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Abstract

For the Yunohanazawa Hot Spring and its outflow, analysis of chemical components and
identification of microorganisms were carried out, and their distribution was studied. Then,
effects on the chemical components in waters of the organisms were studied.

H,S, f-CO,, NH4-N and PO 4 of chemical components decreased with flow-down of the hot
spring waters, but SOy, NO3-N and DO increased (natural outflow). No changes were recognized
for other components. Thiobacillus and Pinnularia were detected from this hot spring and their
main habitat was found to be the bottom of the outflow.

To study the effect of their organisms on the chemical components in water, a thin vinyl sheet
was set at the bottom, and, then, chemical components in the hot spring waters guided onto
the sheet were analysed (artificial outflow). Changes of the chemical components in this outflow
were smaller than in the natural one. These results indicate that changes of some chemical
components in the natural outflow are caused not only by physicochemical phenomenon but also
by microorganisms living there.
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hot spring water

n.‘W.OQ.O

Flow volum  17.6 (I/min)

Flow rate (pi1-3) 12.9 (M/min)
(P34 13.9
(p4-5 13.0

Fig. 1 Vinyl sheet of U-type used for the artificial
outflow and the flow volume and rate at
each sampling point(p).

Fig. 2 Photograph of the artificial outflow set the
U-type sheet onto the natural outflow of
the Yunohanazawa hot spring.
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Table.1 Chemical Components in the Orifice and Outflow of the Yunohanazawa

Hot Spring
Sampling point 1L 2 3 4 5
Distance from orifice(m) 0 1.5 5.0 8.5 11.0
Chemical Date of
components  sampling
s A 38.6 38.2 37.4 36.7 36.2
B 39.7 38.6 36.9 33.6 31.8
: A 9.46 9.59 9.60 2.65 2.68
p B 2.28 9.37 2.38 2.44 92.41
A 851 852 852 851 851
Ev.Re(mg/1) B 923 992 995 947 954
A 97.6 97.5 97.6 97.8 97.7
Na(mg/1) B 2.3 2.5 96.4 96.6 2.8
A 3.60 3.64 3.56 3.45 3.50
K(mg/1) B 3.89 3.64 3.64 3.65 3.80
A 49.7 51.5 48.5 51.0 51.1
Ca(mg/1) B 50.2 51.0 51.1 51.2 51.1
A 15.0 14.0 13.9 13.7 14.0
Mg (mg/1) B 15.8 16.1 16.7 17.0 16.8
A 1.08 1.12 1.17 1.22 1.20
Fe(mg/1) B 0.64 0.66 0.69 0.72 0.73
A 98.8 98.1 2.8 98.3 98.0
Al(mg/1) B 38.9 38.5 41.2 12.9 39.5
A 0.55 0.49 0.43 0.34 0.38
Mn(mg/1) B 0.45 0.45 0.45 0.45 0.45
A 592 532 535 607 630
504 (mg/1) B 566 569 570 630 642
A 0.534  0.520  0.509  0.500  0.440
PO, (mg/1) B 0.596  0.595  0.518  0.462  0.430
A 1.386  0.730  0.992  0.347  0.147
NH,-N(ppm) B 0.667  0.420  0.216  0.142  0.173
A 0.085  0.085  0.096  0.106  0.104
NO,-N(ppm) B 0.062  0.0%  0.120  0.151  0.151
. A 145 145 147 143 137
Si0 5 (mg/1) B 140 139 138 134 144
A 444 995 315 193 133
H,S (mg/1) B 364 280 160 75.4 85.4
A 980 720 792 497 343
£-CO,(mg/1) B 743 454 374 179 101
A 1.2 2.0 4.0 5.0 5.0
DO (mg/D) B 2.0 2.9 4.8 5.4 7.2

Tw: Temperature of the hot spring waters, f-CO ,:free carbon dioxide, DO: dissolved
oxygen, A: June 21,1984. B: December 1,1984.

FRAEM ot ZORBONKRIT1IEEAIS.5CT, 2EHBII.STEENL . €57, it
T REOETRINSE L FELMERCHLIDLEEbNS.

pH 2 FicfE\ %7 E5F L. Ev. Re, Na, K, Ca, Mg, Fe, Al, Mn, SiO, %D & 557 {E1%
AT K o TEDETH LD, RTCHESTRBEAE M T, Thicxd L, SO4 NOs-N,
DO 213 4 BT AEAC H - 7ohY, POy, NHy-N, H,oS, £-CO, FFRAERE 2R L. rh
THNH,-N, HyS, £-COi3Z LWBA %R L, BHEOCKTAE 5 A TOEIEL, NH-NH
10.6—21.09%, H,S $23.5—30.0%, f-CO,7H13.6—35%TH>7z. T DOFETEE 3 [ H (1987,6. 5
CODHAETLEFETH -7 (R2).
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Table.2 Chemical Components in the Natural and Artificial Outflows of the
Yunohanazawa Hot Spring*

Sampling point 1 2 3 4 5
Distance from orifice(m) 0 1.5 5.0 8.5 11.0
Chemical condition
components of flow
. N 5.8 45.7 4.3 43.4 42.0
Tw(C) A 45.8 45.6 43.9 43.1 4.7
o N 9.40 9.43 9.37 2.48 2.50
p A 2.40 2.48 2.48 2.44 2.53
N 50.4 51.3 51.0 51.2 51.3
Ca(mg/1) A 50.2 51.5 51.3 51.3 51.2
N 821 824 844 935 946
80, (mg/1) A 821 826 826 826 852
N 0.914  0.866  0.848  0.813  0.748
PO, (mg/1) A 0.914  0.914  0.914  0.914  0.914
N 0.958  0.846  0.846  0.53  0.225
NH,-N(ppm) A 0.958  0.946  0.922  0.782  0.648
N 0.013  0.049  0.062  0.071  0.075
NOz-N(ppm) 4 0.013  0.013  0.022  0.044  0.049
N 311 268 162 75.1 63.6
H,S(mg/1) A 311 286 291 186 187
N 840 795 497 300 209
£-COz(mg/1) A 840 790 690 582 532

*: data of June 4, 1987. N: natural flow, A: artificial flow

R 1EHOHFET, HySOEMNE 2 M S ~E 3 A TE 7 - T A DXL & DR
CHAHMNOBHONSDERKDEBEBALLLZZ EDbh DT, E2EEBIUE SEIOHET
W DRA A .

2) AT T

IE R KDL DAL T B EMDOEEL DN THNL 1D, RECHZEV TREKE
MESOEY & OB AEY, T CRBEKEEC(ATHT, K2). i, HRETHEOH
HATOMERIOMEIIRIKRTED T, ATRMFORES Ch EFABCHE L. 20
BEDEMBADOELAERSEIR2RTED TH 7. RBIZEBRR TR RAFCETL,
B 5 M S T#42CIR e 5 fo. Na, K, Ca, Mg, Fe, AL, Mn % 3R 1 CREENA LD EALE
NI DT, [EDOAEWCalTHE2IR L. POLTHAR FCikkcmd LT
D, AR T TR e BrRBD bR e, BRI T TONO;-N X, 55 H 8 TH5.8/F &
Ml O OEIOEEIE H 50, ALH FTOEMT3.8f L Dihotc. —Fh, AR FTE
LW %R LIcH,S, £-COy, NHf-NIZA TR FCTHEA L Thicht, E5HaToBEH Ak
%FT AL 4 1ENH,-N H67.6%, H,S5360.1%, £-CO, 7163.3% &, HKHE FEDHES DR
Th T

2. EYOBRREZDAT

BHOKLS CHERAEBRT AEAEWIEIRTBY, WEMEDThiobacillus intermedius,
Thiobacillus sp. B J OEEEED Pinnularia braunii var . amphicephala ® 3 F&T, D> HLThiobacillus
BZORBEARCAER L Thile. TOMERENBEINCHIERC I SHREE TE Ik -
to. ZOThiobacillus 2 B4 A M et R DLW TR AlIcs S Lic?. HEEERAKF B
L BHENT, $2 1883 MAOFRBUBEORETICH 25/ NEOERRELLRE I
1z,
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(1) BRI T

# Mo DIRR K EFRIES OB % J 2 B L, MR TR, TOMRIEEL RS
BOTH T MAFOMERIIEL D Tleell/ml TH - fehd, W FICEWHACHEM LE S
A TIE9IX 102 cells/mlicE LT e, —7, MKEOMBERITEL 0 TT7.2x 104 cells/ml & @
FIKAFCI~NIEFIC L, &5 A TIE5.5x10%cells/ml & EH MM LT, TORENDS
MBEDIZE A SN, HBEDOP. braunii ERARK, MEMCEBRLTWS I ERAWAL MK S .
2) AT

W 2 80\ CRIB KR LcBE (ES) DRBAKFOMERE, £LZEHLTHBH, F
SHSTHEHOERA LA -4 —T, BRI TSGR lehoTe. 85T, TOATIRT
TOLER S DEALIL, 13EAEERNDEED L WYILENBERC L LbDEELLNRS.

4. BRARFTEALRTOLE

AT T BT 5 X bFR o DL BRI FTOBE BT 5L, AL FO%EDH,S,
f-CO,, NH4-N, SOy, NO3-NE I EDOEAMELS, PO, R ErB Db -T(FE2,
X3). —7, TOMOSTEARR T LIZFRLTH 7. BRI FOEEDHS, £-CO,, NHy-N
BB 3 MR LR T AEAICH DA, TS 3 A DRI EM B I in 2 TEERD
HELTKAZ EEESHBLTWI(EES). Lrl, ALR T TREALDEDLDEEILIZIF
—ETH T

Table.3 Distributions of Bacteria and Algae detected from the
Yunohanazawa Hot Spring

Sampling point 1 2 3 4 5
Thiobacillus + + ++ + 4+ + 4+
(Other bacteria)* — = + e e
Pinnularia braunii
var . amphicephala . — + + +

(' )* : this bacteria was filamentuos, but couldn’t be identified .
+ : very small

Table.4 Bacterial Cell Numbers in the Hot Spring Water and Sediment of Outflow in the
Yunohanazawa Hot Spring

Sampling point 1 2 3 4 5
Hot spring waters(cells/ml) 1.0 3.0 8.0x10 1.2x108 4.8x103
Sediment (cells/ml) 7.2x104 8.5x 104 1.7%x105 3.3x10° 5.5x105

Table.5 Comparison of Bacterial Cell Numbers in their Hot Spring Waters between the Natural and
Artificial Outflows

Sampling point 1 2 3 4 5
Natural outflow (cells/m]l) 1.0 3.0 8.0x10 1.2x108 4.8x%x103
Artificial outflow (cells/ml) 1.0 3.0 210 = 5.0
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ZLT, HRAMTEATH T LC2WT, MTAWELT 5 ELERS OB 0Tk 55
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T &, SO4H75.2%, NH,-N$58.3%, H,S749.9%, f-CO,n51.2%, PO,A1100%, NO,-N
D41.9% L 7e b, € 5T, NHy-N, H,S, £-CO;z, NOs-N FEDEAL DG 2 EMORETH D,
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Fig. 3 Changes of some chemical components in the natural and
artificial outflows. Solid line: natural outflow, Broken line:
artificial outflow.

Table.6 Effect of the Sediment on Some Chemical Components in the Outflow of the Yunohanazawa

Hot Spring
. SO, H,S f-CO, NH,-N NO3-N PO,
Chemegl.oompogenss (mg/1)  (mg/l)  (mg/l) (ppm) (ppm) (mg/1)
Natural Outflow (AN)* =125 247 .4 631 0.733 0.062 0.166
Artificial Outflow (A A)* —i13 124.0 308 0.306 0.036 0
Effect of Sediment

0, 0 0, 0, 0 0,
((1—AAAN) X 100) 75.29%  49.9%  51.2%  58.3%  41.9%  100.0%

* : difference of each chemical component between point-1 and point-5 based on the data of
Table 2.

% £

FRBOETURRIL, (LFERSEZRAELIHERGEGEL), Al-Ca-SO, HS)BTH 7. 3[ED
AEZBELTAL L, FRORRIVLT2LEA L, (LERSECEVCTLHAERBCL DO
BHrRD LN (E L, 2). BOERRBRCE L TIE, 1938—1939F D 1 FRICIE D FMICRE
LIcBROHRERT L5 &1, REDERSIBCRBCEEINE (, BRHCRBHE
M5 T O TRBOACERFEREPETTHI L REHML TS, L, RAEREOBH
OCORBEDEVOEERDN DA, BHOH DO TICMHESERKOFERS, EE, pH



136 (= I ] R IR P

ZOALOFERIL 3 BEIOFREL M LIIFHE CERIS - 1.

CORRCAEBRTLENREY TS % Thiobacillus & Pinnularia DE B EFTHXTH S &,
TOEFEAEDRRERCERL, BREKFRIIIFEFCAh 5 (GEL). BRI FTAESRRK
FOMBEROEINE, RERCERT 2S00 —HHBEY L b RMINT), FEEEHZIT
L DRFIHEE LA REELDNRS. COZ LR VROBEBTEORER B - o
CREKRERT E(ATLIRT), TORFEKFOMELDOHEMNIEFLC AT ELDIZREIND
(F&5). MEMEDThiobacillus °Sulfolobus *MEDFE R AT a1 NIRERINZ LK
i TRETL L, FHLTOELDRIEERAIL, 3&ALEDEFEIIREPIL) P LHES
DHFWHENLTINOLDOREMCMAEFET LI ERMBRT LA B0, Fi0, )i DERER
CBWThHEA MY (seston) B MEFIE L SAHRETAZ &b, MESEA M VRFOREIIC
HHFELTOEZERBEREIN TS, CORCBALHETEAERTZMEE RESD S
R TEOBEHCMNETHI L L - THEZAFICL TS ST 2518,

Y OAFER G T 2B AL EREABET L TWic sl T A, £ERTHEYMDKE S
BFEOWMERICAERTEZ ENbh D T(FEL), BRAKEBEREEMISTCHTILN
i, EAWMOFENTEA LR CRERZEFOHEES LE2 . £2T, 2EADHEERIC(GEE?S, B),
EWE=— " H®OUFHOEE DO EEE, £ BEBHAODRREKETE . LirL,
COMOENEETH D Z ER0KEHML T LD, MNOECHDEDOFHEDLE L\ 2 Loibhh o
fo. ZORFOFERIIR L TWinbh, H,S, f-CO,, NH4-N, SO4, NO3-N, PO, Z D ELDORER
F3EEOBELZIFERILCTH . RKWT, 3EEDOAEGEES, O)TiEE=—LY—MNTfE-
BB E AV, ZOE=— Yy — MIRRKDB TR/ 5 DN DERC X EE
TAHIEMD, MADIE, FHEOE, REOFEHHEES LD, BRI TCEVIRIEIED
W3 k. UL, ERFRRVCITTIRKEZHMT B EBRRELEA—LEE 2LV
DT, ZORE2WTRESRELEKRNT LLELRD L.

Z OBRBE AR L EWIITEME D Thiobacillus intermedius & Thiobacillus sp. B X OE
BD Pinnularia braunii var . amphicephala WEETH 5 M, HEFBELEOLSD LET Lick
EhbRONA XD 57 (F3). Thiobacillus BD %  1320—40CHOREOME R L R
b ALSFEE R R EME T2, MELEYWEBRILL TELhE T2 F—% L TCO,
AL L, &FEEEATWS. Suzuki (d Thiobacillus DWREDORBCET2MEA ¥ LT,
RD XD IR ARE L T\ 520

: unknown enzyme
: sulfur-oxidizing enzyme

1
S SO;%- SO,

NV

SzOg

: sulfite oxidase

: APS reductase

. ADP sulfurylase

: thiosulfate cleaving enzyme

S Ul A W DN

>
(<)
95}

: adenosine phosphosulfate

L DRIGII N b EZOMBEI X DfThhTw5b. TRILKE? SFRE DKL i3 %
BEREZEEBRIA TRV, AR cET I MBECRET S ERbh-TW0522. 20
EROBRIIRIGCEENFER TCIAETHHE VORI S NREMBRINENEHEETH
5. SESHE L TcThiobacillus (3H,S TE LW IEEEBESRAR O bR Z &, AT T TiEH,S
DWWV DEEDRIET AT E(3)END, ORI MEST AHROGEIENITHSS.
F iz, HoS= S Dfthicthiosulfate g T & ZE Totetrathionate & L 2 E N FH o2 &
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b, IhbuHHTIERLF2EEbNS.

BOREREBER TOREDOWEKRGEDE) 1L, HSHABHEO,ALIMCEL T HBLT, BH
ATEAIe, MTEHESTHEML TS 2HEACHS. OEAMIMER —RICADND T &h
b, BOEOARCIIMEMHELAVCCHAS LTW230sLBbhb. Hb, Z0X5IKH,SH
THCER I N T ABE T, REMEO = 3L ¥ —#EB1L, H,Sh T3 2 0EMN
<, HiSH% ST A L THOMHEL DD REBED S OB 23D EELBNA.

—75, CO, DEMLITFEEYONEGHER L ANV E VR TTbRTW5A. EECO, DEEIC
BE4AEEIL) 7o —2-1,5- T MANLVRF Y 5 —HET, FBHEEMECR 22 >T0 5.
KEERILT . intermedius T SEDOKRKE Gy T 2= o B D, BEFOHINVRE Y — L4 LI
Eh 2B NEEOTRET A EBMbA T 529

A A H X NI EEBE O Pinnularia braunii var . amphicephalaly, % { OWMEEEM RICER T
BT EDRHLR TSS9, HRIICERYDODILNEHLKBZEFLESbh 57T,
ZDP. braunii IR A BFRECHCETH 5. HSKH LT LoBENR £ EBFTE W1 mM
DEETHLHIE LY, BATRIVERETLARTAEVHbATWLA2). SEIOHE 3 AT
DH,S EEE 12495 mM (160mg/ D TH A T LB (FES), P.braunii 2 OBRE T TEBEHFIRE
ThHrERbIhA. HEEE KERIITED

g
2C0O,+H,S+2H,0 —H'»Z (CH,0) +H,S04

ARITIED R LB E ) 1S, AAECLERZEBYWHEYER LTS5, 2V 7ED
LI DHT I/ Y, AEDERGMINSBRTET I AERMENH, LHEET LK
DEWRINTWA. POLRENDOTXALF—BELEbh 5ATP D &R MBRIE DR ESR D
—2Th5 ) VIEESELC LN ROWETHS. #-T, 8 3HALIEDCO, PNH,-N DR
DO—BiE Thiobacillus <2 Pinnularia DALFEERRLIEEARIC, Tz, SO, NO;-N oML h
SEMORBMENC LI EEDEEZLRS.

Z DIRSRE TIEH,S, S, CO,, NH,-N, PO, O EBEHEHEE LMW 7o < i8S h, REME
DEEIINLEREES LTHFHEABALTWAZ ENTRR IR, #-T, BOERERD
REELE o bER S OZEAL, WL SEOLR L, EMOFAC X - The(ERIEh
TWABEEHRSTOENETHAHH. 4, IhLOBRPERMTHN TS ENRBETH 5.

& h

FARB DOTERBROT TR T OB L EHOFHC OV THEL, FREYDILE
AT A BB OWTHAN . (LERSTD >, HyS, £-COp, NH4-N, POy, LI T ICH
WA L, S04, NOu-N 23t 4 i iiin Lieh, ZOMOMS 133 & A EBL Linh 5o (AR
HTF). —F, £HosmciETsER»S, TORRCALNAMBEMERS JUOEREDELS
FHIERCHRDOERTHAT Ebh-T. 2T, £YOFEDTW IO RNCH S B E
ot “ATHRT TEWTHLERTOLEEAEHOHTERAEL, BRA THORR L L
BHE L. £O#SE, HS, f-COp, NHy-N, SO,, NOs-N EA3EH 0 p HEE 5 il & T T3
AR GH1Im) I bT 280 5 BH40—T0%, POLCE W TIH100% BAEWDIERIC L5 2 &0
R T,
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