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FiR R R VR, 7 3 P9 (B T B R TS Y SR, FESEPRIS K, VEA SEIEFAR, KoT
ALY RRZS . RS AR RIR M T4, 2ERSEPRIE K H Ko A WL 20 5 B b A A Bl (L
COD 1) 1 50%~90%"", A& K7 FH YA — & WL EAERT, (HILZE T8, Kff & BT
B, TTREIE A 5w A P 0 AR A A o 0 R T R AR A A, T e 4% A BHLAS R B S e
WOk AL HH AT X TR T A HL A B OB TS U R SRR T s 5, KT KT A NI
FH R B8 75 6 0 Uk AL A HLER 14 S T 48

MLAN G W) (EPS) & U — 2T, th B S AR A 30 35 B T A i e b 1) — i s 43 1
AP, thZH (PS). HEF (PN). DNA, JE2E. JEHIRR . SRS ML oL st Rl g g,
Horr PS FIl PN 29 (5 B 1 709%0~80%" . ML AN R G W 02 S A= Wy SR AR AR 1) B A R 43, ORISR
T8 R S5 A H A IRIBUE 35 . (551588 . WCRHEM S E B4R 00, B AR R A R 2 ki TS
VI8 LB Y B BB 1 2 — U TR BN 22 109 56 T K A3 A BILA X Bl JS0HE 75 e 5% el %) B 5 v
FEERE RGN B ITHCR GRik . WA . BRBE) M5 U8 0 FUR AL JERE , 100 i A0 3R & W 10 56 TR B
/b, WAGNER 25U 45 | DUBRZR (R A0 0K 285 T 0 45 K40 ML R B DRI, B K PR 42 i) T LA
P E REBRBERCE, AR TEREEPAITG R AIE K. LAYEREM LM, [k &AH KRS+
ALY, K K S PR A B MO IR AR, T LI R G R SR B ROR , MGE TS TR TR
PERE A2 275 P ik AL

EPS [ 77 Az I 4 43 55 35 0 P 208 5% D) AH D00 2R 2 S B T B 21 43 Sl L 4 0 A A T 5 K O e DR
Bf, PSTERI M R AN S KA, M PNEABEGKEARTH T ®ER . HEFP 51, LB-
EPS TE LR A G & it e, EEM RGP, (B, WANG S L8, LU 25 3 5 i
EPS 1 Z W5 AR (110 & 5 38/ F LAVE Ry N SRR, JE R 1Y /K i B 25 2 9F EPS Hf PN [ 200 . TR
AEDSVRE Y1) R AN T B R A K TR BN 30% B TE Ry, AT LA AR A W I RS I,
EPS PR I & i, A A FRRSIRAIE . SR, X W5 250 ZMME A& 2 S L5
AR e, HREEFIEHEFIR RS, M FRR 5 RS EPS 9481k, DL R An] Fh 2 43 72 52 i
HIRPRALE EEN R M AEAEL. SRR, A B xT EPS 7875 Je F i 090 A i 0 . & A R
GIEA Ve S R L Y (S e

AW FE 5 3 LA 100% NaAe, 60% NaAc+40% [ 25 [k Fl 60% 1T 1% 1 3 K3 +40% [ 26 1 [k R ik
T, SRER RS . =49 OETE T . Zeta HLA SRR J7 % 8K 4 T ML AE F T Bl Joik:
15U h EPS W4 4322 5 IF 45 A 15 etk S

R
BLAGHERE, $R 4D T DU A EPS XFER S
e ot g , I S ok
5 Ye RURLAL 1 S 1 L e
s § |* N ;r,'
1 MB5ERE BEET =Tl r 2
. t'".:ﬂ'
RO, S IRRE T {aa®]| gotmieme LA TT
ARSI R 3 AL H B FSE A7 7 AR 00 vl
HES IR 7% (1 1), [ 1 B AT 0K 3 90 em, 14 u%%_m%
.75 cm, HD-12, HMER 4L, I #IE R N
HRA AL IR, R b R SR AT 2
L N
BL (I ACO-318) 1, 6 T i Bt v+ e < ' HkH
i 1.2 Lomin'o 525 A ok I #E 9i =C 7K 19 SBR Pk o
RNiAs, S TAERBIETT, dE7K PR il A 7K Bl RREREE

FUTEFER A, B C A B AT 1) K Bk 5 Fig. 1 Schematic diagram of the reactor
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o A s SO A, ER K DRI A U R KA o SRR R B 2 (PR 22 A% BT100-2)) =4, i
K EFHHE 0.46 meht, HEIK FE 50%. SR FEIR KW (P54 A 5 YHX-030) £35S0 i 78 20 °C 1817,
KN ER s AT B A 4 h, ALFG ] A5 0k H 7K 60 min AN B 30 min(HEFT 8 A9 B L), BE“T 120 min (DO A
6.5~8.5mg-L™"), VULVE 5 min(PLIERS[AIFE 30 d N IZ T 30 min Jil /> 2 5 min, BESES BIX N AE ), 3%
A F G0 R F ) a4 i s B sh
1.2 BEfUSIREARRLTK

HEFp 5 U U A DS oK) s e, V5 AR BA K 22 R E SV M SV, R 99%,
fHI5 Rk B (12000 mg L), i 45 SV, 5 E I (82.5 mL-g ") SRISEALL AR 1 15 /KA Sy I 1
PEPEAK, #EKWE N 12LL-d7, #EK COD400 mg- L', B 40 mg- L' BB 10 mg L', #EKMHE
L3 1, B ¥ RIE K MgSO,-7H,0 0.4 g' L', CaCl,0.5 g'L™', NaHCO;2.5gL", FeSO,7H,0 1.0 gL',
FERESIN 120 mL KA WO ICEB I KI60 mg- L™, H,BO;300 mg-L"' . MnCl,-4H,0 117 mg-L™",
CoCl,"6H,0 50 mg'L™'. Na,MoO,2H,0 120 mg-L"', CuSO,5H,0 700 mg-L"'. ZnSO, 7H,0 380 mg-L",
BRI 12 mL 2 PEKAS .

®1 RNMBFHKES

Table 1 Composition of the synthetic wastewater

1% i NaAc/ AIETETERY R NH,Cl/ K,HPO,/ KH,PO,/
(mg'L™) (mg'L™) (mg-L™) (mg-L™) (mg'L™) (mg-L™)
R1 513 153 4429 17.86
R2 307 160 76 44.29 17.86
R3 256 160 76 44.29 17.86

e RURE B EK DINaAe M ME BRI, Z0IR 430 NH,CHR ML, R2 I &% /K B U ih
60%NaAc+40% R UL, ZU iR AU FINH,CI5-$240E50% ;. R3 SN 2 k7K B U5 1 60% 1] 7
PEFERFI409% R 1 RS, 00 DB T R AN, CI45- 42445 50% . BRIR LL I LACODT, U LAl L)
BAIT.

1.3 EMoEE

K BT S A W 225 SRR g 7 ik PO SR DG 2% U (Olympus BX-53) & Jil #6471 K45
i o 5 Ve LB (SEM) FiAb FE 7 ¥y AEAF AN R BL— 2 fE AU ORLTS U8, A W R 4k 22 /P IS W
(PBS) 4 °C T 8000 rrmin' B35 3K, K 5Smin, MAKEK 2.5% % BRI E T 4 C TE
E4h, HIMAPBSE IR A))GE 4 °C F 8000 rmin' B .LWEPE 3K, KB LS min, KK
30%. 50%.-70%. 85%. 95%. 100% K £, BEREAT 6 BE Wi /K (BRI A 2P 5 3% 5 1R 20 8 15 miin,
8 000 rrmin” &L 5 min, FF LIEW). LR IEHR 8 000 rmin ' B0 B 2 K, A K15 min, FE4 R
FAY % T ML (FD-1D-50) 755 °C R &% T4 12 he S oG5 AR B E RN G LI 4
f5 (Pt), #E4T SEM(Quanta 450FEG) W %% .

1.4 BESNEREY (EPS) {2 EUEN E 75 3%

2 0E g 3 AT 9 ] 43 ) FE AORE AR AT I (90 d) . UKL AR H O (130 ). 0K Ak G D] (190 d) 2% $2 B
3AREPS, EPS & MUK HIEE 7 -FH 25 1B BE sc e ik BT, ok I = 48 92 53 15 43 I XF EPS(LB-EPS I
TB-EPS) H ¥ Jit 9 R 38047 0 #1420 3% il a2 R FH 96 20 e 6 3 (H A H 57 F-7000), ¥4
RV (Ex) K 200~480 nm, [HIFFH 5 nm, KWK (Em) 2 220~550 nm, [HFFN 2 nm. O GHTA
SR Je 20 5 nm, FHEEE 12 000 nm-min'. R F B H @k 2 EPS Fh 2R YT, SR
Lowry ¥ & % 11 5 28 28, 4% 43 85 1 % LB-EPS F1 TB-EPS 43 %Il 13 A Zeta Hi v A% (3% [H b /K 3¢ -
Z.S90) F it 1 N 5E Zeta HLA ,  [R]—FBFSh I RE 5 WK o
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2 #BR518
2.1 RRLEETITIRIT S AR B R R PR B 1 A

XiF 3 4 N A TG R A LR T RE R A 4k
Wem, g5 RwmE 2 R s ek, Rp
20d ZHG, 45 KN an s ek B MLSS il R
M, TSR E ., X FE S TPk 5 e ks
TV ARG EFRB K, FHRZHEIREK
B K HEH o AE 20~75 d, 5 U8 % W VR R
bi, WEBRHRE., ATRBEOANFE, 50N
ek 2 AR B A, R1L R2,
R3 R&4cH MLSS 435I 4ERF7E 2 500~4 000, 4 000~
5000 F1 5 000~6 500 mg-L™", 75 I8 ¥ 4K vk 14
Fo X FELH T KRS A U0 &
W BT 2RV R, AR i A B RS e ik
[ R RAE), BEF IS IRAPRIfL, 53R 75d)5,
RGEBWRaE, 31 N4 NI MLSS A< 4t
F7E 4 000~5 500 mg L '(J#] 2(a)).

M SV, A8 16l 28 v] 0 . 78 75 e UKL AL 1)
AT 60d, 3 NRAFH SV, (K, R1(NaAc)
J N £ SVy I B R fe D, R3E M R AL
Ry Z . R2 v (NaAcHER 2 FI ) 5 18 4
TE 85 dJi, 45 I A% SVy, 3 4E £ HE 20% A2
i, VKA B ROR BT, 15 Je LR e 3 4F
(E 2(b)). SZ M2, SVI,, AL B A2 B
AR AE S, (A DAk A 30 L 3 e B ik R 42 .
TERAIG TR Yk 20 d Py, B R v HH 22 R TR R
WA, SRR, SVL, B & 36d
Je, TGIRRIASE R 2R T K R AR R
G IR GE WK 6 110d )5, 4
e SVL EY 4E 45 7E 50mL-g ' /247, 15RUL
R R4 (1% 2(c)).

W BEASES TR A K 5 e ) m L
IEER R, 25K 3 frs . 3 AN bR URL
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Fig.2 MLSS, SV,,and SVI;; curve in each reactor

158 280 H /K COD E A vk & 22 8/, BRORBRBERUR Y R 4, COD £BRF 45 K 89.73% .
89.34% F190.18%, W1 2= 1% 343 1 4 88.90% . 88.00% F1 89.20%. 7K v & & 1 W fild & & = 8%,
AR S, REMASERELY, HRMASURE 2.

22 HEEHBEUR

HE 4a) " UAEH, ZFE R AHUNER, RN, 7508 RERE %L EEMK. 15k
A REMZZE . 0041 BT 0092 725 220K B4 (K] 4(b)). 7E R1(100% NaAc) RELaiil, ikifk
HARBNG , BREEBURLIG JERAR RN (90 d, Bl 4(c)); 190 d J5 BUE A BR B IURL V5 e T AR FL 00 (5, 34
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Fig.3 Concentration of pollutant in the effluent of each reactor

SR, NS, IR, PR REER S, RAARRK, KN 200~500 um (& 4(d));
R2(60%NaAc+40% [ 1 11 Jfr) R 58 018 LR i A 0 3R SR RR ARAS RN, R TETHLES (90 d, & 4(e));
190 d Ji5 JE B 1) i 2 Bk 0 UK 5 Jfe R T A 22 R T B8, A BRI 2 A O B S, BIEDE
ARG his R B L, ks RN 200~400 um([& 4(H); R3(60% JE K +40% AR F ) 2 48+ i
AL AT G VR 2 5 AL, I LR G R R AR K, 2 REBEIKZ (90d, El 4(g); 190dJ5 &
G5 TV 1 o B RV e 3 A A LR . R IER G, TS IR A S, ORI UE N R A A FL
B, HRBRAER, RETiEREKEZ, kLG IR R 200~300 um (& 4(h)). 3N FRGEHT51R
ZIRE G K FANYS LI Z g £, T8RN BURLIS 8 8 A s s

TG T e -
' .1sﬂ@%§q Y ipd‘.r:
E iy "::ﬁ.éf by | .'j»'-.(‘ % . 2 ~‘.’ . ‘

. - ‘e— K u 3 . ke N A 2 3
- el Rt T R
H .-'f . ’*“%. 5‘ 2Q¢fm| 4 1 56, g il v .500_pm - - 1_500 pri

b ——————

(a) 5 (¢) R1#E5:90 d (d) R1#55£190 d

0t i

(¢) R2FH90 d (D R2EFI0d (2) R3Ki#290 d (h) R3K5%£190 d
4 BRRFREMBERA

Fig. 4 Microscopic observation of sludge in each system
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23 SFERIEA SEM 734

ANTR] L 5 25 F R Bl OB Y5 T8 i R 2 50 LI 5. R1ZR G il i) B i 00k 95 U8 36 1 A K B e
SENREY, JCIEBENE, Z5F%E L, BRUARIFT R i AN 3R A W 2 B O [ A0 UKL U6 2% 1T o ) g A5 )
R K, SRR NIKYE W EPS ie %, RIEA )20 EY . 15K EPS T K RIFATE
A Bl T 0RE T U6 6T B RE AT LA B /N 224 Ay I 66 R T, AT o /0 A e R 7 Ul 2R A X S e
e Y W22 25 J — 30 . BARR 25 PO0Ks B s UKL 75 U8 98 478 R U1 Fr I i i 98 6 R 2R A HOR KR
I Wl UKL 75 U8 AP R — R BU8 HOGHE ) EPS P 2%, JFHED th LR ER NN IRER A S AL A K 1Y
B, o LUE o WK B AN R AW HE IS TR i BRLAL . R2 FR S PR 0k TS U6 % 1 AN R A
YHI L RT RGP, 15 R MR AR, B0RET5 U8 L 22 4R T R 5 28 T B8 RN B TR 7 22K B A AE
Rrp A R3 RGP BUR TS e R AN R A WD, ST RmeiAS . BBS, BRI . P
R ASHE AR, ORI T5 e PR FLIE B I8, 33 S L B R0 G A A K s 25 40 5 R i | IR A BR
WORL TG Je MR, P2 Ko F ALY R ECRRY, AT, KA P S 805 8 EPS % & FF 1K,
ANF TG IR .

(a) RTHCAS 0005 (b) R2ﬁ5z§c85004% <;:> R3S 0004
5 BERMB|HRABNSRAWEERA
Fig. 5 SEM images of granular sludge in each reactor
2.4 LB-EPS 5 TB-EPS W) =4 51tk o3 #hr
S LB-EPS Al TB-EPS Y A= SR 73, >R HI = 4E 2 OG5 X0 A [A] £ 45 b $2 HU) LB-EPS Al TB-
EPS #1743 M1 o AR 48 2 O IX 8 F1 43 7% (FRI) #2 Ex A1 Em ft JE WA 2¢Ot IX 30 70 Sy 54> X8
[ (Ex/Em=200~250 nm/280~330 nm). - [ (Ex/Em=200~250 nm/330~380 nm). I (Ex/Em=200~250 nm/380~
500 nm), IV (Ex/Em=250~280 nm/280~380 nm), V (Ex/Em=250~400 nm/380~500 nm). -, T A1 45
AR EREAYE LA, MCREEE Ry, VARG HEMAE RS, VAERE
3 5 Ry
WE 6 Ay, BRI TR 83 A~ R4 LB-EPS M/ A7E W B 22 5% . R1 R4 7576 LB-
EPS ' & ACSFRE AW R 1T, Ex/Em=225 nm/335 nm) F10§ B({, 2 12 25 5 (5 A H Al & 3
YR, Ex/Em=280 nm/335 nm), R2 F1BRIE A il B, if B ECREIE R Y R, Ex/Em=365 nm/
445 nm); R3 %% LB-EPS Al RE S A g A, We B, W ECKIEHRY i, Ex/Em=345 nm/430 nm), iX
TR lE R Geh LB-EPS ML U4 30 5 o 5 7 16 2 11 0 0 68 20 1R 2 A S J0URE 15 108 ) G Bt
BGF, OREORL TS e (T8 RN 25 R AR A AR P, R B AR R, /IR A A BURE T U8
B RIS T 1) e S om BE A vy, B A R AR I 1S KM 0 55 o S UL L, FR w4607 X oA v e JE i
R EPS A g WD R B, ORGP A Z SR IR TR R BN R . FEARER T, R2. R3 RS
oh— BB N AR AEAE, RIS PR, HBOR IS R kAR S 90 RI>R2>R3 AL, #E
Wi /N RL AR AT B & R2, R3 RGEAFTESF IR Y B i) — AN K. Iksh, WANG 46° TR K+
A ALY XTI 5 e R Ge EPS WsZma B & B, KT WL 2 (6 M5 U8 7 A6 T A R 2 AR
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6 &R FI% R LB-EPS #1 TB-EPS = 48 3¢ e it &
Fig. 6 3D-EEMs of LB-EPS and TB-EPS in each reactor

X AT RESE 15 U8 EPS & A JE FH R 2R Y A4 2 IR . 3 S RGERY TB-EPS 34 H R B0 C (1% 2 iR 2
B . Ex/Em=230 nm/300 nm) Fl 0§ D (8 24 2 25 & (A it f A 285 1 B 26 B, Ex/Em=270 nm/
370.nm), T, R IE 2K K 25 SR 4T TB-EPS 470 i B2 . S EENE, 3N REN
LB-EPS #1915 B Fil TB-EPS Hv i 31 () W D # /2 (0 2 R 28 2 11 B R A & B2 o, (G o 0
i EAE, W] LB-EPS F1 TB-EPS H & 1 B S W I AN AR IR, B AT AT RE 76 15 Ve i Uk Ak o 72 vh &
P AR IR B9 /R
25 MSINREMHEZENMEARSESH

EPS 1 PS AT I UE W R A K AR r 5 R ok e B T fig, nlaE bR g . AR PE DR Bt



1328 ok L B ¥ W 5%

TE WURLAL S5 R B IR B AR, AR PETS TR BUR ALY TAY 255 iF gy %1, TB-EPS 1 B-Z2 05 Al 42 i ik
YrlE G 1, sk RS e S5 B RS E M . A FSE R, PN HLAA B B B K 1 R R T R
Tk, A B0k BB 220, 2 V5 U UKL Ak Y 32 B i 4 10

TEARMZEH, ANAEREAKBRIEA R AN T . RGN E Y20 ik i EPS H PS FI PN & i B A W]
W2E5 . mE 7 AE 8 IH, 34~F % EPS 1 PS Al LB-EPS H' PN & KK s /D - A A5 Je i) 2R
FERFOR fE Y, (B X5 F TB-EPS H ) PN, R1 F1 R3 JZ i 25 & 40 9k 1523, 12:51 mg-g (LA VSS
), WS T R2 24 624 mg-g . 456 3RS PORT5 e RS (RI>R2>R3) F] A1, TB-EPS H' PN
) B 5 15 YR URLAL 0 S 38 AE G DN L T BB AR 4R FE TS e gk A i ds e My o — 2 P .
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Fig. 7 Polysaccharide content in EPS of each reactor
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Fig. 8 Protein content in each reactor EPS

2.6 LB-EPS 5 TB-EPS [ Zeta B8 {i 53 #f7

U SR T e th Z2 R i B T E BT R SRR L, B W il B R R T LA Zeta HRLV R KR o
2 A ARE 7R TS A B B e R, S R AE N R E S, R ), dEm
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Fig. 10 Model of aerobic sludge granulation process in the systems with different influent matrix
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Abstract  The effects of extracellular polymer substances (EPS) on the granulation of phosphorus removal
sludge fed with macromolecular organic. matter was studied in three sequence batch reactors (SBR) with equal
working volume, which were operated in parallel with plug flow influent and artificial wastewaters containing
100%NaAc (R1), 60% NaAc+40% tryptone (R2), and 60% soluble starch +40% tryptone (R3) as the carbon
sources, respectively. Analysis of three-dimensional fluorescence spectroscopy indicated that the
macromolecular carbon source led to more diverse loosely bound EPS (LB-EPS). The LB-EPS of R1 contained
aromatic protein substances II, tryptophan and other protein-like substances, besides them, humic acid-like
substances were also found.in LB-EPS of R2 and R3. The difference of carbon source did not affect the
components of tightly bound EPS (TB-EPS). With the increase of macromolecular organic matter, the contents
of polysaccharide (PS) in both EPSs and protein (PN) in LB-EPS decreased successively, which was adverse to
the aggregation and granulation of sludge; The contents of PN in TB-EPS was weakly correlated with the sludge
granulation. As the proportion of macromolecular organic matter increased, the medians of Zeta potential of TB-
EPS decreased in turn, which were —9.27, —12.32 and —14.06 mV, respectively. The macromolecular organic
matter increased the internal repulsive force in the sludge aggregate and decreased the sludge compactness. On
the contrary, the medians of the Zeta potential of LB-EPS increased in turn, which were —14.57, —12.57 and
=10.61 mV, respectively. The macromolecular organic matter reduced the repulsive force among the sludge
aggregates, and multiple small aggregates gathered and aggregated to form phosphorus removal granular sludge
with loose structure and multiple cores. This study also proposed a granulation model of phosphorus removal
sludge based on EPS considering the effect of macromolecular organic matter.

Keywords macromolecular organics; extracellular polymer substance; phosphorus removal granular sludge;

three-dimensional fluorescence spectrum; electrostatic repulsion force
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