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Abstract

A large amount of domestic wastewater is produced in our daily life. To sustainably use the urban domestic wastewater in the
residential area and develop the equipment for distributed domestic wastewater treatment, the present work carried out a pilot study
on the treatment of domestic wastewater by sequencing batch membrane bioreactor (SBMBR). Under the conditions of 20 L/h-m? of
average water flux, and 2 h/3 h of anaerobic/aerobic period, the SBMBR process showed a good treatment effect with a good quality
of effluent (<50 mg/L of chemical oxygen demand (COD), <5 mg/L of ammonia nitrogen (NH.-N), <15 mg/L of total nitrogen (TN),
<2.6 NTU of turbidity, 96.9% of color removal and 99.9% of bacteria removal). The aeration quantity had a certain degree of impact on
the removal of COD and the optimum aeration rate was 13.9 m3*/m?*-h considering both the effectiveness and cost. When the SBMBR

was continuously operated for 40 days, the transmembrane pressure reached 50 kPa and the membrane needed to clean. The

hydrochloric acid (pH = 2) was a suitable cleaning agent and the membrane was almost completely restored after cleaning.
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1 Introduction

Water recycling and reuse is an effective measure to solve
the shortage problem of water resource, and the sustain-
able use of water resource has become a national devel-
opment strategy in China. Currently, 80% of urban water
supply has been discharged into the sewer as domestic
wastewater, which is an available and promising fresh-
water resource [1]. Reclaimed water has the widespread
use such as agricultural land irrigation, aquaculture, land-
scape irrigation, urban and industrial applications, artifi-
cial recharging of groundwater, and even providing pota-
ble water [2,3]. Current technologies applied in water
reclamation include oxidation-chlorination by sodium
hypochlorite (NaClO), ultraviolet (UV) irradiation and
ozonation, biological treatments such as aerobic/anaerobic
bioreactors, maturation ponds and constructed wetlands,
physical separations such as medium filtration and mem-
brane filtration, and electrochemical treatments [4]. Of
these available technologies, membrane bioreactor (MBR)
technology has been proposed as being highly suitable for

water reclamation [5]. The MBR is a technology of waste-
water treatment in a combination with membrane sepa-
ration and biotreatment [6]. In the MBR system, almost
all solids and microorganisms will be intercepted by the
membrane, and the attached activated sludge has a strong
ability in removing organic matters via (bio)sorption/
biodegradation [3]. The MBR is characterized by good
effluent quality, simple operation, compact structure, and
small land occupation, revealing very broad application
prospects in the area of wastewater recycling and reuse.
MBR is composed of membranes (such as microfiltra-
tion membrane, ultrafiltration membrane or nanofiltration
membrane) and a bioreactor. According to the different
functions of membranes, MBR can be categorized as sep-
arate, aerated and extractive MBRs. In terms of config-
uration, MBR membranes can be divided into the types
of branched passage, frame plate, and rolling and hollow
fibers. Moreover, for the materials, MBR membranes have
organic and inorganic types. According to the assembly
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position of membrane and bioreactor, MBR can be divided
into the integrated model (immersion) and split model
(circulation). On the basis of the driving mode in mem-
brane filtration, MBRs have pressure mode and suction
mode [7-10]. The MBR has a high biological sludge con-
centration and extended sludge retention time (SRT), mak-
ing it effective to remove ammonia nitrogen (NH,-N) and
chemical oxygen demand (COD), and also very effective
to treat wastewater with low-degradable substances. MBR
technology has gradually been applied for the treatment of
domestic and industrial wastewaters in recent years [11].
It replaces the separation unit of the conventional activated
sludge method with the membrane separation system, and
thus simplifies the process, improves the effects of lig-
uid-solid separation and obtains quality effluent for direct
recycling use, such as agricultural and landscape irriga-
tion, industrial processes and toilet flushing. The removal
of organic substances by MBR is mainly attributed to the
membranes interception and biodegradation by micro-
organisms in the activated sludge and/or attached to the
membrane surface. The activated sludge in the MBR can
remove >60% COD of the influent wastewater due to the
high concentration of microorganisms and relatively long
SRT. On the other hand, the membrane compensates for
the instability of biological treatment by efficiently inter-
cepting organic macromolecules (e.g., soluble microbial
metabolites) and ensures the good quality of the effluent.
Various researches and cases have demonstrated that the
effluent of MBR does not contain solids and macromolec-
ular colloids. The MBR is fully capable of retaining sus-
pended substances and producing water with nearly zero
turbidity. Therefore, the effluent quality of MBR meets the
requirements of reclaimed water for multipurpose [12-16].

Along with the increasingly mature application of MBR
technology in wastewater treatment, there has been a phe-
nomenal development in the research on the removal of the
nitrogen and phosphorus by MBR. Currently, most MBR
technologies for nitrogen and phosphorus removal are
developed based on the traditional mechanism of nitrifi-
cation/denitrification and aerobic excessive phosphorus
absorption/anaerobic phosphorus release [17]. According
to the space and time for the removal of nitrogen and phos-
phorus, MBRs have two modes, i.e., two-stage spatial sep-
aration and integrated temporal separation. Compared with
the conventional MBRs, the sequencing batch membrane
bioreactor (SBMBR) greatly enhances the removal of nitro-
gen and phosphorus [18]. It forms the alternate anoxic/aer-
obic conditions by intermittent aeration in a single reactor
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and achieves synchronous removal of carbon, nitrogen and
phosphorus. This technology is featured by mixed reaction
in terms of space and flow reaction in terms of time [18].

Nowadays, affected by the global sustainable develop-
ment strategies, people began to rethink the conception and
philosophy of centralized sewage treatment advocated by
water experts. Looking back on the development course of
sewage treatment in the 20th century, we have found that
centralized sewage treatment has obvious historical limita-
tions, when we consider the reuse of sewage in the water
shortage today. Centralized sewage treatment with great
energy and expense cannot solve problems of environmen-
tal pollution, water shortage and drinking water safety. The
technical progress, social development and environmental
changes have driven the appearance of new philosophical
thinking on sewage treatment; that is the idea of distributed
sewage treatment, local treatment and reuse of wastewater
to achieve water balance. Currently, many water scientists
are actively promoting such idea. Considering the national
conditions, distributed sewage treatment is very suitable in
China. Especially for the residential area, the local collec-
tion, treatment and recycling of wastewater is more eco-
nomic and feasible than centralized treatment [1].

To evaluate the feasibility and robustness of SBMBR
on water reclamation as a smaller distributed sewage
treatment technology/equipment, the present research has
designed a small-scale SBMBR to carry out a pilot study
on treatment of domestic wastewater. The characteristics
of pollutants removal by SBMBR were comprehensively
studied. The influence of aeration quantity, and the mem-
brane fouling and cleaning were also investigated. The
objective is to optimize the parameters and accumulate the
data and experience for the application of such process in
the distributed sewage treatment.

2 Materials and methods

2.1 Experimental equipment

The SBMBR experimental equipment of this pilot study
is shown in the Fig. 1. The equipment ran automatically
through the control with a programmable logic controller
(PLC) (5). An operating cycle needed ~6 h and the hydrau-
lic retention time (HRT) was 4 h. Firstly, the intake pump
(4) pumped the sewage from the sewage storage tank (1)
to the reactor (2) to the maximum water level (H__ ). The
sewage was then stirred by the mixing pump (6) for a 2-h
of anaerobic reaction. After that the mixing pump (6) was
stopped and the solenoid valve (8) was opened to start
the aerobic aeration. Two hours later, the outlet pump (9)
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Fig. 1 Schematics of the equipment set-up of the SBMBR: 1 sewage storage tank, 2 reactor, 3 membrane, 4 intake pump, 5 PLC (programmable logic

controller), 6 mixing pump, 7 air compressor, 8, solenoid valve, 9 outtake pump, 10 vacuum meter, 11 effluent flow meter, 12 intake air flow meter,

and 13 perforated aeration tube.

was opened to discharge the effluent until the water level
reached the minimum value (H ;) at an average flux of
20 L/m*h, which was achieved by resting the pump (9)
for 3 min after every 10 min working. Afterwards, the
intake pump (4) was started and the system entered the
next operation cycle.

The SBMBR reactor (2) was made of plexiglass with
an effective volume of 60 L. The effective membrane area
of membrane module (3) was 1 m? which was adopted
the polyvinylidene difluoride (PVDF) hollow fiber (DD
WATER Group Co. Ltd, Zhuji, China). Table 1 shows
the parameters of the fiber membrane. The aerated air
was proved by an air compressor (7) (Jaguar, Xiamen,
China) and a flow meter (12) was used to monitor the
intake air flow. Perforated aeration pipes (13) (Tiancheng
Environmental Equipment Co. Ltd, Yixing, China) were
installed at the bottom of the reactor. The proportion of
air to water was controlled at around 10:1, and the ratio of
reactor water filling was about 3:10.

2.2 Test sewage and analysis

The test sewage was the inflow of regulating reservoir
of a sewage treatment station. The parameters of the test
sewage are shown in Table 2. The determinations of water
quality indices such as COD, total nitrogen (TN), NH,-N,
total phosphorus (TP), and chroma were according to the
standard methods [19]. The total number of bacteria was
determined using the dilution spread plate method. The
odor threshold was measured by the standard method [20].
The turbidity was determined with a HACH2100AN tur-
bidimeter (Hach, Loveland, USA).

Table 1 Parameters of the PVDF hollow fiber membrane

Maximum suction negative

Surface area (m?) 0.25 pressure (MPa) 0.05
Pore size (um) 0.1  Tolerant pH range 2-12
Inner diameter Tolerant temperature range
(mm) 1 ¢C) 15-35
External diameter Maximum suction negative 0.05
(mm) pressure (MPa)

Table 2 Parameters of the test sewage
?Xg;r quality Range Water quality index ~ Range
COD (mg/L) 67284 T (°C) 11.2-30.6
NH,-N (mg/L) 10.3-22.4  Turbidity (NTU) 67-340
TN (mg/L) 20.8-29.2  Chroma 150-250
TP (mg/L) 1.9-3.4 Odor threshold 20-160
pH 6.4-79 Total number of (1.52.9)x10°

bacteria (cfu/L)

2.3 Process parameters

2.3.1 Filtration flux

The constant flux filtration is relative to the constant pres-
sure filtration. Researches have shown that with the same
pressure and flux, the constant flux filtration has less head
loss than the constant pressure filtration [21]. During con-
stant pressure filtration, the flux returns back to the stable
level down from the supercritical level, when the particles
in the main feed liquid move toward the membrane sur-
face that incurs serious membrane fouling. However, the
constant flux filtration is operating under the constant sub-
critical flux, which can avoid congesting the membrane
pores. Therefore, the constant flux filtration can not only



effectively control membrane fouling, extend the mem-
brane cleaning cycles, maintain a high level of membrane
flux and increase the operational stability, but also realize
the balance of MBR water balance, keep the value of HRT
constant, and reduce the impact of feed water on microor-
ganisms. Therefore, the present study adopted the constant
flux method and kept the membrane flux at 20-25 L m*-h
during operation.

2.3.2 Aeration quantity

To vibrate the membrane to alleviate the membrane foul-
ing caused by clogging and the formation of the filter cake
layer, air was inflated all the time in the membrane area,
keeping the ratio of air to water at 10:1. The aeration can
achieve the following functions. One was to maintain a
certain concentration of dissolved oxygen in the reactor
to provide the necessary oxygen for microbiological deg-
radation and cell synthesis and other activities. The sec-
ond function was to play the role of mixing and keep the
activated sludge in suspension in the reactor for full con-
tact with sewage. The third function was to wash against
the membrane surface, reduce the membrane fouling and
maintain the normal membrane flux. The aeration method
and intensity have a direct influence on membrane fouling.
The crossflow caused by aeration can effectively remove
or reduce the gel layer fouling on the membrane surface.

2.3.3 Reaction time
The anaerobic reaction time was 2 h and aerobic reaction
time (including water discharge time) was 3 h.

2.4 Cultivation and acclimation of activated sludge

The inoculated sludge was obtained from the activated
sludge in the concentrated tank of the sewage treatment
station. The physicochemical properties of the inoculated
sludge were as follows: organic carbon, 180.7 g/kg; total
nitrogen, 15.5 g/kg; water content, 70.3%; pH 7.0. The cul-
tivation and acclimation of the activated sludge were con-
ducted by continuous inletting and outletting water with
an HRT of 4 h and an air-water ratio of 10:1. After 20 d,
the concentration of activated sludge in the reactor was
3300 mg/L. The flocculent structure of sludge increased
remarkably and the color turned taupe (from black before
acclimation). A certain amount of protozoa such as vor-
ticella and rotifers were observed under the microscopic
investigation. It was then considered that the cultivation
and acclimation of sludge had been completed and the
experimental stage could be started.
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3 Results and discussion
3.1 Effect on water quality

The SBMBR was continuously operated and the effect
on water quality is shown in Fig. 2. According to Fig. 2a,
the influent COD fluctuated obviously (67-284 mg/L). In
the initial stage (1-6 d), the effluent COD was at <90 mg/L
while the values markedly fluctuated. In the late experi-
mental stage (7-16 d), the effluent COD was stable at
<50 mg/L, indicating the notable shock load capability of
SBMBR. The effluent COD showed relatively huge fluc-
tuations at a high level in the initial stage, which may be
due to two reasons. On one hand, the fluctuation of initial
influent COD would affect the COD removal effect. On one
other hand, the activated sludge concentration was rela-
tively low at the level of only 3000 mg/L in the initial stage
and thus the microorganism amount was small. Therefore,
the removal efficiency of COD by microorganisms was not
satisfactory. But as the experiment went on, the activated
sludge concentration in the reactor increased to the level
of 6000 mg/L in the late stage, when the COD removal
became very stable, and the effluent COD was kept at
<50 mg/L with a stable removal percentage of ~75%.

The influent NH,-N was ranged within 10.3-22.1 mg/L
(Fig. 2b). During the experiment, the NH,-N removal
effect improved gradually and the effluent NH,-N became
more and more stable. The NH,-N removal effect was also
poor in the initial stage (1-6 d), when the effluent NH,-N
was 10.1-15.6 mg/L and removal percentage was 20.9-
47.5%. The removal effect gradually improved during
the mid-stage (7-12 d), with an effluent NH,-N of 6.3-10.7
mg/L and removal percentage of 38.8-71.3%. During the
late stage (13-16 d), the SBMBR showed a good NH,-N
removal effect with <5 mg/L of effluent NH,-N and 65.4-
76.1% of removal percentage. By comparing Fig. 2a to
2b, it can be seen that more time was needed for NH,-N
removal to become stable than for COD removal. The for-
mer took 12 days, while the latter took 6 days. This is
because that the nitrobacteria have a long generation inter-
val (generally 12-15 days), and need a longer time to repro-
duce and accumulate in the activated sludge system [22].

From Fig. 2¢ we can see that the influent TN is between
21.3 to 29.2 mg/L and the effluent TN is between 8.8 to
17.9 mg/L with a removal percentage of 17.4-63.4%. In the
initial stage, the reactor had an unobvious TN removal,
which was possibly due to the long generation interval
of nitrifying/denitrifying bacteria and the relatively long
period to accumulate and enrich bacteria. The traditional
theory indicates that the TN removal is completed through
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Fig. 2 SBMBR system treatment effect on water quality: (a) COD removal, (b) NH,-N removal, (¢) TN removal, (d) TP removal, (e) turbidity removal,

(f) chroma removal, (g) odor removal and (h) bacteria removal.



two processes, i.e., the aerobic nitrifying process and the
anoxic denitrifying process [23]. In the nitrifying process,
oxygen acts as the electron acceptor, and the NH,-N is
converted to nitrate and nitrite nitrogen by the nitrifying
bacteria. After the aerobic nitrification, the nitrified liquid
is processed by denitrifying bacteria under anoxic envi-
ronments, taking organic matters as the electron acceptor,
and regenerated the nitrogen from nitrate nitrogen. It is
thus obvious that if the TN should be removed, both nitri-
fying and denitrifying bacteria must be formed an effec-
tive cluster to enable the biosystem to complete the nitro-
gen removal process. In the late stage, the TN removal
effect was improved, implying that after a certain period,
SBMBR had already formed an effective nitrifying and
denitrifying microbiota.

Fig. 2d shows that the influent TP is within 1.9-3.4 mg/L
and the effluent TP is within 1.9-3.2 mg/L with a removal
percentage of 1.6-13.4%. The removal percentage of TP
was very low, indicating that the reactor had a limited
effect on TP removal. The small amount of TP removal
was mainly resulted from the effect of microbial assimi-
lation. Generally, after the excessive phosphorus intake in
aerobic condition and the phosphorus release in anaerobic
condition by phosphorus-accumulating organisms, TP is
removed along with discharging the remaining sludge [24].
However, no residues were discharged in this experiment.
Due to the highly efficient intercepting effect of the mem-
brane, most microorganisms were all retained in the reac-
tor, thus resulting in the unobvious effect of TP removal.

Despite the huge fluctuation of influent turbidity (67-
340 NTU), the effluent turbidity remained basically at the
same level below 2.6 NTU (Fig. 2e). The system showed a
relatively high turbidity removal percentage and produced
a more stable quality effluent which did not contain sus-
pended particles, demonstrating the superior shock load
capability of MBR. This is because the microfiltration
membrane had smaller pore sizes and could sufficiently
intercept suspended particles.

We can see from Fig. 2f that though the influent chroma
fluctuated to some extent, the chroma removal percent-
age increased gradually from the initial 88% to 96.8%
as the system operated on. The removal percentage of
chroma constantly remained at a relatively high level, and
it mainly relied on the efficient interception of suspended
particles which may influence the chroma. As the times
went on, the concentration of activated sludge in the reac-
tor increased. Therefore, more and more microorganisms
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attached to the membrane surface to degrade the organic
substances that may influence chroma, and it thus further
promoted the removal of chroma.

Odorants include sulfur derived volatile organic com-
pounds (VOCs) [25]. Although their concentrations are
usually low and environment impacts are relatively small,
the bad odor makes the water disgusting and affects its
use. Biotechnologies such as MBR are recognized as the
best available technologies for odor treatment due to the
operational cost consideration [26]. Our results showed
that SBMBR could efficiently remove the influent odor.
After a short adaptive phase (1-4 d) due to the insufficient
activated sludge, the average odor removal percentage was
kept stable at >95% (Fig. 2g).

Fig. 2h shows that the total number of bacteria in influ-
ent fluctuated but the bacteria number in effluent remained
stable at <1x10° cfu/L with the removal percentage of over
99.9%. Thus the effluent quality was relatively stable.
This indicated that the membrane with 0.1 pm pore size
could efficiently intercept microorganisms. Generally, the
typical size of bacteria is 0.2-1.2 um in diameter and 0.5-
5.0 um in length that is larger than the pore sizes of the
membrane. Therefore, size exclusion by the membrane
was probably the dominant mechanism for removing bac-
teria in SBMBR [27].

The test sewage in the present study is similar with
that of previous study on sequencing batch biofilm reac-
tor (SBBR) [1]. Thus, the treatment effects of the two
technologies are compared (as in Table 3). The removal
of nitrogen (NH,-N and TN) was comparable in SBMBR
and SBBR. SBBR showed higher efficiency in removal of
COD and TP compared with SBMBR. However, SBMBR
had an excellent capacity to decrease the turbidity. Thus,
MBR can be used as a subsequent procedure to remove
the relatively high concentration of suspended solids in the
effluent of SBBR.

Table 3 Comparison of effluent quality and treatment efficiency of
SBMBR and SBBR

SBMBR SBBR*
Mean value rg/[ni)ejlal Mean value rel\r/[ni)a\jlal
COD 50.1 mg/L 70.0% 26.2 mg/L 82.8%
NH,-N 9.1 mg/L 50.2% 7.5 mg/L 64.7%
TN 12.7 mg/L 47.7% 12.4 mg/L 58.4%
TP 2.6 mg/L 7.8% 1.8 mg/L 24.0%
Turbidity 1.7NTU 99.1% 28.7NTU 61.2%

*data are from the previous publication [1].
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Compared with the quality standard for reclaimed water
in China (GB 18918-2002), except TP, all the water quality
indices of the effluents from SBMBR meet the require-
ments for standard A (Table 4). This indicates the effluents
from SBMBR can be used as reclaimed water for multi-
purpose such as industrial water consumption, urban mis-
cellaneous water consumption, and scenic environment
use after appropriately reducing the TP level.

3.2 Influence of aeration quantity

Aecration is important for the MBR, which not only provides
oxygen to the microbial community, but also maintains the
activated sludge in suspension and vibrates the membrane
surface to alleviate membrane fouling. Sufficient aeration
is beneficial for the performance enhancement of MBR,
however, it has been found that >80% energy consump-
tion is for aeration [28]. Therefore, determining the appro-
priate acration quantity is necessary for the operation of
MBR. Here, we used the influence on COD removal to

Table 4 Comparison of effluent quality of SBMBR and quality
standard for reclaimed water

SBMBR Standard A®*  Standard B°
COD 50+19 mg/L 50 mg/L 60 mg/L
NH,-N 9+4 mg/L 8 mg/L 15 mg/L
TN 13+3 mg/L 15 mg/L 20 mg/L
TP 2.6+0.4 mg/L 0.5 mg/L 1 mg/L
Turbidity 2+1 NTU SNTU 10 NTU
Chroma 1445 30 30
Odor 7+6 \ \
threshold
Total bacteria ~ (0.7+0.2)x10° cfu/L  1x10° cfu/L  10x10° cfu/L

‘reclaimed water for industrial water consumption, urban
miscellaneous water consumption, and scenic environment use.

reclaimed water for urban afforestation and partial industrial water
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Fig. 3 Influence of aeration quantity on COD removal.

determine the optimum aeration quantity. The SBMBR
was first operated for 10 d with an aeration quantity of
5.6 m*/m*h. Then the aeration quantity was gradually
increased after every 2 d operation. The monitored COD
removal percentage increased from 49.4% to 82.9% when
increasing the aeration quantity from 5.6 to 13.9 m*m3-h
(Fig. 3). As the aeration quantity continued to rise, there
was no significant increase in the COD removal percent-
age, which remained at around 80% and the effluent COD
value remained at <50 mg/L. Therefore, it is appropriate
to keep the aeration quantity at the level of 13.9 m*/m*-h.

3.3 Membrane fouling and cleaning

To study the membrane fouling, the aeration quantity was
kept at 13.9 m*m?*h, and a new membrane was continu-
ously used for 60 d. During the experiment, the concen-
tration of activated sludge remained at the level of 5000-
6000 mg/L. The variations of transmembrane pressure
(TMP) and membrane flux are shown in Fig. 4a. The vari-
ations of TMP could be divided into three stages: 1-15 d,
15-30 d and 31-40 d. In the first stage, TMP increased
slowly within the range of 6 to 14 kPa; in the second stage,
TMP increased at a quicker pace, but maintained in the
range of 14-30 kPa; in the third stage, TMP increased more
rapidly compared with the second stage, from 32 to 50 kPa.
When TMP increased to 50 kPa, a chemical reverse clean-
ing was conducted to the membrane. The rise of TMP was
possible due to the gradually exacerbating membrane foul-
ing. At the very outset, the filter cake layer had not yet
fully formed on the membrane surface, so TMP increased
slowly. In the second stage, some small particles caused the
clogging of membrane pores, and stuck to the membrane
surface to form a filter cake layer, accelerating the increase
of TMP. In the third stage, the filter cake layer was pressed
hard on the membrane surface and thus further sped up the
rise of TMP. When the system was operated for 40 d, the
TMP approximated 50 kPa. At this moment, the system
was carried out a chemical cleaning, after which the TMP
returned back almost to the initial value.

For the membrane cleaning, hydrochloric acid (HCI,
pH = 2), sodium hydroxide (NaOH, pH = 12) and sodium
hypochlorite (NaClO, 1%) were used respectively and
the results are shown in Fig. 4b. When HCI was used, the
cleaning effect was the best. The membrane flux could
be basically restored within <20 min. The cleaning effect
was reduced by using NaOH as the cleaning agent while
NaClO showed the poorest cleaning effect. Typically, the
main membrane foulings are activated sludge, colloids and
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Fig. 4 Membrane fouling and cleaning: (a) variations of membrane flux and transmembrane pressure (TMP), and (b) effects of membrane cleaning

with different agents.

inorganic solids. These substances stack on and foul the
membrane surface under the influence of TMP and penetra-
tion of water flow. The inorganic solids are mainly calcium
carbonates, which can be dissolved and removed by the acid
cleaning agent [29]. Although organics, silica and biologi-
cal foulings attached to the membrane surface are also easy
to be cleaned under alkaline conditions, a relatively long
time is needed to remove them from the membrane by the
water erosion and air bubble friction. Moreover, since the
alkali liquor cannot dissolve inorganic solids, it is unlikely
to completely remove the membrane fouling. NaClO dilute
solution has very good effects of removing microorganisms
and proteins that stuck to membrane pores but has not very
good effects of cleaning of other fouling.

4 Conclusions

The SBMBR showed a good treatment effect for the
domestic wastewater treatment. When the average water
flux on average remained at 20 L/h-m? and anaerobic and
aerobic periods were 2 h and 3 h, respectively, the efflu-
ent COD, NH,-N, TN and turbidity were below 50 mg/L,
5 mg/L, 15 mg/L and 2.6 NTU, respectively. The chroma
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