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WO 2007/ 056818PCT/ A1J2006/ 001728 Sewage Treat nent

Technical Field The present invention relates to

a nmenbrane and a bioreactor for use in treatnent of

w6 YR9BsespBackground of the Invention Me pbiaRSoes/001728

bi oreactors, which use bi ol og| cal matter in

conjunction with a nenbg d Preafifiegr t materials

supplied to the blologlcal tter, nmay be used for

bi oreaction applications EgbmicalEielche production of

usef gho SHOR ARG e 1o §1RNBlake Qﬂ%rﬂ’ﬁ?é%ﬁfé]; foF @6 treatment of
ant i bodi es or vacci ne components I oconver si on
sbwagegani ¢ wastes into biomass or biofuels, or

remedi ation of toxic g ng degr adati on

of toxic chemcals to E{FQ%‘%@ E%blﬂlg“aval | abl e forns

and PMembiapé ﬁameadnrs;awhidedsgcbwimabmﬁmun sanjgictionewihya membrane to
('@grﬁ]v% ?hat fials supﬁfe%gg %é'rﬁhggrl ﬁ'n’éy Be h%ég f@é}%&@%%ﬁhcatlons such
lalsdhaaamdm’flen obneafmsaubatmwsj fqg&xarapled: arnagritiesiss aptibodies or vaccine

L&?@@gﬁt% %S gto?dn%r%@rf& g@rﬁg? %ﬁ&g@{) ?ﬂlﬂééé o?gi!oituag etﬁj {emedlatlon of toxic

'or's tron DI oreéa
nrm’sta,t inclgpindr degnatiation eftHoticehemicalsitd ingni on nér-hicavailable orms and precipitation

|1y agitated bioreactors
%FE@@’%@P%Q?@ eg[%?ors and air-lift bioreactors.
Non 8opatiipt méahlg;)mmmg:)rbmreadonsudaa hasdansifiep hass mechanically agitated

%{ogelagtgr‘ét %&@ma@ﬁ&%ﬁ@ é&?&?@rsgntrl Itlgtgf Eé@l? &&gr Mechanically agitated
PBiveazniartsi mdhdey agatmraagﬁahobl tmream]ra;rrstathgp deal bipreadors; gud spin-filter

SRl oL O P U e B B s

glmtee biotgapby iwfudelgassmis phate bGadory,peygehpermehlsle membrane aerator

a variety of systens to
2’ tq@ %’ﬁ%gﬁégﬁg\@@g%ﬁﬁ process |liquor remain
wel | Pmmmdcally agﬂatedibmgaabtmpeyﬂlcaﬁysconpstaj)al viakfiteegd vath cheration vents that

gﬁ%g% R ggougg ‘%lle r&&ﬁeg 295‘ c? @eﬁq.l f,% iﬁt% ﬁlﬂ% q,gfa&géﬁes ?upply Wissolved

eRRiai for tHedfiontabe  Bichnemhrs Bomivasety of sysiehatotensaré that the biomass and

DY TSR el S Floufing RS BBERrs, dingIBR, Rotiiee ore aso
sed 1o0scrIpel bimia@epfrm tteagkdeafdf dhe wbasehgpemningigs foeling and ensure that the
B £ Same b e biess HHDE Fob Ry b sy i by sysms i
ﬂﬁalt mtelshealr fonses pssosieiad @ittosuch hte({nglaodmmngwian oiltefnld?mage fragite culiures,
re ve ense es the viscosity. o e, .

400 Jo ettt Doioad ARG AR o B oSty s wel, te
@tﬂﬁertcb of m@blemﬁﬁs ﬂméhf|SlﬁllawelﬂfenﬁpInaﬁadeelme@}sy@ﬁmofMeactlon medium,
ot her

,trwstrqgigg %{ﬁh 'BB!“QF‘ quy a lﬁ (pfél ggc?r{rc}; n@%%ular oxygen &lnc!1 other gases
C\T«mﬁ ih @RPSIB6sH Strdaf V\ﬁ)é re@ctibm int he aveiibilli biyoxpdent lels fo a corresponding

bi onass, . ensur at nan cel | es no Ion
FRAHELPD 508 ot hi) e ast i it (A oo e AR Ber gt as they

oulll enaflrd] spsRinisde.p Nt Sofareelidaterfacdor ineha:@s@ ommn@ncdn@ hile bathed
cells, while bathed in blood). - Ti ssue cul ture
qod jms i ncl ude sparged bioreactors and a variety of

subngigRdufis fsmsgmwefspémsd amamrs @hd b Uakety 6i5§u@h1§rged surface-
or rolllng druns. A disa t hese s

oruih SYRlemG it cuibere ypSseR 9 BN Quid: A S@@\fapta%wyfh%%ﬁ gistems s that the
gtﬁk‘eeoft gl i§ wawé@ libwl lahd/ hétce dth§ ﬁ@dv&ﬁdm@)@! @%ﬁbl\}éﬂ Qﬁf@ﬁ becomes

imting once snall_ amounts of bjonmass ?
1“[‘1@"9 ahpe "mammfﬁtopb'ema%ﬁ heud, | rwg- 589 yrﬁva% ty o Gissoived oxygen
2007/ 056818PCTI A1320061001728 2 prevents many types

of cells from being cultured, and many cell lines do
not function as they would in the body, where oxygen
is nore readily avail abl e. I n packed col um

systens, cells are imuobilised on inert materials of
vari ous shapes such as rings, spheres saddl es or
pol ygons which are packed into a colum. A nutrient
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t oSecondary sewage treatnent may invol ve activated
sl udge bioreactors coupled to a clarification system
The biomass in the activated sludge is high

wbtz)é&'/o‘%ﬁéﬁy 3000 ng/ L) and is oxygenated by SR&ayQI206/001728
air di ssol ved oxygen concentration is typically

0.5 ng/L and the biomass oxigises t he sol ubl e reduced
organi ¢ nol ecul es, the ammonium cations to nitrate
ahi ons, and al so floccul ates particul ate and

qsféjy%ﬁg E\g@ Rep grqebqaf[:ogﬁ?eﬁ)r{rq%ﬁltu?eﬂ énlag‘fa \A#ellﬁﬁéstdo%t iBR8d a4 they would

stem stream
if tha bidyl \m&t’e axpgeawmﬁmwéllyamahie; the majority of the

suspend |IdS fro h
ol A bR PR RSB iy s
ésh@wg@capher@d exdidiss od gelydoine mbidit trer gacked intgi eh el t%@uﬂ'ﬁnb ﬁtfeam i
bi omass concent ra ti,0
S SeTeR? U Ak B LS R GHAEN PERAORELT) R Romg s bty
sﬁ\ht@dﬂ hé SUBIYRS oygéroih mfnumere stgs,am ﬁree\areo@yalmw ﬁﬁ@ng mode and
ase stens for
S s T Rl A AR KRG bt g
SreEeRnan iedd oragglomertionmf ie pdwng;mda@doggl of Heceurpe Cost is also an
treated, a fromthe |unen of the
iequigfr higkly @r}gms%@iv%rﬂg%ﬁglﬁ%sgane itself and provides
- OXY ORigorldBry Scevagd itlemmenicatye thvalve tlivateditshidgre bifeactaie coupled o a
menbr ane. The_nenbr anes . re t
delfsisee e Cid et M 5 Aah0g ot and i

a E’, oay apBgin@del [Thodissbied okygen mbgntratmem f[yeicélyto 5 mglL and the

b@%gsggggég t@q@ggkéﬁucgi&&eﬁ en’eq'leic@% gw bdg‘)@%% i ca %ﬁﬁﬁﬁﬁa’te anions,

fn’ﬂi §Isosi{c§:btﬂéfésl bé?ﬁbutafeeaimpenbﬁﬂc&ﬂgwpmatmemrtb&ta’t pajiiek yeasily in the
arge partic|es prov a

@Iarélgqt[prh @fs{eﬁ]éjoy LI'E@ aarifmgattlgrbsérptsré %e[%ﬁés @@H?}E :rg oﬂl& e suspended
dh8s RRdhe 'ﬂ(ﬁhl{ﬁ%@it@ent tﬁsn &fﬁwt?zh)mnd facyoieg Ithetshkislb@massdmck to the
e sewage | s contacte e ar

PP CHga VBRI neinay A1 Rl b e g e s e o et these

&)l'% Qgh Tﬁ@ﬁo&e@y\ﬁrspérgiﬂg mélach@eﬁeddMQdo&ﬂsum'ﬁmadotgg/&mam is
atlvely I neffici

e one to ,
50T BRI TaEReTtgReD SSRBET fopG Rep fayesined Tifpersed holow fior
RS hesSHHHe8 s Rs  REMUhiREedd igiRised iNbtieesewagediquid to be treated, and

3;@2 g,ﬁsgerzvbflgp?rg%ﬁ fgéq%w\pé fhe rq%@prgp%%%grﬁgg ﬁ%@% ggeﬁXd provides oxygen
&Q‘b’ioﬁlhn@ca?eﬁcﬁfﬁ@ @ﬁ@e&ﬂ@%éﬁr’cﬁamﬂm iembraysst require 1t strength to

A preﬁs;@]eqf ,gg%?({]c'éésg&éq Qeaﬁt@tegtpé Elaraa‘@r J[:u(]e tr? e réiﬁﬁely inefficient
%mdeﬂiﬁt% Cof "’H‘ie lsﬁ@a%b Iiﬁﬁl@ Rifothbx"'@ys@baofﬁe séim@adxeamtea’glssthe trickle bed

ention

tsyatendi Ia; (mtsbgygtegl tliaqqgfp@nqarg bﬁc,l S‘WFH@% rg%ﬂ@l@pgﬁ é)aﬁlglg:? arowded with a
ﬁgéracﬁﬁabm}f B&ling the Stagk. fA@%esp@@dd ap\m ihiaggh the bédland sewage is

rane conprising: a sup

tpagsed gaym traughrike l@gsAs, e gev\@gml;s @qantqcﬁa W@ﬂftﬁﬁﬁﬂﬁi &giayer %itreated by
gﬁenFBI@l? é?l@"%lre i%eﬂ%q% déx?§ Sroudfthe Bwér ations bfaiae bed. This system is
a

er on ce and/or in the support

' neidivelama‘flmﬂaﬁnd ﬁ@rqne ioding ace. It will be

under st 90d. hhabi el Hfecdas C?fn %ﬁiﬁleﬂz’{%n@ U fsydtéi for @@ﬁﬁfmg)brgamc matter

t he support nenbrane iquid face is_ th t.her
fand ammbniunh s g aewagﬁeﬁrmﬂ%h!ﬁesystgﬂﬁ@& opsiets i gifocively Tetaining biomass
ne i s porous, the gas
#ﬁggﬂBﬁ@f%&E?ﬁQﬁvﬁg@ﬁ?%@gﬁg %ﬁ | east partially
within or wholly within the support nenbraneThe
liquid face biolayer may be | ocated at | east
partially within or wholly within the support
menbr ane. The support nenbrane is perneabl e and/ or
porous nenbrane so that nutrients can pass or diffuse
t hrough the nmenbrane fromthe liquid face to the gas
face biolayer. The nenbrane may al so al |l ow oxygen to
pass (e.g. diffuse) through the nmenbrane fromthe gas



WO 2007/ 056818PCT/ A112006/ 001728 4 The gas face
bi ol ayer nay be both on the gas face and in the -
support nenbrane near the gas face. It may be on the
gas face. The liquid face biolayer nmay be both on the
liquid face and in the support nenbrane near the
liquid face. It may be on the liquid face. The
menbrane may be a nenbrane Bor use in sewage
treatnment or in trea 5 other waste
stream The gas face ‘%f%ﬁé%ﬁg%§°%e a biofilm The
li d1usi an objacief the prlesaneinvemiion it eveecolme of substantidllyeametiorste atieast one of
i gﬁ*ﬁl | anar menbrane. The support nenbrane nmay be
4 é@ 2Vall89Sor t menbrane The menbrane, and,
|ndependently, t he supmmofmhv@ﬂen may be

C o PR BRI O A P GV LS SEPava el BF nbrane haing

a fiEREsAAQa0RE Sad TbRbERTBAMGTRY De capable of =
ace troma |1 qQul a

separ at i 0% eﬁ}%as at the gas

t he IGYRY EHPENCThe menbrane may be capabl e of

al Lowy gﬁig fadb Blf)ld?ér%ﬂ tfRfga8 ?a‘é§§ncﬂdﬂ‘iﬂ & supb&ttinfibrane near the gas face;
t herethrough (e.g. aqueous liquids) wthout the

ext erdfid| appllcatlon of pressure. The nenbrane may be
capabh| I [ L
i omtétlﬁw@ffacé bi:pféﬁéer%? (t)r%'tlﬁﬁlﬁl $c0 En(gérflrgtgg @épﬁpllg n%gﬁr%ﬁéé ﬂ%? the liquid
may 6@Bcapable of allow ng d|ffu5|on of a liquid,

L 9 Couid f
o B8 PR il SO B 557 e o e
liquiti fadeLis itteroticel face w6 the sﬂﬁ)oamtdambpmé dBirak liry samteh@nboediolents) the support

R4 Pl B e ot R BRast SRR bR AR o sl winn

thegaspoftavaen baame T tar Ilqtlild davettieaygramayf lbecbedtal 4theast payfisilyl wfthim er wholly

. The nmenbr.ane, na ble.of allow di f fusi on
witi fog 00 T b oG AT SRR e Be i Re gD o yS hefbrane so
thaS elitehlsecanplage o @ifiuss Unbughshd membi@nd Sorh Qtie IR fade BOhE gas face
fromthe liquid face to

bi ol_ayers e. gas face
b'o'a!f?&ﬂgg MepBian May @'é%a"f‘)}‘-ﬁ(é’glg%tot feés 1%%9!&‘&9} ‘g@ég'h‘ﬁ%l mgmbrane from

the@laé favd Bahdighi l#&:'e%la%r WKMOGR of BotB of #HE 5|§l@*éf‘§i§lare2\ﬁmlly within the
genz)fromt he gas face to the liquid face

SUPBP faapbrane Be mMempRDA i P%W?Qh‘?etog)éwef’é@élstt@ aloMieoygeUp gpass (e.9.
dlfflfS@Pﬁl‘OU@y thB hfRHibFiRe ﬁﬁmgl?é‘gﬂs%derb‘ﬁdl‘of awiigid \%E@tobfhé’bé‘yﬁée biolayer

for su portlng nmet abol i Sm of bacteria and

andjcf Equishipce bivleyenisn arﬂplayarys heay @ farg %mp;saﬁmbraﬁm me;irg nay refer to
the gigFgFeg{b;sigi’% irt 1€ FRRibrand B éf@'ﬁﬁfaﬂ&aﬁf e Bffe Wi o) & 0 f‘of the

_ , pressure across ne may cause
totahibickneamef theondnisane, dreba dif@wrftomtherbceawém@y 1% dbpr 5% ef the total
material, and - a gel supported by the
thm%%ss&tt%%e%fbﬁnleal The gel may be di sposed on and/ or
[ nTham nl/adirst eipectufthe tihaossepibene ts pravided b alembriEhecanppsing: t

mat er.i_al rise yen ar non-woven fibrous

et op ol PénbARRiaRE A Bl e AR T u The |

suppeghs faed oidyal at adocative saledied formeh tlfmgae Ifaca,l in tha suplwle Membrane
“materia ose

T b e B B BT hhe @l P B R stproR Siegbiane 2R

mat epilighid fRe bityeC &P Idcaten delecadi n‘rmﬁtdnqne AduicBfale, tieheOsupport
nmore of these.

The, support be interna
to tRHeMyane gear; e fig 3’ Eceeﬁf'@ﬁﬁl O H‘et 'Hé'd gléfe angyin §ig sppport
sur f geRphher eof . The support material may be
hydrophi lic or hydrophobic, and it may have sizing or
may have no sizing on the surface thereof. It may be
polynmeric (e.g. polyester, polyamde, acrylic,
pol yolefin etc.), inorganic (e.g. glass fibre),
natural fibre (cellulose or nodified cellul ose,
cotton etc.) WO 2007/056818PCT/ Al. 12006/ 001728 5 or
some other material. The support material may be
flexible. The gel may be hydrophilic or hydrophobic.
It may be sol-gel derived. It may be not annealed. It
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fungi: gas face bacteria and fungi (if present) and
liquid face bacteria and fungi (if present)
respectively. The gas face biolayer and the liquid
f i ol ayers conprise predom nantly aerobi
%‘?gﬂ%gg%ﬁglgm sns e.g. aerobic bacteria and opt ?%Tnl‘é 0)9“001728.
al so facultative anaerobic m groorganl sns. They may
each conprise predom nantly a€robi c m croorgani sis.
Thus at | east 80% (or 85, 90, 95, 99, 80-100, 85- 100
gg ég‘gé gg%a%eg@g@i%rg rg%yob%g@ @bt%é g%ofa%génd %%hg g@pgg giembrane near the
s Facerrlt B8 3% tief gab ge.IThe ﬁtﬁw f@@rblcﬁayér mdy 2i Hotheoh e Buid face and in
g s face bi ol a¥er or, tcpfe h g a}g Iayer may be
SR LS8 ke S oot e pBEIRNG D or At ¢ e
I | qUITHe hi@Brahé MbREEE w@mmlrahé P Uy ﬁ%@@&g@@t@hﬂrﬁént&? rrpll%aﬁnent of some
so facu aero

bi omass and %
G B3y afiesnahe GHdecs RyRE 850 P PP IhIEIRoR S may bo o
fhiien. trh@In@mranm bta ROSERN AR Mblale. m@rgnpspo&endqﬁmm@rn@ay be a planar

t han one ‘t%l? 8 teria nd/or J?Q*tl)i? and nmay

SHPRSH Demiyane: The, JRemiyabes @rg irdependsaih dhe asu?@rtgmembra@, may be

%anrﬁao@[ls,nmé@pﬁrmnoﬁhcroﬁ&@usﬂaﬁ nfa?%vé)laol:cﬁﬁfﬁfatzd?ﬁ}éf Hﬁxoscale and/or
converting anmmonia to nitrate.

EBeSep oy GPTIREG BASey RSBITMRTe e o o IOLSABH Sing @ gas ot the gas

G&va\idhntd l@ﬂrd @paﬁé dquﬁj ) T@W&ﬁﬂr&’netrﬁhyrb'etcébdb% of aldRing ditfusion of gases
bacteria npri se bacter.i a of %enera Ni t r osononas

aﬂﬁ@(orl\hqw%mr@ﬂwgh (pi9caqyarusiguids) wilhouiahe axteras) apriipaiipn ef@ressure. The
%éiﬂb%bfrr)ﬂyrb@ cﬁ;ﬁhﬁlerﬂf bld\nﬁrg'd‘iﬂs;&ﬁﬁﬁ £hdsAe, gTdi}@g&laﬁonﬁ & Sas face to the

bi ol ayer nprise bacteri a capabl & of
élalﬁ%m .Th@ m(%'BB{fﬁ@ﬁ raayiig)capablerof ellowing dF‘i‘l-‘%‘Q”aRf@ liqujth €.9. an aqueous liquid,

bRmUSS | l!q%td"f&ié téﬂh%%a?%c& FReReRbhe ﬁﬁﬂb@c@épﬁlﬂé By dlﬁusmn of ions,
met abol 1 zi ng | e or?anlc compounds. These org

EphppliAaly qmp S@'H@& sitesipe ek saluble mﬂﬁcgles @Jchtaﬁewtnents for ‘on or both
%ﬁﬁ/&& ﬁem -Eibqlq&@?facﬁfi&%etﬁa@ b 2% @ha/BBYont PERES B8 l&f"fﬁ’é ‘Ezﬁduf‘face The

converting (oXxidizing) amoni'um i on
membran@ maxrﬁ% capabie Poplipwieaditision £ 6rs, aed orienally plbes soluble species (e.g.

REGHE MbREARBN 2 r{ﬂfnelﬁéﬂ%?g\er& bbif bﬁ)%k{ér Sfrd the hJéd dcﬂl’rﬂbedto the gas face

stream (for exa e SO s 1n a stre eriv
28d/ereligiry 81p. gawﬂ.ﬁeﬁm Hailiguie dace apd of awngrmﬁusu@bnbﬂxyg@ e.g. dissolved
f t f
R tﬁ@tj%ﬁ@ PAcE 1o REAI RS o{ﬁ@yg@ﬁ oéﬁ@ %ol 158 teod BtheNiquia face
Y Prwide 219980 © bef lioglid Hae wﬂ@yerdorswnpqm@gumetabnksrm @f dagtetia and/or fungi
|2 _
%{aef:e?grﬁ‘lh% mg@brbrteqtﬁygfai}%ﬁ)esugbc?ﬁ ; é}lnl er Qmﬁﬂeﬁfeﬂre membrane may be

dexibeain omemonl, PregeuE aﬁraﬁethmm@ntammangua@&epnen@mne to ﬂex

bact W g or sequestering coli form

bact((g]?lgllmS rom bﬁ%@hﬁ?qw é;tream The liquid face

bi ol ay@(SUherw&ﬂﬁlplrmde the same SO bacterial/fungi as

the ga jerent bacterial/fungi,

or son;aaga er| a#@“i‘%;wp&# %ﬁe gas face biol ayer nmay

Bee gl enay dawlispesed ko sre/asfin andéor itirepgh dhef sapportonasérialy &he support material
t

ﬁi% onﬁﬂs?%e g @oﬂh bi I%F] ﬁ@{ren fB@D%\thtenal ora ngﬁ?ﬁﬁ@égfo{ug P@e@%‘l’&e support

m@teb&zizme blaa\kmt@! mﬁpmlwvem mfmn@,sa mmbreasadﬁibxekmtmal loose fibres, a

cO t
R B s s P ARG ED by ook e e Py two or more
i théS@sT*@rsupﬂortmaltendunad barrd¢roal tothe gellout may hmebfernal tf thagel e.g. on a

con'pr | s@&gﬁge & p;?pro gﬁ%or ce %W‘*&gp&l‘ﬁgg‘%{’%@fﬁ% |“%¥/§?V& sizing or

way pave tnosizing crmthe stréace thgreok p owyy be peiymdria ¢eg palguebm, polyamide, acrylic,

@c@h‘elﬁﬁ S@zt ﬁogqtaﬁ@f%% gﬁgsq g?’eg,rn%@ pai@qr%e@fﬂs%/ gt DS mgﬁ @llulose cotton etc.)

allows diffusion of a liquid and/or of solutes and/or
of a gas through the support nenbrane. The gel
may conprise silica gel, titania gel, zirconia gel,
alum na gel or a mxed gel conprising two or nore of
silica, titania, zirconia and alumna (e.qg.




menbr anes. The bi oreactor may conprise an outer
housi ng for housing the nenbrane(s) and at |east a
portion of the support. The housing may prevent -

- \i};@%@oglﬁ%ﬁgs[ egress of mcroorgani sms. |t may prevMeniiei7s
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ion of the nmenbrane by unwanted
m cr oor gani sns. The outer houil ng nmay be i o0 opaque to
WV radiation (either UVA: about 400 to about 315nm
UVB: about 315 to about 280nm UVC. about 280nmto

about 1nm i nati,on,of t f
anchmovgher et e s raie P o PoliE 8 el AL pe Mipopnit o
Ry RspkbBAg litvhay B 66l-g8 Qfivatl. Itmycﬂ;erm’t aMeaiaﬁllemaphe adwdregel. 1t may

I t 85 90, 95 99 99. 5 99
g@ejgyiiﬁqjsn[fg@elg%m%ge ria@@)o%l ‘%egrws géhgrﬁéo ?L%d)‘f‘ﬁﬁghﬁggldbmbma’non
3noRRe ﬁncﬁtﬁ%eé&@al@andﬂﬂm&roamb pofB. of incident WV

Bgd' %r&,é ?ga% fgga golagga@ thg@h@a? ?agg Olay%ghagg%@ﬁ% bagén%gu% optionally
gls 9P e bad@iadnd 8% 9P prEeni)O&fD Itqmdlfaxra bketetia ot fungi (if present)

éﬁspécg{’ﬂlﬂ)doghe gg{]sff@ ou ayieﬁ@giﬁxea%}dggce{bﬁoi s.coggﬁﬁe%&%rﬁﬂamly aerobic
RfferddrdahiBfls Wigt Eer@blé bhdisl e roanallyemetm fagltativs sagasohirf microorganisms.

m cr oorgani sns. The

Shesmiesar R HARRNGHY GEroBk B GRpRG T & KRRy o 85, 90,5

@9.Z30-180, 18”5 ﬁab 6d-1bond5C100,16-103,188-98p8(93) 90- 89,0005 90 gme(e gaabout 80,
nping air  or _another o

gg,igofgﬁ'fgs &, Q,‘E £9,58.510n 29. 9761 Iﬂﬁdnlggorg@lsp%gfaw%ﬂ %%ag ace%xolayer or
R0l fack 'B%[a?@%%@ %erﬂﬁt{ miRoRMIORE Thé Qasa‘a@&ﬁolayer and the liquid face

contalnlng 0]

RN SN Vg I TR S —

m&oo?%\‘ﬁ%ﬁils Olfhetda§ fa@é‘ﬁlolﬁj»émndma‘ lifRd facuislgjet mdy, Ilmiepnhduﬂy, comprise
to co hé rate of eva tion of Ii. E‘fro

b iham gqu:,typq)@f heglariaAngios i ,oqn REY; COMPRSE an. e %ra[n %t bacteria
Z@@tf ql4 t5|"kﬁ micRTIREN BY. heCgal frack R layR TRy ai@%ﬁf)ble of converhng ammonia to

or alt'enatively the at
blce e gas oo DlsyRr IR EPERTGR Bkl CBEDE G (rUREa e pmmona o

nﬂnt? R %a&élaﬂ’fe@ c’ot'ﬂﬁns@ bedaRAGH Qénetafl\misdmbnats and@NirbiR@iat The gas face
contro he tenperature of th
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In an enbodi nent the bioreactor conprises: a pair of
menbr anes according to the first aspect of the
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a support for supporting the nenbrane; a reservoir,
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provi di ng the support nenbrane may conprise maki ng
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infusing a precursor liquid into the support
material, said precursor |iquid being capable of
generating the gel; and generating the gel on
and/or in the support material to forntthe -
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In a fifth aspect of the disclosure, there is
provi ded a process for maki ng a bioreactor
conprising: supporting a support nenbrane on a
support; providing a liquid cycling systemfor
passing a liquid past the support nenbrane;
contacting a |iquid derived fromsewage with a first
face of the support menbrané and exposi ng a second
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for ﬁ:f the gas face biolayer and the |iquid
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d|SclaﬁéfLﬁiE‘a”'{OHé‘éprﬁﬂngﬁﬁﬁwded a method for treating
sewags iffluers one foptphssing igsitl dromt the saservaintodtherinteh anifold or spraying
conprsysgérﬁ% provi di ng a nmenbrane according to the

first E? of the disclosure exposing the |iquid

f ace apump fias purepits thdlsiuiddhreysd thednliyed liess ot her wast e
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infldent lint teethd inlbmardfold §e meansobie pather waste stream said
nmet hod conprising: providing a nenbrane according to
the first aspect of the disclosure exposing the
liquid face biolayer of the nenbrane to the sewage or
ot her waste stream and exposing the gas face
bi ol ayer of the nenbrane to a gas containi ng oxygen.
The sewage or other waste streammay be a liquid
derived fromsewage. It may conprise primary treated
sewage. It nmay conprise-supernatant fromsettling
(e.g. primary settling) of raw sewage. It nay

" conprise clarified raw sewage. The waste stream may
be a waste stream conprising amoni a, anmmoni um i ons



13 these biolayers should be nutrient supply and not
oxygen supply. This requires that the concentration
of nutrients in the sewage or other waste stream.
should be low It should be sufficiently [ow that an
increase in the concentration of oxygen in the gas
does not lead to a substantial increase in
consunption of nutrients by9he gas face biol ayer or

thepd 'b%%ﬂaglorf ﬁ\%f H%Ué)laaMﬁEhty of gy dabie of‘%&’&’rgﬂ@eoomﬂt%g a pair of

actual concentrations nutri ent
MeFIDEANGT, PN ik ﬁ@b@%@% obthe et eaa! g s'ﬁ?eha;f@wa@@'ef at the
topodindQinhetlet s HeeboBbm &@rgof. tlmalsp)‘asemrakml the iged ma@ass from the inlet

maﬁoﬁp éﬁ?e?%ﬂ & glﬁ@ﬁﬁl?t%th%gcﬂw thé) ﬂl U nd & h?du%ﬁ m oHtlets ?’he (%utlets may be

coypledtithansoudietmagitald, \néerelpyﬁhe I@g@@ Qgpa Passing fiem the outlets to the outlet
mé&@Ecentration of oxygen in the gas (e.g. from10%to

2 S LB e Pt LR oA SRS e, o
meaibog IcbP% diegoséd ss tHehsxis ca’th;lmulbo;gl,s t®rizoftal. &ach memirane3lpop has a
su;ﬁ)og‘llflrg rg)lgrgl?er 85%:9 wég/ﬂ}m& Bmggubé?f S@Qﬂ%tloog Th% sﬁ%ogg& mgrqb%supports the
loog, ang tng,wem%g member causes the membrane loop to adopt an crientation whereby it has
two parallel vertical portions, each of said vertical portions being @ membrane according to the first
aspect of the disclosure. The vertical portions of two adjoining loops form a gill, as defined earlier,
whereby the inside region of the gill is the region between the two vertical portions of the adjoining
loops. In this configuration, the liquid face of the membrane is on the outside of the loop (and
thereby on the inside of the gill) and the gas face of the membrane is on the inside of the loop (and
thereby on the outside of the gill).

In a third aspect of the disclosure, there is provided a process for making a membrane
comprising: '
— providing a support membrane,
— contacting a liquid derived from sewage with a first face of the support membrane and
exposing a second face of the support to a gas containing oxygen,
— allowing growth of liquid face bacteria to form a liquid face biolayer on the first face; and
— allowing growth of gas face bacteria to form a gas face biolayer on the second face.
Alternatively, the support membrane may be confacted with a liquid comprising bacteria from
sewage. The membrane may be suitable for use in sewage treatment or treatment of some other
waste stream. The support membrane may comprise:
— asupport material, and
— agel supported by the support material.
The step of providing the support membrane may comprise making the support membrane. One
process for making the support membrane comprises the steps of:
— infusing a precursor liquid into the support material, said precursor liquid being capable of
generating the gel; and )
— generating the gel on and/or in the support material to form the support membrane.
The process may also comprise the step of exposing the support material to an alkaline aqueous
solution, an acidic aqueous solution, an acidic gas, or to a water plasma prior fo the step of
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In an enbodi ment the nmenbrane forns part of a

bi oreactor according to the disclosure. In this case,
the process of recycling the sewage or other waste
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separated fromthe |iquid face biolayer of the
menbrane used in the treatnment. The solid materi al
may be in the formof a sludge, a slurry, a
suspensi on or sone other form It nay be suitable for
use in vermcul ture and/ or aquacul ture. In an
enbodi nent of the disclosure, there is provided an
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baéfér% RisSdcBRET The N@Ydikes CAMPIcEAprise 4 Mitaden tnPeratudd KTHaY suitable
iFeRRFe Ry B betwtbf bbdut® SndPaboftieB®, ThE sREIMEYddiprise malntalmng the
gaé faGéJ 'b% I %HH ttﬂ%qaﬁlﬁrf&eocfa LA atﬁjtﬂeﬁfsstg’r\/ &)ﬂ&lﬁdﬁr Thf referred
Sl ot o fg"'{?%%cg dgférﬂﬂtgiﬁi ﬁaﬁ st ¢ J“Pe sy
iogng&aw y W%Oa'rm %3 Mgt Siidge low
It rpay be pficEnthr ogqen Hrp(o,% e@,@ttg}gas does notlead to
a bgiendiall i mcmaée pmmswnptloawf( ngffientseie the iap ff@e baelatia qhike liquid face
badiériar eact or may be connected directly to the pond or
t ankhe procesp of @bkirgnthe sredhibraae ragl bd ebadutted wiheapepdsa; the support
memblah@lW &l staildr efiRra bihys B8 WRPUS LoritsimuA® @lid Wimht Hiet Red thay be
sufftfient I‘Brbh)\ndé’ Bk 'cS’er%{ rhMroBFgQrﬂ%rﬁé‘f@r ot Bk ghd¥8cd MM ePdnd ﬁhe liquid

fack Byer. hrough the bioreactor and then returnedto

ety i, S ¥

COAY-gured as gills) of the bioreactor nmay renov
f | oc GUpRerties ameMbieneRGcaing tadhe s iaerertal thérdlscl%%@reonnsaesuppoﬂ and
anmoFayiding e figuideyding isystém for passingmkquid past thereamdranens,
Thebickeantor may e nsetfhe farireating gewvaie o sonbehdter evakio direrem The hdulei cycling
sySRinDMERGE @ dedyibdia &he) SechRts Bspecti df thelBiventie. frosutheoemiicaliments, a
pluffity bNRerffidiRs Hrlets%;%nédféi RESUPBAIL. RS fneffakdaendly BB GirarRBd Bfparallel
patghs% as %o ﬁ')\"r?{%ll Fa St énoihéld?anre bn Héﬁﬁe(PB Q?‘of m mbranes

thefeoP TH! fEul étc bRl ‘?né%fb‘?a?x%% fab ?’rﬁ ébﬂ{‘th Bine gil
onsg oy 11 gt gnsvstﬁr Sl f E&L iasgwgme i
thrqugh lﬁ‘gﬁqs'ﬁ %4 ”Pfrf@GSHgPrﬁt eagh, lggnbr ane accordjng to

t helngt Bdeappedt 9 Bt dissigsures; t@‘ﬂ?éﬁ PTAVIGSH ARIORHS @ Tesiing & bioreactor
compuising: i suprering atsuppotymersbrane en & aynpoit;tprovising rankiwidi aycliag system for
passiegriiguid past thersdppog riemnbrdme; ¢ontaeting iadiquid Beryed &or sewage with a first
fack lof 8 tsufof Snetbnk ran@ fexpend Gaseeshd ffaverdf g suppir fo,a gas containing
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r epheaseambadimen obherdisslosie there t&.nrov@s@\é PFosessdorgRRg a4 oreactor
comgpiribihg i n a biroreactor of the present invention; Fig.
3b- s Bapwertiag alsupgsramanbran: onepupseint at i on of the spacers
of _ FipebvidiAg a liquiddtyElg 4ysitein Br stisigyy AR Hbs tHeepBrRs eRindiahen
of _a QliQiRPSERI dRfvaTBewide ithQ fikt BeeHthd SUBESH hébrane using
Fi gs éheghql'il@ |I®r5§3t&? %? E{éﬁ hPa Yoot fQéeoJf%%hﬁfoE B:%rc!oﬁammg

t her pr esent 1 nvention
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Thet supattirmeantbraae @y dompgisé:o t he present invention; Figs.
10A and 10B are di agranmati c representations of
bi oreactors according to the present invention; sFig.
100 is a diagrammatic representation of a tank bottom
that may be used in conjunction with the bioreactors
- of Figs. 10A or 10B; Figure 10D is a diagrammtic
representation of a bioreactor according to the
present invention having a cylindrical clarifier;
Figure 11 is a photograph show ng sewage clarified by
an operating sewage treatnent plant and by ioa



Figure 13 is a photograph showi ng spacers used in the
present invention; Figure 14 is a photograph of a

bi oreactor, NMB V, used in Exanple 2; Figure 15 shows
the results obtained in Exanple 2 for shower water in
NMB V: 15-a batch 1; 15-b isbatch 3; 15-c batch 15;
15-d batch 16; 15-e batch 17; 15-f batch 18; 15-¢
batch 27; Figure 16 shows ptibtographs of NVB I I1: A)
wi th om t he nmenbrane housi ng al ongsi de
t he éeérlstrﬁrg?éﬂéﬂaﬁd and reservoir, B) show ng the

bi of |49ﬁ quqﬁébﬁgﬁﬁh‘%%matﬁ@? lthe inlet manifol d:
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OPRILDE BIPBe PBMENep G PEPTLTe IS e aPh gl gy th liud
withMHeHirst feee meyrbe suffieienirtd ptide the dorf2ct m:onmertgamamsﬁorefwmat[on of the gas
em w t hout the outer housing;
facEBB}%?Jﬂg%tﬂgh@ﬂ%c% bﬁ%égér raphs of bioreactor NMB IV gsed
in B(W@d@iemﬁef tiJEh@S u@l therelip erayided dethet op treating sewage or
sor(ﬁ%&herﬂaagblﬁaﬁ]r Smﬁel fttmdtcgﬁl ,@1 to a 200L reservoir f :
arrel . bottom|le eri unps for
(bar el b tond skl oW perkatald ko pume
s hewrexpmsing theriquid RGO tHe nBriboent tdabe $dwage fmogler\msih&trednmwsd
ra hn NVB 1
9 p*ﬁ?pcﬁ%@‘tﬂ%@‘a Fa&éf& @e‘?ﬁen#ﬂr@% J{t%:‘ﬁ@gg ‘f‘?%f" TSS
In Wl%labwrﬁeﬁwwpe%@@@ HIS@%tﬂmr@mwde@a m%@dé‘b’ reﬁftsle Fpwage or
sor?egammr:,wag@dtrd@)n $at rﬁéthdducamtp\hsv@d solids (1DS); 30Fi gu:j e
shows,. gr ai_ns | reate
in NI\9§)V|d|ng aéﬁ%{&%?"% 4"?gatP{H§ﬂFSg Spg%gﬁ%%%?ﬁ%%. um
ni tr iexposiag theriuid Bcebiplayer cfdlm:remhf@rte|t@ﬂig sev@ge i afkan wasiel stream;
oxygeRg D sulfate and phosphate ion concentrations;
WO 2007/ OS(?%lSPC T/ AUZOOS}{ 001728 7 Fi qure .20 shows
gr apleEPosBa e ges preRlolavsy of fie 0 gASHPEANRG NGB | 1 |
Ex figpdetvade drrotrmet waste A)eaﬁianayl\@ aalmdld fderived frore sewael bmay comprise

pnrﬁ% (li:?% n{bd et'bé%%ef] gqﬁ%%ﬁﬂ\t@ %rn%%] é'ﬂ?m sg'ﬂlm%lg‘q g)ﬂﬂal%%ettlmg of raw

sewpgeiclé ay RoMeNiss:; clanf ied gaYY éevzayesﬁfaﬁ/vyasge &15398 HgRibAsE westenstream
|§m@|a§\ﬁ1'6MW@t é?ﬁm&rﬂ@ﬁfoﬁéj ahdﬂorNNErobr{ar@?@rﬁhH@r thér $oﬁd| matter and/or

nutgg&;gg %g |I(?Lé ap%ta(tlleoqe ?er%h @lgro \ﬁﬂhs% sérﬁ@n B)ay comprise
passiog Hie sdwa;e@k Utéei" veasleistisani adSs the liquid face, and may comprise recycling the
sewage or other waste stream across or past the liquid face. The process may comprise
separating solid matter from the sewage or other waste stream. The method may comprise the
step of exposing raw sewage to primary freatment, or primary settling or clarification in order to
produce the sewage or other waste stream. Such processes of primary treatment are known to
those skilled in the art. The sewage or other waste stream may additionally or alternatively
comprise some other waste water or waste stream, such as that from a brewery, chemical factory,
abattoir, dairy efc.

The method may comprise maintaining the gas face biolayer and the liquid' face biolayer in
a nutrient starved condition. Thus in preferred operating conditions the controlling factor for growth
of



Fi gure 22 shows graphs against tine for blackwater
treated in NMB |V Exanple 3 trial 2: A pH B)

amoni um nitrite and nitrate ion concentrations, C)
di ssol ved oxygen, D) sul fate and phosphate ion
concentrations; toFigure 23 shows graphs against tine
for blackwater treated in NVMB |V Exanple 3 trial 2:
A) Ca, My concentrations, 18) K and Na concentrations,
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the housing; 1) air spacer as used in NMWB
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The "Ivenbr ane o esent I nvention may
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capabl e of increasing the oxygen concentration of the

liquid by a factor of at |east about 1.5, or at | east

about 2, 2.5, 3, 3.5, 4, 4.5 or 5 or by at |east

about 2ng/L, or io at least about 2.5, 3, 3.5, 4, 4.5

or 5 ng/L, and may increase the oxygen concentration

by about 2, 2.5, 3, 3.5, 4, 4.5 or 5 ng/L or higher.

This may be due to the high surface area to vol une

ratio of the liquid exposed to the nenbranes of the

bi oreactor and the slow rate of passage of the liquid




20referred to as an NVMB: nanoparticul ate nenbrane
bi or eact or. The di ssol ved oxygen concentrati on
(DO of the influent liquid may range fromO0.0 ng/L
to saturation. The saturation point for dissolved
oxygen in the liquid can vary with the tenperature,
water activity or salinity and baronetric pressure.
Typically the saturation | edad for di ssol ved oxygen

in pure
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pumpiriglthd lRGid BEMEE RGN the@bRade ahratdh thehinfigint g th #elibetmaniidiceby means

menbr ane punp would punp the liquid up into the inlet

Oﬂmﬁﬁﬁwfold at approxi nmately 1500Uh and distribute it to
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rray phesing tee [ict 'p phe: sxemrangs tafecdiet ananifalh épr @crsepw’@/ 'E!wd flom the

af t %{enﬁ%ﬁéaagr@ e{r\m r%’r%ld %tll Eﬁ& & ibtlugnt Jine 8 BéSgIH? sl from the

1.0mWw suc e concentration o

nut résenois tct the inigti mwdésand)fan telffbefﬁlhﬁqi 0y pessinghiiguid from the outlet

t hi ckn of menbrane (support material,
typgﬁﬁﬁﬁégl q@%ég?o dope the nenbrane and the

of gedsinga liqukkdarsetraanibs sawege theauahbe iniet aamw.aﬂ@%@fthq ipjet;
bi_ Srgss%ﬁl tﬁ%q&@%ﬁ@é%ﬂa&ﬁéﬁv@bé B0 e Qbibeahe BAd ot tich@tiet and
ran

S an trient stream the water
actF@WF?W§E? ﬁPmV m H@entrat|on of oxygen in the
akr passingtierligtid derivedhtbnibthe eevesge int the esevaireanday  al |
i nfluence the rate of transfer of dissolved oxygen
into the liquid. Wien the concentration of nutrients
inthe liquid to which the Iiquid face biolayer is
exposed 5 is high and said nutrients are capabl e of
di ffusing through the nenbrane, the growth of cells
on the air face will be fastest. Conversely when the
concentration of the nutrients in the liquid is |ow,
the growmh of cells on the liquid face of the
menbrane, and particularly of those cells in direct
contact with the liquid, will be greatest. The
conti nuum of concentrations between high and | ow
nutrient concentrations will favour cells distributed
bet ween the physical extremties of the air-face of
t he bi ol ayer grow ng on the air-face of the nmenbrane
and the cells growing on the |liquid-face of the
bi ol ayer growing on the liquid face of the nmenbrane.
The ability of the nutrients to diffuse through the
menbrane al so influences the distribution of growh
rates. When nutrients diffuse very quickly, the cells
closer to the air (gas face) grow nore rapidly, and
conversely, when nutrients have | ow diffusion rates,
growh of cells closer to the liquid 15phase
(l'iquid-face) is favoured. When the netabolic
rate of cells in the biolayer on the air face of the
menbrane is high, the rate of oxygen consunption wl|
be concurrently high, which will reduce the rate of
di ffusi on of dissolved oxygen to the biolayer grow ng
on the liquid face of the menbrane, which will in
turn reduce the rate of growth on the liquid face of
the nenbrane. 20The bi oreactor of the present
invention is useful for treatnent of primary treated
sewage (i.e. supernatant fromsettling of raw sewage)
or a waste streame.g. waste water, from sone other
source e.g. brewery, chem cal factory, abattoir



produci ng an effluent that does not have an of fensive
odour. It is capable of producing an effluent that is
clearer (i.e. less visually opaque) than effl uent

from conventional equipnent after the same treatnent
time. The bioreactor is capable of reducing mcrobi al
(e.g. faecal coliform content of the primary treated
sewage nore rapidly than cohvent i onal equi pnent used

f o tgmmgm@tnqmd depivédfromthesenagd drbugtetiapuentline to the inlet manifold
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of RER Wh%ﬁ %%éyl’:l@t‘mot ehlﬁorgﬁffor bRfRe 9?0[3&“&1 thR @ﬁa@&% to @‘ne 9|ext bioreactor

ousl| scr
Ca e SR BT RES QUL en Eleadis RBaSHERLR, SoeTgss: B Adube, a
holefin b ipgiticching o, dri sohmeydier sbvbf omid aedudtcloitabiar formage ibehe sewage
treﬁrﬁ@rﬁl )%gamsepar ately. 20The nenbrane of the pr esent
Inventron conprises a support menbrane havi ng as
f akhe iereacky émd e tmﬁ@e@tﬁst%@éthsrﬁi@ﬂ@%um Ra% He t@uﬁ fottreat other
liquide Wna;qum@@wed ﬂftﬁn g@@gé axcsethéiaereactbrl BEN éfﬂ&@rﬁ BxyabiftaYiEmay be

o pobfioatord e R GeRl o o i Pl fh cRIGBRAO, A FEp e B for removal
of soligsp onidroanganisma @ed/draammanium longyrord I wdseotsandhan gasgef &resxample
md@shtr%ﬂﬁasieas?rgarﬁ’é &?}%}ﬁtﬁl g@g Eﬁelé %ﬁﬂoﬂ@piﬁeﬁﬁgggn% [?gm RUffying water
in q*a’*@@C“'Bﬂf?cPOB‘bémafﬂfn t he 25 gas face and in the support

nektahandodida ofthk iditibsird dee i Ip@)\ndetﬁain étlueat ligaig aaid@ffuent liquid

ey e LS (i it ol e e 8 br g s
aspeel b thenidvantiont fike stipasd fiquichmen beysbiainath oy asbidreasiter, or a treatment

sys%Wé&M@fn RRPhYeR fich. ﬁ%‘%ﬂ%r‘atstLﬁtglgé}%e%u%bleQQ%@htah&bgulture

u

ga'§ af1 SE‘ OJM %HJ'%‘?- &Fﬁ&?&SltE%e @d%ﬁ%dﬁéés‘r?]'ﬂ ﬂ@?e”a'ﬁH@'“P@J%ﬁfeatme“f

of atigyid Herivedjpanh bavagé byrtht atedlodl desedbedrin tle grthdspegt of thgalistiosure. The
| it e ol 4 Gl T. 0

sollggvtya?erraﬂnﬁ%‘(bg c%tam%& fg}r\( g)b!dr%% { E é(tlrgétﬂgnt rr%ﬁt‘%@’a %&e&)rt%@g to the
dlsqquﬁreggy sog@@atgrlqi|n§3yéqomwﬁ§r9@llq m@tyn gmpee Euid) angdar solid material
whiiaki al | y degraded and/ or netabol i sed. The bi ol ayer

may conprise one type of bacteriumfor caonverting

amoniumions to nitrite ions and a second type of

bacteriumfor converting nitrite ions to nitrate

ions. The conversion fromammoniumto nitrate nay at

| east partially detoxify the liquid stream The

liquid face biolayer may conprise bacteria capabl e of

adhering cells and/or other solid WO

20071056818PCT/ A1J2006/ 001728 21 matter in the liquid

stream The liquid face bacteria may al so be capabl e

of at least partially degrading the adhered cells



25 both in said porous structure and on gas face
1020. Simlarly liquid face biolayer may optionally
be |l ocated in the porous structure of support
menbrane 1030 or both in said porous structure and on
liquid face 1010. In operation, gas face biolayer
1020 i s exposed to gas 1060, which contains oxygen,
and liquid face biol ayer 1019 is exposed to liquid
sepdPte froMine hqdldsfa@e M@%}e?of’ th&l‘ﬁbrﬁbrﬁﬁé Red hrtﬁéa&e%ﬁnenf q’ﬁe solid material

exanp e a QUI deri ved ron1sema e. %
mad&ﬁﬂbihﬁwr@ @ﬁ@ aludge. 3simy a\ﬁa&e@a@mrﬁam% phh ormoé@ay &ﬁ quitable for

us@ﬁi%rﬂfdumr\@%/&b Eulﬁn%' id particles 1090 adhere to
[ once sufficient SO|Id matter

bi ol a '
3" %{%?{quéﬂ‘ef‘fd’f |*heqclﬁcl?Sl¥%é%efm§1%°"'dﬁ6 PR ABIRCUltRg PYSers GRypprising a
buow‘aﬁtoagcc@iﬂiﬁg: to the PresdmPvitciosue dooslén B aSRad alxhiek. $hdlﬁt§}§acto?\$nay be

hown t t th
colpihY i B K Py BT 08t D § PP g P eY e eyl oy b pond
or tankyisitiek BiGyé&xtor Tand 2n Guﬂegﬁlbfibmpd ftilglgnfbytg@%lﬁ I@ndfrqm the ibidesctor fo
| Ol ayer | Ol.a

the Cpoﬁ,glgn@fglg rTg% hfemqj?g OL, RiRg, e, %)ﬁte& \@g r?gpurrwg)ry pumping 1 Lhe liquid to the

biogatiar 066 pARPETAKIRE0 6¢ @0 Bieull@e aord oniténki dryesegyoir or dam. The

bioré%%re{niﬁf' T%M%c@mgétfﬁg?)ﬂ%t?eg fr %rh . i aéltg gsreﬂ%ﬂtﬁd detritus
Sumﬁmeé it hhql“ﬂp@fea:aﬁwueced iB rpumnm:ll from th@ ptmdtqr rtanka optiahally from the
bot’éoﬂwe&%hp%ﬂd g t%r&ﬁ@?o}f%@& buBu‘e%ét@rta‘ﬁg f@%%d?ﬁaa @8 orh?iaé?ﬁ to the top of
’ihetP@ﬁ(hlln pasging/biotghnie bineacioruine n@mbranaﬁs qanq@na&mo red @s gills) of the
bioFé'aEtErafhfy foRiB¥e, ﬂa—daﬁat@mﬁl‘ &ld%’é'(ﬁgaatnﬁ%hg x@éet hrhdrfi@d ?oﬁ’snand!or

process may al so take place int grow n
nitritenigng tp §ilratelang.ad/gr oxygp@atﬁ@%lﬂ@ﬁén th@@mbodlment = t@reac%r may have
no %!;@M\@r st the p&ft orI BRebH RS SqiculRitObBMRI HayoPerBms HaPidion of the

nbrane in a menbrane according to the invention,
“5¢WU% in Fig. la, support menbrane 1300 has gas face

1310 and I iquid faﬁanbga{puoﬁ;asthgge@wﬁysol ayer 1330 |s

at ,a |l ocati on electe face 1310,

LD R TeRI ol Fasan iuerto o TDa s CeSTReb L ReAT yagle wit
refefframe tolljtﬁdiﬁbcanpbngmgdramppgywhermﬁbr ane 1300I Li qui ]9 ro

. face bi.ol ayer is at a.ocation selec rom.on
FinB i ipardt syt e cbeHiorth s MR @SS by g3 ienton
Fighr’eqaisbbmfsa:ldfbreihﬂé’@tiorarmﬂbidayds @ma $upparf rderfitaane i3 260mbrack acoording
wt%ﬁﬁﬁﬂﬂ .menbrane 1300. Thus in Fig la-1, gas face
t 1330 and l'iquid face biolayer are | ocated on

F@ga§HMS@E%B3EGOQWMMﬂQOkﬂmﬁ@agH1320 respectively. In
Flgurh 9a ?ﬂoﬁ/s 'tHff%%%tgn Qfeﬁe |Iﬂﬁﬁgtpé Qljr?c{éﬁﬁere%grr%gu;sslt ?Egt ESeon
Flg'(b"ﬁ 2@§prveﬁtdlaﬂr@mmf ahleletmswold émdsa in g biogadter@ecoringltaipe invention;
Fig Jré 3 Qrp]dv\% d s%ﬁé%to?gllsq@rrrleb G ﬁ’r}ei'r%rafné ;t)s]a%gé?n%ﬁdlg ﬂE?Fe%%rﬂHv&nhon

or ous tructure rane
Fig. F»?»agshOWStahélawarbm@tyere@"e%an@ﬂ%g& oot 8ib SRAReYS rte genarate gills in a

mmﬁgabuyﬂ%rﬁg§@@ﬁ@m3@ surfaces (e.g wi thin about 25% of
menmbrane thi ckness thereof), whereas in Fig.

Fig. ]:39 S{}OWStBeragfﬁﬂgpagg Epreseniation of the,sraeass o Ee s ot her i n t he
Flglﬂ@ B %@dlé@?afnﬂﬁdtlél Fe@re@éntétfbﬁoﬁdmtﬁéﬁdor BRbhg Behe Préseft illention;

| a t 0 as face 131 and

Fiog. B4 are Phiear oo p sy e Peaiiedbis e aicse's hushion
Fig. 2328 diagrémmxiiceaieschiation of &l pipeadtormesatigiethd redehlidventidn;

may extend a short distance, e.g. |less than about 25%

of the menbrane thickness, or may extend further,

optionally to gas face 1310. The converse situation

may al so occur, wherein liquid face biolayer 1340 is

| ocated on liquid face 1320 and gas face biol ayer

1330 is located on gas face 1310 and al so extends

into support nenbrane 1300, as shown in Fig. la-iv.

In a further option, shown in Fig. la-vi, gas face

bi ol ayer 1330 is | ocated in support nenbrane 1300

near gas face 251310 and liquid face blolayer 1340 is
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20 menbranes. This is illustrated in Fig. 2a (in
whi ch the expansion of the inside region is
exaggerated for purposes of illustration). The

wo 244 ][[gfsg@y be passed to the gills through andl&hosnois

mani The inlet manifold may conprise a spray
head, for spraying the I|qU|d16It may conprise a

hori zont al panel or tray having perforations, e.gqg.

hol es or slots, therein, whereby the perforations are

H; ' f f
4 98 el g BB B b veproson

3.

-gnvlenf@n Thus t he perfor ations nmay be aligned with the

93‘ r%‘ Z%Aegr%?ﬁ]%ﬂr@ %de%%ﬁ r?péﬁgﬁatf ﬁ fqggllo%gctégchgqngqgt foythe present

aﬂ@fﬂlﬁpmd/ oxygenated, by of a relatively Iar ge area of

tFE;e 10¢ ﬁlé' cﬁ&gﬁaﬁwn{aﬂg re@ erser% o éf # ﬁpl&?&lﬂ;gﬂﬁ# e S Idﬂgg@junctlon with

ﬁ@bﬂé&ﬁc@isob%g& dJOﬁpmrdOEnt the liquid from spl I ling over
erf

d Th
BrerH9BE o Dol oo Bl 81 & pioikpBa oo f P prosent invenion
mhmmﬁndmmarw of liquid into the gills of the

, %Bfeﬁ"i‘%ta%o’co&%l shg@m& F%Y age 8?@ %c? ﬁy&nrﬁg)tpirgﬁ*@l%wﬁg,tregtggm plant and by

Iﬂ(broreacimaad:orw@netheb%@ﬂmammg rai sed sides 1220 Panel

SR 29N SR e &0 Conprises o pait of

ﬁtguf‘a f &is@@dmraj:dasahombysba&ér@&ﬁh @iiee présehiMyvention;

FREE ) LG BheRa SPGB v B e ik s o711

Figuo 15 maethepeq@hs obi¥ine0 BiektipRBLBRAMA WA PP T 435 batth 1: 15-b

i RS Bprh B iR B

Figure pléreabweo phdtographd of INMB 1D 6) vt 8it ieinbveb StraR fﬁ@erﬂembrane housmg

A B oL 3350 0 ek SRR A o s e i

menifeld; 1230 and enters gills 1240. Comonly the liquid
j | mat r of |jqui the top of panel '
‘lffgv.f%ﬁaaw W 119 L@%ﬁa %o:gmpﬁmeghﬂ%ﬁl@m@@ptg& éd)b&ye top view, with

ilep owmnifold tovert femosddTes BIRAT RleBRRY %nmbﬁréﬂsdthéﬂ%agﬁn@r -membrane

ol 123Q whi ch conduct i qui
%P%P?E ﬁ%s' %ﬁ@!@"’ﬂ &ﬁ%‘@"% erpyery @mdsfﬁpehﬁxﬁfegb agoiier-membrane
srdpers whbrapie. mdnﬁbrms ha@tﬂea’f semfoli@lyc gt siie elélre%ﬂ Qﬂoﬁﬁﬁg a gill with the

ots. I n sonme enb

@grﬁﬁqaqe(yw@cg,anq]@ I‘SBE‘QTQ gpw ?@Wl“e Hledtelg Sbite“awwhfdmeeomer housing;
Eglmmgmheﬁis phioigraphd gnseadiot VB NEude8m E%famﬁ-ie%‘ 1 the ﬁ&snﬁd‘ﬁc&t&d on

he  bi
R 0K e a0 Me o & O Pepeer el o g, 3. 20 peristalic
fimps foBpunprg iiGURtREC) dientiOmitite LRk eéﬂo@?hérfiﬁ a0 Sthott bottle:

Nemb
e PP, SR RS i an RSy ezt 0B Wipimple Gaial 1: A) toa
supehdedst!
q180@11 solidp (’FS!S? :Bg R?F%Wg @(Pdoéci’)IEGTaﬁﬁeg% I@g og @féoﬂﬁ céélﬁ%P Bnd D) total
E . Menbers 20 and 30 nay provide an
m@mmwg?am@agammh@fom&dkwa@d a8 in mﬂé lnFExa@@e f3tnai1 A) pH, B)

bet ween tp faces of nbranes wth coun
oI EE 20 Sffaleagn eerTiEiIS QaisseledasygspaBleniate and phosphate
idbdotdehirafighsirenber 30 causes nenbrane | oop 10 to adopt

an orientation whereby it has two parallel vertica
portions 40 and 50, each of said vertical portions

bei ng a nmenbrane according to the first aspect of the

i nvention. Thus vertical portion 40 has liquid face

60 and gas face 65, and vertical portion 50 has

liquid face 70 and gas face 75 The vertical portions

of two adjoining loops forma gill 80, whereby the

inside region 85 of the gill is the regi on between

the two vertical portions 20 of adjoining loops. In
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1.5 structural integrity of spacer 95. Thus they may
represent conveniently between about 50 and about 95%
of the area of spacer 95, or between about 60, 70, 80

r. 90 and 95% of the area, e.g. about 50, 60, 70, 80

W (?0%72)5%8/0 of the area. They may be made of & GRAUAPeljo1728

that is resistant to the gas gace bi ofil m Thus they
shoul d not be readily biodeg? dabl e. They may be made
for exanple from stainless steel, alumniumor sone

ot her bacteria resistant terial. 2 nbranes .

R 7SN GFRsD AL Ehiacgpa P § N T BRI 681 1:A)Ca, Mg
At HeCRRdeRtatib Bf KMk INEOcoREamRNs, & MieSe G Zbednesntrétions, D)
design for a bioreactor according to the invention is
chleeidand fluarifgyion eoncenfalieng 4, gills 100 are supported
FUr2 S4BRP fraphdtgifist tifhe AQ thlatkRidd tEREd i SMEONEx@ihple 3 trial 2: A) total
st nmpl i-ci t‘%. Liquid recyclin s%st e%&ogl S provided
sugpengrgeeids §TSS), P@cfteﬁw@t@mfgidm and{BgD). Q) leq eqliorgount, and D) total
Cﬁsgafpéd RE ()i staltic punp 110 for punping the .
tquid. The punping takes |iquid fromout]et manif q\
Fiaue 220w @nhe garinsditimefor Riackwater fraaid i NV ) eeplg i3|tf|'6$§- ) pH, B)
%ﬁ?w%nRtHﬁrﬁiﬁité AndtritFaRUem cotcbrirafing, ('Q' dié@.o[ﬂeacbxyggh,%): éliq!ﬂ?até @i phosphate

reservoir 125. Reservoir 125 is fitted w

ipmganeasBations; ne 130 whi ch reaches to near the bottom of

- ' lof b ibrSreBiB@InE 19 ERAhpIS YAl 2: A) Ca, M
ﬁ'ﬁﬁé%ﬁ%ﬁé g?%gﬂ@ﬁ%ﬁ%er rgei [ g into res%r voi r ), M0
copeenirasiorse 8) KiagdiNg copesniratines, G ey Geand £meencentiaians, D) chloride and

Yofi iMisa i nfluent line 120. Arrows 107 show
f@ﬁ%ﬂeﬁc@néﬁ%ié{

rection of flow of liquid throu

h gills 100 and
Figure s Show's grepsaoBing ihiErf@dﬁacwt%ﬁfeatﬁ%w%{Mﬁ @L@%mﬁiﬁé n?£ g: A) total
sﬁ@\ﬁ%d‘?g&?éﬁ%ﬂl% gﬁhlﬁniﬁﬁg@ﬁéﬁ' "maRRBOBY b? R colfRth tAInel and D) total

(g are ed within outel housing
dissolvedgelidstiTfYovi des a barrier to exit or entry of

, i | ial 3; H, B
TR SEESAPYAIS A A L1 g 5
arooniug), hitrite and nirateniom cencentralians, Qsdisspledxyoenub) sulfate god phosphate
iBn?coﬂl:én%‘t‘!oﬂé"r to enter and | eave the bioreactor. This

I's necessary in order to provide a continuing s

( upp!
Biguro R apens grapts Agalist Bneipbblackwathireaied it NWELY Bxagplo ral 3 A) Ca, Mg

SRR 1 b o Nt oo
Figure 80 shgws grapts, aggstdinge for kigckwatardsaige i rﬂ\wv Example 3 trial 4: A) total
yel i :
SRl (o 90 b SOPL Bl 838 g0
dissplved ®idSHEDI)) tted with a punp to punp air into or
Sl LA ORGP SHSRUBRPYBhs P BB o i
amrhémiu, pitrigpar(dwitiratehionggnceatragionso} dissalvest oxygamp DY aubyte amth ghosphate
. i be 5 ided to take liquid which
1&@%&nﬁ%§éﬁoﬁ§og&¥heegi [ grg\r/l tﬁe mc;ni ?oledsI ggi}l r et Iu?n
Figueere®shbegrahs agdinst fimé foubadkwhteriesaiedin NMBbIMExample=3 bial 44 Ca, Mg,
o B Rl L S AP 08 A b
arict t | e such | eakage occurred, and consequently the

£51 o o Bl 5 BERSEHE s g BB o s

iaeamtiond anigjoreaxtar MMBpYleislehmariiiolderay; ) rbiofilm en &igd).of Hioreatter NMB ilI; )

S DRI B g BRSO 43800 Sl

Wibveadtor 2VB \i gifl mesembly; ) dioactadvB Visbowingeairdpétragd hibles in outer housing

nbr apes, ,of qj Fi aur ; S S
SO0 B0 St R oy G5 SR PR ARG 1 e
(620) is shown nmounted on the support to illustrate
its location in operation. Fig. 7 is a viewof a
menbrane 710 fitted to a bioreactor according to the

present invention. The nmenbrane clearly shows a gas
face biolayer 720 which fornms part of menbrane 710.
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In one formthe bioreactor of the invention.conprises

vertical gills each of which conprise a pair of

menbranes according to the invention. The inl et to
i1l may be in the formof a slot, to whic

WP@B‘VE’?&WS the space between the menbranes O%CT%I@ZO"“’"O”R

gill. Liquid may be passed into the inlet to the gil
by neans of a tube or pipe frBm an inlet nanifold,
the tube or pipe having one end connected to the
B@ﬁ% mapi f Id and the other end being in or near or
M5 showipo s and atspaceis fypygh holph i the pupiag: el saseqasgisedin NMB V

iafd VB e lemeaétortwa ) We} pdmbn%mmw g the liquid
above the inlet to the gil qui d may thereby pass

directly intoDeladed pﬁséf'mi@ qfﬂl? Fgequred Brbadiments ow or
tri cheemérirshelonBe biabdt inbéhiid el dnv efflcieht olﬁgﬁa?&p%@osure of a liquid

ﬁbter contactlng a portlon 0 e sup ort
e meRyane may nciegse 8181wgemoowcwtr§wt@wﬂw divid.r & dhei inlgt oxygen

SEHOBARTIHASTRIUST ShyL, 'ﬂfe%tl@'n%& %@%&ft § Sﬁgfﬁ?chaﬂ%téd%ﬁdéﬁ in water at

invention connec I N Seril es.
BV°6fcaimesphare S009/LRB 6@ @ﬁl@br@nmoféheepr@%@nhewm whendised io @, bioreactor

I@ BesRRRG 3l may be %ﬁﬂ&bfé'd? rﬁ%‘é&ﬁ% ﬂb%x@geﬁ‘c%%ntk@%&%e liguid by a

t he bi oreactor of
@2@ of gklgast akpul b, PPQﬂﬁa @ﬂ@o? 53, %@»Gl 85, gy aBleast about 2mg/L, or

Ethéé%tlﬁﬁuﬁ 5’953 @,%54 oL a?})rnn ﬁﬁéﬂd& eh&d il o%@enmeﬁﬂhgr%y about 2,

?ﬁr % @@h“ sﬂé Qf W%@TIH*QBEF 'ﬁmSma!B%d@ﬁd ﬁ@&mh curfece @by to volume ratio of
fhe B BshodiR e B %és 8%%051&]&%%%5"5?{'1 thrs{pgdﬁ’tg of passage of the fiquid

reservoirs 330, 3 and 3
pasy theamanbrases. e eypos@enmayreampiise| passing the li@isimoagios bisreactor, or a

Eé\n%ﬁé ?‘r@a’tr#wérﬁ 's')ifs%n{ %&iﬁhﬁn@% g%éﬁ\%@@ogvﬁ{e dﬁ‘\%g\‘épl%s Bed Wt i a fluid is

are fitt
63@@9 dueugh dheybiorepgies ef tha pressphinvention its oxygermeosiett ineasenassdescrived

é%ﬂ@%.:lf%%egg%%efglﬂlﬁpﬁééﬁﬁled é@@ tﬁ’%’ ?’es&ﬁ&f\%@@r@ é%m %Prﬂ%% with the
aambramaterall ihe| hisraciol tiheeexygenpeonieB0of tmaamudrmemm mease to the same
%@Y bid %ioﬁa% dé%}’fgé}g%s?%t élg I'I' H\@ﬁf@tofr Eh%@o'fee&ﬁfi@u%% ﬁ‘l%t the membrane

@rcanﬁ#eyoftacmta@cansﬁmgbowmr@os Thi éa:ow,astorevhﬂnmpreseghmﬁmm may be
s 375 th h
efeﬁ@ |9dg a&@@ﬁ dgh%ﬁhﬂui&@ﬁﬁ@ﬁraﬂ@E|8re§ltc%r] 2 375, TLgug

nranl 'S puri
par t Thel dl@olrﬂdrqxigeedoncelqwmm (D2 0f thasrﬂmt iiquidanayeange wiomr0.0 mght to

N T S

Wer\ﬁatlvmorzmmny arall ba-me’mﬂ pebesups. iTypiady thiseturgtion feoel fr dissabved oxygen

P o ol Rl PRl o P o

d es o€k fyhiead sabmme\)ould eivevdnbetichoof priroary trextedzewag@sor tdwr shugéy water be:ng

%dd%fté)i‘t&? re%@rgcﬁjs?ﬁ @@h@[ﬂd irgé fr%rg Ib‘ﬁjrgﬁ}f géngfo?(zgmé%lygb'ioq)% in the filling

frotesi duedaedrphighBaiation). The membrand pungp wauligup e liquid up mto the infet

L T RO R I —

roemiane ffalroiie.t withini tor gis).t RO wall diffess tiwesghdies bisfimeghdf rémbranes info

WPIGRP Y RS W A0 B0t a1, VPt o Bigimers o o

Iplioslodtiot, At this point #hﬁhy\/ﬂav@h Dietypicatly heiweshd0 afd QIQ:ﬁd/L afer passage

5 e ) B et Ml s e

thitHnesshod thg iblolager (the ’ﬁickrfesmndtt#p‘e of m@mbrénef 8@PorbmStb&, B8 b gei used to

B P b st G FaRL 0GRl e [;ee LT

5exanpl e for vermculture, or as a feed for

aquacul ture. The bi oreactor of the present

i nvention can act as an efficient oxygenator for a
liquid to be treated therein. In many of the

bi oreactors of the prior art, it is necessary to
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WD 2007/ 056818PCT/ A112006/ 001728 29 | evel of the
hol es in head 500. The conti nuous novenent of liquid
out of these holes prevents them becom ng clogged
Thus sl udge 530 will be gradually lifted off head

550
WARWRPHS resettl e towards the bottom of tand@@HT2006/001728

under gravity. In this manner there will be a

gradi ent of biol ogi cal oxygenl¥emandd (BOD) due to.

t he sl udge Whl ch decreases towards the top of tank

523. In gs 10A and 108, the bottom of

Anahe merafranes aRd B 3 nukiensiseam, il wekes ectivisyseliniayeonsentration of oxygen in

rienhinG
tephi @@Jegaiuhr% Eﬁ% b@/&’geﬁtgcg%rg&gﬂregﬁﬂ"gl déﬂ%lgl'l:dg%he Fa%&f oG of dissolved

I%f‘ﬁ‘o bayidyertical sides 615 extending upwards
t her gitieR e cbﬁcehl?éioxh B Rfienté %Qhé’%thﬁ% P tﬁé‘hcgiﬂ‘f&retbﬁgxer is exposed

VS&%H Br0|eaon its aerln
&aifl guiriesisare gepable phsiiusipmibrougvibe ma@brpmeetbe gtowth of cells on the

kg tave il berfﬁéi‘éstt (ﬁﬁ‘ h\a(p]at tﬁéénlparh% b i %%nts@tﬁec’ ilcﬁ.&ﬁs low, the
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punp 2060 up into the inlet manifold, where it would




bi oreact or node as descri bed above, val ve 2090 woul d
be switched so that the direction of the flow of the
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betmeen about 10cn and 300n2, or betmeen about 10



10

13

20

25

30

3500, 4000, 4500, 5000, 6000, 7000, 8000, or 9000cn?,
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15 bacteria and fungi of the liquid face biol ayer.
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The flow rate of the |iquid past the nenbranes (or
through the gills) of a bioreactor 5 according to the
present i nvention may be between about 0.001 and

t 10 linear metres per second. It may be betwe
wialfes
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it may be efficiently aerated/oxygenated, by of a relatively large area of the liquid to the air prior fo
the liquid passing to the gills. The pane! of the inlet manifold méy have raised sides to prevent the
liquid from spilling over the sides of the inlet manifold. The perforations should have sufficient total
area as 10 permit the desired flow of liquid into the gills of the bioreactor. This is shown
diagrammatically in Fig. 2b. Thus in Fig. 2b, Inet manifold 1200 comprises horizontal panel 1210,
having raised sides 1220. Panel 1210 comprises rows of holes 1230. These align with gills 1240,
each of which comprises a pair of membranes as described elsewhere in this specification. Rows of
holes 1230 are disposed so that fiquid passing therethrough can pass info gills 1240. Inlet pipe
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30 for passage of air between the pairs of nenbranes,
for providing oxygen to the gas face biolayer. The
space may be sufficient to allow diffusive flow
t heret hrough. The gas (e.g. air) may be passed

WORIH 1% he space by diffusion, convection, RiaTH28(6/001728
sonme ot her nmeans, i.e. wthout the need for
addi tional equipnent to caus® it to pass through the
space, or it may be by neans of a fan, a blower, a

gas circulator or some other means to cause the r%?%
1080 ipprowdatide teed liquisido ipigkmanield 3209 andigannegipio a reservorr { own}. Thus

%g;;%.&?%ﬁ%ﬁ#’%%&%’ ciQ B@n? § ﬂﬁ&lgﬁ%ﬂ@ A 28emd ‘PJ diéchﬁged therefrom to

he size of

neetnip ofepae 12101 I ﬂmymeesﬂ@w@éews@ns boles 2 00 &ré@ﬁﬁ*ifsat-?ﬂ%s%ommomv

ﬂgeolgﬁp @P@WE @Bﬁ Eger% édugi thé"’ﬁ)gtbil gﬂﬁﬁ?ggoéggwmﬁ be efficiently

sBemted by @xpobOredothe FYSPIETE. aisye MEUioR0 28 dridy 8B Shows TP ¥ holes 1230
\ri]?ch §%|9déu§ﬂ&uﬁg 8@3 Zf‘zl@nﬁieég ﬂ'g%s ﬁ%gbéTFh\ﬁnd’ Br lﬂan{at so%ne &he{) shape. In

fafiicul&theyabay ti2Glongaied, am:! maysakedis fomsof@b’mbem% %m,tm%ms each row

OEPOI%TB%&S‘HE f‘%@%%@)’%}\g %025: dr? gl nedeMﬁ tﬁel;tﬁlb sefg gﬂig gi on

t he Iif lonsvemabaimert, thedmrdactoh rcomgises laepf@aw & mefnbwa&;/ 'QS’ES This is

@’ {S%MGB@M%O@?E F@ 8%“%“%%5t18m£0%d s%%é"ﬁ@bg %%Hp is honzonta[

\Aanebrdhe Joopri0had aasnppoﬂiﬂmnemhﬁdlo ringide teop 30 digm which ioopd O@ZSUpported
%idgn?ig(lj On%@ntger%g %sgdeolgopdﬁ) @ J_%\ﬁhqu%mdﬁ t9900p0101by \Qelgjhﬁng its lower
dridn.oMeriitrens 20 taad 130 ma}opmdﬂ)alamomlateaspgpmg bmgent Qgﬁﬁ@pﬂt gills, or

tﬁ%g'yﬁg 3}? a%}s 'é)f ﬁw%#nialﬁneésgﬁ%' Jégr\s’t%g:\mﬁgﬁésoﬁcééaﬂﬁ Tay ther therefore act as

spéc@s @ledh’[lrtgm@ﬁber B0 eausesynembrang lodi 16Ho adapyan of @ainnqngvhereby it has

‘P’Vg i%éﬁ?ﬁﬁfscﬁtpog}ogmanldt B %glﬁ]%flsg ik V%%fﬁo?ﬁ? B(%Irﬁgaa membrane according

fodtesirdd asdedyﬁmennventlma.t'{husvgart@al porﬂhm 40 has liguid iacmﬁyand@a%@@e 65, and

e B458 5 B A RGO TR 55 s o o
fomy a Qllﬂ&[n whbrebyihe mgidemspion 8F of theeills e eegion b¢tweqnhlm two veriical portions

éfadp&%] 9 39ps; dn fhis %Mﬁ@ gﬁ@ Ilgtud e toﬂﬁ)ﬁ rﬁe?rfb?ang :socl:rf"t}@ Bt?ts&de of the

bép sy thegas facnof the meibiase iseon then inside af the &optmmconfmuratlon enables

memanes I3 Bb Irlé/aa @ddﬁg to '@? b%ﬂag%{l 3 grg:h@f hé?ﬁhggtﬁ ﬁ%ﬂb@ﬂesttﬁ’ b& removed

fr@ﬁ @hekbidaéa%m rAdUIﬁOﬁalTWby s&gﬁmman Sipropriate weigh ferethe wegmmg;member,

N

FrBiibdr e cambridwbaedk eodt bor sinetditer biitablaynembémThetappropriate weight may

GareI g e g e BBy RE e o e Biar mombrans, and

R@rek;%ﬂkulmy @ tﬁ@h&tm@tdf #e suppope ﬁ‘tewumortTmﬁenbramp'ﬁTeeﬁpmomate weight

goluidgeesﬁﬁmmﬂwh% 28 in q&raérgqggg)r getgf? %n%bﬁfég%tapﬁgﬁlc fnt 6ytlarge that the
%rféaebsrn@nst @renaalﬁttamﬁm aTabsibreiaiye platanr eonfigayatiorafoy example without

htly durin eration of the bioreactor. The
ﬁ BljahbusKpg -bet ween about -5 and 90C, or 25

bet weRite mBy @é‘éba@é?s Bétw&ﬁht @ﬂa bibreattor Acantihgdo Be present invention. This

e o ks 255905 % . 5 S, P G s

9 rSGHANRE Buchp %ﬁnrﬂ@erﬁﬂ&g& éﬁt@ugh" thi @itstanesnbenbapntspad@rsanay be between
C or between about 1

C t out
P e AL Pﬁt‘ﬂ??@lﬁbo'ggmé At é@%“@‘f aﬁf‘@e@ﬂ 4 4 or 250 and
40 and 55C or between about 15 and 45C or bet ween
about 17 and 42C or between about 20 and 40C or
bet ween about 20 and 30C or 30 between about 30 and
40C, and may be about -5, 0, 5, 10, 15, 17, 20, 25,
28, 30, 35, 37, 40, 42, 45, 50, 60, 70, 80, or 90C
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15 the cells or spores of the biolayers to pass

t her et hrough. The nenbrane conprises a support

menbr ane whi ch conprises a support nmaterial and a gel

on and/or in the support naterial. The support
WH2M 34948 may conpri se between about 0 and 9GY%eTHH20H01728
‘a weight or a volune basis, %r bet ween 10 and 90% or

bet ween about 10 and 50% or gtvveen about 10 and 30%

or between about 30 and 90% or between about 50 and

S8 S R0 oy B 4S5 e 53,35 (bt e specing

sivoldthe4fficierd tcﬁ@%@ebontmt etweeh glitcear gills. Vidd Isrikusiesied is Fig. 3a. Thus

BB ey Bt Ri08 R T2k Leoko 85, A8ttt ey ik £1803. Spiess 90 wittin loops

W@%ﬁﬁ@thﬁ@pﬁc@b@w@m@' lls. Spacers b5 Gﬂelﬁmor@fprdnha:l Aevdicaritervals as

SRt APl oSt St s ane S Plesch ot f EEnie fppiop aiteron

Iﬂiﬁpsﬂﬁ rbﬁht@&@ wﬂllj&ldlthe(kuﬁacamﬂsﬂn et wdhfrltsp@@rBSaWezgﬁtan.members 30

B0 P oo o 10 6L e BRSaRER T PAEom o5 R0} Conctbetweon
hetsies of IBeBUID. E:g.amﬁsr%wmm topvicy Ghspaber 98bWAtkh 85 &, sufficiéht to prevent
goniict bpiden e o i ot ogs 1§ e bove eyl Gy betwoen
GISHIDG.5 SR BBt 56] drdbiweertoutedng 30,2 antl BB3 41305 and 30, 0.5 and 20,
s ot é@%”%a’"r@ﬁﬁéﬁq%ﬁﬁb 08 ot 998 or § 3R Eeing 8 0.t 05,1, 15
2 25 9%3 ggl 4.5, t5li 8, gggrgsr ;9;;1% 28] 25C 30 alt B! gapﬁw ah:unma\,abe%y desirable

Fhap%t r?P%Ven'%‘?“V ERarea reSHRRIUAT. ?ﬁ%ﬁi"ﬁgr %'@T'ga? Geps Pt % cy® arqwﬁ?qqfa permit air and

asﬁnAs,s 16 hags thrbT SPEGERS. They shedd thamre beP@EIBIBE Qe Gs%lblél ddfBistent with
al ginate, pectin or_ qther bio

ey P}FQES‘V of ﬁ@c@re% fays ey ? Eﬂﬁerawafmemwv e abaut 50 and
St 9% &Qﬁé’&?@d‘of%ﬁéﬁé? 951 @ @éaﬁbeﬂta%weo tretseaR 90 ahtpga% the area, e.g.

and 90% or en apout and 50% or bet ween

alpUL060 6%80090 CE B4 GLIRS 85 OV DRY R oS oL AP il fositant o the

% %/9 Soul B%ﬂ’ﬂ%ﬂ'&oﬁi@ﬁbﬂegé@aiﬁﬁ‘ Fh&0kaye mé@for example
71056818PCT/ 02006/ 001728 37 béetween about 60 a

brestaiplegsestark alHMBRBL AT se elbrl bateria ssisisak ! about 50

"i‘gd ?{%\O/ﬁl%br@%% Wﬂﬂlﬁnaﬂg @Mﬂﬂlﬁ@d ad gllisg Qr%?y kfér\ﬂsew a %re%@@s“ﬁ)r treating

yHag8 @s desstiznd ab@% Aﬁﬁ@grbfgrr %glorﬁ%ﬁ"r‘)r ﬁ@ﬁ?@jmﬁ t?r@ﬁﬁwﬁm@?r@tsg‘?wn in Fig.

@ a4 E‘? e glﬁ@%tare]suﬁﬁarl@@ 6n é‘%ﬁér’c O ik 5% for ‘Péas&%tom%hcﬁy Liquid

m cron or between abhout and

@Pycma %@@ﬁl %olﬁterIdgd deropaseing hwidotropeht w&-“efho%&y@i@m 1105 Comprises
ﬁ%&aﬁ@ 9o B?B%ﬁﬁqnﬁgqigﬁ]d T h@'mmﬂiﬁb fﬁﬂé&oﬁqufﬂq?oﬁﬁé‘tnet manifold 115

out nm an ns or between abou

@nrdlgqr@d iﬁ ©eebveshivist frape thaeadle) anslcrumpg it élﬁwgm@ﬁwﬁr@ﬂlbmé%m’to the top of
Wsaﬁ&%m&%@@fﬁ@@ A iﬁﬂlfehﬂfﬁe %o Q»ﬁicM’?e%@he%kie Wéar 3R bottom of
nm or et ween about
@é@rvm'eiﬁéiélﬁs@vommxmam@ i sela?bmt pumplam @Fﬂqeobfrqm Be gifissinto reservoir
ﬁﬁﬁﬁe&[ﬂufﬂ‘fﬁh%@ resér@oﬂgtg & nﬁhﬁa"fﬁg waﬁ%ﬁﬁf‘ A8 9201 Aows 107 show

m crons or Onm and m crons ave a nean
e dirastionyof MﬁlQL&d)ih[pUgl’BngSIl@O andzmoEy | OB;_BQOW the dirgption of tiow through the

BB Goi5™ i g do GBB ckfo FROm Gl 1995 152y vitin o

kousing 149, wiich provides s bagrier io 284 or 8airy csgncrom;aniam asdthussghibits microbial
f l; [

@tanﬁr%p%ngd? I8 blo?aggrs i | G108, Ho Qgt_hﬁg is ﬁﬁ@ér gﬁ?égﬁnlgf i aﬁd Aifbutiet 150

foi auo,w dir forendersng II@yQa therhigyeabier. ahbua)macewamm erdsup mmwe a continuing

AR ) S A A, e 0 S0 o g v s o prvn

operation of the nenbrane or of the bioreactor. The
support material nmay be hydrophilic or hydrophobic,
and may conprise a porous material or a woven

mat erial or a nonwoven fibrous material or a
sponge-li ke material or an open cell foammaterial or
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to mcrons or between about 500 and 1000 mi crons or

betaveen about 780 and 1000 ni crons or between about

500 and 750 m crons, and nay be about 20, 30, 40, 50,

100, 150, 200, 250, 300, 350, 400, 450, 500, 600
WOAHWTORE® 900, 1000, 1200, 1400, 1600, 1800 EGH/AIERRsN01728

m crons. The support material mnay conprise for

exanple a glass fibre matti r?tf woven gl ass matting,

pol yester, m croporous pol yol efin (for exanple

pol yet hyl ene or po ropyl ene m cro

Ph$saDe OlBICPAERANISTTS( §ﬂlf}elﬁ“eir %ﬂ%lﬁ Wy'ie?R?@'ﬁ’S'rV%elﬁ‘S for gierggle less than
aB&]lt 108 Iicdn! n‘rh‘ifrrﬁ?tﬁttdbyé sf%e'}he #iraildt and/oretier ﬁ‘ﬁ? gl6o be fitted with a pump to

yester-cotton, wool , si n{;@fedtﬂ g ko h
p@mptaenrmjorrmtt &l thQ)houglagrg) gpﬁg@gepﬁgrqg tigp. g p&ggtor may also have a

rﬁﬁ]g B ﬁdﬁ, fted wity d :ﬁﬁm? Hrﬂﬁtfﬂfrﬁayrﬂéta%drt%h oﬂ”p"t)mﬁOﬂ O}i The reflux line may be

Ic mat Bef ore use,

pmtded tostakedtglyd waich masleadframihe giler thedn%tlfggﬁngdﬁgurg dhepmogither to the
uﬁ@?ﬁt ‘ﬂ‘ie &8 ?I{oﬁrﬁ ﬁﬁflg Whg aﬁé’rﬁétﬁét@torﬁﬂétﬁtahm 1280k tebévoirTiag. The inventor

eat nrent nay depend on the
cbbevodsin ot 1oy T suepleage OPUEEM CODSEAEeTHR e g e may not
Béﬁ}%gel,sggy ‘f-@%tb §‘Eﬁ§hpﬁ |5tf§|%f fbiorBXdR f%t ks tHafeoBa6aeid to the present

0 an a fer sol ution, for exanple gg%ﬂﬁz
ip@titioss. o righS: dheaywien Bousivp 910 5 shownHapeaedqr Teasons gi QA ills 520 are
aﬁﬁé@te@%@?@r&ﬁ%@ e %mﬁecﬁé?ﬂo %ﬂpe%ﬁor@%ﬁﬂﬁ@tﬂe mBAbrandd oflgills 520.

ween a

eI snmts thequpt 610 e ticepr a6 o o RISESIT ool (128 shown
%ﬁt gétlgﬁawd@ gluﬁlgfe‘élﬁ‘?%baﬁ’dﬂw BpéPatén "th T%Mt v@@ @t m#témbrane 710

fitted o eBblorﬂactdZ acordhg 13 e, PTGSGNTngnt@p @Mme{m&eﬁe lctegrytqh%s g,gas face
tﬂﬂgﬁﬁ@ B?orr earrHS Emgépé’ﬁfr@g;'ﬂe%b\%& %ﬂnéﬂn@& %n support 730. Fig. 8

ass t he st I%E gﬂﬁ
shayrs bda[ofeactorb\ﬂth treentiicahausing 830 ened fol GaRS clar&tf Thio sUARRTB20 for the

lﬁgtﬁt,)rénes 2’?’? g %e mlg‘aé' n8 ﬂ@ et 430 %Htatr?e.QIqﬁiﬂ% l?tﬁtreated and tap

en a nd 24 hours or
8400l tpravRied ol rerﬂovtngmttsig@ fromeesesdi &3BoCRTshalic @H@p 43@0 s provided for

5,y DL e g by 3o it e
ptiw)gretph)arettloh g movideg f remaving eolid aatiertfeom tho,bipiayessedl the Mmembranes. In
gg%%%gﬁ ﬁﬁ%ﬁ{?d %%%g%qlgﬁﬁ rer&ﬁ)&u)éfe.s‘)ttt‘frflughttﬁtﬁb@t@ac?dr efhe Mlembranes

ter so as "not damage
bfmseeanmmmm ionstiee thiediyid torvdiraien Rlsb solldlanalieein tt@oltglgtﬂ aghegsﬁdo and is at

oO.mn
s DA SBuathe PV 1 RER Rt Ptk g, oy i i mater
aﬁwcm degttaeaxom prodisvibereolinay slough efihthe 2eembrana: al '@fe conveyed fo the

abou utes or between about 3 and
ﬁe'?’ﬁ"'i'l eé(énagf)e [?g@v@ nie%f[)&rﬂt 4 and 7 ninutes, and may
be apigurt 9thowd andtherdiesi@n ofdjoréacioBaccdding O, the]mesemaneg@n tn Figure 9,

g&%%gr% B%tﬁsf Zw@ﬁgﬂ%@@ﬁ@@tﬂﬁﬁﬁ\}eﬁ%ﬁ ad %@Eﬂbe&'@rher The inside

ERAS 6 dills eaosau@mp!ted todtletmanlifold 2 Oasqﬂ}att dyuidxtaapass fommaniiold 210 into

9 %2 et F@Inw y ft@%ﬁ”ﬁ%@ﬂ%@ﬁgh@%) EFR&%&%@%% Poles or apertures
M a6 2101![10@ o \iquihtodiow ot drlp irto gillsLZDOnAiemetielydie llseid ke he sprayed

i iy BN CEL LR Bt Y gy e

abayiig \Be ﬁfﬂﬂ Giffs 200rd @spled foveseweie 2200 dhat licsidan paks from gltls 200 into

'?@Br%tglg%’gg?kgam %h %ﬂp!ﬁg ?T%ty bg%lrept %\gtﬂ] t@)lég ﬁ%ﬁsmqg‘aﬂ@% 2?2 (i.e. from the
%tﬁldg rr%??dﬁs ltﬁemgi) ﬁfresémlmo;ematml be, indirbe, memb@mqumﬁtyt pseses from gills
%0%)@%9@ J[‘%}r ngr}(f)qlilrb?gg F] gﬂlﬁ grpﬁ d@%%lr asz z?tpmé } manifold 210

generator operating at 13 56 mH RMto hydroxyl ate the
surfaces maki ng them wettable. Alternatively an oven
may be used to burn hydrophobic materials off glass
support materials to make them nore hydrophilic. The
10 tenperature of t he oven may be betvveen about 300
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WO 2007/ 056818PCT/ AU2006/ 001728 40 bet ween about 20

and 45% or bet ween about 25 and 40% or between about

30 and 35% or bet ween about 15 and 40% or bet ween

about 15 and 30% or between about 25 and 50% or
WG 5 hout 35 and 50% on a wei ght / wei ght ThAU30069p1728

may be about 15, 20, 25, 30, .35, 40, 45 or 50% on a

wei ght/wei ght basis, or it y be about 17%on a

vol une/ vol une basis, or between 5 about 10 and 20% or

T AT
IR %aimbughet shetdbadisfigientlhighrilred&96iraa20 e hoteeie cdnged orJf&JIed by solid

B A R Tl B B A g st
WabeeR 6 bidRRcieraFreSsyst@n mialy hamyea llyaid drtled eihd H‘.']Gld olitle foll Reding primary

13, 14, 15 17, 18,. 19 or, 00/ ol unme .

Fibled Sowacs Hh e BrGio SELOLRBPPRG e Mot Yo B o/ ol Bppectvel,

mvm kiess arb ln@t%h@ﬁi for rédsbAgdf @arrgﬁdlty Théy ma?;rbeabmﬂ in many dn‘ferent parts
rising.t

@ﬂ}qrg&geac [{%ﬁ*aglp zthrgry)ér@c ngﬂgooﬁg (BRETYRL: ]:(s V%O or the mreF mamfold

si | 116 andokhinthe %loﬁebtbr of @ mvbntl@ﬁ}mrﬁpmwmﬁml alleeach @Bwhich comprise a
FEﬁgi;ar ose, cal ci u ,[bnate

ey Saeirng KEBe guriiobaiye bt e alymay bl edam of a s,

Mmd:rﬁbpr@@m@ﬁhe%?éoe pRfvedBe ﬁfemar,anmntmgml @@:dmaimlpme@ into the inlet
ures

y g]epnsco‘; a:tptfea%?pyegg)ﬁnondj E&gglalﬂg@e hg@%g 5Or plpe having one end
ﬁﬁﬁécﬁe@'t&: el infty ﬁhﬁﬂiohd%h@th@foﬂﬁr érﬂtbbﬁg;n@m@ bl 0 theinBt to the gill. The

t t th
B D DA PRSSH o e g oo sEvRa e Lol 2beve ool e gil. Lioui
Pﬁé}l lﬁér@lé\} ;ba‘é@htkécﬂyhﬁo gl iniéray the gmn@;%ylﬂsw BOiriékle into the inlet to the gil, for

e
net '”I-'%Uré’i caéhbww @,fs@ﬁwartreﬁﬁﬁgfs@w qé doﬁhﬁl%)ng tﬁé@b:@ém &@érdlng to the

be converted in nanopor ous sol
Ig\éﬂn’[i%ly cqmgqi@ Ip geriesdn 5ig- 19, &lor%lg’gﬁp':]ﬂg, e iead PIA #g }:onngq:ted in series.

™He cﬁu@w@bmﬂ%@a&@ﬂ idbinti 12fat df thaWiotbabtbr I Figh® Thus pumps 315, 320
precursor i e evaporatln

#W32p rp@ssam;dgqomprggequ@ 330, g4 aaqagz&) wwﬁg@mwoﬁ% 350 and 355 to inlet

ETiES 860, BEYVARS7H hl%mpﬁr%l%ﬁéﬁﬁbdda%éh througih §et§1 us Er5380 and 385
be to a tenperat ?e sufficient to evapor a

fhsrely ramoving gumeniwstiions anglsekd atien o @&W&g@ 335 and 340. Feed line 390
@@&se]hhle i the %ﬁém tdng oBHER MR 395%9\79‘5 %Jeatedr h:@ld from the system. Valves

enper at ure bet ween about

1'99t e AndahidLere 3@9%’%“’8@ 343358 apd @5 @BEW 1@9595@9 SArnected to
&ﬂné%ﬁrbq‘lﬁ?le@@% Qﬂ%zo I%ﬂéj olfRY Ilrﬁ%gﬁb@éﬁ&ctl@é%;e raﬂ@ may5 Qe s&% deten'mne the

el b@,twmjbfepyoie’aij@r argl 0@“@¥d: Hoya Puleo Pt 08,567 :4@0 tareaﬁrowded for
kﬁﬂﬂﬁd il WBste ’ﬁorﬁj@ée‘nﬁl@ 830, %tgf Hﬁk% 34 reé’;iébtﬁélgl 'lfhu{;1 ':r%ﬂe%tlon primary

¥ be evaporate to Cause ormat'i on
taqted sawage dniera the Sﬁiﬂﬂ‘p@fwgh‘rﬁﬁ‘éhnea?% The llqwd masges latogéls 375 through

F
| ﬁr%r%[g gge :aﬁdﬂ;% Erﬁ!aa by u%ig?z@ TRE Pérﬁéﬁg Pur!ﬁ id tﬂéﬁgiésggs OImto reservoir 330,
sre flascuiaied solifis;338 sotitecip dei hatiom pyd iguig amneaﬁtae’t i BHmpge by pump 315 to

PABYRE, Svém 1466 dEf@err%? %&ﬂr&ﬂbﬁ%ﬁ of ﬁ?m& el dé%sf 0 tn{éﬁ.fo[d 360 (which

nr@wﬁ@n andﬁr@eaai pruﬁarmie to tea} éwﬂm a@webanwatammmwn passes through
llnks gfll‘% B hidreRRsAtseT ﬁe‘@ﬁraf cﬁ%grr@[}rtea&& 0P Fs%‘e' s‘égnte ak ih@ﬂﬂe‘é&rﬁagﬂ above for
a netal 1on. e ne

rane descri

higreacton 800, nite panneqingring 416 peréawying atsislararlet funstignoasdeadding 890. Vaive

B i e o o s B o AR R 58 Dol Yoroea for

In one exanple of a fabrication process, a support
material having a plurality of holes therein (e.g. a
woven pol yester), is exposed to a colloidal silica
solution, and the pH of the colloidal silica solution
in the holes is reduced in order to form a nanoporous
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25 and about 70C. The gel tenperature nmay

conveni ently be bel ow about 50C, and may be bel ow

about 45C or bel ow about 40C, and may be about 30,

35, 40, 45 or 50C. The concentration of agar
sl

WPH@”{??@&%rsor liquid may be between about 0.F

by wei ght or by volune, or between about 0.5 and 4%
or between about 0.5 and 3% o#® bet ween about 0.5 and
2% or between about 1 and 3% or may be about 0.5,
, 4 or 5% by weight or by
\Vdvmﬁ@ abstf-* Elﬂé'h’r Il?gldtiwé Pﬁ%@@gwﬁ@@qﬁﬁlm 9 isthassed tcwzeﬂ\n 410 which

taBBrmiMe %Et%poﬂlen thhé’ﬁbwngb%%d R BhPésRh £rl¥eél&f é!ﬂ.lent through line

I n and/ or on the support mater]

OHe. ool doet oG ol (o dromne v caiaeyies) passes 1o he
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200 - 74 8018k, How
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agitationyranc thereie & ngalnga wlatfisatioal tenkois fediliaddd. Fig. 10A shows a suitable
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et weéen “apou
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4t B0 S5 g AR SR b 5 235 550G i
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5B 300 B0 0 ST i 5, OB 2Comulepl Ry ebove he
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3, 4, 5 6, 7, 8 9, 10, 15, 20, 25, 30, 35, 40, 45
or 50% The |arger pores nmay contribute 25 to the
efficiency of oxygenation of the liquid in the
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WO MB$8¥rass per unit area than the other t
of menbranes. The silica-doped dacron appeared to P

menbr ane support materi al's, pol yester,

- pol yester/cotton blend (65/35% and dacron, were

tested for their ability to devel op biol ayers

bi omass). The silica-doped pol yester visi b{l%p had
TARRE06/001728

have slightly nore biomass at?%hched to it than the
silica-doped polyester/cotton blend. The silica-doped

25dacron appeared to have degraded during the
ilgyel ah i heles inghead SA0. dﬁpemnpmaoymmevemeat oféqtm et thesechbles prevents

'tlfémNﬁé@orhl}{ CIBGRd Fﬁ%g%l {53*9%9% ?acﬂy THRHAEH t?a‘%g%go and will resettle
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pol'yest er su(f mat
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gf%ﬁalidgg bigfi}é glgﬁ/ %ﬁ&g[ﬁ'f {gp%m%pﬂgﬁx g%;%gﬁé b%&}ﬁi@?é@ EES are present
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28 el eS8 e o MRSV UnR R e et g et o
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ter the two ns (1.°¢€.
mﬁlﬁg hasin thtougls gapsda26tto ecmt)nu!aﬁmeanape& cﬁzanthalarbﬂc processes occurring

FEHd Sl A A2l O R Aod Al W o
mief.zb iathe ||rm@§adt\bsl‘faped"rpraﬁl@ el ingervé620h Thpe lvpndd Hieesns eltdge passing to the
Iﬂﬁﬁﬁéﬁes Gﬂi(%ﬁ]&eé’cfcry smal | pores (less than about 10nm

Nyl cel | ul ose fi bers/nol ecul es and
| ar dug. He? dewg 3designdamerioreastay adording toltiee present invention having a

S S5 1 T8y 10 B ek 3P e e

Wit indet BedStutietanantfaids, ndi showal Housing 200Diidiocated Gbeve tlarier 4 2010 whlch has

LRSI ARl BB 58 S

ssfapérideve 2940 byvhedns ptﬂhyiﬂﬂﬁsp emmzoam pidiitiad to ﬁJrhp IRyBid ﬁlém @ldnrer

éﬁ‘?(%) ¥ @éet/r kogqﬁln% egwpﬁry Hﬁg algé%[)v’ﬁ ﬁﬁggt[seémamfold in housing
mfmnnmmo pipA12080 wihish isditied uﬁmamaww_ogm O Isiart BOLRRE! 2890 feads to

res,| hypot hesi sed
dT%?‘S%Iég@elf’?get%%d%ﬁ%’%&% ' 2535’0?1%}@ b?*PE 8@%%# ﬁ{ﬁﬂ%e&r@g of liquid
tiveefiomnaArehenbrahat oha?avdmd }g&dsyto w@dgmsnbmcm ) mﬂlnfsi biSd 280 from
nts.an i oxygen i ch
etrBa! s BT R PR HBHG cat AR ol eV sinareemioie tererom
lends oatthirdfTaabe 2080.t he nenbrane. It is possible that
thelﬁéa{ﬁ g[ﬂ)c nls Iatlonrate and, pore size
di st b RiCreRCiRR OPaiting (B bigraagiorrode. The system
hbyhbuewmt? ::mﬁhuﬂm mémmm amhchano F@ﬁliﬁﬂr@ﬁﬂdaﬂf&rﬁ%ﬁe@ﬁ&go1 0 with a
nat e sjli
obie 8 BPte0fR bt Aty ot Pl 5% an nleiloceipgeoted i leaving
meaibzne bduslng\mmlane Wmi@nmﬁfiﬁﬁgﬁd%@gtnﬁgfsp@g Enﬁétbradhﬂﬁed liquid.
o e FycBuhe e vebo filnes sonicaideens raseagr e 2010
e.g. 4MHCI, to 20 a pH of about 6. The support
menbrane nmay then be imersed in this solution prior
to gellation, so that the colloidal silica forns a

gel in the pores of the support nenbrane. In the
i nstance that the support nmenbrane is cotton or
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WO 2007/ 056818PCT/ A132006/ 001728 45 di ssol ved oxygen
delivered to the liquid (i.e. the feed to the NVB).
Thus an NMB is constructed with a cylindrical
clarifier. The clarifier has a conical base and wi

WORYY(PtB8 at the bottom The outlet acts as gﬁ/@ﬁp@(oenzs

during the first cycle of operation. During the first
cycl e, the oxygen-rich effl utht fromthe NVB enters
the clarifier through the port at the bottom This

creates an lift that makes the nutrie
wulglipe purpped dlljlr%grlmp(g%ﬁ{)@p intyiha blet mgqtfglg,d%greéttwoplﬂ glcﬁgfi{ngﬁfnrough the
rﬁ%mﬂrrﬁ@ @é Asidd 1 Hoﬁém 2506 %bdﬁ%fbxﬁgéﬁﬁ&mﬂﬂ @xisthe/Btgiem o meriedne

t om of hecarlfler
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ul S a

er ate but not m xed
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mmreac@amo@ras@wmpemgveeuﬁh@@%ww hegwitshpdigo thﬂ 819 direction of the flow
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super was col ect froma nmuni ci |
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SO t erf ormance of
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B Do T AP Bb BBhnaBi v  dming

crolhidhds preferablet s, bi ochemi cal oxygen denmand (BOO) pH,

di s lsl-jé\@gl mﬁ%}ﬁl&ﬁ&ﬂ&@e A f@@%ﬂ}bgg@r&%m aﬁémﬁﬂ@ﬂﬁ@g 10 pass to valve

ana atom c ion
smepmoh mdp;ilre(ct iCloAElSyige @ﬂaﬁ@ furihen pyasessing ahdischayge to the sewer line in

rggﬁgﬁﬂs??%lgﬁﬁ BM%M@%‘? eﬁ:fug@%g ﬁlgg?é\@frinhe#zoﬂﬂﬁtoh'%al settling

ejfck@miakecp‘lace ey thestudgecootd bp gerfodmﬂu disecharggthie iel hioe ewtiet via valve
2@ %?d ‘gsgﬁal mary supenmatant were varied and the

83%"&19 ss spiking were also tested. A
cont Figl 10D &4 Sbllycmivei2480 coglddfe switghedito aliowl theeslasifisdoliqpid to be drained

E@?B}enq?a,qhertq%gé ?Ooﬁzilsglparéeh@e E&@h(ﬁe %@n@hreglrl]: S ?oﬁ?({ Eéj fuktRer processed or

dibcharge Seperdimy drrihe finel applicetiony supemat ant. 30The NWVB

(sur il chpls Eapmyiie] £ 5RE6 Buepllencindelucally Bl n o sowege

frestiénit plattand effiddntigpom T bierehtid aceomdingstd thepsgsem dwention lafterdreaiment in

ﬁ'@glgfeg%:tp{égrg ﬁ/rgg g{)rg[éﬁ%lgo I%Jlsqlﬂ%svﬂg% ﬂl&rﬁ&ﬂi\éggrﬁ% (.88 $fieciive than the
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ot o DBcidaone e D e ShipterH bl BBl oy or toroce
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rel ease nore inorganic conpounds than in the STP.

The BOD fell rapidly in many batches in the NVB, and
the DO concentration always rose to nmuch hi gher

| evel s than were recorded in the SIP. The amoni a

OXi dat| on rates were equal toor 5 better than those



10

15

20

30

Smal | aquatic wornms were prevalent in the resultant
i quor after about 24 hours of treatnent |[|.c) at 302
C. This denonstrates a potential for the resultant
ffluent to be used in aquaculture. The res
v@%@?ﬁ%ﬂ?@ snelt |ike an aquarium or pond, ﬁgﬁﬁg%&g%mrns
t he faecal / anaerobi c snell oflthe tertiary effl uent
fromSIP. The NVB showed gooa potential for use in
sewage treatnent, particularly in the role of
aeratio f1 occul tion, biomass retentjon and
Bela RO reeDl 8 Fave OB AEHOTS P06 B RAI AU BESH 45dut 1 and

JU@‘UQbO/m&ﬁbrﬁﬂé}t SO Bétveencabeii Cald 58000, bamd 20006; dlanfl a6000) Band 5000, 1
5 wor ki ng t oget her to reguce t

1000 AR B T 295100 ot EFEer ALEN S G o PeLvegR gbout 1 and 20 o
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(0] ce S an e oxldatl on Crit] ca (0]

iusca pbout SR ena PP Gham o OB A 100P0g frbk b tiost 5000 and
%@mdsbtt}wand%;ay H@@%béutsezvteg«e 5t 6,728,170, 1212nBs18, 2% 30, 40, 50, 60, 70,

ldatl on O tiva I N_S naa

80: 88t 10BN1200]148r 1189y 300, 25Q; 70, &Pat%g%sftm ﬁ’ée@r 3@ 1600, 1500,
SO BHE, 3@60 §Wo %@%mnsooovvﬁuos fsom(ﬁ 9@uoh1oewsd2¢m 14000, 16000,

4005, o, 0050, J0R a0 5500 408, scbhd, Ao B BORB e Each
@@ﬁa&ﬁn&ﬁsﬁh AR reddCof Pebicak %bbdt Gt ahulan@ma ahd mﬁ?hé\tenan area of

mass I n rect contact with air. bi omass

patdean @bt om0, & hrsenanels 10ard 58‘?% QNG00 Brsksooem?, 10

&ribem‘ébmao % tahcpsbcﬁ‘ie nf@g %ﬁgg,?oolhso asy ﬂioo OﬂJO'aﬁd g@@?cmz VEBOem2 and M2,

m@pm?eqﬁgi §m%, 50Q0pm2 angﬂgu? Aeand ﬂp:a%»,gggd 5m2 5 and 1(}om2 or 500cm?2 and 5m2, and
H@ﬁgp{v@%ax@%ﬁaﬁ&ﬁ 1,158 108, 204! 40ar 00h5e, ém@emo L@@%obqooo 1500, 2000,

I'se amonia in sewag@ \7/Hovvever
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mg Peﬁ '7'3‘4?,'16 1558, 8940 BS5E 80,30 B0NRE D, 120 ’Rs‘a 200, 250, or 300, o
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Z”Sé‘ﬁfygg' g‘h gﬁgﬁté'ﬁa’g‘?%%ay (EJE %et%ﬁl’ﬂﬁ%@ By B INGH ﬁ* e ?ﬁemﬁéﬁe and the
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weight ebitie mﬁmbramﬂr@prgmﬂ@y tha eneglieanes il by Rafess abwt ﬂ@f@ and about 5m in
hdi u@'ﬂ‘t‘ 'Tﬂ%y e %&@géﬂboﬁqﬁaﬁ Qﬁkﬁ&z,?@l\fﬁ 'af"’?c!?/g'l‘ii 10&@F afdYn® 10em and 1m, 10

are extrenmnel 5)0[‘0 , Sstron

@‘nbfé)ﬁcm d0ieech 060 o #00so gy ate 51 bandiFece GO B sand 5m or 50cm
! t0o tg L at
ar d C?S t“fa@r gﬁt@ﬁgﬁt%gd?ﬁuﬁodérgggﬁgfhmiwoz 253% 3.5,4,4.5 or

5h mslengtrequﬁtheemembranegmglanar mesbreaes; they mey be arfanged ln pairs, or gills.

f&‘? Qgﬁesﬂe@l? %ﬁ%@tﬂ?‘%ﬁﬁ/‘g&%@&r@e )?ﬁfg?f%sbﬁﬁ%%b ut + and 20000 or

Ueiwgﬁnaa’muiﬁ atldi 1OB00 & bshveasn abeut FID@QO oyl SBQQ@sqrshewelbﬂbfat 10000 and

Q@Qb 8&; #@%ﬂx ?bv‘ﬁgtérﬁim@?@l‘l’ bww algﬁe‘lﬁaﬁ ﬁ%ﬁm(f%ﬁ“éﬁbut 1 and 500 or

buiwmarabwt ehand HRiot betwéensabouri emd 50 ertbetwasn aboutd apd e iosbatween about

AR DR TSR 2hq 300 RALF R 0 A Bl riEnen st s0an

60PE)r betweers attoot 00 eld €00 befwass about il @fLand 10@00i anetween about 500 and

SREFATEh Pl TBIEIR DG BBl Sl b e, v s

Bbrduet, 2hB)4e5; 6y B, 0,112at4; 46, HBR0; 25, &), B, 465! 9, B 70, 80, S0, 100, 200,

1 575 ol 9 0 15, A i Bt o, o

bottom of the reservoir. The to outlet manifold was a
flat rectangul ar box on the bottomof the gill
assenbly with an outlet hose that fed into a

t hree- chanbered peristaltic punp, which punped the
effluent into a reservoir via a hose in the lid. The
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filtered air froma small aquari um punp was used to
aerate the systemvia a hose into the outer charrber
through a Sartobran 300Tmair filter with 0.2

B&rtorius Australia PL). Used air eX|PF58‘IFﬂ'é6’°°1728
outer housing through an efflux vent also fitted with
a Sartobran 300TM air filter®? The menbranes were

~constructed of pol yester/cotton bl end material and

(ot Sy, "{obih, T4, FAod yaioes e 0t 00 43pa0rer 50900 pais. n

bl@i ensddimant ¥ Pén%&if mieiBiafa! 0, glilsT AR d@ﬁ@éﬁ?ﬁl@ﬁel foPdagh other in a vertical
i.ned surface area was O. he reservoir

aB Tented on its side (horlzontally) during sone

, eXpeTﬂe"méIﬁtﬁarfé@ nfav Bk dkﬁtﬁ‘aed BétvetArd !lqlnH Gling hﬂindifaébgénd a gas at the gas

%@één%wﬂ ang e rgaﬁ&ﬁp ﬁ@!@ 'H §0f|2ﬁ1?§‘x Wﬂbihgh%{i\gf%a%% gregsyre of the gas at

the Igh@.R0e ARy babaffident Eﬁiptﬁé 'hmo%s Wbt fasd fﬁ%uér?ﬁ@ hTéﬁibfane into the gas
orjented vertlcall had very simlar resu

{8a88- NRiPFaTSY Bay B% \BME 8§ o arﬁ@t@dhwm PIESRVER quhe liggid at the liguid
fab@ Tlnfeivl ssﬁﬁl fdyibe YeRberl ARuEES &Hdl 1%% b@ﬂv&éri a%Hﬁ a{q@ 1.1, 0.9 and
|

5 and not the surface of the |
é’éérﬁﬂgu 1 el hey BocaHl, B 0k 1 bY é Clr412@165lol}z;sureoatcross the

Inbrﬂbrlar%Vrﬁéy Béfies‘s ?h%n 'aﬁcfdt e @im Ioi IGéé' iﬁan% é@ﬁ‘s Nt Pq or 0.0 atm., and may

vertica surface was a

g Rhopicly 0ok hpﬂﬁ@h% %P@’eﬁb@h‘)é‘r%ﬁfﬂ 03 § Bndyg. Lf(b&f‘d erUS or 0.05 and
0( % é%ﬂeﬁ ma? b@bﬁeﬁ@( tM%ﬁdﬁb%ﬂﬁﬁo%Péonferﬁéﬁrﬂsﬁﬁce TP 15 (28.5L :

17. reservolr 'oriented horizontally

and Iﬁ@rg% tslaaomeﬁf vmm the gas fecepfdia mererngniaing eXygqn tvaskbleloxidation
S EncRiufl IO 4t %ee%é%ffaé7 ﬁnc{%/ ﬂi‘é\@ie%ifqgh %‘?ﬁetébghsﬁf"éfﬁio? P growth of the

fl ow rate of i omass reta
bagtefi and, furgh piiBe quishfage kickvere JBe gas maytherrcbetweenr boul ﬁ@nd 400% wiw

$G5A, & b%ﬂuesmsﬂaﬂc%dv‘ﬂob ngdn&"@‘ﬁ%o E@B (ﬁc%oeéhd%@ 'Eb‘aﬂ:?mo 75 and

i vat ed e at r eser'voi
0110 376 B0 eed Ta0 30529, 46 aLA92 6 iR ondliel ek oxygen, and may
t | ranl S o
D] 10,5045, 30, 55 0 o, 90357 20, B9 e g M 9B 100%
Y¥¥%Bus the effects of the plunbing and reservoir

(parg 'a%ﬂr@dbiob’atfiﬁﬂln E\@tu‘n@ﬂ?on t@ ﬁven‘ﬁ&ﬁﬁé mﬁyn{fééﬁgihtghgdj in a desired

of denti ca v0| r
Qf@ﬁ’tﬂf@n by pepnictha @unp@rt,efort qxare@e a Renpbid frame, p eading: @ hausiog, a framework,

O T e ——

control was also
JypRartzeyitragy b consieisad vois. therr&upmm eriitrmaythe moiiechis sorkotharganner in
dr g the menbranes were not changed or scraped

rg 1\I/}\}/gétr]ﬁb%%batches. The biomass was allowed to

acc R mameranssa atblw@actprr@corﬂimmo tesitvehties mgy oevhoused IANBE®ing. The

SRR 0 Bt BSOS ST AR 4 e e

Ioqaier ynersthe top edthe bisteacier andt eret ardndre ventd otaidd seas fhensbéiom of the

biRadcfdR Tﬁ%s@ﬁ bk ‘ﬁﬁéﬂ wiff! ﬁ&ﬁﬂm\ﬁggtﬁ}?éfeﬂiﬁg S(g rrg(%&lrg!ﬁé{%ﬁtgbut permit

count's efi ca
Resspge f f@l@djwemma}tmﬁﬁedtwﬂbm filipip preveni rentyoidfbects at otberanacrosooplc

BB 3 Pl o 5 A8 PR R Mot ot v v

U @ncwwplaﬂdclrpmlat&naAlmmedy Iélmen 213 |om¢ula$@'e may (s Csppiyteneous. Thus the
t

DL OBAP ] Al 5 T o B g st EBNBY 955 tompoetre

candiignewhafetie bitsite ek sniath celttive tv) the feebaataretut the gnembrane (e.g. during

RS ek PR Sx 7 A el ol Yo Y e g bioreactor

of the liquid through it. The supematant was tested
as follows: WD 2007/056818PCT/ Al'l 2006/ 001728



10

15

25

30

49 1. A 500 m sanple of supematant was filtered

t hrough pre-weighed 47 nrmw de glass fibre filter

disc (Sartorius Australia PL) with a break- through

size limt of 0.8 pm The filters were drleda é}é:lns

WaRHRe8lhed to deternine the mass of suspen&'gﬁf@&m‘;

(TSS). 2. AS50mM sanple of filtrate was further
filtered through 0.2 pmrecoﬁétltuted cel | ul ose
filters 5(Sartorius Australia PL) and subj ected to
i on chromat og raphé anal y

aheut oha lowsr verp doc ﬁﬁpq{,ﬂpggbo,gg’é o&he&porqapﬁo; Olgts énqxgrgent of air causes
ﬁiﬁl‘\ Jatt ail %ﬁé ridh pp&-veR I6ard nbﬁ&i@foﬁ of the bidector. In this fashion a

ana ySI S, preci pitate transf

et Bl Ay prqme‘émnv@ﬂ%l?asi the membrang. “&05,(5%‘!95? Whege the ouiside air
Hlcodt rdifveto i‘ﬁ@n élﬁ%}a‘tlﬁé? brafk mERBbtd@. 8Oﬂuriﬁg RAghtiime), the membranes may

supernatant a ested in 30% 1

wormrheaie gausing fido oy lowards g jop OLPAP: %ﬁﬂ%rgﬂ?squg‘ﬁ aB “PW F ent located
greap w@é%psﬁ lﬁor@@c?ors'gfs' rﬁévleﬁﬁerﬁ' '0 éilt @flsdsurfhed S6olTaiED Tént&ﬂa lower vent

sal | ne

C&:I'Ot S wer lTﬂ read ver
Eostes ngeihe patank e Bioreaion avsrfem F10ORR0R i e g gromoted upwards
gésffh@ %e\%f afie. AhLE Gs ‘?rﬂﬂatbﬂ‘ G teSBmbeRdturd ﬂlﬁbreﬁl’(al ﬁe_t'v?&n the ambient air

ore co orm col oni es (coI onies wth

eisiderihe biowpeior and tke raembang A Falise 8 fpw akair l%é{%e Elsmhf@éedwﬂhow the
@éédob&%@?un@gﬁ&vﬁﬂerﬁﬁ? thQY VahiB R BEoreRicd PhantE6bén upwiis, in order to

n concentrati on was ne
redusdihe tpessibilin o %’ %@s Qbhﬁﬁldeféoﬂuﬂwen@o@?c’@bbpirﬁﬁﬁ@'"w%"ﬁﬂﬁgv adjustable

@&g Wani@llrﬁ ﬁ'as?.gﬁb' C&R de HREIAY %ﬁ@éld@e&l‘ﬁa‘f&ﬂtt&i’e ﬂﬁé"ﬂfm Gﬂa? thrdbigh the gills

sana m xi ng an aliquot (10-100

driver bicthe gund nThehenis @gtdd berppened asdeipned yia gplenoids, o gmﬁt(gs powered and
Bb{hg wit@! il ?gno%"\ﬁﬁ@ﬁavin%@ v&t@reiatn)&@pﬁs%ﬁ 2WREK wind ing the vents

oncen neasur e the bottle
wiga| open. willt Hteu@asamjf very rstrongbwindss the tyemis caule be felly closed to protect the
\Wgé&ﬁe ed at 202C for four days. The DO concentrati on
Asur ed again to cal cul ate the anmount of oxy
cons ulmegpelation dia hicieasiop aocordlnsémib& sgerfipmoinay, e @Fﬁssaw(io recycle the

§ ﬂﬁ{ @éﬁgeem 1 Osetﬁﬁg% ﬁﬁe g gng)'i] @g b e'actﬁrf mérd ﬁfaﬁ gh@gﬂh% in order to
cadmva rsefticienb cantast un@tocrﬁmweéheatﬁasw@ea‘wet of ﬂ@ﬁ@rﬂ%m waste. The contact

{I) hg'ﬂiaglbe %?er %%?1 Wﬁ% nki"18 'ﬁh}f h&epgﬂ—dD rﬁ;"ﬁ{: 1ﬁ(i=, bg{ﬁg Rt fhe BBayer, the

prlor O mX

$1la'rurégaﬂd cqobnimiign of tsematiesiotbp remay mdtqﬂaﬂr fegtors. Thetcontagidime may be
qfqeg) {Jt nin{t% gﬁcﬁfﬁ@; DTE LEY HouRN4 fnth% aﬁn‘?'l héUr@¥nd 30 minutes,

| ation tank
dfahﬂ d&minytes, | 1thoshand 1@ dam hend:th dafia 6 and 0 tiaans,t i tmuyand 1 day, 1 and 12

ShAL PSR LR R ol 47 A o 200

tniautes] he $,i4n8) 6 8 riateds ef F| homa:orﬂez @aéeﬁd 6f ¥, 6n9 @lhw dgysor may be

zrg)ﬂedt {1&}% lﬁqcérﬁmblv %eﬁiﬁ@b hé{ gé’ Ee (,Lb%t p?xgntgthéj %bﬁﬁé (efiween about 1

|lahg| 008 limiest ﬁ@emﬁmg authe diwgnsionsraf dheomembpranesthe figwrrate, the nature and

(,{:;Sljlcgrz{ra? %Iﬂfbe;rgz{:%F foI lv@&“ﬂ’%%waﬂﬁ%@%e’fﬂ'@ﬁefs%& otﬁ?lfféctors It may be

V Suytlecbetve .abouvt mﬂBOUSamdd 200, t @nd 18, haed 50, 7.20d 14,10 and 1000, 100

o s LT o PR AT s s

rafdl fay bomcyicletabdub, 28,3 5,110) 15; 20, 28,130,035, 401, 45,130, 60 80, 90, 100, 200,

Vﬁéq,e 264 ﬂ@o %;‘b(g‘\zﬁq, gﬁ@ go@gq@bil 5 ag'{h(g% r@%}%ﬁ%ﬂe’te&ﬂr Wif#hShe bioreactor to

determine the concentration of the matter to be removed. Thus the liquid may be recycled until the
matter 1o be removed has dropped to a predeiermined concentration, as deiermined by the



10

15

20

25

30

Bat ch Cul tures ANSTO Sewage BATCHES A-C NMB: 5.0 L of
pri mary supernatant was taken fromthe sewage
aeration pond 008 at ANSTO Waste QOperations and
Technol o’?y Devel opnment and fed into the reservoir

WORMTNASIF v oi r was oriented horizontal Iy wit PGIfAIZ006/001728

i nfl uent hose subnerged to mnimze aeration via the
agitation of the influent liqlid. The NVMB punp and
reservoir were incubated at 30T. BATCH D NMB: the

s.a for batches A-C excepnt the vol of. ANSTO
SR Tha s rEcH b OBiepior Tpyrdgtian I ralira s e atef 1 g Rpipued. hmay
fhera dBadeaidion Yetdstord b eHs Bdtor,i N pH @labe, sAdisstivell @xylyen MdBe, a iurbidity
%at ch conditions, for STP Sewﬁge Ba{(i:?h | ncu_batl on

glREior AR Mk fenqeptralion RIQRRPrSaNe PHICT RPE BHAFIRCIN o i ent at i on
FI ow T fid f@Vei0 e Sigisd Gast RS Blembradest(oB Gdugh hedgilis) of a bioreactor

re]lgcrc;ir mont %l v i i i

g fo the present invention may be between about 0.001 and about 10 linear metres per
second. It may be between about 0.001 and 1, 0.001 and 0.1, 0.001 and 0.01, 0.01 and 10, 0.1 and
10, 1 and 10, 0.01 and 1, 0.01 and 0.1 or 0.01 finear metres per second. It may be about 0.001,
0.005, 0.01, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.8, 0.7, 0.8, 0.9, 1,2,3,4,5,6,7,8,9or10 linear metres
per second. The hydraulic residence time of the liquid down a representative 1.5m gill as described
in the present specification may be between about 2 and 2000s, or between about 10 and 1000, 10
and 500, 10 and 200, 10 and 100, 12 and 80, 10 and 50, 10 and 20, 50 and 2000, 100 and 2000,
500 and 2000, 1000 and 2000, 100 and 1000, 100 and 500 or 500 and 1000s, e.g. about 2, 3, 4, 5,
6,7,8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600,
850, 700, 750, 800, 850, 900, 950, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900 or
2000s.

A feature of the present invention is that the membrane may be accessible so as to enable
removal of cells from the gas face biolayer. The membrane may have no support matrix on the gas
face thereof in order that the gas face of the membrane be accessible. Removal of celis from the
gas face biolayer may be for the purpose of using the oélls, for example as food, or it may be to
prevent excessive growth of the gas face biolayer. In operation the gas face biolayer may grow o
such an extent that the difiusion of oxygen and/or of nutrient solution through the biolayer is
slowed, thereby impeding the operation of the bioreator. It may therefore be desirable to be able to
remove some of the biolayer in order to achieve rates of diffusion of oxygen and/or of liquid
sufficient for acceptable removal rales of components of the liguid. The membrane may be
accessible to a device for scraping or shaking or washing or blowing or some other suitable means
for separafing the solid praduct from the gas face biolayer. Thus material may be removed from the
gas face by a process comprising at least one of scraping or shaking or washing or blowing.

in bioreactors according to the present invention, pairs of membranes (which define a gill
inside region, or lumen, for passage of liquid therebetween) may be separated by a space sufficient
for passage of air between the pairs of membranes, for providing oxygen to the gas face biolayer.
The space may be sufficient to allow diffusive flow therethrough. The gas (e.g. air) may be passed
through the space by diffusion, convection, wind or some other means, i.e. without the need for
additional equipment fo cause it to pass through the space, or it may be by means of a fan, a
blower, a gas circulator or some other means to cause the gas to pass across the gas faces of the
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membranes of the pairs. The space may depend on the size of the membranes. It may be between
about 2 and 100mm across (i.e. between the pairs of membranes), or between about 2 and 50, 2
and 20, 2 and 10, 5 and 50, 5 and 20, 5 and 10, 10 and 100, 50 and 100, 80 and 100, 10 and 50,
10 and 20 or 8 and 10mm, and may be about 2, 3,4, 5, 6,7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95 or 100mm across, or may be more than 100mm across. The
inside region of the gills may be quite narrow. It may depend on the flow rate of liquid through the
gills. It may be between about 0.05 and about 1mm, or between about 0.05 and 0.5, 0.05 and 0.1,
0.1and 1, 0.5 and 1, 0.1 and 0.5 or 0.1 and 0.2mm, and may be about 0.01, 0.02, 0.03, 0.04, 0.05,
0.06, 0.07, 0.08, 0.08, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.6, 0.7, 0.8, 0.9 or Imm. The
two membranes of a gill may touch in places. Optionally the inside region has a homogeneous
width. In some cases, when two membranes of a gill touch, the region in which they touch is less
accessible to nutrient. This causes to a reduction in growth, optionally death, of the liquid face
biolayer in that region. This in turn may reduce the adhesion in that region, and may therefore lead
io separation of the membranes in that region. This may then aliow regrowih of the biolayer in that
region.

Similarly if the gas face biolayers of two adjacent membranes touch, they may adhere due
to surface tension. This may cause a reduction in oxygen supply to the region of adhesion, leading
to a reduction in growth, optionally death, of the gas face biolayer in that region. This in tum may
reduce the adhesion in that region, and may therefore lead to separation of the membranes in that
region. This may then allow regrowth of the biolayer in that region.

- In order to promote the health and efficient operation of the biolayer, the biolayer may be
kept at a pariicular temperature. The temperature will depend on the nature of the biolayer, as
different biological materials perform optimally at different temperatures. The temperature may vary
slightly during operation of the bioreactor. The temperature may be between about -5 and 90°C, or
between -5 and 0°C or between about 0 and 90°C or between about 0 and 50°C or between about
0 and 20°C or batween about 20 and 90°C or between about 50 and 90°C or between about 10 and
450C or between about 10 and 35°C or between about 10 and 25°C, or between about 20 and 55°C
or between about 30 and 55°C or between about 40 and 55°C or between about 15 and 45°C or
between about 17 and 42°C or between about 20 and 40°C or befween about 20 and 30°C or
between about 30 and 40°C, and may be about -5, 0, 5, 10, 15, 17, 20, 25, 28, 30, 35, 37, 40, 42,
45, 50, 60, 70, 80, or 80°C. The temperature may be kept at about the desired temperature by the
air or the effluent liquid which is in contact with the biolayer and/or by the operation of the
bioreacior. The biolayer and the bioreactor effluent may be cooled by conirolling the rate of
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evaporation at the air face. This may be achieved by controliing the rate of air flow past the
membranes.

The support for supporting the membrane may be any suffable structure for supporiing the
membrane, of, in the case of a bioreactor having more than one membrane, all of the membranes,
of the invention. it may comprise for example a frame, a bracket, & casing, a housing, a rack or a
scaffold. It may be made of metal, for exampie aluminium, steel, stainless steel, fitanium or other
suitable metal, or it may be made of a suitably rigid plastic, for example polyethylene,
polypropylene, polymethylpentene, polymethyl methacrylate or polycarbonate, or may be made of
some other suitable rigid maierial. The membrane-supporting structure may support the
membrane(s) in a veriical position or in a horizontal position. The membrane supporting structure
may comprise rollers and motors for assisting movement of the membrane within the bioreactor.

The membrane of the invention may be nanoporous, Mesoporous or microporous or it may
have a combination of nanoscale and/or mesoscale and/or microscale pores. It may be capable of
allowing the cells or spores of the biolayers to pass therethrough or it may be incapable of allowing
the cells or sporés of the biolayers to pass therethrough. The membrane comprises a support
membrane which comprises a support material and a gel on and/or in the support material. The
support membrane may comprise between about 0 and 90% gel on a weight or a volume basis, or
between 10 and 90% or between about 10 and 50% or between about 10 and 30% or between

~ about 30 and 90% or between about 50 and 90% or between about 70 and 90% or batween about

20 and 80% or between about 30 and 70% or between about 40 and 60% gel on a weight or a
volume basis, or may comprise about 0, 10, 20, 30, 40, 50, 80, 70, 80 or 80% gel on a weight or a
volume basis. The membrane may be planar. The thickness of the membrane may be between
abiout 0.1 and about 10 mm, and may be between about 0.1 and 5 mm or between about 0.1 and 2

‘mm or between about 0.1 and 1 mm or beiween about 1 and 10 mm or between about 5 and 10

mm or between about 0.5 and 5 mm or between about 1 and 5 mm or between about 1 and 2 mm,
and may be about 0.1, 0.2, 0.3, 04, 0.5, 0.6,0.7, 0.8, 0.9, 1, 1.5, 2,25, 3, 3.5, 4,45,5,6,7, 8,9
or 10 mm.

The gel may comprise any suifable gel material that can be fabricated from a precursor liquid
or vapour. The nanoporous solid or gel may comprise for example silica gel, titania gel, zircania gel,
alumina gel or a mixed gel comprising two or more of silica, titania, zirconia and alumina (e.g. silica-
alumina gel), or it may comprise agar agar, agarose, calcium alginate, pectin or cther biopolymer.

The porosity of the gel may be between about 10 and about 90% or befween about 10 and
40% or between about 20 and 90% or between about 20 and 50% or between about 40 and 90%, -
or between about 40 and 75% or between about 40 and 60% or between about 50 and 90% or
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between about 80 and 90% or between about 70 and 90% or between about 50 and.80% or
hetween about 60 and 70%, and may be about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85 or 90%. The pores may have a mean diameter between about 1 nm and about 100
microns, or betwaen about 1 nm and 1 micron or between about 1 and 500 nm or between about 1
and 100 nm or between about 1 and 50 nm or between about 1 and 10 nm or between about 100
nm and 10 microns or betwean about 500 nm and 10 microns or between about 1 and 10 microns
or between about 10 nm and 1 micron or beiween about 50 and 500 nm or between about 100 and
200 nm, or between about 10 and 100 microns, 1 and 100 microns, 1 and 10 microns, 10 and &0
microns, 100nm and 100 microns or 500nm and 50 microns and may have a mean diameier about
1,5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700,
800 or 900 nm or about 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90 o
100 microns. The gel may have liquid in the pores thereof, and the liquid may be an aqueous liquid.
The biolayer may be a biofilm. '

The support material may be made of a material that is non-biodegradable under the
conditions of operation of the membrane or of the bioreactor. The support material may be
hydrophilic or hydrophobic, and may comprise a porous material or a woven material or a non-
woven fibrous material or a sponge-like material or an open cell foam maierial or some other
material having holes connecling a first face of the support material and a second face of the
support. The support material may be, for-example a woven or non-woven fibrous material or a
non-fibrous porous material. The fibrous material may comprise glass fibre matting or cotton, and
the non-fibrous porous material may be macroporous, for example an open-celled foam, or it may
be mesoporous and/or microporous. It may be flexible. The porosity of the support maierial may be
between about 10 and about 90% or between about 10 and 40% or between about 20 and 90% or
between about 20 and 50% or between about 40 and 90%, or between about 40 and 75% or
between about 40 and 60% or between about 50 and 90% or between about 60 and 90% or
between about 70 and 90% or between about 50 and 80% or beiween about 60 and 70%, and may
be about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85 or 90%. The holes of the
support may be between about 10 and 200 microns or between about 10 and 100 microns or
between about 10 and 50 microns or between about 50 and 200 microns or between about 100 and
200 microns or between about 50 and 150 microns, and may be about 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 150 or 200 microns. The wWoven or non-woven support material may have between
about 5 and 100 sirands/cm or beiween aboui 10 and 100 sirands/cm or between about 5 and 10
strands/cm or between about 20 and about 100 strands/em, or between about 40 and 100
strandsfom or between about 60 and 100 strands/cm, or between about 10 and 60 strands/om or
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between about 10 and 40 strands/cm or between about 25 and 70 strands/cm or between about 30
and 60 strands/cm or between about 35 and 50 sirands/cm or between about 35 and 45
strands/cm, and may have about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95 or 100 strands/cm. The thickness of the strands may be between about 20 and about 2000
microns or befween about 20 and 1000 microns or between about 1000 and 2000 microns or
between about 500 and 2000 microns ot between about 500 and 1500 microns or between about

20 and 500 microns or betwaen about 20 and 200 microns or between about 20 and 100 microns

or between about 100 and 500 microns of between ahout 200 and 500 microns or between about
300 and 500 microns, or between about 50 and 400 microns or beiween about 100 and 300
microns or between about 500 and 1000 microns or between about 750 and 1000 microns or
between about 500 and 750 microns, and may be about 20, 30, 40, 50, 100, 150, 200, 250, 300,
350, 400, 450, 500, 600, 700, 800, 900, 1000, 1200, 1400, 1600, 1800 or 2000 microns. The
support material may comprise for example a glass fibre matting, woven glass matting, polyester,
microporous polyolefin (for example polyethylene or polypropylene), microporous flucropolymer
(such as polyvinylidene fluoride or polytetrafluoroethylene), cotion, polyester, polyester-cotion, silk,
wool, sinfered glass, sintered metal or some other porous or fibrous material.

The support material may be a hydrophilic material. Before use, the support material may be
treated in order io clean the surface andfor to render the surface more hydrophilic. The details of
the treatment may depend on the nature of the material. For example a treaiment that may be used
comprises the‘step of exposing the support material to an alkaline solution, for example agueous
potassium hydroxide solution. The alkaline solution may be between about 0.1 and 5M, or between
about 0.1 and 1M or between about 0.1 and 0.5M or between about 0.5 and 5M or between about 1
and 5M or between about 3 and 5M or between about 0.5 and 2M, and may be about 0.1, 0.2, 0.3,
0.4,05,08, 0.7,0.8,09, 1, 1.5, 2, 25, 3, 3.5, 4, 4.5 or 5M. When treating a support material that -
comprises woven glass matting (or other glass fibre), the step of exposing may be for beiween
about 12 and 48 hours, or between about 18 and 36 hours, or beiween about 20 and 28 hours, or
between about 12 and 24 hours or beiween about 12 and 18 hours or beiween about 24 and 48
hours or between about 36 and 48 hours, and may be for about 12, 18, 24, 30, 36, 42 or 48 hours.
However when freating a support material that comprises cotton, polyester-cotion or polyester, the
step of exposing should be much shorter so as not to damage the support material, and may be
between about 1 and 20 minutes, or between about 1 and 10 minutes or between about 1 and 5
minutes or between about 10 and 20 minutes or between about 15 and 20 minutes or between
about 2 and 15 minutes or between about 3 and 10 minutes or between about 4 and 7 minutes, and
may be about 1,2, 3,4, 5,6, 7, 8, 9, 10, 12, 14,16, 18 or 20 minutes. An alternate treatment that
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may be used is to expose the support material to a water plasma (which may be for example
formed within an RF generator). The exposure may be for between about 1 and 20 minutes, or
batween about 1 and 10 minutes or between about 1 and 5 minutes or between about 10 and 20
minutes or between about 15 and 20 minutes or beiween about 2 and 15 minutes or between about
3 and 10 minutes or between about 5 and 8 minutes, and may be for about 1,2, 3, 4,5,6,7, 8, 9,
10, 12, 14, 16, 18 or 20 minutes. In an example, the support may be etched for about 6 minutes in
water plasma at about 5.0-x 102 millibar in & 40 W radio frequency plasma generator operating at
13.56 mH RM to hydroxylate the surfaces making them wettable. Alternatively an oven may be
used io burn hydrophobic materials off glass support materials to make them more hydrophilic. The
temperature of the oven may be between about 300 and 700°C, or between about 300 and 500°C
or between about 300 and 400°C or between about 500 and 700°C or between about 500 and
700°C or befween about 400 and 600°C, and may be about 400, 450, 500, 550, 600, 650 or 700°C.
The time required fo burn hydrophobic materials off a glass support material may be between about
5 minutes and 36 hours, or between about 10 minutes and about 24 hours or between about 30
minutes and 18 hours or between about 1 and 12 hours or between about 2 and 6 hours or
between about 5 minutes and 12 hours or between about 5 minutes and 6 hours or between about
5 minutes and 1 hour or between about 5 and 30 minuies or between about 10 and 30 minutes or
between about 1 and 36 hours or between about 6 and 24 hours or between about 12 and 24 hours
or between about 18 and 24 hours, and may be about 5, 10, 15, 20, 25, 30, 40 or 50 minutes or
about 1, 2,3, 4,5,6,9, 12, 18, 24, 30 or 36 hours.

Alternatively, the support material may be first treated with an acid, e.g. nitric acid (e.g. about
10%) before use. The support should then be rinsed with water uniil the rinse water is neutral, and
then dried, before subsequent use. '

Membranes made of woven glass matiing doped with silica gel and polyester/cotton
(65/35%) doped with silica gel have been autoclaved and were not affected adversely. A woven
glass membranes has been autoclaved more than 10 times and had the biomass removed with
1.5% sodium hypochlorite solution as many fimes without any sign of deterioration of the
membrane.

The precursor liguid may be any liquid which can be converted to a nanoporous material
without damage to the support., An example of a precursor liquid is alkaline colloidal silica solution.
These solutions are commonly at a pH of around 10, however may have a pH between about 9 and
11 or between about 9.5 and 10.5 or between about 9 and 10 or between about 10 and 11, and
may have a pH of about 9, 9.5, 10, 10.5 or 11. The solids concentration of silica in the colloidal
silica solution may be about 30% on a weight/weight basis, or between about 15 and 50% or
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between about 20 and 45% or between about 25 and 40% or between about 30 and 35% or
between about 15 and 40% or befween about 15 and 30% or between about 25 and 50% or
between about 35 and 50% on a weight/weight basis, or may be about 15, 20, 25, 30, 35, 40, 45 or
50% on a weight/weight basis, or it may be about 17% on a volume/volume basis, or between
about 10 and 20% or between about 12 and 20% or belween about 15 and 20% or between about
16 and 20% or between about 10 and 18% or between about 10 and 16% or between about 10 and
14% or between about 12 and 19% or between about 14 and 18% or between about 16 and 17%
on a volume/volume basis, or it may be about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20% on a
volume/volume basis.

The nanoporous solid or gel may comprise for example silica gel, titania gel, zirconia gel,
alumina gel;, or a mixed gel comprising two or more of silica, titania, zirconia and alumina (e.g.
silica-alumina gel), or it may comprise agar agar, agarose, calcium alginate, pectin or other
biopolymer. The mixed gels may be made by a process which comprises, as one step, controlled
hydrolysis of mixtures of the corresponding alkoxides, for example silica-titania gel may be made by
controlled hydrolysis of a tetraalkoxysilane (e.g. teframethoxysilane Si{OMe} TMOS) with a
tetralkyltitanate (e.g. tetramethyltitanaie Ti(OMe)s). Alternatively the gel may be made using a
trialkoxysitane, for example methyl trimethoxysilane or a functional alkylalkoxysilane (e.g.
methacryloyloxypropytrimethoxysilane). The precursor liguid may be converied in to the

~ nanoporous solid or gel by changing the pH (for example acidifying), or by evaporating a volatile

liquid from the precursor liquid. The evaporating may comprise heating and/or passing a gas past
the support material having the precursor liquid. The heating may be to a temperaiure sufficient to
evaporate the volatile liquid but insufficient to cause deterioration of the support material. The
temperature may be beiween about 30 and 90°C, or between about 30 and 80, 30 and 60, 30 and
40, 50 and 80 or 40 and 60°C, and may be about 30, 40, 50, 60, 70, 80 or 90°C, or it may be
greater than 90°C if the support material is capable of withstanding that temperature. A sufficient
amount of volatile liquid may be evaporated to cause the formation of the gel on and/or in the
support material.

Thus a sol {e.g. a hydrosol), the precursor liquid, may be infused into the support material,
and be caused to gel in the support material, by a suitable sol-gef process which may depend on
the nature of the sol, and may comprise one or more of: pH adjustment, temperature adjusiment,
evaporation of volatile liquid, exposure 1o a reagent and precipitation with a metal ion.

The membrane described in the present invention may be dehydrated and rehydrated to
constitute the gel without apparent loss of functiori of the membrane.
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SI P Approx. 3Lof bi omass sedi nented from17.5 L of SIP
activated sludge was added 37 202C 28.5 L vertical 10
ANSI . ANSTﬁori m;rysupemat ant was spi ked with 6g
[ chloride 38 202C 5 L vertical 10 S
W%yg’% of bi omass sedi nented from Batch 36%3“528%@03”28
#Flow rate 4 = 375mmn; Flowra e 10 = 1260 m/mn
* ANSTO pri mary super nat ant s taken from ANSTO
sewage pit 008 'The control vessel was run in

addition to t N - X . ,
In one example o'?g Tab%%tﬁgnogrocggg, %ggpspog m%t%riai having a plurality of holes therein

(e.g. a woven polyester), is exposed to a colloidal sifica solution, and the pH of the colloidal silica
solution In the holes is reduced in order to form a nanoporous silica gel having the cells immobilised
therein in the holes of the support material. The pH may be reduced to between about 4 and about
8, or between about 5 and about 7 or between about 4 and about 7 or between about 4 and about
6, or between about 5 and about 8 or between about 6 and about 8 and may be reduced to about 4,
45,5,55,6,65,7,7.50r 8. The step of reducing the pH may comprise the steps of removing the
support having the precursor solutions in the holes thereof from the bulk precursor solution and
immersing the support in an aqueous solution of the desired pH. Alternatively a colioidal silica
solution is adjusted to pH between about 4 and about 8 as described above and the support then
removed from the solution, Other examples of precursor liquids include aqueous solutions of
sodium alginate or of agar agar or agarose. The concentration of solute in the precursor fiquid
should be such that the viscostly of the precursor liquid is suitable for infusing into the support. The
concentration will depend on factors which inciude the molecular weight and nature of the solute
and the nature (pore size or mesh size) of the support material. The conceniration may be between
about 0.5% and 40% by weight or by volume and may be between about 0.5 and 30%, about 0.5
and 20%, about 0.5 and 15%, about 0.5 and 10%, about 0.5 and 5%, about 1% and 10%, about 1%
and 5%, about 5 and 40%, about 10 and 40%, about 15 and 40%, about 20 and 40%, about 30 and
40%, about 5 and 30% or about 10 and 20%, and may be about 0.5, 0.6, 0.7, 0.8, 0.9, 1, 2, 3, 4, 5,
10, 15, 20, 25, 30, 35 or 40% by weight or by volume. Evaporation of a part of the water of the
aqueous solution may cause the solute to precipitate as a gel on a'ndlor in the support material. In
the case that the gel comprises agar agar, the precursor solution may be made by heafing agar
agar with an agueous liquid to a temperature above the ge! temperature of the agar agar in order to
dissolve it. The gel temperature depends on the grade of agar agar and may be between about 25
and about 70°C. The gel temperaiure may conveniently be below about 50°C, and may be below
about 45°C or below about 40°C, and may be about 30, 35, 40, 45 or 50°C. The concentration of
agar égar in the precursor liquid may be between about 0.5 and 5% by weight or by volume, or
between about 0.5 and 4% or between about 0.5 and 3% or between about 0.5 and 2% or between
about 1 and 3%, or may be about 0.5, 0.6, 0.7, 0.8, 0.9, 1, 2, 3, 4 or 5% by weight or by volume.
Cooling the support material infused with the precursor sofution causes precipitation of an agar
agar gel in and/or on the support material. n the case that the gel comprises calcium alginate, the
precursor solution may be an aqueous solution of alginic acid, or of a soluble aiginate salt such as
sodium alginaie. The concentration of alginic acid may be between about 1 and 10% by weight or
by volume or befween about 1 and 5% or between about 1 and 3% or between about 5 and 10% or
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5Results Batch 7 = The NMB efficiently renoved
suspended solids fromthe primary supernatant with
t he TSS falling from118 ng/L to 5.0 ng/L in the
fir , 25 hours (Figure 12-a). IDSincrea

wgggo% 98 to 973 ng/L over the 45 hour incub} dﬂhﬂ 6001728
period (Figure 12-a). The ing#ease, in the TDS was io0
al so observed throughout | at bat ches and was
possi bly due in part to nore conpl ete oxi dation and
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at renovi ng suspended solids and coliforns (Figure

12-c). The TSS fell from97.2 ng/L to 7.0 ng/L in 23

h, and the 15 coliformcounts fell from38.1 x 105

du/mL 10 5.8 x 102 cfu/m over the sane period. This

was contrary to the prediction that the increase in
agitation of the stored liquid fromthe influent

pouring into the reservoir froma height of 150 mm



it

15

20

25

30

. 20 bi omass on t he nenbranes. The contr ol

bi oreactor was significantly less efficient at
renmovi ng suspended solids and coliforns than in

ng/L in the first 23 h, and the coli
count fell from@8.1 x 105 cfu/gn to 8.7 x 104 ciu/nml
(Figure 12-c). The increase |ﬁ TSS in the first 23 h
may have been due to retained bionmass in the control
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concentratl ons in the NI\/B were very high, being over
5.3 ng/L for nost of the 25 incubation period. The DO
concentrations in the activated sludge at the STP
operated between 0.0 and 3.6 ng/L, but were usually
around 0.5 ng/L. For the majority of the tine the
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The pHin the NMB fell from8.22 to 6.91 in 18.33 h
(Figure 12-g B). The pHin the STP fell nore rapidly,
going from8.22 to 6.75 in less than 16.3 h (Figure

The ammoni um i on concentrations in
WS’%"%"?@I&Z h A fell from53 mg/L to 0.0 ng/‘%?h”ﬁ“%ﬁé%“ms

than 16.3 h (3.25 WO 2007/ 0p6818PCT/ A112006/ 001728
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5 menbranes and in the reservoir appeared to be
relatively inactive, which was probably due to about
two days of starvation over the weekend.. This was

in the ammoni a oxi dation data. Th -
62%@1%@? primary supematant used may have g‘l’éé@h%&mlns
contributed to the slower treathent kinetics of the
bat ch. Conplete SOD and pH data was not coll ected for

kep in conjunctjon wth to
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ver sus I ndi cat es
s é@u%h%mewwr& the ctaﬁuehfrqr@ttre &ide gmtathm@mm@a a disperser, so that
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t Efu%égtg %dﬁov%\ﬁ P&ﬁﬁl&éﬂ?' Thé ﬁur%gfeé&ﬁg fle W{BLI? whiXa qﬁ%%tt}\éﬁe?tp] of a batch

to const e suc
BQIDCGS@Q@ lbbﬁﬂﬂﬂlrftﬂabwﬂm/écr@mﬂas@ sladgsopnovat |bef0tefﬂtabieutted effluent is
t o carbon di oxi de and
reteageoftﬁrbtrgq?ngﬁgﬁ]uﬁ%tgo%t?ﬁt %%sth@htcgtx) rati o of 20 about
1: 3.5, which is still lower than the TSS to BOD ratio
0 ed for the primary supernatant.
Eﬁaé?eﬁ?ren%ﬁerror appears unlikely, as the plot of
SOD fblrtannf\mntlcﬂ!atesnemhmtmbldwan’@t |(WB)wastnonﬂrected1 trafrialdhe treatment of
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apladniTatal suspévded polide (TSS)cotal dissbivedisatids) (TDS), colifdfinecounts, biochemical

oxi nia in the ST agal n r.api 2.31 .
gﬁh‘je?fgﬂ‘g %\m c@sa%qde ABP}QE(’"E%%%'OH' %]?rﬁengal Sna!ys:s using ion-
smpta@lptagmat atemait emission dﬁegmsmpﬂ.(&CHAES) .C-NiSeandiydig; atickion chromaiography
s de |tr|f|ed i n the anoxic phases, as the

produced
f V5 Pe r’t'érld\gtne%a'@eﬁ%entratl on of 68 ng/L was about half

of t h'ElellWBrméLmdubm@d at 8050 | and A0RE e dédterminetind affect of temperature on
OXI ation n um i ons. e ox

dl
RorBRBR u e Gs R AR PrTY Soratan! wore fad S e efft of
| 'siorsdss apikingwerb alds iebied. A@sritobvebsd eonsistinyg loﬂ@pumﬁand reservoir identical to

T T e Pl ol dF RIS 161 G e INERhiganss fr e charges
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Chdlrfgtlbﬁered'rkb &cﬂiﬁféﬂ@ﬁh 2tRe MR trohdved Gldperted SORE éf@'dollforms very
%ﬁﬂﬂ eat{;g%aﬁ 007/ 056818PCT/ A112006/ 001728

f§ 4t b afF‘ﬁ’Stfﬁ@“t"th ePmpargiRde fie é@ﬂ%ﬂtﬁmﬂ&ﬁ@ﬂm from the
VBTG ThéaisbiRd soliddicohtetratibl 8é ¥i vgﬁﬁbﬁﬁﬁ%%texﬁé?ﬁfeﬁtb B SW8C and 30°C,
72.6 ng/L TSS. The nitrite-oxidising bacteria appear

to have been nore depl eted than the anmoni a- oxi di sing
bacteria, as the nitrite concentration rose to 14

ng/L after about 30 h. No denitrification took place

in the highly oxic RECHFEPSHEEIS(RULE ¥1) R&IAWGI trat e
concentration was 130 5nyg/ L. The addition of an

extra 11.0 L of primary supernatant in batch 16 did
not account for the sl ower n|tr|f|cat|on rate The
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The renoval of suspended solids fromthe sewage was
simlar in both the NMB and STP 20 (Figure 12-n).

The coliformcount in the NMB renmi ned high (6. 3 X
104 cfu/m) after 18 h (Figure 12- n B), but fe

to
WQ 200705683% cfu/ml over the next 7.75 hours. §G§’AU2°“6’°°1728

reducti on was conparable in tBe STP and NMB (Figure
12-0). The DO did not rise véy qui ckly in the NWVB,
only reaching 5.3 ng/L after 18 h (Figure 12-0 B),

whi ch was due to a gas |le the rese [
VB! SvaRoTatoR ugussE that @%Nkﬂ%‘@wwﬁs bt dgﬁ%ﬁt@gévﬁwdlsmg the
mgémew@bmomrgmmommdm%ntme gfr.i ci ency of the
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paPRsER faanerebie Al ofeBser o dasiorsyal nRearetiodhrisss the efficiency of the
ngatmant and fell 30 during sand filtration (F| gure

qS . The sulfate ion concentration in th
f el | Smillagualig wegs wargprovalenin theggsiftant ippok qﬂprsqbogt@zlﬁ\gl@rp gf treatment

ﬁ%@— Coﬁﬁ[s %!feﬁ]&{stréteé §p@éﬁtlﬁitforttﬁ>e fR3ulBBY diflub id ﬁ@us@&ﬁaq%@culture The
ours Ii%thur e - g B). This is not an exfgect

readignttefiug samelbwﬁecﬁnﬁq\&ajtu@rﬁv.m@qaﬁ@%{ac@déw acal/anaergpigssmell of the
Raiagled ﬁi’ b’rh CQT@' NPh debﬂﬁBeéHoﬂe@ et FotdtMcior 8 é’ewage treatment,

oxl di se e reduce ecies to sulfates
@ﬂﬁu@ylpﬂaaﬂ @ew@!ﬁof@@ﬁ&@hﬂqc@waﬂ@m bfognass elewien and anypaniagoyidagion.
'—§ wagd eatrhért &l a ddby M%F&e&flndoﬂﬁﬁ‘/gﬁsfslca ncHeﬁilchlrh%d bidfelical factors

2007 g818PCT/ AUZOO(?/ 001728 from

weyking meﬂngr fgreducerihe B0 5 hiplagical tnadier, rmthog%wc @worgamsms and
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cou to a sand may

@oyﬁo%pwd@d s@ds awowoamee"s f9m sewagse THAGRIpNER ekbiomass for the

f o&:&]ﬂtl&g'oﬁ%% a?lﬁ PRE BALRON of )iﬂnﬁnbﬁi%@gﬁlcél'tg Y efﬂélérﬁ‘ operatlon of the

osphates. 5 Ba
mmﬂyryrtmaimenh@mpbwtﬁ magesfeeswageniRalrent pi@ms s@ndail@,rboft the activated
%\Xﬁ\é’ ih SbEonadif rtl%aiméﬁthbt&b&lﬂ’% ISI B of h8 RUEETeR% ﬁslv":bs facﬁors of sewage
hence’the retention times were sig I cant
iseaimaané which irachieved by spiarging therbiomiagerria liguer with Q@muressm ai.

pr ' nﬁ{enyﬁEiF?{ e %ﬁ%‘ﬂ&e B@@as%%té\jﬂbl‘( %lle»éce |c5|'1t ﬁ‘ses %éﬂbmﬁ@&ﬁaae liquid
@ﬂim’e éthtemt biomassfin d digctragntact (mpth Glir e jr_agmass 1§ p@wdect vylth soluble nutrients

ﬁﬁg&.‘?ﬁ{&&%&’ t fslﬁ@fo @f’neﬁlbra%{ 'flﬁ'ﬁéﬁﬁ«ﬁ i Béﬁﬁé‘m dﬁ%ﬂ simple pumping of

mahquda@rmndmwwnmtatgq netatned biomassy/ L (Figure 12-r A),
Vi efl@er%r%es{arf&{amg%‘ cﬁﬁ‘ﬂ gmgtrbe%rg ﬁ egﬁﬁ ﬁﬂcgée%ngﬁo?wlg/ in sgwage. However,
it dnoltowi flbreommmhremmt useém ednsiyei and rieedyfig bé atlimerggdfin dhe liquid, so

@P@g%ﬁe n@r g b‘% Q%Bhe% %%ﬂ?ﬁ%ﬂ]}ogﬁr gjrs%ssfga?rs $Pb¥nar membranes

arrapgednivta simplei @Ia,rmich.zieﬁnem)lumerﬁer ihvERseagaof/ibel sawagd betdesd them. The

085 S0 Bl LSS Yo AR SprAT Y S o Fomes i

liqgidL The spe@iabmémbiréfieg develop@t for Bis.puipbes are bxiremeln perousnE= 80%), strong,

éh%{géé d&éﬁle gﬁd Eﬁ(%%?g@raqg?ﬂa/ @I)Eiklltld)th% técﬁﬁ(oh%%%n ‘fd;?gl/ c%hdu@%bﬁ’opgcale -up to

ezl largk oenti®s (Bnantg hiindrads BiAVIL7d)syctiasdhoss required foo seveags treaiment.
treatment and to 23.4 ng/L after sand filtration
(Figure 12-s A). The BOD in the NVB fell from87.3
ng/L to 18.3 ng/L over the first 19.5 h (Figure 12-s
B). The sanpling was too infrequent to ascertain the
real 20 kinetics of the renoval of suspended solids

and the reduction in BOD over the early stages of
operations in the NMB. The DO rose from2.2 ng/L to
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WD 2007/ 056818PCT/ AU2006/ 001728 58 result, with the
concentration rising from19 ng/L to 38 ng/L in the
first 19.5 h, where it levelled out (Figure 12-u B).

- I of phosphate concentration was al SQ,
Wﬁ@goe%tsﬁ ¥t heoreticall y anticipated form ri s.é@{&“"“’“‘“m

slightly from8 ng/L to 11 ngf,L over the first 28 h
and falling back to 9 ng/L in the next 20 h. The high
DO concentration in the NMB (Figure 12-s B) was

expected to pronote 5 mﬁ"’&éﬁﬁ jiglgtion of organic
matter to rel éase nore phospha romthe primry

Sepled-vpNMB t han the | ess oxic STP Batch 20 The
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e ose r O 0 I secon
e, et e, g VT B UL Pt i 56 aievanpa, ohe infor-
Pigmbrend écfapfnlg Atdne Was Aldveused forsapaeaie M nmmméﬁ dtﬁh%ﬁﬂ@ silica- Ggei doping

FOge1 ot BLRr MbTaR S BRI Pelbest A el Pl sy hav 2 push rod
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e ol e oG AR s ol e roARIGhLRo0aG. nd it proeot

peizorAly fthr&@hltlw?mﬁbr%omfg s@ltmf tR ifteiGéhdr@RWorab&th karl B moved along
he nitro In the STP the nitrate jon

o i S oalT e GUeics RoDURT fipREG: o T Hioh TSP inside the NME

: tdﬁltiirr@@tlmg’lﬁe bRGbnnReng dhd Palsh sp tﬁef‘@lvafﬂnﬁléﬁtﬂ@m%ﬁamlnatmg the NMB the

ified in the oxi Ic cycling int
EHS rr8 ViR . covgiRd fprubRer %oechsag%as@ b&llmu%tthaﬁrwqrmeaw@nto the outer
Roveing i aBGlar projédtiemtieR tRanmeer tid oulef Rousipour e 12-w) .
This can be ‘accounted for by denitrification in the
secondary treatnent consumng WO
2007/ 056818PCT/ ATJ2006/ 001728 59 as nmany protons as
m xed-acid fernentation made in acetic, lactic and
form c acid production, while under anoxic
condi ti ons. The plot of sulfate ion
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From batch 16 to 21 the bionmass in the reservoir had
increased slightly. To ascertain the effect of
i ncreasing the biomass in the reservoir, bionass was

Wﬁ%dﬁﬁggﬂ?ﬁj fromthe activated sl udge at STP %%é&ﬂz?ﬁ%%oms
h )

primary supematant in the NMB for batc
15The TSS in the STP fell at %he normal rate (Figure
12-z A). But it is difficult to conpare this to the
TSS in the NMB, because the solution was spiked with

concte tBTA" i ESkpleAldEfim BHP s ool fgBid i pstom v a o it
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b e SN s onem ﬁlqer{écwg?r[i@@?éugag%@é% %o that the
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the | so. expected .t o.h r

ioncebad o sirges podicE, Bsfen® BT i ZedeRhE b Ecaly had ver
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ﬁl@ﬂ‘ (bafsiLl) td i 08 of Fieduiuent ldRidzand\oriertgtleverticallyftoe surfaceLoh the liquid was
the NMB fell from7.6 x 105 cfu/m to 2.0 x 103

: éiFQﬂqtrFt"rﬁﬁter only 19 h (Figure 12-z B). Again, the

re- S%@mts%er@fpeﬁ@me@ RURgeren vbihmesr ﬁspﬂrmxyl supapmma fram the STP

e AT S S BB, s
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renoved cColiforns npre efficjent than. t he STP ov
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in the I rst
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eI PD OO SR RS Forisel i fpandpritons
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nor ma falling from 38

h@phgs h§he£qu@59§@§@mwﬂ BocuRYe r?ﬁ'ef(tbﬁ gﬁ? sty 5 Q{?W“ on ANSTO
b 9%Bihd RoxPaithdBHob gk 61 seuBgk ftonl thé STP Bilore déiSled analysas began.

nltlgate concentratlon rose only slightly, to 16 ng/

Samplednayeidndary treatment, indicating that

deni ’ d@g@h@a&m @4|(TDB), colif
b ﬁé@l%ﬁ%}é fégte r Stée@ susgﬁdet! Y&lids fFISrBP'iBtéI ase |S ( ) coliform
aoumisnbioghemisal %mee@ﬁma@t(ﬁga) m@qotm %(Bﬁ‘-m@oxﬁ?rﬁeft fa’f'°§4P ammonium

ohrs %ﬁﬂa&“ﬁ@%el%m%%ﬁ?d phbﬁ)h&t@%ﬁioﬁg earﬁontrmro’gzn STl ar@YSE (CNS), and

€ nex Wwas StOP .. During
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befslerbeajg decamrd to remgieiorgasic mager (Pipfing)fisksioed fmﬁfawe NM@ membranes due
atch 22

EBPPAR S iRl € TRETREm RS RteR s e T
OX|dat|on resuned at the same rate, once punping
recommenced. The anmoni a oxidation rate was 2.21
ng/L.h (75.4 ng/n2.h) over the first 4.08 h and was
2.11 nmg/L.h (72.2 ng/n2.h) for the 11.83 h once
punpi ng resuned. This increased ammoni a oxi dati on
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in the secondary treatnent (16.3 h). The plot of the
same parameters for the NMB (Figure 12-ad B) showed

W%’"ﬁ’“,%ﬁsqu sedi nentation of solids (69.4 ”gllll'cflguz]ﬁsnﬁmzs

7 h), but a relatively slow renova

-coliforms (1.2 x 106 cfu/m t@ 8.9 x 104 cfu/mM in

20.67 h). The reduction in BOD for the SIP (101.8
ng/L to 16.9 ng/L in 163 h) was nore rapid than in

th
(8 2045 49 & Bl S Bl e B i g
agai nfilieudse (Bartpries Ausiialia PLYwithadregikithrough sizeiinivaj 0.8 e ﬁﬁgﬁ filters were
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14, tdfmastmedﬁﬁthapmms to have been a large | oad of

I bl baoh t lipid ,
SuIBES TS e Sp SR BE P e TSR i A Sttt Peisiéas paandem so
thhtethel f&‘ﬁoimahceatﬁiﬁmm B coUEbEsomparti ® € abtefoomm @Mﬁ&ge frédiment plant.

é&%ﬁq‘jﬁ Xlﬁeﬂ ?r?rﬂ Bwel\ﬁé’lj\:(ege: tfgéjrlref?oirél%g ﬁ[.t)]lgsl') just pr:or tom@:n%@ z%/quated sludge

(phﬁa@'&ﬁbefnﬁltdnt vibe Yentnapordlinio the @m&ﬁi@rﬁsmﬁdalﬁ 6ffldedit) @nd the spillway

F?éirfgér%# {hg {EJ%\A;E%Z 81? o awé(tqtqfr@%a%ge r?tfn !'hqgo@éj éq %g]f%lglagt gﬁ)erhary ellfluent data

wasa@red Gricrad Uv-artddation, dalllddiifbrm( dousts Wil b%%rgﬁahcaﬁﬁy hl@éﬁtﬁan the final

PR B e b Bl o e s oy Tt ater sano

ﬁmﬁt]ﬁ]@ fromthe punp. The DO concentration in the NI\/B
zre r api. dl 2 usual ure 12-ai B and _t he
VG %ﬁs or g wdsj &fious ceppapentsyoighe S veregalpulated from

tﬁ@ foﬂ@mri”g) dataV\FIbﬁ lfaté DG MRICBioRadiWollmb & 104 MUITERA cRrifier volume 20.6
oxi da éa WO 2007/ 056818PCT/ AU20061001728 62 Bat ch
Mk and Sand fiter volume = 7.9 ML. This gave a retention time for secondary treatment of 16.3 h

L)
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The reduction of TSS and coliform count
The reduction in TSS in

(Figure 12-a]
the NMB (Figure 12-aj

oliformcounts fell slower in the
WB 3%72({3{?30% of the BOD in the STP was rapid (1
to 18.3 ng/L in (R
in the NVMB fell

A) was

51

nor mal .

6.3 h)

after 4.5 h (Figure 12-ak B).
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very simlar to that for other sanples,
to 15.6 ng/L during secondary treatnent,
and further to 3.0 ng/L after sand filtration (Figure
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ches—wth dllIlUll

Batch 38 The plot of TSS for the STP was

falling from

The coliformcount for SIP (Figure 12-an A)
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dermonstrate the activities of the NVB operating with
a higher formfactor (0.085 n2/L) than in previous
bat ches (0.034 n2/L and 0.021 nR/14. The rocking

and the di sturbance of the sedine
w@%ﬁﬁo\é&%y . arit . E%er?%m{)?%ooms

omass the influent liquid falling 250
reservoir surface made the 1S3, BOD and coliform
counts remai n higher than could be achieved with a
stable reservoir, bhut the ion 25chronmat ography and

| CPAES data |followinp this rleport nay $thléride be

G5 ef BO°C Bi5L s i htegicalst i i@ t pSTOt e[t he drastic

Beduf2d®on i e t ot plerapuntioof | Troma$ apprex. Tfe NVBF  biomass
resefvoir frlombatch| 36 (38.|3 g)|to bat ggu.@te@%@t )5 L of STP
The yast mjlority of|the bi gmass| was r ehgivitersiidge Racatided

g7 tnspEWo Jegait | Nol whRAS: [S1@ | [ ARPIRE RRRSTH A0k supematant
bi ompss oxi di sed very rapidlly injthe highd Xpi}%'vﬁth Bg ammonium
condj tions gver just|two days. This nayig

ggob T RIQMESS TELSIL O BeC t f-gvout
techn‘?{gge fcrsq'sevvage te?tLéglt m“:n1t6 . t—mve :d'"%“%ég%%o%i bsl%m‘szg
sevvage treat rrent situati on the b} onass titi %ﬁ%’

as +ha
VVCA

PN W 2

g’ YRET ”a”g "U?#%&?“ %%%E; A brown
: %C%%ﬂlﬂ%‘%@tasmﬁ- "9'?1 Vil s gS o) o

on the inside (liquid face) of the menbranes during
each batch and sl oughed off V\gﬁ

20071056818PCT/ A132006/ 001738U8% after 18-24 hours
Batpiendi ng on t he Ilquor concentration, volunme and

ool R Dl 50 S e s 1o
f@wﬂfr@mw t 8.0 Mol mrfm QS2@Eodr§(‘F@ﬁret1|21a§‘ mlsq@re?aséﬁ from 839

er at this ,%omt The bi of il

el | ul ar mat
@ng]?%a’ﬁ%'eﬁ‘feé@‘e %%ew&cybaéaa period fagupeolera) Wethoreagin the TDS was
A EHsbvQMhRdE &t6r 1S3ktdR8Y arfdhad ﬁo@ﬁoly ARl it Barf B9RPe BmpidiEoxidation
ere was no sign of ofllmdevelome
31 i a0 o P e e RS P HEHOPIG N Fyelory (o ey DO deta i
Pc'l %Qq{ lo"@lw et@)) %@F&Qloh'a%é leiRd Hﬁ%ﬂ)ld‘tphg gt?rteﬁéé%‘ TD8, as i was

i ck he bi hat sl ou
DA P 2R GVh g by atoount it Sl lecassgrin THS. The TSS was
AMhedt e ot nef REARd a@ébuﬁtlh@ fdrgé?éﬁé%tléﬂ 5(9!9H|é§% n&rly Eihét the suspended

ranes were responS| | occul ati1on
IRSHvest ingrernics e IRETReRe Y E%$ tea@m HeAcpAupiallR | | ul ar
mat gl cou\‘tﬁ'féllrbllbt@ly sl@@éﬁ@ %etl’llhﬂ’a fh@ﬁ’ 'th@y 9 fﬁf"th 2 oﬁéanf P&iment at

%To‘ﬂﬁtgﬁfe 1#‘% T@Pﬁbtélf fﬂm 65 Xt1 ﬂ%cfkl!mt T@F %t%qfulmbaa e NMB QVﬁ"e1 8.25 h, and
fraar@s ﬁﬂ@scmﬁm@sﬁ 1bocftrﬁsv&,epfee§h rnQﬁ@ﬁnf b @quft@f sIJvJéPfaﬂ in coliform

rit the anmobni a oxi datl on

qu@s NﬂBXquh%E“&H%@ﬁhednf@ﬂP%ﬁwmﬂg @h@utﬂ/@dom@d@rnhewrst 13 batches

| i nepe Btk b]BreH(ﬁ&twe@%ﬁzhﬁéfﬂc%ng aﬂ%tno V&oli %ﬁ!gcig)ﬁ@ltﬂsognd did not
denonstratin t was a | arge "healt

qh@rw&.ﬂmn@ytra ipeofiisenivediselitls slaeifiganisiutrashe muhaun périod The liquid in
thakmB ré’ﬁdlyam@ f@%éhﬁiméﬂxérﬁaeﬁﬂeﬁ k& Qt?e%(ﬁjl or %@Em‘ﬂ'ﬁ‘ Wﬁhlﬁ li‘@ hours. The

punp t ur ned amonl a OxXl

Irwiﬂ g tb@ @@H@lﬁa@@mgmaemb@@mﬁm gee toladackal aeratwrym ttfe swsrm The odour
fl%ﬂﬁﬁé‘éé%o%? gegﬁlaﬁ é?tgjént? i %TP%JD o'tlt{égbigﬁlpf@rfm%han%q from the

sone of t1on took ace
effiuest. r, as the ammoni a concentration rose and the

DO t r|

ol %ﬁ E‘ég Jvro?rﬁéf %g)aﬁ% tﬂpﬂgﬂ tafﬁg ab%lﬁ 0 Ff% 2 nmzr% datr Qrgre%ggeived after
abo d & ReursiTheyrwereavesoprévalent in mbsttcsmqgesemrmhaﬁer é&/leours, with balls of
t hough the liquor was essentially oxic 20 (DO 3.5

ng/ L), sone denitrification took place. The very

active amoni a oxidation recorded in the NMB (up to

2.63 ng/L.h or 76.9 ng/nR.h) in several batches
denonstrates the presence of anmoni a-oxi di sing and
nitrite-oxidising bacteria, which are responsible for
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| evel between 0.0ng/L to 1.5ng/L up to 7.4 ng/L in
only five hours. Since it operated at DO
concentrations between 6.0 ng/L and 8.0 ng/L it is
e to expect that the oxidation of Ll
or Qg@lg%%:onpounds was nore conplete in the W‘{%mﬁmﬂlns
in the STP. The relatively plsgasant odour of the
resultant treated effluent fromthe NVB, which snelt
i ke an aquarium or pond, and | acked the

GR5q NAEAEN G BE0Y o Aol TR S B s
incubsted &B0¥ biteveterere irdpickes mmibaied 8 A0%Cn t he BOD of t he
%%ﬁ'ﬁ?d in the NMB. The coliform counts al so

stently fell two to three orders of magnitude in
t he Thieresult<X0r theoNIMB for baich 8 Weére vere similar $o théseifaivatch 7 (Figure 12- b) The

G BRS6 B o Dot o 30 6 o

Haresenvoidias atierted Hodton@alynio Bateh B xXThadiSSanthevaanirsl] hcmactnr fell from 101.4

B 0 T 1 7 o

batchi The eslifonn mpljnetekfrm Baat10ociu/of totdtBx teiumil & batch TOwltle in batch 8
BR300 Byho T4 ol AThE ol S8Rt APy P s vo
aeht;he leBC\Iwﬂsrlem;bﬂ(B demn:vghlnf ksw esgidtshm“é tcg:kgrﬁni' ?gd the dissolved solids
%&'ﬁ@?‘f‘fog arﬁ@ic&:%gqm 1£§$C“b§ﬁ°& pPPloél hi gh DO concentrati ons

Batchi diese batches indicates that significantly higher

o O WS S RPN P B 5256 o Bl Gopen

$olids W@ﬂoﬁd&&ﬂgﬁn’%@c}asﬁhm&&feﬂ tipmad7.2 ing/LaonmOnngdl. in 23 h, and the
@ﬁ%ﬁ? t&):qgtg felll%ﬂlpgqﬁ{a%E éy/mﬁéab qgg&&ﬁf t?vﬁ%tﬁg se{m%epeﬁod. This was conirary

fonheaédigion ihairthe increase Thsyithiiva kot thg sioegdiguidiram the édiietipouring into the

uncert al nt %Pﬁgtspt hewaégtHsF [eﬁér{ﬁr\%q%g}n%i v%ﬁﬁ%@,svgpﬂ.l@ decrease the

§§dlmhfahﬁ| rlat@bﬁ&usﬁ@fded sulick a‘rﬁu@eiyl sﬂslp&dé&&@ls\/mg indremséDefficiency may
E res i ve def or m_at

{
SuttsaGle B2uErNG horteSs BB SmAsy Dbl ot fisol Shdor e
mbrﬁaspuhmenfefmrmédje peristaltic punp. This phenomenon
progressed from batch 20, t.he base |i

8 i t ,
Por [t eeoress bfrro@otsis piales e et Smeaseisydled sofds and
SifopitaRan iPale@RR DalthdslTHeO®Srincreakingiesin 9.2 Mok 1617 mgiLhie the first 23

hanc e colm e B FoR B PECRBNE 27 A0F el ubragtel e morease i

m fNBe FIRT 23 P Qe Bsknidde &th Rsnel iontaes in id) oritroif idkgtator system

| so 25 dlsturbed d in the reservoir
NG LG Swheso ybermsil dor G Alietchs Pl LSRG polds in the
shplingrdcegnt fell 250 mminto the Iiquid, which
rOVI ed a significant disturbance. Wien there was
in the reservoir the influent liquid fell 150

rrm tmetNma féﬂo@@)cﬁls;sﬁndécf%hdsl qusf the! if 9remb@svba@&h@g@ure 12-d). The

_\y\#ﬁg{éh i cant di st urban e. g%ure experl nment s hi
Bem 4482 metde &4 Mgl iR oalm 19 heThie s hoverngemgua tahs progressive

hdpBmil 8RR rov ﬁlohaé%‘ ih hh@re@érﬁdnemro@ Bn 'ﬂﬁzébrﬁbr%st &t &M Rele been an
m nim se the suspensi on of sedj nented bi omass on

ﬁﬁ?@cb@tﬂie(ﬁww S@rﬁ@mg tirge pepwean theriifgl ang @%ﬁd $AMPles; a5 as gpmonstrated
RfiatérbaichdsUMR SorOfedubf sﬁfﬁm‘h@ anRScoff§iR codhtlifthe B liquid fell from 8.5 x

experinment denonstrated an uneven distribution of the
iU 2P ixdQbeiumb TheecontrRh bipieacier wag .vawsneﬁw@raéremerw%suspended
&fidd 428 c8irdfas received significantly nore sewage then

the other two. Fromthis, there is roomfor further

I mprovenent of the inlet manifold to increase the
efficiency of the NvB. WO

2007/ 056818PCT/ A1J2006/ 001728 66 The differences

bet ween i ncubati on at 202C and 302C are uncl ear,

since factors such as disturbance by agitation in the
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WO 2007/ 056818PCT/ A112006/ 001728 67 Exanpl e 2 Shower
wat er. Construction NMB V, used in this
experiment, was constructed to have 16 gills each

WBQQEF’%‘-Q‘Q'?% of two nenbranes 1465 mmtall and /ﬁﬁ‘ooﬁmmns
W de. e

menbranes were made of polyester fa
doped 5 with porous colloid silica nmade by the
aqueous route. The fabric was treated with 10% wt/ vol
n|tr|c acid (AR) for 60 mnutes and rinsed with tap

f ot E’ﬁgg@ﬁllph s&ﬁ%ou&%gﬂéep{r&eigq ﬁégﬁqu@@[ﬁtthé’mﬁgall %lﬂ 10.9 mgl to 7.9 mg/L

BOIR fidt 196 biues (igufeot2-a)vand chsy badsés B9 wmabldpihe @)llowlmg% h. This could be

E)g)}ayé@ by tiw lﬁ%@ﬁ‘@léﬁﬁ%@%{% glﬁlﬁa#]ﬁ tﬁ@ﬁr?tt lgzré?lflen fR¥efithe release of

paiibjeephibsphorout §.erphpsihata i) byl decayof dw sgdimeniad biemaess in the second

5 B B V0 o G ey oo

suspendedsdiies] The. NMB esnmdved$lighilyimoss mephorw$ than did theaSTP over the first
iﬂg dto 1.0 L of Bindzil 30/360 (food grade) (EKA

Esals) and the pH adjusted to 6 using 4.0 M HCL
( - 436oppbnand Tine followddsa sieifae trevd dinihdiogh plbsplicrdus irhal three systems (Figure

$ ﬁfg@uﬁé qog ap?earﬂg b%F t@&@ lo. lé% gongﬁrbrﬁ 3"%05)%%0]“3 %cfgﬂ??ﬁ[rlr?ﬂ‘lg R (Figure

dgpped fabric was passed between the edge of t he
E%uﬁigl e and a second squeegie to renpbve excess
solution fromthe 15 nenbrane. The menbranes
wer eTHeungre fifequent sampling pateor tdobled drkbetsh thaml kenpaiches yenabled the

g8 BBLS we Bl bty ARG RETRRE 1 FhrTyP kBt oo

fierReapidgig taa ﬁnd&;ﬁteﬂtim ¢henmevinua baicieb oeitese aVinfrbgrentt saoplihg Gstem was

Serdo e 1A e utiare e DR S p R 8% n (1372 mgt

$é!| ﬁ'ﬂ 17&?&1&)”&“@ esliforrh h;ﬁurdfel[ éron m2nxbi0Beigml toBriex Mdg/mhnnt‘lﬁ 33h. TDS

0 B 90 500550 58 ARl b HBrin o
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defi ned h of stic i.nin

s nogcsnhan D mauRig Sisaenret e YR mLHplhan e nreaso
HDBC&LIE -calmacHt thik phbrdmehongls enmknewrtan ¢ wasabbetes thrasghout following
hung on the outer extrenmities of the set of menbranes

PACESpl et e the nenmbrane pairs. The inlet manifold

COoNsTERd BOD féfth@h@ﬁd ine 97P @megmﬁasmm 14h. 63\1gﬁ_ttm® gl in 19.7 b,

L b e AR o TR A4 Bt o

]IQSW FRADO cEReehidibng iR NMBWéte &bry gigh,Welnh otdres Fm@L fﬁmnost of the

gaps between the alu racket at th
s Herede 150 DI e GOTB e R P ot T8 pasriel etwen 00
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R 1oL R coBBEUHEN Y W PP & FORS Pt i s i it
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ranes o jacent. gil

04 s b oSS A T WG BRI e DO Ths the
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robl ém the nbranes were rtﬁstral ne

wmrat@swrw IiRra exieeanditionst s SRIRES WY 550%%';;“%@@%@ the NMB.
the trﬁ’ePpH iﬁ'tﬁe NMB%rfl%m"ﬁvz\%o padf 1feemFYie angiBR TRMH il Be STP fel

45, mm |
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for biomass for rou he "air spaCers were

nmounted in the mddle of the glIIs The tubes in the

inlet manifold were fouled with biomass accunul ating

in the outlet holes. The network of tubes was

replaced with a single hose nounted over the top of

t he menbrane box with two outlets draining over the
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Shower water was collected fromthe single shower at
the inventor's hone. The shower water was derived
fromtwo adults, two adol escents and one juvenile and

gcted in a 600 L polypropyl ene Water
w}‘ﬁng p+ ggﬁ"m%s%ﬂlns

astic tubular water reservoir design
storing rainwater 15 underneaih a | ow house of deck)
via a grey-water-diverter attached to the S-bend
under the shower. Water was transferred to the
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ower - wat er siI nul an
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g2 120 RS /L%M\é’%&mé(ﬂ%ﬁd) Sl*hg‘dé o BB A3SInycH *imfgium ions fo
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@lirate fang evouldyield bt 3 83ingd; of Mr@hmultragpeal“%thmwm ogy fhird of the nitrate

| a\Q/ grh@ESﬁ&Trﬁ\éh i r?@c#éﬁ ?ist ift thg gn&lc ngg' d ﬁéﬁtg{gﬂf al ¥rp.

up to 1000
m . Thﬂeammmommatan gﬁha/veu@gaalpﬁw BlFigurg 1MtE’é fell from 53 mg/L to

R R e o
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R R 0 B RS SRS ARy 2 v

ithrenfiélldack @J&Trag/L afer 28 XoBs \of inaubiation 4gurd 12-h B aThel nittadef ¢oncentration

i 56l G828 B i i 120500 418/4F v

tchrecertfafidrubadprisem td 83Gimgll, whideis dighdly mospihan would bermtpected from the

B RSt Sy L RN B e . o

akicrunitr® iohs oy Waeecomeafsona thd ecdntinbert digesiinadi Itye suspemdedw solids, which

i MR oBised e Ao bon o Bl bbb et )
equal'l'heaploudjfttbe Oéncelafatlo*uaﬂ suifatk iighs ,in tiisi BT (Fipurer #2-i A) shows a silght

S b A B L G B b, T
Quab barisisieht viith metpnéwmm of sitiar eddizing baetaliaentve di the secpndary-ireatment and

WAV BT B DT YR BT B el e ot o
stitatesigre canteritrition \arttiey MMB ¢Figure $2-LBjends Boaticawithl @ slightdnceease during the
seréa?s of tests using 300 Lid. The WO

'¥56818PCT/ AU2006/ 001728 69 punpi ng rate during
dl ff th@ﬂlbt éiq;hcdpﬁate\mmenmlmeftr the3KQ0id o6 ,STB(QPigaed 22 3 showed an

e tap nounte efore t Il.et .
Titees oo 8 it 2 St B8 SREREn A laf dod &R bl Bima during send
fivaihy alfes was oboaﬂstautmmaan of manmioaahomhd eeihg chnumiy s @Uryphosphate

s e SR P R Bl s Jo gy fpatant and

1!% Beiéted @IuH@Ctﬁg@sﬂmg the orgjﬁm‘ca&nat&tlﬁ@&éld&d ho! phdsphorous as soluble

d, d .
PRSP H3tRo 8¢ e Yelaoc Tase i end o e ot gaposmhates inthe
fiéMianpiide@nmt, aTeh [ﬂmlph@phat@ d&r@érltraﬁdn}forqwndutddn KHedi$MB (Figure 12-i B)

SRR o CaheR G eRee it BF Gt ER0S AR 0ot to 24 gl

&P RES Maf alxi 1rsang éighm &létMHv@[ obBrRNndBE Bt € hburs,titfich lowered the
clarifier. The dgerég en of the effluent from

CAsehiEfioHa \ewokg -periodically to assess
tgaghagount of di ssol ved oxygen delivered to the

i d f th h, t ]

di Ss0a/ekings SaHe SUReBiROr GO 85 R % UABREIIES h b2 A) ves
Gbrjstehi With FeviduE sEMbleQeThEBASHTSS IR INMBAWRE &sinpARIbR, with 85.6 mg/L
coll ected at night by the automatic sanpler.

15Resul t s
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The results are shown graphically in Fig. 15. Batch 1
W t hou.t an established biomass, the NVMB V cl eared the
water in the 24 h of the incubation better than

Wﬁ?@?n%§§8%(Fi g. 15-a). The log coliform countl,(‘1515.;,1[}2(,06,003.j728

to 2.00, the BOD fell from92 20 to
mg/ L, the total suspended sokids fell from 37.8 to
6.0 ng/L. This is ascribed to the rapid delivery of
di ssol ved oxygen to the liquid, as the DO

I@ge{rl gﬁ Po3§ f‘?nglerh l@%‘ﬁﬁ?ﬁ éd)ml'-gqqufeoﬂgj\/% R lleFudtiSh iR tfcoliBi Sount in the

es were
STiPadewaged 5.3 xHEs diNmBl WSIBrxe‘@P QJM melﬁéﬂnb\m mere,fapid taan; igy e INJMB (6.3 x

. i) T e i
dulipenb2i0@ the chifmrmlint sianisd titdallt (Figae 124 HheHekionassirgained on the
r{}eirlgt{gwfe% %@ ﬁ’notge gegﬁ%&?)gwg% gtor o ﬁée?a@\ée]ﬁmacﬂﬁ whﬁ:ﬂ%é probably due to
abb&t\i‘;mdws bfaatar\taﬁ?w qva5ihe wektkend. FThis. was Seflegted imithe ampapnia oxidation data.
olifor t

TR et ot Bl symerief oot Pl e e ol e Sloue reament

l-ﬂr@hd:s%ﬂwebat&ﬁ 6 to 3.0 ng/L. Batch 16 The punpi ng

r at u at.c TP L
R PR R P B B R o7 el n opinton i
Edttﬁ 1BQEglfrel1:k k_N OTheG3) tencardratiary fell o 1.8 mg/Lt iothel primary supematant to
SR s S Bl Bt o e v
d thepubiad Rirkiherinto the khaacltd:ffﬂie7sm¢iﬂtersddam pal raportesi) andhen fell back to
C fell f

éf e e St P O IBRR 72"t 16,6 i L and the Lot al

Sus prBGRAe ofSBOD dessire foirtherNBIB. (Bigtre 12k B) mijfored3mplothof T8S versus

3 php e Sodttinelf B O BE i S 2 pfgrn ho soD

?ﬁ@stt&n 4|Tﬁelaom be*thawa@lsupdmaam &ds &pptogim@telySourdiinis higbler than the
e total sus

%,ytq_ prirpgly sypew tarr}drggordse(a through&% this n%l? E%ir?g639§.4tn‘?g/@.' 'ishe T3S was 85.6

mg/L., which is too low to constitute such a high BOD. Carbohydrates have a mass to BOD ratio of

about 1:1.2 for complete oxidation to carbon dioxide and water. Lipids have a mass to BOD ratio of
about 1:3.5, which is still lower than the TSS to BOD ratio of 4.5 recorded for the primary
supernatant. Experimental error appears unlikely, as the plot of BOD followed first order kinetics
with the equation for the exponential frendline y = 274.71¢0962 derived using Microsoft Excel™
software. From this there may have been a very large load of soluble biodegradable matter that
caused the extremely high BOD, without a concurrently high TSS concentration. Once again the
DO concentration in the NMB liquid rose rapidly (Figure 12-k B). The pH fell slowly, which was
consistent with the slow oxidation of ammonia in the system (data following).

The oxidation of ammonia in the STP was again rapid (2.31 mg/L.h) and almost complete in
the 16.3 h of secondary treatment (Figure 12-f A). The nitrate produced was denitrified in the
anoxic phases, as the final nitrate conceniration of 68 mg/L was about half of the 131 mg/L. that
would evolve from total oxidation of 38 mg/L of ammonium ions. The oxidation of ammonium ions in
the NMB (Figure 12-1 B) had at least a four hour lag period before oxidation commenced. The plot
of ammonia concentration followed normal exponential kinefics consistent with the growih curve of
microbes, displaying the characteristic lag, log, and stafionary phases associated with consumption
of substrate by a growing culture. This demonstrated that the culiure was well into- death phase
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10The punping rate during batch 27 was reduced to O
Uh (Fig. 15-g). The shower water had been stored for
| onger than usual, so it had different initial

' istics to normal. The l og coliform 006/001728
W | 160 a. 68, the BOD Tl | from 135 40pS

86.9 ng/L and the total suspgnded solids rose from
29.2 to 39.2 ng/L. Coliforms and suspended solid
solids rose, while the BOD fell slightly. It appears

fi%)&\la eg\ga’[@ri Ell tf(? El{e{é%ag éoﬁ@#)l%whﬁsdbaltéﬁewﬂé%she@ﬁ it n@lﬁbﬁ?ﬁlpematant

€ nutfients were re
chntaining A2:6 wiglLeTSSovibe nitrite=oxiising dasteriarappess ia eie bepnimgre depleted than

i q?%{nﬁrﬂﬁyté{ r%ithe sihg tbﬁg}ér agsethQH ) E&c@ﬁra\ﬁoﬁ%&e 1S ﬂﬁi@ﬁ&%&t 30 h. No

S|gn i can
df&tﬁtri‘id:amm ®wok pladeiinl the &ighly sxic B dyslers,ais the flnal n!tlla@ qon@mrajlon was 130
scussi on The NMB perforned better than expected in
Qﬂle initial batches. It appears that the 20 nenbranes
act qtle mdditidnyof as estra 10:0ylgefrprichatyi superpatang ini batsh |1ﬁ didmet account for the

e b, oGt T ek 26 AGL R TR R A, wharee
i egtcrt Pﬁ ;tcrfalbloﬂiy |0r92:n:rm;;- H,i0046.6 n@‘m?m i $ythe hynethesis thebilie biomass was
St antror 0 55 g et b SSoyer B FEReREBmaNG in s ey

The mhew bivaasiaio iy gj:em:emtm\‘am versus time far thg BT (Figwe 1aaub4u) rose through

TS . ST R Bl €38 W oo 2

B hgse muﬁmnragam a-mam whs utdxpacdtiorcf mgmymemtedtsm@ewhwe Sl oxidation
ew from successi ve bat ches

ol sotsrositr o re o g e ARE S TEPinenteg gdoe i te

ﬂeﬁﬁ#ﬂlr@h@f@@%&imgﬁmg backdrie weretagtivequal i ty achi eved in

the resultant uent s was very,

(e o bpboat KSR B I BT Rfre S5H%5 bl e same vond

&egeaw %ﬁba'td;lpm @thmeuenm Fhnphimspetd conceatitioy lm“!he biVMBriEigue 12-m B)

pﬁ@lygqis% Ry 0 PEEJE T!p%glﬁ mm"‘fﬁggp g%ﬁﬂthgl}efelg@ nfgﬂ_ er tﬁg%étxt 20 hours.

Bhtth yents with less than BOD 10 were achieved

tentl th i t f
f ﬁgs'gﬁd,%{%p ofgus%nae(ﬁ%g% ng] ﬁ@ ﬁgwag;&w gg‘%\n#}y)&b %Q\II\AB and STP
f Ire! 12q{)t1the%o|mfrﬁmlcmm tHeaMB rearineskigh (i3grDf cﬂdml)naitey 18 h (Figure 12-
ditio

B B0 Eublsl oS a 0 St Seb g PR 775 o FHL RAEor s comparetle n the

sﬂd HﬁNd N!EEBYF@MEM@I 119 D?Hﬁ nFa?;u@aq qhikidy |efhbll\klklea ontyreadhing 5.3 mg/L

t he as the ragte o C 0 r.enpval

G R 2 9 Bl VAR 1 e ik Vo e oo fow e

%éﬁ:%rm%%p(ﬁ{g Qgﬁ BBHNGN rmeu%@%{/miulz@ﬂhaafﬂmency of the NMB in batch

concentrati ons | not rise, a | el t her

doalsp-ol Ammagiug) o ogalion wap Ayl Slov2 i e AVIES i Gy y oB8hglLh or 422
Gl bty bidiBehh Wflristnmheeﬁgﬁﬁa i7p Bhe Nitﬂﬂelléversnwere)wrmnd 4 mglL

and suspended sol jds

Sumvseait maptchfheragobat P (TGHTY T3 B B et T pite-ouiising
b rﬁ%ﬁﬁtwﬁé ons appear to be respon3| ble for

erises in coliforns and su g spol.ids s
her e The plots foralakEn PrRUlEpaR Rt PeevePHRRSR gy Spaiment and fo
tsaﬁzmt nt yéq lEIq A hvnen@rmé A @?r@iadtﬂaﬁongf theniBiBfélidm 38 mgil. to
mani f o oulin Xi nat e ()
|2afﬂ9&emr SR8 GRS At rpze%a e Bﬂlﬂtt‘ﬂéé/ WE rﬁﬁ%l?%? @H@U%F'QWG 12-
e"ﬁfs ihBean @@@(ﬁéﬁst@smtf}& SXOliITRY shvifotimentGatdad homMB, as sulfur-
r vent Tor mat as bl es whj ch,

i.n

oxficied brgera s@e@&wmp%%@@ t 1@ edvessh sufiysnepgs to sulfates.  The

i!ﬁé‘s'lpﬂ?té koﬁ%néeﬁﬁ?aﬂ%ﬂeﬁ kef 1Dinee Ijﬂ?E i tOfilsMeholi8@f incubation in the
aritred stream In these conventi-onal systens, only

50% of the clarified stream would 10be retrieved.

Exanpl e 3 Macerated Donestic Bl ackwat er

Macer at ed bl ackwater was treated in two types of

nano- parti cul ate nmenbrane bi oreactor (NMB) to assess

the suitability of this technology for treating
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The raw blackwater was extrenely rich, being 3-10
times richer than the primary supematant from a
typical sewage treatment plant, having TSS = 149-546

= 269- 1024 ng/L, amonium i on Con‘i‘%}ﬁiﬁbbsﬂﬁms
ngg@%%?wgu and coliformcounts = 1041-6.0

The NMB was efficient at red:%Jf:i ng TSS and BQOD.
Ammoni a oxi dation was quite Tapid conpared with
s_econdary 25 treat ment systens, but the extrenely

@@3' z?,;u?n@ B g\ttﬁ’éj séﬁg@rag Jfeir ﬁf it &t SBHWF%LE& 18:q). Sand

fisticanoes aaredtrabi myhs® byamlplmg)theNN@ tofafsandeiifies it may be DOSSIbIe to

r odu tp_u? ?%,,g %&%ﬁ{?&ﬂ a{&‘ﬁ Fg@g}&%&%%@btﬁ% ZteIWqu%ﬁh about 8 mg/L

@@ﬁg@g on), coliformcount = 6.2 x 104 cfu/m (86%
tlon) [NH rf] = 227 ng/L (18%reduction), and

4 = 54 ny/L (56%reduct| on). The second NMB IV

Sysﬂ'ﬂ&e%@ﬁ@m@ chairt whdnehalh 19 wes saepladyiromHaT Py e e $ovwotetes were much

N L e

divdA iBBigare aged i m omhe prifER sep&tBatatb WaspldivahbailuB2eith TSS of 94.4 mg/L

redufct | orﬁ s rgjp ?‘Ft'ﬁrq/ Igno%@géoﬁgﬁﬁmgm ﬁa@téj{i(? fEJ&té Secondary

ﬁ\%nﬁé?i sm/rémava@gﬁsp@demsotmaess&m@wumu:.e bigls ﬁgws, withy'SS falling from

2007/ 056818P J20 017 72
WrlomaE e ¢9-2 )r,n%&a g 1 2 é@ Vé‘gc% Blageq 3 high T‘%ﬁo i §a$9 Qters, yielding a
t@ﬁﬁ R BRAIGH corRMERR 1@/ TBSleThd coliforie douny remiaiedhuitt highn dalling from 8.5 x

NN N TN —

(Flyar@ 19ir ). NIV NS remibebdistspended solfde qucéﬁIlthly\bompamd @ropme previous

;
B 4§58 JAIng o St Bhe T2 gl ' 166 BTG b "3 Brorm count
RBrdNEs mmtﬁrﬂﬁo w e RAoRcfui/mliint Ve Balﬁ@edod/(matd 1ByBL. he

hydr_aul fl
azcgﬁhlét@ mott?e §'ﬁ% frggt%gﬁre@% i ﬂ?&&ﬂ'ﬂ |r?gcse$?nga,ry trgatment and fo
é%i Rglbi AECAHE UrstioR IFIGRE MBS AR i The IBOD! iy tiienNMBetl fromsiFeSamgiL to 18.3

I s denmonstrated that the_effic
b AN G5 15 e FEHECIZS B TR A kB Ssgonan te rea
Riticd BeheParivans sadpBied BBIRIs faAd thet rsduafiont ihiBODsévardthe $bdw\stages of

onsratonin 16 MRG0 BOGeSedRITeE UL anhg wol  Fect siﬁ%% ahd the pH fol
Eh@{bteﬁs nﬁtﬁé sﬁrﬁé‘bé\‘ml (Fit]EFeStZ(s@PeCI all'y amrmm a)

to enab e wast ewat er
1&) ps?cig treatment with

Ace u/hmmmlwtb ipnSxidadign iﬂd@e PP waalmpst pegliaipiai,
tﬁ% %&wab&raﬁéﬂé%ﬁgw{m rﬁ\jﬁ)@oqt qRGUra PREAY Sthé aitriteacorcehietion el from
Stream

[arifie SIO of _bi

adat i
68l & mFe s ep N SHPSIR Tes IPRAOATGA P B BPL4HGE same period
hOBIR ng‘ﬁﬁ' tﬁé“d%gi o¥ AitrifSand Bmintdfia kR higae, tIﬁeBl%tte@ sl‘ﬁil)d Hb@only risen by
systentwere |denti

Ied as potenti al Wgﬁf nB %? ;
thmghyet Fhmoltrh Ehis bdicateshat ﬂr@f flow u@'ﬁ fidhe wasl@ost fopably in a state o
ﬁﬂﬂﬂweﬁ%@tﬁreg ‘&m ;?Ié?s W X ST WithC5! nYifut@edt @RdnCotrial, Olmﬁtﬁat@ fhat the flow

menbr anes. was concluded that in its cur

fade hadt inereaqreb sigaificantyrie e ABthaus @ SMEEg.ADR Mok kel e 3 hours

{ 2h
gﬁ&% Ean‘ﬁﬁﬁd e‘{ge{ ﬁ'g‘% oﬁH’iEt-gi ﬁ?dgﬂﬂgﬁ?’a}i&;ﬁ%@b% rfg/iomer 42.1 mg/m
Kegwe i%frfﬁ i Titﬂ repicperfeIBRaeras BPesblAve 42 a leRlf/B)thexigseRir jiowing the flow
%&ld"tﬁ‘é oz g?ih%stérf@dsfroﬁl%hﬂegﬁéwon gia&hiphigrst cal | ed

consi s five pairs ‘of nmenbranes eac

rm hifeghsulfatg @0d m@smateeormon%eaﬁ@@na ip¢ec & Figwa de- Hé\&t"?re éW"ar o the

i M8re expected
BT R s g B S s s o

rrenbranes conposed of pol yester/cotton fabric doped

W th coIIoi dal silica solution (BindzilTM EKA

Chemicals Pty. Ltd.). The set of five gills were

housed in a 55 L pol yet hyl ene storage box, with a

reflux system 25 to drain any |eaked |iquids back
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system Sewage was punped fromthe reservoir via a
single peristaltic punp chanber into the first set of
four gills. It trickled down between the four pairs

wol206B kb ignes and fell out the bottomonto a ng.,qA%oﬁjomns

top of the first of the nodified (flat botto

tanks and ran to one end andsggpilled into the tank.
The liquid travelled al ong chanber one to an outl et
that was connected to the second 5 chanber of the

|
er | St{hﬁl?et égﬁ%e@tt’@g ]uét%fmtrt‘t% q?qu@ﬁ%gﬁ]ghr rgﬁtgtggsg? 9;] Lgt'i Ieri]tgt@ it levelled out
Igarel 2t Bf ouihe mrmmhssphatauwmemtlen WA st Berejlike the theoretically

e ‘%’egé? ﬁséq%t‘étuﬂéh‘ﬁ%fr%ﬁﬂtgﬁgé‘ e B He 114855 F ARNARD Sebicto 0 molL

in étetnexte@d ht Abe Bsgma@@omoenttdt@n in ﬁ@eNMB;GFlgu@ﬂ 28 ek expetierdo promote

th% %gitd f?gld?q{qu loﬁ?%tn{? rﬁa}tgréfn 1¥leaSé 16T %h&'pﬁ%gfg@trt gtg g dl'ﬂé'r\; gL‘rHernatant than

bealetd aicl9TPL reat ed bl ackwater from a prototype
gqgﬁe@tal C sewage-treatment systemwas tested in
ctors NMB Il and NMB IV. Anal yses Tot al
SUS OFhe deztl 151k INMAB (ef@tﬁ)r wea dixethfal hesaRObgo theflow saie wes egual to 1260

] rgtpmfr&rfg& %@@n‘%ﬁﬁ?w& ?Lﬂqul% c%@tﬁﬁ%%%r elg conda treatment

hridthén 106 mdyLSstton safid filtration (Figuet2tw Al The TIS)in e NME fel ttom 74 8 mg/L fo

LA S R T Bl S7£08 2 070

1B3fun & se&mammatdzent@ud tarb.3 hé0Pchrms atta;sandtflllpﬂhen (RiguigH@a A). The

erleat g CepbBeot e € el R T BB o Plure 23,

t herTRtBDD i@ mraTPq@n frdhotem7angAnios 1 vienga. gier Sesondary tiegiment and o 9.6

F@J@%lﬁ di% q\l[en@r{'ﬁkbsfﬁ%%EB [? th?%{%ﬁ?}fbtpt fb%f i Irto 15.7 mglL

biffer 987h (Rgury m w @) hAieodO eonderBriRON e NMBGRSE fcanﬁJ} mg/lL to 7 4 mglL in

R 2D BBl R, T8, AT BB HELY sy rctanismfor e
aabih of sevagk. Kl ebsi el | a, Enterobacter and G trobact er

e e e ST ,fqugr,owggébg@‘t fi@inef é&o&wﬁ&gﬂ%ﬁ@'&@f (FiA2-w 4), and itfen

Eﬁﬁmtlu@té hﬂ @amm:flt M/gkeﬁt‘st 157 Is mahesNMB (Figute 12hvaB) iAmmonia oxidation
ottles. The so] ved oxygen. consu
e P ET wasede @yldn:glgtstﬁ? prnta&ﬁ% iof) CQnca ﬁ%{lofglty'@ggyﬁt 42 mg/t to 8.7 mg/lL

%gézttéﬁé&tdé?ftr@itlﬁerﬁqﬂoﬁr@&m m@domxan The trhmordan lonabncentration fell
@tgpgtrqs;,of;%@otﬁé NN@V SO'W%W%% ﬂtg@ 39 agﬁ.g%ﬁ@é@s?&gﬁ oltlt?@lfoatton {1.76

ﬁf ahe o( 8d. e/mgm hpm@utemamt cfhe/ matmm C@Sert%thﬁon rddedrom 0.0 mg/L to 8.9
di SSO ved Q{?eﬂ cont ent

ol st REHGE IoEG 1L aie PURLER MRS ARG sk AR ovsaton. The

glﬂgteaorpﬁonbétﬁraﬁdﬁhﬁftﬁe £ kgde WOINED. Hﬁ@ﬁtutb 653 rﬁg‘lld afier secondary treatment
Oreported where appr géar i at e,

\hg@ugpeqxgrqapmci@g,rq@v @gﬂt%byptgp\tf@pa&_ B r'ﬁ‘gﬂ&rgp %ﬁp mtratlon rose in
BlQis ReR oWNidL B 196ReR iEheat.s ank mﬁubﬁtﬁﬂ9 TRBTemonstrates approximately

m croprocessor (Extech Equi pnent

Isieishiometie CHIVErSa | & AMHIoAkREI0 B s plgying fo & small amount of

broamiE thaliet, 6 QediFdationudie not pl
PR SAMELTAER BRoT D Ll e o

wignificgat rodl iBtthe nifrager halanse-da g rgtratw concentl%tlon rose from 0.4 mg/L
1984 SPRGL Hfeding Inb? QRRH{ RA6f #8 nifrdte was deniirified in the oxic-anoxic cycling in

the bioreactor. The pH fell the same amount in the NMB and secondary freated sewage at STP
(Figure 12-w). This can be accounted for by denilrification in the secondary treatment consuming
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m ni mum of nine standards for each of the elenents
anal ysed. Sanples were digested in 0.5 m of 30%
hydr ogen peroxi de solution prior to analysis.

Wb%&bﬁl%?&i?émt ogr aphy (I C) was al so per for med ki‘\éT%A%lgOOGIOO1728

a nodul ar DI ONEX system calibrated wth
st andards for each of the anigns & cations anal ysed.
Sampl es were centrifuged at §800 rpmfor 100 m nutes
i n an Ependorf bench centrlfuge and the supernat ant

was filtered th onstituted cellul ose )
45 et bt RO eacihi RO Rbler B g rhic 5o producion,
Bhilr ukden breoic Corelibmeent Trial | 10 L of partially

di S:@'l%e‘iﬁ 5t bt Bpcsieiote | 16 ip ks E}Y%e br"&%gf@\fl@ Lthat seen in
préwdu%&@m]j[ed Mt!mm comntdtlasfaﬂlﬁg)@.mﬁﬁ kedﬁﬁfa@ mhﬁeﬁﬂérﬂdfsa@ @fter sand

60 ut t
By Flauie oAV el At e Sh a0 LR i st 5.0 h o
ineutsaitan & the BB &ind @ij@éaswslyﬁﬁ ﬂi’&lgh the PesDé e HicuBAHAR (Figure 12-y B),

VG frsRptons s e Bl oic Qapetis of VRt L O 1 IS M gpre 12:w B).

mwﬂﬂsm@hoﬁd@nﬁa’tﬁiﬁs Ihetfié @fﬂahodel Gihlyrl sﬁigﬂﬂ? ah %tbm%lﬂof the initial 8 mg/L
SO

5}33@ !Oﬁf hor %éﬁrfﬁfaﬁ'&g@ gﬁ 2 ﬁ) ¢ Tog PhoSRIEE cptygniaton e & NMIB rose
nitigly atthawerelRto ¥ gl drieierh 1 @Bighiex 24y @), 10 minutes before
{3{!1 " o0 sanple was taken. The system punped the sewage

h the systemat a rate of 315 nvVmn as a
cl osmsm bae1€ Batiahe EMﬁhé%rﬂ the CXseAvieh@biRcrédied iRty Tofascertain the

ot ol Bimass e eeaslb ADssaBs cPiEcsR igh dre 2onlod sudge

étwlamnméﬁwm%ﬂmﬁw%hﬁ?ﬁafaﬂﬂn ﬁleNWfbrfUaﬁh po.Thi s san‘pl i ng
procedurea intrials

T 06 TE8 &1 S e ot e ramatseio oo P27 ok § Gl compare s
hrtheat SS%n traeNYBe¥miSe fl'@‘%olhtibh Wa@‘sﬁ:ﬁe@rﬁ;th )bro?n%sl ok fﬂa@ﬁ&wé’t@d sludge.

super nat ant from ANS

S5 e oAl ShTHRART SIS LIS Tl CIgLre 275 R slghty lower

Bt tha Gberagadn %CBFP%H\ %Sé#anétS@O(ﬂi’ﬂ@L 1618 salid® Sedimented rapidly in the
ot assi um di rogen phosphate to enul ate the

ﬁME,rhUteWe fer&yﬁpeﬁsi@aﬁ%afa% @to maxmss@eawféﬁﬁetwe@l i§e awnass and the fiquid

A Wetradahair. THRTRSITofnkdlien NM@BM 58 Nad6d BhE, éﬂﬁleigfhemtihe solids

trial. The tenperature of incubation for trials 2-
Ve “@dﬁ’ﬁ%ﬁ‘@e@ aider ddv, thedinpluiSSowauld; hﬁ‘@e basa mychs lawer. The s’umng effect

&é&?&i‘ H}Qheqmﬁnt‘ébﬁa , WHIEHDR! %rrﬁ%%‘thb Qurfall€ oRhdRBRNRAs0 expected to

he tenperature uct uat ed bet ween 202C and 252C

'W'ﬁa &?&%Jte Sﬁdlmmt@hoznhthe BISBRROBINSS. Tr eat ment  Tri aI 3
200 The %hﬁdﬁﬁ‘éﬁfn%tfﬁ%@bméﬁ%rﬁ&aﬁ%@f ﬂﬁ@!ﬂﬁdﬁm i 2x é@&ﬂh’h{% 1.6 x 105

cont al ned treate

W@haﬁpi secouigry teaimenicandde A1 x\igf ewa! after pangitratianr (Eigure dg-z A). The
éoﬁfor*rrf éoﬁllﬂs Br ﬁﬁ@ﬂM@ﬁQ | from PEX P @RIMA o B0 I cﬂ?rﬂ%ﬁ%hgﬁg ﬁ‘gﬁbure 12z

resid mere taken and they were av
$)o Ag@m dif fﬁiséspﬁﬂﬁ@mt& th%ﬁeww in theiregervgir appAars & haye s@mfu:a@iy retarded

Hokd fégom Rl c%ﬁfbrﬂﬁé&f thd Edl@hn E Jnﬂ%sé\y% ﬁfgﬁe—gﬁ?eggﬁﬁ (Figure 12-z

anot her ays as SCrl ove 1 n

Blu Regasdless heNUB rermavet pabivamssnere efigienty tham ha S over the same period of

5353 e, BB b Epaoue Ghnes.

BOD analysis of the STP showed a iypical plot (Figure 12-aa A). BOD analysis was not
performed on the NMB for this batch. The DO conceniration in the NMB rose rapidly in the first 4 h
10 6.2 mg/l. (Figure 12-aa B) and fell back to 3.5 over the next 3.75 h, while the pump was switched
off. It rose rapidly again, once pumping resumed 3.75 h later, and had reached 7.7 mg/L by the
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of the incubation (Figure 22A). The [ NH4+] renmai ned
static for the first 48 h before falling slowy over
the last 24 h (Figure 228). The initial [NO2-] in the
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78 The plateau in the BOD data and the very slow rise
in the dissolved oxygen concentration support this
hypot hesi s. Bl ackwater Treatnment Thal 4 The
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The [K] and [Nal both rose during the three batches
(Figure 29B). The [O -] rose during each of the three
bat ches, while the [F-] fell during each batch
(Figure 290). The results of the four trials are
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79 -88 -198.5
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ammonia-oxidising population on the membranes, due to spiking the feed for previous batches with
ammonium chloride.
Batch 38

The plot of TSS for the STP was very similar to that for other samples, faliing from 82.8 mg/L
to 15.6 mg/L during secondary treatment, and further to 3.0 mg/L after sand filiration (Figure 12-an
A). The coliform count for STP (Figure 12-an A} fell slower than usual from 6.5 x 105 cfu/miio 1.4 x
108 cfu/ml in secondary treatment, and to 2.3 x 10¢ cfwml after sand filtration. The TSS in the NMB
(Figure 12-an B) remained very high throughout the short incubation due to the shaking reservoir,
The primary supematant contained 82.8 mgiL, which rose to 703 mg/L after the mixing in the
reservoir with retained biomass, and fell back to 90.0 mg/l. after 4.2 h. The coliform count in the
NMB (Figure 12-an B) feli from 6.2 x 105 cfu/m! to 9.3 x 10¢ cium! in only 10.5 h, which
demonstrated that the addition of biomass from the agtivated siudge to the NMB reservoir helped
flocculate suspended cells. |

The plot of BOD for the STP (Figure 12-a0 A) was normal, fafling from 146.1 mgit to 16.8
mgl. during secondary treatment and to 5.6 mg/L after sand filration. The BOD in the NMB
(Figure 12-a0 B} fell to 44.8 mglL in the first 10.5 h, which was again high due to the shaking
reservoir. The pH in the STP fell from 7.58 to 6.67 during secondary treatment (Figure 12-a0 A),
and the pH in the NMB fell rapidly from 7.38 i0 5.71 in only 10.5 h (Figure 12-a0 B). The rapid fall
in pH in the NMB indicates a rapid oxidation of ammonium ions.

The very small volume of primary supematant used in the NMB in batch 38 was chosen to
demonsirate the activities of the NMB operating with a higher form factor (0.085 m2/L) than in
previous batches (0.034 m2/L and 0.029 m3L). The rocking reservoir and the disturbance of the
sedimented biomass by the influent liquid falling 250 mm to the reservoir surface made the TSS,
BOD and coliform counts remain higher than could be achieved with a stable reservoir, but the ion
chromatography and ICPAES data following this report may siill be useful.

It is inferesting to note the drastic reduction in the iota! amount of biomass in the NMB
reservoir from batch 36 (38.3 g) to batch 38 (4.9 g). The vast majority of the biomass was retained
in each of the two decanting steps, so it appears thai the biomass oxidised very rapidly in the highly
oxic conditions over just two days. This may pose a problem if biomass retention becomes the
favoured technique for sewage treatment. However, in a real sewage ireatment situation the
biomass in a NMB would be well fed, and not regularly starved as was the case in this experiment.
Discussion

A brown biofilm gradually grew on the outside (gas face) of the membranes during the trial,
A bicfilm also grew on ihe inside (liquid face) of the membranes during each batch and sloughed off
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after 18-24 hours depending on the liquor concentration, volume and flow rate. This was apparent
by the steady reduction in suspeﬁded solids during the first 18-24 hours of each batch and the
appearance of large thin sheets of brown cellular matter at this point. The biofilm sheets appeared
in every batch, so could not have come from anywhere other than the inside faces of the
membranes. There was no sign of biofilm development in any other sites of the bioreactor until
later in the experiment and such biofilms were not as even in thickness. The biofilm that sioughed
off settled rapidly in the reSEIVOr.

It appears that the biofilm that formed on the inside (liquid) of the membranes were
responsible for the flocculation of much of the suspended solids (mainly cellular material), which
caused the rapid clearing of the liquor and reduction in the TSS, BOD and coliform counts. The
biofilm on the outer (gas) faces of the membranes appears to have been responsible for the
majority of the ammonia oxidation that took place in the NMB. The ammonia oxidation rate was
usually linear and in most batches did not have a lag period, demonsirating that there was a large
healthy biomass retained by the NMB. When the pump was furned off in baich 22 ammonia
oxidation ceased, and when the pump was tumed back on, ammonia oxidation resumed. This
clearly demonstrated that the majority of the ammonia oxidation took place infon the membranes,
and some of the biodegradation took place in the reservoir, as the ammonia concentration rose and
the DO concentration fell during the period when the pump was tumed off. Concurrently, the nitrite
and nitrate concentrations also fell. This suggests that even though the liquor was essentially oxic
{DO = 3.5 mg/L), some denitrification fook place. The very active ammonia oxidation recorded in
the NMB (up to 2.63 mg/L.h or 76.9 mg/m2h) in several batches demonsirates the presence of
ammonia-oxidising and nitrite-oxidising bacteria, which are responsible for the oxidation of
ammeonia fo nitrite and then the oxidation of nitrite o nitrate. No taxonomic or phylogenetic analysis
was performed on the biofilms or biomass in the reservoir.

One of the main problems in sewage treatment is the retention of biomass, particularly when
there are high flow rates. However, retention of biomass in the NMB was not found to be an issue,
irespective of the rate of flow. An example are the ammonia oxidising bacteria, which appear to
reside on the outside of the membrane feeding on ammonia that is released from the degradation
of the particulate matter in the sewage by bacteria on the liquid/inner face of the membranes, and
to a lesser extent in the reservoir, and from activities prior to entering the NMB. It appears that the
ammonia diffused through the membranes to the biomass on the outer/gas face, where it was
oxidised to nitriie and then nitrate and diffused back across the membrane into the liquid stream.

The DO concentration in the secondary treatment stage at STP usually ranges from 1.5 mg/L
to 0.0 mg/L, whereas the NMB operates with DO levels in the reservoir elevafing from an initial
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level between 0.0mg/L to 1.5mg/L up to 7.4 mg/L in only five hours. Since it operated at DO
concenirations between 6.0 mg/L and 8.0 mg/L it is reasonable to expect that the oxidation of
volatile organic compounds was more complete in the NMB than in the STP. The relatively pleasant
odour of the resultant treated effluent from the NMB, which smelt like an aquarium or pond, and
lacked the faecal/anaerobic odour of the tertiary effluent from STP provided some evidence of this.

- The high DO also contributed to the rapid reduction in the BOD of the liquid in the NMB. The
coliform counts also consistently {ell two o three orders of magnitude in the first 20 hours.

The results of ion chromatography and ICPAES have not as yet been acquired for the
batches incubated at 20° C. The pH data indicates that ammonia oxidation was slow in early
baiches (25-35) and faster in later ones (36 and 38). The very rapid change in pH in the batch 38
indicated complete oxidation of the ammonia in 10.5 hours, which is much faster than recorded in
any of the STP samples. The biomass densities used in all of the batches spiked with biomass
from the STP activated sludge, were lower then the biomass densities used at STP, and the high
DO concentrations in these baiches indicates that significantly higher biomass densities can be
used fo increase the rate of ammonia oxidation. However, the data from baich 22 indicates that the
vast majority of the ammonia oxidation is conducted by the biomass on the membranes. This
matter requires further investigation.

The leaking reservoir created uncertainty about the actual flow rates through the system.
When the leak was fixed, the back pressure from the iniet manifold caused the reservoir to
progressively deform at the ends, so that it sat on a rounded base, causing the reservoir to shake
due 1o the pulse from the peristaltic pump. This phenomenon progressed from batch 20 to 38, with
the base line for the TSS and BOD slowly rising with successive baiches. Baiches with lower
volumes of fiquid in the reservoir had less mass to oppose the force of the pulse from the peristaltic
pump, so the shaking became more pronounced in these batches. The influent liquor also
disturbed the liquid in the reservoir. When there was only 7.0 L of sewage in the reservoir the
influent fell 250 mm into the liquid, which provided a significant disturbance. When there was 17.5
L in the reservoir the influent liquid fell 150 mm to the surface of the liquid, also providing a
significant disturbance. In future experiments this will be ameliorated with an inlet tube extending
into the reservoir with a dispersion nozzle on the end to minimise the suspension of sedimented
biomass on the bottom of the reservoir. The uneven disiribution of the biomass on the membranes
seen after the experiment, demonstraied an uneven disiribution of the influent liquor to the
individual gills, where three of the gitls received significantly more sewage then the other two. From
this, there is room for further improvement of the inlet manifold o increase the efficiency of the
NMB.
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ﬁl%céiﬁerren%e@/b%éeln' ‘tr?cubation at 20°C and 30°C are unclear, since factors such as
disturbance by agftation In the reservoir clouds the picture. The ion analysis will clarify the
differences in ammonia oxidation rates. The effect of spiking the reservoir with biomass also
remains uncertain, as the experiments need to be repeaied in the oppesite order to enable the
effect of accumulation of biomass on the membranes, and the health of that biomass (e.0. starved
or well fed) 1o be determined. The daia indicates that changing the form factor appears to be the
most significant influence over the efficiency of the NMB. The health of the biomass was also an
important factor. It is expected that with a continuous feeding system the NMB would have a well-
fed biofilm, which would improve iis efficiency. '

With respect to the nature of the aeration of the nutrient stream, in this application the NMB
was acling as an exiremely officient aeration mechanism. The use of such a mechanism for the
aerafion of liquids has not been claimed in any prior ari, only the provision of oxygen to a biofilm
growing on the liquid face of hollow-fibre membranes, but not the liquid itself (1-6). The co-
operative activities of two biofilms on a membrane have not been covered by prior art either. In this
application of the NMB there appears to be a biodegradative bicfilm on the inner/liquid face, which
fioccutates cellular and particulate matter in the fiquid siream and digests it to release ammonia and
soluble organic molecules, which diffuse across the membrane and are consumed and oxidised by
a second biofilm growing on the outer/gas face of the membrane. The biofim on the inner face
sloughs of the membrane when the pariiculate/nutrient levels drop sufficienily to induce starvation.
These sheets of biofilm readily settle in the reservoir, which acted in the same way as a clarifier, so
both removal of organic matter (TSS, BOD and coliform counts), and ammonia oxidation took place
simulianeously. This innovation is the subject of Ausiralian Paient Appiication No. 2005906407,
which supplements the International Patent Application No. PCT/AU2005/000713.

Large numbers of small (5-6 mm long and 0.2 mm wide) red worms were detected in the
sediment in the reservoir after 24 hours when incubated at 30°C, but not when incubated at 20°C.
The numbers increased over the next 24 hours to yield balls of worms with an estimaied maximum
yield of about 200 worms/L. This demonstraies that the NMB technology may have a significant
application in aguaculture, as it is efficient at dissolving oxygen, oxidising ammonia and nitrite, and
promotes the growth of detritovores, which make a platform for the food chain in crayiish, prawn
and fish farming.

This irial showed the NMB to be an efficient way to oxidise and clarily sewage. The NMB
was also able to reduce faecal coliforms, BOD, TSS and TDS demonstrating that the NMB
technology has a potential use in sewage treatment. in addition, the NMB technology has poteniial
use in aquaculture.
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Example 2 Shower water.
Construction

NMB V, used in this experiment, was constructed o have 16 gills each composed of two
membranes 1465 mm tall and 994 mm wide. The membranes were made of polyester fabric doped
with porous colloidal silica made by the aqueous route. The fabric was treated with 10% wi/vol
nitric acid (AR) for 60 minutes and rinsed with tap water until the pH of the resultant water had
retumed to 7.0. The treated fabric was dried in a 30° C incubator for two days before doping with
sifica. Thirteen 2870 mm x 994 mm shests of treated polyester fabric and one each of freated
polyester/cotton (65/35%) and ireated dacron were each attached in the middle to 1020 mm long
25 x 10 mm aluminium insect-screen support brackets and were rolled up. One ml of universal
indicator was added to 1.0 L of Bindzil 30/360 (food grade) (EKA chemicals) and the pH adjusted to
6 using 4.0 M HCL (=35 ml}. The rolls were each doped with the pH-adjusted Bindzil in an 1100 x
100 x 100 mm trough fitted with a rubber squeegie along one lip. The doped fabric was passed
between the edge of the squeegie and a second squeegie to remove excess silica solution from the
membrane. The membranes were hung from their support brackets on a temporary bracket support
until they had gelled, and then the membranes were separaied and allowed to dry. This was
repeated for 24 more membrane sheets. Another two 1465 x 994 mm fabric sheets were attached
to aluminium support brackets at one end and were doped in a similarly manner. The dried
membranes were hung with a 6.0 mm wide-gap befween each adjacent bracket from a rack at the
top of the membrane housing, just below the inlet manifold. The 6.0 mm wide gap was defined by
a length of plastic retaining tubing wedged into the refaining groove at each end of the brackeis.
Each of the single-membrane brackets was hung on the outer extremities of the set of membranes
to complete the membrane pairs.

The inlet manifold consisted of a set of branched tubes with 3.5 mm wide holes over a flat
PVC tray with 3.5 mm wide holes arranged in 26 rows 50 mm apart. The rows were spaced 16 mm
apart so that they would align with the 6.0 mm wide gaps between the aluminium brackets so that
they would trickle liquid between the adjacent membranes to form the gills by the action of surface
tension.
Modifications

After five weeks it was noticed that the gills had become stuck together under surface
tension between the biofilms on the airfaces of the membranes of adjacent gilis. This effectively
reduced the area of membranes in contact with air and subsequently the efficiency of the system.
To correct this problem, the membranes were resirained at the boftom by brackets in the same way
as they were at the top. Air spacers were made from PVC angle bent o 45. Holes 100 mm long
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and 6 mm wide were cut into the PVG to allow air to rise vertically and for biomass for fall through.
The air spacers were mounted in the middle of the gills. The tubes in the inlet manifold were fouled
with biomass accumulating in the outlet holes. The network of tubes was replaced with a single
hose mounted over the top of the membrane box with two outlets draining over the flat fray. The
holes in the tray were widened o 5.0 mm. _

After another two months some of the gilis had stuck together again, so a new type of air
spacer was made from aluminium sheet with square perferations. The spacers were 14 mm wide
and had 8 mm square holes. The air spacers were deployed avery 300 mm down the gills (Fig.
13}, The air spacers were very successful. A further view of the bioreactor used in this Example,
without the housing in place, is shown in Fig. 14.
Shower Water |
Shower water was coliected from the single shower at the inventor's home. The shower water was
derived from two adults, two adolescents and one juvenile and was collected in a 600 L
polypropylene Waterworm™ (a long plastic tubular water reservoir designed for storing rainwater
undemesath a low house of deck) via a grey-water-diverter aftached to the S-bend under the
shower. Water was transferred to the laboratory daily for testing, and when testing was not
conducted a 500 ml of shower-water simulant was fed daily o NMB V via a peristaltic pump with a
imer. The shower-water simulant used consisted of: Fivestar™ shampoo (60 g); Fivestar™
conditioner (45 g); Edger Allan Grooming ™ shaving cream (12 g); Denti Tex™ foothpaste (6.0 g);
Fivestar™ lavender soap (10 g): and urea (2.0g) made up to 1000 ml. The system used a 95 W
AquaPro™ dirty water filterless pump theoretically capable of pumping 3420 L/h to a height of 1.5
m. Testing in the NMB demonstrated that only 1500 L/h were pumped through the system.
Resistance in the pipes leading fo the manifold was assigned as the cause of the reduction in flow.
Operation

NMB V had a 420 L linear imhoff frap. After each baich a motor-driven scraping device that
was used to move the sedimented solids near 1o the efflux pump locaied under the trap at one end.
The pump was not very efficient at removing the solids, so after the residual liquid was pumped out
about 20 L of water was added incrementally fo wash the last of the sediment out of the trap, so
that each successive batch staried with approximately equal amounts of residual solids, which
more accurately represented a more functional cylindrical clarification system with a conical base
and an outlet at the bottom (the preferred embodiment).

Various volumes of shower water were tested. The family produced 200-250 L/d of shower
water, so storage in the Waterworm™ was used to facilitate a series of tests using 300 L/d. The
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pumping raie during different batches was varied (1500, 900, 600 and 230 L/h) using an inline tap
mounted before the outlet manifold.
Testing

' Samples were collected at various intervals, and an automatic sample collection system was
used to collect samples during the night. Night samples were stored below 4°C and were tested
within 10 h of collection.

Total suspended solids, biochemical oxygen demand, coliform and thermotolerant coliform
counts, ion chromatography for anions and ammonia, inductively-coupled plasma atomic emission
spectroscopy and pH analysis were performed on the samples, and dissolved 'oxy_gen
concentration and temperature were measured in thé clarifier. The dissolved oxygen of the effluent
from the membranes was also tested periodically to assess the amount of dissolved oxygen
delivered o the liquid from a single passage through the gills. The dissolved oxygen concentration
and temperature in the clarifier could not be measured when samples were collected at night by the
automatic sampler.

Results

The results are shown graphically in Fig. 15.
Batch 1

Without an established biomass, the NMB V cleared the water in the 24 h of the incubation
better than expecied (Fig. 15-a). The log coliform count fell from 3.08 1o 2.00, the BOD fell from 92
to 11 mglL, the total suspended solids fell from 37.8 to 6.0 mg/L. This is ascribed to the rapid
delivery of dissolved oxygen to the fiquid, as the DO conceniration rose from 0 fo 8.8 mg/L in 3.25
hours.

Batch 3

Although only two samples were analysed, the NMB V treaied the shower water slightly
quicker in the third batch (Fig. 15-b). The log coliform count fell from 2.70 to 1.70, the BOD fell from
209 0 5.6 mg/L and the total suspended solids fell from 40.4 to 2.4 mg/L.

Batch 15

This batch had the same pumping rate as in all the previous batches (1500 Lh) (Fig. 15-c).
The log coliform count fell from 5.58 o 2.91, the BOD fell from 104 to 6.1 mg/L and the iotal
suspended solids fell from 53.6 to 3.0 mg/L.

Batch 16

The pumping raie during batch 16 was reduced to 916 Lh (Fig. 15-d). The log coliform
count fell from 4,75 to 3.95, the BOD fell from 68 to 19 mg/L and the tofal suspended solids fell
from 35.5 to 14 mg/L.
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Baich 17

The pumping rate during batch 17 was reduced to 593 Lh {Fig. 15-e). The log coliform
count fell from 4.81 to 3.60, the BOD fell from 72 to 16.6 mg/L and the total suspended solids fell
fom 3081005 mgl.
Batch 18

The pumping rate during batch 18 was reduced to 231 L/h (Fig. 15-f). The log coliform count
fell from 5.69 fo 4.61, the BOD fell from 67.3 to 21,5 mg/L and the iotal suspended solids fell from
36.810 9.6 mg/L.
Batch 27

The pumping rate during batch 27 was reduced to 0 L/ (Fig. 15-g). The shower water had
been stored for longer than usual, so it had different initial characteristics to normal. The log
coliform count rose from 3.46 to 4.68, the BOD fell from 128.3 io 86.9 mg/L and the total
suspended solids rose from 29.2 to 39.2 mg/L. Coliforms and suspended solid solids rose, while
the BOD fell slightly. It appears that dissolved nuttients fed the growth of suspended cells, and little
of the nutrients were removed from the water over the 72-hour incubation. This demonstrates that
the pumping of the liquid through the NMB gills had a significant effect on he nuirients, solids and
suspended cells In the liquid.
Discussion

The NMB performed betier than expecied in the initial batches. It appears that the
membranes acied mainly as an oxygen delivery devise in the early batches when there was little or
no biomass on the membranes. The dissolved oxygen appears fo have fed the cells in the liquid
enabling them to grow and, for flocculating cells, fo coalesce the suspended cells so that they fell
out of the fiquid. The dissolveéd oxygen leve! in the liquid rose much more quickly in the early
batches than it did in later ones with the same volume of fiquid and the same pumping rate. As the
biofilms on the membranes grew from successive batches, the performance improved and the raie
of oxygen dissolution into the liquid reduced.

The water quality achieved in the resultant effluents was very- good, especially when the
BOD was reduced to less than 10 mg/L, because such effluents can be efficiently chlorinated to
become Class A water, which can be stored without the quality reducing from regrowth of coliforms.
Effluents with less than BOD 10 were achieved consistently with a pumping rate of 1500 LAh. Since
the addition of air spacers, the optical quality and smell of the effluent has increased significantly.
The addition of the air spaces has improved the effluent quality noticeably.

The effect of reducing the pumping rate reduced the efficiency of the NMB, as the rate of
coliform removal and BOD and suspended solids reduction slowed. The dissolved oxygen
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concentrations did not rise as quickly either. The control rig with static liquid showed Iitile reduction
in BOD and increases in the coliform count and suspended solids. The dissolved oxygen
congcentration fell to 0.0 in less than 20 hours and the anoxic conditions appear io be responsible
for the rises in coliforms and suspended solids seen here.

The NMB V was operated continuously for four months, without the membrane gilis of
modified inlet manifold fouling. Approximately 95% of the influent has been retrieved from the NMB
operating as a sewer ming, because the exiremely oxic conditions prevent formation of gas bubbles
which, in conventional secondary sewage treatment systems, would float the settled biomass back
up into the clarified stream. In these conventional systems, only 50% of the clarified stream would
be retrieved.

Example 3 Macerated Domestic Blackwater

Macerated blackwater was treated in two types of nano-particulate membrane bioreactor
(NMB) fo assess the suitability of this technology for ireating blackwaiter in a domestic wastewater
recycfing system. The small NMB (NMB Ill) had 0.6 m? of membranes and a 30L reservoir and the
larger NMB (NMB 1V} had 33.6 m2 of membranes and a 200 L reservoir and a 200L clarifier. The
following measurements were made on samples taken from the raw and treated blackwater: total
suspended solids (TSS), biochemical oxygen demand (BOD), coliform and thermoiolerant coliform
counts, fotal dissolved solids, pH, ion chromatography for ammonium, nitrite, nitrate, sulfate,
phosphate, chioride and fluoride ion, dissolved oxygen cohcentration, temperature and inductively-
coupled-plasma atomic-emission spectroscopy for Ca, Mg, Mn, Na, K, Fe and other elements.

The raw blackwater was extremely rich, being 3-10 times richer than the primary supernatant
from a typical sewage treaiment plant, having TSS = 149-546 mg/l, BOD = 269-1024 mg/l,
ammonium ion concentration = 257-413 mg/L and coliform counts = 104769 cfu/ml. The NMB was
efficient at reducing TSS and BOD. Ammonia oxidation was quite rapid compared with secondary
treatment systems, but the extremely high ammonia loading was too much for both NMB 11l & NMB
IV systems, which also appeared to be limited by pH changes and biomass ramp-up. The effluents
produced in the small NMB 1l within 24 h had TSS = 37 mg/L (88% reduction), BOD = 124 mg/L
(87% reduction), coliform count = 6.2 x 10* cfu/ml (86% reduction), [NHs*] = 227 mg/L (18%
reduction), and [PO.+*] = 54 mg/L (56% reduction). The second NMB 1V system appeared to be
limited by the very slow pumping rate compared to the smaller NMB Il system and produced
effluents that had TSS = 83-107 mg/L (31-83% reduction), BOD = 98-251 mg/l. {55-82% reduction),
coliform counts = 104676 cfu/ml, [NH4*] = 225-355 mg/L. (0-15% reduction), and [PO4?] = 48-82
mg/L (29% reduction to 12% increase).
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The membrane productivity was defined as the total amount of a parameter removed or
made divided by the membrane area and iime (eg. mg/m#h). NMB Ill had a much higher hydraulic
flow rate to hydrautic volume ratio than did NMB IV, and it outperformed NMB IV in every parameter
of sewage treatment in respect of membrane productivity. The membrane flow factor was defined
as the membrane productivity rate divided by the hydraulic flow rate (mg/m2/L). This parameter
accounted for the differences in hydraulic flow, and both bioreactors performed similardy in this
respect. This demonstrated that the efficiency of the NMB technology is dependent on ihe
hydraufic flow rate and the membrane area.

The resulis of this study show that the supplied macerated blackwater was too rich for the
NMB to be able to remove sufficient nutrients and contaminants (especially ammonia} within 24 h to
enable the wastewater to be recycled. Accumulation of solids in the linear Imhoif tanks used o
clarify the NMB effluent appears to have fed the clarified stream by diffusion of biodegradation
products. Removal of solids from the clarifier and increased pumping rates in the larger (33.6 m2)
NMB system were identified as potential ways to improve the system. The resultant effiuents smelt
like pond water due to the very aciive aerobic biomass on the membranes. It was concluded that in
its current form the NMB was more suitable for treatment of more dilute wastewaters such as
primary supematants and grey water.

Methods and Materials
The Nano-particulate Membrane Bioreactor (NMB)

Two NMB rigs were used in this experiment. The first called NMB-IIl consisted of five pairs
of membranes each 160 mm high x 360 mm wide aftached together undemeath an inlet manifold
and above an outlet manifold (Figures 4 and 16). NMB-IIl had a total of 0.6 m? of membranes,
composed of polyester/cotion fabric doped with colloidal silica solution (Bindzi™ EKA Chemicals
Ply. Ltd.). The set of five gills were housed in a 55 L polyethylene storage box, with a reflux sysiem
to drain any leaked liquids back inio the inlet stream. The outlet manifoid was connected toa 30 L
reservoir via 7.6 mm (ID) PharMed™ hose that went through a manifold into four peristaliic pump
heads and another manifold to converge the hoses to a single line that fed into the top of the
reservoir. A hose drained the pressurized reservair info the inlet manifold to complete the system.
The pump was operated on level 10, which pumped 1.26 L/min.

The second NMB rig was called NMB-IV. It consisted of a membrane chamber 1600 mm
high x 705 mm wide x 350 mm deep, sitting on top of an eight-chambered modified Imhoff tank 400
mm high x 760 mm wide and 760 mm deep, with a capacity of 200 L (Figure 17). The membrane
chamber had 16 sets of gills 1500 mm high and 700 mm wide, giving a total area of 33.6 m2. Four
inlet manifolds sat above the gills. A 200 L polypropylene barrel was-used as a reservoir for the
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system. Sewage was pumped from the reservoir via a single peristaltic pump chamber into the first
set of four gil[e. it trickled down between the four pairs of membranes and fell out the bottom onio a
lid on top of the first of the modified (flat bottom) Imhoff tanks and ran fo one end and spilled into
the tank. The liquid travelled along chamber one to an outlet that was connected to the second
chamber of the peristaltic pump, and the process repeated for the next three sets of four gills,
before passing into the last four chambers, which were connected in series. The outlet from
chamber eight was connected to a peristaltic pump head, and the outlet either returned the sewage
to the reservair or expelled the treated effluent into the sewage pit behind the hut housing the NMB-
Iv. '

Blackwater

Macerated and partially freated blackwater from a prototype domestic sewage-ireatment
system was tested in bioreactors NMB Hl and NMB V.

Analyses

Total suspended solids (TSS) was analysed by filtration of 200-500 ml samples through pre-
weighed 47 mm diameter glass fibre filter discs with a breakthrough fimit of 0.8um (Sartorius
Australia PL). The filter discs were dried in an oven at 110® C for 24 h and weighed again.

100 ml of the filtrate from the TSS analysis was dried in the same way in pre-weighed 100 ml
beakers {Duran PL}), to determine the total dissolved solids (TDS) conient.

Coliform and thermotollerant coliform counts were performed by serial dilution of samples
plated onto Endo Agar (Oxoid PL) containing 4.0 mUL of 10% neutral fuschin in 95% volivol ethanol
and CHROMagar (Oxoid PL), incubated at 37°C and 41°C, respectively. Thermotolerant coliform
counts included: E. coli counts; and Klebsiefla, Enterobacter and Citrobacter (KEC) counts.

Biochemical oxygen demand {BOD) analysis was performed by adding aliquots of the
sample to deionized water in sealed 5.6 L plastic botles. The dissolved oxygen consumpfion was
determined by measuring the dissolved oxygen content before and after incubation in the dark at
20°C for four days.

Dissolved oxygen content was determined using a Hanna HI3142 Dissolved Oxygen Probe
(Livingstone Laboratory Supplies PL). The dissolved oxygen content of the blackwater in the
reservoir and in the clarified streams of chambers 4 and 8 of the Imhoff tanks were measured and
reported where appropriate.

The pH of samples was determined using a Cole Parmer Fermentation pH Electrode with a
Jenco Electronics 6308 PDT microprocessor (Extech Equipment PL).

Inductively-coupled-plasma atomic-emission spectroscopy (ICPAES) was performed by the
Institute for Environmental Research (IER) ANSTO, using a Varian Vista Pro calibrated with a
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minimum of nine standards for each of the elements analysed. Samples were digested in 0.5 ml of
30% hydrogen peroxide solution prior io analysis.

lon chromatography (IC) was also performed by IER using a modular DIONEX system
calibrated with ten standards for each of the anions & cations analysed. Samples were cenirifuged
at 3000 rpm for 100 minutes in an Ependorf bench centrifuge and the supematant was filtered
through 0.2 um reconstituted cellulose 25 mm syringe fifters (Sartorius Australia PL).

Blackwater Trealment Trial 1

10 L of pariially treated sewage from tank-2 of a prototype blackwater digester was treated
in NMB 1l with a pumping rate of 1260 mi/min, Samples (500 mi) were collecied and allowed to
sefle for 60 minutes to simulate clarification before being decanted and analysed. The
temperature of incubation was 20 = 0.5 °C throughout the trial. The irial ran for 24 hours.
Blackwaier Treatment Trial 2

- 150 L of macerafed blackwater mixed with 50 L of residual liquid in the Imhoff tanks left over
from hydraufics testing, so the total volume of liquid treated in trial 2 was 200 L. The liquids were
allowed to mix for 10 minutes before the T sample was taken. The system pumped the sewage
through the system at a rate of 315 ml/min as a closed-loop (baich system). On average the 200 L
of blackwater passed through the system 2.27 times every 24 h. Samples were not allowed to
seftle before testing, as the system had a clarffier. This sampiing procedure and pumping raie were
used in trials 3 and 4 also (following). Trial 2 ran for 72 hours.

After Trial 2 the NMB was fed intermittently for 21 days on supernatant from ANSTO Pit 008,
spiked daily with 30.0 g each of ammonium chloride, urea, peptone, meat extract and sodium
thiosulfate and 10.0 g of potassium di-hydrogen phosphate to emulate the nutrient rich blackwater,
in an attempt to grow a suitable biomass on the NMB membranes before the next trial.

The temperature of incubafion for trials 2-4 was variable due to the hut storing the NMB IV
being open via a large screen to the atmosphere. The temperature fluctuated between 20°C and
25°C throughout trials 2-4.

Blackwaler Treatment Trial 3

200 L of maceraied blackwater were added to the NMB IV, which still contained 120 L of
treated sewage from Pit 008, so the total volume of liquid treated In trial 3 was 320 L. Samples of
the blackwater and the residual fiquid were taken and they were averaged fo caiculate the To
values. Trial 3 ran for 72 hours.

Following completion of Trial 3 the NMB was fed for another 14 days as described above in
trial 2 to further ramp up the biomass on the_membranes.

Blackwaier Treatment Trial 4
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The NMB clarifier was emptied before the fourth trial to remove all of the residual sfudge,
which appeared to have influenced results in trials 2 and 3 (see Results following). The biomass
that had accumulated on the membranes was not fouched. 200 L of macerated blackwater were
added to the NMB IV on three consecutive days. At the end of each batch 200 L of effluent was
pumped from the system. A fotal of 600 L of maceraied blackwater was treated over a 96 hour
long periodi.

Results
Blackwater Treatment Trial 1

- The NMB Il had a ramped up biomass that had been starved for about a week prior to the
trial. The biomass had ramped up during the trial of primary supematant from a municipal sewage
ireatment plant (STP). The TSS (iotal suspended solids) in the blackwater fell from 316 to 37 mg/L
in 24 hours in the NMB lli (88% reduction) (Figure 18A). The BOD fell from 990 to 124 mg/L. (87%),
the coliform count fell from 1057 to 1048 (86%) and the TDS rose from 493 to 607 (23%)
concurrently (Figure 18B-D). The blackwater was much richer than the primary supernatant from
the sewage treatment plant, which usually had TSS, BOD, coliform counts and TDS {total dissolved
solids) in the ranges of 100-150 mg/L, 80-350 mg/L, 105562 ciu/ml and 400-650 mg/L, respectively.

The pH rose from 7.80 fo 8.24 in the first 6.3 h, where it reached a plateau (Figure 19A).
Concurrently, the [NH4*] fell sharply from 276 to 241 mg/L (5.6 mg/L.h) in the first 6.3 h, but then fell
by only 14 mglL in the next 17.7 h (0.8 mg/Lh} (Figure 19B). The INOz] (45.4 mg/L) in the
blackwater at To is unable to be explained by microbiological principals considering the present
system was reported to be anoxic. The nitrite concentration fell to 35.7 before rising to 59.9 mg/L
after the 24-hour incubation. The [NOs7 also commenced at 25.5 mg/L instead of the expecied 0.0
mg/L. that would be expected from an anoxic system. It fell to 6.3 mg/L over the incubation,
indicating that denitrification was active in the NMB Il system. This seems unfikely, as the
dissolved oxygen concentration was too high throughout the treatment for anaerobic respiration of
nitrite to occur (Figure 19C), so it is likely that there was an error in the ion chromatography
analysis. The [SO4?] rose from 12.6 to 47.2 mg/L during the treatment, consistent with the high
availability of dissolved oxygen in the system (Figure 19D). The [PO4] fell from 124 to 54 mg/L
during the incubation period, a loss of 56% (Figure 19D).

Ca, Mg and Fe were acfively removed from the system (Figure 20A). {K] and [Na] rose
marginally, possibly due to evaporation, or the release of these elements from the lysed and/or
biodegraded matier (Figure 20B). Mn, Sr, Cu and Zn were also actively removed from the system
(Figure 20C). The chloride ion concentrations fell {Figure 6B), which indicates that biodegradation
was the source of the increased [K] and [Na), as evaporation would have increased the [CI} as well.
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The [F] was very high in the blackwater used in this experiment, being 60 mg/L (Figure 20D). The
highest [F] ever seen in the primary supematant from sewage treatment plant was less than 2.0
mg/L. The source of the exceptionally high [F] may be toothpaste, or the tap water where the
blackwater came from may be extremely rich in fluoride. The [F] in every fresh blackwater sample
was extremely high (see following data).

Blackwaler Treaiment Trial 2

The temperature ranged from 24-25°C during trial 2 (data not reported). The falls in TSS and
BOD were slower in trial 2, being 140 to 89 mg/L and 284 to 98 mgiL in the first 24 h, respectively
(_Figure‘21A and B). These parameters continued to fall over the days following. The coliform
count went up very significantly, from 1047 to 1075 cfu/ml in the first 24 h. This rise appears to have
been due to the presence of a farge amount of stored sludge in the bottom of the Imhoff tanks,
which was digesting anaerobically throughout the irial. The digestion would have released copious
quantities of organic monomers to feed cells in the clarified stream, which explains the poor results
for TSS and BOD removal. TDS rose and fell over the incubation (Figure 21 D).

The pH rose from 7.6 to 8.6 In the first day, and remained at this level for the next two days
of the incubation (Figure 22A). The [NHs*] remained static for the first 48 h before falling slowly
over the last 24 h (Figure 22B). The initial NO»7 in the fresh blackwater was inconsistent with the
blackwater being anoxic, being 44 mg/L (Figure 22B). The [NOz] rose slightly in the first 24 h 1o
81.3 mg/L and fell back to 48.5 mg/L over the next two days. The nitrate levels were insignificant
throughout the trial (Figure 22B), demonstrating that denitrification was very active, presumably in
the biomass and therefore presumably anoxic trap chambers of the Imhoff tanks. The dissolved
oxygen levels were very low in Imhoff tank number 4 for the first 24 h, after which it rose o
substantially oxic conditions for the remainder of the frial (Figure 22C). The suffate levels rose
sharply 1o 81 mg/L in the first 24 h and fell over the next two days (Figure 22D). The fall was likely
due to suifate reducing bacteria growing in the anoxic regions of the Imhoif tanks. The phosphate
levels fell from 113 to 80 mg/L in the first 24 h and fell slowly to 70 mg/L over the next 49 h (Figure
22D).

The [Ca] fell significantly in the first 24 h, the [Mg] fell slowly and the [Si] rose significantly
over the three-day long incubation (Figure 23A). The [K] and [Na] were siatic throughout batch 2
(Figure 23B). The [Zn] fell early in the trial and reached a plateau, while [Mn] only fell slightly in the
first 24h (Figure 23C). The [F-] fell in the first 24 h and remained level for the remainder of the trial
and the [Cl-] was static throughout batch 2 (Figure 23D).

Blackwater Treatment Trial 3



10

15

20

25

30

[PO431 initial (ng/L) (130431 24h (ngllL) [12041
change (ng/L) Change cm Menbrane Productivity Rate
(mglnk/ h) -49.8 Menbrane Fl ow Factor (ng/nR/1.) -0.66

wo 2007sehes 6 124 54 -70 -56 PCT/ATU2006/001728

77

The TSS fell slowly from 148 to 83 mg/L. in the first 24 h and then fell even slower for the next
two days (Figure 24A). The BOD also fell slowly from 269 to 121 mg/L in the first 24 h and slowed
for the remaining 48 h (Figure 24B). The coliform count fell very slowly in the first 48 h and was
rapid in the last 24 h of the trial (Figure 24C). The TDS fell from 774 to 526 mg/L. over the three-

\ déy incubation period (Figure 24D).

The pH rose from 7.7 to 8.4 in the first 24 h and slowly felt to 8.0 over the next two days
(Figure 25A). The plots for'[NI-h“f], [NOz] and [NOs] showed that ammonia oxidation and
denitrification were active in the sysiem (Figure 25B). The [NH4t] fell, levelled out and fell again,
with 45 mg/L of ammonium ions oxidised during the third day. This indicated that the ammonia
oxidising bacterial populations ramped up during the trial. Nitrification and denitrificaiion were
active on the first day, as the loss of 24.9 mg/L of nitrogen as ammonium ions made only 5.4 mg/L
of nitrogen as nitrile fons, so the rest of the nitrogen (19.5 mg/L) musi have been nitrified and
denitrified almost completely, as there was only 0.1 mg/L of nitrate ions after 24 h. during the
second 24-hour long increment 6.2 mg/L of nitrogen as ammonium ions was lost, but 22.8 mg/L of
nitrogen as nitrite was produced, while the increase in nitrate was insignificant, which indicates that
ammonium ions were still being released from the biodegradation of the organic matter. The BOD
fell enough during the second day to account for this release. On the third day the ammonia
oxidation (35 mg/L of nitrogen) was almost equalled stoichiometrically by the increase in nitrogen
as nifrite fons (32.3 mg/L) plus the small increase in the nitrate ion concentration (1.2 mg/L of
ritrogen). - This indicated that denitrification had ceased on the third day, when the dissolved
oxygen concentration in the clarified stream reached 2.0 mg/L (Figure 25C). The temperature
fluctuated slightly over the incubation period, ranging from 22°C to 24.5 °C (Figure 25C). The
[SO42] rose rapidly on the first day from 15 to 44 mgiL. and levelied out over the next two days
(Figure 11D). The [PO42] fell in the first 24 hours from 65 mg/L to 49 mg/l., but rose over the next
two days to the initial concentration (Figure 25D).

The [Ca] increased in the first 24 h and fell back to the initial level by the third day (Figure
26A). The [Mg] was steady throughout the triaf, and the [Mn] felf slightly through the trial (Figure
26A). The [Naj and [K] also rose in the first 24 h and fell back to the initial levels after three days
(Figure 26B). The [CI] remained stable throughout the trial, but the [F] fell in the first 24 h and
levelled out (Figure 26C). The initial {[F] in the blackwater was again high (10.6 mg/L).

The poor performance of NMB IV in trial 3 was assigned to the accumulation of sludge in the
bottom of the Imhoff tanks, which is hypothesised 1o have undergone anaerobic digestion releasing
monomers and ammonium ions into the clarified siream, which fed microbes (including coliforms}.
The growing microbes in the clarified stream prevented the TSS and coliform counis from falling.
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The plateau in the BOD data and the very slow rise in the dissolved oxygen concentration support
this hypothasis. '
Blackwater Treatment Trial 4

The blackwater treated in trial 4 was much richer than in the first three frials. The TSS in the
sewage fell from: 456 io 107 mg/L (77% fall) in the first baich; 376 o 104 mglL (72% fall) in the
second batch; and 548 to 94 mg/L (83% fall) in the third baich (Figure 27A). The BOD was initially
829 mgA. in the first batch, but the 24-h reading was inaccurate, so was excluded (Figure 27B).
The BOD fell from 581 to 2561 mg/L (56% fall) in the second batch, and from 1024 to 186 mgl.
(82% iall) in the third bafch. The coliform and thermotolerant coliform counts for the first batch are

 self-contradictory, as the coliform count went down from 1058 to 1085 ciu/ml, while the E. colf

counts only fell from 1058 to 1055 cfu/ml, and the KEC count rose sharply from 1033 to 1056 cfu/ml
(Figure 27C). The coliform count taken after 24 h was incorrect. The coliform counts remained
high through the remaining two batches, due to the high availability of nutrients (high BOD), most
probably fed by the anaercbic digestion of sludge in the bottom of the Imhoff tanks. The TDS rose,
fell and remained stationary over the three respective hatches (Figure 27D).

The pH rose to about 8.5 during each of the three batches (Figure 28A). Ammionia oxidation
was rapid in the first and third bafches (2.9 and 2.8 mg/L.h, respectively), but was slow in the
second batch (0.4 mg/L.h) (Figure 28B). Ammonia oxidation, nitrification and denitrification were
balanced in all three batches, because there was no significant accumulation of nitifte and nitrate
ions. Assuming no ammonium ions were released from the digestion of organic nitrogenous
compounds during the incubation, the nitrification rates on each of the four days of the frial were
2.3, 0.3, 0.4 and 2.7 mg N/L.h, respectively. The dissolved oxygen concentrations rose to 1.2 mg/L
in 24 h in the first two batches, but only rose to 1.0 mg/L in the first 24 h of the third batch, where it
remained for the next 24 h (Figure 28C). This result is consistent with the accumulation of sludge
in the bottom of the Imhoff tanks feeding the clarified stream with digestion products. The
temperaiure of the liquid ranged from 20° C to 23° C (Figure 28C). The sulfate ion concentrations
rose very rapidly during each of the three baiches, and appeared to near completion within the first
24 h of each batch (Figure 28D). The phosphate lon concentrations fell during the first batch, but
rose during the second and third batches, indicating that the accumulation of solids in the Imhoff
tanks at the bottom may have retarded phosphate sequesiration by organisms such as
Acinetobacter sp.

The [Ca] rose during each of the three baiches (Figure 29A). The [Mg] and [Mn] fell during
each of the three batches and the [Fe] rose during the first two baiches and fell slightly duting the
third (Figure 29A). The [Fe] was too small fo significantly effect the phosphate ion concenirations.
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The [K] and [Na] both rose during ihe three batches (Figure 29B). The [CH rose during each of the
three baiches, while the [F] fell during each batch (Figure 29C).

The results of the four trials are compared for removal of TSS, reduction of BOD, and
oxidation of ammonia, production of sulfate and removal of phosphate from the sewage are
provided in Tables 1-5, respectively. Membrane productivity rates were calculated as ihe difference
on the final concentration (mg/l) minus the initial concentration (mg/L), multiplied by the total
volume freated (L), divided by the membrane area (m2) and the time (h), wih the units being
mg/m#h. The membrane flow factor was calculaied as the membrane productivity rate (mg/m?/h)
divided by the hydraulic flow rate (L/h), which had the units of mg/m?L. The membrane productivity
rates provide a way of comparing the efficiency the membranes in the two bioreactors, operating
under difierent flow raies. The membrane flow factor was calculated o assess the efiect of the
different flow rates in the two systems. The elevaied flow.rate relative to the hydraulic volume in
NMB 11l made the membrane operate much more efficiently than the very slow pumping rate in
NMB IV, as NMB Ili outperformed NMB 1V in every facet of sewage trealment. When the different
hydraulic flow rates were compensaied for by the membrane flow factor, NMB Iil performed on par
with NMB IV in most facets of sewage treatment. This exemplifies the significance of the hydraulic
flow rate to the efficiency of the NMB technology for treating wastewaler.

Table 1: data from the performance of the two NMB's over trials 1-4 during the first 24 h of each
batch for the removal of total suspended solids (TSS). Trial 4 had three batches denoted as 4.1-3.

Trial Membrane | Pumping | TS8 TSS 24h | 785 Change | Membrane | Membrane

Area(m? | Rate (L/) | initial (mg/lL) | change | (%) Productivity | Flow .

- (molL) (mgfL) Rate Factor
‘ {mg/m?/h) {mg/m2/L)

1 0.6 75.6 316 37 -279 -B8 -188.5 -2.63
2 336 18.9 142 B9 53 Bt |-134 060
3 | 336 18.9 149 83 -66 -44 ~26.0 -1.38
41 33.6 18.9 456 107 -349 =77 844 -5.00
4.2 33.6 18.9 376 104 -272 -72 -67.5 -3.57 |
4.3 33.6 18.9 546 94 -452 -83 -112.6 -5.96
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and in the support nmenbrane; and a liquid face

bi ol ayer at a | ocation sel ect fromon the liquid
face, in the support nenbrane near the |iquid face,
and both on the liquid face and in the support

Paﬁggq‘g& Pé Mf(% TR R %%gﬁ#ﬂéﬂgr&%éigﬁl&@d tﬁﬁmrsgﬂiﬁcagﬂy retarded

FENDT ane
dhe chﬁualommfmutrteatsdb ire g facee thue ratydingathe piological aciivity of the biofilm on the

gﬁgc‘,@?sgoﬁ‘ %%,T&{E{%V?Jsg:gﬁhﬁéﬂ% $he e 'Eﬁgﬂj& thﬁgblloﬂiﬂl\é one

Morane Ber ng c
al | oWhawgmava 6fiskidgafronf ths bdtiem ahibe inhot taekstvm alsp ennthgasignificant issue.

VAP 350 o e e B D4R 61 Bn of o
ivereithrae phasés tarigatmest. Ghe partitionisg of hieavily Joade sswagerftomaveaker solutions
ﬂsn%ss?r%aﬂf%dgrg\%ﬁp hn xglgaér{d fhis rsgérlPéQ% IB qﬁe ﬂﬁi% I(!é\ﬁe% r@rheavﬂy loaded
blatlovater \mﬁlsmehof]c thials. s Mpitiple phasesr’ereaaseermmn@acmes moreaeﬁnclent removal
TARSE 5 7. R BBl R 6 B HRA s open
solpeve fel tireediagifiécbdirearn wiarthesspaerebiowdigestionoof thedrappedioelislar debris, which re-
R e T B 8 BB LHCH S50 TR e gafoms
Itr?rrgml?rg& Icolttt:ams \aeolllel(l;seomer ttyﬁes of bacteienbr ane of any one

oF el ey S5 e85 P AL S ol BB e

gel flneakuﬁéridad whciandhleh wassegichrgagh th@gpnsiflbieﬁ@ers useddor TSS analysis,
zir

_ %ut Wourd 1 not pass hrodgh tih g8 Ipm recons‘t:’su{(]ed ceIﬁ‘JﬂJse syr%@ fiférs used to prepare

samples for ion chromatography. Centrifugation of the pre-fillered samples yielded pellets about
10-15 pl in volume from 50 ml samples (data not reported). This indicates that there was at least
50-75 mg/L of these fine particles, which were possibly cellulose fibres. Cellulose is not readily
biodegraded under oxic conditions, so these particles would not have contributed significantly to the
BOD of samples, so was interpreted to not be responsible for the plateau in EOD curves, If the
chemical oxygen demand was analysed, the proposed cellulose fibres would have contribuied
about 50-75 mg/l to such data. ‘Removal of these particles was very problematic, as there

| appeared to be a significant reduction in their prevalence over the trials, even over three days.

Such particles will be very difficult io remove by conventional filtration systems, and will foul
microfiltration systems. Sterilization of the effluent by chemical oxidation will be retarded by the
presence of such particles.

The BOD : [NH¢*] ratios in the raw blackwaler ranged from 3.6 down fo 0.7, where as in the
primary supematant from the sewage ireatment plant it ranged from 11 down to 3.6, being typically
around 4.5. The ratio in the primary supernatant was oo low to enable complete ammonia
oxidation, so there appears to be no possibility that the blackwater iested here can be biologically
treated to remove all of the ammonium ions in a practical time scale. The pH also played a
significant role in preventing complete oxidation of the ammonium ions. In nommal sewage
treatment plants the problem with nitrogen removal is the pH falling below 6.5, which prevents
nitrification, so lime is added to raise the pH. The ammonium ion concentrations in the biackwater
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10. The nenbrane of any one of clains 1.to 9 wherein

the gas face biolayer and the liquid face biol ayer

conpri se bacteri a. 11. The menbrane of claim 10
wib&iTakdi9as face biolayer conprises nitrosi fydmomanors

nitrifying bacteria. 3012. The nmenbrane of any one of

claims 1 to 10 wherein the ligguid face biolayer

conpri ses bacteria capabl e o# sequestering solids

froma liquid stream 13. A bioreactor conprising: -

?rggﬁ @ggrg&sodggl dgs‘as @%ﬂ&gﬁ%aawgc d Ee ﬁ?gﬁ thhlgn that it retarded

biologidal antivitye ITe daclithtef traatmenmft&‘»h@ righ sevage eacidi will have fo be added io keep

% ggor ! 8@%@&%@2 %@;ﬁaﬁ%’gnoge s gegenial | i ihe effiuent is o be steriized by
bitetrinalomdaﬁm (gdainbiione bramitation urlmeorguqnbmstunﬂeaﬂﬁheamomg oxidised
Pt ol B Pl o6, o e et {7 omor
| i quAfer f4neeeks airsdwinet treaimentttiecpolyiesteri cditdnamambsang sizmport material used in
L L
gl disqaicintind bonsinestitm oféMB M werEheiably dletediortted. ditergdliveé membrane
%lfpalé][f‘ ala{éa@% s@hﬁle 3or %egvagéagg?rﬂ%g a::{Pee e%%ﬁ%rr\djgﬁ{' g,%ut the latter is
serpidertily meroexpengve. a gas face bi oI ayer on the gas face
L o e
ik veska i frizls rPedera ra:endneted ovieh eBétwepni ikl the HMB]tﬂﬂmaﬁm was fed primary

g‘bﬂ%ﬁ%@ %%TH %W@gei@m&@ ?écﬂ\g\nfh%ﬂﬁéﬁg@ﬁﬁﬁ gr]n Fhifsride, urea, sodium

SR sat @KiraN@chotassim didly dregensochaphosmhatbe fifi appeassrinat the biomass
Iwrgss eg ?oo u?f%quen’tly to grow sufficiently. The spiked primary supematant was also toc weak.
During trial 4 the biomass appears to have ramped up significantly, as repeated batches appear to
\have improved in efficiency. The ramp-up of the biomass in the NMB appears o be dependent on
the system being fed identical blackwater, so it is anticipated that the NMB could perform better
than was recorded in these trials if it had a continuous supply of blackwater, as would occur in an
on going domestic situation.
Conclusions

Using the current NMB technology, the macerated blackwater was unsuitable for biological
treatment in the time-frame expected (=24 h), as the BOD : [NH4*] ratio was too low, and the overall
[NHs+] was too high. Ghemical control of the pH will be essential to maximising the efficiency of the
NMB technotogy when treating heavily loaded sewage, as well as compartmentalization of staged
freatment processes. The maceration of raw sewage prior to freatment appears to be an
unsuitable upsiream process for the NMB teéhnology, as the process loads the water with very fine
particles that are difficult to flocculate, and it also maximises the dissolution of ammonia and
organic matter, further complicating downsiream processing.

The outcome of this study in the ireatment of macerated blackwater indicate that, in the
current form, the best applications for the NMB technology will be in the treatment of more dilute
solutions such as screened/settied blackwater, primary ireated sewage, and grey water.
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16. The bioreactor of claim15 wherein the liquid
face biolayer of each of the nenbranes of each gill
abuts the inside region of the gill. 17. The

vih efoeask@r of any one of clains 13 to 16 coOnpCT/AUNM6/001728
an outer housing for housing 15the nmenbrane(s) and at
| east a portion of the supporgs 18. The bioreactor of
claim17 in which the outer housing is opaque to W
radi ation. 19. The bioreactor of any one of clains 13
to 1%4@@ ng one or nore gas face scrapers for

scrapi ‘the gas face(s) of the nenbrane(s). 20. The
bi or dact Ameobrapsmgompnisngif cl ains 13 to 19 havi ng one

or nore,_ | Qu ' ing the

liquid ?%@%g&@?ﬁh?ﬁéﬁ%@ﬁ:?éﬂag%a%fa@_@?,he bi or eact or

of any oges fah bickaysraba loGation sesiedfien en e gawlags, ihesupport membrane
cycling_ sy [ : 0

o nBh FREAB R RSpLerEp o syodt kot

syst em 4 tiquichfass biolyar e d locaiipn selestadhiionyehifieakiawid facs, e support
outl et manifol Ln Eai , .

nmenbr an@?m ey gesagﬁﬁleo?@ﬁ‘fgér&hgﬁ]dd?ﬁg Oﬂhtéé ﬁﬁ%‘%?%e angnln the suppor
i nf | uenmethirare, f or passing liquid fromthe reservoir

tot il et nmanifold uent

[i nehz(l?or qﬁ%@%‘?%"ﬁ q?alglfng{.]s Erﬁgf??% rg&ob%%ﬁpé? Hhrrab{rql% F@fﬂfgé't 0

t he resemiemembrats ofalainel buskaimh 2nssid raambrase HRIAG NYOPYTRYIFH Hesoporous
that | eaks fromthe nenbrane to the inlet nmanifold or
sYMESIPY S ystem or to the influent line or to the

r esera/oi IThe mesibrage oi@hy bueof plaims 1ftoB, spidmsembegne beingicapable of allowing
t&ﬁu%%ﬁ r(])f éu%setar{cgsf selle%d lfnjoﬂ1egases, liquids and gasses and liquids, therethrough without
the external application of pressure.
5. The membrane of any one of claims 1 to 4, said membrane having no support matrix
on either the gas face or the liquid face.
6.  The membrane of any one of claims 1 to 5 wherein the support membrane comprises:
— asupport material, and & '
a gel supported by the support material.
7. The membrane of claim 6 wherein the support material comprises a woven or non-

woven fibrous material or a non-fibrous porous material.

8. The membrane of claim 6 or claim 7 wherein the gel is sol-gel derived.

9. The membrane of any one of claims 6 to 8 wherein the gel is selected from the group
consisting of silica gel, titania gel, zirconia gel, alumina gel and a mixed gel comprising two or
more of silica, fitania, zirconia and alumina.

10. The mémbrane of any one of claims 1 1o 9 wherein the gas face biolayer and the liquid
face biolayer comprise bacteria,

11, The membrane of claim 10 wherein gas face biolayer comprises nitrosifying and
nitrifying bacterla.

12, The membrane of any one of claims 110 10 wherein the liquid face biolayer comprises
bacteria capable of sequestering solids from a liquid étream.

13. A bioreactor comprising:

~ amembrane comprising a support membrane having a liquid face and a gas face; a gas

face biolayer at a location selected from on the gas face, in the support membrane near
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22. A process for nmaking a nenbrane conpri sing:
provi di ng a support nenbrane, WO
2007/ 056818PCT/ AU2006/ 001728 86 contacting a liquid

waehiwegid rom sewage or containi ng bacteria feamu2006/001728

sewage with a first face of the support nmenbrane and
exposi ng a second face of thgssupport to a gas

cont ai ni ng oxygen, al | owi ng growt h of
liquid face bacteria to forma |liquid face biol ayer

on the trfe g{a§ ?aFé A& botﬁ‘BH' the ga@fab@ﬁﬂdﬂﬂthg s@pbh meb@as ahde diquid face
bact er i ol a

face. mlayeﬂaba bﬁail@regeéecw fremgn Fhei@i'%%% & ’fﬁe WB%’H%%H?’P near the
nmenbra anisk I

suppor tr] @Jod:'gég)%d%ﬁ] T t%r'@biﬂr;gteéééng% @gug pmeﬂ e p?%c gg s of

cl aim Zﬁum&l‘%swpﬂml@g tbQ @pmFEnepyi di ng t he support

menbr a?ﬁgd‘iﬁ? &QI‘HQ g{(&e‘?ﬁf& ({)%s&ﬁd €IRBid Phst the nidéRhay a

precur e support nmateri al

pr eci#.sofhel hlcnmctdr of slaing 1T hgyias p@iuahty @@ﬁ@ﬂptg@qeﬁgea?lh gav@g & liquid face
qd%%%]%&%a%ddn&Cﬁ %@p@ﬁi’g%g%gﬁd%ﬁ/ niimbtaie td“@as%@ﬂﬂéléyer on the gas face

form rane.
fand/orrim ke rsyppari iconbesae thear TEQ)ﬁ’c}é‘»rfﬁ@h ARt a fiqyid 1 §‘E?p‘ﬁi?§$3ief %ﬁ‘ﬁ liquid face

Lt RN,

a gassf atie hioredctoy of claitm Wisselt Ihgrmasbrases 8@ %ﬁaﬂﬂﬁddﬂ B 0l each gil

i s g B P e Il borg2s

ce and in the su f|o
ms rrb |1 an eTheamieatolr piopldind 15 ah@relb thel gy fecaiiolayer g @g@h Qjﬁhe membranes

et AR IR 72 Dot n on the |

I -
' f ace 1and Thebioréeeto Ofsang p0e of claistet3de & coTmEsINGAHEA Mgmggor housing

C e L R
pl ur aBj t Thatioresetds violeirs 1ANevhishi e OterdusHig is erague to UV radiation.
19. The bioreactor of any one of claims 13 to 18 having one or more gas face scrapers for
scraping the gas face(s) of the membrane(s).
20. The bioreacior of any one of claims 13 io 19 having one or more liquict face scrapers
for scraping the liquid face(s) of the membrane(s).
21. The bioreactor of any one of claims 13 to 20 wherein the liquid cycling system
comprises one or more of:
— @ pump for pumping the liquid,
_ aninlet manifold or spraying system for passing the liquid to the membrane,
—  an outlet manifold for accepting liquid from the membrane,
— areservoir for holding the liquid,
_ an influent line for passing liquid from the reservoir to the inlet manifold or spraying
system,
— @ effluent line for passmg liquid from the outlet manifold to the reservow
— & reflux fine for retumning liquid that leaks from the membrane to the inlet manifold or
spraying system or to the influent line or fo the reservoir, and
—  areflux pump for pumping fluid through the reflux line.
22, A process for making a membrane comprising:
— providing a support membrane,
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support, said nenbranes being arranged in parall el

pairs so as to formgills, each gill having an

i nside region defined by the pair of nenbranes,
weheidssishe |iquid face biolayer of each nenbpcamn@zoos/001728
250f a pair abuts the inside region. 27. A process

for making a bioreactor conprgsing: supporting a

support nenbrane on a support; providing a liquid
cycling systemfor passing a liquid past the support
Menbrang: .. o a fiquid der ' lirfity ' Qfith a first
covago. (g gl ger ERABhRR: Bkl bt RBuided
30ex posiangofahessepanridneiitane afd expasing @ serond faggof hegypport to a gas
cont ai ni_ng., allowing growmth of liquid face

bacteri %on?aﬁrﬁgagﬁag, liquid face biolayer at a |ocation

sel ect eallofving yroaith df liguiditace dactériadeiom aliquiddacs bisjsisr on the first face; and
menbr ang, near e.f] : t jal

F 2ce -andloP ROy gl badfto RAa O bt on ifsBlondface.
2007 12356 The RGTésA D0 82 GigEtshiBe support memiyeRorrgmpisesit h of

gas face bac erigﬁaitagdform a gas face biolayer at a

| ocatT off SEPREPES T '0m on the second face, in the

Suppor t ageshppered byaizr suppog meterialnd f ace, and both on

th 1d f ' t -

0 3" el A88E0 obl 1 ySARENE oSSR o sypoot o
Smﬂge{stﬁﬁr;rdgsames are supported on 5the support, Isai d
support  nmenbranes bei. ral : .
e i ER PSSBRy ARG D B el kg cpao o
pzﬁr al L@}ne@mmgel;mﬂ)r anes defining an inside region

t her ebet ween. . r

wheret SPnTEnGstegp! o i REC RGN BRI R} tafifh Fpgh mombrare
sewagss, Wi A frotdae ol meisdg o Hareactof cartpesiggppor t nenbr ane

com bt brlobie ! B e GhEaf s saor e

treat i n@agRyRIeidtdce anthegas tduera gan Ebebisieyeealrg locatidndgselected from on the

nmet hod conpri si pg: o] ing a i Si .
suppor t %% e:aaﬁw@g ﬁ'éRPB'ﬁ 51\&'38'#?51%%%{%? ggsreﬁgeg gﬁggﬁé@gﬂ@geﬁf&e and in
a gas f agesubbor reareianaiand a liquicitdediivlayer aé e foeation selecied rom on the liquid .
‘the gas face, in the s ort br ane t :

{ nce arorbing suporeniate e BE AR, S BOw 5 i feco and i he
menbr angjprdfthemblanghd face biol ayer at a location

T Srronr @FRIRG 2 o i Lo Gul B T ¥Rl

li qui go.f api progbsk ot thim ZBuRpeeit anghiriiityeofememigares siengupported on the

ts2\?{7@@%qsg{dd%e{"%;ne%%{@%%%%&ﬁ%&g%gs@%rég %g é(% ﬁaﬁ Biﬁsé eacarll il having an

T §Re Righ @¥kd BY ik b&r dra@hbans, Witeren Ha Squidiadectiioiyergpf each membrane

ox%/gen. o .
of 4 pair abuts the inside region.
27. A process for making a bioreactor comprising:
— supporting a support membrane on a support;
—  providing a liquid cycling system for passing a liquid past the support membrane;
- co}ltacting a liquid derived from sewage with a first face of the support membrane and
exposing a second face of the support to a gas containing oxygen,
— allowing growth of liquid face bacteria to form a liquid face biolayer at a Jocation selected
from on the first face, in the support membrane near the first face, and both on the first
face and in the support membrane; and
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2031. The nethod of claim 30 wherein the sewage or

ot her waste stream conprises clarified raw sewage.

32. The nmethod of claim 30 or claim 31 wherein the

Wi e 7/0dss@xposi ng the liquid face biol ayer toPCHAU2006/001728
sewage or other waste stream conprises recycling the
sewage or other waste stream ggross or past the

liquid face. 2533. The nethod of any one of clainms 30

to 32 conprising separating solid matter fromthe

. sewage #Aiswig) @@mh\wgdsera@ttraaam to$dtm LydEhdrQsoldyer at al Iocat:on selected
treatl n SeV\/aﬁé lﬁél S| N pr ovi di ng a bl or eact

conpri siQE Rt C% B SUOPHgmemyBsyseF t ﬁé?ﬂ?ﬂ%\fﬁ’ée and both on

having ahd searmdad‘e@ﬁ@nm@u@o@m&m&aﬁ@ a gas face
bi ol a ocation selected fromon the gas 30

face, ge:} fﬂ%eof%%%@frqal%wa@a%a Rty Ohepgers mﬁra@@nesaif%ﬁupported on
b gelushort AR sGﬂ;‘irrtfn%ﬁ@raﬁébﬁbean aﬁre\?@e@sﬁ B%@ﬁr&or'@?ﬂmhéﬂéﬁy ez ﬁrecursor gill

a liquid face biol aye | ocati on sel écted from

t REMAISERA R obRagallel SHE’/ Hé‘e@l}fﬁ%rd?ﬁf}'f’@r?ﬁﬂlﬁﬁé rea@aﬁherqbemen
l'i qui gb.f ap, pr@b@@b fietath %‘wﬂeﬂe% thé Stdh 6 éoﬁﬁ&nn@r&qiqh:{i‘ d&riV&d from sewage

menb , a Ssuppor t for s up (]Z]
w@ﬂ'&hg Hist Tagiel g $UPRAR farer%bwﬁ .cer@p@c;ss,naéﬁmg e mtbson@j] the inside region

I bﬂh’éﬁe@ﬁs‘é?g]ﬁshe rrenbrane said liquid-cycling system
conprisin

2007/ 956 @Pfdm m&t@@wwmmwﬂ@@ﬁﬁuwwwreamesaldu repthiod comprising:
an i nLetydyRaRkg fa%éinﬁ‘re% éih@g shﬁb%rt Inicike %Q\flﬁg'?hqald face and a gas

menbr ane, an outl et mani aCCGFtI n
fr om t héCReRrnines blalayeé@ba Jp@atronfseiecteﬁ) e 199 tmeh@as face, In the support

l'i quid, nfm | f i |
reservoir tbt)aﬂ§ nH&ﬁ'lrﬂ?]e EI‘ea}ts %en{anaﬁg 5 %ﬁ . 5‘% f%#eﬁuen éT%JDE&T! membrane;
for pas8nthg linuidface bilaysret hlecasion se.}Qctaqlgfwm @1 e figyict faes, in the support

reser voi emb%h RRas &Hégl{qﬁidlf'aééu'a d 4Bt P Ghe fu@ﬁﬂt Eﬁ@ and ir% the support

sewage t roug t he et mani and 1nt
- passi M§MbREe] i qui d deri ved fromthe sewage past t he

menbrang ﬂ? %Etllqﬁl@%c@%léﬁlt of theRfeibkdMd 16 A8 sé\bagb‘ 8|dother waste stream;

derived ¥ he "sewage the reservorr
punplngaﬂme liquid derlved fron1the sewage t hrough

: Eg ' Bf ' Hfbgl g thb 38 thé& tidked oFMhE eBRARE B'abal Yoy bxfen.

31 The method of claim 30 wherein the sewage or other waste stream comprises clarified
raw sewage.

32.  The method of claim 30 or claim 31 wherein the step of exposing the liquid face
biolayer io the sewage or other waste stream comprises recycling the sewage or other waste
‘stream across or past the liquid face.

33.  The method of any one of claims 30 to 32 comprising separating solid matter from the |
.sewage or other waste stream.

34. A method for treating sewage comprising:

—  providing a bioreactor comprising a membrane comprising a support membrane having a
liquid face and a gas face; a gas face biolayer ai a location selected from on the gas
face, in the support membrane near the gas face, and both on the gas face and in the
support membrane; and a liquid face biolayer at a location selected from on the fiquid
face, in the support membrane near the liquid face, and both on the liquid face and in the
support membrane; a support for supporting the membrane; and a liquid ¢ycling system
for passing a liquid past the membrane, said liquid cycling system comprising a pump for
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pumping the liquid, an inlet manifold for passing the liquid to the membrane, an ouilet
manifold for accepting liquid from the membrane, a reservoir for holding the liquid, an
influent fing for passing liquid from the reservoir o the inlet manifold and an effluent line
for passing fiquid from the outlet manifold to the reservoir; |

— passing a liquid derived from the sewage through the inlet manifold and into the inlet;

—  passing the liquid derived from the sewage past the membrane and out the outlet;

— passing the liquid derived from the sewage into the reservoir; and

—  pumping the [liquid derived from the sewage through the influent line to the inlet manifold
by means of the pump.



