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Table1l Fluoresence parameters of the sludge TB-EPS and L B-EPS at var ious concentrations
Peak B Peak C Peak D
J(mgC: LY Ao Ao Ao an B/C B/ CI/D
/m /a u. /mm /a u. /mm /a u.
LB-EPS 46 270/359.5 271.7 330/424.0 109.1 390/457.0 70.6 2.49 3.8 155
23 270/352.0 143.3 330/420.0 50.3 390/453.5 38.1 2.85 3.76 1.32
11.5 270/355.5 73.7 330/436.5 23.8 390/454.0 21.1 3.09 3.49 1.13
5.75 270/354.0 33.4 340/429.5 13.2 390/455. 5 13.5 2.53 2.47 0.98
TB-EPS 199. 4 280/355.5 680. 0 330/425.0 199.7 390/461.5 161.2 3.40 4.22 1.24
99.7 280/357.0 611.4 330/416.5 138.7 390/465.0 95. 4 4.41 6.41 1.45
49. 85 280/353.0 496.5 330/409. 5 87.3 390/464.5 60. 1 569 8.26 1.45
24.93 280/356. 5 328.2 330/417.0 45.2 390/456.0 31.6 7.25 10.40 1.43
Table 2 Fluoresence parameter s of the sludge EPS and L B-EPS at var ious pH values
pH Peak 8 P, S B/C B/D C/D
Ao N g /Tm Jau Aol g /mm Jau Aol g /mm /a u.
LB-EPS 3 270/353.0 114.1 330/420 60.4 390/457 27.2 1.89 4.19 2.22
4 270/352.0 127.9 330/417.0 67.4 390/457.0 30.9 1.90 4.14 2.18
5 280/351.5 140.2 330/429.5 71.4 390/456.5 34.3 1.96 409 208
6 270/345.0 148.2 330/410.5 68.6 390/453.5 34.2 2.16  4.33  2.00
7 280/347.5 172.4 330/429.0 74.1 390/453.0 43.1 2.33 4.0 L72
8 270/351.5 147.3 330/417.5 70.2 390/454.5 40.8 2.10 3.61 1.72
9 270/355.5 161.1 330/414.0 71.9 390/455.0 44.2 2.24 3.64 163
10 280/347.5 165. 6 330/416.5 70.9 390/455.0 44.6 234 3.72 1.59
11 270/356. 0 178.6 330/417.5 72.5 390/460. 5 45.9 2.46 3.89 1.58
12 270/354.0 131.9 330/413.0 67.5 390/456.0 44.2 1.95 298 153
TB-EPS 3 270/355.5 330.5 330/414.5 130.8 390/450. 0 76.8 2.53 4.3 1.7
4 280/354.5 365.0 330/426.5 132 390/454.5 83.1 2.76 4.39 1.59
5 280/353.0 444.7 330/415.5 121 390/456. 0 7.7 3.68 5.72 1.56
6 280/355. 5 614.1 330/427.0 120.9 390/461.0 90.6 5.08 6.78 1.33
7 280/359.0 562.9 330/430.5 122.4 390/457.0 83.6 4.6 6.74  1.46
8 280/354.5 655. 7 330/426.5 127.4 390/463. 5 84.2 515 7.79 151
9 280/358. 0 694. 2 330/426.5 125. 4 390/459. 0 95.6 5.54 7.26 1.31
10 280/353.0 795.7 330/423.5 155.7 390/472.0 107.5 5.49 7.4 1.35
11 280/353.5 739.7 330/431.5 145 390/472.5 104.7 4.75  7.07 1.49
12 280/357.0 611. 4 330/416.5 138.7 390/465. 0 95.4 4.41  6.41  1.45
LB-EPS TB-EPS B/C ; B/D LB-EPS
3.2 LB-EPS TB-EPS LB-EPS , TB-EPS
1 LB-EPS TB-EPS TB-EPS ; cib , LB-EPS
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Peak B, Peak C, Peak D LB-EPS pH LB-EPS TB-EPS
( T™OC ,mgcC-L") , 3 4
R 0.995 0, 0.998 5, 0.997 8, 0.999 9 2 , pH LB-EPS TB-EPS
TB-EPS, Peak C Peak D pH , LB-EPS TB-EPS
TB-EPS ( T™OC ,mgcC- L") Ao
, R’ 0.9582 0.9918  TB-EPS TB-EPS, pH7 , pH 12 Peak
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Fig. 2 Correlation between the intensity and concentration
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Fig. 3 3DEEMs of the sludge LB-EPS at various pH at
a LB-EPS concentration of 23 mg C « L™'
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Fig. 4 3DEEMs of the sludge EPS at various pH at a
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Fig. 5 Correlation between the intensity
and pH of LB-EPS and TB-EPS
(a): LB-EPS; (b): TB-EPS;
1: Peak B; 2: Peak C; 3: Peak D

, LB-EPS TB-EPS 3
Peck B A\ o A =270 280 rm/345 360
m), Peak CQ o A, =330 340 m/410 430 rm) PeskD

b © 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5 1317
A &« A g =390 /450 470 rm) Peak B , ,
, ; Peak C , LB-EPS TB-EPS
(Visible fulvic-like) , ,
; Peak D (Humic-like) LB-EPS TB-EPS
pH LB-EPS TB-EPS
[1] HoughtonJ I, Stephenon T. Water Research, 2002, 36(14): 3620
[2] FmolundB, Pamgren R, Keiding K, et al W ater Research, 1996, 30(8): 1749
[ 3] Wang zhiping, LiuLili, Yao Jie, et al Chemosphere, 2006, 63(10): 1728
[4] LiuH, FangH H P Joumal of B iotechnology, 2002, 95(3): 249
[5] WANG Hongwu, LI Xiao-yan, ZHAO Qing-xiang( , , ). China Safety Science Journal ( ), 2003, 13
(9): 3L
[6] LiXY, Yang SF Water Ressarch, 2007, 41(5): 1022
[7] WilenBM, JinB, Lant P Water Research, 2003, 37(9): 2127.
[8] Egaza-SotoM, Westerhoff P K W ater Science & Technology, 2001, 43(6): 87.
[9] SONGJimei, TANGBi-lian( , ). Fectroscopy and Jectral Analysis( ), 2000, 20(1): 115
[10] ZHANGQian-gian, LEI Shu-he, WANG Xiu-lin, et al( , , , ). Pectrosoopy and Spectral Analysis(
), 2004, 24(10): 1227.
[11] RJ Ping-ging, L U Cong-giang, WU Feng-chang( , , ). Spectrosoopy and Pectral Analysis( ), 2005,
25(12) : 2024
[12] RJ Ping-ging, WU Feng-chang, L U Cong-giang, et al ( , , , ). Dectrosoopy and Jectral Analysis(
), 2006, 26(3): 471
[13] OUYANG Erming, ZHANG Xi-hui, WANGW ei ( , , ). Water Resources Protection ( ), 2007, 23(3):
56
[14] OUYANG Erming, ZHANG Xi-hui, WANGW ei ( , , ). Pectrosoopy and FPectral A nalysis( ),
2007, 27(7): 1373
[15] Patel-Sorrentino N, Mounier S, Benaim J Y. W ater Research, 2002, 36(10): 2571
[16] BakerA. Enviormental Science & Technology, 2002, 36(7): 1377.
[17] WolfeA P, Kausal SS, FulbnJR, etal Enviormental Science & Technology, 2002, 36(15): 3217
[18] LeenheerJA, CroueJ P Envirormental Science & Technology, 2003, 37(1): 19A.
[19] BakerA. Water Research, 2002, 36(1): 189
[20] Wu FC, Tanoue E Envirormental Science & Technology, 2001, 35(18): 3646
[21] Mobed JJ, Hanmingsen SL, Autry JL, etal Envirormental Science & Technology, 1996, 30(10): 3061
[22] BakerA. Envirormental Science & Technology, 2001, 35(5): 948



1318 29

ThreeD mensional Excitation Em ission M atr ix Fluorescence
Spectroscopic Character ization of L oosely Bound and
Tightly Bound Extracellular Polymer ic Substances of Sludge

OUYANG Erming" >, WANGWei', LONGNeng’, L | Huai®

1 Deparment of Enviormental Science and Engineering, Tsinghua U niversity, Beijing 100084, China

2 School of Civil Engineering and A rchitecture, Nanchang University, Nanchang 330031, China

3 School of Civil and Enviormental Engineering, U niversity of Science and Technology Beijing, Beijing 100083, China
4 Department of Envirormental Science and Engineering, Chang' an University, Xi' an 710054, China

Abstract Three-dimensional excitation emission matrix fluorescence gpectroscopy (3DEBM ) was goplied o characterize the loosely
bound extracellular polymeric substances (LB-EPS) and tightly bound extracellular polymeric substances ( TB-EPS) extracted from aero-
bic sludge inwastavater treatment The reqults showed that three fluorescence peak swere identified in three-dimensional excitation emis-
sion matrix fluorescence gectra of the LB-EPS and TB-EPS peak B (A o A ,, =270-280 rm/345-360 m) , peak C A , A 4, =330-
340 rm/410-430 ) and peak D . A o, =390 M /450-470 rm). The peak B was attributed 1 the protein-like fluorophores, peak C
o the visible fulvic-like fluorophore and peak D  the humic-like fluorophore Resultsof the peak intensity showed that the major cam-
ponent of the LB-EPS and TB-EPS ispotein-like organic matter, then followed by (fram high o low) : fulvic-like organic matter and hu-
mic-like organic matter The effects of both pH and concentration were significant to the 3D EEM s of LB-EPS and TB-EPS, but the de-
gree isnot the same  LB-EPS has the particular chemical structureswhich are different from the TB-EPS

Keywords Loosely bound extracellular polymeric substances (LB-EPS) ; Tightly bound extracellular polymeric substances ( TB-EPS) ;
Sludge, Three-dimensional excitation emission matrix fluorescence ectroscopy
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