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Study on the Stratification Components of Extracellular Polymeric Substances
(EPS) in Activated Sludge and Their Variation Characteristics in

Physicochemical Properties
YUAN Dong-qin, WANG Yi-li

(Beijing Key Laboratory for Source Control Technology of Water Pollution, College of Environmental Science and Engineering, Beijing
Forestry University, Beijing 100083, China)

Abstract: To study extracellular polymeric substances (EPS) in activated sludge, EPS were extracted by cation exchange resin
(CER) method as the total EPS, and stratified through centrifugation and ultrasound into three fractions: slime, LB-EPS and TB-EPS
from the outside to the inside. The contents of proteins ( PN), polysaccharides (PS) and DNA were determined separately.
Furthermore, their variation characteristics in physicochemical properties along with the solution conditions were also investigated.
Results showed that the maximum contents of PN, PS and DNA were found in the TB-EPS fraction. The hydrophilic components of the
total EPS and its fractions had a higher concentration than the hydrophobic components, and PN showed a higher hydrophobicity than
PS. The PS/PN ratio had a great influence on Zeta potentials and isoelectric point values of EPS. That is to say, the greater PS/PN
ratio of EPS was, the smaller Zeta potentials for the total EPS or its fractions and the higher isoelectric point values for EPS fractions
were. All Zeta potentials of EPS solutions presented a general decrease trend with increasing pH. The corresponding isoelectric point
values were 2. 9 for the total EPS, 2. 2 for the slime, 2.3 for the LB-EPS and 1. 3 for the TB-EPS, respectively. The increase in ionic
strength resulted in the tendency of straight climb with the increase in the conductivity of EPS solutions, while the corresponding Zeta
potentials tended to reach stable negative values after a rapid increase. In addition, when temperature went up ( <40°C ), the apparent
viscosity of EPS solutions decreased, then gradually kept unchanged in the range from 40°C to 60°C.

Key words: aerobic activated sludge; extracellular polymeric substances ( EPS); stratification components; physicochemical

properties ; variation characteristics
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Cognition process of stratification components of EPS

LEGE L3 1.2 mm G5, BT (4 £1) COKFEIRAE#
H B a0 4 6 R AR 15 e AR 5 — S8 N SE . 1
PEVS P A FEAME B AN 1, AT WA ] I 8] SR 42 (4 75
T4 A — & AL, (HE AT pH FiTi 53 L
FasE, 9 h (7.16 £0.02) mS-em ™' FI(1.54 +
0.01) mS-cm ™.

F1 EHEFREERER

Table 1 ~ Characteristics of activated sludge samples

. TSS VSS VSS/TSS
LR /g L7t /g L7t /%
1 6.95+0. 11 4.81 £0. 16 69.24 +0.10
2 7.02+0.02  4.78+0.12 68.08 £0.23
3 5.92 £0.32 3.58 +0.33 60.49 +0.22
4 6.83 +0.21 4.53 +0.11 66. 42 +0.21
5 9.34+0.10  5.55+0.39 59. 46 +0. 50
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1.2.1 EPS AY$2HL

TEPETSUE S EPS 1% $2 HUR FH BH 25+ 22 45 4 i
(CER) ¥, EPS (43 J2 42 BUR F 55 0/ 88 75
2K AR BUE RN 2 B, R R,
EPS % f# T 100 mmol - 1. ™" NaCl %, (R 250042

(a) JEPS

100 mLyE-:5 IR

4°C, 2 560 r-min '$£5# B0 15 min

YiiEH

(1) 100 mmol-L™" NaCI¥& i #M F5 % 100 mL
(2) IA60 g-g™! (LASSH)AYCER
(3)4°C, 200 r-min 'k 12 h

ViLEY
3FF100 mmol-L™! NaCl
WIS I 5 CER S B

4°C, 10 230 r-min~'%£3# 85 .0:30 min

Pellet

L

YLiEY

13045 pmjiE ——> Pellet

EPS¥i

U L A LA slime, LB-EPS 11 TB-EPS
VAR AE SR v b X IO 1 28 A Nay PO, (2 x 107 °
mol-L™") | NaH,PO, (4 x 10 “mol-L™") , NaCl(9 x
10 mol L") . KCI(1 x 10 *mol -L™") % I — E il
HZH Ve (pH =7 ), ZEAE FH T, 9455 22 i Y
SR 55 R R — 2

(b) 4+ /ZEPS
50 mLyE {578
4°C,4 700 r-min #2015 min
VLEY
(1) RAE MB350 mL ﬂ, slimeyi i
(2) 4°C, 7 400 r-min” %% 8,001 5 min 330.45 umfiE
VLY
(1) R RF S0 mL SN nrpsm
(2) 20 kHz, 480 Wil8#10 min 330.45 pmji
(3) 4°C, 15 500 r-min~"%%5% B5.0>20 min
VL
= .
————> TB-EPS{K
330.45 pmji
Pellet

E2 EPSHIREUTE
Fig. 2 EPS exiraction protocol
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S3E £5 Tl EPS WY pH . B o (CRH
1 mol-L~" NaCl %) , 43 H7 AS [R5 VR 45 14 T 4% i
EPS BN Zeta HLA | HL R AU BE 19 28 AL L
. MSE 20 ~60°C 45 EPS ¥ 0 2 B, 45
TP EEXT EPS VR B 5 ).
1.3 srbrorik
1.3.1  FIRIEVETG IRIER

TGS R pH 2R FH PB-10 %! pH i1 ( Sartorius,
L] ) WA 5 FEL T R80R A b R R RE R A R A
EC215 BRI SR 5E ; TSS, VSS R bR 7 ik
I
1.3.2 EPS fb2¢4i4y

EPS W4 Z 4 ( polysaccarides, PS) 7% & 2K H B
PR - JECTRI vk DU i (s HE ) BT ol A A R ) s SR PR
( proteins, PN) 7% & SR F & IE (% Folin-l 12 i (45
HEWI N A IS A 1) 5 DNA SR FH 28 ek e A7)
B (hRUEYI TR 2- LA D1 ) . Hop EPS By
PS. PN 5 DNA Z Al B Kymg-g ™' (L VSS 3T).

JFAAINAE R 5 3 YT 1A
1.3.3 EPS HfbM: 5

EPS AR B Zeta HL7 % [T Zetasizer Nano Z %Y
Zeta LV 43 M1 AL ( Malvern Instrument , 2 [E ) 43 A ]
GE; XU A E h DV-IT Ula £ W 25 B 3f
(Brookfield , 3¢ [& ) M %E , =4 7N ULAO™H 1 7%
60 remin ' M R TP AR IR 20°C ; EPS 3%
G PRI E J7 95 WL SCHR[ 20,22 ], H EPS AYHEK
FRAE SR B K PR EPS 5 42 B EPS 1 it 70 HOk
FAE.

2 HR5iTH

2.1 EPS W5 241505 ikt
2.1.1 £&)Z EPS ik

IR 1. 2. 1 TR iR Xt 3 51 S S5
FES AT T 5 EPS PSR, I Ak 20 43 43 B 45 1 W
2. NIRIB [E] SR 4R B 75 U6 B EPS Y PN PS,
DNA &2z IR, Hih  DNA & & H il 5301k
3% . 8% . Liao 2511k EPS $2HUS , % DNA 7£ &
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EPS FHY A K 2% ~ 15% Z [a) i, B LLIA Sk 40
WA AEERGT R rh A A . i b T A, AR
X CER WEIF B R E 4l i i L. bsh,
FHOCHFSE RIS 5 EPS th PS/PN( L& i) — i
40.2 ~5, EPS/TSS ffm il ik 15% , A W52 45 5% 1E
AbF FIRVERZ .
*2 BEPSEE
Table 2 Contents of total EPS

PN(LLVSSit)  PS(LAVSSit) DNA(LLVSSit)

> l—'é =

RRRS e /mg-g”! /mg-g”!
3 22.86+0.07  24.36 +0.59 1.50 0. 01
5 66.380.45  17.74 +0.38 7.50 £0. 08

34 TR RIS R EPS 43R4 4y m Ak 4
B, Horp TB-EPS H &AL 2R 4050 0 & it i, HAS )2
EPS ' PS [ B 5 T PN F1 DNA |, SCHK[ 10 ] B9BFSE
WA TRMUMEE R A Yu 57 5T R W
TB-EPS 216 PEV5Ue EPS Hfb22 41 7 5 2 f i 1350
Iy R A] & 3 TB-EPS 1 PN Y& &+ 1L PS Al
DNA 5.

*®3 HEEPS SENTEHE

Table 3 Average contents of different EPS fractions

PN(LAVSSit)  PS(LAVSSiF)  DNA(LAVSSit)

Wi H /mgeg”! /mgeg”! /mgeg”!

slime 8.73 £0.32 14.11 0. 26 0.14 £0.02
LB-EPS 4.47 £0. 10 13.44 1. 10 0.12 +0.01
TB-EPS 12.32 +0. 36 18.26 +0. 54 0.41 +0.03

2.1.2 EPS EBiKME

EPS HE K FREE K 1 35 A ) A e A L B
PERFIE. B3 o5 59504 EPS A2 EPS Bk
FCAEE/NTF 50% , i FBHIE M5 e EPS SE/K 4531
T HK L 5, H EPS 1 PN 57K H K /NI
J¥K . 5 EPS =~TB-EPS > slime > LB-EPS, PS #i7K [,
KNG : LB-EPS > & EPS~ TB-EPS > slime. X
F A2 EPS K ii, PN Bk b g & F PS. 58 H:
JRB, PS Hh— & A BN H R, b
B | BHIE IR 5 E Y, IX ) i B A R
FRILRRESRL S 5K M B REIA Y 20 R Y (IR
ZHE . BEE A% WE A HUKER B RER. X EPS
(1) PN R, HgiK o — M 5 ez iR . S 2R |
WA, AR HEAREY AR
2.2 £5)2 EPS LR AR L FRAE
2.2.1 pH X} EPS [ Zeta HLAV |, HL S RFNEL S
Al

Al pH R 3 561578 EPS K1) Zeta HLAY
AL 4 PR, JEARTE IR EPS VA pH Ak,

50
COPN
S emes
ol SIDNA
35 Fr=— -
s 30
E st
5
20 F
15|
0}
| /)
B : , .

MEPS slime LB-EPS TB-EPS

B3 EPS HEKME
Fig. 3 Hydrophobicity of EPS

H: Zeta AN AME , Hid ) B EPS | slime . LB-EPS
FITB-EPS ) Zeta LMK KN - 11.5, - 10.9,
—18. 21 -21.4 mV. F 4 WHIH T CHkH— L85
H15 U8 EPS 1) Zeta HUNIEE , 5 AW 9T 0 45 RAEAE

S HE A AT R B TS TR AR IR K Zeta HA A
T 7 R FH A VAR ZR AN ) T 38

5 —¥— BEPS
TR AN - 3 —&—slime .
—&A—1.B-EPS
_5 Lo
_10 | .
% -lst
=
§ -20
S8
g 251
_30 |
=35/ - -
_40 -
_45 1 1 1 1 1 1
2 4 6 8 10 12
pH

4 EPS AiKH Zeta FEAIFE pH HIZS 4L
Fig. 4 Variation of Zeta potentials of EPS solutions with pH

M 4 AT LI 4l EPS WY Zeta B
Bl pH 3 0 3L A 52 020 T R 10 ka3, ELAF A6 A
o7 1) A EL A, LTI 247 2 pH s (2.9) > pHy s
(2.3) >pH,, . (2.2) > pHy e (1.3). ZEIRT5 TR
EPS W1k 2% 40 4 PS/PN /NI JF 4K ¥ A LB-EPS
(3.0) > slime (1.6) > TB-EPS (1.5) > & EPS
(1.1),%3)2 EPS 1 PS/PN {5 +H W 45 e, 15 K /)N
I —3, &4 EPS 49 PS/PN g/, B H 45 i 5 20 4
. SRR pH /N AR LRI XTI EPS R
Zeta HLA R IE AR, HA X /N, BB L 5 mV.
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%4 ARSI EPS #Y Zeta RAfL
Table 4  Zeta potentials of EPS from different sludges

. Zeta H1A7/mV
g beplaE S EPS ¥ RIA R -
o R RS HEPS slime LB-EPS TB-EPS
Yu 217 AOmES ZEVR — -18.1 -24.2 -18.6

AO B [ — -18.4 -22.8 -18.5
S 1t 48 (20 Y5 SBR O pH AT R B K EEMEK — — -19.9~ -12.1 —18.1~-12.2
Ramesh % (14] w37t 5 e (NaCl) =0.85% W -38 — — —
1) “—" FoRAIATZIH B E

MU pH K FAEH S, % EPS IR Zeta 2
PEBUTE, B2 pH 153 11 BHTE, 5 Zeta 2
PELEXHE AT 3K 35 mV. AN, 7E Liu % AU BFSE
H 1 PEY5 U8 LB-EPS Ml TB-EPS (1) 45 B 1543 5 A
2.55 F12.20, SAMFF G RA—EL.

i S EPS RN [E] 2 EPS 1Y Zeta HLAHY
AR LA L, pH 1 ~8 I}, TB-EPS [ Zeta Hi,
Prfef; pH N1 T3 4 Bf, 25l EPS VWK1 Zeta HL
B R /NIFF A E EPS > LB-EPS > slime > TB-EPS;
pH 4 ~8 JLE AT, Zeta B K /INIF N . EPS
~slime > LB-EPS > TB-EPS, H.fifi pH 34 K, slime
FLEL EPS 1Y Zeta HLAZ LR FEAR /IN; pH > 9 B,
Zeta L K/ M . EPS > slime > TB-EPS > LB-
EPS. ItAl, LB-EPS f{) Zeta Hi {758 AWFFTHY pH
0 Bl N8 A4 K T TB-EPS 1 Zeta HLAAE pH 1 ~5
ZIRA T 2R AR 4L HHAME i k.

&5 378 pH Xt EPS 3% WK Y HE -5 28 1Y 52 M) 45
W TR EPS %% T 100 mmol - L™ NaCl 59,
H EPS A B — & i SR, A EPS %
WS 100 mmol -L ™" NaCl 75 ¥ L 5 R 5.
2 pH M1 FHZE 3 B, & Fh EPS ¥ R M FH 2+
(B H ) WM RN 2B SR 2 ELT

25

—&— X EPS

—¥— slime

—A— LB-EPS

—W¥— TB-EPS

—k— Sl

—p— 100 mmol-L™! NaCl &

20

—
wn
T

L 5% /mS-cm ™!

ot
T

pH

El5 AEpH T EPS RMESEEL
Fig. 5 Variation of conductivity of EPS solutions with pH

W5 0S4 pH B R B, # W S R AR
F EPS 7y B W T, slime AR & 5.0 L E K,
LB-EPSHI TB-EPS J&i i 75 I b 75 Je i 5 38— 3
M2 pPI T, EATRY H T 380 pH A9 A8 fb s S AR
— 3 AH I S T v

ANIE] pH I ,2 515 S5 e R EUY EPS )
FOUFHEE S T B A8 4k, RBE T 1. 10 mPa-s,
2R TRAK AR IETE (1. 00 mPa-s).
2.2.2 BFIRIENT EPS i Zeta (| HL RN
NLZEE 5 i)

K NaCl S HAT 5 515 R FE M 45 EPS I
P BT, . Zeta B0 ZEfL EFANE 6 Frw,
HR AR bR 3 s 1 1 9 B (LAY NaCl ok B2 it
). A 0L JFE AR5 U8 B EPS. slime, LB-EPS Al
TB-EPSI# Zeta FLAARIK A -8.3, —12.7, -22.1
Fl-12.6 mV. i 5550 EE R38N, 450 EPS T
Zeta W3 A7 6 i E b, 24 B F ol B2 i #) 10
mmol - L' 5, LB-EPS 1 Zeta HL 0 [ T} 25 1 R A
HE 3 F EPS 1 Zeta FLAIEARRFEAZE. XAFE4H
B0 i S 2 R | BB A B v B 3 n , 7%
T Zeta B SE 2RI T, JG Bk TR ™ |
TR Zeta AT A AR5

[f]— B TR, 4 Fh EPS B Zeta HLAK
IR H7 ¢ B EPS > TB-EPS > slime > LB-EPS. X F
TG Ue e EPS M k2= 45y i oE R B, IR AR TS
R4Fh EPS 1 PS/PN K/NIiiF 4 LB-EPS(3.0) >
slime(2.1) >TB-EPS(1.7) > B EPS(0.3),5 Lt
Zeta HE A K /NI A J, X — 25 R R W] EPS
PS/PN#EK , AHIV [ Zeta HLAV /)N,

WL EPS 3 WP AN A e B B NaCl %
W, WF9T B 5 BE X EPS I L R . & 7
AR R M 25 5. BE A B R R EG , E EPS
W5 100 mmol - L' NaCl i&¥ . 702 EPS 5
SRR Y 2R T B, X vl B Ak
JNEY NaCl & 80 TR0 E 2N K.

H T EPS R4S 413V BE 24580 0N | 85 -9 BT



10 4 AT WG MANRE A Y (EPS) 19732 4153 B JEERAL P ) AR AL RFIEBIF 5 3527

Zetalifii/mV
]
I~
T

-18 —&— HEPS
0 L —&— slime
—A—LB-EPS
22 [ —v¥— TB-EPS
_24 L
1 1 1 1 1 1
0 20 40 60 80 100

B 9% B /mmol - L™!

Ee6 EFREX EPS AR Zeta AL

Fig. 6 Effect of ionic strength on Zeta potentials of EPS solutions

20 - —m— $EPS —@—slime —A—LB-EPS
18 F —¥—TB-EPS —— ik
—— 100 mmol-L™! NaCl ¥

53R /mS-cm™

0 20 40 60 80 100
B 58 i /mmol-L ™!

E7 BFREIEPS BRHNESERMN
Fig. 7 Effect of ionic strength on conductivity of EPS solutions

1 SH15 SIEMETSUE B EPS VAT EPS B4y Z A TR
FMBH LY TC W5 R . FE IR E R 20°C B, HL R
BB TR Al K M FRUE B (1. 00 mPa-s).
2.2.3  IRAEXT EPS ()3 WAL S

AR ,5 SFE A EPS IS A 4 SI578
57 )Z EPS SR M F WAL AR b th & an &l 8 i, ik
R 20°C B, EPS I T 1) 26 0 26 B ¥ 5 8 4l ok
(1.00 mPa-s) FAHIT. BEWREERTHE, 400 EPS ¥
BB B ZRh HE TV 5 2l BE SR B 40°C ), TR I
(220G SE A fa TR, b LB-EPS, TB-EPS
I FMBE AR IR — 8L — LT B s
BIETE o FE L o FHEE S shm bk, [#45 EPS
YRS F-HE ] G SERE AL, 43T TR K, ] D33
EPS VR WLRG R 21 5 R T = B — e (Y,
VTR 431 R 780 5 ) B AR [ 5, 24 IR B 4kt I
TRk, AT LUnag o7 1 32 8, (B R 0 R UES

JEREETRGE. WA TEF—IRE T, & F EPS %
W 2 1) R NI

24 EPS > TB-EPS =~ LB-EPS > slime. 5% i % B
MR FRRZ, R R R om0 79 5 v
EFAR . RS X SER B AER ST
LRR2ER.

12

1.1

—_
[=4

FWEE/mPas
=]

0.8

0.7 1 1 1 1 1 1 1 1 1
20 25 30 35 40 45 50 55 60

R C

E 8 REX EPS BRMRUFEI

Fig. 8 Effect of temperature on apparent viscosity of EPS solutions

3 it

(1) ZETEPETS V43 2 EPS th TB-EPS (15 & i
=, B 2= 4l 53 19 % T 4 PS > PN > DNA.
EPS JEIK 4153 1) & i = T K 4143, 72 EPS
PN Y5 /K b B2 & T PS.

(2) % Fh EPS V8 WL 1Y Zeta WL A7 YJBE pH (1) 38
NS 5 A S A ) B RH N Y A R A 4 i
H PHygps = 2.9, pHye = 2.2 pHippps = 2.3,
pHoypeps = 1. 35 432 EPS 1 PS/PN &7, XoF 1 4 45
SRR R 5 ] — B TR T JR LR T5 Je 45 Fl EPS
PS/PN #iE , XF % fY Zeta {78 /)N; pH 1 ~8 I,
TB-EPS [ Zeta A7 54K ; 72 pH 4 ~ 8 YU Hl N I,
slime 144 EPS [ Zeta HLA7 FLESHEIT ; 45 F EPS %
W L SR AE pH 1 ~ 3 30 9 R [, B S
K TFRE.

(3) BB T3 B 3G T, 4 Fh EPS ¥R Zeta
HL SR T I — R B R R IR
Sl EPS VAR ) FL R B A B T 0m B R B N L2k
T X EEEAMIN NaCl /520 25

(4) TEMETE RSP EPS VTR A LA TE 20 ~
40°C 2 ] iGH T [, 7 40 ~ 60°C =22 8] I Z i A4 5E
[F]—R BT X 48 EPS [ K/NIF . £ EPS > TB-
EPS = LB-EPS > slime.



3528

w5

7

Es 3%

S 3k

[1]

[10]

[11]

[12]

[13]

[14]

Tian Y, Zheng L, Sun D Z. Functions and behaviors of activated
sludge extracellular polymeric substances ( EPS): a promising
environmental interest[ J]. Journal of Environmental Sciences,
2006, 18(3) : 420-427.

Urbain V, Block J C, Manem J. Bioflocculation in activated
sludge: an analytic approach [ J]. Water Research, 1993, 27
(5): 829-838.

Li D H, Ganczarczyk J J. Structure of activated sludge floes[ J].
Biotechnology and Bioengineering, 1990, 35(1) : 57-65.
Wingender J, Neu T R, Flemming H C. Microbial extracellular
polymeric substances; characterization, structure and function
[M]. Berlin; Springer, 1999.

Frglund B, Palmgren R, Keiding K, et al. Extraction of
extracellular polymers from activated sludge using a cation
exchange resin [ J |. Water Research, 1996, 30 (8). 1749-
1758.

Wilén B M, Jin B, Lant P. The influence of key chemical
constituents in activated sludge on surface and flocculating
properties[ J]. Water Research, 2003, 37(9) : 2127-2139.

Yu G H, He P J, Shao . M. Characteristics of extracellular
polymeric substances ( EPS) fractions from excess sludges and
their effects on bioflocculability [ J ].
2009, 100(13) : 3193-3198.

Bioresource Technology,

Liao B Q, Allen D G, Droppo I G, et al. Surface properties of
sludge and their role in bioflocculation and settleability [ J].
Water Research, 2001, 35(2) : 339-350.

Sanin F D, Vesilind P A. Effect of centrifugation on the removal
of extracellular polymers and physical properties of activated
sludge[ J]. Water Science and Technology, 1994, 30(8) . 117-
127.

s, AU, W8, 8. 15U R 1 BUR 28 o A
XHBKPERE RIS ()] BRBIRE, 2008, 29 (12): 3457-
3461.

Nielsen P H, Jahn A, Palmgren R. Conceptual model for
production and composition of exopolymers in biofilms[ J]. Water
Science and Technology, 1997, 36(1) : 11-19.

Rosenberger S, Kraume M. Filterability of activated sludge in
membrane bioreactors[ J|. Desalination, 2003, 151(2): 195-
200.

Lansky M. Study of activated sludge separation problems focused
on biological foams formation and their suppression[ D]. Prague:
Czech Republic, 2003. 13-14.

Ramesh A, Lee D J, Hong S G. Soluble microbial products
(SMP) and soluble extracellular polymeric substances ( EPS)

[15]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

from wastewater

sludge [ J ].
Biotechnology, 2006, 73(1) . 219-225.

Applied  Microbiology and

Li X Y, Yang S F. Influence of loosely bound extracellular
polymeric substances (EPS) on the flocculation, sedimentation
and dewaterability of activated sludge [ J]. Water Research,
2007, 41(5) : 1022-1030.

Yu G H, He P J, Shao L. M, et al. Extracellular proteins,
polysaccharides and enzymes impact on sludge aerobic digestion
after ultrasonic pretreatment[ J]. Water Research, 2008, 42 (8-
9): 1925-1934.

Yu G H, He P J, Shao L M, et al. Stratification structure of
sludge flocs with implications to dewaterability [ J ].
Environmental Science and Technology, 2008, 42(21) . 7944-
7949.

e, HE, IMER. pH XG5 JRMISNR G0 T 45 R
RIMFFEZABIFE)]. BR5ERl:, 2007, 28(7) : 1507-1511.
WER, FEM, HE, & REXE S MM S WA
SPGB S []. MR Tl K224, 2007, 39(8) :
1331-1333.

Jemyg, e, FEIR, S ISR SN R G WA T 53R
R B[], A E KK, 2008, 24(15) : 1-6.
Sheng G P, Zhang M L, Yu H Q. Characterization of adsorption
properties of extracellular polymeric substances ( EPS) extracted
from sludge[ J]. Colloids and Surfaces B; Biointerfaces, 2008 ,
62(1): 83-90.

Jorand F, Boué-Bigne F, Block J C, et al. Hydrophobic/
hydrophilic properties of activated sludge exopolymeric substances
[J]. Water Science and Technology, 1998, 37 (4-5): 307-
315.

Antonio D B.

Composition, fate and transformation of

extracellular polymers in wastewater and sludge treatment

Tthaca; Cornell University, 2000. 4-32.
Dignac M F, Urbain V, Rybacki D, et al. Chemical description

processes| D .

of extracellular polymers: implication on activated sludge floc
structure[ J]. Water Science and Technology, 1998, 38(8-9) .
45-53.

Liu X M, Sheng G P, Luo H W, et al.
( EPS) to the

Contribution of

extracellular polymeric substances sludge

aggregation[ J . Environmental Science and Technology, 2010,
44(11) . 4355-4360.

WIS, KK ZER [ M. dbat. RS T R
1, 1979.

Hoffman R L. Factors affecting the viscosity of unimodal and

multimodal colloidal dispersions[ J]. Journal of Rheology, 1992,
36(5): 947-965.



HUANJING KEXUE Vol.33  No. 10

Environmental Science ( monthly) Oct. 15, 2012

CONTENTS

Nutrient Dynamics over the Past 100 Years and Its Restoration Baseline in Dianshan Lake LI Xiao-ping, CHEN Xiao-hua, DONG Xu-hui, et al. (3301
Possibility of Total Dissolved Solid as one of Nutrient Baselines in Inner Mongolia-Xinjiang Plateau «w+-veeseeeeeseseeresiensnminiisinninenen XI Bei-dou, ZHANG Ya-li, XU Qiu-jin 3308
Fluorescence Discrimination Technique for Phytoplankton Based on the Wavelet Analysis +oveveeveesresnessene ZHANG Cui, SU Rong-guo, SONG Zhi-jie, et al.

3323

(3301)
(3308)
(3314)
Analysis of Algae Bloom and Lake Surface Bright Temperature in Chaohu Lake Based on Remote Sensing Data «+««+sereeseressensesesseneneneninnennns ZHANG Hong, HUANG Yong, LI Kun ( )
JIANG Lin, ZHONG Mao-sheng, JIA Xiao-yang, et al. (3329)
DU Xiu-ping, MENG Fan-ping, WANG Zhi-feng, et al. (3336)
(334)
(3352)
(3361)
(3368)
(3376)

Case Study on Groundwater Health Risk Assessment and Remediation Strategy Based on Exposure Pathway «-«+«+-«+eseee
Pollution Assessment in the Intertidal Zone of Beibu Gulf Using Multi-hiomarker Pollution Index *
Estimation of the Flux of Inorganic Nitrogen Flowing into the East China Sea

WU Jia-lin, FANG Qian, SHI Xiao-yong, et al. ( 3344
YU Juan, ZHANG Yu, YANG Gui-peng, et al. (3352
+ MENG Jia, YAO Qing-zhen, CHEN Hong-tao, et al. (3361
* YU Ju-hua,ZHONG Ji-cheng,ZHANG Yin-long, et al. ( 3368
YANG Ping-heng, LIU Zi-qi, HE Qiu-fang ( 3376
Comparison of Trophic Status Analysis of the Daning River Within the Three Gorges Reservoir Before and After Experimental Impoundment = ++++«+xsseseessesssssesmmenensnineninsnnincnenen

Effects of Ocean Acidification on Growth, Phosphate and Nitrate Uptake of Macroalgae

Forms and Distributions of Particulate Phosphorus in the Surface Sediments of North Yellow Sea -+
Influence of Dredging on Sediment Resuspension and Phosphorus Transfer in Lake; A Simulation Study

Transportation and Sources of the Suspended Particle in a Karst Spring During a Storm Event

5

............................................................................................................................................................ ZHANG Jia-lei, ZHENG Bing-hui, LIU Lu-san, et al. ( 3382)
Nitrogen and Phosphorus Loss in Different Land Use Types and Its Response to Environmental Factors in the Three Gorges Reservoir Area =«+essesseseesesesserensnemenenninisineneininenne
""""""""""""""""""""""""""""""""""""""""""""""""""""""" -+ ZENG Li-xiong, HUANG Zhi-lin, XIAO Wen-fa, et al. (3390)
Research on Stormwater Runoff Quality of Mountain City by Source Area Monitoring LI Li-ging, SHAN Bao-qing, ZHAO Jian-wei, et al. (3397 )
Occurrence Form and Ecological Effect of Selenium in Soil and Surface Water of Kailuan Coalfield of Tangshan -:+«+sesssseeereereens ZHANG Xiu-zhi, MA Zhong-she, WANG Yin-nan, et al. ( 3404)
Distribution of Arsenic in Surface Water in Tibet —«rerereerererseeninemmimnmmnn +++ WANG Ming-guo, LI She-hong, WANG Hui, et al. (3411)
Spatial and Temporal Distribution of Trace Elements in Surface Water in the Xilin River Basin ++ XUE Li-yang, WU Jin-kui,ZHANG Ming-quan et al. (3417)
Concentration Characteristics and Ecological Risk of Persistent Organic Pollutants in the Surface Sediments of Tianjin Coastal Area ++++++- LU Xiao-xia, ZHANG Shu, CHEN Chao-qi, et al. (3426 )
Distribution, Sources and Ecological Risk Assessment of Polychlorinated Biphenyl in Sediments from Songhua River Basin -«++++++++- NIE Hai-feng, ZHAO Chuan-dong, LIU Ying-han, et al. (3434 )
Distributions of Matrix-Bound Phosphine in Surface Sediments of the Yangtze Estuary LI Tao, HOU Li-jun, LIU Min, et al. (3443)
Geochemical Characteristics of Nitrogen in Core Sediments from Sishili Bay, China <<+ YANG Yu-wei, GAO Xue-lu, LI Pei-miao ( 3449 )
Composition of n-Alkanes in Soils of the Yellow River Estuary Wetlands and Their Potential as Organic Matter Source Indicators —«+++++++ YAO Peng, YIN Hong-zhen, YAO Qing-zhen, et al. (3457)
Study on the Degradation and Transformation of Nonylphenol in Water Containing Algae —+»«+eseesrereessesnessinenisinennnns PENG Zhang-e, FENG Jin-mei, HE Shu-ying, et al. (3466 )
Degradation of Orange IV Dye Solution Catalyzed by Fe(NO5) ;-(NH,) ,5,04 Modified GAC in the Presence of H,0, +=+ ZHANG Ying-jie, XU Shu-fen, LIAO Xia, et al. (3473)
Synthesis, Characterization and Electrocatalytic Performance of Pd/CMK-3 for Formic Acid Oxidation ~«++++»++-+ + HUAN Zhong-ke, ZONG En-min, WEI Dan, et al. (3479)
Research of Controlling Condition for Aeration Stabilization Pond Dealing with Sanitary Waste of Countryside »+ LI Huai-zheng, YAO Shu-jun, XU Zu-xin, et al. (3484 )

Pilot-Scale Study on Treatment of Municipal Sewage by Moving-Bed Biofilm Reactor with the Hydrophobically Modified Polyurethane Cubes as Biofilm Carriers —«+««seeeesesserseressesencnenens
............................................................................................................................................................ WANG Yu-xiao, KONG Xiu-gin, FENG Quan, et al. ( 3489)
Variation Characteristics of Relative Molecular Mass of Different Fractions of Dissolved Organic Matter from Landfill Leachate During Photocatalytic Degradation «+«+seesessereseeesesnesninnenee
............................................................................................................................................................ JIA Chen-zhong, WANG Yan-xin, ZHANG Cai-iang ( 3495 )
Mechanism of Nitrogen Removal by Partial Nitrification-Denitrification Biological Filter SUN Ying-xue, XU Dong, TIAN Yuan, et al. (3501 )
Performance Stability of CANON Reactor and Temperature Impact + FU Kun-ming, ZHANG Jie, CAO Xiang-sheng, et al. ( 3507)
Denitrifying Phosphorus Removal in a Modified University of Cape Town (MUCT) Process Treating Domestic Wastewater Under Nitrification and Nitritation

......................................................................................................................................................... ZENG Wei, WANG Xiang-dong, ZHANG Li-dong, et al. (3513)
Study on the Stratification Components of Extracellular Polymeric Substances (EPS) in Activated Sludge and Their Variation Characteristics in Physicochemical Properties =«++seseeeeeeseereenees
YUAN Dong-qin, WANG Yi-li (3522)
Influence of Organic Loading Rate on the Start-up of a Sequencing Airlift Aerobic Granular Reactor LIU Meng-yuan, ZHOU Dan-dan, GAO Lin-lin, et al. (3529)
Degradation Kinetics of Naphthalene by Anaerobic Sludge and Analysis of the Bacterial Biodiversity CAO Xin-kai, YANG Qi, HAO Chun-ho ( 3535)
Sorption of 17B-estradiol to Soils and Sediment and Influence of Pig Manure DOM =+ - ZHANG Feng-song, LI Yan-xia, HUANG Ze-chun,et al. (3542 )
Sorption Isotherms and Sorption Thermodynamics of Faecal Sterols on Offshore Sediment «+:esseoreeeseeeesennernsssensiene -+ ZHANG Xiao-lei, XUE Wen-ping, XU Heng-zhen et al. ( 3547)
Research on the Characteristic of Toluene Migration and Distribution in Fluvo-Aquic Soil and Its Simulation Using STOMP Model =~ ++++++++-- HAN Chun-mei, RAN Juan, ZHANG Hui, et al. (3554)

Predicting the Cadmium Bioavailability in the Soil of Sugarcane Field Based on the Diffusive Gradients in Thin Films with Binding Phase of Sodium Polyacrylate
WANG Fang-li, SONG Ning-ning, ZHAO Yu-jie, et al. (3562)
TANG Min, ZHANG Jin-zhong, ZHANG Dan, et al. (3569 )

In Situ Immobilization of Ph and Cd in Orchard Soil Using Soil Ameliorants

Health Assessment of Heavy Metals in Roadside Soils at Different Operation Time; A Case Study of Zhengzhou-Shanggiu Section Along the Lianyungang-Horgas Highway «+oerrereeresesneeees
........................................................................................................................................................................... GU Lei, TONG Zhi-gi, SONG Bo, et al. (3577)
Amelioration Effects of Wastewater Sludge Biochars on Red Soil Acidity and Their Environmental Risk LU Zai-liang, LI Jiu-yu, JIANG Jun, et al. (3585)
Effect of Polyeyclic Aromatic Hydrocarbons on the Vertical Distribution of Denitrifying Genes in River Sediments + WU Yan-yang, WU Qun-he, HUANG Shan, et al. (3592)
Role of Layered Double Hydroxide (LDH) in the Protection of Herring Testis DNA from Heavy Metals =<+ B RN -+ TANG Yi-ni, WU Ping-xiao, ZHU Neng-wu ( 3598 )
Mineralogical Characteristics of Biogenic Schwertmannite Amended with Different Pretreatment Methods and the Effects on As( 1) Absorption «++eesessssssssssssmsmimnnminniiiissinnns
.................................................................................................................................................................. LIANG Jian-tu, LI Zhe-ying, LIU Fen-wu, et al. (3606)
Mechanism of Heavy-Metal Tolerance in Pseudomonas aeruginosa ZGKD2 ZHANG Yu-xiu, WANG Jiao, CHAI Tuan-yao, et al. (3613 )
Isolation, Degradation Characteristics of a 1,2-Dichloroethane-Degrading Strain WANG Xiao-chun, CHEN Dong-zhi, JIN Xiao-jun, et al. (3620)
Isolation and Degradation Characteristics of PCB-degrading Strain SHI Shun-yan, FENG Liu, GONG Ji (3627)
Preliminary Study on the Changes of Bacterial Community Structure in Qingcaosha Reservoir During Water Storage Period — «++«+sereereeressensereeneeees PENG Qing, XIE Bing, YUAN Qi, et al. (3634)
N,0 Exchange Fluxes from Wheat-Maize Crop Rotation System in the North China Plain -+ + PEI Shu-wei, ZHANG Yuan-yuan, LIU Jun-feng, et ol. (3641 )
Analysis of the Impact of Two Typical Air Pollution Events on the Air Quality of Nanjing «+:+e-reereeresrerserrsnsennisinsesnees WANG Fei, ZHU Bin, KANG Han-qing, et al. (3647)
Pollution Characteristics of VOCs in Ambient Air of Ji'nan City in Summer - LIU Ze-chang, ZHANG Fan, HOU Lu-jian, et al. (3656 )
Effects and Mechanism of Catalytic Decomposition of Ozone by Activated Carbon ++++--: - LIU Hai-long, ZHANG Zhi-ye, ZHANG Zhong-ming,et al. ( 3662 )
Effect of Elevated 05 on the Arbuscular Mycorrhizal (AM) Structure and Glomalin Production in Two Genotypes of Snap Bean -+ WANG Peng-teng, DIAO Xiao-jun, WANG Shu-guang ( 3667 )
Effect of Exogenous Calcium on the Activities of Antioxidative Protective Enzymes in Ectomycorrhizal Fungi Under Aluminum Stregg «+seovevsesssessssssienisssmenininn e
......................................................................................................................................................... WANG Ming-xia, HUANG Jian-guo, YUAN Ling, et al. ( 3675)

Mercury Pollution in Cricket in Different Biotopes Suffering from Pollution by Zinc Smelting «+:«+«+sessesrssessessssesnnesssnsininensinnnseees ZHENG Dong-mei, LI Xin-xin, LUO Qing ( 3680 )



£
B E%H .

CGrMER=ZIE 6

WRFH F i

28 = S I S

% F. (FEREEARY)

EHREERS

¥ : iy 37
HENT FARR FULE T4 W W W # g
= Nz S Ttz ==
AOKE XEE BEE BRET & S RE
) St A .':Ij b} ==
P AIE B 2 AR KRB ORI BokE W &
e ¥ W3 =
WO WO O 4R b B
-
"o B3 ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly  Started in 1976)
(AF 1976 4F 8 AGIH)
20124510 A 15 H 33% 45101 Vol.33 No.10 Oct. 15, 2012
+ Z T EPER Superintended by Chinese Academy of Sciences
* B P EREEE S THEM I T Sponsored by Research Center for Eco-Environmental Sciences, Chinese
27 7 ( [)J\;’;&j]ufla):jjf?) Academy of Sciences
b BT R AR R 22 T 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
R N7 R Protection
* % KK B School of Environment, Tsinghua University
% B (R ) G E RS Editor-in -Chief OUYANG Zi-yuan
BT 2871 (5 (T 0L \leﬁ' Edited by The Editorial Board of Environmental Science ( HUANJING
I H
18 5, MR ZwAS : 100085 ) KEXUE) )
H1E 01062941102 01062849343 P. 0. Box 2871, Beijing 100085 , China
1*}:&:010—62849343’ Tel:010-62941102,010-62849343 ; Fax:010-62849343
E—mai.l;hjkx@ reees. ac. en E-mail ;: hjkx@ rcees. ac. cn
http : //www. hjkx. ac. ¢n http://vwww. hjkx. ac. en
H BR 4 8 2 " it Published by Science Press
b A AR AL 16 2 16 Donghuangchenggen North Street,
WA . 100717 Beijing 100717, China
BN R 2 4T dvatdvakeEnky)— Printed by Beijing Bei Lin Printing House
% 1T 44 4 & K ik Distributed by Science Press
117 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT m Ab %@%ﬂﬁﬂm%% Domestic All Local Post Offices in China
.9[‘,._,\&?'_]' ':F‘ [Tfl Iﬂﬁ%@:ﬁﬁgjlé\/é§ Foreign China International Book Trading Corporation (Guoji
(63T 399 {5%6) Shudian) , P. 0. Box 399, Beijing 100044 , China
= ISSN 0250-3301 Ny
R —_— : 2-821
HERETS 11.1895/X ERNEEKS: 2-8
W E i 70.00 50 ESEZITRS: M 205

EWSHhArFET




	01.pdf
	fm.pdf
	zm.pdf

	20121032.pdf
	02.pdf
	ym.pdf
	fd.pdf




