Characteristics of carbonate precipitates choking
toilet bowl and underground water pipe in
Okinoerabu Island
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Characteristics of carbonate precipitates choking toilet bowl and
underground water pipe in Okinoerabu Island

IMAI Shigeo*, KITAGAWA Yo** and TAZAKI Kazue**

Abstract Precipitates grow rapidly from underground water in limestone terrain of Okinoerabu Island located
southern Kyusyu, Japan. In this island, Ca-rich underground water are used as drinking water which cause and
effect choking toilet bowl and water pipes by the precipitates. In this study the precipitates were collected from
toilet bowl at China-cho and from the water pipe of pump well at Akamine. Filamentous cyanobacteria are
observed on the surface of the precipitates in both cases. These precipitates consist mainly of calcite with heavy
metals, such as Cu, Zn, Mn, Fe and Pb which are concentrated from water. The accumulation of P and N are also
detected at heavy metal layers by using EPMA. The precipitates can explain that biochemical conditions are
favorable for carbonate formation. In human daily life the precipitates adhered to equipments are displeased as
a dirt. However in this environments, the results suggest that microorganism can accumulate heavy metals from
drinking water.
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ENMAIS WIRDH 50 % & 2 HIKDEEL, KAELET 2 &5

SR O RIL. BRI RN ED D OB5C0:  IRBAENMAEET 5. BESDIDNOEERETH S ~
DRI BRI RS AR LOBETIE AR RD 1L, BEEE UL - KER R, MENORE LT
Ot RS L CIIE ST & o b B2 DD, 12 SUBIEE & f3o T, UMD bR M2 L
TNy :cﬁﬁﬁ’ AL ST 2 050%  FELEEER 147 L4 (iofilms) 2FmL, BEL
PRI 1, 55 LR E LTS EXAUBNERS, TLTESIR, BRORE - HEE
<®7ﬁﬁﬁ/\)§>§:rﬂ% GER R 1993). X BIIRAL  fr - BOHEOREE FOMEORE D, FAL, A

DI 25 % DIREIE A 2 ik & T 5 KZHHAL Th 5, EETIIMAEYOBEIL X > TRPORENIRENT > €
BES I B 2 IR OB TR OAENL D OIEAL AN Z7&4ERL, pDHM ERUBEL TWizCax 2t » b
O, KA LAOREFRROR T, HRIZBWTEY L ONT ROF 7R M) ELUTREKRL, RAiEh
FRCEETH LT IS RDGENZEAETH 5. M T A ENRE SN TWS GFlEn 1998). 2ok
Z D IREEEIL B OB A D, WA OEREITERT S & HTWEMMNE T T AL 2EHE BEE, ke s
FBEZLENTND (EREN 1995). EVINAAIFRTUE—T 3 POMEMEHESNTND
MEEACIER L VY1 N EEEEIC Lo TES N (Brown et al. 1998;Frankel and Blackmore 1991 ;Skin-

T A MI#B L TWDEAEREL, T0ERVEXGITS ner and Fitzpartrick 1992). #AEMOERTERE I NI
ZEIIIEEICEE LW, MRS AR LT S DR, —RRIC YN, KE A A4, pH, BIGECEN, GEMOE

CO2DPiH 2T L U REE NIV 7 ADBRIFIAET L Tl 1), e B EoBRBIIRE<EGINS (LF 1997,
D, EHOESIZE BT FORRE, Hov d%F Tazaki 1999). il 21318 RAKDIC A BT B EDDN, KPD
UCOMEMCEI>THEIDZENREEINTND (ZHIF TN A F R AR, VYA NSO (410
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Fig. 1. Index map of Okinoerabu [sland in Kagoshima Prefecture
showing sample locations.

2000 ; KB - MG 2000) 2 U HOHEMLER 2T 2 &
(Asada and Tazaki 2001) 2 ERMSNTN 5,

DNONDETFEREICE T 23R MG CEE R EITMET
LHILEMDIRA T A LEHD Z &0d, DivbhboEiEE
BOMREOEDIIERICEBERZI ETH S,

AEFFETIE, KFOENWEED Ca/KEEZHESES
B 7RG & U Ok REE 2 A, A EREL, A
KENSRZ2E5THD, MTFAZIUDEL TR DM
REZE CaDEHEENELS, MDD, BYIAUMERE-T
Wa, A REEDCas EOECKDEREE 2 L84,
B S WO B THh D RA/AREICMA, £2I124EET 5
MAEMIC LA FEERIIEFICEETH 5.

AHFZE T, Mk BEEIT BT 2R, K RE
@ EKEE Z S 2B OREICDOWT, 208 E
B, L%/, SMAEMFHMEZTT> O THRET 5.

E

PRGN IC B 2 BB K O RESE, BT
MHHAL36 km, J6f&E27 - B 128 B LIS SE
FEIZ 95 km?, AMS0km, EEHEBTIZHOKZID
BTH2D (Fig. ). BOHEE, KEEHE =5 OB E I
HEIC& > TSN, Kl (246m) &# (189m) &l
LT, ZNERMDELS I ICRBIZAKEN B IRDIERE
P R < HERE L, 3BROBEHFEZERL Tha.
Z IR EROMEN D O, IS 15 B i & iR
B2 VA N B REI T TS,

AW AW 2B OREUL 20005 A 10~ 11 HIZ,
AT (Fig. 1-©), #HREEEARTH (Fig 1-Q@), &5
CHB D=0 RKITK E U TRV DO —DTdH Bk
RESOHRE FHEh) #ifn 5811 (Fig. 1-@, @) T
frofz. 128, WA O M LkiFKIZDWTIE, AiFE1999

e
(SN

S HETCHE - el
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F11HIZOEKRETo 72

ok RS T SO HI A HT TARPEH 28 GRITXZL T M1 L)
R L R aE (Fig. 2A, B, O%FILE. 20
fHERIT 16 EREM S, B O R D REKNRN
WK KBOBEZAA I EETso Tz, ZOKERGEREZRD
L, ¥4 VERAVY—=TUKLEbORHAEIE L F
7z, ZOHAET E IO KEAKFTH DRI IZMET S
TREEHIIX B > 7 T RAKREY) (Fig. 2D) 28R L 7.
ZORELEYNL, RTHBANOD Y 7)) — MR EICEK
EREDOM R KRAIICIEEE L TWiz, £z, O Fk<
A LTFIHESHKED, BENVEL 1 E2HRIITHB LR
T sz (Fig 2E).

RERNE

K BE S OHEMOKEL, pH, g THEMER (mV),
BRLEEEC (mS/cm), EEEZDO (mg/D), KEWT
(C) IZOWTHIEZT- . FNFNORBTOREIZIE
pH A—% — (HORIBA h A% Z—LAB F-24, hA%=—
ACT D-13), #&E®3l (HORIBA 1 24 —— ACTES-12),
mEM#ER (HORIBA N> T 1 OM-12) % Wz,

Fm BMWTRIILEAKE, 14> 7% 7571 (lon
Cromatography : Q&Y 1 %7 A DX-AQ) TA 4 &
G EIT O B A oL (FA A%y 7 X AS12A
TREFRA Y > Z)ViR i 1.25ml /D) E1A>hoh (¥
AFF%w 7 A CAL2A | IREER NaHCOs 2.52g, Na2C0s
286 g /1 OFEWHZ 100 f5I2FHH) 2AWEEET> 4. x
B, WMAETO N L ek (2000 85 & 7RgE BT
W, @R T T AR TEE (CP B ER, ICPS-
8000) ZHWT, JLEOEMEMMT EEESHTEITH .

T, WERETOLBEYRENL, Mo T I OTE R
JeSEMISE (Nikon, ECLIPSE E800) THZ# T/ N7
FUY OFEEEEND DHIZ, 001 1 g/ml ® DAPL (4,
6-diamidinophenylindole dihydrochloride) {fazfilL,
ERACHEMBE T T 4 Ly — (UV-1A) 2L THEZ
172 DAPLIZAEO DNA a1, SOtHEME T Tl
HBOO#AEHKT D, £z, 70074 )N FTUF 7
007 VP EETIUE, E S500nm g O RFIZE -
THREEET 5.

B OIFARE, XA KR EE (XRD : Rigaky,
RAD-B) ZHWTHELZ. Cu-K aFEkZ2HANWTEL
40KV, EFR30mA THIE 2 To /2. &R L =Rk, &
T AN FEDATEH ML Tt 211 72

TN XM (XRF) 12X DB OILFRARIL, 26X
WA (Rigaku, RIX3100) ZHWTI-7-. &4 Ok
B H RIS E 1, ABTHRICUERT L AEIZED 4
Mrafr- 7.

EERETIEMEEES (SEM) 13, BELZIEMEH
PREIESEEbDEN—R S OWET— 7 TS5 ATy 78l
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Fig. 2. Precipitates formed on the toilet bowl at China-cho in
Okinoerabu Island, Japan ; Toilet bowl (A), close-up photograph of
the surface with lamella structure (B), showing the green portion of
precipitates (A, B, arrows). The cross section of precipitates (C).
The source of water supply at Akamine ; the black precipitates were
collected from the water pipe of pump well (D), and the corroded
water pipes change in color brown (E).

AGCJ)

SEIC BV BIRGEE2S & AGEE & FSE S 1 B RERIRIE IR O et

(15)

155
Location No.
Sample 1 2 3 | 4
China-cho Akamine Oku river
1999.11  2000.5 Upper - Down -
stream stream
pH 8.0 7.5 6.9 7.5 9.6
Eh (mV) 434 562 220 275 182
EC (mS/em) 0.70 0.81 0.54 0.56 0.48
DO (mg/D) 8.7 6.7 43 9.3 116
WT (C) 21 25 24 21 95
Cl™ 59 53 28 54 47
NO;” | N.D. | N.D. N.D. 0.21 N.D.
NO;’ 26 2% 3 15 7.9
PO,2” | N.D. N.D. N.D. N.D. N.D,
Anion / S0.27 | 28 27 18 29 19
Cation [ N+ 47 35 27 52 | 44
(mg/1) " NHs | ND. 1.0 N.D. 09 | 05
K+ 1.7 1.5 0.4 28.0 1.8
Mg?* 8.3 8.8 5.1 5.8 3.7
Ca 87 87 3 10 9
Heavy Cu NT. | <001 | <0.01 N.T. N.T.
metal | Fe NT. | <0.1 <0.1 N.T. g N.T.
(mg/1) | Mn NT. | <01 0.2 N.T. T N.T.

; Ion Cromatography
; Inductively Coupled Plasma Mass Spectrography

Anion / Cation
Heavy metal
N.T.; not tested
N.D. not detected

Table 1. Physical and chemical properties of underground water
and river water at China-cho (location 1), Akamine (location 2) and
Oku river (location 3-4) in Okinoerabu Island.

DRABRICEE LB —R BB L, EENETEMNE
(JEOL, JSM-5400) # iy, BT 16kV TR L=, &
FTCE DAL, EERE FEEEICRO oz
FIVFE - HESB JEOL, JED-2001) Z M\, fnEE
J£ 15kV Ty o 7~

BRI O—T73414 707 F 51 F— (EPMA, HAE
Bl JXA-8800) ICHWEHER ZKFERE LK, MNE
HIE 15KV E /213 20kV THMTR b MY v E 27
E{Tok. BRUZILEBEYOBMEIEO 20, R % Kk
HEAGELUMEZ TRF OBIEEMEERL, HEBEZ{TWHE
Frid B2 BB L 72,

e omFE (©), £H ), HiE S OFAEIL, NCS
TEMTER (7 228 NA2500) 2 W TEEMI21T-
7o RN B ARG S EASTHERICL, 1| N-HCHLEIZ X
DWHELS 722 ETCapkp B L, TS Bz,
MAEK Img 2 EF A TR I > 5 FITHOTRYD, 1,000C
THEEx 7.

BT IZ BBOT [2, 5-Bis-(5-tert-butyl-benzoxazol-
2-y1)-thiophen(C26H26N2028)] % W=, BMER O/ERIZIE
K-factor IE& M L 7=

RS

IKIEKE L OERRICTER U= D 24
ok BEREMAITT M LEsgAKICEHN TV B KEKE
AL, KEBSHAE 19994 11 H & 200045 HD 2 DO,
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B Tfro/z (Table 1). F£7=, AU O/KEAKO pHIL, 7.5
~8O0THREDEILDBHFTIL AV HERTN, Mk EHE
OFRFKE L TELIRNNO—DTHZE)NO T (OH 9.6)
FOHEWEZRLAZ. EhicDWTIZM&R (434 ~
562mV) 2%, Fr%E (220mV) &SBJIl (182 ~ 220mV) &
HBLEDEWETH -7~ DOIRHREN 4.3 (mg/l) EH
HUTD 6.7 ~ 87 (mg/D, BIITFH 116 (mg/D) ITHAE
WEZRL 7=

Fle, AF>27ux NI 7 49— (10) kA1 4 00
DFEF, Clo, NatizDWTid, WA (Cl- :53~59mg/],
Nat:35~47mg/l) EHJI| (Cl-:47 ~54mg/l, Na':44
~52mg/l) 73, 7% (Cl-:28mg/l, Na :27mg/l) 1Tt
Nm<, R& - ZBROMB/KDOEEZRELTNWS, NOz-
W, BIO B (0.21meg/D) DidMsHE g, NOs 1314
BT 4325 ~26 (mg/D) &3R50 3mg/1IZ G- 7=, PO43~
MR I N2 E 2 AR o 72 NHaA W 20008 108K L 7=
HAH EB)ITHRE S5, s Tuian (i
510.05mg/l). £72ICP &M W= mHEor Ok E, Mn 25
#HT02 (mg/D) DPETHEEN TV, /2, HILETOCaz
87 (mg/l) k%D 3 (me/l), WD I~10 (mg/l)
IZHE LT, 8~ 29 LI LOB W EZRRL 2.

RICHAAT TERILL 2B DWW TR, Z OB
7916 AERE L T 72Kt E S KBICBR L2 DT
(Fig. 2A, 2B), [AHOILEMIZL HHEL, BNTIZHEE
IZHELTWS,

PRELL b BB, BRI s s E o v
o7« )l bbbz 2358 ERans (Fig
2BRHD. OB ES A YT Ry & —TUL 7=k
MZEBZRT S &, MAMEEEORFKEAENTRIZHEL,
WIREIZ BFEIREENERT 2 2 & TER (Fig. 20). &

DU BIORIEE, Pk O 2 5wk U R RE AT Toilet bowl

W SN Tz, Fig. 3. Scanning electron micrograph of thin-sectioned precipitates
PR T OB A T TER L~ 25 (Fig. showing porous layered structure on the toilet bowl at China-cho.

3), HERKM DA T ZHE VLB D FIEIZHI 200 1 mO JEH .

DRI H 0, FMEHS RIS THRS500 ~ 2000 < o Cocie

1,000 1 mOIg TEROEN & BBREHET B, 2 OfE *

IR L 2B DOEANK 5.7mm T, ZO 1 L
EINTIETH D Z Moo ERER, £350 ¢
m,/E LS.

e, ZOEBOWEYOEFHIE XRD 5 O # 5
(Fig. 4), 3.0A, 23A, 2.1 AITHWKEB RSN L1

Intensity [cps]

b (CaCOs) EFEESI N, BEXEOH XRF) 12 kiug, ° °

EEE, CaO (98%) #Tpir& L, DTN Zn0O (04 \M L o

%), CuO (0.4%), Fex0s (0.3%), P205 (0.2%) &&HT 0 : 2

% (Table 2). 3 20 60
CuKa 28 [° ]

Kz, MEITRL LB % EPMA THR L 24 Fio 4. X der diffracti - |
¢ ? ST S g ST S " . ] 1g. 4. A-ray powder diffraction pattern of precipitates sample
*, ﬂ“ﬂ@@ (CP) TR OMiEAHE S/ (Fig 5-CP). collected from toilet bowl at China-cho indicating main component
Wi O SEM & DR (Fig. 3) b dbhd EBD, Zoik is calcite.
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Fig. 5. Elemental color content maps of banded precipitates formed on the toilet bowl, showing distribution
of a compositional elements, such as, Ca, Cu, Zn, Pb, C, P and N. CP ; compositional image.
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Samples  Location Si0z Al203  Fe20s Ca0 MgO 7Zn0  CuD SOs MnO P20s
precipitates No. mass %
China-cho 1 0.5 0.3 0.3 98 0.5 0.4 0.4 ND. N.D. 0.2
Akamine 2 08 N.D. 2.2 80 08 ND. 12 0.2 14 0.2

N.D. ; not detected

Table 2. Energy dispersive XRF analysis of precipitates formed on
the toilet bawl at China-cho and at Akamine in Okinoerabu Island.

Samples  Location N C S
precipitates No. wt %
China-cho 1 0.051 0.086 0.289
Akamine 2 0.185 1.293 0.117

Table 3. Nitrogen, carbon, and sulfur elemental analyses of
precipitates collected from China-cho and Akamine.

B ETURE RIS & B BT

7z, EPMARKBTEHESMY v E IS, hEp I
-z Canpfil, Cu, Zn, Pb, P, CHVBIRICIBET
L0, NOHELREBIIBRINn-o /. ZORRICHH
§5Cu, Zn, PbOERED ML, 1T B UG (CP)
IZBIAERERED L TWE 51T, ZOWHsITIE
C, POBEBBIRTELZ LMD, HEMOLEEERBLT
Wa, UL, 2O LOBEEKIZEDN TS FAD
RE M OFER (Table 1-1) Tit, Ca%BWTCu, Zn, P
DILFFIRHIN TR, £/, EPMADT v 227 T3,
BHRETR N OIRBELEAI TR T &RV, NCSI—4 D44 D
#EE (Table 3) T, 0.05%EHL T, 728, NCSO—
O U EHE, &5 U IN-HC TR A L
TWa/z®, ZON, COFRMIIVWTNHARIETHS &
Hions,

COBEMOME OE R 2 H M THET 5 &, KA
DHCHIZ DR OMAENED sz (Fig. 6A O
KHD. ZOMEMT 7 OO 7 4 )V EHED, FORNES LHHE
MOETT INITFUT ThHDHEEABND. ILBRWERICY
007 4 VAR OMMIEEZIIUO ET2MAEMMNRH LN
S, MR RELERR TIEBM BB OMEMIIKEIC L O REL
TWigly, £z, FREEON 5 AE &L & D8 Rtk
i, H—-REHEEHAOHL WS NERI N

LB EDO/RERRELL, DAPI Y% U4, waoyeimmss
TFTEERET-EIAH, FHBOBNZETH2~3um
OEFEMED SNz, T2, COFEE, ao=-2—%22< D,
NAZ T4 IIVLEERL T (Fig. 6B DXHED, EUEE
EMBIO7 ) 0—)b R b O EREMTOREZ A~
ECAH, FBRIEETH IO —NTERNS I ENS,
NODEHTIREBETERWANITY T THLENZ S,

-
[,
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R« HHIRFOIL

Fig. 6. Fluorescence micrographs of thin-sectioned precipitates
formed on the toilet bowl at China-cho (A), arrow indicates
filamentous bacteria with chlorophyll inside precipitates. The surface
of precipitates composed of bacilli (arrows) with DAPI dyeing (B).

FréE_EKEUK OISR S Nk B

TREEHI T K DKE W OFERAE Table 1-212R-9. HANT
O FAKICHANDPHIZ 6.9 EHHEERTH D, Ca? EEIR
3mg/1EERWETH o /2. Tz, ICPEHWESTOREE, 7,
FOKREIXMn A 0.2mg/l CRIZNT T 0.1me/1 RO
B EHEmAZ < EENTV .

TREE CTHRRELL 72 iR B 20, FIAET O Tk Eefe L MnO
(14%) M%<, »D, SOs (0.2%), CuO (1.2%), Fe203
(22%) bEWEE TR N/ (Table 2). FiHiRD ICP#5
R EHET D & MnOFAKF ROTEBRY 124 <BH 515
7, FexOsiZDWTIE, ILEMOAICHEICED 5N 5.

LA O EARBEMES E (Fig. 7TA) & SEM OFLEL#
(Fig. 7B) o, FRETHEIU LB, LROZ WS
THDIEMNRINTVD, RICEOILBY O LR O
BEZ#SEM THEL (Fig. 70), EDXZHWT{LES T 2 1T-
Tz, ZORER, BOALEBYERIIEREROBETH D Em
DNy, AXRT FViInG ZOESHTE, Cadftiz Mn, Cu,
INOEENRD BN, HICMNOE— BHETH B &N
HshETo7 ZHULICPIZ L ARE S H O E T Mn &
EM0.2me/l EEno &k, BERERYO XRE 2 ik
RTIARERWMEZRLUIZERE-HTHEDOTHS, 35
12, T OB E OXRD 447 217 - 1= #5% (Fig. 7TE), 3.0
A, 23A, 21 AITROWKEBRSNAEZ EN D, FRIZE
Bl E N7 B SRR, KERE OB WAL YAk (CaCOs)
ThAHIENFAEINE.

LR O KEIER S (Fig. 7TA) 12DV TEPMA % W,
R E T ETo - (Fig. 8). #i& (CP) &Ca
DR ET DS IIYA M EERD ETHIBMDOEL RS

1>
b
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Fig. 7. The cross sectioned black microbial mats collected from the
water pipe at Akamine; an optical light image (A), arrow indicates
the portion of EPMA analysis shown in Fig. 8, SEM compositional
image (B), SEM of the black precipitates surface (C) and its EDX
spectra (D). Al is from the support grid. X-ray powder diffraction
pattern of the surface of black precipitates (E).

Znl, —HTHIYA FEIED CanbisnEliaiz Cu,
Mn, Fe, Zn OEGENEEL TWASHMEEI NS, L
B, N&EPOHAE :mei%@w%ﬁ%ﬁt-ﬁbfg
D, NIREL TWAEA (RATD EREORSNRNEE
fir (RE12) #EPMA ZH WGt OfsE, WMk
Bl 2 OfEE i LT, RENL OB ONBBENART N

(19)
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HWEARLUE. RRICHEHCERICBIT2POEPMA &
FMDORRTH, EEBOBES I E—HTHEAILO
FUROPAVRE 2 1ITHR L TEWEEERL TS Z &R
»oHisz.

Fio, BEITBYONCS 3—5 2R W0 OSSR, M4
W DEER TR L I L, FREDAHC (1.29wt%)
EN (0.19wt%) AEWEERER L (Table 3).

T, ZORBNEDERERED EERmMARIL, M
STHHEMBETESR TS L, B, REBLIRAEEET S
BEMEENED 5N/ (Fig. 9A). DAPIHAAIC L D 8L
WE T TCIEHEAEE L DNADHEENRD 5115 (Fig. 9B).
Fi, NS FTRAOECEEER TSI EMhs 0
O74VEELTWLZENHNERD, ZOREIER
ALY 7 /NI TUT7ThbEEZOND (Fig. 9A K
BN, /2, IS Emi, REROSEY ORI & 3tz
an=—%MfE-> T (Fig 9A).

Z B

TEAPDOhIIL YA FDOFRK

M7k RS OMUE , & R KICiE Ca?r v % < G4
HT . 87mg/ 1), pHA10IZET 2@ 7 IV A UIEO KRR &
o TWAHFbH L. MAN O & RE FKEUK O DT
BE, WINbHILTT NEERSETHHDTH 2.

HIALHT THEL 72 g OILEMENL, REEZELTHY
(Fig. 2B EHD, tEByhIc SIS T CREOHC %
HELDZIENSZOOT A NVERTZLT /NI T T IR
Aoz (Fig. 6ADKED . F7z, REOLBZEICIE
AR PEMERR TREZE L, HCEMEE FTRED
HOEAZHETLHIEMNS, 70074 VERELTWEYT
SN TV T OfFEE R L (Fig. 9A).

RN T A TH DRIV LOERT,

Ca*+2HCOs~ & (CaCOs + CO2+H20
TSN, ALFRIIHITED T ETREEIL 0 L DR
MEZSH, —F, KFIZCO2MEITT

H20+COz & H2C0s(aq)

H2COs(aq) & HHHHCO3~

HCOs~ & HHCOs2~
DAL R A Z % (Stumm and Morgan 1981 ;Shiraiwa
et al. 1993;Sekino and Shiraiwa 1994). BHIZ» (2001)
i, BAKF D CO rEmakazR»L, Cazt, HCOs i
ErEOTwdERELTNWD, —HFT, 27/ NN0F7U7
DREVIZHIVTA EBERINPT < GF8 1997 Hartley
et al. 1996), FEMBEAOHIL 0 LB RBEICHERFT S
=OICHilan S Ca? Bk S N7 7 U YR E DI
Ca ICEDEE2EORT Z gL IN TS (Rosen
1987). Fiz, MEEESLMIEEIZFIET D RIEIT K ERER
(CA) HCOs 5 COeNOLEMARHE L, FOBRIZARK
5 OH 1 A Pfstis i S lila it o pH 2 ER S
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PITTIIRETIRTTCRISTRILPYRICIINS

Fig. 8. Elemental color content maps of black precipitates at Akamine, showing distribution of a composition of Ca, Cu, Mn, Fe, Zn, N and P.
Arrows 1 and 2 in “N” hindicate qualitative analytical points by EPMA, whereas arrows 3 and 4 in “P” also indicate same thing.
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Fig. 9. The surface of black precipitates at Akamine; an optical light micrograph (A) and fluorescence micrograph with
DAPI dyeing (B) showing living bacteria. Arrows indicate filamentous bacteria (cyanobacteria) with chlorophyll.

® (Price and Badger 1989), > 7 /N7 51U 7i3#ilEN
MOBEFEEKE (DIC) ZEAFDKIZHAT 1,000 f50#
EIZEDDLZENHEINTNS (Lucas 1983). HMEHET O
LI & RaE O BB O RAUGNE, Wi by
NTHEH2H00, ENDONRIIALBETH -/, EHE
ICHIAAT DE g OB AN I REEEL, TOHRFAIZH
TN TUTHRAL TWAZ ENEBRINE. £,
REDENT Y N TEON TV RED BATLEBYOFERIZ
W, JOn 74 )VERTLHYT N T T ENSRRi1
EVo L&z —2ElklLThE 2ol Ehs 7/
INT T T OHINEE DA 1)V 3 7 L OBE T DL %
(CKEF - 1B 2000) L, #8S L <IEHENI M SHOETH
WA MERICES (EHIEN 1996) LTWaDZ EARB
NG —HTRYORENRY L7 —HiEHE DN T
TOEMETPHZ LFIBT7INAUEREEZDYU, N RO
FITNIA NENHESELHENH D I ENREETN TN
5 (SFIED 1998).

LB DEPMA TOLHER v E 7 OFHE, PENIZIL
B CHfimE—TERARREL TWD I ENBEIN,
NCSA—HZ LD EBHM THEEEON, COGFMLEN TR
SNz, PENE, WINbLEMEEILTA2NEDTETH
DEHOERZRL TWAEEEZBNS, K s Ca2 AiEL
VAN, pHAHZ NV AUES L INERICI DT IV
U b2 et T2 2 & T, YT & DB I NPT
BREELIR0, tMBEER & OB MRMAEDIC L U IBRMEE
INBHEELZLND,

i, MAMTIEFENITHEED, AEHET 2 HE2ED,
WENLR KPR LM CHEME 2L Tan——

(21)

BT % (Amato 1992 ; Potera 1997). > 7 /7517
DRz B > TV DHEMEL, KOFTIUTHI LR 5K
HASED AL CO2 M8, FREWMEH T Ca¥ LHUD< Z
ETHPALMREZ D AT A FBERI NS (LEE 0
2000). TOZENSHEMTH HREWE LRI ERD
B, SRU B —alkTa<, 2 EnME s
AT EMHENENS.

ABATFOEREDRE

HIZHT OfE R &R EAKBUK D OB, wIihnshl
A MRERSGTH 7. EBHROUWEBML, Cu, Zn, PbD
HBEEEC, PREREL TWE Fig. ). ZO M L O%H
KON T DM FKDKESTORERE, Cu, POTHRIZT
BTN THRNED, BRASHORERTINS DKTRE
DWEELEZ, HUEMEYOMIENEEL -FE, BEE
BBzt Ul ENE2 N5,

—F, FEETERILUZILEMICE, Cu, Mn, Fe, Zn&W
DHEEEEP ENDH—OER TORENBRINE. R
HFKDAKETORETIE, Cu, Fe, POHIIMHIN
T, LB OAICIEEICED SNz Mnldli ke Sk
iR oh, FCEDHOEAE MnO; 14%)
mno 7, Mn, Fe OREE - BAGIERNIN 7 U0 Y B S L
TWABZ LM NTRY, EE55 L 0RBETHINEINY
T U7 OFEE, EibETEMSpHRE EOMAERIZES
ZEHEENTVS (HIE 1996).

FINHA Iz, Fe, Mn, Cu, Cd, Zn%QESEN
ADRADZENHENTHY, ZOMEEL TidCakEl
DEH, 1A BMIILHBEENASN TS (i - Hi%
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2001 ; Tazaki 2000). 7z, Fe®MniEyOBIZHMEN
MEHOHIEOEFEIZIEES TS ZERASNTNWDS (F
- HIG 1997).

ARIFRICBNT D, WEH I Fe, Mn, Cu, Pb, Zn%
DESEORENED SN, R LZITEDL, B
ROHITA FORBLREMICESBEOREZRL, BER
DEWMNEZEZSND, —H, REOWLEII, A~
AEEBOGEHSNRRD, ESEIIEVOERZRTP L
NOTEE—FHL T ZOI &R, BELEOBEICIIM
EMHEEE L, YA OB EIBRERDIAT T TH o
FEEZOND. 2DOOREYOHMELESBOREDERN
W, KER E QYR IMER OEVWSAEENEDENAE X
5N%. IO UMuhaflBaiSE (IPS : Irregular pocket
structure) V&, BBHESY > N7 2R U v A1 Rz EDAHE
MOBICEKET B ENREIN TS Joachim et al.
2000). ¥/, —CCu, ZnZBOESREL, MEDICHT
HEEHEAT S GIEN 1998) Z&nfonTtns, &%
EIEA 28T 28RBOBEEEN - BERDO AN XL EIL
BT REENDOEERZH D 2 &3, KPICGHEETAMED
ESBONA TV AT 4 T— 9 V2 MFET 5 ETIHEICE
ETH5., £/, SEMEBENAAIFTTVE—2arB
FOBESBOMEE - FTCANZALEHEHT L EE, &
T35 0 O HERER S O Y & BRBEEAE O W T ORFHRIZ D78
HEDEEZD,

L

AIREDN B TR5 MK RSN T, AEEER0AGEE I
B ER R U, SR EOEERE & WO M5 Ei&
ZLTWa, SEEND 24 i THRIL ZEBIIL, Wit
HILREAT D HNTA MBERST, Cu, Zn/kEOEE
BEBRE L IERELERERUN S RE SR> Ty
7.

F 7, SIS DAPIEAIC K DB R mIciZ /7o
TANEETHLT NI TUTIREDHEMNFED SN
LT, BN E 23 E O RIZEPMA ENCS O—%4
RO EMOERTHH2HEEDP, NOFLELE, I5ITP,
NWESBOBREBIRIEL TWD I EEHERL .

HABHENZIIUD ETBABICH R REREH TORE
WORED AN X LEHED 8N, RIENDENOFEE
HEEHED PRHICRLD EHE A D,

HEE MKRIETHRL OMBIOR S EARUKH ZRAL
TV WA GO T5 2, FIABT RS O T5 2 Rkt H
UEs, RHRIEELEDDIIHIED, RIRKFHER
HERBRBEEIF LR O PRI, EHEANTKEI LD, B
REQEI ZICERBYEEENZ, ZOHEMD TEHF
LLETs.

e
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HADOAMOEIZAET 2k RBEIL, TREN SR 201 T KIZE DB OBRSEN, BT,
DL CaiREDR WM REEIKE LT > T 5720, KEEHAERLKEEN Y TH%ET HMEs T =
Y. AW TIE, HANOKEEEREREMRE O LAKR S THORED 2 4 CIEBYERRLE. 2 D00
BYNIE, SRS T ONI F ) TGRS 5Nz £, NS OIBMIZ ALY A RREESTH Y, KK
A GRELZ Cu, Zn, Mn, Fe, Pb REDESBEEZEHL T/ EPMA T LT, P & NOBEEIRT
CESBOBEBEN -HL TWD I ENBERING. TNSIREMOSHN S, RESERIZE L = A9k
FUEBSTOELMRTE D, DUbNOAEREODT, BKICNET S LAk, Bhe L THE |
HEND, LnLiads, IO LARETMENNKEKTORESBEZBET L ZEMREBINE,
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