-1 - Title of Invention Method and apparatus for treating organic
matter-containing water Field of Invention [0001] The present invention
relates to a nethod and an apparatus for treating organic
matter-containing water, the method and the apparatus being suitable for
use in systens for producing ultrapure water used in el ectronic-device-
manuf acturing plants and treatnent facilities for wastewater from

el ectroni c-devi ce-manufacturing plants. Background Art [0002] In
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activated carbon treatnent and subsequent reverse osnosis (RO nenbrane
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Field of Invention
[0001]

The present invention relates to a method and an
apparatus for treating organic matter-containing water, the
method and the apparatus being suitable for use in systems
for producing ultrapure water used in electronic-device-
manufacturing plants and treatment facilities for wastewater
frem electronic~device-manufacturing plants.

Background Art
rogecz2]

In electronic-device~manufacturing plants, ultrapure
water 1s used as rinse water. Ultrapure water is typically
manufactured by a process including activated carbon
treatment and subsequent reverse osmosis (RO) membrane
separation treatment from industrial water or wastewater
from a plant as raw water.

[C003]

The activated carbon treatment aims to remove an
oxidizer, organic matter, chromaticity, or the like in the
raw water. The organic matter is adsorbed and concentrated

on the activated carbon. The organic matter serves as an



energy source, so that the activated carbon colum has an environnment in
whi ch m croorgani sns are easily grown. In general, mcroorgani snms cannot
be present in the presence of an oxidizer. Thus, m croorganisns are not
present in activated carbon feed water exposed to the oxidizer. However,
regarding a nechanismfor the renoval of the oxidizer with activated
carbon, a catalytic deconposition reaction on the surface of activated
carbon proceeds in the wupper portion of the columm. Thus, the oxidizer is
not present in the mddle and | ower portions of the activated carbon
colum. Accordingly, the inside of the activated carbon colum becones a

breedi ng ground for nicroorganisns In general, about 103 cells/m to
about 107 cells/m of g%erla cells lea fro t he ictiv ted carbon
col um. eF@G@i]SOFﬁgeacFPv at & Pb&ﬁtégﬁﬁ Pér h2e§8ehfal@Gnft serving
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can cause b|o ouling on a’ sa rane arranged at a

step downstreamdt herefhomeeleadiRe &kBockA9eLNIneSoxidizer.
However, regarding a mechanism for the removal of the
oxidizer with activated carbon, a catalytic decomposition
reaction on the surface of activated carbon proceeds in the
upper portion of the column. Thus, the oxidizer is not
present in the middle and lower portions of the activated
carbon column. Accordingly, the inside of the activated
carbon cclumn becomes a breeding ground for microorganisms.
In general, about 10° cells/ml to about 10’ cells/ml of
bacterial cells leak from the activated carbon column.
[0004]

The activated carbon column is an essential unit
serving as a means configured to remove an oxidizer and
organic matter in an ultrapure water production system. The
activated carbon cclumn tends to become a breeding ground
for microorganisms as described above. Thus, 1in the case of
a high concentration of organic matter that flows into the
activated carbon column, microorganisms from the activated
carbon column can cause biofouling on a safety filter or an
RO membrane arranged at a step downstream therefrom, leading

to clegging.



[ 0005] As a neans for solving the foregoing problens, hot- water

di sinfection and a chlorine disinfection nethod have been perforned to

di sinfect the inside of the activated carbon colum. [0006] Hot-water
disinfection is a method in which hot water wth a tenperature of 80C or
hi gher is passed and held through the activated carbon colum for one hour
or nore. However, it is necessary to pass and held hot water with a high
tenperature for a long time. [0007] As chlorine disinfection, Japanese
Unexami ned Patent Application Publication No. 5-64782 discloses a nethod
for perform ng back washing with back wash water to which NaCl O is added.
In this method, NaCl O is deconposed on a surface of a |lower |ayer of an
activated carbon colum into which the back wash water is fed. Thus, NaCd O
is not délGGAred to the whole of the activated carbon colum, failing to

provide a sufficient disinfection effect. [0008] |In_recent years,
envi ronnent aPScAi FERNE aRd WALEFNIqGARI £9TERPERF| REARVEMBecBRE nor e

e A
been performed to disinfect the inside of the activated
carbon column.
r0006]

Hot-water disinfection is a method in which hot water
with a temperature of 80°C or higher is passed and held
through the activated carbon column for one hour or more.
However, it is necessary to pass and held hot water with a
high temperature for a long time.

[0007]

As chlorine disinfection, Japanese Unexamined Patent
Application Publication No. 5-64782 discloses a method for
performing back washing with back wash water to which NaCloO
is added. In this method, NaClO is decomposed on a surface
of a lower layer of an activated carbon column into which
the back wash water is fed. Thus, NaCl0 is not delivered to
the whole of the activated carbon column, failing to provide
a sufficient disinfection effect.

[0008]

In recent years, environmental criteria and water
quality criteria have become more stringent. It would be
desirable to highly clarify final effluent. To solve

shortage of water, advanced wastewater treatment techniques



have been required for the recovery and recycling of various types of

wast ewater. [0009] RO nenbrane separation treatnent enables us to
effectively renove inpurities (ions, organic matter, fine particles, and
so forth) and thus has recently been enployed in many fields. For exanple,
in the case where high- or |ow concentration-organic-matter-containing
wast ewat er contai ni ng acetone, isopropyl alcohol, and so forth emtted
from sem conduct or manufacturing processes is recovered and recycled, a
method is widely enployed in which thg _wastewater was first subjected to
bi ol ogical treatnent to renove organi c conponents, and then the resulting
biologically treated water is subjected to RO nenbrane treatnent for
clarification (for exanple, Japanese Unexam ned Patent Application

Publ i catiasie NEEeR0E2IEIEEBEYY Yhe0 KFICOMewey &0 5§ Civivd 164s & twiérd Oiffe
biologically treated water is passed through the RO nenbrane separator,
the RO Nt &ife "Gt € '@%ogged with microbial metabolites formed from the
deconpoakiioq of organic matter by m croorgani snms, thereby reducing the
flux. [ %ﬁ In the case where the organic matter-containing wastewater

I's directly ESdmb% 9akges§5%¥29983” 28RPALALOL i Pes us to

effectively remove impurities (ions, organic matter, fine
particles, and so forth) and thus has recently been employed
in many fields. For example, in the case where high- or
low-concentration-organic-matter-containing wastewater
containing acetone, isopropyl alcchol, and sc forth emitted
from semiconductor manufacturing processes is recovered and
recycled, a method is widely emplcyed in which the
wastewater was first subjected to kiological treatment to
remove organic components, and then the resulting
biologically treated water is subjected to RO membrane
treatment for clarification (for example, Japanese
Unexamined Patent Application Publication No. 2002-33¢886).
[0010]

However, in the case where the biologically treated
water is passed through the RC membrane separator, the RO
membrane can be clogged with microbial metabolites formed
from the decomposition of organic matter by microcorganisms,
thereby reducing the flux.

[0011]
In the case where the organic matter-containing

wastewater 1s directly fed into the RO membrane separator



wi t hout enpl oyi ng biol ogical treatnment, the inside of the RO nenbrane
separ ator becones a breeding ground for m croorgani sns because of a high
TOC concentration of the wastewater fed into the RO nenbrane separator.
Thus, for the purpose of inhibiting biofouling in the RO nenbrane
separator, a large amount of a sline control agent is added to the organic
mat t er - cont ai ni ng wastewater. However, a nethod for inhibiting biofouling
at |ower cost is required because the slinme control agent is expensive.
[0012] Furthernore, wastewater from gl ectronic device manufacturing
facilities can contain nonionic surfactant that can adhere to the nenbrane
of the RO nenbrane separator and reduce the flux. Thus, such wastewater
contai ning nonionic surfactant cannot be subjected to RO nenbrane
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the purpose of inhibiting biofouling in the RO membrane
separator, & large amount cf a slime control agent is added
to the organic matier-containing wastewater. However, a
method for inhibiting biofouling at lower cost is required
because the slime control agent is expensive.

[0012]

Furthermore, wastewater from electronic device
manufacturing facilities can contain nonicnic surfactant
that can adhere to the membrane of the RO membrane separatbor
and reduce the flux. Thus, such wastewater containing
nonionic suffactant cannot be subjected to RO membrane
separation treatment.

[0013]

As a technique for solving the foregoing problems,
preventing biofouling and a reduction in flux due to the
adhesion of organic matter to the membrane of an RO membrane
separator to achieve stable operation over long periods of
time, and effectively reducing the TOC concentration in
water to provide high~quality treated water when high- or
low-concentration~organic-matter—-containing water from

electronic device manufacturing facilities and other wvarious



fields is treated and recovered with the RO nenbrane separator, the

i nventors have proposed a nethod and an apparatus in which a scale
inhibitor is added to organic natter-containing water, the anmount of the
scale inhibitor being five tinmes the weight of calciumions in the organic
matter-containing water, an alkali agent is added to the organic
matter-containing water to adjust the pHto 9.5 or nore before, after, or
simul taneously with the addition of the scale inhibitor, and then RO
separation treatnment is perforned (Jgpanese Unexam ned Patent Application
Publ i cati on No. 2005-169372). [0014] Furthernore, the inventors have
proposed a nethod and an apparatus in which a scale inhibitor is added to
wast ewat er, the wast ewat er whose pH has been adjusted to 9.5 or nore is
subj ect dd-t s mcks \iatasd achrash It@f‘?ééft%@ﬁit Wi {*hén RORDSHERSPSne separ ati on
treat ment, so that the owth of . microorganisns in the activated carbon
col umm afPatae &Pl RS AEOHGTDict @@thﬂ%r‘a@lﬁb alt abl y

provi din t r eat ed vvater Japan e ,Pat.ent No., 3906855) n thi.s method,
t he aCtIE\%EHa&P W bdh "Ho1Uhnft i ai@r&ﬁg’ég’%té’ adssoFBidfr‘ildtroer?ﬁig@ an oxi di zer
in rawwatrand anic matter in the raw 0Q15]. As.descri bed
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target W@gfﬁg(gfvéléyﬂégﬂfhe Qélght of calcium ions in the organic

matter—containing water, an alkali agent is added to the
organic matter—contaiﬁing water to adijust the pH to 9.5 or
more before, after, or simultaneously with the addition of
the scale inhibitor, and then RO separation treatment is
performed (Japanese Unexamined Patent Application
Publication No. 2005-169372).
[0014]

Furthermore, the inventors have proposed a method and
an apparatus in which a scale inhibitor i1s added to
wastewater, the wastewater whose pH has been adjusted to 9.5
or more is subjected to activated carbon treatment and then
RO membrane separation treatment, so that the growth of
microorganisms in the activated carben ceolumn and the RO
membrane geparator is inhibited, thereby stably providing
treated water {Japanese Patent No. 3906855). 1In this method,
the activated carbon column is arranged to adsorb and remove
an oxidizer in raw water and organic matter in the raw water.
[0015]

As described above, the addition of a predetermined

amount of the scale inhibitor to target water (hereinafter,



also referred to as "RO feed water") fed into the RO nenbrane separat or
and the flow of water whose pH has been adjusted to 9.5 or nore into the
RO nmenbrane separator results in the prevention of biofouling and a
reduction in flux due to the adhesion of organic matter to the nenbrane
of the RO nenbrane separator to achi eve stable operation over |ong periods
of time and results in an effective reduction in TOC concentration in
water to provide high- quality treated water. [0016] M croorgani snms cannot
live in an alkaline region. Thus, the adjustment of the pH of the RO feed
water to 9.5 or nore can provide an environnment in which although energy
source is present, mcroorganisms cannot live in the RO menbrane
separator. It is possible to inhibit biofouling in the RO nenbrane

separ at vl 36 o ek tread o0 threchduitsrdn dieda intoadie &kal expensi ve
slime control agent. [0017] Furthernore, the nonionic surfactant that can
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menbrane {n a high al kali ne regi,on. is thus possible to suppress the
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feed materLh%ﬁ?l%.%%e'E?g%en(¥%gﬂof giofoullng and a reduction in

flux due to the adhesion of organic matter to the membrane
of the RO membrane separator to achieve stable operation
over long periods of time and results in an effective
reduction in TOCC con;entration in water to provide high-
quality treated water.

(0016}

Microorganisms cannot live in an alkaline region. Thus,
the adiustment of the pH of the RO feed water To 9.5 or more
can provide an environment in which although energy source
is present, microorganisms cannot live in the RO membrane
separator. It is possible to inhibit biofouling in the RO
membrane separator without the need for the addition of a
traditional expensive slime control agent.

[0017]

Furthermore, the nonionic surfactant that can reduce
the flux through the RC membrane is known to be detached
from the membrane in a high alkaline region. It is thus
possible to suppress the adhesion of the component tc the RO
membrane by adiusting the pH of the RO feed water te 9.5 or
more.

[0018]



In rare cases, TOC-containing wastewater from electronic device
manufacturing facilities and so forth contains calciumions and the |ike,
whi ch causes scale. wunder the high-pH RO operating condition in which the
pH of the RO feed water is set to 9.5 or nore, the presence of even a
trace anmount of calciumions |eads to the formation of scale such as

cal ci um carbonate, thereby imediately causing the clogging of the RO
menbrane. Hence, in order to prevent the clogging of the nenbrane due to
the scale, the scale inhibitor is adged to the RO feed water, the anount
of the scale inhibitor added being five or nore tinmes the weight of
calciumions in the RO feed water, thereby preventing the formation of
scale. [0019] However, in the nmethod in which the scale inhibitor is
added to or gdfi &%t CaSLEonTANICRG URANENY WRELEWBERE 6F°Fhe scal e

i nhi bitor. added being five or nore tinmes the weight of calciumions in the
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even a trace amount of calcium ions leads to the formation

of scale such as calcium carbonate, thereby immediately

causing the clogging of the RO membrane. Hence, in order to

prevent the clogging of the membrane due to the scale, the

scale inhibitor is added to the RO feed water, the amount of

the scale inhibitor added being five or more fimes the

weight of calcium lons in the RO feed water, thereby

preventing the formation of scale.

[C019}

However, in the method in which the scale inhibitor is

added to organic matter-containing water, the amount of the

scale inhibitor added being five or more times the weight of

calcium ions in the organic matter-containing water, the

alkali agent is added to the organic matter-containing water

to adjust the pH to 9.5 or more before, after, or

simultaneously with the addition of the scale inhibitor, and

then the RO separation treatment is performed, in the case

where large amounts of hardness components are present in

raw water, even if a scale-dispersing agent is added, its

effect of inhibiting scale is not sufficient. Thus, it is



necessary to arrange a cation exchange colum or softening colum, reduce
har dness | oad, and adjust the pHto an alkaline side. [0020] 1In the

nmet hod di scl osed in Japanese Patent No. 3906855, raw water is treated with
t he activated carbon colum, the cation exchange colum or softening
colum, and then the RO nenbrane separator. In the treatnent procedure,
the operation of the cation exchange colum or softening columm cannot be
performed under high al kaline conditions fromthe viewpoint of controlling
the formation of scale in the columng It is thus necessary to operate the
cation exchange colum or softening colum and the activated carbon col um
arranged upstream fromthem under neutral conditions. As a result, sline
grows readily in the activated carbon colum and the cation exchange

col um JFeEBTIB g AT URdER TR Sicihiardle CoHE™ i SAi e89Me cases,
the RO nenbrane separator (or a safety filter for the RO nenbrane

separ at otV DRI i@ %l sk ddiust Firsy BhEdétfached from the

col um. 021] To inhibit the growmth of sline, it is conceivable to add a
gerni ci o%&%#%%v%ﬂ%’r However, a common germicide such as sodium

hypochl o 'éznm(NaCIO) or the like is nostly renoved in the activated carbon
col um. us,” the - 10

In the method disclosed in Japanese Patent No. 3906855,
raw water 1s treated with the activated carbon column, the
cation exchange column or softening column, and then the RO
membrane separator. In the treatment procedure, the
operation of the cation exchange column or softening column
cannot be performed under high alkaline conditions from the
viewpoint of controlling the formation of scale in the
column. It is thus necessary to operate the cation exchange
column or softening column and the activated carbon column
arranged upstream from them under neutral conditions. As a
result, slime grows readily in the activated carbon column
and the cation exchange column or softening column under the
neutral conditions. In some cases, the RO membrane
separator (or a safety filter for the RO membrane separator)
arranged downstream is clogged with bicfilms detached from
the column.

[0021]

To inhibit the growth of slime, it is conceivable to
add a germicide to raw water. However, a common germicide
such as sodium hypochlorite (NaClC) or the like is mostly

removed in the activated carbon column. Thus, the



di sinfection effect is not provided in the cation exchange colum or
softeni ng col um arranged downstream fromthe activated carbon col um,
failing to inhibit the growth of sline. Patent Docunent 1. Japanese
Unexam ned Patent Application Publication No. 5-64782 Patent Docunent 2:
Japanese Unexam ned Patent Application Publication No. 2002-336886 Patent
Docunent 3: Japanese Unexam ned Patent Application Publication No.

2005- 169372 Patent Docunent 4: Japanese Patent No. 3906855 Sunmary of
Invention [0022] It is an object of {he_present invention to provide a
met hod and an apparatus for treating organic matter- containing water, the
nmet hod and apparatus being capable of inhibiting the nultiplication of

m croorgani sns in an activated carbon colunn and a reverse 0snosi s

nmenbr aned i SEpER Gl BN S §rEr Fiot ity Rtabided regatihehtCh et 1613 938G ods  of
time in a process including active carbon treatnment and. subsequent RO
menbr ane”~$ R ot Tr TR MO WTh T ANHS e Wit TS on system

for use in electroni device manuf acturing plants. [0023 I.t is anot her
obj et - A HE SSRHEThv Bl (i L t8 PPrIBiE £n8 Ploudn OF

slime.

Patent Document 1:Japanese Unexamined Patent
Application Publication No. 5-64782

Patent Document 2:Japanese Unexamined Patent
Application Publication No. 2002-336886

Patent Document 3:Japanese Unexamined Patent
Application Publication No. 2005-169372

Patent Document 4:Japanese Patent No. 39206855
Sumnmary of Invention
[0022]

It is an object of the present invention to provide a
method and an apparatus for treating organic matter-
containing water, the method and apparatus being capable of
inhibiting the multiplication of microorganisms in an
activated carbon column and a reverse osmosis membrane
separator and performing stable treatment over long periods
of time in a process including active carbon treatment and
subsequent RO membrane separation treatment with an
ultrapure water production system for use in electronic
device manufacturing plants.

[0023]

It is another object of the present invention to



provi de a nethod and an apparatus for treating organic matter-containing
wat er, in which the nmethod and apparatus suppress the growh of sline in
an activated carbon colum, a cation exchange colum, or a softening
colum arranged before an RO nenbrane separator, prevent biofouling and a
reduction in flux due to the adhesion of organic matter to a nenbrane in
the RO nenbrane separator to achieve stable treatnent over |ong periods of
time, and efficiently reduce the TOC concentration in water to afford
high-quality treated water when wate{;containing a high or |ow
concentration of organic matter and | arge anounts of hardness conponents
fromelectronic device manufacturing plants and various other fields is
treated and recovered wth the RO nenbrane separator. [0024] A method for
treati ngPERGEH @ mRtad ol AhiaRpaters e drtfialgtd 9Tt aspect
i ncl udes an oxidi zer, addition step of adding an oxidizer to organic
mat t er - CoHLEE 1 FHY LB ot i VhatEd Cartn S heitd &R STYS eat i ng
the organic matter-contaihnin ter that has been subjected to_the
oxi di zer= SRRAT1 Drist & Ml th Hot WAt d-Tb APbatE it 3. GRS & UM s
menbr ane separation .step of feeding the rgani ¢ tter-containing water
that has” bceagfrfosrhb?}%c&ae‘}fj)? oCOJtlﬁrép racti vate cegqubn% Cfnofleuar%nrrean rasntgeepdi nto a
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reduction in flux due to the adhesion of crganic matter to a

mnembrane in the RO membrane separator to achieve stable

treatment over long periods of time, and efficiently reduce

the TOC concentration in water to afford high-quality

treated water when water containing a high or low

concentration of organic matter and large amounts of

hardness components from electronic device manufacturing

plants and various other fields is treated and recovered

with the RC membrane separator.

[0024]

A method for treating organic matter-containing water

according to a first aspect includes an oxidizer addition

step of adding an oxidizer to organic matter-containing

water, an activated carbon treatment step of treating the

organic matter-containing water that has been subjected to

the oxildizer addition step with activated carbon, and a

reverse osmosis membrane separation step of feeding the

organic matter-containing water that has been subjected to

the activated carbon treatment step into a reverse osmosis

separation means, in which a combined-chlecrine-based



oxidizer is used as the oxidizer. [0025] According to a second aspect, the
nmet hod for treating organic matter-containing water according to the first
aspect is characterized in that in the oxidizer addition step, the

conbi ned-chl ori ne-based oxidizer is added in an anount such that the
concentration of conbined chlorine is 1 ng-Cl2/L or nore. [0026]

According to a third aspect, the nethod for treating organic
matter-contai ning water according to the first or second aspect is
characterized in that in the activateg, carbon treatnent step, the organic
matter-containing water is fed into an activated carbon colum at an SV of
20 hr-1 or nore. [0027] According to a fourth aspect, the nmethod for
treating organic matter-containing water according to any one of the

first tetirprasifedised @ Hdre iaxd|Udes -a hardness conponent  renoval step
of feedlﬁgkthe organic matter-contai ning water that has been subjected to
the acti carbon treatnent step into a cation exchange nmeans to reduce

t he hardness scal e inhibitor .additi ep o Ie i nhi bitor
o T he or oaRFEoRatng: Heoi APHORG- APEFCr nibehaethadn el FsRREsTot o 1 he

har dness Coqup%ﬂ&€g¥n%6%tafﬁ¥%g wé%é%ngggoﬁguﬁp%o t%e first

aspect is characterized in that in the oxidizer addition
step, the combined-chlorine-based oxidizer is added in an
amount such that the concentration of combined chlorine is 1
mg-Cl,/L or more.

[0026]

According to a third aspect, the method for treating
organic matter-containing water according to the first ox
second aspect is characterized in that in the activated
carbon treatment step, the organic matter-containing water
is fed into an activated carbon column at an SV of 20 hr™" or
more.

[0027]

According to a fourth aspect, the method for treating
organic matter-containing water according to any one of the
first to third aspects further includes a hardness component
removal step of feeding the organic matter-~containing water
that has been subjected to the activated carbon treatment
step into a cation exchange means to reduce the hardness, a
scale inhibitor addition step of adding a scale inhibitor to
the organic matter—-containing water that has been subjected

to the hardness component removal step, the amcunt of the



scal e inhibitor added being five or nore tines the weight of calciumions
in the organic matter-containing water that has been subjected to the

har dness conponent renoval step, and a pH adjustnent step of adding an

al kali to the organic matter-containing water to adjust the pH of the
organic matter-containing water to be fed into a subsequent reverse
osnosi s nenbrane separation neans to 9.5 or nore before, after, or
sinmultaneously with the scale inhibitor addition step. [0028] An
apparatus for treating organic mattersgontaining water according to a
fifth aspect includes an oxidizer addition nmeans configured to add an

oxi dizer to organic matter-containing water, an activated carbon treatnent
means configured to treat the organic matter-contai ning water that has
been pastedl e hirdtigh e asdafl Aairditiorndiaise wines vatiédtcafbon, and
a reverse osnosi s nenbrane separation nmeans configured to aﬁghﬁg} t he

or gani ¢ Fatt e coftRiiit nd'e BN 1 h&te e et A du a%ctivated
car bon treat n,t nmeans to .revers osSnDsSi s ne rane separation treat nEnt,
"1 whi CIPSEE GTHT TRAE Seh| 6t (TS BRSath O FORPTRT G 8. (e Fox A ot

[0029] t he

0029) | ARogtl it &AL SoBeSly LS PR A0 TSR 0 organic
matter-containing water to adjust the pH of the organic
matter-containing water to be fed into a subsequent reverse
osmosis membrane separation means to 9.5 or more before,
after, or simultaneously with the scale inhibitor addition
step.

[0028]

An apparatus for treating organic matter—-containing
water according to a fifth aspect includes an oxidizer
addition means configured to add an oxidizer to organic
matter-containing water, an activated carbon treatment means
configured to treat the organic matter-containing water tﬁat
has been passed through the oxidizer addition means with
activated carbon, and a reverse osmosis membrane separation
means configured to subject the organic matter-containing
water that has been passed through the activated carbon
treatment means to reverse osmosis membrane separation
treatment, in which a combined-chlorine-based oxidizer is
used as the oxidizer.

[0029]
According to a sixth aspect, the apparatus for treating

organic matter-containing water according to the fifth



aspect is characterized in that in the oxidizer addition neans, the

conbi ned- chl ori ne- based oxidizer is added in an anount such that the
concentration of conbined chlorine is 1 ng-Cl2/L or nore. [0030]

According to a seventh aspect, the apparatus for treating organic
matter-contai ning water according to the fifth or sixth aspect is
characterized in that the activated carbon treatnent neans is an activated
carbon colum and that the SV of water passing through the activated
carbon colum is 20 hr-1 or nore. [0p31] According to an eighth aspect,
the apparatus for treating organic nmatter-containing water according to
any one of the fifth to seventh aspects further includes a hardness
conmponent renoval neans including a cation exchange means through which
the or gahiredat berchaomaahimpddtterthatatin Hedxe et ipess eddifisugh the
activated carbon treatnent neans  is passed, a scale inhjbitor addition
means coMid Yt e o- O &8 < dul A it R8st Ct}blqlﬁee%rjg%rﬁdéj%tlt%rancont ai ni ng
wat er that has been passed t hrough the hardness co t renmoval . means,
the ampURtOBT: (HE R CHIR (il 6T Boi Hg TV e the

wei ght of gﬁbﬁluml(nu;lrlthe organic matter- containing water that has
been pad¥Ed-tHroGdh™PHE "har dness conponent renoval neans, and a pH

adjustnE{Goﬁgﬁans - 15

According to a seventh aspect, the apparatus for
treating organic matter-containing water according to the
fifth or sixth aspect is characterized in that the activated
carbon treatment means is an activated carbon column and
that the SV of water passing through the activated carbon
column is 20 hr™* or more.

(00311

According to an eighth aspect, the apparatus for
treating organic matter-containing water according to any
one of the fifth to seventh aspects further includes a
hardness component removal means including a cation exchange
means through which the organic matter-containing water that
has been passed through the activated carbon treatment means
is passed, a scale inhibitor addition means configured to
add a scale inhibitor to the organic matter-containing water
that has been passed through the hardness component removal
means, the amount of the scale inhibitor added being five or
more times the weight of calcium ions in the organic matter-

containing water that has been passed through the hardness

compoenent removal means, and a pH adjustment means



configured to add an alkali to the organic matter-containing water to

adj ust the pH of the organic matter-containing water to be fed into a
subsequent reverse osnosis nenbrane separation nmeans to 9.5 or nore
before, after, or sinmultaneously with the scale inhibitor addition neans.
[ 0032] According to the nethod and apparatus for treating organic

matt er-contai ni ng water, the conbi ned-chl orine-based oxidizer inhibits the
grow h of viable cells in the activated carbon colum and |eaks in a high
concentration fromthe activated carbgn_colum. Thus, biofouling and a
reduction in flux due to the adhesion of organic matter to a nenbrane
(organic-matter fouling) in the RO nenbrane separator, which is a
downstreamunit, are prevented without perform ng new disinfection

t reat merteBftErehd actddvated L 'EdribdiP CSlUMTIAHIS TetdfTes s 181 5ér f or m
stable treatment over |ong periods of tinme and efficiently reduce the TOC
concent rton 5 et tearftord Hitgh- Nty HatdRed R "Fur t her nor e,
in the case mher&)tﬁ%ﬁf@ nenbranﬁjis subjected to disLnfect%Pn t r eat ment
with t hé"tdibi e i'He-D s et B Pk, S HHE HErHeanid M0 he
nenbranqﬂgs not.geduced ev c;;fothe RO g&gp&gne E%Iforned of a pol yam de
conposi te PHehbrdhd 954 oor fhlnboﬁené) 6<%t dnce.” [ 0033 An excessi vel
; : y

smal | anHM}légnégE%f?”g¥ﬂgﬁkﬁgﬂéggfgafnﬁg%itor addition means.

[0032]

According to the method and apparatus for treating

organic matter-containing water, the combined-chlorine-based

oxidizer inhibits the growth of wviable cells in the

activated carbon column and leaks in a high concentration

from the activated carbon columh. Thus, biofouling and a

reduction in fiux due to the adhesion of organic matter to a

membrane (organic-matter fouling) in the RC membrane

separator, which is a downstream unit, are prevented without

performing new disinfection treatment after the activated

carbon column. This enables us to perform stable treatment

over long periods of time and efficiently reduce the TOC

concentration in water to afford high-quality treated water.

Furthermore, in the case where the RO membrane is subjected

to disinfection treatment with the combined-chlorine-based

oxidizer, the permeability of the membrane is not reduced

even if the RO membrane is formed of a polyamide composite

membrane having poor chlorine resistance.

[0033]

An excessively small amount of the combined-chlorine-



based oxidi zer added results in a reduction in the anmount of the

conbi ned- chl ori ne-based oxi di zer |eaking fromthe activated carbon colum,
failing to provide the effect of sufficiently inhibiting the growth of
slime at downstream stages. Thus, according to the second and sixth
aspects, the conbi ned-chlorine-based oxidizer is added in an anobunt such
that the concentration of conbined chlorine is 1 ng- Cl2/L or nore, thereby
resulting in a sufficient anount of [|eak. [0034] |In the case where water
to which the conbined-chlorine- based,gxidizer is added is fed into the
activated carbon colum, when the S of wat er passing therethrough is |ow,
t he conbi ned-chl ori ne-based oxidizer is renoved in the activated carbon
colum. In this case, the conbined- chlorine-based oxidizer does not |eak

i nt o watkFsed o iHezenaddad etfwariboriredl dradyHerc farf tdre aglsetr éfferred to
as "activated carbon-treated water"), so that the disinfection effect is
not provide At isteried e IRaRd romdirer daakiaed "OF BA® col utm. Thus,

according to the third and . sevent h aspects, water i pr%{erabl fed into
an act i Vit 'ed 2 &t TR Lﬁﬁwlué‘%n'argag\}%’fg f(? FHOF 1§[e £ Accor di ng

to the fo %££I1 ancj(_u_]S a ects the [€aso tfy%éﬂgéﬁdggggéggéfeed wat er
i s pref et'abt V- dd] EQ?H%P g the gro s

stages. Thus, according to the second and sixth aspects,

the combined-chlorine-based oxidizer is added in an amount

such that the concentration of combined chlorine is 1 mg-—

Cl,/L or mere, thereby resulting in é sufficient amount of

leak.

[0034]

In the case where water tc which the combined-chlorine-
based oxidizer is added is fed into the activated carbon
column, when the SV of water passing therethrough is low,
the combined-chlorine-based oxidizer is removed in the
activated carbon column. In this case, the combined-
chlorine-based oxidizer does nct leak into water from the
activated carbon column {hereinafter, also referred to as
"activated carbon-treated water"), so that the disinfection
effect is not provided at stages downstream from the
activated carbon column. Thus, according to the third and
seventh aspects, water is preferably fed into an activated
carbon column at an SV of 20 hr™! or more.

[0035]
According to the fourth and eighth aspects, the reason

the pH of the RO feed water is preferably adjusted to 9.5 or



nore by the addition of the alkali is described below. [0036] That is,

m croorgani sns cannot live in an alkaline region. The adjustnment of the pH
of the RO feed water to 9.5 or nore provides an environnent in which

al t hough energy source is present, mcroorganisnms cannot live. This
results in the inhibition of biofouling in the RO nenbrane separator.
[0037] It is known that a nonionic surfactant that can reduce the flux is
detached fromthe nmenbrane in an al kaline region. A pH of the RO feed
water of 9.5 or nore results in the jsahibition of the adhesion of the
conponent to the RO nenbrane. [0038] According to the fourth and eighth
aspects, the reason the scal e-dispersing agent is preferably added in an
amount five or nore tinmes the weight of calciumions in the treated water
i n whi chinaite hartdessididriponatft $hvavd Keden e meded ibed #edeMi-bed bel ow.
[0039] That is, ions such as calciumions present in raw water by the
cati on edthdnge treatnent. Sonme scal e components present in the raw water

forminto congéexes or are suspended. Such_conponents are_not renoved by
the cation éxéhange FHEEPREAENLFMGWCRRESTt RéVYRO ReABr 2n&2séPSrator, - 18

region. The adiustment of the pH of the RO feed water to
9.5 or more provides an environment in which although energy
source 1s present, microorganisms cannot live. This results
in the inhibition of biofouling in the RO membrane separator.
[0037] |

It is known that a nonionic surfactant that can reduce
the flux is detached from the membrane in an alkaline region.
A pH of the RO feed water of 9.5 or more results in the
inhibitien of the adhesion of the component to the RO
membrane.

[0038]

According to the fourth and eighth aspects, the reason
the scale-dispersing agent 1s preferably added in an amount
five or more times the weight of calcium ions in the treated
water in which the hardness components have been removed is
described below.

[0039]

That is, icons such as calcium ions present in raw water
by the cation exchange treatment. Some scale components
present in the raw water form into complexes cor are
suspended. Such components are not removed by the catiocon

exchange treatment, flow Into the RO membrane separator,



serve as nuclei that cause scale formation on the nenbrane. The addition
of the scale inhibitor to the target water inhibits the gromh of the
nuclei for scale, thereby conpletely preventing scale trouble on the RO
menbrane. As described above, under the high-pH RO operating condition in
which the pH of the RO feed water is set to 9.5 or nore, the presence of
even a trace anount of calciumions |leads to the formation of scale such
as cal cium carbonate, thereby inmmediately causing the clogging of the RO
menbrane. Hence, in order to prevent,the clogging of the menbrane due to
the scale, according to the fourth and ei ghth aspects, the scale
inhibitor is added to water in which the hardness conponents have been
renoved, the amount of the scale inhibitor added being five or nore tines
the wei gherod zaleieked obsat rcakee swks  fenerteyn pe BRI S or mat i on
of scale. [0040] . The present invention is applied to a production process
of ul trapf e2didteFos et i e a&Cd Riustriki tlatler ¥ Tt WAt nanuf acture
of electronjc, devices. Furthernore, the,ggesent i nve tioq}is effectively

appl i ed tobilates tk_ﬂﬁ’ Rt PR ?%r?l?efelré‘é%]i%, (?Iéc%‘?/ae]re_f'n& ‘Or*tecycling high-
Gevi co. el SRR gt TTS1 a0 SR KORGUETErS TariTAdtbrHY 8 ds i oand of her
ML éé@%?fﬂééjagééggsundé¥iéﬂe[%ﬁﬁﬁiéﬁiﬁ6‘éﬁe%%é%ﬁé“%%ﬂdfé&dn in
wnich the pH of the RO feed water is set to 9.5 or more, the
presence of even a trace amount of calcium ions leads to the
formation of scale such as calcium carbonate, thereby
immediately causing the clogging of the RO membrane. Hence,
in order to prevent the clogging of the membrane due to the
scale, according to the fourth and eighth aspects, the scale
inhibitor is added to water in which the hardness components
have been removed, the amount of the scale inhibitor added
being five or more fimes the welght of calcium ions in the
water, thereby preventing the formation of scale.
[0040]

The present invention is applied tc a production
process of ultrapure water serving as industrial water for
use in the manufacture of electronic devices. Furthermore,
the present invention is effectively applied to water
treatment for releasing, recovering, or recycling high- or
low-concentration-TOC-containing wastewater emitted from
electronic device manufacturing fields, semiconductor
manufacturing fields, and other various industrial fields.

Brief Description of Drawings



[0041] Fig. 1 is a systemdiagramof a nmethod and an apparatus for
treating organic matter-containing water according to an enbodi nent of the
present invention. Fig. 2 is a systemdiagramof a nethod and an appar at us
for treating organic matter-containing water according to another

enbodi nent of the present invention. Fig. 3 is a graph showng a

ti me-dependent change in the differential pressure across an RO nenbrane
separator in Exanple 1 and Conparative Exanple 1. Detail ed Description

[ 0042] Enbodi nents of a nethod and gn%%pparatus for treating organic
matter-contai ning water according to e present invention will be
described in detail belowwth reference to the drawings. [0043] Figs. 1
and 2 are systemdiagrans of a method and an apparatus for treating
organi ¢ 4%l -containing water according to enbodi nents of the present
invention. In the figures, P's represent punps., [0044] In Fig. 1, raw
wat er (or ganifédmatlt dp- GoRtvaitiinginarem, cfeagietpgduspri aP RRPEEFEPS fed
into a coagulation tank 2 ,  through a rawwater tank 1. A |

conbi nedtEh| or§ e ish P anigy matter—containing water according te an

embodiment of the present invention.

Fig. 2 is a system diagram of a method and an apparatus
for treating organic matter-containing water according to
another embodiment of the present invention.

Fig. 3 is a graph showing a time-dependent change in
the differential pressure across an RO membrane separator in
Example 1 and Comparative Example 1.

Detailed Description
[0042]

Embodiments of a method and an apparatus for treating
organic matier-containing water according to the present
invention will be described in detail below with reference
to the drawings.

[0043]

Figs. 1 and 2 are system diagrams of a method and an
apparatus for treating organic matter-containing water
according to embodiments of the present invention. In the
figures, P's represent pumps.

[0044]

In Fig. 1, raw water (organic matter-containing water,

e.g., industrial water) is fed into a coagulation tank 2

through a raw-water tank 1. A combined-chlorine-based



oxi di zer, a coagul ant, and, optionally, a pH adjusting agent are added
thereto. The water is successively passed through a pressure filter 3, an
activated carbon colum 4, and a filtered water tank 5. The water is then
fed into an RO nenbrane separator 7 through a safety filter 6 and
subjected to RO nenbrane separation treatnment. [0045] The

conbi ned-chl ori ne-based oxi di zer used in the present invention is not
particularly limted. Inorganic conbined-chlorine-based oxidizers, such as
chl oram nes (nitrogen conpounds ea_chz(payi ng a chlorine atomon nitrogen)
and organi c conbi ned-chl ori ne-based geérm ci des, such as chloramne T,
dichloram ne T, and chloram ne B, nmay be used. These may be used
separately or in conbination of two or nore as a mxture. [0046] The term
" combi nedk<ihil BT ne? wfaduhieardontintbd-cgl ioriadely b as adi-ed JdisAdm U SEnitn t he
present invention indicates the following. Chlorine reacts with an amoni a
conpoundi$ aRded kherdlorm Fhehveitan e, SNEREERILELAN RasERA2ERyough

di chloram ne (NHC12), or trichloramne (NC13) is formed as the chl oram ne,
dependi iy R FHE HH ot Sator . AIMGHTICH iGREFRATY CUIEH drarfifite Gar e

end iy 7P 416" pH _ _ drariie =
Lypicall v, contal ned Lo tap veter,, . honochl orayine and dighloragi ne are

membrane separator 7 through a safety filter 6 and subjected
to RO membrane separation treatment.
[0045]

The combined-chlorine-based oxidizer used in the
present invention is not particularly limited. Inorganic
combined-chiorine-based oxidizers, such as chloramines
(nitrogen compounds each having a chlorine atom on nitrogen)
and organic combined-chlorine-based germicides, such as
chloramine T, dichloramine T, and chloramine B, may be used.
These may be used separately or in combination of two or
more as a mixture.

[0046]

The term "combined chiorine" of the combined-chlecrine-
based oxidizer used in the present invention indicates the
following.

Chlorine reacts with an ammonia compound in water to
form a chloramine. Monochloramine (NH,Cl), dichlcramine
(NEC13), or trichloramine (NCls) is formed as the chloramine,
depending on the pH of water. Monochloramine and
dichloramine are typically contained in tap water.

Monochloramine and dichioramine are referred to as combined



chlorine and have a disinfection effect. [0047] Conbined chlorine is
inferior in bactericidal activity to free chlorine (the degree of
bactericidal activity is HOCL > OCl- > inorganic chloram ne > organic

chl oram ne) Conbined chlorine, however, is nore stable than free chlorine
and thus remai ns undeconposed for a long tine, providing the disinfection
effect. Note that chloramne B and chloramne T are trade nanes and have
chem cal names as described bel ow. [0048] Chloram ne B

(sodi um\-chl or obenzenesul fonam de) Q ,5CaN ¢ C- [0049] Chloramne T

(sodi umN- chl or o- p-tol uenesul fonam de trihydrate) H3C Q -SO2N ( Na 3H20
[0050] In the present invention, a prepared reagent may be used as the
conbi ned-chl ori ne-based oxidizer. Aternatively, since the

conbi nedtP o he2rhderl xd dlzernfectdiq igifieactto - 22 handle, a chlorine
conmpound_ may_be reacted in situ with an ammonia conpound, for exanple,
accordin@jq '} he followng reaction fornula, formng a

conbi ned-chl ori ne- base .
Comﬁine S%lorine is inferior in bactericidal activity

to free chlorine (the degree of bactericidal activity is
HOC1 > OCl™ > inorganic chloramine > organic chloramine).
Combined chlorine, however, is more stable than free
chlorine and thus remains undecomposed for a long time,
providing the disinfection effect. Note that chloramine B
and chloramine T are trade names and have chemical names as
described below.

[0048]

Chloramine B (sodiumN-chlorobenzenesulfonamide)
Na
-

Chloramine T (sodiumN~chloro~p—toluenesulfonamide

N
H30Q802N C c? »3H20

'In the present invention, a prepared reagent may be

[0049]

trihydrate)

[0050]

used as the combined-chlorine-based oxidizer. Alternatively,

since the combined-chlorine-based coxidizer is difficult to



oxidizer: NH3 + NaCl O -* NH2CL + H20- [00511 Regardi ng the anmoni a conpound
reacted wwth the chlorine conmpound, sulfamc acid and/or a salt thereof is
practically preferred because a conbi ned-chl ori ne-based oxi di zer
constituted by sulfamc acid and/or the salt thereof has excellent
stability in water. [0052] The chlorine conpound used in the present
invention is not particularly limted so long as it reacts with an

anmoni a conpound to form a conbi ned-chl ori ne-based oxi di zer. Exanpl es of

t he chl ori ne conpound i ncl ude hypocblgioys acid, alkali netal salts of
hypochl orous acid, and chlorine (Cl12). [0053] The conbi ned-chl ori ne-based
oxidizer is added in such a manner that the concentration of the conbined
chlorine is preferably 1 ng-Cl2/L or nore and nore preferably 1 to 50

My- C12/ lhanilgyerferdlLlonife comiovedl et padead ¢ dilZzer Witd Aét readily
deconposed and renoved by activated carbon. _Thus, the ,

conbi ne RTEHIGE FEXRREW 0xXiYi ZedlRddks €AW g fhhhend ddivvddPent
activated carbon columm 4, thereby - 23 . pro%%a?n%_a ?Fctericidal effect. A
concent rEA G Bt JREWLqh &P TIHGL G SR Seh B B \eatér SFassi ng t hr ough

t he activ%Yed carbon colum 4 of less than 20 hr-1 results in an
CX1lAlzZzer.:

NHs + NaClO — NBHpCl + HO.
[0051]

Regarding the ammconia compound reacted with the
chlorine compound, sulfamic acid and/or a salt thereof is
practically preferred because a combined-chlorine-based
oxidizer constituted by sulfamic acid and/or the salt
thereof has excellent stability in water.

[0052]

The chlorine compound used in the present invention is
not particularly limited so long as it reacts with an
ammonia compound to form a combined-chlorine-based oxidizer.
Examples of the chlorine compound include hypochlorous acid,
alkali metal salts of hypochlcrous acid, and chlorine (Ciz).
[0053]

The combined-chlorine-based oxidizer is added in such a
manner that the concentration of the combined chlorine is
preferably 1 mg-Cl,/L or more and more preferably 1 to 50
mg-Cl,/L. In general, the combined-chlorine-based oxidizer
is not readily decomposed and removed by activated carbon.
Thus, the combined-chlorine-based oxidizer leaks readily

from the subsequent activated carbon column 4, thereby



extrenely | ow concentration of the oxidizer |eaking fromthe activated
carbon colum 4, causing difficulty in inhibiting the growh of sline in
the activated carbon colum 4 or a subsequent unit (e.g., a softening
colum 8 shown in Fig. 2). Furthernore, an excessively |large amount of the
conbi ned- chl ori ne-based oxi di zer added is not preferred fromthe

vi ewpoi nt of reagent cost. Thus, the concentration of the

conbi ned- chl ori ne- based oxidizer is preferably 50 ng-Cl2/L or less. [0054]
In the case where suspended solids arg,present in raw water, as shown in
Fig. 1, preferably, the pHis adjusted to an optlnun1coagulat|on pH range
before or after the addition of the conbi ned-chlorine-based oxidi zer.

After the addition of a coagulant, coagulation filtration or the like is
per f or mepir¢ ol denpve }smip%mwasbleﬂfsectrheﬂ chacrataption pidsdedst hrough t he
activated carbon colum. In this case, any coagulation filtration nmeans
may be eWproykdiw € ot Oﬂ|a@|ﬁ%&|Q§nW§éeﬁo@@5§§n§u§ﬁéﬁH§B §6Bi ds cont ai ned
in raw water can be renoved by an operation, for exanple,_ pressure

filtrati®RIvRERA tSRFR9R re 1B ik ofg 3% rdtdor 0 hA ¢ r%‘?’?‘PJﬁ %t’r’?mam pressure
Lot at O SR Rt oLl oy 28l 005S), At oc corlion vspdl ghe
subjected to aggh carbon column 4, causing difficulty in inhibiting
the growth of slime in the activated carbon column 4 or a
subsequent unit (e.g., a softening column 8 shown in Fig. 2).
Furthermore, an excessively large amount of the combined-
chlorine-based oxidizer added is not preferred from the
viewpoint of reagent cost. Thus, the concentration of the
combined-chlorine-based oxidizer is preferably 50 mg-Cl,/L

or less.

[0054]

In the case where suspended solids are present in raw
water, as shown in Fig. 1, preferably, the pH is adjusted to
an optimum coagulation pH range before or after the additicn
of the combined-chlorine-based oxidizer. After the addition
of a coagulant, coagulation filtration or the like is
performed fo remove suspended solids. Then the water is
passed through the activated carbon column. In this case,
any coagulation filtration means may be employed without
limitation so long as suspended solids contained in raw
water can be removed by an operatiocn, for example, pressure
filtration, gravity filtration, microfiltration,

ultrafiltration, pressure flotation, or sedimentation.



addi ti on of the conbi ned-chlorine-based oxi di zer and, optionally, subjected
to treatnent for renoving the suspended solids is passed is not
particularly limted but may be nmade from coal, coconut shells, or the
|ike. Furthernore, the shape is not particularly limted. For exanple,
granul ar activated carbon and spherical activated carbon nay be used.
[0056] The type of the activated carbon colum 4 is not particularly
limted. A fluidized bed, a fixed bed, and so forth nay be used. The fi xed
bed is preferred fromthe viewoint §f suppressing the |eak of powdered
coal. [0057] As described above, an excessively |ow SV of water passing

t hrough the activated carbon colum 4 causes renoval of the

conbi ned- chl ori ne-based oxidizer in the activated carbon colum 4,

reduci ngl@&dkoncentrati on of the conbined- chlorine-based oxidizer in the
activated carbon-treated water. As a result, the effect of inhibiting the
growmth of sHoe viedeforcaghew 8664 FRuShet RELEVAEEINEREPOBaSSILHE™ fhr ough
the activated carbon colum 4 is preferabhl et to .20 hr-! or re.

However , SR et a5t el i T S T6TE vidtedr ?lg%%eeﬁhéﬁ%%%do@ e
activated carbon colum 4 fails t sufficient]y provide the effect of

r enovi ng- At 0% Hi F:%ﬁ%ﬁﬁﬁ%&kﬁﬂﬂ%&%ﬁéﬁﬁéhﬁFﬁ%&mﬂVMed

car bon cptionally, subjected to treatment for removing the
suspended solids is passed is not particularly limited but
may be made from coal, coconut shells, or the like.
Furthermore, the shape is not particularly limited. For
example, granular activated carbon and spherical activated
carbon may be used.
[0056]

The type of the activated carbon column 4 is not
particularly limited. A fluidized bed, a fixed bed, and so
forth may be used. The fixed bed is preferred from the
viewpoint of suppressing the leak of powdered coal.

[0057]

As described above, an excessively low SV of water
passing through the activated carbon column 4 causes removal
of the combined-chlorine-based oxidizer in the activated
carbon column 4, reducing the concentration of the combined-
chlorine-based oxidizer in the activated carbon-treated
water. As a result, the effect of inhibiting the growth of
slime is not provided. Thus, the SV of water passing
through the activated carbon column 4 is preferably set to

20 hr't or more. However, an excessively high SV of water



colum 4. Thus, the SV of water passing through the activated carbon
colum 4 is preferably 50 hr-1 or less and particularly preferably 20 to
40 hr-1. [0058] 1In the present invention, treatnent with activated carbon
may be perfornmed in such a manner that an oxidizer originating fromthe
raw water is renoved. The treatnment is not |limted to the use of the
activated carbon colum. In view of treatnent efficiency, the activated
carbon colum is preferably used. [0059] An RO nenbrane used in the
present invention is not particularly:limted. It is preferred to use a
pol yvi nyl al cohol -based | owfoul i ng menbr ane havi ng desal i nation
perfornance in which a salt rejection rate (hereinafter, sinply referred
to as "salt rejection rate") is 95%or nore when 1500 n%{L saline with a
pH of 7 ®asskib ddreeidy RO ardribrard sepdradt i Wiedt fentl sattol. 47 MPa and
25C. [ 0060 In Fi 2, the canbi ned-chl ori ne-based OX|d|zer and,

opt i onal $§£ Fidiee Bécﬁ’li%‘ﬂ% et Eae ai?fde‘"t?“t%’%%tcé‘rl %8F t hr ough t he

raw wat er tank 1, assed - throu t he activated carbon
col umm @%rﬁi“%&ﬁé]rpq %f*ﬁbeh Ir?d“P "‘l?&?ed'"rm”B theeact a,;;@éf ttﬁoﬁer si ng agent
;3e§?ded Qﬂlsqu aThusqn%%etg%IOf e ¢ %QC%Q%EQ%bOthf tge Ecale di spersi ng

1 or less and

activated carbon column 4 is preferably 50 hr
particularly preferably 20 to 40 hr™
[0058]

In the present invention, treatment with activated
carbon may be performed in such a manner that an oxidizer
originating from the raw water is removed. The treatment is
net limited to the use of the activated carbon column. In
view of treatment efficiency, the activated carbon column is
preferably used.

[0059]

An RO membrane used in the present invention is not
particularly limited. It is preferred to use a polyvinyl
alcohol-based low-fouling RO membrane having desalination
performance in which a salt rejection rate {hereinafter,
simply referred to as "salt rejection rate") is 95% or more
when 1500 mg/L saline with a pH of 7 is subijected to RO
membrane separation treatment at 1.47 MPa and 25°C.

[0060]

In Fig. 2, the combined-chlorine-based oxidizer and,

optionally, the pH-adjusting agent are added to raw water

fed through the raw-water tank 1. The water is passed



is five or nore tines the concentration of calciumions in water passing
fromthe softening columm 8 (hereinafter, also referred to as "softened
water") An alkali is then added to adjust the pHto 9.5 or nore. The water
is passed through an internediate tank 9. The water with a high pHis fed
into the RO nenbrane separator 7 and subjected to RO nenbrane separation
treatnent. [0061] In Fig. 2, the addition of the conbi ned-chl ori ne-based
oxi dizer and treatnment in the activated carbon colum 4 are perforned as
those shown in Fig. 1. [0062] Any iop-exchange resin, e.g., an Htype
cation exchange resin in which an ion-exchange group is H Na-type cation
exchange resin in which an ion-exchange group is Na, or a chelating resin,
for use in the softening colum 8 through which activated-carbon-treated
wat er i stipeael ey det i d veatiout d9immaty emdsdheng s satt@mncenove
hardness conponents in raw water. Furthernore, the type of the softening
col um &¢51fipt8 paN@%@ulérPfaﬂﬁﬁﬁﬂéﬁerAlﬂBu@Hﬁﬁédlsbéédeé fPxé4°Bed, and so
forth may be used. [0063] In the present invention, treatnent for

r enovi n %Wﬁ?rPﬁﬂ%hé§§36&ﬁ&ﬁﬂﬁﬁ%Fﬂ%y ﬁﬂﬁf%ﬁﬁéHQﬁﬁﬂ?Ef%ﬁﬁ|%ﬂ?%&change

colum in pgace of the softeniqg col um. Further t.he
1ls ive or more times the oncentration o calc;tum ions in

water passing from the softening column 8 (hereinafter, also
referred to as "softened water"). An alkali is then added
to adjust the pH to 2.5 or more. The water is passed
through an intermediate tank 9. The water with a high pH is
fed into the RO membrane separator 7 and subjected to RO
membrane separation treatment.

[0061]

In Fig. 2, the addition of the combined-chlorine-based
oxidizer and treatment in the activated carbon column 4 are
performed as those shown in Fig. 1.

[CC62]

Any ion-exchange resin, e.g., an H-type cation exchange
resin in which an ion-exchange group is H, Na-type Ca£ion
exchange resin in which an ion-exchange group is Na, or a
chelating resin, for use in the scoftening cclumn 8 through
which activated-carbon-treated water is passed may be used
without limitation so long as it can remove hardness
components in raw water. Furthermore, the type of the
softening column 8 is not particularly limited. A fluidized
bed, a fixed bed, and so forth may be used.

[0063]



treatnment is not limted to the use of a colum-shaped unit. Like the
activated carbon colum, the colum-shaped unit is preferably used in view
of treatnent efficiency. [0064] The SV of water passing through the
softening colum 8 or the cation exchange colum is not particularly
limted. The treatnment is usually performed at an SV of 10 to 40 hr-1 in
view of treatnment efficiency and the effect of renoving the hardness
conponents. [0065] As a scale inhibitor added to the treated water from

t he softening colum 8, a chelate-typ§7sgale i nhibitor, which dissociates
to readily forma netal conplex, for “exanple, ethylenediam netetraacetic
acid (EDTA) or nitrilotriacetic acid (NTA) , is suitably used. O her
exanples of a material that can be used include | ow nolecul ar-wei ght

pol ymers, sudh ade( metEseadr Wnivengdiod, poleprmmestaddrsakenoviher 868 and mal ei c
acid polyners and salts thereof; phosphonic acid and phosphonate, such as
et hyl endeh 2@ 9103 eTRIASISTY e resih dsh Homi o s widd: galaad iqrheredrange

hydr oxyet hyl i denedi phosphoni c acid and salts thereof

nitril ot?‘i’%‘ﬁ'ﬁlhyﬂérié]p?rﬁ%m%rﬁ}te 9T AN G FFlmn g FUEhEpEBPIeanghe
phosphonobut ane trjcarboxylic acid and salts _thereof; and inorganic

pol yphosprtieeiici i Biid 1ibtighite Y v i phepifteshadrch Ugglt-

hexanet%BhggptQ£I§E€¥¥é¥éguﬁarbon column, the column-shaped unit is

preferably used in view cof treatment efficlency.
[0064]

The SV of water passing through the softening coliumn 8
or the cation exchange column is not particularly limited.
The treatment is usually performed at an SV of 10 to 40 hr™
in view of treatment efficiency and the effect of removing
the hardness components.

[0065]

As a scale inhibitor added to the treated water from
the softening column 8, a chelate~type scale inhibitor,
which dissociates to readily form a metal complex, for
example, ethylenediaminetetraacetic acid (EDTA) or
nitrilotriacetic acid (NTA), is suitably used. Other
examples of a material that can be used include low-
molecular-weight polymers, such as {(meth)acrylic acid
polymers and salts thereof and maleic acid polymers and
salts thereof; phosphonic acid and phosphonate, such as
ethylenediaminetetramethylenephosphonic acid and salts
thereof, hydroxyethylidenediphecsphonic acid and salts

thereof, nitrilotrimethylenephosphonic acid and salts



salts thereof and tripol yphosphoric acid and salts thereof. These scale
inhibitors may be used alone or in conbination of two or nore. [0066] In
the present invention, the anount of the scale inhibitor added is five or
nore tinmes the weight of the concentration of calciumions in water (water
to which the scale inhibitor wll be added) passing fromthe softening
colum 8. In the case where the anount of the scale inhibitor added is
| ess than five tinmes the weight of the concentration of calciumions in
the softened water, the effect of thg,addition of the scale inhibitor is
not sufficiently provided. An excessively |large anmount of the scale
i nhibitor added is not preferred fromthe viewpoint of reagent cost. Thus,
the anount of the scale inhibitor added is preferably 5 to 50 times the
wei ght ofhehectonsehtplmsprrengfuivalieium ez inl thesiot tanbdaddiser. [ 0067]
An al kali is added to the water to which the scale inhibitor has been
added, teheEFAUSt dte Prxdanie RELEhqROCTieEGki®rdng et tthe
subsequent RO nmenbr ane separ at or 7 to 9.5 or nore, preferably 10 or nore,
nore pr e@%qu@@spwe% AN h@ﬁm@é‘)@é?ﬁﬂsé) ALS 3G AR RPs t he
al kali used here, in ani c, al kal i agent , sodiu drOX|de or
pot assi UM hyd r?ﬁ@]ffe‘)f ﬁﬁbﬂt%&@w%qwrﬁm% s‘%ja]iib%gtrg Iy

These scale inhibitors may be used alcne or in combination

of two or more.

[0066]

In the present invention, the amount of the scale

inhibitor added is five or more times the weight of the

concentratieon of calcium ions in water (water to which the

scale inhibiteor will be added) passing from the softening

column 8. In the case where the amcunt of the scale

inhibitor added is less than five times the weight of the

concentration of calcium ions in the softened waterxr, the

effect of the addition of the scale inhibitor is not

sufficiently provided. An excessively large amount of the

scale Iinhibitor added is not preferred from the viewpoint of

reagent cost. Thus, the amount of the scale inhibitor added

is preferably 5 to 50 times the weight of the concentration

of calcium ions in the softened water.

[0067]

An alkali is added to the water to which the scale
inhibitor has been added, to adjust the pH of the water (RO

feed water) fed into the subsequent RO membrane separator 7

to 9.5 or more, preferably 10 or more, mocre preferably 10.5



as it can adjust the pH of the RO feed water to 9.5 or nore. [0068] In the
present invention, the addition of the scale inhibitor and the alkali my
be perforned between the softening columm 8 and the RO nenbrane separator
7 without Ilimtation. Any order of addition of these agents may be used.
To conpletely inhibit the devel opnent of mcroorganisns in the system and
conpletely inhibit the formation of scale in the system preferably, after
the addition of the scale inhibitor, the alkali is added to adjust the pH
of the RO feed water to 9.5 or nore. 069] In the present invention, a
reduci ng agent may be optionally used to deconpose and renove the
remai ni ng conbi ned-chl ori ne-based oxi di zer by subjecting the conbi ned

chl orine-based oxidizer to reduction treatnent. As the reducing agent used
here, anye reducimy agentermipP o used Wi thout Abi FheakiléAldoUS6Ag as the
reducinglagent such as sodium hydrogen sulfite can renove the

conbi ned* @} ord el NYEEH bxd digleine BiEHedititrg Sfsht ey Heoxiskd % one or
in conbination of two or nore as a m xture. The anmount of the . reducing

agent adtRid FrayThe Wi Ahistin TSUEHPT MY HE SN0 aheiHidg o tond
corblnedch) o ne-besed PAIAELLS SO LY ooty the sdyelno agent
[C068]

In the present invention, the addition of the scale
inhibitor and the alkali may be performed between the
softening column 8 and the RO membrane separator 7 without
limitation. Any order of addition of these agents may be
used. To completely inhibit the development of
microorganisms in the system and completely inhibit the
formation of scale in the system, preferably, after the
addition of the scale inhibitor, the alkali is added to
adjust the pH of the RO feed water to 2.5 or more.

[0069]

In the present invention, a reducing agent may be
optionally used to decompose and remove the remaining
combined-chlorine-based oxidizer by subjecting the combined-
chlorine-based oxidizer to reduction treatment. As the
reducing agent used here, any reducing agent may be used
without limitation so long as the reducing agent such as
sodium hydrogen sulfite can remove the combined-chlorine-
based oxidizer. The reducing agent may be used alone or in
combination of two or more as a mixture. The amount of the

reducing agent added may be an amount such that the



[0070] Exanples of the RO nenbrane of the RO nenbrane separator 7 to
which the pretreated water is fed include alkali-resistant nenbranes, such
as polyether ami de conposite nenbranes, polyvinyl alcohol conposite
menbranes, and aromatic pol yam de nenbranes. It is preferred to use a

pol yvi nyl al cohol - based | owfouling RO nenbrane having desalination
performance in which a salt rejection rate (hereinafter, sinply referred
to as "salt rejection rate") is 95%or nore when 1500 ng/L saline with a
pH of 7 is subjected to RO nenbrane @pgration treatment at 1.47 MPa and
25C. The reason such a | owfouling menbrane is preferably used is
descri bed below. [0071] That is, surfaces of the |ow fouling RO nenbrane
are not charged and have hydrophilicity. Thus, the lowfouling RO

menbr aner diesl rebee | ¢ arti rstchi i rassinst-deee © arpakiad nvidtsh copdtetefl Ya commonl y
used aromatic pol %am' de nenbrane. However, the effect of stain resistance
i s reducind e wallée reeHcandi Ageatl asgesarblit 28fed ABniBARI BNSELYT act ant ,
thus reducing the flux with time. [0072] - 31 The nonionic surfactant
that car¥&iute THe FIBEP WK SRV RO menbrane is detached fromthe

rrenbranewb 7O]adj usting the pH of the RO feed water to 9.5 or nore. It is

Examples of the RO membrane of the RO membrane
separator 7 to which the pretreated water is fed include
alkali-resistant membranes, such as polyether amide
composite membranes, polyvinyl alcohol composite membranes,
and aromatic polyamide membranes. It is preferred to use a
polyvinyl alcohoi-based low-fouling RO membrane having
desalination performance in which a salt rejection rate

" (hereinafter, simply referred to as "salt rejection rate")
is 95% or more when 1500 mg/L saline with a pH of 7 is
subjected to RO membrane separation treatment at 1.47 MPa
and 25°C. The reason such a low-fouling RO membrane is
preferably used is described below.

[0071]

That is, surfaces of the low-fouling RO membrane are
not charged and have hydrophilicity. Thus, the low-fouling
RO memprane has excellent stain resistance compared with
that of a commonly used aromatic polyamide membrane.
Bowever, the effect of stain resistance is reduced foxr water
containing a large amount of a nonionic surfactant, thus
reducing the flux with time.

[0072]



thus possible to prevent an extrene reduction in flux even if a comonly
used aromatic pol yam de nenbrane is used. However, at a high concentration
of the nonionic surfactant in the RO feed water, the effect is reduced,
thereby reducing the flux in the longer term [0073] 1In the present
invention, to overcone the foregoing problens, preferably, the polyvinyl

al cohol -based | ow fouling RO nenbrane having the foregoing specific
desal i nati on performance is conbined with the condition in which RO feed
water with a pH of 9.5 or nore is p§s§$dL so that it is possible to
provi de stabl e operation even for RO "Teed water containing a high
concentration of a nonionic surfactant over |ong periods of tinme wthout
causing a reduction in flux. [0074] Any type of RO nenbrane, e.g., a

spi r al - shapedhfemerdmeiic surdlacdwoit hde therbr awslucer thgbd-iskaped menbr ane,
may be used. [0075] An acid is then added to water that has been passed

t hr ough #Weo R0 righbrRindneyepaang ors Pt hafiet  the deenbgme dsferred to as
"ROtreated water") to adjust the pHto 4 to 8. Treatnent with activated

car bon i3 PEiFiiaedie & fteddtt ROheEsmr@tes tect &F dioh%l eadeds The

acid used here is, . ‘
é%us possible to prevent an extreme reduction in flux even

if a commonly used aromatic polyamide membrane is used.
However, at a high concentration of the nonionic surfactant
in the RO feed water, the effect is reduced, thereby
reducing the flux in the longer term.

[0073]

In the present invention, to overcome the foregoing
problems, preferably, the poiyvinyl alcchol-based low-
fouling RO membrane having the foregoing specific
desalination performance is combined with the condition in
which RO feed water with a pH of 9.5 or more is passed, so
that it is possible to provide stablé operation even for RO
feed water containing a high concentration of a nonionic
surfactant over long periods of time without causing a
reduction in flux.

[0074]

Any type of RO membrane, e.g., a spiral-shaped membrane,
a hollcw~fiber membrane, or tube-shaped membrane, may be
used.
[0075]

An acid is then added to water that has been passed

through the RO membrane separator 7 (hereinafter, also



not particularly Iimted. Exanples thereof include mneral acids such as
hydrochl oric acid and sulfuric acid. [0076] Meanwhile, concentrated water
fromthe RO nenbrane separator 7 (hereinafter, also referred to as "RO
concentrated water") is discharged outside the systemand treated. [0077]
Figs. 1 and 2 show exenpl ary enbodi nents of the present invention. The
present invention is not limted to the configurations shown in the
figures so long as the present invention does not depart fromthe subject

matter. For exanple, the treatnent_with_the RO nmenbrane separator is not
limted to the single-stage treatnent but nmay be two-or-nore stage
treatnent, i.e., nultistage treatnent. Furthernore, a mxing tank used for

t he adjustnent of the pH and the addition of the scale inhibitor and so
forth nesebrresd digets "TXANRES] 0078Ir" THe praseht Ghivent iten 4%9 be
described in nore detail bel ow by exa conpar ati ve exanpl es, and
referenct &xXEpest W%E?iﬂ¥0@?§Fd{E%n%ﬁpelénﬁeégﬁﬁﬁﬁgtl9@ ER§ABFe of

Enbodlnent Illustrated in Fig J ,
The water is recycled or eleased. The acid used here is

not particularly limited. Examples thereof include mineral
acids such as hydrochlioric acid and sulfuric acid.
[0076] |

Meanwhile, concentrated water from the RO membrane
separatecr 7 (hereinafter, alsc referred to as "RC-
concentrated watér") is discharged outside the system and
treated.

[0077]

Figs. 1 and 2 show exemplary embodiments of the present
invention. The present invention is not limited to the |
configurations shown in the figures so leng as the present
invention does not depart from the subject matter. For
example, the treatment with the RO membrane separator is not
limited to the single-stage treatment but may be two-or-more
stage treatment, i1.e., multistage treatment. Furthermore, a
mixing tank used for the adjustment of the pH and the
addition of the scale inhibitor and so forth may be arranged.
EXAMPLES
[0078]

The‘present invention will be described in more detail
below by examples, comparative examples, and reference

examples.



<EXAMPLE 1> Chloram ne T was added to industrial water wwth a TCOC
concentration of 1 ng/L as Cin such a manner that the concentration of
conbi ned chlorine was 5 ng-Cl2/L. Next, coagulation-filtration treatnent
was performed under conditions in which the anmount of polyal um num
chloride (PAC) added was 10 ng/L and the pH was 6. The water that had
been subjected to the coagulation-filtration treatnment was passed through
an activated carbon colum at an SV of 20 hr-1. Then the water was passed
t hrough an RO nmenbrane separator (w 51 an aronmati c-pol yam de

ultra-1ow pressure RO nenbrane "ES-20", manufactured by Nitto Denko
Corporation) at a perneate flow of 60 L/hr and a recovery rate of 80%
The RO feed water had a pH of 5.5. [0080] <Conparative Exanple 1>

Treat nentOQA8! performed under the sane conditions as those in Exanple 1,
except that NaClO in place of chloramne T was added to .industrial water
with a TOEBRERMRAttOrPdTat ivegitensle oh MR GRinner L tHata tatk
concentration of_free <chlorine was 0.5 ng-Cl12/L. [0081] - 34 - <Exanples 2
to 5> Treatheht as perforned under the same conditions as those in

Exampl e %Exﬁﬁ(gfﬁtlg hat chloram ne T was added to

Chlcramine T was added to industrial water with a TOC
concentration of 1 mg/L as C in such a manner that the
concentration of combined chlorine was 5 mg-Cl,/L. Next,
coagulation-filtration treatment was performed under
conditions in which the amount of polyaluminum chloride
(PAC) added was 10 mg/L and the pH was 6. The water that
had been subijected to the coagulation-filtration treatment
was passed through an activated carbon column at an SV of 20
hr™'. Then the water was passed through an RO membrane
separator (with an aromatic-polyamide uitra-low-pressure RO
membrane "ES-20", manufactured by Nitto Denko Corporation)
at a permeate flow of 60 L/hr and a recovery rate of 80%.
The RO feed water had a pH of 5.5.

[C0O8O]
<Comparative Example 1>

Treatment was performed under the same conditions as
those in Example 1, except that NaClO in place of chloramine
T was added to industrial water with a TOC concentration of
1 mg/L as C in such a manner that the concentration of free
chlorine was 0.5 mg-Cl,/L.

[C0B1]



the industrial water with a TOC concentration of 1 ng/L as C in such a
manner that the concentration of conbined chlorine was 0.5 ng-Cl2/L
(Exanmple 2), 0.8 ng-d 2/L (Exanple 3), 1 ng- Cl2/L (Exanple 4), or 3

ng-Cl 2/ L (Exanple 5). [0082] <Exanples 6 to 9> Treatnent was perforned
under the sanme conditions as those in Exanple 1, except that after
chloramne T was added to the industrial water with a TOC concentration of
1 ng/L as Cin such a manner that the concentration of conbined chlorine
was 1 ng-Cl2/L, coagulation-filtratiopn,treatment was perfornmed under

conditions in which the anbunt of PA 4a"élded was 10 ng/L and the pH was 6,

and then the water that had been subjected to the coagul ation-filtration
treatment was passed through activated carbon at an SV of 10 hr-1

( Exanpl e<lgjampiBeshrz 1t BE¢anpl e 7), 20 hr-1 (Exanple 8), or 30 hr-1 (Exanple
9). [0083] <Evaluation of Effect of Inhibiting Gowh of Viable Cell> 1In
Exanpl e 1 and Corpaidt iWee Pearfplrect, uiidgll heelbRreogRNE LkePESMBESUr ed at
several points. Table 1 shows the results. - 35 - 1[0084] Tabl e 1] Exanpl e
1 COnpar%ﬁ@%% E&aﬁ%ﬁ@?%@ 1, except that chloramine was added to

the industrial water with a TCC concentration of 1 mg/L as C
in such a manner that the concentration of combined chlorine
was 0.5 mg-Cl,/L (Example 2), 0.8 mg-Cl,/L (Example 3), 1 mg-
Cl,/L (Example 4), or 3 mg-Cl;/L. (Example 5).
[0082]
<Examples 6 to 9>
Treatment was performed under the same conditions as
those in Example 1, except that after chloramine T was added
to the industrial water with a TOC concentration of 1 mg/L
as C in such a manner that the concentration of combined
chlorine was 1 mg-Cl,/L, coagulation-filtration treatment
was performed under conditions in which the amount of PAC
added was 10 mg/L and the pH was 6, and then the water that
had been subijected to the coagulation-filtration treaitment
was passed through activated carbon at an SV of 10 hr™t
(Example 6), 15 hr™' (Example 7), 20 hr™' (Example 8), or 30
hrt (Example 9).
[0083]
<Bvaluation of Effect of Inhibiting Growth of Viable Cell>
In Example 1 and Comparative Example 1, viable cell
counts were measured at several points. Table 1 shows the

results.



Germ cide used Chloramne T NaCl O Activated carbon ND ND feed water
Activated ND 5 x 103cells/m carbon-treated water RO feed water ND 4 x
103cells/mM RO concentrated ND 2 x 105cells/mM water ROtreated water ND
ND [0085] As is clear fromTable 1, in Exanple 1 in which chloramne T
serving as a conbi ned-chl ori ne-based oxidi zer was used, no viable cells
were detected at all neasuring points. In contrast, in Conparative Exanple
1, 103 viable <cells per mlliliter were detected in the activated carbon-
treated water. The results denonstratg.that a conventionally used

germ cide cannot inhibit the growh o slime at stages subsequent to the
activated carbon colum. [0086] <Evaluation of Effect of Suppressing
Increase in Differential Pressure across RO Menbrane> In Exanple 1 and
Conpar atiw@&84Exanpl e 1, daily changes in differential pressure across the
RO nmenbrane separator - 36 were neasured. Table 3 shows the results.
[0087] (Table 1]

Example 1 Comparative Example 1
Germicide used Chloramine T NaCIO
Activated carbon ND ND
feed water
Activated 3
carbon—-treated water ND 5% 10%cells/ml
RO feed water ND 4 x 10%cells/ml
RO-concentrated 5
water ND 2 x10%cells/ml
RO~treated water ND ND

[0085]

As 1is clear from Table 1, in Example 1 in which
chloramine T serving as a combined-chlorine-based oxidizer
was used, no viable cells were detected at all measuring
points. In contrast, in Comparative Example 1, 10° viable
cells per milliliter were detected in the activated carbon-
treated water. The results demonstrate that a
conventionally used germicide cannot inhibit the growth of
slime at stages subsequent to the activated carbon column.
[CC8B6]
<Evaluation of Effect of Suppressing Increase in
Differential Pressure across RC Membrane>

In Example 1 and Comparative Example 1, daily changes

in differential pressure across the RO membrane separator



As is clear fromFig. 3, in Exanple 1, no increase in differential
pressure across the RO nenbrane separator was observed. In contrast, in
Conparative Exanple 1, the differential pressure reached about 0.4 MPa
about 7 nonths after the start of passing water. The adhesion of sline to
t he cl ogged RO nenbrane separator was observed. [0088] <Rel ationship

bet ween Concentration of Conbined Chlorine and Effect of Inhibiting Gowh
of Viable Cell> In Exanples 2 to 5, concentrations of conbined chlorine in
activated carbon feed water (water jeg into the activated carbon col umm)
and activated carbon-treated water (water fromthe activated carbon
colum) were neasured, and viable <cell counts in the activated
carbon-treated water were neasured. Table 2 shows the results. [0089]

[ Tabl e 2jere Irafxmtpl eZablanpl eéBoRraipredeBxXaivgle5 Concentration of
conbined chlorine 0.5ng/L 0.8ng/L 1ng/L 3ng/L in activated carbon feed
wat er OdHtehkrati on of combined chlorine ND ND 0.5ng/L 2ng/L in activated

carbon-treated , ) , .
As 1s clear from Fig. 3, in Example 1, no increase 1n

differential pressure across the RO membrane separator was
observed. In contrast, in Comparative Example 1, the
differential pressure reached about 0.4 MPa about 7 months
after the start of passing water. The adhesion of slime to
the clogged RO membrane separator was observed.
[0088]
<Relationship between Concentration of Combined Chlorine and
Effect of Inhibiting Growth of Viable Cell>

In Examples 2 to 5, concentrations of combined chlorine
in activated carbon feed water (water fed into the activated
carbon column) and activated carbon-treated water (water
from the activated carbon column) were measured, and viable
cell counts in the activated carbon-treated water were
measured. Table 2 shows the results.
[0089]

[Table 2]



water Viable cell count in 3 3 activated carbon-treated 4)< 10 5 x 10 ND
ND water cells/m cells/m [0090] As is clear fromTable 2, at a
concentration of conbined chlorine in the activated carbon feed water of 1
ng- C12/L or nore, no viable cells were detected in the activated
carbon-treated water. [0091] <Relationship between SV of Water through
Activated Carbon Colum and Effect of Inhibiting Gowh of Viable Cell> In
Exanples 6 to 9, concentrations of conbined chlorine and viable cel

counts in the activated carbon-trea;QgTW@ter wer e neasured. Table 3 shows
the results. [0092] [Table 3] 38 Exanple6 Exanpl e7 Exanpl e8 Exanpl e9 SV
of water through 10hr 1 15hr*' 20hr 1 30hr 7 activated carbon colum
Concentration of conmbined chlorine in ND ND O0.5ng/L 0.9ng/L activated
carbon-treated water

Example2 | Example3 | Example4 | Example5

Concentration of
combined chlorine
in activated carbon feed 0.5mg/L | 0.8me/L fme/L Sme/L.
water
Concentration of
combined chlorine
in activated carbon—treated ND ND 0.5mg/L 2mg/L
water

Viable cell count in
activated carbon—treated
water

4x10° | 5x10°
ND ND
cells/mi | cells/ml

[0050]

As 1is clear from Table 2, at & concentration of
combined chlorine in the activated carbon feed water of 1
mg-Cl,/L or more, no viable cells were detected in the
activated carbon-treated water.
f009i]
<Relationship between 35V of Water through Activated Carbon
Column and Effect of Inhibiting Growth of Viable Cell>

In Examples 6 to 9, concentrations of combined chlorine
and viable cell counts in the activated carbon-treated water
were measured. Table 3 shows the results.

[0092]

[Table 3]



Viable cell count in 9 x 103 2 x 103 ND ND activated carbon-treated
cells/ml cells/ml water [0093] As is clear from Table 3, at an SV of
wat er passing through the activated carbon columm of 20 hr-1 or nore, no
viable cells were detected in the activated carbon-treated water. [0094]
The above-described results denonstrate that the requirenents for the
inhibition of the growh of sline in the activated carbon colum are as
follows: a concentration of conbined chlorine in the activated carbon feed
water of 1 ng/L or nore, and an Sv;oé wat er passing through the activated
carbon colum of 20 hr-1 or nore. [00 %] [ Exanpl e, Conparative Exanpl e,
and Reference Exanple of Enbodinent Illustrated in Fig. 2] <Exanple 10> -
39 Chloranmine T was added to wastewater containing a nonionic surfactant
and having a TOC concentration of 20 ng/L and a cal ci um concentration of 5
/L in sf@ich a manner that thé-conceafral gn, 0L conbkf chi grli ne was 5
gg-ClZ/L. Next rnagulatinn-f'FF@E@?anE¥?@§PZn1¥mﬂggép§%?maﬁg% under
SV of water

through 10hr”’ 15hr " 20hr™ 30hr"’
activated carbon column

Concentration of
combined chlorine in
activated carbon-treated ND ND 0.5mg/L | 0.9mg/L
water

Viable cell
count in 9x10° 2 % 10°
activated carbon—treated cells/mil | cells/mil
water

ND ND

[0093]

As is clear from Table 3, at an SV of water passing
through the activated carbon column of 20 hr™' or more, no
viable cells were detected in the activated carbon-treated
water.

[0094f

The above~described results demonstrate that the
requirements for the inhibition of the growth of slime in
the activated carbon column are as follows: a concentration
of combined chlorine in the activated carbon feed water of 1
mg/L or more, and an SV of water passing through the
activated carbon column of 20 hr™* or more.

[0095]
[Example, Comparative Example, and Reference Example of

Embodiment Illustrated in Fig. 2]

<Example 10>



conditions in which the anount of pol yal um numchloride (PAC) added was 20
ng/ L and the pH was 6.5. The water that had been subjected to the

coagul ation-filtration treatnment was passed through a fixed-bed activated
carbon colum at an SV of 20 hr-1 and then a softening colum at an SV of
15 hr-1. Next, an EDTA-based scal e inhibitor (Welclean A801, manufactured
by Kurita Water Industries Ltd.) was added in an anmount of 10 ng/L (five
times the weight of the concentration of calciumions in softening
colum-treated water). NaOH was addeg to adjust the pHto 10.5. Then the
water was passed through an RO rrenbrane separator (with an

aromati c- pol yam de ultra-| ow pressure RO nenbrane "ES-20", manufactured by
Nitto Denko Corporation) at a perneate flow of 60 L/hr and a recovery rate
of 80%to pertfhdrmaROnwefbmare adsiepartat ivers teredere soN PR IR0 fBeed wat er had
a pHof 9.5. [0096] <Conparative Exanple 2> Treatnment was performed under
t he samen@oiel1d onsr Bactaosand hasddmplae T wtnmowﬂéq n place of
chl or am ne T was added to the wastewater contai n| ng, a - noni oni ¢
sur f act ai/ Tarendhay i ¢yl &l FOC SRRt a kbR of> 2 /T S&H%Fa?lé%}fb‘?“ifm
concentration of 5 ng/L in such a manner that t he concegnratl on of free

chl ori netils e ‘?ﬂj“%ﬂ@{atlcﬁ@(}@fﬂc@@éé}%i gdhloring wps o mg-Clz/L

Next, coagulation-filtration treatment was performed under
conditions in which the amount of polyaluminum chloride
(PAC) added was 20 mg/L and the pH was 6.5. The water that
had been subjected to the coagulation-filtration treatment
was passed through a fixed-bed activated carbon column at an
SV of 20 hr'' and then a softening column at an SV of 15 hr™*
Next, an EDTA-based scale inhibitor (Welclean A801,
manufactured by Kurita Water Industries Ltd.) was added in
an amount of 10 mg/L (five times the weight of the
concentration of calcium ions in softening column-treated
water}. NaOH was added to adjust the pH to 10.5. Then the
water was passed through an RC membrane separator (with an
aromatic-polyamide ultra-low-pressure RO membrane "ES-20",
manufactured by Nitto Denko Corporation) at a permeate flow
of 60 L/hr and a recovery rate of 80% to perform RO membrane
separation treatment. The RO feed water had a pH of 9.5.
[0096]
<Comparative Example 2>

Treatment was performed under the same conditions as
those in Example 10, except that NaClO in place of

chloramine T was added to the wastewater containing a



Treatment was perfornmed under the sane conditions as those in Exanple 10,
except that chloramne T was added to the wastewater containing a nonionic
surfactant and having a TOC concentration of 20 ng/L and a cal ci um
concentration of 5 nmg/L in such a manner that the concentration of
conbined chlorine was 0.5 ng-Cl2/L (Exanple 11), 0.8 ng-Cl2/L (Exanple
12), 1 ng-d 2/L (Exanple 13), or 3 ng-d 2/L (Exanple 14). [0098] <Exanples
15 to 18> Treatnent was performed under the sane conditions as those in
Exanpl e 10, except that after chlorampe T was added to the wastewater
contai ning a nonionic surfactant and aving a TOC concentration of 20 ng/L
and a calcium concentration of 5 ng/L in such a nmanner that the
concentration of conbined chlorine was 1 ng-d 2/L, coagulation-filtration
t r eat mentowesn perswr freet amdernd dording onsTOGh amiegn it igrowrft f PAC added
was 20 ng/L and the pHwas 6.5, and then the water that had been subjected
to the deafuland on-dateiuiemeeainemn s Dassdd tthrdiigh & MEIBed- bed
activated carbon colum at an SV.of 10 hr-1 - 41 (Exanple 15), 15 hr-1

( Exanpl etl1@y | thd gpucersaiie AF)ireq cEemme adhp! &)l [L0099]
<Reference Exanples 1 and 2> Treatnent was perfornmed under the sane

condi t i on$0 %8l

<Examples 11 to 14>

Treatment was performed under the same conditions as
those in Example 10, except that chloramine T was added to
the wastewater containing a nonionic surfactant and having a
TOC concentration of 20 mg/L and a calcium concentration of
5 mg/L in such a manner that the concentration of combined
chlorine was 0.5 mg-Cl,;/L (Example 11), 0.8 mg-Cl,/L {Example
12y, 1 mg~Cl,/L (Example 13), or 3 mg-Cl,/L (Example 14).
[0098]
<Examples 15 to 18>

Treatment was performed under the same conditions as
those in Example 10, except that after chloramine T was
added to the wastewater containing a noniocnic surfactant and
having a TOC concentration of 20 mg/L and a calcium
concentration of 5 mg/L in such a manner that the
concentration of combined chlorine was 1 mg-Cl,/L,
coagulation-filtration treatment was performed under
conditions in which the amount of PAC added was 20 mg/L and
the pH was 6.5, and then the water that had been subjected
to the coagulation-filtration treatment was passed through a

fixed-bed activated carbon column at an SV of 10 hr™t



t hose in Exanple 10, except that the pH of the softening colum-treated
wat er was adjusted in such a manner that the pH of the RO feed water was 6
(Ref erence Exanple 1) or 8.5 (Reference Exanple 2). [0100] <Eval uation of
Effect of Inhibiting Gowh of Viable Cell> 1In Exanple 10 and Conparative
Exanpl e 2, viable cell counts were neasured at several points. Table 4
shows the results. [0101] [Table 4] Exanple 10 Conparative Exanple2

Germ cide used Chloramine T NaCl O Activated carbon ND ND feed wat er
Activated ND 105cells/m car bon-tr_ealifd“\A/at er Softened water ND
106cells/mM RO feed water ND ND RO concentrated water ND ND RO-treated
water ND ND - 42 - [0102] As is clear from Table 4, in Exanple 10 in which
chloram ne T serving as a conbi ned-chl ori ne-based oxi di zer was used, no

vi abl e cEltanmier el et ect duk at (Bkémpbaslpl ng20 hr™' (Example 17), ox

30 hr™ (Example 18).
[0099]
<Reference Examples 1 and 2>
Treatment was performed under the same conditions as
those in Example 10, except that the pH of the softening
column-treated water was adjusted in such a manner that the
pH of the RO feed water was 6 (Reference Example 1) or 8.5
(Reference Example 2).
[0100]
<Evaluation of Effect of Inhibiting Growth of Viable Cell>
In Example 10 and Comparative Example 2, viable cell

counts were measured at several points. Table 4 shows the

results.
[0101]
{Table 4]
Example10 Comparative Example2
Germicide used Chloramine T NaClO
Activated carbon ND ND
feed water
carbori?tt:aa::: water ND 10°cells/ml
Softened water ND 10%cells/ml
RO feed water ND ND
RO—-concentrated water ND ND
RO-treated water ND ND




points. In contrast, in Conparative Exanple 2, 105 viable «cells per
mlliliter were detected in the activated carbon- treated water, and 106
viable cells per milliliter were detected in the softening colum-treated
wat er (sanpled before the addition of the alkali). The results denonstrate
that a conventionally used germ cide cannot inhibit the growh of sline at
st ages subsequent to the activated carbon colum. [0103] <Evaluation of
Ef fect of Suppressing Increase in Differential Pressure across RO
Menbrane> In Exanpl e 10, Conparative Exanple 2, and Reference Exanples 1
and 2, daily changes in flux through e RO nenbrane separator were
neasured. Table 5 shows the results. [0104] [Table 5] - 43 -
Fl ux(nmB/ m2day) Nunber of Conparative Reference Reference day Exanple 10
Exanpl e2[ Exadipl el Examlet 1 1.0 0.98 0.98 0.99 7 0.95 0.96 0.98 0.97 30
0.95 0.5 0.97 0.97 60 0.93 - 0.7 0.68 90 0.93 - 0.4 0.42 [0105]
As is clear from Table 4, in Example 10 in which

chloramine T serving as a combined-chlorine-based oxidizer

was used, no viable cells were detected at all measuring

points. In contrast, in Comparative Example 2, 10° viable

cells per milliliter were detected in the activated carbon-

treated water, and 10° viable cells per milliliter were

detected in the softening column-treated water (sampled

before the addition of the alkali}. The resuits demonstrate

that a conventicnally used germicide cannot inhibit the

growth of slime at stages subsequent tco the activated carbon

column.

[0103]

<Evaluation of Effect of Suppressing Increase in

Differential Pressure across RO Membrane>

In Example 10, Comparative Example 2, and Reference
Examples 1 and 2, daily changes in flux through the RO
membrane separator were measured. Table 5 shows the results.

[0104]

ITable 5]



As is clear from T Table 5, in Exanple 10, no reduction in flux through the
RO nenbrane separator was observed. In contrast, in Conparative Exanple 2,
the flux reached about 0.5 nB/nRday after 30 days. Slinme was detected on
the clogged RO nenbrane. In Reference Exanples 1 and 2, no reduction in
flux was observed until 30 days after the start of passing water. However,
the flux was reduced to about 0.7 nB/nR-day after 60 days and about 0.4
nB/ m2-day after 90 days. No trace of slinme was detected on the clogged
menbranes, and no increase in diffegeggigl pressure across nodul es was
observed. The results suggested clogging due to the surfactant. [0106]

The results denonstrate that the use of the conbi ned- chlorine-based

oxi dizer and a pH of the RO feed water of 9.5 - 44 or nore are effective
in preventing the reduction in flux through the RO nenbrane separator.

[0107] <Rel ationshjp between Amount ,of Gonbi ned-Chl orinejBased Oxidizer
Added and|Effect oﬂ[lnhibiting Bustiern on W e Cell>In|Exanples 11 to
sof tened fa BroSier o Exveerit@qC 2 R o8] S Thd Terrie |[otos]

1 1.0 0.98 0.98 0.99

1 0.95 0.96 0.98 0.97

30 0.95 0.5 0.97 0.97

60 0.93 — 0.7 0.68

90 0.93 — 0.4 042

[0105]

As is clear from Table 5, in Example 10, no reduction
in flux through the RC membrane separator was observed. 1In
contrast, in Comparative Example 2, the flux reached about
0.5 m*/m*-day after 30 days. Slime was detected on the
clogged RO membrane. In Reference Examples 1 and 2, no
reduction in flux was observed until 30 days after the start
of passing water. However, the flux was reduced to about
0.7 nﬁ/n@-day after 60 days and about 0.4 m*/m?-day after 90
days. No trace of slime was detected on the clogged
membranes, and no increase in differential pressure across
modules was observed. The resulis suggested clogging due to
the surfactant.

[0106]
The results demonstrate that the use of the combined-

chlorine-based oxidizer and a pH of the RO feed water of 9.5



[ Tabl e 6] Exanplel 1 Exanplel 2 Exanple 13 Exanple 14 Anmount of chl oram ne
T added 0.5ng-Cl 2/L 0.8ng-Cl2/L "My-Cl2/L 3ng-Cl 2/L (concentration of
conbi ned chlorine) Activated carbon-treated 3X 104cells/m 6X 103cel |l s/ m
ND ND water Softened water 4 x 105cells/m 8X10 4 cells/mM ND ND [0109]
Table 6 shows that in order to surely inhibit the growh of viable cells,
t he conbi ned-chl ori ne-based oxidizer is preferably added in such a manner
that the concentration of conbined chlorine in the activated carbon feed
water is 1 - 45 - ng-Cl2/L or nnre._[gilgy <Rel ati onshi p between SV of
Wat er through Activated Carbon Colum and Effect of Inhibiting G owh of
Viable Cell> In Exanples 15 to 18, viable cell counts in the activated
carbon-treated water and the softening columm- treated water were neasured.
Tabl e 7 ®howera here estifestive 0ilrl 19 § VRl 'en | tHEx argel st t5L cBx alrp | Tel s Exanpl el 7
Exanpl el 8

P through the RO membrane separator.

[0107]
<Relationship between Amount of Combined-Chlorine-Based
Oxidizer Added and Effect of Inhibiting Growth of Viable
Cell>

In Examples 11 to 14, wviable cell counts in the
activated carbon-treated water and the softened water were
measured. Table 6 shows the results.
[0108]

[Table 6]

Example1 Example12 Example13 Exampie14

Amount of

chloramine T added _ _ _ ~
{concentration of 0.5mg=Cl/L 0.8mg~Cly/L 1mg-Cl,/L 3mg—Cl,/L

combined chlorine)

Activated
carbon-treated 3% 10%ells/ml | 6 % 10%cells/ml ND ND
water
Softened water | 4x 10°cells/ml | 8 X 10%cells/ml ND ND
[0109]

Table 6 shows that in order to surely inhibit the
growth of viable cells, the combined-chlorine-based oxidizer
is preferably added in such a manner that the concentration

of combined chlorine in the activated carbon feed water is I



SV of water through 10hr'

Sof t ened wat er
shows t hat

20 hr-1 or
rel at ed

nor e.

15hr’

20hr'

2007-222758 filed in the Japan Pat ent

30hr'
Activated 9 x 104 2 x 105 ND ND carbon-treated water
2 X 10 s 7X 10 s ND ND cells/m cells/m
in order to surely inhibit the
of water passing through the

ref erence. -

1. Anmethod for treating organic nmatter-containing water,
oxi di zer addition step of adding an oxidizer to

natter-cFQ{fining wat er that has been subjected to

0}

[0112]
growt h of viable cells,
activated carbon colum is preferably set to
[0113] The present application contains subject matter

to that disclosed in Japanese Priority Patent Application JP 46

fice on August 29,
entire content of which is hereby incorporated by

activated carbon col unm
cells/m cells/m
Table 7
t he SV

2007,
47 -

conpri si ng:
organi ¢ matter-containing
wat er; argdetiNated "e&cbon treatnent step of treating the

organic

<Relationship between SV of Water through Activated Carbon

Column and Effect of Inhibiting Growth of Viable Cell>

In Examples 15 to 18,

viable cell counts in the

activated carbon-treated water and the softening coclumn-

treated water were measured.

[0111]

[Table 7]

Table 7 shows the results.

Example15 | Example16 | Example17 | Example18
SV of water
through 10hr™ 15hr! 20hy™ 30hr™"
activated carbon column
Activated 9 x 10* 2% 10°
carbon-treated water cells/mi cells/ml ND ND
8 8
Softened water 2x10 7x10 ND ND
cells/ml cells/ml

[0112]

Table 7 shows that in order to surely inhibit the

growth of viable cells, the 38V of water passing through the

activated carben column is preferably set to 20 hr

[0113]

1

or more.

The present application contains subject matter related

to that disclosed in Japanese Priority Patent Application JP

t he



the oxidizer addition step with activated carbon; and a reverse osnosis
menbr ane separation step of feeding the organic matter-containi ng water

t hat has been subjected to the activated carbon treatnent step into a
reverse o0snpsi s separation nmeans, wherein a conbi ned-chl ori ne-based
oxidizer is used as the oxidizer. 2. The nethod for treating organic
matter-containing water according to Caiml, wherein in the oxidizer
addition step, the conbined-chlorine-based oxidizer is added in an anount
such that the concentration of conblngg chlorine is 1 ng- Cl12/L or nore. 3.
The nethod for treating organic matter-containing water according to Caim
1, wherein in the activated carbon treatnent step, the organic
matter-containing water is fed into an activated carbon colum at an SV of
20 hr-1 2¢0ho222 748 Thieedretthothd ofarareatd teplor@ahice rmat tharawgntZ mi ng wat er
according to daim1l, further conprising: - 48 a hardness conponent
renoval St@pr ofh¢ exdefi e tdentertgami ol ks domtalihi HiF @2 t9thtbthas been
subjected to the activated carbon treatnment step into a cation exchange
means toFPERtRE % he hardness; a scale inhibitor addition step of adding a
scale inhibitor to the organic matter-contai ning water that has been

subj ected to the hardness conponent renoval step, the



amount of the scale inhibitor added being five or nore tines the weight of
calciumions in the organic matter-containing water that has been

subj ected to the hardness conponent renoval step; and a pH adjustnent step
of adding an alkali to the organic matter-containing water to adjust the
pH of the organic nmatter-containing water to be fed into a subsequent
reverse o0osnosis nmenbrane separation neans to 9.5 or nore before, after,

or sinmultaneously with the scale inhibitor addition step. 5. An apparatus
for treating organic matter-containing, water, conprising: an oxidizer

addi tion nmeans configured to add an oOxidizer to organic matter-containing
wat er; an activated carbon treatnment neans configured to treat the organic
matter-contai ning water that has been passed through the oxidizer addition
means with activated carbon; and -C48IM3J reverse osnosis nenbrane
separation neans configured to subject the organic matter-containing water
that has Been® pasbed gﬁ?oﬁaﬁaﬁh@ga@%@@%%@d“%%?%@hc@$%%%%%%% WREMS to
reverse osnosi s nmenbrane separation treatnment, wherein a

conbi ned=¢Hrorire based oxidizer is used as the oxidizer. 6. The apparatus

for treating organic matter-cqntainin o
gan %XQdizer addit%on stepgof adding an oxidizer to

organic matter-containing water;

an activated carbon treatment step of treating the
organic matter—centaining water that has been subjected to
the oxidizer addition step with activated carbon; and

a reverse osmosis membrane separation step of feeding
the organic matter-containing water that has been subkjected
to the activated carbon treatment step into a reverse
osmosis separation means,

wherein a combined-chlorine-based oxidizer is used as
the oxidizer.

2. The method for treating organic matter-containing water
according to Claim 1, wherein in the oxidizer addition step,
the combined-chlorine-based oxidizer 1s added in an amount
such that the concentration of combined chlorine is I mg-
Cl,/L or more.

3. The method for treating organic matter-containing water
according to Claim 1, wherein in the activated carbon
treatment step, the organic matter-containing water is fed
into an activated carbon column at an SV of 20 hr™' or more.

4. 'The method for treating organic matter-containing water

according tc Claim 1, further comprising:



wat er according to Claimb5, wherein in the oxidizer addition neans, the
conbi ned- chl ori ne- based oxidizer is added in an anount such that the
concentration of conbined chlorine is 1 ng-Cl2/L or nore. 7. The apparatus
for treating organic matter-containing water according to Caimb5, wherein
the activated carbon treatnent nmeans is an activated carbon col um, and
the SV of water passing through the activated carbon colum is 20 hr-1 or
nore. 8. The apparatus for treating organic matter-containing water
according to Caimb5, further conprls%gg; a hardness conponent renoval
means including a cation exchange neahs through which the organic
matter-containing water that has been passed through the activated carbon
treatment neans is passed; a scale inhibitor addition neans configured to
add a scal e & mhirbiness ttomploecortgamine vadt S&epc ot degidigondhér that  has
been passed through the hardness conponent renoval neans, - 50 the anpunt
of the seedanimhiditor-efdedibdihg/dtiae Grathods hgafeSWHEEYHO of
calciumions in the organic matter- containan:mater t hat has been passed

t hrough & lrarsed EoRsohditeaiaMsials ifansitarfd G PrPadPistaiéit means
configured to add an alkali to the organic matter-containing water to

adj ust tMEEPH B 1HECOrighi R FRRYET- cont ai ning water to be fed into a

subsequent .
g a scale inhibitor addition step of adding a scale

inhibitor to the organic matter-containing water that has
been subjected to the hardness component removal step, the
amcunt of the scale inhibitor added being five or more times
the weight of calcium ions in the organic matter-containing
water that has been subjected tce the hardness component
removal step; and

a pH adjustment step of adding an alkali to the organic
matter-containing water to adjust the pH of the organic
matter-containing water to be fed intc a subsequent reverse
osmosis membrane separation means to 9.5 or more before,
after, or simultaneously with the scale inhibitor addition
step.

5. An abparatus for treating organic matter-containing

water, comprising:

an oxidizer addition means configured to add an
oxidizer to organic matter-containing water;

an activated carbon treatment means configured to treat
the organic matter-containing water that has been passed
through the oxidizer addition means with activated carbon;

and



reverse osnosi s nmenbrane separation neans to 9.5 or nore before, after, or
simul taneously with the scale inhibitor addition neans.

- 49 -

a reverse osmosis membrane separation means configured
to subject the organic matter-containing water that has been
passed through the activated carbon treatment means to
reverse osmosis membrane separation treatment,

wherein a combined-chlorine-based oxidizer is used as
the oxidizer.

6. The apparatus for treating organic matter-containing
water according to Claim 5, wherein in the oxidizer addition
means, the combined-chlorine-based oxidizer is added in an
amount such that the concentration of combined chlorine is 1
mg-Cl,/L or more.

7. The apparatus for treating organic matter-containing
water according to Claim 5, wherein the activated carbon
treatment means is an activated carbon cclumn, and the SV of
water passing through the activated carbon column is 20 hr™?
Or more.

8. The apparatus for treating organic matter-containing
water according to Claim 5, further comprising:

a hardness component remcval means including a cation
exchange means through which the organic matter-containing
water that has been passed through the activated carbon
treatment means is passed;

a scale inhibitor addition means configured to add a
scale inhibitor to the organic matter-containing water that

has been passed through the hardness component removal means,



- 50O -

the amount c¢f the scale inhibitor added being five or more
times the weight of calcium ions in the organic matter-
containing water that has been passed through the hardness
component removal means; and

a pH adjustment means configured to add an alkali to
the crganic matter-containing water to adjust the pH of the
crganic matter-containing water to be fed into a subsequent
reverse osmosis membrane separation means to 2.5 or more
before, after, or simultaneously with the scale inhibitor

addition means.



