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Table1l Procedures for five EPS extraction methods
(71 = WY CER ™9 (7] +NeoH 7
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) 1xFBS (1 (980r- min“*, 4min), , CER
5 - 15m|2%IéDTA, CER (70g- g'IVSi4’ ),  0.06ml 36.5% 0. 06m| 36. 5%
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NeOH, 4 , 3h
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7 4, 3500Dalton 24h; FBS 3h
: 15mlx2 1 15ml,
2007 12 20
* (50508001) ; (8082007) ;
(KM 200510005020) ; A (2006A10). * * , Email: geo. jingfeng@bjut. edu. cn; : 13651234794



5 : 663

2 EPS
2
2 EPS (mg- g Vs
Table 2 Constituents of EPS in each gran of sludge
8.45 8.14 2.08 1.35 0.01 0.01
EDTA 13.71 11.57 20. 49 15. 39 0.81 0.04
CER 21.00 20.57 5.39 2.69 0.11 0. 06
16. 46 15.19 15. 60 14.81 0.12 0.01
+N&OH 30.73 21.09 23.07 18.57 0.91 0.17
6.84 6.44 1.99 1.24 0.03 0.03
EDTA 122.21 99. 35 22.11 13.10 0.68 0.10
CER, 151.20 149. 70 19.98 15. 45 0.13 0.13
CER, 14. 00 12.00 14. 60 13.29 0.12 0. 06
77.68 70.37 18. 56 17.14 0.05 0.03
+NaOH 209. 60 171.70 92.10 65. 11 0.58 0.41
2.1 EPS
, EPS ,
. CER ,
( 2.
Frolund®  McSvain'®  EPS . Lid”
; , EPS
. 2 EPS
BEDTA +NaOH ,
BEDTA
2.2
EPS EPS
) EPS , EPS
, EPS , , EPS ,
, EPS 2 , ,
EPS , EPS,
, EPS
BDTA EPS , , +
N&OH EDTA : .
CER , CER EPS
, +Ne&DH
+NaOH NeaDH, 2 ,
+NaOH Ne&OH, pH , EPS , EPS
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, , EPS ), 2 ,
, +NaOH EPS ,
NaOH
3 EPS
: / (Ex/Em) (1) Peak
A: Ex/BEm =225—240/340—350m; (2) Peak B: Ex/Em = 240—270/370—440rm; (3) Peak C:
Ex/Em =260—290/300—350m; (4) Peak D: Ex/Em =310—360/370—450m; (5) Peak E: Ex/Em
=350—440/430—510rm. , (1) (9 . (2 (4) , (5)
[2,6,10—13] ' 3 4 1 2
EPS
3 EPS
Table 3 Fluorescence ectra paraneters of nomal activated sludge EPS samples
Peck A Pek C Peck D HaVSS Hc/VSS  Hp IVSS
Ex/Em Ha Ex/Em Hc Ex/Em Hp
3 240.0/353.0  217.9  280.0/355.0  244.8  330.0/413.0  246.9 4.27 4.80 4.84
230.0/341.0 196. 6 280.0/341.0 97.5 — — 3.86 1.91 —
BDTA — — 280.0/446.0  170.4  360.0/446.0  297.2 — 3.34 5.83
EDTA b 230.0/343.0 222.6 280.0/340.0 117.5 — — 4.36 2.30 —
CER 230.0/341.0 281.7 280.0/348.0 184.3 300.0/408. 0 177 18.4 12.0 11.6
CER 230.0/340.0 203.4 280.0/338.0 117.2 — — 13.3 7.66 —
9 240.0/361.0 299. 8 280.0/352.0 476. 2 330.0/406. 0 280.8 5.88 9.34 5.50
230.0/339.0 211.3 280.0/339.0 115.1 — — 4.14 2.26 —
+NaoH? — — — — 320.0/388.0 1955 — — 38.3
+N&OH 230.0/347.0 980. 4 280.0/344.0 1768 — — 19.2 34.7 —
a) Pesk B 250.0/435.0, 284.7; b) EDTA Peak B 240.0/413.0, 90.64; c)
Peak B 250.0/444.0, 303.7; d) +NaOH Peak B 240.0/379.0, 97.58 Peak E 410.0/470.0, 237.3
4
Table4 Fluorescence gectra paraneters of aembic granular sludge EPS samples
Peck A Peck © Peck D HaVSS HcNVSS  Hp IVSS
Ex/Em Ha Ex/Em He Ex/Em Hp
230.0/347.0 200. 7 280.0/351.0 363.9 340.0/445.0 112.9 7.84 14.2 4.41
230.0/338.0 118.8 280.0/333.0 143.1 — — 4.64 5.59 —_
BTA? — — — — — — — — —
EDTA b 230.0/335.0 163.4 280.0/333.0 160. 3 — — 6.38 6. 26 —
CER 9 230.0/326.0 174.1  280.0/342.0 217.9  340.0/416.0  121.7 22.6 28.3 15.8
CER 230.0/292.0 186. 6 280.0/338.0 130.4 — — 24.3 16.9 —
CER 9 230.0/333.0 232.5 280.0/342.0 263.3 340.0/418.0 118.2 30.2 34.2 15.4
CER , 230.0/295.0  269.7  280.0/335.0  171.0 — — 35.0 22.2 —
230.0/345.0 346. 4 280.0/351.0 589.5 340.0/438.0 96. 85 13.5 23.0 3.78
230.0/332.0 213.3  280.0/338.0  169.4 — — 8.33 6.62 —
+NzOH® — — — — 320.0/390.0 1609 — — 62.9
+NaOH 240.0/347.0 363.6 290.0/345.0 1682 — — 14.2 65.7 —
: a BDTA Peak E 370.0/452.0, 190.2; b) EDTA Peak B 240.0/418.0, 95.35; c¢) CER (

Peak E 420.0/468.0, 330.8

Peak B 240.0/441.0, 87.28; d) CER (

)

Peak B 240.0/439.0, 88.17; ¢)

+NaOH
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Fig.1 EBM fluorescence gpectra of nomal activated sludge EPS for the different extraction methods
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Fig.2 EBM fluorescence gectra of aerobic granular sludge EPS for the different extraction methods

5
Table5 The change of the peak location of EBM fluorescence ectra

Peak A, Pesk B, Peak C, Peak D Peak A, Peak C

EDTA Peak C, Peak D Peak A, Peak B, Peak C
CER Peak A, Peak C, Peak D Peak A, Peak C
Peak A, Pesk B, Peak C, Peak D Peak A, Peak C
+N&OH Peak B, Pesk D, Pesk E Peak A, Peak C
Peak A, Pesk C, Peak D Peak A, Peak C

EDTA Peak E Peak A, Peak B, Peak C
CER ( ) Peak A, Pesk B, Peak C, Peak D Peak A, Peak C
CER ( ) Peak A, Pesk B, Peak C, Peak D Peak A, Peak C
Peak A, Peak C, Peak D Peak A, Peak C

+NaOH Pesk D, Pesk E Peak A, Peak C




EDTA

N&OH

[1]

[2]

[3]

[4]

[5]

[6]

[71

[8]

667
, +NeOH , Peak A Pek C ,
: Peak A Pesk C, NeOH EPS
: +N&OH
, EPS :
; 3 4 ,
: EPS : : EPS
EPS , :
, EPS :
: : : 3 4
2
EDTA +NeOH : 3 4
: , EPS : CER
EPS EPS EPS
: EPS
: EPS : EPS EPS
( )
EPS : :
EPS : EPS :
CER ,
+NeaOH EPS » Ne&OH ;
: : , 2 ,
EDTA : EPS, , BEDTA :
; 2 1 CER
,  BEDTA +NeOH : :
: , EPS : CER ;
EPS EPS : EPS

W ingender J, Neu TR, FlenmingH C, M icrobial Extracellular Polymeric Substances Characterization, Structuresand Function [M ].
Berlin Heidelberg Jringer-V erlag, 1999

Coble P G, Characterization of M arine and Terrestrial DOM in Seavater U sing Excitation Emission M atrix Spectroscopy [J]. Marine
Chemistry , 1996, 51 (4) 325—346

ReynoldsD M, The differentiation of B iodegradable and Non-biodegradable D isolved OrganicM atter inW asteW atersU sing Fluorescence
Pectrosoopy [J]. Joumal of Chenical Technology & Biotechnology, 2002, 77 (8)  965—972

HerN, Amy G, McKnightD et al , Characterization of DOM as a Function of MW by Fluorescence EBM and HALC-SEC Using UVA,
DOC, and Fluorescence Detection [J]. Water Research, 2003, 37 (17) 4295—4303

Eparza-Soto M, W esterhoff P K, Fluorescence Soectrosoopy and Molecular W eight D istribution of Extracellular Polymers from Full-scale
Activated Sludge Biamass [J]. Water Science & Technology, 2001, 43 (6) 87—95

Sheng G P, YuH Q, Characterization of Extracellular Polymeric Substances of A erobic and A naerobic Sludge U sing ThreeD imensional
Excitation and Emission M atrix Fluorescence Yoectrosoopy [J]. Water Ressarch, 2006, 40 (6)  1233—1239

LiuH, FangH P, Extraction of Extracellular Polymeric Substances( EPS) of Sludges[J]. Joural of B iotechnology, 2002, 95 (3)
249—256

Frélund B, Paimgren R, Keiding K et al , Extraction of Extracellular Polymers fran A ctivated Sludge U sing a Cation Exchange Resin
[J]. Water Ressarch, 1996, 30 (8)  1749—1758



668 27

[9] McSvainB S, IvineRL, HauserM etal , Camposition and Distribution of Extracellular Polymeric Substances in A erobic Flocs and
Granular Sludge [J]. Applied & Envirormental M icrobiology, 2005, 71 (2) 1051—1057

[10] WuFC, Tanoue E, Molecular M assDistributions and Fluorescence Characteristics of Organic L igands for Copper () in Lake Biwa,
Jgpan [J]. Organic Geochamistry, 2001, 32 (1) 11—=20

[11] WuFC, TanoueE, Ilation and Partial Characterization of D isolved Copper-CanplexingL igands in Streanwaters [ J]. Environrmental
Science & Technology, 2001, 35 (18)  3646—3652

[12] BakerA, Fluorescence Properties of Sime Fam Wasters  Implications for W ater Quality Monitoring [ J]. Water Research, 2002, 36

(1)  189—195
[13] Leenheer JA, Cru J P, Characterizing Aquatic Disolved Organic Matter [ J]. Enviroomental Science & Technology, 2003, 37
(1) 19—26

[14] Cante S, Guibaud G, BauduM, Relations betveen Extraction Protocols for A ctivated Sludge Extracellular Polymeric Substances ( EPS)
and EPS Camplexation Properties Part | Camparion of the Efficiency of Eight EPS Extraction M ethods [J]. Enzme & M icrobial Tech-
nology, 2006, 38 (1—2) 237—245

[15] Van denBerghJ, Jakubov<kiB et al , Investigationson the Conditional Kinetic and Themodynamic Stability of Aquatic Humic Sub-
stanceM etal Camplexes byM eansof EDTA Exchange, U Itrefiltration and A tamic Sectrametry [J]. Talanta, 2001, 55 (3) 587—
593

COM PARISON OF THE EFFICIENCY OF FIVE EXTRACELL ULAR
POLYM ERIC SUBSTANCES ( EPS) EXTRACTIONM ETHOD S USING
THREE D M ENSIONAL EXCITATION AND BM ISSONMATRIX(EBM)

FL UORESCENCE SPECTROSCOPY TOGETHER
W ITH CHEM ICAL ANALY SIS

GAO Jing-feng QUJO Jian-qiu CHEN Ran-ni D Kai PENG Yong-zhen
(College of Envimmmental and Energy Engineering, BeijingU niversity of Technology, Beijing, 100124, China)

ABSTRACT

The efficiency of five extracellular polymeric substances (EPS) extraction methodswas compared on nor-
mal activated sludge and aermbic granular sludge using three-dimensional excitation and emission matrix
(EBM ) fluorescence ectroscopy.  Three chamical methods (EDTA, fomaldehyde, fomaldehyde plus
NaDOH) , one physical method (cation exchange resin) and a control method (high speed centrifugation) were
tested Five fluorescence peakswere identified in EBM fluorescence ectra of the EPS samples Two peaks
were attributed o the protein-like fluorophores, two peakswere attributed o the fulvic-like fluorophores and
one peak o the humic-like substance Hamogenization is ablutely necessary for the extraction of EPS from
aerobic granular sludge Fomaldehyde interfered with DNA content deteimination Extract residues should be
removed fran EPS by dialysismembrane filtration o awid EPS contanination Campared with the other four
methods, the extraction ability of high peed centrifugation was relatively ineffective; the CER method was a
correpondingly effective method which was gentler and did not cause cell lysis although the fomaldehyde
plusNaOH method wasmost effective in extracting EPS, the quantity of DNA was the highest EPS contaninar
tion due to NaOH and ED TA was pointed out by EBM fluorescence gectroscopy analysis

Keywords extracellular polymeric substances(EPS), three-dimensional excitation and emission matrix
(EBM) fluorescence ectroscopy, extraction,  sludge



