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BOE A an Tad R bR A SO R m M A ML K, R PR A M R B %% (MBR) T 2%t
HEAT RO A ST, ABIHERT 1.6% il 2.6%SO; HeJE T SR #3a AT VERE . 75 D8 1k i RS V5 e A8 Ak 1.
205 110 d BB AFIF A X L &2 B, 1.6%SO; T MBR 3515 (9 e KA HLI A 1.0 kg-(m*-d)” COD, H:
L2 AR (COD) | RA MM A LIS 97.2% ., 92.5% Fl 89.5%. 2.6%SO; #eJ¥ T /4% 5
A B 5l LR AR 1 e KA LG AL 0.5 kg -(m*-d)' COD, H: COD. & &Mk & 1 2 BR R0 51k
96.3%. 82.6% il 80.7%. LLAl, SO M K 1.6% B S I 5 76 oy O RS ATl B T, 595 e o o3 T L
2.6% FRGEH R, I — LA G Uk IR & LS OF W E N 1.6% RGP IR A R IF B AT (MLSS) FI#%
KR BTEE AR E (MLVSS) BELE 7.1 ¢ L7 F1 5.9 gL' 247, MLVSS/MLSS {1 % 9] i 15 Je A Fr #2
5, M 80.2% THEE] 83%. SO A 2.6% KRN MLSS FIMLVSS FaEME 6 g- L' Ml4.5g- L7 47, MLVSS/
MLSS B 06 75 A FrbEA%, BEFREA 75% 47, BARA MLSS Al MLVSS/MLSS Jl# T 3% 1 g vf )=
AT AL, 5558 2.6% SO REGMET5 Jedit. 2t KA SRR LT, 1.6% SO Fll 2.6% SO; & 4tk
SV R PERUE Y T (SMP) FZS GPER MM R G ( BEPS) ¥ FFt, SMP M 13.5 mg-g”
VSS | Jt %] 20.4 mg-g' VSS Al 65.3 mg-g' VSS, BEPS M 36.9 mg-g" VSS I 7} %] 181.8 mg-g' VSS Al
2273 mg-g' VSS. 2.6% SO &4t 1) SMP Fl BEPS (¥ KT 1.6% SO &%, Mififiii5 2.6% SO &4
) TMP L FHme, JET5 e i, 1.6% F 48 MBR 75 Je K42 A RPN 9 82.3 pm 34 % 125.84 um, 1fii
2.6% SO RGP iG IR RAR M 78.23 um. HIEE T 1.6% SO AR5, 2.6% SO RS HIGIRARTH /N, HHE
Gy MERNT SR, (A IR U2 B B, i TS YL I . A A AR T 8 R R R T AN R
1, 1H2.6% SO, R G0 N FREE 1 15 HL A 1.6% SO R4 W . 45 1, ANFELE X MBR 1K & (932175
BE . TG URE PR BTG Y 0 ELAT 3 RS [N ARG R Ol MIBR % FH T R e R A ML I3 K B b R
PRI S LR AN B S .
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Sludge properties and membrane fouling of aerobic membrane
bioreactor (MBRs ) in treating organic wastewater with
different concentrations of sulfate

XIAO Xiaolan' GAN Yongpeng' FENG Yongrui' WANG Xiao' RUAN Wenquan'? **
(1. School of Environmental and Civil Engineering, Jiangnan University, Wuxi, 214122, China;

2. Wuxi Masun Environmental Energy Technology Co., Ltd, Wuxi , 214122, China)

Abstract The organic wastewater with high SO;™ concentration produced in the food processing
plant was treated by aerobic membrane bioreactor ( MBR ) process, and the performance, sludge
properties and membrane fouling of the MBR were investigated at different SO;” concentrations of
1.6% and 2.6% respectively. For the operation period of 110 days, it was found that the maximum
organic loading rate (OLR) of the MBR at the concentration of 1.6% SO;” was 1.0 kg- (m*-d)"' COD,
and the removal efficiencies of chemical oxygen demand ( COD ) , ammonia nitrogen and total
nitrogen were 97.2%, 92.5% and 89.5% respectively. However, at the concentration of 2.6% SO;,
the maximum OLR was only 0.5 kg:(m*-d)”" COD, and removal efficiencies of COD, ammonia
nitrogen and total nitrogen were 96.3%, 82.6% and 80.7% respectively. In addition, the membrane
fouling rate of the reactor with 1.6% SO;™ concentration was slower than that of the 2.6% system,
although the reactor with 1.6% SO}  concentration operated at higher membrane flux than the 2.6%
system. Further analysis of the sludge properties showed that the MLSS and MLVSS in the system
with 1.6% SO concentration were stable at about 7.1 g-L ™" and 5.9 g-L™', and the MLVS/MLSS was
83% with higher than that of the initial sludge. The MLSS and MLVSS in the system with 2.6% SO;"
concentration were stable at 6 g'L™" and 4.5 g-L™', and the MLSS/MLVSS was only 75% with lower
than that of the initial sludge. Lower MLSS and MLVSS/MLSS accelerated the formation of cake
layer on the membrane surface, resulting in a serious membrane fouling of 2.6% SO;™ system. After
long-term acclimation in high-salt environment, SMP and BEPS of mature sludge for 1.6% SO;  and
2.6% SO; systems increased. SMP increased from 13.5 mg-g'VSS to 20.4 mgg'VSS and
653 mg'g'VSS, and BEPS increased from 36.9 mg-g'VSS to 181.8 mgg'VSS and
227.3 mg-g'VSS respectively for 1.6% SO; and 2.6% SO;  systems. The SMP and BEPS in 2.6%
SO;™ system were both higher than that of 1.6% SO,* system, thus the TMP of 2.6% SO; system
increases rapidly and the fouling aggravated. Compared with inoculated sludge, the particle size of
MBR in 1.6% system increased from 82.3 um to 125.84 um respectively, while that of 2.6% SO;”
system decreased from 82.3 um to 78.23 um. Compared with 1.6% SO~ system, the smaller particle
size in 2.6% SO;~ system was easier to accumulate on the membrane surface, which made the cake
layer more compact and accelerated the membrane fouling. The membrane resistances of both the
two MBRs mainly composed of the external resistance. However, the internal resistance of 2.6%
SO;™ system was higher than that of 1.6% SO,  system. In short, different salinity had significant
influence on the operation efficiency, sludge properties and membrane fouling of MBR system.
Therefore this study can provide theoretical basis and practical guidance for the application of MBR
in the treatment of high-salt and high-concentration organic wastewater.

Keywords high organic matter, high sulfate wastewater, aerobic membrane bioreactor, water

treatment, membrane fouling.
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R BE ARG, M2 & A FCR. 1LAh, MBR BB 15 YR 15 B3 B [8] (sludge retention time, SRT) 57K
J145 B8 I 1] (hydraulic retention time, HRT) 3 FF 42 il, &) T4 B, PRt i JU AR 7 = #h R K db #i b 2
)3 3 OC T2 SR AE R FH MBR T 25 Ah 3 5y 50 2 7K sk 5 vl T 1 194 3 22 i) R0 35 e ] AT, J655 e
AR AW TS e 2R | Bk F e A MLER A TCHLER 28, 5 A e W Bk = E T AR R U vE 5
FHER, Bl p T AL 008 W o vy el R LB 2, o I e, DT S 50 A0 5 2 g AR R T 3 1 A8 £ 1) 31
GO TG Y RIS RE# MBR Hiz 1T, RGFEMA TS Ve it 8 i /K G 22, B3 1 23 HERRE
HEEE VA R BEIRZE , DT i B B R 2 (trans-membrane pressure, TMP) 448 JiiT, 5 200 5 4R K.
4 TMP 34 I3 — & (B I, BETCHE TE 5 01, 55 S AT 3L 28 Uk, v IRIK 100 A 27 8 1o 25 i i 1)
Fgfi. PR MR TS G BAE ) B N A AR AE A 7 i PR e 5 8 T e 4R A X, B AN i S A () 7 K 3, i
) RS A1 1) ki P A S B R RE AR,

H ¢ T MBR b2 & 6 K B TS e O A R 2 40l , 257 miF 98 &k 31, MBR T 25 b 31 46 % /K
T AR FP AR A W T 3 ) R T A AR ) 7 ) (soluble microbial products, SMP) il fifd #h 58 &4 (bound
extracellular polymeric substances, BEPS ) J& it BUAR 15 G 1) 3222 Ji [R], FHIE 7K 45 G Uk Sl R AV W e A A800H
VM. ZEM A5 £ X MBR A0 38 5 £5 P /K I JBE T 75 e W i R P EAT T BIF9T, KBRS MBR R G848 B 1Y
Fhir, e BT kA T KRR AR, 15 e R BT A (SS) Je 4% Mk BT AR (VSS) 5 SS Y LB &
A TR BE, SMP WS B A LI, BRI A A LTS G BN RS L R R BE R A . BRJE AR iR
FEW, BN TG VR R AR X RS i B AN 1Y, /0N AR A 2 I VA 2 A Ak AT B, AT i e 75 . i A
BTG H R B A7 A S 1 0 R i 1 25 5 i ), s ST G TR e,

JE ST i ER R AR A B R 4 T G [ i S 5 el PR 2R 8 A AH DGR TE, SR T 55 % [ R R s AT 9K
TR AR )R, HASTR] 5 7K 5 Rz 4 25445 575 G Fs e o i e A i 2w 240 A T) L DRk, AR
FEEF X 1 2 6 B SR A I Al A R R PR SO, 2 VR BE 43 501k 1.6% il 2.6% YK, R P& ik
TG SRS A ) I 7 4 (MBR) 347 20 34, 388 520 X WG 3R 48 (1) TMP A5 e o LA S RE RH 73 A 9 Ol gk A 7
I, 73 25 G LA AN [ 12 8 e 5 o) 3 1 ¥ U0 1 Jo AR RSS9 52 . 36 38 % MIBR Ak B 6 7K
Hh T e R RS M T IT T, A R MBR 2R G0 7 A B 1 8 P2 2K b A e s R Uk T R BE R,
X B A W) s 7 4 ) FF K K T AR A — 22 48 78 L.
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B E T E R At (O ) A MBR It 2H i, W A A O AR 44 L, BB R 1 G A A TR
4 88 L. 71 O A1 MBR H} Y JiE AR AT A K M £ I8 U 1, W= 0 ol s A i T ), P DA DR A5
M P BT R SRE 2—4 mg- LY, [R] AT LA A 1 75 DR TR B SR IR &, B TS TR UK HERR. MBR YR
it A VR 2ok 055 20 R A T TET 0 22 O Wb, LA I 7 3t ¥ e vk 2 AH ], B 1k MBR WtB 75 e 28 Ve 48 i vk J3E 3k 1
S P 1) AL 1 BE . V5 Ve 45E B B 1] (sludge retention time, SRT) A 44 d.

S T R LA Ry 2R A 9B £ A (PVIDF, VLI U 3R K 55 2 4 A PR vl ) 1 v s R 4R I, A 28005
T AR 0.43 m, 3o 607 0% G il 2 7 T B 150 AT SR B e, A B ALV At S0 1 [ I T LA v
i) 3 T, 2 e FSE 0 % . R e P 2 7K 38 SR R G B S 42 K Al R 9 min:1 min, 25 5 22
(trans-membrane pressuredrop, TMP) 5% ] 3 &M 5E , 24 TMP @i 30 kPa I, XJ JEEZH 20471 Uk
1.2 RGeS S8 K

ARSI RN B TS VS I A T T SRR R R K AL ) B A s A AT e, BT IR K R E S R E SR
INTARMYE = Az B K, PRAE 72 TN R], 2377 HE AN [R] SO ¥ BE B R K, l50AR 5236 2R HT PRl SO ¥k B 1Y)
JEK AT SER IS . K BTN ER 1 . 2 firk.

R1 1.6%S0; RGEHEAKKE
Table 1 The influent quality of 1.6% SO~ system

%1 R—5E25K Hi26 KR—H560K FOLR—H110K
pH 3.8—42 3.8—42 3.8—42
TRAA/ (mg L) 16000—17800 17200—17900 17200—17900
COD/(mg-L™) 5400—5600 5400—5600 7500—8100
TDS/(g-L™) 27—30 27—30 27—30
H1 7%/ (ms-cm™") 25—30 28—30 28—30
TN/(mg-L™) 20—25 180—200 320—350
TP/(mg-L™") 5—10 8—10 8—10
A/ (mgL™) 15—20 15—20 15—20
Ca/(mg-L™") 2535 2535 2535
Mg/(mg-L™") 5—15 5—15 5—15
Fe/(mg-L™") 0.1—0.6 0.1—0.6 0.1—0.6

R2 2.6%S0rRGEHAKKE
Table 2 The influent quality of 2.6% SO3~ system

H1R—40K KA R—EES50KR HSIR—H110K
pH 3.7—3.9 3.5—4.1 3.6—4.2
TR/ (mg L) 26800—28000 26800—28000 22600—23000
COD/(mg-L™") 8000—8900 7000—7800 7500—8000
TDS/(g-L™) 4245 4555 50—54
H1 5%/ (ms-cm™) 38—40 38—40 38—40
TN/(mg-L™) 28—30 320—350 320—350
TP/(mg-L™") 10—15 10—15 15—20
HA/(mg L") 15—20 15—20 15—20
Ca/(mg-L™) 35—45 35—45 3545
Mg/(mg-L™) 10—20 10—20 10—20
Fe/(mg-L™") 0.2—0.8 0.2—0.8 0.2—0.8

Wi K R IR KA IL T, T TN B, (45 C/N s, 7Ei8 4T T 25 d Ji, SOF M FE Hy 1.6% (1))
N 7%, DA ML R i 5o R AN, 2230m 1 R R /K O/N, 5] C/NAE 25 2245 . 37K SOZ Hk Il 2.6% Y
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RN AR, TEB1T T 40 d ), IR E AR AP HI O/N [FIREh 25 24y . HIH#E/K SO 764 50 d A i
WEARR, 7E 2.2%—2.3% 0 Bl 4 i1 5.
1.3 SRt

Al 21T P4 5236 MBR 2 &, —ZHHEK SO MR F5 0 1.6%, 55— W iR /K SO Wy 2.6%,
IE47 50 d JF BT E KK T AR AR R L S 2.3%. A AL B far AR 4R 7K COD i R ) B J2& 5 42 7, # Hh K
COD F&5E T 200 mg- L™ DLF R F- 6 7. 27K SO R 1.6% 1) MBR 2% 32 17 it 1] 4 B4~ i 401, 28
— AN I 30 Sy 2 ER B4k 51 (A HL A R R 0.5 kg (m®-d) ' COD, 1—20 d), 45 — /NI Sy 17 767 45 T 3
(21—110 d), Hrh 42 FH X430 3 BBt 0.6 kg (m*d) ™ COD (21—40 d), 0.72 kg:(m*-d) ™ COD
(41—80 d), 1.0 kg-(m*d) ' COD (81—110 d). K SO ¥k &£ & 2.6% 1) MBR %% i} 7k COD — H & T
200 mg L™, B £ %6 B 17 W Be sy WA B, 23 500 S AR AL A (1—36 d) A i far 20 11 (37—110 d,
HATHLGRT— ERRETE 0.5 ke (m-d) ™ COD). SR #§ 932 17 40N 4 3 7R, 38 47101 1] 2 o L 44
HI1E 25 °C i fq.

%+ 3 MBR a7
Table 3 Operating strategy of MBR reactor
AU/ (kg (m*-d)™!

SO B RHud CoD) HRT /d SRT/d
SO?" concentration Stage Days VLR
PEER ALY 1—20 0.5 10 AHETR
\ HfirfE B Be 1 21—40 0.6 8.5 44
Hov FRHRT BB T 41—80 0.72 8.5—10.2 44
FUFHE B BT 81—110 1.0 7 44
\ $EER DL B 1—36 0.5 16 AHETR
0% A RaRE B B 37110 0.5 16—22 44

TE: IR SOF VR N 1.6% M R #AE SRR T BE T P9 (5526 J) FFIRHENR, HISRT 44 d. 1.6%REAEASHRTHB B T FI2.6% 5
Gy S fap e W Be itk CODA I Ak, HRTAE T AR %

Note: The reactor with influent of 1.6% SO‘%_ discharged sludge at the 26" day in stage I of VLR improvement, with SRT controlled at 44
days; As the influent COD concentration changed from stage Il of VLR improvement in 1.6% system and the VLR stabilizing stage in 2.6%
system, the HRT was adjusted accordingly.

L4 Tk
MLSS. MLVSS >R F FE 3RO B e HIUAE ORI 7 3205 5 Ak A Bk 26 ) 7= ) (SMIP) NS & 1k A1 3R
A1 (BEPS) Y42 U2 PR B A5 177 145 SR TR 3 -Bi R 4 1 Folin-Hi vk I € SMP Al BEPs H ) Z 1
FIEE F R A, I BB MR S SMP A BEPS 1155 48 1. SR HIEOEKEAR 70 A (BT-2003 ) 1 5 175 Y #iL
& BoRiAR 3 A BERH ) 73 A AR 4 Darcy 7€ 0,
Ap

R =R,+R.+R; = —
uJ

2, Ry B 3 BB A A EBH T (m ) Ry, 2 A BT ('), R, A2 AMARRE 1 (m™), RS2 F AN W 335 g o AR AL
S 2L S R B B ST (m™), J J2 58 £ (L-(m*h) ™), ApJE TMP(Pa), w1 S8 A3l J1 % BE (Pass) . 3
FEAE T, SR A U8R 2 Ry, BB 3 YU VR AT, AR e 2 A 1R 5 A1 TMP 3158 Ry, SR 146
KBRS G i DR LKA B Ry, + R, ARG IXLEEAE A I 25T R Ry R F Ry

2 25 54718 (Results and discussion)

2.1 IB1TARE LR

P 52064 B 0 BB AT B N FE 4 iR, #E/K SO R K 1.6% 1 R Ge7E 4 b WAL I B (e KA
HLfife; OLR 4 0.5 kg (m*-d)™' COD)JF#HZK COD fHAETE 205—210 mg L™, COD MPF4BRR A 96.2%,
FE N TN £ B8 5 518 81.3% Fil 36.7%. T 2.6% Z 58 76 32 £k Ik By BE (OLR 4 0.5 kg (m*-d) ™
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COD) A 7K COD {HFE 400—460 mg-L™' I 8], V-3 bR %R 94.77%, Z F AN TN 19 2B 3505~
68.2% il 35.6%.
R4 PRBITEE
Table 4 Reactor Operation Data

Eay Akl H D BA LR TPER /9
SO¥ ek o - R ’ﬁ/,, , '7J(CO,1@ CODEBpsrey  BAEBREYS e, TPEIRE
o FrBt Ky (kg (m-d)" (mgL") COD removal Ammonia TN removal P

4 Stage Days COD)  COD value of rate nitrogen rate removal

concentration VLR effluent removal rate rate
FEER LR 1—20 0.5 205—210 96.2 81.3 36.7 35.2
AT B T 21—40 0.6 135—145 97.4 57.6 88.4 575
1.6% PRI BET  41—80 0.7 120—145 97.5 90.8 89.7 99.8
T B 81—110 1.0 180—190 97.2 925 89.5 100.0
BB 1—36 0.5 400—460 94.7 68.2 35.6 59.6

2.6%
e B 37—110 0.5 280—290 96.3 82.6 80.7 100.0

PEA TR TR E WY B, WP R GE R HEK C/NVE T 8%, kiR &, #b 55 A HLEIR, 15
C/N 7 25 Ze45. WG #E/KSOF WM 1.6% [R5 COD A T MR, ZEG i HEL 1 (OLR 4 0.6 kg (m*-d)!
COD) #1 1T (OLR K 0.72 kg-(m*-d)™" COD) AR Hi 7K COD {HHFaE E 145 mg- L' LT, COD LB HE
ETE 97.5% LiAy. AE 42 TR BT (OLR 4 1.0 kg-(m*-d) ' COD) I}, 1.6% Z 41 Hi /K COD fEA &
16 200 mg- L' LAF, S B3I 97.2%. M7E 2.6% £ 48 i faf k4 2 (OLR 4 0.5 kg-(m*-d) ' COD) 4] 11}
JEHEE C/N J, Hi7K COD 5755 T 200 mg L, H LB R B AT ETE 96.3%. JHHE C/N JF, 1.6% RS2 A
R RIE MR T B [ I, 2 R0, TR 57.6%, 15 15 U 32 THB B T 2% 2 G vt 4 AR 2565
R BFGETE 92.5%, 1T 2.6% F G0 2 A 2Bk 2 AE T far e B BOR I 2 R L BR3h 82.6%. £t
FEIBAT, PRGN TN A — & B R BRACE, Hd 1.6% RGE R A X TN 1 LBR&E N 89.5%, i
2.6% FRGENT TN [ BRACE K 80.7%. W Fl SO BE 1 2R G Xt Bl (1) 22 BRACRAR 2 B Tk 3, &
LR AL BRAVSCR . LEARITE h S8k L BR 2 h 100%, H 5 R AT RE & — A BREA W) SO0y % 1 T
P Sl 2 90 1 5 4 A A B A5 S 7 4 P R A o 8 1 PV DR VAR B, 4 s AR A 3 SRR R AT, T Bl 50 118 PR
SAIAEE. AR XA AT SR AL AR B BRBE v, — 003 D E Ao DR SRR, A AR B e KRR ) —
J5 T, BEPS L REff A28 o0 &, HpR B b AE L IR i, 18 60% LA b FEARWF 5 & B, 1.6% R G
2.6% Z G ETE JERY BEPS B TS IR I T 4—5 £i5. R, 55— 431 25 bk ] g S22 i3 BEPS UK
T2, FLUHETR 9 07 SR v B BEA T R 2 0. X e ke B, da AT AL B A2 R BE A S e L B I ) 22
5, AT 2.6% SO, 58, 1.6% SO, RELREAKAS B i 1A ML AT, HARB = A AL T, HXE COD,
R TN 1 EBRBUR B T 2.6% SO R4

25 1, 2.6% SO R GLIr e ARAS AT AL far TS Je ) L BRABCR AN 1.6% SO R4, XEH T2 5
15 Yy b 3 R 22 BT AR W S = A T /g R M R A A, R BE B T £ S 0K S A R R T .
BUAR, T 0 0% A 0 30 e TR A R TR T S AR B R KO i A AR AR Ak, TERRARER I RS T, Zead Kt
P IIAEAT ALY L BRACE AT DAAS 246 5. SR, vk B2 A =y B, FCE i TR 9808 15 ), S 3Am B K, X
A IR N RTAB 45, DI T30 R Ge X 15 G 1) R BRAICR AR T UL P AR AR S 56 % oy, I3k 8
1) 1.6% RGAH LT 2.6% FRGEHEIRAFHE = 1A HLIA 1oy RS e ) L BRALCE.

22 WEEATIERE LA

FEE T Y 2 i ik S A 40 S I i B R A A T e Y R o PR 3R 2 —, 0 ) R ok s e B A i
fir, IS ATRUA. ik, $EA7 RS YA S ) T T AR R s A TR 2= OC 2. TMP ] LA R RAEAR 15
YRR, BEE SN 4R B AT, A {5 7 22 2075 G, TMP B2 3% Jin. 18 2 2y MBR 7£12 17 1 8] (1)
TMP S L& B 76 110 d AYE 17 (] 5L, (7K SO ¥k i R 1.6% B S v 7 il 5 12 7K 2 AN A AL 67 for 7 2
T, B A T AR . 7 0—20 d. 21—40 d. 41—80 d F1 80—110 d B 4 /> B B i i #4315 61
f£ 0.9 LMH, 1.1 LMH, 1.3 LMH I 12.5 LMH. i #f /K SO ¥ & Ky 2.6% 1 [ 1 #% Fi T2 7K & FiA ML i
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Fig.2 Changes of transmembrane pressure difference in the reactor
(a) 1.6% SO3™ concentration TMP changes, (b) 2.6% SO}~ concentration TMP changes

TEEA B f it R, HEK SO M Hy 1.6% 1 2.6% Y S Vi # TMP ¥ 231 3 ik #] 30 kPa. Hi
1.6% SO & 4t (& 2a) 43 7E 5 58, 81 1 108 K3k F 30 kPa, T 2.6% SO F 4t (&l 2b) /3 Bl ZFEES 53,
76 1102 KikF| 30 kPa, 730 AR T 5. 5. 6 d. 1.6% Fl 2.6% SO R G5 55 — UK H Bl TMP 1524 (2.0 kPa)
3 ONTESS 28 KA1 23 K, WSO Wk B R 2.6% B I s BRZEL A LE 1.6% Ao B6E TS Je B . G W92 SR WA 7E
FE L E T, RSN A Y £ 4 B £ i) SMP FI BEPS, fill fll 575 4L U7, 745 58 K X} ¥ /K
SOT W FER 1.6% WRLANFHATYIRLIG Uk, AR Ea T4 TMP 2 0 kPa, 31125 81 K% —IX TMP ik 30 kPa,
ikt 23 d. K SO MR EE K 2.6% RIBSLHLEAESS 53 KT BE UL, 2156 76 KA TMP 28 UGk 30 kPa,
Dt RIAE R 23 d. R 1.6% Hl 2.6% SO Z 4t TMP #) 1k 30 kPa YR AH [, 1H 2.6% SO & 45 (1) iz
170 B BAR, L Y BE VRIS 2.6% RGBT RAR 1L 1.6% REEH ™. 55 “ BB GG, PR
7 £ (1) TMP 3 /i 22 30 kPa A [A] 34 LU 5 — IR AR 22, U0 1 B iz i 1) FEE 75 st 30 1 S ATl
30 1) ) L VO 2 T 58 U R k.

B J5 7EE 81 K FH 0.5%NaClO X HEK SO HR B R 1.6% 11 5 I a2 E BEA T8 3k, 1817 240 108 K,
1.6% %4t TMP 45 3 Y3k 30 kPa, JIF 5 BF 18] o0 27 d. RIREAESE 78 K FH 0.5%NaClO X i 7K SO~ ¥ i
2.6% Y BELH AT I, 3 102 d, 2.6% F 48 TMP 4 3 kik 30 kPa, i 26 d. BiRAfb 246 Uk Im, RA&E
2.6% RAMIREETTIE A L 1.6% RGUEAR, (H RS e ol FE 20T P, i D5 5 (R R W, m3h
TG URTR A W Ak BB P 2 BEARR, MEETS e g
2.3 IGIRHE LLER

Ry T i AR BE RN A7 AT 42 S O6F T P T U8 00 B2 e 1 O, X B % MBR i H MLSS. MLVSS DL K&
MLVSS/MLSS A28 fE 1 L B4 T T Wi, 25 S an il 3 i, dE/K SO e Ry 1.6% 1Y 2 1 o 78 $2 R 94k
WN(—15d), B MLSS & MLVSS M 11.4g- L' f193g L /305 FFEE 9.6 gL' M 7.3g- L, MLSS/
MLVSS M 80.2% T F¥ % 76% (&l 3a). [RIFESEK SO FE A 2.6% 1) I 1 as FE R DI N (1—35 d),
MLSS J MLVSS 437l A 12.0 g-L™" #19.6 g-L ™' Bk %) 9.9 gL' F1 7.5 gL', MLVSS/MLSS Hi 4% %l B (1)
80% FFAKE] T 75.4% (& 3b).

A LA H 9 B S5 MLSS, MLVSS Hl MLVSS/MLSS 75 42 £h i 1 45 52 30 T B a3, &t T o th
PR G0 BRI P TS VR ER BE A, B R 3R DN R BE I 2 T T, 05 438 0 108 TR g e LA 3 1 P3R4 ek
ARTFET 819, AT 3 MLSS ., MLVSS DA K MLVSS/MLSS [ #44 T .
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Fig.3 changes of average MLSS, MLVSS and their ratios in the reactor

(a) 1.6% SO?~ concentration reactor, (b) 2.6% SO?~ concentration reactor
4 4

B 2 T35 PR TS R A i AR, T A W G B B, 17K SO R FE A 1.6% 114 S s P 1 g vk i
TESAAT B2 9130 (55 26 ) MLSS A1 MLVSS 433 fin 2 10.4 gL' 1 8.3 gL', MLVSS/MLSS 4 80.0%.
B S TP 4 HEYE 2 L LA SRT i 44 d, MLSS Il MLVSS & 87 F 2090 7.1 gL' # 59 gL', 2
H MLVSS/MLSS WgA7 [T, 524 83% Hom THEFHIIRE. #E7K SO 2.6% 1Y I #% PN 15 e vk B 7
FRERIMEIN (1—35 D SR fE 248 I, Bl e VI (5 40 K), MLSS & MLVSS 43545 10.5 g L™
7.0 g'L7', 1 MLVSS/MLSS AU{E T3] T 72.3%. 55 40 KITHR, 2.6% RS I HEJE 2 L LIgE il SRT
h 44 d, HEVE S R 48 MLSS Al MLVSS A FREZE 6 gL' i1 4.5 ¢ L™ /£47. MLVSS/MLSS &4 FFt,
(AR LR TR R AR (E, TR B 1E 75% A4 B2 RWE ST MERE T, Wkl ad K
Yk, MLVSS/MLSS HIH 23 Wi F+ i, B2t T4 5 Ye 8. 191 an s a0 R 47 405 e Ab 31 55 3h A 1L
VR KIS e B, 7643 VA AR A E T, I IR 0 305 1 5 e v A e b e vk A K B 4R T, 4R
e 1) MLVSS/MLSS 4 63%, YI4k il 2475 Je i E = 1k 78%. (HL A BF 58 R B, 7 Eh A5 T, MLVSS/
MLSS (1) 23 3 3| 5 5 855 1 vh o, e &R T4 M i5 Ve . B an i /N 22 SO RESE R B, 1ESh 200
3.5% &M, WGP e 4 K WAL, 1 fa 42 B B 9 MLSS Fil MLVSS 232 i, (Hig 1745 i,
MLVSS/MLSS FIEAT 2 A T8 fhis Je (. A5 v & Bk K SO M B0 1.6% BIAR R NI Y & &
(MLVSS/MLSS) 833 94k J5 72 i Fh i, AR AR 5 5 2R AR5 T (SO VR FE Sl 2.6% ) Tl A= 1 32 21 i 52 i B
JNE R, A W B, HLB R O TRt 25 5 78 Sy s H 2 AR, DT i MLVSS/MLSS 3R]
TRIE K.

H AT ¢ T3 e e B2 AR S Y 06 R RIS, AN [R) 238 2 T A AR R ) 22 531 B9 25 SR 25 S5 mT g ok
8T AN [ 014 5 I 2 i DA KOAS [R) A 3 8 P 56, L3 oA hy MILSS 1428 A% T 2 145 i) -5 G T A AR
KIKFR. Le P W55 LW, V5 Ue vk B A3 in 2 S 205 PR Ak BE 52 B0 48 B0 2 A8, Mt Jin e B8y Ge; i
Fili 2k > ) FE B 5 75 8 MR JBE X RS Y R S e B, B8 T 4—10 - L 9 [l N IS R VR E AR fb X MBR 2 B
TMP AR AR, & IS e vk BE i T e, A B TR e RSl o, 76 S5 R MR B R, TMP 1 F e i S5 I o
2% WA 3 3 o RS Y S N R, 528 T MLLSS 7E 4—9 g L™ Fll 10—14 g-L™' Ju [ P 4T fE TMP
(52, R IRAE ARG VeV B T TMP L T SR AR, Y5 Yt 50 ™ 8, 2475 vk B T s i, TMP |
FhEE FS /N, AEASTFFE P, 2 AR AU e A A V5 R vk B E A, e R DIk LA K HETR I, Y5 Rk
FEA TR, TMP B4 HZHINHL, 1i 2.6% SO R IR YAl LT 1.6% SO KRG ™ &, A GEfE T
BATRE T 2.6% SO R4 H MLSS {H4 1.6% SO RGHAK. LA, MLVSS/MLSS FIEL X B 5 Je th A7
—EFZMN, AE TR BB SR, RIE 2 1T I B — R AR RS AR W SO 25 T, MLVSS/MLSS B B IR/
e B YL LT TV B, AEARAIE S h L RE AR B Z5 18
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2.4 SMP il BEPS [b45

SMP &5 ff M S0 0 7=, 76 MBR dz {72 A v, G2l WO 38 B sl it A 810 BB L s i 75 .
BEPS & —Fh &5 & AN IS R G W, & R AE T4 Y dn e i, %3604 ¥ B A V6 H, BEPS B f77E
25 I8 B PR B & A Bk, DT 5% Wi 1ok PR BE . SMP il BEPS =% iy 25 11 5 M 2 W44 1, 7E MBR iz 47
SR, FEHOM N #% MBR S TR B9 SMP F BEPS, J1- S5 4% i V5 U6 i 4 40 047 He A, 45 SR
4 Fr7s. PR s FE R0 TS Je ik H: SMP Al BEPS ¥ B2 435128 13.5 mg-g 'VSS #136.9 mg g 'VSS (] 4a),
Ze b KA SR PR UIML )5, HE/K SO MR E ly 1.6% Fl1 2.6% J W # Hh A5 Y8 SMP ¥ & 43 51 | T )
20.4 mg g 'VSS 1 65.3 mg g 'VSS, BEPS ¥ & 73 5ok 181.8 mg-g'VSS #1227.3 mg-g'VSS (&l 4b). A LA
F i 2.6% SO Z 4 SMP Fll BEPS 14 2 [t 1.6%S0> % =R £ ML A= 1% V57K MBR A4 Ab B A, — i
SMP 4t T 10—20 mg-g'VSS, BEPS 4 T 40—80 mg-g'VSS HYTG [l 7EAHF9E 1, 1.6% Z 58198 A
XIS —28, A YR RGE N, A HL R 52 2 B B, L5 i 78 20 mg-g'VSS ZE 47, SMP g 5
TR AL BRR R 1M 2.6% R G A HLYRE g KT, 52 3001 2 106, H SMP 1% 5 7E 65 mg-g 'VSS &
A, = TR LTS K MBR ARBRR R AL, IR GE I ER B R T AR T V5 7K 19 MBR AR FRIA R, fUEY
o 2R Z2 11 BEPS WG] PR 3k B T 3R 1998 15 TR D7, B R S0 1 BEPS 352 5 T8 MR R 12, Luo 4527
1 Hong 2508 [y F5¢ 2 0], 25 BE T &5 5] 25 v B2 19 SMIP A1 BEPS A I DAL T~ 200 Jf 140 13 95 R 200 43 D6 1 588
YILL Bk FL AT HILAY) BTN 56 4 B gk 00 AR AR RN /sl rp ] = A R R

o 250
b [[77] ##EPolysaccharide
0 R % H Albumen
200}
60
2 @
2 w2
? ¥ T> 150+
I o0
o .
: o0
%n 40 5
g 2 100
S 30 %
i m
20
soL
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0 - 0 |
noculation studge  1.6% SOi"  2.6% SO Inoculation sludge 6% SOF  2.6% SO}

B4 WRhSO2- VR BE SN i A SMP, BEPS [ZZ 1k,
Fig.4 Changes of SMP and BEPS in two reactors

TRZWF5E F WIS e FEZORIET MBR RS0 H Y SMP, HoARL K 23 1575 YL P b ™ B 262 %, Gao ZFP
() $i 8 i 4E H SMP J& MBR H R T V5 G W 58 1 2 19 2B R R R, [R S SMP & &R T SR &
TR AL BE, Y i MBR i R B, BEBH J7 TR, T BEPS W25 | AR5 Y i) E BN K, KEEI e
F W] BEPS Wk B 5 B5 75 G B OF AH OGO R 1534 7] 4N Patsios 5559 & 30, 2E 4 22 BE 4K 1) BEPS % it 7
MBR K HHIZ 17 B 2352 M) TMP 8k BRI (] (9 8 A7 396§ 2% A 185 Jin 238, X 6 7 o 308 4 BB 3ak i 07 1 A 52 . DA
2.2 ATHL, IR 2.6% SO RSt s 47 m /N, (H G Ye A HE 1.6% SOF R Gu i ™ 5, 57 H R HAR
AR T 2.6% R4 SMP Ml BEPS &5 T 1.6% R0, FHECELE YL n k.
2.5 1HIRIARBEERARE L

F I #% HTs PRAR B SR A2 1 A2 AL AN 1] 5 i, R SO #5900 45 2 RS U6 MBR 3t A AR BRF- 34 4%
82.3 um, 43 110 d BB 175, #E7K SO M A 1.6% A4 S 1 #% H MBR th A5 JE R4S 18 i = 125.8 um.
MK SO e BE Ry 2.6% (1) S i 2% Hh 5 e Ak s s, MBR Jib 975 e b A2 A BEAR 2 78.2 pm. H T
TR HFFEIN R FE S5 i e i 2R BETE e, T 85005 T BT YR AR T R I an 2R iF oY 2 B, FE SR
H0.35% B, 1 P IE Ve RORAR I, TR ALY, 2L BEIAR MR8 R 47 MEh N 1.4% B, & MEI15 Je i 45
¥ kA= AR A, ZRBEIARAR /N H %% B AR 5. Corsino 48P WF 58 &I, 7 3.5% MR, 848 115 d i3Ik,
WS ZUR TS PR AR S RIS A R R, M 152 pm FREE 115 um. 7RI Rl & B, 78 SO M H



8 H /2255 AW RN (MBR ) A SR [R] e 32 g i B AT ALK /K 75 e o U 35 G T 52 2763

2.6% [ RGEH, 15 P15 Ve ARLAR T A AR, (HAESOL M BE Tl 1.6% MR GEHh, iG P15 e & K 9k,
TSV RLAR BT BTG . 1 A 24 iR B mT BE 2RISR AE W = AR R 22 1) BEPS (4595 e 2R 1A 2 8] B 4%
Sy IREE, BRE D) AR, RARRE . SRR S i #h B, BR8P i 998 388 K ) 2 (A W 4 B e
IK, [J I 22 R 10 A A 32 B, 45 2.6% SO R GET5 IR ZHRWI I RLAR AE /).

Sludge particle size/um

Inoculation sludge  1.6% SO}~ 2.6% SO
5 Oias G IR AR A
Fig.5 Changes of volume average diameter of sludge in the reactor
TRZ 5T, B TS YR M5 P KA A IR R R, {5 I RARH/N, 15 I8 5y DURRAE I 2 1hT, 5
15 L AR, Shen 45 B WF 58 & B, S BUBR TS YL O YR OF = hoRLAR B/ NI 5 e 2R ARG LU BE v,
R Ul /N B AR T 25 ) B 3 A R T, 5 BRI S Ut Lim 2500 BF 98 & B, V5 VR AL AR AN, B2 B W B B I
FRAE T, B2 2 0 ZE I N AL, T2 L ALBR R AR B S B L IR, i )™ JE A B s . ZE AR BT 5T
2.6% SOy RS TG IR - IR AL 1.6% SO BN, 75 5 [ R R I8, S0 JE s Yyl BE L B Pk
2.6 JBERH M LLEL
FRERH g 2 =732 S T A B ) (Ry,) « ANFRBE S (R FUAS T 358 W B K% Ji55 L 3% 2 5 1 S 1) 1P 35
BH 3 (Rp) U2, JEE T A7 BH 7 S48 AR A T Z BT B B BH 7. AMASBH ) 3228 eh 98 0 E N BE IR R 2 AL, a9
PRI AT LA B, ity A R BE D w2 i A s O iR AR R BR. O T IRIEAE AN [R] SOF e TR R BH T 9 43 A1
ZE5E, MR GEHS 3 YO VRN 4 F A ERE ) o0 Al AT T I 5E , S5 RN 6 s

100~ Ru/R,

Percentage/%

. 6% SOF
B 6 1.6% SOT RLLHN 1.6% SOT FRLLH — UK VeI i I RH 3 731 5 0
Fig.6 Distribution of membrane resistance of 1.6% SO2~ system and 1.6% SO~ system during the third cleaning
55 3 RIEVERT, HEKSOT MR BE 1.6% F1 2.6% KA Ry, i1 L3k 3.2% il 5.4%, 227 AKX
EE AR T3 A0 AR & B, 1.6% Al 2.6% SO 28 48 Hh st ik B g 35 52 ph AR T SRS A9, 2333
80.9% Fl 71%. ULk, REE 1.6% SO RGEHTNFRFE ST (Re) o5 H A 15.9%, 11T 2.6% SO R GE M N HRRE 1 5
el 23.6%. A7 F RIWT TR W], SMP BYAFEAE 2N FL 3% 2, 3% 52 g o9 w8 BEL g . 4912 i PLIKI ) BF 5
JZ B, MBR H 1) SMP =202 AR W) A8 K A0 B RS A S5 BRI W o, 508 FR 2 A S A EPS, Hoor i
oA — LR 1000—100000 72 A7, % 5y 3 ZERR AL, HE AR B IR EHL /7. Tian 5599 @A 52 R B, SMP 38
ARHF 20 TR 7 Bt 2 oAy T 288 -5 00 A AT A g A AR S ) A= 07 ) (UAPss ), L B A5 AR i g DA S 1Y
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A=W (BAPs ) . 33X AN [ BE Y 7 1 24 2 6 I FL 3 ZE R JLAR, 2B TR BEL s 4 . itk sk, TEMLER 1Y
FAE 2 30N AR BE ) B9 HE AN . Resosudarmo 5512 53 & B, £k ¥ B2 19 72 g 2 W00 385 1 0 B R 55 AT AL
J A E S T A 45 3 B v, T 2595 2 32 B2 th/ R RO LSS | RS Y, 3ok 2647 ML 23 ZE AL, 19 A
PFREH 7.

g5 b, JEKSOIWRIE N 2.6% KR GEHH SMP B & S AL T 1.6% R H &, Hoh A IRZ/NVr 7B
SMP, AN 1 JEEFLIE ZE R LR [R] I 00 O HLER BRI, Sx (ARAR 22/ N RO A B 70 JB5E 3 T R AR, AT
5 TEMEALIG I R G A RH T

3 2512 (Conclusion)

D) 285 K AYIs 1T, #EK SO N 1.6% B Z S8 AE S A5 0 12y B T 77 S 0 U () 75 e W AR A 33 56

2)7E MBR iz f1id # b, #EK SO M EE N 2.6% RGM LT 1.6% ZR G5y IE 5 YL 01 /=

3)KIWIEFT T, ML T HEK 1.6% RS, 2.6% SO i A= W3 K #5128 HCHLER BAAE P, 1
MLVSS/ MLSS 34 Fi5 I Y54 Fr F R, H I 1.6% SO RGAIK.

4) 1.6% 1 2.6% SO, Z 4t i £k YAk B 1975 Je B4 Fh i Je 1) SMP F1 BEPS ¥4 fFr 34 i, H
11 2.6% SO RARI AT Z . ILAM 1.6% SOy RGN 15 I (kAR A R IEYE N, 1 2.6% RGH R
15 VR FRRLAR AT T I

5) MIEERH T3 43 AR R A, W24 i 1 MBS B T 00 2 R VR T AN ERBH 1, HL 2.6% SO R G811 PR BH 7 #H
FF 1.6% SO B K.
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