ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
m
s
mE

2012

R ERFERESHEHAZE SO EH
4 £ & KM B R




w % #32 #33 % B
ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) 2012 411 H 15 H

H &
ﬁ@ﬁﬁﬁzﬁlgﬁﬁjﬁ% N02 @g@iﬁt?ﬁ ........................................................................ Eﬁ,?é\f,ﬂ] 53(3685)
2008 ~2011 4F 5 7 U D H R TGP+ ooveeeeeesmeseesseeseeee W, F 2T, F R &, KW (3693)
B i R E L 1o R L A O FAE, W, FHE NH, %R (3705)
AL T TR K B R TC R I YAFAE BT oo evvmvreeeermmeieeeneieeees FHAE BEAM, ETRE TXE, Z 452 (3712)
JUNTI A E TS PR R AMEL ooeeeerrerrerrennenneen rEAE AR R R s — R, X U, EAL R (3718)
BT S Al 5 B A L) T SIS HE S BAUIEE eeeeee R, R PR K b, TR, B E R, B, HOH(3725)
SR LR I F-T 2 B HERUEREE v veeereveeerrmeeemmeeenneeesie e Wi EE ELE RKHE (3733)
JUIELL DD AR YR B RS [ A3 A RAIE « oo evememeneneeeees i AN BHE NER BE,£E,EE(3739)
R VU ARIRR . BEE IR ZS ARHIE SOE FRES T e FRA, NEER, BA, R, FFFE(3748)
Te H IR MR B L BAMEIRFEGY +ovvvveeeesoremneeessnneeeennniie e s aiite e s et ZkE, Xk, FEM(3753)
AU IR XA B K R AR N, P Sy I ARG - eeeee e FUF, BB RCH, N ER, BRK(3760)
P Al S R T A TR ) R R PP PP PP PR PR PPN g&igg’ m/J\m’g&;@’ [s;ggg’qujﬁ’iég’g&ﬁ%’%%%(3768)
A 7 BRI TT b B K AR P SRS AR R R I T ARIEEGE oo IME, D EE, 3 B4 (3778)
SRR X R TGS A TE FEREIIE oo KAk, AT, ZE A 4, RAEH (3787)
TR A 25 TIHE K B BT TL AR TEAEFHITIEE. +vvveveeerrrreneeessssnneessnsssseessnniiiesensiiieeaan s BARE A B R (3797)
N LIRHAEY) IRV RGEK TR ALRR o EAIE, KR, HRRAE, #ER, THAK(3804)
PR TR AT K AT . B BRI -+ veeemmeeeesemee et ee st BEE HET EEH(3812)
DT VB AL B B A VE VS AR RREETIIE  wevvvveeeessrnnmneeseinnneeensiiieeee e, B EE, 2R AT, H—K (3820)
TR I ALK T B2 v eveeeeereee e XA, FA R, BB, %5 (3826)
ZVI/EDDS/ Air (R MK 2 ,4- S8R EIWFTE <o ovvveeeesemeeeeees W, AR, G AR R, T R I R4 (3833)
W E MWNTs/TiO, E-& BT 1,2,3- = RASCMILBEIRIFET -oovveeeeeereeeeens Hi A K FE KA, R FEIT, KK (3840)
JEFEBR AT AE WA R BRAK T Cr( VD) BSEIRAILHITFGE oveveeeereenes TX),EFEE,ERF, Gk, W, R, LN (3847)
S G- TR S JRIRAL S PVA TR AIRIRTIFTE veveerrermrmrmnmmemmniiiiiiiiiiiniens g BE, & A2 2, 4, MRiE (3854)
HATEYSIRfL EBPR R GEBRBERHE 5 M B ARG GG AT I v vvvvvemmmmmmmmmmmnnnnnn AR FNEEAE AN, F 3 (3859 )
AR LG AR SR SR 258 H KK BT A SEMIBIFGE +ooeeeeeeeeeeeemeseneeeneeeeeeieen PR, BT, ROR R, REE AR, R (3868)
IR A -UE ST SR A B A ) S e S35 8 DR UK Bk S AL AR B IE woeeeeeereereeeeeeees B R K, F RN, RE(3873)
FE T V5 A UD I [ FHJEZERFIE o vvveeervreeermseeensmmeenneeensieeeente e et WEA,F2A, AR (3881)
TSN - P A -3 Py Y IR B R ARFAE «oeveeeeemmmmmmmmmemeeee e 8, g FEER, FHE, B, XH(3885)
B 4 P b5 X BRI 2 A G LB LR FERIIHE vvveeeorrrreeeesesnneesenssieesessiiiesessiiiee e o HF 07 3 9, 9L 3893 )
T A B X A IEE B (R HEZEIK SCRIR veeeeerrrnreeeesnneneeenieiee e T, R TRAI T, B3, 2 4 F(3901)
IS ISRl IR L EA7S L Aot S, 1k S T T T ORI FURERE AS 4 B Rk L R (3905)
e N IR I T T, 5%, %%, X =(3916)
WRBE S TP R L KRB AR A WM BIFGE e vvemmmmmsses s %, AR, 38 & X 58 & (3922)
R Nl Yk Rt N L P BT EMK KA TR (3927)
ARV ARG S Pl A JAL A WIXE MCF-7 PAIIIREHE -oeeeereeeereemeeeee KM, XU, XA IR, SR A4 (3935)
i N M R SR R E B O R BE R T IR A weeveeemmeeeeeeeeees WRordf, R B4R, BB, KA (3941)
T e A PR B4 AT 1) T 2 R B R I G oo RFE M XE KRBT, ZAW, TR, H A (3949)
BB bR Ochrobactrum sp. CHI0 A2 K3 112 AT BEARERHEIIITIE vveeererereeeeremmeieee s,
........................................................................ MRpede ZEN| X B L g FTFF FERE X FE(3956)
DU A G4 Ko e T 110 07 20 B R A R . oo e, WA, T, TA, EEF, mEH,ZEE(392)
K W3 A WL R TEHLIE ST BB A nirS 78 S AL B R B 2 A R TR BE B vvevvvvrereressnnsnnnnnnnnnnesaasesssnnninsaiaaaesaaens
.............................................................................. ?%,7&7\&,?JEE,%W%,%?,@%,%%E (3967)
S L ARAEAS IR A 2t g W B T LI PRI ZETIEIE. wvvveeeervvvveeesssnnnseessninsesesatistteesnistaesssstsaeeesnssaeesannes
.................................................................. {q%’ﬁgjhg’ Eﬁﬁlﬁ,ﬂif5,E/éi,f%f%,%@%,ﬂg’ﬁﬁ(3976)
L RACAR A3 R LBSMADE ToRIFTE -+eeevvvveesrreeesssmeensneessniennisiiesiiee et YA Ak, B (3983)
BiAL Y 3 3 T E Yo A B R IR i I Bt T 2 BB ST LGN+ v vvvvvrrreeneesesnsnnnnenreireaeeans s x| Bk B 7 A (3990 )
KT RIT B R IS AE G MR SUT MARRIUBBI T IY - LB, FRAE R EH (3999)
FELERERIGEREHZERFITSIE
B I NH, FIEHR NO, HEBAEZRIGEIRTE +everveereeereesesees e BB B A (4006)
— o] ]S A DU M S e e R AR R Y FL T S BRI =i SCHE R, X B, 28R M R PR B E (4012)
BT RFEHOR M BIR IS KRR PAHs Z3ARHFGY coeeeeerereeerenneeees I A AR, TR, I FE(4018)
TEVT IR A MY AE 5 B V5 Y 23 [A] A0 A T 5 YL PEAFLTI] e evveeeeersmmeseeesne e e ettt e et e e e e e T E, b B I (4025)
PR NS, B a0t g A e oy TR T TP EEL FET, ANE, WiEE(4033)
HETF RT-qPCR ZEEEERR I K G PR ELE <o evveeeererrmeememmemsee s W, Z5, B4, %, 5 K (4040)
TR =4 A B TELBE B 2R TR v eveeeneie et WONEe R, EN R, fHE LR E (4046)
R AR G T IET T I+ evvvveresernneereennreeee s st ie e et Wb R R AU, EE, B TS (4052)
FERTAE AR S AL TR TR TIETY -+ vveeevvvreeeessrnnnesensnnneeeesssiietessiite e s sntiee e B o4 fpde BT K (4057)
VARV ER T AD-3 [RTHTE | KA B I B L DR ETETT v oo vveeemneeesssneesnseeesnnsee s st te sttt e sttt
............................................................... E%ﬁ,iﬂﬁf\ﬁ,%E%,%é&,%@ﬁ%,&?@fﬁ,ﬁd%%,ﬂiﬂ\?(m&)

(ARBEREVEIT B3 (3711) CAREERL2E Y AE R AT ) (3767 ) = H.(3998,4039,4045 ,4056) AR AE R 1 (4051 )



5 33 50 11 4] EZ - SR = R Vol. 33,No. 11
20124 11 A ENVIRONMENTAL SCIENCE Nov. ,2012

SEEEYX MY EBPR F %t bR 5% 45 1% A9 22 fim B 4
IR TEHF 32

TRAUR , PNETE " KBHEMD , 5

(WHT TR R R 5 TR 2AGE, JiM 310012)

TEE . LUSABRBEEOR 5 U R ath | 35 F A5 i AR A i IR C b, 38 3 E SR IeWF9E T 2 AR [ m (C)/m(N)/m(P) ] Xf
WUkAk EBPR R Guke s i R BR R AR E AU, 455K R2[ m(C)/m(N)/m(P) =400:10:5] . R3[ m(C)/m(N)/m(P) =600
£10: 107, R5[m(C)/m(N)/m(P) =400:20: 15] RGE LA T L REPRTF IR ; R6[m(C)/m(N)/m(P) =600:20:5] R4
PR B B FURE AT B e A 22 FRBURLRE IR RS S IEH . R3, R8[m(C)/m(N)/m(P) =400:30:10], R9
[m(C)/m(N)/m(P) =600:30: 15] R R BURCRAENHI LA 0. 8 mm ZHF FHEE 0.3 mm, HA RSN SHHMZEARL. R
[m(C)/m(N)/m(P) =200:10:15] . R4[ m(C)/m(N)/m(P) =200:20:10]H1 R7[m(C)/m(N)/m(P) =200:30: 5] RG LK
FBEFET 95% 1Y COD, B/ W2 98 %443 HIHE 60 ~ 100 mg- (g-h) ~'. 60 ~80 mg- (g-h) ~', 40 ~60 mg- (g-h) ' BT Bl P 3%
o, HAXTRE B A RGN COD t REAE R A BUSFEZ B N AE 4 A BIHFE , Bl B R Bl NI R EH/ RE T
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Effects of Composite Substrates on the Phosphorus Removal in Granule-based

EBPR System and Its Optimization Experiment

XU Shao-juan, SUN Pei-de, ZHENG Xiong-liu, DONG Yi

(School of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou 310012, China)

Abstract: Based on the mature granular sludge, effects of composite substrates[ m( C)/m(N)/m(P) ] on the process of phosphorus
removal in granule-based EBPR system was conducted by the optimal mixed-carbon sources ratio. Results showed that it was observed
with the expanded filamentous bulking to granular sludge in the system of R2[ m(C)/m(N)/m(P) =400:10:5], R3[m(C)/m(N)/
m(P) =600:10:10] and R5[ m(C)/m(N)/m(P) =400:20: 15]. The presence of large amount of granular fragments led to the poor
performance of R6[ m(C)/m(N)/m(P) =600:20:5], and it returned back after the particulate debris was removed off the system.
The particle size of R3, R8[ m(C)/m(N)/m(P) =400:30:10] and R9[ m(C)/m(N)/m(P) =600:30: 15) ] gradually decreased
from 0. 8 mm to 0.3 mm, and other systems were similar to the initial size. More than 95 percent of the COD was consumed in the
anaerobic stage in R1[ m(C)/m(N)/m(P) =200:10:15], R4[ m(C)/m(N)/m(P) =200:20:10] and R7[m(C)/m(N)/m(P)
=200:30:5], and the phosphorus release/uptake rates fluctuated within the range of 60-100 mg-(g-h) ~', 60-80 mg-(g-h) ~' and
40-60 mg- (g-h) ™", respectively. However, the COD consumption was mainly occurred in aerobic stage in other systems, and the
phosphorus release/uptake rates gradually declined, even decreased to O mg+(g-h) ~'. Phosphate removal rate of each system was
(from R1 system to R9 system) 83.5% , 52.8% , 7.1% , 96.7% , 19.7% , 72.2% , 79.7% , 28. 1% and 48. 7% , respectively.
Finally, we also found that the optimal composite substrate condition for the granule-based EBPR system was the ratio of the m(C)/
m(N)/m(P) =200:20: 15.

Key words : composite substrate; EBPR; granular-based sludge; phosphorus removal; orthogonal array
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1.1

F1 EXREERKFIZITE L (3*)
Table 1 Orthogonal array of factors and levels Ly (3*)

K Lk
A BRIFEVRE/mg- L ! B ARV /mg-L~! C BEUEVRE /mg-1L~! 2515
200 10 5
2 400 20 10
3 600 30 15
1.2 g HIK F2 RBATEKAR/ g1
iﬁgﬁfﬁﬂ(%ﬂqATﬁEﬂ( % SBR }im%&}%/ﬁ;ﬁ Table 2 Composition of synthetic wastewater/g+L !
2.5 L bR AR [k BRI | R0t U541 Ak TR
== o Al L = e o s ATU (HSAEAm Iz 0.008  FeCl;-6H,0 1. 500
E_Tbn/\ 150 mL A A4 mL MR (R 20 o) no 200 HLBO, o 150
SEEA K. CaCl, -2H,0 0.529 CuSO,-5H,0 0. 030
L3 AHUKFM Bl 0.000 K 0.180
PO} -P, COD, NH, -N MLSS 4l ik sy WORIH o rnc;; ’SH;?I 0 g 523
N N S N Ly N ap MoUy =2 H, 5
SCHRL 19 ], ACRE 252 PEUE AT IE R WA, DO i pH Tt o 000
R L JPBJ-608 4% DO W %E (X H1 PHBJ-260 CoCl, +6H,0 0.150
EDTA 10. 000

EHEX pH W (AL M.
1.4 FokiEJeRiARm E ik

RIG IR AR 7 ~ 10 d RER RGP G
V5 URRES: , K Mastersizer 2000 06 Hk7 B A3 7 i
RORIAE.
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DC e o e 2V L 03 ). ML 1 R ] 1 R6 R 4E
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ARG R R V5 e R R R T DR PR RE
Wk e v HEH R G )R, SV 2T F 2 60 mL-g ™.
R6 RGPk ey 7 it B, AT g5 R Gtk K
TV B 3 R T N PR BEARAICA G, AN DT L A i 2L
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SVI AT A AR e .
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Fig. 1 SVI profiles of sludge under different composite substrates
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Fig. 2 Situation for particle size changes under

different composite substrates
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Table 3 Granular size distribution range of different SBR systems at the end of processing

SBR R1 R2 R3 R4 R5 R6 R7 R8 R9
d(0.1) 115. 126 106. 139 69. 875 93.117 56. 899 152.593 179. 778 21.108 44.112
d(0.5) 556. 144 834. 246 243. 367 365. 595 581.192 513.308 738. 028 172.215 309. 826
d(0.9) 1351.512 1525.349 745. 621 1116.562 1432.1 1205. 262 1394. 687 713.737 649. 473

1) d (0.1),d (0.5) % d (0.9) 5353/ PRRAR K/ G PUk SRR 10% . 50% 2 90%

S ANFRE GRS, & RGN
BB ASEEA R & A T W 8 5 A8 Ak, Ab BB R ] R
DEEMUNE 4 s (627 BAUEE, CX31, Olympus ) .
i 2.1 Wk, R2 . R3 Fll RS R G db F s #E rp %
AT 22 AR BURL TS YR K, AL 4 JRATHT R2 . R3 |
RS RGNRLT5 e iR A K T R 22K 1A, I
B AR G0 PR IS 6 2% 1 AR L6, JEHDE: RS
ARG PR R TR R OLWE , B R G BRI R AR D,
R R GRS U R AR TR R RE PR AL T 4. 2
Hu, T LAER S RO 2R G0 A7 K ok i |, kLTS
VAT DRy fr .

B3 & SBR [z 5785 EHh A R BA BRI e 2.4 AN ER AL EBPR 2 S siath 225 %

Fig. 3 Mature granular sludge inoculated at the SBR reactors

(52

1y )

E4 & SBR R ERAERABALIT R ELEM(x40)
Fig. 4 Granular sludge morphology at the end of SBR reactors ( x40)
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Fig. 5 Phosphate removal of every system under different composite substrates
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Fig. 8 COD removal efficiency of SBR systems and the anaerobic COD consumption percentage of total consumption
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Table 4  Orthogonal test results

RS A B C R(P)/% R(N)/% R(CODy)/%  R(CODg)/%
RI 1(200) 1(10) 3(15) 83.5 99.4 77.4 98.2
R2 2(400) 1 1(5) 52.8 98.4 82.8 34.6
R3 3(600) 1 2(10) 7.1 96. 4 86. 4 17.6
R4 1 2(20) 2 96.7 86. 4 74.9 97. 1
R5 2 2 3 19.7 45.5 78.0 40.8
R6 3 2 1 72.2 79.7 83.6 34. 4
R7 1 3(30) 1 79.7 87.5 72.0 98.2
R8 2 3 2 28. 1 25.6 80.9 87.9
R9 3 3 3 48.7 40.7 86.9 84.6
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Table 5 Variance test results of orthogonal analysis
LA H A B C =5 TfH
Kl1j 259.9 143.4 204.7 198.2
R(P)/% K2j 100. 6 188.6 131.9 183.8 488.5
K3j 128 156.5 151.9 106.5
Kl1j 273.3 294.2 265.6 225.5
R(N)/% K2j 169.5 211.6 208.4 204.7 659.6
K3j 216.8 153.8 185.6 229.4
K1j 224.3 246.6 238.4 244.6
R(CODy )/ % K2j 241.7 236.5 242.2 241.9 722.9
K3j 256.9 239.8 242.3 236.4
Kl1j 293.5 150.4 167.2 216.3
R(CODy: )/ % K2j 163.3 172.3 202.6 220.5 593.4
K3j 136.6 270.7 223.6 156.6
x6 FAENWR
Table 6 Results of variance analysis
75 Sk SS(FJ5 ) VOAMED) MS($77) F g
A 4836. 1 2 2418.05 2.983
B 360. 57 2 180. 29 0.222
C 943. 08 2 471.54 0.582
R e 1621.29 2 810. 65
x7 ERFEKFEHESEILER
Table 7 Multiple comparisons of each factor and level
A ¥ Al A3 A2 B2 B3 Bl Cl c3 C2
X; 86.6 42.7 33.5 62.9 52.2 47.8 68.2 50. 6 44.0

Z W WK A A AILB2CL, A TRFER
SIHTT AT AS. X R(N) T, KA 5N
AIBICI; X R (CODy ) 1 &, S LK FH & A
A3BIC3; Xt R (CODy) i &5, I /KFAHA N
AIB3C3. il 54 o3 B VA s, 19 3 & WOk Ak
EBPR & 4t o & 15 17 W I (£ & & K W & 1 2
A1B2C3, Hl:m(C)/m(N)/m(P) =200:20: 15.

4 it
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TEUF S B THFE , W1 v 2 AU 5k B8 1 (5052 i) ) i 7T 1Y)
TEPE.

(4)R1 ~ RO F G IR 1 - 5 & 5% R 53 5l
83.5% .52.8% .7.1% . 96.7% . 19.7% . 72.2% .
79.7% . 28. 1% F148.7% .
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