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Abstract

This study focuses on Legionella spp. risks associated with gas separators installed at
hot spring facilities to prevent explosive accidents (in compliance with the Hot Springs Law
in Japan). Such gas separators use various methods, including the waterfall or natural-
separation method, for gas-liquid separation (incidental gas and hot spring water). The
waterfall method can separate incidental gases from significant quantities of gas-liquid mix-
tures. The natural-separation method is commonly used at hot springs with limited resources
and low levels of incidental gases. Investigations of two waterfall separators presented
negative results for the presence of Legionella spp. However, investigations of two natural-
method separators presented positive results. Since natural-method separators also serve as
storage tank, the hot spring water is stored for longer periods than that in waterfall separators.
It is presumed that Legionella spp. can grow more easily in natural-method separator, because
the longer storage period promotes amoeba growth and formation of biofilm. Thus, in such
facilities, appropriate measures should be taken to control Legionella spp. in accordance
with the regulations of Ministry of Health, Labor and Welfare before water is used in baths.
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AEFFETIE, TRIEERD/NY 77X — FICRE SN TV S H A5 (FAeL—%) N
HOLIF A TRBEORIY A7 HFAE LTz T AL — ¥ I3 B3 058 2 25,
KIEDOMRAKB L OBERED A & 2 HPHENT BHE T, KEORRAKDF A5 HERLILA ] g
HHBAEBEKTROFT AL =y PSEA SN TV AEEDTL . HHEKGTRXOT AL —
7 QMR DRAEZIT o KR, WTNOmHRL L VI AT BRIZRELETh 72, —TF, Tk
OFBHESLCHHEIDLLVICHEDL ST, BIREDO XY V25T 20LERD AT, H
RPBEFROT AL — ¥ PSEAINTWELIEENRE V., ARGEERFROT AL —F 2
Wik 2 A L7224 E, WTFRoOliZTH L IYF AT REIL, BETho7z. HBRGEELF RO A
ANV —=F WY v 7 2R TWETD, RKOWEERERAEL L2 812X, HER
FEMBIEOT A—=NOEHERNAF T4 VLABEZRT I L2, LIF X TIEREPHM LR
T, VAZDPEL B0 LHMEING. NS OREETIE, BT, EAENEHEOHE
EBIHD VWLV AT BHEEHIET 27200 @Y 2B 21T 2 L BUETH S.

F—U— PN VIFATIBE, FAGEERM, WRMABET A, ik

1. U &I

2007 4F CERE 19 4E) 123824 L2 RIS S IX IS B LR R RiRE COBBSHi s 2L LT,
BUED 2008 4 CFIE 20 4F) 10 A 1 H2 5 )iif7r SNz IERRE T, BRI ZAFICEENS
WRRYERIR AT 2N & B JEER IE D720 ORI FTH T b iz, BANGSRO—FE LT, s
A A I RALKE R D W IRE RIR T A % — @i D LE YA, MR 2 5tk co
WIS A B (DT, AL —%) LPROZRREL, WKL & HITHM L ABRER
KA %, BEGRLGHITHINTZ2ZLEL>TWVA.

HAXISL — 5 OB BRI e D1k e, HARL—F 2@l L 720l
K EENDWRERRAT ADPIEMELUT THL I EDRDOENTVDLDORTH S, H AL/
L — 2 I3k % 0 BE AR L, BRI AARBBE R F AR BB i S i H % (2009) (&,
AN — 5 DR R EOQRRGHELN, Q%KX (BHEKLFR, #khFR), @K
K &), OMESEEFRO 4 HRIHEAWICHEL TS, EonBEF R Z2HRT$ %91
IRV DOE 2 kD L 2ATH D, AWML, ORRKOFEHERLFRE, QR
BT AN E £ N5 WIRERR A A OF IR LR, @OMBAHMZE Ny 7 ¥ — NICHRTREZR A
R—ZOHEME, OF ALKV —F DA% VIR, SV FZaAMNEZEVHB S TWS
boLEbis.

FEBIIE, NS0 4FRCATTIA XATELRVWDOR, BHHOGHFXEMAGDbEZLD
8 ORRA T ANV =P TH. BEEOED S 4 HROERFKIZET 27— OWiEids
Wied, i GEmIEITERVWL OO, FHEOAPZHEENOR R CHMME T TR, 2
NSDOFMHRRD) BIRLIELS ERLTWDEDIE, HRSETE KRR ERCHBEKER)
D 2HRT, ITNOHPRITPHREETRESNTVWALI)ICAZTOLNE. INHOHFADEKLL
TWBHHIE, HRGHHRIL, 2L OMRSEOREZERSY 7 CHRRb L TE (K-
NI, 2011), HEMA =3 v V3 A MW &, %AERIE, KEOIRREAKRLIEATH A A D
SEELEAEIE R TR TH Y, POT VY TR MBI EAEARETH LI EDVETOLNS.
—7, BB BTRRMESEES XL, FADHDS V=V 7 ax M2 ESTL00, HELOSHBIM
MR HHPICTIE, FAHFOR R IS E T 2R AT 2Bk E, HEMIIRITHE L H 1
RzZrens.

F7:, BRAARGROMAER LORDRELGFEOVEDLLT, VIFATEREHIZES) A
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IUVAET A, LI AT, &ET 2000 a2 2 BREEFANREINTED, FELHmL
TWwa (& - /il 2014 - SEEEGSEHHE > & —, 2019). LI F % RO L4 Ry &
EZ LN T ARBYRIR MR TIE, JRAEREESEIET 2 [ARIBHB) 2 #A S g
H (R4S EEKEEEENEA - SRR ETEN, 2019) 2, [MERIAGHICBTLL V4
A FIREM IR~ = 2 7V | (AR5 E A RS - i A R A f A R, 2019) %x5E L
LADS, LIYTATRBEDOHEG) A2 2 BRI ES#H L ST 5.

LA ATEWIL, BERL-VATA VEOUHRERVAET LRGP THIEL, »o7 XA —
INEANOMBHNFESEZE TS, 00, FRCHRFERL L 57 A = N"OEHEIE WBEE
THETAZ ENHMONTVSE (MEEACVEBREELY ¥ —, 2009). SO b, B
WESBIMICBI 2L YT 2T BREORGEY 27 OERHEEZBIELT, LYF 4 TR OEEHE
S CMESNTVDED, ANV —=FNERICBIT AL V42T RBEICE L T3 e A L
FHID R, HFLWERBEIAHTH S, BEPILCARTIHEROL VAT ERWD, AL
NU—FHNETHEIET AL THICEZOND 2 Enb, TOHYL) A7 PBEIN5.

WIEREIC X D A AL — & PEENCE K LBUE, ZONEICBITLL Y4 & T BEOH
PERBEPPSNCL, LELREANKE#RCLLILEZHNE LT, AFEEZERLZ. SO0
BIZOWT, UTFICHET 5.

2. A pr

2.1 NRIEEL & ERMERR

AWF7ElL, ZERNICAE T 2 4 20 ORI REZ O 2 /4T, Az L7z. FAETSR
Mk DOBEDFEE LClE, UFD 3 MIEH L7z, O A7 2 dic 288 DL o w] PR IR
HADWEGENTEY, BREH 1450 24 1 HITHEDS SR LERTH L 2L, @QF A k3
L— 3 O, HEWER L Th2 AHE T XD 2 VIZARGHEIATHLZ L, T At
SNRL—=F MK SN THE Y, FRAEZ SO/ HBET TORKIITRTH L Z &.
NS DM DBEEIZDWT, Table 1 1217,

KIFZETIE, FEL 2007 A58 (AHEKERE BRGEESR) 1I2onwT, %2 jifkx
BELZ., BHROF AL — 7 O 228 5E % Fig. 1 128

BB FARBREE R H AR BRI Y 2 HE R (2000) 12X 5 &, HEEKRTRIZOWTIE [HREK
PREGEOPSHHET T2 I MWER L7254 7. A58 HIIZ, —zEmI b s
PRV E THIRAKZ T 51T, BV FXE 2 MR L2306, |, BRGEEhIcowTid [7
Ao FEHE L2REIERT 2 0As, RAKICE TN RERAT ANARIGHST S 5 4
7.k, ENERHHIN TN,

AW BT B K G lta ik OB 2= Fidy 7 1 & 2 L RME T % Fig. 2 2R3, 5613, iz s v

Table 1 Outlines of targeted hot springs and hot spring facilities

Volume of gas separator ~ Depth of hot spring well*!

Station ID Gas-liquid separation method Hot spring type () (m)
St.A Waterfall method Alkaline simple hot spring 4 1,800
St.B Waterfall method Na-Cl hot spring 1.7 1,500

CO,-Na*Ca-HCO;*Cl
mineral spring

St.D Natural-separation method Na-Cl+HCOs hot spring 40 1,700

St.C Natural-separation method 20 2,000

*! Approximate numbers.
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Gas
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exhaust
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Outlet Outlet

Fig. 1 (A) Schematic diagram of gas separator that uses the waterfall method for gas-liquid sepa-
ration (hot spring water and incidental gas). In this method, hot spring water flows into the gas
separator from an upper pipe, and dissolved gas (including methane) is separated from the water.
Separated gases are emitted from the uppermost pipe, and the hot spring water flows out from a
lower pipe to a hot spring tank or cycle filtration system. (B) Schematic diagram of gas separator
that uses the natural-separation method. In this method, too, hot spring water flows into the gas
separator from a pipe. There are relatively few drops between the inlet pipe and the water sur-
face. The gas separator only depends on natural gas-liquid separation. Therefore, the natural-
separation method requires relatively long storage and separation time.

7 ¥ — FOTBIT 2 SFH R E TORGHEBICBT 2 HKOLH I T - 72,

RUWFFEAHIFER G & U Ot L 7= & iakid, Windiigks M NICRRH T2 RA L THB
D, WREIFTPOT AL —F 12X D A5HEE T, FEIC X D IREARSF NI B S
NaREEE > TWA,

2.2 9EE
K OB A& 2P S EFM L7zBoki, SHRFEOIRE THES P ICEBRZICHMAL, DTosg
Mt L 7=

M IR RN X A
e Bl &

pH, BX(zER (Electron conductivity LT, EC) : 49 A B
HERESE - TOA MM-60
e« FEEREN

Fe’ @ FHEAEA 79 X< embris:
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HWEss © SHIMADZU ICPS-8100
WP K 259.940 nm
WARE 1Y
¥ HNO, Fl5E

NH, : 4 Y K7 =/ =)k
MERESS © SHIMADZU UV-2450
MEWE - 640nm

2HEHe# (Total organic carbon BLF, TOC) : i H% F et & ik
e B« A AR %5 SHIMADZU TOC-V CPH

LY ATEIA
MoK 500 ml 2 fLEE 0.2 um DR Y A —FKA— F 7 4 V& —T 100 f5HE U725, BRALEARIK 0.2
mL, BULHEHIR 0.1 mL % GVPC 2R M (= v A4 7L — |k GVPC EXFH) % 5O
BCYEa ¥t (ALK T 2 7 14 7 BCYEa SR B #) (AR L 36°C, 7 ARk 4%
2B LT, PCR = H 7B @it % 6. PCR X LEG (genus Legionella 16S rRNA
gene) 794V —%fHL, LIYTATRBHTH LD L ailw (EVIRIGENZERT, 2011).

3. HEREEE

3.1 BEEKAROHIENL—2IZETRLIFRTBRAFTLY XY

AL TH S N7H AR R % Table 2 1RT.

39, HHEKGTROT AL — 7 % 8+ 5 Hiik I, mEAREGEEL (A-1) 267 A
%Av—ﬁhﬁﬁﬁ(kw,~m9/7(A%)ifiw?h%@ﬁ?%otﬁ,:m&ya(A4)
DH, LI FATEEPBHEIN. NS0 T VoKid, 504~517CTHYH, LIF AT
JEH OIE WL BSCHIE) LBl TH -7z, Zofbo b1t (pH, EC, NH,, TOC)
122V Tl ;t I/“/‘% T IEW OB EE 525 £ ) REMIFED ko7

FREIC, sk B CHEBAGHER (B-1), AL —2@@EE (B-2) Ti& wihil
VZ‘Z\7).§,'I%1 IBEMTH 572205, WHOT AL —FDH L, HAL/SL—FEEERICEA X

Table 2 Results of investigation

. . Water " N N Tota! 2+ 2
;eeﬁ::i;lon Stelxgon Sa;'[‘;’le Location lem;zﬂeéz)ilure pH (Lcig‘jfl’:)%lrz: (o (th(/:m) (Ir\‘“;b (l:::;ij'z?)l: ]I:‘ o)
mg/L)
A-1  Hot spring well 50.4 8.13 N.D. 82.1 0.8 33
A-2 Gas separator 51.4 8.35 N.D. 81.4 0.9 2.8
A A-3 1st hot spring tank 51.7 8.38 N.D. 80.8 0.9 2.7
Waterfall A-4  2nd hot spring tank 50.9 8.38 0.4 81.0 0.8 2.8
method B-1  Hot spring well 44.1 7.46 N.D. 1,145 4.1 3.6
B-2  Gas separator 46.2 7.60 N.D. 1,151 4.1 3.5
B B-3 1 hot spring tank *3 45.7 7.85 N.D. 1,153 3.8 3.8
B-4 2" hot spring tank ** 28.6 7.71 4.9 1,130 22 3.6 -
C-1 Hot spring well 21.3 6.20 N.D. 42.6 <0.1 1.4 33
Natural- ¢ C-2  hot spring tank and gas separator 28.5 6.53 4,950 179 0.5 0.6 12
separation D-1 Hot spring well 343 7.22 N.D. 655 23 0.3 0.3
method D D-2 Before hot spring tank and gas scparator 33.0 7.50 N.D. 654 23 03 0.7
D-3 After hot spring tank and gas separator 329 7.29 90 653 1.8 0.5 0.3

*'CFU means colony forming unit. N.D. means “not detected”.
* — " no measurement.
**Hot spring water in the 1* and 2™ hot spring tanks wells up on the sampling day and the previous day, respectively.
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N7H AL —% (B-3) ZBMET, MHORHIZHEG LY SN TV —HFDOA AL —
¥ (B-4) O&, BlEThorz. THEDHF 7L okiglE, B5Hs»S5M b v B-1, B-2, B-3#%
441~462C T o 72H%, A HATHEE O B-4 13 286T & T 25580 Sz, YL HALIc
DWTIE, pH, EC, TOCIZ2oWTIZHHHIC X 2 ELIZED SN ah o725, NHS T, HiHH
B B-1 2841 mg/L Ik LETHIGE O B-4 57 22mg/L &, BILIC X 2388 L £ 2 5N 5K
TARED SN

3.2 BAMBEAROHRAENL—RIZETRLIFRTBRAFTELY XY

HRGEET RO H A8V — % % %9 5 sk C T, RAEHER (C-1) ZBEETH -7
B, FRY VTP AR L = DSRM L2 T (C-2) oL It F T RBEIS KIS,
AL GHATIZ OV TH REREF D 5N, ECAH7426mS/m 7* 5 179mS/m 12, Fe* A¥33
mg/L 75 12mg/L ~NOEE LA RO b7z, —F T, TOCIE 14mg/L 75 06mg/L ([ZiEE
KT D SN, BMIEOBR Y v 7 e H AL L — & N, BRICEFNS Fe* 21E Lo
ETDEBE G DRBIDOLEEAI RO SN/ &, BIRT V7 IHT AR —F NOKEHAEYE
Tho7zZ es, TOMBIIEMEINTHEHDLHENINS.

FkkDSHESH X2 AT 5 M3 D T, WakGHEE (D-1), HRY v 7 # A AL -5
AR (D-2) TRLVIFATBHIIVITNOBRMETH 72205, HRY v 7 F_A AL/ — 5 il
% (D-3) TL YA A TEEPBI SNz BALEMAEORRE, Fe 250.3~07mg/L, NH, A% 1.8
mg/L~23mg/L Db T hRitEEMA R SNz Z5FH 2N o0, BILERET
1, MLIAELEEDBE LR T W LA, KREPAWETH S ZEPEERELRD, Zh
5 OPLELEBAE U2 RN S 5.

3.3 HRENL—Z0OFEBMEL A X TEEFTLY X OBE

VI EDRERNS, HEH AL =5 058 RE L I 2 T BEBETER) A7 OB#EIZIOWT, #
295,

KRIFROFER, HRELARZD S BZRENRLEHTOORS b (A-4, B-4, C-2, D-3)
A, LI ATBEAHM SN/ RS OMEINCE, B LTS — R EORER AN L
TWbEnH)ILENARD SN,

TRAKDEGER E AL — & RBRMHAED S OFHER, HUBE2» SO XY HEZBAT 5
LB SAEL LY, A-4 (04CFU/100mL) 122V Tid:H25—H, B-4 (49CFU/100mL)
13—H, D-3 (90CFU/100mL) (Z—H25"HIF&, C-2 (4950CFU/100mL) 3% 1 HARIFRE,
FNENRE L T B UMD 5.

LIF A TIBMEOMHIIE, LA R TIEEONENES - WRIERN T OFEICI A, BHRS
HAEEDT A= NOEHFERNA F 7 4 VATBROAESHERT 5. LI T TRE OB &
BRI R D R B AR RONE I e, LIYFT R TEBBEOHY) A 71%, 5505 Ol EE
BOESICHELTHEKRT S, TA=NOEELENAL T 7 4V LADOBERED KLY, FDOFE
HTHsrZ NSNS,

3.4 REHFEEZFRELVABRIHEARNIZXENL—FDOLIF R I%E

HARGEER RO T AL — 1%, HRGHICRRE KO —ZRER O & it & 3 2 %M TH
b, 2D, HRGHEF RO AL — 5 OEMICIE, FAGHICET HIFEEBMIEL 25
ZE, LI R TIREDOEG) A7 HEL A HEEEZ FHICEE L TBLLEND 5.
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RIS, RSN F 7 4 VAP SN REELYES 5. —HER SN/, 7 1 VA
W, HETIEREONBER TORESNEEIC R D Z &5 (LeChevallier ef al., 1988), /34 F 7 4 )V A
DI % RIKBHIET 572012, AR/ — 7 A OHEBR OB 2RI E 1T 2 &AL E
LB ENDD.

INHDY AZITHT B BARREIZOWTIE, BABEEVED LHREN VD EODBE LT
D145, EESEEFED S [ ARG B 2HASFMEE] <, Pl o&EEL 60CLL L
RO ZE, HHVIEL VA ATBREDPEI L 20 &) ICHKOWHEEIT) 2L EROTVWE (F
AR REE AN RE - WL EFREMM, 2019. Appendix 1 ). /2, Rk pH
RV X o TUE, WIEEFERF Y 7 A OEERENNEEC R LA BEINL 20, £
J7ug 3 yEOBEOREIERE T M) Y ACREBTE HEE Bl RILS, 2019 - FS,
2019) ZHWBLI L EZ LN,

51T, FRRIZEEZBEIED L [TERABHICB T 5L I4 A T IR~ =27 V] T
b, BARMANEDT S SIS SN T2 (BASEA RS - LG4 R A TG e A 3R s,
2019. Appendix 2 ZH).

INSOBEEBEL L, F—HAENRL—=FWNEHPL IV A FTEREITHERINTOWASEAT
b, LIAATBMEEDIREAKDY, ZOF TG IN2NE ) ZREMKTLZ LICX
D, LIYFTASREORRILZH S ZEPIFHICEETHLEELEIONS.

4. ¥ &£ O

ARIFRIZBNT, HHBEKGRE ARG RO T AL =L 20Ny 7Y — FOKEY
T ANIB D EEET TR 21T, LY R T RBOFAERBICOVWTRE L. ToME
WINOREN RSBV T, BHEZOREKIE, LIT XA IREREETH 7205 i
A5 — R AN L 723563, Btk & 2 2l e s < 70 B I ATED H 7z,

2, BARGEEHROFT AL —F Tld, HRWEZOLIF A TRBEOMIBARD SNz
HARDHEFROAT AL =5 DX H 12, —ERBOFE 2/t s T2/ TlE, A4 7 4V A
DFIKRER T A —NDOEEMWDHRT 5720, LI F 4T BE ARG 2 R S h
5. BRGEE RO L5, —ZRHOEHEZERTEH AL =5 IIBVWT, ZOLIYFART
IR & B G ) A7 RGRT 5 7201213, BN, EASEEo#mBEIckowlL YRS
JBW BT 2720 O@Y R WEEXIT) T EVLETH 5.

RIFFETIE, BIERSERLTWD LRSS HRGE B L OHmEK OB 72 2 i
BBV, BRI A N L7228, thoadE R (E-5055, IEGEEH ) 129w T,
RIFFE TR RE L TR, REFFETIRG L Lo 7213 o [ R 508 5 2o
T, HPR)AZICHLCEFAROEZHTPIBHTEZ b DEEZONLD, TOFRMEICEH
ThE, BREIVAZEEKBTAILDPTREEEZ LN,

F7:, ARGEEIRB L OHBEKRERICOWTY, SEONRE R Z WS 2 ETiE, &
WIZEDRAEN R Tl T L ISV, RIFE TS e Lad-> 20l a G35 At
N =5 OEEREDED, SOICRHEEZHEEL, LVBMET—s 2B/ T LI LINETH 5.

BB, RFFEORERFICNY 7 X = FTLIT A TRBRDBHNELE - 72 2 ik TlE, TOHBOWE
BAOBMBROMEHITRICLD, BHATIIOTRIL YT 2T BROBEIHRATE 2 L 245
LTBL.
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%’I

*
AIFZEO FEREF AN ) TH N 72 fiZ O# S FIIIKNOBREL L) $ L7z,
S EB R OME I A R AR IR AR - BB O NS K EEIMERT O P AR i AR TRl
OB EZEDOT 2 OB % THE F L7z

EA D 2 4O FE IR THE L MM A THE F L

CZICRELT, BEHWL RIFE.

ARIFFRD—EIL, EATFEHR A (LA - RS AN R AU HE) [ ARG IC B
B LT A TR RICET HMA - HWHTIEEOHEERFLEORE DO D% (19LA0601)
(WrefEE willMT) Oz THEMML F L7z,

5| A 3k

SILER], RRZ29E, PIARECR, RN, 1L BF, fiRER, AMSET, # B, RHER,
RIAERE, AZINTEEG, HRBRRS, AR, HAEM, LIS, WRIEW, IWAERE, UKk
BHELZE, B B, BEER, BEWMT, BJNEA T, FHORH, 2EZ (2019) : w pH
WK, i, WORKIKT—A~D, £ 705 3 VHHBOIH. JEAEG A 7EE M)
SHEFEL A - faB B SRR G e diE. ARG SFEX O AEHICBIT 5 L I & Tk
IS A0F78 (WFFEAFE ai)llfey-) P 28~30 4E R &M et &, p 120-137.

BRBIE ARSI B ARBRBTE R IH Y B TR (2009) - IRRFEICIED SR RIR T AT X % KE
OF5 IR SIS % 9H4E, p. 10-11.

[E 7 JEGEMFFERT (2011) @ LA A F9E CPE 2345 10 H 7 HELET), EEGEMFERNT web $ A
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