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Adsorption Characteristics of Cd’* and Zn’* by Extracellular Polymeric Substances

with Varied Constituents from Activated Sludge

ZHENG Lei' s DING Ai-zhong'; WANG Jin-sheng'» TIAN Yu’, SUN De-zhi’

(1.Key Laboratory of Water and Sediment Sciences, Ministry of Education, College of Water Sciences, Beijing Normal University, Beijing
100875, China; 2. Department of Environmental Science and Engineering, Harbin Institute of Technology, Harbin 150090, China)
Abstract: Three types of extracellular polymeric substances (EPS), EPS1, EPS2 and EP3, with protein/sugar content ratio of 2.5:1, 7:1 and

9:1, respectively, were investigated as sorbent for adsorbing Cd** and Zn’* from wastewater. The experimental results showed that the
adsorption efficiency of EPS toward Cd** and Zn** were dependent on the composition of EPS. The adsorptive capacities of EPS1, EPS2,
EPS3 to Cd™* were 19.5 mg/g, 27 mg/g, 17 mg/g and to Zn’* 40.5 mg/g, 47.5 mg/g, 37 mg/g, respectively. Kinetic study showed that
EPSI has the highest reaction rate,» while EPS2 has the highest adsorption capacity. All of the adsorption processes reached equlibrium within
1 h following both the Freundlich and Langmuir isotherms. The fitted parameters indicated that varied reactions may occur in EPS-metal
adsorption process and EPS as adsorbent has much higher adsorption stabilization, adsorption ability and appetency to Zn’* than to Cd** . The
adsorption capacity of EPS toward Cd** and Zn’* increased with the sugar content, which suggests sugar is of great importance in the
adsorption.
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Table 1 ~ Composition of cultivated solution for sludge/mg*L~"
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Fig.1 Effect of EPS dosage on Cd** and Zn** adsorption

EPS % M S A AR P 1 LL R TR AN 2 5 s N
RE AT B 38 1, e 4h EPS v 8 i B AH BLAE R
LR AH B R A A B T X
2.3 IR pH X BH A5 1) 52 i

pH AELAS 57 Wi 7= 49 W B 751 W B B < i 1) o A
Fz U R A AR BT A R
AUTHE , TR R, AREG A pH < 7.0 5641 F
AT . Cd 5E Zn’ " WEWIAG pH (HXI A NH, < H,0 A
HNO, #7574 3.0~ 4.0+ 5.0~ 6.0. 7.0, EPS &

30
25 +
Tbn 20
3o
&
18 15
§ —o— EPS1
10 = —8— EPS2
s —a— EPS3
(a) EPSXFCd>* f1 ff
0 1 1 1 1
3 4 5 6 7 8
pH

354 375 mg/LA 250 mg/L, 2647 C* IFE 3k
120 min, 2647 Zn®* [OFE S PR 60 min. %52 pH {H K
LG eI AT

W 2 PR, 3 B EPS X Cd** Fl Zn®* IR B 35
B pH {ETH =i LT, pH 7 B EPS1.EPS2 A1 EPS3 X
Cd>* MR B 523 30 20+ 28 F 20 mg/g, b pH 3 1 155
T 349%- 33% 1 53% % Zn** (BB 323 73000 50+
55 F1 47 mg/g, L pH 3 it T 48% . 39% A1 69% .

SITNR, EPS &A1 KRk R SR 450 PR T R

60
50 -
TQD 40 [
g
w30
§ —o— EPSI
20 |- —85— EPS2
0 —a— EPS3
(b) EPSXTZn®* ¥ ff
0 | | | |
3 4 5 6 7 8
pH

E 2 pH Xt EPS WM Cd** #1 Zn?* BYE2 0T
Fig.2 Effect of initial pH on Cd** and Zn®* adsorption

W, pH ABLFE AR, W T I 1T 23y 4 K IR Y
P R B a2 L o B S R B i TR
Tk, H L5 AR B BH S 1 2 1) £ 5 4 W P A T 3 2
W B R AN AERE T G VBB, pH X Zn®* (R
B2 0 BE K X 1T At EPS W Gt L Zn® IR 2 2
BRI AN [F) 3 B 1), Heh R Bz 1 BE A2 1Y
(R SE AR . A, R[] — A 4 Jeg (1 W B o, EPS3 %2
pH 521 £ 55 2 Fh EPS 284k K, $6HH EPS T8z

O 4 8 52 pH RS I R OK, 5
B o E LRI ARE pH I Ee A A3
2.4 R PR B )5

Cd* B Zn®* W4 pH (T2 6.0+ 0.1,
EPS #5531k 375 mg/LAI 250 mg/L, T 10~ 20+
30+ 40~ 60+ 90~ 120~ 180~ 240 360~ 480 min Y HX
FF: 5 2 G2 B IR ) 50 5 PRS2 SR PR 5

EPS WP Cd>* A Zn®* Tk A5 v, W8 B 20k 23 i I i)



10

8 A AN AR PV P AR SR M C ™ v Zn® A

2853

ARk an I 3 o 3 Bl EPS X CdP Al Zn® 1 B
BILE 0 ~ 30 min Fr BEW AR, 75 30 min 4L, Cd**
Zn®* W BF S o LS B Y 809% LA b, b S 2 T 1
TP IR, T 60 min B IA S0 B .
SHTINA, USSR AW — PR A, B0 4
JE BT R B I S B S B T A S
A2EE AT, B R b i Ay X R 4 4 S A T

30
25 [0
T 20 |
g
”ﬂﬂ 15 -
=
B 10 -
ST (@) EPSRICE* fom it
0 Y A I N I N N
0 20 40 90 180 360
B¢ g et i) /min

BRE MR, VAT AR O A7 —LE4RkiE
0 B A AR B A — AN R B B B A A
FURIL ML AN 22 5 I A 2 1 50 5 A W B AE T 30
min PIREATAR DR . 5 7T AE 5T A 3R A A i K
HCu® WA IUAFAE A 8 min (1P KB B B
Blackwell 2 i 57 Saccharomyces cerevisiae "W 5% &5

Tt AL A PR IR B B B

1% Bt /mg-g !

5=/ (o) EPSXZn*HURH

0 Bl | | | | | | |

0 20 40 90 180 360
W% B A 1 /min

B3 IRHiATE XS EPS WM Ca** F0 Zn®* BISZAE
Fig.3 Effect of time on Cd?* and Zn** adsorption

2.5 WPzl S0t

A Anoop “ TR Gulay RS, IR R
B 7t IS 1) £ 2 A w] T 48 — i e Py RE EAT U
o, BN

o1
0 " kT Q
A, M TR], min: Q,: ¢ N2 EPS X 5 4 1)
WP, me/gs ks WHIE A, o/(mgemin); Q: V1
B A, me/g.
WA SRR A R 2. N Al LUF i, 3 A

EPS X} Cd** T Zn®* 1A W B i BT[] 119 A2 4w AR e b
AL B 2B 7 Rk IR, DL EPS2 X4 Ja 1¥ - iy Wit
Bt 2% Bk f i, EPST X 2 4 R 1 W I O R i
P, 18 EPS1 Sl E i iy, X — i@ IR E EPS T
W] 4 S 1 W A T R A 1 JBPR, 1fT EPS2 )
Cd®* 2™ [P 110 W B 7% o gz v » PTG £H T 2 W6
T4 JE (R BRI T o] 39 s 87, 24 EPS HORE R R 1
T 0 B I A B8 3R 15 e K 4 B W B 2 i, T
EPS W B 5 42 J& iAo 75 2k — B9

2.6 WLBHAREL B

®2 FTEEPSERTEERRM A FSHITLE

Table 2 Compare of kinetic parameters for heavy metal adsorption by varied EPS
EPS1 EPS2 EPS3
R
Q k R Q k R Q k R
Cd** 19.3 0.0225 0.9997 27.3 0.009 00 0.999 6 16.6 0.018 12 0.999 8
In** 40.8 0.0157 0.9999 46.5 0.015 16 0.999 8 37.6 0.008 87 0.9997

40 mL B S BEN 5. 10~ 20~ 30~ 40+ 50
mg/L C&** 8% Zn®* T—F ¥ 150 mL 2R L i, i
WIS pH M 6.0 £ 0.1, EPS B R 375
mg/L. AT Cd* IAE R HR Y 120 min, 65 Zn®* 1IFE
iR 60 min. %5 %% EPS XF Cd** Al Zn®* W B 134 )
SR

W B A5 U 2k WL 4. 4> 5 A Freundlich 1

Langmuir 77 2 BEA TG 2047, 45 A T3 3. A 45
RFRW], AEASIR B FTIE B A Freundlich 1 Langmuir
JiRER ARG 3R 3 A EPS X Cd* + Zn® W Y
2 . Freundlich 77 #2 &80 22 5, Horp od** A1 Zn®*
FIRFIE T2 N > 1, 8 T Giles 701 LAY 2k, 15 W)
2 Bl [R] EPS 2 )7 A5 2 Bl Y 5 5. 5 R AR
K73 MR S 750508 W5 B 5T 6 W B 5 B2, EPS X Zn®*
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Table 3 Related coefficients for isotherm equations of Cd®* and Zn** by EPS
Freundlich /7 7% Langmuir /7 72
EPS &R BT InQ = nK + (1/Nlne 1/Q =1/ Qe + 1/CKQ ) 1/ ¢
K N R Qumax K R
EPSI Cd 7.2203 1.8889 0.964 7 55.56 0.062 15 0.9819
’ Zn 8.088 1 1.9223 0.9823 99.01 0.069 61 0.9917
EPSD Cd 3.5823 1.5649 0.9913 46.17 0.059 44 0.9967
Zn 5.754 6 1.6637 0.9864 81.97 0.059 02 0.998
EPS3 Cd 2.9473 1.596 4 0.9733 43.48 0.045 68 0.9973
i Zn 4.8404 1.6221 0.969 1 73.53 0.05229 0.990 8
W BRI R T e . (2)3 #ft EPS X Cd** F1 Zn®* WK B R 34 0 5

1 Langmuir Ty R W A Q.. K BT
WG B 7510 PR A i 7 TR B 571 55 46 B 2 - 45 5 T AR
P B 52 5 U 4 SR S A B s e R DA R B IR
FIISE ANy . 3 F EPS IR B #4205 FE LA &R 4K
BB EPS X Zn®* IR BAS 5 1 R B B ) RS A
JIBILEX Cd* BBt 5 . EPS X Cd** « Zn®* B KR
& Q. A1 K K/ 4 EPST > EPS2 > EPS3.
EPS1 W AR & P W B g g A5 R0 ) B ik, EPS3 di
72 T3 3 M EPS B 123 BRI A, B EPS Y )
PESr 5 K /N A EPST > EPS2 > EPS3, 1X gl 3 8] EPS
Wbt Cd>* « Zn®* 3k rhoBE AR 22K T 8 B 0, B
e e e g T REEE T84 .

3 g

(3 TGRS P AN RGP Cd* Fl Zn® TR
BEREVE R G, AEADAG TR WL 20 mg/LARAE T, B
i pH YN 6, EPS BN 43 71k 375 mg/LAN
250 mg/L, WIS, EPS1 % Cd** A1 Zn®* W Bt 5 53 il 24
19.5 mg/ghl 40.5 mg/g, EPS2 W 22974 27 me/g
M1 47.5 mg/g, EPS3 WP 2974 17 mg/ghl 37 mg/g.

h 2 AN B« BRI BRI BRSP4 B I e PR
BB B P R o 35 o I R R B 5 1) 809% LA L, IS
TR (P I TR) P I8 21 W B - s 2 ) 22 05 4 R R
B, EPS1 0] 2 Fofv B 4 Ja 1 W B Tl 23 S B, 1T EPS2 X6
CdP* ~Zn®* (1)~ 10 W B 7 o e vy

(3) Freundlich M Langmuir 77 7 3 7] $ifi i 3 Ff
EPS X} Cd?* ~zZn?* IR B FE, T e Sl & 25 Rk
B, 2 4 J@ [F] EPS 2 [A] 47 76 2 MR H 77 K5 3 Fb
EPS % Zn®* W B A5 P W B i 0 AN SR D 3
X Cd* IR B i s EPST W B AR e 1 W B R ) 55
AUy d5zai, EPS3 f 72, R W] EPS WMt Cd** Zn®* 1L FE
HOE VR - EOR T i
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