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A Study on Membrane Fouling Contaminants and Control
in Enhanced Sewage Treatment by Submerged Membrane Bioreactor
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Abstract

Purposes of this study were to examine closely the extraceliular polymeric substances (EPS) which was a
membrane fouling contaminant, to control detected EPS by powdered activated carbon (PAC) dosage etc.
and to evaiuate the possibility of practical reuse facility.

With high removal efficiency of general pollutants, when the PAC is added to MBR, improvement of
removal efficiency of COD, and color was expected and treated wastewater can be reused.

It was judged that the correlation between EPS and membrane fouling was very high. Carbohydrate and
DNA in the EPS were judged to be cause of membrane fouling. If EPS couid be controled, not only
membrane fouling would be decreased but also operation time would be extended.

In experiment of powdered activated carbon (PAC), characteristics of the best PAC for membrane fouling
control were the particle size of 7um, lodine Number of 1,050, surface area of peat of 1,150m?/g. In lab
test, operation time of MBR by PAC dosage of 200mg/gVvSS was longer than one of MBR by without PAC
dosage. Because EPS, especially carbohydrate and DNA, was controled successfully by PAC, membrane
fouling in MBR could be decreased.

Key words: MBR(Membrane Bioreactor), Membrane fouling, EPS(Extracellular Polymeric Substances),
Sewage reuse, PAC(Powdered Activated Carbon)
FHIO: 22|Y MECUER LY O|ME HRJUAIBE T4 2UsME

*Corresponding author  Tel: +82-2-2210-2576, FAX : +82-2-2213-6870, E-mall: chpark@uos.ackr (Park, C.H.)

619



Journal of the Korean Society of Water and Wastewater
Vol. 18, No. 5, pp. 619-627, 2004

A2y g o 8 o4 nEAY 249

Shoql 9084 3 Aoje] B A7

.M B

71E8 AETH o - HeARe dAd W
A 7150 dBH e R3] PEH, 59
A (SS)el AA7E ¥stA] @ol Azl Aol
3 FrE Aladloz BAHEitt, ol utel 7|
g A ZRA xS HE A GAR AEE
AAZE dalste Zel5he ol &ate w4
¥l-2 2 (Membrane Bio-Reactor, MBR)ol] #8F A
7b A2 AT 22y MBR 3782 2 29 filter
caket} fouling layerel] €3+ 2 @ @do] Frte

7} fluxe] A2 Qlste] =hel B A7 o] vt i’-*ﬂ
7} 8Ee] b go] FUkte @3E VAL
UTH,

o ode mAEe 43 2 EPS(Extracellular
Polymeric Substances) ol 2l8] %718l ©, ©] Yoz
s v B3, 471849 £&, FrliE9 A
A 5 oY 71A 829 &7 AYF FAd 7
g 4= gl o] F AR 9% v oG THE
el 43 fAket 2 od Edd &, #71
%, carbohydrate, @A Fo] B3 F7|Eo] HAow
u g 9 ooz B|ekE £ o} HAY 9
A Eut2 2 (SMBR, Submerged Membrane Bio-
Reactor)®] @A &eiA] oA FZ¢ EPS7L £3 2]
HEE S7M713 o2 <13k o] Agrjole] MFH
4 @AE 7)E 7N BAT F e FRolt
gy¢eA EFYele v E o) EHH A
oA Eo] £ U] LAY sh= EPS/L w3} A gE
Fargtche AMAE olof gk st she sk w
AEe Ag&mrt & g7l & T e
& g ol & Skt ot

A& 9§ o edol= EPSY wx 24 9ol
MLSSe] ¢z} ¥E(EeF dAhE AT + 3l
U, A7 B w2 HYE dAEA KR8
o oo 49 E4§ EPSE ndsigo. oz
A, B dAFIe o 2dE 3
¢l EPS(Extracellular Polymeric Substances) o

2, 2HEA" Fo 59 EPS Zﬂ‘ﬂ‘:’m]’o
E”ﬂ @ ods T e

=
o Al~d 5&E T

A~
T
Iz

=

Mg ok

Mo orr oz
ni

6

i a4

}2];

al

\=1
=
Z__I

dodle 4
ﬁ

Aﬂé‘jo

i

=%

= [e]

7rAarg

RicRikd

_{

620

Table 1. Specification of the membrane

Lab Pilot
Module type Hollow fiber
Material Polyethylene
Pore size 0.4um
Surface area 0.02m? 3m?
Permeate flux 0.25~0.45m%/m? - d
Helge Ao & 7Hed S HESIAH.
2. dumx 4 YUY
2.1 AEER

2 282 MBR 244 lab tests} MLE MBR &4
9l pilot plant& ¥ & sle] A3ttt Lab testi= ¥HE-
GE S 600mL, YU M) % 6L/day, HRT =

24h, SRT =24 day2 A 2= e, Pilot plant

N

az

E fELY S0Le FAakazel fE8F 100LY %
712E AZete] 4 A2l %2 0.7m’, HRT =5.1h
2 $ARUT 49 99 A8E FUFE hbrest
o Agelt M 24 JEAD g IARHA §
245 Ao g ABstga, pilot plant®] 7 $ol=
REREELEREENERE EESE S L
9 38 e R A

ALggl uho] Alokg Table 13} 22w Lab test}
pilot plant Zt7}+9] 7] 8. += Fig. 1, Fig. 2} 2},

Suction Pump
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Tank

Filtrated Water
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Blower

Fig. 1. Schematic process diagram of lab test.
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Fecycle Pump — Table 2. Characteristics of filtration-expression cell
Feed Pump Suction Pump
= Meter > ‘{ Efficient volume of ) .
1 A Applied pressure Filter
\{ ¥ >4 sample cell
[ [ Filtrated Water
Storage ! Py 59mL (d4.0mm 4kgffom? Whatman No. 2
Tank o Washing
Tark x H39.8 mm)

éDiﬂusev

Blower

Fig. 2. Schematic process diagram of pilot plant.
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Table 3. Characteristics of PAC

ltem A B Cc
Particle size(um, D50) 17 25 7
Moisture(ww%) 35 2 5
lodine number 1,080 525 1,050
Surface area(m?/g) 1,050 600 1,150
pH Alkaline Alkaline Alkaline
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Fig. 3. Variation of EPS and vacuum pressure during operation
time of lab test.
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Fig. 4. Correlation between EPS and vacuum pressure of lab test.
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Fig. 5. Variation of protein during operation time of lab test.
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Fig. 6. Variation of carbohydrate during operation time of lab test.
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Fig. 7. Variation of DNA during operation time of lab test.
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Fig. 8. Variation of protein by type of PAC.
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Fig. 9. Variation of carbohydrate by type of PAC.
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Fig. 10. Variation of DNA by type of PAC.
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Fig. 11. Variation of EPS by type of PAC.
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Fig. 13, Variation of EPS by concentration of PAC dosage.
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Fig. 14. Variation of specific resistance by concentration of PAC
dosage.
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Fig. 15. Variation of EPS and vacuum pressure during operation
time by PAC concentration of 200mg/gVSS.
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Fig. 17. Correlation between EPS and vacuum pressure by PAC
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Table 4. Performance of pilot plant and reuse water quality standard

ltem Influent Effluent Removal efficiency(%) Reuse water qualiy standard
BOD(mgL) 2236 36 974 10
SS(mg/L) 135.0 14 98.8 -
T-N(mglL) 88.1 28.2 59.0
Coliform group(CFU) 104000 <100 99.9 ND
Turbidity(NTU) 71.9 0.2 99.6 2
COD (mglL) 348.8 285 88.0 20
Color(PtCo) 91.0 55.3 36.2 20
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Fig. 18. Variation of EPS and vacuum pressure during operation
time of pilot plant.

3.2 Pilot plant

321 A2 5ES §359 Aol 7hsd Bt

Table 4= pilot plantol| M 9] FdF HHE 5%, #F
T BT vx, 3F AAZEH T £F V&S
Uebd Zoltt, Pilot plante] A& AxtA o2 WF4
T2 71Ed e AL AdFE 4€ F U™
o fEF T2 FrE £33 78S vade B
B AR AZEES HHFo YA
COD¢,, 4=7t 3+ #A 7IES 224G AL ¢ &
ATt AT AAd &% ANzl FH(LEA
2, M A FIo2R® FFo #H VEE ¢E

%e Ao2 wadr, COD . dx §4 52
FAZIZE Bt FhFolA Moz BA &
dHof FEFAd &S A S A2 Y4dnt.
F de] lab teste] Aol o3l MBR ¥Hg-Zo|
PACE Fostd £44] COD# MER F7HAQ
AAZL A& Ao JEY, F4E FA7FdE
HetA Agd 202 7ddd, meA, F71E
AAZLe] HAatEchA, & pilot plant] MLE MBR

flo

625

Vacuum pressure(-cmHg)

Fig. 19. Correlation between EPS and vacuum pressure of pilot
plant.
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Fig. 20. Variation of protein during operation time of pilot plant.
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Fig. 21. Variation of carbohydrate during operation time of pilot
plant.
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Fig. 22. Variation of DNA during operation time of pilot plant.
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