 81

Office /0 20 1.3 2.0 0.9

Indoor 3 250 55 150

3 Outdoor 3 160 39 130

/0 1.0 1.6 1.4 1.2

Indoor 5 230 75 180

4 Outdoor 9 180 52 160

/o 0.6 1.3 1.4 1.1

Indoor 8 450 160 210

1 Outdoor 11 300 95 200

. /0 0.7 1.5 1.7 1.1

Hospital

Indoor 3 500 120 170

2 Outdoor 5 400 51 150

/0 0.6 1.3 24 1.1

Indoor 8 300 200 190

Big mart 1 Outdoor 11 200 170 160

/o 0.7 1.5 1.2 12

Indoor 2 310 110 170

1 Outdoor 6 270 73 150

j7/e] 03 1.1 1.5 1.1

Indoor 4 320 150 160

Department store 2 Outdoor N.D. 250 110 140

/0 - 1.3 1.4 1.1

Indoor 6 280 150 150

3 Outdoor 7 250 94 110

/0 09 1.1 1.6 14
2 Legionella spp. BoZE YER ol A9 °‘%‘J%"7 Yrkaldol Bls) AujeloA g =& Ha

735 AEFet YE HAoEF B olgdrt Bol o HFTE el o2 FH€n.

g 4%‘01%/\]*‘4_011 He AW 7] F 9 %—94 A @1419] 7] F bacteria®) BFAET] A W2
& 29EE w50 B9kon, o33 Auif o4 7v A9 Zkzb 500 CFUMm?, 400 CFUMm*e.2 713
U2 AT B 7o V1B FHo] FiH0 ¥ =7 AR, AFFE-10] A9 72t 190 CFU/
W7 7VEA] F-Rte] el FtElen, gk 49 m’, 130CFUMSZ 7P} we Aoz zAggoh
o AS T FFolAe) AxAle] fx)sla Yo} F Bacteria Wadgtre] A9 vie HeE 11~162
Hell B2 A& AEFFA 9 718} SAREAA 2 A F71 29 bacteria HARQ BT Hla] A 27
2l HH‘}L A ol uigell os) FAgre] AYs) o T bacteria BAIAFTIE B R0 Ao
A FHER4 9 e 9xrt SV wet oE F bacteria®l 739- 2] 3 A F7] F Zo] &
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Fig. 2. Correlation between indoor and outdoor (a) Legionella spp., (b) bacteria, (c) fungus, (d) coliform.

Az IS E F Uk E=F e 271 T A
FAEAE FAHCE AR A7} 0.93(p=0.00)
o2 o}F 2 ATES LET

Fungus®) Baiere Auel 24 3 EAH-10]
200 CFUM* 2 7P ¥k, AFE4-19] 40 CFUMm’®
o2 7 Wtk Adele] Aee IgdH-10]
170 CFUM'2.E 7F¢ §3}k37, AFFd-10] 7P WA
ZAEIAT. AW Hle] MHE 1.2~3.62F bacteria
ok 7o} Aol wig} AW 371 Foll wWol EAsL
A2 ¢ 5 Ao, DS 371 F fungusS] 2
= AN 094(p=000)F o} ¥ VAL vEhth

AN BF EL fungus BAPHTE B ¥
AH-19] AF AW ) B 92 VkE so= ¥

71 & 7171 &l FFolge] A = e A9
A=) glon, de] Waly T =29 B WE
oA B = Bxjo) o] e FYAFH WA
Aol Hls) Aol F7) TN 22 HEFESE B
ol Aow ARG

Coliform®] BaJgr AUle] 25 #d-10] &4z}
210 CFU/M’, 200 CFUMPS.E 7P Be Aog 2A}
Hom, AFEA-10) Zkzt 46 CFUMY, 31 CFUMS 2
7V we Aoz ZAHEUT A9 vl He=
0.9~1.52 Aejdl Hjg] ANF7 Sl Be] SAs2
e Aoz A, AUl 71 F coliform®]
AAEE 0.98(p=0.00)0.2 o F F2 A& Vel
t}. coliform9] 73S AUl 2% BHY-1004 =4 Yt
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FUHRF ALY W7EEEE Hxedaad Aue] uAE 23X A3 AT 47

W=t o) Legionella spp, bacteria® HE3 722

Aol PAHITT AZkEIT
v. & =

20014 6¥HE 987A] 1A 972 FUYRFH 3
WAV (S, AR, B, Ak, diEEIF) 13232
& UeE WP ArE o2E 2 3§
AAEE dAsoH, 22 d7Z 19A IollA
H o dEdo] AEE g A 37 F9
nAES] ¥ B AHAAE EAE A9 oee 22
AEL =239}

1. 313218 o2 WZers AxsE 29 104
(1.6%)2 A dzhto] A&

AREZE 79(12%)>82(4%)>68, 98 E7E &
o],

Ay BXE AHRA L pneumophila group 1°]
97 (90%), group 47} 17A(10%)S XXSHA L.

2. AldEE Yrhere] giXedeire] AEES
314 (27.3%)> 4 D (9.0%)> -4 (5.9%)>H F &2 A
(5.0%)>39, At EHE) ol

3. Jztekre] pHE gix) etk aE pHS.0 o4
(16.7%)>pH7.0~8.0(5.7%)>pH 7.0 P|T+ B7HE &£o
2 A H, AT 0.62(p=0.05)% o3t 4
#AAE JeRIL.

T3 Wzbere] 25W Y] edeleds 30°C 0]
AH8.5%)>25~30°C(8.3%)>25°C D7+ BAE o=
Ao, gxd gredelekdE 1~2NTU ©]
AH8.8%)>2NTU ©])4H(5.9%)>1 NTU v|eke B7%
ToE AT

4. YZheEre) Hix| el Haere 74 8
Yol Z}z} 180 CFU/100 mi, 600 CFU/100 miE ALY
dem 6¥3 9¥dll= AEHA ¥4t Bacterias 6
47y 997/ BF AEHIJeH, 89 110,000
CFUmEZ 7} =& Ha38E el Fungust
coliform G 485 E 9971 BT HEFHIJeH,
Fungusv= 699 97 CFUMIZ, coliforme 7989 27
CFUmIE 7P & Had=rs ey, W2y
FollMe] Gl edelwte] HEH bacteria, fungus R
coliform®] ZAEle #RA0] e Aoz Vel

5. Air SamplerE ©]-83% 2] F7] F HAEe]
BX= Legoionella spp 735 WY 13 gFIA-
1014 el Zk2F 8 CFUMY, 11 CFUM'e.E 7H
A vEbgen], AU ve] HeE 03~20, 4E=
= 0.67(p=0.06)22 et}

Bacteria= 92014 AWl z}7F 500 CFU/M’
400 CFUM’SE 71§ ¥4 Jebhdon 4ue) u)g
HAE 1.2-1.5 ABEE 093(p=0.00)22 e},

Fungus= B EAH-10] A} zHz} 200 CFUMY,
170 CFUmM*e 2 71¢ A Jepgton, 209 ujg
HYE 1.2-3.6, ABEE 094(p=0.00)02 efsit}.

Coliforme ¥9-1914 AdWe] 22 210 CFUM’,
200 CFUM’LE 7} A veisen, Aus] v
M= 09~1.5, ABEE 0.98(p=0.00)0>2 vERdTH

it}

=8
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