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PROCESS FOR DEACTIVATING OR DESTROYING MICROORGANISMS

Field of the Invention

The present invention relates to a process for deactivating or
destroying microorganisms, for the purpose of bacteriolysis, virolysis,

disinfection or sterilization.

- Background of the invention

Various processes have been developed and proposed to perform
bacteriolysis, disinfection and sterilization by effiﬁ%ent]y destroying
microorganisms including bacteria such as Pseudomonas aeruginosa and
Eschericﬁia coli anq other Eumycetes, and minute viruses. However, none of
these known processes has adequately considered the properties of
microorganisms. For example, electrochemical sterilization is premised on
bringing the microorganisms into contact with an electrode surface or
dielectric substance, to inhibit their biochemical reactions. The surface
of.a bacterium typically has a negative charge and is attracted to a positive
electrode, and is destroyed by contact. However, when the number of bacteria
increases, they exhibit a state in which protoplasm accumulates inside the
bacteria, that protects the bacteria with protein. They thus effectively
have an e]ectricél shield. This causes a decrease in bactericidal function
which makes maintenance and maﬁagement of the electrodes susceptible to the
occurrence of problems. As a result, practical application is
correspondingly difficult.

Summary of the Invention

This invention is based on a consideration of the mechanism by which
microorganisms are destroyed. It has been found that, when bacteria are
destfoyed, they emit cytoplasm prior to contact with a positive e]ectrodé.

Bacteria can be considered to be microcapacitors; their cell membrane is
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destroyed when they are subjected to an electric éharge in an electric field,
and that charge exceeds the electrostatic capacity.

A process for deactivating or destroying microorganisms, according to
the present invention, involves applying electrical energy to
microorganisms, in a charged medium (1iquid, gas or solid). One aim is to
increase the electrical charge in excess of the 1limit of intracellular and
extracellular electrostatic capacity possessed by the micrborganisms, and/dr
to promote intracellular and extracellular osmosis of the microorganisms.
Another aim is to cause an irreversible change in the microorganism cells,
or to explosively destroy the cell membrane.

The present invention thus offers the advantage of giving extremely high
bactericidal, viricidal, disinfection and sterilization effects. Since any
1iquid, gas or solid can be used to apply electrical energy to microorganisms
provfded that it is effectively electrically-energised, the present invention
offers the advantage of selecting from a very broad range of means for
app]ying electrical energy, depending on the location Qhere'the
microorganisms which are to be deactivated or destroyed are suspended or

otherwise present.

Description of the Invention . --

The medium in which the microorganisms are treated is preferably charged
water. Electrical energy is applied after placing microorganisms in this
charged water. Such charged water may be, for example, any of charging
water, battery water, functional water, electrolysis treatment water, high.
oxidation potential water, strongly acidic electrolytic regeneration aqueous
solution, ionized water, non-ionized water and electrified water.
Alternatively, the medium may be a gas having an electric charge, or a solid

charge-accumulating substance.
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One or more electrodes may also be used. The process in this case.
comprises applying current to a 1iquid containing the microorganism vja an
electrode and applying electrical energy. The microorganism are in a non-
contact state with respect to the electrode. A specific non-contact
process, for purifying water, and apparatus for use therein, are described
and claimed in a copending Patent Application filed in the same name and on
the same date. Alternatively, current supplied via the electrode may also

be applied via an electrical medium or non-electrical medium.

In the specification, the term "microorganism” is used in the generic
sense to refer to bacteria, including Eumycetes and minute virusesf The
term "cell membrane" is used in the broad sense, and refers generically to
the boundary membrane, external membrane, interfacial membrane, protoplasmic
membrane or cell wall that separates the protoplasm of the cell from the
outside.

The term “explosively destroying” as used herein refers directly.to the
states where strong membrane contraction occurs, the cell membrane having
high str;ﬁb elasticity, such that the cell contents (protoplasm) spray out
and scatter radially in all directions; where the cell membrane has low
elasticity and the internal pressure of the cell is high, such that local
destruction of the céll membrane occurs, causing tranlational spraying with
lTittle peripheral scattering; or where the cell membrane has weak elasticity
and external pressure is relatively low, such that translational spraying
and peripheral scattering occur. The same term is also used in the broad
sense, to refer generically to destruction, including turgor pressure
destruction as well as lysis, dehydration, coagulation, melting, perforation

and so forth, which are typical phenomena of bacterial destruction.
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The term "charged water" is used herein to refer generically to charging
water, battery water, functional water, electrolysis treatment water, high
oxidation potential water, strongly acidic electrolytic regeneration aqueous
solution, ionized water, non-ionized water or electrified water. The phrase
"applying current" is not limited to the application of current via a
conductive medium, e.g. a solution of a conductive substance such as NaC1l,
but also includes the application of current via a 1iduid that is not
generally supposed to be conductive, such as purified wa;er. It has been
confirmed that when current is applied after viable microorganisms are
suspended in purified water, a current is obtained that is smaller than that
in the conductive medium. This is apparently the result of a jumping
conductivity effect (a type of non-electrical medium current flow) that
exists between microorganisms, by which microorganisms form a constant flow
in the direction of the positive electrode.

The term "osmosis” refers to the phenomenon of water in solution moving
towards the higher concentration side when divided by a water-permeable
solute~impermeable membrane. If the osmotic pressure is increased, it
causes dégiruction of the cell membrane. The term "irreversible change" is
used to refer géaerica11y to states in wﬁich the cell membrane inhibits the
transport of substances, the cell membrane itself is changed or modified, or
the protoplasm is changed or modified.

The following Examples illustrate the invention. 'In each, five
microorganisms, i.e. Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, Candida and influenza virus, were tested.

Example 1

Each of the five microorganisms was independently suspended in 0.01 ml

purified water or tap water supplied by pipette, followed by dropwise
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addition of 0.01 ml drops of high oxidation potential water. The state of
the microorganisms, in the form of a three-dimensional layer, was
investigated using apparatus héving a final maximum magnification factor of
4500X, consisting of an inverted system microscope IX-70 (manufactured by
Olympus) equipped with a differential interference device and combined with
a 355 mm (14 inch) monitor (with CCD). It was found that 70% of the
microorganism cells ruptured and became debris after l-drop addition, 80%
after 2-drop addition and 99% after 3-drop addition,.for all the five
microorganisms 1isted above. Moreover, the amount of debris increased when 4
drops were added, and nearly 100% of the microorganisms cells exhibited a
state of destruction wheﬁ the final, 5th drop was added.

Pseudomonas_aeruginosa is considered to be more resistant than the
other microorganisms. It is worth noting that fhe cells of this
microorganism were destroyed in the same manner as the other microorganisms
1isted abdvé._ Although it was difficult to visually recognize destruction
of the border of Candida cells since they inherently do not move,
deactivation or destruction of Candida could be confirmed since the
oscillation of nearly all microorganisms present had stopped. In addition,
duriqg addition"of the first three drops, some of the microorganisms had
éfopped moving but were not yet destroyed. In a very few cases, some
microorganisms exhibited a s1ight degree of buoyancy.
Example 2

Each of the five microorganisms was independently suspended in 0.01 ml
purified.water and in 0.01 m1 tap water was added. Electrical energy of 0.2-0.
3 mA: 12 V and 0.5 mA: 12 V was applied to the purified water and to the tap
water via platinum electrodes. The cell membranes in 99% of the

microorganisms were found to be ruptured.




Example 3

Each of the five microorganigms was independently suspended in 0.01 m
purified water. A discharge tube was brought near the preparations, and the
ionized gas generated around the discharge tube was allowed to act on the
preparations. It was found that the cell membranes in 99% of the
microorganisms had ruptured. It was thus confirmed that the intended
deactivation or destruction was effected without making contact with the
microorganisms. )

Exampie 4 - -

Each of the five microorganisms was independently suspended in 0.01 ml
purified water. A very small amount of carbon powder was sprinkled on the
preparations. It was found that the cell membranes in 99% of the
microorganisms had ruptured.

Similar results were obtained when electrostatically-charged polymer
powder was used instead of the carbon powder. Further, when
electrostatically-charged carbon powder was applied to dried microorganisms
which can be wet-cultured, the degree to which those dried microorganisms

could be cultured was extremely low.
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CLAIMS

1. A process for deactivating or destroying microorganisms, which comprises
subjecting the microorganisms to an electric charge, in an electriéa]]y-
energised 1iquid, gas or solid medium.

2. A process according to claim 1, wherein the charge is in excess of the
1imit of intracellular and extracellular electrostatic capacity possessed by
a microorganisms.

3. A process according to claim 1 or claim 2, coﬁprisiqq_promoting
intracellular and extracellular osmosis of the microorganisms.

4, A process accordin§ to any of claims 1 to 3, wherein the medium is
gharged water.

5. A ﬁrocess according to claim 4, Qherein the charged water is any of
charging water, battery water, functional water, electrolysis treatment water,
high oxidation potential water, strongly acidic electrolytic regeneration
aqueous solution, ionized water, non-ionized water and electrified water.

6. A process according to any of claims 1 to 3, wherein the medium is an
el]ectrip§11y=chargea gas.

7. A process according to any of claims 1 to 3, wherein the medium is a
solid charge—acéﬁmu1at1ng substance.

8. A process according to any of claims 1 to 3, wherein the medium is é
1iquid, and which comprises applying a current to the 1liquid containing the
microorganisms via an electrode that is not in contact with the microorganisms.
g. A process according to any of'c1§ims 1 to 8, wherein the medium is
conductive.

10. A process according to any of claims 1 to 8, wherein the medium is non-

conductive.
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ABSTRACT

PROCESS FOR DEACTIVATING OR DESTROYING MICROORGANISMS

Applying electrical energy -to a microorganism through a liquid, gas or
solid having electrical energy causes an increase in an electric charge in
excess of the limit of intracellular and extracellular electrostatic
capacity possessed by the microorganism, which results in an irreversible

change in the microorganism cells and/or explosively destroys the border

membrane of the microorganism cells.
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CLAIMS
1. A process for deactivating or destroying microorganisms, which comprises

subjecting the microorganisms to an electric charge, which is in excess of the limit of
intracellular and extracellular electrostatic capacity possessed by microorganisms in an
electrically energised liquid, gas or solid medium, and promotes intracellular and

extracellular osmosis of the microorganisms.

2. A process according to any of claim 1, wherein the medium is charged water.

3. A process according to claims 1 to 2 wherein the charged water is any of charging
water, battery water, functional water, electrolysis treatment water, high oxidation
potential water, strongly acidic electrolytic regeneration aqueous solution, ionized water,

non-ionized water and electrified water.

4, A process according to claim 1 wherein the medium is an electrically-charged gas.

5. A process according to claim 1 wherein the medium is a solid charge-accumulating
substance.
6. A process according to claim 1 wherein the medium is a liquid, and which

comprises applying a current to the liquid containing the microorganisms via an electrode

that is not in contact with the microorganisms.

7. A process according to any of claims 1 to 6, wherein the medium is conductive.
8. A process according to any of claims 1 to 6, wherein the medium is non-
conductive.
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CLAIMS

1. A process for deactivating or destroying microorganisms, which comprises
subjecting the microorganisms to an electric charge, which is in excess of the limit of
intracellular and extracellular electrostatic capacity possessed by microorganisms in an
electrically energised liquid, gas or solid medium, and promotes intracellular and

extracellular osmosis of the microorganisms.
2. A process according to any of claim 1, wherein the medium is charged water.

3. A process according to claims 1 to 2 wherein the charged water is any of charging
water, battery water, functional water, electrolysis treatment water, high oxidation
potential water, strongly acidic electrolytic regeneration aqueous solution, ionized water,

non-ionized water and electrified water.

4, A process according to claim 1 wherein the medium is an electrically-charged gas.
5. A process according to claim 1 wherein the medium is a solid charge-accumulating
substance.

6. A process according to claim 1 wherein the medium is a liquid, and which

compriseéjapp_lying a current to the liquid containing the microorganisms via an electrode

that is not in contact with the microorganisms.

7. A process according to any of claims 1 to 6, wherein the medium is conductive.
8. A process according to any of claims 1 to 6, wherein the medium is non-
conductive..
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