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Water Treatnment Process Technical Field The present
invention generally relates to a water 5 treatnent
process. The present invention also relates to a
nmet hod of form ng bioactive granules for use in a

water treatnment process and to a water treatnent

system Backgr ound Waitgnirsadment) dregstss  ( MVBR)
systens have been increasingly used to treat waste.

- MBR systens utilise a reactor having a chanber

conprising activated slmsadmimad Firdlidr ane separation
equi pnent. The actiyvated sludge contains

mi cr oot YanPSfEthat AP ENe UENPERDYE IR IiftantAarit water
of r NGRS 39#&:@53@.0'% PEESSM L | DSt oML 8L +SPLELS o 2

are renoved fromthe treated water using the nenbrane
seqfdred i ofi dquingmentbiedttiveugreoules pone sszein rmywater

0 .selectively reno cont ani nant_ speci es renai ni ng
?Anr?‘esao% n|ecor'}c.)r WBR'S gttoer?sw rbiq_treﬁg\‘f?lng'l SYfr&ftages

conpared to the traditional activated sl udge
processes, such as high effluent quality, limted
space requirement and as BArkexe¥®di on of existing

mastepﬁghgy eatdn S. nmon m

associ ate avrxfetrh seyaglttg{r?s isﬁ? at 2%}?%1‘;%‘!%0“%% Bd been
sinmdgs clausles toed | hg dafretlie weesthy aneMBRMaYistanes utilise a
fouling may be attributed to precipitation,

d‘eeﬁ&éﬁocqﬁ oA %agor rofc%‘gﬂ’ﬁ%%f%?)eé‘%%vé‘?:ed sludge and
RRIIIERS BL dheSUTdAsgmeand/ or IO ther PRLesy of siudge
the nmenbrane. Menbrane tTouling nmay be biological In

e fed gnd IS Qranrg30 ispeci eshagy cempri sebbact ekpal remove
et e S T T
Sicgridsi cante f lrexoeducticom theoughetbedmenbtane, using the
hi gher transnmenbrane pressures and other operational

s eSS iSheLation 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, 1limited 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 species or particles
onto the surfaces and/or into the pores of the membrane.
Membrane fouling may be biological 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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1 Fouling of the menbrane |eads to the MBR system

having to be shut down while the nenbranes is either

cl eaned and/ or replaced. There have been vari ous

attenpts to circunvent 5 fouling of nenbranes. For

exanpl e, US Patent 4,636,473 discloses an el aborate
antL%EﬂHﬁi@gdeVicehéormpmbveneingeadeuﬁkngtmm aMBR system

nbrane Th adva e th the anti- .foul
TR ol ety DRIFAS b b hEnE Dt il Oig, either

ysigrad e:quj/rces radplelcpr at e housi ng arrangenent and
10 the application of reverse fIOM/thro%gP the housi ng
af t er TheiSe| 3R pbeEdd SRIEioNMS, cittemds a el eeisgumvent

Erd%ﬂ%lf{ge oke\rfrgmﬂlaa%egeen E%%Ch&gam}%ﬁe,avabd gaoé'gr{{]gll 0%36 473

nbr ane aces and to prevent e formation of
appmxkusﬂﬁ ean caketosabst ante -Goudiygnerdyriaree Bmwfpzeventlng

arran enent 15 is cos tq inplenent and is
iR P betrpneContnd, 6 dRia aden aqbeh * the  anti-

Fhanpieds { or ENPQLR 10RREr ane yRersordmnce 96 473 is that
wast ewat er treatnment using aerobic granular sfudge

Eh%tsmt@eeaeeuareabm getahenpranboReibgorazmangement and

u e S |n|t [ 1y seeded
ﬂﬁ1%§§¥¥%ar S %% rev ?o a%\%‘/[olurrerOu cgﬁ%éh %n%nafter
af SDretled Abkedocd- SJﬂiaySm@f eperatton, at %léﬂtl&gepressure

onceptration within the reactor increased to 15+/- 2
EVEL(i BafhePFBunet? T e Per deht &€ iCondeRtiagi ofif ofmembrane

I I r he «r :
Sheciestuee Ly RN AN ¥ ones ¢ pracianie

ﬁéﬁ@ﬁe@uhﬂﬁﬁmnﬁnmngedy menmbrane munﬁ%maoﬂﬂmhs aseghgenent
trea nt het i st ewat er. consi stin
E%ucose%lﬁro¥%lrﬁ%ﬁé%$¥%%: K tﬁf%n??@egba% gpmbgsome  to

bpurdtienproved perneate flux decline when the

subner ged nmenbrane operated with about 32%to about
Li et al have attempted to improve membrane

performance for wastewater treatment using aerobic
granular sludge. Li 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 cf 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
2
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38% granul ar sludge relative to when the subnerged

menbrane was operated with no sludge in granular form

However, the subnmerged nmenbrane in Li et al was stil

2 subjected to pore blocking and the adsorption of

colloids or solutes, which resulted in a significant

daddiartdch té| prreebieakengTherk tilse aadeedet topr ofi delloids
te reatment .system. .5 that avoids or.at |east .. .

b PSR EE o t her e Yehe o advaREyBent  Boline in

dascf igwethaabayve. Summary According to a first aspect

of the invention, there 10 is provided a waste water

tr eat BRI roteds "EGFriei REOVHES &t opstey ; treatment system

CaIRT oxl 0100 D),0a6ET YR IIRL LAl ; LD MBSt @RI SE (b8 of the

bi oactive material contalining m croorgani sns capable

afi s adsreotiae so ke sorr dfperce alnpagr.i ties fromthe waste

wat er, 15 wherein at |east 40% by vol unme of said

bi oactive material 1in said waste water i s maintained

in granular form and (b)gassaRg a portion of the

wast e water through a menbrane separator, whereby the

menbr AFEFERAGater apifavait sasprechi odcttihfe mtentipn, there

fir.o ' { r | e L men f.

fﬁé%??séﬁkggﬁég%%ﬁggﬂg an i%% 3t@?€PoPg§§$%8g?%é%%?%%ng the

ategrd @f:in said waste water is naintained in

granul ar form _ ,According to a second _aspect of the

i nvent PRI FHEEY iR1pr oV Ged "2 tREdRE wht eFaEtEatiRty, the

PiOGeSS veONRLESLRY]t heon @i 31 80S P rd WP NGapabie of

bloacplve materials in waste water, the ~ bl oactive

rereViialds coat abhi MPpoe choprgatisss CapablEhof waste water,
uri&ies fromthe wast e water

4R SUlord Y ealt HBosBY UG Gife Ui Gar i Bt bhe | paterial
det esiial 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 biocactive 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

bicactive materials 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

(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
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30 in said waste water is in granular. form and

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

menbrane separator to produce perneate water having a

| ower concentration of inpurities relative to reject

wat er that has not, passed through the nenbrane

sdparedtyor the3 weebebycet heeperbtamne peparater phevehnisactive

t he hi.ogctive material from passing therethrough
AE&&FBi_ fk@“bpﬁﬁﬁﬁ&ga§B86F%bFoPﬂé invention, there
I's provddediagreihod ehifrer rd)gi oget ikve gramlesod Or there

use 5in a waste water treatnent reactor conprising a

difaF@videst 8 sdtmad yifd Tormnd datoant e hoeemehds aher use
SgPaL al ol o tv@a@c&ft 'E?Qa?fne%%r Mg o'roaggr'nég' ggggmaeschamber
conprising the Steps of: (@) ‘seeding broactive

redtegr idad im fBsie waheunwechbibn QA thhe ahaiheine t Be€parator,
bi oacti ve geed terjal cantaining mcroorganisns
EA5anPEE P r Stovt AGRbRE X ORSTE VienpUF FREERS OBt ng  the
waste wat.er; (b) grow ng the m croorgani sns contai ned
within the bioactive seed material to forml arger

parti dees;seqtd b ¥i)acteimnyi mgtpaial cliiss wafst@ seltext edithin

i.scharge artigcle sjize fromthe chanber whil st -
%g%ai%ﬁ%?%éﬁﬁidﬁgg %?ogcﬁéygctgﬁegraﬁﬁgﬁrﬁﬁ%e containing
withionryhe ishamepadle ane ﬁ@?ﬂ@ﬂiﬂ?nbn@f oirhend A r dnpurities
aspect, the nethod conprises the further step of (d)
dgPrathRgWeREShI8hEEF ve 20 nmaterial to at | east

t . | . . I - H -t H 1 . .
par gLy L ORposLian By s SMyLASvignin cne

bipectivtheecndt hetlecoapr tseforhelbugthepasteplel; aaj
i ntroduci ng further waste water into the chanber
beforgcgep &t1°g "6t eé%a]itr:})gﬁ@rﬁ (95 . ?heﬁ‘?&ter?&cf%yd%%cmrge
Ea&thegecgmrel serdnher 18 ephohbbl) wBiawkding Addidd op&tticles
i oactive seed material within in step (e).
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 biocactive

material to at least partially inhibit deposition of

particles on the membrane separator. 1In 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
bicactive 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;
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Advant ageously, the step (e) and/or step (f) may be

repeated to retaining particles of a selected granul ar

size within the chanber. 30 According to a fourth

aspect of the invention, there is provided a waste

water treatnment system conprising: a reactor having a

chanbéridasiticont alatianjadest ot emispelerion; 14 said waste
Y ter for_s spensio said waste

wé%%%? tghgg gac%h%é naFe? %ﬂsicoﬁ?%ﬁﬁé%Plng icroorganisms

Mg ant Stemoeap@bbreObr e NgnNE t0le dTOf €om the waste
|npur|t|es fromthe waste water, wherein at |east 40%

B ST unBPeFe 8 @thi beatt v40%s hiht BPane| Risafai dabieactive
\e@g&rmasl 0 aranulafsdonme and 2 rrr}ﬁrz}ya@ﬁ S RY 30T i

fluid comunication with the cha erein a
portlem rofmtrEngvasepanater is gassen cdmmougiatimen with the
ane g@ﬁarator to ro uce ate water _havin

P on aRt Fat T of dTOT st | PFod ol HFF LR PGTES 15 Dassed

rt@ileﬁigh\/\/aﬂ@é tmbabrhas rﬁﬁpm tBr Quaghuhe pEmMANe water
separator According to a fifth aspect of the

hevdig o, 1Hiese qogl%wa&é@na RAst Engiat eries eqedeiive to
r‘:‘e?%tc%r ‘QQE‘BE" S%llﬂgt %a@a%%rtég ? ﬂ&cﬁlg&?%‘ Y€ membrane

erial suspende 15 was oac i ve
rgecerriadloxcont ai ning  m croorgani sns capable of

renovi n% one or nore Bi}‘purltles fromthe waste water,

wher effTC4E FogsttA0% By W APHFE Shi dhSi ot §Rfelon,  there

E%t®&b$1de@,%aM@sW%SM%t@%t%&éd%ﬂe%tg&@ﬁ%k%& ot EE&S%%g
a nenbrane separator in fluid communication wt

chanbér dGhoymbgn on@aanp@gt bopactivhke mﬁé;ﬁreaﬂzatwszt@ded in

ass rethr ug and th reby, |n use,
%%ggﬁbe e%%é%%ate wat er h%%o%gga ower 3§ﬁgéﬁtrathﬂtalnlng

ofi crdpubihiess relpddiee ¢ Fenecinyabee tdratmdes Napurities
p%%%?%ﬁgwgggpetagter, 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:

(2)providing bicactive material in waste water, the
bicactive 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
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25 nmenbrane separator. According to a sixth aspect of

the invention, there is provided water produced in a

process conprising the steps of: (a)providing

bi oactive material in waste water, the 30 bioactive

mat eri al contai ning m croorgani sns capabl e of

r enovi g PEBE 180 ndr @Ampa t PEs YheonveReewast e pwatdérough a
rei t 409 vol u of said biogactjve

%&%&?%@%3 i%eééf €§géteqﬁ%.%§b s ?%mbraﬂé aFapgrn1S%§%Fator

Preepassithg dipactior atahbeewastemwphesihhr eighe@hrough.

menbr ane separ at or, whereby the nmenbrane separat or

preveﬁF§°FﬁénHi6§b@i®§V |Q§pqqqnﬁ§xﬁgﬁ,ﬁpvention, there
HRERIIRNAN o AGCHAIRE O & SBYRMNN ASREN s Uodd®i sing th
fhventigh, there 5 is provi ded a waste wat er Pising the
tSite@smedt: process conprising the steps of:
(a)prq [ .%%i i.oact.ive terial i anul ar

) , f i )
o) P U B A B8 A TR R bR AT A d e R form in

caBtal Nivager, Cr eREgapi 886+ capabhet f i 4 ENOVA NGy LN DEr  form

"nore 10 inpurities fromthe waste water; (b) renoving

FPe4EL P8 IMI TR SREE 59 Al e 9br BPMPFoRIsang or more
W%§h§iW@E§rfﬁegdtﬁéhﬁgé§bn9a@e99rt'On of the waste

wat er throug rane separator, whereby the

menbr dhe sepavdangr bikiaqriereentst 4t bi natt ive gratrerlizal form
f-rom passin hgere hrgugh. Definitions The foll ow ng
woPHs Sam VgF BeE8 herBfn shal | have the meaning

i ndi categasd@ndhen t gEFLIWAStEF VbRl "wh St4S8@&% Athrough a
common designation for aqueous effluents containing
BEHRKREC anifrTramor ganivdissighst antks whinehbraee pr esrpirator

gEeggﬁggdthg/%?QaSQY%QOHQFQEigf ?r&&nggggfggetgérégﬁrough.

resence an
Definitions

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

The term "waste water"” 1is wused as a common
designation for agqueous effluents containing organic
and/or inorganic substances which are present or formed in
an environment as a consegquence 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
6
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activity of human beings, including industria
activity in 25 its w dest sense which e.g. conprises

~donestic and industrial activity, agriculture,

forestry and fishing industry and which it is desired

to treat so as to obtain purified water with the main
peippobes o ikhiint dild ngaahd/ oretdmprovioeg timnsported across
envi ronnent _and/ or..to provide_a_production 0_of
p%h%flggar@\“gf‘”eroﬂhif&%mca%t bgl%g?ﬁgg arsa_”ieaﬁa \‘7(,5?& 2 Thgessure
t@riwineniicane separapelieds wsednberghpreeligltSer t0as some
any barrier or filmwhich is selectively perneable to
cﬁﬁ?%&%ﬁn_%ﬂxyﬂﬁﬁiq|1Wﬁ§§ﬁé ﬂéEErPr$ﬁ§r§@¢ééﬂﬂVe transported
permabi LLLY 10f ke bapr 'E?Lrlmorrécl'altmx% | pys fher species in
different 6 species wthin the waste water to be
twagispovdedr aciossis tihwesdhbrYe etcosebilrmtat siddierenfrom the
rates when a pressure driving force is applied to the
R waYBFST A SomdPUHdCies | 1 viab 8 hat diA e have Lo

peferaitialy VatFedspert edadracl0ss thaPardisri- to water
filmrelative to other species in waste water, it is

peslsiBlles o aggpahaneespestes fFlomt t s wastssegat ecross the
I ifies i er- have | ow perneabj it .

Sl (PRABELE) Pl B e S Gt aprcohtration of
nindpectiltds sande hettee watcerwitat hastpassednaer Qasdde across

menbrane (perneate) will have a | ower concentratign

©i Wﬁﬁ’gﬁap s FERAEF b-_to WaEerneRRAF2RAS Abtehadsegin are
A6 ¥Rled NerFEMYANG L&) €Ch) - AR Mephrapes usgd possible
herein are Iintended to enconpass a W de variety of
possiiguratdonfs ghmawinods kifpswnpicnotrhespri oFoar texafgrle, the

le. the 15 menb b d flat film,
FRR AT e HayorC hoiotw PRogt . TR nbhbPands il Galm oF

belmde gfibaRy WmBEerhahbBaEds aSnOf 0L MLl ndde of any

polymeric material, inorganic material and ceramc )
ARSI, eFEChEXRFp| AFIAN HenBRdsedadre BP3YMEESE imaterial,

st I . 20 Sl rkar., rane
AL Qato-a SRR, bl 20ntn MBED! oM uxanpiary

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’ is 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 aercobic, 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 plaht, for example
multicellular organisms such as slipper animalcule

(Paramaecium) and parasites, especlially bacteria-consuming
E :
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Kl uwer Academ c Publishers, Norwell Massachusetts,

United States of Anerica. The term " bioactive

material' is to be interpreted broadly to nmean

mat eri al that conprises mcroorganism 25 cultures.

The m croorgani smcultures may conprise a plurality,
remrsiltesa wilde sheikdy,alsfo speci estefl thatr othganbsosctive
such as jautotro hic.as_well as et er ot rophi c and

TETS5E L Sitder ST ES B  PREGI FIEFORSShddtdr B S he® waf Fuctural
a®lleovier meueaizyeting Qrii$NE ntlehias .30 prot ozoa;

yeasts; fungi, and other organisns usually _present in

act i vaPed tehitye RiPaHel Y7 ol orekes 't read nelat omagepgpanules’
& ast e 1}9@t Gl Ry, J:fe't(‘e%t 'ﬁo%&%tt f%%a%xwgae tive material
mul ticel Tul ar organi snms suc s?lpper ani mal cul e

(tRartanse dinujr aad apaeasi/toes aged peeiraltleyl form.

bacte&%a-consuntn ./ parasites. |t should alsq be
i

S
not ed ‘t'fat “¢F8 bi Y BRPSI mey CORVENT1SgRely used

Foer ORegclihatupt 8¥ed SEF UGHIWRlord0]i&nd) MR NHaFRLBY  above
granule integrity. The terns " bioactive granules' and

vihilghags eg de? dgyrade thdeiodeyprdalele brokeitiato i.e.

[ ti i t hat _i.s in granul.ar _and/.or
e oerabed Tor il chonf: VR 8 (RlgeBRY maveer.
convientimbpad | y disiethrf=0r giExedniditdaffnidns utilize the
nicrootganisns as defined above which are able to

B8GFaGdCthet bi SdEgravEht e VRdedr i 0, b etragtedpaeial tereby
deroapesabl £.,9f ganing a@Hé?gahfef %%'Ei{éﬂakgﬁ;bion%@ and to

m xed cultures of mcroorganisns utilize t
pubdititen iaf t heehabbéivat ersuah beasr eatied adme , t henetbyogen,

convert organi c_and inorganic tter to biomass and to .
S kfet 867 Petabat et caimeRs Thoeraieete M bgemyersion
tansulthad esplpbesphaiRs: Cahbepoli 6Xi doreti®ichRi,S aerobic
conversion can take place under anaerobic conditions,
SEPEBF&OnEondlPRdRs AP EP dG statsbiiiersormid | ermb amtions

€RAPLBRLI @33 actual composition of the mixed cultures of
microorganisms may vary widely since the composition is
highly dependent on the prevailing conditions.

The term “biocactive seed material” may refer to
activated sludge as referred to above that is not in
granular form, pure microbial cultures, mixed pure
microbial cultures, granular sludge, disintegrated
granﬁlar 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 =& alsc 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 |
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thereof. The actual conposition of the m xed cul tures

of mcroorganisns nay vary wi dely since the

conposition is 20 highly dependent on the prevailing
conditions. The term "bioactive seed material" nay

refer to activated sludge as referred to above that
istaterd ivelyganobae tophrapdive ri/cr A% abf cuheusested value,

.xed ier.obial cul tures anul.ar, s} ud
|%§hﬂ@%%§tggb§§§9% aﬁ&laH‘%I%gggggnfﬁﬁ%ﬁingéghe’ and even

triveree dfyp ildd 1885 1sped fied Otther Wist.ed Rea et s

"“conprising” and "conprise", and grammatical variants

t her edfir oYt BRded di G epiEsont cespaan gymbodiments may

'Hémaﬂ§éygée&aq&P@Qeréﬂgg Adhadad hey i nglide) rggi tederstood

el enents but al so perm 30 1 nclusion of additional,

thiradci ttdek eldammtipt iAo used hexmega, fheméer mibSaboetdly for
in the.contextﬁff concentr ti%nsl%f c%f onents of tge
ORI Gis, A°] yYpT et tY ABEnSPeP 950t Rhe Lt atayed as an
vialfuesx iree typiiaaldibn +on 4%108 theostatgd vahde, disclosed
more typically +/- 3%of the 8 stated value, nore

thAsIIEA | yAicogrdinglof, tHee sdacedivaiar, ofevenramye should be

t YR Iy /- 19% a e r .
eIt d] o I SOGEE AR Y A1 808 PHEL, SR Bossibie
tshuks- rding@lsosals ewed ér taad niedbodduebt siumey icalbevalues within

isclosed in a range format. It should be under st ood
t X t’F%n%%schjﬁtieg’??‘“iﬂ';?'anﬁﬁs%il%f-o?s Yerdl yapge such as

GaRyeNi ence andshEevi t handoaloubdenottbe 16anst tUed; 8Scally
an inflexible limtation on the scope of the

diiscllosed sangesnggecenghngly, from destei pti obrofi & to 4,

I e .should be 1 onsidered to haye specific
5?§%I&Sgaja 1 ?ﬁ%gp%sgpbﬁg §ﬁ%?r%néss%as%%§qu%sy° 6 etc.,
lardi wedllal agunieid tal dval uesumbd e N wittidtn r ange. kahge, for
exanpl e, description of a range such as from1l to 6

§KGIPd She lcorsi der et t 8- hale8 SpediFiTAPEL1%H sEpgREGless of
sHR- Hanges rsueh g fhamel to 3, from1 to 4,

Detailed Disclosure of Embodiments

Exemplary, non-limiting embodiments of a water
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 1is to be
treated, as will be known to thoée 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?',
Mgﬂ, anions such as HCOs;", CO;* Cl ™ and S0, and organics
such as carboxylic acids. If waste water is to be treated
for high purity wateﬁ applications such as for use in

electronics manufacturing, the  impurities will include
5 _ .
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15 from1l to 5 from2 to 4, from2 to 6, from3 to 6

etc., as well as individual nunbers w thin that

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

applies regardl ess of the breadth of the range. 20

Det ai | ed Di scl osure of Enbodi ments Exenpl ary,

rndredd marimgretbadicmntin ofddl watrerto toeat nespepi@cessch as
nd syste WI II no di,scl osed. The process_nay. be
sed'to To alr &?"ilé(slcf r&b‘?ﬁgﬁ’/vagf’er\ﬁﬁ}eer THE Byperay of

aﬁ@nqﬂ@ntlty of inmpurities in waste 25 water will be

dependent on the source of the waste water and the

appl i da&9 oot Weeelene MESEespamely ooMPFilse the step of

H}%%tlgﬂhr}&a%avgéét a?t&o &g thosgrski I ed r»\%)t‘éjee Miter may

e mas er is saliné o rack 'S

et éfrdno deenetsrtaiat exbdmresmssucas armt@éx,lzag@\m&fluémte SO it may

i mpurities i nclude metal ions such. as Na+,

E52+, & Lol lé%%%l%cﬁ%gcmc eng2 @teraﬁﬂus@zls the

@)@,dpqragﬁl@tc%f guq:lgfqgug;@r %Q Y¥klsG acids. 1f waste water

iS to be treated for purity water applications

such as forrnmseemmodem@l@tr onkbe maadfeact wriewmgrie process
I'ItISWI|| Iude 9tho t.i oned above in
%trllc‘“cf’ﬁ3 t o O er ;?emoefs s%ec% qb}?%n vay ?cawa%%la with

bulo\alc(tla@ dsctompaeeialfew by way of exarrpl e. The

wat er treatnent process nmay conprise the step of 5

suppl ¥fing SREst LR @EMERE + hetBRanbeterThe ieptienfat eprocess

@%%prQ%eerme '8f3ﬁ55ﬁ§ﬁ Sygf %ﬁd%%%%%%‘géédmﬁgterlal
't may be froman i ustr source such as
Wattéle Wi ¢l Bﬂsplaedetiyipr bdactwaefteawaeéu:nl ng pr ocess

In ong enbodl t he wat er tre t ment proces

compr 158s tKRLEREEDT s detidqn i Wbt e At oF hfi {tpioactive
hheaetihve seed nateriial .gddmang erbedi mRRL bé henWat®l range

t r eat nent rocess
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
bicactive seed material is suspended in the waste water
and it may also assist in permitting the microorganisms of
the bicactive 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

10
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conprises the step of grow ng the bioactive seed

material while it is suspended in the waste water. 15

The volunetric concentration of the bioactive

materials that are in granular formmay be in the

ra,rllgge sel ected fromthe group consisting of: at |east

A% PAFe Ry ordvre Peatl qeedsd 5096 Birev daffom a9f | ERst Goggber of
voldum,..at |l east 70% by vol ume; at |east 80% by

\k;%]eu%e; at 1'east 90% 20 by volune; at |east 95% by

vol unmgn anthat ¢wmastif€dtpy thel ummtekhe wateiment process

treat nent process may_conprise the step of uppl yi ng,
SR Cont i TigGaST { GO HE WAt & Tt BIoPREY STl to
SUPPl A Y OXYEEM PN AL NBNY gapoketibBe WastRMatale?%n the
may be undertaken continuously or intermttently

AATIG N FEPREEEOt-r eat ment process. The
oxyge ont_gj.ni S ensur th bi oactiv,

seed %}%eriaglrﬂ%%s pended ?% t gb\ggéfle \%é’terS a'Laokd %ep ot
reaypdlydmcasstwsienfoqreraidingghbe tw ateorgast SmMya@kr30 The
the bioactive seed material to undergo oxidative

FESH St i BRP HHE Do IR SR H G G 88 Sy @i Fasfhevater

SRP! VDG $LERARY {GPMPLi-8RoPRSSIY thEgulate an . aerobic
oxygen-containing gas through a diffuséer located in

deadditdwiber,. Thenxd@cdi f f geediaynbe | ocanedi¢n t henaerobic
%ptto%Lof t he éhanggn of . the eactgr..ln gne

SHBSHTHERE, ERE GRPRr PRSI e eErokesdn EBRpPPSES FAEST
step ah agidwat i ptirer suspBhdedlefB] er itdke t Grater@t treatment
| east partially inhibit deposition of particles on the

ﬁ@ﬁﬁ@éﬁeI%Eba?ﬁWBFisﬁhéhﬁﬁ@%ﬁpn@fnﬁyﬁﬂéﬂﬁﬂﬁméﬂ gwert gas
SAlE %Eef?li%fro_?%lﬁp@oy't'hga QRN LN, NG GAs & O L N g1 ate
waste water. The step of supplylng oxyden-contal ni ng

gas aneetrod iwasiheoiat, e artly arayaire ivardeedlitta (prsoniot etlog waste
re%ulate an aerobig. . . . . .
water. n 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
_ " _
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condi tions, anxoic conditions, anoxic anaerobic

condi ti ons, and conbi nations thereof, in the waste

water. In yet another enbodi nent, the water treatnent
process may conprise the step of supplying an inert

gas 15 such as nitrogen to the waste water to pronote

OFrDY PP Ek ecuhs byiaerdbPE ahxet c0- ahdstrérSanésu gbout 20 cm.s”

Canld.ans, 1% e aste MBLET 5! Bndlas! OBl XD G5 o
and/ or anoXi ¢ conditions in e was

prtoot €2 @ hemgso‘w abafuts | OV gm)wi’ﬁgto mabbaor g@nlcsrmsa 1 20about
In anotmer e di me t he agltatln

n ma
mecHrii caltCagh QFlonggf tHe susp@ﬁBBH n%t%r?%rs Thé&c about

@EQﬁﬂﬂé¢a|a@@&Eai'9”@ﬂﬁ¥4b€oU898ﬁEaKGme¥]”e%%%qu13@ cm. s~
i,mpel I er | ocated mnthln t he chanber. The méchani cal .
dgi tat Abauiayd swmsed ta(bJOplrtonQ)t% on. § égbatabarnxoils cm.s™;

a rpblc C/ nd|t| s in tme ter. -1
qﬁﬁ%.ta?.%@ gtep may’ ¢ Ouﬁpr?@ Gerer ati d“§h2®°% cm.s " to

iamhiced fdmw tegi mes within the waste water. The
shear- induced f| ow regi nes nay prevent grow ng

par ti ANes FFGAtidEposi IR MEevnbe £RE Rerdbimmereriod selected
SERA L , §H&B 88 QXs@QnB' A g, o gASHE pfnhﬁﬂté@ﬂ’t%r about 3

preC|p|tat on of “the growng m croorgani Sns
ehbuﬂiﬁﬂnmlto&ggmmnubasaMm|Hpquﬁ 2 sdaged mboumrdﬂhcmlnutes

t he nduced flo i mes. . The supe i al gas

V& o Ct"i/ R 7aiF° V% gg |“Prnt“er@Sr anye? E’ %ctacé‘{?]f onfours,
bbdute 97 oMpPngeasi sbi R Rft oWt ndn@le M Sbbul0 BPULinutes
20 cms- 1; about 0.05 cm s-1 to about 20 cm s-1;

dsouebout chR0 s MinuFesaboaboRt cAP0sTinufiwrt t@ 5abant 300
%u%uk% about 20 cm s-1; about 1 cm s-1 to about 20

f about 1.5 cm s-1 to about 55 cms-1, about
1 5 CrImS brico adraoibd dnemt - 1thabouwktdrd dtpertrderdtd process
about .3 cm . s-1; about 0.5 ¢m s-1 to about 15 cm s-1;

SEBERTC 158 EhSs-StRy %oﬁ?sibn%ﬁgelwaéﬁﬁutwa(‘}eéf driteugh the

hRmbrane separator. In one embodiment, the membrane
separator is provided 4n 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’ or 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 twelwve hours, about

50 minutes to about 500 minutes, about 1100 minutes to
12
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1R Bite ér)rQb JdiFeTS Hoh &RRaY

about 8 cms-1. The agitating step may be for a tine
period selected 10 fromthe group consisting of about

50 mnutes to about 3 days, about 50 nminutes to about

2 days, about 50 minutes to about 1 day, about 50

m nutes to about twelve hours, about 50 mnutes to

aboutt 300 mimuttess, atioutt 1200 miuttess to abowut 20D minutes,

m nute abqut 200 m n%t e% about 300 15 m nutes.
rg‘;}PH{%ﬁF process

CoNpr iT3RS rdid 1SR ﬁpﬂ@&&jrﬂgnatm:ml%m et n the
the nenbrane separator. In one enbodi nent, the

Mo aséplcator FBepEovi dBE4n thetchasses (Gheomoh the
%ﬁ%ﬁ%%,%g gQ Eﬁggﬁ Qﬁaseﬁé£ﬁé8£%"-ahﬁ qagtggﬁoved from the
enbodi nment, nbrane” separator is
oeindirdeeofad ha q—twmgansltrsamn Whalceicd tdmtrmﬁoeat n@t pass
wi.ith the chanber, such _as a, sidestream _nenbra

Srargor - PThBBREET Ry Rttep! fay SBEAChi A e chamber of

TR aedddbt hes ZRoWASHE Walsfedtor aa i e§§urr%mfog.§ge Ar®m the
drive water through the nenbrane separator.

WM¢eaﬁom@emtb@ta§9m ed by one or nore vvater or
vacuu u wi th the react
chan‘oer% '?’ﬁsfnb aenpe o %asgl ﬁ&l tCl\‘/\fEstté) \/%&fre%l%%lraorug%emlcal
shecid@ nensene: sepasatiocheryrbeel ampartittiespeir osblution.
sel ected from the group consisting of about 50

mlddeesnto disaical ipRSieapbavesdifipgeas ey lasode sizes,
dayen akou1 20 4 n&l?ﬁefﬁ%anQH;z J:a‘é@% 6@1%%% 5(91e membrane

m nutes to about twelve about m nut es

abcht SOOswitantes, chboital00 apeditess t@eldétabnw 400 This
t 150. m nutes_.to about

%B‘&Vai’éo ?ﬁo# KRSV ahSGEL %60 il nﬁltlﬁer?ﬁé? n%%?%rh%ratlons

sepaiicle s S e & fRADpaARRchbet BBt ekOM@am and the
tube or sheet. Water that passes through the

reject water stream. For example, in high purity water
applications reguired for electronics manufacturing
processes, the membrane may be selectively permeable to

impurity species such as silica, boron or organic carbon

's0 that there is a higher concentration of these species

reporting to the reject stream compared to the permeate
stream. |

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

bicactive particles of a selected granular size within the
chamber. In one embodiment, the water treatment process
comprises the step of removing' bicactive 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

13
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5 menbrane is known as "perneate" and is renoved from

the nmenbrane as a perneate stream Witer that does not

pass through the nenbrane but is renoved fromthe

chanber of the reactor is known as "reject” and is

removed fromthe chanber as a reject stream 10 The
resreveve negrbec ket ethavehtveparatt cgterl chemideat gravity in

ecies in sqglutign and .therefore inpurities in

solution.” alﬁq%efrert nt Sc%etr%ilcné:f tslﬁréecipesrlhoé\gle di fferent
mol eculte: sigag; o cheteblng i Pidhkfeventphltxcrasesof a
across the nmenbrane wth resultant chem cal species .
SEIERTA t graTRiST1sS hedbrdid idel b6 vPRgpesumay | Romprise
diddarent SONLANNAd NG O SPECT B3, £EPOLLI 001 L0e40C0 the
perneate water streamand the reject water StTeam
Fart texanplte, the hilgimgeri t Yheat epttappbi catewnsay comprise
requi,red for_ electropics manufacturing . prqcesses,, the

ke el b Gt 0Bl PApErmebed tidl 20 ity for a

e eSoswan As S$hldCaicRefaROrgPigae GaLROMa®Oicles to
that there is a higher concentration of these species

BEPSAE nfoverdhd i) bettety eafn ddwpachdnpert hmder gravity.
r.eat tream. There jay p ' 1] pl .
B STl 1Y e PASAIAIIAP, fre dcstrea
¢hattier] cofs itde gfeadiorbidaciome: egbadibent sitdepnat tles and
conprises the step of renovin

t r eat nent rocess g
- &hsactfﬁew&fﬁaﬂf{ i PPt PT sethet e‘ﬂa§€%e vahge- f r onfERBPLATY

GRamagn Wi isd s r gtal RiNQ ctiipactiyerpar Y s Mndisting of

sel ected granul ar size within the 30 chanber. In one
@loudi nght secloadsater tbeatneht hppnogeessbaoonpBlsesdadigls to

S of, r.enovi ng_bi oactjve part.icles that ve_ not
?é)t%?llteg UREErS grak? § i%pw Fﬁgo\?gﬁertoaf&fbeoruta Pg’é?lflf’l ngPout 30

sieaenper is. abbushaghd be:derld sesbéhat 3pheedemmVity about
step may involve renoval fromthe chanber of sone 13

GPRRuI RCPHITi cRESUENAT0 hageonds dét tilkerunddP gregands, 30

isBconds to about 300 seconds, 30 seconds to about 200
seconds, 30 seconds to about 100 seconds, 30 seconds to
about 50 seconds.

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

The discharge particle size may be any size less than
the biocactive 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
14
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the water after the settling tinme period. The step of
retaining bioactive particles of a selected granul ar

size within the chanber may conprise 5 settling

bi oacti ve granul ar size particles adjacent to the

bottom of the chanber. The settling step may conprise
teadiing cagbt a¢f omref paetivabée watvemd nat e zechahbes than a

for,a tine t | ow sai d bioactive granular siz

S PRt Hadt BB PR BOTPIREORoL re c Ra SORT,

R gnayid, Y abdtThe ogel t binag abioh® wioblopke dependent

on the desired particle size of the bioactive .

granult&e sPEeP paft i EpBeVARd RHVE RV 86 nunisedested size
. Exemplar tLi .L.nes e . .

AP Y VB R T OB Pt | sRer h e G, discharging

sectrds vataboutfr3nhoutBe abchHmi3dr secomds indntS abosibended

abo 30 seconds . to about 1 hour, about 30

2 hours,
DaConEL=F0 abdti TARPRMCBNHET LABORP 36°sdcGRdSd Gbove the

@@Q%ﬂedlogﬁa§@PQﬂd%ﬁjﬁpoﬁhr%gc§%%0n9§dt%u%pogke§ggably the
seconds, 30 seconds to about 300 seconds, 30 seconds

£6z8b5an9200L Sbeohdsac8dvsegondsles sbsoet pa@0icles.
secon 0 onds..tq, .20 ahout 50 secaonds. The

b oacP e orate arbaras 6 Hides g TR (e (REd gfg eremove
pangecsekecd£d o r gan bheedr Qppr€DOBE Stding: ofrhabedt r&SOMning
tQ aboyt 10 nm  about 50m to about 8 nm_ about 50m to
SBBECtEVANP2EbdGLeS0pM Bo SEHGRtSA MHadHGR SomYBtbn the

ahahbe? . M ARAUHAQLI 'Eto%&t%n 1a %t%ggg)tr 1900M £P1ters

about 10 mm 500m’°t o about about pmto
gboutbe 10sath tabostpd00oe t enaleowti zZ2dmpaaboot e 20Apmnt cover -
about 400mto about 1.5 mm and about

abou& 2 gn%
800RTt B 5HSUTS1. 5 nm 30 The discharge particle size

My benanynéi zeHRERgN thBeebi 03Ctd M, Hahular n8tB8d of
articles. It should, however, be realised that sone
EQFWFBHeéxW%%ﬁtH%ﬁI9¥@@%lﬁ5trﬁ9r giafulidr &) ¥étegngereatment

By -berdi sehargedifgomine LeAGLOL  that is  in  fluid

communication with a memwbrane 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

bicactive 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”.
15
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with the discharge sized particles. Exenplary

di scharge 14 particle sizes are particles having a

size less than a size selected fromthe group

consi sting of about 50m about 100m about 500m and

about 1000m The step of renobving particles of a

Jé& evredmiofdneRt, ande e aunprilsme aftdrande ratio is the
ttlin t [ r gi,n wast.e water, fromthe

IR e o g EORL e e B B B anase and

parjeict! ds: ar esimoat ehaloviend heyclsetdd ethgrogud vdr st@ative

particles and are preferably the size range of the

biPo &6 V& Grlamalassiofe K ti@ELT 100 Yiediment, the

%%E%%%ti981%@@?%99’?%@}9&” i ri%”méglse%hi CEESm the

of & selected particle size whilst retainin

kireapt icve gattiing esf ofbauselOét e grlamut af0%j zebwiutthiaDs to
the .chanber. For exanple, a cyclone_separator qr, nmesh
iPP$r§%°éaﬁk5%Rﬁsed’t Os%%%?%tzbﬂndépgi?g ugaﬁ%Ttﬂg% about

woem over- 15 sized particles. In one enbodi nent,

there is provided a nethod of form ng bioactive
gr anul(@¥) f otetislelnich ardauerrt mdaefentloz@attor particles by

kSsiLNg ch t i in i d ni i
SPORbIALNTLR.IATRELL NG bheb D, LI { ROl (SO the
cshapber o8 falsl einywtbedasirecovatee anshdthen seedecdr. The
with the bioactive seed material. The reactor nmm

y then
BESTBpEF atedF Gh BEATRELYRI BAEELEHEFnG i ThECYRE] & mpttle
steppe bb}tSHoMkFNght henBheLPOr gani sns contained wthin
the bioactive seed material to formlarger particles.
25 Optvondlischanming owi ngotbhpni se6 itheecsipgroxygeh- from

i ni gas_.i.n t he tewater. (ii) Agitating .

%ﬁg%gusﬁgﬁ%edéﬁﬁFggﬁal %%ﬁf%@}?%e tﬁ?omf%ﬁog?eplf} Ygtzed
pahtbtledepbsttapa ofispantieg! €8 enltbeon menbrane
separator. 30 (iii) Filtering pernmeate fromthe

partiéVé§ Gytlonally, 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 bicactive 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 bicactive granular sized particles continue
to grow in propagate more Jranular pérticles. In other
embodiments, a fresh supply of bicactive 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

16




10

15

20

25

30

passi ng water through the nmenbrane. The step of
passing the waste water through the nenbrane
separator nay be wundertaken for a tine to withdrawn a
sel ected volunme of perneate to achieve a "target

vol unetric exchange ratio". 15 In one enbodi nent, the
teR Rt Jerunet ek changeeratiloa shefe nafol passefl vidhteeugh the

r ed f r%atlkhet&eactor as perneate and reject in a

singl’'e operating cycle of the reactor relative to the
total Mot urraafort heay eachprist naoperesbodi peptamt BenBuit in

t .eé vol unetric .exchang% ratio is selected fromthe
G BER c SREFEETH FiP b BT P2060F 0 B0 2000 S FAREE0%  The

i riedOt 8098 ambeuhado% R abaut (0% rand-ahat @2% .+ from

to about 60% (iv) Settling granular sized bioactive
pare | grEbrhye 1PeRAPRPng atffieragi t atiasy seepedi ighrough the

andh oppi the supply of gas injected into the
reaco]{)arl%chég%oag%t#%‘e granul ar sized bioactive

particles are allowed to settle at the bottom of the
chanmber. (v) D scharging a portion of the supernatant

from 15 above Ff¢<fePESEX1pAiN:PEs PFEVI-EFEY e _
under "I’J‘Hezedac&ﬁﬁﬂétrgylei%t r@fav@f@g%gsff ed,-i Do SOL u: 498¢10sed

(vi) Optionally, stem ma eft at 1dle a
tewdaslidhenit t Arddisohegi hg staplaift ehea goiptiEpees of the

cl e has, b f di 20 to, st i) t
U0 PERPoB g ey e R kT o Lo SRR | biever,
ghew t hehbi oagbhwengsanuips sided gadd i cles. |E))u§ﬁ@§'e@ of

be noted that in sone enbodi nents, the step (i) my
Be Iofteedd oaf tatl ¥ heahflr epthascha cflefénisiphatoft hehe limits

d $4ng LW i oactive granul ar sized particles
continue 25 to grow i n propagate more granul ar

particl.es. .l n.other enbodinents,. a fresh supply of. .
bi oa(:;]%::L & 4 udde oy B p i -1 The ?éac?orgfﬁnulatlng
aiggeahet hepgroaddrof theMBr) that utilised the water

treatment process of a disclosed embodiment.

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

GMBR of Fig. 1.

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

DDVSS:DDSS in the GMBR over time.

Fig. 5 is a graph showing mean particle diameter of

the bicactive granular-sized particles and Sludge Volume

Index (8VI) over time in the GMBR reactor.
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particles. The reactor may conprise a waste water

conduit in 30 fluid communication with the chanber of

the reactor. The reactor nmay conprise a reject stream
conduit in fluid communication with the chanber of

the reactor. The reject conduit may be used to renove

the refiart st sbamsofa b awabed cirosmopke tThagbenft hatoactive
has_ not_ passed. t hrough the .penbrane separator._The

DR b ey o T 5o Al per Khht Lh s Peamegonan (@ 55r: 50 days
fd i sheormun cad 1101 WiMar .t he nmenbrane separator. The

5 perneate stream conduit may be used to renpve water

from tigy menbr ane; sepapat nAf18f khehashPR§S€din chemical
through the nenbrane separator.” Brief Description O
Rraidaiysdenamtde ESQd0npamyiing loean ngnfdCist r @08 an direct

i.sel.ose e I ment apd_serves I ai_n . .
S SUPR 00 efl 0T UR saRRHE. " Hn, . direct
uhidertsireed, ofiowever perhlaat ot het tsaw ngscane desikgnedic day
for purposes of illustration only, and not as a
dEGIRASh RF 4%k |imits 15 of the invention. Fig. 1

is a schematic diagramof a granulating menbrane
bi or edditdor % GVER) at hataphi | Bsedinfe hapeFmeTprat@eNPressure

P ] ' S ' i g. IS
e dai o e "Ba s ST bl S e e v 2 55
ay obereitgng3 pes-imdgraph showi ng the changes in M xed

Li quor Vol atil e Suspended Solids (MVSS), M xed

Li quorriguspendech $ohpEISshdhSRY, taad chaggedt i inss, MLVSS
M.VSS: M.SS in the GVMBR over tine. 25 Fig. 4 is a _
FébhtBRoiaig @ hefcREnGes MiPDi pBet i oHapgeic retention

%H%@SQ%%%)SQE qsh%99§sbveg—ﬁeﬁb QE?ngéggting period.
Fig. 10 is a graph showing the changes in MLSS, MLVSS
and the ratio of MLVSS:MLSS over a hydraulic retention

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

Fig. 11 is a graph of sﬁspended 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 is a graph of suspended solids showing the
changes in DDSS, DDVSS and the ratio of DDVSS:DDSS at a
HRT in the GMBR of 8 hours over a 40 day operating period.

Fig. 13 is a graph showing mean particle diameter of

the biocactive 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 ati |l e Suspended Solids (DDVSS), and the ratio of

DDVSS: DDSS in the GVBR over tine. Fig. 5 is a graph

showi ng nean particle dianeter of 30 the bioactive

granul ar-si zed particles and Sl udge Vol unme |ndex

(SVI) over tinme in the GVBR reactor. 17 Fig. 6 shows a

st er eami@r cstope & nageplof showaeyi vee gﬁﬁ@@bar DBC@Bdand PCOD
particles within the reactor after 50 days

dberat fon of! t Hee GRBRR gifg.4 7h94rs gv¥apn asiﬂﬂm #RyY t ARerating
(cﬂ@;ggf@_ in chemcal 5 oxygen demand (COD) in influent
InfCOD), COD in direct discharge of the reject

streang{ PDGD); 5 a%&i%@é' thbia:[rg(gt %hg' sghehge PhcbBeand pcop

per maate stream ver a opérating

per i ®dHRE g.n 8tlis @MBRaplt ﬁwolmmlgstbaasrranbrcarmy operating
pressure 10 (TMP) and nenbrane flux data (FLUX) of

e R over a 55 day operating period. Fig. 9 is a
graph showi ng the changes in M.SS, M.VSS and the

rati o [of9 MASSI M 3S98¢ER Shaytmsul TP reae@nfiBR ati fe HRT in

]
are A SR ks TR ﬁﬁﬁ%@ﬁ?ﬁ%%[g%qﬂ%ss

and t at1'08]? Jgsf,hougﬁgm%o% ﬁwdgﬁ&' bﬁUf{eta‘E”t'%aT in

time ver a y operating per
Fihge GMBH s>fa mrmrmfovmmem@edias,oldp@srash@\gl @@rtlbel
changes in DDSS, DDVSS and the ratio of DDVSS: DDSS

over ¥igd) HBIA-Ft henGMBRsekréohauissevee aiflgday of the
ggfratl ng period. Fi 12 is a graph of suspended
HAWIG t Aé %@n@é@nuﬁamégow&swaﬁ@wﬁe settllng

%@d(ﬁfgcﬂg%6¥% ?é dt H%T ﬁihg g%BR 9 ) gﬁ#g§%,

over a 40 day operating perlo isS'a gra

sowianyg A ) parst idelys , diSdmet &0 @faysZSahhle SHiFpaebi days.
granul ar-si zed particles and SVI at a HRT in the GVBR

of 4 Iagr.s 2dvetisa 40 gisplopethatding petkOd8membrane 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 1in 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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Fig. 14 is a graph show ng nean particle dianmeter of

the bioactive granul ar-sized particles and SVI at a

HRT in the GWBR of 8 hours over a 40 day operating

period. 18 Fig. 15 is a graph show ng the I nf COD,

DDCOD and PCOD at a HRT in the GVBR of 4 hours over a
4ordayi ndper atiingpoperiichs Fegpaldbe i sfa rgmapiinghasengor more
t.he | nf COD, DDCC%hand-P % at a HRT in the GVBR of

g RO S 165 F T8 &ayaggngﬁiﬁ§ period. Fig. 17 is a

gr aph rsRovingr THVE %WQKFLQXmﬁkléeQRE1|ﬁemEB§n§N§%ﬁ§Ed%or in

hours over a 40 day operating period. Fig. 18 is
Fhaephf eHbwWeRg STV &L Rtk aaeHROdWH.e 104¢ hé‘?k@vswbmerged

%ﬁ%‘f SO & 1933(:0%"5%3&&” th@'e%gys': Se. %_(o/i\lﬁf %?ollow

ow st ereom Croscope I mages o n egra
tthegr ararﬂl:a:radelsorrm:lrv\/l mmluraﬁet hbhiviigg alndldi'lﬁﬁ'larlgj;m size

ste t: O days, B) 5 days, 9(C) 10 days
Q(fDI)o 1 &115515 é@rlﬂéég) Sé’r?%f%{q:) apgagais. 0182k gn

%@mb%aﬁegrﬁ98u§80“N§Q téﬁﬁﬁ%ﬁ%ﬂpr4ﬂ§uﬁje§§u%§ngﬁgwpﬁead end
menbrane flux data when the GVBR Wwas operated

\ﬁ/lltlﬁ@attlany mete ] | fgearsdhdi chazlh@l mpdtepswaBesteallsge while
mtin a e nyention, including

P% E%twﬁﬁdegtgéFgBBe%FSF&%B gégfiﬁgg in greater

det ai rhby cmBRer encealgospeshpiesgxanyl ewaybé Chysbodl dinlet

not be construed as in an y limting the scgpe of

fRBAUL Ry &t iBgH @WW%rW@é@rt serfgpurp tiiferfey stishbify the
@hagbgguhgthgghnﬁggggngagggreactor (GVBR) 10 that

operates according to a disclosed enbodi nent of a
materTheeémﬁﬁﬂnlo pﬁbﬂessomﬁhesé@BRnl&arstaomohuﬂMEuymmmduit

%gla%t or les lE’Sl‘?He g\/é%lrar{%t etrh 6 ch mbert hl2a Worﬁovg meter
22 is prov1ded 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 1s 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
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30 10 conprises a chanmber 12 containi ng bioactive

granul es suspended in waste water therein. The

bi oactive granules 19 contai ning m croorgani sns

capabl e of renoving one or nore inpurities fromthe

waste water. The GVBR 10 al so conprises a nenbrane
depariatgor from tdvendhugrim GfiAs ubrrerayest nepbramedwbdul3d@B  after

14. .The subner.ged. 5 nmenbr.an dule 14 caonsists of
Sy B0 ST ag oo 7 Bd TR B8 1 Bach

menbr aRE ravingd ndwnad Nalg pare wiaes of D depshapdcadiagram
wor ki ng surface area of 0.025 nR2. The nenbrane nodul e

Wwds bBper sedatdiong alfsiti eGHBERd ¥hd ThEl tergTohiemdaay be
Qe end of Ltheynodul I while 10 perneate

wasqm tﬁgaa&h Fronﬁ%ﬁgwgﬁﬁzgﬁg . The GWBR 10 al so

conpr iSsep d-wastid Mat:erThanl etmp c@AduiupplGeandvaas tast®ter to

water _feed p 18 for filling the chanber 12 with
ﬁggtghﬂgggF.%gﬁgléwﬁﬁnf@lﬁl%g'conprises an aeration

i nl et seapdyit ("5 A0 f.orpiransmagion &f ebr the imber 12
chanbér TZ. A fTow neter 22 is provided on the inlet

vord @it 2eeror 4 ndieait Hhffeher Plowisaeesels a@ir bubbles at

eret tu.ough, _.The i.nl.et. conduiti connects, _to a,

S P 27 G apld S0 (hutbbe e omiart b cReflidpiat to a
SheeGlBRi 20 ghsoveomphisesfper meate’ dimthasgegeOneiikin the
20 26 which di scharges pernmeate fromthe nenbrane . ,
Aodul @24ze  tASHr BdelireSgatfe WHleHHP aCKLBdtABEer rgoPiration

ahe1Rr a¥hded 0Bnthe; diigehar e, ¢anayil, ggg%@ef ow 1 ate

“respectively nmeasure the gauge pressure

of pegpgatesasnit i.s disgharged . fnam & npggne radually
woduleEEg—by—gunp—ggf—iae—puwpwégigan al'so ‘be d%edj
totbdeatve afvdcommthiet kinanidee dfanbers illd:weftidhechrough the
nmenbr ane nodul.e 14 and ereby drive water, through the
%%Fﬁﬁ%g d?e%%nﬁroﬁﬂﬂerm i1 ev4a. eAiliNBR2f0 4Pdgr the

e0apPHhSE% guh i pbe reject discharge conduits (34A,
34B, 34C, 34D) which vary in chanber

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 bicactive particles of a selected granular size to
settle below one of discharge conduits (34A,34B,34C,34D)
Step 5-("discharge"): a portion of the supernatant is

discharged one of discharge conduits (34A,34B,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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30 height. The reject discharge conduits (34A, 34B,

34C, 34D) allow the operators of the GVBR 10 to

sel ectively discharge suspended particles of

different sizes after settling. For exanple, conduit

34A i s above conduit 34B, and therefore, there wll

be smaller particle sizesExagpleohi ng fromconduit 34A

conpa t ndurt 34B after .settling.as wll _be

Goser LE8d PUPRnetbbelan, RGN nowh Miftulse  sludge

hhedegi anaisdherat beoflbagr ashcehtirheiopepdt tog ®f.sshe™ and

‘GMBR 10. The operation may be 5 described by the

PBFFBWAg SRBPATStely 140" 141 ) cyThes p@fp 985Sshppefegbove
e A\ e Lel2 i i : :

R BRI Tod t o e hanber 13" Tora in six

adivtlasepe24 davheviditf fligein 24f df speises (dtepbubbl €87atmin of

10 _ap.airflow rate 3.5 L.mn-1, which i i val ent
2678048 PEEPAR) gad Malgi OF drFsstanios At fiid ieygeh (Step
B § hido t He orai se€ausegt hethiconass 10 ndergocexidiaidne ging
respiration while under a shear-induced fluid flow
(e§FRe”) Step B-pipehet2@nsdcepndarcd:idhiey (Step 6).
graduaqj, Ly wi t Rdr of. from.the )1 y "
filtrg¥%on6%§$ou%p tﬁgg sgggErg%%%neﬁgggﬁgkﬁ%%h enfflClpal
viateovatart (Rbatintles bken adfiberdokopuyanitld2. fStrepwo hours)
4-("settle"): the p 18 is turned off to turn off
RRRLEE b graie LHARAAns Siis. Fhot g ORFoUgiothe-23 to
207dbftoser-124- They il Rerd R dom Setddd ngtig?,
sufficient to allow bioactive particles of a selected
granufaklingeand asertionheldvermel ofk dilschamgenced at the
ui 34A,.34B, 34C,34D) .Step 5-("discharge"):
O Rt R C B AR DY T et one gy Hembrane
fii schat Den cqrdept 3 346ma4B-c34Ca3¥M)in 25 fthirs tRaANStart of
suspended solid particles (undersize) wll

t hat an
B EHDVed i 1 GRS ehafbraty, cquivalent 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

teed. No significant fouling was observed during 57 days

of continuous operation. As can been seen from Fig. 3, a

‘stable biomass 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) in 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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Step 6-("idle") The GVBR 10 is left at rest at the

end of the cycle. At the end of the step 6, the

reactor operation 30 returns to step 1 and a new

cycl e begins. 21 Exanple 1 The GVBR 10 was i nocul at ed

with granul ar sludge having an initial bionmass

cohcehevat iLon Fdfg 45g MIGS hidmase soperaped 0.28 mm and the

S [ cl es cri bed above 5 w

Porh b e st M TRatTebel Bt SRerar i R lg

cycl esh peteﬂ@@fmmt(bséom@ ohafel bitngHeStigprbss 285 #héwn in
aeration (Step 2), 177 mn of reacting and

f?’r‘i‘@??n@ (Step 3), 40 s of settling (Step 4), 1

m nut e; Ofe lq&ﬁ@afcg'ﬁﬂg (ﬁt e@)@) ﬁ e&t%€%$§529? Ehe direct

seconds of idling (Step 6)
viisrclpresa r edtredentini c:’ptptadeam)\/\/astaem)at ethét hatethemstkeenstream

Tl A oSt had Fngen b elos 2l M 300" BBbgeyivery,
t-dwaanth tthad aneragathe? dpaR il o?t grlodi 1 1ing and

aeration (Steps 1 & 2) cormence at the 15 sane tine
at t hé"isBgicn eh@WSeabﬁ Wﬂfélqmrbﬁ@nsmﬁ?mb?%ﬂi@ oRressure

(S8 3hn O'HE%{P&%‘?% 60f 1 ALLSL o ht[eh %{3% %}éoof , pembrane

aerat’i on. ~A'permsa eam equi‘val ent
rfeidat rert iwor kwarrg pm&mmnemsw empqvlaﬁcdvmmn@f an&cuum pressure
filtratio ernat nt equiv nt to 1/8 of the

U ST RS DocoBt ave BHGU o hyP iR (44 to achieve

¢ sgbargeq(avgn 5) i htpyghea leixSCBJ@r e PRul; JfdLrstbeained
settling step (reject strean). The total anmount of

Wi ST @“Yeﬁﬁbéﬁapéﬂal nrnaxrﬁaese wis BYEi valreticcatng that
of  Lhes lof r g.¥ _
Q":I‘é({l?ms\ b exc ac—gg"émga Pg St @dﬁgr?&% CLmylgikrma%hl gperating

etrerdd.on tinme of 8 hours. The GVBR reactor 10 was

tested on raw sewage wastewater using pretreated
(settled) sewage as infl uBkample

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 {gl™):
acetate 2.562, NH,Cl 0.2, KHPO, 0.045, CaCI,.2H,0 0.03, MygSO,
TH,O 0.025 and FeS0Oy .7TH0 0.02.

The synthetic wastewater media was dosed proportiocnally
with the following micronutrients (mgL™*): HsBO; 0.05, ZnCl,
0.05, CuCl; 0.03, MnS0q.H,0 0.05, (NHy)e.M0o7024.4H,0 0.05, AlCI,
0.05, CoCl,~6H0 0.05 and NiCl, 0.05.

The synthetic wastewater had a chemical oxygen demand

(COD) of 2,000 mg COD L}. 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 m™d™t.
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feed. No significant fouling was observed during 57

days of continuous operation. As can been seen from

Fig. 3, a 30 stable biomass concentration of 4.5 g

M.SS L"1 was sustained towards the end of the

operation. As shown in Fig. 4, DDSS (direct discharge
susperitder GBR AP iwast HeitNBR 1w tdpepragteceatrell sewagbized at

wa ss.than 200 L-1 and __averaged 165 L-

G Shel Bof 2P, a Mo aks Brasér dens 35 s il o ¢ @
iqofri gt &' .t herHd QirasSeesd Z€h WaSa @28 sam @ ds theurSWiith OLR
was 49 nL g-1 at the end of the operating period. A

SISt 0s COPT S gk ofas heppf ahed sin sa shedpep@ing batch
Féﬁ@?W?thsm. B?EﬁénQit%rEEQDﬁLCé%%%ﬁéyh r%ﬁagbo%iﬂlgnd 1
the direct I scharge 8Teject strean) and the perneate

staeameiseabitheedtatrt350 iy derbhtdamcth bébowHYsngolf 14 and 8

respecti vel t owar ds e end of .the operatin . )
TERS  Fehe i ehve THE SR6rRrecsr hanendibaigl ined in

prasisure by TMP) and nenbrane flux during the
operation. Menbrane filtration was perforned by
appl i cation of vacuum pressure on the subnerged

e ; b 0_.achi eve ire
TP R0 O ik Mol £ dEf U AE of diRdithe mrrs
#RT substgntieal Fiiltheage ratriTMBetkndl CRisdrga t het 18ba Influe

menbr ane fouling was not significant during the _
JdpEisat i n§iMBeri BE. Exafl e 2 Al¥econd ¥¥st of EhengvBRAt COD

10 was unfies akenihy QLY e (be oharagler | Sties) of (ng 1-

the granular slu di ff'erent hy

retention tinmes (HRT)of 4 hours and 8 hours. A D)
Sour ce ;zgsprepgred mﬁgﬂjthe féplomﬁnchonposi§§on 667
(@l -1) :o4pcetage 2.56237NHACL40. 2, K2HPO4 0. 045y 1333

_CaCl2. 2H20 0. 03, MyS4

Desludging was performed during the course of GMBR 10
operation to minimize the amount of suspended solids in
‘the direct discharge (reject stream). For imnstance, 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~baséd
particle size analyzer (Malvern Mastersizer 2600 £from
Malvern Instruments, Malwvern, Worcestershire, United

Kingdom) or a stereomicroscope (Olympus SZX9, Japan) with
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25 7H20 0. 025 and FeSO4 . 7H20 0.02. The synthetic
wast ewat er nedi a was dosed proportionally wth the
following mcronutrients (ngL 1): H3BO3 0.05, ZnCl2
0. 05, CuCl2 0.03, MhiSO4. H20 0. 05, (NH4)6. Mb7024. 4H20
0. 05, Al1C13 0.05, COC12-6H20 0.05 and N Cl2 0-05 30

ey nthet | BiwastanvidtverrdhadMeddhenf glad rioxtygen, demersdon 4,

( of 2,000 ng COD L-1. The synthetic wastewater
was * appropriately diluted to 4/3 g COD L"1 and fed

into tie rEAd orof O 4i ven@n 9r gabihes! oadnpteat einf 4table
kg COD M3 d-1. 23 The GVBR 10 was initially operated.
AR IEBING S ettt ML oreBb R st antiagy ofg@ntle biomass

| oadi - )...of S1d 1 .
tﬁ%%%ﬁ%&% P bl SR fole l‘ﬁ%%%% SETEe R Rien at
10 vescbperlatediiss 4 Sequefer ngo bAtgh. 59 rade Vi)t h

menbrane filtration.c ncing at 30 mn . and 1 hour
after J1‘%T‘a’ﬂ“fs?tsar]tal o?n%efg{?%%wfg]?el—ﬁﬁ?‘é d15ragoe suspended

- hourisgis r espedneelati cHe oper at kgr scheae | groytlined ppyss

in Table 1 below 10 Table 1 Operation schene in each
GpFIcErdr adiiiong etRrHRIE2 MRTLCy cired F31¢ i mpek at iatSdiRTy of 4

. sch iltra | e t e, ng L.an nt
85 i E)Oh%r%’n){%é#n t&‘?%%ir (e Y, AR a ST &Y’84 WSS of
DPErAtA@nl 87E6&70f80R24DaB8idR 7h40mis1761k333 and SVI values
Desl udgi rr]ég was perfarmed during the course of GVBR 10
§&tati-dr 8 A f-2¢ e M%S A shaHusd sdfj §RTs of 4

lahd teh%o%ix{sﬁc&le%ip%@%&i%%( f(erie%tr%bf ;%@L . 1BOLng 14).

i nst ance, the casé of a H 0 hour s,
des| udgidhg fwapeirapliomenttéd f comcgayrabibnsorder tbe direct

naintal f i -1_and
Brraels” s 18 niCPoor i €h Pt to) % MaHac  dogna s

QoMeSS- rdldyectively (refer to Figs. 15 and 16). End-of-
operation COD concentrations in the permeate were 8 and 14
mg L™, 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 foullng 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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St andard | aboratory nmethods (APHA 1998) were used to
20 analyze pH, COD; m xed liquor volatile suspended
solids (MVSS), mxed |iquor suspended solids (MSS),
di ssol ved oxygen and sl udge vol une index (SVI).

Bi omass size was neasured using either a | aser-based
pgﬁbﬂélé §E¥epanam?23¢5(wﬁlM@Rnophsaﬁmsnzet g666ekenin HRTs
25 e 3 et —Ive e —
Uni t ed K|n908ﬁ61¥ﬁr%?e eéPeon1cro ..... 4 HARESSzxg
Japan)—with 24 |mage Pro Pius saf t wer e (Medi.a 8

Oyber netiea®, biepsisen size USM). The HRGS of 4 aAd58
hours resliped GODstabpermgeror maadeovéth nmnftdl. 6
menbr ane foul i ngeg dRd) t he bi omass 5 concentrati ons

st abi | i zedeaficart cF-baseveek® of operagien at 9g4.83 japd;
6.1 g McSholval éﬁfﬁ@ﬁeh@yflgs 9 andqlQ). Flgures 11

s st el e

wer e s 2 C .
hours, respectively, durlng the | ast tmo meeks of
operati on. End-of-operation bionass sizes and SVI
val uest weag Gbhe/3 dEB@ANG 04 THP1ANY 68ngRd éﬁem-pegrn]ceate—
at HRTs of 4 and 8 hours, respectively (refer to
ﬁﬁg@cwgeanocqﬂl) Iemed-agf - @éémuennle@ @m@@md atdborfs ¢ at

h d
[REUTR S S5l o leg R, U948, Bl AT A cvces:

BiEg80 LEHanéré6ich1§ﬁddof- operation COD
concentrations in the perneate were 8 and 14 ng L-1,
at HRTR oFUAM3RY:8 KEGrSIacEOpact iRRAIGE QY efRAr fGFmance was

Eb3evdd 8RdA0) 20 Fkourgsqld Apd 18 gSQéat the

menbrane filtration performnce at d| erent HRTs.
Stablétfﬂstbaﬁﬂeneﬁlﬁxem tiver eboeeo et rdtbachel HRTstft  the

4 and |n |cat|n that nenpr.ane foulln was

ﬁgccestu %% ion nd/or maintenance granular
biomass partlcles in the GMBR 10 was achieved by a
repetitive selection for sludge particles. Accordingly,

the operation of the GMBR 10 as outlined 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 biomass 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 in 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 important factors in promoting the

development of granular biomass. However, other operating,
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Tabl e 2 bel ow shows the steady-state values of key 25
paraneters at the two HRTs, including nean bi onass

size, soluble COD of perneate and DD, and COD renoval
effi-ciency of perneate and critical flux. 25 Table 2

Key paraneters of MBR operation at different HRTs Key
pavarereesitERT (Apdr s)pidy8ioMeancdl onessidsitzensm) such as

0..63 0..5 Sol ubl e .COD of perneate 90.8 151.6 ngy

PP B A o S At ded SBop 28 6 "B b e Hpngigar | and  £low
efaftiteirencyid Witk 1 Sehabbe CORni NabRo(MidatDiRARE 4 to  the
34.96.2 Critical flux (LvH) 90 80 It can be seen from
Tepce opmeRst of herpardast iomagssési ahedGUBR-r enoval

ef fi cirenci ceede & % 4 _and .

hour S,I%an hleg)l’(] ?r%ll tsré%%f% uxtg{%e [ r'lé%g%c(ge;s O%f %%tﬁdﬁ‘g and
weisehackieeved.che |dewsiraparant sat igfaoily seantdos particles

perf or mance achi eved at the HRTs of 4 and 8 hours
oSt Rt 1Ds bOR eﬁ%#%wﬁel&@&%a&@&cm% granular

dabaakhat de  syscesplwlckor myian,and/ Qfﬁyrmis@tgc'lqrﬁ%e and

of granular Dbiomass particles in the GVBR 10 wa
dépicbeadebyst®prs epB8tePi Ve 3l ebticpn Flor slluddead, permeate

i cles. A i_ngl t ti th R 10
83651 S22 ALERLALO Vo 22 SRR 9Bk IR vorume

past relhesedr eivwasbRBradt, rybiketibgavi er conponents
are retained in the reactor system The selection
presstit-8s tHath@msy et IrGRAI SPantnegeeneifofhefreactor

S5ELPT SRR PLES 0 GO Ak dopion of e
Plhem26s GVBRk1® leper attes: | tha G¥ERentsabpeatdlkddeafut any
EE&%EQQ@ 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 LMH. 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 in
membrane performance is likely caused by the disintegrated

biomass, which released large amounts of foulant species,

“such as lysed 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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reaction, filtering, settling, discharging and idling.

As a result, the mcroorganisns growing in the GVBR

system are subject to a repetitive selection process

of periodical operation cycles. 25 It is believed

that the settling of mxed liquor and discharge of

supernatant within the GNBRICRB®ating cycle serves

aS||n¥%§aa£SE§8g8 SIﬂ%JHﬁWDtIng t he. gevelo "en%éﬁod for

granular bronass. Wever, 8p8ra§

ethd romseniatt aod physembegmcahatom@mbﬂﬁa% aﬁﬁh Bénefits of
croblal tar vatlon and hydrodynan1c shear, and fl ow

e 9T 3T aich TRMES AE6n i Lded- 108 -t he
devel qruenty ocf‘l@é@né’f@]'_u@h@gaéén' Rt NEIBR G Sy1th membrane
order to verlfy the effect of settling and dISC ar ge
dni it tdewe| oprsemig, of geanul amibiromassopart u¢tes- flhtratlon

R 10, .th | at ed
b::lﬁgnrlr)a(%sggl “nd vq\ggeeo%@altré% %‘?W#onoscg%%ﬁ%}q ?% ‘gjaﬁ?:i prlor art

dizsthar gerstigpsmt St gpode 88ds St 8Pe5) ovkebard, ferneat eleast
10 that was equivalent to 1/2 of the reactor working
wedie rakes e A sckrstst aret 97 | E¥eatment pEeca®s. Such

SROWS -5Ler 8l Lgscope [ mges &ﬁt %fect %&ng' OB$8h can
egra ‘t he

and denonstrates”~that severe dISI on o
peafess t ockniptzace wheht tdel GVBRoflas mapedat dd guicizhouitn  the

EREGor s L%%@%i%s%é%%ﬂi%%i Beteire (i) and

- menbr agg ik bk awhen YGSt OPET Atredy i anidh into

settling and dlschar Steps. Menbrane filtradtion
ﬁﬁ@@g@ﬁfor%@@ﬂ%¥aﬁpp Mﬂma&ﬁlotOVﬁ@Hlm;ﬁﬁﬁﬁﬁW@SonSuhé as

pRotubIzLged Bl yggga fi1e, achieye a akeady, st Hignical
['ux appr oxi nat el T was acconpanle
doxdpiidy aaddSI@@tﬁeﬁanivaimahﬁﬁﬁtyIWdENPca&baﬁl4aﬂdkH@nergy
Iggail}tg:cglfsl Wét@%s a%re%)scllrxrraet elblolloogkll?:a}al( angregétsnllgrgg afl\%grreover,
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 biocactive 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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operation. This indicates that severe fouling of the

25 nmenbranes was taking place. This severe

deterioration in nenbrane performance is likely

caused by the disintegrated biomass, which rel eased

| arge anounts of foul ant species, such as |ysed

ombe syt ioxd racehl hﬁghepolf)llmr ipcemmkaas:team f S) r@hgit ive to

sol.ubl e cro roduct s into the, 30

ST LoRaRPE Shoni R phila secheaGbliry material

s fd4anufdd lgddn t he pores and passages in the

menbranes and cause a significant |oss in nenbrane

filterfsbiantageplappl itathaonsbeFhe fdiwsl okgd the inventors
i en Vi tho for the treat nent of,

\;\egn}ls]aiocgma tl%t I%{a? c%g ?Eﬁggy\% beﬁcef S of WY bRt in the

gticil ceredbivartess tarch tesmr mddslst ration. 5 Nearly

cl ean Jfl uents can be achi eved w th nmenbrane

filtrdt9GH PIFY S 9ay, 1hi &3¢ Beenl thoad | Py atfihén inventors
ey apRs. ik fol ing pge&hﬁjﬁrazz% ag;ahed %L&@ﬁt@f or at
art waste treatnent processes ar€ overcone or at

legsstt  anbliborat eﬁblbljlltmeom sthesetemiatare { r datwrent fouling
rocess. Such Oms% foulj%lgls mninmzed nthgCl
SRBRLST R oe8N 2pe Rt r feFonaBFLapkaged oF
ldwiled.n the presence of a stable granul ar bionass.

Addi tionally, the aggr egatl on of m croorganisns into
conpadthrig@anuthe bidWaES1eBNf d13F beheent s iddststaaters with

Qre%%(étnlc%n @gal NS Q(Effjﬁ% gllre]ﬁ’dlr ESI%tlgg %‘1 dC é%ff‘l can be

toxicity and bett aval ity o energ
S:mmct@si f otoef f eeduive bitdlegi phlystitadtigent . chmEOHBERy and
known to be hot-spots

eba rial po ations ar

SIS R g JeTEaRE B HASREL A CHOTF Yo ch i 5 a
strat aoy 1esed: 0 byngbatoBhal emupLiies ha sReddd with
exi stl ng catabolic pathways and adapt to the presence

P ieardisicot ites ian tEqifienviremwiem . daniddwrateigar d,and  a
%b%%&f&%cg%ﬁgcfg operating protocols, variations in reactor

configuration and operating protocecls can be introduced to
establish granular Qsludge 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 1is 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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m croorgani sns wthin the granules can facilitate
hori zontal gene transfer, which in turn can enhance
the 25 ability of granules to degrade recalcitrant or
toxi ¢ conpounds as the genes that encode these

bi odegradati on pathways can be nore easily

disd i findteibrio atdesdampt £ Dot g andsesy i Adviant kgeodspy, of the
it has_been found by the inventors 30 that operating
t?ﬁ?%ﬂ%ﬂir Tembrane with at | east 40% of the

bi oactive material in granular form preferably at

| east 90% or nore in granular form significantly
rgirienceior e bl ocki ng and the adsorption of colloids

I h . t , the. :
o, SO OLoghl ML AUAN HEOUELY Eirarion of

pertEatandviedistewdcde] atdve &01itSobMengedi senbpapesc Health
with mnimal or no bioactive material in granular

A5t C gt adkeisingtany #a$ -been found by the

ventofifrord LHAL Fond SHROlGRECCSRALYNLO Mid |1 $8RRLng Dy,
carriers I1n the disclosed water treatnent process.

Atheant Glgenus | Y reetmeas keensyouke: by whetemgeatols a novel
t the size of the granul.ar particles prevents or at._ .
|”25§it PRRRb; € FEdFing Shiegs n@rﬁﬁﬁjﬁé’?drbnf\é’e{ f 6arFAgliing
Mbnwﬁmi_eerr&fo@s_gggf at eSloph £ 8t PHih O Al rake cARBLHOr 8L 8/nology
or avoided. Wiile the invention has been illustrated

w44 S)ref erence to a specific nedia, any liquid nedia

can be treated to reduce the physically, chemcally

and 15 biologically renovable nmaterial therein. Wile

the invention has been illustrated with reference to

a specific reactor configuration and a specific set

of operating protocols, variations in reactor

configuration and operating protocols can be
i ntroduced to '

30




10

i5

20

25

30

20 establish granul ar sludge wi th sinultaneous
menbrane filtration for the treatnent of wastewater
to achieve nearly clear effluent with m ni nal
menbrane fouling. Wile the disclosed enbodi nent has
been denonstrated to ret@idim@proxi mately 6, 000 ng
L-1 of biomass in the 25 reactor, bionass
1conderf3 %S o2 F o at FRAERPBR BFOERESWASTBWASERT| bhE Steps
o@pplied, and higher bionmass concentrations in excess
of 10,000 ng L-1 can be retained in the GVBR wth
hi ghm)wmtiej/ﬂatgerbioad’sivttmwitlelrllaé dpparenie thater, the
bvarlous ot h glfIC ions 30.and adaptations of the
AR TN REPFBE (FPAreHE LD THETOPERSBhouRI ISARARIE OF
rdl®riatd ahkeror eadireg Uﬂﬁumwggl NGondi BREOS & ¢ water,
W t hout de artln fromthe spirit and scope of the
wheiedrt i % byit endedet RAt saktl bhohct2ge material
Amady 5 c wi.thin th scope of
1 t he dag"gafasl'n e q: a}Ldsa%@fﬂj‘rIjlet?ae"%‘lceecgm?1 5 nu&lﬁﬁA%
St andﬂrphsmn'i"g)ds {p@jrﬁm examuhat i wasiod waaker tam_ﬁbugh a
stewater, 20th editian. Arrerican Public Heal th
eatlﬁﬁpaV@tEﬂant enely 2thg; ufsRRyanganggRgrator
pr@aﬁ’ant%haoz hecHua, 1 Gygeheng Du’ma’c]éz?‘fhfhen’fro};{ eat gEBLing
- of synthetic wastewater by a novel 10 MBR w
tf@'reﬂmrmugshl udge devel oped for controlling rrerrbr ane
fouling , Separation & Purification Technology (2005)
30 Caine 1. A waste water treatnent process
2.conpr v dtg: tiier &f epseathentappoerkdi RG MRAGIdYein claim
material in waste water, the 5 bioactive nateri al
rcoOMieE g SHPEEBBE§aALENE apabl €asfl biocactive material

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.

S. 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.
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renoving one or nore inpurities fromthe waste water,
wherein at | east 40% by vol une of said bioactive
material in said waste water is maintained in
granular form and (b)passing a portion of the waste
6wat & thsioeighater 1@ reanheane pveparsat ofs aherwby theclaim
menbr ane se ar at or revents the bioactive materi al
> (SRRESEINy Ththertethidigh. 2. A waste water treat nent

process @§oﬁi@@ngge'&ﬂ@ﬂ@d?ga%és%s‘%Bﬂﬁﬁfhed w1th1ndthe

substantially all of said bioactive material 1 n sai
bigisitd Weat eedds  maitistrdiaded tion dioamul derberm partAchest eof
f/gﬁ,}er Jrgatment process as claimed in claim 1,
conmpr i si ngethe step of: 20 (c) introducing the waste
water into a reactor having a chanmber containing the
b| oactive material. 4. A waste water treatnent process
s & AIEE | ¥R ePRi AreatnGREr BT CREBe R Dassenedr dughlaim

6t%m1 Re +3ePARRLON, £.25 produces perneate water
having a | ower concéntration of inpurities relative to

rej eldv V\agetathag hiase netuspassied! thtoudghlt hieo mertbr Aaest

t or. ste ter treat nent_ process, as
PEA Iecal lﬁlh&beh V(\@ %Fr P4he" Tt hot cbiipr PgEgrane
s_etlda@a&b@p of : (d) seedl ng b| oactive material in waste
water within the chanber. 31 6. A waste water
treatment process as clainmed in claim 5, conprising

3L N ASUER “y L6, OF PUL ARGl De L EEQQT QAN]SR Nt 8L nefas iy

B oact rve” see 6 for Tt
7,pacipeliesngf the grepubdr size. 7. A waste water

treatt nent 6:F)nlrooc;ess s clainmed in claim 6, conprising
t he (¢ ep T6FOVERP adiORGHF S hd A Ripehde Pk & | aF t%f a

di@thk@d8t size from the chamber whilst retaining
bioactive 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 bicactive 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:
(1} 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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10 partially inhibit deposition of particles on the
menbrane separator. 8. A waste water treatnent
process as clainmed in claim 7, conprising the step
of : 15 (g) renoving bioactive material particles of a
di sctipr gesugidey iffcomokkgeohashes inihbst ga et atdi Athe waste
bi oactive material particles of a granular size within
“ItRE chanber. 20 9. A waste water treatment process as
claimed in claim 8, conprising the step of: (h)
all owi ng bi oactive particles of granular size to
1%etﬂieW$ﬁt@ refeon tadpsvent thredsstst am oflatreedhanbelaim
C;Iﬁtl) J_,J¢§6’,\:l\/\1/§ast g, hat.er trfat ment process as clained in
1¢ cl G EHnpiT sing dt'ter step (h), the step of: (i)
di schar ghqipraei e €BAt @kBiag h@t@isﬂﬁflsé@nlgésts%thlally
di scharge size particles fromthe chanber
IRERE watePosiddrent Opr oceREt beles ai e i thel ai remBrane
S fid- the reactor is operated in a batch node. 12. A
waste water treatnent process as clained in claim 1,
conprising the step of: 32 (j) supplying

Xygen-caontain e waste water, 13. A was
Lt & R A, BeRebRab e piRRES s kit i 2 Ein
1 X,0Mplhé B& N %BQdStanthi‘tlr( ) c88bEEE 80 glehe tiast e Wt Ghste

to at |east partiall i nhi bit deposition of "particles

W& d-he nmenbrane separator. 10 14. A waste water
treatnment process as claimed in claim 13, wherein
said agitating conprises aerating the waste water.

1515. PAweasitee water treatment process as GllaiiesH iin claim
cl ai

13, gherein said agitating comprises mechanically

agitating the waste water.

16. A waste water treatment process as claimed in claim
1, wherein the bicactive material in granular form have a

particle size 1in 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 50um to about

10 mm, about 100pm to about 10 mm, 500pm to about 10 mm,
abéut 1000pm 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.

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

to settle under gravity in the chamber of the reactor.
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15 13, wherein said agitating conprises nechanically
agitating the waste water. 16. A waste water treatnent
process as clainmed in claim 1, wherein the bioactive
material in granular formhave a 20 particle size in
18t hezr angeteel eatted f romathengr oyrceenss stdng ofajakeut in
E %o about .10 nnL about 50pmto about 8 nmm about
Cl§6 mite SBBRFI61RH t8Bo6EeBOBM to about 4 mm about

50umut o abkeut; ut t 0 about;
10 Omto abou#%(l;%%gg Oﬁm%?]o@ ag'gﬁe? 1Lg08tn%1r11%0[2n;]babout

mate@dpist dnaboanhulermiprabduem10Bpncharabout 2 mm
about 200pmto about 2 nmm about 400pmto about 1.5
nmm and about 600pmto about 1.5 mm 17. A waste

19vat Br whkeat Rite ProeesSnas: ChobaBss i Bs 3QaghddMmidy claim
conpr|3|n the step of: (1) allowing the bioactive

3, nubeERAD gﬁegFﬁﬁGFﬁF Férﬁpefétgét%Feauﬁ@%Fl@@%W$tW0¢%
t he chanber of the reactor. 33 18. A waste water
treatnment process as clainmed in claim17, conprising

20theAstepsbé (ekeremivieagmeater paboes st hassetdlladthed in

i.oactiv materials in, ranular formfromithe

oL Rifoger VRer et e Be 08l APt Latmam LS Thad Sstep of:
cl aifpdsieneehan® 3.t @I%mﬁew%t 8kch8ngReraked by
in a continuous node. 0. A waste water treatnment

Papfdedss? agedlesitmed valwoec| af mvdstshervatart h@hpcatstsm nghe
me@ﬁfgngowg%ﬁﬁ?%$JFESt§$ Qg%n (Q%uﬁflegglngFa tar metrlc

urmet ri ande ra y passing ect'e
exybhuge ofatbst elanatserid hvoughet hes npabtaneysepar gatised
wherein said target volunetric exchange ratio is said

thyopdie U1 nag @ miter SpREEEEOTS FRIBhYRSt heo et atetal
inSEPAT atsy el awfvewsgt&hewé@éél la Nichical -MQhHEE off the

waste water 1 n the chanber of
reactor.

21. A waste water treatment process as claimed in
claim-ZO, wherein the target volumetric exchange ratio is
selected from the group consisting of about 20% vol to
about 90% wvol, abcut 30% wvol to about 80% wvol, about 40%
vol to about 70% vol, and about 45% vol to about 60% vol.

22. A waste water treétment process as claimed in
claim 1, wherein the volumetric concentration of the
bicactive materials that are in granular form is in the
range selected from the group consisting of: at least 50%
by volume; at Ileast 60% by wvolume; 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 biocactive granules for use in a

water treatment reactor comprising a chamber that is in
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reactor. 21. A waste water treatnent process as

clainmed in 20 claim20, wherein the target vol unetric
exchange ratio is selected fromthe group consisting

of about 20% vol to about 90% vol, about 30%vol to

f abbdit c8PaNOEat BbOULi 40% Mehbtenabeubaf@¥eo¥pl thandethod
about 45% vol to about 60% vol. 25 22. A waste water

O rbTEM RiREsagr@mikisy sHP e Hing thewidrdis afiie

vol urel Tl LaGANEeMtd At al; fd1e sl Pagklcte; ot ehhal fagee
that are in granular formis in the range select
witem tﬁnhé:hgrnoupheonﬁlasubemg, ofcheatbieastlﬁé)%sdgd vmlauﬁelal

east 60% vol ume; at t 70% by 30 vol une;

A TSt by R e | et Soot byt obP s OHF PEatpre
159 byi 90| e @andl walsdeasit 88% by V0| une. - 23. A

met hod of form ng bioactive granules for use in a

wat efPk r eaeHERY géacmﬁr@@r@@n@.w FoHaigEd thithig the

'b:iti'aéc e% %éjd aclatt'boqfov}gr& riae;lc a%%csl%%ar %tn%r

orm ng bl oactive es “conpri sing
the &tlepsrafievie) spepeidl ey bcbf)acial veeseedeﬁat @i kaharge

in waste , wat wi thin the cha t he bi oactive seed
PRSI S1EE chrm| T ChErobr "ghighsrﬁsﬁam%g opioactive

' pdﬁﬂﬂh&é&ldﬁ“%‘yéﬂgﬂﬂ%d'dﬂ%ﬂﬂﬂére%iEkpqh&%ﬁnW%%%eCW%E%%T

(b) growi ng the m croorgani sns contained wthin
bi oactive seed material to formlarger particl es and

C) rticles sel ect ed_dischar
24&)artp|[ %i(ge} sl zeonjfar%ém he q?wla%etflml QFE?H?]Z?S{:\I A nﬁlalmed in
clhiinai,veEuaidd doeprafsiagselhectsedpganul ar si ze
Wit hi n the chanber. 24. A nethod of form ng bioactive
gr aniilesagitefanfed-he suspendes) m@F?ﬁéﬁlcdm)r B&j ngeast

péﬂﬂiéﬂf%’fﬂhlﬁgi(dggégﬂgfgﬂrgktéFEE%E§E%] L ShL Al rane

to at l'east partially 1nhibi eposition of particles
semaaf@menbr ane separator.

25. A method of forming biocactive 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 material in

step (e).

27. A method of forming bicactive 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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25. A nethod of form ng bioactive granul es as cl ai ned

in 20 claim 23, further conprising the step of: (e)

i ntroduci ng further waste water into the chanber

before repeating step (c). 26. A nethod of form ng
280i oactiewth oyl anful Rsrnaih g dlck ive Bl BN 2D, cTakde@rin

conprising the step of: (f) providing additional ‘
= 'lg'gct%@'e SR PR er FREPI n (£t e S e)epERted méthodolfain
bilAICHiRG BAACL e G ANHES 39 k@M1 230 SIAl WPhin

wherein in step (e) Is repeated to obtain bioactive
theachiaplbes .of the sel ected granular size within the

chanber. 35 28. A nethod of form ng bioactive granul es

as clainmed in claim26, wherein step (f) is repeated
29t.0 ebhithodigadrwa mRadidd@siwf dhenseledLd-1ained in

granul ar size within the chanber. 5 29. A nethod of
clfdinidy KeBREtsdaIgEBRUBESPasi¢l ained in clai m 23,

co Iy Si t fo s i hj.Qactive, .

or el ar o ouind e ® ELpfiRR RRRE R g, to
sed@leAimethed cbbmberm ng bi oactive granul es as cl ai ned

in claim?29, conprising after step (g), the step of:

(h) discharging water containing a suspension of said
30di SahaR@acsl 28 BRiGleD IR Re LA 3D Shirfdd in

met hod of form ng bioactive granul'es as clained in
clafimi AP23cowpmppispngfthe step of), (thesappbydhg

OXVQST' C&fé@ﬁ&%&@ngaswattoeé heco%%ti%invg\fat gr "suspension of

said discharge size particles from the chamber.

31. A method of forming bicactive granules as claimed in

claim 23, comprising the step of:

{1) 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 biocactive material containing microorganisms
capable of removing one or more impurities from the waste
water, wherein in use, at least 40% by volume of said
biocactive 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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20 32. A waste water treatnment system conprising: a
reactor having a chanber for containing waste water
therein; bioactive material for suspension in said
waste 25 water, the bioactive material containing
rd¥ &EO0LGRBISBha€aPRRY engt NAIENANI+8R6uGh "HE membrane
inmpurities fromthe waste water, wherein in use, at
SeRBSACLA0% by vol unme of said bioactive material in
"said waste water is maintained in granular form and
30 a nenbrane separator in fluid comunication with
33 he A chamber , t herBdmt a HEHdnONasf diheimast enwad Bfin S 32,
assed through the nenbrane separator to produce
whiiSidht & Nfat BFMPRERENgS8PREREP T coRtent@GRE®h ofithin the
cHAMuA ties relative to 36 reject water that has not
passed through the nenbrane separator. 33. A water
treatment systemas clained in claim32, 5 wherein
he enbrane separator is |ocated wiithin the chanber
34 A NBEEr (TR TR syYFRas El A Shamiea 32,
wheheriel ntidengmpbsasessppababer iiss 10t autsige 8F the
the 10 chanber. 35. A water treatnent system as
chambisfed in claim32, wherein the bioactive nateri al
in granular formhave a particle size in the range
sel ected fromthe group 15 consisting of about 50pmto
3%abodt @8tem tabmimebOpmstyeteaboss & lmhmeabout Rt 032,
about 6_rmm _gbout 50pmto apout , 4 mm about 50pmto
"HASH® 2t PAEGGT 16p M behbvht 1n @R U sdout O80T 2
padQll el0 sie SGBPMhe abaulyelO sBk -+@ROUE - LRO00RALL Ogroyp
about 10 mm about 100pmto about 2 nm 20 about 200pm
congighdma 0 kmpbabéut> UoOphvt @babdut 1. Bmmpabout 50pm to

about 8 mm, about 50um to about 6 mm, about 50pm to about
4 mm, about 50pm to about 2 mm, about 50um to about
10 mm, about 100um to about 10 mm, 500um to about 10 mm,
about 1000um to about 10 mm, about 100mm to about 2 mm,
about 200pm to about 2 mm, about éOOpm 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 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.

37. A water treatment syétenl as claimed in claim 32,

‘wherein substantially all of said biocactive material in

- said waste water is maintained in granular form.
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and about 600pmto about 1.5 nm 36. A water treatnent
systemas clained in claim32, wherein the volunetric
concentration of the bioactive 25 materials that are
in granular formis in the range selected fromthe
3gr oup Ot g nefit aledRast K%M inpl ume; at | east
60% by vol une; at |east 70% by volune; at |east 80%
by Vool ShAbat Tt imns byleetuiee mateshal syspepged in
wé’sodé'me’w@@gr at | egst 9Qphy vwqlume. §17alA W@Bﬁ"talnlng
treatnent system as clai'med in claim %
mxnnﬂﬁugaanMQ/Gﬁpabﬁesnﬁckémmmuﬁqv&nanbﬁrmakelmmpaandles
mast wat er i ntained in granglar form 37 38

gt T et ARk volute of

st & W Ak iBl0aGHA tig- Rt eri@I saspengdedi bn yMeste is  in
water, the bioactive material containing

| GQﬁﬁﬂﬁﬂﬁ(ﬁ9¥HSn§n@apable of renDV|ng one or nore

AL s 0] SERLIRIESLE ARLEE RSl Plehegetn e

o sal I 0acC

chmsbteec vmzeralswmggaa@idra:rlofmrm and &a@t@bﬁm’t%r to be
s%fa ator in flui conmuni cation with the chanmber for

Eaeﬁeblaif?ﬁl% GG hEDRESPYE WRERIUER BETTRG HFas¥aleT
naheiet ir augh andot her ebyr preduge PeEHEAL €0 &atreerlata\(}en 9to

a | ower concentration of inpurities relative t
refgicdct wabeer thisdt has nott passeedt hrlooughgh hetmaenbemheane

sc3gRarator. 15 39. Water produced in a process
ator - ) .
onpr|3|ng the steps of: (a)providing bioactive

material in waste water, the bioactive materi al
contalnlng m croor gani sns capabl e of renoving one or
wor@atﬁﬁuPFPﬁé§eﬂréﬁl?h@rWﬁgﬁé wererisipgeitsien saeps of:

' eaj% v\g@%’vﬁ}ﬁl}ﬁ Wi, Qfy sSA d bl opcti ve,matenial, 20, in

sai ste mat I's mal ntained 1n granular form Hd
bicactive material containing Hucroorganlsms capable of

removing one or more impurities from the waste water,
wherein at least 40% by volume of said bicactive material
in said waste water i1s maintained in granular form; and
(b)passing a portion of the waste water through a
membrane separator, whereby the membrane separator
prevents the biocactive  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 microcrganisms capable

of removing one or more impurities from the waste water,
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(b) passing a portion of the waste water through a

menbr ane separator, whereby the nmenbrane separator

prevents the bioactive material from passing

t heret hrough. 25 40. Bioactive granul es produced in a
ametdiosk disn cdai Peglst i & gbat R3or43aid WasketWVatehaterial
. treatnent process conprising the steps 30 of:
19 prFA R Hivasti ve material in the waste water,

sal di b oachLyegatar i al,contal gl ng: i CLEOr gank SPB ot i ve

capabl'e of renbving one or nore inpurities f o the
mageesttiea watcer ,in 3/ zandh avheroedim fatonl esadtd avapdret warteaf; and

sai d, hi oact.ive material is_i nh%ranul ar form

reno&ﬁ'k}r?gasa%lqgea@t PRSI ont of-P&ai W B GaleFe (tki?rough a

- mefmal BeparBtgEaNUka e iy f EAM Sidyasie WakBhrator

and 5 (c)passing a portion of the waste water through

PLREWEYAS ane C88par apépachhie eby mafes iebr and rsepar apassing

BMeNts fhe bioactive material from passing
t ergft}{?r ugh. 10 42. A waste water treatnment process

as clainmed in claim 41, wherein said renpoving step
rises renoving substantially all of sajd

co | . :
4% odct A S 8T TRl CREREPRNE gPERGRER PoT ARG aty claim
avastendedh - 53i39 removing step comprises removing

substantially all of said bicactive material not in

granular form from said waste water.
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