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Abstract 

open dumping of waste or disposal without waste engineering principles in the environment along with 

precipitation, increase the leachate from these wastes. The main and fundamental reason is the attention of 

scientific societies to the issue of leachate pollution, the possible risk of contamination of water and soil 

resources by leachate and gases emitted from it, that cause to the dangerous and deadly consequences. 

Therefore, in this paper, the destructive effects of leachate on the environment and ways to reduce leachate 

production are discussed. 
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Introduction 

Environmental protection is one of the basic principles in human survival, controlling environmental pollution, 

including human waste, is one of the most important issues in urban communities. waste production in human life, is 

inevitable and population growth increases its production rate. In developing countries, most of the produced waste is 

being dumped into open environment [7,40]. One of the major problems caused by municipal waste is the management 

of leachate, which contains various physical, chemical and biological pollutants [10,46]. The leachate produced from 

solid waste in uncontrolled landfills has a great impact on the environment and human health. Environmental problems 

in general and waste problems in particular are among the problems of today's societies. The aim of the present paper 

is to evaluate and investigate the destructive effects of leachate on the environment and ways to control and reduce 

leachate. Leachate is a dark brown, foul-smelling liquid that seeps out of the waste and contains soluble and suspended 

substances. In most landfills, leachate comes from the decomposition of organic matter and liquids that may come 

from external sources such as surface water drainage, rainwater, groundwater, and water from groundwater sources. 

One of the major problems of leachate is the toxic substances and heavy metals in leachate that should be considered 

before disposing of leachate. Heavy metals due to their stability, cause special problems in the environment [9,27]. 

Environmental impact of municipal dumpsite leachate 

Groundwater Pollution 

The most important environmental effects of leachate of landfills are, surface and groundwater pollution. The leachate 

of the landfills is formed from rainfall, water from melting snow, moisture in the waste and the biological 

decomposition of waste [29,33]. Infiltrated water may also dissolve the water created by the compression of the waste 

due to their weight, resulting in contamination of groundwater .In many parts of the world, people are facing water 

shortages due to rising water consumption and harvesting, as well as human activities that are increasingly polluting 

these declining resources and reducing the amount of fresh water available (2004). , Bou-Zeid E). the toxic leachate 

rich in organic and inorganic compondes negatively influence the composition of the groundwater making it unsuitable 

for the human consumption [4,30,46]. Horizontal movement of leachate in landfills can cause leachate to leak from 

the soil surface at low altitudes and contaminate surface water. Vertical movement of leachate from different layers 

under the burial ground causes soil pollution and in case of high groundwater level, it causes groundwater pollution 

[8]. Numerous resources have the potential to penetrate the earth and contaminate groundwater. This potential depends 

on various factors such as groundwater level, pollutant physical and chemical properties, other associated pollutants, 

its concentration in the source of pollution and the physical and chemical texture of the soil. The risk of infiltration of 

leachate is higher when landfills are located in sandy soils and on shallow groundwater. Ross or bentonite soil, which 

is more impermeable, is used to prevent leachate from penetrating groundwater [41]. 

The Water Quality Index (WQI) is one of the techniques used to evaluate water quality. This index is usually obtained 

from the amount of general water parameters including soluble oxygen, acidity, hardness, soluble solids, temperature, 
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turbidity, nitrate, nitrite and some major ions [28]. The main objective of computing of water quality index (WQI) is 

to turn the complex water quality data into information which is easily understandable and usable. 

WQI calculations include the following three steps: 

The first step is "weighting", for each water quality parameter, a specific weight is assigned according to its relative 

importance. 

The second step, "relative weight calculation," is calculated using Equation 1 

wi =
𝑤𝑖

∑ =1𝑤𝑖𝑛
𝑖

                              (1)   

In this equation, wi is the weight of each parameter and n is the number of parameters. 

The third step is to "calculate the quality rate scale." This scale (qi) is calculated by dividing the concentration of each 

parameter in each water sample by the standard value of that parameter. 

qi =
ci

si
× 100  (2)                       

Where ci is the concentration and si standard of each chemical parameter in the water sample in mg / L. Then, to 

estimate WQI, SI (sub-indication of nm parameter) is determined for each chemical parameter with equations 3 and 

4: 

sli = wi × qi     (3)                       

𝑊𝑄𝐼 = ∑ sli                           (4)  

The value of obtained WQI is classified by determining the water quality classification. In this classification, waters 

with a WQI of less than 50 in a very good category, 50 to 100 in a good category, 100 to 200 in a weak category, 200 

to 300 in a very weak category and above 300 in a category of unsuitable for drinking. 

Soil pollution 

Soil is one of the most important environmental factors. Without healthy soil, life on earth would not be possible. 

Contamination of the soil causes contamination of groundwater aquifers and changes in the condition of structures 

located on the soil. Any change in the specifications of the soil layer can lead to a decrease in load-bearing capacity 

and an increase in the overall and relative subsidence of the structure. As a result, the structures break down and 

become unusable [6]. Burial and open accumulation of waste causes the leachate to be released into the soil and the 

surrounding environment, which, if not properly guided and collected, has irreversible effects on the environment and 

surrounding soils [20,42, 44,47]. Chemical substances from leachate are either absorbed by the soil particles as 

adsorbents or trapped as insoluble liquid between the soil particles. Over time, wastewater leachate that has been 

absorbed by soil particles spreads into the soil tissue, causing soil contamination to become more widespread, which 

has a significant impact on environmental behavior and soil engineering (D.E. Foreman et all, 1986 and A.K. Khan, 

1994 (. When leachate collection systems are not implemented and the end layer of landfill is not covered, leachate 

penetration into surrounding soils increases, which has a direct impact on soil geotechnical parameters and changes 

the behavior of volumetric changes, shear strength and soil hydraulic resistance [19]. 
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Contamination factor (CF) 

It is used to illustrate the contamination of a given toxic element and assess the soil contamination.  

 𝑐𝑓 =
𝑐𝑖

𝑐𝑏
                                 (5) 

Ci: concentration of metal in the soil under the influence of waste leachate 

Cb: is the concentration of the metal in the control soil (the measured concentration in soils that are not affected by 

leachate). 

In this formula Cf <1 indicates low pollution 3 ≤Cf <1 moderate pollution, 3 ≤Cf <6, high pollution and Cf≥6 very 

high pollutions [21]. 

Air pollution and the cause of the bad smell of leachate 

One of the important parameters is the control of the exhaust gases from the waste. Accumulation of waste in a place 

with proper humidity and temperature is one of the factors that cause aerobic and anaerobic bacteria to decompose 

waste. Methane, carbon dioxide, nitrogen, hydrogen, paraffinic hydrocarbons, cyclic hydrocarbons, hydrogen sulfate, 

carbon monoxide, chloroathylene, chlorobenzene, toluene, tetrachloroethylene, ethyl benzene, and dichloroethylene 

are the gases that can be the result of waste decomposition. The most important problem related to the gases produced 

from the landfill is odor. While methane and carbon dioxide are odorless gases, the emissions from solid waste include 

large amounts of odorous compounds that are also present in low concentrations and very disgusting. Methane is the 

most important gas produced in the waste decomposition process at landfills. If the methane produced is not controlled, 

it has harmful environmental effects. It also penetrates the roots of trees and destroys them [39]. 

The effect of leachate on trees and vegetation 

Leachate is highly toxic and contains many dangerous substances and pathogenic bacteria, so it can have a negative 

effect on the ecosystem of its pathway. The leachate either enters the soil and the plant, which eventually leads to 

many changes in the building and their physical and chemical properties, or it drains into the paths and valleys around 

it, and its harmful effects, such as drying plant species can be more visible. Waste leachate contaminates the soil with 

cadmium. Cadmium is an unnecessary nutrient for plants and relatively low concentrations can have toxic effects on 

plants [23]. Of course, the nutrients in leachate can increase the productivity of forest trees and cause more trees to 

grow, but it has a negative impact on the growth of trees that are exposed to irrigation with leachate and has reduced 

the growth of trees [18]. 

Leachate pollution index (LPI) 

An index known as leachate pollution index (LPI) is a method for quantifying and assessing the leachate contamination 

potential of municipal landfills.  It is a quantitative tool that used leachate pollution data of landfill sites and can be 

reported uniformly. LPI has been formulated based on the Delphi technique and it is an increasing scale index that 

provides a convenient means of summarizing leachate pollution data [26]. 

LPI = ∑ 𝑤𝑖𝑝𝑖 𝑛
𝑖=0                            (6) 

∑ 𝑤𝑖 = 1𝑛
𝑘=0                                   (7) 
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LPI =
∑ 𝑤𝑖𝑝𝑖𝑚

𝑖=1

∑ 𝑤𝑖
                               (8) 

LPI: Leachate pollution index 

wi: Weight for each contamination parameter i  

pi: The value below the index for each contaminant parameter i 

n: The number of leachate contaminant parameters used in LPI 

Leachate management by preventing leachate production 

Currently, according to statistics released by the Tehran Waste Management Organization as the metropolis and capital 

of Iran, the most common type of waste that leads to the production of leachate is organic waste left over from 

household waste [31,34]. The reduction of leachate produced by citizens and the drying up of waste, and then their 

disposal, will gradually reduce the process of leachate production. Prevention Returns to home sinks, restaurants, and 

offices to drain more waste. Wet and dry waste should be disposed of separately in glass, plastic and paper tanks. In 

other words, all citizens must help urban management to reduce leachate and take a more serious step toward 

separating waste from source 

Methods of preventing leachate production 

- Drying wet waste 

- The food containers must first be completely emptied and then washed. This allows less moisture to enter the waste. 

- Baskets in the sink are very important in reducing waste. 

- Proper separation of the source by separating wet and dry waste in glass, plastic and paper tanks 

Recycling after reduction (prevention of leachate production) is the second priority in waste management strategies. 

Recycling is the process by which part of the waste produced is separated and used as raw material to produce new 

products [1,2,32]. 

Separation from the source of waste production is one of the most important and low-cost methods of waste separation, 

which can be institutionalized among the people by spending a little time on training. By separating organic waste, 

less leachate is produced and will have less environmental impact. G et all,1993.  

Recycling reduces the problems of urban waste management, including collection and disposal, especially combustion 

and burial. In addition, recycling reduces the spread and contamination potential of leachate. 

According to studies on the destructive effects of leachate on the environment and efforts to prevent the production 

of leachate, different ways to control leachate have been considered. 

collecting and returning leachate in Landfill: One of these methods is collecting and returning leachate in Landfill, 

which is implemented in Iran due to its efficiency and affordability. When leachate is returned to the landfill, the 

concentration of its combined components decreases as a result of biological activity and other physical and chemical 

reactions within the landfill. The main advantage of returning leachate to the landfill is the recovery of the landfill 

gas, which contains methane [16, 47,49].  
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Leachate evaporation: In this method, the leachate is directed to the liner evaporation ponds to evaporate over time. 

This method is one of the simplest leachate management systems. The evaporation method has many advantages, 

including compliance with output standards with fewer operating units than conventional treatment plants, which have 

more operating units and processes [5,14]. 

Leachate treatment: On sites where leachate evaporation or collecting and returning is not used, it is not possible to 

treat the leachate and dispose of it directly to wastewater treatment facilities, and some pre-treatment or complete 

treatment of that is required. Because the characteristics of the collected leachate are usually very diverse. But almost 

all of the used methods to treat wastewater can be used to treat leachate. The type of selected treatment system for 

leachate, firstly depends on the characteristics of the leachate, and secondly on the physical and geographical location 

of the landfill [3,17,36].  

Conclusion 

In general, it can be concluded that leachate from urban waste has a high potential for environmental pollution that 

must permanently be controlled and monitored. According to the results, prevention of adverse environmental effects 

of solid waste is a priority. This is achieved by applying appropriate management methods, public education to 

separate waste from the source, reducing the volume of produced waste that cause to reducing the volume of leachate 

and the correct way of recycling, collection and disposal. An effective way to manage and eliminate leachate, after 

preventing its production, is to collect and recycle it on the landfill. When the leachate is returned to the landfill, the 

concentration of its components decreases due to biological activity and other physical and chemical reactions that 

take place inside the landfill. The main advantage of turning the leachate to Landfill is increasing the evaporation level 

of the leachate and reducing the surface of the pond and eliminating the adverse environmental effects. Source 

separation waste and recycling reduces leachate production and consequently less environmental pollution, reduces 

the transmission of various diseases related to solid waste, reduces treatment costs by increasing people's awareness 

of the problems and difficulties of solid waste, reducing waste volume and consequently, it reduces the municipality's 

costs of collecting waste and using recycled materials by returning them to the production cycle and helping the 

community's economy. 
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