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Abstract This study investigated the applicability of dynam-
ic membrane filter (DMF) technology in an upflow anaerobic
sludge blanket (UASB) and DMF-coupled process for the
treatment of municipal wastewater. The overall treatment per-
formance and effects of hydraulic retention time (HRT), oper-
ating flux, and mesh pore size on the UASB + DMF were
assessed. The UASB + DMF-coupled process demonstrated
removal efficiencies of over 64 and 86% for TCOD and TSS,
respectively. The effects of filtration flux and support mesh
pore size were investigated and it was found that while there
was little impact on the treatment performance, a 67% in-
crease in operating flux resulted in a 25% increase in fouling
rate. Similarly, with smaller mesh pore size (Mesh 500 with
pore size of 28 μm) the fouling rate increased by fourfold as
compared to Mesh 300 (pore size of 46 μm). In consideration
of the operation duration and contaminant removal, the DMF
withMesh 300 support layer and operating at 100 L/m2-h was
the most efficient configuration for treating the effluent of the
UASB operated with a HRT of 6 h. Microbial analyses of the
foulant layer revealed changes in relative abundance as
compared to the bulk sludge, particularly with the
hydrogenotrophic methanogens completely outcompeting
the acetoclastic methanogens. Overall, the coupled process
improved the system robustness and reduced variability of
the treated effluent.

Keywords Dynamicmembrane . Upflow anaerobic sludge
blanket (UASB) .Mesh filtration .Wastewater treatment

Introduction

The application of anaerobic processes for the treatment of
municipal wastewater has been gaining attention in recent
years due to its advantages of lower energy demand, the abil-
ity to generate methane-rich biogas as a recoverable energy
source, and lower sludge production. In particular the upflow
anaerobic sludge blanket (UASB) process, which is tradition-
ally used for treating high-strength industrial wastewaters, has
been increasingly applied for the treatment of low-strength
municipal wastewaters (Ruiz et al. 1998; Seghezzo et al.
1998; Souza et al. 2011; Smith et al. 2012; Borges et al.
2015). Nevertheless, the complexity and variability of sewage
can often result in biomass washouts especially during
suspended solids or dissolved organic shock loads
(GonÇalves et al. 1994; Leitão et al. 2006). To prevent wash-
outs, the UASB reactors often need to be operated at hydraulic
retention times (HRT) of 6 h or longer. The addition of a post-
treatment step to retain the expelled sludge could reduce the
effluent variability and robustness of the overall treatment
system and achieve the same treatment performance while
maintaining the same overall HRT. Post-treatment options
such as secondary settlers and conventional micro- or ultra-
membrane filtration have the disadvantages of having large
footprint and high costs, respectively. On the other hand, a
self-forming dynamic membrane filter (DMF) could be
coupled with the UASB reactor to overcome the mentioned
disadvantages. The DMF operates based on the principle that
the secondary filtration layer formed by accumulation of
rejected solids and foulants modifies contaminant rejection
properties (Ersahin et al. 2012; Fuchs et al. 2005; Ho et al.
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2007; Yu et al. 2015), hence allowing the use of macroporous
filtration materials in place of conventional membranes, lead-
ing to significant reduction in the system cost.

The observation of self-forming dynamic membranes in
water treatment processes dates back decades but the inten-
tional application of DMFs in biological wastewater treatment
only caught attention in the mid-1990s. Pillay et al. (1994)
used flexible woven fiber tubes to retain digested sludge and
so enhanced the performance of anaerobic digesters by
decoupling the solids retention time (SRT) and HRT (Pillay
et al. 1994). Kiso et al. also reported that nonwoven fabric
could separate activated sludge effectively at very low pres-
sure and thus could replace conventional microfiltration mem-
branes in MBRs (Kiso et al. 2000). In recent years, DMF
studies have been mostly focused on membrane bioreactor
applications with a few exceptions such as algal dewatering
(Zhang et al. 2014) and seawater reverse osmosis pretreatment
during red tide event (Kim et al. 2017).

Zhang and co-workers (Zhang et al. 2010, 2011) placed a
dynamic membrane at the settling zone of the UASB reactor
treating municipal wastewater. They found that the formation
of dynamic membrane could be divided into three stages, i.e.,
the formation of separation layer, the stable growth stage, and
the fouling stage. Characterization of the foulant layer also
revealed a double-layered structure, i.e., a loosely bound outer
layer and a tightly bound internal layer. Due to the large pore
size used in their studies (61 μm), the dynamic membrane
showed little rejection of soluble macromolecules. It should
be noted that the use of dynamic membrane directly within the
UASB reactor removes the selection pressure for larger-sized
sludge flocs and could affect the granulation process in the
UASB reactor. Thus, it might be beneficial to place the dy-
namic membrane ex-situ of the UASB reactor. In this way, the
performance of the UASB reactor and the dynamic membrane
filter could also be separately assessed. Additionally, the ef-
fects of HRT of the UASB reactor, operating flux of the dy-
namic membrane and supporting mesh pore size on the dy-
namic membrane performance have not been adequately
addressed.

The objective of this study was to investigate the perfor-
mance of the novel UASB + DMF-coupled process for mu-
nicipal wastewater treatment and optimize the system config-
uration. Chemical and microbial community analyses of the
foulant layer were also performed for characterization of the
dynamic membrane.

Materials and methods

Wastewater source and seed sludge

Municipal wastewater was obtained from the inlet (before the
primary settling tank) of a local wastewater treatment plant in

Singapore. The feed had a total COD (TCOD) of 375 ± 94mg/
L, soluble COD (SCOD) of 92 ± 20mg/L, and total suspended
solid (TSS) of 225 ± 67 mg/L. The UASB reactors were seed-
ed with anaerobic sludge obtained from the digester unit of the
same wastewater treatment plant.

Experimental setup and procedure

The laboratory-scale setup used in this study is shown in
Fig. S1 in the Supplementary Information. Two identical
UASB reactors, each with a working volume of 6.9 L, were
set up in parallel for the first-stage treatment of the municipal
wastewater and operated under the ambient temperature of
25–30 °C at HRT of 6 h (R6h) and 3 h (R3h), respectively.
This corresponds to organic loading rates (OLRv) of 1.5 and
3.0 gCOD/L-day for R6h and R3h, respectively. To reduce
sludge washout during startup, Mg2+ (1.4 mmol/L) and Ca2+

(2 mmol/L) in chloride form were added to the feed during the
first 2 days of reactors startup. According to a previous study,
Mg2+ and Ca2+ could enhance nucleic formation and granule
growth, respectively (Cao et al. 2014).

Once the UASB reactors were stabilized, individual
UASB effluent was allowed to overflow to a membrane
holder containing the DMF. A second overflow from the
membrane tank was imposed such that when the HRT
of the UASB reactor was shortened, excess flow to the
DMF was removed via the overflow. In this way, the
HRT and the membrane flux were decoupled. Sludge
was not withdrawn during the operation; thus, the SRT
was infinite. The specifications of the DMF are detailed
in Table S1 in the Supplementary Information. Each
DMF comprised of a flat-sheet dynamic membrane
module having a total filtration area of 50 cm2.
Polyethylene terephthalate (PET) mesh was used as the
support layer on which the dynamic membrane could
form. Two peristaltic pumps (Longer BT-100, China)
were used to feed wastewater to the UASB reactor
and extract permeate from the DMF. The transmem-
brane pressure across the DMF was measured using a
digital pressure meter (SMC, ZSE50F). In this study, no
in situ backwash was performed.

To determine the effects of DMF operating flux, DMF
mesh pore size and UASB reactor HRT on the performance
of the coupled process, several experiments were run. Two
pore sizes of mesh were tested: Mesh 500 corresponding to
28 μm (M500) and Mesh 300 corresponding to 46 μm
(M300). Permeate fluxes tested were 100, 60, and 30 L/m2-
h. The designation in the subsequent sections follows the for-
mat B(UASB) + (Mesh)-(Flux)^, e.g., R3h + M300-100 refers
to the R3h UASB reactor coupled with a Mesh 300 DMF and
operated at a permeate flux of 100 L/m2-h.

The operating conditions are summarized in Table S2 in the
Supplementary Information.
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Chemical analytical methods

COD, MLSS, and MLVSS were tested according to the
Standard Methods (APHA 2012). Extracellular polymeric
substances (EPS) extraction was performed in accordance to
Ye et al. (2011) with slight modifications (Ye et al. 2011).
Sludge samples were centrifuged at 6000×g for 10 min and
filtered through 0.45-μm membranes (Pall, USA). The super-
natant obtained was the soluble microbial product (SMP). The
sludge pellet was then washed with deionized (DI) water to
remove the loose slime polymers, re-suspended by vortex, and
sonicated for 2 min. This was then heated at 70 °C for 30 min
and centrifuged at 11,000×g for 15 min. The supernatant col-
lected after filtering through a 0.45-μm membrane was con-
sidered as the total EPS. Carbohydrate content was deter-
mined by colorimetry using the phenol-sulfuric acid method
(Dubois et al. 1956), while proteins were measured by the
corrected Lowry method (Lowry et al. 1951; Frøund et al.
1995). Glucose and bovine serum albumin (BSA) were used
as the respective calibration standards. Fractions distribution
of dissolved organic matters (DOMs) was determined by liq-
uid chromatography-organic carbon detection (LC-OCD, Dr.
Huber, DOC-LAB) equipped with a size-exclusion column,
Toyopearl HW-50S (Tosoh, USA). Biogas composition was
analyzed using a gas chromatograph (GC17A, Shimadzu,
Japan) equipped with two parallel columns for permanent
gases and CO2 analysis (CP-Molsieve 5 Å in tandem with
CP-PoraBOND Q, Agilent Technologies) and a barrier ioni-
zation discharge (BID) detector. Particle size distributions
were measured using ZetaPALS Particle Sizer (Brookhaven
Instruments Corp).

Optical microscope observation

The DMF (i.e., the support mesh together with the adhered
foulant layer) was removed at the end of the operation cycle
and placed under an optical microscope (Keyence VHX-500
and VH-Z250R) for observation to investigate the porosity
and morphology of the foulant layer (note: no cutting of the
mesh was performed). The results were compared with the
virgin support mesh.

Microbial community analysis

To identify and compare the microbial communities of the
UASB bulk sludge and the foulant layer, fresh samples of the
foulant layer at the end of the R6h + M500-100 cycle and R6h
UASB sludge at different heights of the reactor were collected,
centrifuged to remove the supernatant, and DNA extraction
performed using PowerSoil DNA isolation kit (MoBio
Laboratories, USA) according to the manufacturer’s protocol.
Concentrations of the extracted DNA were measured using
NanoDrop equipment (Thermo Scientific, USA) and the 16S

rRNA gene fragments from each sample were amplified using
DreamTaq Green PCR Master Mix (Thermo Scientific, USA),
characterized using 454 high-throughput pyrosequencingmeth-
od in accordance to Shi et al. (Shi et al. 2015). The sequencing
data was uploaded to the NCBI Sequence Read Archive with
the BioProject Accession Number PRJNA378579. The Venn
diagram was plotted using Venny 2.1 (Oliveros 2007).

Results

Effect of HRT on UASB + DMF performance

The operational and treatment performances of the R6h +
DMF and R3h + DMF processes were compared and are
summarized in Table 1. The results indicate that the UASB
+ DMF-coupled process was effective in the removal of COD
and SS from the municipal wastewater even at short HRTs. It
was noted, however, that the fouling rate of the DMF treating
R3h effluent was 4× higher than that treating R6h effluent
(Fig. 1). This was because at a HRT of 3 h, the UASB reactor
was more prone to biomass washouts whichwould be retained
by the DMF, contributing to its TMP increase. In spite of this,
the UASB + DMF was still able to achieve high COD and SS
removal efficiencies signifying the benefits of having the
DMF as second-stage treatment after the UASB reactor to
improve the overall process robustness and reliability.

In the absence of any in situ cleaningmeasures, the TMP of
the R3h + M500-100 process reached 40 kPa after 6 days.
Online fouling control methods such as air/gas sparging,
brushing, or backwash may be implemented to extend the
operation time of the DMF (Xue et al. 2012; Ersahin et al.
2014; Fakhimi and Mehrnia 2015; Li et al. 2016). For the
subsequent tests, since there was no in situ cleaning, R6h
was used in the coupled process.

Effect of operating flux on UASB + DMF performance

R6h + M500 DMFs were operated at three different fluxes
(100, 60, and 30 L/m2-h) and the results are presented in
Table 2. At all the test fluxes, the UASB + DMF process
was able to achieve removal efficiencies of over 67 and 86%
for total COD and TSS, respectively. There was little

Table 1 Treatment performance at different HRTs

Configuration TCOD
(mg/L)

TSS
(mg/L)

RTCOD,avg
(%)

RTSS,avg
(%)

Fouling
rate (kPa/
day)

R6h +
M500-100

107 ± 27 30 ± 14 71 86 1.47

R3h +
M500-100

137 ± 12 30 ± 13 64 87 6.2
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observable difference in the treated permeate qualities obtain-
ed at the different fluxes. However, the highest rate of increase
in TMP was observed for the DMF operating at 100 L/m2-h
(Fig. 2). This trend is intuitive as operation at higher fluxes
meant that the solids accumulation rate on the support mesh
was faster, leading to higher fouling rate. Interestingly, the
fouling rate did not increase remarkably when the operating
flux was increased from 30 to 60 L/m2-h. This could be ex-
plained by the concept of threshold flux, which describes the
flux above which the membrane system experiences an ele-
vated increase in rate of fouling, while at fluxes below the
threshold flux, the operation would generate much slower
fouling (Field and Pearce 2011). In a previous fouling study
using TiO2 suspension, it was found that at fluxes below 75
LMH, the fouling rate was very low and similar even at dif-
ferent flux rates (Tung et al. 2014). In our present study, the
threshold flux probably also lied between 60 and 100 L/m2-h,
resulting in the observed trend. The results also suggest that
operation at 100 L/m2-h would be more efficient as a 67%
increase in flux resulted only in a 25% reduction in the oper-
ation time.

Effect of mesh pore size on UASB + DMF performance

From Table 3, it was observed that UASB + DMF configura-
tions using Mesh 300 and Mesh 500 achieved comparable
removal efficiencies for TCOD and TSS, indicating that mesh
pore size in the tested range was not a major influencing pa-
rameter in terms of contaminant removal. In this study, the two
mesh ratings tested (Mesh 500, corresponding to 28 μm, and

Mesh 300, corresponding to 46 μm) were sufficiently small
for the dynamic layer to be effectively formed over the mesh
surface, and the resultant dynamic layer took over as the pre-
dominant filtration barrier in place of the macroporous support
mesh to remove the particles in the UASB effluent. Particle
size distribution (PSD) analysis (Fig. S2 in the Supplementary
Information) showed that the mean particle sizes in the Mesh
500 and Mesh 300 permeates were 1.5 and 1.6 μm, which
were much smaller than the support mesh pore sizes tested.
Nevertheless, the mesh pore size did have a significant impact
on the rate of increase in TMP. As indicated in Fig. 3, fouling
rate for Mesh 500 was 4× faster than that of Mesh 300. This
could be explained by the reason that the Mesh 500 DMF has
higher density of PET fibers and smaller effective pore size,
which is more prone to pore blocking. This would suggest that
for long-term operation at high fluxes, the use of Mesh 300 as
the support layer in the DMF might be advantageous.

Biogas production of the UASB + DMF process

The biogas produced from the UASB + DMF process was
collected and analyzed to determine the gas composition
(Fig. S3 in the Supplementary Information). Over 250 days of
operation, the system was able to produce methane-rich (≥66%
CH4) biogas, which could be recovered and reused to reduce
the overall energy demand of the process. The specific methane
production was determined to be 23.4 ± 8.6 mL CH4/gVS-day

Table 2 Treatment performance at different DMF fluxes

Configuration TCOD (mg/
L)

RTCOD,avg.
(%)

TSS (mg/
L)

RTSS,avg.
(%)

R6h +
M500-100

105 ± 29 71 33 ± 14 86

R6h +M500-60 109 ± 20 70 27 ± 6 89

R6h +M500-30 105 ± 19 71 22 ± 4 91

Fig. 2 TMP profile at different DMF fluxes

Table 3 Treatment performance with DMF of different pore sizes

Configuration TCOD (mg/
L)

RTCOD,avg.
(%)

TSS (mg/
L)

RTSS,avg.
(%)

R6h +
M300-100

107 ± 27 70 31 ± 14 87

R6h +
M500-100

105 ± 29 71 33 ± 14 86
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6534 Appl Microbiol Biotechnol (2017) 101:6531–6540



andmethane yield was 354 ± 37mLCH4/gCODutilized, which is
close to the theoretical value of 380 mL CH4/gCODutilized. A
previous study (Yue et al. 2015) on AnMBR treating domestic
wastewater reported a methane yield of 300 mL CH4/
gCODutilized. It was also observed that the percentage of CO2

was rather low (4–6%) as compared to the typical range (20–
30%) reported in anaerobic digestion of domestic sewage
(Chernicharo 2007). Nevertheless, some lab-scale studies on
the anaerobic treatment of municipal wastewater (Lin et al.
2009, 2011) had similarly reported low carbon dioxide
contents.

Analysis of the DMF foulant layer

To characterize the DMF foulant layer, which constitut-
ed the dynamic membrane, the DMF at the end of the
R6h + M500-100 operation cycle was removed for fur-
ther analysis. The foulant layer was loosely attached to
the mesh surface and mostly sloughed off once the
module was removed from the reactor. This observation

was consistent with previous studies (Fan and Huang
2002; Zhang et al. 2010). The remaining gel-like layer that
was not sloughed off was collected for further analysis. Due to
themostly loosely bound nature of the foulant layer, the support
mesh could be easily cleaned by flushing with tap water
(Fig. S4 in the Supplementary Information) and utilized for
the next operation cycle, as opposed to conventional micro-
or ultra-filtration membranes which require chemical cleaning.

The optical microscope images of the virgin mesh and
fouled mesh at the end of the R6h + M500-100 operation
cycle were studied (Fig. S5 in the Supplementary
Information). A rather dense foulant layer was formed on
the mesh surface, which facilitated contaminant removal by
the DMF and contributed to the filtration resistance as indicat-
ed by the TMP increase. It was noted that there were some
porous regions through which fine particles can pass through,
which could lead to deterioration in the permeate quality and
whichmight be compressed if the operating TMPwas allowed

Fig. 3 TMP profile with different DMF pore sizes

Fig. 4 Composition analysis by LC-OCD
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to further increase. The DM layer appeared to have a very
rough structure caused by deposition of the sludge particles
in the absence of any external shear forces for fouling control.

EPS and SMP provide adhesion of bacterial cells in bioflocs
and biofilms (Wang et al. 2012; Kunacheva and Stuckey 2014;
Ersahin et al. 2015); thus, they are important in dynamic mem-
brane systems, both in terms of the functional filtration as well
as fouling. The EPS and SMP of the foulant layer were
extracted and their DOM fractions were analyzed by
LC-OCD and compared with the results obtained from
the feed and permeate samples (Fig. 4). It was found that
the predominant component of the DM were biopolymers,
comprising 31–44% of the total organic carbon content, as
compared to 10–15% for the feed and permeate samples.
Previous studies have shown that biopolymers are the ma-
jor foulant in MBRs (Rosenberger et al. 2006; Meng et al.
2011). Proteins constituted 65–72% of the biopolymers for

the foulant layer. The predominance of proteins was con-
firmed through the carbohydrate and protein assays (Fig. 5).
The implication is elaborated in the BDiscussion^ section.

Microbial community analysis

Figure 6 shows the classification by phylum level and relative
abundance of bacteria in the foulant layer and R6h UASB
bulk sludge. There was little variation, in terms of diversity,
of the bacterial phyla in the bulk sludge collected at different
heights of the UASB reactor (Fig. S6 in the Supplementary
Information). The most predominant bacterial phyla in all the
samples were Bacteriodetes, Proteobacteria, Firmicutes, and
Cloacimonetes. Bacteriodeteswas the most predominant phy-
lum across all samples. It has been reported that Bacteriodetes
could potentially contribute to fouling and biofilm formation
through the release of proteinaceous EPS (Gao et al. 2010).

Fig. 6 Classification of bacterial
communities at the phylum level
and relative abundance in the
foulant layer and UASB bulk
sludge at different heights (port 1
being the nearest bottom and port
4 being the nearest top of the
sludge blanket)
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This supports the chemical analysis results that the foulant
layer had relatively high protein content. It is therefore postu-
lated that Bacteriodetes probably played a part in the forma-
tion and consolidation of the dynamic membrane on the
macroporous mesh.

The second most predominant phylum, Proteobacteria, had
an almost 50% reduction in relative abundance in the foulant
layer as compared to the bulk sludge. Within the phylum, there
was significant reduction in sulfate-reducing δ-Proteobacteria,
namelyDesulfobulbaceae andDesulfomicrobiaceae, as well as
Syntrophorhabdus which is responsible for degradation of aro-
matic compounds in sewage in syntrophic association with
hydrogen-scavenging methanogens (Saia et al. 2016). This ob-
servation can be accounted for since degradation of most sul-
fates and any aromatic compound would have occurred within
the UASB reactor. This is further supported by the greater
abundance of Halothiobacillaceae which utilizes reduced sul-
fur for energy needs.

The foulant layer on the DMF contained a higher abun-
dance of Cloacimonetes, of which the family Candidatus
Cloacamonas consists of syntrophic fermentation bacteria
common in anaerobic digesters and is considered a marker
phylotype in low solids loading digesters (Hao et al. 2016).
In view of this, the proliferation of this family in the foulant
layer might have been caused by the change in solids loading
environment from high (within the UASB reactor) to low (in
the UASB effluent).

The relative abundance of archaea in the samples
is depicted in Fig. 7. The predominant families in all the

samples were Methanobacteriaceae, Methanoregulaceae,
Methanosp i r i l l a ceae , Methano t r i chaceae , and
Methanomassiliicoccacea. There were notable changes in rel-
ative abundances ofmethanogenic families in the foulant layer
and the bulk sludge samples. It was observed that the ratio of
acetoclastic to hydrogenotrophic methanogens followed a de-
creasing trend with the process flow: 1.83 at the bottom of
UASB sludge blanket (port 1), 0.78 at the top of the UASB
sludge blanket (port 4), and 0.14 in the foulant layer. This
indicated that while acetoclastic methanogens tend to domi-
nate in stable anaerobic processes for COD reduction via con-
version of acetate to methane (Cardinali-Rezende et al. 2013)
as in the UASB reactor, the hydrogenotrophic methanogens
(Methanobacter iaceae , Methanoregulaceae , and
Methanospirillaceae) were completely outcompeting the
acetoclastic methanogens (Methanotrichaceae) in the foulant
layer as the former were better adapted to the environment in
the foulant layer.

Discussion

This study demonstrated that the UASB + DMF-coupled
process treating municipal wastewater could achieve ex-
cellent contaminant removal performance. The DMF
was beneficial in maintaining and improving the effluent
quality even in the event of biomass washouts in the
UASB. The DMF could operate at high fluxes which
translates to high treatment capacity as well as economy

Fig. 7 Classification of archael
communities at the family level
and relative abundance in the
foulant layer and UASB bulk
sludge at different heights (port 1
being the nearest bottom and port
4 being the nearest top of the
sludge blanket)
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of scale. Additionally, the support layer pore sizes tested
appeared to exert little effect on contaminant removal
once the dynamic layer was formed over the mesh,
which was in agreement with the findings of previous
dynamic membrane studies (Kiso et al. 2000; Park et al.
2004; Wu et al. 2005; Zhi-Guo et al. 2005; Walker
et al. 2009). Further tests over a wider range of pore
sizes could be performed to elucidate the effect over
contaminant removal and fouling by the DMF. Unlike
conventional membranes which require more rigorous
cleaning methods such as air/water backwash or chem-
ical cleaning, the foulant layer could be easily washed
off the mesh surface by water flushing, thus eliminating
the need for additional equipment or chemicals. Most
importantly, the dynamic membrane is formed on
macroporous filtration materials such as meshes or fab-
rics, which could be cheaply and easily obtained as
compared to conventional membranes, thus bringing
down the cost of the treatment system. Consequently,
the UASB + DMF-coupled process serves as a feasible
and sustainable treatment for municipal wastewater, par-
ticularly in resource-scarce regions.

The protein/carbohydrate (P/C) ratio for the EPS of
the foulant layer was 2.4 (Fig. 5), which was similar to
that reported in an anaerobic dynamic membrane biore-
actor (AnDMBR) study (Ersahin et al. 2015). It had
been suggested that the affinity between proteins and
sludge flocs should generally be higher than that be-
tween polysaccharides and flocs (Lee et al. 2003;
Massé et al. 2006). Additionally, it was reported that
proteins tend to be more hydrophobic and could adhere
to membrane surfaces more easily to induce fouling
(Meng et al. 2006; Wang et al. 2013). The higher P/C
ratio in the bound EPS could hence have aided the
formation and stabilization of the dynamic layer,
allowing better filtration and contaminant removal per-
formance of the DMF.

The differences observed in the bacterial and archael
community structures in the bulk sludge and foulant
layer could be attributed to factors such as changes in
the organic bioavailability and oxidation-reduction po-
tential in the microenvironments they were in, which
in turn allowed proliferation of microbes better adapted
to the microenvironments. This presents an opportunity
to further investigate the impact of the microenviron-
ment in altering the microbial relative abundance so that
desirable bacterial and archael species, for instance
those that enhance methane production or removal of
target contaminants, can thrive in the system.

In summary, the UASB + DMF-coupled process pro-
duced consistently good quality of treated effluent and
demonstrated to be a viable alternative for municipal
wastewater treatment.
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