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LB-EPS #1l TB-EPS H#54 =B i 1986 1% . 53 518 Peak B(Ae/Aen =270~280 nm/345~360 nm) , Peak C
(Aex /Aem = 330~340 nm/410~430 nm) Fl Peak D(Aex/Aen = 390 nm/450~470 nm) , H 1 Peak B AR FE %
3t (Protein-like) . Peak C Sy a] I X 2K F H 2 7¢ )6 (Visible fulvic-like) . Peak D i 2% Ji& % 8 9¢ Y6 (Humic-like) .
A5 S 1 98 58 B K 4 A1, LB-EPS Fl TB-EPS tf iy K # N ZE A, SRR KKy & 5L A1 5
2. WA pH MEX {576 LB-EPS #1 TB-EPS iy Z4E5OURH HEAA R KR &2 me . B 52 me 72 B2 g A X ), KRB
YERINZE RSN R A Y, LB-EPS X85 TB-EPS R4 8 i fL 22 4544 .
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M1 Ah B 45 W) Cextracellular polymeric substances, EPS) &
WEAEWAE— AR, 72 HAR S A o 43 00 1) 40 1) 7E
VMBS R FANZRY, HANK S FEHREA
. BB BB R . DNA FBE2R41 " . EPS figfE i
OO SIS AR A R AUE SRR L 2 SR W LR A ) R 3R
B Bt 5 R B VR A o 3 e 3% 4 N B A LA S . EPS T LLAR
RE 5 R B B AR EE AL S A W B A R AR B A AR5 TR I
IR 7K e IR BORT BRI T 5 14 8 5% . T T IR A B . HRBL
W AR A, EPS RE AR5 U8 1 3 e . R
YR BE . KRV AR SO VE RE A M BT, DA B A ¥ U8 A H Y
TR 5 U B A W T 4y g R B B A 2R
& ¥ (tightly bound EPS, TB-EPS) FI#A # i} 2 (1) il 78 8 & 9
(loosely bound EPS, LB-EPS)# # 4. TB-EPS i T 4 g &
FU A0 RE LSS A s LB-EPS 7E TB-EPS M2, 25t
B, BRI, B AR, SRR MBI R IT T, Ok
TB-EPS 1945 4150 & 5 2 KT LB-EPS, (R {5 e VikE . &k
FUBLK PERE R % P g PR 1E )2 LB-EPS, 1 TB-EPS X i5 Jfé
32K 4 M B 1) S e AH X 2 55— 4k
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hof ™) 5% FH 5 6 6 1 4 AR X 15 V8 i 41 3R & 0 04 s kil AT T B
g8, FERILTIHIRMANR G Y rh &4 KaW A & FhE fg
55 T I 2l 4 LA BRI RN i 6 . Ho A & A 2 RS Tl 19 980
FP, XSGR BRI RE R B AN R B WA . B
REM . MY, AR (5 B0 SOk (three-di-
mensional excitation emission matrix fluorescence spectrosco-
py; SDEEM) BEW8 35 45 I I8 4 Ak S 3B < [7) I 78 Ak i ) 9%
JEIRBEAR . AR IR B RN R AL A A 4 R ¢ 606 1 & 1Y X
Z. RARE A H MR BrE AR B R AU E ik
Btk W R R BARBIRRE S 250 S AR R
B =TGR AR R RIETS e 4 2 ARG W
(LB-EPS) fil 4 )2 g 41 5 & 91 (TB-EPS) (1 5 6 g 3% PEAE K
W . pH {EHA
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Pt s 32 SR FH 3 S I M T U8 I A B T TS K, BT U
IR TSR VS/TSH A 72. 7% . VSS/SS{H N 76. 0%, K
PRAETS Je PR R & A A8 Ak . IR Bl 9006 % 5 57 B X
15 #EFT LB-EPS 1 TB-EPS 1y 2 1.

1.2 5 LB-EPS #1 TB-EPS £ Bl /7%

K FH Bl E B B B 7L (Modified heat extraction method)
#HC LB-EPS f1 TB-EPS'*), A} TOC # 4E LB-EPS #iI TB-
EPS i) B &, TOC ] & % i SHMADZU TOC Analyzer
5000A, #2835 ) LB-EPS #il TB-EPS ) TOC {8 4 5 Jy 46
F1199.4mg « L', 3 LB-EPS #ll TB-EPS 1) % )t )t it
EAE B FL v BEAION » SR FH A 20 K A R I 4 Fhk B (46, 23,
11.5, 5.75 mg C « L") %y LB-EPS #l 4 Ff ¥ B (199. 4,
99.7, 49.85, 24.93 mg C « L™y TB-EPS, 435I & &A1)
M =4E 906k . A RESE LB-EPS fl TB-EPS 9 56566 1%
FRAED pH AERON, 23 5% Wy 23 mg C « L'y LB-EPS
R E J9 99.7 mg C « L'y TB-EPS M HAE pH {2y 3~
L2CIE]B& S 1 AN B0 I 1 = 4E 960635 . FE &b pH (B Xl
JH0.1, 1 mol« L 'y NaOH F1 0.1, 1 mol » L' HCl i&
W, IR 10 pl By (05 JERE S 08 1 o S sl 20 vk B2 ALV
3 10 mL B9HE &L A A BR B Y B AN B i 50 pl
1.3 Z#RkKEIHFHE

=4k ¢ 6 6% B M 5 7F Luminescence Spectrometer
LS55 % 66 1 (35 [ Perkin-Elmer 2 7)) b 58 i, #& B F)
1975 LB-EPS il TB-EPS H #:#17 = 4 % e 4% . Lumi-
nescence Spectrometer LS-55 %¢ ) % B 3 B AN 4T Sl i &
DGR s WOR B X =230~400 nm, & H A A =300
~550 nm; PR FIUR S AE T8 R 5 nm; R B G (8] B
4 10 nm; FAEE N 1 200 nm « min~ "5 W R R 3 3005
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1R 2 00 F T ORFEHRE AN pH &4 T i5 R
LB-EPS il TB-EPS 11 = 4k 5 Y643 AT 45 R 0 35 4% 9 ' i {if
B Ao/ A ~ IR 5 G0 1A 96 S5 B L T 45 9 5 e 22 TR] 14 9
SR ME . Z5REY, BRAARWKE. AF pH &4 T LB
EPS Hil TB-EPS 5 YU B A/ Aem 23 1 T AR 38000 21 75 55
BBl % . (H R A 5 4 6 TR0 5 LA AR ] Y, 18 1 o4 J3E

s FAROGIEEAT G A KR IE. KA FL Winlab &4 47
Bl oy
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2.1 LB-EPS #1 TB-EPS {j 3DEEMs

=YD T LUK I 3 A0 5EA v AN TR 2 R 9 o
W, W A R 9¢ % (Humic-like) , 2% & B % 9¢ 5% (Fulvice-
like) F124 2 4 9% ) (Protein-like) &L 19 200

[ 1 fF 7% LB-EPS Fil TB-EPS fY = 4 3¢ 5% 561 .
AIH, 57 LB-EPS #1 TB-EPS H.A 3 AN [A] /Y 28 S e 2 A
Ho 5 Y6 1% B(Peak B: Auy/Aen =270~280 nm/345~360 nm)
RBEOARNG, SHARETWITFAZ LR AA
K B S C(Peak C: A /Aun = 330~340 nm/410~430
nm) A A UL X 2K F B B9t (Visible fulvie-like) , 54N R &
e i R R RN B B A A A OG5 BEOLIE D(Peak Di A /Aan =
390 nm/450~470 nm) Jy 2 i 5 B% 7 )% (Humic-like)™7#7
X UL LB-EPS il TB-EPS B8k &40 367 F 15 B /M2 Fl N 2
WA SR G W AH HC 20 43 T o 45 4 2 BE A AR [ 1y o DA% 22
S BE G B sk F . LB-EPS fI TB-EPS v iy 3 % i 43 %6
HEEA, REREEE R, BHR. iR 1R, 5k
LB-EPS il TB-EPS = /~# [l ¢ J W BT X 1o 1) 9 o i i 2 R
&) B o 0 dn x4 ) B A0 3R B W e FE T (LB-EPS ¥ B2
46 mg C» L', TB-EPS ¥k J# 199. 4 mg C » L 'f}), TB-EPS
B9 JalE B, 9k C. okig D 128 J6 3R B 43 5l J& LB-EPS
B 2.50, 1.83, 2. 28 4%, WAL THERMSNRE G W H AT
Y B R, XA 5 BN TOC W B AH— 2.
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3DEEMs of the sludge EPS and LB-EPS

pH {H A AR 2 WAR A | 2k 48 LB-EPS fil TB-EPS 4 it
o FAL S5 . A2 FOR B W LU ER B, W LR
W—NRAERMES . WM pH 44T, TB-EPS ) B/C
. B/D {H # % K F LB-EPS #f 5 () B/C {. B/D {&; Ti
TB-EPS #y C/D {1 # % /N T LB-EPS M & C/D {fi. LB-
EPS I ARB I 5 TB-EPS 52 2 AHF A 56 61k . i T4 2
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Table 1 Fluorescence parameters of the sludge TB-EPS and LB-EPS at various concentrations

_— Peak B Peak C Peak D

y (mgﬁé')fl‘ by Ae/Am PN Aex/Aem N Aex/Aem JORME  B/C B/DC/D
/nm /a. u. /nm /a. u /nm /a. u
LB-EPS 46 270/359.5 271.7 330/424.0 109. 1 390/457.0 70. 6 2.49 3.85 1.55
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 5.69 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 Fluorescence parameters of the sludge EPS and LB-EPS at various pH values
Peak B Peak C Peak D
pH B N " B/C B/D C/D
Aex/Aem/nm BEOGIREE /a. u. Aex/Aem/nm PEOBEHREE /a. v, Ae/Aem/nm FEIEIRE /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 4.09 2.08
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. 00 1.72
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 1.63
10 280/347.5 165. 6 330/416. 5 70.9 390/455.0 44. 6 2.34 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 2.98 1.53
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 77.7 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 5. 15 7.79 1.51
9 280/358. 0 694. 2 330/426.5 125.4 390/459. 0 95. 6 5. 04 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

i) LB-EPS 54 F W2 TB-EPS A7 — & MRk 25,
3.2 LB-EPS #1 TB-EPS %% 3¢ 45 4 19 3R BE 8 Bz

#1811 T LB-EPS #1 TB-EPS [ = 4 %% Y 5 1t b vk JiF
AR IE DL . SRR, S5O0 B 0B S AR R E
HARWAE KR, HZOEMES N WRERH H#%H DX
NLEFRCUNE 2 i) . g R 8K, X F LB-EPS, H =#f
P Peak B, Peak C, Peak D [ 7¢ 5t 3 & 5 AH W i LB-
EPS ¥ B (L) TOC i, mg C « L") #5250 H 4R o 1% 48 o ¢
Z, ML ZB R 4% ik 0.995 0, 0.998 5, 0.997 8,
0.999 9, XTF TB-EPS, H W f7Z 605 Peak C Fl Peak D )
WG E 5 TB-EPS 1k )% (UL TOC it. mg C« L)k
AR TR AR R, KL RE R 430k 0. 958 2 F1 0. 991 8;
ifi TB-EPS ) 53 4 — Fh 2 S if Peak B, H K %imE 5 TB-
EPS (1% B2 SR 3 SR X HOC &R .

& 1WA IE W, WEXT LB-EPS 1 TB-EPS & 2¢ ¢
A 7 135 1) VAL 09 5% A2 R — FE G . Xt B/C {A, 7 TB-EPS
PHK/NEEA S LB-EPS ¥k B &2 1 2k ¥ M 2C 56 &R, 1 LB-

EPS K B/C i HkEME A K; 3T B/DIE, 7 LB-
EPS s H K/ B LB-EPS ¥ B Y 38 i ity 3 Jin , {H 78 TB-EPS
H R /NHIBE TB-EPS ¥ B A9 3 hmmio /s x5 C/DAE, 78
LB-EPS P HK/NEA S LB-EPS Wk F 2 IEZLHEM LXK R,
mi 7 TB-EPS H H AR /NEAA Z TB-EPS ¥ & 1Y 52 1,
3.3 pH Xt LB-EPS #0 TB-EPS 3¢ ¢ 45 1% 59 %% I

AIE pH 44FF 5 & LB-EPS #1 TB-EPS () = 4k % St A
SrHaniE 3 R 4 s BT = 4RS5O R RE r Bril B g
W2, SR R, pH A X LB-EPS f1 TB-EPS 1 = 4
PR ER A EEME ., AR pH & 14T, LB-EPS fil
TB-EPS -9 616 A9 BLAK H BLAL B A /Ao ERAFTE— 52 B 40 HL
W% . Flan%tFi59¢ TB-EPS. 5 pH 7 AR L. H7E pH 12
it Peak B, Peak C, Peak D ) Aex/Ae 23 S W #2 T 2, 14, 8
nm; | %t Fi5 ¥ LB-EPS, 5 pH 7 b, H 7 pH 12 w
Peak B, Peak C, Peak D i) Aex /A 733 T 6, 16, 3 nm,
ICRE DR RS B4 e RN B 5T R E Y ot i B, U LB-
EPS il TB-EPS i & 41 5 i 45 W TE A & 6 pH 1R [ 1 & 4=
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— & A, 1 pH 10 B, HAf K 795. 7, % F LB-EPS, 7 pH 3~12 =~
3001 [8] , Peak B 1 Peak D i) KAE#AR H BLAE pH 11 B ; 1fi Peak
@ C A BLAE pH 7 B, X F TB-EPS, 7 pH 3~12 2
5 200 [8] . Peak B F Peak D 5 G H I AE pH 10 B 1 Peak
> C i RAE B4 pH 11 BF. X ULE] LB-EPS fil TB-EPS
z SR B PR A2 L A 6 O 52 R A s LB
Z 100] EPS %L 55 TB-EPS A 4l [ 19 0454 .
pH=4
0 5
0 500
Concentration/(mg-C-L ™) .
07 B .
6001 TB-EPS o
3 5001 B
-‘é’ w) m
E 300 A
200
100 1 00 %00 Em(nm) En(om) ’
00 50 100 150 200 Fig. 4 3DEEMs of the sludge EPS at various pH at a

Concentration/(mg-C-L™)
Fig. 2 Correlation between the intensity and concentration
1: Peak B; 2. Peak C; 3: Peak D

pH=5

1, 4 3
Lo 230 2 230 i xalle
300 En(am) 500 300 Em(nm) 500 300 Em(nm) 500

Fig. 3 3DEEMs of the sludge LB-EPS at various pH at
a LB-EPS concentration of 23 mg C « L™'

758 LB-EPS Ml TB-EPS # Peak B, Peak C, Peak D
DGR BE W pH 1475 fLES AR B 3t = A T — 2 A AR Ak Cln [ 3
~& 5 i), 7€ LB-EPS t, pH 3~7 I, Peak B 1y %638
FERE pH (E R B I3 o, 7€ pH 35 m P 8 i}, Peak B (193¢
SR BERE M 5 pH 6 B AR, B 7E pH 8~11 Z i), Peak
B {97 65 3 A pH A A3 0w 3 . B 7E pH 34 #) 12
B, Peak B AYZEGHRERE M 2] T pH 4 AKF, B4 pH X
[ 5, Peak B 2¢ 658 & ) K fE I B pH 11 B, HAE N
178. 6, MfifE TB-EPS ¥, pH 3~6 [, Peak B [ %% 6% B i
pH E I8 m, 7€ pH 7 BB G LS. £ pH 7~10
Z 0] Peak B 2 Ja 5% & A pH {H A 34 fmiri 84 . SR )5 1
pH 10~12 Z [E]i} Peak B [#5¢ 598 B i 2 0 4 o S KAB B

TB-EPS concentration of 99.7 mg C « L™'

3007
@
= 200+ L
g /E\E/B,_.E/\
i)
=100 5
A ———,
o« oo oSS
0 T T T T ]
2 4 6 8 10 12
pH
10007
(®)
800
& 1
‘w6004
I
= 400
200 2
Co e S & == ]
0 T T T T !
2 4 6 8 10 12
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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
4 4 ©

ARHFSE L5 R, 7275 V8 LB-EPS #1 TB-EPS i #4 3
AR A PG . Peak B(Aw /A =270~ 280 nm/345~ 360
nm), Peak C(Aex/Aem = 330~ 340 nm/410~ 430 nm) Fl Peak
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DQex/Aem =390 nm/450~470 nm), H: 1 Peak B WK H (475
s HHANREG YR ST R IR BR A A 5 Peak C il Il
X 25 B B iR ¢ 5% (Visible fulvic-like) , 5 4B & Wiy %
B AL A 065 Peak D 2 288 5 MR ¢ 't (Humic-like)
WA pH E X5 LB-EPS #l TB-EPS Y = 4 ¢ 6 Bt #8

B EKF R, (D5 R A R WA X . WA R A1 2 A A 3R
&%, LBEPS £## 5 TB-EPS & 4 #l Rl 0y ik 2 54y, =
BTG S — PP | R MU =R B T
Bt . fEFRAF LB-EPS F1 TB-EPS (¥ % i 45 1 J5 17 32 90 1 i 45
Ry
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Three-Dimensional Excitation Emission Matrix Fluorescence
Spectroscopic Characterization of Loosely Bound and
Tightly Bound Extracellular Polymeric Substances of Sludge

OUYANG Er-ming' ?, WANG Wei', LONG Neng’, LI Huai'

1. Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, China

2. School of Civil Engineering and Architecture, Nanchang University, Nanchang 330031, China

3. School of Civil and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China
4

. Department of Environmental Science and Engineering, Chang’an University, Xi’an 710054, China

Abstract Three-dimensional excitation emission matrix fluorescence spectroscopy (3DEEM) was applied to characterize the
loosely bound extracellular polymeric substances (LB-EPS)and tightly bound extracellular polymeric substances (TB-EPS) ex-
tracted from aerobic sludge in wastewater treatment. The results showed that three fluorescence peaks were identified in three-
dimensional excitation emission matrix fluorescence spectra of the LB-EPS and TB-EPS: peak B (Aex/Aan = 270-280 nm/345-360
nm), peak C (Ao /Aem = 330-340 nm/410-430 nm)and peak D (Aex /Aew =390 nm/450-470 nm). The peak B was attributed to the
protein-like fluorophores, peak C to the visible fulvic-like fluorophore and peak D to the humic-like fluorophore. Results of the
peak intensity showed that the major component of the LB-EPS and TB-EPS is protein-like organic matter, then followed by
(from high to low) : fulvic-like organic matter and humic-like organic matter. The effects of both pH and concentration were sig-
nificant to the 3DEEMs of LB-EPS and TB-EPS, but the degree is not the same. LB-EPS has the particular chemical structures
which are different from the TB-EPS.

Keywords Ioosely bound extracellular polymeric substances (LB-EPS); Tightly bound extracellular polymeric substances (TB-

EPS); Sludge; Three-dimensional excitation emission matrix fluorescence spectroscopy
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