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Abstract: Extracellular polymeric substances (EPS) extracted from activated sludge can be applied to remove suspended
solids or heavy metal ions in water. In order to obtain higher EPS yield and pollutant removal, different pre—aeration time
and extraction methods (ultrasonic and formaldehyde+NaOH) were compared to investigate their influence on the EPS
yield, fluorescent components and the functional groups associated with removal of contaminants.. The results showed
that the highest EPS yield was obtained when the activated sludge was pre-aerated for 4h. The yield of EPS extracted by
the method of formaldehyde+ NaOH (FDNH) was 1.5~1.7 times of that by ultrasonic (USC), in which the content of
protein, polysaccharide and DNA were 1.4~1.7, 0.8~2 and 2.3~2.7 times of the latter, respectively. The flocculating rate to
kaolin and the removal efficiency of Cr*" by EPS extracted through FDNH were 16% and 33% higher than that by USC
reaching a removal rate of 65% and 63%, respectively. 3D-EEM analysis indicated that the content of aromatic protein
and soluble microbial metabolites in the EPS extracted by FDNH was 1.4~1.9 times and 1.8~2.4 times of that by USC.
Humic acids were only present in the EPS extracted by FDNH and the removal efficiencies of Cr’* were significantly
correlated (P <0.01, R* = 0.920) with humus contents. Infrared spectroscopy analysis revealed some special groups existed
in the EPS extracted by FDNH in which -OH, -COOH and -NH, interacted with crt by complexation.
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Fig.1

Effects of pre—aeration time and extraction methods on the yield and components of EPS

AEPS i dik; BB, C.C° i, DR A i & i B2 & & F.DNA 4 fik; G-I EPS %Ot /¥
I (0~6h) B VLRI EPS [ BEU(0~6) I #E+NaOH VA1 EPS

TS A EEYE VS e oh i REHh TR S AR AR RI(E 1A),BI7E 0~4h Y EPS
IFIR] ) JE R BB P v . I+ NaOH VEHREL [ EPS 75 Bl PHURGE < INF IR) AR 8 I i 38, 2 J5 EPS 3%



11

B SCNAE TR TR AR I VR T 1 v e M A0 2R 5 W ) 5%

153

I BAARG, TG < 4h IS 2 7 903 LK) EPS 73R
e, 5 o 102.43,156.99mg/gVSS. H +NaOH
LSRRI EPS A& H A 1.5~1.7 £
2.2 TS AT SO EPS 4224153 1H 52
1 %75,PN Fll PN+PS & B4 (E g < 4h
I d5% e, B 7 VLB LK) PN PNAPS 23531 K 75.94
F1100.29mg/gVSS, H i+ NaOH VEHEH 1) PN Fl
PN+PS 7350 127.62,151.97mg/gVSS; 3R 1M 2 Fh
J7FEFEHU) EPS H PS Al DNA 2 5 bl Tl < i
[F1) () AR AR AN — 35, L b P+ NaOH VA H HX
) PS 7EME S 2h A (K 1E), & &N
40.13mg/gVSS; AN 4h I DNA 2815 5 70
WA 214G 5.21mg/gVSS(FF $+NaOH
15, UL TR AT PN A PS,DNA /N
EPS #4b 2441 ok, H I +NaOH VA3 EL ) EPS
H PNLPS DNA 75 540 il fE 75V 1.4~1.7,
0.8~2 A1 2.3~2.7 fi.
2.3 TR AR SO EPS 2kt 0 A X

B Cr B

AN TR 0] 6 75 V2 R0 FR B +NaOH . 724
HUE) EPS X i + 82t (18 1B)FI CrP i 2
Fr# (& 1C) 5 EPS 13 % (Kl 1AM — 2L,
EIZE 4h I EPS Ao il -+ 220 Cr i L Bk
Tt e, FLAH s - (BB R A B T 49% 11
65%, %1 Cr [l 2R LR T 30%51 63%.

FIFH SPSS 19.0 #AF4r#1 T EPS K IL41 5y
55 EPS X ild H2EER RN Cr't B MR %
PR 1), 45 R R EPS 0 =i 1) 2% 5 EPS
U (P>0.05, R*=0.570). PN(P>0.05, R*=0.592).
PS(P>0.05, R*=0.363)H] AW i, EPS X} Cr'*
(W I 2 5 EPS 13 38(P<0.05, R™=0.843).
PN(P<0.05, R*=0.850). PN/PS(P<0.05, R*=0.825)
BEANSE UL EPS R A4 O RN E
) SRR X 5 Wang Z5POWIF 5T R B EPS
BRREANCROAR S ESBH 46
(P& A —2K.

x1 EPSHEBEANBESRRER Cr EBREREXSH
Table 1 Correlation analysis of contents of various components in EPS with the flocculation efficiencies as well as the
Cr** removal rates
ZH CriEbpE  BBE PN PS EPS i PN/PS AWERREE B UESREE  C USRS
CrifLpE 1 0.645 0.850* 0.728 0.843* 0.825% 0.587 -0.111 0.920%*
ENR S 1 0.592 0.363 0.570 0.673 0.583 0.438 0.628

A ERIR0.05 7K EATISR, ¥+ 380,01 K-F AR,

2.4 TS AU 0] EPS 986415 K 4T Ah
PR AinpAl]

SHESOGIEEEM) R LUE 3 g, B
A. B HI C (& 2).A WERURFTUR S (Ex/Em)t
WAy T 225/335~350nm AbB &) Ex/Em 1L
275~280/330~350nm Ab,IX 2 AN HI R AL 1) 2 75
T 8 AW R (RO B KR R R) R v e
IR R R B K R, © g T
320~340/380~450, ML F) & RAR R VA DL, B
Al SRR 55 A R (B A ) IR RS
WA Y B W) 7R $EHUK) EPS i AE
FEPYPL S B 4 R BoR(E 1 Gy H A
1), H8 AL S+ NaOH VA4 EPS H ) 9e
YT AL AR EPS 795 K L n) ik + 48

HBER AN EAH AL, 7 FIRE <, 4h 1] EPS Hp 1)
W A VSRR B UG B . AE TS, Oh.
2h. 4h. 6h I PSR EPS ' A UEsRSELL
FIE+NaOH 7473 5K 30%- 35%- 38%-. 48%;B
W BE 7 M 0% 47%- 58%. 50%;3K1M C %
S ILAE R+ NaOH AU EPS H.

Kl 3A. 3B MIZLAMGHE s, Tl < AL #EX)
AL IR VAT U TR 52 i AFDOS 8 /N AN A S8 T A AR
RV [1)325 ' 26 T H BT X6 EPS 204 52
M 52 DR, AN AR T AH I AR AR S P 325 D6 2, T HL
S T RFAEE AR .2 BT AHEEK EPS
O TR SATZEALAE 3419em ! T B B
I wE e, H i -OH 4R 3 B 1 P2921em !
Bt 5 e A WL Je K4y 2 K I -CH,-



154 EERNES N

OB

38 &

MgEdRENE 5,76 1620em 'y 1540cm ' Abfry 38 21
W e Sy A 1 R I 1( T2 B C=0 {4z 2h) Al
WEfE T(C-N FEIREIA N-H A TB4R50) 75
1460cm " BT W Wi 2 L R C-H R 3h 7
APTLAE 1070em ™ Wlig R SRR S C-O
S AR A0 5 45 500 5 S0P 0 b DL R A e i i P
i+ NaOH VEHEHL K] EPS AH MY L A 1 = W i 1
B RRIREY EPS, HP-OH. -CH,-. C=0.
C-N. C-H 1 C-O il j5a 55.81%-
66.61%. 67.82% 67.82%. 84.84%F1 41.40%.

440
420+
400
380
360 -
340
320}
300
280

260

oo L

220 | 1 1

250 300 350 400 450 500 550 600
Em(nm)

Ex(nm)

440
420
400 -
380
360 I
340
320
300
280

@/
N

#< 2h b

Ex(nm)

260

300 350 400 450 500 550 600
Em(nm)

440
420
400
380
360
340
320
300
280
260
240
220

Ex(nm)

300 350 400 450 500 550 600
Em(nm)

TEAF— 10 2, A e ity U745 H B+ NaOH
VBRI EPS 045 1790~1720cm ' ALK
YR30, %4 I 5 R IR % 7E 1280~1137cm'
e AR PR B, S IR Ry . LRSS
W FH 5 7E 1000~500em ' X35 H 22 AN AR

FELLANETE 1) A7 GLX 7, R WIAT & G A [ 11

AFAE. A+ NaOH IA S EPS H (11X Lep 31

BT A 5 T X O (021, Eoi Wei 2522k iy
COO T 154 JB B 74 £ ;Zhang 454 th S Bl

WAL BTN )i B 1 — 2 M a SR,

440
4201
400
380
3601
3401

m)

)

3001
280
260
2401
220

Ex(nm)

Ex(nm)

Ty

440
420
400
380
360
340
320
300
280
260
240
220

440

420 |

400
380
360
340
320
300
280
260
240
220

300 350 400 450 500 550 600
Em(nm)

2< 2h

e
G 20 ) Xl
300 350 400 450 500 550 600
Em(nm)

74
300 350 400 450 500 550 600
Em(nm)

b



1 BSOS TS R AREU e S TR AN R A 5 155
f T :
400 | 400
380 |- 380
360 F 360
E 340 | g 340
& 320 F Z 320
300 300
- / /<
g (N . o (s
300 350 400 450 500 550 600 300 350 400 450 500 550 600
Em(nm) Em(nm)
2 2 R VELREUR EPS [5G A 43 Fr f B TR N 1) (1 224K,
Fig.2 Changes of the EEM fluorescence spectra of the EPS extracted by the ultrasonic or formaldehyde+NaOH versus
the pre—aeration time
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Fig.4 3D-EEM fluorescence spectrograms of the EPS extracted by ultrasonic or formaldehyde+NaOH before and after
adsorption of Cr*
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