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(B) Removal of carbon and nitrogen from wastewater: seeding the activated sludge produced from
step (A) into a biological treatment reactor containing wastewater comprising organic carbon and
nitrogen and/or inorganic ammonia nitrogen, and aerating to allow the ammonia oxidation to take
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aut otrophi c bacteria. The bacteria possess the follow ng features:
oxi dation of NH4+ and NOZ ;

ot ai ni ng energy solely fromthe

Using CO2 as the only carbon source in assimlation;

(r) O

(
(9)

gani c

substances is deleterious to their growh therefore they are unable
to grow on the cl assi cal
autotrophic theory is often unable to explain many contradicting

nutri ent

agar plates.

25 Despite the

phenonenjongircilgns | § M.935F the nmai hstreamtheory due fo the flact that
bef ore thi saprat entCGMEQhI w/aet i ve vhet er ot r opthi ¢ bacftii a t hat
oxi di ze anyremlira t|NWHBBite had npt been found. 30 Gn the other hand,
resear chﬁgagnuggmt r&iMEd by 4-he alitvotrophi c tffeory of¥n negl éct the
di versit ni t|MHENRO oxi dati on| products, @and presume that! NO? and
NGB are [ h&dhi y | i{ t$+ I n| Mact, durin® the M abolilsr of
t hese fu | rNQ*erﬁpmq, not ohlvy amonification (dnhnn‘nnm tion of
organi ¢ | niftiger % NF3j+but AVso NOZ and™NO3 ach?mI atiph or N2
rel ease ard& ¥ 8hnd ¢-fferent—conditions— Thesle hete
exist in gc}]fﬂﬁ’tl. 53 r nd}” e c|dssified in<sBergey\T\s[DNanu
?gll ot I’S_“_ P2y nt§\2' —t hh +Ihal v o~y AN + Aocerl l‘\r\rl
Systermt it usc tad y J,/_ll_l ther—propertd GeStti e
descri bes gpoﬁ pq\fdgg%gnt al _resuI‘.“sTr gyealdl ng t he featyr?sl 0 mEroge,
n’gt abol i b”'B%’c:llusL nthG@.u S AP fanre I N1 0gemn nghaoort bNg of
di fferent &8l i|adseservation Growth on Ntrogen [oss in NO --N N
- N Deni t rfELGal T OCGMEEESS) AN, PV Pl ate/ aerply ¢ accugyl ationy,
accunul af i osadiisn aeN@dFse oOr Name| of nunber positivel with environnment
W th in pupgkd PUEI@N0XI,G+PUre| pacteria |3 eSs- [ahpndant| garbon
cul ture(fr) seitst urleNO.)seeuliture || osvay source ng/L |ng/L reagent
Baci | | us| CeMie J |/ceMAC <b Nb-J  regat eri um NG 0554 Bdli | | us| GGVCC /
[ ++ <5 ND_mfcpideprug NURBH5H Bacill s brevis GGMCC [ [+ J <5 IND J
NO. 0556 [Badadiksus (CEVCC / |+ /3+H<5 NB J 6 circd-ehs NO~0557 Badil | us
CGMCC / / p-psepofiers NMIO3 10 oagul ans NO 0558 / /w++ / / | Bacillus | entos
CGMCC <5 R@it@u@a38TCBaci [M/s CQWEC / [ ++ /|5 ND /| NRer eus| NO. 0560
Baci | | us| ereensy [M203)02 5 ND /.. pumil us..NO.561. Bacil.lus CAMCC [ [ +4
| <5 ND |/ Arthrobacter | CCTCC N <5 ND N
TAmosus M203103
Arnhrobacter | CCTCC J N <5 ND J
sulfurous M203104
Arthrobacter | CCTCC I 4 90~100 ND J
globiformis M202043
Note:
® means heterotrophic growth and ability to carry out ammenification and ammonia oxidation to
nitrite;
-+ means activity of ammonia oxidation io nitrite, i.e. accumulated NO,;-N concentration {mg/L);
5  +is equivalent to 0.5mg/L; ++ is equivalent to 1.0~2.5 mg/L; +++ is equivalent to 2.5~5.0 mg/L;
+H+ is equivalent to 5.0~10.0 mg/L.
®means pathway of nitrogen removal ( NH; + O — Ny)
®means short nitrification (NH;+0,—~ NOy) in a single stage batch test in a shaking reactor with the
addition of carbon source (Pyruvate for example)
10 ®means nitrite oxidation to nitrate (NO,+0,—~ NOy)
®means aerobic or anoxic denitrification with NO,” or NO; as electron acceptor and organic carbon as
electron donor (NO,*+COD—N. t +CO; 1 ).
As shown in Table 1, the bacteria share the following common features: able to grow on PM plate and
15  score positive when Griess-Ilosvay reagent is directly applied; able to directly oxidize ammonia to Ny,
NO, and NQOjy under acrobic conditions; able to remove nitrogen through denitrification with NO, and
NO; as electron receptors and organic carbon as electron donor under aerobic or anoxic conditions.
However, these heterotrophs are different in their activities. A limited number of bacteria exhibit very
high ammonia-to-nitrite oxidation activity, e.g. Bacillus pseudofirmus NH-2 and Arthrobacter
20 globiformis WR-2, with the former one also exhibiting high nitrite-to-nitrate oxidation activity. This

discovery shows that nitrification isn’t a process carried out by two different groups of autotrophs



licheniform s NO 0562 Bacillus CGMCC //+ /| <5 ND / gl obi sporus

NO. 0563 Bacillus CGVCC //++ /| <5 ND / sphaericus NO 0564 Bacill us
caGuvcC //+++ | <5 ND / badius NO 0565 Bacillus caGvcC //++ / <5 ND /
subtilis NO 0566 Bacillus CGUCC //++ /| <5 ND / nycoi des NO 0586
Bacillus CCTCC / [++++ [/ 80-90 >15 / pseudofanus M203101

Paeni bacillus CCTCC/ /++ / <5 ND / canpinasensis M203102

Ar t hr obacdoeswecBEIOHItH onk grofp oxbliAMp ammoniatvodtie alviRO3 A Frody firdur mibizctd eitrat€CTCC
[ [++ | <5 ND / sul furous M203104 Arthrobacter CCTCC //++++ [/ 90-100
ND / gl oBietsford, shevpadagegolptrivalentaaentivean sitregent tp opiidue feymewof Mriteaeh edides ibyy
to carry lﬁﬁfoﬁal?hwmwrmféaﬁﬁérﬁntém e RepATPtR! eeteBlis BRman Oxwlﬁttom Tfhése bwena
means Sdctﬁﬁﬁ Woﬁlétofﬂéﬁ“’tl 30¢h fnjyification, gfémmaﬂ ot el e limede
-N concerf{ffesti as Fre orhs A %wr%%im% BAPEfyould, e qoled that these
equi val en actfrba yc § §1 rdlng_ ot gjﬁ, gf&p gaalcg)m@ams Qal;abl_gb_l_o_'t_"
s, cauivalpo Ll C%MPB SO T PR R B AR ST A SR L
1N .

(NH3 #, 02 -- nmeans short nltrlflcatlon (NH3+02-- NOZ) in a single

stage batglted GShe e SNUOEIG HBHE LR nitab loohBied RAM IR 0 RfatiGAHBRNis
source (PyhsAHR BQkibEUR RS colfling GldBRRNS: Pindfkr R c@XUAIRT @M 1 electron
nitrate (JdkRrR2bothodnbirell bRRABS aRedl@RérCrMEferaMikxhddycbeid dalchbiidhal bphediot h
NO2 or NOdclessepel ectron acceptor and organi c carbon as el ectron donor
(NQZ+GOD-N, t +CO2 t ). As shown in Table 1, the bacteria share the

f ol | owi ngthealeron theséer proesss inKatbe cycle, grdake @mbiptd gidatia of pdbon hBd sieger are
posi ti ve ipsepieddnFiggrs 41 | osvay reagent is directly applied; able to
directly oxidize ammnia to N2, N02 and NO3 under aer ob| C

condi Mn@‘m’&’ﬂl’”@mﬁ&a‘?@’rﬂ%ow @P‘@&%WW"&%&H‘“&@WF@H fication with NO2
and as electron receptors and organi c carbon as el ectron donor
under aerobic or anoxic conditions. However, these heterotrophs are
different in their activities. Alimted nunber of bacteria exhibit
very high ammonia-to-nitrite oxidation activity, e.g. Bacillus
pseudofirnmus NH 2 and Arthrobacter 20 globiforms WR-2, with the
former one also exhibiting high nitrite-to-nitrate oxidation
activity. This discovery shows that nitrification isn't a process
carried out by two different groups of autotrophs 7



consecutively with one group oxidizing ammonia to nitrite and anot her
group fromnitrite to nitrate. Therefore, the oxidation of trival ent
negative nitrogen to various forns of nitrogen oxides by

het erotrophs is distinctly different fromthe concept of autotrophic
ammoni a oxi dation. These bacteria 5 capable of amonificati on,
ammoni a oxi dation and denitrification of nitrite or nitrate are
termed Chblk e Thdmiedyyanas it ddetialfa@bavepion prodsoni a Oxi dation Bacteri a
(HAOB)". It should be noted that these bacteria are pot naned
according to taxonony. They are rou of m croor g%ﬁé frim pabl e of
carrying obtNHedBNEY =ef7eH éﬂ ‘éﬂé‘ﬁﬁ |+dﬁ t hr ough conti¥tuous conbi ned
oxi dati on- rééN&DHGn:"*@f i bdﬁNAarrdU?H or ogen 10 Baséfd’ on the concept
8 on nodel
is confi gUI‘(ﬁQa]IQHd-EB‘ﬂIhID@\T;t{m-b@nQHgy coupl i ng and 4@l ect ron transfer
process. NADt acts as the electron carrier for both conbined

oxi dation andy ﬁlgﬁt rl% Fgg%_e(%o};helrm%qqryﬁe cal g_%j gation is applied
ki

to each stSB § B raﬂgdﬁ process in ebs cycle, and
the conbi ned“BRPAALT'dH 6 allr" 6] itrogen are lustrated in

Figure 4. Thernodynam c data for ammonia conversion are present ed in
Tabl e 2. @‘Saiq'é(%ﬁ“é‘ﬁf THEPHOWBHATNECH n ammoni a coldver si on process
AG (K7/mpl) 1. NH3+ 1/2NAD = |/ 2NH2- NH2+1/ 2NADH+ 1/21 +114 1/ 2NADH+
1/ 402+ 1/ 21 NHs0H+ DAY+ 12N2H/DADEEML0@eHAl | © NH3 +190/ 40, = 1

[ 2NH2- NH2  + 1 AN2bR©144, 2120t L2 NMEDNFRALH2NAD+HH2 O=NH2 Ot 1/ 2NADH+1/ 2H
+128 1/2NADH + 1/402 + 1:"211' = [/2NAD + 1/21120 -110 Overall:

1/ 2NH, - NH2 / 244, +18 3. NH2OH+ |/ 2MAD =

I/ 2N, +1/2M§|4%€—l4%+ B P50 O NADH: 1) 1o2e 1/ SR 1] 2NAD +

1/2H 0 -110  Overal |: NHPOH+ 1/402= 1i 2N2+3/ 211, 0 300 4. NH20H +
NAD = [ NOMPEOHANRPF (NPHI<BAPHRADH + 1120, + 11- ="NAD- + 11,0 -220
[NO 1] = 112RHG/20p pfZ7 56850 Overal | : NH20H+ 1/ 28%= 1/ 2N, O+3/ 21120
-249 5. || 2KN@HE/1ZNAD ¥2E0211, 0=NO+1/ 2NADH+ 1/21' +884 |/ 2NADH +
1/402 -. 1 1/ 402 =

NO +34 6, Notauai\mzdﬁmwmw@maﬁj@/zll +46 1/2NapH + 1 /402 +
1/211' =1 /2NAD- + 1/21- 120 -110 Overall: NO+ 1/402+ 1/21-120 =NO,

HoL 8 Zm By %g gLl @31 305 BADH +134 3} 2NADHE 1740, +

- NAD]JI i 1;2 QDNAD + 1/2H,0 -110
Overatl: 172 NoO + 1/40, =NO +34

6. NO + 172 NAD™ + H>0=NO, +1/2NADH + 32 H" +46
I/2NADH + 1740, + 1721 = 1/2NAD" + 1/21,0 -110

Overall; NO + 1/40;+ 12H,0=NO, + H -64
7. NOy + I/2NAD" + 1/2H" = NO, +1/2NADH +134
172NADH + 1/40, + 11287 = 12NADT + 1/2H,0 -110

Overall; NO» + 1/40,+ "= NO, + 12,0 +24
8. NO,+ 1/2NAD" + H,O =NO; + 1/2NADH + 3/2H" +128
1/2NADH + 1/40, + 1/2H = 1/2NAD™ + 1/2H,0 11

Overall: NO» + 1/40, + 1/2H,0 = NOy + H” -84



Overall: NO_ + 1/40, +H =NO2+ 1/21-130 +24 8. NO, + 1/2NAD +H, O=NO. +
112NADH+3/ 211" +128 1/ 2NADH+ 1/402+ 1/211 = 1/ 2NAD*+ 1/2H, O -110
Overall: NO2 + 1/40, + 1/211,0 = NO + Hy -84 9 According to the

el ectron transfer nodel and relevant cal cul ations of standard free
energy changes, it may be deduced that during amoni a oxi dation
process in which ammonia i s dehydrogenated and electrons are

t r ansf er r 8ctotding teeititid etrbiAhsibrandNAR wlehdnt eielagyns btiandard fra@readygy dmigys, ithe
step  NHAmayNADieduchD thiADIhg gnrhinkeaixidation foeess dr whieidamuignizsip dettydogmpated and
(AG <0), dichromst fretronsfemrpd tq redviei WADS ta WA ith snasi iinee storad conADE stop
formed arSHADWB Ot MABH USlkEIAG bex@ryied dunspotthreeusinta@fs <0), alisthot stppinivdichr e
i ncapabl eanofionpr pdexddized anéh NADIDHS iemdb dref am-spegineiud &M}OOHO)I fr othgth words,

ni trifi caduiaypphic #e ritchmblaod @rodtidig @ NADH @edddefonaisivtilatpmottiweshsnitifieatigy

t hr ough ofirtdsrmpraghd\Adrn Cagiciwhielr rrpduses gurren threueghpsidizigiz NAH andofarngOput the
form cel | aswﬂﬁeﬁefrﬁozutefoawﬂ efanenenhiy depsrdget o res GRSINRSIAN ffenwgyepiay energy,
(sol ar en‘ejf]?ge;trC ATP etc. ) 10 When we take into account the second

| aw of? am cs and that ner n o.nI e transfe
i gh_ener u{* st s piong By ﬁéﬂf\xﬁ s o ggﬁ%@ B S B o f; e
OW S ‘W1 ut ass1 an We Tifi at10n auto Q 10
that ni tr\!v hC plhh c‘é@llflcp sole fr%ﬁ

source ang.gen &gsec ene gy sol e mamm ia oXl atlon are |

non-exj stent. 15 It is generally acknow edged that free energy
changes Uupdefen&eARNStidbhlciRMBRI ﬁe%@gﬁﬂﬁné@f BFSdoBstAl Rmpdritthe GAd PesSur®bire
maxi mum nigdicattsLbfuhaxikbikneg @RReH abRhehdi4dN FRAREIORSIN YidlogtlalDdy@gh adt useful
syst ens, wek isusikded in biavedtlesis for vdlli dravatle ehdi ifi cdili rasyrdnh@Sheshahivsl fared, br @ilissdt h
and i n cetbmaiinerrai plasologahizatives buch ay @k psnotic predshck peduced oy thepdifidrancenin
cert atth pHafsindKggionshtratiens tbeives), thesneife and ogeldd ofowhen b wiliprdets pradace osmotic
produced Wik byusoteh meteve Emedud ta PP BEdieind K+ concentrati ons bet ween

=]

C'_w

the inside and outside of ceIIs or ut|I|zed to produce gsnotic rk
by proton THEataly for oigp Ibfo f’“c’"FH% IR tthgFe energy Ofthe
bi osypy her§?°u2‘;i£‘;3%{§n% usgglw < blosal »f RS HRITE CRPHET Pee

ener gy’ of YR T EACH TN L PRE T 4 V\frH) yylghoéwﬁ aBtf“tlg?fcal system

utilizes IB'}H QL EMe SR G THERAN! §1 b Bism 2t BEQPUGS, R Us gl
wor k t 0 syiskalify @b AN reBdaltd RAYSY 9 éfglﬁenclt@ ot Vabd SmmbAlrehdlor
the coupljfifictRet MEaR APRE.IY- pro uci ng’ met abol i sm and ener gy-consumni ng
reactspons is not necessarily hard to occur. It is recognized that

onl y whenAdchding Wothd @€ibleOf&ti R @bode A@MMDIOmbi@&ICa MR and MmitropdnQetidation Clgbry
t hey be coalpl edh tr3ioAdlyceahingy noelbthd piocdsRe i-presic Rehin atidadoraldvaemani
t he conbimedtimararoenmaetel hyitherpogemingsatod dt the ppntbivedprycessap detgy itopepled by the
tradi ti ormaiticipatipa exfictegirop wanice NAD&dWshoastssssetbe progﬁahﬂ@ reggfapfoin the carbon
oxi datd orPxiREPnaHHBEh Areboicleh priofmmonis exidegem ddis dpdigs(es tthpé ther wiseoiganisms
i nvent or. m‘fohve'tii’i'éheéwsﬁ%*d‘feﬁﬁefﬁ@é"%%s ener gy is coupled by the

part|C|p i on qf eetron rrler cts as the produc
the react fﬂ‘ e %F‘b"giﬁ ol J‘?? g rﬁfkgf@ﬁ Koot d o
amonjA OXI FSindi ca ha e’ m croorgani sms invol ved
in these pr egleﬁéﬁoeﬁaqmaﬁltre{&&ﬁ Bmtyagm ELAMANR MRS of the above
theory, WecG@ie EWealectdAaraRiphid GloBd Gndteldidd8nGRAERARS QHESRoksE Gt
het er ot r ok iREHRMLE s0ki 20 RI0, WO Al NOSES néteted LANICHO LATRRE abd O rded
the only final products of ammonia oxidation, in which N, is considered as the inevitable product, we
45  can simplify the process according to the law of conservation of matter and the law of conservation of
energy:

50 o
a NH,' 2N o § NIH,OH —>
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1. Calculation of maxi mum net work in the aerobic anmoni a oxi dation
According to the electron transport nodel and rel ated thernodynam c
calculations, if the loss of gaseous internediates such as N2O NO
and NO2 are neglected, and N2, NO2 and NO3 are regarded as the only
final products of amonia oxidation, in which N2 is considered as the
i nevi tabl e product, we 45 can sinplify the process according to the

| aw of conservation of matter and the | aw of conservation of energy:
0 2c N2 Wberaa,NHdd e ae the tdRiDidf @ubktance foSoriginalGrep3ang idDRediffe and faalNERIuct]1 0
Wiere a, dring amgonig oxidation, hepasin heofdinth skale eof fegrserpationy iof\giktter, we can
react ant , defvre éie illaiing eclafipnshipi nal product during armoni a oxi dati on,
respecilvely Accor di ?trdFtQ@de*T?elma of conservation of matter, we can
deduce t hehdohGW AGT eh@ﬁ,l anisAG: rderashi? adhe eathergpbiang A{EEg each

AG 0. , %e@&ﬁn@%@m ﬁ)rcesE Qlel{hlal?edﬁﬂcﬁQQ%rgnf ree energy change during

each correspondl ng step ess mtl ove wherein AGN
=+22KHmol  AGO 2‘%@4{0/ ?@3%1,3 10 Thus, the

total free energy change mG“e%lzdnszg anmﬁ,lea)m/maternedl ate NH2OH
and figpal products N2, NO2 and NOB can be represent ed by AG vr AGDX
= aAGN 01 +2cAGD_ +dAQD. +eAG va 15 NH2CH is proved to be an

ib_ne?/i t abl e, nﬁeestaleeﬁeeﬁ@gy%a@mmu%n%@m @(ﬂmkéﬁueﬁ?éf%?ﬂiggjﬁrhhrS fihal ﬁrodl%cts

i ol ogic Xi e} xi dation as we e to the fact
t hat oxi ?L{?tl gn ag(?ﬁgm%&%?%mt%%ﬁ%%gaﬁ@' an endotherm c reaction,
oxi dation of certain ot h&FysibebEfced&  edih.etea@y, provi de energy
and atdow the reaction to proceed to the further oxidation of NH2COH.
20 When SNH®HDE giaiddGo Gah dRmitpR fitdrabdidd @Imindnii Bedaa6A B skt tdia biolgical
process, d&datisehnd vwemicalAGdajoa as ®3ll. Dhetoaliedbat diahsidationa gthmatamo ANHaOH is an
oxi dat i onengetizoeis ssaction@xidatiopodeeas othertstbstalne isreqridediatprogide efcrg& andedlnw gred
ni t rogen ool porred odle fwtheexpnenobllidil o’ o' s AGal.1 = AGV,
+ACGcr?20 25 where AGO o is the energy required to initiate anmonia
oxi dat i onWhen sbhe ogirdsertoe paficigreg inthe amastorkidatichGobds, thhsct endr 4G, by

required feRfotr3pHaRah @hindhal b:0Mhtiort$e63eks, Do. a pFoPEEY with the combination of carbon and

nitrogen oxidation, can be expressed as

v 0 o
AGTota! - AGNTM,,,! + AGCTam.!

25
where AGgT' . is the energy required to initiate ammonia oxidation in the presence of organic carbon.
r"_\G;\),'1 is the energy required for ammonia oxidation.
0 _ o
AGCM =n-AG.
Therefore, the equation can be further expressed as
30

AGp, =AGy  +AGy =aAGy +2cAGy, +dAGy +eAGy, +nAGE

where n refers to the amount of substance of organic carbon or energy-producing matters involved in
ammonia oxidation.

35  When —cz-AG":\’,'l =n-AGY =—22KJ , that is to say the energy generated form oxidizing organic
carbon is sufficient to oxidize ammonia into NH,OH, we get:
o o
AGN] +n-AG; =0
Therefore, the maximum net work of combined carbon and nitrogen oxidation AGS:M can be
described by
0 [ Y o o
40 AG_ =AG,, . = ZCAGNl +dAGNJ +eAGy,
Obviously AGI?;“ is related to the dominating HAOB, described in this invention, in the activated
sludge.
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Therefore, the equation can be further expressed as 30 AG AG +AGAG
+2CAGHJAG +eAEA +nAG Toml N>mi C NI v2 N3 Na C where n refers to

t he anobunt of substance of organic carbon or energy-producing natters
invol ved in anmoni a oxidation. 35 Wen -a-AGN =n-ACGc =-22KJ, that is
to say the energy generated form oxidi zing organic carbon is
sufficient to oxidize ammonia into NH2ZOH, we get: A&Z~ +n AGy = 0
Ther ef or e2. Refpéatinmxfi HFAOB-rted woihbniofxidatomiznd etrepardig praging canpositgdn carbon
oxi dat i oncod@" can be described by 40 AG ax = AGT ,a, = 2cA&, +dAXZ
+eAG a Ob#l Budst e Acmmstancsthptdiicatomhating bedieiadot adiviteisiudgcn: HAEB ovhich e
in this irabisi exafize apponiniatod¥s| oy M. serh agypering ef theq Baclus mengofitams.on of
HAOB- r 2| ab)dtthadrmingfing HAOR aithesativatsdislodse fre 1t preiditsragenaaie carmplaidstr NOsn
by car bon ° afftg AAPSUHEER Phe circunst ance that the doninating
bacteria in Ihe+acholvatamblisl udge are HAOB which are able to oxidize
ammpni a i nto NO3 or N2, suchA@IS;'ax&m@gGg&@ggcghee@@gi)l | us pseudofirnus,
5 1) If the dominating HAOB in the activated sludgé are those that
oxi di iée a ﬁie&f’r%deﬂﬂF‘?éjtf%‘l I?Odﬁl‘anﬂ\]&%ﬂ a‘HrNENch? @’.0@’?’3}@&{,‘?‘?“%?5‘“ ammonia oxidation
pseudof i rfflf®), 2c+d+e=I nmol d=0 mo|, AG'". =2c +e( AGN +eAG va) Let
the energy required for produccA§xNEBMIdHfREGi,m the two paral | el
reactions in ammoni a oxidation 10 equal, 2cAGN = e(AG 3 +eA&Z ) Then

Maxi mim nefe, WRkikiuAGht wotk GREP. b&in 6akadilah 80280k - 423 P mbiHEd BB oL AR 43

carbon ang,.ni.tregen . oxidat] ' ' t -
o NG - ag aBon BB S s, AR AR aPl AR e

dom nat i ng HAOR.A%hEE mmieaammalc%@amy tONNad At Mo ac@RFia06h of
accunul at keno®hrs, NO3 occurs, 2c+d+e=l nol a=0nol, 01 01 01 01 +2cAXN
+dAGN +eAGN +BAGe=1M5 e=Knel,aAGN 1 2 3 4 20 Therefore nAG-0 _

-43. 4KJ. The g@sultsqond) ogive, Rat wWhenr engr@y produced from carbon
oxi dati on exceels +43"4KJ, Aont & o’%ﬁlﬁa?ﬁgﬁ can be controlled at

t he shortThetfornidG Fi84Ki.on st age at which no NO3 accunul ates. 25 3)
I f the dom nati ng HAOB oxi di ze ammoni a conpletely to nere N2, and no
NO2 or NCBhei rgsultpindickicbat, whe ¢ebigyprodipéed drom—@rvod oxidation exceeds +43.4KJ, ammonia

oxidation can be controlled at the short-cut nitrification stage at which no NO;™ accumulates.

25  3) If the dominating HAOB oxidize ammonia completely to mere N, and no NO; or NO5 is
produced,
2¢+d +e=1mol d=e=0 mol

AGy,, = aAGy, +2cAGy +nAGy

max

Therefore nAGg =-71KlJ.

30
In other words, when energy produced from carbon oxidation exceeds +71KJ, ammonia is exclusively
oxidized into Ny,

B) Under the circumstance that the dominating HAOB are highly active nitrite-forming bacteria that
35 oxidize ammonia to nitrite (hereinafter referred to as nitrite-forming heterotrophs), such as the
Bacillus circulans, then according to the principles mentioned above, we can calculate the
maximum net work and the ratio between the two oxidation products--NQO,™ and N;-- during the

combined carbon and nitrogen oxidation. Also, for 1 mole of ammonia oxidized,

) If nAGY =-22KJ, N,: NO,-N=0.58:0.42;
40 2) If -22KJ< nAGY <0,  N,<0.58mol, and NO,-N >0.42mol;
3) If nAGY < -22KJ, N,>0.58mol, and NO,-N <0.42mol;

4 If nAGg = KIJ, all the processes mentioned above during ammonia oxidation are unable to
take place.

45  The organic carbon sources required in ammonia oxidation can be supplied by a range of sewage
water or external carbon sources. By dosing organic substances during the aerobic stage, we are able
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AG | X = aAGNl +2cACGN 01 +nAGg 2 Therefore nAGy = -71KJ. 30 In other
wor ds, when energy produced from carbon oxi dati on exceeds +71KJ,
ammoni a i s exclusively oxidized into N2. B) Under the circunstance
that the dom nating HAOB are highly active nitrite-form ng bacteria
that 35 oxidize ammonia to nitrite (hereinafter referred to as
nitrite-formng heterotrophs), such as the Bacillus circulans, then
accor di ngtoteontiohehe patib RC difitras andoiia atidxdoragredners. TR iCapatialdlg ¢igaifieantde the
maxi num nésnitvieationanfi skwhiraich at inorgdnet aveenia bireotrnin BOR| katowoliN ratio. Preferably,
product s- thi@zesah dnviiition agusr fonlymit Wee argroonisi praditioapioerss & the ritage @f Eshort-cut
oxi dat i onnitrifratign” of ghici NGy Neonseniaiamsicedsthet diNzed, 1) 1f nAGy _ - 22KJ,
N2: NO2--N=0.58:0.42; 40 2) |f -22KJ< nACGc" <0 N2 <0 58ml ,. and NO2

-N >0. 42nffi8e Wt ¢ Zet ¢ th 21&3?1131 Bqrosgisehni d"Nt onV&'zf?Bfe
4) 1f nAGEDY ¢ K ﬁ“é’r} . ‘ngleam Beﬂé@ 6‘;&‘{?1 Iﬁlvq |

2
oxi dati on rggugt 1Y) aﬁél Tn.g tt 8 %Cﬁf 111 aero 1C ?p(:}jélgl TESEnce 0 org:%mc subs?anccs

requi E@d io@th@m [ ok Omdﬁéifl at SR foy gs 1 é[on%ece ewage

wat er or externa car on sources. 603|ng organi c ubstances during
t he aer obi ccfhREss oﬁkﬁrb@ﬁé%m@@ﬂe@uer%&t%o@mﬁr%ﬁar Rldadc 8y EALRO Oof different
ammoni a oxi dati on Pr gguct S; This is of particular significance to the
deni trifiYadei onAf s gkﬁd,l ch in inorganic amoni a but poor in BOD,
i.e. low dNratio. eferably, the present invention ains to limt
t he ammonwkeroWe.dd-irder fprtiycmass andomplhremast afje cofain’ gpoictcabert source involved in

ni tri 3 catnneamia oxidatigh reshechiBR: - N concentrat i on exceeds that of N2. 5 It
i s necessary to enphasize that the prA(ﬁtl es and control techniques
described in this invention are e stinet di fferent fromwhat has
been call ed "si mul taneous nitri fi cati on“denitrificati on" (SND) in
wast ewat ef treat ece tlen ears

m equa s .aboy, nig car cg needed by
I nventl Oy ﬁfﬁi Stk ere%kl nEr%@Ja ox%at o1l roguc%s an?{g? 1engEég[ae;'ta181)1 gdui iclg Erbrufa

oXi da on by In aeropic con ns In e prese ce (0] organl C

subst ancem exahibld) OF wh NG %E,nmlé @&& 3@@3@%119 Qﬁa&)ﬁs okl dcOfte WthedhahtlD2
or NO3 asrefh&GhLOIRIHBG afe) t Ls@‘éﬂat@iﬂuﬁi% 6 Ria SIS Ed of BOD,
requi r emewd cah Gtaid B BMbwin®¥kultat i on by HAOB Since nAG- =M AG-, ¢
where W, M refer to the nass and nolar nass of a certain organic
car bo?s sour ce i nviablvg@eclativnshipfeamemihd arbo sotl@t dipes 4né prodwts copogitiod\C
AGN a ML:QGO. c g According tjo the’i’iequ%ti ons gbove, we ¢an obtain

t he anpbunt of organijc @RFBEAOEOYr déhrprbelded bit.67 HAOB.4707.pF oduce>7.52
differen sPuwsceoxi dati on product ¥lughd achi eve lcertain products
rati o. 20 P8AcdEplle, if we ado r2dvuc ci d (CHB000OOH) or
anhydr ouls sodi um acat at eNedfer ei na{%‘ oldy of erteld tjo &4%Bdi ym adétat e

or NaAc) te-wastewatrer—+ich—n—i anhi-c—anmmonl a land devoi d of BOD,
) Product N; 5'3 <58 >58 =100
percentage (%) NO;-N 42 >42 <42 =)

AG" is calculated according to the half reactions in which CH;COCOOH and NaAc are
completely oxidized into CO,.
CH;COCOOH+2.50,+H,0=3HCO; +3H" AG" = ~1157KJ/mol

CH,CO0+0,=2HCO;+H" AG" = -863KJ/mol

30
With this energy value produced in carbon oxidation, we can deduce the corresponding COD or BOD
value, or calculate the amount of substance of a certain organic carbon source.

The HAOB mentioned above and their metabolism mechanism will lead to technological
35  breakthrough for carbon and nitrogen removal from wastewater if applied to industry.

The invention describes the following procedures:

A) Cultivation of HAOB activated sludge
Natural soils are seeded into substrates containing organic carbon and organic nitrogen and/or
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we can obtain the follow ng results: 25 Table 3 Rel ati onship between
t he carbon source dosages and products conposition 1.67 CH3COCOOH
(Threshold <1.67 1.67-7.52 >7.52 Carbon source value) and dosage(Qg)
2.1 NaAc (Threshold <2.1 2.1-9.42 >9.42 value) Product N2 58 <58 >58
400 -percentage (9%\N02-N 42 >42 <42 =1 AG is calculated according to
the half reactions in which CH300000H and NaAc are conpletely

oxi di zed dnfatonia CORatiof RO @Ehtibd afeQippitdd (i BHde0 FrodHhe AGtraphicliittiTitddismmbeory,
CH3000" +CRe=R4ADf Hlis iAEntion us@G8tkdfropblc ba@@ialNultire kini gzapinerfyn spalcesesuch as
produced drganic afithonthaxdogespprding salle inshiding ddumelimitd to enhydsproaedicrigd.Cotmr
BOD val uestaty royericcagidaretheihmixiigsu e efteranl l9zganie cebasf sogree dy fegiintedpglipi ¢
car bort s duibalisma{ SIAQRoEPpAHY hishis dotirp SUEe-Siaing erponst il Grifighjmmonta to
mechani st | Iead to technol ogi cal 35 breakthrough for carbon and

ni trogen ermval from tewater if a Iled to. i dust
inventioﬂts IH oma 0x1 10 a rod ce%Oz B

ta €Il an

Lﬁllélég S es agejg nls fe!agrogmdelgtné:zﬁ ich res 151 1sa ear(?mce N@%‘
act | v o el WEiG Mah e SO oALE: ctoﬂ n&gm Qut al ni hg
organi ¢ carbon and’ or gani mtroge ni a. erat| on and
non- aer atgrORcr&kd a8PAnicahtrogld ifsghie Btamfnlbﬁlﬁéd- he pl%féinQBrE QRBiFosed during HAOB
ni trifi cakltiofioh MROLsyammohid 8xipRbA Qﬂse@nﬁemﬂﬁﬂaﬁes AN RLLIOFnSESNO, ", pH gradually
het er ot r apfregesb ALdrFbre,ad stabillzt il & tid1ehcF BPPinthtedbAs RS bigRte £idGAd Gker
or ganisc aggadlic @hrbbh@iurce eay hespdeadi fiffersalitsrvilnadcardingi gy p#b whrianed. During thed
to, anhydroulofthetdtivatacludge, sodiniaponauetiat decrepyy waduglyaed YOHN achaiufates
m xt ur es.as Tasatiex centinges. Bndyarikrobie sportitions ouganes Fasbopegpuics Wik Hhigpte t4qwbis
met abol i sieniicatiampausiag ﬁeea%ﬂepydlwnjﬁwe SENPy "ﬁP‘thrl'i‘t?fe'@‘P‘GPlﬁ‘ilﬁﬁ to a higher
het er ot r cfﬁwgmfaﬁ%& Tip .1&?02% léﬁ‘“rPﬁ%‘“l dawithy each jspppiemgnt ¢f prgapi ca@P Ll pmgno 1 tgqe

bact e’ nélﬁ'&PS ary gid %ﬁ?cgfnwoaé?agg =L

duri ng a5§?a§'be R R R Y Tg’eé%rﬁ*u:’tbr ?rg%&%ﬂe% Prigantip o
whi ch resuﬁi s $n the di sappearance of NO2- 10 fromthe culture, and

sl udge uppf 'p%dﬁeyﬁl@gmpaa bR B BRUE QL Abis 1B aﬁng HARAbE 65 erﬁ%le

bubbl 5. RiielniGk GRS hdSotUpBERECas Badifid PEd NIEb Eudl S ABRRA lghob &AnAN
prot ei NS (3he dHEEAIPORE thiitkkd NEgd B carChll frbda@by Qding tﬁumemsdsm@gm&uan the
oxi dat i orcmau&saahtem1I3y98t3a1mesnaafoaeevxdWa@htog@aﬂeﬁy&Eﬁ&tma compHhigoRduah| y
decr easeslso bhefi@fcd bethe hawsilaion bi N - bkrivhit tdi@nepeacit @ifne (tHg/PmMYDt €
bacteria growth, organic acid and other 15 organic carbon source may
be adifed Sice tiefefarriemd ammioein pxiliaion extivibdefHA QR (il Nar preductim. as Ddicitog athe
gr owt h ofspecHisallycreswesndey the arpemy, megbakisni of ©o erelnned apbem anferiresas exidation,

gr adual | YA mmeﬂaablwfarewmwawea opaccsfasing HR2 2ot ﬁ@kmuh a@r non-cell-

aer obi ¢ Pffrwﬁfs depgip Hasalalf e%cawov F"“F‘?ﬁ41 pligg & gﬂé fifils of the

den g f 64 “8?1 PrOECSY) *’é‘i" dispyehrihtpiFefgocing e h

| at eror e-R n tm sp GlCS 1n e slu e to ] tof arlp%tgs H ﬂuctsua 100
Li::b @erencel carbonQn itrogen %zaUOn cu’ltlva un

repeat ed WIF Jeac suppl enment of 5rgan| C car oA un ammoni a 20

oxi dat i Onl'hﬁé MRS heriod q&pﬁﬁﬁ&laa%amg andN B Gadh Q&e‘xﬁhcﬁtﬁﬁf bﬁﬁbéf@a&hﬂi}éﬁl

anount . abéoﬁlﬂgqgi{hgﬁ&gﬁ,]eg has reached maxi mum quantity with

theirgoactivity ful expressed "and beconmes dominant in

The present invention is widely applicable under different conditions and different sludge
concentrations and sludge sources, and it is possible to exert control by regulating pH or accumulated
NOy-N concentration during aeration. The general principle is that during the acrobic stage, pH
should be controlled in the range of 6.5~8.5. The reason is that when pH=:6.5, ammonia-to-nitrite
45  oxidation rate significantly decreases which is disadvantageous to total nitrogen removal. On the other
hand, the presence of high HNO, concentration will inhibit the growth of other bacteria, in particular,
filamentous bacteria, which will prevent sludge bulking and ensure that highly active dominant HAOB
species exist in the system. pH may also rise due to the alkalinity produced from denitrification. When
pH exceeds 9, bacteria are susceptible to death and thus pH should be held in the range of 6.5~8.5. pH
50  can be controlled by means of adding organic carbon source, or acid or alkali. When ammonia
nitrogen < 3mg/L and NO,-N accumulation reaches maximum amount, aeration is ceased to maintain
an anoxic environment, and then with the addition of carbon source, denitrification takes place.
Ammonia refers to NI; and NH," in total. The use of pI and HNO, as indicators may facilitate the
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t he sludge. The procedures nenti oned above are able to fully exploit
the activity of HAOB and enable highly 25 active nitrite-formng
het er ot rophs such as Bacillus pseudofirnus NH 2 and Arthrobacter
globiforms to be domnant in the activated sludge. This can be
proved by using the nethods described in the Chinese Patent
03118598. 3. The net hod provides ways to identify, separate and count
HACB. |t ia@ligenadosidol bEretratdnl agdic@echeddtjont he accurnul ati on of NO2 ' - N per
unit volune per unit time (ng/Unmn). 30 Since the growh and anmoni a
oxi dat i onPwieg ewliivagiongfl BAABR:cliveied WludgEDtempasatwre isihold imthe amilént temperyturg range,
speci f i cafot sxample20=A0ET Iibgpset d@orsineug yulimetabtswbdratyresdfclowhé ‘Co elndsie e th and
car bor? armhniviacengeniainideritapeore slow-ndpo gecamelatipab N QTN e Pi¥i-N greahieoed: a
or accumipditaipgthiozls aperiengsclqy gramih 5 lonieParErenesRerdiag fo th Chfheory
peri ods, EhdPhief thersispifieant £ eeﬂﬁ&w 136@ tedp gl % % ppgnt
Certain d&f Agesgd o dhem af, fopy ‘6‘3% lqlf ‘Eﬁf ‘P{bﬁ‘eﬂ“ Fae B
as an| ndF'tT:c’&F‘brFmg‘% Y "heccad U dlfsﬁ befl “tThe 35 specific
dor i i t‘ﬁ%&a%& ARob Rt A8 S?JQA%QE dutc%ff TpNFLR L& ihe %&Eﬁgﬁ e,
dramatic tn HES HalAQ eackRUSE ool Ukl &a{ ic38on and
nitr ogen di' 'n%l% énqu/ Uhnki3fta CE EnbhiRd & Qbated!: HS# not m@-@:{r es IQrorgamc
ammoni a Qfsfbdagduae)maamd 2000 1L tvh@iNto (8N dafubrfi Sﬁ&altl&mo ;Q@Qe dbence NO,-N
contrd | esdeinate a@usliiing atraridhiestdppddie mphem af ROWD cd@bMidnt, 44l tfféﬁergamemh
i nvent i orsoirse Whdded ty indtfapl derigifibation) D trifickitibd # e@iibued omitlhd divireds gresent.
different sludge concentrations and sludge sources, and it is
possi bl e InetepRitie remvelraflcarbyn ané gitrbgen iivrghipted drovgls euehid st @epxicly@ressay o,
concent r ahrioush agufiqorpgd aeragtaliemeond eAqgebirarredesssarigrcqup CED) remevhla andgipon
the a#t oqucdaWag@rOCﬁf»nm%%wvlat gHedaitrfigagon ip guirepf tfcwl%aﬁ@e%fhmah@e b
The reasdi*T¥ i J35yted wﬁ vgthal fsgpradycety Op e eﬂth °°f;§te
si gni fi cdh J%’Td%’c i "é‘ﬁ °§3éd9a‘ﬁf gﬁéﬁl}‘% cgrge

ISdJI‘ESE.‘.n

re rT'Dva| Oﬁ‘le exterh dﬂllO)fl?_lCO I IOI!S H.I' [+ mam F\l’el‘
etwe 18 nfwehtfol*g' and rese% ec ologles 18 t bon fm mtrogen remova
will is” h| \AE in

filanment ous bac er| a whi ch wi | I pr event sI udge buI k| ng and ensure

that hi ghtp¥ pRedht #eenBQN: BRRbIER Bwids REE] @%it®¥inShnthifing PR SMiSk SR exRibidTRY
al so ri senditgat evhftewml KRNI mbhlyKRIad wGeshed) QipideRivdetd bo Al 8O hyT\VVWheR
pH exceedsn@ntrdiaCbgdicavastewat&y SIERD HObBsen hgLdaadl i asichgt Wasewpdl ahodubtdalbe
hel d 30n téstewatrg TKOY: 1600520801/ L)duclbA vesiowde fioarftdilidet 8d nipyosdiam glucinate
addi ng orfgagies It sierR)NNO O aseymuBtiora@n te lald althedviel of WheI2Smgioingimg ammonia

ni t r ogen dEidating/ Onca fid dea@el leve] raasbednmarowit laprificetérotivatioviehts pasen Asvouding (o step
aerati on Bsdiffeers levelt o nifmpsnmay feauisreRene% Iremeinxidaisment denigigation errempveh
t he addi t50A" ¥ niteepand 18 adhicrethe draimdrprernatgn Y ftsawegmf)ﬁmaefetramwnﬁéhﬁia
referd t o™i and NH4+ in tot al . The use of pH and HNO2 as indicators

may faci ![ jtate the 14.1 booglcal tecgn nt rol l{l)f er;?;‘-e' Qn. an(g‘lweloped in this
non-aera I%nﬂon Ne gmg efet@ {JJ‘-)(%W ?cgl thed| tﬁi qleﬁlo& & the Ilm1tat10rs of

tenper at Ufeflfia sbd by r t@”&H@ SAHE cLARGE: off Qﬁcyec?f
20- 404 I&id%l%%a&é‘nacontl nuous cu ture at tenperatures be

sl udge growth ‘and 5 ammoni a concentrati on decrease are sI ow and no
accunul atAoNSaRf mdidred Bbof) buMN8 wadbvatee roddaai wedainly Beed ak itH3QMbdad theory
cel | s expeticheelaes tattaial govatdsubstratt Biota Mpesrdibg o @S tle6:,dirgd digntities dfldledge
Monod t hewtd/to beHlivwbargnd, aminiew oémpetpgirsi vgitii lad cantowf @l tanevels rod addhipeffective

i nvendSi oresiigilatihmef apmogia and sinsdqyeatle lomAcRmyhtar of anmiyon txidatiempredugt NiP.e N
and use templOABW t enperatures. This feature stens fromthe
principle of car bon and ni trogen renmoval under, non-cell-growt h,

aQ@‘F 8‘%"3‘? undeqlying caghpy g0y &t“i"g‘ﬁ rerpqyal stowater

whi ch i sdlaf’égﬁ‘gré% S ea P& Hias :
t t T 1 O} "l -
ee %1%;1 sl 1%% o fvfg AL

no CO tr ssical & e-pro mo eone‘, yn 6515 and eXpie sz- of enzymes
ol ‘éi&i“‘ ﬁ

cont ai ni r}gvé/vg} nefmlﬁj
and/ of | AR RL A T et KR b, anseﬁreeoﬂt e b oy B
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carbon source nay be added into the water to all ow ammoni a oxi dation
to proceed. Once NO2 -N 15 begins to accunul ate, aeration is stopped
to mai ntain an anoxi c environnent, and then organic carbon source is
added to initiate denitrification. Denitrification is continued until
no nitrite is present. In step B), the renoval of carbon and nitrogen
is achi eved through aerobic and anoxi c processes or, through

aer at i on afgh@hvigemnathmne qodtityOlhe sf@foniaioRidfiond aasfy eAHADBSactHuted Qlde
renoval , adtthatedifronis@p A2 Gasebiediatbeanfully eppised @slscars ihatefoar bet wilivddat differdedted
ni trifi catnpamatires touclien tmitregkamisinggicden. dxdlemiord, hegordingao dler obine-pometds s
i s carri egpngeit-eyth HARPlHHRBNDtvaied sINBP candbe prtadrbd dtsise thexpatprevitp gpostant
hand, 1 hedigghtssa & syfasorbasteria eells vhieh i reavieed fprervpntionnd pictbed qepesding fg fhe cell-

t echnol og%}"’“’fihﬁ“ Th organl c carbon is added when NO2 -N accurrul ate

to some e te and ang COI’IdltI o are narlnta ned unt] ne d -N
Is pr esent w51 et f((f):t(:l s] gto ﬁr%‘ exam%fl\'%)%h T S‘fﬁﬁ?ﬁ}trée tllrié? ; gﬁ Rl’lf“:) 11Is1
preseqy tgahng el LeShd bem B e HERE L R .

achi eved u.h Jtl%p%rds Jl?th@&ﬁ%% ednl e lug %f §1§dg99cmta]1r é‘ tﬁe cHva d

wi de r angﬁud@é sﬁ{eﬁmr@/ﬂﬁeﬁhdcﬁﬂl & 1‘3[11.@;901'}/\@5 BWatSES of 5104 e G BR 8 1per unit time),

muni ci pal sEEWags. Mivelr, thdh J@Ualpm&seﬁrimms%weag& g))slﬁ@g@ﬁh‘ A@hBRl ween

20 and 8Os+ JD;thE}belQ SRIOPIERT) vhidh fuftfer RNBANHA HARBSARVRESY SvdlkdhN caftQRz:a00

Mg/ L) 15 UCKrd@Sn £AKTANG (MESTRUEH i 8istinoly ih@YSE frbrd blassidal MRS HEWRHE TR rdfoHMic

1000- 2000preserht nveifich scies Wa piobM@t &curfed dhé ehtdntidndieras@ngernBRRMED Piotkdd that

gl ut anat ea lafpaqiagity efSludderhasth epdiBhargDad thdh @aednul ation can be hel d at

the I evel of 0.5-125ng/L during ammonia oxidation. Once the desired

| evel r eabdserding 4m thx ipgnciides of cirbincaat ingreginsremoviebypder too-celbgrowth camiétionslithsg

to stdp BHOB dFtiveiad elndec) alistted fgm gep rogenabipa frrsten ateempspepgsdewer than

anmoni a o%&sberat iFerAnE- derfther iordaticotichnigus dimshasctegzed piyn 2abiephHimpeT

and to achitidion pudowirnppraye oilirainepd af peptionsd gy ptepd) ahtiehls ig achieve effectl v

concent raatr'?“E)‘}’i“aloé‘g§‘°P Fl‘alhicm@@c@%‘f’]i‘f“ OWEd(f‘é'th te’fj‘?‘iﬁ%t“ﬁ"’i)ﬁag%ﬁ bi ol ogi cal

t echngl o%y r car bon and ni trggen r enov i s devel oped_in th| S

i nventl on™t% “olfeEntipfe i) et RREE QY fimprg aﬁmoaﬁaﬂXIdBr;ar Wlificogy through the

t reat ment Ef&*’f‘?& o g‘%‘f?&“‘f”ﬁié“’? F‘gﬁ ORIOVEPRRt GrOXYEqR ass, oS ?faﬁ” BR: TR B py
Oec e nm% -ce

the 1 ow df AR ISy 5 lfl%caf:bglrlﬁi/%irnétfoge“e $#%i ency of anmoni a

40 oxi di Z"l'ﬂggsl S cE tld%‘sanal def Sl«y SIBbAs QP QEL ) dve\@c%}cﬁ}ga{oer
treat ﬂ}:}ntcohv%n hlri chn %@q’hg)fﬁc% £oMefAR dgﬁg éﬁ’ﬁj’ fltedsEvAteRSter treatment
bact eri al efigi @y, Bndt QpnFddaY ttkeBscl IR reterRGE QR NHRT), L& atiod Qinde REDHM-achk@ng e
quant i ti egmddCosdspral@igely, MRehdnOentett dfla&@ﬂi‘tﬁirdaxeq:graaﬂéednﬂéﬂt kIR @lcBredlic€ BIRT,
Wi | | | eadsetadorstin@end &dnlaegticawide. r at e and i neffective 45 assimlation of

ammoni a and, consequently | ow accunul ati on of anmoni a oxi dati on
produtt N BNcangheegenfrolly G, in| varipus kifalm of akibtipg roandazienl weatbrs, Hert expinple,
princi pl eysparide patiydtedgludgaiastersabielilmireaciorertquersing\palch fepatnrs (RBEY, evgpntinuous
are the tﬁ‘%‘ﬁﬁ*}cé@’?rrﬂlfmct“ﬂléﬁ‘ar‘fﬁ‘ﬁynam c and enzyne kinetics, in other

wor ds, t pr enz ormtr n ochem ca acti.o
under | cel | fifor? 85; ek e “ﬁ%ﬁr’e lgf*wi BIEpYR) & e feRREEaS 0
éi% e%able carpen an

(‘

do not® cofffFay gr ol e rnatﬁi) {F R e pping now

synt hesi s Te4C Q(:fri the fgflca eatur s oé St & o Ipe% nrg;ix m{ :s;zvlédt r 10 be
when gr ovilt,gf byarﬂmrrﬁa o@?&!rﬁfoﬂ Vi £n%§’i9 DS atly reduces o

Consequentumyer of RERAGE s Rficd bbdr AP ProfSTRY Boids Trahy diflQNA Rvol & iR 8Bl
gr owt 45 ar}éacameyuﬂ@mar&da&@lzes$&1vaﬂﬁymea&kI vity and enzyne quantity.
The ammoni a oxi dation activity of HAOB activated sludge cultivated
fr om st eprid)tech@dogihlr patlys df @@rbonf and Injtropecpie@sabl astklCHBR ishshovel brgunel.
utilized Adtivaled fleige montaidignHAOEB! i rsegled mtcawizicovter pAnGind@r G@IM iagdriNH;. Then,

f unct i on.acftien dné nerererstionpipitiate airebip rtheset(bhesedhang peoxisrpbaro (rbieke II) subsequently in
non- c@l | -thy exmchSER iah tsimpérasyre Hoi@Bera 64 Vaffedres ublges Eanvobe €@Parmed! and

i nsi de t hrenreaaerdrtioniof Hoesen ioweobig nendiions bydiigiogerhs fand fogergesnidy refydie indvoi a
cel | s whierse &r ¥@eqljspcagulptinn. @usadiOnt serhes apetaiolgrel eereiogiisipresd te preate an

anoxic condition, 1.e. the phase II, wherein organic carbon source is added to perform demitrification
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Therefore, some concepts in this invention are different from

cl assical concepts traditionally applied in conventional activated
sl udge system For exanple, sludge age (sludge retention tinme, SRT)
is 10 traditionally defined as the rati o between total anmount of
sludge in the reactor and sludge discharged per unit time. In other
words, it is the ratio between the anount of sludge contained in the
act i vat eduntisNOdyalisspredre he M) raanghas! Iuhgesedr @d betepaard fdverpl, tinfel entih sathon t
of sl udgeandirgtpiger getimpents @i gendraliyetemoveSRiiid-dathies p. cetdonetnadard, tfirr aeughout
t he procesumayh lgshibangimedent net hod, no sludge is di scharged, FPO,
SRT- o, therefore, SRT>>HRT, whi ch further reflects that the enzy

t heory’ | n%&ﬂﬁ{}%&fdaqkﬁs WRFCHEHY E‘ﬁ}&P Pi@eﬁ% m éﬁndrpél%\l}[éﬁon § rRQuirp pludgp Fﬁ?@fﬁttorlr%h
is disti n efqo i“'é‘ﬁ'tca‘llsf’ ‘“ firatiog, ESrt a“‘f’ﬂ‘éP

the pr es} ﬂtPF EWSS(RFQ} ‘i? ‘éeB +¢ tewate can ‘be
iSC ar t eactof b gr ich reduces unneces ar;i O?r
e

conventi o} arge ¢
sl udgg, has 10" 0% g‘y\gﬂc fatP rée lm%{a cg%ﬁclﬁc reagdlf&%%mce%fl ng to the

principl eﬁ‘oﬁ?fth&%febigﬁ]s %@stmnt z{bgﬂetrﬂe @%EQM&J ot POl GRdond ' AWhdn and
condi ti ONGrrespéiing HRUMBmp&IbY 8 Bfboa lHHGE it G d ¥at B if it RRIERsMe iar e
abl e to fypQ)iOfndl teamRRAAbLIMS hoWRE chiiRftiorttVitb@Rllink SFERAE akish Sourd: N
ot her worgsitiod bifo the idbgipdie reaGor€ Naden @éretidc zaditibys. b ioadic tabImeoalct i a
cul t i At i Welognad rehaw ibdwipesrginitr @rbob iflomz@dtsiconeralCOD @sBOMINnd @eriedlali agalit e p
B), it i scaddoh eoutcp veehherdal. Ehdrdae.i aenoniamidatioa poodiidatandn regutited at different
deni tri f i levstsiby shankionthe poewat ad taes ofsstemel ppraria tatlon and o:gzAGEPLY Bpirppriate
addi t i on, catbRecqniolend pegerARPls ney ARl iceddlstsimpltanepis suben BAHIER reRIvalaivn
effic épgnc%?m?ﬁ FeRdtAns Prbalsg af&ﬁbké%@ﬂ@fze&ea@@f‘és %Bﬁc‘?@ﬁtai“’é{ltﬁ%?ﬁusé?‘(al
i mpr oVenent of ogxygen tran ff|C|enc gaj. reflects
the non. ety HeR (loPReHbY | ﬁgﬂs difcagq & &E%Gu fion T8

| udae c Iilca onsmo g ét tmth TeSENce o 306111 csust ce
S 9 eﬁfﬁﬁ ati cﬂ)mﬂﬂ N%E 9)91.1(3?191{1 d the Q:§ R b% e Eshort-cut
determn g@g;h &n Vifaleds Ql@bus NG Qﬂéﬁ%soil Besd Q?Jaﬁl@%e@

of acgj va E ARG HATH) sdh @@]@ cMlud Preddefiefas Wﬁsz a%m@h%béc{exeg&%&hs WR-2 as
effici enclyenna@gim&mgma‘nh&]ant | y decrease hydraulic retention tine

(HRT), aeration tinme and non-aeration tinme. Correspondingly, the
enhanc e nmeBicausd of alereaistienzn oDEDD, g biabkcaninioaf tembtiRtoxidiaed tb Ny suah that ;e upbliRT,
aer at i on anifl eergyRdnsopiion emdk irgincetli Atknlini§SresshepedSyoncdenitifeatipe mequadlizgs acid
appl i #d iproduedi fours akmengks oxidatien ivdich nignificantly gite ddwr dkeditior squifeoent—this is
exanpl e, simsilsspevhaicds ied dewaibaidn SHARIQES.r eact ors, biofil mreactors,
sequenci ng batch reactors (SBR), or continuous flow reactors, or

t hei r conbifferanti fooms whaT thes been Idesgriltel din thofauteit@Bicamewtly ditcert widerpigeng gpmmon
renove caamiyeniageepvelinethodie ille eitivigied h@m‘@p@drq aqtifepevang® temppgeiurgs oliigy can

t wo- stlagesaBy ept G@P&‘&F mt"#aeat preqses stogdily ahihe W% éﬁgf-‘e Pfldrﬁ‘%é’t"@%oﬂteﬁ@ q?@elaxmf@r
constr uctﬂ‘?%tp glt G gontrp ée”l?F’GT“E? et
carbon arf igel S q %‘%B(‘}%ﬂ “”fhr # U S‘B as P °“tm
Sl n gl e S V]:lg éeﬂ%%va ?I' = 81}?&11‘: 6ewa erlS 1C
procegs c¢ r{ewa easrl °hf1’°é‘8 BB 158 r%or’f? |h a?JF F'Smc%%llfse

aerobl c and Ehexye condl tions. Th| s greatly reduces the nunber of

react or s, y, g WRhafdd&%in ARALAN 1 RRhoRERCHS the ARARBNR ﬂ&nﬁﬁé%e‘?defhﬁ& Sl &5

i nvol ved thé‘pré‘s%ﬂlvé&x@ﬁﬁc@sessésf’soﬁl@é\ﬁ oA ad9&kaghiRs Wb Characteri zes
conventional nethods.” The technol ogi cal process of carbon and

ni trogen nertsading © e SykiglbGcabBRrdcGrsSITAMOB And-itg titednland nAohdnv@taBelism
sl udge cont htiies) GhehBd isaibls @adchveicitba ank Sitrewa sianlt:ednkla uticNgpnCDzrawmt
NH3. Then, caditiat.i on and non-aeration initiate aerobic phase (phase
) and anoxi c phase (phase Il) subsequently in 50 the sane SBR at

t enper at 1A eNbpeludgsedisclgrze GO chbicd threnghopt thpiwasievater freppradny prcoSOMhicle plinyipgtes
and  ¥hmoni élﬁ"ﬁklilﬁéﬁﬁoﬁﬁe‘lethrfiuﬁg%’gsé?ﬁa ip traghifiostl ingtivetesiHdes tgthgolpgjes.
heterotrag and consequently results . in N2, ease or - N
accunul at oﬁﬁe N%ggc K ‘5% Péeséf&r“i"&?‘ﬁ“ S i?gﬂ to achigve ¢ gloz d nitrogen

removal In a conventional actlvate sludge system without construétmg new reactors and thus the
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and nitrogen contam nants are generally renoved and reaches a certain
standard, for exanple, ammonia |less than 3ng/L. 5 A settling tank is
unnecessary in the process as phase | and phase Il don't require

sl udge separation. In addition, sludge floatation caused by N2

rel ease during denitrification in the anoxic phase can be readily
utilized to achi eve spontaneous sludge separation. Effluent (i.e.,

t he treat ed covasdcawaiosts Jan bagredi@ redtbed Thaguiieet: dftayintehen lcove fulfiid in 0fngleche
reactor by @diokgictlyeanbi gl theeftuctbsactivurd sledss asmbe ppplied in 2 goirgwigtchdyrexiating
avoi ds the hibgicgfregmenrepdtirng t ank or sl udge recycling process. 10
From t he previous discussion about the regulatlon of HAOB-rel at ed
anmoni & 05) dat meheaid ovesceln SRtRtAY ofriemTetse: camyws ooy miyifiedemnd
control, it dewirifitationseaphe achigvediin the mpretne froge o ¢ bytgle imSHARQNP Bycetso
control t he s@ingeotrorditows 30408 aprogiictts achpmyrberi-tut cinifioytiocont r ol | i ng
organi c carbon source addition into the biological reactors under
aer obi ¢ cdndhari-whaitrifitien exdydeniridictian borPegdisvedin hethererbbic bibinoyt ealitions
react & i ncluenes e pepapio cagten BBFFCf r om wast ewat er (COD or BOD) and

ext er nal or ani c _carbon source when needed. Therefore, ammonia

oxi dat i on®p ala%%ds“’@a%ﬁfﬁ’é)hl@ prestt el nyentig hasdygdrphort-qup gt figagonia i hasg
t he anount % ol E‘%E B ”tl‘é“i‘ arg\g?‘gﬁﬁl ConvERtigRRh S‘f‘ilﬁﬂféfﬂ%eﬁecg‘ﬂ‘ﬂiﬁfythe
Appro? yiate enid ?'I“E [pifegioncg y not only enabl e

si mul t"anequ en re aerg ondi tions,
but al 5o nRBR AL Bl DR B R o BB e AP e
level . 20g C@Hegﬁg%?eﬁtsllubfge cﬁtﬁ@.asﬁ?/ c@t’f\ﬁ{egﬁlargé ulaﬂtﬂbstcﬁe For&ﬁor{ s%cd:p'tﬁﬁ i‘?chbfehe
short - cut nlo{,]e&dnf)ﬁgﬁtsh@[&c w@ge.  Ammoni f |ca(%| ons into N2 and

coexigi in the presence of a certain organic substance. NO2 N
accumul at 9)o8upgeai i [deds @6t 00dE and\Zudaé o6 be kdpatte@Rthohirequirkia Gty shidgCalidge
control |l ed &hkthe short-cut nitrification stage wherein NO2 -N
accurul ates without NGB -N produced. This process is facilitated 25
by hi ghl yDeigled descrig@B of theienibogdimeBaefithel invsntips aecberfsentrd delpiiHH2wayed it should be
AT t hr Sbacioie o disi Igmiitnsis . bmited to fkenwaiomiewntt Rretchicd bt defied by the
Because ofFCER&YEERISnce of COD, part of the ammonia can be oxidi zed
to N2 suc at ,ox su and energy consunpti on can be reduced.
Al kal i nit “ﬁfg %ﬂ%}aé g@ ? eg'ﬁ’i’% b?ﬁﬁ‘;f‘lg&au on neautralizes acid 30
pr Odug,'(ﬁ OC S car on% puil ogenre OV | Can{ﬁ RS recac ar accor mg 1o

al kal T ni tp{ Hh&r%@;etﬁéa I,més ﬂnsbe cﬁleﬂgemgmt o V\/nat has been described in

SHARON( T ) Figded £ 160884 thi FQMMRccD 85 cHGRSBSEL: i EhbirfholcBiRinAd4t AbY RAC
growt h t hg@rssrunder pi nni ng common anmoni a renoval nethods, fully

cultivated heterotrophs are active at various tenperatures. They can
35 ca’yy bferraderiatiidBnedtsi dat i on process steadily at the NO2 stage, and
t hus overBemphysichadergioatptopociidsio€ the agded|svibatert fistgatn Tat 4. dleitheDPedOmnfeatat por

t enper at upesiftsgoreeeil tha padl Was eequisdnoni a control. In particular, it

sol ves the E{robl ens associ ated with high operation terrperature such
as high sqily nsunption in the winter and jneffective ammoni a
rem)v%] fI’tS "ﬁi‘ I'i“eé'ﬁ’i? P’aﬁ ﬁ%\%q%?\ﬁ%llc‘éﬁ"ﬂ% EEUOR characteristi of
t he SHA & PHVBATIEIPE e ETRSYE CHi ?ﬁ%&’r%ﬂ“"&n 2
ni trogen 40 wascglﬁters effectively. In all, conpared

with tra |h?'§“6’ﬁh§fm é’é??ﬁ‘it)lles “glreeﬁl,h 1cochem1caﬂprgp|§19§s(of}he% chni nique, t he net hod

accordi ng o—the present IIIVUIILI Of—{0SSESSESTSOHE UUV| us—athvant ages

as foll OV\/S)Igatﬂﬂﬁnaﬂae) Acdedi ng| t oTddhe pI’ySII‘C@IIIQgI cal cdmar act ertsacog‘ HAOB
pgp Gy Tl TS e R P NS
condition. 2)s/No $l udge2di s harogﬂ |s reqmsred thr(aughout tlmas1
wast essat erecitha@tMediB, il R SsilyWhily tlamel | m nat es

(2) Wushantu soil

18



50 difficulties associated with sludge disposal in traditional
activated sludge technol ogies. 3) The activated sludge according to
the present invention is able to achieve carbon and nitrogen renoval
in a conventional activated sludge systemw thout constructing new
reactors, and thus the 17 construction costs can be greatly reduced.
The purpose of this invention can be fulfilled in a single

bi ol ogi cat is haad harrl gy tikd faadyabidingoit aegaizitonat ed sl udge can be applied
i n a var i®t yoilofas sdnpled Gym @idgs tdils op Xilpdhwdng gillaga] Clturgstat citg diangseprotioe LChirh. 4)
The net hadPhas3iaver®® the |limtations of tenperature: effective
short-cut nitrification and denitrification can be achieved in the

t enpersat thgsiqoghegeralgkop@tisGre apfillbes: i n SHARON(r) process stringent
conditions of 30-40C are required to achieve short-cut nitrification.

5) Short-cut nitrificafff¥ns Bysicoskenisal Properiss ofdhe Wushanlsample| eved j n
bot h aercb@gm@ggwa1oxhgn@ondlthgﬁﬁ 10 #hreugh theucontrolc.eh, carbon
source. 6) Conparefd with SHARON(r) prnocess, tihe invention has hj gh
short-cut_dedtirificafi®n rlat €00 has ®&8o |VeFednEma | pr éBl en
character|2|@g4con/en%hﬁnal de@h&glflcaLj@n tle chnygpes: th@_03

denitri fldEelCméfHk $o.1 §bﬂt’é}£ AvETROLN| o3 10%{1_ —N-exceeds oUllgl 15 I) The

i nvention can reatF redmbe g en demand and organi c source for

deni trg f |'Hjahlhﬂﬁrs oBﬂncEBb@arﬁﬁisantﬁé @d sdplegRretadatRecudBstdn WeWhdwin\iat28@ 61 N
| arge quantities due to short start-up tinme, flexible operation and
sinple control. 20 Bjple SNusite ofxuiciobngenisthe &eform arid afterciercpltizaiign s| udge can

be separated w thout requiring any sludge ge Ehr@gm“&gg S&%& m% ed

descriptiions of the eghqgi@RBssubatibhe |rveﬁ%|on are ente
However, |it shoul d be 25 noted that the|invention |mam©t limted

the enbodi nents pr esent w, but defijined by [the acconmpanying
clains. Brigfydes¢Prpyi ﬁmgF“?ﬁe alEBMpanyhgPear aRiPRgE"E gu&gxf

illustratles the proaess| aimeaebon @anginni tjr gges rlemmwbabei N aitsiingl €
SBR reacto ﬁﬂE@tordlnq t 30 the present [inventi Fi gu
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Chmesc patent (Pat. No. 03118598.3, CN1187440C) “Separation, identification and purification of
heterotrophic nitrification microorganisms”

The source of the wastewater and their compositions were shown below. The invention was not
limited to any specific component or concentration:
{A) Modeled wastewater with high carbon and nitrogen concentrations

Yeast extract
2.36¢g

Trypone
2.36g

(NH4):804
2.50g

The solution was prepared by tap water; Organic substances were heat to dissolve and diluted to
2500ml; pH was adjusted to the range 7.0~7.2; CODcr=1. 99x10°mg/L, TKN=424 mg/L, NH, -N=212

mg/L.

(B) Modeled municipal sewage
The concentratlon of the solution prepared in step (A) was diluted to one-tenth with water, such that
CODcr=1.99x10’mg/L, TKN=42 4 mg/L, NH,"-N =21.2 mg/L.
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1.57 0.092 0.178 2.26 8.34 10.51 45 CEC Cnol kg' 19.13, soil
texture: silty clay loam (2) Wishantu soil 18 It is named neutral
gley like paddy soil in soil categorization. The soil was sanpl ed
fromtillage soils in Xinzhuang village, Changshu city, Jiangsu
provi nce, China. (GPS:3133'N, 12338' E) 5 Physicochem cal properties
were as follows: Table 5 Physicochem cal Properties of the Wishantu
sanpl e O @anodelerttighesonchiaat felilitatrabtevdtefot al K pH CaCO8 (% (NX
(P205%) (K2CBiytichWat @epaes by @ed, (NH),SQL4nd taB witd vOthd Rer@izdiH0. TXNEG 000N4dg/L,
0. 03 CEGn®@iish (re) tigogen=NHI-B =58dmp/LiwkfGre: silty clay | oam 10 The
nunbers of mcroorganisns in the soil sanple before and after

cul ti vat i O Infayal whrgates promagsiive gutamafyhl e 6 Nurber of i cr oor gani sns
bef or e anf°af#efort@Bation MR oy AR Bem fhevay i vowewster diony 4 ypaonpsqdium
i nor gani cg“fﬁ?ﬁﬁa"%‘-ﬂftt‘“ p° B indiangsy prayings HieavastRips yat repe igyan SBR
bacteri a FHF SREPTBAE plbe FOERIBAEr B 4P B.Ei 0 of  Soil gram of

nunbe{O per nitrifyi %l?{%a?e{i%%ﬁ{en{&g{som%to At%aste&%ﬁpl e dry soil

(r) gramof dry hetero y soll gra dry heterotrophs to
soil (r) totgl—bacternia sorttotgt bacteria nunber—munber—Yutu-
8.52x106 2. 71x%£08B 55. 3% @00x101Q SNOXNOK 46. 7% SWishantju 7. 2X103
3.11x10 33. %(%E/ﬂy(wlo 3£“%§¥i(1010 50.8?@2(c) I\/bdi(fmig/g)d St ephenson
medi um i s used—1I5—Pi pI ate \bccf extract=peptone—agar pI at c) chrrese
patent (Pat| Nox1003118598x8' CN118744B0} " Separation, identispiésati on
and purification of heterotrophic nitrification m croorgani sns" The
sour ce of Tiehewwasstewst evasadidhtddhéd rmako MIBSIN icorvsntakine alstuovigo-He0mell. oFhe
i nvent i onl5fgrd 84Pote/L before| phiiitp ¢he SBB desabed il ifjentiosonponent  or
concehtration: (A Mdel ed wastewater wth high carbon and nitrogen
concentr ?Bﬂésfﬂalfwéevafé&;qk’éeéf’m#? Bne (NH4).2SO4 2. 36 2\?&?9 ﬁ 509 The
sol uti on WASYIF® f’?g érﬁ?%ft Eropy .B“’s]ﬁf)gﬂ‘ anees & Thegently
di ssol ve HHEE ° osflr‘s’ %‘@Q S DL WaS adj usted to the range
7.0-7.2. CQ s Ol BOEg WS OWATT e N=245 ()

Model ed mun ch‘;imipheg@ gemidehe concentmfat-NoﬁxNDf t he@lesol yt pdn | prepar ed

in step (A)|wa il utle on-Lenth 't}ﬂ wat er, such]that C(%O
— m g _ . mg/L)
CODcr =1. 99x 10%1.1.9/)L, TR 4 Bl NPEIN o 2 gy
156-289 10-20 1081 330-511 Transparent, 7-10 ~300
light brown

20
The experiments were carried out in reactors similar to the SBR which were described as follows:

Reactor setup with a beaker: As shown in Fig. 2, a 3L beaker with an effective volume of 2.5 was

used as a reactor; the reactor was constantly stirred by a magnetic stirrer; and aeration was carried out
25  using an aeration pump {(power: 2.5W) with a sintered sand core air diffuser; A thermostatic bath

{SDC-6 model) enabled the reactor to maintain a constant temperature of 28+0.5°C or 15+0.5C.

Reactor sctup with a bucket: A 150L PVC bucket with an effective volume of 100L, equipped with a
mechanical agitator with a constant rotation speed of 60rpm, was used as a reactor. Air was supplied
30 by an electromagnetic air compressor and 6 sintered sand core air diffusers, with a 40L/min air

flowrate. The experiments were carried out at temperatures 15£2°C and 3042°C in different scasons,
respectively.

All units in the experiment complied with national standards or industry standard in the absence of
35  national standards. For example, 60.0 mg N/L of nitrite would represent 60mg nitrite in every liter of
solution and 0.18 mg N/L of nitrate would represent 0.18 mg nitrate in every liter of solution.

If the experiment conditions and methods were not specifically described in the experiments below, it
was understood that they were carried out under conventional conditions and methods. For example,

40  methods described in  “Experimental Methods for Soil Microorganism” (Compiled by the Research
Center for Soil Microorganism [Japan], translated by Ye Weiqing etc. Science Press, 1983); “Manual
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19 (C) Mbodel ed high-concentrated fertilizer wastewater The sol ution
was prepared by urea, (NH4)2SO4 and tap water w thout sterilization.
TKN=1000N ng/ L, in which urea nitrogen= NH4'-N =500 ng/L; pH7.0. 5
(D) Industrial wastewater: nonosodi um gl utamate The high
concentration wastewater was sanpled fromthe raw wastewater from a
nonosodi um gl ut amat e manuf acturi ng conpany in Jiangsu province,

Chi na. Ther ReSireWaleRbdsVSoll Miab&ghnisi ” a (KuSBIinghiug aiRE . A gihadnal Peds)1846);C S
of the wastrewatieMetbds CorHID Wicrbdigadiah|”e (Gompiéll bhakd Bstifutdbraoa Gtiedck, Thinese
of the noROIGKY st SIREEP MR DEWAEE I REELR BN N o Whikef 6%” fapildaH
(mo/ L) ( ey tho TafdiBe ndudtiiil ager Ysafoxdlsbstiakion? ¥t d by QbR -4, CritscEnvifdi@hent@W
wast ewat escidhexsS Ptbs UPEN D TERke cdidds BhdC omamitist aérk QteRiifidt acoDfind GO MR/ L
or 1500- £:886imd of nhedfameerput i nto t he SBR described in the invention.
15 (E) Industrial wastewater: coking wastewater The wastewater was
sanpled froma steel group in NanjiEsample hbngsu provi nce, China. The
mont hl Byerappe wohVashoiaaiseed rirodides whizatige peceshiown in Tabl e 8:

Tabl el wast ewat er Vol atil e Phenol
Cyani de GEIS.Cppppsit n ussdrion IAAQR qultivation wag listed beloyy:
IL)  pEetEE g 1505 Frat PeS0p Ty | Maphlyi.0) | MeRD,. 71,0
(g Re %7 1684, T M AL T ooHY. TN
br own 20_Teexpe rments were carrrea out 1n reactor StTmiar 1 n
SBR whi chpengrd@ssifhic Mg pesirdi @l lipWing tREAEMR preS@itdd mbhitih) with REKRF andAS
shown i n Iehihe, ad tan SlutddePds0mvbH Rasajuetéd 8 &eirah@e MOLOLNE, D= 130x MASe/T,
used &% aTKeaN-024 miherdasiant @srgavaN=clonst antly stirred by a magnetic
stirrer; and aeration was carried out 25 using an aeration punp
(power: 2554 Wusliahtuavas sevtledriatd teaahove 250l @ilturdsubftas T KNA 2 gF §ottaésc
bath ( SDEraomwdehrjickevalfl28€ foh2 daye ail BO, Moreavhéd . il img/Lcbersit anirt (HAC) or
t enper at uodiup faceRBINBAD) a¥ cabBsoBCe wasRdded tiwe the lutipn triidtelsvary dryddverty 12 BoutshOL
PVC bt k eThegirbon saicecifors eqoh dmg grra (sSmbinhydyons HAe gerilitg eddutigh pi{49g anhydrous
mechani calNa4sdrs [Her §plutipn: S EPeging tor et wleat G gncoaprasgion pf %érpﬁhﬁcmémwed

as a reachibranaler,Hacn Nageypasiaddgd alfyrgtively jo wpiptip s pH brfesnd-Sgnd

conpressor_and 6 sintered sand_cor _)g%eg I f with a 40LIJmn air

d users,
f1 owr 813#2%@5 t ?%fhg? ?tr‘f’&
P ené er.()%é;gt

L
™

NQy¥ P TR EU A = P
oot B ol %ﬂ&??gﬁgflé QTS cpred i e Jaigl g 18 es 19 . Dt i
.- cn.ugllg atlongr%e‘achi%l’] mugloi. ﬁr ﬁ%
% a%“nﬁ {%/ nger nPtrite would
r epr esent mg nitrite in every [itér of solution and 0.18 ng N L of

nitrage WiHeh dndxRRIASRBI oD wiSstdFBd. M drdtiol Gad RopBMBEM théthBb] Afl aRhdhd 10

| f the expet kdied bcca0iglid the N, aN dond@ikrirdd Svilheshenibud ttof Rihetry CD: WO, -N =
descri bed2.4:n vihivd vex peédpeinningl el @diwat tifferad Srobtnet BI: 0 aaliot ik #eory. @ythangr e
carried owds added @ccoslong\te mbss gatal CEGOHANO ] -OR8 4:ain@xpeetnbroa slata)Fo mnte@ngiNac
40 net hodwasdédsd péchudis itmisErape Nesie ANCatNWST A dekperfnomtaShia). The oixboe gesrthend
( Conp?d ecbtiggd tp erfore denfrifigptioncddargs anfopit oSenall bubbiss srephseisdrfollgugddpsludge

t ransl at efptdyign. PacaiiRqi¥ &Y belew 0-Smeilediaiifpptioa vas siapgah - * Manual 20

Aeration could be continued to completely oxidize NH," into NO;™ if there was still NH; remaining.
No carbon addition was required in the process and the denitrification process mentioned above could

40  be repeated for several times once NO, accumulation had reached a certain level. The end of the
cultivation was marked by the fall of NH,-N, NO,-N and NO5-N concentrations, each to below 1
mg/L. The sludge obtained could be used to treat all kinds of wastewater.

X after the sécond additjon of carbgn soufce,
compl i ed Wi, Hal b kel g AL gbogrsoj&@
of 35 n%%,%maegﬁ@lql hyBamotild 6 XIS, ©;

The cultivation process mentioned above could be successfully carried out in the bucket reactor (150
45  Liter) as well as the previous beaker reactor. The sludge forms flocs and had good settleability.

Comparative Example
The comparative examples compared the activity of nitrogen conversion by ammonia oxidizing
bacteria at different temperatures in a single sequencing batch cultivation process when heterotrophic
50  and autotrophic culture mediums were applied.
Two kinds of soil samples were separately seeded into the culture substrate mentioned in Example 1
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for Research Methods of Soil M croorgani snt (Xu Guanghui, Beijing
Agricul tural Press, 1986); "Research Methods for Soil M croorganism"”
(Compiled by the Institute of Soil Science, Chinese Acadeny of

Sci ences, Science Press, 1985); and "Research Methods for Water
Quality" (Conpiled by the Japanese Industrial Water Usage

Associ ation, translated by Chen Iv-an, Chinese Environnental 5

Sci ence P(he®irophld @@jurecshisirate¢piadnred g Hio Gablea b dndclonghid tmodifisd m@&paic Stephen
det er m nediltae a@didinr{guistophih eultussggegt,irgmsenodd byetninf Bableu? endsl0). Bhaapbumnts1
Thi s exanptre 2dsesh s beihnen litpssobitien Both exdmeples wgrgcparried bt using jingle Soquoesings .
10 The cobatbsoultivasian af 28Chin the spamireactopanduingey the samel capditionse dpatiofronHaAIYing
cul ti vat i YrPRRSdPst atd: 19OrBMHF cavkon sureERey ead Trypon (NH4) 2S04 NaH>PO4
K2HPO4 Fe .7 A. 20 MySHA. /H20 2. 2. 36 .50g.0.63 1.80
0. 03 0. o}%%ﬁ?s @%ﬁ@%f%ﬁ%ﬂ%ﬁ% e % wpR By Sl

t he organ - ire ppgdj um yy p t eatin and then
di | uted t$0g2500mogsspH wassgd] ushE ;'?*%‘f"t?ﬁéé?gﬁg‘?mg%‘%gf O '?fw.z
CODct=1.99x | Bng/L, 15 TKN=TN=424 ny/L; organic N inorganic N=
1:1. 59 dry Wishantu was seeded into the above 2500nl culture

subst Fat eTPPiFRIempsdghenjirose AT EITgRs Meckifrnbminiaebdieri ed out at 28 C
for 2 days ti.l NO2 -N reached 0.5-]. /L, Acetic acid c) or
sodi um agwggﬁi?%&hwvev@néﬁ?w#u@am%’1&59: Lt éﬁﬁaﬂ differens °‘t“F!‘EF(S§wF?)}I‘?Si on
tw ce evVeheulay LRME! Y TehgeraRRU Shmon#bhtichNE &@hdAQN | SQHE SQIBAP UDditBi8Gh
time was| 0.28ml anhydrous HAc| per |itger|solution or 0.40gianhydroygs
NaAc per|liter |SEFGEFijon, (Cor rlesP5idihg 1 it Buitiralient timé (days)
concentration of 316ng/L. According to | plhysiation, HAclor NaAc wgs
added al fernativety tjo mai ntaim the pH petweemn 6. 5.
was obsef Vot o aflcunul af® (S, 5np/1) after the 12th Hddition of3°
carbon spurce undgr afaraizg on | 25 condit|ons, Carlbon gddition was

carri ed put—inratotat—ot—18jtires—or—9rdays—Ortheninth—day,—12
hours afWehatthe $lecgdnd a#ldi tji on of carpon Wourge, N@2 -N 2.5~3.0
accunul afi Qn, reached |75 np/L jor even higher  Up| til] then, total CID
(includin c'ef‘.! thé carboA source—added—hnd Yhose—inthe gi-u—had

. A . Ao e Ay o
r eached 7658mo Pongig —dEnederdsthior prmomiiation b erarniscnitragemuptibths/Sriessiesyayen
anoxi ¢ dejfpachite ReenitoHonasiye aidNoeNMewht i on was st opped, and
met hahbl addmendgxiiaiinpdinkiaAgne ngeded vt the Neststorakiem dpst was nbgativiERd thiGriess-
concent r allgsvay reaidnhtest engositive, wiigitioh e dispppeapn@ODamud@is. - N = 2. 4: 1,
whi ch was®Ninitespdariormend-aTime at@ledundil haib tei Ndseern ntagént om 4nd ehel Gidks-Tidsvay
ratio in teheorss wiehémineland ta giphoigiedina cegnthien gvat posiing SndicatrighoGRBGHN
NO2- - N=2. 2hd ND, (Nekpdan i@mg/dl data) or anhydrous NaAc was added
accor 20 ng°Deaitmisidon igdei-TirNameded NOR theNtighebFimine (rexge st Gaikss-dlatvay reagbhe
m Xt ure was wedlesth3&atbkel rred to performdenitrification. A large
amount of small bubbl es were observed foll owed by sludge flotation.
Once NO2 ThY résglts| shiyal igheQabbughdve indisaied thatfiliegate plomtrifiersiorsind gpratdificafienr iattlieon
coul d_be ketsritiophieeritie sehsiit eresdsd Biie ihe auinrpphic icpltug JOPratef Thetsbipee ipdle
sti | | 2NHabeteresRplignFuigre subriiate Brprdrflogaibht theghpdegais th PRitE quifure REbstRto s s
and the doBH{eRd s pogf seglratylitp whichawasdnacesdaacs “ABGPEESBIY 40 be repeat ed
for several .tines once NO2 accunyl ation had reache ertain | evel.
The end of ™fHEPEHIPP WPA 51T RS v 128 vaathﬁf@r Parr @qbﬁr&ﬁw- N, N2 -N

A TR G R e e TN R

v A3

process nentmcaned gbaver-enuhd be sueeessft Ul | yocampiled| onNd, K@glhe
bucket regactor (150 45 Liter)|as well _as {the previougs beaker
reactor. (The_sludgg fornms flocs E?ﬁ??raﬂ‘ﬁ('{:)grnd settleabllity
Conpar at ijve gxaapl ¢ The gonpar ati ve jgxanplies cogpared|the activifty of

ni t rogen jconver si o by anmoni a| oxidizing
A 15 <] <]
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bacteria at different tenperatures in a single sequencing batch
cultivation process when heterotrophic 50 and autotrophic culture
medi uns were applied. Two kinds of soil sanples were separately
seeded into the culture substrate nentioned in Exanple 1 21
(heterotrophic culture substrate, represented by Hin Tables 9 and
10) and nodified i norganic Stephen culture nedi um (autotrophic
culture gubstrate, [represented by A in Tahles 9 and 1j0). The anmpunts
were 2.0 g?”éﬁ"ﬁ“ﬂfr‘s?”ec soilfper liter $blutign. Both ex <l
carried out using singlessequencingis batch cul tqyvation at 48C in the
sane I eagy OfeE0fRopikURRurdsRBrRa AE- LML Qltere sbRAll 1T Om applying 5
NaCH to adjust acidity, no organic carbon source was added. The

nodi fi ed 15k egfie RE@Nth@ Ul ot tadpe@firelRel gowihass aGy pak vahBossiyt dizardibédNeldicle N
=400ny/ L famdtionvih bt bidterattopliic hridzabiraphic cflire) AS@keINSHRIRD 1R, iAPBE words no

My SO4.57 H, aGuivhB@h, dN0, FeBSONO7 PR Occlizgdt. wat er pH 5. 0Og 0. 625g 1. 875g
0.075g 0.025g 0.025g 2500n. 7.0 7.2 10 Table 9 conpared the nitrogen
conver si dhwasiplicatze thdi wifea single seqepnting katch gWEvatien was appligh ngriftpatignirate gespher
conver si GRPTEeRIC @5OMRAgiC PG pubsHafeA 7S RETsEly dlow 2l theaclivited sipdas mankard i bitipe

subst {Oat e“éI“ChIlsrfB&‘ifPrﬂ?H"%Y‘,ﬂﬂlHE‘?"é"“ﬁ"@H‘B@r ature Ammonification Amoni a
Nitrite oxidation Denltrlfl cation Esub tyate (C) tinme (days)

28 - 14 14 >5 o Arrrmnl atlon ti rre T| rre nee or ammnlflcatlon
of or ganimge RivEQOaRgs Bedeh bRV (hInRSH thahPRMAYas tkEABRYcull8S ThdRERR ¢0
show posi ﬁeifMﬁle(ﬁﬂ:dormﬁgtO‘Mvsde&/t khowd Tn FABIYD It Feaddih Ghad sta@Ped WHIE arkinbia fell
needed urteioly 3inRa& (INESGS-Eior NOI-Blag@iiulati@s;twawasasiggatdey ad@rdlutijeavaleft 38 -
| osvay rpe@gevas topsitcd waisinisy fiar i@ months]ideddgi witcht oeslutl ges ez pibseltagpad Relafed
amoni a. tchdipdl paranbeteromil tertneptresultymesrelshpen indeded. unti | bot h t he
Ness|#r's reagent test and the Giess-Ilosvay reagent test were
negati ve TaHa 1 ﬁ@h@% mtrﬁyqtea%rfonéonﬁ%@é r‘ﬂeatP@E tof Wﬁ%“’lqédsai“?‘i"% Vi rigghcossepifg
both NI | 1b R ang groggayyva oy a P M_Eéﬁqushaﬂ?‘nf -on
time-Timg Tﬂ@@d@ﬁlmﬁmstﬂeitmemhe di pheny!l am dgente t estr ;ANd | 5% ime
Gi ess- | l[[osvay Teagent 1est Wwere botynh negati ve. The resulfs shown |in
t he tabl e&italsidsecopisritienined) t hpt'®t he fate of Initrifilcati on and
deni trif] 3Gl the  het er PLABNT Gugllel Uk €yl DSLEAL SofX CRPURfbshiat
in the aytotrophic culture supstrate. The sludge In the

het erotrophic culture substrate forned th@t!IsfwMI!ﬁN%%@g@] udqe in_the

\?Hit gthragr erp]?era | %E)eﬂiglzstrate Was slﬁl%d ang zp@d poozrsosett E‘B%bl lity

anny+ A y ool + H
\.z Ul uarnctcT VM |9 C|JUI LT I Toul LD. QI III I al U|JC al.l UIID

wer e carrrreﬂ out Tt HRIGC |, and| wall ti vaved for| 485 day|s3sfTabl €36k0) 30

Tabl e 10 Qlitrlflcatlon for Yutu and shanty at 15'IC jn different
cul ture subdt '_ép'ug(gnllc Beulumec PPrure ~||]hcfraft§ Cul-tivation—N I\j( n‘g/ |_)

o oot T o —J oot C—OoUTt 1T V&t 1T Ot Ny

NOf - N( g/l kys) | eda&kadtidilidd c@hte Y8t U SOl ksdsl 15 |sds <l A %5 <1 3 22

o L

Aeration 97.5 66.25 44.25 335 333
Non-aeration 7.5 425 3.25 3.0 31
Ammonia oxidation to nitrite | 11.2:1 15.5:1 13.6:1 11.2:1 11:1

/Non-aeration

Total carbon source consumption | 3.2 295 3.15 3.15 3.15
(anhydrous NaAc) (g)
Total NO,-N accumulation {mg/L) 218 310 315 330 330

Sludge volume after 30mins settling | ~200 250~300 ~350 ~400 ~400
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Wishantu soil H 15 <1 <1 A 15 <1 <I HHeterotrophic culture
substrate; A-Autotrophic culture substrate The results show t hat at
| ow tenperatures, cell growmh was very poor with | oosely organized
particle formation in both heterotrophic and autotrophic culture
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glutamatc fertilizer 42.4 mg N/L
wastewater wastewater
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Times of consecutive I 2 31 4u st
treatment time time time time time
Temperature C 28 28 28 15 15 15 15 15
Time | Total HRT 719 95.7 6.67 19.5 14.03 13.5 13.5 135
lapse | Ammeonification | 3.5 0 0 0 0 0 0 0
(hrs) | Ammonia 63.5 84.05 625 1733 1236 120 12.0 120

oxidation to

nitrite

24



5 increase of consecutive treatnent timnes.
underwent sl i ght
continuous treatnent cycle.
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it
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About 22. 2% of ammoni a was oxidized to
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oxidation rate decreased significantly. But as treatment times increased, HAOB were able to quickly

5

Examples 6~10

adapt to the low temperature, and total biological reaction rate were increased and finally stabilized.

Examples 6~10 discussed the optimal temperature range and amount of sceded activated sludge most

10

advantageous for the process. All the conditions in examples 6~10 were similar to examples 2~5,

except that initial sludge concentration was 6000mg/L. whereas in examples 2~5 2000mg/L. was

applied,

Table 14 showed the water treatment results at different temperatures using a single air diffuser when

15

activated sludge amount was increased.

Table 14 Technical parameters for the consecutive treatment of various wastewaters at different
temperatures using high concentrated activated sludge seeded from Wushantu

Single air diffuser
Example 6 Example 7 Example 8 Example 9 Example 10
Initiaf sludge concentration 6000
(mg/L)
raw wastewater Modeled organic | Monosodium Modeled Modeled municipal wastewater

carbon and | glutamate fertilizer {42.4 mg N/L)

nitrogen wastewater wastewater

wastewater (500 mg NL) (I000mgN/L)
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15

From comparison of Tables 14, 11 and 13, we could see that the increase of activated sludge could
significantly improve treatment efficiency, and shorten total HRT, aeration time and non-aeration time.
For continuous treatment of modeled municipal wastewater at low temperatures, the treatment
efficiency was comparable to that of 28°C after a short period of adaptation. This reflected one of the
core principals mentioned in this invention: removal of carbon and nitrogen under no-cell growth

conditions.

Tables 15 and 16 show the results of treating modeled wastewater of high organic carbon and nitrogen
concentration and modeled fertilizer wastewater with different sludge concentrations using a single air

diffuser at 28°C.

Table 15 Technical parameters for treating modeled wastewater of high organic carbon and nitrogen
concentration with different activated sludge concentrations
28°C, activated sludge seeded from Wushantu, single air diffuser
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Similarly, the operations of modeled municipal wastewater with different activated sludge
concentrations at 15°C  were shown in table 17,

20

sludge concentrations at 15C

16 showed

that 1nt

he

Table 17 Technical parameters for treating modeled municipal wastewater with different activated

15°C, activated sludge seeded from Wushantu, single air diffuser

Ingculation | Total HRT | TN removal | Specific TN | Time for Spe;:iﬁc ammenia oxidation
amount (hirs) rate (mgN.h") | removal ammonia activity

MLSS activity oxidation to | mgN.gm.h?! mgN.g!.d?
gL (mgN.g 1) | nitrite (hrs)

2 13.5 3.14 1.57 120 1.76 42.39
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15 Neverthel ess, the specific TN renoval activity and anmoni a
oxidation activity decreased significantly. Simlarly, the
operations of nodel ed nmunicipal wastewater with different activated
sl udge concentrations at 15C were shown in table 17. 20 Table 17
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sl udge cofitaeit Feder epneenaionsfo shewn i Bxamplp 6. 6- 10. 15 Therefore,
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resul ts oondehtfh@bi Wigh R RehtivyRah ei¥RkAkludle chicttk@ngani ¢ carbon and
nitrogen concentration with different aeration and different sludge
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nitrogen concentrati on( TKNE424ng/ Ll Tenperature C 28 28 28 28

Raw wastewater modeled wastewater of high organic carbon and nitrogen

concentration{TKN=424mg/L)

Temperature C 28 28 28 28

Time HRT 70.5 48.82 45.1 20.08

(hrs) Ammonification 11 7.5 10 5.1
ammonia oxidation to nitrite | 55.25 36.9 32.5 10.68
Aeration 66.25 4438 425 16.78
Non-aeration 4.25 4.42 3.1 33
ammonia  oxidation to | 11.2:1 8.35:1 10.17:1 5.06:1
nitrite/Non-aeration

Total carbon source consumption | 2.95 3.0 3.15 3.15
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Time HRT 70.5 48.82 45.1 20.08

(hrs) Ammonification 11 7.5 10 5.1

ammoni a oxidation to nitrite 55.25 36.9 32.5 10.68 Aeration 66.25
44.38 42.5 16.78 Non-aeration 4.25 4.42 3.1 3.3 ammoni a oxi dati on

to 11.2:1 8.35:1 10.17:1 5.06:1

nitrite/ Non-aeration Total

car bon

source consunption 2.95 3.0 3.15 3.15 28 (anhydrous NaAc) (g) Total
NOZ- N accunul ation (ng(L) 310 310 340 330 Sl udge volune after 30m ns

settlin 50 900 850-900 mL) Exanple (12 conpared the
resul tsg"(1“'“11?c()im“s(?\I CJ\ ) rodeled flertil ,E:\,r)v‘vast gaat elf—wi Hr:pdi t{erent
aeration ﬁﬂmozﬂlaécﬁr@ramtmgﬂjy udgeloconcentrat i ons (Tedabe 20). 5isbable 20
Techni cal paranmeters for theltreatment of nodeled fertilizer

wast ewat |e1 gt ‘CH YT Eriheelinge PXe1%n a3 di f f er ent®®®l udge | 33%%
concent righiyons 28C, activated sludge|seeded from Wishantu | Nunber of

air diff

USers I 2 I 3 Studge concentt

ation (mg. L) 2000 2000 6000

6000 Rawu@ast enepiredMadRbild of Rddelnica@éd (aBlLNRLR hkrMINdiRAAM kidn and
Tenper at uiferdat shiligsdndBiradifns (TabRROYIRT 95. 7 68. 06 79.0 32. 87
Ammoni fication 0 0 O O anmpbni a oxidation to 84.05 56.06 70.1 23.7

nitritse Agblat?d dlaclB#alOrabBiefl Glor/ Qe re@Bert of Mmdelak feaflizonwattwdl Wi @889
9.17 anrromiio apkdiffertnt ondet congen@@iofis 4. 67: 1 7.89:1 2.58: 1
car bon sour c@8€ontvamndsiudgs s@dl5rot Wshenas

nitrite/ Non-aerati on Tot al

(hrs)

9.35 (anbydro tlﬁ\llaAc) (g) I'pt al N, -N accumilation (mg(L) 900 -900
di )
920 910 r%%ue{l(;ilr \iUIeIl-jIIC Cll \)GIII IIQ OCL LI I Ilg ‘fUG 45n Ann %G 75n
- 750  ( nMlspudEadateamtiol Gngarid 20 gheronst | aved the op®@p at i on reswbas of
treating m)del ed wastewaterjof high o % 10 carbon and nitrogen
concentr rtilize MQ* @feg\lﬂm“}{?Fte"‘(ﬂiequl\{Nﬂlio?Of“égf_)eg{—
aerati on e@a@Lticons. The iy ovenepds of aeratfppn conditi ps coul d
subst antfial Ty enhance treatpent eff| ci ency, reduce total | HRI,
aeration @fd pHH-aeration t __and| ®%adi |y mAlthtain thel B¥honi a
oxi dati onuat [t hs..N¥in N accynul ati pp stage. ZL§ Tabl es 21| @nd 22
anal yzed t he wartous paraneters (TNTenovat rate, speci fip TNTeEMOVAl
activityl and | aypedd foxidatiemmonf4eds oxi dp¥bi%bn acti yirtly) for tre®dt7i ng
nodel ed jwast ewgt.er of high organic parbon and
Aeration 84.05 56.06 70.1 237
Non-aeration 11.62 12.0 . 8.89 9.17
amimonia oxidation to | 7.23:1 4.67:1 7.89:1 2.58:1
nitrite/Non-aeration
Total carbon source consumption | 9.35 9.30 9.35 9.35
(anhydrous NaAc) (g)
Total NO5-N accumulation (mg/L) 900 ~900 920 910
Sludge volume after 30mins settling | 400450 400~450 ~750 ~750
(mL)

10

15

Tables 19 and 20 demonstrated the operation results of treating modeled wastewater of high organic
carbon and nitrogen concentration and modeled fertilizer wastewater with different aeration conditions.
The improvement of aeration condition could substantially enhance treatment efficiency, reduce total
HRT, aeration and non-aeration time, and steadily maintain the ammonia oxidation at the NO;-N
accumulation stage.

Tables 21 and 22 analyzed the various parameters (TN removal rate, specific TN removal activity and
specific ammonia oxidation activity) for treating modeled wastewater of high organic carbon and
nitrogen concentration and modeled fertilizer wastewater under different aeration conditions and using
different sludge concentrations.
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ni trogen concentration and nodeled fertilizer wastewater under
different aeration conditions and using different sl udge
concentrations. 29 Table 21 Technical paraneters for the treatnent of
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10

When aeration conditions were improved and specific TN removal activity and specific ammonia
oxidation activity remained constant, high sludge concentration resulted in the significant reduction of
total HRT and time for ammonia oxidation to nitrite, and improved TN removal rate.
15 Example 13
1. Activated sludge cultivation using Yutu s0il as inoculum
The activated sludge cultivation using Yutu soil as inoculum was carried out by the same procedures
as that described in Example 1. The cultivation time and amount of carbon source might differ slightly
because of the difference in physicochemical properties of the soils, the composition of
microorganisms, especially the HAOB species exhibiting high ammeonia-to-nitrite oxidation activity.
Bacillus pseudofirmus NH-2 dominated in Yutu soil while Arthrobacter globiformis WR-2 dominated
in Wushantu soil.

20

2. The consecutive treatment of modeled wastewater of high organic carbon and nitrogen wastewater
concentration using activated sludge

Following the above cultivation approach but at 15°C in the 150 Litre bucket reactor, Yutu soil

was cultivated for 23 days, and then the sludge was filtered and served as inoculum. Table 23

showed the treatment results of modeled wastewater of organic carbon and nitrogen concentration,

25
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as that described in Exanple 1. The cultivation tinme and anount of
carbon source mght differ slightly because of the difference in
physi cochem cal properties of the soils, the conposition of 20

m croorgani sms, especially the HAOB speci es exhibiting high
amoni a-to-nitrite oxidation activity. Bacillus pseudofirmnus NH 2
dom nated in Yutu soil while Arthrobacter globiforms WR-2 dom nat ed
in Wishantu soil. 2. The consecutive treatnent of nodel ed wast ewater
of hi gh oFfayaniic Teanitod paametersi for ogring wasitledhwashgewat® Hof dighcepiniatdriom and
usi ng act nitregee dorsénirdgem Fol | ow ng t he above cul tivati on approach but
at 15C in_the 150 Litre bucket react or, Yutu soil \A&sglujﬂdiﬁﬁwa't ed for
23 days, |and then the sludge was {: sred and ? vedsas, iphogul um
Tabl e 23 | showednesdhen treat nent rgsults or'f nodel ed vvastevvaty of
organi ¢ dar bon and ni trogen concgnthivaon on. 30 TabI e 23 Technl cal
par anet er ptigngdel

\nd

nitrogen rnnrpntTFImﬂlat@mCQI ngle air diffuser 15 C‘ 50 i t re reactor
Yutu soil Tm%@iﬁeﬂﬁmﬁltwﬂﬁc of lgnrﬂ'l AYous ?Sﬁwﬁul um-cil tivat ?nr{me it Cl
sl udge cgncentratign ;,f;f;ﬁoféooo Tenpergfure C 28 Tines @f treatmgnt
cycle |I" |ti ma(hra tin m‘ﬁ.@eﬁ-aﬁdﬁﬂ'(l 15563 ZRGME Aeraffon 126.p 53 (NrS)
Non- aer atli on 28. 5 10 sbemoarbonaddistor)- aerat nent 1.42: 11 5.3:1 skatal carBon

source CO”;%H b°"fﬁ_3‘gcfig'x’g‘£?8g‘gyd%%3 4.25 NaAc) (g)| Total NO --N

accunul at|i tle: Bactesial gromth was 4or at 15
C, no accmmﬂ)all on of nitrificatijon products was pbserved. The

filtered L{g lztored ina 4Crefrigerator before usgs Due to
t he poor gt?ﬂN }Ngqcu"ﬁ W“‘n}gn",).\f 11-'\(“ the <l ||r~|r1n Was wther cultivated

at 28é DR BacteRbErPYth @i DosK At {3 b e sgRymuiRgaen of Nitrificaigpatodicts gt fhervedivbel
and bact eﬁlremdSlgﬁigéwa{sr‘a%ﬂléaé@)reﬁlw@befa@%ear gely due to the 10 fact
that HABO growh is weak at 15'C. The process was carried out in
paral | el P&t fepperbacterpd arph k1514 ﬂPS"l‘Wet Viestipdhesepivatahy 28 5o Ruringyibe first
sl udge pradiiEEs NQ:otrexanpioa "3 andirieet @e tablc 25pnidisnes f#reely dyg o thpg
consetlt i B thar RaGarthds wepk at 19 rs Theprraess orps sprisd exhanrarellch &r ﬁgmaseoo ng/ L
activated sludge were shown Dbel W TaH? 24 Technical paraneters for
vari ous wastewater treatnments us ﬁiﬁ“ ettt ed sl udge seeded from

Yutu soi lW 0 11|§I sgrgl gpp%{?&iéjef sflu%ge producec?1 ggm exampleEi(?rTE)s Fltered ouf'jl HHE results of
ent of

Exarrphe Eggnse hiGe tr::Ifa ! various kinds of wastewater using 4000mg/L activated sludge were shown
below;

Table 24 Technical parameters for various wastewater treatments using activated sludge seeded from

Yutu soil
20 ' Single air diffuser
Example 14 Example15 Example Example Example
16 17 18
Innoculum Sludge cultivated from Example 12 {seeded from Yutu)
Initial sludge co_lllcentratlon 4000
mg.L
Modeled Monosodium | Monosodium
wastewater of glutamate ghatamate
high organic Mom_:h_sled wastewater of wastewater Moc]e!ed
Type of wastewater fertilizer . municipal
carbon and high of low
. wastewater . . wastewater
nitrogen concentration | concentration
concentration ® @
Temperature’C 28 28 28 28 28
Times of continuous treatment St 20d
1% time .
cycle time
Total HRT 50 54 113.5 188.5 72 5.5
Time Aeration 44 49.3 100 171.2 66.25 4.83
(hrs) Non-aeration 6 4.7 13.5 17.3 5.75 0.67
Aeration/non-aeration 7.33:1 10.5:1 741:1 9.88:1 11.52:1 7.21:1
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| nnocul um Sl udge cultivated fromExamle 12 (seeded from Yutu)
Initial sludge concentration 4000 m.L't Mddel ed Monosodi um
Monosodi um wast ewat er of Model ed gl utanmate gl utamate Mdel ed Type
of wastewater high organic fertilizer wastewater of wastewater

muni ci pal carbon and wastewat er hi gh of | ow wastewater nitrogen
concentration concentration concentration TenperatureC 28 28 28 28
28 Times| .of contl nuous trieatnment 1't time 2" cycle tine Total HRT BO
54 113.5 1@% 5 73™8. 5 “ffte Aerption|44 49.3 100 171] 2 66. 25{ 4. 83
(hrs) Non-aem@tidion Ganfyddusl3.9® 17. 81 5] 7558, 67 AeBdti on/ nda- aef at ¥-on

7.33:1 10.5:1 7.41:1 9.88:|1 11.p2:1 ¥.21:1 |31 Total| carbon source
consunpt i G #hhydrous 4.6 4.1 8 85 13 9 4 1 0.3 NaAc) (g) Total NO2

"-N accu @t NP N3 3CumamBon 185 990 385(30 (ny/L) Dilute the ofiginal
nmonosodi um gl ut amat e wast gwat®r| wi’t h|t ap*wa er PR fold &% 6.p7.30
TKN=1500n# ¥ COD=6746. 6nd/ L OD=1799. | ny/ (9) Dillute thetoriginal

monosodi uf gPititea et erigivak trovgsodivm vilytimatea pasirtassr With fap| ehtafin2@ld of 6.67.
TKN=500ng =152 2606 SmBbR@udAY) mg/ls |t shoul d be noted t hat
Yut u soi | Cheitutethe wiginglmedesedivm sluavbte westewateewith tasttawabokirof 8. TRNRFG /L,
ammnl a EoRTR@atmk, |Bl9|ﬁ’—6(§)m§ﬂ as nonosodi um gl ut amat e wast ewat er

( NH3- NP concen ratl on .ran bet ween 500- 600 and 1500- 1800mi / L) and
m)del ed f&rk qu et ng 158 shiisg s able FIsHaleoyitNpeh apmag)
not inhib 5‘” 158 h ﬁ%‘ﬁﬁ“Fﬁﬁﬁlra“ﬁ’@? Pli’f“)tdg"’“

18 ol S R A B T

nodel ed wast ewat er of high orgam% E g Smd nitrogen concentration.
15 Table 25 Technical parameters FOPPF &R ng model ed muni ci pal

wast ewat ef. eui'snap ltea}é:tl (tgegla S % d from tu 15 § %; gu r
. Spmp W s in 0 eled
di ffuser l-fumm ayw s er an 1% diélﬁegwa er Eéxﬁ tlr?e [ § d.nj c ncgcn raE

Table524r?rreps oFf Consecutive rea e 8Ifleai e Edh 3y d

time 4d Hbﬁ%s Technical parameters for treating modeled municipal wastewater using activated sludge

seeded from Yutu
7 15°C, Single air diffuser
Inoculum Sludge filtered from the process explained in Table 24
Times of consecutive treatment cycle 1 time 2" time 3" time 4" time
Temperature'C 15 15 15 15
Total HRT 19.5 16.1 10.8 8.1
Time Aeration 183 15.1 10.0 7.3
he) Non-acration 1.2 1.0 0.8 0.8
Aeration/non-aeration 15.3:1 15.1:1 12.5:1 9.12:1

Total carbon source consumption (anhydrous | 0.6 0.4 04 0.4
NaAc) (g)
Total NOy™-N accumulation (mg/L} 40 35 35 35

20  Table 26 Technical parameters for treating modeled wastewater with high organic carbon and nitrogen
concentration using different activated sludge concentrations
28°C, Single air diffuser

Sludge concentration mg/L 4000 6000 8000
Temperature C 28 28 28
Time Total HRT 54 38 34.6
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TenperatureC 15 15 15 15 Tot al
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Table 27 Treatment results after aeration

Items Volatile phenol | CN° SCN COD NH;-N
Influent mg.L™! 121.39 6.19 161.1 1081 511.0
Effluent mg.L”! 0.84 0.685 6.03 505 386.1
Removal 99.31 88.93 96.26 53.28 24.44
Efficiency %

20 The results were similar to other companies’ reports: phenol and cyanide concentrations could
basically reach the controlled standards while COD and NH;-N exceeded their corresponding limits.
Short-cut (or complete) nitrification-denitrification processes were unable to be applied to this kind of
wastewater because no nitrification took place in the reactors, therefore ammonia was unable to be
removed.

25
The main reasons are;

(DThe activated-sludge method is a biological technique intended for the removal of BOD, therefore it
is effective in treating biodegradable phenol, cyanide and thiocyanate. It is thus understandable that
treatment of refractory complex organic compounds is unsatisfying.

30

®The 24.4% of NH;3-N removal efficiency by activated sludge is actually partially contributed by the
release of N, produced from heterotrophic ammonia oxidation during the non-cell-growth process of
HAOB (no sludge was discharged in this treatment process). It is not resulted from air stripping as
previously thought.
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basically reach the controlled standards while COD and NH3-N exceeded
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process. Further investigations were carried out to see whether

ni trifi cafreapment elfididncyNGE showndy thii@Bowing tadgunul ati on as i ndi cat or woul d

t ook Iace after inhibitory substances such as CN- and SCN were
renov®d. bl FhEchnifarapetel & HiqepiEmeEPreasiotcoking ¥ t he difficulty
in NH4+- N remnval viafuent¥Hy AR50t/ Te agtikied sludes seeded frosn Washaniysopy8ie
especi al Ilg(lm[;g,glg,l“yﬁu@ecstl ve heterotjophs for ;anmoni a [oxi dation|§o
nitrite,[ whrcit wout o prevent t{ie ammon g oxXi dati o, Due to[tins
concern, QIMECWHW@WWUem qned 029¢% ocess | 28Bnbi ni ng%®ont i nues% | ow
reacft or msofS ﬁlur(u ?cygg E'Ql the pr ‘G§Ses als_ SII;I?V\@ In _bgtli!r[ee 3,
cyani de allu tyafagte—€etc—wWasS—+ CIIJVCU f+om teprnenoriZea—anta Ao Tt—a&
distillated coki nlgTowamtrewat er 1|2Phe efflluemt 2 afff®e sl udgerl
separ atijon cont ained gm)nl a a19 entered the SBR where dif]{ 8rent
concentrlati ons of -¥MPURIBd HAR sl udge Wlre seedeld One of | “the
speci al ti s @ t heafptRe esSadaSe iznagt or ganiigyscar bon s@urce 3] smno | ess
t han 200ng/ L, shoul d be added

nitrite

Aeration 225 18.75 5.38 ~5.21

Non-aeration 3.75 3.20 25 25

Aeration/non-acration 6.00:1 5.86 2.15:1 2.08:1
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30 during aeration. Ammoni a oxidation was then carried out and held
at the short-cut nitrification stage (N0O2--N was end product)

foll owed by denitrification after aeration was ceased. Treat nent

ef ficiency was shown in the follow ng table. 35 Table 28 Techni cal
paranmeters in nitrogen renoval process of coking wastewater Influent:
NH4+- N=250ng/ L, activated sludge seeded from Wishantu soil, 28 C
Nunmber o ir diffusers. 1 3 | udge ¢ entrat|i.on(ng/L) 00 2000
6000 eool{)“"a ?"Ff’%§°“r8"f°°“é“6“ﬁ&‘°f‘ﬁi]‘}'6%°§’s ‘F"gat ment g%l e 1+ ke od 1 rgr% 1"
time 2nd| t#dae®)Total HRT 26.25 21.95 7.88|7.71 Ammpnificatipn 0 0 0{0

Time(hrs)_ Amonia oxidation to 22.5 18.75 5.38 5. 21 nitrite Aeration
22.5 18. [7BNOzd accumulpgon (NAD_ aar a1t 78903753250 2 5 [2%% 225~

Aer at i on}/m&-\,@@;&a&e}@mm@segggemﬁ 86.22; 15:1 2.68:1 34 ;let a! (l:a'{g@n .
source Ccongly Ic%on(szﬁwé/ @eﬁ% Unifrifidatio was/catcultéd. ThOEatbbn Séhfce hEHIAH to
NCZ. - N acgmbl el Hgé%?i'a SR s S e ol U a1 er
30m ns' settling(m) -2 -250 750 750 Only the carbon source

appl i ed drhelod® dteRichiinglviasiadid BropaS ofed kit A W@arouhl) 00RAITD AMcIS VA6 e the
neededs t Onatibrial gtanddr@(1500/1)] The irdnhaGiddel (UD ShaRIGE trédE Wit FertGCred peh@ Ghith FEFEan@OD
of the COKONBOWASWRMNANAD, radchadl60th/T OF MmOV feVaSthaleodl e 1 B0/ dnd
whi ch wasli3abaye, redpectivdy, waith LbadedStianannd stini@g/ L) . The remai ni ng COD
could be treated with Fenton reagent with Feetand H2O2 (30% . When
H202 r eachedarb@CGndfitrogon re@@Gigfults oiG@ENE ehitewtatsr trdad bethe metbdd Aktmdinity the
and 1B0.i8yeyiidn, wap ewypadted weheTablpB?.ch accorded with national standards.
The carbon and nitrogen renoval results of various wastewater treated
by the nethod accordi nfjbledd {rrgiment resyltsysingthegpetind accerdipgotheinyeniioy ¢ heo
Tabl e 29| Tabt® 29 Treat pEM: res@PPs Ysiigetne %ﬁod %ggﬁr di gD
the i nvenbaented $pe TEniceD B TKN mg. L- [N -14+ N R&¥Z -N|N& -N | ng. L-
ng. L-' "' ng. L-Bffvepy | -'  WAstewatdr type Influent/| Effluent
Model ed |I¥rfdtledent 1ddent AP > 212 <0. 54D wastedrter (oPSEf f | UEAt <40
- €10 ~<3 ‘”ﬁo‘fl\lfé Blvggh pr§ani c [car bory 8d ni { M8gen |(cBhcent [ ¥ i on
Model ed || Rfdop€ntng1000 500 <0.5 ND fer|tilizer Effiuentf <10 - 10 3
<0.5 ND | wasgtewat gr

concentration

—_

Modeled Influent | - . 1000 500 <0.5 ND
fertilizer Effluent <10 - =10 <3 <0.5 ND
wastewater
Modeled Infleent | 199 - 42.4 =212 <0.5 ND
municipal Effluent | <4 - <1 <1 <0.5 ND
wastewater

Influent | 6747 ~1799 1500 1400 <0.5 ND
High glutamate ["Efffuent | <300 <100 <10 =3 <05 ND

wastewater  of
high

concentration

. Influent 2250 ~600 500 430 <0.5 ND
High glutamate ["Efflyent | <100 <30 <10 <3 <05 ND
wastewater  of
low
concentration
Coking Influent® | ~321 - ~250 ~250 <0.5 ND
wastewater Effluent ~300 <10 =3 <0.5 ND

Error! Reference source not found-p £y, et from coking plant (COD=628.4 mg. L™\ NH,"-N=330 mg.L""} treated
with the activated-sludge method.

15

To further emphasize the advantages of this invention, we compared the anoxic short-cut
denitrification methods in this invention and the aerobic simultaneous nitrification (SND) methods.
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Model ed Influent 199 - 42.4 >21.2 <0.5 ND nunicipal Effluent <4 - 1<
1 51 <0.5 ND wastewater Influent 6747 -1799 1500 1400 <0.5 ND High
glutamate Effluent <300 <100 C10 C3 <0.5 ND wastewater of high
concentration Influent 2250 -600 500 430 <0.5 ND High glutamate

Ef fluent <100 <30 X10 C3 <0.5 ND wastewater of |ow concentration
Coking Influent' -321 - -250 -250 <0.5 ND vvastevvat er Effluent -300 -
<10 C3 <0.5 ND Error! Reference source not found 'Effluent from

coki ng pl i} w{sCaPbRBuderpgration’ and ddrkruodr@ 0. el NYL-Nrmag oradized wi NCh-N dne

acti vat eoﬁl@ewg@wéqdh@dceﬂ% amennt (3ot Hee/Ly spybrasoves (EiwdraenNeielatpesd e
o o e T A R I e LR
met hO 171 €] €. C € n
( SND) net ‘?o Eess‘ W&Kﬂ f_etfé ar? £ ‘%EF%?%%H D?mgg %?liglﬂ er ?f'ﬁ ﬂi‘%

m XI ng HS re W Am T €C IVC reactl

a certal W ggs Hor % 1§t0 Heatt ﬁj eq/va fiﬁ ‘5 ’l}% raFEd
to be unt I SS- ﬂ osvay reagent est was negat ive

(NO2- N<0 ﬁl@géslﬂ)s o‘ﬁ’&bﬁhg AeRRABI Aledae wAGhal! GifdaRh ki drGalhenhad wagen
conpl et edwo D& of Ak@bds ek Nar BRW ce consunpti on was cal cul at ed when
the Giess-1losvay reagent test was positive (NO2 -N>0.5ng/L) about

5-1 Om nut@snph@stie rof ashéresut toiteficadors app datittfi@aonoin fHid fuvértion hhd SNDN®o treat
needetd f ononaediobightaterivastéviaies ATH.ON=am Ry sing eviivatodmndgdiveiep frot Sbishagu
was repedt@dmehl with shyel’-al ddiner WOZhwrfielldbled8] ow 3ng/ L and 0. 5ny/ L,
respectively. The reaction was stopped and total NaAc consurrptl on

and deni tTePIf 38 SiompHisen PREWSRA ShostAut pifrdicadign/depfirificaiony ia dhit foxengen pde3ND fy
monosodi lﬁﬂn@ﬂoﬁ?‘&rﬁﬁa@aﬁﬁ@it%@ﬁﬁf ng éwo kinds of activated s|udge

with ki nds of et hods we jro i 28 1, e leaiy diffuser |

nitrificati on [euficomihd | @Rk i RBmadnd | SintaGhn
treat 15 nonosodi um gl ut anat Dg/ L) usi ng

Thefd t hi SvahdRgent
( NH4+- N=50

[ toaiekiol, Q]
P wast eviat er

Yk adl ey r

activated sl udge seeded=¥fom

di f fuser
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nonosodi
from Wishg
NGO N Ta
accunul g
denitrif
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\ast ewat
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DELMRAR
SND f or
e @1sh d
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e seede
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Jop di T U
at ed dsg
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Vi onmen
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Qn Tot g
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SND
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mixing

290
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0.37

Error! Reference source mnot found.Denitrification rate=Total NO,-N accumulation amount/
accumulated short-cut denitrification time

Comparison of short-cut nitrification and denitrification in this invention and SND to treat

25  monosodium glutamate wastewater (NH, -N=500mg/L) using activated sludge seeded from Yutu
{4000mg/L) with single air diffuser was shown in Table 31.
Table 31 Comparison between short-cut nitrification/denitrification in this invention and SND for
monosodium glutamate wastewater treatment

30 Activated sludge seeded from Yutu soil, 28°C, single air diffuser

Environment

Operation

methods

Total NO;-N

accumulation

amount

Total NaAe

comsumption

NadAe/

NO/-N

B

(wiw)

Accumulated
short-cut

denitrification

denjtrification
ralem

mgN/min.L
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g time (hrs) This Anoxic Aeration 420 4.3 4.09 4.87 1.44
continued SND Aerobic Aeration and 290 11.1 153 12.9

st opped

0.37 mxing Error!
NO2- N accunul ati on anount/

rat e=Tot

M xi ng
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QR; st opped
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at e=Tot al

NO2- - N ackuwren| Reféremse asvprent ot famrdJlpanitrficetdpns ratsrTatal U0 ché ricgumutationn ineyyt/
time TabH@@mgbwdﬁwﬁgm“kﬁﬂﬁ%%P@Hn?hat when activated sl udge seeded

fron1vws tu 50|I he 5 carbon soyrce ne ded f or

denitrj f\;ﬁ;&j ; ?Idif h’% ate fth en. fgtivad {%‘ .1;%3 m : !}.‘f’?sc"é?dr 8‘&3
.rre tho . 0?43 fﬁg accoﬁ.l esen &gn 1on 8 P 18atf: f
I nvent | O lﬁ? c gﬁﬁ ]{vhif' 1va(%
the met h d@&é&&f trH;Q B v$ G‘seﬁ’ cﬁ‘rﬁ s@J‘ %Q%ﬂl@s E‘mq xhéﬁﬁa

sl udge Sea%g&'cgn {oQH% I@;CH‘: M@e%tl(!dllsﬁlq deﬁ@lﬁpﬂign ?a@éj{;vgseco Sob1d B 5k m\é@x&is

timesiof dehiddfichtion tren@foﬂ'ﬁ&tﬁ] Qdtho@ GRS HbdMakil Higher @maanfsmg ¢ QBkaRH smga
deni tri f i gakd Héin WallentWdSe €adEpadeaizhetht aiffbedcks rambd o 88 midstshalien species.
denitrification rate for both nethods were significantly higher than
t hat usi nig gereel, achpared twixtl the Imethge accardiegl @dhd pramt Wi ttion SHD rddugediaers earbon

undergglngwmhewﬂmﬁﬁéﬁ@ﬂ@@@mﬁ%wﬁmeﬁkmﬁﬂthemnﬁwmoorganlsn1speC|es In
gener conpared with the nethod according to the present invention,
SND required nore carbon source, aeration and energy supply, and has

slower reaction rate. 15 37 dains Wat is clained:
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5 1. A nmethod for renoving contam nant of carbon and nitrogen from
wast ewat er by using the heterotrophic amoni a oxidation bacteria
(HAOB), conprising the follow ng steps: (A Cultivation of HAOB
activated sludge: seeding natural soils containing HAOB into a
substrate containing organic carbon and nitrogen and/ or inorganic
amoni a nitrogen, and aerating in a reactor while keeping pHw thin
the range from6.5 to 8.5, wherein i€lainlse substrate contains anmoni a
10 nitrogen, organic carbon source is supplied in batches; stopping
aeration Whes d@meshi a nitrogen concentration falls bel ow 3ng/L and
NC2 - N accunulatlon reaches maxi mum anmount, nmai ntai ning an anoxic

envi r ohnment pt&ml& rngB &{actgltr? léxloplowstewatcr by using the
denitrifi Qe‘é 8@% R gﬂ ac[?ﬁ? éom?rt?f“ﬁ fhe &g ste -N
tra Itivati I 0 1va ludge s e r%b‘%p xﬁca a
concen iulb t%c ta‘l’mn o \%ilmc oni en and dera

ni trogen LLgiLgas § figﬁessatsfsl ﬁi’%@%@i ﬁ futdhdm
15 st e ( oéeﬁltoggaﬁx OQ)'LlIQ@- 5 [ﬁ'l@ti jrcians ch&s€ & erg RRA R, lem\ﬁﬁ§ ;1%‘6@411
conpri si Ngn@hPAbh ﬁanmrokmlgmﬂd NOL N RES1 AR hes TQGa nfou@ HRMifng an
Ni trogen, adsl ed@bribichi) ghdtaBdidd dr@iiclchBorPddiFod o AL HGRifi@ibntt® kAl S uRl ace,
wherein i fotatd’felomhﬂmaﬂccd%&atﬂaﬁﬁarﬁéﬁatham mm@r;gadi ¢ carbon, additional
organi ¢ car I@®rResount cfearbsn and dictegdn iroh ovattdvanter: aading the aﬁimdecsnxﬂmrmced from
aer at 1on sttpeld) mite a|bt0®ghasfream@utrr@dcat eahtainingi wes@ivaiern@mansignegihic carbon and
condi t i onnitregael amidhd iinetganie gampiia tittpdsorpnd oereting to ollow thowmolema txidatipre wt thksn
to take pwlaée*fhﬁm if thwasmwm qogs fog confan qagapis édrbon, yidisionnl pregnirecatymOR e &
het er ot ro Fdeintg b 1actox ARf)SOPPing AsTakigy when guiteitg has acoyppulafgdnBainipingig R @ppxic
amonj Ha ‘E“r B 24fite erat o e é%ﬂf"ie %alPY“éja‘EiE‘ﬁF%’ﬂ“ % talkgy rﬂw P’éﬂ R giiie is

I‘OWO

ni trafe), Pr%fﬁ i AKe, L e Lol owng, Leal dreg, abLLl Ly I
PM pl at e nacosz{d&og dffemc%ﬁﬁ RN aﬁx%ﬁ{g) 5?% ﬁ%
i€ ctl

appl i ed; @hitd bynd, Qo ﬁ&% dzs%oé%gtwe%ﬂeﬁl losva

under aergpheg aRndid IiiPc@ bﬂdx anth S Ello EN O] N@{ RNy &@JrQQﬂ'clh bHdﬁf%ns

abi ity t&ese&erey&gmctom&efbufcbraﬁ&lmltgimeﬁlade Hitkoddd @fdu céﬂ Aion

as el ect roe M@CeptBi®n at@ptBOEN@BOE &C Eleddn AORYP Nuntd ARher Qledohi€ Nor aﬁzreaimcc
or anaer odehditioncondi ti ons. 2. The nethod according to claim1l, wherein
hi ghly active Bacillus pseudofunus NH-2 30 (Accession No. CCTCC
M203101) act. &ke wmisdoderrpmaei tncrldiact erliemini highlh ectivAOBicillet ipseadofidnis| NdGe.
3. Th¥ ne@h‘é?éﬁ@é@o%ﬁ@%l\’f?% 1 @ll) adt p the dopfirafing hqctﬁiaglhﬂhyHé@Biwé’ated sludge.

Art hr obact er | obi forms (Accessi on M202043) act

as

he d bevhsein Y 3éa°t P bac@s gh?bl g WR-2
tmate hogma(r:] w3 aﬁ%&é‘ﬁ‘%ﬁl%ﬁmﬁt ?4?“1?%% ﬁer(ﬂ% OBartredy9en of
t i VaE_eH‘F %et%gcgaccgd’lnz%’ 1'1‘1{ lﬁgvh%mas‘.klp gg the cu gvz%tmn ot:linﬁ)éq%h}raﬁeq Slu‘é’-’ﬁ

accor Bic of iyl roni1s’in
of O. 5 iga in the anmoni a oxi dation of step (B). 40 6. The

met hod aCCO%dTHEQnehB Q% 8};1 Cf @v'hgpém:‘:hetl@o 5N at’:\@% ';1(91 1'55]1&13 ﬁagge(tﬁ)ﬂ St-vhe
anmoni a okdat ik a gimt h bif kep @ty On are repeate unti
cont agg nant of carbon and nltrogen are renoved from wastewater. 45
7. The net hedrhaakdbdicBgdih@ioGhRbd®ot claid € (LS, WhériARYadp (Bf the afh@ih aietion
ni t rogen dnd QiRnitidicdiewar atpeatete 8:ail ithkecniafingdt @ cirBn il Kddgen @€ ratdved from
6- 40C. 8.wakawateret hod according to claim 1, wherein the biological
treatnent reactor used in step (B) is a suspended reactor, biofllm
reactdr, a <iTglnethodaeserding tgyclimt lo vherein eqmwal of parbanrand nitroges fifofnowestewater
react or, dsperibgiin sidpdB) is cairidiontzat 6-9AE. 9. The nethod according to claim
1, V\/nereln t he HAOB acti vated sludge i s retained conp Ieteldy in the
mn

bl ol ogi cal 8r1ds reided acpqadipg tgclaim 1, wherein the biological treatment reactor used in step (B) is a
suspended reactor, biofilm reactor, a smgIe sequencing batch reactor, or continuous flow reactor, or

50 their combinations.

9. The method according to claim 1, wherein the HAOB activated sludge is retained completely in
the biological treatment reactor.
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38 10. The nethod according to claim1, wherein the biol ogical
treatnment reactor is able to spontaneously achieve sl udge-water
separation; the wastewater having been treated is directly _

di scharged fromthe biological treatnent reactor. 5 11. The net hod
according to claim1, wherein the amoni a oxi dation product is
controlled by controlling the anount of organic carbon source in the
bi ol ogi cal treatnent reactor under aerobic conditions. 10 12. The
met hod accot®iThg mehod| asfomdingl to gipier bj whereirp the fbiglqgical Bfatgrtraste 6@ 2ed
in the biBrYRGFREly achipveydenvatpresprgiony e erastausaharing b r5atAsls diprdly

t he o%da"t‘ﬁi"’éﬁﬁg‘eﬂﬁ%?&?bt?}"é’dﬂéré‘ﬁmﬁ?ref‘%‘& organi c carbon source is

22.K J/ . It tﬂle Tﬂglmgtlim %E:cl)ra OIO c[l\alz-gl tl?ere’i\lo%e- N I0n$1a 5x81daﬁ02n’. r‘é‘ﬂ?ﬂs E:cpn%'ollled by
oxi dat i .Oncogtpo?lr Xhel asmour?tsc% o{rlg.I an Kqurrch:)rgn’ fuﬁ%l nxg l%r tlggrllﬁ: Cee ctnalg'l%eroaerobic
NO2--N i s e range of 429 99% anon t# & anmoni a oxi dati on
'Cotl\lﬁ'tl . g ' . g
products; en the oxidation energy exceeds 22KJ/ nol, the nolar
percenf age of ThembhddScdoRidgh@cisiANd8vhekR, BF 1 RO LAY ANVRMizNE HR BRRBA
oxi dat i onreptrRfl WUtiSr unds? acrdbicol®itidne,vha€ 6.0 b:dafch dnbgfpradudddlbs theWhBRi€ Edtboh he
amoni a ohrekdik PIT/niol) tetnepr faB) of 18- NN, Off sagt4a tvher theoxilat@endrgly iWRiselinno
accunul ati2&nmoff thiNGBlar fercatgr bENORY idid the Thage ¢TB2 N Y oo0g Hé myndnta ogidatiom
13, wher girsilutth evhexiheletidabon @prey eppeed$ 225 gy itte nodar poreng gt 8-N imin therenge

bi ol olfi catf 58%-Patormmng themunaia ogideton preductsbi ¢ condi ti ons exceeds

43. 4KJ/ nol E)er nol e of ammonia. 15. The nethod accordi n?Bt_o claim1l,
wherein the Mbﬁﬁah@&w@@gﬁ%@ﬁml&l&Whe@&tth%wﬁ@ oxjdatirpificter [B) is cggtrolled at

the stage in which no accumulation of NO5'-N occurs.

20 14. The method according to claim 13, wherein the oxidation energy of organic carbon source in
the biological treatment reactor under aerobic conditions exceeds 43.4KJ/mol per mole of ammonia.

15. The method according to claim 1, wherein the method can be used to treat coking wastewater.
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