


Review Article
Organic Waste Recycling Through Composting: An Environmental Perspective
[bookmark: _Hlk197329927] 
ABSTRACT
Organic waste generation, collection, and management are significant challenges in both developed and developing countries. Composting represents a key technology in circular economy and sustainability, as it returns organic matter back to the system in a way that improve soil quality and health, mitigates waste pollution and helps conserving resources. However, composting also has some negative environmental impacts, including issues that raise social concerns. This review explores the impact of composting and compost application on soil, air and water quality as well its effect on biodiversity. Compost application improves various soil physical, chemical and biological properties as well as enhances crop yield, crop growth and quality. But inefficient management practices during composting could result in leaching losses as well as affect air quality. There are also chances of accumulation of heavy metals and persistent organic pollutants in soil. So the composting process should be effectively managed to minimize potential issues and ensure the compost is stable and mature before application. Additionally, the compost must be assessed for pathogens, heavy metals, and other pollutants to ensure its safety and suitability for soil application.
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INTRODUCTION
According to the United Nations' World Urbanisation Prospects Report, the global urban population is anticipated to reach 70% of the total population by 2050 [1]. This rapid urbanization, accompanied by industrial progress, has led to a significant increase in the generation of complex solid waste, particularly in developing countries. Unlike the solid waste composition in Western nations, which is often dominated by inorganic materials, the waste in Asian cities typically comprises 70-80% organic matter, dirt, and dust [2]. Inadequate organic waste management in these regions has led to a myriad of problems, including environmental pollution, eutrophication, aesthetic damage to urban landscapes, greenhouse gas emissions, and adverse effects on human health. The current waste management practices in many developing countries, characterized by open dumping and burning without proper air and water pollution control, have worsened these issues. Over time, trash generation, land requirement, and population expansion have increased beyond reasonable bounds and have also begun to result in a shortage of viable disposal locations. By 2051, trash landfills in India are expected to need a land area of around 1400 square kilometres [3]. 
Agricultural recycling of organic waste seems to be a viable solution, offering the opportunity to add value and creatively utilize these materials, as they provide an abundant source of organic matter and essential plant nutrients [4]. Composting continues to be the most cost-effective and efficient waste management method due to the kind, composition, and nature of garbage in developing nations [5]. However, there are concerns involved with composting as well, especially when it is applied in large quantities to small areas [6]. The quantity and quality of organic matter in the soil are crucial and applying immature compost can result in agronomic as well as environmental issues [7]. In this context, it is necessary to understand the environmental implications of composting.
ORGANIC WASTE RECYCLING
Solid organic waste include wastes such as sewage sludge, agricultural waste, municipal solid waste (MSW), food and kitchen waste, garden waste, agro-industrial waste, animal waste, etc. comprising of organic biodegradable fraction with a moisture content below 85–90% [8]. Recycling organic waste generates energy (biogas), conserves resources, and provides sustainable alternatives to chemical fertilizers (compost). The use of organic fertilisers created as a consequence of organic waste recycling helps in reducing air, water and land pollution, improves soil organic matter content, nutrient content, soil fertility, structure, leading to reduced soil erosion and enhances plant growth and agricultural output. Additionally, separating organic and inorganic wastes also increases the effectiveness of non-organic waste recycling [4]. Some compost made with the right substrate can act as a biocontrol agent, preventing and controlling plant diseases. Recycling organic waste also minimises the amount of garbage left for less effective procedures such as disposal and incineration. Landfills tend to increase greenhouse gas emissions, however recycling such trash into less damaging wastes reduces those emissions [9]. 
Methods
The primary goal of organic waste recycling is to process garbage and recover useful compounds for future utilisation. These useful compounds include carbon (C), nitrogen (N), phosphorus (P), and other trace elements found in waste [10]. 
Important waste recycling technologies include animal feed, composting, biofuel generation (biogas, ethanol, briquetting), rendering, aquaculture reuse, and so forth. One of the most prevalent and effective methods of recycling organic waste is to feed agricultural and food waste to cattle and other animals. But one of the popular method is composting, which involves the decomposition of organic waste by soil organisms. This process recycles essential nutrients such as nitrogen, phosphorus, and potassium, transforming the waste into humus-rich components that improve soil fertility as well as structure. Rendering on the other hand, involves transforming discarded animal tissues into stable and useable forms such as feed protein by subjecting them to high temperatures and pressures [9]. Organic wastes can also be converted into biofuels such as biogas and ethanol through biochemical processes or compacted into briquettes, which have higher energy density than the raw materials themselves [11]. 
In tropical regions, organic waste can be used in aquaculture, with micro-algae, aquatic macrophytes, and fish being common ways to recycle organic material [10]. Another recycling method is the production of biochar, a porous carbon material created through the pyrolysis of organic waste. Biochar has beneficial properties for long-term carbon storage and can enhance soil quality [12]. Additionally, organic waste can be thermochemically processed into organic fertilizers, offering a rapid and sustainable alternative for hygienic waste disposal while enriching the soil [13]. These recycling technologies not only help in waste management but also support sustainable practices in agriculture or energy production.
COMPOSTING
Composting is one of the most popular methods of recycling organic waste [14]. Composting is the biological breakdown of heterogeneous solid organic materials under regulated moist, self-heating, and aerobic conditions to produce a stable substance suitable for use as organic fertiliser [15]. Compost is defined as the end product of biological decomposition of organic substrates under thermophilic conditions (temperatures above 50°C), which kill pathogens and plant seeds [16] or by the use of organisms such as earthworms (vermicompost), which convert raw or partially decomposed organic material into compost [17]. Compost can be prepared from various feedstock and is rich in nutrients (Table 1).

Table 1. Nutrient content in composts prepared from various organic material
	Compost
	NPK content (%)
	Reference

	Farm compost
	0.5: 0.4: 0.8
	[18]
[18]

	Vermicompost of household waste
	1.8: 19:1.6
	

	Vermicompost of Dairy waste 
	3.12:1.97:1.81
	[19]

	Vermicompost of Eichhornia
	0.56:0.37:1.04
	[20]

	Sewage sludge compost
	1.22:4.20: 1.55
	[21] 

	Agro-industrial waste (Thippi) compost
	 1.32:3.82:0.40 
	[22] 

	Municipal solid waste + cow dung compost
	 1.32:0.63:0.54
	[23]

	Cashew leaf litter co-composted with poultry manure
	  2.05:1.55:0.65
	[24]



ENVIRONMETAL IMPACT OF COMPOSTING
I. IMPACT ON SOIL QUALITY
Soil quality or soil health can be defined as the soil's ability to function within ecosystem bounds in order to sustain biological production, preserve environmental quality, and promote plant and animal health [25]. Soil physical, chemical, and biological qualities all contribute to soil quality [26] and hence are important in maintaining environment quality.
Physical properties 
Composts supply a stabilised form of organic matter that enhances soil physical properties by enhancing nutrient and water retention capacity, total pore space, aggregate stability, erosion resistance, temperature insulation, and lowering apparent soil density. The majority of agricultural advantages from applying compost to soil come from enhanced physical qualities due to this increased organic matter content, rather than its ability to serve as a fertiliser [27].
Mechanical and structural properties
On applying organic manures like FYM, sewage sludge, poultry manure compost (PMC), urban garbage compost, vermicompost (VC) and enriched urban garbage compost to soil,  a lower bulk density, higher porosity and higher water holding capacity were observed in all these treatments than inorganic fertilizer application [28]. Additionally, compost application was found to improve overall soil structure, formation of water-stable aggregates [29] and enhance soil aggregate stability [30]. Both composting and vermicomposting were found to cause pore space reallocation in soil, resulting in a shift from small pores to larger pores, which enhanced soil structural development in a short period of time [31]. This increase in porosity, along with the lower density of organic matter compared to the mineral fraction of soil, contributed to the observed reduction in bulk density [32]. 
Hydraulic properties
Compost application enhances soil organic matter, enhancing hydrological characteristics and water content [33]. Hydraulic conductivity was found variable and showed difference in different textures. [34] reported a decrease of hydraulic conductivity in sandy loam soil after compost application, but found to increase in clay and clay loam, where compost addition resulted in a larger dominating pore size. Similarly [35] reported an increased unsaturated hydraulic conductivity and macropores in clay loam soils. Furthermore, soil amended with compost was found to significantly improve water infiltration rates in compacted soils and reduce the amount of runoff produced from short, intense storms. Specifically runoff from compost amended plot was about 1/6th of that from control plot [36]. Similarly, in a three year study in Vietnam, leaching, runoff water and soil detachment were found to be significantly reduced when organic amendments were used and this effect was the most significant for the vermicompost treatment. The greater stability and resistance of vermicompost likely explain why it more effectively enhanced the soil water-holding capacity, hydraulic conductivity, and erosion resistance compared to other organic amendments [37].

Compost can also improve soil water availability. Incorporating compost into soil was found to improve the water content at field capacity, permanent wilting point and total plant water availability. Plants grown in plots with compost incorporated recovered faster during drought condition owing to a stronger root system [38]. Similarily [39] also reported that when water resources are scarce, compost can act as a potential growth stimulant to promote plant growth and production.

Chemical properties
The addition of compost to soil has been shown to enhance its chemical properties, resulting in a general increase in the nutrient supply capacity of the soil [40, 41].
Organic carbon and available macro and micro nutrients
A primary benefit of compost is its high organic matter content [42]. Compost not only does increase the total amount of organic matter in the soil, but also enhances the quality of soil organic matter by increasing the levels of humic acids, which contain functional groups and are more stable [43]. Furthermore, compost carbon has a lower decomposition rate than manure or fresh plant residue, making it potentially effective for increasing carbon sequestration in soils [44]. 
This increased soil organic matter promotes granulation, enhances cation exchange capacity (CEC), and accounts for up to 90% of the soil's adsorption capacity [45]. The increase in CEC of soil on application of compost is due to the accumulation of negatively charged compounds, such as lignin-derived products and carboxyl or phenolic hydroxyl groups in the soil, which provide exchangeable base cations. CEC is a key indicator of soil fertility, particularly for nutrient retention [46]. [47] reported that long-term application of compost alone or in conjunction with NP fertiliser enhanced the nutritional status for P, K, Ca, Mg and Zn in the top 10 cm of the soil. Similarly, [48] found that compost-amended soils recorded an increase of 90%, 29%, and 20% for soil C, N and P respectively, whereas fertilizer treated plots resulted in increase of 42%, 4%, and 110% for soil C, N, and P respectively. Yearly application of compost prepared from garden waste at the rate 10 t ha−1for about 14 years was found to increase micronutrients like Fe, Mn, Zn, Cu in the top-soil layer [49]. Composts can also function as a slow-release fertiliser, providing a steady supply of nutrients over time. The decomposition of compost gradually releases nutrients like nitrogen and phosphorus into the soil. Composts have the most significant impact on nutrient availability during the first 30 days of application, though nutrient levels remain elevated even after 63 days [50]. 
pH and EC
With regard to pH value, it has been found that the initial pH of compost has a direct influence on the change in soil pH. Composts with a near-neutral or slightly alkaline pH and a strong buffering capacity frequently raise pH in acidic soils and can be used to alleviate soil acidity [46]. This was supported by long term study (10 years) conducted by [51] in acidic rice-growing soils of Assam in which it was found that a combination of 25% RDF and 2 tonnes enriched compost was the most effective treatment for reducing exchangeable and potential acidity. This might be due to the breakdown of enriched compost, which produces soluble humic materials and low molecular weight chemicals that interact with Al3+ ions to neutralise soil acidity. Similarly [52] reported that compost application was found to increase pH, CEC, SOM as well as nutrient content in slightly acidic soil. 
The ability of municipal solid waste compost (MSWC), gypsum enriched compost (GEC), rice straw compost (RSC), and chemical fertilisers as reclamation agents for improving biological and chemical properties of saline soil were analysed and found that soil treated with compost alone or in combination with chemical fertilisers, showed lower EC levels than unfertilised plots. They concluded that the organic amendments enhanced soil characteristics and increased organic carbon content, whereas nitrification reduces soil pH and decreases salinity through salt leaching [53].
Heavy metals 
Compost added to soil alone can alter the mobility and bioavailability of heavy metals in the soil environment, as well as can have harmful effects on plants and animals. Compost can immobilise heavy metals (HM) in agriculture soils, reducing damage to plants, microorganisms, and humans. Compost, on the other hand, has the potential to significantly increase heavy metal concentration, mobility, bioavailability, and phytotoxicity [54]. 

Long-term application of compost/vermicompost, sewage sludge, may result in the accumulation of heavy metals in soil, which are then transferred to different trophic levels of the food chain, potentially causing a variety of environmental and human health issues [55, 56]. As a result, HM must be carefully considered before applying compost/vermicompost, sewage sludge, or anaerobic digestate produced using MSW as a source material [4]. Metal content increases as waste volume decreases during biodegradation [57].

On examining the presence of heavy metals such as arsenic, mercury, lead, chromium, and nickel in composts created using different methods it was found that heavy metal level varied with composting method, although none of the composting methods had a heavy metal content higher than the allowed limit. All heavy metals were found to be least in the pit technique of composting [58]. However it was observed that after four years of applying municipal solid waste compost, heavy metal accumulation (Cd, Cr, Ni, Pb, Cu, and Zn) in the top 20 cm increased significantly in MSWC-amended soils compared to untreated control soils [59].	Comment by hp: Author(s) should have used table to illustrate this portion better
But when we consider the bioremediation aspect of compost application, compost was known to immobilise heavy metals via adsorption, complexation, precipitation, and redox interactions between heavy metals, soil, and compost [54]. Applying compost from agricultural waste, biochar from rice straw, or a combination of these to heavy metal polluted soil significantly reduced Cd and Zn levels, with the biochar compost combination achieving the highest reduction rate, followed by compost and biochar [60].
Persistent organic pollutants
Persistent organic pollutants are carbon-based chemical compounds that are both persistent and hazardous, bioaccumulate in fatty tissue (reaching larger concentrations as they ascend up a food chain), and are susceptible to long-range environmental transport [61]. Modern society relies heavily on the vast range of organic compounds that are sequestered in solids during waste treatment procedures [62]. Major persistent organic pollutants (POPs) seen are PCDD/Fs (chlorinated dioxins/furans), PAHs (polycyclic aromatic hydrocarbons), PCBs (polychlorinated biphenyls), and organochlorine pesticides, PCNs (chlorinated naphthalenes), PCAs (polychlorinated alkanes), DEHP (di (2- ethylhexyl) phthalate), synthetic musks, estrogens, organotin compounds and NPs (nonylphenols) [63,64].

Organic contaminants enter compost and digestate by air deposition, accidentally (i.e., faulty separation of input materials), and deliberate entry into organic materials [65]. According to [65] the highest annual input of organic pollutants (PAH and DEHP) into Swiss agricultural soil came from atmospheric deposition. The load of 570 kg per year from compost application exceeded the input from other fertilisers, accounting for 20% of the overall load. Compost had by far the largest surface specific load of PAHs. Whereas [66] reported that during field-scale composting, low molecular weight PCBs and PAHs increased and decreased, respectively, but high molecular weight chemicals remained constant.

Biological properties
Soil is considered as a living entity. Soil organisms play an important role in the decomposition, mineralisation, and humification of organic residues, the mobilisation and immobilisation of macro and micro nutrients, soil aggregation and structuration, soil conservation, and, finally, pest and disease regulation--i.e., productive and protective functions [67]. Improved soil characteristics promote the growth and development of these soil microorganisms. Microorganisms breakdown organic substances and minerals in soil, creating humus and improving nutritional balance [68]. Compost which is rich in organic matter act as a source of nutrients for microorganisms and raises soil microbial biomass and enhances its activity [69]. 
The population of fungi and bacteria in the rhizospheres of food waste compost treatments (@ 0.5 kg, 1.0 kg, and 1.5 kg) were significantly greater than that of the control, commercial compost, and mineral fertiliser treatments [70]. Similarly [69] reported that in a three years of study, compost application initially had no significant impact on enzyme activity compared to fertilizer whereas in the second year, enzymes, such as acid and alkaline phosphomonoesterases, arylsulfatase showed enhanced activity in compost-treated soil. By the third year, most enzymatic activities (including Chitinase and leucyl-aminopeptidase) responded positively to compost, except for β-glucosidase. Overall, compost improved enzymatic activity associated with various nutrient cycles throughout the study. Furthermore, they reported that compost application altered the soil microbial community structure, encouraging the presence of copiotrophic bacteria, markers of soil quality, and phosphorus-solubilizing soil bacteria. A decrease in fungal pathogenic strains was also detected, indicating that compost application improves soil health. 
On comparing the effect of municipal solid waste (MSW) compost, cow manure and mineral fertilizers for nine years, [71] found that microbial biomass carbon increased by 46% when MSW was applied @ 80 tonnes ha-1, while cow manure (20 tonnes ha-1) raised microbial biomass carbon by 29%. Similarly MSW treatments increased dehydrogenase and catalase activities compared to the unamended soil. This suggests that the amendments increased microbial metabolism by mineralising biodegradable C fractions.
Compost application has also been shown to play a key role in plant disease suppression. The soil-borne fungal pathogen Verticillium dahliae was significantly reduced up to 14 weeks following the application of plant-based composts compared to the control [72]. In addition, compost has been reported to naturally suppresses various soil borne pathogens, including Oomycota pathogens like Pythium and Phytophthora, which cause root rots, as well as wilt diseases by Fusarium oxysporum. However, the control of Rhizoctonia solani, which causes damping-off disease, is less consistent due to its genetic diversity [73].
Microbial populations in compost play a significant role in disease suppression [74]. Beneficial microorganisms suppress pathogens through various mechanisms such as parasitism, antibiotic production, and nutrient competition. Additionally, they enhance plant disease resistance by activating disease-resistance genes (induced systemic resistance) and by improving plant nutrition and vigour resulting in increased disease resistance [75,76].
II. IMPACT ON AIR QUALITY
The key environmental components affected by composting related pollution are air and water. Various gases emitted during composting, including ammonia, greenhouse gases like carbon dioxide, methane, nitrous oxide and volatile organic compounds have the potential to affect air quality [77, 78].
GHG emission
The effect of waste management strategies on greenhouse gas emissions deserves special consideration. Reducing waste disposal in landfills, and consequent recycling of biodegradables, has resulted in the introduction of sustainable waste management practices such as composting and vermicomposting. However, composting and vermicomposting waste management systems, particularly on a large scale, have the potential to generate significant amounts of greenhouse gases (GHGs) [79].
On comparing GHG emission from different organic waste recycling, composting was found to emit 20% less greenhouse gas than incineration, whereas anaerobic digestion emits only half of that produced by incineration [80]. 	Comment by hp: Why not use a table to review this aspect
Factors affecting emission rate of GHG during composting are method of composting, temperature, moisture content, initial C and N content of raw materials, aeration, and pH [81]. [82] analyzed GHG and ammonia emissions from four main dairy manure composting methods (static, turning, windrow, and silo) based on multiple studies concluded that turning composting resulted in the highest gas emissions due to enhanced microbial activity and aeration. Silo composting was found to reduce GHG emissions but increased nitrogen losses through higher NH₃ emissions. High temperature during composting lead to increased CH4, CO2, and N2O emissions due to heightened microbial activity. When microbial activity intensifies, it results in greater oxygen consumption and this creates an anaerobic condition which is conducive to CH4 production. In case of influence of initial moisture content, a positive correlation was seen in case of CH4 emission whereas a negative relation was found for CO2 and the relation of N2O was unclear [78, 81]. This was explained by higher moisture content expanding the anaerobic zones in the pile, which promoted the methane production while simultaneously caused reduction in CO2 emissions. A high aeration rate reduced CH4 emissions, but increased N2O and NH3 emissions [83]. When compared to continuous aeration, intermittent aeration had the potential to minimise greenhouse gas emissions [84, 85]. And in case of CO2 emission, [86] observed that active composting with 6 time turning frequency emitted much more CO2 than passive composting. CO2 was the most abundant gas released, followed by methane and nitrous oxide in the active technique of composting. As aeration increased, so did warmth, microbial activity, and CO2 emissions. Fuel use would also have led to increased CO2 emissions during active composting. Among these factors, reducing the initial concentrations of total carbon (TC) and total nitrogen (TN) in composting manure was found to be more effective in reducing greenhouse gas (GHG) emissions [82]. 
There are various mitigation strategies for reducing GHG emissions from composting including providing adequate bulking agents like sawdust and straw, introducing microorganisms, practicing vermicomposting, using different additives like phosphogypsum or calcium magnesium phosphate fertilizer, compressing and covering of the compost pile, biofiltration and addition of biochar [81].
On investigating the combined effect of compost utilisation on a rice cropping system's net global warming potential (GWP), it was found that manure treatments considerably raised the net GWP. Composted manure increased the net GWP by about 26% over the NPK treatment, owing to increased GHG emissions during the composting process, while fresh manure + NPK application raised the net GWP by more than 80% over the NPK treatment, owing to significantly increased GHG emissions, particularly methane, during rice cultivation. However, NPK+ manure produced a much higher yield than NPK treatment alone. Thus, compost treatment is a potential choice in rice growing in this regard [87].
Ammonia emission
Ammonia is a key compound that contributes to unpleasant odours and air pollution when composting organic waste that is rich in nitrogen [88].	Comment by hp: Should be one paragraph
Emission of NH₃ during composting depend mainly on two main factors viz., the availability of ammonium (NH₄⁺) and the conditions that promote its volatilization such as temperature, pH, moisture content and aeration. The C/N ratio, easily decomposable nitrogen and carbon compounds of raw material were mainly reported as the factors that affected the availability of ammonium. Organic waste with low C/N ratio, high temperature, alkaline pH, frequent turning of compost all contributed to higher ammonia emission. Low-intensity composting, with few turnings and straw as a carbon source, was found least polluting methods whereas high-intensity composting, involving several turnings and sawdust as a carbon source, was most polluting, releasing a significant amount of NH3 per ton of fresh material. Therefore, the management strategies used in composting have a considerable impact on its environmental impact, potentially making it a source of NH3 pollution [77].
Ammonia emission was found to be high in the thermophilic first stage of composting (exponential increase when process temperature increases) than that of the mesophilic final stage (linear increase in ammonia emission with increase in temperature) [88]. They also proposed that sanitisation has to be conducted after the first stage in large-scale composting facilities by a proper temperature control for reducing the pollution caused by NH3 emission. Use of biofilters have been proven to be relatively efficient in reducing NH3 emissions from the composting process [81].
Volatile organic compounds
Volatile organic compounds (VOCs) are a large group of organic compounds with relatively high vapour pressure and low water solubility. Many of them produce bad odours or and are hazardous [89]. The primary environmental issues caused by VOC emissions include stratospheric ozone depletion, photochemical generation of ozone at the terrestrial level and negative health consequences. Another major issue is the growth in the global greenhouse effect [90]. Composting produces large quantities of VOCs as they can come from substrate itself or being biologically or chemically formed during composting [81,88].VOCs are mainly produced during the initial stages owing to wetness and heating and their production rates declined with time at thermophilic temperatures [89]. VOC emissions vary based on feedstock materials and composting stages (initial, thermophilic, and cooling). Insufficient oxygen in compost piles can lead to the release of certain compounds. Possible methods for treating VOC emissions include biofiltration, trickling filters and bioscrubbing [91] anaerobic digestion prior to composting [78]. Additionally biochar addition was found to reduce VOC emission by more than 70% by addition of 5-10% biochar [92].
III. IMPACT ON WATER QUALITY
Nutrient leaching from compost may occur during composting [77] or after application to soil [46].  The loss of nutrients during composting depends on the weather conditions at the start of the process, water fluxes during the process (rainfall or water added to the compost to maintain moisture), water holding capacity of raw material [93]. composting location, and the leaching and runoff water recovery [77]. When a large amount of compost is applied to a small area, the possibility of nutrient leaching increases, particularly in the autumn and winter [46]. The WHC of raw material can be raised by adding bulking agents such as straw, wood chips, or other well-structured raw materials [77]. Composting generates water in the form of leachates, condensate, and runoff. Leachates percolate through the compost, condensates evaporate, and runoff water originates from regions around the heap (turning machines) and windrow sides [93]. 

When applied in the field, the slow release of organically bound nutrients is controlled by mineralisation rates [94], making compost less prone to large nutrient losses during a single rain event than inorganic fertilisers, which are readily soluble and thus transportable with water. However, some nutrients in composts are prone to solubilisation and transfer during rain events. Nutrients leaching from compost-amended soils are reason for worry since they have the potential to worsen existing eutrophication problems, endangering the health of coastal and freshwater systems [95].  

On analysing nitrogen losses to the environment following food-based digestate and compost applications to agricultural land [96] reported that the cumulative nitrate leaching losses from food-based digestate were comparable to those from pig slurry, but much higher than those from pig farmyard manure or compost. As a result, they concluded that compost may be considered as an 'environmentally benign' substance.
However, [97] found that the treatment with manure had the highest quantity of NO3-N leaching, followed by compost, inorganic, and control treatments at the end of a 6-year rotation of alfalfa-maize. This might be due to the gradual release of nutrients from manure or compost that did not coincide with the crop demand time, as well as the application of large quantities of manure or manure containing substantial levels of available to free draining soils.

On analysing P leaching losses from three different types of soil on application of digestate and compost it was reported that soils with digestate had higher leaching rates (2.3 ×10−3 to 6.7 × 10−3 h−1) compared to soils with compost (1.7 × 10−3 to 1.8 × 10−3 h−1). Compost-rich soils had higher maximum phosphorus leaching values (72-108 mg kg−1). In all cases soils with compost had higher maximum phosphorus leaching values (72-108 mg kg−1). More leaching loss of phosphorus from compost amended soil can be attributed to the larger overall surface area in contact with the water in case of compost than the digestate. Compost has smaller particle size than digestate. Furthermore, compost exhibited exceeding wettability [98].
The effects of long periods of saturation on nutrient loss from compost revealed that under saturated conditions, composts derived from a variety of feedstocks, as well as compost amended bioretention media, all leached ammonium and phosphate at increasing concentrations over time, from 10 minutes to 10 days of saturation. The contents of PO43-, NO3-and NH4+ in all composts and compost-amended bioretention soils varied significantly as the saturation durations increased. The concentration of PO43- in leachate water increased considerably over time, although NO3- concentrations decreased [17].

Achieving a high level of compost maturity and stability promotes the formation of humic substances, which are thought to improve soil fertility and increase organic matter content without causing environmental problems because the produced stable nitrogenous compounds are less susceptible to volatilisation, leaching, and denitrification [99]. For example, nitrate is the most desired chemical form for plant development due to its great mobility; yet, using more stable compost reduces the possibility of groundwater pollution. Planting crops with high nitrogen requirement, such as wheat and maize, can also help to reduce leaching of nitrogen compounds [46].

IV. IMPACT ON BIODIVERSITY
Biodiversity is an attribute of an area that includes the variety within and among living organisms, assemblages of living organisms, biotic communities, and biotic processes, whether naturally occurring or influenced by humans [100].  

Soil organisms

In a four-year study by [101] it was reported that the number of individuals and taxonomic groups of macrofauna found in soil were higher in compost-applied plots than in all other treatments, and that compost application could decrease the impact of pesticide and fungicide applications on soil macrofauna populations. In a short-term study, [48] reported that soil macrofauna diversity was higher in compost-amended plots (14-17 taxa), compared to control and fertilizer-treated plots, which had fewer taxa (9 and 10, respectively). This increase in diversity could be due to the added organic matter from compost, which provides food and improves the soil environment for macrofauna. Organic matter addition by compost incorporation not only nourishes soil organisms but also enhances the soil conditions for them to grow well.
Crop plants and weed species
Incorporating compost into soil significantly enhances its physical, chemical, and biological properties, ultimately resulting in improved crop productivity and quality [68]. Over a ten-year period, applying biowaste compost at average yearly rates of 9, 16, and 23 t ha−1 enhanced crop yields (rye, wheat, barley, potato etc.) by 8%, 7%, and 10%, respectively, in comparison to the unfertilised control [102]. In short-term experiments also various types of compost have been reported to enhance the yields of a wide range of crops, demonstrating their effectiveness in promoting agricultural productivity [24, 103,104]. In addition to enhancing crop yield, compost has been found to positively affect various growth and yield parameters, including root length density [105], shoot length, number of leaves, fresh and dry weight, and germination percentage of red gram [106], foliar area and biomass yield of ryegrass [107].  
 Moreover, compost application has significantly improved crop quality, showed by increased pericarp thickness in tomatoes, which extends shelf life through the use of vermicompost and drum compost derived from water hyacinth [108]. It has also enhanced the root quality of radish, by increasing its vitamin C content, total soluble solids and titratable acidity [39]. 
The application of manure, compost, and vermicompost significantly influenced weed biomass, which was notably higher compared to the control group that received only chemical fertilizer. However, there were no significant differences observed among the three organic substrates [37]. Confirming this, [109] found that fresh and composted manure had the ability to boost winter wheat yield while simultaneously increasing weed competition.
However, [110] found that applying compost in wheat decreased broad leaf weeds by 29% and grassy weeds by 78% compared to plots with mineral fertiliser or no additional nitrogen source. This was attributed to the capacity of compost to suppress weed seedling growth early in the season and release poisonous compounds to plants throughout the cropping season.
Human health and food chain contaminants
Composting is a key component of a circular food system that helps to minimize waste, conserve resources, and promote sustainability, provided the food waste is free from harmful contaminants such as heavy metals, halogenated chemicals, persistent organic pollutants pathogens, and antibiotic resistance genes. But the system can only be considered safe if these pollutants are removed or neutralized during composting. When contaminated food enters as compost feedstock and its residuals are applied to agricultural soils, harmful substances can be absorbed by plants, potentially leading to exposure for humans and other animals [111,112].  
Municipal solid waste compost applications at higher rates (100 and 200 t ha-1) depressed plant growth and fruit yield. Even though the heavy metal content in plant was below phytotoxic levels, it brought about a sharp increase of heavy metals in the plant material and resulted in reduced growth and yield [113]. Similarly [114] reported that the application of fulvic acid-rich compost enhanced bioconcentration factors of Cd, Cu, Pb, and Zn in green bean pods, lettuce leaves, and carrot roots. Consuming green beans and lettuce from some soils, particularly those altered with 25% compost, was shown to offer a possible health risk to humans for at least one metal.
In addition to entering the body through the consumption of products containing accumulated contaminants, there is also a risk of exposure to atmospheric dust from compost, which can carry microorganisms and toxic substances that may be inhaled [114]. Compost was also reported to emit gases like hydrogen sulphide, ammonia, and volatile organic carbons that can affect human endocrine, respiratory, nervous, and olfactory systems [115]. Furthermore, workers at large composting facilities may face occupational health risks due to various exposures [90].
CONCLUSION
Organic wastes are an abundant pool of organic matter and plant nutrients and therefore recycling of these wastes appears to be a promising alternative aiding value addition and their resourceful utilization. Land application of organic wastes stabilized through techniques such as composting boosts soil fertility and crop yield. Composting can be explored as an eco-friendly and sustainable waste management approach. Compost application have shown to improve various physical, chemical and biological properties of soil, reduce air and water pollution and maintain various micro and macro organisms when compared to inorganic fertilizes. Compost application also helps in improving quality of product as well as other vegetative characters of crop plants. But presence of heavy metals and persistent organic pollutants in compost are of serious concern. Even though the content is very low, excess application could cause serious environmental issues in future. Also, the impact of composting on air and water quality, including the release of greenhouse gases, ammonia, volatile organic compounds, and nutrient leaching through runoff, requires careful consideration. Additionally, human exposure to these gases and potential occupational hazards for workers in large composting facilities should be thoroughly studied in the future. But if the composting process is properly managed, with effective mitigation strategies to reduce emissions and the compost is stable and mature, it becomes a safer and more environmentally friendly option that supplies essential nutrients to plants and acts as a viable substitute for chemical fertilizers.	Comment by hp: Authors should also have reviewed instances where heavy metals were detected in compost in previous research
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