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PR -AOA (SDR-AOA) #7 1.2, % 1 2l % & Ui B B A A28 —I5 Je I, 2 e Bl X
e TR, AL AR, E/NRIB R SE IR T, X A AR O/N 5K, TSN InER
TN LSRR AL 90% LA b (H2 H A 8= X512 T2 Ak L E O MR A S 96 4138, FL i 35 R 4
Al ke = WFSEHRGE . ASBFSY S T AR BEFAE 100 mP-d ' 9 SDR-AOA Hik R 45, 1E AR ik &5 1
XTSRS R L, JEX R G e I A AOA T2 F1 SDR-AOA T2 Ab HAL R
HEATXF L, 4387 SDR-AOA T A3 48 {5 e MR M LB, LA Z0s T2 0 i3

1 MR5F%
1.1 SEIEKRFIEMISR

A S U b F 0 95 7K R 98 11 3 95 K b 380 KK REFE
BRI K . B K T W 1. 5 Table 1 Characteristics of influent quality mg-L™!
7K F- ¥ COD/TN W 6.34, #EBF95 4 if, COD/ il il Riile
TN-8 B, JBAUHCRAEHF0Y, BAR 5250k T con 1ps-216 1645
AW o TS IEHERN A% TG KA B A A . NH,/-N 20.01~28.68 24.53
1.2 PIRREREITHRN y 20.38-30.4 26.18
SDR-AOA T.ZHiX RGN 1 fiR. S 21442 305

2R R Bk B BT R Y AOA A= Ak i A — 3T itk

2AFEARR AR A . AOA A=Ay KT RS i s B A AR 45 m’, R4S 7T M6, R
WA R IR SRR, BRI, R RAIAR R 11.25 m?, B4 IR R 11.25 m®, il S DX AR R
225w’ PREIX S — M S Hu A &R IR ; R 12%, SHAXEE—. AR EIH TR FI0N,
B 12%, — 00 s, BRI 27 m’ s H T ZAMAEN . Wi BT K b8 3
DUEb b K BV A PR S, RO 2 AR AR 9 PR A B B SR B A B, ARl il K A 00
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Fig. 1 Pilot system of SDR-AOA process

1.3 WIREREEHOR I FE
It SDR-AOA Hik RG I A R unis e, H AR FAREUE 3 K, SRR AKIRG R T AEHRER

ALY . NH,-N. NO;-N I NO, -N, #KJ5 4355 300, 500, 700, 900 mL ¥ 5 W53 Bl fmA 4 > F
MABNILMWEIERT, HEETFKEEZ1LE, £ DO/MNF 0.1 mgL" 54 F, A KNO;,
IR A WP 4 NO, -N i R 20 R 20 mg L. 7EE IR 25 C WY T, SR B 08B 46 A1 36 4
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SRR BT BORE I 5 OB i %2 HREGEHE
NO, -N fI NO, -N i ik & . Table 2 Operational conditions of the pilot scale test
1.4 SHmESHEE SH phasel phase2
COD >k H 2 [H W4 A (HACH) PR3 I 22 1% i fil/d 1~13 1430
% . TN, NH,-N, NO,-N. NO,-N, TP, H—T5 IRl LR /% 100 100
MLSS AR 3 B b5 ik A - TN SR T 90 14 2o A 12 35 IR LR /% 0 100
BRIV R S0 4 O EE L s NH,-N R A 98 Gt K Q/(m*d ) 100 100
FI 4366 B 5 NO,-N 2R 28 41 43 % % B HRT/h 10.8 10.8
%5 NO, -N KM N-(1-Z3%)-2 e oot JE AR ERDO/(mg L) 2 2
% TP SR H4H BR B /0 6 Ot ¥k 5 MLSS, I X MLSS/(mg-L™") 47074768 47874446
MLVSS R &E &k, DO, R JE R HEEE A TREERC 26~30 26~30

T%% WM AW floA: ) 2 REPE R R 4T
Vg 3% 3 A s 2R AT BR S W) AT v 3l Y
1.5 HEXERITELE
2.86(NO;,; + NO; R, ~NO;,, (1 +R))) + 1.71 (NO, ;+ NO, R, ~NO; , (1 +R)))

COD,,, =|1- = x100 (1
! COD, + COD,;—COD,, (1 +R)) 1

KA. CODyw N AR IR 55 4L %, %; COD;. COD.F1COD,, 43 7l A #E/K | [ i 5 I Fl IR 4 K COD,
mg-L'; 2.86 Fl 1.71 24 25 B& 4 mg NO, -N Al NO, -N§ #£ COD & ; NO;, fl NO; Ky i#f /K NO, -N Al
NO, -N sk, mg'L™'; NO; FINO; K [ 15 ¥¢ 1 NO, -N I NO, -N i i, mg'L™'; NO;j, i
NO,,, R K NO, -N FI NO, -N i i, smg:L'; Rk [m] 3t 1) IR 480 XY 565 — V5 U 1l 3k b o

itk SDR-AOA T. 2045 BT A AW AS A AG O, I FH PRS- 3 AT 7 v, X & BT /s ) 2
TRV i = M = R/ (1

AMy =[Si+SXR =S uX(R, + 1] X0 2)

AM, = [(Sw—SIXR + DX Q 3)

AMy =[S X(R, + 1)+ S XR, — S X(R,+R, + 1)1 X Q @)
M, =[(S4—S)XR+R, + )]0 %)

K AM,.. AMy. AMGFTAMOR DR B . I B . A B A Dl Y B 284k, g d™Sie Sev Sans
SHS B, WK, JRER ., AR, SHARABTEKRE, mgl'; QMK E, md';
R, AR EIRA X S —15 e B L s R, AR RIS X A {5 FIR L .

2 SRS p —e—jl/kCOD —e— H#i/kCOD —m— CODERH
21 RGNS R ERHR o e e
1) X COD 1 L BRACR o Ak SE 5 B Bext 200 ¥s0
COD A2 B A A WL I 2. I AT 1, phase2 3 Sl | o
B 95 RIS, COD KBR# B phasel 1 £ | Iso &
firi Tt . phasel #E7K COD “F34 177.28 mg-L', @ 100 ¢ ; ;‘2@
H7K COD ¥k 33 mg- L', FHFBR* 81.4%; 50t 5 120
phase2 i# /K COD - 1 Jy 15636 mg'L, ik . R s o
COD - 17.54 mg-L™', 35 L[k 3 88.8%. o wlrzw 03X

2) X NH,-N I TN (5 K BR AR . ik 5

. B2 xtCODKEBRMR
56 [y B XF NH,-N F1 TN £ SR80 WK 3.

Fig.2 Removal effect of COD
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B 3mf 0L, JosE 5 Je M A (phasel) Hi K —— IUKNH-N  —a— HKNH,-N
NH, N o 5 T 8 8 45 95 U8 I 3t 1 T NINERE e e
(phase2); phasel 7K NH,-N Jii & ¥ J& ¥ {H 50 phasel phase2 100
M 158 mgL, T EBRR N 94.0%; phase2 _ :3 :m m}go
t 7K NH,-N 57 2 ¥ B2 F- Y9 {4 0.86 mg-L, 2 35| .
O H R AN 963%. phasel K TN B S 2 [aye 1R W 2
BEE M 504 mg L, TNFH EREN  E \/H“H\Wé“
82.3%, RAIL{H % 78.0%; phase2 ¥ & 4 15 I |5
Ve, TN I R b O HL RSP “ 5l
TN -3 2 [ % ik 85.8%, ik TN B /b T T T T TR
5mgL™, FHEAL N 345 mg L, AW, LRI
SDR-AOA T. 2.4 AOA T &4 4L T i HUAL R . 3 XINH/-NATN B KRR

3) St TP (Y 22 e sk 5 v ist S 0 i B %o Fig. 3 Removaleffect of NH,™-N and TN
TP () 2 BR AR LI 4, ff1 AT 0L L 80 T4 SNERIP Lo HATP —a TPERE
{5 R IR G (phase2), TP 2Bk R Z Wi $2 7t . 6.0 s Sl phase 1 150
JEH5 95 Ve A (phasel), -4 ik TP R s | 100

BT 0.72mg L™, TP -3 L[ oR A 78.4%; ) /"/'*"'"H_'go
Ifii phase2 i} 7K TP iz & ¥k &£ 7 B FE AL = 0.17
mg- L™, FIESGE R (IS KA 3T IS 4 W)

3.0 » 60
He AR ME ) (GB 18918-2002) — 2% A #r ifE I 1°

1.5
2 > IS OF 120
TP V-3 23 B % 5 35 94.1%. X $L U] SDR-AOA 5‘(5)-94/&\‘&—%5

TP htife/(mg L)
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T ZABruE A R mRCEE . % 5 o 15 20 25 30
22 RGBRAMRBIESN T/
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Fig. 5 Variations of COD. N and P concentrations along the process in phasel and phase2
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IR B S Al 2B s FEAF B, A AW AL R L, U SR LT 4 e Ak U 1R AR
A, WA G EEM, TIEARRGE D EZE U LB N N F ., XS A FF ZHANG &
1 GAO ZE1% %) SDR-AOA T ZHY/MABFE LA, HAL A B S B 1T e i R AR il AL S e X 2%
RS R R 2 ARG ¥, 28 OB TR N ol DAAR e SE Rt S0 3R G e il
HEBL, ISR L, TNA WS X, {2 phasel 1 phase2 il 25 & ) 2 BR ARG B B A TH .
phasel, NO, -N it ¥ i i 47 % K 11.7 mg-L ™" B 6ECK TR 3.3 mg- L' (¥ 5(a)) 5 phase2, NO; -N
J R R AR 113 mg L BIBLECR FIEE] 1.4 mg L7 (1 5(b)) - W UL, &8 V5 G &
GEAE A By AL ROR B R Y, X F B S EE XI5 R ERORA K o EH RN,
phasel 7E Bl 58 A A4V Al ik £5 B B2 51 10 Kk i 48 phase2 %5, E 502 A & phasel filk Ui 1) it = i Al Bl 480
RN A LGS K. &5 B COD YT RS AL AT UL, COD Y 25 B 32 %8 & A 78 DR 480 IX Ry
AIX, HPURSAX RN E; ZI15H, phasel Fl phase2 4 % K 2] H k- COD %3 5l 5 Bk 0.4 kg-d™'
1.6 kg-d™', Tii phasel F phase2 M &f % K 2|t /K H F [ A 4k 19 COD B & 75 oK 1t 43 7 4 4.1 kg-d™' 1
5.5kgd™, AWLAME COD [/ e A J2 DAFR At S i Ak COD 75 Kk, Ui W S i A6 R iy e D8 3= 22
K HF 15 I iR IR

734, phasel Fl phase2 7& TN 28 fb i # [ AN [A] )~ i3 52 , phasel 78 — J0th TN A /N Hb 3] 7
FH & 5(a) AT R0 3222 R o NH, =N J3T a2 96 B2 A9 [0 T 3. phasel,. NH,-N Jiz & ¢ B2 H Sk 4504 0 mg- L™
B BERSETHH) 0.5 mg L™, ) P00 K52 T F) 1.52 mg L' T 7E phase2, NH,'-N 57t v & 7 6k
ABA U AR R R . AT RE Y SR R R 7R B AR IS YR I, B S X Vs PR BE A, wT R Y
iR, HIRATEYUFRES, B T5 e 78 S A A — DU 09 sk S R 3R 45 B B Al s, iz rhisl i 7
Mot KRB, B RATIE A BK i, B E NH NP /i s s s s, e ris
PRI, AT o0 ¥ U PR A T I e 2 0y DR AECIR A T & 2B KA, PRUE T NH,'-NAIT TN R 49
KRR .

AR PR A S, AT B R B, s B AP B . U0 AR TN &, #F— 27
T A B B TN S BR i bk TN L 461, DR 4 280 B R 30t X TN L BRI, WOk P &
If, AR ILE 6. WA FIOXT TN ZBR A9 STRRR AT UL, BB TN L BRoTik R K, IRABH
K. phase2 Bl E B Bk TN TTHA %44 phasel KR4, BB TN LBR ot 5 #E7K TN 09 L9l By 44.7%
(phasel) # 7} %] 73.9% (phase2), # T 65.18%. 1l ., SDR-AOA T. 255k Ak it 5 P I s il b 3R
F, XE TN LRI EE A

phasel phase2
13.2% 12.7%

24.7%

9.0%

73.9%

44.7%
KA RS B RS ol R otk oREBER aEBER offE DOl ER odik

&l 6 phasel #0 phase2 TN 7£& K N X =B 957
Fig. 6 Distribution of TN loss in different zones in phasel and phase2
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2) AR X AU AT L b SR AR SRR N B R L AR . RS X NOW-N R BR A U far (LT PR
I SR B0 AT ) P e e A DX RCRICR, T AU fer 5 b oA T S R AR DG, T P R R AR
A E R EERN K Z — P, K, X phasel F1 phase2 4 X i & G fr o Eb A4k 3 Al
IR IR AL AL R I TIN5 2R L35 3. ¢ 3 I, phase2 8 5 75 U6 I3 Je LU S Al Ak i A B
b, & phasel () 1.07 4% ; 15— 71, & B 5 5 e B S 64 X TG TRk BE PR R, MLSS
PI{E J2& phasel 19 1.17 %, | phase2 &t 48 X S fiF £k b& B (19 50 i 4% phasel B 22 5 Fb SOl £ 8 R A1 S Al
AT BB B = AR R R A AT v . B3R 3 AT, phase2 9 I &L B far W f =5 T phasel,

& IX R ‘4=‘ fz\' 2 A > .
phasel Bk DX A9 fie S LA ST AH 0 0070 o 0 phase2 SR BT AR . MR L

kgN-(m™-d™"), phase2 i fix & £ fif F- 4 {6 42 Tt %, PRAIELS (L ] MLSS
% 0.086 kgN-(m-d"), %2 phasel 27} T 22.8% Table 3 Nitrogen removal load, specific denitrification rate,
GAO F g g5 e E W, DA NO,-N HLF intracellular carbon storage efficiency and MLSS
2 A B I SR A J2: DA NOS =N oA L - 32 AR B Y 2K phasel (#{i) phase2 (HI{i)
2245, HEIE i BRA B A A B 4 2L 5 kgN - (m+d ™) 0.07040.006  0.086+0.010
94% F- A7 i, WA AT 3K 0.17 kgN/(mP-d ), HR AL AN (kg 'VSS-d™)  0.03040.002  0.032+0.005
24 2 A 5 RS e Y 24, T AR 5 CoD,, /% 909%+2% 949%+3%
FEZ DL NO,-N M H T2k, S5HF5E4 R MLSS/mg-L" 4707798 5516£732
FHAT o

by itk — 2D AR GE TG Ve R B N TR S E AR Y > N 0o
W, PR THOKSI, AR 7. R - " )
Ak R VK A GRS L BE MLSSEO T Egol % " P
B, ORI T, 24 MLSS 3634 £ 008 . - 1“%2
THEFE 10520 m L I, HRILHERAT 00167, 5 006 & e Lo BY
kgN-(kg 'VSS-d) I+ @ B 00204 Egz o . mE wmﬁg
kgN-(kg'VSS-d™"), BI4EFA 2= 12247, X5 F g' ------------------ AROARED | | s 2

0
yiﬁ%ﬂgﬁﬁ%gﬁ%*ﬁ{u[m]o Wﬁ%%ﬂ‘]ﬂ}é”}jﬁ 2000 4000 6 000 8000 10000 12000

ToF T L R Ak R MLVSS IR, [N MESS/me - L)
I, 4 MLSS H13634mg- L™ FE%]10521mg L Bl 7 MLSS X B 5 52 %0 b B 33 2R 4 2 0

- . - . A Fig. 7 Effect of MLSS on Nitrogen removal load and specific
BF, BRI 2 3.67 /5. 4G, denitrification rate

ot & A0 ey 595 U vk BE & IEAH ¢ (R*=0.988 1),
PG ZHANG 55U i 55 45 5, SDR-AOA R4 - Uiithi5 A = & = 1Y PHA Fl Gly. Fitb, —¥iith
[ i 3] dofe A0t 04 ¥ Y RS I T Bk S B A AL T AR, WA TE T S 2 N aR IR, Wi SR EAE R, fE
i A7 e B T

AN, AR XN B R 1 55— T2 R A DR AR IX B VR B A, BRI FE AL SRR B T AR
TERE XN IR 24, R 30, Bk IE 5% 1k % 7F phase2 & T phasel, V34 {H H
90% £ 151 94% . PNk I 4% 4k R 5 R4 X COD 1) & 1l FH 2 A F S i 4k 19 COD #H 6 . 78 i K B
FE R XA B R RS v B RS I L, IRAEIX COD 1y B A H s AR X R, WA T e m ik
) COD P T NIk RS 1L K o phase2 BEE S 5 e MG, MR AT, /K w25 0% ik i
BEAR 7 DR S IDXC IR 3 Jirt 75 e ] 3 0 465 i 10 i 28 280 1T R0 Y A A it Bt 2 o /b, i AR 8 1 A AL
YAk A N R PR . S A%, phasel H K NO,-N i & ik ¥ 3.8 mg-L™', NO,-N Jf & ¥ J&
1.2 mg-L™", i phase2 H 7K fiff 2% 05T & Wk FE B AR, NO,-N B ¥ BE{UH 1.38 mg-L™', NO, -N it ik
F£0.7mg L™, 215 phase2 7 IR & X X s i AL TH #€ 9 COD 3820 . F 8K phase2 #E 7K ) NO,-N Jit &
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e FE %5 phasel Ik 1.67 mg-L™", 7K 22 55 76 K %8 X & 8¢ phasel /b 5 #& — &8 43 COD, 1{H i &
phase2 H1 T H 7K fil§ 5% &0 H vk B [ AIG 1T 5162 19 COD J RE I /DM FBE K. T L, 858 5 Je [l
TR HE T PR e Ak SR B T o T PR i VR e A 38 1 B8 T 2 i — 20 4 T R AU B P B L B e o PO TR Ak
RN P VR MO B A R A AR, RGEIE R R TR A

3) ARG bR B AT . Bl S AT, phasel A1 phase2 A BB 72 B R EE A B . H A
5(a) AI 1, phasel #E/K TP i 3.10 mg- L™, RABBHG TP & ¥ TF = 345 mg L, &
B W 5 TP BT e B R BE % 0.43 mg-L™', 7E 6 R I A 0 TP Bt & ik EE A AR M o, A2
0.9 mg-L'. Hi[& 5(b) AT, phase2 #F7K TP Bk i fF 3.48 mg' L™, JRABREWES TP Mt Wk E 2
420 mg'L™', MR B BEG TP R W E N M E 0.52 mg L', 7E Gk AR BE TP R A Ik R 4k Lk R R &
0.10 mg-L™', phase2 7E B A B A AL TWRBEIR S, UL R G rh IOl Ak R Wi 4 (DPAOs) & T E HIPY,
WFoT R, &S e ) REBE LG BT 2 Bl — b SR R R T 9 SR B R e ) R B A L
Y& B PHA W AE W REBEAIL s 59— P2 15 VR 7K A ol 20 DA M AR R B AL A o 3 5 33X A 15 50 R A7 A 2
{EL 4= phasel A4 B0 I L Y5 U8 K fft o0 40 B fi A RE B HIL R 4 - R 4 phasel H Bk S0 A AT 0t R A
TS MR EL 24l A= e wle, HL B = nl BB A AORR JR . phasel, JC58 5 Je [l A, Bl 4 X P Ak 1
B, HLAE SRS DR 0 S P A B A TR G . A A AL TR Z W B TR B, PN TR T RE 5
J5i 5 5 BUR B B A I 2 IR 5 R Poly-P B 5 i5 e H B K . FET- IR EDOP), phase2, 2 5 IR
IS, IR T RGEMIEIA BLAN 7 T B4 TR, e B T B SR X RERE, fi15 DPAOs A 5K
FEAER .

iREE /R S R T o = /N W] I = A LR K 800 A KRR
SRS M B, 4R L 8, RO B K wr %%%
TP Jit 5 Wk B AH 25 AN K (3.10 Al 3.48 mg'L7) T a0}
{Hl phase2 JK 4 Bt B¢ 8% bt . % % T phasel, J& 2 awp
phasel Bmi =AY 1.7 1% . X 2 A phase2 Jlii &l g T —
ORI BP0 B NOY N B, IR EJW[_
A B IR AL S 5 8l X0 Bk 5 S AL 55, PAOs AT LA ol
W ST 2 Bl R O R i, DA T B AR T A2 1 B
3l JJ . phase2 7€ If A B 19 W Bk i & T phasel phase2
phasel o fH75- 5 7 i) 42 . phase2 J fil§ 1k W B it AR L
o AT Bl B 1 HL 0k 10,49 1E phase2 S2ILF 8 phasel 1 phase2 TP £ & K R R KR 7
izﬁggjfﬁﬁﬁ W R RV R . AL T Fig. 8 Dlstrlbu;llci;lszi "l;rfl’dlc;)shsalsr;?fferent zones in
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Fig. 9 Relative abundance of functional bacteria in phase2 activated sludge
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Nitrogen and phosphorus removal performance on pilot-scale Sludge Double
Recirculation-AOA system in treating low C/N municipal wastewater

YAO Xiaoyan, LI Lingyun’, XUE Xiaofei, GAO Fang, ZHANG Jianxing, LIU Weihang

Beijing Enterprises Water Group (China) Investment Limited, Beijing 100102, China

*Corresponding author, E-mail: lilingyun@bewg.net.cn

Abstract To address the challenging issue of nitrogen and phosphorus removal from low C/N sewage, a pilot
system of the innovative Sludge Double Recirculation-AOA (SDR-AOA) process was established to treat low
C/N municipal wastewater at a treatment scale of 100-m*-d"". The study investigated the removal effect of COD,
nitrogen, and phosphorus, and compared the treatment effect-of the AOA process without the second sludge
recirculation to analyze the advantages of setting up the second sludge recirculation in the SDR-AOA process.
The results indicated that the SDR-AOA process was significantly more effective than the AOA process without
the second sludge recirculation, with average removal rates of COD, NH,"-N, TN, and TP at 88.8%, 96.3%,
85.8%, and 94.1%, respectively. The experiment on endogenous denitrification rate demonstrated a positive
correlation between the endogenous denitrification rate and the sludge concentration. The second sludge
recirculation improved the MLSS in the anoxic zone, resulting in an increase in both the specific denitrification
rate and intracellular carbon storage efficiency, which increased the nitrogen removal load of the anoxic zone to
promote TN removal of the system.-When the ratio of the second sludge recirculation was 100%, the nitrogen
removal load of the anoxic zone was 0.086 kgN:(m™-d™'). Additionally, the second sludge recirculation
effectively prevented the slight rise of NH,"-N and TP mass concentration at the end of the anoxic zone and
secondary sedimentation tank. High-throughput sequencing revealed that Candidatus Competibacter, belonging
to denitrifying glycogen accumulating organisms (DGAOs), was the dominant genus in the system. The results
of this study can provide a reference for efficient nitrogen and phosphorus removal by a novel SDR-AOA
process.

Keywords. =~ sludge double recirculation-AOA process; low C/N; endogenous denitrification; nitrogen and

phosphorus removal; denitrifying phosphorous removal
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