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K, JUHIE @Y NS R AW (S-EPS) AR 115 B TS I M K M BE RO B i B R B 3 (7=0.704, P<0.05), — 4%
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ARARBL, R[R89 75 KK BRAFAE I B 22 55, X BB R AR 63 Y e o = A s g 1

AT AE TR 1 B b T 2535 B S A AR X o B A AR ME TG KA B /s e MR X 4, Xt
A B AT R G PEXT L b, XIS R B KPR e S B A M B (R Y o RAEAT AR ST, AIHAR 4
AR 8 75 U b SR 4575 K AL BT 1 5 U8 R B K 3 R PR RIS 2
1 MR5F%
1.1 #iki5R

VGIRRE S A T IR E F A 5 X 4% 5 AR AR [R] M X . AN R Ab B T 25 A K A [ gk 7K 20 i 1 75 7K Ak
BT XPR[EHL X V5 R RE S T 9 S, 45N S1~S10. BT A RE AL R AEAE 4 °C vKEE T, T5 IR BURE
ME KA ERTTY Bk BEARE UL 1 s .

x1 SREREERLSRERERER

Table 1 Sampling points and basic information of sludge samples

%' K2R AT XK KT SRR 15ER MLSS/MLVSS - #KCOD/(mg L) SVI/(mL-g™)
S1  KIbEKAHETT WA B A 100%4ETFK - FIART5E 0.354 4 248.37 50
S22 AKMVEKAEEY T WM M AYO 100%4:3E K A5 0.405 8 156.55 62
S3  HRMVEAKAEERT AT dey AYO 90%HETFK - FIARTT e 0.601 1 265.31 109
sS4 UEKAET bRt Ay AYO 100%4:38 K - 1A T5 e 0.4413 279.07 80
S5 SKAbimAKALEET b dbdr Akl 50945 K - IRAEIE 0.688 9 628.61 142
S6  ERIEKLHE =ME Ml AYO 100%A4: 3 K. IRAT5 e 0.4757 367.13 127
S7  TARVSKAE ey by AYO L00%E TR K IRATTUE 0.5918 854.72 110
S8 FRAIEKAELT  FNE mEOT AYO 100%4:35 K IRAT5 e 0.4279 156.45 95
SO HEWHEGKALFRT WHLAE T =R R 93%HIEK  IRATEIE 0.500 1 202.72 106
S10 ETFVSAKALETT  IIARA dt)y A%O 30%H40EK  IRATEE 0.409 8 188.08 146

1.2 A E

pH K JH| pHS-3C #4 pH T (Shanghai, China) Jll 5 ; A HLSTEE 5 95 07 2 0 5 5 Zeta HL A7 8 5
Malvern 2 &) B¥ Zetasizer 2000 $E47 M0 5E 3 B4R 43 A7 F57AF 2K F] Malvern 2 &) B Mastersizer 2000 75 ' k7
BEA A BB, EPS R F T 7 iR I Lowry-Folin W5 %2 , LA % 28 (A AR HEY BT, T 750 nm %
AL IEAT LT 2o Bt SR FH AT - I 12 0 AR 8 AR TE I B, 625 nm P AR iE AT LA

E 4 W K B [A] (capillary sanction time, CST) £ | >& H % [ TRITON 2 ] A& 7= i {f # = 319 Y
CST 22 {F Whatman 17 5 JE4CIE o ML TE . BHARFN 5 mL A2 A7 0 37 P V5 U s A 280 0 5 A
AN EEE il SR T IR M E IR IR AN 1 em $7HCE] 3 om PR AEEFE] . A T HEBR IS IR MR BE RS W, B
A0 25 R T R P VeV B AT I — Ak ab B, RN (1) FR .

HCSTZhC—V;T (D
K ey B CSTIH—FREE R, sLogs hegy MALER I AE 19 B AWK BF[], s5 W2 TG U8 & [ 24,

gL'

e AR & W) (extracellular polymeric substance, EPS) [ #7715 78 ZHANG 57 (3L hih B &k &
e, 15 TUIE T/ AE 2 000g(5 0> 1) 544 T B0 15 min, 724 (1K) | 75 W BD ly K )2 EPS(S-EPS) 41
O3 o BRG] JES B Y DT TE 4% 00 40 i 2% P (Na,PO,:NaH,PO, :NaCl:KCl FE /R o 2:4:9:1) F LI K
L RAZIE, 165 000g(B5 .0 1) &4 F B0 15 min, b5 W B K #A BB 25 5 EPS(LB-EPS) 4145 .
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ZJ5, WEFRAUTE A Z% il Z R, IR Z)5, 7 40kHz, 300 W 4544 F 7 10 min,
&5, LL20000g(BS.0 1) 5 FEg.0 10 min, bW B Ky 5 %5 45 4 %) EPS(TB-EPS) 4H 4% »

= #5266 15 43 B (3-dimension excitation emission matrix, 3D-EEM) £ il % ] Hitachi F=7000 % =
Y 5 TG AT 5 e EPS Hh o S AL 4y A L HEAT A AT, SR ORI GUIAT BRI K A, 200~
400 nm, &SP A, K 220~550 nm, K R K TP 4% V8 R S nm, I HEE O 12 000 nmemin '
=BG R HEAT R 7 (PARAFAC) #EATM#HT, AT Hh = 2R 964l o5 B, Bl Ak LA
FH Mat Lab 8.6 #4471,

2 HR51e

21 ARMXFKEIE SRR KM EE 300
AN T 3 X3 R A i B K PR RE AN 1A 1 B 7R 250

FIET T AP, N5 K AR BT (S3) A R B T5 7K
AEEET (S6) i5 Je M K PERE e 22, negr 23901135
B T 2204 F1 2142 s'Log's K% HF 5 K kb B
(S9) 1475 U J K M RE R FE N B4R, negr M 53.5
s'Log™s Hofihsh XI5 U K M 22 R K, Sk S0
AARAFLE 11~28 s L-g ',
22 FRBR ISR SRR R AR B S0 ST S
TR R Hb I 75 K b B 35 R B f B A | 1 * Iﬁiii{lZ;wkﬂIEFra;)ﬁ#ﬁHFE7J<'I*$§E

. . Fig. 1 Dewatering performance of sludge samples from
LS R B NS N BT ST N B S
A 5 YR Y pH B AS O 45 7 v S L
B/ o 3 S R M X5 P A R AR R AR o L 3 AT, sk AT K AR BT (S5) 15 e kLR
K, VG KAL) (S4). fal R I5AK AL BT (S7) R A VG KA B ) (S9) I5 e b AR ik 2z, i A
Mo XI5 Ve RE S RAR Y BN . RN, 15 PR K P RE 5 RLAL (d,5) 52 B B A SR Sk o AETS T8
oKk Rerh, V5 BURDRLAS BN RO B Z Y5 e UKL Y F R TR R, IR B 8 ey H kL 1 A
WIS G Wy (EPS) Bk £ o ixX A AN 25 BEAS K i R b 5 U i A TR Btk B 4RK R B K /Y B, T
H 3 25 B 775 P JORE Z 1] 8 2545 PV A [R] Ml X 75 P8 R it ) 2 T B A 0 A1 (Zeta B TN 4 BTz o
K4 mT g, AR 3 DX I8 A A A 3% 100 R Ay 0 A1 28 SR, BR R IG5 K AL BT (S6) B 75 e A il Y
Zeta HLALAS N SUEAE (0.07), HAt X A5 e R 8 0, HADHLIX A Zeta BLAL 22 55 W] 8 8
WORUL, T5URMURI R R E, U B W — 2 A IR R AT A B, XS T 5K TR AR K S
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Fig.2 pH values of sludge samples from sewage treatment  Fig. 3 Average floc size (d, ) of sludge samples from sewage
plants in different regions treatment plants in different regions
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Fig. 4 Zeta potential of sludge samples from sewage treatment  Fjg. 5 Organic matter content (MLVSS/MLSS) of sludge
plants in different regions samples from sewage treatment plants in different regions

JCR, WE B KAy . S Ah, 15 IR Zeta F S (EER A , R IAT R far ARG, UK ] A9 R AROK
AIEAEPE 2, S RB05RME KESI I, S BU5 IR B EMEN, &S AR A b X 35 e A
BLBT & it (MLVSS/MLSS), I5UeA AL & i 55005, REE 15 KA RIS T 2% MG, A
BLITT 5 St d5c = AR AR A A i 20 0l 8 3 AR 5K b5 A AR B (S5) AT Y i5 /K A BE T (S1). b7 15 ke
A A DL T M (54.66%) Y91 5 5 T J0 15 JERE T 918 (43.28%). 15 U84 HLIR 7 it 25
M 35 Y i 7K P BB 1) DG BRI &, 5 IR A AL S sk, Y5 e EPS & &R . EPS R KFEJE 5%
W) & V5 e B 2R Z5 40, 38 1Y EPS K SR J i I UK 5, S 85 R KEREAE 220, 54,
A HLIT S v i 2 B AR U8 R A HLAR I A i
23 AEMXTKLE TR#EREPS FE2BE5EARS AT

Z M AR 1 B2 75 18 EPS 1Y 240 siiB 4, P 7] (575 U8 EPS 1Y 70%~80%", AN (W] b IX 75 Je
FE 45 )2 EPS H 28 AR 11 3 & i an &6 B o WEl 6(b) BT, AN [RlHb X 75 Y6 EPS i 2 05 & 1 25
S, Hodr, BRI KRBT (ST) A ST M A 15 K AR BE T (S8) (175 e EPS H 20 1 i i
ik, X TRES X 2 AN X V5 PR A WL & A X 5K 6. H o, ZHETEAIRZ EPS iy 4 fi
AR R ES, EARM TG KA (S2). = Fg BRIG /KA BT (S6). Wil {5 /KAL)~ (S9) Al
7R B e 15 K AR R (S10) W5 R BE S b, Z M AE S-EPS Al LB-EPS H /0l £, 1 1L 72 8 M5 /K
AEEE)T (S3). Tl Atk AL TG aK AR T (SS) FHBE Y [l K5 K AR BE T (S7) Y T5 YR AR o v 20 32 A A A
LB-EPS 1 TB-EPS H'. b4k, MK 6(a) W1, ANFIHLX V5 EPS HEE AR & 22 SR E . K
AT RN VS K AL B (S3). b sk ki K AL BT (S5) . =g KR I5 KAL) (S6) FIBE P Al KT
15 KAL) (ST) M5 PEAE i EPS W& BT & it X R 1T R 53X 4 A4S 1l DX 75 U8 Hh A BILE 4
BmmA K s, X 44 HIX 75 )8 EPS 8 1 T 3 253 4ii £ S-EPS Al TB-EPS Hr,  HAth Hb X 35
EPS [FI#£ 2 7F TB-EPS R it & s . AW R, EPS MYAATE Al S 305 e i B /K Pk fig A 221,
Horp ) S ARG R BOK R o B3 . AR s . S-EPS R MR SR, 5k
K PERR 2200, B R — A A K F, B TURUK 53 Be S & AR B Fh AR E BE AN R] 1Y) AR %5
Wo WA, EARS FREA T ZWERE, X 5K A MR, RES WK
T, FECE AT PUR AN Y B — 2 F0E KRR, (15 Bk EPS 3 2 (1% 4 A UL 4% I (8] N BE 5k
BELASG 7 AW0RE SR AR . UIVE, B 7Tis i h g Gkt e e, Wik, EPS A F . Z M
R A =2 B A AL P 20 45 P 2 V5 R v B R K ) R DR IR L A B S ETS VR TR B K, wE
SR 15 U6 EPS 4 i 15 e S B R 45 4
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Fig. 6 EPS distribution of sludge samples from sewage treatment plants in different regions

24 ARIMXSKEIE SRERPRIES T

SRS BN A YR 2 A R AE A AR S, AR IR X3 8 A A A A A Y
A ALY BAT B R R AR — R = 4RSS O 4K, AR PR AR RA
7] 400 Jo B AR B MR B o 3K 4 A4S X430l 2 (B Z IR 28 & 11 (TPN) o 5 RS & 1 (APN), & LR
i (FA) M@ s 289 e (HA)', 1 5, a3 A7 74081 (PARAFAC) 1] LUK = 4E 986 i% 45 4>
oy EAT Y5y o ANIEHL X V5 U HE S EPS H o G2 A 4R Sr 45 SR a1 7 B 5 R g i 28 S 20 43 9 i
FE A3 A R AE QP 8~IE] 10 iz . 15, TEASIRIHL X5 U8 BPS " 24543 i TPN. FA Fil HA 3 Fi 98
Hor (K 7)o XF T S-EPS(E] 8), FZ ¢4t TPN Fl HA %62 7, X Ui W% 2 EPS s R A0S &
KE A S B, AR XI5 I S-EPS Hix 2 8% 64/ & 2 R0 B, dbskdbis K
ARERTT (S5). BTG IA KT IE KA FE ) (S7) R B A V5 /K AR BT (S9) B I5 YA S-EPS HiX 2 8¢
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Fig. 7 Separation results of fluorescence components in sludge EPS
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Fig. 8 Fluorescence intensity distribution characteristics of ~ Fig. 9 Fluorescence intensity distribution characteristics of
fluorescent components in S-EPS fluorescent components in LB-EPS
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IEFRAESN, oAb i5 IRl SEPS ths 3500
AMAEARE Y B FHAMARL. HF Fow
LB-EPS(I 9), FE 4 43 th TPN il FA ¢ 6 41 R0
4% o AL IX 35 6 LB-EPS A {5 28 2 35 8 14 i 0
I S-EPS TERMREATIEAZIMNM gy e rares mkms RABRSBHE

PMAE, HERYS TEERSE. 5 LB-
EPS #l [f] , TB-EPS # . 2 #% 43 i} TPN 1 FA
DA A (K 10), MHGEREEA RS TS T 2R E .
25 SERMRXMIEREK RN N

Pearson HH 5 1 43 M B8 FH R A B S [R) i X 75 e S AR ME i (46 pH. K48 . Zeta HL AN AL &
i) 575 Ve WK BE ) 1Y G R BL ] (GR 2). 15 U 22 AR AR R TS e A7 AL 0t & o i 30 1 I 35 A A oG
(r=0.709, P<0.05), 2B Kk i5 e v] g 2 A 5 m i A AU & dt e AN (R M XI5 U 1 K56 43 36 A 4 it
Z AR HL A 35 AR Gk, 11 B S [R) s X35 U B i K PR BB AN B A7 B — B — 5 YR ST A R T

Fig. 10 Fluorescence intensity distribution characteristics of
fluorescent components‘in TB-EPS

M2 E R FEEMMSER. BT LiRiTE
PFEAVET LASN, 1578 EPS i A4 ) it (2
W55 8 0T RS e K e RE R BB R
W3 3FR, nesr 542 EPS W 2 & JCH
A, X UL EPS H 2 B X TS U8 B K 1 RE
M ERAHE., EPSHEARSES
nesy Z AR OCHE 20 B (G5 4) & W, S-EPS Wik
H S /S nee Z B TE 3 10 A0 ¢ 1%
(r=0.858,, P<0.01), Hytijd W75 Ve i 7K P fE
BE & S-EPS Hfv 2 [ BT & & 19 b i 2 W R A
XSRS -2,
#=3 SREPSHEHEESEESTRMK
TERERIHE XM A

Table 3 Correlation analysis of polysaccharide content in
EPS and its dewatering performance

R2 SRNERMERSSRMRKEROEXMESH
Table 2 Correlation analysis of sludge basic properties and
its dewatering performance

o ness  pH  dys  Zeta MLSS/MLVSS
Rest 1
pH 0528 1
dys -0.256 0311 1
Zeta 0.350 0.513 —0.035 1
MLSS/MLVSS 0287 0.330 0.709" 0.235 1
& *P<0.05,

x4 SREEPSHEHRASSESISREMRK
MRERE XM ST
Table 4 Correlation analysis of protein content in EPS and
its dewatering performance

ZEE s SEPS LBEPS TBEPS ZEE st SEPS LBEPS TBEPS
Negr 1 Negr 1
S-EPS 0.352 1 S-EPS 0.858" 1
LB-EPS 0.170 0.769™ 1 LB-EPS 0.618 0.877" 1
TB-EPS 0.392 0.138 0.504 1 TB-EPS 0.448 0.687" 0.723" 1

VE: **¥P<0.01,

F: *P<0.05, **P<0.01,

2.6 KK CIBIZE . gt iz e iRk 4 88 A &2 M

255 LR TS FAH S ST 458 T AT, 15 U 22 A0 A LA AR 5 M T DR K M R Y G TR &R
11 H: i EPS 5 U8 B 7K 14 B 19 52 i ek (25 000, V5 e A LA R AE AE N R s . AN ()95 K b BT
SRR, W E TGk A T2, R R K KOS 2 6 B AR 3 T R A KR S 1 R
Ml o AN () Hl DX V5 Y8 FE AR T (B4 negy FIA LI i) 55 KA B #E7K COD My #H M 4 dn 3k 5
Fis . #E7K COD 55 RA ML & = B & F 56 (7.=0.704, P<0.05), XFEBMT5/K] #EKKFRXERA
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ML & B 2 A WA 5B f 52 e . {H k7K coD 5 x5 SRMRSHK CODBWEXMSH
. ZIEBIM A, H—E R TI5R Table 5 Correlation analysis of sludge properties and
FO K P R L 1 25 R 26 o sewage COD content

H 3 1AL LA Y, X 7 K Ak B R COD s X MESSMYSS
(19 45 HIL IR A Bk B S A L 35 R L A cop :
R 5 A WL o k3 3 7 359%~50%, i AL )7 75 U8 Mest Rl A
A 3t 95 3 60%(?%%?‘5 MR INE BRIk MLSS/MLVSS 0.704" . 0.287 1

J7(S10) 5 Y h e v & R, S ECH HLIR & Hs mP<0.05.
WRAL; ALat PG K AL (S4) 18 17 T AR 60%, i 45 HE 7K i A B4 K 2 4 AR B A
M, EHKZ 0 FIURRE, HAARA PG & REAC), R, AR S &5 I CSTh 4
B, X5 Z AT R AT A A — B BLAh, RXER BRI X AP T R A B T AT
AP & ol T8 T2, Honeg WAL, XM T, A0 TZME TR MG R
A, BT B X, A R TS SR AR AT, ALY B BRACR A, 15RO
HUR & AR 3R . 53 Ah, BE KK TR i ¥4 7k 4b B AR 45 1 Fe e AL K s RR B i, &
15 Ve ML ARG W B AL RS e B A B o ARG TS K B BRI, P Tolkis K le g, & 5805
PR AP & &30 T (Pl Ry & S8 W IR A, AR ERTEK) (S10) B X 2R
H, TlisKH&A KREARNGHMA YRR, EE oMK aEIE Y, 25K
TEY 3 W T Z I AN R A1, DT V80 AH v A DL B 200 i A1 B O 2248 A i, (A5 LM SR A
YIPE A . 20 IR YY) (SMP) S5 B ARG L1 T, B S 805 TR A K P R R R

g LRk, 1SUerI KR S5 1E0 B S HEb A ¢, Sz Bl 2E R | 15K B
T4 SR AR Z R .
3 g

1) A 3 X5 7K A 45 0 A4 5 8K B TELAT 2 5, R 5 KA
TR AR AT AN, AL B AL TP 75 K Ab B V5 e 2 1 FRL far %k A

2) N[ b X35 7K A B35 PR 2R AOR AR LA BILR 1 B R B B A DG (=0.709, P<0.05).
15 U645 )= EPS i 20 5 5 X5 e K PR R iy 2 e AE AN BT SR, i AR T S s U B K P e 2 A
X, JUHJE S-EPS Hy 8 T 5 X TS U K 1 BE 52 AR F ook B3 (- =0.704,  P<0.05).

3) Z4ES AT AT R, S-EPS E 2 4f 43 th TPN Fl HA 2864145, 1fii LB-EPS Fl TB-
EPS 1 & 45 TPN £l FA ¢ G447 .
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Abstract In this study, five typical sewage treatment plants in southern China and northern China were
selectedto compare floc properties, extracellular polymeric substances (EPS) and dewatering performances of
sludge, respectively. The Pearson correlation analysis results showed some obvious differences in
physicochemical properties and dewatering performances of sludge from sewage treatment plants in different
areas. The average particle size of sludge had a positive correlation with its organic matter content. The protein
content in EPS had greater influence on dewatering performance than polysaccharide. The protein content in
soluble’ EPS (S-EPS) had the most significant effect on sludge dewatering performance (+=0.704, P<0.05).
Three-dimensional fluorescence analysis and parallel factor analysis showed S-EPS contained tryptophan
proteins (TPN) and humic acid (HA), while loosely-bound EPS (LB-EPS) and tightly-bound EPS (TB-EPS)
contained TPN and fulvic acid (FA). This study provided new insights for sludge conditioning and dewatering.
Keywords  municipal sludge; dewatering performance; physicochemical properties of sludge; regional
disparity; protein in EPS



