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Abstract

Bio-mined and aged soils from three major sanitary landfills of Delhi were contaminated with 25000 to 45000
microplastic items kg™'. The predominant shapes of MPs identified include fibres, followed by fragments, films,
and beads. The identified polymers were mainly PP, PET, LDPE, PS, PVC and HDPE. The results highlight the
urgent need to incorporate microplastic considerations into existing regulations to prevent soil contamination.

Introduction

Microplastics (MP) have emerged as a pervasive contaminant present in the environment in recent years. These
are >5mm in size, and their widespread detection in the environment underscores the persistence and mobility of
synthetic polymers in natural ecosystems. Most of the research has documented MP abundance and impacts in
aquatic and terrestrial environments. In terrestrial ecosystems, soil influenced by municipal solid waste disposal
and management has received comparatively limited scientific attention. But soils are estimated to be the ultimate
sinks of MPs, accumulating particles from diverse sources such as biosolids, composts, wastewater irrigation,
landfill leachates, and atmospheric deposition.

In India, the issue is amplified by the increasing practice of bio-mining legacy landfill sites. Biomining
involves excavating and processing the legacy landfill waste to segregate the waste, recover recyclables and
reduce the environmental footprint of legacy waste. The soil or compost-like fraction recovered through this
process is often promoted for use as a soil conditioner in agriculture. However, given that municipal waste streams
are dominated by packaging plastics, multilayer films and low-density polymers, these biomined fractions likely
contain significant MP loads. The application of such contaminated material into agricultural fields can lead to
chronic and cumulative soil pollution, thereby influencing soil structure, nutrient cycling, and biological
productivity. MPs in soils can affect the agroecosystems. They may alter soil porosity, bulk density, and water
holding capacity, influencing plant root development and microbial habitats. MPs also act as carriers for other
contaminants, such as heavy metals, organic pollutants, agrochemicals, atmospheric deposition and posing
ecotoxicological risks to soil fauna and plants. Furthermore, they can influence soil microbial community and
enzymatic activities, ultimately affecting carbon and nutrient turnover. These complex interactions highlight the
need for comprehensive characterisation, risk assessment and policy intervention of MPs in terrestrial systems.

The present study aims to investigate the occurrence of MPs in biomined and aged soils obtained from
legacy waste at three major landfill sites in New Delhi, India named as Okhla, Ghazipur and Bhalswa. These sites
represent decades of urban waste accumulation, varied waste composition, various type of segregation and
weathering. The extraction of MPs are performed using the protocols given by NOAA and UNEP. The extracted
MPs are identified using a stereomicroscope, for the chemical characterisation micro-Raman spectroscope was
used and scanning electron microscopy with energy dispersive X-ray analysis (SEM-EDX) was used for the
morphological characterisation and adsorption of heavy metals onto the microplastic surface. In addition to
characterising MPs, the research explores their potential implications for agroecosystems by evaluating associated
soil physicochemical parameters, microbial responses, and potential plant-microbe interactions. This study
established baseline data on MP contamination in legacy landfill soils and highlights the environmental
implications of using biomined materials. The findings emphasise the need for policy intervention to incorporate
MP considerations into existing standards for organic matter applications and waste recycling practices in India.
Such evidence-based policies are crucial for ensuring the circular economy initiatives are sustainable and do not
inadvertently contribute to long-term soil degradation.
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Methodology

The samples were collected by grab sampling from the landfill sites and sieved with a Smm stainless steel sieve.
The physicochemical characterisation of the collected samples was performed, including pH, electrical
conductivity, C/N ratio, organic carbon, and element analysis. Then, the extraction of microplastics was performed
using wet peroxide oxidation, density separation with NaCl and ZnCl, and the digested sample was filtered with
0.2um cellulose nitrate membrane filters. The filter paper is placed under a stereomicroscope to identify and
quantify the MPs. For the chemical characterisation of the identified MPs, a micro-Raman spectroscope and for
the morphological characterisation and adsorption of heavy metals onto the MPs surface.

Results and Discussion

The biomined and aged-soil samples collected from three major landfill sites of New Delhi revealed a high
abundance of MPs, ranging from 25,000 to 45,000 items kg™'. Among the three locations, the Ghazipur and Okhla
sites exhibited the highest MPs concentration in biomined soil and aged-soil, respectively. The abundance of MPs
was found in Ghazipur 32,000 to 33,000 items kg!, Bhalswa 30,000 to 31,000 items kg! and Okhla 27,000 to
42,000 items kg!. This variation can be attributed to the differences in waste composition, age of the landfill, and
the extent of waste segregation prior to disposal. The findings affirm that landfill biomining activities, if
unregulated, can inadvertently mobilize MPs into the terrestrial environment through the contaminated organic
fraction of the soil.

Microscopic examination of the extracted MPs revealed four major morphological types, such as fibers,
fragments, films and eads. Among these, fibres were predominant across all samples, comprising nearly 50-60%
of total MPs, followed by fragments (25-30%), films (10-15%), and beads (<5%). The dominance of fibres may
stem from the degradation of synthetic textiles, ropes, packaging materials and other commonly disposed items
in the municipal solid waste (MSW) stream. SEM analysis showed that most MPs had rough, irregular, and
cracked surfaces, indicating extensive weathering and oxidation during prolonged landfill exposure. The surface
roughness enhances the adsorption capacity of MPs for heavy metals and organic pollutants. EDX analysis
confirmed the presence of adsorbed elements such as Fe, Zn, Cu and Pb, suggesting that MPs act as carriers of
toxic substances in the soil matrix. Chemical characterisation by micro-Raman spectroscopy identified six
dominant polymer types: polypropylene (PP), high & low-density polyethylene (H&LDPE), polystyrene (PS),
and polyvinyl chloride (PVC). These polymer types correspond well with the composition of typical urban
municipal waste in Indian cities. The polymer diversity across the three sites also indicated multiple sources and
pathways of plastic degradation, from direct littering and household waste to residuals of industrial packaging.

The findings of this study highlight a critical regulator gap in current compost and soil quality standards.
Existing Indian and international guidelines (such as those by CPCB, BIS, and FAO) primarily address parameters
like nutrient content, heavy metals, pathogens, and organic matter, but lack specific criteria for MP content.

Significance and Impact

This study establishes evidence of MP loads in biomined and aged landfill soils in Delhi, identifies polymers and
morphologies, and the potential and ecological risks. The results inform standards, drive policy intervention for
land-applied materials, and guide mitigation research including microbial consortia, to protect soil health and food
security.
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