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ABSTRACT 

Nanoplastics, smaller plastic particles less than 100 nanometers, pose significant 

environmental and health risks. They can be generated through the breakdown of 

larger plastic items or intentionally manufactured for various applications. They are 

pervasive in water bodies, soil, and air, particularly in aquatic environments. The 

impact of nanoplastics on ecosystems and wildlife is an area of ongoing research. The 

potential consequences of nanoplastic ingestion on the health of these organisms, as 

well as the subsequent effects on entire ecosystems, are not yet fully understood. and 

concerns about food chain transmission and human exposure are growing. The 

regulatory landscape for nanoplastics is evolving, and more comprehensive policies are 

needed to manage production, use, and disposal. Mitigating nanoplastics involves 

reducing plastic consumption, improving waste management, and developing 

alternative materials. Present review sheds light on the origin and features of 

nanoplastics. Also, the effect of nanoplastics on human and the environment has been 

extensively discussed. 
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INTRODUCTION 

Nanoplastics, microscopic plastic particles with dimensions less than 100 nanometers, have 

emerged as a concerning environmental issue in recent years (Sussarellu et al., 2016). While 

the world grapples with the visible impacts of plastic pollution, such as floating debris and 

marine animal entanglement, nanoplastics present an invisible threat that permeates 

ecosystems on a molecular level. It is important to focus on the origins, impact, and potential 

solutions to address the pervasive problem of nanoplastics in ecology. (Dawson et al., 2018) 

(Hartmann et al., 2019). 

Nanoplastics originate from the breakdown of larger plastic debris, including microplastics, 

through physical, chemical, and biological processes (Gigault et al., 2021). Weathering, 

sunlight, and mechanical forces contribute to the fragmentation of plastics into smaller 

particles over time (Gigault et al., 2018). Additionally, the degradation of microplastics by 

microorganisms produces nanoplastics as byproducts (Fig 1)  (Revel et al., 2018). As a result, 

nanoplastics infiltrate various environmental compartments, including oceans, rivers, and 

soil. The small size of nanoplastics enables them to enter the food chain at its lowest levels 

(Mintenig et al., 2019). Marine organisms, such as plankton and small fish, inadvertently 

ingest nanoplastics when feeding on suspended particles in the water (Jemec et al., 2016). 

The particles then bioaccumulate as they move up the food chain, affecting larger marine 

species and potentially reaching human consumers who rely on seafood (Dalela et al., 2015). 

The health consequences of nanoplastic ingestion for marine life and humans remain a topic 

of ongoing research, but evidence suggests potential harm to reproductive, immune, and 

endocrine systems (Wang et al., 2018). 

 

Fig 1: Types of plastic pollutants categorized by size. 

Nanoplastics typically have dimensions ranging from 1 to 100 nanometers, making them 

invisible to the naked eye. Nanoplastics can originate from the breakdown of larger plastic 

materials or be intentionally manufactured at the nanoscale for various applications. They can 

be composed of a variety of polymers, including polyethylene, polypropylene, polystyrene, 

and others.  Due to their small size, nanoplastics have an exceptionally high surface area to 

volume ratio, which can influence their interactions with other substances, such as pollutants 

or biological organisms (Chang-Bum et al., 2017). Nanoplastics can be transported by air, 

water, and biological organisms, allowing them to spread throughout different environments. 

Nanoplastics have the ability to adsorb various chemicals, including persistent organic 
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pollutants (POPs), heavy metals, and other contaminants present in the environment. This 

adsorption capacity can affect the transport and fate of these pollutants (Chang-Bum et al., 

2018). Nanoplastics can be ingested or absorbed by a wide range of organisms, from plankton 

to larger marine animals. Their small size and potential to adsorb toxins can lead to 

bioaccumulation and biomagnification in food chains, posing risks to ecosystem health. 

While nanoplastics may undergo some degradation processes in the environment, they are 

generally more chemically stable compared to larger plastic particles. This stability 

contributes to their persistence in the environment. The toxicity of nanoplastics is an area of 

ongoing research and debate (de Souza Machado et al., 2018). While nanoplastics themselves 

may not be inherently toxic, they can adsorb and transport other harmful substances, 

potentially increasing their toxicity to organisms. Nanoplastics have been found in various 

environmental compartments, including oceans, freshwater bodies, soils, and even in the 

atmosphere. Their presence and potential impacts on ecosystems are subjects of concern and 

active research. Detecting and characterizing nanoplastics in environmental samples pose 

significant challenges due to their small size and diverse properties. Advanced analytical 

techniques, such as electron microscopy, spectroscopy, and nanoparticle tracking analysis, 

are used for their detection and characterization (C. Celina 2013). 

PROPERTIES OF NANOPLASTIC 

Nanoplastics are typically defined as plastic particles with sizes ranging from 1 to 100 

nanometers in diameter (Annenkovet al., 2021). This size range distinguishes them from 

larger microplastics, which are generally between 1 millimeter and 5 millimeters in size 

(Abbasi et al., 2019). Due to there tiny nature they resemble various morphology.  Few 

nanoplastics may exist in spherical shapes, resembling tiny beads or droplets (Murray A and 

Örmeci B 2020) Removal effectiveness of nanoplastics (< 400 nm) with separation processes 

used for water and wastewater treatment. Water 12(3):635. These shapes are often a result of 

the manufacturing processes or breakdown of larger plastic items. Some nanoplastics may 

take on a fibrous form, similar to microscopic threads or fibers (Zhang et al.,2020). This 

shape can result from the degradation of larger plastic fibers or from processes like abrasion 

and fragmentation (Zhou et al., 2020). There are few nanoplastics have irregular shapes, 

which can vary widely depending on the source material and the environmental conditions 

influencing their formation. Irregular shapes may include fragments, flakes, or other non-

uniform forms (Wang et al., 2020). Nanoplastics may also aggregate or clump together, 

forming larger clusters or agglomerates. These aggregates can have complex shapes and 

structures, often influenced by the interactions between individual nanoplastic particles and 

other substances in their environment. In some cases, nanoplastics may form thin, film-like 

structures, particularly when they adhere to surfaces or aggregate in layers (Campanale et al., 

2020). These structures can contribute to the persistence and distribution of nanoplastics in 

various environments (Allen et al., 2020). The color of nanoplastics can vary widely 

depending on several factors, including the type of plastic, additives, environmental 

conditions, and the degree of degradation. Nanoplastics derived from virgin plastic materials 

will likely retain the color of the original polymer. For example, nanoplastics derived from 

polyethylene (PE) may appear white or translucent, while those from polystyrene (PS) might 

appear transparent or colored (Rochman et al., 2019). Many plastics contain additives such as 

pigments, dyes, or stabilizers to achieve specific colors or properties. These additives can 

influence the color of both the macroscopic plastic and its nanoplastic fragments (Murray et 

al., 2020). Exposure to environmental conditions such as sunlight, heat, and chemical 

reactions can alter the color of plastics, including nanoplastics. For instance, UV radiation 
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can cause photodegradation, leading to discoloration and changes in the optical properties of 

nanoplastics (Bergmann et al., 2019). They are also formed through degradation processes 

may exhibit different colors compared to their original polymer due to chemical changes in 

the molecular structure. For example, oxidation reactions can result in the formation of 

colored degradation products (Zhang et al., 2020). Or they can also adsorb various substances 

from their surroundings, including organic compounds, pollutants, and pigments. These 

adsorbed substances can impart color to the nanoplastic particles, leading to a wide range of 

hues and shades (Li et al., 2021). 

Nanoplastics, being tiny particles of plastic with dimensions on the nanometer scale, possess 

a range of chemical properties that can influence their behavior, interactions, and potential 

impacts. Nanoplastics can be composed of various types of polymers, including polyethylene 

(PE), polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC), and others. The 

chemical composition of the polymer affects the properties of the nanoplastic, including its 

stability, reactivity, and potential for degradation (Amereh et al., 2020). The surface of 

nanoplastics can undergo chemical modifications due to interactions with environmental 

factors such as water, sunlight, and biological organisms (Xu et al., 2019). These 

modifications can result in changes to surface charge, polarity, and the presence of functional 

groups, which in turn influence their behavior and interactions with other substances. Many 

plastic products contain additives such as plasticizers, stabilizers, flame retardants, and dyes, 

which can leach out or be released during the degradation of nanoplastics (Koelmans et al., 

2019). Additionally, nanoplastics can adsorb contaminants from their surroundings, such as 

heavy metals, persistent organic pollutants (POPs), and other chemicals. These additives and 

contaminants can affect the toxicity, reactivity, and environmental fate of nanoplastics. 

Nanoplastics can undergo physical and chemical degradation processes in the environment, 

leading to the formation of degradation products (Nguyen et al., 2019). These degradation 

products may include smaller plastic fragments, monomers, oligomers, and other by-

products. The chemical properties of these degradation products can differ from those of the 

original nanoplastics and may have implications for environmental and human health. 

Nanoplastics can interact with various substances in their environment, including water, 

organic matter, and biological molecules. These interactions can lead to processes such as 

sorption, desorption, and surface oxidation, and hydrolysis, which can affect the fate, 

transport, and transformation of nanoplastics in the environment. Some nanoplastics may 

exhibit pH-dependent properties, such as surface charge and solubility. Changes in 

environmental pH can influence the behaviour and fate of nanoplastics in aquatic and 

terrestrial ecosystems (Li et al., 2021).  

Understanding the chemical properties of nanoplastics is essential for assessing their 

environmental impacts, designing mitigation strategies, and developing technologies for 

nanoplastic detection and remediation. The biological properties of nanoplastics, particularly 

their interactions with living organisms and ecosystems, have garnered increasing attention 

due to concerns about their potential impacts on environmental and human health. 

Nanoplastics, due to their small size, can be readily ingested or taken up by a wide range of 

organisms, from microscopic plankton to larger marine animals (Jiang et al., 2020). This 

bioavailability can facilitate their transfer through food webs and uptake into tissues. 

Research indicates that nanoplastics can exert various toxic effects on organisms, including 

cellular damage, inflammation, oxidative stress, and disruptions to physiological processes. 

The exact mechanisms of nanoplastic toxicity are still under investigation but may involve 

physical damage, chemical leaching of additives or absorbed pollutants, and interaction with 
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cellular structures. Nanoplastics have the potential to bio accumulate in the tissues of 

organisms that ingest them and bio magnify through food chains, leading to higher 

concentrations in higher trophic levels. This accumulation and bio magnification could pose 

risks to organisms at higher levels of the food chain, including humans. Nanoplastics may be 

ingested by organisms accidentally or as a result of mistaking them for food particles. In 

some cases, nanoplastics can accumulate in the digestive tracts of organisms, leading to 

physical blockages, reduced feeding efficiency, and nutrient uptake (O’Neill SM et al., 2021). 

Exposure to nanoplastics can trigger immune responses in organisms, including inflammation 

and activation of immune cells. Chronic exposure to nanoplastics may lead to immune system 

deregulation and increased susceptibility to infections and diseases. Some studies suggest that 

nanoplastics exposure can influence the behaviour, reproduction, and development of 

organisms (Campanale et al., 2020).  For example, nanoplastics exposure has been linked to 

altered swimming behavior in fish and impaired reproductive success in aquatic invertebrates 

(Barboza et al., 2018). The presence of nanoplastics in aquatic environments can have 

broader ecological implications, including changes to community structure, ecosystem 

function, and nutrient cycling (Cauwenberghe and Janssen 2014). These impacts can cascade 

through ecosystems and affect ecosystem services that humans depend on. Overall, the 

biological properties of nanoplastics are complex and multifaceted, with potential 

implications for both individual organisms and ecosystem health. (Mariano et al., 2021).  

 

Fig 2: Properties of Nanoplastics  

 

NANOPLASTIC THREAT TO HUMAN WELFARE 

Larger plastic items, such as bottles and packaging, can break down over time into smaller 

plastic particles, including nanoplastics. This breakdown can occur through processes like 

weathering, UV radiation, and mechanical wear. Once in the environment, nanoplastics can 

contaminate soil and water (Eriksen, et al., 2013). Nanoplastics can be ingested by aquatic 

organisms, such as fish and plankton, directly from the environment. These particles may be 

mistaken for food or may adhere to the organisms' surfaces. As smaller organisms are 

consumed by larger ones, nanoplastics can accumulate and move up the food chain (Fendall, 

et al., 2009). This process, known as bioaccumulation, can result in higher concentrations of 

https://link.springer.com/article/10.1007/s11157-021-09609-6#ref-CR196


Page 616 of 630 

Kushbu.R /Afr.J.Bio.Sc. 6(13)(2024).611-630 

nanoplastics in predators at the top of the food chain (Free et al., 2014). Nanoplastics have a 

high surface area, and they can adsorb and accumulate environmental pollutants. When these 

nanoplastics are ingested by organisms, they can introduce these contaminants into the food 

chain (Galgani,  et al., 2015). 

The potential impacts of nanoplastics on the food chain and human health are areas of 

ongoing research. Some studies suggest that nanoplastics may have adverse effects on aquatic 

organisms, disrupting their physiological processes and affecting their overall health 

(Domínguez-Jaimes, et al., 2021). Additionally, there are concerns that humans may be 

exposed to nanoplastics through the consumption of contaminated seafood and water 

(Galloway et al., 2015). To address the issue of nanoplastics in the food chain, it is crucial to 

minimize plastic pollution at its source, promote recycling and waste management, and 

continue research to understand the environmental and health implications of nanoplastics. 

Regulatory measures and public awareness are also essential in mitigating the impact of 

nanoplastics on ecosystems and human health (Gottschalk, et al., 2013) (Andrady 2011) (Fig 

2).. 

Nanoplastics, when airborne, can be inhaled into the respiratory system. This may lead to 

inflammation and irritation of the lungs, potentially exacerbating respiratory conditions. If 

nanoplastics are ingested through contaminated food or water, there is a possibility that they 

could interact with the gastrointestinal tract (Gouin, et al., 2011). This may lead to 

inflammation, altered gut microbiota, and potential disruptions in nutrient absorption. 

Nanoplastics may enter the bloodstream and spread to various organs and tissues, raising 

concerns about their potential systemic effects (Grigoriadou, et  al., 2011). Research is 

ongoing to understand the extent to which these particles can be distributed within the body 

and their long-term impact. Nanoplastics may have the potential to cause cellular toxicity, 

affecting the function and health of cells (Hirt N et al., 2020). This could lead to various 

health issues, including inflammation and oxidative stress. Exposure to nanoplastics may 

trigger immune system responses as the body attempts to eliminate these foreign particles 

(Guterres, et al., 2007). Prolonged or chronic exposure could potentially lead to immune 

system dysregulation. There is some concern that nanoplastics may have endocrine-

disrupting properties, interfering with hormone systems in the body (Hammer, et al., 2012). 

This could have implications for reproductive and developmental processes. Some studies 

suggest that nanoplastics may have the ability to cross the blood-brain barrier and accumulate 

in the brain, potentially leading to neurotoxic effects (Keswani, et al., 2016). However, more 

research is needed to fully understand these potential impacts. It's important to note that the 

field of nanoplastic research is still evolving, and the long-term health effects of exposure to 

these particles are not yet fully understood (Handy et al., 2012) (Fig 2). Researchers continue 

to investigate the potential risks associated with nanoplastics to provide a more 

comprehensive understanding of their impact on human health (Harshvardhan et al., 2013). In 

the meantime, efforts to reduce plastic pollution and enhance waste management practices 

remain crucial in minimizing potential exposure to nanoplastics (Holmes et al., 2014). 

SURFACE TOXICITY 

The surface toxicity of nanoplastics is a concerning aspect of their environmental impact. 

Nanoplastics, being extremely small plastic particles with dimensions on the nanometer scale, 

can have unique interactions with biological systems due to their high surface area to volume 

ratio and potential to adsorb pollutants from the environment (Shi et al.,2010). 
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Research suggests that nanoplastics can have various adverse effects on organisms, including 

marine life. For instance, nanoplastics can be ingested by marine organisms, potentially 

causing physical harm, interfering with digestive processes, and leading to the accumulation 

of toxins in the food chain (Park et al., 2017). Additionally, nanoplastics can serve as vectors 

for the transport of other pollutants, such as heavy metals and organic compounds, which can 

adsorb onto their surfaces. This can exacerbate the toxicity of nanoplastics and increase the 

potential harm to organisms (Wang 2019). 

CELLULAR RESPONSES TO NANOPLASTICS 

The cellular responses to nanoplastics are an area of active research and are of particular 

interest due to the potential implications for human health and environmental ecosystems. 

Nanoplastics can induce inflammation and oxidative stress in cells. When nanoplastics are 

ingested or come into contact with cells, they can trigger immune responses and the 

production of reactive oxygen species (ROS), leading to oxidative damage to cellular 

components. Cellular Uptake and Internalization quotes nanoplastics can be taken up by cells 

through various mechanisms, including endocytosis and passive diffusion (McCubrey et al.,  

2006). Once inside cells, nanoplastics can interact with cellular organelles and structures, 

potentially disrupting cellular functions. Under Genotoxicity, some studies suggest that 

nanoplastics may induce genotoxic effects, such as DNA damage and mutations, which can 

increase the risk of cancer and other adverse health effects. Incase of Cytotoxicity 

nanoplastics can exert direct cytotoxic effects on cells, leading to cell death or dysfunction. 

This can occur through various mechanisms, including membrane disruption, interference 

with cellular signaling pathways, and induction of apoptosis (programmed cell death) 

(Mendoza, et al., 2018). In case of Immune Responses, nanoplastics can modulate immune 

responses in cells, leading to altered cytokine production, activation of immune cells, and 

potential immune dysregulation. Cellular Interactions with nanoplastics states the surface 

properties of nanoplastics, such as size, shape, surface charge, and composition, influence 

their interactions with cells and subsequent cellular responses. For example, surface-modified 

nanoplastics may exhibit altered cellular uptake and toxicity compared to pristine 

nanoplastics. (Lu et al., 2016) (Fig3).  

 

Fig 3: Human Intoxication caused by Nanoplastics  
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NANOPLASTIC INVASION INTO THE ENVIRONMENT  

The occurrence of nanoplastics has been documented in various environmental 

compartments, including aquatic ecosystems, soil, air, and even within living organisms. 

Nanoplastics are particles with dimensions less than 100 nanometers, making them 

challenging to detect and address. Nanoplastics have been detected in marine environments 

globally, from surface waters to deep-sea sediments (Wik et al., 2009). They result from the 

breakdown of larger plastic debris and the degradation of microplastics. Ocean currents can 

transport nanoplastics over long distances( Kreider et al., 2010). Rivers, lakes, and other 

freshwater bodies also contain nanoplastics. Runoff from urban areas, industrial discharges, 

and the fragmentation of larger plastic items contribute to nanoplastic contamination in these 

environments. Nanoplastics have been found in soil ecosystems (Sharma et al., 2009). This 

occurrence is often linked to the application of plastic-based products in agriculture, such as 

mulches and films (Dahl et al., 2005). The degradation of plastic waste in soil contributes to 

the generation of nanoplastics. Recent research suggests that nanoplastics can become 

airborne. Sources include the fragmentation of larger plastic items, such as tires and synthetic 

textiles. Nanoplastics in the air can potentially be transported over long distances and 

deposited in remote areas. Nanoplastics have been identified in various marine organisms, 

including plankton, fish, and invertebrate (Mathissen  et al., 2011). The small size of 

nanoplastics allows them to be ingested by these organisms, leading to potential 

bioaccumulation in tissues (Leads et al., 2019). Evidence indicates that nanoplastics can 

impact terrestrial organisms as well. Plants can take up nanoplastics from the soil, potentially 

affecting plant health and the organisms that feed on them (Dris et al., 2017). This introduces 

the possibility of nanoplastic entry into terrestrial food webs. Emerging research suggests that 

humans may be exposed to nanoplastics through the consumption of contaminated food and 

water. Seafood, in particular, has been identified as a potential source of nanoplastic 

exposure. The health implications of nanoplastic ingestion by humans are still being 

investigated (Hernandez et al., 2019). 

Nanoplastics can enter wastewater treatment systems through domestic and industrial 

discharges. Some studies have found that wastewater treatment processes may not effectively 

remove all nanoplastic particles, contributing to their release into the environment (Carney et 

al., 2018). Understanding the occurrence of nanoplastics in various ecosystems is critical for 

assessing the extent of the problem and developing effective mitigation strategies. Ongoing 

research is essential to determine the potential ecological and human health impacts of 

nanoplastic contamination and to explore ways to reduce the generation and release of 

nanoplastics into the environment (Sillanpää et al., 2017). 

Nanoplastics can contaminate water bodies, posing a threat to aquatic ecosystems. They may 

accumulate in rivers, lakes, and oceans, affecting marine life (Bussière, et al., 2013). 

Nanoplastics can also accumulate in soils, potentially affecting terrestrial ecosystems. This 

contamination may impact plant growth and soil-dwelling organisms (Casado et at., 2013). 

Nanoplastics can adsorb and accumulate toxic chemicals from the surrounding environment. 

When ingested by aquatic organisms, these particles may release harmful chemicals, leading 

to toxic effects (Casado et al., 2013). Nanoplastics may be ingested by smaller organisms and 

then bio accumulate through the food chain, potentially reaching higher trophic levels and 

impacting larger organisms (Cedervall et al., 2012). There is a concern that nanoplastics may 

enter the human food chain through the consumption of contaminated seafood or crops. This 

could lead to potential human exposure to nanoplastics and associated chemicals (Chua et al., 

2014). The health effects of nanoplastics on humans are not yet fully understood. Research is 
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ongoing to determine whether nanoplastics can cross biological barriers, accumulate in 

tissues, and have adverse health effects (Cózar, et al., 2014). Nanoplastics may disrupt 

ecosystems by affecting the behaviour, physiology, and reproduction of various organisms. 

This can lead to population imbalances and ecosystem instability (Della Torre et al., 2014). 

Nanoplastics may pose challenges for water treatment processes, as their small size makes 

them difficult to remove (Hernandez, et a., 2017) (Fig4). This can result in the persistence of 

nanoplastics in treated water supplies. The long-term effects of nanoplastics on ecosystems 

and organisms are not yet fully understood, and further research is needed to assess the 

potential consequences over extended periods (Derraik et al., 2002). 

 

Fig 4: Environmental Risks caused by Nanoplastics  

BIODEGRADATION OF NANOPLASTICS 

Biodegradation of nanoplastics, while an area of active research, poses several challenges and 

complexities due to their small size, large surface area, and diverse chemical compositions. 

Biodegradation of nanoplastics can be influenced by environmental factors such as 

temperature, pH, and the presence of microorganisms (Imhof et al., 2013). Microbes play a 

crucial role in the breakdown of plastics, and their activity can vary in different 

environments. Some microorganisms, such as bacteria and fungi, are known to possess the 

capability to degrade plastics, including nanoplastics (Kashiwada et al., 2006). Enzymes 

produced by these microorganisms can break down the polymer chains of plastics into 

smaller, more manageable fragments (Klaine, et al., 2012) Nanoplastics can interact with 

biological systems, such as microorganisms and cellular structures, in ways that may 

influence their degradation (Koelmans et la., 2015). The presence of other substances, such as 

natural organic matter, can also affect the fate of nanoplastics in the environment (Kools,et 

al., 2014). The understanding of nanoplastic biodegradation is still in its early stages, and 

there are many gaps in our knowledge. Long-term environmental effects, the potential 
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accumulation of breakdown products, and the overall impact on ecosystems are areas that 

require further investigation (Lee et al., 2013). The development of biodegradable plastics is 

an active area of research. These materials are designed to break down more easily than 

traditional plastics, potentially reducing the persistence of plastic pollution in the 

environment (Lopez Lozano et al., 2009).     

 

Nanoplastics have a very high surface area-to-volume ratio, which can enhance microbial 

colonization and enzymatic degradation compared to larger plastic particles. However, their 

small size also presents challenges for microbial attachment and accessibility to enzymes 

(Hale et al.,2020). Some microorganisms have been shown to possess the capability to 

degrade certain types of plastics, including nanoplastics. Microbes such as bacteria and fungi 

can produce enzymes like lipases, proteases, and esterases that can break down plastic 

polymers (Wang et al., 2020 ). However, the efficiency of microbial degradation of 

nanoplastics varies depending on factors such as polymer type, surface chemistry, and 

environmental conditions. The surface chemistry of nanoplastics can influence their 

susceptibility to microbial degradation (Dobslaw et al., 2020). Chemical modifications, such 

as oxidation or functionalization, can alter the surface properties of nanoplastics and affect 

their interactions with microbes and enzymes. For example, oxidized nanoplastics may be 

more readily degraded by microorganisms due to increased hydrophilicity and surface 

reactivity (McGivney et al., 2020). Environmental conditions such as temperature, pH, 

oxygen availability, and nutrient levels can affect the rate and extent of nanoplastic 

degradation. In aquatic environments, factors such as water flow, sedimentation, and the 

presence of organic matter can also influence microbial activity and degradation processes 

(Boots et al., 2019). Nanoplastics may undergo physical fragmentation in the environment, 

resulting in the formation of smaller particles. While this process does not constitute true 

biodegradation, it can increase the surface area available for microbial colonization and 

enzymatic degradation, potentially accelerating the overall degradation process (Sun et al., 

2021). Microbial degradation of nanoplastics can result in the formation of smaller plastic 

fragments, monomers, and other breakdown products. These degradation products may have 

different chemical properties and environmental impacts compared to the original 

nanoplastics (Fig 5). Overall, while there is evidence to suggest that nanoplastics can be 

degraded by microorganisms under certain conditions, the extent and rate of biodegradation 

vary depending on numerous factors (Campanale et al., 2020). 



Page 621 of 630 

Kushbu.R /Afr.J.Bio.Sc. 6(13)(2024).611-630 

    

Fig 5: Fate of Nanoplastics to undergo deterioration  

ASSAY OF NANOPLASTICS 

Detecting and studying nanoplastics in the environment is challenging due to their small size 

and diverse sources. Advanced analytical techniques, such as transmission electron 

microscopy (TEM) and spectroscopy methods, are often used to identify and characterize 

nanoplastics. 

Microscopy Techniques such as Atomic Force Microscopy (AFM) can be used to visualize 

and characterize nanoplastics at the nanoscale by scanning a sharp tip over the surface of a 

sample (Lu et al., 2009). Transmission Electron Microscopy (TEM) provides high-resolution 

images of nanoplastics by transmitting electrons through thin sections of the sample. 

Spectroscopy Techniques such as Raman Spectroscopy can identify different materials based 

on their molecular vibrations. It has been used to detect and characterize nanoplastics in 

various environmental samples (González-Pleiter et al., 2019). Infrared Spectroscopy (FTIR) 

can be employed to analyze the chemical composition of nanoparticles, helping identify 

plastic polymers (Meesters et al., 2014) (Nowack et al., 2012). 

Under Fluorescence Imaging, Fluorescence Microscopy helps label nanoplastics with 

fluorescent dyes, making them easier to detect and study under a fluorescence microscope. 

Chromatographic Techniques such as Liquid Chromatography (LC) and Gas 

Chromatography (GC) techniques can be coupled with mass spectrometry for the separation 

and identification of nanoplastics in complex samples (Quik et al., 2014) (Rao et al., 2011). 

Microplastic Sampling Techniques such as filtration helps detect water samples can be passed 

through filters with specific pore sizes to capture nanoplastics. Density Separation techniques 

like density gradient centrifugation can help separate nanoplastics from other particles based 

on their density (Meesters et al., 2014). Nanoparticle Tracking Analysis (NTA) is a method 
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that uses light scattering to track and size nanoparticles in solution. It can be applied to detect 

and quantify nanoplastics (Nowack, et al., 2012). In magnetic and electrostatic techniques, 

Nanoplastics can be coated with magnetic materials, allowing them to be separated using a 

magnetic field. Electrostatic Separation applying an electric field, nanoplastics with different 

charges can be separated (Quik et al., 2014) (Fig 6). Development of biosensors that use 

specific antibodies or biomolecules to selectively detect and quantify nanoplastics in various 

samples. Utilizing advanced data analysis techniques and machine learning algorithms to 

process large datasets and identify nanoplastic patterns (Rao et al., 2011). 

 

Fig 6: Techniques used for Nanoplastic Assay  

STRATEGIES TO WITHDRAW NANOPLASTIC FROM THE ENVIRONMENT   

Biodegradable Plastics to encourage the use of biodegradable plastics that break down more 

easily in the environment. However, it's essential to ensure that these alternatives truly 

degrade into non-harmful components (Rochman et al., 2014). Advanced Filtration Systems 

to develop and implement advanced filtration systems in wastewater treatment plants to 

capture and remove nanoparticles, including nanoplastics, from effluent water before it is 

released into the environment (Rios Mendoza et al., 2019). Nanoplastic-Targeting Enzymes 

searchers are exploring the use of enzymes that specifically target and break down 

nanoplastics. Enzymes like lipases have shown promise in degrading certain types of plastics 

(Rossi et al., 2014). 

Bioremediation to investigate the potential of microorganisms to break down nanoplastics. 

Some bacteria and fungi have been found to possess plastic-degrading capabilities, and 

research is ongoing to optimize these processes. Sustainable Packaging to promote the use of 

sustainable packaging materials to reduce the overall generation of plastic waste, including 

nanoplastics. Regulation and Policies to implement and enforce strict regulations on the 

production, use, and disposal of plastics (Roy et al., 2008). This can include measures such as 
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extended producer responsibility (EPR) and bans on certain types of single-use plastics. 

Public Awareness and Education to raise public awareness about the environmental impact of 

nanoplastics and encourage responsible consumption and disposal practices. Research and 

Monitoring to invest in research to better understand the sources, distribution, and impact of 

nanoplastics (Saido, et al., 2014). Implement monitoring programs to track nanoplastic levels 

in various environments. Innovative Cleanup Technologies to explore new technologies for 

the targeted removal of nanoplastics from water bodies. This could include the use of 

nanomaterials or advanced filtration methods (Salvati, et al., 2011). Collaboration and 

International Cooperation Addressing nanoplastic pollution requires a coordinated effort at 

the international level. Collaboration between governments, industries, and environmental 

organizations can lead to more effective solutions (Schlagenhauf, et al., 2014). 

CONCLUSION 

Nanoplastics pose major risks to both the environment and human health. The persistent 

nature of nanoplastics in the environment is one of the biggest problems they present. Long-

term contamination results from their hardness to eradicate from ecosystems due to their 

small size and resistance to deterioration. Furthermore, hazardous substances can be 

transported and adsorbed by nanoplastics. The surface of nanoplastics can cling to poisonous 

compounds and persistent organic pollutants (POPs), acting as a vector for the spread of these 

contaminants throughout the ecosystem.This increases the ecological impact of nanoplastics 

by making them carriers of toxic compounds and endangering marine life. A comprehensive 

strategy combining public awareness campaigns, legislative actions, and scientific research is 

needed to address the nanoplastics problem. The broad strategy will aid in tracking 

nanoplastic, assess their impact on ecosystems and provide an alternative to the excessive 

usage of nanoplastics.  
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