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FEE . R SBR N #% LA ZARTE LS Ve A HeAhi5 TR 15 3R 4 EUBURL TS U, B 480 AUNURL TS U6 3R 458 vh IS £ Pk s A o 4 il ™
Yy (SMP) i 7=AE | A F B 0 A LA e B AL R . 45 56 SMP & Hi K COD iy 2241 4, WRE R 71 ~85 mg-L™",
SMP (W7 A SR Y BB R | R Y TSN RS W (EPS) MK AT G, AR 70T [543 A7 22 BH AR 43 SMP AH X
SBT3 x 107, Frdi il 54.8% ~71.7% , WiAEXT 3 F B AT 100 x 10° Y250 H b 5 SMP B —/INEg 43, It i kb
B0 9.3% ~14.5% . =HEHFNNEAHIR, K SMP BA 4 Mg, s 0lE TR HFE AN, ROEREAR, BEHR
YIRS R . AR (GC-MS) 23 Hr 3R SMP EZE R4 MRS Mak e ke | Ml fmess, Br o B fe o 803l ok
39.0% | 14.9% . 11.7% 1 7. 6% . FLro 4828 — I ER Pt 2 /K SMP o EZA s, Jr b L 4340k 32. 0% .
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Abstract; Using ﬂocculent activated sludge as seed” sludge f6 ‘cultivate acrobic grdnular sludge in a SBR, the main objective of thl@
study was' focuséd on| the ‘accumulation, reldtlve mOleéf lar'mass distribution, and LOH]pOblthl’l of ®oluble microbial products(-SMP) ing
an aerobic Uranul'ar sludve (AGS) systen. SMP were predommant (71-85 mg-L~Y) imrthe efflueiit of the AGS system. The formatlon
of SMP was reldted to substrate utilization, blomass dﬁcay, and EPS hydrolybls g | relative “mblecular mass distribution ana_],ysm
indieated that the md]orlty of SMP, dccountmg for about 54. 8% -71: 7% , had M, < 3 x 10 ; whereas, the M, > 100 x 10’ formed a
small’,,fraction const‘ltutmg only 9.3%-14.5% . ek dimensional excitation emission matrix fluorescence spectra ( 3D-EEM )
identified four | peaks in SMP, belonging to aromatic protein- hke‘" tryptophan protein-like, humic acid-like, and fulvic acid-like
substangest”Gas chromatography-mass spectrometry (GC-MS) dndlyblb revealed that esters (39. 0% ), short chain alkanes (14.9% ) ,
alkenes (11.7% ) , and alcohols (7. 6% ) were the main compounds in SMP. Most notably, bis(2-ethylhexyl) phthalate, as one kind
of ester, accounted for 32% of the identified SMP.
Key words:; soluble microbial products ( SMP ) ;
ethylhexyl) phthalate; gas chromatography-mass spectrometry

aerobic granular sludge ( AGS); relative molecular mass distribution; bis ( 2-
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| = d +Table 1 Operatlon time for one cyc,le A il - d o

J KE/d - #E7K/min I"‘. .“ﬁ}%q"ﬁ/]mn BES/min & ‘ VLI min HE7K/min

17 Vo 2 [ ' #28 i 185 ~200 15 ~5 2
£ 75120 =d > ' 28 - 202 3 = 2

F " =
F2 BEMSREHE
Table 2 Characteristics of seed sludge
WH MLSS/mg-1.~! MLVSS/mg-L"! MLVSS/MLSS SV30/% SVI/mlL-g~!
HfE 6622 3284 0.49 28 42.3
F3 AIEEKAS
Table 3 Components of synthetic wastewater

WA CoD NH, CI(N) KH, PO, (P) CaCl, (Ca) MgCl, -6H,0(Mg)  FeSO, -7H,0( Fe)

BH/mg-1.~! 600 50 10 5 5 5
1.2 SMP A& AR X 53 ik 43 A [ P22 Il R A0 ARG Aquino 5517 RIS,

FEME JE1E12 000 remin ~ B0 15 min, K5 1
HW AL 0.45 pm JE BT ] SMP, SMP ) 7% & L)
COD HIFATRAE. R AR BETE X SMP /4 #8 XT 53

ORI, RIS ad 3 x 107 10 x
10 .50 x 107 A1 100 x 10° 1) HEUE % ( Bedford, MA,
USA). 5l B4 M 08 A U, T2 7 COD
N TREN PR EE | AT R ) AT 73 B ft 534 IX

Al P DL R 2 fﬂéfr% SMP F)H .

SMP = COD - 1.07 x ( ZF&4h)
Gy M T
MLSS, MLVSS, SVI,, . NH, -NAl COD %
FRUEJT . EPS SR I #A sk 42 e, il b 385 Y 20
mL RS VIR A W AE 80 /KIS 60 min &, 7E
4°C 12000 remin "' Z&f4 T B0 20 min, LIEWRGELT

1.3
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0.22 wm JEME, JEWED N EPS $REBCHE ™, LI
COD MR ERFAE. R SDPTOP CX40 2% B 3
BEAFCE Y CANON RS AR ML 50K 5 Y8 9 T 25 AN
RARHEATRAE , CIRAN VR B R FH v AS0ORAH 2335 1%
(HPLC) il 72, H A3 88 5 k. ki,

Agilent C18 #, 4.6 mm x250 mm, 5 pm; sl .
K (FHBERR I pH 2 2.10); W% 1 mL-min~"'; ¥k
FEE .20 L K .210 nm.

1.4 =458

R =B RE X K SMP AT 4B, A
iR JH Hitachi 23 5 A F-7000 25643606 HH
. BRI A% B 200 ~400 nm, [HFEH 5 nm,
RSP K A% B A 200 ~ 550 nm, [EFEA 5 nm. A
SR K GG SE R 10 nm, HHHE N 1200
1.5 S SHT(GC-MS)

T ARAT SMP Y HER ZH B T, R AU EK
HI(GC-MS) X ik SMP #EAT 7. 1 Se R
AE TV T B4R 4 RE L 43 BITE R | AR A
BT 45 1 T 45 AR BRI, @tﬂ%ﬁm#&wm

W TR R RN K 2 5 mL, SR 4l R SO
R 0.5 mL, T4CHZMF FRAFRI. GC-MS
53 Mt 4% 1. 7890B- 5977A GC-MS 43 #7 A ( 3 [
Agilent) , HP-5MS A9 E 4145+ (30 m x 0. 25 mm
x0.25 pm). JHEFEFF T BI46 FE R 30°C, R
$¥3 min, 8°C +min "' FFE & 280°C , 1#+F 25 min.
‘#Eﬁmﬁﬁ* 280°C, #FFERE 2 WL, ASG U F R A
A, HAEAEAAR He, Wi 1.0 mLemin ™', &5
% 3R IEH 2.5 min. JT 3% AR E JE O NISTIL. L
( National Institute of Standards and Technology,
Gaithersburg, MD, USA, http://www. nist. gov/
srd/mslist. htm) .
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Fig. 2 Images of sludge in the granulation process
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Table 4  Characteristics of granules in the reactors during 120 days of operation
BT RE/d MLSS/g-1.~! MLVSS/MLSS SVI,y/mL-g ™! PSR A%/ mm

0 6.6 0.49 42 0.11

30 4.5 0.73 32 0.24

60 6.6 0.93 27 0.51

90 10.7 0.89 11 0.92

120 10.3 0.91 15 1.13

COD ¥ FEAEFFTE 78 ~90 mg-L ™", Hirf SMP 1k J&
HeFFAE 71 ~85 mg-L~". AT UL SMP 244 Bl 5 1 4
7K COD /) F L4 5.
K T WRFEAF RIS e R G SMP 1 7= A 1L
i, %5 T i5le s &Pk IE RN 2% — > F B 2
R4 . EPS. COD Al SMP RYZE (L5 0, He X452 1A
iR, WE CRREARIRESR, ROV as Y SMP VR
EIUAW TS, S O RRIEFESR IS, SMP £
Mo, FEAME T, KRR E, X
— B Be SMP 1 77 Az Y5 T 1CAE 10 % IV 40 5 Jo ) e
IR AR, MiE a7 R0, R o R e AR
1%, WUEPIEA NIRRT R B, 1X—F E;Jy:r“%%tiﬂ
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T P2 Bound EPS %n%ﬁﬂﬁﬁ*ﬁa@*‘lfﬂtj@f

(UAP) J F:H botind EPS A LA7E A ¥ T 58 1401
A AR B A 0 KA G 4 ( BAP) . ikt — 25
UEHT R g SMP 1Y 7P A 5 A P xk B B A1 HT
AV E T/ EPS MK fRA DG S38b, I fs
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Fig. 3 Effluent concentration and removal efficiencies of COD),

NH,' -N, and SMP in the SBR
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