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ABSTRACT

Membrane bioreactor (MBR) technology combines the activated sludge process and membrane
filtration in a single step, where the separation of activated sludge and effluent is achieved with
the help of the membranes. MBR permits good control of biological activity and high organicload-
ing rates resulting in high quality effluent and small plant size. This paper reviews the potential
applications of the MBR technology for the removal of nitrogen from effluents. The study reveals
the prospects of choosing the right configuration of MBR (aerobic, anoxic/ anaerobic, completely
anaerobic, integrated anaerobic/aerobic) for treatment of nitrogen rich wastewaters.

Keywords: Membrane bioreactor (MBR); Aerobic MBR; Anaerobic MBR; Nitrogen removal; Mem-

brane fouling

1. Introduction

Ammoniacal nitrogen rich wastewaters are discharged
into surface water bodies from various sources such
as starch production (800-1100 mg/L), municipal solid
waste landfills (500-3000 mg/L), domestic wastewater
(100 mg/L), swine farms (115-175 mg/L), sludge liquor
(100-2000 mg/L), yeast production (180-450mg/L), and
fertilizer manufacture (500-1000 mg/L) result in eutro-
phication and depletion of oxygen content in aquatic
ecosystem [1-5]. About 1.0 mg of ammoniacal nitrogen
exerts an oxygen demand of 4.6 mg when converted to
nitrate nitrogen. Emissions of nitrous oxide to atmosphere
during oxidation of ammonia, and toxicity to aquatic in-
vertebrate and vertebrate species are the other effects of
discharge of excess ammonia into the environment. For
example the tolerance limit for salomonid fish is 0.5 mg
NH3-N/L, and LC, (96 h) for tiger prawn and Australian
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crayfishis 14 and 26 mg NO,-/L respectively [6-9]. Nitrite
nitrogen let out into water bodies without treatment may
cause methaemoglobinemia and gastric cancer among
human populations [9].

Biological treatment methods involving nitrification
and denitrification carried out by autotrophic nitrifiers
(aerobic) and denitrifiers (anaerobic) are conventionally
used for removal of nitrogen from wastewaters to meet
the regulatory discharge limits (ammoniacal nitrogen
- 50mg/L; nitrate — 10 mg/L for inland surface waters)
[1,2,10]. This requires more number of treatment units that
results in high production of sludge (1 kg of VSS/kgN) and
lower removal efficiency (75% of Amm-N) [9]. Advanced
biological treatment process such as membrane bioreactor
(MBR) has the potential to overcome the shortcomings of
conventional treatment techniques.

MBR combines the merits of the activated sludge
process (ASP) and membrane filtration in one treatment
step, where the membranes act as a solid-liquid separator
[11,12]. The various benefits of MBR include large scale
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removal of organicload, toxic components and inorganic
anions like nitrate, fluoride, arsenic species etc. [13-16].
The other advantages of the MBR are good retention of
biological activity (mixed liquor suspended solids (MLSS)
—12-15 g/L), consistent quality of effluent free of bacteria
and pathogens (coliform removal = 5-8 log), low sensi-
tivity to contaminant peaks, higher rate of nitrification
and denitrification [17], operation flexibility and better
process reliability, low sludge production (0.20 kg SS/
kg COD) and higher organic loading rates (upto 20 kg
COD/ m*/d) [18-21].

Keeping in mind the above considerations, this paper
attempts to critically evaluate the potential of aerobic
and anaerobic MBRs for the treatment of nitrogen rich
wastewaters. The different schemes of the MBR proposed
for the nitrogen removal process reported in the literature
are analyzed for various operational parameters which
determine the performance efficiency of MBR. The paper
has also identified the research and development needs
in the use of MBR for the treatment of nitrogen-rich
wastewaters.

2. Types of membrane bioreactor

External and internal type of MBR configurations are
widely in vogue [22]. In the external MBR (also known as
the recirculated type) membranes are present external to
the reactor. In the internal MBR (also known as integrated
or submerged type) membranes are present internal to
the reactor. In the external type, pressure is created by
high cross flow velocity along the membranes, whereas
in the submerged type, the impetus across the membrane
is realized by the bioreactor pressure [23,24].

The cross flow velocity of the effluent across mem-
brane serves as the principle mechanism to disrupt cake
formation on the membrane. The mixed liquor is kept
in suspension using diffusers or baffles as employed by
Kimura et al. [25,26]. It is reported in their studies that
baffles created alternative aerobic/anoxic conditions
favorable for nitrogen removal (70%) in municipal waste-
water. In another study by Hai et al. [28] both baffles and
diffusers are used in treating synthetic textile effluent
using submerged MBR. The submerged MBRs are most
commonly used owing to its ease of operation and high
performance efficiency [25,27,28].

2.1. Aerobic MBR

Aerobic MBRs have an external aerator that provides
the required agitation by vigorous bubbling of oxygen
across membrane surface to prevent cake formation, to
maintain the solids in suspension, and to supply dis-
solved oxygen to the microorganisms. In the submerged
aerobic MBRs, aeration is also used for membrane scour-
ing [29]. Aerobic MBRs are usually applied in full scale
wastewater treatment. Application of aerobic process is

meant for wastewater with low organic loading rate due
to oxygen transfer limitation and high bacterial sludge
production [30]. Aerobic MBRs may be adopted for treat-
ment of landfill leachate [31], and removal of contami-
nants like acrylonitrile, butadiene and styrene (ABS) from
industrial wastewater [32]. Aerobic MBRs are usually
applied in full scale applications of wastewater treatment.

2.2. Anaerobic MBR

The anaerobic type MBR is generally adopted to favor
nutrients and organic matter removal, when intense aera-
tion poses difficulty in realizing efficiency. An anaerobic
MBR (An MBR), operated without oxygen, offers several
widely acknowledged advantages over conventional
aerobic processes such as high loading rate, less energy
requirement, less production of biomass and production
of valuable biogas [22,30,33] which were used for treating
domestic wastewater [27,30,34,35], nitrate contaminated
streams [25,36,37] and high strength industrial effluents
[22,38]. These advantages are offset by slow growth rates
of the methanogenic bacteria and microbial complexity of
the systems due to longer retention time. The comparison
of experimental parameters between aerobic and anaero-
bic MBRs is presented in Table 1.

2.3. Membranes in MBR

Membranes used for MBR applications vary with its
material of construction (organic such as polyethylene,
polyamide, polyethersulfone, polysulfone, polyolefin,
polyvinylidene fluoride, etc.) and inorganic such as metal-
lic and ceramic, kind of module (tubular, plate and frame,
flat sheet, rotary disk, hollow fiber), filtration surface
(inner skin or outer skin) and module status (static or
dynamic membrane) [14,23,25,28,30,31,35,40-43]. The
pore size of the membranes ranges from 0.01 to 0.4 um
depending on the type of membrane (microfiltration,
ultrafiltration and nanofiltration membranes) used.

Table 1
Comparison of aerobic and anaerobic MBR performance [35]

Operational parameters Aerobic MBR  Anaerobic MBR
range range

MLSS, g/L 12-15 8-50

Coliform removal, log ~ 5-8 —

Sludge production, 0.20 —

kg SS/kg COD

Organic loading rates,  up to 20 2-22

kg COD/m?*/d

HRT, d 1-5 0.5-15

SRT, d 40-75 30-160

Solids yield, — 0.04-0.12

g VSS/g COD
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It has been reported that the major factors affecting
the performance of MBR were microbial activity, op-
erational pressure, temperature, sludge retention time
(SRT), hydraulic retention time (HRT), reactor design and
membrane location [8,22,44]. Besides these, membrane
flux, mixed liquor suspended solids (MLSS), sludge age,
pore size of membrane, materials used for membrane
preparation and hydrodynamics of the membrane separa-
tion have also been known to significantly influence the
performance of MBR systems [27,44].

3. MBR for nitrogen removal in wastewaters
3.1. Lab scale applications

Laboratory based studies on biological nitrogen
removal has been accomplished using various combi-
nations of MBR involving anaerobic, anoxic, and oxic
manipulations as detailed in this section. Treatment of
domestic synthetic wastewater in lab scale by Chu et
al. [45] has achieved a simultaneous removal of organic
load and total nitrogen was 93% and 77% respectively.
Likewise Canziani et al. [31] has achieved a biological
nitrogen removal from old landfill leachate by 0.5-3g/L
NH,-N concentration upon partial nitrification to nitrite
in a pure oxygen membrane bioreactor (PO-MBR) and
by subsequent denitrification in a moving-bed biofilm
reactor (MBBR) with SRT higher than 45 days. Visva-
nathan et al. [46] carried out treatment of aquaculture
wastewater for the removal of nitrate using aerobic
MBR in 2 combinations of aeration—denitrification
system (ADS) and denitrification—aeration system
(DAS). Around 91% removal of nitrogen was achieved
by DAS with HRT of 3 days and denitrification rate at
363.7mg/L/d.

3.1.1. Single reactor type MBR with intermittent aeration
type

Seo et al. [47] have carried out 2-stage intermittent
aeration using submerged MBR. This system involved
alternating the aerobic/oxic and anoxic conditions in
a single reactor MBR system, with periodic supply of
oxygen in decided intervals and duration as depicted

in Fig. 1 [42]. The total nitrogen removal efficiency was
92% along with 98% and 96% removal of BOD and COD
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Fig. 1. Schematic of a single reactor type MBR with intermit-
tent aeration type.

respectively. This high performance was optimized at 60
min intermittent aeration cycle.

Similarly in the studies carried out by Ujang et al. [48],
for an influent COD of 650 mg/L and nitrogen of 30 mg/L,
attained about 98% of organic load removal and 96% of ni-
trogen removal. This was achieved with periodic aeration
and non aeration cycle optimized at 120/120 min. But due
to this cyclic oxygen supply strategy, the filtration opera-
tion was limited in oxic cycle alone because of preventing
membrane fouling. The time cycle of aeration and non
aeration was mainly adopted for nitrogen removal along
with simultaneous reduction in carbon in the submerged
MBR system [15].

3.1.2. Modified Luzack—Ettinger (MLE) type MBR

This is a continuous aeration and filtration system
with an exclusive anoxic tank for denitrification with
membrane coupled anoxic/oxic process [15,42]. The re-
cycling of mixed liquor from membrane area to anoxic
tank occurs continuously as indicated in Fig. 2. In this
system, denitrification efficiency is reduced in the anoxic
zone, due to the entry of high dissolved oxygen (DO)
concentration (2-6 mg/L of DO) which is normally found
in the recycle stream [49]. This issue could be addressed
by splitting the recirculation of mixed liquor sludge to
aerobic tank and then with a control valve the remaining
sludge be sent to the anoxic tank.

The benefit of completely decoupling the solids recy-
cling requirements from the denitrification requirements
is provided by dual recycle configuration or by making

—>  Effluent

=

Anoxic | Aerobic
tank tank

Influent —>

A4

E—% Membrane

Recycle of mixed liquor

Fig. 2. Schematic of modified Luzack-Ettinger (MLE) type MBR [49].
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use of deaeration zone upstream of the anoxic zone [49].
Although, the improvement in nitrogen removal is bet-
ter than single reactor type, it could still be inadequate
to meet the standards because the nitrogen removal
efficiency is found to be 67.4% in the MLE type MBR
process [15].

3.1.3. Sequencing anoxic/anaerobic type MBR (SAM)

The innovative SAM process involves sequencing the
anaerobic and anoxic condition in a single tank by switch-
ing on and off the recirculation of mixed liquor to induce
anoxic condition from the ensuing continuous aerated
MBR as depicted in Fig. 3. Ahn et al. [15] have performed
nutrient removal studies for household wastewater of 30
and 37 mg/L of ammoniacal nitrogen and total nitrogen
respectively. The HRT of this type of MBR process has
been reported to be is nearly 2.3 times longer shorter than
that of MLE type MBR, while MLSS was maintained at
10-11 g/L. In this study the submerged membrane bearing
the aerobic zone is continuously aerated for nitrification
to prevent fouling. Management of SAM conditions are
carried out by sporadic recycle of mixed liquor from aero-
bic zone to the anoxic/anaerobic sequencing zone directly
to alternate the anoxic conditions for denitrification and
anaerobic conditions for phosphorous release. The entire
operation is maintained at a flux of 10 L/m?/h (30 L/d).

The performance of the lab scale SAM process yielded
60% total nitrogen, 96% (mean of 10 mg/L COD in efflu-
ent) removal with an SRT (sludge retention time) of 70
days. The degree of nitrogen removal of SAM process
is possible owing to an enhanced phosphorous release
and phosphorous uptake during anaerobic and anoxic
phase respectively. Due to excess phosphorous uptake
in aerobic zone, it resulted in denitrification simultane-
ously. The formation of autotrophic bacteria in aerobic
zone with absolute denitrification was because of using
up the biodegradable COD in the anoxic/anaerobic zone
for denitrification [42]. Though the nitrogen removal by
SAM is inferior to MLE process, it could be improved
by modifying the rate of internal recycle and extent of
anoxic phase, because the degree of denitrification in
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Fig. 3. Schematic of sequence anoxic/anaerobic MBR (SAM)
[15].

anoxic/anaerobic zone determines the efficacy of total
nitrogen removal.

This could be considered as a flexible option for
nutrient removal than intermittent aeration method, as
organic substrate in the influent is effectively used up
for nitrogen removal. But since the nitrogen removal is
less than MLE process (60%), so optimization of the MBR
process garnered attention.

3.1.4. Alternate anoxic and anaerobic type MBR (AAAM)

The working principle of this improved nutrient
removal system included alternating the anaerobic and
anoxic zone between 2 separate bioreactors from a con-
tinuously aerated MBR [42] unit as shown in Fig. 4. This
type of MBR fulfills the demands for anoxic condition for
denitrification and anaerobic condition for phosphorous
release. 93% and 67% of organic and nitrogen removal
were achieved, with an influent of 300 mg/L of COD and
30 mg/L Amm-N.

In the study carried out by Yuan et al. [42], the anoxic
condition is created for 1 h due to the introduction of
dissolved oxygen and nitrate in mixed liquor from the
aerobic zone. Whilst anaerobic condition is induced for
1hin the absence of recycling, in 2 single tanks alternately.
Fatone et al. [50] have demonstrated the treatment of
domestic wastewater of C/N ~ 5 by altering aerobic and
anoxic cycles in continuous study for effective nitrogen
removal (69%). Nitrogen removal is favored not only
by denitrification, but also by usage of nitrogen by mi-
crobes for cell growth. The advantage of this mode is the
complete utilization of organics substrate occurring in
the effluent, by the nitrifiers and denitrifiers due to the
favorable conditions.

3.1.5. Complete anaerobic type MBR

Treatment of domestic wastewater of composition 640
mg/L of COD and 60 mg/L of ammoniacal nitrogen was
studied by Grundestam and Hellstrom [16] using an ex-
ternal anaerobic membrane bioreactor module as shown
in Fig. 5. Sludge from the bioreactor as well as permeate
from the MBR unit is recycled back. The 1 L reactor is
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Aerated MBR

E__) Membrane

| Oxygen
Supply

[ —
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[——
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<] Valves <] m ‘
[

Mixed Liquor
Recycle Pump

Fig. 4. Schematic of alternate anoxic and anaerobic type MBR
(AAAM) [42].
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Fig. 5. Schematic of complete anaerobic type MBR.

operated with HRT of 0.6 d. The OLR is maintained at
0.8 kg COD/d. Reduction of nitrogen and organic matter
using An MBR is 9% and 92% respectively along with
stable methane gas production (average 0.7 m?*/wk). The
biogas generated in An MBR may be used for sparging
purposes [22]. Akin to this recycling pattern, the AnMBR
system adopted by Beaubien et al. [38] have accommo-
dated permeates recycling port, to allow constant HRT
(1 d) of the process. The removal of COD was >95% for
OLR of 0.8-0.9 kg COD/kg VSS d. The performance of
the system to remove COD reduced to 65% when the
rate of loading was increased to 1.2 kg COD/kg VSS d,
while the nutrient removal rates are not reported. The
issue of lack of stirring was interestingly addressed by
Grundestam and Hellstrom [16]. They had adopted a jet
flow inlet and permeate recycling, which bolstered the
medium homogenization. The biogas production was
30 L/d with a loading rate of 2 g COD/L/d and rate of
methane generation was directly proportional to rate of
organic loading. The methane content in biogas was about
0.27 L CH4-g-COD-1.

Similarly Saddoud et al. [34] had reported removal of
TSS, COD and BOD to be 100, 88 and 90% respectively. In
this investigation, municipal wastewater had been treated
using an anaerobic cross flow ultrafiltration membrane
bioreactor with OLR of 0.23-2 g COD/L/d and MLVSS
of 4.3-4.9 g/L.

Anaerobic MBR studies carried out by Grundestam
and Hellstrom [16], Saddoud et al. [34] called for post
treatment options like reverse osmosis to favor better
removal efficiencies.

3.1.6. Biological nutrient removal by various recirculation
configurations of MBR

In a study for nitrogen removal on municipal waste-
water by Ersu et al. [51], besides the internal recirculations
of mixed liquor, MBR filtered permeate was also used, as
depicted in Fig. 6. The variations in recycling the mixed
liquor and/or permeate into different locations of anoxic
and/or anaerobic chambers was performed to enable
improved denitrification furthering the efficiency of the
nutrient removal process [42,51].

Table 2
Summary of performance efficiency of different MBR
configurations

MBR configurations COD Nitrogen Ref.
removal (%) removal (%)
Single reactor with 96 92 [47]
intermittent aeration 98 96 [48]
MLE — 67 [15]
SAM 90 60 [15]
AAAM 93 67 [42]
Complete anaerobic 92 9 [16]
>95 — [38]

Effective removal of nutrients from nitrate-contam-
inated wastewaters has also been achieved by Delgado
et al. [41], Yuan et al. [42], Ersu et al. [51] and Abegglen
et al. [52]. Recirculation of mixed liquor and permeate is
adopted to raise biological nutrient removal (as high as
92%) [51]. High rate of recycling favored redistribution
of the sludge inventory [49]. Biological nutrient removal
(BNR) studies have also been investigated by Ramphao
et al. [53], McAdam and Judd [54], Bracklow et al. [55].
The abridgment of the nitrogen removal performance of
MBR for domestic wastewater is highlighted in Table 2.

From the table it is understood that both organic load
and nitrogen removal was highest when intermittent
aeration was operated in a single reactor MBR. The low
rate of performance may be attributed to fouling of the
membrane, due to interaction between the membranes
and the components of activated sludge liquor [45,50].

3.2. Pilot scale applications

Domestic wastewater reclamation project has been
undertaken as a pilot study in 2 MBR units (20 and 10 m*/d
capacity) by Chen et al [56] in Bali, Taiwan. >90% removal
of NH.-N and >75% removal of COD is achieved and the
reclaimed water is used for irrigation. Likewise, Abegglen
et al. [52] carried out an on-site treatment of domestic
wastewater for a 4-member house, with a combination
of the 1st reactor (primary clarifier) followed by the 2nd
reactor (MBR). Recycling of activated sludge facilitated
during the operation of anaerobic/ anoxic condition fa-
voured nitrogen and phosphorous removal of 90% and
70% respectively, as compared to 50 and 25% removal
during operation as primary clarifier.

Cho etal. [57] studied operations of a SAM pilot plant
for nutrient removal from the municipal wastewater. The
system has been reported to be composed of sequencing
anoxic/anaerobic reactor (SAAR) and an aerated reac-
tor (AR) containing the microfiltration membrane, with
similar intermittent recycling of mixed liquor from AR
to SAAR as that of Ahn et al. [15]. In the SAAR system,
the anoxic environment is maintained for 3 h in a cycle of
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4 h with internal recycle, while the anaerobic period is for
1hin the same 4 h, with no recycle. The water quality of
influent nitrogen and organic load is about 25 mg/L and
150 mg/L respectively, and the effluent is around 8 and
7 mg/L respectively. In SAAR unit, during recycling, ni-
trate accumulation and denitrification has occurred in the
anoxic zone, while nitrification has occurred in AR unit.

3.3. Full scale applications

Kocadagistan and Topcu [35] performed treatment
of municipal wastewater in Erzurum city, Turkey us-
ing AnMBR integrated with cross-flow microfiltration
unit (CEMF). About 98.1% removal of organic load and
99% removal of suspended solids were attained. While
Galil and Levinsky [58] have evaluated the treatment of
industrial wastewaters from paper mill, food production
and petrochemical operations by making use of aerobic
MBR (hollow fiber type). While treating the effluent of
paper mill industry, COD reduced from 960 to 130 mg/L
with 86% removal efficiency and BOD reduced from 363
to 7 mg/L with removal of 98%. Substantial reduction of
TKN (90%) and ammonia (90%) was also observed. The
MLVSS was maintained at 11 g/L for the entire period of
operation of 4 months. Whilst treating the effluent from
food production unit a high percentage of removal of
BOD (99%) was noted while a TOC reduction of 59% and
60% was observed for the ballast and bilge wastewaters
respectively.

Whilst Kim et al. [43] carried out the treatment of
swine wastewater and has been able to achieve a removal
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efficiency 99.88% of suspended sludge, 99.9% volatile sus-
pended sludge, 99.97% COD, 99.95% TN, 99.94% NH.-N,
and 99.92% NO,-N in the final effluent.

4. Control of membrane fouling — the challenge

Membrane fouling has deemed to be a limitation,
crippling the wide usage of MBR, because it dampens
productivity, mainly causing problems in membrane fil-
tration, reduces membrane permeability and the treated
water output flow and lessens the life of the membrane
[44,50,57]. Fouling is due to scaling (clumping of low
soluble inorganic species), organic fouling (adsorption of
organic materials) and biofouling (attachment and devel-
opment of microbes on membrane surface). Biofouling
gains importance owing to increased usage of organic
membranes [59]. Likewise membrane fouling in anaero-
bic MBRs is composite fouling that includes biofouling,
organic and inorganic fouling [22].

Generally fouling or cake formation is dependent
on the nature of feed to the membrane, characteristic
properties of membrane and sludge formed, design
and operation of reactor and environmental conditions
[33,60]. Fig. 7 depicts the different stages of membrane
fouling that involved an initial short tem rise in TMP
(transmembrane pressure) due to conditioning, long-term
rise in TMP and a sudden rise in TMP, called as TMP jump,
with a sharp increase in TMP with respect to time [60].

Factors causing fouling in MBR are identified as EPS
(extracellular polymeric substance) and SMP (soluble

: Biomass
’ EPS & SMP ‘ l Membrane
.....................} Fouling
Membrane
! | ! Sece |
Pore Biomass surface Biomass leaves | N age
blocking conditioning residue Clean membrane
| conditioning
- Y TMP rapid rise for
Pore blocking Biofilm growth Biofloc deposit in low short period

shear regions

Pore restriction ’

!

I
!

Cake Deposition

’Thin biofilm‘ ’ Local cake layer ‘

Stage Il

|

‘ Slow fouling TMP
increases linearly

l _____ > or weakly
Effective area or pores exponential
decrease
I
+ Stage 111
’ Local flux increase Lg(zcal ca}lgf grol\(/vs eet Repid fouling with
l pos?; € cake rapid TMP rise,
| Local flux > critical flux [ - “TMP jump

Fig. 7. MBR fouling mechanisms — 3 stages of fouling [60].
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microbial products) [61,62]. EPS is of biological origin
that takes part in the formation of microbial aggregates,
and consists of insoluble materials (sheaths, capsular
polymers, condensed gel, loosely bound polymers, and
attached organic material). SMPs are soluble cellular
components or soluble EPS (solute macromolecules,
colloids and slimes).

Jang et al. [62] conducted batch filtration using sludge
taken from pilot MBR that was used for treating domestic
wastewater. They have compared the characteristics of
membrane biofouling with regard to nitrification and
denitrification. It has been reported that EPS concentra-
tion and relative hydrophobicity reduced after denitrifi-
cation and resulted in floc deterioration. However, SMP
concentration increased after denitrification and resulted
in membrane pore blocking. Fouling became worse after
denitrification owing to cake layer resistance and pore
blocking resistance.

Fouling could be managed by regular membrane
cleaning (using chemicals) or backwashing (with per-
meate or air or both) and optimizing the operational
parameters to slack down the rate of fouling such as low
pressure, high turbulence, intermittent filtration [44,50].
Aeration in membrane module had been attempted to
avoid fouling [41]. Rezania et al. [36] overcame the issue
of membrane fouling in An MBRs by N, gas scouring or
cake formation could also be prevented by recirculation
of biogas produced. Choi et al. [23] stated that short HRT
and high flux condition accelerated membrane fouling;
therefore by addition of more membrane modules to
meet high HRT without increasing the membrane flux,
fouling was controlled.

In the studies carried out by Grundestam and Hell-
strom [16], membrane cleaning has been carried out using
warm tap water, detergent and NaOH or HCl for 0.5 h.
Detergent and alkali addition favors removal of organic
matter, and acid for removal of fouling due to chemical
precipitation.

Yuan et al. [42] has carried out intermittent suction and
sub-critical flux (10 L/h) operation to alleviate membrane
fouling, while Ahn et al. [15] performed intermittent
operation of membrane with 8 min suction and 2 min
rest and air scouring to minimize fouling. Fouling due
to elevated MLSS concentrations (>15-18 g/L) could be
minimized by recycling of the sludge inventory [49].
Membrane cleaning by both physical and chemical
methods in turn has been performed by Li et al. [63]. The
membrane modules are cleaned with tap water and then
with 5% NaOCl and 5% HCl solution to remove foulants
adsorbed on the membrane surface or within the pores.
The contact times in NaOCl and HCl is 15-20 min. The
chemical cleaning could remove most of foulants on or
within the membrane with the recovery of 100%. While
Chu et al. [45] adopted periodic 10-min backwashing
and intermittent membrane effluent to reduce membrane
fouling. 0.3% NaOCl has been selected as the membrane-

cleaning agent. Rate of fouling could also be mitigated
by controlling production of EPS (extracellular polymer
substance), regulating air sparging and module design
issues [64,65].

5. Future research

Though till date so many ways to mitigate the issue of
fouling and improve the performance of nitrogen removal
using MBR technology had been carried out, still lot more
needs to be addressed. Like for instance, few full scale
operations of MBR especially on nitrogen rich industrial
wastewaters had been reported. Hence more studies on
pilot scale operation are required in order to apply the
same on the field scale.

Similarly elaborate works on biological effects on
membrane fouling due to nitrogen rich wastewaters on
MLE, SAM, AAAM, and complete anaerobic MBR pro-
cesses, improvement of the nitrogen removal systems
by increasing the duration of anoxic phase and flow rate
of internal recycle, modifying the MLE, SAM, AAAM
processes by stabilizing the operation mode with re-
spect to different influent quality can be considered for
forthcoming investigations. Influences of EPS and SMP
in membrane fouling during the MLE, SAM, AAAM
and complete anaerobic MBR units and optimizing the
operational conditions to favor both nitrogen and organic
removal by the MBR processes are the challenges that
needs to be addressed in the future.

6. Conclusions

Contemporary research studies has pointed out that
certain configurations of MBRs could operate better in re-
moving and breaking down the organic components and
nutrients in nitrogen rich wastewaters. The complete re-
tention of the microbes along with recirculation of sludge
had lead to acclimatization of biomass and improved
kinetics of the reaction. The prospect of developing more
efficient membranes by combining the removal of organic
matter and nutrients in one treatment system is certain
to invigorate future research and development and find
wider applications of MBR in wastewater treatment.
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