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Abstract; Exiracellular polymeric substances ( EPS) is an important determinant of the characters of
sludge produced in biological wastewater treatment processes, including the structure, dewaterability,
flocculation and settling behavior. However, the different extraction methods of EPS leaded to more
discrepancy of EPS stripping degree. Thus, the establishment of the EPS extraction from sludge method is
crucial. Six different methods were employed to extract EPS from different sludge in this study, and the
content and composition of EPS in different sludge layers were analyzed. Meanwhile, the relationship
between the sludge particle size and dewatering performance and the EPS were investigated. Results show
that the EPS content is different in different processes of reactor. Formaldehyde + NaOH extraction
method was proved to be the most efficient method to extract EPS from sludge, and the destructiveness on
cells of this method was relatively slight. The extracted EPS content of different sludge of the method is in
the range of 15. 88 —39.30 mg/gVSS. The content of slime-EPS is higher, the ratio of protein and
polysaccharide is larger, but the dewaterability of the sludge is poorer. Besides, the sludge particle size

is greater, and the extraction efficiency of EPS is higher.
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T 15 U6 ML A0 R A 9 (extracellular polymeric
substances , EPS) & AE YIE—E 5L T IHFEA HLY)
=L & TR EE F s TAEILZRY), X
FhIR A YA 515 KA B R G i 1707 XA R K
HHIEPED . EPS Bk 4l iR 2%, EE M N EH
5T 20 DNA FIEFH IR , Horh 8 1 B M 28 5 EPS
AR 70% ~80% 7.

PTG IR EPS Y & A AN AT L5 1R A
YIRURAL A R IR RELE R E M SRR 25
[, EPS X 3% 4 75 Ve i DR g W B R 0 S 1
FesE AL B M BE A BB A R 10 1 RS U
EPS A LL43 WA RZ EPS Bk 4h 4 7 EPS (loosely-
bound EPS, LB-EPS) Fll % % 45 & % EPS ( tightly-
bound EPS, TB-EPS) "' %% )2 EPS ¥t T W
&, 25 R MM 4481k LB-EPS i T TB-EPS 4},
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H TB-EPS #2525 T 2 At e, IR, 75 B 4%
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A VS W E + NaOH 5 | W E + B A5 I
M 6 Fh RS A 58 AR A T IR EH AL
JZ i #% ( continuously stirred tank reactor-mesophilic
anaerobic digestion, CSTR-MAD) ¥4t X &2 6l 1k
FAE A6 ]2 I 4% ( sequencing batch reactor-complete
nitrification denitrification, SBR-CND) . Fe it =X 4 A2
filifk 52 fil 4k [ B %% ( sequencing batch reactor-short
cut nitrification denitrification, SBR-SCND) . Fe it =
FA MLY% ( sequencing batch reactor-organic
matter removal, SBR-OMR) \A*O Sz hlg A B3 [ b
( A*O-denitrifying phosphorus removal, A’0-DPR) |
UCT 43 Bt i 7K Jid & B 8% S B 2% ( UCT-step feed
nitrogen removal, UCT-SFNR) 5§ 6 > & Gk 4 )5 15
& EPS $EHUSCRUEATATFE. R, B 5E75 08 EPS X
15V BiK PERERRZ M, I 25 75 PR R A 70 A A5 e
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Table 1 Operation parameters of experiment sludge system and characteristics of sludge

1EekiFE L2 pH /°C TS/(mg-L™") VS/(mg-L") HRT SRT/d
CSTR-MAD 7.0£0.2 35.0+0.5 22 610 14 880 32d 32
SBR-CND 7.5+0.2 25.0£0.5 12 860 10 575 14 h 20
SBR-SCND 7.5+0.2 25.0+0.5 15710 12 265 16 h 16
SBR-OMR 7.5+0.2 20.0 £0.5 16 226 12 330 12h 20
A’0-DPR 7.5+0.2 20.0 £0.5 14 448 11 856 8h 12
UCT-SFNR 7.5 0.2 20.0 £0.5 14 956 12014 10 h 25
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1.2 5k EPS REFi%

AR R G W4 )5 1975 06 112 mL, Hof
100 mL 75 Y@Mk BE TS, 2 mL I35 U = 40 W% 7K B[]
10 mL 280578 EPS. 43 ZHRHU5 e EPS BIFHR)Z |
LB-EPS Fll TB-EPS, AR 40T . B 4 B Lk
AR RGeS )5 17578 10 mL, 7E 2 000 g 4 C F &
L 15 min, VSR RIS EPS B2 5 SR 5 I #E
1 £k 5 P VA TR ( phosphate buffer saline, PBS)¥fi5E
TR R R AT 7E 4 000 g 4 °C F &L 15 min,
B VW ED A LB-EPS ; S8 5475 H PBS H415 Je H =
T BN FRARFUS 200 B 03k R i RS |
HHE + NaOH 75  HVBE + 68 7 % 1k SO #4343 il b
58, BARERAE S R,

1) B0k ) B AR 3 ¥ o B 207 I i s e AE
4000 r/min 4 C FE.L» 20 min;

2) R R R R TR S S e R R
W KA BSAE 130 W R #7510 min;

3) WAL . ) EH VR S A TS YRR S i AR
I 36. 5% MR IR, I 7E 4 C FiE% 1 h, A
KA 2 mL FESIIA 0. 05 mlL H BV

4) W + NaOH . & bk vk ab # s | 5
JIAZE 7 1 mol/L i) NaOH %= 3 h, i b 4F
2 mL BES A 0. 02 mLNaOH ¥ ;

5) HEE + A DL 40 3) AhERS K R A A
I L AR 130 W R 10 min;

6) NG K FE R B TRJE TG RAE 70 C TR
¥ 30 min.
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Fig. 1  Distribution of slime and LB-EPS

of different sludge
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(1) A 3R R 2B A R 2t p (PN) /
p(PS) 515 ek mvE i HA MG, 57 p (PN)/
p(PS) & =, M A R 75 Ue 2258 , 1 2L 7K 14 fiE i
£ AR T AR5 B Z p (PN) /p (PS)
2R, Hirf CSTR-MAD 15 it &, ik 3. 29, iX 2
PRI Ay HP R DR AT A /K e 7 A s S R 1 R R e R
B, NI ARG T K P e g 22 .

[FZ6 )= EPS 43 i 25 bl & ¢ T15 8 CSTR-
MAD 75 7¢ LB-EPS [ttt & H Al 15 e 1 4. 7 £ L) L,
H LB-EPS E fitE M 5.69 mg, & H B Fi & 4 2.93
mg, i LB-EPS JFi 1) 51. 6% , 2B FiH 4 1. 44 mg/
g, i LB-EPS it ) 25. 3% . 1 HA iR ¥ 5084 ¢
TG0 LB-EPS it 3I7E 1. 19 mg AT, EZ4 55
&\ AR A8 b, RFETER LB 2 EPS 1Y
p(PN)/p(PS)¥E 2.0 24 P 8, A> O-DPR 5 I8 &
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TR TH ALl — S BE T AN 2, A 19 DNA
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2.2 AEFRAERRT A TB-EPS T

1576 TB-EPS % ' Hb Bt 5 76 240 0 BE || $2 0y
AN R AN, FRBOT AR Y N &5
TR L, L, 75 ZEEA AN [R] 7 4R B TB-EPS
AR, 2 Some 1 % BR gk G vk B H
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Fig.2 Content and components of TB-EPS that different methods extract LB-EPS from different sludge
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[{75 98 TB-EPS i, & ¢ T15 e TB-EPS i it K 4%
iy i

Xof B RV U 13 o o B 7 A 1 50 T R
YR RE YR E 5 HAEBO AL, XA
V5 de B & ¢ Ti5 44 rh TB-EPS & T it 34 4
i, F KA CSTR-MAD 7592, {XA 1. 37 mg; [Al}, %
TR A ¢ TSR o DNA it fra ik
AR, F2 4 0. 14 mg. 1E TB-EPS 443, %
TGP F LA 4 B R, S TB-EPS 1Y
74.1% VL 1. 207 B3 B AR, (H $2 HOD B 7]
HURR RERAESE ¢ TI5 R HTG IR EPS i 454l
SYPAR X AL R, 7T LAAE S EPS 2 BT v 19 X BR
Tk

JE P T VA S 1 e P R AR B BT U RIS TR
I, I8 B e g e DT 8 40 2 1T ) EPS M. A
B2 nf UE 5 AL A B 8 P s AR A 1S
Pt g TG e TB-EPS #Y AW & T XF e k| i
KEEWCE N 2. 59 mg. ZIRBOT A ¢ TG
U DNA BTt AL, P48 0. 34 mg. XJEH T
SR RS R P I e AR R 7 Y5 e, 595 U8 ) F fi T

/D 5 e 3z 20 3 U 8055, NI 330 EPS # 5
NI

P 2 3 BOAS ] 95 98 TB-EPS 4% 5 % PiL, TB-
EPS R HURCR G 6F BRI 75 1 A0 LA i v,
J& UCT-SFNR V51, A2 B & ¢ 150 5 EPS
SRR 6. 55 mg. IRIGAE IR EPS $EHU kP
2T PR R & Ty R B R, X S
Pan 25" A58 45— 50 I HL R R ko &2
) 4 B R T Tt 4 PR B R BURR.

S + 8 e — M S et 25 5 0 ik,
I A 27 245 500 04[] Bsf A0 P 8 85 U0 7 Sk A TB-
EPS it 7%, 1% J7 % %} CSTR-MAD , SBR-CND , SBR-
SCND .SBR-OMR ,A’0-DPR . UCT-SFNR 75 Vg £ B iy
g Ti5 e TB-EPS & 5T 43 5l R 2.56.2. 67,
1.57.1.90 1. 33 .10. 17 mg, & 4150 vh 16 i 5 20
FEAIRE 24 | S35 53591 38. 74% F1 38. 71% ,DNA Ji
w44 0. 29 mg.

HH I + NaOH 52 1] FH HH TR R0 40 R ) 0 35
SEETREI RN, IF A NaOH #7598 pH Fhi , 3 n
HHL EPS 43 B JF 1, T4 =5 EPS 42 BURIE.
SHA AL % AN RS R BB B g T
15l TB-EPS i { ik Tk, {H 72 H DNA Jit
T 5 B TB-EPS 4 0.9% ~ 1. 8% , Hi% )7 ¥ I
()25 1 5 B 5 5, CSTR-MAD , SBR-CND |, SBR-

SCND .SBR-OMR ,A’0-DPR . UCT-SFNR 75 Y43 %14
7.93 17.05.14.69 . 11.07 .11. 04 .26. 10 mg, fit &5 &
BIIITE 69. 9% LA L A 155 ¢ Ti5 e h 245
=N 5. 15 mg.

5T R EPS S 5 DNA JoT i v B 2 4
O 545 O ZRAE SO RA Y 28 EPS $EHUY) 4%
2437 DNA 5 FEE A B CSTR-MAD 7584k,
Ik A 5 Fhi5 e ¢ T15 U8 A9 TB-EPS H
DNA i 4%, DNA [l 4 8 TB-EPS 9 46.8% ~
69. 6% . ZoAAIEE 5o A PP B + NaOH 111K
AT BESE FH T R 7 — Y N U2 T 43 1454
TEASFBREYE A0 54, M A% R i, i DNA
R EPS 19 FEE AL Sr. In#AE X CSTR-MAD 75 8
PEPCHICRARAY 3 22 i PR %05 U K 9 B Pl X
T EE (AR A — 2 BT SR T B X G
M AN B .

22 JEIE AT SPSS Fid ab B B B AFAS A
5 6 i EPS SO 4R IUEE ¢ T3 U1 Y TB-
EPS [z J H A0 53 ot f 00 25 1 25 R o0 i, AT LU
HXFFABEIE Y 6 Fhig e, 6 BT AR LY
TB-#K [ i . TB-ZH# TB-DNA A TB-% EPS H. 756
BrRJR - IRF TR 3045 20 /Y p B34/ T°0. 05, BRI,
AW 6 Flv EPS $HU 1k 22 [0 A7 7 1o 2 1 1
225 MR UL, X T RERD EPS $2HU 1 A WF ST AR
FENELI).

#2 AEEPSAS 6 HARRRAZEANEEEHERMY
Table 2 Significant differences between six extraction

methods of EPS components

FEhR TB-FHH TB-Z## TB-DNA TB-& EPS

e BB 36 36 36 36
K 4811 23.997  23.997 21.428  27.976
H B 5 5 5 5

R EYE 0.000 0. 000 0. 001 0. 000

2.3 A[E EPS 2B A EITEN

AN 7 AR 6 Fhis 6 5 EPS Ji i ( RIBHR)Z
EPS LB-EPS TB-EPS Z fil) & 3 fif k. 454 ik
Y ETFE A LA Y, CSTR-MAD 75 I8 & # /K fift i 1k
DRSS ATV PR 2 1 ot S 2 W o i 3, 2
EPS it iy, % L P2 H A CSTR-MAD 5% ¢ T
HIHRNR)Z EPS i i H S EPS BT (9 L &
iK75.0% . DAtk BRI + NaOH 40, HA 7 1 %t
%56 EPS £ R ICHA W 25 5. i SBR-CND |
SBR-SCND ,SBR-OMR ,A*0-DPR ,UCT-SFNR 75 {fé %}
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Fig.3 Content of total EPS that different methods extract
EPS from different sludge

ANEE) EPS 48Uy v FLAR s AN TR {H [ B B
Tk XX 5 Fiyg U8 EPS 2% BUAY BCR 2 L. Tian
SV 2 R A PR, o I R R 7 I ik AR IR
FETE oAb 2= 2550005 gy (R 2 AR ISR B, H
REFAE EPS 410 (1 A0 X 21 1, 3 5 A< BF 5% 45 S —
B ARMIFFE ok JE I AR 7 i vk ) ik 5 FEe s
& EPS $2HUR AR, B ¢ TG0 H U 3. 65 mg

PLUR. 10 B R R RS + 75 X ik 26 Y5 8. EPS
U N ¢ TR 218 ~ 8.54 mg Fl
2.31 ~12. 16 mg, = T X B AU A k. FSE
&I AT R T A0 R A [, %o A MO SR /N (R
HAREL EPS AYRCRALS . LT 495 U8 EPS 42
BRI 2 (e) AT, A ¢ TI5 0 3
DNA JFi it (= , A0 2™ 5, B 9 o o AN is H
UG LEAEARIHT. B BE + NaOH 5 ) J H 1 ] o2 4
L [ s ) P v pHL AL, 384 s £ B far 43 (1]
57, 0 EPS 4R ERECR. AR5 5 HAbL T %
FHEL, B + NaOH I AR5 8 EPS #EHUHCR
PEHCRAE 15. 88 ~39. 30 mg, H H X405 & /N, 2
— PP AR U k.
2.4 TiRHE/KEEEFSIRAIZS EPS REMNX A
AEGKAEIET. 2 oA g 15U EPS Fi
AL A TG KA EE T 2 AN W2 17 B AN FEK S
B, HA ¢ TI5 Y EPS i WAHIE, 450 2 A
MLk R TR, 80T & ¢ Ti5 e EPS i
fEfEZS. 150 EPS $2 USR5 15 AR KW
FHOCHE , 3 2 25 0 T AR I oA W) 35 e i - Bk
I CST, 45 1 T WS + NaOH =32 EPS W45 ¢
TG4 )2 EPS itdt 5 5 EPS (1 L.

®2 RETRERRSE EPS LG
Table 2 Properties of test sludge and ratio of layered EPS
51 CSTR-MAD  SBR-CND  SBR-SCND  SBR-OMR  A?0-DPR  UCT-SFNR
CST/s 1347. 1 56.2 48.9 95.0 31.5 24.5
SEHRIAE/ pm 45.48 158.28 143. 09 135.77 120. 57 239. 64
m( &2 EPS) -m( E EPS) /% 54.4 2.0 2.1 3.4 2.4 2.3
m(LB-EPS) -m( i EPS) ~'/% 17.0 4.7 5.5 5.2 3.5 2.8
m(TB-EPS) -m( i EPS) ~'/% 28.5 93.3 92.4 91.3 94.2 94.9

CST % FH A S Wi e (4 ik PEfg , CST /)y, 3=
B Y5 Y8 1 /K P BB 7). CSTR-MAD Y578 CST 1
ik 13471 s, HBKMERRE 22, 245G HL EPS $EHUE
SATMTR I A H A ¢ TI5 R P EZ EPS s &,
B AR 2R B, p (PN) /p(PS) & T4
58, BT & BRI A B 1 T 5 2 0 o e ok 3
LG, U TS U8 AR AR A, 40 /N5 e 7 A, AT =
FOGPRA K EREAE 22 N, B g ISR EE
T2 EPS [ X5 e i Bk PERE S m g k. R
EVOVEE TSR EPS A3 Z BEEUETE V5 U8 CST 78
b5, %P5 I 2672 EPS LB-EPS £ TB-EPS fii

IR 15 TR R BK PERE K I i I HAERZ EPS ikt
X5 UMK M RE R 5™, AT A R — 2L
HRAE e 2 5 I F-BRi AR 43 A0 ] DL 50 TS
Pk 3 25, CSTR-MAD V5 K125 /N ( <50 wm)
S} 1 2%, SBR-CND , SBR-SCND , SBR-OMR , A O-
DPR V5 Jekife /3 A 7E 100 ~ 200 pm Z A% 2 28,
UCT-SFNR 15U Ri 20w K ( >200 pm) 55 3 25, Xt
551 20508, EPS B RIME , AN [R] 5 i B HUSR 22 1)
AK FEBUSCRAR x4 3 289508, 5 e kife K, &
g 50 EPS it , SR IOHCR 5 26 2 2895 e
AT 200, Zhang 5578 BT K BLT5 Je A8 WOk AL
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Rt AR R HOEPS #EECE I BN, XL TE— & and physical extraction protocols [ J ].  Applied

T FIN TS ERAR R, EPS $ MU .
3 #Fig

1SIRMEANE A Y EPS WUy i 4F ¢ Ti5 e
443 i S5 5 Ve A TR 7K S5 M A AR KA
Kotk I, AN TS EPS SR B0 B ALt b B
BRI AR R R ARS8 EPS 15
FILLF 5L

1) B XA B 58 1 R [R5 8, Jin 4 vk FnH
% + NaOH JEHRH EPS A 850CR 40 8, (HR Ak 42
TSUHS AR A 0 200 7™ A 28, L P ) I R R
FH ; HEE + NaOH X605 6 40 M e SR FE B /N | 3 UL
R e — R R SR .

2) WA XA E LR T LW G5 e EPS (1)
SYIZRBOUM T E I, T ARSI BB RES5 ¢
Ti5letislle EPS i AAEAR R 220, 4 i e
FEA N EPS FE A

3) HF g Ti5RI5IRENRZE EPS Fimsik e, It
H p(PN)/p(PS) K, i5 UK BE# 2% ; AR T
AREL CSTR-MAD 154 ¢ Ti5 R )2 EPS
iR EPS R AAE 50. 0% Lh F L, p(PN) /p(PS)
ik 3.293 i e K 1 g B I A Al T U8 R K 1

4) ARG e R R S5O E EPS $EHUT v
PEHUCR LA R B, Bl 15 e ki A2 A 38 K EPS $R 5L
Fr RN, PEICHOR G .
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