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ABSTRACT

Membrane bioreactor (MBR) provides the benefits on high effluent quality and construction cost without the secondary
clarification. Despite of these advantages, fouling, which clogs the pore in membrane modules, affects the membrane
life span and effluent quality. Studies on the laboratory scale MBR were focused on the control of particulate fouling,
organic fouling and inorganic fouling. However, less studies were focused on the control of biofouling and microbial
aspect of membrane. In the full scale operation, most MBR produces high effluent quality to meet the national permit
of discharge regulation. In this study, the performance and microbial community analysis were investigated in two MBRs.
As the results, the performance of organic removal, nitrogen removal, and phosphorus removal was similar both MBRs.
Microbial community analysis, however, showed that Azonexus sp. and Propionivibrio sp. contributed to indirect fouling
to cause the chemical cleaning in the DX MBR.
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1 A2 flat sheet MBR 2F E81} Fouling 42 25t OIME =22 Bt
\ M = & APARer e Beot 3o g 24
. = 2 HWH3IAZI T} Reazei and Mehrnia (2014)= MBR b
FA W AN REoN MEEE slpe] Zvlel $Eel HY el St fouling A7
AASE WpRg A 7|20 diu|Ey] Yaf d=te] SMP(soluble microbial product) 7+49] &35 HQtTh
SAUNLE FlE BUS DEANNAR WAely e AT MBR 239 B8 P4S N9 9w
on|, 22 AHAR Hobo| HelukMembrane)| 5] O S WelE 95k A olgox glek.
a0 2 ol Hajul A2 u-S-Z(Membrane Bioreactor, Deowan et al. (2016)2 UF 2}of antifouling T &2 #|
MBR)?] A& AMg|7} 2718k Qth (Krzeminski et &3S Al, MBR oA e o] A== AS
al, 2017). Ea|ute z9] EAo| wal Hukflat TS = Ak ST Hey AHHoR
sheet membrane) P4 T ZFAahhollow fiber nAEe] As HAd E24& Zdsk= Quorum
membrane) PAlo] THEA SR ARREIL Qlom, uf quenching(QQ)& o83 ol AA=]L glovt A
A ] Bt AF7IZES 5~109 Aol & st 3 Al A8olAs Axenzyme)d] FAAT BAIA QL ]
AA Foll 1re] &A4fo] dojubr] k=tbd A%t o] sjdsfioFdt Aloltt (Oh et al, 2012; Yi et al,
Mol 7sstaL, FH &S SR 4 9lan, 2 2023). IEu, MBR 39 vidlE 2SS e
AHANS AMFA ot HALS HES FA £ @ WY FEel gE ArE A9 glon] Apm A
= AHE 7HA L Q. o]Y3 AHox= &5l 2 R ugdES BT A A=) vlH]
o 34 2o wEe o mwo] welk @ael v ¥ AAolth
9 HA(fouling)o| T}, T2 O] BFAYL (1) QJx}A] utbo ¢ qhe o A% Wete 2 QoA AEeh W diF
(particulate fouling), (2) F-7]4 271 & 4(inorganic = AEA oA HEH AHE HojFal Qlot 4
scales), (3) &-7]A] 199 ¢(organic fouling), 12|l (4) HA qtro] AgoA= o 1o Wl wey gt
=4 4o (biological fouling) &2 Lp=o] Xt = T 2 24 71 A=Al et A
(Metcalf and Eddy, 2014). Q]2 2oL -394 u o] 7bsotth 1y AYE 9 HEsh=s %
PR 4ol o] YA == Ao= 8 WEAS & MBR &9 4%, WFs 4 7Ie&s =75kl 3l
2o o5y ZFFolE, HE 9 AE A7} Sof 9 L, FEjure] wA| 717 5\ o] o' sk &
A FbE F7]A Q1 AlHo® AZFo] 7hsstth A7b Ha glem "l Ao A ALY 103t
AAYY WA U o sehgiol Sl weld LAE b g gE SUE SRek o
AAF wetd] g el FEsk fold Ay & Agelk
o7 o =% A3} antiscalant S 3}3HA 0] v o] Q) 2 AFoM= T T2 HubS AREStaL A
ok §714 wede HuAh Fuiah w59 G0l vt F XY AR deR 34 as
NOM(natural organic matters)o] <]3ji WAY=m =] < B439 T B3 A 2d B4 B4 fEl
g& FoiA Aol hesith AESH wted Al MBR Wj9] u|Eg& EA4ste] & 3 AeA &9
(biofouling) T YE-2] AAfo| ol8) BFAY = AL} 1u]AY SHoA o AAF77E FdjA oz gt A%
= Fd ZEA =Zolgt &= EPS(extracellular 2 TMP7} Atjd oz W] Aest= AHaAs B4
polymeric substance) = Q13hA MPYEM Beyskeba  ste] weqd @AY uAE Rxel Arstel Fus
AR eJax e 4 gleh 17 39t

MBR FA 9] "t o] A7+ A theFst A+
7b A== QITE (Nabi et al, 2023; Judd, 2006). Judd
(2006)2] AL A W A7} QoFst oz &
A7, T 1=
A7, mixed liquor®| 3}8}H%|
Sohn et al. (2021)
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Fig. 1. Schematic of the full-scale wastewater treatment plant.
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2.3 Dlg= 24

2.3.1 A& Sampling 2! genomic DNA 3

T RAES v BA5H7] 98l 7 A e el A
A3 "o A AN He] A AEY ARE AFHE
Rz 4 360 A1H). AFHE AE2] genomic

DNAE +#e35}17]
(NucleoSpin Soil, Macherey-Nagal, Germany)&
Fom, AzipllA FF3t Mlwde 7

#J3l A Soil DNA extraction kit
AFE-35)
£0 7 DNA

2.3.2 DNA EAM

223+ DNAE nanodrop(Nanodrop, Thermo Scientific,
USA)S 0|83l L5 8 2A39a =25 AR
4 A -20Cof Batgicy. =% genomic DNAE
100 ng/uL® Y+=9o] 10 x Taq buffer, INTP mixture, 10
uMO] fusion primerES E3%tsto] ZHE 50 uL=E
PCR(polymerase chain reaction)2 4~385} %t} PCRE]
L ZAL 94°Cof| A 587} initial denaturation, 55°C
oA 30&7F primer annealing, 72°CofA 30%7t
extension?] I}A L 303] HHE & 72°Cof|A] 7E 7 final
elongation 28§35}l PCR AHE2 2% agarose gel

9] 7|9 E3slo] == Q] 3 Illumina Misequencing

2 o] &3} sequencingZ #l oﬂé‘}?&gﬂi, sequencing =
S @olxl HloJEl= NCBI 16S to]Eu|o] 20 A
AR A7 D AAe Fel Al - EA sk AR

t} (Macrogen, Korea).
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4lgel dske wolt olFelAn
o gEstdel dAa @ ol A7 7ge] Bas
§71%0] 45z o]0l Atk DX #2)e] BOD @
COD A|A-&L 98.71£1.10%, 92.69+1.27%= X O
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Table 1. Characteristics of influent and effluent in a full-scale MBR(DX)

Flow Influent (mg/L) Effluent (mg/L)
rate BOD CODwny SS T-N T-P Ecoli BOD CODy, SS T-N T-P Ecoli
(m’/d)

Regulation - - - - - - - 10 40 10 20 2 3000
Water 75 167+ 117.7+ 175.5* 48.2* 5.6* 115,000 2.0 8.4=* 1.3 9.5 0.5+ 41.6=*
quality 33 19.1 36 5.9 1.2 42,900 1.6 0.8 2.0 3.9 0.5 40

Loading rates (kg/d) Removal Efficiency(%)
- 12.53 8.83 13.16 3.61 0.42 - 98.7 92.7 99.2 80.2 90.0 99.9
Table 2. Characteristics of influent and effluent in a full-scale MBR(IO)
Flow Influent (mg/L) Effluent (mg/L)
rate BOD CODwn SS T-N T-P Ecoli BOD CODy, SS T-N T-P Ecoli
(m’/d)

Regulation - - - - - - - 10 40 10 20 2 3000
Water 125 155.2+ 101.8= 160.5* 45.6* 5.2+ 93,240 3.5 8.9 24=* 6.9+ 0.4+ 58.1%=
quality 24.9 23.5 35.8 6.7 1.2 22,000 2.1 1.7 2.6 5.1 0.4 64.2

Loading rates (kg/d) Removal Efficiency(%)
- 19.4 12.73 20.06 5.7 0.65 - 97.7 91.0 98.5 846 914 99.9
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Fig. 2. BOD and COD reduction in the MBR.(a) BOD Removal in DX, (b) BOD removal in IO,
(©) COD removal in DX, (d) COD removal in 10.
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UsH-2¥s |
SolE §340 FEIL FRG 2 12 oSl § 02 Wrold Z7tel 3ol gEA nARe
ZE 2= Qod AL LA TATHA Q) Ao Nitrosomonas®} Nitrobacter7} A3},
A 25 TR Y IS A gon & 259 TN FE= DXA o] 9.543.9 mg/L ©]
A A FA]7H(solid retention time, SRT) & =2 &F4] A H 10X 2|42 6.545.1 mg/LE2 T A& 2% HhRs
2 A| ZH(hydraulic retention time, HRT)o| LA3}A -] 7122l 20 mg/LE £55FaL QJti(Table 1). DX *]

2 A A 9T FA gt oW QAT Y Bd AARS 80247.6%, 104 L 846+117%
(MetCalf and Eddy, 2014). =3} 1d7e] 222 mUE B ok 4%AE zpol7p U AL Tl 3t 4 9ot}

=

2 glojglo A 7HEHoR 994 sl 27 W 7+ (Fig. 3). Cao et al. (202002 AR A 2] &l A20374

Aok e AYAL KUSAS WAk AR A 9 A A7 AR W) U AASE v
olet 230] Jsatm AE ukg AolA Ak ok Jeu AFE MBR 2AoI4 TN A&l
Aoz & 2 9l &Ato|tt (Im and Gil, 2014). 95% OJAHS Kol oL glo] FA o] B4 1l ulAy
srel QUBY AAL $71%, Aask Aol AAS  Bel 24l Ao ARG FFL v & Y= AS
oJulsi A A Y] Fggst A flsiA B4 Koot (Phan et al, 2015).
O &2 R 58 7| F= olst= A ste] uijEsto] ah=ol AETAR 2 AAE ASHUAE
of 3t} sk Y AASRMES dryotd A4, oA (polyphosphate accumulating organisms, PAO)2] =32
A A 9 ALY AaR E2Askal Aao] AEshy AFE o858t A7 HIONA Al W A E &<l
Hall= ZAFSKitrification)2} B (denitrification)?] i} Abo] 7B AL AH AHolito g wEEn &
!

A ALPAGYR 7o) WEE Aae 712l AE W HAHT BEY o FEE S

= A
=
Hhg2 1A8 o= QfHUolr} o4t 2 WHEleh= 71 o= Az W A 714do] Aks), &7t
g3} opAito] ohAl HAMY A4R HIE= 1 &3l PAO= ol A= o UA|E o]&dto] W&
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Fig. 3. Nitrogen and Phosphorus reduction in the MBR. (a) Nitrogen Removal in DX, (b) Nitrogen
removal in 10, (¢) Phosphorus removal in DX, (d) Phosphorus removal in 10.
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A Qat ek f EAjsks g dHst E49] < T HF FEeE Uk "ok 18y MBR 34
w7} 7hAslA ®oh (MetCalf and Eddy, 2014). o] & < TRHA o] i 5L o]8ste] 7]Eo ARE
g S =&Y Q1 A (Enhanced biological Y= FAEYA ARG FHY fE SRV 7
=3 o
[e]

phosphorus removal, EBPR)2} 3} 3}8H2] o] *]2] W
Wyl Hjwsle] 3}sreFE v|Lal SEr S = o] AlA BELE 99.23+1.13%, 99.96+0.04%0] % O™,
d 4 A= AAHL 7HATE DX HyAe] o AlALL 10 HE% A|A 282 98.47+1.62%, 99.93+£0.07%°] 3}
90.0£10.5%, 10 2|32 91.449.1%2 A|A LA 2 o} (Fig. 4).

Zpol 7t YEepUA] gFQktt (Fig. 3). Sayi-Ucar et al.
(2015)= 7179 MBR ¥4 %04 2= W3} 3.

e AEehd da 9 JAA A4S sk,

o

[ex]
BB 0] o °Co] & A 95%77HA] o] = L o o
bR AR BV 1% g pae wek g dudez o o
gom LR/} 35°C oo AFT A sk T e e wia ot
asls AL WASAT B oo = TAE of | HAE Fof e Ade dE=d e 9
o WAL 9 294G Aol WAL sl

20°C Jr=o] 2ol 2FH o] 90% olFe] A7 _
o6 Fna _ BE ok WETh (Park et al, 2018). B 2% Ao

TE&s FHT ¢ S Aer dddnh - .
2, g, RS R A71F o] glo
_ U Aol At ahe ozt 4%S 27t 3B Ay
3.2 SS ¥ Total Coliforms |7 Lo o mslormel ols ;ome —'EHEO o
ho 2 opsefEol oeh Aol ek ARE-E o
2SR T A9 22 WARE ol g3l A g
e A ol Ftt SAIE JAAZIAL SSE A7 =4 713E}t DX A= o W whyd Al
(a) o Total coliforms_influent & Total coliforms_sffluent (1] o Total coliforms_influent & Total coliforms_effluent
W Removal Efficiency W Removal Efficiency
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Fig. 4. Total coliforms and SS reduction in the MBR. (a) Total coliforms Removal in DX, (b) Total
coliforms removal in 10, (c¢) SS removal in DX, (d) SS removal in 10.
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o gglom 1043 Bl AHglel LdH Uk
38 AL MAEE Eoto] Aol o]Fofx|aL 2t
Fd 2 AHFE B (NaCIO) 913} 14} o 0 2 414
=]9ich Aolelatol £0C)] Abe A S Eolu}
H0, Tt Wott MBR F4oA dxtdos AR E
= AR A8 sEe YRk o= 300~1000 mg/L
(Park et al., 2015) o]} DX A 2]%2] 7 v]3]&E-2{3]
Te dS AZtsto] Ekel 1000 mg/LE Al =%
otk = Aol A AMEEE B ool g 7
FAGHE AT Qo] AT 109 ol ) A1 W £
At A M2 9 w4 7F o] o)X ARl= ¢
t}. DX 349 AAL 97Ex}9N(TMP, trans-membrane
pressure)©] Z742 Qla|AH FE 02 9718 2
G AA 2 AstE vle] 7] YA =S
e, uho) Aoz jlafA s AES Zpolrh
AR A4S A¥elle 23 27t e Aol

o

4o

3.4 MBR 3% OME H|DE S5t UTH 58 24

AfEE 29I g MBR s4:4 35S v
3R A3 9712, Ak W AAA § 28 R
71Ee E4513 A Ggel Ak xfoldo| ¢l
olth. Ielw Bk wh ATt o 34 el 9l
o}t DX Helao] vf AAL SO 1044
3 ulmste] Bt ogdel FoRer Y Mtk Aol
e uh BE A FU4e Aol Hlsat AR
5 3o uF g Aolg2 17] $181A biofoulinge]
GRS MAE MR BE ANE FEsE Aol
4 ashedch

BB AP 34 nAE BE B4 A7E 9

3t AEZ ol BAHL polymerase chain reaction(PCR),
quantitative PCR 5-& o83 WHo| AFEE %It (Ma
et al.,, 2013; Teksoy Basaran et al., 2014). AA|H A=
Al EAHS AR W2 HE A ¢E FEFHQ
sequencing 4%.9] A2 Qla|A B4 BAS
St hebd, 22 gEsLHel ae) B0 48]
= uAE EA4H o2 High-throughput pyrosequencing
Ho| o] 8% 3 Qltt (Ng et al., 2016; Choi et al., 2017;
Ouyang et al, 2020). o] WHe A= W utejejofe]
clbth BE W 2L 71 st vlastel WY

< &4

3
HE 4 glov] e HES Mok 27

234 W wAdE 23X pyrosequencing 24 F
phylum level®] A= Fig. 5o =43} 53k &4
Atof| A 1% o]ste] 3= AHAIRE 7§ DX A 22
Proteobacteria 2] 57]19] phyimo & JLEo] E|¢]on
10 A 2A-2 Proteobacteria 2] 7719] thoF3t Phylum S
2 BAEQch Phylum levelo| A= Protebacteria®}
Bacteroidetes7} DXA 8]3-S oF 81%, IOX8]|AL 67%
2 exoz ALt} Profeobacterial}l Bacteroidetes
= oaleAz 49 QB AA 0 o THo] A
Zukg YAslo ST UL ol AOR o
¢t} (Rehman et al, 2020; Xia et al, 2010).
Bacteriodetes= DX B Ao A= 16%, 103 2] A o] A
27%7} BExst= Ao g BXAEQth Bacteriodetes
St E o] B[ RH(carbohydrate  degrader)©] il
AL T =2 Aaoi =2 AT (Ma et
al., 2013; Meng and He, 2015). & 2|30 S7|&E &
|2 ¥E == BOD, COD 5319 - Proteobacteria
2} Bacteroidetes®] o2 Q13 97% o]A+e] BOD £
all, 91% o]/4<] COD &3l &2 o]F 4= & Aol
7VFsdtct. %  Phyla Qo= Nitrospirae,
Verrucomicrobia, Actinobacteria, Acidobacteria 50| A<=
Hou Ao r Ao Bz EAEI

Fig. 6-2 class levelo] 4] E53F 2O & DX sk 8|4
o A= Betaproteobacteria (41 %), Gammaproteobacteria
(10%), Deltaprogeobacteria (7%)7} 33| U o,
105} 2] Aol A= Betaproteobacteria®}t Chitinophagia
7V B35l QRAT}. BetaproteobacteriaZ}t Zy ] 2] 7o A
ol HEEo, oE nETolA Ex7F I3k
t}. Betaproteobacteria -5 Proteobacteria calss+= 2 &
& s 1A=+ F biofoulings WA 7] =]
T FFE WA= AL A4E Fol W R (Xia et
al., 2010). 18]3L Chitinophagia®] 73$ 9 @& <3}
of 7]ost= wAESl A2 W Aot (Takimoto et
al., 2021). ©|= E3|| Chitinophagia7}t $-A|gt 10 A2
o] DX A 2|%HT) biofouling oA = AfEf7}
Fuat olg MO AT 4 oUrk

Fig. 7 genus level 4 Zi}lo|t}t DX sl 2|4t
o\ X Azonexus, Propionivibrio, Simplicispira7} 2 £
2] Q%13 10 st E|Aol A= Propionivibrio,
Terrimonas, Stenotrophobacter7} H3E3]| QJ3ich o]&
%3 DX 23] o Adsl 10 Aeguc £4 o

L o| 82 Azonexus, Propionivibrio7} B} @G-S W=
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Phylum - DX (a) Genus - DX
(@
Azonexus 7.77%
M Proteobacteria Variovorax
1%, T Nannocystis
Asprobacter

29 1% W Bacteroidetes
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Fig. 5. Abundance of phylum level in (@) DX, (B) 10. The
abundance less than 1.0% was eliminated.
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Fig. 6. Classification of class level in (a) DX (b) IO. The
abundance less than 1.0% was eliminated.
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Fig. 7. Genus level in (@) DX (b) 10. The abundance less than
0.5% and unclassified species were eliminated.
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