METHOD FOR STERILIZING WATER SYSTEM Technical Field [000 The present invention
relates to a method for sterilizing a water system. More particularly, the present invention relates to a
sterilization technique using free chlorine and combined chlorine when a water system is sterilized.
Background Art [00021 In a plant cooling water system in various factories, a treated wastewater
system, an iron and steel wastewater system, a pulp and paper wastewater system, a cutting olil
wastewater system, or the like, bacteria, filamentous fungi, algae, or the like cause slime in the water
system. The slime causes troubles such as poor thermal efficiency, blockage of water piping, and

corrosion of piping metal. {ﬁ oD Fkﬁﬁ%ﬁ#ﬁaﬁﬂﬁ@ sHghieublesyaynethod using

pharmaceutical agents is used for sterilizing the water systems. As the sterilization method, an
oxidizing agent such as a hypochlorite is conventionally used because of its good sterilization effect at
low cost. However, when the hypochlorite or the like is used at a concentration effective for peeling the
slime, a metdentermiaéfirlhe water system is corroded.

[0001]

The present invention relates to a method for sterilizing a water
system. More particularly, the present invention relates to a sterilization
technique using free chlorine and combined chlorine when a water system is
sterilized.

Background Art
[0002]

In a plant cooling water system in various factories, a treated
wastewater system, an iron and steel wastewater system, a pulp and paper
wastewater system, a cutting oil wastewater system, or the like, bacteria,
filamentous fungi, algae, or the like cause slime in the water system. The
slime causes troubles such as poor thermal efficiency, blockage of water
piping, and corrosion of piping metal.

[0003]

In order to prevent such troubles, a method using pharmaceutical
agents is used for sterilizing the water systems. As the sterilization method,
an oxidizing agent such as a hypochlorite is conventionally used because of
its good sterilization effect at low cost. However, when the hypochlorite or
the like is used at a concentration effective for peeling the shime, a metal
member in the water system 1is corroded.

[0004]

Meanwhile, as the technique also relating to the inhibition of the



[00041 Meanwhile, as the technique also relating to the inhibition of the corrosion in the water system,
the applicants have already provided a slime peeling agent and the like that include a chlorine-based
oxidizing agent containing sulfamic acid or a salt thereof and an alkali (see Patent Document 1).
Furthermore, the applicants have also provided an antimicrobial algicidal agent composition and the
like that include a chlorine-based oxidizing agent containing an azole-based compound and sulfamic
acid or a salt thereof (see Patent Document 2). (00051 By at least combining a chlorine-based
oxidizing agent and sulfamic acid, a treatment having stable slime peelability and low corrosivity can

be carried oyl,, THEsS iechiqres Pushpiovided i ihe epplicants papRieducasxeellent effects.

However, as the sterilization techniques for the water system, more excellent techniques are required
to be developedlinyatiens indugtaallairctes. 10064 [RatéotiDetunehs:didapgngsamPatent No.
3915560. [Patent Document 21 Japanese Patent No. 3832399.

containing sulfamic acid or a salt thereof and an alkali (see Patent Document

1). Furthermore, the applicants have also provided an antimicrobial

algicidal agent composition and the like that include a chlorine-based

oxidizing agent contéining an azole-based compound and sulfamic acid or a

salt thereof (see Patent Document 2).

[0005]

By at least combining a chlorine-based oxidizing agent and sulfamic

acid, a treatment having stable slime peelability and low corrosivity can be

carried out. These techniques previously provided by the applicants can

produce excellent effects. However, as the sterilization techniques for the

water system, more excellent techniques are required to be developed in

various industrial circles.

[0006]

[Patent Document 1] Japanese Patent No. 3915560.

[Patent Document 2} Japanese Patent No. 3832399.

Disclosure of the Invention
Technical Problems to be Solved
[0007}

The chlorine-based oxidizing agent is used as a strong oxidizing
agent for sterilization treatment and the like. However, it has problems
such as poor control due to its high decomposition rate and high corrosivity.

Furthermore, it has another problem in which, when slime structure is
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Disclosure of the Invention Technical Problems to be Solved [0007]. The chlorine-based oxidizing
agent is used as a strong oxidizing agent for sterilization treatment and the like. However, it has
problems such as poor control due to its high decomposition rate and high corrosivity. Furthermore, it
has another problem in which, when slime structure is formed on walls or the like of a water system
plant or the like, oxidation reaction occurs on the surface of the slime structure and thus the deep part
Is difficult to be sterilized. [0008] Therefore, it is a main object of the present invention to provide a
method for sterilizing a water system by which the sterilization and the slime control can be efficiently

carried out in a water system. Summary . . N
formed on walls or the like of a water system plant or the like, oxidation

reaction occurs on the surface of the slime structure and thus the deep part
is difficult to be sterilized.
[0008]

Therefore, it 1s a main object of the present invention to provide a
method for sterﬂiiing a water system by which the sterilization and the

slime control can be efficiently carried out in a water system.

Summary

[0008a]

In one aspect, there is provided a method for sterilizing legionella bacteria ina
water system comprising:

making combined chlorine and free chlorine present in the water system; and
keeping a concentration of the free chiorine in the water system at 0.3 10 0.8
mg-CI/L by measuring free chiorine concentration of the water system and controlling

the amount of free chlorine based on the measured value.

Means to Solve the Problems
[0009] -

First, the present inve.ntion provides a method for sterilizing a water
system that includes making combined chlorine and free chlorine present in
the water system, and ]:;ec-‘:pingr a concentration of the free chlorine in the
water system at 0.3 mg-CUL or higher. When the combined chlorine and
the free chlorine are made to be present in a water system and the
concentration of the free chlorine is kept at 0.3 mg-CVL or higher, the
sterilizability and the like of the combined chlorine can be further improved.

In addition, the combined chlorine is capable of being formed by

adding at least a chlorine-based oxidizing agent and a sulfamic acid



[0008a] In one aspect, there is provided a method for sterilizing legionella bacteria in a water system
comprising: making combined chlorine and free chlorine present in the water system; and keeping
a concentration of the free chlorine in the water system at 0.3 to 0.8 mg-CI/L by measuring free
chlorine concentration of the water system and controlling the amount of free chlorine based on the
measured value. Means to Solve the Problems [00091 First, the present invention provides a
method for sterilizing a water system that includes making combined chlgrine and free chlorine present

in the water SPSEPRTRMIkREBMY aled sEaHFation CraRd HrcehitmbaRehaXEErS 28/ at 0.3

mg-OIL or hi%hﬁcr Wher%]fthe. combined chloring and the frg&gh&g@e are made to be{lggfsent in a water
system and t & 8%%8}{ rATOR B thETee Chibrine 1S Eeb?a : rag-%Wﬁ orcﬁlg%er,z)t?le sterilizability and

the like of the.combined chlotine.canhg fughendmaroved. In addition, the combined chlorine is
capable of being formed by adding at least a chlorine-based oxidizing agent and a sill-ramie acid
Furthermore, the free chlorine is capable of being formed by adding
at least one of a hypochlorite, a chlorite, chlorine dioxide, and chlorine gas

into the water system.

Effect of the Invention
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compound into the water system. When the chlorine-based oxidizing agent and the sulfamic acid
compound are used, a chlorosulfamic acid compound can be formed as the combined chlorine.
Furthermore, the free chlorine is capable of being formed by adding at least one of a hypochlorite, a
chlorite, chlorine dioxide, and chlorine gas into the water system. Effect of the Invention

According to the sterilization method pertaining to the present invention, the sterilization and the slime
control can be efficiently carried out in a water system. Best Mode for Carrying Out the Invention
[0011] Hereinafter, the present invention will be described. The below description shows typical
embodiment%)éfbja present invention and does not intend to limit the scope of the invention.

According to the sterilization method pertaining to the present
invention, the sterilization and the slime control can be efficiently carried
out in a water system.

Best Mode for Carrying Out the Invention
foo11]

Hereinafter, the present invention will be described. The below
description shows typical embodiments of the present invention and does not
intend to limit the scope of the invention.

[0012]

The sterilization method of the present invention is carried out at
least by making combined chlorine and free chlorine present in a water
gystem and keeping the concentration of the free chlorine at 0.3 mg-Cl/L or
higher. The presence of the combined chlorine and the free chlorine in a
water system can peel a slime structure formed on the surfaces and the like
of various members in the water system and can efficiently sterilize
dispersed microorganisms and the like. In addition, it can decrease the
decomposition rate as the sterilizing agent and can reduce the corrosivity.
[0013]

In the invention, the combined chlorine and the free chlorine are
simply present in water to be treated as the treatment targét, and the
existence forms are not limited. When at least the free chlorine is remained
at a certain concentration or higher in a water system, the sterilizability of
the combined chlorine can be improved. Hereinafter, it will be described in

detail.



[00121 The sterilization method of the present invention is carried out at least by making
combined chlorine and free chlorine present in a water system and keeping the concentration of the
free chlorine at 0.3 mg-CI/L or higher. The presence of the combined chlorine and the free chlorine in a
water system can peel a slime structure formed on the surfaces and the like of various members in the
water system and can efficiently sterilize dispersed microorganisms and the like. In addition, it can
decrease the decomposition rate as the sterilizing agent and can reduce the corrosivity. [00131 In
the invention, the combined chlorine and the free chlorine are simply present in water to be treated as
the treatmenjgiargét, and the existence forms are not limited. When at least the free chlorine is
remained at a certain concentration or higher in a water system, the sterilizability of the combined
chlorine can be imprbBlhedyptesd inefremiy nviltl b lbesoe beddh losiadd f@0lekhmplethibaypd of the
combined chlorine is not limited and examples thereof include chloramine-T (a sodium salt of
N-chIoro-4-nﬁ@ﬂ%&%’e?ﬁ@ﬁé%ﬂ%h%ﬁié@ﬁ?ﬁﬁ}&%%ﬁe-B (a sodium salt of

N-chlorobenzenggylionamide)a sodium salt.of Nahlarppareanitiepenzencsulfopgmide.
trichloromelamme, a sodium salt or a potassium salt 6f mono- or di-chloromelamine, a

trichloroisocyanuiaienar SR B9k RHossiIhs allipbmono- or di-cbloroisocyanuric acid, a
- sodium salt or a potassium salt of mono- or di-chlorosulfamic acid, and monochlorohydantoin or 1,or a
5,5-alkylderivéithdothepeot -[fdde nzenesulfonamide, trichloromelamine, a sodium salt or
a potassium salt of mono- or di-chloromelamine, a trichloroisocyanurate, a
sodium salt or a potassium salt of mono- or di-chloroisocyanuric acid, a
sodium salt or a potassium salt of mono- or di-chlorosulfamic acid, and
monochlorohydantoin or 1,3-dichlorochydantoin or a 5,5-alkylderivative
thereof.
[0015]
The combined chlorine may be added into the water system or may be
formed in the water system. For example, a chlorine-based oxidizing agent
and f;li sulfamic acid compound may be added in the water system to form a
chlorosulfamic acid compound or the like. When the chlorine-based
oxidizing agent and the sulfamic acid compound or a chlorosulfamic
acid-based combined chlorine agent formed from the chlorine-based oxidizing
agent aﬁd the sulfamic acid compound is added into water to be treated,
there is a feature that the concentration of the free chlorine in the water to
be treated does not largely vary in a wide pH range from an acidic region to
an alkaline region.
[0016]
The sulfamic acid compound used in the invention is not specifically

limited and examples thereof include sulfamic acid and a salt thereof.

5



The combined chlorine may be added into the water system or may be formed in the water system.
For example, a chlorine-based oxidizing agent and a sulfamic acid compound may be added in the
water system to form a.chlorosulfamic acid compound or the like. When the chlorine-based oxidizing
agent and the sulfamic acid compound or a chlorosulfamic acid-based combined chlorine agent
formed from the chlorine-based oxidizing agent and the sulfamic acid compound is added into water to
be treated, there is a feature that the concentration of the free chlorine in the water to be treated does
not largely vary in a wide pH range from an acidic region to an alkaline region. [0016] The sulfamic
acid compousskuied Iythalivertiidsaotepeaificalljfimied and exahiplesdhdreakintiude sulfamic
acid and a salt thereof Specifically, sulfamic acid, ammonium sulfamate, and the like may be used.
The sulfamiclagidedmpbundd epsmporpdisorrons Ikeisnriragiibahilareing aydsare. [0017]

Examples of such sulffamic acid compound include N-methylsulfamic acid, N,N-dimethylsulfamic acid,
and N-phen)}?é% H’nﬁ% fcid. Among the sulfamic acid compounds used in the invention, examples of
the salt of th 69 pound include alkali metal salts such as a sodium salt and a potassium salt, alkaline
earth metal salts such as a calcium salt, a strontium salt, and a barium salt, other metal salts such as a

manganese salt, a cBppafiai od itk salfaandrandalindeahalisalidend-mpibkelsHndd ammonium
salt, and a guanidine salt. Specific examples thereof include sodium sulfamate, potassium sulfamate,
calcium sulfarigteNsifohitnethsiifalfzate; barduansulfanizteylcodisuifamats, ahthgimthgifamate The
sulfamic acid and the salt of the sulfamic acid may be used alone or in combination of two or more.

[0018]  THEEHAREIALemPERTsiNgesgBhtfsHavpPRnntEMeR Hdtepadirbifimited and

examples thereof incIdee cclt]ilg)rin gﬁ%lg$l?ggﬁ dioxige shX%(? hIoros%%qaci(tat%r %galt thereof, chlorous

acid or a sal'[Cﬂ%‘%ﬁ:'f\'t‘alflj1 chidtic Bcid of a Salt there%?,lbcerc IGric acid or a sal recz)]f‘,3 And chlorinated

isocyanuric agifl of1R SR ereR A1 hits such as a calcium salt, a strontium salt, and a

barium salt, other metal salts such as a manganese salt, a copper salt, a zinc
salt, an iron salt, a.cobalt salt, and a nickel salt, an ammonium salt, and a
guanidine salt. Specific examples thereof include sodium sulfamate,
potassium sulfamate, calcium sulfamate, strontium sulfamate, barium
sulfamate, iron sulfamate, and zinc sulfamate. The sulfamic acid and the
salt of the sulfamic acid may be used alone or in combination of two or more.
[0018]

The chlorine-based oxidizing agent uséd in the invention is not
specifically limited and examples thereof include chiorine gas, chlorine
dioxide, hypochlorous acid or a salt thereof, chlorous acid or a salt thereof,
chloric acid or a salt thereof, perchloric acid or a salt thereof, and chlorinated
isocyanuric acid or a salt thereof.

[0019]

More specific examples of the salt include alkali metal salts of

hypochlorous acid such as sodium hypochlorite and potassium hypochlorite,

alkaline earth metal salts of hypochlorous acid such as calcium hypochlorite
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More specific examples of the salt include alkali metal salts of hypochlorous acid such as sodium
hypochlorite and potassium hypochlorite, alkaline earth metal salts of hypochlorous acid such as
calcium hypochlorite and barium hypochlorite, alkali metal salts of chlorous acid such as sodium
chlorite and potassium chlorite, alkaline earth metal salts of chlorous acid such as calcium chlorite and
barium chlorite, other metal salts of chlorous acid such as nickel chlorite, ammonium chlorate, alkali
metal salts of chloric acid such as sodium chlorate and potassium chlorate, and alkaline earth metal
salts of chloric acid such as calcium chlorate and barium chlorate. [00201 These chlorine-based

oxidizing agenig Mavuke Hﬁ?&:&i&‘ﬂ%‘eo51&&9%@@@%%%%%@1%&9@@&@1%9&@@&hﬁ?ﬁ hypochlorites
are suitably used because of the easy handling [00211 The concentration of the combined

chlorine in théhlvaier sydtponadssioilichiiedtd hellowiersivaittls preferablysldng:OWYlacdhigher and the
upper limit is preferably 20 mg-Cl/L or lower. In the present invention, the concentration of the

combined cHigfh&scaeiaan @ét%ﬁm@wm r@@@t@&iﬁé&@%@ﬁ%ﬁ@wethod
e e L SR
oo s oS e A A e ot ln e
over a long tatea]GARRLl chloric acid such as calcium chlorate and barium chlorate.
[0020]
These chlorine-based oxidizing agents may be used alone or in
combination of two or more. Among them, the hypochlorites are suitably
used because of the easy handling. |
[0021]
The concentration of the combined chlorine in the water system is not
limited. The lower limit is preferably 1.0 mg-CVL or higher and the upper
limit is preferably 20 mg-ClU/L or lower. In the present invention, the
concentration of the combined chlorine is measured according to the DPD
(N,N-diethylphenylenediamine) method described in Japanese Industrial
Standard K 0102. When the combined chlorine concentration is kept in
such range, the amount of the free chlorine in the water system can be
controlled with higher precision. Thus, the sterilization and the slime
control can be further efficiently carried out, and also the decompeosition rate
can be made to be lower. - As a resulf, the béctericidal activity can be
maintained over a l.ong term.
[0022]
The method for making the free chlorine present in the water system

is not limited. Examples thereof include a method of adding an agent such
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The method for making the free chlorine present in the water system is not limited. Examples thereof
“include a method of adding an agent such as a hypochlorite, a chlorite, chlorine dioxide, and chlorine
gas into the water system and a method of generating hypochlorite ions using an electrolytic reaction
of a salt solution, an aqueous solution of potassium chloride, or the like. [0023] It is desirable that

the concentration of the free chlorine in the water system is 0.3 mg-CYL or higher, preferably 0.4
mg-CUL or higher, and more preferably 0.5 mg-Cl/L or higher. When the free chlorine concentration is
kept in such range, the sterilization and the slime control can be further efficiently carried out and the

decompositigq ﬁ%g%i%%mag%ﬁ%mépmrﬁﬁ AfeslL, hmbaglsticlaal g bheande,maintained

over a long term. Examples of the method of measuring the concentration of the free
chlorine in the watensysiemetialddd polategiaphymsospiieiwityuang aimateodintwhich an
oxidation-reduction potential (ORP) in the water system is measured to estimate the free chlorine
concentratiorebatied ehalkeloxilatismreautior poraitialomoheopresannipbiatidm, théheoncentration of
the chlorinedils measured according to the DPD method described in Japanese Industrial Standard K
0102. Base ]&’?‘the free chlorine concentration obtained in this manner, the amount of the free
chlorine can i@,@, gntrolled so as to be a target concentration of the free chlorine. [0025] In the
present invention, the free chlorine concentration in the water system may be measured as necessary

to control the amourt of theirgsichlaringictirsaiermstatheases ddhadaasiyeghwadue. Namely,
control system is 0.3 mg-Cl/L or higher, preferably 0.4 mg-Cl/L or higher, and more
preferably 0.5 mg-Cl/L or higher. When the free chlorine concentration is
kept in such range, the sterilization and the slime control can be further
efficiently carried out and the decomposition rate can be made to be lower.
As a result, the bactericidal activity can be maintained over a long term.
[0024]
Examples of the method of measuring the concentration of the free
chlorine in the water system include polarography, absorptiometry, and a
method in which an oxidation-reduction potential (ORP) in the water system
is measured to estimate the free chlorine concentration based on the
oxidation-reduction potential. In the present invention, the concentration
of the chlorine is measured according to the DPD method described in
Japanese Industrial Standard K 0102. Based on the free chlorine
concentration obtained in this manner, the amount of the free chlorine can be
controlled so as to be a target concentration of the free chlorine.
lo025]
In the present invention, the free chlorine concentration in the water
system may be measured as necessary to control the amount of the free

chlorine in the water system based on the measured value. Namely, control
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means in which the concentration of the free chlorine in the water system is measured to control the
amount of the free chlorine in the water system based on the measured value may be separately
arranged. Consequently, the water quality can be continuously managed in the water system. The
control means is not specifically limited and, for example, the amount of the free chlorine can be
controlled by adding an agent or the like based on the measured concentration of the chlorine. [00261
Furthermore, when the combined chlorine concentration in a water system is also required to be
controlled, the combined chlorine concentration in the water system may be also measured to control

the amount of the cambiner alilinedntthewalgnBystam basethenbath ol seasdrad free chlorine

concentration and the measured combined chlorine concentration. When not only the fate chlorine
concentratiombag thedcanebinted chioineoohoé hkaticee atd onoritoréde thebaatesumlity can be
continuously managed with higher precision. [00271 The action mechanism of the sterilization
method of theasrssent v BIaeHI SRR sBRTHRE Mo TBHhadrenritthe feBIReEHBIE Rrses the slime

structure fror&the surface ﬁ{ a meglber e;cnd the {ike and thﬁq ti'{%free chloring steriljf?les the dispersed
ot

pathogens and thé ﬁﬁgeg%\%cgraﬁ]ng ;e dEiZation AN the Siime %vgﬁ?rrof%%ﬁ%'e e |cefently carried

out. The knoylledae is.anly;based o the.expesiation, Thus. evenwhenibe sisilizationds carried out

by any action and the like other than the knowledge, it is, of course, included in the scope of the
invention. [0R28thloridyeatinentmhjedisdpplickbiepuith-apensterilihatide hethddwthee present
invention are not specifically limited Examples thereof include a plant cooling water system in various
factories, a soefsheedcorcseiwateresfibatchlerars; a treated wastewater system, an iron and steel
wastewater ngé[%e%l and a cutting oil wastewater system. The slime structure adhered on the
apparatus, iping, and the like can be peeled. [00291

Furthermore, when the combined chlorine concentration in a water
system 1s also required to be controlled, the combined chlorine concentration
in the water system may be also measured to control the amount of the
combined chlorine in the water system based on both of the measured free
chlorine concentration and the measured combined chlorine concentration.
When not only the free chlorine concentration but the combined chlorine
concentration are monitored, the water quality can be confinuously managed
with higher precision.

[0027]

The action mechanism of the sterilization method of the present
invention is supposed that the combined chlorine peels or disperses the slime
structure from the surface of 2 member and the like and then the free
chlorine sterilizes the dispersed pathogens and the like. Aécordingly, the
sterilization and the slime control can be efficiently carried out. The
knowledge is only based on the expectation. Thus, even when the
sterilization is carried out by any action and the like other than the

knowledge, it is, of course, included in the scope of the invention.
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As the water system, a circulating water system where the slime structure is especially readily
generated is suitably applied to and an open circulating cooling water system and the like are
specifically suitable. For example, bacteria such as Legionella bacteria prefer the water temperature of
an open circulating cooling tower and the like, specifically prefer the environment surrounded by algae
grown in the cooling tower, and are readily grown in the water system under such condition. According
to the present invention, the effective bactericidal activity can be maintained especially in the open
circulating cooling water system and the like over a long term. Examples 100301 Hereinafter, the
present inverﬂéeggﬁvill be described more specifically with reference to examples, and the effect of the
invention will'be examined. 100311 (Example 11 Cooling water for air conditioning contaminated with

Legionella bacteria was stesitizesivith shiorasiiamin abid ape egichlaindodhe fire chlorine was
controlled by adding a hypochlorite. The cooling tower had a refrigeration capacity of 300 RT and

a holding watereemntitycoftdthmseand wesiiicady dicorieéntrBtemiates ohértinfescllide ehlorosulfamic
acid was added at a ratio of 15 mg/L to the amount of blow water from the cooling water.

plant cooling water system in various factories, a scrubber, a wastewater

effluent system, a treated wastewater system, an iron and steel wastewater

system, and a cutting oil wastewater system. The slime structure adhered

on the apparatus, water piping, and the like can be peeled.

[0029]

As the water system, a circulating water system where the slime
structure is especially readily generated is suitably applied to and an open
circulating cooling water system and the like are specifically suitable. For
example, bacteria such as Legionella bacteria prefer the water temperature
of an open circulating cooling tower and the like, specifically prefer the
environment surrounded by algae grown in the cooling tower, and are readily
grown in the water system under such condition. According to the present

invention, the effective bactericidal activity can be maintained especially in

the open circulating cooling water system and the like over a long term.

Examples
{0030}

Hereinafter, the present invention will be described more spgaciﬁcally
with reference to examples, and the effect of the invention will be examined.
[0031]

[Example 1]

Cooling water for air conditioning contaminated with Legionella
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The peeled slime was naturally exhausted by the blow depending on the concentration, and particular
removal such as cleaning was not carried out. The free chlorine was managed by that the residual
‘chlorine concentration was measured according to the DPD method to control the addition amount of
the agent. The free chlorine concentration was measured with a residual chlorine analyzer "C1-17
(manufactured by HACH Company)". The number of Legionella bacteria in the treated water was
evaluated by the colony forming units (CPU) in 100 mL of the treated water. As a result, when the
free chlorine concentration was 0.2 mg-CJ/L, the number of Legionella bacteria was decreased but the

non-detectiop coule oL 6 ARG ARG S0 0 150 ShlpTng EoRcenilisn s managec

acteria w
at 0.3 mg-O orehlgher, the non-detection of the number o Legionella bacteria could be maintained.

In particular whemhthe freg shieniae ispnaantation yasmanaged at 0.4 mg-CUL or higher after two
months or later, the occurrence of Legionella bacteria was completely inhibited (Fig. 1). [00321

[Comparative Exam{Blee kboling tTiwertbstdwaretagiedtoen rrtireisinifal€oRditen s in Example 1
except that only the chlorosulfamic acid was used for the treatment. As g result, the free chlorine

concentratioR AN ASt HEE N PIEThANS. I IV 2B A Sef SCP BHiBHART Bisctdra had once
disappearedtg%'éghe%ggcc%fgr%s%g%{%gg igc'ig)wjag%gd?’(ie@ 151 C%%%JBB]of 15 mg/L to the
amount of blow water from the cooling water.

The peeled slime was naturally exhausted by the blow depending on
the concentration, and particular removal such as cleaning was not carried
out.

The free chlorine was managed by that the residual chlorine
concentration was measured according to the DPD method to control the
addition amount of the agent. The free chlorine concentration was
measured with a residual chlorine analyzer "CI-17 (manufactured by HACH
Company)". The number of Legionella bacteria in the treated water was
evaluated by the colony forming units (CFU) in 100 mL of the treated water.

As a result, when the free chlorine concentration was 0.2 mg-Cl/L,
the number of Legionella bacteria was decreased but the non-detection could
not be maintained. However, when the free chlorine concentration was
managed at 0.3 mg-CVL or higher, the non-detection of the number of
Legionella bacteria could be maintained. In particular, when the free
chlorine concentration was managed at 0.4 mg-CVL or higher after two
months or later, the occurrence of Legionella bacteria was completely
inhibited (Fig. 1).

[0032]

[Comparative Example 1]
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The above results shows that, when the combined chlorine and the free chlorine are made to be
present in the water system and the concentration of the free chlorine in a water system is kept at least
at 0.3 mg-CI/L or higher, the sterilization and the slime control can be efficiently carried out. Brief
Description of Drawings [0034] [Fig. 1] Fig. 1 is a graph showing the relation between the free chlorine
concentration, the number of Legionella bacteria, and the treatment period when two agents were
used for the treatment. [Fig. 2] Fig. 2 is a graph showing the relation between the free chlorin.e
concentration, the number of Legionella bacteria, and the treatment period when only one agent was

used for the treatm LAIMS: A method for ter|I|2| ionell acterla n a water system
comprising: maklngeﬁg‘r%% R %I%a}rﬁ?ér?&tfree rlné presen t ghas Nt {

€ water sy%tem and
except that only the chlorosulfamic acid was used for the treatment. Asa
result, the free chlorine concentration had not been more than 0.1 mg-CVL,
the number of Legionella bacteria had once disappeared but then occurred
again (Fig. 2).
[0033]
Miscussion}

The above results shows that, when the combined chlorine and the
free chlorine are made to be present in the water system and the
concentration of the free chlorine in a water system is kept at least at 0.3
mg-Cl/L or higher, the sterilization and the slime control can be efficiently

carried out.

Brief Description of Drawings

[0034]

[Fig. 1] Fig. 1 15 a graph showing the relation between the free chlorine
concentration, the number of Legionella bacteria, and the treatment period
when two agents were used for the treatment.

[Ifig. 2] Fig. 2 is a graph showing the relation between the free chlorine
concentration, the number of Legionella bacteria, and the treatment period

when only one agent was used for the treatment.
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keeping a concentration of the free chlorine in the water system at 0.3 to 0.8 mg-CUL by measuring
free chlorine concentration of the water system and controlling the amount of free chlorine based on
the measured value. 2. The method for sterilizing legionella bacteria in a water system according
to claim 1, wherein the free chlorine is formed by adding at least one of hypochlorite, chlorite, chlorine
dioxide, and chlorine gas into the water system; and controlling the amount of free chlorine in the
water system by adjusting amount of chemical feed of the hypochlorite, the chlorite, the chlorine
dioxide, and/or the chlorine gas based on a residual chlorine concentration in the water system.

3. The meﬁéﬁ%érilizing legionella bacteria in a water system according to claim 1 or 2, wherein
the combined chlorine is folled by adding at least a chlorine-based oxidizing agent and a sulfamic acid
compound into the water system; and measuring combined chlorine concentration of the water
system, and adjusting the combined chlorine concentration in the water system based on both the free
chlorine concentrafion andAhectombinet:chtangdspoocaitiatioeria in a water system

comprising:
making combined chlorine and free chlorine present in the water system; and
keeping a concentration of the free chlorine in the water system at 0.3 to 0.8
mg-Cl/L by measuring free chlorine concentration of the water system and controlling

the amount of free chlorine based on the measured value.

2, The method for sterilizing legionella bacteria in a water system
according to claim 1, wherein the free chlorine is formed by adding at least one of
hypochiorite, chlorite, chlorine dioxide, and chlorine gas into the water system; and
controlling the amount of free chlorine in the water system by adjusting amount of
chemical feed of the hypochlorite, the chlorite, the chlorine dioxide, and/or the chlorine
gas based on a residual chlorine concentration in the water system. |

3. The method for sterilizing legionella bacteria in a Water system
according to claim 1 or 2, wherein the combined chlorine is formed by adding at least a
chlorine-based oxidizing agent and a sulfamic acid compound into the water system;’
and measuring combined chlorine concentration of the water system, and adjusting the
combined chlorine concentration in the water system based on both the free chlorine

concentration and the combined chlorine concentration.



