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ABSTRACT 

 

 Old landfill sites (age >10 years) produced stabilized leachate with high level of ammonia and low level biodegradability. Sahom 

landfill located in Kampar, Malaysia has an average age of more than 20 years and produced highly contaminated leachate. Hence, landfill 

leachate treatment has to be done before final discharged. Consequently, this study was conducted to investigate the effect of 

ultrasonication treatment process in treating ammonia from stabilized leachate collected from Sahom landfill. In this study, optimization of 

ultrasonic process was obtained with response surface methodology (RSM).  It was found that after 50 % amplitude and 180 min reaction 

time of ultrasonic process, the NH3-N removal efficiency can reach up to 98 %. At 20 % amplitude and 40 min of reaction time, high 

energy efficiency was obtained, 55.62 %. However, the NH3-N removal efficiency was as low as 18.86 %.  

Keywords:Ultrasonication, Landfill leachate, Treatment, Removal, energy efficiency, optimization, RSM  

 

 

INTRODUCTION 

 

 Dynamic development and increasingly affluent 

lifestyle are the main reasons that cause the growing 

of the solid wastes generation. It has become a 

worldwide problem when the volume of the waste 

grows more rapidly than the world’s population [1]. 

As the world’s population increases in a rapid rate, 

the amount of solid wastes is increasing expeditious 

as well. Therefore, many countries are facing serious 

and critical solid waste management problem.  

 Landfill is the most common method usedfor 

solid waste disposal due to the economic reasons [2]. 

Although landfill is widely used around the world, 

however, the generation of highly polluted leachate 

from the landfill process as become the major 

drawbacks of landfill disposalmethod.Landfill 

leachate is defined as the aqueous solution generated 

during the degradation of the wastes and is increased 

by the precipitations and the moisture of the solid 

wastes when they are disposed to the landfill [3]. It is 

produced when the amount of water exceeds the 

maximum water absorption by the weight of the 

wastes and it is estimated that the absorption capacity 

of the compacted mass of waste is 30% of volume 

[2]. Leachate can cause a severe problem to the 

surrounding environmentand human health[4, 5]. 

Thus, appropriate treatment has to be done before it 

is discharged to the water bodies.  

 Biological treatment process is very effective in 

treating young leachate while less efficient when 

applied to older leachate due to the existence of 

refractory compounds in concentrated leachate. High 

concentration of ammonia is also found in the 
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landfill as it might increase the burden of 

biochemical treatment system [6]. The presence of 

high concentrations of ammoniacal nitrogen in 

landfill leachate over a long period of time is one of 

the main problems usually encountered by landfill 

operators. According to Bashir et al. [7], landfill site 

can produce leachate with high concentration of 

NH3-N over 50 years after the stoppage of a filling 

operation. This high concentration of untreated NH3-

N leads to stimulated algal growth, decreased 

performance of biological treatment systems, 

accelerated eutrophication, enhanced dissolved 

oxygen depletion, and increased toxicity of living 

organisms in surface waters. Since landfill leachate 

properties continue to be dangerous and poisonous 

over long periods, ammoniacal nitrogen removal has 

become an important concern in leachate treatment 

over the recent decades [6,7]. Thus, According to 

Wang et al. [3] and Zhang et al. [6], due to the 

complicated composition of the solid waste in the 

landfill, leachate can be classified as hazardous and 

heavily polluted wastewater. Thus, various physico-

chemical processes have been used to treat mature 

landfill leachate[8 – 11]as shown in Figures1.  

 

 
 

Fig. 1: Methods of landfill leachate treatment [4]. 

 

 
 

Fig. 2: Development and collapse of the cavitation bubble [15]. 

 

 The process from the forming, growing until the 

bursting of the bubbles are known as cavitation. 

Cavitation will only occur when it exceeds the 

intensity threshold. However, mechanism of 

cavitation plays an important role in treating 

wastewater because while the ultrasound wave fronts 

propagate, cavitation bubbles will oscillate due to the 

positive pressure and collapse [12].The collapse of 

cavitation bubbles in aqueous solution will affect the 

wastewater by high mechanical shear stress and 

radical reactions such as the generation of H and OH 

radicals, chemical transformation of pollutants and 

thermal decomposition of volatile compounds [13]. 

During ultrasonic process, non-volatile will 

accumulate in the solution and degraded by oxidation 

(H and OH radicals). While volatile compounds such 

as ammonia will be trapped by the cavitation bubble 

and when the bubbles collapse violently, powerful 

shear force will be produced surrounding the 

bubble(Figure 2). The extreme condition can cause 

thermal destruction of volatile compounds inside the 

cavitation bubble [3].  

 This study focuses on investigating the 

unltrasonication process efficiency in treating 

ammoniacal nitrogen from stabilized leachate 

generated from the Sahom anaerobic landfill site. 

Moreover, to build up the equations of ammoniacal 

nitrogen removal efficiency from stabilized leachate 

and energy efficiency with respect to operational 

conditions (i.e., amplitude, reaction time) using RSM 

and CCD. 

 

Materials And Methods 

 

Sample Collection and Characterization: 

 Leachate sample was collected from Sahom 

landfill site (age more than 20 years) which is located 

in Kampar, Perak, Malaysia., Sahom landfill is used 

to handle municipal waste from Kampar, 

MambangDiawan, Tronoh Mines, Gopeng, Kopisan, 
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LawanKuda, Kota Bahru, Jeram, Kuala Dipang, 

MalimNawar and Sungai Siput. In 2012, the 

population of the service area was 120,000 and the 

amount of wastes collection from various locations 

has reached 120tonnes per day[14].Generally the 

wastes are collected from household, commercial, 

market, industrial and public parks/garden. The 

sample was collected from Sahom’s leachate pond by 

using 5.5 L Polyethene bottle (PET) and was stored 

at 4
o
C to prevent biodegradation fromJuneto August, 

2014. 

  

Analytical study: 

 The value of BOD5was measured with Standard 

Method Section 5210B. COD was measured by 

USEPA Reactor Digestion Method 8000 with HR 

Plus. The reactor block (DRB 200) was pre-heated to 

150
o
C while leachate and blank was prepared before 

the test. Required amount of leachate and deionized 

water was added respectively into two vials by a 

micro-pipette at an angle of 45 degree to prevent the 

formation of bubbles. Once the reactor reaches150
o
C, 

the solution was mix well and put in the preheated 

reactor. The vials were taken out after 2 hours and 

put in a tube rack until they cool to room 

temperature. Spectrometer (DR 6000) was used to 

measure the TCOD and SCOD. NH3-Nwas measured 

with Standard Phenate Method. Phenol, Sodium 

Nitroprusside and Oxidizing solution were prepared 

before the test of ammonia. After the preparation of 

the solutions, 1 ml of phenol, 1 ml of sodium 

nitroprusside, 2.5 ml of oxidizing solution and 

leachate with 1000 dilution factor were added into a 

conical flask. The amount of NH3-N of the solution 

can be measured after it turned from colorless to 

bluecolor with a spectrometer.  

 

Energy Efficiency: 

The energy efficiency is calculated by the equations 

below [15]: 

𝑇𝑜𝑡𝑎𝑙𝐸𝑛𝑒𝑟𝑔𝑦,𝑄𝑊 = 𝐶𝑚 (𝑇𝑓 − 𝑇𝑖) (1) 

𝐸𝑛𝑒𝑟𝑔𝑦𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦,𝑛 =  
𝑄𝑊

𝑄𝑢
𝑥 100 % (2) 

C = specific heat of water (4.2 kJ/kg 
o
c); M = mass of 

water (kg); Ti = Initial temperature (
o
c); Tf = Final 

temperature (
o
c); n = Energy efficiency (%); Qw = 

Total energy (J); Qu = Actual energy produced (J). 

 

Experimental Design and Analysis: 

 In this study, respond surface method (RSM) 

was used for the experimental design to determine 

the optimum operational condition. RSM was used 

for the modeling and analysis of several variables by 

consistingmathematical and statistical techniques. 

The relationship between response and process 

variables can be evaluated with RSM. In addition, it 

optimizes the relevant conditions of the variablesand 

able to propose reasonable information to test lack of 

fit when satisfactory number of experimental 

valueswere given [7].  

 There are 2 main variable weremeasured in this 

study, which are reaction time (A) and amplitude 

(B). Each of them was varied between -1 and +1. The 

range of each variablewas determined based on the 

preliminary experiments and the research carried out 

byPham et al.,[16] and Wang et al.,[3]. The range of 

the reaction time was 40 to 180 min while 20 to 50 % 

for the amplitude as presented in Table 1. The 

software used to establish RSM and CCD was 

Design expert 9.0.3 Table 2 shows the total 13 sets of 

combinations given from the CCD. 

 

Ultrasonication Process Performance: 

 The characteristic of the raw leachate was tested 

before the ultrasonic process. 100 ml of leachate was 

poured into a tall form beaker and put into an 

ultrasonic homogenizer (Figure 3) for 

ultrasonication. The NH3-N concentration in the  

treated leachate was tested again to observe the effect 

of the ultrasonic process. 

 
Table1: Independent variables of the Central Composite Design (CCD). 

 Variable Units 
Level of value 

-1 0 +1 

A Reaction time min 40 110 180 

B Amplitude % 20 35 50 

 
Table 2: Design from CCD. 

Run no. FactorATime (min) FactorBAmplitude (%) 

1 180 20 

2 40 20 

3 110 35 

4 180 35 

5 110 35 

6 110 50 

7 110 35 

8 110 35 

9 40 35 

10 110 20 

11 110 35 

12 40 50 

13 180 50 
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Results And Discussions 

 

Leachate Characteristics: 

 Table 3 shows Sahom landfill leachate 

characterization. 

 This landfill produces a dark color liquid with 

pH level more than 7.0 and is classified as stabilized 

leachate with high concentration of COD, NH3-N, 

and low BOD/COD ratio  

 

 

 

Experimental results: 

 In this section, results obtained from the CCD 

are shown and discussed. The experimental results 

were obtained and analysed according to the 13 

combinations given by the CCD. There were2 

responses discussed in this section. Based on Table 

4, it can be indicated that, 98.5 % of NH3-N can be 

removed effectively at 50 % amplitude and 180 min 

time. At same conditions the lowest energy 

efficiency was observed (9.64 %.)However, the 

highest energy efficiency, 55.62 %, has the lowest 

amplitude, 20 % and shortest reaction time, 40 min.  

 

 
 

Fig.3: Ultrasonic homogenizer. 

 

Ammoniacal Nitrogen (NH3-N) Removal Efficiency: 

 From the ANOVA analysis (Table 5), the F-

value of the NH3-N removal efficiency was 58.82 

while the probability value (Pr) was less than 0.0001. 

“Prob> F” value less than 0.050 indicate significant 

model while values larger than 0.1000 indicate 

insignificant model. Therefore, with a low 

probability value (Pr> F <0.0001), it indicates that 

the model was significant for removal of NH3-N. The 

obtained R
2
 was 0.967, which means that there is 

only 3.3% of the total dissimilarity might not be 

explained by the empirical model. Model with R
2
 

larger than 0.80 is considered as a good fit[7]. 

Besides, the “Adequate (Adeq) Precision” ratio was 

27.54 which is larger than 4, thus, it is an adequate 

signal for the model. In this case, A, B, AB and A
2
 

were significant model terms. Values greater than 

0.100 indicate the model terms are not significant. 

Insignificant model terms, such as B
2
 was excluded 

to improve the model. Based on the ANOVA 

analysis, the prediction of NH3-N removal efficiency 

was considered reasonable.  

 The final equation in terms of coded factors can 

predict the response for given levels of each factor 

and identify the relative impact of the factors by 

comparing the factor coefficients. The high and low 

levels of the factors are coded as +1 and -1, 

respectively. The final equation in terms of coded 

factors of NH3–N removal efficiency is expressed by 

Eq. 3. 

NH3–N removal efficiency (%) = 62.4 + 23.3A + 

19.6B  + 6.8AB – 7.6A
2    

(3) 

 Figure 4 shows the predicted verses actual. From 

Figure 4 the predicted value and actual value of 

NH3–N removal efficiency can be assumed as a good 

fit model.  

  
Table 3: Characteristic of raw leachate collected from Sahom Landfill. 

Parameter Unit Range Average Leachate Discharge Standard 

pH - 7.97 – 8.42 8.20 6.0 – 9.0 

Turbidity NTU 31.8 – 50.0 40.9 - 

Suspended solid mg/L 39.0 – 165.0 102.0 50 

Colour PtCo 433.35 – 2070 1251.68 - 

NH3-N mg/L 730 – 1670 1200 5 

TCOD mg/L 615.0 – 1056.7 835.85 400 

SCOD mg/L 550.0 – 671.67 610.84 - 

SCOD/ TCOD % 0.58 – 0.98 0.78 - 

BOD mg/L 27.9 - 243.30 135.6 20 

BOD5/ COD % 0.0452 – 0.32 0.1826 - 
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 Figure 4 shows the 3D surface response of the 

result. It shows the NH3–N removal efficiency vs. 

amplitudeandreaction time. From Figure5, it can be 

seen that both amplitude and reaction time will affect 

the removal efficiency of NH3–N and is proportional 

to them. At the lowest amplitude, 20 % and reaction 

time, 40 min, the removal efficiency is 18 %. 

However, the removal efficiency can reach around98 

% when the amplitude and reaction time increase to 

50 % and 180 min respectively. The higher the 

amplitude and the longer the reaction time, the 

removal of NH3–N will be more efficient as well. 

During ultrasonic process, volatile compounds will 

be trapped by the cavitation bubble. As the bubble 

grows until its limit and collapse violently, powerful 

shear force will be produced surrounding the bubble. 

The extreme condition can cause thermal destruction 

of volatile compounds inside the cavitation bubble. 

As NH3–N is volatile, hence, it tends to migrate into 

the cavitation bubble and degrade due to the high 

temperature and shear force [3]. From the laboratory 

experiments, it is found that the temperature increase 

with the increasing of amplitude and reaction time. 

Therefore, NH3–N removal efficiency will increase 

with high cavitational activity occurred at higher 

level of amplitude.  
 
Table 4: Response values for different experimental conditions. 

Run no. 
Factor A Factor B Response1 Response 2 

Time (min) Amplitude (%) NH3-N Removal (%) Energy Efficiency (%) 

1 180 20 48.50 15.28 

2 40 20 18.86 55.62 

3 110 35 61.68 16.29 

4 180 35 87.13 7.28 

5 110 35 60.48 16.61 

6 110 50 88.92 11.52 

7 110 35 61.08 16.38 

8 110 35 60.48 16.25 

9 40 35 33.83 35.59 

10 110 20 43.71 22.85 

11 110 35 60.48 15.83 

12 40 50 41.62 32.23 

13 180 50 98.50 9.64 

 
Table 5: ANOVA analysis for NH3-N removal efficiency. 

Source Sum of squares 
Degree of 

freedom 
Mean square F-value Prob>F 

Model 5953.04 4 1488.26 58.82 < 0.0001 

A 3258.27 1 3258.27 128.78 < 0.0001 

B 2319.49 1 2319.49 91.68 < 0.0001 

AB 185.50 1 185.50 7.33 0.0268 

A2 189.78 1 189.78 7.50 0.0255 

Residual 202.41 8 25.30   

Lack of fit 201.26 4 50.31 174.70 < 0.0001 

Pure error 1.15 4 0.29   

SD = 5.03, PRESS = 1162.36, R2 = 0.967, R2
adj = 0.950, Adeq Precision = 27.54. 

  

 
 

Fig.4: Predicted vsactual for NH3–N removal efficiency. 

 

Energy Efficiency: 

 From the ANOVA analysis (Table 6), the F-

value of energy efficiency was 94.41 while the 

probability value (Pr) was less than 0.0001. “Prob> 

F” value less than 0.0500 indicate significant model 

while values larger than 0.1000 indicate insignificant 

model. Therefore, with a low probability value (Pr> 

F < 0.0001), it indicates that the model was 
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significant for energy efficiency. The obtained R
2
 

was 0.9854, which means that there is only 1.46% of 

the total dissimilarity might not be explained by the 

empirical model. In addition, the “Adequate (Adeq) 

Precision” ratio was 31.912 which is larger than 4, 

thus, it is an adequate signal for the model. In this 

case, A, B, AB, A
2
 and B

2
 were significant model 

terms. Based on the ANOVA analysis, the prediction 

of energy efficiency was considered reasonable. The 

final equation in terms of coded factors of energy 

efficiency is presented (Eq.4):  

Energy Efficiency (%) = 15.53 – 15.21A – 6.73B + 

4.44AB + 7.94A
2
 + 3.69B

2    
(4) 

 Based on Figure 6, the predicted value and 

actual value of energy efficiency can be assumed as a 

good fit model. 

 

 
 

Fig.5: 3D surface response for NH3–N removal efficiency vs. amplitudeandreaction time. 

 
Table 6: ANOVA analysis for energy efficiency. 

Source Sum of squares 
Degree of 
freedom 

Mean square F-value Prob>F 

Model 2057.82 5 411.56 91.84 < 0.0001 

A 1387.46 1 1387.46 309.60 < 0.0001 

B 271.49 1 271.49 60.58 0.0001 

AB 78.77 1 78.77 17.58 0.0041 

A2 174.26 1 174.26 38.88 0.0004 

B2 37.67 1 37.67 8.41 0.0230 

Residual 31.37 7 4.48   

Lack of fit 30.91 3 10.30 88.72 0.0004 

Pure error 0.46 4 0.12   

SD = 2.12, PRESS = 233.88, R2 = 0.9850, R2
adj = 0.9743, Adeq Precision = 31.477. 

 

 
Fig.6: Predicted vs actual for energy efficiency. 

 

 Figure 7 shows the 3D surface response of the 

result. It shows the energy efficiency vs. amplitude 

and reaction time. As the amplitude and reaction time 

increase, the energy efficiency of ultrasonic process 

will be decreased this is inversely proportional to the 

amplitude and reaction time. At 20 % amplitude and 

40 min reaction time, the energy efficiency was 55 

%. Nevertheless, the energy efficiency drops to 9.64 

% when the amplitude and reaction time increase to 

50 % and 180 min. The energy efficiency decreased 

due to the kinetic ultrasonic wave which been 

converted to heat energy. Heat energy is normally 

produced due to the friction and collision between 

the water molecule and the collapse of cavitation 

bubbles. 
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Fig.7: 3D Response surface for energy efficiency vs. amplitude andreaction time. 

 

Conclusion: 

 In this study, the treatability of high 

concentration of NH3-N presence in mature landfill 

leachate collected from Sahom landfill via 

ultrasonication was investigatedand the optimization 

of ultrasonic process was carried out by using RSM. 

It was found that the characteristic of Sahom landfill 

doesn’t meet the discharge standard of 

Environmental Quality Regulations, hence, 

ultrasonic process was used to act as an effective 

process to remove ammonia which is classified as 

one of the most hazardous pollutants exist in mature 

landfill leachate. From this study, itcan be indicated 

that up to 98 % of NH3-N can be removed after 50 % 

of amplitude and 180 min of reaction time of 

ultrasonic process.  While at 20 % amplitude and 40 

min of reaction time, high energy efficiency was 

obtained, 55.62 %. However, the NH3-N removal 

efficiency was as low as 18.86 %. The removal of 

NH3-N by ultrasonic process was caused by the 

pyrolytic decomposition inside the cavitation bubbles 

and hydroxyl radicals in the solution, 

respectively.Although ultrasonic process is capable 

to remove ammonia nitrogen effectively, 

nevertheless, it is expensive in operating due to 

energy consumption. 
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