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INTRODUCTION 
 
Microplastics are particles less than 5 mm in size and are widely 
used worldwide, leading to an exponential increase in their 
abundance and severe environmental degradation. The world 
produced about 360 million tonnes of plastic in 2018, an increase 
of around 12 million tonnes from 2017 [1]. The robustness of 
plastics, makes them extremely resistant to degradation, which 
contributes to global plastic pollution in the environment with 
persistent harmful effects [2–5]. As a result, plastic pollution 
caused by human activity frequently harms coastal and marine 
ecosystems [6,7]. 

 
A study from [8] suggests that the major contribution in 

marine plastic pollution is from land−based sources which travel 
and contaminate the marine environments. In addition, [9] 
estimated that approximately 9 million tons of land-based 
sources pollute environment every year. These plastics were 
accumulated on the sea floor (94%), and near the shorelines (5%), 
while little of them will stay on the ocean surface (1%) [10]. 
Several pathways for land−based plastics entering ocean were 
proposed by [11], including wind transportation, storm water 
runoff, marine littering and by natural water movements from 

rivers connecting to their neighbor ocean. Distribution of these 
plastic pollutants by ocean currents was observed even in some 
pristine environments such as Antarctic and Arctic Ocean [12–
14]. These events imply bad practice of waste management and 
inadequate developed infrastructure within the affected sites, 
leading to a worldwide environmental issue later [15] . 

 
Thus, microplastics pollutions in marine water have been 

acknowledged as a worldwide environmental threats as it poses 
ecotoxicological and ecological risk to marine organisms and 
human [16]. Thus, the aim of this review is to discuss 
microplastics, highlighting the potential routes of them entering 
the marine environment and their toxic effects in marine water. 
The challenges and future perspectives in marine microplastic 
waste management is also discussed. 
 
Marine Microplastics: Transportations & Sedimentations 
In recent years, the presence of microplastics in oceanic waters 
have been reported globally, including few largest oceans in 
Antarctica, Arctic, Atlantic, Pacific, and Mediterranean regions 
[12,17–21]. [22] estimated that roughly 7,000 - 35,000 tons of 
plastics were floated and persisted within the open oceans. 
Microplastics can enter aquatic environment through different 
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 ABSTRACT 
The ubiquitous plastic contaminant is impossible to avoid in today's world and occurs in the 
marine environment as microplastic particles, which are particles larger than 5 millimeters. It has 
been discovered that there is pollution in the ocean caused by plastics in areas that were 
previously thought to be pristine. These areas include the oceans of the Arctic and Antarctic. 
Many marine ecosystems are negatively impacted by plastic pollution caused by a variety of 
human activities, which can occur via a variety of pathways. In light of this, the purpose of this 
review is to talk about marine microplastics while putting an emphasis on the possible occurrence 
routes taken into marine ecosystems with subsequent sedimentation events. Recent research has 
pointed to the possibility of using plastic bioremediation as a method for its removal; 
consequently, this mini review covers the potential exploitation of marine microorganisms and 
animals has been analyzed in light of the problem of marine plastic pollution. 
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pathways contributed by either terrestrial−based or 
marine−based activities [23]. The indiscriminate and random 
disposal of plastic waste products contributes to marine litter 
activity, leading to the direct or unintended transfer of these 
wastes into the marine waters [24]. [25] highlighted that the 
terrestrial-based plastic litter was accounted to about 80% of the 
plastic wastes contributed by the marine litter activity. The 
accumulation of these microplastics was observed as the marine 
sediments at the bottom level of the affected marine site. 
 
Microplastics Transportation In Marine Environments 
Microplastics from terrestrial regions can be admitted into 
aquatic environments by the action of the strong wind 
movements and rapid stream flows [26]. For instance, the natural 
weathering of macroplastics debris collected within the waste 
collection ports and landfill treatment sites near the seashore 
generates microplastics and thus, allowing them to be carried into 
marine ecosystems via runoff [27]. Besides that, marine−based 
activities were recognized as the direct transfer of microplastics 
into the marine environments, including marine tourism events, 
recreational beaches, and fishing activities [24,28]. For instances, 
a study from [29] reported the significant amount of 
microplastics (i.e. about 2300 tiny plastics kg-1 dry weight) 
produced during the peak holiday season on sand beaches from 
Huatulco, Mexico. These plastic fibers eventually were washed 
off into marine ecosystems by winds and wave abrasions, raising 
environmental threats to the marine biota. The well-known 
plastic pollutants originated from marine−based activities was 
the intended disposal of broken fishing gears and nets from the 
fishermen [25,30]. These discarded fishing equipment were 
degraded by natural fragmentation under solar UV into 
microplastic and distributed across the ocean, allowing ingestion 
by small plankton and entering the food chain [31]. To sum up, 
these events were recognized globally under the category of 
Abandoned, Lost or Otherwise Discarded Fishing Gear [32]. 
 

In addition, domestic and industrial drainage systems are 
one of the possible microplastic sources in marine environments. 
For example, the daily use personal care and cosmetic products 
containing microbeads include shower gels, toothpaste, 
sunscreen, and abrasive blasting media can be admitted into 
marine environments via drainage systems discharged from both 
residential area and their respective manufacturer. In addition, 
the microplastics particles produced by the synthetic fiber found 
in fabrics were washed down into local wastewater treatment 
plants as an effluent [33,34].  

 
Another potential contributor of microplastic pollutions in 

marine ecosystem is the discharge of the sewage sludge. 
Undoubtedly, higher fraction of microplastic particles was 
observed in sewage sludges as compared to the usual effluent 
[35]. The resulted phenomenon was due to the application of 
micro−sized sieves filtration system in effluent treatment plants 
with their pore sizes ranges from 1 mm to 500 mm to trap the 
microplastics [36]. However, this filtration system was not 
applied in sewage sludge treatments due to the high concentration 
of beneficial solid and organic materials within them and thus, 
filtering process was prohibite. A research in China conducted by 
[37] suggested that the sewage sludges disposal played a crucial 
role in microplastic pollution. From the study, 79 samples from 
28 wastewater treatment sites in China was used to estimate the 
average microplastic pollutions (i.e. 1.56× 1014 particle year−1) 
originated from sewage sludges, and those particles mainly are 
polyolefin, acrylic particles, polyamide (PA) and PE. 
 
 

Other route for microplastics entering the marine 
environments is through the exposure of fecal pellets from the 
aquatic biota. Due to the microscopic size (< 5 mm) and 
low−density properties, microplastics were easily transported 
and distributed from the equator to north/south pole of the Earth 
by water currents, leading to the accumulation of these tiny 
plastic particles in most marine ecosystems [38]. These events 
increased the chances of plastic ingestion by marine biota, 
especially in zooplankton [39–42]. According to a study by [[41], 
fecal pellets containing microplastic particles were produced 
after the introduction of PS with a size of 20.6 µM into the marine 
zooplankton (i.e. Calanus helgolandicus and Calanus typicus). 
By comparison, these fecal particles have density greater than the 
sea water, thus it sinks to the bottom and were subsequently taken 
up by the larger marine organisms.  

 
Microplastic Sedimentations in Marine Environments 
In recent years, the widespread of microplastics in marine 
sediments were reported by few numbers of studies, raising the 
ecotoxicological threats to the marine ecosystems and its biota 
[43–48]. [48] reported on the average amount (i.e. 240 items kg 
of dry weighted sediment) of microplastics sediments with their 
size smaller than 1 mm in western regions of Pacific Ocean. 
These microplastics were identified as 40% of PE, 27.5% of PET 
and small fraction of polychlorinated biphenyl. This study 
confirms the widespread of marine microplastic sediments in 
deep sea environment from one of the largest oceans in the world.  

 
In general, microplastics were persisted on the water 

surfaces due to its buoyancy properties [49,50]. The higher 
density microplastics (i.e. PS, PES & PVC) will be settled down 
and accumulated as in marine sediments while the lower density 
microplastics (i.e. PE & PP) will float on the sea surfaces [51,52]. 
However, there were evidences reported by few studies showing 
the accumulation of low density polyethylene (LDPE) in marine 
sediments [48,53,54]. For instances, [54] reported a total 18% of 
LDPE was found in 28 sediment samples retrieved from Pianosa 
Island within a depth of 199 to 142 m. These resulted events were 
due to the biofouling process which led to the settlement of these 
low density microplastics in marine ecosystems [55]. The density 
of microplastics was increased by the biofouling of organisms, 
leading to the negatively buoyant and settlement to the sea floor 
after their density become larger than that of the sea water [56]. 
The deeper the water depth, the higher the density of the water, 
thus these particles were likely to be persisted at a depth 
equivalent to their respective density after fouling [57]. 

 
Aside from the water body, coastal environments include 

mangrove areas and estuaries can be the potential microplastic 
retainment sites accumulated in their sediments [58]. There are 
many factors contributing the condensation of microplastic 
sediments in these regions. Mangroves often were referred as the 
optimal setup for the sedimentation process as it accumulates 
various carbon sources, different nutrients, and rock sediments 
[35]. [58] further supported the previous statement by reviewing 
the composition of the coastal environments, in which the 
biofouling process can be enhanced by the significant amount of 
organic nutrients associated with the rock sediments in the water. 
In addition, [59] also highlighted the complex vegetation in 
coastal environments favors the floating of microplastic particles 
on the surface.  
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Two types of coastal sediments were stated by [60], 
including allochthonous and autochthonous sediments. The 
allochthonous deposit (i.e. terrigenous deposit from streams and 
overflow resuspended sludges) was defined as the ex-situ 
produced sediments away from the coastal environments, while 
autochthonous deposit was the in situ produced sediments by the 
indigenous mangrove organism. These deposits led to the 
ecological threats to the zooplankton, benthic organisms, and 
other inhabiting animals in coastal environments [61,62]. For 
instances, an interesting result reported by [63] stating the 
abundance of microplastic (i.e. 8 to 5738 items per kg of dry 
weighed sediment) in mangrove environments from coastal 
China was 8.5× higher than the polluted free mangroves, and 
these plastic particles were recognized as 75.2% of PS, 11.7% of 
PP, 4.6% of rayon, 3.4% of PES, 2.8% of PE and 2.4% of acrylic 
fibers. The plastic pollutants were identified in various forms 
from different types of mangrove sediments, including the plastic 
foams in sandy sediments while plastic fibers and fragments in 
the muddy one[63]. Another study conducted by [64] reported 
that approximately 418 microplastic polymers (i.e. PS foams, 
plastic pellets, plastic fragments and plastic films) with their size 
ranges from 1 to 5 mm were distributed widely in mangroves 
from Peninsular Malaysia. They further addressed on the urgent 
needs in practicing the proper site managements to assure the 
safety in aquatic food chains in Malaysia. As a result, these 
microplastics in marine ecosystem are ubiquitous in the present 
era, raising considerable amounts of adverse effects on the 
marine biota. 
 
Marine Microplastics: Ingestion by Marine Organisms and 
its Toxic Effects 
The accumulation of microplastics in marine organisms is due to 
the direct or indirect consumption of persisted tiny plastic 
particles in aquatic environments. Studies related to the marine 
microplastic ingestion provide researchers the contamination 
status of the polluted aquatic sites by characterizing plastic 
pollutants found inside marine biotas and analyzing their toxic 
effects on biological organisms. Several factors (i.e. color, size, 
density, feeding behavior & seasonal exposure) influencing the 
bioavailability of marine microplastics are also highlighted to 
better comprehend the effects of microplastics in marine 
ecosystems.  
 
The uptake and bioavailability of microplastics to the 
marine organisms 
In recent years, the widespread of microplastics has led to the 
global prevalence of microplastic ingestion by marine organisms 
in aquatic ecosystems (Table 1). Marine plastic pollution can be 
observed in different types of marine organisms inhabited in 
various water depths of the aquatic ecosystem, including sea 
turtles, mussels, fishes, mollusks, crustaceans and other benthic 
species [65–79].  Several plastic characteristics (i.e. plastic sizes, 
shapes and colors) were highlighted in Table 1, overviewing the 
differences of microplastic pollution between studies.  

 
In general, most of the study focused on the occurrence of 

microplastics in the digestive tracts from marine organisms. To 
date, few potential reasons of microplastic uptakes by these 
marine organisms were suggested, including the falsely assume 
microplastics as their prey foods with similar sizes and colors (i.e. 
visual predators) or accidentally consume foods which has been 
polluted with microplastics [80–82]. On the other hand, [83] 
contradicted on the sole concept of microplastic ingestion by 
marine organisms, in which they highlighted the occurrence of 
microplastics in non-digestive organs by presenting a theory of 
microplastics adherence as a novel major uptake by these 
organisms. In some circumstances, a considerable translocation 

event of these microplastics was observed in circulatory systems 
(i.e. hemocytes) and other specific organs (i.e. muscles & liver) 
of marine organisms [84–86]. Unfortunately, the information on 
the existence of microplastics in non-digestive organs are 
underdeveloped, yet more efforts are needed to investigate the 
potential microplastic adherence in marine organisms for the 
better understanding on the microplastic accumulation in these 
organisms. Nevertheless, all uptake methods are equally 
important as these microplastics eventually accumulated in their 
digestive tract and raised health concerns to the respective 
species. 

 
The global prevalence of marine microplastics increases its 

bioavailability to a broad range of marine biotas [87]. 
Meanwhile, the almost same characteristics (i.e. color and size) 
between marine microplastics and marine planktons suppress the 
bioavailability of prey foods and nutrients to the aquatic 
organisms [51]. For instances, a considerable amount of 
microplastics (i.e. 0.33 g/turtle) with a size (i.e. <12.39 mm) was 
observed in loggerhead sea turtles (Caretta caretta), by which 
these turtles are visual predator that failed to differentiate 
between their preys and microplastics in the seawater due to the 
similar color and size. A model study conducted by [88] further 
supported the previous study by highlighting the preference of 
sea turtles to consume translucent and flexible plastic particles in 
their diet as they simply assumed these are jellyfish. The 
microplastic density is also one of the factors influencing its 
bioavailability to the organisms by persisting in different water 
depths made available to the organism stayed within that 
particular zones [89]. A study conducted by [90] demonstrated a 
significant amount of microplastics (i.e. 5g in their gut) found in 
all olive riley sea turtles (Lepidochelys olivacea), juvenile green 
sea turtles (Chelonia mydas) and loggerhead sea turtles (Caretta 
caretta) were belong to low density particles, mainly were 51 % 
of LDPE and 26% of PP due to the high bioavailability of these 
microplastics which persisted at shallow & intermediate depth of 
sea waters. Furthermore, high susceptibility of low density PP 
particles were observed in pelagic fishes by a study from [91], in 
which 10.7 % of pelagic fishes and 3.4% of demersal fish were 
recovered from PP microplastic ingestion.  

 
 
These studies explaining the possible factor on the 

microplastic bioavailability in marine environments through the 
density of these tiny particles. Besides that, microplastics 
bioavailability can be influenced by different feeding behaviors 
(i.e. types of diet) adopted in respective marine organisms. As an 
example, a carnivorous gastropod species (Bolinus brandaris) 
was reported with a high amount of microplastic fibers (i.e. 
1031.10 ± 355.69 items/kg wet weight) due to the ingestion of 
contaminated prey clams (Ruditapes decussatus) that stayed 
within the bottom marine sediments which has been exposed to 
the high level of plastic particles [68]. Another study by [73], on 
the contrary, reported a significant amount of microplastics was 
observed in omnivorous fishes (i.e. 61−238 microfiber & 
microparticle units, MPUs) as compared to the herbivorous (i.e. 
14−36 MPUs) and carnivorous (i.e. 10−24 MPUs) fishes. 
Although there are few studies focused on the effect of feeding 
behavior within the same marine organism, yet there was no 
actual comparison made on the influence of feeding behavior 
adopted by different marine organisms (i.e. between marine 
fishes and planktons), hence further investigations are greatly 
needed to elucidate the relationship of feeding behavior in 
different organisms toward the marine microplastic 
bioavailability. Another interesting but underdeveloped theory 
proposed by [92] addressing the possibility on the effect of 
different seasonal climates to the microplastic bioavailability. In 
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the study, they found higher plastic concentration in sea waters 
during the winter season as compared to the summer season by 
highlighting the susceptibility of marine seabird, Cassin’s Auklet 
(Ptychoramphus aleuticus) to the marine plastic pollution [92]. 
However, more studies are needed to support this statement by 
deeper analyzing the relationship of seasonal condition to the 
marine plastic pollution.  
 
Table 1. Recent reports on the microplastic ingestion by marine 
organisms in the aquatic ecosystems around the globe. These listed 
studies were field based assessments, and their several criteria were 
documented in the table. Notes: A: Plastic size; B: Plastic shape; C: 
Plastic color; PAN: Polyacrylonitrile. 
 
Location Organisms Plastic type Plastic 

abundance 
Plastic 
characteristics 

Ref 

Amazon 
River 
estuary 

46 fish species PA & PE 0.7−1.7 
particles/fish 

A: 0.38−4.16 mm 
B: Pellets (97.4%), 
sheets (1.3%), 
fragments (0.4%) 
& threads (0.9%) 
C: Clear, yellow, 
orange & blue 

[65] 
 

 

Black Sea, 
Marmara 
Sea & 
Aegean 
Sea, Turkey 

Mediterranean 
mussel 
(Mytilus 
galloprovincia
lis) 

PET 
(32.9%), PP 
(28.4%), PE 
(19.4%), & 
etc.  

0.69 
item/mussel 
& 0.23 item/g 
fresh weight 
of soft tissue 

A: <0.5 µm 
(26.58%);  
B: Fragments 
(67.6%), fibers 
(28.4%), & films 
(4.05%);  
C: Blue, black, & 
white 

[66] 

Northeast 
Florida 
 
 
 
 
Adriatic 
Sea  
 
 
 
 
French 
Atlantic 
coasts 
 

Sea turtles 
(Caretta 
caretta) 
 
 
 
 
Benthic 
flatfish  
(Solea solea)  
 
 
 
Blue mussel & 
Pacific oyster  

Not stated 
 
 
 
 
 
PVC, PP, 
PE, PES & 
PA 
 
 
PP (47%) 
PE (38%) 
PS (4.1%) 

0.33 g/turtle 
 
 
 
 
 
1.64-1.73 
Items/fish 
 
 
 
0.61-2.1 
microplastics/
individual 

A: 0.36−12.39 mm 
B: Hard & sheet 
plastics are 
dominant 
C: White (70%)  
A; <500 µm 
B: Fragments 
(72%) & Fibers 
(28%) 
C: Not states 
A: 50-100 µm 
B: Fragments and 
filaments 

[[67] 
 
 
 
 
 
[41] 
 
 
 
 
[56] 

 
 
 
CONCLUSION 
 
Microplastics are abundant in the marine environment and are 
generated annually due to the mass consumption of commercial 
plastic products. Part of the larger plastic debris fragmented into 
secondary microplastics and were subsequently entered the 
marine ecosystems by wind motions and ocean currents, while 
the primary microplastics were transferred through the 
discharged effluents released from wastewater treatment plant. 
Microplastic accumulation posed ecotoxicological threats to the 
marine ecosystems, particularly marine organism on the seawater 
surfaces or condensed into the marine sediment. PE, PP, PS and 
PET microplastic have been reported to predominate, causing 
severe deterioration of physiological conditions and survival 
rates of marine organisms. After a brief analysis on their origins, 
transports, and uptakes, undeniably it shows an urgent to 
investigate and explore the effects of microplastics on a broader 
range of marine animals, and such information is beneficial in 
understanding the actual role played by each microplastics in the 
aquatic organisms.  
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