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Abstract

Acid precipitation is caused mainly by the oxidation of atmospheric SO,, NO, and CO,. Aerosol particles containing these
oxides, fly ash and mineral dust are cycling on a global scale. NO, concentration, rainwater and air dust in the atmosphere
have been investigated by electron microscopy. Rainwater sampled (May 29™ 2008) from the solitary island of Hekura-jima
(Wajima, Ishikawa Prefecture), located in the Sea of Japan, was strongly acidic (pH 4.8) and high in electrical conductivity (EC).
This is despite the fact that Hekura-jima has no industry or cars and as such, is believed to be less polluted than other areas
in the same prefecture. NO, concentrations measured at Hekura-jima (May 28-29" 2008) and at the uninhabited island of
Ohshima, in the city of Wajima, Ishikawa Prefecture, (July 22-23rd 2008) indicated quite low values. The acid rain, sulfur
materials and mineral dust were found deposited on the surfaces of black pine trees located to the northwestern side of
Hekura-jima, suggesting that these atmospheric pollutants originate from surrounding countries rather than from local
sources. Scanning electron micrographs of aerosol dust sampled from Hekura-jima on May 27-29" 2008, showed evidence of
atmospheric pollutants of fly ash, sulfuric mineral dust of gypsum and pollen from pine trees. On this basis, it can be assumed
that air pollution occurred frequently not only in industrial areas but also in certain solitary and uninhabited islands of Japan.

White and green microbial mats were observed on tuff rock located at the uninhabited Ohshima Island suggesting that
acidic rainwater that had seeped into the rock was subsequently exuded from cracks within the rocks. X-ray powder
diffraction (XRD) and X-ray fluorescence (XRF) analysis of the green microbial mats collected from Ohshima Island showed
mainly amorphous Al-Si materials. Optical and transmission electron micrographs of the green microbial mats showed
various living microorganisms of diatoms and filamentous cyanobacteria within the granular particles. The living microbes
clearly demonstrated a blue fluorescence under UV irradiation. Spherical materials were found inside the filamentous
cyanobacterial cells, and chlorophyll was found inside the cocci cells of the microbes. On the other hand, opaque spherical
materials of fly ash coexisted with microbes within the diatom cells. An energy dispersive X-ray (EDX) analysis of the fly
ash indicated that the main components were Al and Si. In addition, it was found that the granular materials were also
composed of Al and Si. The abundant diatoms and filamentous microbes associated with the submicrometer Al-Si chemical
compositions of the particles suggested an environmental co-ecosystem comprised of green microbial mats and Al-Si bio-clay
mineralization. Environmental interactions between the aerosol particles, rainwater, tuff rock, and microorganisms at the
uninhabited Ohshima Island showed a particular natural circulatory system. The diatoms, cyanobacteria and silicate bacteria
were found to trap and feed on the mineral dust of Al-Si particles and fly ash collected from the ecosystem of the green
microbial mats. The amorphous granular particles of mineral dust and fly ash have a correlation with microorganisms in

which they act as carriers of atmospheric pollutants. These particles also play an important role in the environmental
purification ability.

Key words: Microbial mats, Environmental ecosystem, Solitary island, Hekura-jima, Uninhabited Ohshima Island, Aerosol
particles, Fly ash, Diatoms, Amorphous AL-Si chemical compositions, Acid rain.
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1. XU®IC L»L, ZORBDOBERMZEGEORER, M50EFTIIT

RGPS HIRRBLAZTISREI LTSI L, &
REEVCORMHE V. LaL, TOERO—DOTHS
CO,DEEIMMRIEILZ L5 FT L EDNTALWY,
MORWIZ L 5 CO,OWINE % EEMERMZEIX R SN T
WRWOPBIRTH . —TJ, KRB+ 7BILw=
SERMYPELERE 2o THBERZESE, FHIC
WEBERIZTLTnE I L IIE  OMRFIZL - THE S
NTWab. BEUERO pH T KRFPOBIER T V7 )
BOHFAEIZL > TEALT 528, —#IZ pHSG6UL FTOM%
BEHRE LATYD., RAHFOA 4+ Tt 2R B
WBEICHEEZ, BRONS VAL FEFTIIBRTE
HEELNTWEA, HE, ANLOHREFNHLEZ L
THARBEWIZIZBERMICBER K-> Twa™. 2L
T, BUMSREE AN 7 0=y ORKFEH, doiEl
LEBRAEBROILALTRTORTELTWS”. 2008
5 A29H ICH AR BEOME - AR TD pHASDTHA7
BELEEShZ. 2 ThIEEAED Ty L
LTWwWAORED SN E512, F4ET7 H22-24H 12
X, ABTHALYE - KEIZBWTH LAHLAW
KA pH44 % R L7z,

B, AlRE BT O H0km O FIZF 55K
B-MigRBs LUty BB CHE RN TO»T 0
HRDPRAMETH S (Figl). ThEH5DOBIIHRRE
XEhoThy, MY MIEMP, WYy, B, MA%E
W2 CIZOWTHWIRPER RSN TV Y,

Upper lava(andesite)
Tuff
T Lower lava (andesite)
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Ishikawa P

300m
After Geographical Survey Institute (1985)
Figl Location maps of the solitary island of Hekura-jima

and the uninhabited Ohshima Island, showing the
sampling points of green microbial mats.
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27-30H B X V7 H21-24 0 b BB B (RNR 4R
W) BIOMEEOREMEME LM L. 0,
EHIAETCEML, MEEBIUTLYEOKRA, XK
T, BHROFER EEMBIUONIF <y PORER
Tolz. TORKR, KAFDONO, EBEW, ruwy
DOFED BB R ASED S N 7zid A, 114ERTO
F& M A SEMBEHERIC X AMOEE LD LN, A
THRBRBEELEFWHL ML S5, 7HOHEET
i3, EvBo—D, KETFY—vors{F<wy b 2R
DU, B8 - oW LR NS~y PRI RER
OMEELEEZONETFIAT v Y 2RERED
A-SiRTHEHETNTEY, »o, FEEBEEPHE
HEEHOMBWNICZNOIMIATNTWEZ L 2L
2. Thbbt, MEWOBMETOILNENNLFTY
b, WIRORFGREBEZUICFRCEELTCWES
EEWSPIZLIOTHET A,

2. ABERE JUREAE

2-1. BURHEEL

MERE (NOHLE) ANBRETOIAE D
50km (L E L, BOEMBITHINAZ F -1, EEH
13m, RPIZ#5km, Dz iEEs L, o BiBRIC X
DM ZE L CGRERAESFETH S (Figl). 7,
002 M2 5D Bk : U CHBBSERETE L
THHILGNTWEIMBETH L. 72, LY BIEWRETO
L #25km O LIZHHLODETH), KRB, HX
B (»hhELF), B8 (2oLl%), R=F8 (o
AZULF), BEFE (2LLE), #8 (L),
MEE (AL DR L) OoRKTHY, BEXVTRD
HWABTHAH. ERBORMNIBRARE, RlUE (&
w), BIKABE (FEHESR 2/ v) Xhib
(Fig.l)”""’).
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PFRELL, BT pH MILZEICEAM (ORP), ERZE
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& A BEMREEFROMWMA, WEZICMEEOED
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HMEBBCHHEBE LT, FH 2 oW HIE
TR CTEIS 21T - 7.

F 72, 20084F 7 A21-24H 21X, EYBO—D2TH 5
KEZHELL. ONERBEHHAETRES (1985 #
WELTVDEHE, KREORIEREIKGOENEIC
FBIKIZ K > TR ENZAERSPL X ) THZ L ED S
N, 7TABEOBELRETHS. REDOILED AL
B THABROBEKROKEME ZIT, T2, 7Y —
YONAFT Y FORRRAKE I OF ) BLOTIER L
LIE L7z (Figl). A 4 <y hoiEy Ry,
Mg onT, XHEBERHHH (XRD) 12&o
TR LM R 04T L, eBEmEE, EERE
T-BEMEE (SEM), ZRME THMEE (TEM) I2X0,
BAGRATr—NVCTEBEL, 22, ZANVF—408GH
(EDX) 12X % B EIT- 7.

2-2. RB& Ak
KEAE

20084E 5 290 O M B X U°20084E 7 A21-24H O
IKFEIFEDEAKIZDOWT pH, EC, ORP Dl % ¥ T
fT-72. WEIZiZ, HORIBA # A # —— LABpH # —
% —F—24, HORIBA A% =— ACTEEFE A —¥ —
ES—12, HORIBA # A% =— ACT/D—13% /.
KFRMEREHAR

KEDZ ) =D A G <y bhOMAEY Mt
B BHHOLEMEE BV TEE L. 72, DAPI
(4 6-diamidino-2-phenylindole) T DNA % ¥efty L 723
FHZOWTHEBR 2T o7, WM TIIHg 5 &~
T UV—17 4 V& — % THkFEInm DI+
AEHIERE L, BAET 5 L0 K R400nm P Lo F
THEZ L7, #EWh o DNA A5 DAPI L #EZ2 B L
FOOREERET LI 2L TERT 2MEY O
HEITo 72, =3 8 Optiphoto- 2B S MES (2 B
T2 E NTF2A 8 &L OEH 463 EFD3Z 3B L T
Bl 7-.
HA XA (XRF)

KEDZ Y — DA F<y b EOE XKBoHT
(XRF) XY EAEREOGNEfT-72. HRAEFHT
AV F — S EAVEOL X RT3 8 JSM-3201, Rh-Ka ##

BARWOME A & A7z L ERERBE 29

B2, IMEBEEIRY TFP (77 ¥ %A ¥ & L%
G A= =)= NN BRI E Y SR EIT 72 A
AR EASTHRICL, XLy FEERLOFTETo
7.

XM RER A (XRD)

KEDZ ) — D5 A F 7y MO TEHEWHR D
TEBIhol HEICIIHEEERTE RINT12005 X
UF RINT2200Ultima+ % ff L7z, ®EHK Co (Ka) &
Ni 74 —%EHL, EEREL 5, Ay %k
DS-RS-SS:1/2° -1/2° -03°, 75774 b€/ 70 A —
& — (d(002) =3.35A) 12X % KBMBEDLEET TiTo
7.

ETHEMHRBR (SEM, TEM)

KEBDZ) =D)L F <y FORABEBERRIIES
KVE M (SEMJERO-JSM-5200LV) %W, M
HEFLISkV Tiro/. 72, SEMICEY i s i
T4y TABIANE - GBI XBOoNEE
(EDX:Philips-EDAX-PV9800STD) # i\ »TILES %
fio7z. E5IZ, WA OBIEHIERRE T M
(TEM:JEOL-JEM-2000EX) % T, M#E&EFE160kV
TBELIT- 72,

3. % &R

1. MEEORWEAE, NOJAE, /7O Y DOWMIE
Yy, EEY ARPOFDOERR

20084E 5 A29H e B2 L& L, &HMi€hA
W/, /MMATH 8 TR, RHARKHNZEETD 4 2T
Mz L, KEHEZT->7. MABORKRIZ240-
9:45F TO 7 HF O, pH4.9-51-48% BN T—FFihwv
BEHEEEZRL, BLAEEE (EC) $169-151-944S/cm
L= <, ORP $303-289-371mV & BALW %2R L
72. B, ECIZBDIHEDDI69uS/com 2 S L & D
IIET L, 7RREZBIZIEMuS/cm & o728 FHA®
SIRTHNOBEE BT 2L 3-5GHVIBETH- 72
(Table 1). —J, WU HOANEERT &7 ED KN
13 pH5.7, EC30uS/cm, /MATH 8 & #if v X pH65,
EC25uS/cm, IR H- 17 = EIT » pH66, EC35uS/
cm EVWTNDEHEEERL, ECOEHA 4 ¥ KL,

Table 1 Characteristics of rainwater sampled at the solitary island of Hekura-jima, in the Sea of

Japan on May 29" 2008 indicating acid rain.

Measurement places Measurement pH EC ORP
time (uS/cm) {mV)

Hekura—jima, Wajima, Ishikawa Pre. 2:40 49 169 303
' 7:00 5.1 151 289

9:45 48 94 3N

Kanaiwa—East, Kanazawa, Ishikawa Pre. 57 30 125
R 8 Street, Komatsu, Ishikawa Pre. 6.5 25 125
Mikuni, Sakai, Fukui Pre. 6.6 35 146
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Table 2 Measurement of atmospheric NO, at the solitary island of Hekura-jima in Ishikawa Prefecture, Japan,
on May 27-29" 2008 indicating a quite low concentration of NO,.

2008 May 27 May 28 May 29 July 22 July 23 July 24
fine-rain rain-fine fine cloudy cloudy

Measugpen‘t. spots | fine
Hekura-jima

Tourists home| ® 19] & 11
Ebisu Shrine s 08! @ 42
__Kannon-dou s 04 ¢ 04
Okutsuhime Shrine ® 34 & 11
School ' « 081 ¢« 08
Ohsima Islamd * 04 | = 00 = 0.0~09

Wajima City
Women'sCenter | ) 68 |@ 46| @ 46 | « 04 = 0.8 s 0.0 e 10~29
Horimachi ® 46 s 30| ® 34| e 27 | @ 19 [ » 00
Seaside ® 46 @ 46| @ 38 | & 23 | ® 19 | = 00 @ 3.0~59
Tunnel 48 [@ 106 (@ 68 (@ 65 | @46 | * 15
AirPort | @ 68 |@ 61| @ 34| ¢ 15 | ® 19 | » 00 @& 60~389

&

@

Kanazawa City

38l 42 @ 47 9.0 ~ 119

Dormitory 4.2 @14.1 @87 | ® 42 | & 46 @ 7.2
Kanaiwa, Kanazawa ' 12.0 ~ 149
Bus road U133 [ @57 ]
Seaside @ 38 | @ 34 150~ 179
Komatsu City _
Fukunomiya ® 53 @ 63 & 180~ 280
R 8 street Pus @87 (ppb)
N
i Kannon-dou . %
g} Ryujin-ike Pond NN R

e

Koénpira Shrine
P ) N & Ebisu Shrine

&

Yasaka Shrine s,

B

Healthy
' Not healthy

§ AN
0 100 200 300 400 500 \\& &5 Stumps
#iiameasured in 1986

Fig2 Distribution map of dead black pine trees at Hekura-jima, showing dead pine trees located at the northwestern
side of the island.
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X512, ORP biEB LB L, M1/3EEWELZRL
72, INSOBEHOEMIZILr SHICKR T T 5I12HoT
pH 2358 R E2 S BMMIC A ), FRICHE->TEC &
ORP KT 3 A AR H i/

—75, 20084E 5 A27-30H O KRR H D NOMEEE A
BEA04-42ppb THEIZEWHEE R L2, FHORET
@ NO,1E30-106ppb TH D, 1D RiTH b &RKE
D38-47ppb LIFIFFAMETH 7. LiL, HEED
REENEWERT & AN & /AT 138.0-28.1ppb &
WilEZR L7z (Table 2). HARAI, MABICIZ—HD
HEHEZE- TWRY., 2h50 NOEIRHBIHE O
EERIZEFALTBY, 2o, LFEOKHDLEIZHITT
NOEELEL ThoTWwa. T, LV E - KBEIF2008
4 7 B22-23H124T o 72 NO,i 1%, 0.0-04ppb & EH
WA o 72 Rk, WET, SHiTO NOZEFhZEh
0.0-65ppb, 38-133pbb TH Y, 5 HIIAT - 72 REE
ERIZFERRO MR ATRD Sz,

20084E 5 H27-29H ICIB B ICB W T T u= Yy OR5E
DOREE BRTEIZEL, M, FHE RS0,
FOSAEBEICEE L, yuvvyoxy TEERLE
(Fig.2). MS504ETICIED %) L Ko BB Lk
WAL Twie, LA L, H20E[O 7 <y 054X
BT 5L, VORI THA AL 2213
DOME TIMLE LT EMFEORETH Y, OB
DHAVPELETH o7z, 512, Mz 721EH5 0 D50-100cm
DOMDIZ L A LD ERMFBIRETH D, HOHPICREOE
EERL TS, —F, —BOELES TOURVWHlER
DREF D NODPANET—FENMEZ R L2 H
b oY, BAT-HFROBEOMSREY, 2o, L
HOMD R OFEIHT YL Z i, KEIPLD
B EOREEZ RE LTV % (Table 2).

A B OEEYRAAOER, BOITERICH % B
TERRAERTIC I, 1997420 F 5k b A 512 X B BN S
OMWMPRIZICEARMIBLMAE LTV L0 RDLN
7o BEALOWMIHBRLENIHEZTEBY, B
TELIRBTH o728, —FIEERBOMWRH DO S
N7z, B, Ny IZVLE, PEOES, 0¥ 7 ER
FIR) S 7= sEmdas, ARG, MARREDT I 0E%
bRDOENz. INLDOEEYIIPEREE, HEPL
LT DB & K BRI - THRABICES L2 E29R
mEh5.

—7, MAEBIZBWT, 20084E 5 H27-29H I L7 —
F 7T X DML AREHOF ) O ZidE 4 &
WHEPRD SN2 RLBEELR DO, BEAENI-04
um D75 47 v 2 (Fig3A) THD, RIZHAHE
oY 7Y s (Fig3B), £L T, BRoOEHTH 5
(Fig3C). ZANVE—GHMAMICLET7IFIA T v am
LR, AlE S (1:2) 2ERTE L, PEOK,
Fe b&Ehs, V7V 20KFIES, S, CadWET
Y, PEDOAL K, FebEINTWwaE. BROIEKIES,
ClzFe&L, Al Si, P, K, Ca%&tr (Fig3, arrows).

HAW@GDOIE & A7 HIRER 31

Seasimesioinds

F:E Hm

Fig.3 Scanning electron micrographs of aerosol dust taken
from Hekurajima on May 27-29" 2008 indicating the
presence of fly ash (A), gypsum (B), and pollen from
pine trees (C).

B, AROBEMEEZZONDETISA Ty atds
F o, zuwyofpBiivihd AlE SizEAET A4
BaH 5.
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Fig4 White and green microbial mats (A, B) were identified on the surface of tuff rock at Ohshima Island, suggesting
that rainwater that had seeped into the rock was subsequently exuded from cracks within the rocks. The
green microbial mats were collected from the surface of the rock (C).
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2. EVE - KEOEZEKETV=2DNA1FTY b
DERR

20084E 7 A21-24H LY BO—2TH L KELZAE
L72#i 0, RIARHBEOREOENE OZE LR
L7zBEEOLBEMHPHMELTHY (FigdA), KAFMH
LTWAENREIZEZZY—vonNfd<y FBEDLN
72 (FigdB). % 7-, B 3%3m, E2m D7) — DN
<y POTHICIZHBOES PV ILBEYHPAELL
(FigdC). #Z T, FigdC D7) —rDINLt=<v b
DEFHAKZBMELZE 5, pHIEE3, EC 13520048/
cm Z/RLZ. F2, ZoEL OFBEOHICIZEN %
EKREBE LB EANED SN, EWHARAKIG pHAAL,
EC2150uS/cm, ¥&#& L 7z7Kif pH6.5, EC3600uS/cm T
Hotlz. B, RBIZZFINERL, 08X KIZHRA
DEEAAOENE2EB-oTEBRLZLOTHY, M
BEDOERN O pH 7548, EC9%4-1694S/cm O & o B
EBRBEEINS.

)=y DNL F<y bOXEBEREHSH (XRD)
12339, 320, 225A 1T u— FaREFAD SR, FE
MEMEEFRETHIEEZRLTWS (Fight). [d
CREBHI DV THE XM 21T - 1285, AlSi 2 E
R, SEELCERP, K, Ca, Mn, Fe bPVEEIN
Tw3b (FighT). %&dB, ZOKFEIEFigd3TmRLE7
GAT v va, VA, BOEHOILFHIK L BN
Thb. T, XHBREFHHICE 5339A £320A
OFEHE AI-Si F 21X SiOEREWEOFIE L25A
DKBILTDOIFFEERB L T2 (Figh).

)= DNA F 7y D ORFEEMERENS, £E
D HRIRE (Oscillatoria &), H#EIE (Diatoms), ##E

cps
200

150 -

100 —T--

50
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¥ (greenalgae) MMz, ZEOMMNTFRELTW
HONED LNz (Fig6A). HEHIZHEMRE X 08
FTETHY, FEREINEREIREL WS, 2o/
D% IR OLEAHBEDO b OPE L, Ihbids
Y7 S5 HF Y2 S5 (Naviculales + Naviculaceae) &%
AbN5b. DAPIHELTHEHETTBET L L, FHL
Hb7w, EEFTVLIBMEMPLZEFET S 2 L HHHR
Sh7z (FigéB). —7, MM B OBMIR FIL LT
TEREBELZVOTERYEEZR ONb. /2, AR
BHOMBHNCIEXIZ0 [ A0oRBEZEICEL D
D, MHEOBEREHC-12um O HFEBRBOAED L HER
Hos (FigeC). Z OFERRFMAIIS-16MBEIET D,
MR EE 2y > CHRIFI L CO BB TH 5. ZoEFIR
30-60um ¢, MIFEWNIRICIZZ7om 7 4 VBPREEINT
w5, %8B, GrhokGHRoRERIzEROFES
SH, FersfEEZLNSE (FigeC). 7, HE
2T P OBROEREBERIL, ZOR) 2B UHEE
BhwrouR ) ARTHSE (Fig7A). LiIFLE#
OERFEHO—FIX, BT TREL BBTT, Bl
ET2503@AHLNSE (Fig7BAT). FHPEAHEZE
FIAT > T SRR ERARITRE L CB Y Rk %
B¥ 5 (FigiC). —%, BLALXOHEE (F¥r 3
H-FE27I5%8) oMBENICIELI-2Z0RBYWE (M
) EEhTws (Fig/DG). ZoERIIIOET T
BELREL, FAETTCERLAE 2 &5 ERE
WEE X SIRTOFEFNRBEINS, LaL, B
BEMETCERINSORIZIIAIRTHAS.

T, EEEBETHEME TS ) —DONf <y + &
BZELIE IS, ZEOHMNTFICRAEL T, EES-10

CuKa 261[° 1
XRF analysis of green microbial mats (wt%)
Al ; Si P S K Ca ~\ Mh Fe
364 450 35 105 1.0 1.2 04 19

Fig5 X-ray powder diffraction patterns and XRF analysis of green microbial mats collected from
Ohshima Island showing that the main components were amorphous Al-Si-S materials.
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Fig6 Optical micrographs of green microbial mats collected
from Ohshima Island showing various living microor-
ganisms of diatoms and filamentous cyanobacteria with
granular particles (A). The living microbes clearly
demonstrated a blue fluorescence under UV irradiation
(B). Spherical materials were contained within the cells
of filamentous cyanobacteria (C, upper) and chlorophyll
was contained within the cocci bacterial cells (C,
bottom).

pm OFRWE D% BB LTz, T A VF =S HoMT
2 X BT AL-SE (1:2) 2#EE L, BEOP, S,
Clz&a, E@mEOFEREEZRRL TS (Fig8A). £

ine s

OXRYEIFE/2REE Figd8B) & MY o # ik
(Fig8C) DBaANHHH, Wwihd Al<Si # FfhE ¥
5. 7B, BBEOlum LT O T IR EBHIKS S
BEZELTBY, AI-Si%EH4a & L, Fig3A TRL
72794 T v vabBRE KREL, {LFEEBSEBLT
Wb, BB, WELD AL SIOkBITIT12THS.
5T, Y=o gty RIS, RAREOMNE
BEEE (P27 98 PEEZIERL TB Y (Figld),
BMOMLFMRIESI TH S, ZOHEEEOFDLMEA
ER DA T 1x ALSI O e2%TIZL:1TH Y, P, S, CL
K, Cab oA BEEOLELHFATYS (FigdB,
CRHE). 362, ZoHEHOMIL%L ZREE T M
BCTHET 5 L EA0L-15um OFRIKRKF (BFR) OFF
EARRD NS (FigdD, EREIE B, oI
BHOFBAHICHETIYWETH D I LIRKERIN
5.

—F, ZU—=ro4F<y FRIZIE, IElum E X100
um OSRARE AR RN FOM % dao THEEL T
w3 (FiglOA). Ihz ERREFHMECTHETS
L, 1E3um, E350um ORIKEOMMBEIZEE L TH
MRTF2M4E LT3 (FigloB). $4bbH, 2o
U= oL F=<y PRI A-SI 25 2 5IERE O
HOAF 2 AEEEN A 3 2 oK B RES AT
BT LD ZONTRAROBBERNCELSE TS
A7y LERE KREX, {LFHEELL T 5.
$ 72, Al-Si A 5 7 B EAR DY 7 BOM A F 1 Goskeand
Kachler (2008)® 7SEAMEFHEMBEEETHRE LT
v % amorphous SiO, (corpuscularsilica; silicaacid) 3
& TUF lamelaralmino-silicates (lamellarkaolinite) & F%E,
REZ, LEMEBESEDL T3,

4. £ B

4-1. KRHPOHHRFORHEESR

KEFD COMBEEN FRIZ, BETMOBEIEL 25
WEKRBALOBERTH Y, ZZ304ET, AMPLARE E
DALAEBEZ ZBICHER L-OPRKRERERESEbIAT
B), £THEICH2ppm DEFICHEIET TS,
BB LI BOKT 2B, LER LA 5725 L Tw
L20OARELT, BELOBRPFRTHI LX) REAF
OYERBOLALZ BFIERI LTV E™ . KRFgIC
0, RAHERE IBOFECITT O], HAEOM
ETHAHAMEERREABRO LY BETHEMILL 22
o TWABZ EFRHLEMIZR o7z SR ICIZRER,
THEE, WERL Vo EREENTEBY, FWFEICBWT
b4 FTEHAwHFRIE S (Fig3B). AMIEENIC X -
THHEINL A T B Oh TRIEISZVOIR, A
W, Ax, BixEECABREROA I 750 RR 7RIS
Wa7547yva, B, EtWTHs Zhoo
PR TS FOFE T EICES 2D, BT I T
EASEOWARICTRE L7 0ZEREED LRI Ty

NI | -El ectronic Library Service



The O ay Science Society of Japan

$H48% 15 (2009) HAEEO IG5 7= BRI 35

Fig.7 Optical micrographs of green microbial mats coexisting with microbes (blue in color) and opaque spherical
materials (A-C). The spherules are present within the diatom cells (D-G).
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Fig8 Scanning electron micrographs of green microbial mats showing spherical materials are distinguished on

the granular background. An energy dispersive X-ray analysis of the spherules indicated that the main
components were Al and Si (A, an arrow). Both a smooth surface (B) and wart-like protrusions on the
back of the spherules (C) can be seen. The granular background is mainly composed of Al and Si.

A, —F, LHICob o FICEBEWEFERL B
0, BRTKPELGOBRBICHKENAA, BERCTHEAES
n, HLWEICEZ 5NE7-02pH 38T 5. 2
DL EBIREILYE - RBCBENE LTHRYE
X, BAogEnBzBsrLl, ASIiEE L T Figd4A
TRLZEIIC (AW &hoT, SAREICHE
T4, 20 (AWK ORiZiz75A4A 7y va, 44
UL TH B Y S A, NOx, SOx, Bl #E
MAREENTWAS, 2512, BRAOBIEALAH#HE &,
Al EHMICEELRSBEPBITHLTL A, Zhidk
HOEWIEF TR, MWL ->THOEETHS".
AIFFEIZ X B 7 u~y OMIED ZOEFIITEER O
KEFGEEDHLEEZ NS (Fig2). BRI I+
UAVDOBATL BV /)P vy F27TRILLEE
NTVEBY, ZLHTREHMAIKNLWITED LI
25, Bo/ZlZE0HREHLT, Zoy / Ff v

FaIBREELTWEVOIZHNTLE I FMRL DD
WAL, BRI RREERRL Iz E b 7S BRI R
HBEIPERLTVDERBMEE LW I TWE™, %
B, 20084107 ICHE B ORIE L 2R &2 7205, <
JFA VY FadiZRODShh ol (LIGFK, #E).
WELOREITE & BT, LFE, BRIV EL TS
SR TCORRFROBEZ DT L L, Poik AR
DRBE A e THHERICEEINLIKD T T4 T v 2T
HY, FOMEE pHS.0-550 %R L7220, Akix
TAVHVEOMETH LD, ARPGLOBEWHIZL -
THEEILL T LI oM TH 5. T2, BHEICBIT
5200244 H 1218 o ®{WHPM PO 7a vy Vv OER
JBEEr pH OBMZALE 25 L, BHHHIR I pH6LLE
2% 5. BEWEETAIVELOTERERE Y FHT S
Kz x, 3-5 HOEFTROLEEOEAVIEL
%59, UL, AFIERIZBWT, ZolE 2520084
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Fig9 Scanning electron micrographs (A-C) and transmission electron micrograph of diatoms (D) associated with
granular or spherical particles (B, arrows) in the green microbial mats. The small spherules are present inside the

diatom cells (D, arrows).

5A29H & EWHMTCTHH 5 hhbod, KEOT
AT v 2k pHAZSI DB AFED H 7z (Table
1) (Fig3A). ZOHKEBOMEBOBRERE KED T S
A7 v ¥ aB X UROREORENIEA & HBRIREEL
HOER R BRI Z TR

KRAETOMKRT-1Z, LiIZLIZHEHEAAELTEY,
AR IZBWT OB F O 2N F—458G5H T
i, AlESiofizClor—2 @b bh b (Fig8A,
FigdC, B). % B, MHEZELHPRN T LEE LVWED
FFOENL, WEER ETELRBE L0 ES hAvH
WoOHZEERY, BEHPRT & EEN T 3Z20RcHERR
HEF5HEBMESRTVSY. KBIEIZH T S Fig8A @
Clo¥— 27 13kwvA, FigdC, D B & UF Fig3C o1k
BOCIOY -7 3EFIIHV. BEBEBITEYER
HAREDOIMETH LH7-0WOEELH A 5, RFER
Bk, BREOIEFEAELZVIZTORAREBOMERHA
BiIZBWT, KEEEORRMR® SN RIFGFRWE
DB % ET T 5.

4-2. KRPOWMKFEMEPPRETINA T Y
FDERER

REHOBHBL T, B, BEWHTHIREROMBEERIC
HEELSZTwALwIHIMREIHEES CMESNTE
D, I, REHO CODHI & BRIBRED L0 b
A 2 A AT D BRI RE SR TW 52,
BlZE, HIEEFERIREOWEIL, I AT Ve LR E
CRALHEHZ LT A ESHRE S Twa. g,
WA E L CoO R S NG &, AW O L BRE)
I BBLEELRTEBY, BRI T FVDOHFI/INTR
B K OB EI80 b v A RBSE LTEA L, #
RN T T o b THIR L7 CO,08EH L %
W7 d HHEELITLN TS, 20014E DI EEDEER
T, 350kg DA EA LT, 28R T570 F > ® CO,
R L7z, 72, An—Fr OBHBIEREY»S, K
LHZ 2 ORAIRIES (R & 425 Z &t &
n7e2s, BYEWTOMBErERoORE LT, T2
MR OO ERLADKREMLER TS,
7o, REIOFEEICh 2 BRBICORKIC R 5 RIEHEIH
D25% N, BUEMHICL->Thsd3hivwi#lEd b
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Fig.l0 Scanning electron micrographs (A) and transmission electron micrograph (B)
show abundant diatoms and filamentous microbes associated with the granular
particles suggesting the green microbial mats have the ability of environmental
purification.

B0 K51, N—1) YR, BRTRLEWICE
5 AR FWIRE N B Wil O—D2>TH ), Thz
FTZTHWLOPNY TS 7 N OBRTHE. F A8

TS AETTETWAERIR, I AEDOROEIZ
B FIIE ST, BERIC X o TTERILRE 2RI
THDARTHD. $oT, HEHEBEATKWI L T 5 i
LR ERZ RIS 5L VD 2Lk B,

—7%, WRERAITKRE L, o, AW LR B
T 504 F IV ORI A BRST- A0S LR
TWIERMOENTWS. BERIZK VEEREZ KEAHRIC
B 2R CE s L aaf F Ly
ZEDAATYAE? . KRBT LT Y-V DN, F
< v MPCED LRI E D AI-S R T, b
Lanf - TI YT LIEEREO MRS

HEROMBNICERSE LR TWEEZONS. B, &
BRI 1213 Si-0 1325°C, pH4-6 TS 575, Bk
MBREET S L SFORBESICHERL, Ty
r— 1 $25C, pH7-8VLECTRMEEMAMET L, %I
BWRASESY . bbb, AHEOME B TTRRE 8
M E N7 pHASDREH £ Y B - K@ pHA4-650
EKOBRE T CREEHLHEE MR 2 LD
DEEELTVDEEZOND. KEDRIKEIZEMRL
B nizd, FY—ronNg vy FREAROE XKD
EC i32150-5200uS/cm & FEHWICHWEEZR L. ZL
T, WL 729688 D Al-Si Bk % S W ASH L P
WCHY A, ARSI X DR RS e a1
8RB EEZLNDDD . F 7 GERITHEDEIC
XOERREMESHRL, SiE AlZBHTS. 22T,
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Al-Si IR TR  BREEOTBAH IR AE S
B0, BEOBE, 77 ABOBOERIIZEBILKREIX
53, BRI o TTBIURZEEBINT 5DAT
H5. HEoT, HEFPKEML VBB, CO%H
WEBHEE VD L% B Dai et al. (2008)™
&, wollastonite, clinoptilonite, brucite, palygorskite,
sepiolite, serpentine 2 D I XA F N F X b #HAEWIC
F3# L L TH 2z, Silicate Bacteria S35AEET 5T
%R E FHME CEBRNICHENOHRE LTS, [
BRI, WREROBRRETIIBW T Silicifiedbacteria
P ONA F T 4 VA BT T AT REHREEHOTE
N FUTAE, 7 L— 7 ROBEIHE S D
F2EBNETEMETETHE L Tw» 550 K
FIIBWTDH, REFDODIAXATFIVIAINRTIFIAT Y
VarRERELOKET AMEYOFEEL TOEER
ZETHEMBEICIDHELPICLA. BIC, Figs7-9IR
L7z X912, BEEOMBPIIIERER T2 (Y A
INTBY, ZOHFBRBORTERL TS,

4-3. EVE - KEOTV—2IN1H4<y NOFHENA
I L—OWR . EHE Al-Si HIF & OBk

AWFETHLPICLAZKEFD 754 T v ¥ 2R
B oy AI-S R 1%, AR OAEFNICID AT NG
WZ EEARFIEETHS M LA, KIS A
10-20% & FNCBY, KITHERT 5 & BUEEY O FTRA
X o TEHOIERICIELE L, #okt, HBARECES
10,000 DEHIEDIF & A EDSHIBEEC S Y # 2T
TAME —F, rAREROMBARICIE T EET 2
BEESBY, AW ESIMMTLI LI NAL FR
=R ERE LAGMERE % 2%, WALEEROE
WME VYA FRIIKICEBT LN, 0L EXHEED AlR
Fe BHETET 5 & IR IR TR 2 5. Aif%
TRL7Z2Z Y =2 D54 F= v b O X EEIT S
F—VEREBPLINy =N, REBRERTOEOR
TWw5. T%&bb, 406, 300, 250A 7 a— FiK
5HE, BEWEALICX YD, ARXZFA4 b, N—3IFa2F
AN, 2asAb, =48, ¥+54 MIZELL, BHHE
Ao T - ERRE D HERICHMEL Ty
BZIEPMEEINTYS. FIC, BEEEOBKINS T
V7L DL T ABRTFHAETEMSEEHETHS 2
2%, BRIPEALEEHOBEOBRIZ7L 2R
OR LR FICE & B b o T3,

FRRIC, BEHIZ pHO-10I2B W T, BOECE
Ly AbBEBRE) VBETIOAL IV A 2l
£, RBBICEET L. B, BREEO SO
Cytoplasm IZ#BE L, FBHARHFICL T, FLAER
Silicicacid & %2 D b ZHEEREZ R L, LIZLIE
100nm H A4 X OF FH T % MBLBE SR § 5%, 4
bh, ORI, V) I HNEESPEEEOMAH
HEHOERE L TEELRTETHLILERLTWS,
SO, HET BT THAMTAEER I Yo
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7B (oxalicacid) 257 4/ BRIESMOBRBEE» RO 5
BRI > Twh. HoT, SKEALME R A 4 v BILi
RHAFIET 5 L TRIBSIMES N, EWhosREED
—HICBEHLTLA, 22 TImM O Y 2 7B 5
VU A OEMBEE L, pHIDW TIE2-5EH L, ik
TE2-15M51 2 2 LG ShTwa™, 4, BEED
b7 4827 577 (Silicatebacteria) 25T HiED
BozblEmLY, AEORFTLNZFYT
(Chondrosiareniformis) OWEEIZ XL Y 8 HE THM L
Iy FEy MRSEIESNT, RELRELRZY, 55
2, SO ABNZTFYTEREFOFINLEZHR
BHEWMYAATRELTWAED, N 7)) 7HEET
% Z L T, biotite (Si, Fe, Al) % plagioclasefeldspar
(Si, A) ZEDTFAVI )Yy r—Mgaviu—vEi
WL, 2D EoR I TRALAMRE S D I L AERY
CHHEPD O TV B,

B8, RIBAOFENICH FRERT &8, HAEm
27— ontt<y VBRI, TOEBERPT
BEHLZRAXZ 74 N EHAICDOWTHEY 23385 L
Twab. ZIEORBIIEE LRGN, <y b D
TedElE, I, (HEER) R A VO - &
R 2 R—EA—MEBOHMENR) OEWTHHZ
EEREOIIC U BEWIIEAKIZ L Y BHE 4K
BODBLERRFREZEEL, 1ERTE LoD
NAF =<y bHIZ, AXZ2 ¥4 Ve2BBORA
(Heulandite 3 & T Clinoptilolite) % h L 7=.

D Eomgedmsis, wihd r A7 597, HE
H, ARYIVHE VTN FUTHEZORBEHIC L
DEBLUZHEEDERY 2 VBPEREREWHEE D S
SizEMEE, HF-CT7NVI JEBESYEIEYBL
TVWBHIERHLPIILTWRTPNY =k 3
AP X B EALER IS ORBERY < —hizBnT,
B LIAFVEBAT VLA NVEF Y VEFE 2R
AFRYNET NV — T L OB TEHERIC K SHEUSH»AE
U7-iE5, MlBERmICERA 4 v INRETHLEEZD
No. CORISHIICESHEEREMENI Rz 72T
FREBET LN, BFE3UALIEZ, BRoh—RE3E
TR RN —LEND L VIHELH LT,

4-4. N F7y bERVW-BARORIEEEER
WIS I NS5 H, HEFI COERB LAY
720, WEBHOBE NS L, BETIE A T B
(solarenergy) & LTiEH SN TW B3, KHFJeksE
26, EVE - KETR2U -7y —vo{ <y b
X, RKE2rORRTHHEEWELZMICE Y A, EE
fEL TV B REEDH 5. MAEMO@E TES BN A
=<y Mi, BRAOEREBHEER L VI BE»S, &
by A7 AR5 L SRIECABEAOREAFRG NS,
EANOKETON, =y bOFRIE, AMEERRIE
T, DT LEREEICD BRI R T 2 MB O HAR
DYATLARERTHI LT, BEREOL v FRME
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WTTLBEEZLND., A FJARFA Y TIETTIZ
HEOANTERZITVAMREZAEELTWS. Kif3E
DTN —=YDINLF Ty bOBIEDPS, 754 T7vva
%> Al-Si AR % A BRE AT AN F—HE LT
FHLTWAZ EPBHLRII o/, WREFETINS
D AIFSI ZBLY AATWABNAL F<y MIFTHD
Ho, HERERLOEN & 4 5 ZBILRFE 2 RIS 58
SHEOLNDL. Thby, FU—ronNfEr<y bid
WIRBEBEETFLBNEHZTHY, XM~y DEiE
FTAHILTIR R EOBELREILT AL AT LOMBED
THETH 5.

5. £&&

HABOMBETHAMBEEB LA LY ED—D
ThHREZLD FLRBEICOVWTHIREIT 72, F
2, MW, BEK, FYU, NO, NAF<v bRUEE -
BIE - O L7228 % Figllic &7, REPITE)
F) (IAXAFTVFAL) ORIZEBAFY, 7547
voa, Y7 A, NOx, SOx, BAIE¥, #H kT
(AI<Si) ZEHBOLN, ThSEHWE V- L X Ik
T LT, pH48, EC94-169uS/cm OEEMRZES¥ 5.
ZOMAKIZINERPBRIKEOENEL @Y, BEkE
o CTHRMIZEHND., SADOKS % B LI2KITERRE
L, AlSiZEEICELAMRBM L %> TaRAR
MIN&ET 5. ZORBEICHOHRARE S KINES &,
HERE T LMERNPEHL, S —rDNfF< v b
ERT B, TOREOKIE pHA4-53D MM %R L
BORBM L2512 X D EC 123600-5200uS/cm & &
X %eh. ZU—rON4F<y FhOBHR T3 IS
DALESE (1:2) ThY, HRROT7IFIA4T7 v anik
FRTEHEP LTS, Nty AR LTWS
M, ROER RRELZ oL E T LM,
Al-Si ZFOIEMEOMMBL TR 7 54 7 v ¥ 20E
BOON, TNHDOIFINFT A BRI L
TWAHIZEPRBEENS, Thbh, HABOMERE
ANBIZBWT, MEYOEBE Tol s 1t ~<y b
HHIRDO KRG G L BRBEALICHERICHELTBY, £
DN THERT 5 A A I KRG R OB bR
WS LTV AR S 5.

CI

MAEEBIULEYEOREMEOHEE 52 TR
o BB BACRER L LTS, AERROERK
FxFEFRokE B, BIFROKE WwHEZHICR
WIGHED L TEEZ 3D o TP vl oA
B EHEMSTOHEBLY Z8IRW Wi, 2 &
IRRFRFROEBS ST, EENNS L 4ELE0MM
AHOEm T /MVRAE, FNER, MEOERS, %
W TKEE2 WV, S ICES BB LTS,

AL HitFe

51 RS

1) HEEFL - B EF - BHETRE - HH K (1995)
HEFHERE 101, 367-386.

2) Zhou, G. and Tazaki, K. (1996) The Journal of the
Geological Society of Japan 102, 787-803.

3) KEELE - HIFAL (1997) &iRKFHETMNE
FEMEREFR 20, 39-57.

4) BH & - e ARER - AR - ER B - I
(1998) EIRAFHEHMEMWEREHR 21, 9-23.

5) HEFIVL - DML - REVIFEK - FIUFE (2004)
HERFLF 58, 389-405.

6) Tazaki, K, Wakimoto, R, Minami, Y., Yamamoto,
M., and Miyata, K. (2004) Atmospheric Environment
38, 2091-2109.

7) RILETF - SR - AL - WHEZ - HIEM
T (2008) HAMEFAEILEEITARE #HHER
257.

8) ANEBEAMEHT (1923) ANEBEZEEE GIIE
BERIZA, pp.1324H.

9) EBEMHEZM (1954) WSHE. WEET#Y, pp560
B

B

10) ¥ 3F (1964) EROB—MAE—. Kt
ppl69.

1) ANREETHELZES (1985) Mgk -ty B
(KB) BFEMsARAEREE ANERETHRE
ZH%, ppb8H.

12) ANEEREE A ARMGREER (1986) MMEE - LY Bo
HE& BB B ARER, ppl42HE.

13) EEH— (1988) HFLANEORESE. i HEEH
ft, pp.292H.

14) AINBEHBTERES (2006) 556300 RWEEE
Heastt, pp.280H.

15) Goske, J. and Kachler, W. (2008) Microscopy and
analysis september, 65, 19-20.

16) JeE#FrEAt (1958) WA s - tv e MEOBRE
BT LRFFHI Y —X, ppl5lH.

17) Kerr, R. A. (2008) Science 322, 33.

18) Ahn, J. and Brook, J. (2008) Science, 322, 83-85.

19) £ 5AZz (1997) BRMEW. AW, Wi, pp242H.

20) HEEE® (2007) HW OB RILEEE, R,
pp. 146 H.

21) /AREE (1993) SLEBGIE TR E. BRI,
R, pp2l5H.

22) TENEE— (2007) fEWZ L o TH A BRE I HRITH
BRI, WAL, ppl89H.

23) JEH®3% (2008) JGL Japan Geoscience Letters 4,
3-5.

24) Walther, J. V. (1996) American Journal of Science
296, 693-728.

25) Claude, L., Monty, V., Westall, F. and van der Gasst,

NI | -El ectronic Library Service



The O ay Science Society of Japan

48% #5175 (2009) HABOIEH b A7 IR 41

® . ’
Fly dsh, Gyp"s"fr:, NOx, SOx, CQ2, Pollep:
p ’

e

* “EC 94 -169 uS/cm

il

Acid rain
pH 4.8

o White joints
(Si - rich)

pH 4.4 ;
EC BSO?uS/cm

Joints ;

Hydro thermal water
(Si - rich)

Fig.ll Schematic diagram of the environmental interactions that occur between aerosol particles, acidic
rainwater, tuff rock, and microorganisms, as observed at the solitary Ohshima Island, showing a
particular natural circulatory system. The aerosol particles contain fly ash, gypsum, pollen,
bacteria and NOx-SOx-CO,. The green microbial mats contain abundant spherical grains of Al-Si
mineral dust. Diatoms, cyanobacteria, and silicate bacteria are the main components in the
ecosystem. Cracks in the tuff rock show abundant agates of the round or vain type variety
which appear after hydrothermal events.
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