» UK Patent Application .. GB ,2453 086 ., A

(43) Date of Printing by UK Office 25.03.2009
(21) Application No: 0900764.2 (51) INT CL:
€12Q 1/06 (2006.01)
(22) Date of Filing: 27.06.2007
(56) Documents Cited by ISA:
(30) Priority Data: WO 2000/032990 A1 JP 070256141 A
(31) 2006198230 (32) 20.07.2006 (33) JP JP 030039081 A JP 2004159508 A
(31) 2006198231 (32) 20.07.2006 JP 2003106583 A
NISHIKAWA, "Plasma de seisei shita cluster ion o
(86) International Application Data: mochita kuki joka gijutsu”, Proceedings of
PCT/JP2007/062937 Jp 27.06.2007 microelectronics symposium, 2003, pages 1-8
KAWAMOTO et al, "lon shori ni yoru dani allergen no
(87) International Publication Data: allergen-sei no teigenka", Allergy in practice, 2005, 25,
W02008/010394 Jp 16.01.2009 66-70
NISHIKAWA et al, "Hoden plasma ni yori seisei shita
cluster ion o mochita shitsunai fuyu allergen shikkatsu
(71) Applicant(s): gijitsu”, Sharp technical journal, 2004, 89, 55-60
Sharp Kabushiki Kaisha NISHIKAWA et al, "Plasma cluster ion kuki joka
(Incorporated in Japan) gijutsu”, Abstract of Dai 11 Kai annual meeting of the
22-22 Nagaike-cho, Abeno-ku, japanese association for pharmaceutical science and
Osaka 545-8522, Japan technology, 2003, pages 55, 57-62
(72) Inventor(s): (58) Field of Search by ISA:
Kazuo Nishikawa INT CL C12Q
Norihro Matsuoka Other: BIOSIS/WPI(DIALOG), MEDLINE (STN), JSTPlus
Tetsuya Yoneda (JDream2), Jitsuyo Shinan Koho
Hisaharu Yagi 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2007
Masahi Kawai Kokai Jitsuyo Shinan Koho 197
(74) Agent and/or Address for Service:
R G C Jenkins & Co
26 Caxton Street, London, SW1H ORJ,
United Kingdom
(54) Abstract Title: Enviromental evaluation system and environmental evaluation method
(57) An environmental evaluation system comprising: an evaluation room (1) which is isolated from the external

space by a partition wall (2); a minute substance-supplying unit (3) by which a microorganism is supplied into the
evaluation room (1); a minute substance-removing unit (4) by which removal particles for removing a
microorganism is supplied into the evaluation room (1); and a minute substance-collecting unit (5) by which a
microorganism in the evaluation room (1) is collected, characterized in that a number of air supply holes (21) are
formed in almost the whole face of the partition wall (2) excluding the floor face and air flows into the evaluation

room (1) through the air supply holes (21).

V 980€SF ¢ 9O

Original Printed on Recycled Paper



FIG. 1

f

esvmcwa
macuvevy

Q

)--

._\

seeraccswdovonnstaccacnce

20m



FIG. 2

OUTSIDE AIR
{

I~ *ccncnanad

CONTROL
SECTION { - 20
DETERMINING

SECTION
7 3a SET VALUE

NOTIFYING
SECTION _/ 28

freecafboncean,
(s —wmoloonena




FIG. 3

-—d
Y

5

12

O 0 0 00 00 0 o

© 0 0 0o 0 0 06 o
© 06 0 0 0 0 © 0 o

? © 0 0 0 © 0 0 o0 ¢

© 0 0 00 O O 0 o
0O 0 00 0 0 0o o
)

(b) W

10



FIG. 5

INNER SIDE

33a




<

FIG. 6

1.E+05

BACILLUS SUBTILIS (SPORE) REMOVAL EFFECT

=
Q
g
E% NO ION EMISSION
g2
g & 1,E+04
s K
[SH ]
S g ‘G\Q\—B\Q\‘)
T o
o
o WITH ION EMISSION
c32
£ 5 1.E+03
Ey
SE
& 82.8% OF BACTERIA ARE REMOVED AFTER 60 MINUTES
1 'E+02 t } [N 1 {
0 10 20 30 40 S0 60
ELAPAED TIME (MINUTE)
FIG. 7
10,000
1,000
- BACILLUS SUBTILIS
3 .. (SPORULATED STATE)
S BACILLUS SUBTIUS -,
5 (NUTRITIONAL STATE) &
E 100 = >
g B
o e,
g =
= e
5 10 4;
-d
[T
|78
(@)
&
m 1 ’ - A 1 1
-
3 0 10 20 30 40 50 60

ELAPAED TIME (MINUTE)



FIG. 8

10000

CONCENTRATION OF

FLOATING BACTERIA

(CFU.~50L)

1000

100

10

N
o T= OSTAGE)
a T=10
o0 Ta30
X T=60
ESCHERICHIA CoLl
SPACE = 20m3 8
/ / T=60
a X
/£ x
0o X
= / /
wo
20 30

70
HUMIDITY (%)



ﬂ\TMN eg

wg'z

= ‘\.\\.ﬁl
: i
+ P

: : :

wo'g | , _ ""

\ i Ty - S

2 L e : : gwQz \
i m
m

8e i

6 OId




ee

HIV 301S.1N0 g

Gl Ol



ez NOLLO3S
ONIAILLON

INIVA 135,

NOLLO3S
10HLINCD

lllllllllllllllll

Il "OId



FIG. 12




FIG. 13

INNER SIDE

S

OUTER SIDE

32a

32

/\/45

A

29

LN\ 46

31a



DESCRIPTION

ENVIRONMENTAL EVALUATION INSTALLATION AND ENVIRONMENTAL

EVALUATION METHOD

Technical Field

[0001]

The present invention relates to an environmental
evaluation installation and an environmental evaluation

method for evaluating a minute substance in space.

Background Art

[(0002]

In recent years, there has been increasing interest
in improving the air environment because of the air
pollution problem, the generation of various pathogenic
bacteria and viruses, the increase in the number of
allergy patients, and the like. In order to respond to
the demand for making the indoor environment comfortable,
there have been proposed removing techniques and
evaluation methods of minute substances which exist in
the atmosphere and which include, for example,
microorganisms such as bacteria, fungi and viruses, and
minute substances such as harmful chemical substances.
(0003]

Conventionally, as a method for improving the air

environment, there have been generally adopted various



methods for removal particles in the air by using a
filter. The method is configured to clean the air by
physically collecting and removing the minute substances
in the air.

[0004]

Further, various air cleaning technicques as
represented by those using radicals and ions have been
attracting attention in recent years. The techniques are
based on a2 method for eliminating the harmfulness of the
minute substances floating in the air by using the
effects of denaturation, decomposition, and the like.

For example, as methods for performing sterilizing
treatment by irradiating microorganisms with particles
such as icnized ions, there has been disclosed in Patent
Document 1 a positive and negative ion generation
technique for cleaning the air and a sterilization method
for sterilizing bacteria floating in the atmosphere by
applying the technigque.

[0005]

In the development of a household electric appliance
using such technique, a technique to measure the air
environment is very important in the product development,
because the design of the product, in which design the
required air cleaning function, the reduction in enerqgy
consumption, and the like, are made compatible with each
other, can be effected by accurately evaluating the

performance of the product.



[0006)

For example, as a method for detecting and
quantifying how much harmful substance exist in the
environment, there is disclosed in Patent Document 2 a
technique relating to an apparatus and system for
measuring minute substances floating in the atmosphere.
[0007)

Further, it is proposed in Patent Document 3 that a
quantitative evaluation of a removal effect test, which
is performed by applying some actions to substances
floating in a closed space, can be effectively performed
by utilizing a method and apparatus for evaluating the
removal of microorganisms.

Patent Document 1: Japanese Patent Laid-Open No.
2002-~095731

Patent Document 2: Japanese Patent Laid-Open No. 11-
14511

Patent Document 3: Japanese Patent Laid-Open No.

2004-159508

Disclosure of the Invention
Problems to be Solved by the Invention
[0008)
However, the technigue described in Patent Document
1 represents a sterilization method by using particles

such as ionized ions, but a method for effectively



testing the change in quantity of minute substances is
not specifically described in Patent Document 1.
[0009]

Further, the evaluation apparatus described in
Patent Document 2 is featured in that minute substances
floating in space are collected and detected. However,
the action between the floating substances and the wall
surface of the evaluation chamber is not taken into
account in the evaluation apparatus. When the floating
substances adhere to the wall surface, it is not possible
to perform accurate evaluation. Further, the kinds of
minute substances capable of stably floating in the space
are not taken into account.

(co1o0)

Further, the technique described in Patent Document
3 is to evaluate the removal of floating substances.
However, in the technique, the action between the
floating substances and the wall surface of the
evaluation chamber i1s not taken into acecount, and the
kinds of microorganisms capable of stably floating in the
Space are not also taken into account. Thus, there is
required an evaluation apparatus capable of performing
further accurate evaluation.
[0011)

Therefore, in view of the above, an object of the
present invention is to provide an environmental

evaluation installation capable of highly precisely



evaluating the removal of minute substances floating in

space.

Means for Soclving the Problems

[0012)

In order to achieve the above described object, the
present invention is characterized by being configqured
such that minute substances are made to stably float in
an evaluation chamber. Specifically, an environmental
evaluation installation, according to the present
invention, includes an evaluation chamber isolated from
outer space by isoclation walls, a minute substance supply
means configured to supply a minute substance into the
evaluation chamber, and a minute substance collecting
means configured to collect the minute substance in the
evaluation chamber, and is used to measure and evaluate
the minute substance collected by the minute substance
collecting means. The environmental evaluation
installation is charxacterized in that many air supply
holes are pxovided for almost the whole surfaces of the
isolation walls except at least the floor surface of the
isolation walls and that air is made to flow into the
evaluation chamber from the air supply holes.

(0013)

The environmental evaluation installation is capable

of evaluating a time-sequential change in the

concentration, and the like, of the minute substance



supplied into the evaluation chamber. When the
evaluation is performed, the air is made to flow into the
evaluation chamber from the many air supply holes
provided for almost the whole surfaces of the isolation
walls. Since the minute substance near the isolation
wall is repelled to the inside of the evaluation chamber
by the air flow, it is possible to prevent the minute
substance from adhering to the isolation wall and
possible to make the minute substance stably float in the
evaluation chamber. Therefore, since the minute
substance can be evaluated in the state of a
substantially infinite space without the influence of the
wall effect, it is possible to perform more accurate
evaluation,

[0014)

Further, in addition to the above described
configuration, it is possible to provide minute substance
removing means configured to supply removal particles for
removing the minute substance into the evaluation chamber.
According to the apparatus, since the minute substance is
collected and measured after the removal particles are
irradiated in the inside space of the evaluation chamber,
it is possible to evaluate the removable ability for the
minute substance by irradiating the removal particles,
and possible to quantitatively evaluate various
conditions under which the removal particle are

irradiated.



[0015]

Specifically, the minute substance is time-
sequentially collected by the minute substance collecting
means, and the time-sequential change of the collected
minute substance is measured. Thus, it is possible to
evaluate the ability of the removal particles by
comparing the time-sequential change of the minute
substance in the case where the removal particles are not
supplied by the minute substance removing means, with the
time-sequential change of the minute Substance in the
Case where the removal particles are supplied by the
minute substance removing means.

{o016)

It is preferred that the evaluation chamber isg
configured to be in a closed state except the air supply
holes. Thereby, it is possible to prevent the leakage of
the minute substance. Further, it is preferred that the
air supply holes are formed on almost the whole surfaces
of the isolation walls of the evaluation chambar except
at least the floor surface, and it is more preferred that
the air supply holes are formed on the whole surfaces of
the isolation walls including the floor surface. When
the air supply holes are formed on almost the whole
surfaces, the whole inner surfaces of the evaluation
chamber can be covered with the air flowing into the

evaluation chamber from the holes, and thereby the



adhesion of the minute substance can be effectively

prevented.
(0017]

Furthex, the isolation wall may be configured to
have one layer structure. However, the isolation wall
can be configured to have at least an inner wall, an
outer wall, and an air flow passage formed between the
inner wall and the outer wall, and configured such that
many air supply holes are formed in the inner wall. By
the outer wall, it is possible to prevent the minute
substance from being leaked and possible to prevent
minute substances, and the like, from entering from the
outer space. Also, it is possible to make the air flow
into the evaluation chamber from the air supply holes of
the inner wall.

[0D28]
The air supply holes are preferably configured such

that the air is radiated in the direction &6 as to be
diffused at the time when the air is made to flow into
the evaluation chamber. Thus, it is possible to form the
air flow directed to the inside of the evaluation chamber
over the whole inner surfaces of the evaluation chamber.
As a specific configuration example of the air supply
hole, there can be listed a pore having a diameter of 0.1
to 2 cm. This configuration utilizes the nature of the
air that the air is, after passing through a pore,

radiated in the direction to be diffused. Alternatively,



the pore may be formed so that the cross-sectional area
thereof is increased toward the inside of the evaluation
chamber. The air is radiated in the direction to be
diffused along the inclination of the wall suxface
forming the air supply hole. Note that the shape of the
air supply hole is not limited to the cireular shape, and
may be formed into a polygonal shape, such as a rectangle.
Further, the direction of the air supply hole need not be
vertical to the wall surface, and may be inclined with
respect to the wall surface.

[0019]

Furthexr, the distance W between the adjacent air
supply holes is preferably set to a distance about one to
three times the diameter of the hole. The air supply
holes are formed over almost the whole surfaces of the
isolation walls, and thereby the air flows directed to
the inside of the evaluation chamber are formed over the
whole inner surfaces of the isolation walls.

[0020]

It is possible to provide an air intake opening for
taking the air into the evaluation chamber fxrom the outer
space. The air from the air intake opening is made to
flow into the evaluation chamber through the air supply
holes,

[0021)
Further, it is preferred that the air delivered into

the evaluation chamber from the air supply holes is



- 10 -

purified beforehand. Thus, a filter can be provided in
the air intake opening. Thereby, minute substances in
the outside air can be prevented from being mixed in the
air delivered into the evaluation chamber.

[0022])

Further, it is preferred that the temperature and/or
humidity of the air delivered into the evaluation chamber
from the air supply holes is adjusted. Thereby, a minute
substance, particularly a microorganism, which is
sensitive to the humidity and the change in the humidity,
can be made to stably float in the space of the
evaluation chamber. Thus, specifically, an air
conditioning section configured to adjust the temperature
and/or humidity can be provided on the upstream side from
the air intake opening or in the air flow passage.
Further, it may also be configured such that the air
conditioning section is provided in the evaluation
chamber. Thereby, it is possible to adjust the
temperature and/or humidity in the evaluation chamber.
[0023]

It is possible to provide an air exhaust opening
configured to exhaust the air in the evaluation chamber
to the outer space. The air delivered into the
evaluation chamber from the air supply holes can be
exhausted from the air exhaust opening,

[0024]
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It is possible to provide at the air exhaust opening
an in-exhaust minute substance collecting means
configured to collect the minute substance in the
exhausted air. Thereby, it is possible to prevent the
minute substance in the evaluation chamber from being
leaked to the outside air. Further, when an impinger is
used as the in-exhaust minute substance collecting means,
the amount of the minute substance can be measured. Note
that other means, such as a filter, may be also used
other than the impinger.

(0025}

Further, when the air is supplied into the
evaluation chamber from the air supply holes, the inside
of the evaluation chamber is brought into a pressurized
state, and hence the air containing the wminute substance
may be leaked from the evaluation chamber to the outside
of the evaluation chamber. The evaluation chamber is
preferably set at the normal pressure, but is more
preferably set in a negative pressure state.

[0026]

As means for preventing the evaluation chamber from
being brought into a pressurized state, there can be
listed a method in which a movable wall configured to
partition the inside of the evaluation chamber and
configured to be movable in the evaluation chamber is
provided, and in which the volume of the evaluation

chambar can be changed by the movement of the movable



wall. It is possible to prevent the evaluation chamber
from being brought into a pressurized state by increasing
the volume of the evaluation chamber. Note that many air
supply holes are also preferably provided in the movable
wall. Thereby, it is possible to prevent minute
substances from adhering to the movable wall.

[0027)]

Further, as another means for preventing the
evaluation chamber from being brought into a pressurized
state, there can be listed a method of providing a
suction means configured to suck the air in the
evaluation chamber from the air exhaust opening, so as to
thereby maintain the inside of the evaluation chamber in
the negative pressure state. It is rossible to lower the
air pressure in the evaluation Chamber by foreibly
exhausting the air in the evaluation chamber to the outer
space.

[0028]

Note that conventionally, there exists an apparatus
which is configured to control the exhaust amount so that
the pressure in the evaluation chamber is kept constant.
However, a variation is caused in the exhaust amount by
using the apparatus. Here, the exhaust amount ig
regarded as an important factor in the evaluation test of
the minute substance. This is because as the exhaust
amount of the air from the evaluation chamber is

increased, the amount of the minute substance discharged
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together with the air is also increased. Further, the
present inventors have found that a slight pressure
difference exerts almost no influence on the minute
substance, such as a microorganism.

[0029)

Thus, the amount of the air exhausted from the air
exhaust opening may be grasped. For example, also in the
case where after the exhaust amount at the time when the
removal particles are not supplied is grasped, the
removal particles are supplied by the minute substance
removing means, the performance of the minute substance
removing means can be accurately evaluated by performing
the evaluation test under the same exhaust amount
condition,

[0030)

Specifically, it is possible to provide an exhaust
amount measuring section which is configured to measure
the amount of air exhausted from the air exhaust opening,
and possible to provide a control section which is
configured to perform an arithmetic operation on the
exhaust amount from the exhaust amount measuring section
and which is configured to control the suction means so
as to reproduce the exhaust amount. For exampla, the
control section performs control such that the time-
sequential change in the exhaust amount in the case where
the minute substance is not removed is equal to the time-

sequential change in the exhaust amount in the case where
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the minute substance is removed. Thereby, both the
evaluation tests are performed under the same condition.
[0031)

Alternatively, on the basis of an exhaust amount
signal from the exhaust amount measuring section, the
control section is able to control the suction means so
that the exhaust amount become substantially fixed. When
the exhaust amount is fixed, the evaluation can be
performed under the same condition at any time.

[0032]

Further, it is posesible that there is provided an
inflow amount measuring section configured to measure the
amount of air flowing into the evaluation chamber from
the air intake opening, and that the control section
determines whether or not the air flow in the evaluation
chamber is normal, on the basis of the difference between
the exhaust amount from the exhaust amount measuring
section and the inflow amount from the inflow amount
measuxing section. For example, as the case where the
air flow is abnormal, there can be listed a case where
the difference between the exhaust amount and the inflow
amount is larger than a predetermined value. That is,
when the exhaust amount is smaller than the inflow amount,

it is estimated that a leakage from the evaluation

chamber is caused.

[0033]
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Further, it is possible to issue a warning by a
notifying means at the time when the result of the above
described determination is abnormal. As the notifying
means, there can be listed a display in a display section
such as a monitor, and notification by sound and light.
[0034]

Note that a flowmeter can be used as the exhaust
amount measuring section and the inflow amount measuring
section, but the present invention is not limited to this.
[0035)

It is possible to configure such that a taking in
and out mechanism for taking the minute substance
collecting means in and out of the evaluation chamber is
provided, and that the taking in and out mechanism is
fixed to the isolation wall and includes a container-like
pass box one side of which is openable in the evaluation
chamber and the other side of which is openable in the
outer space, and a moving means capable of moving the
minute substance collecting means between a pPredetermined
position in the pass box and a predetermined position in
the evaluation chamber.

[0036]

In order to investigate the time-segquential change
of the minute substance, it is necessary to exchange the
minute substance collecting means. However, when the
mechanism is used, a pexson need not go in and out of the

evaluation chamber in order to exchange the minute
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substance collecting means. Therefore, it is possible to
prevent the influence of the minute substance in the
evaluation chamber on the human body, and possible to
prevent the minute substances from entering the
evaluation chamber from the outside. Thus, it is
possible to perform more highly precise evaluation.
[0027]

A door configured to be closed in an openable and
closable manner can be provided at each of both end
openings of the pass box. The coming and going of the
minute substance between the inside and outside of the
evaluation chamber can be reduced by the double door.
[0038]

The moving means can be configured as a movable body
which is able to travel on the floor of the evaluation
chamber and to hold the minute substance collecting means.
The minute substance collecting means can be moved to a
predetermined position in such a manner that the movable
body which holds the minute substance collecting means by
a method, such as mounting, moves by traveling on the
floor surface.

[0039]

Alternatively, the moving means may also be
configured by a guide passage provided between the pass
box and the predetermined position in the evaluation

chamber, and a movable body configured to hold the minute
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substance collecting means and to move along the guide

passage.
(0040]

The movable body can be provided with wheels.
Thereby, the movable body can be smoothly moved. Further,
the movable body can be a self-traveling type. Further,
the movable body can be a form having a receiving section
80 as to be able to be remotely operated. The movable
body can be moved to the predetermined position by remote
control.

[0041]
The guide passage may be installed on the floox

surface of the evaluation chamber, or may also be
installed on the ceiling surface of the evaluation
chamber. The installation place of the guide passage is
not limited to in particular.

(0042]

Further, as the guide passage, there can be listed a
rail, a conveyor belt, and the like, but the guide
passage is not limited to these.

[0043]

Further, the movable body may be configured to be
hung from the ceiling surface of the evaluation chamber,
and configured to be able to be moved along the guide
passage installed on the ceiling surface. According to

this configuration, since the guide passage is installed



on the ceiling surface, the air flow in the evaluation
chamber is comparatively unlikely to be disturbed.
{0044)

Note that there can be listed an air sampler as the
minute substance collecting means, but the minute
substance collecting means is not limited to this. It is
also possible to collect the minute substance by using an
impinger. However, since the efficiency of the impinger
in collecting floating bacteria is lower than that of the
air sampler, it is preferred to use the impinger as
auxiliary means of the air sampler.

[0045]

Fuxther, according to the present invention, there
is provided an environmental evaluation method in which
after microorganisms are supplied in an evaluation
chamber isolated by isolation walls from outer space, the
microorganisms are collected and the collected
microorganisms are measured, the method being
characterized in that spore-forming bacteria in a
sporulated state are used as the microorganism in order
to prevent the spontaneous disappearance of the
microorganism. As a result of the investigation of the
present inventors, it was found that the general activity
state (nutritional state) of spore-forming bacteria and
the number of floating live bacteria as the other
microorganism, such as Escherichia coli, are greatly

changed by the influences of humidity.



(0046]

Thus, the spore-forming bacteria are subjected to a
special treatment so as to be brought into a sporulated
state. Thereby, it is possible that when the bacteria
are sprayed in the air, the number of floating live
bacteria is unlikely to be influenced by the humidity and
that the bacteria are made to float in living state for a
long time in a wide range of humidity. Therefore, since
the influence due to the spontaneous disappearance
(decrease) of the microorganism can be reduced, it is
possible to perform more highly precise evaluation.

[0047)]

Further, in an environmental evaluation method in
which after microorganisms and then removal particles for
removing the microorganisms are supplied in an evaluation
chamber isclated by isolation walls from outer space, the
microorganisms are collected and the collected
microorganisms are measured, the method can be configured
such that spore-forming bacteria in a sporulated state
are used as the microorganisms in order to Prevent the
spontaneous disappearance of the microorganisms.
According to this method, since the mieroorganisms are
collected to be measured after the removal particles are
irradiated in the inner space of the evaluation chamber,
it is possible to evaluate the effectiveness of removing
the microorganisms by irradiating the removal particles,

and possible to quantitatively evaluate various
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conditions under which the removal particles are

irradiated.

{0048)

Note that the spore-forming bacteria are not limited
in particular, but Bacillus subtilis is preferred as the
spore-forming bacteria. Bacillus subtilis is featured in
that it has less adverse effect on the human body and
hence can be tested safely. PFor this reason, for example,
even when an airborne bacteria removing test by an air
cleaner is performed in a large indoor space of six-mat
room or more, the test person is able to safely perform
the test without any danger of being exposed to the
microorganism. Further, since Bacillus subtilis is
unlikely to be influenced by humidity, it 1s possible to
easily perform a test excellent in reproducibility
without the humidity control being performed.

[0049]

Further, there is a method of controlling the
humidity in the evaluation chamber ag another means for
preventing the spontaneous disappearance of the
microorganism. Specifically, the method is an
environmental evaluation method in which after
microorganisme are supplied in an evaluation chamber
isolated from outer space by isolation walls, the
microorganisms are collected and the collected
microorganisms are measured, and which is characterized

in that the humidity in the evaluation chamber is
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controlled in order to prevent the spontaneous
disappearance of the microorganisms. The amount of
microorganisms in the air is liable to be influenced by
the humidity. Thus, it is possible to make the
microorganisme float in the air in living state for a
long time in such a manner that the humidity is
controlled so as to be suitable for the microorganisms.
Therefore, since the influence by the spontaneous
@isappearance (decrease) of the microorganisms can be
reduced, it is possible to perform more highly precise
evaluation.

[0050])

Further, in an environmental evaluation method in
which after microorganisms and then removal particles for
removing the microorganisms are supplied in an evaluation
chamber isolated from outer space by isolation walls, the
microorganisms are collected and the collected
microorganisms are measured, the method can be configured
such that the humidity in the evaluation chamber is
controlled in order to prevent the spontaneous
disappearance of the microorganisms. According to this
method, since the microorganisms are collected to be
measured aftexr the removal particles are irradiated in
the inner space of the evaluation chamber, it is possible
to evaluate the effectiveness of removing the

microorganisms by irradiating the removal particles, and
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possible to quantitatively evaluate various conditiens
under which the removal particles are irradiated.
[0051]

The microorganism used under the humidity control is
not limited to in particular, but Escherichia coli can be
used. Escherichia coli has less adverse effect on the
human body, and hence is suitable as a microorganism used
for evaluating the change in the number of floating
bacteria. However, since the variation at the time of
the test is large, there is g problem in securing the
reproducibility. As a result of an extensive
investigation, the present inventors have found that the
number of live bacteria is greatly changed by the
influence of the humidity in the test environment. As
for Escherichia coli, in the environment in which the
humidity is low, the number of floating live bacteria is
quickly reduced. Thus, for example, when the performance
of an air cleaner in removing floating bacteria is
investigated, there has been a problem that the airborne
time of the bacteria for evaluating the removing
performance cannot be secured. However, the airboxne
time can be increased by performing control to increase
the humidity. Thereby, it is possible to obtain the
advantage that the time for investigating the removing
performance can be increased. Further, it is peossible to
perform a test with less variation and excellent in

reproducibility by controlling the humidity.
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[0052]

Further, the relative humidity in the test
atmosphere is preferably set to 45% or more. Figure 8
shows the results of investigation about the correlation
between the relative humidity and the floating amount of
Escherichia coli, which investigation was performed by
the present inventors, and shows the results obtained by
investigating the number of floating live bacteria at 0
to 60 minutes after the change of the humidity. As can
be seen from the figure, it is possible to hold a large
floating amount of Escherichia coli by setting the
relative humidity to 45% or more.

[0053]

The humidity in the test atmosphere can be adjusted
by using an ultrasonic humidifier. As the humidifier,
there are generally a type based on a method of
evaporating water by heating, a type based on a method of
dispersing water in the air by ultrasonically providing
energy to thé water, and a type configured by combining
both the methods. According to the investigation
performed by the present inventors, it was found that
among these methods, the method of heating water has a
drawback that the floating time of bacteria cannot be
kept long.

(0054]
It is estimated that in the method of heating water,

high temperature water vapor has a function of
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sterilizing microorganisms in the air and thexreby the
decrease in the amount of microorganisms is accelerated.
Oon the other hand, the ultrasonic humidifying method, in
which the decrease in the amount of floating bacteria is
slow, is hence suitable for the floating test of
microorganisms. It is estimated that since high
temperature water vapor is not generated in the
ultrasonic humidifying method, the floating state of
microorganisms can be maintained in the state where the
microorganisms are hardly sterilized.

[0055]

Note that as the minute substance in the present
invention, there are listed microorganisms in the concept
including bacteria, fungi (including mold), viruses,
allergen substances (including ticks), and the like,
house dust, powder dust, pollen, odor, harmful chemical
substance, and the like, but the minute substance is not
limited to these. Further, the microorganism is not
limited to those having an adverse effect on the human
body, and includes those having a favorable effect on the
human body. The aroma is also included in the odor,
[0056]

Further, as the minute substance to be removed, it
is possible to use one type or a combination of two or
more types which are selected from the above described
group. Also, as the microorganism, it is possible to use

one type or a combination of two or more types which are



selected from the group including bacteria, fungi,
viruses, and allergen substances. Thereby, it is
possible to use various minute substances as the object
cf the removal evaluation according to the present
invention.

[0057]

Note that spore-forming bacteria in a sporulated
state are preferably used as the microorganism and
Bacillus subtilis is preferably used as the spore-forming
bacteria. Further, when the spore-forming bacteria in a
sporulated state are not used as the microorganism, it is
preferred that the relative humidity in the environment
of the evaluation chamber is set to 45% or more.

[0058]

The minute substance can be supplied to the inner
space of the evaluation chamber in such a manner that a
solution in which the minute substance is dispersed is
sprayed in the form of mist. Thexeby, it 1s possible to
easily supply the minute substance into the evaluation
chamber, and possible to easily perform the removing
treatment of the minute substance. Then, in the case
where such minute substance is sprayed in the form of
mist, the minute substance can be used as the evaluation
object according to the present invention.

[0059)
Further, the minute substance can be supplied to the

inner space of the evaluation chamber in such a manner
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that the inner space of the evaluation chamber is stirred
from below the minute substance supplied into the
evaluation chamber. Thereby, when the minute substance
is supplied into the evaluation chamber, it is possible
to prevent the natural sedimentation of the minute
substance by its own weight and bossible to effectively
perform the removing treatment by irradiating the removal
particles.

[0060)

Further, as the removal particles for removing the
minute substance, it is possible to use a gas generated
by one of electric discharge in the air, irradiation of
emitted light in the air, and the lLenard effect. Further,
as the removal particles, it is possible to use emitted
light, X-ray, gamma ray, or electromagnetic waves.
Further, as the removal particles, it is possible to use
positive and/or negative ions.

[0061)

Here, in the following, there will be described a
reason why when positive and negative ions are used ae
the specific removal particles for sterilizing a minute
substance, particularly a microorganism, the sterilizing
treatment of the microorganism can be performed.

[0062])

That is, when positive and negative ions are

generated by ionization phenomena, such as electric

discharge, caused in the atmosphere, there are most
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stably generated H'(H,0)n as the positive ion and
02" (H:0)n as the negative ion.
[0063)

When these ions are generated, hydrogen peroxide H,0;,
or the radical ‘OH, which are active species, are
generated by chemical reactions. Hydrogen peroxide H,0,
or the radical -OH exhibits very strong activity and
hence is able to sterilize and remove microorganisms
floating in the air.

[0064]

Further, it is also possible to use a gas mainly
containing either the positive or negative ions as the
particles for sterilizing the microorganisms. In this
case, there can be generated an effect that the
sterilizing action is effected in such a manner that the
cell or the surface protein of the microorganism is
destroyed by the electrical action to the microorganism
due to the electric charges of the ions.

{0065])

It is possible to use ozone or a radical as the
particle for sterilizing the minute substance,
particularly the wficroorganism. The ozone or the radical,
which has an excellent ability to sterilize the
microorganism, is able to effectively remove the
microorganism. After exhibiting the sterilizing ability,
the ozone becomes harmless oxygen and is not left as it

is. Alse, the radical is combined with the floating
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microorganism or various molecules in the air to become
an inert substance. As a xesult, the ozone and the
radical are made harmless with time and are not left as
they are. Thus, it is possible to evaluate the ability
to sterilize the microorganism by using the oczone or the
radical.

[0066]

Further, it is also possible to use a medical agent
to sterilize the microorganism and possible to perform
the sterilizing treatment by irradiating the particles of
the medical agent. When the sterilizing treatment is
performed by using the medical agent, it is possible to
supply the particles of the chemical agent by a simpler
apparatus as compared with the case where the ion or
ozone is used. Thus, it is possible to evaluate the
ability to remove the minute substance by using the
medical agent.

[0067)
Note that the above described method can be

particularly suitably used for a test method in which
charged particles, radicals, or particles having a
sterilizing ability are used as the removal particles.

In the test in which charged particles, radicals, or
particles having a sterilizing ability are discharged in
the air to verify the effect of the discharged particles,
the test is generally performed by discharging the

particles in an amount range harmless to the human body
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in view of the application to ordinary households.
Therefore, in order to investigate the effect of such
particles in removing the microorganisms in the air, it
is necessary to investigate the effect of removing the
floating microorganisms for a comparatively long time,
In this case, it is necessary to make the microorganisms
stably float for a long time. Thus, the above described
method is significantly effective and is suitable for the
evaluation of the charged particles, radicals, or
particles having the sterilizing ability in the air.
[0068)

As for the measurement of the minute substance,
there can be listed the measurement of concentration of
the minute substance. Further, the measursment of the
microorganism is the measurement of microorganism
concentration, the measurement of cell infection rate, or
the measurement of allergic reaction. Thereby, it is
possible to perform the microorganism removal evaluation.
[0069]

Further, when the collected microorganism is
measured, it is also possible to measure the time-
sequential change in the microorganism with respect to
the lrradiation time of the particles. Thereby, it is
possible to quantitatively evaluate the ability to
sterilize the microorganism with respect to the lapse of
time.

[0070)
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Further, when the collected microorganism is
measured, it is also possible to measure the
concentration dependency of the removal particles.
Thereby, it is possible to quantitatively evaluate the
ability to sterilize the microorganism with respect to
the concentration dependency of the removal particles.
[0071)

Further, for the above described evaluation method,
it is possible to use the cell culture by microorganisms,
the erythrocyte agglutination by microorganisms, or the
allergic reaction by microorganisms. Thereby, it is
possible to evaluate the activity or the concentration of

microorganisms.

Advantages of the Invention
[0072]

According to the present invention, it is possible
to more accurately and stably perform the environmental
evaluation test for sterilizatian, deodorization, and the
like, of minute substances.

{0073]

Further, it is possible to make microorganisms
stably float by preventing the spontaneous disappearance
of the microorganisms. Thexeby, it is possible to stably
perform the environmental evaluation test for

sterilization, deodorization and the lika.
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Brief Description of the Drawings
[0074]

Figure 1 is a figure showing a schematic
configuration of an environmental evaluation installation
according to a first embodiment;

Figure 2 is a figure showing air flows in the
environmental evaluation installatien according to the
first embodiment;

Figure 3 shows a configuration of isclation walls of
an evaluation chamber of the environmental evaluation
installation according to the first embodiment, in which
Figure 3(a) is a sectional view and Figure 3(b) is a
front view seen from the inner wall side;

Figure 4 is a figure showing the principle of an air
sampler (MAS-100 manufactured by Merck Co. Ltd.);

Figure 5 is a fiqure showing a schematic
configuration of a taking in and out mechanism 6 of the
air sampler of the environmental evaluation installation
according to the first embodiment;

Figure 6 is a figure showing results of removal
effect tests;

Figure 7 is a figure showing results of stability
tests of Bacillus subtilis;

Figure 8 is a figure showing results of humidity

tests;
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Figure 9 is a figure showing a schematic
configuration of an environmental evaluation installation
acceording to a second embodiment ;

Figure 10 is a figure showing air flows in the
environmental evaluation installation according to the
second embodiment;

Figure 11 is a figure showing a schemat:e
configuration of an environmental evaluation installation
according to a third embodiment;

Figure 12 is a figure showing a schematic
configuration of an environmental evaluation installation
according to a fourth embodiment; and

Figure 13 is a figure showing a configuration of a
taking in and out mechanism 6 of the air sampler 5 of the
environmental evaluation installation according to the

fourth embodiment.

Desceription of Symbols
[0075)
1 Evaluation chamber

la Double door

2 Isolation wall

3 Nebulizer

4 Air cleaning apparatus

5 Air sampler

6 Taking in and out mechanism

8 Humidifier
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13
12
13
16
18
19
20
21
22
23
25
26
27
28
29
30
33
34
38

41

42°

12
13
14
15
17
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Inner wall
Outer wall

Air flow passage

Air intake opening
Air supply pipe
Inflow amount measuring section
Heater

Control section

Air supply hole

Air exhaust opening
Exhaust pipe

Exhaust amount measuring section
Pump apparatus
Impinger

Notifying section
Pass box

Moving means

Rail

Movable body

Pump apparatus

Rail

Movable body
Cleaning means
Filter net

Filter frame

Rib

Side wall



18 Central body

19 Guide piece

20 Stopper

2l Inner rail

22 Outer rail

23 Side plate

24 Front plate

25 Rotating section
26 Locking section
27 Projecting section
28 Locking hole

29 Partitioning wall
30 Motor

34 Suction section
35 Suction apparatus

36 Suction duct

Best Mode for Carxying Out the Invention
{0076]

In the following, embodiments according to the
present invention will be described.
<First embodiments

The environmental evaluation installation includes a
series of mechanisms which are configured to set the
inside of an evaluation chamber to a negative pressure,
which are configured to make microorganisms serving as an

evaluation object uniformly float in the evaluation
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chamber by spraying and stirring the microorganisms, and
which are configured, after rexforming treatment to the
microorganisms in the floating state by removal particles,
to perform analysis and evaluation by sampling the
microorganisms,

[0077)

Further, the environmental evaluation installation
is characterized in that the wall effect in the
evaluation chamber is eliminated. Thereby, it is
pessible to improve the instability in the evaluation
test which instability is caused by the action between
the microorganisms floating in the evaluation chamber and
the wall surface of the evaluation chamber. Since the
microorganisms are made to stably float in the air, a
highly precise test is realized.

(0078)

Further, the environmental evaluation installation,
in which the air in the evaluation chamber is sucked to
the outer space in order to hold the inside of the
evaluation chamber in the negative pressure state, is
characterized in that the air exhaust amount is fixed.
Since the exhaust amount of the microorganisms is fixed,
the removal evaluation of the microorganism can be
performed under the same condition at any time.

(0079)
Further, the environmental evaluation installation

" is characterized by including a taking in and ou:
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mechanism for taking minute substance collecting means in
and out of the evaluation chamber. The minute substance
collecting means needs to be exchanged in order to
investigate the time-sequential change of the
microorganisms. However, by using the taking in and out
mechanism, it is possible to eliminate the need of a
person to go in and out of the evaluation chamber to
exchange the minute substance collecting means. Thereby,
it is possible to prevent the leakage and entering of the
microorganisms.

[0080]

Further, the environmental evaluation installation
is characterized in that spore-forming bacteria (Bacillus
subtilis) in a sporulated state are used as the
microorganism in order to prevent the spontaneous
disappearance of the microorganism.

[0081)

In the following, the present invention will be
described in more detail by means of more specifie
embodiments, but the present invention is not limited to
these. Note that in the following, the embodiments are
described with reference to the accompanying drawings,
but the same or corresponding portions are denoted by the
same reference numerals or characters in the accompanying
drawings according to the present invention. Further, an
arrow shows an air flow.

[0082)
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Figure 1 is a figure showing a schematic
configuration of an environmental evaluation installation
according to a first embodiment. Figure 2 is a figure
showing air flows in the environmental evaluation
installation according to the first embodiment. As shown
in Figure 1 and Figure 2, the environmental evaluation
installation includes: an evaluation chamber 1 isolated
by isolation walls 2 from outer space; minute substance
supply means 3 configured to supply microorganisms into
the evaluation chamber 1; an air cleaning apparatus 4, as
minute substance removing means, configured to supply
into the evaluation chamber 1 removal particles for
sterilizing and removing the microorganisms; and minute
substance collecting means 5 confiqured to collect the
microoxganisms in the evaluation chamber 1, and is
configured to measure and evaluate the microorganism
corrected by the minute substance collecting means from 5,
Further, the environmental evaluation installation
includes a taking in and out mechanism € for taking the
minute substance collecting means 5 in and out of the
evaluation chamber 1.

[00823)

The evaluation chamber 1 is isolated from the outer
space in all directions by the isolation walls 2, and the
portion of the evaluation chamber 1 other than air supply
holes 21 as will be described below is configured as a

clean room having high airtightness. The space size of
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the evaluation chamber 1 is set to about 20 m’

(dimensions between the inner wall 10 surfaces are shown
in the figure), but the size is not limited teo this.
Further, a double door la for entrance/exit of the user
is provided in a part of the evaluation chamber 1.
Further, a stirring fan 7 is provided in a lower part of
the evaluation chamber 1. The stirring fan 7 is able to
stir the space by forming an air flow around itself, so
4s to prevent the natural sedimentation of the
microorganism to the lower Part of the evaluation chamber
1 due to the weight of the microorganism itsgelf, Thereby,
it is possible to increase the microoxganisms floating in
the region in which the removal particles generated by
the air cleaning apparatus 4 effectively exist.
Therefore, it is possible to effectively perform the
sterilizing treatment by the removal particles. Further,
in the evaluation chamber 1, an ultrasonic humidifier 8
is installed as a first air conditioning section to
adjust the humidity. Further, a germicidal lamp 9 is
provided so that the inside of the evaluation chamber 1
can be sterilized. The germicidal lamp 9 is mainly used
to sterilize the inside of the evaluation chamber 1
before an evaluation test is started. Further, there ig
provided a barometer 40 for measuring the atmospheric

pressure in the evaluation chamber 1.

[0084]
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The isolation wall 2 is configured by an inner wall
10, an outer wall 11, and an air flow passage 12 formed
between the inner wall 10 and the outer wall 11. A paint
baking type steel sheet which is a standard wall surface
material of the evaluation chamber 1 is adopted for the
inner wall 10 and the outer wall 11. Note that a vinyl
chloride based flooring material is used for the floor
surface among the inner walls 10. The inside of the
evaluation chamber 1 is designed so as to be in a weak
negative pressure state, and hence is configured to
prevent the leakage of bacteria to the outside. The
inside of the evaluation chamber 1 is designed to match
with the reference level 2 in the biological test.
(0085S])

In the outer wall 11, there is provided an air
intake opening 13 for taking the air into the air flow
passage 12 from the outer space. As ventilation openings
for ventilating before and after an evaluation test,
there are provided an air intake ventilation opening 14
and an air exhaust ventilation opening 1S. The air
intake ventilation opening 14 and the air exhaust
ventilation opening 15 can be closed, and are closed
during the evaluation test.

[0086]

A HEPA/activated carbon filter is provided in the

air intake opening 13 and the air intake ventilation

opening 14, so that the cleaned air can be introduced.
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Further, the HEPA/activated carbon filter is also
provided in the air exhaust ventilation opening 15, so
that the cleaned air can be exhausted to tha outer space.
Note that the filter provided in the air intake opening
13 and the air exhaust opening 22 is not limited to the
HEPA/activated carbon filter, and the other kind of
filter may be used.

(0087]

An air supply pipe 16 is connected to the air intake
opening 13. A valve 17 for opening and closing the
inside of the air supply pipe 16, an inflow amount
measuring section 18, and a heater 19 as a second air
conditioning section for adjusting the temperature are
provided for the air supply pipe 16. The inflow amount
measuring section 18 is a flowmeter, and detects the
amount of the air passing through the air supply pipe 16,
that is, detects the inflow amount, and notifies the
detected amount to a control section 20.

[0088]

The heater 19 adjusts the temperature of the air
passing through the air supply pPipe 16 to a suitable
temperature. The temperature-adjusted air is introduced
into the evaluation chamber 1 from the respective air
supply holes 21 as will be described below through the
air flow passage 12. Generally, in the case where the
substance made to float is liquid such as solution

particles containing bacteria as in the present
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embodiment, as the temperature of the air introduced from
the air supply holes 21 is increased, it is more possible
to prevent the solution particles from adhering to the
wall surface due to dew condensation. In the present
embodiment, the inner wall 10 per se may also be
configured to be able to be heated.
[0084)

As shown in Figure 3(a) and Figure 3(b), the many
‘air supply holes 21 are provided over almost the whole
surfaces of the inner walls 10 except the floor surface.
It is configured such that the air in the outer space,
after passing through the air flow passage 12 from the
air intake opening 13, can flow into the evaluation
chamber 1 from the air supply holes 21. The air supply
hole 21 is a pore having a diameter of 0.1 to 2 cm, and
the distance W between the adjacent holes is set to
approximately one to three times the diameter of the hole.
With this configuration, the whole wall surfaces are
covered with the air ventilated to the inside of the
evaluation chamber 1, and further, a part of the air
ventilated from the each air Ssupply hole 21 is made to
intersect with a part of the air ventilated from the
other nearest air supply hole 21. In the present
embodiment, the diameter of the hole is set to
approximately 0.2 mm and the distance between the
adjacent holes is set to approximately 0.4 mm.

[0080]
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Further, an air exhaust opening 22 for exhausting
the air in the evaluation chamber 1 is provided in the
inner wall 10. An exhaust Pipe 23 is connected to the
air exhaust opening 22. The exhaust pipe 23 is made to
pass through the air flow bassage 12 and the outer wall
11, so as to be opened to the outer space. In the
exhaust pipe 23, there are provided a valve 24 for
opening and closing the inside of the pipe, an exhaust
amount measuring section 25, a pump apparatus 26 as
suction means for sucking the air in the evaluation
chamber 1 to maintain the inside of the evaluation
chamber in the negative pressure state, and an impinger
27 as in-exhaust minute substance collecting means.

[0081)

It is configured such that the exhaust air exhausted
from the air exhaust opening 17 is discharged to the
outer space after being cleaned by a filter, and the like,
via the impinger 27. Since the total amount of the air
introduced per unit time from the respective air supply
holes 21 is designed to be sufficiently smaller than the
volume of the evaluation chamber 1, the amount of the
exhaust air from the air exhaust opening 17 is also emall,
and hence the influence of the exhaust air on the air
flow caused by the stirring in the evaluation chamber 1
is very small. However, when a highly precise test
condition is rxeqQuired, there ig performed a correction

based on the amount of the exhaust air from the air
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exhaust opening 17 and the number of bacteria collected
in the impinger 27. Note that the impinger 27 may be
omitted.

[0092]

The exhaust amount measuring section 25 is a
flowmeter and detects the amount of the air passing
through the exhaust pipe 23, that is, the amount of air
exhausted from the evaluation chamber 1, and notifies the
detected amount to the control section 20. On the basis
of the detected exhaust amount, the control section 20
controls the pump apparatus 26 so as to fix the exhaust
amount .

[0053]

Here, the exhaust amount is an important factor in
the evaluation test of microorganisms. This is because,
as the amount of air exhausted from the evaluation
chamber 1 is increased, the amount of microorganisms
discharged together with the air is increased. when the
amount of microorganisms used as a base substance is
changed between comparative tests due to the change in
the exhaust amount, it is not possible to perform
accurate evaluation. Thus, when the exhaust amount is
fixed, it is possible to perform the evaluation under the
same condition. Thereby, it is possible to improve the
precision of the evaluation. According to this method,
it is possible to obtain a value from which the decrease

of the microorganism is subtracted, and hence it is
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possible to measure the performance of the air cleaning
apparatus 4 itself.

[0054)

Note that in the above described embodiment, the
control section 20 is configured to perform control so
that the exhaust amount is always fixed, but the control
section 20 may also be configured to perform control so
that the time-sequential change in the exhaust amount in
the case where the microorganism is not removed is equal
to the time-sequential change in the exhaust amount in
the case where the microorganism is removed. It is
possible to perform both the evaluation tests undexr the
same condition.

[o095]

Further, the control section 20 determines in a
determining section whether or not the air flow in the
evaluation chamber is normal, on the basis of the
difference between the exhaust amount from the exhaust
amount measuring section 25, and the inflow amount from
the inflow amount measuring section 18. For example,
when the exhaust amount is smaller than the inflow amount ,
and when the difference between the exhaust amount and
the inflow amount is larger than a predetermined value,
it is estimated that a leakage of air from the evaluation
chamber 1 is caused. In such a case, a warning is issued
by a notifying section 28. As for the form of the

notifying section 28, there are listed a display in a
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display section, such as a monitor, and notification by
sound or light.
[00%6]

As the minute substance supply means, there is used
Nebulizer 3 (NE-C16 made by OMRON Co., Ltd.) which is
capable of spraying a microorganism solution. Nebulizer
3 has an air pump 3a, and is configured such that an
aqueous solution is discharged into the space from a
nozzle by being changed to particles having a size of
about 1 to 10 um by the air compressed by the air pump 3a.
Note that it is possible to arbitrarily adjust the
concentration of bacteria and the amount of solution of
the concentration, which ean be filled in the air pump 3a.
The solution containing bacteria is changed to liquid
fine particles by being filled in a £illing solution pool,
80 as to be discharged to the space.

[0097]

Now, there will be described the microorganism used

here.

[0098]

The used miercorganism is Bacillue subtilis in a
sporulated state, which belongs to the genus Bacillus.
Bacillus subtilis, which is bacteria generally existing
in the nature and is an aerobic Gram-positive bacillus,
forms a spore depending on conditions.

[0099)
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The spore is a structure of a cell whose structure
exhibits high durability to heat, a chemical, and the
like. 1In an ordinary growing state, the spore-forming
bacteria are in the nutritional state and do not form a
spore. However, when put in a poor nutritional state,
the spore-forming bacteria form a spore and are changed
to a state extremely suitable for being preserved.
[0100]

The Bacillus subtilis does not generally have
pathogenicity against humans.

[0101]

Next, there will be deseribed a method for making
the Bacillus subtilis (spore) which ie uesed. In this
case, the Bacillus subtilis used as original bacteria is
applied on a SCD agar medium, and is cultured for about
one week at 37°C. The nutritive substance on the agar
medium is depleted by such long-time culturing, and
thereby Bacillus subtilis is changed to a spore, so as to
be in a gel-like membrane state.

[0102]

A solution containing only the Bacillus subtilis
spore is created in such a manner that the membrane is
removed by a spatula and is stirred and centrifuged in a
test tube in which a phosphoric acid buffer solution is

housed, and further is subjected to heat treatment for S

minutes at a temperature of 95°C.

[0103]
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Further, the air cleaning apparatus 4 as the minute
substance removing means is a type which uses ions
generated by an electric discharge in the air and emits
positive and negative ions, and which realizes the
sterilizing or deodorizing effect by the oxidation
performance based on the energy of the emitted ions.
[0104]

Note that on the discharge electrodes in the present
embodiment, thexre are generated ions which contain, as
main components, H'(H0)m as positive ions, and 0; (H20)n
as negative ions (where m and n are natural numbers).
However, generally, as for ions emitted from the
discharge electrodes, various ions can be emitted by
adjusting the discharge conditions such as, for example,
the discharge voltage and the electrode structure. Thus,
the kinds of the positive ions are not limited to only
H'(H0)m, but may include, for example, H,0%, H;0*, N;*, 0%,
CO;*, and the like. Further, similarly, the kinds of the
negative ions are not limited to only 0. (H,0)n, but may
include, for example, OH™, H,0, 0", 027, N7, NO;°, NO, ,
CO0,", COy”, and the like. These ione can be uesed in the
present test technique.

[0105]

As the minute substance collecting means for
collecting floating bacteria, the air sampler 5 (MAS-100
made by Merck Co. Ltd.) is used. The air sampler 5 is a

system referred to as the Andersen system. The air
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sampler 5 is able to collect about 100% of particles
having a size of 1 um or more, in such a manner that as
shown in the principle figure of Figure 4, bacteria (or
particles) in the air are sucked and made to pass through
a hole sa, so as to be stricken onto a culture medium 5b.
Note that the bacteria stuck to the culture medium Sb
grow by being preserved in a suitable temperature
environment (for example, 30°C), and can be observed as a
colony in about one day.

[0106]

Note that there is a case where a plurality of
bacteria made to pass through one hole are counted as one
colony, and hence the observed coefficient value is
corrected by a conversion table created beforehand.

[0107]

Further, as shown in Figure 5, there is provided the
taking in and out mechanism é for taking the air sampler
5 in and out the evaluation chamber 1. The taking in and
out mechanism 6 is configured by a rectangular
parallelepiped shaped pass box 29, and moving means 30
econfigured to be able to move the air sampler 5 between
the pass box 29 and a predetermined position inside the
evaluation chamber 1.

(0108]

The pase box 29, which is a container body fixed so

as to penetrate the isolation wall 2, has ocne side

openable in the evaluation chamber and the other side
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openable in the outer space. Doors 3la and 32& which can
be closed in an openable and closable manner are
respectively provided at an opening 31 on the side of the
evaluation chamber and at an opening 32 on the side of
the outer space. Further, among the door 32a on the side
of the outer space and the door 3la on the side of an
evaluation chamber, at least the door 3la on the side of
the evaluation chamber can be automatically opened and
closed by controlling fluid pressure b& a cylinder (not
shown), and the like. The opening and closing operation
of the door 3la is performed by a remote operation.
[0109)

The moving means 30 is configured by rails 33
serving as a guide passage provided between the
predetermined position in the pass box 29 and the
predetermined position in the evaluation chamber l, and a
movable body 34 on which the air sampler 5 is mounted and
which is moved along the rails 33.

[0110)

The rails 33 are provided from the bottom surface of
the pass box 29 so as to reach the pPredetermined position
in the evaluation chamber 1, and are fixed to the floor
surface of the evaluation chamber 1 by a pPlurality of
legs 33a.

[0111]
The movable body 34 is configured by a mounting

table 35 serving as the mounting surface of the air
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sampler 5 and wheels 36 provided on the bottom surface of
the mounting table 35. The wheels 36 are fitted to the
rails 33 and are movable along the rails 33. Further,
the moun;ing table 35 has a driving section (not shown)
for driving the wheels 36, and a receiving section (not
shown) which can be remotely operated, so that the drive
of the wheels 36 is remotely controlled. The movable
body 34, on which the air sampler § is mounted, can be
freely moved back and forth along the rails 33 by the
remote operation.

[0112)

Note that in the above, the rails 33 are used as the
guide passage, but a conveyor belt may also be used
instead of the rails 33, In the case of the conveyor
belt, it is not necessary to provide the wheels 36 and
the receiving section in the movable body 34. The
movable body 34 can be moved by controlling the

rotational drive of the conveyor belt.

[0113])

In the following, there will be described a test
procedure using the environmental evaluation installation
having the above described configuration.

[0114]
(1) Preparation of test
Before the test is started, the air intake

ventilation opening 14 and the air exhaust ventilation
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opening 15 are operated so that the inside of the chamber
is filled with clean air with little dust.
[0115)

Further, it is preferred that the wall surfaces, and
the like, inside the evaluation chamber 1 are sterilized
beforehand by being irradiated with ultraviolet rays
generxated by the germicidal lamp 9 for a fixed time.
Further, it is preferred that the humidity of the air in
the evaluation chamber 1 is adjusted by the ultrasonic
humidifier 8 provided in the evaluation chamber 1.

[0116]

After the sterilization of the inside of the
evaluation chamber 1 is completed, the operation of the
air intake ventilation opening 14 and the air exhaust
ventilation opening 1S and the operation of the
germicidal lamp 9 are stopped.

(0117])

(2) Spraying of bacteria

Next, a bacteria solution is sprayed into the
evaluation chamber 1 by the Nebulizer 3. Tt is assumed
that at this time, the air is blown by the stirring fan 7
so that the sprayed bacteria can be spread into the space.
Further, it is possible to select a method in which the
spaying is performed, for example, for about 10 minutes.
(0118)

In this case, the air whose temperature ig adjusted

by the heater 19 is taken in from the air intake opening
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13 in such a manner that the valve 24 of the exhaust pipe
23 and the valve 17 of the air supply pipe 16 are opened,
and that a substantially fixed amount of the alr in the
evaluation chamber 1 is always sucked and exhausted by
the pump apparatus 26. The air taken in from the air
intake opening 13 is made to flow into the evaluation
chamber 1 from the air supply holes 21 of the inner walls
10 through the air flow passage 12, so that air flows are
formed near the gurfaces of the inner walles 10. The air
flows make it possible to prevent the sprayed bacteria
from adhering to the surfaces of the innexr walls 10 of
the evaluation chambexr 1.

[0119]

At this time, the amount of inflow and exhaust of
the air to and from the evaluation chamber 1 are set to a
very small amount. Specifically, the air exhaust amount
is set to 10 m*/ hour, and the set air exhaust amount is
maintained during the evaluation test. Such controel is
performed in such a manner that the control section 20
controls the pump apparatus 26 on the basis of a signal
of the exhaust amount detected by the exhaust amount
measuring section 25, Further, on the basis of the air
pressure data from the barometer 40, the control section
20 controls the valve 17 provided in the air supply pipe
16 so that the pressure in the evaluation chambexr 1 is
slightly lower than the pressure outside the evaluation

chamber 1 by about 1/10000 atmospheres. Since the inside
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of the evaluation chamber 1 is maintained at a weak
negative pressure by this method, it is possible to
prevent the floating bacteria from being leaked to the
outer space.

[0120)

Further, the control section 20 determines in the
determining section whether or not the air flow in the
evaluation chamber 1 is normal, on the basis of the
difference between the exhaust amount from the exhaust
amount measuring section 25 and the inflow amount from
the inflow amount measuring section 18. When the air
flow in the evaluation chamber 1 is abnormal, a warning
is issued by the notifying section 28. Specifically,
when the exhaust amount is smaller than the inflow amount
and when the difference between the exhaust amount and
the inflow amount is larger than a predetermined value,
it is estimated that a leakage of air from the evaluatioen
chamber 1 is caused, and hence a warning is issued by the
notifying section 28.

[0121)

(3) Collection of bacteria

The air sampler 5 is moved inte the evaluation
Chamber 1, so as to collect the bacteria floating in the
evaluation chamber 1. Note that the collection of the
floating bacteria is performed every 10 minutes, and is

performed a total of 7 times in 60 minutes. Thereby, the
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time-sequential change in the concentration of the
floating bacteria is measured.

[0122]

The collecting method is specifically performed as
follows. The door 32a on the side of the outer space of
the pass box 29 is opened, and the air sampler 5 provided
with the agar medium Sb is mounted on the movable body 34.
Then, the door 32a on the side of the outer space is
closed.

[0123)
Then, the door 31a on the side of the evaluation

chamber is opened by the remote operation, and the
movable body 34 is moved to reach the Predetexmined
position in the evaluation chamber 1. The door 3la on
the side of the evaluation chamber is closed. Next, the
air sampler S5 is operated by a timer function or a remote
control operation, so as to collect the floating bacteria
in the evaluation chamber 1.
[0124)

Further, the air sampler 5 is taken out as follows.
The door 31a on the side of the evaluation chamber is
opened by the remote operation and the movable body 34 is
moved to the inside of the pass box 29. Thereafter, the
door 3la on the side of the evaluation chamber is closed.
Then, when the door 32a on the side of the outer space is
opened, it is possible to take out the air sampler 5 in

which the floating bacteria are collected.
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[0125]

(4) Drive of air cleaning apparatus 4

The alr cleaning apparatus 4 is operated. Here, it
is possible to select a method in which the operation of
the air cleaning apparatus 4 is started, for example, at
the time when the collection of bacteria is performed at
first. The ions emitted from the air cleaning apparatus
4 are capable of sterilizing bacteria by colliding and
reacting with the bacteria, so as to reduce the amount of
bacteria floating in the evaluation chamber 1.

[0126]

{5) End

When the collection of floating bacteria is ended,
the air cleaning apparatus 4 is stopped, and the clean
air is introduced into the evaluation chamber 1 so as to
exhaust the air containing the floating bacteria to the
outside.

[0127)

With the above described configuration, the bacteria
or the solution particles, which are made to float in the
evaluation chamber 1, are significantly Prevented from
colliding and adhering to the wall of the evaluation
chamber 1. Thus, even when the test is performed a
bPlurality of times, the test can be stably performed in
the state where the statistical variation in the

collected results is small, without depending on the



concentration of the bacteria or the solution particles
which are made to float in the evaluation chamber 1.
[0128)

Further, since the air exhaust amount is kept
constant, it is possible to eliminate the variation in
the amount of decrease of the floating bacteria due to
the exhausting of the aix, and thereby it is possible to
acquire stable test data. Furtherx, it is possible to
prevent the floating bacteria from being leaked to the
outside of the evaluation chamber 1 by setting the inside
of the evaluation chamber 1 to a negative pressure.
Further, it is possible to determine the leakage of the
air from the evaluation chamber 1 by detecting the inflow
amount of the air, so that a safer environmental
evaluation installation can be realized.

[0129]

Further, as for the collection of the fleoating
bacteria, it is possible to eliminate the need of a
person going in and out to exchange the air sampler 5, by
providing the taking in and out mechanism 6. Thereby, it
is possible to improve the safety and possible to prevent
floating bacteria from entering from the outer space.
Thus, it is possible to improve the precision in the
evaluation.

(0130]
Next, there will be described examples of test

results obtained by the Present test installation.
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(0131)

[Removal effect test]

Figure 6 is a figure in which the ordinate
represents the concentration of floating bacteria in the
evaluation chamber 1 having Bacillus subtilis floating
therein and having a volume of 20 m?, and which shows
time-sequential changes in the concentration of the
floating bacteria. 1In the test results, in the case
where the ions (removal particles) are emitted, about 83%
of the floating bacteria are removed after 60 minutes as
compared with the case where the ions are not emitted.
Even when the test was performed a pPlurality of times
undexr the same condition, it was confirmed that the tests
were stably performed so that the inclination of the
approximate lines of respective plots was controlled to a
variation range of 10% or less.

[0132]

[Stability test of Bacillus subtilis]

The change in the number of bacteria was evaluated
in the state where Bacillus subtilis in a sporulated
state and Bacillue subtilis in a nutritional state were
used, where the relative humidity was set to 32%, and
where the ions (removal particles) are not emitted. The
evaluation results are shown in Figure 7,

[0133]
In Figure 7, it is seen that the number of Bacillus

subtilis (in the nutritional state) was significantly
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reduced to about 1/100 or less after 60 minutes. On the
other hand, it is seen that the number of Bacillus
subtilis (in the sporulated state) was insignificantly
reduced to 1/10 after 60 minutes. It is estimated that
the spore of Bacillus subtilis is resistant to drying and
hence is unlikely to become extinct even in the low
humidity environment in which the relative humidity is
about 30%, so that the Bacillus subtilis in the
sporulated state can be made to float in living state for
a long time.

[0134)

In this way, in the environmental evaluation
installation according to the present invention, it is
possible, by using the spore of Bacillus subtilie, to
float the bacteria in living state for a long time.
Therefore, it is possible to perform a highly precige
test without receiving the influence of humidity.

[0135]

[HRumidity test]

In the above described stability test of Bacillus
subtilis, the spore-forming bacteria in a sporulated
state were used as the microorganism in order to prevent
the spontaneous disappearance of the microorganism.
However, the present test is characterized in that the
humidity in the evaluation chamber 1 is controlled to 45%
or more in order to prevent the spontaneous disappearance

of the microorganism, and the other fundamental
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configuration in the present test is the same as that of
the above described stability test of Bacillus subtilis.
Note that Escherichia coli is used as the microorganism
in the present test.

(0136)

Specifically, the relative humidity in the
evaluation chamber 1 is controlled to 45% or more by
using the ultrasonic humidifier 8 provided in the
evaluation chamber 1.

[0137]

Figure 8 shows the results which were obtained by
investigating the correlation between the relative
humidity and the amount of floating Escherichia coli, and
which were obtained by investigating the number of
floating live bacteria at 0, 10, 30 and 60 minutes after
the change of the relative humidity in the evaluation
chamber 1. Note that CFU is the abbreviation for "eolony
forming unit®.

[0138)

As can be seen from Figure 8, the amount of floating
Escherichia coli can be kept to a large amount by setting
the relative humidity to 45% or more.

(0139)

In this way, in the floating microorganism test

method according to the present invention, the test is

performed by spraying Escherichia coli in the state where
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the humidity is controlled, and thereby it is possible to
float the bacteria in living state for a long time.
[0140]

Note that in the present test, Bscherichia coli is
used as the microorganism, but it is possible to perform
the evaluation by using the other microorganism.

(0141)

Note that the present invention is not limited to
the above described embodiment, but numerous
modifications and changes can be obviously made therein
without departing from the spirit and scope of the
present invention. For example, in the above described
embodiment, the ions are used for the sterilizing method,
but it is possible to select various chemical substances,
such as ozone, plasma, and a radical. Further, in the
above described embodiment, Bacillus subtilis or
Escherichia coli is used as the minute substance, but it
is possible to perform the evaluation by using
microorganisms in the concept including other bacteria,
fungi (including mold), viruses, allergen substances
(including ticks), and the like, house dust, powder dust,
pollen, malodor, and harmful chemical substances.

[0142]

Further, in the above described embodiment, the
isolation wall 2 of the evaluation chamber 1 is
configured by the inner wall 7, the outer wall 8, and the

air flow passage S, and a plurality of air supply holes
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10 are provided in the inner wall 7. However, the
isolation wall 2 of the evaluation chamber 1 may be
configured without providing the air supply holes 10,
that is, configured only by the outer wall 8 by
eliminating the inner wall 7 and the air flow passage 9.
[0143]
<Second embodiments

Figure 9 1s a figure showing a schematic
configuration of an environmental evaluation installation
according to a second embodiment. Figure 10 is a figure
showing air flows in the environmental evaluation
installation according to the second embodiment. As
shown in Figure 9 and Figure 10, the present embodiment
is characterized in that there are provided a movakle
wall 38 which partitions the inside of the evaluation
chamber 1 and which can be moved in the inside of the
evaluation chamber 1, and a pump apparatus 39 which sends
the air into the air supply pipe 16. The other
fundamental configuration of the present embodiment is
the same as the configuration of the above described
first embodiment, except that the air exhaust opening 22,
the exhaust pipe 23, the valve 24, the exhaust amount
measuring section 25, the pump apparatus 26, and the
impinger 27 are omitted.
[0144)

The movable wall 38 is moved to be separated from or

approach at least one of the walls of the evaluation
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chamber 1 in the direction vertical to the wall surface.
The movable wall 38 can be moved along rails (not shown)
provided on the inner surfaces of the isolation walls 2.
It 1s possible to change the volume of the evaluation
chamber by moving the movable wall 38. The movable wall
38 is moved in the separating direction automatically in
association with the increase in the amount of air
introduced from the air supply holes 21 or the increase
in the pressure in the evaluation chamber 1 which
pressure is measured by the barometer 40.

[0145)

With the above described configuration, it is
possible to prevent the pressure in the evaluation
chamber 1 from being increased even when the air is
introduced from the air supply holes 21.

[0146]
Thereby, it is possible to perform the test in which

the monitoring time is significantly increased. Also, it
is possible to perform an effective and highly reliable
test of bacteria or particles for which a significant
difference is hard to be confirmed by comparison with the
contrast test in a short time.
[0147)
<Third embodiments

Figure 11 is a figure showing a schematic
configuration of an environmental evaluation installation

according to a third embodiment. As shown in Figure 11,
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the present embodiment is characterized in that the inner
wall 10 and the air flow bPassage 12 are omitted, and that
the isclation wall 2 is configured only by the outer wall
11, that is, the air supply holes 21 are omitted. The
other fundamental configuration of the present embodiment
is the same as the configuration of the above described
first embodiment.

[0148]

Similarly to the first embodiment, the exhaust
amount is detected by the exhaust amount measuring
gection 25, and the detected exhaust amount is notified
to the control section 20. ©On the basis of the detected
exhaust amount, the control section 2C econtrols the pump
apparatus so that the exhaust amount is fixed,
[0149]

Further, the control section 20 determines whether
Oxr not the air flow in the evaluation chamber 1 is normal,
on the basis of the difference between the exhaust amount
from the exhaust amount measuring section 25 and the
inflow amount from the inflow amount measuring section 18.
For example, when the exhaust amount is smaller than the
inflow amount, and when the difference between the
exhaust amount and the inflow amount is larger than a
predetermined value, it is estimated that the leakage of
air from the evaluation chamber 1 is caused. 1In such a
case, a warning is issued by the notifying section 28.

As for the form of the notifying section 28, there are
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listed a display in a display section, such as a monitor,
and notification by sound or light.
[0150])

In this way, in the present embodiment, the inside
of the evaluation chamber 1 can be maintained at a weak
negative pressure, and hence it is possible to prevent
the floating bacteria from being leaked to the outside.
(0151)
<Fourth embodiments

Figure 12 is a figure showing a schematic
configuration of an environmental evaluation installation
according to a fourth embodiment. Figure 13 is a figure
showing a configuration of a taking in and out mechanism
6 of the air sampler 5 in the environmental evaluation
installation according to the fourth embodiment. Aas
shown in Figure 12 and Figure 13, the taking in and out
mechanism 6 according to the present embodiment is the
same as that of the first embodiment in that the
rectangular parallelepiped shaped pass box 29 is provided.
However, the taking in and out mechanism 6 accerding to
the present embodiment is different from that of the
first embodiment in that the moving means 30 is
configured by rails 41 which are installed on the ceiling
surface of the evaluation chamber and which serve as the
guide passage, and is configured by a movable body 42
which is movable along the rails 41 and which is hung

from the ceiling surface. Note that the other
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fundamental configuration of the present embodiment is
the same as the configuration of the above described
first embodiment.

[0152]

The rails 41 are configured by first rails 4la which
are provided in parallel with both the side wall surfaces
of the evaluation chamber 1, and second rails 41b
Stretched between the first rails 4la. The second rails
41b have wheels 4lc, so as to be made movable on the
first rails 4l1a. The movement of the first rails 41b is
remotely controlled.

[0153]

The movable body 42 is mounted on the second rails
41b. The movable body 42 is configured by a truck 44
which has wheels 43 and which is movable along the second
rails 41b, and a mounting board 46 which is hung from the
truck 44 by supporting bodies 45 and on which the air
sampler 5 is mounted. With this constitution, the
movable body 42 can be moved along the second rails 41b.
[0154)

Further, the truck 44 has a driving section (not
shown) for driving the wheels 43, and a receiving section
(not shown) configured to be able to be remotely operated,
so that the drive of the wheels 43 is remotely controlled.
It is possible to freely move the truck 4 along the

second rails 41b by the remote operation.

[0155]
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With the above described configuration, the movable
body 42 is made movable along the second rails 41b in the
right and left direction, and further the second rails
41b themselves are movable forward and backward along the
first rails 4la. Thereby, as a whole, the movable body
42 can be moved forward, backward, and lefrward,
rightward in the evaluation chamber 1.

[0156])

Further, the supporting bedy 45 is freely wound by
pulleys (not shown) provided in the -truck 44, and hence
it is possible to adjust the height of the mounting board
46 by adjusting the winding degree of the supporting body
45 .

[0157)

Next, there will be described the method for taking
the air sampler S5 in and out of the evaluation chamber 1.
The mounting board 46 of the movable body 42 is moved to
the front of the door 3la of the pass box 29 on the side
of the evaluation chamber. At this time, the height of
the bottom surface of the pass box 29 and the height of
the mounting board 46 of the movable body 42 are aligned.
Next, the door 32a on the side of the outer space and the
door 3la on the side of the evaluation chamber are opened,
and the air sampler 5 provided with the agar medium is
directly mounted on the mounting board 46. Immediately,
the door 32a on the side of the outer space and the door

3la on the side of the evaluation chamber are closed.



Then, the movable body 42 on which the air sampler 5 is
mounted is moved to a predetermined position by combining
the movement on the first rail 41a and the movement on
the second rail 41b.

(oi58])

Next, the air sampler 5 is operated by a timer
function or a remote control cperation, to collect the
floating bacteria in the evaluation chamber 1. Note that
it is preferred that the collection of the floating
bacteria is performed a plurality of times to measure the
time-sequential change in the concentration of the
fleoating bacteria.

[0159]

Further, in order to take out the air sampler 5, the
mounting board 46 of the movable body 42 is moved to the
front of the door 3la of the pass box 29 on the side of
the evaluation chamber. At this time, the height of the
bottom surface of the pass box 29 and the height of the
mounting board 46 of the movable body 42 are aligned.
Next, when the door 32a on the side of the outer space
and the door 3la on the side of the evaluation chamber
are opened, the air sampler 5 in which the floating
bacteria are collected can be taken out.

(0160]

In the present embodiment, since the position of the

air sampler S can be moved in the up, down, left and

right directions, it is possible to also measure the
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concentration distribution of the microorganism in the

space of the evaluation chamber 1.

Industrial Applicabilitcy
[0161)

The present invention can be effectively used for an
environmental evaluation installation and an
environmental evaluation method for performing evaluation

of minute substances in the space.



CLAIMS

1. An environmental evaluation installation including
an evaluation chamber isolated from outer space by
isolation walls, a minute substance supply means
configured to supply a minute substance into the
evaluation chamber, and minute substance collecting means
configured to collect the minute substance in the
evaluation chamber, and being used to measure and
evaluate the minute substance collected by the minute
substance collecting means, wherein many air supply holes
are provided for almost the whole surfaces of the
isolation walls except at least the flooxr surface of the
isolation walls and wherein air is made to flow into the
evaluation chamber from the air supply holes.

2. The environmental evaluation installation according
to claim 1, wherein the many air supply holes are
provided for almost the whole surfaces of the isolation
walls including the floor surface of the isolation walls.
3. The environmental evaluation installation according
to one of claim 1 or claim 2, further comprising a minute
substance removing means configured to supply removal
particles for removing the minute substance, into the
evaluation chamber.

- The environmental evaluation installation according
to any of claim 1 to elaim 3, wherein the isolation wall

includes an inner wall, an outer wall, and an air flow



passage formed between the inner wall and the outer wall,
and wherein the many air supply holes are formed in the
inner wall.

5. The environmental evaluation installation according
to any of claim 1 to claim 4, wherein the air supply hole
is a pore having a diameter of about 0.1 to 2 cm.

6. The environmental evaluation installation according
Lo any of claim 1 to claim 5, wherein the distance W
between the adjacent air supply holes is set to a
distance about one to three times the diameter of the
hele.

7. The environmental evaluation installation according
to any of c¢laim 1 to claim 6, further comprising an air
intake opening for taking the air into the evaluation
Cchamber from outer space.

8. The environmental evaluation installation according
to claim 7, wherein a filter is provided in the air
intake opening.

9. The environmental evaluation installation according
to any of claim 1 to claim 8, further comprising an air
exhaust opening for exhausting the air in the evaluation
chamber to the outer space.

10. The environmental svaluation installation according
to claim 9, wherein an in-exhaust minute substance
collecting means configqured to collect the minute

substance in the exhausted air is provided in the air

exhaust opening.
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11. The environmental evaluation installation according
to any of claim 1 to elaim 10, further comprising an air
conditioning section configqured to adjust the temperature
and/oxr humidity in the evaluation chamber.

12. The environmental evaluation installation according
to any of claim 1 to eclaim 11, further comprising a
movable wall configured to partition the inside of the
evaluation chamber and configured to be movable in the
evaluation chamber, wherein the volume of the evaluation
chamber is changed by the movement of the movable wall.
13. The environmental evaluation installation according
to any of claim 9 to claim 12, further comprising a
suction means configured to suck the air in the
evaluation chamber from the air exhaust opening, so as to
thereby maintain the inside of the evaluation chamber in
a8 negative pressure state.

14. The environmental evaluation installation according
to claim 13, furthexr comprising: an exhaust amount
measuring section configured to measure an amount of air
exhausted from the air exhaust opening; and a control
section configured to perform an arithmetic operation on
the exhaust amount from the exhaust amount measuring
section and configured to contrel the suction means so as
to reproduce the air exhaust amount.

15. An environmental evaluation installation including
an evaluation chamber isoclated from outer space by

isolation walls, a minute substance supply means



configured to supply a minute substance into the
evaluation chamber, and a minute substance collecting
means configured to collect the minute substance in the
evaluation chamber, and which is used to measure and
evaluate the minute substance collected by the minute
substance collecting means, the environmental avaluation
installation comprising: an air exhaust opening for
exhausting air in the evaluation chamber to the outer
space; a suction means configured to suck the air in the
evaluation chamber from the air exhaust opening, so as to
thereby maintain the inside of the evaluation chamber in
a negative pressure state; an exhaust amount measuring
section configured to measure the amount of the air
exhausted from the air exhaust opening; and a control
section configured to perform an arithmetic operation on
the exhaust amount from the exhaust amount measuring
section and configured to control the suction means so as
to reproduce the air exhaust amount.

16. The envirxonmental evaluation installation according
to claim 15, further comprising a minute substance
removing means configured to sSupply removal particles for
removing the minute substance, into the evaluation
chamber.

17. The environmental evaluation installation according
to any of claim 14 to claim 16, wherein the control

section controls the suction means on the basis of an



exhaust amount signal from the exhaust amount measuring
section so that the exhaust amount is fixed.

18. The environmental evaluation installation according
to any of claim 14 to claim 17, further comprising an
inflow amount measuring section configured to measure the
amount of air flowing into the evaluation chamber from
the air intake opening, wherein the control section
determines whether or not the air flow in the evaluation
chamber is normal, on the basis of the difference between
the exhaust amount from the exhaust amount measuring
section and the inflow amount from the inflow amount
measuring section.

19. The environmental evaluation installation according
to claim 18, wherein when the result of the determination
is abnormal, a warning is issued by a notifying means.
20. The environmental evaluation installation according
to any of claim 14 to elaim 19, wherein the exhaust
amount measuring section is a flowmeter.

21. The environmental evaluation installation according
to any of claim 18 to claim 20, wherein the inflow amount
measuring section is a flowmeter.

22. An environmental evaluation installation ineluding
an evaluation chamber isolated from outer space by
isolation walls, minute substance supply means configured
£o supply a minute substance into the evaluation chamber,
and a2 minute substance collecting means configured to

collect the minute substance in the evaluation chamber,



and which is used to measure and evaluate the minute
substance collected by the minute substance collecting
means, the environmental evaluation installation
comprising

a taking in and out mechanism for taking the minute
substance collecting means in and out of the evaluation
chamber, wherein the taking in and out mechanism is fixed
to the isolation wall, and includes a container-like pass
box one side of which is openable in the evaluation
chamber and the other side of which is openable in the
outer space, and a moving means capable of moving the
minute substance collecting means between a predetermined
position in the pass box and a predetermined position in
the evaluation chamber.
23. The environmental evaluation installation according
to claim 22, further comprising a minute substance
removing means configured to supply removal particles for
removing the minute substance, into the evaluation
chamber.
24. The environmental evaluation installation according
to one of claim 22 and claim 23, wherein a door
configured to be closed in an openable and closable
manner is provided at each of both end openings of the
pass box.
25. The environmental evaluation installation according
to any of claim 22 to claim 24, wherein the moving means

is a movable body which is capable of travelling on the
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floor of the evaluation chamber, and which is configured
to hold the minute substance collecting means.

26. The environmental evaluation installation according
to any of claim 22 to claim 24, wherein the moving means
is configured by a guide passage provided between the
pase box and the predetermined position in the evaluation
chamber, and a movable body configured to hold the minute
substance collecting means and configured to move along
the guide passage.

27. The environmental evaluation installation according
to one of claim 25 and ¢laim 26, wherein the movable boedy
is provided with wheels.

28. The environmental evaluation installation according
to any of claim 25 to eclaim 27, wherein the movable body
is a self-traveling type.

29. The environmental evaluation installation according
to any of claim 25 to claim 28, wherein the movable body
includes a receiving section configured to be able to be
remotely operated.

30. The environmental evaluation installation according
to claim 26, wherein the guide bassage is installed on
the floor surface of the evaluation chamber.

31. The environmental evaluation installation according
to claim 26, wherein the guide passage is installed on

the ceiling surface of the evaluation chamber.



32. The environmental evaluation installation according
to one of claim 30 and claim 31, wherein the guide
passage is a rail.

33. The environmental evaluation installation according
to one of claim 30 and claim 31, wherein the guide
passage is a conveyor belt.

34. The environmental evaluation installation according
to claim 31, whexein the movable body is hung from the
ceiling surface of the evaluation chamber and is capable
of moving along the guide yassage installed on the
ceiling surface.

35. The environmental evaluation installation according
to any of claim 22 to claim 34, wherein the minute
substance collecting means is an air sampler.

36. The environmental evaluation installation according
to any of claim 1 to claim 35, wherein the minute
substance is & microorganism.

37. The environmental evaluation ingtallation according
to claim 36, wherein the microorganism is spore-forming
bacteria in a sporulated state.

38. The environmental evaluation installation according
to claim 37, wherein the spore-forming bacteria is
Bacillus subtilis.

39. An environmental evaluation method wherein a minute
substance is supplied while flows of air are formed on
the surfaces of isolation walls forming an evaluation

chamber by making the air flow into the evaluation




chamber from many air supply holes formed in almost the
whole surfaces of the isolation walls except at least the
bottom surface of the isolation walls, and wherein the
minute substance is thereafter collected and the
collected minute substance is measured.

40. The environmental evaluation method according to
claim 39, wherein the minute substance is time-
seqguentially collected and a time-sequential change of
the minute substance is measured.

41. An environmental evaluation method wherein a minute
substance is supplied while flows of air are formed on
the surfaces of isolation walls forming an evaluation
chamber by making the air flow into the evaluation
chamber from many air supply holes formed in almost the
whole surfaces of the isolation walls except at least the
bottom surface of the isolation walls, and wherein after
removal particles for removing the minute substance are
supplied, the minute substance is collected and the
collected minute substance is measured.

42. The environmental evaluation method according to
claim 41, wherein the minute substance is time-
sequentially collected and a time-sequential change of
the minute substance is measured.

43. An environmental evaluation method wherein the
ability of the removal particles is evaluated by

comparing the time-sequential change of the minute



substance according to claim 40 with the time-sequential
change of the minute substance according to c¢laim 42.

44. An environmental evaluation method wherein a minute
substance is measured while air in an evaluation chamber
is exhausted.

45. The environmental evaluation method according to
claim 44, wherein the minute substance is measured by
grasping the exhaust amount.

46. The environmental evaluation method according to
claim 45, wherein the exhaust amount is controlled to be
fixed.

47. The environmental evaluation method according to any
of claim 39 to claim 46, wherein the minute substance is
a microorganism. ’

48. The environmental evaluation method according to
claim 47, wherein the microorganism is spore-forming
bacteria.

42. The environmental evaluation method according to
claim 48, wherein the spore-forming bacteria is Bacillus
subtilis.

50. An environmental evaluation method configured to
collect a microorganism after supplying the microorganism
into an evaluation chamber isolated by isolation walls
from outexr space, and configured to measure the collected
microorganism, wherein spore-forming bacteria in a
sporulated state are used as the microorganism in order

to prevent spontaneous disappearance of the microorganism.



51. An environmental evaluation method configured to
collect a microorganism after supplying the microorganism
into an evaluation chamber isolated by isolation walls
from outer space and supplying removal particles for
removing the microorganism into the evaluation chamber,
and configured to measure the collected microorganism,
wherein spore-forming bacteria in a sporulated state are
used as the microorganism in order to prevent the
spontaneous disappearance of the microorganism.

52. An environmental evaluation method for evaluating
the amount of floating bacteria, according to one of
claim 50 or claim 51, wherein the spore-forming bacteria
is Bacillus subtilis.

53. An environmental evaluation method configqured to
collect a microorganism after supplying the microorganism
into an evaluation chamber isolated by isolation walls
from outer space, and configured to measure the collected
microorganism, wherein the humidity in the evaluation
chamber is controlled in order to prevent the spontaneous
disappearance of the microorganism.

54. An environmental evaluation method configured to
collect a microorganism after supplying the microorganism
into an evaluation chamber isolated by isolation walls
from outer space and supplying removal particles for
removing the microorganism into the evaluation chamber,
and configured to measure the collected microorganism,

wherein the humidity in the evaluation chamber is
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controlled in order to prevent the spontaneous
disappearance of the microorganism.

55. The environmental evaluation method according to one
of claim 53 or claim 54, wherein Escherichia coli is used
as the microorganism.

56. The environmental evaluation method according to any
©f claim 53 to claim 55, wherein the relative humidity in
the evaluation chamber is set to 45% or more.

57. The environmental evaluation method according to any
of claim 53 to claim 56, wherein the humidity in the
evaluation chamber is adjusted by using an ultrasonic
humidifier.

58. The environmental evaluation method according to any
of claim 50 to claim 57, wherein a charged particle, a
radical, or a particle having a sterilizing ability is

used as the removal particles.
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