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PLANT COVPRI SI NG CONTROLLI NG THE DI SSCLVED OXYGEN CONCENTRATI ON Thi s

i nvention % 0 processes for treating wastewater dto units
i n which \Ril(g @é\'g%gétg can be treated. The inpact of nank?ﬂﬁﬂlo)wg%w&"
environment results in the creation of |arge volunes of contam nated
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e PR S P SEL, on
agr i cul ture, or mxtures thereof. stewater sonetines includes

suspensi ons of solids. Sewage is a formof wastewater that includes

f aecal mhistieverdind/relatasrto peocasses dwdteating avastebdtyr, @ndtt@iiniss &iwhich
principa ori ntam nant, which are as follows:- (1)

Car bona\(':‘)%%g}aﬁ%t{agfbse(@%%tﬁghatter as starch, proteins and lipids) is
normal Iy neasured in terns of BOD (Bi ochem cal Oxygen demand) and CCD

(Chem c Xxygen _demand), and is a deoxygenating pollutant. Reduced
| evel s ilﬂeaﬁé&W@@%W)g%owmgenWﬂ% ¥Rl Brihscgration of g8 Yakemssor

matter to%EmiResd Wakd, WRlcAWe EANWESEIARY. #9598t che pbMigSidaiagiat er's.
(2) Suspended solids (SS) are all inorganic and organic matter that

i s not HissBawedwradamesiicesd eemmercialiroperigs sitwn irdistrd @ntragmiculture, or
wast ewa J Y i : i i ghe

o the Toftorss el WaskiphentbrREirhee hEhieRd SRR R PAPE B,
var i ousarieranst Wasteweter liwgt incdnddssfacealovaiter ahidéoramineonaceous matter in
(1) can be present in wastewater partly as suspended solids and
partly as dissolved solids. (3) Ammoni acal nitrogen which may be

pr esent Waste\asteepat artilhasoraaie Bhuskr ot caidied\bf @rtdainads wHiESicdas
(NH3) is, a deoxygenating pollutant |ike carbonaceous matter. Ammoni a
can al sg’“%’sﬁoi sonous to fish present in receiving waters when

wast ewat er are di scharged to such wastewaters. Further, anmoni acal
nitrogen is a plant nutrient and can cause eutrophication of

recei vi hig Gatbenaceons shatter (suph raatierasagiarchnprateige and Hipidassawamelys i s

usual |y dj \t I

nit rogen"@(a% ﬁ%di lﬁg?rlrjnc?\éé? %@e%ﬁ%%ﬁ%ﬁ%fyﬁggé?ggﬁn@ﬁgfgﬁ %P(%Q‘%Ee%@ch are
amoni aCagen demged), Godnpa idedDxypeNEling MolardniNHRBIduced ilelieted dissohagin
(conprising nitri nitrogen - - and nitrate nitrogen (NO3"-N))
nd. or o Btk By oo HBERRGh i EaiohaCRais mp i ia ek NP Grgimcosn
conpoundsstesicderabicpif@inadutd)watérdoni acal nitrogen, nitrite nitrogen
and organi ¢ nitrogen are deoxygenating pollutants, and all nitrogen
conpounds are potentially plant nutrients. Mst inorganic nitrogen

cprrpoun(i% &%ﬁ‘éhhé& 86l ANEB) bAC A indkddrRISRY BREANXhHtSEHaNS HPERBORES

di ssol ved, ereas_organi ¢ nitrogen conpounds nmay be di ssol ved or

suspendé@d processes for removing such solids from wastewaters include filtration or
flotation depending on the nature of the solids. Fine or colloidal solids may have to
be coagulated by various means before they can be removed. The carbonaceous
matter in (1) can be present in wastewater partly as suspended solids and partly as

dissolved solids.

(3) Ammoniacal nitrogen which may be present in wastewater as ammonium ions
(NH4"-N) and/or as ammonia (NHs) is a deoxygenating poilutant like carbonaceous
matter. Ammonia can also be poisonous to fish present in receiving waters when
wastewater are discharged to such wastewaters. Further, ammoniacal nitrogen is a
plant nutrient and can cause eutrophication of receiving waters. Most of the
ammoniacal nitrogen in wastewaters is usually dissolved.



(5) Total phosphorus (TP) includes all non-nol ecul ar forns of
phosphorus conpri sing inorganic and organi c phosphates of one type or
ot her Js a plant nutrient and can result
eutrophlca.?é@gg%ﬁrece|V|ng wat er s. npounds contalnlhgTﬁﬁgggﬁgﬁﬁs
may be dissolved or suspended. (6) croorgani sns i nclude viruses,

bacteria and protozoa sonme of which are potentially harnful

pat hogeff®, THalmireagn(TiN) 'W‘é@?&ﬂb‘“%@@éﬂ%‘i fornas @Ifé?'%;%ﬁp Wish arei nal
and hung t t

oot | Aol e e PR Cob BRI Bk RS Rpl R PRk
speci fi a&mﬂeymtrogem(N@ml\buaodmmaanwc@emt\!&r No)rm'ldmfgsmgmatrquma(ihat is

G ther ineBERRh B AR ARG piMabinan Tth A bl b Best Ve

Rel easi ngrogent mieaé edrogaataemairgamc nt’sm@h@r@deeﬂ}@n&m{g polluterts, &ahall
destabi |l i, se ecosyste havq I ant and ani nal

t
heal t h W%O§PA p?“@&%??%?ﬂ'@ﬂ?a Iyﬁ%’% ? NS, %gﬁlﬂﬁ%%” ORrREYtesses
for tregbimpeuM@SESHBiSHHg BRYforRasi nfRyeh %ﬂ@%x:dTéth ﬁfﬂ@?éﬁ@@dl@go!ved

wast ewat er i nvol ves subst antially separating the wastewater from'the
cont ani WARTEASHEENCREPISE C@@m%’é‘ﬂﬁ\ﬂéﬂwb%ﬁﬁ‘@ﬂ&%@o%u@e@ﬂ@@ge (or
by-product) streamrequiring treatnent and di sposal. The whol e
process of treating the wastewater and sludge results in the partial
dest r uc{d)ootalfpholsphoroat(al) mahdss af dotiredlecyar formb of phespheiran t o ot her

T et nefo Rt Gk BG4RGB PhosHieiis STRRLObEr Bitler ! Flierr st o
wat er s. planbnagiest @&B%ﬁ%ﬁlfﬁ%@@&ém@ﬁbﬁ@fiﬂe@mng watdred Comytgadsay be

recycl ed sed.as a nt .. fe d.in a | ture), and/or destroyed
(e.qg. ﬁé\tﬁ'q%?& QPEHS)m Y:g @HaﬂrsH rlﬁJgJﬁ‘jcal treat nent processes

for Wastewater are generally nulti-step processes, where each step is

carried out separately. For exanple:- a screening step, where |arge

sol i ds émd\ﬂ@ecm@w? IFdUGeYiBised; baderigend aiaterpassasps of whishare

conpar ap el hi S\Fﬁ@eruiq}étth 'salal:&aﬁgwh@ﬁ trééwa m}?@\?at&-rléﬁgﬁv’% FEE
orgam C SO reno ed an aero car ponaceous

mat t er ﬁsmhﬂl@hdg\umri gowma:h Badeta) pathdgens dndmdeleeaald speties ofindestinal e

ni t rogen X1, di cimerily to nitrate, possibly with
the pr Oan%??@or?%oéje%e%@ %PFPf ?ggh%f?hé?n%% %)egﬁlgﬁlly where nitrates (and
nitrites) are reduced to nolecular nitrogen (in the absence of oxygen
and in r nce of. car onace S ter and aration steps
Sher o i ORYSH GRAPSREEbieTRAKT % R e, PRI SHP SN 1SUTBR06 Sais
separ at gfbst b MatdriaERiReMasiRAEE br fl@étﬁi@; BRQ A FhaIPAmbentaRAEhal | Y
by sedinentation or filtration. For exanple, conventional actlvated
sl udge ﬁlsﬁﬁlﬂ@doperate by mi xi ng wastewater in oxygenated tanks called
aeration tanks with free flow ng popul ati ons of m croorgani sns so as

to forman oxygenated |iquid suspension called "m xed liquor'. After
t r eat meReldasinghe-tieatatlivaastewatler inth thendquedub iequicsnperstses destabilise

SoCk T bR Rl FRBh bR ARk UACEUEE e Il
super naeavitonshérth Agassirsy iy \eturabaveiipredestbe farafeatihg s tafde Ndicaidemn
tank. T gﬁaett ed solids are renoved as sludge through a well in the

floor o B8P¥%Gnk. More advanced treatnment processes have been
devel oped that involve the use of specific types of mcroorganisns.

Such advanced treatnment processes exploit the natural ability of
speci fi dheyigaiment ahiwastyganinyaives subsamiadly centsitine dim wastevmier from

wast ewahiy origmiMahts @sick H%]P?%‘BQH.IC |9%£§F0J&%@8f ??Iﬁ&?{@%y ﬂg&?&quor _

settling characteristics e50| suspende

For exasipé@n réqQuisiag trpaineaTt apdidismmssi. oThd\iahoEm)rﬁmaﬁﬁqedm@_thd)es a

pr Ocesswfa(s){ew eeraz}n'dn gug\/a esltees é %rthybaatrtlal 'gl%stl#gc %n%f%f%ee gorlltgm\(\r@n?shand their
partial conversion to other matter, primarily microorganisms. Water separated out

during such treatment can be released into the environment, primarily natural waters.



4 The process described in the Korean patent involves the follow ng
treatnment steps in the follow ng order:- renoval of conparatively

| ar ge debt, shgpded or floating in the wastewater; £
vvastevvatew(?ﬁ]r%%}ugﬁ}ga contact tank in jwhich wastewater g@?@ﬁ%&é«%mﬂ
m croorgani sns retained on a fixed surface; passage of wastewater

t hrough_an aeration tank in which a m xed |iquor, containing

vast ewal Bf ARSI MBRORJCHIGLErGaITEE 7S 4 RI2kiPEE M BgicuHER) s ap#on

wast evafiedtrdRded et RlcirfebatbAnks Where it is separated into treated
wat er and sélyt%dge@(whl ch 1s the sedinent) ; passage of treated

wastewater to a discharge. A portion of the sludge is punped by an

o 1 urt Ren aieRiBoblicl Bl CRRESH WG\ Te $ERRfpldl LR

sedi menpaicesses, ahlereé sacrestgpliedarded eat sgparstetyh eF@enatriphs- & aokeenig

portion_of the wastewater flow.ng fromthe aeration tanks is recycled
G r ect | tePo e iR SLES Al eDR thay KR (eRo~ S BEBLLOF prom where
convent t@Rphradicély eatafbus kediesbielsands fstubﬁ aRcPE ARG sHMery Bl sbitid) e
Korean patent has been shown to result in a significantly better

qual i t yresroradeah @grafas slep. whare earbonaseods sxalier 15 iologicstly oyigisgetto
consi de i Sh ; ; [aa J in
o dor 1 5 B Y R O Y B PO 8 e o
Accor di niffaie, poasiblyfwittsthegwpduatioofof shmepritsitas mn anoxersteprwhdrengrates

d ) _ . Ceing:- A N
ooV et B3 0ghE SIS IR o FRISEB T o R RS
surfac _epmdsdncé]gf cﬁrb?nlmoeedls matmyg axwwfaratfm sﬁepsqfwrtéﬂah nviersbrysmisens | S
mai nt ai ned, at , 2. or l|ess:, b. an aeration.s rej as i s
aseod Predyie i deertent Frcotng:eds 26 e RPN iS BosteBer ot o
and t hemﬁé@&@t&?@d@ﬂﬁ%@@rﬁi@ﬁ@@@ézﬁ%ih@ﬁy @édih@ta\&@%t&\miﬁibni $ofeduced
as the wastewater passes through the aeration step;

. , ght c. a .
sedi menEXATBIE. SuEntional Bstivataa Studaa iants RaeratiBy pr¥ae waskavalighin he
aeratio j tiakd i er and
sl udge; B’é’%ﬁgFé@aﬁi‘%@%@réee?éﬂé‘ﬁ %SQS@B?QmMi%bgﬁlﬁgoaﬁﬁfa portion of
t he sl uadgsodnigenishisessasiionionn & axygenaipdiliguigasispeansion chledc oniteatliqust'ep.

WO 2009) P, [ 4 .. W shina necessaril. . bqund
by, ¢ nootJor TRariEnt brg Adritniads TRl Al S REsTBar SadhehhugS
oxygen mosiciehtiieasoliols suspéitedcionhaetixddliduos getiletib #tfe @nRdibb, easwiing ine
popul atjon qof hacterja retained on the support surface operajes under
Ber obi M ERRE RS A S BEE P Po RGSHESLTHeT Bt € 1BIOO LTS o6
under aQ@(ﬁﬁ@htd&‘ioﬁQﬁkﬂ{.tTf%@ettl@ﬁ'@Bﬁ@_ arelrombved as %IL@E@@%@ h&Ov@PihItHe Se
t he breakdown of wastewater contam nants during the confact step; as

aer obi clpprafdRe@nkof bacteria may breakdown certain contamninants,

whi | st ot her contam nants and products of aerobic processes may be
broken down by anaerobic bacterial processes. Further, but not

wi shi ngMose bdvarmed drasymenlgrogessehdiavaent deselpped dxd invohte tbaeisean

i nfluen e it f. _the rial i i .

wast owat GO HRPRE TIPS RrbuoR e nad e 2RR 8l el HebaRrii g ep
byI pr pvhidﬁJraiJ aibiiié} dam;)lwﬁigeyMSemf rpigssBrgani$hs ol gmdes dsorﬁérﬁmnw'dﬁmnah %
relative ow di ssol ved oxygen congentration, conpared wit
Concent PAMERETPGRMEN 55 e it e EAp e fucl 7S (BRI GAREITI y  The
wast ewagedrat@ristids sraheboliRSuspehlidd PrAE fsiRed Rudpr ocessing. Vater
passi ng through the various steps of this process is also referred to

as wastewater in this description of this invention and nmay contain
inter akhastAienBaRb2hhDatiR BublcdtBR NY. 9865576088 HasWAiseY BlgtEsd forof ten
referred to I n the art%as mggeﬁzaf“?quor'). S ebss or
treating wastewater that includes a step in which wastewater contacts
microorganisms that are retained on a support surface prior to transfer to an aeration
tank. The wastewater, flowing through both the contact step and the aeration tank, is

oxygenated.



The m croorganisns in the contact step are primarily retained on the
support surface although the process may utilise both the bacteria
retai ned ort surface and the free-flowng b i ent
in the was eagfgéﬁﬂghe retention timg of the mastemate?eﬁﬁﬁ?ﬂg&%ga
contact step (defined as the volune of the wastewater in the contact
step divided by the average flow rate of the wastewater) is
preferably in the range 5 mnutes to 3 hours dependi ng on the

strengt h‘h@fpré&%s%%&% Blthe AokedH patbnt ifﬁ@fﬁ{fe?tlh%?fb%wiﬁﬁ el @ReR stdfein

m croorganismin the aeration step are free-flowng in the m xe

| i quor follpwingrasdert remavg! of earerea gtivlslesoedsbriscsuspppegreniieatingyn
ot her m | t i

i post o HEs BARle el I A R e SO ATt BB RSyt
t he wastenatsrmigravgaiesmbyetamedasr afikehsefae; pdefageat westeviater thirough

of the mxed liquor.in the aergtion st divided by the_average flow
Cate of Shie e kL cl AR B0d I By bn PR a8 fph

2009/ 06 3HEOBIBNRZRY X GotR4d Spatisage by eds@nygsto SBEmaeaeetanRs WhBref
the m xed liquor confornms to th evel s described below is preferably

. e | 2SC.
in the FahgRPAGH NOHERRASD pater ang sludgewiychys e sedigieabl; PRER#es Bh t he
strengt ] ' | [
e ey e . A b SIdBe 3P PP yarPxcls
concent sliDBMsNIEIOR $luede benespiration tank ready faridisposer foftherHesatment.
wast ewa j t i IRV 0.
I one. dBoettaioRr 6B Wikl lfe S AERRioh ok ktBoidaefidiny g 178
cont act astatipnitsnkred podionexf tiae wasteg/dterdiowieg fomlthé asgdtiondanksissecywled
Ing/lor e d optionally not less than 0.2 ng/l. Thus, the
wastevvafjg?gtfyntot%ﬁ%Cg'gtﬁfgt@pl(step is preferably aerobic and not
anaer obi c. The DO concentration of the wastewater towards the
begi nning of its passage through the aeratign step is conparatively
| ow and Setrsredio é?ﬁo‘g%ﬁsdue&ﬁ‘&ﬁ?ﬁm&ﬂﬂ%‘ﬂﬁlta@%ﬁta@ Sﬁﬁaemtothetﬂa@cess
| i quor’ yeRatRAdR HAKBRBR ddieniHedbeehPoR B84l I§ d dghicarigHeReF Step

and through the aeration step selects for the growth™and devel opnent
of endogpality of Geatedvaiact dewaverTie PessTd dn\eators oaws considerdsat schend

of the [ ' / . t i on
of K. Rk Bk AR LR NaTl Rich AR TRLAM 01 CRRERT SR
r equi r ethd loest moelitglof egEidoiaigr.cal functioni ng of the bacteria)

encour ages the sporul ation of such bacteria and the bi ol ogical growh

conditions in the contact step encourage the activation and

ger m napicesrdirigly, e agiRsiespecast thé beseatialédtiontthe) kpréviddd & PRodise\or
exponentially. The growth of endospore form ng bacteria and the

pr oduct freatinghwag EPfaﬁoi”répﬁiséﬂ’g§Endos_pores i's proposed to encourage the
mai nt enance of ag_Oé’@orﬁt@}ﬁeétép,%hé:%ﬁ%éé%@ﬁbhé?%ﬁt%ﬂs% ehreftéiﬁﬁ% gn 2,

flowng in the mxed Iiquor throughout the steps of the net
retai ned on the stiiportsusiace aod thg dishelved nxeaan eansentraliaroeidhagl y, it

is preferred thatw&& q@&%ﬁﬁgghg&iawtﬁ%t%ﬁe%stevvater towards the

begi nni ng of the vvas?ewagégtrer S passage e aeration step and
towar ds the end.odn a¢mtipastagevhieheioggh id passadithitough vestgwater that has

Con o 2 | SRl RO MR LS R A, devaloprent o
life-cycle. WO 2Q0RERGIMFOHIERE MA2QARIE6RGEduced as the wastewater passes
through the aeration step;

c. asedimentation step, wherein wastewater that has passed through the
aeration step is substantially separated into treated water and sludge;
and

d. a sludge recycling step, wherein at least a portion of the sludge from
the sedimentation step is passed to the contact step.



Optionally the dissol ved oxygen concentration of wastewater towards
t he begi nning of the wastewater's passage through the aeration step
is in the 4ghgs0ehsd rom0.5to 2 ng/I, 0.2 to 1.5 ny/l

mg/1, 0.2 10 1.8 ng/l, or 0.5 to 1.0 4g/1. Optionally PreRbBceA
oxygen concentration of wastewater towards the end of the

wast ewat er' s passage through the aeration step is in the range of
fromO to 1.0 ny/l, O to 0.5 ny/l, O to 0.25 ny/l, O to 1.0 ny/l, O
to 0.1 mwtlvishind SedksBBiIY to BBBOVNAS LYWRESY, REShRINADL Yré R Ihalodedtt 4
6, 8 or 10 hours to pasS through the aeration step, and nost

pr ef er aBPRIrQltthe digselved oxygen cancgntratioivitrtise epniakt ienk sush thed agystien of

g e : . ;
wast enat b PR e B oYY B RFBE S EREE BB A sl e
aer at i ogosditipns, Thd atiothso lpedibnofiye popdaienmoperaissunoier ansdrebit er

f Ly . tall . ti ly.red it th h
Phe aer TUIERCTERN SrideriyE BRickBR V2P 5 45° Borkenin B FERE WA be
st epped cdoaminants gesingltrecaptad gadg; vs abrait pReebst dhdeterizonbjie end of
the aer tl?(B st%%, gjreferabl DO is not cycled in tine (i.e. _
i ntenti QWPLeERE conGuBingnts. wailsiehen GaERanisad Prgleie oh aRRIGf
the di sppickgsePmugese tﬁ@k\ﬁ@@émb}/%ﬂéeﬁbsdﬂs&taﬁ‘eﬂip?@désgéé.ues descri bed

above can be achieved by control of the supply of oxygen to the
wast ewat er, which may include supply of no oxygen. This is

part | culkgihar, BIPRARKNTT, LB BASTING ierldle HIRLERLES o
Nitr ogemﬂuenwfhterm;msitmm dftiee hastedalqiopulatianiin the Whstewatehdosingplraelpf
oxygen t he, wast ter be..contralled hy varying the supply in
orver "t PRt s ERE e B oG8 Slsk bt uBihel B sl Rater eq
SUPPI Y £ ThE west auet o) e e L e e S e P
many wa§STPATERHYEh DO eONSSIreiRnSIOHeN MysREnatss fiseyed wREMmeeEler
flow ng through the contact step and/or aeration step. For exanple, a
structure in the contact step nmay be repeatedly renoved from and

r et ur nedhe yvaskrwaiaiisdhaeter(fed & pgessionpraseasingidiptanpassiogt ) ,
tsPreLg ?ﬁ}@&%%ﬁe’%ﬂaégfeagfogg r%%%)grc{fﬁrgg @éc%%%(s: 'g@é%trg'f%rr\é@% GRS lewalEin this

2009/ 068e88p0dH BPZ0D BWE6TEB RAn@ metyaqontedry irter ala the bsttedapsed irotheof t he
support surface. Alternativel or in addition, ox 1 _can be bubbl ed
t hr Oughpgqggsa;sé{cgv\\%qsz?w%e&mof?égrretgg%ﬁgptpé? Er}f %@nglg%gﬁqtmr e. Once one
establishes how to control oxygen supply to the wastewater, one can

t hen co%rol, t he di ssol ved O}ﬁég?en concentration of the wastewater.

Essent i A€ yVERPEIGNRIGE ebe LORtR BioPiang PEMaply ietaipet an theesunpssisiusiege
oxygen gemsRtthaipréitse méﬁ‘@tal%@ﬁfoﬁ%@?gﬁ%d&&*%ﬁ%{gn WSW Ietace,

agai nst the desired concentration, step I'n
means ofndég feg-flayinotackstiagerased in e wastewatare rThiegeteotion dmecaf the

d t Q.| i t

he. des MERRPEEE 05 HRALER0S doIReR oR Bl BS i St the ' v °

Opt i onakdntact stediideidary the averdgeoftdw pteio$ 8@l waslewategein peefscanyt inghe on,
d tential b d i der t trol th I

of oxyaaob PN e R R aTE R thESTE 0B 3/ YeREekgen was 5

perforated pipe iMmersed in the wastewater and through which oxygen

i's bubblﬁd, and the dissol ved oxygen concentration was neasured to be
| over t RART AESARR MAHAOrHPLOFBE ANGLR AN WibiheParale $thi a8 freet  of

ZID'[ gr ﬁé?&?@?gﬁt%?mi n ggglgi i %ﬁﬁé?@%ﬁhe %gﬁﬁsre?@?ﬁissupp: 3§/ ns%gg%eénr?n&\%js
per f or mByl OB\Er nigiopraanianes péachpdrie seaperdsyrfacashetimay derfxedimeasition ohe
wast enat el foh R inthE WasRHdid! OfheHetd ionThiPofthe WaltdFhe ARG VIR Yy he f

aeration step (defined as the volume of the mixed liquor in the aeration step divided
by the average flow rate of the wastewater) under the conditions wherein the



WO 2009/ 063086PCT/ EP2008/ 065624 9 Endospore form ng bacteria are
particularly preferred. Thus, in a preferred enbodi nent of the
present i t e bacteria are fromthe Bacilli an el
gener a. Sgg‘g?‘seog@%?éé%aci | lus and Cl ostgidiumare pref erggﬁggorg%/?é\?keﬁi n
the contact step and species of Bacillus are preferably active in the
aeration. step. Both illi and Clostridia undergo.,a lifecycle

Vol vi ASSOMBHOR eI bemeatreian ot aniead Pl o oR o ML BVFE <o
endos poyBscriteli Hellove ECpteferdig ih Hee-afgh krondd Bolts 18IS @d3by or fritke BXRTPI €,
| ack of nutrients) activation of thé endospores (which occurs en

t he end&SpYIERT ap éng slrengip sétherwasiawaieent s) fol | owed by germination
of the endospores and finally outgrowmh of new vegetative cells

(whi ch occurs under continued exposure to nutrients). Bacteria from
t he genubeBalio Of the ratesticntigiedd theiwastehatqrdn the adrativy step| tuaddrdhew t h

t he nost_pr reed eci es [LSI B, il.ls. B. vallisnortis,
B any 1 PRS0 SRBBERH B AERFIH S, B4 sk Bty B st "oy
conbi natiastevidieriadfie comthbiostgh isopretaraBac tHeusingpdsite90such as B.
brevis, B. cereus, B. forms, B. thuringiensis, B. polynyxa, B.
popi ol li ae, B. stearothernophilus and B. sphaericus; or any

conbi nati gRe BRBDERRent NG sV RIRNGLER teRcdartitibh dUARg tRCAIHRSGtatd PR
into the present invention. Accordingly, all rmutantS or variants of

any of fNtEinetdat 2dagbaciessi hoMmaerdsss cafog Qriess iabd opfipRaliyts ¢ess

t hat ar ] ' es
that o Ba T e e ot ey P EeR Ty PR RE N
phosphoroagpbigoul d al so be suitable for use in the present invention.
M xed speci es popul ati ons of bacteria may be retained on the support
surface and/or free flow ng through the process. However, it is

pr ef er r FetD@icontenteitioh loe tHeopadtaiva®r sowardeaied Begipniag efitdbagsdge t he

previ ous paragraphs, particul arly endospore-form ng bacteri a, _
pr edori HYPEIN ra&%ﬁaﬁepi'%ﬁemaaévwalgwﬁngmrﬂri RAFEHEPNLENEgtion

sl udge phadtHs th& 8RP ST ihadigbaes Qéééég@Hhﬂfu@Wtﬁé‘Q%EP% HOIFbME iPaet eri a
such as Bacilli, which are present” in conparatively snal |
concent cabiaghstep apddievghdhe aernaion stedi salems faripe seavth and gewelopmene of

st eps of I i : I f

For m ng oBaarste SR bBYEER A B AL e BB o BB RS
necessastdpy(acbicked bploveerby Dheaodpr aiconcentptopad edtriamés foe fraoisquoerds in
form ng, bacteria, are encouraged to.germ nate, and.qgrow under the
condl t L e upStefi dfa R BRI ERE it BleR) AL Qe IR roplnice” e
condi t i @asterin) theLrgdad hespsidtionfaiuck dadicrineng (e divieyical deswthance
of endospore-forn ng bacteria in the process because the |ow

di ssol yéen‘éﬁd%%ﬁ%%%%ﬁ@ﬁ %F?P@ﬁ'_&oﬁ"ﬁgﬁﬁ'ge atlptien gs Qé‘f"ﬁé‘watf?@lﬁ_é@eof

bact er i @nbigspatbé fito FegRaNRASAIS! tRat i JroW <ipbReAlg. and survival rate.
It is also proposed that endospores inprove the settling
characteristics of wastewater in the sedinentation tank so that the
treated t 0 j r ; : i . LS.
Furt hor Mca ouf ldBEedE Y LEORAS ARG BR% Bliof AR BRARMBRAGES o,
(and i nentbspdresisgweposed foeercontagetthe andintehanae ofgooddevats nhfuactortl t he

resultin opul ati.on. of vegetative |1s .grows. The suppart surfagce
oy e BRgRER bah Rt BRE Bl Ref ot Sl BaunBE STetRdite BinsS

r et ai nedntihegea stk suppbrtishgabaet @eicant@ietepnt o physi cal contact

w th wast ewat er passing through the contact step. The support surface

may be one or nore fixed bodies, which nay be static or capabl e of

MoV eNMentactErdthglfliiSie prafbRBH @ed 180 DB EHchirBors Btk wastswRBLINard®iR
body capable of" free novenent within the contact step (i.e. suspended

pl ast i c bgginningl @fdhe mastenvaiey gpassege thrpodly Sre/aenation plegrans) towpriisghe

parti Cu'eﬂﬂ'&f itd rpggﬁd'eetﬂr(ﬁfbiﬁocﬁé %Fﬁ‘tioﬂfstéppfas ARl af DNRAt tihgpené&u?ages
the growth and development of endospore-forming bacteria and such bacteria to
undergo their life-cycle.



WO 2009/ 063086PCT/ EP2008/ 065624 11 The bacteria are preferably
retained onto the support surface by formng a biofilmthereon.
Pr ef er abl ifigoahpport surface is made of a substance aapL,es
0 200%
t he forrrat“(on o? a biofilm(i.e. theqmaterial is one tg&%?zgﬁ{/
bacteria can attach to forman integrated bi omass that has bi ol ogical
activity within the support surface as well as on the surface of the
support surface). It has been found that a support surface made from
areti C@ipﬂér@ﬂly&hé @%Tstdfv@d 'O%y@éﬂ Ebridén@ation éméaewer&’é@ér%aﬁé X)egli}#rrnggl
reticulated structure has voi d of greater 0,
92, 93, oblre veastewgier gwaeﬁa@a%omtthe é@?tpﬁ&ﬁeﬁlm%h%tﬁﬂgﬁ@f frem @8itaed
structu Sp %o, i D rof synt hetic
pol yrrerﬁ@él 0 |équg1|91t gnStStHfloﬁ’E{g/Idg 2rtgglg? Hﬁ? Pﬁo\r\%ggtqeé)trt can
support bi ofr | m and can be constructed in the formof a reticuI at ed

t t : | i.tabl het i I
pol yest oPioRR Besdlved dsbay erE L PP RIS P GreR e B BY .
polr%w nwbstéwmh rtshbaysiage ttt&bdgtpﬂ'leya/er@ﬁdari drepds gddth?rraﬁ@ om"orﬁ{n)fto 1t0 mg/t
conbi na |o ere er i ve 0 addition, an activator
conposi ﬁ% (8 E%bt @é&@ PéOBrﬂemﬁr'%é%Q erein an
acti vat or corrposr ti on that stinmul ates growth of these bacteria is
added to wastewater. The activator conposition dosing step may be
car r i ed Theiwastaveater prefasalely dakes; aﬁﬁaséﬁggu% Py 1QPHrsda\pass Hypugh 818 of
L e, BT o&&fon Bitl, BRETRIABotefltl) A9c5d1a, 508! 261 STHER o WLTRLE: be

activator conpo Ise silitates and/or nagnesi
conpounsgerdndet h@lettortsoeherattlne drs‘se!veespmnradzdr;cemmm enfetqer rwaetevtgter

cont af neouadht  Ber BT be&roB RSk to bt B el MRS AEP That " can’ be

determ ned by chem cal anal ysis of the Wastevvater) in V\/m ch case an

acti vat co osi.tion dosing, ste S not re ed During the

aerati o%% Ivsgé)xygerbggry@g\trpﬁ@rgg Wa¥tﬁ\é’3§€é RERQLY Incesmentali @asons.
Firstl YCorﬁtir@oQ@%$§&ﬁ:é§fas§lﬁ§a%sttﬁﬁo‘é§httﬁ@aé\%%bﬁé!‘@teﬁr T%GQ e dHeRiages
m xing of its conponents and maintarns a suspension of inter alia the
bact er i 8XYOSReGOCERBatnsiMeY bastepsed gigwn; or mey dsep arasiuathy, frasn He nt ai n
t he bac I xed
to i n W RTPRL IEBERS! B8 ador o MBsEo TR0 RN TR PRI FnE (6 the
gas, thmt@abne&mretmd;km:med radely owerdnb edim)ssol ved oxygen
concentration of wastewater, this is discussed above (oxygen
facilitates breakdown of contam nants in the wastewater and grow h of
bacteri arbamtér@w@&fn@é dissblved gaggen iAo eRORAGRETLERZOORIO586514bEE

preferab!j% ri ses g‘%(a/gen@ge. air, oxygen enhanced or partially
depl et eBOA& Carpbe gehigupd Py sentrg! Ofﬁr%%@‘ﬁ)tyﬂen@ %\éartgwa%y@rlea
sedi ment o anviof SOSAP LN pRRuC T B R e B O gDy
t heory, demand mﬁmwaﬁewa&ﬁ@wvammt%émm%&ar df tiaecpartr:prtaﬁ:eom ocess
of the

Fecycl i AR Tore RRen OB Ari i b e w Sl DR T3t g Sk oF
enmbedd edxygendo te wakevsaigpoay be wohgoled mhmrerng Hieg sbermlp ireo@er tovat ed

d I nt tati | | t
of 't ho. UReBdhS HhsReF s pob i Rocria Vebeh S8t eodRmdue
recycl i (ig. oY aicremdianoededrbgsiag theaoeafsubpl tbteaivaerivaga).r i ed out in
t he contact tank and/or aeration tank; and thereby the overall

efficacy of the process as a whol e. SI udge fromthe sedi nentation

step, amgé %erl@@?b%‘bﬁt\rﬁ‘dnkﬂ haBwlrd oﬁh%ﬂﬁany?@rﬁy@ﬁh RRRA e RBLIERIMtbhe
steps and recycled. Recycling nay be achieved by passive transport

(when gP¥Xgensupphee the MStﬂwatereﬂqmaeg dwavgh theoronigct stan and/er 2avepor t

(where piaPER%eYmFECs SOV ASHYRSHEWRLED nfly 5EUTERPRINREE from
and returned to the wastewater (preferably in a rotational movement), thereby stirring
atmospheric oxygen into the wastewater. The structure operated during the contact



In order to facilitate sedimentation (i.e. separation of liquid from
solid) during the sedinmentation step, this step is preferably a

qui escent yo4 8RoAGe: NO gases are passed through the wastepah&ksssaa
during this step, and the wastewater g s not mxed). During the

sedi nentation step the corrponents of wastewater that are heavier than

water sink to e, bottom t t ank i ich this step is cticed.
Vater aREPITEAPER EBRSRBNOS Ee dRarbr EoRo AR NP, P AR oSy
separ at bfydnScf 185 BlisHIEY tHassH el vyaéz@wéﬂeeﬁoﬁwfor@@ﬁfmé haepérmrlasé@m@e of
gravity. wever, separation may additionally or alternatively be
carried out by spinning wastewater during the sedinentation step (so
that ce i

Bk o g%stib%gﬁg?&ﬁ&og tPcﬁ%x\g@éﬁan“ c)th% \He?tgl' e caB then

wast ewat er t rou ter at Su
WO 2009b@88ﬂ8!6@d1$$@9a®08ygmamematﬁmofnhemmve&iezorEBsaagtualu thise

pr esent ntion may further, . ri a udge re wherein
Dl vace. VBl RSul ol sien PSR ER TR 11880i2ed oK SRR B e T or
exanpl ewabtewatatio nmutwémd)comsmasa@dwfst e didwired mohcemtrardmnpbnd he

t he romthe s dlrrentatlontank

process_is carrjied o Thus |.udge

oy e IREEEEHleByn PHETIB Sesarisct A TGS B BT bt T HRNIRA80 % he
sl udge EgmpyRY is bRIer td HRr&R dﬁ@c?éds@ﬁhé @Upﬁ?b\‘ b%@'htéo é’é toté]ﬂvé bighge
conprising water and solids in the sedinmentati on tank
sedenentiasirashdissayetaxiges qoneerralipgclis@issed apave. @QI@@é”!bI!@ﬁﬂ@!tion fth
the lo

the f1 onraprig,Shedls SR rbhRidr Redoxiilianl Hie8 B8 iedtiRifin
i nt er f aceddnée werirol tieslpankboxyged. t he super nat ant above the bl anket.
The renoval of sludge fromthe sedenentation step by the sludge
recycle step and/or the sludge renoval step induces a downward

con\é eg t l;}z}ﬁeiérﬂﬂehmrltdvnéansefdbfsubmyM%ﬂh@ agygeri Wa$ bepemrm@d blrwmﬁnd délrsm h
to inthe lo t he sedi : naltlon,
the sl ugb@egf@qt%atggg%glrﬁ mwﬁfdﬂmamwaﬁgb ?ﬁ\@@ “E“Pn 'SﬁP'dﬁ rygen
gravi ty coh@rati® wie@ rﬁé&ﬁé@t&%é 1ow\%rftH1Me§aﬁedvmeﬁ%é lf@e%btaﬁp e Wouign
the range from0.1 mh to 0.5 nm h, depending on the settling

char act BAY& theceffest of merespxyaga heig B@Memfr@méh@mmtm@emw@hs at
h
(e Par MG LRial P DU F LR S B SRR ER! LA B ey

t ypi cal bBiyudtore baing aemtéﬁl%remmvetcberﬁ @tmmad tdthe \dasiewat% thhathd he
sl udge has var ical l rQ . 0m ependi ng
on"the DEsih BhE¥anB e el dbp Shdnts fhud ifarihse the

sl udge detredse aofpdueticyg bacteria can reside in the sedi nentation
tank for typically 1, 2, 3 or 4 hours depending on the factors

descri bed above. During this period, the sporulation of the spore
f or mi ng Thaghéddsa W&m@e%ﬁeaéteﬁé rétaﬁee%qe@%naﬁér@gu@éceem pREEs in
the sludge recycle and in the slu removal streamis greatér than
in the APNeet $tegaos f@ﬁtf&vnrﬁ@ba@t@ngg‘pfémy e fosingin theowestewatar vk aayrount
of spor o] W ng
fo the SagPLAfrt BEInSohs 51 B drifer FVRRAL.2PreTb 2B SVl g
sol i ds, babiedh a@@pmwcbei |emm)sqmmes stapd(i.e poaciefiara my rbfm'teeiroraa suppart
parti cuI ar enbodltbrent tFe rgm)val of the sludge fromthe

sedi nen?‘:i‘ff{f‘%en ¥ 4h (CQPQC REPS| udge-recycling step and/or the sludge
removal step) is controlled so that bacteria in the sludge are

retained in the sludge for a consjistent ti sufficient to
2009/ 06%%@@1‘*/"@@2’9@ ﬁ@@%é‘%ﬁf&”é‘ﬁﬁ prcees Bg%ﬁé}r ?%ﬁntéfﬁ/&nﬂ%?f%wose

Renmoval 1 apd BASEDIé 8f SRAkING!doh r%le%hfe@ r&%ru@&gtm@oﬁwégﬁnohe%ﬁﬁur

rate fromthe sedi nentati on step between rate and [ow rate.
When t hehlornegehaseherpal, erany ¢amkinatianetheregh tha&@n behuanon mestsvater.

sl udge tB%%?'é%dr& hed Wéf ?ﬁrﬂl&lt@s ﬁ)‘aa'i'tsdt'ﬂ]érfy fFHm rtﬁé%a&fl%%ﬁ&] Blostridium

genera), Proteobacteria and Bacteroidetes are most effective at the aforementioned
breakdown.



For exanple, two sludge blanket interface probes placed at two
different levels within the sedinentation tank, say, at hei ghts of
1.5 mand ve the base of the wall (typically

hei ght of vf%%&ag?laiﬂ%ios 3.0 mto 3.5 mg¢ nay be used to mgﬁli‘@gzr&ﬁﬁ% ¢
dept h. When the high probe detects the sludge bl anket interface, the
feedback results in the sludge renoval rate fromthe sedinentation
tank changing fromthe lowrate to the high rate. Wen the | ower

probe dehgespore iermshg Ba6tehh ark particibay bastemred. hwhuﬁﬁih%ﬁéﬁeﬁ@aul ts in
t he slud%e removal rate changes, froma high rate to low rate. In

thi s wa§mbedEngrdodie rerﬁsentri@vetﬁtlon Hie bpeigga aspirpadhe aﬁ@c%argci gndidiad
at abou 0

21 udge. o e R A0S BRAY M b RRe A ol tne EoRN ool
of the snddgpeciensf Baciliumarequeiesahlynacive istieg aereélonysmpcadﬂyBawmtam

h f
et e ng LR Bpderdl el ine deRHEluOIe o0 & el kg PR
O ot Do Aol o e om ot e B v

| I STICS Sl U
Dhe opephEash e or e ndosInE b Ph Testimadier (e GIOROGE arads-
sl udge sgbdgdsl twmmémté)hsucmem@,eg@nﬂnéﬁﬁn i @ﬂdé&@r@@éh@ﬁﬁél@ll On step

can be controlled to a typical range of fromO

Ret ent | BHGFOWE qimevm\ée@aibr@@eilﬁ (winigh §p@dgém§ea¢m“émuﬂﬂ tF«‘PSD‘hSLtFﬁéO V\D
2009/06ﬁ9§@ﬁ / EP2008/ 065624 15 sedi nmentation step can therefore be
controlled wthin the range of from1 hour to 3 hours, which

i ncreases the degree of sporulation of the preferred bacteria.

duri o PRECLF fabe e ERE s PRGSO RPstofe A ULATRPLE. iR 5o P

spor u: arnorshpl?.;tf@‘pet;ic Ebaj;i@” ahhpfrrl]sntdnﬁ SdlﬂlfdlﬁeBJ Sfaﬂ:e/ﬁaﬁmfﬁdamﬁom?efamg?s
sporul a or om1 hqur to 3 ho T S referably
aases. EhTGURHOTHS 06 dTea SR et HEAB g daro eckst Adnudh S
sl udge Bacines apé@@b §@dh s BI Biel/Rl BPEEADE. BTfBﬁntfs" Bgmbhﬁyfehy@rgdynam c
condi ti ons may be obtai ned by constructi ng les inthe tank to

pr ovi dePS¥FyERt PO/ &. tSF?eqrofnhﬁrmW%rﬁnﬁcﬁatsaha@v%e%aw he

vertica

concent lﬁ%@#@%ﬁ% H(F?sso i Q%E%%QQ@QL{% hﬁ %ﬁgsﬁﬁgoﬁﬁr?%resﬁmth

t ank shwedtipr.ef er abl y not exceed 0.3 ng/l to obt ain the necessary
sporul ati on. The wastewater subjected to the aeration step has passed
t hrough the contact step, and the wastewater subjected to the

sedi rrenﬁ\atcbrdmggx, e nhasnipas vadattbrodagh of the @efanicddncidramdistisebe ably

Fur t hor UARGLPERS D ara B DL ol B P RO @A A S BEee i SR o

any confiongtulethaf cdrhgnéeowo%é}g ‘TitrogféM, éé}%ah' SAbhINCIHbARe BRY/Pr ecede
the contact step, in which wastewater Is held and rel eased at a

subst anPh@snhpreus) svoud alsp b suitebleder uspindbe PErsentinepNtioy one or nore
of the recycling steps described herein may al so recycl e sl udge or
wastewater to the equalisation step. a treated water renoval step,
wher ei nMitesi m@&mmiatioﬂsm’r’eactatia imey heheetained nerhm@slilmporsmﬂ’tadesandlor

r enoved t st e wher tf ow 0 vvast ter
from ¢ nEeade TR lding Bra@syc PiokleFBr oviS Pighfad et o o Ing Rop RS
wast evabepadtedy atdonding te fhe weeiots pamyrioive, @farﬁmtatr@\mﬁespérraqmrh;hg
aeratloH ste& IS reﬁéled to the aeration step; a further sludge
recycl | BeEHRPEUNDIE S sl udge is re-cycled to the aeration step; a

screening step, wherein wastewater is sieved in order to renove
solids t he wastewater preferably passes through a nmesh with a

e.g.
gauge r l(siﬁgér eanditions predaed BotRnVeThena) erovated siudge pamtacoMMeEpg ;
bacteria outgrow endospore forming bacteria such as Bacilli, which are present in
comparatively small concentrations. In contrast, the conditions imposed in each of

the steps of the present invention favour the life cycle of endospore forming bacteria.



WD 2009/ 063086PCT/ EP2008/ 065624 16 a degritting step, wherein
wast ewat er passes through a sedi nentation tank which renoves grit and

ot her partigbRseisat readily settle fromthe wastewat epoprproosnesed
mcrofiltration step, wherein treatedowater fromthe segl mentation

step passes through one or nore filters and/or tanks to further
i mprove the quality of the treated water; and/or a disinfectant
step, wherein treated water is disinfected by, for exanple, being

dosed \Athmdey métﬁasgénl;l t& b@nbloahd diy $H1étfr?0|£ isrmomgéattaap@addeboi@vformmg

radiating with ultra-violet |ight is further envisaged
suppl enBaetgfiy aﬁ%ﬁ'ﬂ‘éﬁ%ﬁ@ﬁfbtoﬁﬁﬁ}mfﬁ@ﬂﬁﬂr%@@dﬂ‘hshelfé’nﬂﬁ'@ﬁii ﬁbﬁhﬁtc@ﬂta%t o]
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ona a g
o or BESAReTAL E MbUeRoR it Eent Aol LicBl cal S Blndiiredi
wher e abaexgren soiferla gerréasermrtheir gowthgaierad surdivalhvase. rﬂabseb@odone by
addi ng onto ta? invention further tregtnment stt?h% wn to &

ski | | edPERAOSEH thatSndaserRe dnprone heRelie dhegH 'Cmgi"’éﬁfﬁ"’@ erdp Bt al

Ni t r ogeBediffénedtion8nk 86 4sRthd eea®dWatst sdrRSAY vEREbW bnaameAtors
ni trogen and/ or organl Cc nitrogen) may be increased by incorporating a

suppl enensranged 8plids. ohurthermaneteRseRPese ase PERAOSA &9 BRVY A RieRensiy ta he
control d%jf %‘R %ﬂﬂ?ﬁ‘ﬂhé %Edrﬁé'ssﬁﬁ tﬁ@ﬁ&ﬁtb?ﬁﬂp?%‘é @H%&@?rrﬁ%té B84 the

separ atlo e wast ewat e e aerafion step,

throughre&wlr@mﬂmtdwga@tim cells gowp. i nto t he separation step. The
pur pose of the supplenentary aeration step is to increase the degree
of biological nitrification (conversion to reduced forms of nitrogen

to nitrahe sopporvgaraceumayiberartyiosid mihap@eapém oﬁphymﬂﬂy@%pomng
concentgatlon I N . the wa ¥ aer at

o hRtens reianinean sioh fratihe Daflete 6pg e HYIcaLeased Wik { her

t he degpegicfatéd ;ségsfngcmpd@h tﬁé %h@@ﬂstbw trh@ s‘uPM@H‘ﬂ%Uﬂé‘ce B9 betdH or
wast ewat er recyc e is taken fromthe outlet o t he aeration step as

previ ou§ige dixee preied, which peay bR/ satic oncapable ﬁémé‘lé?@éﬂi {eg-idisosprovided
| ot eas B VBLFRRIAN O oFt AT Y B HoEHE of RER RSN e contact

wast ewat er rec be "t aken e outl et
suppl enmstepa(i.g. amp@ndem ptashppetmctelsaﬂoathrg giassr@rtmnlyﬁmene spdhénes}.hia a

V\V\%S t2 83%}%%@@ %Elpg %gé%@%@ggﬂt ol‘%;ﬁré? preecslén %vgnﬁorno %een%up'pr(])rttsrﬁerfa(ég ntact
comprises a number of discs provided on a shaft. The discs may be partially
submerged in wastewater and the fraction of the discs submerged may be altered by
positioning the height of an outlet weir. Preferably, each disc is submerged to about
one third of the disc diameter. Rotatory movement of the discs, which may be caused
by rotation of the shaft to which they are attached, may change the position of the
portion of the disc that is submerged at any give time. Thus, each part of the disc is
alternatively exposed to air and wastewater. Changing the speed of rotation will
change the frequency of submersion of a given portion of the disc. Preferably a
motor rotates the shaft at a rate of around 4 revs/min so that the each portion of the
disc is alternatively exposed to air and the wastewater. In this way, the retained
bacteria in the contact tank are aerated, providing the oxygen for the biological
treatment. The speed of rotation can be adjusted in accordance with the rate of
treatment required and the required dissolved oxygen concentration in the

wastewater passing through the contact step.



step and/or the aeration step. Alternatively, a separate
denitrification step may be | ocated i medi ately downstream of the
suppl ementag Yoodhdsads ON step to reduce the nitrate in they SNRLRT
to nol ecul ar nitrogen. The suppl ementary aeration step and/ or any
separate denitrification step may contain fixed or suspended support
structures for the bacteria to enhance the perfornmance of these
steps. In another exanple, the renoval fromthe wastewater of Total

Phosphorys baBiériré pedieRsstrebyinsPEhtdthe BEFDSTRESTACR 1) foh@ingt £BBfik?
precipitate the required amount of phosphorus as an ‘i nsol ubl e

phos phatre®uchredoehiye essyrreriayeiacn & Bare of asubsignca et SIAMPKP iie
(usual | yoridfof Bf AibictnLe Shb m@érﬁai is ARSI FIRiEh ?B%Ete?igrbgﬁ(;eag%@ﬁ Fidmh drde

cont act ] st ep or .t e aeratil on‘ st e . e pr‘eC'I o]l tate hate | eaves
t he trebxegratedssiemens itat bas biolegiealiagtigiyt wibirin ithe supost suigee eenmmsibds

Fur  her oaetavtage' FThe uBld S aREE i bethoptld BafpiPlin shrdia « 1o

t r eat i ngradadtarnatreticulated seuoturdn & partiduladnguiiabis | Preferably th€ edticalated

contact fank, which includes S t rface i, C cteri re
ot ai nedtriie Heh & veldsS ofeierBan S 20 06 0o BE A0 Bh o R 7 o e,
wast ewabef les€trrinmb o Nofithe rétlRladéd sthadilire’s volume. (The SibRel Rlrfae8 ANk
t hat i ncludes nmeans for passi nt%agas t hrough wast ewat er ret ai ned

wi t hi n PREGHE &3 Bmnthetipgolymer that isapsiataps fiptegipgaiionein wantowaler.(9se
cont act b gt BiRfNAAHAbAP Be BAKIAEY hTHHRYSIM Bhh ?&icW%?%?&g&&&r&an pass

fromthe cont act tan othe aeration tank;
sedi nentaaingltesteiskitable synthetie polymeosdie polppropyiaee, fmiyastem polyerethane,

can’ pasEob el PRBbclRarie SR 8Ped BofaRPlenr ot ShE Bolom) RHe?)
a condufltontey'or day chebimedion theesfedi ment ati on tank and the contact

tank and through which sedi nent can pass fromthe sedi nentation tank
to the contact tank; and (g) a wastewater dissolved oxygen

concent F\ﬁél@r@ﬂv@?mﬁiﬁbdﬁﬁi@ﬁ?arﬁ? apakt@ Rinpmitithalddingdsttpeadbs $ak¥8%h the
concentration of wastewater retained in the contact tank at 2.0 /1

or | essPEIRESSURRIEE 3t a@iéfatﬁficﬁ@moﬁéioaitf@@cst%ﬁat@&ggwhmﬁ@@mbraétqr%s of
t : . .
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Dbl e 07 baina pract ool ant baunlt aecarine tothe ocond aspect

ot he. SPARTRle bR Sesh SRR AR o RS B R GG

suppor t astiof acgnasiaor chmpodrmistdrel dthestracntuitesto nesprsiie tisosef retihieed

present i nV(ﬁnti on .ar eg&rbef erably the sanme. Furthernore thEYcondi tions

of i nt ePY &NPSSRArEIYYRY PBRFERN ERED; TR Wapien@ieTdiatyady eQRiBS: s

passage gt a8 fevieleo et ael compbsitiomed fict Bt 88 Be detdid< bpthtgiRs!
passage through the sedinmentation step and control and feedback neans

t her eof analysigios sswWastewrtan). ivBicarfeseds adisator cempasifier €ogng st is not
pr esent r.d?JYr%B'Fi on are the sanme as those conditions in the rel evant
tank with respect to the second aspect of the present invention (i.e.
conditions in contact step are the sane in the contact tank).

During the aeration step, gas is passed through the wastewater for two reasons.
Firstly, the passage of gas agitates the wastewater and so encourages mixing of its
components and maintains a suspension of infer alia the bacteria. Where the supply
rate of gas is not sufficient to maintain the bacteria in suspension, the wastewater
may be mechanically mixed to maintain the suspension. Secondly, when oxygen is
included in the gas, the gas can be used to control the dissolved oxygen
concentration of wastewater, this is discussed above (oxygen facilitates breakdown
of contaminants in the wastewater and growth of bacteria). Accordingly, the gas



The support surface may be attached to the contact tank, preferably
inside the contact tank. The wastewater dissolved concentration
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In an enbodi ment of the present invention, the sedinentation tank nmay
i ncl ude sl udge bl anket probes. At |east two sludge bl anket probes may
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tank (e.g. one 1.5 mfromthe base of the tank, the other 1.75 mfrom
the base of the tank)., Preferably, when the higher of the probes
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further internmediary and additional tanks and conduits are envi saged.
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aerati 0.3 gikto 1.3 m/h. The distance that the sludge has to travel may vary typically from
1.0 m to 2 m, depending on the operational conditions at the particular time. Thus,
the sludge solids comprising bacteria can reside in the sedimentation tank for
typically 1, 2, 3 or 4 hours depending on the factors described above. During this
period, the sporulation of the spore forming bacteria continues so that the
concentration of endospores in the sludge recycle and in the sludge removal stream
is greater than in the mixed liquor entering the separation step. However, the
amount of sporulation that occurs in the separation step is variable owing to the
variable retention time in the separation step of the sludge solids, which comprise
endospores and spore forming bacteria.

In a particular embodiment, the removal of the sludge from the sedimentation tank
(via the sludge-recycling step and/or the sludge removal step) is controlled so that
bacteria in the sludge are retained in the sludge for a consistent time sufficient to



a | arge gauge nesh provided across flow of wastewater prior to the
contact tank; and/or a mcrofiltrati on nenbrane provided across the
flow of trgea ? ger fromthe sedinentation tank. In g8-pPusisGtsEeh
C 0 4
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first aspect of the present invention is carried out on the unit
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of the treatnent plant. 1Descri tlon of erinmen
setfling during the sedimentation step in a set unl of time. Thus alternating between

the two sludge removal rates causes the top level of the sludge blanket in the
sedimentation tank to fluctuate. The fluctuating level may be controlled by a step of
measuring the depth of the sludge blanket and comparing this with a desired depth,
and a feedback step in which the sludge removal rate is increased or decreased to
arrive at the desired depth. It should be noted that depth of sludge blanket is a
function of the time sludge spends in the sedimentation step.

For example, two sludge blanket interface probes placed at two different levels within
the sedimentation tank, say, at heights of 1.5 m and 1.75 m above the base of the
wall {typically, the total height of the wall is 3.0 m to 3.5 m) may be used to monitor
blanket depth. When the high probe detects the sludge blanket interface, the
feedback results in the sludge removal rate from the sedimentation tank changing
from the low rate to the high rate. When the lower probe detects the sludge blanket
interface, the feedback results in the sludge removal rate changes from a high rate to
the low rate. In this way, the retention time of the sludge solids can be stabilised at
about 3 hours and the degree of sporulation optimised.

Removal of sludge can be controlled such that the downward convective velocity of
the sludge inside the sedimentation step, is typically in the range of from 0.2 m/h to
1.0 m/h. In addition, the solids' free settling velocity in a downward direction within
the sludge inside the sedimentation step is typically in the range of from 0.1 m/h to
0.5 m/h depending on the settling characteristics of the sludge and the operating
conditions. Thus, the fotal downward velocity of the sludge solids within the sludge
blanket inside the sedimentation step can be controlled to a typical range of from 0.3
m/h to 1.5 m/h. Retention time of the sludge in the sludge blanket within the



The invention has been tested by our engi neering team by constructing
a full scale wastewater treatnment plant at an abattoir. The abattoir
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plant and the perfornmance obtained in a survey. The performance
obt ai ned was exceptional, demonstrating the high efflcacy of the
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horizontal plane or the vertical plane. The sporulation tank may be aerated but the
concentration of dissolved oxygen in the sludge passing through the tank shouid

preferably not exceed 0.3 mg/l to obtain the necessary sporulation.

The wastewater subjected to the aeration step has passed through the contact step,
and the wastewater subjected to the sedimentation step has passed through the
aeration step. Preferably the wastewater is passed directly between these steps,
however, further intermediary and additional steps are envisaged. For example, any
combination of the following:-

- an equalisation step may precede the contact step, in which wastewater is
held and released at a substantially constant flow rate to the contact step.
Any one or more of the recycling steps described herein may also recycle
sludge or wastewater to the equalisation step.

- alreated water removal step, wherein the supernatant formed during the
sedimentation step is removed;

- a wastewater recycling step, wherein outflow of wastewater from the
aeration step is recycled to the contact step;

- afurther wastewater recycling step, wherein outfow of wastewater from the
aeration step is recycled to the aeration step;

- afurther sludge recycling step, wherein sludge is re-cycled to the aeration
step;

- a screening step, wherein wastewater is sieved in order to remove solids
(e.g. the wastewater preferably passes through a mesh with a gauge range
of less than about 10mm prior to the contact step);
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- adegritting step, wherein wastewater passes through a sedimentation
tank which removes grit and other particles that readily settie from the
wastewater;

- a microfiltration step, wherein treated water from the sedimentation step
passes through one or more filters and/or tanks to further improve the
quality of the treated water; and/or

- adisinfectant step, wherein treated water is disinfected by, for example,
being dosed with chlorine or a similar disinfecting substance, or by
radiating with ultra-violet light.

It is further envisaged that supplementary performance enhancing methods may be
incorporated into the invention as a means of improving overall performance, even
though the performance provided by the invention is sufficient for most applications
involving the removal from wastewater of carbonaceous matter with and without the
removal of Total Nitrogen and/or Total Phosphorus. However, performance may
need to be enhanced where an exceptional performance is required and this may be
done by adding onto the invention further treatment steps known to the skilled
person.

For example, the removal from the wastewater of Total Nitrogen and/or the reduced
forms of nitrogen (mainly ammoniacal nitrogen and/or organic nitrogen) may be
increased by incorporating a supplementary aeration step between the aeration step
(involving the control of DO concentration as described previously) and the
separation step so that the wastewater flows from the aeration step, through the
supplementary aeration step into the separation step. The purpose of the
supplementary aeration step is to increase the degree of biological nitrification
(conversion to reduced forms of nitrogen to nitrate nitrogen) and for this purpose the
optimum DO concentration in the wastewater within the supplementary aeration step
would be around 2 mg/l. If the objective is to increase further the degree of
nitrification provided by the invention, then the wastewater recycle is taken from the
outlet of the aeration step, as previously described in the invention. If the objective is
to increase the removal of TN provided by the invention then the wastewater recycle
may be taken from the outlet from the supplementary aeration step so that the nitrate
recycled in the wastewater can be denitrified (to molecular nitrogen) in the contact
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step and/or the aeration step. Alternatively, a separate denitrification step may be
located immediately downstream of the supplementary aeration step to reduce the
nitrate in the wastewater to molecular nitrogen. The supplementary aeration step

and/or any separate denitrification step may contain fixed or suspended support
structures for the bacteria to enhance the performance of these steps.

In another example, the removal from the wastewater of Total Phosphorus may be
increased by dosing chemicals into the steps to precipitate the required amount of
phosphorus as an insoluble phosphate. Such chemicals include the salts of iron and
aluminium (usually the chloride or sulphate). The chemical can be dosed in the
contact step or the aeration step. The precipitated phosphate leaves the treatiment
system which is the invention in the sludge removal step and may be treated and
disposed off with the sludge.

In a further aspect of the present invention, there is provided a unit for treating
wastewater, wherein the unit comprises:-

{(a) a contact tank, which includes a support surface on which bacteria are
retained and that is positioned so as to come into contact with wastewater retained in
the contact tank;

{(b) an aeration tank that includes means for passing gas through wastewater
retained within the aeration tank;

(c) a conduit provided between the contact tank and aeration tank and through
which wastewater can pass from the contact tank to the aeration tank;

(d) a sedimentation tank;

(e) a conduit provided between the aeration tank and the sedimentation tank
and through which wastewater can pass from the aeration tank to the sedimentation
tank;

(f) a conduit provided between the sedimentation tank and the contact tank
and through which sediment can pass from the sedimentation tank to the contact
tank; and

(g) a wastewater dissolved oxygen concentration confrol means capable of
maintaining the dissolved concentration of wastewater retained in the contact tank at
2.0 mg/l or less and capable of reducing the dissolved oxygen concentration of
wastewater as it passes through the aeration tank or tanks.
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pol I uti onyy@$ee8lfesedd bed previously in the description @brikBiodsmneseas
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Tabl e 2 conpares properties of the wastewater with those of domastic
sewage. The conparison shows that the abattoir wastewater is several
times nore concentrated than donestic sewage but contains
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Characterisation of Abattoir Wastewater Characteristic Unit Abattoir

wast ewa@epedhéheanable Qihfine Prctisedgn the ughaccording to the second aspect of the
present invention. Thus, infer alia the bacteria, gas and support surface according to

the first and second aspects of the present invention are preferably the same.
Furthermore the conditions of inter alia dissolved oxygen concentration, time for
wastewater's passage through the contact and/or aeration step, time for sludges’
passage through the sedimentation step and control and feedback means thereof, as
discussed with reference to the first aspect of the present invention are the same as
those conditions in the relevant tank with respect to the second aspect of the present
invention (i.e. conditions in contact step are the same in the contact tank).

The support surface may be attached to the contact tank, preferably inside the
contact tank.

The wastewater dissolved concentration control means preferably comprises a
dissolved oxygen concentration measuring means and an oxygen supply control
means. The dissolved oxygen concentration measurement means can be any
device known to the skilled person capable of measuring the dissolved oxygen
concentration of wastewater and comparing this to desired levels. The measuring
means are provided in association with the contact and/or aeration tanks in order that
they may sample and measure the wastewater retained therein. The oxygen supply
control means may, for example, be a structure that is repeatedly removed from then
returned to the wastewater {preferably in a rotational movement). Particularly
preferred examples of such a structure are discussed earlier in this application with
reference to disks provided on a rotating shaft. Alternatively, or in addition, the
oxygen supply control means may be a perforated pipe immersed in the wastewater
into which oxygen is bubbled. The wastewater dissolved concentration control
means may further comprise a functional connection between the measuring means
and the supply control means wherein the amount of oxygen supplied by the supply
control means is determined by variation of the dissolved oxygen concentration of the
wastewater from the required dissolved oxygen concentration as determined by the
measurement means. Control of oxygen supply may also be fixed by setting the
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Alternatively, or in addition, a redox potential measuring means may be used in the
place of, or in association with, the dissolved oxygen concentration measuring means
in order to control oxygen supply.

The means for passing gas through the wastewater can be achieved in a number of
ways. For example, the aeration tank could include a pipe that includes a number of
holes along its length through which gas within the pipe can pass, or a grid may be
included in a portion of the aeration tank floor through which gas is released into the
aeration tank. The means for passing gas may also operate as the oxygen supply
control means.

The unit of the present invention may include more than one contact tank, aeration
tank, and/or sedimentation tank. In a preferred embodiment, the present invention
comprises more than one aeration tank, most preferably four aeration tanks. When
multiple aeration tanks are used, they may be arranged in series, such that
wastewater treated in the unit passes through all aeration tanks. Such an
arrangement enables the oxygen concentration in any particular tanks to be
controlled so as not to be greater than that of the preceding aeration tanks. In a
particularly preferred embodiment, the wastewater dissolved oxygen concentration
control means is set to control the dissolved oxygen concentration in the first aeration
tank at a higher concentration than in the last aeration tank in the series. The
aeration tank may not be aerated and may be mechanically mixed to maintain
bacteria in suspension.

Preferably, the conduit provided between the sedimentation tank and the contact
tank passes sludge directly from the sedimentation tank to the contact tank.

Preferably, a conduit is provided between the aeration tank and the contact tank and
passes wastewater directly from the aeration tank to the contact tank.
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The conduits of the present invention are preferably pipes. When a tank is provided
at a higher position relative to the next tank in the unit, liquid will flow under gravity
from the first to the second tank. Therefore, in a preferred embodiment, two or more
adjacent tanks are arranged in a height position relative to each other to enable the
required direction of flow of wastewater, sludge or treated water. Accordingly, it is
preferred that:- (i) the contact tank is provided at a higher position relative to the
aeration tank; andfor (ii) the aeration tank is provided at a higher position relative to
the sedimentation tank. Alternatively, or additionally, pumping means may be
included in the unit that drives or pulls wastewater between tanks.

In an embodiment of the present invention, the sedimentation tank may include
sludge blanket probes. At least two sludge blanket probes may be provided in the
sedimentation tank and displaced within the tank at a different height relative to each
other from the base of the tank (e.g. one

1.5 m from the base of the tank, the other 1.75 m from the base of the tank).

Preferably, when the higher of the probes detects the sludge blanket, the feedback
results in the sludge removal rate from the sedimentation tank changing from the low
rate to the high rate. When the lower of the probes detect supernatant (containing
comparatively few suspended solids), the feedback results in the sludge removal rate
changing from a high rate to the low rate.

In order to facilitate sedimentation in the sedimentation tank, the tank preferably does
not include any means for passing gas. The sedimentation tank may include a
treated water removal means; preferably such means comprise a weir, over which
the supernatant comprising treated water present in the sedimentation tank may flow.

The unit may further comprise a sludge removal conduit that enables sludge in the
sedimentation tank to be removed there-through. The sludge removal conduit may
be connected to a siudge storage tank, or provided with an exit out of the unit. Thus,
the sludge from the sedimentation tank may be recycled through a conduit provided
between the sedimentation tank and the contact tank, and/or removed through the

sludge removal conduit.



1. 2Configuration of Treatnment Plant Figure 1 is a plan diagramof the
treatnment plant. The plant conprises screens (not shown), an
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abattoir so that the treatnent plant receives wastewater continuously

and roughly at za epaiédioh thak taylprestie thBeotikt 8@, hashibivadtewater is
possi bl e) from d@/@to day. The wastewater in the tank is mxed to

prevent sedi mefR€ %reé@g%glqt&ssupﬁﬁ?\tiﬁ%CWrEﬂQWéﬁt%thﬁetcﬁ@faF_ka-_
floor. The contagguss ﬁ‘%,yoc%%\/@g&té @hﬁﬂerdﬁb%r'n%e%%éi@cgélﬁ}g%ﬁ@’ In
this application, were i'nstalled in three separate contact tanks. In
general , sever desedraddeareindoragychesiudge ar westewmatar te trrybgualiaation Bakh

contactor in_t [ g ' 1,0

2009/ 063086PCT%EE@@%g/pg(gé%%b%gggé6@%???%§é%rdeknﬂj\ﬂ;%§ Boiatiankprovgs
kg BOD5/ day. Fwhidrewastelveterdioiviret frarhdpe wemtide sargneaksie to dreosent&t% of
the BOD5 | oad iin the wastewater, with the aeration tank handling the
remai nder of tK&oad. The installation of three contactors gave a

smal | saf ety- f acdoptuRbréfdedosiveentiad sodmeARiRALATk SEHIE £96tich GART t
supporting thirty discs manufactured fromthe t f mesh previously

d . ) pe o
descri bed, the“’r‘%%h HaNGhudgsHeRlissiadyin dhe ﬁ%‘ﬂim@ﬁ{ﬁ?@ﬂéﬁ% RAsELS Th i scs
are approxi mat gbyatgnhglii;aneter by 50 mm thick and have a centre to
centre | ongitudi nal separation of 100 nm The di nensions of each
cont act tank- aBdaggasigeraesi proxidedrachyssXlcsv af wastpivaier Ipyior to the contact
approxi mat el y -Th )‘ogh. Oiginally part of the earlier treatnent
pl ant, the aeration tank has a total capacity of 990 ns, giving a
ret ention ti+reaghicB@iltdativoumsmatarcsheodidsd gorosalte flol of readdiwateafremnage
wast ewater flowy rate. TF . aeration tank is effectively separated into
three serial z §8C§‘PGE aﬁ‘f’ﬂi‘?”%&i ze. All three zones are aerated and
the | ast zone is additionally mechanically m xed to maintain the

suspensi on of the bacteria in the mxed |iquor. The aeratjion and_
mi xi ng e RARSEGRT e9baditnens of din presant iaventipg dhe preesaareerdingtte thefirst

ski || ed;88438Pthe present invention is carried out on the unit according to the second
aspect.

In a further aspect of the present invention there is provided a process hereinbefore
described and with reference to the drawings.

In yet a further aspect of the present invention there is provided a unit hereinbefore
described and with reference to the drawings.

The present invention will now be described, by way of example, with reference to
the accompanying figures, in which:-



The sedi nentation tank has a dianeter of 11 m giving an upward
velocity of 0.57 mlh at the design value of the maxi num
hour | y-av ewater flow rate. The conventional l ank
has a wal I%(ggﬁt/ﬁlﬁﬁ# 3.5 mand is fitted with a nechanic 5 lﬁg%)rgg&g@a
shown in Figure 1, the treat ment plant has four recycle streans
cal | ed: _Sl udge ecycﬂ dge Recycle 'B xed Li quor Recycl e
"X | andF g ShPS B oRegiPaa OB Weplsigior FeRimet BIEpt SeqREItad syl o
sI udge pidsepfmvatihnt he two mixed |iquor recycle streams is 1 300

nms/ day, giving a total recycled flowrate of 2 600 nB/day. A portion
or all of the two "A'" recycle streans nmay be directed to the
equal i sp H@.cmla r wnst ream of the
equal i Sa{g:uﬁzisg%e?% rbg)cdt Fgrfé:rsone8 otm{%gértgteﬂc%s@ﬂ?nt o the
equal i sation tank has the advant age of elimnating odour produced by
t he was kbut no_defri nental fect on the
L oat moF LR Pro0RHs Tl SieaR R AP B BT RoR BRlFy 8B0c) e 11 ow
rates are given in the next section. WD 2009/ 063086PCT/ EP2008/ 065624
26 1.2. eralon Criteria Table 4 summarises the main operational
criteri 4 eWtS r&eﬁOﬁP%QwS PPAPENgRG 9Tdle ratpediait pl ant
does not have automatic control of the DO concentrations in the zones
of the geratjon tank Ed in the contact tanks. Instead, the air
supply o theeSEP4PT OhEXBRINTSHRes i s adj usted manual ly fromtime to
time with the objective of keeping the DO concentrations within the

ranges $ReGhwdnBen inastdent @blea. bﬁbm éﬁgshyenrrdt@aﬁpomeﬁ&ﬂtdﬁ@ 'aOftm dcle
the contact tanks are controlled by adjusting the speeds o

rotors. W?ﬁ@“tﬁ‘@(etﬂeﬂtmﬁ’ﬁbpl%lh%@%@%ﬁtw i dge @@ﬁttetﬁma&t o eerigr \Y\*;ﬂ’q?tQWﬁtGhe
tabI e af \A%tﬁﬂﬂﬁrﬂ% Hal¥d F Gouhat lc:j&ﬂletn*ﬂSnéll QW'J%‘FO%U%QE?P%V‘?{&E g‘%e the

udge, e net hod used conventi onal
pI ant s. caralgingoral  bjsegical otrabtn@ritt pracesspdesribedaln dhét pra-amblei to‘f/athlﬂa

DO conc 0, syl centration.in
zone 1S aP b ERRAF bt e TRGRR eBrceatie el BREReL R s gt
aerati oeﬁIUentk myalraﬁué thioks0 fromD@ec eadientplarit) otludingene adrationaghas, @bre
tanknmg/] 0 t é

mcorporate into the new plant.
The following describes the new plant and the performance obtained in a survey.
The performance obtained was exceptional, demonstrating the high efficacy of the

treatment as described by this invention.

1.1 Design Requirements

Table 1 below gives the values of the wastewater flow rate and poliution loads used
in the design of the new wastewater treatment plant for the abattoir. The values of
the flow and loads were determined from measurements made at site. The
concentrations given in the right-hand column of the table are calculated values,
determined by dividing the maximum loads by the maximum daily average flow rate.



Flow rate of sludge recycle ' A nB/day650 Flow rate of sludge recycle
"B nB/day650 Flow rate of m xed liquor recycle ' A nB/day650 Flow rate
of m xed lguqbntpsycl e ' B nB/day650 M xed |iquor SS copegBld@bdsen 1 N
contact tanks ng/l14 375 M xed |iquor 2$S concentration in aeration
tank nmg/15 500 1.3Performance of Plant A survey of the perfornmance of

t he treatnment t s .undert aken, over. g, two-nmonth peri to neasure
the renoval s Oﬁ%”( ?’%%ﬁ”(‘ﬁrfaoﬁra‘gaiﬁ"f &#@W%ﬁﬁﬁ?@ﬂ%ﬂfﬂ?% survey
period, the plant was operating under full |oad both hydraulically
and organi calTy. " The results of M%@Mrvemaa@@u,gﬂmg N NELGMERS 2 to
4. Each point on WO 2009/ 063086PCT/ EP2008/ 065624 27 these figures is
an aver age FPam@M&RT rel evant weeklovd@@r ni naerege ipask agronrfesiaben|

i ndividual results relating to di nt day, ing the i cul ar
week. A few days_before the sta:ktwac%whe sur@g@%w he_oper at /gn of the
pl ant was i bpihosedady flawjrast i ng t B80val ues of the DO concentrations

(by adj usti he positions, of t ration control valves) in the
cont act tan'ﬂguri}ﬁ@vq?"ﬂg?h%wé@ﬁeati o?%@(ﬁes and increasing the frequency
of their neipEbds adj ustment. As can-be seen frpppghe resul 48g5this |ed

to atrend jn which th erformance of the plant inproved over the
duration of SY$ReNdg \?Qﬁs &%}ure 2 shows the CAP{RI ues (med8eted using

t he di chr onpgig N%P@H)(Tﬂj‘d the BOD_val ues of thg treated efsfql uent.
The COD neasurenents have | ow val ues, conpared with val ues obtai ned

from wast enb®tél PhesthomsniTRior ks treating such ¥ rong wastedters, and
show t he trend-of-rncreastng-performance-tnprovenents-For-expedi~ency,
val ues of BOD5 (for which the anal ytical procedure is protracted)
wer e esNNowat etBODgehbiesFasyBed DD supbteesedisi ng the fol | owi ng

pr edet er mi ned formul a:

The four load/concentration parameters in Table 1 are key descriptors of poliution, as
described previously in the description of this invention.

As a means of characterising the abattoir wastewater, Table 2 compares properties
of the wastewater with those of domestic sewage. The comparison shows that the
abattoir wastewater is several times more concentrated than domestic sewage but
contains proportionally less nitrogen (TN) and phosphorus (TP).

Table 2: Characterisation of Abattoir Wastewater

Characteristic  Unit Abattoir wastewater  Domestic sewage
BODs mg//l 1885 200 to 400
BOD/TN dimensionless 7.7 50t 6.0
BOD/TP dimensionless 54 20 to 30

Table 3 defines the quality standard for the treated effluent, giving the maximum
concentration for each parameter. The table also gives the required percentage
removals for the various parameters calculated from their concentrations in the
wastewater (Table 1) and in the treated effluent (Table 3). The criteria in Table 3
indicate a stringent standard, requiring a high level of treatment to obtain compliance.



BOD5 = (COD - 33)13.0. On this basis, the BOD5 of the treated
effluent was generally less than 10 ng/l and, in the latter part of
the surveyydwissisPr oved operation took effect) averagﬁgmggyg%gﬂﬁgtm
ng/ 1. Renoval of BOD5 fromthe wastewater was greater than 99%
denonstrating a very high performance. Figure 3 shows that, during

the latter par f 1 sur . th eat nent . pl.a red the TN
concentration EP&PH%%&é‘{%ﬁ‘&”%fﬁﬁ”&ﬁ‘dﬁamﬁ& f?ﬁ?‘g%@tthan 10
ng/ 1, giving renovals higher than 95% Figure 4 shows that the TI'
concentrat i onpa@imdtBe 1 r Rrkesureicbhe@iifatipBr € gener a&ddnyoJds£SS than 3
ng/l, giving renovals greater than 85% The perfornmance obtained from
the treatnment plant was elce@mplenaf irgatefdgh particul &%)y during the
latter part of the survey, denpfstfating the high efficacy of the
treatnment as described in this invention. WD

2009/ 063086PCT/ EP2008/ 065624 28m@¥ii t hout t he assistance of tertiary
treat ment) cogbﬁg--pr-ﬂduee-~-~a~---t--~r-‘e-at-- ~-‘~ef-‘f~~I-‘-ueﬂ{--v-~w-'t---hwa----géﬂg\l--i-~t-‘y‘~--~a~s---‘hi gh as
t hat obtai ned m t he pl ant de i bed above. An ac ated sl udge

pl ant design TH renove carbonacemus material and nugfizents (TN and
TP) fromthe iBattoi r wastewater _woul d require a series of biological
reactors and sedi mentation tanR. The biol ogi cal ré28t ors woul d
conpri se an anagrobierreactor-roperattnyg T wetrhnoTagratton) T ran™ anoxi ¢
reactor (operating with no or little aeration) and an aerobic reactor
(generally operating at DO concentrations of 2 ng/l or greater). The
skilled rs } t the required conbi ned vol une of

t he thrg%et ygggwéﬁgﬁﬁﬁgrﬁﬁmtﬁh@%oti vat ed sl udge plant woul d be at
| east three greater than the volune of the aeration tank used in

t r eat mefigupse gns agige diagsamaaidhe treahinent riamtp alhedolant eerapisasaaigeniot
acti vat e Ta) e t r . Ve | hkely
fo g ve o Rhar afldSuor b LREH EBRlack itk CEEFcbIBhIRTR Grldoroh, &
react or gerdfine thnlgaffedtivietyasgpaodted itodheeaddrial zeaesyeamd a sedicentaiionhstep

resence_of .t.he caqnfact i conbi nation wWth the operatin
Cond 1 SRaPE Bt BRPEAFD R, ° 208 AL0b S SblacelndteRd B et
and endespar ie-thiokeﬂdmm_mggﬁg@!tj/ ﬂwidﬂ{@n@h@wcﬁ@hbmy aﬁ% &Enacﬂ@?fétg\réd’ﬁﬂto a caif<e
aeration step as.descri in this invention. Clainms_|.A process for
treati nBS‘\’Rﬁg %%é't'fgeeéfs ouim yetorg disposalataciandtlepite- whae §pr§emng of the
vast enaigktetRiérghd thatli®dnthg and dewatering of the sludge are technologies that

are familiar to the skilled person.

1.2.1 Design Criteria

The equalisation tank has a volume of 878 m® which is equivalent to a retention time
of approximately 24 hours at design value of the maximum daily average flow rate.
The purpose of the equalisation tank is to buffer the wastewater flow from the abattoir
so that the treatment plant receives wastewater continuously and roughly at a
constant rate through the day and (as far as possible) from day to day. The
wastewater in the tank is mixed to prevent sedimentation of solids from the
wastewater onto the tank floor.

The contact step comprises three rotating contactors which, in this application, were
installed in three separate contact tanks. In general, several contactors may be
installed in a single tank. Each contactor in the application under consideration has a



5retai ned on a support surface and the dissolved oxygen concentration
of the wastewater is maintained at 1.0ng/l or less; b. an aeration

step, wherghR9Rgibs Passed through wastewater that hagcpassBfosseas
t hrough the contact step and the disggl ved 10oxygen concentration o

the wastewater is reduced as the wastewater passes through the
aeration ep;..c. a sedinmentati te rei st ter,that has
paseed PRI RECKE RS ED o 100 hobRRer i PEL e conipa Al as
t r eat eddesiyeed &5 eeridwsl56% GtHe BOD; Radl it dge wasrwdteh Qith S acvdiRheh Ak
sl udge fromthe sedi nmentation s continuously passed to the

. ! step Is .
cont act "ap@pg the Fﬁ"’ﬁr‘"&?@é@%”’ﬁ‘sgoéﬁaﬁﬁﬁdnﬁﬁ”%l%‘i%tﬂfeevﬁ%\taﬁtwstgﬁé’e a small
di ssol vagre@x g ofepsentration of wastewater in the contact step is
mai nt ai ned ‘at 20from 0.2 to 1.0ng/i. 3. A process as clained in claim

1, wherein the dissolved oxygen concentration of wastewater in the
cont act Egfl potalingngPRiasian £oMirisas eastipst YproFting hirty discs n@ngipciured from

Process yastpbafTREH PreddlsR d&dcAbE® tht ésh MAREE 5 pdrBSity of approximately
94%. The discs are approximately 2 m diameter by 50 mm thick and have a centre
to centre longitudinal separation of 100 mm. The dimensions of each contact tank
are approximately 4.5 m by 2.5 m on plan by approximately 2.5 m high.

Originally part of the earlier treatment plant, the aeration tank has a total capacity of
990 m®, giving a retention time of 26.4 hours at the design value of the daily average
wastewater flow rate. The aeration tank is effectively separated into three serial
zones of similar size. All three zones are aerated and the last zone is additionally
mechanically mixed to maintain the suspension of the bacteria in the mixed liquor.
The aeration and mixing technologies are conventional and would be familiar to the
skilled person.

The sedimentation tank has a diameter of 11 m, giving an upward velocity of
0.57 m/h at the design value of the maximum hourly-average wastewater flow rate.
The conventionally-designed tank has a wall depth of 3.5m and is fitted with a
mechanical scraper.

As shown in Figure 1, the treatment plant has four recycle streams called: Sludge
Recycle ‘A’, Sludge Recycle ‘B’, Mixed Liquor Recycle ‘A’ and Mixed Liquor Recycle
‘B’. Total flow rate of the two recycle sludge streams and the two mixed liquor
recycle streams is 1 300 m*day, giving a total recycied flow rate of 2 600 m°/day. A
poriion or all of the two ‘A’ recycle streams may be directed to the equalisation tank
or to the chamber immediately downstream of the equalisation tank. Directing some
of the recycle into the equalisation tank has the advantage of eliminating odour
produced by the wastewater in this tank but has no detrimental effect on the
treatment efficacy. The operational values of the four recycle flow rates are given in
the next section.



25di ssol ved oxygen concentration of wastewater towards the beginning
of the wastewater's passage through the aeration step encourages

growt h angygleyshapgent of bacteria, and a reduced concg i‘/‘iaﬂiohﬁ&sﬁzfzt
I'n the

nutrients and the controll ed di ssol vgg oxygen concentration 1n
wast ewat er towards the end of the 30 5 5. 6. 10 7. 8. 15

1.2.2 Operational Criteria

Table 4 summarises the main operational criteria for the treatment plant. This
particular treatment plant does not have automatic control of the DO concentrations
in the zones of the aeration tank and in the contact tanks. Instead, the air supply to
the aeration tank zones is adjusted manually from time to time with the objective of
keeping the DO concentrations within the ranges specified in the table. Similarly, the
DO concentrations in the contact tanks are controlled by adjusting the speeds of the

rotors.

The mixed liquor suspended solids concentrations given in the table are controlled by
regulating the flow rate of the surplus sludge, which is the method used

conventionally on activated sludge plants.

Table 4: Operational Criteria

Operational criterion Unit Vailue
DO concentration in contact tanks mg/l 05015
DO concentration in Zone 1 of aeration tank mg#l 0.5t01.0
DO concentration in Zone 2 of aeration tank mg/l 0.21t00.5
DO concentration in Zone 3 of aeration tank mgfi 0to 0.1
Flow rate of sludge recycle ‘A’ m*/day 650
Flow rate of sludge recycle ‘B’ m>/day 650
Flow rate of mixed liquor recycle ‘A’ m®/day 650
Flow rate of mixed liquor recycle ‘B’ mBIday 650
Mixed liquor §S concentration in contact tanks mg/l 4 375
Mixed liquor SS concentration in aeration tank  mg/l 5500

1.3  Performance of Plant

A survey of the performance of the treatment plant was undertaken over a two-month
period to measure the removals of the key pollution descriptors. Throughout the
survey period, the plant was operating under full load both hydraulically and
organically. The results of the survey are given in Figures 2 to 4. Each point on



9. 20 10. 25 11. 30 wastewater's passage through the aeration
step encourage sporul ation of the bacteria. A process as clained in

any of th%@iﬁg@gbg&g claims, wherein the dissolved oxyﬁgﬂEm%m%%
concentration of wastewater towards the begi nning of the aeration

step is in the range of fromO0.5 to 1.0 ng/l.
these figures is an average for the relevant week, determined by averaging several

individual results relating to different days during the particular week.

A few days before the start of the survey, the operation of the plant was improved by
adjusting the values of the DO concentrations (by adjusting the positions of the
aeration control valves) in the contact tanks and in the aeration zones and increasing
the frequency of their manual adjustment. As can be seen from the results, this led
to a trend in which the performance of the plant improved over the duration of the
survey.

Figure 2 shows the COD values (measured using the dichromate method) and the
BOD values of the treated effluent. The COD measurements have low values,
compared with values obtained from wastewater treatment works treating such
strong wastewaters, and show the trend of increasing performance improvement.
For expediency, values of BODs (for which the analytical procedure is protracted)
were estimated from the measured COD values using the following predetermined
formula:

BODs = (COD — 33)/3.0.

On this basis, the BODs of the treated effluent was generally less than 10 mg/l and, in
the latter part of the survey (when improved operation took effect) averaged only 7
mg/l. Removal of BODs from the wastewater was greater than 99%, demonstrating a
very high performance.

Figure 3 shows that, during the latter part of the survey, the treatment plant reduced
the TN concentration of the wastewater from around 300 mg/l to less than 10 mg/,
giving removals higher than 95%. Figure 4 shows that the TP concentrations of the
treated effluent were generally less than 3 mg/l, giving removals greater than 85%.

The performance obtained from the treatment plant was exceptionally high
particularly during the latter part of the survey, demonstrating the high efficacy of the
treatment as described in this invention.

A skilled person could design a conventional activated sludge plant to treat the
abattoir wastewater to a similar standard, although it is unlikely that such a plant



A process as clained in any of the preceding clains, wherein the

di ssol ved oxygen concentration of wastewater towards the end of the
aeration sy§RoobReiosy t he range of fromO to 0.3 nu/l. ApprRESSS0E64
claimed in any of the preceding claing, wherein the wastewater takes
at least 4 hours to pass through the aeration step. A process as

clalned | of di.ng cl ai ns,. wherein the i SS d oxygen
concent (Ut g seiaRaBE LR Cedinthutird Bicdue & Fedi iR ium’s
t hr oughqtifiity aghigh anthsit ebtainedd¥ it &5 pRdt Géstried abbvany of the
precedlng clalns wher ei n the wastewater is naintained at the recited

O SR B PHet P ok P PP

suppl y ahd OPY)0REMCABTHLESEF WadiBRbiep dily $éQlird A a6 fbftd‘@ogkbgwa&@@s
oxygen concentration of the wastewater is neasured and conpared

agai nst 3Pfed gedimestiaticsntasyit r dhe dpiclogie! aea@ébwewds@céppﬁ&e hi areerofic
neans Of'eéi%r' i‘é}ﬁhlg \@ﬁh ng%tlhﬁ) té'f?a Eer\%@&t‘éf ébﬁe Wi R drnl{ttle

order to Increase o ecrease the supp oXyg e was
so as t geeatiphyendentdssokle seacior @uesezally@@eoatrytgem Ilﬁ)rwenemartlpaa 062 mg/l

wast ewa r .

wher o n ot BLeAb BT S BR BT Hoe Lo Bt Braba BB T e s aiatres
mai nt ai of tHeethnes tyest ef reattardién thec btibchtet smgguqﬁlamw@?a bre at least tdhree
concentratlo A _proces ai ned. in an t he rece in
cl ai e, Ofaesanan tievlne s e peaod Bk e g oAt gesgedat0ve’
process as cI ained in claim12, wherein the bacteria is fromthe

Baci | | ughasdtompéiteds ith di uebngenral delidated §ILOGESFards tigd AtdBmdehtn Blant
claim 13, wherein the l?i?cterla is B. suptilis, B. vallisnortis,

anyl ol i aﬁ%‘?rg’@peﬁgo"%'s elfeltt OiEnAsSURRTIOR PEHSSRERES UMYishreawying much
combi natirgiert RaERRS. The hﬁgrpéiﬂé&ﬁﬁofafﬁe %kfé#arﬁ%ét;ﬂeﬁﬂ |§'cme3t§ tﬁ’é gﬁés‘%‘nﬂ% &

wherein the bacteria is mut ant” or variants of any of ove
r eci t edthe contact step in combmat;on with the operating conditions promotlng the growth,
survival and recycling of endospores and endospore-forming bacteria in the contact

step and in the aeration step as described in this invention.



10bacteria that is capable of form ng spores and of breaki ng down

nol ecul es that conprise nitrogen, carbon , sul phur, chlorine and/or
phosphor ous. 16. A process as clained in any of the preceding
clains, wherein the bacteria are mi xed species populations with the
bacteria recited 15in any of clainms 12 tp,15 predom nating. 17. A
process as clainmed in any of the precedi%% cl aims, wherein the sl udge
forms a blanket in the sedinentation tank and the bl anket depth is
mai nt ai ned at | mor above. 18. A process as clainmed in any
of the preceding clains, wherein the 20sludge forns a blanket in the
sedi nentation tank and the sludge retained within the blanket clears
fromthe sedi nghiasi on tank with a downward velocity of from
0.3-1.5mh. 19. A process as clainmed in any of the preceding clains,
wherein the sludge is retained in the sedinentation tank for 1 hour
or nore. 2520. A Pprocégsoa@ss rinentird) wasiawaterofoniphieingr-ecedi ng cl ai s,

wherein the support syrf j reticulated structyre with a void
that makes up nore thgh agtg@gé: Stg%gﬁ}etﬁlﬁga?tgwg%rg?rﬁﬁé@ gwgeréa t ot al
vol une. 218 A process aseleinad ned suppahsuriate bhe therdisselet gxgjeai N5,

wherein the support surf anolg . o f, Lhe
foll ow ng 30synthetic pgﬁﬁgr?élﬁgm dgo y%?%%@%gﬁg%36@%9@%&{)”19” or

pol yur et hane, less;
b. an aeration step, wherein gas is passed through wastewater

that has passed through the contact step and the dissolved
10 oxygen concentration of the wastewater is reduced as the
wastewater passes through the aeration step;

c. a sedimentation step, wherein wastewater that has passed
through the aeration step is substantially separated into
treated water and sludge; and

15 d. a sludge recycling step, wherein sludge from the
sedimentation step is continuously passed to the contact
step.

2. A process as claimed in claim 1, wherein the dissolved oxygen
concentration of wastewater in the contact step is maintained at

20 from 0.2 to 1.0mg/l.

3. Aprocess as claimed in claim 1, wherein the dissolved oxygen
concentration of wastewater in the contact step is maintained at

a range of from 0.5 to 1.0 mg/l.

4, A process as claimed in any of claims 1 to 3, wherein the

25 dissolved oxygen concentration of wastewater towards the

beginning of the wastewater's passage through the aeration

step encourages growth and development of bacteria, and a

reduced congentration of nutrients and the controlled dissolved

oxygen concentration in the wastewater towards the end of the



32 pol yet her - pol yur et hane, pol yvinyl chloride, polyvinylidene

chl oride and pol yvinylidene fluoride, or any conbi nation thereof. 22.
A unit for treating wastewater, wherein the unit conprises:-

(a) a contact tank, which includes a support surface on which
S5bacteria are retained and that is positioned.-so as to cone into

contact with wastewater retained in the céftact tank; (b) an
aeration tank that includes neans for passing gas through wastewater
retained within the aeration tank; (c) a conduit provided

bet ween the contact tank and aeration tank 10and through which
wast ewat er can pass fromthe contact tank to the aeration tank;

(d) a sedinentation taakewaters passage thrb6gh e GOMRHM EteB'éﬁcY&Lg\?]% bet ween
the aeration tank and _the ﬁedltggn‘t)atlon tank and t hrough i ch
wast ewat er can pass fPOHERY AfdBePa!e ™ tank to the sedinentation

t ank; (6) a Aqnshest aprlaithaliad ahp bIBEPrdcBEing 8RS Mhaldipn t ank
and the contact tank nd.th{oggh whi ch e}(grd{,rre%t can pass conti nuously
from the sedi ment ati ohetdiTR\VED OK¥REN CORTSITRlIQLwasteypter towards the ()

a wast ewat®r di ssol vebegnyigeof theaeretibr stbp @1n ¢RTLRGS of TRANG.5396 @pabl e
of maintaining the di ﬁ@ﬁ)l ved concentration of wastewater retained in
the contact tank at 1.8 ng/l or |ess and capable of reducing the

di ssol ved oxygen @onck ptacess asclaifmeddrs breweltties praseditg glaigsewhésmough t he

aeration tank or tankgs gissolved oxygen concentration of wastewater towards the
end of the aeration step is in the range of from 0 to 0.3 mgii.

10 7. Aprocess as claimed in any of the preceding claims, wherein the
wastewater takes at least 4 hours to pass through the aeration
step,

8. Anprocess as claimed in any of the preceding claims, wherein the
dissolved oxygen concentration of the wastewater continucusly

15 reduces as it passes through the aeration step.

9.  Aprocess as claimed in any of the preceding claims, wherein the
wastewater is maintained at the recited dissolved oxygen
concentrations by control of the supply of oxygen to the
wastewater,

20 10. A process as claimed in claim 8, wherein control of supply of
oxygen comprises a monitoring step in which the dissolved
oxygen concentration of the wastewater is measured and
compared against the desired concentration, and a feedback
step in which the means of delivering the oxygen to the

25 wastewater is controlled in order to increase or decrease the
supply of oxygen to the wastewater so as to arrive at the desired
dissolved oxygen concentration of wastewater.

11. A process as claimed in any of the preceding claims, wherein the
supply of oxygen to the wastewater is varied in order to maintain

30 the wastewater at the recited dissolved oxygen concentrations.
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A process as claimed in any of the preceding claims, wherein the
bacteria is a spore forming Bacteria.

A process as claimed in claim 12, wherein the bacteria is from
the Bacillus and/or Clostridium genera.

A process as claimed in claim 13, wherein the bacteria is 8.
subtilis, B, vallismortis, B. amylofiqusfaciens, B. licheniformis
and B. megaterium, or any combination thereof,

A process as claimed in claim 13 or claim 14, wherein the
bacteria is a mutant or variants of any of the above recited
bacteria that is capable of forming spores and of breaking down
molecules that comprise nitrogen, carbon , sulphur , chiorine
and/or phosphorous.

A process as claimed in any of the preceding claims, wherein the
bacteria are mixed species populations with the bacteria recited
in any of ¢laims 12 to 15 predominating.

A process as claimed in any of the preceding claims, wherein the
sludge forms a blanket in the sedimentation tank and the blanket
depth is maintained at 1m or above,

A process as claimed in any of the preceding claims, wherein the
sludge forms a blanket in the sedimentation tank and the sludge
retained within the blanket clears from the sedimentation tank
with a downward velocity of from 0.3-1.5m/h.

A process as claimed in any of the preceding claims, whergin the
sludge Is retained in the sedimentation tank for 1 hour or more.
A process as claimed in any of the preceding claims, wherein the
support surface is a reticulated structure with a void that makes
up more than 92% of the reticulated structure's total volume.

A process as claimed in any of the preceding claims, wherein the
support surface comprises any one or more of the following
synthetic polymers:- polypropylene, polyester, polyurethane,
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polyether-polyurethane, pelyvinyl chloride, polyvinylidene
chioride and polyvinylidene flucride, or any combination thereof.
22. A unitfor treating wastewater, wherein the unit comprises:-

(a) a contact tank, which includes a support surface on which
bacteria are retained and that is positioned so as to come into contact with
wastewater retained in the contact tank:

{b) an aeration tank that includes means for passing gas through
wastewater retained within the aeration tank:

{c) a conduit provided between the contact tank and aeration tank
and through which wastewater can pass from the contact tank to the
aeration tank;

{d) a sedimentation tank;

(e) a conduit provided between the aeration tank and the
sedimentation tank and through which wastewater can pass from the
aeration tank to the sedimentation tank;

(f) a conduit provided between the sedimentation tank and the
contact tank and through which sediment can pass continuously from the
sedimentation tank to the contact tank; and

(g) a wastewater dissalved oxygen concentration control means
capable of maintaining the dissolved concentration of wastewater retained
in the contact tank at 1.0 mg/l or less and capable of reducing the
dissolved oxygen concentration of wastewater as it passes through the
aeration tank or tanks.



