SPECI FI CATION Title of Invention Method of Menbrane Separation
_Technical Field [0001] The present invention relates to a
“met hod of nenbrane separation which is perfornmed by supplying water
to be treated to a nenbrane separation apparatus provided with a

per meati on nenbrane such as a reverse osnobsis nenbrane (in the
foll ow ng sonetinmes called as "RO nenbrane”). Mre specifically, the
present invention relates to a nethod of nenbrane separation wherein
cl oggi ng of nenbrane by sline ISPEJIRIGATI®HNTrevented and stabl e
treatnment can be carried out for a long period of tine by adding
intermttently a conbined chlorine agent conprising sulfamc conpound
to feed ter pliqg to a nenbrane separation apparatus. Techni cal
Backgrouﬁ@ﬁgﬁgggiuﬁﬂLigg When menbrane separation by a perneation
menbr ane such as a RO menbrane is carried out for water to be treated
cont ai ni ng suspended solid and organic matter together with
cont am nant subédetined o fsMelm bsant Gopagatioam the perneati on nmenbrane
is contam nated by these substances wherein clogging of nenbrane by
sl ime adhesi on occurs to decrease flux and separation rate. In order

to preven, hch?@ﬁgganation of the menbrane and to increase
separation*%%*rtrentyr there is adopted a sline adhesion prevention
nmet hod wherein an oxi di zi ng agent based on chlorine is added to feed
water to be supplied to a nenbrane separation apparatus. [0003]
Patent ddo0fBht 1 (JP2006-263510A) teaches sline prevention treatnent
W t hout degradation of the nenbrane and without formatjon, of

tH hal onﬂ hane rfé‘ier?e?tstlgﬁpé‘té%ﬁ_ eEht@r#n@ Qfoﬁ’b?@shrr?éled
chl orosuldf.amate; 0L H %sgg]a?{bﬁ%gwmgggﬁgﬁg{%mq 1{?1”%%%%5’5@& £8"Y

a sulfam c conpound i1s a e suppll

nEnbraneIﬁéﬂﬂﬁ@hkpns@p@ﬁéﬁkﬂﬁ-a?baraﬂhﬁaﬁh©v§@3309ﬁﬂjiSaeﬁﬁﬁﬁhbéﬁ%%
by sulfamic acid or salt thereof. The sulfamc acid is am dosulfuric
aci d r epreewitradicry UEbr fral @ YeMesel pomoshersiemiRiany (dendie foblasting

hyd b i 1-6.i nd dently. T
oxi 0 21 nGORINET S TRIB G ot e hSIURaHT P11 eQLBYF cHbBPITHE: ks the
chl or i nep%géhgﬁinwﬁﬂ%w Q'regE?e@Cﬂod £ e3RbY BP%%%bra/BéNggﬁg%%lnign

[ 0004] il e patent docunment 1 suggests both contin

i nterm t twelnd r el dl0é oig@ria gadf meshbraheZingliagenit e f€ieiéh tiyopse dehdidd amd S
adopted in Exanples. Such continuous additjon requires a |arge anmpunt
of cheni éhfbledusphgemitgran, bat eermiedosus. forupt Herg rewindi af dame oy

conti nuoy dditiqn, |I. ventin ffegt Qf slinme adhesion is. .
bt ai ned g, RhaBH T R | SPaBinERn et iaF A e Nl o naginne
and havi ggimahes edalpéynal far %‘e&OWéEélor‘SQ?%H(—Ri higgh S| @mbrane
adhesi on potential. [0005] Patent document 2 (il:12010-201312A)

t eaches aepetrhtwrohppmeatinane separation by addi ng a conbi ned

chl orine agent conprising sulfamc conpound to feed water supplied to
a nenbrane separation apparatus wherein additive anount of the

conbineduehiesl bermaghus, pert o cally or frregularly nereased o 2
represented by the followwng Formula [2] is 1.0 < Z < 2.0.
[0002]

When membrane separation by a permeation membrane such
as a RO membrane is carried out for water to be treated containing
suspended solid and organic matter together with contaminant
substances such as microorganism, the permeation membrane is
contaminated by these substances wherein clogging of membrane

by slime adhesion occurs to decrease flux and separation rate. In



Z=(MXT+ Mx Tx) / (M XT) [2] (In Formula [2], M
_:Concentration of conbined chlorine agent in feed water during
‘ordinary concentration addition, T Feeding period, M : Concentration
of conbi ned chlorine agent in feed water during 2 - 10 tines
concentration addition, Tx : Feeding period under concentration M.)
[ 0006] Al t hough, in Patent docunent 2, during continuous
addition of a conbined chlorine agent conprising sulfamc conpound,

hi gh concartaraticonpsddint othd scpetdainrdiqier bpdileal Membraheedd@r ty,
| ow preventing effect of sline adhesion is obtained for the water
havi ng a Ingrgasausdrgrafion abiieiegedy, dranet ¢s aadomiad iy shimer aghabiay
of harsh condit.i.on dug tg h'hgh slinme ad(liesi on Eotﬁ%ti al,. Cogﬁi deri ng
the reasdit®iF¢RE BF B8 ed T &4t FEhPXt41 4388 Dy v R gEMYE 1
the increasddd tAtRed Gafeld to $e< Rufhlidddidi ¥enfONPSANGALLPRA rdY d NI
the high concentration addition period seens to be so inportant that
the addi tamparstwarri ed out as high concentration as possi bl e wher eby
t he ordi g@g}y oncentration addition period of |ow effect becones

| onger c .06“3 i ncrease of slinme adhesion during the | ow effect
period. On the aryy 1f | ow I8kl ri i et
short as possi glcé;tf&{the)raémglgln%g%ou aﬁgi?ggptgm%ﬁg?oegf eggaggegdd?ﬁiﬁ%
at hi gh goneenttiehi BedtinehtosithOst QSIELISHCHS GHRC eRE Atr0fb ighd
t he high concentration period cannot be hei ghtened. In Patent
docunent Withgivicéormaddemi pedrihibnhathagenwliereaddadstabld moousingd
shock to m.crobes by intermttent ch es in,the congcentration is
omel | and PARFBTT aid GRF lof FOEYPHISIAE | AP TASHIATRALE | N TFA hr dEARRbIAN
smal | . [Q&qalzing age TR e JOSY B0 rinkd B2LY 4aPFE A ct %ﬁﬁg[séuﬁld 18
met hod of reverse o%rmm S nmenbrane separation wherern a c I ne
agent i s aatiteatl §ontfeed tketdd Yot det Raippplied to® Hendmwdiradeurdparhbion

condition that residual chlorine concentration at the nmonent of .
addi ti on arparedufat ed heo swdfamdst eamipoundt be exameliied. by- sudfamic

as a concentratiaon,level no rmn ri hal onet hane, that e.addin
Pate | or et o &by YBRESTE I nOTHON 518 o AMITRR S BFLE
0.01 - 0.,99+c88Atday TEIAUR [qglt%ma% GHGRRhTRE] B2 AHALLOSTAS H
reverse osinosis nenbrane is inthe rage of 0.2 - 1 ng/L. | = (T/1440)
x N [3] or hydro¢drbdiorgrove h3jving ckeriod e wadiergoHar 6 da defp eatd aaitlye

agent (mn), N.i.s nunber of additions in 1 day.) [0008] I n,
Pat ent dgﬂ%ﬁréﬁftld:’s?lfb% fEend bRssd A abkninesisgFeap hdtadihs ehlpying

gr L\?\évntc ?%%Q]Ec][h 2?:4 B ldg%{?lﬁde&g%%égfg@rlonl?)s&%i%? gﬁi %glgf ? gpte{; %gr%\%{v er having

a | arge nunber RpR2NQO;8I-cel-[1lcounts and having water quality of
harsh condition due to high sline adhesion potential. If a chlorine
agent isl@88dd at high concentration in order to obtain effect, there
conmes out prob such as t({Pi hal o taane formation and deterioration

of the nenbrang‘?ﬁﬁet RAIGRE idpoppent doANRsRsts, bokpociopdinuous and
concentr at. | i r I - il o] erjl.izer.:8hac
o m or obaLofp A ECa M HELEIGEA wERL P hpRR L EoRbEN 4 RarPRACS
to alreadyopdbdr bt Bxan®les. preseliedntiatwhls hedatise feghliayd aelagant
is added continuously to the water to_be supplied to nenbrane.
[00091 amounpafephemdeattent uaing prghtreyignent cossshed wr trhenh e eof

exfoliating slime.wherein sline 55 .exfoLqi ated by adding.to vva{er .
system a'8I g e?fo?‘?%_ﬁinr]r’d)"hgge%@ HoRPr i "ﬁgpéﬁv%Q?’Jf%i gteﬁbeﬂ Hagey
on chl or i, aRen Sl S A% eRCESE BRE vhably Tﬁ]%,lvtintgh:?qﬁ?%? o AR E ot viable

docunent 4, there are described that a slinme contr agent sterilizes
or controbH embbtphindahbommgfwater qhealby déhatryghaddoditdbnablé to high
menbr ane, .or by prohibition of enzyne reaction of bacteria, while a
slime expbmaddesiganpothrtiélses aggl onerate of microbes to

[0005]
Patent document 2 (JP2010-201312A) teaches a method of



I n Non-patent docunment 1 (M croorgani sm Science 2), there is
~described that proliferation process of unicellular mcroorgani sm
‘includes 1) Lag phase wherein cell count does not vary, 2)
Accel eration phase wherein cell count increases gradually, 3)
Logarithm c phase wherein cell count increases exponentially, 4)
Ret ar dati on phase wherein specific proliferation rate |owers, 5)
Stationary phase wherein increase and decrease of viable cell count
come to amshaltshé | Isep@iradine! drat hddidgatd pbass ndier ehloMnabl ggegt |
count begins to decrease then, and 7) Logarithm c death phase wherein
vi abl e celumpsiringdesidaseic espoponmidl t9. ferdr ewnsen| sopddied i hed a
that, when chem cal stress is n.to 'croorgq&'sns action of %he
iThe he

cherr cal SOEEHIIHES SORATEION aPPREALYRCRIEFELD ol SR 2 s
becormes hi@hBined RhHEH QLR 135 ﬁbrMﬂl%MEpBr iﬁ)}eéﬁfzﬂlﬁrﬁ{é&%s@d to

proliferation, 3) Inhibition of proliferation, erilization.

There ar & f-uil Ohtimdesafl bbdin 4 iwatapoanitf éoatd gemate(Meamhsehetoirw et o
at the inhibiting concentration for proljferation, and that

i ncreasi Mgt ECresed te dyitidie Eudemasentatm e tesl & K 77 #g0-
concentration er I or._hec S extinct. It is
al so descri bed ha@?ﬂgv%fﬁ?h1L rl\gggirjgg{g g@(?%ﬁ@[i on, tﬂgfe is logarithm

| aw of extincti(on Waenfiln 2] dar :CehathePatisnf YTMEEENMIERhIorine
duration and | ogarithm of viable cell count. Prior Technical Docunent

[ Pat ent Bgamenn] f¢ab 12htéPadenngesdipary 1cdndh200e6i0638dditiopPalent

docunent 1, JP2010-201312A [[Pat ent dacunept 3 .1 JP2000- 42544A .

[ Pat ent dﬁ%ﬁﬂmp&rw ’P%’E)s-%l?éﬁ TNBH—BEFBH%I) ﬁﬁ@fl%@ﬁ@yt in
Non- pat Re'f i i . .

I[Dr ol i Per gt@%gg@&lltl‘%ﬁa{l)lllz}}%nﬂofl(B?{)Iﬁ?gecr%a@c;lgglﬁ?%ntztagrcli%@%rgrrr}érﬁF(;%?dlng

YANAG DApdrisdach dyr KabeshkikaioshBlLakkai Shuppan Center on 20 March
1981 ) Irttrod ction of Invention [Subject to be solved by Invention]
[0014] LO006lan object of the present invention is to provide, in

der t | ve {he ab ' b had of menb L
Separat i on whefUtioBRdegPhbaBr hdbgriREnE A I vie SemBBIF TS addition
ef fici entolfya RLSYBTHES cMEr iRl ritf @@ﬁmgilrlf@@u@%ﬁ% "do ggnu%ég, High

|l ong period of tinme at a | ow cost by a small™ ambunt of ch

wi t hout sbapgeaftratntr addiseparsap & oforfinee d g dmedecd1dy icat irae gadrly, tibeut
t he nenbrane deteriqration and trihal onethane formation even if
appl i ed PFevRating elfethoinglime adgeshemsecirinpddios tha wadguhaviag

havi ng wat ' f J- ongi tion .due to. high sline adhesion
ot enti ar. TpResabSoplFENE A 'GoffyS) nlt*nd v B TR ARER ot
i nventi omay®l Udeshdifteoh o Haw ngomretiieds ofl; ARTOr A0Be SRART apbAhtiad)
A net hod of nenbrane separation, conprising
Considering the reason, if the proposed treatment is performed in
the range of the increasing rate Z of 1.0 < Z < 2.0, additive
concentration during the high concentration addition period seems
to be so important that the addition is carried out as high
concentration as possible whereby the ordinary concentration
addition period of low effect becomes longer causing increase of
slime adhesion during the low effect period. On the contrary, if
the low concentration period is set as short as possible, there comes
out a problem that effect by addition at high concentration is

almost lost because such concentration in the high concentration

period cannot be heightened. In Patent document 2, since a



supplying water to be treated to a nenbrane separation apparatus and
.adding intermttently to the water to be treated a conbi ned chlorine
"agent conprising sul fam ¢ conpound, wherein viable cell count
(log CFU nL) of water to be treated is 3 or nore, t he
intermttent addition is perforned by repeating a non-addition
feeding period in which water to be treated is supplied w thout

addi tion of conbined chlorine agent, and an intermttent addition

f eedi ng pyhbinéd otlioehnavatigini ¢s beldedkabadinhsoaubyl slesklindemicrobes
addi tion of a conbined chlorine agent at biofilmexfoliating

concent r RY oantermatieant] yckanges ofinhi Bi¢ | grheemaraonduis ngmalé and
non- addi t | f eedi ng..period, the non-addition feeding period is.for 6
POT20° ot IO EIFHIPR b et Afa TRER L sy pert SR Sremarl.” 40
hours, an®oo7] t he concentration of the conbined chlorine agent in
the water to be treated in the intermttent addition feeding period
is 0.5 - 20 ng/RatEntt doatincéthor3 nelP2000-425420) Theadtetshad method of

menbr ane separation according to the above (1), wherein additive .
anount off VRESE ABRAGH EMPIBOTAS cagRRRr abidad Whetaia 7 ibdesine agent is
addi tion § 6 I i i i se d byi.the
Fol | ow nd B hofisOithy ftalely s3RIRATe:' ¢ B8 80 4 SRIESCPATRRAIHIR

feedi ng perdtofediduay ¢HRAGNY dod @iraltest Addhti QR COAEVTL4@81190n to
(mg-A/L)]2.5 / (Non-addition feeding period (h)3-0 x 1010't'nlL) [4]
(3) The odatsr rrenbeahee stshriat ionthecoadgagof d.2he dBoweg/ll)aora

2), wherein the early stage of, biofilmformatiqn to start the )
0t er m ¢ COREERAGREO0h (p EBATHRY FOTBRRS ES AR S ShARS pi BAF( Ghaca dsbing
phase of iter PQLYANLSHPed byt *eﬁebfoqiadvﬁ%%grﬁmabz Hfé iﬁaeaﬂe%gtg'e“gf
concentration is " the concentration to inhibit proti eration O

m croor gandnms 0.95 henbi ofiat Mesidual chlo#indhéomE@siiod todn MRIKI BBCore
separation according to any  one of the above (1) to (3), wherein the
nenbr ane '$¥FAPAIASERO tispEreaRbBang isrigvithedaga hf . 2evkmg/losnosi s

menbr ane. _ thod of rane separation according to
any one of theIa—bcg@Zi%;I[??t%E(l\E), Wne[[ggd; sulfamc acid to formthe

sul fani ¢ conpoyng pérﬁmacmpm%me%r iaaﬁiﬁgeﬁ'ériio%l 3 aﬁfqg@nt

acid represented by the followng Forrmula [1].” 1/113,2

(I'n FormibEn) 1N i4dhimR2rdshatditaals i drdhaydr ocarbon group havi ng
car bon mfnber of 1-6 independently.) (6) The nethod of
menbr ane 9@8§J ation according to any one of the above (1) to (5),

ORI YR e A R
oxi di zi ngnegeRitfeased OAtChhOrid®, concentration level not forming
trihalomethane, a low preventing effect of slime adhesion is
obtained for the water having a large number of viable cell counts
and having water quality of harsh condition due to high slime
adhesion potential. If a chlorine agent is added at high
concentration in order to obtain effect, there comes out problems
such as trihalomethane formation and deterioration of the
membrane. Although, in Patent document 3, chlorine
concentration varies by intermittent additions of sterilizer, shock
to microbes by intermittent changes is small and exfoliating effect
to already adhered slime is presumably small because a chlorine

agent 1s added continuously to the water to be supplied to



wherein the conposition ratio of the oxidizing agent based on
chlorine to the sulfam c conpound is in the range fromO0.3 to 0.6 by
G / N(nole ratio), the conposition ratio of the oxidizing
agent based on chlorine to alkali is in the range fromO0.15 to 0.3 by
C / alkali nmetal (nole ratio), and free chlorine
concentration in the aqueous agent is 2 % by weight or |ower of total
chl orine concentration. [0016] The nenbrane separation

appar at usmaoclraineg to the present invention is provided with a
perneatigﬁoﬁgﬂgrane wherein water to be treated is supplied to the
per neat i rane to carry out nenbrane separation. As the
perneation ne I used e i QR,
Stch as RO monprans SoEuRcent L RTER (P AN R0, TEAThEnZs SFeheY fF
menbr ane (sfotiatinbt sHinonwherbimnd)meniy defolizadd Wy laelddneetdrwacer
separation apparatus provided with a RO nenbrane is preferable for
the presanstepventslome pafoligdingt agpnlt e mprasiged At ¢ ol ifbndr agent

the present inventi,on is especi al effectjve to,a pol . menhra
havi hg SR o AT g A8 o SRLAeh SEthdi 3ok de° Calhethehaty. - o
aromat i ¢ PolyATieeudfe hOW, tNQLAREE ded cFIbOd ithe): a RN 88nt @ dagent
pol ypi perazi ne am de, while other RO nenbranes based on such as

cel | ul osestacHtiat® orayobe dpphivdahilécafiba pémbatibenbyedbnatrer atynhaf/ e

a structure, of dul e such as spiral.type, hollow fiber type, tubular
type, andeil gpe Bfhe OF Y& PYipPriion of enagme, repgtign of bactpaia,

treated fof. e r-ati o u i t e .
separ at | SROUSpAranhe SERENAMLEL nberi BRSNS A SR BE omipyobes
wat er pogsi Rixgoliatee stBRakafesinb dhoedreah i RitekeREaNEs SEClowering
natural water, city water, industrial water, waste water, and treated

wat er of addstsiveaess. oftheadlheerve osbbstareted (wayably waobrs arahiangde)

| arge number .of viabl.e cell .counts and havij.n ter ity of hars
Condt 1 o SabALT % OFL gl gl i SEfHat BRIVt R Lo & 10 Bt AR b
is appli watier tye [ vi.abl I .

CFU/ ) ?a'ge%& Enlgfghg%gghi%hqisf?ne%\a%ﬁgsi 8 p@tvg%i L e‘r"%g‘%%s of
menbr ane pyrdpsaathamidmnrdsidiael arnedsidwlenf pimeMaabieontof rétddle slime
adhesi on. ~In the present invention, the viable cell count (Iog
CFU naL) eaffoligtingtesiert.treated i s neasured by sampling, in a
steriliﬁgﬂgﬁgitle, a sanple of water to be treated which is supplied
to the e separation apparatus, leaving the sanple as it is at
30 t for 7 daygn pRgubatdpguilis SATPhEweRedN tAGam SBM M EbxAA 1Lty
7 days, then counting the number of formed tolonies on the culture
medi um abdmealscap pliedgoh bgto dheeslof ecfd rony d fior ox dugh sy v at€EWystekys
Here, "log" . is used for conmon |ogarithmlogio. [00181

Accor di nGucd efeP el 6apling Sratieansy straaswaedret o Beln meteagsystems,

supplied ane rati.on apparatu d conmbi ned_chl grj.ne
agent cor&p%% ggg%(} n‘&?a?%%og é(.)tuenrg?i El% degt?aeat g?arﬁe(f%t eht e)}ng,ocyﬁtmg
vat er to oBe wdRat &k R WeRYr SO gHERE 19Tn P_LERALL R TBIRAEcdMon to
growm h of biofilmcan be Fr evented efficiently and stabl e nenbrane

separ at i shimanexfoltativnedt petrnfeatian orgmpernedswoéhtd s O Anehobrdne.
intermttent ~addi.tion of chlorine ggent is wn .as sho in the
Pat ent dé@tﬂﬁé’rﬁ%% AEp aﬁa}mgﬁl%ﬁ aﬁfwe@dﬁgf}%lpeﬂwe' ﬁm%d;aéaer
and intermtte j tio IS nown m1cl.oggi of i ofy:
menbr ane © ylhgdhn&é%?gﬁlogif E%gfi?c?dn%sa}r?ﬁhot bTéﬁpS)r gl\%éa%%esd E)Igggsln%rr%%e Sime
appl i cat iegfiolibitidu eismihtende adEh th O @se dbOVE. id NifEH AN rocess to
separation using a perneation nenbrane such as RO nenbrane, water as
sol vent peereatesn ohelmpgebrdhesiothi | 8180¢ ute pey neentiont batnatnaeatioa
surfaces of the nenbran ined mcrobe proliferates to f

bi of (| m TP AT ABCAUR R DN ST RBRBRe RLEH 251 O Ve thEHDESas tiPsn

membrane, microbe residing in the supplied water remains at the

surfaces of the membrane to form biofilm. If the biofilm grows



water to be treated under addition of a conbinéd chlorine agent at
the amount to inhibit proliferation of cells in the biofilm
especially at the anmobunt to decrease proliferation rate to 0 or

m nus, biofilmalready proliferated can be exfoliated efficiently. By
perform ng water supply under intermttent addition repeating
non-addition feeding period and intermttent addition feeding period,
bi ofil mcan be exfoliated in a | ow adhesive condition of cells so

t hat sl i nmtadiémicoto anmichereotygithg mennerdiarerds e or exviniiedon] @02l ne
In the present inventiqgn, a. conbined chlorine agent added to water to
be treat dtPGOINESs ¢Brk HaffieRltori ne agent conprising sul fam c conpound.
Accor di ng[otoqlﬁ he present invention, free chlorine concentration,

conbi ned chlori ne concentration, and total chlorine concentration are
measured as ClIncERgepitahi odymbRR MEMRIoHSEARIsm Science 2), there
N, N- di et hyl e- 1, 4- phenyl enedi am ne according to JI'S K 0400- 33-10: 1999,
whi ch gi vedladeaihed ithaitryr defdraitiowpsoctaself yynice e lah mi¢roriga mehed
as chlori.ne ;residing.in forns of ﬂ ochl orqus acid,  hypochlorite ig
or di ssollx’?@bug?ﬁ o#?néﬁa%o AR&d gg‘?mﬂec“?ﬁ o3 Lﬂl%%s aBOEhV8tyne?
resi di ng 4 0B of amgmne, nj I ' ' [

el udeq s St ATicR, £ 80 "MAG Ah YT LEu R PRERAG SR ALY, )

i ncl uded Logdfiehiiieepblalser imlisrelat adllckd wht Nacreakob esk@enehtianiyed) n
forms of free chlorine and/or conbined chlorine. [0022] A
conbi ned kettiagdatéongpheses wheredanspaeiiarpeplafe nateonbvaee domsnsedsd)

chl ori ne i.ch is preferably an .aqueous a t conprisin | kal,i

cons st A Astont Ea MR Ay aR RLHESSE Atrh AP T oMb At fh 6eTT count
oxidi zin a ahl @yi A. i l.QJ 4 .U i
Che.prondRiel afed Rt 0) Aot 0N, DSl LS PRSP S0l
appl i cat icehl byuhbhdgyiasent dappéasanhen, Bspkd) dlé yariphef &r dbheh adende

is the one wherein the coppositiaon ratio of the oxidizing agent based
on chl or i"gexyn Neakig fegm coddripdantedses ¢ xpaardigllys r ohhers isoalse,

pr ef er abl W4 -10:5 by / le ratio)., the caonposition ratio of
Phe ot ey id b sulfont, B AR S5 Shin Vot YR DAL PR SR
0.15 to QcioPAf thakiheRidals Peddmdy Grongdkadd thRt 8bnédRb@tishi & -
and free chlorine concentration in the agueous agent is 2 % by wei ght

or | ower tbe tbetalicahs drécrenecenbighent imnsudheoatpiecss 190Nt iedfe agedt
is preferably of pH 13, or e and th onposition ratiq.of sulfamgc
conpound 4 eAPIAfiPY Pk wogg‘f{%aag%m tﬁé’ﬁﬁg’@@tﬂn i3 ilhr(ﬁ rad e f4Jom
0.4 to O. . . al kadnt t 1.Q)i (o] e
ratio) cc?fr% F 2}5/16%%%13 %t'oajtr%lg qrgaﬁ%g?g?h?ﬁ]tz%ﬁbsl%éﬂ?l%&rﬁgfaqoﬁ%%e%ﬁ&gg Elntge
agent nedsureds@saor g atothy &Ki%@ﬁg%’mﬂ&xﬂt&%ié@ 8| er d1iEeri O,

sul fam ¢ conpound conposed of N. The above N/ alkali netal (nole
ratio ) @&t déywdndscreasime rremtieo off cellenatmber nbeeomesberinis sall ftiwe c

d_to mol.e nunber of alkal | forned by alkali netal
hydr oxi a8-T0pgE concenbigfoniy beXEbE il FoTRPeRTRcitnss o BoRpBIA:

of the c ' C ' T i,do uy, | [

The' fol | S g For mil 2 1] RINELIPYy et e ] HORRERRA, thbe)
denot e eachoblaoithmdizoeasbertgraiipn hatiengiar bome awrbditioh i1s Gormed

i ndependent |l y.) . Preferable sulfamc acid_ is the one in narrow
sense i nbghversnRAuRa2tahgmel tegar igh myelf | vd akl eeael coswitf ani ¢ aci d,

N, N-di met hyl sulfam c acid, N-phenyl sulfam c acid, and so on may be
used. Sul fam c conpound may be sulfam c acid in powder of free acid
or sul f apaigr e A RI¥KHUmBRial salt including sodiumsalt and

pot assium salt. 00241 Al kal i for conposing a conbi ned
chlorine agent consists of alkali netal hydroxide such as sodi um
hydr oxi d:la and giioassi um hydr oxi de. An oxidi zi ng agent based on

chl ori nelPALeH IRBEERY or ous acid, chlorous acid and water sol uble

[0012]
[Patent document 1] JP2006-263510A



conpound to alkali is in the range from0.4 to 0.6 by N/ alkali
nmetal (nole ratio). Sulfam c conpound is added in a form of powder or
“aqueous solution of sulfamc acid or sulfamate. In the case using

sul famat e, anount of alkali metal contained in sulfamate is
calculated as alkali netal in d / alkali metal or N/ alkali netal.
In the case using an aqueous sol ution, anount of water contained in
t he aqueous solution is calculated as water in the aqgueous sol ution
of alkali. [00dPhtent docuOxieaditz2 JgJRYOA0-PAIBA2AN chlorine is

preferably hypﬁchl orous acid or t]y ochlorite which is preferably
added as an aquEAtendARRYBEHaFi ngPE\OQpré%ﬁéﬁlém orine (C12)

concentration cﬁ, %entz(gog{glg%n\%eaﬁ[}j%%gggf%ﬁ??#&l?ne 15 % by wei ght.

Addi tive amount™ &f°0xi D ng age is decided in
order thaiINayaidteDelu@iéng (C12) concentration in the aqueous

sol ution agent becones the above concentration, and that conposition
rati o of [®0ildlzi ng agent based on chlorine to sulfamc conpound by C

/ N (role rati becones .t he above ratio ereby a conbi ned chl orine
agent of aqueoﬁb%’lp@tt%‘ﬁ agertmEider ilor] i M}%‘&&rg@ﬂlﬂn s&%?PP% y, 2

hand! | ng @POw3ReNpEAINAITION CNLHibIfiCLS JI" GIMARR Skile! Bikiden by
W t hout foam ng and’enlttlng chl orine odor. re, oxidizing ageﬁ%
based on Téheomi it iiBANAeGED] Vsadabd yald brisikok it d Wk al Shilan
case that the oxidizing agent based on chlorine is a salt of alKkal
met al , arfemtenpnt 4@ Mprahil9®iadl is calculated as alkali netal in C
/[ alkali nmetal or N/ alkali netal. [00281 The above conbi ned
chlorine agent is used by adding to water to be treated for chlorine
treat menty,+1h8 wRIRIH oRaS VW ibnee chlorine concentration and high
conbi ned chlori ne concentration, so that conbined chlorine
concentration of water systemto which the agent has been added can
be hei ght ened even when_added at a | ow_ free chlorine concentration.
Since corfiubdacthPdie Relved by freenp@eabi ity into biofilmthan
free chl qugd effects to | ower stickiness of sticky substance from

i nside a to'exfoliate biofilmcan be obtained. In order to perform
chlorine treat mentobjeerifngt phboEhPanIBeRILER B p3adede, 8 & ddrefo
chl orine concentration of 0.3 ng/L or |ower, preferably 0.1 ng/L or

| oner, t@obmeerha abowet peanredrobilem,is mephbidedf twe mbmameneeparation
separation apparatus. .In this case, total c¢hlori concentratiqn nay
be 0.5 - Whehyin clpggpeg of membpyape,R¥n siiBe cafdeséen chy difHaeagbht
i s added § t fr l;or i | O
as a sl FRCYEREEY d00 MARIERRER Ao O BRI ol SRR REHAL
conmbi ned ofhiald Ae sChig @t dly ansmall bt Senhodlkhiehaicady aiitdhe stop of
chlorine concentration beconmes high and clogging of nenbrane by sline
adhesi on mamlymng esennsdtiogyefoy nslinee casdolimdtionheand earatdomt the
applied to the wate aving a |ar nu r of wviable cell.counts an
havi ng wab &Rl ¢ B haR i o £ Bﬁ@@ﬂ%hwah?%rpﬁél%h%%nlp
potent | lap 1l AR B IRCHERM o Fin e | 4198 Bo CRUMB P 20CRIb1ES A %hints
intermttently at a | ow concentration vel not formng

tri hal ometdthrieaviirevweatenggeéfiegt o6fhatdlirecadhasoondaantmohidle slime
obt ai ned for the water having a | arge nunber of viable cell counts
and havi fdlhgeien peiant@lof harsh condition due to high sline
adhesion[ tential . .On %hﬁ.cg trary, since the above conbi ned

chl ori ne ‘ayeht égﬁﬂﬂgea Qe %At a hi gh conbi ned chl ori ne
concent r dhpes] slinme adhesion can be prevented for the water to be
treated having a | arge nunber of viable cell counts. [0030] Effect to
prevent slinme dttegimserdy iheestmdn idndesomhienddlloktiag nectlyeds of
added continyously, as in Patent document 1, to water having a |arge
nunber of¢ e 8PPAERLINS and having water quality of harsh

(1) A method of membrane separation, comprising

supplying water to be treated to a membrane separation



(In Formula [4], Intermittent addition feeding period is indicated by

chour (h), Intermttent addition concentration is indicated by total
chl orine concentration (ng/L) when conbi ned chlorine agent is added
to water to be treated, Non-addition feeding period is indicated by
hour (h), 1ogCFU nL is exponential nunber with viable cell count in
the water to be treated.) The above intermttent addition
concentration is indicated by "ng-C/L". The exponential nunber with
vi abl e celgpaoaimnts andi cated by "l ogCFU nL" is given as a nunber

correspondi ng "n'. when viabl e cell coynt is shown as "A x 10n/nL"
wherein log is A rtaragltgentipgghhe water torhg tgRdedt cogpbined

For mul a I r.o . ] L hion feeding period
(h)" o Higkthd g eHiO k- ind BhEEILIL gp#&%g?ﬁn%’-o/u " whi ch
denot es addi ti wehéeraiwntviafbleorblinadh iy oflbpe GIREM IAUrdmavhter to be

intermttent addition feeding period. The denom nator of Fornula [4]
is the prtadatedap 3 okonoaediti on feeding period (h)" and "viable cell

count indicated,by .(logCEU ni)" i.ch denotes proliferation amunt of
ColTs prol i for dhey KRGRFI ARt naHCATa | B FORRE pebPodepstiing 4
Accordin " : fror s A A LS sent: diti o]
conbi nedgﬂcdgl1 gﬁdr}féld;geg%%%lﬁgﬁn%éﬁ??ﬁﬁeﬁ%ﬁﬁge%agﬁgi ![;(Is oﬁgf ggg#ﬁ%d fe
period) /supprloédf erighban adddtiordusd g nhbénedneBitdiihieom gedadi Agd an
period), which denotes total anmpunt of conbined chlorine agent added
during t Aetermattant additdea; faeskingcreriog pemilight water 4o herbreatest 1s
cells proliferated during.the non-addition feedi ng period 0034]..

For mil & CAPHAEY E 2Rl 8RR BT o b e i enRehecRt £ Biariphg
prol i f er atifon adss & Neo M @ddi b ofhn f e db gl yoithed ber, HaNeR MatRhtRin
R, the followng Fornula VI.5 is described, on page 243 of Non-patent
docunent diyringl EHté mort-e doidldrf éeadirgn pefriadhi cel | ul ar m croorgani smin

| ogarithm c phase. In = 1ln + 1ttt (\V1.5) t: Time, No:
Cel | nunber at theqrompadgition fggdingpqriodgsciay € 'pilépihfém,i on rate,

n: natural 1 ogaeliiaLhQefe Fgg%éﬂo%feediqggéchﬁi&o 0l§ - ad RLIL2

relating to proliferatiron in arirthmc p h-order 1o ‘adap (0]
accel er atgiah phase preceding | ogarithm c phase, the follow ng Fornul a
VI . 5A has been devel oped by decidi ng exponential nunber of t as (ne3)
according to Fthe wngentrapdage 242tbe Nomhpjaedntichdotumenigdnt im thes

'n No + Q&am:er( ggege (t}'/tlaé.g’éag in thé 0191%3Llnittent addition feeding period is
0.5 - 20 mg/L as total chlorine.

(2) The method of membrane separation according to the
above (1), wherein additive amount of the combined chlorine agent
added in the intermittent addition feeding period is the amount in
which R represented by the following Formula [4] is 8 or more.

R = (Intermittent addition feeding period (h) X [1000 X
Intermittent addition concentration (mg-Cl/L)]2-5 / (Non-addition
feeding period (h)3.0 X 1QlescFu/at) [4]

(3) The method of membrane separation according to the
above (1) or (2), wherein the early stage of biofilm formation to
start the intermittent addition feeding is before logarithmic
proliferation phase of microorganisms in the biofilm, and the

biofilm exfoliating concentration is the concentration to inhibit



Relating to specific proliferation rate ,u , the follow ng Fornul a
. VI.7 is described on page 244 of Non-patent docunment 1. Jimx S/ (Ks

+ 5 (M.7) Cum Maxi mum specific proliferation rate, S:
Concentration of substrate, Ks: Specific proliferation rate at (1/2)
p. m) [0037] In Formula VI.7, "(Concentration of substrate 5)

= (Viable cell count)" is assunmed because ,u is proportional to
Concentration of substrate S when Concentration of substrate Sis
smal |, amrotofecetiomifoniofoongagtisateis tihe pieSlmed to be hi gh when
vi abl e cel | coggﬁéﬂ's | ar ge. F%)r ex | e, Concentration of substrate S
is 104 when vi he.pre hfishp OHORGEGMAFERRFALIPR G GRGNG 2npHene
formul a ! i reatyi Ql.i.f.e i

non- addi AL 2y e @) BT G nfe bl atan fphPtus
conduct edsfpiamibdednwlitis avrebérsndsiosis Mnsbhfoieul a reveal s

proliferation gngunt of cells before logarithmc proliferation phase,
especial ly in aetdiha methepphsrewbrgng separdtion a¢cawiding b poymM®Y

m croorga m dyring n- i tion f.eedi eriod 0038 .
Addl ¢ ve U e o R ho P & B 418 SHORREL PERG (Pt e Frfappic
addi tion doeegb R dPRFi ede r €RLBIBBHCENYrite JYUTR! 38 Os Al oERIIMN iR héld
is conducted as follows. Nanely, the followng Formula VII1.5A is
conduct ed-elpyresennsfldrnithg fedtowieg \Bdrrbubel[ldw regar di ng reaction to

chem cal stres i g i descﬁri/bed on page 411 of Non-patent docunent
1. (1/t) x In ﬁ*ﬁ;QS XChEM1.5) In N=1In No -txKx Cn(VI1.5A)

(K: Constant ofrpr ong+1C: C i an.-ofr cheni }) N
Exponent i al nur(r%rgr @gﬁg{lgr'ﬂ]f zllaggﬁcgﬁége)ﬁ% i |hofr11{. )o'}[gggg garbon 818t e
Exponent itadvilig@berb 68 Sl ebdr ¢f 196 Gadepriiddndp.)vari es with chemcal s
as about 1 for hypochlorous acid and 4 - 6 for phenol, the nunber in

Fornula VI1.5 i(6) ddte method of membraste Sxpaplidon Bycadihgrenany,ontde
formul a of, additive nt,_of combi.ned chl orine agent during the

| nt er m t 3D Mo | L dPhy PRFIEE %ﬁr@srehmﬁgbf}ﬂpﬁén% ok &5 2
Formul a ehﬁﬁsb on&% - \phi e evegal rilizj
concent r[éﬁltﬂuon ecgﬁrsééﬁ"n' rgg?selsn té?kéxpo%%ﬁégfn%ur@:rﬂt%&ﬁ Alb%épg
sterilizimglrearident salfaanic &dwdpfoaridl aagan okgdigegnigedt abased on

concentration of chemcals to exercise chem cal effect over viable
cel | s bechbe®ormula VII.5 regards reaction to chem cal stress. In

the present inventiaon, fornula VIIl..5A revea exfol j.atiaon
concentration 3@1%6&?’1 Fﬁf" b%PIBBPﬁétéPPoﬁaﬁp 8h3#1803¥§d]ﬁé85u§%e’85rhﬁﬁ?éid
chl ori ne ;3gentoriae i ekl BYNIMBARE kbipohRB48lin the ranlgd fiiden TEBNRJS. o
menbrane separation according to the present i1nvention, nmenbrane
separ at i &y 6Y /sNpphylewgawater to be treated to a menbrane separation
apparatus is pegformad, as.expl ai ned hefore, by, repeating a
internmittent a8Bfticompeediony patiodoanthe esadirdaig a3etkebpsgd on
peri od, el LN ANt 1t ent itio ed] period, t .
wat er tO\Q@Z&tlrl{ééattéda%]’ts]ﬁéu%pﬁlgkdﬁ é olgrtggq{rb%rqiggr gJ) urt% e?‘)yaggi 4[ iaggag)lf
a conbi negle g1 Ghohe ragfdt saopri si ng sul fam ¢ conpound at the total
chlorine concentration of 0.5 - 20 ng/L, and, in the non-addition

f eedi ng peri odfrachehlarigre ronsentratived in stlsuplviedis argedit- 11 20 %hduyr s
under no additi onlof thef cogﬁi rheld chlorine agen.t. By adding the

combi ned YEHES He L&At AtEn £ R8I R A CONGEREERFIOAdi t i on f eedi ng

peri od at[obtﬂg] anount in which R represented by the above Fornula [4]
is 3 or nore, preferably 5 or nore, |ow adhesive biofil mwhich has
grown in the n@readsidmbraheediaigh feribad £8pabetexf alccat@thg to the
efficiently by small amount of chem cals whereby sline trouble can be
prevent e@repepaijinvention| ast peropidedntwitdy eat i Reymehéliaron naeibriagre

feedi ng period _adding ng cqnbi ped chlorine agent. becones short y
st oppi ng%{e}heeleﬁgn-‘gé(ﬁigfi gﬂ ﬁjeeed lf?gatﬁgir i by %‘t‘pgﬁ‘egarﬁ/ gﬁﬁgé’edfn%?gﬂnl m
membrane to carry out membrane separation. As the permeation

membrane, all membrane to be used for membrane separation, such



menbr ane separation for sline exfoliation. [0043] Al t hough
conbi ned chl ori ne agent conprising sulfamc conpound used in the
present invention is exfoliative to slinme, the exfoliative effect
decreases renmarkably when biofilmformng period of slinme is long to
formthick layers. Accordingly, it is inportant to set the
concentration of the conmbined chlorine agent according to biofilm
form ng period (non-addition period) as, above. Here, exfoliation of
bi of i | m fasr RéY mendmeaney UE mesbedng cfudirafilratéen sremhbyanel.oppd
[ 0044] According to the present invention, nenbrane ;separation
is perfo%dnilﬁmg’ﬁﬁﬁley %C’E#;ﬁté"ﬁﬁ?%emgé‘b ?%??gn%;g%atﬁf%‘?gﬁet &
be treat ] ' t.. Gl ;+Qf F 8N 85 dig
addi ng i %@%@%%tatq%nt\éf}gngtﬁbﬁ{eh\ﬁ)&%ﬁ&tﬁ% ggoﬁ:%a({rﬁjltg %oq{ntg)i ned ?ﬁlﬁlg?i ne
agent compeifeidigles fotathe poeponhdinwhetrienn t Feri ther matenal of the
addi tions of a conbined, chlorine agent to exfqliate biofi :L'lm aét_e )

r epeat ed permegnidan pesbyenef the grigsentomanaan; 1§ sReAshYagtectoe
feedi ng period, and wherein nop-additi.on di : i n

conbi ned Toif GoinE et b ApBr Ra PG i3Po bR AR AIRTHE LRt "SR as
i nt er m t Lol aidie! | @BpeeesilPg didm ffici dGERIdEdof Ofow. BoldGheurty
and concentration of conbined chlorine agent during the intermttent
addi t i on chderlirreg, ppolyodrdss @bl -PPélypgperaginet amidel, owihiée other RO
concentrati on, whergby | oggi ngl_éof me ranecag% sl.i me adhesi onl.i Shl
ef fi ci enmrymiranas BasaAdoR e as satindnse ALptALe ¥R BE dRplicgble.
| ong perinqd, gl Ll I8 e £051m Y BadlR] LA Of nffteflEahoh as
wi t hout stop of “HEhDr ane Separation“for slinme exfoliation and w thout
the menbranesleleei Ohalloan faneh ttyigral pabhhanetyfpey, mnhidoflsy eme infbrane
applied to the water having a | arge nunber of viable cell counts and
havi ng wayee.quality of harsh condition due to high slinme adhesion
potenti al, ﬁicri ption of Drawi ngs [0045] Fig. 1is a flow
di agram JHQ i‘nig a nmet hod of nenbrane separation according to an
enbodi nent of e.pr ' ty S j |
into Practice %[%Eﬁgo I ng{rr]%tég%?n]{)/gn%triegﬁ]éa[ %d(}zgfélﬁltﬂl%glet %gpg\?v?ﬁ%ﬂ vy
enbodi nertumflyihe Poeskat niamdrtainen dep sgihannedpayadoaw the Fregerdt
is a flow di ;g.ram.showi ng a_net hod of nenbrang seE)ar ation aCCOéSFi&?g
to an enbodemsdmnds applisablerto phlsratanreEsidientthfesenaraty és

a filter, 2 an active carbon treatnent appar.atus, secusity

filter, ?ein?-ﬁlﬁ@ﬁbr %%mi)gagreat i%lhcqup%lsr atnﬁaés,méﬁa ‘ggﬁ%}’neg{téfh! FAteE
agent tankq.QtidIeduaicrd ESH W, ond (GRALEA! wARBRI G Wasthl Walr]
is conposed to filtrate through fllfer medi um | ayer such as sand and

ant hr aci tBhé¢ ovatem\te BS, trealtedi thanrite svater hactinge ac b tgm nuwberenf
apparatus 2_is conposed to ssage water through tive carbon | ayer
to renov&isbdaset! panpés a ﬁl’fﬁr‘PW ?&f@?a‘h‘é%ﬁtgnﬁaﬁér% Coﬁé}?rb%%?e
separ ati Qn jappar i S, . bewdi wi. ;

chambor 18 SRC SORES AlHS RIARIY AR, TIR K EEER! 2o BRAGPIY fRbTIcd

per form RY WREEF 399 R Rid RAvikBntiad]e appheatius (Tog CEUMmdskdf Bor
repeat, by timng program an intermttent addition feeding period

wher ei n poope Pends bight edimandadhesiwmdipteotialestthageber iemHERE n
punp Pl is stopped. Here, cantrol,apparatus 7 iS co sed to control
Bdd! ¢ | ve SERGEAEIOD ARG IO RS %FgBﬁ?V%?‘L*’&PaRg}%EﬂnFe%fg‘i’%?’i%
rate of punp P r i :

5 oyt B 4p S iheRRARVAIS. Lpecl saleomERe i pererenauy

Menbr ane fepartaki om hy tirbataloise mppanatdsbiyssaempling, dut aasténilixes.
During non-addition feeding period, punp Pl is stopped by comand
i

fr om contbradtleappasampderof Waater tte be trasiesd vwhinh rlﬁv@%Pg@di toet
i lied, wthout additi f nbined chl orj t. f .
combi hed BRMYIARE afSTALAR 8OPPLPRAe (L3718 PIf (STl olF; 1t A5 al

30 °C for 7 days, incubating the sample on an agar medium at

30 °C for 7 days, then counting the number of formed colonies on

10



[ 0048] Intermttent addition feeding period starts at an early
,Stage of biofilmformation in the non-addition feeding period, nanely
before logarithmc proliferation phase, wherein punp Pl is started by
a command from control apparatus 7 to add a conbi ned chl ori ne agent
from conbi ned chlorine agent tank 5 to the water to be supplied via
line L2, and wherein revolution rate of punp Pl is controlled so that
R represented by Fornmula [4] is at a designhated value. By this,

m cr oor gaiesomltwrd heedatsr, aodbealcdattenlg alow staduil of edlodhefortnhing

water to be, t is.subjected to . filtration by filter 1, to active
carbon t r%%%tngﬁ?iﬁs %@?1 vg%ﬁ,b Hg? rlédisrﬁéﬁtfoﬁﬁﬁﬁf%%i%ﬂﬂilﬁhm heg 1R,
and, afte[lbopi%qsi ng security filter 3 via line L4, to RO nenbrane
separati on by RO nmenbrane separation apparatus 4 via line L5, wherein
M croor gani sms A@sirding fontee¢racednd niviketden| eashawa tal 30 be treated
sterilized. [0049] During these processes, detector Cinstalled in
line L5 ideteppkiefl ¢e annembranerepdredionmpparatusand a gopebined

t ted at ,th it of ity filt The detecti [ | i
e e e PSS L T Ea IR B BERaS] B° dea

det ectionngignattAMdyCept ERESwRHER Bd 60 tHddtdd e& By NBogging of
concentration is 0.3 ng/L or lower. When the free chlori'ne

concent r gtd e ekioee de e@n Brané L bev eyroivf t laddf t hicfilanogan de spideemeed
conpound i s adjusted by caqontrolling punp P1l, control apparatus 7
control s Ewbep‘?l,y ppdtHallecnearhrine separation s g bpgarsie donsdosra
C, to add_soqdi { S ite fr redyci.ng agent tank,6..via |line,L6.
Active chggan?leogq n@ngl%gpar%{p&so%&l rlé“gﬁggﬁéa%ﬁgn‘rfd lzfﬁ‘%HGO};ar?gﬂBE%e

P2 nmay b%%é’ﬂtt (€ hdw0aR §B58S ihOPRWPatent d¥diBhedddi 11 HRA08 and,
conbi ned chl ori ne agent has been continued for a designated period,

punp P1 issmsiaplyedobybm zioemaof cbndincons raodd dppearatitse it wd di Gpest is
wat er su%ﬁlg ﬁf non- addi ti.on feedi ng period wherein Rgmnggane

separ at i 5P s ke ReL19881BE SonPERERfIQBpERymbrans &Y  8dBesigrapEd
wi t hout byl f I i | I

agent t agioLingEeB n6ETR BECyERLE 1P BHIL AERICESI BRORSPLEIHG
period, nriddietyganissabprel i fler aiéanraeePessak Atid Wi 8BVA IPUYEBhtich
new |l ogarithmc proliferation phase of the mcroorganismrestarts.

Bef or e t Weemdwansyarichhas iR Pr oldhbranieorw pheis asr eslivamtspe purea tPs tihe

started ?’g?}a command .fr.om Cﬁntrol ggﬁar a{:us 7,to transfer, to a F?Fé/le

i nter mi t oA HEHG S EeaP Y pePi GARGRBFER 1 bi df ithf rorifagesup

the precedhit i afbEL Ofbhaeab AmRELS0E b oo EH0lE]! 6 #dery I
adhesive condition fromthe devices, especially menbrane nodul e
4a, wher @by byentsarie uihegghrg hynbioind nsgs and tiotannbeyrtevesi@dion,

[ Exanpl es] . [ 0051 Followi ng is an _explanation of Exanples and
Conpar at i TERENMES exny il femptas ot @ diobhl By snepghintouslioss te petidye
indicatiqQn i.g giyven., Viable cell count (Log CFU / nnl) s .measur eq. by
the fol | S0 rBemabRBt= e ry FFasssuy T { HE°RiRd ok vl Beily Ry the
menbr ane $ERA A OANAPPRI AT 4B 0h YAS1ITREN RbrhBs AitQOu M. sterilized
bottle fromthe exit of security filter 3 and left as It was at 30 t
for 7 day801%hen 100 it L of the sanple was spread on an agar nmedi um

and i ncubat ed ?t 30 t for 7 days. Thefg thg{P number of fornmed col oni es
on the cul turelHeBPuRPREE HeEs o broiakpciowmatignpbeiarel logatitbpicog

CFU / L) .. The us. r [ th . Y= ] ulture
medi um séﬁgg]t egljg?l(ragln? g%\?éeg‘?ael%bgﬂ%\gﬁelﬁﬁ ggggfetlﬁ;t?l 13;}'}{%%\'5% @ﬁﬁxlavr?p 1
- 13, Compasedld Ve sBXawltdnitlthe Blofilm can & idioPl@¥ané A&yt I b vt
was carried out by supplying waste-treated water, as feed water, to

RU nenbr apnateepiar ot i anlatésr simee afubidlmofermatidn, @sgeoyabpdafigr

under the condition gi in Table 1, intermttently.to, the feed.
narer Clnenak alo Bl shian dutas s PGS FaRrE 4h habangs i drigh
that slimes presumably adhere to the membrane to form clogging.

According to the present invention, water to be treated is supplied

11



[ Tabl e 1]

a3. 4 3--3 9 CE 8 3--3 JUL ESE 902 | 8273 EP Ca 3-3

under intermittent addition of a combined chlorine agent at biofilm
exfoliating concentration during a period when cell adhesiveness is
low at an early stage of biofilm formation in the non-addition
feeding period, namely before logarithmic proliferation phase,
especially in acceleration phase, whereby biofilm can be exfoliated
and clogging of membrane by growth of biofilm can be prevented.
On the contrary, in the case that water to be treated is supplied
under intermittent addition of a combined chlorine agent in a
latter stage of biofilm formation, especially after logarithmic
proliferation phase, it is difficult to exfoliate slimes having higher
adhesiveness by growth of biofilm and clogging of membrane can
not be prevented. Similar result is supposed applicable to the
case wherein continuous addition and intermittent addition are
combined.

[0020]

Non-patent document 1 reveals that proliferation rate can
be forecasted computationally in logarithmic proliferation phase,
namely logarithmic phase wherein cell count increases
exponentially, that proliferation rate decreases at inhibiting
concentration, and that increasing rate of cell count becomes 0 or
minus at the sterilizing concentration whereby cell count decreases
or becomes extinct. Accordingly, by stopping the non-addition
feeding period at an early stage of biofilm formation during the
non-addition feeding period, namely Dbefore Ilogarithmic
proliferation phase, especially in acceleration phase, and then by
supplying water to be treated under addition of a combined
chlorine agent at biofilm exfoliating concentration, biofilm can be
exfoliated before the biofilm grows up to adhere to the membrane.
Here, by calculating the amount of cells proliferated in biofilm

until stopping of the non-addition feeding period and by supplying

12
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water to be treated under addition of a combined chlorine agent at
the amount to inhibit proliferation of cells in the biofilm, especially
at the amount to decrease proliferation rate to 0 or minus, biofilm
already proliferated can be exfoliated efficiently. By performing
water supply under intermittent addition repeating non-addition
feeding period and intermittent addition feeding period, biofilm
can be exfoliated in a low adhesive condition of cells so that slime
adhesion and clogging of membrane are prevented.

[0021]

In the present invention, a combined chlorine agent added to
water to be treated is a combined chlorine agent comprising
sulfamic compound. According to the present invention, free
chlorine concentration, combined chlorine concentration, and total
chlorine concentration are measured as Clz concentration by DPD
method using N,N-diethyle-1,4-phenylenediamine according to JIS
K 0400-33-10:1999, which gives the following definitions. Namely,
free chlorine is ruled as chlorine residing in forms of hypochlorous
acid, hypochlorite ion or dissolved chlorine. Combined chlorine is
also ruled as chlorine residing in forms of chloramine or organic
chloramine which is included in total chlorine measured by the
DPD method but not included in the free chlorine. Total chlorine
1s ruled as chlorine in forms of free chlorine and/or combined
chlorine.

[0022]

A combined chlorine agent is an agent measured as the
above combined chlorine which is preferably an aqueous agent
comprising alkali consisting of alkali metal hydroxide, sulfamic
compound, and oxidizing agent based on chlorine. A combined
chlorine agent used in the present invention is exemplified in WO

2011/125762, a former application by the present applicant.
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Especially, preferable agent is the one wherein the composition
ratio of the oxidizing agent based on chlorine to the sulfamic
compound is in the range from 0.3 to 0.6, preferably 0.4 - 0.5 by Cl1/
N (mole ratio), the composition ratio of the oxidizing agent based
on chlorine to alkali is in the range from 0.15 to 0.3, preferably 0.2
0.25 by Cl1 / alkali metal (mole ratio), and free chlorine
concentration in the aqueous agent is 2 % by weight or lower of
total chlorine concentration. The aqueous solution agent is
preferably of pH 13 or more and the composition ratio of sulfamic
compound to alkali in the aqueous solution agent is in the range
from 0.4 to 0.6 by N / alkali metal {(mole ratio). The above Cl1/ N
(mole ratio) corresponds to the ratio of Clg mole number of the
oxidizing agent measured according to JIS K 0400-33-10:1999 to
mole number of sulfamic compound composed of N. The above N/
alkali metal (mole ratio ) corresponds to the ratio of the above mole
number of sulfamic compound to mole number of alkali metal
formed by alkali metal hydroxide.
[0023]

Sulfamic acid to form the sulfamic compound of the
combined chlorine agent is amidosulfuric acid represented by the
following Formula [1].

RIRZNSO3H-----[1]

(In Formula [1], R1,R? denote each H or hydrocarbon group
having carbon number of 1-6 independently.)

Preferable sulfamic acid is the one in narrow sense in which
RI,R? denote each H, while N-methyl sulfamic acid, N,N-dimethyl
sulfamic acid, N-phenyl sulfamic acid, and so on may be used.
Sulfamic compound may be sulfamic acid in powder of free acid or
sulfamate such as alkali metal salt including sodium salt and

potassium salt.
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[0024]

Alkali for composing a combined chlorine agent consists of
alkali metal hydroxide such as sodium hydroxide and potassium
hydroxide. An oxidizing agent based on chlorine includes
hypochlorous acid, chlorous acid and water soluble salt thereof
such as alkali metal salt thereof. These are preferably of no
content of sodium chloride. By controlling sodium chloride
content in the aqueous agent at 50,000 mg/L or lower, precipitation
of salt is prevented and stability of an oxidizing agent based on
chlorine becomes increased.

[0025]

The combined chlorine agent is produced by such a process
wherein sulfamic compound is added to an aqueous solution of
alkali consisting of alkali metal hydroxide to dissolve, and then an
oxidizing agent based on chlorine is added to and mixed with the
obtained aqueous mixture solution of sulfamic compound and alkali
to form an agueous solution agent. The aqueous solution of alkali
preferably contains 50 - 65 % by weight of water. Alkali consists
of alkali metal hydroxide such as sodium hydroxide and potassium
hydroxide which maintains solubility when the aqueous solution of
the combined chlorine agent has formed.

[0026]

Sulfamic compound may be added in the form of sulfamate.
Usable sulfamate includes sodium sulfamate, potassium sulfamate,
and ammonium sulfamate which are soluble when the aqueous
solution of the combined chlorine agent has formed. Sulfamic
compound is added in order that sulfamic compound concentration
in the aqueous solution agent becomes to be the above
concentration. Amount of sulfamic compound to be added is

preferably the amount wherein composition ratio of sulfamic
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compound to alkali is in the range from 0.4 to 0.6 by N / alkali
metal (mole ratio). Sulfamic compound is added in a form of
powder or agqueous solution of sulfamic acid or sulfamate. In the
case using sulfamate, amount of alkali metal contained in
sulfamate is calculated as alkali metal in Cl / alkali metal or N /
alkali metal. In the case using an aqueous solution, amount of
water contained in the agueous solution is calculated as water in
the aqueous solution of alkali.

[0027]

Oxidizing agent based on chlorine 1is preferably
hypochlorous acid or hypochlorite which is preferably added as an
aqueous solution having available chlorine (Clz) concentration of 5
- 20 % by weight, preferably 10 - 15 % by weight. Additive amount
of oxidizing agent based on chlorine is decided in order that
available chlorine (Clz) concentration in the agqueous solution agent
becomes the above concentration, and that composition ratio of
oxidizing agent based on chlorine to sulfamic compound by Cl1/ N
(mole ratio) becomes the above ratio, whereby a combined chlorine
agent of aqueous solution agent superior in reactivity, stability,
handling and scentlessness of chlorine is produced efficiently
without foaming and emitting chlorine odor. Here, oxidizing
agent based on chlorine is preferably added and mixed gradually.
In the case that the oxidizing agent based on chlorine is a salt of
alkali metal, amount of the alkali metal is calculated as alkali
metal in Cl / alkali metal or N / alkali metal.

[0028]

The above combined chlorine agent is used by adding to
water to be treated for chlorine treatment. The agent has low free
chlorine concentration and high combined chlorine concentration,

so that combined chlorine concentration of water system to which
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the agent has been added can be heightened even when added at a
low free chlorine concentration. Since combined chlorine has
higher permeability into biofilm than free chlorine, effects to lower
stickiness of sticky substance from inside and to exfoliate biofilm
can be obtained. In order to perform chlorine treatment,
combined chlorine agent can be added, at a free chlorine
concentration of 0.3 mg/L or lower, preferably 0.1 mg/L or lower, to
water to be treated which is supplied to membrane separation
apparatus. In this case, total chlorine concentration may be 0.5 -
20 mg/L.

[0029]

Even when the combined chlorine agent is added to water to
be treated at a low free chlorine concentration as a slime control
agent for permeation membrane such as RO membrane, combined
chlorine concentration can be so high that available chlorine
concentration becomes high and clogging of membrane by slime
adhesion can be prevented, even in the case that the treatment
applied to the water having a large number of viable cell counts
and having water quality of harsh condition due to high slime
adhesion potential. In Patent document 3, since a chlorine agent
is added intermittently at a low concentration level not forming
trihalomethane, preventing effect of slime adhesion can not be
obtained for the water having a large number of viable cell counts
and having water quality of harsh condition due to high slime
adhesion potential. On the contrary, since the above combined
chlorine agent can be added at a high combined chlorine
concentration, slime adhesion can be prevented for the water to be
treated having a large number of viable cell counts.

[0030]

Effect to prevent slime adhesion may be small when

17
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combined chlorine agent is added continuously, as in Patent
document 1, to water having a large number of viable cell counts
and having water quality of harsh condition due to high slime
adhesion potential, while biofilm can be exfoliated efficiently to
obtain an effect of preventing slime adhesion by a small additive
amount in the case that a combined chlorine agent is added
intermittently according to the condition of the present invention.
Since, in the case of continuous addition, treatment under similar
conditions is carried out, already adhered slime grows without
exfoliated. Since, however, in the case repeating non-addition
feeding period and intermittent addition feeding period,
microorganism in the already formed biofilm receives shocks, the
biofilm is exfoliated whereby slime tends not to adhere as a whole.
Although, in Patent document 2, slime receives shocks by
heightening the concentration intermittently, slime layer becomes
thick because a low concentration period continues a long period of
time as 30 days whereby slime can not be exfoliated.

[0031]

In the present invention, biofilm can be exfoliated in a
non-adhesive condition, by shortening the non-addition feeding
period wherein no combined chlorine agent is added, and by
intermittent addition feeding wherein a combined chlorine agent is
added in a biofilm exfoliating concentration in which proliferation
rate of microorganism is O or minus, at an early stage of biofilm
formation, namely before logarithmiec proliferation phase of
microorganism in the biofilm, especially in acceleration phase. By
this, slime adhesion can be prevented efficiently using small
amount of chemicals for the water to be treated having a large
number of viable cell counts. In order to carry out intermittent

addition feeding at an early stage of biofilm formation according to
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the present invention, non-addition feeding period adding no
combined chlorine agent is performed for 6 - 120 hours, preferably
18 - 48 hours. Further, in order to control the combined chlorine
concentration during the intermittent addition feeding period to an
effective concentration wherein proliferation rate is 0 or minus,
total chlorine concentration during the intermittent addition
feeding period is controlled to 0.5 -20 mg/L, preferably 0.8 -16 mg/L,
and duration of adding period to 0.5 -40 hours, preferably 1 -40
hours.

[0032]

According to the present invention, the additive amount of
the combined chlorine agent to be added in the intermittent
addition feeding period is the amount in which R represented by
the following Formula [4] is 3 or more, preferably 5 or more,
whereby biofilm formed in non-addition feeding period is
exfoliated.

R = (Intermittent addition feeding period (h) X [1000 X
Intermittent addition concentration (mg-Cl/L)]2-5/(Non-addition
feeding period (h)3.0 1QlescF¥/aL) [4]

(In Formula [4], Intermittent addition feeding period is
indicated by hour (h), Intermittent addition concentration is
indicated by total chlorine concentration (mg/L) when combined
chlorine agent is added to water to be treated, Non-addition
feeding period is indicated by hour (h), logCFU/mL is exponential
number with viable cell count in the water to be treated.)

The above intermittent addition concentration is indicated
by "mg-Cl/L". The exponential number with viable cell count
indicated by "logCFU/mL" is given as a number corresponding "n"
when viable cell count is shown as "A X 10°/mL" wherein log is

used for logo.
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[0033]

The numerator of Formula [4] is the product of "Intermittent
addition feeding period (h)" and ‘"Intermittent addition
concentration (mg-Cl/L)" which denotes additive amount of
combined chlorine agent during the intermittent addition feeding
period. The denominator of Formula [4] is the product of "
Non-addition feeding period (h)" and "viable cell count indicated by
(logCFU/mL)" which denotes proliferation amount of cells
proliferated during the non-addition feeding period. Accordingly,
R of Formula [4] is represented by (Additive amount of combined
chlorine agent during the intermittent addition feeding period) /
(proliferation amount during the non-addition feeding period),
which denotes total amount of combined chlorine agent added
during the intermittent addition feeding period to total amount of
cells proliferated during the non-addition feeding period.

[0034]

Formula [4] has been developed from Non-patent document 1.
Explaining proliferation during non-addition feeding period for
denominator of R, the following Formula VI.5 is described, on page
243 of Non-patent document 1, relating to proliferation of
unicellular microorganism in logarithmic phase.

InN=InNo+ pt ------- (VI.5)

(t: Time, No: Cell number at t=0, N: Cell number at t, u:
Specific proliferation rate, In: natural logarithm loge.)

[0035]

Formula VI.5 is a formula relating to proliferation in
logarithmic phase. In order to adapt to acceleration phase
preceding logarithmic phase, the following Formula VI.5A has been
developed by deciding exponential number of t as (m=3) according

to Fig. VI.2 on page 242 of Non-patent document 1.
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In N=1In Ny + ptm reroeeecceeeeoes (m=3) ------- (VI.5A)
[0036]

Relating to specific proliferation rate u , the following
Formula VI.7 is described on page 244 of Non-patent document 1.

pm X S/(Kg+8) === (VI.7)

(1 m* Maximum specific proliferation rate, S: Concentration
of substrate, K s: Specific proliferation rate at (1/2) u m.)

[0037]

In Formula VI.7, "(Concentration of substrate S) = (Viable
cell count)" 1is assumed because p is proportional to
Concentration of substrate S when Concentration of substrate S is
small, and Concentration of substrate S is presumed to be high
when viable cell count is large. For example, Concentration of
substrate S is 104 when viable cell count (logCFU/mL) = 4. In this
manner, the formula of "proliferation amount of cells proliferated
during the non-addition feeding period" in the denominator of
Formula [4] is conducted from Formulas VI.5A and VI.7. This
formula reveals proliferation amount of cells before logarithmic
proliferation phase, especially in acceleration phase of
proliferation of biofilm-forming microorganism during
non-addition feeding period.

[0038]

Additive amount of combined chlorine agent during the
intermittent addition feeding period represented by the numerator
of Formula [4] is conducted as follows. Namely, the following
Formula VII.5A is conducted by transforming Formula VIL.5 bellow
regarding reaction to chemical stress which is described on page
411 of Non-patent document 1.

(17t) X In (No/N) = KXCn---oee- (VII.5)

In N=1In Ng —tXEKXC(Cn------- (VII.5A)
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(K: Constant of proportion, C: Concentration of chemicals, n:
Exponential number to sterilizing concentration.)

[0039]

Since Exponential number to sterilizing concentration
varies with chemicals as about 1 for hypochlorous acid and 4 - 6 for
phenol, the number in Formula VII.5 is set as n = 2.5 to meet
Examples. By such manner, the formula of additive amount of
combined chlorine agent during the intermittent addition feeding
period represented by the numerator of Formula [4] has been
conducted. While the formula reveals sterilizing concentration

L

because n

" represents "Exponential number to sterilizing
concentration”, the formula can be recognized as concentration of
chemicals to exercise chemical effect over viable cells because
Formula VII.5 regards reaction to chemical stress. In the present
invention, Formula VII.5A reveals exfoliation concentration of
biofilm by permeation of chemicals because combined chlorine
agent has high permeability.

[0040]

In the methods of membrane separation according to the
present invention, membrane separation by supplying water to be
treated to a membrane separation apparatus is performed, as
explained before, by repeating a intermittent addition feeding
period and a non-addition feeding period, wherein, in the
intermittent addition feeding period, the water to be treated is
supplied for 0.5 - 40 hours under addition of a combined chlorine
agent comprising sulfamic compound at the total chlorine
concentration of 0.5 - 20 mg/L, and, in the non-addition feeding
period, the water to be treated is supplied for 6 - 120 hours under
no addition of the combined chlorine agent. By adding the

combined chlorine agent during the intermittent addition feeding
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period at the amount in which R represented by the above Formula
[4] is 3 or more, preferably 5 or more, low adhesive biofilm which
has grown in the non-addition feeding period can be exfoliated
efficiently by small amount of chemicals whereby slime trouble can
be prevented.

[0041]

In the present invention, the non-addition feeding period
adding no combined chlorine agent becomes short, by stopping the
non-addition feeding period at an early stage of biofilm formation
before logarithmic proliferation phase', especially in acceleration
phase, and the intermittent addition feeding period reopens in a
condition wherein adhesiveness of the proliferated cells is low and
biofilm exfoliates easily. Further, by supplying to a permeation
membrane in the intermittent addition feeding period, water to be
treated having a combined chlorine concentration of a biofilm
exfoliating concentration wherein proliferation rate is 0 or minus,
biofilm can be exfoliated and growth of biofilm can be prevented
whereby slime trouble can be prevented efficiently by small
amount of chemicals even if applied to the water having a large
number of viable cell counts.

[0042]

Since, in the present invention, by using the above combined
chlorine agent, free chlorine concentration in water to be treated
can be low even if combined chlorine concentration is heightened,
slime adhesion is prevented and stable treatment of membrane
separation can be continued without membrane deterioration and
trihalomethane formation. Since combined chlorine agent is
easily permeable to biofilm and exfoliative, biofilm exfoliation can
be performed while continuing membrane separation in an early

stage of biofilm formation. Accordingly, it is not necessary to stop

23



0'819'Z279'2Z000'SP0'QzZl 0'01/3 31)4-)to --13-33.4
.S813--i00-Z. Loc , i . ;0- - r=>..-0 2

membrane separation for slime exfoliation.
[0043]

Although combined chlorine agent comprising sulfamic
compound used in the present invention is exfoliative to slime, the
exfoliative effect decreases remarkably when biofilm forming
period of slime is long to form thick layers. Accordingly, it is
important to set the concentration of the combined chlorine agent
according to biofilm forming period (non-addition period) as above.
Here, exfoliation of biofilm formed in one day is most efficient.
[Effect of Invention]

[0044]

According to the present invention, membrane separation is
performed by supplying to membrane separation apparatus water
to be treated having viable cell count (log CFU/mL) of 3 or more,
and adding intermittently to the water to be treated a combined
chlorine agent comprising sulfamic compound, wherein the
intermittent additions of a combined chlorine agent to exfoliate
biofilm are repeated at an early stage of biofilm formation in the
non-addition feeding period, and wherein non-addition feeding
period adding no combined chlorine agent is performed for 6 - 120
hours, the intermittent addition feeding period is performed for 0.5
-40 hours, and concentration of combined chlorine agent during
the intermittent addition feeding period is 0.5 -20 mg/L as total
chlorine concentration, whereby clogging of membrane by slime
adhesion is efficiently prevented and stable treatment can be
carried out for a long period of time at a low cost by a small amount
of chemicals without stop of membrane separation for slime
exfoliation and without the membrane deterioration and
trihalomethane formation even if applied to the water having a

large number of viable cell counts and having water quality of
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harsh condition due to high slime adhesion potential.

Description of Drawings

[0045]
Fig. 1 is a flow diagram showing a method of membrane

separation according to an embodiment of the present invention.

Means of putting the Invention into Practice

[Embodiment of Invention]
[0046]

Below, an embodiment of the present invention is explained
by drawing. Fig. 1 is a flow diagram showing a method of
membrane separation according to an embodiment of the present
invention wherein numerous 1 denotes a filter, 2 an active carbon
treatment apparatus, 3 a security filter, 4 a RO membrane
separation apparatus, 5 a combined chlorine agent tank, 6 a
reducing agent tank, 7 a control apparatus. Filter 1 is composed
to filtrate through filter medium layer such as sand and anthracite
to remove SS, colloid, and so on. Active carbon treatment
apparatus 2 i1s composed to passage water through active carbon
layer to remove organic matter, coloring substance, and so on. RO
membrane separation apparatus 4 is composed to be divided to a
concentrate chamber 4b and a permeate chamber 4c by a RO
membrane module 4a to perform RO membrane separation.
Control apparatus 7 is composed to repeat, by timing program, an
intermittent addition feeding period wherein pump P1 is started,
and a non-addition feeding period wherein pump P1 is stopped.

Here, control apparatus 7 is composed to control additive amount
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Exanpl e 9 Exanple 10 Exanple 11 Exanple 12 Exanple 13 Conparative

. Exanple 3 [00551 In Table 1, inferior results were obtained
for exanpl es beyond the present invention such as Conparative Exanple
1 wherein additive concentration during the intermttent addition
feeding period was low and Ris 1, Conparative Exanple 2 wherein the
intermttent addition feeding period was short and R was 1, and
Conparative Exanple 3 wherein the intermttent addition feeding
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for one dapqwgre performed by varying additive concentration. The
experinental results were shown in Table 2 wherein "Increasing rate Z
denot es val uénteiwuttErddaddcodi feg dimgFpe raoldas {2 tsodt Rat eatly stage
docunent % thfr i,tems [ n Tabl % 2 were the sane as Table 1. [0058
biofilm formation in the non-addition feeding period, namely
[ Tabl e 2P
before logarithmic proliferation phase, wherein pump P1 is started
by a command from control apparatus 7 to add a combined chlorine
agent from combined chlorine agent tank 5 to the water to be
supplied via line L2, and wherein revolution rate of pump P1 is
controlled so that R represented by Formula [4] is at a designated
value. By this, microorganisms in the water to be treated are
sterilized. Then the water to be treated is subjected to filtration
by filter 1, to active carbon treatment by active carbon treatment
apparatus 2 via line L3, and, after passing security filter 3 via line
L4, to RO membrane separation by RO membrane separation
apparatus 4 via line L5, wherein microorganisms residing in and
around the devices are also sterilized.

[0049]

During these processes, detector C installed in line L5
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detects free chlorine concentration of the water to be treated at the
exit of security filter 3. The detection signal is sent to control
apparatus 7 which receives the free chlorine detection signal and
controls pump P1 so that free chlorine concentration is 0.3 mg/L or
lower. When the free chlorine concentration exceeds 0.3 mg/L
even 1f additive amount of sulfamic compound is adjusted by
controlling pump P1, control apparatus 7 controls pump P2, by the
free chlorine detection signal of detector C, to add sodium bisulfite
from reducing agent tank 6 via line LL6. Active carbon treatment
apparatus 2, reducing agent tank 6 and pump P2 may be omitted in
some cases.

[0050]

After addition of combined chlorine agent has been
continued for a designated period, pump P1 is stopped by a
command from control apparatus 7 to repeat water supply of
non-addition feeding period wherein RO membrane separation is
carried out by continuing supply of water to be treated without
addition of combined chlorine agent from combined chlorine agent
tank 5. Since, by transferring to a new non-addition feeding
period, microorganism proliferation reopens in a new environment,
a new logarithmic proliferation phase of the microorganism
restarts. Before the new logarithmic proliferation phase restarts,
pump Pl is started by a command from control apparatus 7 to
transfer to a new intermittent addition feeding period wherein
biofilm formed during the preceding non-addition feeding period is
exfoliated wunder low adhesive condition from the devices,
especially RO membrane module 4a, whereby membrane clogging
by biofilm growth can be prevented.

[Examples]
[0051]
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Following is an explanation of Examples and Comparative
Examples wherein % denotes "% by weight" unless specific
indication is given. Viable cell count (log CFU / mL) was
measured by the following method. Namely, 50 mL of the supplied
water to RO membrane separation apparatus 4 was sampled in a
100 mL sterilized bottle from the exit of security filter 3 and left as
it was at 30 °C for 7 days. Then 100 u L of the sample was spread
on an agar medium and incubated at 30 °C for 7 days. Then the
number of formed colonies on the culture medium was counted to
calculate viable cell count (log CFU / mL). The used agar medium
was the most colony-forming culture medium selected from several
different agar media.

[0052]
[Examples 1 - 13, Comparative Examples 1 - 3]:

Slime prevention treatment was carried out by supplying
waste-treated water, as feed water, to RO membrane separation
test apparatus for one month, and by adding, under the condition
given in Table 1, intermittently to the feed water, combined
chlorine agent comprising sulfamic compound which consists of an
aqueous agent of pH 13 comprising 2 % (as available chlorine (Cly)
concentration) of sodium hypochlorite, 8 % of sulfamic acid, and
1 % of sodium hydroxide. For the RO membrane, TW-30 [PA
membranel], a product of The Dow Chemical Company was used.
The experimental results obtained are given in Table 1,

[0053]

In Table 1, the effect of each Example was evaluated by flux
maintaining rate for one month of water feeding, namely rate of the
final flux to the first flux, wherein 95 - 100 % (final flux / first flux)
was graded as O, 90 - 94 % as A, and - 89 % as X. "Viable cell

count " in Table 1 denotes log value of viable cell count in 1 mL of
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water to be treated (CFU / mL). "Concentration" denotes total
chlorine concentration (mg-Cl/L) of water to be treated which is
added by combined chlorine agent. "Adding rate I" is a number
according to Formula [3] of Patent document 3 which was
calculated for each Example. "Average concentration" is average
concentration of oxidizing agent added in a unit period which is
described as an index of treatment cost.

[0054]

[Table 1]
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91 91 ZI

91 91 91 31 91 91 91 Period (d)

In Table 1, inferior results were obtained for examples
beyond the present invention such as Comparative Example 1
wherein additive concentration during the intermittent addition
feeding period was low and R is 1, Comparative Example 2 wherein
the intermittent addition feeding period was short and R was 1,
and Comparative Example 3 wherein the intermittent addition
feeding period was long and R was 2. Although Comparative
Example 1 adopts adding rate I of 0.01 - 0.95 which was rated as a
suitable rate according to Patent document 3, no effect was
obtained in the case that viable cell count (logCFU/mL) was 3 or
more.

[0056]

On the contrary, Example 1 - 3 showed that good effect of
treatment was obtained at low cost (low average concentration) in
the case of intermittent additive concentration at 0.6 mg - C1/ L or
higher. Example 4 - 5 showed that duration of intermittent
addition feeding period was suitable to be 0.5 h or more. Example
6 - 10 showed that additive concentration over 10 mg - Cl / L was
disadvantageous in cost, despite that there was no upper limit of
additive concentration for prevention effect. From Example 11 -
13, duration of non-addition feeding period was favorable to be 6 h
- 120 h, because in the case that non-addition feeding period was
short, average concentration became higher causing disadvantage
in cost, and in the case that non-addition feeding period exceeds
120 h, no effect was obtained which required high concentration
addition causing deterioration of permeate and increase in salt
concentration with added chemicals.

[0057]
[Comparative Examples 4 - 14]:

The procedures as in Examples 1 - 11 and Comparative
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O di nary concentration addition Concentration (mg-c/L) 9 'l 80 17'0
.6. 9 'l St 170 6'E 91 80

Examples 1 - 3 were pursued except that combined chlorine agent
was added as Example 1 of Patent document 2 wherein ordinary
addition for 29 days and high concentration addition for one day
were performed by varying additive concentration. The
experimental results were shown in Table 2 wherein "Increasing
rate Z " denotes value calculated according to Formula [2] of Patent
document 2. Other items in Table 2 were the same as Table 1.
[0058]

[Table 2]
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63 63 63 63 63 63 63 63 6Z 63 63 Viable cell

(logCFU/ nL) 01 01 01
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01 cri 0') 01") 01 ,q4 "14 ctl 1Conparative Exanple 4 Conparative
.Exanpl e 5 Conparative Exanple 6 Conparative Exanple 7 Conparative
Exanpl e 8 Conparative Exanple 9 Conparative Exanple 10 Conparative
Exanpl e 11 Conparative Exanple 12 Conparative Exanple 13 Conparative
Exampl e 14 :

[0059]

In Table 2, it is understood that the additive manner of
Patent document 2 is effective in the case that water to be treated
has low (=2) viable cell count (logCFU/mL) corresponding to slime
adhesion potential as shown in Comparative Examples 4 - 7, but
ineffective in the case that water to be treated has high viable cell

count (logCFU/mL) as shown in Comparative Examples 8 - 14.

Method of Industrial Application of the Invention

[0060]

The present invention can be applied to a method of
membrane separation which is performed by supplying water to be
treated to a membrane separation apparatus provided with a
permeation membrane such as a reverse osmosis membrane,
especially, to a method of membrane separation wherein clogging of
membrane by slime is efficiently prevented and stable treatment
can be carried out for a long period of time by adding intermittently
an oxidizing agent hased on combined chlorine comprising sulfamic
compound to feed water supplied to a membrane separation
apparatus.

[Explanation of Numerall
[0061]

1: Filter, 2! Active carbon treatment apparatus, 3: Security
filter, 4: RO membrane separation apparatus, 4a: RO membrane
module, 4b: Concentrate chamber, 4c¢ :Permeate chamber, 5:
Combined chlorine agent tank, 6: Reducing agent tank, 7: Control
apparatus, C: Detector, L1: Raw water line, L2 - LL8: Line, P1 - P2:
Pump.
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[ 0059] In Table 2, it is understood that the additive manner
.of Patent docunent 2 is effective in the case that water to be
treated has low (=2) viable cell count (logCFU nL) corresponding to
sl ime adhesi on potential as shown in Conparative Exanples 4 - 7, but
ineffective in the case that water to be treated has high viable cell
count (logCFU nL) as shown in Conparative Exanples 8 - 14. Method of
I ndustrial Application of the Inventi onl\#gOGO] The present

i nvention can be applied to a neth nbrane separation which is
performed by supplying water to be treated to a nenbrane separation
apparatus provided with a perneati on nenbrane such as a reverse
osnosi s nMenpr ang.m et iodl h¥m b ©ade FRHAA t8in "BERIARSISEPar ati on
wherein cl oggi ng of nenbrane by sline’is efficiently prevented and
st abl e treat nestumgalyibe seateiredoobe fwratad dogapenemdbramet iseparption
adding intermttently an oxidi zing agent based on conbi ned chl orine
conprisi PRI @%%rmound to feed water supplied to a menbrane
separation app . | 240 i f 3Nu |.] 61] e
Filter, 2: Act iaé{/dgélcgr b%n trgﬂa%tg%%? tgp%gér g;f{h%,r %%ge%lt?ﬁtl?g 90 e][r)l,nedfo:1
RO menbr asid ogep@radteinine Gppat @it s udim ROc @ng nodul e, 4b:
Concentrate chanber, 4c :Perneate chanber, 5: Conbi ned chlorine agent
tank, 6: Reduciwgergjentviadle, cpll conniol lagpHBUdmLIC ofberatenrio Lhe
Raw wat er, | i ne 'L2§_ L8: Line, P1 - P2: Punp. CLAINMS 1. A nethod
of nmenbr A&2LEHdFaT PEHR&8pri si ng suppl yi ng water to be
treated to a r i 0 t | .
interm ttentl;r%%{g ?ﬁge?\aﬁ{lﬁ@%% ggﬂgﬁggﬁe%saﬁggfﬁgﬁ% (]:Dﬁyldgﬁl%eatéagnta
conpri si npswddnien cbopdimgl, period imheiddch wabée tel becaupatdd ogs
CFU/ nmL) of water to be treated is 3 or nor the intermttent

addi ti on SWaed oMol AEfdBOMPl Cﬁ’érhbialg‘éidt rhlpriaediaggnier od ian

whi ch wat. . od | Lied with diti f. combined.
ohi ori ne iehiPeny ERUFRRCRRE S D W h iRy BB aP nE oA (R i
vat er to hgpplisat eddes §aapdibﬁdoﬂrwe;rorﬁgﬂhéaOéhnafriﬁefé?g@hﬂe&t %]tibﬂflhﬁe

agent at biofilmexfoliating concentration in an early stage o

bi of i | m fecrfotititomg desi ern ttagioonimdai t ¢ arly egdigegopebiofilmt frrmation
non-additjon feeding periqd is_for. 6 - 120 hours, the intermttent
addi ti on ¥EdBENh M@ dddtiosy fepding BT s, and t he

concentr el on b He,SAIESY EINELIRARTY 1 BISLAERIE B
as total chlorithe.intermittent addition feeding period is for 0.5 - 40 hours,
and
the concentration of the combined chlorine agent in the
water to be treated in the intermittent addition feeding period is
0.5 - 20 mg/L as total chlorine.
2. The method of membrane separation as claimed in claim 1,
wherein additive amount of the combined chlorine agent added in
the intermittent addition feeding period is the amount in which R
represented by the following Formula [4] is 3 or more.
R = (Intermittent addition feeding period (h) X [1000 X
Intermittent addition concentration (mg-Cl/L)]25 / (Non-addition
feeding period (h)3.0 x 1QlestFi/al) [4]

3. The method of membrane separation as claimed in claim 1 or
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2. The nethod of nenbrane separation as claimed in claim1, wherein
~addi tive anount of the conbined chlorine agent added in the
intermttent addition feeding period is the amount in which R
represented by the following Forrmula [41 is 3 or nore. R =
(Intermttent addition feeding period (h) x [1000 X Intermttent
addi tion concentrati on (mg- CI/L)12 5/ (Non-addition feeding period
(h)3.0 x jol ochuhfll [ 4] . The_net hod of nenbrane separation
as cl ai me# iWDErai ther easly V\ﬁ‘éﬁf%ﬁ not neradalny fermgdion gpoftpst the

formati Oq_nttgrﬁ}ﬁlg ni k%edaﬁtlgﬁn‘féetcﬁ e 3AALLEQT, flgﬁglﬂg“?ﬁ tib %Fellﬁjtl

| ogarithmc roI| eration ase 0 croorganls

t he bi of lﬂmwfoﬁlm%ﬂmg@@ﬂ@ﬁm hatthebicTilihe asneratyiatilan etx@ohamhbgt
proliferation of mcroorganisns in the bi ofi I m 4. The met hod of

menbr ane cap@ndradiomsit| bheedongeatyation ofo t hehihisi merolifegadjon of
wherein the nmenbrane_ separ %ﬁe&rﬂﬁﬁgar atus is provided with a reverse
osnosi s MEHBOHEANISIES ¥, & f membrane separation as cl ai ned

in any one of epri g?et G(Pofr%mqfc}%g{h %ﬁ;@ﬂi%na&é A1 4O EQriR ngrolnce of

sul fam ¢ conpound e conbi ne ne agent 1S am dosu

aci d repridsentaidn byl the3 f elHawingtirormuhtbfale sbPathIiANIBHA M tus is
(I'n Formul a [1] 13,1, R2 denote each H or hydrocarbon group having
carbon nutseHdef With ianteyRIfeens mMpsis membrameret hod of nenbrane
separati on .as ai ned wher

conb! ned ol or (16" el BRI ERbdnecs oA tobas FLIHECH Rt b one of
consi sti Rgaphsal Iﬁ6|4 Wﬁ‘é@blﬁ%%’l%ﬁﬂ@ aé&ltfoafﬂl%QﬁMmﬁ:ngom ound
oxi di zi ng agent based on chiori ne, wherein the conp05|t|on
rati o of afftdeoxémibined dd@mlne)aamm ghilidosnéfumctadsfraseated by
conpound the range fro .3t0 0.6 by d / N(nmole ratio),

t he COWD&;]IQ'[]LC@F’I ovared ormula ldli di zi ng agent based on chlorine to

alkali is int Qom. 5to 0.3 by d / alkali metal (nole
ratio), and @HZ}? ij'I(:hl o?}]ﬁe concentration in the agueous agent

is 2 %by wei glﬁlnqi‘ohﬁw&é o], tRot,®2 gbhetd RecEOPE @M h@tk8Parbon group
having carbon number of 1-6 independently.)

6. The method of membrane separation as claimed in any one of
claims 1 to 5, wherein the combined chlorine agent is an aqueous
agent comprising alkali consisting of alkali metal hydroxide,
sulfamic compound, and oxidizing agent based on chlorine,

wherein the composition ratio of the oxidizing agent based
on chlorine to the sulfamic compound is in the range from 0.3 to 0.6
by Cl1/ N (mole ratio),

the composition ratio of the oxidizing agent based on
chlorine to alkali is in the range from 0.15 to 0.3 by Cl / alkali
metal (mole ratio), and

free chlorine concentration in the aqueous agent is 2 % by

weight or lower of total chlorine concentration.
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