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Abstract

The aim of this study was to compare the fouling characteristics of Extracellular polymeric substances (EPS)
secreted by Chlorella vulgaris with the case of Bacteria-MBR (BMBR), Microalgal-MBR (MMBR) for
advanced wastewater treatment using the Laboratory scale, in order to suggest a method to minimize fouling
in MMBR by identifying the effects of amounts and compositions of EPS secreted by C. vulgaris and
bacteria in the activated sludge on fouling. Contrary to expectations, fouling occurred relatively severely in
the MMBR from the beginning of the operation than in the BMBR. Reasons for such a fouling pattern were
considered to be the effect of C-EPS, which accumulates on the membrane surface of MMBR 30 times
more than that on the membrane surface of activated sludge (BMBR). In this respect, according to the
results of this experiment and a comparative review of several previous studies, it was confirmed that unlike
activated sludge, in which the ratio of P-EPS was relatively higher than that of C-EPS, in case of C.
vulgaris, the ratio of C-EPS to P-EPS was relatively higher than that in case of activated sludge. This was
presumed to be the main cause of the significant fouling phenomenon in MMBR. However, an increase in
TMP with increasing C-EPS concentration was not observed.
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1. Introduction
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et al., 2014).

Q&Y AZFE EF VIS O 2= o7t AY
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Fig. 1. A conceptual diagram of membrane fouling by EPS
(Nagaoka and Akoh, 2008).

mixotrophic WAFE F&st= HAZF7E EHl et EPSOl
sl ZASRA, o]# @ EPS7F MBR 3ol 219] fouling®l
nAs G dal AHE AFAF Hies A i
(Chang et al., 2002; Nagaoka and Akoh, 2008).

olo] B Ao A& mixotrophic TJAZFE MBRY &
(Microalgal-MBR, MMBR)AIA A=A E TIAIHS ),
fouling HAFE 2 545 dotatr] 959 MMBR A2
As &3, A1 MBRAA Bel AgE= &4&8A
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2. Materials and Methods

211 M=ol ALEE DIMZEFR 2 SHX|
MMBRel &g HAZFE C vulgaris2, mixotrophic
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dedA e S-aFAE G L7 xdA AAT F, FEAHS
2 glucoseE BAYo R 13U AP AN £5A1Z &
4EHAE W27 MLSS7F 800 mg/L7t =& 275
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Fig. 2. A conceptual diagram of the MBR setting.

MBR &#2 sequencing batch reactor &322 8
nAE 43% ey AAE 99 Z7E sue 237 2
39 717 gle §A71E £, 15 LMHY i gste &
ETE FERHEAFAT HRTE 17 AlZFollom, pressure
data logger 71%5°] A& A5%EH =74 (Sensys Co., model
SBS)E &3 =3t XY(Transmembrane Pressure, TMP)<
£7435t4, fouling HAZEE HrIetqth 2 AFNA9 %
SHAAGE FAZEHE SPLAS S =EF 25 kPaR
A7 3R tHLe Clech et al., 2003).

F MBROI| 92171 vl A]9] &2 glucoseE 100 mg-OC/L,
P @2d0E KHCOE 72 mglC/L7t HES A zshe]
A&o g FUAFLH, A4 AP nF JUEIFE= NHCI
25 mg-N/L, KH,PO, 2.5 mg-P/L, 2] 3 MgSO, + 7H,0 90 gL,
CaCl, + 2H,0 6 g/L, FeCls - 6H,O 1.5 g/L, MnCl, - 4H,0O
6.5 g/, ZnSO4 - THO 1.7 g/L, CuCl, - 2H,O0 0.1 g/L,
CoCl, - 6H,O 1.9g /L, NiSO4 - 6H,O 6.5 g/, H;BO; 0.1
g/L, (NH;)6M0;04 + 4H,0 0.6 g/L, yeast extract 1 g/LE 1
m/Le FEZ gol, F MBRo| d&Foz FYAA F3U
o, MLSSE 800 mg/LE %Xl Ste& stttk %9 C
vulgaris®] mixotrophic = autotrophic Al Z Q3 F
C. vulgaris7t 2)%¥ MMBRO| % Bar-LEDZ AF&3t4] 130
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S et
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A AR EATYFE AHESte] &R, sEPS AlRE
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2 Rz AY AFEAZ] F, 105C 28] Yo <F 14]
2 EAT P eH, olF F27HA 4% ¥ 3700 RCFY] 2
52 3083 AEE, 459S GF/C HAd A7 oln 9
oS bEPS A|EZ 319 tHChang and Lee, 1998; Wang et

al., 2009). T, EPS9] 70~80% o|o] thg-F9 whil A o]
AA gk A A Q7] WEel, B AT EPSE 53
g o, gFe @A s S5t HEXZE AHESIALH,
R SPPHeEs AsEy, oud SEYHoR
BCA (Bicinchoninic acid method)H-& ©]&3}% th(Dignac et

al., 1998; Houghton and Stephenson, 2002).

R sEPS FAloE Z7IAEA WA tALERA
glucose”} sEPSZ S =+ AL A5 Y, £=9,
= gggue MEdozm AE: 9 FIY £
Dinitrosalicylic acid method (DNS)H& &8 3} glucose
HER ZJFstA, Asdi s s 7 BERF #olA
DNS method& &3 BHH FLIEY SHAE wF3Ach
B d7olMe EPSE 47 b3 FH 9] SsEPS (C-sEPS),
9gH I 9] bEPS (C-bEPS), ©12 Fej 9] sEPS (P-sEPS),
ol Fej 9] bEPS (P-bEPS)Z FE3te] EA3th
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3. Results and Discussion

3.1 BMBRZ} MMBR2| fouling A A4

F2AE AF A 2700] 9T Felol A MMBR
7 BMBRY fouling 54 detal7] 913 1197ke] A7)
w2 TMP ZA1W3 A%}E Fig. 3 o YeRAITh

80 T+
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Fig. 3. TMP variations in the MMBR and BMBR.
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BMBRA A& TMP 50l Hoidez o Sek(HA oF
30 kPa)JoH, JHAIxFYQ] 25 kPaoll =EstEH 3~59 3
=9 Agke] A9 ¥hA MMBROIME 24413t ool &
AAGES A d= AW 70 kPad =2 TMP7L A3}
o} ¥ olZ MMBRY ZA-9olAe AT & TMP
gl & 7 AFHE AAEe TMPE EA|7|HEE, ¥
gelo] WmE £E2 TMP/L 58S 08 & Atk =
gk, TMP ¥W-ElA F §hg7]A 9 A H & TMPE %7
TMP #3 FAMGE o2 FAHAE, ol MF 7| ZHTh
az|7t & vAEFe r8EC] MF WF 73S 94 &3
2 e FA7] HEY 7hedol dvE + e, o9 #

HMe dAF 2719 FA o9 MBR 237]7te] @73k

oY FEE IFS vHS ,

ol w2 TMP Wl tist AEE Zasith

AFE A1F7] Aol o3 ol &, AA, C. vulgaris®]
AE Z7](10~20 pm)7F B8E8A] W geFote] =7
(0.5~5 pum)ell B3] =7] W&o pore clogging®l HILA
gata, =4, floce Tt FAst= BMBR &4<8A
9} &2, MMBRY C. vulgaris+ flocs E23MA F/d3HA
G, o3t ZAZ C vulgaris® A5, floc g 7taL
H&& st EF EPS B8] E4&8A W dE ot
o] Hl3] A& ZA(Ding et al.,, 2015; Flemming and Wingender,
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2 235+ AE BP37] 95 DNSH LR glucoseE 2
Fou, F wgx BEF fiAtel] o] &0 glucoses
A &%k

T MBR-J % AT 5 %71 2 FEe ¢y 4
MBROA & L
& g AApTH BMBROML C-sEPS7} 2 ~3 mg/L FF°]%}
on, ol FH7IT Fo A&HH R FX HAA T, MMBR
°lX= CsEPS s&=7F WhE SE2 A&H 02 Frlstl on,
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Fig. 4. C-sEPS and C-bEPS productions in the MMBR and BMBR.
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Fig. 5. P-sEPS and P-bEPS production in the MMBR and BMBR.
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FEE uas] BE) <o 308y Aol EATh

C-bEPS® AAME, C vulgarisS C-bEPS A/dFo] BMBR
of Hlaf 2 ~4u] 7HF BSS FFT F UJT AFAT
o &3k, foulingoll " X= Y& C-sEPS7} C-bEPSe|| H]
3 £ Aoz BHAHI QO C vulgarisol HZE <F5HA
A4 loosely bound EPS (LB-EPS)7} &4lEo] C-sEPSE
FAete 59 o] 917 W&, C-bEPSE fouling A3
of 9F L mAE A2 &#HA JtHChang et al, 2002;
Wang et al., 2009).

A9 22 9FF 7 C-EPSet #HEF Avt AFS FF
3hd, TMP A2 %8 MMBRe] BMBR Xt} foulingl] #
oFgto] ERIE Gl en, ol gt YLz U A&H oz
CEPS A4 %o] BMBR Et} Egith:s A& A=A 4
o2 388 F Ukl & F Uk ol AFHQ1 C-sEPS
9 C-bEPS S3ZAH}} BAAIHE J7tete 2T TMP
Aol HgatA] e JOoZRE o 29 FFTA = W
oFstH, THFH LR fouling HFel 7|t FSHT

S, o3 Qo guld JEf o] EPS(P-EPS)E 5%
o] wr2™, C. vulgaris$t E9&& A Alolo 308 712
& Zpel7t UrEP*H C-EPS9] Z %<} &3, P-sEPSY 5&&
MMBRO A Fibol] thd 2 ZATES Holzl jlovh 20~
40 mg/L BHE B o, P-bEPS FAFHLS A MMBRoIA

gt
s q“ﬂ’lﬁ, C. vulgaris®t E3&E8 A Aleld] TMPol| J&
S S AR FIHE FFHQ] Afol7p HolA] gkt

ol4e] AFEZRE, C vulgaris®t &/d&8 A MBRZH
B AHE EPS oA S3FkAA & Zeol7t UEbd EPS
£ P-EPS ETh= C-EPS ©I7] Wiell, C. vulgarisE &
3t MMBR] fouling ¥4)2 £3] C-EPSol|l 93t G&<] ¢
g A2 2 ALEHH, C-sEPS 2 C-bEPS$} fouling A% A}
olg] F&He HolA &sktta G 4 UthChang et
al., 2002; Nagaoka and Akoh, 2008).

Y APAT BaE Hoiets, tdw FEl 9] EPST} fouling
o WX& G0l @A FE e EPSOl Hla] 53] ok
&4 2 thRosenberger, 2006; Yigit, 2008).

4. Conclusion

Mixotrophic AHE TPtz GLAF AA ] e ot
o Hl&] Holt C vulgarisE WY ¥ IFFE 2153 MMBR
o X ¢ fouling & FE] m|X]:= C-EPS(C-sEPS, C-bEPS)
2 P-EPS(P-sEPS, P-bEPS)9] &2, £ suFAd &3
o2 AMgHol $d &9<&8 A 7w BMBRY H| WP

B3 BN 243, 7ld ¢ 28 MMBRO|A BMBR Erth
%71 %H foulinge] Aoz AstA At o
ouling®] 8 Yoz B AFNME C vulgaris®] &3
Aol Hlsf 308 7HF = W] go] $HA]7]= C-EPS
PR o2 APt oo BHSt, £ AFATH
o8 APATFE vn PJEF Ao w=w, C-EPSY
Hlg] P-EPSY H|F©] C. vulgaris BETF FdUldoz =94

r>~l

—

=P

_1_4

ME Loy o o o

& A 2d, C. vulgaris= P-EPSO H|3] C-EPSE] H]
ol &8 A Bt ez st g AT +
AR, o] AL MMBROIA S @AE fouling TS oF7]13H
Fagh 4o g FFsanh 18y, C-EPS 5% S/t o

mlo

2 TMP 37h= #&HA @sith P-EPSH H|3| C-EPS9
A Fo] Btte AL C vulgaris® EPS A4 EFo=
FEHIE= '3]"4' olg@3t E4o] C vulgarisl T ZFEH=
E30A, 52/ ke EPS A EHAA, & AA A

A ZF9 EPS A48 5ZAA A disixe GAsA o
), o]o] th3l A= soluble © bound EPSE X35 A E9lE

A7 Bash

Acknowledgement
o] =R 20189% FR(AZEAGR) ) APo F

2

FATFAGE] ADg wol Y o] M (No.NRF-2019R
=4

1A2C1084155) o]oll 7}

References

Arbib, Z., Ruiz, J., Alvarez-diaz, P., Garrido-perez, C., and
Perales, J. A. (2014). Capability of different microalgae
species for phytoremediation processes: Wastewater tertiary
treatment, CO, bio-fixation and low cost biofuels production,
Water Research, 1(49), 465-474.

Bilad, M. R., Discart, V., Vandamme, D., Foubert, 1., Muylaert,
K., and Vankelecom, I. F. J. (2014). Coupled cultivation
and pre-harvesting of microalgae in a membrane
photobioreactor (MPBR), Bioresource Technology, 155,
410-417.

Chang, 1. and Lee, C. (1998). Membrane filtration characteristics
in membrane-coupled activated sludge system - The effect
of physiological states of activated sludge on membrane
fouling.

Chang, 1., Le Clech, P., Jefferson, B., and Judd, S. (2002).
Membrane fouling in membrane bioreactors for wastewater
treatment, Journal of Environmental Engineering, 128(11),
1018-474.

Dignac, M. F., Urbain, V., Rybacki, D., Bruchet, A., Snidaro,
D., and Scribe, P. (1998). Chemical description of extracellular
polymers: Implication on activated sludge floc structure,
Water Science and Technology, 38(8-9), 45-53.

Ding, Z., Bourven, 1., Guibaud, G., van Hullebusch, E. D., Panico,
A., Pirozzi, F., and Esposito, G. (2015). Role of extracellular
polymeric substances (EPS) production in bioaggregation:
Application to wastewater treatment, Applied Microbiology
and Biotechnology, 99(23), 9883-9905.

U. S. Department of Energy (DOE). (2010). National algal
biofuels technology roadmap, US Department of Energy,
Office of Energy Efficiency and Renewable Energy, Biomass
Program.

Flemming, H. and Wingender, J. (2010). The biofilm matrix.

Journal of Korean Society on Water Environment, Vol. 39, No. 2, 2023



180 ZEH - o|=# -

Nature Reviews Microbiology, 8(9), 623-633.

Guo, W., Ngo, H,, and Li, J. (2012). A mini-review on membrane
fouling, Bioresource Technology, 122, 27-34.

Houghton, J. 1. and Stephenson, T. (2002). Effect of influent
organic content on digested sludge extracellular polymer
content and dewaterability.

Le Clech, P., Jefferson, B., Chang, 1. S., and Judd, S. J. (2003).
Critical flux determination by the flux-step method in a
submerged membrane bioreactor, Journal of Membrane
Science, 227(1), 81-93.

Nagaoka, H. and Akoh, H. (2008). Decomposition of EPS on
the membrane surface and its influence on the fouling
mechanism in MBRs, Desalination, 231(1), 150-155.

SIS E&IHES|X| M39AH FRE, 2023

Rosenberger, S., Laabs, C., Lesjean, B., Gnirss, R., Amy, G.,
Jekel, M., and Schrotter, J. C. (2006). Impact of colloidal
and soluble organic material on membrane performance in
membrane bioreactors for municipal wastewater treatment,
Water Research, 40(4), 710-720.

Wang, Z., Wu, Z., and Tang, S. (2009). Extracellular polymeric
substances (EPS) properties and their effects on membrane
fouling in a submerged membrane bioreactor, Water Research
(Oxford), 43(9), 2504-2512.

Yigit, N. O., Harman, 1., Civelekoglu, G., Koseoglu, H., Cicek,
N., and Kitis, M. (2008). Membrane fouling in a pilot-scale
submerged membrane bioreactor operated under various
conditions, Desalination, 231(1), 124-132.





