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Currently, the issue of microplastic pollution in aquatic ecosystems is a 

significant cause for worry. Microplastics, which are tiny pieces of plastic, are 

readily absorbed by freshwater organisms, leading to detrimental impacts on 

their growth, reproduction, predatory abilities, and other aspects. This study 

aims to review the scientific literature on microplastics in freshwater 

environments including waters, sediments, and biota in order to identify their 

existence and impact. For such, a systematic review was conducted, following 

the PRISMA guidelines, applying a descriptive and statistical analysis to the 

data. The original research articles in “microplastics in freshwaters”. Up to 177 

papers involving microplastic in freshwaters, published between 2013 and 

2023, are identified in the Publish or Perish. Of the 177 articles, 66 are excluded 

because they include review articles. Finally, this review will to assess the 

excistence and influence microplastics in water, sediment and biota, in 

freshwater environmental. 

 

1. INTRODUCTION 

Plastic was originally discovered in the water in the 1930s  [1]. Since their commercial 

introduction in the 1930s and 1940s, plastics have been increasingly prominent in the consumer 

sector. In 2012, global plastic resin output reached 288 million MT, a 620% increase since 1975. 

Packaging or products designed for immediate disposal, is the largest market segment for plastic 

resins. Plastics accounted for less than 1% of municipal solid garbage by mass in the United States 

in 1960; by 2000, this proportion had grown by an order of magnitude. Plastic accounted for at 

least 10% of solid trash by mass in 58% (61 out of 105) of nations with statistics available in 2005 

[2]. Recent estimates of marine plastic debris range from approximately 243,000 metric tons (MT) 

on the ocean's surface to 4.8-12.7 million MT of plastic entering the ocean annually [2], [3]. 

Macroplastics (>5 mm diameter) were the focus of early investigations on marine plastic litter 

because they are easily visible and quantifiable. However, it was recently determined that 

macroplastics account only 10% of plastic debris in the ocean by count, showing that the vast 

majority of plastic debris is microplastic (5 mm diameter) [3]. 

Increased scientific interest in microplastics has resulted in an expanded knowledge base over 

the last decade. Microplastics are mostly made from anthropogenic materials, such as friction 

particles in cosmetics and microfibers in fabrics. Another important source of microplastics is the 

progressive breakdown of bulk plastics over time via mechanical abrasion or chemical processes 

[4], [5]. Microplastics are most abundant along beaches and in the oceans, but the fate of these 

microplastics is unknown. Thus, the current study focuses on the features and sources of 

microplastics, bioaccumulation in waters, sediment, and biota [6].   

Although the precise definition of a microplastic varies, most believe that microplastics are 

described as 5 mm diameter bits of plastic [7], [8]. Microplastics can be discovered in surface 
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water and the water column due to their different densities, while denser plastics, such as PVC, 

can be found in the sediment [7].  Because of their small size, microplastics are easily absorbed by 

a wide variety of animals [9]. Previous studies on microplastics used microplastic particulates with 

diameters of 60 m or less [10], [11], [12], [13], [14] [15], [16]. Plastics with densities greater than 

seawater (>1.02 g cm3) sink and settle in sediment, whereas low-density particles float on the sea 

surface or in the water column. Low-density plastics, on the other hand, can reach the seafloor 

through density modification [16]. 

Several factors contribute to the large number of microplastics in freshwater environments, 

namely the comparison of the human population compared to the number of water sources, 

location of urban centers, water residence time, size of water source, type of waste treatment, and 

number of drains [17]. The presence of microplastics in waters will enter water bodies and 

eventually settle in sediment [18]. The presence of microplastics in the freshwater can occur in 

several ways: (1) plastic fragmentation in the sea; (2) microplastics directly into the sea; (3) 

microplastics that are accidentally lost in the processing process; and (4) processing results in 

waste that is discharged into the environment [19]. 
 

2. MATERIALS AND METHODS 

The protocol for this systematic review was developed using the standards outlined in the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Figure 1), 

which involves three distinct steps.  The review protocol is outlined in S1 Protocol (http://prisma-

statement.org/) [20].  The literature data on microplastics in freshwater were obtained from the 

Scopus database with Publish or Perish, which is known for its large coverage of scientific 

literature. This database is considered more complete and extensive than the Web of Science [21], 

[22]. In addition, Google Scholar was not utilized due to its lack of comprehensive data required 

for network research, such as the bibliometric approach [22].    

 
Fig.1. PRISMA Flowchart for The Keywords Used in The Literature Review: Microplastics 

AND Freshwater 

http://prisma-statement.org/
http://prisma-statement.org/
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We conducted a search in the Scopus database using the specified keywords: "microplastics" 

AND “freshwater”.   The scientific literature that was searched had any of these keywords, terms, 

or phrases in its title, abstract, or keywords. The analysis would be conducted on the whole texts 

that satisfied the eligibility criteria based on the specified inclusion and exclusion conditions. The 

inclusion criteria encompassed literature sourced from the Scopus database, specifically focusing 

on original articles or conference papers written exclusively in English. Additionally, the criteria 

required the studies microplastics in freshwater.   

The terms that appeared in the title, abstract, and keywords of eligible literature were extracted 

and analyzed using VOSviewer software, and the findings were shown as bubble maps that 

indicated a term or phrase. The manual review was carried out in order to exclude generic or 

irrelevant phrases. The size of the bubble represented the number of terms found in the literature. 

The color of the bubble represented the number of citations per publication including the phrase, 

as well as the proximity of two bubbles if two terms occurred together more frequently [23]. 

 

3. RESULTS AND DISCUSSION  

An examination of the most influential works and their network of co-citations The VOSviewer 

enabled the study of the most frequent occurrences of keywords in a particular collection of 

publications. VOSviewer mapped the authors' keywords in the title and abstract fields in this 

review. Figure 2 depicted a network map of keywords in which color, node sizes, font widths, and 

the thickness of connecting lines illustrated the interaction with other keywords [24].  

 
Fig.2 Keyword Co-Occurrence Network 

 Large-scale plastic waste is decomposed into secondary microplastics through processes 

in garbage disposal plants, wastewater treatment plants and the effects of photooxidative 

degradation in the environment. When plastic is processed in combustion, solid particles account 

for 30% and 50% of the exhaust gas. Through rainfall, surface water erosion, sedimentation, and 

other routes, microplastics enter the atmosphere, soil, water, and sediments. However, the 

proportion of microplastics entering each route is still unknown. The possibility of microplastic 

pathways entering freshwater ecosystems is shown in Figure 3 [25]. 
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Fig. 3. Land-based sources, pathways into local freshwater ecosystems and relevant ecological 

effects of microplastics. The dotted line indicates a potential pathway that lacks direct 

evidence [25]. 

3.1. The Excistence Microplastics in Waters 

Microplastics have been found in various places in the water column. Microplastics were found 

in all sampling sites, with abundances ranging from 8800 to 32,050 items/m3, with a mean of 

18,620 7120 items/m3 [26]. Microplastic concentrations were higher in this urban reservoir than 

in other natural floodplain lakes along the Yangtze River basin, such as Tai Lake and Hong Lake 

in China [27], [28]. Microplastic concentrations in the Dafangying Reservoir were likewise 

substantially higher as compared to other non-urban area reservoirs [29]. The average amount of 

microplastics in freshwater was found to be 2753 (2173–3998) particles L−1, whereas in treated 

distribution water and residential tap water, the average amounts were 351.9 (338–400) and 343.5 

(267–404) particles L−1  [30]. With the exception of Las Vegas Wash, where the concentration 

was 9.7 particles/m3, microplastic concentrations in water samples ranged from 0.44 to 1.99 

particles/m3 [31]. The Pearl River's waters are contaminated by microplastics. In the GUS, the 

microplastic abundance ranged from 8725 to 53,250 items/m3, while in the PRE, it was between 

7850 to 10,950 items/m3 [32]. the Ofanto River has a large amount of microplastics, with values 

ranging from 0.9 ± 0.4 p/m3 to 13 ± 5 p/m3, which are comparable to or higher than those found 

in previous investigations topic [33].  

 

3.2. The Excistence Microplastics in Sediments 

Microplastic (MP) concentrations were determined, for the first time, in surface sediment of 

seven streams around the lagoon of Bizerte (Northern Tunisia) using a saturated NaCl flotation 

technique. The greatest MP abundance was observed at Jedara stream (6920 ± 395.98 items kg−1 

dry weight), while the lowest mean value was 2340 ± 227.15 items kg−1 dry weight at Khima 

stream [34]. The total number of MPs of Zahuapan River, Atoyac River, Confluence Zone and 

Valsequillo Dam were 1633.34 ± 202.56; 1133.33 ± 72.76; 833. 33 ± 80.79; 900 ± and 346.12 

units kg-1.  MP concentrations were found to be higher in the downstream sections of the river 

confluence zone: ,833.33 ± 80.79 and Valsequillo dam: ,900 ± 346.12 units kg-1). This is due to 

the influence of population density and rivers [35]. The concentrations of microplastics in surficial 

sediment samples were highest at Las Vegas Boat Harbor (440 particles/kg dw) and Gregg Basin 
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(1,010 particles/kg dw) [31]. Microplastics were present in all sediment samples from one tidal 

flat and six urban river sites, albeit in different amounts. In comparison to the tidal flat in 

Shanghai's rural districts, the amount of microplastics in rivers close to heavily inhabited areas 

was one to two orders of magnitude higher [25]. 

 

3.3. The Excistence Microplastics in Biota 

Concerns regarding the persistence and complexity of microplastics in aquatic species have 

been raised by their discovery in freshwater systems. Although plastics are generally thought of as 

inert materials, it is unclear whether extended exposure to plastics combined with organic 

compounds can result in organism mortality. When consumed with another contaminant, 

microplastics can change the host microbiome apa saja, which can impact the fitness of the host 

organism [36]. In general, predictions about the percentage of freshwater and marine fish, non-

urbanized versus urbanised streams, and trophic guilds that consume microplastics were 

supported. Within the modest range of reported plastic ingestion elsewhere [37], [38], the 

percentage of microplastic ingestion among freshwater fish (8%) and marine fish (10%) in the 

research area was observed. Fish consumption of microplastics in non-urbanized streams was 

found to occur in less than half as often (5%) as in one urbanised stream (the Neches River, at 

29%). The percentage of microplastic ingestion in urbanised streams (estimates ranging from 6.8 

to 29%) was comparable to those of other urbanised streams 2% (Sanchez et al., 2014). Only 8% 

of fish belonging to the pelagic habitat guild and 19% of fish belonging to the benthic habitat guild 

consumed microplastics in urbanised streams. Within non-urbanized streams and the maritime 

system (10–12%), benthic and pelagic guilds were similar (<6%), which is consistent with prior 

research that found no differences in habitat or trophic guilds [39]. 

Microplastics synthesis accelerates the ingestion of smaller microplastics particles and inhibits 

the ingestion of larger particles by the freshwater rotifer B. calyciflorus. Therefore, variation in  

microplastics size may lead to  increased interactions between smaller particles and aquatic 

consumers. To test  the response of aquatic organisms to microplastics, it is essential to account 

for increases or decreases in microplastic ingestion [40]. The presence of microplastics and other 

anthropogenic materials at three trophic levels of the freshwater food web in an elevated lake in 

the national park, supporting studies recently revealed the global distribution of microplastics [41].  

Microplastics were present in the digestive tracts of two different species of fish from a small 

lowland river in southwest Poland, the Widawa R. 202 gudgeons and 187 roaches in total were 

gathered; of these, 54.5% and 53.9%, respectively, had consumed microplastics-like particles. The 

quantity of fish with microplastics-like particles was unaffected by the type and behavior of 

feeding, sex, or the location of the capture (above or below the dam reservoir) Beratan [42]. Taihu 

Lake's organisms included large concentrations of microplastics in addition to the water. As far as 

we are aware, Taihu Lake has the highest microplastic concentrations in plankton net samples of 

any freshwater lake in the world. We must remain vigilant regarding the microplastic pollution in 

Taihu Lake and the potential connection to health hazards to humans from eating fisheries 

products. We suggest that the common Asian clam could be a valuable bio-indicator for freshwater 

and estuary microplastic pollution [27]. 

 

3.4. Types of Microplastics in Freshwater 

Microplastic in surface sediment of seven streams around the lagoon of Bizerte (Northern 

Tunisia) are observed. The highest numbers of microplastics were from streams near populated 

areas and municipal and industrial effluent discharges. Samples were made up entirely of 

secondary microplastics mainly fibres, followed by fragments and films. The predominant colours 

were as follows: black > clear > white > red > blue > green > yellow for fibres, white > blue > 

black > red for fragments and red > white > clear > green > blue = black for films. Microplastic 

particles in the samples ranged from 0.2 to 5 mm in length [34]. Particles with sizes between 0.30 
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and 1.00 mm were the most common, followed by particles with sizes between 0.15 and 0.30 mm 

and particles with sizes less than 0.15 mm. By sample sites, microfragments were the most 

prevalent overall. Nonetheless, there was no discernible variation in the quantity of shards, 

coatings, and fibers found in the two rivers. On the other hand, one Tom River sample site had a 

noticeably greater quantity of spheres known as microbeads [43].  

Colored MPs sediment sample in Atoyac River Basin were predominant accounting for 51% 

and white microplastics for 49% of the total microplastics. films (25.9%) and fragments (22.2%) 

were the most abundant type followed by fibers (14.8%) [35]. In the Las Vegas Boat Harbor, tires 

are widely employed as boat bumpers and to create a substantial floating breakwall that encircles 

the harbor, measuring about 1.5 km in length. 36.3% of the measured particles were in the 1,000–

5,600 μm size range, while the majority (63.7%) were in the 355–1,000 μm range. In surficial 

sediment samples, the most common hues of microplastic particles were red (6.5%), blue (24.3%), 

black (26.2%), and clear (37.8% on average) [31]. The characteristics of microplastics in 

Shanghai's rivers were not the same as those in the tidal flat. In all river samples, the bulk of 

microplastics were white spheres; however, in the tidal flat, the proportion of fibers and pieces 

was greater than that of spheres [25].  

The detected large numbers of PS (or PS-DVB) spheres in the sediment sample directly 

downstream of the Mulde confluence only. Although a clear identification of possible source 

area(s) remains challenging, the distribution pattern suggest that the Mulde contributes 

microplastics (especially spheres) to the Elbe [44]. Microplastics were discovered to be present in 

freshwater gastropods (F. sumatrensis speciosa and P. canaliculata) from the U-Taphao Canal that 

were sold for human consumption. Fibers were the most prevalent kind of MP discovered. The 

results demonstrated the wide variation in form, size, and polymer type among the MPs identified 

for P.canaliculata [45](Jitkaew et al., 2023).  

In fish samples at Las Vegas Bay, fibers accounted for 90.7% of all microplastic particles on 

average. In fish samples, the most common hues of microplastic particles were red (9.3%), blue 

(29.5%), black (17.1%), and clear (37.2% on average). 

 

3.5. The Influence Microplastics in Freshwaters 

Microplastics, which are tiny plastic particles less than 5 millimeters in size, have gained 

significant attention due to their widespread presence and potential environmental impact, 

especially in freshwater ecosystems. These microplastics can originate from various sources such 

as the breakdown of larger plastic debris, microbeads in personal care products, synthetic textiles 

shedding fibers, and more [46]. 

 

In freshwater environments, microplastics can have several detrimental effects: 

1. Water Quality: They contribute to water pollution, altering the chemical composition of the 

water and affecting its quality. Microplastics can absorb and concentrate toxic pollutants from 

the surrounding environment, potentially impacting aquatic life (Aryani et al., 2021; Buwono 

et al., 2021). 

2. Ecosystem Disturbance: Microplastics can harm aquatic organisms directly or indirectly. 

Small organisms may mistake microplastics for food, leading to ingestion. This can cause 

physical harm, blockage of digestive systems, reduced feeding capacity, and even death. (Li 

et al., 2022; Neelavannan & Sen, 2023) 

3. Habitat Alteration: Accumulation of microplastics in freshwater habitats can alter the natural 

habitats and ecosystems. They can settle in sediments, affecting the nutrient cycling and 

potentially disrupting the balance of these ecosystems (Issac & Kandasubramanian, 2021; 

Qaiser et al., 2023; Rosvita et al., 2018). 

4. Human Health Concerns: There are concerns about the potential health impacts of 

microplastics on humans. While research is ongoing, there's evidence suggesting that 

microplastics can enter the food chain and subsequently be consumed by humans through 
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contaminated water and food, though the full extent of these risks is still being studied. Fish 

may be exposed to hazardous microorganisms and toxic compounds through MPs. People are 

exposed to plastic particles and eat fish polluted with plastic. People experience the 

consequences of multiple outbreaks of chronic illnesses (Curtean-Bănăduc et al., 2023; Fuschi 

et al., 2022; Jitkaew et al., 2023; Watiniasih et al., 2023). 

 

4. CONCLUSION 

This systematic review highlights the widespread occurrence and significant ecological impacts 

of microplastics in aquatic environments, encompassing surface waters, sediments, and various 

aquatic organisms. Evidence across multiple studies demonstrates that microplastics are now 

pervasive contaminants, transported through complex environmental pathways and capable of 

persisting in ecosystems for extended periods. In water bodies, microplastics influence physical 

and chemical properties, while in sediments, they alter benthic habitat structures and nutrient 

cycles. Their ingestion by aquatic biota including invertebrates, fish, and even top predators poses 

serious biological risks such as oxidative stress, inflammation, and disruption of feeding and 

reproductive behaviors. Moreover, microplastics serve as vectors for other pollutants, amplifying 

their toxicological impact. Despite growing awareness, data gaps remain regarding long-term 

ecological consequences, especially in understudied regions and taxa. Future research should focus 

on standardized methods for sampling and analysis, deeper investigation of trophic transfer 

mechanisms, and the integration of microplastic monitoring into environmental policy 

frameworks. 
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