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Abstract 
Microplastics, defined as plastic particles less than 5 mm in size, have become a pervasive 
environmental pollutant, threatening ecosystems and human health. This review paper explores the 
chemistry of microplastics, focusing on their degradation pathways, environmental behavior, and 
ecological impacts. The study examines the physical, chemical, and biological degradation mechanisms 
of microplastics, including photodegradation, hydrolysis, and microbial degradation, and their role in 
the generation of secondary pollutants. Additionally, the paper discusses the environmental 
distribution, toxicity, and bioaccumulation of microplastics in aquatic and terrestrial ecosystems. 
Emerging mitigation strategies, such as advanced oxidation processes, enzymatic degradation, and 
biodegradable alternatives, are also reviewed. By synthesizing recent research, this paper aims to 
provide a comprehensive understanding of microplastic pollution and guide future efforts toward 
sustainable solutions. 
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1. Introduction 
Microplastics, originating from the fragmentation of larger plastic debris or direct release 
from consumer products, have emerged as a global environmental concern. Their small size, 
persistence, and ability to adsorb toxic chemicals make them a significant threat to marine 
and terrestrial ecosystems. This review delves into the chemical processes governing 
microplastic degradation, their environmental fate, and the potential risks they pose to 
biodiversity and human health. The paper also highlights innovative strategies to mitigate 
microplastic pollution, emphasizing the need for interdisciplinary approaches to address this 
complex issue.  
 
2. Sources and Classification of Microplastics 
Microplastics are categorized into primary (intentionally manufactured) and secondary 
(resulting from the breakdown of larger plastics) types. Common sources include:  

 Personal care products (e.g., microbeads in cosmetics).  

 Synthetic textiles (e.g., microfibers from washing clothes).  

 Fragmentation of plastic waste due to weathering.  
 
3. Degradation Pathways of Microplastics  
3.1. Physical Degradation 

 Mechanism: Abrasion, fragmentation, and weathering due to mechanical forces (e.g., 
wave action, wind).  

 Outcome: Reduction in particle size, leading to the formation of nanoplastics.  
 
3.2. Chemical Degradation:  

 Photodegradation: UV radiation induces chain scission, producing carbonyl and 
hydroxyl groups.  

 Case Study: Andrady (2011) [1] demonstrated that polyethylene (PE) undergoes 
photodegradation, forming smaller fragments and reactive oxygen species.  

 Hydrolysis: Water breaks ester bonds in polymers like polyethylene terephthalate 
(PET).  
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 Case Study: Gewert et al. (2015) [2] showed that 

hydrolysis of PET microplastics releases toxic 

monomers like terephthalic acid.  

 

3.3. Biological Degradation  

Microbial Degradation: Certain bacteria and fungi produce 

enzymes (e.g., esterases, lipases) that degrade polymers.  

Case Study: Yoshida et al. (2016) [3] discovered Ideonella 

sakaiensis, a bacterium capable of degrading PET into 

ethylene glycol and terephthalic acid.  

 

4. Environmental Impact of Microplastics 

4.1. Distribution in Ecosystems 

Microplastics are found in oceans, rivers, soil, and even the 

atmosphere, with concentrations highest near urban and 

industrial areas.  

 

4.2. Toxicity and Bioaccumulation  

 Microplastics adsorb persistent organic pollutants 

(POPs) and heavy metals, which are transferred to 

organisms upon ingestion.  

 Case Study: Wright et al. (2013) [4] demonstrated that 

microplastics ingested by marine organisms cause 

physical damage and release toxic additives.  

 

4.3. Impact on Human Health 

Microplastics have been detected in drinking water, seafood, 

and even human tissues, raising concerns about their long-

term health effects.  

 

5. Mitigation Strategies 

5.1. Advanced Oxidation Processes (AOPs)  

 AOPs, such as Fenton reactions and photocatalysis, 

degrade microplastics into harmless compounds.  

 Case Study: Tofa et al. (2019) [5] used TiO₂ 

photocatalysis to degrade PE microplastics under UV 

light.  

 

5.2. Enzymatic Degradation 

 Engineered enzymes, such as PETase and MHETase, 

offer a promising solution for breaking down 

microplastics.  

 Case Study: Austin et al. (2018) [6] engineered a 

PETase variant with enhanced activity for PET 

degradation.  

 

5.3. Biodegradable Alternatives  

Biopolymers, such as polylactic acid (PLA) and 

polyhydroxyalkanoates (PHAs), are being developed as eco-

friendly alternatives to conventional plastics.  

 

6. Challenges and Future Directions 

Challenges 

 Lack of standardized methods for microplastic 

detection and quantification.  

 Limited understanding of long-term ecological and 

health impacts.  

 High costs and scalability issues of mitigation 

technologies.  

 

Future Directions  

 Development of cost-effective and scalable degradation 

technologies.  

 Integration of policy measures, such as bans on single-

use plastics and incentives for biodegradable 

alternatives.  

 Public awareness campaigns to reduce plastic 

consumption.  

 

7. Conclusion  

Microplastics represent a complex and multifaceted 

environmental challenge, requiring urgent action to mitigate 

their impact. Understanding the chemical processes 

governing their degradation and behavior in the 

environment is crucial for developing effective solutions. 

By combining scientific innovation, policy interventions, 

and public engagement, it is possible to reduce microplastic 

pollution and protect ecosystems and human health.  
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