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Impacts of Filamentous Bulking on Treatment Effect and Fouling Characteristics

of Nonwoven Bioreactor

SHI Kuan, XUE Gang, GAO Pin, WU Fan
(School of Environmental Science and Engineering, Donghua University , Shanghai 201620, China)

Abstract: Sludge flocs morphology and effluent qualities of nonwoven bioreactor during filamentous bulking and normal sludge status
were compared. Flux variations, analysis of filtration resistances and extracellular polymer substances ( EPS) contents during
filamentous bulking and normal sludge status were studied. The results showed that the average particle size of bulking sludge flocs and
normal sludge flocs was 448. 6 wm and 234.8 pm, respectively. During the bulking sludge status, the average COD and NH, -N
removal rate and effluent turbidity were 90. 1% , 93. 1% and 1. 33 NTU, respectively, compared with 91.4% , 97. 0% and 0. 99 NTU
during the normal sludge status. Filamentous bulking had little impact on COD removal, while it inhibited NH," -N removal to a certain
extent and had slight impact on effluent turbidity. Average membrane flux decay rates during the bulking sludge status and the normal
sludge status were 3.29 L-(m’-h*) "' and 4.87 L-(m”+h*) ™", respectively, and the fouling during bulking sludge status was
slighter. Reversible fouling was the main fouling when sludge was bulking while irreversible fouling was the main fouling when the
sludge was in normal status. The prior occurrence of reversible fouling could reduce irreversible fouling therefore slow down the flux
decline. Soluble microbial products (SMP) contents in normal sludge mixed liquid and bulking sludge mixed liquid were 21.369

~! and 10. 182 mg-L ™", respectively, protein/polysaccharide (P/C) was 0. 370 and 0. 497 , respectively, SMP gross was related

mg-L
to fouling resistance and P/C was associated with reversible fouling proportion. The relation between loosely bound EPS in mixed liquid
sludge and membrane fouling was similar to SMP. Sludge with more EPS could accumulate on membrane more easily, and the EPS that
accumulated on membrane was mainly protein. EPS gross in mixed liquid sludge, EPS in membrane surface sludge and their P/C all
had positive correlations to reversible fouling.

Key words : nonwoven bioreactor; sludge bulking; biological treatment; membrane fouling; EPS
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Fig. 1 Schematic diagram of the experimental device
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Table 2 Particle sizes of sludge flocs
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Fig. 7 Flux variations during normal sludge and bulking sludge status

A SR HSF ] PAY ) I T A g I 30 e ik
R R R R = AJ/Ae, FRZE A A
AL SRAS ™ B gl 3 AT SR | IR R TS5 etk
AT A H R B R R 4. 87 L (m®-h?) ',
RIS 8 R 25 T 1 1 X IS 3 3 s R Ol 3.29
L-(m’-h*) =" AT LR ) KIS IR S T A2 i
U R AN B Yl R X — 25t
Choi %50V XHE G v s £F e RE 16 A= 9 1 445 v s
15 Y IE S5 A e AN 6], T R 5 25 A 1 AL
225 pm) B Z P A 4ERR (0.2 wm) A IR KA X
5, SEAE IR AW Zeta HLA . EPS & & B
A DR 2R X BV e 1Y) R e A 55, T Ul 2 AR AR
(2% 2) 85 5 72 LI PR3 6] IS V5 Y A B 58 1) 5% )
YEM.

2.3.2  JEBH 1507

A2 0 A R B A RVARIEAT 10 d R
W 5 G I B i J,, e BTV U J5 ) S
1, IR (3) ~ (6) A5 IE# 15 TR S A K15
VRN ICLi R 25 5 43 BEBH IR il (22 3)

M2 3 AT LA H, IR 15 IR A T 0 i 1 A
VoYL BH 7 5 BBH I 9. 88% , Hirp ] 35535 YL FH 7
2.60% ,ANTTE YR F1 7. 28% |, BTG YL B 1 32
SEANTTS LR Ty, & 8 LY A KI5 Y s oY
BRI R E, I 8 (b) i LA IEH



6 4] PN 22RO TC Y A1 A BN i A BRASCR R IS G Ik B 2245

®3 RHHEBASHFY

Table 3 Filtration resistance analysis of nonwoven fabrics
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KA AR A /NS YR R 1 A BEFL PR 5 S ) A W] 5
5 Y T S YL iy 0 R L 2 2 0 B T A Y
SN LU AR TR R F )25 B2 ARG JHE 0 5% i 2 B /0N | G
TR, T BE A AL PN AL FE A TR X6 S5 Y
SRS AR, 5 | RS JIEE 5 e Je 300 630 o ) PRt T B
M2 B 35 Ve PR A B B 38 i F B e PR 5 12, Meng
VIR, KA 2R R K A TS T R AR S
ANFRN 5T %) TR B E IR SR T, 150 B ST 2% miy B B I
VEDF)Z 1) SRR 1 B 0 P i I PR R ) 322 i
PRI, T 52 17 i PR 08 B 0 s % T 7 A — e i 7K ) 59
), (A5 A5 1 V5 e i) RBVRR B A2 3 — e il 55—
5 1T, RS TR J B0 3 F )2 ot 4 /N 0RE 9E A B AL P 38
EH T AR, MR AR 5 e BORS YeE
I RESIE 2 T R U 2%
2.3.3 EPS &br

EPS( s REGY)) SR AE—E FREE A1 T H A
Yy o3 il FARSMY — Lo 5 50 F R AW, 57K AE W b 21
PR Z B E Y 24 EPS 2 54 Y &
TRIIE B, EAT A AE T 40 2% 1 sk o U 28 T IR A T
W EPS SR V5 I8 SR T LA R 4, B AR A
fiff [ A SRR BT KA A 0 0 A AE RS B DD ARG, Lt
Tl A 0 | 20 A A A B 452 EPS
Al 4y v fErE EPS(S-EPS) F1Hfl & 74 EPS(B-EPS) ,
Hort B-EPS 5 A5 UM 25 7 EPS (LB-EPS) il % %%
& ¥ EPS (TB-EPS) , 1 W5t 45 th S-EPS 5 SMP
(R RYERUE Y P ) SEPR S R — R > | A F
55 H SMP 10 S-EPS #4718,

MR 4 R LUE H BRS e SMP 285

g SRR N S ROIVE R

(c) BEHRIG IR T To &
B8 THMEREAMABER(100 x)
Fig. 8 SEM images of non-woven fabrics (100 x )
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0.370, 0.497,SMP i 43l A 1E % 15 8 ' 21. 369
mg L~ KI5 IR 1 10. 182 mg-L™". WIS
B, SMP ¥ J8 2 e 5 e v 7 B B g iy S 22 A
2! Ramesh 2570 5l 13 SCHGUE S SMP 51 ik 4 K
BB IEETE YL BEL A7, RIS Y SMP rp 28 P J5 R 7 1R
XA AL WG Y 0 BTRREL K T 2 0, {0 Lee 2517 211
SRR, SMP 220 Iy 558 8 11 500 25 7K 1 s
IR Bei5 Y TR B R, B4 P/C (R H B/ 2 0)
SRR TS G B R 0 L SMP B A S %, Yao
SRR TR R A TS A A SR
TR IERSE IR DEZIE I, 25 P/C A R T Hl 55 A ] 3%
VY. ARSI S5 R AT HEWT, SMP B 5 RS Gy R
HAERKZR,P/C S0l 5 Y fir & 1 Ll X R

F5 MIREWT ISR EPS &, IE® 5k
LB-EPS 11 2% 5 24, Mg ik 157 LB-EPS &
5 280, P/C 3k 0. 649 | 1. 488, TEH 15 I8 Fli
K5 e i LB-EPS S5 43514 2. 974 mg-¢ ™' | 1. 824
mg-g ", Wang 25 P W5 R0 | B-EPS A 5m i075 Yt
W, 5 TB-EPS #H I, LB-EPS 5 {5 4L pH 7 S 3
TR S, NS S5 A IR G5 e LB-EPS 5
JET5 YL ) e & [A] SMP AHALL; BiFP{5 U h TB-EPS &
AL = T LB-EPS, UER G5 Ve EPS 2%
PL TB-EPS ML AETE, Horr, M #hi5 ¢ TB-EPS
IR R & i K2 P/C B o IEH TG R

2.891, [Zki5 e 3. 554, i FhIR A W i5 Jeh EPS &
B0 B R 1E % 75 98 90.337 mg-g', KI5 R
157.093 mg-¢~',P/C 430l 2. 724 | 3.510, X} HE 3%
3A[LIE HIRA WG IR EPS M K P/C #5155
Jurbra] i g i) R AR AR IE ARG OC R PR R,
EPS XHRATRENE | 15 IRH /KM . B5 Jefs B2
SN EPS AT LG ik A A1 P 1R 2 18 PR A K 3 ]
W M AR, A2 2 A 0 7 T4 3R T B o B 224K
AR K, DRI i BSASS 26 TT ) 36 95 34 Ay ) 26

%6 WIS IR EPS & &, B s YR B E 15
Y S5 JoYiAn LM A 1075 082, B EPS 1T LLEAE
JEIRGW EPS 7R R 4TS YL e R iy 2R, AT 2
WS T P 3 75 YL SRR AT DU Y BT T
Jérh LB-EPS F1 TB-EPS ERIE MK 5 Je i) & &,
Fhi5UR1% LB-EPS H1 TB-EPS 2K 1 i (1) & & %5 &
F2WEe U EPS & s IG5 e 5 TR IR
T B P H BB FRERHM EPS TEEHE N
. BETE V5 e LB-EPS H (%) P/C 435Ik 1E % 15
1. 155, @ik i5iRe 2. 331, TB-EPS H1i5 P/C 435 M 1E
W5 3. 248 | KIS IR 3. 935, 5 EPS HF ) P/C 43
R IE R 15 3. 056 , KI5 U6 3. 816 , W i ifi 15
JeH EPS B 43 il A IE 15 U2 85. 824 mg-g ',
KI5 U8 188. 159 mg-¢ ™", FEE{5 U EPS & &M P/
C &R -5 W 1 1l 39 5 YL A7 A6 1IEAH e

*4 EEFREMERKTERETH SMP K2
Table 4 SMP contents during normal sludge and bulking sludge status

Al ZHE/mg-1.7" HEHF/mg-L~! SMP/mg-L"! EASiVEZ
IEHI5R 15.6 5.769 21.369 0.370
[ SERIA 6.8 3.382 10. 182 0. 497
*5 RBAWRTEDMEPS EESEE
Table 5 EPS contents of mixed liquid sludges
WH Bz L/ mg-g ! EHF/mg-g ™! Bt /mg-g ! EASUIVES
LB-EPS E#T51R 1. 803 1.171 2.974 0. 649
i 2! SERI 0.733 1. 091 1.824 1.488
TB-EPS IEH V58 22.453 64.91 87.363 2.891
i 2 SERA 34.097 121.173 155.27 3.554
¥ EPS ERT5 24.256 66. 081 90. 337 2.724
- i SR 34.83 122. 264 157. 093 3.510
*k6 ERETEFHNEPS SHNEE
Table 6 EPS contents of membrane surface sludges
S| Bt £ B/ mg-g ! HEA/mg-g ! Bt/ mg-g ! S VES
Al S
LB-EPS IEH {?/ﬁ'z 1.941 2.241 4.182 1. 155
-7 SR 2.906 6.775 9.681 2.331
S AL Y
TB-EPS IEH {?/ﬁ'z 19.221 62. 421 81. 642 3.248
-7 SR 36. 165 142.313 178. 478 3.935
¥ EPS G 21. 162 64. 662 85. 824 3.056
- -7 SR 39.071 149. 088 188. 159 3.816
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(1) KA 2R I K )15 e i T 22 R 25 ¥4 5 )
TG L IRR B E R AR, B2 K 15 Ve 1~ 4 ki 42
AP ERAR R FIER 15Tk,

(2) 2R R ICIR S B g #5197 YRR HE 7K
SEH] COD BRI 9K 87. 8% F190. 1% , 82T
IEH TG URIRAS R 86. 5% F191. 4% , 22K 1 g ik XoF
COD EBRBCR LB AT M 5 2R IOIR S T 1Y
RN K BINH, -NE B R 5K 91, 9% il
93. 1% MK FIEH 15 TR T 1 94. 8% M1 97.0% ,
U ZZ ARG I TR A AR A — 2 il 220K
FRZICIRAS T B2 K mURE S 1,33 NTU, B2 0E
WISTOIRA T 0. 99 NTU , 220K B B R 4 7K ok J3
WA S e (HA ™ B

(3) IEH G IRIRA T s N #% ) J 3 1 T F S e
Je R, 22K TR IR AS T 1) Bl it T R e s 12, i
PR IEH 15 IR N e & 4B R alsiis gy | 220K T
REMCIRZS T Se A A rT i y5 4 IE R V5 IRIREE T 1)
SF- 24 I A RN 4. 87 L (m-h) 2 KIS IR
RETH3.29 L (m-h) 2 KIS IRE T S
YU AT e F TS U8 B AORAR S5 T UL Y R 2R X
TGRS G 2 SR s OB Avis AT 10 d J5 , 1E
B VIR AR By BERH v, BT 3 YL BH O
2.60% AW T5 YR 7 7 7. 28% , BT5 YL B U1 3=
BLRANT] 305 Y BH T RIS VAR W BERH g
AL Y5 Y B S 5. 76% , A ) Y5 YL R b
1. 91% , B35 YL BH 7 3 2R AT 385 YL pH .

(4) SMP & & 43 il b iE % 15 e 21.369
mg-L~" % Bk 75 98 10. 182 mg-L~", P/C 43 % K
0.37,0.497,SMP S & 5B YL 1A X &R, P/C
SRS gL BT 7 0 LA G R 5 EE TS TR A K
75 IR B IR & W5 U6 LB-EPS & & 4 5 A 2. 974
mg-g~'. 1.824 mg-g~', P/C 4y S M 0.649
1. 488 ,EPS & & 43 %14 90. 337 mg-g~', 157. 093
mg-g~' P/C Ay IR 2.724 3. 51 IRA W5 U@ LB-
EPS 5875 L i 52 & [7) SMP AH L, EPS i &2 H
P/CHERE W Wil5 Ye iy B A AFAE IEAH X K R EPS
TEBEMIERE S TAERRmRR, I HEH
TRERME EPS FE2HE M ; BEMI5 e EPS &
B0 0 o IE H 75 U8 85.824 mg-g !, KI5 TR
188. 159 mg-g ™', P/C 434l 2k 3. 056 | 3. 816, I [f]
15 EPS 1Y & & Fl P/C &R B3 1 1] 375 YL A7 A
TEAH .
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