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 One of the most important problems with designing and maintaining a landfill is 

managing the leachate that is generated when water passes through the waste.  This  

paper  presents  the  results  of  research  in  removal  of  COD, TKN and TSS  from  

landfill  leachate  by batch Electrocoagulation / Electroflotation process. The sample of 
leachate was collected from Aradkooh municipal solid waste site. Experiments done in 

a batch reactor with 500 ml useful volume and equipped with two cathodes and two 

anodes made of iron or aluminum that installed in monopolar parallel. The gaps 
between the electrodes were 1 and 2 cm. The dimensions of electrodes were 0.2 × 6 × 4 

cm in thickness, length and width respectively. Result of this study show with increase 

current density form 1.2 to 4.8 in constant time, removal efficiencies of COD, TKN and 
TSS increased. Also with increase time, removal efficiencies of COD, TKN and TSS 

increased. An increase in pH from 4 to 9 decreases COD, TKN and TSS removal 

efficiencies, as best result was in acidic state. 
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INTRODUCTION 

 

 Municipal solid  waste removal has become a serious environmental  problem due to the increase in the 

world population and changes in the consumption habits. In the solid waste management, landfill  is one of the 

most prevalent methods used by many countries  in the world [1]. One of the most important problems with 

designing and  maintaining a landfill is managing the leachate that is generated  when water passes  through the 

waste [2]. The variation in leachate quality can be created during different phases of waste decomposition. This 

is due to factors such as differences in  climate,  waste  types,  age  of  landfill,  landfill  design  and  operation  

and  interaction  of  leachate with its environment [3]. Most of leachate may contain a large amount of organic 

and inorganic matterials, which include ammonia-nitrogen, chlorinated organic and inorganic salts; and heavy 

metals which are harmful when discharged without treatment [4]. These compounds are a potential pollution 

problem for  ground and  surface waters [5]. The removal of these compounds from  leachate is the usual 

prerequisite before discharging the leachate into natural waters. Different methods have been tested for leachate 

treatment that includes chemical precipitation, ion-exchange, adsorption, membrane, filtration, coagulation 

flocculation, flotation and electrochemical methods. But many of them are not acceptable in terms of economy 

and efficiency while electrochemical methods have been applied most successfully to treat leachate and 

wastewater. Recently, many investigations have been especially focused on the use of Electro-Coagulation- 

Folatation (ECF) that is a simple and efficient method for the purification of water and wastewaters [6,7]. Ilham 

et al investigated the application of electrocoagulation to leachate treatment using aluminium and iron 

electrodes and have described that electrocoagulation has higher treatment performance than the chemical 

coagulation process and it can be successfully used as a step of a combined treatment. Electrochemical method 

is characterized by don’t coagulation required, decreased amount of  sludge, simple equipment, easy operation. 

Removal mechanisms in ECF process are including oxidation, reduction, decomposition, coagulation, 

adsorption, precipitation and flotation [8-11]. In this process, coagulant agents (usually aluminum or iron) are 

generated in situ passing direct current through sacrificial anodes that causes corrosion of electrodes and 

production of metal cations. These cations form polymeric metal hydroxide species in solution and can 

neutralize negatively charged particles [12, 13]. After neutralization, the particles bind together to form 
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aggregates of flocs, resulting inpollutant removal. Additionally, generation of small bubbles of oxygen at the 

anode and hydrogen at the cathode cause electroflotation, which results in better removal of contaminants [14-

16]. The objective of the present paper is to investigate the influencing parameters which can contribute to high 

removal of COD, TKN and TSS in landfill leachate by ECF  process using aluminum and  iron electrodes. 

 

MATERIALS AND METHODS 

 

 In this investigation, samples of leachate were used, which were taken from ARADKOH municipal solid 

waste site in Tehran, Iran. The leachate samples were collected in polyethylene containers and were preserved in 

a refrigerator at 4 °C before use. At the beginning of the study, the collected samples were analyzed for their 

main characteristics. Table.1 summarizes the characteristics of the produced leachate.  

 

Table 1: Characteristics of solid waste leachate. 
Value Unit Parameter 

yellow - Color 

6.0 - pH 

8300 (mg L-1) TSS 

68250 (mg L-1) COD 

8500 (mg L-1) BOD 

9300 (mg L-1) TKN 

300 (mg L-1) Alkality 

 

 In this study, the experiments were carried out in batch reactor with 500 ml useful volume. The dimension 

of reactor was 24 cm in height and 8 cm in internal diameter. There were 6 metal plates (electrode); each 

dimension was 20mm× 60mm× 40mm, (from iron or aluminum) in the tank.  Plates were installed in parallel 

configuration with 1 to 2 cm interspaces. Reactor equipped a direct current power supply with current wires, a 

magnetic stirrer using a constant speed of 400 rpm (in order to get a correct homogenization of the wastewater- 

flocs mixture), and required accessories. The batch experimental setup is schematically shown in Fig. 1. In each 

run, approximately 500 mL of total volume of leachate sample poured in the reactor, turn on DC power and ECF 

process with special current density (1.2- 4.8 mA cm
-2

) was down.  After the elapse of time (2-60 min), turn off 

DC power and COD, TKN and TSS effluents after 30 minutes settling the sludge were separated by filtration 

with Whatman filter paper (pore size 11μm), then the liquid was analyzed for COD, TKN and TSS. The 

temperature and solution pH monitored using the ultrameter II from Myron L Company in the electrolysis. The 

measurements of COD, TKN and TSS before and after experiments were carried out according to Standard 

Methods for Examination of Water and Wastewater [17]. 

 

 
 

Fig. 1: A schematic diagram of the electrochemical reactor. 

 

RESULTS AND DISCUSSIONS 

 

 At this stage, the effects of pH, current density, reaction time and electrode materials on the efficiency of 

ECF in leachate treatment investigated. The results obtained from this study are presented and discussed below. 

The runs and operational conditions of ECF experiments are given in Table 2. 

 

Effect of electrode materials: 

Figure 2 shows the effect of type electrode and arrange them as anode and cathode on the leachate treatment by 

ECF process. As indicated in Fig. 1, Al- Al electrodes as anode - cathode have the highest efficiency in the 

removal of COD while electrodes of Fe - Fe as anode - cathode have the lowest efficiency in similar conditions. 
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This is consistent with studies by other [18]. The Al-Al electrodes used as anode - cathode in electrocoagulation 

process for leachate treatment and observed a high efficiency of removal of COD, TKN and TSS in leachate. 

Shivayogimath and Chandrakant also reached a similar result in treatment of  leachate [19]. 

 

Table 2: The runs and operational conditions of ECF experiments. 

Run 
Operation 

mode 
Experiment 

Operational conditions 

 

   
Material 
(anode-

cathode) 

pH 
Current density 

(mA cm-2) 

Reaction time 

(min) 

1 Batch Effect of electrodes material Al, Fe 4 4.8 30 

2 Batch Effect of pH Al-Al 4-11 4.8 30 

3 Batch Effect of current density Al-Al 4 0.6-4.8 30 

4 Batch 
The distance between the 

electrodes 
Al-Al 4 4.8 30 

5 Batch Effect of reaction time Al-Al 4 0.6-3 10-50 

 

 
 

Fig. 2: The effect of anode - cathode electrode materials on the removal of COD, TKN and TSS in the leachate. 

 

Effect of initial pH: 

 The pH plays an important role in the performance of the electrocoagulation process. To describe the effect 

of pH on the leachate treatment at electrocoagulation process, pH was changed in the range of 4 to 11. Effect of 

initial pH on the leachate treatment during the electrochemical process is shown in Fig. 3. As seen with 

increasing pH from 4 to 11, removal efficiency of ECF decrease as COD, TKN and TSS removal efficiencies 

were highest in pH  4.0  and current density of 4.8 mA cm
-2

 after retention time of 50 minutes. This finding 

support that the process of ECF and removal rates are strongly affected by the pH. Also the results obtained by 

other researchers confirmed the important role of pH in the process ECF [20-22]. Reactions occurring in the 

process of ECF with aluminum electrodes in acidic conditions, as follows: 

 

Acidic condition: 

Anode: 

Al(s) → Al
3+

 (aq)+3e
−                                                                                                                                                                                                                                                                                                              

                
(1) 

 2Al
3+

(aq)+4H2O(l)+O2(aq)→2Al(OH)3(s)+2H
+

(aq)                                                                                                                                                      

               (2) 

Cathode: 

2H
+
 (aq) + 2e

−
 → H2(g)      

         (3)                                                                                                                                                                

  

Overall:  

2Al(s) + 4H2O(l) + O2(aq) → 2Al(OH)3(s) + 2H2(g)  

                                                                                                                                                                 (4) 

 In acidic conditions, the anode is oxidized, which results in the release of Al
3+

 into the solution, as shown in 

Eq. (1). Due to the presence of oxygen Al
3+

 formed in the water can further react with hydroxide ions that this 

reaction may also produce gelatinous hydroxide precipitates or soluble monomeric or polymeric aluminum Eq. 

(2). In the cathode H
+
 is reduced to hydrogen gas (Eq. (3)). The overall reaction in acidic condition can be 

written as Eq. (4). According to the results mentioned above, the predominant form of aluminum at pH 4 is Al 

(OH)3 gelatinous precipitate. Therefore the decrease of COD in leachate may be due to the formation of active 

sites on aluminum hydroxide complex with the active sites present on the surfaces of growing aluminum 
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hydroxide flocs (coprecipitation) and undergo physical adsorption onto the gelatinous amorphous Al(OH)3 flocs 

by Van der Waals forces.  Decrease of removal efficiency at high pH can be because to the high solubility of 

Al
3+

 at these pHs and  the formation of soluble forms of aluminum as Al (OH)2
2+

, Al (OH)2
+
), (Al6 (OH)15

3+
, Al7 

(OH)17
2+

 and Al13O4 (OH)24
7+ 

[23-24].  

 

 
 

Fig. 3: The effect of initial pH (4–11) on the removal of COD, TKN and TSS in the ECF process 

 

Effect of current density: 
 Current density is an important factor in the electrocoagulation process, because it affects on the coagulant 

dosage rate, bubble production rate, size and growth of the flocs. To examine the effects of current density, 

experiments were conducted by varying the current density from 1.2- 4.8 mA cm
-2

, at pH 4.0. The influence of 

current density in reducing COD, TSS and TKN is presented in (Fig. 4). As is presented in Fig. 4 with 

increasing current density the amounts of TSS, COD and TKN in leachate were decreased, so that increasing 

current density from 2.1 to 4.8 mA cm
-2

 resulted removals of COD, TSS and TKN of 44. 2 to 68.8 %, 40.7 to 

68.2% and 33.7 to 42.1 % respectively, at pH 4 and the reaction time 50 minutes. The improvement in leachate 

treatment in the electrocoagulation process is related to: 1-the extent of anodic dissolution of aluminum 

increases, as sufficient numbers of metal hydroxide flocs are available for the sedimentation of the pollutant,  2- 

bubble generation rate increases and the bubble size decreases that both of these trends are beneficial in terms of 

high pollutant removal efficiency by H2 floatation (Increasing current density , increased specific surface of  

bubbles are produced, also because of high levels of suspended and colloidal particles in the leachate, increase 

of specific surface and the number of bubbles increase the collision and sticking bubbles and thus increase the 

efficiency of removal of leachate pollutants), 3- increase of the sacrificial anode Al material, hence Al (OH)3 

flocs generation and growth are enhanced, improving the rate of adsorption of pollutant, 4- the coagulant 

generation, increased with the increase of the current density applied between electrodes. This finding is in 

agreement with most other researchers [e.g., 25- 27]. Xiangdong Li et al concluded that the increase in current 

density of 1.98  to 4.96 mA cm
-2

 increase the COD and NH4
+
-N  removal efficiencies of 22.6 to 93% and 19.8 

to 32% respectively. 

 
 

Fig. 4: The effect of current density (0.6-4.8mA cm
-2

) on the removal of COD, TKN and TSS in the ECF  

      process. 

 

The effect of the distance between the electrodes: 

 To evaluate the effect of the distance between the electrodes on removal of pollutants, the gabs between the 

electrodes was changed from 1 to 2 cm. When the distance between the electrodes was set at 1 cm, removal 
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efficiencies for COD, TKN and TSS were 45.5, 28.7 and 42.1 respectively, while at the same conditions and the 

distance between electrodes 2 cm, removal efficiencies were 41, 25.5 and 32.3 respectively. As is shown in Fig. 

5 by increasing the distance between the electrodes, the current density is reduced. Therefore, the release of Al 
+ 

3
 will be reduced which leads to a reduction reaction between contaminants and metal hydroxides. Increasing the 

distance between the electrodes, compressing the suspension and absorption of pollutants are reduced. It is due 

to decrease of the number and size of air bubbles by increasing the distance between the electrodes, which will 

decrease the removal of pollutants. 

 

 
 

Fig. 5: The effect of gap between electrodes on the removal of COD, TKN and TSS in the ECF process 

 

Influence of electrolysis time:  

 The influence of reaction time on COD, TKN and TSS removal efficiencies by ECF was investigated. The 

results are depicted in Fig. 6. As shown in Figure 6, increase of electrolysis time from 10 to 50 minutes at a 

current density of 4.8 mA cm
-2

 and pH 4.0 resulted removals of COD, TKN and TSS  from 22 to 67%, 21 to 

44% and 25 to 64% of respectively. The leachate treatment efficiency is directly related to the concentration of 

generated ions from the electrodes. According to Faraday's law increasing the electrolysis time, the 

concentration of hydroxide ions to form floc is increased, that leads to increases of ECF process efficiency. In 

the initial period of the reaction, especially at low current density the amount of ions produced at the anode is 

low, therefore the produce of floc is decreased that resulted decrease of removal efficiency. But hydroxyl ion 

concentration and the possibility of formation of floc increased with time that caused increased removals of 

COD, TKN and TSS in leachate. The same trend of evolution of removal efficiency with ECF time was reported 

by other researchers [25-27]. 

 

 
 

Fig. 6: Effect of reaction time on the removal of COD, TKN and TSS in the ECF process 

 

Conclusion: 

 Based on the results of this research, landfill leachate COD is more than 36 times the COD of municipal 

wastewater. Also the amount of TKN in landfill leachate is more than 300 times the amount of TKN in 

municipal wastewater. The experiments showed that the maximum COD, TKN and TSS removal efficiencies 

were at pH 4 in the ECF process. Also the increase of current density at pH 4.0 was caused increase of leachate 

treatment efficiency by ECF. Therefore acidity of leachate in the initial stages of landfill is resulted a better 

efficiency for treating landfill leachate by ECF process.  
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