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Abstract 
India produces more than 3.5 million tonnes of plastic waste each year which most people dispose of in 

unsuitable landfill sites that allow the plastic to remain intact for hundreds of years. Researchers have turned to 

biological methods to solve this problem because they need microorganisms that can break down synthetic 

polymers. Microbial biodegradation of plastics occurs when bacteria and fungi produce enzymes that destroy 

polymer chains into smaller molecules which the organisms can use for metabolic processes. Indian landfill 

sites which display disorganized and hazardous conditions contain unexpected biological diversity because they 

support plastic-eating organisms which inhabit their grounds. Research has identified organisms from genera 

including Pseudomonas, Bacillus, Aspergillus, Penicillium, and Ideonella as capable of acting on polyethylene, 

polypropylene, polystyrene, and polyethylene terephthalate under landfill-relevant conditions. The article 

presents existing research about plastic degradation by microorganisms who operate in Indian landfill sites 

while explaining which plastic types biodegrade most easily, which enzymes power the process, which microbial 

elements participate, and which obstacles face researchers trying to transform their laboratory results into 

operational waste management techniques. Scientific research has not yet achieved practical use but living 

organisms demonstrate their potential. 
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I. Introduction 
Drive past the outskirts of almost any Indian city and the view is depressingly familiar — mountains of 

mixed waste, with plastic in every imaginable form peeking out from the surface and buried within. Carry bags, 

water bottles, packaging film, foam cups, synthetic textiles, and a hundred other plastic products accumulate in 

these sites, layer upon layer, year after year. India's landfills are not engineered containment facilities in most 

cases. They are open dumps — unlicensed, unlined, and unmanaged — where waste simply piles up until the 

site is full or catches fire, whichever comes first. 

The numbers make sobering reading. India generates approximately 3.5 million tonnes of plastic waste 

per year according to Central Pollution Control Board estimates, and collection and processing infrastructure 

captures only a fraction of this. Single-use plastics — banned in principle since July 2022 but still widely in 

circulation — make up a disproportionate share of what reaches landfills. Once there, most conventional plastics 

resist breakdown for anywhere from 100 to over 1,000 years under ambient conditions, depending on polymer 

type and environmental exposure. 

The problem has driven considerable scientific interest in biological solutions. Microorganisms have 

been evolving metabolic capabilities for billions of years, and researchers have increasingly asked whether the 

microbial communities already living in and around plastic-contaminated landfill sites might hold the key to 

more rapid degradation. The answer, it turns out, is cautiously yes. Bacteria and fungi capable of enzymatically 

attacking synthetic polymer chains have been isolated from Indian landfill soils, plastic surfaces recovered from 

dump sites, and contaminated leachate samples. These organisms represent a reservoir of biodegradative 

potential that has barely been tapped. 

This article traces what we know about microbial plastic degradation in the specific context of Indian 

landfills — the types of plastics involved, the organisms responsible, the enzymatic mechanisms at work, the 

conditions that favor or hinder degradation, and what it would actually take to turn these biological discoveries 

into practical waste management tools. 

 

II. The Plastic Waste Landscape in Indian Landfills 
2.1 Composition and Scale 

Different types of plastics possess varying degrees of usefulness and their ability to decompose. The analysis of 

Indian landfills requires identification of the dominant polymer types which will guide researchers to focus on 

biodegradation studies. 
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The most common type of plastic found at Indian landfill sites exists as polyethylene which exists in 

both Its low-density form and Its high-density form. The primary material for carry bags and packaging film and 

agricultural mulch film and milk pouches consists of polyethylene. Polypropylene exists in various products 

which include woven sacks furniture automotive parts and food containers. The environment contains 

significant amounts of polyethylene terephthalate (PET) which originates from beverage bottles and polyester 

textiles and polystyrene which comes from foam packaging and disposable cups. The construction materials 

which include pipes and cables and other PVC components create environmental issues because PVC contains 

chlorine which hinders its breakdown process. 

The polymer combination influences microbial attack resistance because different plastics display 

distinct susceptibility patterns which result from their unique chemical structures and crystallinity and molecular 

weight and functional group presence. PET contains ester bonds which enzymes can hydrolyze with 

considerable efficiency. The carbon-carbon bond structure of polyethylene which contains lengthy carbon 

chains creates a structure that enzymes cannot penetrate thus making it highly resistant to degradation. 

 

2.2 Physical Conditions in Indian Landfills 

Indian landfill sites present unusual and highly variable physical and chemical conditions. Temperature in the 

interior of waste piles can reach 40–60°C due to microbial heat generation. Moisture content fluctuates 

dramatically between monsoon and dry seasons. Oxygen availability varies sharply with depth — surface layers 

may be aerobic, while deeper zones become anoxic. Leachate — the liquid that percolates through waste — is a 

complex mixture of organic compounds, heavy metals, and dissolved polymers that can be both toxic to some 

microorganisms and a selective pressure that favors robust, metabolically versatile strains. 

Counterintuitively, these harsh and variable conditions may actually enrich for microorganisms with unusual 

metabolic capabilities. Stress selects for adaptability. Communities that survive in leachate-contaminated, 

temperature-variable, oxygen-limited environments tend to carry broad enzymatic repertoires — including, in 

some cases, the ability to derive energy or carbon from otherwise recalcitrant materials like synthetic polymers. 

 

III. Microbial Communities in Plastic-Contaminated Landfill Sites 
3.1 Bacterial Degraders 

Bacterial communities on and around plastic surfaces in Indian landfill soils differ systematically from 

surrounding bulk soil communities — a sign that the plastic itself is shaping microbial selection. Studies using 

both culture-dependent isolation and culture-independent metagenomic approaches have documented this 

pattern at several Indian dump sites including those around Delhi, Mumbai, Bengaluru, and Chennai. 

The Bacillus species show multiple appearances in Indian landfill plastic isolation experiments. The 

three bacteria Bacillus cereus, Bacillus subtilis, and Bacillus thuringiensis demonstrate their ability to degrade 

polyethylene films through laboratory experiments which showed weight loss over incubation times from weeks 

to months. The bacteria Pseudomonas aeruginosa and Pseudomonas putida demonstrate their ability to 

metabolize various substances because they produce esterase enzymes that can degrade PET polymer chains 

after being recovered from PET bottle surfaces at Indian dump sites. 

The 2016 discovery of Ideonellasakaiensis in Japan, which can degrade PET through its two enzymes 

PETase and MHETase, also has relatives that exist in the Burkholderiales order and have been found in Indian 

landfill metagenomic databases. The researchers actively study whether Indian environmental isolates produce 

enzymes that function like the original enzymes.  

Indian plastic-contaminated locations show evidence of Kocuria, Arthrobacter, Streptomyces, and 

multiple Actinobacteria phylum species. The presence of Actinobacteria in plastic-degrading communities 

indicates their ability to produce extracellular enzymes, which enable them to either modify polymer surfaces or 

completely mineralize the material. 

 

3.2 Fungal Degraders 

Fungi deserve equal research time because scientists tend to focus on bacterial degraders in the 

scientific literature. Filamentous fungi use their hyphal growth to create physical pathways which allow them to 

enter plastic materials, because their thread-like structures can penetrate the spaces between polymer chains to 

break plastic down while their enzymes reach the material directly. Fungi can start plastic degradation through 

their combined mechanical and enzymatic abilities which creates a unique method of plastic destruction. 

Aspergillus niger, Aspergillus flavus, Penicillium species, and Trichoderma species have all been 

isolated from plastic waste surfaces at Indian landfill sites and demonstrated to cause measurable degradation of 

polyethylene and polystyrene in laboratory studies. Raaman et al. (2012) conducted a study which isolated 

Aspergillus species from Tamil Nadu plastic-contaminated soils and showed that LDPE films experienced 

significant weight loss during 90 days of controlled incubation testing. 
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The soil fungus Fusarium solani which exists throughout India, produces cutinase enzymes which can 

hydrolyze PET. Cutinases evolved as natural enzymes that break down cutin polymer in plant cuticles, yet their 

active site geometry allows them to break down PET ester bonds, which represents an interesting case of natural 

evolution that provides biotechnological benefits. 

As shown in Figure 1, the major microbial groups implicated in plastic biodegradation at Indian landfill 

sites can be understood as a collaborative community rather than isolated individual actors, with bacteria and 

fungi playing complementary roles across the degradation process. 

 

 
Figure 1: Microbial Community Structure and Functional Roles in Plastic Biodegradation at Indian Landfill 

Sites 

The conceptual diagram displays how bacterial and fungal communities interact with plastic materials 

in Indian landfill sites. The diagram displays a cross-section of a plastic film surface which shows different 

microbial groups according to their operational methods. The diagram shows filamentous fungi as they use their 

hyphae to enter the surface while it shows bacterial biofilm communities which spread across the surface while 

they produce enzymes that enter the nearby microenvironment. The arrows of the diagram show how enzymes 

move from organisms to polymer substrates while the diagram labels important genera which include 

Aspergillus and Bacillus and Pseudomonas and Ideonella relatives. The secondary panel displays the 

development of microbial plastic degradation which starts with an unbroken polymer surface that transforms 

into biofilm development followed by surface oxidation and chain scission until it reaches monomer release. 

 

IV. Enzymatic Mechanisms of Plastic Degradation 
4.1 Surface Colonization and Biofilm Formation 

Microbial degradation of plastics does not begin with enzymes — it begins with attachment. 

Microorganisms need to establish themselves on plastic surfaces before they can start their enzyme functions 

which requires more effort than people assume. Most synthetic polymers are highly hydrophobic and microbial 

cells which are surrounded by water face difficulties when trying to attach to surfaces that repel water. 

Microorganisms that successfully colonize plastic surfaces produce biosurfactants which function as 

amphiphilic molecules that reduce surface tension and make the plastic surface more hospitable for cell 

attachment. Once a pioneer community establishes itself, it modifies the local environment in ways that 

facilitate further colonization. Biofilms which consist of cells that form complex structured communities within 

a self-produced polymer matrix create a microenvironment on the plastic surface that increases enzyme 

concentrations while altering pH levels and decreasing oxygen availability to enhance degradation reactions. 

 

4.2 Oxidative Mechanisms for Recalcitrant Polymers 

Polyethylene and polypropylene present a fundamental biochemical problem because their carbon-

carbon backbone contains no functional groups which standard hydrolytic enzymes can attack. The process of 

polymer degradation requires oxidative reactions which involve oxygen atom insertion into the polymer chain to 

produce carbonyl and hydroxyl and ester functional groups that enzymes will subsequently hydrolyze.  

Microorganisms accomplish this through several pathways. Laccase and manganese peroxidase 

enzymes produced by certain bacteria and white-rot fungi create reactive oxygen species which free radicals use 
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to non-specifically attack polymer chains. Alkane hydroxylases operate as enzymes which oxidize long-chain 

alkanes found in petroleum but they now demonstrate polyethylene chain activity because polyethylene 

segments share structural features with long alkane chains. The polymer degradation process starts when 

oxidative modification creates functional groups which enable hydrolytic enzymes to degrade the material. 

Abiotic pre-oxidation — exposure to UV light or heat before microbial degradation — produces faster 

biodegradation results because functional groups enter the process before microbial oxidation occurs. The 

research shows that plastics which landfill operators bury after extended exposure at surface level become easier 

targets for microbial decomposition than newly dumped plastic waste. 

 

4.3 Hydrolytic Pathways for Polyesters 

The enzymatic hydrolysis process affects PET and polyester-type plastics because their ester bonds 

exist as chemically exposed sites. The enzyme PETase which scientists discovered in Ideonellasakaiensis breaks 

ester bonds to produce MHET as its main output. The second enzyme called MHETase breaks down MHET into 

terephthalic acid and ethylene glycol which the bacterium can use for further processing. 

 

Bacteria and fungi produce cutinases lipases and esterases that all demonstrate equivalent effectiveness 

against PET and other polyester materials. The discovery that thermophilic cutinases — active at temperatures 

of 60–70°C — can degrade PET far more rapidly than mesophilic enzymes at room temperature is particularly 

relevant for Indian landfill conditions, where interior temperatures regularly reach this range. The researchers 

Sinha et al. (2017) discovered bacteria that produce thermostable esterase from the hot compost sites of an 

Indian municipal waste dump and they showed that these bacteria could break down PET at 55°C which occurs 

in active Indian landfill decomposing areas. 

 

V. Factors Influencing Degradation Rates in Indian Landfill Conditions 
5.1 Temperature, Moisture, and Oxygen 

The physical conditions of landfill environments determine how fast waste materials decompose in 

landfills which contain various microhabitats throughout Indian landfill sites. The surfaces that receive direct 

sunlight during summer months experience temperatures between 50 and 60 degrees Celsius while the anaerobic 

sections of the landfill maintain stable temperatures throughout the year. The monsoon season brings heavy 

rainfall which boosts moisture levels in both surface and near-surface areas, leading to increased microbial 

growth during specific periods of the year. The most important factor in this process is the level of oxygen 

present in the environment. The oxidative enzyme systems that work to break down polyethylene and 

polypropylene need bacteria to function in environments with oxygen present. The deep areas of landfills that 

contain compacted waste material become mostly oxygen-free which stops all waste material from being broken 

down through this method. Researchers do not yet fully understand how plastics break down in oxygen-free 

environments because most types of polymers decompose at a slower rate compared to oxygen-based 

decomposition methods. 

 

5.2 Plastic Additive Chemistry 

Commercial plastics exist as impure materials because they contain multiple substances in addition to 

their primary polymer content. The materials include plasticizers and stabilizers and colorants and flame 

retardants and processing aids which become toxic to microorganisms when present in sufficient amounts. The 

presence of phthalate plasticizers in PVC acts as a biodegradable additive which helps microbial organisms 

thrive in PVC waste sites before the polymer undergoes degradation. Certain heavy metal-based stabilizers 

function as additives which inhibit microbial growth and decrease the rate of material degradation. 

The process requires pro-oxidant additives which act as chemical compounds that manufacturers add to 

their oxo-degradable plastic products. The chemical compounds create oxygen radicals when exposed to UV 

light which causes the polymer to break down into smaller fragments. The marketing of these materials as 

biodegradable has been contested and research shows that microbial degradation of the resulting fragments may 

not proceed significantly faster than for conventional polyethylene. Indian regulatory agencies handle these 

materials in inconsistent ways which creates confusion for waste management systems. 

Figure 2 summarizes how key environmental variables interact to determine plastic degradation rates in Indian 

landfill microhabitats, based on a synthesis of published experimental and field data. 
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Figure 2: Interaction of Environmental Factors Controlling Plastic Biodegradation Rates Across Landfill 

Microhabitats in India 

 

The heat-map matrix diagram shows how plastic biodegradation rates in five landfill areas which 

include the surface aerobic zone the subsurface aerobic zone the active compost zone the deep anaerobic zone 

and the leachate-saturated zone are affected by four environmental factors which include temperature moisture 

and oxygen availability and plastic pre-oxidation status. The matrix displays its cells through color coding 

which ranges from deep red to orange and yellow until reaching green to show the various degradation speeds of 

materials which exist under different environmental conditions. The diagram shows that the active compost zone 

and surface aerobic zones with UV-pre-oxidized plastics achieve the most favorable combination of conditions 

for biodegradation, while deep anaerobic zones remain unfavorable across all polymer types. All microhabitat 

types show that PET degrades faster than polyethylene according to the secondary axis which uses polymer type 

as its basis. 

 

VI. Conclusion 
The Indian landfill sites serve two functions because they demonstrate how plastic waste management 

systems failed but scientists are now beginning to study their potential to use microorganisms for waste 

breakdown. The bacteria and fungi together with their developing communities which exist on abandoned 

plastic materials present at these sites possess unique enzymes that enable them to decompose synthetic 

materials designed for eternal usability when they operate in suitable environmental conditions. 

The scientific evidence exists together with actual advancements in research. The research establishes a 

strong base by isolating plastic-degrading microorganisms from Indian landfill soil, identifying the specific 

enzymes they produce, and establishing their capacity to break down materials within controlled lab settings. 

The development of practical applications requires ongoing research funding, new engineering solutions to 

connect lab results with actual landfill conditions, and policy systems which provide rewards for using 

biological methods at large scale. 

India needs more than microbial biodegradation to find a solution for its plastic waste crisis. The 

solution requires multiple steps which include reducing plastic production and enhancing collection systems and 

expanding mechanical recycling operations and implementing producer responsibility measures. But 

microorganisms deserve a serious seat at the table in that conversation. The microorganisms conducting 

undisclosed research across landfill sites nationwide have developed solutions to waste management problems 

which researchers and engineers and policymakers should investigate. 
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