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Field Test on the Effectiveness of Monochloramine as
a Disinfectant for Alkaline Hot Spring Water That Cannot
Sufficiently be Disinfected with Sodium Hypochlorite
Because of Its High pH

— A Case Study in the Sakakibara Hot Spring Area of Tsu City, Mie Prefecture —
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Abstract

In the Sakakibara hot spring area of Tsu City in Mie Prefecture, Japan, there are many
alkaline hot spring wells (pH>9). Sodium hypochlorite is one of the leading products
currently available for controlling Legionella spp. and other bacteria in the public baths at
those wells, despite its reduced effectiveness in such alkaline water. One possible alternative
is monochloramine, regardless of pH. In this study, we performed a field test on the effec-
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tiveness of monochloramine as a disinfectant for large volume bathtubs at a hot spring
facility in Sakakibara. Monochloramine was added to bath water, and the concentrations
were semi-automatically adjusted to 3 to 6 ppm. Once a week, we washed the targeted
bathtubs by scrubbing them with brushes ; the bath water was changed, and the circulation
system was cleaned by circulating high concentrations of monochloramine (10 to 15 ppm).
As a result of such treatments, tests of the bath water were negative for Legionella spp.
and coliforms. However, the tests were positive for heterotrophic bacteria, which appeared
to be resistant to the monochloramine disinfection. Our study demonstrated that although
monochloramine is effective for disinfecting against Legionella spp., bathtubs and circulation
systems should always be carefully maintained.

Key words : Legionella spp., public bath, high pH, monochloramine, sodium hypochlorite,
heterotrophic bacteria

= =1
ZHEB R OHETIALE T AR T, pH LLEDOE 7V 4 ) OIRSEAKASHEEH LT
W5, —fIC, WHADOMEEAE LT, REEHEEF M) v APEHINDE I LB 0N, &
TUAY) OISRATIE, KHEZEEF N Y AOWHHBEHBI L, LI d R T EE OB
LR LIl DL, AMRECTEALLZE/ 27053 V13 B7VHY THHTEIELR
LHIENMENTWD, F2C, REMEERS V) Y 2AHBETICBIT L L V4 27 EH O
VA HEZSLNAMEIRREORERB/ICBWT, /7073 ViERBEITV, Z0%)
RERAI, B2 2707 I BT EEHERRMERE L, BHKPOE) 705 3 VRENRB
X Z3~6ppm THRT S LS ITHIB L7, I 1 MoOsEEWRECBZERTLEE DI,
BIZF10~15ppm BEOEILEE ) 705 I Y OMERICE > TRE L ABBOWEHED T 7.
6 EMOREEORER, WHAKZE, LIYFTATEME, —ME, KB@E#EE Il THh - 7.
—J7, WHAKP OB REWEFIEMLTBY, £/ 2705 3 ViEFBICELE2 4T 5
DIFIEDHED SNz D EOEE»S, £85I VHHIEL Y427 BHOHEICER L
ZZoNlW, €705 3 VigmIcERtE AT AR RENE oI, i B) o

ARG B R O Y e b S B L £ 2 Sz,
F—T—F: LIS RTIBE, SEEE, ETVAVERK E/rugIr, RilEERS

MU L, GEE S

1. U &I

LA AT, LIAATERE (LT, LY44A9) 2RNEETLBEYETH S, EHiL Y
F A THE LB L7203, BYWEDE (RYSE O 7B [t OEGE O B3 10§ 5 [RFRIC B 5 1AL
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AEE, ZETHEM 20004222 I A FEBREORHBPINTEY, FL¥ENIo—E% 72
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WZREME e R BISR D SNTW B (& - Hill, 2014 - SEEEGYERHE > 5 —, 2019).
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DIEEA L UCRIEZRET MY 7 A58 TR WIS LT 5.
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4> (ClO7) \CTEEEL, WHEHIHIWMIYT A I EPMOENT WD (& 21E, HiliS 2019 - 105,
2010). V¥ 3 FIEBBERAORE RS S, BHEEROBHAE W TW A BRI T, 7
VA BB O DS, LI F AT OERMEASIBEE A Z R THRED R EhTwd (BIAsS
2016).

ZZC, JEAG IR A IEE A TS, KRB RERE S MY Y AHERICHEL A AT S EHKOW
FHODIZ, WHIEFERET M) v At b s Ei-alE ke LT, £ 2705 3 vy oEAMRE
BHEDLNTWDE (22 213, RIS, 2019). THETIZERENT, B7 VA4 OIREAKITH
T5E/705 3 VOEENROBGEEIT - 720781, BELMEShTws, flziE, Blbs
(2010) 1%, FEB=EWIZEM SN2 ETMERGHZ AT, 28MICb25E /707 3 Vi
HERPHL, LITARIVPRIMENZWI L 2D BIRS (2015) 1, IWAEERNORET VA
VimRAKREHWT, FEEBENTE/ 707 I VOFEFIREHIEL, RIEOVVTI LI+ AT
Bl SN nwa & 2R L7

72721, FEEREBNTRIEAGTED b NWH DY, EROMRRFM M T MO RIS S
5 EERRTICNE, ZORBEEL LS EROME CEMYIIHGES 2 L BB D L. RS
EEOBRAAREZTOL YA 2T DY ZA21%, RKOACFEMWE & 2 0MHEHELITTRL
T OB EE AR DBk 2 2 5eth, P2 AHMM, JEBRAMRMOR &, HiEEN 3 0 FE i,
HEE O, FHEOLHES BOTEHELOERIIKRLEINLEZDTH L.

ERROMBA A NS L L2E ) 707 I VHBIRICHET 208D W oG s hTn
5500 (BlziE, Hi s, 2018 - &M &, 2019), &7 V4 VIRRAKICET 547 i % fadfb L
ZOV MY 5 K % M5 721, BURTIE S BT Tld e v, SEMMGEEERRo L B,
Z OWREEZ AT 9 Miix OUIR K DOVEE R B R 5% < ORNAIBMITHET 5720, ek
BT BE L DT -5 OEBRkL, ZIhrbBonlrT—2 1o d 2 EELR 2 0EE T
EhHTHA.

Z 2 CARWIE TR, ZHEEAFIBOHENICIE T 2 R NA O GREE T 2 i EiRR 2 5 &
THEMBAZIT o772, ZORBH—TIZ, pHOULEOET VA Y OREPLZHFEH LTV
(BEFHS, 1983« #& 5, 2018). pHI5 DR R DKM 2R 2 MH 4 2 R A O %
BT, RHEMEHEEF M) A LD b pHIRGEEIMRNE ENEE// 70T I Vil#HE VT, 6
BICH7ZD LA AT RI LD ETHMEWFEN) A7, BHKOHRWEC X 2BLFHY) R 2
W A FEA RO R T =5 ) Y T BT o 7. AR, HERICEETARERE
WOV EDLEZ HLNLMEERFNERLIHBEAE EOTH 0mM’ L K& L, 2T THLN%E
BRD S, @7V IR OERHIETH 5 HEIRREOMOMERR7ZT T2 <, ZEOET VA Y iR
RO EFINCET A2 MAEHL L WFTE 2.

FHMFEDRE R, IR FHGER O EERO LT o0 FHZMBPE SN0 T, DRI
WwEY 5.

2. A =
2.1 MNREFZEBRK
=L RE AT (A S B A O HR 0 R MR 2 0 5 & L7z, oSt oo BEms 1 7 47 1 X %
Fig. 1 127
% CIEBE D S E I SRR AP AR L TR T RS S, Ry v 7t sh
721%, BEEERA MAMIEA SN TS, FAfE#CHEE 2T IR DRSO % Table 1
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Sakakibara hot spring area

Fig. 1 Location of the hot spring facility analyzed in this study.
Table 1 Composition of the hot spring water

Cation mg/kg Anion mg/kg Nog;)(irils;gr(i;llttion mg/kg

Na* 92.5 F 1.5 H,Si0, 52.2
K 1.1 Cr 16.1
Ca** 0.5 SO~ 29.5
HPO,* 0.3
HCO5 112.9
COs* 27.0
BO, 2.0

Total 94.1 Total 189.3 Total 52.2

pH, 95 ; Water temperature, 24.6C

Date of Analysis, 1/0ct/2010.

I, MR BRI O BT 21 T Table 2 18T

WrgExt I, Mt CRdD RSV (JEBRRMAARRN 30m®) & L (Fig 2). BLoBl
MENFINEEE CTER SN TWS, TERAMIZTAB AN TH Y, LI PRLIE%2 4T - T
Wb, AT Fy v Fr—CHRINLEEYIX, HH, BILLTW5S.
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Table 2 Specifications of targeted hot spring facility and its equipment

Whole-body bathtubs for men and women, and circulation system
Targeted equipment in this study (bathtubs for men and women had connection tubes for circulating bath
water between them)

Disinfectant used prior to the field

application test Sodium hypochlorite

Air bubble bath Yes

Circulation system volume Approximately 30 m®
Filtration method Sand filter

Number of user Approximately 600 per day

Fig. 2 Targeted bathtubs at the hot spring institute. The men’s and women's bathtubs have connection
tubes for circulating bath water between them. (right ; men’s bath ; left, women’s bath)

s <, HE A0 OEFERMK TR SBAKERD (REER) 12H0C, s2aifik % It
LTWw5. FEHEEF SRR, 80 HOFER T &2 52 0EH O KR H 2T TRaEifK
IT) LB, FORERKEEOHT, 7 VRRY) v ¥y —I2X o THENS OB ER%
To7z. B 787 3 EMABIIE P OBRAERICE, £/72787 I VEREDELIZWHE
DDA &2 F v 7z

E/ 707 I VOFEMRBICEATL T, ILOMERMICBIT 5T MY 7 A2 FRG LT
B A & W CIREVRS 21T - 72, BEWSE, A7 F v v Ty —NOBREMH DS X L )
XD, LA, —BlE, CEREME, KR oRNERBTERL, £/ 707 3 VEH
ARERBIIARE 1L, FAENEEO /S A & 7 4V ZEISRINS 2 MEWHARE RS w2 & AL 7.

2.2 HEBHE

HHEH I, BAGEREEIE % OIS E LR AT S Tw b E 705 I ViH#HE H
W7z (FiIL 2019 - 15, 2019).

FEBIHEE T OB CEBRBREZ T MR L, ToRaRENI0H 52 &2 FHiERT 2 LEND
BH720, FEHREIETLT, ARBEKOPICE) 7053V 2EMLEAEDE/ 7053 V5%
EMRERE, RRREAKICLIF AT, TRYERE, KBROWKEE/ 705 I 2/ MLT, £
DOWEHERRE RS 5 in vitro %, TNENBNTIT- 72 KRB E RN L 22ERKICE S, 2
053 VBN 3ppm ICAB EHICE/ 2705 I VIEEEARML, 2 FHEHE LB Fomikz
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FEEMWICEAT L7z, ZOMRKE, WINBEEOHKEIH SN, BREIICMEN W L 2R L7
FEHHET 6 W ATTERLE. FROAF—241%, BES (2019) RHEILS (2019) D%
FTHA vl Lz, RO /Ny 72X — FOAB\EHE AR, KRILEHEEES ) o 285 (54
IV ASP. A - TALEBRAHE) L7 VRS AR (LYY A R A - T ALk
A ISk THBRRSNZE 705 3 Ve, BRABRMINIIEA L. w8k
®10:00~21:00 OEFERFOR, 3B X2 2 Rel~2 FeHREIC T EEA L, 6 3o
P, WHERZEME S MY Y ABKI A2 # 100ke, 7 B ABH 2K 50ke M L7, —#gIC, E
JruT 3 VB BEAO—HATR LY, pHAKE S BEMICEWZY 528, HER
LNAOHIFEBIZ R TV r7asI v 70T I yaERINE (28 21 #I1L, 2015).
COORBRERTIE, pHEEZ Y — LB SHEAOTEAZITV, IO OWH O Z I L 7.
COIEABEE, WHAKDE 70T 3 VIEN, RSB X Z 3~6ppm OE B HIPH THERS
THIEEBRLTio7/. B, BHREHPIE, SENRE TGRHADE, 705 3 VildE
B GEBIPICHIR L7z, [T ARG ERAT BN G0 (CHEC 2 [#RT ARGHIESF OMTTIC
W9 28] (Appendix 1 ZH4) 7 6 N [HRRITHRERSELSHAT4060) (CHE U 2 [ HFI T hkfE
BEORATICETAHEA] CBWTHEShTWS [1 )y b33 ) 7540 E] #H%EL
7o BENRRIAIZ 2 BERIIC LI, B FEEIC X o TABEIREZBIHNE L, Sl
REFPHINICA S 2 WAL, FEHREIC X > TREREZ T 72

B, WEEHOEER M TRIGETRLI 21T 5 72, RO EKIIKT 2720, LR
I REREAK MR T AL LR B L DD, FOMKTIEE L THUIHRIKERLSAERD 1~2
TR & FURE D S, IRIRKHEIRG IR O BLEEN, BUAEYZEN 2 HRRR IR 0 LEZ S/
Mz T, HERRHOEERMETHIrOBAKED (REEH) 12 CoOREHKORFIZ, 1§
BREENOESIRET, 705 I U EE L2 BRI, @ OEERICIE 3~6ppm Dl
JERIPHCHER SEHHMKIC, 2709 3 VEREZBIRINLT, €/ 2707 3 ViREE 10~15
ppm I LR ERT, HRABB LW EITo72. ZOHER, SHMICEIREOEEEE 6~
10ppm) LD AMBEREFT L7405 — )T Ly vafE (B, 2008) OHTHY, »
A RS ERICATE T 54 4 7 4 VAR OISR HiNE LT L7

2.3 DthAE*E
A SERM L 72 BoKkIE, ERIRE O R CRIE 21TV, 2SN OMKIZE AT (7 X —
INGHTH OBARIZFIRRAT) ORETEBRZICTHSPITHA L, UTosmIcft L7z,

@ BRASHEE © 2HERNC 1 (ErsEH B SRR )
IRFEE VL FVp-7 =L YT 3 (DPD) # (BIBNE)
Wik - K7 v MEREIEHREN (HACH Pocket colorimeter 1II)
@ BRMOBEE D fEH (IEEsEH SRR T %)
pH, EC : %5 A %EHiik
e - TOA MM-60
Na": 7 L — A— 5ot gk
WE ke OB EE R SHIMADZU AA-7000
HX Air-CH, 7 L— 24
A HCL R
Cl:iAFvrux  rg 7k
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MERS : £+ 270~ 2757 Thermo (DIONEX) DX-120
58S T 4 0 AS-23 (4% 250 mm)
ViR A AR
BEHM 45 mmol/L Na,CO;+ 0.5 mmol/L NaHCO:; ik
Fik : 1.00 mL/min
BE045um A YT LY T 4 VE — A

TOC © 44 B 3% it e
W RS - 2 B Ak 3R SHIMADZU TOC-V CPH

PR © Al (A REH Se4ioKka)

LYART
Hik 500ml 2L 02 um DR ) 7 —KRHx— b7 4V & —T 100 540 L2, BRUER
£ 02mL, #MIHA 01 mL 2 GVPC R (= v A4 7L — | GVPC EREH#) 7%
5ONZ BCYEa ¥t CGRBMEZER 7 2574 7 BCYE @ R K) \HAEL 36C, 7 HRMKS
2. LEITH LT, PCR % MW CHEEMA % F M. PCR X LEG (genus Legionella 16S
rRNA gene) 794~ —%MfHL, LIVFT AT THDHIL2lfEE.

— AT
WEARL72HK 1 mL 2 B RE L CRAMES: 23— )b o 7EEHESE R BT ) (S8l L
AR LD, 36T, 24 RefRTEE.

TEIE SRS
BHEARL 728K ImL % R2A BREH (7 X7 ¥ = Ay 7 BREH R2A EX)
WCHERE L, IRAREEREENC K Y, 42C, 3EME2E

T A =N
WIPRAEORIK 1 mL % K5 B AT MR AR IERE 1T 42°C, 7 HIHIRG 2%

KGR -
MR (YL Y BRI XGal-MUG ¥4 (= v 24 EC 7V — 100) (230K
100mL %80 L 36°C, 24 ByfRsss

B, BE/705 3 ViEEOWEICE BHICBIAMSGWMETH > T, HEIWIEEICHED

K (=ra7Vvyy FEMUT L) Z2EHT2LEPEL L. RHIETIE, 25 OfEREs
BB EPME T2 2 L1, FERE LEY TR E R & & b, —HOMREICHT
LHERRRRBRORR, ARDOEKMAT TIE, BERREN T/ 707 I ViRELIEZIEF-HLTwD Y
DEHFETE72Z b, Uk, DPDEIC L 2 i RREOWEMZ - T, £/ 7073 ViR
AT EE LT

3. WRBIVEEZE

3.1 BAKPOE/ 707 I OREESE

T/ 7053 VHEEE, KREEZEES M)y LB TE NE B L LTENAOKEKIZDH
BHSNTEBY OKEZMITEIN Appendix 2 BH8), LI 45 OBW L MAEw#E O+ 74
V) OEEIHIOREND S (Kool et al, 2000). T/ 72T I VIHFED A H =X LIZOWTIE,
Bl (72 20E K1, 2015) ICFER SN TWAED, X TRZOMADAIED 5.
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AT, ERENAE/ 7053y (NHLCD X WRET 2 HETHS. LT Vv E= A2
FTHGEDE 70T I VERICHET 2bFROSE, DTFToEBY) THS.
NaClO + NH,Cl = NH,Cl+ NaCl+H,0 «-+-eeeo-- (1)

/2053 VORBENE, REEFBRT M) Y ABEOAMES TH B RMEIEFZEBICILRD &
£HHDOD, ALHINEE THFNRIFERT L7200 TR, B7IVA ) HEBICB TS, HiKkmW
FOBHERIRERT EPHL N> TB Y, FEERENM 2 72 K I BERER I 3E0 < etk
M9 205eHEbH 5 (S, 2009).

FHHBRPICBIF2EHKROE ) 70T I VREOHRE L Fig. 31T, BHAKTOE 7075
IVIREL, BEREMICHRL TR I RO LN 72720, WHRKHED ABE O
WS TIREKDR L2 LA, B/ 705 3 ViREp e &gl X v &2 T4 2 215
AR SN ZogEE, MEICE 705 3 v 28RN TERRIEIC X o TEIMBIEM
Lz 2n, ERETE 705 3 VRS IRERPICHE L.

3.2 BRAKPOEZEELIEEDRELE

FEHFRER 28 H B L 22K DR 12D W, RE LB LGSR L LT, BXUE
1 (EC Electric Conductivity), 7 M 7 A4 4 ¥ (Na'), #ift A + > (Cl7), TOC (&HHEAK
jk#% TOC Total Organic Carbon) O % Fig. 4 12777

WINOHH b KRE ZRRELZHIIRD SNT, AHEOHHISER T 2HENOERD, oFIH
HOWHOLEE 25 X9 RIRMIERZT SN hh oz T2, KD pH OZEIFEIX, 6:HM

10 = =
E8 - .
5 o o)
> L |
RS L 1
g o
=6 [ Monochloramine concentration-|
g r 3-6ppm 1
E oS oo o s 8  %°-
S e ®
g %&? e o © % 30 3?@ o
g4 @ ° %& © 80 X o © OOO% %&Ig O@G
=N % 0. 52l o o
g 0 0 9 LN 20 §o 2 o 9
: ] Do G B 5 gy 8 o)
O r oL 9 geo g ° 08% a

2 - o o o O

|- O -
i o |
0
5120 6/1 6/10 6/20 7/1

Time

Fig. 3 Variations in monochloramine concentration in bath water.
Gray squares indicate a monochloramine concentration of 3-6 ppm.
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DTH A0, TOWREEEFERENIS, WHE
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Ry e, MEEREEFICHEETHL L
VW) SRR ASE AN .

3.3 BAKBOL I F X5 OHIH

B2 1 M OSEEIRRKDHN TR O %
11, A=A % 17 - 7245 - % Table
3ITART. 6 M oMM 28 U T,
LyF AT, —RMn, RIBWEETwIhd
BlkThorz. ZOKEE, KAROEMET
IZBWC, HHREHPICBITZ2E/ 707
IVHBFRL I AT, W, KIGE
DOBWT MBS LrR LT
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Fig. 4 Variations in (A) electric conductivity, (B)
concentrations of sodium and chloride ions, and
(C) concentration of total organic carbon.
Vertical dotted lines indicate the days on which
bath water was changed.
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Table 3 Results of bacteriological test

Heterotrophic

. Legionella Viable Coliform Amoeba .
Sampling date s bacteria rou (/mL) bacteria
pp- group (CFU/ mL)
27/May/2019 - _ _ _ +
(1st week) (3,900)
3/Jun/2019 N N - _ +
(2nd week) (>100,000)
10/Jun/2019 _ _ _ + +
(3rd week) 2 (45,700)
17/Jun/2019 o i _ _ +
(4th week) (59,300)
24/Jun/2019 _ _ _ _ +
(5th week) (21,250)
1/Jul/’2019 - N _ + +
(6th week) (0.5) (31,400)

<— : negative result
*Figures in parentheses indicate microbiological counts (counts per mL).
CFU : colony forming unit

E 70T 3 ViHEEFOBHIKT Mycobacterium phlei %13 U & § A0CIE R A S 1
LEGE, AR TLHE SN TWD (RS, 2019). REIETDH 2 ORATHIZE L AR i
BEAELNTBY, —EOBERIME, /2707 I VBT 22 AT 2K
o aMETcho72. M2 T, 2019/6/10 (3H) & 2019/7/1 (6:HH) 1ZFRM L 7=Hk2 514,
DL T A= DI SNz, Ay VDL, TahiEmIELVD 0D, T A=
PR RN O EF TN T 2720, EEIBMEOMMICL > TT7 A= "2k S 512
o 2WHEEIZEZONS.

BRI ORRFEME 2 H#H$ % 72012, Bl (2008) 2RETL T4 vy — -1 Ty a
BER2BEIC, BREEBLIUABRBROEEEE ) 705 3 Y H#2iTo7:. BkEE/ 7053y
HHEORERE X, FEHREED 1~5HH1Z 10ppm & LTW72285, ZFhE TOREFEME OB
FRRE ST AT, EHRBO6EH (2019/6/24) 12 15ppm X EIRE R H 72 BLEEHE
ORI REWGET 572012, WFEFICEIREE ) 205 3 VHHERICH 5 2019/6/26 2K %E
AL, BEIE MR OO 217 - 72468, 1,300CFU/mL O#ERTH 7. ThFTOH Y7
LD RBOBDERD SN0, ZNTH o tERBHRORRICE> Tl 2 E 25
&, RWIETHER L Lzist T T, EREMEOBIEICIZEDS B o Tz D 5.

COZLENLE 70T I VHBEE, EEERCHER S BREOEG FEOIECROMA S T %
B, BIETEDHDOTIERL, FEEY O O RBMHRe, BBILKEKCHRIES b)Y
LEDPRGHNC X AW RGEZ AT A2 L1EoT, LIFATDALLT, EFEMESED
HEICAAERERAILERLTWA, /7053 VEHICEA2BHATOREREHNES T
A= NOHEFNZOVTIE, SH%LFIEHERELE LTI HMA T LEDND 5.
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4. ¥ & &

SHREETHICB T A MERRICERT 22 HoOMR O RS, FilRolgchrEmT Vs
(pH95) DiRAKEH VLA O AR RG2S T, 6 BMICh2E /7053 Vil
WOFEMAERE 1T - 72,

EB 70T I V0E, REEERS MY ABAL T RSy ARANC L L HAERBEO%, £/
O 3 VRESARIFEOEAREHP (3~6ppm) & %5 X )12, WHAKDIGERFMNIZEM L 72.
ZOER, FHRBUMABE LT, BHATOT ), 7095 3 ViEEE, 1 ZIZRENLIERIHO 5
n7z-.

FHAERUCERM L2 B, LIRS, —BE, KBWEEEE IS, windaikc
Hol. TOTENL, AEICBITLETIVAY OIRRKEH R MEETTIE, £/705
IVHBILE D LI A TEOHIMATRETH B Z EAVRENT,

—J7C, FEHRBRTICERM L2 HAKIC B 2 e KSR T hb Bk th o7z, 2ol
X, OB REMESE /7085 I VHBICHT2EIMEEZAELTVWLIEERLTWD, K
WRDOMELMET T, /72705 3 YHEFBICNAT, EHEOBREER 2N 2 REtESE
kY OFAEFHIMENENT LI LIE 5T, F4OMBEZ2ENHFETELILEERLT
w5,

INHOFR,S, WHEERS M) 7 AICHEER AT 2H T VA ORI LT, €
705 vHBOFEMEIRBENZ. LI AT ABRBHESEV LR ELD, &k
WIEREET MY 7 AWEICHART, FRINS ORELEEI MO TRV &1L, BULCTIRESFNT
HILEDHUMEEIRT B L IOV BELEDTHA.

L, EBOMBEADZOIZIE, B/ 705 I VOHIPEAREBICHTSL =y vV a X b
T/, KBRS FU TSR T, HocHbty ve= v A (BT v '=va) 2T 5
DEPRELLZ NS, ZOZEIZEDT7 =V 7R MOMIND, DEOOMGEE L LR
bbb,

T/, RWETHH LBHKREZT TR, A8k, REIRN, FHERSE Mk e o
KA ES B 720, B E, SHFED T2, WRxITLICRirrtEbhs. S4B LHA
T M A O MRk THEMMEL 2TV, TIET— 7 OER N5 LB D 5.

&!x

B
T/ 7073 VEBABRIZOWT, R REHL O] 2 sy 2 300 O AR E SO gk
PR WEWHM=R, 2o PR OBEERETH LA+ 71 74 MR&HE, xR ES
THHHINFEFKITIE, BHIOHBLEZED £ L7

72, BRI AR IR - BRI © OV B P i A R i AR 4R T
PROHBFZ DT %2 DG ZTHE L L7z

RGO —HRIE, JEEGTERAV e (R4 - fabAE P SRR G IR 78 38) [ AR 2B
5LV F A TREMNRITE T A - HEHEFOREERTFREORED 2O O (19LA0601) |
(WFFEfERE milley) OBz 2 CTHEBL % L7z

T/ 707 3 YERRBRONNICIEN L 2RERTCo S T LT, MIEEGF@F-AU et o
W1 T HIEERAK AN Y 2R —v FEFZERT IR RIS, HpIRic, F2iEsE, 851
it L CRERRORMEEFEOHIF I ZH Y L L7
¥, BRO2/OEGAIIBY TELHENETHE E L.
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569 & (2019) WHERRE S ) Y 2B EHET 28707 VIREKISHT 5 €/ 707 3 ViH#HOFHRGE

CZICRELT, WOEHEBEL ETET.

51 R3ER

RIMER], RMZE, BIAREOR, SEPHEN, bR, RRER, AHET, & BN, RHEZE,
RIS, AZINTEG, HEBERR, it FAREM, LIRS, WRIEW, AT, SR
MRS, B OB, ARHSEKR, BHEMTF, BJIDEATF, HHEOLH, R¥MZ (2019) & pH
BAK, 3, BCWKIKT—I~D, £/ 70T 3 VHHEOIRH. LR )
SRR A - R R AT ge g, ARBHERHOHEERIIBIT 5 L V4 4 7 et
RIS 2098 (WFFefEE willReT-) P 28~30 4EEER G e it &, p 120-137.

MEFEN, HILER, &) (HP) B, mfEE - LA (2009) 1 €/ 2797 I Y ORM—
CRPE B3 2198, JRATEFH AT B il SR 24 - i B SRR G e dize. &
RGBT DL V4 AT OHEF T HH178 WFgeEE miEsifR) Pk 20 4EEE
et &, p 30-47.

Kool, J.L., Carpenter, J.C., Fields, B.S. (2000) : Monochloramine and Legionnaires’ disease. Journal
AWWA., 92, 88-96.

B O, AT (2014) ¢ LYk A THRE SR, ENLRGSENTSERT web ¥4 b, https://www.niid.
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OB, TE L, NBEER, HAIEIE (2018) ¢ ZHEIRIC BT 2 IR IR B O WA KR I
it R SHEW S N2 MR EIROFARD & Huge g, WAy, 68, 13-24.

R, RUMETE, JORH@EE, ANJQEE, BESREM, TREWHR, HREEE, KEmE, A HS
1, Biliviig, WA, FARGM, & O M R HINER, fRREsE (2019)  A%KG
Mg \Z B 5E 7 707 I VI X BIHBIROWME. EATEFHEITFe R i) R 2 4 -
fERRE B SRR GRS . RIS ORTAEFEICBIT 5 L U4 & ZREX RICB T 2 B
78 (MRt E HIRT) Pk 28~30 4E A FZeMis 3, p 145-158.

MILER (2008) : PEERNGA OB AEFH—T7 AV F — - 7Ly ¥ 2o HlE— HRTEEE,
30, 98-104.

igiig, ANIAEE, RIETE, B M R (2010) c €/ 707 I VHBICIDHML
TA A TIRM OB, REERR, 59, 109-115.

LR (2015) @ €/ 70T 3 UIHBIC X AR OBARR. €L L BB, 148, 34-41.

i 2, Wity BPRTESE, FIERER, o EZRL aAE (2018) ¢ RKIZHEIT S E
717 I VHBERIROMGE. A T ERBRENT LR, 46, 39-42.

EBARRT, MBI 3EF, M BEE ERIEE (1983) @ ZEE OB S RICOWT., ZHEMA
WFFEAT4E 4R, 29, 61-67.

BUARTER, WA A%, RRERE (2015) @ INBYRNO L 2% 4 78 1H O #2 REEZ2 B HKIZ B
5/ 7073 yOHmRR. INGERVEEE, 59, 55-57.

BIARTER, 1L EREd, fRFRE (2016) @ L A4 & FEREREMAEICB ) 2 LR NO ARG
ENLOL VA T BBMIIRIIZOW T, 1N BRIFEH, 60, 56-59.

101



& REU, AR, AEE, ITEE, TR, RLEA, W ORIE, EIE, SREE RbER MR

Appendix 1 #R 1T AR EEFORATICE$ 2 0] (Foke)
105 FPEASKETTRICHET 2RI TED 5L, ROZFTITEIF L2 wihholik
L35,

(1) BHEKICIEZRREAZ AT DL COLEIIBWT, BKOERRAERBEL 1Yy
P02 39 7T GRIESSERERE, Yy MENEEZOMOBUN KK 2 I8 X 5%
fii (LT [SJasERES] Lw).) 2HT 2B MoBMKICH->TiE, 1) v FrH 03
I)T54) DEICESIDET 5.

(2) BREAKICE, 70T 3V 2HRATLHE COBSICBWT IBIADE 7105 3 ViR,
1y V3 INTIAD IR DET 5.

Appendix 2 KEFHEATHIN (P
F1745% BE250BEICL ) KREFEEIECRFIUESR S R wEE LOERIEEIX, KoK
A 15 R NP

— W&

= ong

= KRARRRICBT B KDY, EEEEREEEE 01lme/L GEARMEEZEOY &1L, 04mg/L) LB
FI2 L IHFHBET LI L. 72720, BHGT 2 KRMEAEWICE L HRS WL BER
BdHYE IREAEMIHE RSN L2 8bEL L) AWE LIWEELRICEDSB
ZND D LG EORKIRII BT 2 KOEHEKEIEFRIZ, 02mg/L (FAEBREIEROLAL,
15mg/L) bkt 9 5.

2 WL 3 5 OEMREEER R GRFEROMAE LT, EETHREIED L.
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