- 1 - Biological N trogen Renoval [0001] This application clains
priority fromAustralian Provisional Patent Application No.
2008900044 filed 4 January 2008, the entire contents of which are

i ncorporated herein by this reference. 5TField of the Invention

[ 0002] The present invention relates to a nethod of treating a liquid
to extract at |east one of carBiohogical NititagenRemoyaih or phosphate
fromliquids such as waste water. Preferably, the invention is
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[ 0005] A prine disadvantage of a single biomass is that the oxygen
supply f pirification generally causes the oxidation of sone of

t he CCD.ﬂ’Asr%%ﬂfquPPFﬂ?i on relies on COD as a source of electrons,
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[0003] Biological nitrogen removal (BNR) is an important part of wastewater
treatment and consists of two separate biological processes, nitrification and

denitrification. These two processes have mutually exclusive requirements.

15 [0004] Nitrification is performed under aerobic conditions by slow-growing
autotrophic nitrifying bacteria, using oxygen o convert ammonia to nitrite and then
to nitrate. In contrast, denitrification is performed by heterotrophic bacteria that
require anoxic conditions and a source of electrons, typically organic material
(Chemical Oxygen Demand, COD) to convert nitrate into nitrogen gas. The

20  electrons are usually provided in the form of oxidisable organic and inorganic
compounds in the wastewater.

[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
25  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



render it difficult to maintain a sufficient proportion of nitrifying
bacteria in a mxed - 2 - mcrobial population. Lower nunbers of
nitrifying bacteria slow down the overall, process substantially.
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control is known to be a significant cost factor in wastewater
treatment. domprs (such as ammonia and COD) specifically as required. This separation
allows for optimised growth and performance of nitrifiers and denitrifiers with
20 minimal waste of both oxygen and carbon sources, since the aerobic oxidation of
carbon is avoided, helping to limit undesired biomass sludge formation. Separated
biomass systems using entirely sequential operations of anoxic storage, aerobic
nitrification and anoxic denitrification have been developed. However, these
systems are limited in performance and cost by several intrinsic technical
25 problems.

[0007] Nitrification reactors, regardless of design (trickling filter or sequencing
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.



[ 0008] Multireactor systenms or sequentially operated dual bionass
systens separate the nitrification biomass fromthe denitrification
bi omass. As a result, they require a holLding tank to prevent m xing
of the partially treated wastewaters between reactors, thus
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[0008] It can be seen that the current waste treatment methods suffer from at
least three main problems, namely pH drift, holding tank requirements and poor
nitrogen removal capacity due to ammonia retention. The present invention
25 addresses a need in the art for novel methods of removing nitrogen from liquids

such as waste wafer.

{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.



[ 0011] The present invention provides a nethod of treating liquid
conprising the steps of: (a) introducing the liquid into a first
reactor conprising a first biomass; 5(b)4allowing the liquid to
remain in the first reactor for a first perlod of time; (c) allow ng

the liquid froms fgtP'%, Jrculatefromtheflrst reactor into a
second react 8 EB?FHD? &'f'ond bi omass and fromthe second
reactor into the first reactor in a continuous flow, (d)

removi ng t he[00i dui dHerpresdridnvientiot proviieser mathdl @f tebgng krid o pasli@the
after 10a second {)eriod of time wherein the liquid is retained solely
in the first>FBR8For during the first period of time and wherein the
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nitrify or denitrify a ron o Secohd bi omass in
this formof the (dhmnuwrmthne@qdetfemnnthmﬂrsaseadtm dfcedhe secald reattow after
of the fj4st biomass. [0014].1.n third enbodi nent, the first and or
second bl{{)mass i's p?égéc?ﬂal‘?‘%{mphoé%%eact or as a biofilm [0015] In a
fourth enbodivhemsin thehitquid fsstetbinedadiele onter fist edapeat durimgt therfirstnpdrivel of

wast ewater to ric.st e products qver, a firs eriod of tjne.
25[ 0016] ncclps ﬂﬁ@%ﬁ%é@%ifgﬂ%%w duping thﬁv%er?PPé)rfP Rdr & fige is not
presented a yashsAicRlbytd eatdeThdFyTowdfBIdMasSi ng: (a) a first
reactor conprising a first biomass; (b) a second reactor conprising a

second bi 0”9168121 In one embodiment of the invention, the liquid is wastewater.

15 [0013] In a second embodiment, the first and second biomasses are selected to
extract at least one of carbon, sulphur, nitrogen or phosphate. Preferably, the
biomasses are selected to remove at least nitrogen from the liquid. In a more
preferable form the first biomass is selected to either nitrify or denitrify a liquid.
Selection of the second biomass in this form of the invention is determined as the

20  reciprocal activity of the first biomass.

[0014] In a third embodiment, the first and or second biomass is present in the
reactor as a biofilm.

[0015] In 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 biomass;

(b) a second reactor comprising a second biomass;



- 5 - (c) a neans for introducing wastewater into the first reactor;
(d) a controllable neans for allow ng the wastewater fromthe first
reactor to nove into the second reactor;g._ (e) a

controll able nmeans for allow ng the wastewater fromthe second
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(b) a second reactor comprising a second biomass in the form of a biofilm;
{c) a means for introducing wastewater info the first reactor:
15 {(d) a controllable means for allowing the wastewater from the first reactor
fo move into the second reactor;
{(e) a controllable a 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
20 {(g) a means that allows liquid to move simulateneously from the first to
secend and from second to first 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 separated from the biomass in the second reactor at all times.

25 [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
30  with reference to the following illustrative drawings.



25 [0018] Where the invention is presented as a wastewater treatnment
system any one or nore of the aforenentioned first, second, third or
fourth enbodi nents of the invention may_lae enpl oyed in the system of
wast ewat er treatnment. [ 0019] O her aspects and advant ages of the
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7 - Disclosure of I nvention
depleted solution is circulated simultaneously through the storage driven

denitrification reactor (A) and the nitrification trickling filter (C) via the recycle
vessel (B) in the directions indicated by the bold arrows. When all soluble

25 ammonia 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).



[0023] Those skilled in the art will appreciate that the invention
described herein is susceptible to variations and nodifications other
than those specifically 5 described. It,is to be understood that the
i nvention includes all such variation and nodifications. The

i nvention al ﬁo i ncl ud the steps, features, conpositions and
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[0026] As used herein the term “derived” and “derived from” shall be taken to
indicate that a specific integer may be obtained from a particular source albeit not
necessarily directly from that source.

25 [0027] As used herein the phrase “COD" will be understood to include the
phrase biochemical oxygen demand (BOD). Each phrase may be
interchangeably used throughout this document.



found in the prior art or that affect a basic or novel characteristic
of the invention. [0029] O her definitions for selected terns used

herein may be found within the detailed_description of the invention
and apply throughout. Unless otherwi se defined, all other scientific

d technica used herein have _the sane, 15 ani ng.as compnl
inder ot ood ¢ DOBRL oFSTCNEIE Shiction e e o EAUiras of AW Be
bel ongs. Det@btedchIaphgd"pbi aaribfhe0kliéh has "Gesrideaunsd tdyaipraingd’ il ®e
nitrification-denitrification system _ wherein the process of
ni trificati oHNEEHHCAEA? PPl iteainciaN ef petated teoerPrarawp PhimsRARss pubyot
physically Sﬁﬁaéx%hﬁ%n%f%%?ﬁétiﬁﬂepgi"?r é{?ﬁpg?m?é/ rs.Oft i9'hish MEY THaP R Ris
| i quid, such as but not exclusively [iTmted to a wastewater, 1n an
ef f ect i véd nadifelpsurpoend | particulgrhe derthe i ¢laiest iapd/or hparagraphs,déarms Emﬁhca@

f treating a,kguLd G iS1 g « .ens DD e) LNt ci.ng . the.
liqud ints Soppigee, cBBRplSdT LATpRYRRS A e el MR BT plelfipo
the |iquid tattrbered o iinint WeS.f Patent larcegr, they aanf mesh freluded” ofindudesel’,

(c) allow ng.the.liqui r ste ).to circulate fromthe first,_
reactor into [%CI%dé'&%n&naethﬁﬁﬁ]?’ 85%'5‘%339%3 éuggﬁnﬁoﬁf'ﬁ%gssﬁﬁ'&a% gimand
the second rieansiels ésyentisllyeoff ihéﬁéh tiﬁf&(ﬁaﬁmgi éboﬁibé@ﬂbglliuﬁuﬁhUBQWatené E
- ' |, qui I rst t the secon
reggz o; © Y'eé‘.gatté‘%)é' WE&}%%@QB{S :?qtrgé(rpﬁcit[; ?&:(i:teg,r blﬂitnexc(l)urde elements that are

found in the prior art or that affect a basic or nove! characteristic of the invention.

[0029] Other definitions for selected terms used herein may be found within the
detailed description of the invention and apply throughout. Unless otherwise
defined, all other scientific and technical terms used herein have the same

15 meaning as commonly understood to one of ordinary skill in the art to which the
invention belongs.

Detailed Description

[0030] It has been found that a parallel nitrification-denitrification system,
wherein the process of nitrification and denitrification are performed
20  simultaneously by physically separated biomasses allows the removal of nitrogen
from a liquid, such as but not exclusively limited to a wastewater, in an effective

manner.

[0031] The present invention thus provides a method of treating a liquid
comprising the steps of:
25 (a) introducing the liquid into a first reactor comprising a first biomass;
(b) allowing the liquid to remain in the first reactor for a first period of time;
(c) 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;



wherein the liquid is retained solely in the first reactor during the
first period of time and wherein the flow of liquid during the second
period of time is not 5 acconpani ed by agcorresponding flow of

bi onass. [0032] The "liquid" enployed in'the method ifdprefeLaFly a
l'iquid product fr i cul tyr m ni n al um na,, go ni cke
prgcessi ng), food 8?@(5’%% Jﬁﬁq P'dHCéQ}BF%gFS% Brasian g ol dheperangreggtor after
ot her production i ngdestdridseriodl F@fieNg aqueous waste. |n an enbodi ment
of the inventjon, the liquid is wastewater. The follow ng 10

descri ption Wheiglmine 'bcﬂl'q iferataiped sPislY imtheckingt fQﬂthrtCQJriﬁlgethe Airstheeriod of

treatment ofimasiemaierfein th dﬂ\)’%‘?til AR LBrAQthdQMRNAE AdiBlt&daR! ¥ A&t
? Eq [’n applic | “and

this context. A person o realngt. atiion"will
shoul d re&:ogﬁﬂcgmp@ﬁ@dmm.ﬁ@m'@mndhatﬂow ofibiemase.i eti es of |iquids may
be enpl oyed in the rret hod of the invention w thout departing fromthe

enpl oyed m‘f‘t[PQ% “ cﬂi@’oé Io}@&'ﬁn tl?é:ﬁ%rtlﬂigggaﬁrgfetr%ﬁ&' dﬁﬂﬁc{ E)}o%ﬂct from

enbodi ment e invention there i's pr oVi eat I'hg
wast ewat er @grpﬂitwhhngWBgsfmimf :gqld) niclkel oghocessing), Viasd epvatessingntar

f j i : | Lowi.ng the.
vast vt er (el rodh Bk o) o 08 Spgb Aot b Bt SR ing aqyspys
20(c) al | owiwapte hdn magnmmﬂraentfdfcb}ne siventidr Xhe Hquid IcwhabwaleroThd faflowing
first re,ﬁ)ct (g)@ﬁl nto a second re ctor\{ﬁg%ggrl si ng a,second, bi omass and

from t he UsecSia PR £8POYNHEOR e 7 dBJEEPS iof s Usthin thio dreatmest, of

(d) renovi ng;véshewm@stEhaﬁre/bnfcsromﬁdﬂﬁoﬁvb(/éﬁ[mﬁlm :rﬂﬂ@/dbrntéxheA%%%f
reactor after efa‘ﬁcon od. of time 25wherein the wast ewat er

retai ned sol & '"BHB'Sf"’IHp isatioat gnd shpHidgeepeniss frd U‘fb@ﬁ’rﬁféﬂdé“ﬁa’ftﬁ Yrige
and wher ei n Jdietiéd QN IRfuideE§eE QJmﬂH{/éd’Gh tie rﬁ@tﬁ@@dofpt‘ﬁfa' iﬁderﬂfont Wﬁﬁout

i's not acconpani ed by a corréspondi ng fl ow of biomass
second enbodigPering ffare the peployad matbesdo® onasses are sel ect ed to
extract at |east one of carbon, sul phur, nitrogen or phosphate.

Pr ef er ablsy, [00@3}30TBU§n§($c%¢c§in@rt§ 186 li®GHtIE B RIMYSR & thbeAvdntBhithegeR
fromthe i qpur:J\(/jidecl:l 2 n?ethoél for treating wastewater comprising the steps of;
(a) introducing a wastewater into a first reactor comprising a first biomass;
(b) allowing the wastewater to remain in the first reactor for a first period of
time;

20 (c) allowing the wastewater 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;

(d) removing the wastewater from the first 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 biomasses are selected to remove at least nitrogen from the liquid. In a more



- 10 - preferable formthe first biomass is selected to either
nitrify or denitrify a liquid. Selection of the second biomass in
this formof the invention is determ nedas the reciprocal activity
of the first biomass. [0035] By circulating the wastewater through
the first and C react wi t hout concomi tant flow of biomass
the effici en'%rﬁ ?q?g%'\’/i‘ g@%‘?’?%’ﬁeﬁ f(ei grich R shberaniiry of Hepitrify a liquid.
conpounds  suSHedforiPTand BatehdeRgmaas RPmls ofa rafttm@m\&@ﬁﬂ&\/@fd%fermﬁdbfs the

i ncreased over_ previous nethods, as the organisnms conprising t
anaer obi ¢ bi '§FRECE Actiig of fhedirsthiamass. are not dil uted or
out - conpeted by introduction of organisns conprising the aerobic

bi omass fronobss; S%Oﬁi%ﬂﬁlrfge?r?é %ast@v%eﬁ“tﬁr%uﬁﬁrtﬁé flrléfJ éSBGQQEHn% r&B¥tor

circul ati ng wast'ewater but not bionass,
associ at & wWithpuba eangpmiterstafigve af hwsae@@ Qﬁmermyrﬁ remdala@f nitrogen (and

or gani ¢ car on e eietveaPot s SfVaT P e A LB fid e Rpstggeter

bi omass t r anvégrbeatinca¢dsesc oveparavesist methlisf laswthef omasitsevaicomprisihgi the

tici pat ed Ll transfer,

et 1t e e 055, Y ey SO0 Sy R B g o

Ri trificat |h ontrmt;dm:;tleacmfo%ghymnmmogﬂﬁm%! thes iz@hd i q:&d(ijmai@émwﬂﬁ sthef second
eterotr I C acterl a | C U (0) 4] Se, a resi dua organi c

ot or | a1 0 CaBFORG 416 e U he NP ATRRpaY CEMATS FRsigeien g not biomass,

sequenti al traaks obfheirbblefisCaisoetaangit? BHAQAbiligdtbh GRivE PrenWheF@mMP $hd
or all of the biomass is transferred with the wastewater, the present

syst em pr ef FHBIROYGBYE R pgygeélstg,setquq:{erlqyo,@r@fa fasisicliproindass efrasaaminearbon
reactor to tigeckiewdd. preferentially with less than 1% and ideally

Wi th no biomass transfer at all. Mst preferably, the present

i nvention pr8§€f§es wast ewat er treatnent, net hod wherein the ]

t echni que ofl I§t Bi 'srRiglesablaitatdy pieenass tansiasaiallbaccompspiosdhe

oxygen 1% t FRw\a$s lveyadRatent lttlg%ﬂtic@téch%ﬁatsﬂhgm &2 Bk %'sﬁnaﬂ krbhsfer.

present in the wastewater. he term "wast ewater™ as us
herei n ref erldoweyes rﬁr&fﬁtﬁfh@/ dhewameunfa@a ipress vieansier ﬁjﬁ@eﬁd@(ﬂ that the

solids. It igraeRRab %!]\%lerdoegeﬁétvﬁﬁlntgfnog}grenffﬁbﬂf%Hcﬁ‘{nts ti’)lf'SIH gr%?roﬁﬁxc

i ndustrial sources, may contain a va
30such as sda@ter@awﬁmiryd:paldegxxdisepadz repldualeprganuarmaiama ((Bih@)nbiyausmg

or manure. é’ﬂ?ﬁy Re Q%Fcu QM Baid G ¥ésatL eﬁwl ?énk%"“f t?;\fiﬁ%tﬁ)é and

exanpl e effl u from agr Tural "sources as ‘Ahrma
practiced i rignitdiicagiopi ‘ggerra regst cacillad tHet hiomase isr tearsfermpaivitts theh easewata

oy Lo ok M S PR S B L T SRR R e
reactor to the next, preferentially with less than 1% and ideally with no biomass
transfer at all. Most preferably, the present invention provides a wastewater
treatment method wherein the technique of separated biomasses avoids the

25 presence of dissolved oxygen in the wastewater at the time 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. |t



5 food processing and manufacturing industries, effluent fromthe

tanning i ndustry, the defence industry (e.g. munitions production),
the food industry, the agriculture indusyry, the chem cal industry
(e.g. manufacturing of fertilizers) and mning nay be treated using

t he present rre od. Eff nt fro human sqQurces su as sewer
facilities, e é‘W&t%rW' nﬁarlf’ct%’ré)gt ?‘E”ﬁ‘?%y%én %kef&g?r@rfr‘?@
10 al so Inclagmdmmai haldmréé%e sBRNAE Jardinal hgrrhmgrr?ara%&:@één M@!b@ihg PiigEAES
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may al so faldgydrdi fidin %Bﬁrd&%agucﬂgasobaélaeaﬁc?Em(}j)"‘ﬁ'ﬁfse‘é’%ﬁ refibe G MYirs,

the wastewater to be treated using t t he” present
i nvent i o i Soeg precrssiag &!‘érmﬁ@'éfaﬁﬁlﬂm indusiriesi pﬁhemra’@s@mvthe danrimee indrstny,

the present TRYSRTES (PRI o hrliofBRFIRAGAF g B BT Wity

car bonaceousndwettrtyethe pliosishlbindusiry @ngi/manwfaxttmn@sf fardlizead) dndomiining may

d f I I
g or i MELSBRCH: UgPedt fu8teBRRaR o TER 4, PEmER R v as

or nodified smxe@asgd)mémﬂss Sat@imasal atastdvestsr, alnal@ﬁnes@@rgﬂéy ard bReR|Water is
n-offs and | eachates frommaterial that is in

| agoons, r|v 0
contact Wit "l?{“dregsw‘ﬁﬁﬂéh%é”e?ac“'%ﬂft Henteramelera, waler. ciuisee natelo ged

subst ances ag?sum:rv%aa# GnfleatRAU NStcul 203 8] tTgecdrEérmnaferdeayl dtgani@Ss nﬂﬁﬁ@n
herein refers to the partial or total renoval of at least nitro n

from the wasiosiritieg Orménmad cHBEANGRSy M3y alsalfal, wiskini thernearfieg af

organi ¢ ni t nRYSANMS gyysalel [ { f

nitrogen such as am no acl s§otpapr ot g‘?ﬁtgp tals:’rb%f §§a§§§ r@eﬁlee@% %ttg
t he total niRresgdrinvantionds weestewaiee delivedr @mv@dmaﬁ@ml wastewslst deatnesnt

has circguyl at et t tars r
or of or by, BAUYY SUEF e Sadd. S ROLoaBHPRRe] TR AermshRES of e peen
Most pr ef er dbvagntiograrat itableator 966toval qrmabgendtmamaﬂé%aafbmcem matter,

nitrogen is 39 Ilterature

est abl i shed ﬁ%“ﬁgﬂﬁ gn%@% E)cmi ge hea{'ﬁml lﬁg PH%OLEyWSFE?dQEFe@Eﬁdl Hé for
oxygen | i m texagnptgnitinéstics agmd.eturamnmhndpo'r Iihdiustrral fprmtssw iastewater can
denitrification, CZ"‘ 0ocC entlrel e{;ar fromthe

ot
current |itelsR g %B?ﬁ’é‘?l ?rh@cﬂﬁ'@d ‘é’at%%r?gt?sdﬁﬁ‘qma AUTRSofgles: gonds,

deni tri faocatgoels, NegeinsPRivéieadr fum-Gitd aRd liéécﬁdtééYfrdrﬁQn@t’éﬂéﬁh@?@fn contact
oxygen, or whether it is minly Eroduced during oxygen limted

nitrificati oHin Walers ag)laay %Shlétco Bie BMENIa. reft ohphnifogsptSubstances and
ni trogen rerm%gxﬂ"c\éb,@ pdLiRyd t aneous nitrification and denitrification
(SND) cause this N20 emi ssion. In the present nethod, N20 producti on

due to the a@gg& di_?lcrl bed oxg en inhjbitjon_ of denitrification an
oxygen |imit n oneAeTn ifeatihg) shused hreinrgf eé%ﬁéﬁleé?frﬁ'% %@cggrren'@gal of

the nitrificatémn nﬁ%@h%nﬁ SheSWRBLWBEErMTHE 1R bjﬂ%u@dﬂy%‘%ﬁn the form of
concentrations, while the denitrification reactor can ept oxygen

free or & M@amlee{yirogﬁmyﬁamm%nuquww@ﬂ@relérate[soomg]hertfornss ofimitipgen
preferred thgfcht ﬁ’ﬁ%tﬂ@ S’rr ﬁ%”ﬁl@fe%ﬁéﬁgfile%t kb d?rtl’?éﬁﬂ | nitrogen in

i nvention reduce t e anount onaceous natter in the o

no 15| ess t HaA vegsievesterist I@In‘go\@d%f’ﬁr tlnme-'aeta\n@tmasaammﬁﬁtecd)between the first

car bonaceousa%arségornd Jetac{owc‘s. More preferably, greater than 60%, 70% or 80% of the
nitfrogen is removed. Most preferably, greater than 90% or greater than 99% of

30 the nifrogen is removed.



nore preferred for the anbunt to be reduced by no | ess than
approximately 90% [0041] In addition to nitrogen renoval,
phosphorous and sul phur renoval fromtheastewater is also

cont enpl at ed. Phosphate renoval by use of the present nmethod is based

th f t torage driven denjtrification biomass to 20
2ol ence ahoolonol’ 4t e Herna piis e Er St ot Nfok arodicdian Sodented
up phosphat emglsfddngt anmgigsayggéﬂ fil@Rl! &ShdRioR- untak sm%ﬂ Pt hitridatioh %3

of treated effluent renoval " 1To occur at a tinme oth nitrogen an
phosphat e ar @enitrifieaiion, caroareytr. V\évlét § is aotf eatirglyeclearairom she surreot fitetatyre

et onet or "y PhohaORRNBNABRALE dARR YA InBURRER aeARANG] lifion that is
wast ewat er treatnent systemo esent ventron I's I cal ar
sui ted t & asishibited byt the presancee of ax&gwasmlewsetheagsnmﬁnlmﬁmdumgg rdgieg
content such t.e where i a n s. hi as

L1 owever e RuReL REaRa R BB Tl Buiths Gal B pEptHur Arogin
concent r at i omsnoval Niat s:ﬁgﬁan{fa@uﬁ h|t|$f&:aﬂd5:®lﬂﬂdv\@é:ﬁtgﬂcatronl@N{%)[ @!ﬂfb%} thid 81,0
first and second. reactors of the es nmet ho ysi ca ,
separated i ntYERG: s&h a?rés‘\?'éts'@@ﬁ? i\r (PAyg n&ﬁ%ép “R‘i @BBY%dﬁé%@@F’
with a phySI@)@lgehalhhﬂbﬂibnS@PGéﬁf&ﬁﬂ&ﬁtlém%nﬂ' @k‘ﬁ;@% m'fwltéthfﬁ bYOithif@EbAT §- not
The reactors may contain either suspended biomass cul tures or

bi of i | me10 orSXpegtdhionetGubravthe AFifisation reactrr is eanpliad withsatusaingnpgen
conbi nat i onscEHcBnrAYRMhAS % dér’?}?rlf ?i‘a’cfdnr r%tac{o?%ﬁﬁ% KePPBLY I Pef or at th

suspended culture bi omass and second reactor conpr|5|n a suspend eg
culture bi on‘ﬁgngL@ﬁl)enﬁaiquygeﬂé'QGtor conprising a suspended culture
bi omass and a second reactor conprising a biofilmbionass; 10(c) a

first reactopog@Pii & RehifarDhrefdried mﬁ%éfméa@m@tege&éﬁt%eh?%ét%d of the

conprising a suspended cul ture bionass I rst react
conpri si ng aPPeMiNYATHPB radureatia %n@éé@fﬁéawb@aa@@usmmllelthfgoaﬁlow to no

bi of i | M ONBSS than approximately 50% of the original amount of carbonaceous matter. It is

more preferred for the amount to be reduced by no less than approximately 90%.

[0041] In addition to nitrogen removal, phosphorous and sulphur removal from
the wastewater is also contemplated. Phosphate removal by use of the present
method is based on the capacity of the storage driven denitrification biomass fo

20 release phosphate during the uptake of organic material, and to take up
phosphate during the denitrification step. This allows the timing of treated effluent
removal fo occur at a 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 particularly
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 be used to treat waste water low concentrations of nitrogen, such as

groundwater.



[ 0044] Wastewater can be circul ated between suspended cul ture bi onmass
by, 15 for exanple, the use of nmenbrane technol ogy wherein the

wast ewat er may pass between the two reapi rs separated by a nenbrane
or filter that allows water flow but little or no conconitant

novenent of piaonmas ternativel t he suspended bi onasses

ot aimed 1 n OREET Ssrat 8hd saRas aipre A HASR eBeMgRaTRg YA parBsIcall

retention - geghrafey |hféeh:&b3§ﬂ§ﬁraﬂép¢lééé\é435b¥'%%y Bt abiedd rrﬁ@%tn@rxfeswe a&%

the sl ow 20 upflow of i g bi omass suspended b IS s
enough t o al PlY§IGH Darriey S@@éfﬁ’ﬂﬁﬁtt ¢ibipmess pethe wa Fﬁ@ctﬂ@rraTé’@ aac@a@may

separat e rea&ﬁlﬁél}pl é%{hte?rsgéﬂnéﬁﬁ%!dyblgitnggs %RL%§sorcﬂHﬂliﬁ13a5E% ﬁﬂgpﬁig%na&e%e

fromthe |iqui ow and retal ne ts own rea
traditioral graviienexsope. e bliogpgtaoneinatons laye caremplateyi:ing. 1f the

' ' h | b
bk nocsed! 50! bodBT S aSen SORPRLE] & Syl BT R kB s R b SR
reactor in the met heghctdr cohmripingsesuspendentiliomne bsmparseferabl y

intained in a substantially anoxic or anaerobic state during the
(Tret time pori odD) adial easiol (8B BREC SEEHRY cultiep BERSP g Sccond

wast ewat er to pol ynﬁgacfor%bﬁfpa{gmg;y[ggmﬁ¢§0mgggrer than oxidising it.
Reference to "substantially anoxic or anaerobic" does not nean that
the entrlP of oxyd&hanlirgt reactor comprising a biofilm biomass and a second reactor
comprising a suspended culture biomass; or
{d) a first reactor comprising a biofilm biomass and a second reactor

comprising a biofilm biomass.

[0044] Wastewater can be circulated between suspended culture biomass by,
15  for example, the use of membrane technology wherein the wastewater may pass
between the two reactors separated by a membrane or filter that allows water flow
but little or no concomitant movement of biomass. Alternatively, the suspended
biomasses may be retained in their separate reactors by the use of gravity related
retention — é.g. by the use of upflow sludge blanket reactors wherein the slow
20  upflow of liquid keeps the biomass suspended but is slow enough to allow gravity
sedimentation to retain the biomass in each separate reactor. Alternatively, the
biomass could aisc be separated from the liquid flow and retained in its own
reactor by using fraditional gravity separation (settler) or by centrifuging. If the

biomass in both reactors is suspended no further physical barrier may be needed.

25 [0045] During the storage of acetate phase, the first reactor in the method of the
present invention is preferably maintained in a substantially 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

30 be completely avoided. Some oxygen entry, for example during drainage of a

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



30 be conpletely avoi ded. Sonme oxygen entry, for exanple during

drai nage of a subnersed biofilmor fromthe incom ng wastewater can

be tolerated. Preferably, - 14 - during continuous operation the

oxygen levels in the first reactor are |less than about 1 ng/L, nore

preferably Igss t han, about O. 1arr1n%/L and nost preferably so | ow t hat
't

it cannot be“dEVetarEYuUANS RPERRYEN (e PXYIBX RYEl Bl betfirsla@scies agmyess than
i nadvertent godal mBer atdie (PeerdHy BRE!tMaAN b %l(r}tofﬁ‘ﬁ gl Hgﬂﬁ%réﬁ]g?o

absence of any suitable el ectron acceptor r respiration and ener
(ATP) gener deoifh&uBhcarnabxhgedicteciedr wite tadiipnali oxygea eidciredesmtas any

met abol i c ; for exanple the
fermentati gﬁﬂg#veg‘%gaﬁﬂrﬁ%@%%%moéﬁéghgihﬁ|S§éoﬁ'§1'sﬂg1r%dtO produce energy for
organi ¢ carbon uptake for storage or degradation of accunul at ed

pol yphosphat[@04Q]0[ 00 te Bhsencges§ any ssisable dlectioneasmeptayyfos merpintidromand
effective st C&Q resi rai.nage water frama .

sui tabl e ni t%e?g’ggﬁ@n reear%{?c;(;ffsfczj. ég%?kg?qhg'téﬂgé) r\é\?@tr'gee\?e?'ﬁfar%f\lﬁ'etabc’"c
react or systreaself cam bperatd tfor facesdte optoragct r ekaraplei sherfepysittedn of

containing nitrate or nitrite can be added during the storage phase
of the firstoHEMERY obsperiss SRR 1, Pogle R RO EaRG P AR HrigHe for
nitrate or retbragk@r dagradktion BSadtanXtee polpRosthagy. obi ¢ usi ng
phosphat e or gl ycogen) perform sonme part in the car bondupt ﬁke

erfor ce he,reactor durin he first tinme period. Thus, carbon
Gt ake Tiapd< Bt Kb PRET BLRS ] it eterbRsyPR et eleakpos Do Gib
anoxi cal |y (stnidrdsidual gehitagedivated frot & egiedbls Hitffcalion FeaHqE QP it B! dbse
(with a rel e%se ZOIﬁNEghos hat e or fernentatjon. of gI%/)co en) or a

conbi nat i on BFSVRER Eeaqiejongiems Fapsthermiiriratipnaieagios oha Ystalesistgra).

state may becopgdihinY Gftrdts drehiftitdidahnge b8ed idufihg tREGtRagd Phasd IfUhd first
| ocked state, i.e. filling the first reactor entirely Wth wast ewat er
such that suUB8¢8htially all atnobspheric oxygen is excluded. However,

ot her net hods known to the skilled person of reducing or 25

el i m nat1isng [oaxglen Alir ®id NRedtRARMY (A€ WRIRMAIBIEDr nitrite, aerobic using
[ 0050] Preferably, the first reactor is naintained in a substanti all

anoxi ¢ st at €XY8PT o FrRAeseRiB MeINGePheRPhAte oF SyCPgRIMI ReTforMceamemart in the
Mai nt enance @imdi @iptdkeSperrRBRES of the reactor during the first time period. Thus,

carbon uptake happens either aerobically (with very limited oxygen supply),
anoxically (with limited oxidised nitrogen supply) or anaerobically (with a release

20  of phosphate or fermentation of glycogen) or a combination of the three.

[0049] A substantially anoxic or anaerobic state may be achieved by
maintaining the first reactor in a liquid locked state, i.e. filling the first reactor
entirely with wastewater such that substantially all atmospheric oxygen is
excluded. However, other methods known to the skilled person of reducing or

25 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



inthe first reactor in a substantially anoxic state during the
second period of tinme, when the wastewater is circulating between the
first and second reactors, allows - 15 - the first biomass to
convert the either or both nitrate and nitrite in the wastewater to

it in th b of ce 0 en and by using the
Stored or gare MsitueTars ELCQEH et ellaRT Qi e 4B MiSterin dat PeRtewpias
wast ewat er itﬂtgé%@bm@%it&ég@g ﬁ'ugt]?esaﬂfs@ﬁ_éb 'b?%‘kfgégs %f}ﬁg‘éntélﬁi bY ru§Fn|g|rt§F}|@]§§t&red

during the second perio time is preferabl’y substantia ree
of oxygen. T¥HPaNigaipaiRriahcas e ®lenironofene fomgenitidicesigyen Toappksteinater

the nitrifi GabQRetGRith e sé%lr]eaéﬁ{ g'\‘?? fld ﬁt’é{‘?etaic{lﬁ?c?ﬁjﬂné % é&l{dnngtperiod

aerobic nitri Ication reactor a hy eactor co e“use
enpl oys &er olfi igmaiis rpreferal)y mabsentiallyafrde arfaerygbine  finlsomiy rheoxcdieséd gy

it okl | ng. roRnanp tdatite bRl f Ay BafE | “evel op due

to the presence of anmmoni a and oxygen. Under suitable conditions
(oxygen, pH,[008HpeAstar alfernativertiouthd fullyeagrohic extsficadion beactb e hgbrid ceactor
only parti al ononas) w thin this

i idation to nitrite .(N tros .
aer obi ¢ zone‘fc}%wgggiu%88ﬁ$%e%n@PY%asré’Pbco?'&ﬁHf'g PF'F%”ﬂga 2agrbic ammonium
resulting i mmdiﬁggcmaﬁm,ﬁaaEAmmmbx)]i!hriih;eefirﬁﬂ zbhe (ﬂwa)&gq%ﬁm oﬁ@HoWnﬂO\%v
zone 15 [(e. g.. subnersed, {to 1 e reactor). e presence o
Cindegr adb” iR TEaREn i pRdhedackirer WafRlobisiue e mosgive of
are the enrighimenia eaddbkigens Uder a8 aRbRDICENAIBRI (BR)gRXI dM,i Rinperature,
(ANAMMOX) . The ANAMVOX reaction converts ammoni um as the el ectron

donor and nidPTPRIUEY e Braspes £ad R SaeEp bronnpartiRbampniasosidationite nitrite
doubl e | ayer(NitRaehfnak] vithdt anigl adrBBicP2oifd, YnARiRP iged Gjim é%ﬂot)lccﬁfﬂ'ifwﬂg
reactor would further enable effective nitrogenTenoval. The _

possi bi | i ty Rectergatsestiliing puiha gcaspdaion af nititeiio dbe subsgquent lrsoxic zone

anaer obiqg A %VQ{ HsaeLd o S CIH %C&@ el
Aut r ot r ophi ?é I trogen %ée’ng% O?%t?q?\rli ¥Hreib?% 2 a o séﬁrrcgser 8¥yungr?grad9d
al t er nat i ve @nomoniaeand tfreishlyc prodoped tépites otins Fesowic *oweaer thes endchment

nitrite or nd ; .St | pn the. I

nitrificati {)Hr?hpg]gﬁrf\ éﬁraP';A U%P%étié%obﬂ@ sg '(gi(régéérfé (g‘ﬁA\%MnngniTp?i ’f‘ﬁ\“éM'\f'%
process can reattiannoenveotsogremainaim [80H2] elétieors donmdane adttiter as nhé kfactron
met hod of the esent i ntion s preferably mai.ntained. in a )
substanti al | C%é@égﬁ%%@tlﬁ'@ thig dﬁg)%b?%faéfpéf%/a&&ort‘ﬂ acepl tas ey aerobic
| evel s i20 t hetrificdtion reactof wobRl fthenshabkasifedtive nirogeheeinbadl. The pbsdbiflty
my/L, more of combining partly aerobic nitrification with the anaerobic ANAMMOX reaction,
also described as the Completely Autrotrophic Nitrogen Removal Over Nitrite
(CANON), is merely one alternative for the nitrification step shown here. However,
some nitrite or nitrate should be still in the outflow of the nitrification reactor such

25  that the storage driven denitrification process can continue to operate.

[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.
30  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



preferably nore than about 1 ng/L, nost preferably nore than about 4
nmg/ L. 30 During the second period of tinme, when the wastewater is
circulating between the first and second,geactor, the second bionass
in the second reactor converts - 16 - anmonia to nitrite and
possibly nitrate, .whjch requires an_oxygenated environpment. [0053]
The second r 8318 'BE‘t%ef“%; eaoﬁw!&o%ﬁﬁa%odﬂ“‘aky@éﬁ”%? ai r OKYaspated
during the seg@rfnidnfe period. The first tine period should be of
sufficient 5 duration to allow the first biomass to convert:

subst anti al | ﬁt r all of the carbon in the wastewater to )

pol yneric st @053 d8Ra08d repeiop Maynbageraled thyi contiguewm exygesnonair dom
I's carried t gnMiplhd Qebdify SRELHRiBY ! 'T'ﬁfa'ﬁ%it HiRHR E@ﬁ&& Wholld b8 %t Bficient
second period of tinme, this allows all the oxygen in the

nitrificali oAuiader tooallomothedirsidiemass tormenment stbstantplip awast of all bbthe carbon
convert anmopia .t j LA t an- 10 r .

' addi ¢ on {raepiegiae Rt 6 oBidr Sorsh B64uco R s Anley 3 R et
deni trifyi ngwbartrer COM$ aarriedethgyughotor he Serondonitrifictiiory reactor during the

nitrates/nitrjt to nitrogen gas, in the third ti erj od. [0054]

Desi rabl y, t%éecof‘larpsetr'ogeqfit' ’gl'f'”%teﬁl%’siagl tﬁ? 9regeR ”ig“eehﬁ'ﬁmcégqn k%cg)r to be

preferably, b by tht nitrifyiag paciedid tb Soatert @fthori8 ornAtdk&InitrdS trather than
nor e

preferably, the firs ' riod is 15 120 m nutes or . For
exanpl e, Mlor%oa(?et%?‘ieabpttmgﬁgg@oa e BPYEVSTE SERIRIR PERSUCERRASAER &€i UsRd by
‘it has been gaoyenitrifidig dbtefiabss ra'hnéﬁérg% Jolfdel fdrScorRB8AngRtrbREMiRles to
after 90 m nutes, >89% COD renoval can be achi eved; and after 120

m nutes, >96947egEN sahihihe thikhime Padet-eved using the present met hod.
[ 0055] The second tine period, wherein the wastewater is circul ated

bet ween 20 toe54) r TesaBBlySREqRst Jeringlopfimes bhREbt f5 RMULES POIDFY ﬂgfefrérsrw

of biomass, shaquld be of sufficient duration to allow the second — °
bi omass i n thE TEddimpupreicstis st ienst B8 reipwiear Masb greferablyy B fitat tinag peried is
the ammopy a {70 kutda sk avRb e 'Fdr AxBidpiatisr 8 ceRbin bi i

bi omass in the filrst reactor to ():(om)rert ?:sul:?gt antl?lgﬁasggpprbt?%éem%?@rmé ne’t
or nitrite tPNEPOVYip gass mesr shaw yhatt alterseQ aniauissr itheteos t6a% CED
at | east 15 &mdValdiRs ooMilifitdy, Sle8tRlioh ey AL hLABVRE il 2D
| east 100 minutes. Most preferably, the second tinme perrod’is at

| east 240 miminugs, >PoY ebnphwyvalean e gehi¢wdudiipinegsessrd methodgen

pol l utant concentration it has been shown that the present nethod can

Convers: oo PP THE(BRR TR BolSE @l A O0 LIS e
20  the first and second reactors without a corresponding flow of biomass, should be
of sufficient duration to allow the second biomass in the second bioreactor to
convert most or substantially all the ammonia in the wastewater to nitrate or nitrite
and the first biomass in the first reactor to convert substantially all the nitrate or
nitrite to nitrogen gas. Preferably, the second period of time is at least 15
25 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 NH; or NOj3") after 100
minutes; conversion of >85% N can be achieved after 150 minutes and >94% N

30 can be converted after 240 minutes.



30 can be converted after 240 m nutes. - 17 - [0056] During the
second period of tinme, the wastewater is circul ated continuously
between the first and second reactors. wferably there is an upfl ow
inthe denitrification reactor to keep 1t'free of atnospheric oxygen
and a trickle do wnflowm the nitrification reactor to ex%?se t he

liquor to at herP@ingcihenseqons meriedn ok iime.edhg nwasiewarar i |girculated
th f
recogni se é@)nﬁﬁu’ﬂ@éiy%%&rﬁ@géﬁﬁ'eﬁ&'s@@oﬁ&‘ﬁﬁ%@to@é f’?éf?r% \Agofh\égc?[s} arb%pgfl?w

environnments are posSible t For exa he f
up or both dbwhRagerdtrification W@ctﬁaﬁéomeeeatﬁee\ndf latrsasehetin qygpn raagdca):tmd(ie

th fl
ravity to agohbfish HeTARncRR foafl '8 eRh0he Mch Lo Bffeeft ciffes® A
are used §o petspevskiledgin dhd lanwwilFoecogmisepthat othem mesing ofbacieving these
bot h t h t t. i d f th
por i on-of _t A F SRS PRIE R Yo PER R 81 per B P Eyh For SXAEPSbdamdons may
reactor, andbérboth u@erlbemow@rugm Révitidens e¢ easch MB@&»@FOI’C 9ut‘hFﬁﬁg costs
| ower portlon reactor. This results in a li

first
i rect on t hde e UL TT paF o dhimaias Toh COUGHOVIE the PUT L8 nacetaviBt o
and downwar dgsglarrgmghtﬁalﬂq)@gﬁﬁ@d reactor. [0058] Once the wastewater
has circul at ed through the first and second reactors for a sufficient
peri od o{ tlﬂ@#’ﬁ aFL %er t he second bi omass in the second_bi oreactor
to convetd r TSGRk PUTPS 25 HSehio achipva bavid flowe Refsremperwhen

nitrate or nuing bMAS it Bethl lebsford itREBRStdwktéMBal beSirclRfkt #6mtRe upper
convert substantially all 20 the nitrate or nitrite to nitrogen ga

t he wast ewat B@ﬂlexmfﬂw firgl reqetar e thestinpsy pottionaf dke seqandgractr, apdrirane the
removed fromyRe o Wﬁ%tneﬂﬁh@rse%ﬁ?}é%r ONBE §SWer Wi dﬁr{ RS Jeagﬁ)?t This

may be renoved fromeither the Tirst or the second reactor or
Preferably, fasults “’ﬂ énbydd favontiresiipns twbrigl subatentallyvipwards dhtdugh therfirst

to an ef‘];é ued, o H%%gﬁlg% 1%?%%2@% slaE' oTeI-1R |ron the pH of the

first and secon reactor T8 ned &t a | evel that
ensures viabili t% of the organisns errpl oyed In this respect, nmany
nitrifiers al0®58hhi®neeedhdywasievaied has (qrrnuia@&jsmrguglmtde first and second

concentrati QR:*})?ct ?ﬁ%&'ré’@&ﬁ L thspé(}‘iotdhofc{fﬁ% td Lidve {I'% W68 o Gd}ﬁés%aiﬁ%hé g.R

(increase eit roxi dé concentration or ce aci
concentrati oh)lreﬁtrtrrtocnoayelésmm‘t or-sub8tantialtygathtrenamaoeisaihf the tvedtdwatb oty

Pooues "5 B8yt S SRRt Sl AR Yt R o

the nitr2di ctiei nitrateeachivite its nitrejerr gdy, YthabastvwaterRalhdh Maytrowabe teeied

7 and deDend‘l’:rnegc\’teocrl eﬁlﬂgnt”), can be removed from the wastewater treatment system. The
treated effluent may be removed from either the first or the second reactor or
both. Preferably, it is removed from the second reactor via an outlet port to an
effluent holding tank.

25 [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



5 organismselected in the different nitrification/denitrification
reactions, a 50%reduction in efficiency can be observed at a pH of
6. A 20%activity loss will be observed }@/_ reducing pH to 6.5.
Preferably, the pH is kept above 7, nost preferably above 7.3. [0061]

If the pHin the nitrification reactiqn i bove 7 at the ,
comrencenent O'@F"fﬁﬁwﬁgraﬁéﬂ?ﬁ%yﬂﬁm R W“Hgo"i? g‘E}Pinﬁ piterh FaNaREE S iqvs Jpss of
for detectingctiiigfor®ottcul ation or exchange of the liquids should take
pl ace. That is, 1f the pHfalls below the m ninmm desired pH then the
fluid should %g nore readi I% circul ated between the two reactors to
mai ntai n a pld9B3l ar@ensuspBBFierRLohePeratiame thefeaqien el dnthediifieation
I deal | y needgab@rak SgreRfa@POudvé OURekAvE NS H65H (df 11408 q¥bdiding on fhe
increase the pH and therefore the same sorts of constraints as on the
nitrifiers vwograR™ selectesc bs dhe ifferpat nidicaldon/dasigificadorp eadtioes, B0560%
| evel accept 1ot Al tr il t her . exc e b gui

can be ini ti%{aggt}&rglrneﬁ?gﬁ%%ﬁ ﬁée%g i %d %gt% rgggt i%%ag"egé{é’f% IO%‘Lsé \%H be
mai nt ai ned i ebseneed apgedacitgtp 8o /br e Ppafefabhalihy pHids kephgbois 7, most
between 7 an . i_ncl usiove of all pHs within that 20range. [0063]
By operati ng&teﬂeégl?]gg@%%%z&rn a continuous or nearly continuous nature
of recirculation, defined by pH variance wastewater can be circul ated
fromthe envi0Pohimedt thetpdt i theenifpficaten reactton it leboke Ghat e eomirrepnemsnt of

d the hjgh - . Vi d i H d
2o opt S GrerBid PTERLS bEbE Wl Bry b GRS LR RBB T WA e e or
bi omass and/eichehge secthadiduidsnalsculd Saks giodedhas i§ Pithé i gHNfalBi BélbWwMhe

based reactors.nmay increa t he bi_omass ' concentratjon' conpared to a
simlar sized WHUSRAIG @uifmf‘gh? QH&%\DUW Atie Eeamly cavatedppapeen the

footprint reguiread®R ®. maiRtsin hpHbal@ddd. i cul ar interest with
i ncreasingly dense urban - 19 - popul ations, as the vol une of

wast ewat er t treated.is hj while the |.and avail abl e for

roat mont | i SOPBR. BB s Tedis T Ria8 srdiion iHeghhaRds 4 REe s @rove 7 but
popul at 1B cthardaaitelidrs Wilk Bicrdzee 18 PPAMRS thERForEBth8 lsBNeRtsQlf BnSt-&Ifts as
| evel of nitrifiers w thout sludge bul ki r_}g.alehe use of biofilns miéﬁel

al so reduce YhEpdifisrs youkinghe Beeassany iThabnoted; ansréhe pHJIBRpAR ias

to suspendedaGidbidbie tSURE RiBKBRY HMh GABthaP\XRANgd Iof Ifqufohﬁ]attl riR2G%hted.
dd ab s na SO

effluent quality. In addition, the use of i ofTl y a

eliminate t hRreiralys & BEtinIhoty reariion| espelp damaintatiedtindae sange 6.5 to 8.
wast ewat er . rﬁ&?é“pb@férBPghﬁaP%%ggfi%%b?&%éd*? ahﬁoﬂg,hinclhgﬁéeof%l'cqHﬂv&tf’mih RS
I Of | p 0ggl ng.

a need for periodic cléaning m growth to prevent

10[ 0065]20 n rengewast ewat er treat ment net hod of the present invention,

the biofilmbiomss in the first and/or second reactor can be carried

by a solid sgpgert Byssishaty thhGea@AM! £eortinkb i

bi ol ogi cal c[gn_tgct or, T o;@'ﬁ’ st ongs, e;[ﬁat g? I|cr)-'l aQ% ?}é\ﬁ%aérgf%c?rfﬁh%ug'ﬂature of

reticul at ed feckenlglion, i defeedabyrindt vatantee wastawater weni ke piculatedetom the

[ 0066] Thus, . t.k i Lde of. tr i t.er ..

conpri si ng tﬁi\h\‘?éﬁ]setngb@'ég%”:cr% ;SjH% it @919 Itngﬁ p?—iigﬁﬂ%n\ﬁ@e%tt Bng'tRe higher pH
wastewater to the environment dropping pH in order to optimise the pH for the

25 bacteria.

[0064] Preferably, the first biomass and/or the second biomass is provided as a
bicfilm.  Biofilm 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



(a) introducing the wastewater into a first reactor conprising a
first biomass in the formof a biofilm (b) allow ng the wastewater
to remain in the first reactor for a firgf_ period of time; 20(c)
al | owi ng t he wast ewat er fromstep (b) to circul ate fromthe first
reactor into a%econd react ri cond biomass in the

formof a biRYFHCERASF F'B?nvp %8 S ’ (i Eﬂ' g? rffeatethés pighswhilea e nd

in a continupfiableOmr treatment is Iow(@ofﬂrﬁ%hﬁ%lé&‘%s‘é@?tlﬁvﬁé oll8h of
the first reactor and/ or the second 25 reactor after a secon((i;3 peri od0

of time wherRaRylative Gﬂ@@%l@? fpreexaginde.foe madntengnaerpfeHigh lavekof nitrifiers
reactor dur t
u I\DQ’]&L@E‘SI% des'bufk per| Oaé'cgfebsﬁﬂ%swﬂ?aﬁ/g%fgo Ruld s gér%%/uné of

wast ewat er during the second tineis acconpani e
cor r esporidi nyastewaleofiqweroraiined in config06dh t@isobpéniedeattuar sSunheratention

Penct ors oo Bl roh kS SRR RlR i ok e BRE o8 Bisgree pav
- 20 - usedalsﬁ.ehmhmte:ﬂ'rer aeaéd fdn}&!tttnng)land'EiimfiﬂeaWrEOfatréatG@@ﬁastﬁwétMD@en
fiiter bi otSbMeser PbP Al Morah BRIy S agises deicperiadi senng
settings, mm@mmogrgarm@rp&e@éﬁt@ g d Iive on the nedium and take up

the nutrients and other conpounds fromthe wastewater 5 flow passing

by them trL ekl i filt coarse material (e.g., .

stones, | at[ébéﬁ B'? Q‘?t‘i"%&%aééfm?mefnq %t?' Fg}e F?@S?f&é%‘%‘ﬂ't'f’%rtﬁﬁé’l“i)ﬂm
Bi ot ower s arodbs®irt the Gisti aral/dri debend reah’itﬁr dat B@ariB@P9E RidBuBPort, such
towers. An RBC uses flat disks, rangl in diameter from2 to 4 m and

up to 1 cm i3 {0 xRS, aRiotpwer sorq atI%B@mcd Gokaetashrough stones, siats,
M Cr 0- OF gani H4Btic riiMadh FiBURER TRMSARHIAN: AiGOBIFRE: Wﬂméma afRicRt es
bl

at 10 approxi mately Ito 2 rpm Trickling filters an otowe are
typi cal f|x§8 %}Ofﬁ‘l actors, while a RBC is treated as a speci al
adapt ati on Faches: 'éerWt"ﬂe%r"‘dE%@W of trestipRwasisMEiRT@@mprising the
flui di ze@- begedhB) reactor is simlar to the fixed bed reactors
descri bed above in also being a biofilmreactor. However, the

di fference 15 bef@kbifodyming fhearasieuates ite 8 firsteaatercamprisiiga frsh bigmass
reactor is that th f the latter are not fixed but
fluidized by sui tagpghél)fdéhl Jréqﬂ%@vmoThe advant ages of a fluidi zed-bed
react or over susperlewing hatwasiewater taatsmealn gr thetfirsirreactpofes ai fivst petied of
hi gh bi omass concentrations and surface areas, |ess susceptibility to
sudden changes in |oad or tenperature, successful carbon and 20

ni t r oge20r enoval (€)ralowing thei \pasktewawréml ettap {bhéo eird:m:htsaftdnmltha)f“ rsaraector
probl ens and costs e and .l ess nse based

savi ngs in reactor @%’ % egﬁﬁd r'%%‘f F?'@Bf'ﬂﬁ%ta ??‘?‘EE‘% &O'fnlaﬁf‘dn iléquqg%of a
reactor is general |blofttor ancfrbinthe Bbcdrithreaatop #td @tk Bt ty¥tor in a continuous
(attached- grow h) rf?act or in ternms of nitrate renoval of per unit
reactor vol une.

(d) removing the wastewater from the first reactor 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



25[ 0069] The nedia of a BFB reactor is usually |ight weight and has a
particle size of 0.2 to 1.0 nm At the beginning of operating a BFB
reactor, the particles are expanded in aQ%I um by an upward flow of
wast ewat er recirculation to the poi nt at ich the upward force is

equal to the doywward gravity. However, as the bacteria grow as a
quOfI | m ar ouHﬁPm@ tha tGuEtest inventiensiThgrenEt ia MUpenng’ Wpes g fixed bed

continue to Eh@éé‘éést\nﬁicﬁqgrhzé— RBli¢sOpSortdli et NG I?lfn% rSBl@{ or M Rtating
il o Py

cell growth equals the rate the cells are vvas e surface
sheer, the beiglogigpl s@ntat:tor(liﬁc) 1arﬁu@hcﬁ@§mg§brrécrh®r@aﬂlsm$\siﬁacm asdllive on

th

{0 emove LeSAERSD OTEIn BEGhHRARLaR D RGN 8 ek Mptr
bi of i | m b ontes passmgdmirh\em iAntricking Olken isfa hedb|o®Icogﬂseahaﬁefiuiiw.g.ﬁdtloheﬁ
medi o part i ohae, 06 pReBE PRgIainal bahEneltr Rven’ L PlarPElES sreunso
wi th a di ametrieklidgefiers, Han imbrushabestof hig?ﬁ’@mter@mmklai uélés&idmﬁsk@rraﬁ?fng
Bl or seeorl SRBRE SRRy Bet 5F SRduitas Op dudieiiees suiiareld support to
Suspended cuéﬁauhanﬁr@a@@mmarrﬁefdmg offd m%@htéé &P@E@r’hhﬁm sHag tﬂ:& Totates at
suspended bi omasses may preferably be conposed o rgani sns

floccul at®e t@PRTE¥imatRaca? rBNofEEBS, TillgrslRRg biqiowﬁtarertgpl@al fme@ biofilm
suspended bi QEBRFESyhild" %@@%@%9@9 %’eh L3kefial 8843 EHion bPfhe gitached-growth

M cro-organi sns |nthe | omass an tewater are m xe
mxture is uR@apsy agitated, and, under such conditions, growh of
m cro-organisns is stinulated. The individual organisns 15 gradually

fl 88;2' ate apdesP’ M ARoRGlcaY UMM TBEEPPESEN BVRindfar 36! RS bed

reactors described above in also being a biofilm reactor. However, the difference

15 between the fixed bed reactor and the fluidized-bed reactor is that the biofilm
media of the latter are not fixed but fluidized by suitable [liquid flow. The
advantages of a fluidized-bed reactor over suspended-growth and attached-
growth reactors include: high biomass concentrations and surface areas, less
susceptibility to sudden changes in load or temperature, successful carbon and

20 nitrogen removal from municipal Wastewater, the elimination of any problems and
costs caused by sludge, and less expense based on savings in reactor space and
rapid treatment time. A fluidized-bed reactor is generally more efficient than a
packed-column (attached-growth) reactor in terms of nitrate removal of per unit
reactor volume.

25 [0069] The media of a BFB reactor is usually light weight and has a 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 fo the
point at which the upward force is equal to the downward gravity. However, as the
bacteria grow as a biofiim around the particle, increasing biofim 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



[0072] The first bionmass may be conposed of any popul ati on of m cro-
organi sns that are able to performdenitrification of the wastewater

being treated, i.e. the conversion of o_? d_i sed nitrogen to a gaseous
end product. For exarrpl e, 20 the biomass may be conposed of m crobes
such as bacteria, fun and archaea. Preferably, the bionmass is

conposed pr i #EiYp4esiA "@%‘F efBa2 residt o) rRsgve ﬂ\ﬁoﬁ?“éﬁsﬁeblpg@ﬁﬂoﬁﬁﬁ‘ﬁ@s
deni trifi canshodif bdkkn @LDEIthe PESGSand WalHe ol BGdfegudononads and

ot her genera may be enployed in the reactor such as Aquaspirillium
Agrobacteria, Chronobacteria, Neisseria Bacilli, Thiobacilli. The

preferred A80BYct & p&reiPEed REYEdiMAN the Sidfip Aiareassris ervidsctin e form of
carbon i nt o PBlorHREd) ARG %%?dw‘%ﬁer@fﬁdth%%&%?éé Rt gﬁd.&%‘.@ and

nitrogen gas. However, mcro that 1's capable of
wast ewat ér erwlimadla part[quB]JcIThe csmm(spbfareaalwmmq rdwrmmfaoseand

of any popul nLoQr i { ha r b rm
nitrificati ovrg]'mo vvagtl%\%va er %el ngqt b-'é-'gt geég %%P %b{ﬁﬁ é{ T Qhmere
to convert almimmlﬂy,tlesmanabeutofemrexanpl e, the biomass may be - 22
- conposed of m crobes such as bacteria, fungi and archaea.

Preferably, (ORID ATBRRiLa, CHIPRRE SeidEloBRh HoRbeD AP R 3o as

m cr obe that rs capa ying Nast
Pref erably, duspesdsbadiub. oﬁmrﬂedmultmesbldnaaéﬁslaeﬁfeetdﬁeo@fmmorts The

Ni t robacter and Nitrosononas and ria Nitr cter.5

it e 8%l dREPERee P EEReS DS ARELA Br PO OB Ra e Aoty
hi ghly pref ebrfeth gtraitardfiombssdsn¥ritig Prsetiing oPtH & @pehesd R dses. In a
preferably s B'P'FEF nly the Nitrosononads so that there is a savin

in both oxyggég 8 C@dg’ta[?e TEBCiRNt 1] MR REFANVIRS i ﬁ'?%t*éo*ﬁéﬁ%ga"t‘%ethe
principl e chesdteabtep hareethiRed Waae Higureast Kully 1QQ|{6@&74]anJh‘%lrn@el‘ Ssuch

further provided a nmethod of treating wastewater conprising the steps
of: (a) i nt r&RgeiPAg QWWt@m-@rgqmﬁmﬁasﬁtmy{at@téa?smwnc@dfgqﬁh@*ga@sms

first bigmsgaduyally ﬂocculate aﬁQ)foﬁhléﬁMaeﬁ/et Reash! drSthidR BETRR oV a6 Y64tk

organic matter in'the wastewater to 15pol ynmeric storage products over
a first perishddast tine; (c) allowing the wastewater fromstep (b) to
circulate fromthe first reactor into a second reactor conprising a

second bi omgag7ANd ThEOffist h8oR8ELNHaY &R t¥mAJREE th%ng Fuldt Cb?rrnngb-

a continuous flow, ( removi ng the wast ter omt
first react croanamsthatiase sdlsoadd !@actﬂrﬁrlfl@ﬁtperof @h@\eeﬁawat@ebem tegfated,
tinme i.e. the conversion of oxidised nitrogen to a gaseous end product. For example,
20  the biomass may be composed of microbes such as bacteria, fungi and archaea.
Preferably, the biomass is composed principally of bacteria. The ‘classic’ would
be Pseudomonas denitrificans but many other species within the Pseudomonads
and other genera may be employed in the reactor such as Aquaspirilium,
Agrobacteria, Chromobacteria, Neisseria Bacilli, Thiobacilli. The preferred
25  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,

30 ie.that are able to convert ammonia to nitrate, For example, the biomass may be




wherein the wastewater is retained solely in the first reactor during
the first period of tine and wherein the flow of wastewater during
the second period of time is not acconpay ed by a corresponding flow
of biomass. [0075] Cenerally, there are ree main types of storage
conmpounds whi ch are 25 generated by bacteria during the conversion of

organi ¢ nat t E?MPeRES PoMFEPEE SYElrayfapietaubing BRdserepagd) Ryefarakly, the
b met hody; ; I at nd: :

Eﬁyg\r/gxyal kan%!gﬁeéggﬁl%ﬁo)%@g%ﬁqggﬁggpg d‘fhy rox@bu?\rﬂgi 'glog%&dfl—taﬁljlﬁ)%apablé of
Pref erabl y, DidYipalwastewaies mayae usedd ;fﬁ?feir@blpoﬂhft qudn@?qmwshwcmprlstes
id. Th ] i on i i r . Ilrs
e e o WAL SESRN LA Mol el AL b B, Syt
condi ti orfs eperfarmagiiniie BHBaﬁcnromtheNiﬂml;onmmmaformg ??mmgga oxidation. In a

trati f .05 . ca u - - wever, an
oxygen. concenBRXTERNER Statk Tt inyeBRerting PV resatdh wou PEGwly Stbport
storage of cadilipdie ARrasomomBEs eo Shattage iPaaviHgSIniboth bgygeatdiedcoD ddeto

present inventjion. Mst preferably, the dissolved oxygen

concentrat i o?l'%rﬁ‘ﬁrriaﬂbertﬂ@ niste heleo Jaei Bdnginle ochagical” shared 7egtwega the
present invepigc@ns.al so provides a wastewater treatnent system
conprising: (a) a first reactor conprising a first biomass; (b) a

second reactor _conprisin second bhiomass; (c) a neans for o
i nt roducithg Bazflwdiere rivghenmoyided o mathed e% tréatingyyastewsat samprigngthe
means for alégpé gy the wastewater fromthe first reactor to nove into
the second reactor; (e) a controllable a nmeans for allow ng the .
wast ewat er from t(AEINTEEERIAY r bigc Mestawsier Vo At st hieatior seompsisingra first
(f) a neans for rengigmégs;wastewat er fromthe first and/or second
react or

(b) allowing the first biomass to convert organic matter in the wastewater to

15 polymeric storage products over a first period of time;

(¢} allowing the wastewater from step (b) to circulate from the first reactor
infto a second reactor comprising a second biomass and from the
second reactor into the first reactor in a continuous flow;

(d) removing the wastewater from the first reactor and/or the second

20 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.

[0075] Generally, there are three main types of storage compounds which are
25 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
30 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.



15 wherein the wastewater in the first reactor is in controll able
communi cation with the wastewater in the second reactor and wherein

the biomass in the first reactor is phy?# ally separated fromthe
bi omass in the second reactor. [0077] Irfaddition, the present

i nvention provides a wastewater treatnent system_co.g})ri sing: 20(a) a
first reactorOWBYRIr ABIOKKIGD sencentraiiamelst mad maw stilbyimdorladively bigh stprage
b) a secon L S ' ' f f; .
bi of 1 (o) et s FRIRCrE, ool B M AR b e hfr ndénton.
react or; (d)Masiguatarably.dbkaisselved dxpgerabémnsinirgtiorh dunivastheVistetimé period is
the first re&t&t r to nove into the second reactor; 25(e) a

control | abl e ans for allow ng the wastewater fromthe second
reactor to nove into the first reactor; (f) a nmeans for

renovi ng SwasiPev@it erltier presehie inventidn aled/ providesoadwastawbier trdaémentn sydtem

wastewater in the.first reactor is in controllable conmmunication with
the wast ewat &R "% e second reactor and wherein the biomass in the

first reactor 30i(a) plixsresidncopepidiratLlrst biomashe bi omass in the
second reactor at anpl es [ 0078] The foll ow ng

ﬁlﬁl tirlraps. - 24 - Ex | i
exanpl es serve t_c(b PESY EACIQE SAMPHYNG RSCRBRIPMASSUsi ng t he
above-descri bed i(gygnid-p8 fobiftr¥@idinARadtewsedr ifttidikhRabest nodes
contenplated for carrying out various aspects of the invention. This
descriptfifon is (d)a controllable means for allowing the wastewater from the first reactor
to move into the second reactor;
(e) a controllable a 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
15  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 separated from the biomass in the second reactor.

[0077] In addition, the present invention provides a wastewater treatment
system comprising:
20 (a) a first reactor comprising a first biomass in the form of a biofilm;
(b} a second reactor comprising a second biomass in the form of a biofilm;
(c) a means for introducing wastewater into the first reactor;
{(d) a controllable means for allowing the wastewater from the first reactor
to move into the second reactor;
25 (e) a controllable a 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

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



5 included solely for the purposes of exenplifying the present
invention. It is understood that these nethods in no way serve to
limt the true scope of this invention, Qut rather are presented for
illustrative purposes. Exanple 1 [0079] FI'G 1 shows a wastewat er
treatment system including a first reactor 10 110 cont ai ni ng

anaer obi c bFX®PPI§S102 and a second reactor 112 containi ng aerobic
bacteria 104. An inlet port 106 is connected to the first reactor 110

and an outl ghorglr t ThESoliotikPEREHIBS sERe O o8 FARNSEASE Pl Mdrther BPBsing
wast ewat er treatnment systemal so includes a first controll able

transfer nedh8 abaveadercabsdctvaniiant A8l Wabl ast icarkst eforitedh® haw wiedes
connect the Jdn'iecrﬁ;glét%ﬁcf&roéar% 8, 4rB6s %épéc%Bf‘ﬂ%griﬁ\?e%ttiBH Fhes ddsBription is
redat nent syst u ating

addi tion, the wastewater t em 1 nc es a recircu

means 115 whHndhdexd Isolady viars tienatueposes bfe ereropifing athedpteseoiu giventien. 1t is
first reactor 110, 0 There i s al so provide n. natin ns
118t or oy nebiEtead Hie thesd Fleindds. B AR A0S T W KD st B NS
118 may be dnyamipn, Bt raiet ateqiresentad fdliluserativd purposal/ or an air

di ffuser. However, it is contenplated that other oxygenating neans
known in the-ar re suitable for use with the wastewater treatnent
syst em of t@éﬁ%@ém i nvention. For exanple, if the reactor is a
trickling filter reactor, the aeration may be achi eved by spraying
the |iquor i[A6®]t helhehddpasea afastdvaterctedtornt Apstany, imiungngf firahrezator
t hen be ,use 0 blow.air into. 25 the h space. This can at_one
(050, "Bt oS S rpdbBint BabtPle o aRd 6 Reaaid radPr 57 Hontiifing
dropl et s t o aendisic dattevia it Ae irstyigen1ddistdoanatted & tHefestheadspac@amnen
t herefore achi eves i'@?sol ut i o%ﬁigéﬁ%g en .in the %s ewater. Different

exi sting triREEPeEIRS B caper nddeptieq” Wastewgier isatmrnt

reactor of tdysterm nieNtihdliides a Afst-cdrid@fidtle Tiehstas hRWAL €114 gt Besdcond
system of the present invention includes an aqueous waste hol di ng

tank 122 forCAR8PLRME arglArdmGaRE W& whichr PEInach the distniasctor 261 0anad dhe
an ef fl ugnt RbheGEh@sr 1apk h24udifhn, Cok! wadteWsket rn%%ﬁ@hteéjswﬁnﬁ%%tt?% a

rel eased fromthe second reactor 112. Tn other exanples one or

of two tankdecisuaiingbaeans i édavhich allows wegtswaterdorbe smciredatedoihrasighvibe
as the buffefqta0k F?Lo'i ncom ng wastewater. [0082] The wast ewat er
treatment system o? the present invention may further include a first
punp P1 for circulating the contents of the first reactor 110 to the
second react[8P80)12 Toeke shalse prvidad aplaxygenatioganeanshd farowganaingahe

second punp aerpbic bacteria 104. The oxygenating means 118 may be a pump, an agitator, a

20 blower (fan) and/or an air diffuser. However, it is contemplated that other

oxygenating means known in the art are suitable for use with the wastewater

treatment system of the present invention. For example, if the 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 into

25 the head space. This can be at one (e.g. boftom) or many different inlets. This

allows the liquid droplets to interact with the oxygen in the air of the headspace

and therefore achieves dissolution of oxygen in the wastewater. Different existing

trickle reactor systems may be adapted to become the second reactor of this
invention.



10 P2 for circulating the contents of the second reactor 112 to the
first reactor 110 via the controllable transfer neans 116. The system
may al so have a third punp P3 to punp tt'é%r untreated wastewater 126
fromthe holding tank 124 into the first“reactor 110 and/or a fourth
punmp P4 to the treated wastewater 128 fromthe second reactor
112 to the e[f)ggﬂent—r h@ovasé@watﬁgtrsatmkermystem@fﬁ;sspwwamvamt‘m includes an

15i ncl ude a i .

first reactorinde AR SplrR B 122 o hoichieC It e BB Efer sHABUO Bkt
i ncl ude a newdts ahdior rnrasffhxeng coﬁ@:tlon ok e1 2f fgHeoleciing rreated eifent 128
organic carb nd.or_ phos reactor 110 and/qr the
second react %Ea ?L%fmg%t%ﬁesﬁg Hetag rgﬁ @%ﬁ%@@%ﬁ%?% gr @%% Cgﬁ‘ﬂ?(fﬁnks
132 in FI5G dan E%)odhﬂ@%]n thissézadhe firgt wsdctorasiatasi@e QuifenankRE incoming
system conpri tvvo reactors the PND systeminvented can be

operated as % Tor many PND nodul es using smaller reactors. This
woul d enabl e m)re flexibility with varying diurnal wastewater flow

changes, by [0082]exa‘ﬁ’9|vea@é\ba‘teblweagné1t@y§te@‘f o8 {H\BreBAtlIneSntibA Inag fligver
flowin the nlga ile keepi the other either filled (anoxic) or

enmpty 25 or" s pyraR ai‘sf &4rylating ﬁ]?r?%‘?”tﬁrﬁ@h%@ﬁlr%ﬁd@ei Qe e
sever al si SteuoRM ARG BIIvi8 B ShrioAbbie iahSet hRHgH 1R &/ lcbid beimp

cont ai ni ng wastewater with the infl ow ng wastewater to treatnment step

one (Ccod0st dratpspirculafimpbs]contenitsolibasenrpnhieagior a2 toketfisst rgagtop Hhva
h
104 in the Vtﬁétc%nﬁﬁ%rabg fr?ﬁéf@?%aﬁ%’%ﬁ@”‘\'ﬁ'%lég%@mcrﬁé bRS He &@Jd S@mep P3

support mneans or exanpl e rou Slones %81 '5's
medi a, mi cr deapumeitke uptrgatedpuastewhtes, 12& ﬂnmttb&mo,ldlmg tank 42&@1@ the first

my gr ow i n SagBEnl? SAEbPA cai b PAY leYine VREHEL AR dra St e
}Nals'ltewater tse@:andmfaactsysnértndhetéfgt.lepﬂecsﬁed:tmgn{saahtma‘sn Opersistsn m%y also
From vadte HOTAIHE TamerEs25 1 EHERRE s rerele g oLeh 8 4R Fstor Jap,

106. The anount of vvastevvat er provided is sufficient to entirely fill
the first rdaeddr IThe. wihiewsdest eﬂatrmnti ayﬂemchmyvm'atsb uﬂwm@méﬂns for

bacteria 10 f| r t 110 f

nter acti on TERThES el ub B B, okddhrs teg SRt Bhiatter hasatis
the first rdadteofi rsﬂ.ﬂaalzﬂcﬁ MOandarithe séaindasaceant, bt feplseshiet Wlyatiefdhce
is generally_ in ag V\%&ﬁ dﬁ%&g @n,l wherein the wastewater is

reci r cul at ed"BY°P Y N %t Br T4 rom the top of the first reactor
110 and re-introducing it to the bottomof the first reactor 110.

Rat her tdtan [p034] aIMslmnehgf ant gphdistimgadf @MPND)Ey’ﬁtemr cb@pasthy two reactors

hori zont al .be d. The was ter flows over

anaer obi ¢ ba{b?\é}? % \é‘?’r’g‘i’cﬁ cq8 E{engp%rﬁa 8BiSeVe: Pér’?%{"ylﬁybcﬂ'ﬁ\‘?éﬂels
the carbon ILnszri @mwéﬁ BRI,  Phip (VM@ rdrabRt MRS eRBbMEUGHE . varylng diurnal
preferably PHB 0028% After 120 minutes, the wastewater

is
transf err ed WaBRVEIE flow ghanaesc Pyrion examble; prly distsnd qué £¢ 1 PNPLmogkles
back via thegiringSbwath HehaHig WHikAdeBiMgBhe 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] Itis contemplated that bacteria 102 and 104 in the wastewater treatment
system 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



transfer nmeans 114 and 116, such that the wastewater recircul ates
between the 20 first and second reactors 110 and 112 in a
continuously flow ng manner. The waste r is introduced fromthe
upper portion of the first reactor 110 tO the upper portion of the
second reactor 112 via the first controllable transfer neans 114 and
al l owed to flo&HEnbialogisak cantaptogofiametvaly.r batteidm 18deand H@4smeprarow in
bi omass 104. 4 t rcuI ated fromthe | ower portion of
t he second 25 eg%@rir 11 ﬁsf"#?%“ | oner portion first reactor 110
via the second controll able transfer means 116. This flow is not
acconpani ed D988l cdn desphdihrgwastewatsr tsagmast systerf efr tisl presemteinvention
bi omass is r@&ég@g@gq gach reactor as the anaerobic bacteria 102
and aerobic cterla are i mmobi |l i sed on the solid support neans.
Pr ef er abl t he wastewater being recirculated fromthe | ower portion
of 30t he %ec[@ﬁ&ﬂr ealiteatet iquihwastend26 isneumped bl gwingf PBHeonf iwaste holding

(eactof L0t 23 B RSL AR v e or 1O SIS PR e
by t he aer obprovided msasrsffldrént inrermms}y §tb trenfirst emctarr 101 The Thastewbteoterabie
first reactor i n Oxi C Sta rin he. seconq, .
Hime por ron Wi T B tBieRlc AT, dp2 In A Mt Rlaftor ‘I HERORER" This
first and sernmnabtroaasfa:vilﬁatbdrby&é@irdniaﬂwh&ﬁ th@\uasfw\raitéritﬁrdubﬁﬁhe tik® reactor
wast ewat the first nd/ or sec&n%i act ors 110 and/ 112

ma
R RN T G ARENEAT g s Sk GeBerpn bt oved

and/ or phos p{ﬂ]ﬁicﬂon aphaieinl thavaptdwatétie rreéfr‘ﬂ:@la@d"gﬁ ?b‘inoﬁr‘ibi‘wﬁétbwgﬁ,@ from the
level s in the wast ewater have been reduced esirable levels. The

wast ewat er i @PtHehe fipst spaciat 119 gpfl rRdntsdising i & dreobotigny obthe Eist fractor

108 as treat e f.fl | t _
Exanple 2 Rgg)ctfg%{ﬁa‘fglﬁ%r%ﬁ%hervﬂgg]d(nTrﬁglb&N%Hralggngg@%Jég r¥1 %lhcf ontai onw

of the two seaL?iae be L@B@fTirerrvaé‘@watﬂrﬁoms QVEl theranagrohic b@@e@@éOarWi‘mﬁm
deni tri f‘fﬁfatt'hgnar?éé%tﬁ: P@'c{erri'af }EALL tﬂaﬁgérbah' W thgtwédg;&vdg’gﬁ% rrlj%iynjig?%
was adde usi ng

artificial wastewater (conposition given below
about 3% of sthragersaductntpreferadly BHB. recycl ed (Fl gure 3) through the
storage driven denitrification biofilmto acconplish anoxic COD

1o o a onai POES Afr B mbiss, 4AS BRI RSt rB! AP feasior
the top of thd) ey 6ecoqd)m}0rA1 t2@ant He|aokODa dhe tfingd amd geceld controllable
syntheti c Wat?ér?s\f‘\@rt rﬁé@‘{@?ﬁ%ﬁeﬁ%“ H:H/t aé%g graggeﬁag%%ﬁéu %8]3'?)5#%?%’(%

denitrification reac t he resu g
wast ewat2fr wast sﬂdnsletaruawajtqrsr‘emyahced112hnoargbn1ﬁr’a®us@cﬂmueg vesser. The

fg;gt E)Pa;[mﬂj\gg&tewg’%)r F?éa Slrﬁ%jdutcgcri ‘%Po%‘ tﬁera] %p%grn IpE)tho]rll cg:fat f[?'st reac{orn?w fo the
upper portion of the second reactor 112 via the first controllable transfer means

114 and allowed to flow in a generally downward direction over the second

biomass 104. The wastewater is recirculated from the lower portion 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




25t he ot her 50% was passed through the nitrification biofilmreactor
(Figure 3). [0092] The nitrification reactor was operated in a
downf | ow node such that the bionass was posed to oxygen contai ning
atnosphere at all tines (trickle reactor§. The recycle vessel had
ports for DO, pH and Eh probes and also inlets - 28 - and outlets
for the two Pekptanially frep @lipsyasn, as theamaiorityo or at leesta substandiat proportion, of
trickling fi :

ports for controrPan arregn iy B R ARk HBRASE NPT s ioRg Feacior
system was opé2.affbis aifeksr thpdirst! deattonitd befraiataired iansh shaxiagatadutenthe
denitrificatj ' ne, end of the pre-determned 5 cycle and all

| iquid was d%%@ﬁggﬁéo#rg%d by a new fill cycle to the storage driven
denitrification reactor. Oxygen influx was kept to a mninmumin order
t o al | ow Suf [G08PENtThecwastetvgter is tebieculated ibicheadr e firgtaridasecond headtors for

| eavi ng an e ss of o en..n the outflow framth iteification

react o? t hat 5%\@[]]"?]"???'0@0%% iz fimey AR VRPENRIGN TR e ﬁ'&g?% for sepong ggagtors
Bot h bi omas sgld Ovewdiforgri@vmalyrbeinbhikeed korgieeiralsle lavels faixiyad, @fgslic8a8on,
sanpl es fromiﬁpl ocal %%\)/gzi_lg ter treatnment. plant. Feed conposition was

altered to alHP8Y:28 k% AR Well 8% PG oWier 449 Minwiese iia pitropenigvels

and nitrificittheWasRAGEEY SaveSitr§ Redc&PRRRsirhbRNRvelsY Thd flhbewater is then
wast ewat er conposition 15 [0094] The synthetic wastewater sol utions

wer e al | ThasEneygdifren dog geeandrigactpr vie oullet part 7@ e rgatagt effiient 128 into

(2003) . " Thegmfibaconfticitgsieh y£d oxygen on PHB accunmulation in
activated sludge cultures.” Biotechnol ogy and Bi oengi neering 82(2):

238-50. Modifications were made to reduce the C/ N ratio of the feed
tested. The 5XaB@&8ed conposition of the influent synthetic wastewater
was (ng 12 20 1) CH3COONa 200, NH4CI 160, KH2PO4 44, NaHCO3 125,
MySO4. 7H20 25, oCafdabtctBRerdfifh FeSO4. 7TH20 6. 25, yeast extract 50 and
1.25 nL L-1 of trace el enent solution. The autocl aved trace el enent
solution contained (g L-1) EDTA 15, ZnSO4. 7H20 0.43, CoCl2. 6H20 0. 24,
MhC12. 4H20 0108801 “Npygagondesigmmedsuse o dhe o sepagaten hixiimaepgors

0.19, Nefe04FIQIR® Q:2diordd2BAdvéh Qéﬂitr‘ﬁ[&gﬂg@ dNeVﬁfl-n%ﬂiﬁéa%QnP-lﬂﬁa||J,0&l%ﬁJg

Further nodifications were nmade to enrich the biomass I n ‘eac

reactor. To Wdesss dpthehertificial wgsteyvatarelsoawasition fdiven belawbivawaaddedt tusing

denitrificati r : ed: i st

descri bed ab%%t a:ﬁ)gcc%fg{ge‘é‘fg%%t@?@ieggarﬁ:‘ ?&fy’a@d (Ff|§iﬁ953) tthp(ﬁ}gfn fre st%?age
driven denitrification biofilm to accomplish anoxic COD uptake and storage as
PHB. This was accomplished by an upfiow and using a small sump (B: recycle

20  vessel) to collect the outflow from the top of the reactor.

[0091] After the COD of the original synthetic wastewater was successfully

stored in the storage driven denitrification reactor, the resulting COD free,

ammonia containing wastewater was simultaneously recycled through the recycle

vessel such that about 50% passed through the denitrification biofilm reactor while
25  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
biomass was exposed to oxygen containing atmosphere at all times (trickle
reactor). The recycle vessel had ports for DO, pH and Eh probes and also inlets



on that described above, with mninmal COD (i.e. no acetate and no
yeast extract) 30 and the ammoni um repl aced wi th equival ent nol ar
concentration of nitrate. The - 29 - engd chment of the nitrification
bi omass was achieved with a mnimal COD (no acetate and no yeast

T are) an, 92y Bitids R s lo SRREH BAGyE X0 RiadgitoR, thR M Eatign righing ier

5 a/. (2003)had §l;mﬂfdllﬂ%@dssﬁabéFDCDIrﬁ@éSU@éIn@rﬁtdard}eﬁéédlef P8 fbOBorfIBg air
stored substr as the electron donor in an SB

Bi ot echnol og?gg(ﬁﬂ’ BN eW&P%@r paplisaiw) - TheoGYsiel wesoorersiashiader parallel
cont ai ni ng Opi¥ificatich BMY %’c&ré@é Briviée benikriRat&H uh® th@%ﬂ%%&%r&?eﬁ@nﬁwed

40 4 saturated ammoni um am dosul phonate i n deioni sed water
al | oned tD redta ardal figuigi wag deingd ollaeed by sopqwiil cydedo dine sterageytirives

in 10 98% suldifnCaty F!aacﬁ rt ?fxy?t%g njiflugi'\flé’é kepi'lo iacﬁlirﬁr‘ﬂl.xgl g}%i:%gitﬁﬁllow

hydr oxi de, m Xi ng and Ver & Renslre
Nitrite, ammffscuamt ghivigpinahe, n:taﬁcﬁtlaneeaﬁdr Wit i nedwrsg sn eecessas oxygen in

Staini ng. (Li War e rh tng b Bab (FOCHOLE igg intSafE chiGicatin

met hods for tdaetoexam nation and characterization of activated 15
sl udge. M crobiol ogy of Activated Sl udge. R J Sevi our and L. L.

Bl ackal | man_ & Hal |l : 257-3 es for gl ycoge
oyl 10,0 BO9RL  ERP B htkek srs B i i8R 650 Ayl ARGHE] suage
(2003). " E!’lrs;a:rhuﬁéﬁh‘roﬁ"f aded:uitvgasf[elyw%tgr qémamrmmcmed acbmF@smtrrgwais SMered
i n anaer obi ¢/ anoxi ¢ activated sl udge s ol ogy and

Bi oengi neer i'{‘? %'Vﬁoac’p”fﬂ@ @b‘é’f’thairhﬁ?e 'tﬂg?qt'@{?t aed Jntrifjegfion

measur ed by .@Iaumgse@rf@éd/ad,mp@ﬁmg a YSI 2700 Sel ect Bi ochem stry
Anal yser fitted with a dextrose nenbrane for D glucose analysis

and/ or by a speci enzymati ¢ assay using gl ucose oxi dase,
per oxi dase and® ABél’-@% ‘é‘ﬁ%?’é‘?‘ ter epmppsiigty " E. Bernt (1974) .

Determ nation with GI ucose Oxi dase and Peroxi dase. Met hods of
enzymat i15 an@bgsl s.The. syhtheie gsiyeiter Manticre m@raneba%'éwﬁwﬂhewark 3F Third,

1205- 1215) . a 0097 The volunetyric mass transf
coefficient '61?2’3) wa}‘J []?@Qn eitn? (#¢B)ve Eg%leﬁﬁ% o(ﬁeci!g,‘.qp{e(gie@xygen on PHB
exper i ment al dscumidthn FPBERHIED idgehsulfupast ‘Hlot\é’bﬁrﬁbld)g{iﬁ'éhd PEiBEhdBeering
material to sinulate the liquid |oad capacity routine I'n operation
odifications were made o reduce the ra ao of the fee
(Pirt, S. J.82(2): 238-50. Modificati de to red the C/N ratio of the feed
tested. The standard composition of the influent synthetic wastewater was (mg L
20 'y CH3COONa 200, NH4Cl 160, KH,PO4 44, NaHCO; 125, MgS04.7H,0 25,
CaCl;.2H,0 300, FeS04.7H,0O 6.25, yeast extract 50 and 1.25 mL L of trace
element solution. The autoclaved trace element solution contained (g L") EDTA
15, ZnS04.7H,0 0.43, CoCl,.6H,0 0.24, MnCl,.4H,0 0.99, CuS0,.5H,0 0.25,
(NH4)5M07024.4H20 0.3, NiCI2.6H2O 0.19, N88804.10H20 0.21, HsBO3 0.014 and
25 NaWOQ42H,0 0.05.

[0085] 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



- 30 - (1975). Principles of Mcrobe and Cell Cultivation. Mel bourne,
Bl ackwel | Scientific Publications). The reactor was filled with

dei oni sed deoxygenated water and the inc2®ase in dissolved oxygen
nonitored. The oxygen uptake rate (OQUR) of the culture was t hen

cal cul at ed dymicak loy tﬁé%m&q.oﬁt ﬁaﬁ%s tv?ése ERBRd Witioa Wbk fbébe(no
concentration of oxygen in the ase the saturatin

concent r at i oRcatgte@dderygast eﬁ@cg)afgetbhas@ Q@ﬁ}ai dsscrrtbletl @hove.OUR =

kLa. (cs-cL) [0098] The observed C/'N ratio of renoval achieved in each
cycle was cal cyl %ﬁﬁ}/sqgased on the anmpunt of nitrate (expressed as kg
N-NH3) that was reduced during the denitrification phase relative to
the anount of carbon (acetate;, 10 expressed as kg COD) that was
removed in tI9898keiTheditrase akalypisasethod hgsadppediiemdbid, K. A.eNi Bureti, of

nitrat qeg-;' Ceélk@aﬁlf#\'@m{u@tgﬁ%usv\%#fﬁzat&? 0CF eerﬁthﬂ%;{ gn%ﬁ@ Ss?ogﬁgvﬁ%strate

described in d usi n e case studies an
above, they (M)fasrthelelambnabnonincnﬂ SBRARio@cenalogy arﬁtaBtoehgmbemg 8$(B¢

f th whi ch f t
borbr e IO o SR GriRERe ton B3 B rire Wera e foiserove
nunber s of Vidfrite@Witngo ancéaﬁﬁaiyd%m%ﬂmé%.@&%fdheh DRASRG s B ter and

t eachi ng provi ded herein. [00I00] For exanp the bacteria In
1 coul d be bbeneallpywed itxadadder it@rminutes WIth 300 ;1L 5% (wifv) sodium sallcylate in

10 98% sulfuric acid. After addition of 3 mL ice cold 4M sodium hydroxide, mixing
and cooling, the samples were measured at 420 nm. Nitrite, ammonium,
phosphate, acetate and PHB analysis were as described in Third et al. (2003).
PHB was confirmed by Sudan Black staining (Lindrea, K. C., E. M. Seviour, et al.
(1998). Practical methods for the examination and characterization of activated

15 sludge. Microbiology of Activated Sludge. R. J. Seviour and L. L. Biackall. London,
Chapman & Hall: 257-300). Samples for glycogen analysis were treated as
described by Zeng, R. J., Z. Yuan, et al. (2003). "Enrichment of denitrifying
glycogen-accumulating organisms in anaerobic/anoxic activated sludge system.”
Biotechnology and Bioengineering 81(4): 397-404. The supernatant was collected

20 and measured by glucose analysis using a YS| 2700 Select Biochemistry
Analyser fitted with a dextrose membrane for D-glucose analysis and/or by a
specific enzymatic assay using glucose oxidase, peroxidase and ABTS
(Bergmeyer, H. U. and E. Bernt (1974). Determination with Glucose Oxidase and
Peroxidase. Methods of enzymatic analysis. H. U. Bergmeyer, Verlag Chemie

25 Weinheim. 3: 1205-1215).

s (Calculations

[0097] The volumetric mass transfer coefficient (k_a) of oxygen into the vessel
was determined experimentally by the operation of the reactor with inert packing
material to simulate the liquid load capacity routinely in operation (Pitt, S. J.



However, it is clear that the carriers may al so be nobile carriers,
or other means for creating a suitable environnent for growth of the
desired biomass in each of 20 the bioreatl+on stages. The type of
carriers and anount used are variable. MXxing may be provi ded by

various meangg76). Gk b MidRiLE é(noOCe!I CuRRvatSH. M IbYurnb OB %E%ﬁét?ﬁ&i@ﬁtiﬁc

desired conditions for growth of a desired biomass to performt

desi red bi or Beelicalienst e reacder ‘éﬁ%ﬁﬂﬁ%WIth&elmﬂﬁﬁX&Q%@ﬂﬁ twabersanchthe
wast ewat er t

Carriors. Homguare pEsSLER aBkelBRRETd bikoh dkRe T8 (SURL A the
that the cargiltrs weasethen mplogtaded, dgmarnicelty assw'lhleg lstﬁatdqmtatfe ¢dnditioan lusing

descr ption Raickatuefin: SEiadvbed fegrechiiduinds (607 Pt o aivgetng

the various dnrmeatation of oxybérsin herab phaeemjsgadstfcﬁlopeeeuwek{ah@suq)Sl -
presence of an activated sludge biomass that may be found In

h h d slud b
To Lhe- acti VOP§E5: TG cohriRod SR ok bE rEmakel FEistRd rn: Revh, B de

[ 00102] Whi Iﬁlcuﬂ@t@drtaésetly@re?eh@farrmm)ffrﬁt&atge(ﬁﬁpr@'esétﬂ a8Uid aPNBL;) that was
conditions in e %CPQS of .the reactors of t resent i nvention, such

as mxers, a&AHEe duringthe FHeaiiPs PhRga &R tﬁdh%émoé'ﬂt plFAsEOm facetate;
ment i onerh i Ne,gle¥d dd ugfeoet) R vaAEmoNed hethelaebfme uplaké phassar that
such exanples are for illustration only and that other such nmeans
woul d al so fall W|th|n t he 5&8 of the clains, including the use of
ar chi tecturat'/m:r el K€ ke advant age of physi cal forces such
as gravity. 10 Ex@lﬁpﬂf%du;%a({fgj‘@-lb@%)ln an alternative form rather than
storing newy arriving wastewater before introducing it in a single

bul k anpunt e flesk nitrifving.r r\/\/nreln ef.t r
duration of [Plasrgr%lht r@b'{eaﬁeovég%qtﬁ "aeg‘EOﬁ%%?D&SHi 'Fade%? g hle case
pol ymeric lstsiudjge audcninhﬁcﬁrnehﬂsmafh atmmey\a&y@mafc&rlllmmtlbﬁ ohBdand alre not
continuously_or 15 conti nuous i.nto arate slo
enough to en@ﬁ?@tjlf’ﬂ%ﬂ' @CBP%BE% P%%‘Pﬂawﬁ'ﬁﬁ g%%@é!f"ﬁ?@ﬂ%n ed
deni tri f48 nondrant et isaledrifraim tthe@afdreehBonet Q;Ea?rg;ﬁee%aﬂcérwﬁﬂbes f@mbers of
future oxidation but for hm‘redl ate oxidation with nitrate or nitrite

ori gi nati ng YA'GHPEHETY CORPINEEARIRT RASSIIE PrPeda g ieaching Riryvided hergin

operation on a continuous basis may not involve storage driven

deni trifi cat[oonooj tF0$te|xlah1p§H ftieg Hasten8 IfillFﬁgLﬂéelnccEtﬂ:ﬂﬂb\éaﬁorﬁ@fbfyqfx@Bﬂfa@ners
the wast ef ul oxi dati on of COD by oxygen

that is notnﬁ ronj. sed %/
occurring i ?%Yedalt I$ Fleat hghthes GRTiBRsMaK aIsHRe mobl crEiers, s it apeans
separ ati on ofor Bdating)d SGitdi BRGHoNMOMGegoWih bY tH0d&iRMBSSmass in each of

20  the bioreaction stages. The type of carriers and amount used are variable. Mixing

may be provided by various means, either continuously or intermittently, to create
the desired conditions for growth of a desired biomass to perform the desired
bioreaction stage. For example, for anaerobic conditions the wastewater
treatment system may be provided with mixers and mobile carriers. However, the
25 mixers may be completely inactivated such that the carriers are completely settled

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 preciude the



[ 00104] Modifications of the above-described nodes of carrying out
t he various enbodi nents of this invention will be apparent to those
skilled in the art based on 25 the above3teachings related to the
di scl osed invention. The above enbodi nents of the invention are

nerely exenpp@eyn@nef sMaktichtedkludge BIEhEd B4t hfaybBe Fourdny éi\@léensron It is
limting. 32- The ClaimDefining the Invention is as Fo 1. A

met hod of tr @8l K@t sueh qﬁﬁ“&ateéoﬁhlﬁg% pltg eandriytepdo ghe ackyity ﬁft Fhﬁju@ncﬂ@

the liquid Iﬁb%a@tofréeééorrb%a%% Sefpiési ng a first biomass; (b)
allowing the liquid to remain in the first reactor for a first peri od

of time of at |east 15 m nutes; (c% allowng the liquid fromstep (b)
to circul at l0P1@#h WMt seweral pes ot meaps for E@é@bﬁ’ftﬂigrséld@b‘@rmaélﬁpmmﬁ?ﬂyh

a second i ofaRe {?éﬁvor“srcﬁ%é Bleeséﬁlclﬂﬂgﬁfoﬁagﬁé?{ %é ﬁ'ﬁ)%ré rétPFssggfaé sgﬁér%fors

in a continuous removing the Iiqul om't gact or
and/ or the sh&ﬁiﬁé a‘f@a@:tcdﬁ!‘ RUNRE are menmdperabode dfustratimmsadndain the alims,

during the 1 FsreRiis s ambRs it Hrdidaer o o SRt ictineBioats
the second pwowlddalsn‘ fall wmhmsthecsbom@bmaniaeﬂs%cl&dmgrthﬁmemflaighlfdcmi
of bi omass. A et ho r.d erefn the liquid is
wast ewat er . %rrar}ge\%e&%gaat@g FY‘%"Q%FEHE nla ﬁsr% ViVa) a first
reactor conprising a first biomass; (b) a second reactor conprising a
second bilomeSsample 3

[00103] In an alternative form, rather than storing newly arriving wastewater
before introducing it in a single bulk amount to the first nitrifying reactor wherein it
is left for a duration of time that allows storage of organic material (COD) as
polymeric storage products, instead new wastewater can be fed continuously or
15  semi-continuously into reactor one at a rate slow enough to ensure that the
organic material has been removed by the denitrifying bacteria, this time not for
storage as polymers for future oxidation but for immediate oxidation with nitrate or
nitrite originating from the flow from denitrifying reactor two. Whilst this operation
on a continuous basis may not involve storage driven denitrification, it still offers a
20  nitrogen removal performance that is not compromised by the wasteful oxidation
of COD by oxygen occurring in typical treatment systems that do not offer the

clear separation of nitrifying 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 exemplary and should not be construed to be in any
way limiting.



(c) a nmeans for introducing wastewater into the first reactor; (d) a
controll able neans for allowi ng the wastewater fromthe first reactor
to nmove into the second reactor; (e) a e€Bmptrollable neans for

al l owi ng the wastewater fromthe second reactor to nove into the

first reactofhe Clifn DefilfR el IReAIPI AOFSRGIeat er from the first
and/ or second reactor wherein the wastewater in the first reactor is

in controllable communicatjon with the wastewater in the second
reactor and Wh@msthod aldreatigeslinuid comprisingdie pleRedr i s physical ly
separated from t hgypj ' ¢ i :
according to anyrto%eltrg@%ﬁ%:mr?sﬁc{}ﬁdorﬁﬁgglﬁ é{%&ﬁogqé}{S}r@[éﬁ%gB@Qgg%d

bi omasses are sel(b}akawing thextiquid to semaieds thefist odaderfooa firstudgoibdrof time

nitrogen or phospha ) .according to claim4 wherein the
bi omasses renove at Ef%‘e'é?gtﬁls{ﬁ%n%%’fromthe liquid. - 33- 6. A

met hod accor di ng (tpaltdvangntite idned éiom stee (b} testirduilatedosn it firel reked ifto a
either nitrify or denitrif liquid. 7. A nethod accor dj tg claim
6 wherein the acti vf’?‘ipn_gf re%‘/aﬁg’rs%g‘?ﬁﬂf'rlﬂ 8n§'§“5°r\d58'f’ﬁ@s?e%?dp?rgﬁhghe second
activity of the firgdackiraesise fit rddciRlimadoasa@idifad; t o any one of
claims 1, 2 or 4 to 7 wherein the first _and or second biomass is

present in the rd4EiEsmoviRg thediagid frem toe first readieypndéerdhaisagendoreanips alter

of claims 2 or 4 toa8c¥hRf Séribd ditintd 654t IDisPTBTRinGRAVEr ts organic
matter in the wastewater to polymeric stora%%dproducts over a first
i

period of tinme. wieraintae Hgdidde cetaifiedgalely &n et weaClor durieg $re trsbperiod
wherein the pH : | QML FESE r -

mai nt ai ned abovgﬂcf'}lﬁ#%ﬁll?%%n%ﬁ%g] éa@%%ﬁ%d t8 gﬁ%fg}e;&%%m&e g?&l%f ﬁnewbﬁs not
first tinme peri gtcpmpanieldwst cgteapondinglowldf bliomasshod according to
claim1l wherein the first time period is at |east 120 m nutes or

nore. 13, A 12 ARSI O oalr rbrdAehS i RERRGohalER, Peri od s

at |l east 100 m nutes.

3. A .wastewater treatment system comprising:
(a) a first reactor comprising a first biomass;
(b) a second reactor comprising a second biomass;
(¢) a means for infroducing wastewater into the first reactor;
(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 separated from the biomass in the second reactor.

4. A method according to any one of claims 1 or 2 wherein the first and second
biomasses are selected to extract at least one of carbon, sulphur, nitrogen or
phosphate.

5. A method according to claim 4 wherein the biomasses remove at least nitrogen
from the liquid.



14. A nmet hod according to claim 13 wherein the second tine period is
at |l east 240 m nutes. 15. A nethod of treating a liquid, conprising
the steps of: (a) introducing the liquid38nto a first reactor
conprising a first biomass; (b) allowing the liquid to remain in the

first reactop AGhetfoll iarcéérdﬁfg;iooéiai?rf S]E\:k'ﬁ@réin(t%}e b AB3Es tié‘?ella&tggitg either

fromstep (b) to circulate fromthe first reactor into a secon
reactor conpr i Bitrifgordenifng ligiidmass and fromthe second reactor into
the first reactor in a nearly continuous flow, (d) renoving the

liquid from#h i - r : ; .
second peri og' %{ﬁ %tf]ﬁtﬁea&?ﬁgﬁ_ﬁrtc\),\ﬁgﬁ{é?nwtﬁggmftﬁ%g?@/ltp?’f‘ﬁe?%eﬁ%ég%ioﬁaeﬁws ithr?
the first reactesiprenal aptiyityloéthd first bipeesad of time and wherein the

flow of liquid during the second period of tine is not acconpani ed by

a correspondgn i . f .t i i Ol
according t oB'c'fanifl ér’r[fh\fstYj %ﬁ%ﬂ?‘ﬁ %‘thggﬁ?fﬁ 'l's)‘gﬁé aﬁrr;ie@a? \rflmg Eégn gﬂggﬂﬁgand or
reactor for a gEonddianass imprdsehbindhbe¢amorcas z bicfilned from t he second

reactor into the first reactor in a continuous flow. 17.A nethod of
treating a | qui i t I : i .

one first r ega'c#grq?stﬁg(?\%[:gé\rgg]getgoﬁa’a bggitdc%’}ﬁg %8('I.ﬂ—AJt rrw\;? ﬁ%@rgwwﬁégﬁéﬂbﬂ&%s
| i qui d accor di cmnveds ofganin hattheindhe waajevadtér bhpelimeid stomgequibddatsover a
fromthe first, r (.nt o the second reactor after the first tine
period and is ft‘é‘?‘gﬁ?gjcf)fit'ﬁ‘}%he second reactor for a period of time; b)
all the liquid circulates fromthe second reactor to the first

react or duri higAthethsd@onordirgte greraredofartalimis toed, avheeeinitine pHeoftther Bduid in

reactor for a tﬂgrf[‘rsq%naforts'eggﬁd reactor is maintained above 7.

11.A method according to claim 1 wherein the first time period is at least 60
minutes.

12.A method according to claim 11 wherein the first time period is at least 120

minutes or more,

13.A method according to claim 1 wherein second time period is at least 100

minutes.

14.A method according to claim 13 wherein the second time period is at least 240
minutes.

15.A method of treating a liquid, comprising the steps of:
(a) introducing the liquid into a first reactor comprising a first biomass;
(b) allowing the liquid to remain in the first reactor for a first period of time;
(c) 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 nearly continuous flow;
(d) removing the liquid from the first reactor and/or the second reactor after

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

16.A method of treating a liquid according to claim 1 wherein the liquid is retained
in the second reactor for a period of time before being circulated from the

second reactor into the first reactor in a continuous flow.

17.A method of treating a liquid according to claim 1 wherein there are more than
one first reactors and one second reactor.

18.A method of treating a liquid according to claim 1 wherein:

a) all the liquid circulates from the first reactor into the second reactor after
the first time period and is retained in the second reactor for a period of
time;

b) all the liquid circulates from the second reactor to the first reactor during
the second time period and is retained in the first reactor for a period of
time.



