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TEE . RN (VFA) 2 S AL BRBE AR vT LU 0O SR, AR 58 45 G IR AT IR AR N 245 ( ABR) S ZE W AH 43 B8
FEAE P I N #% (MBR) 7KK AL R A REME M8 T CAMBR & 1.2, -l itk ABR 7K J145 B B A] ( HRT) 853847 544 LA
PEALOE BRI, SEPLE SO RS AL R B, BF5T R0, 24 ABR B9 HRT 4 4. 8 h B, ] $/45 75 JE A9 VFA 15 MO0 BB IR, I 52 8074 48
VFA 12 56. 1 mg- L~ [ [A)I 3545 10. 43 mg- L' RERE, BB 1 mg BEFF 2L VFA 524 5. 38 mg, [AlF 523 12, 35 mg- L~
PRl , T MBR B AR B R 1. 33 mg L' JE AN ILBRBE SR S 20N FE 1 mg PO, -PRFZE 0. 62 mg AINO -N, I 1 mg
PO; ™ -PIi NO; -N AYH 1. 67 ~2. 04 mg. REHHAOKIRLE ,COD | TN A #IEPO; ™ -PRIF- I K BRI 91% | 84% N
93% , KX BE 435514 30, 7. 15 F10. 55 mg-L™" | B CAMBR & & T 2 A 7E AL PR AR 15 75 /K B A il R4S 5 5 = 300 S il
TEBRBERCR.

K4 . CAMBR 6 1.20; MR LER#E; VFA; HRT; BEifiat; Wik
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Shortcut Nitrosation-Denitrifying Phosphorus Removal Based on High-quality

Carbon Source in Combined Process of CAMBR

CHENG Ji-hui""*, WU Peng'">, CHENG Chao-yang' >, SHEN Yao-liang" ***"

(1. School of Environmental Science and Engineering, Suzhou University and Technology, Suzhou 215009, China; 2. Jiangsu
Collaborative Innovation Center of Technology and Material of Water Treatment, Suzhou 215009, China; 3. Key Laboratory of
Environmental Science and Engineering of Jiangsu Province, Suzhou University , Suzhou 215009, China)

Abstract: The volatile fatty acids ( VFAs) are high-quality carbon source which can be utilized in the process of denitrifying
phosphorus removal. Therefore, a combined process of anaerobic baffled reactor (ABR) with microbial phase separation and membrane
bioreactor (MBR), i. e. CAMBR, with high-quality effluent was investigated in this experiment for highly efficient denitrifying
phosphorus removal through providing high-quality carbon source by optimizing operational conditions such as hydraulic retention time
(HRT) in the ABR. The results indicated that sufficient high-quality carbon source VFA could be acquired when the HRT of ABR was
4.8 h. The consumption of VFA was 56. 1 mg-L ™" while the release of phosphorus was 10. 43 mg-L ™" showing that 5. 38 mg of VFA
was required to release 1 mg PO} -P. Meanwhile, the uptake of phosphorus was 12.35 mg-L ™", while the uptake of phosphorus of
MBR tank was 1. 33 mg-L~"'. In the process of shortcut nitrification, 0. 62 mg NO_ -N was needed when 1 mg PO} -P was taken up,
and 1. 67 to 2. 04 mg NO, -N was required when 1 mg PO} -P was taken up, and the combined system achieved stable effluent
quality. The average removal rates of COD, TN and soluble PO] ™ -P were 91% , 84% and 93% , respectively, correspondingly the
average effluent concentrations were 30, 7. 15 and 0. 55 mg-L™", respectively. The results stated that the CAMBR achieved stable and
highly efficient denitrifying phosphorus removal in domestic sewage treatment.

Key words: combined anaerobic baffled reactor and membrane bioreactor compound technology; shortcut denitrifying phosphorus
removal; VFA; HRT; release of phosphorus; uptake of phosphorus
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Table 1  Quality index of domestic sewage
. COD VFA TN TP
KBS bR
S /mg-1,"! /mg-1"! /mg-1,7! /mg-L"!
BAUYERE 281 ~396  20.6 ~28.6 36.07 ~52.43 4.90 ~11. 54

1.2 {5REEFRIYME SR8 %

RS JRE A SR M T T KA B Pl YR s AE
20 d Ay SR HR 45 A, RGikaEiatT 15 d Rt
FEIAE.

W R PR RE K S5 AN AR, 5 48 HRT X 3EA
ARG AL BRBE S, P ABR A HRT 4351
K7.2.6.0, 4.8 F13.6 h, 4 BB AT E]
FPE LA
1.3 St H &5k

TF 5 T 25 043 B 8 b 2 4 [ 50 o Dy 1
FEP),COD R AR BfgPEPO, -PR T
BRHUACICEE S s TN SR SR R S Ak -5 40 o ot
JEEEH:; NO; -NRHSAMMHEI G NH -NRH
IR 0 6 B B, NO, -N R FH 48 40406 % 1
25 MLSS SR FHHE T AR H 25 VFA SR 30606
%[26}.

2 HR5E

2.1 ASIEBRBE SR ik
2.1.1 HRT % ABR R4 B & 105200

HRT /235 ABR /K IRIE B Z I E. K 2
HANTE] HRT BHE 1 PO, -PAE 4B =5 1 A8 AL
B, HRTET, ABR 55 2 B & H K P PO; Pk
JEAR R, KR T IREREE. MEEE TS &K ik
TR W, 540 7R A6 TR 5 0y Le BN, L
DPB JREF:ME N . 24 HRT 4 7.2 h if, ABR % 2
B 25 () - S B R 9. 76 me- L', RS % #E4F-
YRR K 76% 5 24 HRT M 6.0 h il 4.8 h i},
ABR %5 2 BB = AP Bem i 53 0 9. 23 mg- L' FlI
10.43 mg-L~", 85 197 2 L Bk %5000 88% Al
91%. HRT 45/5 % 6.0 h J5, ABR 28 2 Fa & Bt i
AR TR AR S LR AR . BT RGN
TCiELANO, -N | NO, -N iy B F- 32 AR i A 7 il A0 ol il
JELL O, YRR T S2 IR T S i, 05 2 LTk 2
ML PIAEAE ) PHB AE S B (kA4 17 Jo R0 R i X
DPB & & PHB %78 Tk , JoRUREmE ) H 305 i il 4
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Fig. 3 Change of soluble PO}~ -P in various

compartments at different HRT

2.1.2 HRT %} ABR B4 W #5152

7t CAMBR &£ & 1.2, ABR 5 5 R & B IA A
/&, DPB F|FH7E ABR % 2 & & B PHB E N HL
TR, LI MBR BRI (R,) HEINO, -N(NO, -NFI
NO, -N) fEN B FA2 4K, AT B S R A AL R . ABR
55 mE AR 25 ABR 82 RE T

PR R B UM 6. ABR 45 5 WS A1 ] B A%
e PO, -P RIS, RGP AET
DPB.

SEEW] .2 HRT 4 7.2 h i, ABR 4 2 fg =
SER B 9. 76 mg-L ™', ABR &5 5 R % 1 0%
WM 11.1 mg-L~'. i HRT 4 6.0, 4.8 Hl13.6h
I, ABR %6 2 [ P R 9.23 10.43 FI
4.81 mg-L™" ABR £ 5 = F W wh = oh 11,23,
12.35 F15.63 mg-L~", REGXNA PO, -PIAF-8
EBEHRT6% . 88% . 91% M 77% . 5 HRT A 7.2 h
i, ABR 2 5 b 2 i 4 W ol O 0 A ABR 55 2
I8 2 DR UMl o P 5 o T 3 Am e e %o g 1 2 o R
B HRT 4 6.0 h B, X2 HRT BYLEK , ABR 4
2 PBE Y VFA BHFESE S5, B4R DPB I VFA
4 W PHB B A- R4 N 13 B2 L 2 B A58 0 (B 6L
AR A B AR LR i 5 B, AT 75 AN W K Sk 20 i o 2R
IR R LI PE bR i, A T RO s, L, M
HRT 3G, AR B0l S 3G hn {5 S el £ BT
FEAE B RE R Bl TR ) P AR TR, 2
HRT 9 3.6 h i}, ABR 2( 5 Bi & Sl i & 0 2 T
W, 3 P HRT %8, DPB A & LLSE Wi VFA 3F:
4 PHB %77, M S 30 ABR J5 22 ff =5 B 4L B
DPB JC/2 1 PHB fE ML T34k, >4 ABR %3 2 R =
BEwE /D, ABR 55 5 BR s W m AR s .
4 HRT iy 4.8 h i, Wi i K, BRIBERICR BT, it
Bl 448 MBR Witk 1. 33 mg-L~".

ABR #J HRT & 4.8 h B}, &Z%t HRT 4 8.0 h,
% 45 b NO, -N 1 NO; -N P # By, 7 %2 1k 3t 7¢
[¢(NOy-N): ¢(NO; -N) =1: 1.9, k5 W i
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12.35 mg-L~". M fEIESEAE ) AF 584 HRT R 6 h,
FIFHINO, -N St S W B 0 9.1 mg-L™"; 2k
DO RFSE R HRT O 5.5 b, FIFHINO, -N B4 0 i
H3.59 mg- L~ dRAREAEC RS HRT R 18 h,
FIHINO; -NSA W 74 6. 45 mg-L~". HRT IR
() 52 i DR SR Ml o, T 460 S0 I o 5 IR SRR W i A
A BRI R | A Rl i R [ 38 5 TR 4
BB G, 2% 2 0 v 1) S A 1 SR B8 TRT A9 S ] A, 7T fig
TR AN ] AT v it S B e AR
FEH X5 Lee 517 R HE 45 (1 1F 9% 45 e —
2, B il Ak B8 B B O NO, -N B A H R T
NO; -N. BAHEBFEEB®  NO; -NENO, -Nj&:—Fh
A5 R R 32 44 DRl — 3 40 I il 1 SR ol 1A
AT LAFHINOS -NAE R 324K (HARREFIFINO, -N.
(AABFFE I A PRI — 5, DPB 233 K A 94k Xt
BRE B IANO, -N(12 mg-L ™" 247 W 504 TR
B )35 .

AR, RGN DR BE & Py, SRR TR
BB Py, I HLBA Py HEMIMIHE K. BB S
K, ABR 55 1 BR= 4 DPB #2431 78 /2 4R sk
£ ABR 55 2 = A i £ PHB, BEBEL 7273, ABR
55 PR RS BRBERCR AT, P/ Py (KT
1, UH DPB. 1) Wit 12t i R 8 £ P 8 I T 3 K, 9
REA% 1k Ml | AT S B8 pR e i 285 1 [T 2 R B A
INBBRwER H Y.

2.1.3  HRT XK f#mR 1L 500

K45 HRT H7.2.6.0, 4.8 F13.6 h B}, 7F
ABR ' VFA BARfB A5 B0, rPmln, k7K VA ¥
JELE 20.6 ~28.6 mg-L~'  ABR %5 1 R EMRIFETE L,
BHLYKRIRAL A VEA T S A B Ve K IR A
W (R,)J5,ABR % 2 [@ = i /K VFA 3499k B2
28.3.37.3.56.7 f167.7 mg-L~" ,ABR %5 2 @2 I}
K VFA WREE 2RIBEAL, T2 0,1X 5 VFAfER
TR IR B DPB A1 FH & 1 PHB i 1776 21 it P4 1 22
Fg A 5. LB B DPB L2 PHB (18 &R I 2
R IR £ 10 B L, W WP PO, -P YR JE AT T
ABR %6 5 B BRIEAS L , DPB [ 41 i N (1Y) PHB 35
1RfeiE, T SO AL W BT 75, B B A= Wy B b i
PHB &8 LA IR FFPO. ™ -P, NO; -NHINO, -N¥&J&F
HBA T L.

& 4 7] Y HRT 5 7.2.6.0, 4.8 F13.6 h
ff,ABR &5 2 M= HFEM VFA 73051 27.9 36.8 .
56.1 F166.9 mg-L~'. ABR %5 2 [R % E-XBemi i N
9.76.9.23 . 10.43 F14.81 mg-L~". W 1 mg Wi

—1
(=1
u|

e il R /.-‘ T
[ ek
o ——HiE2ik

VFAHEJE/mg-L™!
(] s £ Lh (=)
S & 2 & 2
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T

I
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I
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E{TR R/
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Fig. 4 Change of VFA at different HRT
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FLHY VFA #2054 2. 86, 3.99 . 5.38 F113.91 mg.
M HRT 4 7.2 h, fA7E TLRUOBE W, FIH VFA & 1K
PHB BB 1% A 9. 76 mg-L™"; 24 HRT N 4.8
h B, ABR 55 2 [ % B &4 10.43 mg-L™', ABR
9555 PR RN 12,35 mg- L™ W& R,
TSALBRBERCR . WA 7E HRT Jy 4.8 h B}, DPB
FIFH VFA &A% PHB (5 K, RLIAE ABR 55 5 B
E BRI K, 24 HRT SN 3.6 h i R 1 mg W
TEEN VFA £ 14. 07 mg, X J& A HRT 3%, DPB
ARLATEARML VFA JF5 1 PHB 777 SR L S
AL S5 FE VEA 15 VFA 7658 2 R kT
0, FEWIL 1 mg BEFTE M VFA EFHE. 4 HRT
4.8 h I, SEPRATE V5K TR AR 1 mg AT 2 H)
5.38 mg VFA, Ifi 78 LATE () iF 55 v LA 7E 1. 401 ~
4.76 mg A%, Hesselmann %5 {8 57 o
3.03 mg; McMahon 2 (I HF 58 o R 1. 52 mg;
Saito %:36] vl Pijuan %[37] VL 28 R Bk TR 09 T 5%
IAE 51 h 4. 76 mg F1 3. 45 mg. ARWFFTLLLPrAE
T V5 KA A Ak BHGE G R 66 3T A9 AN () % A= 0 o
MR TR AR B OGS LSRR AR 3 T K
HER 1 mg BT Z A 1. 401 mg VFA. ABR
52 WEA LR . AL SE R VEA 4T
FERBE RN | SR ARAE T, SR AS AR5 45 SR 0 G
T H B 5T AR
2.2 AETETS KRR AL S AL bR

23k /K COD ., PO, -P I NH, -N ¥ & 4 5] &
360, 6.00 fi137 mg- L~ ZE47 1}, ZEHeAE HRT 4 4. 8
h,MBR ) HRT 2 3.2 h 921 F,CAMBR & & T
ZiNO; -N. NO, -N. PO. ™ -PLL K NH, -N ) v 25 4k,
WK s fiR.

Hi & 5 AT, 1% T 24 ABR HKPO, -PE &N
1.67 mg-L™' /£ 4, COD %N 52 mg-L™" &£ £,
NH, -N¥JE N 19. 36 mg-L ™" NH," -N T % iy T B
VEFHWD . Gk 7E i3 MBR fiS4L 5, NH, -N¥e J3 5%
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