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Abstract 
Urban waste composting represents a sustainable approach to organic waste 
management while providing valuable soil amendments for agricultural and 
horticultural applications. This comprehensive review examines the benefits and risks 
associated with using urban waste compost as a soil amendment. The study analyzes 
various types of urban organic waste, including food scraps, yard trimmings, and 
biosolids, and their transformation through composting processes. Key benefits 
identified include improved soil physical properties, enhanced nutrient availability, 
increased organic matter content, and positive impacts on soil microbiology. However, 
potential risks such as heavy metal contamination, pathogen presence, phytotoxicity, 
and variability in compost quality must be carefully considered. The analysis reveals 
that proper composting protocols, quality control measures, and application guidelines 
are essential for maximizing benefits while minimizing risks. Results indicate that 
well-managed urban compost can increase soil organic carbon by 15-25%, improve 
water retention capacity by 20-30%, and enhance crop yields by 10-20% compared to 
conventional fertilizers. This review concludes that urban waste compost, when 
properly processed and applied, offers significant potential for sustainable soil 
management and circular economy implementation in urban environments. 
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Introduction 

The increasing urbanization worldwide has led to unprecedented generation of organic waste, creating both environmental 

challenges and opportunities for sustainable resource management [5]. Urban areas generate approximately 1.3 billion tons of 

municipal solid waste annually, with organic components comprising 40-60% of the total waste stream [6]. Traditional waste 

management approaches, including landfilling and incineration, contribute to greenhouse gas emissions and resource depletion, 

necessitating alternative strategies that align with circular economy principles [7]. 

Composting represents a biological decomposition process that transforms organic waste into stable humus-like materials 

through controlled aerobic or anaerobic conditions [8]. This process not only reduces waste volume by 40-60% but also produces 

valuable soil amendments that can enhance soil fertility and structure [9]. Urban waste compost typically originates from various 

sources including food waste from households and restaurants, yard trimmings, paper waste, and in some cases, treated biosolids 

from wastewater treatment facilities [10]. 

The application of compost as a soil amendment has gained recognition for its multiple benefits including carbon sequestration, 

nutrient cycling, and soil ecosystem enhancement [11]. However, the heterogeneous nature of urban waste and potential 

contamination sources raise concerns about compost quality and safety for agricultural applications [12]. Heavy metals, persistent 

organic pollutants, and pathogenic microorganisms may accumulate in urban compost, potentially posing risks to soil health, 

crop quality, and human health [13]. 
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Recent research has focused on optimizing composting 

processes and establishing quality standards to ensure safe 

and effective use of urban compost [14]. The development of 

proper screening, processing, and monitoring protocols has 

enabled better control over compost quality and consistency 

[15]. Additionally, advances in composting technology, 

including in-vessel systems and automated monitoring, have 

improved process efficiency and product quality [16]. 

This comprehensive review aims to evaluate the current state 

of knowledge regarding urban waste compost as a soil 

amendment, examining both benefits and risks associated 

with its application. The analysis includes assessment of 

various urban waste streams, composting technologies, 

quality parameters, and environmental impacts. Furthermore, 

this study provides recommendations for best practices in 

urban compost production and application to maximize 

benefits while minimizing potential risks. 

 

Materials and Methods 

Literature Review Methodology 

A comprehensive literature review was conducted using 

multiple scientific databases including PubMed, Web of 

Science, Scopus, and Google Scholar. The search strategy 

employed keywords such as "urban waste compost," 

"municipal solid waste composting," "compost soil 

amendment," "organic waste management," and "compost 

quality assessment." The review covered publications from 

2010 to 2024 to ensure current and relevant information [17]. 

 

Data Collection and Analysis 

Data were collected from peer-reviewed research articles, 

government reports, and technical publications focusing on 

urban waste composting and soil amendment applications. 

Studies were selected based on relevance, methodological 

rigor, and data quality. Quantitative data regarding compost 

characteristics, soil properties, and crop performance were 

extracted and analyzed [18]. 

Quality Assessment Parameters 

The review focused on key quality parameters for urban 

waste compost including: 

 

Physical Properties 

▪ Particle size distribution 

▪ Bulk density 

▪ Water holding capacity 

▪ Porosity and structure 

 

Chemical Properties 

▪ pH and electrical conductivity 

▪ Organic matter content 

▪ Nutrient composition (N, P, K, micronutrients) 

▪ Heavy metal concentrations 

▪ C:N ratio 

 

Biological Properties 

▪ Microbial diversity and activity 

▪ Pathogen indicators 

▪ Phytotoxicity assessment 

▪ Stability and maturity indices [19]. 

 

Composting Process Evaluation 

Various composting methods were analyzed including: 

▪ Windrow composting 

▪ In-vessel composting systems 

▪ Vermicomposting 

▪ Aerated static pile composting 

▪ Anaerobic digestion followed by composting [20]. 

 

Results 

Urban Waste Composition and Compost Characteristics 

Analysis of urban waste streams reveals significant variation 

in composition depending on geographic location, 

socioeconomic factors, and waste collection systems [21]. 

Table 1 presents typical composition ranges for major urban 

organic waste components.

 
Table 1: Typical Urban Organic Waste Composition 

 

Waste Component Percentage (%) C:N Ratio Moisture Content (%) 

Food Waste 35-50 15-25 70-85 

Yard Trimmings 15-25 25-50 40-60 

Paper/Cardboard 10-20 100-200 5-15 

Wood Waste 5-10 100-500 15-40 

Biosolids 2-5 8-15 75-85 

 

The composting process transforms these heterogeneous 

materials into more homogeneous products with improved 

stability and reduced pathogen content [22]. Figure 1 illustrates 

the typical changes in temperature, pH, and organic matter 

during the composting process.
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Fig 1: Composting Process Parameters over Time 

 

Benefits of Urban Waste Compost Application 

Soil Physical Property Enhancement 

Research demonstrates that urban waste compost 

significantly improves soil physical properties. Studies show 

that compost application at rates of 2-4% by weight can 

increase soil water holding capacity by 20-35% and reduce 

bulk density by 10-15% [23]. Table 2 summarizes the physical 

benefits observed across multiple field studies.

 
Table 2: Physical Soil Improvements from Compost Application 

 

Property Control Soil With Compost (2%) With Compost (4%) Improvement (%) 

Water Holding Capacity (%) 18.5 22.8 26.3 23-42 

Bulk Density (g/cm³) 1.45 1.32 1.26 9-13 

Porosity (%) 42.1 48.7 52.4 16-24 

Aggregate Stability (%) 65.2 78.9 84.3 21-29 

 

Chemical Soil Enhancement 

Compost application provides essential nutrients and 

improves soil chemical properties. Analysis of long-term 

field trials indicates sustained nutrient release and improved 

soil pH buffering capacity [24]. The slow-release nature of 

compost nutrients reduces leaching losses compared to 

synthetic fertilizers [25].

 
Table 3: Nutrient Content of Urban Waste Compost 

 

Nutrient Range (% dry weight) Typical Value Availability Pattern 

Total Nitrogen 1.2-3.5 2.1 Slow release over 2-3 years 

Phosphorus (P₂O₅) 0.8-2.8 1.6 Moderate availability 

Potassium (K₂O) 0.5-1.8 1.1 Readily available 

Organic Carbon 25-45 32 Long-term soil building 

Calcium 1.5-4.2 2.8 Immediate availability 

Magnesium 0.3-1.1 0.6 Moderate availability 

 

Biological Soil Enhancement 

Urban compost significantly enhances soil biological activity 

and diversity. Microbial biomass carbon increases by 35-60% 

following compost application, indicating improved soil 

biological health [26]. The introduction of beneficial 

microorganisms through compost helps establish robust soil 

ecosystems that support plant health and disease suppression 
[27]. 

 

Risks and Challenges 

Heavy Metal Contamination 

One of the primary concerns with urban waste compost is 

potential heavy metal contamination. Urban environments 

accumulate metals from various sources including vehicle 

emissions, industrial activities, and consumer products [28]. 

Table 4 presents heavy metal concentration ranges in urban 

compost compared to regulatory limits. 

Table 4: Heavy Metal Concentrations in Urban Waste Compost 
 

Metal Typical Range (mg/kg) Regulatory Limit* (mg/kg) Risk Level 

Lead (Pb) 25-150 300 Low-Moderate 

Cadmium (Cd) 0.5-5.2 39 Low 

Chromium (Cr) 15-85 1200 Low 

Copper (Cu) 80-450 1500 Low-Moderate 

Zinc (Zn) 200-1200 2800 Low-Moderate 

Nickel (Ni) 8-45 420 Low 

Mercury (Hg) 0.1-2.8 17 Low-Moderate 
*EPA 503 Rule limits for biosolids compost 
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Pathogen Concerns 

Urban waste compost may contain pathogenic 

microorganisms if composting conditions are inadequate [29]. 

Proper temperature management during the thermophilic 

phase (55-70 °C for 3-15 days) is essential for pathogen 

destruction [30]. Studies indicate that well-managed 

composting processes achieve >99.9% reduction in pathogen 

indicators including E. coli, Salmonella, and viruses [31]. 

 

Phytotoxicity and Maturity Issues 

Immature compost may exhibit phytotoxic effects due to 

organic acids, ammonia, or other inhibitory compounds [32]. 

Germination index tests are commonly used to assess 

compost maturity and potential phytotoxicity. Values above 

80% indicate mature, non-phytotoxic compost suitable for 

plant growth [33]. 

 

Discussion 

Optimization Strategies for Urban Compost Quality 

The variability in urban waste composition necessitates 

careful feedstock management and process optimization. 

Successful urban composting programs implement source 

separation protocols to minimize contamination and improve 

compost quality [34]. Pre-processing steps including 

screening, magnetic separation, and grinding help remove 

non-organic materials and create homogeneous feedstock [35]. 

Process monitoring and control systems enable consistent 

production of high-quality compost. Key parameters 

requiring monitoring include temperature profiles, oxygen 

levels, moisture content, and pH throughout the composting 

cycle [36]. Automated systems can maintain optimal 

conditions while reducing labor requirements and improving 

process reliability [37]. 

 

Quality Standards and Certification 

Development of comprehensive quality standards is essential 

for ensuring safe and effective use of urban compost. Current 

standards vary by country and application, but generally 

include limits for heavy metals, pathogens, and stability 

parameters [38]. Certification programs provide quality 

assurance and market confidence in compost products [39]. 

The implementation of quality management systems, 

including regular testing and documentation, ensures 

consistent product quality and traceability [40]. Third-party 

certification programs add credibility and facilitate market 

acceptance of urban compost products [41]. 

 

Application Guidelines and Best Practices 

Proper application rates and timing are crucial for 

maximizing benefits while minimizing risks. Research 

indicates optimal application rates of 2-6% by weight for 

most soils, with higher rates suitable for severely degraded 

soils [42]. Split applications over multiple seasons may 

provide better nutrient utilization and reduced environmental 

impact [43]. 

Site-specific considerations including soil type, crop 

requirements, climate conditions, and existing soil fertility 

should guide application decisions [44]. Soil testing before and 

after compost application enables monitoring of changes in 

soil properties and adjustment of management practices [45]. 

 

Economic and Environmental Considerations 

Urban composting programs offer significant economic and 

environmental benefits beyond soil improvement. Waste 

diversion from landfills reduces disposal costs and methane 

emissions, contributing to climate change mitigation [46]. Life 

cycle assessments indicate that composting urban organic 

waste produces net environmental benefits compared to 

conventional disposal methods [47]. 

The economic value of compost as a soil amendment varies 

with local market conditions and competing products. High-

quality urban compost typically commands prices of $20-60 

per cubic yard, making it competitive with other organic 

amendments [48]. Value-added products such as compost 

blends and specialty growing media can achieve higher 

market prices [49]. 

 

Future Research Directions 
Ongoing research focuses on improving composting efficiency, 

enhancing quality control, and expanding applications for 

urban compost. Advanced processing technologies including 

anaerobic digestion combined with composting offer 

potential for energy recovery while producing high-quality 

soil amendments [50]. 

Molecular techniques for microbial community analysis 

provide insights into composting ecology and enable 

optimization of biological processes [51]. Development of 

rapid quality assessment methods using spectroscopic and 

sensor technologies could improve process monitoring and 

product quality control [52]. 

 

Conclusion 

Urban waste compost represents a valuable resource for 

sustainable soil management and circular economy 

implementation. When properly produced and applied, urban 

compost provides significant benefits including improved 

soil physical properties, enhanced nutrient availability, 

increased organic matter content, and promotion of beneficial 

soil biology. The documented benefits include 15-25% 

increases in soil organic carbon, 20-30% improvements in 

water retention capacity, and 10-20% increases in crop yields 

compared to conventional fertilizers. 

However, successful implementation requires careful 

attention to potential risks including heavy metal 

contamination, pathogen presence, and phytotoxicity. Proper 

feedstock management, process optimization, quality 

monitoring, and application guidelines are essential for 

maximizing benefits while minimizing risks. Current 

research indicates that well-managed urban composting 

programs can consistently produce high-quality products that 

meet safety standards and provide excellent soil amendment 

properties. 

The future of urban waste composting depends on continued 

development of quality standards, certification programs, and 

best practices for production and application. Integration of 

advanced technologies for process monitoring and quality 

control will enhance consistency and reliability of urban 

compost products. Furthermore, economic incentives and 

policy support are needed to promote widespread adoption of 

urban composting as a sustainable waste management and 

soil improvement strategy. 

Urban waste compost offers significant potential for 

addressing multiple challenges including waste management, 

soil degradation, and climate change mitigation. With proper 

implementation and continued research, urban composting 

can become a cornerstone of sustainable urban resource 

management and agricultural productivity enhancement. 
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