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ABSTRACT 

The microplastics are termed to the plastic whose size is less than 5 mm. The interaction between microplastic 

and contaminants such as chemical entities and other pollutants are very dangerous to ecosystem. 

Microplastics are chiefly self-possessed of synthetic polymers such as polyethylene, polypropylene, and 

polystyrene. The outer surface of the microplastic entity is normally hydrophobic in nature and their surface 

area to volume ratio is very high. These microplastics are persistent in nature that have high tolerance to 

degradation. They can absorb various harmful pollutants including heavy metals, organic matters, and 

pharmaceutical particles. The microplastics become more hazardous when they are mixed with certain 

chemical such as phthalates and bisphenol A. These are not covalently attached to the polymer and can seep 

out under favorable conditions. The leaching procedure exaggerated by UV rays, pH, saltiness and microbial 

activity cause faster rate of erosion of the plastic surface. The microplastics are act as the carrier of the 

pollutants and can enhance the mobility of adsorbed materials in the environment. Such materials can enter 

to the food chain of the human and lead to the bioaccumulation of toxic chemical and disturb the ecosystem. 

Due to their leading role in the disturbance to the ecological system and humans, microplastics can not be 

ignored by the researchers. They need to put efforts to develop innovative techniques to identify them and make 

certain policies to check pollution caused by microplastics. 

Keywords: Microplastics, Polymer composition, Pollutant adsorption, Chemical leaching, Toxic additives, 

Environmental transport etc. 

 
Figure 1. Graphical Abstract 

1. INTRODUCTION 

Plastic pollution is arguably one of the biggest environmental threats of our time, yet concerns about microplastics 

have gained prominence on a global scale; they are detected throughout the environment, have been shown to 

persist, exhibit potential ecological and human health risks (Barnes et al., 2009; Rochman et al., 2013). The 

widespread usage of plastic materials for an upsurge of applications, particularly relating to the packaging and 

textiles industry but also the medical and automotive sectors has contributed to a significant increase in the 

production of plastic waste (Jambeck et al., 2015; Geyer et al., 2017). And that stems over time into microplastics, 

namely small plastic fragments that are less than 5 mm in diameter (Thompson et al., 2004). They have been 

detected in marine environments, freshwater systems, soil, the atmosphere and even human bodies prompting 

alarm bells over their long-term impacts (Wright & Kelly, 2017; Gasperi et al., 2018; Schwabl et al., 2019; Prata 
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et al., 2020). From 2 million tonnes in 1950 to more than 400 million tonnes a year in recent years, plastic 

production has exploded globally, with a cumulative production of more than 8.3 billion tonnes (Geyer et al., 

2017). The versatility, durability, low cost of production and resistance to degradation of plastic are all elements 

that have contributed to its proliferation and that are also responsible for its environmental challenges today 

(Thompson et al., 2004; Barnes et al., 2009; Jambeck et al., 2015). 

Primary microplastics which are produced deliberately at microscale for certain utilities (Fendall & Sewell, 2009; 

Cole et al., 2011). These can include plastic microbeads in personal care products (i.e., facial scrubs, toothpaste, 

and shower gels), as well as industrial abrasives suitable for blast cleaning, pre-production plastic pellets (nurdles) 

and microfibers intentionally used in textiles (Napper et al., 2015; Prata, 2018; Hirt & Body-Malapel, 2020). 

Primary MPs enter the environment via product use, industrial release, or accidental spillage during transport 

(Figure 1) (Sundt et al., 2014; Boucher & Friot, 2017; Galafassi et al., 2019). 

 
Figure 2. The cycle of microplastic in the environment is depicted in the figure. 

Secondary microplastics originate from the degradation and sealing of larger plastic objects from environmental 

weathering. These mechanisms include the following: 

● UV light exposure-induced photodegradation 

● Mechanical abrasion caused by wind, waves, or other external causes 

● Thermal deterioration due to temperature variations 

● Microorganisms' biodegradation, albeit at incredibly slow rates 

1.1 Global Production and Usage of Plastics 

As one of the largest manufacturing industries in the world, the global plastics industry remains highly-

competitive and production continues to be dominated by the triad of Asia (led by China), North America and 

Europe (Lebreton & Andrady, 2019). Packaging is the biggest application sector (c. 40% total plastic demand), 

followed by building and construction, automotive, electronics, agriculture and consumer products (Plastics 

Europe, 2019; Chamas et al., 2020). Single-use plastics, meant to be discarded promptly after they're used, 

represent a large portion of the plastic waste with an estimated 500 billion plastic bags and 500 million plastic 

straws thrown away globally each day (Schnurr et al., 2018; Garcia et al., 2020). Even with increased awareness 

of our environmental impacts, plastic production continues an exponential increase at an average rate of 4%/year 

primarily fueled by developing economies and diversification of applications (Borrelle et al., 2020; Lau et al., 

2020). Recycling rates for plastics are still disproportionately low compared to production volumes with a global 

average of less than 10%, and at the regional level extreme differences (Brooks et al., 2018; Kaza et al., 2018). 

2. ENVIRONMENTAL ISSUE OF MICROPLASTIC  

Their presence can be found in nearly everywhere in the environment, from polar ice caps to deep oceans troughs, 

from plain area to high altitude mountain areas. Due to their very small size, they can be easily lifted and 

transferred even to very distant places (Allen et al., 2019; Zhang et al., 2020; Brahney et al., 2020). It is very 

difficult to detect and remove microplastics from waste materials by using conventional techniques owing to their 

very small size. At present, only 70-90 percent of the total microplastics can be removed from waste water 

treatment by using various techniques and rest of them is back to the aquatic systems (Sun et al., 2019; Enfrin et 

al., 2020; Lares et al., 2018). The size of the microplastics is very similar to the food size range for many organisms 

for example zooplankton to filter feeders lead to microplastic to enter into the food webs (Cole et al., 2013; Setälä 

et al., 2014; Wright et al., 2013). The higher surface area-to-volume ratios of the microplastics have offered to 

interact them with many environmental pollutants. Various pollutants such as heavy metals, Persistent organic 

pollutants (POPs), and pathogens which is very hazardous (Koelmans et al., 2016; Hahladakis et al., 2018). 
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Additive leaching: Plastics have many chemical additives that improve performance characteristics (plasticizers, 

flame retardants, UV stabilizers, etc.), many of which are known to be toxic. Under environmental conditions, 

these additives can leach from microplastics (Hahladakis et al., 2018; Campanale et al., 2020). 

Microplastics have recently been found in sources of drinking water, commercially important species of food and 

agricultural soils, and even deposition in the atmosphere in remote areas moving concerns beyond marine 

environments and including possible exposure routes in humans and impacts on terrestrial ecosystems (Wright 

& Kelly, 2017; Allen et al., 2019; Zhang et al., 2020). 

In recent years, microplastics have emerged as a topic of concern to scientists, environmentalists, and policy 

makers. Governments and supranational organizations like the United Nations and the European Union are 

beginning to devise policies related to microplastic pollution. Some of the major issues which have resulted pay 

attention to this include: 

● How deeply the pollution of marine and land biomes extends. 

● The consequences of microplastics on marine life and ecosystem health and diversity for the long-term. 

● The latent intimidations postured to human health due to microplastic exposure. 

● The requirement for international guidelines to perimeter plastic manufacture, encourage reprocessing, and 

progress waste management. 

This detailed review attempts to solve the issue of microplastic pollution in the ecosystem through several 

interrelated goals:  

✔ To collate information on microplastic’s sources, its transport systems, and its environmental destiny in 

terrestrial, freshwater, and oceanic systems.  

✔ To analyze the different techniques for microplastic selection, extraction, identification, and quantification, 

focusing on standardization problems as well as new methodological procedures. 

✔ To Evaluate the reported ecological effects within and between different biological organisms starting from 

the cellular and sub-cellular level up to whole populations and communities level impacts. 

✔ To study the relationship of microplastic pollution with other environmental stressors such as climate 

changes, chemical pollutants, or habitat destruction. 

✔ To review existing policies and possible approaches, including institutional and technological solutions to 

reduce the microplastic impact.  

✔ To find pertinent unknowns and recommend appropriate attention areas to facilitate understanding of 

environment and human health danger issues. 

In concern of environmental chemistry, ecotoxicology, marine biology, waste management, and policy studies, 

this review attempts to provide the reader with the current level of knowledge and suggest constructive ways in 

which oneପs efforts can be used to find effective solutions. 

3. CHEMICAL PROPERTIES AND INTERACTIONS OF MICROPLASTICS  

Microplastics consist of different synthetic polymers and chemical additives whose properties differ. These 

differences affect how microplastics behave in the environment, interact with pollutants, and their potential 

biological effects (Lithner et al., 2011). Pollutants, including hazardous substances like heavy metals, organic 

pollutants, and pharmaceutical remnants, microplastics can adsorb due to their small size, large surface area, and 

hydrophobic nature (Koelmans et al., 2016). In addition, the leaching of chemical additives from microplastics 

raises concerns about their long-term damage towards the health and environment (Alijagic et al., 2024). The most 

common polymers found in microplastic pollution include: 

Polymer Type 
Chemical 

Composition 
Common Uses Environmental Concerns 

Polyethylene (PE) -(CH₂-CH₂)- 
Plastic bags, packaging, 

bottles 

Highly resistant to degradation, 

contributes to marine plastic debris 

Polypropylene (PP) -(C₃H₆)- 
Food containers, bottle 

caps, ropes 

Buoyant in water, accumulates in 

aquatic ecosystems 

Polystyrene (PS) -(C₈H₈)- 
Disposable cutlery, 

insulation, foam packaging 

Fragments into small particles, 

contains toxic styrene monomers 

Polyvinyl Chloride 

(PVC) 
-(C₂H₃Cl)- 

Pipes, medical equipment, 

flooring 

Releases chlorine-based toxins, low 

biodegradability 

Polyethylene 

Terephthalate (PET) 
-(C₁₀H₈O₄)- 

Beverage bottles, textiles 

(polyester) 

Common in microfibers, contributes 

to airborne plastic pollution 

 

This section details the chemical structure of microplastics, their adsorption properties, as well as the potential 

risks of additive leaching.  
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Theses polymers have explicit and particular chemical and physical properties that are helpful for the degradation 

of the environment. Polyethylene and polypropylene are hydrophobic in nature which allows them to float in the 

water and act as carriers of pollutants to different places (Wright et al., 2013). Polyvinyl chloride and polyethylene 

terephthalate are easily accumulated by the sediments because they are weighty and sink thus directly affecting 

the organism that reside in these sediments (Van Cauwenberghe et al., 2015; Kaushik et al., 2024). The adsorption 

of microplastics is heavily dependent on surface area, hydrophobicity and other environmental conditions such as 

pH, salinity, and temperature (Teuten et al., 2009). The absorbed contaminants such as hydrophobic organic 

pollutants, association of microplastics with organic pollutants of higher octanol-water partition coefficients 

values (Rochman et al., 2013). 

Persistent Organic Pollutants (POPs): Recent research papers have revealed that the existence of several POPs on 

microplastics from ecological trials (Liu et al., 2019).Polychlorinated biphenyls (PCBs): Concentrations on 

microplastics gathered from oceans are usually within the boundaries of 1-10,000 ng/g with maximal enrichment 

factors surmounting 10⁶ times of adjacent water concentrations (Yeo et al., 2020). 

Polycyclic aromatic hydrocarbons (PAHs): Copious amounts of environmental microplastics contain total PAHs 

of fifty to ten thousand boosts of ng/g in urban and industrial areas. Organochlorine pesticides (DDT) and its 

principal metabolized forms (including hexachlorocyclohexanes (HCHs) and chlordane’s) usually vary between 

0.1 and 100 ng/g. Polybrominated diphenyl ethers (PBDEs): On the electronics microplastics flame retardants 

were noted to be from 0.5 to 50 ng/g which are far higher to polymers from electric appliances. 

Heavy metals: There is a sorption of metals to microplastics which is known to occur through biofilm mediated 

as well as other mechanisms such as complexation with oxygen- bearing functional groups of weathered surfaces 

or even precipitation of metal oxides. A figure containing heavy metals sorption is depicted in the Figure 3.  

Microplastics in the environment are likely to contain: 

Lead (Pb): Average values are in the range of 1 μg/g - 100 μg/g, higher values are found in industrial harbor 

sediment (Rochman et al., 2014). 

Cadmium (Cd): Found to exist normally between the concentrations of 0.1 μg/g and ten μg/g on microplastics in 

the environment (Holmes et al., 2016). 

Copper (Cu): Concentrations are in the range of 1μg/g to 150μg/g and are particularly concentrated on 

microplastics originating from antifouling paint particles (Turner et al., 2017). 

Zinc (Zn): Usually observed in the microplastics at values between five to five hundred μg/g, more abundantly 

present on particles of tires which undergo wear (Rochman & The, 2019). 

Mercury (Hg): Values are relatively lower (0.01 μg/g - 1 μg/g) but are still considered to be of high toxicological 

concern (Brennecke et al., 2020). 

 
Figure 3.  Heavy metals sorption to microplastics 

4. DEGRADATION MECHANISMS OF MICROPLASTICS IN NATURAL ENVIRONMENTS 
Microplastics get degradation via various physical, chemical and biological techniques. To get the complete 

mechanism of this method will be useful for the prognostication the environmental fate and plastic contamination. 

4.1 Physical Degradation: 

UV Radiation: It is topmost reason for the plastic deprivation in the environment. Polymers molecules excited to 

higher levels on absorbing UV photons which ultimately initiate bond cleavage (Ojeda et al., 2011). 

The generation of free radicals from the chain reactions which produces from photooxidation can result into 

cleavage of polymer, reduced molecular weight (Gewert et al., 2015). The polymers such as PE, PP, and PS are 

prone to degradation than PET and PVC (Andrady, 2017). The efficacy of UV degradation declined considerably 

in water (Zhang et al., 2020). 
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Mechanical Forces: Embrittled plastics are exhausted by mechanical forces through abrasion, impact, and 

lethargy actions. Shorelines and beaches are principally active zones for Mechanical Forces, as wave action and 

sand scouring along with cycles of wetting and drying outcome in larger fragmentation (Andrady, 2011). As 

deterioration turn out to be heightened, previously photodegradable ingredients advance microplastics due to 

power-driven stress. According to research, the level of weathering can crucially influence the velocity at which 

mechanical fracturing arises (Yan et al., 2022; Erni-Cassola et al., 2023). 

4.2 Chemical Degradation 

In darkness or light, oxygen intermingles with polymers of tertiary carbon atoms, originating the free radical chain 

mechanisms that oxidation depends on (Celina, 2013). The reaction results in the cleavage of hydroxyl chains and 

carbonyl groups (Beckett et al., 2014). Surface layer oxidation is the most common form of oxidation due to the 

allowance of oxygen diffusion and primary or secondary carbon atoms having significantly less oxidative 

susceptibility in comparison to tertiary carbon atoms such as PP and PS (Gijsman, 2015).  

4.3 Biological Degradation: Role of Microorganisms 

Regular plastics (PE, PP, PS) typically need much abiotic weathering before they would fall of line for them to 

significantly assed to biodegradation (stock to microbially-mediated biodegradation) (Paço et al., 2019), whilst 

the biodegradables (PHA, PLA) may break down relatively quick under prime conditions (Gonzalez-Peña et al., 

2024). Comparative analysis of PET degrading bacteria has shown that Ideonella sakaiensis near the upper end of 

the range is able to degrade PET; other fungi with diverse enzymatic systems have evolved to reuse plastic 

polymers. Figure 4 depicts the degradation mechanism of microplastics in the environment.  

 
Figure 4. Degradation mechanism of the microplastics in the environment. 

4.4 Environmental Impact of Microplastics 

The ingestion of the microplastics can lead to various problems such as digestive tracts blockages, malnutrition 

and able to transfer hazardous chemicals entity (Akbari, & Jaafari, 2025). Filter feeders such as mussels and 

oysters are exclusively susceptible, filtering out large volumes of microplastics that can then biomagnified up the 

food chain. The growth of underwater ecosystems is enormously exaggerated by the microplastic pollution. The 

soil contamination with microplastic is the worst to handle as they can reach the agricultural land through various 

mechanism for instance sewage sludge, irrigation with contaminated water (Sa’adu, & Farsang, 2023). The 

porosity of the soil and water holding capacity is considerably decreased in the presence of microplastics. The 

earthworms which are very beneficial for the soil health are not capable to perform their reproduction in the 

presence of microplastics which directly impact the soil health.  

Airborne microplastics created from tire wear, degradation of textiles and industrial processes can drift large 

distances on wind currents (Zhao et al. 2023). smaller particles may work their way deep into lung tissue once 

inhaled, possibly inducing inflammatory responses. Atmospheric deposition is a major route for the transfer of 

microplastics between ecosystems, with precipitation events delivering these particulates from the atmosphere to 

virgin land space such as remote mountain ranges and polar regions. 

These contamination pathways are particularly concerning in their interconnections. Microplastics transfer easily 

between environmental compartments—washing off soil into waterways, evaporating from surface waters into 

air and depositing back onto land or sea. This kind of environmental cycling means that even if new plastic 

pollution were to end right now, existing microplastics could keep cycling through ecosystems for centuries, and 

that their environmental concentrations would likely rise as larger plastic debris fractures with time. 
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4.5 Human Health Risks of Microplastics 

Microplastics are an increasing threat to our health as these minuscule particles permeate our food, water, and 

air. Studies show that humans now consume thousands of microplastic particles each year via food, especially 

fish, in which the particles bioaccumulate along marine food chains (Al Mamun et al., 2023). Consuming water 

both bottled and tap represents another important exposure route, with studies finding microplastic contamination 

in drinking water sources globally (Gambino et al., 2022). Moreover, the air, both indoors and outdoors contains 

microparticles that humans breathe in on a daily basis, with synthetic textiles and the degradation of plastic 

products as the major causes of this type of contamination. 

Microplastics can harm human by several mechanisms upon their introduction into the human body. These 

particles can get lodged into our organs and tissues leading to physical effects including inflammation, cellular 

breakdown, or interference with normal physiological operations (Zhang et al., 2024). Inhalation is particularly 

worrisome, as smaller particles may reach the terminal lung tissue and elicit inflammatory responses and 

oxidative stress (Saha et al., 2024). 

The chemical dimension of the toxicity of microplastics is perhaps more concerning. Those particles frequently 

carry additives — plasticizers, flame retardants and stabilizers — many of which are known to disrupt the 

endocrine system. Meanwhile, microplastics in environmental media serve as “sponges” that adsorb persistent 

organic pollutants and heavy metals from the ambient media, with possible transportation of these concentrated 

toxicants to human tissues. Laboratory studies have shown that leachates from microplastics may interfere with 

cellular functions, cause oxidative stress and influence gene expression profiles (Wang et al., 2022). The latest 

research has revealed the relation of microplastics and several health illnesses such as bowel diseases, metabolic 

disorders and effects on reproductive systems (Zhao et al., 2023). An illustrative diagram of depicting the human 

health risks of microplastics is shown in the Figure 5. 

 
Figure 5. Human health risks of microplastics. 

4.6 Detection and Analytical Methods for Microplastics 

The detailed identification and investigation of microplastics poses important analytical problems owed to their 

innumerable compositions, shapes, sizes, and environmental dispersal characteristic. The researchers are 

concentrating on multistep techniques which begins with the process to avoid mixing of the pollutants to system. 

The separation, identification, and quantification are followed by the basic methods. The sample preparation for 

the testing is the key step in the for the analysis of the microplastics.  When the sample is water, then the most 

important part is the filtration with optimum sized membranes (Shim et al., 2017).  

 
Figure 6. Detection and analytical method for microplastics. 



International Organization of Research & Development (IORD) 

ISSN: 2348-0831 

Vol 13 Issue 01 | 2025 

130109  DOI: 10.5281/zenodo.22804426 70 

In the case of sediments and soil, microplastics can be unpaired from minerals by using density separation with 

salt solutions as they are lighter than materials (Hurley et al., 2018). When the analyte is biological sample, 

enzymatic or chemical methods are required to separate organic pollutants while keeping the polymers to remain 

intact (Möller et al., 2019). While using these methods for the separation of microplastics from analyte, 

contamination control procedures such as cotton lab coats, and hoods are used to safeguard the samples to get 

contaminated from airborne plastics (Kühn et al., 2020). Particle identification using stereomicroscopes is 

effective as a preliminary screen, but it has numerous noteworthy limitations for instance observer bias and 

difficulties in distinguishing amid natural and synthetic particles (Cowger et al., 2021). The infrared spectroscopy 

is united with Fourier transform is the prominent technique specially when it is coupled with microscopy as it can 

provide good result with the particle size of 20 μm (Samandra et al., 2025). Raman spectroscopy is advantageous 

over FTIR because it can analyse smaller particles (<1μm) and work on few polymers which is not possible for 

FTIR (Joshi et al., 2024). An illustrative procedure which should be followed for the detection of microplastic is 

given in the Figure 6.  

The research work is kept on increasing to use techniques such as pyrolysis-gas chromatography/mass 

spectrometry (Py-GC/MS). These techniques are very handful to analyse intricate environmental specimen and 

nano particles size plastics due the fact that they can easily make even smaller pieces of the analyte under 

consideration (Löder et al., 2017).  There are few more techniques on which, researchers are working for the 

betterment of the methods such as thermal extraction-desorption gas chromatography/mass spectrometry (TED-

GC/MS) which developed for the scanning huge surface of samples (Zhu et al., 2024). 

5. FUTURE DIRECTIONS 

The growth in the microplastic pollution is exponential while the research and advancement to detect and control 

is not much entertained. The day by day this is becoming more problematics as due the contamination of 

microplastics in the food chain, the increasing cases of several types of cancer is realized. There should be 

established standards for the shape, and size distribution of the microplastics. The nanoparticles which are less 

than 1 nm also need to consider as they are much more hazardous due to their capability to pass through cellular 

barriers. It will be critical to keep track of human microplastic exposure and the corresponding health patterns in 

order to identify certain populations that are most at risk, along with the corresponding dose-response 

relationships. The multigenerational effects of microplastic consumption will also provide insight into the 

population-level impact. New materials design, advanced filtration systems, and microbial degradation have all 

shown promise, but progress in these areas is still lacking. 

6. CONCLUSION 

On one hand, the load of microplastics around the world is one of the worst through human pollution in history. 

On the other, this research paper is talking about the heterogenous adulteration of environment system and explain 

why microplastics are not taken as granted as normal pollutants. They have multifarious effect on ecosystem. 

They are capable to disturb the nutrient cycle which is vital for ecosystem. Even with attempts to understand our 

microplastic particles and their order of magnitude - ‘nano plastics’ – the smallest of human created plastic 

particles are incredibly difficult to study. While also concerning, the long-lasting global effects of blanketing our 

planet with microplastic pollution remain unsettlingly vague as well. Looking ahead, solving for microplastic 

pollution will need joined action within improved analytic techniques, more toxicology examinations, 

development of novel retrieval technologies and policy actions. Finally, lasting solutions must take account of not 

only already existing contamination but also the ongoing generation of plastic materials. 

Microplastic’s presence throughout nature acts as a strong reminder of human-made materials' impact 

on ecosystems and highlights the necessity to reframed the approach to how plastics are dealt with. Research in 

progress will need broad interdisciplinary collaboration for the development of integrated solutions to this 

multifaceted international problem. 
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