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W OF OhEA. ROE AN A TE TS K, ST SOUL— A Ak B A I B 2k TG K 5 I B 1 AL RE AR
ik, RHE % RS E B 5 (DPAOs) [ ABR-CSTR i 2l & T 248 A S n A B AN AE TR IS K, LT
ABR K B 47 (VLR) N 1.2 kg-(m>d)™"'. COD Jy 350 mg-L™" (il FE ik 45, 3 i 4 3 P9 32 & E K s A LR B iy
WeBE, SRBIHL 1.5 A5 0 2.0 A5 HE KA AL 6T 1A Bl b, b A 2o 2 o A 20 T TR0 38 B R 3 i 4R 3K AR g 6 o o 19 98
FEORmG . S5 RRM . E2MEpE T, COD RERZE5N 94.1% 1 92.6%, 7K BOD Fl TN Wl iktr, A4
JCH KB 4424 0.76 mg L™ Al 1.14 mg-L™", AN BERE A 7.13 mg L™ A1 5.82 mg-L™", A= 25 550 ] T4 B [ A 1L
Eohil sl 16 1545 VLR F, A6 A0 1 15137 Eb i 200% = 300%, S isAbW#is i 7.10 mg- L' FF & 7.41 mgL™,
FE2.0 f5pi PR AL IR LT R G BRBERS B L%, K DO M 1.5 mg L' F+E 2.0mg L™, Wik 5.17 mgL™
T+ 6.0l mg'L"', RGERMIBRBEIRA LT 5UeFEM T, ABR N MLVSS/MLSS Lt {E 1 EPS i b A HLIT
Yk R AR BT BT, R4 Bt EPS MR, A1 1545 mg g FHE 1642 mg-g ! A1 183.4 mg'g '. ABR-CSTR-E
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% e A R MR R & R 5, v A B il Ak 5 B (denitrifying phosphorus removal, DNPR)
R R 0 O R s AR 1 TR SR AT TR S o 7 (ABR)-E 25 T 1A X S 2% (CSTR) MELL A& 1.2
5 A B 2 B AL HA TS K . ABR-CSTR 3P It s T AR SL bR R ERa @ vl 45, &)
RERAE T4 A4 KB H A TN R, ABR Al AW AH /8, AL A Bm U 7, ol e il £k 2R
E}’ﬂz{ (denitrifying phosphorus accumulating organisms, DPAOs) ¥ & 5 A3 58 o ) S8 ; CSTR i 1 58
RAWEFMAE, 5BEAY RN 4 (MBR) AL, BA AR H i Qe NRe S, B0 & M0 A 0%
Eﬁ@ﬂoMm@ﬂRﬁ%ILLﬁEﬁ@mﬁﬁ%W@ﬁiﬂDMR,Eﬁ%%#?,m%m%
fitt 22 WL ER 7 LE RE L (ATP), [RIBS 45 & PERR TR (VFA) TE i T 13 1 (PMF) T #E A BN & R £
%m&@mwlﬂﬂﬁﬁﬁmmimZM%MAﬁﬁ RIR (TCA) 3, 774 ATP JH T3 i
PG BUA N R BE, R SR A NOL-N, - S LA 5[] e 8 R BR ™, R e IR A AR IR A5 5K, T &Yz
AT AR A BT K I R v B K A A . #0288 L TR N R T (R 4 i AR S RO S HE
MWANIE , ST B A S SO AG G A B T A0 B3R [RIEE, AE YA B 10 W2 B4R FH B AR
F G B G T SR AR AR TS e, XK B B g2 v E T, S BOR A Rl R B ke R R R A
LEA MR A IS 15 AKOK BT S By BRAR, BE T 1.2 kg (m’-d) 'ABR # K 5 FU4A fif (VLR). COD B
350 mg L' AR BAT A, MR 1S A5 A 2.0 £% VLR Bsa Wl ohah o A5 WL O fif oo 2 5 oAb B AL A
T BAR BTG e W) 25 B 32 F0 A W) Jo 3% T B2 R AR R A8 AR U2 ok Y 6 5 e SR T (PAOs) LR M T
(GAOs) M E K BFH , GAOs 1Y Z Al il BR s SOR ", A AR Y BE R i), Y &0 Wl £
ML R G W (EPS) SRACAAS R S AU, R, B TS Ve RetE 224 A7 B IR AR B . A&
TIF 52 B ADU AR 2B T35 T K B 00 WL oo B r L DR 9 v 20 2 e I 80 5 Wl 1 Pk 8 R ¥ Ul AR 1 8 A
I, %%¢T ABR-CSTR-A: 25 50— AR fb S N 2 B A Is AT 16 00, [ B 38 2o R 8 58 A7 T 3145 1T 1 Xof
Beh ke g, 25 RERY, EARME T, RSP RREB G REM, %
BETE R O P AR AR 1 T K B (R R A SO EL, T A AR T T K B A B A SR RN B S R
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Fig. 1 Reaction device diagram
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AHIT. ABR., CSTR W X FITLIE X AR B 27, 5.4, 27 M 1.8 L, ABRI. ABR2 JIRH
X 48, ABR3 i if CSTR P filf fb W 101 3 (R,) ¥4 Jig dik S0 36 5%, ABR3 95 U Ml i (R)) & ABR2, fiff
DPAOs JJj £ & B A BEIE I SE BRI o A ETKIR R 35 om, IS FE [T > AR I B0y R 14 IE IR 2 4
HPKELYe, JEEEN S om, $% 0 THIAHGE B2 AR S 6 AR WK MY S5 5 (Echinodorus amazonicus),
B, A KRR St KT IR 4R 27~28 °C o
1.2 SKKREEMRTR

SRS HERE IR IE A 1F, WRFE SR e el i e e /K e A i B AL /K (FE9 ok 1: 1), L CH,O,
TE M EC AR VR, LA NH,CL, KH,PO, 73 7l VA e 2 . Wi, o 60 R il ok B 4 36l 7 55~65 mg L™ Fl 4~
7mg L™, tAh, JIA CaCl,, MgSO, 7H,0 AW s M ot R, FEHRmMEITRY, K
GRS RAAE TR TS K, B E s+ (50 mg- L) B is kR, fd ] NaHCO, W5 pH N 7.5 &4 .

ABR-CSTR 3% £ it 5 0 #% 2 AP 15 U8 >k B 70 MM 17 3 75 K Ab R T R 46 3t , ABR 45 bR &= #0i 2
2/34b, MLSS Jy 21 g'L™"; CSTR WNi5EZ%N SVI 1055 mL g™, MLSS 5500 mg-L™',
1.3 XBHZE

TERT AT S o, ABR-CSTR-E A HL7E VLR(ABR) & 1.2 kg-(m*-d)', COD X 350 mg-L™', 57T
FERFE Y 2.3 h, ECHRT A 12.8h, SRT K 20d, R, } 80%. R, A 200% 1% T Fa & 52 Bl S Al AL B
B, /K COD. TP Fil TN [ 5A5 94% . 81% F182%., 4 SS A1 BOD {H{KT 20 mg-L™" A1 17 mg-L™
W, SRHH RYU %07 507 Be A5 % DPAOs i PAOs HAEZ K 73%, M T E NIEHES . ALKk
W EWME iR, EEE1730dE B 1), fREFHRT A4, it 4 & kK COD A LB 1.5 £i%
VLR(T BT, T8 2. 3) 1 2.0f% VLR(Br B IV, T4 5. 6. 7)nhily, WKk &E HESisfr12d
BBy, BB ANV & Tokia 7 5d, HAvk T80 3 6 H R, J8%% 2 300%, T.40 7 #2 % DO &
2.0, PAULERFE T Rl A0 U845 S m

*x1 ZTREBITHE
Table 1 Test operation plan

COD/ VLR e/ AR it/ DO/

SR Al W Ef
BT B BITHRME T BATHE el ey  EHG  nimin) (gL

I fREBfT 1 1~30 350 12 200 12.9 1.5
I LSf5VLR 2 31~35 525 1.8 200 12.9 1.5
I L5f5VLR 3 36~40 525 1.8 300 12.9 1.5
m PR Bk 4 41~52 350 1.2 200 12.9 1.5
\% 20f5VLR 5 53~57 700 2.4 200 12.9 1.5
v 20f5VLR 6 58~62 700 2.4 300 12.9 1.5
\% 20fFVLR 7 63~67 700 2.4 300 12.9 2.0

1.4 SMNESHHE

KHEEZ 0.45 pm o JE 4853 38, COD., BOD, NH;-N, NO,-N, NO;-N, TN, TP & MLSS,
MLVSS $2 SCHik 7 (4 75 1 JEA T 03840 8, (8 HACH-HQ30d {8 45 =il 72 {4 DO, i ] FiveGo
F2 IR BTN E pHo 5 IRAFEI A HCA T4 1, 2. 4 A5, R 10 mL Je/KIRA W LA 10 000 r-min™
20 10 min SR $2 U EPS, 4% FiE W, N EPS & v 4 78 B IRARF, B LA RS Al LG
W, FAhFRZ M R 10mL J5, $Je/KEAHEIEH, S0 0.06 mL HEEZERE R IN, 180 rmin' 4k %%
Lh, FWEWEC 15min 5, #H0.22 pm JERGEIE, 0L LIS R B9 45 5 B AMRE 51 (TB-EPS);
Z W5 (PS) R AR By - IR VE D 2 , £ 11 BT (PN) 25 2 ol FH A bR 193 3050 12 0 5
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2 #BR518
21 ARAEHE NISREMEREBER

DAY EBRIED . KR FEEAHTE YW (DL COD I 76 IR | B W I AR, & KRRk
VFA J5, VMR AW PHAs [ AEAECZE T, BRI B VR 2 B 19 00 5 S il 1 B ol 2 SR B BB AH O
AT A L v s B fr T A ALTS G2 0 B 22 BRE 0 LB 2, R G A LY IR AR R R I R BR AR,
L5485 A1 2.0 % VLR #hifi T4 #) 55T COD K % ETHE TR, P38 KBR300 51 0 94.1% Fl
92.6%, HKWEETE 60 mg- L' LATF

FMED . LS A5 2.0 % VLR sili T, ABRAT 2 fi % 1 COD £ BR*% K 82.5%. 80.7% Fl 75.8%,
VLA DL TE R 55 b 15 DL SE 20 e Ak A BBk U8 VFA, 11 AT 8% DPAOs B i F FH . ik A 47 S8 B i
COD fH#AK, AT ke G X fig 4k 5 B i T3t . 78 A ABR Bt, 757K BOD/COD A 48 /K fiit iR Ak J5 Tt 5
HIF-21H 0.4 T+ 2 0.65, MMk — LT T A YRt , 47 %05 oKk BOD (H4ERF7E 20 mg L™ 245,
SHIK BOD 52 55 F, A HEBbRHE, T Wm A3 AL ff oo ™ RGEXT BOD 1 R i 35 R R

2) FLBRERME. TE 2 A ML s T (B T ANIV), A EBRRaAER R sh, w3
fis, 1.54% VLR whi i K 2808 T 6 mg L', X a] fig S i T %t A WL AT Iny, Al AL B R AR S
B AT O HUR FrEL, B A RS RN R R AR FEFERNA T L EA, RAEMR
PR R LR ERE, ULHTAF 4B NOB XA ML f A8 A A BP9 R ) o FE 2 Fhopili &, 200
R A PR 50 92.7% F198.0%, A st /K E R TRE 2mg L' AT,

163 FAfT R, TN ZBRRDHIN 62% . 67.3% F173.7%, FHLG7 b T K TN LT 18 mg L™
fr1iemg L' Wl ULBEZA VLR FH&, A &AMk IEIEA CSTR R IX, ffifif B & A T W25 i 4k B i
EAEH, TN #E— [ K. 7£ SBR Ml ABR-MBR % 22 i T. 20 A9 A S ifF 55 P21 o 35 % Bk /K COD
{EL 48 =5 XF R 58 TN 5B B A DNB S il Ak 6 A7 8 35 s b /E o AE S oonl dF — 0 W s AL
TRAE T 75 3% S0 K AETE B S B LT, AR FOT N AR B AT RS 44 T — i K, ARG
PINH;-N ¥ FE 78 A A5 E B4 AR A] L CSTR KA 2 mg- L™, DAB DR 256 8 X 2 AL R A 1 L BRAICR .

3) X R A6 B R SR B B2 . R R HLab i T AW R OTBRBE AU A e — B W s, RGE K
PO -P A F7E 1 mg- L' LR, WA 4 7R fER, N 200%. 1.54% VLR vhii F, B9 550w scR
AALEL /N (Hh 87.5% [ 2 86.1%), BRBE R fiw = M7 1.5 % VLR; R, N 300% B} (T-4¢ 3), #]ik 92.5%,
HWE N 042 mg L', fHAL R 1009 HL () TH i 58 4L T DPAOsI BRBEZCR , W#ah 7.10 mg L' &
741 mg' L' A LG fr TR B, ABR HLAT HF— 25 £ 15 T FE FE A AT Y A AR R p I TR 1 g

—A— JE/KCOD —e— /=¥ HiI5HI Kk COD ABR2COD o HEKNH, - CSTRHUKNH, x g iH/KNH,
* CODLFR#% + J/KBOD % fiHi/kBOD > HEKTN v R HKTN —%—NH, 2k~ TNZ R
900 100
* x o Jm— —
q00 IFF % * % * Xk X% *\'*:*** * % *k*&*i“ * . e e e e o oS e L S B
r =% 180
4 80 PPN E’g\g‘@g% B RRMg
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& 4007 _"“_—3 5 40 o Y
§ 140 = I i 1 v {20
= 300 + 2 30 vv v
‘ r R A A v VY v
€ 200 . . + . {20 20- vieY YyvWyyvy Y vvwwv
100 [ 10 v
"% pex 6.2 " o X XK R X pomo0m00q
0 0 5 10 15 20 25 30 35 40 45 50 55 60 65 0 0 5 10 1520 25 30 35 40 45 50 55 60 65
i ristA]/d AT/
2 COD E[B1ER B3 S8MRENERER

Fig.2 COD removal performance Fig.3 Removal effect of NH; and TN
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J1, HE 21 VFAs, fit DPAOs 7£ R S B Bem , A Ak 8 ml 3t bb i) 7 v o mT Lk i IR 7 P 7 32
PRV BERE N, AR TR s TE 2 A ML . R, O 200% B (T3 5), COD 2 BR%F[E ZE 76.4%;
TR, 2 300%, FREEFEAA R LA, ULET ABR GCZE Y 7E Pk BE 3G i R pE L o
COD 7E ABR N K RETHF#ESE 4>, #F A CSTR BRI R ORIE & &5 T 50 mg' L', 520i NOB 1 AOB % ft.
KA R AERIEAEAE T B8 L3, (AN 10 R 0 R B 78 /0 24T, AT R2 (94 T35 Jn 1 [l
TR REAE N, (X R GRS BR s R R A W A B . B2 R A s R SR s,
DO M 1.5mg L' &8 2.0 mg' L™, REFRBESCREZ I m, 15 84.6%. SN X PN F S it i 15 fin 411
il DNB & B R DY A R 4638 R, fff NOB Y& PR BRI, M Ak S A5 LA R AF AT, SLis 2 7+ 00 fi Ak i
(8] 7 e 38 0 T 0E A B B INO-N R B, W Bl 517 mg- L™ FF 2 6.01 mg-L™', 778 2 A BTtk
T, RO SE— SR R AT, A TR X B — A R, D N POI-P
TR FREEFRFAE 0.5~0.95 mg L™, AEASEIXIE S BAT GRS wp/EH, Y CSTR H 7K il ik B 7 i if
/N 0.5 mg L7 BF, BN & BERIFASREZ LB R, Wi R — e, IR S A6
WEFRITTEMERE.

% E YT AL PO -P RN & K MR A b B RE M AR G S i AL R AR . IR S I T R Rl Bl b s
T, R2=200% 0} 7 5t 45 b = AW B 0928 fb .t & 5 Al An, 78 1.5 F5 A1 2.0 5 VLR #hifi T, AW H
J6 H KB R BE 43 58 0.76 mg L™ Al 1.14 mg- L' #F 1.5 5 A HLapdi iy, ABR2 PO} -P ¥k EH D&
FHE, M 899 mg L A 9.52 mg L, BEmE W ARNIIE N . 3R R S AE E AR SR IX B AT HLAY R
WEEE b IHa, A WA SRR T RIS RO, ABR KR AR (i 5T 20 BT B JR (40 VFA) A2 i,
DPAOs 7£ ABR2 7¢ /& ] ATP & il N R BRI e iR (PHA), [RI B BEBE, BT 7F HL T 52 fANO-N A
BRAGNE LT, BB RS2 BIRR G, B R e bR w2 b

MO ML TR A 2.0 % VLR B, BEfim B B TR, ABR2BE S EMFE 845 mg L', It
A LR B i i, fE 4 ABR PN A9 /D o8 SROME B RO TS PR 9, R GAO TETH #E VFAs I 31 R 2 & B i g
F1 fdAT it DPAOs Bl O OEH i U5 th BN L, R BEm . 7Rkt T, Sk 7.13 mg L
Mz 5.82mg L, T HHAIDEAGEIX, Em T M EEa s, dimfkAse4e, CSTRH
fUNO;-N i1 10.78 mg-L™" fE % 6.71 mg-L™', [l it NO, -N & i/, Bk 48 [ =5 N DPAOs #E47 [F] 25
J U BR B  F T2 IO R, 3RS T R SR BRI AR I A

16
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= lg £
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) L &g 8r b=
N {60 & 5 16 ®
w6 5 L. 6tm = B A%
g &/MWW g s = = 4 =
5 etk & = g =
S 4F - CSTRHIK 140 44 4 = d *
o g [AEMIK 51 = | st
- o PRI ERER H ! =
2|+ HEBRE 120 NIk 3 (s . |
| agaaasaiiman,astashiibonyy #E7k  ABR1 ABR2 ABR3 CSTR EZHIT
0 L L L 1 1 L 0 s
0 10 20 30 40 50 60 70 HBfThhE
i s RREETRIEPO; P MEIREEL
3= Faisy _ .
4 RHAPO,-P EFRHENL Fig. 5 Changes of concentration of PO; -P and nitrogen under
Fig. 4 Change of PO?[-P removal effect in the system different organic shocks

22 SREFMTR
1) iAWy A A B . MLVSS/MLSS FAH & Wk & 15 e s PE Y B4l 4 1) 2 /004 S Ta] A5 #L o
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A TR W 6. 5 CHEN 48 [ i 58 25 B — 2, Bl & ok K A AL o s 17 far 85 0, MLVSS Al
MLSS ¥& fir B F, PRA B ABRI IWEIE R A K, H 0.6 F+ 2 0.79, X BLHNZ BTG Je1E m A LUK Y)
PR T, AR 2R Z . B vp A LRI B AR, 1545 VLR P& s 17he%E
MLVSS/MLSS H B3 IR 34 F 2 f5 o, ABR1 439004 0.16 F10.09, B RE FH T 7E &1 A HL B 2k 7K
L HAE X IR WA AEBR B, fff MLVSS F1 MLSS A K #a #0828 .

2) Xt LA A W) (EPS) HYSER . BEAN R AW (EPS) AETEM AR, T2 h 2 MEHRHN
B, AR MRS R RS E (ORI VE L B A SRR 10 A5 A T AR LA 1 A R P, an &l 7
N, AN T, ZMMEA RS RN LT, ERARE I HE ABR2 fi = N EPS % &1
BEEI S, 78 1.5 /%M 2.0 4% VLR vhis 7, Hh 1545 mg g 2092 1642 mg-g ' F1183.4mg'g”, X
AT RE T RSB 5 A AL A0 oy 0 A o R B, AR ) B G WA T 22 EPS ok 4 AR I i Fe e A=
f£. CSTR WY EPS K A1l il o328 fb e /N, BRM AT ML AR fof 26 HiT U ABR 9 8% K KBk, #FA
B A DX ks KO KR 55, WO A TR 25 A RE M R e /N . 208 5 R TR LU B (PS/PN) W] i B
THUREEEME, B A OO, BERA TS R S K M, ORISR B A R E B4 PS/PN
POl AR, ARER B BEE LR, ABR W28 S5 E A B0y a2 %, 1.54% VLR #hidi T, PS/PN
AR A 048, REME NG RPRALICR AL, TEANLGA M hd g — 10T, 15 E 5
KAa, BKMERAR. BEAh, CSTR N PS/PN 4EHF7E 0.87~0.89, ixX & HHAG ML ks Xt il £k BL 4 5 e 2245
HES AR

1.0

_ ) ) ' T WP PS/PN
S UL S VIR E MO C®EAm B 2hs m 25/EA(PS/PN) L
B= 2.0f5VLR 400 ; ; ; :
08F 350 | | ‘g mom =09
» s00l ABRI | ABR2 | ABR3  cstR |08
3 06 i i i 10.7
= = i i i
2 w 2507 ‘ ‘ ‘ 106 .,
E 04 2 200} 105 E
ﬂé\ﬁ 150 0.4
Qi
02 100 03
0.2
50 0.1
ABRI ABR2 ABR3 CSTR 0 1 1 1 0
N ITTmMVIITWINIITIIDIVIIMmIV
BT
B 6 %iE{THZEE MLVSS/MLSS EATRE
Fig. 6 MLVSS/MLSS in different operating compartments 7 EREMEVEPS TEENY
Fig. 7 Changes in microbial EPS content of each compartment
3 iR

1) ABR-CSTR-E & H o0 — IRk S il fb B b & BT — @ biA L vb i a8 0, 78 1.5 15 2 f5 s
HEARA NS, FEEA VLG R (UL COD ) -1 LBRBIHA KT 90%, & ii7K BOD #l TN AJ ik
PRHER, REBRBERCRRRE ;s EA VLA 2 5 ES T, CSTRAEAL R Az T-4E, i DPAOS
i 4[] 25 IO R SR B ) FL T 32 A R, AT 552 i) TR Al

) fE— AN E T, ThE AR I U LA B TR T RO AR PR AR s A AL i — 2P
FhrEr i, B A A I X B e R ASOR L, B = 4 A B DO AT R e i S W s 1 A R

3) A 25 BT 3 A S PR — A B A B, RIS XK R s B G wh AR ], AT 4ERR AR S AT
PR BT A B Bk 2B Sh A P i R4 AE K

4) 75 Y& MLVSS/MLSS b 5 K i A 9 14 N EPS & 1 bl AT ML 90 e B8 19 T s i B 7, i & 1
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ABRI1 NI 0E B K ; ABR2 N EPS &I nf i %, CSTR Wil EPS & & &%, HHWHZ
e/, AN E T, REME 20/ M FUIE Tk AR, Brhis e 2Lt i fd: .

2 £ X M

(1] AL, 2R S NS TAETR 15 KA BREOR S UL B F (). BN TR, 2016(11): 82-84.

(2] WBRaHD, 5 HER, REIT AR, 45, AW A A I A BEAIAA: 15 15 7K B PR 0]. = B AR R (A SRR RR), 2009, 24(6):
882-885.

(3] 5K MBRIZEANFRAADAEAR AR 16 15 K UBIESE[D]. K REiEF R, 2015.

(4] HGF BRETMAAA NG 5K b FIE Ji R SR 3 (1], B Sl 2015(17): 98.

(5] BRE, BRek, AR, 568 BT AE 05 /K AL B R G ST i e 7). THIBUEE R, 2017, 35(6): 139-142.

L] AR N RIL AN BREE OR AP R, rh A N R A0 ] ] 2 ot s I ARG 90 A R SR . MK 35 SR HE A A - GB 3552-
2018[S]. dbxt: HEFREERLF HRRAL, 2018.

(7] A, #E s, B, 5. ABR-MBREHALERTE T 2108 3 MG 217 [J]. REERLEE, 2019, 40(2): 298-305.

[8] SAUNDERS A M, MABBETT A N, MCEWAN A G, et al. Proton motive force generation from stored polymers for the
uptake of acetate under anaerobic conditions[J]. FEMS Microbiology Letters, 2007, 274(2): 245-251.

(9] FHi, AR5 FR, TAHL, &5 AR S AL BRBR 2R PR 0T (0], TEPH B TR 242741, 2019, 40(1): 46-53.

(10] 5Kfh. AR AN CAST T Z Y M AR M ER B S i AL BRI GE JIHF5E[D]. =M 22JNASE A2, 2016.

[11] KAPAGIANNIDIS A G, ZAFIRIADIS I, AIVASIDIS A. Comparison between UCT type and DPAO biomass phosphorus
removal efficiency under aerobic and anoxic conditions[J]. Water Science & Technology, 2009, 60(10): 2695-2703.

[12] WU B, YI S, FANE A G. Microbial community developments and biomass characteristics in membrane bioreactors under
different organic loadings[J]. Bioresource Technology, 2011, 102(13): 6808-6814.

(13] 2%, VPR, FE0, 45, BRUSZEAY | IRLRE B 72 (O E I BRBE RS2 (1], PRIERLE, 2015, 36(2): 590-596.

[14] A% AY, 2275 2F, THE, 4. B OLO e o ah DR R MBRIZ A T HERE RO SEMA[]. Th EEREERIEE, 2019, 39(5): 1985-1992.

[15] SPONZA D T. Investigation of extracellular polymer substances (EPS) and physicochemical properties of different activated
sludge flocs under steady-state conditions[J]. Enzyme & Microbial Technology, 2003, 32(3/4): 375-385.

(161 Z5H, EPSE, TWrfT, 4. ABRERBK-CANONAE & T BRI ZURHET]. FREERL:, 2019, 40(2): 313-318.

[17] RYU H D, KIM D, LIM H E, et al. Nitrogen removal from low carbon-to-nitrogen wastewater in four-stage biological aerated
filter system[J]. Process Biochemistry, 2008, 43(7): 729-735.

(18] [EIZFR LA SRy, AR AN K M I /3477 12 M. 4R Jbat: v B PR 2 AL, 2002.

(191 S AR, f A 20 5T [ S AL IS [D]. 75 52 75 5 BT, 2012.

[20] FNHEFS, SR9E, JU7Kk A2, 5. AR A L (C/N)Z& A4 T I DA AR PR L. REE1E27, 2014, 33(5): 770-775.

[21] SRS, Rea B, oM R, 4%, 5T ABR-MBRZL S T 20 ] #E /K C/N U X S i AL BRI PE RE 19 52 ML D). PRI, 2017,
38(9): 3781-3786.

[22] EWEE, T, K. KC/PHEXTAYO T A MERERIREIA[T]. 1k T 224, 2005, 56(9): 1765-1770.

[23] CHEN R, NIE Y, HU Y, et al. Fouling behaviour of soluble microbial products and extracellular polymeric substances in a
submerged anaerobic membrane bioreactor treating low-strength wastewater at room temperature[J]. Journal of Membrane
Science, 2017, 531: 1-9.

[24] LIAO B Q, ALLEN D G, DROPPO I G, et al. Surface properties of sludge and their role in bio-flocculation and settle
ability[J]. Water Research, 2001, 35(2): 339-350.

[25] BADIREDDY A R, CHELLAM S, GASSMAN P L, et al. Role of extracellular polymeric substances in bioflocculation of


http://dx.doi.org/10.3969/j.issn.1004-9207.2015.22.086
http://dx.doi.org/10.3969/j.issn.1009-7767.2017.06.042
http://dx.doi.org/10.1111/j.1574-6968.2007.00839.x
http://dx.doi.org/10.1016/j.biortech.2011.04.012
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.05.023
http://dx.doi.org/10.1016/j.procbio.2008.02.018
http://dx.doi.org/10.7524/j.issn.0254-6108.2014.05.001
http://dx.doi.org/10.3321/j.issn:0438-1157.2005.09.029
http://dx.doi.org/10.1016/j.memsci.2017.02.046
http://dx.doi.org/10.1016/j.memsci.2017.02.046
http://dx.doi.org/10.1016/S0043-1354(00)00277-3
http://dx.doi.org/10.3969/j.issn.1004-9207.2015.22.086
http://dx.doi.org/10.3969/j.issn.1009-7767.2017.06.042
http://dx.doi.org/10.1111/j.1574-6968.2007.00839.x
http://dx.doi.org/10.1016/j.biortech.2011.04.012
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.05.023
http://dx.doi.org/10.1016/j.procbio.2008.02.018
http://dx.doi.org/10.7524/j.issn.0254-6108.2014.05.001
http://dx.doi.org/10.3321/j.issn:0438-1157.2005.09.029
http://dx.doi.org/10.1016/j.memsci.2017.02.046
http://dx.doi.org/10.1016/j.memsci.2017.02.046
http://dx.doi.org/10.1016/S0043-1354(00)00277-3

1266 ok L B ¥ W 145

activated sludge microorganisms under glucose-controlled conditions[J]. Water Research, 2010, 44(15): 4505-4516.
[26] SR, RZEWR, ZEM . A 2 RMTELF EUURLIL T RO VERIBLIRLI]. th E FREERL, 2004, 24(5): 623-626.
[27) SRLEE, BRIE, R, 55 AT K 15 TR BK rh A 1 B MR AL RRE D], BREERLE 540K, 2017, 40(S2): 76-80.
(28] 58, 2585, IRATTH. A/OPIRN TOLARMF T ISR G LB FE ). VU2 TRER 274k, 2014, 28(4): 464-468.
(RS 2p 4. wh 0, AR 04, 5KA) W)
Treatment efficiency of ship-landscape integrated denitrifying phosphorus
removal device for under short-term organic shock
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Abstract In order to treat the ship domestic sewage efficiently and stably, the efficiency of the ship-landscape
integrated denitrifying phosphorus removal device under short-term water quality fluctuation was studied. The
ABR-CSTR continuous flow combined process enriching denitrifying phosphorus accumulating bacteria
(DPAOs) coupled with ecological unit was used to treat ship domestic sewage. Compared with the benchmark
conditions of ABR inlet volume load rate (VLR) of 1.2 kg:(m*-d)™' and COD of 350 mg-L™', the increase of
organic concentration was used to simulate organic short-term shocks of 1.5 and 2.0 times VLR, at the same
time, the nitrification reflux ratio (R2) and dissolved oxygen (DO) were controlled to obtain the regulative
strategies for coping with the shocks. The results showed that the COD removal rates were 94.1% and 92.6%
under two short-term shocks, the effluent BOD and TN could meet the standard. The average phosphorus
concentrations of effluents from biological treatment units were 0.76 mg-L'and 1.14 mg-L™', respectively, and
the anoxic phosphorus absorption amounts were 7.13 mg-L™" and 5.82 mg-L™", respectively. The ecological unit
could deeply remove nitrogen and phosphorus and buffer the fluctuations. At 1.5 time VLR, the denitrifying
phosphorus absorption amount increased from 7.10 mg-L™" to 7.41 mg-L™" when R2 was adjusted from 200% to
300%. Under 2.0 time VLR shock, the increase of R2 did not significantly improve the phosphorus removal
efficiency of system. When DO increased from 1.5 mg-L™"' to 2.0 mg-L™, the phosphorus absorption amount
could increased from 5.17 mg-L™" to 6.01 mg-L™", the denitrifying phosphorus removal effect of the system was
improved. In terms of sludge characteristics, the MLVSS/MLSS ratio and microbial EPS content of ABR
increased with the increase of organic substrate concentration, and the largest increase in EPS content occurred
in the anaerobic compartment sludge, which increased from an average of 154.5 mg-g' to 170.2 mg-g"' and
183.4 mg-g'. The ABR-CSTR-ecological unit integrated device has a stable treatment effect in the face of
short-term organic shock, and provides a certain theoretical guidance value for the ship domestic sewage treatment.
Keywords short-term organic load shock; ship domestic sewage; denitrifying phosphorus removal; pollutant

removal; sludge characteristics
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