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Abstract

In alkaline hot springs, the disinfecting effect of free chlorine is reduced and thus the
growth of Legionella spp. is left unsuppressed, which poses potential hygiene problems.
Therefore, monochloramine disinfection has been proposed as an alternative, and its
disinfection effect on L. spp. has been demonstrated in field tests. On the other hand,
considerable levels of Mycobacterium phlei were detected after the continuous use of
monochloramine ; this causes its own hygiene problems, such as biofilm production. In this
study, we used an isolated strain of M. phlei in a field test to investigate the degree of
disinfection required from the monochloramine, while its actual inactivation was verified in
vitro using monochloramine and free chlorine. As a result of the examination, monochloramine
was found to have a greater disinfecting effect than free chlorine at the same CT value.
Although, this tendency was consistent across the solutions of phosphate buffered saline and
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alkaline hot spring water samples, monochloramine tended to be more effective in disinfecting
M. phlei from alkaline hot spring water samples than from phosphate buffered saline
solutions. Thus, the efficacy of monochloramine in disinfecting alkaline hot spring waters
was demonstrated. Based on the results of this study, we speculated the reasons for the
proliferation of M. phle: in bathtub water that continuously uses monochloramine and have
proposed that M. phlei acquired resistance to monochloramine disinfection in the biofilm.
The results of this study further highlight the importance of thoroughly cleaning bathtubs
and pipes, disinfecting with high-concentrations, and overnight cleaning with monochloramine
to control M. phlei.

Key words : Mycobacterium phlei, Monochloramine, Public bath, Alkaline hot spring water,
CT value, Legionella spp.
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TIH ) EORRE TIHEMEZNEHBEOMEETL, LIy A TBAEAOHMEAIZ &Y,
ML T D EREE N LA 5, TORBOWHHIEL LTE 70T I VIHHEIRE
SN, ZOLIF A2 TBAEIKT LHEBEREIE, EHRBETLMEIhTwS. — T, €/
70 3 Ui MERICERMETN L TWwWb &, Mycobacterium phlei W &L s X 9127
0, NAF 74V AOERSE, HAEHEEOREIMREINTEL AT, /7075
I VHBICBIT AL ELHHEORE L MIROME BN E LT, EMiRERCHIGE L7z M. phlei
OYHEE R L, HHEZEE ) 709 I VICXAAHE L2 RS N CTREE L 72, 2 O 5
FEEIZ X DS NAATALHFREA S, MU CTMETHIUEL, M phled (233 45E /7053 v
OWHEIE, G LABEMEENEIV BN EBHL N E o7, ZOMImE, RERAR
WPBSTHLT7NVAHYRTHEBET, FCTNAVEPFIVEETHY, T IVH ) RIS
HE) 705 I VIHEBEOBNESWD THHENLMERE o, —HOEBRERZ LT 2T,
EB 0TIV RERMH L TWAIBRT, %8 M phled BT i EB LT A, M
Phlei \ZNAF T4 WV AHPIZH DI LT, B2 2705 3 VEBICAHT AP EELTWD
bOELHEME NS B/ 27053 ViHFETM phle ZHIHT 5121, Z FOLRBEERIZD
LX), BUERE, SHEEOEBRERLS, - N—F A MRS N T 4V A RE R R
T 52 L QWYL WEMES YD TR S Lz,

F—17— F : Mycobacterium phlei, €/ 707 I ¥, BEREY, TVHIVR, LIF A TR,

CT fii

1. U &I

LT AT, LIFATEHE (Legionella spp. LT, L. spp.) ZENE L3 5 BYETH 5.
LIUF 2 FRHEDFHAIED DI, DRI OMIE 2 #/ S 2 &0, KRS 5%
A7 ORI E N % LD 5.

PERDOIRBEF MR B 2 RO T EICIE, ZORFERIER O S 52 i L L
T, WRHEIEFERET NV 7 2 ORI ERRFHEE A CEH SN T& . Ly LiE%, &pH
RTVEZT DA F Y DEESE, RREDD OOLFIMERIC X o TEHBERIC X 2 BRI
EXNDL OB TIE, LT LLHFAE L CEEEZENROE TR WAL H 5 2 L0 s h
T&72 (RIS, 2019).

IS ERWRIC, JBEAEFBE DS [RREHICB T 5 EESEAEHESOYIEIZOWT] (44
JCAE 9 H 19 HAfL% 0919 45 8 5 JEA 74 KR B A A - £ % 253 81 Appendix 1
ZMH A2 412 H 10 HARR 1210 58 1 5 —5dUE) B X [ERABHICB TV V44T
FERFIEX S~ = 27 v (BRI 12 A 17 B S8R5 1217 55 1 5 R4S A RS - i ER
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AT AR AT Appendix 2 2 2 Sz, Zo—#HoMANZIE, FICE pHRT Y ES
TAAF Y ELSET DKL, WHIERE S M) 7 A2 K B EREERN RO R NREE T i
WRTIE, FHBMHZEHEOVESE LT, £85I UI2X5HF2BILICINZ 2 B
INTNV3.

E/ 7073 VHBEE, BREAK &0 DIERERIC X AHETERES T S 5 pH Ol i
KIZBWT, L. spp. DHIEICHIRITH S Z LA, BE L OFEFMETHLMIIHE TS (B
RS, 2015). LLads, ZOo—FTHES (2019) 29FEMi L 725 pH OlgivfliKics i3 5 €
a5 I ViHEOERRBRICL B E, £ 2705 3 ViHET O pH OEAZ W5 SRES
2BV, KIS L. spp. RIS N o72b 00, ERFIICHERE RIS E OB HFRD &
N7z ERMEINTWD, ZD%, Mori et al. (2020) b, /7053 VHHEFOT VE=Y
AA T VRS ET DIRKE VT AREHICB T, FBRICHEMEAKRSR I L. spp. i3t Sz
WHITORE R E OWIHARD 5N L2 FELTWAEH. MBISD L REHOREDE ) 7
U7 3 UHBEIIRICBWT, ERREBMN ORI TEY) (RS, 2017), £/ 7
U7 3 HBIEIUED B 5 108 KEME O g b T & 72,

ZOHREORT, JEES (2018) X, /70T 3 VilE FCHMTAMEEFREL, TOBES
FEHY Mycobacterium phlei (LN, M. phlei) THh o722 L ZHME LTS, M. phlei 1%, FERFEMT:
Pl (Non-tuberculous Mycobacteria, L, NTM) ®»—#iT& 5. NTM IZ—#%y 12 13 iEK,
WNAREFEBRFHPIECAEB LTS0S, TORBERBOMAOFEMIIZEAEHONTEST, &
1, NTM SRR 2 IEEEERBRERE (NTM iE) oWnsfashtns FHES, 2017).
NTM O CRABFEEFRICTEEND M. phlei 1Z, EFH T 2HEHIENEEZ STV
A3, EINTHRIZEFEGEDICT L2 B9 5 HFLE R0 E6I25H 5 (Tanaka et al, 2019). 7%
B M. phlei 1%, 2018 4EIZH#% S N7z Mycolicibacterium JE~DBEEIIE EL722% (Gupta et al,
2018), BIAEIE Mycobacterium JEIZE S TWwA (Oren and Garrity, 2019 ; KA, 2021).

F 72, Mycobacterium JE\ZFRLENES R WHIK TH 525, FBEEICHRE 22 &4 7-OlEBTE D
AT W L PEEHR SN TV 5 (Oriani ef al, 2018). $5i2, ik o 5 A 574 @5 o F&
R, WHEAKOWHHEA L L TIEEN 2ERAPRAThEE /707 3 2120 L, L. spp. I2
DV —EREH AR TH 5 2 EAMER SN TV B, M. phlei 120\ TIEZDMGED 47712
HEATBLT, TNFEFTOEMFEDOMENS D M. phlei DFEMHIFI D EE T H 2 vl GEVEDTRIE
ENTWSE. MAT, —RICHIFEEOMMIZ, ZOHEELETHALT A—1"OEFEML (Thomas
et al, 2010), ZDOT7 X —INIZ L. spp. DYDY L b, IS OMBEEOHRIEZ, LI & TIE
FKRBIEOBE 2SS, BRKOEAEH FOBERELRFEE L TEZLIRIEELFIHTH 5.

Dikofhom, MES (2019) &, WEREKDO M. phlei (2T H5E /7707 I v L
HERROHBAI R 2 FZBICHR L7z, To#R, #HlERIVIE/ 707 I 0hD, HWiH
BRI ONI-Z L2 ME L. T2 &, FEHEFBRENICBITAE/ 705 3 VIHEICH
5% M. phlei DEFSERL DI END, 8 NRE LT HRE L7, TNHORREKE
MW7l F R Of RS2 T 0% b0 LT 572012, M phlei (T HE/ 707300
HHENRIZONWT, SHLLMEEERDLLEDNH 5.

ZITARMETIE, €/ 27053 VI2K2% M phlei \ZH$ 2H#IINTOWT, PBS %5 TH
pH DR K% 72 dn vitro FEERIZ X BIRGE % R A7z, FEEROAER, WA % o A E B
M 26 2MANE SN0 T, DTICHET 5.
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2. A pr

2.1 EEHERGE

REBRTIIMEE LT, WpHoMREAK (LIF, 7UAVR) &, ) AEKER (LLF, PBS)
EENENER L. 7uhy)RiE, H#S (2019) OFEMBBRTHLE L LRREKEFA—Db D%
L, PBSIZZoltlodg s Lz, AEICHV B E, 121C 15 45 M OB % 17 - 728
TGO TLESHICB Lz, 205 HHER% Table 1, 212RT. B, {LESITOHEE,
BB HARERELR (2014) 52 B SR AT IETRST (CERK 26 4R CLRET) (CHEHLL 72,

E/ 7073 YOHEFBRICIE, FA - TABEKRKASHEDO S £ I v 7 A SP QREEEREE S b
VT ABW. DF, 2707 I VIREH AW LLVIHA N (BT v E= T AW, DT,
E/7uF7 I VEHB) MW

FEBOTO 3=, M phlei \Z$HE ) 705 I v OKRENEEWE LA (H
5, 2019) #BFIC LD, MERRKRIE, MENTRNIAE 3 2 G iRk OB K EH kO M.
phlei % Wi \ZBFak S N7oMAERICTHHEL, &t T 2 2 AW - RIZ2C, 16S rDNA AL
N DRl FE L-b0& MM Lz (RIS, 2019). Wk = ERAEBR B 720 © - 80T
wWHT~A 7Ny (47 ka4 CRAFL, FEBR 1EMETA S R2A Biith CRIMEA MR

Table 1 Chemical composition of the alkaline hot spring water
used in this study, analyzed after sterilization. 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 according to the
“hot spring analysis report” based on the Hot Springs Law.

Non-
Cation mg/kg Anion mg/kg dissociation mg/kg
Component

Na* 91.8 F 1.2 H»SiO; 57.9
K* 1.0 CI 14.8
NH;* <0.1 Br 0.1
Mg <0.1 I <0.1
Ca* 0.7 NO;~ 0.8
HPO4* 0.3
S04 32.4
BOy 3.7

pH, 9.64; EC, 39.4 mS/m

Table 2 Chemical compositions of the phosphate buffered saline
used in this study.

Non-
Cation mg/kg Anion mg/kg dissociation mg/kg
Component

Na* 3,879 F- <0.1 HySi0;  <0.1

K* 164.4 CI 5,046 HBO: 0.6
NH4* <0.1 Br~ <0.1
Mg?* <0.1 I <0.1
Ca** <0.1 NO;™ <0.1
HPO* 965.2
S04 <0.1

pH, 7.64; EC, 1.62 S/m
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&1t R2A AGAR Eiken E-MB68) T 37C ORI & 1T\, WAL 72 M. phlei % HEH TH & W -
TR Z L7

FB, ZHEBEBRBEIZEN O 25C IS IFER S N FEBRENTIT- 72, RERTIE 220
HHERMOREEFEE L2, BES Yy FICPBS E7 VA VYR I50mL 2 FNZENAN, WEIZL
D W EGRAE % it LU 72 M. phlei DB % BN T 10°~10°CFU (Colony Forming Unit) ®f & %%
MLz, 1 2HOBEHBRMEIET, 705 I VBT, TNEFNOBRKE A v 7IZE /785
IV AMEE 70T I VIHRA Bl RE Loz #E AN, 2O HOMH#EIE
BEEFRWHET, £/ 70T I VIR Ao A T#EREANT. £/ 70Ty, HEHEFRE LR
SRR L, KEE (W 5ppm), FIEE (B 10ppm), WiEE (B 20ppm) © 3B E L7z

P B 2 AR & T AR M E R 0 > 7Y v 7%, HFAING 15 5%, 30 4514, 60 4
%, 90 5th, 120 Rl e N g L7z, WS ML, #EEoFFmig- MY v A (B
b BERERR) (IS CHAML7:t, #EEAML T2 5, R2A BREHICER L. ZhZho R2A
FERE M Z M E Ik ) 7T HR 37TCTH#EL, Tokolfioau=—HKzry L7

F72, WEMERBR O 7)) 7 ERRC, HEBERENERARREZ L), B/ 7073 V{H
FOMIITE /705 3 ViR, EHEEREHEOMBISERERREZZNENNE L. £/ 7
OJ I EEE Rry bE/2705 32T =75 (HACH DR300 Pocket Colorimeter)
WX BA4 Y F7 o =ik, BRI, Ry MEEIEHKE (HACH Pocket Colorimeter 1)
\2& % DPD % w7z,

LBTMERE LT, WEH Y 7ICPBSE TV H Y 5 150mL & AAREO WK 2 AN Hilic B
W, WAINER &, HBAZRML 2 WIRET 120 0% oW s, ThEnm—o ks Th
YN L7z, FOME, BHRRINERICERTZD 120 505 5 HBOKE 2281613 7% <, AR
i3 % PBS R 7 VA ) ROBHIC X o THISKT BT EIA LR W & &2 Fai IR L 7.

2.2 ANELIERE & HBH RO

ARG TR O N HHHNREOWEME, HHAOBMEER 2 b &2, FISHB LEOSIFITTK
A OB X AATLIBIE L LTHW S Tw5 CT i (Concentration-time value) % 3X(1)
WZEDWTHE LA (Hermanowicz, 1999).

CTMH (mg/L-min) =CXT oo (1)
C:W#HEH (£ 2053 v/ #E (mg/L)
T : {H#HH OFMEER  (min)

ez oo = —% CHEoR), e CT i (BUEZ0R) & LHBRIS, #HlERiRe 7o
ML, BEEMEZOREZ O & L72apel MEEl#) 21572 2 OAE LI O 3,
CTED EFIHE) BEOBAESGZ/RT I b, TOWHBHAOHTRIR EAHET 5.

3. & S

3.1 PBS LU 7IHYURBPICHTZHEEHDBREREM
PBSBLUTIVAVRPIZBITA, E/270F 3 yBLOlEMEROREORIEELI/LE Fig. 1
R
/0TIy, EEHERL D, DM SFEBKTICHL TS 120 5%ICES T, FEBMGK
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35 I T T I
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Fig. 1 Temporal changes in monochloramine (A) and free chlorine (B) concentrations in PBS and
alkaline hot spring water. PBS : phosphate buffered saline, AHSW : alkaline hot spring water.
Each disinfectant was added at different concentrations, namely low (approximately 5ppm),
middle (approximately 10 ppm), and high (approximately 20 ppm).

O BTRIRIED S FHIELZMIFLTEY, WINORELEEITE T LRSI N

ZRRRIBATT 2 OISR BV TIE, BEEHER, £/ 707 I VL ICE OREMRHIYE
LT T VESTLAF UREIIMMMA T v R ER I LD ETHIERT B EETN TV L5E
s (BR5, 2014). AREBRIZBWTOMEOLAIITICL Y, FERYER TP EALEE
NTWARWT LIEZEL TW5 A (Table 1, Table 2), ARGHTIT LD, KM I 3540 B O
FICHIEPIEAER W L E, B TE2bDEERON5.

3.2 PBS &E7ILHYURICZHT S M. phlei DFEAE

PBS 2B % M. phlei & CTEOME 70 v b % Fig. 212, 7V AV RIZBIT LM 7oy b
% Fig. 312, ZNFhRT.

PBS # W7 FEBROEREN S, M. phlei ® 3-Log ANHLICLE % CT g, €/ 27873 U088
X #500mg/L - min TH ALK L, #EHEREIEBLZ1200mg/L - min &%), BXZ 245k
COCTHZEERESNDLZ Db ot

BB, TUHYREHCAELEBEORRTIX, M. phlei ® 3-Log AiEfbiZix, £/ 705
IVHFCT B LZ 800mg/L-min TH 2 DI L, kR 1-Log ATHILTH CT 1 2000 mg/
L min BLETH ), ZHENOHEHHOWEHENRICE, HELEVITRD 5.

4. % =

4.1 FIVAVRICEIIZE/ 7073 VEEOEMM

PERVUFINAE N S T E 7B H B2 6 5 22O O & DIZ, & pH 3%
FoND. & pH ORAEAICRIEIEEIE T U 7 22/ L 22384, B HEBAEI RSB K
Wi EEE (HCIO) X3 ALERSNT, & pH HETIXIZE A EHDKIIEREBEA 4 >~ (ClO7)
WA F AL, WEHEIDEETE I EMSNTWS (Appendix 2 (9) IR, LS, 2019 : #10
5, 2010).
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Fig. 2 Inactivation curves showing the inactivation of M. phlei due to
monochloramine (solid line) and free chlorine (broken line), in phosphate
buffered saline. These inactivation curves indicate a higher disinfecting
effect of monochloramine than free chlorine at the same CT value.
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Fig. 3 Inactivation curves showing the inactivation of M. phlei due to
monochloramine (solid line) and free chlorine (broken line) in alkaline
hot spring water.

TIVH )Rz AT ARERIZB VT, DPD 3 CTHIIE S N8R R o R i, Rl EmE A
FUCEBRETHLIEIHMEND. —FT, £/ 27053 VilEZ HED pH AREEK
BRI T U 7 DR TERL, TR ) EoOBRATH, HHEMEEZRTL ZEDHEIrO LN
TWa., $hbbh, TUh)RIIBTLHEHEOHEEZENE, COWREEREEA 4 ¥ ~OFHEEC
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X BWEHEN OSSR ER NSNS,
PLEDORERE2S, 227053 3R, BTV A) RIST L THIRNTH LI LR HTE
RHEIhetE2zoh 5.

4.2 FWREEFBIRED M. phlei [T 3 E/ 707 I DHEEDR

/707 I VHBEOFEMBRRORR, M. phlei DM EL BB INTE 22 h 5, 16k
M. phlei \3€ 7 705 I YHBITTL2WMIMEEFTL2d0EE2 5N TEL (b, 2019). 4
FEDOT7VH)RE2HWZERTIE, B/ 27053 VEEE M phlei (8 L TRHIERMNE W) KRS
wmohz T ZIEFPHICEY pH=764 ® PBSIZBWTH, MUK E/ 705 3 ViHBEIRE
eI RERIEONz BES (2019) 1R EKEZBIE L 2 FHREIT, 030 RS
EDHE/ 70T I VHHEOHD, HEHERISBVEVIHERERELTBY, KEHRTHE—
DOFVEBREREBL T ENTE. 1272, —HEANTRVE BN 2 FEMRERIC X 2 BlEsk 1
&, KW DO FEEEE RO IIONWT, TFICZFOMMERAD.

FHIRER & REERD M. phlei (2O TS % & &, KIFTOD M. phlei DAFFEIRFE D )35
GBHMREDTO LIRS EZ NG, KERTHM L7z M. phlei 1%, FEARIZIT LA LN
TV Z 25N DA, FEHETHEET S M phlei VT LI FEETH L LIEES LV L
Nwv, L LABIERHRAERMOME, »#ds vo 23C/ER (1K) 12k, 206D
R DMFFE LT, WhbWAI Y T4 as v I TAVARBESINTVLEEZ LNL-D,
ZI) Vo ZHFFERIC BT ERBICH 2 B OPLWITRENEZ 5N,

—MRICHEIEX, SoTTT a4 v amr T T4 VAT A IR #RC, Ml RS
AR % £ 5 AT A A IRBICRAT L C, MM E29E T35 (A, 2021 4, 2020). &
D%, MRGEEZEI NAA T4 VLRI S L, £/ 705 IV THHEMERTL, €O
B, FEROBED? S BT/ LA T4 (Mark ef al. 1988). M. phlei DRI 2/N 4
T 4NV ADTEEMEBED A 5 = XIS 2% > TR WERGDZ W OO, REFGED F2 Bk
o, FEHICBIT S M phlei 13, ZFEEREHOI T4 2 a3 =77 4 VAT L%
REREMTETL, /7073 YHBEICHT 2P EZ R VEBETHER LTV 20 TIERnhE
M5,

B, REBLFE URRKEHNCE /789 I Y EMRBZEBLZFES (2019) 0L T,
WHHREEF DU Y AL BEERE O 1EB#%I21E 39%10°CFU/mL, 2 I #%121% 1.0 x10'CFU/
mL %82 2R REEMEIMBENTEBY, SO OWEDAETH M. phlei EIZBESHVHOD
LB R WEH B TR I Y74 v a = v 77 4 VAT 2 M5B L U5
T T A WVAEES AL E DA 5.

S ClE, AR cid 1EMIC 1 M 10~20ppm BREOFIREE ) 70T I ViH#HZE L T
W72, ENTHHRKEEME O Z 52 EHM L EN T d o7z, M phlei % HIH3 %72
DIZIE, /2787 I VHBENICBVTOMRRMEY OZ TOREMERIZD L XD, AR LKFEK
RMBEEET D) T A SEOHGH A CREREFICLY, XREEKOa YT a =y T T 4 VA
T B EB LA T 7 4 VAT E RIRICB 2 E OEEED WD THEFMS NS,
AT, EREE/ 70T 3 ViHER, A== F A MR Y, B CT 2O NLHEHEL S
BT SRR EEZONS.
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5. £ & &

AIFFETIE, B4 DRATIISETE 7 0T I ViHBEOFEMRER TR ATED ST\ 5 M. phlel
WEHLT, /727053 0 LiEMlEEONETICL 2 RIMEE EZBINICHREEL, ZOHEER 0%
WEZFD XA RIZDVWTERE AT,

ARIFFENZ BT D in vitro FEEROFERDN S, M. phlei (I3 5E 705 I VOHBNRIE, &L
AEHRFZHFL VD DE I EPWHO N E Lol 2205 I VOFM M. phlei \ZXFT % 4
ADENEIANE, BEASPBS TH 7 VA VR THRETH - 72205, TV A ) ROEBIERO T
ZOMWAIBEE ThH oz, TOIENS, FIIT VAV RIINTEE 705 3 VHEOER DS
YD THFFENLHERPEONIZEEZ HND.

EHIIARHIEDEBRIEREZ ST 2T, EHICBITE M phlei DF 7 7105 I VEFIIHT 5
PEIZDOWTEGZ R A, EHITBW T, W EEREZ G075 F 7 4 v 2RI,
M. phlei 37 7 05 I V{HBEIIHT 2 IKPUTE 2 B0 AL o G I RS S 5 2 & s s /e,
FEHZ B TR M. phie ZHET 27201213, £/ 27053 VHHETICBWTHHEREY
D FORPERIZD & XY, REERYE, WRENEE -1 MERGEOH R EE
BTHAHIEEZLND,

KWFFEL, EHROE 70T I VBT TS 2 M. phlei %, WERENTED X ) ITAHL
ENDLDOBGEEE SR LT T2 74 v Lz, SRIEE/ 715 3 VilHE FOEERRL MmO
M 2RI L2 EED L) BRARTHLIMBAEON LD, Lozl EAGREE D ) 5.

72,3074 a =TT 4 VANOPIMTEN DIGE B8 4 7 4 IV ATREEE, M I X -
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