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Introduction 
 

Lately, aquatic pollution of marine and 

freshwater environments due to various 

anthropogenic activities has been a topic of 

concern for scientists as well as public 

(Forouhar et al., 2018). Bakelite (a phenol-

formaldehyde resin) was the first synthetic 

polymer which was mass produced in 1909 

(Vlachopoulos and Strutt, 2003). Thereafter, 

the contemporary forms of PVC, more 

processable polystyrene (PS), polyethylene 

terephthalate (PET) and polyurethane (PUR) 

were developed during 1930s (Brandsch and 

Piringer, 2008). After the mass production of 

plastic in early 1940s, millions of tonnes of 

plastics have been manufactured worldwide. 

In 2015, amount of plastic produced reached 

322 milliontonnes (Plastics Europe, 2016) 

which was earlier 280 million tonnes in 2012 

(Rochman and Browne, 2013). Plastics 

production has widely increased due to their 

use in commercial and strategic sectors such 

as in packaging (39.9%), agriculture(3.3%), 

the automotive industry (10%), construction 

(19.7%), electronics (6.2%), households and 

sports (4.2%) and rest in medical fields and 

furniture industry (Horton et al., 2017).Till 

now, plastics wastes have been detected in 

lakes (Xiong et al., 2018b), oceans (Mendoza 
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et al., 2018), soils (Zhang and Liu, 2018), 

sediments (Abidliet al., 2018), and even in 

extreme regions like Arctic (Cozar et al., 

2017) and Antarctic (Munari et al., 2017). 

Various recent reviews address the sources 

and harmful effects of plastic scraps on 

environment. Due to the chemical stability, 

bioaccumulation and persistence of plastics, 

the problem of plastic pollution in the 

environment is becoming increasingly 

eminent (Shen et al., 2019). Plastic wastes 

can be degenerated into tiny shards or 

fragments due to erosion, Ultraviolet 

illumination and decomposition by biological 

activities. The plastic species having particle 

sizes < 5 mm are defined as microplastics 

(Thompson et al., 2018). The utmost sources 

of these microplastics are mainly cosmetic 

products and detergents that contain small 

plastic particles (Lei et al., 2017). Further, 

these microplastics could be divided into 

primary and secondary microplastics. Primary 

microplastics comprises of manufactured 

plastics having microscopic size, for example 

those used in cosmetics or industrial pellets 

that serves as precursor for produced plastic 

products. Secondary microplastics are 

acquired from macroscopic detritus due to the 

influence of oxidation, mechanical forces and 

photochemical processes (Hidalgo-Ruzet al., 

2012). A top-down approach for the synthesis 

of polyethylene nanoparticles was 

investigated and it was found that 

nanoparticles were result of mechanical 

degradation of primary and secondary 

microplastics, and these particles showed 

heterogenous shapes and sizes, mimicking 

particles from the marine environment (El 

Hadri et al., 2020). Microplastics can be 

further degraded to nanoplastics, having size 

<100nm (Jambeck et al., 2015). Nanoparticles 

are defined as materials with dimensions 

between 1 and 100 nm (Klaine et al., 2008). 

Among plastic particles, nanoplastics are of 

certain interest because of their nano-specific 

characteristics, which profoundly vary from 

those of the same polymer type in bulk form 

(Klaine et al., 2012). Due to the considerably 

small particle size, nanoplastics are widely 

distributed in the aquatic environment and can 

be easily ingested by organisms. The larger 

surface area of nanoplastics may cause 

atypically strong adsorption affinities for 

toxic aggravates (Velzeboer et al., 2014a) 

possibly leading to cumulative particle and 

chemical lethal effects once nanoparticles 

have passed the cell membranes of organisms. 

There are no effective methods for qualitative 

and quantitative estimation of nanoplastics in 

the environment. Hence, exact amount of 

nanoplastics present in the environment is not 

recognized yet.  

 

Limitations 
 

Particle size of nanoplastics is relatively 

smaller. 

Durability and stability of plastic particles.  

Heterogeneous nature of the nanoplastics. 

Investigation procedure is time consuming. 

Elevated cost of the instrument.  

 

But it is unquestionable that the degradation 

of microplastics in the environment will 

continue to form nanoplastics (Mattsson et 

al., 2015). Furthermore, if nanofragmentation 

is a significant process, release of non-

polymer nanoscale additives from the 

fragments of several products may further add 

to the overall menace (Nowack et al., 2012). 

It is scrutinized that terrestrial and freshwater 

resources are the origins and pathways of 

transport of plastic materials into the oceans 

(Dris et al., 2015).  

 

Around 80% of the plastic wastes in the 

marine ecosystem is considered to be of 

terrestrial origin (Andrady, 2011) and out of 

the total produced plastic, a staggering 

amount of 10% is expected to end up in the 

oceans (Barnes et al., 2009). Most of the 

plastic litter in the water ends up 

accumulating in the surface of the water body. 
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About more than 80% of the plastic litter 

cumulates in open-ocean surface waters 

(Cozar et al., 2014). This plastic litter has the 

dominant size fraction of those particles less 

than 10 mm in diameter (Hidalgo-Ruz et al., 

2012). Despite the significant literature 

describing the sources and impacts of 

nanoplastics in the ocean (Green et al., 2016), 

a very little information exists about the 

hazards and negative effects related to 

nanoplastics in the freshwater environment 

(Horton et al., 2017). Because the literature 

on nanoplastics is quiet narrow, our focus 

builds on understanding about non-polymer 

nanomaterials specifically nanoplastics. 

Present paper outlines the various effects of 

nanoplastics on marine as well as freshwater 

systems along with the biota inhabiting in 

them. Also, various challenges in performing 

and analyzing ecotoxicity tests with 

nanoplastics are discussed in this review and 

viewpoint to future operations and 

exhortations has been provided. 

 

Sources of nanoplastics in the environment 

 

Plastics are strong, durable, lightweight and 

cheap; which makes them suitable for 

manufacturing of many different products. 

Various sources of nanoplastics have been 

suggested such as release from products, 

emissions from industrial plants or from 

nanofragmentation of larger particles 

(Andrady, 2011 and Shim et al., 2014). 

Release from cosmetic products (da costa et 

al., 2016), electronics (Blair et al., 2017), 

paints (Oliveira et al., 2019), drug and 

biomedical products (Pohlmann et al., 2013) 

are also some of the primary sources of 

nanoplastics. Globally there are two main 

sources of plastics in the aquatic environment 

viz.  
 

Primary particles (particles manufactured to 

be in a size range) 

Secondary particles (particles derived from 

larger particles or other structures)  

The plastics enter various water systems like 

oceans, lakes and rivers through solid waste 

disposal, landfill operations in coastal areas 

and solid waste disposal from individual 

vessels at sea. Enormous mass of different 

types of plastics deposited in landfills without 

recycling can be easily transported in aquatic 

environments as plastic debris where it is 

degraded by different degradation factors 

(Dumichen et al., 2015).  

 

Sources of nanoplastics in marine 

environment 

 

The sources of microplastics in marine 

environment were mainly from land-based 

input, coastal tourism, recreational activities, 

aquaculture and fishing (Browne et al., 2010). 

Major plastic inputs in sea are from litter 

generated by ships, wastes carried to the sea 

by drainage system and rivers, wastes left 

from various recreational activities, fishing 

fleets having plastic fishing gear which is lost 

accidently or careless handling (Pruter, 1987). 

About 50-80% of debris from coastline is 

another source of plastic exposure to aquatic 

organisms (Thompson et al., 2009). Also, 

sediment samples from estuarine shorelines 

contain high amounts of microplastic and 

nanoplastic particles out of which 65% are 

fragments originating from larger pieces of 

plastic. Astonishingly half of the macro-

plastic found in the shorelines of estuaries 

have been originated only from single use 

packaging items (Browne et al., 2011). In 

marine environment as compared to terrestrial 

environment, high salinity and 

microorganisms facilitates the decomposition 

of plastic wastes into smaller fragments 

(Watters et al., 2010).  
 

Sources of nanoplastics in freshwater 

environment 

 

For the marine environment, plastic debris 

from land sources contribute to 80%, 

emphasizing the important role of the 
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freshwater system in the life cycle of plastics 

(Lambert et al., 2018 and Li et al., 2016). The 

major pathways of entry into the freshwater 

environment are atmospheric accumulation of 

plastics transported by wind and wastewater 

treatment plants (Lambert et al., 2018 and Li 

et al., 2016). Another source of microplastic 

and nanoplastic in freshwater is consumer 

products which generally pass through sewers 

and sewage systems that are later released 

directly into oceans and lakes (Fendall and 

Sewell, 2009). Once plastics reach the 

environment, they may be susceptible to 

fragmentation and degradation via abiotic 

and/or biotic processes (da costa et al., 2016 

and Mattsson et al., 2018). Although there are 

several abiotic degradation processes like 

mechanical, hydrolytic, oxidative and thermal 

degradation (Mattsson et al., 2018 and 

Lambert et al., 2014) the most efficient 

abiotic degradation route for plastics is 

photodegradation (da Costa et al., 2016). 

Abiotic degradation develops loss of 

mechanical and structural properties of 

plastics which create irregularities in polymer 

surface that facilitates alteration of 

physicochemical properties of plastic surface 

along with the microbial colonization 

(Harrison et al., 2018).  

 

Apart from abiotic degradation, 

biodegradation is another important pathway 

that further degrades plastic shards into 

nanoplastics in the environment (Trishul and 

Mukesh, 2010). During the biodegradation, 

plastics are often degraded outside the 

bacteria. Also, extracellular enzymes excreted 

by living microorganisms can easily 

breakdown the polymer chains in the plastic 

polymers. 

 

Effects of nanoplastics on aquatic life 

 

The reported number of different marine 

species contaminated by microplastics is 

astonishingly high with more than 690 edible 

and non-edible marine species (Carbery et al., 

2018). In marine species, the microplastic 

contamination is generally by direct ingestion 

of microplastics and through trophic transfer. 

Trophic transfers of nanoplastics in aquatic 

environment have been investigated by 

several authors (da costa et al., 2016 and 

Mattsson et al., 2018). As the size range of 

microplastics suspended in surface of 

seawater coincides with the size of plankton 

and fish eggs, these plastic particles could be 

readily ingested by many marine species 

(Boergeret al., 2010). Several synthesized 

nanoplastics such as polystyrene (PS), 

polycarbonate (PC), polymethyl methacrylate 

(PMMA) and PS latex have induced various 

effects on growth, development, behavior, 

reproduction and mortality of different 

organisms such us algae, crustaceans, filter 

feeders and fishes (da costa et al., 2016 and 

Mattsson et al., 2018). 

 

Effects ofnanoplastics on primary 

producers of aquatic life 

 

Effects hypothesized or demonstrated for 

nanoplasticin particular include translocation 

from the intestines into other tissues, 

oxidative stress, immune response, and 

particle toxicity (Bhattacharya et al., 2010). 

Algae serves as starting point of introduction 

of particle in the aquatic food web (Nowack 

et al., 2012). Algae are the major primary 

producers in the aquatic system as the 

chlorophyll present in them carries out the 

photosynthetic activities. Algae could have 

various shapes and even wide variability in 

sizes ranging from few micrometers to several 

meters in length. Cellulose containing single 

celled and multi celled algal species of 

Chlorella and Scenesdusmus respectively, 

were studied by Bhattacharya and coworkers 

in order to investigate the effect of algal 

morphology on plastic adsorption. During 

their study, Chlorella and Scenesdusmus were 

provided with positively charged amidine 
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polystyrene and negatively charged carboxyl 

polystyrene. In order to mimic the natural 

conditions, the aggregated as well as non 

aggregated particles were given to algae. It 

was concluded that positively charged 

particles were having higher affinity for 

binding because of the electrostatic 

interaction between the cellulose present in 

algal cell wall and the particles (Bhattacharya 

et al., 2010). Miguel and coworkers studied 

the impact of nanoplastics released from 

biodegradable plastic in the freshwater 

ecosystems (Table 1 and 2).   

 

Table.1 Polystyrene (PS) toxicity in organisms 

 

Organism Major findings on effects 

Chlorella 

 

 

 

Scenedesmus 

 

Brachionus manjavacas 

 

 

 

 

EPS from Amphora sp.; 

Ankistrodes 

musangustus; 

 

Mytilus edulis (blue 

mussel) 

 

Daphnia Magna 

 

 

 

Zebrafish (Danio rerio) 

 

 

 

 

 

 

 

 

Oyster(Crassostreagigas) 

gametes 

 

Affected algal photosynthesis and promoted reactive 

oxygen species (ROS) production (Bhattacharya et al., 

2010).  

 

Increased respiration (Bhattacharya et al., 2010).  

 

Reduction in 50% of population due to minimum 

concentration of 0.30µg/mL.Reduction in 89% population 

due to maximum concentration of 1.1µg/mL (Snell and 

Hicks, 2011).  

 

Affected EPS assembly (Chen et al., 2011).  

 

 

 

Reduced organism's filtering activity and increased 

production of pseudofaeces (Wegner et al., 2012).  

 

Eco-corona formation around particle caused increased 

toxicity and affected rate of subsequent feeding (Nasser et 

al., 2016). 

 

Accumulation of particles in heart and systemic region 

along with activation of several biological pathways 

related to an immune response in the fish (Veneman et 

al., 2017). 

 

Decreased heart rate and alteration in larval behaviour 

occurred such as swimming hypoactivity (Pitt et al., 

2018).  

 

Significant increase of ROS production in sperm cells 

with anionic particles (Gonzalez-Fernandez et al., 2009). 
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Table.2 Major limitations of nanoplastics characterisation techniques (Bhattacharya et al., 2010) 

 

Technique Limitations 

Microscopy techniques Sample preparation is a time taking process 

and there is no information in the solution 

regarding the properties of the nanoplastics 

particles. 

Nanoparticle Tracking Analysis There is limited number of particles that could 

be tracked along with limited tracking 

duration. 

Dynamic Light Scattering Does not provide the actual size. Also the 

technique is biased towards aggregate particles 

and large sized particles. 

UV-vis spectrophotometer  No information on nanoplastics size is 

provided. Also there is a shift in the 

wavelength with the change in nanoplastics 

size. 

 

They studied the effects of nanoplastics on 

Anabaena and Chlamydomonas reinhardtii 

which are involved in various geochemical 

cycles like carbon cycle and also carry out 

carbon dioxide sequestration. Anabaena is 

also involved in important biogeochemical 

cycles, such as the nitrogen and phosphorus 

cycles (González-Pleiter, 2019). 

Polyhydroxybutyrate (PHB) nanoparticles 

decreased the growth of Anabaena by 90% 

and of Chlamydomonas reinhardtii by 95%. 

The exposure of Polyhydroxybutyrate 

(PHB) nanoparticles altered the potential of 

cytoplasmic membrane and increased the 

depolarization of membrane by 128% and 

181% in Anabaena and C. reinhardtii 

respectively, which resulted in either death 

or growth inhibition of these organisms 

(González-Pleiter, 2019). 

 

Effects of nanoplasticson consumers of 

aquatic life 

 

Daphnia magna, which is an invertebrate 

commonly found in freshwater systems like 

ponds and lakes, could ingest nano and 

micro-sized particles ranging from 20nm to 

70 nm (Rosenkranz, 2009). During the 

studies carried out by Besseling et al., 2014 

Daphnia magna was exposed to Polystyrene 

particles (70 nm in size) and it was reported 

that Daphnia magna showed higher 

mortality (six times) when fed with aged 

algae (a mixture of Scenedesmus obliquus 

and nanoparticles where Scenedesmus was 

allowed to ingest the nanoparticles for 5 

days before Daphnia received the mixture). 

It was reported higher absorption of 

nanoparticles in pre-exposed algae further 

resulted in higher uptake by Daphnia. Also, 

a lower reduction in reproductive rate and 

reduced body size in Daphnia was observed 

as compared to fresh algae (Besseling et al., 

2014). The mussel (Mytilus edulis) and 

oyster (Crassostrea virginica) were fed with 

Polystyrene particles (100nm size) and 

aggregated particles by Ward and his 

coworkers and it was reported that mussels 

ingested the aggregated particles at a higher 

rate as compared to the oyster. They further 

concluded that the higher gut retention time 

for mussels and oysters was there along with 

better ingestion of aggregated particles than 

that of the nanoplastics. Another study on 

mussel (Mytilusgallo provincialis) was done 

and it was reported that exposure of mussel 
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to even at low concentrations of about 0.05 

mg L
-1 

polystyrene changed the gene 

expression of the organism along with 

decrease in the enzymatic activities (Brandts 

et al., 2018). Also polystyrene nanoplastics 

induced neurotransmission effects and 

increased the oxidative status which resulted 

in the peroxidative damage in the organism 

(Brandts et al., 2018). In long food chains 

and food webs, the nanoplastics could 

prominently get bioaccumulated.  
 

The study done on crucian carp (Carassius 

carassius) where crucian carp was exposed 

to 24 nm and 27 nm sized polystyrene 

nanoparticles showed that there were 

changes in the feeding behavior of fish after 

two months (Mattsson et al., 2015). It was 

also recorded and analysed that there was 

increased ethanol levels in fish liver. There 

was altered fat metabolism and higher 

concentrations of inosine/adenosine and 

lysine in muscles of those fishes which were 

receiving nanoparticles through food chain 

(Mattsson et al., 2015). In another study 

Chen et al., 2011 reported that polystyrene 

nanoplastics with 50 nm size could result in 

myelin basic protein in the central nervous 

system of zebra fish (Danio rerio) along 

with gene up-regulation significantly 

inhibiting the activity of acetylcholinesterase 

(Chen et al., 2011). Further the polystyrene 

nanoplastics also significantly enhanced the 

neurotoxic effects in central nervous system 

of the zebra fish.  

 

A study conducted on embryo and larvae of 

transparent medaka (Oryzia slatipes) 

exposed to different polystyrene particles 

(carboxylated c-50 nm and c-500 nm and 

non-functionalized 50 nm and 500 nm) 

showed the higher uptake of small sized 

particles than the larger ones. Perhaps 

smaller particles (50 nm and c-50 nm) were 

more difficult to excrete as compared to the 

larger ones (500 nm and c-500 nm) (Manabe 

et al., 2011). 

Challenges and fate of nanoplastics 

 

Retrieving of nanoplastics particles from 

environment and collection of representative 

samples is the first challenge in measuring 

the nanoplastic contamination as both 

abiotic and biotic samples may contain 

organic matter, mineral constituents and 

water. Further, prevention of sample 

contamination from equipments, reagents, 

air etc. in the laboratory is also a matter of 

concern for the nanoplastics analysis. In 

addition, better quality control and quality 

assurance need to be implemented in the 

laboratory (Toussaint et al., 2019). 

Furthermore, smaller size of nanoparticles 

and choice of particle shapes included for 

the studies (fragments, sheets, spheres, 

ropes, pellets and fibers) also affects the 

analysis of the plastic particles. Also 

variability in conditions during sample 

collection and analysis could contaminate 

the samples and further affect the analysis 

(Foekema et al., 2013). Reported 

microplastic concentrations may also vary 

due to exclusion of fibers, inclusion of all 

particle shapes irrespective of methodology 

used (Lusher, 2015). Various methods for 

isolation of nano- or microplastic from the 

samples for plastic analyses have been 

applied like density, removal of organic 

matter with acids, bases, peroxide and 

enzymes, sieving, and decomposing or 

drying samples at different temperatures 

(Hidalgo-Ruz et al., 2012). Followed by 

proper cleaning of the collected samples, 

detection of microplastics particles is 

generally done by inspecting visually and 

through spectra using techniques of polymer 

identification like FTIR and Raman 

spectroscopy. The adsorption of can be 

determined by absorbance analysis using 

UV-vis spectroscopy and microplate readers 

(Bhattacharya et al., 2010). The use of 

microscopy imaging, such as fluorescence 

microscopy (Bergami et al., 2017), SEM 
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(Bergamiet al., 2017), Environmental 

Scanning Electron Microscopy (ESEM) 

(Bhattacharya et al., 2010) is used to study 

nanoplastics adsorption onto algae. 

 

Many of the above mentioned techniques are 

mainly focusing on problems associated 

with macro and micro forms of the plastic 

present in the marine and freshwater 

environment. Matrix effects, sample 

protocols not following quality assurance, 

false positives etc. could result in false data 

interpretation leading to incorrect 

information. Combination characterisation 

steps for plastic characterisation, pollution 

event determination, chemometrics for data 

processing and analysis could significantly 

improve the way of plastic characterisation. 

Rapid diagnostic techniques such as NIR or 

MIR techniques would also serve as a boon 

in nanoplastics characterisation and analysis. 

Rather than implementing the complex 

matrix, full characterisation of laboratory 

based assays is needed which could 

significantly help in better understanding of 

nanoplastics in the aquatic environment and 

its toxicological and hazardous impacts in 

the aquatic organisms. Deep understanding 

regarding the plastics and its impacts and 

development of advanced tools for the 

nanoplastics analyses will not only provide 

reliable information but will also enhance 

the overall environmental health. 
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