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ABSTRACT: Pesticide contamination of soils poses a significant environmental and 

agricultural challenge on a global scale, with escalating pesticide consumption in various 

regions. Composting has emerged as a cost-effective and sustainable bioremediation method 

for pesticide-contaminated soils. This review article delves into the mechanisms, factors 

influencing efficiency, and the pros and cons of composting as a strategy to address pesticide 

pollution in soils. Pesticides enter soil environments through both point sources, such as 

spillage from storage or disposal areas, and non-point sources, including intensive agricultural 

use and household applications. The physical and chemical characteristics of pesticides, 

coupled with soil factors like permeability and particle size, influence their fate and behavior 

in soils. Composting, as a bioremediation method, offers several advantages, including 

complete destruction of pesticide compounds through microbial degradation, transforming 

them into less hazardous products. Key factors affecting composting efficiency include nutrient 

availability, particle size, temperature, pH, oxygen, and moisture content, all crucial for 

microorganism growth and pesticide degradation. This article underscores the importance of 

maintaining optimal conditions for these factors to ensure the high performance and efficiency 

of pesticide degradation during composting. It also discusses the potential drawbacks of this 

method. Composting proves to be a promising and eco-friendly approach for remediating 

pesticide-contaminated soils, addressing both environmental concerns and the need for 

sustainable agricultural practices.  

KEYWORDS: Composting; bioremediation; pesticide; contaminated soil  

 

1. Introduction 

It is estimated that the global consumption of pesticide is around 4.19 million metric tonnes in 

year 2019, where China consumes the most pesticides accounting for 1.76 million metric tons 

[1]. The pesticides consumption in Southeast Asian countries also has escalated as reported by 

WHO. The function of pesticides is to control and manage pest and the diseases for protection 

of agricultural crops. The use of pesticide in the agricultural sector is significant to ensure high 

yield and production of agricultural crops in meeting the growing food demand due to booming 

populations. The classification of pesticides can be based on the target species which are 

herbicides, fungicides and insecticides. Another classification method of the pesticides is on 
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the basis of chemical composition including organochlorine, organophosphate, pyrethroids and 

carbamates [1]. The widespread application of pesticides in the agricultural sector has caused 

severe agricultural soil contamination and the persistence of the pesticides in the environment 

especially the soil environment has raised great concerns due to the toxicity induced by the 

pesticides. Exposure to pesticides can pose significant health risk to humans such as damage 

of liver and kidney, problems with nervous systema and diarrhea [2]. Therefore, bioremediation 

has been proposed as remediation method for soils contaminated by pesticides as this method 

is more sustainable involving the biodegradation of pesticides in the soil by the microorganisms 

and can achieve destruction of the organic pollutants through transforming into less hazardous 

product [3]. Composting is one of the bioremediation methods of the pesticide-contaminated 

soils due to its cost-effectiveness and sustainability. The mechanism of composting in 

degrading the pesticides in the contaminated soils and the factors affecting the efficiency of the 

composting process as well as the pros and cons of composting were discussed in this study.  

2. Occurrence of Pesticides  

The source of pesticides in the soil environment includes point sources and non-point sources. 

The point source of the pesticides can be the spillage of pesticides from the storage area or 

disposal area of pesticides. The intensive use of pesticides in the agricultural activities by the 

farmers for protection of agricultural crops and enhancing the production and yield of 

agricultural crops. Apart from agricultural use, pesticides are also applied at the households to 

control and manage the pest in the gardening at home [4]. Figure 1 showed the classification 

of the pesticides on the basis of chemical composition. The occurrence of pesticides in the 

agricultural soils has been reported in several studies as discussed below [5‒7]. Based on the 

study by Pan et al. [6], there is detection of 15 OCPs in the agricultural soils sampled from 

Yantze River Delta, which is dominated by DDTs with highest mean concentration of 56.2 

ng/g and DDT concentration in some of the soil samples exceed the standards limits of 100 

ng/g under Environmental Quality Standard for Soil. HCH concentration in the sampled soil is 

well below the standard limits of 50 ng/g, High concentrations of OCPs discovered in the soil 

samples from Taicang, Jiangsu can be attributed to the pesticides factories located in the 

vicinity of the sampling site. The dominance of DDTs and HCHs is also demonstrated by Tang 

et al. [7] in investigating OCPs in the soils of Ningbo, with average concentration of 55.6 ± 

94.8 ng/g and 4.6 ± 2.9ng/g. Organochlorine pesticides are detected in the agricultural soils in 

Shanghai with dominance of DDTs, HCBs, heptachlor epoxide, and HCHs as reported by Jiang 

et al. 2009, and intensive agricultural activities with increased use of the pesticides leads to 

higher concentration of DDTs and HCHs in the south region of Shanghai. There is low level 

pollution of OCPs in the soil samples based on the China environmental quality standards for 

soils in the study by previous study [7]. Similar to these studies, Huang et al. 2014 also showed 

that DDTs is predominant with average concentration of 12.52 ng/g in the topsoil from arid 

region in China. The pharmaceutical and petrochemical factories nearby the sampling site 

contribute to high concentration of DDTs in the soils. Higher concentration of HCBs and 

endosulfan is observed in urban areas compared to rural areas due to the chemical industries 

present at the area. Sruthi et al. reported the occurrence of 16 OCPs in the paddy soils collected 

from Kuttanad agroecosystem in India and the concentration of the detected OCPs falls below 

the permissible limit set by USEPA [8]. Degrendele et al. has discovered 9 types of current use 
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pesticides which is dominated by chlorpyrifos, carbaryl and tebuconazole in the agricultural 

soils in South Africa [5]. 

 
Figure 1. Classification of pesticides. 

 

The occurrence of pesticides in the soil is also reported in the studies in Malaysia and 

most of the studies investigated the occurrence of pesticides in surface water in Malaysia [9‒

12]. Farina et al. [10] have investigated the residual concentration of organochlorine pesticides, 

organophosphorus pesticides and pyrethroids pesticides in the agricultural soils in Cameron 

Highlands. Elfikrie et al. [9] reported the presence of 11 type of pesticides in the surface water 

of Tengi River Basin in Selangor, with detection of propiconazole and pymetrozine where the 

respective concentration is 4493.1 ng/l and 1.3 ng/l. Organophosphorus pesticides including 

quinalphos, diazinon and chlorpyrifos is discovered in the surface water of Linggi River in 

Negeri Sembilan with average concentration of 0.0362 µg/l, 0.0328 µg/l, and 0.0275 µg/lwhich 

are sourced from the application of the pesticides at the agricultural farm, palm oil plantation 

as well as residential area. Wee et al. also detected organophosphorus pesticides including 

chlorpyrifos, quinalphos and diazinon in Langat River Basin with average concentration of 

0.0202 µg/l, 0.0178 µg/l and 0.0094 ug/l [11]. Table 1 summarizes the studies on the 

occurrence of pesticide compounds in the agricultural soils and surface water in different 

regions. 

Table 1. Occurrence of pesticides in different regions. 

Location Environment 
Dominant pesticide 

compounds 

Average concentration 

(ng/g; ng/l) 
References 

Yangtze River Delta, China Agricultural soils DDT 56.2 [6] 

Ningbo, China Agricultural soils DDT 

HCH 

55.6 ± 94.8 

4.6 ± 2.9 

[7] 

Three Gorges Dam, China Agricultural soils DDT 

HCH 

1.8 

1.27 

[13] 

Shanghai, China Agricultural soils DDT 

HCH 

HCB 

21.41 

2.41 

0.64 

[14] 

Northwest China Agricultural soils DDT 12.52 [15] 

Kuttanad agroecosystem, India Agricultural soils BHC 0.01‒9.55 [8] 

South Africa Agricultural soils Chlorpyrifos 

 

<63.6 [5] 

Tengi River Basin, Malaysia Surface water Propiconazole 4493.1  [9] 

Linggi River, Malaysia Surface water Quinalphos 36.2  [12] 

Langat River Basin, malaysia Surface water Chlorpyrifos 20.2  [11] 
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3. Fate of Pesticides 

The physical and chemical characteristics of the pesticides as well as the soil factors can 

influence the fate and behaviour of pesticides in the soils. The diffusion rate of pesticides in 

the soils is slower when the permeability of the soil is lower and the soil particles size is finer 

with a high surface to volume ratio, hence facilitating the sorption of pesticides to the soil 

particles. The adsorption of pesticides to the soil particles is enhanced through the cyclic 

process of wetting and drying under influence of climate conditions [16]. The applied 

pesticides on the plants or agricultural crops can be absorbed by the plants or remained on the 

soils without the uptake by the plants. There are three processes governing the fate and 

contamination of pesticides in the soil environment which are transport, transfer and 

transformation. The migration of the pesticides from the original sources to other points in the 

soils is known as the transport process of pesticides. The pesticides are normally sprayed on 

the plants or crops and the evaporation of the pesticides from the surface of soils or plants can 

occur. The pesticides in the soil either undergoes sorption to the soil particles or undergoes 

leaching from the soil matrix to the groundwater below. The transfer of pesticides occurs in 

different forms and phases. The rainwater infiltration causes the percolation and leaching of 

the pesticides that are soluble through the soils and to the groundwater below during the rainfall 

and precipitation events. The pesticides present on the soil layers can be transported to the 

nearby surface water bodies through erosion and surface runoff. The volatilization of the 

pesticides into the atmosphere can also occur and the volatilized pesticides can return to the 

soil environment through precipitation. Another fate of the pesticides in the soil environment 

is the transformation of the pesticides including chemical degradation, photochemical 

degradation and microbial degradation. Chemical degradation involves the hydrolysis and 

redox reaction of pesticides while photochemical degradation of pesticides refers to the 

degradation of pesticides under exposure to ultraviolet radiation. The pesticides can be 

degraded into carbon dioxide and water during mineralization, and other compounds during 

co-metabolism [4, 16]. Figure 2 showed the fate of pesticides in the environment.  

 
Figure 2. Fate of pesticides. 

4. Mechanism of composting 

Composting is one of the bioremediation methods of the soil contaminated by organic 

pollutants including pesticide. The optimum temperature for the composting process is between 
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54 to 65°C which is under thermotropic conditions to achieve high degradation efficiency of 

the organic pollutants [17]. The process of composting can be classified into four consecutive 

stages namely mesophilic, thermophilic, cooling and maturation as shown in Figure 3. The 

organic matter is utilized as carbon and nutrient source by the microorganisms and the increase 

of temperature exceeding the ambient temperature is observed during mesophilic stage with 

temperature increases to 55°C. The high temperature when mesophilic phase ended, and 

thermophilic stage started indicating high activity of microbes which are mainly thermophilic 

microbes. The biodegradation of the cellulose commences during the thermophilic stage. The 

decline of temperature occurs when progressing to the cooling and maturation stage as there is 

less nutrient source which results in reduction of the microbial activity. The cooling phase is 

also dominated by mesophilic microbes, with the detection of macrofungi where the complex 

organic compounds is utilized as sources of nutrients. The stability and maturity of the compost 

is demonstrated in the maturation stage [18].  

 

 

Figure 3. Four stages of composting process. 

The mechanism of composting in remediating the pesticides in soil include organic 

matter adsorption and microbial degradation of pesticides. There are two strategies for the 

degradation of pesticides using composting method which are direct composting of the 

pesticides-contaminated soils and the addition of compost [19]. Composting is one of the ex-

situ bioremediation methods of pesticides where organic amendment such as straw, leaves, 

biochar, manure, wood chips and other agricultural wastes is added and mixed with the soils 

contaminated by pesticides. The addition of organic amendment can facilitate the population 

growth of microbes including bacteria and fungi by providing additional carbon source for the 

microbes, resulting in enhanced degradation of the pesticide compounds present in the 

contaminated soils  Biochar is commonly used as organic amendments in composting process 

to facilitate the degradation of pesticides as biochar can provide a bigger adsorption surface 

area for pesticides due to the porous structure, and also act as carbon source for the growth of 

the microbes [20]. Aziz et al. [21] investigated the chlorpyrifos degradation can be enhanced 

through addition of compost and biochar in the soils as organic amendments with higher 

activities of enzymes demonstrated. Rubio-Bellido et al. reported increased mineralization of 

diuron through the addition of urban solid residues compost and sewage sludge compost [22]. 

Sadiq et al. [23] investigated the bioremediation of soils contaminated by 

hexachlorocyclohexane (HCH) by applying spent mushroom compost constituted by Pleurotus 

ostreatus and demonstrated the decrease of the HCH isomers from degradation by the lignolytic 

enzymes. Previous study also adopted the spent mushroom waste of Pleurotus ostreatus to 

degrade DDT 1,1,1-trichloro-2,2-bis (4-chlorophenyl) ethane [24].  

The pathway of microbial degradation of organic pollutants including pesticides are 

metabolism and mineralization, co-metabolism and no-specific oxidation. The metabolism of 

organic contaminants occurs within the cell. The organic contaminants are utilized as carbon 

and energy source by microorganisms hence degrading the contaminants which produces 

carbon dioxide and water as final products of degradation, at the same time promoting the 

growth of the microbes. Under the co-metabolism process, there is simultaneous degradation 
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and metabolism of the organic contaminants by enzymes and other carbon compounds, leading 

to the production and accumulation of metabolites. There is no growth of microbes since the 

organic contaminants is not utilized as carbon and energy source by the microbes. The 

oxidation and degradation of the organic contaminants which happens outside the cell refers to 

non-specific oxidation [25].  

The bioremediation of the pesticides presents in the soils using composting involves the 

degradation of pesticides compounds into metabolites and products that are less toxic or the 

mineralization of pesticides into carbon dioxide and water by microorganisms including 

bacteria and fungi. The microbes utilize the pesticides compounds as carbon and energy source 

to carry out metabolic activities during the degradation process of pesticides which is catalyzed 

by the enzymes produced by the microbes such as oxygenase, peroxidase and hydrolase. There 

are three stages of the pesticide degradation under microbial action where the first stage is the 

pesticides are oxidized, reduced or hydrolysed into products which are less hazardous and more 

soluble in water. These products are further transformed into sugar and amino acids which are 

eventually converted into secondary compounds with lower toxicity. During the oxidation of 

pesticides, the electrons are transferred to oxygen acting as final electron acceptor under the 

catalysis by oxygenase or laccase. The reduction of the pesticides is catalyzed by 

nitroreductase. The pesticides compounds are breakdown into smaller compounds through the 

addition of hydrogen for bond cleavage under the catalysis by esterase, lipase and cellulase 

[20, 26].  

The microbes responsible for degrading pesticides play a crucial role in breaking down 

these substances in soil during the composting process. Generally, the involved 

microorganisms include actinomycetes, non-actinomycetes bacteria (NAB), and fungi. 

Bacteria, particularly Bacillus aryabhattai, exhibi high tolerance and resistance to the 

environmental extremes, showcasing significant capabilities in the degradation of pesticides. 

Pailan et al. identified Bacillus aryabhattai sourced from agricultural soil in India as capable 

of degrading chlorpyrifos and parathion [27]. Chlorpyrifos was degraded by Pseudomonas sp. 

including Pseudomonas sp. and Enterobacter sp. [28, 29]. Chlorpyrifos can also be degraded 

by Streptomyces sp. which are Streptomyces olivochomogenes and Streptomyces 

chattanoogensis from the contaminated soil in Chile in the study by [30]. Streptomyces sp. is 

also used to degrade lindane as reported by Fuentes et al. [31]. Endosulfan can be degraded 

and detoxified by which utilizes endosulfan as source of carbon, energy and sulfur according 

to the study [32]. The degradation of the pesticides can be achieved using fungi with the 

extracellular ligninolytic enzymes produced by fungi such as laccase, lignin peroxidase and 

manganese peroxidase. Xiao et al. [33] had investigated the degradation of DDTs utilizing 

white rot fungi which are Phlebia lindtneri and Phlebia brevispora. Palmer-Brown et al. 2018 

demonstrated the biodegradation of cyhalothrin by Cunninghamella elegans and the 

degradation of 3-phenoxybenzoic acid is performed by the fungus Aspergillus oryzae [34]. 

4.1. Factors and parameters affecting the composting process. 

Figure 4 showed the factors affecting the efficiency of the composting process. One of the main 

parameters affecting the composting process is the nutrients including macronutrients and 

micronutrients available in the composting materials. The substrate of the microorganisms is 

the nutrient sources where microbes utilize carbon and nitrogen for energy and growth of the 

cell respectively. The important indicator for the proportion of nutrients in the compost is C/N 
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ratio. The C/N ratio of the mixture of composting materials can be increased through the 

addition of bulking agents such as straws, leaves, manure, wood chips and agricultural waste 

which provides additional source of carbon and minimizes the loss of ammonia through 

volatilization. On the other hand, the reduction of C/N ratio is enabled through addition of 

ammonium fertilizers. In terms of particle size of the composting substances, particles with 

smaller size can offer a larger surface area for degradation by microbes as well as enhancing 

the homogeneousness of composting materials mixing, hence improving the efficiency of 

degradation [18].   

 

Figure 4. Factors affecting the composting process. 

 

Adequate oxygen supply is crucial for the composting degradation of pesticides, 

especially in aerobic conditions where microbial metabolic activities rely on oxygen. Aeration, 

in addition to turning the compost, plays a key role in providing the necessary oxygen to the 

compost system. Inadequate aeration can lead to anaerobic conditions, while excessive aeration 

may result in the drying of compost. Maintaining sufficient moisture content is essential to 

enhance microbial access to nutrients in the composting system. Both low and high levels of 

moisture content can lead to issues, causing compost drying and inducing anaerobic conditions, 

respectively. Maintaining an optimal pH range between 5.5 and 8.0 is crucial for effective 

composting. Bacteria favor a neutral pH, whereas fungi thrive in acidic conditions. 

Temperature is also a critical factor; elevated temperatures can lead to compost drying and 

reduced microbial diversity, impeding the composting process. However, thermophiles remain 

unaffected by high temperatures [18]. 

4.2. Advantages and disadvantages of composting. 

There are several advantages of composting in biodegrading the organic contaminants 

including pesticides. The main advantages of adopting composting for remediation of 

pesticide-contaminated soils is complete destruction of the pesticides compounds where 

pesticides are transformed into less hazardous products under the action of microorganism, 

instead of being transferred and removed from one place to another through physical and 

chemical remediation methods. In addition, composting method also enable remediation and 

treatment of high amount of soils contaminated by pesticides [35]. The diversity of 

microorganisms present in the composting system enables complete metabolism and 
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mineralization of the organic pollutants hence improving the degradation efficiency of the 

pesticides [18]. Another advantage of composting method is the sustainability with the 

utilization of organic waste as compost. Other benefits of composting include improvement of 

the structure of the soils, the aeration level and retention capacity of water within the soils [36]. 

The main limitation of the composting method is that the degradation efficiency of 

pesticides can be affected by several factors including temperature, pH and oxygen as these 

factors are essential to promote the population growth of the microbes as well as the metabolic 

activities of the microbes The remediation of pesticides is also relatively slower using 

bioremediation compared to other remediation methods. The metabolites produced from the 

degradation of pesticides may induce a higher toxicity in comparison with the pesticides 

compound. Another concern of the composting method is the potential disruption to the 

existing environment of the site [37]. Moreover, the operational cost of composting can be 

higher compared to other in-situ bioremediation method with the contaminate soils being 

excavated and transported to other places for treatment [35].   

There are several beneficial impacts of composting towards the environment and society. 

The remediation of the soils contaminated by pesticides, heavy metals or other organic 

contaminants through adding compost to the contaminated soils can promote the degradation 

of the contaminants. The use of organic waste as compost can achieve sustainable management 

of organic waste through reducing the waste to be disposed, as well as saving cost from the 

utilization of organic waste. The application of compost on the agricultural soils can lead to 

enhancement of the fertility of the soil hence consequently increasing the production and yield 

of agricultural crops. Erosion control also can be achieved through compost application where 

the compost added can cause alteration of the structure of the soils and increased stability of 

the soil aggregates, and the control of erosion can improve the fertility of the soil through 

reducing loss of nutrients such as nitrogen and phosphorus. Other beneficial impact of 

composting is plant disease control [38]. 

5. Conclusion 

It can be concluded that composting method which is classified as bioremediation has high 

potential in remediation and treatment of pesticides compound in the contaminated soils. The 

remediation of pesticides during composting involves microbial degradation of pesticides 

where the microbes utilize the pesticide compounds as carbon and energy source and degrade 

the contaminant at the same time. The factors affecting the efficiency of composting process 

include available nutrients in the composting material, particle size, temperature, pH, oxygen 

and moisture content, and some of these factors is associated with the growth and survival of 

microbes hence it is significant to maintain the optimum condition of these factor to ensure 

high degradation performance and efficiency of pesticides. The advantages and disadvantages 

of the composting method is also discussed in this study. Most of the current studies on 

adoption of composting to biodegrade the pesticides in the contaminated soils are performed 

in lab scale. Hence future studies on the implementation of composting methods on field scale 

is required to determine the actual effectiveness of composting in degrading the pesticide 

compounds present in the contaminated soil. The microorganisms involved in the thermophilic 

stage and other phase of the composting process is still not known much. Another issue is the 

fate and associated risks of nonextractable bound residue of pesticides during composting 

process. Future research on the compost stability as well as microorganism type and activities 
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during every composting phase should be conducted to ensure higher remediation efficiency 

of pesticides in the contaminated soils adopting composting method. It is also significant to 

investigate the bioavailability of the pesticides in the contaminated soils to determine the 

pesticides available to be consumed and degraded by the microbes.  
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