- 1 - DESCRI PTI ON DENTAL STERI LI ZI NG WATER, METHCOD FOR
PRODUCI NG THE SAME AND APPARATUS FOR PRODUCI NG THE

SAME TECHNI CAL FIELD [0001] ; _  The present
T invention relates to dental Sterilizing water intended
to be used for sterilizing dental caries pathogen,

peri odontal pathogen, o 5@ bacteria, and
relates to a nethod forbggggggFﬁgﬁihe dent al
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As bacterial Apdmetieyssei SERSSSC FRYSEEE Pyafiact eri a
found in the oral cavity, well known are dental
TECHENIESL which is nmainly caused by nmutans streptococci,
and gingivitis and periodontal disease, which are
ca@gsediby periodontal pathogen. [0003] The
dental caries is a disease in which nutans
st rigp quoznent eimentt sacchal ases (sucdenexlt aterganizGng
acids such as lactic acid, and the organic acids
wathssbhvendedt hoebhaneketiofprosuteidéedng degatdlonGfies
teeth. At present, the nutans streptococci are
pratdhegens i perindonsalepatpogens. okbnotherhwranl aalteria, and
cavity, two bacterial species, Streptococcus nutans
relkafesnans)makbost Fept ptoduvasngobhendentsl sdleriidus)ing
are mainly found. [0004] Meanwhile, the gingivitis is
Wa%ﬁ@i%@%S@nC@@@@aagySnggu@roducing the dental sterilizing

water.
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[0002]

As bacterial infectious diseases caused by bacteria
found in the oral cavity, well known are dental caries, which
is mainly caused by mutans streptococci, and gingivitis and
periodontal disease, which are caused by periodontal pathogen.

[0003] |

The dental caries is a disease in which mutans
streptococci ferment saccharose (sucrose} to organic acids
such as lactic acid, and the organic acids dissolve tooth
enamel to promote decalcification of teeth. At present, the
mutans streptococci are classified into seven species. 1In
the human oral cavity, two bacterial species, Streptococcus
mutans (5. mutans) and Streptococcus sobrinus (S. sobrinus),
are mainly found.

[0004]

Meanwhile, the gingivitis is a disease caused by plague



- 2 - adhering to gingival crevices between teeth and
gi ngi va, and the periodontal disease is a disease in
which the gingivitis is promoted to form deep
“crevices, called periodontal pockets, between teeth
and gingiva. Recently, it has been being reveal ed that
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Por phyronmonas gingivalis (hereinaftér referred to as
onPetgbfigiv¥al bs), dMiieaReisS %u&%aﬁﬁn%%%kk%%nﬁﬂer%wncardial
baci |l us, Actinobacillus actinonycetencomtans
infheceioaft engt abepeed olrd s3S bActaetiian o BHeRIRPQH;Aans) ,
whi ch i s anot her gram negative short bacill us,
arPeevoselkbaocsnber hpgeatrehannel ebaclabaytheRsiES septicemia,
Ei kenell a corrodens, which is a gramnegative short
bubaglbbusxaCanpytebabkesymetbms, ofhiddhbeted or cause
gram negative bacterium and Treponema denticol a
Premeteraabiethr efethedbiothsoT. ideatueel dhfankisch liosr a
_Spirochaete %spiral bacterium. [0006] There are
blﬁghyeh@hﬁoag #ptsireating dental caries and
peri odontal disease, but currently, fundanental
trédPABAt - 3 - methods have not yet been found. For
exanpl e, ozone treatnent is known as a nethod for
t r &5t IBRF RIS Do RaFL &l s o, Poriodemeel odbreasesel f
Is unstable, it is unclear_ whether the treatnent can
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at hogeni c .bacteria inhahiting in the deep zones of
Knei § o%ﬁﬁ%lepso t@!e IREERRASTHoh, Pag et e ntn ol ude
biotics has a nce of resistant
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[0006]

There are many methods for treating dental caries and

periodontal disease, but currently, fundamental treatment



It is well known that the so-called effective chlorine
(free residual chlorine) largely varies in its form
depending on pH It is believwed that in a pH higher
T than 7, - 4 - hypochlorous aci d having a strong
bactericidal activity is changed to a hypochl orous ion
£648 i a Kk tericidal _activit
meresu%t?%gg}ﬂgg gggnggﬁdggﬁgggeE%ﬁ'Fﬁ@ﬂﬁﬂégeé§§q%uﬁ%ﬁatment
s OknBWROSH! 9" AUEHAE Ly - f g
is*-xn i 98.gorA%%%a@§%%L%§€ﬁ$aﬂﬂi§$tqﬁ§ease, but

sterilizing water is set to

siREESERERe! 8ka1 ef 1Bypachhanaus ;aciid 15 AIAN. Jllther the
conjunction with preventing, 'in the strongly acidic
tr&hfRenthbani BANGAS 1EERMOReH u e
Docunents 1 to 9). [OO%] G)giopl,lcbt\tgﬂt %Zﬂggjp tirgrlPea,t Sihce
anseichb tonpethbgeal csbattkkrzhNg nWakAk iin% @Llrﬁ‘%ﬂés?%éepprzones of
for exanple, sterilization of fruits and vegetabl es,
pedisdafiesl i packétEoodImeadaet ok | Ngréhbesnt @Al B8t9biotics
bat hroons or the |like, disinfection and bl each of poo
hasvet erishndf seémeirfenati ofi ebswatahtdissehangedmdf ttelerefore is
sewage treatnent, nost of the effective chlorine
notoyeentubfiohsntr asabontasentrndl treasmpartt SPPeriodontal
~mllion at the highest. [0011] However, in such
diggpgfective chlorine concentration, even if the
presence ratio of hypochl orous acid is- high, the
st EPPP7Ei ng water cannot annihilate bacteria, that is,
the sterilizing water cannot pernmeate through cel
valfiur theadeiie o tdrntsuk farebedf t baztoenh retbedat oréled
rotein contained in the bacterial cells. [0012]
3Dndkt 'R ciPetinkt aReeds ERePpPEsEnt aappRvcahathddts to
.‘ggve oped geriod nt al dlsease-treating sterilizing
NI h R FRE b pOeRE SE QR atrHeds 2PRE th&c iénugiegalfor
ea_gﬁﬁ$oq$nt.gt - $,- a. high concentration that can
FhritHT 14t B batt a7+ 82 BhaP hak BoRViPRedC fhg epieRitcatsed for

eriJizing_water can annihil ate
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acid, such as h ic acrd or acetic acid, is
aciimyged, and therefore sterilizing water w thout
taste

The bactericidal activity of sodium hypochlorite (NaCloO:

soda hypochlorite) is widely known conventiocnally, and it is
also well known that the bactericidal component is
hypochlorous acid (HC1l0O) produced by hydrolysis.

[0009]

It is well known that the so-called effective chlorine
{(free residual chlorine) largely varies in its form depending

on pH. It is believed that in a pH higher than 7,



and odor can be produced even if the effective
chlorine concentration is about several hundreds parts
per mllion. [0014] [Patggt Docunent 1] Japanese
" Patent Application Laid-Open Hei 3-258392

[ Patent Docunent 2] Japanese Patent Appllcatlon
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[ Pat ent Docurent 6] Gapanese Patént Apgglca crsase in

piedehd@eratho dBi hH26RbES7ol£atent . D%wm Il?r‘(r:}:ll% the pH of

Japanese Patent Application Laid- -

StH:1/627ing watef Pod esddt Dosusrernd B iy aspl@f&%etﬁ?f:g?ésence
Application Laid-Open No. Hei 10-24294

rabdeurhthy@jodeipanese Ratenis Appyh £aih Ofok-RhOPER Morn
2005- 342702 [ Pat ent Docunent 10] Internatlona

PIRgesyingpplirc diticors tRubld loatd @ . s MR 2080t deB9d gas from
DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE SOLVED BY THE
beiggeRmadyced (Patent Documents 1 to 9).

(00101

At the same time, since such conventional sterilizing
water is also used for, for example, sterilization of fruits
and vegetables, disinfection of food manufacturing lines,
cleaning of bathrooms or the like, disinfection and bleach of
pool water, and sterilization of water discharged after
sewage treatment, most of the effective chlorine
concentrations are about several tens parts per million at
the highest.

[0011]

However, in such an effective chlorine concentration,
even if the presence ratio of hypochlorous acid is high, the
sterilizing water cannot annihilate bacteria, that is, the
sterilizing water cannot permeate through cell walls present
on the surfaces of bacteria to denature protein contained in
the bacterial cells.

[0012]

Under such circumstances, the present applicant has

developed periodontal disease~treating sterilizing water

including hypochlorous acid as the bactericidal component at



[ 0015] However, even in the above-nentioned
invention, there is a problemthat biofilnms have to be
physically destroyed by anat her_ method. [0016]

© That is, nost of pathogenic bacteria are protected by
bi ofi | s conposed of exopol ysaccharides that are

a BRQAUCREH Y tirhe iRRCHEId@ JNENRE MESH {éu%F% A0 ong has
inhabiting as floating bacteria, an&igra uaﬁ_ _

copf@kinker ahi an Caqmtiidaues My e, agld r&éfﬁ%ﬂk?%&@ér can
def ense nechani sm of the human body or antibiotfcs

anwihfilthe bieofiiddadmt10@bthogen (KANSBAUSIEYant Ny |

pat hogeni ¢ bacteria in the biofilns cannot be
anriio®il3dt ed by hypochl orous acid at a high
concentration alone. This is a so-called biofilm
i nf2o¢i ausveimenstonnd iavahsdoa daustatrbaitarakesy tRE that
antibiotic adm nistration therapy inefficient. MEANS
tapORaSeEVERGETHECEROBL BVB § A0ik8jugh reverse osnkheis membrane,
present invention has been nmade considering the
anghbhe- Baserdbea teirr dgnscalesie sy i tan o cahi b adclo t i edfone,
is to provide dental sterilizing water that can
fopievert PeBaPetrréasion ahdchagdinet tonkheainvention, since

bactericidal activity but also an activity of
CapRelr 8y PR$IBi BEEEREtadd tdoprdvi ¢ ssdeefodrarndhearsolvent to

par atus_for producing the dental sterilizing water.

ma’?go f solvertqyugeklysfsiidiiczi pg wlif@ctofofciitmequiring
dagfordin? to the present inyention is sterilizing _ _
a Lrif 8F fPedfifg 5chré@eHMQQ?QQQQﬁ#QﬂaQW%éES@Qﬁﬁlc acid,
i oSt riIiz&ng ggr%gdon&al pathoa n, .dental caries
15 AT hbGERT of "Bt hBP LG aF ShELEE i d 2 1Kk viater Wikhayt taste

hayi ng an_effective chl.qrine cancentration of 50
and QS8 S S aPSaheEr §9s % B, Sdathinng hLorine

S. aci d_sodi u drogen carhonate. .. _.

cofyB8G e eL8H 1 ReMHoRPE P RORLAT) PYRHESRE ERSotdta g Hlgion-

thegpigsent invention may have an effective chlorine
concentration of 201 to 700 ppminstead of 50 to 700
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The dent al erilizi'ng water “accor

ogdie NY esedd joyemtéen may have an effective chlorine
concentration of 400 to 700 ppminstead of 201 to 700

PPMPatent Document 2} Japanese Patent Application Laid-
Open No. Hei 4-131184
[Patent Document 3] Japanese Patent Application Laid-
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[Patent Document 7] Japanese Patent Application Laid-



[ 0022] The dental sterilizing water according to
the present invention may have an effective chlorine
.concentration of 500 to 700_pgm.instead of 201 to 700
‘ppm - 8 - [0023] The dental sterilizing water
according to the present invention nmay have an

opéhendl veechhprivaesgoncentrati on of 50 to 300 ppm
I nstead of 50 to 700 ppm and may be used for
prevEnidry: astanthdht &b FeR§Sand 02 hedgnLal . ¥
sterilizing water acco?ding o thgi%?%%éﬁ?gfﬁgﬁtf?ﬁnLald‘

Opemyy @ayveHai ptbhop4Zonio 8 instead of 6.3 to 8. [0025]
A nmet hod for producing dental sterilizing water of

¢l ai [Rat eante D@ JNTHAREIL pAVEN | AN ] hod. .~
for treating or preventiﬁﬁga dental di se eiﬁﬁgtfgﬁ £8ia

OpstrerNd i z20@5p24200DNnt al pat hogen, dental caries
pat hogen, or other oral bacteria, the nethod having

t he [SedintofDomrue st Mg AMTragLenLs: Gl PRSBSOSk ion

sol uti on containing sodi um chl ori de and carbon

PulilohGatetomariip e W@ t2@0 z72§97 he st ock sol ution such
that the effective chlorine concentration is from 50

DL L0 BpRF tHEVBH I from 6.3 to 8, and hypochl or ous
aci_d and sodi um hydrogen carbonate are produced.
S TO BE |§PLHED Y HURE fO¥VENDLRRE ng dent al

ste¥idi£ing wat er according to the present invention,
t he k solution is prepared by forcing water to
pasa through reverse osnosis nmenbrane; addi ng sodi um
chl BPYGESte EHENpaSsédenabere—aes thloowidng no@miidon, there is
i_oxi-de s.into the water or adding dry ice to the
a %&P@Feﬁbgﬁﬁé & e s tteh 15 RitkRip Sladidastroyed by
ride.or in the step of adding sodium chl ori de.
an%gé%f]mefﬁgd, In the nmethod for produci ng dental
stqqkhkging wat er according to the present invention,
t he stoék solution is prepared by addi ng sodi um
wat er; and bl ow ng

Ch PEAE LD AUSE VB! Beyopdhat Lt e o e,
o A EomPOE Rt pY SR s ARee b Tt dwoduced by
the bacteria themselves, rather than inhabiting as floating
bacteria, and gradual proliferation continues while blocking
the biological defense mechanism of the human body or
antibiotics with the biofilms.

[0017]

Consequently, the pathogenic bacteria in the biofilms
cannot be annihilated by hypochlorous acid at a high
concentration alone. This is a so-called biofilm infectious
disease and is alsc a cause that makes the antibiotic |
administration therapy inefficient.

MEANS FOR SOLVING THE PROBLEMS

[0018]



[ 0028] In the nmethod for producing dental
sterilizing water according to the present invention,
the stock solution is prepareg by forcing water to
pass through reverse osnosis nenbrane; addi ng sodi um
chloride to the passed water; and increasing the

par thal ppessstr en¢eneabhon @ HELE RRINEJHL LA the
with the passed water to a | evel higher than that of

aboaebae sdirdtiede din-duies taidcdief (e in %Eféci henst&ps0is to
addi ng sodiumchloride or in the step of addi ng sodi um

proktioei dentfp002%erilizidg wdeseithord don Proeust ng
dental sterilizing water according to the present
depatentfiioat iome agtodlassolalt ianl ¥ sa fsepes et hya BddePgvity but
sodiumchloride to pure water or distilled water; and
alpAcraagichg ity e tdealt noyvdgsu el of 1 oes bomd di oxpdevide a
being in contact with the pure water or the distilled
mehRedr ang 41 eépPamitgiserf atharadiseing e bdenith bxsderihizing
the air before or after the step of adding sodi um
WatRforide or in the step of adding sodi um chl ori de.

[Ogﬁ%h9 In the nmethod for produci ng dental
st iliﬂing wat er according to the present invention,
- 10 - concentration is from

208 E57700 PRI JRTTorR B GO BERPEMNGHES the

dental .sterilizin ter, i,s .used for treating a dental
PrGFEBaSATVEBSASN 15 St ke R R Fort O JRRA WS OF
erSR0AE Rt & WL LR Bk Sesina Lo Lhe mosell. )
pof BAEEA00abALLS0 AL BbeAR A, TG 200l .00 PR s, ene
ot ST AR SR S A0 I L ) e e
of 790 PB™HOShEAdaRh BF pE 23 6.0 490 PR [Q93ining
hypochlorous acid and sodium hydrogen carbonate.

[0020] |

The dental sterilizing watér according to the present
invention may have an effective chlorine concentration of 201
to 700 ppm instead of 50 to 700 ppm and may be used for
treating a dental disease.

[0021]

The dental sterilizing water according to the present
invention may have an effective chlorine concentration of 400
to 700 ppm instead of 201 to 700 ppm.

[0022]

The dental sterilizing water according to the present

invention may have an effective chlorine concentration of 500

to 700 ppm instead of 201 to 700 ppm.



In the nethod for producing dental sterilizing water
according to the present invention, the effective
chlorine concentration is fromg 80 to 300 ppm i nstead

-of from50 to 700 ppm and the dental sterilizing

water is used for preventing a dental disease. [0034]

I n tt®2m8t hod for producing dental sterilizing water
according to the present invention, the pHis from?7

t 0 Shiensteenth 0fs fe10M 6z i d Qrfeed 003 a4 t

solution of dental steri |§I zi%ge]%/vat ar ory Qtl(?n%é( present

inveordongmay hheepbesefif et i drSrd HRHEeRUAMHAN of =0
of dental sterilizing water for treating or preventing

ta deAt rpmdilgssisedbyster itk Ziong ppar 2edoRia) HRat Mo r
dental caries pathogen, or other oral bacteria, the

PEE¥eRtsBDUR| dANEeAt diiskeagesodi um chl ori de and carbon
dioiiﬁe; and giving an effective chlorine

coné8REAAti on of 50 to 700 ppm a pH of 6.3 to 8, and

proggction of hypochl orous acid and sodi um hydrogen

car bofafl&nb¢ler EEHfydng. wpge36Rccordihng the t$ed@heesent

isolution of dental sterilizing water according to the
DFRSEHeD i MR¥nERBR, 2t RE eff éctPv8 éhbbeadeof 6.3 to 8.

conrgg%égtion is from201 to 700 ppminstead of from

50 . ppm and the stock solution is used for -

LR OB BT, 00T a0 M e i
! %%%%en:?Q?Yd%téﬁgb?£$$%ﬁ{23%5%%57%g|g%hgsm@thgd 8br treating
O%gﬁ?en_t a frg za(r)loﬁl‘*%gz%na:’l]g[(gg??’%%s%c@ér%g?%ffbgi;ékﬁggggééggal
S B S B A T ARk (e e crta, ene
megft?g)?i@ﬁazvii#gg \lAt{/ahtete:&a_ c%?‘%ﬁ %’f%}%ﬁfzﬁé&g@rﬁg&g&ﬁé@%wl%ﬁon as a
PHERR: ShSEHe SO 0SS MR A ) 5 oy d S B
an[sjgléag_tg]c@&dlgzzlﬁr%d i UMY NG A IS crractive
chlorine concentration is from 50 to 700 ppm, the pH is from
©.3 to 8, and hypochlorous acid and sodium hydrogen carbonate
are produced.

[0026]

In the method for producing dental sterilizing water
according to the present invention, the stock solution is
prepared by forcing water to pass through reverse osmosis
membrane; adding sodium chloride to the passed water; and
blowing carbon dioxide gas into the water or adding dry ice
to the water before or after the step of adding sodium

chloride or in the step of adding sodium chloride.

[0027]



- 12 - In the stock solution of dental sterilizing
wat er according to the present invention, the pHis of
7 to 8 instead of 6.3 to 8._ [0Q41] A produci ng
apparatus for producing dental sterilizing water of
claim 26 according to the present invention is an

appar his me@hddr el Eﬁ%ﬁrxﬁl%ﬂm A Eept B - 0 SERSEer

by sterilizing periodo hogen, dental caries

ac@@fﬂ@ﬂgntooth@tb@és@h@'lﬂ@%h%ﬂdﬁ e AUCI M ution is
apparatus conprising a stock sol ution tank for storing

prapatedkbgohdtiiag eemdt amnichy cxAdicumcpurd dexand Sardpfcilled
di oxi de and an el ectrolysis tank being connected to
wahad; cantuhil oatihgg cairblont kg ostiekek ge@ Utritan dranks sk foF
el ectrolyzing the stock solution, wherein the
adéiegt doyysre tankhieswetefr peledesuch afftatr hpocias ous
acid and sodi um hydrogen carbonate are produced in
adgiedesediineghéonddat pat ilonghisy sdlegctafoladding tdvedium
stock solution so as to give an effective chlorine
%%ﬁé@ﬁtratlon of 50 to 700 ppmand a pH of 6.3 to 8.

265% In the produci ng apparatus for producing
8&terilizing water, the effective chlorine

con ation i 201 to 700 ppm instead of 50 to
700 Bpﬁﬁ%nﬂeFﬁgngSHUEFﬁ&uﬁﬂﬁgrQ@@§Q%sﬁkﬁﬁ}#%ﬁlng water
o ERtFnGC b P RFRE=PEr HFSBIOORY GbR ALOSat s i is
ordBR5hy By Shiehuattsp o00 %%8%83%5%‘ r?{b%?m'rsse"folsé‘nosw
nediGr A€, ggagyﬁ r9o8RAR" bR e OGNS RO AW ater; and

m&p@gmnﬁ%gn %§t951589et3%uz%0 @afb%ﬁ ead, dezf el in

uci ng appara us

coﬁ%@@@cﬁfghd€ﬂéa#aéggﬁ'bh%b?gtggge&gﬁﬁg & ﬁ%?'

at of
| ori ne concentration Is of 'ﬁead

caﬁgbﬁQdf@Ql@@”lﬁnghEhglﬁrBQQBEFgo%p%§E%EU%HéSéﬁgﬂjJf”adding

preventing a dental disease
sodium chloride or in the step of adding sodium chloride.

0029}

In the method for producing dental sterilizing water
according to the present invention, the stock solution is
prepared by adding sodium chloride to pure water or distilled
water; and increasing the partial pressure of carbon dioxide
being in contact with the pure water or the distilled water
to a level higher than that of carbon dioxide in the air
before or after the step of adding sodium chloride or in the
step of adding sodium chloride.

[G0301

In the method for producing dental sterilizing water

according to the present invention, the effective chlorine



In the produci ng apparatus for produci ng dent al

sterilizing water, the pHis of 7 to 8, instead of 6.3
_to 8. [0047] As described in i@eubackground of art, in
.the devel opnent of sterilizing water for periodontal

di sease, the present applicant has initially succeeded
cbAckthe rpE9dyct iso ril zing ter._cont ai

hypochlorogg %gigrgﬁc%g§ at 2Q@i c&ﬁ@% fﬁ%H%%VH 50 to
708i pamcanhonndi g¥i n hLy di Lved.in wel ter ,

or ?gp wat er and Egglcg%%??%e%lgﬁsiggﬁghﬁ@apﬁﬁéﬂfgﬁnﬂreatlng
atdensterdikeghpg.water can anni hil ate peri odont al

pat hogen. [0048] However, as descri bed above,

eveODB1hypochl orous acid can be produced at a high

concentration, the sterilizing water cannot be brought

i nt éncoheavethnoth fhacpebdacihgt Benkiaf idl@5-1a46 MY water

destroyed. Consequently, another device for destroying
agperdingiteosths peeesshr ynvEAB48h, Aehyakk¥ectRvbNehlorine

clinical practice of treating - 14 - periodontal
Copceniseat hofls nfromse0bet physDcaphyidestaayse Wbk 8071 +o

ultrasonic scaler or laser beans. In the clinica
7Q9£Rﬁmce of treating dental caries, biofilnms fornmed on

the surfaces of teeth nust be physically renoved by a

toot?p%%ﬁkace-cleaning”nethod i n whi ch sodi um hydrogen

carponate fine power and water are sprayed to the

surtackse gretieed nfoF t predupi egsdantiat . sEOO50izing water

Therefore, the present applicant has further studied
a%ﬁ?ﬁ%ﬁ?%ﬂﬁﬁr{hﬁiRﬁﬁ%ﬁn%i%nv¢m%l@md,t@g af fesuive basorine
bt ai.ned .new findings that sterilizing water can
MR G Dot droutdborn (Heapysduet afsan 201 to
-”ﬁpgﬁﬂﬂ1hydrogen_carbonate (NaHCO3) newly produced at
concentrations by producing the sterilizing water

by éggﬁﬁ ng an aqueous solution as a stock sol ution
contal ni'ng sodi um chl oride (NaCl) and carbon di oxi de

an I I ' t ock, sol uti on such that_ the
ef %engt?{\;ée nf:%ﬁ%édrcpgfeg%%ﬁ%%cﬁﬁjaqq 0 e’?%‘%f ronsBbht Fingogater
a e S~ .3 1tq.8. Fyrthernore, it was
R o P St sst, dtivd tting Wi aserive Shiorine
c [ ogen ought difficult to be
Rt Tt hty ey b e im0 to 700
aental [ th . : i_hil.ated w thin about
PP e S R PR T LIy e venting
a beskde gfiskhecoral cavity with the sterilizing water
even under the circunstances that dental caries
patflsogen i nhabit in the oral cavity, that is, under
circunstances that dental caries pathogen are
pr dhechedmby hbidofrdrTe.r cang 12l fi%?%}¢ i
peri odont al pathogéﬁﬁkan be gﬁﬁ%ﬁ?ﬁgie vWﬁtﬁg%%ﬂxﬁﬂter
acsevdiny to sheepabsbABSifeARdSNDYthe b 150 ¥%m 7 to 3
injecting the sterilizing water into periodontap
inpbekdtef [OOH1F.3 to 8This neans that pathogenic
bacteria can be conpletely sterilized by cooperation
of [8§8dPlm hydr ogen carbonate and hypochl orous acid,
that is, the destruction of biofilms wth the sodi um
hy@r 8§efkcapbohare af dehigh strecentrahgowated LFe claim 20
anni hilation of the bacteria in the destroyed biofilns
ACHPFRLIR R et hyplor NP BE DBRE atident ianhigha cahoeht sali0Non of
Therefore, this is a renmarkable invention not only in
dental el 37809 BruEenl Seri hreaeieat or epnedécaingi el dental

disease by sterilizing periodontal pathogen, dental caries



[ 0052] In addition, it has been confirnmed that
in the oral cavity portions other than periodontal
. pockets, such as tooth crownjgucfaces and tooth root
- surfaces at relatively shall ow areas, where the anmount
of organic substances that cause a reduction in the
paliyipoeh, 0lcQus 1Ak GRNCHHIA4 00, 1end et@ddyely hO¥on
si nce sodi um hydrogen carbonate destroys biofil ns,
coatali nhagt ecidd urm hahlidd e iand hea Bheyed i@t dopesnd giving an
portions can be sufficiently sterilized, even if t%e
efékbédviev ehdrimene cwormenta@tdonf s50 over7thapgpmRPla pH of
ppm [ 0053] Furthernore, the dental sterilizing
6. vater 8acemddipnpdurttinn priesgmodmv@Entionachd ded usedium
for preventing dental diseases as well as treating the
hydergsn gegdbasede hy pdadtoutlarsisy control ling the
effective chlorine concentration to from50 to 300
DD&OQQﬁHicient safety can be secured even in daily

us% by patlents t hensel ves, and therefore use in hone
PoddighisEock splut J[Ctrosfztﬁ dental THeeHbhi alndi Yehsss
are caused oral bacteria and typically

achring” Se%ﬂeoamsea iSRSy e i b Loxine
Cogg%ﬁggsﬁl%%ﬁedse e‘wﬁb?&ﬁ- % IR Hr e Shatrom 50 to
7obrELHIEnd 2R ER Jii il ef\hcauseddb%ﬁ’ FoE Rat thgen dental

digg ganduct eIectronS|s such that the effective

Forlne concentration is from201 to 700 ppm and the
pH[pgsHnom 6.3 to 8, the necessary content of sodium
chlorlde i s added, for exanple, 2 to 5% by mass. Since

t hQna%%n%tQJc]&%rﬁ%l%rp)%id%%@ﬁ t!é(rgifégll@fe‘ga{f‘%r

water at a partial pressure of carbon dioxide’in

ac@bkd( 380 tBPHheaRHddlendV 8HALG S e MHatd £FL Of :n(f‘@r(?ﬁfor ine
dioxidé in the air in Japan, an excerpt from"

coheapyeatKankye- ben's loeheolegial s emtdddLq T@P|§§om 201
Environnment), 2nd edition) is absolutely too | ow,
toi 300eppmsary to increase the degree of solubility of
carbon di oxide by forcibly dissolving carbon di oxi de.
[ 00B6R8] That is, in this description, the term
"forcibly dissolving carbon dioxide" refers to that
t héndéprees toc ks aladhitiidry «of dartwn siexi tezisg water
increased to a | evel higher than the concentration of
accardongdioxile phatendn imateuntaldry, ditssadfifedt i dagreeine
of solubility at a partial pressure of carbon dioxide
copgenbhatiant he aifr fromed0 ite & Epemint i insmetdwdDffrom 201
forcibly dissolving carbon dioxide, a stock solution
tomhy0pePBr epared by any of the following nethods (a) -
17 - to (d), but in any of the nethods, acids other
t h4R%8&4 boni ¢ acid, such as hydrochlorlc acid and
acetic acid, are not used at_all. Therefore, the main
pafAnEhEr ShPckosdilitding Gt Saitie ks otir s bhi ebmposa Eedn
he additj ve amount of sodiumchloride. [O

a%%;c‘iwemg FoPEBaeG pRsentiGugi oo e E st assLor ine

ane sodlun1cglor|g ed to the passed
CO%?%\{ra%ancamﬁ o 88 52 et 19 e e 50 o
208" S a de% to.the water bef or after the
t%ﬁp ?n 8iRg® uftCeRIEEPdd %o é\ﬁ%ﬁY?ﬂtlng a

deﬁ991ﬂ§l§ggggq1chlorlde

[0040C]



[ 0058] (b) Sodiumchloride is added to pure
water or distilled water; and carbon di oxide gas is
_bllown into the water or dry i,ce is added to the water
-before or after the step of addi ng sodi um chl oride or

in the step of adding sodium chloride. [0059]
(c) ' r a hrough _reverse .osnosi s
nen%¥g%§% égg?gngggP%?? eg?s&ggggg £6°rHd15aggelater

2B Rin@nd, (hee PRFLLEhe PLESSHEEOR! CALDRR HLOXEAS . o

being in contact wth the passed ha S TRc?
irsdemelohighertd h@an that of carbon dioxide in the air
before or after the step of adding sodium chloride or
in tbe4step of addi ng sodi um chl oride. [0060]
(d) Sodiumchloride is added to pure water or
di st ipreduerierappadathe @@ftP%dﬁé@ﬁ@UH@nQElCQEQE@lizing
di oxi de being in contact with the pure water or the
wadiest idfl edl anat €16 i scenod Bagetb tithd peyebnhi gheent e is an
that of carbon dioxide in - 18 - ‘the air before or
appp@tushe ot dpy eoft fdpliony okt O of | @len©51 i @i §d8se by
step of adding sodi umchloride. [0061] Here, in
Stefe ldFove @O avpr(te)] natdhawsrer dentaTomponentpofhddén, or
stock solution may be, for exanple, well water or tap
OtRgre O tAdd Nas gl de dlia aradidingampatdters tonevesing a
it is qQbvious that the use of pure water not
SLOGH SOritd Walt@Umivh$ tarigie st uMeonssa@intt sm armisaining
ggtter for .preventing dangggtqf el ectrodes of an
sogitym chilpdide s satharedicriisie iand mn etlettrmrleysis tank
ber.eaction. 006%%) In order to sterilize
pEY SEORELTSFaf oGl CPEMicatrdings Wdithdden, staclotsmtution
al._bacteria wi.th. the sterilizing water according to
tele B EEt SRR o o Wik o ot iy, peaRgen, th
teridi zi wat er i ut into.the oral cavity to
*1BEeBISrUT rind oA oAy A dhvr VRS e acid
e 0 far.the, periodont at hogen, the
DA A R S oBa 8GR et P e TodBindAternined
: 6 Qi.n .. the sterilizing
o A A P R LS WRAE: ST oo S0 as to
-skekti | 1.0 l; _pa n,. dental rie
I b os SR AT e 2R ekl £t J8 Soppm and
a %hngf theugh ghe sterilizing water gradually |oses the
actericidal activity by oxidation of organic
subsbanges and other bacteria being present in the
ci rcunst ance. [0064] Here, the pHis adjusted to

from énd b@o&uc&n?Ha@baQa%u%rfb%sﬁgggﬂxﬁﬁﬁﬁ%ental

decal cification of teeth. Further in
sterilizing water, the effective chlorine concentration is of

201 to 700 ppm, instead of 50 to 700 ppm and the producing
apparatus 1s used for treating a dental disease.

[0043]

In the producing apparatus for producing dental
sterilizing water, the effective chlorine concentration is of
400 to 700 ppm, instead of 201 to 700 ppm.

[0044]



- 19 - a pHlower than 6, the presence ratio of HCO2-

in the concentration fractions of H2CO2, HCO2-and CO2

i s reduced, which makes it_di%chuIt to produce sodi um
T hydrogen carbonate at a | evel "that can destroy the

biofilms. In a pH higher than 8, the presence ratio of

R G S B0 e

st@xaqq@l@lrgo%%t%@ d e %ﬂf&&l %P{I'tlé’”c&l?@énséatlon is of

sterilize bacteria, In partlcu caries

50P2kR0gen HR)63lnstead AL I ON, 7(5(5];;);9:5' is desirably

7 or nore. By doing so, lactic acid uced by dent al
carfipggsig3at hogen is neutralized and the acidification
in the oral cavity is prevented. [0066]

Furtrhemh® ieesodiel 1ef fassd veredl o6+ nsre@neenyr akheni s
adjusted to 50 ppmor nore. Wien the concentration is

steawdn ztihgn wa@ eppmtid d&febitffve Wil d0isd ecdhedt PABlon is of
bacteria even in the oral bacteria adhering to tooth
3 Cctowd 08uppag ed neit dagbtdf riabtt s urd@ogsm aind hethé oproducing
areas. [0067] Furthernore, the effective chlorine
appeme&nsr dsi oiseics fadj yateatbrttol iRl ppenial mbt eeadben the
concentration is 200 ppmor less, the oral bacteria
i nH&%1%46Ing in the deep zones of perlodontal pocket s
are not sterilized. In addition to the above, it is
di fIf“i é'-lljllet e BEHRING @RI G 91 ol hgpeomacinondenialt o
é [0068] (i) In general, the ratio of ora
st 5&%&?.159& Watefor fmhe B30 15 \fof] ItR Bndinwkeadtof 6.3 to 8.
3 @ is overwhelmngly |arger than that of oral
P i’d that inhabit in a floating state. In order to

hil,ate the bact t he bi of , It
nec %;%? efbb%ﬂlﬁgaghl28%2#8F§HP5853 @Fﬁc:déiﬁﬁﬁ%|V|ty

ot bR R
I Gt AR f hl d at
PRSP B D e

of! Q¥ct0155ehG! A8 HACLEI.A ALK NN, (036, NCAT el8) ot 4

t oot crown - sur aces an aces

hlénahbHWeﬁE§gﬁloho S'g]ln-}glg—g Ca(fﬂ%b%lg%lolndcéq{%as A rY

ong for e over

dléQOHf@HSfLﬁr w@?&"l‘d&%@%r()foxt I%%lf)s%fhd(%}?fa}rﬁf %Lar?@éﬁfiﬁn%? in a

the inside of the body (the’inside ood vesse
cl1@1§§§JS€eBﬁctﬁé@mtﬁea%QéﬂqLi(‘zei%SJaeéaf ddn HRtinilate

Therefore, bacteria nust be anni'hilated wthin
peBE6ABHSsali bapRsgkhl.e, W thin 10 seconds.

[0048]

However, as described above, even if hypochlorous acid
can be produced at a high concentration, the sterilizing
water cannot be brought into contact with bacteria if the
biofilms are not destroyed. Consequently, another device for
destroying the biofilms is necessary.

[0049]

Actually, in the clinical practice of treating



[ 0070] (ii1) I'n biofilms, 300 to 400 types of

oral bacteria parasitically propagate, while

mai ntaining a certain proportipn, to formbacterial
“flora. However, if the bacteria are substituted with

ot her bacteria or the nunber of a bacteriumthat is

a8 Uah by i NLERE 11 r pal i_ncreased b
P o caﬁéggéigeéggﬁggggﬁa%ﬁg @gg?eg?akxgﬁéngﬁg %eé%royed

wphien@ienonrgabh ed EEQEQPi@E §HQéEiEHEE8Q’ 9%CHE§'%%E§ﬁcal

is, if parts of dental caries pathogen and peri od

p¢5¢h9©§nO§Ufyé¥?iM§FB@HEa@eEBQiﬁgerbhbeQmstQgrmed on the
m crobial substitution occurs so that the renaining

sﬁmiaem$aoﬂraséthahhytpb@p?ﬁgkﬁcaliy2}emob@dob er tQoth
avoid such a situation, all bacteria inhabiting in the
s ti¢¢nel easinpemathodi fat eHich084dium hydrbBen carbonate
addition, the effective chlorine concentration is
figsipenty S00 pphedraner eprivedi ot bhe sopegBbEabiFOReeth
even if the presence ratio of hypochlorous acid is
widde rearie ated pH of around 8, the ampunt of
hypochl orous acid can be ensured so as to be
suf F9eP@ht for the sterilization or the bacteriolysis
of gral bacteria such as dental caries pathogen and ‘
per LEGERERT patthsgdresent appi idantotesy hanthet hetudied on

ef fective chlorine concentration is 700 ppmor |less. A
t@ﬁnﬁ%ﬁﬁ?%ﬁq%ﬂprQQHR&OE%%W§7@@dpp%$i% ¥Rtuhecebaargbfained
achieving sterilization and the above (i) to (iii).
n Woc?v‘é’]d“%s thadr S tSiehl 119 S136RY | GRN cPPRkahe not only

wBPISETAH 7 PRS0 20 BBk s augson sparsonarce
JIESY el BTy RGOSR PIOREn S0
erpecandsy Ao i Pt L e SRRESTS IS0 e
388 SRS o O U B B A o
s P SRG St T hg G ErT o inat the

st Ciastar AR PNl D61 3 FI6 o anc
thBypachkorews @Gi3dto 8. Furthermore, it was confirmed by
the test results that though dental caries pathogen are
thought to be difficult to be annihilated due to their very
thick cell walls, the dental caries pathogen can be
annihilated within about several to several tens seconds by
only rinsing the inside of the oral cavity with the
sterilizing water even under the circumstances that dental
caries pathogen inhabit in the oral cavity, that is, under
circumstances that dental caries pathogen are protected by

biofilms, and also confirmed that periodontal pathogen can be

annihilated within about several to several tens seconds by



[Fig. 3] Fig. 3 is a schematic diagram show ng an
apparatus for producing sterilizing water for dental
treatment according to a nodigication. REFERENCE

© NUMERALS [ 0074] 51 produci ng apparatus for
producing sterilizing water for dental treatnent 52

3y0ak jliiOR 1S LAC Sal Mt pn,Jank Helecidolys)
On63igcﬁar§é €3b£é§7 mlﬁﬁﬁé%gﬁater 8di J?ﬁ%%gﬁ%?git%22§00kets'
11 [@eaanation nodule 14 tertiary produced water tank
BEST MODES FOR CARRYI NG QUT THE | NVENTI ON [ 0075]

Enbodi senésnsf tHant phtabgenkicZbae eatiar a4 B heghifete1y
producing the water, and an apparatus for producing
steheé liaeer byt cootici dion bE WREaM HPMeYdPebdniOW ang
be described with reference to the acconpanyi ng
hygrahilogsusl adisl, nated tikgt e teathadd Yot hef S]EFilms with
el enents as those in existing technol ogy are denoted
thpysrhéuga iy drelgene tee bamatraalas, and glesooi@éntonsstion and the
thereof are omtted. [0076] Sterilizing water
anpphidanian pfeiheeircisnike iderthd dsridyed ngiodtBns with

according to an enbodi ment contains ‘

the hypochlorous acid at a high concentration. Therefore,
this is a remarkable invention not only in the dental field
but also in the entire medical field.

[0052]

In addition, it has been confirmed that in the oral
cavity portions other than periodontal pockets, such as tooth
crown surfaces and tooth root surfaces at relatively shallow
areas, where the amount of organic substances that cause a
reduction in the hypochlorous acid concentration is
relatively low, since sodium hydrogen carbonate destroys
biofilms, oral bacteria inhabiting in the above-mentioned
portions can be sufficiently sterilized, even if the
effective chlorine concentration is lower than 201 ppm.

[0053]

Furthermore, the dental sterilizing water according to
the present invention can be used for preventing dental
diseases as well as treating the dental diseases. 1In
particular, by controlling the effective chlorine
concentration to from 50 to 300 ppm, sufficient safety can be
secured even in daily use by patients themselves, and

therefore use in home is possible.



- 23 - hypochl orous acid (HC10) and sodi um hydrogen-
carbonate (NaHCG3). The effective chlorine
concentration is from201 to,£00 ppm desirably from
0400 to 700 ppm and further ée3|rably from500 to 700
ppm and the pHis 6.3 or higher and 8 or |ess,
des%f 7 or higher and 8 or |ess. Dental diseases
such as perlodontal di sease and dental caries can be

cur edebyepk @i WiziedgReLiRdental
caries pgthogenl or ot her ora%égacteﬁ%§g%%rlth%al bacteria

anslt eridilczaiing, walfrudd prérfdcgiﬂ@all &%@%é”\]ﬁ)@@tﬁ al s

for producing the sterilizing water for dent

petrieafonenll geaticdiag drie eiftedi mitied WRBled b d@ntal
shown in the figure, the produci ng apparatus 51 for

capriedupiatdostesr,i ldwti rg-avatey Ifieri entalcd redd®is and
according to the enbodi nent includes a stock sol ution
incdukle3 diiceastesr ithg ta aateo cla s dittiyobde B St PRy in
4 being connected to and communi cating with the stock
theobueilogavdrnl,. an el ectrolysis tank 5 being connect ed
to and comruni cating with the stroke punp, a discharge
t udé9% Hei ng connected to and comunicating with the
eIectronS|s tank, and a dilution water tank 8 for
stoF?n@r@?FuFPoﬁomﬁﬂéﬁ g§¥ecthelusliat soshwahet taekeSfective

s relatively positioned with respect to the position
chéfvraﬁs ERECENCERS G dRargem @96 600 UO Erar itk e DH 15
£19 s gl gha e tube 6 is below the water |evel of

?We | 4B 6n

FeRC5PSSEEYe O e Odi 1ISediom witleride is
2B EPRof* b3k, 208e PFORY BERGw aRlichn ARy sReBREAoE
e R R Rt seiefsa‘i‘ﬁ@h %&%‘ih Flosopartial
prgggugblgk'8Qrﬂ@heﬁlg%ﬁery be a?ﬂ mésgp Ekmater

e water or any o a

av9£aggec$ﬁESﬁtE tg%gpg%l%aggt%rghnedﬁsg th%% talrpln Japan,

pr oduced sterl i'ZI'ng wat er
ana@QM@rﬁ?nfkeﬂedREQQgﬁen59g§lkankyo—hen" (Chronological

Scientific Tables, Environment), 2nd edition) is absolutely
too low, it is necessary to increase the degree of solubility
of carbon dioxide by forcibly dissolving carbon dioxide.

[0056]

That is, in this description, the term "forcibly
dissolving carbon dioxide"™ refers to that the degree of
solubility of carbon dicxide is increased to a level higher
than the concentration of carbon dioxide that can naturally
dissolve (the degree of solubility at a partial pressure of
carbon dioxide present in the air). Here, in a specific
method of forcibly dissolving carbon dioxide, a stock

solution may be prepared by any of the following methods (a)



The produci ng apparatus 51 according to the enbodi nent
further includes a deaeration nodule 11 having a

wat er-i njecting side communi.cating with secondary

produced water 60 that is primary produced water

diluted with dilution water 57 in the dilution water

t he_ d r ati r.e di | v oxyge .
o PRy BT oaSol MAPar” 60 unier theg: SOL) & tbonic

aci&dugedn bys ahﬁf@EHHH?LBEﬁ?oé%iangnﬁaﬁc%tti%r Ay Fr& Jot used

produced water tank 14 r storing tertiary pro

at WL Bl Bfesdfdid] 20 Wl LrpbBambbal b8 LBRaSEEBRAYALY stock
produced water 60 from which dissolved oxygen is

soleyRdeohP882tion is tReaddbtiic@le LHRERHLPLIVILRA P
t he produci ng apparatus 51 or an el ectromagnetic val ve
chksbidearily provided according to need may be
deteriorated through oxidation by hypochl orous acid at
a hbogh7toncentration and, therefore, are desirably
formed of fluorine. [0083] In order to produce
t he{asit dfddeziing fvat@sd 630 fpassenhabuyheatrepteWokhokhe
produci ng apparatus 51 for producing the - 25 -
menhené¢ i zéoglivmt enlactdedingatidetheécerbedipammted tWater; and
conmposition conditions (nmainly the additive anount of
camrh Ui ehide i dey of bhewst dokosthet Wetes2ort ey ice is
operation conditions (for exanple, the voltage val ue
adqgfl thetaryerervarteyei arepéEeioltsi steandft kelding sodium
dilution conditions (the dilution ratio and the pH of
chlRTids Pt whik ebhe af beBePEr APARBYs SOR ItRachlies igfef.ect i ve
chlgrine concentration of the tertiary produced water
i s[#PoM 201 to 700 ppm desirably from 400 to 700 ppm
and further desirably from500 to 700 ppm and the pH.
i s Flom¥dm & Yes? radi§t FenPyreovatefher distilled

wa QLEDSH oL ko BohLien, 2.1, SR80 BN SLCks o o

. .sodiu ofide is r. ex le, 2 t0o 5% SS. .
g Ohpafaddd OBt Sun k8l BRPORRCPEasl Rg T e Cadgres ot adding
bilqty. rbon. dj oxi i ent,..i.e. . .wat.e

sS4y 8L SPLURNALOKLHS, bR BaRRhteaba b il
or §@§§illed water, may be as follows: a nethod for
[ , , . o
tenporarily increasing the degree of solubility of
cardon s e o (e 0 YodL X1 00 6aLROBYLPKEIB L
the solvent; a nethod by increasing e partra
merRHSS 6 OF1 GRr BRV- AL QXi €8 habRA kB ¢RBt 3Gk Wd NS ; ang
sol vent; or a nethod by decreasing the tenperature of
thd e sel yenbre bt her ot heapBbRodibyiher eebhy MinXiddhtact with
carbon di oxide or the nmethod by increasing the partia
thepessis® wit€ar boni dbpxbgedi sodasieabliehifher than that of
consideration of an increase in water tenperature due
catlort hii dvebde prwduicedatn Be€okeobyskEtek0886] step?®f adding
The nethod for .tenporarily increasing the degree of
sodsiolubilicyidd carbontdéoxtdp odnabdihdr shelr uel asSidriierd.
into a nethod by bl ow ng carbon di oxi de gas and a
met®@eOby adding dry ice. Here, the term"tenporarily"
refers to the case that since the partial pressure of
car(fon Sl et migle ni g ordded Wiburdewsbevenr déstilled
equal to that of carbon dioxide present in the air, in .
watsiherahrielee Rifekat herafgiiag of earben diexiige being in
performed under the atnospheric pressure, the degree
corgta ol b i ¥ gPUtar bdheHi 8Xi BBCi §1gbdlésdedadEdoridi ng
,_to the elapse of tine due to the pressure equiljibrium
NG Che- e (1SY® br GSSUFE BhaBaBBh BEofRABoBr S48 o in
the air, even if carbon dioxide is forcibly i.njected
tenporarily. In this case, it is necessary to pronptly
conduct electrolysis before that the degree of
solubility of carbon dioxide is decreased.



[ 0087] The nethod for increasing the degree of
solubility of carbon dioxide by increasing the partia
pressure of carbon dioxide cg% be achi eved by sealing
“a solvent, i.e., water passed through reverse osnosis
menbrane, pure water, or distilled water in an

£ndl i g e dcank &ndafagxe%ﬂégl , CA bop c}go?x'ggleso'(? ichlbride o

space of the tank; or by g car
inl M@ thepsew iy t t k; or addlng dry
iceto tI?Z soleé\aiednﬁr{b %818%11]“{ dkglrgﬁn his case, it is
necERssIy to dlssolve carbon dioxide at a certain
partial pressure in the solvent and to conduct
el egerel yshsthy wbawsf gani Radt he)st |
the - 27 - electrolysssntank g%@thg%tﬁgt%g;%% ég(ﬂﬁhponent
ofpréss stedkeisag uthion alaietkhe, Ty tde vﬁatp_plﬂuater or tap
solution tank 3, the stroke punp 4, and the
wagkechnd s siotankednimed o tenghiddited 40 bachersli Gy 15
as a whole not to decrease the partial pressure of
obgapben tdiatxitde. Us@08F] pure wareamridie RRIMELNIGRF RO cium
di oxide is forcibly dissolved by any method selected
ioppeningrackdgwions0esld so on (iz- Detlay vatrep derdraroag
to pass through reverse osnosis nenbrane; sodi um
dapRpsr Pde sl ecadgdest oft ha pdssdd olatsdrs, tamk ar korreduction
dioxide is forcibly dissolved in the passed water by
1anBﬁnﬁéeE§F8§ﬁ deakitdéngas into the water in the step
[ggg qg sodi um chl oride, before the addition step,
é the addition step [ 0091] (a-2) Tap
ss through reverse osnos

t f dt
manﬁ?d%éi ggﬁ?uﬁ?%ﬁf@??%ep?glﬁﬁagaa@opﬁﬁboﬁé§sedental
BT L A28 ) B
ot B ML SO St R0 10 0y

ca&ggugzenéaghdethé agded 49, 5;@8%%&5233@ ko Shenoral

caf bon-di6xrd

ca*@%frtgybglQﬁ%ggeaaigoghgl8 astgg%%thsﬁggggﬁ £o :

the step of ng SOdIUﬁ]C on

se®dfhli 08NSt 8BcoRAs AT LRE ERE A LLRO8LERA1 pa%%ogen, the
sterilizing water is injected intoc the periodontal pockets.

[0063]

By doing so, the sterilizing water, while destroying the
biofilms, certainly sterilizes periodontal pathogen, dental
caries pathogen, or other oral bacteria in a short period of
time, though the sterilizing water gradually loses the
bactericidal activity by oxidation of organic substances and
other bacteria being present in the circumstance.

[G064]

Here, the pH is adjusted to from 6.3 to 8. A pH of 6.3

or less may cause decalcification of teeth. Furthermore, in



[ 0093] (b-2) Sodiumchloride is added to pure
water or distilled water; and carbon dioxide is
. forcibly dissolved in the waigr-by adding dry ice to
. the water in the step of addi ng sodi um chl ori de,
before the addition step, or after the addition step.
a pA0%8}er than(®) Wakehresdnercathttia RasHddy oughthe
reverse osnosi s nenbrane; sodiumchloride is added to
cobhenpassédnwitrect iand oF bROO) KEOE asddtssol vedrbAuced,
the passed water at a higher degree of solubility than
whifht makesheé tpdriffifalcurce $oupe cafuceardeei wh dgidieodeh tderbonate
air by increasing the partial pressure of carbon :
atdpokedelbshag icancortsicowitiie the fdsesed Wat @r pHo hd gher
| evel higher than that of carbon dioxide in the air.
thapp8p] the presggreSeditim ol ¢idlde iirs tadderbriaempurat ion
water or distilled water; and carbon dioxide is
frarsionveati flendiplPe antdeflor i st¢dueednaveichtmakes it
. higher degree of solubility than that at the partia
dlﬁfgg%Fet%f PEQPHER BYERCHd oKRUSHh@cdid 3y 3 fuirBasi ng
t he gar&tal ggessure of carhon di oxide being in
CORGREREREWPENERE FaPe Shafer iee fastbianicd et draxteieular,
d Ievgl hi?her thgn that of carbon dioxide in the air
kP or 62681 PBFPAE st ep of addi ng sodi um chl ori de or
in ép% itep of addi ng sodi um chl ori de. [0096] The
ma{ ? pass through reverse osnobsi s nenbrane may
have , erfjes, .but ter I to _sone extent |,
B SRy T LT e L a MR sGrAD 1o T uctiig 1 ey doing so,
e = 29z rse Si nbrane or_a .
la%%ﬁgrgﬁgggkggdgﬁé el u§?§§a hggﬁﬁ%ﬁ Fe SR Fedicitgtralized
and Nén@npUNg; o cURLBH §Q Qﬁedbggﬁr%%%i q%?&@%%ented.
possi bl e. For exanpl e, groundwater, tdp water, or
coqngggpally avai l able m neral water (commercially
avai | abl e water) can be used. Hereinafter, in the

enatiiRMnotap vk eLriScused an1bhenvatehcbiadtaltSon is

forced to pass through reverse osnosis nenﬁrane.
ad{@99d to 50 bppmtBe mase.i WMBLCPAh8t 86K-8RYLL9BN52 Sl S ower
prepared by forcing tap water to pass through reverse
thays G| SpAEMbt ang, daRrachitr 8ol by $818¢kedGAMINHA 1Y even
avai | abl e water purging system provided with reverse
in oS sosa hrelnde asei saydhertiagd L oFtbbler BHoem s AfeGASe:
i n which carbon dioxide is dissolved in the passed
tootdt eroopuserfmtes, avr sladfbll edewnat.er under
circunstances with a high partial pressure of carbon
di bkx@dé] a conventionally known apparatus for
di ssol ving carbon di oxi de can be arbitrarily used.
[ 0d9gjthermoraft drhe hef Peephvat Cbhoonineéheostenkration is
solution 52, the stock solution 52 is weighed in an
adigiiRd torfebpeirdi gy 1orene Wagehthhe soeeehtzahgon is 200
wat er, the weighed stock solution is stored in the
PPstc il et utFlm amk BachAgidi FohpbA tiAgedns Thien dgep zones
anount corresponding to one batch of the sterilizing

of ko R brieCk At £ harai Nati shewdddrefanklB. aggétion to
a nt of, the di/l ion.water 57.may b roperly
the BRIV mott deb et FuCOhEs . BRI AENEn tPa, FO LGP iRE pH

L the dijution ter so as to correspond to one batch
Cong{l#ﬁ’gn%t ) ﬁ%iﬁ%‘u ter. [0099]

[0068]

(1) In general, the ratio of oral bacteria that form



- 30 - Then, the stock solution 52 is
transferred to the electrolysis tank 5 with the stroke
punp 4, and the electrolysis %@nk 5 is operated under
“predetermi ned operation conditions to electrolyze the
stock solution 52. [0100] Then, the primary
bpseduged t u t Lysis.ta
ahat ehhRHed Gﬁgrbgn he Sbg%bkglﬁlgg%wyﬂgggpédthan

injected into the dilution water Previ

thattbe dbhut bapcwat gr thapk oygh .t char
tube 6 being connected to éﬁ %gﬁn%% ca?gogt&nﬁhs R&e- In

oﬁdeztt@|aﬁh§hiﬁﬁke Eﬁé0@£cter1aF§ﬁet hBl%E%E&I it is
water tank 8 is relatively p05|t|one suc "one

nendssdryheodnsthesge tubeibikftbpghovetheiwater
of the dilution water 57 stored in the dﬁlutloﬁk%ggky even

affemk Bhe[@40@ition of Therebaseoryhgipr bﬁBEfaHE@guﬁﬁg other
water is injected into the dilution water 57, wt
baget evgi drloeiiy presecontactha thraims €8xt Nalh@iBdetericidal
t hrough the dlscharge tube 6. In addition, since the
agriVery oF celvieech Ieteusiscidj ect ad amb@nthéfdabbﬁtogeveral
wat er 57 wei ghed in advance, that is, injected by a
tens PREYARSS Thbl bl b ytee ot eto wateril $zenbi6rak¥a other
n1xed with the dilution water 57, unlike the
Vet o da ahgt ¢ it e iph Mk OY0 198  faces dhentooth root
te tlary roduced water is produced by forcing the
%g) Rkt 3%REF- 60 to pass through the

par (IGEr =31 - di ssol ved oxygen. The tertiary.
Fer tiLa y S Ebatdeq Mator Hane £ 1onoL6Afe,  for [axaorter, over
S ateick s & 58?%'591‘*3{“ 1 GRS WIS terineusauts of
orvagb%rdac%ﬁl%r dental e rq%&%xng@% “ieride of a
s bi%érgd# <Gt Sl s 111nese.

T e o AT e
pokRepner,i Qdential 1p0Gkel$qgl 0105]

[0070]

(iii) In biofilms, 300 to 400 types of oral bacteria
parasitically propagate, while maintaining a certain
proportion, to form bacterial flora. However, if the
bacteria are substituted with other bacteria or the number of
a bacterium that is usually low in the number is abnormally
increased by some causes, a change in the bacterial flora, a
phenomenon called microbial substitution, occurs. That is,
if parts of dental caries pathogen and periodontal pathogen

survive without being sterilized, the microbial substitution

occurs so that the remaining bacteria drastically propagate.



By bringing the sterilizing water 63 for dental
treatnent according to the enbodi nent into contact
with oral bacteria by, for_exanple, gargle in the ora
cavity or injection into the periodontal pockets as
descri bed above, sodiun1hydrogen car bonat e cont ai ned

In'BrBQE ghenkbigl Qgcﬁa% 1@%aq£q_gx Oy DIy ‘%{dé Saki nJ[ haab:Ltlng

he same tinme, hypochlorous aci ‘certainly I'zes

mt@ﬁsebl@mﬁgl Auk® Besfa%tlhaq 5%@1 of time while

gradual Iy | osing the bacterici activity by

oxifdatriign of various organi c substances and ot her

bacteria present in the circunstance. [0106] As

despi | gk ebov e, the thecstevtl LR BGivAt 8bnB3nkMation is

dental treatnent, the nethod for producing the water,
deandabhbe aoodppmngrampaéatuwlﬁﬁlﬁCﬁﬁﬁglﬁgnb@ntHatlon, even

enbodi ment, an aqueous sol ution contai ni ng sodi um
ifchherpﬂesandecaabmo difokivpechd cused agial Stodecreased at a

solution, and the stock solution - 32 - is
pHebEcarohydeld, subhk shatinthe fehfypoidMe rehisorddiel can be

concentration is from201 to 700 ppm desirably from
en#goed 0s708s ppm beandufdichentdésin dlbley streom 150G iV 0fr the

ppm and the pHis from6.3 to 8 and desirably from?7
bageeBioYypssnakesrpl posieblie oo educenictlh codiammpathogen

hydrogen carbonate at a high concentration sufficient
an@o?eﬁég@?ﬁyﬁﬁgPBFbpgﬁﬁs and hypochl orous acid at a

g% caoncentration suff|C|ent for sterilizing oral
Toriblf QUdtead et aFhearfE8ChavRogRACITRESr @p@p@ntafatlon

. rkabl e eifect that the sterilization of the_o
1%‘5@%% GF L RESbach eFPBTSaT SAEARR B SRF e GBEMTOR, P 15

from several to several, tens secqnds ,is founded out,
nOVRRCHr ERbYL fRBNAGEE PG NdestradtitgR trmhiadrd Ithe iabove |

aﬂvanfe with a renoving device, such as | aser beans or

a Fasonic scaler, conventionally used. [0107]

ilon in the nethod for producing the

Stérl|l ing water and the produci ng apparatus 51

Acoardl naldy e, SIPPLLEPRL 81 DEE,CALRANALOXLY8H s £rom

30@%%@@%%“ gereg%g ptlngt%%no%a g[%n%ta &Ce%o%sm of

produced a are de roye

v, addjt [
vaf%ﬁ%%cﬁf%%ﬁﬁﬁgg?EQgr gge??gtggﬁggrd ?EqU|re§tal pathogen

St@Eht 4 Zi A9r YBE ChavhbheH! chashe akeidly SAl
anproduced F%r ex%?rplea evgn if the é¥fect|vgﬂﬁﬁ(ﬁg%ﬂ} 30

seEOELNt NaldrORHeS dF Qs 0P t 8n 7P REMtohBEnethesbnt BAt from
the perfectly sterilization of the oral bacteria or

400 heo bagd esphie) yehe saBrbeiashiened rWithhi Badtehdldlysis of the
period of tinme of about from several to several tens
baseeoiwiscas foundedeostl whithout abausi N¢ aryv:-ddidgcont ort
to patients. - 33 - [0108] Figure 2 is a graph
BRIEOVWEGCRDRT PP s@ACBRRAATINGSof effective chlorine,
whi ch is conventionally known (an excerpt from"Josu
nol@7aisu" (Techni que of Water Purging), published by
G hodo Shuppan Co., Ltd.). As obvious fromthe figure,
it [HE9-bddn Fichvehtidral $ghepateoediapaant hbopiegence
rati o of hypochlorous acid is drastically decreased at
apRRH WY fohroredechnd Fserdliaing pRter $oy Grodglal
However, a clinpical test conducted by the present
%ﬂﬁﬂ??ﬁuﬂc??ﬁ%lﬂgtﬁPl%anWPOBém&€§cr|bed bel ow) gave
ﬁ esul t hat dent al carles at hogen could be
Hid- a@éd Blidhin B pH 95FRR dROWIEY BheRBESFENARg ratio of
dental caries pathogen, as described above, it is
believed that in the dental field, denaturation of
protein in bacterial cells by perneation through the
cell walls, so-called bacteriolysis, is difficult even
i f hypochlorous acid is used, and even nore, it is
recogni zed that hypochl orous ion (Cl0-) cannot destroy

to



According to the sterilizing water 63 for dental
treatnment according to the enbodi nent, achieved are
industrially noticeable effe that hypochl orous acid
. can annihilate bacteria in a“pH range of 7 to 8 with
sufficient bactericidal activity, which has not been

h | lly;gpoticed at all, and that bacteria in
biof il ms can be anni hilated, w thout renoving the
bi ofrigl; [ Nce,; t rgistic effect with
the{g?g?iFﬁ¥gg§§rg§fﬁg%fﬁ%§€%%$%a g oy ifg an

apghed 008N £&F Ronay g resenc
FJ|}bati o in the abovlg?%e%}ti@toﬁégpr ?%nnwgégtgtuf?ge?%%ggf in

tﬂdﬁtmﬁﬂﬁfﬁddﬁﬂdﬂhéﬁtgngﬁﬁg&fgfaégI@h§teriIizing wat er,
the cell walls are broken and the protein in the

RETaRMIGFRINUMERZS.d S denatured, that is, the status of a
so-call ed bacteriolysis is caused. Therefore, there is
no fd®&k4 Jof appearance of resistance bacteria. [0111]
Furthernore, in the producing apparatus 51 for
prodici ngreflecihgzapgavates for geptatihbeatB®At iz ing water
according to the enbodi nent, since the dilution water

foranlend als tmsladtriersd y positi oned such that one end of
the discharge tube 6 is below the water |evel of the
di | BEi orswaelerssusioned in the dilution water tank 8,
the primary produced water is injected into the

di | 8ti orSWegkrssiut ipn hoamkbei ng brought into contact
wth air (external air). Consequently, even if the
bl efd r R+ FolreisterRksol ution 52 or the operation
congition,of the electrolysis tank 5 is different from
thole tHtSEHRI st ypred and thereby chlorine gas is
produced,. the chlorine gas is changed into a form of
hypgghld?bh%t%ﬁﬁcﬁﬁ?ﬁ¥he di lution water 57 having

app, oxiq$1eL¥.neutral pH environment and does not have

a risk SFVBTHET 11355y F#t% the air as chlorine gas.

[0112] I.n additio since the primary produced
ma%%f pf%ﬁﬁ&ﬁf%??tmﬁé%i%ctrolysis tank 5 is injected

intp,th LJaut 7 _wei ghed | d b
pat £ SyLeR U TS TS GORAT bl e, unli kb ¢ he
yStem” UniTorh i iy s BSSible, unlike L
B e Ang RGP ERET OB, aRERNATO r ati on of the

segppgany produced water 60 can be adjusted to
designed levels. [0113] Furthernore, in the

el BheRLONE Aot hP Sterl L7109 YaLer andelbRoq of

produci ng apparatus 51 accor e e

pr&@@clﬁ@tfﬁéYWQEQQchgdmﬁﬁeépégahﬁugrQggcggg %Fg%gtﬁge water

sterilizing water by renovihg dissolve

acSCEANER o PEREUSLEs¥AL €5 n6Bnt TBAN i @G enod BBeﬁgggQg%ed with
| de rom

of formng foamin the oral cavity can be avo
ref@ppece ngo end acsbihpaby 9AgobrhtaNgEer riPgi 8'@bted that
bacteria to the inside of the body (the inside o? a
sulbs Dot vebsel jheasahe avendrtls as those in existing
technology are denoted by the same reference numerals, and

descriptions thereof are omitted.

[0076]

Sterilizing water for dental treatment as the dental

sterilizing water according to an embodiment contains



from happeni ng. [0114] In the enbodi nent, the

di ssol ved gas in the secondary produced water 60 is
renmoved using the deaeration,godule 11, but the step
of renoving dissolved gas may be om tted provi ded that
t he di ssol ved gas concentration in the secondary
hyﬁé@gy%@gu\ﬁaéf@ﬁdGQHbiol) owngnd S efhgfd%&d%%r %a{r%c{}gatetea

risk of the foam ng phenonmenon. Thn such “a case,

(NSBEONJAr YA QAUGRD WAL & B0 4,5 té‘t%éé@&é&f&ﬂ%%ﬁ%%m 201

[0115] Figure 3 is a diagram show ng a producl ng

toappargpes §daithsbyi $resedoohen t7he PRl hnd SR

di ssolved gas is omtted, wherein the deaeration
desbdabey lirohheovaegumopuppml 2 andnd HeN@H ard iIArY or higher

produced water tank 14 are omtted fromthe producing
andppaoat iss2]. dgB116bly- 736xr- higher lhdaddidd Assd N HR@tal

enmbodi nent, the stock solution 52 and the dilution
diswmtees5FuaneanepghéddbntaftoditeatskatanebdeesRANt 410 N@an be

batch of the sterilizing water, and the wei ghed stock
cuseil Upy optantlihéngepghédddnitatli pa thaien , adergtadr ethties

t he stock solution tank 3 and the dilution water tank
paghogerpeeti 9ehgr praddbanceriAl wéthattieelsgerifl ithag water.

stock _solution 52 is stored in the stock solution tank

3 LR04dVance in an anount | arger than that

corresponding to one batch of the sterilizing water,

f o SRR e, ShEW A rdfurdPRE R BYpoRAr nerPEuUSEner Bhe

bat ches, a water _|evel neasurin% devi ce may be
stef bt el 62t GRi §RF ngenkalstaertasntt essozding dhe

ampunt corresponding to one batch of the sterilizing
em%éﬁiﬁe?m‘each time. Such a water |evel neasuring

deygﬁﬁ gan be properly configured with, for exanple,

an ? sound sensor or an el ectrode-type sensor.

0117 . F h [ h di , th k
(R, o TSRS, Brd G STRRThTT B 08,285 o
11zl -di Lut i Al tively, the,,
P12 00181 oL CPBRLEL ML) B0k SIS, Yo <o

st oc ut1 on may
end SR thephaolyzed: o, 00K BUEH! Lthod Ve oc g

#Ko8 £ oni a | e el idyte
Stif%gﬁfgolut@o%ﬁfa%Lgﬁggkgtggpﬁg%tqugbrﬁpég€§ﬁ§§g{0(%nd
coﬁﬁﬂdﬁdéﬁ&{ﬁﬁ%ﬁ%ﬁ'9ﬁ§p§ﬁgéﬁtE%lﬁ%?&hd%gnQEt@%e%%%%ﬁrolysis

stock solution tank 3 and the electrolysis ta

tadl®B&Heing cohhébEEADLS, ahl EREnEARCATRR! wilthe the stroke
effective chlorine concentration is from201 to 700

puniidMa HOVEYRExg8i PEBe t Behe BIBUBLNAECOEAARICC 29D HAREES cat ing
that cause a reduction in concentration of

withy paeh| erevsr Ty 6li s Stagkat hval ¥ HOMuER ohh@a@kad! tGaM tay for
at portions other than periodontal pockets, such as

stdiotd) dirlovini surdaces and tTod diDoti Shrac€s ahnk 8 is
relatively shall ow areas, the oral bacteria that

reliathatd Ity ippsutchopedt wbns canpbetsubf theepblsytion of one end
sterilized even if the effective chlorine

of ddrecahitacitd e i subewersthantBOt phm efidab fi $heeddmdHarge
the effective chlorine concentration is 50 ppmor nore

tulsuté lissPatn Poa pphert hevsierktl trengivatéoncamtiee 57
used for treating dental diseases.

stored in the dilution water tank 8.
[0079]

The stock solution 52 is prepared by any method



[0119] Furthernore, in the enbodi nent, the

sterilizing water for dental treatnent has been

described as that for treating, dental diseases. The

“dental sterilizing water according to the present

invention is not limted to the therapeutic

AP I68d 1198 oPUsngan;i he ' 0 epLio ; ;

- dental di seases%n?blilg] aﬁy%égﬁﬁabagég%uﬁgk,EBgfcaln any acid,

siamtd Sl hydeodhec £f £ egtiyeoshh Ok en i 0 _
from 50 *o 300 ppm suffici enteé{égfgetggggénggg%egﬂ%gdCarbonlc

acien in daily use by patients thensel ves, and
therefore use in hone is possible. EXAMPLE 1 [0121]
(Prpelagdi on of sterilizing water) First, tap
water was injected into a water purging system
pr ovihge dl iifutth arewertsssr dshagd s bee iy laneva i, thah 3% oy, pure
mass of sodiumchloride and dry ice were added to the
wal@ilpr Or BE -opessemiribiwoagh wieer pVIRESErRSMPBI 6f the water
_menbrane to prepare a stock solution. The stock
1ss GIRAReIH Yneke toh fneireet f$ v etha ireshé pple-off | ptodnged| 98282 1izing
Then, the diluted stock solution was el ectrolyzed in
Wali o | IeT g1 RAT stheabeirt et idned ncpivee er  was
produced. [0123] By the electrolysis in the
aboM&&ekcri bed process, sterilizing water having a pH

in &ge ranae of 6.3 to 8 and an effective chlorine
concéfit PAPPYA 18P 6002ES RS0 SPpmakes dsngd ¥cedhd mrreliment

£ nﬁ%fur erreg:quf the concentration of effective chlorine
U e 1SYEMAST ih JRRRE T 1 e et erhaing a esater-

i Raper. or gT%agent t hat can nmeasure a concentration
Hiegﬁelf‘gtﬁ' 2 GO PPHN VT S BtV i feiindanhe rgdured vieater 60

th%.tﬁl grsi e.concentration was neasured after doubling

i1 ati 57 Was Y &5€ uced \mag@r[ gifjed with dilution water 57

in the dilution water tank 8. The deaeration module removes
dissolved oxygen in the secondary produced water 60 under a
pressure reduced by a vacuum pump 12 and has a tertiary
produced water tank 14 for storing tertiary produced water,
as sterilizing water 63, that is the secondary produced water
60 from which dissolved oxygen is removed.

[0082]

In addition, tubes provided to the producing apparatus
51 or an electromagnetic valve arbitrarily provided according
to need may be deteriorated through oxidation by hypochlorous
acid at a high concentration and, therefore, are desirably
formed of fluorine.

(0083}

In order to produce the sterilizing water 63 for dental

treatment with the producing apparatus 51 for producing the



In addition, as a control (standard reagent) for
confirmng the effect of 500 ppmof the sterilizing
wat er, 40 ppm of ster|I|Z|ng %Fter was al so prepared
by the sane procedure. 2 [0125] (Summary
of clinical test using ster|I|Z|ng wat er : periodontal

stPRENegeRY waterAatl b@ﬁﬁ%b‘k@ﬁ&i@g@dﬁa ﬂﬁgﬁ@dqﬁ¥
f iT1zing

pat hogen"was per orned I'n the test, e st ér
coMBb8l + Va8 th@QE@@n%nt%a@nﬁ%r%@Qpﬁ&ﬁhjﬂgﬁ¥€£nJ&Ht f sodium
treatnment; then, a probe was - “inserted to the

chD@ki@&bOBftBﬁepg&b@ﬂoﬁbihtﬁ@@k%b'\MﬁéE%ﬂ@%ﬂ%fﬁhtéﬁhdltlons
probe from being brought into contact with saliva, for

(fsanpkanglpl aghe edhesigeg v uchansUifRcefrehd 88itie) in
root surface; the plaque was suspended in saline on a
elsttdelgkass; aaddthbedildspdnsi apniEs iener @haMdil@ion ratio
cover glass and observed with a high-resol ution
anghtle- pdnvfadti lmtdroswaperat a3@0@atmgmiifiechtswarh tHen, the
it was investigated whether the bacteria were
effeetrivezedlorinet chpcehsrebsenvatfi dmeanittdritieery produced
m croscope. Table 1 shows the test results. [Table 1]
walpa¥i &ht fReM PPpépt 788 pbmst deisliivaidy Vetcer 40 rto 700 ppm,

peri odont al patho%en possibility of bacteriolysis
and further desirably from 500 to 700 ppm, and the pH is from

6.3 to 8 and desirably from 7 to 8. The blended stock
solution 52 is stored in the stock solution tank 3.

[0084]

The additive amount of sodium chloride is, for example,
2 to 5% by mass.

f0085]

The method for increasing the degree of solubility of
carbon dioxide in a solvent, i.e., water passed through
reverse osmosis membrane, pure water, or distilled water, may
be as follows: a method for temporarily increasing the degree
of solubility of carbon dioxide by forcibly mixing carbon
dioxide into the solvent; a method by increasing the partial
pressure of carbon dioxide being in contact with the solvent;
or a method by decreasing the temperature of the solvent.
Either the method by forcibly mixing carbon dioxide or the
method by increasing the partial pressure of carbon dioxide
is desirable in consideration of an increase in water
temperature due to the heat produced in electrolysis.

[0086]



pH Effective chlorine conc. (13Pm) 1 No. 2 7.5 627
Treponema denticol a Porphyronmonas gingivalis @2 No, 3
7.5 618 Cbrynebacteriun1nagfg%§91|| St rept ococcus
“sangui nis Tannerella forsyth 'S

The method for temporarily increasing the degree of
solubility of carbon dioxide can be further classified into a
method by blowing carbon dioxide gas and a method by adding
dry ice. Here, the term "temporarily" refers toc the case
that since the partial pressure of carbon dioxide being in
contact with the solvent is equal to that of carbon dioxide
present in the air, in other words, since the mixing of
carbon dioxide is performed under the atmospheric pressure,
the degree of solubility of carbon dioxide is decreased
according to the elapse of time due to thé pressure
equilibrium with the partial pressure of carbon dioéxide
present in the air, even if carbon dioxide is forcibly
injected temporarily. 1In this case, it is necessary to
promptly conduct electrolysis before that the degree of
solubility of carbon dioxide is decreased.

[0087]

The method for increasing the degree of solubility of
carbon dioxide by increasing the partial pressure of carbon
dioxide can be achieved by sealing a solvent, i.e., water
passed through reverse osmosis membrane, pure water, .or
distilled water in an airtight tank and injecting carbon
dioxide in the air space of the tank; or by blowing carbon
dioxide gas into the solvent in the airtight tank; or adding
dry ice to the solvent.

[0088]

In this case, it is necessary to dissclve carbon dioxide

at a certain partial pressure in the soclvent and to conduct

electrolysis by transferring the stock solution 52 to the



@3 No. 6 7.5 625 Treponenma denti col a Canpyl obact er
rectus Porphyrononas gingivalis @4 No. 7 7.6 675

_ Tannerel a forsythensis O Fuggbacterium nucl eatum
Treponenma denticola @5 No. 12

electrolysis tank 5 while the partial pressure being
maintained. Therefore, the stock solution tank 3, the stroke
pump 4, and the electrolysis tank 5 may be constituted to be
hermetic as a whole not to decrease the partial pressure of
carbon dioxide.

[0089]

From the above, carbon dioxide is forcibly dissolved by
any method selected from the below.

[0090]

(a=-1) Tap water is forced to pass through reverse
osmosis membrane; sodium chloride is added to the passed
water; and carbon dioxide is forcibly dissolved in the passed
water by blowing carbon dioxide gas into the water in the
step of adding sodium chloride, before the addition step, or
after the addition step.

[0091]

(a-2) Tap water is forced to pass through reverse
osmosis membrane; sodium chloride is added to the passed
water; and carbon dioxide is forcibly dissolved in the passed
water by adding dry ice to the water in the step of adding
sodium chloride, before the addition step, or after the
addition step.

[0092]

{b~1) Sodium chloride is added to pure water or
distilled water; and carbon dioxide is forcibly dissolved in
the water by blowing carbon dicxide gas into the water in the
step of adding sodium chloride, before the addition step, or

after the addition step.
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[0093]

(b-2) Sodium chloride is added to pure water or
distilled water; and carbon dioxide is forcibly dissolved in
the water by adding dry ice to the water in the step of
adding sodium chloride, before the addition step, or after
the addition step.

[0094]

(c) Water is forced to pass through reverse osmosis
membrane; sodium chloride is added to the passed water; and
carbon dioxide is dissolved in the passed water at a higher
degree of solubility than that at the partial pressure of
carbon dioxide in the air by increasing the partial pressure
of carbon dioxide being in contact with the passed water to a
level higher than that of carbon dioxide in the air.

{0095]

(d) Sodium chloride is added to pure water or distilled
water; and carbon dioxide is dissolved in the pure water or
distilled water at a higher degree of solubility than that at
the partial pressure of cafbon dioxide in the air by
increasing the partial pressure of carbon dioxide being in
contact with the pure water or distilled water to a level
higher than that of carbon dioxide in the air before or after
the step of adding sodium chloride or in the step of adding
sodium chloride.

[0096]

The water to pass through reverse osmosis membrane may
have any properties, but water purged to some extent is

desirable from the standpoint of reducing the burden on the
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reverse osmosis membrane or a water purging system using the
membrane or reducing the amount of water to be discarded as
much as possible. For example, groundwater, tap water, or
commercially available mineral water {commercially available
water) can be used. Hereinafter, in the embodiment, tap
water is used as the water that is forced to pass through
reverse osmosis membrane.

00971

In the case in which stock solution 52 is prepared by
forcing tap water to pass through reverse osmosis membrane,
an arbitrarily selected commercially available water purging
system provided with reverse osmosis membrane may be used.
Furthermore, in the case in which carbon dioxide is dissolved
in the passed water, pure water, or distilled water under
circumstances with a high partial pressure of carbon dioxide,
a conventionally known apparatus for dissolving carbon
dioxide can be arbitrarily used.

{0098]

After the preparation of the stock solution 52, the
stock solution 52 is weighed in an amount corresponding to
one batch of sterilizing water, the weighed stock solution is
stored in the stock solution tank 3, and dilution water 57 in
an amount corresponding to one batch of the sterilizing water
is stored in the dilution water tank 8. The amount of the
dilution water 57 may be properly determined depending on the
dilution ratio or the pH of the dilution water so as to
correspond to one batch of the sterilizing water.

[0099]
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Fusobact eri um nucl eat um As shown in the table,

bacteriolysis of the periogogbat pat hogen of all _
Tpatients was caused by the sterilizing water according

to the present invention. [0126]

Then, the stock solution 52 is transferred to the
electrolysis tank 5 with the stroke pump 4, and the
electrolysis tank 5 is operated under predetermined operation
conditions teo electrolyze the stock solution 52.

[0100]

Then, the primary produced water produced in the
electrolysis tank 5 is injected into the dilution water 57
previously stored in the dilution water tank 8, through the
discharge tube 6 being connected to and communicating with
the electrolysis tank.

[0101]

Here, the dilution water tank 8 is relatively positioned
such that one end of the discharge tube 6 is below the water
level of the dilution water 57 stored in the dilution water
tank 8.

{0102]

Therefore, the primary produced water is injected into
the dilution water 57, without being brought into contact
with air (external air), through the discharge tube 6. In
addition, since the primary produced water is injected into
the dilution water 57 weighed in advance, that is, injected
by a batch system, the primary produced water is uniformly
mixed with the dilution water 57, unlike the conventional
mixing in piping.

[0103]

Then, tertiary produced water is produced by forcing the
secondary produced water 60 to pass through the deaeration |

module 11 for removing dissolved gas, in particular,
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[0105]

By bringing the sterilizing water 63 for dental
treatment according to the embodiment into contact with oral
bacteria by, for example, gargle in the oral cavity or
injection into the periodontal pockets as described above,
sodium hydrogen carbonate contained in the sterilizing water
63 destroys biofilms and; at the same time, hypochlorous acid
certainly sterilizes target bacteria in a short period of
time while gradually losing the bactericidal activity by
oxidation of various organic substances and other bacteria
present in the circumstance.

[0106]

As described above, in the sterilizing water 63 for
dental treatment, the method for producing the water, and the
producing apparatus 51 according to the embodiment, an

aqueous solution containing sodium chloride and carbon

dioxide is used as a stock solution, and the stock solution



pH Effective chlorine conc. (PPrn) 1 high danger
range (+++) 7.6 675 safety range 2 danger range 04)
7.5 627 safety range 3 _ 30

is electrolyzed such that the effective chlorine
concentration is from 201 to 700 ppm, desirably from 400 to
700 ppm, and further desirably from 500 to 700 ppm, and the
pH is from 6.3 to 8 and desirably from 7 to 8. This makes it
possible to produce both sodium hydrogen carbonate at a high
concentration sufficient for destroying biofilms and
hypochlorous acid at a high concentration sufficient for
sterilizing oral bacteria such as dental caries pathogen.
Therefore, a remarkable effect that the sterilization of the
oral bacteria or the bacteriolysis can be achieved within
from several to several tens seconds is founded out, even
without conducting destruétion of biofilms in advance with a
removing device, such as laser beams or an ultrasonic scaler,
conventionally used.

[0107]

In addition, in the method for producing the sterilizing
water and the producing apparatus 51 according to the
embodiment, since carbon dioxide is forcibly dissolved, the
effect that a high concentration of sodium hydrogen carbonate
can be produced and thereby biofilms are destroyed is
achieved. Since no addition of acid such as hydrochloric
acid or acetic acid is required, sterilizing water without
taste and odor can be produced. For example, even if the
effective chlorine concentration is from 500 to 700 ppm, the
effect that the perfectly sterilization of the oral bacteria
or the'bacteriolysis can be achieved within a short period of
time of about from several to several tens seconds is founded

out without causing any discomfort to patients.



danger range (44) 7.2 603 safety range 4 caution range
(4) 7.5 618 safety range 5 hi gh danger range (+++) 7.7
690 safety range - 33 -

(01081

Figure 2 is a graph showing the presence ratio of
effective chlorine, which is conventionally known (an excerpt
from "Josui no Gijutsu™ (Technique of Water Purging),
published by Gihodo Shuppan Co., Ltd.). As obvious from the
figure, it has been conventionally believed that the presence
ratio of hypochlorous acid is drastically decreased at a pH
of 7 or more and is 20% at a pH of 8. |

[0109]

Howevexr, a clinical test conducted by the present
applicant (the details will be described below) gave the
result that dental caries pathogen could be annihilated
within a pH range of 6 to 8. Regarding dental caries
pathogen, as described above, it is believed that in the
dental field, denaturation of protein in bacterial cells by
permeation through the cell walls, so-called bacteriolysis,
is difficult even if hypochlorous acid is used, and even more,
it is recognized that hypochlorous ion (ClO7) cannot destroy
the cell walls of dental caries pathogen at all.

[0110]

According to the sterilizing water 63 for dental
treatment according to the embodiment, achieved are
industrially noticeable effects that hypochlorous acid can
annihilate bacteria in a pH range of 7 to 8 with sufficient
bactericidal activity, which has not been conventionally
noticed at all, and that bacteria in biofilms can be
annihilated, without removing the biofilms in advance, by the

synergistic effect with the biofilm-destroying function of



6 danger range (++) 7.7 690 safety range 7 high danger
range (+++) 7.5 627 safety range 8 hi gh danger range
(+++) 7.5 618 - 34

sodium hydrogen carbonate being present in a high presence
ratio in the above-mentioned pH range. Furthermore, in the
annihilation of bacteria by the sterilizing water, the cell
walls are broken and the protein in the bacterial cells is
denatured, that is, the status of a so-called bacteriolysis
is caused. Therefore, there is no risk of appearance of
resistance bacteria.

(0111}

Furthermore, in the producing apparatus 51 for producing
sterilizing water for dental treatment according to the
embodiment, since the dilution water tank 8 is relatively
positioned such that one end of the discharge tube 6 is below
the water level of the dilution water 57 stored in the
dilution water tank 8, the primary produced water is injected
into the dilution water 57, without being brought into
contact with air (external air). Consequently, even if the
blend ratio of the stock solution 52 or the operation
condition of the electrolysis tank 5 is different from those
that are designed and thereby chlorine gas is produced, the
chlorine gas is changed into a form of hypochlorous acid in
the dilution water 57 having approximately neutral pH
environment and does not have a risk of volatilizing into the
air as chlorine gas.

0112}

In addition, since the primary produced water produced
in the electrolysis tank 5 is injected into the dilution
water 57 weighed in advance by a batch system, uniform mixing

is possible, unlike the conventional mixing in piping, and
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shown in the table, the nunb of bacteria after
treatment with the sterilizihg water according to the
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{0113]

”

Furthermore, in the method for producing the sterilizing
water and the producing apparatus 51 according to the
embodiment, the tertiary produced water 63 is produced as the
sterilizing water by removing dissolved gas from the
secondary produced water 60. Therefore, a phenomenon of
forming foam in the oral cavity can be avoided from happening,
and a situation of transferring oral bacteria to the inside
of the body ({(the inside of a blocd vessel) can be avoided
from happening.

[0114]

In the embodiment, the dissolved gas in the secondary
produced water 60 1s removed using the deaeration module 11,
but the step c¢f removing dissolved gas may be omitted
provided that the dissolved gas concentration in the
secondary produced water 60 is low and therefore there 'is not
a risk of the foaming phenomenon. In such a case, the
secondary produced water 60 is the sterilizing water.

{0115]

Figure 3 is a diagram showing a producing apparatus 5la
that is used when the step of removing dissolved gas is
omitted, wherein the deaeration module 11, the vacuum pump 12,
and the tertiary produced water tank 14 are omitted from the
producing apparatus 21.

[01le]
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device may be provided for weighing the stock solution 52 in
an amount corresponding to one batch of the sterilizing water
in each time. Such a water level measuring device can be
properly configured with, for example, an ultrasound sensor
or an electrode-type sensor.

{0117]

Furthermore, in the embodiment, the stock solution is
electrolyzed, followed by dilution to give sterilizing water
(post-dilution). Alternatively, the stock solution may be
diluted, and then the diluted water may be electrolyzed to
give sterilizing water (pre-dilution). In such a
modification, the dilution water tank 8 is omitted, and
alternatively, a diluted stock solution tank for storing the
diluted stock solution may be independently provided between
the stock solution tank 3 and the electrolysis tank 5.

[0118]

Furthermore, in the embodiment, the effective chlorine

concentration is from 201 to 700 ppm. However, since the



el ectrolysis tank without barrier nenbrane, and

electrolysis - 43 - was carried out at a direct
current of 2.8 A [013 % 3) Results Table 3
* shows the test results. [0131] [Table 3] Test

solution A Test solution B Test solution C Test
amgghgtggnogggkggtg% sié%éggn%ﬁgpr@adﬁé[gfég:&égion in
concentration of hypochlorous acid is relatively low in the
cral cavity at portions other than periodontal pockets, such
as tooth crown surfaces and tooth root surfaces at relatively
shallow areas, the oral bacteria that inhabit in such
portions can be sufficiently sterilized even if the effective
chlorine concentration is lower than 201 ppm. That is, even
if the effective chlorine concentration is 50 ppm or more but
less than 201 ppm, the sterilizing water can be used for
treating dental diseases.

[0119]

Furthermore, in the embodiment, the sterilizing water
for dental treatment has been described as that for treating
dental diseases. The dental sterilizing water according to
the present invention is not limited to the therapeutic
application, but can be applied to prevention of dental
diseases.

[0120]

In particular, by controlliing the effective chlorine
concentration to from 50 to 300 ppm, sufficient safety can be
secured even in daily use by patients themselves, and
therefore use in home is possible.

EXAMPLE 1

[01213
(Production of sterilizing water)

First, tap water was injected into a water purging
system provided with reverse osmosis membrane, and then 3% by

mass of sodium chloride and dry ice were added to the water



chlorine pH Effective chlorine pH Effective chlorine
pH Effective chlorine 0 (before electrolysis) 3.8 0

4.2 0 4.8 _ 3

-

passed through the reverse osmosis membrane to prepare a
stock solution. The stock solution was diluted five times
(pre—dilution}.

[0122]

Then, the diluted stock solution was electrolyzed in an
electrolysis tank and sterilizing water was produced.

(0123]

By the electrolysis in the above-described process,
sterilizing water having a pH in the range of 6.3 to 8 and an
effective chlorine concentration of 600 to 700 ppm was
produced. In the measurement of the conecentration of
effective chlorine in the sterilizing water, since a meter
and a test paper or reagent that can measure a concentration
higher than 200 ppm were not available, the effective
chlorine concentration was measured after doubling dilution
was repeated twice.

[0124]

In addition, as a control (standard reagent) for
confirming the effect of 500 ppm of the sterilizing water, 40
ppm of sterilizing water was also prepared by the same
procedure.

EXAMPLE 2

[0125]

(Summary of clinical test using sterilizing water:
periodontal pathogen)

A clinical test against periodontal pathogen was
performed. In the test, the sterilizing water was injected

into a periodontal pocket for treatment: then, a probe was
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inserted to the bottom of the periodontal pocket, while
keeping the probe from being brought into contact with saliva,
for sampling plaque adhering to the surface of a teeth root
surface; the plaque was suspended in saline on a slide glass;
and the suspension was covered with a cover glass and
observed with a high-resolution phase-contrast microscope at
3600 magnification. Then, it wasrinvestigated whether the
bacteria were sterilized or not by the observation with the

microscope. Table 1 shows the test results.

[Table 1]
Patient No. | Properties of sterilizing water | Main periodontal pathogen possibility
pH Effective chlorine conc. of
(ppm) bacteriolysis

1 | No.2 75 627 Treponema denticola ©
Porphyromonas gingivalis

2 {No.3 7.5 618 Corynebacterium matruchotii ©
Streptococcus sanguinis
Tannerella forsythensis

3 |[No.6 75 625 Treponema denticola ©
Campylobacter rectus
Porphyromonas gingivalis

4 |No.7 7.6 875 Tannerela forsythensis ©
or '
Fusobacterium nucleatum
Treponema denticola

5 | No. 12 7.7 630 Treponema denticola ©
Campylobacter rectus

6 | No. 16 7.7 690 Prevotella intermedia ©

7 | No.17 7.5 618 Treponema denticola ©
Tannerella forsythensis

8 |No.19 7.2 603 Treponema denticola ©
Campylobacter rectus
Capnocytophaga

g | No.20 7.5 627 Eikenella corrodens
Campylobacter rectus

10 | No. 25 7.6 675 Porphyromonas gingivalis
Treponema denticola
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Tannerella forsythensis
or
Fusobacterium nucleatum

As shown in the table, bacteriolysis of the periodontal
pathogen of all patients was caused by the sterilizing water
according to the present invention.

[0126]

(Summary of clinical test using sterilizing water:
dental caries pathogen)

Next, a clinical test against dental caries pathogen was
performed. In the test, the oral cavity was rinsed with the
sterilizing water for 10 seconds; then, saliva was sampled;
and the sampled saliva was investigated for the numbers of
Streptococcus mutans, Streptococcus sobrinus, and
Lactobacilli (per 1 ml of salivé). The test was carried out
using "CAT 21 Fast" (short-time dental caries activity test)
available from Morita Corporation.

[0127]

The numbers of bacteria were counted for two cases: a
culturing time of 20 minutes (37°C) and a culturing time of
24 hours (37°C). When the effective chlorine concentration
was 40 ppm, the number of bacteria in the culturing time of
20 minutes was from 10° to 10° (from safety range to caution
range}, and the number in the culturing time of 24 hours was
from 10° to 10° (danger range). These test results show that
an effective chlorine concentration of about 40 ppm cannot
sufficiently sterilize dental caries pathogen.

{0128]

The test results using the sterilizing water accerding
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to the present invention are shown in the following Table 2.

[Table 2]
Patient | Before treatment Properties during sterilizing After treatment
No. | (before gargle) pH Effective chlorine conc. | {gargling for 10 sec.)
(ppm)
1 high danger range 7.6 675 safety range
(+++)
2 danger range 7.5 627 safety range
(++)
3 danger range 7.2 603 safety range
(++)
4 caution range 7.5 618 safety range
(+)
5 high danger range 7.7 690 safety range
(+++)
6 danger range 7.7 690 safety range
(++)
7 high danger range 7.5 627 safety range
(++4}
8 high danger range 7.5 618 safety range
(t++4}
9 caution range 7.5 625 safety range
, (*)
10 danger range 76 675 safety range
(+4)

As shown in the table, the number of bacteria after
treatment with the sterilizing water according to the present
invention was in safety range in all patients, and it was
thereby confirmed that dental caries pathogen can be lysed.
This is believed that the synergistic effect of the biofilm-
destroying function of sodium hydrogen carbonate and the
bactericidal activiﬁy of hypochlorous acid enables the
annihilation of dental caries pathogen.

EXAMPLE 3

[0129]

{Production of sterilizing water: Experiment 2)
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1) Stock solution

The following four test solutions were prepared as stock
solutions.

Test solution A

Dry ice (5% (w/v)) was added to distilled water under
atmospheric pressure and at room tempera?ure to dissolve
carbon dioxide constituting the dry ice in the distilled
water (saturated carbonic acid solution). After a certain
period of time, sodium chloride (0.6% (w/v)) was dissolved in
the solution.

Test solution B

The saturated carbonic acid solution as the intermediate
of the test solution A was diluted five times with distilled
water. After a certain period of time, sodium chloride {0.6%
{(w/v)) was dissolved in the solution.

Test solution C

The saturated carbonic acid solution as the intermediate
of the test solution A was diluted ten times with distilled
water. After a certain period of time, sodium chloride {0.6%
(w/v)) was dissolved in the solution.

Test solution D

Distilled water was exposed with the air under
atmospheric pressure and at room temperature to dissolve
carbon dioxide in the air in the distilled water. Then,
sodium chloride (0.6% (w/v}) was dissolved in the solution.
2) Test method

Four liters of the stock sclution was put into an

electrolysis tank without barrier membrane, and electrolysis
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was carried out at a direct current of 2.8 A.
[0130]
3) Results

Table 3 shows the test results.

{01311
[Table 3] )
Test solution A Test solution B Test solution C Test solution D
Electrolysis time | pH | Effective | pH | Effective | pH | Effective | pH | Effective
(min) chlorine chlorine chlorine chlorine
0 {before 38 01 42 0 48 0| 53 0
electrolysis)
10 4.9 110 57 115 58 115| 88 110
20 5.5 215§ 62 215| 6.5 210 9.1 220
30 5.7 335 66 330} 6.8 325| 9.2 315
40 6.1 415| 6.8 4351 72 425| 92 420
50 6.2 510 7 b 74 520 9.2 510
60 6.3 630 7.2 625 7.6 625| 9.2 620
70 6.4 705| 74 695| 7.8 700 92 710
80 6.5 7901 74 785 79 790 9.2 780
90 6.6 8451 75 8301 7.9 825 9.2 850

(Effective chlorine: mg/kg)

[0132]

As shown in the table, the pH levels of the test
solutions A to C employing saturated carbonic acid solution
were in the range of 6 to 8, in which sufficient
concentrations of hypochlorous acid and sodium hydrogen
carbonate can be kept. On the other hand, the pH of the test
solution D, in which carbon dioxide in the air was naturally
dissolved, was 9.2. Therefore, it is suggested that the
methed by naturally dissolving carbon dioxide present in the
air is difficult to produce both hypochlorous acid and sodium

hydrogen carbonate at sufficient concentrations.
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8. The method for producing dental sterilizing water
according to Claim 7, wherein the stock solution is prepared
by forcing water to pass through reverse osmosis membrane;
adding sodium chloride to the passed water; and blowing carbon
dioxide gas into the water or adding dry ice to the water
before or after the step of adding sodium chloride or in the
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stock solution of dental sterilizing water according
to Caim20, wherein the effective chlorine
concentration is of 201 to 700 ppminstead of 50 to
700 ppm and being used for treating a dental disease.
22. The stock solution of dental sterilizing water
according to Caim 21, wherein the effective chlorine
concentration is of 400 to 700 ppminstead of 201 to



23. The stock solution of dental sterilizing water

according to Caim?2l, wherein the effective chlorine
concentration is of 500 to 700 ppminstead of 201 to
700 ppm 24. The stock sol #fion of dental sterilizing
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dental sterilizing water according to any one of
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to ¢laim 21, wherein the effective chlorine concentration is
of 400 to 700 ppm instead of 201 to 700 ppm.

23. The stock solution of dental sterilizing water according
to Claim 21, wherein the effective chlorine concentration is
of 500 to 700 ppm instead of 201 to 700 ppm.

24. The stock solution of dental sterilizing water according
to Cilaim 20, wherein the effective chlerine concentration is
of 50 to 300 ppm instead of 30 to 700 ppm; and being used for
preventing a dental disease.

25. The stock solution of dental sterilizing water according
to any one of Claims 20 to 24, wherein the pH is of 7 to 8



47

instead of 6.3 to 8.

26, A producing apparatus for producing dental sterilizing

27.

28.

29.

30.

31.

water for treating or preventing a dental disease by
sterilizing periodontal pathogen or dental caries pathogen,
the producing apparatus comprising a stock solution tank for
storing a stock solution containing sodium chloride and carbon
dioxide and an electrolysis tank being connected to and
communicating with the stock solution tank and for
electrolyzing the stock solution, wherein the electrolysis
tank is configured such that hypochlorous acid and sodium
hydrogen carbonate are produced in predetermined
concentrations by electrolyzing the stock solution so as to
give an effective chlorine concentration of 50 to 700 ppm and
a2 pH of 6.3 to 8.

The producing apparatus for producing dental sterilizing
water according to Claim 26, wherein the effective chlorine
concentration is of 201 to 700 ppm, instead of 50 to 700 ppm;
and being used for treating a dental disease.

The producing apparatus for producing dental sterilizing
water according to Claim 27, wherein the effective chlorine
concentration is of 400 to 700 ppm, instead of 201 to 700 ppm.

The producing apparatus for producing dental sterilizing
water according to Claim 27, wherein the effective chlorine
concentration is of 500 to 700 ppm, instead of 201 to 700 ppm.

The producing apparatus for producing dental sterilizing
water according to Claim 26, wherein the effective chlorine
concentration is of 50 to 300 ppm, instead of 50 to 700 ppm
and being used for preventing a dental disease.

The producing apparatus for producing dental sterilizing
water according to any one of Claims 26 to 30, wherein the pH
is of 7 to 8, instead of 6.3 to 8.



