ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
m
s
mE

2012

R ERFERESHEHAZE SO EH
4 £ & KM B R




i % # 2 334 49
ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) 201249 H 15 H

H &
FKE4 A~ WMO/GAW AN KR, CH, WRBE R ABALIFAE - e e R = B AR B, X S ET, E R, EATLH(2917)
IR E AR AL H X R SRR AR R [6) L B AAE B ARSI oeveveeeeeeee FNTK, KPAE, Dk, FEH, TEA, EFA(2924)
2010 4 MEIS W ) 2= BT S5 e SRR - FAEH W EA, R, R, B D E SR, FHEE(2932)
JE I T A AR 22 RS [E] S PM, P 2 B D5 IR 075 YR e BORIR I AT eveeeeeeerennes A B R, RAT, EH40(2939)
SHIEE OCEC VI BN s Ty iE s KOl --eveeeee FAM FAER ELF, YLK, B KIER X A #H, Weber R J (2946)
WAFEVT F e A4 SR TRIBYLIGHE v eeemmmeemme e R, ET, AR, N4 KM (2953)
AL AR IR Ty 75 R V5 YA AiE JLABE B TEATIEGE vvvevevmmmreemmn e MR, 2245, 25 3 (2960)
E B A ( PCB) | 38 KA AL (VOCs) HEBFE /R P TRIE «--ovvvermmermmrrmeeree B 3 (2967 )
A T S PG WL HETCHIER v eeeeeeeemereeseeneeeeeneeeeeeeeieenennin, MH&, BN, ZE, 8, 2%, FH#%(2973)
A= Wi DRI W i TR R SRS AT AR D EARRF T -ovveeeremmmeeeemiieeens IR, AL R KW, R & (2979)
SRR DT IR R AL Hy S PRAMERBRIGY «ooerrerrererrmmeeeeneeeee X FA, R X, F A, R T3 (2987)
IR 228 R B AR A SR B TR BRI GY v oeveemmreeemmm e mme e T, FH¥(2993)
R B A B R TR R BE 2 43 BT AR A A g RS FPETEAS oo x| ke F A R, SFE A A AT, X 18 (3000)
S K R 5 T A B A SEIEPERIFTY e oevvererenremmn e WA, W (3009)
U UK AL 2 K DCTTRW IR B P R BB -ooveeeeees s Fip ik, Uk 2 (3014)
ST P TN 28 5 A S ARG YRR v e X B HE B, ¥ B K, E (3024)
SUWIH DL AU | A BURIABE2S [)S0A BHAR G —oooeeeeeeee e R A, A 2R, TR &, T8 (3031)
FRT 7K 28 L0 A B S R U BIAS A AEIIFGT +ovvvreemmremmrremmns e T, AR R (3038)
TR = K T 0 P V8 TR K AR ] oo X, 3 s, TLAL, BRAERE, 7 N AL( 3046 )
AR IBRT 55 TR I 2557 PG +oeeeeeeeee e B, BXE AE, 70K (3051)
VLR PG YUBU R FE AT I S RO ) 22 A - oeveeveeos X R A B AR, ¥ 3o (3057 )
R WG WS TR BB LT AN TR oo eevveoes oo HH, P B REE, A4, B, E(3064)
B VO G IR\ AT VR TS YL BB U BT IIEGE. v vveerrermene e x| # R, A EE 4 R, T OE 4R (3070)
BRYL KA LA | R 5 I TR BRI R ooveeeeeeeeee e T B, 3k, E AR, B 4641.(3076)
ARTT BRI S UK I TR 4 5 Y BT TEA -ooveeeveeeeeeeeene E# 0, AR, KA, BB B (3083)
BRI ZE N 2 2 TR K AR PR AR T YLRIF T e evvvmvrenemmneeemm i FhEAR R ER], T4, % H#(3089)
AR R ) R O 28 () A R B A oo B XA A, A, B AT (3097)
SRV KRR BT S M AL B G PRER ooveve e B, X R TR A, 4B (3104)
T KIS LL B IR KRR R FYFRIIFTY veevrrrrerermmmeem e FRALTILE, B3, % W f, % /N2 (3110)
JE TP 5 DX T 7K 75 B B A% XA G PGP woeeeemremmmmmemmmmeniiiiieeee A T, ER A, WA, KN R (3117)
DA IR 2 5 K RGE T NO; ITPRERIERS -ooeeeeeeoe BRSO WA, BT, H B A(3124)
PP TE R G K T PROS AW B Z2BRITFZY coevvrvrrrrmrme e FY % A EREE, T ART(3132)
Ji @78l R bl A Al 2 1 o S TP PP R RE MGG KR EEE(3139)
HPSEC-UV-TOC @éﬁﬁ&ﬁ{mﬂﬁﬁm%*ﬁﬁﬁj\%ﬁ%ﬁ?ﬁ ............................................................ 7k g/é,\ , ;‘ij % ﬁ( 3144 )
AN TR WL 75 i (R K A PR R B E U (VOSCs ) PHAEMLRIBE ST +eveeeee e FE Bk B B SR A, B A (3152)
Z:[ﬁ] pH Tgm*%%ﬂ%ﬁﬁxﬁi%%ﬁﬁmg@%}guﬁ ................................................... %}ﬁg , JE B , E%ﬁ , [%2 il %( 3160)
2 PAAE R DR A R TRAL B Wk BE PR BRI K oo FH BB RER,AEE AKE X RE B R (3167)
S YRR TR B KA ALK B BEEIFZE eoveereeseensesseeseeeen oW BB R, E Gk, BRIR(3172)
TP AL AE FE N K PP AR B BIAS L FEIIFGE +oevveermmeeemmmrmmm e F I, B EE(3177)
AR TR AE E A E ALY E MG B RE - everevrmee e EAHE,EHE g, XE(3182)
@7k$%ﬁ%§§ﬁ{%*%%1gﬁm¢$ﬁﬂ ...................................................... z ;ﬁ i , B , N , Fffﬁ , bl fg (3189)
ETYTRIZ 5 A GRS TR IR LR IE -eoveveseeeeese KE, A, LA, 5 HHE(3197)
M) R T R SR AL TS VeI IIIIFGE v vverermmreremmemmn e 0k, B ek, 2N 0 KA (3202)
AR A B B R FE 50 THESE  eevvrrrerernnnneenei X 4% B # R, w5, 2% % (3208)
BRI N AR T R B A0 B . B R BB ETIFGT - vvevmrmmmeee e B R B4 (3214)
ANV TN o 3 7 R T T R 1) 53 85 M TGP SBUIF T wveveeeeeemeeeeees FEHE, B, B0 E, EH, Y69 (3220)
WEETRG A TR M I TR S TE  eeverererrreseesneremeieeees Foba, Xk, W, BFY, TRE, FH5(3228)
B JoF TR R Bt R o B I E ) AR G T oo e X EE EHE, BRI RE, T (3236)
M DI REACRT FRBERR AN KB T DNA 5B FIIE PEA S MARFGT v vvveeeeeeennes REANAEE FE,FIU K EF(3241)
Geobacter sulfurreducens Yo} 3 LAl B FSUME I ZERFGE +ooeerenmemmmmmnnneenessnnniiiiiiineeen, HE B R, T, R (3247)
B AT TSN  HEITRIBGEN  weoveveveeeeeeisees e, K, H A, ERA R E B (3253)
SHHT U RIRBNG ORI T A DAL AT oo BN, Bk, E UM, T, & 4 5 (3261)
FRBEMER R AT SR FEAE SRR woeeeeeeeeeees FEX HER, BHRL, ML, 5ot (3266)
b R A TR B3R AE b ORI AL AT E AT B T PERR AT v veeemmeeeee e 2R, E, EEW, 2% F(3272)
BRI E TR R N T4 B R R R G IERE - ev v eee e BB I A (3279)
T B A B 3 SRR  DUBT THI A -ooeveeeeeeeseesmesees T, £, M4 Y %) (3288)
NPEOs S H A = 7e mk 1 V5 /K AR B T Hr R U R AT - e eememeeeee e et % , x| 12%%( 3295)

CABRFEVEITIR S (3037)  (RBERFA)MER I (3151) i £.(2999,3030,3096,3227)



55 33 #5459 ) E7 N A < A Vol.33,No.9
2012 4E9 f ENVIRONMENTAL SCIENCE Sep. ,2012

EFRYRERZ 5 BT EMALS REKEERE

s mORSC? R, AfERE

(L FRAUMOL R FA /R 1500405 2. BRI Tl R 2E T /K B 5K PR 58 B K H 3000 =, IR 150090)
HE . RS MHHEIR P HEE N 28 ( sequencing batch reactor, SBR)BFFE T AR | &, B LA/ F -SR0S R B4 | DR
HERERA WL RBRIE DL, IR SVL EHT T B F= Wi Z 5 R I AU B0R 5 TR I IR A% 0 B AR & vk, 25 R R, itk
m(COD)/m(N)/m(P)H 100/5. 8/1. 2 i, JkLi5 Je 2814 56 8, UKL 92, SVIL, 7E 15 ~ 30 mL-g ™' Z[H 5), COD ZfRAR A £
FR1E 90% LU I, R G0 BRETRE , WA MBS RIEAK. MK m(COD)/m(N)/m(P) H 100/3/0. 6 1 100/1.9/0. 4 i}, R4
PR BURL S e BRI G, (HJE SV (3R MKT 35 mL-g ™', B B A2 RBEIEIK,; MRS T RS COD LbRRE
85% L In. Hilk/K m(COD)/m(N)/m(P) A 100/0.5/0. 1 FEA BIMEATRBEY BT, 258 SVL, 53] 150 mL-g ™', 15 R
DR, RGERA T 2R 5 RIS, PIRSE COD KBRFZGE R, 7 COD KRB W RIFIE 65% ~80% Z[H], T
JE# COD LR MR HTH — B RIS, S5 i85 10% LA T, RESE AT, N, PSRy B2 51 09 B Ik 4 280k V5 U8 , 38
TR E SR ST 48 N JEWE 2 DRGSR TE TR R TR RE A DL AR e KR (TS IR TR A (BRI5 R B 4)
PRI AN i

KEIR A E RS e s TSURNIERK; Bk AR SBR; EAKALIE

FESES. X703. 1 XEARIEE. A XEHS: 0250-3301(2012)09-3197-05

Aerobic Granular Sludge Bulking Due to the Lack of Nutrient and Its Recovery
ZHANG Zhu', GAO Da-wen', YUAN Xiang-juan' , GOU Qian-gian'

(1. School of Forestry, Northeast Forestry University, Harbin 150040, China; 2. State Key Laboratory of Urban Water Resource and
Water Environment, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Under 5 m(COD)/m(N)/m(P) ratios, the shape, settle ability and organic removal performance of aerobic granules were
investigated in 5 identical SBRs. The performance of aerobic granules bulking and its recovery methods were also analysed based on
SVL,, value. The results indicated that when m (COD)/m (N)/m (P) was 100/5.8/1.2, the granules had integral and dense
structures with the SVIL,; of 15 ~30 mL-g ™" and COD removal of above 90% . The system operated stably without any bulking. When m
(COD)/m(N)/m(P) was 100/3/0. 6 and 100/1.9/0. 4, although the granules disintegration was observed, SVI,; was lower than 35
mL+g~"and the granules had no bulking, and high COD removal was keeping at above 85% . When m(COD)/m(N)/m(P) was 100/
0.5/0. 1 and 100/0/0, the SVI,, in both systems reached 150 mL-g™", and the granules was hard to settle due to sludge bulking in
both systems. There is a significant difference of COD removal rate in two systems. The former COD removal rate stayed at 65% -80%
in late experiment, while the latter COD removal was quite low during the early operation and finally reduced to about 10% until the
system broke down. Aerobic granule bulking due to the lack of N and P could be recovered by adding sufficient nutrient to the systems.
After 48 cycles’ operation, granules settle ability and organic removal were fully recovered, however there was no obvious recovery on
granules morphology except for the color.

Key words: aerobic granular sludge; sludge bulking; m(COD)/m(N)/m(P) ; SBR; wastewater treatment
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Table 1  Constitutes of synthetic wastewater
TiH Rl R2 R3 R4 R5
m(COD)/m(N)/m(P) 100/5.8/1.2 100/3/0. 6 100/1.9/0. 4 100/0. 5/0. 1 100/0/0
COD/mg-L~! 400 ~450 400 ~450 400 ~ 450 400 ~450 400 ~450
NH; -N/mg-L ™! 21 ~26 12 ~14 7.5~9.5 2-~3 0
PO}~ -P/mg-L~! 4.5~6 2.5~3 1.2~2 0.3~0.6 0
Ca**/mg-L~! 10 10 10 10 10

WMERICE/mL-L"! 1 1

1 1 1

1.3 M5l

IR e A S 2 5 35 I B IR R
IS8, IS VR SVL (A1 COD 2R Z4 5k 20 ~
30 mLeg ™" F1 90% ~ 95% , J I/ ¢ 3% Fh 15 Ue vk
( mixed liquid suspended solids, MLSS) & 5200
mg L~ AT
1.4 A H Kok

REG P COD ., SVI,, ., MLSS il 5 44 ¢ B [ 5% 31
B SR AT & AR AT
2 #RE5iHR
2.1 AN[EVRR AU LU ST 4f EUB0RL TS Je X COD 1Y
NS

BR EREH BEK N PR FFER, R4 COD £
BB FEAT, EJE R1 ~ R3 R ZEHIIFAKR, H

SE R A AN 94.18% . 93.07% F1 91. 94%
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Fig. 2 Effects of different C/N/P in fluent on aerobic

granules COD removal rate
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MR BIEEK m(COD)/m(N)/m(P) 2} 100/3/0. 6
F1100/1.9/0. 4 W}, R2, R3 Z 48 Wki Y 30 it 44 51
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e st 2, Z2 G B 6 sBR AR € 1) RIS U,
T ELAORL A 2 S 8 1 O, T AR AT D 22
IR Al UL Bl E SR W) B i = A8 B2 1S 0, UKL TS e
AR TR 285 B 525 W 8™ 55 T L, 3R ) R ) ok
ZANE T R L RA  EAE K, 2iEK m(COD)/
m(N)/m(P) ik F]| 100/0.5/0.1( R4 ) BF 22 4R B A
K.
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Fig. 3 Changes of different C/N/P on aerobic granules shape(bar =5 mm)
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Fig. 4 Effects of different C/N/P in fluent on

aerobic granules settling property
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Fig. 5 Recovery of bulking by adding sufficient nutrients
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