Water Treatnment Process Technical Field The present

invention generally relates to a water treatnent
w@r@ces®s7 The present invention al so rel ates tBCBHSG2005/000222

nmet hod of form ng bioactive granules for use in a

water treatnment process and to a water treatnent

system Background Menbrane Bi oreactor (MBR) systens

have been increasing%*e%s%%eg%mgh%aEﬁW%%gg. MBR

systens utilise a reactor having a chanber conprising
activated sludge and nmenbrane separation equi pnent.
The activated sludge contains m.crqorganisns that are
able to remove cont ani naREPIECBAIELRAEhl e speci es

Presen%h@“ﬁ%@é@nMﬁE%&eﬁ%%&ﬂSg@ﬁéréfﬂyv%%ﬂHEHEtbs a water
treated wat'er using the nenbrane separation equi prnent,

whireh taga tt griccse ssor €'t ze;esmyt almserel@ttavedbyrelates to a
re e .cont api nant species .remaining.in | ution. .MBR
SJSEBRE" i BPY MLBYel ORI oBbS  bNpared 85Thdl @ water
t tadhbthenal paeldewat echdasltudge wRreee IS treeh 38 thingh

effluent quality, limted space requirenent and as an
extension of existing waste water treatnent plants. A

common probl em associ at ed ﬁ%éﬂb gystens is that the

acti vated sl udge causes fouli1ng of the nenbrane.

Menbr aNembaahieng ey A& ctdyr | bufMER )t 0 psectqns at | baye been
deposition or adsorption of solute species or

pAPLEERELPGRT0 138 STPf ACESTartiTre 1 nt BERhE Yhsds gitilise a

t heaeRBR aley i Vehr iR | BEnPBY s Peg bekedixGaly 1fudge and
nature and foulant species may conprise bacterial floe
apgmbypaenats@ma repdcines dnsinmtinig ext rBeel | afhivated sludge

p%b%t &E% Su?ﬁ% g%%%any%%gran%hEQU|iggeleag%lgo to remove

srgniticant ux reduction
contaminant or undesirable species present in waste water.

Solids are removed from the treated water using the
membrane separation equipment, which due to its pore size,
may also selectively remove contaminant species remaining
in solution.

MBR systems exhibit several advantages compared to
the traditional activated sludge processes, such as high
effluent quality, limited space requirement and as an
extension of existing waste water treatment plants.

A common problem associated with MBR systems is that
the activated sludge causes fouling of the membrane.
Membrane fouling may be attributed +to precipitation,
deposition or adsorption of solute spécies or particles
onto the surfaces and/or into the pores of the membrane.
Mempbrane fouling may be biolcogical in nature and foulant
species may comprise bacterial floc and supernatant
species including extracellular polymeric substances.
Membrane fouling leads to significant flux reduction
through the membrane, higher transmembrane pressures and

other operational inefficiencies.
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t hrough the nmenbrane, higher transnmenbrane pressures
and ot her operational inefficiencies.Fouling of the

woreonsnes987 | eads to the MBR system having to beP&hs62005/000222

down while the nmenbranes is either cleaned and/or

repl aced. There have been various attenpts to

ci rcunvent fouling of nenbranes. For exanple, US

Patent 4,636,473 discloses an el aborate anti-foulin

devi ce¥PBLLBPeveht i WS f JRTNERRR altrdbr dife. thee MBR system

digadugntage yd thithe apthfoyhing systemdhsel0sed i cither
US Patéent 4,636,473 is that the systemrequires an
etabenratieahddsirngeairargenent and t he application of

reverse, fl ow through the housi.ng after a selected |,
peri od%&?r?i n%],avt?r g??%r? avgtgllé?glsed b % 1&Vel Chasumvent
beenliggchad, méabayped. f oukbig OfamErdy ane seyfaces4, 636, 473
and to prevent the formation of any appreci abl e caked

s@bsEaneesoRNarRl Rt eheasbiit doaliTh siaicegborenprpgenting
COSLAYNGO dilPLeMRll, A0Me! S AAPUARLCUIRELIONE LD rhe anti-
a a mpt ed t e nmenprane

operate: Li et ve afte 0 I Npro .
pEofidimancy sftam wassehated tieatiSerdatsing4aé8ehud3 is that

anul ar sludge. Li et al seeded a subnerged nenbrane
bFBF e SYEGE i THIGHERTI 41 <F Ltora The NPUSLIGr Wndement and

i phéabbyiseadednwidh Granubar £3bydge YRk @he housi?g after
vol unetric concentration of 8 gl Tl. After 3-5 days o

opesgtliesited heesl edgefoonteat r @i onf Wkt hin $dieectomtt pressure
[ se 0.,15+/- 2 gl.T1 (ie the val tri.c
f&&gf' ﬁ%é been r%ékhed t(% §vﬁaégn%ﬁu&ﬁgﬁulgf membrane

per cent age concentration of

fonnfaassi anbhe:g apgevehtahold 33%mbeiabouts 38% . afPeciable
steady state was reached, the subnerged nmenbrane
bFBDFBACEYPSHARCEs & tJRY r BEEPE 28¢ntHEtiaCvast bivat aFrangement

Copsi 844 APy Ofc Gl UGRSMAN Ot &y and t LAGE AU | e0fBersome  to

operate.

Li et al have attempted +to improve membrane
performance for wastewater treatment using aerobic
granular sludge. ILi et al seeded a submerged membrane
bioreactor with granular sludge. The reactor was initally
seeded with granular sludge up to a volumetric
concentration of 8 gL™*. After 3-5 days of operation, the
sludge concentration within the reactor increased to 15+/-
2 gL (ie the volumetric percentage concentration of the
sludge in granular form was in the range of about 32% to
about 38%). Once steady state was reached, the submerged
membrane bioreactor was used to ‘treat a synthetic
wastewater consisting of glucose, protein and trace
nutrients.

Li et al found improved permeate flux decline when
the submerged membrane operated with about 32% to about
38% granular sludge relative to when the submerged
membrane was operated with no sludge in granular form.

However, the submerged membrane in Li et al was still
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Li et al found inproved perneate flux decline when the
subrer ged nenbrane operated with about 32%to about
wa3srgoasul ar sl udge relative to when the subnmeeTeE2005/000222
menbrane was operated with no sludge in granular form
However, the subnmerged nmenbrane in Li et al was
stillsubjected to pore blocking and the adsorption of

c9ol.1, 9] r .sol , ' e t ' i.gni ficanpt .
deerTrerel FELPE mtieeiog ol hd Ml St L) TBhe cq1iotas
wat ersdlngatnentvhdyst eneshatedvairds aor sayni 888dnt decline in

aggliorates one or nore of the di sadvantages descri bed
aboVe. PRLAFAFG - According to a first aspect of the

i nventtRAret NQr & | SePHOVHAS- Gy WASt & Watt&Ir T f&L FROL+ system
process C%E§{|S|ng the steps of: (a) providing
btldpakt iave epralati nleaste amgldrorattes biopactdwemore of the

' e] M. Cr.0 ani sms capabl e of renoving
gﬁégéééé%ggg%%pgég?Fg%%pr%%gyﬁé wast e water, wherein
at | east 40% by volunme of said bioactive material in
said waste water is maintained in granular form and

(b) passing a portion of thE8"RBEE¥ water through a
menbr ane-sLphat Ao yher ehy t%%er@amgfn%h%egﬁ(@é@{ion, there

prevents the bioactive materi from passin
thererbrodgt. al mashe emtiedi nerdgtmdnt herécess aspecising the
su@stant'ally all of said bioactive material in said
waste®water is maintained in granul ar form According

to a sesppdoaspesy ofiddreivvenhieriathefe WasPeowiAed:, the
a yvast e water tr eat nent process corr_prl S ng t'he st eps
dPiogal 1 pe ovial el Bt ot hAsl IR @ r iMBloF daT dRasitseshatcepable  of

Henby LAt ioife MRS hakS CoRbALPLROS™ FEGRT 4N SWRste water,
wﬁgrein at least 40% by volume of said bioactive material
in said waste water is maintained in granular form; and

(b)passing a portion of the waste water through a
membrane separator, whereby the membrane separator
prevents the bioactive material from passing therethrough.

In one embodiment, of the first aspect, substantially
all of said bioactive material in said waste water is
maintained in granular form.

According to a second aspect of the invention, there
is provided a waste water treatment process comprising the
steps of:

(a)providing biocactive materials in waste water, the
biocactive materials containing microorganisms capable of
removing one or more impurities from the waste water and
wherein at least 40% by volume of said bioactive material
in said waste water 1s in granular form; and

(b)passing a portion of the waste water through a
membrane separator to produce permeate water having a
lower concentration of impurities relative to reject water

that has not passed through the membrane separator,
3



renoving one or nore inpurities fromthe waste water

and wherein at |east 40% by vol une of said bioactive
woraoendeB7 i n said waste water is in granul ar fBCTVSGzI08/000222

(b) passing a portion of the waste water through a

menbr ane separator to produce perneate water having a

| ower concentration of inpurities relative to reject

wat er that has not. passed through the nenbrane i i

sgb§F§%¥r, SreﬁﬁmPﬁénﬁenﬁ?Bﬁga 8har REGV Spitévett's t kdoactive

bihgaekiue FRLAI bakshiheMPaseihg duder et hrough According
to a third aspect of the invention, there is provided

a net hdgcerdisgnitity di shdtridveaspentul e§ fidre usevéntaon, there
t .ar treat t, react or conmpri sing. a chanbe

1R5L B URLRLAL RIS oA O SATRELSL O B, OB for wse

s¢parat vastehevateithodrebthenn ngduoact cvRp@hiaiwlesa chamber

conprising the steps of: (a) seeding bioactive
ThEBFi 4P | w‘aJsLPedmﬁ?@wﬁﬂfsﬁflwﬂhéﬂgﬁ)arﬁoem?mbﬁ@ne separator,

bt Ractisg, sieed eMat e Al 5 CORAILY;IRG .féﬁgigsnh§ rising the
capabl e of renpbving one or nore inpurities fromthe
wasepswater; (b) grow ng the microorgani sns contai ned

within the bi acti%f.segg.nater%al.tg f.orm | arger  thi
parti cl(@%; SSRGS Bibving partFEres off a'attectaber within
direhakgempant,i clenhsi zeibheriyhe Ghambernbtisil  containing
retaining particles of a selected granular size within
tReCERQRBRRLSTA GA@adiisodthertmoTiRgie onki rar aspeet impurities

tﬁgoﬁp£ﬂgdwggggr%§gérthe further step of (d) agitating
t he bi

oactive materral to at least partially inhibit
deposi {bbn gafowpard | thes morcAdve gmnbinenecsapanakar .wilthin the
odi nent .of the.third %s ec&, t he net had
0 O?@) =

BRpRT Sb8et A=A PehEr Latept FEPadRerig Hvhand

wast e vaj er rehbeihike Ghanberidef ope repeald N-SL&PSdischarge
(c) and (d) . The net hod may

particle size from the chamber whilst retaining particles
of a selected granular size within the chamber.

In one embodiment of the third aspect, the method
comprises the further step of (d) agitating the bioactive
material to at least partially inhibit deposition of
particles on the membrane separator. In one embodiment of
the third aspect, the method comprises the further step of
(e) introducing further waste water into the chamber
before repeating steps (c) and (d). The method may
further comprise the step of (f) providing additional
biocactive seed material within in step (e).
Advantageously, the step (e) and/or step (f) may be
repeated to "retaining particles of a selected granular
size within the chamber.

According to a fourth aspect of the invention, there
is provided a waste water treatment system comprising:

a reactor having a chamber for containing waste water

therein;



further conprise the step of (f) providing additiona

bi oactive seed material within in step (e)
w@dwanoeageousl y, the step (e) and/or step (f) PEWSEH05/000222

repeated to retaining particles of a selected granul ar

size within the chanber. According to a fourth aspect

of the invention, there is provided a waste water

treatnent _system copprising: .a_reactor _having.a
chanber P G8Rt alAT ARG RAST e- WAt of "TREPE! R1pi bhct Fgsd  Waste
mabeeral S HOr bsUSPENSEOMA the 584 Tk Washe aialiely fheroorganisms

bi oactive materials containing m croorganisns capabl e
of2PeRB9i A SWETH NFord: G nplir POF Bs 1IPSHitA@Swalsten the waste

WAL eL mv%re%ierinat {E?L%tas. 00/3(5)%’ )59' U\F@llﬁﬁes_@ifd said K bioactive
biroactive material in said waste water is in granular
foateraad anneabdanesseparator isnihl grdncdemuiosat;i emd

with the chanber, wherein a portion of the waste water
i s pasSell Fé&&hﬁQR?Qﬁﬁﬁﬁaﬁ% % Hafa S 5rddi e with the

PehARBLE, WaliRIravi Adpdlawer soneeRt naldiod Qhter is passed
inpurities relative to reject water that has not

pabsedohhridgg mehier Fperb FEIPE re&PaT dt @r PrAcESediRRIMR e water
fifth _aspect, of the |ny Lon, there i vi ded .

bt dnfabey ehes nbnk BeeEToonpr | ST & EHanBerative o
ceafatcdi ngabévacatHate Rakerhat spspendledHyowgst ehe membrane
wat er, the bioactive material containing

neP86R§aRF sms capabl e of renpving one or nore

Py SESBSfEE O JSEk IR Rt e, R LSRR AH cnore

wateprbsidadgranakae Werrr &rmeireate reepdoat gomprising:

(109 Sompunyeatoh b, chambet | grall ot 1 Bronced 1

apgsther elyatdn, userhko prfogerive material containing
microorganisms capable of removing one or more impurities
from the waste water, wherein at least 40% by volume of
said biocactive material in said waste water is in granular
form;

a membrane separator in fluid communication with the
chamber for allowing a portion of the waste water to be
passed therethrough and thereby, in use, to produce
permeate water having a lower concentration of impurities
relative to reject water that has not passed through the
membrane separator.

According to a sixth aspect of the invention, there
is provided water produced in a process comprising the
steps of:

(a)providing bioactive material in waste water, the
biocactive material containing microorganisms capable of
removing one or more impurities from the waste water and

wherein at least 40% by volume of said biocactive material

in said waste water is in granular form; and



perneate water having a | ower concentration of

inpurities relative to reject water that has not
w@amkseuoshr ough t he nmenbrane separator. Accor dPOTSG08000222

si xth aspect of the invention, there is provided water

produced in a process conprising the steps of: (a)

provi di ng bioactive material in maste wat er, the

bi 0act 145 ABLELLAl L COLANINGP G0 GARLATS, £APAbk S rough

renDV|ﬁg e Jor romthe
mmbmbrané mheépanaﬁbrleaSWhéi@bﬁy il eu e mefnbsane separator
bi oactive material in said waste ter is in granul

f BERY SRhd( b CpRiSPAG Y SpHreiEnest HRre W&§Fé%tt@|erethrough

throughcacranhpane SepRa-AldL IMRE@bYot hendeihraReion, there
separator prevents the bioactive granul es from passing

ther ptrhvddgh. aAceertdi mptter & seEvemit agpeectsof comprising the
gentlog there is provided a waste water treatnent
F6cBSs onprising the steps of: (a) providing
bl oact i(kgpravediay iBLgianiNar mheemibn wast gruahe@kr form in
the bioactive material in granular form containing
nWé?BSrgHﬁF§ﬁs chpgbl BieRCEéNBvi RgtBRE2er #Bregranular form

it
HBHEEEhgﬁﬁa?gﬁ%§5Iﬁ%ﬁiéﬁéMﬁ biQ)ofeg%%bggngigne or more

bi oactive In granu Tar for roms
wasperwaties; fano Cbp passengaseporti on of the maste
wat er hgrou h a .memrane separ at or,

ere?
morbr arll) SORARHOR S rE ST HaS bPBAEL | 08 rergzgnular forn

f Fepmpassangather ebReeughngbDefinitions The fol I owi ng
words and terns used herein shall have the neaning

i ndi catledrashéngeran '‘PREdtiemapér "thes yaeecasvateomuryough a
deshgnatlon for.agusous efflugnts qont ai pipg Ardani Goparator

prevents the bioactive material from passing therethrough.

Definitions

The following words and terms used herein shall have
the meaning indicated:

The term "waste water"” is used as a common
designation for aqueous effluents containing organic
and/or inorganic substances which are present or formed in
an environment as a consequence of the presence and/or
activity of human beings, including industrial activity in
its widest sense which e.g. comprises domestic and
industrial activity, agriculture, forestry and fishing
industry and which it is desired to treat so as to obtain
purified water with the main purpose of maintaining and/or
improving the environment and/or to provide a production
of purified water which can be re-used as tap water.

The term “membrane separator” as used herein refers
to any barrier or film which is selectively permeable to
different species in waste water. The selective

permeability of the barrier or film allows the different
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and/ or inorgani c substances which are present or
formed in an environnent as a consequence of the

w@e@semoe7 and/ or activity of human bei ngs, i ncPOT8GZP05/000222
i ndustrial activity in its w dest sense which e.qg.
conprises donestic and industrial activity,
agriculture, forestry and fishing industry and which
it is.desired.to treat _sq as to obtai urified ter
BT BT HoSa 6 Wi AP Ri 1 JPe S SPRBP g 2CFo5S
thee epuirQRiFENbrand/ior 50 Plioviderra pradast ivie®f a pressure
purified water which can be re-used as tap water. The
t&FHY L m@ bt sdFar abelicds GeedtMer dastief vpdero af§ some

%%éf&sorirﬁi lxm:l%.échﬂé@efel §féi Vf;lL f@fé{??fzpifyt Otransported
ITferent species In waste water. The sel ective
pecreadi fthiey wdrther barr ifrlmor réilhmiakl dws dhker species in

di fferentspecies wWthin the waste wat tob .
CPBHEPOPEEE Tacr doo £ NBORERPRET 6t TTPRTAtS dPPP&iER: from the

rah 8seWhenraNressutgpdriviBg fance §Ssappl hedek0 there 1low
waste water. As sone species in waste water are
ppefeeent 1 al vy acrasspitcedaiioys ¢hefhanr irerladivig 1ta water
relative to other, speci j t r, Lt .l

FielroiEeto RPaFEELIRE THR nEoasPa aater 20700 the
| Pt +ahes (e mwess e watwdrl lhavevkova pdraweabi tbhyeatrasdon of
the barrier or filmrelative to water npolecul es and

heRRer el 8F tPd2 He® phSseld 'adT 0582t h&afenbran@assed across
(PeL Meat gl Wid | (@%‘ﬁ%c&t)l.om’erTHQn%ﬁﬂ:@&td@@ fsed herein are

inpurities relative to water that has not passed

atnossdéfie renbr aneofipepect )a. Fhdenembrahesy used possible
here%n are_intended to encoc\mass a W de tvar' ety of 1 th
poRE T hPRTRbAPIGurdtiBhsiRnowlf i REtRE pYior aPt. SFeFre-c- ©
exanbl&net hea ey angefByade ausgdads aifhat fidubar film or
tubular filmor hollow fiber. The nmenbranes may al so

beokbge of iamy- matle? i AR YS SFganicd Stat BFj arade of  any
ﬁg%%??%%fe?%ﬁgiLg%%lg?gﬁﬁﬁﬂicmg%EQQEQL aBQl9ﬁé§@EC material,
inorganic material and ceramic material etc. Exemplary
membranes are disclosed in W.S. Winston Ho and Kamalesh K
Sirkar, Membrane Handbook, Chapter 28, pages 408-430,
Kluwer Academic Publishers, Norwell Massachusetts, United
States of America.

The term ‘bicactive material’ 1s to be interpreted
broadly to mean material that comprises microorganism
cultures. The microorganism cultures may comprise a
plurality, normally a wide variety, of species of
microorganisms such as autotrophic as well as
heterotrophic and aerobic, anaerobic or facultative
bacteria, as well as lower eucaryotic organisms such as
protozoa; yeasts; fungi, and other organisms usually
present in activated sludge in the biological treatment
step of a waste water purification plant, for example
multicellular organisms such as slipper animalcule

(Paramaecium) and parasites, especially bacteria-consuming
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menbranes are disclosed in W.S . Wnston Ho and

Kamal esh K Sirkar, Menbrane Handbook, Chapter 28,
WQagenoH88- 430, Kl uwer Acadeni ¢ Publishers, NoP@EBG2005/000222

Massachusetts, United States of Anerica. The term

bi oactive material' is to be interpreted broadly to

mean material that conprises m croorgani smcul tures.

The m croorgani smcultures nmay conprise a plurality, _
A FAFHyea- wilde ﬁ%%ﬂ@#&,aéﬁosp%%ié%o%ﬁdnﬂgfﬁbrééﬁisﬁ%oaCtlve
§H§9e9§afuﬁggrg%%%%i§§ Mﬁﬂé ﬂ§cP§E@EOE%%Eh@ﬁ_ da structural

aerobic, anaerobic or facultative bacteria, as well as
| owee Emcazyotatnoéngagirsnelsudthtagrpitet.ozoa; yeasts;

fungi, _and. ot her .or.gani N t, ,
act | vaTEd bPAHGe 'Pioehe B0l HaleseT r Rt hent s SPR7S ofranules

vass erwatied potéfpeatean ylanrtly fos exampl®ioactive material
mul ticellular organisns such as slipper animalcule

(Feranbeciunyrandlpar asrr es, aggpeweapitpd form.
bact ergs QM NIRRT beul g alc%%x}%%tq%tx%g%y used

-stha
that the bioactive naterlgf ﬁay éonta|n sone mcro
that pliayed stulioirg@l oDl eviiorovaigaraismang agr ankelféned above

integrity. The terns Lbi oactive granul es’ and Lbjongps )
g@éﬁ%‘i‘e@‘lgea?@(iﬁptﬁeqeﬁr@fdﬁr&f@d% G heaRr et ial, 1.e.
béé?@&ié(flﬁmcfédcﬁlpésf%léSo'r@aﬁri%nuél@(ﬁ/@fd/i‘?‘forganic matter.
aggl onerated form The term "activated sludge" s

convient imgirEdd y geedufrers mi k€d culcnp@sgafisms  utilize  the

m cr oo ni sns defi ned above ich ar ble.to
ThIE 2ELIBN SIP BRedSAnE RaRLe WU CRLEL8RLEal Ang thereby

desovpos akdeyariganaadanthof ga NOE gard i gt ter . bftediss and to
m xed cultures of mcroorganisns utilize the nutrition

i Prefiechast € nat8FE2BObeSTr eftEH andSt hérdbA hver pitrogen,
Oé@?ﬁ&tégd bﬂgégﬁﬁ!t%sr,mtcta%rbotno PiomReS &0 tPhis conversion

products of metabolism’'such as nitrates, nitrogen,
sthphatteke phpspbat esindsar boandéogbie etandiffiions,  aerobic
nggg£ iggs, anoxic autotrophic conditions and combinations
thereof. The actual composition of the mixed cultures of
microorganisms may vary widely since the composition is
highly dependent on the prevailing conditions.

The term “bicactive seed material” may refer to
activated sludge as referred to above that 1is not in
granular form, pure microbial <cultures, mixed pure
microbial cultures, granular sludge, disintegrated
granular sludge and mixtures thereof.

Unless specified otherwise, the terms "comprising”
and "comprise", and grammatical variants thereof, are
intended to represent "open”" or "inclusive" language such
that they include recited elements but also permit
inclusion of additional, unrecited elements.

As used herein, the term "about"”, in the context of
concentrations of components of the formulations,
typically means +/- 5% of the stated value, more typically
+/- 4% of the stated value, more typically +/- 3% of the

8



can take place under anaerobic conditions, aerobic
condi ti ons, anoxic autotrophic conditions and

wa eoniones7 ons t hereof. The actual conposition BET/BGHE05/000222
m xed cul tures of mcroorganisns may vary w dely since
the composition is highly dependent on the prevailing
condi tions. The tern1 "bi oactive seed material” may

ng;ngédt gaﬂﬁtel V% anf ref r%d tq% ovestch%gg value ,

i'n granul’ar ure cro ures, “m xé
pmea muneﬂnyﬁlaamlprez gnanmﬁathslad@&ed value, and evemn
disintegrated granul ar. sl ud and m xtures thereof.

TiF8s§YEpERLfVed/ ot Herli 8¢, e St&hRs V@IS si ng” and

" conprh$6ugheld %@i@ab'l%@lo\é%rﬂeam SckPgE BT iments mavy
i ntended to represent "open” or “inclusive" [anguage

Bechiisrdoserbyl R nel udengecifoethad]-enknt shioutl dal lse understood
P§£@1t hncl S|on of .addi t.i onal unrecited el enents.

S35 ed T R& eF S FHE & m “Ebodt*99 n tAERbnt &5t gFrely fox

eongent eateoasdob eonponent s shotihg hetrtmyatéonstrued as am
typically nmeans +/- 5% of the stated val ue, nore
%Qg%élﬂP ey limdfatirne St ddsval %@P%r@ftyﬁhéal Pyisclosed

éngés/o Ofy E@?lﬁ%gbqu valygie, adDLEs 1\1’ ﬁal %y’a }o?&{hgfmould be

e’ st at ed ven nore typ
sbasedevatuep aa&eeww@dnﬁxﬁaQMy(ﬁﬂég&dﬁedOaS&boﬁetbessiblea
st at ed val ue. Thrﬁtghout thjs, disclosure, certain

SBoORABRE s A%a; Yobb dfscHudbE fveh PafGE Yalygs within

shatl dbgaundes st eednial, thesdessriphi ¥ i 4 &%@1%% such as
format is nmerely fox conveni ence and brevity and
§homl d née be comikdiedecascarsifdakbdxihd e Have t apeoAaficall y

0 of di scl.psed. ranges cordln I he
%DE%?§% ?o%ﬁg? éﬁggﬁs §& gu@& b?eg%onsfgered t%‘%gvé‘ to
Spewi fli ¢cal 15, diseh OSedoalélI ttheposstbl 6SulFdcangestase etc. ,
wel | as. i ndi vi dual nunerlcal val ues wi thin that range.

For Bxapl®  de¥Eriistidh WS TEhge ididh a that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of

the breadth of the range.

Detailed Disclosure of Embodiments

Exemplary, non-limiting embodiments of a waterxr
treatment process and system will now be disclosed.

The process may be used to remove impurities from
waste water. The type and quantity of impurities in waste
water will be dependent on the source of the waste water
and the application for which the waste water is to ke
treated, as will be known to those skilled in the art.
For example, if the waste water is saline or brackish
water to be treated for use as potable water, the
impurities may include metal ions such as Na*, K%, ca®?,
Mg2+, anions such as HCO; , CO3™’ Cl” and S0,* and organics
such as carboxylic acids. If waste water is to be treated
for high purity water applications such as for use En

electronics manufacturing, the dimpurities will include
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from1l to 6 should be considered to have specif ical

y di scl osed sub-ranges such as froml to 3, froml to
wd200700098711 to 5, from2 to 4, from2 to 6 ,PET/SGRB5/000222

to 6 etc. , as well as individual nunbers wthin that

range, for exanple, 1, 2, 3 4 , 5, and 6 . This

applies regardless o f the breadth of the range.

tail ed Disclosuye of ,Enbodi.nents Exe
S IR hG R o0 Reni D SR CAATer 3 riSe P e isguch a3
e systemiwhl, | ew beldi sclesed J@eneﬁtecesswwybge way of
used to renove inpurities fromwaste water. The type

esriptRnt ity of |npur|t|es in waste water will be
depengent., op Eh%r%%%ﬁt“e%h Jlf é’?sﬁ%""?éﬁpgﬁggeﬁ% step of

appl ication For whic wat e
dupel ethg asavt bkl wheeknawn tloe t bosebski | Fed wadtdee witer may
For exanple if the waste water is sallne:ég bracklsh

Rt 6FOF oI BBE B F &6t 8AUFEFSUSE s 350 5aBIAE Swekt or it may

E@pﬁfbﬁ'gﬁ qﬁﬁdé%?ﬁﬁyaégﬂfﬁe'§ﬁ@h35§haa%aN@E dﬁhcﬂzg% the
Mg2+, ani ons such as HCO3 ~, " Cd and SO 2 and

mytpww@mceuqﬁ @sreélbmxglpcoaeﬁds If waste water is

to b treated for urity water a pli,cati.ons .such
as for"us&" n gF%éi%%ﬁRes n%%ufac?u?%ngﬁﬁﬁ?tment process
¢ idées whél bRepudetthoseckEmg oned abRued N water with

addition to other speC|es such as boron, silica, and
bww%l‘é%lﬁéi%e@d“%‘éﬁ’élﬁ few by way of exanpl e . The

wat erpf reghaent, nﬁio%‘?ée%ﬂ‘raye&gﬁ’gr LSeethe sten afne process

supplylng waste water to 'th nber. The waste wate
crmypbeséss otthdortsip oSogrcesngutheadisewdgeeefddannaterial

t may.be froman . ind rial so rc ch as a t
ikt T8 Reonsonhdtac i orhg Ferthi ket aPocosa. (n on.

enbodipent ,vdNendet £k t'éﬁﬁd&ﬁ&mﬁ&@ﬁﬁssof the Dbioactive
materials that are in granular form may be in the range
selected from the group consisting of: at least 40% by
volume; at least 50% by volume; at least 60% by volume; at
least 70% by volume; at least 80% by volume; at least 90%
by volume; at least 95% by volume; and at least 99% by
volume.

The water treatment process may comprise the step of
supplying oxygen-containing gas to the waste water. The
step of supplying oxygen-containing gas to the waste water
may be undertaken continuously or intermittently during
the water treatment process.

The oxygen-containing gas may ensure that the
biocactive seed material is suspended in the waste water
and it may also assist in permitting the microorganisms of
the bioactive seed material to undergo oxidative
respiration. The oxygen-containing gas may be air. The
supplying step may comprise passing the oxygen-containing

gas through a diffuser located in the chamber. The
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conprises the step of seeding the waste water with

bi oactive seed nmaterial. In one enbodi nent, the water

WO e@anm®8t process conprises the step of grow POI/BGE05/000222
bi oactive seed material while it is suspended in the
waste water. The volunmetric concentration of the

bi oactive materials that are in granular formnmay be

in,.t d f th consi st
| AR D o F el St Thntt *48% byt P ane” ghs egbpmber of

GQ%dnkegﬁﬁmm at | east 70% by volune; at |east 80% by
vol unme; at |east 90% by vol une; at |east 95% by
vol ume;Itandone Iéﬁ@?dgg@@By véingne waltee waremtment process
r s y ep
Oisg%%%%%ﬁfg?%$n% 3as 1t%%. Qg‘éé e?S R%HBB ma%@rlal to
yﬂﬂﬂ@@&@tongEnabbptanhubgtgm&pdxﬂﬂnbm%6iepM@teblﬁayon the
be undertaken contlnuously or intermttently during
SRR (SFBRRRE process The oxygen- contalnlng gas
nay en%ﬂkﬁ‘dﬁﬁtiﬁﬁh OAgy i VBeSeaQJIRIRI 1 8by 1 Ssaid  step  of
suspended in the waste water and it nmay also assist In
peﬂuﬁnlt_\/ilrli@ theyaeRT 0OR gahi g gbst He btbactiastceseemkter.  The
rial d 0 OX|dat|ve res lratlon
ggégan ccwé%?é%i%; 2R PR %%% gﬁﬁpF?l%Beswgﬁte water
Mana yCOnpe | S & apdesi ngtcb hepcmf@erér cobt ai HeRh1¢a% t hERUIRerobic
a diffuser located in the chanber. Thediffuser may be
| SCREd i MSrhe bEPESHCOT t KENCH&HS®S of tﬁ’élorxé&:t or anaerobic
I Q:O(Haﬁ_t%.'gﬁ%dl ’COtIr{‘l]Je.Ln\%l%rnst I IIE%E 3:%13? ste vrater,
conprises the step of agitating the sdspen ed ma
to at E@asnkpartaabtyernhembbdd@ﬁ@&itidﬂn@f patércl&&eatment
nbr ane segarator aglt [

R AR GokpRgbar Vrie T0BSE

such as nltrogen to the waste water to promote or regulate

sQ%pE?XnSean inert gas

an anaerobic anxoic, and/or anoxic conditions in the waste
water. In anaerobic, anxoic and/or anoxic conditions in
the waste water may promote the growth of slow-growing
microorganisms.

In another embodiment, the agitating may be by
mechanical agitation of the suspended material. The
mechanical agitation may be undertaken by means of an
impeller located within the chamber. The mechanical
agitation may be used to promote or regulate anxoic and/or
anaerobic conditions in the waste water.

The agitating step may comprise generating shear-
induced flow regimes within the waste water. The shear-
induced flow regimes may prevent growing particles from
depositing onto the membrane separator, such as by
binding, adsorption and/or precipitation of the growing
microorganisms.

In one embodiment, oxygen-containing air is used to
produce the shear-induced flow regimes. The superficial

gas velocity of the air may be in the range selected from
11



suppl yi ng oxygen-containing gas to the waste water.

The step of supplying oxygen-containing gas to the
woREre04at er may be varied to pronote or regul BAESE05/000222

aer obi ¢ conditions, anxoic conditions, anoxic

anaer obi ¢ condi tions, and conbinations thereof, in the

waste water. In yet another enbodi nent, the water

tr?ftnﬁnt process nmay conprise the step of, supplying

a

SO FaL TP S hi o ogeAtE 0Ot Aé WasPe Hat ebopg 20 cm.s
Promabeuer of.egulat e-an AngeLePi 60a%isel; andior NOXLE < o

conditions in the waste water. I n anaerobi c, anxoic
amdoot @oxir. £ondiatiosrts 16 tdre. sidste wabet M@y cm.s™'; about

pronpte-fhe growt h of sl ow grow ng m croorgani smg, . In
afotHer en%8diﬁ§%?? tﬁé aﬁ?tﬁtVng%PﬁV%be by FBchani & about
agi tat.isoh, ofbdde suspended mBt abbak. 4ThR. BEChaRA 1.5 cm.s”

agitation may be undertaken by nmeans QL an inpeller B
| ocdted@RPthi B e chams&CutThe- reehani calo aghewati iy cm.s™;

use £10 e _Qr. regulat e amxQic_,and/ or, -1
g%é)g?lgbi ggo{:] Do £ ok V\ggt Tt ef aﬁﬁ%‘g‘égiot'é’t iFy s~ to
stebputay conprtse generating shearinduced flow regi nes

within_the waste water. The shearinduced fl ow regi nes
may pr’efﬁ?snta%ta%lﬁ‘g? pareR cPR¥ PRorfCdeposi ¥ihgPeRrt8dt gelected

NEFRRANG S ePRE @b OkonsYsh 188 Ry PiMdiNgsoadsetRbsOn s about 3

and/ or precipitation of thé grow ng m croorgani sns .
| Hagre @Hsodi neht miokygen-tcomlzdwi ng diysi s ased t90 minutes

duge t.he,s r-induced_.flow regines. The
g&%e%%rgbgllgg§£Vel%%??g 8% E%%“§$$Sn§9 SEQWgtﬁﬂﬁlve hours,
rabgetselechbdutsomtbe (AP SONShshufgsof ket D201lminutes
cms to about 20 cms 1; about 0.05 cms 1 to about 20
ciPs 32°3bout0h. MiEHtesy t 3PaBGut 298 dmrutes disoumbout 300
Om2nefes" 1l to about 20 cms 1; about 1 cms 1 to about

20 cms 1; about 1.5 cms 1 to about
In one embodiment, the water treatment process

comprises the step of passing the waste water through the
membrane separator. In one embodiment, the membrane
separator 1is provided in the chamber (ie a submerged
membrane separator). In another embodiment, the membrane
separator is provided outside of the chamber and is in
fluid communication with the chamber, such as a sidestream
membrane separator.

The passing step may be achieved by subjecting the
waste water to a pressure force to drive water through the
membrane separator. The pressure force may be applied by
one oOr more water or vacuum pumps in fluid communication
with the reactor chamber.

The step of passing the waste water through the
membrane separator may be for a time period selected from
the group consisting of about 50 minutes to about 3 days,
about 50 minutes to about 2 days, about 50 minutes to
about 1 day, about 50 minutes to about twelve hours, about

50 minutes to about 500 minutes, about 100 minutes to
12



5cms 1, about 1.5 cms "1 to about 4 cms 1, about

1.5cms 1 to about 3 cms 1 ; about 0.5 cms 1to
wab@awo®h87 cm s 1; about 0.5 cms 1 to about 10PCTYB62005/000222

about 0.5 cms "1 to about 8 cms 1 . The agitating

step may be for a tinme period selected fromthe group

consi sting of about 50 m nutes to about 3 days, about

50. mi nut tq about 2 days,_ about 50 m nhutes to about
188%}? é@@ufﬂl@@tﬁ%uta@%% IO WeP v et PotPeut aBglt minutes,

58pBLAULEY hnakeul +30QHHAULSS, BRAMlesl20 M nutes to
about 400 m nutes, about 200 m nutes to about 300

m nut eshe membrenentsediaraitor ey wetrpriseat meanbrane in the
p ss.conprises the_step of ssing, the waste ter
t%ggﬁgﬁftch‘gprtrg% r ane %i%g ator"p)a e oggagn‘é)(?&isﬁegnr,@mf%égh the

neshbanaesepar Rhowni SiPropeeedats”t kenchagbeenchvedd from the
subner ged nenbrane separator) . In another enbodi nent,
t HeRERBRafe stpacdiatis pEesaled "othedi dehat es not pass

c ﬁﬂggﬁhaqguiSméﬂbigHEdkﬁﬁﬂnygi%%%k%%dmfgbﬁh%he cﬁember of

chanber, such as a sidestream nenbrane separator. e

pbksi ngasttey mey beownhissvetrdiesib] entli ng themorast efrom the
re force to drive water through the

mn%%‘%‘gtﬁg gggésg%F?tTﬁgrﬁﬁ&sure force may be applied

by onerpe MRm®ré@iemDf MACYUTeRYARS idd fhihdicular chemical
comuni cation with the reactor chanber. The step of

paksThESt HE sk vt erndhicbeghione rembidne ssephm asolution.
nﬁyffgrégE %?&%E%ﬁ@?r chg%eﬁggg f.f%?ég%% g§§? %&%&ﬁ sizes,

consisting o nMnutes to about
SOhithutesufla saboutd 2f flaysnt abouk 5@ tRsn@HLD @®Uhembrane
about. 50 m nutes.to_about twelve hours, about

1 day, , & .
56" Pl nu e Y- AHout CB60: ArAut eRCATUt 106SRTAULEY- This
1R8ROYEN40Q: It 85 + @b QUL 1138 M AULES AQ AROULL300nt rations

m nut es,
of species reporting to the permeate water stream and the

reject water stream. For example, in high purity water
applications required for electronics manufacturing
processes, the membrane may be selectively permeable to
impurity species such as silica, boron or organic carbon
so that there is a higher concentration of these species
reporting to the reject stream compared to the permeate
sStream.

There may be provided multiple membrane separators
within or outside of the chamber of the reactor.

In one embodiment, the water treatment process
comprises the step of removing biocactive particles of a
selected size range from the chamber whilst retaining
biocactive particles of a selected granular size within the
champber. In one embodiment, the water treatment process
comprises the step of removing bioactive particles that
have not settled under gravity in the water after a
settling time period. It should be realised that the
removing step may involve removal from the chamber of some
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about 150 m nutes to about 200 m nutes. The nenbrane
separator nmay conprise a nenbrane in the formof a

wo aie/oovssheet . Water that passes through the PeETVRGZI08000222
is known as "perneate” and is renoved fromthe
menbrane as a perneate stream Water that does not
pass through the nenbrane but is renoved fromthe

c f s i n "reject’ and is . :
rgﬁoggg%a?r S%}t e %%agrb}ééréaéagg?&%zctses t(raleeadm I_JLT%%I gravity in
mehbr sateray fhersehectsiere timgparitrec Weari whem cal

specieghin solution and therefore inpurities in

sol uti oAS DPEFEr et ch‘ﬁﬁwl%ec}?%%a‘ﬁé%‘éedi Ppeféples of a
an@éét@dSi&f@muﬁ@ich$ﬁ§§ukﬁﬁjﬁﬂldkﬁger@ﬂéTﬁéPXr&g%e%omprise

across the menbrane with resultant chem cal speci
sépbELingt PLloThitd vieedeane. ssel et ¢ wa ytieseabt adijacent to the

dj nt _gcongentrations of eci e eporting to the .
pié;%gérge ?/\Jgt g%est FZ?%%éeﬁd tﬁg‘gr ef%%fii‘l\_ﬁi?ers edifly FGPmPrise
exaapirg bHikiaghopurdf yenat Rasappliagatd ans ¥1RIUERSHber for a
for electronjcs manufacturing processes, the nenbrane

mhyBe el 2ELPYelSPiskr ReBBFELIVE iFHANGIYL spéeiespatichcles to
aSeft1d Cano RPN 1O Qﬁ?@?gﬁ Qbe%ﬂesocﬁQﬁﬁe%hgﬁ?e% t%gavity.

hi gher concentration o ese species reporting
rBhect sstteangconpared wid it heoperdmadedsitt eash ThRee desired

i ded Ltiple nbr ane separators within or
CRY ST HePor ¥t FiE charts O RTIe Todti i 1h bhee barticies and

efRodi RBGhollibe Wah®kr! I @3t MaHe PrRCESS CEAPL}-Ses tE%emplary
step of renoving bioactive particles of a selected

sFoettarge timem taee chakbetedhifsim rehai winoyrbi casiveing of
PRSAAEL o5 oA SaletyAREr LS WAL IS soconds eo
prloces s2 cboprrisseslddie sSt@psetonhapoongdai@act ieur, about 30
Fggéég gstgh%kout 1800 seconds, about 30 seconds to about
1000 seconds, about 30 seconds to about 500 seconds, 30
seconds to about 300 seconds, 30 seconds to about 200
seconds, 30 seconds to about 100 seconds, 30 seconds to
about 50 seconds.

The Dbiocactive granular size particles may be in the
size range selected from the group consisting of about
S50pm to about 10 mm, about 50um to about 8 mm, about S50um
to about 6 mm, about 50pm to about 4 mm, about 50pm to
about 2 mm, about 50pm to about 10 mm, about 100um to
about 10 mm, 500pum to about 10 mm, about 1000um to about
10 mm, about 100pm to about 2 mm, about 200pm to about
2 mm, about 400pm to about 1.5 mm, and about 600pm to
about 1.5 mm.

The discharge particle size may be any size less than
the bioactive granular size particles. It should, however,
be realised that some particles that fall within the
granular size range may be discharged from the reactor
with the discharge sized particles. Exemplary discharge
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have not settled under gravity in the water after a
settling tine period. It should be realised that the

WO 200004987 St ep nmay i nvol ve renoval from the cheabe62008/000222
somegranul ar particles that have not settled under
gravity in the water after the settling tinme period.
The step of retaining bioactive particles of a

sele gr anul ar ize W thi charrber r| se
s@?ft%ﬁﬁgeblso%z t7 v& gr %%Cs?ﬁe%par %) 8s a Jac o-han a
t bezbotdoma®fed hEr@ﬁaﬁbEé- Jiheus eldonisn@tatep B8Y about 50yum,
corrprlse ceasin itation of the waste water in the

chaRrber 1PEpma £ ﬁé‘ t 8 VQFPowads @sdacidPeyr anul ar
si ze papLi gé@ec‘pt %fseié}ngviﬁggtygjaf@cpgét 4F Otr tb%@lected size

chanber under gravity. The Ing time wl
depegdemayoncapmprdes; r ed tear t tloe e seitzd iofg téeep, discharging

bi t I ize artl | es, and t he Reynol
PHRBEF of it wadreThat Ehe B0 T Ridrms Suspended

apersekeeked fmﬁm §@%Qﬁ@é‘@ 99@%&@%@9 Qe APt &9 above the
seconds to about 3 hours, about 30 seconds to about 2

hé@F’s‘leéboﬁwfa@@l@éc@ﬁd@t@aaﬁé@tleﬁ hend, abpoutt@Ferably the

S d ahou 8 .Sec t

Sop S ahgecBes hne P lpRtt 06" alie R a st -
secondsthd0 seeendspheaalieut ﬁi&ﬂ:md&ay 3be sesondso remove
to about 200 seconds, 30 seconds . to about 100 seconds,

3925EL6RESE 1O afoufeB6CEECona_T T Rdeh| Dt | Ve igrinuirgtaining

ShZ8aPRE FECLas thRY cke I 4 he [l Zed a@ﬂ&n&f&ﬁ%%ef 9%hin the
the group consisting of about 50mm t o about

abbamb§dmmEtoa @b@mtpl&,mw abomDHSOmHaofaaMtons mrmsh filters
about 50m11t out 4 abo 0

SBet RomEEd IR0 beta e M e P RnGaE s O re over-
SQthpaa’@Quueio mm about | COOmMm to about 10 nm

about | OOfm to about 2 mm about 200mm t o about 2 mMm
about ADOrRE o FBAFLIMETE mmMthed@® absut PEOVRATEo @ method of

forming bicactive granules for use in a water treatment
reactor comprising a chamber that is in fluid
communication with a membrane separator. At start-up, the
reactor chamber is filled with waste water and then seeded
with the biocactive seed material. The reactor may then be
operated in batch-~cycle according to the following steps:

(i) Growing the microorganisms contained within the
bioactive seed material to form larger particles.
Optionally, the growing comprises injecting oxygen-
containing gas into the waste water.

(ii) Agitating the suspended material during the
growing step (i) to inhibit deposition of particles on the
membrane separator.

(iii) Filtering permeate from the particles by
passing water through the membrane. The step of passing
the waste water through the membrane separator may be
undertaken for a time to withdrawn a selected volume of

permeate to achieve a “target volumetric exchange ratio”.
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about 1.5 mm The di scharge particle size may be any
size less than the bioactive granular size particles.

wo osloowBd, however, be realised that sonme parPCT/RE%005/000222
that fall within the granul ar size range nay be
di scharged fromthe reactor with the di scharge sized
particles. Exenplary dischargeparticle sizes are

particl es havj.n si.ze | ess than size selected from,

DRS §5us oI g eafb%{ﬂe%o%f?m%b%ﬁ?hﬁﬁmnr??m is the
aboltum20iM watdd abaul clOIAR - tHEE rebeR of {£&MPNifgate and
particles of a selected size range may conprise, after

t ReJ§ett Fing stidl i aRtvatying Geste wat ehef reacthe relative
Chamhels SUALA g alspended particl esy, The suspended - vy

particles are | ocated e se d gra
partrgetesvahdmateipr ebechabhyet heatside rangRlofctdte from the

bi oactive granul ar size particles. Oher size

sEparRt iccﬂ?gsplrg&d&%g%f na§OoBE ¢9ed td PBABYe Pt iakest 30% to
Obbaugelses!, eh R | £€ £b28Luht ! Sib_%tetafﬂdﬂan&nbeh‘)@@%' ¥8 about
particles of a selected granular size wthin the

chlfber. For exanple, a cyclone separator or nesh

filters.can ed to_separate undersi.zed particl es.
fromo é?’?si%gcd%%ar}% glrgggilaﬁ osﬁezeeﬁbgapﬁﬁﬁg,vet HRae-tgles by
psospgedga mREhodgetatengi ngtbpoagtiye ghamskesstBhping the
use in a water treatnent reactor conprising a chanber
t RAPPLY i fI9%isd éBARGRPEat1®FP withl® arfafrbpanechamber . The

SEPahALAL- Al i abiadPribhe L.C er ,is filled
m?th wast e wat er an%ggﬁéﬁgs 8323E§f¥hh?ﬁg %#éégFFVJXD settle
setdthat brtabm Plietheachembrmy t hen be operated in

bat ch- I rding to the follow n teps: (i
& oui e P A D S COBR AT iR b SFRg Thatant  £rom

babacti verigeed seattaial partormbar ge&f pathictlees: under-sized
Optionally, the growi ng conprises injecting
oR?ﬁEh%%ﬁFthPﬁgare suspended in solution.

(vi) Optionally, the system may be left at idle at
the end of the discharging step.

After a complete cycle has been performed according
to steps (i) to (vi), the full cycle may be repeated to
continue to grow the biocactive granular sized particles.

It should be noted that in some embodiments, the step
(i) may be omitted after the first batch cycle so that the
existing grown biocactive granular sized particles continue
to grow in propagate more granular particles. In other
embodiments, a fresh supply of biocactive sludge may be
supplied to the reactor to augment the growth of the
particles.

The reactor may comprise a waste water conduit in
fluid communication with the chamber of the reactor.

The reactor may comprise a reject stream conduit in
fluid communication with the chamber of the reactor. The

reject conduit may be used to remove the reject stream of
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gas into the waste water. (ii) Agitating the suspended

material during the growing step (i) to inhibit
waleaedid48on of particles on the menbrane separ BED8G2005/000222

(ii1) Filtering perneate fromthe particles by passing

wat er through the nmenbrane. The step of passing the

wast e wat er through the nenbrane separator may be

ndertaken f% it hdrawn a sel ected vol une

t t
BFUSer e HoacHiTRES atgetavofiitet PRESESIchiRgEUIh the

fahb@ankn separafbedi nent, the target vol une exchange
ratio is the volune of water renoved fromthe reactor

as pefhBaf€2&i{@Tr Sp@ccamprd ssi iylkeopatr | Pgresol ecofduit in
. pea b to: the total volune of the
?ggéporeglﬁﬁug%gé%gdi‘?rle%l?, %}hee tm&?fng)e ol e rator- The
prchange rsatremn scaedect eflafy,r @@ theeq@r oop re@ast St Wi-er from
g% about. 20% to about 90% _about 30%to about 80%
Gut" AL IS aSGRETRONF anttaboutt 4595t PaBA 6bbgough the

fhbMbrS8tt Lbpdrgeanpul ar sized bioactive particles by
stopping the agitating step (ii) and/or stopping the
supply of gas injected into the reactor chanber. The

granul ar sized Ri tive particle e_allowed to

settle at the b%f?%?n %?s?ﬁjép%ﬁ%ﬂbéf%feylﬁgichar ging a

por ti Dheof athenpuper gt aﬂﬁrafvﬁi@l?sabq\ﬂeldsf&agﬁi thed disclosed
particles to renove under-sized particles that are

SUSpeABeati bl SEFERS (W) capticdmal Fye theingdrdmampt the
Q@SE@BEth érﬁ%@dﬂﬁeﬁ?e %rilld gg t'th(? %escﬁﬁglgEggoségp I’%OWGVGI’
After a conplete cycle has been perforned accordihg to !
Sheps (iheto dmayingd he afnd | cypclignraly be&orepeghetbbses of

contipue to grow the bjoactive granular, sized o
DI EFEF 851570 SSHdl b Tot edot Hat (P Sbheon ©F the limits
efpbedéMeAentibe. st ep

Fig. 1 1is a schematic diagram of a granulating
membrane Dbioreactor (GMBR) that utilised the water

treatment process of a disclosed embodiment.

Fig. 2 is a schematic diagram of the opexration of the

GMBR of Fig. 1.

Fig. 3 is a graph showing the changes in Mixed Liquor
Volatile Suspended Solids (MLVSS), Mixed Liguor Suspended
Solids (MLSS), and the ratio of MLVSS:MLSS in the GMBR

over time.

Fig. 4 is a graph showing the changes in Direct
Discharge  Suspended Solids (DDSS), Direct Discharge
Volatile Suspehded Solids (DDVSS), and the ratio of
DDVSS:DDSS in the GMBR over time.

Fig. 5 is a graph showing mean particle diameter of
the biocactive granular-sized particles and Sludge Volume

Index (SVI) over time in the GMBR reactor.
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(i) may be omtted after the first batch cycle so that
the existing grown bioactive granul ar sized particles

W@ eowion4987t 0 grow i n propagate nore granul ar pRCT/8GL®S/000222
In other enbodi nents, a fresh supply of bioactive
sl udge may be supplied to the reactor to augnent the
grom h of the particles . The reactor may conprise a

wast e ter. c Lt in id ¢ ication. wth _the. .
chanbgﬁgéf6th%ﬁgg%cfbr?Egﬁggpéaggggoﬁgy cor ?i§g;agloaCtl‘Je
yepaal agtseasdc qrdttiitclias fiiish € otnunireakiter Widert N80 daws
chanber of the reactor. The reject conduit nay be used

P5 PBABFELORe Ofejt86t C¥PReam of wat er from the chanber

that has not passed through the menbrane separator. ,

The r&aftor mMay GonPFPBR Slpvtifcat Ehst re@mgeonddint fhenical

LA compuy sat with t ra xat he ..
%gyﬁggte strégnﬁggﬁéuffhngg%%gggged gﬁﬁg%dVee&gtggl direct
fli enhthgenerfbriare sepaciat st rafherDDCObas passetbD in direct

t hrough the rane separator. Brief Description O

B gt e e B R e L8 o o™ | | (oKt BvgE" & 30 day
dpbschesad pabodument and serves to explain the

principlés of the disclosed enbodinent. It is to be

under gt godg houever, EQBB_tEﬁoQFﬁﬁﬁn9§aﬁ5ﬁeﬂﬁ§gggedpressu;re
for purposes of |Ilugtrat|on only, and not as a
dé¥Phi Bindn menfortaree |t sdofat KBLUKVepfi ahe FMBR ovesr a 55

g schemat i c dia%ran1of a granul ati ng nenbr ane

78r BREroF T 'E&VBRF *PRat utilised the water treatnent

process of a disclosed enbodinent, Fig. 2 is a

schematfc di dGr &n dFeRheSBPEIAg| BHeoF%‘laﬁlé?e@VE?F@ HLEF g MLV SS

%pd Rk 3alt3 A graplafowing t Beechanges duMitedretenti on
I quor
tiﬁe (HRT) of 4 hours over a 40 day operating period.

Fig. 10 is a graph showing the changes in MLSS, MLV SS
and the ratio of MLVSS:MLSS over a hydraulic retenti on

time (HRT) of 8 hours over a 40 day operating period.

Fig. 11 is a graph of suspended solids showing the
changes in DDSS, DDVSS and the ratio of DDVSS:DDSS over a

HRT in the GMBR of 4 hours over a 40 day operating period.

Fig. 12 1is a graph of suspended solids showing f*t=he
changes in DDSS, DDVSS and the ratioc of DDVSS:DDSS at a

HRT in the GMBR of 8 hours over a 40 day operating period.

Fig. 13 1s a graph showing mean particle diameter of
the bioactive granular-sized particles and SVI at a HRT in

the GMBR of 4 hours over a 40 day operating period.

Fig. 14 is a graph showing mean particle diameter of
the biocactive granular-sized particles and SVI at a HRT in

the GMBR of 8 hours over a 40 day operating period.
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Vol atil e Suspended Solids (MVSS) , Mxed Liquor

Suspended Solids (M.SS), and the ratio of MVSS: MLSS

WO poovloetw@VBR over tinme. Fig. 4 is a graph showamsSGim®s/ 000222
changes in Direct D scharge Suspended Solids (DDSS) |,
Direct Discharge Vol atile Suspended Solids (DDVSS),

and the ratio of DDVSS: DDSS in the GVBR over tine.

Fig. B:ls gr.ap Wi, ng.,.mean rticle. diame f
t he b?%)g(:t ?\?eﬁgr Iéj:l‘nf?lfi%lp-hsigszheo lﬁla(f{%l}%: gisnfa%ggﬂ ‘B@%%B and PCOD
ol ameiRndex B JoMBrerofi we Houtdheo@BRar eact @iy Fbferating
6 shows a stereom croscope i nage of bioacti"ve

BF5hofar-si zed particles within the reactor after 50

da s of operation of the GMBR Fig. 7 is a graph

show h§dt hébchangegriaphe idraveialg e HePRN dDPCYD) ang PCOD

LnfLu (] nf ) ENodir di arge ~of , the .
cljrlgj éC?ﬁ@rgt r%gmwogng 8&951 i %?%%c% giosc%aasf g%p%ffatlng
peeipér neate stream (PCOD) over a 30 day operating

period. Fig. 8 is a graph show ng transnmenbrane

presspxg. (TWPYsand gieabt asaollidy datra L&d U urf athey HRT in
GVBR over a 5 5 day operati ng period. Fig. 9 is a
YrapHiBhowf ng PRETENGNGES i AVMEIBS, OREVSSiafdPEREOFat i 0

of MLVSSrML.SS over a hydraulic retention time (HRT) of

4 houFsJoved as4A@ dasewpepshpivhggpdMiPocandi GLUAOaits aa HRT in

' h [ SS, M.VSS.and th ti
SENMRAoN 18 KO8 CNADEESS! BoMES. HeYar AR pERT R, ' ©
f 8 40 ti iod. Fig. 11
o st R ER Ry e haY: Rtk R b oht O hanitacts | S the
0SS, + SINVSS and dihethat i @r@ﬁum/s$§i@_ﬂ§%SQV%E'th@_u'ElRTséﬂtling

the GVBR of 4 hours over a 40 day operati ngﬁgerl od.
#4. dischargigpapiasrs suspefddd ol datss shBWBhg 5t tkays, 9(C)

10 days, 9(D) 15 days, 9(E) 20 days, and 9(F) 20 days.
Fig. 20 is a graph showing transmembrane pressure
(TMP) and membrane flux data when the GMBR was operated

without any settling and discharging steps.

Best Mode
Non-limiting examples of the invention, including the
best mode, will be further described in greater detail by
reference to specific example, which should not be
construed as in any way limiting the scope of the
invention.

Referring to Fig. 1, there is shown a
granulating membrane bioreactor (GMBR) 10 that operates
according to a disclosed embodiment of a water treatment
process. The GMBR 10 is a column-type reactor (height 1.2
m; diameter 6 cm) with a working volume of 2.3 L. The GMBR
10 comprises a chamber 12 containing biocactive granules

suspended in waste water therein. The bioactive granules
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changes in DDSS, DDVSS and the ratio of DDVSS: DDSS at

a HRT in the GVBR of 8 hours over a 40 day operating
w@eowroou9sFi g. 13 is a graph showi ng mean parti BCESG2005/000222

di anmeter of the bioactive granular-sized particles and

SVI at a HRT in the GVBR of 4 hours over a 40 day

operating period. Fig. 14 is a graph show ng nean

D O AP G oS AP e e g, more
1a1p4ﬁ1dﬁ1ye33p£e¢caﬁlmge peisios. kger 15 is a graph showi ng
t he | nf COD and PCOD at. a HRT in the GWBR of

4
hour §}kﬁ/eFM§R401Qja?168er%‘i“i‘m@1i?e?| §d. "l ang jsgpgrator in
&L@pfo§ﬂo‘ﬂﬁgsﬁgﬁekﬂggmnem aﬂl@dﬁ@g) A aT'FBT élﬁ‘bmerged

of 8 hours”over a 40 day operating period
nfimprabie | sodugeapht shomﬁmgtil\/@fanDIW§nU}< it aCIHRanm hollow

he GVBR .of 4 hours over o) erat|n per.i.od
e TP 3Gt ap RS HoN DTS S PLOnC af CHERT fHpre size

dﬂweoG&/B ®f a@dhosr ssaema éQr@‘@)ﬁeopﬂ@él RE Peroed. m?. The
F| 19(A— %}ﬁl show st ereom croscope i mages of the
ﬁrﬁféijrétq f Wafe §Paraltad biéiagdssaw ehpgle dead end

S gt LS g3 8) se
et dagss . wHilgdr 20n | Srem grtlaphoshew agdt r ansmerrbr ane

pressure (TMP) and nmenbrane flux data when the GMBR |
was OptF atBERN tHbuE R SATRT P AN di R gi figter  inlet

RSt Best aade NeRitld Midddg ex8apbespohist B r filling the
i nvention, including the best nbde, F be further

desire hek? iviLtgr esa sre dertadt - by reference to specific
exanpllhé w}i’éﬁh %hOlil So POt pbrelsceonsgltluggr%%lo% A Yeonduit

limting scopeo e i nventi on.
20 for transmission of air to the chamber 12. A flow meter

22 is provided on the inlet conduit 20 for indicating the
flow rate of air therethrough. The inlet conduit connects
to a diffuser 24, located at the bottom of the chamber 12.

The GMBR 10 also comprises permeate discharge conduit
26 which discharges permeate from the membrane module 14.
A pressure gauge 28 and a flow meter 30 are provided on
the discharge conduit 26 to respectively measure the gauge
pressure and flow rate of permeate as it is discharged
from the membrane module 14 by pump 29. The pump 29 can
also be used to create a vacuum within the chamber 12 of
the membrane module 14 and thereby drive water through the
membranes of the membrane module 14.

The GMBR 10 also comprises multiple reject discharge
conduits (34A, 34B, 34C, 34D) which wvary in chamber
height. The reject discharge conduits (34A, 34B, 34C, 34D)
allow the operators of the GMBR 10 to selectively
discharge suspended particles of different sizes after
settling. For example, conduit 34A is above conduit 34B,

and therefore, there will be smaller particle sizes
20



Referring to Fig. 1, there is shown a granul ating
menbr ane bioreactor (GVBR) 10 that operates according
w0 000a/00498T| osed enbodi ment of a water treat menPCT/SG2005/000222
process. The GVBR 10 is a colum-type reactor (height
1.2 m; dianeter 6 cm with a working volune of 2.3 L
The GVBR 10 conpri ses a chanber 12 containing

' [ ra . Su ded in waste water therein.
f%e g%o\af%f)?lvegéb(gﬁﬁ ez%%t gpﬁﬁpﬁﬁefﬁscE%or%Q% S4B arter
seapable of weENDbVbagdeser OheADFErtAPYUr btieg.from the

waste water. The GVBR 10 al so conprises a nenbrane

sepdtBt Ui tHRY F BP nf 8 - sabnEFgEE Aemisr avreherrlul e diagram
oflhenpsu ; n 14 cconsj sts y 4

o T ong To T o T1 by Sonbr ey, Seh: ety e ngey be
desstii idegd pgor etlst zeobiowindg ntape: a wor ki ng surface area

of 025 n e, nE ane nodu was erated using a
o ngieehal s [T T b RoR el HaPBRGSs: o Srotther to
thascisealed whides pesheate was W thdrawn fromthe ot her

end. The GMBR 10 al so conprises a waste water inlet
condiiSP 18- AnBeacthast e Aidt ek s f sugprparg 18 f bhef idhamigr 12
theg £had ' he GVBR_10Q.al so
Vlcon'prlses%négé\rlmg%igo\r%ﬁ%ﬁ%estvga%?n%lug%sﬁﬁr?%F alr bubbles at
art ransfiicei oatef @f r3tb theiehabenitl. A fbouwitBlent22o0 a
isd%.ov_i ed on the inlet conduit 20 for indicating the
SHHDW A H2%i Tt et &Y nPbughc™The -i A&t CoftRn twithin the
aiGoNBgeks tend difdwses 24, LAgated ab.ihg:boLt irat]
t he chanber 12. lThe‘ GVBR 10 al soaconp}r('jii(gegggér ?rfejéasggelratlon
whdilsc hidge corrdiar 28 diriech thsthafyes pegimate from
the nenbrane nodule 14. A pressure gauge 28 and a fl ow
met exte30 at-e('prenddedena t heldesthar gegatenduiits 26gdadually
respectivel y. neasure the gauge._pressuyre and flow rate
w%% f):éarwr?eact%e stI?ttLi?% %%’&ﬁ%\?gga LVoﬁltlﬁéaﬁéﬁ?r dfgough the
sulfdtioe dl4mbybpuAR 2Qoddhe PP 2% CRBnduit 26 under the

action of pump 32.

Step 4-("settle"): the pump 18 is turned off to turn

off the air supply so that air stops flowing through the
diffuser 24. The time period for settling is sufficient to
allow bioactive particles of a selected granular size to
settle Dbelow one of discharge conduits (34A,34B, 34C, 34D)

Step 5-("discharge"): a portion of the supernatant is

discharged one of discharge conduits (34A,348B,34C, 34D) .
This means that any suspended solid particles (undersize)

will be removed from the chamber 12.

Step 6-("idle"): The GMBR 10 is left at rest at the

end of the cycle.

At the end of the step 6, the reactor operation

returns to step 1 and a new cycle begins.
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al so be used to create a vacuumw thin the chanber 12
of the nmenbrane nodul e 14 and thereby drive water
wWo boodiogdest he nenbranes of the nenbrane nodul e RAT/SGIH08000222
GVBR 10 al so conprises nultiple reject discharge
conduits (34A, 34B, 34C, 34D) which vary in chanber
hei ght. The reject discharge conduits (34A, 34B, 34C,
34D) allow the operators of, the GV?R 10 to selectively
di schar ge suspended parti cFE&®BtSdit f erent sizes after

settlimge ForBexampl ewaeonddbtuldfetis abewe geRAUhbr sludge
34B, .,and therefore, there will be smaller particle .
sP2ELRPoRPNGE Edalc B GTias S3ARNeeFdRdd o aordud tMBIB L' and
aphekaselt 14 | be degcrib rth | OW..

Re\ber?i ng noévbg%%%%'li{\%i.i% e"mt hgr eH i §9§ﬁ§ghe%t i%gescﬁr §1%h above
ofithe referamicen o Shep&VBR6LO. THderopetaki ebImtRE in six

d i bed by the f.all ow t LSt - ("fill"™ ):
L e b D28’ Stioi 0 whet e ait or 1311 Re (SRbel) 4247 anin of
cosdutiodb.(s8epP 23 (1r78aGt" Y of AldadiSisyPPhd eﬁii@ewﬁg (Step

chanmber 12 via dif{user 24. The diffuser 2 4 disperse
aft s bhl &s ot apthdinowStere 6F,3.15 minithel of Wishharging

' i wyal i ¢ial l.oci,t f,.2 .
S S BB RY SePondieet haTahEdss oo 0
under gbhexi GEBRVe 10espiasat i Whidith unsles-@reated municipal

-induced fluid flow regime. Step 3- ("react and

TPREGvI T nArar Ll Sagr RAGR Iaf MHEREI A 1 X6 oh X nEVo hours)
chagbs 4 by AL AL A D EURISED .20 o
panp B2XC0Rtep 4-° (Arsktithat Javerdpepulpy 180D LT utied

o SR RS B P 38 1o L BLBBcrg, c one
seahéi ngime satfi ehent pegiahliow bicractdaca pasfdtd €S @imbrane
afff%fgéfgngQ%gggatBFlégmhgnced 60 min after the start of
aeration. A permeate stream equivalent to 3/8 of the
reactor working volume was removed by membrane filtration.

Supernatant equivalent to 1/8 of the reactor working
volume was removed by direct discharge (Step 5) through a
discharge port after the settling step (reject stream).

The total amount of wastewater removed per 4 h cycle
was equivalent to 50% of the reactor working volume,
giving a volumetric exchange ratio of 50% and a hydraulic
retention time of 8 hours.

The GMBR reactor 10 was tested on raw sewage
wastewater using pretreated (settled) sewage as influent
feed. No significant fouling was observed during 57 days
of continuous operation. As can been seen from Fig. 3, a
stable Dbiomass concentration of 4.5 g MLSS L' was
sustained towards the end of the operation. As shown in
Fig. 4, DDSS (direct discharge suspended solids) 1in the
MBR with pretreated sewage was less than 200 mg L' and
averaged 165 mg L' during the last two weeks of operation.
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settl e bel ow one of discharge conduits (34A, 34B, 34C,
34D) Step 5- ("discharge"” ): a portion of the
waopenndsant i s di scharged one of di scharge coPdI/8GH005/000222
(34A, 34B, 34C, 34D) . This means that any suspended
solid particles (undersize) will be renoved fromthe
chanber 12. Step 6- ("idle") : The GVBR 10 is left at

rest at the end, of %he cycle. At the end of the step 6
, BBh&osRc gt Bher ati oRPPed e S $t%D 128nd-&8ndtp and the

cy¥oheyhggihBspExamla krthe fAVBR 10,0asdaaculatsd-wid h
granul ar sludge having an initial bionmass

concendr attiegeoofl 4 ogMedS Limagmdobpehat @domass is shown in
sgqégggiglly in 4 h cycles as described above with

ref &rence to Steps 1-6. The reactor operated in six

cycl esrpeerdayigwtbh 53 g v,0fcdp lddmee{iStepidng in 28He direct
mn of aeration (Step 2), 177 mn of reacting and
f AL PePPRge( St PP BICT 40 ST t6PNet t BRAg (Btep Hermpate  stream

' i sGh [ St 5 i put-ex 20 :
TLUES19L6, SO0, £ 8o il RS Prgepefively,
ptewhrdat etdemanidcppakhwaspewateng( pkatioblas been

allowed.to settle for two hour havi an organi c
| oadi n 198{% ha’%q‘c%%giélaef%ﬁ?g?‘?sq\go%aﬁﬁ“ c‘ltmi gressure

1 (and)t halq avenBegde2 A O kring khe FopLEAgiaAd  Membrane
aeration (Steps 1 & 2 ) commenced at the sane tinme at -

t Relbagiannnyasf peadivrapel &y NMErDriart ifdn tafat Yepugst ppessure
go% %%%ngggﬁ%r‘%dnﬁké§%§ﬁe:%§%§%32§4?&ga %%W‘Eb é% achieve

erneat’e stream equi v eact or
war kigwi neal uBEPwas Benovasl oy fmesbrane 10i | tM@at welis sustained

SuEernatant equi valent to 1/8 of the reactor working
vBEGRE Wia S e ndWeet dyt 47 t ediCdicdcShar e (Y¥Fep Idicating that

theRHgAna Ho%aN/IO8 RO hoff k@Gnt R a8t I9 3] 8he operating
(reject stream) .” The total anount of wastewater
regsved-per 4 h cycle

Example 2

A second test of the GMBR 10 was undertaken to
evaluate the characteristics of the granular sludge at
different hydraulic retention times (HRT)of 4 hours and 8
hours.

A synthetic wastewater with sodium acetate as carbon
source was prepared with the following composition (gl7i):
acetate 2.562, NH,C1 0.2, K;HPO; 0.045, CaCI,.2H,0 0.03, MgSOy
TH,0 0.025 and FeSOs .7H,0 0.02.

The synthetic wastewater media was dosed proportionally
with the following micronutrients (mgL™'): HsBO; 0.05, ZnCl,
0.05, CuCl; 0.03, MnSO4.H;O 0.05, (NHi)g.M07024.4H,0 0.05, AlCls
0.05, CoCly-6H,0 0.05 and NiCl, 0.05.

The synthetic wastewater had a chemical oxygen demand
(COD) of 2,000 mg COD 7!, The synthetic wastewater was
appropriately diluted to 4/3 g COD L' and fed into the

reactor to give an organic loading rate of 4 kg COD md™*.
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was equi val ent to 50% of the reactor working vol une,
giving a volunetric exchange ratio of 50% and a

wohyaramMosT retention time of 8 hours. The GVBRPCESGL005/000222
10 was tested on raw sewage wastewater using
pretreated (settled) sewage as influent feed. No
significant fouling was observed during 57 days of
conti nyaus i O en seen f mFig. 3 a
st abl e #on@@?%%cg%?rapl orllaggy40§ aIQ?L ‘i fhgritized at
sasﬁarl‘ne:df towasass t ied ead @&gtah@coa@aaiﬂr@ ra‘\-,se SIOWR) of 4 g
in Fi g DDSS (direct discharge suspended solids)

i 9P NBfﬁ wi t AOFr e dtted Wt it 9dso t hahoppd with OLR
u%cﬁﬁg gever aged @ﬂ%ﬁnid-ﬁa§“gﬂé¥bﬁﬁf %ﬁsé E&Qu&ﬁggﬁg batch
of operatl on.A' s shown in Fi i omass “Si

waede. Z&trhnmabtmeS‘ﬁnlxh/astz.i;@nmcogmbmimtghea*endOoﬁmn and 1

e operating,period. stereom croscopi ¢ image of th
HoHﬁss i eléhécgﬁ iﬁgﬁfgu 6aerﬁgﬂé’iﬂr| gt Y. of 1%and 8
CebugsncerishaldtaRe 1iyn t hendi pgetadi sahalgR i e:lsecéutllned in
strean) and the perneate streamstabilized at 35 mg
LT3b4Rd1pEE&®R"20 mg I T 1, respectively, towards the
end of the operating period. Figure 8 shows the
profile of transnmenbrane pressure (TMP) and nenbrane

f | thabdigr iln@pche toper aidieme Nbriwe=ale dydls alt ol fRSrent HRTs

cuumpressure an the
stiBter geocmr aﬁél%duﬁ@rfilbysﬁﬁﬁglzw%%c%h| E@étéa Influe

degsi-ged TMRpe A St blefgxofl ustaip
vv?t hoﬁt anymesubstgntl al 1ncrease | n nge?ndl catl ng nt cob

t hat nenbfmire) f otthing wdsinot si(gnicfi camimuri ngmthe (mg L~
operating period. Exanple 2 A second test of the GVBR
10 was undertaken to evaluate the characteristics of )

the granuzas slugige at 117 40 1 87 667
8 240 3 237 40 1 177 1333

Desludging was performed during the course of GMBR 10
operation to minimize the amount of suspended solids in
the direct discharge (reject stream). For instance, in
the case of a HRT of 4 hours, desludging was implemented
from day 25 in order to maintain an MLSS of approximately
3.5 g L' and an F/M ratio (food-to-microorganism ratio) of
1.14 g COD g MLSS™ day™

Standard laboratory methods (APHA 1998) were used to
analyze pH, COD, mixed liquor volatile suspended solids
(MLVSS), mixed liquor suspended solids (MLSS), dissolved
oxygen and sludge volume index (SVI).

Biomass size was measured using either a laser-based
particle size analyzer (Malvern Mastersizer 2600 from
Malvern Instruments, Malvern, Worcestershire, United

Kingdom) or a stereomicroscope (Olympus SZX9, Japan) with
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different hydraulic retention tines (HRT) of 4 hours

and 8 hours . A synthetic wastewater with sodi um
waec@rabesas carbon source was prepared wth t hBCT/SG2005/000222

followi ng conmposition (gl 1 ): acetate 2.562, NH4C

0.2, K2HPO 0. 045, CaCl 2.2H20 0.03, MySO 4 7H20 0. 025

and FeSO 4 . 7H20 0.02. The synthetic wastewater nedi a

dosed proporti it f ;
oS B pRes LAl il (U aMBgics, yopsion 4.
@923,. MhSO 4-H 20 0. 05, (NH4) 6. Mb7024. 4H20 0. 05, A C

3 0.05, Cod 2-6H20 0.05 and NiLCl ,2 0.05. Th thetic
wast e\ﬁé’teér HRke a ¢hent caﬁngxyéenh(%lﬁﬁnd ey 2.0 OOStable

? é% witl® RYRIRSL feiBEhavatren 1Was;, and the biomass
ppropri ate diluted to 4/3 g COD L 1 an ‘fed into

td"celcreeﬁoiaj:rlarw @W@Oahléﬁgaﬁfberoﬁépﬁg wegtks off ppgration at

COD m 3 Th 40 wa ni Lt OREL; nd
<t e?blalr}‘g % b9 gﬂ%%@ %Sr&slttgn )ré or@gaﬁlltdgiogadl ng
rate ( ré ﬂlgaﬁgrﬂETshod &heThd HHRE whissdhwerge suspended

adjusted to 4 hours with OLR unchanged. The R 10
vmlﬂdtfer at@flqerﬁ’far%féwré%m nyt bat ke mode” i t for ane PPVSS

flltr g@@e 943t n apd Bioury aftentt bRT 4
st ar aera i 0 %Q 1%%2&30?]4 and jSBlhourgs s of

[I_aefgclpeetllhéeilxys, Tﬁ!_egfapeiatfedm ,schenmg stbat lliamtd tro weeks of
abl e el ow,_ Tabl e ahnscherrema

APHF PNt ﬁﬁﬁsoﬁﬁ?% &t ar v ?t P]OCDy Values
Fvbéffao'f@ hHEakAr ) 5hi R, nan@n6egah@e4t7l @m. R CﬁI)HRTs of 4

(mn) (mn) (sec) %m mn L" 1) 4 120 3
147d 49 Ho87s 667 8o@4hige237 ( §r1 ? isss Dés| addi ng’ -

ras peé%gngd durlPgobhggggurégnggag¥@%ﬁngOp§ﬁattQQ direct

to mn anoun suspended solids in
discharge were 20 mg I and 27 mg L' at HRTs of 4 and 8

hours, respectively (refer to Figs. 15 and 16). End-of-
operation COD concentrations in the permeate were 8 and 14
mg "', at HRTs of 4 and 8 hours, respectively (refer to
Figs. 15 and 16).

Figures 17 and 18 depict the membrane filtration
performance at different HRTs. Stable filtration fluxes
were recorded at the HRTs of 4 and 8 hours, indicating
that membrane fouling was minimal or absent.

Table 2 below shows the steady-state values of key
parameters at the two HRTs, including mean biomass size,
soluble COD of permeate and DD, and COD removal efficiency

of permeate and critical flux.
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the direct discharge (reject stream) . For instance,
in the case of a HRT of 4 hours, desludgi ng was

wo apieo®et ed fromday 25 in order to naintai n BOT/AMSE85/000222
of approximately 3.5 g L"1 and an F/Mratio
(food-to-mcroorganismratio) of 1.14 g COD g M.SS 1
day 1 . Standard |aboratory methods (APHA 1998) wer e

I Qf, .vol at .
US1L02 SRELYP: Rl GEG) F 188 LRGSRy spexene e
solids (M.S8ky, p@lréiﬁ@t\é&ds oxygen and shirrdge il HEF

i ndex (SVI). Bionmass size was neasured using erthgr a

Iaser-bg§gg Bﬁ h@gle83§§l<aﬁglyzer cVakvern 0 58

Mast er sd ?ﬁ égn I nstrurents, Malvern,
Vwrcester hre SR |ng 6m) or AGtler eoni cAdsdope

(A ynpus SZX9, t hl mage Pro Pl s software
(Medi a SR ?iésé;5§¥g(%hP , léThe HRI®. ®f+@. 1
and 8 hoGlsVve s@lﬁé&lﬁﬁc§taﬁle perfm@nﬁnce with

m ni Mo B ang foul pmgmand 4 he gﬁgazzis ¢ 34.946.2

concentrations stabilized after fo

oper at i ot ical ahug (IMHM SS | 1 PPefer to fi@d 9
and 10). Figures 11 and 12 show the direct discharge
suspended solids concentrations at the two HRTs. DDVSS

o ; 2 " HRTs
o a8 oS FeltecMub GG Ui BRasheubemeate-

aeeksiafedpal@di armabmad- Oéfﬁﬂeﬁéhbd@sbl@ﬁaﬁ§e§%d889@ng 3 at
V| val.ues were 0.73 nmm and 54 mm_, and 68 and 47 L

%ﬁ S PTHATETGE & BRdr® helfs Digds sadiiiraly @leregs tn excess

dF9s0 Aayapdrd4dcnkEpdeaf - operation COD concentrations

in the direct discharge were 20 ng L"1 and 27 ng L"1

at HRT8 ofummany,8 kelrsfacdspact inedeidr ef retlofigsce was

6 erati,on oncentrations in the
TRl d e B8 KARTRR Y PetTY BRURRTE Rt e s
hour sTtr &speeliveby ﬁfl.‘refnel‘clfieo above described data that the

o

successful formation and/or maintenamnce of granular
biomass particles in the GMBR 10 was achieved by a
repetitive selection for sludge particl es. Accordingly,
the operation of the GMBR 10 as outlimed above ensures
that light and dispersed particles are washed out, while
heavier components are retained in the reactor system. The
selection pressures that drive the formation and retention
of granular Dbiomass particles can collectively be
classified as microbial and/or hydraulic in nature. The
GMBR 10 operates in a sequential batch mode of filling,
reaction, filtering, settling, discharging and idling. As
a result, the microorganisms growing iz the GMBR system
are subject to a repetitive selection process of
periodical operation cycles.

It is believed that the settling of mixed liquor and
discharge of supernatant within the GMBR 10 operating

cycle serves as dimportant factors Hn promoting the

26



Figs. 15 and 16) . Figures 17 and 18 depict the

menbrane filtration performance at different HRTs.
we@bloetsi | trati on fluxes were recorded at theP¢iRS62005/000222

4 and 8 hours, indicating that nmenbrane fouling was

m ni mal or absent. Table 2 bel ow shows the

st eady-state values of key paraneters at the two HRTs,

i ncl.udi ng mean bi omass_ si ze, | upl e COD of _
dgi@epmeatd CavT %fg@%ggnggogﬁvsér neipg i Fating,

Sliitde@lenfddix. Tabbe 2pKeyipargiehers ebndBRioperatsweh  as
p.dlfferent HRTs Key paraneters HRT (hours) 4 8 Mean
nicomiss Isi ZECAINRLIRE3 ME8 SHILBFENEmECof ShepFeardd flow

9+Q.8 15+1.6 1T P -b : .
Aot S, LTahksBr e e, CREBERE B ene
dékrﬂe)logﬂnbfifnﬂ oasflr.ggcleﬁu%ﬁ;]inmﬁdsélm tHh&HMBR. 80 It can

e seen from Tabl e that t '

renovidl  FF4RT ene? es‘_’%_¥d'z:;1%>e-’zdeghgg.r g%%;egisa%%lsag?eed%% and
£ N9 % A @I’l@h(l:l&\rféibﬁﬁénf:l v¥eg rlamu@seess a0 ddticles

Wer e achi eved. n sunmary, satisfactory reactor

jpermaé NEMBB ids acht eG¥BERafl Ot hea HRIBogR1atadd vd thoyFsanular
tested. It |

.S believed from.the .aboyve de i b :
FieRasthe §Béce§§¥%l FRF AT dn §H‘?%?ﬁhai%§%ka%%g%g%%g and
O HH Afe DEOBBES @AY Chesiid $hep GMBR 10 Inas cachi gyedueate
by a repetitive selection for sludge particles. .
Yoror dh Agleguivied eoperis | A2 0P Tt R GVBREEHCEs "R e dv ol ume

above, ensufes: that Lot And.dispgrsed particles are
W@shed out, Whil'e

Fig. 19 shows stereomicroscope images of the reactor
biomass and demonstrates that severe disintegration of the
biomass took place when the GMBR was operated without any
settling and discharging steps.

Fig. 20 shows the profiles of transmembrane pressure
(TMP) and membrane flux when the GMBR was operated without
any settling and discharging steps. Membrane filtration
was performed by application of vacuum pressure on the
submerged membrane module to achieve a steady-state flux
of approximately 12 IMH. This was accompanied by a rapid
and significant increase in TMP, from 4.7 kPa initially to
approximately 10 kPa (and rising) after several weeks of
operation. This indicates that severe fouling of the
membranes was taking place. This severe deterioration ir
membrane performance is likely caused by the disintegrated
biomass, which released large amounts of foulant species,
such as 1lysed cells, extracellular polymeric substances
(EPS) and soluble microbial products (SMP), into the
wastewater suspension. These foulant species would swiftly
fill up the pores and passages in the membranes and cause

a significant loss in membrane filterability.
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heavi er conponents are retained in the reactor system
The sel ection pressures that drive the forma tion and
WO ea0e00498n of granul ar bi onmass particles can PCT/SG2005/000222
collectively be classified as m crobial and/or
hydraulic in nature. The GVBR 10 operates in a
sequential batch node of filling, reaction, filtering,
settling, discharging %?d idling. As aresult, the
m croor gani sns growi ng 9?1*&9 system are subj ect
to amhepesilivesse! RN uacessretiperindineal method for
operation cycles. It is believed that the settling o
tiex etk daitgueoTt anfl dRsthupgeroft helipiaRIdRS Wi RepRéits of

R 10 operati.ng _cycl \ i t factors .n
%%gﬂﬁ ﬁ%kﬁ%%ﬁéﬁéﬁéﬁ%ﬁjm ﬁ%%%ﬁ'Hmmmn
ot helye@RakAtd hn esFiIaanest aknant phyisievegi sakh membrane
conditions such a s mcrobial starvation a

Tydredyieani ¢ W$HEd andM-ow Fatt€rn iﬁrtheqﬂééffgﬁ%ﬁﬁ?tion
ﬁ%ﬁﬁ%ﬁ?& .rkgﬁ%g f&%&$ﬁ?dﬁ¥§$9@ﬂ§”hs§5c95@@d'%ﬁtﬁi@ﬁ$ﬁi art

. n or o verify the effect of settlin%
vartt i Scheaigeemn t heodesekepneame ofowgegiiar promass least

particles jn th R1 t he R i no

S GARA B b badooSHAS S8s " Ober at 4 N EROuE topg s Sueh

Seiddd g andidiechakgensheps ze8t epnd anel SEPRS )which can
I nstead, perneate that was equivalent to 1/2 of the,

st worRbPeneol Gk tRasirenowdd ViErSfenblafdgor  in the
iltration. Fi S r ] scope i mages of

Rﬁﬁf?%ﬁﬁn%ﬁ i%ﬁﬁgggzéﬂ%ﬂﬁéﬁ%ﬁg%gg?%%giha? seve?e

di si megratdroal bf, t heebizorEsgddan phaceinhorrghaiSVBR into

was operated w_thout anysettlin nd di schar.gi.n

%ﬂ%ﬁ%@tFi@?a?@l§ﬁbmsbfﬂéaBFofi?éhfi Str ﬁ%ﬁ%ﬁﬁfgne

PESSSW £of TMRyaaRd & MeHHRNRR: ifdryx whesi § hen &YBRwAS chemical
operated w t hout any settlln% and di schargi ng steps.
Menbrame fard r @etder availability of carbon  an energy

sources for effective Dbiological treatment. Moreover,

such as

dense bacterial populations are known to be hot-spots for
horizontal gene transfer (HGT), which is a strategy used
by microbial communities to spread existing catabolic
pathways and adapt to the presence of xenobiotics in their
environment. In this regard, tight packing of
microorganisms within the granules can facilitate
horizontal gene transfer, which in turn can enhance the
ability of granules to degrade recalcitrant or toxic
compounds as the genes that encode these biodegradation
pathways can be more easily distributed to other
microorganisms.

Advantageously, it has been found by the inventors
that operating the submerged membrane with at least 40% of
the bioactive material in granular form, preferably at
least 90% or more in granular form, significantly reduces
pore blocking and the adsorption of colloids or solutes on

the membrane. Advantageously, the reactor is capable of
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was perfornmed by application of vacuum pressure on the
subrer ged nenbrane nodul e to achi eve a steady-state

WO aog/004987 approxi mately 12 LMH. Thi s was acconpernseziosyoo222
a rapi cL and significant increase in TMP, from4.7 kPa
initially t o approximately 10 kPa (and rising) after
several weeks off operation. This indicates that

severe fouling.of th&.nenbranes ' I '
op SIS (el PR vRS, LA gl 3681 THeS <o
suﬂﬂéﬁﬂéﬁ‘ﬁ%ﬁ%&%ﬁ@bthﬁtﬁi&ﬁ&ﬁ@@ﬂakﬁﬂ b opasactwkiecmaterial

~ released large amounts of foulant species, such as
in |gyzedileat [frmext racel | ul ar pol ymeri ¢ substances (EPS)

and, sol ubl e m crobi u ' € ;
ond ST RALEERR! 8 ASUEpe( Sl bt ke iryoncors
thsw ft| ¥ of iddt upethespoyesandt phssagesyi ncatsiers in the
_menbranes and cause a significant |oss in nmenbrane
digghasrdiat ey CUGHITTH: iRMCH e di scl osed enbodi ments

Pr ovdde, @ fev &ef hod +f ofad hedeeat sBd  ofy Webéewaiwintors
that conbines the benefits of both granular bionass

thaind theenbs are  ©ifl ttlae | granNdar ypereanl ef f e tanoke at

achi eved. with rane filtrati Lng, S I Cr€s,7 4
legpt uljfﬁ?%-bﬁtls'_t r g?fqgﬁnﬁen%rrl ar%% @E@?%g?i'ng@%ﬁl%\%} errjfsbull]ng
pr@SEORs atpds T dr | aritar t prastre breataeat pnelbssased or

are overcone or at |east anmeliorated by the disclosed
avewded- t reat ment process. Such nenbrane fouling is

njHWQl%gd Eﬁ¥4hEiS$@ﬁ%i@@iCﬂa%anlﬂﬁﬁforﬁlﬂﬁg@Eéﬁ@d with
filtration of mxed [Tquor in the presence of a stable
regepautar thi onaspeddddia i badiby, ahe Aggrégatisshiaf can be

m croorgani sns jnto ¢ act _granul bi
Crpphed| tgt%ucﬁeaaﬁ"c&r ot 608 onpgﬁgilﬁgiﬁﬁf edat, %%J’QQQifg,S and
bibEShSLANES LemshepLEahatoxiglit ynandihetter

avai l ability of carbon and energy sources for ,
ef f@bilge Bitel ogieEPnEieat nids MBF@dverdtlustrated  with

reference to a specific reactor configuration and a
specific set of operating protocols, variations in reactor
configuration and operating protocols can be introduced to
establish granular sludge with simultaneous membrane
filtration for +the treatment of wastewater to achieve
nearly clear effluent with minimal membrane fouling.

While the disclosed embodiment has been demonstrated
to retain approximately 6,000 mg L-1 of biomass in the
reactor, biomass concentration is a function of the
wastewater load applied, and higher biomass concentrations
in excess of 10,000 mg L-1 can be retained in the GMBR
with higher wastewater loads.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope of

the invention and it is intended that all such
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dense bacterial popul ations are known to be hot-spots

for horizontal gene transfer (HGI) , which is a
watooaney? used by m crobial communities to spreemSG2005/000222

exi sting catabolic pathways and adapt to the presence

of xenobiotics in their environnment. In this regard,

tight packing of m croorganisns within the granul es

. facilitate horizontal .gene transfer, which in turn
B ™ L ARPL 25 957 abbee HiE hing ae scbre ot tne
apeealddd ramMims . t oxi ¢ conmpounds as the genes that
encode t hese bi odegradati on pat hways can be nore
easily distributed to other m croorganisns .
sly, it has been found by the inventors

that operating the subnmerged nenmbrane with at |east
140% &fPHMme bPBAct iStendatret i méthodgr &l athd OERhmination of

Wprteferab y at, |l east 90%or nmore. in granular form_
S (AEANTF T RlcEs é@Fé BROERPRg ARG iRENaddrlga dipalth
pefs aldtaidls, ofaSoligEs, o tdhe menbrane.

Advant ageously, the reactor is capable ofoperating at
Za hi gHeYL e} ukiper Feagehvvefaa,i nEhesizae vBubp sGboengeg Du,

r Wi, i.nimal or no bioactive material in
Jg%&ﬁu é%§for2?e 5@5%?a§%0u§¥??bﬁglﬁa&GGEEV%Qﬁﬁdaﬁya novel
MARe |myent orgrdrhalan t b$ullge neBssRiped 0 Bbil | SBABbI1ing
carriers in the disclosed water treatment process.
MR A Sy e SQ¥HY G v hSPBERRLIPBUNE HNTHE Gaiviean ofiechnology
(bhats )t he size of the granular particles prevents or at
| east inhibits fouling on the nenbrane. Hence, fouling
probl ens associated with prior art are aneliorated or
avoi ded. Wile the invention has been illustrated with
reference to a specific nedia, any liquid nedia can be
treated to reduce the physically, chemcally and
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bi ol ogically renovable material therein. While the
i nvention has been illustrated with reference to a
W@ p@aiob4987 r eact or configurati on and a speci fi CPEEBGTIN5/000222
operating protocols, variations in reactor
configuration and operating protocols can be
i ntroduced to establish granular sludge with
si nul t aneous nmenbrane fil Gl@imsn for the treatnment of

wast r. 1 ' | r effluent. with
L BBl o RN e DERALLY, PESBRSS  FEHEN sy the steps
oé&mbodi nent has been denpnstrated to retain

tely 6,000 ng L-1 of biomass in the reactor

appr oxi ma : ]
ngng§§968H&§ﬁPﬁat HAGsl % e f BALEFALofiN NeASkSt UpheEr the
: [=YqN hi - SS« L.QNns
sheatca0e o, e Sames eoncEnr i ane iy o o
repriingghere wast emarer imﬁmmiti$svWﬂﬂonbethppaw&wﬁftImmter,
Lous _ot her i fJ cations and adaptations of the ,
W?{%\%S%gi 8% %%Fﬁ@ﬁg‘l%pg% e‘ﬁ?f‘ﬁ%et?m Bgf@o 1§EF|%|1¥8* fpterial

ihheaadt wabter waeadi g tha rferiegel nt dj 6l oSy er il hata
departing fromthe spirit and scope of the invention
and i(P) PSSPAREndedPPRAL O8I | OS5 udhRodidseat Wewsranghrough a

(e} 1.t hin.t op ft de
L e oncos | 1k 1005, "SIREATG marRadE or
ptevenhe exanh@ati dniodcwater anmnthteastiewat erfra2Oth passing

dition. rican Public Health Associ ation,
tS@gﬁ%ﬁﬁ?Bﬁg?D .C. 2 . Xiufen Li, Fangshu Gao, Zhaozhe
Hua, Guocheng Du, Jian Chen, Treatnent of synthetic

wast ewat er by a novel MBR with granul ar sl udge ' .
2developed tRorvadent rer ¢ bgentnbrasestods nglained in claim

Separati:on LfiLeation chngpl 005 aims 1. . .
LR ST EAL 9 Ate 0P B SR R S mperian
in said waste water is maintained in granular form.

3. A waste water treatment process as claimed in claim
1, comprising the step of:
(c) introducing the waste water into a reactor

having a chamber containing the biocactive material.

4. A waste water treatment process as claimed in claim
1, wherein water passed through the membrane separator
produces permeate water having a lower concentration of
impurities relative to reject water that has not passed

through the membrane separator.

5. A waste water treatment process as claimed in claim
3, wherein the method comprises the step of:
(d) seeding biocactive material in waste water within

the chamber.

31



of : (a) providing bioactive material in waste water
t he bioactive material containing mcroorgani sns

w@e apalobespf renoving one or nore inpurities frpoT/SGE05/000222
waste water, wherein at |east 40% by vol une of said
bi oactive material in said waste water is maintained
in granular form and (b) passing a portion of the

owast® watée tarteughtceaendnanpreepasaker ,cvhaiedyihhelaim
nenbrane segaﬁator rev nts the bioactive materia

Sf r ONTBRLSAG tREr &FRPoBR . 2 . A waste water

treat8pNyrplaeesSsS 1S @kakABdghNishal MohtaWRES e fthin the
substantially all of said bioactive material in said

biaacelviat epe¢d marheninéd ta gfanul atareem BartAcles of
treatnment process as clainmed in claim1 ,
g%%ﬁ%?l%?%SE?he step of: (c) introducing the waste
water into a reactor having a chanber containing the

bioactive material. 4 . A waste water treatnent i
Tprocks¥2gsecaitfdd FTPERemY 1IPTOGREFers kEmgshsipdclaim

61 heQHghi § heg MERBr apgpSeparat or produces perneate water
haV|ng a | ower concentratlon of inmpurities relative to

rej e€t) watairt athiatg hasenosuppssdddt hn@’ughlahe menrtanéeast
separ at or ter eat rocess. as
é&%@ lncf%fﬁlggpoﬁﬁ ann F; qf cdﬁﬁrFE%SmFﬂgrane

sép@paﬂér.(d) seedi ng bioactive material in waste water

within the chanber.6 . A waste water treatnment process
as clainmed in clain15 , conprising the step of : (e)

g Jr owk ng,Lhe M %‘ei\ §°§£8{:Q§9 st rH in claim
bi oactive see I’THt erlia arger par
7greomppaissngethe step of.
(g) removing biocactive material particles of a
discharge size from +the chamber whilst retaining

biocactive material particles of a granular size within

the chamber.

9. A waste water treatment process as claimed in claim
8, comprising the step of:
(h) allowing bioactive particles of granular size to

settle in a region adjacent the bottom of the chamber.

10. A waste water treatment process as claimed in claim
9, comprising after step (h), the step of:
(i) discharging water containing a suspension of

said discharge size particles from the chamber.

11. A waste water treatment process as claimed in claim

3, wherein the reactor is operated in a batch mode.

12. A waste water treatment process as claimed in claim

1, comprising the step of:
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7 . A waste water treatnent process as clained in
claim6 , conprising the step of: (f) agitating the
waeempemded naterial to at | east partially inhiBCT/8SG2005/000222
deposition of particles on the nmenbrane separator. 8.
A waste water treatnment process as clainmed in claim7
, conprising the step of: (g) renoving bioactive
mat drjilal spepivéhes okveedrsenhpryBispzed®fonk® hd-he waste
hanber whil st retaining bioactive material particles
Ta granul ar size within the chamber. 9 . A waste
wat er treatnent process as clained in claim8 ,
conprising the steE of : (h) allow ng bioaftive . 1ai
13par B dlastof vyF RRuFAFasMeBTtt #786R9% T G reyfgntn ctaim
1,a@6%§?¥si e tampf,d.he chanber. 10. A waste water
t reatnent ocess as clained in claim9 , conprising
af t erk)staepi {d)ing t heesweptef watior dischbr deagtwaragrtially

_cont.ai ni a suspensi on of _sajd _discharge si
lﬁﬂ%Q%%ﬂegﬂfFﬁﬁl & ch& erpait?cgf§astégmaﬁg%§ mempbrane
sdfB8alvmnt process as claimed in claim3 , wherein the

reactor is operated in a batch node. 12. A waste water
treatnment process as clainmed in claiml , conprising

14he Step Qé:\(zliée?.‘u‘y}le)éltﬂl%n%x -SONt 3L NkNg16as e theaim
st'e Wat er. . A waste water treatnent process as

1%) avRedeiin cladidn dgitsoipyi siomprtikesstaprafingk)he waste
agitating the waste water to at |east partially

w3%hi bit deposition of particles on the menbrane
separator. 14 . A waste water treatnent process as
clainmed in claim i .

15. A waste water treatment process as claimed in claim

13, wherein said agitating comprises mechanically

agitating the waste water.

16. A waste water treatment process as claimed in claim
1, wherein the bioactive material in granular form have a
particle size in the range selected from the group
consisting of about 50pm to about 10 mm, about 50um to
about 8 mm, about 50pm to about 6 mm, about 50pm to about
4 mm, about 50pm to about 2 mm, about 50pm to about
10 mm, about 100pm to about 10 mm, 500pm to about 10 mm,
about 1000pm to about 10 mm, about 100um to about 2 mm,
about 200um to about 2 mm, about 400um to about 1.5 mm,
and about 600pm to about 1.5 mm.

17. A waste water treatment process as claimed in
claim 3, comprising the step of:
(1) allowing the bioactive material in granular form

to settle under gravity in the chamber of the reactor.
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13, wherein said agitating conprises aerating the

waste water. 15. A waste water treatnent process as
web@roedsi n cl aim 13, wherein said agitati ng cRPOPSGHOS000222

mechanically agitating the waste water. 16. A waste

water treatnent process as clainmed in claim1 |,

wherein the bioactive material in granular form have a
18par f cM@sdieze watgthe ?W%%ct@dﬁ@@m the gréepmed in

Clé‘gﬂﬁ'ﬁ“ ngof b%q%t 6%% %Bag yt 10 nm about 50mMmto

out nmto 6 mMm about 50mmto
aboutn)4 n:mmoazkmng 5Ommet o abeute 2 te abeut18AMBtGactive

bout .10 .mm abouyt to about 10 nmm 500mmto
ma%saeré folmngréﬁlaﬂ@fl %ﬁn%@%b&@@ fhaAeabout | OOMM
to about 2 mm about 200mm to about 2 mm about 400nmMm

to about 1.5 mm and about bOO¥mto about 1.5 mm 17.
19A wAstva gt erateeatreatmenbcessoassel @sredldimed aim 8laim

, ISI h tep .of IIovmn t he .hi oactive
3, uFETBLC LAY LB REP D el R b e S ST AAURE e -
t he chamber of the reactor.18. A waste water treatnent

process as claimed in claim 17, conprising the step ,
200f : B mjasé&fovinTg Skat é?r%é%@nt‘the B¢ e bidaceigémed in

c103heR) al ok or andl B LONM T Lot R ENATRR! 119 Lop of:
wast e wat er treatmst process cIa in
wherlel n seleateéact ox targ)qa’er ateﬂumatalcordxahmu;e rrﬁalelo by

| ai med i
D2EPATR 3 SHEREITH 1o Reul rf SCUR CompH GeR. (RUCERp the

meﬂfbraﬁa) sedctd g a t ahgel vQl unBiygc exghange (réﬁhﬁetrlc
passing a sel ected volunme of waste water through

eXF%énﬁéana‘ﬁéOse?p%lr dtokd \ireleine saifd wasget weltemet phesed
th?éﬁgﬁngw‘?hé atrﬁ@mfaf’ar%@' dse\{aoéfg%o%f VJ\:BeS_Lta%l\A{*aet et dpa%%ed total

initial volume of waste water in the chamber of the

reactor.

21. A waste water treatment process as claimed in
claim 20, wherein the targett volumetric exchange ratio is
selected from the group comsisting of about 20% vol to
about 90% vol, about 30% vol to about 80% vol, about 40%
vol to about 70% vol, and abbout 45% vol to about 60% vol.

22. A waste water treatment process as claimed in
claim 1, wherein the volumetric concentration of the
biocactive materials that are in granular form is in the
range selected from the group consisting of: at least 50%
by volume; at least 60% by volume; at least 70% by
volume; at least 80% by volume; at least 90% by volume;

at least 95% by volume; and at least 99% by volume.

23. A method of forming bicactive granules for use in a

water treatment reactor comprising a chamber that is in
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t hrough the nenbrane separator relative to the total
initial volume of waste water in the chanber of the
WO e@ciers7 21. A waste water treatnent process BGI/SG2005/000222
claimed in claim?20, wherein the target volunetric
exchange ratio is selected fromthe group consisting
of, about 20% vol to about 90% vol, about 30% vol to
E1AH6UC BIYRR/GIa b Ut W0 vBEmPBaRBoaEP70% 9ol , Bihd method
ot 142 s ter
ofd 14RY004Q) 2 49 AP QUL Iﬁﬁ@é’oclcm%sﬁ\@j.“acs&e S SPs O

treatment process as a| med in al'm wher e
vol Utanet sivereowdert r a:tJJO@rq:mfvet hededaatiteeig@t erial Swaste
that az t he range sel ected

| f [
o B PRER PO ORIy of heatb} G55t L B0% P Fol Berial
coall’cahﬁd&fg &% p e rins adapaasd JQWQQMOVPJF]%”E)n@t or ore

. least 80% by vol Lune; at |east 90% by vol u | east
impugz ity eFolfive: thed RS Heeasttedg% by vol ume. 23. A
met M n - ranulesfor use in .a .
wat ngt ?gfara%“?rle ?ggc gzré%cg\Jé ralgls%lsrr?gq’ £ CRAHEET tI’f’ai'tte}?an the
bijoafitiive: cermiunataiiien wd Ifammanhigne psepalcalos; bhel
(51 of form ng bioactive granules conprising the
st eB§ of TRV 1 p&ifthi nf 1 Dacts ve? seedl patedi aldincharge

paW@&EQeW%ﬁ%%\Mﬂdﬂrkﬁé“%ﬂ%ﬁ%@@rwhifgtbk@g%%ﬁ%ggfqggoactlve

mat eri al contai ning m croorgani Sns capa enovi n
paghécéesnoieai mpleictiess dneomltlre siast @ iwatier ;th(d) chamber.

growi ng the mcroorgani sns contained within the

bi oactive seed material to formlarger particles; and

24(c) Ar embyong gFarideliesy Aicasel Lot rﬂhﬁ@i‘aéﬁe claimed in
particle size fromthe chanber whi retai ni ng

clBiBaltr véuﬁéhteffclcéglpéflsén@ert@@t é&e@r Qﬁul ar size within
the 9? DI +afn Atﬁﬁghg@s engg%nTﬂg %f?gftl%g at least

granul es as clal In clai fur er conpri sing
patfheaéﬂﬁp iohibfid) daaqumtl:mgx tdfe susperided ¢mt eHalné@brane

segara ast

25. A method of forming bioactive granules as claimed in
claim 23, further comprising the step of:
(e) introducing further waste water into -the chamber

before repeating step (c).

26. A method of forming biocactive granules as claimed in
claim 25, further comprising the step of:
(f) providing additional biocactive seed mmaterial in

step (e).

27. A method of forming bioactive granules as claimed in
claim 25, wherein in step (e) is repeated to obtain
bioactive particles of the selected granular size within

the chamber.
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partially inhibit deposition of particles on ttie
menbr ane separator. 25. A nmethod of form ng bioactive
w@re@iabe87 as clainmed in claim23, further conpPCEBGL05/000222
the step of: (e) introducing further waste water into
the chanber before repeating step (c) . 26. A nethod
of form ng bioactive granules as clained in claim 25,
28.f unt herheenpri sicmgnitrhe st epcofve (frapubesdepagclaimed in

addi ti onal bioactive seed material in step (e) . 27._A
claﬁg&héﬁiof WQ?%E%@ b?BSEtiJ grgﬁhle%e%%a%$%fn% .ﬁ%taln

bioGkRliPe2DHa MRl bh shep dBledted epeatelat Osobtaiithin
bi oactive particles of the selected granular size

thewichhaimppetthe chanber.28 . A nethod of form ng bioactive
granules as clained in claim26, wherein step (f) is
repeated to obtain bioactive particles of the sel ected

29.9r anethay Zef W dfthing hiei chanbee. g28nulerebhodlefimed in
form ng bioactive granules as_clainmed in claim 23,

Claé@hﬁﬁ?ﬁQﬂ?Rﬂ%?%ﬁgg Rt :S%PY A1 owi ng bi oacti ve

gr a ar ; ' c : .

A e hod - or 7P Mo b Sakti Ve or anu es 2 Ciaimed 11 C

setalla M2 hecanpmisimg after step (g) , the step of: (h)
di schargi ng wat er containing a suspension of said
di scharge size particles fromthe chanber. 31. A

30 .metahegtfod a5 M PErbi @gChi vacgt asubeanas eel aismed dimed in
claim 23, conprising the step of: (i) supglying

clagxy Geéh- come i g gakten $HEP weste WaR eFLeB2XT A waste

mat&ﬁ tEﬁ%&ﬂﬁﬂ%ﬁﬁ%ﬁt%%E%Q”pEbﬁkgghing a suspension of

said discharge size particles from the chamber.

31. A method of forming biocactive granules as claimed in
claim 23, comprising the step of:
(i) supplying oxygen-containing gas to the waste

water.

32. A waste water treatment system comprising:

a reactor having a chamber for containing waste
water therein;

biocactive material for suspension in said waste
water, the bioactive material containing microorganisms
capable of removing one or more impurities from the waste
water, wherein in use, at least 40% by volume of said
bioactive material in said waste water is maintained in
granular form; and

a membrane separator in fluid communication with the
chamber, wherein a portion of the waste water is passed
through the membrane separator to produce permeate water

having a lower concentration of impurities relative to
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a reactor having a chanber for containing waste water
therein; bioactive material for suspension in said
WORMUM0488T er , the bioactive material containi NBCT/SG2005/000222
m croorgani snms capabl e of renoving one or nore
impurities fromthe waste water, wherein in use, at
| east 40% by vol une of said bioactive material in said
rejaste Walter itdawai heai mesk | pagsaaul Bhrboghy @me aembrane
e separator in fluid communication with the
Seggggn%gg,' wherein a portion of the waste water is
passed through the nenbrane separator to produce
permeate water having a | ower concentration of _
331 nplir i3 r drgeitientor ysbemwat er clidfmesasinotciigsed?

wh& BEPHON L e by ane ﬁe&?&rﬁg& 3% ﬁo%}rdn;:vgﬁglﬁm the

systemas clained in wher ei n

chawparator is located within the chanber. 34. A water
treatnment systemas clained in claim 32, wherein the
menbrane separator is |ocated outside of the chanber

3435 AAwaier treatment systesmasas! ainBdean ¢haidn32, 32,
wherein the bioactive material in granular formhave a
Whpetn cltees megbinanehes eameget el é6t dddated thet grdmpof the

ch&RPsisting of about 50npt to about 10 mm about 50mMm
to about 8 mm about 50mmto about 6 nm about 50mmto
about 4 mm about 50mmto about 2 mm about 50nmto
about 10 mm about 10O nmto about 10 mm_ 500 nmto

35 abdit - Sim LABBERCPECF YRt B AouclEémeR BBowtlaigo 32,

ndreif abRUty 20401 1 APOWL 200 im t g 0
" 400 mm to about 1:.L5 mna and about ?g%iﬁji?ao a 88? %a}o‘ve a

pappicBe. Alwat eint relae menanggst emlastetai fedmi ntbkai group
co&gasting of about 50pm to about 10 mm, about 50um to
about 8 mm, about 50pm to about 6 mm, about 50um to about
4 mm, about 50pm to about 2 mm, about 50um to about
10 mm, about 100pm to about 10 mm, 500pm to about 10 mm,
about 1000um to about 10 mm, about 100um to about 2 mm,
about 200pm to about 2 mm, about 400pm to about 1.5 mm,
and about 600pm to about 1.5 mm.

36. A water treatment system as claimed in claim 32,
wherein the volumetric concentration of the bioactive
materials that are in granular form 1is in the range
selected from the group consisting of: at least 50% by
volume; at least 60% by volume; at least 70% by volume;
at least 80% by volume; at least 90% by volume; at least

95% by volume; and at least 99% by volume.
37. A water treatment system as claimed in claim 32,

wherein substantially all of said biocactive material in

salid waste water is maintained in granular form.
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wherein the volunetric concentration of the bioactive
materials that are in granular formis in the range

W@ elgob87 from t he group consisting of: at | eaBtT/SOA0EY00222
vol une; at | east 60% by vol une; at |east 70% by
vol une; at | east 80% by vol une; at | east 90% by

vol ynme; .at | east 95% b y volune; and at |east 99% by
vol Matﬁ CA SRSt red et SYReni Y cl ai ned in
cl alamcl2mpther &b substanbi gLy ab! ngt e$akd. @u%?)%tn' % in

material in said waste water s maintained in granul ar
wapgem 387atemat er theeat femadtgact or wahpriislng: @ntaining

: r tainj bi oactive material suspended in . .
ml\%ggtgg%\?/gg %En,s tc%ébr%loeacai%vlée%}’%?? aP"CoRtaliriiy 1rpurities
froinc roer gedns &6 waapabl erlefrdieoyt NgeaBe AOIOEE volume of

I, u%i,ti es fromthe waste water, wherein at |east 40%
Saﬁgp VOGRS T Ss aitp i etk | v nesetdal vRAtSai Hakesteis in
graabeh il $okhh;0Ldaul ar form and a nenbrane separator in

fluid conmuni cation with the chanber for allowing a

por & awmbfcatige sgastEtwat ein t 61 bed passadnt berevhr ough the

her eby oduce perneat.e water having a | ower

Ch%@%%%ngoﬁiaoﬁi%‘fl?% ripﬂ’%smrrbl i%get JadiectabRt efo be
patbatl hasenothpasged 4 oual bhe NErbEARE SEPARALQL - water

39. Water produced in a process conprising the steps
haging( ) pPYeITdi AnerpaERtven natfer iabuirp thest eraltieive to

:hebipactiv terial taini.ng nmcroorgani.sns
Iegapabl e o%frgcrkrlorgstl n]éé'%ne&ggr1 %grsesei%n'pn%r?:?}lgg 1&?}6% figglorane
sepasdeowat er, wherein at | east 40% by vol une of said

bi oactive material in said waste water is naintained

in granular form and (b) passing a portion of the
39Waskgt Rt protihteugh na sNBFRLARS ARG uhes %%ﬁé‘eof;

menbrane separator prevents the bioactive materia
frofRpBESViAging biocactive material in waste water, the
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bicactive material containing microorganisms capable of
removing one or more impurities from the waste water,
wherein at least 40% by volume of said biocactive material
in said waste water is maintained in granular form; and

(b)passing a portion of the waste water through a

membrane separator, whereby the membrane separator
prevents the bioactive material from passing
therethrough.

40. Bioactive granules produced in a method as claimed

in claim 23.

41. A waste water treatment process comprising the steps
of:

(a)providing biocactive material in the waste water,
said bioactive material containing microorganisms capable

of removing one or more impurities from the waste water,
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t her et hrough. 40. Bioactive granules produced in a
method as clained in claim?23. 41. A waste water
WO e@anomet process conprising the steps of: (apCT/8G2005/000222
provi di ng bioactive material in the waste water, said
bi oactive material containing mcroorgani sns capabl e
of rempving Qne or nore inpurities fromthe waste
and,HhEreiRg akhdrEiSt & RUHkom Porirdd biosardvei mateiriel
is ﬂﬁt?ggghlgg, eBrgranular form (b) renoving at |east a
porfion of said bioactive material not in granul ar
f ofin f rsmasaing wast d agatter a and-t(ico)n passigwid pabhtedve

. 1 he ste water.thraough menbr ane separat or,
et o B ne e BE BRE s SRaPat 5P p ey anta ShRe MGt AR
mat ey baksihgmapasstogohheyet BReUGh st A2yafeWastier Wadier 5
treatnment process as clained in claim4l, wherein said

memPERBGi n g RaH *Wivpr | ¥BSTEBNOVI FRE subsiaTEng | ysabhrefor

preagf'é?%bil\g?%?é:ve mmterdalynot in.qgranyl ar f_f%[;ﬁ? f rogwaggiildlg
therethrough.

42. A waste water treatment process as claimed in claim
41, wherein said removing step comprises removing
substantially all of said biocactive material not in

granular form from said waste water.
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