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Abstract. The paper is a short review on nitrogen
compounds removal, as ammonia, nitrate, nitrite,
from municipal waste water, containing primary
information of nitrogen chemistry, consideration on
the physical-chemistry methods of removal and also

on the most popular wastewater nitrification
systems|[1].
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1. INTRODUCTION

The use of water becomes in time more impractical
but the water resources. Human activities, from cities,
industry or irrigation systems are discharging effluent
which becomes the supply of water for other users. Not
only intensive agriculture [2,3], but also the nuclear
industry[4] are the main pollution source for the drinking
water. The admission levels for nitrate in CE is 50 mg.L"
(adults) -15 mg.L" (children) [3,5,6], high levels of
nitrate concentration leading to serious medical problems.

Chemicals as metallic salts or complex organic
compounds are increasing frequency in the waterways.
They enter the drinking water and eventually end up in
the wastewater. Primary and secondary waste treatment
processes could be not very effectively in removing these
chemicals. For years, dilution and purification of the
effluent in the receiving stream was considered
acceptable. Because these streams have more pollutant
loadings, natural processes are not enough in these days.
Often is necessary some more treatment than primary and
secondary wastewater. In the last years, some physical,
chemical, and biological processes come into light in the
wastewater technology. Currently wastewater
technologies which have been wused for advanced
wastewater treatment are the following: filtration,
adsorption, chemical oxidation, reverse osmosis, nitrate
removal by denitrification, phosphorus removal.

Ammonia removal could be done by the biological
nitrification of wastewater and after that the
denitrification, which involves the conversion of nitrate
nitrogen ions (NOj) to gaseous nitrogen (N), as shown on
the left side of nitrogen cycle (figure 1).
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Fig. 1 - Nitrogen cycle[7]

2. EXPERIMENTAL AND DISCUSSION

The removal of ammonia from wastewater treatment
becomes a a very important operation in special for the
lands where agriculture is done intensively. One method
of ammonia removal is the biological nitrification of
wastewaters, a process where ammonia is converted to
nitrate using aerobic autotrophic bacteria in the treatment
process. The process of nitrification is a two-step process
for removing ammonia from wastewater and this is done
by the utilization of two types of autotrophic bacteria that
oxidize ammonia to nitrite (nitrosomonas) and then
oxidize nitrite to nitrate (nitrobacter). Biological
nitrification systems are projected to convert the entire
amount of ammonia into nitrate[1,7].

The two types of autotrophic bacteria need proper
biomass concentrations, in a specific environmental
conditions (temperature, pH, alkalinity, etc.), enough time
for the treatment process, and an increased amount of air,
more that requires, for the treatment of biochemical
oxygen demand only. A different factor that should be
take in consideration in projecting of wastewater
treatment plants, that assure biological nitrification is the
low alkalinity. Adding sodium hydroxide or other
chemicals in order to increase the alkalinity may be
needed.

The treatment processes which are recomended for
biological nitrification at wastewater treatment plants are :

e conventional activated sludge system(figure 2)

e extended aeration treatment systems(figure 3).
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sequencing batch reactor(figure 4)
fixed film (figure 5)

membrane bioreactor(figure 6)
lagoon systems (figure 7)

The conventional activated treatment process
(figure 2) has the advantage that the proven treatment
process is able of treating many types of wastewater and
is easier to operate, comparative with other treatment
processes.
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Fig. 2 - Wastewater conventional system[1].

Conventional activated sludge treatment processes
that were projected for biochemical oxygen demand
removal only could be changed to assure biological
nitrification, too. Constructing conventional activated
sludge treatment processes have the disadvantage of being
are very expensive. Aeration basins and clarifiers are
usually built of concrete and demand expensive
mechanical equipment (blowers, pumps, clarifier
mechanisms, etc). Conventional treatment processes are
also more sensizitive to bulking sludge from filamentous
organisms.

Extended aeration treatment processes (figure 3) are
similar to conventional activated sludge treatment
processes and involve: aeration basins, clarifiers, return
activated sludge, and waste activated sludge processes.
The most important difference is the longer hydraulic and
solids residence times in the process. The hydraulic
residence time is typically around 24 hours and the sludge
residence time is over 20 days at design flow rates and
organic loadings [1]. Having sufficient air, the
nitrification will take place faster in extended aeration
processes.

Fig. 3 - Conversion of ammonia in a
diffused aeration system [1].

Because of these longer times for hydraulic and solids
residence, the extended aeration treatment processes can
assure the better quality effluent for any kind of
wastewater. Extended aeration processes are easier to
operate than conventional activated sludge treatment
process. With a sufficient amount of oxygen, extended
aeration treatment processes can assure raised levels of
biological nitrification. The main disadvantage to
extended aeration treatment processes consist in the
dimension of the facilities that are required to guarantee
longer times for the hydraulic and solids residence. The
cost of building these types of processes is bigger because
the aeration basins and clarifiers are mainly made of
concrete and because of the costs of the mechanical
equipment.

Sequencing batch reactors (figure 4) are using
extended aeration activated sludge treatment process, the
difference being that the aeration and clarification
processes are taking place in the same reactor basin,
having the next steps: fill, react/aeration, settle, and
decant. Wasting usually occurs during the react/aeration
step[1]. Having sufficient air, the hydraulic and solids
residence times could be changed in such a manner to
activate the nitrification in the reactor basin.

Fig. 4 - Photo of sequencing batch reactors[8].

The most important advantage of the treatment
process is the lower dimension of the treatment system.
Using the combination of the aeration and clarification
steps into one basin, the processes can be controlled,
measuring the time for each step to assure the required
quality of the treated effluent. This type of treatment
process, to be performance requires professional
operations personnel, with long practice in working and
maintenance of these devices. The majority of the
municipal systems also need multiple reactor basins and
equalization tanks.

Biochemical oxygen demand removal and biological
nitrification could be done by fixed film treatment[1]
process: trickling filter/activated sludge treatment process,
rotating biological contactors, or moving bed bioreactors.
In the place of the microorganisms that treat the
wastewater suspended in the liquid, the microorganisms
are placed to fixed media and treat the wastewater as it
flows through the reactor. The trickling filter/activated
sludge treatment process also includes plastic media for
the microorganisms to develop on packed inside a tower
where wastewater is used for treatment. The trickling
filter is followed by a conventional activated sludge
process. Fans, blowers, clarifiers and pumps are
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necessary. Rotating biological contactors are made of a
series of closely packed plastic circular disks that are
partially submerged and rotated through the wastewater to
be treated. Microorganisms develop on the disks and
aeration is accomplished as the disks are exposed to the
air during rotation.

Fig. 5 - Fixed film treatment system.[9].

Moving bed bioreactors include plastic media that is
immersed in the wastewater in a separate basin with
screens to keep the media in the basin. They are built in
the manner of conventional aeration basins for
biochemical oxygen demand removal and are projected
specifically for biological nitrification only. Utilization of
the trickling filters/activated sludge treatment process
have the advantage of both processes. Trickling filters are
more energy efficient and the activated sludge process
holds off scaling material from creating lower effluent
quality. These types of systems can also reduce the
footprint necessary for the conventional activated sludge
treatment processes. The main disadvantages to fixed film
treatment technologies are the increased high solids
retention time requirements, pumping energy required, the
potential for rotten egg odors, and the potential for snails
and filter flies. The moving bed bioreactors treatment
process also requires higher levels of dissolved
oxygen.(up to 7 mg/L)[1].

The membrane bioreactor treatment process[l]
have three mainly components: 1) anoxic basins, 2) pre-
aeration basins, and 3) the membrane bioreactor basins.
Rough wastewater have to be screened through a fine
screen prior to the anoxic basin. From the anoxic basin,
mixed liquor goes into the pre-aeration basins and then
into the membrane bioreactor basins. The membranes are
placed in the membrane bioreactor basins where
wastewater is passed through the membranes and
permeate pumps deliver the effluent to the disinfection
process prior to discharge[1]. The membranes eliminate
the necessity for secondary clarification, Pumping is
required as in the same way as in conventional treatment
processes. The membrane bioreactor treatment process
produces a high quality of the effluent, without any
additional operations, will  assure both biological
nitrification but also nitrogen removal, fitting into a less
area, but there are outgoing costs connected to the
operation devices and also with purchasing replacement
membranes.
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Fig. 6 - Membrane bioreactor treatment system|[10].

The costs of operation and maintenance of these
systems are higher because they need more power and
more operator attention.

Lagoon treatment systems [1] are not projected
to provide more than biochemical oxygen demand and
total suspended solids removal. Biological nitrification
takes place, having enough long hydraulic and solids
residence times, the proper temperature and sufficient
oxygen. Hydraulic residence times have to be extended to
at least five to seven days in the aeration process, higher
temperatures must be maintained, and enough oxygen
have to be assured. A mixed liquor recycle system could
be involved to keep a high enough biomass to promote the
growth of nitrifying bacteria.

Fig. 7 - Lagoon treatment system [11]

Lagoon treatment systems have the primary advantage
of having building low costs and they are easier to operate
and maintain comparative to mechanical wastewater
treatment systems. Basins are built mainly by excavation ,
very little concrete is required. In this case, expensive
mechanical equipment (pumps, clarifier mechanisms) are
not required. Unfortunately, it is harder to control the
parameters that influence effluent quality such as
wastewater temperature, wasting, return rate, and oxygen
levels in lagoon treatment systems [1].

The effluent quality may fluctuate, that means there
are needed facilities projected to be be more versatile in
design and operation. The facilities use very large areas,
these kind of system is recommended only for small
treatment systems.

After ammonia was converted in nitrate/nitrite, the
denitrification treatment will be applied following the
cycle below:
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Biological denitrification [7] is realized in anaerobic
conditions by heterotrophic bacteria that use nitrate
during the fermentation of organic carbon materials.
Contrary to nitrification, in which only Nitrosomonas and
Nitrobacter bacteria are necessary, a relatively large range
of bacteria could done the denitrification. These include
Pseudomonas,  Micrococcus, Achromobacter, and
Bacillus. These groups accomplish nitrate reduction
through the process of nitrate dissimulation[1]. In nitrate
dissimulation, nitrate or nitrite replaces oxygen in the
respiratory processes of the organism under anoxic
conditions. Due to the ability of these organisms to “eat”
either the oxygen bound in nitrate or free oxygen, these
organisms are named facultative heterotrophic bacteria.
Denitrifiers are able of an assimilation process where
nitrate/nitrite is converted to ammonia. Ammonia is then
utilized for the bacterial cell’s nitrogen requirements. If
ammonia is already present, assimilation of nitrate need
not occur to satisfy cell requirements. Electrons pass from
the carbon source (the electron donor) to nitrate or nitrite
(the electron acceptor) to promote the conversion to
nitrogen gas. This involves the nitrifiers’ “electron
transport system” and releases energy from the carbon
source for use in organism growth. This electron transport
system is similar to that used for respiration by organisms
oxidizing organic matter aerobically, except for one
enzyme. Because of this close relationship, many
facultative bacteria can shift between using oxygen or
nitrate (or nitrite) rapidly and without difficulty[7].

In wastewater treatment, organic carbon is the
pollutant to be removed, and oxygen must be added. In
denitrification, it is nitrate that is removed, and a carbon
source must be available. If an insufficient amount of
organic carbon is available for denitrification, sufficient
carbon (such as methanol) is added to accomplish the
nitrate removal.

For the nitrates removal from the potable water,
various methods have been proposed: chemical reduction
[12,13],physical-chemical processes [14-16], biological
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methods [17,18], electrochemical reduction of nitrates on
different electrodes: Pt [19,20], Pd[21, 22], Cu[23-28],
Ag[27], Ni [29,30], Rh[31], Sn[32], Pb [33], binary alloys
[34], CuSn [35] CuZn [36], PdRh1.5/Ti [37], metallic
electrodes modified by upd deposition [38-41] or opd
deposition [20,26,42-35].

Transforming nitrate/nitrate in nitrogen gas, could also
be a challenge using electrochemical treatment methods,
based on nitrogen cicle, but taking in consideration the
reactions with electron transfer.

3. CONCLUSIONS

Removal of nitrogen compounds from municipal
wastewater, but also resulting mainly from agriculture,
animal farms or nuclear industry is following the scheme :

ammonia—nitrate—nitrite—nitrogen gas

As it could be seen there are many types of
conventional activated sludge treatment processes for the
nitrification process as: complete-mix, plug flow, and step
feed treatment. They all have the same basic layout of an
aeration basin and secondary clarifier with return and
waste activated sludge pumps. The conversion of
ammonia occurs in the aeration basins. Because the
duration of the required time for nitrification, more than
for biochemical oxygen demand removal, there are not
recomanded high-rate and contact stabilization activated
sludge treatment processes. All the presented method has
advantages or disadvantages, and one option is not the
best solution for all systems and a good consulting
engineer can assist with evaluating all of the options
before recommending the best solution for each system.
The gaseous product is primarily nitrogen gas, but some
nitrous oxide or nitric oxide may also result during
denitrification.
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