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Formation of Al-minerals with bacteria in white Al-rich seawater at Kitabirashita beach,

Satsuma-Iwojima Island, Kyushu, SW Japan

Kazuhiro Sato*, Kazue Tazaki** and Ryuji Asada**

Abstract

Al-biomineralization of alunite, variscite, gibbsite and boehmite was observed in white seawater containing high
concentrations of Al at Kitabirashita beach, Satsuma-Iwojima Island, Kyushu, Southwest Japan. The white seawater at
Kitabirashita beach has been investigated every year since 1997. The color and distribution of this white seawater have
been different in each investigation. ICP-MS analysis of the white seawater showed high concentrations of Al (475.0
ppm), Fe (120 ppm) and Si (58 ppm), suggesting that hydrothermal fluids including such elements emanated from the
seafloor in this area. XRD analysis reveals that the first precipitates deposited in a container from extracted white seawater
contain halite (NaCl),, alunite (KAL (SO.):(OH)s) , boehmite (AlO (OH) ), and variscite (AIPO, -2 H.0) . After 10 months,
precipitates deposited in the container comprised halite, gibbsite (Al (OH);) and boehmite. SEM and TEM observation of
these deposits found that bacilli and cocci type bacteria were covered with fine spherical grains or flakey materials.
Especially, the bacteria inhabiting in the precipitate after 10 months possessed flakey materials covering thin films. EDX
analysis of the precipitates showed that the minerals occuring around bacterial cell walls were rich in Al. Electron
diffraction patterns of the flakey materials identified gibbsite with diffraction rings at 2.5 A (021), 2.1 A (312)and 1.5A.

Bacteria tolerant to high Al ( Al-resistant bacteria) may be useful for Al-rich polluted soils associated with
bioremediation plants.
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Fig.1. Location map of Satsuma-Iwojima Island, Kyushu, SW
Japan. @~ @and a~ e:Measurment and sampling points of
water chemistry of white-colored seawater in 1998, 1999 (O~
) and 2002 (a~e), shown in Table 1.
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Fig. 2. View of Kitabirashita beach, Satsuma-Iwojima Island showing arched white seawater.

Fig. 3. Closed experimental system of the precipitation deposited in
the extracted white seawater (arrow).
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(pH4.7, Eh230mV). 1Ak (D)3 pHS5.5, Eh 170 mV
EEOWE AR Lz, Bk (@) 12121 @ik & H
Uftiz/RL, pHS5.0, Eh 180 mV Tdh -7z, —J, ZfifEk
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DY TH A, LA L, Fel(120ppm), Al(475.0 ppm), Si
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Table 1. Physical characteristics of white seawater in 1998, 1999 and 2002
at Kitabarashita beach, Satsuma-Iwojima Island, Kyushu, SW Japan.

Sam.pling date | colored seawater | pH N S B e
points (mV) |[(mS/cm) (mg/l) | temp.(°C)
1 98.6.4 white 59| 65 50 6.6 253

99.6.6| yellowish-brown | 4.7 | 230 49 74 258
® 99.6.7| brownish-white | 55| 170 50 7.8 250
@ 99.6.3 white 5.0| 180 47 8.1 -
® 99.6.6| transparency |16 | 370 17 53 58.8
a 02.39 white 78| 154 51 7.5 206
b 02.3.9 white 83| 227 49 8.0 196
e 0239 white 83| 201 50 7.7 19.8
d 0239 white 8.1| 240 48 77 194
e* 02.39| transparency |83 123 48 8.0 214

( *;control, -;no data)

Table 2. Chemical characteristics of white seawater in 1999 at Kitabarashita

beach, Satsuma-Iwojima Island, Kyushu, SW Japan . (ppm)
S;Z‘igg‘g date |coloredseawater| Na | Mg | K [Ca| Fe| A |Si
99.6.5 | reddish-brown | 11000] 1220[ 380[ 210 7| 230/ 5
(©) 99.6.6 | yellowish-brown | 12500] 1300| 420{ 300 4 37| 4
99.6.7 | brownish-white | 12000] 1200| 420[ 200| 12| 60.0[ 7|
@ 99.6.3 white 12000] 1300| 400| 200 3 04| 5
3 99.6.6 | transparensy 960| 85| n.d.| 150| 120| 475.0] 58
General seawater” 11033| 1325/ 413| 423| 1.4/ 0.002 2I

(n.d.;not detected  *: ¥XR,1989)

(AIO(OH)) (5.97A), Variscite (AIPO, * 2 H,0) (4.33A, 5.42
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(Fig. 5). 7%k, LEWHIZIEFEETE R VNS WSS
(Ed % (FIOZVES). —J, W< 10 7 HidE L7-%o
SEPRELL, Boehmite (6.08A), Gibbsite (Al (OH):) (4.80A,
439A), Halite (2.82A, 2.00A, 1.63A) LEEEN/. F
72, 349A, 3.02AICREED K — 2 DRIFIPAEET 5.
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S DR HERIK (Fig. 6 ¢) 25, TNENBOSLN L. Fig. 6d
VRS 0.5 em DY) BRIRME O 45161%, EDX u’rl 12 &
D, Al, P, Fe DJiFER Y -2 L Si, S, Cl, K»BFEDLN
% (Fig. 6 dinset). 733, JoF uur}?ﬁs;c AR B L7 BRI R AR
B TE I h DRk & X EDWHETH L 720, il
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REGET S L, BRIROBMK TSRO b ot 2L T,
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Fig. 4. Optical micrographs of the precipitation deposited in the
extracted white seawater showing some mineral particles (a, b).
DAPI (47, 6-diamidino-2-phenylindole ) stained epifluorescence
micrographs show fluorescent blue that indicate the presence of
DNA in bacterial cells (a’,b’).
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Fig. 5. X-ray powder diffraction patterns of the precipitate deposited
from the extracted white seawater just after sampling (0 month)
and 10 months later.



ek 1, H

{Olnpnth

Py

Z I AP 1725 N - 43

Fig. 6. SEM micrographs and the EDX spectrum of the precipitate just after sampling (0 month) of extracted white-colored seawater,
showing various morphologies, such as spherical, fibrous and spiral shapes (a, b and ¢). The EDX spectrum of spherical particles (d)
show high concentrations Al, P and Fe associated with traces of Si, S, Cl and K. The analytical points are indicated by arrows.

MR SN (Fig. 8e), N5 EBFHIITOEENS, 274,
20A, 13A, LIAMIEIZEEVY ¥ 7 2R L, ST Al
— e EZ 5N D (Fig. 81).

=77, R 8 » AfEM L7z ibeiiE, SRIE SO
IR0 S NZZERIROR TAIHERR T &Y, Tl 7L— 20y
TR SN, BUEWAIREL CO T2 8% S 1/ (Fig.
9). E (2pmX1pum) OFKIGEIZ 7 L — 7 IRWE DT L
ThY (Fig.9a), Fig.9bZZD 7 L — 7 kWY O K5
THb. 7= RWEOB-HBETNE, 25A (021), 2.1
A (312), 1.5A (330) IZfHEIZH9W ) >~ 7 %7k L, Gibbsite
EEZRLND (Fig.9¢). F72, BE (1.04mX0.5um) OFF
PRI S R I S, &R E OB AE - Tw»
% (Fig.9d).

RIUEZ 10 7 A 288 L 72 iidid, 7L — 7 Ko
TAMEWE TH Y, TN EEE, MES 0= — 2P
LTw5 (Fig. 10). $72, 8 » HitDa08 & MEEICERE (1
um) ET7 L= 7 REYOHFEIZHE PR CTEDLR TN D
(Fig. 10a). F7z, HHE (1.04mX0.5xm) bEEEIZ, 71—
IR TR L, FNOOREL EWHIETEDIL TS
(Fig. 10b). T&b b, 8 7 AFGE L2kl & 1 ok

WEHEBT 5L, KB ) WHOFRI BN PRDSNS.
S51Z, 10 7 Tk L 72 B OB SR E O gD,
Bz L Tw2a 0123 L (Fig. 10a, b), 8 » Bk
EBWE 7L —2IRTHY, LOEWETH S LU
T»H5 (Fig.8b, 9b, 10c). T74bb, 10 5 AfHEKOWL
B, ET-HREPTC LD 23A (311), 1.4A (600) fi30F i
5V 2 7 ERIRT I E NS, Gibbsite IZHL L T 5 & &
A 5N 5 (Fig. 10d).

4, & =

AWZED TV I = LIZE LAk iz BwT, Ny T
VT OMIEFERNIC Al OIRENGED Stz NT T T O
N RN AIERIR O fHL %2 7 L — 7 IR Gibbsite 5325 & 1
I ENS, Al-HWONAF I AT )X — 3 v B E
BENTz. S50, FIEEARTRIAER L7238 o2t
DIEBRIZE Y, DT 10 7 H O THY L MEY OFEH - 1
BEOPEILL TOB R, HARORVEREHA & i+ 5
EHRFUIREL A VN VAR B EERLTVAS.

TN I = LIERICBWT, HAOFERLTIEEN, b
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Fig. 7. SEM micrographs and the EDX spectra of the precipitate deposited after 10 months, showing bacillus (a) and coccus

(b, arrow) type bacteria. The EDX spectra of the precipitate (background, (D trigona) and bacillus () trigona) show the
yp 3 g

presence of Al and P around the bacillus bacterial surface (@, @). Coceus type bacteria and precipitated materials also

contain high concentrations of Al and Cl, and associated traces of Na, Mg, Si, P, S, Ca and Fe (b, inset). Cu peaks are due
to brazen SEM stub.

HANEES ST HEO-D2THILMESNTE
(Konishi et al.1994; Wolfgang and Brigitte 1994). % DHIH7
WINAT—IKTH D, TIVINAT—H{E, #@EDT I I
S ADTHNICERT 52 LT, DlERI SN I LMD
NTws (R¥FIE2 1995).
ThIZYLAIHNEREH ) OMEIRKEI NI &R
MILERELRT {, BRIGRWEDT TRz bo>Z &
Mo, EEFHZTTRL, HEEAFIIBVWTHR2TIL
DTELZVMEE R >TWA, LrL, MEYOHTERCH
O EIC L Dk BERR EPBEET, TV I=T L0

ADHI SR SN, RATHROBERR 2 EAEE L TE (R
AAED 1998). F 72, TV 2 = ATifE % £ P.simplicissimum
sp. l3 7 LA AR L, IIEREIELT A & TRENS
TLIZYLELERICERT S EMON TS, T,
MO L AWEEERETOH 30 A NTF )T 4
(Corynebactgerume sp.) 1%, 7V 3 =7 LA 4 » & HIBENIZHL
0k, BRI AL IR L, MRS EZ T L
TT7 VEZT 2ARCHEN T 5. 72D 5, Corynebactgerume

sp. (d, TEEHOTIV I LMY BRE, HEA ALY

B % b o TwA (MNEA 2000).
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0 month

Fig. 8. TEM micrographs of the precipitate deposited just after in sampling, showing cocci and bacillus type bacteria covered with flakey
materials (a) and fine spherical grains 50 nm in diameter (c, d). Especially, fine spherical grains form in the both side tips of bacilli
bacterium (d) . Closeup micrographs of flakey materials (b) and fine spherical grains (e) . The diffraction pattern of fine spherical grains
(e, arrow) identifies a poorly-crystalline mineral with 2.7 A, 2.0 A 1.3 A and 1.0 A reflections (f).
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After 8 months
a

1000nm

1.5 A(330) d

2.1A(312)
25A(021)

Fig. 9. TEM micrographs of the precipitation deposited after 8 months in the extracted white seawater, showing bacilli type bacteria
covered with flakey materials (a). Closeup micrograph of flakey materials (b). The diffraction pattern of the flakey materials (b, arrow)
identifies gibbsite with 2.5A (021), 2.1 A (312) and 1.5 Arings (c). Bacillus type bacteria and flakey shaped gibbsite covered by thin

films (d).
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Alunite X Boehmite, Vaciscite, Halite, R[5 @ 81 H5E o TIEUR, HHREEOBE, FLORRMIZETLIZY 2
55 A, 10 # H1121% Gibbsite & Boehmite, Halite, 4 & L BEREBEEDHEBEEORNI LD EEZ NS,

DARFEINATRDO 5N L7217 Th % (Fig. 5). 2N 5 1d pH
8 Wit D F BT CHE T - AR L 724ER, S0 k) s
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Fig. 10. TEM micrographs of the precipitation deposited after 10 months, showing coccus and bacillus type bacteria with flakey
materials covered by thin films (a, b) . The thin films grow radially from bacillus bacterial cell (a, b) . Closeup of flakey materials (c) .
The diffraction pattern of the flakey materials (c, arrow) identify gibbsite with 2.3 A (311) and 1.4 A reflections (d).
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Fig. 11. Sumarized biomineralization processes of Al-minerals associated with bacteria in Al-rich white seawater.
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