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Abstract

Biologically stabilized landfill leachate usually requires further removal of organic substances and ammoniacal-N before final discharge. Chemical oxidation may be a convenient method for removal of organics but does not appear efficient in ammoniacal-N removal. Under the best operational conditions lab-scale application of electrochemical  oxidation  to treatment of leachate with low BOD/COD ratios and high ammoniacal-N content resulted in 75% COD removal and 100% ammoniacal-N oxidation. Ammoniacal-N oxidation appears to follow chemical oxidation by chlorine and chlorites formed by electrochemical conversion of chlorides in the leachate (1600 mg/l). Further developments on pilot plant are on progress.
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1. INTRODUCTION

Biological stabilization in landfill leachate may be a result of application of pre-treatment strategies,  of degradation processes within the landfill and their eventual enhancement  or of biological treatment of the leachate. Whatever the case the resulting leachate may still contain high COD values (generally higher than 1000 mg/l), low BOD/COD ratio and significant concentrations of ammoniacal-N and halogenated compounds. These characteristics require further  chemical and physico-chemical treatment in order to fulfill national standards for discharge into surface waters. To this purpose several methods such as membrane filtration, activated carbon adsorption, evaporation and chemical oxidation have been proposed and applied. In doing so all attemtp aim to achieve results with a simple cost effective system.

Fundamentals of chemical oxidation processes are given in this paper and results of an investigation concerning treatment of low BOD/COD leachate with high ammoniacal-N content by means of electrochemical oxidation are presented. In addition, chemical oxidation processes may be used .

2. FUNDAMENTALS OF CHEMICAL OXIDATION

2.1 Organics and other compounds in biodegraded leachate
The organic content of MSW landfill leachate may vary extensively according to different influencing parameters  and can be roughly classified into three main groups (Christensen, 1982; cit. in Kylefors, 1997 ) :

· Low molecular organic acids and alcohols

· Humic substances with a high molecular weight

· Fulvic acid-like materials with medium to high molecular weight

The first group is made out of easily biodegradable compounds, mainly fatty acids. In acidic leachate they may represent more than 90% of TOC (Blakey et al., 1992).

The second group consists in rather stable organics supposely derived from cellulose and lignin. They can be found in a percentage of the leachate organic content ranging from 0,5%  to 5%.

Moreover extremely high level of ammoniacal-N can be observed too, ranging from 500 to 3000 mgN/l.

2.2  Oxidation processes

During chemical oxidation organic compounds can be converted to simple final products , such as water and carbon dioxide. Various oxidants including hydrogen peroxide, potassium permanganate, oxygen , ozone and chlorine can be used. Chlorine (either in gaseous form or as hypochlorite salts)  may also be used, but its use, in the case of incomplete oxidation, may result in the formation of toxic products.

Oxidants present different oxidation potential and efficiencies (Table 1). The most reactive oxidant are the OH radicals, on which the majority of Advanced Oxidation Processes (AOPs) are based.

Up to now the following oxidation methods have been applied to leachate treatment:

· wet oxidation

· hydrogen peroxide/ UV oxidation

· ozonization

2.2.1 Wet oxidation

In the wet oxidation process the oxidant is oxygen. The reaction occurs  at a high temperature (175-320 °C) and high pressure (20-200 atm.) with 1-2 hours retention time. Oxygen is added as pressurized air or pure oxygen. 

This process can generally be proposed for treatment of leachate with a high chemical oxygen demand. The process is energetically self sustaining for COD values exceeding 10-20.000 mg/l (Collivignarelli, 1992).

2.2.2 Hydrogen peroxide

Hydrogen peroxide can easily oxidize refractory organics, such as humic substances, in the presence of a catalyst. OH radicals are formed with an oxidation potential higher than the hydrogen peroxide alone (Table 1 ) .
Table 1 - Oxidation potential for some oxidants ( Fraser & Sims, 1984).
	 Oxidant
	Reactions
	Oxidation potential (volt)

	Hydroxyl-radical
	OH.  + H+ + e = H2O
	2.80

	Ozone
	O3 + 2H+ + 2e = H2O + O2
	2.07

	Hydrogen peroxide
	H202 + 2H+ + 2e = 2H2O 
	1.77

	Permanganate
	MnO4- + 8H+ + 5e = Mn2++ 4H20 
	1.52

	Chlorine dioxide
	ClO2 + e = Cl- + O2
	1.50

	Chlorine gas
	Cl2 + 2e = 2Cl-
	1.36


2.2.3 Hydrogen peroxide

Hydrogen peroxide can easily oxidize refractory organics, such as humic substances, in the presence of a catalyst.  OH 
radicals are formed with an oxidation potential higher than the hydrogen peroxide alone (Table 1).

Iron salts (Fenton reagent) and UV radiation are two possible catalysts.
The production of radicals can be described as follows:

H2O2 + uv-radiation = 2OH .

OH radicals react very fast. The simplified oxidation reaction can b written as follows:

OH l + organic substance + UV-radiation   -->  H20 + CO2 + organic residue

As  aqueous OH l is not selective, reaction rate can be reduced by "radical scavengers" such as acetate, carbonate and bicarbonate (Horgné, 1997). It is therefore essential to maintain concentrations of the competing compounds at a low level. At low pH the carbonate concentration is reduced so that a pH value of 3 is recommended (Steensen, 1993).

OH l + CO3--   ----> OH- + CO3-
OH l + HCO3-   ----> H2O + CO3-
The energy consumed by peroxide/uv oxidation has been estimated between 120 and 250 kWh/kg COD (Steensen, 1993).

2.2.4 Ozonization

The oxidation potential of ozone is high enough for a direct oxidation of organic material (Table1). With the aid of initiators (OH-, H202) reactive OH radicals can be formed. Again the control of radical scavengers is important.

The consumption of ozone can be estimated in term of 2.3-3 gO3/gCOD removed (Steensen, 1993; ATV, 1993).

As a general result the above mentioned oxidation processes present the following disadvantages:

· high cost for reagents

· high energy consumption

· no or low reduction of inorganic compounds such as ammoniacal-N

2.3 Electrochemical processes

In an electrochemical treatment organic compounds can be oxidized directly on the anode or indirectly (Figure 1). In the direct anode oxidation the organics are first adsorbed on the anode surface and then oxidized by the anodic electon transfer reaction (Li-Choung Chiang et al, 1995) Most likely surface adsorbed OH -type radicals are the oxidants that occurs on passivated anodes (Hoigné, 1997). A typical indirect oxidation is that involving chlorides. These are oxidized to gaseous chlorine or to hypochlorite, which then oxidize the organic compounds in the bulk liquid.

Landfill leachate contains high concentration of chlorides (up to 4000 mg/l) thus rendering electrochemical oxidation a most promising method for the oxidation both of organic compounds and inorganic compounds (such as ammoniacal-N) through chlorine oxidation.

In order to prove this potential of electrochemical oxidation lab tests were carried out aimed at investigating operational conditions and efficiencies in terms of organic compounds (COD) and ammoniacal-N oxidation. 

The leachate for the experiments was collected in a sufficient aumount for all the electrochemical oxidation tests, in order to assure a constant quality feed. The leachate was stored at 4 °C. The BOD/COD ratio was already low in the raw leachate (approx. 0.1) and it decreased to 0.07 in the biologically degraded (BD) leachate.

Due to the low BOD in the raw leachate biological denitrification it was not very effective and a high ammoniacal-N content still remained in the BD leachate (300-500 mgN/l).

3. EXPERIMENTAL STUDY
3.1 Apparatus

3.1.1 Electrochemical cell

Figure 2 depicts a schematic view of the electrochemical cells adopted for the experimental runs. Two different flow cells were used. Cell I was a one compartment parallel plate cell. The electrode dimensions were 7x3 cm with an interelectrode gap of 0,5 cm.




Figure 1. Scheme of pollutant removal pathways in electrochemical oxidation process (after Li-Choung Chiang et al., 1995)
The electrolyte was recirculated through the three-dimensional anode made of a a porous carbon bed (diameter 3,5 cm, thickness 1cm). The catode was a steel grid facing the anode with an interelectrode gap of 1 cm.

The electrochemical cells were inserted into a hydraulic circuit which included an electrolyte reservoir with a volume of 1 dm3, mixed by a magnetic stirrer and thermostatted at 25 ± 1 °C. A peristaltic pump with variable revolutions per minute allowed recirculation of the fluid through the system; the fluid velocity ranged from 0,1 to 1 cm/s.

3.2 Experimental procedure

Current density during galvanostatic electrolysis was kept in the ranges 5 to 15 mA/cm2 for cell I (expressed per unit area of the bi-dimensional electrode) and 2 to 20 mA/cm3 for cell II (expressed per unit volume of the three-dimensional electrode).

The potential value of the anode during the runs was measured with respect to a saturated calomel electrode connected to the working electrode through a Luggin probe.

During the experiments samples were taken perodically from the reservoir and analysed. The following parameters were monitored: COD, Cl-, ammoniacal-N and pH. All the analytical procedures were performed following the Standard methods (APHA, 1985).

Some electrochemical oxidations were also performed by using leachate after flocculation with aluminium salts. In this case the pH of the solution was adjusted to a value of 6.8 and a fixed amount of Al(SO4) was added. The solution was then filtered and fed to the electrolysis system.

4. RESULTS AND DISCUSSION

The treatment of landfill leachate by electrochemical oxidation was studied by using both bi-dimensional oxide anodes (Ti/PbO2 and Ti/SnO2) and three-dimensional carbon anodes. The effect of some operating parameters, such as fluid velocity, current density  and pH of solution was preliminarily investigated. As far as the influence of these parameters is concerned, the fluid velocity through the cell did not affect the reaction behaviour of both kinds of electrodes, indicating that, in the examined range, the degradation process is not limited by mass transfer at the anode.

5. CONCLUSIONS

Electrochemical oxidation appears to be a most promising process for treatment of biologically degraded landfill leachates (old leachate, biological pre-treated leachate, leachate from Mechanical Biological Pretreated landfills).  The preliminary lab-tests presented in this study allowed the following conclusions to be drawn:

· the electric density charge per unit volume of leachate depends on the final desired COD and on a pre-flocculation treatment. By adopting Ti/PbO2 anodes with a current density of 20 Ah/cm3, COD can be reduced by 75% and ammoniacal-N is completely removed. With a preliminary flocculation by Aluminium salt (approx. 0.6 g Al+3/l) COD is removed by 75% just applying a current density of 5 Ah/dm3 

· Among the anode materials adopted in this study, Ti/PbO2 presented the best electrocatalytic behaviour. Under the best operational conditions 75% COD removal and 100% ammoniacal-N removal was obtained resulting in an electric power consumption of 60 kWh/kg COD

· Ammoniacal-N reduction appears connected to the indirect oxidation effect of chlorine and hypochlorite formed by electrochemical oxidation of the chlorides which are present in leachate
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