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     Abstract: The present review describes the factors affecting the composition of landfill leachate and it has been 

prepared on the basis of extensive survey of literatures. The main objective of this study was to explore the knowledge on 

various factors that affect the composition of municipal solid waste landfill leachate. The composition of leachate greatly 

depends on the age of the landfill and also on the process occurring in that age. The landfill cannot fill at a time and 

therefore contains many cells and section and experiences different pressure condition, this might occur different phase 

simultaneously within one landfill. Similarly, there are many factors which may affect the composition of municipal solid 

waste landfill leachate. Some of the factors are for e.g. waste composition, depth of waste, moisture content, available 

oxygen, temperature, co-disposal with inclinator ash, waste processing, age of landfill, and toxicity. These factors are 

described in detail in the current review. In general, variations in leachate quality with age should be expected 

throughout the landfill life because of stabilization of organic matter in the long run. 
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I. INTRODUCTION 

Solid waste is a byproduct of human activities which tends to increase with rapid urbanization, improved living 

standards and changing consumption patterns. The waste is generated during industrial processing, institutional 

and developmental activities. There are two components of solid waste i.e. Biodegradable and Non-

Biodegradable. The decomposable organic matter, such as vegetables, fruits; food materials, etc are the 

Biodegradable waste [1]. The dry matters glass, metal, leather, textile, paper packing material, house hold 

wastes are Non-Biodegradable waste. Generally, the higher the economic development and rate of urbanization, 

the greater the amount of solid waste produced. The problems associated with solid waste and its management 

has been the focus of considerable environmental attention during the last quarter of the twentieth century as 

communities the world over have begun to recognize the hazards that its management entails [2]. Over many 

decades, land filling has been favored as a method of waste disposal for a number of reasons, often because it is 

probably the cheapest available method and also as a result of the availability of holes in the ground. Land filing 

with municipal solid waste (MSW) is a common practice in many countries of the world. Most of the landfills 

are open dumping grounds, and they pose serious environmental and social threats [3]. 

 

Derelict voids can be reclaimed by a process of sanitary land filling ultimately bringing the land back into 

productive use and providing much of the needed waste disposal sites [4]. Open dumping and landfill sites near 

the water sources is main reasons for creating considerable nuisanance and degradation of water quality. 

Landfill leachate is one of the major pollution problems caused by Municipal Solid Waste (MSW) landfill, 

which is generated by the basically, biochemical disintegration of organic waste, surface runoff and infiltration 

of rainfall as well as groundwater percolation [5]. It is actually the liquid that flows through the waste in the 

landfill, whose properties depend on the types and content of the waste and climatic condition of that place [6]. 

The characteristics of leachate can be explained in terms of many chemicals that can be categorized as Organic 

matters, inorganic maters and xenobiotic organic compounds. Inside landfill many complex events sequentially 

occur which can be classified as physical chemical and biological process [7]. As outcome of these processes, 

waste is disintegrated or transformed and when the water flows through the transformed waste, contains are 

leached with the water which include inorganic soluble matters, soluble biodegraded matters of complex organic 

processes, soluble matters from chemical reactions and inorganic fine suspended and colloidal solids [8]. 

Leachate generation characteristics like as composition, quantity and potential pollutants in leachate are affected 

by many factors which can be listed as quality of solid waste, degree of compaction in landfill, age of waste, 

climatic condition and hydrogeological condition of landfill site, pH, chemical and biological process occurs 
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during degradation [9]. The quantity of leachate from the specified landfill can be calculated by using simplified 

water balance which includes all of these factors and given as [10]. 

L = P - R - DUs - ET – Duw where 

L = leachate production 

P = precipitation 

R = surface run-off 

DUs = change in soil moisture 

ET = actual evaporative losses from the bare-soil/ evapotranspiration losses from a vegetated surface 

Duw = change in the moisture content of the refuse components. 

The harmful and contaminated leachate production continues for 30-50 years after the closing of landfill site 

[10]. The main component of leachate is organic matters (biodegradable, but also refractory to biodegradation) 

but it also contains ammonia-nitrogen, heavy metals, inorganic salts and chlorinated organics pigments. And 

these components are potential threat to surrounding pollution, basically soil pollution and water pollution 

(ground and surface). These pollutants are categorized into four groups as: organic matters, such as COD 

(chemical oxygen demand) and TOC (total organic carbon); specific organic compounds, inorganic compounds 

and heavy metals. But the organic content in leachate is measured in terms of COD, BOD (biochemical oxygen 

demand), and TOC and dissolves Organic Carbon [11]. 

 

II. PHASES OF WASTE STABILIZATION (PWS) 

The composition of leachate greatly depends on the age of the landfill and the process occurring in that age. 

After the study of many landfill sites, we can conclude that the stabilization of the waste occurs in five 

successive and distinctive phases. The rate of decomposition and the production of biogas defer from phase to 

phase, that shows the activity of microorganism is different in different phases in landfill. That also depends on 

the environments created inside the landfill, that is, physical, chemical, climatic and microbial conditions [12]. 

The phases experienced by degrading wastes are described below. Figure below illustrates the sequential phases 

of landfill stabilization. As the landfill cannot fill at a time so that it contains many cells and section and 

experiences different pressure condition, there may occur in different phases simultaneously in one landfill [6]. 

 
Fig. 1: Landfill showing general trends in gas and leachate quality development [13]. 

 

A. Phase I - Initial Adjustment Phase 

In this phase solid waste gains moisture inside landfill. Accumulation of moisture is important to trigger the 

microbial activity; this is known by initial lag time. These preliminary changes in landfill environment help to 

create the advantageous situation for biochemical disintegration. In this phase, aerobic decomposition of organic 
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matters occurs to change organic matters to CO2, H2O and partially degraded organics with considerable 

temperature rise [14]. 

 

As only few amount of oxygen is inside the landfill and air flow inside are confined, only small portion is 

decomposed aerobically.  The leachate generated in this phase is mostly due to moisture contains in waste not 

by the decomposition. Moisture of waste squeezed out due to the pressure applied during compaction and 

deposition of more waste (Construction of cell). This type of leachate contains suspended fine particles, highly 

soluble salts and microbs from aerobic decomposition process [14], [15]. 

 

B. Phase II - Transition Phase  

As the oxygen presence in waste is limited, aerobic decomposition ends soon and starts anaerobic 

decomposition in this phase. Heat generated by aerobic decomposition and decrease in moisture contains in 

waste favors the anaerobic environment. Reduction environment is developed, changing electron acceptors from 

oxygen to nitrate and sulfate and oxygen converted to carbon dioxide. At the end of this phase, measurable 

concentrations of COD (480 to18000 mg/L) and volatile organic acids (VOA) (100 to 3000 mg/L) can be 

detected in the leachate [6,] [16]. 

 

C. Phase III - Acid Formation Phase 

In this phase production of VOAs, ammonia, hydrogen and CO2 is high due to hydrolysis and biodegradation of 

organic matters by microorganism. In this phase strict and facultative microorganism are active for the 

disintegration processes [17]. These facultative bacteria help to disintegrate waste so that redox potential of the 

waste decreases, which favors the growth of methanogenic microorganism. That causes the decline of pH value 

resulting chemically active leachate and decreases in sportive capacity of residual waste [17]. The highest 

concentrations of BOD (1000 to57700 mg/L), COD (1500 to 71100 mg/L), and specific conductance (1600 to 

17100 mhos/cm) occur during the acid formation phase [14]. The main characteristic of this phase is the growth 

of acidogenic bacteria and large degradation of substrate and nutrients [18].  

 

D. Phase IV - Methane Fermentation Phase 

This phase starts after 4 to 10 years and endures for several years [19]. In this phase, complex organic acids are 

consumed by methane-forming consortia (methanogenic bacteria) and change those intermediate acids to 

methane and CO2, that affects on solubility characteristics of inorganic salts and precipitates those salts. For 

example, reduction of sulfate and nitrate to sulfides and ammonia. During this, concentration of COD and BOD 

decrease because much of the organic acids are converted to gas [14]. During anaerobic decomposition process, 

some organic compounds are not decomposed. They remain as residues in landfill and are very important 

constituents for adsorption and complicated reactions [20]. The pH level is increases in this phase but hinders 

bicarbonate buffering system which supports the activity of methanogenic bacteria. These bacteria slowly but 

effectively decompose for many years and degrade residual organic matters. During this process heavy metal are 

gradually removed by precipitation [5], [21]. 

 

E. Phase V - Maturation Phase 

This phase is stabilized phase of organic compounds. This phase is characterized by the low biological activity. 

After the completion of methanogenic phase, gas production reduces and leachate strength becomes constant at 

very low concentration but residual matters continues in decomposition in very slow manner forming humic-like 

matters [5], [22], [23], [24].  

 

The factors like quality of waste, environment of the leachate interaction, age of solid waste, design of landfill 

and way of operation of landfill affects on the leachate characteristics. In order to account for at least one of 

these factors, which causes variations in leachate quality, an attempt was made to separate data for each 

fillbased on the point in time when (and if) each landfill transitioned from the acidogenic phase to the 

methanogenic phase. Although the stabilization of waste proceeds in different sequential phases, in full-scale 

landfill operation it is virtually impossible to identify all stages. Therefore, only the two most distinct phases 

were addressed by many researchers. So first acidogenic or methanogenic phase is identified of landfill then the 

data is categorized for each landfill phase. The early phase of the waste degradation is acidogenic phase which 

can be defines by BOD/COD ratio larger or equal to 0.1 and sulfate level between 70 and 1750 mg/L [25]. The 

lasting phase of methanogenic process is distinguished by BOD/COD ratio 0.1 and sulfate value between 10 and 

420 mg/L [25]. BOD/COD ratio indicates remaining amount of biologically decomposable organic matters to 
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total organic matters remaining. This phase decreases with the increase in landfill age and many organic matters 

could be leached from the residual wastes [26]. Reduction of sulfate to sulfide occurs due to anaerobic reaction 

which causes the reduction of sulfate concentration that influences methanogenic phase and makes more stable.  

 

III. FACTORS AFFECTING THE LEACHATE QUALITY 

Usually leachate quality is highly variable in most of the sites. The extent of variation in leachate quality can be 

attributed to many interacting factors such as composition, depth, moisture content, dissolved oxygen, design 

and operation of landfill sites, and age of waste. Scientists and researchers have mentioned the following factors 

for variation in leachate quality in general. 

A. Waste Composition 

In much municipal waste, there is a variation in composition and characteristics. In general, the composition of 

waste determines the extent of biological activity within the landfill sites [27], [28]. The waste such as Rubbish, 

food and garden wastes, and crop and animal residues contribute to the organic material in leachate in most of 

the cases and, inorganic constituents in leachate are often derived from ash wastes and construction and 

demolition debris derived from different sources [12]. Ahmed and Can (2012) found that increased quantities of 

paper in solid waste resulted in a decreased rate of waste decomposition in landfill sites. Lignin, the primary 

component of paper but it is resistant to anaerobic decomposition. Because of the variability of solid waste, only 

general assumptions can be made about the relationship between waste composition and leachate quality of the 

landfill sites [29]. 

 

B. Depth of Waste 

Some researchers [30], [31], [32] concluded in their research that greater concentrations of constituents are 

found in leachate from deeper landfill sites. But deeper landfills require more water to reach saturation. 

Similarly, it requires a longer time for decomposition, and distribution. Water entering the fill will travel down 

through the waste collected in the landfills. Generally when the water percolates through the landfill, it contacts 

the refuse and leaches chemicals from the wastes. Landfills of greater depth offer greater contact times between 

the liquid and solid phases which increase leachate strength [33]. 

 

C. Moisture Availability 

Water is one of the most important factors influencing waste stabilization and leachate quality of landfill site. 

But moisture addition has been demonstrated repeatedly to have a stimulating effect on methanogenesis [34] 

although some researchers indicate that it is the movement of moisture through the waste of landfill site [28], 

[35]. Moisture within the landfill serves as a reactant in the hydrolysis reactions. Similarly, it transports nutrients 

and enzymes, dissolves metabolites, provides pH buffering, dilutes inhibitory compounds, exposes surface area 

to microbial attack, and controls microbial cell swelling [35]. Some of the researchers [30], [32], [35] stated that 

high moisture flow rates can flush soluble organics and microbial cells out of the landfill. In such cases 

microbial activity plays a lesser role in determining leachate quality. Similarly, high moisture application rates 

can remove the majority of waste contaminants early in the life of the fill in most of the cases. But under low 

flow rate conditions, anaerobic microbial activity is the significant factor governing leachate organic strength as 

mentioned by the researchers [13].  

 

The quantity of moisture directly affects stabilization rates within the landfill [14], [36]. It is noted that the role 

of moisture in supporting methanogenic fermentation of solid waste is important when examining samples 

removed from operating landfills sites. Comparatively dry landfills (i.e. 20 to 40 percent water) have very slow 

stabilization rates as there is only a small quantity of moisture to support bio-degradation. Some researchers 

recommended the amount of moisture content from 25 percent (minimum, wet basis) to optimum levels of 40 to 

70 percent [33]. 

 

D. Available Oxygen 

Availability of free oxygen in a landfill sites dictates the type of decomposition (i.e. anaerobic or aerobic). At 

the initial stage, aerobic decomposition occurs. The degradation may continue to occur at, and just below, the 

surface of the fill where oxygen is available [8]. As a result of aerobic decomposition, chemicals released differ 

greatly from those produced during anaerobic degradation of the wastes in landfills [37], [38]. During the 

process of aerobic decomposition, microorganisms degrade organic matter to CO2, H2O, and produce 

considerable amount of heat.  Generally, high concentrations of organic acids, ammonia, hydrogen, carbon 

dioxide, methane, and water are produced during anaerobic degradation [37]. During bio-degradation, different 
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phases occur in the landfills as a result of reductions in the quantity of oxygen. As for example, a transitional 

change takes place when oxygen is depleted and an anaerobic environment develops in the bio-degradation of 

landfills. 

 

E. Temperature 

Temperature in the landfill sites is a largely uncontrollable factor influencing leachate quality. It has been shown 

to fluctuate with seasonal ambient temperature variations in the fills [34]. In general, temperature affects 

bacterial growth and chemical reactions within the landfill. Decrease in optimum temperature, will decrease 

growth due to enzyme deactivation and cell wall rupture. Similarly, solubility of many salts [e.g. Ca3 (PO4)2 and 

NaCl] increases with available temperature. But compounds in leachate, such as CaCO3 and CaSO4, show a 

decrease in solubility with increasing temperature in landfills [39].   

 

F. Co-disposal with MSW Incinerator Ash 

 Different studies show that leachate from sites co-disposing MSW and ash is similar to leachate from sites 

accepting domestic waste only [40]. In general, ash wastes do increase the inorganic content of the refuse in 

many cases.  Thus, co-disposal of ash with municipal solid waste may provide a means to attenuate the toxic 

species [40]. Some researcher [12], [41] found that leachate from co-disposal sites contained more chemical 

oxygen demand (COD), sulfide, and low molecular weight organic acids such as acetate and formate (formic 

acid).  And, the greater amounts of acetate and formate acids can depress pH and enhance metal mobility in the 

leachate. But sulfide would tend to immobilize metals due to the low solubility of most metal sulfides. 

Researcher [6], [41] also determined that co-disposal generated more lead and cadmium in the particulate form 

in the landfills. Scientist [42] conducted a study which characterized leachate from co-disposal sites and 

concluded that there was no clear difference between the metal content in leachate from co-disposal sites and 

from municipal sites. This study suggested that the neutral pH of MSW leachate does not promote leaching of 

metals from municipal waste combustion ashes as well as there was no noticeable difference in the number or 

the detected levels of organic compounds between the leachate collected from the co-disposal sites and the 

municipal disposal sites. Similarly, “leachate generated by the Toxicity Characteristic Leaching Procedure 

(TCLP), Extraction Procedure (EP), or De-ionized Water Extraction Test Method (SW-924) from ashes 

collected from co-disposal sites did not generate detectable semi-volatile compounds”.  A similar study was 

conducted by other researcher [43] on the leaching behavior of 33 elements in municipal solid waste incinerator 

fly ash. The result showed that the most of the potentially toxic elements such as arsenic, barium, and cadmium 

leached at relatively low concentrations. Only lead was the exception. According to the TCLP definition of a 

hazardous waste, the lead in approximately the first three pore volumes of column leachate was at hazardous 

levels [44]. The only other elements present above the method detection limit were silver, barium, and 

chromium. Leachate concentrations of these elements were below legal limits at the start of the experiment 

according to the findings [44].  

 

G. Processed Waste 

Leachate characteristics can greatly be affected by shredding or baling of waste. Leachate from shredded waste 

is highly contaminated during early stages of waste stabilization. However, it is less contaminated during later 

phases and leachate from unshredded waste [45]. Some researchers also agreed that leachate from shredded 

landfills has significantly higher concentrations of pollutants than leachate from unshredded ones. Generally, the 

higher strength leachate can be attributed to increased surface area and, consequently, increased rates of bio-

degradation in shredded wastes (landfills) [41] .However, there is contradiction on this statement [46]. Field 

capacity (i.e. maximum moisture that can be retained without continuous downward percolation by gravity) was 

delayed for shredded waste landfills. However, the rate of pollutant removal, solid waste decomposition, and 

cumulative mass of pollutants released per unit volume of leachate was significantly increased when compared 

to unshredded waste fills [44]. Similarly, baling resulted in large volumes of dilute leachate and waste required a 

longer period to stabilize (as compared to unbaled wastes). In general, baling of wastes can enhance leachate 

production by decreasing the elapsed time before leaching. It also reduces the moisture-retention ability of the 

waste, and increase the overall volume of the leachate produced [7]. However, once the field capacity of the 

shredded or baled refuse is attained, the cumulative mass of pollutant removal per unit volume of solid waste 

would be the same [7]. 
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H. Age of Landfill 

Quality of leachate is greatly influenced by the length of time too. Reactions occur during different ages of 

landfills. There is limited quantity of chemicals in the waste. Thus, leachate quality reaches a peak after 

approximately two to three years followed by a gradual decline in ensuing years. In general, leachate from new 

landfills will be high in BOD and COD and will then gradually decline during 10 years [47].  But all 

contaminants do not peak at the same time. Because of biodegradable nature, organic compounds decrease more 

rapidly than inorganic ones with increasing age of the landfill [48]. Inorganic compounds are removed as a 

result of washout by infiltrating rainwater in most of the cases [48]. However, Organic compounds decrease in 

concentration through decomposition as well as washout. The rapid decrease in the concentration of sulfate is a 

result of predominately anaerobic condition in the landfill. Under this condition sulfate is reduced to sulfide 

[48], [49]. Then sulfide precipitates with various metals. Similarly, pH increases with time. It reflects the 

decrease in concentration of the partially ionized free volatile fatty acids [49]. In general, variations in leachate 

quality with age should be expected throughout the landfill life because organic matter will continue to undergo 

stabilization [49]. 

 

I. Toxicity 

Some researcher [34] investigated acute and genetic toxicity of municipal landfill leachate. The results of acute 

and genetic toxicity showed that leachate from municipal solid waste landfills are just as toxic as leachate from 

landfills of residential and hazardous wastes [50]. Leachate from MSW landfills more or less contained the same 

hazardous constituents as found in other hazardous waste landfills.  

 

IV. CONCLUSION 

The composition of leachate is greatly depends on the age of the landfill and the process occurring in that age. 

As the landfill cannot fill at a time so that it contains many cells and section and experiences different pressure 

condition, there may occurs different phase simultaneously in one landfill. Similarly, there are many factors 

which may affect the composition of municipal solid waste landfill leachate. Some of the factors are: waste 

composition, depth of waste, moisture content, available oxygen, temperature, co-disposal with inclinator ash, 

waste processing, age of landfill, and toxicity. In general, variations in leachate quality with age should be 

expected throughout the landfill life because organic matter will continue to undergo stabilization. Leachate 

characteristics can greatly be affected by shredding or baling of waste. Leachate from shredded waste is highly 

contaminated during early stages of waste stabilization. Leachate from MSW landfills more or less contained 

the same hazardous constituents as found in other hazardous waste landfills.   
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