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A Study on the Functions of Scallop Shells

Tomoo YosIDA

Abstract

The purposes of this study are to qualitatively and quantitatively elucidate functions
mainly of scallop shell ceramics as described below, and to manufacture products applied their
functions.

Scallops (Patinopecten yessoensis) used in this study are harvested in Tohoku and
Hokkaido area of Japan, and about 210,000 tons of scallop shells are scrapped each year.
Mutsu Bay in Aomori Prefecture, Japan is a major location of the scallop aquaculture, where
50,000 tons of scallop shells are scrapped by piling them in fields. Year by year, the amount
of shells scrapped increases, and there are waste problems. In order to use these shells as
valuable resources, we investigated the application of scallop shells, and found that shells
burned (Scallop shell ceramics) at 1,050°C for 3 hours were multifunctional. Here we will
present the conversion of shells discarded as a waste to multifunctional resources.

Formaldehyde in the atmosphere is one of the causative agents with the sick building
syndrome. First of all, effects of scallop shells on the reduction of formaldehyde in the
atmosphere were investigated. For these studies, scallop shells, scallop shell ceramics burned
at several temperatures and organic substances extracted from scallop shells were used.

The principal ingredient of the scallop shell powder is Calcite-CaCO3. Effects of Calcite
in a reagent grade baked up to at 500°C on the reduction of formaldehyde was hardly admitted.
However, the effect of Calcite on the reduction of formaldehyde was achieved when it was
baked at 600°C. On the other hand, effects of scallop shells on the reduction of formaldehyde
depended on burning temperatures used for preparations of scallop shell ceramics.

A small amount of organic substances such as protein is included in the scallop shell.
Then, several experiments were carried out by using the organic substances extracted from the
shells. It was shown that, in the presence of calcium carbonate in a reagent grade organic
substances extracted from scallop shells reduced a concentration of formaldehyde in the
atmosphere in similar extents to scallop shells as described in the text. These results clarified
the mechanism of the effect of scallop shells itself on the reduction of formaldehyde.

Although it was shown that formaldehyde in the atmosphere reduced in the presence of
scallop shell ceramics, it is not obscure whether formaldehyde is decomposed by scallop shell
ceramics or absorbed to ceramics. It was assumed that hydrogen gas should be detected, if
formaldehyde was decomposed by scallop shell ceramics under one of chemical reactions
speculated. In fact, we qualitatively detected hydrogen suggesting a degradation of formalde-
hyde by scallop shell ceramics. By ESR analyses, it was clarified that the OH radical was
generated from scallop shell ceramics. Therefore we concluded that formaldehyde in theat-
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mosphere was not only absorbed to scallop shell ceramics, but also decomposed by OH radical
yielded from ceramics.

Scallop shell powder baked at 600°C was most effective for the reduction of formaldehyde.
To study on mechanisms of the potent reduction in formaldehyde, scallop shell powder baked
at 600°C were applied to ESR analyses, and it was observed the presence of carbon radical
spectra. By considering the characteristics of carbon radical, it was improved that the potent
reduction in formaldehyde was due to the carbon radical yielded from scallop shell powder
baked at 600°C.

In this study it was also shown that scallop shell ceramics have antimicrobial functions.
An aliquot dissolved scallop shell ceramics to about 0.179§ was bactericidal against 5 strains of
Gram negative and Gram positive bacteria such as Escherichia coli, Staphylococcus aureus.
These antibacterial actions were extremely immediate and drastic.

Although an aliquot of scallop shell ceramics was less effective against MRSA as compar-
ed to E. coli, we developed dramatically effective an aliquot even against MRSA which was a
mixture of 20 to 309 of ethanol and 80 to 709 of scallop shell ceramics (v/v). Effects of
ethanol and the ceramics were synergic, and the viability of MRSA decreased to lower than 10-
296 for within 15 seconds. This solution can be applied to prepare MRSA-free equipments and
furniture such as beds and shelves in hospitals, although it has been very difficult to make a
MRSA-free circumstance.

As antibacterial actions mentioned above were examined by plate counting methods, we
also carried out experiments on antibacterial action of scallop shell ceramics by measuring
ATP contents of tested bacterial cells. Profiles of the alteration of ATP contents were in good
agreement with those measured by plate counting. Therefore antibacterial function of scallop
shell ceramics was confirmed.

It was observed that a treatment E. coli cell suspension with a solution of scallop shell
ceramics (pH 12.5) caused aggregation of cells, although sodium hydroxide solution adjusted
pH to 12.5 was lytic against cells. Moreover, this solution released protein and nucleic acid
fractions from E. coli cells, and an alteration of shapes of E. coli cells was observed under a
scanning electron microscope. The addition of EGTA to a suspension of aggregated E. coli
cells in the presence of scallop shell ceramics separated aggregated cells to each cell and
increased in protein leakage, suggesting an involvement of calcium ion, has Ca2+ united with
the protein of the cell.

In these studies described above, we elucidated the function decreasing in formaldehyde in
the atmosphere and antibacterial function of scallop shell ceramics, and also, action mecha-
nisms of these phenomena. The meanings of these studies carried out in the course of the
graduate school were to contribute human society, contribute to maintain planet to the future,
and also to convert industrial waste to valuable resources. As results of these studies, we have
already applied several patens including international patents and developed several products
which were commercially available.

Professor (Chairperson) Masahiro SAITOU
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