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Abstract

Under free chlorine disinfection in alkaline hot spring water, Legionella spp. can be
detected upon the attenuation of the disinfection effect. Free chlorine can potentially inhibit
the disinfection of alkaline hot spring water. In this study, we examined the usefulness of
monochloramine disinfection in alkaline hot spring water using iz vitro testing. In vitro tests
were performed to evaluate the inactivation of Legionella pneumophila in alkaline hot spring
water (pH =9.64) under free chlorine and monochloramine disinfection and the resistance to
disinfection under each condition. Alkaline hot spring water was placed in a sterilized cup
and a pre-cultured L. pneumophila suspension was added. Free chlorine and monochloramine
were added to maintain the concentrations close to that of the control standards. The lowest
concentration-time (CT) values for free chlorine and monochloramine were already below
the detection limit. On comparing the results of this study with those of iz vitro tests of
Escherichia coli, Bacillus subtilis, and Mycobacterium phlei under the same conditions, L.
pneumophila and E. coli were highly inactivated by both disinfectants. In addition, we
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calculated the disinfection time required at a field facility based on CT values. The results
showed that L. pneumophila and E. coli could be inactivated in a few minutes, and B. subtilis
and M. phlei could be inactivated to 1-log in less than 90 minutes. Thus, the usefulness of
monochloramine disinfection for alkaline hot spring water was confirmed. These results
suggest that L. pneumophila may be protected in some way by biofilms and cell clusters
formed by B. subtilis, M. phlei, and other bacteria that are highly resistant to disinfection in
real-world facilities. These findings support the importance of disinfecting bathtub water, as
well as periodic high concentration flushing and pipe cleaning.

Key words : Legionella pneumophila, Monochloramine, Free chlorine, Alkaline hot spring water,
Concentration-time (CT) value
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WHEBREFE L, ST VA VIERAKICBT AHBEDPWEST A LX), LI ATIR
WM ENTHEIL L2205, REBAITHSHE 70T I VHEEE, BTV
VIREKTOREBRIICIEAER EZEZ 5N TWED, FORMMEZRBFENRERIC X ) EENIC
WMEEL 7z, &7 VA VimsAK (pH=964) % AN E A v TN, 532 L 72 Legionella
pneumophila DEWE WML, WEHEESE, T3 T /27053 0%, BHKO B 2SR
AT (ZMZFN 04me/L, 7213 3mg/L) 2% 5 XML ZokE, HEHEE
/78T IDOWTRIIBWTY, HEAERM 15 0 HROARER TR D CT ARV FERSE
HTFT, $Ciags—¥rBhy v P TET, MHBBEADT & 2572,

Z DEWRE Escherichia coli, Bacillus subtilis, Mycobacterium phlei D RIS TF 2B %
BB NGB L i3 5 &, L. pneumophila & E. coli \T VT NOHFHETHEHWRIRZ R TE
7z. CT fli (Concentration-time) 7° 5 MERHBHHEFMZEFIE L2225, /7053 Ul
T, L. pneumophila & E. coli \3E5 W, B. subtilis & M. phlei 1% 90 5359 T 1-log DA
WLASH R L R S, £/ 705 3 VilEE, EEEIEENE X ) AR TOMNBENTRET
Holz, WOTHT VA VIRRAKIINTEE 2705 I VHHEOFHESHRS N LB,
FEWE CHEMIEEIERE L T TH LI ATV EIND 2R H D DX, B. subtilis R
M. phlei 2 &, HHEIMEOBHBEONAL F T4 VAL T, LIFAITHPHRESI R T
LU EZ SN, T D, WHEZITTIE R L, BN SIREN RIS b
WO TeNA T 4 IV ARIRDPIR RN EE R BN

¥ —— ¥ Legionella pneumophila, &/ 7 05 I v, IR, &7 I)VAh ) iwK, CT il

1. U &I

L V% & F9ElL, Legionella pneumophila # 3 LOETHL I F 2 F)RW (Legionella spp.) %
WEBEETHBYYETH L. LI R TIEREDOTEFRROVEDE LT, RRMHDOAEY) 2% ik
BHDPEZONR, B THLAREBGIZEOREN LB E ShTn5,

PER, ARBYOWRKROWEHEE LT, WHEEREETF MY 7 ZAORIMN X 2 ## 8RR
FEAHESNTEL LaL, —#HoBiikicd, #HEREEOHEERNZETLIHO00H Y,
INOOBRKTIILS L EMERFEESEY TR 2V LWL 2ITR-sTwD CRILS,
2019). #HEHHEROWHEHEI R DL T WL LT, BTVAY, TYEZIAAL T V2% ET
AR EVPBETFOND (IS, 2010 B&5, 2014 Rilis, 2019).

WHERRORB L R B HBHEE LT, EE /2705 IVPEHENTWS, £/705 3
3, [ARBHICB 2 ESEMEHSEOYEICOWT] (B457 @A KEEEA G - A5
BEFHRE, 2019) , [RGB DL IF 2 FE LR~ =27 V] (B4 4R -
ArE A AR AR AR, 2019) IBR SR L2 2BE LT, SROABRTE 2053 Y
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OGBS HEA TV S,

INFEFTEHEHOPEBLCE/—EHOWIEIZLY, T/ 70T I v E#HEERIHTAESFEE
RN O EIPEASH S ISR o TE 2. —HORFZEICE Y, LFOEEF LN TVE, FT,
ETNAVEREK QUTF, TUHVIERE) RT7 VBT AL+ v %25 GhinfK 2 RS 5 E50F
FiEICBNT, £/ 7073 VHBEOEMKAEEZ T 72, £/ 70T I VT TR
Legionella spp. 3Bl 8 N5 7283, —E MR TR 2 (88 SR N OB A H 7z (D,
2019 ; Mori ef al, 2020). KIZ, &/ 7 05 3 Vi FCHEAEILE S W7 1EE R FE/M1E Mycobac-
terium phlet (235 B L7z, 44, Z OMREIIMEEOREICFONLZ LT, £/70F 3 ViHE
NOEPES TV EEZ 5N TW/z (Oriani et al, 2018). ZORWkE TNV A ) REM T, €/
raT I v EBEIERICE AMEFEIRZILE LR, TV A RN D M phlei \ WS BHE 2
053 BT AICRIRNTH Y, ERORE T M phled PR L -2 L L3 TETL L) %
WRTHosz, MU CTMH (HFRREE & EMIRH O, #ak) ThIuX, M. phled \CHTHE/ 7
U7 I yOHEHENRE, CLAEMERNEHELYIELoA. T2 e, BELD M. phle
WCRT2E7 27073 VHBIETHICIRNTH L —F, EMITBIT S M phlei 1354 F 7 4 v
AHDHVITHBEI AR L, HBICIPIL CTHIEICO R > Th A S E 2 S hiz (%D,
2022).

S 5HIZ M. phlei D FHIRIUE % B & 223 5 EIRT, Bacillus subtilis & Escherichia coli % It
XTI & L 72BN D 1T - 72 (Mori et al, 2023). M. phlei %, €/ 7053 v, WS
E DI, B subtilis DFNE & FBREOHFEEIMEELE LTV L L HH L. Zo@EE7 v A
WMCTEVHETHH-7205, £/270F Iy THIULHBIRTDHY, TVHVRIIBISE/ 710
I I VIHBOA AN D ORENDFHRE o7,

L22L, F72% Legionella spp. DE BN GHBARORHEDVBATHTHo722 &b, K%K
TIE, TNAYRIZBIT S Legionella spp. DE/ 705 3 ViHHERBEZITY, ThETIIELR
T &7 E. coli, B. subtilis, M. phlei OHBISMEL D%l UC, @l 2 ikl 2 a7z, R
W DGR, WRKTIZBIT S L. pneumophila DFNHB X T V7)) BoOBEESHICE L TAH
HRHRAPESNZDOT, HiET 5.

2. A pr

2.1 BEHREBRGE

AREBRTEIMEE LT, SHEFEHTHERTAT VAV RZMALE. CoTVA)RIE, HS
(2019), 75 (2022), Mori et al. (2023) T LzRAKER—THY, —EOMIEMER L DML
AT RETH 5.

Bz +— 27 L—712CT121C 15 5B QMM MLILZ AT - 72, SRS HTEIRST (P 26 4F8L
A1) GREEAE BHARBEIN, 2014) \SHELL C, FM5DILFE5H 247 - 7258 % Table 1 1RT (%
5, 2022). AMFETHRETHTUAVRIE, TUVESIALF ViIBELZ R LD, EHEEZNE
WCHHEEDSE W E SN IELLGENR TRV REWV—HT, pHIZ964 L @7 Vvh ) %
RLTWVA.

B NRBRO 71~ 3 —Vid, M. phlei (ST BT/ 78T 3 Y OFEBRIRICOVTRE L7
MHES (2019) %S (2022), E. coli, B. subtilis DR E % #Hi L 72 Mori et al., (2023) ®Ji
BICHEUTED . DT IS 2R,

EBE¥EE, ZHEIERERBEMETT O 25CICH IS S N EBRENTIT > 2. Bk, L
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Table 1 Chemical composition of the alkaline hot spring water used
in this study, analyzed after sterilization

Non-
Cation mg/kg Anion mg/kg  dissociation mg/kg
component
Na* 91.8 F~ 1.2 HaSi0; 57.9

K* 1.0 CI- 14.8
NH4* <0.1 Br~ 0.1
Mg?* <0.1 r <0.1
Ca? 0.7 NOs~ 0.8
HPO4* 0.3
SO& 324
BO2~ 3.7

*pH, 9.64; EC, 39.4 mS/m

*Components such as ammonium and iodide ions that interfere with the disinfecting effects
of free chlorine (Agata et al., 2014) are negligible in this alkaline hot spring water (Mori et
al., 2022).

pneumophila DILIERR (ATCC33152) ZH Wiz, <A zuanxry (497 Fk&H) 12-80TH%
AT L 72 W%, B-CYEa SERE M CRAMEY: K7 X747 E-MP96) T 30T 4 HHFRE: 7%
L, W L72WZHeHEThrE Lo C, EREMICHEREZME L. ®EIC X)WL Rk,
W A TV AN 200mL 2@ L7z & %12, 10°CFU/mL (CFU : Colony Forming Unit)
BEOWEL 5 L9, WEEZRML.

B, HS (2019) OFEHRERICL DL, KWL L F— OB KE H WG HK T, Legionella
spp. VI N BRI EN Lo 22 EAHEINTWE. T ) REN WMo FE G TOL
TIZE T, WIhd Legionella spp. 3R EN T nwZ e SN TE (FIziE, B85,
2011 : HEES, 2011 : fEJE S, 2013 BIARS, 2015). INooMEREMz LT 25 E, HBAHE
MU L. pneumophila WSATFALEIND 2 L AMRF L LTHESNS. £ T, RUFSETIIERT
WA E LT, HEHAREZE 70T 3 ViR)E 3ppm, #EEHEZIEE 04ppm & BTIIE (WTh
bIA 20ppm) & R L, 2OiHHEA & OEMIER &, K&K 60 4 & ATAIgE (K 120 4) &
DB L7z, IO OHBANREL, BEAZEHEKEEEEERA - M E®RE A (2019)
RIEAGHIAERIE - AN A R AT AR R B (2019) (R &7z, R OWREK O BRI
HEPT 5.

HBH OFME OH A & OBMIER L, 154, 3047, 454, 605 DT T, W % w5l
CTEEEENEIC, FREFNEEEY S AL E L F, EHWEET—ERED
HEIEPTFEHINTWET LAY REORED 20, BilZiX, U BEER (PBS Phosphate
buffed saline) &ZKBHEL, FH—DOWK, HHEELEMEEZHWTE 1 BIOFEERZE FHIRFHCFEHE L 72.
HHEOREANE, WEHEERE, KRBT M) v AEW (5 A - TAR, 74 3y 2 ASP),
F/ 707 IV, W—ORBEFRF M) 7 AERE, RRT Y E= 7 28 (L% A F)
ZBEAPIRA LT

g = —HllEHORERIE, BEOF AR MY AR TRRIL 2%, EEARL T2 5
B-CYEa ZER¥: b (RIHMEE: K7 274 7 EMP96) ([C#Ai L, 7 HM 37C TR L7 Fhiiak
Bl LT, 7NHY)RPICHERED L. pneumophila DW % AN, HHBEHZBRML W7 I v 78k
Brae 9efti U7z, AN I0NT & HHAIRI 60 0B oMl 2 iE L, Ththau=—KEe KL
7282 Ah, KD L. pneumophila ®AF% (FINHET 100 CFU/mL, #0160 43 96 CFU/mL) %%
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BOLN, TNAVRZEDSDIZ X B RBEICER EOREP RN L 2R L7z,

RN OBE, B FRIEE L, DPD# Ry v MR #EG HACH Pocket
Colorimeter 1), £/ 705 3I ViEIZA Y N7/ —ViE (RKry bE227053 0 - k7 v
E=7& HACH DR300 Pocket Colorimeter ) G, ZNZFNHE L. B, KIEBROTIiHIZE
THIEMEDIE S D X PEBREROLRIEEN LW 2R L2 LT, Wi ORRRLHEICE
THRIGHMZEB LT, SHEHEAREIEXIEE L HHEEOEIME (C) &, HEAE
OFMEER (T) Of» 5, CTMHAZHH L7z (Hermanowicz, 1999).

FBREBIZ, a0 —BE2EBACHALLSOHBTAY Y ML, HEARNT O a0 =—%
(No) &HE#EEOau=—% (N) o#lGEZKRD, IhzdBib L-MEo45%E (Log(N/Ny)) &
BH L, CTHZME, ARREZHEE L2712y b SR EZ 5. 2 oA Lo m
gL, CTHO LAY a0 =—HoBPEAGEZRL, HENKREL5I1TE, TOEMHFTICS
FAWEHERNREHNZ EEIRT I END, HHERIROIE & ' FHIG Hw7-.

3. & x

3.1 BIFEEMEICEZHESHBENRENM

TOA) R OEBNICBIT S, WHHERE T 20T 3 L ORI O 221t % Fig. 1
[

FEBOFER, WBREWNRBOY 7Y ¥ AT 55 60 514101%, R IZOIRED 78%,
B 70T I VIE86%MFRA L Tz, BB, W30 5EA 5 60 5 %I T CHEREE KR D
FRALTWAEDOD, ZOEHIEE LTIZ001ppm TH Y, ABFIETHW M ERLEOREED 5,
ZOREEACAHERI RV DOEEZONS.

F—imKEFH L% S (2022) OFERBOBICH, #HER /770738312, 120
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Fig. 1 Temporal changes in redisual ratios of monochloramine and free chlorine
concentrations in alkaline hot spring water. Each disinfectant was added at
different concentrations : monochloramine, approximately 3 ppm ; free
chlorine, approximately 0.4 ppm. A slight increase in the concentrations was
observed at 30 and 60 min of free chlorine disinfection, although this was
within the range of error due to the accuracy of the measuring equipment.
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S HBERIRE O 8 ERi A 2 MR L C\n/z28, RUMSEOHBRMGTD, BELZEHIXIZIZNEE L
Eibhl.

3.2 WEHERHLUVE/ /70T 3IHEHETD Legionella pneumophila DEEME

T ) RITBU B EHR RN N T S L. pneumophila DARTEALMIFE % Fig. 212, €/ 70
7 3 VHBIH T A A LR T Fig. 312, FNEIURT.

ABEORER, WHEEER, /70930 00nTICBWTYH, L. preumophila DATEAL D
HEIIREL, BRI LI T VWS Z &bz,

BHEER, /787 3I00nTRIIBWTY, HEARN 15 5HORERTRS CT MK
WEBSMFTT, 3 CIau=—Hh N TET, MBRAMUTE o7z ZoOfE, €/ 2
073 ryTlEA%RED CT A5 A, BRI TIZ CTH 6 F2 R X D S RWE T 6-log DAL
MHEATZZ AR E NI

F 72, FGEMTHEML 72 PBS RERKICOWVWTY, #HER, £/707 I y0nThilbn
Th L. pneumophila \TWHHTME 15 5% T Tllaun=—H¥ah v v b TEF, BRIHBRRLT
Lotz

DEoZ ehrn, 1HOFERTHLZ LD HHIMEICHTOREIHL OO0, TVi) R, PBS,
AEAKCTIUIZBWTHIEEAEPRIBRAL T THLZ RS, /77073y, ElEROW

go
on
Q - i
— H O M. phlei
! W B.subtilis
-5 L & E.coli
' O L. pneumophila
1
1
6 &S
7
0 500 1000 1500 2000 2500 3000

CT value

Fig. 2 Comparison of the inactivation of free chlorine disinfection against
L. pneumophila, E. coli, B. subtilis, and M. phlei in alkaline hot spring
water. The solid lines indicate the inactivation of L. pneumophila and
M. phlei, and dashed lines indicate the inactivation of £. coli and B.
subtilis. The detection limit for each bacterium was approximately 6-
to -7-log. The inactivation line for each bacterium has been stopped
at the detection limit. The data for M. phlei were cited from Mori et al.
(2022), and the data for B. subtilis and E. coli were cited from Mori et
al. (2023). The number of L. pneumophila colonies in free chlorine
disinfection was already below the detection limit at 15 min after the
addition of disinfectant under the lowest CT value in this experiment.
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Fig. 3 Comparison of the inactivation of monochloramine disinfection
against L. pneumophila, E. coli, B. subtilis, and M. phlei in alkaline
hot spring water. The solid lines indicate the inactivation of L.
pneumophila and M. phlei, and dashed lines indicate the inactiva-
tion of £. coli and B. subtilis. The detection limit for each bacterium
was approximately 6- to 7-log. The inactivation line for each
bacterium has been stopped at the detection limit. The data for M.
phlei were cited from Mori et al. (2022) and those for B. subtilis
and E. coli were cited from Mori et al. (2023). The number of L.

pneumophila colonies in monochloramine disinfection was already

below the detection limit at 15 min after the addition of disinfectant
under the lowest CT value in this experiment.

FTNOHIEIZBWTDH L. pneumophila 13 RL NIAEL S LD Z & AHEN S 7z,

4. % =

4.1 Legionella pneumophila & Escherichia coli, Bacillus subtilis, Mycobacterium phlei
DAFEED LB

CNETIERSIE, TUAVROFIIB 2\ O h ORI 2 O H kB3 5 0F%%
D TE 2 (B, 2022 ; Mori et al., 2023). WIFextR & L= WL, E. coli, B. subtilis, M. phlei
THb. E. coli \FHMKEIRLEL LT L OHBEIBBINE & ST 2 KGR EEORZEN %
WL LT, B. subtilis (&, —MEIHICAET 2R EORKW ZEWM L LT, M phlei 13,
E/ 2707 I VHEFTHIS AR T WIERBEIRE O RN 2 EEE LT (EES, 2018),

WeR 4 & LUCEIR L 7.

ARWFIE T, AIFIEORERE NIRRT S5 N7z L. pneumophila DFEF: &, JATHIZEIC X B
A & OWHM L LT 22 21280, X0 HH ROl 2 3 A7z, Fig 2, Fig. 31213,
5 (2022) % Mori et al. (2023) TR L7z E. coli, M. phlei, B. subtilis DATELHIF S /R LT
b, INHERMETHONIEREZILET S &, L. pneumophila (X, E. coli & 1ZIZFEFEE DM
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ERRLTWBI DD, L. pneumophila \X E. coli & FIRREICE WIHERRDD 5 Z & HHERT
&7 Ao EBYHES (2019) &, F—o7 VA ) REHOREREGR TOEMRBRT, £
705 3 ViHE FOBAEIKT Legionella spp. I SN o2 L 25 L TWw A28, Bk
5 (2015) 12X % pHI0O O 7 VA1) B TOEMMER, IS (2010) (X% pH8A T4 ) D
EFIVBRERB R E, NS DOBITHIRICEB W T Legionella BHE WIS Tninw
ENS, REFRICBIT 2 REBE RO EIE, Zh o0 T F VBB TE Sz,
TIVAVRIIHTHE 787 I VY OEWHBAIREZRTLDDLEFR 5.

4.2 FEHREEICH T2 EYEESHORREER

WIS, TATORBEWNRBRICL D ESNERE, RIS X > TE SN L. preumophila ®
HAHMEZ BT 5. TV ) B CHIZEN R L L7-ME DS, BEEEB L0/ 205
I VA S T lHog N LT % & B CT i, Table 2 127R7.

ZFOMER, EHIEE /72053 VHE#BICL D Log DAEALICL B R CT 1, L.
pneumophila 738 mg/L-min B, E. coli 1 Im < ARD - TH 15 MELHEM S .

—7, FWRERKT S B. subtilis 2, MIEEIIRE 2 &t M. phlei 7%, 1-log OARTEALIZLEE L
95 CTEIE, £/ 27053 /HHT250 fE, MR T 2000 BELHED S/, h
W E coi ® CTIHERIKLT, £/ 27053 CHI7TH, EBEEERCIIHN 130 froW#H = %9
LT LREKRT 5.

EHIZ, CTHEICL DR EN-EWHOWHFHMED S, FEHIZBT 2HFFEICIOWTRHEAL,
TUAVRIH LT, EDX) HHEHHZEIRT 5 2 LAY NITONTELET 5.

Table 2 1R ENTEFEMHTO CT %, EAFHEBHLE < O HBEEROLEBFTED STV
LMHBHIOEMRETHSHE/ 705 I ¥ 3mg/L, #EHEEFE 04mg/L TH#HA Z LT, @HOlizk
EIERRIZ, ENZTOHER L OB £ 52 0, ZHE O 1og OATELAST RED & R T IE
TSR ON L. ZOBMEOEERIRE Table 3 1R T

SR OMER, L. pneumophila \ZEHEEFE, £/ 7053 P CHEGBIE, E. coi b, £/ 71

Table 2 Concentration-time (CT) value required for 1-log
inactivation of each bacterial species (mg/L-min)

Free chlorine Monochloramine

Legionella pneumophila <1.0 <7.5
Escherichia coli 12.5-15 12.5-15
Bacillus subtilis 2,000 250
Mycobacterium phlei 2,000 266

Table 3 Time taken for 1-log inactivation under the same

conditions
Free chlorine  Monochloramine
Legionella pneumophila <2.5 min <2.5 min
Escherichia coli 37.5 min 5 min
Bacillus subtilis 5,000 min 83.3 min
(83 h) ’
, . 5,000 min .
Mycobacterium phlei (83 h) 88.7 min

*The CT values in Table 2 are divided by the concentration of each disinfectant in
bathtub water (free chlorine, 0.4 mg/L; monochloramine, 3 mg/L)
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3 U C54rEY, WEEEE IR T 40 R OFMEER Z 5 2 U, 1log DAL FETH B 2 LA
Han.

—75., B. subtilis R M. phlei \Z2W T, £/ 271053 ¥ Tld90559 T l-log DATHL A T 28,
B R TUER 5,000 S OBMMEE 2 LB L 55 LRI SNz, DT kL, B. subtilis R M.
phlei 1%, #5000 (=# 83 =% 35 HME) TX IR llog DEHmAWHEE b L) T L
ERRT L. HBICET LIRS ET, TOMICHIWATL2 L0 BHIMLTLE D faktkd
EZONDBHERE T2,

UEoZ e, 7NAYRO B. subtilis R M. phlei OHIH & V) BETIE, £/7053 >
HBOH DB TH D LIRS,

4.3 HERENHER & EMMBEEDEEDEV & F DMK

AREERIZBWTIE, L. pneumophila O HEM FZIHH T THR 2 RATELD D b N/228, FEE
DMk TIX, EHIREZHIF LT L. preumophila W ENLFHBHAENSE. oz Lig,
BHIREOHFFIC L VAL TTREE T 2 B E N E RV TFE L TV 5.

ZTOHME LCix, BMTERET S L. pneumophila |\ X EBIE ZHBS T CRIR B H - 72 &
L&, B. subtilis ®° M. phlei % &, {H#HMEDE MBI NA 7 4 VAZRKT S ET L.
pneumophila DMEESI, ESHIHEB LT A—NEOFERICEEIN, BT 52 & TRHENIC
HBNEFE T L T2 WREEAE 2 SN 5. B subtilis R M. phlei 1%, HARTIIIHRE AT WM
W Tld %Ay (Tanaka et al, 2019), L. pneumophila DHIH D 720121, /54 F 7 14 v LB
HETHRMEOMEAS LEEEZ HND.

PboZ &ns, 7VAYRIIBWTIE, B. subtilis R M. phlei \[ZbHHRRSHVE ) 70T
IVIHBORPEMNTH L EITMAT, EDX) BHFEHETHoTH, "M+ T4V LDKE
D7D, EIH 2 SR B R ARSI K TH 5 2 LA T S 7.

5. £ & &

RIFFETIE, TUH)ROBEHEEBLOE 20T 3 Vili# NICBU 5 L. pneumophila DA
LR 2 REBENRERZ 1TV, 2NN OWHANIIT T 2 HFME O @ f Il %2 fan sz, 20
FEWR TIVA VRO L. pneumophila \ZxF LT l-log DB EDOANIEALIZHE 2 CT i, wEEE%E
BE/ 2787 I ViHBEDH mg/L-min BE LKL, WIS TARHEBEIRTH S LaREN
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