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Abstract

Clayey bioremediation at Osorezan area in Shimokita Peninsula, Aomori Prefecture, is reported in this
paper. The relations among river sediments, plants and bacteria to bioremediation under strong acidic
condition were revealed by SEM-EDX observation and ED-XRF analyses. The clayey sediments contain a
large amount of arsenic which is toxic for living things. But, algae, sickle-shaped bacteria, and Scirpus
lacustris L. of vascular plant survive in this geothermal area. The algae grow in black microbial mats at pH
3.0, Eh 102 mV, and DO 8.7 mg/1 condition. The sickle-shaped bacteria are observed in hot spring water at 42
°C. Scirpus lacustris L. of vascular plant predominantly was observed around a stream. They have been
survived to obtain the ability of tolerance of toxic elements such as As, Ti and Fe. These microorganisms
and lower plants of endurance against toxic elements could be useful to bioremediation at heavy metal
contaminated sediments. Furthermore, sulfides and sulphur play an important role in retaining and
remobilizing arsenic from contaminated sediments. Clays will scavenge the arsenic with the formation of As-
materials.
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Fig.1 Locality map of Lake Usorisan, Aomori Prefecture. Sampling points
are shown in this map as Point @ and @ .

Fig.2 Photograph of black microbial mats at river sediments near the Bodaiji Temple.



H38% H15 (1998) ERICH T DML RUERC & S EEOWREM 57

Fig.3 Photographs of the Osorezan geothermal area. The Shotsu River associated with white
clay (A), Scirpus lacustris L. (B, arrow) grows in the Shotsu River, and banded clays (C).

Table1 Chemical and mineralogical data of experimentalsamples from Osorezan area. D~@ ; sample No.

Fields Samples Results
Black microbial mats ) filamentous algae ( Optical microscopy )
ggﬁ?”'ﬁemp'e Yellow sediments @ S, Si, As rich ( ED-XRF ), a-sulphur, quartz ( XRD )
Reddish rock 3 As ( ED-XRF )
root @ Fe, Cu, Zn, Mn ( EDX ),
. ] leaf(® As not detected ( ED-XRF )
SQlpiS TRt vessel of stalk® K,S > Al Si(EDX)
sieve tube of stalk@ K, S-rich (EDX)
white layer® S-rich, As-poor ( ED-XRF ), smect.-poor, «-sulphur, quartz,
sum ( XRD
Shotsu river ~ Banded clay black layer(® gé?rich ((ED-XR)’F ), pyrite, smec. kaol., gypsum ( XRD )
Point 2 gray layer(® As-poor ( ED-XRF) , smec.-rich, kaol. ( XRD )
Sediments around Scirpus lacustris L. @) f\)s( F(( S?—XRF ), smec., kaol., quartz, cristobalite, gypsum, pyrite
White sediment at hot springs@ sickle-shaped bacteria with needle-shaped crystal (Optical
Microscopy ), @ -sulphur ( XRD )
Cultivated bacteria in banded clays @ filamentous bacteria, bacillus ( SEM ) S, Fe»Al, Si>K, Ca

(EDX)
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Table 2 Water chemistry at the Osorezan geothermal area; Lake Usorisan, the Shotsu River, hot spring water
around the Shotsu River, river water pouring into the Shotsu River and river water at the Bodaiji

Temple.
pH_Eh(mV) DO (mg/l) EC(mS/cm) WI(C) S2-(ppm)
Lake Usorisan 34 -6 8.4 0.29 16 1
Shostu River 37 98 74 0.26 16 /
hot spring water 5.7 -319 03 8.40 42 40
river water with clays 6.0 -196 9.7 0.17 14 /
river around Bodaijji Temple 3.0 102 8.7 / 1 /
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Table 3 ED-XRF analyses of yellow sediments and
reddish rocks around the Bodaiji Temple.

Yellow sediments Reddish rock
wt (%) at/mole (%) wt (%) at/mole (%)
Al203 5.89 3.65
Si02 37.35 25.23(Si02 79.25 83.38
P203 423 1.88
S 56.42 71.44|S 3.53 6.97
K20 1.77 1.19
Ca0 0.26 0.18
Tio2 1.92 0.97(Ti02 1.56 1.23
Fe203 0.09 0.02(Fe203 3.16 1.25
As 3.87 2.09|As 0.31 0.26
SrO 0.14 0.09
Zr02 0.10 0.05
Total 99.91 Total 99.94
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Fig.4 XRD analysis of yellow sediments at the Bo-
daiji Temple, showing rich in sulphur.

Hi#1T -7z (Table 4, Fig. 5). &kt i13BI12 & >
TZ DALFEMHR R LR SR 3, As i
BEAEFICELEINTEY, S & Fe b 2T
Hw, iz, PREGES X VKASRICHEENE
HoNDDIIXL T, BERHICIERD S,
—F, BEHICEFEC e —BEBLUOY 4 A
DEFIZED SN0 L TEAB L KA
WIEARX T4 MBI LT ) F4 b EDRT
ZYoOEr—r BEZFICRD>N S (Fig.5) . %
TZEBAIIZIZ N, 54 NYFEET 5,
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ERFOEND SEICTALGA /NI D BED N
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Table 4 ED-XRF analyses of white, black and gray layers in the banded clays around river
pouring into the Shostu River.

White part Black part Gray part
wt (%) at/mole (%) wt (%) at/mole (%) wt (%) at/mole (%)
MgO 0.16 0.25 0.40|MgO 0.40 0.67
AI203 9.98 15.64 10.07|A1203 18.20 12.11
Si02 37.08 56.82 62.11}si02 67.70 76.52
2.30 1.06|P205 3.06 1.46
s 46.09 8.50 17.42]s 1.31 2.77
|k20 0.62 1.03 0.72|k20 1.44 1.04
CaO 342 1.35 1.58|ca0 1.80 2.18]
Tio2 0.46 0.84 0.69|Tio2 1.14 0.97
043 0.40|MnO 0.19 0.18
Fe203 207 12.29 5.05|Fe203 451 191
0.02 0.02
As 0.06 0.43 0.38]As 0.09 0.08
Sr 0.01 0.02 0.01]sr 0.01 0.01
[Total 99.95 [Total 99.92 [Total 99.45
;3 Sulphur 3.858
§ ' White part
Gypsum 7.64 Quar. 3.33R
Crist. 4.0& Sulphur 3.214
400 ] Kaol. 7.24
\

Smec.15.38 Sulphur 5.7/
r

l | Pyrite 1.624

Smec. 15.4%
800| |[ec 17.28] %54z Black part
G A Pyrite 2.71A
ypsum 7.62A |0rigt 4058 ite 2.42A Pyrite 1.64&
400 Kaol., |/ Fyrite yrite 1.

0 : ' A
Smec. 16.2A Quar.3.364%
800 [EG 17.2R ﬂ Gray part
Crist. 4.08?\
400/ | Kaol. 7.2 &
o™ WMM ,
O 20 CuKa radlation 28° 40 60

Fig.5 XRD analyses of white, black and gray layers in the banded clays, showing
different mineral composition.
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Fig.6 Optical micrograph of algae grows in black
microbial mats ( Fig.2 ) at river sediments near
the Bodaiji Temple.

Fig.7 Optical micrographs of needle-shaped a -sulp-
hur in white sediments of hot springs at the
Osorezan geothermal area (A) . Fluorescence
micrograph of bacterium in the white sedi-
ments (B).



62 HIFFFNT - LEHA - FHE= - REFFL

3
5
H <
o 3
-
3000 v
< V¥ Sulphur
2000 E O Quartz

CuKa 26[°]

Fig.8 XRD analysis of white sediments of hot springs
at the Osorezan geothermal area, showing rich

in sulphur.
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Fig.9 ED-XRF analyses of the clays near root, leaf
and the root of Scirpus lacustris L. attache to
clay, under air condition.
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ED-XRF analysis of the root of Scirpus

Fig.10
lacustris L., after ultrasonic cleaning, under
vacuum condition, showing without As.
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0 20 40 60
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Fig.11 XRD analysis of the sediments around a root
of Scirpus lacustris L. at the Osorezan geot-

hermal area.
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Fig.12 SEM image of a root of Scinpus lacustris L. and
it’s EDX analysis. Arrow; analytical point.

Fe
{

Counts

5.0 10.0
Energy | keV]
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Energy [ keV ]

Fig.14 SEM image of cross-section of the stalk of
Scirpus lacustris L. and it's EDX analyses.
Arrows; analytical points of 1 and 2.

eI R LR OEYC X B EEORTREMS 63

Counts
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Fig.13 SEM image of cross-section of a root of
Scirvpus lacustris L. and it’s EDX analysis.
Arrow; analytical point.

Counts

0 5.0 10.0
Energy [ keV ]

Fig.15 SEM image of cultivated bacteria in the
banded clays and it’s EDX analysis.
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