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Introduction

Plastic is the most visible ocean pollutant with rapidly increasing presence in marine environments. It has been 
estimated that about 10 million metric tons of plastic waste accumulate in there annually [1]. Plastic waste in oceans is 
recognized as a global threat negatively impacting wildlife, tourism, and shipping [2]. There are several sources of plastic 
pollution and different pathways through which plastics get into oceans. Most of the waste plastic (75% to 90%) is from land 
sources primarily from poorly handled wastes from households and industrial activity. Maritime activities such as fishing 
vessels and cruise ships are the source of the remaining waste. The dominant pathway for plastics transport into oceans are 
rivers with debris entering channels via stormwater runoff, wastewater effluent or catastrophic events. Though large debris 
such as abandoned fishing nets constitute a significant percentage by weight of plastic waste floating in oceans around the 
world, microplastics are by far the more abundant [3-5].

The term “microplastics” was coined to describe small synthetic solid polymeric particles in form of either fragments 
or fibers with average size distribution ranging from 0.1μm to 5mm [6,7]. Microplastics are water insoluble particles which 
are either spherical or non-spherical in shape primarily manufactured to this size in the form of microbeads, pre-produced 
pellets, fibers, and granules. They are widely used in different industrial processes such as 3D-printing for cosmetic purposes 
and for tissue-specific drug delivery [1,8]. In addition to primary microplastics, secondary microplastics are generated from 
weathered, mechanically abraded or photo-degenerated larger sized plastic waste. This degradation of plastic waste via 
biological and chemical processes gradually increases the concentration of microplastics in marine environments [1,9]. In 
the process, components such as starch are biodegraded leaving behind non-degradable microplastic fragments; degradation 
is a function of both the core material and the prevailing weathering conditions [1,10].

Some toxic chemicals additives which are incorporated into microplastics at manufacture such as phthalates, 
antioxidants, brominated flame retardants, ultraviolet stabilizers, and pigments give the plastics specific characteristics 
such as flexibility, ultraviolet protection, water repellence and colour. These additives could constitute based on total weight 
as high as 60% of any plastic product. In addition, microplastics can absorb toxic chemicals from the marine environment 
such as polycyclic aromatic hydrocarbons, polybrominated biphenyls and dichlorodiphenyltrichloroethane [1]. Thus, 
microplastics adversely affect biological systems of different organisms leading to neurotoxicity, and genotoxicity. There 
is reduced feeding, filtration, reproductive ability, and consequently reduced survival of marine organisms [11]. Through 
a combination of experiments using microbeads and phenomenological modelling, it has been inferred that microplastics 
could limit the life span of organism even at cellular level with adsorption of microplastics resulting in the stretching 
of lipid cell membranes. The increased tension is beyond what can be relived naturally thus lengthening and weakening 
cell membranes [12]. The smaller the size of the microplastics the higher the potential for ingestion by zooplankton and 
phytoplankton. It was observed that plankton such as rotifers, cladocerans, and copepods can ingest fluorescent plastics 
with diameter between 0.1 and 9.9μm diameter. Microplastics have been found in the digestive system of larger animals. 
There were significant changes in the fish that ingested micro- and nano-sized polystyrene particles in terms of body 
weight, cholesterol content in muscle and liver, serum triglyceride to cholesterol ratio, and other metabolic parameters [13]. 
Microplastic particles were found in the feces of sea turtles in the Northwestern Adriatic Sea with an average of 0.2g in 
each sample [14]. It is recorded that as high as 700 aquatic species have been negatively affected by microplastics including 
penguins and different crustaceans globally [15].

Discussion 

The distribution of microplastics in ocean waters

Reconciling the plastic waste that has been transported into the oceans to the proportion sampled in the waters globally 
reveals a large discrepancy in ocean plastic budget [2]. It was estimated using marine debris data obtained from plankton 
net trawling and ocean circulation modelling studies that microplastics floating on the surface of oceans in 2014 around the 
world range from 15 to 51 trillion particles which translate to between 93 and 236 thousand metric tons. These estimates 
only account for about 1% of all plastics that have entered the oceans from predominantly land-based sources [16]. Of this 
percentage, some of these plastic particles have been found in large patches in oceans across the globe. Using the Lagrangian 
numerical modelling and confirmed by sampling expeditions across the world, large accumulations of the plastic waste 
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Abstract

Microplastics are ubiquitous in marine environments as they are found in surface waters, across the water column and 
in deep-sea sediments. Microplastics could adversely affect marine biota on a cellular level by stretching lipid membranes 
thereby shortening the lifespan of the organism. The ingestion of microplastics has been reported among larger animals with 
the risk of neurotoxicity and genotoxicity. In this paper, the likely mechanisms determining distribution and abundance 
of microplastics in ocean waters and deep-sea sediments have been reviewed. While deep-sea sediment cores reveal high 
microplastic concentration in ocean trenches and submarine canyons, limited data is available on the abundance of 
microplastics especially in the Gulf of Guinea. The need for monitoring microplastic concentration and more importantly 
preventing further transport from land sources is expedient.
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have been identified in convergence zones of the five subtropical gyres across all 
oceanic regions namely the North and South Pacific, North and South Atlantic, and 
Indian Oceans. Though the plastic waste concentration across these five gyres were 
comparable, the North Pacific Ocean contributed about 34% to the global plastic load 
due to both the large size of the gyre and the high human population on the Asian 
eastern coast which constitutes a third of the global coastal population [17]. In a later 
study conducted between 2017 and 2018 in which 96 samples were taken across the 
world from ocean waters, the maximum microplastic concentration in the survey 
was about 350 particles per m3 with an average abundance of 50 particles per m3. The 
highest concentrations of microplastic waste were sampled off West Tropical North 
Atlantic Ocean, the Western Mediterranean and the Gulf of Cadiz with concentrations 
which ranged from 180 to 349 particles per m3 [18]. Contrary to the suggestion of a 
potential for a sixth accumulation zone within the Barents Sea in the Arctic Ocean 
[19], simulations based on a Eulerian approach have shown that the high likelihood 
of a plastic accumulation in the Gulf of Guinea, with high inputs from Nigeria. The 
formation of a large anticyclonic gyre due to the combination of the Guinea and Angola 
currents travelling northward provide a zone for positively buoyant plastic particles 
to be trapped and accumulate [20]. Microplastics are moved throughout oceans by 
prevailing winds and surface currents such that the number of plastics found in the 
southern hemisphere are within a similar range of those in the northern hemisphere 
which has higher inputs from land sources [1,3,6]. Thus winds, tides, wave currents 
and cyclones provide alternate pathways (to rivers and storm-water run-off) for plastic 
waste entering the ocean and largely define microplastic distribution across marine 
environments [4-5,21].

Microplastics have been sampled widely in surface waters of oceans around 
the world. Large concentrations of microplastic debris have been detected even 
outside the subtropical gyres. These concentrations vary with the mode of sample 
collection, extraction, spectroscopic analysis, and the units reported. The particle size 
distribution of microplastics in ocean surface waters (as accounted for from sampling) 
is highly skewed to much smaller particle sizes with a significant proportion between 
150 and 500μm [6,22-24]. To further underscore this, microplastics sampled with 
100μm mesh in the coastal waters of Gulf of Maine and the western English Channel 
(off the Northern Atlantic Ocean) showed a 2.5-fold increase in concentration as 
compared to standard sampling with 330μm mesh [25]. Examination of the particle 
size distribution of plastic waste floating on ocean surface waters shows that the 
distribution follows a power law for particles larger than about 1mm such that the 
relative abundance of debris declines with size with a pronounced gap is noticed below 
1mm [17,22]. This maximum particle size has been observed to vary, with the distance 
to the nearest coast been a determinant [23]. It has been hypothesized that the gap in 
size distribution of floating plastic debris as compared to input rates is due to several 
mechanisms: nano-fragmentation, sedimentation, shore deposition, and biological 
uptake [17,23,24].

The microplastic concentration in deep-sea sediments

Microplastics are not limited to surface waters, as there is evidence to show that 
deep-sea sediments are the likely sink for microplastics [2]. They are found across 
entire ocean water columns and in underlying sediments [5,10,26]. The presence of 
microplastics had been identified as early as year 2004 among sediments collected 
from estuarine and subtidal sediments in the vicinity of Plymouth, UK with Fourier 
Transform infrared (FT-IR) spectroscopy. Microplastics were found in archived 
plankton samples collected along sea routes between Aberdeen, Shetlands, Sule Skerry 
and Iceland over a cumulative distance of 1165 km from the 1960s. It was discovered 
that there was significant increase in microplastic concentration over time with similar 
polymer types found in both the sediments and the water columns. Thus, polymer 
density is not the sole determinant of microplastic distribution in the ocean water 
column [10]. This is because the buoyancy of microplastics is influenced by other factors 
such as biofouling and ingestion by benthic organisms. The sinking of microplastics 
to the seabed has been attributed to biofouling by benthic organisms as 77% of the 
plastic items retrieved from the South African continental shelf by trawls consisted of 
polymers less dense than seawater once cleaned up [27,28]. Thus, it has been inferred 
that the two major determinants of the debris path and destination are microplastic 
density and biofilm thickness [29]. The sinking of microplastics is further facilitated 
by the adherence of organic detritus and in particular the ingestion by zooplankton 
which forage at night in surface waters then migrate to great depths during the day 
thereby increasing the presence of microplastics in marine sediments [17,22,23]. Using 
mathematical modeling and numerical simulations, it was shown that bio-fouled 
buoyant microplastics tend to oscillate vertically in a well-mixed ocean with particle 
depth being a function of algal growth and their sensitivity to the penetration of light 

intensity. The period and characteristics of the oscillation profile are dependent on 
the particle size which vary from a few hours to tens of days. In a stratified ocean 
bio-fouled debris do not return to surface waters but rather oscillate within a plastic 
trapping layer deep with the ocean due to interaction with density changes within the 
ocean water column [30].

A few deep-sea sediment sampling studies have proven the accumulation of 
microplastics at the sampled depths. Microplastic were extracted from 11 sediment 
samples obtained from locations in the North Atlantic Ocean, Southern Ocean, 
Gulf of Guinea, and the Mediterranean Sea. Sampling depths ranged from 1176 to 
4844m. Average microplastic concentration was 1 particle per 50cm3 (20 pieces per 
L) with particle size diameter between 0.075 and 0.161mm and less than 0.137mm 
in length. This study was able to show that microplastics are present in the top 
sediment of the ocean floor. The detection of microplastics was however impeded 
by high organic content in the samples. One of the key inferences from this study is 
that microplastic concentration is much higher in coastal sediments as compared to 
shelf and deep-sea sediments [31]. Fibrous microplastics were identified from cores 
collected between 2001 and 2012 across the Mediterranean Sea, Southwestern Indian 
Ocean and Northeastern Atlantic Ocean from depths ranging from 300 to 3500m. The 
microplastics, typically 2 to 3mm in length and less than 0.1mm in diameter, were 
abundant in all sediment samples ranging from 1.4 to 40 particles per 50ml of sampled 
sediment (28 to 400 pieces/L). Rayon, a synthetic non-plastic polymer was found in all 
the samples contributing 56.9% of the fibers while polyester which was half as abundant 
contributed 53.4% of the plastic content [2]. There was an abundance of microplastics 
with 44.43 to 3394.63 pieces/L in nine samples taken from deep-sea Artic sediments 
in the Hausgarten observatory at a depth of 2340 to 5570m. This is equivalent to a 
microplastic concentration of 0.042 to 6.59 particles per gram. Sea ice was considered 
the possible means of microplastic transport as the stations closest to the North Pole 
had the highest concentration of microplastics. Chlorinated polyethylene, polyamide 
and polypropylene constituted 38%, 22% and 16% of the microplastic in the deep 
sediments respectively. While no significant correlation could be established between 
microplastic presence and depth, both microplastic presence and polymer diversity 
were positively correlated with chlorophyll content indicating that biofouling is at 
play [32]. The presence of microplastics in deep sediments of the Arctic Ocean was 
further confirmed via 11 core samples retrieved in 2016 between 855 and 4353 m with 
a mix of synthetic polymers detected in form of fibers and fragments with maximum 
concentration of 0.5 particles per gram dry sediment. This study was however limited 
by the analytical technique which most likely resulted in low microplastic detection 
[33]. Microplastics were identified in halal sediments of the Mariana Trench located 
in the western Pacific Ocean with a concentration of 200 to 2200 pieces per L which is 
equivalent to 0.27 to 6.20 particles per gram from depths ranging from 5108 to 10908m. 
The microplastics in the sediment samples are varied in shape with some fibrous 
in nature with the others spherical and rod-like. The abundance of microplastics 
in the deep sediments were much higher than that sampled in surface waters with 
concentration of 2.06 to 13.51 pieces/L. The high microplastic concentration at the 
bottom waters of the Mariana trench is comparable to the reported concentration in 
some heavily polluted coastal waters [34]. The highest microplastic concentration in 
sampled deep-sea sediments is in submarine canyons and ocean trenches. It has been 
opined that the continental shelf serves as a conduit especially for highstand sea-level 
conditions with the configurations shelf and slope major determinants of microplastic 
transport from the land to the ocean [35,36].

Conclusion

The role of microplastics as potential tracers within sediments has been 
recognized such that the presence of microplastics can be radiometrically dated to a 
period after the production of plastics began industrially (typically the 1950s). This 
provides a veritable tool for studying the deposition of deep-sea sediments and the 
dynamics of ocean processes. However, fibers have been found in sediment cores dated 
to more than 100 years prior to this period for which the migration of groundwater 
with microplastics has suspected to be primarily responsible [35,37].

Technologies for handling microplastic pollution in marine environments 
have been considered from two perspectives: prevention of debris into waterways 
and collection of accumulated microplastic waste. As regards prevention, existing 
technologies address the removal of microplastics from wastewater using filters fitted 
to effluent streams which capture microfibers. As regards removal of microplastics two 
solutions have been proffered - the use of fine mesh for microplastic debris removal 
from beaches and a mixture of oil and magnetite unto which the microplastics bind 
in the presence of a magnetitic field [38]. The use of spaceborne measurements for the 
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detection and imaging of microplastic concentration has been proposed as it correlates 
well with the degree to which the roughening of ocean surface by winds is suppressed 
[39].

While there is evidence of microplastic abundance in deep-sea sediments, further 
sampling is necessary to confirm basin-wide microplastic presence. The depositional 
environment must be considered as some cores retrieved at depths beyond 3000 m 
have shown microplastic presence. The only deep-sea core sample taken from the 
Gulf of Guinea revealed no presence of microplastics [2]. It should be noted however 
that shore sediment samples obtained along the Lagos Lagoon (Gulf of Guinea) 
revealed a microplastic abundance of 310 – 2319 particles/kg [40] which is higher than 
microplastic presence in beach sediments obtained across Asia, Europe, and North 
America except for some sampled sediments in the North Sea [41]. This is even more 
important because the microplastic fragments were contaminated with phthalic esters 
which pose significant ecological risk to biota [42].
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