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Introduction 

 

Since 2012 the worldwide plastic waste crisis has developed because plastic manufacturing rapidly 

expanded by 5% every year (et al, 2012; Kumar et al., 2020). Worldwide plastic markets received 367 

million tons of plastic products during year 2020 outside polyester polyamide and polyacrylic fiber sectors 

(Viel et al., 2023). Regarded as among the greatest threats to the environment are the 76% of overall plastic 

waste output since most plastic products become waste instead of being recycled or incinerated (et al, 

2012). Clogging of agricultural land and endangerment of wildlife through plastic entrapment occur due to 

plastic waste accumulation that damages environmental quality. This resistance to degradation persists 

through polyethylene as one of the main waste components in municipal solid waste systems due to 

weight and carbon backbone structures and hydrophobic properties and non- 
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recognition by microorganisms (John & Salim, 2020). Plastic bioremediation research advances quickly 

because plastic pollutants endure indefinitely in different environmental systems (Oliveira et al., 2020). 

Table 1: Types of Plastics and Their Biodegradation Resistance 
 

 

 

 

Plastic Type 

 

 

Biodegradation 
Resistance 

Estimated 
Degradation 
Time 
(Years) 

Polyethylene High 50 

Polypropylene High 50 

PET Medium 100 
Polystyrene High 100 

PVC Medium 100 
 

 

The enzymatic activities of terrestrial bacterial communities utilize strong catalytic enzymes to break down 

plastic polymers significantly (A. et al., 2019). Weaker microorganisms degrade plastic structures into 

fundamental elements that enable them to extract carbon-based energy sources (Ali et al., 2021; Malik et 

al., 2023). Bacteria and fungi together demonstrate promising potential as an alternative way to manage 

plastic pollution according to Muhonja et al. (2018). Plastic polymer chains undergo decomposition 

through enzymatic reactions that microorganisms execute for metabolic breakdown. After bacteria attach 

to the surface the plastic-degrading extracellular enzymes from bacteria cause fragmentation through 

generation of oligomers and monomers (Muhonja et al., 2018). 

 

 
Figure 1: Global Plastic Waste Accumulation and Production Trends (2010-2020) 
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After microbial cells receive smaller compounds they operate biochemical pathways that produce both 

carbon dioxide water and microbial biomass. The regular environmental degradation of low-density 

polyethylene takes more than ten centuries to finish due to its destructive effect on both land-based and 

marine ecosystems (Nademo et al., 2023). Microorganisms can successfully perform bioremediation 

operations because they have proper metabolic capabilities for decomposing polymers to establish practical 

biodegradation systems (Philip et al., 2020). 

Microbial Degradation Mechanisms of Plastics 

 

Plastic waste remediation through microbially influenced processes presents an approach which 

environmental scientists view positively. Plastic-recycling technology improves through genetic 

modification of microorganisms and enzymes which enables plastic utilization as carbon source along with 

alkanes production from plastic waste through microbial biological methods (Nisha et al., 2020). Plastic 

polymers that are difficult to breakdown follow a process of microbial degradation through the combined 

activities of actinomycetes fungi and bacteria and through isolated enzymes that process plastic chain 

structures. Microorganisms along with enzymes possess the unique ability to breakdown polyethylene plus 

additional synthetic plastics such as polystyrene, polypropylene, polyvinyl chloride and polyurethane and 

polyethylene terephthalate (Ru et al., 2020). 

 

 
Table 2: Common Bacteria and Fungi Capable of Degrading Plastic Polymers 

 

Microbial Genus Plastic Types Degraded 

Bacillus Polyethylene, Polypropylene 

Pseudomonas Polystyrene, Polyethylene 

Aspergillus Polyethylene 

Penicillium Polypropylene, Polyethylene 

Streptomyces Polyethylene, Polystyrene 
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Graph 1: Degradation of Polyethylene by Microbial Consortia vs Single Species 

 

The plastic degradation capabilities belong to bacterial genera Bacillus along with Pseudomonas and 

Streptomyces and Micrococcus and among fungal genera are Aspergillus followed by Penicillium and 

Fusarium which show superior activity in plastic degradation in terrestrial environments (Maroof et al., 

2020). The plastic degradation mechanisms of microorganisms experience influence from both plastic 

material characteristics and additives present in addition to environmental conditions and microbial 

community attributes (shmi et al., 2020). 

 

 

Table 3: Environmental Factors Influencing Plastic Biodegradation 
 

Environmental 
Factor 

 

Effect on Plastic Biodegradation 

 
Temperature 

Higher temperatures generally increase biodegradation 
rates by enhancing microbial metabolism. 

 
pH 

Neutral pH values (pH 7) are optimal for most microbes; 
acidic or basic conditions may slow down the process. 

 
Moisture 

Adequate moisture levels are essential for microbial 
activity and enzyme function. 

 

 
Oxygen 

Oxygen availability supports aerobic biodegradation 
processes, which are typically faster than anaerobic 
processes. 
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Table 4: Enzyme Types and Their Role in Plastic Biodegradation 
 

Enzyme 
Type 

 

Plastic Type 
 

Role in Biodegradation 

 

Laccase 
Polyethylene, 
Polypropylene 

Oxidative enzyme that catalyzes the breakdown of 
aromatic compounds in plastics. 

 
Esterase 

Polyurethane, 
Polyester 

Hydrolyzes ester bonds in plastics, aiding in the 
degradation of polyester-based plastics. 

 

 
PETase 

Polyethylene 
Terephthalate 
(PET) 

Hydrolyzes PET, breaking it down into monomers, 
enabling complete biodegradation. 

Alkane 
Hydroxylase 

Polyethylene, 
Polypropylene 

Helps degrade hydrocarbons in plastics by 
introducing oxygen atoms into the carbon chains. 

 
Cutinase 

 
Polyester 

Hydrolyzes ester bonds in the plastic polymer, 
facilitating the breakdown of polyester plastics. 

 

 

 

 

Graph 2: Enzyme Activity vs Plastic Degradation Rate 

Plastic degradation by microbes occurs through a four-stage process starting from attachment on surfaces 

and proceeding through chain breakdown then assimilation concludes with mineralization into biomass. 

The beginning of microbial attachment to plastic surfaces leads to biofilm formation where microorganisms 

can subsequently unleash extracellular enzymes (Tokiwa et al., 2009). Enzymes named hydrolases and 

esterases as well as oxidases facilitate plastic polymer chain breakdown thus generating chemical fragments 

such as oligomers and monomers and dimers (Soong et al., 2022). Through different research investigations 

scientists have proven the polyethylene degradation capability of *Bacillus* genera to be the most 

commonly identified species (Muhonja et al., 2018). Microorganisms move plastic molecules into their 

cellular structures before breaking them down through different metabolic pathways to generate carbon 

dioxide along with water while simultaneously producing new cellular substances. 
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The ability of microorganisms to deteriorate plastics depends on their synthesis of laccases and alkane 

hydroxylases for breaking down low-density polyethylene (Muhonja et al., 2018; Maroof et al., 2020). 

Scientists have not yet proven the degree to which bacterial enzymes work on dissolving plastic as they do 

cellulose polymers because the process of plastic breakdown by enzymes remains incomplete (Cai et al., 

2023). Soil-based bacteria species Bacillus siamensis and Bacillus wiedmannii indicate low-density 

polyethylene degradation ability that leads to surface damage while producing carbonyl peaks (Maroof et 

al., 2020). 

 

 

The biological decomposition of plastic materials depends on their length and organization and size of 

exposed surfaces as well as all present additives. Highly crystalline polymers starting from polyethylene 

show limited environmental breakdown and their marine degradation occurs at such sluggish rates due to 

minimal oxygen levels and cold temperatures (Nisha et al., 2020). The performance of microbial plastic 

biodegradation increases through three main strategies that merge enzyme optimization achieved through 

genetic manipulation along with specific changes to environmental conditions alongside bioconsortium 

strategies which unite different microorganisms to degrade plastics. The use of multiple microorganism 

populations in consortia produces superior outcomes than single microorganisms because distinct 

organisms contain various enzymes which work synergistically to improve cooperative breakdown 

mechanisms. 

The microbial degradation process mainly depends on environmental factors which temperature proves to 

be the leading influencing factor. Studies performed in multiple laboratories confirm that low-density 

polyethylene films achieve optimal degradation during their incubation period within 40-120 days at 30- 

37°C. A microorganism operates optimally at its specific temperature therefore the operational temperature 

must align with the best-suvironments for those degrading microorganisms. The functionality of hydrolytic 

enzymes which break down polymer chains depends on their requirement for water which is influenced by 

the present levels of moisture. The rates at which microorganisms break down plastic depend strongly upon 

how microbial networks develop based on different plastic materials across various parts of the world (Viel 

et al., 2023). Plastic degradation speed and the active phases of responsible microbes depend strongly on 

how readily available mineral nutrients such as nitrogen and phosphorus are to them. Plastics undergo 

decomposition through transition metals such as iron and manganese and cobalt and nickel which fragment 

enormous polymer chains into microscopic fragments so microorganisms can transform the fragments into 

biomass along with carbon dioxide (Melchor- Martínez et al., 2022). 
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The use of plastic-digesting microbial enzymes for enzymatic degradation presents a sustainable strategy 

past current methods as Danso et al., 2019 explored this opportunity. The degradation of polyethene has 

been shown possible by measuring the activity of laccases produced by particular fungi following the 

methodology in Muhonja et al. (2018). Diverse plastic materials experience better degradation thanks to 

the effective plastic degradation process performed by enzymes such as laccases and proteases and 

cutinases together with PETase and MHETase per Dhali et al. (2024). Scientific studies uncovered 

polyester hydrolases that researchers successfully modified for better PET ester bond breakdown potential 

as mentioned in Anuar et al. (2022). A biodegradation system applies abiotic degradation patterns through 

UV radiation and heat exposure to plastic surfaces which becoming more accessible to microbial 

decomposition. 

The practice of genetic engineering delivers vital possibilities to enhance the efficiency of microorganisms 

while they destroy plastics. Genetic engineering of microorganisms by researchers enables the development 

of improved bioremediation solutions which enhance microorganisms' plastic degrading potential as well 

as develop efficient enzymes. The scientific literature confirms how soybean peroxidase acts on 

polyethylene surfaces yet laccase-mediator systems show effectiveness at breaking down nylon and 

polyethylene membranes and need testing using membrane polymers independently from standard 

polyethylene (Santo et al., 2012). Biodegradation rates of polyethylene increase when research teams 

integrate natural polymers such as starch and chitosan or cellulose substance within the polyethylene matrix 

according to Sen and Raut (2015). The advancement of new technology depends on complete knowledge 

about both biological and physical degradation patterns together with exclusive information about these 

processes' degradation kinetics (Glaser, 2019). 

Literature Review 

 

The essential role of microbial communities in plastic waste bioremediation processes emerges from recent 

scientific studies as demonstrated by multiple scientific publications about this matter. Plastics degrade 

with the help of laccase enzymes that transform complex polymers as per Santo et al. (2012). Maroof et al. 

(2020) pointed out that low-density polyethylene decomposition occurs efficiently when Enterobacter spp 

and Brevibacillus borstelensis (along with Pseudomonas aeruginosa and Bacillus cereus) work in a 

consortium with Brevibacillus spp and Aneurinibacillus spp. Studies conducted on waste dump 

microorganisms have proven these microorganisms excel at breaking plain polyethylene plastics to present 

innovative ways for handling plastic waste. To better evaluate research directions researchers need to 

implement proper assessment techniques during biodegradation investigations according to Matjašič et al. 

(2020). 



ISSN 3049-3277 IJIS: Vol.1, Issue 3, April 2025, Page: 39-55 

International Journal of Integrative Studies (IJIS) 

 

 

Modern research shows that microbial teams using fungal species and bacterial types have shown effective 

capacity to break down different plastic materials including polyethylene (Muhonja et al., 2018). Plastic-

degrading microorganisms exist throughout different environmental regions because they occupy digestive 

systems of insects and marine sediments as well as the soil environment. The biodegradation levels of 

polyethylene tests become higher when scientists expose these samples to UV irradiation before conducting 

the degradation experiment. 

Multiple plastic waste items combined with various polymers and additives create a condition where 

bioremediation processes typically fail to succeed. Modern scientific methods require development to 

monitor biodegradation since such methods establish essential research standards (Bher et al., 2022). 

Research shows that properly designed consortium groups advance the pace of plastic degradation and 

algae serve as an alternative approach to recycle waste plastic items (Ali et al., 2021). 

Plastics degrade through various environmental elements where temperature stands as the main factor 

alongside pH value and oxygen availability and nutrient characteristics. Bioremediative processes 

experience increased success due to proper adjustments made in environmental conditions which target 

specific bacterial groups. 

Plastic material degradation depends mainly on both microbial population characteristics along with 

environmental conditions along with plastic material composition. Organisms containing bacteria and fungi 

utilize plastic to obtain carbon and energy sources through enzyme-generated decomposition operations 

that break down plastic chains (Padmanabhan et al., 2019). Research supported by public and private 

organizations needs to develop efficient solutions for plastic waste reduction through environmentally safe 

methods because biodegradation shows promise as a solution platform. 

Methodology 

 

The study of microbial influence on plastic waste bioremediation needs a research design which combines 

field-based work and laboratory testing through sophisticated assessment techniques. Scientists should 

obtain physical samples from three dissimilar sites that combine between soil environments and marine 

sediments and freshwater systems because plastic waste exists in all locations. Successful data collection 

depends on consecutive recording of location-specific sites together with environmental conditions 

accompanied by detailed plastic waste classification. 
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Figure 2 : Genetic Modification of Microorganisms for Enhanced Plastic Degradation 

 

 

 

Scientists must use DNA extraction methods to acquire microbial community genetic materials before they 

apply PCR to amplify 16S rRNA genes for sequencing through Illumina MiSeq to establish plastic waste-

related microbial relationships (Muhonja et al., 2018). 

Laboratory workers must perform complete analysis to measure both physical and chemical alterations that 

occur to plastic materials throughout degradation. 

Genetic modifications after biodegradation processes will enhance microbial degradation capacity thus 

improving overall efficiency. 

Plastic degradation necessitates the detection of suitable microorganisms after their laboratory cultivation 

for later application to multiple plastic types. Plastic biodegradation development mandates both the 

identification of perceptive enzymes alongside the determination of purposeful work environments for 

those enzymes. 

Results 
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The evaluation methods will show essential scientific data about microbes supporting plastic waste 

bioremediation. A phylogenetic method identified the bacterial types in the sample which matched 

Methylobacterium radiotolerans, Methylobacterium fujisawaense and Lysinibacillus fusiformis per Maroof 

et al. (2020). The successful analysis of plastic degradation requires users to perform weight measurements 

while combining them with scanning electron microscopy assessments of surface modification and Fourier 

transform infrared spectroscopy observations of chemical alterations. The scanning electron microscope 

shows plastic surface degradation through the direct observation of pits and microbial formation of pores 

and surface flaws (Nademo et al., 2023). The oxidation process becomes verifiable through Fourier 

transform infrared spectroscopy because it detects new carbonyl, carbonyl, and hydroxyl bonds that emerge 

during the degradation (Sandt et al., 2021). The acquired data offers crucial information about plastic-

breaking microorganisms along with plastic degradation processes and bioremediation assessment 

techniques. 

 

 
Graph 3: Impact of UV Pretreatment on Plastic Degradation 

Scientific evidence demonstrates that the polyethylene degradation process performed by bacteria and fungi 

isolated from waste disposal sites makes them suitable agents for bioremediation purposes. Research has 

established that microorganisms make both esterase enzymes and laccase enzymes that play a part in 

polyethene breakdown. 
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Table 5: Plastic Degradation Rate by Different Microbial Strains 
 

 

 
Microbial Strain 

 

 
Plastic Type 

Degradation 
Rate (%) over 
Time 

Bacillus siamensis Polyethylene 15 

Pseudomonas 
aeruginosa 

 
Polystyrene 

 
10 

Streptomyces griseus Polypropylene 20 

Penicillium 
chrysogenum 

 
Polyethylene 

 
30 

Aspergillus niger Polyethylene 25 
 

 

 

 

Graph 4: Rate of Biodegradation of Plastics by Microorganisms in Different Environmental Conditions 
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Figure 3: Biodegradation of Different Plastics by Soil and Marine Microbial Communities 

According to Nademo et al. (2023) multiple bacterial strains demonstrate successful virgin polyethylene 

degradation performance without requiring UV irradiation or chemical oxidation pretreatments. During 

120 days of incubation the researchers studied polyethene degradation by different Pseudomonas species 

(Muhonja et al., 2018). Microorganisms show efficient polymer degradation ability which establishes that 

pretreatment procedures might accelerate biodeterioration rates. 

Discussions 

 

The investigation results require discussion about how identified microorganisms break down plastic while 

explaining their enzymology and environmental control factors that activate them. Microbiological 

research on plastic material interaction processes and degradation pathways together with carbon source 

utilization explains the mechanisms behind biodegradation. LDPE degradation occurs as a slow yet 

continuous and time-dependent process because of low degradation values and increased percent 

crystallinity in connection with bacterial isolation of Laccase, Alk1, and Alk2 genes (Maroof et al., 2020). 

LDPE degradation was verified by scientist identification of microbial Bacillus siamensis and Bacillus 

wiedmannii species together with fungal presence while microscopic analyses revealed surface erosion 

patterns and confirmed cracks and folds and visible fungal growth on LDPE film surfaces (Nademo et al., 

2023). 

The discussions need to study large-scale bioremediation execution approaches by combining financial 

evaluation with environmental influences while following regulatory demands. 

Scientists have identified the complete bioremediation system that arises from environmental factors along 

with microorganism plastic-degrading capabilities. 
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The study by Rajandas et al. (2012) shows how microorganisms efficiently degrade oxidized polymers 

through pretreatment methods which allows such organisms to adapt to similar substances. 

 

 

Conclusion 

 

Scientific research confirms that microorganisms hold strong potential for addressing worldwide plastic 

waste accumulation problems. Scientific application of plastic-degrading microorganisms which have gone 

through characterization leads to remarkable advancements in bioremediation projects. 

The plastic degradation effectiveness increases through new biotechnological approaches combining 

enzyme engineering with microbial consortia design systems as described by Temporiti et al. (2022). 

Complete sustainable plastic waste control emerges through logical microbial bioremediation 

implementation with waste reduction measures and recycling practices. Complete implementation of 

microbial bioremediation technologies needs research collaborations between investigators and regulatory 

bodies along with corporate involvement to establish supportive environments for technology advances and 

funding while receiving regulatory support. The future will become sustainable through plastic 

manufacturing reductions alongside effective waste management and proper use of microbial communities 

(Orlando et al., 2023). The circular economic system uses bioplastic production and waste- to-value 

biotechnology enabled by microorganisms to turn waste material into useful products (García‐ Depraect et 

al., 2021; Paço et al., 2018). Global plastic pollution requires international nations to collaborate by creating 

partnerships at worldwide levels to reduce pollution (Macheca et al., 2024). 

Developing countries need substantial financial support toward building waste management systems with 

built-in source-based waste reduction solutions according to Rahman et al. (2021). 

The combination of physical and chemical pretreatments with microbial biodegradation demonstrates high 

potential for microplastic degradation according to Pan et al. (2022) therefore additional research is 

essential. 

Scientific entities must complete ongoing research needs while building new procedures suitable for coastal 

areas. 

The next phase of ecological research should focus on enzyme degradation method enhancements together 

with consortium development along with quantitative assessments of degradation products on natural 

ecosystems. 

The process of plastic contamination at sites allows microbial communities to transform into dense biofilm 

structures on plastic surfaces where they produce active degradative enzymes (A. et al., 2019). 
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