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Abstract :Most of the pharmaceutical wastewater contain 

nitrogenous compounds that have negative impacts on water 

environments like eutrophication, damage to aquatic life 

and oxygen depletion. Magnesium Ammonium Phosphate 

(MAP) precipitation has potential for removal ofammonia 

from pharmaceutical wastewater, It is most promising 

physio-chemical process. The white crystalline substance 

called struvite, is a mineral composed of magnesium, 

ammonium and phosphate ions and have a distinctive 

orthorhombic structure. The process contributes for removal 

of NH3-N by forming struvite crystals under required 

conditions. The intention of the paper is to review different 

parameters affecting process like pH, mixing time as well as 

stoichiometric ratios of reagents and the efficiency of 

removal of ammoniacal nitrogen of Pharmaceutical 

wastewater. 
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1. Introduction 

The chemistry of nitrogen is complex, the most common and 

important forms of nitrogen in wastewater and their 

corresponding oxidation state in the water/soil environment 

are ammonia (NH3), ammonium (NH4
+
), nitrogen gas (N2), 

nitrite ion (NO2
-
), and nitrate ion (NO3

-
).  Total nitrogen is 

comprised of organic nitrogen, ammonia, nitrite, and nitrate 

[1]. Ammonia nitrogen exists in aqueous solution as either the 

ammonium ion (NH4
+
) or ammonia gas (NH3), depending on 

the pH of the solution [2].The equilibrium reaction is: 

NH4
+
 ↔ NH3 + H

+
                     (1)     

The removal of compounds containing nitrogen is a core 

element of the wastewater treatment facility and is intended to 

reduce and prevent eutrophication of sensitive inland and 

coastal waters, with more stringent standards imposed 

regarding nutrient removal, treatment processes have been 

developed to remove compounds containing nitrogen.  

Magnesium ammonium phosphate (MAP) precipitation has a 

potential for removal of ammonia from pharmaceutical 

wastewaters and it is most promising physico-chemical 

process [3]. Magnesium Ammonium and Phosphate in equal 

concentration make white crystalline substance called 

‘Struvite’ crystals. It have distinctive orthorhombic structure, 

and can be identified via X-ray diffraction (XRD). The 

precipitation process is complex and affected by interferences 

[4]. The pH range is 8-10 for MAP process [4] [5]. In this 

study, the theoretical basic, characteristics and limitations of 

the MAP precipitation are discussed by reviewing different 

papers and reports. 

1.1 Pharmaceutical wastewaters 

Pharmaceutical industries have two arms, one is Active 

Pharmaceutical Ingredients (API) and Formulation plant. 

These industries use organic and inorganic compounds as a 

raw materials. The API industries generates large amount of 

wastewater compared to formulation one. High quality of 

water is required in manufacturing processes in 

pharmaceutical Industries. From API to bulk drug 

manufacturing, different chemical operations are done and 

vast amount of wastewater is generated which may be acidic 

or basic in nature. Products contain nitrogen generate 

wastewater having high amount of NH4
+
-N and high COD [4]. 

To prevent aquatic environment and sustain ecological life, 

such wastewater should treated before disposal to aquatic 

body. 

1.2 Alternative processes 

There are several methods for treating Ammoniacal Nitrogen 

from wastewater. Less sophisticated methods, such as 

irrigation, infiltration and recirculation are also used. However 

these method cause Land pollution [5]. The alternative 

methods for removal of NH4
+
-N are discussed in TABLE.1. 

In spite of above methods, MAP process has many advantages 

like struvite crystals can be used as a fertilizer[7] and has 

small footprint compared to biological and other treatments 

[8]. 

1.3 Magnesium Ammonium Phosphate (MAP) Process 

Many of the pharmaceutical wastewater has characteristics of 

low pH, high Ammoniacal Nitrogen and high amount of 

Chemical Oxygen Demand (COD) [9], therefore MAP 

process is most promising physico-chemical process for 

removal of Ammoniacal Nitrogen from pharmaceutical 

wastewaters [3]. The kinematics of precipitation is divided in 

two steps: Nucleation and growth. Nucleation occurs when 

ions combine to form crystal embryos that can act as the 

foundation of growth. After nucleation, crystal growth 

continues until equilibrium is achieved [10]. 

The basic condition required for this process is pH in range of 

8.5-10[6], optimum stoichiometric ratio of reagents of 

Magnesium source and Phosphate source, mixing time of 60 

minutes [11].For the formation of struvite, the reagents like 

Magnesium Oxide (MgO), Magnesium Chloride (MgCl2), 

Magnesium Hydroxide (Mg(OH)2), Magnesium Sulphate 

(MgSO4) and bittern can be used for source of Magnesium 

ion[12]. Due to high solubility and reactivity MgCl2 and 

MgSO4 are widely used on laboratory and commercial scale 

[12]. Disodium Hydrogen Phosphate (Na2HPO4) is used for 

phosphate ion source.Fig. 1 is showing X-Ray Diffraction 

(XRD) image of struvite. The basic reactions done are [9]: 
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Mg2+ + H2PO4 + NH4
+ + 6H2O → MgNH4PO4 . 6H2O ↓ + 2H+    (2) 

Mg2+ + HPO4
2- + NH4

+ + 6H2O → MgNH4PO4 . 6H2O ↓ + H+     (3) 

Mg2+ + PO4
3- + NH4

+ + 6H2O → MgNH4PO4. 6H2O ↓              (4) 

Struvite crystal can be used repeatedly and it will decrease the 

cost of the process. Huang (2011) stated that struvite can be 

used repeatedly up to five cycles and thus the treatment cost 

can be reduced. Shilong He (2007) decreased total chemical 

cost up to 44% by using three times recycled crystals. 

Precipitate of struvite can also be used as a fertilizer [7]. He 

stated that whenapplied ratio of Mg:N:P is 1:1:1, amount of N 

is 4.9%, Mg is 8.6% and P is 16%. Thus struvite is valuable 

fertilizer with its high nutrient values. 

 

Figure1: Crystals of Struvite (Doyle, J.D. (2002)) 

Overview of research activity 

 

Literature review has been done from various papers 

published in nation and international journals, various reports 

and books as well as online articles for broad idea of this 

process. Various alternative methods, factors affecting process 

and other parameters studied are included in this article. 

This paper covers various articles published in reputed journal 

publication like Elsevier, IEEE, J. Environ. Eng., etc. The Fig. 

2 shows distribution of reviewed articles on the basis of their 

publication. 

The articles related to remove Ammoniacal Nitrogen by MAP 

process and various other processes, Terminology of Struvite 

precipitation published over the horizon of 1991 to 2017 have 

been included as a part of literature review as shown in Fig.3. 

 

Fig. 2: Distribution of Articles based on Publications 

 

Fig. 3: Year wise distribution of articles reviewed 

2. Key Parameters Affecting Struvite Precipitation 

Many parameters affecting struvite precipitation like pH, 

mixing time and stoichiometric ratio of reagentsare reviewed 

from different papers and discussed in this section. 

 

1.4 Effect of pH on reaction 

Dan Zheng (2011) stated that being MAP an alkaline salt, it 

could be completely dissolved in acid solution, and so alkaline 

conditions are favourable for precipitation of struvite. But at 

higher pH (pH > 11), NH4
+
-N will change into free ammonia 

and it cannot be removed through precipitation. At pH 7, no 

struvite will be produced at detectable levels, at pH 8, small 

crystal will be formed [11].  So the effective pH for this 

reaction is in range of 8-10. Stratful (2001) concluded that 

maximum removal of NH4
+
-N is obtained at pH 9.5.  

 

1.5 Effect of mixing time 

Mixing is required for efficient growth of struvite, because 

mixing causes local changes in thermodynamic properties and 

accumulation of struvite. Mixing energy influences the 

process because, CO2 liberation causes reduction in solubility 

of struvite growth [10]. At mixing time of 60 minute, the 

maximum crystals are obtained [11]. If the reaction time is of 

more than 2 h, the effect would not be good as it should be 

[9]. If the mixing time will be more, some of the crystals will 

start breaking due to low strength of the crystals [9]. Zaixing 

Li (2012) observed 75 µm length of the crystals at mixing 

time of 60 minutes. 

 

1.6 Stoichiometric ratio of reagents  

The stoichiometric ratio of reagents of Magnesium ions and 

Phosphate ions are very important parameter for generation of 

struvite crystals. It is necessary to maintain the molar ratio of 

the reagents. The molar ratio varies with different wastewater 

samples [16]. Various molar ratios are applied in different 

literature. Depending upon the characteristic of the 

wastewater, optimum ratio of reagents are calculated. Dan 

Zheng(2011) stated that the highest removal of NH4
+
-N could 

be obtained at theoretical molar ratio of Mg
2+

 : NH4
+
 : PO4

3-
 is 

1:1:1. Purity of the precipitates for removal of NH4
+
-Nis peak 

at 1:1:1 [15]. Optimum stoichiometric ratio can also be reduce 

the cost of the treatment. 

 

II. Conclusion 
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Magnesium Ammonium Phosphate is feasible process with 

Pharmaceutical wastewaters for removal of Ammoniacal 

nitrogen. It can be used as pre-treatment in pharmaceutical 

industries where NH4
+
-N is in high concentration. Optimum 

pH of reaction is in range of 8-10, as pH increases the 

solubility of struvite decreases. Maximum removal of NH4
+
-N 

can be achieved by proper mixing time,because turbulence 

causes a reduction in the pressure and encourages a struvite 

precipitation. Calculated molar ratio of Mg
2+

 : NH4
+
 : PO4

3-
 is 

important parameter affecting removal efficiency of the 

process. Struvite crystals can be used repeatedly for cost 

effectiveness, as well as struvite can used as fertilizer due to 

its nutrients values.  
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Table 1: Alternative Technologies for Ammonia removal 

Method Terminology Disadvantages References 

Ammonia 

Stripping 

Mass transfer of gas from the 

liquid phase to the gas phase 

 

• Maintaining the required pH 

• Calcium carbonate scaling in reactor tower and feed 

lines 

• Poor performance during cold weather operation 

• High investment cost and construction cost 

[1], [5] 

Ion exchange  

(Ammonium -

exchange) 

Ions of given species are 

displaced from insoluble 

exchange material by ions of a 

different species in solution 

• Extensive pre-treatment required 

• Life of the ion-exchange resins 

• Complex regeneration system required 

[1] 

Chemical oxidation 

of Ammonia 

Chlorine is used to oxidize the 

ammonia nitrogen, known as 

Breakpoint chlorination 

• Build-up of acid(HCl) 

• Build-up of total dissolved solids 

• Formation of unwanted chloro-organic compound 

[1] 

Stream stripping of 

Ammonia 

The ammonia stripped from the 

supernatant is converted to the 

ammonium ion by passing off-

gas through an acid bath. 

• Extensive fouling (e.g. Iron deposits) 

• Maintaining required pH 

• Controlling the steam flow 

• Maintaining the stripping tower temperature 

[1], [5] 

Biological 

nitrification and 

denitrification 

Oxidation of ammonia to nitrate 

under aerobic condition followed 

by reduction of nitrate to 

nitrogen gas 

• Aeration is expensive [5] 

 

 


