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Sewage Treatnment Technical Field The present invention
relates to a nenbrane and a bioreactor for use in

wo e@anpsnt of sewage. Background of the | nvent POIYAU2006/001728

Menbr ane bi oreactors, which use biological matter in
conjunction with a rrentsme'ﬁreatmeatt material s

supplied to the biological magtter, nmay be used for

bi oreacti on applications eghnical Fiald)e producti on of

usefryb pEGs IEBS reldid¥to § ¥RMBlaRe BALY HBE géfér' 16r8h& in treatment of
antlbodles or vaccine conmponents, the bioconversion of
sewageni ¢ wastes into bionmass or biofuels, or

remedi ati on of toxic B’%@?g}rgﬁ‘nd Jﬁll\ééﬁ“/é]ﬂloﬂegr adati on of

toxic chemcals to inert> of non-bioavail able forns and

pr edlembramei oregotors, edhicht usenbiclagickhtmattar of cdmmmt}onnmthah snembrane to

B 8RB B 5 bR el 52519 B BBcion solatons s

aBnps! pRdductivh| of @@ful Atisthnbdsp f@agampble SHarmaveuRgls! ahtdbdies or vaccine
bi oreactors. Mechani ?al Iﬁ/%wgl tated. bi oreactors

CORMBONGHIS: t'@&'%@‘ﬂ‘fﬁrﬁ' HeoPle DioMees oF Bigfuels, ohigmaglialian of toxic
vﬁb@& PRbifg a?gré’dé‘ﬁlor?'&'t&d dhbhihls B I%r?@’%ﬁfb gvallable forms and precipitation

Pneunat | cal tated bioreactors include sparg
%redu@@dpmd@on afdwawmetalsn bi or eact ors. Non- agi tat ed
bi or, a h . .
B?@a‘ﬂiy ﬁedk@pe%QE, DloftdcioR N d5¢ t%l gr egr@attdor 3 mg(r:]h&mcally agitated

oxygen rane aerator
béveacioesy preaaticadiy agxtatadéaam&aotos or Iﬁnleagl’mteddmmactoa@l Medhewmlcally agitated

bi L t . of itted w.th -

o e Be SBiefideatpel GabEa Al b’ BadbiTeand spin-iter

bioréidioth. rmféumaﬂcanwngmembmabt@@ m@ld@eq%mtf tsietadkars, @hd air-lift bioreactors.
reactors use a

'\&’QSSOI ved é)r the bjo
10kAtg0 ta@re%ﬁ% BREdG $sRys Ahase PIRMACioRe ORI RSB eapiRmembrane aerator
blRfréh‘éféﬁsSahd M%r}/dde% Biord&didrs. M xed, including inpellers,

propel l'ers I es. Paddl es are also used to
scr @@umt@a}h{ﬁltated)|b10fe|aetor§ﬂmll;oconsﬁbof\@g@e‘lﬁed with aeration vents that

s%r@é %r%ﬁro[.n&ﬂlj&en&p%md ‘ﬁg‘tﬁdﬂ Fn%dlﬁimaﬁo anﬁ}_ag{\/\g@g?&oéxﬁ@n@pﬁﬁ of dissolved

cont ac cess

ody@achrahﬁ bigmass. tuck mﬂotome ermnetgs of $yatenisHe esduesihat the biomass and
associ at

Sty Rl . dRitSe e S hudiRlerd A hadfles Hgdtes are also
used b sdrqg@ maha@cmm/ ItHeysmﬁcbf mecmsaqolemmmts@duﬂhg @Ad iefsure that the
productivity t he presence of bi omass

b%i'ﬂaéﬁ remains di @RW%W% TB% ﬁ@@ess I"W é‘M@&ertaﬁiéS%W@&sg |Wt't9 sgh systems is
tliéf?ﬁqe%@éﬁlfbr‘é& %@‘%Q%étéﬁ WEHE%I? h@éf‘@?&‘nﬂ Qc@ﬁﬁé‘céﬁo ?ﬂg@ g?ng?ge fragile cultures,

I Cl enc e rate o S1 0N
Ieﬁdgngécma clignhe blolggisaigctwtw andra Qma;equeraiccmtmtim paductiviiyyAs well, the
t | : .
I og'lrjlééésdg) g{% ld?rbalsggmc;ﬁcb %ﬁve r}} c{eﬁ Ié%e%ﬁﬂe !/?C%glﬁ{ eotf theFeaction medium,
thiscedusing behsmixuhg@fidmy amthy remeabﬂdlfb.xylpesf moledutan@rygen and other gases

function as t ul ura .strrs e.g. at the .
iR Th6, Br0S5E Bl oo T e alaBy of ZXvokjcdie i & cesponding
rédiicliod i a#idadvityof Bleomshiass, TinSEring tiedt Infay @elbtyBdseitBlohdde fugiRn as they
spar.ged bjoreactors and a variety of submsrgg ed
w{dflréa@@rﬁmqqms (e.g. at the air-solid interface or, in the case of animal cells, while bathed
in blood).

Tissue culture systems include sparged bioreactors and a variety of submerged surface-
growth systems in culture vessels or rolling drums. A disadvantage of these systems is that the
uptake of oxygen is relatively low, and hence the bioavailability of dissolved oxygen becomes

limiting once small amounts of biomass have grown. The low availability of dissolved oxygen
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systens in culture vessels or rolling druns. A
di sadvant age of these systens is that the uptake of

wo@200gemsis rel atively | ow, and hence the PCT/AU2006/001728

bi oavai l ability of dissolved oxygen becones |limting
once small anmounts of biomassy have grown. The | ow
avai l ability of dissolved oxygenprevents many types of
cells frombeing cultured, and nany cell lines do not

p%g%hist ’{r@& &fq%s bh&Ys w})gnd ?hItEnJ@@ ﬁﬁény YANGIRESs AN RRACtioR as they would

y "aval n col um systens,
inctied besly awhere omgﬂmm ingredeasity awa@:bte mat eri al s of vari ous

s oht Ry pagked n yﬁesgétgrﬂg oceiéogc}g Enﬁﬁobﬁﬁ%%rﬁ Pef? MafsRai BPWious shapes such

"'um rrent stream
a@*iﬁ%%pﬁ@@s paddies dGColygmrfsgNrf@darecpat:ked iotol ancolumaA A nutrlent stream is

e S DA™ e B b 8 o
hﬁﬁff@% Eﬂ'ieesdﬂ% rrgl i Mxyfgléﬁ‘ inf tﬁe hutfiepksticad. MEarealﬂBﬂlanmnckhng mode and

a I on al’'so relate to thjickness

owgem@tlommawalﬁm@fatetﬂoéfa@({)@ﬁwa@é bjogiags &fuﬁwbﬂﬁ?#vérrtaw%thm growth
i
e PR R PRt 8 Doy vamoane. oo

so an i ssue for
idsugfol highinerigineence dersionssdf these.of t hese. Secondary sewage

t .

1% B T T B0 RS S SN, cooed o o
cRi@fidatictt ?@tgﬂbumw biomady Bithd amgﬁmaglugg@:sao%mgymgallﬁama mg/L) and is
oxygenat e ai.r e dissol ved 0

qu)ég@pﬁ p)glqugéng arg %p %g@l@d@@gwmc%atlmhlgﬁ%ﬁ%gmhgg mg/L and the
toAlads 88dsdsfe Sl YeBuded driaRE moleBAeY, mefﬁmrmmdnecatlomshe nitrate anions,

anmoni um cations to nitrate ani ons,

antl cedsoulioseudaies patiuiale ane S&ﬁﬁ)@n@as%&lﬂ%refaa%eémouﬁgétr it 3gilesepasily in the
czag \A#]?rf Sé/gltrehm fwhit f\jﬁb loMrificBtich¥§stérh 3Bpelrdtesihb %jo‘ﬁt»y%‘f f@suspended

he C I catl on syst em seFear ates
sasﬁzjsdmm me Mjwct mmn@pea@aedmﬂntaw andorecies the smdsiblomass back to the

@E\{w u[gig% ngrggg 'n%%ﬁl@é ﬁ@pl Vg}a\[sse&éﬁﬁérgr%tlérﬂ?eeded to conduct these

MORERBC TIRY pi"ode@s ofespagily thetaoivated glidds cmnamescadotcné enargyt i on
needed to conduct, these. pr roces

Th
spar gpw@stm@nb&me, Rase aysgqrrﬁg e@ﬁr}gs g %ayeoys ﬁfu%mersed hollow fibre
RERErHEs, IREHRYS S)sfonisemb h@%rah@&%ﬂmé&@d ifteBhd SEWagé Rl t@ be treated, and

sewage have used | nmersed ho

o aspmssyianbe e ke EANe VRIS BAMPrNG tealeind provides oxygen

de€ t
PP o B R et nespenadcliry sverah 1
withgtapd @ piesRse 0hope BECEBEANE0 lpematratertna roealkrare, end prawde relatlvely inefficient

f .t nb
G5 R G B A ORI, po i oo
SeRet IRt ssknTanregmmentcied qamprised aelatilelt iargel particles provided with a
i'nefficient bior erredlatlon of the?ff g‘f'hoﬂ%ﬁ'ﬁbd sewads is
biplaen sRpablp<a dRtng e setiage At 8 sparder UREngs mrotigh fig bed pag sewag
?ééﬁéoed’&wn'tmo*dw e BB AS e sbifyelid QR With gR emfwmfblo&?@r it is treated by

atively l"arge particles provided with a bjol aye

thaprdidyer, aihd tiregtgd aegragq]@x@et{mg@ tha| Ipqursregl%s, g@@e@gﬂaﬂ'wg system is

. %Zag?eﬁ&%ﬁef{l{bent *&ﬁ&’lsgy%e%‘m% I s passed down through the

e 1s confacted with the air and
bi ol aYiesre isi thereforet a eeddefdr dyeffidiant bidbtohyss isystern dortreraeitingaorganic matter

344 ariagarbians Lot Speihe & FyteBtShdrE e Boerd i Bfochygiapipe piomass

BerbvidngTéhegp arsd dffeetive beretonaysiemd for an efficient and
robust system for renoving organic natter
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and anmoni umions from sewage. A suitable system may
operate by effectively retaining biomass and providi ng

wa2onessiand ef fective aerati on system Cbj ect PET/ADR006/001728

Invention It is an object of the present invention to
overconme or substantially anelg orate at | east one of

t he above di sadvantages. Summary of the Invention In

one aspect of the invention there is provided a

menbrane, said menbrangyigy bfi@efhvehig d face and a gas
face, said nmenbrane conprising: - a support nenbrane;
_ a Ifjaan phiecsoidhapraseat invantierHie owereonterar sUbstenlially ameliaraieat least one of

tymgﬁiséggmgg%g_e near the gas face; and - a liquid

ace ol ayeron the liquid face and/or in the support
menbr ane near the |i q@uchniaag ef theinvenlidn be under st ood

o BEa R of A€o Beree /onied 5580Rne. Pl e aving a i
facerand aigasraod) sait embiane eomptismgme  enbodi ment's, the

support rren'gran i s porous, the gas face biolayer may
be "ocaAPRHOAMEMAREE partially within or whol Iy within

t he suppey iacéfﬁﬁl’ﬁsfe%ﬁ?ﬂ%gqﬁk iféﬂéiaﬁﬂ/fﬂﬁ %ﬂﬁ%@@én\;ﬁ?ﬁq ﬁe%{ the gas face;

| ocated "at | east” parti y wthin or
suppor@ndﬂen‘orane. The support nenbrane is perneabl e

G s N 45 BERL A e R dFee, Bof 30 FugPrBRBEng gear he uid
t he gatacd.ace bi ol ayer. ~The nenbrane may al so allow

£t ot kb yRBch i pecigs 465 ors o R 45 ghopoiuetybrane and he
liquie: fane Dtk othef fdcbef b GupR MerhiFARL Sindd @l domcvrtidehidCihe support

support, msnbr%e t he g_enbr ane is perneabl e to oxygen
e P0IPYSo i 825 6n Disyqs iy bpdocgled at enst geabwibiag wholy wiin

i _ ] i .
8T RERORIETEI s SRs 0e9 1B ] 95 o o
withia theasuppert aip@brang The stippertfraenebraste is hermeebimadier porous membrane so

n M r.efe . el %:1Y [ Wt hi n. the
e TR Bt Sk o e oot i V45 g oes tac
biD_JaV% dlie m]lcarebranﬂ lﬁay ?lm aﬂow_&xﬁgeuft% Bdiss (Gsrg.rdfg&@)ethgggh i?é nﬁmbrane from
o RS L e Gl B ek i e e Al i o
sagoetahenttfrariehie inRvdrank a8 périv@aifle i oGy 56188 t@almﬂ&(y?&leto pass (e.g.
onpr.i Si ng(' - a sug?ort menbrane having a liquidTace
dng%gg 4 guph the, membrang rgmdhg gasefags andaidhe buidsfapetoathe s face biolayer
f
oD ey I o e b B AR ablen” FRef iy roer o
theupglaset beigniinitvibe mambrane and atcqudistarfoa drembihelase withim25% to 0.1% of the

AHER & FRSEH BT O A e i 024 B st e
thickoedsa@f thacemarade.i n t he support
Thus in a first aspect of the invention there is provided a membrane comprising:
— asupport membrane having a liquid face and a gas face;
— agas face biolayer at 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 liquid face, in the support
membrane near the liquid face, and both on the liquid face and in the support
membrane.
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menbr ane. The gas face biolayer may be both on the gas
face and in the support nenbrane near the gas face. It

worey7loseses t he gas face. The liquid face bi ol aper/Anenps/001728

be both on the liquid face and in the support nenbrane
near the liquid face. It may e on the liquid face.
The menbrane may be a menbrane for use in sewage
treatnment or in treatnment of some other waste stream

Th I
f age-g.%l glfsgé?(ﬁ bR rﬂéﬁt@r bae"%khogr? he gQﬁ_ﬁJcé afd njg;qgénesédphgt’tj }ngrenbrgne near the
gse dacar It ﬁ@y%e amhe garh@c% dpp bauid faeerbivlayes mesipe bethan ﬂ)l‘hG:‘iRl]&ld face and in

d dent | th
(i88E0% mERHhe R tR S REAR, Ry sBet e EREE oo o |
mi crﬁponmlsartermayabe dnarembmne: mseliat $ewag@frealmﬁﬂ?o¢ &l rTt;?)eatment of some
AR Baro TR TreceeR Jas ot %% 53 2<pBime Trie 198d fRcaceolayer may be a
Hiafiwn Ehel mel‘dbrdn@mayi be al plarak %eﬁ@%e The suReP hRh\ dﬁ@%éjeoe a planar
capabl e al | ow ng di f fusi on of gases and/ or | qui
&r%mwfg*@ﬁ MRENBO @8, ingepengsntivi theo guppPoRemembrane, may be
rﬁ?ﬁé;ﬁfcﬁ]@' n%@éﬁok&:@tdr%lgﬁp?reﬂse%?% h%ea %menQ‘ﬁb‘ﬁ WXﬁBgcale and/or

capabl e of allow n usion o
nrgsesaRlerAndigaRicrogeate maﬁeSt e mérgjorbrk rha;clm cawée dserpmatrmg argay at the gas

|
55 P E R nA BRI A 8L o o of e
antler it rtzenathroegh (Bg. aagas!liquids) Mréwme@temaf épp‘n‘cba‘ﬂéh 6fpressure. The
e species

e B L 0 A e S e on
liiiio ey e'l’r@)menfbmmntdyfbe lohySieChf famdd?ffLIFsBﬁ ogé‘ﬁquf ﬁg an aqueous liquid,

d h f toth
B Uid 2 totfBe Syiags ShomombraoaieY Daioepan: afrlieting Gifsion of ons,
aﬁ@%p%llyﬂ&ﬂéﬂ %I&k%c@é’&é@éﬁ@l@%&l@&ﬂe@ esg%} ﬁ? ALHEE for one or both

nol ecul €s such or onée or
bisilayprg), diog) the figuitviaceiéo the pab dack zame/ot Grorh Hiee gmsfatﬁeatoethe liquid face. The

n?e]’ﬂrﬂf(r)%{enrﬁé (% gollegﬁsag vﬂﬁogfg}gtgsr?%%z 108:5 %@pgg@q @&%ﬁ[ﬁ@%‘?ﬁ species (e.g.

sf)lubiermoleeulgsawcﬁ as auttientd foeorld ayboth Hicksers), Hoffths hqmm f8de to the gas face

n fyromt a fac to the. liquid face
BP0 i e e B BT asBrnd ct ioTed son roiyoen (e, dissolved
osygep)irdm hg gmm@ kHeﬂlﬂMQ?ac@ auifRiohdf SEérPront megas face 2 o the liquid face

ereo may have no su port ma

menbr a
”@iytﬁﬁ%’iJefO&¥Q9ntt% &eéiﬁkﬂ'd faFH @lqlﬁéfﬁ'bfpbﬁ@p%m metaiblieniob bmterllarand/or fungi
ﬂ%l%‘f athb %mebgn@ il h@/e%rsﬂg&ntnt{é?n ﬁé’rqgcerf@éf%oq ﬁigw?‘?%eyﬁ?ane may be

nmbrane to he su rt ne rane
flgxwg@ F};p@pqratmtpéqsslge acregsdhe membyehe maygansd tael membtaheto flex.

sup y be di sposed on and/or in
and?@églf%ugﬁa]taﬂee;nr@ﬁpog@lr' émrraterl al . The support
mat er i asuppaxrymeterghrande a woven or non-woven fi brous

mat eri al . or a nan-.fi brous us material. The support
mat €r|§9| thesu PQW%@Y rial, a woven material,

The ganmyeﬁstﬁ@oééotﬂrﬁarﬂm @ ardor tHrél%ﬁ%ef él}bgﬁr? ma!%néleﬂeeﬁpport material

material or sone other suitab
MEY RPPRISE VXS INAROEA flblpu%m’fetlah@r a)hon%tbrcms oOroumaterJaI The support

mﬁféﬁal%zﬂp&f 3 kr!’ﬂ'?efd‘?’l‘i&i’ré’@ﬂa‘,1 %%v?!?mhﬂwreﬁ'%mp&é)sls Jgﬁbégﬂ%e?él ‘o&se fibres, a

ﬁ% ext er nal on"a
feteemaiepal o Bonnfamth;eﬂsatabiemyate:ﬁal bymapmmndnse:a oeombination of any two or more

o WELOPROL nFort AAErid ha BY NS tSih% gelgorq may be external to the gel e.g. on a
surface thereof. The support material may be hydrophilic or hydrophobic, and it may have sizing or
may have no sizing on the surface thereof. It may be polymeric (e.g. polyester, polyamide, acrylic,
polyolefin etc.), inorganic (e.g. glass fibre), natural fibre (cellulose or modified cellulose, cotton etc.)
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may have no sizing on the surface thereof. It may be

polymeric (e.g. polyester, polyamde, acrylic,
w@oeloyosasis n etc.), inorganic (e.g. glass fibrelpCT/AU2006/001728

natural fibre (cellulose or nodified cellulose, cotton

etc.)or sonme other material. Fhe support material may

be flexible. The gel nmay be hydrophilic or

hydrophobic. It may be sol-gel derived. It may be not

oﬁgtf?ﬁ@bfﬁgr mbfegaﬁrhégupgoﬂﬂm'téﬁgﬁhay bk flERbe C‘Dﬁ@gél&ﬁayslbd hyrophilic or

e nano I ous nmesopor ous or n1crq$ % 5
hydfopinalyc Htamydoecﬁ@hmﬁl ﬁlamve@nlt mayrbsrf@é@am@‘eéna/w e a hydrogel. It may

c{]ﬁ%‘%gg@a gae?giq{e belrﬁ:ag Bg)ﬁ?'n‘?es -or ﬁuc-lrﬁro@éér th& e a combination

ace |o ayer y conprise
ohmbsz:aieandinldnmsca@rmdbymbmegale pagess face bacteria and

E,up %q. éi { gaélﬁ(zqu?ints%lh kaﬁg% bg)iagep @g@%@)l 1 g;ﬁg?tgﬁﬁq%kd optionally

funge ghé %Uecbefc@ﬂ@ datl Gl @ presantiparnics kyujr fade bacterst hr;d fungi (if present)

B 7, RN ——

mTé?@df e@ghae?mﬁdcfeﬂa Rh&E dpHHnA él!sd/ fa@@lfa‘ﬂ@ Qnaerobw microorganisms.
m cr or gani hus at |east 80% (or 85

To®, M@0eaTH oomgse w@omlganﬂmeeroblgequan@ms1”6@8 a@@aS@ﬁo/o (or 85, 90, 95,

9@5809@78 g@;&?gg?@@@ 154, 8708 Ho-% 095 hputo, 8095 6958 e.g. about 80,

86] %, 09,rgadi, 98599, 9.8 ot 9E9%) td1’1 megalsroorgamsrm ivledilyas thecgas fase blolayer or

T 50 e b 5 5 B P e e v

ic6RpriRE epledinlicently Jaerbi Obibradsi amdhiopticnally alsoi facuithtivg anaerobic
rﬁ&é@g&?‘%}”s'aty@ 081854 RGAYET ] o bl Byamaapoebandenty, compise
e FRRRHE %}53& béc‘?é?'ﬁrdn%r ’r‘i?r&gmérﬂ rﬁ:iiﬂ!bnﬁbﬂ@e fnyieehai one stram of bacteria

bacteria th npri se nore than
(8praidndod orbtacneélnanals )( Bheglas @acejplolaqer rga;bbe gapakle pﬁ@gﬁuvgyng ammonia to

nét%?ﬁjﬁﬁgg%safﬁﬁe @blgie?%ﬁﬂ_ﬁémﬁﬁs@ b dfé‘fﬁ%g#)e?oleoéf CB%MI%Q& ix[3Bing) ammonia to

ac e ol ayer onprise
ritite! Fel iaciedmmay eonyfrise bavt&alatof gg\e(aobl/trdsmmp) ardrﬁtmba@tert bhe gas face

t?%}:ttﬁ'{‘%}g%‘r‘rﬁﬂ'ﬁgr'sga Fq%#mago%ﬁgwﬁfolnﬁ?ﬁé& baﬁ# éesafggef ?ggﬁ?rn‘?ay comprise

ARk @AFableSHt comverting i(dxidishg) Aitrte tol fitraté.yThedhdorid may also T)be:apable of
face biol ayer rise 0 bact

&%@W@”ﬂ@ r"r’@d(fﬁ&‘ﬁ*éﬂ|'§“91§9luﬁ‘? toFganie 9%“9%"9 at@esemggamc compounds may
tf?&?l‘o%r é‘nﬂﬁéﬁt@o f?letb%ctét?aoamé Qadfacé %ﬂﬂbgért m%e@n@w bacteria capable of

I Z1l ng SO organi ¢ conp ese organic
mmmlgddwdlwag) anmmrumms teniiite: (T h@ﬂmwd fase qulﬁderb@éx 9Rise bacteria

gog% ﬁf, g@@ﬁﬁ% l?d( géglﬁ%:ﬁg? rlllg@éf sﬁéﬁﬁprfbrs Sxaprﬁ)‘f‘et ?tfllﬂé"mcéﬁﬁpe\n? derived from

selvagd)i T khhufdafaee biblkayen ey owmpnseolnqmtana eajedtet @rseaue@‘@plwascélds from a

LR 8 50 52 e Do S0 S B Gl SRR Gt v

Ifq%%trbérﬁ"mé%wme BioRT ink® cbmpﬁserbaaen@mbble odeegradmg SO|IdS from the
guesterlng solldsfromallg stream é qn
@trgar@rl'at@ ipuighéape @@Iagqr,na%pom fise, teg%c%ogglggf% hgfing or sequestering

@%ﬁﬁ | giefid oM s II%U‘H S, I'Fh‘e!' fhuft fa%é‘rﬁlolé%ﬁ n%a'y%b\ﬁénse the same

ace bio ayer nmay riose bacteria capa
mge.na/wnglgasgm ga$sfaderbmiayem@r diffesnt Backeriedunsi, orrwnel haqf@nazjfungl of the gas

§I.Of3k63 ey e, %gg@g I%oé‘.g gF’ tlﬁ%hﬁg@?@@%gf aﬁc’j some may be different

ihemw d stream The liquid face biolayer may conprise
:j,h? f 'El‘?egrﬁ?n(%@gﬁ lt@@ey{ %p%aslrj?n éel ?ﬁ?nférgq%b%%g%{pa?rf rg%@fﬁj&%ﬁ (men%rane having

Bﬂb%s@@%rfaéé‘sean'é'a%léﬁh@és seasech €ait berfase®harshytieogst caimdnivates between
["quid face biolayer and sone nmay be different
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thereto. The nenbrane may conprise a gel reinforced by
a support material, said nenbrane havi ng opposi ng

wa o7ases$s and a t hi ckness between sai d surfaceRCTABL@®HH01728
the gel communi cat es betweensai d opposi ng surfaces and
allows diffusion of a liquid gnd/or of solutes and/or
of a gas through the nenbrane. The support nenbrane
may conprise a gel reinforced by a support material,

s?ﬁ:og&oﬁggg%atcemlaﬁse m%%h;&acﬁél@ U)&gof%fufe@%ﬁélorﬁﬂﬁgae through the

ween Sal sur er em}/
noapbranei Tl suppbremestdrang anay eopposs agek® C&@eelstath@U@Oﬂ daderial, said

d| ff usi gn ofna}z?l.IBg Q%Bﬂg gﬁ}%@%&@ {B%lﬁé&?ﬁetﬁ@&{ & d; éﬂfrfacces whereby the

g%| dohﬁ@n@@tes bétivéeniail qppbsingzuraves ara allews dlﬁmamncrha I@ﬂi andfor of solutes
m xed OTR%HS”H or nore of silica, titania,

aﬂp/lob@ﬁlgﬁs g ?\@nﬁ)?an& lica-alumina gel). It may

Conmph Esgr%l %2 coﬁ@ﬁée srﬁ&agé?sﬁianl& el iZkeonRl g@lnammma @Cbt a mixed gel

or ot I n"sone enbodi nent s t e

aoupriding u/@gcvraaere s itaglis 2¥eape AOAUYER (5. e i @8- 1t may
%@\%ﬁeebégg gj Oaggr%% 'ctﬁﬁﬂnoé{ﬂsﬁég ?%t@%?@thblhl%&mher I sén'ibeergbodlments

i ol ayer ‘or the Iiqu
thege istriobbeagegraded bysthe @aefacﬁ biolaygr aithe ||qwd faggybitayer, or is slowly degraded

tg%fgtgl ;ff tgatglgl%/ls :glegrageazgiﬁgrb%&ﬁcgtbﬁléﬁo?b *o?f;egi{a%@ r??qre biolayer, the rate of

AR FHaE A Enay TheesuffRientlyTsisw e o nathinterfend witih éhenapetatiomef a bioreactor which
remai ns | ntact for th I|f bi or

incaRARIeRAe SR a'Ehé f ge a%fﬁaz thejnae %%rieorrerﬂgbypﬁgﬂ& the life of

@E%Fe%&@r me%boﬁmisfﬂwé rafeast bedradatibhie sutlf waicthe mbmbrane does not
oreactor. |In such enbodi nents, the nenbra

reenaindatad fafding e ot the blorqaétobﬂn $ush epbegimants,dhe merﬁgHXe may be replaced
gﬁﬁg@g@@%‘?%%loﬁ’ea&ope invention there is provided a

or conprrsing: - a nenbrane according to the
fir sh aaspedtaspct ofties inventinttheseis provided a ploeactor emprising:

supporti the ne ycl i ng system
f or pa@é\“%@br%ela}c&%n? ﬁj@etf?%]%goeﬁ&mﬂregweeﬂtl he bi oreact or
may he aseﬂlbﬁ@tbbr%ubptfmﬁgﬁmt\emamamge or a liquid
derived from sewa ste stream such

as fror lguigicyrdng sy %téﬁ‘ fﬁrtpé??"?ﬂ arhqu@ PREHEIPS R ant . a
'?ﬁeew@ree(otor%agab@%glﬁabferf&*T?eﬁﬁHdsewge 51%4 quu@tderlveﬁfi@m sewage or some other

bi oreact or ave a plurality of nenbranes, g
wegtestiéany sueh Ehgomi & wmee(sm@bat@r, 3 FRBCPTHGCRAM o rewmé drainage from

Fﬁdgp???gn?ﬁe B’Sreg&&e\ﬂ%)eﬁa(yb% ;Qurblhy?‘o r‘ﬁ@rﬁ%\‘aﬂés'. badhaéébéfg n@‘to the first

rrbranes arra paral |l e
bspeeta@fmhetlrtvent)onsﬁheamemradeﬁ‘ mag barartaneedde qﬂegemln gill havmg a pair of

Dur |bggﬁ%%§rn§$ 8%{%]; {eepaﬁallglrtggg Jthetrtée S é@@é&ﬁg al ﬁ‘\glbe’ Pagion. During
Bbé?@lﬁ)rl ro?th@fblo?éa@toP itteLinglde reglbrlnmay expadt[iaorlr@giranh in rba;ponee tg the volume or
case the nembranes may e

orassiss ofike lkgifinbe insige Feg@phlg,t is %@g\@\e@pen}t{rar@ﬁ gy ﬁot&g parallel, and may
‘6Hdo%Ea%?oﬂQ%ﬁt%kﬁteaEW%th*ePrH‘Gweﬁé"nabHoﬁld bd ﬁndefdt@ﬂdﬁ@l th® term “parallel” is

enconpass su tuati ons d includes such

aq:bended( lmmcgnnpaq@ ugh bislationsy andlgacies suchTappraximatgly pargliekarrangements.

I@ﬁf aggl o‘rﬁa?fg f;%ﬁgrng%ﬂﬁra‘?xfeld? ag%una utalﬁé‘tms?dlgﬁrg?lon of said gill. In
ropgem frnesmsideqegm lekesr liquiet derfved mameee;aw,, omom;emiﬁerdquw be treated by
Itheqbloreactor 91 erein. I operaP % the distance between the membranes of a gill may vary
depending on the pressure between the inside and the outside of a gill. Thus if the pressure inside
the gill increases relative to the outside of the gill (for example due to an increase in flow rate of the
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the bioreactor, therein. In operation, the distance
bet ween the nenbranes of a gill may vary dependi ng on

W0 b@7ps@ssur e bet ween the inside and t he out siBPET/aii2me/001728

gill. Thus if the pressure inside the gill increases
relative to the outside of the gill (for exanple due
to an increase in flowrate of theliquid through the
gill), the gill nay expand, i.e. the nmenbranes of the

il it or f
) R PR ot DAL Bl oy ot o
Thel imembilaressdf thecbiareaetocupytbe eplateablgpporting t he

o D ¢ {s‘ﬁép??t ég,ay%aqy%gﬂ? %HQW%% a’g%g@:s%gqq?ﬁh)gt g Jnembrane(s). The

nférﬂb@én@@@r@ycbg rhdsmte‘éltmmhtetsupﬁﬂrteTBeyprpw hangafyont thepsuppert dhey may be
ensi oni ng devi ce_for tensio ran
shetehagdaen e emport:ewﬁr $UPRO ,maauqog]%rleeo erpeéonpgrr?e){ga-qprngnsromng the
rﬁ_rﬁr‘?o gbrane(s) and at least a portion of t he support.

e housing nmay prevent ingress or egress
i cribelbigiaationtsay $amRHias ap PERdioUSIG fof B%Swattheofﬁefa*?fatqt@ and at least a

@@‘ng p%ﬁéé{‘}”@@ gs";gj ?% ﬁqrﬁss of I’Aégb'tg"{r)nd(?&#%dn%ﬁts it may

dreveatmntamBdEonnof theBembarbrueity uxmente@s migiesiganis@entie autachousing may be

about nm.to,a o)
oIS temouwatromggruﬁvmm 4@0?0 '{96 Wrﬁ!}é\% tabté)tﬁ 395 fo about 280nm,
U absut e8drbiocaboelit thnmck tonbiration efdwo oB@eteatl UVAC UMB and UVC, or total

lgﬁgégg%réqggtm%&)@%p@&aéﬁq@c@&ﬁ?eggtgeiﬁoo? rggr%é)?{ rgﬁ%t%ﬁocgéfleast 85, 90,

599@@ 53;999 99R%r B8 e20 BrouP 80 Bncernd, 54Mda00,99.a8d 208) 95@Ad 100, 99 and
i'nci UV radi ati on, out 80, 85

ﬁl@ 997 andb )0 0 99.999d 400 gfgnqdenggv ?adraegt £.0. g@ougsr? §5, 305 '95, 96, 97, 98,
R obadh Go2r S gptoadhs, B3 o, Y, 880 o oK 100% or incident UV

ibn ousi ng have an air
tadiaﬁﬂn Frechoasingainay lave laetair infet endadr ai qutlgtt Ttmﬂy/rmjet angler the pir outlet may

G o o el A b TR 88 e oo
P& skl 67 R ds§ tifinZ@o@f0.22 micss; of bisout 8.BOW15 @r @P mitransoHe, housing may

glre@; gabvg;fgggggrgggor é&mﬁhg grr %r T,q%ern(a(y%en c%ﬁtarthgtg?@ﬂgr on%@b(grthe housing

Q@fhﬁft géé‘?r?&acﬁ tHertﬁé?ntSPéneOrHéy tSefebeS‘e‘éd IR §as"tﬂ>n@tmr@fmygehh'ﬂte gas pump
mbr ane ray exposed gas

myrhauera coptraiiilg @peed'rmgt Hayshaye Waw@ir)a Tge speed of the gas pump may

ggtgrg%gédarﬁlozdetc‘ R %%trof"ﬂte Wof"é%&rﬁroif%f QUM Borf Rﬁ@ﬂremEﬁﬁe( ) of the

be contro I n order
eioractor. Thlsemtyabe ueéd m/acprrh'obﬂwedempffraturreqwj.the membrqnn@) Additionally or

ggerr@a,t%eqy é\ﬁ gaeo rfge@tblge? %%ﬁ%r ¥ 2 %{1(}56 ltg:gei‘r}pgf’a)(u(rgﬁtay 5& GorkrBiled) prior to entry

Wﬂné br@r'eaétbryn erdlerab tateléatetlpartttedoyrtrctl e tgarseratme obibe hieeaetar. or
cooled (i.e. its tenperature

F o ete Joieads AT BRCGCTE SnAet Suaper ot 4P belfaces) of he
Rthdoafe P'?he %ra;{ﬁb\?m&ﬂ'&’% ik PuPosy oftrérovirigat %@ﬁt@portrohfwme gas face

bioreac ne or nore gas face scra er
Polaggri iogemhrelegfathe gasciagashiolayer bep@mﬁ@%f,rcgmg\( )ck thphr@suffrcrent oxygen can

rﬁigﬁ‘ﬁobﬁ’%gmﬂﬁ $tndre, e qoﬁéeeb|8|5¥err efﬁéibr&@ac?ér n#a“y‘re}fat/e 8ne or more

gas face
gigsid faae scrdpers! feryseraping thentigsid siamé(B) «zfrtl@rmderpbrarm a}kTheh;grtaprng may be for the

PERLOl AR Fe Airpnghal et e R e soid vesie

Qe Pay R cBlldcied lah@l ré‘nﬂﬁ@d feh arreem@eatcmr 'l?.rergap iacg st:rlaper s) and liquid face
['1quid face(s) he nenbr ane 3 e n% be h
fsgiapertse may penetrate through the housmg, resent hey Mha pe iratain 3 fanner that

does not allow microorganisms to enter or exit the housing, i.e. they may be sealed against the
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pur pose of renoving at |least a portion of the liquid
face biolayer. This nmay renpve solid waste which may

wheoocosdsegt ed and renoved from the bioreactor. PAhaUg®s/001728

face scraper(s) and liquid face scraper(s) may
penetrate through the housing,gif present. They may
penetrate in a manner that does not allow
m croorgani snms to enter or exit the housing, i.e. they

I
e raE s AR bRTiont BRI DY Rebeinps SHlY (RECAPES 38 Bt penette
hepughyba éowsaueTherspr@g@"h mei e npﬂn@tewectmabj &ndloammoselyrmy be

Cyal MeaeuB Rl o eBh oy ToRaRe hESTHGRY: o o %5 punp

for purepumg fdrpempingthe tiquid, an inlet manifold or

sprayi ng.syste 0 assm t.he tp the

nmenbr aﬁg nfef m&ﬂ'% y'?ﬁaﬂ'ls B oy %?'r%gtb% igyidh toy theymesibrane,
fr omt e oﬂfﬁeﬂh&rﬂfﬁlﬂ for-aceeptifSIRM Mo thohertisthsl ng t he
[iquid influent |ine for passing Iqu|dfromthe

r eser vé‘lr?serB‘rf%BOW'P@ B ligkichi f ol d or spraying system -
a effl laﬁriﬁflubritﬂlﬁe &, a?%@qs Irldqugi fr%n‘ﬂ ‘}Hed egér(?(ffﬂ ttogﬁ? gﬂgtln‘?efmfold or spraying

mani fold to the rese
ret ur nisSYEEM,i qui d that |eaks fromthe menbrane to the

L Tl O BBR AhPLSIR T g e™

punp+n@ refiuxilide tfdn neturghngthhwd et IIeaks frormehe rh&rebraes B H@iinlet manifold or
(whi ch have neans for

r enovi ﬁaraér&q ?ya’fem f@ﬁ%h‘éﬁn@f t%rteg%\‘% 3 from the

bot t-omatréfek perhp foﬂllilmwdrfgﬁﬁrd\'tﬁ?bﬁghffﬁé’reﬂﬁ( lin@r conprise, a
cl al‘_l:fl er for clarifying Iiquid that has passed the

neServay {(WiH D for W@pl@.eda@%mabhawewyeaa@fmranwng solid matter
tﬁ&ﬁ%rﬁt Sl frérh He bdﬂaﬁl :Iﬂ&gas ThO Feséﬁ&P}ﬁ'af %e Sé’r' éoﬂugnse a clarifier for

S renover

conpri se
artw@e“qw%{bwabhas med@mmerﬂhmne eAltemtlvduetrEobmrdaotormam eompnse a

S8l e L oo S ERESH AL PhorRErE 1 S, o

emmpiecaﬂludge eemtheYhermyamsﬁyubma\%e the BetiEislinftbe foan Ioﬂ@blﬁdge a slurry,

b
SHaBeAIoR 5F st Sneiots ToF 391l S Tt isd b rsuieBor Bsech vermiculur.
THeg\Wy ®bftl asTBGecdiObl SEMBBYfisASeSTR @RdPmbE 88 US& (dd)@onsumed) by

etritovores. In an enbodi nent the bi oreactor
fiyiores &ueh as cayHd yakbies naana ARSEDraSGHIA The salids ey be used as a feed

fBIlth Het®RP&t of the invention arranged in a gill, said
?%awn an inlet at the top and an outl et at the

bot tioan embcvdenﬁnt the bigreaalopeontprisest supporting the

o a1 Lt Behfiasésiibiniog ks iitielhed Bt AuSifiprenens i o, sei
from t Qi havirgeanvrdetrat the tdphemdian bettet s Hoftbrd tHereo Pr ayi ng
— asupport for supporting the membrane;

— areservoir,

— aninlet manifold or spraying system,

— an influent line for passing liquid from the reservoir to the inlet manifold or spraying

system, and

— apump for pumping the liquid through the influent line,
whereby, in use, liquid passes through the inlet manifold and into the inlet, from where it passes the
membranes and exits the outlet, passing into the reservoir from where it is pumped through the
influent line to the inlet manifold by means of the pump.
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system and - a punp for punping the liquid through
the influent |ine, whereby, in use, |iquid passes

wao boociosds1g he inl et manifold and into the inletPCT/AUM06/001728

where it passes the nmenbranes and exits the outlet,
passing into the reservoir frogmwhere it is punped
through the influent line to the inlet manifold by
means of the punp. The bioreactor nay have a plurality

of gTHd Bioreaaeh maf f?a@é & ?I‘u aht?ﬁ %Tﬂ%r 'e%bmt%f %?leta‘%l s Qdmprising a pair of

menbranes according t aspec
MARARGSHFCOrding 1o tas flf@@ﬁmﬁcmflthesn\teatnnngemm said gilts having &reinlet at the top

ér%bn%ﬂet%ﬂth@ %ﬁdﬂ th@lteoft rh%m? 9549? r%ts%] ﬁ}ieelﬁ;ﬁlld g{ary}rptggﬁ f?o&n @w Trlet manifold
mh)taacfeafdhe tnfetst ﬂnmughnthetgﬁls anmemuhybughhbe Q)JtlbﬂsSTf@théw iy be coupled to

T RO G

passlnnmé reabbdnhawtomel Bb@atter thepriRbs e blurs)i 6f0h1€mbr'aﬂe loops. Each
one enb ga?reactor conpri ses aé uralit

BETBFERD 108 faﬁ§§d sedenexe Abia o 6 I8 dgrizogtal plwt@mb@@e loop has a
éd@ﬁorﬁﬁ@ rﬁer%erfah‘d?a W@@H’tmg%é?rfbgf RS @b 1005‘*&1'3 sﬂwrn@%rﬂbgp&ppons the

has a supporting a wel ght er -1 nsi
lpeR: apd g Wmmwggum@i@r causes the meebrase jHop a;:lopir&m drieutationavhareby it has

%%SW%%?ﬁ'lfé]go%r eg‘é@ééf‘ae\ﬁert gglep\goﬂﬁgggl:}e% %8@@@5&}0@3& RY to the first

gapectiobthe, inveaitdn. Tie \tealcan poetiohs ofetlvo pdipiing W(ﬁ)p@&irm@ dil, as defined earlier,

di
PSS 866 8t BRoh 8016 S e RERT B B gns o e aoning
lb@pspm ﬂwisrcrmﬁgtﬂitlbrh,,th@ﬁqLﬂEfab@@ﬂthéaﬁdnﬂtﬁém |%ﬁftl%°¥ut§lala€of the loop (and

t h bet
‘%‘%B fg‘? @1582 Bf%% 9‘@@@8 die oep Eacaeetbé ﬁiehggn@gwgm?ﬁqqﬁsww&e loop (and

tﬁ@r@lﬁy@ﬂh@butgﬂbofttﬂb%ull iquid face of the nenbrane is on
t he ‘out si de Ioop (and thereby on the inside of

t he 1gig fhird aﬁﬁﬂeoﬁ Wéﬂ@alﬁvma@etmfe ishovidedta aroeesssfoomaking: a membrane

éoﬂﬂ?ﬁg of the loop (and thereby on the outside of the
In a third aspect of the invention there is

pr ov+ decviing ecogmd nfembramaki ng a nenbrane conprising: -

Ger v ng & BB RaTasorpecy et Tase OFe susmdi embrane and
menbr aggposing asxdeng fan@ofahésmpmﬂtofaég% c&ﬁafmrkgﬁo@?gp,f)or t to

a gas contal nin

face b “@?Q%OWT%OF“GH'%{%&G W@ﬁjiado b&&é‘l%l(bfa@%/lé@lawrmon Iheflrst face; and
First beguig @6t of % %r%rt@ﬁrﬁa%sﬁ 61@%?orpﬂgts§croh6‘face

to forma gas face aer on t
Aietnativedys itheesypport lﬁt@n@mﬁpdnay bee ndntaotes! \mﬁya bigui¢ @omprisingdbacteria from

L S T ST T ME——

wastet strearh riEhetsupiort swerant e comarise: st ream  The support

menbr ane nay c rise: - a support nmaterial, and - a
gel _suﬁﬁgl?ptoé@%ltﬂ@ support material. The step of

pr O d'algll suporisdpRE bupiBiarRAg. May conprise making the
s?ep of prowdlnrg%]eesupport 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 to the step of
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process for making the support nenbrane conprises the
steps of: - infusing a precursor liquid into the

W@ xpposdsisrat eri al , said precursor |iquid bei ngPCEHpERI06/001728

of generating the gel; and - generating the gel on
and/or in the support materialjgpto formthe support
menbrane. The process may al so conprise the step of
exposi ng the support material to an al kaline aqueous

iRfabing. | THe, pr@&;r@d‘r' Ul A BaHISisE GbribiaRibie @6]!}9@8!' Q“xc‘é %f"%_l_%olutlon ora

or to a water p asma prior to the ste
eRaNgIeR 6f quqﬂlémue@lnawr@@ﬁfpagasgr ag@rosepapmtue ocanotmnrmaiural or synthetic

&il}lrdeF aor £ idurs U Wids&THAM pr@ce?éJ%P fn8 g%agrf ?oﬁﬂ)g% E‘H’&?rﬂ%‘? the support

I nate or agar agar or agaros
maeruad al the;presqrmrmqmd bollprecybyeemoving ﬂae stpgortimetendl frbllnetﬁeéhqmd or it may

3 5 S B e UBED 8 . R b, e s

meﬂndxfomgfu’snhg; Thempevets @f@‘e@ératmb tHer gvnwﬂlfh%ﬁ%ddgdﬂ' tﬁ'% P%}ﬁre'oﬁ‘ the precursor

? ri,se flown thell ast t
IR R 1 o sk gy anoi o wdoast AT SLIE @iFowsor liguid nfused in
tﬁ@@dp@drt fn@fenél%ﬂéﬁ%ﬁ@the bR, Férgo ﬁé?ﬁ@mgfthél Efré&fré’&r'hélilgd fngﬁeﬂﬁ bhe support

epend on the nature rsor
‘H@i‘;‘f '34 g &Ydi’ﬁme@"@dh@ﬁii@éﬂ @iﬁéﬁﬁlair with ihg paecutseramwamfpsedt therein into a

B 1B R 351 o B IS HORRS bt g it

q¥pesingr e mpracursai huichinube dugpart m‘ramﬂammpa)lptecmarﬁror alosdiigked -in order to

YRR R PedhBRRots 000 & oo el etin e slPodif agres
p H) The lseepaif eontadiing thernined wtthlfh@ figdh felcB @f e RGBHORMerbraidi by comprise

support terial Xposi ng the precursor
Raﬁﬂl’ﬁg g\e I}gﬁﬁh@asg [Hagpfgf,tt fag;pat J_ap ehgpld td@n\gzdpff% ,spwqggnmaybpompnse suitable

Hatiess 'ahd?&efungﬂophﬂﬁél s‘p@reé)ri%F fdg}nhgtt eésh ngrsgno‘ 88 liquid face

nanopor ous solid
hirdayer: itamay cpRwrisa @9 go¥ fa@@)h&%ﬂﬂlaﬂ@ theHiquit |fapa|bdcte\ma, ft mayealso comprise

rutrfefis er?rﬁ‘eﬁgea%ffaéerb%gtﬁgﬂgé’@rtﬁenlﬁ%@Jq{rm%{beaf:tg@% Tﬁ%’.ﬁ@{c ﬁci%d?rhof bacteria in the

passing t
ligeid i‘nawe foufticiers énaligw thrﬂal;actenmtmroobalss thetgabfage bad:memqmd face. It may be

PAieh Ry s 1 e HRmo B & kios S e bl Brptle i cycing
sgzsierp lformssﬁr’fg% Ll ﬁa@tctﬁe bapbremembaRs The 8uddofl dhd thfeéhﬁtﬂd gycling system
f?rla adm?v{ f? conprise_nutrients for th
g)@ qs fred Rethe e SIS qjty@rp@qupr@trucnﬁ@ may be provided that
ls?ﬁh@%@ﬁvbfa%tthé" Blo@‘actgﬁ@ésﬁﬁﬂeg ab8Ve! B)?‘ceé)t' A ﬁst@é@yof kl’rfehmembrane( s), one or

sufficient to allow the acterl a [0 Col oni se
MR 8URpAd mqm@raneq @relugedcBe Swptvrhmeimbraoethem beatrartged in pairs to form

p?@%H;‘%Br llﬁg gﬁé; rrgﬁ'lg)% agh g@%}%{ B‘? p%rggei fdﬁga é ot Each pair of

suppqn:tmmenﬁmmes bhaeglﬁ map define e nn‘snda region Dhitie gil mméﬂetvﬂagﬁl O}t éﬂﬁ%]wd derived
escrj be

h h
bl et 65 pFa T ¥RGE s b TS nisbes BT qis Cipmipagpast, he suppor
nEnbyangs; cr tidghitite dilkeofies Morasotdr Bﬁ‘udﬂ!r@ rvﬁfﬂ@ E@rsuW%éMes or gills,

above Excet that 1 nstead of the nmenbrane(s

LSRN FROFANINGrRXYgeA  tBen @as dace Paeteda Ippberow ae (rvlopise)s gas face
o Bhg rﬁ@ntﬁ\ér{e@) Q&dthé '68 faib %FWE g)récﬂfsﬁﬂ @ﬁsE%Hé ﬁ(‘iﬂf d ﬁb+ lo?%eng}ﬁw grow on

support menbranes eac alr € para
(Golonise), @ Egiichfageof thefsum@ﬁmmbramfsb fertiesinsifie af thé btecaraor gills), thereby

it e BencfieRF, TR0 ad oddiy ey pirdFo A7 alFEaouch e suppor
mmbﬁege jroinshedlmsisldate iythe gayfawmnndlﬁreto grdml mml | tigg @ fspast, the

t S
ot o 6 N BT SAIRHES ot di et s Baderi 4 lemraienth athe gas face

bagtérlasmay comprise maintaining the support membrane, and optionally also the liquid derived



are exposed to a gas contai ning oxygen, then gas face

bacteria nmay grow on (col onise) a gas face of the
woreooiosgsef s) (or the outside of the precursor PECT/AB2006/001728

and liquid face bacteria may grow on (colonise) a

liquid face of the support nmenfrane(s) (or the inside

of the precursor gills), thereby form ng the

menbrane(s). The gas face bacteria nmay penetrate or

0
Qér@}é’e\héyg Hﬁég E&gﬁljt’rﬁhﬁg%gpcnfﬁgycﬁﬁ? of tﬁ? '@W fack Pg&éﬁda %rﬁictﬁe gas face
EQC&%I@ @spe&twebwﬂlg gertdyuons afayt hemprise) L dsuﬂ&bdse téragaratorea The suitable

r se n\{; %ﬁ%%&f? ‘aﬁg@% ,5{)‘%“@}9% gé mgyl gorXpnse maintaining the

gqstfacmb&dteylaeand dhe lopid iaqeu bai:telhaﬂm w?mfrﬁnm?tmwmltlwdﬁhﬁs in preferred
owt h of, the |i

Gianathg b OTa s PR g e G et o 41ese Srese i hAg S muient supply and
s syden Gy s CAYURSS BEt the SotcErRBE® éf%ﬁi@ﬁ@wfhﬁ "gﬁ@ Should be low. It

sui t abl e t@rl‘gerature may be between about

Beiee suifcienty Iy E%‘ﬁ?fe@@ﬁ'b’fh? gencepdiakancaf Axyegn trﬁbe g@sdoes not lead to a
§upsanthriR&ised é%ﬂgurﬁﬁi@n bi %erﬁ’tsrkg‘% gQ@ﬁ dc?enb Qr fRe liquid face bacteria.

nutrient starved con
oper Hiéi prcess wflimakiva sha h‘@mbiane mlylben@nﬁmﬂ:&dowrtrfoot exposing the support

A Y L P ST

sufficienidn provide thetverrédt qudrabrgainismbs tor bemétioniof the ga@tacdBiolayer and the liquid
?J%Q Ently | ow that an increase in the concentration
é}& nin the gas does not lead to a substanti al

| Ncrigas fouithn agues oMbl iMvenidn thetkris SRkvRie® Y rB& LTS
bacteria or tﬁ:@ l'iquid face bact gl‘l a. The prsoces@%ﬁ a bioreactor

FPEINFRP t he menbrane may be conducted without exposing
the 5UE&thﬁmﬁfﬁméhﬂ%eta«‘?ﬁo?dlrgtt@fh%ﬂfsh&s’t}ﬂh&l& fie lnt%‘#ﬁ%n Bﬁﬁggpport and

step of contacting the ace
be suf Piovidivae ligwd gycting ay@em lfaes pessing edmwdmasl tbmmmrhraxms

Pk ol B b o

sylatemema)sb@asﬂdlesmtiechlrpihecsemdfaspeotmktmgn@nﬁmmﬂre@m@%mbodlments a

TR b3 Bines B EPrsd an e SHPROH- T HHIES Toatche amanged i paralel
mﬁrwo dé fofom lgilis| UEadh f?)ﬂ%ét%vé ¥R G freyi oriO@&tﬁéad1 % fhe' daﬂ % Fhembranes

| or eact or may Dbe use

tg‘?f%@t fhﬁ‘j‘qgg3&@é"%ﬁy@%@irﬁé%mﬁabfa%@taepaﬁtm%aabut tingy ms|de q&gm of the gill
feMfelip ?Qau&ﬁéﬁ QMH%S@eihé‘ﬁm@%?&iﬁ%?}%?’er%gh&bﬁeoe cﬁﬁwgof passing the liquid

aspec the I nvent'ion ment s,
tbnowfdhe in§idoregion Atboneros Moy eptisngipeachegil. on the support .

o e iBor Bl Rpfdh e, DRl 2, 8rogB%, g rfind % iorecctor

adenpiisirgd by t he pair of nenbranes thereof. The liquid
nmbrane of a pair may abut the

face bjol ayer of
i nsfdesqugﬂ%a BLFPPP@E‘GQB%PG b3 PHPROBY said pair. In this
case, proedihg &tk ?Elﬁig's?ﬁerﬁ WP baeNg B ledjpé%f“th@ @\9@?}1 ﬁwe%rane'

passi ng t he I|qU| t hr ou e Inside reg
nor €, aCH1%A Nopideded f@m sewagehwah a flrstfacea@‘w@csuppcm membrane using

i nvent jhg qudn@@;fcﬁwd si@ﬁwoa\ﬁﬁ ggﬁ%siﬂgﬁ 8&)?16 Sf’acfa 3 tgggbbpﬁg%g gas.containing

bi or eactor conpri |ng a sup

on a sofypRikt ;

—  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.
The bioreactor may be useful for treating sewage or some other waste stream.
The support membrane may comprise:
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- providing a liquid cycling systemfor passing a
liquid past the support nenbrane; - contacting a

wo p@aiosbsder i ved from sewage with a first face PET/ADR006/001728
support nenbrane using the liquid cycling system and
exposi ng a second face of thesupport to a gas
cont ai ni ng oxygen, - allowing gromh of liquid face
bacteria to forma liquid face biolayer on the first

face; - i growt h of gas face bacteria to
form a@%&go@@%ﬂgﬁé@,’:a’gﬁayer on the second face. The

bi or—eaa:geisuppmyecﬁwtlusmpmrtmaieriajreat| ng sewage or sone
Pt;awﬁﬁty 39&58 rtgé{ﬁ%rgrrbe[s-rrﬁ%/t %}?ﬁ:ﬁﬁ&fegﬁﬁ %r &J'Bg é(& E)he support membranes

L Ber@raﬁgﬁmﬁ fp?ecm%breglllsabs déscﬁbedr rliet. yT hefsta)u)j pnontactlng a liquid derived
nmenbr anes

TRRORSS WETIBH BACECH BT ePRe] BRGBENS HapFutiE Brosbl fregiaud through
@é; mﬂé‘rsr@é ?rP@fC{h@ﬁlrebur%r -gils M EheSpredeso bf mﬁl(ﬁgamé lmw]baanbl oy Isb conducted

erived fromsewage wth the first face of

witbatireaprsinghe sopgst m@abrp@%t@uefﬁjarteh euliureg Iinus thwtera aﬁcqn%éﬂng the liquid
%Bﬁw&ﬁ%@% wéﬁﬁor%uﬁ@e%? %&/ﬂg ghrﬁgtrtbg 3115\:5@%% RS Btoftation of the gas

out exposi ng
fadeebictayppandtthetigoid feca diolayera st arter cul ture. Thus the

step of . ontatl the,li i it

oo o elooBr e sl e Mot A bl g A6 s o s
cftﬁ&rwfaﬁé@Wéahpﬁa@ﬁwemb@c@mﬁlsihgtce bi ol ayer and the liquid

face biolayer. In a sixt nven |on

t here P@V'E'f‘@\ﬁ TRRYAr 8N e ASEH i pglge ftf?téaﬁqcﬂg t@é%@ﬂ br some

ot her \éﬁfogiﬁ g Helli6@Macs 8i ke EhALH 16 @EREWaded other waste stream; and
provi di rane according to the first as ect of

the + nemqsin@ thegaéfapeagf theymemrang tg@igas soRaining oxy

r
BRI ief Sl R AERefiog i ek fucbor Rl %Wd”“te stream, said
meihbddomprighgxygen. s In particular, there is provided
a method for treatin
st r eamP'ging %?’H@’é”‘% :aag ?%tgé f|r§toagFec?{)fgﬁer m\y}%ﬁérrgnbr ane
accordighghsing thelRuibliface thiokgorest theafientbinaneito ﬂersewalge or other waste stream;

exposi ng the liquid face biolayer of the nmenbrane to
the sewlifle or other waste stream and o - exposing the

gas f a%?q_%’in@'t IR 1RE blo ?er’BPfh’@h@ﬂ@rah@toaa gm&omamrngbkygum

Oxygen ge or of her waste stream may
| i quiTeb shwapy edotherovastsesiigge. maytberﬁaaﬂuwdwﬁqusf@nbﬁewe 4t may comprise

bl t f ﬂ’na setthn of raw
LG58} AR L8 i GRS el e st
s@mgej feanaf ecmnpfnseoblamﬁad smnagyege. Thiee wasie estredrn gaai hﬁya waste stream

a waste stream co
oo ATIcOGr gariobie ST R BproBR el A% sell mater andor
ﬁﬂtﬂéﬁté TREE18p ofldk@osiicEtie MduidEkpoBititgsenage bi mlnardvafstacsﬁeam) may comprise

e sewage or other waste stream nm q)G% | se h
passing the sewage or other waste stream across the liquid Tace, an 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 siream. The method may comprise the step of
exposing raw sewage to primary treatment, 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 etc.

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
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process may conprise separatingysolid matter fromthe

sewage or other waste stream The nethod may conpri se

the step of exposing raw sevvage to primary treatnent,

0 I | r (- ;

p&hoegé abéssgﬁdtﬂd B rfb'fneﬁ @wﬂg Iy' Eﬁ’i tngf‘ g%q[bggmﬁﬁ@ncﬁms requires that the
plcamatsaélen of npbvlen’mnrythtermragesnt otee wstevatrearo shbud de low. It should be

ety U of rooss PR B Poof of Shuck T Bedos R} not eaa 0 2

W atistanti@tirereasd in\vasdusptidnr ¢ amlerﬁsubl,‘“th@gast faed blélayerrb:ahe liquid face biolayer,

bre chem c act o

}Qeéﬁ/ E@H‘%Ja'lh@eacwéi F&lnﬁ?ﬂﬁf@i‘@st%é‘uﬁ'ﬁ%t P’a@@” 6t CoFT“Si/éEE suitable may
ardl@pénﬁ%n'thélh’dt@re bffe sE’\lvédeEW %fhef Rasle SiFtlah, B3t pefrhadbME bi the membrane to
condition. Thus In preferred operating condltlons
c OKygenrnd to@umarm dhe qopeenatipnohoxygenie the ges andeaiiar @cm@m teis context, an
b I | $no 0 :
P Qb oF Rt R oo Bt B R ABR g, 1 T tg,20% oxygen i the
s gagjgrayoresuditinen inveesse inscaneuamitisi oLihdridnes Bycthe nembsene wf ss than about

b ff tly I th

c et aobi 8 nhd: 8B Etlace bl bty 0102,03,04,05,
St@bﬁt)arcsa)lg,n,rzceeasee 7r8,0@n$09pPt i on of nutrients by
t he gas f'ace bi ol ayer or the I|gU|d face biol ayer,

by t hén #reprplosdiment tw,@eragr[a[y%ior 2 bigreagiprsacserding to the |nvent|on In this
n d

82,0 By e, DSy YA PR TRk iRt passng e
pesewwmrlothelywaste stieem dwodghairediquid cysling eystesmef tlned)loreactor During operatlon

1 G VR o S8 PR L) . o e

t fbecmnmﬁﬂrrcﬁdnaw mrgfon@am@re of the hhmb@aes 6@y loe replaceahby G8w membranes,

O%ox enlnt apn,i ncrea
o ORBUsHpBP Y Redpiafsn rnt S besonar BE hirafie” (el & % Mbrass s replaced by
a@oéﬂpgé{)%egﬁfané aRé obéTaﬁbna&Qhé b‘ésea&or rﬁay ﬁ)ém Faomgmb%ne #om the support
or about 0, :

0. n@mb@an@ by.rowlngwlcggyes ay, the, faces thgeof4The5b|or@ctoy mag corgpr@e means, e.g. a
1 n far

L340, A8 SRR i 7 FERER oo &, Bt e oranes so tnt e
thnmnmrameembefrepi'aee&cl ing the sewage or other vvaste
stream may conprise passing the sewage or other waste
stream through the liquid cycling systemof the

bi or eattrremblodimemaha® i pedvideda piocéds@orltreatrng 3ewaye, compﬁsmgr
nor e nenbr anes t hey

. k, d
o7 o or PUBN G BBac ot oot Satons SApRFt Bike Bretii Bherei the iuid
of the gk %@m%bﬁp@a@s %%h?q&%dmpm@% F’&%loiﬂjéﬁmamaﬁﬁold for passing

by support ranes durin eration

bi or eact be llqumt@rtheamer@bmw@ouﬂgt m@wmﬁ&f@cwtlrw liguig fremethe membrane, a
menbr ane

gl anere]sérrgoﬁrn f@ﬁ@foz}fg 6@%'}(@ dhéer{:rﬁfgtfaéh@fngsf&g?%méw& REMH reservoir to the
bi ol ayerinlebmanifole raters etflbent dind for Tessitg Gauiehtrorortheraytiet manifold to the
corrprl se neans, e.g. a tap, stopper, flow controller

etc., forS§¥Wenting flow to one or nore menbranes so

that the pd¥BiINga RUR] doRveddmnT tRPLagE thrdugh ﬂmmlamwmlnto the inlet;
there is provided a process for treating sewa

conprisi Pﬁj’s'”g therligyip éI’PW@d AoW;ten eanaoe rpa%té*&eomamb@nq #¢ ¢ the outlet and
second agpigtdily Ao tﬁé‘&)tlbﬂﬁé‘rﬁbluon vvher ein the liquid

cycling system conprises a punpi ng the
li qui d— @afﬁsmwheilqmdadﬁrrveﬁ fconftge sw@smtpgthe reservoir; and

RECTIFIED SHEET (RULE 91) RO/AU



15

20

25

30

the liquid to the nmenbrane, an outlet manifold for

accepting liquid fromthe nenbrane, a reservoir for
whododiosgg1g he |iquid, an influent |ine for passP@yAU2006/001728

liquid fromthe reservoir to the inlet manifold and an

effluent Iine for passing liquid fromthe outl et

mani fold to the reservoir; - passing a |iquid derived

fromthe sewage through the inlet manifold and into

the_i gﬂuﬁ@ [g'theﬂf?qﬁﬁ'dgﬂleﬁ 6 lirle %éwggéjlﬁfduyl?ﬁ\eﬁrﬁl%ﬁt fikt o the inlet manifold

sewag menbrane an outlet and
opt i orbg{lmqans oftthe pump. out | et mani fol d; - passing the

;hgﬁlh%ﬂﬂ.ﬁ Iqéﬁ?g éfoﬁ"ih{l Q%Nag;gv}@@/e%é ]B ﬁ?vﬁg@gé@\k%& ftmay be clarified

sévVErg@ugﬂn?y b@secufdaw&m%tﬁd scrvggbp tlae i nl et rram fgl d by
nmeans of the punp. i.qui r t
T i PSP P % e PO, S o

Et?a‘ﬂ@gﬁ blo'réacféiﬁsyadé@rdiﬁﬁ‘fd)!hd%ébbnﬂ raggdcedf HeWwaestion) comrising a plurality of
sevénth aspect of the invention there js pr

cenneelingdinas copraciin thobiperciarnly sariqs WRIPRY: | U “B%%é%{@ﬁ Bpen exposed
tc?ﬂ%@ ﬂélﬂa fh%e toPthE rﬁ‘lrjengfa‘ﬁé’sné#o@é REhE bibfrea‘cﬁ% pd3¥Rthro@dh a connecting line to

connect | ng i nes connecti ng
tehrexbbioeagot Brestreatmésys@m mayhtesr @tﬂgble for trealiag spwagii @ primary treated

sﬁ&q?ptgro(?%%@ %&zﬁ@ﬁgﬁaﬁlﬁ& ?rgl r%%w!a e é%n{ea&ﬁer%(nt%?ﬁég\{vjagshe siream. A first

ore t Ors passes t
bmam@r:rsiﬂn@j Withreefeablinte fae prowixiing figuid dsxivedbirom Jéveage tosthe tieatment system,

stem may be suitable eatin
o0 ecp B Stadis & BiccEBhean il R BLIEh<AEs o and Ao The veatmen
gﬁé\ﬁ%e%edﬂiﬁ%a?b@@dupfédl td tA® Inet ivasitoR) @&Heﬁmblo:%aétbrr arid the outlet line
oreactor is fitted with a feed Iine for

maydhgi epupled 10,188 opifed magialth G o the 1eserveiF, é}&tﬂ}ﬁ:\lﬁg r OVI @[ngfhe connecting
h?&dmﬁy k&ile b ‘?és%%fr gf 'b%réagfoF f%)dth&"'lr?]él rAdhifQH ok e dekiMoreactor. Each

renoving treate fromthe treatnent system
chimeciingdide lanchthe roetjet liee mamwea velge foneontraliieg thmmpﬁr@oruofdlﬂwd which is

550 PP B Pl D5 RSB, o e s

(élfnnéclhlﬂg |I|ﬁ@d, obtlerlieesc tio)) - mthgldeandmwl canpriseaspipeaya tube, a hole in a

coupl.e t reservQir o oreactor. to.the inlet

seaHPT debyor SBe et st of bl BRATSRDE re B pavage reatmen

s?g[gmt he outlet |ine may have a valve for control l'ing
roportion of liquid which is recycled ?

bi orldadiaseaciorcngd e ipalinask sysism, Ohike IriV§n’fLS>a§%6élcﬂ SoerUsed to treat other
I@ﬁ?% tl-téh %ﬁé‘s‘:ﬁé} ved F@\‘ﬁ'%e\hédée ;l;'tHé ré§c‘?d?'?§5ﬁ bfiGiehtidRffenator, it may be

I'nes e ent rrse a
ysegbim, applicatidne wharerhreatmentmf a Iuwf refidiies nmgnewgm [It mayrbegigesior removal of

S B bl Y A r 0 P gt i B o oxamp
ihdusBibINEste stigaihe bontaiingt High |évelseoh binmioniom yonedr smimosia,os éul pudiying water

treat other |I8 o‘ﬁs than |iquids derived from sewage.
IM\aN BRHEACHTUE RORECORNK- s an efficient oxygenator, it may

be ugsed élghtrﬁﬁ’ébbbtciﬁiﬁeQWénwdﬁQh@e iy ﬁr@%d@%{r@n 6ffiuedt quumiusaid effluent liquid
requi res ‘oxygenat i on. for renpva

keifgi Qptainedi by tigaimgaina! @rhﬁw@ﬁ@nvmﬂ ffafﬁﬁSWﬁQﬁﬁy B gepe H?SCf'bed in the sixth
AWBQ# H L& Hiod. KR e'?fﬁ)éﬁ%defrﬁéy Pf@ﬁn&% krBrel US bibledbtor, or a treatment
| evel's o

streans containin ammoni um | on
systemnaaeaidang toihe fnventipi rThé yﬁﬂuﬂgﬂ liguidernay be suitable for use in aquaculture.
In & ninth aspect of the invention there is provided a solid material obtained by treaiment of a
liquid derived from sewage by the method described in the sixth aspect of the invention. The solid
material may be obtained from a bioreactor, or a treatment system, according to the invention. The

solid material may comprise solid material from the liquid, and/or solid material which has
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in an aquacul ture pond or tank. In an eighth aspect of
the invention there is provided an effluent |iquid,

wa@ adod/osdsiis uent |iquid bei ng obtai ned by treat ne@I/AU2008/001728

liquid derived from sewage by the nethod described in

the sixth aspect of the inventjison. The effluent |iquid

may be obtained froma bioreactor, or a treatnent

system according to the invention. The effl uent

bépﬁka*tééi ffB?thhE’ﬂqlﬁdeaE@Eﬂofé%écr%f thls‘%nﬁ%n@%@c?i‘d'tﬁ@fr%ﬂgéd? The solid material

ni nt h aspect he 1 nventi on ere s

&1@}' Pelimibe & £f ashidge, Betimsya susersionror some athei fqui. dt may be suitable for
uﬁf&’% he met hod described in the

SI xt ﬁé?@g:ﬁl‘éd??h ﬁtgacpl%ﬁ\r/%ml on. The solid material nay

be olntaitermtkdaépectmfahéamwrmemtrme, is qurovideti raaadqmamwré)@ﬁt@mcompnsmg a

h Th
B Akearbifo 10 e, BiBEl I Bftom ORRIST lo BN iRt T Hioreacior may be
tmmled tcthe pbnd:ch tei‘rﬁt&ﬁ eansdfed ifldt Qb oh pipé, 'f@rtﬁoﬂvefymﬁ 8 hﬂmd from the pond

bi ol menbrane used in the treatnment

Qf&ﬁnﬁ%ﬁ% @?YP%QtOYn%[W Heouilel tibgeor pige iar spnvgyisg ihediguid som the bioreactor to
e Wohdl or Bnie URB IS QR ST M R ARE W ﬁ’rarBu é)ufo%ﬂ?@ the liquid to the

suitable for use in vermc ture an /or a
b'ﬁfeé\C’f@feﬁh% parfberctanimay e amaaquacultore pandras tank e esdrebirdor dam. The

BRI by’ iR el bE B B dus, FEGb g, pesimerted detrus
gusperaiad in ér'm'm(mfﬁam %UQUW isyRInped m‘omdhé portch® taknebtioally from the

SO BB B o i S B i Bend o e o o
B pont, IrefastindBroagh melfbﬂ)réa@l'br mw&wtsrmgrst) l(@nbmemg béhﬁ%drms gills) of the
theci%loreactor to t pond or tank he inle

BiprsactorayaLEemoye, flaer q @pdg)r SUige PERNB MAlEHm @XidiEe ammgaiur fons and/or
hiflited IB}% t@h%@a&fsoénd/om Ig h@ﬁ% @Wﬁhﬁ%ﬁmb@@m@ﬁi the bioreactor may have

aquacul ture po ervolr or
B ERSeHel, ;s thayooué oc aﬂmh@tttr@daqwau&urm system mag peréomd toe function of the
%@Qbmr'n operation, sedinented detritus suspended in a
iquird (preferably aqueous) is punped fromthe pond or
tank, optionally fr defDeschipligroofitiod Daldngsond or t ank,

NACE L B R A Ry

ﬂ@rsmre@mtmaccbmgaﬁmg‘afaw@é @heréigpt i onal |y configured as
oreactor may renove, floccul ate and/ or

|
%Isl‘f"a?éﬁ Grgyanillestrating e opesatiop plremernbrana anepding & thmpresant invention;
Hg&ré '15 §hdm%rtﬁffefré?rt n%tfo% & b'lo%@rs oft %dalugﬁorﬂﬁ%(rﬁﬁr&?et ifi atnhb%brane according

| T quid odi ment, the bioreactor may
ﬁoé@éﬁ%tl% as the pond or tank of the aquaculture

f the reservoir.
%%fu%? %@%&{aﬁr%ﬂ%@ﬂ? %%W%ﬁ)%%&ﬂg A preferred form of
Fituee pa shmrmthhe expafmton ofthewgill bf figmwzhmd@lqmurbeddby vvay of
X with.reference to . acconpan raw ng
BB ShoMleiegtroBiny a8 T e apRAH eF Mk eqt%@c@qa@ng 1 the invention;
BIges ashaws aCB‘en@s TR foRh&] fu%ﬁﬁrﬁérﬁbré‘rﬁb lbépstab&rcﬂ?ﬁg?t% é){esent invention;
|nvent| on; gure la shows different | ocations

Hg-oPaaghons %H'asra@cn@b@fqpr%ﬁﬁwamé theruse aleainspasers to separate gills in a
%%Etgﬂ&%er%e%HﬁnVeﬁWo‘ﬁnt' on; Figure 2 illustrates a
l]_palr ranes orinngaglll
ig. 3b shows a diagrammatic representation of the spacers of Fig. 3a;
Figure 4 is a diagrammatic representation of a bioreactor according to the present invention;
Figs. 5 to 8 are photographs of a bioreactor or parts thereof according to the present invention:;

Fig. 9 is a diagrammatic representation of a bioreactor according to the present invention;
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Fi gure 2a shows the expansion of the gill of figure 2
under pressure; Figure 2b shows a diagram of an inl et

woraow7fosdsds f or use in a bioreactor according toPCHau2006/001728

invention; Figure 3 shows a series of gills forned
from menbrane | oops accordi ng g0 t he present

invention; Fig. 3a shows a diagranmatic representation
of the use of air spacers to separate gills in a

Flgr W 1§é@lla?’émﬁfané faBreBerRABAbf d é}?@l‘ﬂtfd)r%@wa d tRat t@%%%ggq the present

rammati c representation he spaters o
lf‘l@%'% 4 is a diagranmmatic representatlon of a

Pt AR 10750 i P B0 of KRBTSR o preen

aeedenli ng to the present invention; Fig. 9is a

Pl R SR B 2 SR B 5504 & Muncton v
the hioesmetotsaf Figs 10A orl0Byst em f or sevvage t r eat ment
Figs. 10A and 10B

ccor resent | nvent| on;
Ewe 1%ng arﬁpx%o( 5'@ prRIgseAtatn ok bl@reaﬁproa@ar@ltn@ rte the present invention

REMQralyMdridaPcldtiier; Present invention; Fig. 10Cis a
di agrammatic representation of a tank bottom t hat may

Biairadas 4 photosiaplphavingreewpgerlarifies lyi apropevatingr sewage Faaisent plant and by
&%eﬁétor]a%rdlc%ﬁhﬁeeprg%ﬁ ,h\%n qdi agrammati c

representati orea "or accor di ng to the
blgwgé&ﬁhqmmltsfmm Beanipeyi;a cylindrical clarifier;

h sh larified b
R N e O
Bigwe earstacphotagm?f ofiarigoréaeior, INMEDV &86dh Examagg on FI gure
sul i ur e is
Ot 15 Mk Tt tﬁQ["élﬂsﬁ‘a@a'ﬂ?E'@@fPfﬁhﬂw Wl SLNIB V: 15-a batch 1; 15+
bd?()h(i‘méﬁ @BatcH:IEQ trlsE)a( b&téh *1@ 19e%féﬁ @@H?g Bgtﬁ!g \1@ 1 ?ﬁ‘?faﬁ:ﬁ% or,

used e resul ts

%Bﬂ!rﬁﬂﬁe@OWﬁ pESﬁQ@féPh,s Qf NMB |th)/\m’th vidtremovad v the nieFbeane housing

81558 bo kg plbrind rest ot Y g e il o 1 g phesepo he et
eyl photographs_ of NMB III: A withlid rem)ved from
e TELRDE OB E e Bk Ropd M bl lr e view, wi

|al|ebl mahIE)ld odvet remaviedl Gt Cholr! igle Slitsl @Ad oSG ‘é%é&@ hﬁter membrane
bi oreactor: A obli op

d NVB |11
ﬁpfa@ws &nc'gmdaf%&gﬁ%?wlf@ QUEF GRERuRRGy BXHRRSD S¥Stey an andlnaier membrane
Sehdpbis ke tﬁ@ﬁ%@r‘éﬁest Rk b@&t feRbfd! Etr@‘ﬁt SHRERAN Showing il with the

scrapers, B left side elevation & out er
@%’WH%'”‘Q@I@G@lmtﬂwwwwlmﬁammsysﬁmwﬂhmme eul’erﬁmusmg,

'iﬁ&ffﬁ/s gﬁ?iﬁgrg’ﬁﬁ%f @&&ﬁ%l\g&\f us%ﬁﬁ%%{agn%g%j %\[f)%te hoUsing located on

snow ng ane |
()c oh&ﬂﬁ@bclmﬁema@aﬁmh@ to lae200h abserwir bl Mttohplétt BRNEOOW peristaltic

8 o A B e o B  hsB tatcnot e
Higueaat &shos graphs against time for blackwater treated in NMB 11} Example 3 trial 1: A) total
suspended solids (TSS), B) biochemical oxygen demand (BOD), C) log coliform count, and D) total
dissolved solids (TDS);

Figure 19 shows graphs against time for blackwater treated in NMB Il Example 3 frial 1: A) pH, B)
ammonium, nitrite and nitrate ion concentrations, C) dissolved oxygen, D) sulfate and phosphate
ion concentrations;
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top of a 200L clarifier and attached to a 200L
reservoir (barrel bottomleft), B) 200Wperistaltic

wW@opesdses punping |iquids, C effluent from tPE€I/AU2006/001728

equi pnent, shown here in a 1000m Schott bottle;
Fi gure 18 shows graphs againsgt7 tine for bl ackwater
treated in NMB Il Exanple 3 trial 1: A) total

suspended solids (TSS), B) biochem cal oxygen denmand

, |
Fé;g% Ssh@ﬁ:% ! s% ik %md?ﬁlé&watér‘ﬂgat@ inINRABI Eibrﬁﬁl@@‘%fam A) Ca, Mg

) ur shows grahsaalnsttl
abd Eelommeeil'a’tlomse@t) ananNquntrah@@m%H\@ rtey gnd £n Cmcentra’ﬂons D)

d trat
oBRledhn REPHCRE e bitlst) Yod oxygen: D) sul fate and
Frjo@sihshbrs g:aphscagametrthnaaibr biackwiiey ieated?io NMB IWSExgmafshstrial 2: A) total
ai nst_t ter treat

sgschepqieg Iﬁs'}%é @ bi Ofygen gc?{g ‘Epgﬁ gjﬁ\@g c@borﬁ)@p‘fg 4nd D) total
dt@%ﬂ?ﬁ%ﬁ%ﬂﬁgoné CC?’H g/Pu Sr andcuf Iaﬂd o
Figreca2rshpws 9raphs; agamﬁ&*m@ for biackwaigtdre Wam@ﬁ%\gﬁmplwwém A) pH, B)
Erﬁ’r{onfﬁhwaﬁl‘frff@é ﬁdt@ﬁ)hgﬂnéeﬂtr% QY dis¥@vaal skygent D) alifaf: and)phosphate

otal” Suspen e (TSS) bi ochemi cal oxygen

iaheroncedtr@tBa) , C) |l og coliform count and D) total

A S5 e R P L e e AT pBrg R 7t o v
cBnceﬁiratioht BBK smaritencancentrationsi € ManQu and Zatcenqeotratlons D) chloride and

ncentratio C) dissolved oxygen, D) sulfate and
@nwgcepgﬂ'og%ncentratl ons; Figure 23 shows graphs

P Eholws @%pﬁ@ég%sﬁmkd\ﬂir @racltwmiirealed fm N VY Exat'nxcdﬁm trial 3: A) total

sg@pge{nlééﬂwgqs, (& B@W%&%ﬁ%{q | org‘c{'i(ﬁQBB.,tct< laqglcap{grm F@JJn’[ and D) total
Qﬁébﬁéd é?)ﬁds? g fI uoride ion concentrations; Fi gure 24

grap S agal nst time for blackwater treated i
Rigvee 254HBwa orables ainst time fer b|@C}<W&t©&twat6§thMﬁd%EXw|¢ ab"al 3. A) pH, B)

a&gﬁ %U&, ﬁhrg% aﬁf F'iﬁgﬂa ﬁdoﬂwgqbng %8'&%9?@? (5@%&&5 and phosphate

idii @mt@trﬁ’@ns;homs graphs agai nst tinme for bl ackwater
0 08 Shot mees asBing EHeR ke Siee 8 B ML Rhple 3 g &) 2, Mg

éﬁdmopebﬁ%rﬁwg@mé akl Na& ud)rgcamﬁtmdcmmwmdeﬂuom{e jon concentrations;

concentrations; Figure shows

e B7 SRGATADRS egaiss e ToF DRGBMAS | @Erﬂﬂ G817 FannigB trig 4: A) total

s%%‘ enwgd[ ) ons)C BE@ Tﬁfﬂ%! Ahgen d@?nal'ﬂi @) h@ log coliform count, and D) total

orld and fluorlde
dlsmtvethsalldﬂ TBE)S Fi gure 27 shows graphs agal nst tinme

i P SRS aIRn R e Rof el vaRAGER e Sl Aot B

gremevign, (rﬁﬁf@)and fltraleden canlcerftrationscOLdissolvesh dxypn, ttsalfate and phosphate
di ssol ve%j solids (TDS); Figure 28 shows graphs agai nst
PP pRNCERIMSackwat er treated in NVB |V Exanple 3 trial

Figuréb9 Bidws @)apﬁé’@f@émbﬁme foi Blédkﬁ/ﬁer&méted irt NMBW IE)@I’nple 3 rial 4: A) Ca, Mg,
concent rations, 8 di ssol ved oxy [?g ﬁl and

MR @g@,ﬁ@@(@centratlons K and Na concentra’uons C’) chléride and uonde |on concentrations;
and

Fig. 30 shows further photographs of bioreactors and parts thereof according to the present
invention: a) bioreactor NMB VI inlet manifold tray; b) biofilm on a gill of bioreactor NMB Ili; c)
bioreactor NMB 111 with lid removed; d) bioreactor NMB VI membrane assembly without housing; e)
bioreactor NMB VI gill assembly; f) bioreactor NMB V showing air inlet and holes in outer housing

showing gills; g) bioreactor NMB V showing gills as seen through holes in the housing; h) bioreactor
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ion concentrations; Figure 29 shows graphs agai nst
time for blackwater treated in NMB IV Exanple 3 trial

W@ 2000056888 My, Mh and Fe concentrations, B) K BOT/AN2006/001728

concentrations, C) chloride and fluoride ion
concentrations; and Fig. 30 shg@ws further photographs
of bioreactors and parts thereof according to the
present invention: a) bioreactor NMB M inlet manifold

NMBW shRving gﬂ’lE bﬁ]d‘él%aéerﬂfh}'dugﬁ’ﬁo@é A iﬁ%' '\M% égbéér agm in NMB V

bi greactor
and MR ﬁﬁ@f%QTQ@\JMBW wlowm@omnmfsw@lv e) b| or eact or

it and hot el Desdrbugh OF G Qe nieinfils o) '

bi or BeanembraieRf theginesentrimyeglion|nsayde m%ﬁmlehlhfwa\toh *quﬁ%ure of a liquid

7t JFeBHE Py JthSn € Birgine heostaing e ouy 1ho ket oxger

copesHirttions's Bl Bmg/NNHe Vut@ﬂﬁha%}\'b@abggtt gFWe/g' %{2 %@ﬁt@c{ ?gg& in water at

r por of NIVB
%}“C‘J rgém@ﬁp ¢e r9r1§t9 b dReiRbFANS of e RreseBl Beatiore wherbused in a bioreactor
& @és@r"lied'ffé\’e‘i’rf‘trﬂa?rbe’t?ba@éa oﬁﬂcr@é{%g?ih@%@ﬁy ﬁc,réﬂfréifbn of the liquid by a

Exposure of I ncrease
festgd at least oleaut 1. é,tqr eHeast ahawe2,12.58j 315, 4 4. 510h5: or by &tleast about 2mg/L, or

UHHERPRS 5L 3ol SRl S My 2
25@, 8.5a4, mnssmﬁemga’L or Highet.LThis rﬂ'dt}ebetmlafbo me&mghfsuﬁét@ aﬁa&é @6ltme ratio of

hENER bsed B MR oF 1 S0 Sk 3o PR gk passage of the liguid

pasmhe Mmhénadrares. THe dxbesutd muy dorﬁpﬁsé\ fﬁﬁmgothe Q&uucﬁﬂ]rdu@ﬁ%tbloreactor or a
ut 1.5 or at |east about

@Wa% IrBRIMEnt syerdacanEng ’foz%ﬁfwent@ﬂ He m\@a@t h@o@mw@d tlaat if a fluid is
Fcled {fﬁougﬂ the*bidretor df (He/ ﬁ?se@qgveﬂgéﬁ g@giyﬁg?ﬁoﬁéé?m%gﬁg s described

concent ration by about

akgre. 1brthensaypreriquidris gecyaled tndo theereservoih eithduypassingf aceontact with the

AR Pl O e SN SRR b oL st s

fdenbarg eptiohally huee$ hofiriccbapeat allt Tres inwontor ﬂnl@r@%re damelugesrtng Wieemembrane

ri aSSI he liquid throu i or eact or,
SNt PEST B Spsenle. due Slociang: Plohe Ase mefiion may be
riefewedioiagan Nmnamy@ntume rhaﬁbrarhbsmrm@brt hat if a fluid
is cl ed throu h the bioreactor of the present

i nvele igolvea @(y%w@wnt!étwnéﬁp) piribe éﬂﬁ@@glw& raasr@ngepleam 0.0 mg/L to
FRpMen. THe statb?%léﬁ t'fbrqcﬂiééi')lvbﬁ o@@%ﬁ( i 1?9 llhlm] Qz%nh\;la?y with the temperature,

reservoir passi
Wﬁ?ﬁﬁc’@ﬁé psalingty anml@r@miﬂ@@resscre, Typfoallyotky seurationrigvefor difsolved oxygen

e R o A R BB il L e or

t herfefypica soemand wowdshavb atbatchef prnmry Bekted SWEGPGRAE shb‘wer water being
The bi or eactor

i RS TasiNolhvbn DOSROUB TR baleds srproxmasmy RRmOIL i the fing
predRePEdidel t6 ¥brahgh '&gltﬁﬂér?”ﬁ‘tebhé?ﬁiﬁ SUmp, Wl s lgq%ﬁlj up into the inlet

he I nfluent |1 qui

ANGE & BPTmeMgla00 Bk BitauS hio ek Suaugh dea bmens between he
rﬁé?hb?énef irs g SRy B gy @@”Wél.ﬂ{ Hlﬁ@se th@\]&qhqh? Bﬂfllﬁ\g a¥d WehBranes into

tenperature, water act
tlaghqwdetnr the Ilm@ls,swlthethemnmétsmg tahethes bBauid tvavetsrdolwevtbé lumens to the

HoRém/AliRE % ‘{rﬁé]' B@ﬁ%ﬁr’ﬁﬁ)ﬁb&eﬁ QSfWX oSl BT 20% 5" maL Brter passage

pressure a
through a set of g|lls 1.5m high and 1.0m wide. Factors such as the concentration of nutrients the

thickness of the biolayer, the thickness and type of membrane (support material, type of gel used to
dope the membrane and the amount of gel in the membrane) the metabolic activity of the biomass
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A typical scenario would have a batch of primary
treated sewage or raw shower water being added to the

w0 e@eiossis . The DO would rise fromO0.0 ng/L toPCT/AU2006/001728

approximately 1.5 ng/L in the filling process ( due to
very high agitation). The nenbr@ane punp woul d punp the
l[iquid up into the inlet manifold at approxi mately
1500L/h and distribute it to trickle through the

lok lﬂ’mﬁerﬁtﬁ&r\% %ﬂd tnhﬁe AGRITERE SREMPRAL Wateﬁ hct@ity/%ﬁﬁ' '&L&nééﬁﬁation of oxygen in

i1ls). DO would diffuse through t
ir, deraneratyre @nﬁ thgrometiiqi pdfesswfetrnes! dllunfiiaece the trate tohear®@r of dissolved

I e the liquid travel s down the lunens to
&@Ebottonf@ﬁjtlet At this point it nmay have a DO

t ypi ¥dien jhmnmtratloﬁ ODnwrehtsSin Shertighit iafihietr th@ ﬂ@.ﬁc&ﬂi& biolayer is exposed

49 i e ot A s ioCt o membie e o ofcels on e

i fack méiisise faéteith@orbereélylwtﬂén thé ?mcbhlraﬁ&ﬂ@fﬁﬁe ﬁurtﬁ’en'is\’lﬁ gwleqwd is low, the
yp used

Wh@ ’fﬁgﬁ ter| al
oY \'Sa% i faee %fr{)%fﬁ?m@ﬁn@ and partiuiesly @bﬁhw% in direct contact
Whiﬁ? tH@Hh@uElelll Be fdatest. cheOJonﬁmuﬁmka %mﬁt?eﬁ‘loﬁéqﬁetm YR low nutrient

in the nutrient stream
5@%%6{“9%5%" faypurycells disitttad @eﬁwem thﬁ pmesgzgjeaxtremmesrm tied air-face of the

DRV i o BE AR EF e iAo Bl Yt o 98 Wit of e
biolgyer growiigean tlnmlmuuﬂdanee)hmeHEmbmnaf nutrients in the

S A e 0 4R E  dsnten
gllmwtbug‘restWEerrrmtﬂiUn&rwffusé ety qm@w |ﬂweocfe||§ abée? tPfe ‘al? fgaBithice) grow more

be fa Conver se

H’fyeﬁ'%(Jr %Y%?P%f”ﬁ"?m@"ﬂﬂﬁltsrhaé@dow Of(fwsrph éaTGPS, qr@wth\ qf sellsslaser to the liquid

pmegrqgm&ep;gf@gurw on the liquid face of the
nbr ane, part|cularly of those cells in direct

cont ¥een Wetnﬁﬁwh@@ lafeciicells innihe biotsgerepndae aistace dftise membrane is hlgh the
S8 240 A B IBE A P e o o
dissolved oxyges tplheshiaiajer goongmwttheaﬁo]!mﬁ fat:@?f thiﬁ rme‘rrmn%ﬂepﬁ/hich will in turn
0 on.the air-face of the nenbrane

eﬁgceb[hé; aibycﬁlggo%/ %&F%&qugﬂaqeﬁé il %EP“Pace of the

bi ol Ef)eemorgawmmﬂme Dreséri @véritigh! Isdlséfalq@r tﬁéfatrﬁéﬂlﬁof'ﬁﬂmafy%ﬁed sewage (i.e.
The a g OAX 1enutrlentsto di ffuse through

PHPRIDRIAALN §%ﬁ"f‘91f> [RNEWa0Q) 1R adiaster ssaNi &6 Wﬂstegwaiem fom some other
SFRSe. g%ﬂe@%ﬁéﬁéﬁ% factily T4 lrvﬁéxbﬁl %ufnﬁyé Io¥ ug%&?orcﬁghr?g macerated

closer to th& air ace) gt ow’hor e
laskviates e pyirompa dalletn tre@ng shm@vwatebwfm tfeﬁatlng scrmulated shower water. The

BpPAD Fac,) o SulbBhidh (e oML &1 BRGRE prourigg pagierit systems
Mdr@thenbmllamrbfoottre@mg waste tsheanss. Whtﬁsﬂgﬂpe@ém l’h@ Wﬁe!é’@tréélﬁ through the

bidraifr e Aprdee, SR O o 8 dueo i Prateatog thet waste stream
idiréduniag mivrabls thicsiE@byéreh iR 1EISM df Q ik lr’wcﬁlbtﬁ%ﬁw eﬂ{anWnBﬂs s containing

(‘gi)n the liquid face of the nenbrane,

\RIRFCErY el iGTPIORYISM$y S BS &9, ﬁqdénent&ﬁnddnammbwatemmaymn also actas a
STRAEBIoRBGtabd MicrbeQ i ERM ?}’é a%ar??r@rllgogzﬁﬁ]}n R V\gg@&e?% @% liquid stream

useful for treatnent o ed se
o dphemitianes of the membranes \nagamaerowl/\orssamg)é;a sospeasioness the inoculum. The

t@éré%ﬁlseca%ﬁtéé‘n@ﬁlg tlﬁ%e%g@& BTy thgrif%ptfp%a {eﬁap@@rﬁ i5kch as trickle
hesléeﬁcfom This esqiarmgjarlyemesmaw rbﬂhee‘étM@f mém@ratﬁb arbd ®My@d volume is large

ort i puer wat er for treatin
é?ﬂﬁutﬁé{?aecgo t@é)? rpﬂ% area o hqwd volume in the bloregctor increases, the
speed of bloconversnon may also increase. The bioreactor of the present invention is capable of
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bi oreactor provides a suitable environment for growh
of naturally occurring bacterial systens and/or other

wheoraysis for treating waste streans. Thus byPQEAB2006/001728

the waste streamthrough the bioreactor, the
appropriate biolayers formon20he nenbranes for
treating that waste stream |ntroducing m crobes into
the systemin the formof a m xed inoculumfrom

RBMicing Brefitisnt %@H@ésmoﬂﬂavdlaﬁ ffersiva lobiely Sit i@fcapable of producing an effluent
m croor gani sns, such as soil, sedinments and nat ural

wtl%pleﬁ%(l @ daps isudlly Aprauslthan efant Bore corygnijons)jeguipment after the same
l'?@ggﬁé?lpﬁrﬁe tmefbf&éébfoh% cBbdpledd ?erd%mngTrHﬁrdbféP@l&f tHaL 4] 20l J?rﬁ%content of the

ed to the [Tquid streamor to the al aceso
prisveiy weadasl sewagemoreerapidlyl thasir copyantignabequipment peedJororeatitent of primary

i«%%gg%&‘é@ér gﬂk o?efhc%‘r ﬂﬁg%‘égsgﬁ]a\pﬁ oL onaﬁé Sthgf ’%/hese@tlfgmg streams which

cohtalnrutriehis fdnemé mier@organisms of thesidlayens af the bloreactb:y SO0

v or dioPeratan,p gheTiinbrAsoufing EEE arsennahion dgiindy opears to exnbi
gront roﬁhhﬁ:rdbfgéﬂlsmg ohlb@lhl sitley eHetsd(i.b.ort the g& f@beﬁmi &M the liquid face of the
I NnCr eases, peed of bi oconversi on nay

$l+ﬁ>69"é@§@bfaf|‘ﬁ)eaf‘@ %ﬁ%ﬁ@t BPPBF MeRraps aeat e gaﬁ/ ém liuil fages. When the
&@E&%ﬁﬁsﬁhlﬁ Bf %Hﬁi—:‘d”&/ ﬁ@se%fc#okl@ﬁﬁlsrﬁ?Bécoﬁil%es‘élfflﬁi@ﬁt Xhtﬁ\ﬂ? @Portion of the

Ive 0 capab roduci n
biolayen anay behsaparaéedcfr@artreer m(embr@ne |stmay @aaacp@nmldwluregchamcally, for

é%ﬁ?@leteé eé:raspéqf?t l%% ?‘%‘?‘%\\%B@)S Qacgq%’ 'S cg %FT%%(?HHS, or may oceur

spadiandongly.nin cpambmlarl péréong. of thedigaill favel buo‘layen@nayc detaenfronothe membrane,

B T alato ke ey TRE AORO TALACHIHEBIR 5 resaayyr and may be

fefrdAdceflere RYMB.IFhesd MBriBhOM@ARhReTRY sI¢ waste tiddh tefliireactor. The solid
treating other types of liquid streans which contain

Weste May\Pesusehy fof BaWIRD MOBT: @wwvgﬂutflwé VBiug| SRjidmattes separated from
E?a 'féb%erﬁ%é)ﬁlembféné’p@g mgneo FT%{ %B%?%tﬂ)g)"((ﬁ egéc‘i‘ébeF Gnay also be

pr esent 1 nvention
goﬂemmeesenmayrbe@o@blnédsw@ thmpomnho Ilqdlééaqerb@daeyerrthqnmag detach, or may

ﬁg@?g g %ra&e@‘fe and on the liquid face of the support

91%’ 7"or in the support nenbrane near the gas

and Thequerbrbmeceishe peeant tnaentibn od>mpnee$a edppol rrmnﬂara‘ne theviel a gas face
eco sufficient

Blat G Td e, 2% ABAS Br e SSPBE rediana ear b i o ard a liquid face

piBlEj A &he Td’lllosfaﬁ@hn@& |QQI¢@§Hblpbr$ RethbisRe Masy lﬁ@'lthd fd‘c@fln particular it
exanpl e by scraping the nmenbrane, physically

QRBKBR52 SHRPORTAIILAANE, Naying r?a@ﬂ“@cféﬁﬁ' D) 8 96 ashua 1078 fach biolayer at 2
@@é’tﬁ)h ﬁéf(%c%d froiz’rﬁéﬁthé’ ﬁ%rf%e ﬁw% b rﬁerﬁtﬁ&r% r@h%@ﬁ%ﬁa@é‘nd both on the

etach fromt aneé, pass throu
gassacevenil in ther igppert p@nlbra)msandayqlad:‘@mrblolayee at alocatien selected from on the

E@fdff%hy %3’0&8&%@2@?'{%@%{%? (y&\?\gsat%é, a&?‘&&ﬁ‘ﬁiﬁe liquid face and in the

kuppmemmbranem gesl fack biolajee comyrisbe bmbtdapam& olgconvertirg ammonium

o5 A B SrR o B Tisss® s Bl el aOiatsg fung The fungi may

5® 848 %Ph*uéiabol@hg *av dég@ﬁfr@tdrgmlc(?ﬁatéhaﬁc(é@Déﬁ]utedmth@'haﬁd The solutes
be col | ect ed be conbi ned with thew&;rtl ons

BRY Pas§(e-a qﬂf&@@ thnowfa’rb@ memhiape ieedlje grstiagerbiolayier wigye ey may be at least
P k r%&ét?ﬁﬁ’&/@r' Metaﬂ_(ﬁ?edmfﬂ? rb?dr:ag/erofna% he g s%S&Tét L type, of bacterium for
nve ﬁ Bas

n conprises a sup
tcmvert:mg amagreum ons tdmtrlt@amsfaade sacond dype |ohbactee|umdqmon\terting nitrite ions

BrRRARE B lP o i) BFFoRE hiasp el ot REToPlably il e ui

streaml Thepuliodidffaeeebioldylr may tonpriseliacietia capable of adhering cells and/or other solid
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conprises a support menbrane having a liquid face and
a gas face, a gas face biolayer at a | ocation sel ected

wo c@mons18 he gas face, in the support nenbraneP@PAD2G0h001728

gas face, and both on the gas face and in the support
menbrane, and a liquid face bppl ayer at a | ocation
selected fromon the liquid face, in the support
menbrane near the liquid face, and both on the liquid

rﬁ AREInPAE i l'ﬂd shgars UFHéOI\' idBEd haidia rﬂ'éiﬁ‘algt%e fcafdble of at least partially

a er nprises eria capable converting

c@gmng ﬂmadbeisd palls and/orq@iheﬂ selidrneatier. tTbe ﬁlwra@il@n mahgenena%sohd and/or
Iﬁ@@ p{g@ﬁ T, arg{ng%gliang%h%‘éég%n? ﬁ@ﬁlbl’?@ cébr‘f{aB%: of Sﬂ_dg\frﬁwgc;;%?@n to pass from

theyarfacel te thediqaid fas;elbtdagen amhsmﬁmableloqaliomng'ﬂrasolmﬁ ians(@.g. ammonium,

58 b 5 Lo RS FRSERE il W5 it prey

séatsaprdaslon P@H Qnabk aﬂ@ésﬁ pa&thally ﬂié\ﬁlebbl@to@qeéouaﬂqwdsonpr i se

one type of hacterjumfor con

rtin
nit rThyg in; QpREatie dhealionie dased ok Iﬂgé?@ge bépiqygm mﬁ]rrpeéqbrane & exposed toa

IR0 il %m”ée%gé SR Bighie chrhiby BortidScells] féeb faecal coliform bacteria,
conversion fron amoni umto nitrate nay at |east

tpgather with gihefsolisinatter, tand alsp quitainsAMaAIvM ianeor emaenia. Argaenium ions or

%ﬁﬂ)ﬂi&y@%ﬁ@%thﬁ@ﬁ@ Eﬂeéﬁ?rﬁﬁmﬁ) e q:a%?%%gﬁla&éru@gﬁg h'reg;g s phase bacteria

coneerl thejarmmorfiane @n acanemaonda tomifratel Sxygbiefoc tifsadxldetianfpraoess is provided by

t bally d di t.h h []. -
G toBich e e Yo s e M BT 15 e bk gt qpvgen. The
GH3 M9 the bair, G b ehiNdlir@ dliskygen withesome bherayas swh afslnﬁrogérﬁsabtbn dioxide, argon
I nvention is caPmbI e of allow n

YRy of hese, PO MALDS Prygery Cpawagrmvo%g@@ﬁﬁefgﬁ@%ﬁﬁ%hﬂwd adneres to the
I B@&Je%lo Iyeral\r{oqﬁ\ém ﬁ!eﬁ%aﬁiﬁﬂ/ de@r‘&&eo(lﬁ/ tBe liRATRdY bg@fferla and optionally

trate) opassfromt eaog face to the |iqui
ﬂHh@ rﬁ@hdawasie compriding partiane 5 thepliguidi fage hiolgyarnieaiher with adhered sofid

@éllfggﬂdgorl c}eargﬁ%}loﬁ %.rrcﬁihctg %?etof @?aé(tdefé% W?rﬁ g{eﬁ"'ﬂﬁ%ﬁgxgné grg:deenter the liquid.

Trdg solidowaste fnaycé)ebaodida(mdeabd ca‘mot/énbfruartbe hivecacter. dk pag dor example be

%ojﬁ%lp &Ui %Hl? cgrshég?eglgra{rgsewglrg%gﬁgg Splz:ﬂ(f*thq{ %Ibl'qi"%%i?? in which the membrane
B&ehid, iafd mbPBesdparataniftoh thé bmwm?gﬁbaldiremdlrewhls mrildistediextin Fig. 1.
cont a| NS anmoni um i ons or__anmon ngnt%n um.i ons

n

amoHIUg Figerlnghawe rreqmb@ngmqoﬂ@cmm @S@ﬂéﬂ\@aﬁow ¢ Yegbrane 1000
wﬁﬁgl’l%éesr uppMREREBAR 136 hﬁﬂﬁlﬁ%ﬁ%ﬂeeﬂoﬂ@aﬁ@ﬁﬁé%de fob@ Gas face biolayer

DNl uNl'i ons or ammbnia to nitrate

thdodaddcaiad on gee Jacei 2P randiliged fapp hidkyelg &bl e lmwdcim H@BO In some
ORRIR B0 0Rb R LAY T i RS, il By 000
botly Besaidwiotdns stauiiredariteon geasacs U620. s'snilarily’t liqoigdace bicdaybiomay optionally be

LA DR G T BoRhrebL T ot HsoFbp ot an o
RARERES 1010, Inheperdtiahli ghsffagebibih@k apEY is expebetay ghe 1660 WhICh contains
| east partially degraded by the |iguid face

exygern sad derid We P! 166 s @xueaed & BukpIoTG; wﬁ@ra Walg liuid to be
%qt%dgl?or'e'xé}ﬂbléj Ig}ii@ REAPYEE sov Seu@.ﬁtt 100t ébnﬁﬁ’d?\ﬁ/r &Rtains solid waste

matter an ﬁradatl o} cts thereof 6/
ohetesial H 080, candl teelericeaish eifier @hdjp@'ml@rm%@dh@f@m@ giolayeri ©50. Commonly,

§f.%8 : gglg@gﬁld{?éﬁﬁgﬁasfcéﬂhle@g%uﬂﬂg fg)gﬁ 0B§ Rlﬁktsltgﬁ%p off as described
ébnwran toﬁorgn:rwehjtmblersélﬁ:ige eAeshoemrin t;lgal o‘xgngamscapaoenea’ix:ge through membrane
DA G351 abh A BT R A Sali abRE TR R 1070 o

Rvitldd ox§denasreglovth ofbidayet 10500 BBlafdrd 040lcopipaves ovRtaipE ameonia oxidisin
t1)OOO acg%rdlr?goto t he }|Ioresent |gévent| on. Menbrane 1000 ]
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conpri ses support nenbrane 1030 having liquid face
1010 and gas face 1020. Gas face biolayer 1040 is

wo owanssi1on gas face 1020 and liquid face bi ol BgBEAULD6001728

on liquid face 1030. In some enbodi ments, gas face
bi ol ayer is located in the pomgus structure of support
menbrane 1030, or both in said porous structure and on
gas face 1020. Simlarly liquid face biolayer may

artriRnab *o&cté?% THG @ﬁwﬁﬂnﬁjﬁﬂ (% rﬁﬁﬂﬁﬁ’ih'sro@tnﬁé;/ﬁfg% t‘ﬁro‘i’:& h $YpRorE membrane

H?ﬁ port - menbr ane us st
) thIaVQﬁl]%O ho@ré thmﬂm cqnmerwﬂ dnitiatly bm,ltrltg asd fnarm to nitrate. The nitrate

lyay.e 0; | 0 nt ai
@?( é@rﬁ] 5%3% dl%f%k qtﬁrlo acg%[)&ngl g@g i% lg@{q i{@'o 6 ¥y N ﬁal converting
armmonig 003 O, hqwune'm o sitateviesst Ehd ampnorta ¢xidabien dridedfieiion process may

5'%&@%@%%&@% QPW ug'gcgwr‘?gﬁcg,{,\)‘a’g ogfd[;%{é‘ e Li qul d 1070
ol er ?htgvosomméntSﬁdat'@hsp@m@'@)’e%sorilggﬁl aﬂ{;ﬁeﬁbFaﬁe in a membrane

bi ol ayer once sufficien

PreQr dQé E%W@(‘PVF’H'OP i _&1\;0 ‘%(%01@, uppert mppbreane H3P0mag gas facey |h310 and liquid
02 170, diepfatd Bikyel 1907 ol @ kAo sBledd a8 Bac ke Ao, MShe suppori
nebang oer gessaceota0.and ol oayges fate 51 0zand iri support ingrbrelne 1300. Liquid

P Dol R X ERRAER, Sl oty ol facgy 380, IRyl B orane 1220

lmanhcmldfaceaweﬁ;randt boih oulllwdwfgamtszo lahd infsyppod mMeabiaei1800. Thus in Fig 1a-

Dt P 80t s iy ocalo odataea D g face 1220

respRetvElyet ngll1h4u@hdi Y gh9fabé blblhyefﬁ 193013 10@&%@& Bn b& fakd ’f(ﬁg%nd partially in
The nitrate y then pass back throu rane
the, pproagﬁ,tajcty@?% SURNQA m@mbraqerﬂ 3pQ)tagg Ilqla(gfﬁgeglplolayeg 133his fricated on liquid

faN 3320 and %IQ%W?&‘ f)é?oﬁ’é Sthdtufe bioﬂ@porir ﬂ%nfBFHﬁB .3§0 In Fig. 1a-ii, the

oxi dati on and cation proces
tiolavees arg resiéctasi tofthe ragipn debmitie sespetiive Isurtacesj dqauithimbbaur €5% of the

@Eﬂ@é@@gﬂ@ﬁ??e@h whjef’ea§ ﬂ)o‘y}? 1%' f{hﬁ bg%ﬁgﬁgqﬁe%r}ﬁc’ee?each other in the

mxtmsrsttuamge pbthe btmponhmmbraoel In Flgu&a i bloléy@ 133®is I@Eﬂ@ﬁ @h as face 1310,

IRl B0 SERePE Goy Joth B Saoishe skiondh Big psis membrane

1320 devaay @md h%h@rt dlstﬁndehé gSlé's%ﬁF’?ént abB’@('FB%%T‘ %eﬁ%ﬁbr%%hlckness or may
ace 1310-and I n suppo

%&@Mﬁ@f 9@@0& 'VEG? ta%ﬁ face i"&@ B‘%@Q%ﬁve qtgaﬁ@nun@yaadsowccur wherein liquid
fh%&léﬂﬂﬂﬁl@'l@l@éa‘i&i dr 1RO @d&ehb@ér@agégfé%e ﬁlgl%g 1E§b 13 YHRRRE b gas face

nbrane 1320 near |i¢
1311 G @nd alse exendsgo ahmport rembsger t30feastshame inIRQOta-TH s further option,

d |i d f
o 7 0 s SR FHB's 2R, D bR o eer s
183Q end lmnmm\omlygr 134Mis Hhcgted masuppc}rlaﬁuﬂnb{%r%gsoé gé?—ﬁ? liquid face 1320.
as face an

bi ol 1330
par (TP VBR Mk B 33 . bk ol GOt erak it er @

sbﬁ@%the&@dtabh%htdunéﬁﬁ&né%ﬂ tse ﬁhé@ rwntﬁ%%%dg@ rerR&al REarRNfor example a tap
c&qjd face 1320 and partially in ﬁorous struct

lpwingpassegme’ a Slodge. The Fasgp/onmay avetawt@pge@umeesd and the
sﬁfd@e Fe%ﬁi/él'n%aﬁéimta? bé %%at g tﬂg Q@Eﬁf;oftt%etaﬁeﬁ%ﬁ%t’ ehd. The reservoir may

surfaces (e.g wthin a out
have &WWEVQIW worcpommedsiectas liguid i lip. trelawd\by théhbioreactor. Commonly the

r?éteﬂ}oﬁmfrﬁav%ﬁ ‘ﬁﬁfj %E&B Wtbe %@)C hrogh Eu%r ) igr ag{nat? nﬁlgg_qdl{p the reservoir, said

ructure o S
n‘detdjemg ewarkBa0thedod oidkd rderogir. Qaﬁayfammaﬁ@é@out@ﬂ@bé bﬂpipéifor allowing

i it Mo Bt B o el Pl asoechonoss Pecetinal o resenvor, bu

sR6W be uffidieiif far 260v@-thd BSBM A1aike BB 1R % ®es hBEbecome clogged with
menbr ane t hi ckness, or may
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extend further, optionally to gas face 1310. The
converse situation nmay al so occur, wherein liquid face

whe@aysis 1340 is |located on liquid face 1320 BOTAT206/001728

face biolayer 1330 is |located on gas face 1310 and

al so extends into support nenmpsane 1300, as shown in

Fig. la-iv. In a further option, shown in Fig. la-vi,
gas face biolayer 1330 is |l ocated in support nenbrane

e orealld Wake Wﬁ&?m&?%&leéi'h‘i’ il F#t%@ Jffi’i‘r‘eereg ﬁdl@bﬁfe]{ ﬁ%ﬁ%e inlet and

is located in su menbr ane
quiiety theTgservaiisiBay ﬁ% sealaty s dhak whem kquid lsapumped mtmtfmrresaervow a similar

%Jaﬁt‘itf‘@ﬂlqhiﬁ oR:reg g%ttkbzlfh%g}ruﬂet? thﬁgﬁ;@{:@? n ?Qegqj%wﬂ}eﬁeg;rvow may have an
&n&wdgaeatrtiatomwrmaphavenoﬁmspae&anpl e a tap capabl e of

al | o nQ. e of. a.sl .The servai,r have a

F apel OB AR is 1aMEia tn HERGDEH BB TP poaseal pH ator
dbovadiwat &5, liuhmab@ltd cuaured pH Ieiol ABGL 6 S. C&ﬁﬁbnlﬁﬂ%ioreﬁ%rs known in the
reservolr e sufficient volune to accommod

RriqE it §y i 'EPC?%/ﬁaB(etotnﬂaé’EQ"éHTeb@H flye mbewefa%trwrderdbaiﬁhe] bgcterla operate
éffft‘i?enﬂ)eS’ﬁfs%@béssﬁ’éﬂés'oxu’@@HcﬁacEWcling \@'ﬁch(é"ﬁ%?@céggég Wﬁenausﬂfgﬁﬁe membrane

or a tube) for admttin Vol r
ane| kigreastar @gthﬁ@@ﬁseairmvaﬂtmhﬂns providds fvhmoneﬁf@remboperatlbm The pH of the

B P AR e o o b T8RS 5 5 sbou s

betvyeen @hmh 2tand ﬁemandﬂlﬁ)e’& hmta o8, 5 dmi?rsaar&irs@ iBrand BUT and 9, 6.5 and 9,

A, ahe e Sob Lt rfe R A8 R AR E64 K7 75,5

®O.53pH0.d waste V\/nl ch rray collect at the bottom of the
reservoir. her than the inlet and outlet, the
r es ErQNbhRyIOKRacYAsrEng iohe inuentigm pmpriseruparsios mewhisaes disposed

dorHsQo ‘fd?nﬂ llﬁslﬁrtl’{é%b lgills, §h1€h¢n%ﬁ¢%e ;@'&Fs ds¥d %rall%l ?]Bjéééh ofher to define an

forced he OUt et o es I'vol
l@i&@ﬂ&ﬂlp@) ﬁ' he H1@Uld faceofeathy mﬁngrammamtsathe tiouid regierc @hias ilustated in Fig. 2.

T
L ALY LS T T —_———
hetweeo cthelfiquid famel L0 and aﬂimg& édoe)utl3@051hebmémbrau(esa’lﬁlo This may be

oo oS MpatbPy ernSon, SR SRk 500t raRng GO flexing of the
rhémeorartdsatayie iladated IrﬁFlé 2alin WhigR theldxBdnsloR 8f tAE RSB fedion is exaggerated

erate e\fqul ci ent y. This necessitates oxic/anoxic
feﬁwm%@so stalon)s not necessary when using the
”E”bmrl@ui@ﬂﬂaybbé)gé‘s%ﬁ fbrth@ l”% hﬁro@@e Ihlet ﬁrﬁﬁﬁ&’_' 'l‘t\? ml%[hrhénlfold may

provi des for
qomguiseca ppray h%adpioesmmlng the' dmtld dinnayaqpmesdo@homentalqimeitormy having

p}ﬁ&agﬁg% %]h%lea% ﬂ&? gllrétrelrg v@]@%g)‘?E\%j)ggoratgngﬁ@ﬁ@gsegﬁa%att liquid on an

ubpﬁ' sudacerad te, par'zrel@aﬁe9thrtﬁlgl5tmrpdrf&atldﬁs anwlm& theﬁglﬂ% mﬂ; tie Perforations

By 8 Beg hing " YrpS§n8gfilg Epackar e upberstyriaés it maniod

itemdy tsey @ﬁtﬁdnﬂy a@t@t‘é%@gé}ﬁtédobyl 5@ reBiRRlAreS a6 Fﬁtﬁﬁd to the air prior to
nbr anes_di sposed so as to form gi

t'ﬁ%@é’@ Rjﬁﬁs%to ﬂe%"sfr@hﬁdwéﬁlé& theridetanasyiod ey pavearised S|des to prevent the
hééﬂ@ horﬁtsbmlh%}g%r%fél € oﬁﬂe LHTE? I‘n‘gﬁ oe %é’ gerfoﬂfﬁné#hgﬁ\b ga\feas%ﬁlment total

each rane u S
ﬁfﬁfﬂ 8% tle pewwit ihe désged How Whélqumnm;ulttje rills s sthel dowanedictoe This is shown

ASHRAERP o A0 P i it 2. I P et Sl 1210

hﬁmn@ra:ls]aﬁ@{def]I 122;®ermh’ttﬂ1arwmpﬂst‘eé&3wsﬁiIh@lemobﬂf?este r?"gn with gills 1240,
al lLeast in par ansi on o

e%ﬁ’g&dvglcﬁ &GNBises 7 B(Q men@ PR qbqsgr%ea glseythefaya this specification. Rows of

holes 1230 are disposed so that liquid passing therethrough can pass into gills 1240. Inlet pipe
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menbranes. This is illustrated in Fig. 2a (in which
t he expansion of the inside region is exaggerated for

w@eoposesss of illustration). The liquid nmay be mysﬁzbo'ﬁ/oonzs
the gills through an inlet manifold. The inlet
mani fol d may conpri se a sprayghead, for spraying the
l[iquid. It may conprise a horizontal panel or tray
havi ng perforations, e.g. holes or slots, therein,

1%@)% ﬁJBMdéo*}S fé%@rh{;ﬁ(ﬁ f?)tn‘ﬂ?{'ﬁ%ﬂi?cﬂcﬁ b SPaTErhees té é‘?btser‘vblﬂ(ﬁbt%hown ). Thus

ace o anel  passes roug
mmefahoraliqu@rfmnaﬂnd reservoir tsrmlmged thsougl'rnlng 12$£baft§’é$ igehatged therefrom to

o 5B A R ST B S, APl s, conmon

tHeEBuil vilefofm @i teintidygr ofdioeid ed/tlwdyp] ethnebH 210y araf may thereby be efficiently

cbiaton iy onpaRUREClo s Saepets b g tilg 1208, 1) 2 hbwf ot hoes 1230
w‘hl&h %Bnd‘@t”liqﬁfél' td di qTBYI oh@ViBedeticitngi SEeBuh® opmay eatsomb ether shape. In

I quid from spi over the sides of t
paaeulardh@v mayee aa}gategaannm Ik oot repgieipdiments, each row

Iﬁ’otle%l 1t2?1(§e E?epﬁ’%e& 9¥ Qgh@é Eloﬁ&%d@%ﬁalbﬁéh withawe 1% of 4 @W' d

I oreactor. This is
d| adr anemelmbcénMeyt itie Blorpacto comtiges anplwakly oitmemtﬁar@t loops. This is

(RS AL BP0 bt 0 8 rorans
Medibbne Toupst rwSIagwpmmdg raenhbes ZGMﬂe levpcl t1)‘m)m whichclaop 10 is supported
es_as escr i

o o s e 0 Frigh BoRIRaS orourei e or 2o 15 BY UEfing o fower

p%ﬂ”oﬁ hrﬂéml!)ér& @Odarfaa&ﬁ hiag de@etnhaWatéaspam?mImém adjacent gills, or
gl Inl et pipel250 is ovi ded

. d |
Peiep 6t e ARERH dnemTE e AN Col 861G 08% 2605 408 DB Ihefefore act as
E)Qé%?s ﬁgsm-e[r“b‘é dgrbaﬁs‘é%% bRe 'Ido?"!b% Eﬂdb‘ﬂhﬁ Bfentation whereby it has

eservo rough pipe
telo parhliet vpriibat ;bmsmoaas Ao and 0, e4nb of e3id wrth@!amlong ipang fMmefieane according

tgg@ges? L O gn& |{nﬁa§ﬁqn EQ}E&L\@%I %r@gasﬁiﬁ&& a%e ah hrlmsgas face 65, and

vieitigalipdriiom 50 hes liqui fafe Tranel gad 2460,75dhel vertigel pbmortsby tiaeadjoining loops

ef ¥ élll %thlgse{h%%%%e ?%/qlo&)ég QEtHg glgfﬁghé %@gr&\l batWﬁ%IhtE% ﬁ/\@élgglcal portions
MUGHm@ Qs Ol tt‘né Gé}Hh@uraﬁanmé |I|§u|dl%é@ of b mﬂ?@ie% om dusside of the

roun or Im e sone ot her sh ape. artlcu ar, X
lpapyangethe |ga$1é&e &b thedrrmbialp ¢ ak FiES 'ﬂ%d& the daops §°n igysation enables

Qﬁﬁaﬁ@qQ%b"f? i (feﬂg!)‘ tr[e%rgﬁ(ctdﬂoa Sforlt tgb& mfefd aﬂ@@ﬁ) be removed

y a single é ot I gne he top of
ngm the biomeaartme /kddblormally;mytselecthng amappr@gr@tte)welgmﬁprrmg @@lgbtmg member, a

f?_:lilt%)ﬁ al{tﬁénts yngggpaﬁ@%ﬂﬁpiuemg@g Jﬁel\lllé o@#ﬁﬁé’% g'n@e Eﬁdnthe support

eghiser ﬂfaytcbmpﬂlsedjars @r rbdsrc)r zomé¢ afher Mabie membéroaiipa dmrdpeiate aveight may

GepoRipioP fetite Giibe RemhRG ReAB R Tiohatie e b Rpdbrane, and
thére Fb‘a%ulﬁ#?y 6r?!ﬂ§ 'n@fﬂjré & th@ﬁg)pér@o@tvie ‘e@pbr@htmdhﬂaraﬁeSTh@amopnate weight

porti on. nber s rovi de an appr
shouldiba g‘»uﬁiaervt}éélahtaa@ﬂaa@trﬂamggq @rsleardhe BHenkaas ang éU&@ﬂy large that the

T,@)ﬁ:ﬁls H@rﬁorﬁe%r ﬁ\ﬁ@%m‘é’ﬂtlﬁ ac%’&ia‘ﬁﬁall? %Qﬁr ORdRidu n_@a‘ﬁ@ﬁ forTB@Mple without

ererore act as spacers ng nme
substadil buekibg erentiopp 10 t o adopt an orientation

N e

ﬁ!@)ﬂ Qletemahé andnfitearfeb r@herhg fieetto cdurfadeetenmme n'[heosrpacéfh usay be located
tical portion 0 and

f
IOy BYaY é%@mraaﬁltﬂ?%w @gowﬂéhqaﬁlata? %V&%%ﬁa%ﬁﬁama\éée between
£ e 200Pant 0K, tor BateBPAILOIUD 4Hd 500046804l 5U0N200 &RIMD0 or 250 and
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forma gill 80, whereby the inside region 85 of the
gill is the region between the two vertical portions

woRotadf@isi ng | oops. I n this configuration, theCt/Ageiod001728

face of the nenbrane is on the outside of the | oop and
the gas face of the nmenbrane B§ on the inside of the

| oop. This configuration enables nenbranes to be

readi |y added to the bioreactor, and for damaged

mmhf @@eadeDZGIE 250; 300,350 400450 50O eercdome. other spacing. The spacing
oo hesUEet 1o BB coed SamBan ARt a ot fis i Ighbatet T Fig. 3a. Thus
lﬂé’rﬁlbrhr%qoép@ mfa@fmmﬁ%ear@@ﬁn 85TB§dé/s€m@afabm Ll s.:rmes gm @mhm loops

upport menb rise bars or rods or some ot
gi

{ Pleabucherspases borvmen ﬁ@@ﬁerSaQSearaéﬂegﬁererm@nd@ép@rvam@ﬂh intervals s
&%Sgr bﬁ@tab%v@ 9 {évgﬁ "RiiRen PR Qlﬂqésa({f Iéba? Wotéﬁt&?@dﬁﬁeeen different
o I C on e

e supbo rane, and nore arl
Inepsus preehted iy vistup pidhe swhaca tensiaugd b«;ulot wﬂlmﬁmaem% VWitighting members 30

OBl o dlooB ol et FsPiio e R obfec bowen

ﬂheg,@es bhlabﬁ)st e F‘?gelsb ishas ?mpt viewnsf spacerresi Width 196 ds Bmﬁtl]otent to prevent
subst anti a anar on i tiQ t hout
R BERN9E ) R o AR Gesonbis oy DY B dlr bl between

Qﬁhf’@@@ncﬁe\ﬂohﬁichﬂ 0Poectn @Bt ‘?ranéig@ Qr Ghid g, 3 éfhdél)eolgraﬁé 30“0 5 and 20,
i nvention. This nmm (ﬁ_r event the menbranes adheri ng

2Qangl ¢ @c@dt3@r%5 héng ifhd énd Sedndizeor 2edetl bem, e.g. about 05,1, 1.5,
t 0] t I

%‘@25{, g’rjécég@fbf ?,55\/@) 8%‘?%9 3 mﬂ%%b’o‘oﬁﬁ ! ik Has e@lpé g ‘d\&@{g@?g% gny desirable

Sapentpnvenichily tsopase, ra@mgulag@ﬂmdmdellﬁsﬂcal GEPe YAtk BOGded 20ermit air and

@grgas%?tgagsrs iégg%fnég%%m%gh@mg%w% og%giq%gags éo%ﬁ@e consistent with

ﬁmamranmt@hwtdf dpheer 96f ThuSItBert méy repressfrﬁrﬁonmlehﬂipbetween about 50 and

i S o A ahwoprsBeortohinen phast DI ) 968 of s are, o

9&%?50 9(93‘?0 WW‘OF%% dfite aré’& T@?mfbe%de‘bf 4 hbfénél‘i’ﬁb% resistant to the

are t hus the spaces between pacers are

gaﬁ:efa@f tiefién. plihes thew ghould naj &e reagiiy bl@%@@dm sT hay m@we fmage épr example

t des of
Y il Sl BN B oo BARAR st MR T2 0 e
by vThet membrangshieptionelfyacoafigueatsasogillsy fmdyi lmpuiistdvin tahbioreactor for treating

HREF o Pt BRI TR R KR s shown n ig

¢amF||r & g 100cne buppbridvednvsestppdrinehichiishes shxfwri foapasoh§of simplicity. Liquid
Fi 3b sho ato w of ,spacer. 95.

g, ST 105 B DOBHA b messng BUEL oo S 108 Systigy 165 comprises
é?i@ﬂ@l’ﬁc H0m 31@¢&Cﬂuh@ﬁ1g ROMR. Thé plBY n%fhké@fqt%ﬁ‘&ﬁ'o@tlet manifold 115

tween a out . about 50n1 or et ween about
@nraflgsr@d tpregpive Baid framalhel gtie),and peman il taoughoefueahline220 into the top of

an%@plazr‘r"lg %\g)lri%g A}Q fnge_dgﬁ]fﬁ %ﬁﬁent%@ggo }\mlcgjrgéacﬂgs & neér the bottom of

@ser@oirSIQMResérvﬁLr 185 is@eal@d to&jr sA¢h thdl puhping 2ffiuer Fom idecgitis into reservoir

h desi rab
{45 10885 AR T madCerior TR kP waliod T8t SRS Argws 107 show
fﬁ@ﬂﬁecﬂ&n @Iﬂew Df Itqwdd&dudh@ﬂl@ ¢0(gaﬁtd ha&Pgs g{&;bhgwmmﬁx‘écﬂoﬁ ofX@%3hrough the
shoul

t h er S e
S Bantpld a6y Asles Mot 415 Pt G0 1109 s fooaed witin oute
§&1§ ngm@ ﬁlhlcﬂpﬁbglgég‘aﬁgaﬂ%{)fo SR @rﬁ@/rbtf m?c%bY@ﬂlsﬁw@tdnﬁ thus lnhlblts microbial

en abou out the area of spac
omanminatieeefiRachiolayssuef odle 1007 @Ioumg 1¢0 iDfited with eip iedfl 45 aml air outlet 150

f?)rafﬁ@w aﬁ.té’ent@lb%tlea% tg@gm 80r s i c@%sgﬁﬁn/ PJeI[ (EJ]?I‘Q\{I e a continuing

rateri a
suppllyhnéoxygen to the biolayers. The air |nlet and/or outlet may be fitted with filters to prevent



10

15

20

25

30

gas face biofilm Thus they should not be readily

bi odegradabl e. They may be nade for exanple from
wQr@inkasss steel, al um nium or sone ot her bactBP€T/aU2006/001728

resistant material. The menbranes (optionally

configured as gills) my be wwed in a bioreactor for
treati ng sewage, as descri bed above. A design for a
bi oreactor according to the invention is shown in Fig.

p mﬁa@ﬂ of h%roof’gamﬁhé 's‘éld]f@@rsa(“l% §hh0ﬂ34’ir Fe@ﬁbc%lyabéﬂgof@%kam le less than

for reasons of i Cit 8
ab@EQQE imggonsip@tneur RO'S size. The Gl |lr1ﬂ%@nqllerr n‘g%‘ 0|bpéf gCywith a pump to

pwnh%trj %%9 {’)‘th% g,gll oSt fﬁ%&?ﬁe?ﬁ@ﬁ%ﬁféﬁ nﬁﬁ“ﬁ%‘%g@ also have a

réfiug Uhedl 155 medwmlaqtumpa(whfcb Iy b %1 {oction fof pumediiQ) oThes'eﬁBJX\)@e may be

oraved o564 T il e e opBELH drine BB e Bgoiter fo e

Mﬂ%erft 'Ilﬁé ?§| shéwinhin Figf 4)\ee Blternaitivaly et wienitddd 1 35a0r hessrvoin 1262 dhe inventor
he om of reservoir eseryvoir 125 is

cbreech BGGIS tnab\fewmﬂmua@leéwp aETed ARGy i gine may not
bre%?&{sgﬁg rFlgf%Zf & Sﬁotédréﬁhb Gf 4 lBléY@éd?cch%r baﬁ%ﬁtﬁérébf écdoftﬁrg to the present

5 via influent line 120. Arr
irsfeotiont he Figi. betbe oujer housing 510 isshawndopened far &?@Wquf clagty) Gdlls 520 are

II?(EC&P@ a‘rg %@g@soﬁowlﬂ%ﬁ'a erbﬁgﬁe%c e%ﬁ%éci@g%ffor%fégnb me%rzgﬁ@ of gills 520.

Flgipe 8ratiows thlessumﬁﬁ éli0cfol theahenbravies hof theobiereactdtose gy (620) is shown

140%%3@%@@ odlﬁxatr%ﬁ ﬁg qrc%ﬁ*lﬁr% ?%e(?ﬁéoé Fg@ Ptarer\nP& a membrane 710
f@t@@?oaéfblﬁl%bété}fhc@érdlh@w thé @ie@mrrﬁ'emfon ditelnsenit®ghe dieariy simaws a gas face

AN 20 Wi TR PR oL SR O HE Ty e GPunertarestpadio. Fig. 8
é?u%\‘ﬁ? %Bfééctbrnvwf?lbt Putéﬂwoﬂélﬁgllﬁﬂ)eop@n FdP'i’édst{k' dh@lasty. Dﬂieysuﬂfort 820 for the

ayers he air inlet and/or out
muybrbmsfcan be deani inginef Housiag 810 Hepaneireis sartaing, fouik to be ’frea’fed and tap

HoTh R T Sulde [ Sagch BOBHRRICGIRRESAO R provided for

meipingsfuice throligle el bioieadtert Radsl860 aucdneectethlp sdrapgrsp@ot visible in the

Vb e B B A e G el B pnvrs.

G&Yatlaih She b\ﬂNeﬁy ﬁeeﬁéﬁ Sawage ll(?.ﬁﬁ febirculafeistiireghhvihé biosaptanihe membranes
(whi ch portion

WWWW Géﬁjlntt@ Howideto njtigie: grémé@)r{nq{igg,lm té%LquHor %cil.lplieﬁ do and is at
@b%t pﬁr’qu qep%dé?w fh@'llgﬁd & bfo@azbi* Poﬁn&%"@f@hé hietydr OwithhtBe solid matter

or al ternatlvely to
and/(ﬁtdegadatfoolmbdﬂﬁs teareqf d@%’r glelgh 012@9 mafebraney RY Gre conveyed to the

%g%g?rlrvzgey@%%r é?ﬁdv‘é&thtem' mVery little such | eakage

onsequent y the reflux Iine may not be
neceSlgaré)@ shéwganothBr tasigh chbiereptiatasgordipdnto thé prasent invention. In Figure 9,

glhﬁ?%}%taq%%ﬁrrlseo;{aﬂgﬁ@%ngr@%%t%ﬁépr@ﬁ:@Irﬂgq'qlﬂ\%g q%gtag%#ﬁkge%eeﬁ lier, The inside

(eﬁl%ﬁ@@fcblll% 900 &8 @@L@ﬂéﬁi 1@ let manifold210, 3 thétfﬁqlﬁa?éhnapaes from manifold 210 into
di cated as are rods 530 which arengonn

gitly 20 The gaupling &2 9P eqt R teastpal SRV £r '53'[% Wigergin holes or apertures
Ehrgéfﬁad @1639 heI I@ﬁld%‘ﬁtﬁf&dng gﬁo |FP§2(fohMteﬁ%ﬂH3ﬁtﬁ€ﬁqLﬁﬁc may | be sprayed

I Or eac s shown nounted on
onip inletsooflgllls La@arrdamfoidtzg Iraryathereiera epmipHes ARG BMOIE] S@ray heads for

Soveindin e, Bl 200TRE BRI ol SRSt ] QFEASS fim gils 200 into

fdsembil 2205 guis, the g@.mhrfgamey be ditezy evith Td@s \passmg ffoor gits 208r(i.e. from the

e TSR L R ) IR s o il

§él@ %@"htcﬁ Rlse/SIA220 Pul ZJ0Aulripy -liquid o Upsepvdir 2200 fitket manifold 210
nbranes can be seen inside housing 810.

Reservoir 830 contains liquid to be treated, and tap
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840 is provided for renoving sludge fromreservoir
830. Peristaltic punp 850 is provided for punping

wo bao7@5d8ins ough t he bi oreactor. Rods 860 are coP@iEaU2@6/001728
to scrapers (not visible in the photograph) which are
provided for renoving solid n@7ter fromthe biolayers
of the nenbranes. |In operation, the primary treated
sewage |iquid recirculates through the bioreactor. The

tﬁﬂbl]@‘r pnr)@24@>itl i6li lc@ﬁerﬂémfwlmﬂ@ 240116 draw ltqhia fronfiae tovieP reglons of reservoir
er in the ?ﬂldaherest

Zaceinel 13*195'959 ﬁﬁ?@wv igh Hb@?%&%fdzzlg SALOIDE §(e0grdes deuled by solid

Wis®! @86y in tﬁ’é’Fetsér%its TR 2508 k@ 't@)ﬂérbo’tt%tdf‘ résl@r%n? qu for rehmovmg solid

mat t er ‘and/ or gi_r adat 1 on products thereof

Vegste ffmtheéxfﬁﬁea@t@é he,pyptear way bﬁrveeqllawdtlrdettané Il@t@tt@ﬂleﬁprrfeedmg primary
theref

AR RGP ETRR 0181 R HOM a0 300 ORI repecve

howeeartihese arelnot $hogo foe re@songiok SimpRAN Thieympay kelogeed is mafy different parts

HRHERERon e Ratng Bl Bay Shocd 1o (B8vohBnd A & ey maniols
t o ilnloag foma e drebcit Of the vaérhlah cdam;msesivertmal gmssacrf 6fawhich comprise a
mani fold 210 i ntoggy I ls

RAiT Qb REMOyangs Aeaorling( A dhe @}‘RS‘WH) TBP "ﬁ g#@cﬁ'" mﬁ%é@ éﬂ fhe form of a slot,
\Mﬁékﬁ%p@éer@ﬁé EME@%tW&nWMEﬂbrﬁne')s]@ il giio q&x@ ﬁlai/ bf* Pés@'»ed Rto the inlet

| ow or Ip into gi . A'ternatively t
tﬁﬁ_k}e Bié bymeap%af DS Of n@e |frnmeanslnbf mghifolds thgotobe mrpipeaawng one end
&mec‘f%yto E?{é‘?ﬁl&frﬁhrnﬁok??r\‘%ﬁ% ﬁtﬁe%g b% fﬁgcgﬁefrrbrr Q?OVQ f9%ef 10 the gill. The
hqaslemaycherpagseﬁ m@the imdett td the gl by smaylmgaihe ||ciu1cbaboge thk dnled @dthe gill. Liquid

tﬁerleﬁiga;s\é gikécg}?‘ ﬁg) tp?A gﬁa\"[ ’tp a(lgllflog%r Pﬁ %%%f%@g rln?e(f'id the gill, for

emmpl@@ﬁérammamghlpsm@ﬂéf)thetsu p@ﬁ@ﬂtﬁ@mém&aﬂes or may be
i ndirect, ereb UI d t %gasses from gills 200

dr of0UTA 1SS &rYPP 03 HEalingd GERIMBiFHSIEF §igregcipisggeording to the
|h\%f’|ﬁ(5nV‘ébr¥ne3t8@|ntéénéé‘ Ilrfal’-'lg ”ﬁT‘bfoF&aQto%lé@b hSEGBUeEhB 3‘?0 ?r  cfi Q%Cted in series.

I's convenient for o] draw |

Tf@v@eraﬂ@g@f@ﬁ@h ligreqcios @ramliar tmai of tiﬁtbnwgwr oftF@ Rolhug puaps 315, 320
e'r:r\ﬁfif%ﬁc?@g‘ éq{d P«?ng'gesgﬂm d%\@}\’% é?ogg%bz@&uaﬁhm g?? 350 and 355 to inlet

mamfeldv 860,.369 amd mofrmrs WhICh thediqtid paéses ttmmugb rseisfof gills, 375, 380 and 385
@rvmr 220 for r.enovi n@ SO|I wast e

BiPL Kty SR LB At g 1 byt aPGhiobe Stgo. Feed e 390

feedpUliodidantd LRt sykiem, Exﬁﬁd.ltl@’ghr@f(i%&ém\ﬁem@m@d Ilétﬁd\ﬁ@ﬁ theOsystem. Valves
4{(}% bi or actor an enpving treated liquid from

455 e 49 gre Pt@g a%gm@a/%ﬁ 3R s \ABp respeetivelyr Ehegpare connected to
SonAMind ﬁH r4€f§%ﬁ’d1§203£nosétm&| lin€ 139 re EQ&Mel\{”%d l?rfag:rﬂécs'& ﬁ')dﬁietermme the

I n many ferent parts of the bioreac
et Peliagn (EQFM@i@(ﬂOW teod tqﬁwarldefwr \Quitiet, taps 40,2485 and 44ﬁ)eare provided for

r‘ieﬁ\'c}@hq Igaiﬁ'v&a%{edfrod Fbs@roﬁrsfﬁbgpé%?ﬁ’s erggﬁetc@{ely%rﬂ%sﬁﬁ operation primary

I'ses vert
to&mtqdrsewegeaernas thecdystere ritrosghdfeecline 89qi Trg ligoid tphsses into gills 375 through

| s 68\,99 a g The l@@hoitguﬁ%é[ ﬁ’%&é—%wurﬁ@fwgﬂhqnfp@sses b Rservoir 330,

W@ﬂ@ﬁ@éte@éohﬂ@&%@ehlb 1o thé Gbticth aMigbie SW’[ is umpéoh@ pump 315 to
means of a tube or pip

\{aﬂ/pg{OOLXZq,;\}ef {ego(ﬁete(rﬂlggst Wik pggpor@prb af thgmqlfblsdmycl@%@ manlfold 360 (which
&Wtﬁ%rg&sta@‘f‘fmlaﬂbﬁk B HQR ﬂ Eﬁoeﬂ%@oﬁ@ﬁnﬁ\ﬁl}%? oﬁ&ﬂ%passes through

being in of near or "above the inlet t

line 4 tp lriergactns 3pfm B eperation ot triereaatar 805 tsdha megasltmat Bgscribed above for
t

tﬁtipréu' "o, \M{ﬁ clohﬁ%gt'ln‘& llgés’nge efm @!ﬂi%mléropl% 4 ri“%bée %s fegd [ine 390. Valve

49351 then dJeTernwes frHeomtloaof rewcbektb @nwartl dlow he biordaetbr 310, ah@as described for

gill, for exanple after contacting a portion of the

support for the nenbranes.
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Figure 10 shows a systemfor treating sewage
conprising three bioreactors according to the

w0 paefoséses, connected in series. In Fig. 10, PCT/AU2006/001728

bi oreactors 300, 305 and 310 are connected in series.
The operation of each bioreacty@ is simlar to that of
the bioreactor of Fig. 9. Thus punps 315, 320 and 325
pass liquid fromreservoirs 330, 335 and 340 through

gag\%em%ve mﬂ)ﬁm@hl(ﬁfhﬁt ﬁe{ésésrlhss%m&ﬁé%% Ogi‘sﬁﬁassgtft% VAR 410 which

Q?tPWeS et PFQMI(@rﬂﬂths QQW (st n@é$e§|k;y1t oféheJWStem wm*aatadwiﬂuent through line
"3: ?oﬁ@%ﬁ@g%& S8 E?lro?f dg gﬂ§2|feg\frt%h1r ﬁlgj@}ylg R@layﬁfﬁlp@lsses to the
fesergoidoBna map\besremoxedtltgrdughl cmufuetdtabséI 430, t4:36 aﬁﬁﬂgﬁgf his may be used for
an are fitted to |ines
e Plhugibid, B8 5 eed@Buab g nnect ed 1o
conn@ied blmgadtmrrtﬁﬂwe%léseﬁtﬂﬂl/eﬂt?dﬁ\ AR Acioat Areétfididnd Bxyd&fator for a liquid to be
tive be set to determne the rati
[5%5%‘5?{%@8@ F@?@yoa topQidhenpriar et it uneressary é(p@glta‘@@ feed liquid,
éQ%ﬂﬂérgﬂbemW@(ygﬁnow H&H 8 @’bmbf%’EPéHﬁ&@ioﬁ By b%ﬁlﬁ@a?i&‘?offsro%? However

reservolrs respectl vel
Hp agiatioe ﬁsq#rlnmms)setﬂmgdn édms Sy@ienes thist morﬂem has bgwtaadnessed by havmg

R0l 57 58P 0., B350 ) o reesty o

ayttationT fand (ﬂmreforaISeylm'un iaf clmﬂicatloq uarﬂk Isﬁect’lhtai@@%gs 1IOAtshows a suitable

biRSGh o e MRGhFanLBEIeS: BRveae’ S5 axpesiept e bioreccu

élihﬁ)rleespm@ of enélfﬁ?@ane‘ﬂéa\tl@ méﬁi@raﬁ@b@ﬁ%@g%%cﬁﬂéé‘bcdéfdﬁﬁ% thb ARt aspect of

B AlvBRIonb T anse P GUESUS, Son ol 55 B b¥eb S1Qat s opte or oulsd 512 at the
gareMeBilaseh é/?@@&pp@ﬁé&ﬂﬂ%@u%brﬂﬁ&%ﬁ%l Qﬁd’é’r‘é'ﬂous'egggrﬂrjrﬁou%ﬁg 515. Inlets

bi or eact or eration o or eact or
grase eruipterl 4 ingbmaninld §20, ahd owletsdi 2 brectoupled ioroutd Maniteict 522. Clarifying

SANSESS b B8 5 SO BRI o A B S o 5

privédaddo |cy)cle3CIamﬁed Viquicefranotank 626 19 ifileiawartifold Be@thﬁagh Mflushi bhe 540. Line

5 BRUBEEE oS i R DS B fooul BeapeocOuld fepa 550 s o

4@ nuhibehodiediey 86 thas liguMteanPiowPRérh ighe 5(’)?: ifth Qarlld 524 ity relanvely little
ggaxssed out of the systemas treated effluent throug

g¥N395. Solid waste that sloughs off the gills (. e.
f r onmtderatidnd ?é'eé‘ ll(&_}Z&r@ BQés@Jj ﬁ\)b%!z? 5%5}%2@ énq?l{e%s? gmt shown). It then is

reservolrs, e renove I ou
pustped hweammpfmmp 5 m@ughalmelﬁéo tosinlet rﬁm‘nfoldﬁa@rﬂﬂ thaemmsses into the inner

APBT A g S ARL A ret o st hi a
reétabaisazhiby mwymyansmf gﬂl9r5053, vl/hlcmualsb te@eub@oiy@aﬁtr@rﬂ the gas faces of the

rﬁ%\%!};rgﬁeﬁeoébggga%s&ff edive %S@Sépe rI|qp uwl%}bhet r&agqrga}s out of outlets 512,

temagrghrfegsw &rfd @nmﬂm hdldd iArHded 55Q 'Hfsoﬁoécgomphshed wnth relatlvely minor
ific precipitation of solids.

a&&gt{oﬁt"? @ak 4% én%lmmdge £30 esetile tntge bpﬁprrsefﬁ@wkcﬁﬁé,ta@dmanned liquid to

Belte&yclel PdiRBobas been addressed by having separate
oxygenatl on and settli 2(? tanks. In the present
bi orhegitilasrbioreasior és descrived Wit edasércy t6 big. HaR. irebioremsior800B Fig. 108 all

SRR e T5hA AT B0 B AR g, outet s 5501

lecatedmdaimay at the bbte)npofm 35, iand Baw hoes-locBted ﬁr&u&ojppér soffdte! The operation

AABAREATR o L S 0 oRPb bl g whicn v

Head G0G dbdsr sot in A RPRErd AUredtiBe ASTBIRIE 580 hc@ifRREGE
gills 505. Eachmgpl has an i n‘ﬁgt 51OCat ut%% ?(x)ﬂa? e’ﬁ%”d above ihe

an outl et 512 at the
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bottom G Ils 505 are supported on a support (not
shown) and are housed wi thin housing 515. Inlets 510

wae@7ossps ed to inlet mani fold 520, and outl et BRCHAR26/001728

coupled to outlet manifold 522. Carifying tank 525 is
provided for allowing solids fhgrnmed in a feed |iquid
to settle as sludge 530. Punp 535 is provided to cycle
clarified liquid fromtank 525 to inlet nmanifold 520

led] @ B HoléghrﬂJ ﬁé&d 500”?hé%@ntmhbd%%%%ggtsoffﬁgﬁ% hﬁtle@ttﬁ%% hgles prevents

convey liquid fromoutlet manifo
@sm beeping clogaegdd Thsoslusge 530 IV\ngaegraduﬂﬂxemftedf ofhibdaels556 and wm resettle

?&13 ltHeoqéhﬂTn %f{ép&e bgo*é‘{lx d’ef{;?s\gﬂyl zhlg &gprge?ttr%ﬁet il ng gzq‘r?:fl af biological

Owgﬁaiamddd ) thaentie tHe2Sudgdy mdiich ea@easestortrdb teeaod dfeink 525

S By AR A O < B o 0

byﬁ’eueltmecrottomg;hom of Flg' 'IOG; Jt@??g%‘tiogl !IS({]U ﬁs:a ?]éﬂgpédlnproflle 610 along its

|
BRER Bl S s 8is 1D eRaing Upharsb feremat PEnBOS20 WHEishes an inverted
%ﬁé«'ped Blofib \é@ng H18sdh, ftéﬁém%tb %p&?@ﬁéfﬁﬁﬂo&’eﬁe& §bechat at gaps 625 are present

nbr anes of

bﬂﬁ\@eqml@ﬁ@rtcﬁ%md Mﬁ%h@wp@ﬁi@@é& Qams 685 acamdfkmamtl;ﬁth@e that they are not

A0 Rlocd 80 bl g o vl ohoreE8: T2 . commoniy

hatwaearakows Eﬁnd &0cab (The gur:;;bsed:j; &nk Betionos0es tol t@pts@;dgé"mat rises in the tank

Bgﬁ%eggb Lné}gqléﬁseésngg@ uﬂg@s q'r,lgpsf Qropgraﬁ&b%{gqgg dhat iorms in the tank falls to

tdebottonb&ma hdvuntef \esieapee plofile Bhdslid
STy pae LR 5110 O 1 888 s 2

1
%F CB'g&tSaghq %uwegma B30 CRESURIDNSArnG3 and slides dowiheesides thereof
ﬁ%éé'éih th?ongl@“g@Ey@@ZE!1 ﬁ)aécc%ulé’té nteé\eaﬁ&té‘r?? ”)-\r‘r)dfe bfb”ﬁ?oégs%s occurring

and hol es I'ocated in Its upper 'sur
Wihivthe sleige ppansipex 822onarcagEoBpdrionsf thelshldg& ’ao rsmdbwexfer this would then

S0 Bo\RE GRS b b L DBG Sk o g o e

rénofignes 5Bi0e hioeactor. at es, it may extend above thel evel
ntl{z)ﬁous novenent of

f h
e T M
aylinoigiepe clarifiéh HnSFlgS |10dﬂﬁsxﬁ§@0@cbdtauﬁ§mé&ﬁ@*3h@' dn¥ s',ulrarédrl%@ué?ur together

settle towards the botto

3B aet ARp 51 Pl B ShoWR CIOHEHRI0D i ebetsRbpYS dier 2010, which has
egdoﬁ!éal%ﬁépeefowfér 6}10%29 ﬁt'ted%é’rﬁﬁly &ﬂﬁ Hﬁ&gge r OB ég@?ﬁi 2@%& Ben by

dge decr eases towa
SPE@PW’@\!,G wbh A@anss shaftP5® Gump R0 is pnowded fo@ump sauid fFsRbclarifier

10 P ATHBE A e L 8o n s

209@61?&51[)% toipipe iZD? @Hich isfitted guith T ﬁ/alv@ fB@OhOnéiv\lt)r’eiri]bh\(ﬂ? WIVBIG@%OQO leads to
I up! here as i nser
BRSGAT00, AEE RS PE RIS, pisEt £ DR bes Rorsd aley aotess ofouid
thezef@irh Andtleep &rantigoftTovaie 28900824 164 Secofd T%Wé @ﬁ OS@HgtE@E 2120 from
?ﬁﬁe%% &gsent bet ween i nsert
Tq{a@@ i2 Qtiorpef Iyyeend 20RO 6f @rﬁ'fl%?oﬂ Q\lag@a sérand pipetperefrom

@rdgtmh,rd'pa@g\ydmgggl ogged by sludge formng in the tank.
be between about 1 and 50cm conmonly between

!aboulflg 40RAghowscaliagra fop thephinseactof opesaikg IidfidreattoB810dé. STHeGystem
8 BBl ol et sl ARyl PSRRI o i

cﬁm@aﬁbase R02Ghandteenoktalfimihk Soitom thitecle @t betman Irflet Rﬁbxygenated hqund leaving

rr%g@%gmgtgswg Zgé@%dgag ff:feﬁtlpgrtﬁ ?or sludge?s%dl(rjn%\rq\tﬁlqsohds and %ter clanﬁed liquid.

During the bioreactor cycle the liquid in the dual-purpose conical-based bioreactor-clarifier 2010
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where it collects. The sludge may al so encounter

insert 620 and slide down the sides thereof, passing
W@o@i 0548l ough gaps 625 to accunul at e near apeRCBAR2006/001728

Anaer obi ¢ processes occurring within the sludge near

apex 622 may cause a portion 3 the sludge to rise,

however this would then collect in the inverted

V-shaped profile of insert 620. This would prevent

wéth Y ﬁlég%%’a%la@mg%éd“@p |H{6'ﬁbrlﬁé‘t€?§an%ld tyiherei SURRBEKR down through the
desi for a bioreactor accordin %
memdarr}ae gilizinside houeing EQQQ, bﬁﬁomtﬁlg oxygenaied-andiexihine bptam ¢ i'@“' rane

\?PH@ B0 ﬁ{& lﬁc&}%ul%%g@ Qy%ogtg@p%@?ﬁ/&??ﬂf Hﬁlﬁb&gﬂ GifecOftodhe bottom 2020 of

tieeioréastorslarifiepthroaibiovaive 20 sihioh w200 dir¢cs it Umm&ttb@lcqniggkmmon 2020 of

B P R R BB 0BB b e AP0 o

sa%)%ﬂd beitled'sbve mawom@b@mstamrynpmea @éon iy wammea:bmsdi hfige 2020 by

2060 d d f
copiiarItehed agaes 230 uen b e gty B Ao e gefiBr 19, The
cé@tg\gotfsgrtﬁhfﬁﬂ BB Frodd 70% agmg@bl&rﬂk@l théf%b fvel @(ygéhamlu Thiewould also

ects to pip is fitted Wth
pTeveatItheeetra’df@atlond@hﬁﬁ%mﬂcﬁ'ﬁsdf/e@loxmnve 2090 | eads to

di Sgﬁi@? i %ﬁ%tﬂ %&%&f@%re{’u |'n@ gﬁ\}éalidn'rridsogr oﬁ@rmhall}l 8perat|ng in

Uidwcmf modo asAfesdribed atimve,vale 8@90‘Nvombjlbe@wm19d) s @aﬂbe dicgctipn of the flow

§ Rt 3 45 bl B0 30 By igorr
%@@ mlthea@ghfgca‘;/@@en rmm didnigsredI® rfIThleerldlsof the sattledhsolids would cease,
val ve

h
e Ty s
laf)tHé tia¥lie %Zﬁ@ tﬁé’fbﬁa%h@éd?@eﬁﬁl@@%ﬂlﬁ%e@dﬁc@@h@fﬁ oh & @ush the solids

ndrl ca I er - bl or eact or wth a conic
t mmmmlmitom Velve 2110 aquid labflrﬁ@edecﬂ@pem%q tha@p%dsggul%eqCHmU'a’fe in

tﬁ%”te%@‘ngég{k ttgﬁ}égl eo?{blog eon por @T(és?gto%efmhé‘ﬁ‘&t batch of liquid, or it

Sulddbe sésletbuimgthé skahflcdmonwmde tograventsblidsiat¢ugdilatingjinittie. line, depending
Dur.in @@S,oreactor cycle the liquid in the

%@T‘Chg%i’rﬁ €coni cal -based bioreactor-clarifier

2010!‘7@%9 mP Per@dm@d'awe a1 wtbﬁl:ﬂd B@G@ene@tol afibwthie sidgetoebss to valve
mani f

ol d, ckle d h
FOROHRRS gL cq 49 wEors sl %Of 7 b PR oSG Rn e ver ne
ﬁ\@gas%%%e&fean gﬁ?@top (ﬁ%val g Q@Gd&UI@'b@@w@dﬂ@@oﬂ tafovia final settling

090 whi ch woul d direct
CW‘eﬂ@’fakmidadeoartddhﬁ a cotld beperidliealy disehsroed talhe pludge Oitlet via valve

AT 110, which would direct it up into the
éﬁ%@%lmgpa@w'g%&r" 2020 of 5 the clarifier 201 0. The
oxy gE atofdv)i Fifdlly ealte 213guiodid datseitthed ta allewiibe elatifedtliped to be drained

Qp gg?lero%(ﬁ)gﬂtaim@scga@ﬁglag quaﬂssltﬁriflegglgﬁ g If%r tqtghfﬂurther processed or

gisthaie defaging S9HE fikl agplicgiont i ng pi t ched Scraper 2030

driven by a drive 2040 from abov
The Eigntii shaweia icompasisen pleciprities of It dseondar Feated Sient om a sewage

%}%ﬂ@&g Eh%ﬁ%ﬁﬁéﬁi%r i tdr a@ébYW@tﬂ%Obres'Ehl lﬁVéﬁﬁ’éH fliter treatment in

P&Vent 1 I cation ds and
theshiordaciorifon 38 peirs. Tlae Gringparison uﬂustra}esghajm tﬂQﬁ@acgay istragye effective than the

SBEioRvFAge Rl BrtERbt falRE doscr bed above val ve
2090Thmblbrdadm$ ob thietpedsent isventidnaompiises disugaottincambpdnetdi gorous or fibrous
RGPS g 50 85 BLPAMPIEch o g e Ay e, o TEPEHEYS)  suppor

material. The support membrane has a gas face biolayer and liquid face biolayer on opposite faces
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2100 in the cylindrical/upper part of the clarifier
2010. The uplift of the settled solids would cease, so

wo b@y/osesus d fall to the conical bottom 2020 of P€TaUu2006/001728
clarifier 2010. As solids accunul ate on the s bottom
of the clarifier 2010, the rogmting scraper 2030 woul d
periodically turn on to push the solids to the outlet
in the bottom Valve 2 110 could at first be left open

tﬁé?eihﬁk ﬁ(ﬁée\cﬁﬁ %h\% é\fe%f'?h'br@tn%rﬂbfbnbé‘ ﬁnd m@;ehé\)‘éadélvF&n about 1 and
bac ous

to act as a bi onmss stor
1baboeﬂemembme@horcbetweem ab@ut 1@nd 500001 P BW0Q,eladnslyl OQQQ |1r?§§'d 5000, 1

aiﬁwﬁel p@deaf te we%ﬁ‘éb&g 1% §1|16’0 broovaﬂ&é”eﬁea?éuﬁ Per aEP&W%H @o'u{‘g and 20 or
beWaen iabjut Peand ddloc bétwemabou’m ®1ahd 260&0 @t betweem abati 1900 and 20000 or

S TS BP0 AP R0 B e B oo soo0

Htvehabag 200t Ne0s enestwbérngboun50 bed 6@ er isstween about 100 and 200, or

Th 06
a0 ABeY 200 g TO0DB Y stvaepaebdaBedtiang 15D & Beueen,aout 5000 and
dt%gﬁtﬁgoo@efm Jg%a&! el @Oy|4d5k@7g@rgl ol alal ¥, ds %h@cr @850, 60, 70,

outlet via valve eni ng

&), Q&IW@ 128, %1091601059,@99 2500850, )40Qﬁa{1|50 091@9 Z%|890 90, 1000, 1500,
p’gtz%pﬁgaogq) g?tlﬁd Mol 55@9 éq’bb'édo@%b Gbe! o, b?&)fo@ffﬂyogﬁ%ooo 16000,

fier a di sc arge
18060,i20066; 3000640800, GO0A0 6BROOF mQOBﬁ%OOQG $0@09s eil1a9P00 membranes. Each

di sch di he final

SRR A5 AERCRCAT o B SRR PP SREE gl % an e o
Bﬁ‘ﬁhgﬁ?‘ﬁ??dgﬁ? ,’BOO;rrllr?gcgﬂb@m:E@N\@bwt :j 1] Mtaoempg phd1000aT0caNnd 500cm?, 10
e u bi a or e [ es
AW IETYD 10 288 Bas, 100 s 3a00s 100 atch dg; Thocare, DoGRE Sbagn? and 1
TtRbéR anahﬁﬁ GONRAR bﬁtﬁ’ﬂnﬂ HlaHS 4t €and S 5%\?1(3%2‘2)‘? 6@(%‘@ bnd 5mz, and

I's nore effectlve an 't esewaz&‘%treatrrent

DAk o aem et Sethdh S <5061 610, €0 800 S5 40500, 2000,

L R I SBE SRS SR oo RO OB BRBNP1 5.2. 25,105
4el5, 516)@[839[11(1&'!1@/2&251; B 46 50, 6y 76, 8OuGH DO, &2D, B350, 200, 250 or 300,m2, or

r%pybﬁag{ggnnagébgéf:g?eé{ﬁr apa@grgg éﬂteggrgp éﬁ(? %8@6@0@ g.%& of 8608m?2 or more.

T@C\féﬂtcﬁl%@mfof th@%n@r%@ ARl bé deraiynined\we tiersregth ofaieemembrane and the

HETB L e 1emBranD oAb e Aast L b Befnesn R Beggad about 5m i
%‘Fﬂ%%@ e Hetaf a %cnﬁlarﬁm‘n 1@@19 aﬁﬂ 3R efOéﬁ%.‘ﬂd Qﬁomcmland 1m, 10
et ween about 1 and or between about

@nebsozacm,oho ane 20Rsan, %mwomma&mmmd &m, hapder? ABAM; 315095 5m or 50cm

e S50u0" 17502508 0 o 20 b i S A 81 § 5086 Bios. 4 48

bratimieagth.ablbihe nfethbeands B@0fanar membraees) tmsom;my b2 @rrangbd 0 pairs, or gills.
r bet about, 50, a or b t.ween

s b B Be e ool AEHBRY e G50 5% 5o BB BibredLrbll g 2000 or
6&@@&1 agosh i@@@@@booror b@iwe@@rab@bqobow&facsoeoworamw@enmebwooo and

have about

QDOO psgetw@n apout 13md SQQp org@twe@@ abo;@1 ag@oog@r gqtpygen aibggt 1 and 500 or

%@eerﬁ%@ut 1%@ 60@8}%@“%5;9 al%%ug 8and§§5)(8%r b&@%grb %gts A %rQ)OI 0, ddftween about

280070080 00hetvEB0 @hour 5 end 5680@obetseamaboutdoend 1099@0between about 50 and
44085538 38085 2008383 R84 DR agHO R R st o e
10000 or between about 1000 and 10000 or between about 5000 and 10000 pairs, and may be
about 1,2, 3,4,5,6,7,8,9,10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 200,
300, 500, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 6000,
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menbrane may have an area of between about 10cn®2 and
300n2, and may have an area of between about 10cn® and

waOnPs6808 bet ween about 10 and 5000, 10 and 1PODAU1®6/001728

and 500cm 2, 10 and 100cn®2, 10 and 50cn®?, 100 and

5000, 100 and 1000, 100 and 5@@cnf2, 500cm 2 and 1n2, s
1000cn?2 and 1nR, 5000cn? and 1n2, 1 and 10n2, 1 and

5n2, 5 and 10n2 or 500cn? and 5n2, and may have an

700028000 ui 0

R0 t00b8) 12800, 11480, 1608 16950 20t g aadk B 50000 pair. n
Qn?(ﬁmbozimot aaitpo! nEteney,Geogils emudispesedameielie eachrother in a vertical

@rré%gn11522533544556789
15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120,

150 T@Ot)emlzams neay bmﬁlspn&d @tweeaya Ilqaml i te liquie facotand a gas at the gas

5 355l 5 P S SRS PP 002208 o o s

merg‘as face snayee Jufficidettieat mnewmdtme@ Ret ks A tef mérﬁ@rane into the gas
ht of the nenbrane. t he

ne and the we
R TR e My Do Shee s, oAt ar i resB B0l Bino at the liqui

t
fgﬁd g gén pre{égﬁ/nmgiﬁbfe %Néé?tgg%ﬂg negéﬁ?%Z &HCGP%M%SQ%OM q g%ﬂ?i 1.1, 0.9 and

bebdmnd1b1 e, asoway beGbentahl &9 1,11 het 12aym. 2T herpdesSure across the
rg%rﬁﬂg%eﬁﬂ%% lg%ctgérr?ég)gut?d@ %tfr?w %g%%?%fabé&é); 1%(2)(?.1 ,;915@ 5 atm., and may

i @outd), 00550.4,0.15 BrD.a, or betwegnaboltf0 dridled. 2ySrand anes aad €.05 or 0.05 and

t b
GFHE o Y b B RSB BRISb00. pai 1
(g ITM)gas iin m;acbmthhﬁé gesefaceadi et mdmisrash ARG oRYgek! % ‘éﬁﬁﬂb oxidation

bout and 1000 o bet ween about 10000 and 50000
& itboniint R A 6 666 ghEad e Be SiiendamaBkslism 2ndemgrowth of the

(210RAa arid RAGIWEeR liBle %Fce biof Y& 1!9@%3%&3“%%%&%&{0%& %arld 100% wiw

and 500 or between about et ween
AN O ketwasataled 10 4p {10, 15 andi 100 20 end 1HAs; 3R end H1Po6@ amd $00, 75 and

00 B aRABRON D B 3008 00 SRAEEN R, e

coniaint abouiol Oa gl 22026, 80, 5 ¥detsn 5@kﬁ§u60 BBO7GTE, 8008850005 or 100% wiw
en about 500 and 10000 or between about 1000 and
0 or between about 5000 and 10000 pairs, and nmay

be dbawiordactd? acébrdidg toShe fwention,8he fhembfane fdy bé‘inannlﬁned in a desired
20, 25, 30, 35, 48)(5 45, 50 60, 70, 80, 90,
02'6’83"‘@6)@ Magap Of PO 5t xRl 2 Banport fiame, axesiog, al@@@ng, a framework,

5000 5600, 10605 P 23008 M1 b AUl 14 nos from the

SHBRANOT ImRI0NS Q@ﬂSt@@@@@)’lﬂpi@ihe§Upn0ﬁ rilenayrteantiuned in some other manner in

d?%hfh% sﬁﬁ ogpenbranes, i.e. gills, are disposed parallel
to eac ot her in a vertical orientation. The nmenbranes

nray Tihe mibmbpanse of ebisoreamton aecordingtb theaitvenitium rhdycheinduseddea housing. The

e B e L L 5 B e e
lmdaedgwer #ie topef grshibreavtorrand dpe o Uhdré %xﬂ@‘loc&t@é‘tneémﬁe bottom of the

d .does not s.through the menbrane into the gas
Ct?ﬁ T(?“??F‘em%\f *&»ﬁ@a with iempanesie peyaRl passage ofyniswoganisms but permit

prB’a@e foh gir. PTHRF Fidy %e Qﬁted Wﬁh bififiaH p?évsﬁtgé?lgk gﬂﬁlﬁ_k%ts‘; ?rfno?neé macroscopic

he pressure r[giy bet ween about
081@9%&6 aif s 2ol odtfets mayibe fidedwitiraipumpdo pmnpamdmtb.ol oattofrhe housing

b 2at he
B N Y
Ooeratiqmt ofy the bioteastsr miwannaatam%e teinbrane Gt & relafely ddhstéht Admperature. In

cBhdHons %ﬂgre T outside air is warm relative to the temperature of the membrane (e.g. during
daytime), the membranes may cool the air, causing it to move towards the bottom of the bioreactor
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be about 0, 0.05, 0.1, 0.15 or 0.2, or between about O
and 0.2, 0 and 0.1, O and 0.05 or 0.05 and 0.15 atm

wo@eoom@agesioe great er than 0. 2at m under sone PCT/AU2006/001728

ci rcunst ances. The gas in contact with the gas face of
t he nenbrane contai ns oxygen, 330 enabl e oxi dati on of
anmoni umions at the gas face, and to provide oxygen
for netabolismand/or gromh of the bacteria and fungi

a91f ok %Pg'lév&b\“v@ntfléé‘a?edbde@ ﬁﬁ)é%ttorﬂ' B?th@@ﬁoré@lbr MENEMBRIMBESE air causes

out and 100% w/ woxn% or between about 10 and
fmmwr waBn aindo enler, apopRen wenl toated neaiiee oot t@obla’ﬁﬁptqotﬂ this fashion a

qggstﬁﬁ gov?r glgall’j% Brgf%%g% rg&agcg‘}{égt if#PmerhBrafd!th 309d|tlér§ vkBEE the outside air

W W oxygen,
is ood] aélativalimthe t@peratbre ok the REnbrae, ( e@Sdurmg nlgmﬁlme%(me BEMbranes may

g s, e o S e o 89 e ABIRARSY 9 A XE R mapentocaes

(ERY the o1& thé Bioreaetor. IThig ndesmenedf @i daasdsaftitien chot aiﬂMé}ﬁerm‘ lower vent

lﬁQﬁéliPr\%gl’r tthgb;t;%fghéxa lrgaé:?%j%%%%log[aagﬁw %gtj aqué promoted upwards
ﬁiﬂgr embiang, TREPEARGCARYabBf:, %Qé&ﬂée?ﬁufélﬂﬁférénhaﬂbeﬂ\r\ken the ambient air

a romthe support, or it may be constrained
autsidei the bloeeasiapst the rn@rnbtaﬂe Ay cayee adowmobalr Past therfeendirans without the

rgarbp&{ aj nﬂ{ Cohve h@ﬁt ftﬂ@ Qﬁﬁ may B ori¥RER E@fl‘ﬁﬁg@f %fan upwards, in order to

|oreac r accor hvention
mdlhueuuae rogssitilig ohdmsmhglqmrdiyrohnathe bioveactor hympdasblng Similaslys adjustable

I
GRS EB bR e e R MK B0 B P Ao e s
%Hvetﬁf@f tﬂ? \gﬂr?ﬂt i ﬂée @egﬁ @did Eg @?enteﬁl endoedsed o VHleer;tﬁeor actuators powered and
i or eac S it
i 8o Wine, WiisdigBg ind e hﬁ\fﬁ@ﬁ. ﬁta/e&&losifﬂ%? qweﬁsgvg%@vmg the vents
|fde EHpén oY B36 Hovely StfRE witdsnthe vbhtb telild te RMeYIes to protect the

entry of insects or other macroscopi c objects.” The air
meneesesand/ or outlets may be fitted with a punp to

punp ({pe aﬂ&r?&lfo{ b|8|‘é5({t6}fac%c§?&n¢ﬁl‘lﬁ d fiGertiGh ﬁﬂ‘[ég%é "f\@@es?érﬁ lo recycle the

circula alr circulation
hrmmirﬂeatmbmn séage paktdhe)mennbranemf tbé bioteactbi moreahﬂnoonem in order to

TS S SR S0 e Bl BB e v o on

toflvﬂé ay ©& deiween §abodt h&mhlﬁ@”am’ 80 odye, db‘peﬁd‘mg meths‘e matoee gfehegbiolayer, the
uring ranes

e%twg.aﬁ@ C@l}ce@t@tl%gfetpq W&bq Wg\omg{ qqgl,ﬁtrgﬁf a[cpés Ll";ne contact time may be
Eét@éeﬁ?e%@r 1??129[’%%8’“1 dé}{ h QrYiﬁIte MR HoGead h‘—lﬁﬂufé%ﬂ 1106 1 and 30 minutes,

ottomo I or eac Thi s rmvemsnt of air causes

fl and Meminkigs.m Bowr andﬂ()gdﬁygﬂ aid 108pyss 5wk 0 faysat bevr pecit day, 1.and 12

13 2Pl A5 QIHB01055 8l 08 2 8 £50%5 381220

minutzenti2t Boh$, BetE 15,18 onadt Soulg oail r2,i3s4,c06| 7,18 at il days or may be

to the er tur f, t he. menbr ane .0, .durin
RS, LEIRE! BLULE Rl BETTER ARG 5 e e Banc pogon about 1
b ﬂT@OOetlrﬁé@V\@épéﬁdlh@Qn ti@PdifbnsioRs obthermermntirae, Ak fuwt ra@, tiennature and
upper vent |ocated near the top of the |oreact

sovicantimioLahibe Mater &y be ergueds e GRURCY tftecm 2arsand gtk faglors. It may be
gecg etWe‘éHt bt‘ﬁclaén% eﬁéndtéos PR W Pfandbt? 1.and 10, 10 and 1000, 100

feactor. In this on a constant flow of air is
pnd P0500aNEI008, 1|Baa$1d 5001 d 0 adrh@CarieQ aﬂdw@QQ, 5Giend i s 40 @ad 50 times,

a yr ff t t

SRPBL S ERRALAY, 2 L5 55107 I LHERD 69,817 0100, 00 20
8440, 680, 660, 800, 706,58001908 ontdBD timoas There maythe tatdetector within the bloreactor to
determine the concentration of the matter to be removed. Thus the liquid may be recycled until the
matter to be removed has dropped to a predetermined concentration, as determined by the
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use of an air punp. Conveniently, the vents may be
oriented so that they open upwards, in order to reduce

wo b@7oemss bi ity of loss of Iiquid fromthe bi BEPATRL®G/001728

by splashing. Simlarly, adjustable |ouvers/vents in
t he housing could be opened anBd closed to facilitate
the flow of air through the gills driven by the w nd.
The vents coul d be opened and cl osed via sol enoi ds, or

Aatd iRt The halRfy6f tRcdetatebr nay Uépéna\foﬂﬂme nmutd‘bfmesmattéﬂm bad révgloved. It may
havi ng the vents rel atlvel a Cl)-fed an
P

Pﬁawﬁ@cenm'oo &lgtestofiageH &5@ﬁtor H@b%a%élswvegé}xyge@t Rrefeg @ turbidity
é;%& dnhh é()ﬁ&tn%aﬁdﬁ?rébe%?s TrMﬂ:' diter glb@éﬁjétécfbr protect t he

ranes. |In operation o eact or accordin

the i Theeflaw eaie iof theayquwepaﬁsédf@s@embrames (oe dyreucs thedi IS) of a bioreactor
%)(}cgllrdg\g (?g{e p\rfrgs%ntf 'bﬁdaﬂ] aﬁkﬁ@ﬁﬁ? prgj%ent %up@mr %}mg%@ht {d'fhear metres per
sacbiid. & imap be betwearcaboui 01%01tandr1;a(h@Nand ne @l@@sﬁ aneld. Qaln&Ohand 10,0.1 and

0 RS, AT oG R a el T8 SR et sbout o001,

06051 0@1 ad.08, ba, G2, @Y)elr 0. 5t(h@ 0'7?0 BJ’O?Q ang 33@!& e, r89?19 bloﬂ) linear metres
he matter to be rempved gt er factors,

gTsERee. T Al 'EREID (RAcH! YRGS SOV feaesoHAe 1 bugh as described
ih, the é’éeﬁt E‘ﬂ% orgrﬂéx e be]twé@n %H% 2@@2@0@%8&%&“‘%0@9 8 and 1000, 10

m nu nut es, our an

ag i{l@yl;Q ars 20Ad1 @ddPs12 andrdeut0 andd01 1 Gang, 201&&&@ 4090, 100 and 2000,

o317 2. 3060t B0k i 0B o oy, S Sgn BEHGBRY, o 2,9.4.5,

8,7,8,9,30, 20, 3% 40,60860, 72, 80190, 1008 180, 220, P56,300,53500400,14502500, 550, 600,

By 200, 2. S B o el 1obt i o DY 148520 b ¥Pogi deoo. 1900 o

pgoUer ane bet ween about 1 and 1000 tines, depending on
t he di rren3| ons of the nenbrane, the f1ow r te, the

nat ur & feaide ebRe BiesenkinveRtion s thak e mambeane iy ceassile go as to enable
|

géeﬁ%y@?zlb%l@ JQ@ ttk gﬁéo‘gg@‘t’ érSTIZe'r;tgerg%%%r niﬁygﬁa‘vé’ h§ sudpbrt H‘@tﬁx on the gas

{z00 theteohindbras tha1 thergas fape of the membme@e amcﬁss@ﬁdRqr@@/@I of ceIIs from the

ggofa%gﬁol eq%yéogémg ?L(Prﬁese]oq fébjth%%glg f]o?géﬁgkﬁ gQR)Bd H i may be to

brevéht eceseive growth @f thégas 2de bidlayer30 op@’étlonéme g%facélola)@@ may grow to
00, 3400, 400, 5

b & eaa ot e uson. PEOREg BRtos HabieBRosolBE HyrieRiipe bioyer is

*@lo@é@ Hekady urh;sedﬁhgttmr cgjemﬁoﬁ fehecsisrert 1t alal mére@ére bé @eswable to be able to
rmtter to be renove

Thus the liquid e rec
RQYE SOME Q. BBV T orGRE i GOEVR 8108106 JLEOT of den andior of iuid
@gf 'i%r”éd@@ﬂarlﬂé“?&ﬁ&faf AtdOf, %oﬂfpgﬁé?ﬂsebmHée%JW The membrane may be

edet ect or nat ure of etector may depend o
abeessitie toracdayice faiecraping errshalongm washing/@ dlowing aragme ether swtable means

gq? gé@%@@ﬁg )%9' bag)%cg@%fgc{én thg ngﬁ%ﬁ}ﬁ%e ge? Ehé? Fn%? Be re?noved from the

tgamieeenbyraearoms ponadvising et leasteneatf keeaipirtgyqo ehakhwgabewmmror blowmg
he fl ow rate

£ ol eRaAs Bt to oD Eibtashcrs sl Qi aeg fuhich define a gil
SR fdtfoni GHViSREN, R pABaN gt lidRRY M@réﬂibt\@ééﬂﬁm%@ééba@fé@ bla@pdce sufficient
10 Ii near netres per second. bet ween about

bor pessagef alr, beUVQ?Oiheaf?ﬁtf s of meml@ja@@,lfoeiﬁafgv@ng)qugeﬂ @i‘h%ﬁﬁ face biolayer.
é’ﬂ% i;%c Qe $Giciehnt ﬁf‘éilo%(alffugvegﬂ’awatﬁ‘é}etﬁvou@'\e %gé‘sd e8; é (ﬁﬁay be passed

|ne r netres per secon
thra@s theospaee by d(b‘gsloro conveciion, wiod 8¢ soznnea,gthe)' rgeans, i@, \Mljhopt the need for

%g?poggl Suiptentto cause ™t 1o pasd thrdughShe Spadk, dr%t b §8'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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per second. The hydraulic residence tine of the liquid
down a representative 1.5mgill as described o in the

w@e@somsispeci ficati on may be between about 2 BETAU2006/001728

2000s, or between about 10 and 1000, 10 and 500, 10
and 200, 10 and 100, 12 and 86y 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.

?bmu‘ane% ,of e pélrs Fhe Spacd r2na§3 defgnd 6:9the 2i2e oXe méMbrahés. ltétay be between
it 2 gl@;b1 OOQ@Dachﬁg 15 eo’pg’@lggﬁ;@é%gl (r)noegg)?ﬁ%ggeér Oe@ré%?\%bout 2 and 50, 2

&r%% 2%&@@0 sla%e‘éo 515’&020 84R@10, Jl@@ﬁd 1606@@and176@p80 480100, 10 and 50,

feature of sent invention

o 2006 B e amines b6 A ben s BB 10418, Zhab B, 3, 0, 46,50,
5§:@V§é 78t 7§%h 85, fob 058 Bpﬁ)oﬂﬂ?a&@ééeorbrhﬂ) l?%ﬁlbreatgﬁwamm across. The

It arle hmy haveé no support matrix o ace
inkide esgion iohthe igitie may beuitsheangeslt may: depend o &eﬁbw‘cﬁa’ta@éllqw through the

373 PRI 0B aFEhR, R PSS B o s. o ndo

0.aranex &T@brﬁi 1a8. 1faﬂdd 5 GDO 1idnd 0ynn end mayobeat@uen01, 0.02, 0.03, 0.04, 0.05,

SRR e M8 N .1 0980 308 By U abhzpapo or . e

% rﬁé\’hbrﬁﬁ@tof tahai ﬁ'ia?]ftdb%h G plades OBMBAAy AN nSide @égldhlifﬁdsl £Rémogeneous
sol ution throug bi ol ayer is_slowed,

t he
o] St Aot BB GTTTATER ! &0l ghe repion rghich they touch is less
%ﬁt%gﬁglé) oentﬁﬁenfj%'isr 'ak.e% % RAuAB $ grewlheg@\ﬁgalf?%ﬁthoﬁf the liquid face

nor er to achieve rates fusi on
biolagein thatdégwn dhis lin tquni roaysreduce diecadhesionrin thetrepipatsing may therefore lead

m%’@h@ %S%Pgﬁ%a@g&tﬁgﬂ%@%noﬁgg ﬁ%& iH\(;ﬂ g é&/\% rey&g/(t:hr %{ the blolayer in that

edgighhaki ng or washing or blow ng or some ot her

The. goumeacing oas e Byt o e oot merily B i ehobediay adhere due
td &Jﬁhéef‘l@n%sm@ﬁﬁy Balse a@é@@tﬁ)ﬁﬁin @)@@@f SUBFIV% 1hé rég&fv\&if adHasion, leading

of scraping or shaking OW N

i @rasieon nrsgrawtbofmﬂlpmﬁjjy tdgath wéthgrgég éﬁ‘i@ biofayere %@hregm This in tum may
?éduE'@fﬂ? (Ws%’rﬁn n"mét%%&?%hd“ﬁa?thgﬂe o'rel Aiods z§r§t%h&?‘g13%embranes in that

here etvvee
smgnmrHusrda;blyeraalbwaemovﬁbbfthe:blelayertmthiajsregpmssage of air

tb gt }Aﬁg 8%“014)2021'%0“[92 gf %@H%c?@%é@e@aﬁ%&yltg\gi%ygl?(éﬁ?e:ﬂi)layer may be
ﬂ(@ptait |a0purt¥éulé|f temlpmetufd QV‘\etté’lﬁpeﬁthe ngdiepeﬁ'men qj’t'eSne(twe @f the biolayer, as

SRt oo B RO oo BB HBRACeTberduies; Tegtoeriye may vary

@E@ﬂy fidﬁi’hg atitioh QRME bRFHALIBITAE tan@erﬁ@kéSrﬁay Ee BéﬂNééﬁSa'éout —5 and 90°C, or
0 space, or it rmay éenreans

beised -5 @ndgla@ ot betteencabont oo%nd@aweor figen ﬁ*wh@ arad;SQ‘sG@é ketween about
tg}tb‘ﬁ{i %@% &Bet@@éﬁ%b%ﬁf R5hd bR &géthé}%%uf%o 4n @mrb?ﬂf%ﬁn about 10 and
e pairs. The space nay t he

epend on the size
H8tordeeen abouhﬂyarldQSE@oleMGablmwt 1@ardr28°C, 00 betwerrvapew 20 and 55°C

B AR B bR B TR A0kl B 1o 501

2b@twe@n @&% 19, agd%@:ﬂdr Béeeneboatrad dRA40E@r deidiedDBhout.20 and 30°C or

potiugan BGLEAC B 46°C.gind gy B SO0V CR, CoB 10RRS, 19207 56 38,4, 35, 57, 40, 42,
y bg gboupd, 08, 108 4

A8, 5 6@570 ﬁpor @(550 THe. terﬁ?egatﬁr‘% magfbe K8t-at a&upfhe%ﬁgfé@temperature by the

acr 0ss, be nore

M acr 0SsS. he i nside

rasgirahe ?ﬁlueniélqglmwmchnwn wentgeli wih tha raickayer and Praljy thepengegtion of the
SR BAT B0k SAAa ER A3 hd e il ve e o

0.05 and 0.5, 0.05 and 0.1,
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0.1 and 1, 0.5 and 1, 0.1 and 0.5 or 0.1 and 0. 2nmm

and may be about 0.01, 0.02, 0.03, 0.04, 0.05, 0.06,
w02@7/0563198, 0.09, 0.1, 0.15, 0.2, 0.25, 0.3, PCBAP2006/001728

0.4, 0.45, 0.5, 0.6, 0.7, 0.8, 0.9 or 1nm The o two

menbranes of a gill may touch3én places. Optionally

the inside region has a honbgeneous wi dth. In some

cases, when two nenbranes of a gill touch, the region

évé‘pdf\é’doﬁ hat tiieXir $:R6.CThid fal @B SachieeRISHy bcbrmomg thetradeeditair flow past the
This causes to a reduction in growh, optionally

regselrenesof the liquid face biol ayer in that region.
Thi sy Hensuﬁr ere %Jrﬁg‘{g@mteﬁ‘\ﬁraﬁ@ ?'b@@m&r ?untaﬂétstrﬁ&tﬁe%ﬂ ,supporting the

and to separation nbr anes
mmnbramat, or mgh@case Tha BioreagtortHawing aoredan engrieambranss alt aighe membranes,

8 S 9 ST B B .
geelifod. ot relaebd nadeust heetas, foreaxainpie . aluftiniam, nagel, Gtaintass ateel tltamum or other
GG e R e -
Mlv%r(ﬁy?léné @6l§m&h§%e%}eﬁé polyrrfehﬁlmétﬁzﬂmﬂme orT ;bbly&anblnaw roﬂ mmwbe made of

in that region, may t here
soeed other eeeweatrsgenrremn@lh& hﬁe%mﬁrﬁ‘@%SLi'pRO'i“PQatStrBCtW@gF‘BVl “support the

J&h&aﬁ% ih Q%lan@él p?é”floﬁeogﬁrp%&lzﬁﬁtalwag @L?hé‘)ﬁ@ﬁlbl‘aﬂe Slgpbrting structure

regron. ronote t effi1cient
mmemcmtpnsmrothefrs aidondiore Icmysﬁlatmg mevepied! e jhermarbyansavitkiafhe tigreactor.

5 P58 SRS Cpal R BEBGIS by RSy ot e

eve @r dofbmativardt panvseE andfdr ngsastalel afd/ermecroscaterpoessalt mlaebe capable of

éﬁE&nﬂ?&%@%{;rﬂg&&e%h ﬂ%}ée?%tlp ht llﬁgﬁtﬂfg@&%gpﬁﬁ t ' iRG ?ble of allowing
ﬁﬁe%% &%ﬁresocﬁ e Bi@[hyt#ﬂb pasd tﬁéﬂ&h@éﬁ Qhebrﬂirmm @hﬂ@ﬂses a support

0 and bet ween about and 5Q0C or betwe
abobiane whish coapisenp semoﬂéeaier@bemage ogrANdeH g support material. The

Eﬁf‘?ﬁémﬁﬂ\%‘@ 2?0@8@3 ﬁ%&%ﬁ% ot %"/ Hﬁ a W@lgﬁﬂﬁ‘ a%ﬁ)@e basis, or

ween a wee about
Béi@éen 0 afe®03e enbatieentabRgt wmdwd@rdletm@ﬂwb@lﬁ 19@@dt30‘3é>(pr between

}j@ Ori%% %ren ﬁ@?m@@?ﬁ@g@@& b%@\%gg 8@9& 28 %W&%‘ween about

E@@hldl 869 oA betwéEMEboar 3MatdESH oabaiwmdenZBoatrid aﬁlﬁo%ogel on a welght or a

S5 ShiBHL 0,800 90, o5t o0 e ora

ﬁﬂumg QaSISBOThe%erﬂm ma')hﬁe Flﬁﬁﬁ?eT et thkmeﬁﬁwf the nieabtanatmay be between
out the desired tenperature he air _o

gbaut 0drend pbayi Qjmmhanﬂmaysbeu h@t\ﬁ@@ﬂ@%{t 0.3i2065 mnfeof&ekwesg} gpout 0.1.and 2
Wfﬁoﬁet\ﬁé'entag&gt%ple%rﬁtf AR d?fbeﬁ/viéﬁr% F{Bdﬁf Pafd 96 mTé}eoetween about 5 and 10

ayer an I'oreact or e ent may cool ed by
mnowbretWeen gbmdhé 5raad & mof entepweeatbeuh 1and b mm er hetwegs @bout 1 and 2 mm,

At B e B 5 LA SR B0 S0 B2 b T/ £, 313 814045,5.6,7,8,9

bhmm’mn‘orane may be any suitable structure for
supporting the nenbran e case

bi or &8@ %) may ggmpf@e AT S %?tﬂ%\gﬁl g}egenﬂlgpﬁg FaHRe fagncgtegfrorp @adrecursor liquid
\Vﬁﬁpﬁrgﬁ% na%pdr@u@ sblla\b? Qél'mw corthrisE R eRPipRS dilk gélof tanla gel, zirconia gel,

rame brac et a casing, a housi n
.ab;mma(gel o asm,leﬁdfgsl @mprmnm opmorgeellicar titapia, anrconqa@nd Aumina (e.g. silica-

%Iﬁ i lgs%dfci ag cb‘rﬂérlsﬁtaﬁaﬁlagarség%a(ﬁe Sakium da‘?g‘?r\eﬁle geétlﬁw Mger(b\’opolymer

rigidThe aperbsr(y of the gelewayrbel betwsen gimuhw andeabout 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
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pol ypr opyl ene, pol ynmet hyl pent ene, pol ynet hyl
nmet hacryl ate or pol ycarbonate, or may be nmade of sone

wordensesus t abl e rigid material. The menbr ane- SEEPAURG0A/HO1728

structure may support the nenbrane(s) in a vertica
position or in a horizontal pggition. The nenbrane
supporting structure may conprise rollers and notors
for assisting novenment of the nenbrane within the

HhileR 3BbRT 60 dMHEIIVE BP h&NEenCaholiNF0 bRy 80% P hetfR¥n két@ou’t 50 and 80% or

nanopor ous, MesSOpPorous or m croporous or it may

hebresh aheut 6A aod 7aé;mﬁd@ayé3eaabautd@ h’éeges%EaB% Bntf: 6}5 50 55, 80, 65, 70,
t eﬁp B % "/PQ‘Vh@?)o%eE%hag’?%v@? AR ARt befleb P ¥bAS 1trﬂ? and about 100

'S of SPOres ayers to pass therethroug
microns, ombstwéen dboctalpratbare torhicah Ioobetwgerta‘beutdeaﬂds")oa nmgapbeatwsen about 1

e@gr}bﬁ %ﬁ@%ﬁ@g@g@& RASh deY ??9?&‘?"%‘%@5% 1§%HP6Srao'aﬁleen about 100

AFRBRT 1BhicAnd oﬁb@\@éen@bomﬂdﬁ arh ahe 10 hﬁ:rmmpbe;tWeemibeuﬂ 1azhnd 10 microns

% 3&@35 gf?;{vt’t a(gre e {] %@%Zpr 6@%%23&%?’3 EBO %ggﬁtgeé\%erﬁ%bout 100 and
Z"qu\n?g»/‘g&ﬁve@rﬁé efd M9 miPordNe afP H00HhiceRS, W&e@]ﬂ 18lp@stbns, 10 and 50

0% or tvveen about 30 and 90% or bet ween
misns, 190N a0 Hmieongw AR antRIMICPOS arbmawyea mean diameter about

Pl yggR #PoKts 02§’5 3{_}‘, ﬁ@)/‘ggo} efsb%’(b QébOEiéqu%Qo %6@' 4%8%00, 600, 700,

or’’ bet ween “abou on a we
800l an 960 b aboublt, x84, 6oﬁ1ﬁr8§e1@;56£0 @5, 3])035 20, 453512 60,070, 80, 90 or

gog)gplgrohsrﬁ'gépé hﬁv&q @lnt}lée %qrg%tﬁgriegf%gq %If&gﬁﬁ@ag'ﬁg 2p aqueous liquid.
ThenioR/sbmayee abyfile between about 0.1 and about 10 mm
and be bet ween ab

ut d b |
01 TS aPPRTORCTBL AL R el B MASRI AL O ORBaRaRHE under the
g&ﬁ%énslofag&réltﬁn 'E‘F”tﬁb’ m@ﬁbr\éﬁ@rbr %b%ét bidreafter. JI% ng‘rppzm rgatenal may be

etween a mm or between about and
bydrowﬂiweehycmf.ﬂjgblc pnamyzomﬁﬁlseaaqgorﬁw]mg@nai@b@twqyeq material or a non-

\gmé’n fg)ro%@ r@até‘fifl G 2 gp&@@dliléeomé’ceri% -6 éanoop%ri ool fd'arrﬁwai%nal or some other

meierial drEping sheleamynrmctmg aabhrst fged ofnte suppert méterial @ach akﬁecond face of the

fﬁ@%{a’bcﬁ@?ﬁgpé@of\m i QT%& %gﬁz& ? g@vefn f}p@‘j é{v%e%rnhﬁorous material or a

fir ﬂlb?@S%PousWat@lall Hih@f@irouszmawghmay cephpris@ blese ﬁme [maitlngnor cotton, and
a m xed gel npri sin nore o i ca,

ﬁierr@aﬁbrgusapmow rumr@gmgyéb@magrppqrwaﬁo[, ﬁ:qupllegaé\ cjpen gglfaa foam, or it may
H@)ﬁew oﬁ grﬂ%ro@%% i rﬁ%&@%blec ?h@bdié@lt?bﬂhé‘éﬁpﬁort material may be

ect por osit of

heivotratioat 1R 2 Q5500 beiveereabeul 0603 6Th of BetWbT BN ENd 90% o

3R AR 28 e B 0P B3R F 0Bt 0 sra 7o

bettvaee ababd(tand G0%na He&MEeo rabtd t58emd oot bet@eamnaboeD86 and 90% or

B a0 b0 odeeroron & B RER PR By Bl 0% and may

8@%@1’{ 1bgtsﬂﬁem5ab@% @4&%0 B@%o emWw&owg%w& TBe holes of the
suppo@emayr begbeysveem@obto}oe%n%%ap iwBS 2 ReAETH o & A 100 microns or

B@(N ng ]59 R GRS ?é?\ﬁé@n abod Smaﬁd Qmﬁmcr‘éhs &%Wd%@ﬁ‘ about 100 and
ut 1 n m an

mcCcron or et ween about 1 and
800 misrane on bettyeen abouthcand d60 Avarans, sk rrvele abeaiuto, 20 aﬁsﬁd40 50, 60, 70,

R

about Srasd 400 bteanw’em oaltnﬂw&en]abaﬂdO]aﬁd nOQ steands/cm or between about 5 and 10
strands/cm or between about 20 and about 100 strands/cm, or between about 40 and 100
strands/cm or between about 60 and 100 strands/cm, or between about 10 and 60 strands/cm or
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or between about 10 nmand 1 micron or between about
50 and 500 nm or between about 100 and 200 nm or

whedonesisismbout 10 and 100 m crons, 1 and 100 nPCT/Aan2006/201728

and 10 mcrons, 10 and 50 m crons, 100nm and 100

m crons or 500nm and 50 m crold8 and may have a nean
di aneter about 1, 5, 10, 15, 20, 25, 30, 35, 40, 45,
50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500,

5&@een7e%@ut 1?%% g% st%?\@s/aﬁbpwet\ﬁééﬁ ahout 25 and 20 stthndFem 6r, beRNeen about 30

g@ 59 sirgraﬁsm pb,pgtweqm@b@@%n@wi ﬁ(g\;ganqsam qr %p,twp% abou‘t 35 and 45
nss?gﬁ %E%& \fe%oﬁtfsem '1%1%0'25@! 38840285 &O UHOBE 65, 70,75, 80, 85, 90,

qw er rmay rofilm The suppor
%DEH@Oaastranég/crbeTheathlekn@ss of theysteandamay gt between about 20 and about 2000

F\%@ongeoﬁgg{ggﬁ %p&g féd[h%ﬁ Ir16)5@ rﬁw é&&{éddrtﬂe%%n %fboﬁ%béﬁah&) BodY microns or

bettvean ablouind09 dne 2000Imiz@hs bi ketvesen rapaut GO0 abd ¢5003mdomagf between about

B0 ALY iproB erhstosan api 20 o 2tup B of PiniEeheibatzgiang 100 mirons

éﬂbéﬂ@c%ﬂ a‘b@utHOO @ﬁ@ﬁ@tﬁﬁi@rohs?lbr tefweA 2Bo D@ BndBU0Eit@hs or between about
havi qg§®o es connecting a first face of the s

A8l and AP0 avapng, Sebeiweent zhout ot aachd0l mispastor behiee @E%HPO and 300
W{{f) &' Gt be %N bc\%f)utfébb aﬁaao@d %l%h@‘bY%@tmféén %B&HW'BU%Hd 10?10 microns or

rous materi or a non- br ous porous naterl al

beTWB@U@Oﬂh5Q9rardl75ﬁlﬂyCr@1$n@1dl TE@' el abost 20, B,eA0ER, t10AG156,r200, 250, 300,

A B B800. B " oy B0 QoREANIE 1L T60 1905 Afp micons. The

lsappob enatezialopay contprisafdl exampleca glassrfibresmatting, mayerbglass mattmg, polyester,
e su ort mat er, al.

B GaoES 0BT GORFATHs Gt e B BRARGES K ab SL Prip S fhoropotymer
4% a8 B&;ﬁﬁﬁ?ﬁféﬂe AlRsidé oﬁ&lyﬁéﬂdﬂ&% Fené}eédﬂ@@ rpolybsstt paddster-cotton, silk,

and 50% or bet ween about 40 and 90% or between about

nolasidiere glass: sipisfardratel AbwINe oHgT RATRUSADIRTEKS THRiENRben
abo“‘l’hé&g@ﬁﬁ m%%g%l gl%ggwg?pr@fé%gter@p Befork L%Q%é’élé?p% material may be

bet wee et ween about 50 and 80 .
@eatb@mw tmblean the Buriace andion to sendentag siéaca g hydgphilie The details of

et en e 9 ¢ trg%fth R eﬁ Foe?%xa a?réatmérq'th %ay be used
5’6 gy Q Q)Rh %E_\ suppo P vveen About

tomprizds #R2Gstap @freapusmg thebsipperematedied td arﬂ.@lkanel smm@nnﬁocemnwle aqueous

GRS A R0 Bt Sl U Ma0es S BaoH T BHT o betveen

%bod? @tﬂ@ma ﬁMfﬁa ﬁetweéﬂab@md) 1161 OHNVESrPRfvee R BISLUNES ah@smbm&ween about 1
50, 60, 70, 80, 90, 100, 150 or

ran@ ﬁMr% betvm@l a,b’@vte?nar@rSMq@rbem@ereﬁb%Q)ﬁ@N QMaar@rmaéube@aw 0.1,0.2, 03,
a6 t5b§g"tg)§@ Saggui ﬂ?g%ﬁ 508554 uang sicWneh trQﬁﬁw@j"ﬁ%gaport material that

abous ‘cm or 'between about
Sompiisds Momenoglagsemattign(oabtbert glae firey tadsiep of @gposing may be for between

SbDAAERER e S EoHREDGBOR, o i of B JF oBpALARAER) i 28 hurs, o

betwand atddt 32 vadn 24 houns mbeeneaaebomba ahd 18 haurd oA Between about 24 and 48

ot Q6P SRR ALod o 0 4 0oL PRV B 1oL RO rd o 43 48 hours.

Moderd whbHh ﬁé‘eﬁlﬁé Q%Wortbrfa‘téﬁﬁﬁﬂat %Brﬁbﬁse@ BotA dpo%@ster -cotton or polyester, the
strands/cm and may have about 5, 30

:§5>p ol @xpoging sgqyld g{,muqoshogg SO7g, noty. dag@ge gg sugpprt rg@er@l and may be
@/eéﬁ HEAE § désag @ 885ut 4heq Slbrn‘ﬂﬁ‘lﬂ%s SPRStR8n about 1 and 5
out et ween

ween a out M crons or
anbmﬂns @Cetwesn 1abom 1@1 and @A sninuteshert hedveasn aatboutt 15100 @0anidutes or between
a% uq 2%8 48 Rihutes 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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bet ween about 500 and 2000 m crons or between about
500 and 1500 m crons or between about 20 and 500

worRaross1oHr bet ween about 20 and 200 ni crons oPCHaU2e96/001728

about 20 and 100 m crons or between about 100 and 500
m crons or between about 200 3nd 500 m crons or

bet ween about 300 and 500 ni crons, or between about 50
and 400 m crons or between about 100 and 300 m crons

E?a&%%e ﬁﬁ@céuﬁwlt HEeRI 10 6 ks pIHsmBE(WHl@ﬁflmaﬁkb@Lfbr example
O an

crons or between about 500 and 750
fovimed aithin aarﬂf gengral). I8 gxposwe MRy, befor bemeem@mut L g0rd 20 minutes, or

@%@n %ﬁ%é%ﬁ@ 1% g’ﬁ%&eé??g %etyé%aboﬁpg 8'585) %mgr?eggyé b@@/%en Gk 10 and 20

rsinytpsor thetmatreabioat 15 20 animputdsoe bétweensabants andd 5gnirttes or between about

ape _ |
L G Bovisai Bls Bty MRbishoe Bl Tpisfba o2 45,6700
whwnaom?/hsem@o mlnwtes troar emmptel the supoit yram be e’eebemfoaabout 6 minutes in
\Eq%ér%/p:{/\;\lega @gg@g& fg:xu1 mﬁk@g @? Z?OC rgtﬁje]? 5@%[?@5/% %gé gener?atbr operating at

ﬁ dgrrﬁltlﬁﬂ/l & @8 RoxylStb rt‘ﬁeeﬁﬁﬁcéﬁﬁéﬂmg%erﬁ QERaL, hﬁlfermvaylllén &en may be

ous mat The support material nmay

Uspd todpuiri mwd@pheimosnatmals @ieglass cuUnpo’ matarials &my@rthemﬁp@rhyﬁrpphlhc The
e R B8 SR=AgBL00 st S sb obond s

@rmmeeeabme 1300 ey 4d@ﬁemrcbetweem labouh &0V eed 65$0°Grmé between about 500 and

n@ @b‘éee é@?@ﬂ?@fmg@p qa%%aggg\a@gg%% p ‘i@?t eri éaho ?50 or 700°C.

m tﬁﬂe“f@émr@@toﬂd@lhﬁyd@phoUdJﬁateﬂaBmﬁl@I&q ewoﬁt mmnalssathbetween about
ydr oxi de sol uti on. I@E&Eﬁlbl ne soI

ﬁgyw@é@ng@@ feurs, of bgp&eeg gmt@g@eaﬁ Bﬂ@qg'}eﬂrsa% Getygen about 30
@Lr)luﬁgtaﬁg% HRRRr B%tv@eeﬁ%o@ 15%63'12 h@&rﬁ\@e%eﬁb@mbb&n@ @ﬂOB hours or

t ween about and 5M or bet ween about and
peteastchows TG 21D, 15 T4 Op BEVIGGTCADRH,D TS BU 6 bouts o bateen about

gnﬁnute% aﬁg 1 gmf}rlpr %ﬁ!\ri/gerq al?og}\}?a 300mﬁute9 orgbet\ﬂeen]abéut 13 :and 30 mintes or

treating a sup
betivesni abbuitireati 36 bogrs orslmdwemebwt g bracs 2/ Irowitst ar bgtween atzeuh@rand 24 hours

8 Bichstafte R34 TR 9 FURRORAIARY, 520 95 S50 s

BB 5.2, 914, HEH, eﬁe_msabetao ozeeleo"mct 28 hours, or between
about’ 12 and hours or betwe

or béije)i@eé!v\e bﬁ&ﬁupm rgq{glah@am%f;rgt trgete@g{tr\\,\%e.plcgg(gupp |§80|§ (e.g. about
jg%obfe?oigﬁﬁ 3 Elovvev BH6uRBhdnYe rbMithwater Ll titArinsd WateB neutral, and

er when treating a support
Mndriedabeforaaubsemepwsees cotton, pol yester cotton or

ggl g@%hg{anes n‘%ﬁ%‘gg’vﬁq’ﬁ e%agppo gsaf?blé FH Sl%égaelsmr gﬁﬁester/cotton

kB5r35e dopedonith slicagel h2de beanLaues|avery artdememeot aifocied adye@elu A woven

10 m nut es ween .abqut 1.an

Shonnh e Fos S R ReER Mo 1R T At S e HE v i
mswfs&ﬁurﬁ’fhyb@imﬁl@nscﬂlh@hltas2m§mdtlriaés witholt ey osigrb @f \deteroration of the
about 3 and m nutes or between about 4 and 7

membtase., andrraybeaboutl 2, 3, 4, 5, 6, 7, 8, 9,
10, %pe %ﬂurﬁo\ﬁﬁa&%agrbez& MhMe WRRh céhﬁ‘b@'cbﬁfeﬂé’dtba nanoporous material

treatnre use I's to expose the suppo
rmmmt damhagedo @emp@ﬂ Ah gxareplq oftai pEecursar lioyid is @Jkah@e(@qugﬂ@ silica solution.

A oy L RSB o R PR SR AP on s

am @r b&wedmalioais9.band ¢0.5ee betatemuabolt hatl B ori betwees abeut 10 and 11, and

gq%&mh%gpnﬁ,%ﬂﬁ tggong Paggt f\(g éHISnUt r%rsgﬁqe]st %Sﬁtrﬁfﬁ%g@ sﬂ]?a in the colloidal

RptyeRitioR Pyt be about 30% on a weight/weight basis, or between about 15 and 50% or
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s 3 and 10 m nutes or between about 5 and 8 m nutes,
and may be for about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,

wQ@A2007086818.6, 18 or 20 mi nutes. In an exanpl e, PEEAU2006/001728

support may be etched for about 6 mnutes in water

plasma at about 5.0 x 10 2 miMPibar in a 40 Wradio
frequency plasnma generator operating at 13.56 mH RMto

hydr oxyl ate the surfaces maki ng them wett abl e.

WtWEnrmut\/m ghdatts%mebetwaen bigouti 28 And d0% ot rbetwedn @ptvaB0cand 35% or

TRRHE paitcfana 1% S BEABBETL gkl 28 nd o5 BDisen eohthpsend 50% o

Mé’bﬂ%ﬂomﬁb@dﬁd S90orea AeigRRiMght BsisbertnvEDa apbaus, 28085 80.Ms, 40, 45 or
5000C or between about. 300 and 4000C or bet ween about

0 0B Bdveightweiohs ragist %bﬁ%%@@o@d@%aﬁt’da yQlgpevlyme basis, or between

%%Bt"ﬁ)‘gdgtg@b thrbé‘t@%eo O % 7 erpﬁc}oﬁn;t'ﬂr%tga%@?eo(g between about

tﬁﬁnﬁi RSk b@ween aboviel0ent 48% OObetween@lba@stO@ucbbﬁ% pr between about 10 and
% ook B9 92T AR Aol 83400 R pAS: o ar 17

dtrea veleme/edhonet ba3B, & imayubeaboahtd, 18, t2ndd,sldpts, Héf 1vedd, 19 or 20% on a
aZ‘{%}J@Z ﬁl}and 12 hours or between about 2 and 6 hours or
WHMENONMSDBSI® 5 ni nutes and 12 hours or between about

S m nTHeefanaitfoud sHIRLEryePha @dn’étﬂﬁ@étfoabmﬁt IeSsilléh el Btania e, irconia gel,
hour or between abou:\g 5 a‘ﬁ 0 m nut esp or gtween 0 d

alwping 98lporam axs0 Oat eAMPESING fWa) et e Pt éb%tltamlaamoe@ and alumina (e.g.
I Y n h ofr, b
QI?:H aﬁtgﬁ’rfz 48@0‘6?% maP e4th r@eaeﬁﬁ[)%é%r, %%Hrése cglbt@ﬁg"‘ﬁ@ﬁ‘et@,a%ﬁn or other

urs or’ between a and ou
bmqply‘mr dibe utixed gels may s, mate by 2epro®@es which eempBisesyian oo step, controlled

dro%ls@% fures o the% rre%p tng@:ﬂk %deslf%re B le?szfca in eI?’n%y be made by
s Oy prsperinaglig Bplesion el

SRS port “ma
tontreltedt hyeimtysiel m\/let ttetrzaalkmsltane de.g. tetrameﬂtm(yalanel 9{(@!\@) TMOS) with a

R 0 0 aetametiifianals TUOMBRE Lt RAGRY tué 4 nRGpe made using 2
t@lﬁlﬂoﬁyﬁﬁﬁe dfot efkamplief ﬁtétﬁyls Ufﬁ’t‘%ﬂ%&éy%ﬂéneuéﬁ a ﬁ@t&ﬁ&n@n%&ylﬂm&@snane (e.0.

woven gl ass matting %gd wth S|I|ca

bethyeﬂ@mxmeqytrbwttexxsé@e 598¢ RpRIEEON akid SRy cb@ gv@nvqttﬁdem to the
f
RGO ORGP SRIHRY L ('S8R Aol 3P LY oy o ot

quwmnathel pwabrsctrrtewbqunmyepqr@n@mm comnprise he@ing aodiprupassing a gas past

@%%g@{&hﬁtagﬁgl h% | tfp%?%c@ﬁsﬁgﬁgﬁ i herﬂae%my rééwettp %my?ér Hre C§uff10|ent io
exmporbie thayolatile thu_lﬁ }Mltlolmhtffmﬁnt tmecaosmvlaertomtlon @f e support material. The

t t .
RPERBirey rbeiesh abeit S an Be & Hedrean faaes e SHEBRF 5D aad 00,30 and
50, 150nd 30 or4d eﬁd 60dae akd mat/ bbla@tsut 3@r¢o egnbmnbysmbr sboetbr it may be
of around 10, however t ween

graferrthan 8Q°beéb%moemlabs sababb oibntbstandmaébat@wemw sufficient

Sy P held sk A DG sor n

supporbmetedali on of silica in the colloidal silica

vt veliveAvatie 812 ARl e bR clEe Mol U o R i o materia

ret beeemnseaalio lgbl i2 e asnppofiQfbtenal, tbﬂa\f@iﬂbleﬁidbgél p&i@emléﬁ%\y depend on
t% bet V\@@i out 15 and. 40% or bet Hﬁ‘p@@éﬁ“ 35 and ,
BoRBIe @ d1a,s0k N9 BBY COBRIISS 088 80810 hdeppesgure adjusiment,
é%eoraft%o@tbmlewewe taxbdsereebta Bt and PrecipfforP@ithAAst idrP
The membrane descrlbed in the present invention may be dehydrated and rehydrated to
constitute the gel without apparent loss of function of the membrane.
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50% on a wei ght/wei ght basis, or it nmay be about 17%

on a volune/vol unme basis, or between about 10 and 20%
woroobeseseen about 12 and 20% or bet ween about REI/ANED06/001728

20% or between about 16 and 20% or between about 10

and 18% or between about 10 amd 16% or bet ween about

10 and 14% or between about 12 and 19% or between

about 14 and 18% or between about 16 and 17% on a

VO' H;{iﬁé \é%w‘rtﬂ?% *é?%ﬂ}léatloﬁ’ brobéss”@é/uiyg@rt mBfRHAl hdfhg alélurallt?of holes therein

Yo on a vol une/ vol
(etgaalvmverT p@yes‘ar)olp @xppa@d focd ¢atioida! sthiea sqhipn. HAe pg-bofftm colIondaI silica

cg@pmﬁ&ﬁe @éléﬁ §%8&%an drder Ao Qﬁér{op@oﬁ%ﬂféh @el%ﬁ#mg @{a H(—Ws fRmobilised

conpri'sin
theteindn tr@, holek btthe s@pan’n nhatetialn heapl—( mayghe retiiced to-ketwaen rabout 4 and about

0 sl S P RS o 5 L5 68 S and s

6B YetRBe B0t ahdabeut 8 GESGwWHdN abbutEEmn nbaut 8 ancamaphsserewoemo about 4,
control |l ed hydrolysis of mxtures of the cor r%
181kot 141 1 B 06k Thp Sleb o HUANOLTE B may GG oSBT oving he

ﬁ%\tnﬁ WECP%SV QJILM?r@m Fhe ﬁoléseihélééﬂ ﬂ‘(&?ﬁ%‘é' Hufk"SedufsoBsolution and

ane

Inﬂr&ersm mel suppﬁhmta@ qauieeus soweraﬁiathﬁ;deﬁquda%t/‘étemﬁi{vdm colloidal silica

S{’IIMOQ%%@VE@I tgﬁﬁlb%wergr? %l%)gl 4 %ﬁé’aﬂfx}]%g ﬁeééﬁl%%@lﬁhgﬁ(ve ar]d the support then
rédtioved firamcthe coltationalGthyar &karopdg@ of alteeurscﬂ liguids mclude aqueous solutions of

ST 18 LB, S YA HEh T ISRE6 g Bipusor st

sB&tld BYsueh 8aBhe disdobigy dp e (dravursexiriialiesuitablaliof fusigy intothe bypport. The

cSXcggt?arglgﬁ %vﬂ@e&;{@%?f&ét%xﬁ&hﬁgﬁyneﬂ@%ﬁm@@%‘ {w%%raj{ﬁ&)awe of the solute

aﬂé‘ﬁ%'nﬁﬂlrea(p?r@%lﬁ gﬁhel#éﬁzeﬁé#%ubpdmhﬁéma@hh@ @Micékﬁrahélﬂnay be between

pr ecur sor heating may be to a tenp
aboLft 058 mm%mewgm obbyevalumRe wu B beebGITWQSfU@QOLB Qt5 and 50 %, about 05

a0, dppli U arti o (1R HRE BboR 5 3hd SASBUPPRRT 10%, about 1%

er a ure may et ween
2APHG, awut Hatduoes alstabil arfBlOlO%nabciBtOjS 30 4a%caleot 2anda1ﬁ% about 30 and

40, 50 nd or 4 C,_,and

488, oot 5 56 Moipod B B ana Y f b 5700 7 B o2 8,45,
1iof 14,129, 5310035 or%%eby \@élghtfbr @@patnh@ El/ﬁp(mttohsi arpdlt mfjthe water of the
that' tenperature. i ci ent anmount of ‘v

Aoliequp @olmw e C@ws@am sl RSahlaGasrRe! NG Tohe Sioopsmaterial. I
?eel:asg r1hef’f Qﬂ,ﬁ rfsé?%g%y B?&?L gércﬁlrsbraéolutﬁm h‘\ﬁy Ee %@He by heating agar

agarf \mthem aquequs ﬂqwﬂ tga@m%atwgtabweame g@wmpg@tum wdag%agar in order to

cgq%glg% li grﬁ;ﬁegéjﬁrg r&gﬁee%gé gﬂﬁ the ao% 6(1)? H¢atr @g%r%{mﬁ ﬁ’x'ag B? betwe%p about 25

dme yabew moeG. S’ e geieermperatmre mayfcnn\mhleaim hestietomnabout 50°C, and may be below

a,tbggff)ﬁ%r otk a%oﬁf zidg& apnpéréagy ? rbght'oébppg 4 p&\ @tdo!acf‘j The concentration of

J¥8f adar 'thhe pTé%@rs&’qg@iﬁm Hasttdehetoit0.5 ol 5% W emlight or by volume, or
I'nvention hydrat ed and rehgct@at ed o
kedvaeniabeit 6. Sten@4é>é1|r bétiveenabo [ gnéeegfab%gétapq)a/o or between

out Nond BRI ?rﬁg bb Bh&U6.58. @”CPJY Q.8f0.¢1f Z}@r I 6?‘5%%9 V\%elght or by volume.

process, a su mat ef | al aV|ngapura|t
@nnlmthempmmmtenag infusegvite theppregussor splyition; @uwmaﬂ% of an agar

q:ggfﬁ lnﬁén%?oé oﬁ # L;ﬁ@ogﬁ%alh‘%rﬁp ththéﬁgsettn{i ﬂ@’é’e%o &@?es calcium alginate, the
mecb&ror ts@utfommayae nAaaquzoussoiution bi alginig atid, lwaol mgplublecalgirgte salt such as
so%% algmate dl'he concentration of alginic acid may be between about 1 and 10% by weight or
by volume or between about 1 and 5% or between about 1 and 3% or between about 5 and 10% or
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therein in the holes of the support material. The pH

may be reduced to between about 4 and about 5 8, or
whedomessimbout 5 and about 7 or between about BCEHAU2006/001728

about 7 or between about 4 and about 6, or between

about 5 and about 8 or betwee4p about 6 and about 8 and

may be reduced to about 4, 4.5, 5, 5.5, 6, 6.5 7, 7.5

or 8. The step of reducing the pH may conprise the

b%fw%@ﬁ' aut ‘7%@‘4 O%QOrtbQﬁ/eéﬂJE’Jb@f? aﬁkﬁ?%rdﬂ bbﬂ@emélﬁﬁl% 98d 5% and may be
solutions in hol es thereof fromthe bul k precursor

aboltdt 2.6h4an @, 7 nfh@roé il OFg by weigktas by velume: Taks BHiRsgensof a support infused
\nﬁtﬂltﬁet é{g&rﬁr sblpt‘r’onqﬁﬁ' ) I'us f %et%f Bﬁ‘itle"aq iNatés f'\ni?ﬁcﬁ?é insoluble in

o0 sol en a
vmteﬂ (fabexampE aak:ludesa:usebelecmtab@reofanmaolmbleﬂlgm@r&alt,tfhreexample calcium

S SOt R B0, T AGheBSABL o BRI ot

ahﬁltﬁet‘ sohgidh ttlﬁ,@w ey b@gmfvmléﬁi abd'dgel aﬁﬂ@@by melghtoor byfvolume or between
solute in the precursor |i s

appuldardye QsPewRE b? % aighal e@@pl&q %% Epl’t%ﬁs@we@ﬁ br By Vlume.

| nf usfrRgy, bd@)ﬁ?nérﬁb?an‘é%b?%boroﬂ'shﬁnd%ﬁé‘;ﬁwm"n@édr&fe Mﬂcﬂoborgus or otherwise

depend on factors which i nclude the nol ecul ar wel
Rerauis NEeLROEeSaRaYt e §amagn dliagneisn @ew\fn@n abaut, i @m(qﬁ]gﬂg r@prgra_s, or between

a%gutnfeﬁr? b AChicfh &%Stww?ween ar%gﬁtbb g}ns g DA éeegf 89/0% 1 and 100 nm or

ncen |on may be b
hee/ve@htabmt 1bandvil nmrer aetdeeragbobk1 laed Weem erbisineeo. a50uir160 nm and 10

ks o theg apo f 560 AR 4P B Rttt p e En S g 2nG b o botween

aoa ©%m akpumidorasithetid¥n abdo 80 add56Neh 40B6twedncabbutiB0 and 200 nm,

SRR h MR8 SEMEBT A0 DefDoli 2o Bb Sa0ih¢5.G0ers, T00, 150, 200,
558630@ 380, 4008450058, 6@0 7%0 ébo 900 nnPorlébouil b 2, 804, ?,% 7, 8 9 or 10

35 or 40% by wei ght or by volume. Evap orat| on
pigions. dfmayHeveserdsy paes, elgepiakflasolikRese mauthawyﬁ@phlwle or hydrophoblc
f
416 S L R 6 b . 28 Pl PRSI Blo bl T rgerpors
ragelbe bahegen aboet 1pamaicaboa1c5|00 sidrortsi i diammaigr, oe betwen dbput 1 and 100, 1 and

{b:ﬁiégﬂﬁpa?@%gﬁg@{e sfahd 50 B4R ER 0% bop b ang. 100,95, 100 and 200

tidroRs MQJ'an’Ce‘tbrCfbﬁéi@l*npl@ abdu’[ 1,08, 46) 6, 78119103t 5,126, 250 86;136,340, 45, 50, 60,

55 b5 B e 58, RO POy rnt

W&%H d%@&tso“?@%e t@t@PbdF@VolLﬁﬁe &Qh@%p@&@%@mﬂr@ﬁ@o@between about 1
oW a e about 30, 45

SO0, 1 anmarmer& E@nd ) %fandéﬁ,r?()a@dﬁol eamd@ er%@'lﬁ'ﬂ@aﬁ for example
%/Boﬂfl | d 45ys *%ezbéab"‘ﬁ)e s @? Oégt %(P 38 AN (?)’%OZOV I E@g%s Y contribute

urte; ’'of “'bétweeh abdu and 4
10.1he efficler®$ood oxyigetatiereof thd tquid 0. e bmneaa%oﬁrthebmeaee‘emventlon They may

@g@gt'elp%n%n r?’ %49@{1\/ t@a/gfqg)?&v@?rgﬁrbargen%owpqygp L}‘]t?eér%era@raﬁ;e or the support

frebriang) of Ime ISR, Thusawiehi gdwingfhe pethyedstid fdrhehe membrane of the first
precursor sol utjon causes precipitation of an

%ﬁj’ﬁ?i ofyoe 'ﬂVﬁnt@Hdh%quU@ﬁaquEthg aw&ﬁme 3Be Mgy be Pwog?déo a waste stream

E&%ﬁnlﬁdﬁbro&gﬁmgﬁé SBRBBS { és%ﬁm&%r@émgﬂﬂs%@ d¥&\ Bn the Iﬂ&lud face to form the

precursor s uti1 on may e an aqueous solution of
luigi fagechielayedt, andrsome nmygmmuubroegiatoghe ga%fageamd @ow fhesssto form the gas

| gi C I
%g&' QH{%@' # \Ma@gg tapqzﬂ%lt, tﬂ%@}% e n8r§§1at91fer eul eg%segr&?i?%repare the
meniene ofthe ditst asmcthE:%o:gamkrea; mmeawma stneamrmie 8fcooraged to grow on
%gtme about 5 and 1&%) rgem bout, 7 and 10% or
A msgbLane 31 Sy teroinh e BBIVRE R R BRI ng 59 and
may be about 1, 2, 3, 4, 5 6, 7, 8, 9 or 10% by

wei ght or by vol une. Thus i mersion of a support
i nfused
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with the precursor solution into a solution of a netal
ion the alginate salt of which is insoluble in water

w@ t@r/ose8aspl e cal ci um) causes precipitation of PEAU2006/001728

i nsol ubl e al ginate salt, for exanple cal cium al gi nate,
in and/or on the support mater4ml. The al gi nate salt
may be for exanple calciumal ginate, and the sol ution
t hereof nmay be between about 1 and 5% by wei ght or by

vol umdnsectr so\?eeh\ﬂmehna*@ﬁeeseclotﬁf‘gbufeo/"rﬁ’ésh b@bﬁﬁ)@&velgl%chb?e/ thaterial and
be about .. 4 or 5%

el emgly QO@%WP?H mﬁm*mev beagse%é f@mrmrebrarmsowthweir(macroscoplc

m@%@@ﬁ@ﬂlﬁm WHeh Odbgéc? With %eréét)%lermesﬁol%o@f?ﬁﬁ en%lﬁgeerl Offahé-membrane

may have a nean nmet er abo
wagsegmef liadd froattheelumenisothe aitfaceroidheimémbriane, sochothattiedowd €iow down the

2Rtk cloafierietlofdlR Bustf IS oheR Ak S8 and e 6 effoncy of e
Systéret Whem thelholes atedmaiini 60400 40n)rthe br@laﬁe@ma@@hﬁ% t(:)L seal the holes

ARG Doy ol ere o R TRk om0 BHens obeirveddat one such
ateobtand &ad@ dorﬁ Qfserfibre fmabiﬁ? SR wiR QMida g’e@%cﬂgﬁneﬁgﬂo ggbuch developed

a nmean di aneter about
anlolaggry sl%@r m@ angguivajent peush with @ cI@g@Neazeglasame s@Port material. The

%@ﬂrbraﬂ@@vrth%ll rﬁ&%sc@d?@ h%gé) B i gmlogéd %0&0@3} 3h )}F?eg gkliace noticeably
|sl’9w@rehavrgrg ,aégo d@y Igg bgprﬁﬁhﬂ hedes wemeledmﬂem&r growth on the air face of the

EORRR0 e e e o B0 NIRRT o FenBonsy or ophob c

wal | s.ltigtikeiy thatgjmre o arlienit tmrmw Wige thehvesn thﬁmfpgorﬂrpé'{?ﬁbé %ould be, above
u

%@H rinégﬁ%nrgéc ag{flﬁre%@w i%“ @%&98& t \égﬁ-gegg obhe memranes would not
hél dblé@ﬂbe ét@pmd fﬂ)yiﬁeogro@tﬂ oRihd b?e%}er%n tﬂr@grr %9 %99851%&75 9§§h or similar

ror exanpl e about
guchfgpporljrgnatezrg withdarge G‘acr3®°P'@f00‘e%pIUf5hjy OmeeS e g@may besuccessively
BOR 0 r
BB up bSa) i Doled Howerh suc 8 atétBmalt ) o' syl Gy long-em
é$e Ohiay saaire pracific wperating conditidne lrsu'dexdntmamﬂbntanrﬁegntyrover long-term
? ween about 1 and 20, 1 and 10, 1 and 5, 5 and 50,

"and 50, 20 and 50, 5 and 20 or 5 and 10% for

exanpInearalitdBtV dtyle Brore&ctgrg(oge@_rlrb@ befow B,Exa8mpld®) thkée tygdd. of silica-doped
or

BBpA SRR EeHER oS ReleS oo dlen 605 nd Hacron, were tested

for their dbilitytot degeltp Bibig )1t
Th%}vwégr,e”éy‘f ac e bﬁb at e)?e%eﬁrbg)tnrfra gst [ g’ﬁe g@??ggﬂ‘%oﬁw@'t \qu)dé% had less biomass

éﬂﬁ”é 0 wrtwe@wer planerelnigneandhe @rlcatdeeed;dq;qmnrappeared to have
ﬂ@ﬁﬂ?{frﬁcﬂ@ brthfas§ AR chdiME RileRthe Sl BHﬁgﬂgaﬁelyget&&oﬁ%s%%gt The silica-doped

bi'ol’ayers to formthe nenbran
gaseon; appeaied nhaverdegradegddating divee inotibatidne Siiuprepet! polyakstaA® eembranes

e N TR T A

on the liquid face to formthe liquid face biol ayer,

and ne_.ay w through to the gas face and grow

t her Zﬂ}e S@%ﬂ?ﬁ%ﬁ@dw&em& tﬁm Wi pignifigantly; 1 hrck@rethan the silica-doped
padRetee Mhe polyeste! sapsort rﬁéléﬂal ) t%*d%tgﬁﬁ? éthﬁltﬁéf‘ﬁcﬁ’ye@%r/coﬁon blend support

necessary to _prepare the menbrane Jof
Rpter W?'@%‘f‘rﬁ Waenypantl herwlyefé@tsepmﬁrmamcmtmd appra;gmetelv 80 ml/m? of

AlcR 6l AR Er’(é%o%ﬁé’r%o{t?{gﬁé”ﬂ%ﬂ &rap&rngﬁp%d%ﬁ@'%mg}ely 120 mlim2. This

ayers rane SCre

Qﬂﬁ@é@@tﬁsoﬁh@t tﬁtauzlhca adopsth mbﬁestemame tgénalssne:mblfm?s were significantly
orous support mate
Al B R R SR Rt b e

less porous than the latter. Therefore the former was expected to grow less biomass per unit area.
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pores 100 nm when doped with silica gel. The hol es
woul d enabl e the trans-nenbrane passage of liquid from
wo b@7losasesr to the air-face of the menbrane, suPtT/A2106/001728
it could flow down the air-face creating sheer forces
to wash the biomass off the ##r face and reduce the
efficiency of the system Wen the holes are snall
(100-400 nm the biolayers may grow so as to seal the
hol es passhipeeantion faniss armimaretds iovthe bbaemation guihg interaction of

n\tqgglgl?llﬁl,ggenw%g?qef g,e:.(nea‘fwgéggag 5’63?% alﬁJg ﬁh\&&ﬁ@@{ é(j{ep ihe, fwo solutions (i.e.
sifdel ? @n&ﬁw‘eth?lﬁ@hufo@é RBidtidns)t werg rrm@dceimddh?e/@soltmdga had an opalescence.
ol ayer slower than an equival ent

Toi M@atemwe@neéfwew%ﬁ@ @ﬁ\fﬁﬁqng%r’é?@ﬁ%éfhca ifnoPartiles o form a e
\Aﬂ?’? [15% &lﬁi@@eré’@dt Eorﬁﬁahéwrf{;a?érgss‘?ﬁh‘ﬂ' $oréb°| I€§5 e bbdﬂ@vwhmpeﬂbse to the

e notl ceab y sl ower,

nteWhylceimosé fiprdiradleculestand largsi pores Wi0E 08wua) auay frem e mml@ﬂulose This

5 T o S R A D TR v

cbliee flbrﬁs @oﬁon)nrt tht Qolpestericottba bidnd styzplod snatetiat mey bw@ﬁotdlﬁerentlally
mat eri a|

e O LB oA S PR S st
olBRE e¥dtedotsaived %o @Q'f@stérQhé?ﬁdlsttlmogm -doped bdyester membranes,

v&@b?vh\g anglgteaﬁh\ﬁmﬁlhlg bgw?éqgggﬂ{e[]mqutl%gqrgg(ﬁWQ%ﬁm g&@%ﬂ the hypothesised
p?@&l%&?&%ﬂ vde(ﬁ? oh%eeﬁol?es"t’ér Jbitdh §u}5 é?fedtméfﬁ’@ranefsh\ﬁo@ﬂha\@lnad)@ery much

up to sea hol es, however ch
wha{mecéldlffamorrmg/ soiuhle b\gtngmjs fand;|d4§ﬁ@!vq¢ QNYBeh Whighoyould have significantly

quﬂ%pfﬁ fﬁg rggovﬁtﬁ bfoc%gseﬁpgﬁ fraggén{)ﬁhesl‘ﬂ&ﬁbr%hé: 198 §6§Fb\e‘g§%trthe differences in
dg@ﬂ@w fofy MNdustes sike distibdilB descsibgd abobe maednetrelated de Bydrogsa dponding or

wgegqv’éllﬁqgntgrégtp rQet\%aggpt 19% gﬁg&oﬁpe ta§¢ 'ie® BrdORA may be due to the
é?@ée)i@eséf@\zér%fl RUpdreme s(fpoft %%lalawﬁlclﬁ aabierhydweere bonding with silanol

sted héir ability to devel op biolayers
groipswade)silicars®d si | i ca- doped pol yester visibly had |ess

bi omBgs, Qf?errt}%l(?é éro?és@%oﬂé?@d“s&ﬁéﬁ%a?tb@% ad)Bted Mﬁlﬁ?@arpémd e.g. 4M HC), to

menbrane dacron appeared t av
& pH girebbyt 6nbessupp@hmsrsbrang m@yqtb@n hegmmersee, ifhis ﬁ@utlon pnor to gellation, so

%3@!’%%0"3@% éﬁp@@) rﬁ%g hgv@ﬁwg eoto%g 0?2 geqoﬁnﬁerﬁ‘drédec fir HOB&ENce that the

u'pg stoaérhiBne iScdtion ar pkwlaetér ptmﬂom/,almsemay leadﬂerbbndimga@ thessdliga pef so formed
I

V (see Exa bel ow) al so appeared to degrade
t@dne GoHoR 9idheRuRl E‘{{T\/p{/ﬁ?’@?ra'?erl als. The silica-doped

pol ye?ﬁe%/cl@fé*sé @fﬁh@b%"fﬁce\’ﬁcﬁa)@r @8y bd leesnhiryatidot Srive ortlésarthan about 7,
the silica-d ester. The pogglester 3%04)@41 43,2and5,3
Brelt, é of %mmmbgwéen d@t%ﬂ Aad abqet ML Op BRLYRRNADPYL and 3, 2an

gﬁﬂe{;g aﬁb‘%loi End@ﬁnﬁré Uapdi '1 9180 dGamnfl Thathickdds of the I|qU|d face biolayer

er supp ort ‘eri al contalned aEETOXInH el 80
My beles thari ahoctaenge,loriasalthahebqum G a3tk 89, BB 08,05,04,03,

3#%28 art@%nﬁrtsq% et%g 38{;{@%' {ﬁﬁgb@? ?I i abl{ﬁﬁv@gﬁ abd ol drid®:5, 0.1 and 1, 0.1

aﬁd (yﬁv%r{dcow nmnrhlzemdnm,muf mgomm s l@amd 0.t an@.8ynd 1, e.g. about

t t t {

ribh e, 86 1507 BBHES. bt (265 Slpkirsh 77 F Bl 9 gegnm. The s
Rfeb ‘BH%&{WE@! Hehﬁlclke@‘tﬁaﬂrthe I?Efﬁf%lrf&fefb‘ Sayeher if @ayrbe thivmer than the liquid face

expect grow | ess bi omass per unit area. A possible
bwlayeinatl on for this anomaly relates to the

obs einvo?% gfbﬂe %cgeré‘ﬁ?d ﬂ’fe%@ﬁh?ﬁb ﬁfera‘i’@ﬂtdéhﬁb BRMakd ébﬂ@wgmcﬁ\lated sludge.

sili i nmedi at el %/
tirhihist medles thie INNIB sy (bie. cmerated as an activated sludge in order fo optlmlse the use of



silica gel and nethyl cellul ose solutions) were m xed
and the resultant gel had an opal escence. This

WO p@7osdsesl t hat the net hyl cel l ul ose may have cpOians®e/001728
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the silica nanoparticles to forgma gel 5 with
pol ydi spersed pores, having very small pores (less
t han about 10nm) close to the nethyl cellul ose

f Hi@@lv%ﬂ wg%ﬁ ‘dl}e!%re@%jtr{? HE& (i 6\%0 hgsfee{dscp @I@E@Tlﬁﬁ’%ﬁ NMER constructed

ul ose ra
gWItfaﬂ |cwlmdmabcl@rﬁlat dbe Glattf@r base coriad) béraemrdtvmth sanldutletgt the bottom. The

D40 881250 A Bt R B B PR S o

deﬁlﬁwt fwm Ithel NJMB eierd &mlflérhmo@ﬁlthd worydt e¢echoBlori Mhis &eates an uplift that

O Bris b oG s e icn Rt ot tale, Bomass 5 Ig4eS at e botiog of the clarfer,

g@ﬂeatfng%t ﬁIspérfdl@dﬂ skdgd BliaRkesSih |thé¢l§oﬁ€ﬁmﬁ%e°&ér)ﬁ6|8t§unn the second cycle the
menbr anes, which i's consistent wth this th

Thféuwb&vm iherNB entere dherauifienfropuihe side AproBke thg‘\f Summe@ asdeperser, so that
Prefhlemﬁuﬁ REers &1 gﬁlnot%lx%&‘ gllcﬂ\%%tﬁ@ E@{qé enﬁgﬁgg (ﬁjmlégnfbﬁérﬁ &Rd be removed via

anes wou usi on
ofhegoftdbire bolfftomi ehtatating derdpes Sardiiiedet hudge eemovahvia thevgmud id the bottom.

have si gnifi anI nhanced t.he.qr of .cells.o

g foet s FBef BohctalBl o PR e Bl 8Dk 1o B e end of a baton
dprfoﬁaslagm@allomﬂmal Setgiabasorapingr gndesiaige ren6\el, Yefote the clarified effluent is
[ éing L&%}q descrl bed abg\eﬁ)@may be related to

Sﬁjﬁa 6 Piglelip campigte i nt eracti on between the

support material and the silica. This may be due to

the presence of hydroxyl groups on the support
nExamplel Sewagech enabl e hydrogen bonding with sil anol

91 010% i hEPOREt i PO TP HBRRAIB AT o vamon o
esgvagéMlsnhb}lmenﬁxan@@uréacp Hiquid caltuesit The NWIBehaiUfpmltof 06 m2 of membrane

CEPTgepre ol BiyesBECoudS el BGfern Ealoidy Behoelo S iegapueos rovte,

| Bewdde MigaBssupbmhiag: \ﬁéﬁOMédtedTWW%\&ﬁmmdan sévlib@eltfé‘atn@ﬂi? Blant (STP) for
t hat the sugﬁgrt nmenbrane i s cotton

pbgajraeit &ythe. YMBo Secondary apgsang-dliaed Q{flt@gﬁd\{ef@alw coflesied for testing, so that
th%}%ﬁorﬁ%hcles& tﬁﬁ cduld M@bnﬁEFéd% t@t of 'aesta? 1BPRE bt 1 sowage treatment

rane ness of t ace bio a er
bplante skotal IsmpeadedmhcsnﬁﬁSbrtotalemmvechsohdﬂoﬁdns 7qollmn eouns biochemical

2 e O}, ¥ oGy o 450 iR, Bfya i 4758 vsing on-

aculipdplasmea etommhmasmih Spebirostopy(ICRAES)G-N-Bunalybis,clod &mschromatography
of the llq‘i face biolayer may be I ess than about

YR PEIorg Sabout 1.8, 1.6, 1.4, 1,2, 1, 0.9,
0.8, the/NMB- \ﬁas Pelbated: 30% 3nd 20 & derhiid th@ref@&t dﬁ@l‘ﬂperature on

about 0.1 and about 2mm or between about 0.1
operforpanca., The flow sale @ng volpma ohprémary 5upema¢an§wgre2vang_d gmﬂjthe effects of

gblarﬁasgggigﬁg glerc?oais% t@%é’dzjﬁ« 6(91&;3! 5&% &8%@% (S)Qg%U@B 9H&I83§’VOII‘ identical to

Othese in thelNNIB, wds. als;o tmsted toldeuérmme Ej’e mleeo’f the. WB m@ibrahes)’jn the changes

0 bi ol ayer nmay be thicker than the

I%eaﬁmh?g@@arg?'%ﬁéaéﬁtor it may be thinner than the

| i'v%ui Ihefl\gm péﬁoﬂh%hy?tter than &B@téﬂp@@h né fdzm Qﬁo}tﬁr I(silﬁacei 4762 to volume ratio)
erated ysin i ki ng/ acti vated

%ﬂwgng%erﬁﬁ fp ﬁ?“é"t%&ét'“g hg‘hwwﬁﬂr@é@n%@ d syenengRs seligs apd coliforms very

agHidiendy, Sethshatydfitches fdceidin to‘éta%pﬁ?aﬁl@ t *ﬂﬁe 8§58 flltered effluents from the
ofdlssolved oxygen dellvere the I'iquid (i

fSEHY The dlsps@lvm\/g) ids qqnggnt@hpnmg slgmf@gmg/tduur@g @@erlments at 20°C and 30°C,

RECTIFIED SHEET (RULE 91) RO/AU
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with a cylindrical clarifier. The clarifier has a

coni cal base and with an outlet at the bottom The
woiresesaxt s as an inlet during the first cyclBCDAU2006/001728

operation. During the first cycle, the oxygen-rich

effluent fromthe NVB enters #the clarifier through the

port at the bottom This creates an uplift that nakes

the oxygen and nutrient rich liquid perneate bionass

with Invisiee) ev@borétféﬁ éug?ésﬁl’@ tRAt tHe"NMB Was vdry efficierd @?@gesm@g and oxidising the
suspended sl ud anket in the bottom of

sewagq tpirelpase morg ln@gamcecoma@u\daﬂ@wtae pHe effl uent from

t he t

he Tyg%)dﬁ‘f\?ﬁ gaig?ygﬁ m%ﬂdééHe? gw otﬁé ﬂM‘B Qﬁi tﬁt% Iﬁguc:aﬁééﬁﬁétbﬁ always rose to
reweh dighelr, levelst thamwermecerded inl theo STy gTherammeasia qiidation reies wees equal to or

e i R BTt BBt bl 80616 abs Bt moltn (644

mg/mZ h)handJQlSB mgiL.h {28.9 otg/mhh) WEbredgeordes ineth®\NMB. Increased flow rates,
BeRg e IO PR BB bR ed  PHRRR 8 hcinsy o o

ngltl i ng, scraping and sl udge renoval, before the

clarified effluent is released throu h the outl et

conpinealleagustic WosnE Here PreyAipntdn the drspfigyd liguor after about 24 hours of treatment

4369 p%fs'o‘éhﬁbﬁsttrﬁteg‘%rﬁﬁfeﬂ&? PR rBafaMe gfm%lh\{% b%§ed in aquaculture The

cons TUCt to trial e treatnent o sevva&s
resuitbntzaiitienta rshmalt dikd argaduarigalot pens, amthiacheiBhé cai/anaﬂreillc smell of the

o R, S BB 30 SAERAOR PG 15814 B vosen

paeticalatisin theurble of ddeatiag dogpulation; Hiomagsaeteatioanhd avamonia oxndatlon
((:gl_l_l e%g trf{aqutgng?@tﬁ% Hltégmﬁef ﬁrlgcq%%@% %@tg [gﬁ)@tgg@ nt{ljﬁqﬁca? and biological factors

WKy fadether & rekiliéd HRNArfount e b@lo‘g@alcmhtkefﬁc?\leﬁlﬁbg%mé microorganisms and
testing, so that the performance of cou

Byiepter Bleasas inteathe @f]wrgn@@rg{ gememﬁ@n d¥ enlpacrey By flocculg’uon of cells to
rgﬁﬁ\?et Eécpdgg l%BIgis a{@B@no Rl | ﬁ&n %@\lvég% f%ﬁ@egtﬁn%f%omass for the

I SSO or m coun i ochem cal
forguiption b reakisdan(dBOD) gxidkign ofi asmONR B omwetn theefficient operation of the

SPRERR R cofoB R o Mloadf ¥Rl MheNpiaBE Dplafifi of the actvated
Sﬂt@b)ﬂalsecormiaxy traatmenh hivnesiclogy nget viethe mestgexge&?ge ?‘actors of sewage
R i ashBrecks ooy BR bomasocd T P Siiessedar

The fHcommBais %naéifécﬂ'(/@'blmifasé’-fet@ﬁlbﬁfﬂé\){ceswm@d O%Sambmmﬁ@surface liquid
varied and the effects of biomass spiking were

quiire dey retain bigmassan diject §@r]taq§ Wity ig1Tihg @loa}aS%ISWegﬁ\ﬂjh soluble nutrients
\{I%éﬁﬁ 6H écr dsqffﬁgr édbﬁé)rtlﬁ r?es' nl'h’é%ra%s r&‘ﬁ?ﬁz\/eabﬁ'd)smﬁle pumping of

e of the ane
the éqwdsam@/@@s geeants to thehi@alped biemasssuper nat ant. The NVB

(s ur ReEeP Gk bRTNEE REF bish g ol RS 7 iage. Hoverer,

thadiolldvi-tire mMeabtdnog use‘EhaeMNBerrsE/arcaneldwesust@@edsadmergéd thsthe liquid, so

CERh G 08555 6 PPl 15 N Kebiil teeS pep o planer membranes
SfdnbteRfoSinfiflOgNs, WRickSddfine 2MneiiferIMd YRR thdSewage between them. The

conCentration rose significantly during experinents at
9B cuspeads3he isuis and biemassiathecairainsiead Qf@ubmegu@@;@@ gahgnd biomass in the

t 0
L SRR o0 IS e B8 Sifos (= ), s
deapaluretle andanon-biedegraslaBiTAmaking this technology an ideal candidate for scale-up to

treat large quantities (tens to hundreds of ML/d) such as those required for sewage treatment.
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The BOD fell rapidly in many batches in the NVB, and
the DO concentration always rose to nuch hi gher |evels

WO bai/09e81E recorded in the STP. The anmpni a oxPOEAU2096/001728

rates were equal to or 5 better than those in the STP
in many batches. Amoni a oxi ddfi on rates of 2.21
mg/L.h (64.4 ng/n2.h) and 2.63 ng/L.h (78.9 ng/nR. h)
were recorded in the NVMB. Increased flow rates,
I ncreased tenperature aMethodecaneidfateridior m f actors al |
ggaﬁgqar Emg i ncrease the efficiency of the NVB. Snall
Y ns were prevalent in the resultant |iquor
af t eTheadealetl ug AMBId dRgRM df WdRh @ﬁbwﬁ 1rﬂFI? m%ﬁste'ﬂfbf 8 bank of five gills

denonstrates a potentjal for the resultant effl uent
G0EPa8asoftwo H\SG‘Q@U?& qAch aPPTW@“@"%'% 464 Bt X 686G Meths3-4 i W'de entrance

okt %ﬂs gk ePHhr%IdQ ﬁ%s @}réqlai REHKE Iér'?)@ ounted on top of the gills with
et {1l 1o

aecal’] anaer obi ¢ snel terti I"uent
t%lﬂy 4T isEe-dlamaied ( IQb@dyq’ﬁhMi@ﬁt (PE) tube$ taifsedithe ﬂ@\m@équor (primary

BRIl UBSTALL B 008 e g o o

t&‘femygﬂetthoeeﬂ wenatalllaﬁatme«tmmlmmrmﬂm)@ésmgatro;’idhve n@nnected toa 30 L PE

Bl 2 o R TRcoseBoRRedR s Bigitus ol e resenorr. The
aakhpafbid @vamacnﬁn@mgmmsw oR it Lot bﬁﬁé §ill BSSe@BE Ath BMb@let hose that
t he environnent. Sedinentation is enhanced by

fefl die afruea-gameered aeristaltic gupR Eich WU@B@%@H'@@IW@Q regagyoir via a hose
f glﬁt?{?cﬁ g‘ﬂl? c?nl@leénl:i Sullét ?ﬁhﬁd{%‘z@% gllfrﬁ’b?nds%é?é‘ b g&”{u?gg%@ gl?ﬁﬂ?ﬁﬁyl chloride

| occulation o nd the
E@Vepnihg memlyanesiapaframes et avesd glu@d @geth@pm’lha?\lt‘ogiue)fanct #lkload-bearing

BRSPS R Bk el TGS U0 P T o

mani®kls mdmiwnmngeasmm whrie aoetaine® mithina Se RE‘ béxheithmmdid sealed with

SERFLOE o) STl RERPR BRSBTS e b o o e

Qﬁmﬁéreﬁfslﬁé p@hétaltlcTMd\'chh ?re@lile@faﬁy?@]bxllédﬁeaked liquid from the manifold-gill
bi omass-r et ent evi ce whi ses nenbrane-surface

a5sebly bacdkiinta Fh@ 'Q'Qi SV%TW wlilsd}aﬁ§§paqmgoqf PR B hedwaen dem.
Wi t hrid Biored i aﬁ ?Eg%ﬁ ité- n?én%Yér%e% ‘Mng@ s?éijp l(‘ﬁgewa ) and a gill scraping

nutrients via sl on acr 0ss
sysieny, ahish hattactualeisgpusbriodsy thebh pjecied tfanlaghstherputer hawsipg ngide rubber

8 SR PSRBT LA RSB s e

inler-memtiaae sarpersitiet iresideebet@een fHovieanghiranet palrs of each gill were used to
hol I

D e B B GBS b Mo 55l gingon e

ingerfigup fcesl of the erehvBinéss CA LR HoRt db@ldr@teﬂf"a"?'ré!ﬂ@rthe flow of the
menbranes arranged into sinple grl ine a

lioyide Preyasting t@éefbéi%%@@éw’[ﬂfth@ wweglaw@gwiaees\/@femetrn@rnbrawe The inter-
i
Aot M55 0 S TRE i i o sl opng
proeass.d . Tha ligerspanttiratle sceapens desids khdwesnogaebl phioof gits snd have a push rod
r ron che . .
AHPRARE 12 OB L B3N e ernySh RS9 LizRB Ry e he e
@l dutletaanieldiandatralect througic tk endipalis®f tmarmstmfél@h@sm%s and further project
.antI"tI eswgqttgns t o, hundr eds %f M.Vd) such as t g
FRERIMA I 4TPus (G Auehals a ot (AR PrABEm AR SoERpersi & be moved along
th6 Pl -ofRabVEll from outside the outer housing. To stop material from inside the NMB
contaminating the environment, and to also stop the environment from contaminating the NMB the
push rods were covered in rubber boots (sausage balloons) that were sealed onto the outer

housing via tubular projections from the walls of the outer housing.
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The scal ed up NMB (a di agram of which is shown in Fig.
4) consisted of a bank of five gills conposed of two

wOoreesgses each approxi mately 364 mm x 160 nmm BET/AU3B04/001728

mnm wi de entrance and exit slits. The inlet manifold

consists of a flat rectangul a48 box nmounted on top of

the gills with twenty 4 nminside-dianmeter (1D

pol yet hyl ene (PE) tubes to feed the influent |iquor

( pr 'Sf@rﬂé’ﬁlt%kéﬂ%fr%h%a%qlﬁﬂmgﬁmé wesudedgo Serhth the@?ﬁ@m via a hose into
gi

rou our_evenly spaced tubes

thmerwhamb@tthrnmgmb@n S00™ i @W@ﬂa 02U W@Sﬁﬁaﬂowwstraha PL).
UJeFi 965“@8 'Eherb%%f h&I%Lﬁg %ﬁ&@g a{)) r@fg%\%?t éésotfﬁeg grﬁi?é Y‘;?r‘}dbréﬁ' i300™ air filter.

bot tTen mrfmbrares mese consirucied Th eolmﬂer/eoﬁmmienﬂdhalerwhandawere doped with

ﬁ (ﬁéarlrﬁ?m &f a(ﬁmgﬂf”‘ Olﬁatht%@ lgoﬂig%géd tt(ﬂ% ngitﬂ 4M HCI and universal

ihdsaRe: ¢Hfaﬁ‘émmranbspaau coinbihéd smrfammnea Wi Osehmiau nped t he
ef fl ent intfo a reservoi.r

"l ethedRes R vaBeORRAR 511658 QesRgR v i e e Bits so that the
gﬁ)gﬂqmﬁ oRf nd? @llsyivd W'su%b Q)f th@ﬂiqtﬁlﬁ’gﬁ)ed il i resarYi rath@§ mlnlmlsmg any

frames etc. were glued together with PVC glu
agration gausen &y SUFage Jagitaﬂors Fxnedments with tme'ase\mroarrprlented vertlcally had very

ﬁ@g&(ﬁ Pésﬁlﬁssto%ﬁcﬁﬁ wﬂﬁ?rr‘iénrfe eY\f% (@ I%%ﬂ W%ﬁllﬁ §ogtg§ gér%ﬁﬂjoF %f the aeration

wanﬁtiabm«aﬁtowhlet dillsnaral rebthe swrfacd the/\EmJ}d lrath|e|rese§/@ml emihe reservonr was

G 53158 g0 38 e A PR vt v

- gbewovetiredl the peristaltic purrp whi ch recycl ed any

spllled/Ieakedll uid fr nifold-gill assepbl

oo KEPRIBETH oo ed W AR n@vm?%Oﬂ%{@"aéy §l&§@aﬁ8t figm the STP

1%@ 50TEnE 8 SBE With 8 esdr &ieﬂfe@&féhﬂfntaﬂ)b aAd Re@tcain with dlfferent pumping
nt er - nenbrane scrapla%gmis ystem ( 16aéwand a

katasdlevahg geyesa o ratgiorl in and Ig\éed gave BUBW rate a2 %9 Ayfmin), and with
gérg%sgcr%ﬁﬂe& ArRe'RR N&?o@f‘%&&es@ﬁé’ Eﬂ%s [ﬁ@b@fﬁerﬁé‘@@f@ falso conducted with

Eomtal Nt he Cul ture Wit oreact or and
biomasseokatteddnon teeaativaied sludge ettheé BEP.cThe NIMB and reservoir were incubated at

Ehiaha A TP BB ok POyl AT ML par ot e ¢ e

”e”bA@GIﬂﬁ)l idssawes atsiembleb@@@m%/sathemﬁbﬁd ot the N&/tﬂwecﬂuhﬂ're effects of the
e 1L G0 e e L 949 LR Ot s
\Ulvﬁ ﬁ%‘%ﬁﬁh@%lét& QHH thlefsrh@taéhbélw Qtﬁ%eeéhﬁmbér@@ p@hﬁﬁmc%ﬁ\?mra’ung at the

e inner/ IC]UI surfaces of the nenbranes

sanoaspeediias the MBC Tap conyokwas eismiated iihe yertieaband hgrizontal orientations.
Sepaigl;e?alrﬁrﬁﬁ blBﬁ‘[EQs‘; @Lﬂﬁ%@tﬂf il 7 nfetraned e r%?&gtﬂgﬁa'd?gcraped between

proc rane Scrapers resi
batcﬂesp*ﬁher bloma@l wassallawet tmaaoeurwlzpia:oherrtbej fiest fomc haiches grawneon ANSTO

P03 B reR T Srshe NG REhedh Beine FoF oRHA o pRsEnk s begen
BaMpRAnalygisough the end wall's of the nanifold

Dot o BANBRS g tastpealoe HePaniE el Tk e s s HS), cotform
@&Jn@&%éfweﬁlldaf‘&yﬁrégﬁdsdﬁ{gﬁ@%@ (ﬁ@@hed}!»lyberf c@ht‘eﬁt’réﬁﬁ/nétpﬂeammomum

out ef "housi n rial frominside th
cationg riiitraia, |nﬁrge,t Suéiate md plasplaia aniensd Carboraml%@eéﬁwwr epalysis (CNS), and

Ll g T ERRLAT BB CRALY il el R

vver&nml vegile takero fror dheohiilB iandh aliowied dp setite fou b ménutes ( partlal clarification),

e SRS 8 s brhr Ele s g mombros

AP paRageUs &1 lihGd 8Roudh @, THvesupaitemwas tsidlae selowdt o
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t he outer chanmber through a Sartobran 300(tm) air
filter with 0.2 mm pores (Sartorius Australia PL).

woik@d/oaists exi t ed the outer housing through an BPET/AUR006/001728

vent also fitted with a Sartobran 300(tm air filter.

The nmenbranes were constructed9of pol yester/cotton

bl end material and were doped with 5 colloidal silica
solution (Bindzil(tm) that had its pH adjusted to 6.0

wi tth A4 b00-HaI sasptd o:rsupeemmit wamtee@ittmbughme@@ﬁ@i ENRM/ Wlde glass fibre
reservo

wns MEETedSERcs hasTafalE) s Daakiniuntsizebivl 16 Eival e fiters were
eXperdrﬁ&ﬁiﬂO@aﬁdeh&H‘&)deféfrﬂleﬁh(e mds8§lbf s d;fé:néed’ébhds (TSS).

disturb the surface of uid store
r eerk 60 m) sanmﬁ,ofrﬁltwth@ fn@'ueaﬁl;sr@leth@ugfbw taurseenstited cellulose filters

sur Lﬁ@g%&@% ?x ! (?E I)_)Eaﬁﬂgﬁ%ﬁ‘rfébtrﬁ (% éh?b&ﬁ@épﬁi?ﬁ%&s (G} for anions and

t hosecatipitsh t he reservoir oriented horizontally, so the

o P <172, Rl e Ao AR VT REf) b gt i et Beakers for Tos

r eseramalysis, AW e prdeitate sremsiemied toesciidsl ibraGNS &iyBisL) to
t he Iigvel of the jnfluent |Ig§l d and, orjente

veft i & SgRajate i%@F@GP?téN?é cghecier dromitpPrigingesuPanaigniand digested in 30%
St 1 I'iRrogErRedidERte akg bR fFI’@lreH‘f’dr'T@fAE@ driyels f f er ent

vol unes of primary ernatant fromthe STP i 5 (28.5L

and- 1/18n) SARIE 1as sraialbeclien Bidk % Wean & A85Y saiecand. | mi aiguots

d h
ngev”gé % %r\j@édréé/te% Wg#o %@EBI&%@ Sé?ﬁalrﬁ%uﬂgl fvs%&ﬁs Thé @Xﬁg wére dried and
f | ow ineubeted for 22 8@t BT%Criiefore califocn mlomesmcoimwmw metakicisheen or with

wer o GrLERCHER BT e AT R RS e G MR count

acti Vl_atssbﬂfe§|o ge (BO) doheentdifdn wesendible@ Meinddiasly Wathé samples using a
wer e C%Eate at 309C and 20QC. The NMWB treated

sevvag ®i nuously for 14 weeks. 2Q A control vessel
wa t he NVB ver sus
the of PERUAHSOMANR L hhedaRy U Blph dhe!
(pdrt $Ql@| wa$ awlwe@bm@wmgtan @hqpot (toré00amitdepending 98 ithst leadl imthe sample)
an i d
e e %éfhlgle xﬁ’[g 9?&9&6@ éergw % E%#ﬁ% d&déeaﬁez . gﬁ%dDO concentration was
punp, menqsenedanmtbe aottle bealeslavitbous peyealr lmbbleh ebeﬁdm)eln'g'hmubated at 20°C for
contr I t est n the vert, cal
oF erBu s eaf bt fihibhubs Fesrilet oG8 1A BT 16 bt of orygen
t he n@ﬁmnwdmtmegampreot changed or scraped between 25
bat ches. bi.omass was_al |l owed to accunul ate over

BeioN BudT

t heamp ANEMesNIGB yire sybieoipesipErB RRGLO! Aiege el in tandem so
tggf?g? ?ééPgrn%Eé befie glMB"%ufé!'be%%NYF&@ d for @Hht%fbﬁthgﬁﬁ s*é@&%ret?eatment plant.

anal ysi s began ysi s Sanpl e
Yamplesdalen fromtibr QTP wgrgrj@lwﬂ érgmslbﬁ spﬂ’ger(Jusgg)or te wixing with activated sludge
@hrﬁac‘ﬁgls\d@eqna?éﬂd) ?r%ﬂTW&)ﬂs@glthe H?i‘ fﬁt@rlén(tsf%?ér? CHEERFALd the spillway
leadmgemto tratU\Birradigdidn teainiieriany m‘leéDt)c ditshouls be moted théiteall tertiary effluent data

nitrite, e _ani
s e o o, 88 Potera XU b sisninte biggar hgn the fna
{Pda®InatahorsleasaNire e it ST @@l roRy Creiiéts(hER0ER) of Mk effluent after sand
EI enmental anal ysis. Sanples were taken fromthe NVB
fiiraliom| | owed to settle for 10 minutes (partial
cl
qu% Iféé&ﬂngri rﬁ’dgérsf ﬁlﬁg?ﬁl]ﬁd h’ietg %r@ﬁ&@cﬁ’ﬁ ﬁ%%é B t'h@ ﬁ‘i’l\g‘?vere calculated from
%ﬂ@mmg;@tajlﬁ@w rate = 55 ML/d, Bioreactor volume =16.4 ML Total clarifier volume = 20.6

ML and Sand filter volume = 7.9 ML. This gave a retention time for secondary treatment of 16.3 h
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to the passage of the liquid through it. The
supernatant was tested as follows:1. A 500 m sanple

wotigupsisiat ant was filtered through pre-wei ghrdr/Av20061001728

wi de glass fibre filter disc (Sartorius Australia PL)

with a break-through size |inb®0 of 0.8 nm The filters
were dried at 110QC and wei ghed to determ ne the mass

of suspended solids (TSS). 2. A 50 m sanple of

dnidlatre@hifon e fdr WaAdiRFatibn bt B4 Bd Théde GstamioR tidesWere significantly shorter on
reconstituted cellulose filters 5 (Sartorius Australia

dayy whateithe ey etasatere elevatad Y kaidmat ogr aphy anal ysis (1 Q)

' and cations. 3. The remai ning 450 m of
éeﬁﬁ ?@P@ébgwas dried at 1109C i n pre-wei ghed beakers for
ANSTQ:bewagei s, and the precipitate transferred to

el . Ly sd 0 :
SIS S P50, sl o Bornfhant ol SAEA b Cselnge agration pond 008
& NANSTIO Béaste dOpenatids/and Mgcmolpgyr Deesiapriede anchiedr into theirdservoir.  The
B B b 0 i A s BB o v o
Sithtion ®f themeucdt Ilyuial Thé NMBRUMD bR Rs@diefdle PrdateBROgNegar
| ates contai ning neutral fuschin

. The p wer e
TR B hA sAimesar Tashonh Govar Brcplope PRSI 1anag Hes 100L
P 'a§§ (colonies with a netallic sheen or with very
dar rple centres) were counted and cal culated to

ThetbaichicenslitionssfocRatenes i 38 esuahown i TebleBi ssol ved oxygen
1450 SAREENH AR UpSToRagued Trmedi ately in Lhe

sanpl'es using a The pH was al so neasured
i medi ately using a pH probe. 8. BOD was anal ysed by

Bateh [ngcudationl i Quaatity (cf )-RESEHLINT FibanleSeliang | Detaiihie T oad in
the Spdmp.€) |updrifariidBRération] Patelel Ricged water in a

P60 |a¢PE JOPLEAI NeT hoftfontal”| GONCIE at I AU RS was submerged

FoatABE e R, oot Yhipnal 74 SR HH hose was submorged
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& g;l‘ nolfSas shaken after

not ed | ey sample was taken at 4.08
ed pri c,thoyrg 0 re-suspend the
ount s wiliomags and the pump turned

t r eqtoBduniif efteretie sample was
f | ect s |tiaken §uials hoprsof
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e2@Cuent
s for th
wer e cal
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| ANSTOHANSFOenprineany  supernatant
us conpaaenised ab alldve biomass to
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I gTEact of

vERica| e

2 16|
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é‘éar

20" Vv

I%rﬁz Z{

vBrtical

4

STP

27-29

20°C

28.5L

vertical

4

ANSTO

30

20°C

28.5L

vertical

10

STP

31-33

20°C

28.5L

vertical

10

ANSTO" | ANSTO primary supernatant
was spiked with 3g ammonium

chloride

34

20°C

28.5L

vertical

10

ANSTO" | ANSTO primary  supernatant

was spiked with 6g ammonium
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M. and Sand filter volume = 7.9 M.. This gave a
retention tinme for secondary treatnent of 16.3 hand a

WO edoefsisoh time for sand filtration of 3.4 h. BGEPAE2006/001728

retention tinmes were significantly shorter on days
where the flow rates were el evhted by rain. Batch
Cul tures ANSTO Sewage BATCHES A-C NMB: 5.0 L of

—prHApy—Superfat-ant ‘vas takep—f+em-the QYE e—aerati-on
nond 00 t ANSTO \\ast ﬂFALLQnS and "&bﬂm | ogy
N

vpl%pg m: P lf ad iH?"HCﬂhe ABselrSHi v |The reservoir

Yas 020°%ent ed 18dri zond aemigalwi { A0t NeSTRf | (dppronosd L of biomass
subnerged tg nminimze¢ aerati gn vija the agediméntechfranh 17.5 L of STP
the jinfluent| |iquid. [The NVB|punp| and r eseliveied slusrveas added

gmcubzreed at| BBIAC. BAVEHEdP NVBD taNSTO™ ANSTOO primary  supematant
bat ches A-C |lexcept the vol umg of |ANSTO -W%ﬁlké@%tlﬁl@g%mmomum
L. STP Sewage The batich condifti ons for B@ﬁlsﬁb%s 1- 38

e S4HI T rhabt e A S ) tTi t3 ot
gor Séppégewagse | ow rdtvémélalz 399) tjS’rrﬁ’rj:; I 5 'Jdéﬁ A 1‘0 Oft hbé%mass
1260 m/mn ANSTO prl mary super nat ant was |r% T {:rq)rgrﬁac was

The contirol 1esspl run—in

Voo ot

glﬂ’W?t?&n'Q%m{/'ﬁ'B ﬁ‘{iR‘IBrafeoW%b?tGQH&@'”? 10 Resul ts Batch 7
ANSTQREM @Y surermatant wasrtelep jrem AN Pesewags RA0Bds from t he
"bhe eanirgl vesaebwasatrain @ddiiantio thadl Bai¢hes AJ0f rom 118 ny/ L
to 5.0 ng/L in the first 18.25 hours (Figure 12-a).
TDS increased from839 ng/L to 973 ng/L over the 45
hour incubation period (Fi glResuli®-a). The increase in
éﬁgh DS was al so observed throughout |ater batches and
ossibly due in part to nore conpl ete oxidation

and mm& lemaemlfj r@ﬁ@a@ B@sp@ﬁdeﬂ%blld%ﬁﬁbﬁbﬂh@'ﬁﬁrﬁéry i etrdsw@nt with the TSS
see later DO data in

fglhr?gg rglnp< 1 1£§)mg)\l to @,OemgllL n t&g\f;@ 0328 heyrs gilgyfeewcaju]'llag ,tp@l[eased from 839
rﬁ%’@ 't@Q‘fB rh@/@ ol/éﬁlf]ee&sﬁoui ﬂc@ﬁ»n ;?e?lpa SFl%l@%ﬁ/0 ﬂ?)a?ﬁb’ fRcteid nl?fhe TDS was

onl account's the I'ncrea

alsp thQIVGdI' Heougisst aies bdbhﬁﬁsﬁﬂdmams&lbiy dueein pett td moneemmelete oxidation
FRREB I glffic SRR L85 I S0P sty b gB per DO cata i

H']guﬁe gé:gak 105 SN atco.o Em%pmtdtlen al@gé céudd mot @mlagm &efileﬂlgéase in TDS, as it was
S|t n, the NVB t han t 1 n the
sl S PETo e Ao B e Jor % of b g i TS, The TSS wes
aflmm&uaﬂ?chdﬂ& mfdaééTbccbmlﬁg for évaéy@fbtn@f 90 Uﬁledsrheérﬁyeall%e suspended
18,25 h, and fromS8 to

5(91( %/wﬁre @9@?”"1@%”%@%'”&% @T‘ﬁ‘ns W?@C‘&ntaglﬁt ly sI ovver
fall

al | cdjifdrr %urﬁé’fer‘slg;gﬂnélﬁwémr g@m tﬁggrﬂ}e |E“Pnet Qa%onda Jreatment at

i nfrequent sa
Pt (Elgers, 12=|aﬁeThﬁarfﬂllrf@m &5 11 itk to s wécfy/ml inghé NMBemr 18.25h, and

i ST 08B LR P Bk BT RS, b BAB o n cotom
aunts may hine beer::ati]lrea? the nnfrpqmenbshmpTﬂr@echédud adioptad tohlﬁe higB13 batches
r api e, faec

or a | Zﬁo:nﬁcﬁqt\,grqamoh weg v%drp |C|e~rp’hgi removmg SO|IJdS and col?orms and did not

change the concentration of dissolved solids significantly during the incubation period. The liquid in
the NMB rapidly lost the faecal smell, and smelt like a stream or aquarium within 18 hours. The
liquid in the control had a very anaerobic smell due to a lack of aeration in the system. The odour
from the secondary and tertiary effluents from STP were noticeably more faecal than that from the
NMB effluent.

Small red worms about 3-5 mm long and about 0.1-0.2 mm in diameter were observed after
about 18 hours. They were very prevalent in the bottom of the reservoir after 48 hours, with balls of
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liquid in the control had a very anaerobic snell due
to a lack of aeration in the system The odour from
wo b@7essondary and tertiary effluents from STPPE@EBAE2006/001728

noti ceably nore faecal than that fromthe NVB

effluent. Small red worns abof?2 3-5 nm | ong and about

0.1-0.2 mmin dianeter were observed after about 18

hours. They were very prevalent in the bottomof the

theREé Vohstiih@ modof h@tﬁcﬁnass\ﬂpteféerﬂarrh%eqlﬁdrﬂw weferpiévalent in all batches

constituting nost of the bionass present. These worns

Imb@e%@t@@:ﬁ %H&wqrwaéa in bgjahes fncybat WCEEQQTCed at 30QC, but
ﬁ§rare i n batches incubated at 209C. Batch 8 The

results for the NMB for batch 8 were very sim|l

t hosibefresultbiar bin NMB(fer hgioh & wepe yery simitas tehagerfen baich 7 (Flgure 12- b) The

585 AR Y5 Py b i o

theeegrvail wasvaiented hearizoreally lnDBathht'EtielT)SSi imthBaonttol Dioreddiar fell from 101.4

neL i o PO RS ROTRE RS b-4 ok 15 358 gt g o provious
Uﬁﬂth Thé‘ cdlﬁonafcobht Ifem flohes. Bk e@a cwml tbautz:mosﬁmrfglg batéror rwmle in batch 8
X C

fplhfrqsraﬂ QIX 196 CfW’ﬂ' Oé’- 3 h%&fugﬂ |}§°W9<¥P’l’ al?@@?ﬁoib‘@e%t‘?[@@' not perform as well
fiHé NIV Ritrdr Cf:%pé%t i(pl‘énfbf/ /o%usgbm%\‘s%fds drrb%llf&ﬁ@t éﬁa the dissolved solids

i or eact or orm
reUSIp@twnstentrﬂyawhamt thﬁfln@b@tpéharm sol | ds or col i for ms
ﬁ%?he di ssol ved solids remai ned constant throughout
ncubati on period. Batch 9 The NVMB wor ked equal |y
or ritnedIMB forkedeyublly of mare dificieptlyaiaroin sreviaticedchesibt removing suspended

SPHENRRE TR 159, e T i 9ob SRk o248 oA . and e
éohr@rm:@iuhfs@énmoﬁwnk $05fcl/i 16 5.8m182 duml d@Eth@fsarhélberlo@ This8vas contrary
2 cfu/m over the sane period. This was con

odha F?f@d"ﬁhoééhaéthﬁcquaﬁ%m haiioh Al sigeedilauic fom 414 BieRkpouring ino the
rreglé?vo?rtfméj S rﬁ‘ét %h rﬁrﬂ“ﬂlﬁéﬁefhé @Eérﬁﬂkas‘lﬂ?éﬁtbﬁ%rhd&ﬂyp wold8 decrease the

reservolr el gh e reservolr
sedmeotatl@hua@dof\ﬁefﬁﬂehMI soljds andme@ly emewée:elsr@hls increased efflClency may

BB 2P bl FRABELC SO Al 98 o ano v

bms@umetmnemthmepr ogreSS| ve increase in the b| onass
t.he reservoir nmass. on th

d | o b
ool O TS ST s, 1o af BoFing Bvineced solids and

édﬁﬁaﬁnsﬁlﬁén if 'pﬁﬂfou@lbatélﬂgq\hb rrssmﬁeaaﬁgiﬁ:@ln SWE r@ﬂ_ t8n06.7 mg/L in the first 23
coliforns than in previous b Z i ncreasin

. rapArihg Eolforgouni el frons8. v X g qf mhtotsﬂex $q4 |Cf5§1 joure 1% dTheg”mcrease in
f%@ln‘:ﬂa 'flﬁﬁ?@?’&\cﬂ%ha\}%eﬂeb HLOM Rialned tidmass i hg' coht?bl %’ﬁ)?eaétor system

The 1 ncrease 1 n
$lougbing 2 the swrigcen.ay @xn@gmanteﬂw@rot ftom differenced inghe ﬁus@gnam of solids in the

éeﬁﬁ ﬁ&é&eg bi or eact or system sl oughi ng of f the
€S 0 i :

r experimental error fromdifferences in
Biiteh $0ispensi on of solids in the sanpling process.

IB ﬁt gﬂg\/ Mgggrgg@ ﬁé@gﬁ(ﬁgégﬁﬁsﬁf‘gﬁﬁﬁa@ﬁ Iéplreo\lflc"ouéq Hétgh(e%r Fltgll:l]l‘eq2 d). The
TSS fell from 129.2 mg/L to 7.0 mg/L in only 19.5 h. This may have been due to the progressive
accumulation of biomass in the reservoir and/or on the membranes, or it could have been an
artefact of the shorter sampling time between the first and second samples, as was demonstrated
in later batches with more frequent sampling. The coliform count in the NMB liquid fell from 8.5 x
105 cfu/ml to 2.3 x 108 cfu/ml. The control bioreactor was very inefficient at removing suspended
solids and coliforms.



10

15

20

25

30

TSS fell from129.2 ng/L to 7.0 ng/L in only 19.5 h.
This may have been due to the progressive accunul ation

wo@hkoobiosisess i n the reservoir and/ or on the neEnPCEHAE2006/001728

or it could have been an artefact of the shorter
sanpling tinme between the firsg and second sanples, as
was denonstrated in |ater batches with nore frequent
sanmpling. The coliformcount in the NMB liquid fell

fromg.tRal hééb'ﬁor‘éﬁélédﬁceﬁtr‘étlo% iBthe idABinGhINIB felFoen mﬁtngho 7.9 mg/L

bi oreactor was_very inefficient at repmovi n%; Isus
0

ed
ig &eifiest 19pHows (Figuwse hae)TARd ross kack E?rﬁa%ﬂi‘ﬂ/(’&r"bbhﬁ Iowmg 24 h Thls could be

%Eﬁ&?é}r @E gé’d}n?ﬁaﬂoh% de&#‘été’d bléhiéésgzt th%ﬁrsf lﬁ&réqtgrﬁ ?l‘é@ #hEh e release of

Qombte)phowtndronm@e praosphatenioss) oy tt@/decaymfttheeseﬂmantgdnbmgtagsmn the second

BBl B3 B0% 0o e SUBER e g o vt o o

$§uspenided ssligs fDIﬁe NiiBubineved gt eoreuishogphoeous fifensihtae STP over the first
I ons) by the decay of the sedinented biomass in the
‘i ncrenent . . Phosphorous renoval in the control

bi or@&tigbpéndfz@td féllbﬁ/@d b@ﬁmléﬂf@ﬂd tg tﬁé]lef ?ﬁosﬁh@buﬁﬁ all theoe systems (Figure

suspen solid NMB r enpoved

phels onotiona apmntodtedetﬂméd ‘gt solibion i SeEATGEnCrgest in e NMB (Figure
51%@ Copper and zinc followed a simlar trend to

t of phosphorous in all three systens (Figure

Batck)i4 Iron did not appear to be returned to the

igl Efﬁeor%g{egfﬁetqﬁ%m%%@%[i@ Lga%{ne%ﬁ@%g IWgﬁftﬁlg'Xﬁ%a e%rgdé'icﬁes enabled the

altlggHice of the Nistie e %r@&u&un’a@ly@tssdseéd:(ﬁrgereemabl B sut;;:ended solids settled
ef ficl enc re accuratel

TeiegaPIN T Cetos noie BN PGP U el & T Samping system was
gﬁe‘d:(ﬁpdre i E—@ﬁo bﬁ it ﬁééﬂ*} all Qus’bbtﬁie@ Vs@ltdb @étﬁln @@t@rhmﬁ firsnb.82 ﬁ (137 2 mg/L

requent ‘sanpl sysfem

i)l fo ¥4 mgth)aaTheycobtptm @wgidelhfa@aﬂ 8@5|1D?j@fu/%t0tq 1gh @,Os&uimt 31833 h. TDS

L B B AP mhe A B o ggotion e
edleaberbf inorgdriic &Butés frofDierdigestion obbioMes, ar baifr. LE\tacorg’ﬂnDl recorded in later

L over the 5 h. Thi
s asoan et B¢ atiourl Bt SysHBtsd 0 358 fufl st Bap e ncrease in
qdDEESS tencate bi tissinomenohd$ nknbe piut attwasnobsewed thealighout following
later trials was insi gni ficant, and the anpunt of

%‘é%nded solids was nmuch I ess than the increase in

TDS, Tﬁ@ng%rwa&dqﬁhé BTe gﬂi@mm)qal fréin tmt@mgm fo dout mg/L in 19.7 h,

it was served through | ow ngelbat ches.

fuile thea SOD; fquihel ligwid inHbe SMB Figurgd29 Bl Jellgron) 1414 tng/ﬂrt@m 6 mg/L in only

JtﬁéS p|6 b 509({%%%’05%@ 'N'N/IB]v?e %v@v ES@H 6ﬁ‘ﬁ]gtc?r 550 Zct;‘7L°fgr most of the
ﬂr@bﬂnatlbmpétnd 6TmgDQ corrcentrdﬂgms]u&h@ activatea‘ Bledgaat the STP operated between 0.0
ST ACI PR Rl M DY PO BRI RAY  om e
%@ﬂﬁe@s"hzﬁoﬁélmﬁono@nﬁdﬁ@n @to 0 veg/led Onlyudge beief fenied &heh the liquid left the
;I%Er at ed between

. 6 L, bu _e usual |
figrgdigythe %gzcmceqir@pont rﬁg tqqegiogtr&r'qgé @;g/bgeé)ﬁ)gel alfinghack ﬁ@e%veen 1.8and 4.8
@ggtuth qt7 %5&5!}@1& tﬂﬁ)ugh e B‘tdn%§ filk@dar fm@scwm@mbwtcbmmé DO. Thus the
brief period when t he liquid |eft

tnaenal secondary and tertlary sewage treatment processes are oxygen limited, wh|Ie the NMB

operates under more oxic conditions. This explains why the BOD fell more rapidly in the NMB.
The pH in the NMB fell from 8.22 to 6.91 in 18.33 h (Figure 12-g B). The pH in the STP fell
more rapidly, going from 8.22 to 6.75 in less than 16.3 h (Figure 12-g A). The ammonium ion

concentrations in STP (Figure 12-h A) fell from 53 mg/L to 0.0 mg/L in less than 16.3 h (3.25
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clarifiers did the DO concentration rise to about 5.8
nmg/ L before falling back to between 1.8 and 4.8 ng/L

WO poo7tosespessage t hrough the biomass fill ed sanBCT/AU2006/001728

filters, which rapidly consunmes DO Thus the nornal
secondary and tertiary sewage S4reat nent processes are
oxygen |imted, while the NMB operates under nore oxic
conditions. This explains why the BOD fell nore

I‘n@mll"wwmdhnmetshﬁe VB raﬁﬁt}EarrmitlnIalrbxtdhtfibnNb@)rcﬁ@lI ih tifig etiit\B- Zéhcurrently, the
ure 12- Hin the

P'Hltq C%@a‘i‘oﬁg%ﬂr%ﬂ 7%6?9%'9 10 4. %Fﬂgg g theom%atg@n.qqn%@%mﬁose from 0.8
Eﬂr\o 150 & m i freCdshR Tﬂeﬁ @ e co ngﬁ@&l’%ﬁﬂ?#?ﬂl 53]9@%& of ammonium ions to

ncentrati ons i gure
Aitjate iqng would Yietsy abovint 83@@@/L phatratq, 608 appeass thahapout cme thlrd of the nitrate

P et M el R AP, e R el b SRR e

f eI I Thier ammahiudn capeéntiabor2in Shersgvageam thethNMB (frigureat2eh Bomll from 53 mg/L to

TR0 ot R385 B TPy T VS oSl ghol ammonium for

amam rebiden B the NMB iahie studﬂfanw!wals @Inwsﬁhsi q@klosd the &3P for the same

n% of nitrate, so it a ar {( about onetB)w %
paieh. nlferniftite congeptnaliondr the 1089 ¥one 4-6tneg/lafor F1y@e/L g deifist 12 h and
tHaR A%k © 1Pf‘ﬁ‘|§£3aﬁ@f 24 Rgurd Bf(?ﬁ’éuﬂﬁﬁﬁ éﬁﬁureﬂ?ﬂ gy&%e nitrate concentration

anmoni um concentration i n
seRgireselfom0.8)mg/elto 22¢ mgiLaaleh@‘} hours) (Figure ig-hLB)i nAfteg 383 the nitrite
: r

?%r{glgrggﬁ%%é#‘ﬂ%ni tg nZSQ%@%%%ﬁQB @l%htlg rﬁﬁéﬁe ‘l’}ﬁﬁ v&cﬁﬁ@ﬁ%oected from the
bhnﬁetebxjdazlon ahEB wg/t oh Bimmsiiuradongand R.6awy/lt bienittf€Rorfsdo nitraie ions. The

ﬁmleﬁ% l% m_ayt Q%tf(r)raé . Ltﬂé: ﬁgr{tlh@etdf ﬁ‘i) ge§ lonloéfhtﬁe §H§pe8<?ed solids, which
Woelo hdvelrbled®aé Inotecandmohiut®iohs BifoligitoudHe iNEubagorferiod.
i ncubati on gure 12- The nitr at§_TP @:ncent rati

0

st eadhg plop eét@efqoawntsat@nrﬁj/su"&t% iopS i frg/ 49U 421 ) Stows a siight

nF E@é’d R c%@c‘eﬁtra%n dé rf;;eefeci?ﬂa@ tﬁeﬁlﬁweﬂ énrd'é cfase Qlﬁﬂng%tah@ﬂtratlon This
rrsen to |SS|gtyrmre

waa p@sb@n@wwém gdsenp@ni Uil oxigiziph becterigsaciigtin the seeongdy-treatment and

{ kea @ Weﬁé u'sﬂ t%}ﬂz:ﬂ%mt ar%te%g{c s?ra’tﬂ)'ntl{\1 tllie sén‘&%e&o The plot of

fulfata ibrn eormernrlatlwmfedthdll\tgmtﬁlgure 12 B) s sustmewrbreai shght inctsase during the
V\/nl ch s woul d have rel eased nore amoni um i ons

Mk hout the i ncubation period. The plot of the

concegpd pet bf%hogﬁhafeubd‘n@érﬁratmn@r the ligine inSthe ST (ﬂguﬁe 12t A) showed an

A) shows a sl i ncrease in concentration duri

SSEarRIETy Oprr%%{le Fpeé%?t Mgk AUENdyResonsiay dreaiment@idshiad to T8mglL during sand
fh!tr?lﬁdnat TR wéghbo%s%‘%ﬁt GRASISHERE eﬁﬂb%ﬁhoﬂot]? bein§ SEYNRE R polyphosphate

ur oxidizin cteria activ
mwsn@aphosmoémds@hlﬁ BINA andivtheitoeganie dbesphajesin deeprimary supernatant, and

47 B 8 R YD RAE A ek, PP o s

tphesphiiés. (The gaugeeretbmed banams thersard filtlers retri¢ved 3ommé bighé phosphates in the

AR oY alof B ASFRTGR conrentetE (&B? ey BiiEe BB Fiowre 124 8)
Ahoved awesk Aflalireledse s ﬁ}d‘splﬁaf@sowﬂw tﬁ@édncérmaﬂo?u TG lfroﬁhLUO mg/L to 24 mg/L.

secondary treatnent. and a fall to 18 duri ng nd
i) less &an g hogs: s wgnl&@ntsiemeaa’ncownp%aﬂebﬁ’c‘th@érs which lowered the

Ngiap yphosphate 5 incl usions,
Eﬁgg LA‘H?I pi g?ﬁly SRR ww’\%@ﬁlgﬁ@bher or gani ¢ phosphat es
iBgatchHG_ primary supernat ant, and the activated sl udge
gkgggﬁ% {51;1*\&;? s %ee%{;etf?orm 80 A 5576 fBE in 16.3 h (Figure 12 A) was
consistent with previous samples. The fall in TSS in the NMB was comparable, with 85.6 mg/L
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phosphates. The | arge retained biomass in the sand
filters retrieved sone of the phosphates in the

w0 eqoriosasys t reat ment. The pl ot of phosphate PCT/AU2006/001728
concentration for the liquid in the NVB (Figure 12-i
B) showed a rapid initial rel$ase of phosphates, with
the concentration rising fromO0.0 ng/L to 24 ng/L O in
| ess than six hours. A significant retrieval comrenced

I&\fehﬁ’é t019°—2 H]@H'_rlﬁ IestHaﬁ r20|h0(W\‘§1[u‘«?30|12'31@ TR RANdtIbRIN 188 cblﬁbrﬂaﬁ’count in the
18 tion. Batch 16 The f al

ubat
S%eewaget (K xswbcfy/@vvgg@ K AGteenl iy 1hghl waomeg, r@%ﬁn"ﬁ e NMB (6.3 x
6501‘3/{7@ o 4 q_g Y bﬁcftﬂh%r h Alﬁ]rg?gﬁ? o6 HE st h%Fee\Kfés eWa% ] We?‘?’duf’ Hurs in the NMB

onpar ab
cwturm beferestharpblifbrowestinh gtatted & fall rﬂjlgwe|1r2 I $he higmagp raiained on the

aaleS af i@?gg@@@ ApBEHEd 1ol teulelPinG VA @R 8 Blobably due to

a@bm/t\m d%y@/o%ﬁarﬂatbh ova?ehermeeﬁerrdaﬂ‘ inid wabzeflected intiee AvBor(i ox8dation data.
X 105 cfu to 1. ust
Top e Bl Rt Slggisrionaged L pasddsSthut R o dier reament
kp,@f,égroethglbgtcﬁol i form count st arted to fall (Fi gure 12 j

bi omass retai ned on nbr anes and

r es &ompielte B ang Riddate weenagt @pllepqed,gx ghe,SA‘ Bsamples tam} |5 Iqonjunctlon with
bt‘ﬁ‘gzg 1 V\égg@’g (]%k%?,h iT@é’ DBPHE nlﬁrect egVﬁ"onﬁ’ﬁ S%g'ﬂ! h‘l%é gﬂné?y 8fipernatant to

was re
Mmqﬁb.tirh the adtivated siDdge. | lhbrgdly raselteifd mgrl @irﬂnmmdyof clanflcatlon when it was

R PRLBE A R e D031 B PRl Lot e gon e ok 0

1a4wlg/IDh|hiﬁ@blama@ﬂlcnsanddﬂél’sect ed for the STP sanpl es

The e A AL AR mewoing s e MgfEtae B irared gl gf s verus

tWWh@I@h@B&teé lﬂathe&m@ﬁtéthon' wasttitemas idctbﬁ?@@rnﬁ‘lglilﬁtg@dudtlbn in the BOD in
briefly rose to 6.9 ng/L at the end of clarificati

tinssterd. e BQDrﬁﬁ@w RriRraR PeEatant WasmpPofimatahhiounines fHgher than the

f |
tw&‘(ﬁfﬁﬂgx sﬁde‘fr% {nt ﬁde[?\g(fughcgﬁgg\r% ‘f‘%ﬁb f an%%@l‘ﬂ?ﬁéfs'ﬂhe TSS was 85.6
rpd/bitwhidh |B@§)IQWdD smetlmereeclf ahigh BEDNUBrboRydiatesehaye ainagy to BOD ratio of

Bl PLER R Pl SRt RR P4y DR P00 o

dbedtue:Bi50which i$ bl IBWEr than tthe ISSstBOD ralioeof BILH redordeti for the primary

Rbyaart, Taherrisater Giar daveats ke 28 tscotaf p' pIBRRR disorder kinets
\klfhrtﬂe‘ Qaﬁéﬂbn ¥0F”th% éxbbr@'ntlal ehdige § 23074, 79%N0keex dEh\%dTlﬁiﬁgwmerosoﬁ Excel™

nmg/ L, which |l ow to constitute such a high
@@MareCaFreeﬁwtreteeeamWe baera yeyy fasgegons @faspluele@vodawe le matter that

e'au%ed ffle Eﬁfen%@'?ﬁ%séé@% %ﬁ@g@te{ &iﬂ&t{%nr o) @’Pl’é? b&%%rﬂ{%tlé}f donce again the
D&Dwohnentsatlen il the INMBeliquichrase tapigly KBigure d 2BG8). rideipd! fef skaB which was
recol

f h
(oA e RferE) et R RS S A BT e
fir STheCt{xldief jonkof amfjnlbllmﬁ Ien/ﬁ'lé BTP hves egriratapid 2. Bbmgﬂl_hne and almost complete in
expaonen en

BRS84S0 BRER R gt i v

chz}ﬁyﬁs baSRe fnal Altrdtel RRERTrARAGT 68 Rl wid efbout half of the 131 mg/L that
bi odegradabl e matter that caused the extremel

By evgive from total oxieation of e/ o?ﬁngnpmngsorct&aﬁeeemdaé@n Qiﬁlmmomum ions in

t@é%ﬁﬂﬁ@%{] 1t2rf %é@&@éé%ﬁ‘foﬁdupag P&‘OHIB@ %da c\’j\#&oﬂhﬂe%é’d The plot

of ammonia concentratlon followed normal exponential kinetics conS|stent with the growth curve of

microbes, displaying the characteristic lag, log, and stationary phases associated with consumption
of substrate by a growing culture. This demonstrated that the culture was well into death phase
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consi stent with the sl ow oxidation of anmonia in the
system (data followi ng). The oxidation of ammonia in

w0 b@783@18vas again rapid (2.31 ng/L.h) and al nBGT/AU2006/001728
conplete in the 16.3 h of secondary treatnent (Figure
12-1 A). The nitrate producedsévas denitrified in the
anoxi ¢ phases, as the final nitrate concentration of
68 ngy/L was about half of the 131 ng/L that woul d

fr‘é?ﬁ@téf@atlﬁﬁ Mk ‘tﬂr@é dé%lxlbribaérb\ﬂdSUSQfatcﬁ BwEH Wadled @tﬂm’t@l priffary supernatant

I ons. oxl dat1 on anmoniumions in the
cOmRiging 52 @zngiL BS.hHhe rbtfltetoéldwg hagiesiarapReal to h%\'@ bﬁ@“r fgig depleted than

ttkg %{ﬁ@ﬁﬁ@kﬂ%@ t?J&}efl \A'Hégﬁbcﬁf?lte FRGerithifh 6de t@W%/Laafter about 30 h. No

nor rral exponential kinetics
demtmﬁeeslbtetmk plateinttireshightyoorichNIR systernfas ifieciinabriigate concentration was 130

di spl ayi ng the characteristic lag, |og, and stationary
"ﬂﬂ4ases associated with consunpti on of substrate by a

gr oVyhg Gditibrt tbfraﬂ extfil 60 deotprmany atgaindidnatn baten teudid moteaccount for the

o Ve, G Loty e 31Xt 80.1 9 R NG, s
i aERAY |t%5%edn§/a(:1@6‘ﬁ1 gRANbRAYEY Rg/mkdh. 6SaTe lhyﬂ’&%sus'ﬁhﬁ the biomass was

nitrite-oxid bacteri a a{) pear to have been

stheysdeappenrs foche therraoshlegion| explapalian 5 theypapaperEarMapce inch atch.
n| t m\%g)eog%F&ﬁtg g{éoﬂ&n'trgﬁt@ \fef%uélﬂmg?dr ltheaé'ﬂ:egﬁ Fbotﬁ-m% rose through

ron t ace In the f‘oﬁ:\
d@b@tdasysame artismptraatneent.i Trel plotiot sudfate iancneneentration inohe Nﬂ@ (Figwe 12-m B)

fgﬂ 6@@.@5 zﬂf‘dgi%ﬂqt \g@&}:ﬁg L@t@éﬁ%atteﬁ iqr Ja%gﬁtg)'ae?e(t?ogéyls@ﬁfe \kfhﬁre sulfur oxidation

dhobile glfav& @éduﬂé'd Hﬂheﬁe m'El;letave beédnf drcatoxio rronainethe isedimeniéd sJadge in the

) whereas in batch 16 it
WWMW@@@GWPWW&C@Fgglefes‘icttﬁ/ n2.h. So the

hy pofaesididr privdb ateh@n éUn@é‘fﬁ%ﬁoth@ﬁteWr(Flgﬁte 3ppeAYfsliowed e same trend

t he nost | og |car] [ anation for the poor perfo
amseeniis batgh dth (Flgtmat | Bk Bre rhepRh@iccconEANTaiARCR Hier Mﬂggﬁlgum 12-m B)

Péi@@ﬁ@sgﬁ Al dﬁg{/Ltohﬁ a@ in e fﬂét@@h%ﬁqrﬁgﬁen foc!?rﬁ 'Bf/é?lttﬁarhext 20 hours.

erti [P eat nent | ot o fate
Batohd¢pncentration in the NMB (Figure 12 m B) feII

;g? :T@ . g{?iflﬂ lé’itrﬁl%aq d% I?rroma\ﬁ? g@ﬁ@g%& esﬂn'(aP t?btthth@ "B and STP
(e T225). Tﬁ@b@tf@rm\@)anthﬁme NVBemainedinighk6eS xz1dh efulmt) atthet 8 h (Figure 12-
sedi nented sludge in the r

B &), fut el teddos 1B clyirelouerthe a@{f 2\93@ppr@@ﬁé@ﬁ@umoatwagfcomparable in the
? IQ?HJWMB ﬁgﬁtﬁ%ﬁeﬂkf@ Hi@Rotirde VA qﬁaay if tﬁtegws o’hl%' réaoﬁihg 5.3 mg/L

trend as seen in batch 14 (Fig
afteri18 A Figra d2-p Ry abichwes Seiearoes ek Hring rsaryay, MN@ reduced the flow rate

{Orﬁe?lw 15],-&@{]}1, ?@1 %ﬂ% Mdhré 5t?ﬁﬁyfh?\%%&&eWelggfgir@n%f tF@/NMB in batch

me>atso2 CArwvaortim |(Eam>miatlm7w5mquﬂeahywm thele\ﬁ;sw@rm@dO 89 mg/L.h or 42.2

SO0 SOV 8, Pl g 1S 6B 80 o
ﬂ%’[@hé\ﬁ?ndét ét{the( fReubationlffiod (Figurd )2-@ B}, evhich ShdivaleHitian the nitrite-oxidising

fell to 3.2 x 103 cfu/mM over the next
bactesiarslie ROt vepeCtveduct i on was conparable in the STP

and H"F@p&)@ fgt"%ruﬁ?\tl%/@n%ncemﬁlo% @b @TP%ser dlf’lﬁg y&fotﬂrdary treatment and fell

qui ck only reaching n?
@mlr@maed flipation Eﬁlgure,\,ha -¢ A). Wae sulipde | lp@, cqpcgrg@ q>rb|ap@e, NM$ ﬁe from 38 mg/L to

nLv r 12-
3.5 ﬁﬁ%&eﬁﬁgﬂﬂ@%@u%ﬂdﬁg I‘?(%etaﬁ& ihib %\ht tﬁb? mb)l‘rE érzfj\%\ ﬁ’tgkt% Pours (Figure
gf B)i cTrasnisynodEin ekychulyBesuth f(b’eaﬂCQXIdlSlng environment such as the NMB, as sulfur-
oxidising bacteria should have rapidly oxidised the reduced sulfur species to sulfates. The

phosphate ion concentration fell from 12 mg/L to 9 mg/L in the first 18 hours of incubation in the
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16 al so. Ammoniumion oxidation was quite slowin the

NVB, with only 0.89 ng/L.h or 42.2 ng/n2. h being
wo@ziodiozesas i n the first 18h (Figure 12-p B). N PE€T/AE2006/001728

| evel s were around 4 ng/L throughout nost of the

i ncubation period (Figure 12-g357 B), which indicated

that the nitrite-oxidising bacteria were not very

active. The plots for sulfate ion concentration in the

N@;ﬁaﬁf f%lﬁ A 1 121&#9/{‘. g& i Pr@fLym tlHees%E&%Fy t?@&ﬂnén@ b STRI(Figuee 12-g). Sand

tration fate ion
firationeemnoedi aorexira 1tnm%L /By s@rplmq the MN@etOragwndtﬁEﬁrz@mﬁrgb@L possible to

SRR R R A S A eyt o

Aepha@ss.expected result for an oxidising environnent
such as the NMB, as sul furoxidising bacteria should
d9 rapi dly oxidised the reduced sul fur species to

sul f'rﬁér@%vas'ﬁ@&/yﬁﬁiﬁ%%bﬁch TwaSeREdrinN STP,fselte ffowaateé.ﬁrere much
Linthe first 18 hours of in

hg@tmm thaﬂgsga@ 55 Mid/dan hegrceh@p [etgrgroqtrrﬂewgrg qgﬂrP@q@y shorter than those
g?/gi? Wﬁgur)é 1t2rr€’E6‘thf@E of rfgﬁpe('r%t&‘t‘ (8s ile?atﬂély diRd) dvrth TSS of 94 4 mglL,

tra r enp L, I¥ cou
BOVBoft87.3amg/hadd finmprium |qntcorm9trajrgn pb‘gssmg/l_é igge ﬁg-ﬁ@a@d ). Secondary

bout f t
tr?;p@]%a %é@‘%pma\&gﬁﬁ%%ﬁrﬁelagélou ggségmr?ﬁtlyqiﬁ@é o 8\K/§‘ "%@ﬁ“‘ffss falling from
93611 m?ﬁVL 19 20 henglL Wigurd ¢z §), which pirabema kbumdbadl@w ’rhragand filters, yielding a
SR el OIS 35 SO SR Bl om o5
Wbﬁ/nﬂ 't&‘?"Sf)d Rﬁr&d/rﬁﬂ i BeYohdaFy ﬁdaﬂﬁbrit Bes® L xe0t cft)/rrﬂ:ingemtlmy treatment
rimary supernatant Wagff relative

(Higurgﬂ@ rA)M il'lne hﬂg rRJROvVE susp@p@pqi_soh Seitgrefigienty, ﬁﬂyrq_arr%flir}a some previous
B%'t’gg%‘ '\AMHEB@%I@@WBWJM%/Q% L5 m@ﬁ; n’if% 5 h( ﬁb%ﬁ? r B®- The ddliform count

econ 10 treat nent rermve
fsrursaqmeaaad owumm 4856 103 el i tbersarr;e neﬁod trégurei BH B ows,

vvr t hTh&)SB%%ﬂ &‘ﬁ%‘lp J@E@gn%?] SW %8/]_ Lﬂﬁiked:()ﬁdﬁ%{‘fr@atment and to

ae @h@lLrwteﬁsérﬂrfutraaﬁry (Ripuredifed A Gm BDrDr in ghe7NMBrfng fronT883 mglL to 18.3

%Q/E o;%grlltbé r ni,é: %Q{:rgurgqgs:ﬁdﬁw uq'gtfnﬁyrﬁ ﬁqshtogﬁ{g l%g‘,{? "a888rtain the real
kifetied BERE rérﬂ&/aF of s@reé’en&eoﬂ&ﬂrwéw e rbducti® i BOLY over the early stages of

treat ment

NVB d

cnsracss 1y dhe NIGH THociCa st 0 Gl 17 D Nlo e Sk Oaufs 2nd the pH fl
94.4 ny/L to 4.2 ng/L

ﬁ%“p%gg’% F@é%@%@ﬂhgm%h@% i for m\gcoun? fell "

f r onA@mBnium 1@Boxidativnin thedS TR, @asxalmess negligiblel in the seprndary dreatment, with

d T f
B Aol g o R 25 T e on
Sr 9 nr%g_ dt% Ofmlglll_-, ahfl tr@rnrt&wwncfelniratrog;ose rfror@erOgmg/letoBZm/!A)r the same period.
he N rom
BciemTinadorfing @’E'dai'?ﬁ gf rrrme @P%G’P@OTQ?‘% r%te e La%‘gf %BW%VG only risen by
Y‘?ﬁgk%t ET‘Fn"gﬁ_q %Bﬁno‘ic@te@%ﬁmb Abwd rdtdrgt the 8ITP s Kio@tqmbably in a state of

r enoval suspended solids and the reduyctio

flux vBeD tha/Breet e@mp@awpgg talten yétgin dp narp;gqsaqﬂe@pfgothqr tqp@pmthat the flow
TP VARGl g0 T b5 Yrd oAkl 18 i B e S
pror ito darfingu Tae l\m/IBSO)dBl)sed Ammoniuanonsoat aosatedeftQ-8hmp/h.htaid2.1 mg/m2h
%rqqﬁé"% t @l Sboorr]% L2k Gl BodsBy RE TSR Ak th RREABN owing the flow
rate and the biomass being starved from the three-day-long batch prior.

The sulfate and phosphate ion concentrations in the STP (Figure 12-u A) were similar to the

plots in previous batches. The plot of sulfate ion concentration in the NMB was a more expected




10

15

20

25

30

the concentration falling from19 ng/L to 17 ng/L

(Figure 12-t A). The nitrite concentration fell from
wQ@2003/09%8n8)/ L to Org/L, and the nitrate concentPEL/AU2006/001728

rose from10 ng/L to 37 ng/L in the sane peri od.

Accounting for the oxidation3gf nitrite and amonia to

nitrate, the latter should have only risen by 12 nyg/L

not 27 ng/L. This indicates that the flowrate at the

%ﬁr? V\)W?ne%ﬁéen%ﬂbﬁ "f‘l?h%[(rbrﬁ‘ 1@m§ﬂ_€k§ 83 Rb/LTin ths fidhems h hﬁhere it levelled out

ee sa en wthin 15 m nutes of
Enghler12 -u B) apieaplst ofhphospitaie £oangoptiatiene Wﬁ&&lﬁon@P@a%dthe theoretically

fq@r té"%/%é“@%& Wém%ﬁnﬁ@férﬁ n@{/L Her fhg flisgg@‘\ bﬁﬂfalhﬁ?gﬂé&ck to 9 mg/L

|NHB n@ktlzd hs tle highDAi convantation ért the NNBt (Eigure 1@: s@ wag ,e;gpeﬁted o promote

it ST 5 e o T BBl P L ARGt v
ihd |10 dxpteTpand the bi omass being starved fromthe

t hree-day-1 ong batch prior. The sulfate and phosphate
Bateh 20oncentrations in the STP (Figure 12-u A) were

S' m14 ?rleatk% tHRaNNmS PsBrvbiP whd ﬁ%%éﬁwsoaﬁﬁt%h%the'ﬁhw r@lbwas@fqual to 1260

e 1on concentration I n
rdhprecﬂmd?&‘ésmlthe STR sewagaie!l ke z@améh Pdh Grm@lr ﬂgms sefondagy treatment,

éthl‘e@&é)aﬁ}%@_%l'aén@)fﬂt%f F@ﬁr% R fAE} 'ﬂvo T‘@;ﬁﬁ the! NMB RY #bh&4.8 mg/L to

@@mgﬁtm 186 h (Figure$2-a Bk ol hewoldortmi doenttlrhﬂae tSﬁBcﬁ@llétonbb? K §05 cfu/ml to 7.8 x

fapgfcfly %ée%p@ry?t%eng 0315&% lp?(l nﬁ 59%%3%&5"?! riﬂ@h %Q\ﬁe 12-v A). The

6ohr%mﬁ1€d&ht uﬁ@hemMBT fegirbh g2 xOG awmu@r&amosm/mlm t7h&h (figBre 12y B).
ure 12 was expect ed he r

oxi JENe1ED DN SR fomABL6 Mold P dilesiieb SEPoR DL Hrppet and to 96
@é@gﬁ&%gném ééq%ég@a?%ﬁ% ) a‘?ﬁe BOB T the MBS fréns 169, ﬁ?ﬁalL {0 15.7 mg/L

reservoir was fixed

bt ¢h7 AQFigwe 12meB) ITbWDQalOéCQM@OE duthe NMB rosestoord) s/ rﬁ'&ﬁ- to 7.4 mg/L in

%?Lst g §h <ﬂ Jﬁ ggactgﬂ &lﬁ@ i eal{)edel oﬁétPcl 05 ﬁ'\ﬁlgls 'éﬁ/eﬁeétl% ﬂa@eh@nlsm for the
aérgtfbpoffm? géiltration (Figure 12- v A). The TSS | n the
?2/8 VTt%)pH Hﬁ[i,tgen% 4@9&5% bgfg‘ﬁ(to% aﬁte?%g&rg?ﬁ( t?eé}rr@enRngrﬁneg@é(FA ), and it fell

%ﬁﬁoﬁﬁéiélﬂhetsﬁmg aﬁno%nt #0fe MBI h i rtheSNMB (ﬁigweﬂz -weB)t Arembnia oxidation
u/m after sand fi I &%42 ﬁ_)} 8.7 malL
inthey ST waspéitedanie, fw@th FRECHMANIYTHOR ﬁ@cﬁm orealing 0¢./:mg

é@ef? s%dﬁ/d%%ﬁtn%pﬁg%%ﬁﬁ% qﬂg;]?eo}%nﬁ é Fhé aﬁw@otﬂlgmqorilé’on‘e&entratlon fell
aigpiokt assffasirln mm&wgtm@a‘t&m&ﬂ- taht mgéL ig ﬂ@ tirgy 7.6 Pfelﬁcubatlon (1.76

Saqﬁ B%W gﬁbﬁé’ 1% ﬁ %éﬂl’[}’l}g—l&ft i tgaﬂoirf ﬁ?e ﬁ%groemg/L t0 8.9

rLVov8) thisT perioBOndiceting titat altrlteom(ldahon ives BlbBerr ibare ammom (DXIdatlon The

s ko e oy SEBICE IR s

gﬁ%‘ﬂ?@?ﬁd%ﬁoﬁib c%dﬂﬁ%@ﬁlb@éd' rRfatedly deamiiceion. TTe mitdid ion tdneentration rose in
from 09 after se ondar eat

(e B &orn D-4wmgd- to Himglk inftg 17. gp,gf By lstc[qgwogsg%@s approximately

%\%ﬁﬁmeﬂn@ Joﬂ\?erglér{ ot aﬂ@ﬁﬁ ur@ _|1 fohﬁitrﬁﬂwor(s':'a%bhﬁg 10? aNsﬁhll amount of

I'a oxidation I UIte rapl ,
ammroniautn beorelenl: emtheadlge@hpnf eﬂ orgargc Mesen, 42 degﬁrucat@n 8ild7 not play a

n%/ ﬁca,ﬁ (o‘ﬁ Jtrhtg l%’ﬁﬂ%egﬂ'{ @g ﬁﬁ:’g &lfer rﬁ? It%’ﬂJn}'gcoF&?enﬁﬁfoﬂ Yds€ from 0.4 mg/L

to only 56 mg/L indicating that about half of the nitrate was denitrified in the oxic-anoxic cycling in

the bioreactor. The pH fell the same amount in the NMB and secondary treated sewage at STP
(Figure 12-w). This can be accounted for by denitrification in the secondary treatment consuming
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al nost as fast in the NvVB, going from42 ng/L to 11
mg/L in the first 17.6 h of incubation (1.76 ng/L.h O

w@3006/0pi$2. h) (Figure 12-x B). The nitrite i oPCT/AU2006/001728

concentration rose fromO0.0 ng/L to 8.9 ng/L over this
period, indicating that nitrite oxidation was sl ower

t han anmoni a oxi dation. The nitrate ion concentration
inthe STP rose from0.4 ng/L to 56 ny/L after

r ermve%btﬁ?% ?ﬁ?ﬁ%@%&ld h&fRHEGRN MR | rh‘&#lh:c la%ﬁcféﬁc{‘%rmxc acid production,

denitri |cat|on
wmlﬁ@@cilﬂramxw@nndﬂw@ inthe NMB from0.4 ng/L to 110

T 18 A R B0 STP R, AE BRI B vt son

prevmstsemples rwathehe mmsentrahdnda}inrggdtfnng s@;oscmy trecwoniraind @éing after sand

o SR oNg K RN A T

incubbtionn thé MMBi dnd @Ql? ckabanaghtly tHi’ngﬂ me$é'§? of th@ lneuﬂaﬁ@ht (Flgure 12-y B),
ion rose fromO. 4 L to only 5

R € SR e Hedondians oh@RnT-0 el Qo NV (Figure 124 B).
%%Hoﬁﬁrfateeébnbéhtrhﬂ‘b%s%'ﬂfe ?ﬂ'—o?%sﬁ dnk/Cali ngﬁ}ﬁténﬂ r‘e{‘ﬁned \R e, nitial 8 mg/L

bi or eact or
coBessivetion piterrsand élmat@e\(daglée a2~y BY.PTiehgepheteldnogniratins & the NMB rose

h
iRy A AR B Y HIPRIBLNE) prot ons. as
Batete22 aci d fernentati on made in acetic, lactic and

formc tion e under, apoxi ¢ condi ti gns. ,

The TuPnaas 1817 Phe s Bbe RSt BALRFRSwAcas Raascerian the

dflaet o PRRSSIHEhE bRAESS thd‘l@kerﬁ@e BlomassnﬁﬁVdoﬂ’éb&deﬂJWPﬂhS Activated sludge
the concentration falli during secondary

%trsiatan%mtxe%w@ R sypaiatant lrstaﬁ hMBifortatehi28n ( Fi gur e
12 Wr@)rS]SWﬁle%ﬁPffé‘l}&tl‘r‘é’ﬁHgﬁ%trﬁQ&F@ll?en ?:%gﬁ fBlﬂ'ﬁ‘lg’giﬂEQ{ tklﬁénpare this

L 1n the rst | on
tarthe Tﬁﬂ i thenliMB aensausel theysaution was snikgd withevianess frorh thmm:tlvated sludge.

RGHBPLEA St 208 GRS 28 i Ry oo

thivBthé Feverageein e 8TB)whichhie ardund BOGIL reg/t.0 IThe Bbllds tsedimanted rapidly in the

AP T ok B R L 82t gttt B e i
i Zhelreddvoir.Tiee miao@dabémtmwﬁ QL@Dbrﬁ@H 's@l!@i§ Waa 68 h@/LNM’er HOREIf the solids
initially and then fel ure

Wese {otesg- SE'/SBS’B@H agier ‘I:hofhe B%l d ﬁS M@UU&aze lneetnhmuqsu |@Wﬁis J %e gtiring effect
{a‘?eof (HIR MRleht Mlé?é Wcﬁ 351980 ) 'tcglﬂé Eblrfﬁga_ B e ﬁ(leJ Hab alsSExpected to

ct of 1 ncreas bi omas
w@m@dmssedmen@mmi thersuspentas whﬂ& vat ed sI udge at STP

par o st chlhyRler Bl S TR o R Rl R ¥ o 1.6 x 10

cﬁlﬂrmgajieesébﬁndanﬁ)eatr&m and toi 151 ”li104 ¢fiwml &ftel earrioiRAGe Fﬁdﬂu@m -z A). The

o R RN Y 3506 L S el o 2

B)O B\gaﬂtth@FeLsa@pe‘hﬁloﬁ H5tRe BélRde fﬁﬂ’hé Fb%eM@iﬁ aéb%&% téTBé\)e Significantly retarded
gure which is slightly | ower

t %ng@e@tah?n 9fﬁtée estitormsua dhe colfor euRrosRate! ﬂv@/rg SUSPHI@IOH (Figure 12-z
Ohbgaz é@dﬂné‘ﬂw hc@fifyrm's '?no?é”@ffn%thgmhe‘@ﬁeovgr ihe same period of

pended to maxims contact
timeeansi vaswtightinmareteffisiehi toan iol pieviossmtches er voi r. The fi nal

o FEOH A Ble SHS REPES 2o BBy ERTe 0 R AL - POBalvis was not
aeﬁermfad oathe NMB fenihlsthatvhy BhdiB@ Bortyiiatibromvelio NITB €oss tragidly iR the first 4 h

Etz 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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created by the influent sewage, which fell 150 m to
the surface of the liquid, was al so expected to have
WO edqodiosksds t he sedi mentation of the suspended spCT/d82006/001728
- The coliformcounts for the primary supernatant at STP
fell from1l.3 x 106 cfu/m toed.6 x 105 cfu/m after
secondary treatnent and to 1.1 x 104 cfu/m after sand
filtration (Figure 12-z A). The coliformcounts for
finBEsaliB of fd.dg f.rom 7. 6 x 105 cfu/m to 2.0 x 103 cfu/n

after only 19 h (Figure 12- . Again, the
ﬁi@b@%MaﬂmmttmgS?ef@M@d ﬁmomraépiptet@&m@/fwm 38 p1gdain 8.5 mg/L (1.81
g/lé H)(a:égﬁr ?“égreﬁrysaw t&%ﬂﬁ nY lfl @;%%)E%@ nr?fe?da ggf%a@; éﬁ&tsﬁlid filtration. The
m’@ts owemteailfamro(smoglyr&hghﬂ& fo m mgRRediaing Isesomdary Healwidh, indicating that

FREPLEAR B 3T ALy P O 5 ot
tesdufsi tioa mnhorﬁdnamn bqsncpmtr%morofe& fr@ﬁﬂ@ h@& to ] gmla{;u/ié l12—a@B It rose again
ure aa

I
t82§| o OSV%S éﬁﬂ'@?@ f?ﬁtqp mpﬁvmwpe@ tmugngoﬁwcppnod the DO

66h@enﬁ9§ﬁoﬁ @Npe fﬂésfeﬁ/blr @ﬁl 'féll tb'@% rh@/ﬁ JoQﬁ@re B 'S%l?ﬂ 11t bd B?Ipe biomass to
first 4 h to 6. gure B)

gy 8h eMEHoRR Oxlmomgghe rssemlrhbutmdl n@’t Bnéd appags thatdhe vast majority of the

ar?ﬁéﬂst%dr%‘eg%gﬂ%m Ba]ttcg{%fﬁol( ﬁ%b«ﬂlnﬁ’lhr ea(ﬁ:noé ‘?}5}5‘3 E/:séWé]E aggammonla oxidation
rﬁﬁwsfadraéltheﬁmplreteaonceg)umslng recommended. dhe damoma oxmialldmerate was 2.21

HIEh (f54 RO offg M4 Gl A g 3B e 1183

dnee gumpind Zesalned) ThRdNn¢rossed tamnfnik ekitlatiorafate s t‘n‘ér@fbre attributed to the
t|o The mtr ALe concentr tion. rose

|
xprt S GG AU CB B MeJB [eBaieRBhAnce baich 20, and not

tbﬂ@lbm’fab@ig tetaderd@ni trification was very active.
Ammoni a oxjidation in the NVB had two phases. Over the

fi r skhemiolpf sybale oniaeaceatiationiinuihe iSTR (Tipwe dAee At prpeatedisimilar to that in

tgagég:ﬁrg)df% gU%/?JrE d{;ﬂl%ﬁc‘%?/“qﬁ'eg'%"gx?e gﬂoﬁeg?r% pﬁ?m Batéq%gﬁg A rrg 22 the DO

cvaeenkatiop was lowlwinghsecondasy joeatment] anth eosBGharplp akthe iead ofagtarification and

i e 6 16 el ARt b st D eeniioh piade e oncaion o
reehjcdmwlfoncc!mmoum t6 euiate¥OiThe plotgf sUlfatejtboﬂcémhtionﬁi@tHetNMB (Figure 12-ac
e _anmoni a

S0FRE0 ok Toh apd fen 3y o b¢ Hedbaiin, i oA sperpaged result. The
H& D pdRpliate é!ﬁwcé\ﬂ?@%ﬁ ) t@ésﬁlatab@érerd%gwﬂﬁg &lthé '(‘,Sncgﬁl%on started in a

rate, once pu r ecomrenced amoni a oxl

noxpa ra0ge apd pqahcfg/a ethsecqrslay tregimept al) 5S%welt beiese ffalingtto a normal level
A5G yE3845  bo Bd ndo B Rl Bt o o
sewageathabhad alaesadstot tmerwcomdaryaeﬁlueribwte@d Wieent bammgecdowtTihe phosphate

eorlydRA0 R Bioh BhBAER s Tfh el T mol. (Foure

12k B)ewkich B aonsnéfbm wihothe ekirepiél dxédigig wndlﬁ@féq%}hétﬂ%) iZ0fore complete
peared simlar to

4'9’?3'@8@& eg@g'@'?: t%QSS’)N%&I)? 'ntB%UMBt it fell and rose
Baessharply. In batches 20 and 22 the DO

concentration was | ow during secondary treatnent, and

r os Salshaatpias e frsieaiohdnasbated at 265 Cde iberanalysbddentdnaiyely. Only two

H(%’ééﬁ%seiﬁg }A@? ﬁf&lggo ?)ﬂﬁ\gwféghérﬁﬁa%t ‘gd)%fegrgp tp@(ﬁr tg P%I@%ﬁ%@%&ls expected that
thaubiéroass cwon%p oatrfme tuty adspledisecceedeli¢o the obw teipstaturé@t Ehe plot of TSS and
I&go&ﬁfsr% Lokt 18tnd ngb Fow 'g% t§/p|ca§g remova]l of suspended solids and coliforms (Figure

12-ad A). The TSS fell from 69.4 to 21.8 mg/L and the coliform count fell from 1.2 x 106 cfu/ml to
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B) started very high and fell slightly during the
i ncubation, which was an unexpected result. The pl ot

wotoophssphat e concentration in the STP appear eRCT/AU2006/001728

spurious, as the concentration started in a nornal
range and peaked after secondagy treatment at 59 ny/L,
before falling to a normal |evel after sand
filtration. This nay be experinental error or a

5N 1 (3 afynil rtHE BedoR@eR) PeaRért €163t Q}%fqld?fo# He Qémégé{@quﬁrs for the NMB

@pat had passed to the secondary uent stag

avHe é%?d ghﬁww%@ewaa@d sestioasiation of w9fidsr (684 mgbrisiidBeny/lL in 9.7 h), but
! . e . 4

duenmey SR ortdiin (LR 01 Ty o b

EEQ FegH@ion i BHL fon e STRi1 01.dmg/Ljo 46 trigigin 46.61) eas motel repi€ than in the

) . . ! fpae el o

RO Botn B8 OB 207 b Ee 1 Pek e tihohGemiands the NV ves

agaémmgct;rﬁhi%fmr t;?an ia el §Te dxoee(dimm.dti mg{LMor ka3t of tHecuBaioR Kﬁéure 12-ad B).
r super nat an were run rior 0

e el ebenl0 RhERIAS @ubtedcnithg e witohads S0 isication that he

aminohia weiddtioh Wits mete pépRFih HegTpeded to the new

henﬁﬁrature. The plot of TSS and |og coliform count
gich2he STP showed a typi cal renoval of suspended

ol o 0 S B3 L ot b i

£6 than forbateh 25 evasritgugh theoldads in tibOptimafyusupematanttweee higher. The plots of

¢ ok D |, ot .qf
Elgr%grﬂg ?ér%@&t%@?&r?@éﬁ%ﬁg% %@@;@@%@&gw b&%ﬁ thap fgse for baich 25.
Biagd tie selaherefiprimaiycup@fiatam fddds t%&ﬂﬂ@w&@dréat%r?th% gdrygﬁo\dzwnlééd(significantly

iBos il in P 26 ) By S5, oS SRt horrameia empipgoss- e
duThd @rop | TN y /
r eduTiid @rop inrBEAWat Similahe é’% ﬁgﬁ @?ﬁ'{’?’#}d@yﬁ%}'ﬁ’é’f@%fﬁt° the NMB

{2 §G's§-h was nore rapic
166-9 gnad- 1902249 Mgyl 32077 H;)(F QurgyiA-e0)-1 Dnge pgaimihe BOD and TSS appeared to
' inNifi agRi.n M aher n_i.n,.
SRS 0k S iy Y50 LRV AL i of e
ieperuir by thepuiss fiam, therpmistalﬂ;: t)?arm:) (see b&tcfﬁﬂsw (}F()eta'\il_s). Sﬂhe D\Bncentration in
: . . in,the i ndi cation__ .

R 2 St a5 55T e e e
lizdtheb, A Thieinthe NMBofell T siollyl (286 60 bigh an 7989 WMt whidChdicated that
éhrﬁos-rp'cﬁ%%b”e I}lﬁ af A) were better for batch 26 than
BPOBRPARIIEN RS SIS ough the 1 oads in the primary

Batpie8mat ant were hi gher. The plots of the sane

par ters for the Nl\/BiFigure. 12-af B) were al so

sli gﬂ% TpSdrthe @rimen guper ugegrin baiehald ves .quits typieal tondaining 86.6 mg/L,

f i : t .
Al LR PSRy O BN o 4, v
apReasatehave beerhalargedeastof 26iuble muiﬂf:aitogmpomds l‘catﬂaﬁylldrates_, lipids, sulfides,
: 0 SaThe, dr o | roif
SRR Bl R o 08 By B ER4 BB, s Ao coun
rg]qjdlﬁ inghm_@TFL(tthure212=a<a Axgdu_lffselé%r? Slowly h%thet( ﬁmfg rigurd ?2-?19 ?).
ce.a .t he n _appeared to forma pl ateau

af t 2@6?@@“ iTh P\ei g{p {%ﬂﬁ@fyu F?@Pdg(n@m 265 img/lndos 16,9 o/l idwidngysecondary
tebananD(FigdR 224 PRI bt

fr oE] t edn pe?%ﬂé?g}btu lﬁgewglﬁ%&?g g@ aBtl’ %%Qg%fpgdr?&él g’# glﬁ)ﬁ% 56 molL after
iheFiguse 8B Onge s, ihe Mairau B TES aotE0D data wlas triogiiikely due to the
dignﬁ‘at?g{\‘ﬁ)é P‘Maeééﬂo@f%yeth&%m@@ it the H0mieFhe>56 LohdnkalSn T the NMB rose
rapidly as usual (Figure 12-ai B), and the pH in the NMB (Figure 12-ai B) fell slowly (7.54 to 7.05 in
25.42 ), which indicated a low rate of ammonia oxidation.
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O batches. The pHin the NMB fell quite slowy (7.66
to 6.83 in 29.33 h), which indicated that amoni a

woziodasiseh was still slow Batch 30 The TSS i nP€hau2006/001728

primary supernatant used in batch 30 was quite typical
contai ning 86.6 ng/L, however 62t he BOD of the primary
supernatant was very high (265.5 ng/L). As in batch
14, there s appears to have been a large | oad of
BatthR$ e reduced conpounds (car bohydrat es, |ipids,

sul fides, ammoni a i d_not contrlbute to
t he Thegedyationot £e% @ad pﬂléonmguntm éhet 817 {fgyse dé@hd) was pormal. The

rreﬁd% yMI'I"rgS lﬁ NI‘@@ F('Q: éeg\;% -8 P%%vaﬁla%r@araltﬁé%é@%éﬁ \bﬁwe gQliform counts

felbslowardr he N|E. dihg refducmn pbibe BOR the SOP was eapidgA31.Tmg/ity18.3 mg/L in

RS ALTute J480RTRMe 80D HE s M o 3ol Anl b siquad atter 45 1

&fgumﬁ.?@akl% IrSeﬁﬁéagoign? \Ala%&agalnB)etard@jlbselt(mfmitaJLontohlhep%%tvemuAgam the
at s e ue to the
%{Bﬁ’ inapﬁ “E’)E‘ W‘N@S m&%@@%gwﬁfﬁﬁﬁm sg fromthe punp.

B4ieh BS® concentratl on in the NI\/B rose rapl dly as usual
(Figure 12-ai the pH i he g gure
B) f qregnp\ga}\pg,sumengeﬁ Qo@dwbyotge SﬁP NS MICN)O omﬁr sgmples (Flgure 12-al A).

TP of QUbAY Rt GaRbly SEHARANCHifefth LR &z@q@b fﬁz’ﬁn €25 105 cfuml

’ID27~2a)( 10%) cfudmbduring aepondamhiesaireentand dn1.2 i T0SSuimh aftds éamd\iﬁratlon (Figure

(ARl S IEE DRehorkh-STRs g oo ve

mﬂs}etLdi @e&?ﬂiugm% pﬂap(sgﬁ’s pmbleniézlmd theahtelmord pl’@\blhncb@ sﬂh& &tch 20, when
1.N L O, | gure a

{R15ak 5 8 PSErin Moo it b resPhifle b B on el and botom.  The
fobmhdbd hetick? ofthe ﬁbew@qﬁbmﬂtaﬁtuhﬁéblé/\ﬁétf@rﬁ 3éo|°[hé ﬁﬁﬂrf&@@lfr&ﬂ the pulse of
the agitation of reservoir. Again,

e pevEtainBOwRRS ceww ynogee@waﬁh%@. t{aar@sq@wak Hys sgd%ragq pegented  the
%ﬂiﬁnén oY 8f su%{) ét?%ﬁ s ci@ o'rr[%’e.s Pe Tﬁhﬁ-ﬁg I\Mﬁsro%é/ ﬂﬁprﬁ 3.8 mg/L 1o

er Sa I gure e renova
2130imgdy, mth mgaddﬂwmﬁbwmys sorothe am\tatedtsludge; olt fefl capidlyctod Bimg/L in just

S5 PR Rl 08 e D20 ol B e 55 o

@12 xel0s sfafnrd té omly Qﬂtxu 198 clufml gEigere 12-a8B). AJhis shored Hantht @ttivated sludge

FEHT 0 LDl EreuEMBORTANE ¢ tf'fe%ukéﬁé’,n%ﬁ .40l eom liids, and the

SoupIMg a'fhth’é RKMBDiceiRolbgd 1 emaaivaed %I@Q@W@ﬂ h’éb rb?@at potential for
batch 20, when the I éak in the reservoir was

roﬁhr%qrﬂﬁuﬁﬁe reservoir to distort on the top and _
bot tp BCZ[PH”I tﬁ’? SERHRARSM R4 @gL% Ol Ay 17 SECONGary b A& fel further

an unst atform sot smal |
Tp@Lerég/baftertsenqiétratlsn ¢riguieci 2eamap). dbe BODrivthe dHRAEN franh 2456 mg/L to 36.4

e e
BB REGH8 v, B AR B P ok o e sopmeretion s
duliised abdvb ef)Fl@dIvBm -8 8).f TierD@ SorBemtmtibnstintha bﬁxﬁar@r@hdl-secmmdai’y effluents at
? rmss fromthe athI vat ed s| ud
#ﬂfwerpgm% )pu{ (Ige %@ eRpegNtration; v&st ighethan Ut ( 4»(8(]@9(%)( @‘geé sand filtration
(fgﬁlteg}ieﬁp ﬁlr;f\l)“tr qg%?ﬁy;r%aﬁé beé'H"@JeCl@Hilt&OtSafEk HHHg rBh&ng Bk Imajority of the
trap%ed bl%mass prior to sampling. 'The DO concentratlons in the NMB were very high as usual,
reaching 7.4 mg/L in the first 5.5 h (Figure 12-am B). The plot of pH for the STP was typical (Figure
12-am A), but the plot of pH for the NMB fell more rapidly (7.52 to 6.18 in 20.6 h) than in previous

batches incubated at 20° C (Figure 12-am B). This was most likely due to the growth of a healthy
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0 6.2 x 105 cfu/m to only 2.0 x 103 cfu/m (Figure
12-al B). This showed that the activated sludge was an

wetdorosesmt way to renove suspended solids and PE€EaUR006/001728

suspended cells fromliquids, and the coupling of the
NMB technol ogy to an activat ede®l udge bi oreactor has
great potential for commercial use. The BOD in the STP
fell from145.6 ng/L to 9.4 ng/L in secondary

tamhhmhisinjsdpm@bh of théh’(bﬁfbraﬁeé %u@’to%plm@ lﬂheg&ﬁﬁf/gr ;?rée\{ftfﬂs batches with

f||tr,at|ﬂ@ ure 12-am A). The BOD' I n
FPYINYRLNENGRy/ L to 36.4 ng/L in the first 5.5 h, but

®atch ggeduced slowly after that because of the
sedi nentati on i ssues outlined above (Figure 12-am B).
The DS plotd dRE feittheoBiE was vetyesinuiar toainay foanitiesmampleg aling from 82.8 mg/L

% 40551 30Pl STEHT b, 58 ol Sty e e s v

$hnthefdoliformetauntro STRyEigere 12-anm) B) slowéy thaniyialhemes. ?ﬁﬁ]ﬁ cfu/ml to 1.4 x

(RS poBfory Pmens iR ¢ DBl brbsend hlstsry The'TSS inthe B
¢Rigeen- araB réﬂfameﬂ vém %QNWOUQ%LQ thée§h>6rt "HcGlBhtl@ﬁ dbtsl‘é%e sf@i«ng reservoir.

/L in the first 5.5 h (Figure 1

hi
#ﬁé%wlf’%g sgpermiprftd;ont@ﬁ@d 8% mgds qubl rese to( FiSguglk after thenmixing in the
ﬁ)serv&lfiiw(t)ﬁ Fb%lr@d?ﬁon?igs pdﬂﬁffé?lr bR, dﬂ'ﬁné 'alﬁem)%gt éﬁg g(gilfc%m count in the

an in vi‘ous
NBu riguea) 12an B)dell (frpmgﬁixﬂex 1®- QiluﬁnB)o 98hx o 0tvafs/mrostonly 10.5 h, which

aisktcl o o Bt loiaB B SR SRE B MRlEDlohci neped
ﬂonculaieeuspenmdb:aﬂsches wi t h ammoni um chl ori de. Batch 38

I
fT 2? ‘%ﬁ?@?‘o‘fﬁﬁbﬁ @f& %f Ffﬁgsfgﬂ:ﬁ'a@zﬁ’g%{% nﬁ'@o”el f%gtlf%n{s%gv mg/L to 16.8
phgLi dl@mg» %@@mdﬂwrebtfn%ﬁi ﬁﬂiﬂb 5.8 /Lf '@Sﬁd fllﬁat?ono 'Iﬂ?/ BOD in the NMB

@:fter f||trat|on gur e e col
*a*ﬁﬂ tp it §unelL 1@maﬁlf€¢\)105é'l |wh@ Mﬁ@ragahdmhucmgatb the shaking

T'erséh%lﬁ ﬁ]@‘pfﬂﬂﬁh&é’!’lﬁ f@é | fof 7]54?41 ;6 6/]7.(—)3%";4 %gcgﬁdawoe%ﬁﬁe%? ﬁf?grtﬁ/e 12-a0 A),

treat nent,
anq the Bl inothe NMBefeﬂ'ssldlyﬁromW&&WB 7 oy €0.3.8 {Figurd) 2-ao B). The rapid fall

h hor t bat d
o B A e b SRR ek PGS o nacane
cont Hiaresty ﬁ”ﬁallalomqieLof pritnirg hgr!;}dh&%tnt IcrsnegQﬁ tHéQ\dN!lB af Ha%hd%%s chosen to
%ﬁ%ngﬁa&% {L]ﬂet %C?élge gfntég N V\%p@fatlage Qlﬁlp, a hm@r &qn,fa@@rn(p@g@ /L) than in
prewbdsaoawas (R %@@213},2/@6'% ?dcﬂ% Soskrli &&Pth@fd}éidﬂﬂc?nce of the

104 cfu/d in onl denonstra

%Wﬁ*ﬂenﬁ@%&éﬁ oy Hie infuep '@Wﬁ@éﬂnﬂ 250MThis the rdsemoie surisbaichgee the TSS,

B@D %12@ ccfl_ﬂl?j@n rcS&% Fé?Ha@ (@%@ﬁgl} %duﬁﬁgf%%l @E\?egdav\lrﬂrg%lga%ie reggrvoir, but the ion

vba@na’mram anci &JHAESgiafarf@ilnwmngs]rep@t/mawsmll BSuddfuig/ L

d /L af
FiT LR, ERRAAApd SR TRRE RRBichn e ol aligtif o i the N
teservil. f@migtdh 3W33 be) tbibeish 3&@%59 h; Thé"ﬁlsﬁﬂa}bﬁt? oﬁtﬁé‘bn@mﬂés%hs retained

due .t reservoir.

B i BEXGrs e Ry Bessiel e e pesoc(Yerigepidy in the ighy
&@- @adifions ovB; u§th@ R s' M f
M @ndfins oc) ; 0 h&/ e rgﬁy’r\'g@e a%rbbl%r?ﬁf‘ %ﬁ(asfs r&gﬁc}lgn $Bcomes the
favgured; tﬁcfg\}qup fort spﬁgvaMeatmgntc altleever, i pi rdal seiveiget tremmem situation the
(ASHERB N8 RRuld 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 biofilm also grew on the inside (liquid face) of the membranes during each batch and sloughed off



10

20

25

30

The very small volunme of primary supernatant used in
the NVMB in batch 38 was chosen to denonstrate the

wa@eadao7wsdsies of the NVB operating with a hi gher PEDADIR006/001728

factor (0.085 nR2/L) than in previous batches (0.034
n2/L and 0.021 nR/L). The rockyng reservoir and the
di sturbance of the sedi nented bi omass by the influent
liquid falling 250 mmto the reservoir surface made

leath D
éﬂé?wd@gn %ﬁ% B ﬂ %ﬁ’cg Edhb@?ﬁrﬁtldnemrﬁ"é éHdgl’Bﬁ ratb ?ﬁls was apparent

coul e reserv0|r he 1 on

lyhihe rmadzgtedmmpn ahaJSDWAEsoI@atdarIMe et g4 lhp@rs roép@ﬁht batch and the
%@éar?ﬁde 0 la&? thin ?ﬁéé s of Lovs)n%el' J‘qtrﬁfaﬁe?rta't [ﬁ% 0409\) nﬁﬁeeousfnﬁ sheets appeared

ction
mlm/elr)dl\/ﬁtc’neseroouidrno‘t rham lmamwroﬁﬁam/wae@ @D\erttbarbmechnsm faces of the

4.9 : i ned ,
FeGratHs: JhorniE A b aartim Joikagen 1Ly ondl et Lt fifeactor uni
kfaeinbheosiBSmank hist SU2H blofimg werot hy even it hiekiitisghThe Istefilng that sloughed
condi tions over just two days. This nmay pose a problem

off setfied raRicly in e domendik becones the favoured techni que

for
| %, LR s S, BB RRG o 110 IS nemtenes wor

fesppnsible dorrtha flocegaticaraf ynush &t the guspendegssolidse(mediiyecallviar material), which

g{g@%{] d ol riﬁg %Fﬁ,'e‘? d%ana ?e\{’fpﬁ%h of th%ﬂ“sgr 96 %Jnh %ol%rﬁx\’%ounts The

t Si as f ranés
biofilml an me outef i(das) &ceo ogthevmmbrartee appesirgl &0 baveqhmed résmee)lble for the

%%ip@{f‘t%g{?we%rn?o@%ﬁw‘é CI)I“B@B &hp{gc%gﬁ h}eﬁlﬂﬂﬁ Jg‘l?ogmmoma oxidation rate was

G@ﬁﬂ%ﬂmbér%hd Mmost BhidNas dbt hhvavd Ié@b@nodeivnﬁ)an@mmha@twas a large

the stead eduction in suspended solids d
Pt DB aeiingr Py ahe SMEh BRER MeapHiTR, HES st iy 22 ammoni
b)adfa%n E&Hﬁéﬁ Sa{ﬂ@%}h‘én e Bﬁnﬁ’d"ﬂa§ﬁ1‘rﬂeH'b@5k H@tatnﬁﬁor@ oMHﬂ@n resumed. - This

pol nt | m sheet's appeare I n everg bat ch
d@arlycﬂemomstra@d &wds theendjerdyroidhe amwenia exidation ook nlace ilon the membranes,

P8 BE5BP Al BIRBRGNE R BOSHE L8 At s

thie @Cecpatentrationtiéll dukiag e perodtwhen the pemp wasturred dffs Lﬁnhcurrently, the nitrite
|ckne

bi of ]
ety bt er el Eh i hi PR bR Bedils e eprentaly o
ﬁ}w@f §mg/hfitsomé1 Ger’mrlﬁlfallérﬂfobm;ﬁécef anewery @Btlvte Fgnnom®il ekRlation recorded in

es wWere respons l e for
alg

S o &85O 780 @ Bl SRYRERS Baes @%“C{“ﬁttéﬁtw e presence of
ﬁrﬁ}nbMé BhidiSRd & H% O{te Mg Sa%kéﬁﬁdwhleﬁ efré‘%%oﬁéllﬂé‘rfbr"%eOBXIdatlon of

quor an uction™in the colif
emmnmla to Mittite ap¢ then the) axidatianeof winitese n(rgtas Notaxgramioer philegenetic analysis

ble f th
wg%%%eﬁooﬁm’f’eﬁ%@nn%@ brb?/a Sm t og\ﬁ)ﬁﬁgfl togk 8{ aceei n
t hg QiviBof tﬁmmaa{pmbmm lmxewiage tremmerausethmmdaenwueﬂmoynalss maricularly when
I N C
BBfecteS R R s By relBlon O fdts e BB ot updto be an isue,

fn%&;ﬂécﬂ@d)f e rafacot MR- A%Qmﬂl@aenhﬁmnma‘ﬁa kamélﬁ?gﬂb&&é‘nal Which appear to
bat ch anmmoni a oxi dati on ceased, and when t rrP
drﬁc?rg he degradation

VRgisle 00 ﬂwt%&i thermenabrarsieedinganesmen? thass, fﬁiqaise
of tﬁ@gtr?f%u%%{@gtﬁérﬁ ﬂw@@eﬁ/é@tbxtbﬁﬂ%ﬁ%ﬁﬁ?g éogﬁnetr ﬁe%ﬂ’{ﬁ@'ﬂﬁe@bmnes and

oxi d ace | some
tdeelegseneldent indbe re@ervmb @rd twraa@lvmes prhétoﬁétﬁéﬂg/ﬂie NMEBadt appears that the

0 opce
AT RO AR R A B BB GEB PR B, whre v
Oxidisadrto ﬂll’litd and tlhemenltratet andtdiffused 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 elevating from an initial



10

15

20

25

30

and nitrate concentrations also fell. This suggests
that even though the |iquor was essentially oxic (DO

w@2®710068L , sone denitrification took place. TPeT/4EL006/001728

active ammoni a oxidation recorded in the NVMB (up to

2.63 ng/L.h or 76.9 ng/n2.h) 66 several batches

dermonstrates the presence of ammoni a-oxidi sing and
nitrite-oxidising bacteria, which are responsible for

leVe bepslectRDIOMY/LAD 1BMEAN B té B.4MhE/L it enlp e KR BiAge it operated at DO
oxidatjon of nitrite to nltra%_dP No taxonom C

BRGUGIoRS oPbeah 8100l 2R GEBRJ} irBesoREnE BAPESt thitshe exidation o
WiAERRGanicRom PRINBLRAY b%om;t%@ ithe NM? ﬂg% M‘th@ 'S?P' BidGelhttely pleasant

sewage treathent 1S t ntion o

psiRtt 0fde eesulipniyrasied: dilient frame thiei NJMB, thisiv srr@ttd;be arHequavien or pond, and
IE%@‘% fQ&a?Jna@rb ch?o%r ?ﬂp%{éﬁ}ag’{@ \é@sfq,oﬁuoéﬂj‘ ;ﬁﬁﬂ@e)g;%:ev‘a&wce of this.

ITresp ec
Hreehxgrh BOaammmtalblﬂmd thi i mapidb ssciuetion & thetBADhofaihp diquid trothe NMB.  The

el ForRBlsd Sp BB Bl h i Tok 0 Sipone e B 20pours

par t Treuleailie ofadrt mrommo%h\mysﬁdﬂGBAm hb@gh?ﬂasﬂyef@rbebrh%cquxred for the
and to a | esser

/
&@'ﬁ?nclu%n%eo{@ W er Wﬁ pH dawdm@l?a&eﬁsth@t amqm%@xwp@rwas §low in early
GdHRS { 23915?15}% G- in later 3R &e(tgﬁﬁni)@zt THJ‘\%r@ﬁﬂﬁ ﬂ ;Hﬁﬁﬂe batch 38

t hr ough e nenbranes t mass on
ingieaed camptete pxidaliensofdhe ammenia indl 0rdi houtst whiehig nnuo:b rﬁaSter than recorded in

PR T S DSBS BRBE ¥ ASTRE BOE  oms

ftonetkErﬁilﬁ’taoB\tamgieslwige SR lmwalathbrythe divgass ﬁafr\eltmslu@drwSIPtamd the high

ORgofataiolt P 6R% talfed MeicSs Rt Sinileii ier SifinSi téhsites can be

Gbefrmihdredse the rai@®f Amvenid oxidatién. MAibwevérnthe Bété{ frbrh \bﬁtcl’ﬂ 22| InBicates that the
Si nce it Og%r ated at DO concentrations between

YAg) Maigrity qnig pxigegion isaeonAdpRdeoY e diopss oF Wi memianes.  This

,ﬁgﬁé#agqu,%f%eyﬁ\}egﬁ%ln@n organi ¢ conpounds was nore
conplete in the than in the STP. The relatively

pl eaB®ntakigoasereir arepted wicataidy abaut &t asthabfiow catest thfqughmthe system

125, s € AT 50T Pl B o s

;Hbgrbmelly déiomnratSﬁ'@emﬂsoso et s;admmaeoundeimase ,Lodausiig the résamvoir to shake

5F ke o G BaF At ekl MheroniBa frioreseet i betch 35 o 3, wi

tQ@fbasGSIir%Ffbﬂ ¥e 1SS! arldvBOD @Ioleﬁ%ﬁthfnﬁ%fuéce%lvéTﬁeﬂwe%UCBétdh@s with lower
the first 20 hours., The results of ion chromato

volttnes ePlieid ithihg eesprypir Bad lgestmass donpesa ing iaéperab neHge fom nihe peristaltic
M;F RESthé REARRT Rbab lﬁ&? gv%noﬁﬁb@d I%'tr%gé Ebahzﬁéjé Cg@@grggu@ﬁ’lt liquor also

ammoni a oxl dat’i on was s In earl atc
disturbechthediguig in 1hatr@een@rﬁeé/vr(e36hem was 8me 7Thle of eawage apthd reservoir the

ﬁﬂ@ﬁlgfgll Aeh rf?rf' rttcﬂth[ar] ﬂ\{hgcn Ip?’o%&ib&]g sﬁ@{xﬁ‘iﬁt &W%@EI When here was 17.5

If anstherred:dmmn the influah diquich falnwOQﬁmttbeheSﬁlﬁ’faseiwpIthEShqu'ﬂhaIso prowdmg a

B BB T e et i Sl S5 B 7 e oxenaing
ihfaene te@@rv@rl WeS gispsion hor AR et toi ﬁmls@ﬁﬁe 3 erﬁyldﬂ*bf sedimented
DO concentrations in these batches indicates t

Rioraans o derhofigm A gk Esepib nkbe dnenen distribtion obthe B@W@@%@n the membranes
doBR T B fhel err . @ImdASTER& 8n Qﬁé\%ﬂt%ﬁbutl&p%ﬁ‘ﬂﬁr rnﬂtﬁé?n? liquor to the

ata from 22 1 ndicates t ma f
mmdtwhmwber@ ihre@aif ihergills gecemdjsugmfsmtlwnormwag@ﬂnas the@ther two. From
tbﬁitggt’taﬂggc{%ﬂ\eﬁr uRR&rSmBRL&rfdnt bR i Sndnidih B erease the efficiency of the
NMB.
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The | eaking reservoir created uncertainty about the

actual flow rates through the system Wen the |eak
worw7sesesl, t he back pressure fromthe inlet nRei/Avukade/001728

caused the reservoir to progressively deformat the

ends, so that it sat on a rouggled base, causing the

reservoir to shake due to the pulse fromthe

perl staltic punp. This phenonmenon progressed from

F‘t dﬁi’fbr@r%eé PefiRen Wﬁc‘uﬂatkﬁeat bsse éridnﬁ’o%%retlhﬁlea'ﬁ%lr@@q%&é?@ such as

rrsing wt successli ve batches Bat ches wit
dﬁshu@nca@ngﬁ@omm Iﬂﬁeq@lSQWtDlh clowds the igtwei rTheden leadlysisyilisclarify the

direBBR0R i, Bifflo fudh TR bt b Sl o RESelr b flomass also

ecane nore

réradind erscertdineas thé Iex;mnmemts qeer todiesxep@htm inrthee dpptokite orideyuib cenable the
ere ﬁ

o BB o b P e el Pl Ao s

dtr h'\A@er‘él) to%ld;almémﬁc@dn ﬂ?ﬁiaﬁa |ﬁdl§ﬂﬁé§thala?ﬁngﬂ193helfohﬂmw aears to be the
ere was I n e reservol.r I N ue

mast signifimniiniueace: ayer e etfigiercy of the VB ; f{!ﬁ '&Pahfapfls}ﬁe blofisés s also an

irﬂé&iéhfifa&gr 3t i§ bRkl ﬁﬁn{gnrﬂé %nﬂﬁtfbﬁé‘ feRding Sysfert e NMB would have a well-

erinents thi's w e aneliorated Wth an inl et
femhefllremmmlvw@ improye itstedficieagyer voi r with a di spersion

o Wi Eael B RRE ol aThRF & MR pHERSIPAE I Bl sopicgjon the B

was%\cémg & st extlemely efficiofit aetetiotn rrmdmrsmo nThe huse wkstsh armeachanism for the

d
s Bblics pSoROtoRE AP A TGk 00 ol e to a i
gab\hll@ onvm\@h@nd hiceef ablloiwtiBredinbhbranes Buves tisd ﬁmllcf nszaar(quy The co-
nore sewa hen the other two. Fromthis, th

APEERG @*'V'gﬁrqf WeorbiqfilFsB\ ARSI ansE haye, BOtibRENLGOVRraR, P¥ Qﬂoél a‘F gither. In this
ékpgﬁdraﬁ@r?& tﬁé“ﬁMBftﬁe‘reCé@%d{ 1Phe 4 by Bﬁdé:y't@at Bichint brPihe HA8Gliquid face, which

ween i ncubati on are uncl ear, since
ﬁoamﬂatesaceﬂwmnésam@mmaim méhea!gqud@iream pshdigaststitde release ammonia and

%@E{ﬁ&nﬁ@lé&cﬁ@? Whik o ugé é'Jr@ss tﬁ&ﬁedw@r&n%&@'a\‘ébaﬁs%éd and oxidised by

'er ences i-on
a bezond biefiin gmwisg)orhdhe@utetigasr fawofvtbe membtahe.biTberhisimainsibe inner face

B 50N Bl bR B DB b s snion

'Fﬁesé‘QH‘éé[@Hf BlofilAedfly SHtiRMRES réganiol, GNH‘OWmtedﬂﬂﬁe sam@lw&m a clarifier, so
heal th of that bi omass st ar ved

hdh @éloéﬁl'@f orgeTC MRl (T SRe e SATRET CoHas %ﬁﬁ@ﬁﬁ@laméﬁtlon took place
é.mpl Gl THRRNAS 5t§>n th@esubjl@& ﬂ?ﬁ&t@érﬂ%&ﬁt@@ﬁﬁcat.om No. 2005906407,

uenc over |C|enc

wificht $upploinentathe Imkmatanai Gatent Apnhnamrd\lﬂ PEaAU3$05/0007135
expect i t :
CxPeEh S8 il BT ) KU 5T ) SIS e D i
sddiment mrthy ;eser;/lw after E@WWhmondubagmaitﬁhﬁ)P@ bof ndt lden incubated at 20°C.
eration of t nutrient  stream. .in thi cat i

e eeased pigg e 62+ Bo0rs kot atb o B & kiBed maximum
VLS *&yﬂﬁb&lff?oom@rm@ke Thfs deheRstateaRIs &l ISVIB ftid2hndidts may have a significant
aeration of |iquids has not been clained jn any

anpdlcatl@wwaqwr@lttﬁe @siltds efficient alpissgling o¥/gan. xigising #mgwawana nitrite, and
G i 8 3o b el BB Bt B s,
afd fiséariingf i | s on a nenbrane have not been covered by

Pher LiaL SickiF e b 47 s veab B i Gor Rowece. The e
wamersblamBJtodreﬁmeetaeWhlcollﬁormprO_Dl a66sandeTDSldamorastreting that the NMB
?aahr}o %glggstsg B l::qlie%e ﬁ@%&e {rea(ﬂwanqll Iﬁta{ide t%m tﬁg ﬂuv% tgc Sn%)l%g}} rtlas potential

use in aquaculture.
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sol ubl e organic nol ecul es, which diffuse across the
menbr ane and are consuned and oxi di sed by a second

wher@7iokasigyr owi ng on the outer/gas face of the PeMAU206/001728

The biofilmon the inner face sl oughs of the nenbrane
when the particulate/nutrienteevels drop sufficiently
to induce starvation. 0 These sheets of biofilm
readily settle in the reservoir, which acted in the
BafpIPShd\Perdvatdrar i fier, so both renmoval of organic
matter (TSS, BOD and col i f or m count s), and ammoni a
Gonstrueialh t ook pl ace si mul taneously. This innovation

5 ouaaEh B QushoRlhanoReheth REL febieBsditampesea o o

Mgpramest 146:mMdall mmmm&e Ole Tiemnbraras yerermath of polyester fabric doped

ot ol i Ra i Ao 1 BB VR A4S g 10% wiho

itfic asid \WRfol 6C uihwtee chnatinsd94@h thp vatep intiMirerpH oicihib adselthnt water had

Blymga sy 60pctre FSBHS GBI HESR AL L NeHRB BHoh i dpetre doping it

HMicg) qh%e@b@?ﬂ m%Q@Q%ﬁt‘ﬁ%bets Wfr@atébeWé‘éfeF ﬁabﬁ@ ar‘ichéﬂe 4R of treated
NVE t echnol o%% lw”rave a significant application in

Retigeteuotion €55 eatesldacion ewe each ditached V1 the midalegied 020 mm long
é?)xk gb?ﬁrﬁ‘glm'wﬁ V\ﬂ@&ﬁéﬁ' §l{gg6r?braﬁ&% Q{Q‘J\H?r& ?&Ieg ﬂhﬁ @ﬁé)}‘?ﬁ Bf universal

etritovores for
mdheatcn wan addeshyi6 il S, of BndzﬂnﬁO/@G@lﬁ@bdfgraﬁe f%mhezgtcals)mnd the pH adjusted to

& R S R gh s el sl Bl Rl ¥t B ot an 1100 x

foaec 00 mml trough fitked vﬁﬁla, ruH[ﬁSs@mdglér Ridngen® st That doped fabed was passed
t he NI\/Btech ential use in se

hetween thegdge pﬂt%ga epgl%ﬁn sﬁe NEURESISHR BAMYS e¥p§§sgsmca solution from the

REHhSERd. The H}%ﬁnbiaﬁesﬂﬁ’é#é‘ﬁ tfr‘éﬁﬁh@%@ﬂbﬁrﬁoré’ck@l@ QW terMfdkRY bracket support
Construction V, used in this experinent, was
whiey hed @@Iletdo ancbmen 16 gembrenesawerecwsRpeisd andrallowgsl to dry. This was
Jg?e(oafe érg%e]'mi‘ratn@'shee h3fér W13‘6§)‘? ??]4Trﬁ|‘?| R @ERere attached
ster tabric doped w por ous
tooallunmnldml suppbrt bmck@edet tne erldeamtqwereudopewm @. sifitegly frselonérc The dried
was, treated wth 10§{9V\1/v nitri

METARTARRS Wete hunduith & €. P ¥ %Q%Qeévye%{]%%{;qd %@Qt&_ﬁc&ﬁ% a rack at the

tbﬁ@ﬂthé mtnbmb abum;ijust%bwmlwnlbminlfﬁld "ll‘h@ 60rnﬁﬁt/v&ﬁ gap was defined by
atqr, for twg

b
SR & AERIaTalaiNarURG HROGE0 R e DG eoVRhEagh At g he brackels
B89k heQing Fe[rﬁéiﬁiﬁ%e%d(&ﬂv% hL]‘nglbh'tl?e GRS e iRADNthRTset of membranes

treated po yester/cotton (65/ and treated dacron
ipspapleladie raemareRIs.n the mddle to 1020 mmlong 25 x

10 'ﬁﬂe%l}éma&ﬁm d&ﬁs?ﬁélfﬂt of%fcge?%ré‘rﬁéﬂ fuBe?%iﬁF#g'iTﬁn A holes over a flat
were rolled up. e of “uni versal Tndica was

B\ACi ey with 3.5 GinLwidé hdiisrertznded 3026360s 60 modapgrtadies rofEére spaced 16 mm
?pa§§oﬁli1 t?r?e¥andl.d &Pgrg\ﬁ ﬁéﬁ%b g?tggﬁ%@g g;ggs pa \'e/n ttﬁeé%urMnlj_mbrackets so that
thty eoldisiciad liddidnisktwdenittie dfacdrit Gfdmbrahe® todorkPfle Gtk by o @btion of surface

fitted wwth a rubber squeegie along one lip. The doped

eason- ¢ was passed between the edge of the squeegi e and
Rodifiefbfissaueegi e to renove excess silica solution

fromthe nmenbrane. The nenbranes were hung fromtheir
suppditar fiye agels & was netisednip@riae willp hae Kecorsa pigel together under surface

tension between the biofilms on the air-faces of the membranes of adjacent gills. 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 restrained at the bottom by brackets in the same way
as they were at the top. Air spacers were made from PVC angle bent to 45. Holes 100 mm long



10

15

20

25

30

until they had gelled, and then the nmenbranes were
separated and allowed to dry. This was repeated for 24

woeog/op@nbr ane sheets. Anot her two 1465 x 994 paT/AEb006001728

sheets were attached to al um ni um support brackets at
one end and were doped in a sggnlarly manner. The
dried nmenbranes were hung with a 6.0 nm w de gap
bet ween each adj acent bracket froma rack at the top

£ 6%513 l\/\/ﬁéﬁ%’ﬁ%@&g rﬁ@fﬁé PYg. o hildwtairie léé"‘(/ehléﬁl g‘ a4l %r blomass for fall through.

mani gap was ?
me aplspaceisovare taintedio theumddigofvu@ej@@dThe]tUbe& IR awerlaietanam ifpigwere fouled

?lﬁqve <At ﬁ@?@ﬁ@ﬁgﬁ t@%( 8@@?@%’&% &%gvﬁﬁ?ﬁgu%tv@}%placed with a single

Isé Fotnted ewr die tohef the membranehdx witheiwo toatletodrainiag @verties flat tray. The
nmbr airs,, Th | et mani fold consisted of a set

fgfesmlg Pﬁg re Wisiene C&Péﬁn@nS nm wi de hol es over a fl at

PVC AfeR¥ndthdr Bwa montiEnsaihdler the bitshar staskaegbttien agdn, rw%ndi@type of air

mm apart. The rows were spaced 16 nmm a

3pResy Wae ir1ade P PRI Shagb W) LA, W@ét'fg'épg'h%él%%é Meenld mm wide
Q4L A H hsg[@rﬁ 'ﬁSIE\? ?ﬁ’e élﬂﬁfacér? %re"WEP|09ed é\}eﬂké(ﬁ) rhm(HéWﬁ‘ the gills (Fig.

et ween ofmth
t:])eTbe:alr epaceds et my: succesafol. Ariurthebdpw .ot:ﬁae.bmia@ct&f t@d in this Example,

WA b R RPAGTELIR cncton betveen the
gnglﬁferl\f\rmehron the air-faces gf tge menbr anes of adjacent

T H )
bR 40196 o B et 1 e € P R gy wter s

§diRed Yrioieo dduits Otwoe Bdoldsbants Eﬁ@bh@f}mvehlieeamimasmﬁécted in a 600 L
were restrained at the bottom by brackets in.t

pilyprapslon BAtSRGATE (4 IOFLPIEESE LUbARY WaIGEEesPol, FSNHG 96 Soring raimwater
g\rjogmeg HG Wb&s@ed?tdeﬂg Vﬁ/% féglvgﬁ%ir%%rtmtiamat@%@ StEhd under the

were Ccu nto t ow alr to rise
viemer. c AVater wasdirdrsferrbd dortteslalfasatory adally fqﬁ rtegiige. ardHghea testing was not

SR 1 T Sl g S o o i
fee Wﬂ*\elamdwgr walte$1 bimulanit lhsieti cgndmed ofT lﬁfleﬂmf'v\mhknmm :((ﬁfbg)s Fivestar™
was_repl ac a e hose moun ver .the.to )
BinitRgT 815 GiPATEnG GBURd GEa e viiend Tag e ipaste (.0 o)
Hv@§tarw @Venda—rhé%)aﬁ@ioe@ i LIréae(ZfOQPMad&elﬁpﬁtovmod@nﬂidTh@sﬁtem used a 95 W

ter another two nonths some of

Anuaﬂont" ol twratar fl&ejbsmpunwdh%prﬁ@auytoga@leo@f pamgmg aiepgl?h {pssheight of 1.5
gﬁ gtlﬁ&\r/\@eﬁﬂguwg dé'fﬂoﬁ(%k tﬁét C}ﬁgmn'rrn@g R/ﬁ‘egé 29’?}%&22"0“@%6 system.
aeslstsmmeme pipes leadigrid wemanm}@wgs @@mnedﬁsdbwausmf thgt redugtion in flow.

h[? &H 13). The air spacers were very successful. A
8" View of the bioreactor used in this Exanpl e,

Wlht hewis ¥ had @@%OSL r@ar Imhptt wape , Aftieseath bach amdforglrivehdcraping device that
Shower Wt er  Sho s collected fromth
Y ysed o MevRine é@%@{gg&g@%ﬁp@rto et‘f‘gﬁé purip, 10C é}ﬁ%wﬁr the jrap at one end.

g\‘i’rﬁxf hyibt f/érSP @?ﬁ&lé‘ﬁi aﬂl‘éhhbhﬁg thé Wld@%@'&lﬂélqﬁ@ieﬁld@dl' ﬁhmm@s pumped out
juvenile and was collected 1n a gneropy

\ahout POubraipvaley wes addﬂdganﬂnwtailmwn mﬁ la%tfﬁf %eélg@PWff pf the trap, so
A% ' 8Ge8lcbsive baich k@ WitNapfbximately 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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underneath a | ow house of deck) via a
grey-water-diverter attached to the S-bend under the

WG h@nosas18Mt er was transferred to the | abor at orgT/dERdog/001728

for testing, and when testing was not conducted a 500
m of shower-water sinulant w&S fed daily to NMB V via
a peristaltic punp with a tiner. The shower-water

si mul ant used consisted of: Fivestar(tm shanmpoo (60

Ql)mplrfg r’al%&fuﬁ’f dn‘f@rerﬁ ardhds vRB&/Eridd4 ¥500) QOOEGQ?éndAQdOELVh) using an inline tap
oom n shavi n cream (12 g); Denti Tex(tm

F‘QWWp@&’%"hGQU@t@meo -vestar(tn) |avender soap (10 g);

Sggwrea (2.0g) nmade up to 1000 m. The systemused a

AquaPro(tm dirty water filterless punp
t heoBanplesawdry callagiedhateyatidus jnierpdls gnGapautenaiictsample laeliegiion sysiem was

Bssho B e Al o g BRGSO Bl o ot
titién £0 Ipefsolleetiohi ng to the nanifol d was assigned as the
Zggsfotarqq%déﬁpg% 'b?ogg‘%mc%kpgyggn géj{gr Lé@@wﬁl %ﬁd Yhe?n%&ol&ant coliform

BRInR! fofl bhrbmélto?rﬁmfﬁbmmh@‘éh@ emibiaa, |N@|§tlv'él§/féduﬂléd mm dtdific emission
sedi ment ed ds near to the effl ux punp |

ERRGEQSCONYe apd a1 analysie werel. perieengsuep thas s#eR ewe@ryﬂ dissolved oxygen
&drlch ﬂaﬁfﬁt qr@tt Pﬁ?l)ﬂe Wéretrjh‘& $8d Inqlz%clérfﬁerafﬁﬁﬁls%&\?ed oxygen of of the effluent

reS| out out 20
fodbe memb@nemwas |a§sotteste(hgerloﬁhellyl tasassess theemogoti @fedﬁsolved oxygen

G SR P S ol SRS S gl hoonvton

aid telnpesmMe imthe wlarifles tould rgd be measuesd whensarmplésmert icalleatbd at night by the
Cﬁ/‘tl i &dri ca] clarification systemw th a conical base
aHamale sgiPfet at the bottom (the preferred
geéadi nent). Various vol unes of shower water were
tested. The famly produced 200-250 Lvd of shower
wat eifhe igaulls PEsrshewn TAPRIGAY MAHdetor n(t M) was used to
liitate a series of tests using 300 Lvd. Thepunpi ng
rate during different batches was varied (1500, 900,
600 Sfitbo 30 egihlishesi igmass, thenNMBeY clearedribia iated irbibe @4 & of the incubation

S e R R 255 B R GEEUE AL et o

&y $th fuiLyvhe tmtaleiﬂlspend@d)bcblldsttekllﬁmnmggtécmt) I(Tw' t Tids isi agbitbed to the rapid
| t e wer e WwWer e
S EY o S0EE st rone TR, 25b6 H0 Qrredirimbgodiana obs mor in 325

Rb@ghem cal oxygen demand, coli form and t her not ol er ant
col i form counts, ion chromatography for anions and
i nducti vel y-coupl ed plasna atom c eni ssion

spec ﬁr%%ﬁl? Bgy g\ﬁcgsé)rﬁbl@é“\%r)ésdnﬁlxé’éﬁr he QNS & ff‘@ﬂeoofﬂgtsh&ver water slightly

sanp ed Ox concentration an
qmn@emamamed beéedwe(Fvgewsb)er Imgmcoﬁfmm cduat felf iram 2.70kee1.70, the BOD fell from

j | v e, eff r nbr anes
DR B BERRhvebiRs st B8 o aB20 SR o it o
(Bhﬁ;hqsved oxygen delivered to the Ii qU| d froma single
pass ro t he gi The .di ssol ved o
Do e DT GAH i, G PASRRL ale GSimell R PEEVEKS PAIGHES 61509 ) (Fi. 15:0).
'Tﬁé |dgecoms@f$ BoURE feiRMm 593% 291,86 8OOkl @6Meaab 6 AGAL and the total

by the automatic sanple

suspended solids fell from 53.6 0 3.0 mg/L
Batch 16

The pumping rate during batch 16 was reduced to 916 L/h (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 total suspended solids fell

from 35.5 to 14 mg/L.
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Results The results are shown graphically in Fig. 15.
Batch 1 Wthout an established bi omass, the NVMB V

w@bk@anssi1s he water in the 24 h of the incubatiPCI/AB2L06/001728

t han expected (Fig. 15-a). The log coliformcount fel
from3.08 to 2.00, the BOD fel7lb from92 to 11 ny/L,

the total suspended solids fell from37.8 to 6.0 ng/L.

This is ascribed to the rapid delivery of dissolved

Bx¢een to the liquid, as the DO concentration rose

fromO to 88 ng/L in 3.25 hours. Batch 3 Al

onl yThenympingprie<iuirg bateih A7 wééaeduswetorm W ¢ F@aﬂ %g) t'A@ log coliform

g@ﬂ@@ fré.fliﬁtzl%'i 158,68 Md BOB YhIGHR 72; 3 1‘6*6%%/!3 'aﬁﬂjthg@(%tglréllj.éd;eg’ﬁbd solids fell

cdli form count m2. 7
ircbme3(BBIO(T®mg/Lfrom 209 to 5.6 ng/L and the total
%%quded solids fell from40.4 to 2.4 ny/L. Batch 15

atch had the same punping rate as in all the

pr evTigysinipat ¢eh@6urii1@5@t6h i3 s eficed talZ31d)h (Fldnd5H4) o@he Iog coliform count

el i 2% 6 655, e B0p rEHRE 9121841870 ot et s fl rom

g@gtogmgn_ss 6 to 3.0 ng/L. Batch 16 The punping rate
dur i ng batch 16 was reduced to 916 L/h (Fig. 15-d).
Bateh26g coliformcount fell from 4. 75t0395 t he BOD

;:: : T@Jr ompﬁ@ réolt? f?&% /2?@% {gﬁ&é;%r@'urﬁ g?dﬂ%‘%hb\ﬁe? water had
bieani thedamrdmggvthaaysuaidsmédwafailf@mslt Lnﬁla Qharagtte(r)lmsé@ n;rmal The log
T 0 S ER, g B B! 223, B4 5% e o
s@pbrtied fsellds rdise drm3XB.Btot 39. Z)mg’ng‘/olLforrrBEand Bush@ndeuesolid solids rose, while

0 R Sighs. Siaidais Rl sieborust B RO FEOHEe Sroyh of s ey s, and it

& e nutﬁé?ﬁa \ﬁ&@ré‘n@véd frénﬁ? lﬁeﬁﬂaté’r oVéT tl?é?@hd‘@(nbub&ﬂ@h t'IfM’s demonstrates that
t ot al Susﬁﬂ?]@h solid from 36.

BetrympRg ofrhe liguishipiokgh thatl\@/IBj@JUs g W&Iﬁarﬁ?ff%égg%éd\u@@as solids and
%erpgnde/dfgequtﬁe“qh% g). The shower water had been stored
0

'onger an'usual, so it had different initial
Oiszussiorer i stics to nornal . The | og coliform count rose

o Gl b0, Rl 9 80 B g vt
&fé_n%rafﬂigé dctedminly @eramso@gﬁh delivpedayizd insthé eatlysbaichei!sjvheosﬂmre was little or
\p\,{)“blio(renass on the membranes. The dissolved oxygen appears to have fed the cells in the liquid
enabling them to grow and, for flocculating cells, to coalesce the suspended cells so that they fell
out of the liquid. The dissolved oxygen leve! in the liquid rose much more quickly in the early
batches than it did in later ones with the same volume of liquid and the same pumping rate. As the
biofilms on the membranes grew from successive batches, the performance improved and the rate
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 L/h. 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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the BOD fell slightly. It appears that dissolved
nutrients fed the growh of suspended cells, and

woO aozlossse t he nutrients were renoved from t heP@EABR006/001728

over the 72-hour incubation. This denonstrates that
the punping of the liquid thraugh the NMB gills had a
significant effect on the nutrients, solids and
suspended cells in the liquid. D scussion The NVB

BecEan® e dreriot 8 arefqeekneeqmeptm cbiitrol hgewumstétic%uudaﬁioweeﬁme reduction
| t as pears that the mepbranes acted mainl an

BB Edcroesey Rt Sea asBt and BysPERleanioYOsn de displied oxygen
Wﬁeﬁtr‘aﬁéﬁ 1l 87009 IsARERSH HUl‘Jr e eﬁ?@fgfxﬁ%ﬁdltl ﬁ%‘ Sppear to be responsible

di ssol ved oxygen appears to the ce
for theirisessn atlifarmgjand-suspendecgolide seamihere.or f 1 occul at i ng

|1 | 1 h ,
cel |y NG0SRI RPHBERES B HuRC it A0 e g of
mbeméd mleh m'arﬂfold &)luﬁrtgc prproxlmatebyl%% Qf thennflube healodeyl rétadveth fem the NMB
n ater o
bRAlnG s SO ingahrEesers sreial 16 adiins eaftio fitios pf gas bubbles

ihieh, Fe edartiesal edcerd QT@Wagelﬁéeﬁmém\é?st&ﬂé G068 flodt iR settled biomass back
erformance i mprove he rate

b e&%mephefwd.smafn {mthesq eraventions) systams, HLSGapkdhe glawfiersieam would

in the resultant effluents was very good,
especi al'l y when the BOD was reduced to |ess than 10
Exgrnple Bdtagerateddlomesti¢ Blagkuwater can be efficiently

ot or WaBGHER pbPolRE VBE 10 % D BPR ot Pk rug Ml Mpmprene bioreactor
(;Nl\{l1 B)fio Iaamss Ebfshltabiﬁiy&f thist tchinelsgy bhmat@;ﬂad@ateeméa domestic wastewater
BEeiEy Srssn e smanigk (b iy SR R pebiGne a2l reseiyoir and the

%Pgér v ¢NMH IV hel s5d ﬂnﬂléﬂhelﬁ@@nes%ﬂ %GEOGCE r§$%rfahG aobL elarifier. The
The addition of the air spaces has inproved

Eflpwing: MeagwRMantsWaie fiade b s@ﬂpl%@keefffoebthe AW arecblmﬁtngblackwater total
HESoRTONS (LSYSSENER R ity kyolt i MMoban oo
salnisi dotaledissotved solisls opledion mhmmttzgmhwéoj ammonium, nitrite, nitrate, sulfate,
RPEAEAEIA B PR ), Shoffen oS BdicBhlafe) YorfelLRE and ncucrvely-
cauledtplasmaiatoniiiEmissiah specinoe@wfbr Ca, Md nc N, ik, Be emccathericlements.

conc e Pt RGeS piregnay o Heaais R 36 o g tre gy supematant

trb @web|03eeep&&rbateeﬁ ElRdvin gorese =" R9BAGFAA, eadme 26@&024 mg/L,
rises ’in coliforns an US en sol i ds seen he

FREONNG 19 GageE ot 2d- %amdmwﬁllfyrm ewntsOuW‘m?ﬁiLﬁe' The NMB was

flEl r‘ﬁueﬁ rédﬂgm r%?%' rLJ fiofd ﬂﬁéﬁbﬁ h@?atgt‘re}ltr id & af'e‘alvﬂlh secondary

treatmem\ees:tems b thdrextrsinBly bjgb @aionig leesling metnermumh ﬁmboth NMB [ll & NMB

PESTRIAER ol e A B e B8 Wi B B BB Bhagrame-up. The effvents
@mo%‘@ggﬂi gllefﬁmglmgggsﬁﬂlmﬂﬁtmym%37 I‘rﬂlgliil(?(;/@ fst@l&(ﬁigh’ﬂ 80D = 124 mg/L
TRk EeliER0 b roT oo us & g 106 Gl LB6H e ke VBT Fi 84 molL (18%

SdAUERA), ‘éﬁél’FFfm ﬁsbﬁ\gke(ss%%’cﬁfétlonfmﬁ@éé%oﬁd asey @?s%in appeared fo be
Domest I ¢ Bl ackwat er Macer at ed bl ackwat er was treat ed

limitadaey ihgpes Sow RemRING e Compaied onibaismalias MR Hieaystest 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 [PO43] = 49-82
mg/L (29% reduction to 12% increase).
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(NVB) to assess the suitability of this technol ogy for
treating blackwater in a donestic wastewater recycling

wayawems1she small NVB (NMB 111) had 0.6 nR2 of PCT/AU2006/001728

menbranes and a 30L reservoir and the i s |arger NVB
(NMB 1V) had 33.6 n2 of nmenbrapes and a 200 L
reservoir and a 200L clarifier. The foll ow ng
nmeasur enents were nade on sanpl es taken fromthe raw

and ‘%ﬁérﬁ’? @X@%mgrwasgﬁ r?é&)g%“t%@%&\%oﬁﬁl’ %5 pArdivastbs removed or

bi ochem f orm and
ma@rdlnIﬂedlbwmnnerwwefamaﬁnd@mﬁt(@g mgisnzk). WMBdlbhageagmuch higher hydraulic

PR S VBT ORI 5 BB B o prnc

cbf @Bwagél t&amien&ml resppg @hmembrasnproductidly, The mpmbiane fiev toidr was defined

@”Ct I é)prngpnv%é%tq\;gvﬁq\(ﬁbynﬁg% mlféélg\&nr@g 'érﬁ{f{glf/L This parameter
ﬁc&mﬂt for thENgifferéited inayraaicelownad %‘fhflﬁdwdc}orsr pmrméﬁesslm@arly in this

3-10 tinmes richer than the prlrrar S
re§Rsick alThis cdempestiatesatateiie gHiceRey ohle @ n og_y4§ " dgpgndent on the

I’E%aél}c@%)ateaﬁ@ %ge%rqﬁgfaormamﬂltgmzl 2&c$ngegt (r:?tu on

The TieBesuls oéfhis stidyrshowthat the soppiigd Teseralad bischatenwas mOd’ICh for the
@@Bgat L 90 @@é@@#‘?@fﬁ%{ﬁﬂ&ﬂﬁe X! ?:éﬁgrln%ﬁtg‘ geﬁﬁé;c%m%ﬁlﬁo% within 24 h to

brizdidi the wastewaieoo e aérytled. Actumulsiion cbflslollc& iNWB lingar Imhoff tanks used to

éﬁ; E?Ngﬁgffﬁxg@?p@garg vgged iﬁg C?aélfl?(i ﬁtéqtq[%gbygg f(gtgsd)g S biodegradation
b@@ucﬁ*ﬂ#éde%f kélids Worh fHeclatiflertant eSS ﬁmibﬁgméé.m(ﬂ%l%ger (33.6 m2)
reduction), BOD = 124 ng/L (87% reducti on

UMﬁnwstem glete igentitied qg,fpgyemlal VasIe IRysth qﬁy)ste?n[ Nﬁg reﬁﬁjltant effluents smelt
%7 of §Jrﬁ{?1fh€ %ﬁ?abt&@ )amﬁé‘ BiomBsbnind mem%é%glltlwaé 56i%luded that in

V system appear ed
Its rmlrteeblfdrm theh &MBewas mbreveujiabie fon deataest @‘dmiardélde mstew@ers such as

smal |l er N and produced effluents that had
?@%S%E%{S@@%ﬁﬁ%s% reduction), BOD = 98- 251
wfﬂirtg%éaﬁd Matérialgduct i on), coliformcounts = 104 7

cfu NH4 = 22 355 /1. (0-15%  reduction), and
[T{m@{ano]-péilcglgteg\%enpp@qgsli( tion to 12%

I ncr ¢@s N]VIBTH'Q% W‘é?é’f@s”eaﬂﬁh@reﬂﬁbﬁﬁfehl\/ thh\fé fMSalld@NMBelﬂ cagsistetef five pairs

total anount par anet er removed
oheiBAmRdREh PELhGh X S99 AGHe HigheOApUrTer KRABTIeRR aqclet maniold
c?yt?cﬂg ré'nQJ?Jgét Jﬁ%ﬁg@%ﬁ\}b&eg A 94 §é)t WM@III%raafé{a?v%f O’S’Immm membranes,

han nd it ut erforned
empqseqbaf poiyester/catibn fabriadeped b coloil sllwarsebwmc(&ndzllm EKA Chemicals

58 P30 e S0 ol kB8 PR Ry BS0AR B g system

tdérain ey @ukdquﬁlhs)wck ifteethé imipt streiml. ) The Bhiles mmfoMMSenonnected toa30L
accounted fo

B0 61 ool PyeMes e St PTG ipild il R Berstatti pump

FEéd% Qﬁ'ﬁ?\@ﬁkf AR Baontehs 8 hbsdsad Gysifdle fiteethiiMBd into the top of the
t echnol o%gsﬂgdram@&endem on the hydraulic flow rate

treservaibnd the pressuriaedt fesagvaytintp fiesnlek manyolg Ffb%ﬁw%& the system.
tHE pSHPRAL GRIBRLS AP, RhiBFSIRIeEH 8@k 00 rich for the

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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Q NMB to be able to renove sufficient nutrients and
contam nants (especially amonia) within 24 hto

wep@blosssthe wast ewater to be recycl ed. Accunul B€T/am2mb/001728

solids in the linear | mhoff tanks used to clarify the
NMB ef fl uent appears to have fd the clarified stream
by diffusion of biodegradation products. Renpval of

solids fromthe clarifier and increased punping rates

byt %elvv@g@ﬁés &u?nﬁ)e@ froi)the VR i Yla@SingRY pfénétdlﬁ@bl!lrﬁp @AmBér into the first

pot en nprove the system The resultant
é@tPf few'@ Bﬁﬂ@kl@d éovvn heiwasn e fous paiFs o memprnehandfell gut the bottom onto a

b ?6@ 89% ‘ﬁﬁ'ﬁ 6 thé RITERS 5‘t BolGm) TR %ﬂgssal\rll I\/BEEQNa Yég&ggpg and spilled into

conc |n|tsc rrent form
theitankb| Teefliguid trevcliedralong dfambeir enedd lan tootlakdizat @faatcemgcte(m tohthe second

B Y AR B3, 54 B (008 s o e o

béﬂb@)pa@snﬁ'g/\mtd\lms lagt geurvwambensemmhnwérblcenrwcted rin rsemﬁs THeeoutlet from

e AL VBRCAMeRen (A TG0 eAina 4B cull e ptume the sowage

tdlﬁ@ieb@ﬁonw@%éﬂétﬁmb tradted &Hlht lﬁtamefs@WWeﬁh@ﬂﬁ h@fhousing the NIVIB-
outlet manifold (Figures 4 and 16) [

f6tal of 0.6 n2 of nenbranes, conposed of
@%Jc drer/cotton fabric doped with colloidal silica
solution (Bindzil (tnm) EKA Chemcals Pty. Ltd.). The
set dacdrated: apd Ipegialyeiraatdtoblackwaten frem 36 priotolypk \dsmiasticesewage-treatment

TS B AT, o o, Py ek
VAaaVyéesLd V\N/ZZ connect ed Lota 30t Ltreser\éoi rovi _af?l.g mm

ID P 0 a n
!t o TREL ST Sl bskey et s 2nER0Y aiempleg trouch pre-

'W@l RENYE e dlahRtch QRES fibre fiﬁersdléts' vﬁth' & 'bféakth@hgﬁ aélit loNHBum (Sartorius
of the reservoir. dr ai ned

ﬁﬂ@%@ﬁ 12t herstisoq wpHo i 8 a0 een ah 1 40 Cfar a4 g welghed again

conpvﬁq HSf Eﬁr@@ @@tg@"rﬁs @Hé%swfﬁ% éﬁg@@ gﬁ]ega%mgva&% gﬁé weighed 100 ml

baaweesdDNMBPLMo determine tiedatal disedived splisisiiTRS)conierinber 1600

an oLt A e AR Seath FRGRTR: atoribOBy el GR of samples

PRkdrmovinde AgardOxXd@dProntairing 4.0intlh obl @6 peutial fusahin i98% Lol/vol ethanol

b BB R O OXA PR iR 3 e A 425PoRp T erTgfoleant colforn
%&m@s iRGuderoR! lcok dbuRt; dﬁﬁW/éb@:bﬂéSE/ﬁ@fbba%‘féPum Ehebaster (KEC) eoums

200 L pol ypropyl ene barrel was used as a reservoir

t hes Piockamicasexiaes damang (RBBL analsin wak perécsed, by radding, 6aquots of the
% @é fo ﬁ‘i’&niz@{l %{er | CSEFA'I 532_3%3%& c%,t\tﬁegg.‘r’] Tb% 81s§d(l)\ﬁe§tox h c&Tstptlon was

rdenetnmraadda/ rageguringl the diagolveti exygen canend beforeaaﬂduacﬂeruncubatpmnom the dark at

the nodified (flat bottom) | nmhoff tanks
2@%](9 fhl?rds%gne end and spilled into the tank. The

| i quiDibstlveavexygenccoateningascdednhiasd ostey 4 Hara HigT42eDissolved Oxygen Probe

o30S brlon oales Pd oo cAFePURO pRGCm&ITH i Bt dggidter n the

?dsefvOir Bndin |tﬁesclarfﬂ8tﬂ SFRMRdB &HaBers At Ad 8NP iHeAhoff BHKs were measured and
chanbers, which were connected in series. The outl et

ﬁ@R@ﬁfﬂCtWeﬁﬁ%@QP“&”gtﬁt was connected to a peristaltic punp

h d t t
r gger Vo r or e"i’ﬁ% dg‘t’e'rrh H&{ l#s; tﬁggagggl ueﬁ?ﬁ%@ﬁm ;ﬂ-l EB&rode with a
S’etmgfﬁcmrtlcskﬁém HIT tringophacessan(EsieciyEquipmeRivRL) .

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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Bl ackwat er Macerated and partially treated bl ackwat er
froma prototype donestic sewage-treatnent system was

WO e@umshsisr bi oreactors NVB 111 and NMB | V. Anab@Eas2006/001728

Total suspended solids (TSS) was anal ysed by
filtration of 200-500 m sanpl®p through prewei ghed 47
mm di aneter glass fibre filter discs with a

breakt hrough Iimt of O dmm (Sartorius Australia PL).

'ﬁhﬁmﬁg :rc])f fihe ﬁér%ﬁjs“i‘@fre%cﬁj b tﬁ%el%[ﬁelﬁ{arﬁfﬁ&% %%m&lé?o %er‘gf oqu%sted in 0.5 ml of

wei ghed agai n.
& hv@gg@rmrcy@agolm pderitedndlysist he sanme way in

Pho. 15 SPtnader T ST o bR B, LSna) Aodlah RNEX system

tchlibratest with! terr ﬁmdacdsIforfsachnbfdbmaltms\ﬁedaﬂorr@@nﬁl%efdegarﬁms were centrifuged
gé@,‘fb di I u on. of san{gl es pﬁ%trgg ont o Endo A
2B mBL o Miiafes F5oh e CROaE B4 A1e RpgiRR vas flered
ittnoudh Goh fecerstigited aBiRAosan
o@ga 2\34,5*1 focolstigicaae ozél%rgﬂ'ﬂﬁ%glg%rlss QIIIILFSI Atlstralia PL).
'5?19@%4‘%? ¥ae T4adiTi f or m count s i ncl uded:  col | counts;
and Kb ebsi &hdllﬁ‘tre %\A%\?@ éarﬁ%égd%?&(:ﬁl kw&t}éE%}Vgggter was treated

counts. BI ochem ca anal ysr's

peNKB dihwth apuraeiog rede e 12@0mllm|mf8amp®ss(50mh8& Welm collected and allowed to
z {t
BUSTHS8 AL DBk S el Bl W DERAST n Sahoad e
tezps aturanef incubation waoeftwﬁ(m ?gygmtholg%eg@ m]{m @ngmcx hours.
n e dark a or four days
g@%@@ﬁ%ﬁ%é&’?’@om ent was determ ned using a I)ilanna
HI 9148y IDbeﬁaElere‘dl iREKGREY rﬁ?kém/ﬂth(ﬂe'LVdf ﬂi%ﬁihém&w&@btﬁ’% It Yanks left over

The di ssol ved oxygen content

|
EP'S I e‘ﬁ'é? testing; sRethe dajal volgme Obliﬁﬂldlfﬁakﬁ@ el was 209 L. The liquids were
%ﬂdm@é%m&fforcm%§ bﬁoér}ﬁ’e P, S erWas té’géﬂf lef% %Wf«f_rp @@ﬂﬁed the sewage

neasur ed reported where ap ropr
Huoyeh & S\Mﬁ@“ dba etadi3ad miiminray azclaSed-oPtbattk |system) On average the 200 L

RERERAR e bl e 3R s 27 e RR e Bepes Gere ot alowed to
Betﬁh;tm&foreteb%gpwbé s\ctenrd Imi@clﬂl?nﬁ his Q‘Jﬁuﬂlﬁ@t; ﬂgceid#get almtd l5>turgplng rate were
%id rﬁhgl?g@ﬁ%f’\l?%cﬁéﬁ Q\galcsf'ﬁ Z(W_:&f 7?&[‘@% using a Varian

v| st Aftd?rrﬂalczahé RBtRE fatl nﬁtbmﬁttawﬂv f(M‘i‘ da s B ﬁ@eﬁfa%ﬂfjf?d’ngﬁNSTO Pit 008,

he eIenEnts anal ysed
'&@s(féﬁ)ﬂwi '913@059 aéchoet asumeni Erderige, lp'é@ obelptﬂ)ée,srmaltextuatct and sodium

ﬂﬁds&lfatééhd%@' q\’ﬁ [gétaséuﬂﬁ‘ dH%BQ@rf E@?%ﬁ%%”@at V@%{uﬁ ight rich blackwater,

per f or med usi n
tﬂaumamrmtéajgmw alsuitable izmzassiam tis NMBrm@maneebefoteeheimxomal &

cat| re.centri e 0]
SRR noBBe FL i £+ BN lareb 456 15 g B0ERert The i v

behm apep eiarsalome tscrears tdf the bﬁroeﬂwetdﬂrméqanﬁbrﬁur@ﬂuctuated between 20°C and
nsqghgtt&ﬁl? czfllul ose 25 mmsyringe filters

%ggfﬂ?% “talia PL). Blackwater Treatment Trial 1

BRckwakk TrRawiehellayz t r eated sewage fromtank-2 of a

prot ot ype bl ackwat er di gester was treated
200°L of macerated 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 liquid were taken and they were averaged to calculate the Ty
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.
Blackwater Treatment Trial 4 |
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in NMB Il with a punping rate of 1260 rl/m n. Sanpl es
(500 mM) were collected and allowed to settle for 60

worReanss1g o sinul ate clarification before bei nBCT/AU2006/001728

decanted and anal ysed. The tenperature of incubation
was 20 0.5 QC throughout the 45ial. The trial ran for
24 hours. Blackwater Treatnent Trial2 150 L of

macer at ed bl ackwater m xed with 50 L of residual

li quiTHe INMB Jﬂ@nflbm&f émpties |6§fo % fﬂ‘tﬁ fricd foot'é?ng‘%’éjél?b\‘l thé Fesidual sludge,

fNﬁStln the total volume o
[ca1ap e\f@aiswi@w ipfluemeqg flesuﬁtaﬂrd’glalw@r@déi (seaBesults fatfowing)oThe biomass

lh%t ﬁéd‘éﬁcﬁr%ul@l@& 8h the trﬁr OEthei‘ ngt \é@@‘ﬁ@ ?&PL p;qqgces e%@gckwater were

sewage y
ﬁﬂdaﬂl tn thﬁsNMB &V o thebel Qmospec(xﬂwatdays sAtgiheeend. of @achalyehe® Lt dieffluent was

?919 ééd @({/né %as%&ﬁt %ggﬁgpfs @%Jvqu}r ougqategrh?a&%@ertv@sst@a{ep@ver a 96 hour

Ibaf periodt esti ng, as the systemhad a clarifier. This

R%I‘I@{I ng procedure and punping rate were used in
PUSs 3 and 4 al so (followng). Trial 2 ran for 72

%dkﬁater%éa@ﬁen?'wla’qih 2 the NMB was fed internmittently
on supernatant from ANSTO Pit 008, spiked

fo ysS
da| I Jhw\lMﬁ IBbacha ganegd lup biomaasihiat hachbeln staivetior ebaha week prior to the

0B ASio BERa bt A1 DAY A AP RAB I o o sone
geahme@mtant (SER). fihad’ BG/z(ab’@l suspendeah saiitis) émthe bb&m@te@%llarom 316 to 37 mg/L

FAALR0ST 80 PRI 80, U RuON PR B o 0 o Fam B8 ot mon a7

umscoumm aolre felliéroh o1 gheo hots ﬁg%g 'taﬁg gﬁ&thg"\sté Yok€ididto 607 (23%)

nfé%i%l?(fa Qé’lfﬁ‘a r%ﬁ‘?ﬁ Qf*@ﬁ)n%kwtérewszwb righRY tEmellee primary supernatant from
thbrsﬁw@m#ébtrﬁeht g, v@ﬂcﬂ us Wgﬁifd"’ﬁé§ BOD %fgﬁﬁ?%un&dgﬂﬁ@ total dissolved

of nacer at ed ter were a
stmwh@ FANges <pf|10%5ﬁ rasu/h,e&@ 360 mglL., 105564 aalimban d=l008E@mE orspectively.

b1 al et Se U 180 8 s XPhie % o3 hilhdte WIERHES 2 oy (Fioure 108)
Eerguderdly, the W*dife%h%plv fuéme A7Gd0@41 hngﬂL (ave meyLehy @1 thg @it 6.9h, but then fell

ORI P T el B @B by Pl ctoerlBtief 45 4 mot) i e

Iala«:imla&r al % ﬂamabl@ﬁo d@smaumwya’m@msuolb@%% rphﬁdupa% &dPsidering the present
r anes.

f? her rarlr_g i(g I?_F’HSS on

0 \@s eportgp *P%%W'Cw nigtiheonspitsationell 1pid8s7 bedpse rising to 59.9 mg/L
?‘teﬁglthgfg -Hogt lﬁUuBatFoheTﬁé’[‘lﬂkUaTalg% éd’éﬂ dm%ngec{]a‘? @93%@1 llnstgéd (gtﬂ% expected 0.0
W%Jh@tswqu}d bg pmegte«i framdarBal(@(@éystemul It $eliftol6. &mgﬂ.g@ver Theeincubation,

PSR 3 Y SR SEUTIE FpP S, TR 2055 485 e, s

dispolvai/BXygen comceriiation wasris@bigh thveighiay the tvétatniehﬁoea}iéeﬁbblc respiration of
B0 B0 o b 4G R BR'Sh Mk onctromatogy
analyais.c The 180, pro€birdm uL.61te BB MY ting BRStHalrBent, consistent with the high
availability of dissolved oxygen in the system (Figure 19D). The [PO43] fell from 124 to 54 mg/L
during the incubation period, a loss of 56% (Figure 19D).

Ca, Mg and Fe were actively 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 matter (Figure 20B). Mn, Sr, Cu and Zn were also actively removed from the system
(Figure 20C). The chioride 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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Bl ackwater Treatnment Trial 1 The NMB Il had a ranped
up bionmass that had been starved for about a week

wW@er0oi548e8 t he trial. The bi omass had ranped upPGIAURE®6/001728

the trial of primary supernatant from a mnuni ci pal
sewage treatnment plant (STP). 7ghe TSS (total suspended
solids) in the blackwater fell from 316 to 37 ng/L in
24 hours in the NMB |11 (88%reduct|on) (Figure 18A).

Tﬁ@[F@%?s fvéﬂy |h|gf1 PR Bﬁ&mfafér é'%xéé(}?nﬁ;, R&K@?@‘Hbﬁ. él%tme 20D). The

count from 105 to 104
f"%‘?ﬁ Ifd@verose@om m@o)maracsummamwm seWagpUireainsBBpIB. waBHess than 2.0

g_g 'fﬁ%%g{]rfé"’?fthﬂg%gﬁdnﬁ@éﬁl%ﬁ [ﬂ@eﬁ;ﬂ@e f&r %E%ﬁe%’ or e tap water where the

blad@latey c&m@frd‘rﬁ&ay B@xtremlylrrblm inrfluoriden The fF{dh dVefy ftdshbRtkwater sample

B SE6MEE P <8200Vl BB 703 400- 650 gl L,

Blashvextdr iTwzkryent Theg2pH rose from 7.80 to 8.24 in the
firs reached a El Iat eau (Figure 19A).
a

cOnctWertsWP?@thetfﬁ@eFMPm 2451 urings WalrdHgta netaepoped. fThe fallstin TSS and
B@D lwe(@sl&lvéf% fial®) bélﬁ’g {4080 @9 F@?Lha(?l %82 to @Wﬁg/&?ﬁﬁ% n@! é4 IWespectlvely

my/L in the hext
ffwe 2% ang ﬁanese @aramete@/ ¢ontinuad ttth tallverctkevanys foklwm‘@o The coliform

e LT (T e

bagntiivie 4o thei wesemeeeofrd Iargetamoommt atoradadlidye irf telbotiém 3bthé Imhoff tanks,

\Wlﬁ@ﬁ@% c|5 %(% Pg?.ﬂ@grf)%ly b@?g@ﬁ{%t E%&éqsﬁo%gm@ld,@@ released copious

questitieadf arfaridmomiiersb &d Qel@tng’ﬁ\]é lellaﬁlha%@lésltrwh‘ | M\ldﬁ%x%ms the poor results
s

B ESS aktbon isid; SRS oshand.al pigeinbalen (1044218 | on
was Bt il Rsk ot '7% ﬂW@ in dhb fifsY & rfﬁ?\d fgmaﬁeé ?fﬁ{'?? lé\%ﬁl fbr}iﬁé Mext two days

as the dissol ved %be]n concentratio
ofhe ngyhatien (Figyre 2&% ENHrdrrer@arm@lrsaajmdommsmw@ m befoneffalhng slowly

R Ly LT AT AT e ——
brackwatsCaeigy dnoxiosingradmgii (Fgure228]. T herﬂ\dOe ] dosel shightly hﬁthe first 24 h to

§1f £ @éﬁefgg w@g@ﬁ%ﬁn@g{@o@ g{eg}%f({j tpyg S’G?SZ Eljjq}al’[elﬂﬂ\@le{ g1 insignificant

tBFohgrfoet the ftriad (RigLizA22B), déﬁﬂ[(__)ﬁﬁlahrégjﬂiét' déﬁltrtﬁbﬁioh Ras! 9%5/ laBive, presumably in
i gur

Lpss or o % D). Vb
B blofigis Sl Rasin moar H@ng%tfwf(ambgr@roémdm}wﬁ RS, st dissolved
dx?@dn BRIE weRr \Ek'r}m%\n/' L Imﬁ&ﬁsféhl?'n mbet s { ﬁ r?e"%oéﬁ %%r Iy\fﬂch it rose to

rel ease of these el enents ySed
%’Pﬁ@@@HYa@%CWﬁlﬁ@rfO( e germaindeo B the Ntinl Bgure GﬁC)anﬂneZsuh‘ate levels rose

565 1945 B DHSd IRl RIS BUFL P S i vos o

BB)to suilatecrhduicing ibacterasyrowiag intheoatogit aadgini @hthmoﬁh@nks The phosphate

as. evapora
BRNEFR] 14 b DR TE b 380 b ST e ok 40 e
228).y high in the bl ackwater used in this exper| ment ,
bei (? r{glg ure 20D). The hi &gest F-] ever seen
in ?‘ﬁ‘@ 13%] ?‘9“'@9 vt the diFt 24 holhe M glbsbwlbamdﬁbadSlbltoamBlgnn‘lcantly
OVBSthé &fe-
except | ongfi\élilag/n n&bﬁ?/ L(TQJ;E%S%O%&E&]%%M]&Z werg stqtig dnrpyghout batch 2
(Rigure 23Rk dihe [4nhis!l 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
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bl ackwat er canme from may be extrenely rich in
fluoride. The [F-] in every fresh bl ackwater sanple

worw7esesienel y high (see foll ow ng data). Bl acRGEAEL006/001728

Treatnment Trial 2 The tenperature ranged from 24-259C
during trial 2 (data not reported). The falls in TSS
and BOD were slower in trial 2, being 140 to 89 ng/L
and 284 to 98 ng/L in the first 24 h, respectively

F
]S a: ?‘H%ng% f%ﬁse&ﬂgfrg‘?n 14 P‘8§ F‘nﬁm"ﬂ @Eﬁkﬁi h ?rmhé])riggiﬁﬁleh @Iower for the next
up days (Figeie@AAY. |TcharﬁQD)alsoffellcﬁ+n\Ad)dmm t2691®7216ng!t ithe flrstrq°.4 h and slowed

bl b 1D 205, SBREA Dol e AP DR Ml o s

fapit tirotie st 24k of b adll (RigurekiC). whiihe TDSved! fromordtio ﬁZﬁ mg/L over the three-
aerobj cal | éhrogg@out the trial. The digestion
dncabquoger (Eiawe opi ous quantities of organic

MONOTRY §H FRe Ry 2 &) 8.5 m fe ‘hf&?%h%ﬁd fslowg 6lt foeR@rovemtiechiext two days
expl ai ns the poo D re

(Figuee 2PR). f &he p&t%fgft[ﬂﬁﬂ r{NQb]a@”do[NQSFh S@GYV%d ihai[@j“moﬂﬁe%a“o” and
Qéﬂltﬁfﬁﬁt%nf\ﬁé?@ﬁgtplé irf %ys@en‘n {Fg{uﬂ?ngBgr She ﬂ%*] AN EvEIRIBUNGA fell again,

| 'ev e nex I ncubati on
Mm @mg/LZ&Aa)nmoTthm [ons—bmqlseddtrmmbel tmndaiayc Thisrindieséedithatdlie ammonia

a5, L8 BB o P A4 S\ b B6Rcaion v

hd10e brs thetiigsh tiaywias thetidse ob248- kg tobnitrdigen g ammorium, lorlsemadg only 5.4 mg/L
in.the

gfﬁmig(?g/elﬁ@ Qitﬁ{ér@@z@? /rgglaqf]&hef r@irc}geggiis mg/l.ﬂht oY p@v/el_been nitrified and

Hé’rf?tﬁflefdhém%?%mi)mlydéé’ %ereT\W% Bl 04t By/L &Y eltatewesieatter 24 h. during the
out the trial (Figure 22

I NSl I cant rou
SRt EH-hott Jang InoreeT A MOAIch HEBGEGH AVRONAET PIRaAs 9%, but 228 molL o
HﬁrS R Rite ! W&ﬁ grb@u&'d ‘W@é tﬁ}]e"mﬁer?%@ ?lrrf?cfa‘t’é \E&ﬁhﬁ_ﬁ'ﬁﬂ%ﬁﬁ{' Which indicates that

c trap nmbers tan
dmmmhme@sme@sim bbleg edlessagdfrom the bipdagradation of thearrganicanatter. The BOD

nb 4. f h
B4ty Lt e e P acbpal loh B P, i @3 By e ammonia
bklda’;llbn (@ rﬁgVL@f Hﬂr@en Wh@almuétfeqﬂe&ledi etmehlsmetu&ély o mphqyease in nitrogen

aaygrr? i e 3 mipri fap) Aess it Yieledos sTERTelRfE(r 2 moL o

F?r@%léh? ngfh%aiﬁ&l@été&tk&f QuMithitalion Rddcccasax b tHeemlr@ldéy, Gﬁheh hﬁe dissolved
[ mhoff tanks. phosphate levels fell from 113 t

oygen icancenkation msthezdarﬁecbﬁteameneacf@ﬂ&f@ ool mren%ﬂ J\hertemperature
ilp&%a@ef?cf(ghgﬁt& ek ﬁie%ﬂéﬁ?t%%?kn%dﬁﬁ]g[ngﬂen{ %F tp 245 °C (Fi iqure 25C). The
MQI fose [rﬁuqu orothe figst gay fronc 40t ¢4 ovgdr anchlevelled e O@I@[ythe next two days

{08 ¢ b groct s 2oy R S5t B i 5 o over the e

&Rd days tathé Inﬁlaldohﬁntrarod (Fﬁmm. a plateau, while [M]

Fgl] e i For Ly o B30t B e o
r ouﬂﬁo utgP\K/%st %ﬁa"g rthréugh&ﬂ%et tﬂéi ér@ Thé [Mﬂgrellséllgﬂtl'y Qhrough the trial (Figure

gure . | ackwat er “Tr eat
126A)a| H¥a]ees [K]elso r@sedmhp frrat ﬁn@fedl Hagiato dhgy initial Hﬁvﬁlﬁ @fter three days

Cgl'—’@ﬁ‘ré (Zég’)g m@'@l f @ﬁgt?%oeét%fhﬁfbgﬁd@\Tﬁtnésho%u\}mttﬁbe[ﬂ]‘ ?éﬂtwég]gﬂlrst 24 h and
tleyelleﬂ]ouh@lgwa 26C). HEnefimitias [F-] Bvithdblackaatel waseagaindight(ih&6 mg/l).

{,2?3' 48{f${rréaﬂ%egc$ i\lﬁl@ﬁﬁ l{%‘”‘ﬂ -5 6\{\%&%&#{\ ed td"hs %yﬂnu aﬁén of sludge in the
bottom of the Imhoff tanks, which is hypothesised to have undergone anaerobic digestion releasing
monomers and ammonium ions into the clarified stream, which fed microbes (including coliforms).

The growing microbes in the clarified stream prevented the TSS and coliform counts from falling.
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rapid in the last 24 h of the trial (Figure 24C). The
TDS fell from774 to 526 ng/ L over the threeday

w0 p@aladsion period (Figure 24D). The pH rose fPOMAB2006/001728

to 8.4 in the first 24 h and slowy fell to 8.0 over
the next two days (Figure 25A)78 The plots for [NH4 +]
, [N(V] and [ NGBl showed that ammoni a oxi dati on and

denitrification were active in the system (Figure

?ﬁeBblateJd"'lﬁ tl{ejWD Hata TRl the vo§\sRM RE irPHE d@%gd%xbgeﬁ%hdéntratlon support

amoni um i'ons oxi di sed during t
th'ﬁhyﬂo'[bﬁﬂﬁ Th| s i ndi cated that the anmoni a oxi d| SI ng

?ﬁ?&vﬁ?‘érﬁe pl%ltllrﬁaat,hons ranped up during the trial.

|ca lon and denitrification were active on the
fi r sThedagckwatsr trdated imiial ohasruch rlntga’r thaofin the firsbire triads. The TSS in the

A0ERR oo 8o SR80 Lz (i v oGR8 B8 g goe o i e

getdhd btmf'@alhﬁm 1604 rrigfi (885 &lpin ey thitd ba/ﬁd[ﬂﬂlga*emﬂﬁﬁ The BOD was initially
of nitrate

|
523 Bol 38 1 Gelchghu M6 2 BA® W BEpCuab 501 A6 s (Foure 278).
EI\’hé)-B('FD/ féll fPJm B8T {PERMGE (AR Hhd %@nd"@a?cH %ﬁ& fror'ﬁuﬂ)m to 186 mg/L

ng nitrogen as nitrite was pro UCG
(&2&6 el @aﬂwdlbﬁtchl hexeabformend thesmgislerang g@iliormwnur&wor the first batch are

SRR VR e TG B e B 13! {02 BP0 GiBhEARLIe £ ool

Fom I on € Oor gani ¢ na
talnts (E\iydeigﬂnrrd w5|8 |ttg105h efubme,cand cbhedﬁc tauntrosmshatplyf foom 1 0% ¢0 1058 cfu/ml

I(]t'-ggfea 2?0 thF &8 W%\hé@ﬁt tg %Daghfa %zgﬁmég 'é@orrect d%e ccﬂlfoﬁ'm counts remained
fighiteélg nm@t rlem@mlnbywwatbi’fee duaas eﬁsmghl dvaifabllityag attriéss (high BOD), most

Bisbat 4 bY Beiabne o Barstind e m e R oshe &n%oﬁa@@whe TDS rose,
Ta'aﬁd feﬁﬁln@@&ﬁﬁonﬁ@%eﬁﬁé‘!hk’é'rés‘p@éil(/é QeﬁcH@@g:n on the

di ssol ved en C centratl on in

t he d! htaphl fase i ahoichbriuriag eanbcof mecﬂwra@ba_cr(esn(@w&&%c}\mmonla oxidation
WA& r@ﬁ'ﬂ%@tﬂ%f SnJ {hﬂﬁtb%ﬁéesd 2?)' éngr%ézégﬂ.;’r?rreﬁ@@w@ but was slow in the

I ang
6&109«11 betcliﬂn) mg7LHE) E@@é ZBB)“ Asmoniapixidbijonp nitrifibation iand erdtafjcation were

FaEet b ginice pihes, Sitaupelie s S sy PR o e and nirat
B! SASbUrRing ¢ amﬁdmamn ioh8 Wéw keleabatf fromstiRe @igestioh e di’gahk nitrogenous
two days to the |t|aI centration

wmpqua%a driAg fhe-ia@iaton, ha@nicatgn rales on @f#g q o fOWa‘gNS pighe trial were
(%S B, 1 én’ﬂ 2.F ﬁ?‘N/L ﬁ’yre§p@§hvélp"lfh@ dQé‘che@%x ?&ﬁ%{atloﬂ_ﬁ%se to 1.2 mg/L

tea t hroughout "the tri al

h rg|theg‘hst|wo a’wr@s:,dwt ertierose fod 0 rgh- gdh@ﬁrgt%h Oleh%’JW[TMCh where it
?%ga r{eﬁ?f qsl‘?qx(fa gég ﬁ Qf%‘ré b&c I I‘qrbrétée{gﬁ’ |shbo?€§eﬂzt Slith %%i%unﬁlﬂatlon of sludge
inCthe] bottemaofnlhd lgthefb ltenks Heeuughtheitclanhm istréam W|tb Lrllgetshrm products. The

E%T@lerat% gft qudﬁqanqqgsf on]ZgAp E@B@s’, éﬁyel | Eéjc m;b éﬁ% on concentra’uons

fP(bs@ Wery Habidly dming pach0ftheRiINBE badehes, Ginfapsearediio N4 chprﬂbn within the first
al 3 wa ed to the accurml ation of sludge
@ﬁ@ of each batch?Flgure 28D). The phosphate ion concentrations fell during the flrst batch, but
rose during the second and third batches, indicating that the accumulation of solids in the Imhoff
tanks at the botitom may have retarded phosphate sequestration by organisms such as
Acinetobacter sp.
The [Ca] rose during each of the three batches (Figure 29A). The [Mg] and [Mn] fell during
each of the three batches and the [Fe] rose during the first two batches and fell slightly during the

third (Figure 29A). The [Fe] was too small to significantly effect the phosphate ion concentrations.
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bott om of the | mhoff tanks,

whi ch i s hypothesised to

have under gone anaerobi c di gestion rel easi ng nononers
w@pe7assosi umions into the clarified stream mii/an2doedo1728
m crobes (including coliforns).
in the clarified streampreveped the TSS and coliform
counts fromfalling. The plateau in the BOD data and
the very slowrise in the dissolved oxygen

HPRSERLR b e R

The grow ng m crobes

fe8 thxm&t(hgﬁrb 59B)BHAS

ackwat er

reat

ed in

thvas batchel, while the [F-} felbduringieachdateh (Rigure 28Ce trial s. The

TSS
fall

h’)’f’ffo@é during each of the
trial 4

45 0 TS e LR 0 TRLIp g 500

dxl@iaﬁdheofsﬁmgm, E)%dmbtlonamwbuﬁaé dnd rédovab bl pi@PRaté dlom) the rsewage are
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presence of such particles. The BOD : [NH4 +] ratios

in the raw bl ackwater ranged from 3.6 down to 0.7,
wob@re5@$8 i n the primary supernatant fromthe BEWAT2006/001728

treatnment plant it ranged from 11l down to 3.6, being

typically around 4.5. The ratigog in the primary

supernatant was too |ow to enable conplete amonia

oxi dation, so there appears to be no possibility that
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506 gl 6f| these- f#levparheleg awhibhioterel possidly. cefadsedibrest rGetililese |s not readily
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rogen ortho phosphate. It
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B B e 0 D o SRR v
fnestofiltebgion B)fsaémsbl stefivationrof the@ffluenti by chvinicall gxikkoh wihsé retarded by the

the NMB co gerform better than was recorded in
PFRSEREeIOf PUE gartl ®%t had a continuous supply of

bl ac W@B@D mwsqn ﬁ’\%?érw blbaw%r RAGEPYNY 3 SABRS td 7, where as in the
si tuati1 on. usl ons the current NVB

tpeuarry(supﬁg@atarﬁ ﬁ@m mWageetcﬁamn@t Riapititgangre fomrid @pwmisr &6, being typically
fZJuH? 4Q§ 0 b%%t‘gdgetﬁé '[Eﬁuq_éry'sﬂpérﬁﬁaﬁt'v% b6 W £ XRER Ehflete ammonia

oxidation, so there appears to be no possibility that the blackwater tested 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 normal 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 blackwater
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+] ratio was too low, and the overall [NH +] was too

hi gh. Chem cal control of the pHw Il be essential to
woreoo7ibasisig the ef ficiency of the NVB technol oRgT/AMI2I96/001728

treating heavily | oaded sewage, as well as

conpartmental i zati on of stagegiztreatnent processes.

The maceration of raw sewage prior to treatnent

appears to be an unsuitabl e upstream process for the
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form the best a ations. for the NVB technol ogy
WrPIW'“k?@ nofee ﬁ@”t'&g ‘?Cﬁ@h‘f‘ S{‘]Pt‘oﬁore dil ute sol utions such

as SKef W\ﬁé’ék§ of §e'vﬁ§e ﬁéaﬁ&%%%lyeﬂér'cﬁwmémtﬁme%%port material used in
sewage, I\ﬂ/ﬁ ey vater d ai s

e nwstrmtmrgof Billishppest no &@Tﬁiﬂ@tﬁ@orﬁ@m twgtha pplwwtaéﬁ perplyane support
Q@neﬁ‘ ug%sp e %ons’[ryﬁloﬂ%? I\ﬁ\@cﬁl Wér@'n@ o%?en@rale‘ac%!eﬁﬁtwe membrane
e &d 1 a

ect om on ce, In nbr ane
wppﬁamatehaals gaitabfeafoe semg& ireatrienbaret miyeg@s aﬂ@cﬁbreglaas, ibut the latter is
nenbrane; and - a liquid face biolayer at

%Pnﬁ'g%rg%'aﬂre%Pe@éW%d fromon the liquid face, in the

S U PPMetrafip U@bmnase an tHeNMB mqmbrdnéseuppearamdwab@béenorrcomplete over the
quid face a ort_ nenbr.ane

mgwg@@ﬁr@t gfalscg gw,g{elconglgfe(gipq%grnbﬁ%%e@ngréqlsn@e i\lNB?f Eﬂrggss was fed primary
Hg:@ﬁél% onPAﬁSTd_ BewdAHRPRT088 Spikdd wilhajeBlode, Calfnmﬂnmmh?orlde urea, sodium

rane bei ng "nanopor ous, nesopor

Hiosvliajso mearsexiract mpw@wmaydwgeawh%w@sm% | papgars e the biomass
| bl

3= 821 RGNS, BBl PARAT nSs vty Snlnb S oo weak

Borthgl tiiad 4 ithebshiondse appéarsata@ava/wampemmp significantly casiapeated batches appear to

I
BRIP4 ot BRaCT 140 SRl 0 eendent o
fmtéyétémnb%ﬁlnglfédh?éntbéﬂ&al@&@atér@@@nt ds"arﬂlblﬂatéd that theﬂ\MBscoml perform better
he nenbrane of an
map 4G (eoHERG ndPRsedianl 1 baba con%auoyaaw?ﬁ% g2 Wl oocur in an
ﬁ%&ﬂlonﬁg Pét@g by the support material. 0 7. The

rane o alm 6 wherein the support materi al
Conglusignss a woven or nonwoven fibrous material or a

gogr {Jé nghlé H%g\#@ {E@ﬁrﬁf dgg Jhe ﬁ\acem?d HS{W@%P 9/39 ns‘?ﬂtéﬂlé‘?or hiological
Trbamembmtmemmaaxpeoned (=2} hi; laa thesB OB t[NHs ratiewas tao tOWeand the overall
%@Hﬁ] was 100 h?g%t %%eﬁtnfcgl@o}\tro‘? ofdhé MIP will be essential to maximising the efficiency of the
NMB technology when treating heavily loaded sewage, as well as comparimentalization of staged
treatment processes. The maceration of raw sewage prior to treatment appears to be an
unsuitable upstream process for the NMB technology, 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 downstream 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/settled blackwater, primary ireated sewage, and grey water.
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consisting of silica gel, titania gel, zirconia gel,
al um na gel and a m xed gel conprising two or 5 nore

wotoogiobise®, titania, zirconia and al um na. 10.pPdhau2006/001728

menbrane of any one of clains 1 to 9 wherein the gas
face biolayer and the |iquid gace biolayer conprise
bacteria. 11. The nenbrane of claim 10 wherein gas
face biolayer conprises nitrosifying and nitrifying
bac&ﬁé 12. The nenbrane of any one of clains 1 to
rein the liquid face biolayer conprises bacteria
capabl e fohemteenesmtrprising sol i ds froma Iiquid stream

suppor & SHERR PaEreRa DRy /e e T EBE RS 2 0ne face:
a gas hHaesiabd NOIaeE: Albcation @elaﬁeddmmltb&gasdadermnfnecnmppdrranembrane

gas face, in the su n s fac
I bont s Geh ce 20 batbion A1cpas F0F AR s SHPR s iseand
gnd a bijguh Cfaéealﬁaa@r%%yﬁéan@ﬁ s@leété’@ﬁbmcdh Belles q‘chf rrptﬁe support

n the li'quid face, he support nenbrane near

| qui dMembene aneer st hqwsh fache anéj daihdor dee liquitk faca iirﬁ’e'” the support
suppor%emﬁrgﬂé_ane - a support for supporting the

menbr ane; a liquid cycling systemfor passing a

liqua.d pmnnm‘rbeanmhﬁalmmesanmemmlaae bdingr aplaaomembrang.ai m

i quba 1 e g o int | o0odiR 7 BE e BB P Rgbbrous, mesoporous
M&@ﬁdrougenbr ane, a gas face b| ol ayer on the gas face

2" Qui e M BATSICpir P! CBB™ | 6 S BRED aRRHEGRY GeRALle of alloning
@ﬁﬁsmﬁ%@@&lﬁan?@%ﬁ%fe@l@@ frBl% aséd) ﬁqdlds%bl @aés@@ @nd Aduids TiRerethrough without

Ioreactor o aim 14 ereln nbranes are

the estaeldpplisatipniof pressitech gi | | haV| ng a pair of

menbg ane I i
"ot e Dot or ey B 6 defiy £ £ 5ai heichR Ragfdh ng support matix
bineithei theigad fieeae theiliqlidiaee. of each of the menbranes of

E?grgg'c't Fgéjrﬁtiﬂiﬁ e dgplglﬁ'ﬁ.ﬁﬁg\% %E gwe%gh%oﬁr@%mbrgr{%ecompnses

out er. hojushamandieral, Iamum ng the nenbrane(s) and at | east
a portion of the support. 18. The bioreactor of claim

17 in mebwppwd@mf@rsm%waﬁ@j'al s opaque to WV
radi Zt | Ofing theémbraft oP&MERHh&EIN He SRYorOMateRd c@r'npﬂldﬁ alfoven or non-

to 18 having one or nore gas face scrapers fo
wovesibrogs mhieriaj asa nencdyais pefous mateidnbr ane( s) . 20 The

bi or gact or ﬁ%’%@‘g’)( Q%686 o (#leﬁ;‘n FRunerdintte de? ﬁ@@l"qeﬂé’erﬁ)&? or

mor e®1 i qui scrapers for scraping
face@s) 0offie mbmbramrbfraayl elis)f.claiis 6 fbrﬁewl’mrmm é]a(gebs seJéctagnfyom the group

one sgy;g é:floa ms@ighta&@eg% %?Pﬁ@{lagg glﬂ]rﬁma ge uang C%%é BQI comprising two or
more of silica, titania, zirconia and alumina.

10. The membrane of any one of claims 1 to 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 bacteria.

12.  The membrane of any one of claims 1 to 10 wherein the liquid face biolayer comprises
bacteria capable of sequestering solids from a liquid stream.

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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- a punp for punping the liquid, - an inlet manifold
or spraying systemfor passing the liquid to the

woreoodiosses - an outlet manifold for accepti ng PCTyADURD06/001728

fromthe nenbrane, - a reservoir for holding the
liquid, - an influent line fogspassing liquid fromthe
reservoir to the inlet manifold or spraying system -
a effluent line for passing liquid fromthe outlet

mani f OIEH% gg(a? fatcB eanﬁ%%fﬁrdﬁ%é  fas f?éb érﬁfnﬂ H'Ré shbﬂbﬁ nﬁé?ﬁbrane and a liquid face

return i'd t hat romt nmbrane to th
i nl et imhver@t ai looanoe pelagte«hﬁgors o the rlmuﬂ fac% in the sunppn U@mbrane near the

o iSRS PR LSBT

for Halaisum)oafmuﬁpoalngthbrmer@d - prow ding a

support nenbr ntactin ed from
sevvageacyﬂu'%@f‘fﬁ %?Tﬁa?%aﬁs&g.ag'%@!}?ﬁqﬁ‘& gg)r%lgth a first
faceif tHagigreHeRP bl cldfRTEhansy &pWratty Dbmem@am§%mMVlng a liquid face
face of the sup ﬁort to a gas contﬁgl ni ng

a1 & GRGOR LB GPMPHSIG: 1 S4PRETE MRAPIAER | 59264, Pigaer on the gas face
édd%ﬁ“ rﬂth@asﬁgnoh' r?én?éf o RAr B&yak 'féc%t arfdee ﬁqwo%@e hioRYdr N the liquid face

acteria to forma gas face
d[ndtdrmytbeSmeortmemb'emﬁomaarﬂﬁadi@JIdfag% The process of claim

nrat é’ﬁa e %Q@a&ogpogg ngﬂgg@:e fhethg%@r[]t@g% are arfanﬁé’tﬂhoélﬂs each gil

esving rai palr of Admbries apranged fspardilelsoas m cﬂeﬁne/\arsnmdmeglhre step

. PIEY il SR P S EAY DR P88 maroes

vaefaaﬁglmbbutﬁﬁé ms@m@iéh@nhebulqun d being capabl e of
gener at - eneratln thelﬁg

in the squofmreaQ%%pEanyagnetoa Clpigle i i 5 HIppRG R HHRIY fo housing
B e BT A o s raﬁ%hﬁsoﬂh@e@&a@ctor conpri sing: -

suppor e on a support, said nmenbrane o
conpi8. s. e hiorsantqy of claimd A which thewuterdrousing igonague tod &/ radigtion.

A

Q@@plrﬁgatﬁ@gasﬁmé sbotthe membﬂaee(g)as face and in the support
menbr ane; uid fa

sel ed$- edTh? gﬂgegqortcﬂ any ‘PFELH glaplas leﬁg FT‘% h?\ﬁ@a@é%ﬁ'\p{eolr&wd face scrapers
W@@é&ﬁ@th@mﬁﬁd fhidbps) bftﬁelm@mb@ﬁ@(s) and bOt h on the liquid

face and in the Sup gort menbr ane; Mgrov

| i qul cybe idieEpasips PRy ane Qfaglgmﬁgmatq ,’ZQq grepal 9%8\4@ cycling system
5 s Ehe or more of:
— a 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,
— aceffluent line for passing liquid from the outlet manifold to the reservoir,
— a reflux line for returning liquid that leaks from the membrane to the inlet manifold or
spraying system or to the influent line or to 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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26. The process of claim?25 wherein a plurality of
menbranes are supported on the support, said nenbranes

wheings@is anged in parallel pairs so as to forP€QAUR®E/001728

each gill having an inside region defined by the pair
of menbranes, wherein the |liqggd face biolayer of each
menbrane of a pair abuts the inside region. 27. A
process for making a bioreactor conprising: -

suppor Ebrﬁ&tiﬁy g We?ivéa‘?m@%%eod? c&;té’h‘iﬁ Bdckeria from sewage with a first
providing a Yiquld cycling systemftor passing a |1quid

past t feze iibecupporrmetibraneand-expasingseceecong facelof %aisuppo toagas
derived fr.om sewage with a first face of the support

nenbr aﬁ%m?;m'agg)%ggi ng a second face of the support to

a gas afuwisy growd obikyig ¢ate bacterlaltofrmeg liquidiatdbiolbyer bujihe dirst face; and
face bacte,rlattEIorgFglicLuidface b{golg&er at ,a df

| ocar i @hovdrg gewiB el gas fee Breteliado form aday laeebiolaypr Py fhe second face.
suppgy t TR 224 rdin 1he ugpdk themBRile B itisen t he

fi rg%gface aél(%gﬁf%t%m support rreﬁr?‘gr ane; and- @I | ow ng

growt h a@ﬂpmnﬂ%f@ba%cteri ato forma gas face
bi ol _@y%rgeﬁugagr{ﬁgggﬁe%mlnﬁ%igp fromon the second

face, rane near the second face,
and Mot hThen ptocesssefcdainl 2haberaindthe nsterhef pawidingtthe support membrane

nenhr ar}ﬁ. ,[28. The process of claim27 wherein a

?ﬂ”ﬁﬂ“ﬁ?si ?/Sgﬁscg'upport nmenbranes are supported on the
SUPPOIiffusirged precursop fquid inte iz supecst rhateney) saidpeaegsar liquid being capable of
precursor gills, whereby each precursor gill conprises

a pai ger@fat'g%ﬂ‘ﬁlgﬁ'é@ndsupport menbr anes defining an

i nsi d i REHME R supbdrt mBRRialb REE $f sobpdk rdnibrane.
28 wh ?@ﬁ'hgﬂlgtgg?@% GhHE 08 s ng a liquid Soppdi

f r on2% enAgEocossiier neaking pibjosacionedpising:he support
menbr a mr ' e TR r i
e nr e RBP4 TSRS i S ot nemirns
treati rgvingadiged face andragas facera gaa éace bistayeraig logatiod selected from on the
met hod conprising: - providin e risi .
Suppor (SoaEr B suade Gy e thef PR R o R drthd Gotece end i
a gaf ftae @dpb@hw@mmmahn@a qumggaéemlolaa,ef acatlmﬂtidrrsele:ccted fromen the liquid
gas face, in the support nmenbrape. npear the gas, face .
and botACeM thwpa%rsrﬁgfafa’énwaf e lqudacs, 6%‘8@99&% fidiicface and in the
and a '%U?Hérﬁgérﬁﬁrﬁne?hlﬂ ayer at a location selected from

qul

on the Jurd face, in the support menbrane near the

| i qui-d Are\dding alinyidisyeling eystermer Rapgjng liquisnastdhrimernbrangs

suppggt > of 2S1INEkit e baAY '

S1P20R"  TEBASS, o G2 oo FERBRnE ored o e
anpbort, sEiomsinbgnéshimingassranigeden paralehypairs sof astth dormegitisy each gill having an

R ARk B e b B 55 Bl Bl memvan
of @pdif dbaf HiansiGeregios
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;
— 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 at a location 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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32. The method of claim30 or claim3 1 wherein the
step of exposing the liquid face biolayer to the

WG eaagssses ot her waste stream conpri ses recycl PODAUR®6/001728

sewage or other waste stream across or past the liquid
face. 33. The nethod of any ongyof clains 30 to 32
conprising separating solid matter fromthe sewage or
other waste stream 34. A nmethod for treating sewage

CONMPLI SRGing gra¥t® ¥ GHs8cehabled RGP ﬁﬁ? EQB@ 'bﬁ)'lag}gr aﬁ a CJocaaon selected

menbrane conprising a support menbra
face anforog e sea@@ fage, glat slppert memwememthasémn@tamrand both on

sel ect eflq gé&ﬂij%egﬁbqng@%o@ﬁﬁgw"{b%gghe support nenbrane

near the gas face gas face and in the
supp@Bt feerbroaess; of alacm 27 WInelqem d pllwahey éilsob@ﬁaﬁerﬁﬁrar@s are supported on

t h
SRRt s ERRE Melrb R taint AlandsT sl Rar e, Bosroareach areoursor gi
lcorgprises & paraof@anhuel BUSPOR NRMPIRAES deﬂﬁi@érﬁﬂﬁde RgiH BRRDEWES.
supp th. ?brane and a liquid cycl |n% Q)gstem
for ggsm ﬂ%ptgc?qs claimys hetr%thﬁﬁfﬁﬁrcéﬁwa@w a iquidyderiied from sewage
QMI@ kheﬁ%t%bétoﬁfh‘e(‘sﬂﬂﬂﬁ'n?én\'b% CBM F] h‘lgﬁ ﬁufdrlﬁrauqh the inside region

id, an inlet manif
ph@eﬁ@ﬁwm&s an outl et mani foI d for acceptl ng liquid

T g RER A R B s
to the previding areneimbreing canmhsag a@hbdmnteﬂémbramhefvmg aPREIEifae and a gas

passi nd? B G ACIRPRIECAT F o5 Reliaion o eush e the suppor

i nl et rmgmtiradednaan thei gak fack %dlbﬁihftin the g&aﬁéé 8% kiR sugport membrane;
Iqu|d d past nbr ane

out then g[?lt '?/031% f];éeolg]%{é@? ﬁgéegaﬁ%on sefacter! fem iopdte iquisrfacenin the support
sewage rhéiﬁb?aﬁehﬁeérefﬁgrlgﬁiﬂ Mfac boW'EH'tﬂ? I@D@ r%&eq%hf A the support

derived fromthe sewa roug the 1
t he i nI"&MY@IK fol d by neans of the punp.

— exposing the liquid face biolayer of the membrane to the sewage or other waste stream;
and

~  exposing the gas face biolayer of the membrane to a gas containing oxygen.

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 to 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 siream.

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 at 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 liquid
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 cycling 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 outlet
manifold for accepting liquid from the membrane, a reservoir for holding the liquid, an
influent line for passing liquid from the reservoir to the inlet manifold and an effluent line
for passing liquid 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.



