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Adsorption of a Dye by Sludges and the Roles of Extracellular Polymeric Substances

KONG Wang-sheng, LIU Yan

(Department of Environmental Science and Engineering; Fudan University, Shanghai 200433, China)

Abstract: This paper investigated the adsorption of a dyes acid turquoise blue A, by four kinds of sludges including activated sludge, anaerobic
sludge, dried activated sludge, and dried anaerobic sludges respectively. The roles of extracellular polymeric substances (EPS) including the
soluble EPS (SEPS) and bound EPS (BEPS) for the biosorption of activated sludge and anaerobic sludge were further studied. Results show
that the relation between four kinds of sludge adsorption amount and remained concentration of the dye fitted well both Freundlich model ( R*:
0.921 ~0.995) and Langmuir model ( R*: 0.958 ~0.993), but not quite fitted BET model ( R*: 0.07 ~0.863). The adsorption capability
of dried anaerobic sludge ranked the highests and dried activated sludge was the lowest. According to Langmuir isotherm, the maximum
adsorption amount of dried anaerobic, anaerobic, activated, and dried activated sludge was 104 mg/g, 86 mg/g» 65 mg/g, 20 mg/g,
respectively. The amount of the dye found in EPS for both activated sludge and anaerobic sludge were over 50%: illustrating that EPS
adsorption was predominant in adsorption of the dye by sludge. The amount of adsorbed dye by BEPS was greater than that by SEPS for
anaerobic sludge, but for activated sludge the result was quite opposite. The amount of adsorbed dye by unit mass SEPS was much higher than
the corresponding values of BEPS for both sludges. The average amount of adsorbed dye by unit mass SEPS was 52 times of the corresponding
value of BEPS for activated sludge, and 10 times for anaerobic sludge. The relation between adsorption amount of dye by BEPS from anaerobic
sludge and remained concentration of the dye in mixed liquor was best fitted to Langmuir model ( R*:0.998 6) .

Key words: adsorption; sludge: extracellular polymeric substances (EPS); dye; soluble EPS (SEPS); bound EPS ( BEPS)
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Table 1  Characteristics of acid turquoise blue A
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PSR PETIE A (M9 RIS SEPS WK B ¥ 4 K} R
PEWIIE A 05

BEPS [ HEHCR F i g oikte s 54
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et 0 W PRSP v Y YR DRAR TS YR TR R
Pe AN PRAR T Y W B AS [R] % BE G b) BR PE 8 A 1Y)
ST B ST R TR 4> W H Freundlich A5 7Y
Langmuir 8, 25 B WA 3 A 1 I 1w/, +
PR Ve W BRI fe g 22, LA 3 v e R W B i
DI X 3 Rl e I 5, RARTS e R IR B 1 R
I K A W L NEE R N R = AL N R
(RIIR B R 0 AH > AN AE PR BE S 60 me/LI, IR
S5 UR IS MG U IR AT TR 1) S R B 43 Sl A
3025+ 26 mg/g, & 1 I 1k V5 Ve W Bt & (5 mg/g) 1
6.1.5.2.5.4 15 1M 4 FHIK B2 R 148 mg/LIN, TR
STV P e DR TS U TR G R IR B 3 ) Ry
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Table 2 Isotherm models of adsorption

iy AN ZHEX
Freundlich g=Kier Koo n 5395 -5 2 SR 38 E AT K 0 6 2

. Qo be. Qo> b 43908 5 f KW B B R B e AT X I K Qg mg/gs b
Langmuir 171+ be, L/mg

Bgyc. q0 AR B mg/g; ¢, Co 3 591 g o A R RN ST AT R mg/L; B>

BET q:(ca—ce)[l+(B—l)(ce/cﬂ)] HH

F3 4FTIRMM B IE A B9 Freundlich 1 Langmuir ZR X B &4 RGHE:25°C +2°C)
Table 3 Isotherm parameters of Freundlich and Langmuir model for biosorption of Acid Turquoise Blue A by four kinds of sludges (Temperature: 25°C +2°C)

K Freundlich %5 ifi 2 : Langmuir 253 20

K 1/n R? Qo/mg*g™! b x 10?/Lomg’! R?
EPEYS Ve 4.2 0.44 0.939 65 1.05 0.958
RET5E 16.5 0.28 0.960 86 3.20 0.993
T 0.4 0.61 0.995 20 0.54 0.977
FIREG 2.2 0.63 0.921 105 0.69 0.962

4 PP ARy I8 1 W B o8 R BEFF A Freundlich £%
BCR* 4 0.921 ~ 0.995), XAF 4 Langmuir 45 it xX
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Fig.1 Biosorption results of acid turquoise blue A by four kinds of sludges
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Freundlich #5877 & 280G MY, 4 FPy5 Y8 1) 1/n 7E
0.28 ~ 0.63 1A 3G PES Ve FURETG I 1) K, fH75 A
K55 B (3% v e AT PRA TS e IR R B K, A
RGN K, B, ATIA 16.5, TiE SR 1 K,
s/, R 0.4.

M Langmuir 553K F , T RS 6 B d KR
PR AT, A 104 me/g, FL IR A DRATS 8 I FH (86
mg/g) VG PEVTIE (65 me/g), 1% PR ¥ U 1) 55 KW Bt
HIAL, 4 20 me/g.

2.2 EPS41%

ARSI BT B BR3P v U AR A5 e EPS 41
JRAE B N 3R 4 Przs W& PEVS e EPS AR 8075 T
EPS H', DNA & & B8, 3 75 ¢ EPS 1) DNA &
EPS & 5[] 7.5% 1M1 R4 75 e EPS 1Y) DNA H 7
0.4% , Ut I R Y A5 B2 WU 12 vp 40 i i SR D
REGYE EPS S5 A 137 mg/gCEL VSS ), KTk
PEVSYE EPS 8 102 me/g. Wi M5 Ve FIR S5 Ve 419>
oh, RIS R S A e e, L 2R RN A IR, X A
2 HATUIEE R Liu X 75 AN TR R IR KAk
gl BPS AL o & BTS00, KIVH 92% IM145
BRI ERA TS BT 2R g & 8

2 P56t BEPS 7 f #L K T SEPS 7 &, i
P75 Je BEPS & /& SEPS & [1) 35 fif, K475 e (1)

BEPS & SEPS [ 29 % . i M5 Ve 1) SEPS FI BEPS
HREL L PRA V5 Ve I .

F4 EMETRMEETTR EPS H /mgeg™!
Table 4 Composition of EPS from activated sludge

and anaerobic sludge/mg* g~

WG e PREETG YR

Mo

SEPS  BEPS EPS SEPS  BEPS EPS
EZ 1.25 8.45 9.69 0.72 6.80 7.52
IR 0.76  75.98  76.74 ND 117.55  117.55
JETH R ND 8.32 8.32 3.28 7.64 10.92
DNA 0.84 6.85 7.69 0.55 ND 0.55
SR 2.84  99.60 102 4.55 131.99 137

2.3 SEPS Fl BEPS ¥ Fff

T P e AN PR A Ve S B SEPS A BEPS
(B AR 22 JU A, HoXT GBI PR A 1R I8 B ] )
53 R A I BT 8 60 £ 65 W B 5. SEPS Al BEPS (1) AH
X Bt 45 SEPS A1 BEPS 45 H W Bt ) 42 k) 2 1k
T A B T e B ) Bk R YW EE A 1 =
LAY 5 240 5% W B S 8 B0 T EPS TR B 114 4% B} R
PEBIEE A B3 3R 5 A2 05 RS U AR 4807 e TR i 4
BHRPEWIEE A I, H SEPS.BEPS Fl1 EPS (1) AH % W Fft
R T W B 3 11 45 R

&5 TEMTRAMRE SRR AL A 89 SEPS.BEPS 1 EPS IR M £
Table 5 Adsorption amount of SEPS, BEPS and EPS for acid turquoise blue A
PR _ (GRS _ _ RV _
fmgeL,”! ARSI B 6/ 9% 20 B /mge g ! AFOT IR 8/ 9% 20 IR B /mge g !
SEPS BEPS EPS SEPS BEPS EPS SEPS BEPS EPS SEPS BEPS EPS
63 25 28 53 730 23 43 18 35 54 1493 98 193
126 38 31 69 1483 34 74 22 52 74 2518 210 383
189 49 30 79 2783 49 125 19 62 81 2638 296 499
252 56 26 81 3289 44 133 18 82 99.6 2498 401 628
MCHE X BB R U (6 50, W PRV e X Be kiR A HIJE A S

PEEE A MW A, EPSCELEE SEPS Fl BEPS 2 Al
AEG IR B 5340 KT 509% » HLRf & YRR P00 W5 A
QAR FSE T 1S T 14 0, e v v IR 819% . [RIRE, DRATS
VeI v, EPS AHX I B 530K T 509% , BT 4R
JEEHE 0T 3G 0, e R A 99.6% . IX e WY, ¥ v Y A
PRAR V5 e 5t G kLR PR A OB 35 2 i EPS
(W B 51 1Y . EPS AT 40 i 40350, YRk 75 1 S
EPS W B 5 A BERE N\ 40 4 58, BRI, EPS A& AR5
Ve B 244 R 5 BT Y, RAETS IR EPS AH
X I B K T35 V5 R 1) EPS AH X U8 B 2 . 13E 9 A
XF S TG IR, DA TS VR IR I R PRI IE A 1), EPS BT

T TV YRR YR T A B, BRI 46
WEEh 63 mg/LIS, SEPS FRIAHXT I B 5 /) T BEPS AH
X B AL, FLARWIUR A FE T, SEPS 118 AH X Wi Bff &
KT BEPS [/ AH XS W B £, SEPS 1Y 55 R AH X W i
N 56% . 111 PR A5 e BB H, SEPS 1R AT X 1 Bt
AN T BEPS [ AH X W B £, BEPS 1R S5 A AH X
B 5 T Ik 829 . 3X ] HE A PR A i 1k v Ule ) SEPS #2
IRETG VRN HL, EPS WP IR L BHRR PRI A 72 SEPS
A1 BEPS 73 i I, SEPS JZ 1 43 Ml 8 22 . 1fy JR 48075 Ve
SEPS #2 B % 4 72, H BEPS #r s 2, & i V51
BEPS ] 1.3 £i%, K1t EPS Wt 1 44 kHE BEPS 43 it
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SR O TR T R AN S (A S s | I
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A Langmuir #24CR* 250,955 2), 1fii SEPS Xf 44K} 12
PRI 9 () W B Freundlich #2780 CR* 4 0.977 9)
Langmuir 1% 8 #83& H CR* 24 0.9929), % id& H T
Langmuir #52Y ,

0.08
(B) & SEPS

0.06 1= 143345+ 00155 O BEPS

0.04 |- R2=0.9552
0.02 | y =0.0708x - 2E - 06

R2=0.9929
|

& Il
0 —o0—0—4
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1/ce

(A) Freundlich R IUA S5 A, (B) Langmuir S A5 25 R GRLEE: 25°C +2°C)
B 2 &1%i5:R SEPS #1 BEPS I MT S # B 145485 A

Fig.2  Biosorption results of acid turquoise blue A by SEPS and BEPS of activated sludge

0 | 1
2 4 6 8
Inc.
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0 1 | 1
0 2 4 6 8
Inc,

0.012
»=0.2459x + 0.0014 (B)
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= O BEPS
0.004 - y = 0.0081x + 0.0004
R2=0.796
0 ’. ." . ' 1
0 0.02 0.04 0.06
1/ee

(AFreundlich Z5H U4 45 F, (B)Langmuir SR 4100 & 45 R GRE : 25°C = 2°C)
3 REISE SEPS 71 BEPS B Bf S BR 14 4 5
Fig.3  Biosorption results of acid turquoise blue A by SEPS and BEPS of anaerobic sludge
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0.9929), RIULSE A 1, L BRI A B3
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3 it

D SRV RS e TG PRV e A0 T IR 4
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TR R R PR HE A B M BE TS Freundlich #5
B, XA A Langmuir 25 X, FEAH A E H BET 55
I IRV IR T GUR R PR W A R B 1 e A
U, 355 ¥ U PR G B 2 e 22, 3 M v Ve R IR 2T
VIR B B D0 AH >4 . A Langmuir 25 2R G, T4
1598 1) B KR B Bt i 104 mg/ g, FEU RARTS
Ve BB (86 mg/g) i P15 6 (65 mg/g), TG PET5
Ve 1 B KW B F 5 1K, A 20 mg/g.

(20 JE PRV Y8 AR A5 e 1) BEPS 7 & it K
F SEPS i, WG V5 e BEPS A% SEPS (1) 35 fi%,
PRAS 6 ) BEPS 52 SEPS 1) 29 % . 3% PEv5 Ve 1)
SEPS 11 BEPS #BEE Lt PR A8 775 Ye IR . 3% 14 ¥ e A1 IR
G EPS A, AR iR 2, IO 20
B HH IR .

(3) EPS [P0 B 1 oty 28N 38 1k v e F0 IR 48075 Ve
(1R B 2 1R LA 38 KT 50 %, 3 12k 75 8 FH IR 4875 Ve
X ROk 5T A PRI P S 2 EPS IR B T ot
Wk T VR IR B G R RR PR W BE A B, SEPS i B
1 i DR AR5 e W B kIR PR 3 A I, BEPS 2
FEAEH.

(4) FE PRV Je F DR AR5 e SEPS Y FRLAV i 5t WL
B 534K BEPS (1) 54 0t 5 W B 1, 3 1 ¥ Y
Bk 52 %, AT 10 5. UV n Y bk B 4
252 mg/LINF, 5 PEV5 Ue SEPS W it Ge LR R i A 1)
WK%, FIA3 289 mg/g( LA SEPS 1) .

(5)JR%75 7 BEPS HIW Bt H Langmuir #4&, 24
Rt CR* 240.998 60, o k3% P75 ¢ SEPS( R?
240,992 95 ¥ 1t ¥ e FIR 4675 e SEPS. BEPS Jt
Bt G kbR S A T BET BEALRULS, 45 I %
(R* 4 0.202~0.727).
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