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One of the most severe problems in the aquatic environment is the eutrophication phenomenon resulted 

from the excess amount of phosphorus and nitrogen compounds which can come from the release of 

wastewater into environment. Therefore, there is a need for removing these phosphorus and nitrogen 

compounds from wastewater before being discharged into the environment.  

 

The aim of this thesis is to analyze the efficiency of using iron salts and magnesium salt in phosphorus 

removal in raw municipal wastewater (influent), biologically treated wastewater (effluent) and sludge 

water after anaerobic stabilization. The experiments were aimed at obtaining information not only about 

phosphorus removal, but also about the side-effects of precipitation (NH4-N, COD removal efficiency). 

For precipitating phosphorus in wastewater, the following coagulant agents are used: solution of 40% 

Fe3+ and 40% mixture of Fe3+ and Al3+. In the case of sludge water, Fe3+, Fe3+/Al3+ and Mg2+ was used. 
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1 INTRODUCTION 

 

 

As the environment is severely damaged due to the direct release of harmful components in wastewater 

into the environment, people become more concerned about wastewater treatment. Beside that, due to 

the predicted intensive shortage of water, the reuse of wastewater becomes more essential. Therefore, 

the need for developing wastewater treatment technology is the most important to maintain the sustain-

able development.  

 

The release of harmful components in the raw wastewater does harm both human and aquatic lives. One 

of the most severe problems in the aquatic environment is the eutrophication phenomenon. The eutroph-

ication is the uncontrollable growth of microorganisms and algae due to the excess nutrients in the water 

bodies. The excess nutrient can be resulted from the phosphorus and nitrogen compounds from the 

wastewater released into the environment. Therefore, the removal of these phosphorus and nitrogen 

compounds from wastewater before being discharged into the environment is essential.  Currently, there 

are some methods to remove phosphorus and nitrogen from wastewater. They can be categorized into 

two categories: biological and chemical method. The biological method makes use of the microorganism 

or algae to absorb the phosphorus and nitrogen compounds to become the parts of their cells. The chem-

ical method makes use of agents such as salts of the chemicals such as calcium, iron or aluminum to 

precipitate phosphorus. The precipitate is then recycled to use with other purposes such as fertilizer.  

 

In this thesis, the removal method of phosphorus using iron salts and magnesium salts in biologically 

treated wastewater, in sludge water after anaerobic stabilization and raw wastewater are evaluated by 

using spectrophotometric analysis. The removal efficiency of nitrogen which is the side-effect of phos-

phorus precipitation is also analyzed.    
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2 THEORY 

 

 

This part presents the chemistry of phosphorus as well as the benefits and harms of phosphorus to the 

living organisms. Due to the harms of phosphorus to living organisms, there is a need of removing this 

component before discharging in the environment. In this part, the current methods of phosphorus re-

moval as well as the recovery of phosphorus after removal are also presented.  

 

 

2.1 Phosphorus 

 

The phosphorus element is supposed to be formed in the big bang about 14 billion years ago during the 

stellar nucleosynthesis. Phosphorus and its compounds play an essential role for life on Earth. Phospho-

rus compounds are parts of living organisms such as in DNA, in cell membranes. Besides that, phospho-

rus has many uses in human activity such as in agriculture, in food industry, in batteries production and 

in other industry. However, the abundant amount of phosphorus in environment could cause ecological 

damage such as eutrophication phenomenon. 

 

 

2.1.1 Basic chemistry of phosphorus 

 

The phosphorus element is supposed to be formed in the big bang about 14 billion years ago during the 

stellar nucleosynthesis (Wilfert 2018 [Silk 1980]). Phosphorus is first synthesized by human in 1669 by 

various cooling and heating process of urine (Wilfert 2018 [Overway 2017]). In nature, there are differ-

ent forms of elemental phosphorus, however, the most common form is white and red phosphorus (PIC-

TURE 1). Phosphorus has the atomic number 15, atomic mass 30.974 g/mol, the main oxidation states 

are -III, +III, and +V. The white form of phosphorus is very reactive, therefore it is used for producing 

weapons while the red form is often used together with other materials to produce products such as 

semiconductors, matches, pesticides and flame retardants. Beside the solid form, phosphorus also occurs 

in gaseous forms as phosphine. (Wilfert 2018.) 
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PICTURE 1. Red phosphorus (Theodore 2003) 

 

 

2.1.2 Benefits and harms of phosphorus  

 

Phosphorus and its compounds play an essential role for life on Earth. Phosphorus compounds are parts 

of living organisms such as in DNA, in cell membranes. Besides that, phosphorus has many uses in 

human activity such as in agriculture, in food industry, in batteries production and in other industry. 

However, the abundant amount of phosphorus in environment could cause ecological damage such as 

eutrophication phenomenon. 

 

Phosphorus is the key for the living of organisms on Earth. For example, a charged particle of phospho-

rus element which is phosphate is a part of DNA and RNA lipids which provides genetic code for life. 

Phosphate is also a part of energy carrier ATP. The phosphate group forms a hydrophilic head (PIC-

TURE 2) in the phospholipids which is an important part of cell membranes as a barrier between the 

cells and the external environment (PICTURE 3).  Phosphorus also has ability to make muscles contract 

as well as help nerves function. Calcium phosphate plays an important role in the body by being a com-

ponent of skeleton and teeth. Furthermore, phosphorus is also an essential nutrient for the growth of 

plant. It is involved in plant function such as in photosynthesis, in energy transfer and in nutrient move-

ment and in genetic inheritance to the next generations. (Healthwise Staff 2019; Reece, Urry, Cain, 

Wasserman, Minorsky & Jackson 2008.) 
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PICTURE 2. Structure of a phospholipid molecules in which phosphate is a part of the hydrophilic head 

(Reece, Urry, Cain, Wasserman, Minorsky & Jackson 2008.) 

 

 

 

 

PICTURE 3. Phospholipid self assemble in an aqueous environment into bilayer structure which is the 

cell membranes. (Reece, Urry, Cain, Wasserman, Minorsky, Jackson, 2008.) 

 

In industry, most common use of phosphorus is in agriculture as phosphatic fertilizer. 80% of mined 

phosphate is used in agriculture. Besides that, the phosphorus acid and other phosphate compounds can 

be used for producing batteries, detergents, surface treatment, fire extinguisher and so on. Moreover, the 

high purity of the phosphorus compounds can be used in pharmaceutical and food production (Toama 

2017.)  
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On the other hands, the phosphorus compounds can also do harm to the environment. The excess amount 

of nutrients such as phosphorus and nitrogen in the rivers, lakes or sea could lead to the unbalance of 

organisms in water and abnormal growth of algae in water bodies (PICTURE 4). This phenomenon is 

called eutrophication. The uncontrollable growth of algae can lead to the reduction of oxygen level and 

pH level which harms fish and other aquatic life. The eutrophication is commonly caused by industrial 

activities such as using exceed amount of fertilizer, discharging untreated wastewater to the natural wa-

ter. To prevent the eutrophication in the water bodies, the removal of phosphorus and nitrogen in 

wastewater before discharging into rivers, lakes or sea is very important. (Oguz 2004.)   

 

 

PICTURE 4. Excess nutrition causes the abnormal growth of algae in the water. (EU Science Hub 2017) 

 

 

2.2 Phosphorus removal 

 

There are some methods to remove phosphorus and nitrogen from wastewater. They can be categorized 

into two categories: biological and chemical method. The biological method makes use of the microor-

ganism or algae to absorb the phosphorus and nitrogen compounds to become the parts of their cells. 

The chemical method makes use of agents such as salts of the chemicals such as calcium, iron or alu-

minium to precipitate phosphorus. 
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2.2.1 Precipitation by metal salts  

 

The main method for phosphorus removal in wastewater is chemical precipitation with iron, lime, alum 

or magnesium salts. The wastewater phosphorus is bound with coagulant agents such as iron aluminum 

chloride or sulfate, or calcium hydroxide. The reaction between coagulant agents and phosphorus is 

dependent on alkalinity, pH, trace elements, and ligands. 

 

The precipitation of iron salts with phosphorus is the most common method due to its effectiveness. The 

use of iron coagulant containing Fe2+ and Fe3+ ions is the most common method. In case of municipal 

wastewater, available literature estimates a dosage of 15 to 30 mg/l to precipitate 85 – 90 % of phospho-

rus (Nieminen, 2010 [Vesilind, 1998]). The precipitating phosphorus reaction in wastewater (Equation 

1).  

 

 FeCl3 + HPO4
2- -> FePO4 ↓ + H+ + 3 Cl-  (Equation 1) 

 

Another method to remove common phosphorus pollutants such as mono and polyphosphonates in in-

dustry and household applications is the combination of iron with other metal salts such as Ca, Cu and 

Zn (De-Bashan and Bashan 2004 [Nowack and Stone, 1999] Liang 2009). The blast furnace slag is by 

product of iron-making industrial can also be used for phosphorus removal due to its abundance and 

easy availability. Blast furnace slag contains high percentages of alumina and silica. Therefore, it has 

high capacity in phosphorus adsorption. The efficiency of this method is high. With the appropriate 

condition in pH, temperature and dose can be removed 99 % of phosphorus from wastewater (Oguz 

2004). Another by-product from industry which can be used for removal of phosphorus in water is the 

iron/calcium oxides produced in steel manufacturing. The efficiency of removing phosphorus is also 

high. More than 99 % of phosphate in the effluent is removed within one hour. Silica sand, limestone 

and iron/calcium oxide are made into a column to remove phosphorus. Continuous loading of a column 

composed of mentioned materials, at representative groundwater flow rates over four years of continu-

ous operating, removed over 90 % of phosphates from the water (De-Bashan and Bashan, 2004; Baker, 

Blowes & Ptacek 1998.) 

 

Another metal ion which is usually used for phosphorus removal is aluminum. It has the minimum sol-

ubility between pH 5.5 and 6.5. Aluminum hydroxide (Al(OH)3) have strong ability to adsorb ortho-

phosphate and phosphate almost immediately. In case of organic phosphate, aluminum hydroxide pre-
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cipitates only at the low pH of 3.6. Typically, the aluminum precipitate formed during the removal pro-

cess depends on the organic matter in the wastewater. It is recommended that phosphorus treatment by 

alum should be used at the end of the water treatment process when the organic matter concentration is 

relatively low to prevent the inhibits of phosphorus removal caused by organic matter (Nieminen, 2010; 

De-Bashan & Bashan, 2004.) 

 

Due to the low cost and ease in operating, calcium is another common method for phosphorus precipi-

tation. Calcium in Ca(OH)2 form is added to water. The optimal amount of calcium needed to precipitate 

phosphorus is dependent on the total alkalinity. The formation of carbonates can inhibit the precipitation 

of phosphorus since both carbonate and phosphate compete for calcium. The solution for this problem 

is the suitable pH. The good pH for the high efficiency of phosphorus removal is from pH 9.5 to 10. In 

the municipal wastewater treatment process, lime is used as the pretreatment before the biological pro-

cess. The crystallization method of phosphorus by using the seed material containing calcium silicate 

hydrate is also a common method. In this method, the orthophosphate is crystalized at pH 8.0 – 8.5, 

forming calcium phosphate crystals on the surface of the seed material. The efficiency of the crystalli-

zation method is from 75 % to 85 % (Moriyama, Kojima, Minawa, Matsumoto & Nakamichi 2001). 

Phosphorus removal with Ca2+ is typically not feasible due to the operational problems, the produce of 

larger amount of sludge (compared to the aluminum and iron salts) and the adjustment of pH before and 

after the precipitation. (Nieminen 2010.)  

 

Magnesium salts is another method for removing phosphorus, however, this method is the least used, 

apart from intentional formation of struvite (see later in this thesis). Typically, magnesium hydroxide is 

added to the anaerobic sludge digester to reduce the amount of suspended solids, COD as well as a lower 

concentration of phosphate and ammonia. At the pH of 10.5, treating the wastewater with magnesium 

hydroxide can remove 83 % of ammonia and 97 % of phosphorus. (De-Bashan & Bashan 2004.) 

 

 

2.2.2 Cultivation of microorganisms  

 

The biological treatment method is the method which makes use of microorganisms to remove nutrients 

in bioreactors.  Currently, there are several research about using microorganisms in wastewater treatment 

process. These include microorganisms such as bacteria and microalgae. 

 



8 

 

The method of using microalgae for wastewater treatment is called nutrients stripping. The growth of 

algae in wastewater can help eliminate BOD, nitrogen and phosphorus, and bacteria in wastewater. Since 

the requirement for algae growth is nutrient such as phosphorus and nitrogen, the use of microalgae for 

treating wastewater is an cost-efficient method. The efficiency of this method is high, for example Chlo-

rella vulgaris algae can remove for 86 % of inorganic nitrogen and 70 % of inorganic phosphorus (Lau 

et al., 1996). The algal growth depends not only on the nutrients availability but also on other factors 

such as pH, light, temperature and biotic factor (initial density of algae). It is expected that the higher 

density the higher efficiency of removing phosphorus and nitrogen. However, the exceed density of 

algae can lead to self-shading which accumulates autoinhibitors. This phenomenon can reduce the effi-

ciency of photosynthetic. The growth algae can be cultivated and produced biodiesel. Due to the high 

oil content, the high growing rate and the same characteristic with diesel, biodiesel from algae is re-

searched to become an alternative fuel for diesel in the future. Therefore, the combination of the two 

processes (wastewater treatment and biodiesel production from algae) can reduce the operation cost of 

wastewater treatment as well as the biodiesel production. (Abdel-Raouf, Al-Homaidan & Ibraheem 

2012; Rastogi, Pandey, Larroche & Madamwar 2018.) 

 

EBPR (Enhanced biological phosphorus removal) is the method which makes use of bacteria to accu-

mulate inorganic polyphosphate by their cells. EBPR consists of two phases which are anaerobic and 

aerobic phase (PICTURE 5). Typically, by assigning spatial zonation, the anaerobic-aerobic cycles can 

be commercially and easily to operate in a continuous flow system which recycles the sludge. The main 

energy for the two processes is from polyphosphate since the hydrolysis process of polyphosphate can 

supply energy for biochemical reactions in the cells. In the anaerobic phase, microbes are added as in-

oculum to the wastewater.  The added microbes in the sludge use the energy from the hydrolysis of 

polyphosphate to remove organic and carbon sources from wastewater, to accumulate storage biopoly-

mers such as PHAs and glycogen and to release the orthophosphate from the sludge. In the anaerobic 

phase, the nutrients such as acetate and glucose are added as an additional carbon source for achieving 

the higher efficiency. When come to the aerobic phase, the microbes use the energy source from PHAs 

and carbon to absorb the amount of orthophosphate which is much more than the amount released in the 

anaerobic phase. The final sludge of the EBPR method is rich in phosphates and consists of large amount 

of microbial and organic matter. It is usually used for production of biogas or discarded. However, small 

part of the sludge is kept for further use as an inoculum for the treatment of new wastewater. The effi-

ciency of EBPR is high, 96.5 % of organic matter, 70 % of nitrogen and 100 % of phosphorus is removed. 

Furthermore, after a long time of operation, the process still maintains at high performance (De-Bashan 

& Bashan 2004 [Chuang & Ouyang 2000].) 
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PICTURE 5. The process of enhanced biological phosphorus removal (Modin, Persson, Wilén, Her-

mansson 2016) 

 

 

2.3 Phosphorus recovery 

 

Currently, removed phosphorus from wastewater treatment plants is recycled for other purposes such as 

directly use in agriculture, in production of struvite and sludge ash. The low-cost option for phosphorus 

recovery is application of sludge after hygienisation directly to agriculture land. Beside that, there are 

several options for phosphorus recovery to reach high value products. In present, struvite precipitation 

is attracting the most interest. Struvite or MgNH4PO4.6H2O contains NH4, PO4
3- ions and Mg2+ in molar 

ratio 1:1:1.  Finally, the ash from the incineration of sewage sludge can be used for road constructions 

or concrete industry. (Wlifert 2008.) 

 

 

2.3.1 Calcium phosphate crystals  

 

Directly after hygienisation, sludge can be used and applied to agricultural land. Calcium phosphate is a 

form of recovered phosphorus which can be comparable as phosphate rock. Calcium phosphate can be 

used in fertilize industry. Calcium phosphate crystals (PICTURE 6) are formed by crystallization process 

in phosphorus rich liquid with the addition of calcium. The pH value is over 8 (Equation 2).  
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3 Ca2+ + 2 PO4
3- → Ca3(PO4)2  (2) 

 

In the liquid with low phosphorus concentration, the precipitation of calcium phosphate is not spontane-

ous. The precipitation of calcium phosphate in wastewater also requires high amount of ions saturation. 

Therefore, the seed material such as sand or calcium silicate crystals are used for enhancing the precip-

itation process. (Nieminen 2010.) 

 

 
PICTURE 6. Calcium phosphate crystal (Science Photo Library) 

 

 

2.3.1 Struvite  

 

Struvite (PICTURE 7) is a phosphate fertilizer which contains ammonium, phosphate and magnesium. 

It is also called magnesium ammonium phosphate hexahydrate (MgNH4PO4.6H2O). Struvite precipita-

tion requires a combination of EBPR and sludge digestion, ideally in combination with a phosphorus 

stripping process. Then pH needs to be increased and magnesium is added to form struvite precipitation 

in the sludge or sludge water. By containing large amount of nutrients such as phosphorus, nitrogen and 

magnesium as well as the slow release mechanism resulted from the low solubility at neutral pH, it is 

beneficial to use struvite for fertilizer. However, unlike calcium phosphate, struvite contains ammonia 

so it is not recommended for using struvite in electro-thermal process as replacement for raw material. 

The efficiency of phosphorus recovery of struvite is not high, typically 10-50% of the total influent 

phosphorus load due to the loss of phosphorus into the biomass cell or bound to metals. (Nieminen, 

2010; Wilfert, 2018; Butler, 2018.) 
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PICTURE 7. Struvite (Butler 2018) 

 

 

2.3.2 Ash 

 

Ash is the product of the incineration of sewage sludge. The incineration process produces the ash which 

is rich in phosphate. The organic compounds, especially the toxic organic compounds are also decom-

posed by incineration. The sewage sludge ash has not many applications since the phosphorus in the ash 

cannot be absorbed by plants. Therefore, after incineration, the ash is treated further with wet-chemical 

technologies or thermo-chemical to recover phosphorus. In the wet-chemical process, phosphate is 

leached from the ash through acidic dissolution. Typically at pH 3 – 4 the phosphate starts to release (at 

pH 2 nearly 90 %). In case of ash with low iron concentration, the thermochemical process can be applied 

to produce white phosphorus. Thermochemical process can not only recover phosphorus but also remove 

heavy metals as well as increase the bioavailability of the phosphate in the ash. The ash from the incin-

eration of sewage sludge can be used for road constructions or concrete industry. (Nieminen 2010; 

Wilfert 2018.) 

 

 

2.4 Analysis of phosphorus removal method by spectrophotometer 

 

Spectrophotometer is a popular method in analytical chemistry to measure the quantity of a sample based 

on the intensity of light that the sample absorbs or transmits. Spectrophotometry method has high sensi-

tivity and precision. The use of spectrophotometer instrument is easy, therefore, it has widely application 

both in chemistry as well as physic fields. 
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2.4.1 Principle of spectrophotometer  

 

Spectrophotometer is a method to measure the quantity of a sample based on the intensity of light that 

the sample absorbs or transmits. As the law of photometry states that when a beam of light passing 

through a solution, a part of it is absorbed, other part is reflected and the rest is transmitted. Every chem-

ical has its own range of absorbing, transmitting or reflecting wavelength, therefore, the intensity of light 

after passing through the sample can give people information about quantity of required chemical com-

ponent.  Spectrophotometry is widely known as a powerful tool for quantitative and qualitative analysis 

due to it high sensitivity and precision. The spectrophotometer instrument is also easy to handle and 

widely available, therefore, it has widely application both in chemistry as well as physic fields. (Chem-

istry LibreTexts 2020.) 

 

 

2.4.2 Instrument and mechanisms of spectrophotometer  

 

A spectrophotometer is an instrument which has ability to measure the intensity of light as the amount 

of photons absorbed by the components within the sample when the light passing through the sample. 

From the intensity of light measured, the instrument can give out the quantity (concentration) of the 

required chemicals. The spectrophotometer can be classified into two types which are UV-visible spec-

trophotometer and IR spectrophotometer based on the range of wavelength it uses to measure. The UV-

visible spectrophotometer uses the light which has wavelength from the ultraviolet range (185-400nm) 

to the visible range (400-700 nm) of the radiation spectrum. The IR spectrophotometer uses the light 

which has wavelength over the infrared range which is from 700 to 1500 nm of the radiation spectrum. 

However, both the two types of spectrophotometer follow the basic structure as shown in picture 8  

 

 

PICTURE 8. The basic structure of spectrophotometer (Chemistry LibreTexts 2020) 
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Basically, a spectrophotometer consists of a spectrometer and a photometer. A spectrometer has the 

function of producing the wavelength of desired range while photometer has the function of measuring 

the intensity of light as amount of absorbed photons. As seen from picture 8, a spectrophotometer works 

in combination of spectrometer and photometer. After the light is transmitted by the collimator to the 

monochromator, it is split into different wavelengths. The wavelength selector then slips and transmits 

only the wavelength desired. The desired wavelength is the common wavelength of the chemical needed 

to be analyzed. As the light passes through the cuvette, the sample solution absorbs the photons. The 

number of absorbed photons depends on the concentration of the component in the sample as well as the 

length of the cuvette. The absorbed photons are detected at the detector and displayed at the galvanom-

eter. Using the resulted of absorbed photons, the transmittance which is the light fraction passed through 

the sample can be calculated based on the intensity of light after passing through the cuvette by the 

equation (3).  

 

𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑎𝑛𝑐𝑒(𝑇) =  
𝐼𝑡

𝐼𝑂
  (3) 

 

Io is the intensity of light before passing through the cuvette and It is the intensity of light after passing 

through the cuvette. Then transmittance can be used for calculating the number of photons absorbed 

(absorbance) by component within the sample by Lambert law in equation (4)  

 

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 =  − log(𝑇) =  −log (
𝐼𝑡

𝐼𝑂
)  (4) 

 

From the calculated absorbance, the unknown concentration of component can be calculated by Beer-

Lambert Law (equation 5).  

 

𝐴 =∈ 𝑙𝑐 (5) 

 

A is the absorbance, ∈ is the molar absorptivity or the coefficient of absorption, l is the path length and 

c is the concentration of component in the solution. (Chemistry LibreTexts 2020) 
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2.4.3 Evaluating the phosphorus removal method by spectrophotometer 

 

The molybdenum blue phosphorus method is used in combination with the UV-Visible spectrophotom-

eter at 830nm. This is a sensitive method which has high accuracy. The method requires the molybdate 

solution together with the acidic solution such as sulfuric acid. The orthophosphate within the sample 

and molybdate interacting in an acidic solution can form phosphomolybdic acid which can give out the 

blue color after reduction reaction with hydrazinium sulphate (PICTURE 9). The phosphate in the solu-

tion is proportional to the intensity of the blue color which can be measured by the UV-Visible spectro-

photometer. The phosphorus removal efficiency is evaluated by the proportion of concentration of phos-

phorus in the solution before adding chemicals to the concentration of phosphorus in the solution after 

forming precipitation (Kharat & Pagar 2009.)  

 

PICTURE 9. The blue color of the phosphate solution when interacting with molybdate in an acidic 

solution.   
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3 EXPERIMENT: PHOSPHORUS REMOVAL BY IRON SALTS AND MAGNESIUM SALT 

 

 

This paper presents results of laboratory experiments of phosphorus removal from raw municipal 

wastewater (influent), biologically treated wastewater (effluent) and sludge water after anaerobic stabi-

lization. The experiments were aimed at obtaining information not only about phosphorus removal, but 

also about the side-effects of precipitation (NH4-N, COD removal efficiency). 

 

 

3.1 Material and methods  

 

For precipitating phosphorus in wastewater were used following coagulant agents: solution of Fe3+ at 40 

% and mixture of Fe3+ and Al3+ at 40%. In the case of sludge water, Fe3+, Fe3+/Al3+ and Mg2+ was used. 

There is also the use of NaOH for the need of pH neutralization. Rochelle (Seignette) salt and Nessler 

coloring agent are needed for determination of NH4-N concentration by the spectrophotometric analysis. 

For the determination of PO4-P concentration by the spectrophotometric analysis, sulfuric acid solution, 

ammonium molybdate, antimony potassium tartare and ascorbic acid are needed to prepare for the mixed 

agent  

 

 

3.1.1 Procedure of phosphorus precipitation  

 

The first step of experiment was analysis of unadjusted sample (influent, effluent, sludge water). The 

original sample was filtered and in case of need was diluted. The experiment continued by taking 100 

ml of unfiltered sample and the measurement of pH before coagulant addition. Then the commercially 

supplied coagulant agent was added to the sample with different dose. Metal/PO4-P doses were in molar 

ratios β = 2, 4, 6 (8). The sample was then mixed quickly for 5 minutes and slowly for 15 minutes using 

a magnetic stirrer flocculation of precipitates). The next step was measuring of pH after coagulation and 

the pH adjustment by 1 M NaOH (to neutral pH or in case of Mg2+ to pH above 10). After that sedimen-

tation for 15 minutes followed (the sample shows clearly 2 layers as seen in picture 10). The above layer 

is the supernatant while the bottom layer is the chemical precipitate. The sedimented sample (without 

filtration) was used to analyze the individual parameters (COD, PO4-P, NH4-N). The UV/VIS spectro-

photometer (Hach Lange DR 5000) was used and pH values were determined using a Hanna Instruments 

HI2002-02 EDGE pH meter.  
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PICTURE 10. The two layers of liquid after sedimentation. The above layer is supernatant while the 

bottom layer is chemical precipitate. 

 

 

3.1.2 Analysis of PO4-P and NH4-N concentration by the spectrophotometric analysis  

 

The process of determination of PO4-P concentration by the spectrophotometric analysis is as followed. 

First, the mixed agent needed to be prepared by adding 2.5 ml of sulfuric acid solution with 1 ml of 

ammonium molybdate, 0.5 ml of antimony potassium tartare and 1 ml of ascorbic acid then mixed. The 

original sample was filtered and in case of need was diluted. Then was the taken 5 ml of sample to the 

cuvette and added 0.5 ml of mixed agent prepared above. After 20 minutes, the solution within the 

cuvette turns into blue (PICTURE 11). Absorbance was measured after 20 minutes at the wavelength of 

690 nm. 

 

PICTURE 11. The samples for analysis of phosphorus and nitrogen by spectrophotometry. (The ones 

with white caps were used for phosphorus analysis and the ones with green caps were used for nitro-

gen analysis.) 
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The process of determination of NH4-N concentration by the spectrophotometric analysis is as followed. 

First, 5 ml of sample was taken to the cuvette. 2 drops of Rochelle (Seignette) salt and 0,1 ml of Nessler 

colouring agent was added to 5 ml adjusted sample. The sample was mixed. After 10 minutes, the solu-

tion within the cuvette turns to yellow (PICTURE 11). The absorbance was measured at 425 nm. 

 

The process of determination of chemical oxygen demand (COD) is as followed. First, 2 ml of sample 

was added to pre-dosed cuvette test and mixed. The sample was allowed to heat in the thermostat for 2 

hours at 148 °C. After cooling to room temperature, the absorbance was measured. 

 

 

3.2 Results and discussion  

 

This part presents the results of laboratory experiments of phosphorus removal from raw municipal 

wastewater (influent), biologically treated wastewater (effluent) and sludge water after anaerobic stabi-

lization. The data is shown as the table and illustrated by figures. 

 

 

3.2.1 Results 

 

The results of phosphorus precipitation in biologically treated wastewater (effluent) using iron salts 

(Fe3+, Fe3+/Al3+) are summarized in table 1 and table 2. All the results are introduced in figure 1 – 3. 
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TABLE 1. The analysis results of effluent before and after being treated with coagulant at different 

doses (molar ratio β (mol/mol)) 

Biologically treated wastewater 

Β PO4-P COD NH4-N pH 

(-) (mg/l) (mg/l) (mg/l) (-) 

Analysis of effluent (unadjusted sample) 

- 0.10 55 35 7.2 

Coagulation with Fe3+ 

2 0.011 31 35 6.3 

4 0.017 31 35 6.3 

6 0.015 37 34 6.6 

Coagulation with Fe3+/Al3+ 

2 0.005 34 36 6.5 

4 0.006 34 35 6.1 

6 0.001 32 35 6.1 

 

 

TABLE 2. The efficiency of precipitation in effluent using different coagulants at different doses 

β PO4-P COD NH4-N 

Coagulation with Fe3+ 

2 89 % 44 % 0 % 

4 83 % 44 % 0 % 

6 85 % 33 % 3 % 

Coagulation with Fe3+/Al3+ 

2 95 % 38 % - 

4 94 % 38 % 0 % 

6 99 % 42 % 0 % 
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FIGURE 1. Comparison of different iron salts using for PO4-P removal of effluent 

 

 

FIGURE 2. Comparison of different iron salts for COD removal of effluent 
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FIGURE 3. Comparison of different iron salts using for NH4-N removal in effluent 

 

The results of phosphorus precipitation in sludge water using iron salts (Fe3+, Fe3+/Al3+) and magnesium 

salt (Mg2+) are summarized in table 3 and table 4. All the results are introduced in figures 4– 6. 

 

TABLE 3. The analysis results of sludge water before and after being treated with coagulant at differ-

ent dose. 

Sludge water 

Β PO4-P COD NH4-N pH 

(-) (mg/l) (mg/l) (mg/l) (-) 

Analysis of sludge water (unadjusted sample) 

- 4.5 94 35 6.9 

Coagulation with Fe3+ 

2 0.17 45 33 6.1 

4 0.10 43 33 7.0 

6 0.01 44 35 6.1 

Coagulation with Fe3+/Al3+ 

2 0.70 32 31 6.3 

4 0.10 31 29 6.3 

6 0.08 33 30 6.1 

Coagulation with Mg2+ 

2 0.5 32 25 10.1 

4 0.2 34 26 10.3 

6 0.4 34 24 10.4 

8 0.2 33 24 10.5 
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TABLE 4. The efficiency of phosphorus precipitation in sludge water using different coagulants at dif-

ferent doses 

β PO4-P COD NH4-N 

Coagulation with Fe3+ 

2 96 % 52 % 6 % 

4 98 % 54 % 6 % 

6 99 % 53 %  0 % 

Coagulation with Fe3+/Al3+ 

2 84 % 66 % 11 % 

4 98 % 67 % 17 % 

6 98 % 65 % 14 % 

Coagulation with Mg2+ 

2 89 % 66 % 29 % 

4 96 % 64 % 26 % 

6 91 % 64 % 31 % 

8 96 % 65 % 31 % 

 

 

FIGURE 4.  Comparison of different metal salts for PO4-P removal in sludge water 
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FIGURE 5. Comparison of different metal salts in COD removal in sludge water 

 

 
 

FIGURE 6. Comparison of different metal salts for NH4-N removal in sludge water 

 

The results of phosphorus precipitation in raw municipal wastewater (influent) using iron salts (Fe3+, 

Fe3+/Al3+) are summarized in table 5 and table 6. All the results are introduced in figures 7–9. 
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TABLE 5. The analysis results of influent before and after adding coagulant at different doses (β val-

ues in mol/mol) 

Raw municipal wastewater 

β PO4-P COD NH4-N pH 

(-) (mg/l) (mg/l) (mg/l) (-) 

Analysis of influent (unadjusted sample) 

- 5.2 447 56 6.7 

Coagulation with Fe3+ 

2 0.15 283 56 6.3 

4 0.05 282 50 6.2 

6 0.03 269 54 6.1 

Coagulation with Fe3+/Al3+ 

2 0.30 297 54 6.4 

4 0.07 287 47 6.4 

6 0.03 283 47 6.1 

 

 

TABLE 6. The efficiency of phosphorus precipitation in influent using different coagulants at different 

doses 

β PO4-P COD NH4-N 

Coagulation with Fe3+ 

2 97 % 37 % 0 % 

4 99 % 37 % 11 % 

6 99 % 40 % 4 % 

Coagulation with Fe3+/Al3+ 

2 94 % 34 % 4 % 

4 98 % 36 % 16 % 

6 99 % 37 % 16 % 
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FIGURE 7. Comparison of different methods in removing PO4-P in influent 

 

 
 

FIGURE 8. Comparison of different iron salts for COD removal in influent 
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FIGURE 9. Comparison of different iron salts for NH4-N removal in influent 
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3.2.2 Discussion 

 

The removal method with Mg2+ is not used for the effluent because this method required the alkaline 

pH to form a struvite. Before discharging the effluent from the wastewater treatment plant to the recipi-

ent, it would be necessary to adjust the pH back to neutral range. In the test with coagulant agents which 

are Fe3+, Fe3+/Al3+, the outflow concentrations of PO4-P reach very low values at doses β = 2 to 6. 

According to quality of purified water and the recycling of phosphorus, the results can be considered 

very positive. The results showed that the side-effect of precipitation was the COD removal. The COD 

removal efficiency using iron coagulant and mixture of iron and aluminum coagulant was about 40 %. 

The difference between precipitation with Fe3+ and Fe3+/Al3+ was not observed. Comparing the NH4-N 

concentrations, the decrease in the concentrations is negligible both operationally and analytically.  

The results showed that the highest efficiency of phosphorus removal in sludge water was achieved 

using Fe3+ and Fe3+/Al3+ in a molar ratio β = 6 (PO4-P: from 4.5 mg/l to 0.01 – 0.08 mg/l). Unlike the 

effluent, it was not necessary to adjust the pH to neutral range. The buffer capacity of sludge water was 

sufficient to prevent the pH dropping below 7 (even at doses of β = 6). In case of phosphorus precipita-

tion using Mg2+ was required addition of 1 M NaOH to increase pH (pH = 10 – 10.1). Phosphorus 

precipitation produce hydroxyapatite and/or struvite. They are easily to be dewatered to the phosphorus 

products or potential phosphorus recycling. Since all elements in the struvite are nutrients, this mineral 

seems to be an ideal fertilizer. The same with the case of effluent, decrease of COD was observed due 

to coagulation. The efficiency of COD removal by Fe3+ is about 53 %. The highest decrease the concen-

tration was observed using Fe3+ and Mg2+, when COD decreased from 94 mg/l to average 33 mg/l. Due 

to the high pH value, precipitation process led to the production of undissociated ammonia NH3. This 

form is easily stripped/evaporated, as evidenced by the decrease of NH4-N after precipitation. 

Significant decrease in the PO4-P concentration by phosphorus precipitation in raw municipal 

wastewater was achieved (5.2 mg/l PO4-P below 0, 15 mg/l and below 0,30 mg/l). Table 5 and table 6 

show the common trend in which the higher the dose of coagulant agent, the higher efficiency of re-

moval. The COD removal efficiency using iron coagulant and mixture of iron and aluminum coagulant 

was about 40 %. The decrease of NH4-N can be neglected. 
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4 CONCLUSION  

 

 

Phosphorus and its compounds play an essential role for life on Earth. Phosphorus compounds are parts 

of living organisms such as in DNA, in cell membranes. Besides that, phosphorus has many uses in 

human activity such as in agriculture, in food industry, in batteries production and in other industry. 

However, the abundant amount of phosphorus in environment could cause ecological damage such as 

eutrophication phenomenon. The eutrophication is the uncontrollable growth of microorganisms and 

algae due to the excess nutrients from the phosphorus and nitrogen compounds from the wastewater 

released into the environment. Therefore, the removal of these phosphorus and nitrogen compounds 

from wastewater before being discharged into the environment is essential.   

 

Currently, there are some methods to remove phosphorus and nitrogen from wastewater. They can be 

categorized into two categories: biological and chemical method. The biological method makes use of 

the microorganism or algae to absorb the phosphorus and nitrogen compounds to become the parts of 

their cells. The chemical method makes use of agents such as salts of the chemicals such as calcium, 

iron or aluminium to precipitate phosphorus. The most common method of removing phosphorus is the 

precipitation of iron salts. The precipitation with iron coagulant Fe2+ and Fe3+ method can reach 85-90% 

phosphorus removal. The by-product of iron-making industry which is the blast furnace slag can also be 

considered a good phosphorus removal method with the efficiency of 99%. Other method that makes 

use of by-product from industry which is iron/calcium oxides from steel manufacturing also reaches 

99% of phosphate removal within an hour. Other metals such as aluminium and calcium are also widely 

used for phosphorus removal in wastewater. Magnesium salts is another method for removing phospho-

rus, however, this method is the least used due to the need of alkaline pH. This method is mostly used 

in the intentional formation of struvite. 

 

The precipitation of the chemical removal method is then recycled to use with other purposes such as 

directly used calcium phosphate crystals as fertilizer. The production of struvite from phosphorus pre-

cipitation as a more nutritional phosphate fertilizer contains ammonium, phosphate and magnesium is 

also another approach. Beside that, the phosphorus precipitation can be burned into ash for the use of 

road constructions or concrete industry or transferred to phosphorus in pure form for other industrial 

use. The microalgae from the biological method can be used for biodiesel production. 
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In the experimental part, the spectrophotometer is used to evaluate and compare the efficiency of phos-

phorus removal method between iron salts, combination of iron salt and aluminium salt and magnesium 

salt. Spectrophotometer is a method to measure the quantity of a sample based on the intensity of light 

that the sample absorbs or transmits. In analysing the phosphorus quantity in the sample by spectropho-

tometry, the molybdenum blue phosphorus method is used to form the blue solution. The intensity of 

blue color is proportional to the intensity of phosphate in the solution, therefore, this method has high 

sensitivity and accuracy. 

  

The coagulation tests in biologically treated wastewater, sludge water and raw municipal wastewater 

show that PO4-P can be precipitated with all three coagulate agents. The phosphorus removal efficiency 

using iron coagulant and iron and aluminum coagulant is in the range of 83 % - 99 %. Significant de-

crease of COD and a partial decrease of NH4-N belong to the side-effects of phosphorus precipitation. 

However, for the purpose of phosphorus recycle, these results may not be an advantage since COD may 

degrade quality of precipitation. 
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