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Abstract Global water pollution due to industries became a major concern now. Some industrial facilities
generate ordinary domestic sewage that can be treated in municipal sewage systems whereas industries that generate
waste waters high in conventional pollutants like ammonia need exclusive treatments for their removal from the
effluents before discharging. Ammonia can be removed by means of physical, chemical, biological methods. Out of
all the methods, bioremediation appears as a promising tool for ammonia pollution as it is a cost effective and
converts ammonia into harmless dinitrogen gas. This paper mainly focuses on bioremediation methods available for
the removal of ammonia form the industrial effluents and their drawbacks.
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1. Introduction

Ammonia is a compound of nitrogen and hydrogen with
the formula of NH;. Ammonia is used either directly or
indirectly in industries. Even though its wide use, it is
caustic and hazardous in nature. Ammonia nitrogen
discharges from municipal, industrial and agricultural
wastewater sites, which subsequently mixes into water
resources. The raw water with high ammonia
concentration must be treated before it reaches the
consumer and also the wastewater discharged into the
receiving water bodies. The most widely used methods for
ammonia removal from wastewaters are adsorption,
chemical precipitation, reverse osmosis, air stripping, ion
exchange, breakpoint chlorination and biological

nitrification and denitrification (Mectcalf and Eddy, 2003).

Advanced oxidation processes (AOPs) such as direct
photo oxidation (Wang. A. et al; 1994), ozone oxidation
(Holgne. J. et al; 1978, Yang. M. et al; 1999),
photocatalytic oxidation (Bravo. A. et al; 1993, Bonsen.
E.M. et al; 1997, Gootzen. J.F.E et al., 1998, Zhu. X; et
al; 2005) electrochemical oxidation (Della monica. M. et
al; 1980, Kim. K. et al; 2006). In oxidation process, the
end product is nitrate which is more toxic to aquatic life.
Each of these methods have disadvantages like most
prominently, costs are too high, since a continuous input
of expensive chemical reagents are required to maintain
the operation of most AOPs systems. Conventional
wastewater treatment technologies are expensive to build
and also have associated operational and maintenance
problems. For example, by air stripping method, it is

feasible to reduce ammonia level to 1 mg/L but special
requirements of the process such as water temperature of
over 15°C and carbonate deposition are disadvantages of
this system. Thus both physic-chemical and biological
technologies have been applied for the elimination of
ammonia from wastewaters for long period (Bonmati and
Flotats., 2002, Sugiyami et al; 2005). However, with the
ever stringent discharge limits of ammonia and nitrate (50
mg/L NH4-N, 10 mg/L NO3-N) for inland surface waters,
it is essential to remove them to permissible levels.
Biotreatment, being cost effective, is normally adopted for
wastewater treatments. There are many advantages of
bioremediation over conventional methods. Here in this
review overall biological methods used for ammonia
removal and the factors which effects the ammonia
removal from the polluted waters was discussed.

2. Biological Process for Ammonia-
Nitrogen Removal

2.1. Nitrification/Denitrification

Biological autotrophic nitrification followed by
heterotrophic denitrification has long been applied for
municipal and industrial wastewaters. For application of
industrial wastewaters it becomes very difficult as
composition and characteristics of effluents varies from
industry to industry and even day to day. Under strict
aerobic conditions, complete nitrification is carried out in
two sequential oxidative stages-ammonia is first converted
to nitrite by ammonia oxidizing bacteria and this nitrite is
again converted into nitrate by nitrite oxidizing bacteria.
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Each of the oxidizing steps is carried out by different
genera of bacteria which use ammonia or nitrite as
electron acceptor, while carbon dioxide is used as carbon
source. The most common genus of bacteria that carries
out ammonia oxidation is Nitrosomonas species.
Ammonia oxidizers are genetically diverse but related to
each other and are found in the beta subdivision of
proteobacteria. The nitrite oxidation is carried out by
Nitrospina, Nitrospina, Nitrococcus, and Nitrocystis. The
most known genus of nitrite oxidizer is Nitrobacter which
is genetically closely related to alpha subdivision of
proteobacteria (Rittmann B.E., 2001). In the subsequent
process denitrification is performed by heterotrophic
denitrifiers under anoxic conditions. The oxidized
nitrogenous compounds (nitrite or nitrate) are reduced to
gaseous nitrogen by heterotrophic microorganisms that
use nitrite or nitrate instead of oxygen as electron acceptor
and organic matter as carbon and energy. Denitrification is
common among the gram negative bacteria such as
Pseudomonas, Alcaligenes, Paracoccus and Thiobacillus.
Some gram positive bacteria (like Bacillus) and a few
halophillic ~ archaeal microorganisms  (Haloferax
denitrificans) are able to denitrify (Kim et al., 2005,
Cyplik et al., 2007). Denitrifiers are ubiquitous in nature
(Szekeres et al., 2005) and several researchers cultivated
them using mixed cultures taken from wastewater
treatment plants as seed. Denitrification is a slow process
particularly for industrial wastewaters that contains high
concentrations of nitrate (Foglar et al., 2005) but the
process gained huge interest as it is environment friendly
and cost effective. Organic carbon sources used for
heterotrophic denitrification include both solid and liquid
form but mostly aqueous forms are used for wastewater
treatment plants. Among the most common form of
carbon source are methanol, ethanol and acetic acid which
are used for wastewaters and drinking waters (Gomez et
al., 2003, Osaka et al., 2008, Feleke et al., 2002). A
combination of carbon source using methanol and acetic
acid gave better results for nitrogen removal and also
showed better settling of sludge compared to use methanol
and acetic acid alone (Cho et al., 2004). A lot of research
work is going on to speed up the denitrification process
through different strategies in which better contact of
nitrate  with microorganisms in wastewaters was
maintained such as packed bed reactors (Daniel et al.,
2009), rotating biological contactors (Teixeira et al., 2005),
membrane biofilm reactor (Tereda et al., 2006).

and

2.2. Simultaneous Nitrification

Denitrification

SND process starts with the partial nitrification of
ammonia and to nitrite and subsequently continuous with
a direct reduction nitrite to nitrogen gas (Jenicek et al.,
2004, Lai et al., 2004). This process is operated in a single
stage with identical operational conditions which reduces
large reactor volumes and energy costs for recirculation
that are required for aerobic and anoxic systems. Several
research units have been proposed for SND process in a
single reactor (Guo et al., 2005) and Zhang et al.,
introduced a flexible biofilm reactor with adjustable
aerobic, buffer and anoxic zones with liquid circulation
being dependent on aeration flow rate and both the
experiments were successful providing proof for

possibility of SND in a single reactor. In SND process
optimum pH can be maintained without the addition of
acid or base as the optimum pH for nitrifiers and
denitrifiers lies between 7 and 8.5 (Chang et al., 1999) and
it also reduces cost for pH alterations. Polymeric beads, in
which nitrifiers and denitrifiers were immobilized, were
used to remove nitrogen and ammonia from wastewaters
in a single step. Uemoto and saiki et al., 2000,
investigated a novel immobilized cell bioreactor
containing packed gel envelopes capable to carryout SND
process. The packed gel envelopes consisted of two
polymeric gel plates with an internal space for injecting
electron donor for denitrification. Ammonia oxidizer
Nitrosomonas europaea and a denitrifier namely
Paracoccus denitrificans were co-immobilized in a plate
gel. The immobilized N.europaea oxidizes ammonia to
nitrite on the outer surface of the plate that was in aerobic
contact with  wastewater  containing  ammonia,
immobilized P.denitrificans reduce nitrite to nitrogen gas
on the inside of the plate that was in anaerobic contact
with the electron donor. Additional aeration step was not
required for this process as electrons were directly injected
into the internal space between the plates. This resulted in
increase in utilization of electron donor for denitrification
process and decrease in sludge quantity was observed. In
further attempt, a 30 packed gel envelopes were
implemented for thermal power plant for the removal of
nitrogen from ammonia containing desulfurization
wastewater. The reactor achieved 95% nitrogen removal
with continuous wastewater system and the outlet
concentration was 9 mg N/L (Morita et al., 2008). Cao et
al., 2004 constructed a shell and tube co-immobilized
bioreactor in which PVA material was used as
immobilizing media and it was stable even after 3 months
of operation proving an excellent option for nitrogen
removal from wastewaters. Sun.J et al., in 2011 compared
PVA and sodium alginate with immobilized nitrifiers and
found PVA showed better results compared to sodium
alginate beads. Though sodium alginate showed poor
mechanical strength its mass transfer capacity was
excellent than PVA. Recent research in immobilization
field showed PVA as suitable material for ammonia
remediation work. Agglomeration is the big problem with
PVA material but this can be resolved by incorporation
with cellulosic polymers (Antczak.M and Galas.E in
2009).

2.3. Autotrophic Nitrification/Denitrification

Generally conventional biological nitrogen removal
process is used for treating wastewaters with relatively
low nitrogen concentrations (Total nitrogen concentrations
less than 100 mgN/L). Mulder.A. (2003) stated that
biological treatment by autotrophic nitrogen removal is to
be preferred for concentrated wastewater streams with
high ammonia concentrations in the range of 100-5000
mgN/L. Autotrophic denitrifiers utilize inorganic carbon
compounds (carbon dioxide or bicarbonate) as a sole
source of carbon. Autotrophic denitrification is more
advantageous than heterotrophic denitrification due to low
biomass yield, sludge production is very low resulting in
the reduction of reactor clogging and easier post treatment
(Rijn et al., 2006). A lot of research work has been done
on elemental sulphur (Zeng et al., 2005, Wan et al., 2009)



203 American Journal of Microbiological Research

and hydrogen (Mansell et al., 2002, Rezania et al., 2007)
as an electron donor for autotrophic denitrification. In
general Thiobacillus denitrificans and Thiomicrospira
denitrificans are the two most autotrophic denitrifiers
commonly reported (Brettar et al., 2006). In nature these
microorganisms encounter both heterotrophic and
autotrophic denitrification. In bench scale studies, nitrified
wastewater was denitrified by Thiobacillus denitrificans
in packed bed reactors containing elemental sulphur
(Koenig et al., 2001). The feasibility of autotrophic
denitrification was investigated and it was accomplished
that its applicability depends on costs of sulphur and
methanol (Quan et al., 2005). It was noted that autotrophic
denitrification may be more stable than some
heterotrophic systems during transient nitrate loadings. In
heterotrophic systems addition of carbon source must be
controlled to prevent over and under dosing but in case of
autotrophic denitrification addition of elemental sulphur in
excess may remain within the reactor in the solid form.

2.4. Nitrification /Denitrification via Nitrite
Pathway

To meet ever stringent discharge standards, new
technologies and application strategies for the removal of
ammonia from wastewaters have been implemented.
Partial nitrification to nitrite was reported to be technically
feasible and economically favorable especially when
wastewaters containing high ammonia concentrations with
low C/N ratio are treated. Various novel biological
processes such as short cut nitrification and denitrification,
anaerobic ammonia oxidation, completely autotrophic
removal over nitrite (CANON), oxygen limited
autotrophic nitrification and denitrification (OLAND),
have been developed (Verstraete and Philips 1998). Partial
nitrification is a critical procedure as nitrite acts as an
intermediary substrate (Philips et al., 2002). Out all the
process only SHARON process gained interest due to its
successful operation in practical. Partial nitrification and
denitrification via nitrite depends on the factor partial
nitrification up to nitrite is followed by nitrite
denitrification. Partial nitrification can be selectively
obtained by inhibiting nitrite  oxidizing through
appropriate regulation of the systems DO concentration,
SRT, pH, temperature, substrate concentration and load,
operation and aeration pattern, and inhibitors. SHARON
process is the first successful process in which nitrification
and denitrification via nitrite as an intermediate has been
achieved under stable conditions and operated in full-scale
operation (Mudler et al., 2001). Corral et al., (2001)
studied the effect of salts and acetate on the SHARON
bioreactor treating ammonia rich wastewaters. The study
demonstrated acetate concentrations above 0.3 mg TOC/L
and salt concentration above 100 mM resulted inhibition
of nitrification in ammonia rich wastewaters. However the
operation conditions for SHARON, such as high
temperature and high ammonium concentrations, limits its
development and application (STOWA, 1995). This
process can only be applied to stage on rejection water of
sludge digestion and leachate of landfill site. To date only
successful operation was achieved in sequence operation
and a few was with continuous flow process (Peng et al.,
2003a).

2.5. Anammox Bacteria

The anammox process was first described in bioreactors
of wastewater treatment plants (VVan de graaf et al., 1995,
Mudler et al., 1995) where ammonium reacts with nitrite
to produce dinitrogen gas.

NH,"+NO,™ — N, + 2H,0

This process attained special attention as it is an
efficient biological alternative to the conventional
nitrification and denitrification for the nitrogen removal
from wastewaters. In comparison to conventional
nitrification and denitrification, Anammox bacteria
requires no external carbon source, they take carbon
dioxide from water, 50% less oxygen, therefore low
operation costs (Tal et al., 2006). These bacteria belong to
the order planctomycetales. They are the most primitive
group of bacteria and occupy the base of the bacterial tree.
They are gram negative, uncultivable, first isolated
through density gradient centrifugation (Van de graaf et
al., 1996, Strous et al., 2002). Their distinctive phenotypic
characteristics involve red color, budding production,
crateriform structure on the cell surface, intracellular
compartment, anammoxosome, intra  cytoplasmic
membrane containing ladder lane lipids (Van de graaf et
al.,, 1996, Linsey et al., 2001, Sininghe Damste et al.,
2002). They have a coccoid shape with a diameter of less
than 1 um and generation time of 10-30 days (Van Niftrik
et al., 2004). The Anammox bacteria are characterized by
their slow growth rate and low biomass yield (Strous et al.,
1998).they have relatively high affinity for the substrates.
Nitrite is more toxic to them than ammonium in a pH
range of 6.7-8.3 (Strous et al., 1999b, Dapena mora et al.,
2007). The Anammox bacteria can with stand partial
oxygen pressure lower than 0.5% air saturation. At high
levels of dissolved oxygen concentrations (>18%), the
biological reaction becomes irreversible (Strous et al.,
1997, Egli et al., 2001). Table 1 show Anammox bacteria
discovered up to date.

Table 1.
Genus Species Sources
Candidatus Brocadia anammoxidans
Brocadia ) (Strous et fal., 1999a) Wastewater
Candidatus Brocadia fulgida (Kartal et Wastewater
al., 2004)
. Candidatus Kuenenia stuttgartiensis
Kuenenia (Penton et al., 2006) Wastewater
Candidatus scalindua brodae (Schmid et
al., 2003)
. Candidatus scalindua wagneri (Schmid Wastewater
Scalindua Wastewater
et al., 2003) Sea water
Candidatus scalindua sorokinii (Schmid
et al., 2003)
Candldatusjeéte;la;gga;;ca (Tsushima Not specil_‘ied
Others . N Synthetic
Candidatus anammoxoglobus wastewater
propionicus (Kartal et al., 2007)

2.6. Anammox Process

Industrial application of anammox process is still
limited due its slow growth rate and low vyield of
anammox biomass. Even a slight loss of biomass during
washout with the effluent could reinitiate the start up
period. Due to this condition, it is highly recommended to
use a reactor with high biomass retention capacity. Till
now a large range of bioreactors were studied for the
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cultivation of anammox bacteria which are fluidized bed
reactors, SBR, gas lift reactors, fixed bed reactors, UASB
reactors (wyffels et al., 2004, strous et al., 2002). Out of
all the reactors sequencing batch reactor (SBR) was found
to be suitable for anammox culturing for its efficient
biomass retention, stability and reliability for its long term
operation, simple operation, stable under substrate
limiting condition and high nitrogen conversion (van
dongen et al., 2001, jetten et al., 1993, strous et al., 1998).
Strous et al (1997) conducted experiments with FBR and
fixed bed reactor with sand and glass particles as
supporting media for Anammox bacteria but could not
prevent biomass loss floating sludge caused by entrapped
gas bubbles. Dapena mora et al stated that mechanical
stirring in SBR could effectively solve the gas entrapped
in the granules compared less abrasive stress in gas lift
reactor and further more use of non-woven fibers can
increase the biomass retention. It was proven in several
studies that use of non-woven fibers demonstrated a short
startup period and high nitrogen removal rates (Van niftrik
et al., 2004, Isaka et al., 2006). Van der star (2008) stated
that MBR is a powerful tool for anammox research as high
production of almost pure anammox bacteria can be
obtained avoiding the diffusion limitations within the flocs
or granules. The efficiency of the anammox process in a
bioreactor depends on the biomass retention capacity and
availability of substrate concentration in wastewaters. The
nitrite concentration is a crucial factor for growth of
anammox biomass: a too low nitrite concentration leads to
substrate limitation and too high nitrite concentration
above 20 mgN/L can lead to inhibition of the process.
Furthermore anammox is an anaerobic process; the
absence of oxygen is an essential step for the startup of the
reactor. To fasten up the startup period, Slikers et al (2003)
used inoculum from fully activated anammox sludge for
SBR and their start up period was 14 days.

2.7. Partial Nitrification/Anammox

The increase in the costs of wastewater treatment
systems are challenged by the novel microbial process like
combination of anammox and partial nitrification process
in one reactor namely CANON process (Complete
Autotrophic Nitrogen removal Over Nitrite) (Third et al.,
2001). This combination is a promising new method of
removing nitrogen from wastewaters with low C/N ratio
and high ammonia concentrations (Ciudad et al., 2005).
Compared to conventional nitrification and denitrification
process, more than 62.5% less oxygen demand and no
organic carbon requirement in combined partial
nitrification/anammox process (Feng et al., 2007). In
CANON systems, Nitrosomonas like ammonia oxidizing
bacteria and planctomycetales like anammox bacteria
perform two sequential reactions under oxygen limited
conditions (Sliekers et al., 2002). The nitrifiers convert
ammonia to nitrite and consume oxygen creating
anaerobic conditions for anammox bacteria. The produced
nitrite is utilized with the reminder of ammonium by
anammox bacteria and converts it into nitrogen gas
(Nielsen et al., 2005). Typically in the CANON process
the Nitrosomonas like bacteria are active in the outer
aerobic region of biofilm and in aggregates, while
anammox are active in inner anoxic zone. In this way
anammox are protected from oxygen which is consumed

in the outer aerobic zone. Oxygen can inhibit anammox
activity (Strous et al., 2007). The CANON process has
quite sensitive operational characteristics for DO, the
nitrogen surface load, biofilm thickness and temperature
(Hao et al., 2004). The oxygen mass transfer efficiency
from gas to the liquid phase and effective biomass
retention are the two key factors for the operation of
CANON system (Sliekers et al., 2003). Moreover
autotrophic ammonia oxidizers grow slowly than
heterotrophic bacteria with which they have to compete
for oxygen and if the retention time is not long, they will
be washed out of the reactor. The biomass concentration
can be increased by recirculation of sludge after
sedimentation but limited by the efficiency of the
sedimentation of the vessel. To overcome these factors
along with environmental factors, immobilization
technique was adopted. This became an important
confront in order to scale up CANON systems from
laboratory to industrial application (Gonz et al., 2007).
With the immobilization, biomass can be retained in the
reactor without washing out and also provides protection
from toxic shocks and adverse temperatures. This helps in
maintaining year round treatments (Morita et al., 2007).
Immobilized biomass can be divided into naturally
attached biomass (Biofilm) and artificially immobilized
biomass. Biofilm are widely used for wastewater
treatment plants. To avoid particle settlement to the
bottom of the reactor, membrane aerated biofilm reactors
were developed in which hydrophobic, gas permeable
membranes are used for bubble less oxygen transfer
(Lapara et al., 2006). Membrane aeration is more
advantageous than conventional bubble gas transfer
mechanism as gas transfer efficiencies are much higher. In
MABR, the micro porous membrane carries two functions:
oxygen gas supplemental material and carrier for
immobilization media (brindle et al., 1996). It was
recently proved that thick membrane aerated biofilm can
simultaneously  provide favorable conditions for
nitrification and denitrification within a single biofilm
(Cole et al., 2004). Gong et al.,(2007) developed a new
MABR in which a micro porous carbon tube membrane
was supported with non-woven fabrics and investigated its
feasibility and performance of CANON type process in
singe stage autotrophic nitrogen removal to treat the
synthetic ammonium rich wastewaters like anaerobic
sludge liquid. This reactor supplied air through the micro
porous carbon tube to the biofilm supported by the non-
woven fabric. The system worked with partial nitrification
and dissolved oxygen consumption in the inner layer and
anammox in the outer layer of non-woven fabric realizing
feasibility of autotrophic nitrogen in a single reactor. This
study demonstrated MABR was an excellent option for
single stage autotrophic nitrogen removal. For
immobilization technique most commonly gel entrapment
is used but natural and synthetic polymers are also been
used. Rostron et al., (2001) studied on comparison
between kaldnes, linpor, PVA materials for high strength
ammonia synthetic wastewaters (500-1000 mg/L) and
demonstrated that PVA is an excellent immobilization
media for high strength ammonia containing wastewaters.
The immobilization media should support and fulfill
various criteria’s like photo transparency, retention of
cellular viability, non toxicity and stability during
culturing in medium. Usually immobilization techniques
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are commonly used for immobilizing pure strains because
mechanism of the strain can easily be understood (Hill et
al., 2008). Immobilization of activated sludge has also
been reported (Isaka et al., 2007). Yan et al., (2009)
studied partial nitrification and degradation of organics
with an immobilized biomass in ammonium rich organic
wastewaters. This served as a first step for anammox
process with partial nitrification via nitrite. They used four
immobilization materials: sodium carboxymethylcellulose,
sodium alginate, polyvinyl alcohol and sodium alginate
and chitosan for entrapping the biomass. Sodium alginate
was selected as best material after comparing the partial
denitrification rates and adsorption efficiency.

2.8. Factors Effecting Ammonia Removal
Efficiency

2.8.1. Temperature

When treating sanitary landfill leachate containing an
ammonia concentration of over 2200 mg N/L, were
investigated at operating temperatures down to 10°C.
When the operating temperature was decreased from 20-
17°C, an approximate 15% decrease in denitrification was
observed immediately without any noticeable effect on
nitrification. With the temperatures below 24°C,
nitrification also stopped and methanol loading rate was
decreased progressively. At 100C the system suffered
major nitrification and denitrification inhibition. Changes
in the operation parameters such as decrease in influent
ammonia concentration and methanol loading, with
increase of temperature from 10-15°C did not improve the
system performance (Cannavo et al., 2004). Using pure
cultures, the optimum temperature was 35°C for AOB and
38°C for NOB (Cameilia and Gunnel 2001). The
SHARON process pre mentioned was operated at 35°C
(Mudler et al., 2001). Present reports show that high
temperatures of 28-38°C is favorable for nitrogen removal
via nitrite due to the fact that specific growth rate of AOB
is higher than that of NOB. From the aspect of specific
growth rate, only temperatures above 25°C are possible
for ammonia oxidizers to effectively outcome the nitrite
oxidizers (Brouwer et al., 1996). Several authors found
that the optimum temperatures for the operation of
anammox process was around 30-40°C (strous et al.,
1999). But most of the operations with anammox process
were carried at temperatures higher than 30°C (Imajo et
al., 2004). Recently it was proved that in a rotating
biological contactor established with anammox was
successfully operated at temperature around 20°C (Cema
et al., 2007). Rysgaard et al., (2004) working with east
and west coasts of Greenland, observed anammox activity
between -2 and 30°C and optimum temperature being
12°C. Similar results were found by Dalsgaard and
Thamdrup (2002) working with marine sediments from
Skagerrak (Baltic-North sea). These results show that
application of anammox process is restricted to effluents
with temperatures around 30°C. Dosta et al., (2008)
evaluated the effects of moderately low temperatures on
the stability of anammox process. First the short term
effects of temperatures on anammox biomass were studied
using batch tests and maximum activity was found at
temperatures 35-40°C. Activity tests done at temperatures
45°C showed an irreversible loss due to the biomass lysis

and temperatures 30-15°C was selected for long term
study. The system was successfully operated at
temperature 18°C. When temperature was decreased to
15°C, nitrite accumulation was observed and system lost
its stability.

2.8.2. pH

pH plays a key role in biological nitrification and
denitrification. Most of the physiological activities of
nitrifiers are between pH 7.3-8.0. Groeneweg et al., 1994
studied on the effect of pH on ammonia oxidation of
Nitrosomonas europaea and observed that maximum
ammonia oxidation occurred at pH 6.7 and 7. If the pH
drops less than 6.0 and more than 8.2 cease of nitrification
process was observed (princic et al., 1998). Walker et al.,
(1979) isolated ammonia oxidizing autotrophic nitrifiers
from acid soils of Bangladesh and Sri Lanka with pH 4-
4.5 and found evidence of Nitrosospira nitrification in situ
at pH 4.1. In 2008 HIl and Webster conducted pH tests on
ATCC Strain 25978 Nitrosomonas europaea and
determined the optimum pH was between 7 and 8 for this
strain. Usually nitrification process is a pH sensitive and
to maintain reasonable nitrification rates pH should be
maintained from 7-7.2 (USEPA, 1993). Nitrification
process also depends on COD loading rates. Presences of
high COD levels suppress the nitrification rates in
bioreactors. Peyton et al., 2001 stated that complete nitrate
reduction at 125 g/L of NaCl and at pH 9 was possible
with ATCC strain 700597 Halomonas campisalis in brine
solution regenerated from ion exchange resins with NaCl
which contains high concentrations of nitrate which is
unattainable to eliminate by conventional biological,
chemical and physical processes. Compared to
heterotrophic denitrification autotrophic denitrification
consumes alkalinity and to control pH alkalinity should be
supplied to the autotrophic denitrification. Mostly in
research works sodium bicarbonate is used for alkalinity
control. For wastewaters with low alkalinity, large
amounts of sodium bicarbonate are required to carry out
autotrophic denitrification process. An alternative for
elemental sulphur particles is limestone (Koenig et al.,
2002).

2.9. DO Concentration

Biological nitrification and denitrification demands
high rates of aeration as denitrifiers are facultative bacteria
that require oxygen as their terminal electron acceptor.
Due to this property they accept readily nitrogen oxides in
absence of oxygen. In this aspect DO levels plays crucial
role in nitrogen removal from industrial effluents. Cost of
operation increases with aeration rates. High levels of DO
can inhibit denitrification as the bacteria take oxygen over
nitrite as terminal electron acceptor and this can influence
the nitrogen removal rates (zumft et al., 1997). Although it
is necessary to enhance the activity of nitrifiers by
providing high DO concentrations in a reactor but
denitrifiers are affected. To avoid inhibitory effect on
denitrification, operation of reactors at low DO levels
should be selected. Experiments were performed on the
activated sludge reactors with partial nitrification with
different DO levels. Maximum nitrite accumulation was
observed between 0.7-1.4 mg/L (Cuidad et al., 2005 and
Ruiz et al., 2003). With these experiments, short term
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effects of DO on partial nitrification in batch tests were
studied (Cuidad et al., 2005, Park et al., 2004). Many
researchers studied on SND process with low dissolved
oxygen concentrations and the results revealed that SND
is accessible with DO concentrations between 0.2-0.8
mg/L (Kwang ju et al., 2006, Peng et al., 2007). Guo et al
(2009) showed that at low DO concentrations AOB were
the dominant nitrifying bacteria and none of the NOB
were recovered from activated sludge.

2.10. Effect of Nitrate Concentration

High nitrate concentrations in wastewaters can inhibit
denitrification process and led to termination of
denitrification to form N,O (Blackmer et al., 1978). A few
of the research work has been done on high nitrate
wastewaters till now. Denitrification with high nitrate is a
rather slow process as it requires enhancement of physical
and biological parameters and process must be optimized.
For high nitrate  concentrations removal pre
acclimatization of biomass is required. in support of this
aspect Dhamole et al., 2007 developed a process for
degradation of high strength nitrate waste wherein the
sludge from an effluent treatment plant of s fertilizer
industry was acclimated to degrade nitrate waste as high
as 9032 ppm-NOs-N in a time period of 6 hours.

2.11. Salinity

The effect of high salt concentration on biological
nitrification and denitrification has been previously
studied (Campos et al., 2002). High salt concentrations
always shoe impact on nitrification and denitrification
activities. It was reported that nitrification and
denitrification activities were sustained by gradual
acclimatization of fresh water sludge to high salt
concentrations. Halophilic denitrifiers were isolated from
long term acclimated sludge and higher denitrification
rates were achieved with long term acclimated sludge
(yoshie et al., 2006). Correl et al (2002) studied on
SHARON process in presence of salts and organic carbon
and results demonstrated salt concentration above 100mM
inhibited ammonia oxidation in SHARON bioreactor
treating fish water effluents. Experiments on
characterization of microbial community in an aerobic
granular sludge reactor treating wastewaters showed AOB
(Nitrosomonas) can sustain salt concentration of 33g/L
and while NOB (Nitrosospira) were severely affected
(Bassin et al., 2011). However partial
nitrification/anammox process can be successfully applied
for wide variety wastewaters like livestock wastewaters,
landfill leachate, industrial wastewaters etc, but these
waters contain high salt concentrations which were
considered as an inhibition factors for biological nitrogen
removal (van der star et al., 2007). Marine anammox
bacteria belong to the genus scalindua have been detected
in natural surroundings (Schmid et al., 2007) and recently
they were enriched in continuous culture system for more
than one year (Van de vossenberg et al., 2008 and
Nakajima et al., 2008). Results from these studies suggest
that anammox bacteria can inherently prefer high salt
concentrations and lives in high salt habitats and would be
available for industrial purposes. Kartal et al., 2006
enriched fresh water Anammox bacteria candidatus
kuenenia stuttgartiensis in a high saline reactor with salt

concentrations of 30 g/L and showed stable growth. For
acclimatization phase for salt tolerance Yang et al.,
conducted lab scale experiments for 92 days in which
reactor was feed with inorganic wastewaters with
ammonia and nitrite with salt concentrations of 30 g/L and
reactor showed a stable NRR of 4.5+0.1 kg-Nm/day.
This was the first report of high salt tolerance.

2.12. Biomass Concentration

Apart from the above mentioned factors which effect
ammonia remediation biomass concentration is also
another contributing factor.  Autotrophic nitrifiers
contribute less biomass when compared to heterotrophic
nitrification. It is always an important aspect that bulk
amount of biomass is more efficient than less biomass
with good ammonia removal efficiency. This might be the
biggest disadvantage for anammox bacteria as the growth
rate for these bacteria are very slow. Dapena Mora et al.,
used SBR to retain biomass of anammox and the results
were successful with more ammonia removal. The highest
removal rate of ammonia by anammox bacteria was
reported by Sliekers et al., in a gas lift reactor with
granular sludge was 8.9 kgN/m? d.

3. Conclusion

In this paper ammonia removal technologies are
discussed in detail. Out of all technologies Anammox
system was found to be feasible and extremely suitable for
treatment of high concentrated ammonia containing
industrial effluents. Anammox reduces additional carbon
costs and aeration costs for industries unlike conventional
nitrification and denitrification systems where operation at
industrial level is more expensive. The main drawbacks
for Anammox bacteria are their isolation in pure form and
slow growth rate. Further research work is needed for
Anammox isolation in pure form and for applicability of
Anammox system for different industrial effluents.
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