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Abstract

Bentonite, existing ubiquitously in soils and sediments, is widely used in the various fields. Interaction
between bentonite and microbes has been investigated at floc (aggregates of clays and microbes) and ore
collected from the Kasaoka Bentonite Mine, Okayama, Japan.

The floc consists of bentonite, algae, diatoms and bacteria. TEM observation of the algae after
ultrasonic treatment for 30 min. shows that the algal cell walls are still covered with bentonite. The FT-IR
spectrum of the sonicated algae supports that a cross-linking structure composed of Si-C and Si-O-C bonds
are formed between bentonite and algal cell wall, which implies that bentonite-microbe interaction may have
an organic-inorganic complex compound.

The present studies have revealed that bentonite has a role of protection for microbial cells, with
surrounding on the surface of the cells. Consequently, it is suggested that bentonite shields life from spill of
the toxic materials, and that the bentonite-microbe interaction is necessary to be considered in buffer for
waste disposal in terms of protection of ecosystem in the strata.
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Table 1 Water chemistry at the pond of Kasaoka
Mine.
pH EC DO WT
Surface 11.8 mg/l |
5) 9
7| VRPN | Shembelow AlGwA] C‘
EC: clectric conductivity, DO: dissolved oxygen, WT: water temperature

Pref.

Okayama Pref.

rHiroshima

-
- '@
-
N

Kasaoka
City

Fig.1

Locality map of Kasaoka Bentonite Mine, Fig.2 Outcrop photographs of Kasaoka bentonite
Okayama Prefecture, Japan.

deposits (A). Arrow indicates analytical point.
(B) Flocs floating in the pond nearby the
deposits (arrows).
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Fig.3 X-ray powder diffraction patterns of clay
samples collected from Kasaoka bentonite de-
posits. (A) Bulk sample of the bentonite ore,
which is mainly composed of smectite (Sme.),
kaolin minerals (Kao.) and quartz (Q) with
small amounts of illite (Ill.), cristobalite (Cri.),
tridymite (Tri.), feldspars (Feld.), calcite (Cal.)
and Fe-oxides. Untreated and ethylene-gly-
colated bentonite ore (<2 gm clay fraction) (B)
and the floc (C), showing the 15 A peak ex-
panded to17.2 A indicate smectite.
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Fig.4 Epifluolescence micrograph of the thin-sectioned floc with DAPI dying, showing mixture of bentonite and
algae (blue; DN A or red; chlorophyll). Yellow parts indicate the presence of bentonite.
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Fig5 FT-IR microscopic spectra of bentonite (A), floc (B) and sonicated algae (C) showing Al-OH-Al (3620, 910
cm™Y) and Si-O (1030 cm ') absorption bands in both bentonite (A) and floc (B) samples. The O-H (3366
cm™Y), C-H (2900 cm™Y), and Si-O or C-O (1030 cm ') absorption bands are present in the spectrum of the
sonicated algae (C). The absorption bands at 1430, 1100, and 790 cm ! are correspondent to that of Si-C
band. The weak bands between 1100 and 945 cm ™! suggest to Si-O-C band (C).
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Fig.6 Back-scattered electron images of the cross-sectioned floc, showing double layers. (A) Living algae (a)
place on the surface of bentonite (b). (B) Close up photograph of floc shows diatoms (arrows) with algae.
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Fig.7 SEM micrographs and its EDX spectra of the floc (A) and algae after ultrasonic treatment for 30 min. (B).
EDX spectra of both floc and algae show the main components of Si and Al. Algae are still covered with
bentonite on the surface of the cell wall after ultrasonic treatment. Elements of P, S and Cl are contained
in algae.
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A

Fig.8 TEM images of cultivated bacteria in bentonite suspension under aerobic (A) and anaerobic condition (B).
The both electron diffraction patterns of the bacterial cell wall (arrows) indicate the presence of smectite.
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Fig.9 Optical micrograph of separated algae from
the floc stained by indian ink showing no
capsules and extracellular polymeric materials,
because indian ink was directly contacted with
cell wall (arrow in A). Back-scattered electron
image of the sonicated floc, showing algae
covered with flaky clays (arrow in B). TEM
image of the algae after ultrasonic treatment
for 30 min. (C). Electron diffraction pattern of
the algal cell is correspondent to smectite (inset
inC).
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