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T A1 54 A A g Ak B R v (R G Ak, e B R ARG IO B B A b B 5 R R EPS T SMP, E 5 AL £
Wi EOR . MRS SR, TR R K A A B b EPS ZH 4N UERAE . 4B BK (040 A B EPS & ZH 4> O . 4R
W —GEY LI EPS B R (T2 05 & i Y WA, A AL EPS S EERE N, WS MRS U SMP 5
BT T TE Hh K 4 A B AR P LA BOR B ARRIE s BRSNS e EPS R A R fEEE R, 15
10 W BF B EPS X 4% B2 A& 55 . EPS MUK A# AR A 43 AN HE RO AT R R i R B ST RS s W, KRR e b
S-EPS W Ui, £ LB-EPS iz #i5i% & TB-EPS H i 77 . H3¥E Pearson 43 #r &5 5K, B 4% 10431 5 M 71 K A 9 B PS/PN
KPS & i IE A (P<0.01). Rh b BT 45 5 w1 by il S5 10 7K 4% HI 0 J 4 o) D R B A B4R it S5

KHEIR MSNRAEY; WK WS %

il 8 7K 2 A A A B S R K P R A AT 0.3~1.0 mg- L A AR, AR ) R K AR AL R A s e v
A 1~10 gkg ' BYEES . IEPETS U A W 0 M A R A1) (extracellular polymeric substance, EPS) 32 %
Hor 452 (PS). H BT (PN) AIZIR S 2 WP, WHSA RERRE, BAE . 2, Rk
GG A L, RENSE AT B A K . A . BT RIS VE X E & R HE AT A A E B, EPS X% A T
WA ZHCHIE ., AR IR, EPS BREZEH )2 . EPS & & 240 43 Lo (9 R ok Bt 3R B 1 25 5%
Wi B 4> J& 7F EPS LMt A WF5E™ &, EPS X Crrmg Bt i 32 B4R HIA 5 2 R 3L f iR &L, JFE
AY EPS-Cr* Bt {5 4

EPS — i} AT 43 4 #A BB 25 0 (loosely bound EPS, LB-EPS). ' %5 %/ ff % (tightly bound EPS, TB-
EPS) il %5 fi% #4 EPS(S-EPS)", LASPIDOU 5§ "'1A 2& ,  S-EPS Y5 ¥ fif £ 53 £E 4 AX 3 7 9 (soluble
microbial product, SMP) J& [F] U4 T, )& 7F il A= W 0 P9 U T 0 o 72 (BAP) FILJE I 4 fif 2o 72 (UAP)
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PR, VPR SE R, HEK LR KSR MR 2 R EPS YA, ANIFJZ EPS A AE AN A Y
o W B A2 Y, AN TR S A8 JZ R R TR 22 A Bl A A 2 R T T Y W R s R U,
EPS HLAT LU 45 & 45 EPS R AY 185 132 e 1 1Y, il 1k EPS-Cr Bt Ak 5 1 ml 5 BUBS 6 3
35 v B A% A0 AR

it 5 e I X o) 2 P K A HE O R BRI A bR B RS, R AR KRR B S
EPS WYAHE. JCZ, ¢l S-EPS X Hh /K i B % OS2 i AR AT 0 B2 FRiT, 7 i 55 5 K A ) Ak B e
H, EPS 4451 )2 9 4153 A5 Ak S 42 8 B B3 T 78 EPS 4545 14 )22 R SMP o 43 A7 175 150 11 BIF 52 f6F A 23
A FE AR 1) 55 5 K 45 b PR B 9 AN [A) )2 EPS 213 5 B o3 M 9 B Al b, F TR 48 BPS 4 ARk S
BB AT MU T TIRTE, A R A A HE M R A T AN R P A AR S
1 MRI5ERE
L1 FEMIS R R AL I

S 56 BT A 15 D8 L% 5 K HRCE AT b R ) R K Ak B ) 2 AR A AR BB KA R - AR
BT 2D, b SASREE R, 2B AR Dl
K KRR IBTS I . — PRI . )
T SR 5 8 K U K, 35 e B A o
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Table 1 Basic properties of activated sludge in experiments

1 . KRR . — . — T V5 e MLSS/(g'L™") MLVSS/(g'L™")  pH
3 9 75 U8 U L (SVy0) 43 Bl 30% . 76%. ﬂ?%ﬁ@ 6.225 2041 88
8100, JF BUEE 5 22 6 Wi 43 5 il EPS 43 45 12 1t — AT 14.092 6.668 8.0
I BEAETE 4 °C UK T S TYURISE 2.55 1.282 7.9

1.2 EPS 5 SMP W4 EN 5%

EPS 4 HUJ5 A W) 3L Ak 2 ik U0 Ak 22 1k ) 3 UEs B - I R OB S el 22, AR IIE
EPS M5 16 58 M | ) BRAL 27 1 T B B 3% 25 40 A 7E EPS 45 4549 )2 70 A AR X fEdf v, AR S
5 SR HORA R AR IR, DA AR A R M TS e SR B EPS W U, FE IR EE <80 °C, JRAHm AT
1] <60 min, % 7 5% 5% B F7E EPS £ 45 H4 J2 0 43 A1 1 B2 g /0N, [ B 8 B8 4 b S B EPS 4% 45
i J22 26 11 50 R 220 0 AR 2H R, EPS R SMP R BT A1 1 FTR o

< SMP/S-EPS > ( LBEPS ) ( TB-EPS )
TR F AR, TR R SRR,
50 CIR%A, 4 000g 60 “CAEF£30 min,

20,0510 min 4 000g5.0>15 min

VLT Hh K
0.45 pmE
3 E|SMP

2000 r - min~' B0
5 min, 770.45 um

G045 pm

IEASFILB-EPS

(a) SMPJEPS&-45H4 22 p4R U 12

AR RKIR G W1E
HEPS 60 C&E F #4560 min,
10 000 r - min~"%5,(>20 min

(b) B REPSIYHREUT

1 EPSF1 SMP fJ1REUF 3%
Fig. 1 Extraction methods of EPS and SMP
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AR A M KIESY 50 mL, £ 2000 rmin!' BE.OHLFE.L Smin 5, B EER, KRG
if 0.45 um JEME, 193] S-EPS®Y, PLyE L oKt 0.45 um JEAE, 155 SMP,
1.3 SthiEE

Vs f M BB (DOC) 1 I 5 {78 [ T 28 40 i R 4820 ] liqui 1T TOC Mg 4, 7KAEat 0.45 pm
JENRE, SR DOC £ AE SMP ¥ B 5 S8 B9 0 i Sk F 2R % — k73 D66k (GB/T 7466-1987), 4
AFEFCFATIN G 3k, BOFBIME ; #REE TR Y B AR B (VSS) R T AR R B (SS) SR A & & 1k
W o

Z W (PS) R FH BB -0 R vk W, DAR A WEAE bR il s 25 15T (PN) SR % E 17 52 Wi vk
PLAR I A& F (BSA) fERFRIE S, ZhlbriEfi 4™ UV, R AN e . RIE&ER
5 22 FIFRAE SMP 2 EPS g, BEANFESTATINE 3 %k, W 25 RO ME .
2 #HR5iTE
2.1 HIEEYLIEITIE SMP B D 4FE

HHLYTE 7K SMP FR Y A3 Aii 5 R Bt 3, SMP o A HLBR & 0B W P AR, 45 40 B T B K
SMP %5 fift VR A B S 45 4 0 Wk B B B 45 4 L IKT 2. SMIP w8 ML MR ] DOC R AIE, 45 K A
DOC ¥ £ 5 20 53 W FE 2 Ak a3 — 3, SMP H 41 43 X8 A ALKk 1Y 5T BR8N 15%~32% . TERITTHE 7K
DOC ¥ i 4 233.1 mg-L "B, LK i B 1L -4 A A= Ab B, fifi — it 113 7K DOC [ A% % 78.54 mg L™,
DOC £ BR %R 66.4%, A1 Bk Wk B A8 1k 32 98 /K 35 0T 5% ) 35 K . i 55 I K AE W b B & v
SMP  ZHE AR 2SN E THm ka s, — R A b SMP hE A 2 MR AR i S —30, —9E
b 205 &/ KRG, 0 K SMP i 28 5 it 5 g A K SMP AHAEL. ®I T SMP £
PES oA 12.13 mg- L', Ut /K o 288 & o8 18.02 mg-L™', #I Ut i 7K SMP 2 H i % it ik
44.69 mg- L', 3 1 7K i R Ak WAL B R G SR A WAL BES T U H K B A 8 & 3.23 mgeL
Kl 92.8%, 5 7K DOC () Il Vel AL A AR IE R . SMP 21 43 & 8 5 e R TH s a3, Xl e N
S A T TB-EPS SMHEff SMP (192 4 & & Tk, EPS 55 SMP Z [HIAH B 5% {3 i o 4% 71550
PIWFFE 2B, S8 B0RLTS U v SMP B JEC 4 36 B TH #E T S 12 38 M IS Pk B B AIR A, SMIP SR IR T
Tl A= 0 TR VI K EPS KM, X URIE T SMP Y 7 A 43 R HE KK B Y 25 2

50 50
+ PS 250 F " <
_ | PN i DOCH¢ & @‘
A _ — TR 1% =
. T HX
g 30t n . =
= on - B
Ep( S, \. 30 8
= = I A
&K 20F ® B En =
ﬁ 8 :.. o 420 @
a RS =
2 101 s
10~
0 0 e otetetate *etea"e’ tete’e *ete e
o KR —2% —%% itk ot K —% St/ S T ]
g1 WA IR ik AR T4,
(a) FAbERKY B H 7K A SMP 43 (b) LADOCKAERISMPifk Ji

2 FEALIEE T+ SMP K4 5 & DOC SR EL 4R
Fig.2 Comparisons of SMP components and DOC concentrations in different treatment units
Hi 3 T, K fi# B ALt S-EPS 5 11 5T & &4 10.61 mg-g (L VSS i), — b S b & F
FiE ol 1347 mgeg”, MUK 87.3%, T ZRAFAM SMP R 1B i ARG — A 10 i S-EPS 24
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FE 1003 mgrg !, YRR RN 2 s

E 18.07 mgg . WYL SMP L[ 47T it 5 3 - = o
K, RV EA U B A AP, K% :

e 43 M2 W i 00 P 2y 5 e 0 = I

I, TEBRSESRAET Al A AN IR A AL %

Y& H S, 3 3OK MR kit S-EPS & s St

A5 R B K . S5 o | |
S 02 J 0 T B R 3B T e e e
Wb BRI, FEmE R RE AR K . AT Bl 3 TEALIEETTH S-EPS A5 L i
TN, ELE MW EN N, SMP P E Fig. 3 Comparisons of S-EPS components in
B W TS A A T diferent estment units

H 22 i B AR A P R ORI T, K A ) A B e R U A A 2R R B N A R
X AT BB A T A P 3 1 i EPS 9 7 i Ok X T i i T A JE % (Cr <15 mee LY 19 B 4R AR Y .
AQUINO PGS R, AT, A 2EMIE R, M 24 = WX SMP (L A &
BLTTHk . MR IR R, o WRE SR TS Yok, B YRR 2 W R 1Y EPS R d
K AR R RE T .
22 HIEEYAIEIETE EPS A7 4FE

& 4 v, ASTRNS YR FE 5 ) EPS & AL K . 45 A2 EPS 410 & &k 2.248~16.66 mgg ',
E Rl 44.9%~69.0%, 2855 N 31.0%~55.1%. 7K R Ak & — 240t LB-EPS 341 4
REFT, TB-EPS W 8450 N 20, 90070t LB-EPS £ 24153 205, TB-EPS £Z HHHE M
FBrdl . Mt nl WL, LB-EPS JZBE/E YA HE B HEDE, BATRBZ AL, ZHE a2 I 5.
LB-EPS " Z b% & 2 M & 2K A A A >R R A i >— A 4, & KR 1.893, 0.975,
0.430 mg-g'; LB-EPS H 2 11 51 &t DA e SR U Ry 7 il R Ak Tt > — - 40t >— 2ot , &
WA 1544, 1346, 0.817 mg-g'; TB-EPS 2B & EAKIK K 0919, 0.673. 3.269 mg-g™', HHH
AR 0. 0328, 10.16 mg'g ' TB-EPS 5AMMIR ML & R%, REHME TAHMEES, 42
b BB R MM AN A B AR AR, RS2 AN FOKIRSE M 5 LB-EPS Z5MIAA L, 2 E
Yy 4B 55 AR R W) T 8 e 5 BT, 5 2 i A T 1 B A K AR s

BEG AR AR X R A0 T2 M V5 K AR B A 5T B, EPS AR & T 20, EH
JiN 6.17~43.18 mg-g ™', ZHEH 0.970~6.76 mg-g ', 7KL Ty ZE X R H A A A T2 W & 48 R K Ab

2T 1. LB-EPS > °r
2. TB-EPS 2 7 1. LB-EPS 3
10F 3 NI A4 5F 2.TB-EPS 38
(S =] SN / 3‘ énﬁ}%lé‘% ...
fon 8 - L“\ 4 L
en on
& o
£ 6 £ 3
i o
@4t @ oaf 3
) 3 1 3 1 Ir el
/I i
. /) V_ , N e | R
KA — TR, THITER IS — TR, TYHTR
(a) EHFE R (b) ZHEE =

B4 FEALIEETH LB-EPS & TB-EPS A4 L&
Fig. 4 Comparisons of LB-EPS and TB-EPS components in different treatment units
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PSS & B, EPS AR RN 47.8~124 mg-g!', Z BN 13.3~252mgg' . SPONZA *V K Bl , Ji
g Ul Ak 3 B T KIS PTG U6 EPS AR 1T il 24~48 merg ' o TEAE WAL BT I, #EK
AN B R, T5 gt K, MG EPS 433, EPS AL BN 5.68 mgg'. SPONZAPY #f57 &
B, fb2E i GRS T EPS Hf AR P o I D R AR 1 S K PR COD S R A
ZVER . fEAEY R Y, 456 )2 EPS S KR N, TB-EPS & 3 1K 4 93%, LB-EPS ¥ iiE
H222%. BT AT E AN BRI BTG e g N, IR SR TR BRI, SR T R R, ik
Yyt A PN TR G B, A0 AR A 4 S A S e HEPS R RIS N R AR DOR F A, 4
JZ 2 U5 K T I S 9 1 4 S U8 EPS, kBN 2 EPS 1Y PN/PS B i i T AME EPS. JEiE SRR &
B, EPS MZWiE m Sisle s 2 RAHC, X SAHESE g 45 RAH — 3.
2.3 R24R7E EPS.SMP S HI D%

M E S aIA, SAFNOTIE S RAE —E XS DTt Bk SE NS BE, 9
T K R Ak 11 K 28 0.45 pm 508, 5% & fE KRB T R X Ul WA= A A AT, 4% 32 B I o o [
REFY b, KR-FEFEWS ARTIGEN S T EPS £2, COUiiE /i fE 41 i £ i ok 5 EPS & 517
T A FRE, DS CoOdE AL AR, Bt 7K SMP fh B8 MR EE S 0.061 mg L™, &4
AEE, T H K SMP HS I R 0.099 mg- L, HH K S B R R I TR K O . BN RE S AT
FE 3K, FEAHERR TR 25, SO K R R 0 0 B v R T BB R VS U8 I R BRI % TR B R

2543 45 EPS-Cr Fifi EPS /K fift E A 2R . 3 08¢
5 E&REP RIS AR AL, B EPS &5 SMP o7l 2 ik
2 2 ML L PRI 5 9 B 5 5 Y =

Wk 6 fros, sk 1L LB-EPS., — %% 2 os)
#7400 TB-EPS i 4% & W M B £, 4h BN < oaf
04919, 1251 mg-g', XARES 4 AL FE BT HY 5 o3f
GlR M. WA S & . EPS ST EERZEA K, 2 o2 H
AR B A AT RAR, ERR T i %ﬁ
20 5 U A L MLVSS 7 i o (A 2 24 T8 28
6.668 g'L (& 1)o —Zhf itk TB-EPS 4% 5 it Mkl HE R
B, FEIRHTHANRE WL SR Crt 4 B 5 FEEYLIBHEL LK T SMP R E 5
A R B o X 5 /N e 200 B RF 5T 45 Fig. 5 Distributions of chromium in the effluents and SMP at
o, [ & J2 EPS %5 U8 WG [ 2 2 ) 1 4 different biological treatment stages
HLENJE . A BLT5 e Py ik S-EPS Y WL B, & "I g saps
LB-EPS {41175 7% ¥| TB-EPS H k17, ZHisr it 12} BRLB o
(1 38 fin 47 A F SMP F1 TB-EPS X i35 44 ¥ 11 ~ 10} =
W B4R 4 1E 4 it S-EPS M B, B S 08
J& 1 T S-EPS K i 45 M e M 6w, S5 ML, & oel
S T 4 A FLAT O P, {00 b:
7. =

FIFH SPSS #k 4, XF EPS 4% #H 4> (1) £ 1 i 021
ZHEE S DOC, KB4 A s L AN 2 B 4R 1 0 oz

KL B SR

BLAT Pearson HUR P T b7, 26 R4 2 DT 6 TR WA EPS LR 5195
N * e 5 4 ; S NE M I £ Zntd = v
A Pearson A1 QA% KR B4 TR, 2658 69 Fig. 6 Distributions of chromium in the EPS structure layer at

o1 Aii 5 ML 413 5 W) rf PS/PN (Pearson A5G 7 4L different biological treatment stages
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*®2 MSINREVMHSEES Cr 2HHIMEXM

Table 2 Correlation matrix among EPS content and Cr distribution

&Cr DOC PS/PN PS PN EPS ki
i H Pearson P Pearson P Pearson I Pearson P Pearson P Pearson
LSS LSS PS4 LEPSER ¢ LEBSE 3¢ LEPS 54
BCr 1 0.459 0.252 0.787**  0.036 0.890**  0.003 0.266 0.564 0.407 0.148
DOC 1 0.004 0.991 0.589* 0.027 0.941** 0 0.952%* 0
PS/PN 1 0.656* 0.028 —0.290  0.386 —0.098 0.740
PS 1 0.463 0.152 0.645**  0.003
PN 1 0.949**  0.000
EPS & dt 1

T #*7E 0.01KF F OB BEMIE; * 7E 0.05 /KF T ORUR) &M%

4 0.787, P=0.036). 5 PS & & 3 1IF A ¢ (Pearson A 5& R %04 0.890, P=0.003); DOC 5 PN A & &
R 35 IEAH 56 (Pearson #H 6 R0 0.941, P=0.000); EPS it & %5 U8 v S 8% 18 20 A 52 A i 3%

CAMRPT Y], EPS MR AR E A Y WM &8 &+, X5 Z2E A48
BT 0 3 M B R TR E RN G, EPS MR A Cr BT EEA S, S
T BT S o T 220 TP A0 T R B A, AR RN S P R R A T R B S A A XERR AR A
Sk, X T VR A K M BE R He i VR AR 2 EPS R H A 2 A TR A HL ), EPS 4% 4H 43 He i AT
ST e AR R 1Y B 1L 2 Y S 5 M EPS SRE K BT, PS/PN K, 518 EPS 1Y Zeta HL i/ i
AN, XE SR B S GEN PO R, X ARG IR B REW LRI, BERRN (2
W) B 25 i 42 )8 25 F (Pb*. Cd*) IS F AR (HSA) B ES, JF 516 3R 0008 i 2% &
Yo X rIRESE T EPS W A TS 20 & A i v R B AR FH R s 0 3 A ) 1) A LA T B, R AR
1 5 F Z W57 EPS 45 21 43 0 BT o8 L4612 5 i) 4 8 % o A I R 22 R
3 #ig

) FEdl TG KA Y b B R h, EPS A h B R ERE AR S 2R 2, 46
JZ EPS 4143 &% 1t 2.248~16.66 mg-g ' o fE—H WAL T, 2R A S RIEAL; Rk
YA E R, SR MmN, EPS TR EET S, FTERNEEAR G ENK, SMP P25 & KIE
Fhidr o 3K — 45 5 WA W Ab 38 b i 1 5R B WA AR R DS 1) AR HE A A R

2) TE M B R AK A WA F b, S-EPS WY [ & /K b Cr**, 28 LB-EPS £ %15 1% ) TB-EPS Wil fE, W
B R 8 S AL 25 1R A8 Bl 25 5 | Ak B 25 1 40 3% T A 4 B B RS ik, EPS-Cr 2% & Wyt vl BE th T4
G WM R E AR, AT S A 7KK T .

3) # 4 Pearson AH GRS AT 45 R, B S MIAMNRG Wb PS/PN 2 W 2 IEAHC (P<0.05), M5
PS & I} 3 IE A5 (P<0.01), DOC 5 PN M7 f2 1t 18 3% 1E HH 5¢ (P<0.01). X #t B EPS H B AR 414075
EXT Cr S5 A& RE SRR, JIESE T PS/PN X5 (1) 45 A SCHEAE .
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Analysis of microbial metabolites characteristics and chromium distribution

during tannery wastewater treatment
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Abstract As an ecological risk, trace amount of chromium commonly remains in the effluent of biochemical
treated tannery wastewater. This study aims to clarify chromium distribution in the extracellular polymeric
substance (EPS) in activated sludge and EPS transformation during the biological treatment process. The
modified heat extraction method was used to extract EPS and SMP, and the contents of polysaccharides, protein,
and total chromium in these extracted components were determined. The EPS component characteristics,
chromium distribution and contents of EPS components during biological treatment of tannery wastewater were
also analyzed. The results showed that the contents of protein and polysaccharide in the EPS decreased gradually
during the primary biochemical treatment, while the EPS content increased during the secondary biological
treatment. A strong similarity occurred between SMP in activated sludge and the components in the effluent
from the adjacent sedimentation tank, as well as the contents of dissolved organic matter. The chromium
distribution was different in the EPS extracted from different sludge, which was affected by sludge surface
adsorption, chromium complexation with EPS, the EPS hydrolysis and the release of microbial metabolites. In
general, chromium in water body was absorbed by S-EPS, then transported into LB-EPS and TB-EPS in turn.
According to the Pearson analysis (P<0.01), the distribution of total chromium was significantly positively
correlated with PS/PN and PS content in EPS. The above results provide a reference for total chromium
emission control and advanced treatment of tannery wastewater.

Keywords extracellular polymeric substance; tannery wastewater treatment; activated sludge; chromium
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