
LANDFILL LEACHATE 

MANAGEMENT 

Barış ÇALLI  

Marmara University, Environmental Eng. Department 

Vahit BALAHORLİ 

İSTAÇ A.Ş 



 Landfills are physical facilities used for the disposal of 

residual solid wastes in the surface soils of earth. 

 Designed and operated to minimize public health and 

environmental impacts. 

 Landfilling process includes; 

 Monitoring of the incoming waste stream 

 Placement and compaction of waste, and 

 Installation of landfill environmental monitoring and control 

facilities 

Landfilling Process 



Landfill Operations and Processes 



Landfill gas and leachate 

Leachate is a result of percolation of precipitation and uncontrolled runoff. It can also include 

water initially contained in the waste as well as infiltrating groundwater.  

Lechate 

collection pipe 

Liquid that collects at the bottom of a 

landfill is known as leachate 

Landfill gas 

collection wells 
Gas collection pipe 

Landfill gas is mixture of 

gases found within landfill. 

It mainly consists of CH4 

and CO2 



 Uncontrolled release of landfill gases might cause odor and 

other potential dangerous conditions 

 Impact of uncontrolled discharge of landfill gases on 

greenhouse effect in the atmosphere 

 Uncontrolled release of leachate might migrate down to 

underlying groundwater or to surface water 

 Breeding and harboring of disease vectors in improperly 

managed landfills 

 Health and environmental impacts asscociated with the 

release of the trace gases arising from hazardous materials 

placed in the landfills in the past 

Concerns with landfilling 



Biological reactions 

 Organic material in MSW leads to the evolution of landfill 

gases and leachate. 

Physical reactions 

 Lateral diffusion of gases in landfill and emission of landfill 

gases to the surrounding environment 

 Movement of leachate within landfill & into underlying soils 

 Settlement caused by consolidation and decomposition of 

landfilled material 

Reactions Occuring in Landfills 



Chemical reactions 

 Dissolution and suspension of landfill material and 

biological conversion products in leachate 

 Evaporation and vaporization of chemical compounds into 

landfill gas 

 Sorption of volatile and semi volatile organic compounds 

into landfilled material 

 Dehalogenetaion and decomposition of organic compounds 

 Oxidation reduction reactions affecting metals and solubility 

of metal salts 

Reactions Occuring in Landfills 



Anaerobic decomposition in landfill 
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Generalized phases of a landfill: 

I. Initial adjustment phase 

Phase I 

Initial adjustment  Biological decomposition occurs 

under aerobic conditions, because a 

certain amount of air is trapped 

within the landfill. 

 The principle source of aerobic and 

anaerobic m.o.’s responsible for 

waste decompostion is the soil 

material used as intermediate cover.  

 Wastewater treatment plant sludges 

disposed of to landfills and recycled 

leachate are other sources of m.o.’s. 



II. Transition phase 

 Oxygen is depleted and anaerobic 

conditions begin to develop. 

 As landfill becomes anaerobic, 

nitrate and sulfate (e- acceptors) are 

often reduced to N2 and H2S gases. 

 Reduction of nitrate and sulfate 

occur at -50 to -100 mV (ORP). 

 pH of leachate starts to drop due to 

the presence of VFAs and effects of 

elevated CO2 concentrations within 

the landfill. 

Phase II 

Transition 



III. Acid formation phase 

 Complex organics (lipids, proteins, 

carbohydrates) are first hydrolyzed 

to simpler compounds (long-chain 

fatty acids, amino acids and sugars) 

and then fermented to intermediate 

products (VFAs, alcohols). 

 Significant amounts of VFAs and 

small amount of H2 are produced. 

 CO2 is the principle gas generated. 

 M.o.’s are facultative and anaerobic 

acidogens (fermentative bacteria) 

Phase III 

Acid formation 



III. Acid formation phase 

 pH of leachate often drops to 5 or 

below because of high 

concentrations of VFAs and CO2. 

 Due to the dissolution of VFAs in 

leachate BOD5, COD and 

conductivity increase significantly. 

 Because of low pH values, heavy 

metals are solubilized. 

 If leachate is not recycled, essential 

nutrients are lost from the system.   

Phase III 

Acid formation 



IV. Methane formation phase 

 Acetic acid and H2 formed by 

acidogens are converted to CH4 and 

CO2 by strict anaerobes called 

methanogens. 

 Because the acetic acid (VFAs) are 

consumed, pH rises to 6.8-8. 

 Concentration of COD and BOD5 and 

conductivity are reduced.  

 With higher pH values, fewer 

inorganic constituents (heavy metals) 

remain in leachate 

Phase IV 

Methane formation 



V. Maturation phase 

 Occurs after the readily available 

biodegradable organic material has 

been converted to CO2 and CH4. 

 Landfill gas generation diminished 

significantly. Small amounts of O2 

and N2 may found in landfill gas as 

well as CO2 and CH4.    

 Leachate often contains humic and 

fulvic acids, which are difficult to 

process further.   

Phase V 

Maturation 

Landfill gas 

Leachate 



Composition, Formation and Control of 

Landfill Leachate 

Ref.: Tchobanoglous & Kreith, 2002 



Water balance and leachate generation 

in landfills 

Definition sketch for water balance used to assess leachate formation 

in a landfill (Ref.: Tchobanoglous vd., 1993) 



Control of leachate in landfills 

Single-composite barrier types 

Double-composite barrier types: 



Leachate collection systems 

Leachate collection system with graded terraces 



Leachate collection systems 

Leachate collection systems 



Leachate management options 

 Leachate recycling 

 An effective method for the treatment of leachate is to collect and 

recirculate the leachate through the landfill. 

 Leachate evaporation 

 One of the simplest leachate management systems involves the 

use of lined leachate evaporation ponds. 

 Leachate treatment 

 Where leachate recycling and evaporation is not used and the 

direct disposal of leachate to a WWTP is not possible, some form 

of pretreatment or complete treatment will be required.  

 Discharge to municipal wastewater collection system 



Treatment of leachate: Chemical & physical 

operations 

Treatment process Application Comments 



Treatment of leachate: Biological processes 

Treatment process Application Comments 



Anaerobic pre-treatment 

Anaerobic leachate treatment processes 



Chemical & biological treatment 

Aerobic leachate treatment processes 

Chemical treatment process for removal of heavy metals and organics 



Physical (membrane) treatment 

Robinson A.H. 2005 Landfill leachate Treatment, Membrane Technology, 6, 6-12   



Treatment of acidogenic (young) 

landfill leachate 



Treatment of acidogenic (young) 

landfill leachate 



Landfill leachate treatment in Turkey 

Design parameters 

City Treatment process 
Flow rate 
m3/day 

COD 
mg/L 

BOD5 
mg/L 

Total N 
mg/L 

TSS 
mg/L 

Erzurum Reverse osmosis 24.950 1.065 1.380 

Kuşadası Reverse osmosis 600 48.000 34.000 3.000 

Samsun Reverse osmosis 28.000 15.000 2.800 2.000 

İstanbul MBR +Nanofiltration 2.000 20.000 13.000 3.000 1.500 

Trabzon MBR + Nanofiltration 50 20.000 13.000 3.000 1.500 

Antalya Anaerobic+Aerobic 200 50.000 40.000 3.000 

Çanakkale Anaerobic+Aerobic 45 8.137 11.487 1.000 600 

Bursa Aerobic+Facultative+SBR 500 30.000 15.000 1.500 

Sinop Aerobic+Facultative+SBR 22 26000 10500 823 3790 



Istanbul-Kömürcüoda Landfill Leachate Treatment Plant 

Landfill leachate treatment in Turkey 



Landfill leachate treatment in Turkey 

Istanbul-Odayeri Landfill Leachate Treatment Plant 



Landfill leachate treatment in Turkey 

Istanbul-Odayeri Landfill Leachate 

Treatment Plant 
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Landfill leachate treatment in Turkey 

Bursa-Hamitler Landfill Leachate Treatment Plant 



Bursa-Hamitler Landfill Leachate Treatment Plant 

Landfill leachate treatment in Turkey 
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