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2. Indirect Pathways

Indirect pathways involve 
• atmospheric deposition
• surface runoff

• flooding and soil erosion
• contaminated groundwater

Atmospheric Deposition: Airborne MPs are 
deposited onto soils during rainfall, even in 
remote agricultural areas.

Surface Runoff: Rainwater runoff collects and 
transports MPs from urban and industrial surfaces 

into soils and nearby ecosystems.

Flooding and Soil Erosion: Flood events mobilise 

and redistribute MPs into floodplains and 
agricultural soils through erosion and sediment 
transport.

Contaminated groundwater: MPs can indirectly 

contaminate groundwater by leaching through 

soil layers during rainfall or irrigation. These 
particles, along with adsorbed toxins, infiltrate 
aquifers, posing risks to water quality and health.

The percentage-wise contribution of different 

MPs sources in the agricultural soils.



Statewise percentage studies of MPs in India

INTRODUCTION 

• Plastics are extensively used in daily life today 
due to their affordability and durability. 

• In 2023, the world produced 413.8 million 

tonnes of plastic.
• Over 4.9 billion tonnes of plastic waste have 

accumulated due to poor disposal and low 

recycling.
• Contamination from microplastics (MPs)  has 

emerged as a major environmental issue, 

posing a growing global threat to ecosystems 
and the biosphere.

• The presence of MPs (1 μm–5 mm) in soil poses 

direct risks to enter the food web through 
crops and soil biodiversity

India's Growing Vulnerability
• With its extensive agriculture, rapid urban 

expansion, and high plastic usage, India is 

highly vulnerable to MPs contamination in soil.
• MPs have been detected in agricultural soils in 

states like Himachal Pradesh, West Bengal, 

Gujarat, and Tamil Nadu etc.
• These findings point to the urgent need for 

nationwide monitoring and mitigation.

Focus on Sikkim

• Though ecologically rich and committed to 
organic farming, Sikkim is not immune to soil 
MPs threats.

• Sources of contamination include plastic 
mulching, greenhouse covers, and drip 
irrigation materials, as well as tourism-

related waste, packaging, and household 
disposal.

• Baseline studies are needed to understand 

the extent of soil contamination to preserve 
its environmental sustainability.

PATHWAYS OF MICROPLASTICS INTO THE SOIL
• MPs can enter the environment through 

multiple pathways, broadly categorised into 

direct and indirect routes.
• Understanding these entry points is crucial 

for assessing the environmental impacts of 

MPs on soil health, food safety, and 
evaluating ecological risks.

1. Direct pathways
These include the application of 
• plastic mulching films

• greenhouse coverings
• sewage sludge
• compost and organic fertilisers

• irrigation with contaminated water

While these practices are beneficial for crop 

productivity, they inadvertently increase the risk 

of MPs accumulation in agricultural soils. 

Plastic Mulching Films: Residual plastic mulch 
fragments degrade in soil, forming MPs through 
environmental and biological processes.

Greenhouse Cover: Degradation of plastic 
greenhouse covers releases MPs and additives 

into the surrounding soil and air.

Sewage Sludge: Application of sludge enriches 

soil, but also introduces unregulated MPs that 
accumulate over time.

Compost and Organic Fertilisers: Organic 
fertilisers 
Made from composted waste, these materials 

often carry MPs, contributing to soil 
contamination.

Irrigation with contaminated water: Irrigation 
with treated wastewater introduces MPs into 
agricultural soils, affecting soil health and crop 

growth.

Sources of MPs in agricultural soils

Interactions of MPs with Soil, Plants, and the Food 

Chain
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