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OE SRR YRS Ve A AL ED e B K, W R A I AR IR A/ AR 3 R A AR S M T AR B R . 3
P 4T, TSP UL EL (SV% ) ¥ IEARRFF1E 18% ~25% Z1A] 15 AR AR H(SVD) LA H57E 62 ~ 66 mL/g Z ], 1% 115
TRIRS W MRS Y (EPS) By EPS, -2 H Bk B R Th i 4h, KR TE A B IR R A B B RAH G T Fer 8 3, K R
S/ SR R AETT EPS YR B i T A U A6 T e/ o A SR JUD 3 4 7 U Y T AR B b TR TR R
U 4o i) BB AR T G P AR R R IR R RS R AR, R 3 B AT BB AU I 1 20 )k 31,27 26. 63 AN
24.37 mg/ (g + h) o EPETSIR D ATP ¥ 8 HEA B BN J pl /D PR T A2 E 8 R 3. SR & SRR W] 38 PR 15 PR R M
7 A R ROV SR 48 > TR > R/ I S 388 38 AT R/ A S BT RGN TRIBURE , B A W0 9 7 38 2R BOR BE BDIR S
BEYIAAOC o B S0 X 15 e B0y 114 e g 582 ey WS T 52 086 2% 1 T R0 2R 00 BB R 25 A0 75 U8 DRl ik O S X 75 e Wy Wit 7™ R R I

xR WMEER RE FHE O RA/EESSE SRR

hESES X703.1 XERFRIZAS A XEHRS 1673-9108(2015)09-4293-07

Impact of anaerobic, aerobic, and alternative anaerobic-aerobic
operating conditions on sludge characteristics

Yang Bo Shan Xiaoming Tian Qing Li Fang Ma Chunyan
( College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract The impacts of anaerobic, aerobic and alternative anaerobic-aerobic operating conditions on acti-
vated sludge characteristics were investigated by using the activated sludge process to treat the simulated dyeing
wastewater. Under the three conditions, the sludge settling ratio (SV% ) and the sludge volume index ( SVI)
could keep between 18% to 25% and 62 mL/g to 66 mL/g. The extracellular polymeric substances ( EPS) con-
centration in the activated sludge except EPS,- protein which continuously increased during the whole experiment
presented a tendency of accumulating to a maximum in first, then declining. The EPS concentration of alternative
anaerobic-aerobic condition was the highest and that of the aerobic condition was the lowest. Dehydrogenase ac-
tivity of the actived sludge increased persistently throughout the experimental period for all conditions. The dehy-
drogenase activity of alternative anaerobic-aerobic condition had the highest value followed by aerobic, anaerobic
condition, which were 31.27, 26.63 and 24.37 mg/(g + h), respectively at the end of the experiment. The
concentration of ATP showed a gradually increasing trend in the early stage, then a decreasing to a stable state.
The result showed that the sludge yield coefficient presented a consequence of aerobic > anaerobic > alternative
anaerobic-aerobic for three conditions, which meant alternative anaerobic-aerobic condition achieved sludge re-
duction and the yield coefficient was relative to the energy state of microorganism closely. Dehydrogenase activity
had a significant impact on the degradation of pollutants, while the microbial energy state and sludge reduction
did not influence the degradation efficiency under the three conditions.

Key words activated sludge; anaerobic; aerobic; anaerobic-aerobic; sludge reduction
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different experimental conditions
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different experimental conditions

I 11 & 4 S A6 R 15 8 0™ 3 R B
K, g JE V5 FEI7E 0. 35 ~0. 45 g VSS/g COD, JR 4R 4% 1F
W2 JEEAE0.07 ~0. 13 g VSS/g COD, ] &k 41 F
/b JEEI7E 0. 04 ~0.06 g VSS/g COD;3 Rl s 5%
PF R, OB g PG Y X 45 B[R] (SRT) 499 Oy
12.3.18.5 f123.8 d, LR 3 R s 2% 1 F il M vs
Jerp ATP B35 & fEMF AR N i T 72 A2
O, 7= T 3 Z n] DLBEA AR O & s 1 fE i Y
ATP 5 P75 98 2 W7 2 8 80w s i IR A A 1™
FEBY ATP BERCD 2 F T TG U 77 A B T A8
IBAT B RE SR PRAECIR S Gl A=, 23 e A3 7™ 22 1
e H A T SRR I R B AL o 5 AR i i 1Y
ATP 26 F 36 MRS YR I 7™ 58 R e ik, M 325 5]
TSP R ROCR oy gl L, 75 98 7 A AR B R
SR WP ATP 3585 010 5 AR A X I A ok 0
AE DR A M ™ R R B VAR G
2.6 AEELWEMHT COD ffaEEBRBR

AR S 5 A5 PR X B2 7K COD il B2 25 B 280CR A
12 8 13 iR .

Hi & 12 (& 13 R, 35 PR 75 Je 4 ad — B ) 3
fRJ5 3 Fh 4 E T R G COD Fil( JiE 1) 25 B R 1 3%
AR, S50 45 A EE X COD Y 2 B % ) i
90% , % {0 1) K BRACR ML 60% . X T COD
KB, NSEBGFF 46 5 45 d B AP AR T o e, T
J AR/ Y S SR8 2% AP 3 - R 4 1 RS R TR Y
L BR AR R ARG X T K R R A AL R/ b
SRR by RS I AR AT &
B R B I AU K AT LR TR 3 5 A i e L L



4298 ®o% L

9%

90}
g 80F
':g;fm-
&
g 60}
sol —— R
—— B
40 —A— ) Bk
0 10 20 30 40 50 60 70 80
[$1a) (d)
K12 AR &M COD KRR

Fig. 12 COD removal efficiency under different

experimental conditions

70
65 |
60 |
551
50
45t
40 |
35
30
25

1O EERFRER (%)

—— R4
—— 1
—— I8k

0 10 20 30 40 50 60 70
FTE] (d)
B 13 ORI SEH A F T B L BR R

Fig. 13 Chroma removal efficiency under different

experimental conditions

A RAF A Y AR RE , DAL 3 R A& AR COD Y %
FRACR AR &, 7] B PF RAF S0 45 18 T B9 COD £ B
ROR DX AN R 5 3068 T 7 A R B el oo 1 S
S5 AN AL AR 0 8 8 25 R O 32 TR GE J2: TE
B A, X IR 1 IR A A 1 X € 8 1 2 R B A
AR ] T PR A O B A
RS S o A= 1y Acb FHL 2 G 00 BN e TR K AR AL 75 e Wy i 26
R, [ A AL AR T RGN TSI R R AL

SE MRS U8 I W UG T R A B, 3 s
B A5 PF T L ST T R R TS e W 25 BRI D AR A X
IV, o 2 I 1 0T 5 2 A i 52 ) W S < 9
A DIME R WA b 3R GRS AT IR L I 2 S8
PHE R R G ATP AL L, S8 25 1F R A
AE R A5 AN 52 00 A W %) 35 e W ) I it 5 T S
Z SRS R R/ A SRS N 15 U R R R
AR I AN X AR W I i 35 G 7™ A 57 THT R T

Fod 4 FhORTRJE X EPS #e 5 19 28 1k BLAE | ik
Py xt COD (¥ [ g 505, Bl I 2B 0 A B ) 119 328 i
345, EPSs-Z 4 \EPSs-2K [ i F1 EPS, -2l 43 n] LA

A8 2 A 255 1) AR 3 T B A 0 BT AL T EPS -3
FI BT T AR5 1 i K AR B A A 4 ) i A
AHRNZHER,

3. & i

(1) N FH 6 M V5 U T2 A B UL K, 3% PR TS
Ve AE DR AR 58U RN R S/ G S8 38 B A A R 3 T DL AR A
KA SRR TR 3 FhSL I A5 SV % B A LR 45
1E 18% ~25% 2 [A] ,SVI {45 7E 62 ~66 mL/g 2 [i]

(2)3 Fp sz 86 2 44 T 36 05 IR A Wb BR
EPS, -2 1 W JE — B m sk, KA TE A EPS 1y
EHER Ok B R K Z 5 TR R R s 1
IR B/ RSB 40 TG M5 e vh EPS Wk
B RESPR Z T AF R AT B/ EPS R B
FIBA R L 20 2, L rp [ PR B T
T T T

(3)3 FhSZo0 4518 T 13 M5 e Bl 4 B 15 M 2
A b TR R 1] RO SR T T S M e
G IR Z IR RS A , 55 56 &5 o el DR A/ i
S SRR A I A TG P A F) 31,27 mg/ (g - h) L UF
SRR 26,63 mg/ (g - h) IREEAAT N 24. 37 mg/
(g-h)o

(4)3 FpsZmd 45 F 36 TS Y i ATP g 2
(1) ATP B AR 35 S Bt 25 Bsf (7] 516 320 4 184 Jon i Ji5 9 /)N L 2
S A W TR E AR B o i AT
FoE 09 ATP M B B s, RAEIR 22, IR U/ 0 S 58 5%
M b

(5) 07 46 1 T 75 e & W ™ R R Bl K, 7
0.35~0.45 g VSS/g COD Z i), RA KMk 2,6
FEFE 0. 07 ~0. 13 g VSS/g COD, [R& /I8 A% 41
T JEFELE 0. 04 ~0.06 g VSS/g COD , A~ [A] 52 1o
ST RRZBN RN FIRA W D ATP 5 &
(14 o AR X R 1), A A 0 1) B PR S R R R R
YA o

(6)7ESE I J5 1,3 Fh 3200 25 11 R 4% COD
I B 1 25 BR AR 2 B Y8 3 909% Fl 60% |, 1t & il
T PE XI5 Y ) 1 6 i 5 ) B S0, 238 45 1 T TR S
e fig 1t IR 2 R T U 0 O R X T e W B i 7 AR
S

(7)) DAL/ 048 2% 1 1 B 3 i 0% 38 v 26 4 b 3
FGE T EQ YL KRR AE TS S 0 1 K BRACE , [l B AT LA
ARG NG R 7= R 5 LRGN TG R



=

9

7 S /RN i NN Tk = S N RE TR R R N A

4299

2 % x o

(1]

[2

[

[3]

[4]

[5]

[7]

—
oo
[

—
=)
[

[10]

Liu Yu, Tay J. H. Strategy for minimization of excess
sludge production from the activated sludge process. Bio-
technology Advances, 2001, 19(2) . 97-107

== [ NP7 O L ) P i (R 1 RPN s Y
1997 . 276-277

Wei Yuansong, Van Houten R. T., Borger A. R., et al.
Minimization of excess sludge production for biological
wastewater treatment. Water Research, 2003, 37 (18):
4453-4467

Saby S. , Djafer M. , Chen Guanghao. Effect of low ORP in
anoxic sludge zone on excess sludge production in oxic-set-
tling-anoxic activated sludge process. Water Research,
2003, 37(1): 11-20

TL W I E - REHN G A AR 35 PR i Ak i L BRI 5 K
TARERET. Abnt: R B A1 30, 2008

Yu Anfeng. Mechanism study of the on-site sludge reduc-
tion in a biological process with repeated coupling of aero-
bic and anaerobic conditions and its application. Beijing:
Doctor Dissertation of Tsinghua University, 2008 (in Chi-
nese)

BN, A+ OSA {5 Jé ik & 1209 T RE 4 7 1k & H Bl 2R
SRR, R R ORI 3R 3, 2012
17-23

Jia Li. Study on conversion of the mass and energy and mi-
croecological characters in A + OSA excess sludge reduction
process. Chongqing: Doctor Dissertation of Chongqing Uni-
versity, 2012 17-23 (in Chinese)

B RSO R K K M AT vk (56 4
RO . dbmt: H EERER A AL, 2002 105-280
Serra-Wittling C. , Houot S., Barriuso E. Soil enzymatic

s s

response to addition of municipal solid-waste compost. Bi-
ology and Fertility of Soils, 1995, 20(4) : 226-236
Liu Hong, He Yunhua, Quan Xiangchun, et al. Enhance-
ment of organic pollutant biodegradation by ultrasound irra-
diation in a biological activated carbon membrane reactor.
Process Biochemistry, 2005, 40(9) . 3002-3007
Frglund B. , Palmgren R. , Keiding K. , et al. Extraction
of extracellular polymers from activated sludge using a cat-
ion exchange resin. Water Research, 1996, 30 (8):
1749-1758
BRiEZ, 2ok, B, 4F. KB —HIR T O L RE
MESRZh Z BRI, IR (LR
Bz), 2002, 34(3) . 62-64
Geng Xia, Liang Bing, Liang Yuxiang, et al. Study on
derivative spectrometry of polysaccharide-phenol-sulfuric

acid reaction system for rapid determination of polysaccha-

—
—_
[\

[

[13]

[14]

[15]

[16]

(18]

[19

[

[20]

[21]

[22]

rides in Chinese herbal medicine. Journal of Sichuan Uni-
versity ( Engineering Science Edition), 2002, 34 (3) .
62-64 (in Chinese)

St B, EAIR. MRS Y EPS XS PTG Ve
DUREPEBER L BT 5. BRI RL 22 4, 2004, 24(4) .
613-618

Zhou Jian, Long Tengrui, Miao Lili. Effect of extracellular
polymeric substances ( EPS) on sedimentation of activated
sludge. Acta Scientiae Circumstantiae, 2004, 24 (4):
613-618 (in Chinese)

Liao B. Q., Allen D. G., Droppo I. G., et al. Surface
properties of sludge and their role in bioflocculation and
settleability. Water Research, 2001, 35(2) . 339-350
Liao B. Q. , Allen D. G., Droppo I. G., et al. Surface
properties of sludge and their role in bioflocculation and
settleability. Water Research, 2001, 35(2) . 339-350
Urbain V. , Block J. C. , Manem J. Bioflocculation in ac-
tivated sludge: an analytic approach. Water Research,
1993, 27(5) : 829-838

Huang Xia, Liu Rui, Qian Yi. Behaviour of soluble mi-
crobial products in a membrane bioreactor. Process Bio-
chemistry, 2000, 36(5) : 401-406

25, Wi, WG, % K ARIR A N TR A TS eI
BRI, PRI TR A4, 2008, 2(9) : 1247-1250
Li Fang, Yang Bo, Tian Qing, et al. Experimental study
on application of hydrolysis-acidification process to residu-
al sludge reducing. Chinese Journal of Environmental En-
gineering, 2008, 2(9) . 1247-1250(in Chinese)

TEA. 0 2 T R A T B R 7 §5 K AL BT AY 1 R
5. AL TR AR S, 2001, (4): 30-33

Hong Mei. Application of dehydrogenase activity determi-
nation in activated sludge plants. Environmental Protec-
tion in Petrochemical Industry, 2001, (4):. 30-33 (in
Chinese)

Foladori P. , Andreottola G. , Ziglio G. J5/KAbFT 518
W POR. R, #HiE, F JaT PEER T
AL, 2012 23-24

Low E. W., Chase H. A. Reducing production of excess
biomass during wastewater treatment. Water Research,
1999, 33(5): 1119-1132

Luangdilok W. , Panswad T. Effect of chemical structures
of reactive dyes on color removal by anaerobic-aerobic
process. Water Science and Technology, 2000, 42(3-4) .
377-382

Bromley-Challenor K. C. A., Knapp J. S., Zhang Z. ,
et al. Decolorization of an azo dye by unacclimated activa-
ted sludge under anaerobic conditions. Water Research,

2000, 34(18) ; 4410-4418





