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B OE BT ORTE S AR R I EUS AR P R AN R R, BRI T R T 2 B AR PR IR] Y AAOA BRI A HL
AR, BT AAOA 7 Gt 5L 3 1= b 1 B B 6 00T 17K CON Y BEK, X S BRIk 75 /K Ab BRAEAT T S0 9T . &5
W KON 6, 75, 9N, RG TN KBRS 514 74.12%. 84.90%. 90.05%, TP X% Bk H 535
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IR 50%., HL, # WL A0 T2 R unikbf7 [ SRR & T R LBRBE RS, bR B A 1Y [F
AT A i A I BB AET, (HIX RS XA . B ABRARE T A R . Bk E® T A°0-BAF T
&, R S Ak B AR D i IR TE R, (BTSSR ME LS B m AR MERR BRI AL . LAk, R R RS R R
— M R RS, A A R T AT A AU AR AL, PT AR B R R e A s AR
BRI TS 7K AAO T 203047 v s ME I3k 88 100 BUA 7 8 B B AN A2 [0 L, A BIF 9 Ay At T Sl B 75 /KR
S /B U4R /B 48 (anaerobic-anoxic-aerobic-anoxic, fi] #K AAOA) A4 BR B I Z 4 A, 7E A% FE 8k U5 5%
TR, I 2 B AR A 0 BT A SRR B R S B S K A s bR v R R R AR T HE
HEZK C/N XI5 7K AAOA F G0 TR BE BRI AL RE M52, 8 T AAOA R 48 32 I i3 s HE I AL 7
B C/N; AT TS s B L BR AU, JEAIH 16S rRNA &l i I e £ R ¥R FY T &R G i A= Wy F it
S5 R A AE AL . FESLIERE L, JFR T SCBRIREE TS K AAOA Kb SEI , A6 AN #b Fe i IR 2% 14
T, B EZ AR BR T E B AAOA REL, SCEUMETS K Ebn v I A sl . AN 7% 45 51 ml A 3k
BEYS K A MERR B A L DL KA B8 AP0 T A M5 K bR i 2 it 5%
1 MBE5ERE
11 SEWEE
SLE R E A 1 TR, AAOA N /N B A AL 40 L, SE BRI 5 /K b B S 06
AMARA 2001, Ni#RHIRE . 8. R RVR T 2B, & T 2B 1:2:4:1,
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Fig. 1 Schematic diagram
12 SRRk
SR 24 W Bedli Ay . A 1 B Bo/MR S B R OK R TN BRI BTG K, Bt SR
VERY L Wik SAALER . BREMR AR, SUILES . BRERBRICHI AL, AR YIRS KT SR IE AT K
B, LT3 F CN(6. 7.5, 9) BIIRETE KK

i (i’% bs o 2 B BLAE SRS KA ’ R Table 1 fuelllit}jj(\)f:vi?fv?;f in lab test

S KT A T BT At R S BRI K i 7

S B K AN 2 BT on CODRIRFHRII L me . )

1.3 LW HE CoD NH;-N TN PO,”-P

i ot *ﬁ j:u Z Iﬁ] j}_#: 7J( C/N E/(J }g]jz %E 5 7J( s ]F';E 6 254+4 38.52+0.37 40.50+0.57 5.40+0.34
3’*1\? AAOA %%if%ﬂ&%ﬁ(ﬁﬂ(%ﬂﬁ;?ﬁ;%@%ﬂ%%ﬁ 7.5 31845 38.83+0.78 40.56+1.05 5.13+£0.26
H E/(J Bin 7J( C/N, Z’f b=! TE ﬁ\] 20 °C . TN ﬁ ﬁ jg 9 37145 39.55+1.36 40.85+1.62 5.30+0.34
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0.13 kg:(m’-d)™", PO,”-P fifif A7 0.02 kg (m’-d)™", 2 WHEISKIWKR

IK e BE EE] R 8 h(%/%:l‘ CBYET L R B Table 2 Experimental water quality of urban sewage
ANBOK @ m a5 1, 20 4, 1hy, ¥ CODAEBE ik i/ (mge L)

B DO 2.003.00 mg L, WA WAGRm cop  NHIN W S posp
{}'t'" FE R1 FIR2 ﬁjyﬂ 200% U—lﬁ'ﬁlz\ﬂ\] 40d E/‘J%ﬁ: YR 7.00~8.00 148~306 19.00~43.00 21.00~44.00 2.10~5.60
FEFRB A, RABBER, SRR mm ogas me a0 300 360

CN %I 6. 7.5, 9.

TEIRAE V5 K T T B 2L T 52 BRIBAR 15 K B9 AAOA ZRGE kb BRAR RE 5206 . R TRLE  23~30 C . A HL
U f S 0.40~0.76 kg-(m*-d)". TN 11 fif 4 0.08~0.12 kg-(m*-d)™". PO,*-P. 1 fif °4.0.01~0.02 kg-(m*-d)™",
Pt 40d. KITPFEERS 8 h(RAE . B4 T . 4%, S T BOKIER B 50 1. 20 4. 1h),
IS B DOl 1.50~2.50 mg-L™" . IR A WOR1TI5 U 013 b R1 AT R2 3458 200%, 16 AN #b Fe i U5 4510 T
TRIE AAOA Z2 45 0 S R 8 AF V5 7K 118 % B 53 1l Jt R0 A% i o

SO 3 ) ik s B A . K CODL NH;-N, TN, PO-P % /KFitits. REfaEiziria, W
RIS Y TE % T2 BRI PR i AR A . HEAT 16S rRNA & 38 il 8 i E ke b, BUE C/N N 7.5 |2
N g BT E 30 KT, AAOA RGN UM, RAEMAYIH A EAY A AT, EFEERA
DNA [J$EH . PCRY 1S | 206 i . Miseq SCEMEE . Miseq T . OTU H2 . 2. RH
£ XF 16S rRNA K V3~V4 548 X 1 5] 9 338F (ACTCCTACGGGAGGCAGCAG) Hil 806R(GGACTAC
HVGGGTWTCTAAT) #£17H 1, PCR ¥ 34 K HH Transstart fastpfu DNA R4, T PCR =44 {f
FH QuantiFluor-ST ¥ {4 2¢ 6 i &t R 4t (Promega, &) #4172 Sl 2, I8 i PacBio RS II Il J¥°F
B SCEESEAT I, I B A Mothur 208X ARG T AT F B R0, R ARG MY
Tl
2 #HR512
2.1 AEHK C/N EHT AAOA RS R AL IE ] BE

FEARA] C/N #EK &R, AAOA R ML RE WKl 2, MR GHHIK C/NH 6 M 9 ), &
4t /K NHE-N S 24 B 9 7 0.04 mg L' EFF#) 0.14 mg L™, NHI-N F3 B3 99.91% F &=
99.66%, F Gi X NH;-NB LB RYERFTE 99% LA o X J& T I A9 DA, Bl 40 B 38 43 1 it Ak o
(A B D R AT IR AR RSB R S A AR B L, A5 G S B K HRo AL MR A RIE, A i e i A A
T A B H SR AL R 388 & A, [ R G R R AU ae . SREHKCNH 6. 7.5, 9B, &R
4 ik COD XA 43 %) 16, 18, 20 mg-L™', COD ¥ 2= 44 40 5 &y 238, 300, 350 mg-L', BEH
C/N I, ZRZEXCOD Wyt LRI, X & H THAE CONIGI, RERBENEANGERE S, HT
A= W B B A R RS N, A AL IR R R RIS I, (45 R G X COD R i 3g5s . i /K C/N 433l
H6.7.5. O, RGEH K TN I BT v B 53510 1049, 6.13. 4.06 mg- L™, TN V-3 3555
K 74.12%, 84.50% . 90.05%. AHICHFFRE], MG K C/NHN 6 F17.50, AOA T2 TN LBk
RN 62%. 65%", MELZ T, AAOA RGN TN £GFA KIFETH., XEHTRE TR E
T IRl . AR AEAL . AL REE . G R R E (5 2.3 75), R H 2 R R H
s EAE T, S T m AR A . MK ONGHEI 6. 7.5, 9B, REE UK PO -P V-1 i
W 430 3.15, 0.12, 0.08 mg-L™', PO>-P ¥ EBRFI51HN 48.29% ., 97.68% . 98.50%. iX f&H
T AAOA R Go A 25 ] AR YR LIRS -l S -1 4R - S O 0B AT, DR, B AF%0 . eSS Btk
A0 BT A RS L R B R BRI T RAF MG FE A S . M ONh 6B, HTFREMEALE, REM
ROLRERAL, MG R PR Z MR, MK R BT, S B 21 e R RK A g
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Fig. 2 Daily variation curves of system treatment efficiency at different C/N ratios of influent water

RIS HEAT A AL, 38 B il Ak R AR B 1 5 A i VR, A5 IR S B BRI B VR RN 2, T SZ I R 42
STRBEHE M E S, HRRGRBRRERM; M ONRA 750, BEEERFERER N, H5 C/N R
HE, REMBELEBRRZERAKR, XM T2 MmIERE e T REEW M IRAR, A50E%E
TREEW, ART RGH PO, P EBRAAESE T WA, IRA-B AR -4 4R -k 47 s AT A AT R
1k 3R s T AR A, R AR B RO AL R B T — A A, RIS R AR Y SR AR I R S T S AT
W15 A TR R IR, R G BRBE R RE IR L =, 1T S I A v PR

TEARTR CINT, AAOA RGIEFEAZMILE 3, MK CNBHIH 6. 7.5, 9, TEIRH B A Bk
M ARAE e — J7 T, NHG-N 5T o v B3 DR A R VE T B, S il Ak T R T 3 K rp B R S8 AL (DA
COD it) Mk E AT AL I &, NO,-N. NO,-N #{£Bx, TN RE#E 55 FFEZE 11.64, 11.58,
11.87mg' L' — M, FEIRIREIX, REERE A AE R GF 2.3 7)) FIHSE KR ERRE, PO, -P
Jo R R 3 S 2 625, 10.03, 16.05 mgL!,

IRAB K G #E ABEE T, DUi, PR A W Ml 2l S0 B A B4 F , NHG-N T vk B
— AR . MPEK CONZIN 6. 7.5, 9, HNO,-N JFift e JLF &, NO,-N G i e & 7 il |
FE#E 2,01, 0.17. 022 mg'L™", ffZGE T 5 IR . RS RBEE G5 23 1) BB TS,
TN Joi & 4R B 2 i B IG A 10.91, 6.32, 531 mg L' [RIF, 383 S fiF £k SR i v I m AL W il , 78 B4
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Fig. 3 Variation curve of system treatment efficiency along the process at different influent C/N

B PO-P i & Uk 4> B BE IR & 564, 340, 9.17 mgL™', YL BE T K A G S B S H ik ok
C/NSR 6. 7.5, 9BF, FRLENH-NJT & MR EE 43 5 KRR 031, 031, 084 mgL™', 4f% Btil
i SR A SRR A AL G 2.399) JERIE R, AE AL R4 iR B 1915, 19.10, 19.59 mg-(L-h) ™,
NO;-N i e /3 E T2 11.26.-5.69, 331 mg- L™, TN FEWKE/H N 11.59 . 6.00, 4.18 mg-L™';
[ B, SREm A A A SRS N I, PO,-P it B vk BE 0 il B IR &8 419, 1,68, 0.02 mg-L™'. U4 Bt
K HE A B T B, NH=N W AR A AS s S35 oAb o il A 28wl o R P P e T 0 4 I i
B R, NO,=N JFi #5450 F 2 1042, 499, 121 mg-L™', TN FHHkERE 2 T E 10.65,
526, 1.97 mg-L' fEE i AL BB E, PO -P RS — 4 FHE 3.66, 1.23, 0.05mgL"'.
it A8 1T BefdiAs ml g v Y v A9 i a0 i vk B i — 2D BRI, AT DR S AR IR AR B S e, A R TR
WA TR o P DAL S A A T B S i A SR Wl T T R e rh AR

TEANTE C/N FL,AAOA R G 45 FL T 1) ORP F5 AR Vi F2 A8 AL 4N & 3(d) Fir s o 4 1K CO/N 23511 6.
7.5, 9 Bf, R ORP 70l h—141.51, —183.51, —288.10mV, #Ht4& I Bt ORP 435 h—147.60, —173.41,
27020 mV, ¥ B ORP /3% h—65.61, —25.60. —41.61 mV, 4 1T B ORP 4% h—52.50 . —52.30.
—-61.80 mV. K& C/N TR, REE ORP KME FRE, JBOAH 52 B0 09 25 W34 1 0 i i ok, /N
= U ORP &A%, RAIRKARBE MY, AT REXNBEN LR, XEAEANF CNTRZERHERA
ZRWMEZRE, A BEB S, /NGBS ORP AL, HA Rl F i igfb. AL B 5 ORP 2
KT &, RETDREEBOE Y Fg E 4k, 5w A AR 7 i O i R G R R R m  RAbk .
KB B T, AS[A] C/N S0 g i ORP A1 S B Tl AR, B S0 Be T DR 37— 8 A9 il 00 J 2 30
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B, ARG DU B R A R R AL R AT R PR

ERSE RN, HEK ONHIN 6, 7.5, 9OBF, RS TNV £ B F 0 5N 74.12%,
84.90%. 90.05%, PO, P14 % k4> 5 Ky 48.29% . 97.68%. 98.5%; 1E 3 Fh C/NKIEF, HiK
COD., NH;-N. TN, PO, *-P/r%|>N 16. 0.04, 1049, 3.15mgL"'; 18, 0.05. 6.13. 0.12'mg-L' Al
20, 0.14, 4.06, 0.08 mg-L™'. /K C/N=7.51F, AAOA R 4Gt H /KK 5 AT DLk B 3 4575 7K = s v
Rl 0 AL ZE oK o A T Y S o AR R AR A AR AL T AAO RS BRI A RCE , (HEK C/N Ry
70, H RS KNH-N A1 TN B AR 7.65 mg L™ A1 11.08 mg-L™"; 5 P ¥ 20 3@ i AN inas g (1)
T ikHE T AOA-SBR T ZBRBEML A MR, Mtk ON R 7.5 0, HHA TN A& 11.08 mgL';
AU 8 ok S K B AR S R R R T A-AAO T2, (HHH KA AE IS B BRAT R AR TS K ) TS e HE
—49% B HERChRE, 5K SE IR AR HEBR B L. AR IR & 1) AAOA RS BRI A e 2] T K
LTt

HIRGE R G RS, BGEK C/N Ry 7.5 RO 8 TG 15 Je dEATHE R SE 86, il ok A HE K s
TR 5 AT A SRS AL R ATU ST 525, 450 WA 4(a)e. R b 46 A R a5 5 FR a1,
H A FEmk S F 5 FE, BIRR RGP EE, BOC/N K 7.5 BRI a5 2 L5 Je 474t
WL . WU T U8 B0 40 B8 05 FH 217K Uk 25 bR ik 4y CODy M4k @A 2 2L, UL RN ik
fifi COD 4 200 mg-L™", JRAZ N 120 min, KW &5 HT)E, B M5 Je 8.0 708, LAk ok 5 4
COD, 4324 2 iy kA7 SE 8, #Omuhie — S g fF Hph i dh ik 2 . Hor, 5258 1 My E < (DO K
2~3mg L)y SEE 2 A W) UR T R B R 20 mg- L' AR Eh oE AT S AR FE RO B (A1 344 120 min,
e A e R I 8 R A 5 i R oA Tl 0 3R ) L 1 BT Ay i A e B A R SR TR 1 b . 25 SR R 4(b)
fiizs, IRAHIL B (DPAOs) 5 B i B (PAOs) HL ik 53%, TIESE & 48 I i AL BR B 0 2 48 2t

45 b P WS
404 T ~ —— RS
=~ 35 —=—NH;-N Lo10f ' —o— IR
= —o- NH-N+ATU % : —A BRI |
» 30¢ ——NH,“N+ATU+COD E 38 ! ;
= 25| i i i
=2 2 | : :
£ 20 iz ! '
I i | |
Ji=$ 15+ £ 4 ' ,
& 10 & : :
" £ , : :
5t | :
b s ol o
01 2 3 4 5 6 71 8 0 30 60 90 120 150 180 210 240
H[fj/h i i) /min
(a) C/N=T.5R 5 A 77 5 53Rl AL R e (b) C/N=7.5 R GEIR i B D SEURE R L S At S I L

4 CN=15 ZBGMABBEHRIWER
Fig. 4 Batch test results of system nitrogen removal path at C/N of 7.5

AL o
2.2 IS K AAOA RLERH B2

SRR K C/N R 7.5 I, AAOA JUN i Ab FRASCRE S 90 45 SR WL 3% 3 N S

& s A LA, M4 PEKNH-N, TN, PO-P Jifi & ¥ J& 43 %I & 38.82. 40.60, 4.92 mg-L™
i, FEPRSA B, NH-N i 5 9 s 08 [l oM BeVE R B3 11.38 mg L5 SRl A B R A koK
AIBRIEXT NO,-N| NOJ-N HEAT R A ALl 0, TN Bt i B T 2 12.40 mg L' [, SR8 H]
HER R IR R AT BEWE, PO -P ULV T = & 10.88 mg L' WS 7E SR AL [, R & W 11 A
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%16 &

Y HINH-N Jit s FE BRI 2 6.29 mg' L', 7EIX
fils 1k 2 W 8 VE FH R PO, -P Jit 1 ¢ B % = 4.13
mg L™, 38 ik 5 5% 5 Ak B A 1k 2R 8 A T
MG, TN i R 2 6.88 mg' L™ 7
G BE, TERS AL B T NH-N J5 & v B KR
MK % 052 mgL', NO,-NERKEINEE
5.02 mg'L™, 7E 45 SRS AL W AVE R TN it i
WeBE R IR 5.69 mg L™, [AIET, 3 5ok 58 W i
W, PO -PRTHaL KRN % 038 mg' L. #A
HAEB TG, RMERBEE . 538 i Al
FH N BRI AT R AL BR B AL, NOy-N. TN,
PO, -PJiT i Vi B 0F — 28 73 il R B & 3.51. 4.07.
0.23 mg'L™', NH;-N Jit & ¥ B JEAS QR EF A AE
F2 I8 HE 7K NH, =N, TN Fl PO>-P - 2 i 7 ¥
BEAr 53R 040, 3.57 . 0.21 mgL™', F# LR
Ry )ik F) 98.76% . 89.03% Fl 95.55%, ik
KRB A0 T OIS KA FR T T G P HE L
FrufE ) ARRiEN, BEHH AAOA Z 4t nl 52 Bl
15 7K 1R b 1 R A R

[1]

RGEWMEIPEE

W5 R AR 0 A R i 2% AR N WA T v

2.3

# 3 EERYEISIK AAOA B & BRI A
Table 3 Nitrogen and phosphorus removal efficiency of
AAOA treating actual urban sewage

HEARRE/(mg L) KR/ (mg L)

IR R — - — — TR /%
JEF SEHME JEF OFEME

NH{-N' 24.10~39.2932.37+3.78 0.16~0.680.400.15 98.76
TN 24.81~39.6532.9243.71 2.44~4 91 3.57+0.61 89.03
PO,"-P 3.21~5.63 4.85+0.58 0.05~0.36:0.21£0.07  95.55

45 12
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110 ~
o 19 4
n 1g
i 16 ®
® {5
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Juc 14 =~
= 43 <<
o
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0

HKk RE BRD PR BRI K
LTy

El5 AAOA RZFEIER. BMREBREZL
Fig. 5 Variation of nitrogen and phosphorus concentration
along the AAOA reactor

il I, A4 L 41 DNAFIHE L. PCR #7318 | 2G| . Miseq SCEMEE . Miseq M5 . OTU
R e arbr, A Mothur BB 5 B Unique Reads 7 51 b X 2] RDP 5086 2, #E47 90 Fh

TERE, dE o AR AT XS, AT R O
WwE 6w, RGEMHEE 958 R

FHAET] TR IKF-GE TS VAR i B HE V% 2o

Il Proteobacteria (33.16%). %% %5 [ ] Chloroflexi
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nitrogen removal technology for urban sewage
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Abstract Aiming at the problem of insufficient carbon source in the process of high standard phosphorus and
nitrogen removal in urban sewage, an AAOA phosphorus and nitrogen removal technology based on multi-path
coordination was proposed. The requirements of influent C/N in AAOA system for high standard phosphorus
and nitrogen removal and the actual urban sewage treatment were studied. The results showed that when the
influent COD/TN were 6, 7.5 and 9, the TN removal rates were 74.12%, 84.90% and 90.05%, respectively, and
the TP removal rates were 48.29%, 97.68% and 98.50%, respectively; when the influent C/N increased to 7.5
and higher values, the system could realize the high-standard removal of phosphorus and nitrogen. The results of
16SrRNA high-throughput sequencing indicated that the functional bacteria for nitrogen and phosphorus
removal in the system mainly included Aeromonas, Nitrospira, Aeromonas, Comamonadaceae _ unclassified,
Uliginosibacterium, Saccharibacteria_norank, Candidatus _Accumulibacter, Aeromonas,Pseudomonas and
Dechloromonas. The system realized high-standard removal of nitrogen and phosphorus through autotrophic
nitrification, heterotrophic nitrification, synergistic action of denitrifying phosphorus accumulation,
heterotrophic- denitrification and aerobic denitrification. At the same time, when AAOA was used to treat
municipal wastewater with the influent C/N of 7.5, the average concentrations of NH;-N, TN and PO,”-P in the
effluent of AAOA system were 0.40, 3.57, 0.21 mg-L", and the average removal rates were 98.76%, 89.03% and
95.55%, respectively. High standard phosphorus and nitrogen removal of urban sewage can be achieved without
additional carbon source.

Keywords urban sewage; AAOA; phosphorus and nitrogen removal; C/N; high standard
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