Bi ol ogi cal Nitrogen Renoval [0001] This application
clains priority from Australian Provisional Patent

wWOo\REb0geEs4 on No. 2008900044 filed 4 January 20BPGI/AUR®S/001886

entire contents of which are |ncorporat ed-herein by
this reference. Field of the-ffnvention [0002] The
present invention relates to a nethod of treating a
liquid to extract aBidlegizal Niteogsn Bembuydl, sul phur,
ni trogen or phosphate fromliquids such as waste
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[0005] A prime disadvantage of a single biomass is that the oxygen supply for
nitrification generally causes the oxidation of some of the COD. As denitrification
relies on COD as a source of electrons, electron donors often limit denitrification
and additional donors must be added to the wastewater to compensate, adding to
the cost of treatment. In addition, the slow growth rates of nitrifying bacteria

render it difficult to maintain a sufficient proportion of nitrifying bacteria in a mixed
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[0007] Nitrification reactors, regardiess of. design (trickling filter or seduencing
batch reactor) produce a detrimental drop in pH, leading to a reduction in the
activity of nitrifying bacteria. The continual need for pH control is known to be a
significant cost factor in wastewater treatment.



denitrifying biomass can be referred to as conpri sing
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[0010] The above discussion of the background.art is intended to facilitate an

understanding of the present invention only. The discussion is not an

acknowledgement or admission that any of the material referred to is or was part
30 of the common general knowledge as at the priority date of the application.



(b) allowng the liquid to remain in the first reactor
for a first period of tinme; (c) allowing the liquid
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[0014] In a third embodiment, the first and or second biomass is present in the

reactor as a biofilm.

[0015] 1In a fourth embodiment, the first biomass converts organic matter in the
~ wastewater to polymeric storage products over a first period of time.

25 '[0016] According to a second aspect of the invention there is presented a
wastewater treatment system comprising:
(a) a first reactor comprising a first hiomass;
(b) a second reactor comprising a second biomass;



wherein the wastewater in the first reactor is in
control |l abl e conmuni cation with the wastewater in the
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reactor is physically separated fromthe bionmass in
t he second reactor. [0017] |n%ddition, the present
i nvention provides a wastewater treatnent system
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[0019] er aspects and advantages f t I nvention
will béebﬁweoraﬁwgbl@nvew fonalewing the wastewatendrogt ther firatweactor
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a .
the wastewater in the second reactor and wherein the biomass in the first reactor
is physically separated from the biomass in the second reactor at all times.

[0018] Where the invention is presented as a wastewater treatment system, any
one or more of the aforementioned first, second, third or fourth embodiments of
" the invention may be employed in the system of wastewater treatment.

[0019] Other aspects and advantages of the invention will become apparent to
those skilled in the art from a review of the ensuing description, which proceeds
with reference to the following illustrative drawings.



nitrification reactor (C). The size of the recycle
vessel can be kept relatively small as it is designed
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vessel (B) in the directions indicated by the bold arrows. When all soluble

25 ammenia is removed from: solution, the entire reactor is drained and the process
initiated again. The volume of the recycle vessel (B) can be negligible, as it merely
serves as a means of mixing the flows. The recycle vessel (B) can even be
omitted with a direct flow from the denitrification reactor (A) to the nitrification
reactor (C).
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25 [0027] As used herein the phrase “COD” will be understood to include the
phrase biochemical oxygen demand (BOD). Each phrase may " be
inte}changeably used throughout this document.



found in the prior art or that affect a basic or novel
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tr %ﬁ‘&gﬂ o™ alnp GHE q,ik& £Fgf bk @&nﬁh&cﬁt@%Oﬂglstuﬁé‘éﬁ%entlally Sf" and

intro nto rst react
a foansstsbesmaaajl;y o(f’byna\ea thewnaaning @seitgd to themrigrkiSn Hagent law,

10 h? 5{M thé{r FL&B%roélerh&;its%ft e&ﬁlbt?%bu% it é;kcﬁ?d tgbnents that are

Ircu
t hmmmrstherm@c amor that aﬂ@tmwrmu@ma@tﬁ@m ef thg invention.
second bi omass and fromthe second reactor into the

fi éﬁZQ}“ eqsther déﬂi‘utféng S deltitRiiStefrh®UsddiherbRITRHY BE fdUMd within the
[ fromthe first reactor. and/ he se

r esletedlpd sleseptign < HAdNPROD Ansk aﬁﬁmﬁwwt lcjﬁ@ss otherwise

i %Mbd il girdt %@nﬁﬁ& ohy feBhiibd f%hﬁ§tusbﬂaﬁ‘ér@h ﬁwe Mige same
the first period of time and wherein the f

15] | mﬁaamm FRINMARY HBEBRRPgdRi Y Frordinar %ké!' Rdhe frt to which the
acg%pﬁ)(m K5slo a corresponding flo of biomass. [0032]
The "1i qui d" ‘enpl oyed in the nethod is preferably a

i,d_product. fromagricultural, mning (alum na,
go&#ﬁ&@%@ﬂ%cessi ng), food processing or bever age
(brewi ng-and wi nery) or other production industries
rel[tmim i ndt amsebean viawick thatnaaparelid onirifieationederittiication system,

g e\é\g\g‘é&? éthé QEE’ 6:%%%'3‘3% L}%tmﬁ% i@ﬁ(\’ataﬁ& d-gﬁﬁnffcg (l)rp""'afeg performed

20us simuitanBeusly b physitallp separsted\ieraasses adows thentemsval f nitrogen
Ot APUGRYSE, Sddh LBt exk sl SRt % wastoWRES IR aflfeffoctive

manner.

[0031]. The present invention thus provides a method of treating a liquid
gormnprising the steps of: |
25 - () introducing the liquid inta a first reactor comprising & first biomass;
(b) allowing the ligjuid to remain in the first reactor for a first period of time;
(¢) allowing the liquid from step (b) to circulate from the first reactor into a
second reactor comprising a second biomass and from the second

reactor into the first reactor in a continuous flow;



skill reading this application will and shoul d
recogni se and understand that a wi de varieties of
wO p@paiogisssray be enpl oyed in the nmethod of the PE/aN2G08/001886
wi t hout departing fromthe enpl oyed nethodol ogy.
[ 0033] Thus, according to the-®%dentified enbodi ment of
the invention there is provided a nethod for treating
wast ewa{d} reraonmpy e lm;gldtﬂ‘mn stiecfirst @bictof ajd/omthe eduehdigaator after
wastewater into a f % reactor conprising a first
bi omass; @tﬁec%”q%worqgo 'H® wastewater to remmin in the

f i fgierdie alod mquuﬂ G reaa”hed sbilepeini the fipdt reacter dirdyg &ld firat pariod of

wast e e t.0. CI cula fromithe,. .

| Fme pg Bisroin e o &R i, i, et sl A, BF tme s ot
Sse@@mnbammmsaaﬁﬂeéamdmgﬁbw&ébmsseactor into the
first reactor in a continuous flow . . (d) r enovi ng

Lo, I Shlyt BI85 o8R8 PR i grocuct o
t heigticistuealatrainings (aleminan e@bltstolnmkgal iprocelising), r ftodr eersessing or
d L.N; r
o SEREL AT Rl RE B BBl Eb RS aquoous
ac o@stEaningoh mbmlmentrcﬁglp@m‘em@m tquufd ibiwssteyeater, 0bg4gllowing
10! a%sérep‘ia‘aﬁded&pmo% gﬁ Né% b | r%tterﬂ%dofsli‘&%g iR REBRSERent of
are se 0 eX east one of
S ulvmtawaten tThegevention pahmphweweer limite€l @nkyin $his cmiext A person of

%@?ﬁ rpffh‘?s %%Il?&fﬁ rré?agﬁ r%ﬂ?ﬂ(lﬁ r%ogh%@%kd%ﬁ&%%{b that a wide
b| vagstigss ok bdatecdft mayt be eemMeyedq irt thef egroddehithe iimvgntion without
|| UbbningBofithb Solfyel ARG, DI omass in this form

enti1on |s eterm ned as the reC| procal

act|V|ty of the first blOﬁ‘B.SS%({ circul ating
15t hd0OQt elitise PCeHiBadR the ddentif ea\ﬁ’ed@@@bﬁa Hies ipion there is

W thGde s FRMBATDL Pskink M%\Qteqfatérlc@mﬁﬁngtﬁeesteéé bEi ency

of renoval of nitrogen (and potenti al

|y
conpountf ITAEHCIEg abﬂfﬂ%‘i&'f?&?fé”t&rﬁﬁf"@%\rﬁsﬁﬁ5 CQVPUiﬁ'Q%%f"St biomass;
wast evatt aliding a%: WASERAERPEH AN Y AY RN edBRATELS #‘rs@%enod of
" the organi snms conprising the anaerobic biomass in
first read™ are not diluted or out- conpet ed by

20i ntrod U(c? 'aﬂwlﬁ% 18 AaSeRaEer @@Wéﬂeﬁ'(ﬁptot dhRuReS ABinCthe first reactor
bi onass from the second reactor, and vice versa

Fur t her nor0 ®ypeg9nd: (agier eomersing & 7copd: biggass and from the

bi omass, EREHJAEadtBEINRY BB iR PeREF WA ebRfhuvls lowH

stabilisati on have been overcone, d
.. {d)removing the wastewater from the r}irst reactor and/or the¢ second

reactor after a second period of time
25 wherein the wastewater Is retained solely in the first reactor during the first period
of time and wherein the flow of wastewater during the second period of time is not
accompanied by a corresponding flow of biomass.

[0034] In a second embodiment, the first and second biomasses are selected to
~ extract at least one of carbon, sulphur, nitrogen or phosphate. Preferably, the
30 Dbiomasses are selected to remove at least nitrogen from the liquid. In a more



an i nprovenment in oxygen use efficiency and a
reduction in loss of organic carbon is achieved.

WO 0®30%658%i | st it is preferable that no bi omasBCT/AU2008/001886
transfer at all acconpanies the flow of wastewater, it
Is anticipated that there may-te-sone small. transfer
However, preferably the anmount of biomass transfer is

so Bmt’dréblé Havin theefisi bibiraks 3d b@l@cteti Qb RBRES nﬁfﬁ?%r B@ﬁltnfy a liquid.

ficant anmpunts of heterotrophi
”‘%%‘eﬁzg’m ‘% w& pefond bigmassda ths rmatdhg, nwems .datermmed as the
( COBriphcatiadtiviyy oxtyig arst blohagenpari son to traditi onal :
sequenti aI tanks of nitrification and denitrification,

t ha 2838l e by Clrletind b D Gaclb R tutrtih G, el rd Sevond reactor
& r anrﬁmt s doescsnitmmﬂowa%bﬁﬂmad%e tHe effisiescyl 6F0BIBYE! of nitrogen (and
e referentially w s, t han 109

G AT (N

pr ghay digl incradsed prves emévious) evethals, FHSomedﬂﬁ.]aﬂlsmS comPnsmg the
wa atmen t erelnt 0.t echni

se[ciﬁaﬁ‘r%l g?&gﬁ! k?:i%rrﬁmf’s é"stt%%‘jr%s Fpf&s QﬂEé‘”BtP dP%g%'F -Gegpeted by

oxygf_etrductnon hof ovgabiemat esmpdsirichehd i ageolid diorfhgn fﬁfnhﬁ@ﬁ& second

10 erreadoR e B ERL el ey B o oot 2ot bomass,

of mmYe@‘ the ¢ratilerss tas'smd:laba!d wills pehstebilisstibh tave been Svercome, and

: ge , esj dent i al u5| ess or
kel xR RO AR eRuafReilp ]SSyt roente carbon
\/vasf!@Gfm\(ﬁﬂlucts such as soap, carbohydrat es, |Ipi ds,
protel ns, ammoni a, chem cals or manure. |tmy be

0069}‘ fWPuﬂét"’lt W H%fe‘t‘ﬁflé ?Itlé’t R bRRIAES %% stfep at gﬁ %gnﬁompames the

| uent fromagricultural sources suc
.15f arﬂF?Wn@ piagtewaats it; 'ﬁcﬁﬁimnﬁ’gﬁbﬂgﬂgéﬁer@smaaqbﬁacsol"rteusmall transfer.

S OHdwRVer, pBr‘élféréM¥ tf\é”ﬁmﬂpﬁt AR gidmb %TIS ep%sé all, that the

wast evvater and uent from sources suc
pulfirfgatipy biarggaler ops neoti eentaisbaignificant, amoonts of heterotrophic

Pr ®@6%AA "ghigh el bkifkbUEh G é.BSéiS&?ﬁgﬁﬁ m%IBf lli'-.lP g&bDf) " using

the tanning I ndustry, the de ence
murY9%ns g’((‘iﬂl]'@ﬁﬂﬁﬂﬁb o thadijanadl sequential yt,anlmeaf nitrification and

20a9deRithficHlidh, Wﬁ@#&%éﬁ ar tah &f thé%rﬁ s llc-; %H&Eﬁ'é‘d @@h %he wastewater,

rranufacturlng of fertil IZGI‘S
r 418 erespd %Y@f%ereé@re%mans{qrﬁtm tEarf nq%mf tﬁe dinrhassaiiom one

SOUéa@ﬁﬁ 16 Ukd néfét pRYSEASAY VaG- lleé§ J\%@ 1@%? lly WIth L0 gnomass

E_t ewat er, domest i c” grey | ack™ wa
pORIER ahial hMPSf EeTaRiv, rihe diresené imention szrowd@m @@stewater

SutrfeélﬁﬁenY\@ﬁ&had afHeréh QHBdfé@ﬁrﬁaué ok sle 5I%Eédoﬁromasses avoids the
part| cul ar] (}( if it 1s contam
25 presgRee of dissolved oxygen in the wastewatera the tlme that significant COD is

still present in the wastewater.

[0037] The term "wastewater” as used herein refers to a mixture of water and
dissolved or suspended solids. It is generally water, derived from residential,
business or industrial sources, which may contain a variety of waste products
30 such as soap, carbohydrates, lipids, proteins, ammonia, chemicals or manure. It



contai ning or chem cal substances, may also fall
within the neaning of the termwastewater! Preferably,
W@ b@msessewat er to be treated using the nmet hodPGF/AUR®S/001886
present invention is wast evvater derived froma
nuni ci pal wastewater treatnenflfacility, such as
sewage. It is contenplated that the nethods of the
pr@@én‘?e ideviaed | foom am evidei asiblye of sourceap et exdmple effluent from
RARMAY Ss iRt ANAREO nﬁ?}it 0 u
d!;or m xt ur es thsg(rﬂgg%pfromg‘alf%e p‘?éctcBQ E‘%E'(rag' gﬁggenes
byaqlfﬁfy‘ﬂlt'érféaﬁ%r@s doubytiains aod |dem}' farmsl | lndusmalgwmtewater and
| ngSédtl Adm oA
PG Rl P88 S5 AU g . P s, sbators,
5] afoed Pregasging gagonanufpelydnmiadustries reiflusnt frm the ftanramgl industry,
| bpehRkGRef |ﬁ<¥1[§trgﬁé gr hﬁ:hltlbné‘hro'dﬁct'id?l )4 tf(‘?o%I m{ﬁ‘ﬁéﬂ&émtfdrrculture

as. long as i i ns anmo or o er ni
- subgesiig dee shrmiselgasisrydere smatactyriog 38fertiizers)eand mining may

t t
5 e i 0 S BREE RG2S b hiis suo oo
wasavwaiage facilifes onMmgme waﬁf@yfatqm W(hﬁtbrpe&i@ dray she blagk water is
10 Ofﬂ% m&a%@.@@%ﬂmnﬁg'm%@%m agpnHp) @gtep' dUrRBEE watlr, and

forns of nitrogen Such as ani no
pr@oendatepiniteation] ;@art@ularheafsut @owﬁammd @vad:rgamc nitrogen

Ni ¢drRgfiRg P &Qﬁld&?%lﬁéﬁ?ﬁ%& témgénft\c‘aﬁ%lf\l it b r‘h@%unsgeof the term

wast ewat ér. has circu rst
r esestewater. Mbirefeptdy, dhamwastewpterdoche raatedasig thevmethod of the

805fe8dnttiRferiibh rl@%@té\n%téred@l\@ﬁ grr(])h@é yﬁilﬁﬁﬁle\ﬁ%}.t?water treatment

great er than 90% or greater
18 | dfagilityo sueh BeosaTagen {tHe qontesplated dhatj thei meﬁwamf.tsaeuesent

t NatereR 4r8 RRQEIHGBF réo@R of 'ﬂg.%g;lemﬁ ﬁeéxbtef QU InabES s Satter,

oxygen limting conditions un
ni RHoepheraus.oandian midHies, therephtfiosh aguacwc w@ste penerstedi by, for

' Se)@ﬁ{ple,erﬂdn‘iﬁh?é %rﬁ;ﬁftur%f W]aﬁ'lg%rqmdsﬁ‘@l tdéeﬁé@al Wistewater can

whet her formed an in
defH$q mq*qf@a@aférﬁ' rmsam@dlw tuatar qunemwcm ﬂ%(ﬂqwemh&kes ponds,

20 Pr 5o t8ydths, 0??\YGG§ Ror rﬁﬁ-oﬂ@ %h? %adhbtéssfr&ﬁ' rﬂéﬁén rtﬂgtui%eiﬂ (contact

during oxygen limted nitrifticatiron, 1t |
- coMth Pebsis s HeRo as il aentaips |armmrnat¢rogfbﬁr nérmemsubstances and

SidryanieBeRpsuidst rification and denitrification (SND)
cause this N2O em ssion. | n the present nethod, N20

ﬁ&ﬁ gﬁ ue .t o the abov ; descri bed % % .
e M URFYNG op Laed BRreRaTax PR PRrtAl palotal ferppval of
nlatt ligefst arrogem from metwa@mmrectrkmn%‘g‘ewma;amntah be in the form of
25nltrlflgﬂtlonreactor q%’]ngglled Wth saturating '
ox3HNC LHIREEARYS CPEREUN iR elAtes 9T pihey FQ{WS of nitrogen
r estich @& ahdiio Beidk @p brawiige PrdieeBlyOkt Bhst8184 of the total nitrogen in
the wastewater is removed after the wastewater has circulated between the first
and second reactors. More preferably, greater than 60%, 70% or 80% of the
nitrogen is removed. Most preferably, greater than 90% or greater than 99% of
30 the nitrogen is removed.



| east substantially oxygen free, [0040] It is further

preferred that the wastewater treatnent nethod of the
WwWOe@9/e81584 nventi on reduce the anount of car bonBCEAU008/001886

matter in the outflow to no |$€S t han approxi mately

50% of the original anmpbunt of 'Tarbonaceous matter. It

is nore preferred for _the anount t?\lﬁired g %/ g d

| el93%Ihatn Bspitesaturas &is egadlished it N2 'Sa% Lok Undesire

ni E\P BRRNCT IRNRbxyRROTRERY @USdifeHE &hﬂdl*hwmolﬁ Qimvaltrlﬂoﬁaﬁm and
wast ewater” 1 s al so_caont enpl ate GF fsg at%ererm ;
bydem@fl%tlcmr@np@%lénWhHSét'h@dﬁqt@BKi)é °BhTPHeNE AHENY @era ure
r:h@tﬁeﬁir%f AGS S bR H&iHg A Tncmipiete dunttnmasion Geaction that is
ease phosphate duri ng the upt ake of. or gqan C

5nmineibitad byaie ieseRiee0 Xy5168s PR NS it iy Taiply produced during

deg k)}gregfhhﬁt%ﬁ'rﬂﬂf i&hiBR; it BéiSarahdtQUnditibes thatamgy abbptimum nitrogen
treate luent renbval to occur at

ni faneRyeh viansimskaseme: itrfipaion; and gepl rr“s%%”&'*i@b%t*% this N0
fe@ﬁ%rs%nt hRt theSp rlﬁgéntr}ﬁétﬁ@&i | M2® @ddbﬁdn iddeltbaheibe@é described

phosphat e renoval systens te
tr@&fgﬁenphwweﬁﬂ gpm{rmgattgneggql]to g,%ﬁlmv%ﬁoq \g? nitrification is not

10pa’é§<bé‘c¥doafo| b!cc%iv" é@ﬁhet ﬂtrﬁé&tio‘ht rebBiot Resippliad r\‘mthtsahﬁratmg oxygen
waste streans with high nitr ogen cont ent

p| ggmey\trmev\.wm\%ﬂ@ Wﬂtpaéloa eagier can be 5@%é§(y%frﬁ% or at the

ieasrgm%q,auy(;xy@am@gso be used to treat waste water
ow concentrat’i ons of nitrogen, such as

gébésﬁgtéﬁ{' aieh dpr ?re]éle{hgh)’g %?ég%gpar %ﬁ%&ﬁﬂgﬁ"m of the

ré‘séﬁﬁlh@érﬁmﬁ&éd@iesthe Q;mumayoibmrbmawdus matieoindhe egtlow to no

o 5k A S O Ao e 1

SUsies gasleratdioRr: anbdnitese cm:!ubeubby hmssdlnaraapproxumately 90%.
corrbl nation of the two. For exanple, the follow ng

E@r‘ﬁ t 'Iﬂrla%idﬁl fi 1§ %L}Fo@gﬂlr Gk, % Rorfolb %ﬁ}d rs%ﬁﬁbpf'emoval from

a suspen ure fRss and a second
r e diod wasﬂewzmru$ alsg cantﬂmbamdie&’homhaw eempeiniy Jise (qh they present

;Imrﬁt hdE %06 red og'lg{ﬁr | (,ségggjﬁﬁi‘{é Q%}Q@éj dﬁV%nt Hérﬁtnlﬁbéﬂ?iﬂst?omass to

seco rrsitng a bi omass
20a freleade rmasmmle cduripgi Hiengptaksi of iorganis dneiegal arﬁj]]dato take up

S€ lidhifg Bf PERES effiuent
o P ol GBSl PAE SR el o o0

an ademoss ¢ondeuredct time when both nitrogen and phosphate are at their lowest
levels, a feature that is not normally obtained in biological phosphate removal

systems.

25 [0042] The wastewater treatment system of the present invention is patticularly
suited to assist in the treatment of waste streams with high nitrogen content such
as piggery waste where ammonia can be as high as 500 mg L. However, it can
also bé used to treat waste water low concentrations of nitrogen, such as

groundwater.



conprising a biofilmbiomass. [0044] WAstewater can be
circul ated between suspended cul ture biomass by, for

We@2@aosess4 t he use of nenbrane technol ogy wher ePCI/AL2008/001886

5o

10

wast ewat er may pass between thf two reactors separated
by a menbrane or filter that 3 [ ows vvater flow but
iotle or_nqg concom tant .novenent of bio

BiFlat iTheIfyst andsesnas erriars 5 Hrﬁa@@égﬂtrmfhe% gy be pBypically

i nsdd%@étéd smsawats%pb%a@wg@lsbwtrh@y B8 Fo@Phedd®Y bh¥ vessel with a
relatedretentlon- the use of up flow sludge

bl BINEER! PaiEiet seraraiing menb@%'@% Phiteubvor T%\‘Rﬁ"éff ITihgueactors may
kegittaih hthbi Qlu@%ﬁdW%m%Lmuﬁesl & SibMMsEBOHWbrlination of the

imentation to retain the bi omass in

| | t
. OW @B%&émé‘eféﬁé?'lwnmwﬂ%&qnﬁ@r 8 contefapiisshass
COU| d qhpe fing reaRe GnfshsingCaNshififerded Wuflure! B¥¥na8sl and a second

retained in its own reactor by usi ng traditional
gravity S@EQPEW@WS(%?FFW B9 clpre BRMESPiugi ng. | f
t he bi qpps Firsit fﬁe&@érhcdm%ir@fé sb@&ﬂée%ﬁ@a tﬂ@mfas& bh@ra second

physical barrier may be needed. [0045] During t

st or age JPa%@EF%P@'%%Q'Of%B'OmWP%t reactor in the

met hod (6 a tiff&t RIaBRE NMonhghé tb%loﬁlﬁ'n BioRfa85 3dHdY a second reactor
mai ntai ned in a substantia % anoxi ¢ or anaerobic

state durFHYPrEHY § syseendedheuies RigMass:@ral | ow t he
bi omasgdy# fﬁétni*é%bfor Qﬁi’rﬁﬁﬁlﬂbnatlﬁl@ﬂh\fﬁﬁbﬁﬁé ednd @ second reactor

polymsrlc st or age ﬁu%{ts rat her than’ OXIdISIngIt
Ref er enc e PrsdsPIgHm RIPTPS8inoxi ¢ or anaerobic” does

not mean that the entry of oxygen nust be conpletely
avioDdgd. ViEmevataygenbe ircylatet dretveeanpispedded ogiture biomass by,

16 \ol8f SRR, 8 (R FTiratty Biehh bR wheh, Ingyee e fhay pass

20

25

30

c Omdtwaan the twpeeaﬁmrsrsepmmb@g@ melrdywaiesor fittet that Sllovas water flow

| B8 o i s AR RRC e o B B B lanences

b ebidebsssadaybe rethinadlint thein separategeactelsagtthe des chgraaityrelated

cORTeh =" e 158 8 B Tl dlon® Heminl eI el tne siow up
eI ot pb liquid Eegrisothef lwomasss pispehded bainid stave egyudhAEPhllow gravity
o PN RRT o bHERse 1) St PerfeP b alibe: allametively. the
stlmmagss cbuolrl @sivp| sparated émrreﬂteanqwn flow @t wtained dd its own

O 5807y P B0 IS B R B, 1 o

achiometsaindoipEayiohois soapendef ®O4uithdr phesictd hatrier asyit&t needed.
in the energy supply for effective storage of COD,

S@‘”ﬂ?i?ﬁ!“@#"%&g@?g@ Bt éﬂ@etté’(é phéglﬂ‘tﬁe ﬁ'}Ht f:880Ffin the method of the
present invention is preferably mamtamed in a substantlally anoxic or anaerobic
_state during the first time period, to allow the biomass to convert carbon in the
wastewater to polymeric storage products rather than oxidising it. Reference to
“substantially anoxic or anaerobic” does not mean that the entry of oxygen must
be completely avoided, Some oxygen entry, for example during drainage of a

submersed biofilm or from the incoming wastewater, can be tolerated. Preferably,



of several PND reactor systenms fromthe nitrification
reactor of a sister systen), containing nitrate or

WmRaopsesscan be added during the storage phasePGI/AUR®S/001886
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first reactor, [0048] All thrgg mechani sms (anoxi ¢
using nitrate or nitrite, aerodbic using oxygen and
anaer obi ¢ usi ng phosphate or gl ycagen) perform sone

pafHring, COMBHF Baﬁfaﬂﬁ'ﬁ e opiendevRln e Wt fifsh geqalarcrgrless than

duebd@ 1 ARy, ksite ;srbfé?am nés@QhaJ BHSut G.ANRGN AHA Rkst preferably it
happens elther aero i ca f th very Iimted oxy

suFBMPL, beysistacted wth (W‘C{' B ORYSRD %CHPQ% afi %%g@qveﬁent or

suaahb@rater(n&mhaly) eRYyden i Bbidunsdl el ease of phosphate
or fermentation of glycogen) or a conbi nat i on of the

[Oq 3& A subst tlaII or_an
55 KiEhny 18 dhe AR SRRy A R RIekEor reSRRS for Bapitagpn and
I N edelgy (ATH) beﬁ&eﬁbrsk@&l'eas oxwyenf hitdatengr hititef & rdifferent metabolic

t t t h th ,
C o Bide], B it "t heBile TrEleGh, DB Senile, g cfprmentation of
Howesernulatet |Wcogai bosimilkintavrotitcet dviergk fdrloeghrecarbon aptake for

red nm na fromthe reactor are
coﬁtjé‘?ﬁﬂg '%é"a ﬁcﬁggpg\\f%i? p'l"ﬁ@*‘ Prst reactor is
maintained in a subst antially anoxic.state during the
se{@Md] pdniadento assigt idbaidnerdy sunnhofor. efféstivie straagre of COD,
. I L
ouSERE b ER PURERERaleP rbii itaBlo fFREARE (eBoflr (o, o o case
ti mésemerlheemgtwm from the mdafication geatécuw‘ensrsﬂee system),
fir ’ n t - [
pi Soneit, TEERTG: BEAE (Bhles AU Sl e HBkde! Sibbe of the fist
ni redctar. in t he wastewater to gaseous nltrogen in the
absence of excess oxygen and by using the stored

or gRjAisf R ﬁfré@'mé‘é‘naﬂfbnﬁi xfénugﬁﬁ?‘%trét@ror nitrite, aerobic using
denitrification. The wastewater i|ntroduced fromthe

s e O8YAPNy @ AR IIE 4 SiNe PRqSPBAter QIa@lyenden) PRFigIM Kame part in the
Se%Ql‘b@n ptﬁ:ftélﬂéj p@ﬁoﬁﬁaﬁﬁe loF tﬁé bGP HYng R ﬁr@i iel %erfddeeThus

oxygen Thi s may~be achi eved by controllin
oxV@ RN suRBks haﬁp@rrﬁe efibery woe'&@lib'o.ﬁwaﬂbaf@nbﬂmrtegs@gvg% supply),
an aﬁb%«%ﬂ?f{%ﬁ ‘ﬁm‘it@d tokRiskd ! ritvo rs@an@) BF Eﬁéérbﬁlﬁéllyo(Wth a release

reactor a hybrid reactor cou used that enp
aePBB“Q?DH?*@rWWQtEBQBPéﬂ'N%PQQﬁbWﬁﬁ@PB'B%%‘PHBN*U‘Pﬁ

oxi di sing bacteria (ANAMMOX). In the first zone (the

t ofogaane Af substmitially | maxicr iof khnargolsie astaty ) mby abe t achidled by

nitrifyin eria_w ve e.to the enge ‘
o MaREANS SRl sBel i B HRiES Bk ien e et reactor
(onnmely with, wiaerpatart suich, that substantially ail atmospheric oxygen is
excluded. However, other methods known to the skilled person of reducing or

eliminating oxygen from the reactor are contemplated.

‘ [0050] Preferably, the first reactor is maintained in a substantially anoxic state
during the second period of time (denitrification). Maintenance of the first biomass
in the first reactor in a substantially anoxic state during the second period of time,
when the wastewater is circulating between the first and second reactors, allows



amoni unm) the process can be steered to only parti al
anmoni a oxidation to nitrite (Nitrosonbo pss) within

W hiog/ogessobi ¢ zone, housing fixed fil m aeropi cPCT/AU2008/001886
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nitrifying bacteria, resultlng in the accumul ation of
n|tr|te in the subsequent ano P¢ zone (e.q. subnersed

rt of the reactor). The presence of
&&F@gg @A PANVEHANE PRaN o bottbeitiatecnd itrite in the wastewater

t hits Qé@iﬁscnlﬁ' M Bel fiRchY bf Rk b hiihg t
AI\IAM?/DX The A MVDXer eaction conver({;(ggg"mrgglq%r#a J Ihe stored

el QMEaANH IR an dathiiestion ﬁ%"qrh@reﬁ%’mr'f@ﬁ'oaeceﬁi% rwastewater

i nirﬂroN@cecBﬁoMfihQ detdHBredoEPInt HRYRSL rE8a6E Sundd‘the ds%%@nd period
% e urel¥ aerobic nitrification reactor

fuP HEE RISkt ipefaptiall Fee GEPXYesmby alhis mey b achieved by
po&ammmﬂgttm @&y%éﬂ’@ﬂmri@ tHRAifrifiYatRATeRer, ni trification

h the anaerobic MMOX reaction, al so described as

quaqﬁp(&ib%t@f%% Vet 1B 1B et B vbreeglor pyfybrid reacior

n| toiltlibpadednthat eppidhewerob! retrifyiiey\Ba®éria §ﬂdifan§e|bbicteﬁnmomum

ot PRYETE:Ga s (GBI I AT SRS b6 J08 zare i cown fow

demckhng‘ fe@mator pinagicree sirifging baciketia Wik dével®P aue e the presence of
sent

Th d I..n the thod of .t he
i n\g%ﬁ%on@] eﬁ@eég&e@: g%?c{;r Iﬁ:ld}tﬁ}l)'gl oS o (YT aﬂ’a prgerature,
oxygmmﬁmd) the @m?:.esf tan be pﬁetefqeﬁrtb adlytdd?ﬂial talenaniy 8fi0ation to nitrite
n_t ut,j.on e second reactor are

i SaslonaT oY 1h& et e Rl oPet T SErR niying

rrgbaqtelrmsmasmmg a!g ﬂhi ycdm'nmtbhaﬂ rédfpiteiin thenglbseqldnti aM@xic zone
e A 0 st ewat er

5.1 Pl S0P RER: BEuin, b 08 “hrti00c R PHBbbn o unsoraded
seemmbrim and Seeshly pltmelueeﬂ: oi’aﬂienaatnﬁgancﬁan!emé m’rmleamchment
to rat &h requires
OB ToLARBIOE o PR, SRS Srpay o e
beelzetrar ddndn’yambmtntm asise ebeyipem acteptirrintol IRV Bl using thil @ouble

T, rst_tine dshoudbe
S u% ? P’gl %eé} dur é{a of tgsa[?“lr oW FHROIE; rﬁ@%’“ﬁ\"&nﬁ’?g OtrdNOUIé) further
coavaiie eéflebmeanitnogerh yemoedl. Fhe ajdss(bgltyt be ccqr]ﬁhmfg ipartlyhgerobic
r uct s. e .
AT o, BL PRSI TR, TG, o o e
t hEomgletelp Autretrepio Mirogen rRdmmen Over Nitriet (WANIDIN), g nidhely one
e r 0 [ | Ll the o en.in

SRR RE 0l B, 453000 e Py B RO Ry gt
baghaid be sl |odhe evtfloamirthe rifrificationtreadiersiueh tthatttis storage driven

ra&Qﬁ{nr&g}%ﬂ&tﬂ %ﬁg@ﬁ'ﬁ?@ Ogﬂ%{g di t| on the poI ymeric

tora pro S can

[0052] The second reactor in the method of.the present invention is preferably
maintained in a substantially oxygenated state. It is preferred that the oxygen
levels in the solution of the second reactor are more than about 0.1 mg/L, more
preferably more than about 1 mg/L, most preferably more than about 4 mg/L.
During the second period of time, when the wastewater is circulating between the
first and second reactor, the second biomass in ‘the second reactor converts



the denitrifying bacteria as an energy source for
converting nitrates/nitrites to nitrogen gas in the

- Wa baopgsasssre period. [0054] Desirably, the firseCPaU2we/001886
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of time is at least 15 minuteg, Mre preferably, the
first time perlod is at |east %O m nut es. Most

preferably H‘Sf r st [ 20 m nhutes or
moP @ MORE Ry g tlee,a"%orpoﬁg'glgr ag‘:"’bi rengaesor%n?)g/genated
poéhvivbameniconcentration, it has been shown that after .
60 mnutes, there is >68% COD renoval ; after 90

% Y} e
TS, TR S D LR Bl SRS RHffn BB o o
t héurmgeﬁmneemﬂhbme pe}mﬁB]Th_'éhﬁrstélmaetlcbtﬂr@hpekil bel, of sufficient

uORGEidh o154 BB o b3 BB RAT D kst
b| mnlhesvasﬁvmﬁérdtobnolwhesimﬁt‘orageembdmm atTr@nadvantﬂgbmmms is that
th (o) i Ofe43 .
DSt FEOP o Wik & R REIE R Ky cung e
vvasecwmdtpenod of timey ttis abowsnall thet exygeanl in Hee hitificatidn eaakos to be
S c t | ; (
") KR bRahe  AINEA arSHBSABAL hds Fer n
setmdmbrqrw COD. of additien the ;m!ynhematorage prodw@scanl\lbm be used by
r gf.e t [ el t . .
o B udhind DEosaE 8% EGIARL 13, SRR i Barigics o
| enitroge@as imitimthird . tmmer@ﬂanpl e, for a certain bionass
and nitrogen pollutant concentration it has been shown

t hpjosihe m&ﬁ%@gﬁ rl&%f tfﬁR—ﬁM &l foasti ik, I‘DI’()I@B?%ferably,

nereuy nlnutes conver si on
>gtimfikst digie pRIicddh ik eat fé} mmutefsdwq’ﬁt Riffawbly, theSgeiime period is

cana® %lﬁ@é‘é’ 81’ Fn%?’e afbe éxa?rﬂﬂe MoP 4t @talOfefhePanl "&ﬂ%érh;e ollutant

second r|o of tInE he mastemater is circul a X
c oRRNeROWRIENY '%E@%\/@@ﬁ"tq’ﬁ@\"ml ihat alieid6Q dBibHERSy é'a‘%,rﬁdﬁs’%/ﬁ coD

Pr %fn%vgplaner bbeﬁ.ﬁuﬂé. ﬁﬁ‘g%mébqynb{?altd&‘ﬁ ke Bhhigldd; %H'é?l‘ér 120
reactor to ree of atnospheric oxygen and

"t r inates. oG @‘SW?IHOW &2 be achipyad Ysing V@a@f}%ﬁntmmod

expose the liquor to atnospheric oxygen. A‘'person
S ktdotss]d Mhe tseCordd timei pbdnoﬂ eehgrinstetwiRitewdibels dRakiedbetween

n t hese, di e en envi ronnents, are
S e HeS1oTe S CorrhepPIIl ML BT iRs, Shppid be
or ob@tﬁﬁﬁcnéﬁﬂv\zﬁm&ﬁcﬁﬁw alew itheg Sgdﬁ?ldoff)loﬂﬁgﬂ iwithd séeomi pidreactor to
S .t u ow froam one can- t
P BBt e Bl e Hn iR bt e WA eviste ol dipate or nirite
r ahi’ﬂfthet firetnbipmess othe first reactor to convert substantlally all the nitrate or
nitrite to nitrogen gas. Preferably, the second period of time is at least 15

minutes. More preferably, the second time period is at least 100 minutes, Most
preferably, the second time period is at least 240 minutes. For example, for a
certain biomass and‘nitrogen pollutant concentration it has been shown that the
present method can convert =60% total N (not merely NHs or NOy) after 100
minutes; conversion of >85% N can be achieved after 150 minutes and >94% N
can be converted after 240 minutes.



[0057] Preferably, punps are used to achieve liquid
flow For exanple, when using biofilns in both

WO 2@eN8is84 t he wast ewat er may be circul ated frmmﬁmosmow%
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upper portion of the first reagtor to the upper
portion of t he second reactor, and fromthe Iomer

t he second eacI o.the . | ower of
t hLOtCkgf st B 6 | e?ﬂn §I toi fime-a 41 \(/q\ﬁ'l %‘\Vv Is Giroulated
di cesttiuomsly batwden thd kﬁsﬁtaaﬁdl $ddoyid ureamimds Pdeferablyhelere is an up

t ol8% b B (BRSPS heseat el CaBERFriR aoen and o

t trivklghddvire fidw ris thea nifrifRaton deafoaﬂctbmo‘a@ thea h@udrfto citeospheric
riod of tinme tq,a IJn%/ﬁthe econd

5 CBBYHETD gt IS Tiatont BEStehireaepr senieving
t hmaﬁmr@tldﬁygdiﬁemhm‘&ﬁism’relpOssIbEErthd)ungoneMrnwle the flows

dt t t t t
2B bt il o R RRwhieta e hapind, o of E8Fn Wi ERBH, bumping
gasoests @ thasipeivwt Gtm( vig chn tieen feed the doannialy 'of theabtber using

removed fromthe wast ewat er

ef flu
trg'éﬁ ﬁ\éfﬂg%ﬂf’gfagtﬁ?ﬁmplﬁ@ﬂ?ed ef fl uent. may be renpved
fromeither the first or the second reactor or both.
Pr {087 hb|Rreferably, purpscre diséd dorachieve liquid Adwr daartaxamplea when
an, out | t f '
op PR b rdfbu i SR E BBy b e upper
s hoattidn lvé theeirsitreacioctodbe appenportianneftthe aeenndgeadtabiand frpm the

I

ni (G4 ORI <R (ol Mooy R b BT roactor. This
acrebule e @nliquid iflow) direction rthadt istsvibstawtially umrdmthnom the first
wh I per r hydroxi de
coh%gﬁér%g??gﬁﬁg%@éwuéﬁ g%i %ééﬁ%?g%{b?at i on). Bot h
cl asses oforganisns are affected by | ow pH w

belWR8E dPrasn theanestryvatary hé%scmca@gedoﬁhraesh Vt"?yf "\Sgra”d second

botdhctdr9 R4 su-Fﬁbiéi'ﬁ%)‘éﬁSd 8f fihe it6 By 8 SRehabidhaafin Mesecond
reactor, the inthe nitrification reactor is

pr EfoEsaghryto &eawt Gostel siteiastialy &l fe Fnmenigdp the wastewater to

depgrad HhiPie AMPHRMBRMNHIGASESh @t Mdt tedcioh & anfvfa&rsﬂﬁﬁtanhally all
nitrification/denitrification reactions

r edlfchitrale oriiste fonikREs gam the Yas d(\névcfamawnew I termed
A th%télféfﬂﬁéﬁt&j LS Bo WetbvdEr@RSRE V»%@té%étérel%&maﬁt #dr® The

Preferably, the pH is kept, above

pr é"ieéﬁesmfgul%mﬁé' be3em9rﬁ%&?mw'th@héhepﬁmtrwtth% second reactor or

n| bbihl | BRfdrasly, e RClehtVel TrofPMéesetold rédtRoCRATHRNGAIBE Pért to an
F}‘(%@eratl on, npnitoring of pH w Il provide a neans
fo

éﬂmq'%taﬁhen circul ation or
[0059] In operation, the pH of the first and second reactors should be
maintained at a level that ensures viability of the organisms employed. In this
respect, many nitrifiers are inhibited by reduced pH (increasing acid
concentration). Contrast this with denitrifiers which increase the pH (increase
either hydroxide concentration or reduce acid concentration). Both classes of
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exchange of the |iquids should take place. That is, if
the pH falls bel ow the m ni num desired pH then the

‘WO bawoiseskoul d be nore readily circul ated bet weRCI/AD2008/001886

two reactors to maintain a pH bal ance. [0062] The pH

in the denitrification reacton8 rdeal Iy -needs to al so

be above 7 but the denitrifiers will increase the pH
an@raeRisperase @ffeeted bydew b with pHs belvut § aften sausingpsertdue loss of
ni bEdvit) frpowpul dn' t be necessary. That noted, once the

pH rises to a level acceptable to the nltrlflers t hen

&Dgsg exchan%e of liquid can be initiate
bl )? ensH RS Reratign of te reedek I”?s@ PH in the nifrification
narmrn@dpreﬁrémse aba\fikg% Eheﬁaﬁv@ & aMom eofpr eafrfar aggéhoﬁr{babn the

range | s i ncl usi ve of
wi P H'SFh?iP’ePt&Hg'é' tf[eodéfsfe%w'f@ﬁ@t@ﬂﬁsaltﬂfﬁ@twr@aeqcélp@s,u A 50%

a FRNBIGHIALHIRINGY QRN BE GRRWJAILAUS pRF 8! €A 20% activity loss will ba
recircul ation, defined by pH vari ance wast ewat er ca

beORgariast By dadysingmpthio @n‘m rPdﬁWﬁwy,vmgr@"t'ﬁéepHabqu dw most
t oplekstathly g@bowty.gnvi ronment and. the hi gher pH

_ vvast ewater to the environnent drOppl ng pH i n order to
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Py WPV SRS phinithe ol tebuatip cbovag 2t di pirmmencement of

b| oparation, mqmwtomgj@mbwwnanrbwdé ial rﬁisar@ fof détaviseRen circulation or

trat
CoRRhde 25t BAHER HhobidCiele JTREE el .of the o'f e biow the
anninmraume:!ameyd hE\eed thaeftuid stesudd béltndr@ﬁkhddﬂﬁ ardilfted bBiveen the

|s f rti,cul ar, int Wi th increasingly dense
%% tP.“baﬁ%*a'"fspeH ﬁ@a{)gﬁ’ ‘ure of wastewater to be

treated is high while the Iand avail able for treatnent
i s[0063). BhePH imtherdgnitificationgsador ideallyhecde gnihiab iberabofe 7 but

poﬂ@'o%hlt%r&ﬂ@ﬁﬁ&%&é%tﬁ% eo‘i-g?né ﬁ{e {)‘t%riﬁé gamtevhsm%{tﬁ of gonstraints as

mal Nt enance o T eF's
sl eigwe witifi I%I‘Sn‘gOUImhtab@mC@fsaty dﬂlat netedpyna the ptédaeeto a level

th&cc@ﬁﬁg@ tthd RIS A % FanotHl %y cgﬁéﬁnﬁplhéﬁao@ be initiated.

retal In conpari son 0 suspen
r efiefaraldy, ibarphs gy beth reattioni \teSBHe i$ redintaidee fid theerenge 6.5 to 8.

B ot Y 7 e T G

triéaged wastewater. Even with the use of biofilns
though, there will still be a need for periodic

C| [@@6‘3]” 9BPlopbiaBihd tHe: %@Mg‘lnté)crﬂﬁiﬁﬁ&fg or‘}Lé%\ng'cBthL[oggqslg ure of

In the wastewater treatnent neth resen
i rﬁ?@'fﬁ“i‘%ﬁ“ fiinegh ev.n%%nemsvaﬁtemt@ gan be eraglaged from the

S edtitEnmM SRAGHIRre @R pRAas (W td 81 AYh AHSGViranPERPAd thesﬂiﬁﬁbr pH
wastewater to the environment dropping pH in order to optimise the pH fer—thefor
the bacteria,

[0064] Preferably, the first biomass and/or the second biomass is provided as a
bicfilm.  Biofim based reactors may increase the biomass ‘concentration’
compared to a similar sized suspended culture reactor and hence may have lower
footprint requirements. This is of particular interest with increasingly dense urban



as, for exanple, a biotower, a rotating biological
contactor, rough stones, slats, plastic nedia, a

WO 2400084584 ed foam particle, a mcrocarrier andPCI/ANEMB/A01886
particles. [0066] Thus, there is provided a nethod of
treating wastewater conprisintPthe steps of: (a)
i ntroduci ng the wastewater into a first reactor
copapuliong, & ther edlutab wfassstéwatehéo bortreatéd & bigbf whilsy the land

b) al |.ow t t t . fii .
o8 G 2P0, TR ] T ouaton of
Vasdpritioachirmomrisicepfof bxamplecthecodiatepaficeorha righ favekaf nitrifiers

reactor into eCco react or . risj

o SRS 9B, BB The "R DEbIGE i, AoveREGS M aount of
5 rleﬁﬁétamieﬂtmu@rh—ee#amedtiguoeaetamedi in companison do weispérgied culture,

(id

i h i _ .
an WE]"F r G\F/{glr(]) é:%%ﬁw@%&ﬁ%ﬁtﬁ%&é@@gﬁ@%& %@Q@W@'ﬁ"' the use of
t i geoisihes ahay ke sirshatedherndes foetsaitlingd apd|dgrificalipn bk treated

first reactor during the fir ' ' '

WP EYaro Y A, 4EE S AT G TR Fies WIE sl @ need for

pepérsticdlcaningof ofiratgrasthdopaaviesticlbgging.cor r espondi ng

flow of biomass. [0067] Biofilmreactors are generally

di ¥ i ' i di “the biofil
107 o HOPEF < 17 i R BoARE! Rl he presbrivaion, o biofim

t hbipmassin thetfissised/dr secenstreaaior 63 b gasiediyf safigerupport, such

ar 0 . f i . n r ,S hC‘.t;t ) I t ’

o B o AT 4065, o G Gt mag e one, i
bi plastiemediada raiculateddoamdrastiple; al Miseivarier apd/oreseylia pagticles.
such settings, mcro-organisns attach and |ive on the

"Egjdfk anghykatf8re B drifdétHh mhethds ofatPihedsteaatpotamisrising the
fromthe wastewater flow passing by them A trickling
16f i ptepB of's a bed of coarse material (e.g., stones,

slats apg ifdoaddinG tHEBMshwatbRhtoR filsewicRI comppsing adirst biomass
t hrough. "Biotowers are also trickling filters, but in

the shaped e fompf akiollns. An RBC uses flat di sks,

rangi ng(p BnslingtetWadtéwatertd rRnhinmnaRd fik rdeetol fona first period of
in.'"thickness, as the solid support to attach -

m cro- or gdf®sns. The disks are mounted on a conmon

20shaft t hah)s@hgiRSwaite@BRE ohiEepl(l) b dieuldtd Pom the first reactor
Trickling filters and bhiotowers are t

. i cal .
£1 xed- bi offitp @ $eRBE GPACOLRIISdBCEeERd Bibmass ity form of a
o special agfRiRhh@frodfthé BBedid rReBedings tetiitst reactor in a continuous

flow; ) ,
.{d) removing the wastewater from the first 'reaé:tor and/or the second
25 reactor after a second period of time .
wherein the wastewater is retained solely in the first reactor during the first period
of time and wherein the flow of wastewater during the second period of time is not

accompanied by a corresponding flow of biomass.

[0067] Biofilm reactors are generally divided into fixed bed reactors and
30 fluidized bed reactors. Moving bed reactors represent a hybrid. All these could be



process. [0068] A biological fluidized-bed (BFB)

reactor is simlar to the fixed bed reactors descri bed
W@bwvesdss4 al so being a biofilmreactor. HowevePCT/AH2008/001886

di fference between-the fixed bed reactor and the

flui di zed-bed reactor is that2€he biofilmmedia of the

|atter are not fixed but fluidized by suitable Iiquid

f | oved Tive thed\cantaty nsentiona THené dire el - hasbar esfc types ovfe fixed bed
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Bener a
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B I e e
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f | ovwmatdrs WwabilcewdRBC v treated dsad Bpeplalcﬁdan@tlpmomh%ﬁﬁmedmr owth

@&;}%\Qrd force is equal to the downward gravity.
as the bacteria grow as a biofilmaround the

particle, increasing biofilmvolume will continue tag

[ 430681 t Aebislsgicat flidizpdrhed (BFB)heeagios 48 sisial 1o t%é‘wgd bed
cel‘% cgtfrg criftidedpRve h?al%@tbﬁl grb?bﬁﬁllrﬂ foallof. NEGHRS, tﬁéfdlﬁerence

surface sheer, be at ap undesi

15he|bgmeenﬂ@eafl>ﬂeés'?ﬁq VeﬂFtS’f r%‘ﬁ‘i’o\?‘é fiWQ—QIQ@s ?%ﬁ%dﬁ§éat the biofilm
nﬁéogr-i &F ﬁaol#ltgr té‘fetrﬂlfefﬂ(eeubutoﬁwh&édrlga%h@éblémibwd flow. The
vvashe e

routin |napre erre eI’TbO‘IPI{TE
th@dmarﬁamsfnofmﬁuwewegrEﬁw@éoweﬁ suseendsdrgrawin, and attached-

bi %lrﬁﬂhcr@ac%w irfleed nRRdbibRass Qon¥iiia8bRs BRE doifBo& SPeas, less
is carried ani oni ¢ "and hydrophilic nedia partﬁﬁ&a?bon and

su @HS%@flb@Wafﬁ'l Udsiph @h@ryeswa\)?% Oﬁtqr%fiﬁjﬁt“% SHEERSS
‘ OW' tnlft l%eﬂ'r@l‘ﬁﬁbﬁ ron® ﬁﬁnk%ﬂw@&@ﬂhté tﬁ@bhr‘nﬁr‘éﬁoﬂ Bﬁéhy BeBidns and

or nore preferably, |ess than about

[ O(W;*JF capsed bﬁéﬁ‘”@gﬁ ynd fegs exppage %ﬁﬁ?ﬂ&" 5@@@8?1&' r@ag%%ace and
My, he t%MbﬁeﬂnésA&IuﬂWﬁba@t&r il fg%ner%llﬁ Wd%i“rcnent than a

cult'ure biomasses are free solid glfDOI‘tS

sugigekrsepiyma rfatacked gewip} é?aé‘FCﬁHP 99%@ wgafger&n&val of per unit
or gaRs Rdhat floccul ate

25 [0069] The media of a BFB reactor is usually light weight and has ak"particle
size of 0.2 to 1.0 mm. At the beginning of operating a BFB reactor, the particles

| are expanded in a column by an upward flow of wastewater recirculation to the
point at which the upward force is equal to the downward gravity. Howeéver, as the
bacteria grow as a biofilm around the particle, increasing biofilm volume will

30 continue to expand the bed. Therefore, at the steady state, where cell growth
equals the rate the cells are washed off by the surface sheer, the bed may be at



to form granul ar bi omasses, aiding in settling of the
suspended bi omasses. In a suspended cul ture reactor,

WO b@8e58H- or gani sns i n the bionass and t he waBCEAHRM®B/001886

are m xed. The m'xture i's usugJ,Iy agi tated, and, under
such conditions, growh of micro-organisnms is

st mul at ed dj vi dual ani_ sns

P B RS Goi Bk A S0 B 308 o 238l Mommgnpartes
asstaaild vatakdn sliuefdiee rd=0{r 2hd WMaehdd rostindly.omass may be
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rr‘t()) ed in the reactor such as Aquaspirillium
A ct Aiternaticly, ol et andler, seeandskipmasiaray be provided as a

Thé,&gaﬁaéd dulturdl esipah&sd &ﬂtuF@s.b%hée@ara fleB QP §oﬂcmg)ge¥t§ The

capabl e of converting carbon into polyneric s

10 pr SteRdechhiaTaEIRAIAT REpfembly heecampasediof cogrsvengnthat flocculate

Honyau ek ra?ﬂu}ﬁrrﬂld%ﬁég%gstilaih% lﬁs&ﬂﬂﬁkaf %@gu%@ﬂﬂéd bibiaR8es. In a

wast ewaf er may be used e secon bi onmass may
beSl@Bﬁ*ﬁﬁ%ﬁedw&wrearﬁ?a%@rputhat |”b¢f0r53ffgﬁﬁl%'ﬁ% Br |t§¢r§a$shand the

ar@aﬁ&h&e? OarBe h'fn@dm Thd Trhikiufét ik O Dsi ity t Qﬁté{‘@cﬁt &M@ Bhder such
Gcmgc;’tttreate i.e. that are able to convert anmoni a
to

ipBs-egropdi b aiRTerAgaRisEs Hp EiEuatemhy T osirbink reanisms

15 M &k fﬂé@ﬁla@saﬁ’@%rﬁ{ A ackive Ghasangt ﬁfc?&lﬁ%aknown ?s activated

25

30

Prefera Iy, the biomass is conposed principally o
bat¥dde: a. Any m crobe that is capable of nitrifying
wast ewat er may be used. Preferably, the second bi onass-

Co[np'm]sesfhda ﬂtramé)&flilm&sohayhﬁe g@mhtiosblbt bfbbﬂyt;ﬁipuwﬁ@n of micro-
[ 0SOND an itro erfor
N ArpAREE AR 204 S PPEOTY FeniBhiARAS s ForARAET helng grested
oxuedate mnvererlraragﬁ&mégdnéeu pitrofey toeai g%%@?clﬁ em‘d proguct. For example,
ention. the react qr refe
0 orih§ BianEF P AC o6 SRS iAot BEas badeda iy 3 archaea.
b oE’r’efan:xbl;gethe din4sels d:ﬁﬁ]pbﬁacr pﬁﬁdlriaﬂy rnghﬁtbné h e Nelagssid’ Qvould
rinc chem cal s et ween
7 it PadBrRies Hp i ab i Bl Pamt ABP ShediFe it Mick s ogpnads
tramit bthgr gesiceyvat®r beosmplogeddntihe reactor such as Aquaspirillium,
Agrobacteria, Chromobacteria, Neisseria Bacilli, Thiobacil. The preferred
bacteria are those that are capable of converting carbon into polymeric storage
products and converting nitrate into nitrogen gas. However, any microbe that is
capable of denitrifying wastewater may be used.

[0073] The second biomass may be composed of any population of -micro-
organisms that are able to perform nitrification of the wastewater being treated,
i.e. that are able to convert ammonia to nitrate. For example, the biomass may be



steps of: (a) introducing the wastewater into a first
reactor conprising a first bionmass; (b) allow ng the

WO 200808458 MaSS t 0 convert organic matter in theRCT/AU2008/001886

10

wast ewat er to polyneric storage products over a first
period of tine; (c) allow nnghe wast ewater from step
(b) to circulate fromthe first reactor into a second .
r eamposedc ofrpnidrebery sachs es drattdriao fengt ansdarchaes.t Hyeferably, the

second r.eactor _LntQ. ' ct e i
PR Shhob P rhiLb S, Hhiog 0 v o
r eddfiiog veastidveatert ey de uswtl. r Emfereblyatheepeepndddemass comprises

\ ; : i s
EBRLBR B v B8 e85 bBter By B RRs o ISR ropacter
t ipeEorTniteite oidatiarwhile Bitusbmrass BEERTEIS JuMeng efretion. Ina

o ST DL B e ST Y Bl LR PABHBRAEE Wi gfycteratly suppor
aalytthe Airasamonaypes tiut twre isg eadegriiobetl KxvgrncandeeD due to

g a a ' [ OoRMELSI 0 j
e Hifero st e b 18 GO RHENEP 3ol PERRES tho
t heacldoeve net hod. These are gl ycogen, pol yphosphate

and poly hydroxyal kanoates (PHA) such as poly _

h (9579,33’ BELdrY isCruRtRrhrbfiE a nfdifiedfdekiing WasteRatey BBMpAsing the
storage product 1s poly hydroxybutryic acid. The
osfepe®ficoncentration in the first reactor during the

first 51‘43 rdaﬁ&ii\xgdtn@m_@%_v)amﬁ fsl 4 ir6lr Gdctdro chMpligieg a first
unbal ahced growth condi ti ons encouragi ng PHB st orage.

. For exanpliagmasgh oxygen concentration of around 0.05

15
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30

Mo/l ca) G VB Rass RNcdPN Y B aRR REREMIA HeoRatbwater to
ng/ | n@asﬁlhéq% elzl d rel g?ively hi gh storage of carbon

as pol ympplygnesicsioiage podueie peenafiEiRerRgiai§ieor ¢ he

prese nECg LNMRIRG RS walRWatd? TRING5RBI (¥) td HRutits FBviaE first reactor
oxygen

oncentration during the first tidnE'@B]eri Odrﬁ’? 0
mg/ | . [ 00WB]a HeEOMt dgaiier FoDRIRING R apend,PRyiagesand from the
vast ewat ghebdEREERP ntHha AR in 8lcBBtinUoas fiawf | r st
reactor conprising a first biomas

. S;_(h) a,secopd
r eact ofd)COMBYINGi he WasiewaiRe amihe sﬁ'ét( %e;acgor n%'&‘ﬂ‘gr fhs; second
i nt r oduciggryasttcr waktsnd pirRdidrambi r st reactor;
wherein the wastewater is retained solely in the first reactor during the first period
of time and wherein the flow of wastewater during the second period of time is not

accompanied by a correspondingj”ﬂow of hiomass.

[0075] Generally, there are three main types of storage compounds which are
generated by bacteria during the conversion of organic matter into polymeric
storage products in step (b) of the above method. These are glycogen,
polyphosphate and poly hydroxyalkanoates (PHA) such as poly hydroxybutryic
acid (PHB). Preferably, the polymeric storage product is poly hydroxybutryic acid.
The oxygen concentration in the first reactor during the first time period may be
limited in order to induce unbalanced growth conditions encouraging PHB
storage. For example, an oxygen concentration of around 0.05 mg/l can be used.



(d) a controllable nmeans for allow ng the wastewater
fromthe first reactor to nove into the second

WO e@engisg4 (e) a controllable a neans for al | oweAUR®S/001886
wast ewater fromthe second reactor to nove into the
first reactor; (f) a neans f oP3renovi ng wast ewat er
fromthe first and/or second reactor wherein the
wa bloesEere AN ionyganecdnicestratiopad tlangi may sttt ¥igld tilatiyplyhigh storage

Ier SE
r egﬁ?%’}’ ané%é@ &?&%8}9’%? o&n)gg’sﬂ tné ?Tqééﬁﬁ of ﬁ%‘r“grggenotrmventlon
i s Muisy piefarably, the piasalved okygsm consenirasion sring the @rstidme pariod is
regGhof- [0077] In addition, the present invention

providés a wastewater treatnment system conprising: (a) .
a first reactor conprising a first biomass in fhe

5of Q0761 of Thenpreepyt Bvelicsnalsp sEYiEES oM3F eg\iﬂ#‘g’ t&ﬁ@@@BL gystem
bi QB ﬁ5|h the formof a biofilm (c¢) a means for

intro u0|n wastewater into the first reactor; (d) a

cont r ol (a3 BiTEst feaaler GoaIPrEINY AHrHtPiIeMBSShast ewat er from

the fi rgwlt) rs%é&{cplrea&%rﬁi%&@ Ssbdmdinanas; reactor; (e)

a controllable a nmeans for allow ng theg}/ﬁstewater

f rom t h€) 86usHe feréaﬁew*wwtﬁw@ the drst reagtor;

or eact or g fafaonﬁoﬁm&efaﬁé o ATRWINROthWaR]sBVRItEr frbmaR® iR® reactor
f| rst and/or second reactor wherein the wastewater in

the first ¢ ®a¥e bito the SeRERGAERE abl e conmmuni cati on

with t hﬁg%&ﬁ%tﬂé d Mebh$ 1SreaRMhd BRCivastewatbr Whsh ehd second
the biomass in the first reactor is physically

separ at ed "84t MoveinedhesiistieaHal second react or at :
al | ti mgs oftedrRl (6SrehfNiBlwabisvdtad ﬂmmu@mmr@csm re@ctor

to nore fully describe the manner u5|

15apaveraele doe Wastewaley d thefrst RacoE|is "bgortt@ 8%‘9 qQogIpynigaiign with

beshe MRS NafeP H PRIBbRI rdaRior GAH MHehdn &8 bmﬁﬁfat-;@ itthe first reactor
aspects_of the invention. This d scrl g@f; s i ncl uded

soli®PRysicaHy s¢Rargiad B’Sﬁb@e@fc’"ﬁﬁéﬁ?ﬁ T esent
invention. It is understood that these net hods in no .
WaO®ER v elnt additian, t thehprebente inventiun pfovideiss ai wastewaten, treatment
but rat her are presented for illustrative purposes.
ExSHPPE PiREHY] FIG 1 shows a wastewater treatnent

20syst em (d)adirstdeagorcdmpristngreefist omass in the form of a biofilm;

(b) a second reactor comising a second biomass in the form of a biofilm;

(¢) a means for introducing wastewater into the first reactor;

(d) a controllable means for allowing the wastewatér from the first reactor

to move into the second reactor;
25 ~ {&) a controllable a means for allowmg the wastewater from the second
reactor to move into the first reactor;

(f) a means for removing wastewater from the first and/or second reactor
wherein the wastewater in the first reactor is in controllable communication with
the wastewater in the second reactor and wherein the biomass in the first reactor

30 s physically separated from the biomass in the second reactor at all times.



110 contai ni ng anaerobic bacteria 102 and a second
reactor 112 containing aerobic bacteria 104. An inlet
W@eroh/0963684 i s connected to the first reactor 11BCHAU2M@8/001886

outl et port 108 is connected to the second reactor

112. The wast ewat er treatnentz%ysten1also i ncludes a
first controllable transfer neans 114 and a second
coRxaraplegbl e transfer neans 116 which connect the

first reactor 110 and the second reactor 112. In

adgbysonThe h&m\mﬁ SURiRds ddrRaloRbe EYSdRRLDE ﬂ{éln‘ilﬁﬁne& of using

recircul ati pg neans 117 which al |l ows wast ewat er
r e®pr @pré@ﬁq'h%u'@rﬁemwe 3% Srell @gcor saty (P dbeopest modes

Th&irﬁeh?la@d&@r SIS vanowaspeaidl ik weaitdnl I%id @dscription is
ena t he aerobic bacterl a 18““9 The oxygenatin

5 eRtad SOy T6je T1e PUFRSSOR P RyemelyInG ey PEwaent dmvetion. 1t is

angdstasd dt tHbdd HetlodsHRWRY REy skivel ® RANLMAMUBIREpe of this
t hat ot her ox(ngenatl ng nmeans_known in the art are '

suinversios. pufrathgparg rresanigd %@F@@W@P”f@éﬁ% ‘ment  system
of the present invention. For exanple, if .the reactor
| SERarhbleckl ing filter reactor, . the aeration may be
achieved by spraying the liquor into the headspace of
r f
o OREET P & Prs i BBl MARTER S8R, ARG o st reactor
10 bollw)m)antalnlmmmyladlobhebmrla nD2tand Fhsesond | reastot Hé2 contammg
aSat i ,
or HtpitRReE 104" & IHUBERI0OH Ehree APl BalBF 17 b an
oxylgmh pont 1oaes ousecied tethe srdicreantor 842.sTheyasteekardreatment
ARG 2¥S RGBS %@ﬁ%@@l BaRGE0 Fednld®1 $24RRa second
I on

tor o I'sS I nvent e wast ewat er
trexmtrwalnlestymséan mﬁammémr\elwntconmwpdﬁﬂ resiciet1®and the

15 aqg‘:fe&“a ﬁ%@&)? 1“9 ! qhn%kﬁt%k tﬂezarfg\%(ua{g?ltpé&ﬂgehf %t@m includes a

ter ior to t hent and/or an e
cotdcirculating maaks 127 whigh dlohsavastewater mb@@ecemﬂlammrough the
12 fromthe second reactor 112. |In other
ﬁrsfﬁa Q’Zﬁgoor both of two tanks can be omtted. In
thls case the first reactor serves as the buffer tank

f ol00BRk o fiNGEe iedie@ REvidled aropgIEnating Meganelad der oxygenating the
t rﬁ%ﬁﬁrﬂac it qfhe'o&?%é?f ﬁﬁ@ﬁfeah@‘t‘?@?ﬁa‘?%é@huﬁlbrérhﬁéltator a

i ncl ude a rst for circul ating the conten

20 of blower f(fwtamcﬁaralnfwqu@rt Hawewi ol i éaetemplat%é t!?ﬁfa other

t hsxy*g@ﬂbfrﬁj hdhe KnbRASH The HREAS dlAbRND: Qfseanmewwastewater
for circulating the contents of th

ond,
Peg@@tg}engﬂst% of fhe grps,‘.qﬂt inventiany For gxample, if t%e reactor is a trickling
filter reactor,. the aeration may be achieved by spraying the liquor into the

headspace of the reactor. An air pump of fan can then be used to blow air inio

25 the head space. This can be at one (e.g. bottom) or many different inlets. This
allows the liquid droplets to interact with the oxygen in the air of the headspace
and therefare achieves dissolution of oxygen in the wastewater. Different existing.
trickle reactor systems may be adapted to becorne the second reactor of this
invention.



the controll abl e transfer neans 116. The system nay

al so have a third punp P3 to punp the untreated
weREveseser 126 fromthe hol ding tank 124 i nt oP€TAaU2008/001886

first reactor 110 and/or a fourth punp P4 to punp the

treated wastewater 128 from tR@-second reactor 112 to

the effluent collecting tank 124. The system may al so

i n€QQBAE alHei wasieywatep rpatment syetemcell the eresent ynventismingtudes an

t h'égb'&ﬂ:st Westh 'h%ﬁﬁn%&‘zﬁﬁ H9h f&rlp?ldvh@ Qg&&j Jﬁe&ﬁég A treatment
tredtment system al so

rredgﬁraﬂﬁéol'oﬁ@ ezﬁ%uermbrcellqmop Hanlpxtegeior avllestivgeleated gifuant 128
gﬁ@%@&eﬁﬁ%ﬂ fndPOaRg 'f‘éa%tdr”t ﬁhiﬁ Jtﬁér%&ar‘ng?e%t ank éﬂ' 1th of two tanks

e second reactor as represent
5r eﬁélﬁ be omittechdn HiisscapgGhefiest taacts zeﬁvns g5 e hufier @ammfpr incoming
SRt J ust consisting of one PND system
corrprl sing two reactors the PND systeminvented can be
operated as several or many PND nodul es using snaller

r edi38d} s Thenwvastgwated t"éﬂ@!ﬁ"@ sipipe off thginseseant W‘W"F‘H‘ may further

vaineude 4 ikt Bahpvmqsfo@m&ﬁéuﬁd oY &h%&e& themsit%actor 110 to the
exanpl e only using of PND nodul es during | ow

f1 SaPan BRER] thyia Wﬂ wtmw H@n&f%n@@nﬁeﬂ%ndﬁma second pump
101 | g8 diR0RSHE IheWonfiMRd of 1RE sB&Intl idadtdr 1% A%e RISEIcaeGr 110 via

Furt her thi s nodul ar set-up of several sister PND
sygiee%" vollahlg t‘éﬁ%fﬁ'f weppg 1 oweoq‘YSFﬁ"E mayealsn bave @ third pump P3

cord ?yhﬁ#pﬂﬁe%ﬁbﬁté@t\ﬁésté‘d\rét@r #b& fiori kﬁé’%@@nn?@ﬁﬁl@"l@h Ghtot tﬁe first
treat rrent st e?qqgfo COD st arage)
t

M P BT B 1o DR 118 boated waigwater 128 from the
mgé@e@t Rfaclof elarzrfsrthe Séfﬁle?ﬁncm?ébtlh? 6@ 12£d The Systéthiflay also

rt neans, for exa e roug h stones
153| des 1 a@tw"m%é ’foarecml&@tsémw P‘é’ateFrHHP%G'HSPF'f%F%%CW 110.

a bi ot ower, or arotating biological contactor.
AI [(EJBB}it iTred Wwasleneterr traathisit agydtehV4napyalgy avclide a means for

ensi.on, free o sup 0086 en
R ot o e R P! Bitplim, R et ShOToF phosphete
| nuelhhlfnan remmlsraﬂesana‘garihﬁ $emond r%d&ﬁﬂﬂhz et rbﬁaal‘sgdteu lbquef;frence
waste 126, . u P3 fromwaste hol ding tan
. 123UNRE® ??*F@awg'pf&r%f&‘? fpllo via inlet port 106. The
amount of wastewater provided is sufficient to
20enfq084d] y Insteqd ohjpist censisting aof tope AND syatam, wampgsiag dwo reactors

in [

UL SR gl WOy ANESH B SABAeD) bl RPN s

f atbing tamalier igactare rohis aiulsheidble meoreclsxibiite with twandug idiurnal

t hablobal rrfﬁa%&t?én %4 Opy 'ﬂfP &Edié %gt ﬁéﬂgg BERRSf 18 PND modules
Recircul at i 8neral y I n an upwar

during low ﬂow m the night while keeping the other either filled (anoxic) or empty

25 or partly filled as desired. Further this modular set-up of several sister PND

systems could enable the flow of nitrate/nitrite containing wastewater with the

inflowing wastewater to treatment step one (COD storage)

'[0085]' It is contemplated that bacteria 102 and 104 in the wastewater treatment
systern may be carried by a solid support means, such as, for example rough
30 stones, slats, plastic media, microcarriers, media particles, a biotower, or a



direction, wherein the wastewater is recircul ated by
renmovi ng wastewater fromthe top of the first reactor

WA 1®9a8d84 e- i ntroducing it to the bottom of thRCT/ADSM08/001886
reactor 110. Rather than just allow ng an upflow an
additional or largely horizon2t flow can also be
used. The wastewater flows over the anaerobic bacteria
1 Q‘Z)tathebreioglchh eordacter. (iliconstiaely e bacterlD 2 02 oarvke 04 trhay grow in

carbon i.n st vvater to polymeric storage

pr 9FREDEON, Jregf‘ﬁ% lbqe [0088] After 120 ninutes,

the wastewater is transferred fromthe first reactor )
110086] t e geeenahdhe evastayratar] Peatmenb Sxkomi &f haePrper tinvention

and s roll able transfer nmeans 114 and 116,
su%’?re %%&%%gtﬁgm\?ast ewat er recircul ates betvveen trie

first and second reactors 110 and 112 in

5 c ol#0B Ak o Wttrpateddiguisgwasin 1ef is PHRIPRA SV dWéi‘iFeP3 fom waste holding
f@'hR dl%‘éqgtouthg Mirdt r?&'zléi’rﬁpf’lro ne ﬁﬁrépﬁbrpfr 08.hehbignsdunt epGbStewater

tion econd r ctor

0
t hﬂfoﬂidﬁdﬂs Mgmemﬂ tp @Btl@lnfﬂléhg ﬁeﬁt r@?é‘é?@ 1914 %‘Maséwéﬁwtefﬂc“s
t oyfih SM% 'aﬂaérogfénl%c‘?érlay 1EOWONRY firsfl} réa%ﬁdr' o0 LY eIQOtrhﬁ?rutes This

secon I onMB|ssS . he wastewater is clrcu

. f r wkaraetion| r@\fﬁ\gmtequ by @eprrgplafrmogr@g oyast %rttgr;ougﬁéhe figstreactor

0t heqd qurreﬁﬂflﬁétﬁﬂ inehSd 1r1?aCtF€€crrlaﬂJQtldﬁ Eistd%;fheﬁafﬂyorﬁdan upward
- control transfer neans . This flQw i s

acdirgtian weersip the wastewales rﬁrﬁﬁ@m#r%%bwerB%%&Yesfewatef from the

Pr ﬁipeéﬁﬁbyrrsttrﬁﬁct&‘ Prakd rémfrﬁ&ﬁéu? ned the bewsh dfﬁﬁﬁfrr@f reactor -
as anaer obl ¢ bacteri a aer obi c bact

104
ar éw g e U hakaangs 3 igtloy spAdditioagher large efy hotizontal flow

Pr gf£5RB 106, usbACTHAGAANRAIEF fIdWA B wamm&m edct&r@ 2, Weherein
| ower portion of the second reactor 112 intg th

15 pothe anpesebie hackeria s102 exved th ?f@rt?‘g‘slﬁ‘b@ﬁa‘ﬁ?ﬁtﬁ‘f"?tﬁr 149 @8{3’"‘8”0
of %@eﬁ}od@ﬁs therermlyoptigy, or at |east a substanti al

proportion, of the oxygen has been renoved by the
ae [ 104 in_the second.r
o TRT . et R0, My tie e B Rl if ERREed W B st remotor
st a1 @ t6 uhé RGcHIE resee® N 2t ik baek Nﬂdthe[ﬁ)ﬁBQﬂrd Fheond controllable
wast ewater is circlate e en e fi
o RBREIor Bieens 15 bR o AL Le Besisiiayot {tlode bepypen te
20Wafitse Wati adecbnd tréuetdrs 90 awidi 12 irs aoo:mntinucemtyt ﬂxman trizGwner. The
). red far | e f
o pastwalin s ioREed R e Prnstrpoid) bf Msrsieefr g to the
welupparspartibn 6f therse2dnd mattdretsl2 vidn éhenfinst ogumllbbleetm;rsfen means
th st ewat er, haye been red .
Th31%tde$gqv\§erd P \ﬁPWe'H ?&?@9 Yf‘i“’&ﬁ\“&ﬁ‘z Jsrr%g(rmdo?ééracht%oeecond
Vi diohdskeidp The wiBRwatertis asiredlatefifilorrethic 1028 pantiom of the second
25 reactor 112 into the lower portion'ﬁrst reactor 110 via the second controllable
transfer means .116. This flow is not accompanied by a corresponding flow of
biomass. Preferably, the biomass is restrained in each reactor as the anaerobic
bacteria 102 and aerobic bacteria 104 are immobilised on the solid support
means. Preferably, the wastewater being recirculated from the lower portion of
30 the second reactor 112 into the lower portion of the first reactor 110 is



effluent collection tank 124. Exanole 2 Reactor
Qperation [0090] The PND reactor design nade use of

W@ b@Ivsesssepar at ed biofil mreactors (Figure 2 PCT/AU2008/001886

storage driven denitrification and C. nitrification).
Initially, during Phase 1, thedfrtificial wastewater
(conposi tion given bel ow) was added. (using about 3% of

t hesubsiaatiafyritec of maygem dstiscyajodty, pFatgeas aubstantalgioportion, of

h _ TS i 2ot p
PRGSO B0 A T B s rscr
was! Ze cOip kilewe theblistreasisr to i anaintaisied gn ansmekic statsTiuring the
(B:Segﬁﬁd/ﬁ,hglp\éﬁgéel ) to collect the outflow fromthe

the re ,

top o actor. [0091] After the COD of the
or i gi nal synthetic wastewater was successfully stored
3 n (U991 s ¢ Theyyasigwatpsis wsirpylated betwacrine Gt rod secdvel reactors for

re%!btﬁﬂGteQQ@)JrﬁwSths%m@ﬂheﬁwﬁég’(ﬁ\tnté%gh{‘gle ta‘?\%%fafséf}@osreactors :

si mul taneous% recycled through recycl e vesse
sudh19 padlonhiA) maydos pagikesed fon desitable iekeld oh pxygeni arganioearbon,

oiloe e _
o A PO 44 S0, 430 AATEE AR v
The" e vastewaler bave kagn reducasido siesirabie &velﬁ. d heovgsteweter is then

10MD ¢emp Vs irbMahe sBBord RIMBRS v}éa&.:tféf(ﬂ&? ¢t t%@f&?@;ﬂg?gt_ 128 into-

cont ai ni nq at nosphere at all tines (trickle rea
Th&Muepleqlisctinadaak 124d ports for DO, pH and Eh probes

and al so inletsapd outlets for the two reactors
(Fitample2d . In addition, the nitrification trickling
filter had a port for head space DO neasurenent and

needl e ontrolled air delivery and pressure

equal | sgg%‘%ﬁré%sﬁ%st em was operated under parall el
nitrification and storage driven denitrification until

t hé008Rl ofhe AND seactordesign mede oye bithereo abparategubickimasgactors

1 5gf Aiged 50 Q{Wﬁ&ggyriiv%nn ﬁﬁi{rikiéétioﬁgvj&ag g% oni&i??ﬁfg%%@ﬁ%@bt during

rrven denltrln_ n reactor. |
t o PHask di Henpitificiel westewaten| (bampasitiohi givem beloe) iwedst yddedl (using

Pac g tad £ j ' ) : ¢
b oD %! G-l EPTERE i) it elciao ribllE, ST fie Storage
t hgf‘v%dﬂéit”ﬂpﬁiﬂni bio@Im: ke ackomplish fanositi GADr eptekoand storage as
[ OPPiE TRA! @a@b@%ﬁﬁa@%&}&\gﬁﬁm S []?si% éigrp-lzzlll 8D (B: recycle

return activate es froma

20\\a ¥pe5Rb te polteckite muHlowpram the Bpelitheorpasi.t i on was

25

altered to achieve selective population growth in the
de[goon] f iRk ived GO o thel Sl | QRthetic wastewater was successfully

stored in the storage driven denitrification reactor, the resulting COD free,
ammonia containing wastewater was simultanecusly recycled through the recycle
vessel such that about 50% passed through the denitrification biofilm reactor while
the other 50% was passed through the nitrification biofilm reactor (Figure 3).

[0092] The nitrification reactor was operated in a downflow mode such that the
hiomass was exposed to oxygen containing atmosphere at all times (frickle
reactor). The recycle vessel had ports for DO, pH and Eh probes and also inlets



reactors (see feed conposition) Synthetic wastewater

conposition [0094] The synthetic wastewater sol utions
wawrne/0sds4 based on the vvork of Third, K A, MCT/AU2008/001886

Newl and, et al. (2003). "The effect of dissolved

oxygen on PHB accumul ation in #&tivated sl udge

cul tures/ Biotechnol ogy and Bi oepgi peering 82(2):

23 gEgutiptsdor the o cresctote (Bgwedd. Inaddididadbe nirficstion trickling filter
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enrlch onmass 1N eac eact or
t hgeaator age driven denitrification biomass, the
denitrification reactor was batch fed alternate f eeds,.

10t hqoégsj steath mﬁﬁséée@,eﬁe@b%&ﬁn Gk hﬁfecﬁﬁ’c%%?%tunﬁéé’cﬂla% sludge

t hat déscri bed above
ac SEAPlessRIM [o oyélasast%wtpatregtrrma plapk Fasfhaempesition was altered

I eRh 3@tV EQeafd %@Qﬁo%k‘@ﬂhcﬂnﬂféﬂdéﬁﬁﬁfﬁﬁtmﬂf and nitrification

nitrate. Theenrlchrrent of the nitrification biomas
wa SIS dRsfeRA CAMROMIPRImal  COD (no acetate and no
yeast extract) feed based on that described above.

Anal y&i syfth@RblastbRater borapssinal ysi s met hod was
adapted fromThird, K A., N. Burnett, et al. (2003)

[ ou trifi | d denitr
15 (@65& i ?yr@i tlf) evg%teni tﬂang g\ﬁr%ﬁh "f’ﬁfi ﬂna Work of Third,
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L1 5B BRAIP i 2e0Rid B g opdtrens Ribinfiohy Hrd BitRhGineering
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al | f 10 m es W th 3 5%
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(NH4)eMo70024.4Ho0 0.3, NiClo.6H20 0.19, NaSe04.10H,0 0.21, HeBO5 0.014 and
25 NaWO4.2H20 0.05.

[0095] Further modifications were made to enrich the biomass in each reactor.
To develop the storage driven denitrification biomass, the denitrification reactor
was batch fed alternate feeds, the first as described above and the second, based
on that described above, with minimal COD (i.e. no acetate and no yeast extract)
30 and the ammonium replaced with equivalent molar concentration of nitrate. The



PHB was confirnmed by Sudan Bl ack staining (Lindrea, K
C, E M Seviour, et al. (1998). Practical nethods
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T S s
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«  Calculations

[0097] The volumetric mass fransfer coefficient (k.a) of oxygen into the vesse!
was determined experimentally by the operation of the reactor with inert packing
material to simulate the liquid Ioagi capacity routinely in operation (Pirt, S. J.
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at the bottom of the tank to minimize oxygen that can reach thereto.

[00101] “Although the description indicates that biomass may be grown on
carriers within the various bioreactors, this is not intended to preclude the
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clear separanon of nltrlfymg biomass from denitrifying biomass.

[00104] Modifications of the above-described modes of carrying out the various
embodiments of this invention will be apparent to those skilled in the art based on

25 the above teachings related to the disclosed invention. The above embodiments
of the invention are merely exernplary and should not be construed to be in any
way limiting.



(d) a controllable nmeans for allow ng the wastewater
fromthe first reactor to nove into the second
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wast ewat er fromthe second reactor to nove into the
first reactor; (f) a neans for34enoving wast ewat er
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wastheSlam Definingethe Insentimaistaer Followsy control | abl e
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(d) a controllable means for allowing the wastewater from the first reactor

to move into the second reactor;

(e} a controllable means for allowing the wastewater from the second

reactor to move into the first reactor;

(f) a means for removing wastewater from the first and/or second reactor
wherein the wastewater in the first reactor is in controllable communication
with the wastewater in the second reactor and wherein the biomass in the
first reactor is physically separéted from the biomass in the second reactor.

4. A method according to any one of claims 1 to 3 wherein the first and second
biomasses are selected to extract at least one of carbon, sulphur, nitrogen or
phosphate. -



14. A nmethod according to any one of clainms 11 to 13
wherein the second tine period is at |east 15 m nutes.

wa 2009086581 hod according to claiml14 wherein sePCHAURI0AB01886
period is at |least 100 m nutes. 16. A nethod according
to claim15 wherein the second3tinme period is at |east
240 m nutes.

5.

10.

11.

12.

13.

14.

15,

16.

'A method according to claim 4 wherein the biomasses remove at least
nitrogen from the fiquid.

A method according to claim 5 wherein the first biomass is selected to either
nitrify or denitrify a liquid.

A method according to claim 6 wherein the activity of the second biomass is
the reciprocal activity of the first biomass.

A method according to any one of claims 1 to 7 wherein the first and or
second biomass is present in the reactor as a biofilm. S

A method according to anyone of claims 2 to 8 wherein the first biomass
converts organic matter in the wastewater to polymeric storage products
over a first period of time.

A method according to any one of claims 5 to 9, wherein the pH of the liquid
in the first and or second reactor is maintained above 7.

A methed according to any one of claims 5 to 10, wherein the first period of
time is at least 15 minutes.

A method according fo claim 11 wherein the first time period-is at least 60
mintutes.

A method according to-claim 11 wherein the first time period is at least 120
minutes or more.

A method according to any one of claims 11 to 13 wherein the second time
period is at least 15 minutes.

A method according to claim 14 wherein second time period is at least 100

minutes.

A method according to claim 15 wherein the second time period is at least
240 minutes.



