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Description

Technical Field

[0001] The present invention relates to a method for performing selectively bacteriostasis of a sulfate-reducing bac-
terium, the method only inhibiting the proliferation of the sulfate-reducing bacterium without inhibiting the proliferation
of other bacteria. The present invention also relates to a gypsum composition, a gypsum-based solidifying material, and
a gypsum-based building material capable of inhibiting generation of hydrogen sulfide a sulfur source of which is gypsum.

Background Art

[0002] A sulfate-reducing bacterium is a bacterium that oxidizes an organic substance with a sulfate ion as an electron
acceptor to acquire energy. The growth temperature range of the sulfate-reducing bacterium is different depending on
the kind thereof, and thermophilic bacteria, mesophilic bacteria, psychrotrophic bacteria, and psychrophilic bacteria are
present. Moreover, depending on the difference in growth pH, bacteria that grow well around a neutral pH range and
bacteria that grow well under an acidic or alkaline condition are present. Moreover, their living areas cover a wide range
such as the inside of see mud, general soil, hot water-spurting areas, pipe lines, and so on.
[0003] In the process of acquiring energy of the sulfate-reducing bacterium, hydrogen sulfide as a reductant of a sulfate
ion is produced. The hydrogen sulfide is a substance that has strong toxicity and corrosiveness and emits offensive
odor, and therefore a problem arises when a large amount of hydrogen sulfide is produced. For example, hydrogen
sulfide is generated when the sulfate-reducing bacterium acquires energy making use of a sulfate ion as an electron
acceptor that is contained in natural water, fertilizers (ammonium sulfate and so on), or the like and problems that the
generated hydrogen sulfide inhibits the growth of crops in agricultural fields and corrodes ion materials (underground
pipes and so on) have been known.
[0004] Moreover, the generation of hydrogen sulfide a sulfur source of which is illegally dumped gypsum has become
a problem in recent years. It is known that the hydrogen sulfide generation is associated with the sulfate-reducing
bacterium.
[0005] The hydrogen sulfide generation from a waste gypsum plasterboard has been reported as an example of the
hydrogen sulfide generation due to the sulfate-reducing bacterium. The waste gypsum plasterboard contains paste and
paper (nutrients) in addition to calcium sulfate (sulfate ion) that is a main component. Accordingly, it sometimes occurs
that the sulfate-reducing bacterium in soil assimilates the waste gypsum plasterboard resulting in hydrogen sulfide
generation.
[0006] Thus, attempts have been made to inhibit the proliferation of the sulfate-reducing bacterium to thereby suppress
the hydrogen sulfide production. For example, the present applicant has disclosed a method for inhibiting proliferation
of a sulfate-reducing bacterium to thereby suppress hydrogen sulfide generation by adding an anthraquinone compound
to a soil-treating material that contains gypsum as a main component (see, Patent Literature 1).
[0007] However, since the anthraquinone compound that is extremely expensive is used in the technology described
in Patent Literature 1, there has been a problem in terms of production cost. The actual circumstance is that the utilization
of the technology has not widely been spread with the cost being an obstacle particularly in applications such as a soil-
treating material where a large amount of anthraquinone compound is used.
[0008] Thus the present applicant has also disclosed a method for inhibiting proliferation of a sulfate-reducing bacterium
to thereby suppress the hydrogen sulfide generation by adding a specified aluminum compound such as a hydrate of
aluminum sulfate [Al2(SO4)3·nH2O (n=6,10,16,18,or 27] to a gypsum composition (see, Patent Literature 2).

Citation List

Patent Literature

[0009]

Patent Literature 1: Japanese Patent Laid-Open No. 2002-177992
Patent Literature 2: Japanese Patent Laid-Open No. 2010-208870

Summary of Invention

Technical Problem

[0010] Since the aluminum compound that is inexpensive and readily available as compared with the anthraquinone
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compounds is used in the method described in Patent Literature 2, the method described in Patent Literature 2 can
solve the problem of production cost that the technology described in Patent Literature 1 faces. However, there has still
been some room for improvement regarding the following item in the technology described in Patent Literature 2.
[0011] Namely, although it is possible to inhibit the proliferation of the sulfate-reducing bacterium to thereby suppress
the hydrogen sulfide production according to the method described in Patent Literature 2, there has sometimes been a
case that the proliferation of a bacterium other than the sulfate-reducing bacterium (hereinafter, referred to as "another
bacterium") is inhibited. When the proliferation of another bacterium is inhibited, microorganism phases in soil or the like
are destroyed and there sometimes occurs a problem such as offensive odor emission or plant growth disorders. Ac-
cordingly, it has earnestly been desired to establish a method that is capable of selectively inhibiting the proliferation of
the sulfate-reducing bacterium without inhibiting the proliferation of another bacterium.
[0012] The present invention has been made to solve the problems of the conventional technologies. Namely, the
present invention intends to provide a method for performing selective bacteriostasis of a sulfate-reducing bacterium, a
gypsum composition, a gypsum-based solidifying material, and a gypsum-based building material which are capable of
selectively inhibiting the proliferation of the sulfate-reducing bacterium without inhibiting the proliferation of another
bacterium.

Solution to Problem

[0013] The present inventors have made diligent studies on the problems to find out that chelated Al has a function
of selectively inhibiting the proliferation of the sulfate-reducing bacterium, and have completed the present invention.

[1] Method for Performing Selective Bacteriostasis of Sulfate-Reducing Bacterium:

[0014] Namely, according to the present invention, a method for performing selective bacteriostasis of a sulfate-
reducing bacterium, the method selectively inhibiting proliferation of the sulfate-reducing bacterium by allowing chelated
Al to coexist in an environment where the sulfate-reducing bacterium exists.
[0015] It is preferable in the method of the present invention to produce the chelated Al in the environment where the
sulfate-reducing bacterium exists by adding an Al3+ source and a chelating agent to the environment. Moreover, it is
preferable in the method of the present invention that the Al3+ source is at least one aluminum compound selected from
the group consisting of Al2O3, AlCl3, Al (OH)3, and Al2(SO4)3. Furthermore, it is preferable in the method of the present
invention that the sulfate-reducing bacterium is a bacterium that lives in a middle temperature range (20 to 45°C) and
a neutral range (a pH of 5 to 9).

[2] Gypsum Composition:

[0016] Moreover, according to the present invention, a gypsum-based composition comprising gypsum (A) and chelat-
ed Al (B), wherein the chelated Al (B) is contained in a range of 0.01 to 20 mass parts relative to 100 mass parts of the
gypsum (A) is provided.
[0017] It is preferable in the composition of the present invention that an Al3+ source (b-1) and a chelating agent (b-
2) are contained in place of the chelated Al (B). Moreover, it is preferable in the composition of the present invention
that the Al3+ source (b-1) is at least one Al compound selected from the group consisting of Al2O3, AlCl3, Al(OH)3, and
Al2(SO4)3.
[0018] It is preferable in the composition of the present invention that a part or the whole of the gypsum is waste
gypsum, and it is preferable in the composition of the present invention that a part or the whole of the gypsum is calcined
gypsum.

[3] Gypsum-Based Solidifying Material and Gypsum-Based Building Material:

[0019] Furthermore, according to the present invention, a gypsum-based solidifying material comprising the gypsum
composition in which a part or the whole of the gypsum is calcined gypsum is provided. Moreover, according to the
present invention, a gypsum-based building material obtained by adding water to the gypsum composition in which a
part or the whole of the gypsum is calcined gypsum, and molding and solidifying the gypsum composition is provided.

Advantageous Effects of Invention

[0020] The selective bacteriostasis method, the gypsum composition, and so on of the present invention can selectively
inhibit the proliferation of a sulfate-reducing bacterium. Accordingly the selective bacteriostasis method, the gypsum
composition, and so on of the present invention can inhibit the proliferation of the sulfate-reducing bacterium to thereby
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suppress the hydrogen sulfide production. On the other hand, with the selective bacteriostasis method, the gypsum
composition, and so on of the present invention, the proliferation of another bacterium is not inhibited, and therefore a
microorganism phases in soil are not destroyed and there is no risk of causing a problem such as offensive odor emission
or plant growth disorders to occur.

Brief Description of Drawings

[0021]

[Figure 1] Figure 1 is a graph showing evaluation results of proliferation-inhibiting effect for a sulfate-reducing
bacterium by chelated Al.
[Figure 2] Figure 2 is a graph showing evaluation results of proliferation-inhibiting effect for a colon bacillus by
chelated Al.
[Figure 3] Figure 3 is a graph showing evaluation results of proliferation-inhibiting effect for a butyric acid bacterium
by chelated Al.
[Figure 4] Figure 4 is a graph showing evaluation results of proliferation-inhibiting effect for a sulfate-reducing
bacterium by AlCl3.
[Figure 5] Figure 5 is a graph showing evaluation results of proliferation-inhibiting effect for a colon bacillus bacterium
by AlCl3.
[Figure 6] Figure 6 is a graph showing evaluation results of proliferation-inhibiting effect for a butyric acid bacterium
by AlCl3.

Description of Embodiments

[0022] Hereinafter, the present invention will be described in detail. However, the present invention is not limited by
the following embodiments and includes all objects having matters used to specify the invention.

[1] Method for Performing Selective Bacteriostasis of Sulfate-Reducing Bacterium:

[0023] The present invention relates to a method for performing selective bacteriostasis of a sulfate-reducing bacterium,
the method selectively inhibiting the proliferation of the sulfate-reducing bacterium.
[0024] As described previously, the "sulfate-reducing bacterium" is a bacterium that oxidizes an organic substance
with a sulfate ion as an electron acceptor to acquire energy. The bacterium is widely distributed in anaerobic environments
such as general soil and sewage sludge. The kind of the sulfate-reducing bacterium to be an application target of the
present invention is not particularly limited. For example, the sulfate-reducing bacterium may be Gram-negative bacteria,
Gram-positive bacteria, or archaebacteria.
[0025] Specifically, sulfate-reducing bacteria such as Desulfovibrio (Gram-negative anaerobic bacillus, Gram-negative
spirillum), Desulfuromonas (Gram-negative anaerobic bacillus, Gram-negative spirillum), Desulfitobacterium (Gram-
negative strictly anaerobic bacterium), and Desulfotomaculum (Gram-positive endospore-forming bacillus) are included.
[0026] Specific examples of Desulfovibrio bacteria include Desulfovibrio vulgaris, Desulfovibrio africanus, Desulfovibrio
desulfuricans, Desulfovibrio gigas, and so on. Specific examples of Desulfotomaculum bacteria include Desulfotomac-
ulum ruminis and so on.
[0027] The method of the present invention exhibits the inhibition effect for the whole sulfate-reducing bacteria, namely
for any of Gram-negative bacteria, Gram-positive bacteria, and archaebacteria. Among these, the method of the present
invention can suitably be used for the sulfate-reducing bacteria that live in the middle temperature range (20 to 45°C)
and the neutral range (a pH of 5 to 9). The aforementioned Desulfovibrio vulgaris, Desulfovibrio africanus, Desulfovibrio
desulfuricans, Desulfovibrio gigas, and Desulfotomaculum ruminis are the "sulfate-reducing bacteria that live in the
middle temperature range (20 to 45°C) and the neutral range (a pH of 5 to 9)".
[0028] It is considered that the chelated Al acts to the sulfate-reducing mechanism of the sulfate-reducing bacterium
in the method of the present invention to thereby stop the sulfate-reducing mechanism of the sulfate-reducing bacterium
and, as a result thereof, selectively inhibits the proliferation of the sulfate-reducing bacterium. The term "selectively"
means that the proliferation-inhibiting effect is specific to the sulfate-reducing bacterium. Namely, it means that the
proliferation-inhibiting effect for the sulfate-reducing bacterium is recognized but that the proliferation-inhibiting effect
for a bacterium other than the sulfate-reducing bacterium (another bacterium) is hardly recognized.
[0029] Representative examples of the "another bacterium" include Escherichia coli (facultative anaerobic Gram-
negative bacillus, Japanese name: Daicho-kin (colon bacillus)), Clostridium butyricum (Gram-positive endospore-forming
bacillus, Japanese name: Rakusan-kin (butyric acid bacterium)), and so on.
[0030] In addition, the term "bacteriostasis" in the present invention means inhibiting the proliferation of a bacterium.
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Namely, the "bacteriostasis" in the present invention is not required to directly reduce the number of bacteria as in
disinfection or sterilization.

[1-1] Chelated Al:

[0031] The method of the present invention is characterized in that chelated Al is allowed to coexist in an environment
where the sulfate-reducing bacterium exists. The "environment where the sulfate-reducing bacterium exists" is not
particularly limited as long as the existence of the sulfate-reducing bacterium can be confirmed. Examples of the envi-
ronment where the sulfate-reducing bacterium exists include anaerobic environments such as general soil and sewage
sludge where sulfate-reducing bacteria are widely distributed. The "chelated Al" denotes a complex that is formed from
Al3+ and a chelating agent, more specifically a complex in which the chelating agent coordinates with the Al3+ that is to
be a central ion. The chelated Al is promptly formed by mixing the Al3+ source described later and the chelating agent.
[0032] The "chelating agent" is a multidentate ligand that coordinates with Al3+ to form the chelated A1. In the present
invention, the kind of chelating agent is not particularly limited. For example, the chelating agent may be a linear ligand
or a cyclic ligand.
[0033] Examples of the linear ligand include polycarboxylic acids such as oxalic acid, malonic acid, tartaric acid, glutaric
acid, malic acid, citric acid, maleic acid (each of them is a bidentate ligand) ; polyamines such as ethylene diamine (EDA,
bidentate ligand); aminopolycarboxylic acids such as ethylenediaminetetraacetic acid (EDTA, hexadentate ligand); bi-
pyridines such as 2,2’-bipyridine and 1,10-phenathroline (each of them is a bidentate ligand); and so on.
[0034] Examples of the cyclic ligand include porphyrins (tetradentate ligands); crown ethers (the coordination number
is different depending on the compound. For example, 18-crown-6 is a hexadentate ligand); and so on.
[0035] Among the chelating agents, a chelating agent that coordinates with Al3+ to readily form chelated Al is preferable.
Moreover, since the present invention is often carried out in natural environments, a chelating agent that does not give
an adverse effect to the environments is further preferable. Specific examples of the chelating agent include, citric acid,
malonic acid, tartaric acid, glutaric acid, malic acid, maleic acid, and so on.
[0036] The quantitative ratio of Al3+ to the chelating agent is not particularly limited. The molar ratio with which a stable
complex is formed with Al3+ is different depending on the kind of chelating agent. However, it is desirable to adjust the
addition amount (molar ratio) of the chelating agent so that the whole amount of the added Al3+ source is chelated to
dissolve Al3+. For example, the molar ratio with which the Al3+ source and oxalic acid form a stable complex is 1:3, the
molar ratio with which the Al3+ source and citric acid form a stable complex is 1:2, and the molar ratio with which the
Al3+ source and EDTA form a stable complex is 1:1.
[0037] In addition, as will be described later, it is possible to form the chelated Al from an aluminum compound that
is inexpensive and readily available, and the production cost can be reduced as compared with the case that the
anthraquinone compounds are used. Particularly when a divalent to tetravalent organic acid that is inexpensive and
readily available is used as a chelating agent, the production cost-reducing effect is significant.

[1-2] Al3+ Source:

[0038] With respect to the chelated Al, the chelated Al itself (namely, Al3+ that has already been chelated) may be
added to the environment where the sulfate-reducing bacterium exists, or an Al3+ source and a chelating agent may
also be added to the environment to produce the chelated Al in the environment. Even when the Al3+ source and the
chelating agent are separately added, the chelated Al is promptly formed in the environment.
[0039] The "Al3+ source" is a substance capable of producing Al3+ that is to be a central ion of a chelate in the presence
of water. The specific kind of the substance is not particularly limited. However, it is preferable that the substance is at
least one aluminum compound selected from the group consisting of Al2O3, AlCl3, Al(OH)3, and Al2(SO4)3. In addition,
the term "at least one" means that the compounds may be used alone or in combination of two or more.
[0040] "Al2O3, AlCl3, Al(OH)3, and Al2(SO4)3" include hydrides thereof, not to mention anhydrides thereof. Moreover,
these compounds may take a crystalline form or an amorphous form (for example, amorphous alumina and so on).
Furthermore, it is not necessary to use a pure substance as one of these compounds, and a mixture may be used. For
example, a mineral that contains these compounds can be used as an Al3+ source.

[2] Gypsum Composition:

[0041] The gypsum composition of the present invention is a gypsum composition comprising gypsum (A) as a main
component and contains chelated Al (B) in addition to the gypsum (A), and the chelated A1 (B) is contained in a range
of 0.01 to 20 mass parts relative to 100 mass parts of the gypsum (A).
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[2-1] Gypsum:

[0042] The "gypsum" as is referred to in the present invention is a mineral comprising calcium sulfate as a main
component and includes a hemihydrate, a dihydrate, an anhydride, and so on of calcium sulfate. Accordingly, the gypsum
can be used alone or in combination of two or more of the above-described gypsum. The hemihydrate of calcium sulfate
(CaSO4·1/2H2O) is also called hemihydrate gypsum or calcined gypsum. Examples of the hemihydrate of calcium sulfate
include β-type hemihydrate gypsum and α-type hemihydrate gypsum.
[0043] Moreover, it is preferable in the present invention that a part or the whole of the gypsum is calcined gypsum.
The "calcined gypsum" as is referred to in the present invention includes, in addition to the hemihydrate gypsum, anhy-
drous calcium sulfate (CaSO4, also referred to as soluble anhydrous gypsum or type III anhydrous gypsum) that readily
changes to hemihydrate gypsum as a result of absorbing moisture in air.
[0044] Accordingly, as calcined gypsum in the present invention, the β-type hemihydrate gypsum, the α-type hemi-
hydrate gypsum, and the type III anhydrous gypsum can be used alone or can be mixed and used in combination of two
or more.
[0045] Moreover, any of natural products (bassanite and so on), by-product gypsum, and waste gypsum can be used
as raw material gypsum for calcined gypsum. However, it is preferable from the standpoints of production cost, recycling
promotion, environmental protection, and so on that a part or the whole of the gypsum is calcined gypsum.

[2-2] Chelated Al:

[0046] Chelated Al that is the same as the chelated Al already described in the method for performing bacteriostasis
of the present invention can be used in the gypsum composition of the present invention. The form of the chelating agent
is not particularly limited. However, it is preferable to use a powder chelating agent. Usually, powdered gypsum is used
as gypsum that is a main material in the gypsum composition of the present invention. Accordingly, handling becomes
easier when a powdered chelating agent is used in the same way as in the above-described gypsum.
[0047] The gypsum composition of the present invention contains the chelated Al (B) in a range of 0.01 to 20 mass
parts relative to 100 mass parts of the gypsum (A). It is possible to selectively inhibit the proliferation of the sulfate-
reducing bacterium to thereby suppress the hydrogen sulfide generation without inhibiting the proliferation of another
bacterium by setting the content of the chelated Al to 0.01 mass parts or more. Moreover, the above-described effect
can be obtained until the content of the chelated Al reaches 20 mass parts.
[0048] However, it is preferable that the chelated Al (B) is contained in a range of 0.1 to 10 mass parts relative to 100
mass parts of the gypsum (A), more preferably 0.2 to 2 mass parts. It is possible to suppress the hydrogen sulfide
generation more surely by setting the content of the chelated Al (B) to 0.1 mass parts or more. On the other hand, even
though a large amount of chelated Al is added, it does not necessarily mean that the suppression effect is increased in
accordance with the added amount. Accordingly, it is possible to prevent the production cost from increasing more than
necessary by setting the content of the chelated Al to 10 mass parts or less.

[2-3] Al3+ Source:

[0049] The gypsum composition of the present invention includes a gypsum composition containing an Al3+ source
(b-1) and a chelating agent (b-2) in place of the chelated Al (B). Even though the Al3+ source and the chelating agent
are added separately, the chelated Al is promptly formed in the gypsum composition due to water that is added during
the production process or use of the gypsum composition. With respect to the Al3+ source and the chelating agent, the
same Al3+ source and chelating agent as in the method for performing bacteriostasis of the present invention already
described.

[3] Gypsum-Based Solidifying Material and Gypsum-Based Building Material:

[0050] As already mentioned, the gypsum composition of the present invention contains gypsum and chelated Al in
a predetermined ratio. Accordingly, the present invention includes every gypsum composition that satisfies the above-
described composition. Namely, the application of the gypsum composition is not limited. For example, a gypsum com-
position used in the application that does not make use of chemical reaction of gypsum (hydration reaction) is included
in the scope of the present invention. The gypsum compositions used in the application that does not make use of the
hydration reaction include a line material for drawing white lines to be used in an athletic field or the like, a fertilizer, a
rubble-treating material, and so on.
[0051] However, the gypsum composition of the present invention can suitably be used for the application that makes
use of the hydration reaction of gypsum, and specifically the gypsum composition of the present invention can suitably
be used as a gypsum-based solidifying material or a gypsum-based building material. The gypsum-based solidifying
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material of the present invention is characterized in that the gypsum-based solidifying material contains a gypsum
composition of the present invention in which a part or the whole of the gypsum is calcined gypsum. Moreover, the
gypsum-based building material of the present invention is characterized in that the gypsum-based building material is
obtained by adding water to a gypsum composition of the present invention in which a part or the whole of the gypsum
is calcined gypsum, and molding and solidifying the resultant mixture.
[0052] The calcined gypsum (hemihydrate gypsum including type III anhydrous gypsum) has a characteristic of readily
changing to dihydrate gypsum (CaSO4·2H2O) through hydration reaction to form a solidified product having a high
strength. Accordingly, the gypsum composition of the present invention in which a part or the whole of the gypsum is
calcined gypsum can suitably be used as a gypsum-based solidifying material and a gypsum-based building material.
[0053] The gypsum-based solidifying material and the gypsum-based building material of the present invention can
selectively inhibit the proliferation of the sulfate-reducing bacterium to thereby suppress the hydrogen sulfide generation
without inhibiting the proliferation of another bacterium. Moreover, the gypsum-based solidifying material and the gypsum-
based building material of the present invention have performance (strength, fire resistance, sound insulation, seismic
resistance, and so on) and construction workability which are in no way inferior to those of the conventional gypsum-
based solidifying materials and gypsum-based building materials.
[0054] The gypsum-based solidifying material may be the one that solidifies the material itself or may be mixed with
another material to solidify the whole mixture. Examples of the gypsum-based solidifying material that solidifies the
material itself include wet materials (gypsum-based wet paint materials) etc. such as a gypsum plaster (wall-plastering
material) and a jointing material (putty) for gypsum plasterboards. Examples of the gypsum-based solidifying material
that is mixed with another material to solidify the whole mixture include solidifying materials (gypsum-based soil-improving
materials) etc. for soil treatment in order to solidify surplus soil waste from construction, sludge, mud, and so on.
[0055] Gypsum-based building materials include a gypsum board, a gypsum block, or the like to be used for ceiling
materials, wall materials, flooring materials, and so on. Examples of the gypsum board include a gypsum plasterboard
in which a surface of a gypsum board is covered by raw paper for gypsum boards; a glass mat gypsum plasterboard in
which a surface of a gypsum board is covered by a glass fiber mat (sheet) ; and a gypsum board in which a glass fiber
mat (sheet) is buried inside (1 to 2 mm inward from the surface). Moreover, the application of the gypsum boards is not
limited to structure use. For example, the gypsum boards are also applicable to a functional gypsum board having
functionality for cosmetic use, sound absorption use, moisture absorption use, or the like.

[4] Effect of Gypsum Composition of the Present Invention:

[0056] The gypsum composition, the gypsum-based solidifying material, and the gypsum-based building material of
the present invention exhibit the effect of selectively inhibiting the proliferation of the sulfate-reducing bacterium to thereby
suppress the hydrogen sulfide generation without inhibiting the proliferation of another bacterium when these are placed
in the environment where the sulfate-reducing bacterium exists.

Examples

[0057] Hereinafter, the present invention will be described in more specifically by Examples and Comparative Exam-
ples. However, the present invention is not limited only to the following constitution of each Example. In addition, "parts"
and "%" in the following description are based on mass unless otherwise noted.

[1] Examples 1 to 3 and Comparative Example 1 (Method for Performing Selective Bacteriostasis):

[Preculture]

[0058] In Examples and Comparative Example, the following bacterial strains that are representative typestrains were
used. Desulfovibrio vulgaris DSM 644T was acquired from DSMZ (Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH) that is The German Type Culture Collection. The other bacteria were acquired from Biological
Resource Center, National Institute of Technology and Evaluation. With respect to these bacterial strains, preculture
was conducted using culture media designated by the furnishing institutions. The preculture period was set to about 1
week.

(1) Sulfate-reducing bacterium: Desulfovibrio vulgaris DSM 644T

(2) Colon bacillus: Escherichia coli NBRC 102203T

(3) Butyric acid bacterium: Clostridium butyricum NBRC 13949T
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[Subculture]

[0059] After conducting the preculture, only bacterial cells were recovered, and subculture was conducted for respective
bacteria in the culture media each having a composition shown in Table 1 to Table 3. After conducting the subculture,
the bacterial cells that were collected and washed were used in Examples and Comparative Example. In addition,
"Deionized water/Al aqueous solution" in Tables shows that deionized water was used when the prepared Al aqueous
solution had an aluminum concentration of 0 mM and that an Al solution described later was used when the prepared
Al solution had an aluminum concentration of 2 mM or 20 mM.

Table 1: Culture Medium Composition for D.vulgaris

Yeast extract 1.0 g

KH2PO4 0.5 g

NH4Cl 1.0 g

Na2SO4 1.0 g

CaCl2·2H2O 0.1 g

MgSO4·7H2O 0.5 g

FeSO4·7H2O 0.5 g

Sodium lactate (70%) 3.0 g

Sodium acetate·trihydrate 2.8 g

Sodium thioglycolate 0.1 g

Sodium ascrobate 0.1 g

Deionized water/Al aqueous solution 1.0 L

pH 7.2-7.6

Table 2: Culture Medium Composition for E.coli

Tripton 5.0 g

Yeast extract 2.5 g

NaCl 5.0 g

Sodium thioglycolate 0.1 g

Sodium ascrobate 0.1 g

Deionized water/Al aqueous solution 1.0 L

pH 6.8-7.2

Table 3: Culture Medium Composition for C. Butyricum

Peptone 3.3 g

Soy peptone 1.0 g

Proteose peptone 3.3 g

Digestive serum 4.5 g

Yeast extract 1.6 g

Meat extract 0.73 g

Liver extract 0.4 g

Soluble starch 1.6 g
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[Preparation of Al Solutions (AlCl3 Aqueous Solutions)]

[0060] A predetermined amount of AlCl3·6H2O was added to distilled water, heated and dissolved in an autoclave,
and thereafter an appropriate amount of KOH aqueous solution was added thereto to adjust the pH to around 7.0.
Thereby, AlCl3 aqueous solutions for addition to culture media having an AlCl3 concentration of 2 mM and 20 mM were
respectively prepared. The AlCl3 aqueous solutions were provided for the method of Comparative Example 1.

[Preparation of Al Solutions (Chelated Al Aqueous Solutions)]

[0061] A predetermined amount of AlCl3·6H2O was added to distilled water, heated and dissolved in an autoclave,
thereafter an equimolar amount of citric acid to AlCl3 in the aqueous solution and water were added to the aqueous
solution of AlCl3·6H2O that was heated and dissolved, and the resultant mixture was stirred for 1 hour. Thereafter, an
appropriate amount of KOH aqueous solution was added thereto to adjust the pH to around 7.0. Thereby, chelated Al
aqueous solutions for addition to culture media having a citric acid/Al chelate concentration of 2 mM and 20 mM were
respectively prepared. The chelated Al aqueous solutions were provided for the method of Example 1.
[0062] Chelated Al aqueous solutions for addition to culture media having an oxalic acid/Al chelate concentration of
2 mM, and 20 mM were respectively prepared in the same manner as in Example 1 except that an equimolar amount
of oxalic acid to AlCl3 in the aqueous solution and water were added to the aqueous solution of AlCl3·6H2O that was
heated and dissolved. The chelated Al aqueous solutions were provided for the method of Example 2.
[0063] Chelated Al aqueous solutions for addition to culture media having an EDTA/Al chelate concentration of 2 mM,
and 20 mM were respectively prepared in the same manner as in Example 1 except that an equimolar amount of EDTA
to AlCl3 in the aqueous solution and water were added to the aqueous solution of AlCl3·6H2O that was heated and
dissolved. The chelated Al aqueous solutions were provided for the method of Example 3.

[Preparation of Al-Added Culture Media]

[0064] Al-added culture media were prepared by adding components of the culture media which are described in Table
1 to Table 3 and to which sterilization treatment had been applied in advance in an autoclave to the AlCl3 aqueous
solutions or chelated Al aqueous solutions prepared described previously so as to make the composition ratios as
described in Table 1 to Table 3. The Al-added culture media were used after adjusting the pH thereof as described in
Table 1 to Table 3 by adding an appropriate amount of KOH and hydrochloric acid.

[Culture]

[0065] To a 100 ml (nominal volume) sterilized vial, 100 ml of the Al-added medium was poured, and the inside of the
vial was made to be in an anaerobic state by allowing a deoxidized nitrogen gas to blow into the culture medium for a
certain period of time. Each subcultured bacterial cell (sulfate-reducing bacterium, colon bacillus, and butyric acid bac-
terium) was inoculated to the culture medium so that the concentration of the bacterial cell became 106 cells. Thereafter,
the vial was sealed with a butyl rubber stopper and an aluminum seal, and shaking culture was conducted in an incubator
with a temperature of 37°C. The shaking culture was conducted with a number of shakings (110 times/minute) at which
hydroxides were not precipitated. A sample was taken out from the culture solution and used for evaluation.

[Evaluation Method (Measurement of Protein Amount)]

[0066] From the vial, 1 ml of the culture medium was collected and suspended in 1 ml of sterile distilled water after

(continued)

Glucose 1.0 g

Na2PO4 0.83 g

NaCl 1.0 g

Sodium thioglycolate 0.1 g

Sodium ascorbate 0.1 g

Deionized water/Al aqueous solution 1.0 L

pH 6.9-7.4
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removing the culture medium components. Proteins were extracted from the suspension with an ultrasonic crusher, and
the protein amount was measured by a BCA method (bicinchoninic acid method). The proliferation-inhibiting effect
(bacteriostatic effect) for each bacterial cell was evaluated by the protein amount.

[Results]

[0067] With respect to the method of Example 1 (addition of the citric acid/Al chelate), Figure 1 shows a graph dem-
onstrating a bacteriostatic effect for the sulfate-reducing bacterium, Figure 2 shows a graph demonstrating a bacteriostatic
effect for the colon bacillus, and Figure 3 shows a graph demonstrating a bacteriostatic effect for the butyric acid
bacterium. Moreover, with respect to the method of Comparative Example 1 (addition of AlCl3), Figure 4 shows a graph
demonstrating a bacteriostatic effect for the sulfate-reducing bacterium, Figure 5 shows a graph demonstrating a bac-
teriostatic effect for the colon bacillus, and Figure 6 shows a graph demonstrating a bacteriostatic effect for the butyric
acid bacterium. In these graphs, the abscissa denotes elapsed time (unit: hour), and the ordinate denotes the logarithmic
value of protein amount (unit: mg/L).
[0068] According to the method of Comparative Example 1 (addition of AlCl3), the increase in protein amount is inhibited
in all of the culture solutions of the sulfate-reducing bacterium, the colon bacillus, and butyric acid bacterium as shown
in Figure 4 to Figure 6. Namely, according to the method of Comparative Example 1, not only the proliferation of the
sulfate-reducing bacterium but also the proliferation of the colon bacillus and butyric acid bacterium were inhibited.
[0069] Moreover, according to the method of Example 1 (addition of the citric acid/Al chelate), the increase in protein
amount was inhibited in the culture solution of the sulfate-reducing bacterium as shown in Figure 1. Namely, the prolif-
eration of the sulfate-reducing bacterium was inhibited.
[0070] On the other hand, even when the Al chelate was added, the protein amount was increased in the culture
solutions of the colon bacillus and the butyric acid bacterium as shown in Figure 2 and Figure 3 in the same way as in
the case of not adding the Al chelate. Namely, the proliferation of the colon bacillus and the butyric acid bacterium was
not inhibited and the selective bacteriostatic effect was recognized with respect to the method of Example 1. In addition,
the same selective bacteriostatic effects as in Example 1 were also recognized with respect to the method of Example
2 (addition of the Al/oxalic acid chelate) and the method of Example 3 (addition of the Al/EDTA chelate), although the
effects were not shown in the figures.

[2] Examples 4 to 8, and Comparative Examples 2 and 3 (Gypsum Composition):

[Preparation of Gypsum Composition]

[0071] Gypsum compositions each having a composition described in Table 4 (Example 4 to 8, and Comparative
Examples 2 and 3). As the gypsum, calcined gypsum obtained by pulverizing and firing waste gypsum was used. As
the aluminum source, AlCl3 was used. As the chelating agent, citric acid was used.

[0072] Into a 100 ml (nominal volume) sterilized vial, 100 ml of the culture medium described in Table 1 and 2 g of
each gypsum composition of Examples 4 to 8 and Comparative Examples 2 and 3 were charged. Furthermore, the pH
of the resultant mixture was adjusted to 6.5 by adding an appropriate amount of calcium hydroxide aqueous solution.
The pH adjustment was conducted for the purpose of preventing the pH of the culture solution from shifting to an acidic
side to thereby create an environment where bacteria cannot live.

Table 4: Composition of Gypsum Composition

Composition ratio of gypsum composition (mass parts)

Calcined gypsum AlCl3 Citric acid

Comparative Example 2 100 - -

Comparative Example 3 100 0.002 (Equimolar to AlCl3)

Example 4 100 0.02 (Equimolar to AlCl3)

Example 5 100 0.2 (Equimolar to AlCl3)

Example 6 100 2 (Equimolar to AlCl3)

Example 7 100 10 (Equimolar to AlCl3)

Example 8 100 20 (Equimolar to AlCl3)
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[0073] Next, the inside of the vial was made to be in an anaerobic state by allowing a deoxidized nitrogen gas to blow
into the vial for a certain period of time. Furthermore, the subcultured sulfate-reducing bacterium was inoculated to the
culture medium so that the concentration of the bacterial cell became 106 cells. Thereafter, the vial was sealed with a
butyl rubber stopper and an aluminum seal, and shaking culture was conducted in an incubator with a temperature of
37°C for 100 hours. The shaking culture was conducted with a number of shakings (110 times/minute) at which hydroxides
were not precipitated. A sample was taken out from the culture solution and used for evaluation. In addition, the culture
condition was set so that hydrogen sulfide is easily generated for the purpose of generating hydrogen sulfide. Namely,
the culture condition was not intended to reproduce a soil improvement site or a site of illegal dumping or the like.

[Evaluation Method (Measurement of Protein Amount)]

[0074] From the vial, 1 ml of the culture medium was collected and suspended in 1 ml of sterile distilled water after
removing the culture medium components. Proteins were extracted from the suspension with an ultrasonic crusher, and
the protein amount was measured by a BCA method (bicinchoninic acid method). The proliferation-inhibiting effect
(bacteriostatic effect) for each bacterial cell was evaluated by the protein amount. The results are shown in Table 5.

[Evaluation Method (Hydrogen Sulfide Generation Amount)]

[0075] A culture solution collected from the vial was filtered with a membrane filter having a pore diameter of 0.22 mm,
then the filtrate was appropriately diluted with distilled water, and the hydrogen sulfide generation amount was measured
by HPLC (High Performance Liquid Chromatography). As HPLC, an HPLC system manufactured by Tosoh Corporation,
the HPLC system comprising a pump, a column oven, a column for anion analysis, and a UV detector was used. The
results are shown in Table 5.

[0076] Regarding the gypsum compositions of Examples 4 to 8, both of the hydrogen sulfide generation amount and
the protein amount were remarkably small as compared with those for the gypsum composition of Comparative Example
2 (adding neither AlCl3 nor the Al chelate), and the proliferation of the sulfate-reducing bacterium was inhibited. In
addition, it is considered that the reason why the hydrogen sulfide generation amount did not become 0 is because
hydrogen sulfide that was dissolved in some amount in the culture solutions was detected. Among others, with the
gypsum compositions of Examples 5 to 8 (the Al chelate, 0.2 to 20 mass parts), the hydrogen sulfide generation was
able to be suppressed at a sufficient level. Particularly, with the gypsum compositions of Examples 6 to 8 (the Al chelate,
2 to 20 mass parts), the hydrogen sulfide generation was able to be suppressed almost completely.
[0077] Moreover, it is considered from the data for the gypsum composition of Example 8 that the addition of 10 mass
parts of the Al chelate is enough to sufficiently suppress the hydrogen sulfide generation. Accordingly, it can be said
that the gypsum compositions of Examples 4 to 7 (the Al chelate, 0. 02 to 10 mass parts) are preferable taking the
production cost into consideration. And it can be said that the gypsum composition of Example 5 or 6 (the Al chelate,
0.2 to 2 mass parts) is preferable from the standpoint that the hydrogen sulfide generation can be suppressed almost
completely and the gypsum composition can be produced at a low cost.
[0078] On the other hand, regarding the gypsum composition of Comparative Example 3 (the Al chelate, 0.002 mass
parts), both of the hydrogen sulfide generation amount and the protein amount were small as compared with those of
the gypsum composition of Comparative Example 2 (adding neither AlCl3 nor the Al chelate) and it was recognized that
the proliferation of the sulfate-reducing bacterium was inhibited. However, the effect was insufficient.

Table 5: Evaluation Results

Hydrogen sulfide generation amount Protein amount
(mM) (mg/l)

Comparative Example 2 13 2000

Comparative Example 3 11 1500

Example 4 5.5 200

Example 5 2.7 60

Example 6 1 50

Example 7 1 50

Example 8 1 50
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[0079] In addition, 100 kg of each gypsum composition of Examples 4 to 8 was added relative to 1 m3 of mud having
a water content of 40%, thereafter the resultant mixture was sufficiently kneaded to thereby conduct solidifying treatment.
As a result thereof, any of the treatment products was solidified and had a sufficient strength to be bearable to handling.
Moreover, it was confirmed that the pH of any treatment product was in a range being evaluated as neutral and having
no impact on the environment.
[0080] Moreover, when a gypsum plaster (described in JIS A6904), a jointing material for gypsum plasterboards
(described in JIS A6914), a gypsum board (described in JIS A6901) and so on were produced from the gypsum com-
positions, the gypsum compositions of Examples 4 to 8 did not cause any problem in production lines. In addition, the
gypsum plaster and the jointing material for gypsum plasterboards are granular gypsum compositions and also gypsum-
based solidifying materials that react with water to be hardened. Moreover, the gypsum board is a gypsum-based building
material obtained by adding water to the gypsum composition, then forming the resultant mixture into a plate shape,
and solidifying the plate-shaped formed body.
[0081] Furthermore, it was confirmed that the gypsum compositions of Examples 4 to 8 did not have any adverse
effect on the performance and construction workability of the gypsum plaster, the jointing material for gypsum plaster-
boards, the gypsum board, and so on. Furthermore, when the same tests as in Examples 4 to 8 were conducted using,
as samples, the gypsum plasterboards and the gypsum plasters produced from the gypsum compositions of Examples
4 to 8 as raw materials, the hydrogen sulfide generation was clearly suppressed as compared with the conventional
gypsum plasterboards and gypsum plasters.

Industrial Applicability

[0082] The method for performing bacteriostasis of the present invention can be utilized for inhibiting the proliferation
of the sulfate-reducing bacterium and consequently suppressing the hydrogen sulfide generation.
[0083] Moreover, the gypsum composition of the present invention can suitably be used as a gypsum composition, a
gypsum-based solidifying material, and a gypsum-based building material each capable of suppressing the hydrogen
sulfide generation. More specifically, the gypsum composition of the present invention can be utilized as a gypsum-
based solidifying material such as a gypsum plaster (wall-plastering material), a jointing material (putty) for gypsum
plasterboards, and a gypsum-based soil-improving material (solidifying material for solidifying surplus soil waste from
construction, sludge, mud, and so on). Moreover, the gypsum composition of the present invention can be utilized as a
gypsum-based building material such as: a gypsum board (including a gypsum plasterboard) such as a ceiling material,
a wall material, and a flooring material; a gypsum block; a gypsum board for structure use; and a functional gypsum
board (gypsum board having a function for cosmetic use, sound absorption use, moisture absorption use, or the like).
Furthermore, the gypsum composition of the present invention can be utilized as another gypsum composition such as
a line material for drawing white lines, a fertilizer, and a rubble remover.

Claims

1. A method for performing selective bacteriostasis of a sulfate-reducing bacterium, the method selectively inhibiting
proliferation of the sulfate-reducing bacterium by allowing chelated Al to coexist in an environment where the sulfate-
reducing bacterium exists.

2. The method for performing selective bacteriostasis according to Claim 1, wherein the chelated Al is produced in the
environment where the sulfate-reducing bacterium exists by adding an Al3+ source and a chelating agent in the
environment.

3. The method for performing selective bacteriostasis according to Claim 2, wherein the Al3+ source is at least one Al
compound selected from the group consisting of Al2O3, AlCl3, Al(OH)3, and Al2(SO4)3.

4. The method for performing selective bacteriostasis according to any one of Claims 1 to 3, wherein the sulfate-
reducing bacterium is a bacterium living in a middle temperature range (20 to 45°C) and a neutral range (a pH of 5 to 9).

5. A gypsum composition comprising:

gypsum (A); and
chelated Al (B),
wherein the chelated Al (B) is contained in a range of 0.01 to 20 mass parts relative to 100 mass parts of the
gypsum (A) .
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6. The gypsum composition according to Claim 5, comprising an Al3+ source (b-1) and a chelating agent (b-2) in place
of the chelated Al (B).

7. The gypsum composition according to Claim 6, wherein the Al3+ source (b-1) is at least one Al compound selected
from the group consisting of Al2O3, AlCl3, Al(OH)3, and Al2(SO4)3.

8. The gypsum composition according to Claim 5, wherein a part or the whole of the gypsum is waste gypsum.

9. The gypsum composition according to Claim 6 or 7, wherein a part or the whole of the gypsum is waste gypsum.

10. The gypsum composition according to Claim 5 or 8, wherein a part or the whole of the gypsum is calcined gypsum.

11. The gypsum composition according to Claim 6, 7 or 9, wherein a part or the whole of the gypsum is calcined gypsum.

12. A gypsum-based solidifying material comprising the gypsum composition according to Claim 10.

13. A gypsum-based solidifying material comprising the gypsum composition according to Claim 11.

14. A gypsum-based building material obtained by adding water to the gypsum composition according to Claim 10, and
molding and solidifying the gypsum-based composition.

15. A gypsum-based building material obtained by adding water to the gypsum composition according to Claim 11, and
molding and solidifying the gypsum-based composition.
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