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a b s t r a c t

An anaerobic dynamic membrane bioreactor with a high flux of 65 L/(m2 h) was used to treat municipal
wastewater. Particle size distribution, scanning electron microscopy, gel filtration chromatography (GFC),
and three-dimensional excitation–emission matrix (EEM) were used to investigate the components of the
cake layer formed on the membrane surface and the interception effect of the dynamic membrane. Test
results showed that the dynamic membrane was formed by suspended solids (SS) in the settling zone and
the soluble contents such as soluble microbial products (SMP) and extracellular polymeric substances
(EPS). According to the index of SS/cake volume, the formation of dynamic membrane can be divided into
three stages, i.e., the formation of separation layer, the stable growth stage, and the fouling stage. The
astewater treatment accumulation rates of SS, SMP and EPS were of some differences at each stage. The secondary membrane
was not entirely formed until the 7th day, and the dynamic membrane demonstrated a weak interception
effect of dissolved organic matters after the 20th day. From EEM and GFC analyses of SMP in the cake layer,
it was found that the fluorescence intensity ratio of Peak B/Peak A in the EEM fluorescence spectra had a
similar changing tendency with large molecules of MW > 5000 kDa. They both increased with operation
time before the 20th day, probably due to the soluble by-products secreted by the microorganism in the

cake layer.

. Introduction

In the past years, the aerobic activated sludge process has
een the dominant technology for treating municipal wastewater.
owever, due to the high costs of aeration and sludge handling

n aerobic treatment, anaerobic process demonstrates its advan-
ages in municipal wastewater treatment [1,2]. Biomass retention
s a very important factor for anaerobic treatment of munici-
al wastewater mainly due to the low growth rate of anaerobic
icroorganisms, particularly during low temperature period when

he degradation rate (hydrolysis) of suspended solids (SS) and col-
oidal fractions is the rate limiting step [3–5].

With the development of membrane technology, the integration
f membrane into bioreactor attracted more attention. Anaer-
bic membrane bioreactor (AnMBR) can achieve high-efficient

olid–liquid separation and thus enable the independent control of
ydraulic retention time (HRT) and sludge retention time (SRT). As
consequence, the particulate organics retained in the reactor can
ventually be hydrolyzed and degraded because of the long solids

∗ Corresponding author. Tel.: +86 21 65980400; fax: +86 21 65980400.
E-mail address: zwwang@tongji.edu.cn (Z. Wang).

385-8947/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.cej.2010.09.013
© 2010 Elsevier B.V. All rights reserved.

retention time [6,7]. In practical applications of AnMBRs, there are
still obstacles such as high cost of membrane module, low mem-
brane flux, rapid membrane fouling, etc. [2]. Dynamic membrane
technology may be a promising approach to resolve these problems.
Dynamic membrane, which is also called secondary membrane, is
formed on the underlying support material when the filter solution
contains fine particles [8]. The membrane itself may be no longer
necessary, since solids rejection will be accomplished by the cake
layer which can be formed and re-formed in situ. Once the mem-
brane is severely fouled, the dynamic layer can be removed and
replaced by a new deposited layer. Thus, the expense of purchas-
ing and physically replacing new membrane is spared [9]. To date,
there have been many studies focusing on the use of meshes or
fabrics as the support material for solid–liquid separation in the
aerobic wastewater treatment. Chu and Li [10] used the industrial
filter cloth material and found that the permeate turbidity was less
than 9 NTU, SS was zero and cake layer was the major resistance
factor. Fan and Huang [11] reported that the biomass layer of the

dynamic membrane on mesh consisted of a cake layer and a gel
layer. The gel layer had a structure like conventional membranes
and played a key role in the permeability of the dynamic membrane.
Liu et al. [12] divided the formation process of dynamic membrane
into four stages based on the flux behaviors under constant filtra-

dx.doi.org/10.1016/j.cej.2010.09.013
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:zwwang@tongji.edu.cn
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Table 1
The characteristics of the influent wastewatera.

Water quality parameters Concentration

COD (mg/L) 302.1 ± 87.9
NH4

+-N (mg/L) 37.9 ± 8.6
TN (mg/L) 58.8 ± 10.2
SS (mg/L) 120 ± 23
pH 7.3 ± 0.3
Fig. 1. Diagram of the AnDMBR.

ion pressure, i.e., substrate formation, separation layer formation,
ouling layer formation and filtration cake formation.

These results may be not applicable to anaerobic dynamic
embrane bioreactors (AnDMBR) treating low strength organic
astewater such as municipal wastewater due to the distinct dif-

erences from aerobic treatment processes. Some attempts on the
nDMBR have been made [13,14] in order to clarify its behav-

ors and characteristics in wastewater treatment. However, only
ow levels of flux were achieved (<5 L/(m2 h)), which would be a
ottleneck to the practical engineering application of AnDMBR.
enerally speaking, the research on AnDMBR is still limited and
orth further studying. The purpose of this study, therefore, is to

nvestigate the formation process of dynamic membrane at a high
ux of about 65 L/(m2 h) in an AnDMBR for municipal wastewater
reatment. The accumulation and variations of SS, soluble microbial
roducts (SMP) and extracellular polymeric substances (EPS) on the
embrane surface were investigated in order to gain a deep under-

tanding on the formation mechanisms of the dynamic membrane
n the AnDMBR.

. Materials and methods

.1. Operation of AnDMBR

The experimental setup used in this study is shown in Fig. 1.
he AnDMBR system, which had an effective volume of 45 L and
n average HRT of 8 h, consisted of a settling zone (upper part) and
n upflow anaerobic sludge blanket (UASB) reactor (lower part).
lat-sheet dynamic membrane modules were mounted in the set-
ling zone, which were made of Dacron mesh (pore size = 61 �m).
he dynamic membrane modules were kept at a high flux of about
5 L/(m2 h). The water level in the bioreactor was controlled by
n elevated influent tank to maintain a constant water level. The
embrane-filtered effluent was then obtained by using a peristaltic

ump connected to the modules. The effluent flow rate and the
rans-membrane pressure (TMP) were monitored by a water meter
nd a pressure gauge, respectively. The temperature in the reactor

◦
as in the range of 10–15 C during the experiment (in the seasons
f autumn and winter). The effluent pH of the AnDMBR was in the
ange of 7.2–7.6.

In the experiment, the effluent of aerated grit chamber of Shang-
ai Quyang municipal wastewater treatment plant was adopted
Water temperature (◦C) 10–15

a Values are given as mean concentration ± standard deviation; number of mea-
surements: n = 30.

as the influent of the AnDMBR, the characteristics of which are
summarized in Table 1.

2.2. Analytical methods

2.2.1. Cake layer collection and filtration resistance
Several dynamic membrane modules were placed in the

AnDMBR and periodically taken out at different fouling stages. Once
a used module was taken out, a new module was placed in for
maintaining a constant HRT of the bioreactor. The cake layer on the
membrane surface was carefully scraped off by a plastic sheet and
simultaneously rinsed with distilled water. The collected samples
were placed on a magnetic blender (Model JB-2, Leici Instrument
Incorporated, Shanghai, China) and well mixed. After that, the col-
lected samples were diluted with distilled water and could be used
for further analysis.

The filtration resistance at each step was calculated using the
following equation:

Rt = Rm + Rc + Rp = TMP
�J

× 3600 (1)

where Rt is the total membrane resistance (m−1), Rm is the intrin-
sic resistance of Dacron mesh (m−1), Rc is the cake layer resistance
(m−1), Rp is the pore-clogging resistance (m−1), J is the instanta-
neous flux (m3 m−2 h−1), TMP is the trans-membrane pressure (Pa),
and � is the dynamic viscosity of permeate water (Pa s). Rt was cal-
culated at the each stage of the filtration experiment. The method
described by Fan and Huang [11] was adopted for the measurement
of the Rm and Rp. Rp was obtained by subtracting the Rm from the
resistance of a dynamic membrane module after physical cleaning
by tap water; Rc could be calculated by subtracting the filtration
resistance of Rm and Rp from Rt.

2.2.2. Scanning electron microscopy (SEM)
The dynamic membrane module was taken out from the

AnDMBR. A piece of membrane was then cut from the middle of the
fouled membrane module. The sample was naturally air-dried and
coated with aurum–platinum alloy (with coating depth 10 nm), and
then observed using the SEM (Model XL-30, Philips, Netherlands).

2.2.3. Particle size distribution (PSD) analysis
PSD of the sample was carried out by a focused beam

reflectance measurement (EyeTech particle size and shape ana-
lyzer, Ankersmid, Holland).

2.2.4. Extraction of SMP and EPS of cake layer
The collected cake layer was centrifuged at 6000 rpm for 30 min

and then the extracted supernatant was filtrated through a mem-
brane with a mean pore size of 0.45 �m. The filtrate of the

centrifuged supernatant was regarded as SMP. The remaining pellet
was washed and re-suspended with saline water (0.9% NaCl solu-
tion). The mixed liquor was then subject to heat treatment (100 ◦C,
1 h) and centrifuged again under the same operating conditions.
The centrifuged supernatant was regarded as the EPS solution [15].
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Fig. 2. COD concentration variations of the system during the experiment.
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the membrane permeability. Afterwards, another operation period
was started.

The filtration resistances of cake layer of the dynamic membrane
in the whole filtration period were calculated with above-
mentioned methods and the results are shown in Table 2. The Rm
X. Zhang et al. / Chemical Engin

MP and EPS concentrations were measured as polysaccharides
nd proteins. Polysaccharides were measured using the Anthrone
ethod as described by Dubois et al. [16] with a glucose stan-

ard, and proteins were determined by a modified Lowry method
17] with BSA (bovine serum albumin, Sigma fraction V, 96%) as a
tandard.

.2.5. Gel filtration chromatography (GFC) analysis
The molecular weight (MW) distributions of samples were

etermined by a GFC analyzer (SHIMADZU Co., Japan). A TSK
4000SW type gel column (TOSOH Corporation, Japan), which
as heated to 40 ◦C and maintained by thermostat control (CTO-

0ASvp), was used in this work with pure water as eluent at a flow
ate of 0.5 mL min−1. The samples were filtered with a 0.45 �m
ydrophilic filtration membrane prior to the injection (50 �L) and
nalyzed using a refractive index detector (RID-10A). The MW was
alculated according to the calibration with standard polyethy-
ene glycols (PEGs) of MW 194 Da, 620 Da, 4020 Da, 11,840 Da,
2,100 Da, 128,000 Da, and 771,000 Da (Merck Corporation, Ger-
any) using the GFC for Class VP software package included with

lass VP 5.03 software (SHIMADZU Co., Japan). In this study, the
FC calibration curve for the MW versus the elution peak time (t)
as as follows:

og(MW) = −0.318t + 9.4553 (2)

.2.6. Three-dimensional excitation–emission matrix (EEM)
uorescence spectra analysis

Fluorescence measurements were conducted using a lumines-
ence spectrometry (F-4500 FL spectrophotometer, Hitachi, Japan).
he spectrometer used a xenon excitation source, and slits were
et at 10 nm for both excitation and emission. To obtain fluores-
ence EEM spectra, excitation wavelengths were incremented from
00 to 600 nm at 5 nm steps; for each excitation wavelength, the
mission spectrum was detected from 200 to 600 nm at 5 nm steps.
can speed was set at 2400 nm/min. A 290 nm emission cutoff filter
as used in scanning to eliminate the second order Raleigh light

cattering. The spectra of sealed distilled water were recorded as
he blank. The software Origin 7.5 (OriginLab Corporation, USA)
as employed for handling the EEM data. The EEM spectra were
lotted as the elliptical shape of contours. The X-axis represented
he emission spectra from 200 nm to 550 nm while the Y-axis indi-
ated the excitation wavelength from 200 nm to 400 nm, and the
hird dimension, i.e., the contour line, was shown to express the
uorescence intensity (FI) at an interval of 5.

.2.7. Other item analysis
Measurements of chemical oxygen demand (COD), ammonium

NH3-N), total nitrogen (TN), pH, SS and volatile suspended solids
VSS) were performed according to Chinese NEPA standard meth-
ds [18].

. Results and discussion

.1. Pollutants removal performance in the AnDMBR

The AnDMBR was operated for nearly 100 days, and a stable
OD removal efficiency of 57.3 ± 6.1% was achieved (see Fig. 2). The
ffluent COD concentration was 120.8 ± 34.0 mg/L when the influ-
nt COD concentration fluctuated from 159.0 mg/L to 500.0 mg/L.

uring the experiment period, the effluent SS concentration was in

he range of 0–15 mg/L (number of measurements: n = 10). Average
iomass concentration in the UASB reactor varied from 5.9 g VSS/L
o 19.8 g VSS/L, while the SS in settling zone increased from 68 mg/L
o 250 mg/L from the beginning to the end of the experiment.
100806040200

Operation time (d)

Fig. 3. Variations of TMP during the experiment.

The COD removal efficiency was (56.6 ± 8.26)% (n = 8) before day
20 and increased to (57.7 ± 4.6)% (n = 12) after the formation of cake
layer on day 20. The improvement of COD removal after the for-
mation of dynamic membrane was very limited in this AnMBR,
indicating that the dynamic membrane of AnMBR cannot effec-
tively retain the soluble COD. The major role of dynamic membrane
in AnMBR was to remove particles (or particulate COD). Therefore,
the downstream treatment is needed to remove the soluble COD
contained in the AnMBR effluent.

3.2. Formation and filtration capacity of the dynamic membrane

The variations of TMP with operation time are demonstrated
in Fig. 3. It can be observed that the TMP increased slowly with
operation time as membrane flux was kept at about 65 L/(m2 h)
during the experiment. When the flux decreased, physical cleaning
by tap water was carried out to remove fouling layer and to recover
Table 2
A series of resistances of the dynamic membrane with flux 65 L/(m2 h).

Operation time (day) 2 5 7 20 48 88
Rc (×1010 m−1) 1.1 1.8 3.1 9.4 69.0 121.2
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ays); (e) fouled membrane surface (48 days); (f) fouled membrane surface (88 day

as 3.8 × 107 m−1. The Rp value was about 1.3 × 107 m−1, which did
ot change with the increase of operation time.

It is shown in Table 2 that the intrinsic resistances of the Dacron
esh and the resistances of pore-clogging were much smaller com-

ared to the filtration resistance of cake layer. The cake layer played
major role in the increase of filtration resistance with the increase
f operation time, which is consistent with the research of Hwang
nd Cheng [19].
The SEM photographs of dynamic membrane surfaces at differ-
nt fouling stages are shown in Fig. 4. As can be seen from Fig. 4(a),
he surface of unused Dacron mesh was smooth. With the inter-
eption of some sludge particles in the initial filtration process, the
(2 days); (c) fouled membrane surface (7 days); (d) fouled membrane surface (20

secondary membrane was not entirely formed until the 7th day.
The cake layer at that time was porous and uneven. Then the cake
layer became thicker and more compacted, which can be seen from
Fig. 4(d–f). In this process, the increase of resistance was due to both
the thickness-increase resistance and the compaction resistance
[20].

The dynamic membrane was mainly formed by SS deposited on
the membrane surface in the filtration process. The variations of SS

on the dynamic membrane surface are shown in Fig. 5(a). It can be
found that SS deposited on the membrane surface increased con-
tinuously with the operation time, which could be attributed to the
lack of cross-flow in the settling zone. The accumulation of SS was
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ig. 5. Change of the cake layer on the dynamic membrane surface with the opera-
ion time. (a) SS mass per unit area of membrane surface; (b) thickness of the cake
ayer and SS/cake volume (n = 5).

major factor responsible for the increase of filtration resistance.
esides that, another important factor influencing membrane resis-
ance was the layer compaction [19]. The index of SS/cake volume
an reflect the compaction and porosity of the cake layer. The vari-
tions of thickness and SS/cake volume against operation time are
llustrated in Fig. 5(b). From Fig. 5(b), it can be found that, as a sec-
ndary membrane, the formation of the cake layer might be roughly
ivided into three stages as follows. (1) The formation of separa-
ion layer: SS with the size similar to the mesh in the settling zone
ere intercepted by the mesh, filling into mesh holes. Then the
ydrophobic mesh was changed to be hydrophilic by the deposi-
ion of hydrophilic sludge [11] and the quick accumulation of SS
ed to an initial separation layer. (2) The stable growth stage: the

ass and thickness of the cake layer increased synchronously and
ts SS/cake volume had little change. (3) The fouling stage: with the
ncreasing of filtration pressure, the growth of SS surpassed that
f thickness and its SS/cake volume thus increased, indicating the
ompaction of cake layer and the dramatic increase of filtration
esistance.

The dynamic membrane was not only formed by sludge par-
icles, but also by the interception of the soluble and colloidal
ontents such as SMP and EPS in dynamic membrane during fil-
ration [13]. The content of these substances on the dynamic

embrane surface is shown in Fig. 6.
From Fig. 6(a), it can be found that the mass of SMP and EPS

n the membrane surface both increased with the operation time,
imilar to the accumulation of SS. Previous studies [21–25] showed
hat the accumulation of SMP and EPS demonstrated significant

nfluences on the characteristics of cake layer on the membrane
urface. Sludge adhesion could be enhanced by polymeric interac-
ions. Moreover, it can be observed that the content of SMP and EPS
er unit mass of VSS in the initial cake layer was higher than that of
Fig. 6. Change of the cake layer on the dynamic membrane surface with the oper-
ation time. (a) SMP and EPS on the membrane surface; (b) SMP and EPS content of
the cake layer (n = 5).

later stage (see Fig. 6(b)). It is mainly due to the fact that SMP and
EPS have macromolecules which are more readily attached to the
membrane surfaces by permeation drag [26]. The results were of
some similarities with aerobic membrane bioreactors. The sludge
particles with higher SMP and EPS content preferentially adhered
to the surface, and then other particles could be retained by the
dynamic membrane by the permeation drag. However, some differ-
ences still existed. In the aerobic membrane bioreactor, due to the
cross-flow on the membrane surface, sludge particles with larger
size could not deposit on membrane surfaces and soluble macro-
molecules played an important role in the initial separation layer
as a gel layer [11]. However, in the AnDMBR, the separation layer
mainly consisted of sludge particles intercepted by the membrane
due to the weak disturbance on the membrane surface.

3.3. PSD analysis

The volume average diameters of particles in the influent, the
mixed liquid in settling zone are shown in Table 3. At the initial
operational stage, the particles size in the effluent had an obvious
trend of decrease, and more fine particles were intercepted. In the
effluent of the 7th day and 20th day, the volume average diameter
of particles was just 11.3 ± 5.3 �m and 9.8 ± 3.6 �m. Along with
the filtrating, the cake layer became dense and less porous. For
the single-layer structure of the Dacron mesh, some foulants on
the surface might pass though the pores under high suction pres-
sures of the peristaltic pump. It resulted in that particles with larger

size appeared in the effluent of the 48th day (with volume average
diameter of 18.9 ± 7.3 �m) and even larger in the effluent of the
88th day (with volume average diameter of 22.9 ± 8.1 �m) at the
end of fouling stage.
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Table 3
Volume average diameter of samplesa.

Sample Influent Settling zoneb Effluent (2 days) Effluent (5 days) Effluent (7 days) Effluent (20 days) Effluent (48 days) Effluent (88 days)

Volume average 115.6 ± 17.3 96.8 ± 10.9 77.8 ± 9.6 43.7 ± 12.6 11.3 ± 5.3 9.8 ± 3.6 18.9 ± 7.3 22.9 ± 8.1

3
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F

diameter (�m)

a Values are given as mean concentration ± standard deviation; n = 5.
b The dynamic membrane modules were set in the settling zone.

.4. GFC analysis

GFC is a useful technique for evaluating various water treatment
rocesses [27]. Dissolved organic matters (DOM) are eluted through
porous solid phase; large molecules are unable to penetrate the
ores and thus elute more quickly than small molecules [28].

The GFC chromatograms of the DOM in the supernatant of the
ettling zone and the effluent are shown in Fig. 7. It can be seen
hat the GFC chromatograms of the two samples were similar but
ith some differences of the peak locations along with the filtra-

ion process. Before the 7th day, the chromatograms showed little
ifferences, indicating that the dynamic membrane had no removal

ffect of soluble organic matters in the initial stage. It also can
xplain that the high SMP and EPS contents in the initial cake layer
ould be attributed to the attachment on the support materials
ather than the interception effect.
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ig. 7. GFC chromatograms of DOM in the settling zone and effluent on (a) the 2nd day; (
Along with the formation of cake layer, the dynamic membrane
showed an interception effect with a right shift of the peak locations
(on the 20th and 48th day) or reduced intensity of peak 1 (on the
88th day) in the effluent. This interception effect of DOM could
be attributed to the accumulation of SS mass and the increasing
compaction of cake layer with the operation time, which has been
reported to be the important factors determining the rejection of
large molecules [19].

Moreover, the MW distribution of SMP in the cake layer at differ-
ent filtration stages was also investigated to obtain a deep insight
of the characteristics of the cake layer (see Fig. 8). There were three
peaks in these samples. It was found that these peak locations had

a tendency of moving to shorter elution time with operation time,
indicating the accumulation of large molecules in the cake layer.

In order to better understand GFC chromatograms of SMP in the
cake layers of the AnDMBR, the MW distributions of these samples
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Fig. 8. GFC chromatograms of SMP of cake layer on (a) the 2nd day; (b) t

re illustrated in Fig. 9. It can be seen that on the 2nd day, the SMP
n the cake layer mainly consisted of molecules of MW < 5000 kDa.
fterwards, molecules of MW > 5000 kDa appeared and accumu-

ated in the cake layer, increasing from 6.9% on the 5th day to 51.5%
n the 20th day. For the lack of removal effect of DOM by the initial

ake layer as mentioned above in the GFC analysis of the DOM in
he supernatant and the effluent, this accumulation effect of large

olecules in SMP cannot be attributed to interception effect. It was
eported that the increasing of cake layer thickness might result in
ndogenous decay or cell lysis occurring at the bottom layer for
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Fig. 9. GFC distribution of SMP in the cake layer.
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day; (c) the 7th day; (d) the 20th day; (e) the 48th day; (f) the 88th day.

the poor transfer of nutrients from the bulk solution [29]. Then
the soluble macromolecules were released and accumulated in the
cake layer. However, after the 20th day, SMP in the cake layer of
molecules of MW < 500 kDa increased constantly, which might be
due to the interception effect of DOM by the dynamic membrane
after the 20th day.

3.5. EEM analysis

The EEM spectra give spectral information about the chemical
compositions such as humic-like, tyrosine-like, tryptophan-like or
phenol-like organic compounds, which have fluorescence charac-
teristics in the samples [30].

Fig. 10 shows EEM fluorescence spectra of SMP in the cake layer.
Two peaks were readily identified from the EEM fluorescence spec-
tra. The first main peak was identified at the excitation/emission
wavelengths (Ex/Em) of 230–240 nm/335–350 nm (Peak A), which
was related to aromatic protein-like substances [31]. The second
main peak located at the Ex/Em of 280 nm/315–335 nm (Peak B)
was described as tryptophan protein-like substances [32], and was
associated with the soluble microbial by-products [31]. Fluores-
cence parameters, such as peak location, FI and different peak
intensity ratios, were obtained from the EEM fluorescence spec-
tra are listed in Table 4. The intensity ratio of Peak B/Peak A (B/A)

reflected the constituents of the protein-like substances [32].

The total FI was calculated as FI per unit of membrane area (FIT).
From Table 4, we can see that FIT of Peak A (FIA) and Peak B (FIB)
showed different variations with the operation time. The increas-
ing rate of FIB exceeded that of FIA, while their sum FI(A+B) grew
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Table 4
Fluorescence parameters of SMP in the cake layer.

Operation time Peak A Peak B FIT B/A

Ex/Em FI Ex/Em FI FIA FIB FI(A+B)

2 230.0/340.0 92.2 280.0/325.0 90.9 174.7 172.3 346.9 0.99
5 230.0/340.0 101.7 280.0/335.0 160.4 192.6 303.8 496.4 1.58
7 230.0/340.0 81.7 280.0/330.0 142.6 206.3 360.1 566.4 1.75

20 235.0/335.0 71.5 280.0/335.0
48 230.0/335.0 56.0 285.0/335.0
68 230.0/335.0 61.0 280.0/335.0
88 230.0/330.0 67.8 280.0/335.0
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Fig. 10. EEM fluorescence spectra of SMP in the cake layer.

ontinuously. It was also found that the index of B/A increased
efore the 20th day and then decreased slightly, showing a sim-

lar tendency with molecules of MW > 5000 kDa in SMP of the cake
ayer. Therefore, it can be inferred that the accumulation of these
arge molecules (MW > 5000 kDa) was probably due to the solu-
le by-products secreted by the microorganism (represented by
eak B) in the cake layer. When the interception effect of DOM
ccurred after the 20th day, the accumulation of both two kinds of
rotein-like substances on the dynamic membrane surface resulted

n a slight decrease of B/A. It can be concluded that the variations
f SMP fluorescence in the cake layer on the dynamic membrane
ere attributed to the two factors, i.e., microorganism secretion

nd interception effect.

. Conclusions

Dynamic membrane was applied in an anaerobic membrane
ioreactor at a high flux of 65 L/(m2 h) and its formation mech-
nisms were studied. The results showed that the dynamic
embrane was formed by the sludge particles and the solutes and

olloids content such as SMP and EPS. According to the index of
S/cake volume, the accumulation process could be divided into
hree stages of the formation of separation layer, the stable growth
tage, and the fouling stage.

At the first stage, SS, SMP, EPS had a rapid accumulation on
he membrane surface. The particles had a decrease trend in the
ffluent by the interception of dynamic membrane and no removal
ffect of DOM was found. At the second stage, the cake layer on the
embrane surface showed a stable growing rate, with little change

f SS/cake volume. The dynamic membrane showed a weak inter-

eption effect of DOM. At the third stage, the growth of SS surpassed
hat of thickness, indicating the compaction of cake layer. Particles
ith large size were present in the effluent under the high suction
ressure.

[

[

183.6 180.5 463.6 644.1 2.57
132.9 211.8 503.4 715.3 2.38
141.0 308.1 712.1 1020.2 2.31
159.8 428.1 1008.8 1436.9 2.36

From EEM and GFC analysis of SMP in the cake layer, it was found
that the index of B/A increased before the 20th day. It showed a
similar tendency with large molecules of MW > 5000 kDa, which
were mainly originated from the soluble by-products secreted by
the microorganism in the cake layer. When the interception effect
of DOM occurred after the 20th day, it was found that B/A and
molecules of MW > 5000 kDa both had a slight decrease.
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