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Abstract 

 Leachate is formed by leaching process of the disposed wastes. Leachate usually contains 

quite high concentration of ammonium (NH4
+
) and phosphate (PO4

3-
), which is able to 

disturb the environment. Ammonium and phosphate can be removed simultaneously by 

chemical precipitation with precipitant containing Mg
2+

. This process forms a precipitate 

called struvite (MgNH4PO4·6H2O) that has a fertilizing value. The objective of this study 

was to investigate the optimum molar ratio of NH4
+
 : Mg

2+
 : PO4

3- 
 which can be applied 

to eliminate NH4
+
 concentration in leachate. In this experiment, the mixing process used 

a jar test at 100 rpm for 15 minutes. Precipitation was done in 45 minutes after adjusting 

the pH to 9. Results showed that the optimum NH4
+
, PO4

3-
, and Mg

2+
 removals could be 

achieved by addition of MgCl2·6H2O and Na2HPO4·2H2O with a molar ratio of 1:1:1. The 

efficiency of NH4
+
, PO4

3-
, and Mg

2+
 removals with this molar ratio were 79.79%, 56.13%, 

and 72.72%, respectively. The efficiency of physical parameters such as total suspended 

solids (TSS), turbidity, and colour were 55%, 46.15%, and 46.76%, respectively. The 

struvite deposit is a potential source of nutrient for slow-released fertilizer that has an 

economical benefit. The technical and economic benefits of the process are analyzed in 

this research work. 
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1. INTRODUCTION 

Landfill generates leachate that is 

contaminated with a wide range of pollutants, 

such as organic matter, ammonium and 

phosphate. The produced leachate can come 

from external sources of the disposed garbage, 

such as rainwater, groundwater, water runoff, 

or from the internal fluid of the disposed 

garbage, i.e. water from decomposition process 

of organic matter of the disposed garbage. The 

acidic condition in the disposed garbage also 

encourages the dissolution of various types of 

heavy metals. The volume of produced 

leachate and it type and concentration of 

pollutants varies widely depending on many 

factors, including type and the advance 

degradation of the disposed wastes, 

hydrological conditions, as well as the 

physical, chemical and biological conditions of 

the landfills (Kochany and Kochany 2009). 

The leachate is commonly brownish yellow 

and foul smelly, contains a high concentration 

of nitrogen (NH4
+
 and NH3), dissolved heavy 

metals, low BOD/COD ratio. Because of such 

characteristic, the leachate includes in toxic 

and difficult biodegradable wastewater (Kim et 

al. 2007 ).  

The landfill leachate contains nitrogen 

and phosphorus in high concentration that can 

cause environmental disturbances such as 

eutrophication. Various methods have been 

developed to treat the leachate, including 

biological, physical, chemical or its 

combination. However, these methods have 

disadvantages, such as requiring skilled 

labours, and high investment and operation 

costs. An alternative for treating leachate is 

simultaneous recovery of ammonium and 

phosphate. It is simple to operate and produces 

by-products that have economic value in the 

form of is ammonium and phosphate fertilizer. 

This method has been tested for the treatment 

of wastewater with a high nitrogen content, 

such as effluent anaerobic digester (Maqueda 

et al. 1994; Yoshino et al. 2003; Turker and 

Celen 2001; Perrera et al. 2007) and ammonia 

nitrogen removal in 7-Aminocephalosporanic 

acid wastewater (Li et al. 2012). In this 

method, the magnesium and phosphate 

compounds are added into the leachate to 

precipitate ammonium. Because the 

phosphorus content is relatively lower than 

ammonium content, phosphate is also added in 

the process to obtain the balanced composition 
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of ammonium, phosphate, and magnesium, so 

ammonium precipitation can be maximal.  

Chemical precipitation method has 

advantages, such as the recovery and 

utilization of compound Mg
2+

, NH4
+
, and PO4

3-
 

forming struvite (magnesium ammonium 

phosphate/MAP) that can be utilized as slow-

released fertilizer for plants (Rahman et al. 

2014). Some factors affect this process, i.e. 

magnesium, phosphate, and ammonium molar 

ratio, mixing duration and speed, pH, 

temperature, source of phosphate and 

magnesium, and the chemical characteristics of 

the leachate (Demirer et al. 2005). The 

recovery and utilization of leachate ammonium 

has not been widely adopted by the landfill 

operator in Indonesia, because the optimum 

process conditions as well as the technical 

environmental and economic benefits of this 

process are not widely known yet.  

The objectives of this research work were 

to investigate the optimum molar ratio of 

NH4
+
 : Mg

2+
 : PO4

3- 
 which can be applied to 

eliminate NH4
+
 concentration in leachate and 

analyse the technical and economic benefits of 

the chemical process of ammonium recovery. 

2. RESEARCH METHODS 

2.1 Materials and Equipment’s.  

The leachate used for this experiment was 

taken from the landfill site Galuga, Bogor, 

West Java, Indonesia. Chemicals used for 

precipitation are MgCl2·6H2O and 

Na2HPO4·2H2O. NaOH 3 N solution was used 

to just the pH of the solution. Materials used 

for the analysis include ammonium molybdate 

solution and chemicals for laboratory analysis. 

The equipment’s used in this study consist of a 

jar test apparatus and standard laboratory 

equipment’s, such as distillation equipment, 

spectrophotometer DR / 2000, pH meter, 

desiccator, oven, and chiller. 

2.2 Analysis procedure.  

The leachate was characterized by 

measurement of pH, colour, turbidity, TSS, 

ammonium, phosphate, and magnesium. The 

laboratory analysis was carried out according 

to standard methods, i.e. ammonium (NH4
+
) 

according to APHA ed. 21th 4500-NO3 B. 

2005), phosphate (PO4
3-

) according to APHA 

ed. 21th 455-PD. 2005), as well as TSS, 

turbidity and colour were measured using a 

spectrophotometer DR / 2000. 

2.3 Chemical precipitation process. 

 Precipitation experiment was conducted 

in a laboratory scale and using a batch system. 

A volume of 500 mL leachate was put into the 

beaker glass 1 L. MgCl2·6H2O and 

Na2HPO4·2H2O were added to the leachate 

with different molar ratios of NH4
+
 : Mg

2+
 : 

PO4
3-

. The molar ratios for chemical 

precipitation process were determined by the 

initial concentration of NH4
+
-N of 208.55 

mg/L. Table 1 shows the doses of MgCl2·6H2O 

and Na2HPO4·2H2O with the equivalent molar 

ratios. 

Table 1. Dose of MgCl2·6H2O and 

Na2HPO4·2H2O with the equivalent molar 

ratios 

MgCl2·6H2O 

dose (g/L) 

Na2HPO4·2H2O 

dose (g/L) 

Molar ratio 

NH4
+:Mg2+:PO4

3- 

2.35 2.06 1:1:1 

2.35 1.86 1:1:0.9 

2.35 2.26 1:1:1.1 

2.35 2.47 1:1:1.2 

2.12 2.06 1:0.9:1 

   

2.59 2.06 1:1.1:1 

2.82 2.06 1:1.2:1 

2.12 1.86 1:0.9:0.9 

2.12 2.26 1:0.9:1.1 

2.12 2.47 1:0.9:1.2 

   

2.59 1.86 1:1.1:0.9 

2.59 2.26 1:1.1:1.1 

2.59 2.47 1:1.1:1.2 

2.82 1.86 1:1.2:0.9 

2.82 2.26 1:1.2:1.1 

2.82 2.47 1:1.2: 1.2 

Jar test was performed with a stirring 

speed of 100 rpm for 15 minutes mixing.  The 

pH was adjusted to 9 by the addition of 3N 

NaOH solution. The precipitation process was 

conducted for 45 minutes. The supernatant was 

filtered using filter paper and the filtrate was 

put in a sample bottle for laboratory analysis of 

colour, turbidity, TSS, the concentration of 

ammonium, phosphate, and magnesium. 

The stirring process is expected to 

increase the mass transfer of the dissolved 

phase into a crystal which increases the 

number of struvite crystals precipitate. The 

duration of agitation have been based on 

research results of Kim et al. (2009) in which 

the stirring exceeding 20 minutes causes the 

release of PO4
3-

 compound from the precipitate 

struvite. 
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Based on research results conducted by Li 

et al. (2012) the formation of struvite crystals 

is slow at a pH below 9 and inhibits 

precipitation in small quantities. For these 

reasons, the precipitation conditions are 

adjusted to achieve a solution pH 9 by adding a 

solution of NaOH 3N. With the pH adjustment, 

the formation of struvite crystals took place 

quickly and taken place and produced in large 

numbers. 

The NaOH addition will cause the 

emission of NH3 gas at pH above 10, the 

formation of Mg3(PO4)2 and Mg(OH)2 to lower 

NH4
+
 removal efficiency, decrease the amount 

of struvite sediment, and the amorphous 

precipitate (Wang et al. 2005). Precipitation of 

struvite crystals was conducted for 40 minutes. 

Precipitation of struvite crystals have the 

optimum time span between 10-40 minutes 

(Burns et al. 2003). Struvite precipitate was 

separated by filtration solution. The filtrate 

was then analysed to determine the allowance 

for physical parameters, ammonium and 

phosphate. 

3. RESULTS AND DISCUSSION 

3.1. The leachate characteristics 

Table 2 shows the characteristics of the 

leachate taken froam Galuga landfill site. The 

low ratio of BOD/COD of 0.33 indicates the 

presence of organic materials that are difficult 

to be degraded biologically. The content of 

ammonium and phosphate is high with the 

concentrations of 208.55 mg/L and 20.64 

mg/L, respectively. The leachate pH was 

nearly neutral, which is 7.7. Physical 

observation of the leachate showed that the 

leachate was yellow-brown. It should be 

emphasized here that the characteristics of the 

leachate can vary depending on the number 

and characteristics of landfill waste. 

3.2. Pollutants removal 

3.2.1 NH4
+
 Removal 

An NH4+ compound in leachate needs to 

be eliminated because ammonium can cause 

pollution in water bodies, such as oxygen 

depletion and eutrophication and oxygen 

depletion. The leachate used in this study 

contains an initial NH4
+
 concentration of 

208.55 mg/L, and can be significantly reduced 

with the addition of magnesium and phosphate. 

Figure 1 shows the concentration of NH4
+
 at 

various doses of MgCl2·6H2O and 

Na2HPO4·2H2O. The reaction of ammonium 

removal is reported in accordance to the 

chemical reaction of the formation of struvite 

(Li et al. 1999) as follows: 

MgCl2·6H2O + NH4
+
 + Na2HPO4·2H2O  

MgNH4PO4·6H2O + 2NaCl 
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Figure 1. NH4
+
 concentration at various doses 

of MgCl2·6H2O and Na2HPO4·2H2O (= P*) 

Table 2. Characteristics of Galuga landfill 

leachate 

Parameter Unit Value 

pH - 7.7 

Temperature 
o
C 28.5 

TSS mg/L 10 ± 0.00 

Turbidity FTU 65 ± 0.00 

Colour PtCo 339 ± 7.07 

BOD5 mg/L 165 ± 1.41 

COD mg/L 506 ± 1.77 

NH4
+
 mg/L 208.55 ± 0.00 

PO4
3-

 mg/L 20.64 ± 0.00 

Mg
2+

 mg/L 3.24 ± 0.55 

NH4
+
 concentrations began to decline 

after adjusting the pH to 9, and were followed 

by the deposition of struvite crystals. NH4
+
 

removal efficiency ranged from 68.08% - 

80.85%, depending on the doses of 

MgCl2·6H2O and Na2HPO4·2H2O. The highest 

removal efficiency was observed at the 

MgCl2·6H2O and Na2HPO4·2H2O doses of 

2.35 g/L and 2.26 g/L, respectively. The NH4
+
 

residual concentration in the treated leachate 

was 39.93 mg/L. Further increasing the amount 

of MgCl2·6H2O and Na2HPO4·2H2O did not 

improve the removal efficiency of ammonium. 

In accordance with the equation above, the 

elimination of ammonium and struvite 

formation produces by-products in form of 

NaCl.  
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3.2.2 Phosphate Removal 
Phosphate is one form of phosphorus that 

can be utilized and is an essential element for 

plant growth, and often the limiting factor that 

can affect marine productivity. Leachate 

contains phosphates resulted from disposed 

waste, such as food waste, livestock waste, 

industrial and agricultural wastes (Panizza and 

Cerisola 2001). The leachate used for this 

experiment contained phosphates of 20.64 

mg/L. Figure 2 shows the PO4
3-

 concentration 

at various doses of magnesium and phosphate. 

At the molar ratio of 1: 1: 1 the PO4
3-

 

concentration decreased to 9.59 mg/L, 

equivalent to a removal efficiency of 53.51%. 

Increasing the Na2HPO4·2H2O dose of 2.06 

g/L to 2.26 g/L with an MgCl2·6H2O dose of 

2.35 g/L resulted in the increased removal 

efficiency to 57.10% with a phosphate residue 

of 8.85 mg/L. The increased addition of 

MgCl2·6H2O of 2.35 g/L to 2.59 g/L increased 

the residual PO4
3-

 concentration to 3.18 mg/L, 

resulting in the PO4
3-

 removal efficiency. The 

reduced PO4
3-

 concentration is as results of 

struvite crystals formation, so the dissolved 

PO4
3-

 and NH4
+
 are converted to deposited 

struvite. 
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Figure 2.  PO4
3-

 concentration at various 

doses of MgCl2·6H2O and Na2HPO4·2H2O 

(=P*) 

3.2.3 TSS Removal  

TSS of the leachate relates with it 

turbidity and colour. TSS may include clay 

particles, organic materials, and 

microorganisms. Figure 3 shows TSS 

concentration at various doses of MgCl2·6H2O 

and Na2HPO4·2H2O. In general, TSS 

decreased with the addition of magnesium and 

phosphate. The initial TSS of 10 mg/L 

decreased to 3.5 mg/L (equivalent to a removal 

efficiency of 65%) with addition of 

MgCl2·6H2O dose of 2.82 g / L and 

Na2HPO4·2H2O dose of 1.86 g/L. Deposition 

process of ammonium and phosphate may the 

cause of the TSS reduction. 
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Figure 3. TSS concentration at various doses of 

MgCl2·6H2O and Na2HPO4·2H2O (=P*) 

3.2.4 Turbidity Removal 

Turbidity represents the optical properties 

of leachate which is determined by the light 

transmitted or absorbed by materials contained 

in water. High turbidity may block light 

penetration through the water. Struvite 

precipitation lowers the turbidity value of the 

leachate as shown in Figure 4. After the 

addition of magnesium (as MgCl2·6H2O) of 

2.12 g/L, the turbidity did not decrease 

significantly with the addition of magnesium. 

The initial turbidity leachate of 65 FTU 

decreased can be reduced to 30.5 FTU with 

removal efficiency of 53.08%. The highest 

turbidity removal occurred in a NH4
+
 : Mg

2+
 : 

PO4
3 
molar ratio of 1: 1.2: 0.9 that is equivalent 

to the doses of MgCl2·6H2O and 

Na2HPO4·2H2O of 2.82 g/L and 1.86 mg/L. At 

the NH4
+
 : Mg

2+
 : PO4

3  
molar ratio of 1: 1: 1 

turbidity removal efficiency reached 46.15%. 
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Figure 4. Turbidity at various doses of 

MgCl2·6H2O and Na2HPO4·2H2O (=P*) 

3.2.5 Colour Removal 



 

Proceedings of AESAP 2016   13-14 December 2016, Bogor, Indonesia 
 

 144 

 Colour is a water quality parameter that 

can be seen visually and measured using a 

scale of cobalt platinum (PtCo). Figure 5 

shows colour at various doses of MgCl2·6H2O 

and Na2HPO4·2H2O. The colour removal is 

relatively small. The initial leachate had colour 

of 339 PtCo and it can be decreased to 165 

PtCo (equivalent to a removal efficiency of 

51.03%). The lowest removal efficiency of 

46.6% occurred at MgCl2·6H2O dose of 2.12 

g/L and Na2HPO4·2H2O dose of 2.06 g/L. The 

molar ratio of 1: 1: 1 resulted in colour of 181 

PtCo or a colour removal efficiency of 

46.76%. The average colour removal 

efficiency in various molar ratio was about 

46.5%. Based on visual observation of colour 

supernatant chemical precipitation process was 

yellowish but more clearly than the initial 

leachate  

3.3. Cost analysis 

Volume and characteristics of the leachate 

is affected by the amount of landfill waste and 

rainfall, so the discharge and the characteristics 

of the leachate may be treated fluctuated. The 

initial concentrations of ammonium, phosphate 

and the pH of the leachate provide information 

about the required chemical dose and type of 

pre-treatment to be done. The higher the 

content of ammonium, the more the precipitant 

must to be added. The chemical dose should be 

optimum for the minimizing processing costs, 

the formation of by-products (such as NaCl), 

which affect negatively to the eventual 

subsequent biological treatment process. 

The initial ammonium concentration of 

208.55 mg/L was used in the calculation of the 

needs of the chemical, and the NH4
+
 : Mg

2+
 : 

PO4
3- 

molar ratio of 1: 1: 1 was applied, so that 

the material precipitant added is MgCl2·6H2O 

Na2HPO4·2H2O doses were 2:35 g/L and 2.06 

g/L, respectively. Table 4 shows an estimate of 

the chemical cost for treatment of the leachate. 

Table 1. Chemical cost for treatment of the 

leachate  

Chemicals 
Price 

(Rp/ton)* 
Consumption 

(kg/m3) 

Cost 

(Rp/m3) 

NaOH 4,340,791 0.24 1,042 

MgCl2·6H2O 1,684,486 2.35 3,959 

Na2HPO4·2H2O 9,467,463 2.06 19,502 

Total Biaya (Rp) 24,504 

*Source: Tianjin Chengyuan Chemical (2015) 

(http://www.chengyuan-chem.com/) 

The cost of the chemicals needed for 

processing in the chemical precipitation 

ammounts Rp 24,504,-/m
3
. The investment 

costs for the processing is Rp 381,156,280 and 

the operational costs is calculated as Rp 

31,164/m
3
. The investments include tank 

stainless steel, tank for NaOH 3N, pipe system, 

mixer, bed dryer, sock and pipe fittings, water 

pumps, balance, press machine, hoes, plastic 

drum, scales sitting, pH meter, electrical 

installation, and trolley. The operational costs 

include Chemicals (Na2HPO4·2H2O, 

MgCl2·6H2O, NaOH), sacks, salary / wage, 

water, electricity for sealer, mixer, pump, and 

dryer. 

The leachate treatment costs amounted to 

Rp 31,164,-/m
3
. The production cost of 

fertilizer struvite is calculated based on the 

assumptions: leachate flow rate of 10 L/s, the 

discharge of treated leachate of 720 m
3
/d, with 

weekdays of 25 days /month and the working 

hours of 10 hours/day. The process takes 3 

hours with a time of 1.5 hours for drying. The 

generated struvite sediment is 0.5106 kg/m3, 

and struvite fertilizer has selling price of Rp 

6,419,641,-/ton (Tianjin 2015). 
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Figure 5. Colour at various doses of 

MgCl2·6H2O and Na2HPO4·2H2O (=P*) 

CONCLUSSIONS AND 

RECOMMENDATIONS 

Chemical precipitation process with a 

NH4
+
: Mg

2+
 : PO4

3- 
molar ratio of 1: 1: 1 

resulted in the elimination of these compounds 

79.79%, 72.72% and 56.13%, respectively. 

This molar ratio can be considered as an 

optimum addition of Mg
2+

 and PO4
3- 

regarding 

the chemical costs and residue that could 

interfere the further handling. The optimum 

NH4
+
, PO4

3-
, and Mg

2+
 removals could be 

achieved by addition of MgCl2·6H2O and 

Na2HPO4·2H2O with a molar ratio of 1:1:1 By 
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knowing the optimum molar ratio and the 

NH4
+
 concentration in leachate the required 

doses of MgCl2·6H2O and Na2HPO4·2H2O can 

be determined. 

In addition to NH4
+
, the physical 

parameters of TSS, turbidity and colour 

leachate also decreased significantly. The 

MgCl2·6H2O and Na2HPO4·2H2O dose of 2.82 

g/L and 1.86 mg/L resulted in TSS, turbidity 

and colour removal efficiencies of 65%, 

53.08% and 51.33%, respectively. Processing 

of one cubic meter of leachate can produce as 

much as 0.5106 kg struvite precipitate, which 

can be used as fertilizer.  

Ammonium concentration in the treated 

leachate is still relatively high and requires 

additional treatment before the leachate 

discharged into the environment. This process 

can be considered as a pre-treatment to reduce 

ammonium compounds prior to biological 

treatment. Further research is needed to shift 

the chemical equilibrium towards the 

formation of more struvite, for example by 

setting the pH of the solution or by 

precipitation / crystallization in stages, in order 

to obtain high levels of elimination and lower 

ammonium concentrations in the treated 

leachate. Direct comparison of various types of 

precipitant necessary can facilitate the 

choosing the best type of precipitant with 

regards of economical, technical, and 

environmental aspects. Furthermore, 

characterization and pilot testing of struvite 

from leachate needs to be done to assess its 

technical feasibility as fertilizer for crops. 
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