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Abstract—  Nutrients removal is a necessary 

process in meeting decent quality effluent 

demand. Excessive levels of nitrogen and 

phosphorus degrade the natural environment 

and can impact the health of our water systems. 

Nitrogen and phosphorus are the main nutrients 

of interest in treated wastewater averment. 

Phosphorus is widely used as a raw material in 

numerous areas including household applications 

and agrarian applications such as fertilizer 

industry to increase the crop production, 

phosphorus based pesticide and animal feed 

supplementation.  Nitrogenous content mainly in 

the form of Ammonia or organic nitrogen, are 

yielded from the excretory products of animals 

and humans, agricultural runoff and production 

of nitrogen fertilizers. The existence of 

phosphorus and Nitrogen in natural water bodies 

has a great impinge on aquatic ecosystems. 

Excessive phosphorus and Nitrogen can lead to 

eutrophication of water bodies, consequent in a 

severe drop in biodiversity in the water and 

contamination of drinking water sources. 

Therefore, to save the water bodies from 

Phosphorus and Nitrogen induced pollution, 

conventional techniques used in wastewater 

treatment plant (WWTP) such as Nitrification 

Denitrification, Bardhenpho 4 stage and 5 stage 

process, chemical precipitation and advanced 

techniques such as Enhanced biological 

phosphorus removal(EBPR) with Novel 

oxic/extended idle (O/EI) reactor, AAO SBSPR 

(Anaerobic-anoxic- oxic/sequencing batch side 

stream phosphorus recovery) process are studied 

in this review paper. Among all these techniques, 

the novel AAO-SBSPR process gives the most 

promising combined Nitrogen and Phosphorus 

removal efficiencies  along with remarkable 

phosphorus recovery. 
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1. INTRODUCTION 

 One of the prima concerns regarding municipal 

wastewater treatment plant discharge is the rising 

concentration of nutrient compounds, specifically 

nitrogen and phosphorus. Phosphorus and Nitrogen  

are the capital causes of cultural eutrophication i.e 

nutrients enrichment in surface waters. The most 

identifiable manifestations of this eutrophication are 

algal blooms that occur during the summertime  of 

the year. Chronic symptoms of over enrichment 

include low dissolved oxygen, fish devastation, 

turbid water, and depletion of desirable flora and 

fauna.[13] Wastewater treatment plants that employ 

conventional biological treatment processes planned 

to meet secondary treatment effluent standards 

generally do not remove total nitrogen (TN) or total 

phosphorus (TP) to the extent required to protect 

receiving waters. Eutrophication, which can in turn 

encourage the overgrowth of algae, weeds, and 

cyanobacteria (blue green algae). The algae quantity 

are unsustainable and sooner or later most of them 

die. The decomposition of the algae by bacteria 

utilizes so much of the oxygen in the water that most 

or all of the animals die, which make more organic 

matter for the bacteria to decompose. In addition to 

causing deoxygenation, several algal species 

produce toxins that polluted drinking water supplies. 

Nitrogen and phosphorus are primal pollutants in 

wastewater to be removed and recovered for 

sustainable development. Conventionally, nitrogen 

removal is adept through energy intensive biological 

nitrification and denitrification entailing a major 

cost in wastewater treatment. Phosphorus is 

abstracted from the wastewater in the form of 

polyphosphate granules by polyphosphate 

accumulating organisms. As an alternative, 

phosphorus is removed/recovered as Fe-P or struvite 

through chemical precipitation (or magnesium or 

iron dosing).[13] 
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1.1 Nitrogenous wastes as nutrient resources 

       Ammonium nitrogen is primarily released to the 

environment from anthropogenic activities such as 

manufacture of nitrogen fertilizers and release of 

unutilized ammonium nitrogen in the agrarian 

runoff. Excretory products of human and animal 

source are another crucial origin of nitrogenous 

waste. Urine, landfill, leachate,swine liquids  and 

anaerobic digester liquor are rich points of 

nitrogenous wastes. Urea excreted in the human 

urine is hydrolysed and decomposed to ammonium 

nitrogen and CO2 by microorganisms under non 

sterile state. Release of water comprise nitrogen and 

phosphorus into surface waters impacts lakes, rivers, 

and oceans. Pollution of subsurface waters with 

nitrate is most widespread and linked to the blue 

baby syndrome in infants and emersion of cancers 

due to ingestion of waters comprising elevated 

concentrations of nitrogen oxides. Addition of 

nitrogen and phosphorus to surface waters 

encourages the growth of algae and aquatic plants 

which crumbles water quality and decreases 

dissolved oxygen. Overweening growth of algae in 

the form of algal blooms destruct dissolved oxygen 

and cause death of fish and other organisms. 

Eutrophication of water bodies leads to the 

development of colour, odour, turbidity, and loss of 

dissolved oxygen and eventual fatality of fish. 

Removal of nitrogen compounds from wastewaters 

is necessary to avoid contamination of natural water 

sources and harmful effects on ecosystems. Nitrogen 

is predominantly present in the form of ammonium 

in the sewage. Wastewater treatment plants 

accomplish total nitrogen removal through 

nitrification and denitrification processes, which 

convert the reactive form of ammonium nitrogen to 

harmless nitrogen gas. The nitrification, 

denitrification processes are widely enforced at 

wastewater treatment plants to decrease reactive 

forms of nitrogen to below discharge limits. But, 

nitrification and denitrification require providing 

aeration and electron donor, respectively. Thus, 

execution of nitrogen removal through nitrification–

denitrification is an energy consuming process and a 

leading cost factor in wastewater treatment. 

1.2 Phosphorus 

      Phosphorus is both a captious element and 

aquatic pollutant. Phosphorus in the form of 

phosphate is an primary nutrient in all living 

organisms. It is a constituent part of nucleic acids, 

phospholipids and ATP/ADP and needed for the 

maturation of living cells. Phosphorus is an essential 

element along with nitrogen and potassium in 

fertilizers applied in modern-day agriculture to 

secure food for over 7 billion world population. In 

nature, phosphorus is acquirable in the mineral 

deposits in the form of phosphate rocks. Phosphorus 

is mined from phosphate rocks for manufacture of 

chemical fertilizers. These high rates of phosphorus 

uptake in agriculture are accountable for ascent and 

volatile pricing in global phosphorus supplies. The 

relative quantity of phosphate rocks in the earth’s 

crust is constricted and unequally distributed. For 

example, approximately 65% of global phosphorus 

is produced in just few countries, i.e. China, 

Morocco,  and the United States. Most other 

countries count on their imports for phosphate 

fertilizers for crops growth, thus phosphorus 

accessibility in a nation is linked to food security. 

Phosphorus has received public attention primarily 

because of both pollution as well as insufficiency. 

Phosphorus is a confining nutrient in aquatic water 

bodies, thereby controls the development of 

phototrophic organisms in aquatic  and coastal 

marine systems. Wastes rendered by anthropogenic 

activities such as sewage and agro industrial wastes 

carry lost phosphorus. The concentration of 

phosphorus in sewage and many another industrial 

waste streams is relatively debased, and it needs be 

enhanced by some means if recovery is intention. 

Phosphorus removal from wastewater is attained by 

improving specialist bacteria called polyphosphate 

accumulating organisms (PAOs). These organisms 

have been enriched at some wastewater treatment 

plants to accomplish enhanced biological 

phosphorus removal (EBPR). Chemical 

precipitation by the add-on of iron (Fe3+) or 

aluminium (Al3+) salts is another widely applied 

method for removing phosphorus from wastewater. 

2. NITROGEN REMOVAL METHODS FROM 

WASTEWATER 

2.1  Nitrification and Denitrification 

        This is the most ordinary ammonia removal 

process and is accomplished during secondary 

treatment. It is a 2 step process, nitrification and 

denitrification. Nitrification involves transition of 

ammonia to nitrate and Denitrification involves 

transition of nitrate to gaseous nitrogen which 

escapes from the waster. Nitrification is a 2 step 

process. The first step involves Nitrosomonas and 

other similar bacteria oxidizes ammonium to nitrite 

via hydroxylamine.[13] 
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 NH3 + 1.5O2    →   NO2 + H+ + H2O 

Step 2 involves conversion of nitrite to nitrate by 

nitrobacter and other similar bacteria. 

NO2    +   0.5O2   →  NO3 

The above two reactions are generally conjugated 

and precede speedily to the nitrate form, therefore 

nitrite levels at any provided time are usually below 

0.5 mg/L. Nitrifiers (responsible for the intake of 

nBOD) compete with the organotrophs which ingest 

the cBOD in the secondary reactor. Nitrification 

occurs at the tail end of the secondary treatment 

reactor when the cBOD is low and the organotrophs 

are not as operational. Nitrification happens slower 

than carbonaceous oxidation. For nitrosomonas to 

generate 1 part of new cells it needs 30 parts of 

ammonium ions and nitrobacter needs 100 parts of 

nitrite ions to generate 1 part new cells. Due to the 

high demand of the nitrogen based ions, the 

reproductive rates of nitrifiers are very low thus 

plant upsets can take nitrifiers weeks to regain as 

opposed to days or hours for carbon bacteria.[12] 

Dentrification is a microbiological activity in which 

the nitrate formed during nitrification is faded by 

bacteria in anoxic conditions to molecular nitrogen 

which is insoluble in water and escapes into the 

atmosphere. A large proportion of the bacteria in the 

activated sludge operation are capable of 

denitrification. In the deficiency of free molecular 

oxygen under anoxic conditions, these bacteria 

present in the activated sludge process utilize the 

nitrate and nitrite to degrade the cBOD.[12] 

NO3  + cBOD → NO2  + CO2 + H2O 

NO2  + cBOD → N2 + CO2 + H2O 

Approximately 50% of the alkalinity squandered 

during nitrification is recovered during 

denitrification. The amount of cBOD available is 

critical for denitrification to come about. Absolute 

denitrification usually occurs at a cBOD to nitrate 

and nitrite ratio of closer to 3:1. Given the necessity 

for the existence of adequate cBOD for the 

denitrification step, a cBOD supplement (an 

appropriate organic compound example: alcohol) is 

used in certain configurations. If the aeration reactor 

effluent is nitrified, denitrification can occur in 

clarifier. The lack of aeration in the clarifier creates 

anoxic conditions which makes the condition 

pleasing for denitrification to occur. Denitrification 

in the secondary clarifier is not desired as the 

nitrogen developed will cause the sludge settling in 

the clarifier to rise to the surface. Two of the more 

ordinary methods to denitrify the nitrified effluent 

are as follows. 

 

fig 1. Denitrification setup type 1. 

 

Aeration tank is followed by aeration tank is 

followed by a denitrifying tank which is not aerated 

but is supplied with organic substrate (cBOD 

source) such as methanol or acetic acid.(fig 1).  

The mixed liquor along with RAS is recirculated to 

an anoxic zone at the inlet of the aeration tank where 

it is amalgamated with the influent. The anoxic zone 

has mixing provided but no aeration. The influent 

flow give the necessary cBOD for the denitrification 

process.(fig 2) 

 

            Fig 2. Denitrification setup 2 

2.2 Bardhenpho Process( 4 Stage) 

      This process have been formed  in which the 

carbon oxidation, nitrification/denitrification steps 

are combined into a single cognitive operation, 

using carbon naturally developed in the 

wastewater.[13] The process is explained in process 

description. 

2.2.1 Process description    

      Abstracted reaction zones are used for carbon 

oxidation, nitrification and anoxic denitrification. 

The wastewater at first enters an anoxic 

denitrification zone to which nitrified mixed 

liquid/liquor is recycled from a subsequent 

conjunctive carbon oxidation nitrification storage 

space. The carbon existing in the wastewater is 

utilized to denitrify the recycled nitrate. Because the 

organic loading is high, denitrification proceeds fast. 
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The ammonia in the wastewater  passes unaltered 

through the very first/initial anoxic basin to be 

nitrified in the first aeration basin. The nitrified 

mixed liquor from the initial aeration basin passes 

into a secondary anoxic zone , where extra 

denitrification happen using the endogenous carbon 

source. The  second aerobic zone is relatively 

diminutive and is used mainly to strip  the entrained 

nitrogen gas prior to clarification. Ammonia 

discharged from the sludge in the second anoxic 

zone is also nitrified in the terminal aerobic 

zone.[13] 

 

 
Fig 3. Bardhenpho process.  (copyright:-William E. 

Brown, Peter C.Artherton) 

3. PHOSPHORUS REMOVAL METHODS 

        

       Phosphorus is very reactive and come about in 

nature as phosphate(PO4). In wastewater 

phosphorus exists mainly in an inorganic form as 

orthophosphate (typically about 10 ppm) and as 

organic phosphate (typically 6 mg/l). The inorganic 

phosphate is contributed by detergents and 

household cleaning products such as soaps. Organic 

phosphate is contributed by human wastes and food 

residues as phosphate based molecules play a key 

role in biological (plant and animals) energy and 

lifecycles and existing in sugars, phospholipids, and 

nucleotides. The organic phosphates are 

decomposed to orthophosphate. 

3.1 Chemical precipitation method 

           In the chemical based phosphorus removal 

method, metal salts such as alum and iron salts such 

as ferric chloride react with soluble phosphate to 

form solid precipitates which are removed by solids 

detachment processes including clarification and 

filtration. [13] Typically, the phosphate precipitant is 

applied in  

both the primary clarifier feed and also just before 

the secondary clarifier.(fig 4) 

Fig 4. Chemical Precipitation method.(Source: 

pca.state.mn.us) 

3.2  Bardenpho 5 stage process 

        The Proprieatary Bradenhpo process is altered 

for conjunctive nitrogen and phosphorus removal. 

This modification of the Bardenpho process 

incorporates a fifth(anaerobic) stage for phosphorus 

removal. The 5 stage system gives  anaerobic, 

anoxic, and aerobic stages for phosphorus, nitrogen 

and carbon removal. A 2nd anoxic stage is placed for 

additional denitrification using nitrate which is 

produced  in the aerobic stage as the electron 

acceptor and the endogenous organic carbon as the 

electron donor.[13] The terminal aerobic stage is 

utilised to strip residual nitrogen gas from solution 

and to lessen the release of phosphorus in the final 

clarifier.(fig 5) 

 

Fig. 5 Five stage Bardenpho process    (copyright:-

William E. Brown, Peter C.Artherton) 

 

3.3 Enhanced biological phosphorus removal 

(EBPR) 

      This process is designed to encourage the 

development of specific aerobic microorganisms 

generally known as phosphorus accumulating 

organisms (PAOs) . Illustration of these bacteria in 

activated sludge are  Acinetobacter, 

http://jespublication.com/
http://jespublication.com/


Page No:676 www.jespublication.com 

Vol 11, Issue 5,May/ 2020 

ISSN NO: 0377-9254                                  

  

 

 

Page No:676 www.jespublication.com 

 

 

   

Rhodocyclus.[10] These bacteria have the ability to 

store significant quantities of intracellular (inside 

the bacterial cell) phosphorus. 

 

Fig 6. EBPR Configuration 

 

 

3.3.1 EBPR process description: 

           The PAOs are supplied with good readily 

biodegradable material in an anaerobic 

surroundings. Here the PAOs ingest the volatile fatty 

acids (VFAs) produced by the anaerobic 

fermentation of the organic matter in the anaerobic 

zone. One important point here, this is a 

fermentation process not anaerobic digestion (in 

digestion VFAs are wiped out and converted to 

methane). The VFAs are converted into a storable 

food source. The energy for this transition of the 

VFA into storable food comes from the breakdown 

of the PAOs polyphosphate reserves. 

Orthophosphate is released during this state. After 

exposure to decent quantity of VFA, the PAOs 

energy reserves will be exhausted and become 

stressed. In the following aerobic phase of the 

process the PAOs  multiply and take up phosphate to 

replenish the supplies exhausted in the anaerobic 

phase. By oxidizing the carbon reserves built up in 

the anaerobic phase, PAOs are capable to store much 

phosphate under aerobic conditions than that was 

released under anaerobic state because considerably 

more energy is produced by aerobic oxidation of the 

stored carbon compounds than was used to store 

them under anaerobic conditions.[10] Even though 

the EPBR requires only a decent aeration, its success 

in removing phosphorus is dependent on the 

presence of satisfactory amount of readily 

degradable organic material in the secondary 

influent.(fig 6) 

 

3.4  Enhanced biological phosphorus removal 

(EBPR) with Novel oxic/extended idle (O/EI) 

reactor. 

        Newly, EBPR can be accomplished in a fresh 

mode i.e., the anaerobic process is abstracted but the 

idle period is extended appropriately.[10] The 

working procedure of this new technique is 

explained further in the process description. 

 

3.4.1 Process Description 

       Biosurfactants are commonly used in sludge 

anaerobic fermentation because they can speed up 

the sludge hydrolysis, acidification but subdue 

methanogenesis thereby leading to the accretion of 

volatile fatty acids (VFA). Among those 

biosurfactants, alkyl polyglycoside (APG) has draw 

in much attention due to its advantages of non 

toxicity, simple degradation, and advanced sludge 

treatment efficiency. APG induced fermentation 

liquid comprise variety of VFAs, this VFA loaded 

liquid can be used as favored carbon source for 

enhancing microbial activeness, including PAOs. 

The enhanced microbial activity is advantageous for 

accelerating the uptake of influent organic matter, 

resulting in enhanced COD liberation efficiency.[10]  

PAOs are the chief microorganisms accountable for 

the removal of phosphate from wastewater, and the 

relative abundance of PAOs in activated sludge can 

straightaway reflect the BPR (Biological 

phosphorus Removal) performance. In addition, the 

relative quantity of GAOs (Glycogen accumulating 

organisms) in the O/EI reactor was lower than that 

of the A/O reactor. The metabolic activities of GAOs 

are analogous to those of PAOs, but GAOs do not 

impart to BPR, and excessive proliferation of GAOs 

competes with the PAOs for constricted available 

carbon sources in the wastewater, resulting in a 

decrement in phosphorus removal efficiency. The 

high relative abundance of PAOs but depressed 

relative abundance of GAOs in the O/EI reactor is 

the principal reason for its advanced BPR efficiency. 

[10] 

3.5 Anaerobic-anoxic-oxic/sequencing batch 

sidestream phosphorus  in recovery(AAO-

SBSPR) Methodology 

        The AAO process is a alteration of the AO 

operation and provides an anoxic zone for 

denitrification. The detention period in the anoxic 

zone is close to one hour. The anoxic zone is 

depleted in dissolved oxygen, but chemically 
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conjugated oxygen in the form of nitrate or nitrite is 

initiateed by recycling nitrified mixed liquor from 

the aerobic section.[2] In AAO-SBSPR (Anaerobic-

anoxic-oxic/sequencing batch sidestream 

phosphorus recovery), a customary AAO 

mainstream line is conjugated with a sidestream 

phosphorus recovery line. The sidestream 

phosphorus recovery process is functioned in a batch 

mode.  The operation consists of two parts i.e the 

mainstream AAO reactor for nutrient removal and 

sidestream sequencing batch reactors (SBR) for P 

recovery.[2] 

3.5.1 Process Description             

    During the operation of the process, part of the 

sludge in the secondary clarifier is pumped into the 

sidestream phosphorus release reactor (PRR), and in 

the time interval, part of the influent is also diverged 

into the PRR to render the carbon source for 

Phosphorus release under anaerobic conditions.[2]  

After phosphorus is released to the liquid phase, the 

sludge is permited to settle down to obtain the 

phosphorus enriched supernatant, which is then 

pumped up to chemical precipitation reactor where 

phosphorus is recovered by adding 

 

Fig 7. Working of AAO-SBSPR[2] 

Ca(OH)2.  The ordained sludge is recycled back to 

the anoxic tank of the AAO reactor. The supernatant 

of the chemical precipitation reactor after 

Phosphorus  recovery is pumped back to the influent 

of the AAO reactor to further take out the residual 

COD, nitrogen (N) and other contaminants.[2] 

 

 

4. CONCLUSIONS 

 

     A new AAO-SBSPR operation can retrieve 

phosphorus from municipal wastewater and up to 

65% of the influent P can be recovered with the 

phosphate removal efficiency of 99%.[2] The 

average Total Nitrogen removal efficiency can be 

achieved upto 72% in the AAO operation. Thus  

AAO-SBSPR process shows a promising result for 

Total Nitrogen and total Phosphorus removal  along 

with enhanced Phosphorus recovery from the 

wastewater as studied by the researchers.[2] Total 

nitrogen removal efficiency in Bardhenpo 4 stage 

process could be accomplished upto  97%  and total 

phosphorus removal  efficiency  could be achieved  

up to 50% only.[4] Total Nitrogen  and total 

phosphorus removal  efficiency  in Modified 

Bardhenpo process(5 Stage) could be achieved  up 

to 99% and 90% respectively but it provides no 

provision for phosphorus recovery.[4] Enhanced 

biological phosphorus removal technique could 

achieve P removal efficiency up to 90%.. The novel 

Biological phosphorus removal mode, outlined as 

oxic/extended idle regime (O/EI), has the 

characteristic of simple operating process, stable and 

efficient phosphorus removal, and low dependence 

on carbon sources.[10] 
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