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FHE R TR AR (SBR) 2548 T 18 AU YL Rhu B X 16 P35 U8 1 75 e ) B 1 BB B IS 3R & ) ( Extracellular polymeric substances, EPS) 195
Wi, Z5 5L COD  Yuk) K5 3710 25 DR R 34 B 25 10 /K e b ble JE 1 388 I e T g, AELagE /K kb ik B EPS 6 ,&“ﬁfﬂqrf)uff\ﬂﬂ’]iﬁf%" kK Ykt
WHEHR S5 ~40 mg- L' IF EPS £ i 5 YORPR B AN TR I 5 24 30K YoRh v A0 40 mg- L' 6, EPS 2 S50 it 25 ol o J3 1y 48 0 i 0 20>
YeRHINA S EBUE M58 EPS H 8 FUBRAG & N, AL # 5 EPS 48k — B EPS S 7l IR A9 W AR T2 1 B 5 1 EPS 25 i Y
WIERAR, N 8 mgrg ™! ZHEVOOEINEE R TR, ARIYRIHE T EPS 26 R 0 AL B AR, 203 28 F I (A /A g, =240 nm/375 ~
394 nm) FIEE BRRIIE (A /Ay, =270 nm /410 ~416 nm) , {8 A WL ISC U4 1) 2¢ S8 3 AR [

KR G TSR s AR IANR AW (EPS) s = 4wt
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Characteristics of extracellular polymeric substances ( EPS) in the azo dye
wastewater treated by activated sludge
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Abstract: In this study, a sequencing batch reactor (SBR) was used to investigate the nutrient removal and extracellular polymeric substances ( EPS)
production by activated sludge with different azo dye concentrations. The results indicated that the chemical oxygen demand ( COD) , azo dye and nutrient
removal efficiencies all decreased with the increase in dye concentration. However, the influence of dye concentration on EPS production showed a
different trend. When the dye concentration was 5 ~40 mg-L~', EPS concentration increased with increasing dye concentration. However, the EPS
concentration decreased when the concentration of influent dye exceeded 40 mg-L~'. Furthermore, azo dye led to more protein production than humus,
and the protein concentration showed the same trend with that of total EPS. Polysaccharides was the least fraction in EPS, which was 8 mg-g~". The
spectral information about the chemical compositions of EPS was presented by the three-dimensional excitation-emission matrix (EEM). They were similar
in the peak locations, but had different fluorescence intensities. Two major components of EPS were identified as fulvic acid-like at Ay /Ay, = 270 nm
/410 ~416 nm and proteins at Ay, /Ay, =240 nm /370 ~394 nm.

Keywords: activated sludge;azo dye; extracellular polymeric substances (EPS) ; three-dimensional excitation-emission matrix (EEM)
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FEAE T8 R AR BRI 15 5 5 [RT IR, 70 K it 7 ) 2 %)
JK A= B W i A fG 3 (Saratale et al. , 2011) , X A
2= A SIS B AL 1R 5210 ( Weisburger, 2002) .
I, B A RGO K 1) A B Ry PR AP K A PR 85 2
o AR TR) . AT, A B 28 5% BH A 7K I i AR A
FKEZ M AW e Herh B 16 1 75 e vk LA BE
FEAR AR BRBE A0 S5 s, A W S5 T
1Z AL BT

15 PR 15 Ve ML A 3 & W ((Extracellular polymeric
substances , EPS) J& 4 Y A /NS & o0 T R EW),
HAZA S RE AT 20 LR T B4 (Wang
et al., 2011). f17F EPS 55 it i A= 0 AR 3657 4
(Soluble microbial products, SMP) 2 YJAHK: | i SMP
FRPETS I R 48 K COD ) 2 A Ay, T I
EPS (1) 7= Az 23 52 W 3% M 75 e & S8 K K B
(Laspidou et al. ,2002; Ni et al. , 2009). HHjA X
FRAE FE K Th A B BT 23 5 W i PR TS e EPS 1Y 7
= (Sheng et al. , 2005, 2012; FEfRH A %E,2009) , &
AERGRH R KA Ry — A B 5 2K TR 23 % 16 1
1578 EPS 77 A2 5200, DT 52 R 28 G2 X0 15 e ) 1 25
B A H AR T Z SRR K BRI K 22 G T T Pk
T5 PR I R COD 25 BRACR , Thixt EPS (9

PRI A S 6 ) FH IR S8/ 4487 202 471 SBR
S g, TERFFEAR R GRS I P15 8 R e T Y 2%
FRACR ALY F | o — 2P 0F 58 HX 1% P75 8 EPS %
A 73 28R 52 W, JF 45 5 = 4 526 ( Three-
dimensional EEM) G4 A, 4347 3 1415 e EPS
P ZH 3 A2 A, AR50 T B B okt R K A
Prab B R EPS B A FIE I, B v S N g Ak B
ReR AR N g s AT, B — o IR R 3L

2 MEFIFE (Materials and methods)

2.1 RNHE5EMHTE

S6 R P E A A 1 SBR[ R i, HoA 3 R
¥R 3.2 L. R ¥Rk AR &/ 4 (A/0) 1 =X
BAT, BRI 12 b, A HEEK 7 min, Hi4E 6 h, 1
K5 h, ULHE 40 min, HEZK 7 min, N & 6 min. N %y
KSR E] A 24 h, 15 PRk 4 HI7E 15 d A2 Ay, g
S B B R A M A 6 mg- L' SEIR TR % E
K25 C.

FeFP 5 e HH R DU 25 8L A BR A W5 K
AR B, 0. S 4R TS e F SR KT BE L

i, DA SRR I A 35 0 2 90 A 5% ). 0TS JE R 1R
TR A W7 [ 1AMk B2 (MLSS ) 2974 3000 mg- L', ##
Stk B VR R W BE (MLVSS) i 1700 ~ 1800
mg-Lfl.
2.2 EWE K

;w1 ek A A R K 35 57 , B 46 AN [R) ik B2
AR AR (T EELL MR) | STREAFITCHLIS IR K. 2k
7K COD 4 400 mg-L~"; Yetsh v a2 38 hin , 2051
5.10.20 .40 150 mg-L~"; JCHLEG I3 40 o0 41 A%,
Ko B (mg- L") 41 F . NH, Cl 170, Ca( OH), 90,
NaH, PO, 48 ,MgCl, 11,KC1 25 ; & TR K Hhn A
0.5 mL EAECHILF iR TR A S, O TR A
TR S e BE (mg - L7 ) 9 : H,BO, 2, FeCl, + 4H,0
2,EDTA 2,7nCl, - 4H,0 0.4, MnCl, - 4H,0 0. 8,
CuCl, - 2H,0 0. 2, (NH, ), MoO, - 4H,0 1.1 #l
NiCl, - 6H,0 1. %] 1 mol-L~" HCI B NaOH 35
#E7K pH 2 7 Ze A KT 1) A 400 K rh o A s 4l
SRR 20 min, PRIUE SR g H 0 U R A SR
2.3 AMFE
2.3.1 AKFEWAE COD,ZA (NH,) AAREh
(NO; ) Wil (PO~ ) \MLSS \MLVSS R 45 i J7
PE (APHA, 1998). H JE 21 ik B AR 4 Wong 45
(1996) Fi%if /)7 et Je A5 0 R AR K AR
280.45 wm PYEEEREF 2 D8RR AT U8, 76 H AT 5 R
Wk K (431nm ) T FH 8 Ab-RT WL 43 0% Ot BE Ot
( ALPHA-1506 ) I 7.
2.3.2 EPSH#EB 5% EPS KB F3lmig
( Cation exchange resin, CER) #47#2H (001 x 7,
i) B 50 mL {5 R FE f, 48 5000 remin = B0
15 min, Jf] 100 mmol - L' NaCl W ¥E¥ 2 K5, W
FRZZ WP (pH = 7) #h 7275 TR TR & I AR BL 2] 50
mL, I 55 8 BRI AR b, A — & 1Y CER (60
grg™ ). FE4C 200 remin ' FIELENHHE 6 h ERHR
EWFE 3 min, {E CER S22 UUTE. B RTE 4
°C F£: 10000 r+min " .0 30 min, £33 _LIERE
i 0.45 wm BSTRET4E R B8 RS2 EPS ¥
W (Frolund et al. , 1996).

EPS ™ Z B % F B L €8 7% I %€ ( Dubois
et al. ,1956) , FAE 2R b . 35 11 0T 00 B i
K Lowry 350 (Lowry et al. , 1951), 43
AR T 58 TERRVE PR IE. EPS B i 20
BB AR 1 S A (LA COD 3t).
2.3.3 ZHERKAELHN RIS RN EPS KA
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P NEIETEX (Hitachi, F7000 ) BEAT 20 M, =498 6k
TR WA (A ) LRSI (A, ) JE I 200
~600 nm, ¥ 543520 10 nm A1 2 nm; #& k& G
W N 5 nm, 353 B 60000 nm + min ', K
Origin 8. 0 AbFE = 4E5E IR , =42k R
A Rk RR.

3 ZR 5131 (Results and discussion)
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Fig. 1

ANTR]BE 7K Gk e B T 5 3R W i A A A 25 BR
TEM AN 1e F1 d Fras. WE Te HrT LA 248K
PRI BEAE 5 ~ 40 mg- L, H K & R0k AR
JE g AR EBRFIRF] 93% A4y, AT WAR YLLK
JRE X i PR 200 T 18052 W) AN DA 5 T 24 2R K R e J3E Tk 3
50 mg-L™'I  E AN ERF TR 87% , mYekhik
JE ARG LTS Ve A AL . 2SR /K Y oph vk 15 4
IR, ZRGEXF W RRER 1Y 25 B 880 38 e B AT 3 5 s A5 K
SLCIE 1) . an Gk B2 A 50 mg- L™ 1400, B
FRER A K BRI 949% M T BEF 71% 985 LB %

5 mg-LEE, KGR EE LT 0 0, 5B F LA TR
| 100% . BEAE #EK Fophk B2 038 0, e 25 Bk 2
TR MK YRR RN E] 50 mg- LA,
S g %o YR 2 BRFELE TE T9% oAa. X Tl g
P T A 1 2 1 SRS T 1 S D g 1 0 e,
Pt L 5 R AR (Sheng et al. , 2005). ] 1b A
[ HEK YRR EE T COD I EBRIEN, kK Jekbik
FEM 5 mg- L™ M E] 40 mg- L', COD AYF-H %
BRI 90% 22 12 [ 2] 80% ; 11 4 YLk vk B2 i ik 40
mg- L', COD Y BRI N RS 67% , i A 4L
b B A B 2 B PR TS U Xt COD 1 25k
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SEEh IS 25 W R £ 10 2 BR R R E A
89% Ze Ay, MASKTE B IR R 1) 25 bR R 2 HE 7K G kel
VR FEE (R BE TN 228 i B AEG, DA 94.9% I B 2] 899% . LAl
WL BRI TR, U I Jeoeh ik B2 0 38 i B AR 1305 7k
15 VM A R ASCR.
3.2 ARt B 50T K S ARAE

TR AGRHE R 2% — 1 TR I P A 25 Ah-1T L
FEEIENE 2 Fs. B 2a AT LIEH, L0 ~6 h (7
PR N B, v ILYE X (400 ~ 800 nm ) e KWK
WU 431 nm Kb A EE AR BT T % (MR B S5 KL
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PR s EEHRX (200 ~400 nm) 7E 241 nm 1305 nm B JFEEEALI SRR | AR My At B0 .

Qb 4 B I A i 0 | LR S R a B v 241 nm Kb A M6 h B 11 h BYEF AU I AR de R IR A i
HIZ WG R, HIL AT LA R R AR N it B v 4y 431 nm AP TEZW I8 2b) , 518 2a Hi
By T & L A (R R I A—N = N—H1 REG A L, R 9 I R B IR A R R 7
—COOHZEH AL FLHE IR 22 ) A B AERRAR ; 1 305 nm 305 nm A1 240 nm Kb A9 0E R % A= B 8 1 %A% 305
1241 nm Ab WU B B, BEITA TR RS0 05 3 nm A 241 nm WRICIE Y T B 1B Vb ] 4 O A
Je—N-N"-Z W 3 0% — i (@ Ak DMP) B9 AR R AL B WITERFE T BB (Supaka et al. , 2004).

( Yemashova et al. , 2009). 7] W, JuBIFER BT

14 b
1.2
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Fig.2 Uv-Vis spectra of the effluent in the anaerobic and aerobic process ( a. anaerobic process; b. aerobic process)
3.3 EPS k44 #7 mg- g~ M YURL v BE AR I SO W T HEAE 4
AR Gepb vk B RGPS e EPS Bvit OH HEEY T I R I 2 4 W TR 2 EPS, A R4
WA G M AR 3 Fras. WE 3a haf AB 1,4 EPS SIS Fang et al. , 2002) . 1M 47k dh ek
HEK YRR FE M S mg-L™" ETH5) 40 mg-L "0} EPS it — @ W) EPS & H1 F RS X i it
FHEI A 28 mgeg T HEME] 56 mg-g MM HEK  WASA BEY T S FEAR A A AT B, AT RE AR EPS
PRk FEIR S 50 mg- L' B EPS “FX & HEFE A 35 AU it (Sheng et al. , 2005).
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Fig.3  Effect of MR concentration on the EPS production (a. Total EPS; b. Polysaccharides, proteins and humus)
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N

33 %

Xf EPS VR BT RS MR AR R, 2 R K GRhik B S
5 ~40 mg-L~ "I, EPS v [ BOvR B WS n , A
TR E i 13.8 mg-g ™ ETFE30.4 mg-g ™5
WA K bk B i — 2P 4 R 2 50 mg- L', EPS
R BT S R AR SN2 21,9 mg- g7 AR
P55 EPS M EARL—3L. EPS 1 7 R A4 ¥R IR B
& Yo B B g, B> kb ik E RS = 50
mg- L', AR & AN R LT B EPS h £
W 1 52 Jeh R BE S Wi g/ FOMk B A RRE TE 8
mg-g ' A4 AT L AR GORRHR BE AN I 0 M YR
YA 20 EPS LUE AR 92 DL 7
Y A T YRS EPS AR T 7 I
A HE Sy, & E B ] RE s BRI geRkYT HL, DL K E
b A5 SO A E 2% 5 B 1 BE PR B AR, A
TR AP 3% P 75 U8 2R W) 4 52 41 % (Sheng et al. ,
2005) . GO R S — & BES , e )= Y 05
T e BEHG N, L5 7 Jie i P 5 DT AR A
W PR AR 1, 5 80 EPS % & B IR ( Kapdan
et al. , 2003).

Ap/nm

Ap/nm

400
Agm/nm

3.4 EPS = H7R AR

Pl 4 SHTEAN [RGB B R SO i A4 R o 1
1578 EPS ) =4E5O0GTE L. K 4 ATLLVE LA
[ G Rk BT EPS 98 IR o 55 KA B AR R, H
T H BRI B B B A 5 S I I 4L, 3 158 A
EPS M2 43— FRUE (K22 TAF,2012) . IRIIE A
(A /Ay, =270 nm /410 ~ 416 nm) N & HERKY
[T, S5 A 3R G W v R R S A5 R A OG5 Wl
g B(Ap/Ay, =240 nm/375 ~394 nm) N 15
Yz, 5 M AR A h ) 5 R SRR 45 #9  OC (Pons
et al. , 2004). =HEFEIEIEE R, AN R kb B
T EPS IR A FiI B 5GBS, Jukhik
A5 mg-L ™" BEHNE] 40 mg- L~ Wil A A1 B Y
BT JE 4 AN 56. 65 Fil 83. 28 HEHNF] 68. 25 Al
101. 4 ;17 4 Y ph BE RGN E) 50 mg- L' A Wi A
F B {5658 B HIRE AR E] 66. 67 F1 85. 19. WA~k
W Fry ¢ i AN TRl B I EPS A BE AR [R] , 9 i
FEf EPS B & s, X — 45 R 5 ik L i 45

400

Apx/nm
W
=3
(=}

-10.00

" l 450

100.0

PORE
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Fig.4 EEM fluorescence spectra of sludge EPS

4 #5i2 (Conclusions)

1)K S B A 2 B 75 08 R e
COD ekl AR EIRAR BB,

2) IR SR 1 5 . EPS 1 50
SEFURT R, HRREIE R 5 ~40 mg- L' i EPS
1 B AR RY VI 500580, 7 24 3o 1

M 40 mg- L7, EPS 5 A EE A YRk B Y 1
gD GRS 20 P75 e EPS R
FrRNN, B LSS EPS WS — 2 EPS
HH T L B W BE AR T 8 1 RO JEE 5 T EPS PP 2 Uk
FERAR, I 8 mg-g .

3) ZHESOOEIE L R TR A R YRR T
PEi5 e EPS 2GS Rt K A7 B AR TR, 4351 2 2
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FEWE (A, /Ay, =240 nm /375 ~394 nm) FI2E & HL
FRZEIE (A /Ay, =270 nm /410 ~416 nm) , {H 1
W AT 14 2 5 B

SAEMEEE ST 7 7, &, VIR, B O | K TE R L E-
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