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Description 

Title: OZONE WATER MANUFACTURING APPARATUS, OZONE WATER 

PRODUCTION METHOD, OZONE WATER, OZONE WATER TREATMENT 

APPARATUS, AND EVALUATION METHOD 

 5 

Technical Field 

[0001] The present disclosure relates to an ozone w ater 

production apparatus, an ozone water production met hod, ozone 

water, an ozone water treatment apparatus, and an e valuation 

method.  This application claims the benefit of pri ority to 10 

Japanese Patent Application No. 2019-067035 filed o n March 

29, 2019 and Japanese Patent Application No. 2019-2 12054 

filed on November 25, 2019, the contents of which a re 

incorporated herein. 

 15 

Background Art 

[0002] Ozone water is used for disinfection, 

sterilization, deodorization, and the like of objec ts such as 

medical equipment.  Bubbles of ozone contained in r elated-art 

ozone water each have a particle diameter as large as 100 µm 20 

or more.  For this reason, the period of time durin g which 

the related-art ozone water was able to retain ozon e in water 

was as short as from about 1 hour to about 2 hours.   

Accordingly, it has hitherto been required to subje ct an 

object to disinfection, sterilization, deodorizatio n, and the 25 

like immediately after the ozone water is produced.  

[0003] In view of the foregoing, a technology for 
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producing ozone water by generating microbubbles of  ozone in 

water containing 4.0% or more of bittern has been d eveloped 

(for example, Patent Literature 1). 

 

Citation List  5 

Patent Literature 

[0004] Patent Literature 1: JP 5261569 B2 

 

Summary 

Technical Problem 10 

[0005] However, bittern is produced from a residual  

liquid after salt is precipitated from seawater, an d hence 

the composition varies depending on the seawater co llection 

location, collection time, and the like.  According ly, the 

ozone water as disclosed in Patent Literature 1 pro duced by 15 

supplying ozone to water in which bittern is dissol ved has a 

problem in that the content of the bubbles of ozone  is not 

stable. 

[0006] In view of the above-mentioned problem, the 

present disclosure has an object to provide an ozon e water 20 

production apparatus capable of stabilizing the con tent of 

bubbles of ozone while retaining ozone in water for  a long 

period of time, an ozone water production method, o zone 

water, an ozone water treatment apparatus, and an e valuation 

method. 25 

 

Solution to Problem 



 
3 

[0007] In order to solve the above-mentioned proble m, 

according to one aspect of the present disclosure, there is 

provided an ozone water production apparatus, inclu ding: a 

solution accommodation unit configured to accommoda te a 

magnesium solution in which 1.0 mass% or more and l ess than 5 

4.0 mass% of a magnesium compound is dissolved in w ater; and 

a bubble introduction unit configured to introduce fine 

bubbles of ozone into the magnesium solution. 

[0008] In order to solve the above-mentioned proble m, 

according to one aspect of the present disclosure, there is 10 

provided an ozone water production method, includin g 

introducing fine bubbles of ozone into a magnesium solution 

in which 1.0 mass% or more and less than 4.0 mass% of a 

magnesium compound is dissolved in water. 

[0009] In order to solve the above-mentioned proble m, 15 

according to one aspect of the present disclosure, there is 

provided ozone water, including 1.0 mass% or more a nd less 

than 4.0 mass% of a magnesium compound and fine bub bles of 

ozone. 

[0010] In order to solve the above-mentioned proble m, 20 

according to one aspect of the present disclosure, there is 

provided an ozone water treatment apparatus, includ ing a 

spray unit configured to spray ozone water containi ng 1.0 

mass% or more and less than 4.0 mass% of a magnesiu m compound 

and fine bubbles of ozone so as to give a particle diameter 25 

of 10 µm or less. 

[0011] In order to solve the above-mentioned proble m, 
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according to one aspect of the present disclosure, there is 

provided an evaluation method, including the steps of: 

installing a predetermined number of bacteria at ea ch of a 

plurality of measurement points having different di stances 

from a spray unit configured to spray ozone water c ontaining 5 

1.0 mass% or more and less than 4.0 mass% of a magn esium 

compound and fine bubbles of ozone so as to give a particle 

diameter of 10 µm or less; spraying the ozone water  so as to 

give a particle diameter of 10 µm or less by the sp ray unit; 

and counting the number of the bacteria at each of the 10 

plurality of measurement points after an elapse of a 

predetermined period of time from execution of the step of 

spraying. 

 

Effects of Disclosure  15 

[0012] According to the present disclosure, it is 

possible to retain ozone in water for a long period  of time 

and to stabilize the content of the bubbles of ozon e. 

 

Brief Description of Drawings 20 

[0013] FIG. 1 is a diagram for illustrating an ozon e 

water production apparatus. 

 FIG. 2 is a flowchart for illustrating a flow of 

treatment of an ozone water production method. 

 FIG. 3 is a graph for showing results of a 25 

sterilization test using ozone water of Comparative  Examples 

A-1 to A-3 and Comparative Examples B-1 to B-3. 
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 FIG. 4 is a graph for showing results of a 

sterilization test using ozone water of Examples A- 1 to A-4. 

 FIG. 5 is a graph for showing results of a 

sterilization test using ozone water of Examples A- 5 to A-8. 

 FIG. 6 is a graph for showing results of a 5 

sterilization test using ozone water of Examples B- 1 to B-4. 

 FIG. 7 is a graph for showing results of a 

sterilization test using ozone water of Examples C- 1 to C-4. 

 FIG. 8 is a graph for showing results of a 

sterilization test using ozone water of Examples D- 1 to D-4. 10 

 FIG. 9 is a graph for showing results of a 

sterilization test using ozone water of Examples E- 1 to E-4. 

 FIG. 10 is a view for illustrating an ozone water 

treatment apparatus. 

 FIG. 11 is a flowchart for illustrating a flow of 15 

treatment of an evaluation method. 

 FIG. 12 is a diagram for illustrating an example o f a 

target space and measurement points. 

 FIG. 13A is a graph showing results of membrane fi lters  

to each of which a 10 3 cells/ml bacterial solution was added 20 

dropwise in the case of using Example F.  FIG. 13B is a graph 

for showing results of membrane filters to each of which a 

104 cells/ml bacterial solution was added dropwise in the 

case of using Example F. 

 FIG. 14A is a graph for showing results of membran e 25 

filters to each of which a 10 3 cells/ml bacterial solution 

was added dropwise in the case of using Comparative  Example 
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C.  FIG. 14B is a graph for showing results of memb rane 

filters to each of which a 10 4 cells/ml bacterial solution 

was added dropwise in the case of using Comparative  Example 

C. 

 FIG. 15A is a graph for showing results of membran e 5 

filters to each of which a 10 3 cells/ml bacterial solution 

was added dropwise in the case of using Comparative  Example 

D.  FIG. 15B is a graph for showing results of memb rane 

filters to each of which a 10 4 cells/ml bacterial solution 

was added dropwise in the case of using Comparative  Example 10 

D. 

 FIG. 16 is a graph for showing bacterial counts in  the 

case of using third Example. 

 

Description of Embodiments 15 

[0014] Now, with reference to the attached drawings , 

embodiments of the present disclosure are described  in 

detail.  Dimensions, materials, and other specific numerical 

values represented in the embodiments are merely ex amples 

used for facilitating the understanding of the disc losure, 20 

and do not limit the present disclosure unless othe rwise 

stated.  Elements having substantially the same fun ctions and 

configurations herein and in the drawings are denot ed by the 

same reference symbols to omit redundant descriptio n thereof.  

Further, illustration of elements with no direct re lationship 25 

to the present disclosure is omitted. 

[0015] [Ozone Water Production Apparatus 100] 
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 FIG. 1 is a diagram for illustrating an ozone wate r 

production apparatus 100.  In FIG. 1, the solid arr ows each 

indicate a flow of a magnesium solution M and ozone  water N.  

In FIG. 1, the dashed arrows each indicate a flow o f ozone.  

As illustrated in FIG. 1, the ozone water productio n 5 

apparatus 100 includes a solution accommodation uni t 110, a 

bubble introduction unit 120, and an ozone decompos ition unit 

130. 

[0016] The solution accommodation unit 110 is a 

container configured to accommodate the magnesium s olution M.  10 

The magnesium solution M is a solution in which 1.0  mass% or 

more and less than 4.0 mass% of a magnesium compoun d is 

dissolved in water.  The magnesium compound is, for  example, 

one or a plurality of compounds selected from the g roup 

consisting of magnesium chloride (MgCl 2), magnesium oxide 15 

(MgO), magnesium bromide (MgBr 2), magnesium nitrate 

(Mg(NO3) 2), magnesium sulfate (MgSO 4), and magnesium acetate 

(Mg(CH3COO)2).  The water is, for example, tap water, purified 

water (e.g., filter filtration or activated carbon 

filtration), or pure water. 20 

[0017] The bubble introduction unit 120 is configur ed to 

generate fine bubbles of ozone in the magnesium sol ution M 

and supply the resultant to the solution accommodat ion unit 

110.  The bubble introduction unit 120 is, for exam ple, a 

swirl flow type device.  In this embodiment, the bu bble 25 

introduction unit 120 includes an ozone generation portion 

210, a gas pump 212, a mass flow controller 214, a  gas mixing 
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pump 216, and a line mixer 218. 

[0018] The ozone generation portion 210 is, for exa mple, 

an ozonizer.  When oxygen is exposed to a discharge  

environment in the ozone generation portion 210, a gas 

containing ozone (hereinafter simply referred to as  "ozone") 5 

is generated. 

[0019] The gas pump 212 is configured to suck and 

compress (pressure-increase) the ozone generated by  the ozone 

generation portion 210.  The gas pump 212 is connec ted to the 

mass flow controller 214 through a gas supply pipe 212a.  A 10 

suction side of the gas pump 212 is connected to th e ozone 

generation portion 210.  A discharge side of the ga s pump 212 

is connected to the mass flow controller 214. 

[0020] The mass flow controller 214 is configured t o 

control a flow rate of the ozone supplied from the gas pump 15 

212.  The mass flow controller 214 is configured to  control 

the flow rate of the ozone to, for example, a prede termined 

flow rate within a range of 1% or more and 10% or l ess of a 

flow rate of the magnesium solution M introduced fr om an 

intake pipe 150. 20 

[0021] The gas mixing pump 216 is connected to the 

solution accommodation unit 110 through the intake pipe 150.  

The gas mixing pump 216 is connected to the mass fl ow 

controller 214 through a gas supply pipe 214a.  The  gas 

mixing pump 216 is configured to suck the magnesium  solution 25 

M in the solution accommodation unit 110, and mix t he ozone 

having been supplied from the gas pump 212 and havi ng passed 
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through the mass flow controller 214, with the magn esium 

solution M. 

[0022] The line mixer 218 is connected to the gas m ixing 

pump 216 through a water supply pipe 216a.  The lin e mixer 

218 is configured to crush the ozone mixed with the  magnesium 5 

solution M to generate fine bubbles.  The fine bubb les are 

bubbles each having a diameter of 100 µm or less.  Of the 

fine bubbles, bubbles each having a diameter of 1 µm or more 

and 100 µm or less are referred to as "microbubbles".  In 

addition, of the fine bubbles, bubbles each having a diameter 10 

of less than 1 µm are referred to as "ultrafine bubbles". 

[0023] The magnesium solution M containing the fine  

bubbles of the ozone, that is, the ozone water N is  supplied 

to the solution accommodation unit 110 through a wa ter supply 

pipe 152 by the line mixer 218. 15 

[0024] Then, the ozone water production apparatus 1 00 

circulates the magnesium solution M and the ozone w ater N in 

the solution accommodation unit 110 to the bubble 

introduction unit 120 (gas mixing pump 216 and line  mixer 

218).  With this configuration, the ozone water pro duction 20 

apparatus 100 can produce the ozone water N contain ing the 

fine bubbles at a target concentration in the solut ion 

accommodation unit 110. 

[0025] The ozone decomposition unit 130 is connecte d to 

an upper portion of the solution accommodation unit  110.  The 25 

ozone decomposition unit 130 is, for example, a deo zonizer.  

The ozone decomposition unit 130 is configured to d ecompose 
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the ozone discharged from the solution accommodatio n unit 

110.  The gas in which the ozone has been decompose d by the 

ozone decomposition unit 130 is released into the a tmosphere. 

[0026] [Ozone Water Production Method] 

 Subsequently, an ozone water production method usi ng 5 

the ozone water production apparatus 100 is describ ed.  FIG. 

2 is a flowchart for illustrating a flow of treatme nt of the 

ozone water production method.  As illustrated in F IG. 2, the 

ozone water production method includes an accommoda tion step 

S110 and a bubble introduction step S120. 10 

[0027] [Accommodation Step S110] 

 The accommodation step S110 is a step of accommoda ting 

the magnesium solution M in the solution accommodat ion unit 

110. 

[0028] [Bubble Introduction Step S120] 15 

 The bubble introduction step S120 is a step of dri ving 

the bubble introduction unit 120 to generate the fi ne bubbles 

of the ozone in the magnesium solution M.  With thi s 

configuration, the ozone water N containing 1.0 mas s% or more 

and less than 4.0 mass% of the magnesium compound a nd the 20 

fine bubbles of the ozone is produced. 

[0029] As described above, in the ozone water produ ction 

apparatus 100 and the ozone water production method  according 

to this embodiment, the fine bubbles of the ozone a re 

generated in the magnesium solution M in which 1.0 mass% or 25 

more and less than 4.0 mass% of the magnesium compo und is 

dissolved in water.  When the content of the magnes ium 
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compound is less than 1.0 mass%, the content of the  fine 

bubbles of the ozone in the ozone water N becomes l ow.  In 

addition, even when the content of the magnesium co mpound is 

set to 4.0 mass or more, the content of the fine bu bbles of 

the ozone in the ozone water N is hardly increased,  but the 5 

cost of the magnesium compound itself is increased.   

Accordingly, in the ozone water production apparatu s 100 and 

the ozone water production method, the ozone water N 

containing the fine bubbles of the ozone at a high content 

can be produced at low cost by generating the fine bubbles of 10 

the ozone in the magnesium solution M in which 1.0 mass% or 

more and less than 4.0 mass% of the magnesium compo und is 

dissolved in water. 

[0030] In addition, unlike bittern, the composition  of 

the magnesium compound is stable.  Accordingly, in the ozone 15 

water production apparatus 100 and the ozone water production 

method, the ozone water N containing the fine bubbl es of the 

ozone at a stable content can be produced by genera ting the 

fine bubbles of the ozone in the magnesium solution  M in 

which the magnesium compound is dissolved in water.   20 

Specifically, in the ozone water production apparat us 100 and 

the ozone water production method, the ozone water N 

containing the fine bubbles of the ozone at a targe t content 

can be produced. 

[0031] In addition, when substances other than the 25 

magnesium compound are mixed in the solution, it ca nnot be 

said that the sterilization performance always dete riorates.  
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However, in the ozone water production apparatus 10 0 and the 

ozone water production method, it is preferred that  the ozone 

water N be produced by generating the fine bubbles of the 

ozone in the magnesium solution M in which only the  magnesium 

compound is dissolved.  Specifically, in the ozone water 5 

production apparatus 100 and the ozone water produc tion 

method, for example, the ozone water N containing t he fine 

bubbles of the ozone can be produced even without c ontaining 

an organic iron compound. 

[0032] In addition, the ozone water N produced by t he 10 

ozone water production apparatus 100 and the ozone water 

production method according to this embodiment cont ains the 

fine bubbles of the ozone.  The fine bubbles each h ave a 

relatively small diameter and hardly float.  Specif ically, 

the ozone water N can suppress the release of the f ine 15 

bubbles of the ozone from water.  Thus, the ozone w ater N can 

extend the period of time during which the ozone ca n be 

retained in water as compared to the related-art oz one water 

containing ozone having a particle diameter of 100 µm or 

more.  Accordingly, unlike the related-art ozone wa ter, the 20 

ozone water N can subject an object to disinfection , 

sterilization, deodorization, and the like even aft er the 

elapse of a certain period of time from the product ion of the 

ozone water N. 

[0033] [First Example] 25 

 Ozone water of each of Comparative Examples A-1 to  A-3, 

Comparative Examples B-1 to B-3, Examples A-1 to A- 8, 
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Examples B-1 to B-4, Examples C-1 to C-4, Examples D-1 to D-

4, and Examples E-1 to E-4 was prepared.  Then, a 

sterilization test was conducted through use of the  above-

mentioned ozone water.  As the sterilization test, indicator 

bacteria were loaded into the ozone water and kept at 40°C.  5 

As the indicator bacteria, Bacillus atrophaeus ATCC 9372 was 

used.  In addition, the number of the indicator bac teria 

(cfu/ml) was measured before the loading of the ind icator 

bacteria into the ozone water (0 minutes), after th e elapse 

of 20 minutes from the loading, after the elapse of  40 10 

minutes from the loading, and after the elapse of 6 0 minutes 

from the loading. 

[0034] FIG. 3 is a graph for showing results of the  

sterilization test using the ozone water of each of  

Comparative Examples A-1 to A-3 and Comparative Exa mples B-1 15 

to B-3.  In FIG. 3, the blank squares indicate Comp arative 

Example A-1.  In FIG. 3, the blank triangles indica te 

Comparative Example A-2.  In FIG. 3, the blank circ les 

indicate Comparative Example A-3.  In FIG. 3, the s olid 

squares indicate Comparative Example B-1.  In FIG. 3, the 20 

solid triangles indicate Comparative Example B-2.  In FIG. 3, 

the solid circles indicate Comparative Example B-3.  

[0035] The ozone water of Comparative Example A-1 i s 

ozone water in which fine bubbles of ozone are gene rated in 

water having 4 mass% of bittern dissolved therein.  The ozone 25 

water of Comparative Example A-2 is obtained by 2-f old 

dilution of the ozone water of Comparative Example A-1 with 
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water.  The ozone water of Comparative Example A-3 is 

obtained by 5-fold dilution of the ozone water of C omparative 

Example A-1 with water.  The ozone water of Compara tive 

Example B-1 is ozone water in which fine bubbles of  ozone are 

generated in water containing 2 mass% of bittern.  The ozone 5 

water of Comparative Example B-2 is obtained by 2-f old 

dilution of the ozone water of Comparative Example B-1 with 

water.  The ozone water of Comparative Example B-3 is 

obtained by 5-fold dilution of the ozone water of C omparative 

Example B-1 with water. 10 

[0036] In addition, in Comparative Examples A-1 to A-3 

and Comparative Examples B-1 to B-3, the sterilizat ion test 

was conducted on the day on which the ozone water w as 

prepared. 

[0037] As a result, as shown in FIG. 3, in each of 15 

Comparative Examples A-1 to A-3 and Comparative Exa mples B-1 

to B-3, the bacterial count (initial value) at 0 mi nutes was 

about 2.9×1.0E04 (10 4) cfu/ml. 

[0038] In Comparative Example A-1, the bacterial co unt 

after the elapse of 20 minutes was about 1.0×1.0E04  cfu/ml, 20 

the bacterial count after the elapse of 40 minutes was about 

1.2×1.0E04 cfu/ml, and the bacterial count after th e elapse 

of 60 minutes was about 1.0×1.0E03 (10 3) cfu/ml. 

[0039] In Comparative Example A-2, the bacterial co unt 

after the elapse of 20 minutes was about 1.4×1.0E04  cfu/ml, 25 

the bacterial count after the elapse of 40 minutes was about 

9.3×1.0E03 cfu/ml, and the bacterial count after th e elapse 
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of 60 minutes was about 1.0×1.0E04 cfu/ml. 

[0040] In Comparative Example A-3, the bacterial co unt 

after the elapse of 20 minutes was about 1.7×1.0E04  cfu/ml, 

the bacterial count after the elapse of 40 minutes was about 

1.1×1.0E04 cfu/ml, and the bacterial count after th e elapse 5 

of 60 minutes was about 5.6×1.0E03 cfu/ml. 

[0041] In Comparative Example B-1, the bacterial co unt 

after the elapse of 20 minutes was about 3.1×1.0E03  cfu/ml, 

the bacterial count after the elapse of 40 minutes was about 

5.5×1.0E02 (10 2) cfu/ml, and the bacterial count after the 10 

elapse of 60 minutes was about 1.7×1.0E01 (10) cfu/ ml. 

[0042] In Comparative Example B-2, the bacterial co unt 

after the elapse of 20 minutes was about 1.1×1.0E04  cfu/ml, 

the bacterial count after the elapse of 40 minutes was about 

1.0×1.0E04 cfu/ml, and the bacterial count after th e elapse 15 

of 60 minutes was about 7.8×1.0E03 cfu/ml. 

[0043] In Comparative Example B-3, the bacterial co unt 

after the elapse of 20 minutes was about 1.2×1.0E04  cfu/ml, 

the bacterial count after the elapse of 40 minutes was about 

1.1×1.0E04 cfu/ml, and the bacterial count after th e elapse 20 

of 60 minutes was about 1.3×1.0E04 cfu/ml. 

[0044] As described above, it was recognized that t he 

ozone water of each of the Comparative Examples in which the 

fine bubbles of the ozone were generated in water h aving 

bittern dissolved therein had a low sterilization e ffect 25 

irrespective of the concentration of bittern.  In a ddition, 

it was found that the ozone water of each of the Co mparative 



 
16 

Examples had almost no sterilization effect when di luted with 

water irrespective of the concentration of bittern.  

[0045] In addition, there was obtained the result t hat 

the ozone water containing bittern at a concentrati on of 2 

mass% had a sterilization effect higher than that o f the 5 

ozone water containing bittern at a concentration o f 4 mass%.  

It is presumed that the composition of bittern is n ot 

constant, and hence the content of the ozone in the  ozone 

water cannot be increased even when the concentrati on of 

bittern is increased. 10 

[0046] FIG. 4 is a graph for showing results of the  

sterilization test using the ozone water of each of  Examples 

A-1 to A-4.  In FIG. 4, the blank squares indicate Example A-

1.  In FIG. 4, the blank triangles indicate Example  A-2.  In 

FIG. 4, the blank circles indicate Example A-3.  In  FIG. 4, 15 

the solid squares indicate Example A-4. 

[0047] The ozone water of Example A-1 is ozone wate r in 

which fine bubbles of ozone are generated in water having 1 

mass% (10 g/l) of magnesium chloride, 1 mass% (10 g /l) of 

sodium chloride (NaCl), and 0.4 mass% (4 g/l) of po tassium 20 

chloride (KCl) dissolved therein.  The ozone water of Example 

A-2 is obtained by 2-fold dilution of the ozone wat er of 

Example A-1 with water.  The ozone water of Example  A-3 is 

obtained by 5-fold dilution of the ozone water of E xample A-1 

with water.  The ozone water of Example A-4 is obta ined by 25 

10-fold dilution of the ozone water of Example A-1 with 

water. 
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[0048] In addition, in Examples A-1 to A-4, the 

sterilization test was conducted 6 days after the d ay on 

which the ozone water was prepared. 

[0049] As a result, as shown in FIG. 4, in each of 

Examples A-1 to A-4, the bacterial count (initial v alue) at 0 5 

minutes was about 3.0×1.0E04 cfu/ml. 

[0050] In Examples A-1 and A-2, the presence of bac teria 

was not recognized at any time after the elapse of 20 

minutes, after the elapse of 40 minutes, and after the elapse 

of 60 minutes. 10 

[0051] In Example A-3, the bacterial count after th e 

elapse of 20 minutes was about 3.0×1.0E03 cfu/ml, a nd the 

presence of bacteria was not recognized after the e lapse of 

40 minutes and after the elapse of 60 minutes. 

[0052] In Example A-4, the bacterial count after th e 15 

elapse of 20 minutes was about 9.7×1.0E03 cfu/ml, t he 

bacterial count after the elapse of 40 minutes was about 

7.9×1.0E03 cfu/ml, and the bacterial count after th e elapse 

of 60 minutes was about 1.6×1.0E03 cfu/ml. 

[0053] As described above, it was recognized that t he 20 

ozone water of Example A-1 in which the fine bubble s of the 

ozone were generated in water having 1 mass% of mag nesium 

chloride, 1 mass% of sodium chloride, and 0.4 mass%  of 

potassium chloride dissolved therein was able to pe rform 

sterilization in 20 minutes.  In addition, it was f ound that 25 

even the ozone water (Example A-2) obtained by 2-fo ld 

dilution of the ozone water of Example A-1 was able  to 
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perform sterilization in 20 minutes as with the und iluted 

ozone water (Example A-1). 

[0054] Further, it was recognized that even the ozo ne 

water (Example A-3) obtained by 5-fold dilution of the ozone 

water of Example A-1 was able to perform sterilizat ion in 40 5 

minutes.  In addition, it was found that, in the oz one water 

(Example A-4) obtained by 10-fold dilution of the o zone water 

of Example A-1, the sterilization effect was improv ed by 

extending the treatment time. 

[0055] When the dilution rate with water is increas ed, 10 

the sterilization effect is decreased.  Accordingly , it is 

presumed that the content of the ozone is decreased  due to 

the dilution. 

[0056] FIG. 5 is a graph for showing results of the  

sterilization test using the ozone water of each of  Examples 15 

A-5 to A-8.  In FIG. 5, the blank squares indicate Example A-

5.  In FIG. 5, the blank triangles indicate Example  A-6.  In 

FIG. 5, the blank circles indicate Example A-7.  In  FIG. 5, 

the solid squares indicate Example A-8. 

[0057] The ozone water of Example A-5 is the same a s 20 

that of Example A-1.  The ozone water of Example A- 6 is the 

same as that of Example A-2.  The ozone water of Ex ample A-7 

is the same as that of Example A-3.  The ozone wate r of 

Example A-8 is the same as that of Example A-4.  Un like in 

Examples A1 to A-4, in Examples A-5 to A-8, the ste rilization 25 

test was conducted 12 days after the day on which t he ozone 

water was prepared. 
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[0058] As a result, as shown in FIG. 5, in each of 

Examples A-5 to A-8, the bacterial count (initial v alue) at 0 

minutes was about 3.0×1.0E04 cfu/ml. 

[0059] In Examples A-5 and A-6, the presence of bac teria 

was not recognized at any time after the elapse of 20 5 

minutes, after the elapse of 40 minutes, and after the elapse 

of 60 minutes. 

[0060] In Example A-7, the bacterial count after th e 

elapse of 20 minutes was about 6.7 cfu/ml, and the presence 

of bacteria was not recognized after the elapse of 40 minutes 10 

and after the elapse of 60 minutes. 

[0061] In Example A-8, the bacterial count after th e 

elapse of 20 minutes was about 3.7×1.0E03 cfu/ml, t he 

bacterial count after the elapse of 40 minutes was about 

2.9×1.0E03 cfu/ml, and the bacterial count after th e elapse 15 

of 60 minutes was about 2.4×1.0E03 cfu/ml. 

[0062] As described above, it was recognized that t he 

ozone water of Example A-5 in which the fine bubble s of the 

ozone were generated in water having 1 mass% of mag nesium 

chloride, 1 mass% of sodium chloride, and 0.4 mass%  of 20 

potassium chloride dissolved therein had a steriliz ation 

effect substantially equal to that of Example A-1 e ven after 

the lapse of time from the generation of the ozone water. 

[0063] In addition, it was found that the ozone wat er 

(Example A-6) obtained by 2-fold dilution of the oz one water 25 

of Example A-5 had a sterilization effect substanti ally equal 

to that of Example A-2 even after the lapse of time  from the 
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generation of the ozone water. 

[0064] Similarly, it was recognized that each of th e 

ozone water (Example A-7) obtained by 5-fold diluti on of the 

ozone water of Example A-5 and the ozone water (Exa mple A-8) 

obtained by 10-fold dilution of the ozone water of Example A-5 

5 had a sterilization effect substantially equal to  those of 

Examples A-3 and A-4 even after the lapse of time f rom the 

generation of the ozone water. 

[0065] FIG. 6 is a graph for showing results of the  

sterilization test using the ozone water of each of  Examples 10 

B-1 to B-4.  In FIG. 6, the blank squares indicate Example B-

1.  In FIG. 6, the blank triangles indicate Example  B-2.  In 

FIG. 6, the blank circles indicate Example B-3.  In  FIG. 6, 

the solid squares indicate Example B-4. 

[0066] The ozone water of Example B-1 is ozone wate r in 15 

which fine bubbles of ozone are generated in water having 1 

mass% (10 g/l) of magnesium chloride dissolved ther ein.  The 

ozone water of Example B-2 is obtained by 2-fold di lution of 

the ozone water of Example B-1 with water.  The ozo ne water 

of Example B-3 is obtained by 5-fold dilution of th e ozone 20 

water of Example B-1 with water.  The ozone water o f Example 

B-4 is obtained by 10-fold dilution of the ozone wa ter of 

Example B-1 with water. 

[0067] In addition, in Examples B-1 to B-4, the 

sterilization test was conducted 6 days after the d ay on 25 

which the ozone water was prepared. 

[0068] As a result, as shown in FIG. 6, in each of 
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Examples B-1 to B-4, the bacterial count (initial v alue) at 0 

minutes was about 3.0×1.0E04 cfu/ml. 

[0069] In Example B-1, the presence of bacteria was  not 

recognized at any time after the elapse of 20 minut es, after 

the elapse of 40 minutes, and after the elapse of 6 0 minutes. 5 

[0070] In Example B-2, the bacterial count after th e 

elapse of 20 minutes was about 2.4×1.0E03 cfu/ml, t he 

bacterial count after the elapse of 40 minutes was about 

5.0×10 cfu/ml, and the presence of bacteria was not  

recognized after the elapse of 60 minutes. 10 

[0071] In Example B-3, the bacterial count after th e 

elapse of 20 minutes was about 4.3×1.0E03 cfu/ml, t he 

bacterial count after the elapse of 40 minutes was about 

5.3×1.0E02 cfu/ml, and the presence of bacteria was  not 

recognized after the elapse of 60 minutes. 15 

[0072] In Example B-4, the bacterial count after th e 

elapse of 20 minutes was about 9.6×1.0E03 cfu/ml, t he 

bacterial count after the elapse of 40 minutes was about 

8.4×1.0E03 cfu/ml, and the bacterial count after th e elapse 

of 60 minutes was about 2.5×1.0E03 cfu/ml. 20 

[0073] As described above, it was recognized that t he 

ozone water of Example B-1 in which the fine bubble s of the 

ozone were generated in water having 1 mass% of mag nesium 

chloride dissolved therein was able to perform ster ilization 

in 20 minutes.  In addition, it was found that even  the ozone 25 

water (Example B-2) obtained by 2-fold dilution of the ozone 

water of Example B-1 and the ozone water (Example B -3) 
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obtained by 5-fold dilution of the ozone water of E xample B-1 

were able to perform sterilization in 60 minutes. 

[0074] Further, it was found that, in the ozone wat er 

(Example B-4) obtained by 10-fold dilution of the o zone water 

of Example B-1, the sterilization effect was improv ed by 5 

extending the treatment time. 

[0075] FIG. 7 is a graph for showing results of the  

sterilization test using the ozone water of each of  Examples 

C-1 to C-4.  In FIG. 7, the blank squares indicate Example C-

1.  In FIG. 7, the blank triangles indicate Example  C-2.  In 10 

FIG. 7, the blank circles indicate Example C-3.  In  FIG. 7, 

the solid squares indicate Example C-4. 

[0076] The ozone water of Example C-1 is ozone wate r in 

which fine bubbles of ozone are generated in water having 1 

mass% (10 g/l) of sodium chloride dissolved therein .  The 15 

ozone water of Example C-2 is obtained by 2-fold di lution of 

the ozone water of Example C-1 with water.  The ozo ne water 

of Example C-3 is obtained by 5-fold dilution of th e ozone 

water of Example C-1 with water.  The ozone water o f Example 

C-4 is obtained by 10-fold dilution of the ozone wa ter of 20 

Example C-1 with water. 

[0077] In addition, in Examples C-1 to C-4, the 

sterilization test was conducted 7 days after the d ay on 

which the ozone water was prepared. 

[0078] As a result, as shown in FIG. 7, in each of 25 

Examples C-1 to C-4, the bacterial count (initial v alue) at 0 

minutes was about 3.0×1.0E04 cfu/ml. 
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[0079] In Example C-1, the presence of bacteria was  not 

recognized at any time after the elapse of 20 minut es, after 

the elapse of 40 minutes, and after the elapse of 6 0 minutes. 

[0080] In Example C-2, the presence of bacteria was  not 

recognized at any time after the elapse of 20 minut es and 5 

after the elapse of 40 minutes. 

[0081] In Example C-3, the bacterial count after th e 

elapse of 20 minutes was about 8.7×1.0E03 cfu/ml, t he 

bacterial count after the elapse of 40 minutes was about 

4.9×1.0E03 cfu/ml, and the bacterial count after th e elapse 10 

of 60 minutes was about 4.2×1.0E03 cfu/ml. 

[0082] In Example C-4, the bacterial count after th e 

elapse of 20 minutes was about 1.5×1.0E04 cfu/ml, t he 

bacterial count after the elapse of 40 minutes was about 

1.3×1.0E04 cfu/ml, and the bacterial count after th e elapse 15 

of 60 minutes was about 6.6×1.0E03 cfu/ml. 

[0083] As described above, it was recognized that t he 

ozone water of Example C-1 in which the fine bubble s of the 

ozone were generated in water having 1 mass% of sod ium 

chloride dissolved therein was able to perform ster ilization 20 

in 20 minutes.  In addition, it was found that even  the ozone 

water (Example C-2) obtained by 2-fold dilution of the ozone 

water of Example C-1 was able to perform sterilizat ion in 20 

minutes as with the undiluted ozone water (Example C-1). 

[0084] In addition, it was found that, in the ozone  25 

water (Example C-3) obtained by 5-fold dilution of the ozone 

water of Example C-1 and the ozone water (Example C -4) 
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obtained by 10-fold dilution of the ozone water of Example C-

1, the sterilization effect was decreased as compar ed to 

those of Examples B-3 and B-4, but the sterilizatio n effect 

was improved by extending the treatment time. 

[0085] FIG. 8 is a graph for showing results of the  5 

sterilization test using the ozone water of each of  Examples 

D-1 to D-4.  In FIG. 8, the blank squares indicate Example D-

1.  In FIG. 8, the blank triangles indicate Example  D-2.  In 

FIG. 8, the blank circles indicate Example D-3.  In  FIG. 8, 

the solid squares indicate Example D-4. 10 

[0086] The ozone water of Example D-1 is ozone wate r in 

which fine bubbles of ozone are generated in water having 0.4 

mass% (4 g/l) of potassium chloride dissolved there in.  The 

ozone water of Example D-2 is obtained by 2-fold di lution of 

the ozone water of Example D-1 with water.  The ozo ne water 15 

of Example D-3 is obtained by 5-fold dilution of th e ozone 

water of Example D-1 with water. The ozone water of  Example 

D-4 is obtained by 10-fold dilution of the ozone wa ter of 

Example D-1 with water. 

[0087] In addition, in Examples D-1 to D-4, the 20 

sterilization test was conducted 7 days after the d ay on 

which the ozone water was prepared. 

[0088] As a result, as shown in FIG. 8, in each of 

Examples D-1 to D-4, the bacterial count (initial v alue) at 0 

minutes was about 3.0×1.0E04 cfu/ml. 25 

[0089] In Example D-1, the bacterial count after th e 

elapse of 20 minutes was about 3.9×1.0E03 cfu/ml, t he 
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bacterial count after the elapse of 40 minutes was about 

4.1×1.0E02 cfu/ml, and the bacterial count after th e elapse 

of 60 minutes was about 1.8×1.0E02 cfu/ml. 

[0090] In Example D-2, the bacterial count after th e 

elapse of 20 minutes was about 6.4×1.0E03 cfu/ml, t he 5 

bacterial count after the elapse of 40 minutes was about 

7.5×1.0E03 cfu/ml, and the bacterial count after th e elapse 

of 60 minutes was about 3.4×1.0E03 cfu/ml. 

[0091] In Example D-3, the bacterial count after th e 

elapse of 20 minutes was about 7.6×1.0E03 cfu/ml, t he 10 

bacterial count after the elapse of 40 minutes was about 

6.0×1.0E03 cfu/ml, and the bacterial count after th e elapse 

of 60 minutes was about 6.9×1.0E03 cfu/ml. 

[0092] In Example D-4, the bacterial count after th e 

elapse of 20 minutes was about 1.0×1.0E04 cfu/ml, t he 15 

bacterial count after the elapse of 40 minutes was about 

9.7×1.0E03 cfu/ml, and the bacterial count after th e elapse 

of 60 minutes was about 5.4×1.0E03 cfu/ml. 

[0093] As described above, it was recognized that, in 

the ozone water of each of Examples D-1 to D-4 in w hich the 20 

fine bubbles of the ozone were generated in water h aving 0.4 

mass% of potassium chloride dissolved therein, the 

sterilization effect was decreased as compared to t hose of 

Examples B-1 to B-4 and Examples C-1 to C-4, but th e 

sterilization effect was improved by extending the treatment 25 

time. 

[0094] FIG. 9 is a graph for showing results of the  
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sterilization test using the ozone water of each of  Examples 

E-1 to E-4.  In FIG. 9, the blank squares indicate Example E-

1.  In FIG. 9, the blank triangles indicate Example  E-2.  In 

FIG. 9, the blank circles indicate Example E-3.  In  FIG. 9, 

the solid squares indicate Example E-4. 5 

[0095] The ozone water of Example E-1 is ozone wate r in 

which fine bubbles of ozone are generated in water having 2 

mass% (20 g/l) of magnesium chloride, 1 mass% (10 g /l) of 

sodium chloride (NaCl), and 0.4 mass% (4 g/l) of po tassium 

chloride (KCl) dissolved therein.  The ozone water of Example 10 

E-2 is obtained by 2-fold dilution of the ozone wat er of 

Example E-1 with water.  The ozone water of Example  E-3 is 

obtained by 5-fold dilution of the ozone water of E xample E-1 

with water.  The ozone water of Example E-4 is obta ined by 

10-fold dilution of the ozone water of Example E-1 with 15 

water. 

[0096] In addition, in Examples E-1 to E-4, the 

sterilization test was conducted 1 day after the da y on which 

the ozone water was prepared. 

[0097] As a result, as shown in FIG. 9, in each of 20 

Examples E-1 to E-4, the bacterial count (initial v alue) at 0 

minutes was about 3.0×1.0E04 cfu/ml. 

[0098] In Examples E-1 and E-2, the presence of bac teria 

was not recognized at any time after the elapse of 20 

minutes, after the elapse of 40 minutes, and after the elapse 25 

of 60 minutes. 

[0099] In Example E-3, the bacterial count after th e 
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elapse of 20 minutes was about 1.6×1.0E02 cfu/ml, a nd the 

presence of bacteria was not recognized after the e lapse of 

40 minutes and after the elapse of 60 minutes. 

[0100] In Example E-4, the bacterial count after th e 

elapse of 20 minutes was about 3.0×1.0E03 cfu/ml, t he 5 

bacterial count after the elapse of 40 minutes was about 

3.7×1.0E02 cfu/ml, and the bacterial count after th e elapse 

of 60 minutes was about 7.3×10 cfu/ml. 

[0101] As described above, it was recognized that t he 

ozone water of Example E-1 in which the fine bubble s of the 10 

ozone were generated in water having 2 mass% of mag nesium 

chloride, 1 mass% of sodium chloride, and 0.4 mass%  of 

potassium chloride dissolved therein was able to pe rform 

sterilization in 20 minutes.  In addition, it was f ound that 

even the ozone water (Example E-2) obtained by 2-fo ld 15 

dilution of the ozone water of Example E-1 was able  to 

perform sterilization in 20 minutes as with the und iluted 

ozone water (Example E-1). 

[0102] Further, it was recognized that even the ozo ne 

water (Example E-3) obtained by 5-fold dilution of the ozone 20 

water of Example E-1 was able to perform sterilizat ion in 40 

minutes.  In addition, it was found that, in the oz one water 

(Example E-4) obtained by 10-fold dilution of the o zone water 

of Example E-1, the sterilization effect was improv ed by 

extending the treatment time. 25 

[0103] In addition, it was recognized that each of 

Examples E-1 to E-4 had a sterilization effect high er than 
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those of Examples A-1 to A-4.  From the above-menti oned 

results, it was found that ozone water containing f ine 

bubbles of ozone at a high content was able to be p roduced by 

supplying ozone to water containing a magnesium com pound at a 

high concentration. 5 

[0104] [Ozone Water Treatment Apparatus] 

 FIG. 10 is a view for illustrating an ozone water 

treatment apparatus 300.  In FIG. 10, hatching indi cates the 

ozone water N.  As illustrated in FIG. 10, the ozon e water 

treatment apparatus 300 includes an ozone water tan k 310, a 10 

connection pipe 312, an on-off valve 314, and a spr ay unit 

320. 

[0105] The ozone water tank 310 is configured to st ore 

the ozone water N.  As described above, the ozone w ater N 

contains 1.0 mass% or more and less than 4.0 mass% of a 15 

magnesium compound and fine bubbles of ozone. 

[0106] The connection pipe 312 is configured to con nect 

the ozone water tank 310 and a main body 322 of the  spray 

unit 320 to each other.  The on-off valve 314 is pr ovided to 

the connection pipe 312.  The on-off valve 314 is o pened by 20 

an on-off valve control mechanism (not shown) when the water 

level (water amount) of the ozone water N stored in  the main 

body 322 is less than a predetermined value.  In ad dition, 

the on-off valve 314 is closed by the on-off valve control 

mechanism when the water level of the ozone water N  stored in 25 

the main body 322 is equal to or more than the pred etermined 

value. 
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[0107] The spray unit 320 is configured to spray oz one 

water so as to give a particle diameter of 10 µm or less, 

preferably 3 µm or more and 5 µm or less.  In this 

embodiment, the spray unit 320 includes the main bo dy 322, a 

particle diameter adjusting mechanism 324, a heatin g portion 5 

326, and an air blower portion 328. 

[0108] The main body 322 is a container configured to 

store the ozone water N.  The main body 322 has, fo r example, 

a cylindrical shape. 

[0109] The particle diameter adjusting mechanism 32 4 is 10 

continuous with an upper portion of the main body 3 22.  The 

particle diameter adjusting mechanism 324 is a cyli ndrical 

tube.  The particle diameter adjusting mechanism 32 4 has a 

diameter smaller than that of the main body 322.  T he 

particle diameter adjusting mechanism 324 is expand able and 15 

contractible.  The particle diameter adjusting mech anism 324 

is, for example, a tube formed of bellows (cornice) . 

[0110] The heating portion 326 is, for example, an 

electric heater.  The heating portion 326 is config ured to 

heat the ozone water N accommodated in the main bod y 322.  20 

With this configuration, the ozone water N is atomi zed into 

particles P each having a particle diameter of 10 µm or less. 

[0111] The air blower portion 328 is provided in th e 

main body 322.  The air blower portion 328 is provi ded above 

the ozone water N stored in the main body 322.  The  air 25 

blower portion 328 is configured to guide the parti cles P of 

the ozone water N atomized by the heating portion 3 26 to the 
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particle diameter adjusting mechanism 324. 

[0112] The rising distances (moving distances) of t he 

particles P of the ozone water N guided to the part icle 

diameter adjusting mechanism 324 by the air blower portion 

328 vary depending on the particle diameters.  Spec ifically, 5 

when the particle diameter is larger, the rising di stance of 

the particles P is shorter.  When the particle diam eter is 

smaller, the rising distance of the particles P is longer.  

Accordingly, the length of the particle diameter ad justing 

mechanism 324 in this embodiment is adjusted so tha t the 10 

particles P each having a particle diameter of 10 µm reach at 

least an opening 324a of the particle diameter adju sting 

mechanism 324, and the particles P each having a pa rticle 

diameter of more than 10 µm do not reach the opening 324a.  

With this configuration, the ozone water treatment apparatus 15 

300 can send the particles P each having a particle  diameter 

of 10 µm or less to the outside. 

[0113] As described above, the ozone water treatmen t 

apparatus 300 according to this embodiment can supp ly the 

particles P of the ozone water N each having a part icle 20 

diameter of 10 µm or less.  Accordingly, the ozone water 

treatment apparatus 300 can subject a target space,  such as a 

room in which the ozone water treatment apparatus 3 00 is 

installed, to disinfection, sterilization, deodoriz ation, 

bleaching, and the like. 25 

[0114] The related-art spray apparatus was configur ed to 

spray ozone water having a particle diameter of mor e than 10 



 
31 

µm.  Accordingly, the range in which the related-art  spray 

apparatus can spray ozone water was narrow.  In add ition, the 

ozone water sprayed by the related-art spray appara tus has a 

large particle diameter, and hence the floor around  the spray 

apparatus is wetted with the ozone water.  Then, th ere is a 5 

problem in that the floor is discolored or the floo r is 

damaged with the ozone water. 

[0115] In contrast, the ozone water treatment appar atus 

300 according to this embodiment is configured to s pray the 

particles P of the ozone water N each having a part icle 10 

diameter of 10 µm or less.  Accordingly, in the ozone water 

treatment apparatus 300, the range in which the ozo ne water N 

can be sprayed (diffused) can be enlarged as compar ed to the 

related-art spray apparatus. 

[0116] In addition, in the ozone water treatment 15 

apparatus 300, the particle diameter of the particl es P to be 

sprayed is smaller than that of the related-art spr ay 

apparatus.  Accordingly, unlike the related-art spr ay 

apparatus, the ozone water treatment apparatus 300 can avoid 

the situation in which a large amount of the partic les P fall 20 

to the vicinity of the ozone water treatment appara tus 300.  

With this configuration, unlike the related-art spr ay 

apparatus, the ozone water treatment apparatus 300 can avoid 

the situation in which the floor around the ozone w ater 

treatment apparatus 300 is wetted with the ozone wa ter N.  25 

Accordingly, the ozone water treatment apparatus 30 0 can 

prevent discoloration of the floor around the ozone  water 
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treatment apparatus 300 and damage to the floor. 

[0117] Further, the particles P sprayed by the ozon e 

water treatment apparatus 300 according to this emb odiment 

each have a large surface area per unit volume as c ompared to 

the particles sprayed by the related-art spray appa ratus.  5 

The effects such as sterilization and deodorization  are 

proportional to the surface areas of the particles of the 

ozone water.  Accordingly, the ozone water treatmen t 

apparatus 300 can efficiently perform sterilization , 

deodorization, and the like as compared to the rela ted-art 10 

spray apparatus.  Accordingly, the ozone water trea tment 

apparatus 300 can subject a target space to sterili zation, 

deodorization, and the like at low cost as compared  to the 

related-art spray apparatus. 

[0118] In addition, the related art involving subje cting 15 

a target space to sterilization, deodorization, and  the like 

through use of an ozonizer configured to generate a n ozone 

gas has a limit on the concentration of an ozone ga s that can 

be generated.  Accordingly, the related art involvi ng using 

an ozonizer had a problem in that a plurality of oz onizers 20 

may be installed or the treatment time by the ozoni zer may be 

prolonged depending on the size of a target space, the amount 

of bacteria and the degree of odor in the target sp ace, and 

the like. 

[0119] In contrast, the ozone water N can retain oz one 25 

at a concentration higher than that of an ozone gas  generated 

by an ozonizer for a long time (long period of time ).  Thus, 
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the ozone water treatment apparatus 300 according t o this 

embodiment can adjust the concentration of ozone su pplied to 

the target space only by adjusting the concentratio n of the 

fine bubbles of the ozone contained in the ozone wa ter N to 

be atomized.  Accordingly, the number of the ozone water 5 

treatment apparatuses 300 to be installed can be re duced as 

compared to the related art involving using an ozon izer.  In 

addition, the ozone water treatment apparatus 300 c an shorten 

the treatment time (spray time of the particles P) in the 

target space as compared to the related art involvi ng using 10 

an ozonizer. 

[0120] In addition, as described above, the spray u nit 

320 includes the heating portion 326.  With this 

configuration, the ozone water treatment apparatus 300 can 

generate the particles P at low cost.  In addition,  the ozone 15 

water treatment apparatus 300 can downsize the spra y unit 

320. 

[0121] [Evaluation Method] 

 An efficient procedure for evaluating the effects such 

as sterilization and deodorization when particles o f ozone 20 

water are sprayed to a target space has not hithert o been 

established.  In view of the foregoing, in this emb odiment, 

an evaluation method capable of efficiently evaluat ing the 

effects such as sterilization and deodorization in the target 

space is described. 25 

[0122] FIG. 11 is a flowchart for illustrating a fl ow of 

treatment of the evaluation method according to thi s 
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embodiment.  As illustrated in FIG. 11, the evaluat ion method 

includes an installation step S310, a treatment ste p S320, a 

culture step S330, a counting step S340, and an eva luation 

step S350. 

[0123] [Installation Step S310] 5 

 The installation step S310 is a step of installing  a 

predetermined number of bacteria at each of a plura lity of 

measurement points having different distances from the ozone 

water treatment apparatus 300 (opening 324a of the spray unit 

320). 10 

[0124] FIG. 12 is a diagram for illustrating an exa mple 

of a target space 10 and measurement points α to δ.  As 

illustrated in FIG. 12, the target space 10 is, for  example, 

a room provided with a door 12.  An installation ob ject 20 

(for example, a table) may be provided in the targe t space 15 

10.  The ozone water treatment apparatus 300 is ins talled in 

the target space 10. 

[0125] The plurality of measurement points α to δ have 

different distances from the ozone water treatment apparatus 

300.  For example, the measurement point α, the measurement 20 

point β, and the measurement point γ are arranged on the same 

straight line.  A distance La between the ozone wat er 

treatment apparatus 300 and the measurement point α is 

shorter than a distance Lb between the ozone water treatment 

apparatus 300 and the measurement point β.  The distance Lb 25 

between the ozone water treatment apparatus 300 and  the 

measurement point β is shorter than a distance Lc between the 
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ozone water treatment apparatus 300 and the measure ment point 

γ. 

[0126] In addition, the measurement point δ is arranged 

on a line intersecting with (being orthogonal to), on the 

measurement point γ, the straight line on which the 5 

measurement point α, the measurement point β, and the 

measurement point γ are arranged.  The measurement point γ 

and the measurement point δ are separated by a distance Ld. 

[0127] Moreover, in the installation step S310, a 

membrane filter holding a predetermined number of b acteria is 10 

installed at each of the measurement points α to δ. 

[0128] [Treatment Step S320] 

 The treatment step S320 is a step of starting the drive 

of the heating portion 326 of the spray unit 320 to  spray the 

ozone water N so as to give a particle diameter of 10 µm or 15 

less, to thereby diffuse the particles P into the t arget 

space 10. 

[0129] [Culture Step S330] 

 The culture step S330 is a step of taking out the 

membrane filters installed at the measurement point s α to δ 20 

from the target space 10 after the lapse of a prede termined 

period of time from the start of the treatment step  S320 and 

culturing the bacteria together with the membrane f ilters.  

The predetermined period of time is, for example, a  

predetermined period of time of 30 minutes or more and 60 25 

minutes or less. 

[0130] In addition, in the culture step S330, a mem brane 
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filter holding a predetermined number of bacteria, which has 

not been subjected to the treatment step S320, is c ultured as 

a positive control. 

[0131] [Counting Step S340] 

 The counting step S340 is a step of counting the n umber 5 

of bacteria (bacterial count) held in each of the m embrane 

filters cultured in the culture step S330. 

[0132] [Evaluation Step S350] 

 The evaluation step S350 is a step of evaluating t he 

effects such as sterilization and deodorization bas ed on the 10 

bacterial count counted in the counting step S340.  For 

example, in the evaluation step S350, the bacterial  count in 

the positive control is compared to that in each of  the 

membrane filters installed at the measurement point s α to δ.  

Then, when the difference between the bacterial cou nt in the 15 

positive control and the bacterial count in each of  the 

membrane filters installed at the measurement point s α to δ 

is equal to or more than a predetermined value, it is 

determined that there are effects such as steriliza tion and 

deodorization.  Meanwhile, when the difference betw een the 20 

bacterial count in the positive control and the bac terial 

count in each of the membrane filters installed at the 

measurement points α to δ is less than the predetermined 

value, it is determined that there are no effects s uch as 

sterilization and deodorization. 25 

[0133] As described above, in the evaluation method  

according to this embodiment, a predetermined numbe r of 
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bacteria are installed at each of a plurality of me asurement 

points having different distances from the ozone wa ter 

treatment apparatus 300 (spray unit 320), and the o zone water 

treatment apparatus 300 is driven.  Then, in the ev aluation 

method, the effects such as sterilization and deodo rization 5 

are evaluated based on an increase or decrease in n umber of 

bacteria at each of the measurement points after th e lapse of 

a predetermined period of time from the start of dr ive of the 

ozone water treatment apparatus 300.  With this 

configuration, the evaluation method enables the qu antitative 10 

evaluation of the sterilization effect of the parti cles P of 

the ozone water N at each of the measurement points .  

Specifically, the evaluation method enables the qua ntitative 

evaluation of the effect of deodorizing odor derive d from 

bacteria of the particles P of the ozone water N. 15 

[0134] In addition, in the evaluation method accord ing 

to this embodiment, a predetermined number of bacte ria are 

installed at each of a plurality of measurement poi nts having 

different distances from the ozone water treatment apparatus 

300.  With this configuration, the evaluation metho d enables 20 

the evaluation of the effects such as sterilization  and 

deodorization at each of the measurement points of the 

particles P of the ozone water N.  In addition, the  

evaluation method enables the estimation of the eff ects such 

as sterilization and deodorization at a location wh ere the 25 

distance from the ozone water treatment apparatus 3 00 is the 

same as a predetermined measurement point. 
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[0135] [Second Example] 

 The sterilization effect of each of Example F, 

Comparative Example C, and Comparative Example D by  the ozone 

water treatment apparatus 300 was evaluated through  use of 

the above-mentioned evaluation method. 5 

[0136] 1.0 ml of a 10 3 cells/ml bacterial solution was 

added dropwise to a membrane filter, and 1.0 ml of a 10 4 

cells/ml bacterial solution was added dropwise to a  membrane 

filter.  Each of the membrane filters was accommoda ted in a 

perforated petri dish and installed at each of the 10 

measurement points α to δ of the target space 10.  The 

distance La between the ozone water treatment appar atus 300 

and the measurement point α was set to 10 cm.  The distance 

Lb between the ozone water treatment apparatus 300 and the 

measurement point β was set to 1.5 m.  The distance Lc 15 

between the ozone water treatment apparatus 300 and  the 

measurement point γ was set to 3 m.  The distance Ld between 

the measurement point γ and the measurement point δ was set 

to 1 m.  As the membrane filter, a membrane filter having a 

pore size of 0.45 µm and a diameter of 47 mm was used. 20 

[0137] Moreover, ozone water of each of Example F, 

Comparative Example C, and Comparative Example D wa s supplied 

to the ozone water treatment apparatus 300.  After the 

temperature in the target space 10 was stabilized a t a 

predetermined temperature of 20°C or more, and the relative 25 

humidity therein was stabilized at a predetermined relative 

humidity of 65% or more, the drive of the heating p ortion 326 
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was started. 

[0138] The ozone water of Example F is ozone water in 

which fine bubbles of ozone are generated in water having 1 

mass% (10 g/l) of magnesium chloride dissolved ther ein.  The 

ozone water of Comparative Example C is ozone water  in which 5 

ultrafine ozone bubbles of ozone are generated in w ater 

having 3.25 g/l of sodium (equivalent to 8.3 g/l of  salt) 

dissolved therein.  The ozone water of Comparative Example D 

is ozone water in which nanobubbles of ozone are ge nerated in 

water having 5.1 g/l of sodium dissolved therein.  The number 10 

of bubbles in Example F was 160 million pieces/ml.  The 

concentration of the ozone in Example F was 3 mg/l.   The 

number of bubbles in Comparative Example C was 20 m illion 

pieces/ml.  The concentration of the ozone in Compa rative 

Example C was 2 mg/l.  The number of bubbles in Com parative 15 

Example D was 120 million pieces/ml.  The concentra tion of 

the ozone in Comparative Example D was 3 mg/l. 

[0139] Then, the membrane filter was taken out 0 

minutes, 30 minutes, and 45 minutes after the drive  of the 

heating portion 326 was started (treatment time).  The 20 

membrane filter having been taken out was cultured on an agar 

medium.  Then, the bacterial count on the cultured membrane 

filter was counted. 

[0140] FIG. 13A is a graph for showing the results of 

the membrane filters to each of which a 10 3 cells/ml 25 

bacterial solution was added dropwise in the case o f using 

Example F.  FIG. 13B is a graph for showing the res ults of 
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the membrane filters to each of which a 10 4 cells/ml 

bacterial solution was added dropwise in the case o f using 

Example F.  In FIGS. 13A and 13B, each blank portio n 

indicates the bacterial count at the measurement po int α.  In 

FIGS. 13A and 13B, each hatching indicates the bact erial 5 

count at the measurement point β.  In FIGS. 13A and 13B, each 

cross-hatching indicates the bacterial count at the  

measurement point γ.  In FIGS. 13A and 13B, each solid 

portion indicates the bacterial count at the measur ement 

point δ. 10 

[0141] As shown in FIG. 13A, in Example F, when the  

treatment time was 0 minutes, the bacterial count w as 1,058 

at each of the measurement points α to δ.  In addition, when 

the treatment time was 30 minutes, the bacterial co unt at the 

measurement point α was 20, the bacterial count at the 15 

measurement point β was 41, the bacterial count at the 

measurement point γ was 61, and the bacterial count at the 

measurement point δ was 77.  When the treatment time was 45 

minutes, the bacterial count at the measurement poi nt α was 

12, the bacterial count at the measurement point β was 12, 20 

the bacterial count at the measurement point γ was 48, and 

the bacterial count at the measurement point δ was 50. 

[0142] As shown in FIG. 13B, in Example F, when the  

treatment time was 0 minutes, the bacterial count w as 10,600 

at each of the measurement points α to δ.  In addition, when 25 

the treatment time was 30 minutes, the bacterial co unt at the 

measurement point α was 216, the bacterial count at the 
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measurement point β was 1,058, the bacterial count at the 

measurement point γ was 1,058, and the bacterial count at the 

measurement point δ was 1,058.  When the treatment time was 

45 minutes, the bacterial count at the measurement point α 

was 100, the bacterial count at the measurement poi nt β was 5 

314, the bacterial count at the measurement point γ was 294, 

and the bacterial count at the measurement point δ was 355. 

[0143] FIG. 14A is a graph for showing the results of 

the membrane filters to each of which a 10 3 cells/ml 

bacterial solution was added dropwise in the case o f using 10 

Comparative Example C.  FIG. 14B is a graph for sho wing the 

results of the membrane filters to each of which a 104 

cells/ml bacterial solution was added dropwise in t he case of 

using Comparative Example C.  In FIGS. 14A and 14B,  each 

blank portion indicates the bacterial count at the 15 

measurement point α.  In FIGS. 14A and 14B, each hatching 

indicates the bacterial count at the measurement po int β.  In 

FIGS. 14A and 14B, each cross-hatching indicates th e 

bacterial count at the measurement point γ.  In FIGS. 14A and 

14B, each solid portion indicates the bacterial cou nt at the 20 

measurement point δ. 

[0144] As shown in FIG. 14A, in Comparative Example  C, 

when the treatment time was 0 minutes, the bacteria l count 

was 1,235 at each of the measurement points α to δ.  In 

addition, when the treatment time was 30 minutes, t he 25 

bacterial count at the measurement point α was 458, the 

bacterial count at the measurement point β was 512, the 
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bacterial count at the measurement point γ was 540, and the 

bacterial count at the measurement point δ was 480.  When the 

treatment time was 45 minutes, the bacterial count at the 

measurement point α was 460, the bacterial count at the 

measurement point β was 500, the bacterial count at the 5 

measurement point γ was 532, and the bacterial count at the 

measurement point δ was 450. 

[0145] As shown in FIG. 14B, in Comparative Example  C, 

when the treatment time was 0 minutes, the bacteria l count 

was 12,350 at each of the measurement points α to δ.  In 10 

addition, when the treatment time was 30 minutes, t he 

bacterial count at the measurement point α was 12,350, the 

bacterial count at the measurement point β was 12,350, the 

bacterial count at the measurement point γ was 12,350, and 

the bacterial count at the measurement point δ was 12,350.  15 

When the treatment time was 45 minutes, the bacteri al count 

at the measurement point α was 12,350, the bacterial count at 

the measurement point β was 1,512, the bacterial count at the 

measurement point γ was 1,304, and the bacterial count at the 

measurement point δ was 1,094. 20 

[0146] FIG. 15A is a graph for showing the results of 

the membrane filters to each of which a 10 3 cells/ml 

bacterial solution was added dropwise in the case o f using 

Comparative Example D.  FIG. 15B is a graph for sho wing the 

results of the membrane filters to each of which a 104 25 

cells/ml bacterial solution was added dropwise in t he case of 

using Comparative Example D.  In FIGS. 15A and 15B,  each 
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blank portion indicates the bacterial count at the 

measurement point α.  In FIGS. 15A and 15B, each hatching 

indicates the bacterial count at the measurement po int β.  In 

FIGS. 15A and 15B, each cross-hatching indicates th e 

bacterial count at the measurement point γ.  In FIGS. 15A and 5 

15B, each solid portion indicates the bacterial cou nt at the 

measurement point δ. 

[0147] As shown in FIG. 15A, in Comparative Example  D, 

when the treatment time was 0 minutes, the bacteria l count 

was 1,235 at each of the measurement points α to δ.  In 10 

addition, when the treatment time was 30 minutes, t he 

bacterial count at the measurement point α was 420, the 

bacterial count at the measurement point β was 400, the 

bacterial count at the measurement point γ was 436, and the 

bacterial count at the measurement point δ was 500.  When the 15 

treatment time was 45 minutes, the bacterial count at the 

measurement point α was 380, the bacterial count at the 

measurement point β was 392, the bacterial count at the 

measurement point γ was 396, and the bacterial count at the 

measurement point δ was 420. 20 

[0148] As shown in FIG. 15B, in Comparative Example  D, 

when the treatment time was 0 minutes, the bacteria l count 

was 12,350 at each of the measurement points α to δ.  In 

addition, when the treatment time was 30 minutes, t he 

bacterial count at the measurement point α was 12,350, the 25 

bacterial count at the measurement point β was 12,350, the 

bacterial count at the measurement point γ was 12,350, and 
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the bacterial count at the measurement point δ was 12,350.  

When the treatment time was 45 minutes, the bacteri al count 

at the measurement point α was 12,350, the bacterial count at 

the measurement point β was 980, the bacterial count at the 

measurement point γ was 1,204, and the bacterial count at the 5 

measurement point δ was 1,394. 

[0149] From the above-mentioned results, it was 

recognized that the ozone water of Example F had a 

sterilization effect higher than those of Comparati ve Example 

C and Comparative Example D. 10 

[0150] [Third Example] 

 A third Example is different from the second Examp le 

only in an ozone water spray system of the ozone wa ter 

treatment apparatus 300, and the evaluation method is 

substantially the same except for the ozone water s pray 15 

system.  In the third Example, ultrasonic waves wer e applied 

to ozone water in which fine bubbles of ozone were generated 

in water having 1 mass% (10 g/l) of magnesium chlor ide 

dissolved therein, and the ozone water was sprayed so as to 

give a particle diameter of 10 µm or less. 20 

[0151] 1.0 ml of a 10 4 cells/ml bacterial solution was 

added dropwise to a membrane filter.  The membrane filter was 

accommodated in a perforated petri dish and install ed at each 

of the measurement points α to δ of the target space 10. 

[0152] FIG. 16 is a graph for showing bacterial cou nts 25 

in the case of using the third Example.  In FIG. 16 , each 

blank portion indicates the bacterial count at the 
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measurement point α.  In FIG. 16, each hatching indicates the 

bacterial count at the measurement point β.  In FIG. 16, each 

cross-hatching indicates the bacterial count at the  

measurement point γ.  In FIG. 16, each solid portion 

indicates the bacterial count at the measurement po int δ. 5 

[0153] As shown in FIG. 16, in the third Example, w hen 

the treatment time was 0 minutes, the bacterial cou nt was 

13,000 at each of the measurement points α to δ.  In 

addition, when the treatment time was 30 minutes, t he 

bacterial count at the measurement point α was 0, the 10 

bacterial count at the measurement point β was 3, the 

bacterial count at the measurement point γ was 60, and the 

bacterial count at the measurement point δ was 100.  When the 

treatment time was 45 minutes, the bacterial count at the 

measurement point α was 0, the bacterial count at the 15 

measurement point β was 0, the bacterial count at the 

measurement point γ was 0, and the bacterial count at the 

measurement point δ was 0. 

[0154] From the above-mentioned results, it was 

recognized that sterilization can be performed effi ciently by 20 

spraying the ozone water N so as to give a particle  diameter 

of 10 µm or less irrespective of an atomization system.  I n 

addition, it was found that the ultrasonic system h ad a 

sterilization effect higher than that of the heatin g system. 

[0155] The embodiment has been described above with  25 

reference to the attached drawings, but, needless t o say, the 

present disclosure is not limited to the embodiment .  It is 
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apparent that those skilled in the art may arrive a t various 

alternations and modifications within the scope of claims, 

and those examples are construed as naturally falli ng within 

the technical scope of the present disclosure. 

[0156] For example, in the above-described embodime nt, 5 

there is given as an example the case in which the bubble 

introduction unit 120 is a swirl flow type device.  However, 

the configuration of the bubble introduction unit 1 20 is not 

limited as long as the fine bubbles of the ozone ca n be 

generated in the magnesium solution M.  The bubble 10 

introduction unit 120 may be, for example, a pressu rized 

dissolution type device.  

[0157] In the above-mentioned embodiment, there is given 

as an example the configuration in which the ozone water 

treatment apparatus 300 includes the heating portio n 326.  15 

However, the atomization system of the ozone water treatment 

apparatus is not limited as long as the ozone water  N can be 

sprayed so as to give a particle diameter of 10 µm or less.  

For example, the ozone water treatment apparatus ma y include 

an ultrasonic wave applying mechanism configured to  apply 20 

ultrasonic waves to the ozone water N stored in the  main body 

322.  In this case, the spray amount of the ozone w ater N can 

be controlled by controlling the frequency (oscilla tion 

frequency) of the ultrasonic waves to be applied. 

[0158] In addition, the ozone water treatment appar atus 25 

may include a two-fluid nozzle, a pressure spray va lve, or a 

spray nozzle. 
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[0159] In addition, in the above-mentioned embodime nt, 

there is given as an example the configuration in w hich the 

air blower portion 328 is provided in the main body  322.  

However, the air blower portion 328 may be provided  outside 

the main body 322, for example, in the vicinity of the 5 

opening 324a of the particle diameter adjusting mec hanism 

324. 

[0160] In addition, in the above-mentioned embodime nt, 

there is given as an example the configuration in w hich the 

ozone water treatment apparatus 300 includes the ai r blower 10 

portion 328.  However, the ozone water treatment ap paratus 

300 may not include the air blower portion 328.  Wh en the 

ozone water treatment apparatus 300 does not includ e the air 

blower portion 328, the particles P of the ozone wa ter N may 

be diffused by air conditioning equipment that has already 15 

been installed in the target space 10. 

[0161] In addition, when the ozone water treatment 

apparatus 300 is installed in a vehicle, air condit ioning 

equipment of the vehicle may be operated to diffuse  the 

particles P of the ozone water N into the air condi tioning 20 

equipment as well as the inside of the vehicle.  In  this 

case, the air conditioning equipment may be set to inside-air 

circulation.  In addition, the air conditioning equ ipment may 

be set to heating.  Thus, the inside temperature ri ses, and 

the odor adsorbed to various places such as a seat and a 25 

ceiling of the vehicle is released into the inside.   With 

this configuration, the deodorizing effect of the p articles P 
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of the ozone water N can be further improved.  In a ddition, 

the effects such as sterilization and deodorization  of the 

particles P of the ozone water N are improved along  with an 

increase in temperature.  Accordingly, the effects such as 

sterilization and deodorization of the particles P of the 5 

ozone water N can be further increased. 

[0162] In addition, in the above-mentioned embodime nt, 

there is given as an example the case in which the particle 

diameter adjusting mechanism 324 of the ozone water  treatment 

apparatus 300 is a bellows tube.  However, the part icle 10 

diameter adjusting mechanism 324 may not be expanda ble and 

contractible.  In this case, the length of the part icle 

diameter adjusting mechanism 324 is set so that the  particles 

P each having a desired particle size reach at leas t the 

opening 324a of the particle diameter adjusting mec hanism 15 

324. 

[0163] In addition, in the above-mentioned embodime nt, 

there is given as an example the configuration in w hich the 

ozone water treatment apparatus 300 includes the co nnection 

pipe 312 and the on-off valve 314.  However, the me chanism 20 

for supplying the ozone water N from the ozone wate r tank 310 

to the main body 322 is not limited.  For example, an on-off 

valve that is opened and closed by the urging force  of a 

spring may be provided in a lower portion of the oz one water 

tank 310. 25 

[0164] In addition, there is given as an example th e 

case in which, in the evaluation step S350 in the a bove-



 
49 

mentioned embodiment, the bacterial count of the po sitive 

control is compared to the bacterial count of each of the 

membrane filters installed at the measurement point s α to δ.  

However, in the evaluation step S350, when the bact erial 

count counted in the counting step S340 is less tha n a 5 

predetermined value, it may be determined that ther e are 

effects such as sterilization and deodorization.  I n 

addition, in the evaluation step S350, when the bac terial 

count counted in the counting step S340 is equal to  or more 

than the predetermined value, it may be determined that there 10 

are no effects such as sterilization and deodorizat ion. 

 

Industrial Applicability 

[0165] The present disclosure is applicable to an o zone 

water production apparatus, an ozone water producti on method, 15 

ozone water, an ozone water treatment apparatus, an d an 

evaluation method. 

 

Reference Signs List 

[0166] N: ozone water, S120: bubble introduction st ep, 20 

S310: installation step, S320: treatment step, S340 : counting 

step, 100: ozone water production apparatus, 110: s olution 

accommodation unit, 120: bubble introduction unit, 300: ozone 

water treatment apparatus, 320: spray unit 
  25 
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Claims 

[Claim 1] An ozone water production apparatus, comp rising: 

 a solution accommodation unit configured to accomm odate 

a magnesium solution in which 1.0 mass% or more and  less than 

4.0 mass% of a magnesium compound is dissolved in w ater; and 5 

 a bubble introduction unit configured to introduce  fine 

bubbles of ozone into the magnesium solution. 

 

[Claim 2] An ozone water production method, compris ing 

introducing fine bubbles of ozone into a magnesium solution 10 

in which 1.0 mass% or more and less than 4.0 mass% of a 

magnesium compound is dissolved in water. 

 

[Claim 3] Ozone water, comprising 1.0 mass% or more  and less 

than 4.0 mass% of a magnesium compound and fine bub bles of 15 

ozone. 

 

[Claim 4] An ozone water treatment apparatus, compr ising a 

spray unit configured to spray ozone water containi ng 1.0 

mass% or more and less than 4.0 mass% of a magnesiu m compound 20 

and fine bubbles of ozone so as to give a particle diameter 

of 10 µm or less. 

 

[Claim 5] An evaluation method, comprising the step s of: 

 installing a predetermined number of bacteria at e ach 25 

of a plurality of measurement points having differe nt 

distances from a spray unit configured to spray ozo ne water 
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containing 1.0 mass% or more and less than 4.0 mass % of a 

magnesium compound and fine bubbles of ozone so as to give a 

particle diameter of 10 µm or less; 

 spraying the ozone water so as to give a particle 

diameter of 10 µm or less by the spray unit; and 5 

 counting the number of the bacteria at each of the  

plurality of measurement points after an elapse of a 

predetermined period of time from execution of the step of 

spraying. 
  10 


