DESCRIPTION
TITLE OF THE INVENTION: DECONTAMINATION INTENSITY SENSOR,
DECONTAMINATION SYSTEM, DECONTAMINATION INTENSITY
DETECTION METHOD, AND DECONTAMINATION INTENSITY DETECTION
PROGRAM
TECHNICAL FIELD
[0001]

The present invention relates to a decontamination intensity sensor, a
decontamination system, a decontamination intensity detection method, and a
decontamination intensity detection program.

BACKGROUND ART
[0002]

Patent Document 1 discloses a decontamination system configured to
decontaminate the inside of a safety cabinet as an example of a decontamination object
with peracetic acid. In the decontamination system, whether or not the
decontamination has been completed is determined using a biological indicator disposed
in the safety cabinet.

PRIOR ART DOCUMENT
PATENT DOCUMENT
[0003]

Patent Document 1: Japanese Patent No. 6067384
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004]

In the decontamination system, bacteria and the like adhering to the biological



indicator are cultured in a culture solution, and it is determined whether or not
decontamination of the decontamination object has been completed based on a change
in color of the culture solution. It takes at least about one week to culture bacteria and
the like. Therefore, in the decontamination system, it is not possible to determine
whether or not decontamination of the decontamination object has been completed in a
short time.

[0005]

An object of the present invention is to provide a decontamination intensity
sensor, a decontamination system, a decontamination intensity detection method, and a
decontamination intensity detection program capable of determining whether or not
decontamination of a decontamination object has been completed in a short time.
MEANS FOR SOLVING THE PROBLEM
[0006]

A decontamination intensity sensor according to a first aspect of the present
invention is a decontamination intensity sensor that detects a degree of decontamination
of at least one of microorganisms and viruses decontaminated with peracetic acid, the
decontamination intensity sensor including an exposed portion being made of metal
corroded by the peracetic acid, the metal being exposed from the exposed portion.
[0007]

The inventor(s) of the present application have found that when a
decontamination object in which at least one of microorganisms and viruses
decontaminated with peracetic acid is present is decontaminated with peracetic acid,
corrosion of metal proceeds as decontamination intensity increases, and an electrical
resistance value increases. According to the decontamination intensity sensor, the

corrosion of the exposed portion proceeds as the decontamination intensity of the



decontamination object increases, so that the electrical resistance value of the exposed
portion increases. Therefore, for example, when the relationship between the electric
resistance value of the exposed portion before the start of decontamination and the
electric resistance value of the exposed portion after the start of decontamination
satisfies a predetermined condition for determining that decontamination has been
completed, it can be determined that the decontamination has been completed.
Therefore, it can be determined in a short time that decontamination of the
decontamination object has been completed.

[0008]

A decontamination intensity sensor according to a second aspect of the present
invention is the decontamination intensity sensor according to the first aspect, in which
the corrosion includes a chemical reaction in which the metal is changed to acetate.
[0009]

Acetate is soluble in water. According to the decontamination intensity
sensor, the corroded portion can be removed by wiping the corroded portion when the
exposed portion is corroded with, for example, a nonwoven fabric moistened with pure
water.

[0010]

A decontamination intensity sensor according to a third aspect of the present
invention is the decontamination intensity sensor according to the first or second aspect,
in which the metal contains at least one of copper and zinc.

[0011]

According to the decontamination intensity sensor, the corrosion of the

exposed portion suitably proceeds due to peracetic acid.

[0012]



A decontamination intensity sensor according to a fourth aspect of the present
invention is the decontamination intensity sensor according to the third aspect, in which
the metal is an alloy containing the copper and the zinc.

[0013]

According to the decontamination sensor, the corrosion of the exposed portion
particularly suitably proceeds due to peracetic acid.
[0014]

A decontamination intensity sensor according to a fifth aspect of the present
invention is the decontamination intensity sensor according to any one of the first to
fourth aspects, further including: a first sensor unit including the exposed portion; and a
second sensor unit made of the metal and masked so as not to corrode the metal.

[0015]

According to the decontamination intensity sensor, the corrosion of the
exposed portion of the first sensor unit proceeds as the decontamination intensity of the
decontamination object increases, so that the electric resistance value of the first sensor
unit increases. On the other hand, since the second sensor unit is masked, it does not
corrode even when the decontamination intensity of the decontamination object
becomes high. Therefore, the electric resistance value of the second sensor unit does
not substantially change. Therefore, when the relationship between the electric
resistance value of the first sensor unit and the electric resistance value of the second
sensor unit satisfies the predetermined condition in which it can be determined that
decontamination has been completed, it can be determined that the decontamination has
been completed. Therefore, it can be determined in a short time that decontamination
of the decontamination object has been completed.

[0016]



A decontamination system according to a sixth aspect of the present invention
includes: the decontamination intensity sensor according to any one of the first to fifth
aspects; and a decontamination device that ejects the peracetic acid to a
decontamination object in which at least one of the microorganisms and the viruses is
present.

[0017]

According to the decontamination system, an effect similar to the effect
obtained by the decontamination intensity sensor according to the first aspect can be
obtained.

[0018]

A decontamination system according to a seventh aspect of the present
invention is the decontamination system according to the sixth aspect, in which the
decontamination device is configured to stop ejection of the peracetic acid when a
progress of corrosion of the exposed portion satisfies a predetermined condition under
which it can be determined that decontamination has been completed.

[0019]

According to the decontamination system, it is possible to suppress an increase
in the ejection amount of peracetic acid.
[0020]

A decontamination intensity detection method according to an eighth aspect of
the present invention is a decontamination intensity detection method for detecting a
degree of decontamination of at least one of microorganisms and viruses
decontaminated with peracetic acid using a decontamination intensity sensor, in which
the decontamination intensity sensor includes an exposed portion being made of metal

corroded by the peracetic acid, the metal being exposed from the exposed portion, and



in which the decontamination intensity detection method includes a step of determining
whether or not a progress of corrosion of the exposed portion satisfies a predetermined
condition under which it can be determined that decontamination has been completed.
[0021]

According to the decontamination intensity detection method, an effect similar
to the effect obtained by the decontamination intensity sensor according to the first
aspect can be obtained.

[0022]

A decontamination intensity detection program according to a ninth aspect of
the present invention is a decontamination intensity detection program that detects a
degree of decontamination of at least one of microorganisms and viruses
decontaminated with peracetic acid using a decontamination intensity sensor, in which
the decontamination intensity sensor includes an exposed portion being made of metal
corroded by the peracetic acid, the metal being exposed from the exposed portion, and
in which the decontamination intensity detection program causes a computer to execute
a step of determining whether or not a progress of corrosion of the exposed portion
satisfies a predetermined condition under which it can be determined that
decontamination has been completed.

[0023]

According to the decontamination intensity detection program, an effect similar
to the effect obtained by the decontamination intensity sensor according to the first
aspect can be obtained.

ADVANTAGES OF THE INVENTION
[0024]

According to the decontamination intensity sensor, the decontamination



system, the decontamination intensity detection method, and the decontamination
intensity detection program according to the present invention, it is possible to
determine whether or not decontamination of the decontamination object has been
completed in a short time.
BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

Fig. 1 is a diagram showing a schematic configuration of a decontamination
system according to an embodiment.

Fig. 2 is a diagram showing a schematic configuration of an ejection device of
Fig. 1.

Fig. 3 is a diagram showing a schematic configuration of a decontamination
intensity sensor of Fig. 1.

Fig. 4 is a flowchart showing an example of a method for calculating a
reference ratio RAX.

Fig. 5 is a flowchart showing an example of a decontamination procedure.

Fig. 6 is a diagram showing a schematic configuration of a decontamination
system used in a first test.

Fig. 7 is a table showing test results of Test Examples 1 to 7 of the first test.

Fig. 8 is a graph showing test results of Test Example 6 of the first test.

Fig. 9 is a table showing test results of Test Examples 8 and 9 of the first test.

Fig. 10 is a diagram showing a schematic configuration of a decontamination
system used in a second test.

Fig. 11 is a table showing test results of Test Example 10 of the second test.

Fig. 12 is a table showing specifications of metal samples used in the third test.

Fig. 13 is a table showing results of a third test.



EMBODIMENTS OF THE INVENTION
[0026]

Hereinafter, a decontamination system according to an embodiment of the
present invention will be described with reference to the drawings. Note that, in the
present embodiment, decontamination includes at least one of causing damage to
microorganisms and viruses floating in the space or attached to the surface of any object
using a drug or the like, reducing the number of surviving microorganisms and viruses,
Killing the microorganisms and viruses, and detoxifying the microorganisms and
viruses.

[0027]

<1. Configuration of Decontamination System>

Fig. 1 is a diagram showing a schematic configuration of a decontamination
system 10 of the present embodiment. The decontamination system 10
decontaminates a decontamination object 100 using peracetic acid. The
decontamination object 100 is, for example, a safety cabinet, an incubator device, an
isolator device, a sterile box, an incubator, a centrifuge, a storage, an air conditioning
device, a clean bench, a clean room, a duct, or the like. The decontamination object
100 may be sealed or in a quasi-sealed state. The quasi-sealed state refers to a state
close to sealing but not completely sealed. For example, it means a state in which the
air between the inside and the outside of the decontamination object 100 is blocked at a
certain level, and the concentration of peracetic acid does not extremely decrease due to
leakage of peracetic acid. In the present embodiment, the decontamination object 100
is a safety cabinet. Hereinafter, the decontamination object 100 may be referred to as a
safety cabinet 100. The decontamination system 10 includes a decontamination device

20 and a decontamination intensity sensor 60.



[0028]

In the decontamination system 10, the decontamination device 20 is connected
to the safety cabinet 100 via pipes 91 and 92. For example, at least one of
microorganisms and viruses existing inside the safety cabinet 100 is decontaminated by
the decontamination device 20. In the present embodiment, the decontamination
device 20 is disposed outside the safety cabinet 100.

[0029]

The safety cabinet 100 is box-shaped experimental equipment for suppressing
biohazard. The experimenter inserts a hand into a work area WA and performs an
experiment using a biological material, for example. The safety cabinet 100 includes a
fan 110, high efficiency particulate air (HEPA) filters 120 and 130, and a shutter 140.
During the experiment, an air flow is generated by the operation of the fan 110, clean air
is discharged to the outside through the HEPA filter 120, and the clean air is supplied to
the work area WA through the HEPA filter 130. The shutter 140 is configured to be
openable and closable. The filter 120 may be an ultra low penetration air (ULPA)
filter. The filter 120 is covered with a cover portion 100Z attached to the safety
cabinet 100, for example. The cover portion 100Z is attached to the safety cabinet 100
at the start of decontamination, for example.

[0030]

In the safety cabinet 100, for example, communication holes 100A, 100B,
100C, and 100D are formed. The communication holes 100A to 100D may be
installed exclusively for decontamination, or for example, a drain portion, a vacuum,
and a DOP sampling port provided in a general safety cabinet may be used as the
communication holes 100A to 100D. Each of the communication holes 100A to 100D

can be opened and closed. It is preferable that the communication holes 100A, 100B,



100C, and 100D are sealed when the safety cabinet 100 is used. It is preferable that
the communication holes 100A, 100B, 100C, and 100D are sealed at the time of
decontamination of the safety cabinet 100 except when connected to the
decontamination device 20. In the example shown in Fig. 1, the decontamination
device 20 is connected to the communication hole 100B via the pipe 92, and the
decontamination device 20 is connected to the communication hole 100D via the pipe
91. Thatis, the decontamination device 20 is connected to the communication hole
100D in the ceiling portion of the safety cabinet 100 and the communication hole 100B
in the bottom portion of the safety cabinet 100. The number of communication holes
connecting the pipe 92 may be one or two or more.
[0031]

During the decontamination, the shutter 140 is closed. Even when the shutter
140 is closed, the inside and the outside of the safety cabinet 100 may not be completely
blocked, and in such a case, a slight gap is formed. During the decontamination, the
gap is cured by a curing tape 200 in order to prevent the leakage of the decontamination
gas depending on the degree of the leakage of the decontamination gas. It is preferable
that each of the communication holes 100A and 100C is closed.
[0032]

<2. Configuration of Decontamination Device>

The decontamination device 20 includes a storage device 30, a control device
40, and an ejection device 50. The storage device 30 and the control device 40 are
connected so as to be able to communicate via a bus (not shown). The storage device
30 is, for example, a hard disk or a solid state drive. The storage device 30 stores one
or a plurality of programs (hereinafter, it is referred to as an “ejection program 30P”")

related to the control of the operation of the ejection device 50.
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[0033]

The control device 40 includes a central processing unit (CPU), a random
access memory (RAM), a read only memory (ROM), and the like, and executes
functions to be described later. The control device 40 executes the ejection program
30P stored in the storage device 30 in response to a request from a user. When the
control device 40 executes the ejection program 30P, one or a plurality of functional
blocks for controlling the operation of the ejection device 50 are constructed in the
decontamination device 20. The one or the plurality of functional blocks include an
ejection control unit 40X.

[0034]

Fig. 2 is a diagram showing a schematic configuration of the ejection device
50. The ejection device 50 includes a pump 51 and a vapor generator 52.  Pipes 93
and 94 are connected to the pump 51. The pipe 93 is connected to the pipe 91 (see Fig.
1). The pump 51 is configured to suck air from the pipe 93 side and supply air to the
pipe 94 side.

[0035]

In the present embodiment, the vapor generator 52 is configured to generate
only vapor containing peracetic acid without heating a chemical solution 50X and
releasing mist. The vapor generator 52 includes a container 52A, a moisture absorbing
member 52B, and a chemical solution 50X. The container 52A is, for example, a
cylindrical sealed container. The container 52A accommodates the moisture absorbing
member 52B and the chemical solution 50X. The chemical solution 50X is a liquid
chemical containing peracetic acid. More specifically, the chemical solution 50X is a
peracetic acid preparation.

[0036]

11



The structure and member of the moisture absorbing member 52B are not
particularly limited as long as it is wetted by the chemical solution 50X and the
chemical solution 50X can be efficiently gasified (vaporized) by ventilation. For
example, the moisture absorbing member 52B may use a sheet-like member such as a
woven fabric, a knitted fabric, a nonwoven fabric, or a film as it is, or may be formed by
processing into a pleated shape or a corrugated shape. A porous material such as silica
gel or zeolite may be contained in a woven fabric, a knitted fabric, a nonwoven fabric, a
film, or the like. In the present embodiment, the moisture absorbing member 52B is
made of, for example, a porous material. The moisture absorbing member 52B is
immersed in the chemical solution 50X. The chemical solution 50X is impregnated
into the moisture absorbing member 52B. The moisture absorbing member 52B sucks
up the chemical solution 50X in the container 52A by a capillary phenomenon. In
another example, the vapor generator 52 may have a mechanism for sucking up the
chemical solution 50X and pouring the chemical solution 50X from the upper portion of
the moisture absorbing member 52B, or may have a stirring fan for promoting
vaporization of the chemical solution 50X.

[0037]

The pipe 94 and the pipe 95 are connected to the container 52A. The pipe 95
is connected to the pipe 92 (see Fig. 1). The position and length of the pipes 94 and 95
connected to the container 52A in the container 52A are not particularly limited. Since
it is preferable that the pipes 94 and 95 enter the chemical solution 50X and the
chemical solution 50X does not foam, it is preferable that the positions and lengths of
the pipes 94 and 95 in the container 52A can realize such a configuration, for example, a
configuration in which the distal ends of the pipes 94 and 95 do not enter the chemical

solution 50X. In addition, it is preferable that the distal end of the pipe 94 for
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introducing air and the distal end of the pipe 95 for discharging air are separated from
each other, the flow path of air is long, and the distal ends of the pipes 94 and 95 are
present at positions where the generation of the peracetic acid vapor of the moisture
absorbing member 52B is promoted.

[0038]

According to the decontamination device 20, since the chemical solution 50X
is not heated, decomposition of peracetic acid can be suppressed and peracetic acid
vapor can be efficiently generated. Further, according to the decontamination device
20, since the temperature of the chemical solution 50X containing peracetic acid is
maintained at the same level as the temperature in the space where the HEPA filters 120
and 130 to be decontaminated are disposed, the possibility of dew condensation
occurring in the space can be suppressed.

[0039]

Air is supplied from the pump 51 via the pipe 94, and vaporization of the
chemical solution 50X impregnated into the moisture absorbing member 52B is
promoted. Therefore, vapor (hereinafter, referred to as “peracetic acid vapor”)
containing peracetic acid is generated. The peracetic acid vapor is supplied to the
inside of the safety cabinet 100 via the pipe 95. The decontamination device 20 of the
present embodiment is a so-called vaporizing type that ejects peracetic acid vapor, but
the decontamination device 20 may be a so-called atomizing type that ejects a mist of
peracetic acid.

[0040]

In the conventional decontamination system, prior to decontamination, for

example, a biological indicator (BI) 150 is disposed in a space above the HEPA filter

120. In addition, a Bl 160 is disposed in the work area WA.  After completion of the
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decontamination, the Bls 150 and 160 are cultured, and the decontamination effect is
confirmed based on the state of killing bacteria and the like adhering to the Bls 150 and
160.
[0041]

A user can use the safety cabinet 100 when it is confirmed that culture of the
Bls 150 and 160 has been completed and decontamination of the safety cabinet 100 has
been completed, in other words, bacteria and the like adhering to the Bls 150 and 160
are completely killed. However, since the cultivation of the Bls 150 and 160 usually
requires at least about one week, the user cannot use the safety cabinet 100 for at least
about one week. The decontamination system 10 of the present embodiment includes
the decontamination intensity sensor 60 so that whether or not decontamination of the
decontamination object 100 has been completed can be determined in a short time.
[0042]

<3. Configuration of Decontamination Intensity Sensor>

Fig. 3 is a diagram showing a schematic configuration of the decontamination
intensity sensor 60. The basic configuration of the decontamination intensity sensor
60 is similar to that of a conventional electrical resistance corrosion sensor, but it is
preferable to detect corrosion of metal of about 0.01 um as measurement sensitivity.
Examples of the method for measuring the electric resistance include a two-terminal
measurement method and a four-terminal measurement method, and a four-terminal
measurement method with better measurement sensitivity is preferable.
[0043]

The decontamination intensity sensor 60 of the present embodiment includes a
sensor unit 70 and a main body portion 80. The sensor unit 70 and the main body

portion 80 are electrically connected by a cable 60X. The sensor unit 70 is disposed at
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an arbitrary position in the safety cabinet 100. For example, the sensor unit 70 is
disposed at an arbitrary position in the work area WA as shown in Fig. 1. The sensor
unit 70 may be disposed in a space above the HEPA filter 120, in other words, on the
secondary side with respect to the HEPA filter 120. A plurality of sensor units 70 may
be disposed in the safety cabinet 100. The main body portion 80 is disposed outside
the safety cabinet 100. The main body portion 80 may be connected to an output
device that displays a ratio RA of the electric resistance value to be described later.
The output device is, for example, a liquid crystal display. The cable 60X is inserted
into the work area WA via, for example, a pipe 170 (see Fig. 1) disposed in a gap below
the shutter 140. During the decontamination, the gap except for the pipe 170 below
the shutter 140 is cured by the curing tape 200. Note that the cable 60X may be
inserted into the work area WA via the communication hole 100A or the
communication hole 100C, for example.
[0044]

The sensor unit 70 includes a first sensor unit 71 and a second sensor unit 72.
The first sensor unit 71 is made of metal corroded by peracetic acid and has a bar shape.
The corrosion of the first sensor unit 71 includes a chemical reaction in which metal is
changed to acetate.  Since the reaction of the metal with the acetate is used, corrosion
of an exposed portion 71A described later in the sensor unit 70 rapidly proceeds.
Since the electric resistance value is likely to change, corrosion can be measured with
high sensitivity, and progress of decontamination can be measured with high sensitivity.
Since the acetate is soluble in water, the corroded portion can be removed by wiping the
corroded portion when the first sensor unit 71 is corroded with, for example, a
nonwoven fabric moistened with pure water. In another example, the corroded portion

can be removed by rubbing the corroded portion of the first sensor unit 71 with metal
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polishing using alumina or the like. When the first sensor unit 71 corrodes, the
sensitivity of the first sensor unit 71 decreases due to corrosion, but the first sensor unit
71 can be used with high sensitivity by removing the corroded portion.

[0045]

The first sensor unit 71 includes the exposed portion 71A having the metal
exposed therefrom. The second sensor unit 72 has a bar shape similar to that of the
first sensor unit 71, and is made of the same metal as the metal constituting the first
sensor unit 71.  The substantially entire surface of the second sensor unit 72 is masked
so that metal does not corrode. The metal constituting the first sensor unit 71 and the
second sensor unit 72 can be freely selected as long as it is metal corroded by peracetic
acid. The metal constituting the first sensor unit 71 and the second sensor unit 72
preferably includes, for example, at least one of copper and zinc. Copper and zinc
have different degrees of progress of corrosion due to peracetic acid under the same
conditions. Under the same conditions, corrosion of zinc due to peracetic acid is more
likely to proceed than that of copper. From the viewpoint of repeatedly using the
sensor unit 70, corrosion of the first sensor unit 71 and the second sensor unit 72 may
proceed within a range in which a change in the ratio RA of the electric resistance value
to be described later can be grasped. Therefore, the metal constituting the first sensor
unit 71 and the second sensor unit 72 is preferably an alloy containing copper and zinc
so that the progress of corrosion becomes a desired degree according to the
decontamination intensity. When the sensor unit 70 is used in an environment with
high decontamination intensity, the metal constituting the sensor unit 70 is preferably an
alloy having a high ratio of copper to zinc in order to suppress the progress of corrosion.
When the sensor unit 70 is used in an environment with low decontamination intensity,

the metal constituting the sensor unit 70 is preferably an alloy having a high ratio of

16



zinc to copper in order to promote the progress of corrosion. As the metal constituting
the first sensor unit 71 and the second sensor unit 72, for example, brass (C2680) can be
suitably used.

[0046]

The sizes of the first sensor unit 71 and the second sensor unit 72 can be freely
selected. In the present embodiment, the length of the first sensor unit 71 and the
second sensor unit 72 is 90 mm, and the thickness is 50 um.

[0047]

The main body portion 80 includes a storage device 81 and a control device 82.
The storage device 81 and the control device 82 are connected so as to be able to
communicate via a bus (not shown). The storage device 81 is, for example, a hard disk
or a solid state drive.  The storage device 81 stores one or a plurality of programs
(hereinafter, it is referred to as a “decontamination intensity detection program 81P”)
related to the detection of the decontamination intensity.

[0048]

The control device 82 includes a CPU, a RAM, a ROM, and the like, and
executes functions to be described later. The control device 82 executes a
decontamination intensity detection program 81P stored in the storage device 81 in
response to a request from the user. When the control device 82 executes the
decontamination intensity detection program 81P, one or a plurality of functional blocks
for detecting the decontamination intensity are constructed in the main body portion 80.
The one or the plurality of functional blocks include a decontamination intensity
detection unit 82X.

[0049]

The inventor(s) of the present application have found that when the
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decontamination object 100 is decontaminated with peracetic acid, corrosion of the
metal constituting the first sensor unit 71 proceeds as decontamination intensity
increases, and the electric resistance value increases. The degree of corrosion of the
metal constituting the first sensor unit 71 can be expressed as a numerical value by the
decontamination intensity sensor 60 that measures the resistance value of the metal.
According to the decontamination intensity sensor 60, the corrosion of the exposed
portion 71A of the first sensor unit 71 proceeds as the decontamination intensity of the
decontamination object 100 increases, so that the electric resistance value of the first
sensor unit 71 increases.  On the other hand, since the second sensor unit 72 is masked,
it does not corrode even when the decontamination intensity of the decontamination
object 100 becomes high. Therefore, the electric resistance value of the second sensor
unit 72 does not substantially change. Therefore, when the relationship between the
electric resistance value of the first sensor unit 71 and the electric resistance value of the
second sensor unit 72 satisfies the predetermined relationship in which it can be
determined that decontamination has been completed, it can be determined that the
decontamination has been completed. Therefore, according to the decontamination
system 10, it can be determined in a short time that decontamination of the
decontamination object has been completed. In the present embodiment, for example,
it is determined that the decontamination has been completed when the ratio RA of the
electric resistance value of the first sensor unit 71 to the electric resistance value of the
second sensor unit 72 is equal to or larger than a predetermined reference ratio RAX by
which it can be determined that decontamination has been completed. The
decontamination intensity detection unit 82X calculates the ratio RA of the electric
resistance value in real time based on the following equation (1) using an electric

resistance value R1 of the first sensor unit 71 and an electric resistance value R2 of the
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second sensor unit 72 during the decontamination by the decontamination device 20.
[0050]

RA=R1/R2 --- (1)
[0051]

In the present embodiment, the increase in the electric resistance value R1 with
the progress of corrosion of the exposed portion 71A is minute. The control device 82
of the present embodiment can measure a change in electric resistance value of 0.01%.
[0052]

<4. Method for Calculating Reference Ratio RAX>

Fig. 4 is a flowchart showing an example of a procedure of a method for
calculating the reference ratio RAX. Each step shown in this flowchart is performed
by an operator.

[0053]

In step S11, the operator disposes the Bls 150 and 160 and the sensor unit 70 of
the decontamination intensity sensor 60 in the safety cabinet 100. In step S12, the
operator connects the decontamination device 20 to the safety cabinet 100 using the
pipes 91 and 92. In step S13, the operator provides an opening in the safety cabinet
100 as necessary, or cures the gap with the curing tape 200. In step S14, the operator
drives the decontamination device 20 to start decontamination of the inside of the safety
cabinet 100.

[0054]

In step S15, the operator determines whether or not a predetermined time TX
has elapsed. When the determination in step S15 is negative, that is, when the
predetermined time TX has not elapsed, the operator repeatedly executes the

determination in step S15. When the determination in step S15 is affirmative, that is,
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when the predetermined time TX has elapsed, the operator records the ratio RA of the
electric resistance value calculated by the main body portion 80 in step S16, and stops
the driving of the decontamination device 20.

[0055]

In step S17, the operator causes the Bls 150 and 160 to be cultured in the
culture solution. In step S18, based on the color of the culture solution, the operator
determines whether or not bacteria and the like adhering to the Bls 150 and 160 have
been completely killed, that is, whether or not decontamination of the safety cabinet 100
has been completed. When the determination in step S18 is affirmative, that is, when
the decontamination of the safety cabinet 100 has been completed, the operator sets the
ratio RA recorded in step S16 as the reference ratio RAX by which it can be determined
that the decontamination has been completed. When the determination in step S18 is
negative, that is, when decontamination of the decontamination object 100 is not
completed, the operator terminates the present calculation method, changes the
predetermined time TX, and executes the present calculation method again. Ina
typical example, in the present calculation method executed again, the operator
determines whether or not a predetermined time TY longer than the predetermined time
TX has elapsed in step S15.

[0056]

<5. Decontamination Procedure>

Fig. 5 is a flowchart showing an example of a decontamination procedure in
the safety cabinet 100. Each step shown in this flowchart is performed by an operator.
Note that steps S21 to S24 shown in Fig. 5 are the same procedures as steps S11 to S14
shown in Fig. 4, and thus the description thereof will be omitted.

[0057]
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In step S25, the operator determines whether the ratio RA of the electric
resistance value is equal to or larger than the reference ratio RAX by which it can be
determined that the predetermined decontamination has been completed. When the
determination in step S25 is negative, that is, when the ratio RA of the electric
resistance value is less than the reference ratio RAX, the operator repeatedly executes
the determination in step S25. When the determination in step S25 is affirmative, that
is, when the ratio RA of the electric resistance value is equal to or larger than the
reference ratio RAX, the operator stops driving the decontamination device 20 in step
S26.

[0058]

<6. Operation and Effect of Decontamination System>

In the decontamination system 10, it can be determined that the
decontamination has been completed when the ratio RA of the electric resistance value
of the first sensor unit 71 to the electric resistance value of the second sensor unit 72 is
equal to or larger than the reference ratio RAX. Therefore, it can be determined in a
short time that decontamination of the decontamination object 100 has been completed.
In addition, in order to complete decontamination, it is possible to suppress application
of an excessive load to the equipment present in the decontamination object 100 by
ejecting peracetic acid at a higher concentration than necessary and performing
decontamination for a long time. Even when the ejection flow rate of the peracetic
acid vapor by the ejection device 50, the concentration of the peracetic acid vapor, and
the predetermined time TX are the same, whether or not the decontamination has been
completed depends on various factors such as the temperature and humidity of the work
area WA. Therefore, by repeatedly performing the method for calculating the

reference ratio RAX to calculate the reference ratio RAX, it is possible to accurately
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determine whether or not the decontamination of the decontamination object 100 has
been completed even when the temperature, humidity, and the like of the work area WA
change.
[0059]

<7. Modifications>

The above embodiment is examples of modes that can be taken by the
decontamination intensity sensor, the decontamination system, the decontamination
intensity detection method, and the decontamination intensity detection program
according to the present invention, and is not intended to limit the modes. The
decontamination intensity sensor, the decontamination system, the decontamination
intensity detection method, and the decontamination intensity detection program
according to the present invention can take modes different from the modes exemplified
in the embodiments. An example thereof is a mode in which a part of the
configuration of the embodiment is replaced, changed, or omitted, or a mode in which a
new configuration is added to the embodiment. Some examples of modifications of
the embodiment will be described below. Note that the following modifications can be
combined with each other within a range not technically contradictory.
[0060]

<7-1. First Modification>

In the above embodiment, the second sensor unit 72 can be omitted from the
decontamination intensity sensor 60. In this modification, for example, the electric
resistance value of the exposed portion 71A before the start of the decontamination is
used instead of the electric resistance value of the second sensor unit 72, so that it can
be determined that the decontamination has been completed when the relationship

between the electric resistance value of the exposed portion 71A before the start of the
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decontamination and the electric resistance value of the exposed portion 71A after the
start of the decontamination satisfies a predetermined condition under which it can be
determined that the decontamination has been completed.
[0061]

<7-2. Second Modification>

In the above embodiment, it may be determined that the decontamination has
been completed when a thickness HA of the corroded portion of the exposed portion
71A is equal to or larger than a predetermined thickness HAX by which it can be
determined that the decontamination has been completed.
[0062]

<7-3. Third Modification>

In the sensor unit 70, the electric resistance value of the first sensor unit 71
may not match the electric resistance value of the second sensor unit 72 in an unused
state or before the start of decontamination. In other words, the sensor unit 70 may not
have the ratio RA of “1” in an unused state or before the start of decontamination.
Therefore, in the above embodiment, it is preferable to correct the ratio RA using a
correction coefficient K as in the following equation (2). The correction coefficient K
is a reciprocal of the ratio RAS of the electric resistance value of the first sensor unit 71
to the electric resistance value of the second sensor unit 72 in an unused state or before
the start of decontamination. For example, when the electric resistance value of the
first sensor unit 71 in an unused state or before the start of decontamination is 1.1000
and the electric resistance value of the second sensor unit 72 is 1.0000, the ratio RAS is
1.1000, and thus the correction coefficient K is 0.9091.
[0063]

RA = K-(R1/R2) -+ (2)
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[0064]

<7-4. Fourth Modification>

In the above embodiment, for example, the decontamination intensity detection
unit 82X may determine that the decontamination has been completed when the ratio
RB of the electric resistance value of the second sensor unit 72 to the electric resistance
value of the first sensor unit 71 is equal to or less than a predetermined reference ratio
RBX by which it can be determined that the decontamination has been completed.
The decontamination intensity detection unit 82X calculates the ratio RB of the electric
resistance value in real time based on the following equation (3) using an electric
resistance value R1 of the first sensor unit 71 and an electric resistance value R2 of the
second sensor unit 72 during the decontamination by the decontamination device 20.
The reference ratio RBX can be calculated based on, for example, the same concept as
the flowchart for calculating the reference ratio RAX shown in Fig. 4.
[0065]

RB = R2/R1 - (3)
[0066]

<7-5. Fifth Modification>

In the above embodiment, the decontamination intensity detection unit 82X
may determine whether or not decontamination has been completed based on a
difference ARA between the ratio RA and the ratio RAS of the electric resistance value
of the first sensor unit 71 to the electric resistance value of the second sensor unit 72
before the start of decontamination as expressed by the following equation (4). In this
modification, the decontamination intensity detection unit 82X determines that
decontamination has been completed when the difference ARA is equal to or larger than

a predetermined reference difference ARX by which it can be determined that the
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decontamination has been completed.
[0067]

ARA =RA-RAS - (4)
[0068]

<7-6. Sixth Modification>

In the above embodiment, the decontamination intensity detection unit 82X
may determine whether or not decontamination has been completed based on a
difference ARB between a ratio RBS of the electric resistance value of the second
sensor unit 72 to the electric resistance value of the first sensor unit 71 before the start
of decontamination and a ratio RB of the fourth modification as expressed in the
following equation (5). In this modification, the decontamination intensity detection
unit 82X determines that the decontamination has been completed when the difference
ARB is equal to or larger than a predetermined reference difference ARY by which it
can be determined that the decontamination has been completed.
[0069]

ARB =RBS-RB - (5)
[0070]

<7-7. Seventh Modification>

In the above embodiment, the main body portion 80 of the decontamination
intensity sensor 60 can also be mounted on the decontamination device 20. In
addition, the main body portion 80 may be omitted from the decontamination intensity
sensor 60, and the decontamination intensity detection program 81P can also be stored
in the storage device 30 of the decontamination device 20. In this modification, the
control device 40 of the decontamination device 20 executes the decontamination

intensity detection program 81P, so that the decontamination intensity detection unit
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82X is constructed in the decontamination device 20. Further, in this modification, the
decontamination intensity detection unit 82X may execute the determination processing
in step S25 of the decontamination procedure shown in Fig. 5, and the ejection control
unit 40X may stop the drive of the ejection device 50 when the determination in step
S25 is affirmative.
[0071]

<7-8. Eighth Modification>

In the above embodiment, the decontamination intensity detection unit 82X
may determine whether or not decontamination has been completed based on a
difference ARC between the electric resistance value of the first sensor unit 71 and the
electric resistance value of the second sensor unit 72.  In this modification, the
decontamination intensity detection unit 82X determines that decontamination has been
completed when the difference ARC is equal to or larger than a predetermined reference
difference ARZ by which it can be determined that the decontamination has been
completed.
[0072]

<7-9. Ninth Modification>

In the above embodiment, the particle removing filters disposed in the safety
cabinet 100 are the HEPA filters 120 and 130, but the particle removing filter disposed
in the safety cabinet 100 is not limited thereto. The filter for removing particles to be
decontaminated may be, for example, a medium-performance filter or an ULPA filter.
[0073]

<7-10. Tenth Modification>

In the above embodiment, in the decontamination device 20, the air flow is in

the order of the safety cabinet 100, the pump 51, the vapor generator 52, and the safety
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cabinet 100, but the order of the air flow is not limited thereto. For example, the air
may flow through the safety cabinet 100, the vapor generator 52, the pump 51, and the
safety cabinet 100 in this order.
[0074]

<8. Tests>

In order to confirm the effect of the present invention, the inventor(s) of the
present application conducted the following first test and second test using a
decontamination system for testing. In addition, the inventor(s) of the present
application conducted a third test for confirming metal that can be suitably used for the
sensor unit 70.  In the following description, for convenience of description, the same
elements as those of the embodiment among the elements constituting the
decontamination system for testing will be denoted by the same reference numerals as
those of the embodiment.
[0075]

<8-1. First Test>

Fig. 6 is a diagram showing a schematic configuration of a decontamination
system 10X used in the first test. The decontamination system 10X includes a
decontamination object 100X, a decontamination device 20X, a Bl 150X, a
thermohygrometer 310, a peracetic acid densitometer 320, and a decontamination
intensity sensor 60.
[0076]

The decontamination object 100X is an acrylic box. The size of the acrylic
box is 78 cm wide by 57 cm deep by 78 cm high.  The acrylic box has a door (not
shown) that can be opened and closed on the entire surface. The acrylic box has

openings 100XA on the left and right and on the top surface. The diameter of the
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opening 100XA is 30 mm. From the opening 100XA on the top surface, a sensor unit
311 of the thermohygrometer 310, a sensor unit 321 of the peracetic acid densitometer
320, and a sensor unit 70 of the decontamination intensity sensor 60 are inserted into the
space in the acrylic box. The sensor unit 311 of the thermohygrometer 310 is an
LR9502 manufactured by HIOKI E.E. CORPORATION. The main body portion
312 of the thermohygrometer 310 is an LR5001 manufactured by HIOKI E.E.
CORPORATION. The sensor unit 321 of the peracetic acid densitometer 320 is a
peracetic acid gas sensor module 00-1705 manufactured by Accurate Technologies Inc..
A main body portion 322 of the peracetic acid densitometer 320 is an F12 series gas
detector manufactured by Accurate Technologies Inc..

[0077]

The BI 150X is disposed in a space in the acrylic box. The Bl 150X is HMV-
091 with a bacteria count of 10° manufactured by MesaLab. The culture solution of
the B1 150X is PM/100 manufactured by MesaLab.

[0078]

The decontamination device 20X is disposed in a space in the acryl box. The
decontamination device 20X includes a container that accommodates a peracetic acid
chemical, acetic acid, or hydrogen peroxide, and a fan attached to the container. The
fan blows air to these liquid surfaces so that the peracetic acid chemical, acetic acid, or
hydrogen peroxide vaporizes.

[0079]

In Test Examples 1 to 7, a peracetic acid chemical is stored in a container of
the decontamination device 20X. The peracetic acid chemical is MINNCARE
manufactured by MEDIVATORS Inc.. MINNCARE has a hydrogen peroxide content

of 22.0%, an acetic acid content of 4.5%, and a peracetic acid content of 9.0%.
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MINNCARE is diluted with pure water, and 500 ml of the diluted solution is stored in a
container of the decontamination device 20X.
[0080]

In Test Example 8, 500 ml of a diluted solution obtained by diluting acetic acid
to 0.45% with pure water is stored in the container of the decontamination device 20X.
In Test Example 9, 500 ml of a diluted solution obtained by diluting hydrogen peroxide
to 1.1% with pure water is stored in the container of the decontamination device 20X.
[0081]

In the first test, the ratio RA of the electric resistance value of the sensor unit
70 was measured by the decontamination intensity sensor 60 during the driving of the
decontamination device 20X. In this test, the decontamination device 20X was driven
for a predetermined time, and after the drive of the decontamination device 20X was
stopped, the Bl 150X was taken out from the left and right openings 100XA of the
acrylic box, and the Bl 150X was cultured in the culture solution.

[0082]

Fig. 7 is a table showing test results of Test Examples 1 to 7. Fig. 8 is a graph
showing test results of Test Example 6. Fig. 9 is a table showing test results of Test
Examples 8 and 9. In this test, it was confirmed that the Bl 150X was killed and the
decontamination was completed when the difference ARA in electric resistance value
shown in the fifth modification was 0.0021 or more. In addition, from Test Examples
2, 3, and 7, it was confirmed that the difference ARA in electric resistance value was
different when the concentration of peracetic acid was different even when the humidity
was comparable. From Test Examples 1 and 3, it was confirmed that the difference
ARA in electric resistance value was different when the humidity was different even

when the concentration of peracetic acid was about the same. Whether or not the
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decontamination of the decontamination object 100X has been completed depends on
various factors such as temperature, humidity, and decontamination time, and it was
confirmed that whether or not the decontamination of the decontamination object 100X
has been completed can be accurately determined in a short time by using the ratio RA
of the electric resistance value detected by the decontamination intensity sensor 60.
From Test Examples 8 and 9, it was confirmed that the Bl 150X was not killed by acetic
acid or hydrogen peroxide, and an exposed portion 71X of the first sensor unit 71 was
not corroded.

[0083]

<8-2. Second Test>

Fig. 10 is a diagram showing a schematic configuration of a decontamination
system 10Y used in the second test. The decontamination system 10Y differs from the
decontamination system 10X used in the first test in the configuration of a
decontamination device 20Y, and the other configurations are the same as those of the
decontamination system 10X. The decontamination device 20Y is an ultrasonic mist
generator. The ultrasonic mist generator is FOGACT manufactured by Nitta
Corporation. The test method of the second test is the same as that of the first test.
[0084]

Fig. 11 is a table showing test results of the second test. In the second test,
from Test Example 9, it was confirmed that the Bl 150X was killed and the
decontamination was completed when the difference ARA in electric resistance value
shown in the fifth modification was 0.0012 or more. It was confirmed that even if the
decontamination device 20Y is an ultrasonic mist generator, whether or not
decontamination of the decontamination object 100X was completed can be accurately

determined in a short time by measuring the ratio RA of the electric resistance value.
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[0085]

In addition, from the results of the first test and the second test, it was
confirmed that the degree of progress of metal corrosion caused by peracetic acid is
related to the degree of killing or damaging microorganisms and viruses by
decontamination. As a result, the degree to which the microorganisms and viruses are
killed or damaged by decontamination can be expressed as a numerical value indicated
by the decontamination intensity sensor 60, in other words, the decontamination
intensity. Furthermore, the timing at which decontamination should be completed can
be grasped by the decontamination intensity indicated by the decontamination intensity
sensor 60 when the microorganisms and viruses are Killed.

[0086]

<8-3. Third Test>

Fig. 12 is a table showing specifications of metal constituting the sensor unit 70
used in the third test. In the third test, the metals of the samples No. 1 to No. 7 shown
in Fig. 12 were accommodated in the decontamination object 100X of the
decontamination system 10X shown in Fig. 6, and peracetic acid was ejected by the
decontamination device 20X. In the third test, the opening 100XA of the
decontamination object 100X is sealed. As the Bl 150X, in addition to HMV-091 with
a bacteria count of 10 manufactured by MesalLab in the first test, LCD-404 with a
bacteria count of 10* manufactured by MesaLab was used. The culture solutions of the
two Bls 150X are PM/100 manufactured by MesalLab. The metals of the samples No.
1 to No. 7 are samples defined by JIS H 3100 “Plates and Strips of Copper and Copper
Alloy”.

[0087]

In the third test, the Bls 150X were taken out at 2 hours, 3 hours, and 4 hours
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elapsed after the start of decontamination, and it was confirmed whether or not the Bls
150X were killed. In the third test, it was confirmed that the two Bls 150X had been
killed, in other words, were negative, at all 2 hours, 3 hours, and 4 hours elapsed.
[0088]

In the third test, gloss of the metal before the start of decontamination and after
the completion of decontamination was measured using a gloss meter (gloss checker
IG-410 manufactured by HORIBA, Ltd.) in order to confirm the degree of progress of
corrosion of the metals of the samples No. 1 to No. 7. Fig. 13 shows the results. The
numerical value in the column of metal in Fig. 13 indicates the content ratio of metal of
each sample.

[0089]

As shown in Fig. 13, since the glossiness of the metals of the samples No. 1 to
No. 5 significantly decreases after completion of decontamination, it can be grasped that
corrosion is suitably progressing. The metal of the sample No. 6 has almost no
decrease in glossiness. From this, it was confirmed that when tin or phosphorus is
contained in the metal constituting the sensor unit 70, corrosion does not substantially
proceed depending on peracetic acid. The metal of the sample No. 7 has no decrease
in glossiness.  From this, it was confirmed that when nickel is contained in the metal
constituting the sensor unit 70, corrosion does not substantially proceed depending on
peracetic acid.
DESCRIPTION OF REFERENCE SIGNS
[0090]

10: Decontamination system

20: Decontamination device

60: Decontamination intensity sensor
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71: First sensor unit
71A: Exposed portion
72: Second sensor unit

81P: Decontamination intensity detection program
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CLAIMS

Claiml. A decontamination intensity sensor that detects a degree of decontamination of
at least one of microorganisms and viruses decontaminated with peracetic acid,

the decontamination intensity sensor comprising an exposed portion being
made of metal corroded by the peracetic acid, the metal being exposed from the exposed
portion.
Claim2. The decontamination intensity sensor according to claim 1, wherein

the corrosion includes a chemical reaction in which the metal is changed to
acetate.
Claim3. The decontamination intensity sensor according to claim 1 or 2, wherein

the metal contains at least one of copper and zinc.
Claim4. The decontamination intensity sensor according to claim 3, wherein

the metal is an alloy containing the copper and the zinc.
Claim5. The decontamination intensity sensor according to claim 1 or 2, further
comprising:

a first sensor unit including the exposed portion; and

a second sensor unit made of the metal and masked so as not to corrode the
metal.
Claim6. A decontamination system comprising:

the decontamination intensity sensor according to claim 1 or 2; and

a decontamination device that ejects the peracetic acid to a decontamination
object in which at least one of the microorganisms and the viruses is present.
Claim7. The decontamination system according to claim 6, wherein

the decontamination device is configured to stop ejection of the peracetic acid

when a progress of corrosion of the exposed portion satisfies a predetermined condition
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under which it can be determined that decontamination has been completed.
Claim8. A decontamination intensity detection method for detecting a degree of
decontamination of at least one of microorganisms and viruses decontaminated with
peracetic acid using a decontamination intensity sensor,

the decontamination intensity sensor including an exposed portion being made
of metal corroded by the peracetic acid, the metal being exposed from the exposed
portion,

the decontamination intensity detection method comprising a step of
determining whether or not a progress of corrosion of the exposed portion satisfies a
predetermined condition under which it can be determined that decontamination has
been completed.
Claim9. A decontamination intensity detection program that detects a degree of
decontamination of at least one of microorganisms and viruses decontaminated with
peracetic acid using a decontamination intensity sensor,

wherein the decontamination intensity sensor includes an exposed portion
being made of metal corroded by the peracetic acid, the metal being exposed from the
exposed portion, and

wherein the decontamination intensity detection program causes a computer to
execute a step of determining whether or not a progress of corrosion of the exposed
portion satisfies a predetermined condition under which it can be determined that

decontamination has been completed.
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