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AW, BEE T HXTRE ALY O A B LB A R, SRR OF Bk KA
C/N Lt oH 2.09, 1A W1 HE A 300% B, Kk s cOD. NH}-N. TN, TP f-F 345505 4 23.45. 0.80, 1241,
036 mg-L™, 44 EBKIF 0N 86.88%. 98.25% ., 77.68%. 90.31%; HHXt T /3Byt /K A/O/A/A/O JRIEFR & T2,
BEOMR AW L LGS RAEXT TN (19 5 BR 3 HH 68.28% MY M%) 77.68%; X TP (14 5BR 3 HH 75.22% %) 90.31%., 7
RGN TAROR A L T 7K A SR W A I AU SR B BOR DL 3, i e T AR 28 L T 7K AR A 3o R bl s K R HE AR
T 0.5 mg L™ FXEM,
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B, B BT . WURECAET 58 S D O o BE R K APO T AR R Ml AR 1 R )
BRI BEE RSB N, RSN TN K TP (4 22 B 2R AR Wi i, (B FE7E 7k /K B e ik
PR BB o 1 AR AR S A AT R E X A BEIE KA R A/O T A SR IR AR 52, . 36 Y
(R 1037 FE AT LA S TN A L SR 380R, (B R TP BEAT A 3 2260 o 28 K W25 09 3 3o BF5E ¥R 4 34k [
Uit L6 X W BL K A/O T A R BRE M T KI5 ey L BR e, KB TR R R Ay 3 el LA
P25 RGO BRI R B TN B LR, Hl K INABJEIE R bR, L, b 7 SEEIK C/N T Sl
AWK G A YA RS R e AR HER, AL S A0 T 28 7 A BE

B X [ R 7 3B TS K Bl B A I O/N YRR A, ARTFRIF R T P 2 2E UK A1/02/A3/
A4/O5 RN A T2, B imE AW R, SRR IS AR, DA ok S AL 2 i — 2 4 v
()R, 38 Ao 5 0 TR 5 W I LA ) T ol 2R B (A4) v SR AL R W T (DPAOs) s 4R, LA AR & Bk
WA s 3 A S B (02/05) B8 77 R AL A AL S5O, LA R s AL B S SR B R E SRT 1Y
I BeAh, 38 BN TR OB DU i [F) 25 i 1k G Ak (SND) 1 &2, AE A S80R) B R ) S5 1
it — oA AR . AR SO L T ANRIR A W 1R L XS 2 k7K A1/02/A3/A4/05 TR BEHR & T. 24
ML 2 B B0 2 B Wl PR BB 52 ), L3 O S Il 280 L AE 36 05 K 28 AR W Ak B S RE 8 iR AR HE . 3R
TE KA R e =%
1 #MRl5R%
1.1 LWRE

Z MK A1/02/A3/A4/05 R IEHE A T 2 WA 1 Fis o RN 48 R 5F 8 1.94 mx0.45 mx0.5
m, ARAEBR 265 L, BN B M 05 O A A Ui R (A1) IR BRAR & BE (02), IRAEE
(A3), BB (A4), A VR BEHE A BE(05) LA Mt ye it (C) 4k, RBL4 5 21, 75, 38, 56, 75
L; FRAbBRY5 K8 o 22 ik K 5 00 e AR B (A1) TRAEEC (A3), JEat WIRER L AT IR KIR &
B PE I, UUyEth (C) N &R 45 T8 3 ¥4 V[l i 22 1 3 2 DR AR B (A1), Fl 4y 75 Vel ad HiE e 28 ik
FRANE, ISR R A BE (O35) P B Al AL TR T 3 8 B AR B (A4), IR BRI A B (02) . 1480
4 B (05) 43 A Fhn 7E He h 309% f9 MBBR & 7 30K} .
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Fig. 1 Process flow diagram of a new multiple-inflow A1/02/A3/A4/05 sludge-biofilm coupling process
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Table 1 Water quality of influent

¥fi pH COD/(mgL') BODy(mg:'L") NH;-N/(mg-L™") TN/(mgL') TP/(mgL') CN

JHE 7.0~7.9 148.6~199.5  100.1~126.9 36.5~49.9 41.8~54.4 1.8~3.9 1.7<3.7
WH 74 160.6 102.1 45.1 48.9 2.9 2.1

K H flexiHQ30d i 45 25 i AU & DO R EE, R H pH i+l pH; SR 40 EG IR b 23k I
FENH;-N, SR N-(1-2% 25)-& Z ] 43 0606 B 0 5 WA A &L, SR B 7 58 49 D' 't B2 0 il 75
A, FHEBRHENE COD; RSP CICELIE TP, R FB M o 6 1 2 1 i 22 40 4306k
FEVR 2 TN, >R 8 f il e SSt,

1.3 LHREHREBTIR

Z kK A1/02/A3/A4/05 e AR G Fhil 3% B 7F 18~24 CE IR I PiE ) &4 Fasfr, /b
15 Ve B A 5 1L TR AR K AL BT e U, R AY MLVSS/MLSS 4 0.54, 75 ek ¥ 4 36.57 gL
(LA MLSS i), V58RI 2 850 mg-L (LA MLSS iH)o MRS IE w2 17ht, Z4 N MLSS i 2 032
mg- L™, [IT5 Je ik B4 6 096 mg-L'(LL MLSS 1), i3 B i % iz b 4 HRT fU#R &K, L34 HRT
S 7h, i 091 m*d BRGNS ) A R AR St o DR S E K B AE 091 md T s AT AR
T, RN FE AR AW MR L, TR RE AT RESY , R H BORE 2 0K, 430l DS R T K
F1RR 3 A7 BORE , DU R K . IR A B (AD) R i 0B (02) A uif . RSB (A3) R . il U Bt
(A4) Kbt . I B (05) R . KT 7 A AT ARG ek B . BT S5 T Bk R
091 m*d", 4FEIRIEAR G Bt (02/05) &I BN IH AL A 30%, k4 (DO) A FF7E 1.5~3.0mg'L™",
JR 480 /R 4/ 4 B (A1/A3/A4)DO FEHIIE 010~0.15 mg-L ™", 22 5 ik 7K £ 0 [0] 37 37 3 oo 1R 1) 90 95
i TSN 0 A A AT A ] 5 o T e AR A K S 1 AR R 2 Y B AR K
TE N 4:6, 5IREIR A 50%, 5 HRT & 7h, HH A1, 02, A3, A4, OS5 Y HRT 43 %4 0.33 .
1.33. 0.66. 1.00. 1.33h, Ffaal= (1) i+ SRT K 7.5d. @13 2 fion, ANEES KRR iz it T
R 54

S :XVT/(QSXR) (1)
e S KI5 IR A E (SRT), d; X AR # PidEMHE R K E, mg L™ Ve RN 4 ik
L, Ly O WEERHAEH RIS IREREL, Ly X, ARIASIRNREEE, mgL'.

®2 LRFHREBITIN

Table 2 Experimental and operational conditions of the process

. \ MK, R PRI (kg (md) )
Tl EHEAd L. WEe
(m™d™) W/%  cop NH}-N TN TP
1 1~10 0.91 18~24 0 05521  0.1518  0.1843  0.0117
2 1120 0.91 1824 100 05579  0.1627  0.1868  0.0127
3 21~30 0.91 18~24 200 05414 01621  0.1874  0.0133
4 31~40 0.91 18~24 300 06089 01659  0.1902 00128

5 41~50 0.91 18~24 400 0.607 8 0.165 6 0.190 8 0.0127
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2 HER518
21 ARLERA&EREERT COD BIEBRM R
Hi 2 7] 1, 43 K COD fH 7 148.57~ oo ST K e K e R 100
19533 mg-L™' WK B, RS H T8 1~5 X 180 ° 2 %65 /?b,\;?fw’o’
°\°°\°/5° o:\9\ P :
(f5H7K COD 4N 21,95, 20.82. 21.69. 23.45. 160 FYo/s et 8 J iy L
1401 R ;?‘i x\% 7“*\ J* S
2295 mg'L', COD % & % /3 % K 86.41%. A 120 [ s ] WV ii
87.20%. 86.29%. 86.88%. 87.10%. i It 7] 2 1001 § | i | 1% g«
I = 80 L.l I‘/E,Zé I‘/ﬁ’,3§ I‘(RAE TH5 )
W, ik :l(ﬁzlilmttﬁ COD 1y £ B H A O3 S ol | _ copMR s me: S
W, ity T T H7Kk coD 48 F E % (GB a0l 70
A
18918-2002) — 4% A Hiplehrife. % LTk, ?é 20 [t WA&M&%M
0 L 60
TEARIR AW b 3k & F R B R 05 I0715 207257307 35 40 45 5053
iz fata/d

%) COD % [ fiE

& 3 AT A [R5 W RT3 L COD |y
AEAE DL . 4R 2 HORE S A HLY (LA COD i)
TEIRA B (A, R B (A3) i S B (A4) 9
HFE. WA E, 44 T T, COD
UNE=REFUN %LE}/@%%LEX (A1/A3/A4) ) B3t 2
Z 5 COD & 2 Br R 1 H B 2 B A 78.04% .
73.96% . 78.50%. 76.07%. 74.98%, 1t i %A B
(02/05) 1 Rt LR 5 COD & % Br & A tL i)
I3 9k 21.96%. 26.04%. 21.50% - 23.93%:.
25.02%. WA, HE3IATLIEL, MERA R
Ml L R3S, £ 00T BB (A4) B COD
WEE 9 M 17.09, 22.41., 23.16. 24.47. 2537
mg-L™', B4 Bl (A4) X COD i #& 0 A K7 3%
e SR — T, R N R R,
iE AR B (A4) MRS A & WA W, By
VA A A TR A S A A e 2R ot 5 vl T i R £ 3 €
WG 55— J7 I, T3 A R A VR i 4R
B (A4)h COD HA M BAEM, FrlABiE IR G
Lb () 38 in k42U BL (A4) 7K 1 COD AN W B AIK
22 AEPRERELREL 3T E R LR M

4 S e T AN AR & W 10 b X NH;-N 25
BRELEE M . R 40T, BAR R G K
NH-N ¥R B2k sh 3K, 45 1400 T NHj-N ~F- 2 i
K e JE 4r 5 R 4427, 4776, 47.38. 48.40,
48.30 mg-L™", {H Hi /K NH;-N ¥k J& 21 He #5 Fa o
NH;-N ~F- 3 H 7K v B2 43 1 o4 0.83. 0.69. 0.77.
0.80, 1.73 mg-L™", /K NH}-N ¥ F i i /)N T
S5mg- L7 2 BRFRME,

T4 J B S 3 98.17%

2 AEERE&EREER COD BER R &M
Fig. 2. Effect of different mixture reflux ratio on COD removal
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Fig. 3 Variation rule of COD under each operating condition
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[ ¥R 5 W IR L X RS A A B LR BN, REHAMGRMGEALRE S, 18587 T %
B AR GF BUNHG-N R BRACR . 38 3 el 7 i s 47 TO0 T A JCEUR S R G A B . g 3 Al LA
A, BURHBOINsR AL TR R LR . FEARNETE R, Gl ] b S BN e ORI BURE, Al R
i A 4 1 RE A8 BT 7 3R0RE b, P TR ARASOR, ARGk 1AL 48 AP0 R ad R Y [l AT HE XS 4 AR B i
PRI . BeAh, SR AV I L 3 i 2] 400% B, FR S04 NH-N 2 BRAUR WA [ A A S5 A mT
REJE oo e A TR 45 Y 0D OAE L B 46 B (05) K 4 B IR IR] eI, LR Gl A oE . XS EIA
U RN BT E R EEA — 2
®3 ARBENMNERRENERBRILL

Table 3 Comparison of nitrogen removal with or without fillers

s HEK B KA K HKEAR K A
WelE/(mg L) WEE/(mg L") WE/(mg L") WE/(mgL") WE/(mgL") HER/%
Ak ER) 49.8 36.59 1.15 0.15 0.83 98.32
JLHEHER) 48.85 37.21 6.23 423 4.89 91.22
AHCEHER) 59.32 45.29 14.23 11.12 12.26 77.28
TEHEHER) 57.23 44.12 18.33 13.25 14.78 73.22
1S AT AT, Ko 2 AR U A B O2 Ry U B OS5 # Al Ak 25 Bk, S 3R 4 K & Ak FEARAIG

X R R A R H AR AL RS o X T I A BTE RN A 4 B i i AR AL FL A, i
TRGEETEEPWHER S RLM, WL, EEIRGETT R P a g XA SRS T
it 25 A S VL A 2% BEA U AR AR AL AL, o B 5 ml R, i A U DR SRUBE (A3) IR AL B (A4) 13- 21 2L
R TE O 16T, i TRAIRG WA IR, 580 A B (05) AL ™ A i R il A R o 12 1
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Fig. 5 NH,-N, NO;-N concentration at different stages under different operational conditions
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A, R KA A KENO-N, fE T 2, 3, 4817540, BEETR AW H A W
Fhi, A B (05) G EhH AL P A i A 2 U L TR A VI 9 2 B AR B (A4, Bl S AF S G Ak
TR S A A R B TR AT RO A AL, TP BB (A4) W 3 PG, Xt SR Wl S B (A4) A TE I
B fb B W o T AT SR AL AL, T R ECR OK PSR S BB, M5, 7 T80 S s 1At
T, BEEIRA WS et — 2 Tk, [ A ) R U AR IR B AR B (ARG B EER B, AT
s SRS AL R AT [RIE, 2 0 I b 2 S B0 A B (A4) AT S BE (O5) I HRT FEAIR, i3 R4
b e A e 4, REGEKPIER S EI

6 J W T AN TRV A5V TED 3 e X TN ZSBR LA R RE ol BT 6 m 0, T 00 1~5 o TN SF 243 7k
e BE 43 M 5375, 54.48. 54.65. 55.48. 55.65mg-L, #E/K C/N R 1.7~3.7, @iditEEH, &
TR e RSB IR B (A1/A3/A4) 1) C/N B FE L4351 8 3.43 . 327, 3.60, 2.43, 4.14, TN-F¥H
KA E 4y 9 M 17.06, 15.08, 1295, 1241, 16.09 mg-L™", SE¥y 2 B 00 N 68.28% . 72.34%.
76.33% . 77.68%. 71.43%. ZS0IRA WM AT TN 258 R BAA BER 0, 76 T0 1~5817 4%
T, BERGWEG LA, TN B LBRREEIET S GRS X 588 ESY s
ZE M2

MIE 6T LA, MR A W R A 0~300% B, Bl 25 I FE A9 38, TN R BRF AW T8,
Hi 68.28% Y& fN % 77.68%, AH 5 Y i 2 Bk B /vy >4 10 L 4R S 1S X 400% I, TN B H K v B2
A, RERREI T B R, LER R, IR AW I o 0~300% B, Bl R L
Tk AR B (A4) MRS A BALAS WG N, SCfiE A B e i () A 80R 3 AN W, X — A 1A 3
B VR I AR AR AL AN A 7 S AR ARt vl LUA th, FREL TN () LBR BRI . X 5 A8 1y
W45 AL . H 2 13 L Ry 300% B, 3R 45 £F TR 48U BL /IR A BE (A1/A3/A4) 1Y C/N T #E L i,
TN () EBRREH R e . XJEF NTE T I 4 F A 76 RS R W 18 (DPAOs), FHAES /Do IE M5 LT,
IR v e B A A5 R T A2 AR SE IR H Y, S T 4 38 4T SR R AR BE (A4) K AR A
0 EREAC S T 4 55 T BB (A4) H K TP 38 TR n] DIIESE 73X — s 5 BB4h, 47 %03t (05)
VG 8 2 Bl TR A TR AN BT (A4) . DRIIL,  TRTIR B A4 388 n mT DA i Bl SR BE (A4) TS R
i, PR E AR B (A4) TR B, DT A R T R A B A P IR AT RS AR AL (HCSIR G
T 11 L 38 N 2] 400% B, TN A9 B2 B A0 TR, X2 R, o @ A9 R e 2 P [l i
FEA 1) KB I A IR B (A4) BB EE, [RIBY, I A AR S T FEIE A B4 (A4) i
PRU200 M ] B A B AT s AN, ad i Y TR b2 S B SR BE (A4) R4 BE (05) B HRT [

—o— K —a— K o KRR 100 Ak BRAl NNO02 HEHA3
2(5) ; R ; 5 00r, @A EEBOS NSk
F oo 9!  Pipa iR ; 3 2 9
ssp Ay J% TR AR 1 oF B OB B B
sofed N % T y*&io 480 ]
~ 45t kX < N . ~ 40H :
L 40 W&M e x 170 s N :
g 3Bt : : 160 g @ 30| X
o OLTBI TR TH D THA T T % £ :
= B § DOTNEROR(E IS mg- L {50 Z £ 20} :
Z 20p A ! : HN A :
= 15 e AA\M&\A/AAAHM " = AA\_HAAAAI‘ 440 10 3
10 F A S Y 2 30 I 5
Sr : H : : 0 L& N js
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S IR
6 RERARERLN TN XBHROEH 7 ELIRTINARNEUIAE
Fig. 6 Effect of different mixed liquid reflux Fig. 7 Variation rule of TN under each

ratio on TN removal operating condition
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i, RGEMILEEEAT R, BRI T RGX TN LBRECUR .

B 7 e TS TRNR A W B HE T TN VR AR AR A Ol . R 7 AT, 745 TOL T, IN7EIR A
B/l AR B /A AU BE (A3/A4/02/05) # A i 2 BN, 3R R e e e SOl Ak A w20 w4k e i e 38 3 31
AR, & THF TN 7EBLE B (A4) BIEERA G TN BERFRE L2518 25.14% . 27.90% ¢ 30.64%
38.28%. 19.34%. X &K, ARG WP A3, 2 096 A& Z oA S (A4) 38 i Kl
TEPE R BERR , X — A8k a3 5 & 3 v COD AR b a3 A — 55 kb, B 7 al A, TN fEdr A B
(05) B BRI S, 4 T T TN ZE4- A BE (05) LBk 5 TN B 25 B = LU i 5351 4 15.09%
20.10%. 29.14%. 23.50%. 13.66%, W] RGAELF A B (05) K& WAL Ak ) il 4k (SND), 3X— s\
Bl S i B S A A AR A i (O5) MR /3 452K vl AGIESE . 4 480 BB 17 HURE 9 88 in  SND 1 &
AN rE RN, dE— Ak T RGN MR GE S, A s TR A W IR B S v R i R B
(O5)HRT RNWiFEAL, AFF SND B &4, 25 LR, M REIRA WM 300% i, RE T
X VR A AT %R & DPAOSs FOFE F Al s ik TN 2 BRASCR , (i TN B9 25 BRRUR Stk
23 AREIREREREEXT TP B9 BE

1 8 I e T [ IR 4 [ e X TP 5 Pt Mt St N
HUHE IS0, S T, fE TS 1~5 A il QM &WW {90
T TP FIUER R 341, 371, 3.89, e AR S N
3.70. 3.61 mg-L™, ¥ HiKH B 43h 0.86, 343W§j,¥h”¥jfﬁ $§
0.71. 0.49. 0.36. 0.53 mg-L"', F I R% 4% ?3-%%4 ey k.m%
W175.22% . 81.39%. 87.27%. 90.31%. 85.63%, SN I SR AU N SR Bl =
L Tl 21 LoE R - N 1 T i
TR A VR T HE X TP B 22 6 A .35 B 5 il Lttt 10

M 8 Al LLE Y, 4 W3 A 0~300% 00 570 15 20 25 30 35 40 45 30 5%
i, B2 [0 H S BT, TP R R RO I SRl
TFE s B2 ] H 2k 2R 18 B 4009% I, TP [y B8 AEIREREIRLLX TP XM RNF M
LR R, WA BT Fig. 8 Effect of different mixed liquid

reflux ratio on TP removal
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A KRG T AR A B U T e FH T R 8 T 2 A RSB (A4) I T Il AR &L, ik — R 1L 5 RIEL 7
ik S B (A FAEMSAM IN W RS KEMRARTTUE ., £ TR 2504T, BE WL
ik, #EABEE (A4 WSS A S =B, RBUCHAABRBE S BB T2 AR, BTRLH K TP BEK
Zg . FELB3, T4 KT, BEE RS WG AW I, oF BB (A4) IS S AR T
w, MR E AR BRBE A KA I, 5 IRSBEE IR A WG E b (05) I £ BT (A4), A FITF
DPAOs LR Al e 45, (2 UE R G0 TP (1 5Bk o MR & I3 L 3% Jin &8 400% F, &R 4S8 TP ) 5B %
IR R SR DR R BE R R A D LR T B AU BE (A4) BB EE B SR B T Y R R
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Influence of mixed liquid reflux ratio on a new multiple-inflow A/O/A/A/O
sludge-biofilm coupling process for denitrification and phosphorus removal
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Abstract A new multiple-inflow A1/02/A3/A4/05 sludge-biofilm coupling process and its pilot facility were
developed and designed for the denitrification and phosphorus removal from domestic sewage with low C/N
ratio in the towns of South China. At the inlet flow ratio of 4: 6 between inlet point 1 and inlet point 2, the
influence of the mixed liquid reflux ratio on the removal of organic matter, nitrogen and phosphorus in the
system and the rule of nitrogen transformation were studied. The results showed that when the average C/N ratio
was 2.09 and the mixed refluent ratio was 300%, the average values of COD, NH;-N, TN and TP in the effluent
were 23.45,°0.80, 12.41 and 0.36 mg-L™", respectively, and the corresponding average removal rates were
86.88%, 98.25%, 77.68% and 90.31%, respectively. Compared with multi-stage inflow A/O/A/A/O sludge-
biofilm coupling process, the TN removal rate of the system increased from 68.28% to 77.68% and the TP
removal rate increased from 75.22% to 90.31% after the mixed liquid reflux increased. This system has
significant advantages in denitrification and phosphorus removal from low carbon nitrogen ratio sewage, and
solves the problem that the phosphorus effluent is difficult to be below 0.5 mg/L in the biological treatment of
low carbon and nitrogen ratio sewage.

Keywords multi-point water inlet; mixed liquid reflux ratio; A1/02/A3/A4/05 sludge-biofilm coupling
process; low C/N ratio; urban sewage; denitrification and phosphorus removal
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