-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-contai ning water, the nethod 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

el ectroni c-devi ce-manufacturing plants, ultrapure water is used as rinse
water. U trapure water is typically nﬁnufactured by a process including
activated carbon treatnent and subsequent reverse osnosis (RO nenbrane
separation treatnment fromindustrial water or wastewater froma plant as
raw wat erZit{I00@8] IriMeetactn vated carbon treatnent ains to renpbve an
oxi di zer, organic matter, chromaticity, or the like in the raw water. The
or gani ¢ rtttherd j ancddsppbedtand foondematdned oxreitive Betivatredncarbod The

organic matter serves as an - 2
water

Field of Invention
[0001]

The present invention relates to a method and an
apparatus for treating organic matter-containing waterxr, 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
from electronic-device-manufacturing plants.

Background Art
[0002]

In electronic-device~manufacturing plants, ultrapure
water is 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.
f00C3]

The activated carbon treatment aims to remove an
oxidizer, organic matter, chromaticity, or the 1ike 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 lower pgrtions of the activated carbon
colum. Accordingly, the inside of the“activated carbon colum becones a
breedi ng ground for m croorganisns. In general, about 103 cells/m to
about 107 cells/mmM of Dbacterial cells |eak fromthe activated carbon
colum. rG004] sBeecact isvattéctcahlponctalvatmdi saahoessentinal hani 81 servi ng
as a neans configured to renmove an oxidizer and organic matter_in an

ul t r apur enetremrgnaduct iwor cdy stiemocTlheniaesi vaeedagatfoareghunmit ends to
becone a breeding ground for mcroorgani snms as descri bed above. Thus, in
t he case wneralhi gh cosweantyianisoraanodr §anpeerabteint RAe PFERETFAt 6%t he
activated carbon colum, mcroorganisns fromthe activated ,K carbon colum
can causérbiwfishizedg oRhHSsaleEYOPTPaRESHF ARe R neFdBFaie Hfranged at a

step downstreamtherefro | eadi n to clogging.. 3 -
P activated carbognfeed waé%r expose%gtogthe oxidizer.

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 column becomes a breeding ground for microorganisms.
In general, about 10° cells/ml to about 107 cells/ml of
bacterial cells leak from the activated carbon colunmn.
[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 column tends to become a breeding ground
for microorganisms as described above. Thus, in 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
RC membrane arranged at a step downstream therefrom, leading

to clogging.



[ 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
Unexam ned Patent Application Publication No. 5-64782 discloses a nethod
for perfornming back washing with back3wash water to which NaC O is added.
In this nmethod, NaClO is deconposed on a surface of a |lower |ayer of an
activated carbon colum into which the back wash water is fed. Thus, NaCl0
is not defgmeyed to the whole of the activated carbon colum, failing to
provide a sufficient disinfection effect. [0008] In recent years,
envi ronnent al zer iat ekiad safd rwaberinguahkt ¥oeebbengaphakéshecohetnore
stringent. It would be desirable to highly clarify final effluent. To
sol ve sherteagediofi maieri oraduah cedhizstiewatddrs itvfeattmem meadiod asvs 4
been performed to disinfect the inside of the activated
carbon cclumn.
[0006]
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 cne hour or more.
Bowever, it is necessary to pass and held hot water with =&
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 NaClO
is added. 1In this method, NaCl0O is decomposed on a surface
of a lower layer of an activated carbon column into which
the back wash water is fed. Thus, NaCl0O is not delivered to
the whole of the activated carbon column, failing to provide
a sufficient disinfection effect.
(06081
In recent vyears, 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 ning acetone, isopropyl alcohol, and so forth emtted
from sem conduct or manufacturing processes is recovered and recycled, a
method is widely enployed in which the wastewater was first subjected to
bi ol ogical treatnent to renove orgaﬁié 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 cat i1 NG e 3002:336886)r0r [H0R1Q) ddawevennd reldye idase ofheneibhe
biologically treated water is passed through the RO nenbrane separator,
the RO nepdyane cadsthaadeaagged Wi th microbial netabolites formed fromthe
deconposition of organic matter by m croorgani sns, thereby reducing the
flux. [0002Jo91 n the case where the organic matter-contai ning wastewater
is directly fed into the RO nenbrane separator 5
RO membrane separation treatment enables 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 alcohol, and so forth emitted

from semiconductor manufacturing processes is recovered and

recycled, a method is widely employed in which the

wastewater was first subjected to biclogical 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. 2002-336886).

[CO10]

However, in the case where the biologically treated

water is passed through the RO membrane separator, the RO

membrane can be clogged with microbial metabolites formed

from the decomposition of organic matter by microorganisms,

thereby reducing the flux.

[0011]

In the case where the organic matter-containing

wastewater is directly fed into the RC 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 fromelectronic device manufacturing
facilities can contain nonionic surfacPait that can adhere to the nenbrane
of the RO nenbrane separator and reduce the flux. Thus, such wastewater
cont ai ning nonionic surfactant cannot be subjected to RO nenbrane

separ at i gy driceat Lo JieR1 3 0 1A% i at echeiguentor thel vhngdeheff bhegbing

probl ens, preventing biofouling and a reduction in flux due to the
adhesi on refmarganise pmtdtenr ttedohe smanbraeelioly amoROdéntr ane separator to
achi eve stabl e operation over long periods of tinme, and effectively
r educi ng ntiler cEQG acdrsenteatzivere of awatigh TOCprovicgs tiraghogualki et r eat ed
wat er when high- or |owconcentration-organic-nmatter-containing water from
el ect r onive dewade meiedf dattur ithg Rac meitbires easéperhérrvar Tows, - L@r

the purpose of inhibiting bicofcouling in the RO membrane

separator, a large amount of a slime contrcl agent is added

to the organic matter-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 nonionic surfactant
that can adhere to the membrane of the RO membrane separatcr
and reduce the flux. Thus, such wastewater containing
nonionic surfactant cannct 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 treatnent is perfornmed (Jaganese Unexam ned Pat ent 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 ewater whose pH has been adjusted to 9.5 or nore is
subj ect ed ite0l cactiiav atredh wear bonl tieeatverrtd andht heée RROwmmbibrare separati on
treatment, so that the growth of mcroorganisns in the activated carbon
col um ancgaheiR@, menbrianersepar atoe ps cpolsiebi tedethhdr eby stabl y
providing treated water (Japanese Patent No. 3906855). In this method,
t he acti \satped-adardbdm odliwim & scaleangéd btigcadser bdard tenoveanas oxi di zer
in raw water and organic matter in the raw water. [0015] As described
above, t hetddditdant adfingpredetrer ibre@moamsutt et Beadeall8hilRR Bt or to
target water (hereinafter, - 7 , . , ,

being five times the weight of calcium ions in the organic

matter-containing water, an alkali agent is added to the

organic matter—contaihing water to adjust 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 Applicatiocn

Publicaticon No. Z2005-16%8372).

r0014]

Furthermore, the inventors have proposed a method and

an apparatus in which a scale inhibitor is added to

wastewater, the wastewater whose pH has been adjusted to 2.5

or more is subjected to activated carbon treatment and then

RO membrane separation treatment, so that the growth of

microorganisms in the activated carbon column and the RO

membrane separator is inhibited, thereby stably providing

treated water (Japanese Patent No. 3%06855). In 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 al kaline region. Thus, the_adjustnent of the pH of the RO feed
water to 9.5 or nore can provide an~ehvironment in which al though energy
source 1is present, mcroorgani sns cannot live in the RO nenbrane
separator. It is possible to inhibit biofouling in the RO nenbrane

separ at orz Wd heute rirke Reedsf oRot feeaddiztieen)ofeda ihtadtheoRal expensive
slime control agent. [0017] Furthernore, the nonionic surfactant that can

reduce theddane tshpeugh otrhenBOthentinare cifs wknewnwhosbepdehashkedenfrom t he
menbrane in a high alkaline region. It is thus possible to suppress the
adhesi on aafj ushedccanpénénicrt aotrke iIROo0 tbrbRa&Nachpradpusepagathe pH of the RO
feed water to 9.5 or nore. [0018] - 8

results in the prevention of biofouling 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 TOC concentration in water to provide high-~

quality treated water.

[0016]

Microorganisms cannot live in an alkaline region. Thus,

the adjustment 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 cannct live in the RO membrane

separator. It is possible to inhibit bicfouling in the RO

membrane separator without the need for the addition of a

traditional expensive slime contrecl agent.

[0017]

Furthermore, the nonionic surfactant that can reduce

the flux through the RO 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 to the RO

membrane by adjusting the pH of the RO feed water to 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 added to the RO feed water, the anount
of the scale inhibitor added being fide~or nore tines the wei ght of
calciumions in the RO feed water, thereby preventing the formation of
scale. [0019] However, in the method in which the scale inhibitor is
added to organncragkt eeseent aco-ognvat e ngt hesaswantr of réthe scal e
i nhi bitor added being five or nore tines the weight of calciumions in the
or gani ¢ retderrcaant aienviing waherfacthe ingl Kalciilagert asdaddedotdht he organic
matter-containing water to adjust the pHto 9.5 or nore before, after, or
si mul t anesusiaing tdaltdierraddintsi emdofthiehé iseal @hiighi betuses amdiethen the RO
separation treatnent is perforned, in the case where |arge anmounts of
har dness wotporidnt $iathe opr €Sewpeinat ingworarétiocavén whighséhrePHi 8fersing
agent is added, its effect of inhibiting scale is not sufficient. Thus, it
is - 9 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 crder 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 times the

weight of calcium ions in the RO feed water, thereby

preventing the formation of scale.

[0019]

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 1s



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 colum. It is thus necessary to operate the
cation exchange colum or softening‘cglﬁnn and the activated carbon col um
arranged upstream fromthem under neutral conditions. As a result, sline
grows readily in the activated carbon columm and the cation exchange

col um omesefdening Ccelrtmginderatthen reuheabecanduinnons. sbitsnimgcases,
the RO nenbrane separator (or a safety filter for the RO nmenbrane

separ at ordo Lwany,angethcdowastineam ileacl, oggeld adijtkhtbibki pistdetached from the
colum. [0021] To inhibit the growh of slime, it is conceivable to add a
germ ci deltk@ Iriane wetder.. However, a conmmon germ cide such as sodi um
hypochlorite (NaC O or the like is nostly renoved in the activated carbon
col um. THWOithe - 10

In the method disclosed in Japanese Patent No. 3906855,
raw water is 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
viewpcint 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 inhibkit the growth of slime, it is conceivable to
add a germicide to raw water. However, a common dgermicide
such as scdium hypochlorite (NaClO) 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 growh 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
Pat ent Docunent 3: Japanese Unexam ned Patent Application Publication No.
2005- 169372 Patent Docunent 4:Japanese Patent No. 3906855 Sumary of
I nvention [0022] It is an object of the present invention to provide a
met hod and an apparatus for treating“dwbahic matter- containing water, the
nmet hod and apparatus being capable of inhibiting the nultiplication of
m croorgani snms in an activated carbon colum and a reverse osnopsi s
menbr ane disepadattororand fenf drsnnag $trabliecdr eat mart caveronl eaghpegieods  of
time in a process including active carbon treatnment and subsequent RO
menbr ane «sepairatd orediteatimentcodividn  ar r auldtedaplowe stweteem groguttieon system
for use in electronic device manufacturing plants. [0023] It is another
obj ect ofadthiergiress eretrkiaw entlivom , t dailinrg to inhibit the growth of
sline.
Patent Document l:Japanese Unexamined Patent
Application Publication No. 5-64782
Patent Document 2:Japanese Unexamined Patent
Application Publication No. 2002-336886
Fatent Document 3:Japanese Unexamined Patent
Application Publication Ne. 2005-169372
Patent Document 4:Japanese Patent No. 3906855
Summary 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 methed 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

hi gh-quality treated water when water containing a high or |ow
concentration of organic matter and'1éﬂgé‘annunts of hardness conponents
fromelectronic device manufacturing plants and various other fields is
treated and recovered wth the RO nenbrane separator. [0024] A nethod for

treati ng gHgaRicC ldielod iR Rgpaaktens doeordienging arbinst aspect
i ncl udes an oxidizer addition step of adding an oxidizer to organic
mat t er - conftaiad -N@n twalrgmg amtact | vat ethicar bbe tieechiooeandstepaohttpeat i ng
the organic matter-containing water that has been subjected to the
oxi di zer saghdindsan Steepynuintth adt isvdtred icarborctandtad carbrse cosHbsi s
menbrane separation step of feeding the organic matter-containing water
t hat has seert isubjeestredideo calhemnac ity at e¢fcanbor Lodarweat reneedi nto a
reverse osnosis separation nmeans, in which a conbined-chlorine-based - 12
- before an RO membrane separator, prevent biofouling and a

reduction in flux due to the adhesion of crganic matter to a

membrane 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 RO 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 oxidizer 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-chlorine-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 activated _ carbon treatnent step, the organic
matter-containing water is fed intg arf dctivated 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 toddidideaspectsdustishenel peliddesra har dness conponent renoval step
of feeding the organic matter-containing water that has been subjected to
the acti vated]carbon treatnent step into a cation exchange neans to reduce
the hardness, a scale inhibitor addition step of adding a scal e inhibitor
to the organkccomtiten- contasacngiwaseect hathhasebeeth Subjteetadingo t he
har dness conponent renoval step, the amount of the - 13

organic matter-containing water according to the 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 chlerine is 1

mg~Cl,/L or more.
(00261

According to a third aspect, the method for treating
organic matter-containing water according tc the first or
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 amount 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 matter-containing water according to a
fifth aspect includes an oxidizer addit ion means configured to add an
oxi dizer to organic matter-containing water, an activated carbon treatnent
means configured to treat the organic matter-containing water that has
been passathitdrioughitthe exiddidzeeiaddiftiven oreapsewttihesachevateédhcarbon, and
a reverse osnosis nmenbrane separation neans configured to subject the
or gani ¢ rmtlicermcanta dinnghewatrgantikatnahae rbeentpassed thceughhthehagti vat ed
carbon treatnent neans to reverse osnpsi s nmenbrane separation treatnent,
i N whi ch ecrominedtehl anoi néebasednesisdicoeponsntugedods it Recoxi dngdep.
[0029] According to a sixth aspect, the apparatus for treating organic
mat t er - couit a&diiusf nwatters tape oxfdiadgl ing  ehe aflikgtlh £ the 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 that

has been passed through the oxidizer addition means with

activated carbon, and a reverse osmosis membrane separation

means confiqgured 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-d2/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. [0031] According to an eighth aspect,
the apparatus for treating organicﬁn&%é?-containing wat er according to
any one of the fifth to seventh aspects further includes a hardness
conponent renoval neans including a cation exchange neans through which
the organigdmi tiey «eenaitkirigewater thiaat inhasebeendpasseddtihrangh the

activated carbon treatnent neans is passed, a scale inhibitor addition
means conmnfdsgiy,edHeo coatid nadseallerinki-bizserd taitiheear ganbkddrdt ter aoont ai ni ng
water that has been passed through the hardness conponent renoval means,
t he anpurimcafntt ecdcahat nhiebicbarecadded ibei g toweioed pblertnmesst he
wei ght of calciumions in the organic matter- containing water that has
been passmeddlhdugh theehar dness conponent renoval neans, and a pH
adj ust nrent nmeans - 15

[0030]

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 celumn and

that the SV of water passing through the activated carbon

column is 20 hr™t or more.

[0031]

According to an eighth aspect, the apparatus for

treating organic matter-containing water according to any

one of the fifth to seventh aspects further incliudes 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

component 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 carbon colum. Thus, biofouling and a

reduction in flux due to the adhesi on “of ‘organic matter to a nenbrane

(organic-matter fouling) in the RO nenbrane separator, which is a

downstreamunit, are prevented wi thout perform ng new disinfection

t r eat mentcafdiefu Adwe ractidvated a 1&anbonocehunbrgihis aaabkescusteonpegf orm

stable treatnent over long periods of tine and efficiently reduce the TOC

concent r atd ey ith waljerstt ahaf bor dthitge- quabhty tmeeatedcwateiningurt her nore,

in the case where the RO nenbrane is subjected to disinfection treatnent

wi th the weonbi redehlfed netbasedubexiqdiener revhespepmeabibi rpmbfathe
menbrane is not reduced even if the RO nenbrane is fornmed of a pol yam de

conposi t eepmrairiame meavisngopdob ol owirse beésicst anééerf 0083] An excessivel y

smal | anount of the conbined-chlorine - 16 .
simultanecusly with the scale inhibitor addition means.

[0032]

According to the method and apparatus for treating
organic matter-containing water, the combined-chlorine-based
oxidizer inhibits the growth of viable cells in the
activated carbon column and leaks in a high concentration
from the activated carbon column. Thus, biofouling and a
reduction in flux due to the adhesion of organic matter to a
membrane {organic-matter fouling) in the RO 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-chlerine-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 conbi ned-chl orine- based oxidizer is added is fed into the
activated carbon colum, when the SVt Water passi ng therethrough is | ow,
t he conbi ned-chl ori ne-based oxidizer is renoved in the activated carbon
colum. In this case, the combi ned- chlorine-based oxidizer does not |eak

i nt o wat eradfagddrodig zcacticdaiced ccarlhen iecokumac(betennaht ehg alsontebrred to
as "activated carbon-treated water"), so that the disinfection effect is
not provitded catnkstageshdowisie-eamcsy omitheeradkbkatgd fcambohecol utm.  Thus,
according to the third and seventh aspects, water is preferably fed into
an acti vatad vadardb e rboinume latwnan £8V 10fhg2@chprevedenthe. ef66385] ©£Accor di ng
to the fourth and eighth aspects, the reason the pH of the RO feed water

i s pref ersablfii cadjnfdtved nhd bd t8 rgr thelprowth of slime at downstream

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 more, thereby resulting in a sufficient amcunt of
leak.

[0034]

In the case where water to 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 dees not leak into water from the
activated carbon cclumn (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 ccelumn at an SV of 20 hr™' or more.

[C035]

According to the fourth and eighth aspects, the reascn

the pH of the RO feed water is preferably adjusted to 2.5 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 inhibition of the adhesion of the
conponent to the RO nenbrane. [0038]17A€C0rding to the fourth and eighth
aspects, the reason the scal e-dispersing agent is preferably added in an
anount five or nore tines the weight of calciumions in the treated water
in whi ch e har dpessdcerpeneriss thavalheen renpyedribeddestoibed bel ow.

[0039] That is, ions such as calciumions present in raw water by the
cation exgcliaege treatnment. Sone scal e conponents present in the raw water
forminto conpl exes or are suspended. Such conponents are not renoved by
the cation eghhange,tmeatroenyantbow catoot helRO hendn ankksepas ator, - 18
region. The adjustment of the pH of the RO feed water to
9.5 or more provides an environment in which although energy
source is present, microorganisms cannot live. This results
in the inhibition of biofouling in the RO membrane separator.
[0037]
It is known that a noniconic 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 cf the adhesion of the component to the RO
membrane.
[0038]
According to the fourth and eighth aspects, the reason
the scale-dispersing agent is preferably added in an amount
five or more times the weight of calcium ions in the treated
water in which the hardness compenents have been removed is
described below.
[0039]
That is, ions such as calcium ions present in raw water
by the cation exchange treatment. Some scale components
present in the raw water form into complexes or are

suspended. Such components are not removed by the cation

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
nucl ei 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 nenbrane due to
the scale, according to the fourth ankf ei ght h 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
t he wei ghie:fe cal Giudndionsdin ddee watdre, fioheredyrpreyents ngmblentor mati on
of scale. [0040] The present invention is applied to a production process
of wul traptire amatiericserof nhasdaidushiidli twat e frore tusgetn weliermanuf act ure
of electronic devices. Furthernore, the present invention is effectively
appl i ed tinhdtiers tireeatmwevith fofr thel easileg, foeteverlieng themrengcycl i ng hi gh-
or low concentration-TOC containing wastewater emtted from electronic
devi ce nemElcthalingfdwedsine emadenducidrle wan g RY imsgriéieds, Aand ot her
various industrial fields. Brief Description of Drawings - 19 - .

described above, under the high-pH RO operating condition in

which 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 times the weight of calcium ions in the

water, thereby preventing the formation of scale.

[0040]

The present invention is applied to 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-TCOC-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 an apparatus for treating organic
matter-contai ning water according to the 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
or gani ¢ ngidsr-contai ning water according to enbodi ments of the present
invention. In the figures, P's represent punps. [0044] In Fig. 1, raw
wat er (organi gigat let.scantgsnengdwatiesn of. g. methddsandasnwaperjatss f ed
into a coagul ation tank 2 through a rawwater tank 1. A _
conbi ned-fhl ariere-ibasedgard®@ matter-containing water according to 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 matter-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 methed and an
apparatus for treating organic matter-containing water
according to embodiments of the present invention. In the
figures, P's represent pumps.

100447

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 S. 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 each having a chlorine atom on nitrogen)
and organi ¢ combi ned- chl ori ne- based getthiti des, such as chloranine 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 m xture. [0046] The term
" conbi ned:ghl iafd e'a Hoddi Lanbianed- eblabnael yhasegrexidi.zet ngsedenn t he
present invention indicates the followng. Chlorine reacts with an amoni a
conpound dd Waideyd tthedearan aTabl eeaatrnes Mooebbdrany neaé NH2Ci)yough

di chl oram ne (NHC12), or trichloramne (NC13) is formed as the chl oram ne,
dependi ng @radreqEH ofl wat &,. avbrachivatan nerded cdilohhodanind are
typically contained in tap water. Mnochl oram ne and di chl oram ne are

ref erred ftid tasrecomzitieed targ 5. The water is then fed into an RO

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

The combined-chlorine-based oxidizer used in the
present invention is not particularly limited. Inorganic
combined-chlorine-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 chlorine” of the combined-chlorine-
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), dichloramine
(NHC1l,), or trichloramine (NCli3) is formed as the chlcramine,
depending on the pH of water. Monochloramine and
dichloramine are typically contained in tap water.

Monochloramine angd dichloramine 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 umN- chl or obenzenesul fonam de) Q so2N(O I [0049] Chloramne T
(sodi umN\- chl or o- p-t ol uenesul f onam de- %%iﬁydrate) H3C- ~( y-SO2N Na 3H20
[0050] In the present invention, a prepared reagent may be used as the

conbi ned- chl ori ne-based oxidizer. Alternatively, since the
conbi ned-«Hiloriime-das ethvexidiczer rifeadiifol @fiftectto - 22 handl e,
conpound may be reacted in situ with an ammoni a conpound, for
accordi ngi®tlhe followng reaction formula, formng a

conbi ned- chl ori ne- based

a chlorine
exanpl e,

Combined chlerine is inferior in bactericidal activity
to free chlorine (the degree of bactericidal activity is
HOCL > OCl™ > inorganic chloramine > organic chloramine).
Combined chlorine, however, 1s more stable than free
chlorine and thus remains undecomposed for a long time,
providing the disinfection effect. Note that chleramine B

and chloramine T are trade names and have chemical names as

described below.
(0048)

Chloramine B {scdiumN-chlorobenzenesulfonamide}
Na
-

Chloramine T (sodiumN-chloro-p-toluenesulfonamide

N
H30Q802N < cna +3H20

[(0049]

trihydrate)

[0050]

In the present invention, a prepared reagent may be

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

since the combined-chlorine~based oxidizer is difficult to



oxidizer: NH3 + NaCl O -* NH2CL + H20- [0051] 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 orine conpound include hypochl grous acid, alkali netal salts of
hypochl orous acid, and chlorine (C12)22 [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
Mg- C12/ L haiigener ahloirheeccenbibbeddchkor brerbaseddoxhdszen wishnet readily
deconposed and renoved by activated carbon. Thus, the .
conbi ned-sailcorisnechaseddoxifdirzexanedks readicklyngf tonthhefeubseguent
activated carbon colum 4, thereby - 23 providing a bactericidal effect. A
concent r atdeart ioh IfessulehaformigaCh2Lbmbingd-SWilot inatkaspdssi ng t hr ough
the activated carbon colum 4 of less than 20 hr-1 results in an
oxidizer:
NHs + NeClOo — NH:Cl + H,O0.
[0051]
Regarding the ammonia 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.
[CC52]
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 hypochlorous acid, and chlorine (Clz).

[0053]

The combined-chlorine-based oxidizer is added in such a
manner that the concentration of the combined chlorine 1is
preferably 1 mg-Cl;/L or more and more preferably 1 to 50
mg-Cly,/L. In general, the combined-chleorine-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 are present in raw water, as shown in
Fig. 1, preferably, the pHis adjustédzfd‘ an opti mum coagul ati 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

perfor Wegaﬁ&fﬂcﬁi.m:@v% sispended ¢sal iedFecthenat benvaherat Son passesdss hr ough t he
activated carbon colum. In this case, any coagulation filtration neans

may be enmplaayed w-tdiout. oki Aht avi 68 setkengaasisgspendegh sohéds cont ai ned
in raw water can be renoved by an operation, for exanple, pressure
filtrati entigrendd yeadiddr atdlamn @ erfoflidstsr athizan 20 bl t afddulrtat iion,arpr essur e
flotation, or sedinentation. - 24 - [0055] Activated carbon used in the
act i vat ede:gardpori o dlavmtoh cenltradglonweifc i ehe xiawzeat éeakiay RasmhesA
subj ected to the . L
activated carbon column 4, causing difficulty in inhibiting
the growth of slime in the activated carbon column 4 or a
subseguent unit (e.g., a softening column 8 shown in Fig. 2}.
Furthermore, an excessively large amount cf 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
cr 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 addition
of the combined-chlorine-based oxidizer. After the addition
of a coagulant, coagulation filtration or the like is
performed ﬁo remove suspended solids. Then the water is
passed through the activated carben column. In this case,
any coagulation filtration means may be employed without
iimitation so long as suspended solids contained in raw
water can be removed by an operation, 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 viewpoint of suppressing the | eak of powdered
coal. [0057] As described above, aﬁ‘é%béésively | 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 ng gtdessgoncentrati on of the conbi ned- chlorine-based oxidizer in the
activated carbon-treated water. As a result, the effect of inhibiting the
growt h of sl eeikatndt cprowhdededThusthehecSwatedatarbpassehgnnthrough
the activated carbon colum 4 is preferably set to 20 hr-1 or nore.
However , tanrexgesdiivél yhisi ghwSWask wabhet 28s passi agbtkeseghteh&hact i vat ed
carbon colum 4 fails to sufficiently provide the effect of renoving an
oxi di zer adstiitgioratifnghfer owrbheecawhiatene-bache a&tiaeedad8drbon

optionally, subjected to treatment for removing the

suspended solids is passed is not particularly limited but

may be made from coal, coconut shells, cr 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 cxidizer 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™ 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 IOMFfouIing‘éé menbr ane havi ng desal i nation
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 imssubjectedusd RRe menbramredsepabahi onltmeatméntlat td. 47 MPa and
25C. [0060] In Fig. 2, the conbined-chlorine-based oxidizer and,

opt i onal lgyf ftihe epiladjpustving agent fdeetaddedemoviaw wat ekidfedrt hr ough t he
raw-water tank 1. The water is passed - 26 through the activated carbon
col um 4 carigyitkén nivhef roof ttéuei mgw eeltgmn 18. tNexectavetatecdirbpersi ng agent
is added in such a manner that the concentration of the scal e-di spersing
agent column 4. Thus, the SV of water passing through the

1

activated carbon column 4 is preferably 50 hr™ or less and

particularly preferably 20 to 40 hr't,

[CO58]

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
not 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 polyvinyi
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 subjected tc RO
membrane separation treatment at 1.47 MPa and 25°C.

(00601

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 internmediate 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 ion-exchange resin, e.g., an Htype
cation exchange resin in which an i‘or-%xchange 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 s tpasseth My Betusededchheuh lcdomutat koansothengtas kbftaningnove

hardness conponents in raw water. Furthernore, the type of the softening
colum 8 dslunet sparNegul| aal yckiattiedpeAsihgi dyeed ibesddadfixeshddeds and so
forth may be used. [0063] - 27 In the present invention, treatnent for
renovi ng ntdhme rhahde $$ ec coporentrs tiwy. bé peef scred-diitheasdati egeekchange
colum in place of the softening colum. Furthernore, the '

is five or more times the concentraticn of calcium 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 9.5 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.

[006l1]

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.

[0062]

Any ion-exchange resin, e.g., an H-type cation exchange
resin in which an ilon-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 column 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- in
view of treatnment efficiency and the effect of renoving the hardness
conponents. [0065] As a scale inhibitor added to the treated water from
the softening colum 8, a chelate-type scale inhibitor, which dissociates
to readily forma netal conplex, for~ %kanple, ethylenedi aninetetraacetic
acid (EDTA) or nitrilotriacetic acid (NTA), is suitably used. O her
exanples of a material that can be used include | ow nol ecul ar-wei ght

pol ymers, suchnasnengtBrastyhhéeat€idn, pekyaensnantdosalésot heseofe and nal eic
acid polymers and salts thereof; phosphonic acid and phosphonate, such as

et hyl enedi ardmeietdcapeinkylteneploseheri-d caned atdhsal tatibhereohange
hydr oxyet hyl i denedi phosphonic acid and salts thereof,
nitril ot ragmetichy lieneihaesphdnitteaciod tamd ngalcbd van28 Fiheheofiorandthe
phosphonobut ane tricarboxylic acid and salts thereof; and inorganic
pol yphosphordtmead ds and ilnorigad ¢o pdleymsei ofpBosphamesshspeh ssit.
hexanet aphosphoric acid and .
Like the activated carbon column, the column-shaped unit 1s
preferably used in view of treatment efficiency.
[0064]
The SV of water passing through the softening column 8
or the cation exchange column is not particularly limited.
The treatment is usually performed at an SV of 1C to 40 hrt
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 therecf and maleic acid polymers and
salts thereof; phosphonic acid and phosphonate, such as
ethylenediaminetetramethylenephosphonic acid and salts

thereof, hydroxyethylidenediphosphonic 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 the addition of the scale inhibitor is

not sufficiently provided. An excessi4®ly |arge amount of the scale
i nhibitor added is not preferred fromthe viewpoint of reagent cost. Thus,
t he amount of the scale inhibitor added is preferably 5 to 50 tines the

wei ght of:Hdecioneent mHds@hor@bugalne whiicensdxy1tilke asott aned swater. [ 0067]
An alkali is added to the water to which the scale inhibitor has been

added, toragdfaust; thel phdoefyadiie watlgphoRPhdreed awddar pnbed noatant ke
subsequent RO nenbrane separator 7 to 9.5 or nore, preferably 10 or nore,
nore prefreriabler 0. Bos@@tasg F2chang, Hecmrmexamploepht@is toitilands t he
al kali used here, an inorganic al kaline agent, e.g., sodium hydroxi de or
pot assi umdiyh dx}iadeso ey dé niged yeihosgito diioracad endseallésgthereof.

These scale inhibitors may be used alone or in combination

of two or more.

[C066]

In the present inventiocn, the amount of the scale
inhibitor added is five or more times the weight of the
concentration of calcium ions in water (water tc which the
scale inhibitor will be added) passing from the softening
column 8. In the case where the amount of the scale
inhikbitor added is less than five times the weight of the
concentration of calcium ions in the softened water, the
effect of the addition of the scale inhibitor is not
sufficiently provided. An excessively large amount of the
scale inhibitor 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 icns 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, more 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 opnment 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. [0069] 1In the present invention, a
reduci ng agent nmay be optionally uSédZQO'deconpose and renove the
remai ni ng conbi ned-chl ori ne-based oxi di zer by subjecting the conbi ned
chl ori ne-based oxidizer to reduction treatnment. As the reducing agent used
here, anydg aducifigi,ageit gmyndie used 5 wict hout REnthat abrasb heag as the
reduci ng agent such as sodi um hydrogen sulfite can renove the
conbi ned-ahlegr igre-imsed iexixdikzadr neThegeneduei.ng agentiumayybdecusded alone or
in conbination of two or nore as a mixture. The anmount of the reducing
agent adged amyl dre gl ramoule, sugh Hehatsecheyi+h3@t démditnitign so long
conbi ned-chl ori ne-based oxidizer is conpletely renoved. The reduci ng agent
i s usual las dddetkrorrdhes erthey phsicde tofe Rive feelt armiteg &6 ¢my 8r more.

[0068]

In the present invention, the addition of the scale

inhibiter 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 RC 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
which the pretreated water is fed include alkali-resistant nenbranes,
as polyether ami de conposite nenbranes, polyvinyl alcohol conposite

menbranes, and aromatic pol yam de nenbranes. It is preferred to use a

7 to

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 separation treatnent at 1.47 MPa and
25C. The reason such a lowfouling RO4rerfbrane 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 ane has exeel | @Al islai-hesiiskanegscoppatedeni tb cohpleobla commonly

used aromatic pol yam de nmenbrane. However, the effect of stain resistance
i s reducetfaredrat ehe €oataingnggant ai geuanvlhty addad nomitom cesturf act ant,

thus reducing the flux with tinme. [0072] - 31 The nonionic surfactant

t hat can sieduce tire fdabtentimgough uthe RO nmenbrane is detached fromthe

menbrane by adjusting the pH of the RO feed water to 9.5 or
[0C70]

Examples of the RO membrane of the RO membrane

nor e.

separator 7 to which the pretreated water is fed include

alkali-resistant membranes, such as polyether amide

It

composite membranes, polyvinyl alcohol composite membranes,

and aromatic polyamide membranes. It is preferred to use a

polyvinyl alcchol-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
preferably used 1s described below.

[0071]

is

That is, surfaces of the low-fouling RO membrane are

not charged and have hydrophilicity. Thus, the low-fouling

RO membrane has excellent stain resistance compared with

that of a commonly used aromatic polyamide membrane.

However, the effect of stain resistance is reduced for water

containing a large amount of a nonionic surfactant, thus

reducing the flux with time.

[cC72]

such

is



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 pHof 9.5 or nore is passed, so that it is possible to
provi de stabl e operation even for RO {%eed 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 ral - shaped tmenaeanenicashekkewshitbenateabrapeduoe tubefshaped menbrane,

may be wused. [0075] An acid is then added to water that has been passed
t hrough tderdR@may &te regpat-at-or s/ deterdicdafftrern, talsaemb32ner eyerred to as
"RO-treated water") to adjust the pHto 4 to 8. Treatnent with activated
carbon i sgerdfumedhapmeddadte RThdeasat eraties rtec\cloed romorel.-easedis The
acid used here is

thus 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 fliux in the longer term.

[CC73]

In the present invention, to overcome the foregoing

problems, preferably, the pelyvinyl alcohol-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 splral-shaped membrane,

a hellew-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:%%f‘nay 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 maywdeadangeds "BXAMPLESH0Q A8k r"Theopuegest kheeptii an vi kb be

described in nore detail below by exanples, conparative exanples, and
references. exanpkesnt- wd8h- af00v8tefiExanpbe andpCofipanad) vas Exeept@. of
Enbodi ment Illustrated in Fig. 1]

The water is recycled or released. The acid used here is

not particularly limited. Examples therecf include mineral

acids such as hydrochloric acid and sulfuric acid.

[0076]

Meanwhile, concentrated water from the RO membrane
separator 7 (hereinafter, also referred to as "RO-
concentrated water"™) 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 long as the present
invention does not depart from the subject matter. Foxr
example, the treatment with the RO membrane separator is not
limited to the single-stage treatment but may be two-or-more
stage treatment, i.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

[G078]

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 perfornmed under conditions in which the anmount of pol yal 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 th an aromati c-pol yam de
ultra-1 ow pressure RO nenbrane "ES-20"3 Tmanuf act ur ed by Nitto Danko
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>
Tr eat ment [owse jper f or ned under the sane conditions as those in Exanple 1,
except that NaCl O in place of chloramne T was added to industrial water
w th a TOG:comgentarat iCompefra ol vy /ixaae 1€ iof Subhdameannéi lukatathd
concentration of free chlorine was 0.5 ng-Cl12/L. [0081] - 34 - <Exanples 2
to 5> Treat neig. vids perforned under the sanme conditions as those in
Exanpl e 1, except that chloramne T was added to

<EXAMPLE 1>

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 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 subjected 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 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%.

The RO feed water had a pH of 5.5.

[0080]

<Comparative Example 1>

Treatment was performed under the same conditions as

those in Example 1, except that NaCl0 in place of chloramine

7 was added to industrial water with a TOC concentration of

1 mg/L as ¢ in such a manner that the concentration of free

chlorine was 0.5 mg-Cl,/L.

[0081]



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-Cl2/L (Exanple 3), 1 ng- Cl2/L (Exanple 4), or 3

ng- C12/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 TOT concentration of
1 ng/L as Cin such a manner that the concentration of conbined chlorine
was 1 ng-Cl2/L, coagulation-filtration treatnment was perfornmed under
conditions in which the ambunt of PAC3%dded 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 yama ¥ 21 o(Peampl e 7), 20 hr-1 (Exanple 8), or 30 hr-1 (Exanple
9) [0083] <Evaluation of Effect of Inhibiting Gowmh of Viable Cell> 1In

Exanpl e 1 andr@erpaecati vasExampbendd wvhabletsel amoundsdietensreasur ed at
several points. Table 1 shows the results. - 35 - [0084] [Table 1] Exanple
1 Conpar aftioe: BExamplagnplle 1, except that 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 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).

[CC82]

<Examples 6 to %>

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 subjected to the coagulation-filtration treatment

was passed through activated carbon at an SV of 10 hr?
(Example 6), 15 hr ' (Example 7), 20 hr ' (Example 8), or 30
hr™ (Example 9).
[0083]
<Evaluation 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 5X10 3 cells/m carbon-treated water RO feed water ND 4 X
103cells/mM RO concentrated ND 2 X 105cells/mM water RO-treated 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 denonstrate that a conventionally used

germ cide cannot inhibit the growth of33stime 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 at i mgydaxanpl 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 NaCIlO
Activated carbon ND ND
feed water
Activated 3
carbon—-treated water ND S X 10%cells/ml
RO feed water ND 4 x 10%cells/ml
RO~-concentrated ND 5 % 10%ells/ml
water
RO-treated water ND ND

[0085]

As is 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
peints. 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 subseguent to the activated carbon column.
[0086]
<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 RC 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 fed into the activated carbon col um)

and activated carbon-treated water (VwﬁQH 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 2]yere3hesbraml e2rExaapbednbranphedr&xanpse5 Concentration of
conbi ned chlorine 0.5ng/L 0.8ng/L 1ng/L 3ng/L in activated carbon feed
wat er Comaemtjrati on of conbined chlorine ND ND 0.5ng/L 2ng/L in activated
carbon-treated
As is clear from Fig. 3, in Example 1, no increase in
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.
[oogg]
<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 cclumn) 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 x 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-Cl 2/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-treated water were neasured. Table 3 shows
the results. [0092] [Table 3] - 38~ Bxarmpl e6 Exanpl e? Exanpl e8 Exanpl e9
SV of water through 10hr 1 15hr 1 20hr 1 30hr 1  activated carbon col um
Concentration of conmbined chlorine in ND ND O0.5ng/L 0.9ng/L activated
carbon-treated water

Example2 | Exampie3 | Example4 | Example5

Concentration of
combined chlorine
L
in activated carbon feed 0.5mg/L | 0.8mg/L | Imeg/L 3mg/
water
Concentration of
combined chlorine
in activated carbon—treated ND ND 05mg/L | 2mg/L
water

Viable celt count in
activated carbon—treated
water

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

[0090]

As is clear from Table 2, at a 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.

[0091]
<Relationship between SV 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]



Vi abl e cel
cells/ml water

were detected in the activated carbon-treated water.

above-descri bed results denpnstrate that the
inhibition of the growth of sline in

follows: a concentration
water of 1 ng/L or nore,
carbon colum of 20 hr-1 or
and Reference Exanpl e of

nor e.
Enmbodi ment
39 Chloramne T was added to wast ewat er

containing a

nor e,

no
[ 0094]

countin 9x103 2x103 ND ND activated carbon-treated cells/ml
[0093] As is clear fromTable 3, at an SV of water
t hrough the activated carbon colum of 20 hr-1 or

passi ng

viable cells
The

requi renents for the

the activated carbon colum are as

of conbined chlorine in the activated carbon feed

and an SV of water passing through the

[0098] - [Exanpl e,

activated

Conpar ati ve Exanpl e,
I[llustrated in Fig. 2] <Exanple 10> -

noni oni ¢ surfactant
and having a TCC concentratlon of 20 ng/L and a cal ci um concentration of 5

ng/ L i n sueh—a—trannet t-hrat—tterconcentrati+omo conmrmed—chtor
ng- C12/ L. |Next, coagul ation-fi| Examniesh| Exampiet hExampied e Frarried
SV of water -1
through 10hr”! 15hr" 20hr” 30hr
activated carbon column
Concentration of
combined chlorine in
activated carbon-treated ND ND 0.5me/L | 0.9me/L
water
Viable cell , ;
count in 9x10 2x10 D ND
activated carbon—-treated cells/mil | cells/mil N
water

[0053]

As iz clear from Table 3,

through the activated carbon column of 20 hr

ne was 5
under

at an SV of water passing

-1

or more,

no

viable cells were detected in the activated carbon-treated

water.

[0094]

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,

activated carbon column of 20 hr

[0095]

[Example,

Comparative Example,

Embodiment Illustrated in Fig.

<Example 10>

-1

and Reference Example of

2]

or more.

and an SV of water passing through the



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 treatnent 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 added to adjust the pHto 10.5. Then the
wat er was passed through an RO menbran®’ 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 pertanp -BRiARNMr @Re a8epar abi pAsteRataentonthenRyfeed water had
a pH of 9.5. [0096] <Conparative Exanple 2> Treatnent was perforned under

t he sane candidions: s cddasadd Hxam e 10c exeepntirfati oNaG¥OzZion pl ace of
chloramine T was added to the wastewater containing a - 40 nonionic

sur f act antg Aancdipd rG la iAC eoneentraatioon odf 526hg /My/iln @&wdha ac alacingm

concentration of 5 ng/L in such a manner that the concentration of free

chl ori ne st G rprCEHdrat {G0PH ccbrdmpldeshlbrimel4ms 5 mg-Cly/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
nad been subjected to the ccagulation-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’h.
Next, an EDTA-based scale inhibitor (Welclean AB01,
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 adijust the pH to 10.5. Then the
water was passed through an RO membrane separator (with an
aromatic-polyamide ultra-low-pressure RO membrane "ES-207,
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

chlocramine 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-Cl2/L (Exanple 13), or 3 ng-Cl2/L (Exanple 14). [0098] <Exanples
15 to 18> Treatnent was performed under the sane conditions as those in
Exanpl e 10, except that after chloramne T was added to the wastewater
contai ning a nonionic surfactant and ﬂ%ving 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

tr eat nent, Wasorie! faramd dmderandLondiitipons Tor \Wenekrithe tasauntt ab PAC added
was 20 ng/L and the pHwas 6.5, and then the water that had been subjected

to the coapul alridn: fddtd:ain abideeatr®@itornwas passed. tibr cugh a mbhred- bed
activated carbon colum at an SV of 10 hr-1 - 41 (Exanple 15), 15 hr-1

(Exanpl e ti)t, 2@ honkExanplen bF) frare B0.dmink @WBeadplse mb8L1pODO9]
<Reference Exanples 1 and 2> Treatnent was perfornmed under the sane
condi t i ongDCHE7 ]
<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
TCC concentration of 20 mg/L and a calcium concentration of
5 mg/L in such a manner that the concentration of combined
chliorine was 0.5 mg-Cl,/L (Example 11), 0.8 mg-Cly,/L (Example
12), 1 mg-Cl,/L (Example 13), or 3 mg-Clp/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 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 1 mg-Cly/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 carbon-treated water Softened water ND

106cel ls/mM RO feed water ND ND RO cdncentrated water ND ND RO-treat ed
water ND ND - 42 - [0102] As is clear from Table 4, in Exanple 10 in which
chlorami ne T serving as a conbi ned-chl ori ne-based oxi di zer was used, no

vi abl e celd:sMAle 14t ectedat adda@asurdng 20 hr™ (Example 17), or
30 hr™! (Fxample 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]
<BEvaluation 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
Activated 5
carbon—treated water ND 10°cells/m!
Softened water ND 10%cells/mi
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> I n Exanpl e 10, Conparative Exanple 2, and Reference Exanples 1
and 2, daily changes in flux througihr t4% RO nenbrane separator were
neasured. Table 5 shows the results. [0104] [Table 5] - 43 -

Fl ux(nmB/ n2. day) Nunber of Conparative Reference Reference day Exanple 10
Exanpl e2 [xanpl 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 results demonstrate
that a conventionally used germicide cannot inhibit the
growth of slime at stages subsequent to 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]

[Table 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/nRday 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 differential pressure across nodul es was
observed. The results suggested cloggitg tdue 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 t he RO nenbrane separator.

[0107] <Retattonshipbetween—Amount—of—Conbrmed=Chtorine-Based Oxi di zer
Added and Effect of |I nhibiting CFI(Mtcrh mm%w)e Cell> In [Exanples 11 to
14, vi abl ef-eeH—court-s—rA—ther—acti-vated—ecarbon—i ed—wat er and the
ftened wathBmagEoE Corgparat I%?vﬁ‘s’? %%E‘Tet“&e 0108

sortened wa day ERARI D] Examp% E)e Tﬁe xample2 [ ]

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 e 0.7 0.68

90 0.93 — 04 0.42

[0105]

As is clear from Table 5, in Example 10, no reduction
in flux through the RO membrane separator was cobserved. 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 m®/m?-day after 60 days and about 0.4 m’/m’-day after 90
days. Nc trace of slime was detected on the clogged
membranes, and no increase in differential pressure across
modules was observed. The results 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 Exanple 12 Exanple 13 Exanple 14 Anmount of chl oram ne
T added 0.5ng-Cl12/L 0.8ng-Cl2/L 1 ng-Cl 2/L 3ng-Cl 2/L (concentration of
conbi ned chlorine) Activated carbon-treated 3X 104cells/nm 6X10 3
cells/mM ND ND water Softened water 4X 105cells/m 8X 104cells/m ND ND
[0109] Table 6 shows that in order to surely inhibit the growh of viable
cells, the conbi ned-chl orine-based oxidizer is preferably added in such a
manner that the concentration of comnbined chlorine in the activated carbon
feed water is 1 - 45 - ng-Cl2/L or nore. [0110] <Rel ationship between SV
of Water through Activated Carbon Col4fnT and Effect of Inhibiting Gowh
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.
'|E')6(1b| el 7| ?lo%rtéqeaﬂee%lflfte%-tiv[eo:lk%lbr[e-{_f%WthE] +Examphakb: Exampl €b6xExanpl el 7

anpl e

through the RO membrane separator.

[G107]
<Relationship between Amount of Combined-Chlorine-Based
Oxidizer Added and Effect of Inhibiting Growth of Viable
Cell>

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

[Table 6]

Example11 Example12 Example13 Example14

Amount of
chloramine T added| g5, /| | 08mg-Cl/L | 1mg-Clp/L 3mg—Cl,/L
{concentration of
combined chlorine)

Activated
carbon—treated 3% 10%ells/ml | 6% 10%cells/mi ND ND
water
Softened water | 4x 10%cells/ml | 8 X 10°cells/ml ND ND
[0X09]

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 1



SV of water through 10hr1 15hr1 20hr1 30hr activated carbon col um
Activated 9 x 104 2 X 105 | ND ND carbon-treated water cells/m cells/m 6
6 Softened water a Is/m cells/m ND ND [0112] Table 7 shows that in order
to surely inhibit the growth of viable cells, the SV of water passing
through the activated carbon colum is preferably set to 20 hr-1 or nore.
[0113] The present application contains subject natter related to that

di scl osed in Japanese Priority Patent Application JP - 46 2007-222758

filed in the Japan Patent O fice on August 29, 2007, the entire content of
which is hereby incorporated by reference. - 47 - CLAIMS 1. A nethod for
treating organic matter-contai ning water, conprising: an oxidizer addition

organi c matter-contai ning water; an

step of adding an oxidizer to
organi ¢ matter-containi ng

activat eqLanben treatpent step of treating the
wat er that” has been subjected to

[0110]
<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-~ireated water and the softening column-

treated water were measured. Table 7 shows the results.

[0111]
[Table 7]
Example15 | Example16 | Example17 | Exampie18
SV of water , .
through 10hr”" 15hr " 20hr 30hr
activated carbon column
Activated 9 x10* 2% 10° ND ND
carbon—treated water cells/ml cells/ml
) 6
Softened water 2%10 7%10 ND ND
cells/ml cells/mil

[0112]

Table 7 shows that in order to surely inhibit the

growth of viable cells, the SV of water passing through the

1

activated carbon column is preferably set to 20 hr = or more.

[0113]
The present application contains subject matter related

to that disclosed in Japanese Priority Patent Application JP



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 method 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 conmbined chlorine is 1 ng- Cl2/L or nore. 3.
The nmethod for treating organic matteri&ontaining 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 oiogmr®s74s Efiqe'&iet hod nEorraleeatiraner g&mi eeMaht Bugaent abni ng wat er
according to Claim1l, further conprising: - 48 a hardness conponent

removal sty ,of eeedicng ot henternganicc wiakhenscaatrabpi Agcvaperatbdt bhas been
subjected to the activated carbon treatnment step into a cation exchange
nmeans to deedues:dhe 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 mnatter-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 neans configured to add an~ dxi di zer 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
neans with activated carbon; and - 4% 1M reverse osnosi s nenbrane
separation nmeans configured to subject the organic matter-containing water

that has been n passed tiuough dtheaadgeatied reardon doaneatinenly meaers,t o
reverse osnosi s nmenbrane separation treatnment, wherein a
conbi ned-eMarisieghased oxidizer is used as the oxidizer. 6. The apparatus
for treating organic matter-containing
an coxidizer 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 oxidizer addition step with activated carbon; and
a reverse osmosis memprane separation step cf feeding
the organic matter-containing water that has been subjected
to the activated carbon treatment step into a reverse
osmosis separaticn 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 is added in an amount
such that the concentration of combined chleorine is 1 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 to 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 chlorineis 1 ng-d2/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 Claimb5, further conprising: a hardness conponent renobva

means including a cation exchange nmed®s 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 Lnhibihotst 0ohPEnOhEARLECURT t S S OBE abdbagnyaties that has
been passed through the hardness conponent renoval neans, 50 the anount of

the scal g ifihiibi teraddedhaiind rki water ABEE hhEnBsehheuwekghtdotocal ci um
ions in the organic matter- containing water that has been passed through

t he har dness aGaRReReNtaFeFBY &lrciRarst andpaipHoad] ustdent eseansgeonfi gur ed
to add an alkali to the organic matter-containing water to adjust the pH
of the ofegany a¢dmalddercecahicanairdigewat;er to be fed into a subsequent
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
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 subjected to 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 into a subsequent reverse
osmosis membrane separation means to 9.5 or more before,
after, or simultaneously with the scale inhibitor addition
step.
5. An a?paratus for treating organic matter-centaining
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 osnosis menbrane separation means to 9.5 or nore before, after, or
simul taneously with the scale inhibitor addition neans.

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 column, and the 3V of
water passing through the activated carbon column is 20 hr™
or more.

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

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,



- 50 -

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
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
organic matter-containing water to be fed into a subseguent
reverse osmosis membrane separation means tc 9.5 or more
before, after, or simultaneously with the scale inhibitor

addition means.



