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Abstract

Microplastics have a constant effect on aquatic life and are constantly being
researched, they have been gradually observed and analysed in marine and
freshwater ecosystems, and possible effects in freshwater ecosystems are ris-
ing in importance. A literature review has been completed to outline the pre-
sent state of awareness of microplastics in freshwater ecosystems in Ghana; in
particular, the environmental fate, sources, effects in aquatic life and implica-
tions on their environments. Although we found that there was a dramatic
increase in research and publications on these subjects, relatively few studies
had examined the sources, fate and impacts of microplastics in the water
bodies of Ghana and there was insufficient data on the extent of microplastics
in freshwaters in Ghana. Studies in which Ghanaian waterbodies had quanti-
fied microplastics were considered of the greatest importance. We further as-
sess current depth of knowledge of microplastics in aquatic ecosystems in
which Ghanaian ecosystem-specific information was not readily available.
Although this study may not be a comprehensive overview of the findings, it
is assumed that this is an objective representation of the existing state of
awareness about microplastics in the aquatic environment in Ghana.
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1. Introduction

What do we know about plastic? What do we know about microplastics? Why

are they harmful and how does it affect freshwater or aquatic life? Well, mi-
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croplastics are usually referred to as 5 mm or smaller plastic fragments and
particles, and can be categorised as either primary or secondary microplastics
based on its source. Microplastics (MPs) are present worldwide due to their
higher mobility and longer periods of dwelling; across the coasts as well as in
remote oceanic islands (Costa & Barletta, 2015; Lusher, 2015), inside the Antarc-
tic flows (Lusher, 2015), Arctic seabed (Bergmann & Klages, 2012; La Daana et
al., 2019), and even above glaciers (Bergmann et al., 2017). Briefly, no ecosystem
on Earth seems to have avoided microplastic contamination (Taylor, Gwinnett,
Robinson, & Woodall, 2016). The first studies on freshwater microplastics were
reported in 2011, with an emphasis on Lake Huron (Zbyszewski & Corcoran,
2011) and Los Angeles rivers (Moore, Lattin, & Zellers, 2011) in the United
States. Since that time, various researches have been conducted that cover all
continents, except Antarctica, and all potentially affected habitats (sediment and
water for the land banks, marine world). The aquatic ecosystem has seen a con-
tinuous increase in the levels of microplastics which can, of course, be tied to, as
the years go by, the continued and ever-increasing production rates of plastics as
a whole and plastics have a number of varying characteristics; be it durability (a
big issue in why it is not biodegradable) or low production costs, etc. There has
been increasing concern over the decades about the rising amounts of plastic
debris contained in freshwater around the world. Plastic debris accumulated
within aquatic and terrestrial ecosystems worldwide (Thompson et al., 2004). Of
the environmental impacts of microplastics in freshwaters, little is understood
(Wagner et al., 2014). For instance, while microplastic-associated microbial
gatherings (archaeal, bacterial and picoeukaryotic) are expected to have a pro-
found impact on the distribution consequences, and fate of those contaminants,
research on this subject has centered on marine environments (Harrison et al.,
2011; Keswani et al., 2016; Oberbeckmann et al., 2015).

There have been several objectives for this review, which were all discussed as
the primary priority in Ghanaian freshwater ecosystems. The study attempted to
summarize: the sources of microplastic products in the freshwater ecosystem in
Ghana; the harmful potential and implications of microplastics in marine biota
for their environmental fate. Lastly, gaps in knowledge were established to in-

form future research on freshwater microplastics especially in Ghana.

2. Freshwater Ecosystems in Ghana

Ghana is situated about 400 miles north of the equator in Africa along the Atlan-
tic coast, Ghana has mainly tropical climatic conditions with alternating wet
seasons and dry ones. The north of the country does have a rainy season in April
through October, and from November to March is warm and dusty. The southern
portion of Ghana rains from April through July, and from September through
November. Guinea and Sudan savannah are habitats in northern Ghana. South of
Ghana consists of evergreen forest, wet deciduous forest, tropical evergreen for-

est, and shoreline savannah (Csanyi, 2017).
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Ghana has many freshwater systems including coastal lagoons, rivers, lakes,
and coastal streams, etc. Ghana abounds in freshwater resources throughout the
country in many of the river systems, as well as in two main lakes, Bosomtwi
(natural lake) and Volta (manmade lake created after the Akosombo dam was
built). Ghana’s surface freshwater supplies are regulated by the Volta Basin
(shown in Figure 1). Lake Volta, which stretches to the east in Ghana, originates
from Burkina Faso, it meets the Gulf of Guinea at 0"42' East, 5"46' North. The
very first hydroelectric dam Volta, built-in 1964, is located at Akosombo, 100 km
from the source. Many of the main river sources include the Black and White
Volta and their tributaries, the flowing River Oti and Afram into the Volta Lake,
and also the flowing Tano, Ankobra, Pra, Densu, Ayensu into the sea.

The main uses of Ghana’s freshwater supplies are mainly for residential and
commercial water supply, farming, fishing, aquaculture, and transport. The
Volta Lake system is vital for people as well as large amounts of products to be
fished and transported by freshwater. It is calculated conservatively that the

main rivers in Ghana are inhabited by about 124 species of fish from 62 genera
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Figure 1. The drainage pattern in Ghana.
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and 26 families. Freshwater fish fauna in Ghana is comprised of twenty-eight
(28) families, seventy-three (73) genera, and one hundred and fifty-seven (157)
species. Around one hundred and twenty-one (121) species were reported within
Ghana’s Volta system, draining more than a third of the nation as a whole.
Around nine separate species viz. Synodontis arnoulti, Barbus subinensis, Chry-
sichthys walkeri, Irvinea voltae (Schibeidae), S. Maccrophthalm, S. Velifer (Mo-
chokidae), Steatocranus irvinea (Cichilidae and Mastacembelidae), Limbo-
chromis robertsi, are native to Ghana’s freshwater scheme (Dankwa, Abban, &
Teugels, 1999).

Certain freshwater habitats include the White Volta, Black Volta, Lower
Volta, and Oti main rivers. Some include Bia, Pra, Todzie-Aka, Ankobra, Tano.
Ghana’s shore, which is part of the Gulf of Guinea, at Cape Three Points varies
all latitudes 4"30" North and 6" North to the far east and extends between 3' West
and 10" East for a total of 550 kilometres (Figure 2). There are about fifty la-
goons in this region, in which more than half are relatively low, that is lesser
than 5 km sq. in a total area (Boughey, 1957; Mensah, 1979). Many impediments
which serve as drinkable water and/or drainage sources are also included. It is
reported conservatively, that is, the main rivers host about 124 fish species from
62 families (Okoree, 2008). That it is reported that Ghana presently has an aver-
age per capita daily waste produced of 0.45 kg, attributing to 3.0 million tons of
solid waste per year. Only 10 percent of solid waste produced is expected to be
disposed of properly primarily via landfill sites, but alternatives are increasingly
replenishing (Himans, 2013). If not reversed, this pattern will lead to significant

improvements in environmental conditions, or interdependent relationships
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Figure 2. Map showing Southern Ghana main lagoons and rivers.
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may trigger the marine ecosystem to collapse, impacting the ability of the coast
to effectively provide for the plants, animals, and people that rely on it and each

other to thrive.

3. Sources and Fates of Microplastics in the Freshwater
Environment

3.1. Sources of Microplastics

Plastics can reach freshwater ecosystems through different pathways, from dif-
ferent sources. However, waste management methods in various areas of the
world often vary, and this may be a more significant factor compared to another
in one geographical area (Lambert et al., 2014). Microplastics are found in ma-
rine ecosystems worldwide, from deep ocean sediments to coastal habitats and in
areas as remote as the poles (Obbard et al., 2014). Plastic waste originates from
sources on land, as well as fishing and shipping industries, which contribute
markedly to the release and redistribution of microplastics. Microplastic litter
consists of plastics manufactured to be of a microscopic size (primary sources),
for example, cosmetic exfoliates and pre-production pellets (Napper et al., 2015),
and fragments derivational of the degradation process of greater plastic debris
(secondary sources).

More recently, (Napper et al., 2015) examined the washing of clothes made of
synthetic materials, such as; polyester, a polyester-cotton blend, and acrylics as
an important origin of microscopic fibres emancipating into the environment.
Their results concluded that a 6 kg wash cycle of such fabrics released up to
728,789 microscopic fibres, making it a considerable contributor. Plastics still
experience physical and environmental deterioration in freshwater systems, re-
flecting smaller physical influences than aquatic ones (Andrady, 2011). Many
environmental factors in freshwater may have a greater impact, for example
(Free et al., 2014) found that plastic debris can be subjected to fairly extreme
weathering due to high UV penetration in poorly managed lakes (Free et al.,
2014). Major sources of microplastic contamination include the discharge of
wastewater plants for treatment (Browne et al., 2015), weathering and degrada-
tion of plastic waste in the bodies of water (Eerkes-Medrano et al., 2015), and
soil erosion or runoff terrestrial inputs (Horton et al., 2017). Microplastics can
also flow by surface runoff and atmospheric accumulation into the lakes and rivers
(Dris et al, 2018). Cleaning up of industrial materials like garments (clear water) is
a significant contributor to the sources of microplastics entering wastewater
(Browne, 2015; Peng et al., 2017). Once in the laboratory; the cleaning cycle was
replicated in a household washing machine, the washing machine’s drains con-
tained a significant quantity of fibre-like microplastics (Hernandez et al., 2017).
The number of microplastics in the drainage of the washer was significantly

greater by using detergent than cleaning without detergent.

3.2. Primary and Secondary Microplastics

The primary microplastics are directly placed into the environment through
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spills, sewage, or industrial and domestic means as well as indirect means such
as runoff water. Primary microplastic in Ghana also includes pellets, fibres,
fragments, film, and spheres, spheres are more commonly known as particles
found in cosmetics and certain pharmaceuticals.

Primary microplastics are plastic components formed in the range of sizes be-
low 5 millimetres (Kershaw & Rochman, 2015). They involve: 1) plastic pellets,
typically 3 - 5 millimetres long, used for the primary material in plastics pro-
duction; 2) beads applied in cosmetics; and also 3) abrasive surface blasting
beads.

Main microplastics pathway to reach the atmosphere would rely on the system
or framework: particulate matter from the personal care items usually enters
wastewater; abrasive microplastics enters the atmosphere and sewage, while mi-
croplastics of primary raw material can enter the environment by accident or
lost during distribution and transhipment, or by discharge from processing fa-
cilities. If sewage treatment systems are too small to sustain, primary microplas-
tics can be transported directly to oceans or transferred into freshwater water
sources to enter the aquatic ecosystem afterward.

Secondary microplastics are also by-of deterioration of the atmosphere and
dampening of large plastics materials (Caspers, 1987). Secondary microplastics
in Ghana may be produced through the use of plastic goods (e.g., fabrics, tyres,
and paints) or in the environment before plastics are discarded off. There are
many mechanisms with the input of secondary microplastics into the atmos-
phere, including: 1) substances from fabrics that enter through sewage after
cleaning or during drying by air (Napper et al., 2015; Underwood et al., 2017); 2)
the dampening of plastics used for Agric purposes may introduce surface runoff
from the soil into the environment; 3) the tyres abrasion during use produces
microplastics that enter the environment using air and runoff; 4) the deteriora-
tion and dampening of landfill products by ultraviolet radiation which would
release microplastics into the environment, oceans and rivers, or by wind or
surface runoff, and 5) the dampening of plastic debris in coastal areas and shores
which may persist inshore sediments or be deposited further seaside.

Secondary microplastics in comparison come from much larger plastic objects
or fragments and come from the further fragmentation and or degrading of said
plastics in the environment due to physical effects such as waves eroding them,
chemical effects such as UV rays degrading them, and even biological effects
from microorganisms tearing them apart and when these microplastics end up
in the environment under these effects they tend to easily turn into Nano-plastics
which are within 1 - 100 nm and have a much lesser-known effect due to their
small size. Ultraviolet light penetration, temperature, and abrasion are the major
environmental factors associated with secondary microplastic production. Areas
with decreased Ultraviolet exposure and low temperature (such as the deep
ocean) in aquatic environments can slow down the second generation of mi-
croplastic (Andrady, 2015).
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3.3. Environmental Fates of Microplastics

Studies of freshwater in the large reservoirs (Eriksen et al., 2013; Free et al., 2014;
Imhof et al., 2013) indicate that dispersal for MPs is responsible for specific
physical forces as those in aquatic environment studies. Microplastics dispersal
in marine environments focuses on microplastics’ physical and chemical struc-
ture, the physical forces that cause them to travel, the interactions within biota
and particles, and the connections among them (Eriksen et al., 2013; Free et al.,
2014; Hoellein et al., 2014).

The main losses of smaller substances on the surface of freshwater were as-
sessed by calculating the size distribution of MPs at various locations around the
universe (Cozar et al., 2014; Eriksen et al., 2014). Kukulka et al, 2012, concluded
that this conventional calculation greatly underestimates the overall plastic con-
tent in the ocean. They noticed that vertical mix, the size distributions of floating
plastics on the water will be affected, as small plastics are more likely to be
transported upright. Aside from the deposition of deep-sea sediments in oceanic
basins and freshwater sediments, they are a potential drain for MPs, indicating
the incomplete proportion. Woodall et al., 2014, discovered that fabrics are as
many as four times high in sedimentation in magnitude (for volume per unit)
than seawater at surface in the Pacific, Indian and Mediterranean Oceans.

Hetero-aggregation and the creation of biofilms also play a major role in in-
fluencing the aqueous microplastics fate (Rummel et al., 2017; Woodall et al.,
2014). Biofilm-hetero production will lead to an increase in a microplastic de-
crease in buoyancy and density (Lagarde et al., 2016); and small microplastics
appear to achieve more rapidly significant densities of rainfall (Chubarenko et
al., 2016). Since the sinking rate represents particle size and weight, sedimenta-
tion indicates a greater density than surface water (Long et al., 2015). While the
formation of biofilms can make MP sticky due to the matrix of the extracellular
polymeric materials, thereby facilitating hetero-aggregate formation.

Additionally, the downhill movement of MPs can be encouraged by the dis-
charge of zooplankton faecal pellets (Cole et al., 2016; Gorokhova, 2015). It is
vital to keep an eye on MPs’ current and new sinks. The potential sinks of mi-
croplastics include deposition, decay, sedimentation on the shore and intake of
organisms (Law et al., 2010). Weathering mechanisms such as photooxidation,
oxidant, hydrolytic degradation, and biodegradation mechanisms may have a
major effect on the plastic fate waste in the marine world.

Many microplastics are lighter than seawater and floatable at sea level, and
their concentration of large tropical ocean basins, where confluent ocean surface
flows collect and also retain waste over long periods, is the most detailed spatial
pattern of MPs (Eriksen et al., 2014; Goldstein et al., 2012; Wilber, 1987). Due to
lower weight and smaller size in contrast with natural sediments, MPs influ-
enced by wave action, bioturbation, or tides and any other disruptions can be
resuspended from the bottom sediments more readily than larger plastic frag-
ments (Kershaw & Rochman, 2015).
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4. Implications and Effects of Exposure to Microplastics in
Ghana

The consequences of plastic waste in our freshwaters are numerous, with many
of these difficult to tackle. The most predominant of these in Ghana originates
from land-based sources, contributing to 80 percent of overall plastic waste in
our oceans. Such waste is transported to the freshwater by natural factors in-
cluding storm, water runoff, natural disasters such as tsunamis, and the trans-
port of trash by the wind into rivers or streams. It also involves anthropogenic
practices such as groundwater leakage as a result of inadequate management,
and intentional plastic disposal, which contributes to less than 10 percent of
aquatic plastic emissions. The excess comes from freshwater operations, includ-
ing discarded fishing equipment from boats including nets, plastic bottles, trap
boxes, and ropes falling overboard. Accidental consumption of plastic pellets,
plastic caps, and small toys overlooked for food has serious implications. This
affects the wellbeing and protection of penguins, dolphins, seals, crustaceans,
whales, marine reptiles, seabirds, fish, and turtles in the freshwater systems of
Ghana. It causes reduced food intake, which affects absorption, impaired mobil-
ity, blockages of the digestive tract, ulcers, malnutrition, and weakening. An-
other important factor is the rise in world population size and the unsustainable
preferences of consumers, evident as plastic production exceeded 300 million
tonnes in 2013 from 0.5 million tonnes in 1960, as illustrated in Figure 3. As 50
percent of the population resides within proximity of up to 80 km of the ocean,
coastal areas are especially vulnerable.

Of the 557 species known in our garbage, at least 203 (Kiihn et al., 2015) also
consume microplastic in the wild, some of which are fish (Lusher et al., 2016)
and other vertebrate species (Anastasopoulou et al., 2013; De Stephanis et al.,
2013).

4.1. Implications of Microplastics Exposure

There is increasing concern about implications for animals including fish dis-

eases (Rochman et al, 2013) and lower fecundity and shorter life expectancy of
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Figure 3. Global plastic waste output by use sector from 1950-2015 (Geyer et al., 2017).
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water worms (Wright et al., 2013). Some research also exposes implications for
laboratory populations: one oyster study found that there is “evidence that mi-
cro-PS (polystyrene) cause feeding modifications and reproductive disruption
with significant impacts on offspring” (Sussarellu et al., 2016). Although some
study suggests plastic may be a conduit or point of entry, others do not want
such toxicants to penetrate the food chains. Some research on microplastic con-
sumption showed absolute egestion, as in Idotea emarginata, a freshwater isopod
(Hdmer et al.,, 2014), or mud snail Potampoyrgus antipodarum ingestion of
non-buoyant microplastics, which demonstrated no deleterious developmental
consequences in the complete larval stage (Imhof and Laforsch, 2016). A detailed
study found that bioaccumulated negatively charged chemicals from natural
predators outweigh the flow of ingested microplastics to most ecosystems, sug-
gesting microplastics are unlikely to increase exposure in the ecosystem (Koel-
mans et al., 2016).

As a consequence, microplastics transfer to the aquatic and eventually marine
surroundings (primary or secondary by admission throughout the form of extra
items that ultimately contribute to microplastics) exists in the chain production,
example, in the case of loss of pellet, reckless or waste debris treatment (Figure
4). Also, in Figure 4, shows a model which items are produced by the usage of
modern, mostly oil-based resources. Most of the value of the product is de-
stroyed throughout the lifespan due to contamination across the distribution
channel (red arrows), includes littering, pellet loss, combined drainage system
contamination, transport loss, and unsuitable waste storage, and badly manu-
factured goods which are quickly lost to the atmosphere and impossible to re-
trieve (tiny wrapper, microbeads, broken packing angles). It contributes to the
pollution of the ecosystem that affects both ecology and people’s well-being. A
small amount used for remanufacturing (green arrow) and the remainder is used

for recovery of the oil.
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Figure 4. (Eriksen et al., 2018), A linear economy design for plastics items and discharge
and packaging.
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4.2. Effects of Microplastics Exposure

The impacts associated with freshwater MPs exposure have been studied across
different levels of biological organization: from gene to population level. The va-
riety of microplastic products and impact measures used makes it difficult to
properly assess toxicity results. Research also indicates that microplastic expo-
sure can influence reproduction. A research studying the impact of polystyrene
microbeads (2 and 6 um at 32 pg-L™") reported after a 2-month treatment, mus-
sels had reduced reproductive ability (Sussarellu et al., 2016). Microplastic mor-
phological features (shape, texture and size) can affect toxicological results, such
as the management of tissue translocation, blockage of the digestive system or
tissue irritation or laceration, result in abnormalities or increased exposure to
infectious disorders. The effect of a contaminant on the marine food chain can
have knock-on consequences on the functionality of the trophic structure and
environment. Microplastics may cause inflammatory symptoms, resulting from
the ability of their structure to interact with the tissues, under situations of ex-
treme concentrations or high personal exposure. Growing exposure to environ-
mental pollutants, like microplastics, could also be associated with a growing
occurrence of neurodegenerative disorders, immune conditions and tumors.
That being said, there is insufficient awareness of the impact on human health of
environmental exposure to microplastics, resulting in high uncertainty which
should not be transformed into hysteria, even though the preventative principle
is applied.

Due to the widespread occurrence and persistence of these physical entities
(i.e., MPs) in the environment, they are hypothesized to physically alter biogeo-
chemical cycling, change the dynamics of aquatic food webs, and have an impact
on large-scale ecosystem processes (Geyer et al., 2017). For example, the accu-
mulation of buoyant particulates in surface waters likely reduces light penetra-
tion, whereas sedimentation of plastic debris on the seafloor could impede the
gas exchange between surface water and the interstitial water of sediments, po-
tentially causing hypoxia (Wang et al., 2018). These consequences are more
likely to be attributed to larger plastic debris that, due to its bulky size, has a
greater potential to influence and cause physical damage in natural environ-
ments.

To better predict potential implications and effects of freshwater MPs on
higher levels of biological complexity, the refinement of data concerning con-
centrations and fate of MPs in the environment and impacts in the organism

from numerous trophic levels in the field is needed.

5. Conclusion, Knowledge Gaps and Research Needs

In summary, we reviewed that microplastic study in Ghana is a fairly new field
of scientific interest that is continuing to grow. Although marine MPs research is
more progressed, there are huge gaps in knowledge, particularly in Ghana re-

garding freshwater MPs. MPs research is practically absent in Ghana’s freshwa-
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ter ecosystems. At the same time, appropriate sources and environmental fate
remain to be examined. Many recent seminars, organized conferences, and re-
view papers also sought to identify differences in information and possible re-
search objectives (e.g., Arthur et al., 2009; Zarfl et al., 2011). This paper adds to
the debate about finding knowledge gaps that could direct potentially research
on microplastics in Ghana’s marine ecosystems.

Firstly, information on the occurrence of microplastics in freshwater envi-
ronments in Ghana is quite minimal and the majority of information stems
mainly from European countries. It is obvious that particles (>150 um) are also
not consumed and thus, research projects must focus heavily on measuring mi-
croplastics < 150 um, which is not yet usual practice. As this review points out,
the biggest gaps in existing knowledge are in our knowing of microplastic pollu-
tion in freshwater ecosystems that focus primarily on Ghana, particularly envi-
ronmental quantities, sources, and environmental impacts. Due to the lack of
quantitative data, it is difficult to quantify the exact scope of the microplastic
potential danger in these systems and how the implications of microplastic exis-
tence in these ecosystems will occur themselves.

However, this is relevant to microplastics study as a whole, in which the
long-term effects of microplastics are still uncertain relative to better research
chemical contaminants. To advance the area of research, it is of the utmost con-
cern, firstly, to identify “microplastics” obviously as an ecological pollutant and,
subsequently, to develop standardized methods for accumulating, storing, and
evaluating environmental samples. This standardization can reduce uncertainty
and thus, enable direct comparison between research to understand sources and
modes of transportation.

More data is required on the significance of primary and secondary mi-
croplastics sources worldwide and from Ghana’s perspective, and even patterns
in excess across various physical and socio areas. Much better awareness of the
factors of abiotic and biotic that influences the distribution and absorption of
such substances may help to establish effective strategies to avoid their discharge
into the freshwater world. Although ingestion of microplastics has indeed been
shown in quite several marine lives, the issue of what are the consequences of
ingestion, or which species are most susceptible to effects, has not been ad-
dressed unequivocally. Trophic movements of microplastics (i.e., concentra-
tions, levels, processes) including long-term effects of such substances are not
well known in aquatic or freshwater ecosystems.

Compared with aquatic ecosystems, microplastics in freshwater have never
been properly understood and thus, the existence and consequences of mi-
croplastics in freshwater habitats remain unidentified. In Ghana, there were only
several studies that described the existence of microplastics in debris in water
bodies and freshwater. Rivers and lakes were critical water sources for detecting
microplastics and will continue to be so. Assuming rivers will play a major role
in carrying poorly managed plastic waste from land into the ocean, river mi-

croplastic litter measures are urgently needed. Similarly, dissolved microplastics
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that float along the river bed should also be measured to prevent undervaluation.

Globally, substantial advances have been made in identifying the role and
likely impacts of microplastics in the aquatic environment, especially in the last
five years. However, our knowledge of these pollutants in Ghanaian water
sources and their related pollutants, especially freshwater, is comparatively lim-
ited and poses possibilities for further study. In Europe, most plastic emission
studies were performed in freshwaters. However, the research initiatives in Af-
rica, particularly in low-middle-income countries, need to be broadened. Rising
population rates, growing economy, and rapid urbanization have significantly
increased the pace of plastic waste production, while care, recycling solutions,
recovery channels, and final disposal in many third world countries in such re-
gions are still a shortfall.

Regarding the limitations or gaps described above, it is proposed that future
research would try to develop the sampling methods and tools, and find persis-

tent exposures despite the intransigent existence of such substances.

Fund Items

Basic scientific research in central colleges and universities (2017B20514),
Natural Science Foundation of Suzhou University of Science and Technology
(XKZ2019007), and Jiangsu Graduate Innovation Program (KYCX19_2023).

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this

paper.

References

Anastasopoulou, A., Mytilineou, C., Smith, C. J., & Papadopoulou, K. N. (2013). Plastic
Debris Ingested by Deep-Water Fish of the Ionian Sea (Eastern Mediterranean). Deep
Sea Research Part I: Oceanographic Research Papers, 74, 11-13.
https://doi.org/10.1016/j.dsr.2012.12.008

Andrady, A. L. (2011). Microplastics in the Marine Environment. Marine Pollution
Bulletin, 62, 1596-1605. https://doi.org/10.1016/j.marpolbul.2011.05.030

Andrady, A. L. (2015). Persistence of Plastic Litter in the Oceans. In Marine Anthropo-
genic Litter (pp. 57-72). Cham: Springer.
https://doi.org/10.1007/978-3-319-16510-3 3

Arthur, C., Baker, J. E., & Bamford, H. A. (Eds.) (2009). Proceedings of the International
Research Workshop on the Occurrence, Effects, and Fate of Microplastic Marine De-
bris, September 9-11, 2008, University of Washington Tacoma, Tacoma, WA, USA,
NOAA Technical Memorandum NOS-OR & R-30.

Bergmann, M., & Klages, M. (2012). Increase of Litter at the Arctic Deep-Sea Observatory
HAUSGARTEN. Marine Pollution Bulletin, 64, 2734-2741.
https://doi.org/10.1016/j.marpolbul.2012.09.018

Bergmann, M., Wirzberger, V., Krumpen, T., Lorenz, C., Primpke, S., Tekman, M. B., &
Gerdts, G. (2017). High Quantities of Microplastic in Arctic Deep-Sea Sediments from the
HAUSGARTEN Observatory. Environmental Science & Technology; 51, 11000-11010.

DOI: 10.4236/gep.2021.93005

69 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.93005
https://doi.org/10.1016/j.dsr.2012.12.008
https://doi.org/10.1016/j.marpolbul.2011.05.030
https://doi.org/10.1007/978-3-319-16510-3_3
https://doi.org/10.1016/j.marpolbul.2012.09.018

J. Acquah et al.

https://doi.org/10.1021/acs.est.7b03331

Boughey, A. S. (1957). Ecological Studies of Tropical Coast-Lines: I. The Gold Coast,
West Africa. The Journal of Ecology, 45, 665-687. https://doi.org/10.2307/2256952

Browne, M. A. (2015). Sources and Pathways of Microplastics to Habitats. In Marine
Anthropogenic Litter (pp. 229-244). Cham: Springer.
https://doi.org/10.1007/978-3-319-16510-3 9

Browne, M. A,, Underwood, A. J., Chapman, M. G., Williams, R., Thompson, R. C., & Van
Franeker, J. A. (2015). Linking Effects of Anthropogenic Debris to Ecological Impacts.
Proceedings of the Royal Society B: Biological Sciences, 282, Article ID: 20142929.
https://doi.org/10.1098/rspb.2014.2929

Caspers, H. (1987). GESAMP (Joint Group of Experts on the Scientific Aspects of Marine
Pollution); Reports and Studies No. 25. Report of the Fifteenth Session New York, March
1985.-51 pp. New York: United Nations 1985. Internationale Revue Der Gesamten
Hydrobiologie Und Hydrographie, 72, 338.

Chubarenko, I., Bagaev, A., Zobkov, M., & Esiukova, E. (2016). On Some Physical and
Dynamical Properties of Microplastic Particles in Marine Environment. Marine Pollu-
tion Bulletin, 108, 105-112. https://doi.org/10.1016/j.marpolbul.2016.04.048

Cole, M., Lindeque, P. K., Fileman, E., Clark, J., Lewis, C., Halsband, C., & Galloway, T. S.
(2016). Microplastics Alter the Properties and Sinking Rates of Zooplankton Faecal
Pellets. Environmental Science & Technology, 50, 3239-3246.
https://doi.org/10.1021/acs.est.5b05905

Costa, M. F., & Barletta, M. (2015). Microplastics in Coastal and Marine Environments of the
Western Tropical and Sub-Tropical Atlantic Ocean. Environmental Science: Processes &
Impacts, 17, 1868-1879. https://doi.org/10.1039/C5EM00158G

Cozar, A., Echevarria, F., Gonzélez-Gordillo, J. I, Irigoien, X., Ubeda, B., Hernandez-Le6n,
S., Ruiz, A. et al. (2014). Plastic Debris in the Open Ocean. Proceedings of the National
Academy of Sciences, 111,10239-10244. https://doi.org/10.1073/pnas.1314705111

Csanyi, C. (2017). The Ecosystems of Ghana.
https://sciencing.com/ecosystems-ghana-13438.html

Dankwa, H. R., Abban, E. K., & Teugels, G. G. (1999). Freshwater Fishes of Ghana: Iden-
tification, Distribution, Ecological and Economic Importance (Vol. 283).
https://lib.ugent.be/catalog/rug01:000486897

De Stephanis, R., Giménez, J., Carpinelli, E., Gutierrez-Exposito, C., & Caifiadas, A.
(2013). As Main Meal for Sperm Whales: Plastics Debris. Marine Pollution Bulletin, 69,
206-214. https://doi.org/10.1016/j.marpolbul.2013.01.033

Dris, R., Gasperi, J., & Tassin, B. (2018). Sources and Fate of Microplastics in Urban
Areas: A Focus on Paris Megacity. In Freshwater Microplastics (pp. 69-83). Cham:
Springer. https://doi.org/10.1007/978-3-319-61615-5 4

Eerkes-Medrano, D., Thompson, R. C., & Aldridge, D. C. (2015). Microplastics in Fresh-
water Systems: A Review of the Emerging Threats, Identification of Knowledge Gaps
and Prioritisation of Research Needs. Water Research, 75, 63-82.
https://doi.org/10.1016/j.watres.2015.02.012

Eriksen, M., Lebreton, L. C. M., Carson, H. S., Thiel, M., Moore, C. J., Borerro, J. C.,
Reisser, J. et al. (2014). Plastic Pollution in the World’s Oceans: More than 5 Trillion
Plastic Pieces Weighing over 250,000 Tons Afloat at Sea. PLoS ONE, 9, €e111913.
https://doi.org/10.1371/journal.pone.0111913

Eriksen, M., Mason, S., Wilson, S., Box, C., Zellers, A., Edwards, W., Amato, S. et al.
(2013). Microplastic Pollution in the Surface Waters of the Laurentian Great Lakes.

DOI: 10.4236/gep.2021.93005

70 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.93005
https://doi.org/10.1021/acs.est.7b03331
https://doi.org/10.2307/2256952
https://doi.org/10.1007/978-3-319-16510-3_9
https://doi.org/10.1098/rspb.2014.2929
https://doi.org/10.1016/j.marpolbul.2016.04.048
https://doi.org/10.1021/acs.est.5b05905
https://doi.org/10.1039/C5EM00158G
https://doi.org/10.1073/pnas.1314705111
https://sciencing.com/ecosystems-ghana-13438.html
https://lib.ugent.be/catalog/rug01:000486897
https://doi.org/10.1016/j.marpolbul.2013.01.033
https://doi.org/10.1007/978-3-319-61615-5_4
https://doi.org/10.1016/j.watres.2015.02.012
https://doi.org/10.1371/journal.pone.0111913

J. Acquah et al.

Marine Pollution Bulletin, 77, 177-182.
https://doi.org/10.1016/j.marpolbul.2013.10.007

Eriksen, M., Thiel, M., Prindiville, M., & Kiessling, T. (2018). Microplastic: What Are the
Solutions. In Freshwater Microplastics (pp. 273-298). Cham: Springer.
https://doi.org/10.1007/978-3-319-61615-5 13

Free, C. M,, Jensen, O. P., Mason, S. A., Eriksen, M., Williamson, N. J., & Boldgiv, B.
(2014). High-Levels of Microplastic Pollution in a Large, Remote, Mountain Lake. Ma-
rine Pollution Bulletin, 85, 156-163.
https://doi.org/10.1016/j.marpolbul.2014.06.001

Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, Use, and Fate of All Plastics
Ever Made. Science Advances, 3, e1700782. https://doi.org/10.1126/sciadv.1700782

Goldstein, M. C., Rosenberg, M., & Cheng, L. (2012). Increased Oceanic Microplastic
Debris Enhances Oviposition in an Endemic Pelagic Insect. Biology Letters, 8, 817-820.
https://doi.org/10.1098/rsbl.2012.0298

Gorokhova, E. (2015). Screening for Microplastic Particles in Plankton Samples: How to
Integrate Marine Litter Assessment into Existing Monitoring Programs? Marine Pollu-
tion Bulletin, 99, 271-275. https://doi.org/10.1016/j.marpolbul.2015.07.056

Hdmer, J., Gutow, L., Kohler, A., & Saborowski, R. (2014). Fate of Microplastics in the Ma-
rine Isopod Idotea Emarginata. Environmental Science & Technology, 48, 13451-13458.
https://doi.org/10.1021/es501385y

Harrison, J. P., Sapp, M., Schratzberger, M., & Osborn, A. M. (2011). Interactions between
Microorganisms and Marine Microplastics: A Call for Research. Marine Technology So-
ciety Journal, 45, 12-20. https://doi.org/10.4031/MTS].45.2.2

Hernandez, E., Nowack, B., & Mitrano, D. M. (2017). Polyester Textiles as a Source of
Microplastics from Households: A Mechanistic Study to Understand Microfiber Re-
lease during Washing. Environmental Science & Technology, 51, 7036-7046.
https://doi.org/10.1021/acs.est.7b01750

Himans, 1. P. (2013). Assessment of Marine Debris and Water Quality along the Ac-
cra-Tema Coastline of Ghana. Accra: University of Ghana.

http://ugspace.ug.edu.gh/bitstream/handle/123456789/5326/Irene%20Pokua%20Hima
ns Assessment%200f%20Marine%20Debris%20and%20Water%20Quality%20Along%

20the%20Accra-Tema%20Coastline%200f%20Ghana 2013.pdf?sequence=1&isAllowed
=y

Hoellein, T., Rojas, M., Pink, A., Gasior, J., & Kelly, J. (2014). Anthropogenic Litter in
Urban Freshwater Ecosystems: Distribution and Microbial Interactions. PLoS ONE, 9,
€98485. https://doi.org/10.1371/journal.pone.0098485

Horton, A. A., Walton, A., Spurgeon, D. J., Lahive, E., & Svendsen, C. (2017). Microplas-
tics in Freshwater and Terrestrial Environments: Evaluating the Current Understand-

ing to Identify the Knowledge Gaps and Future Research Priorities. Science of the Total
Environment, 586, 127-141. https://doi.org/10.1016/j.scitotenv.2017.01.190

Imhof, H. K., & Laforsch, C. (2016). Hazardous or Not-Are Adult and Juvenile Individu-
als of Potamopyrgus antipodarum Affected by Non-Buoyant Microplastic Particles?
Environmental Pollution, 218, 383-391.
https://doi.org/10.1016/j.envpol.2016.07.017

Imhof, H. K., Ivleva, N. P., Schmid, J., Niessner, R., & Laforsch, C. (2013). Contamination
of Beach Sediments of a Subalpine Lake with Microplastic Particles. Current Biology,
23, R867-R868. https://doi.org/10.1016/j.cub.2013.09.001

Kershaw, P. J., & Rochman, C. M. (2015). Sources, Fate and Effects of Microplastics
in the Marine Environment: Part 2 of a Global Assessment. Reports and Studies

DOI: 10.4236/gep.2021.93005

71 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.93005
https://doi.org/10.1016/j.marpolbul.2013.10.007
https://doi.org/10.1007/978-3-319-61615-5_13
https://doi.org/10.1016/j.marpolbul.2014.06.001
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1098/rsbl.2012.0298
https://doi.org/10.1016/j.marpolbul.2015.07.056
https://doi.org/10.1021/es501385y
https://doi.org/10.4031/MTSJ.45.2.2
https://doi.org/10.1021/acs.est.7b01750
http://ugspace.ug.edu.gh/bitstream/handle/123456789/5326/Irene%20Pokua%20Himans_Assessment%20of%20Marine%20Debris%20and%20Water%20Quality%20Along%20the%20Accra-Tema%20Coastline%20of%20Ghana_2013.pdf?sequence=1&isAllowed=y
http://ugspace.ug.edu.gh/bitstream/handle/123456789/5326/Irene%20Pokua%20Himans_Assessment%20of%20Marine%20Debris%20and%20Water%20Quality%20Along%20the%20Accra-Tema%20Coastline%20of%20Ghana_2013.pdf?sequence=1&isAllowed=y
http://ugspace.ug.edu.gh/bitstream/handle/123456789/5326/Irene%20Pokua%20Himans_Assessment%20of%20Marine%20Debris%20and%20Water%20Quality%20Along%20the%20Accra-Tema%20Coastline%20of%20Ghana_2013.pdf?sequence=1&isAllowed=y
http://ugspace.ug.edu.gh/bitstream/handle/123456789/5326/Irene%20Pokua%20Himans_Assessment%20of%20Marine%20Debris%20and%20Water%20Quality%20Along%20the%20Accra-Tema%20Coastline%20of%20Ghana_2013.pdf?sequence=1&isAllowed=y
https://doi.org/10.1371/journal.pone.0098485
https://doi.org/10.1016/j.scitotenv.2017.01.190
https://doi.org/10.1016/j.envpol.2016.07.017
https://doi.org/10.1016/j.cub.2013.09.001

J. Acquah et al.

IMO/FAO/Unesco-IOC/WMO/IAEA/UN/UNEP Joint Group of Experts on the Scientific
Aspects of Marine Environmental Protection (GESAMP) Eng No. 93.

Keswani, A., Oliver, D. M., Gutierrez, T., & Quilliam, R. S. (2016). Microbial Hitchhikers
on Marine Plastic Debris: Human Exposure Risks at Bathing Waters and Beach Envi-
ronments. Marine Environmental Research, 118, 10-19.
https://doi.org/10.1016/j.marenvres.2016.04.006

Koelmans, A. A., Bakir, A., Burton, G. A., & Janssen, C. R. (2016). Microplastic as a Vector
for Chemicals in the Aquatic Environment: Critical Review and Model-Supported Rein-
terpretation of Empirical Studies. Environmental Science & Technology, 50, 3315-3326.
https://doi.org/10.1021/acs.est.5b06069

Kiihn, S., Rebolledo, E. L. B., & van Franeker, J. A. (2015). Deleterious Effects of Litter on
Marine Life. In Marine Anthropogenic Litter (pp. 75-116). Cham: Springer.
https://doi.org/10.1007/978-3-319-16510-3 4

Kukulka, T., Proskurowski, G., Morét-Ferguson, S., Meyer, D. W., & Law, K. L. (2012).
The Effect of Wind Mixing on the Vertical Distribution of Buoyant Plastic Debris.
Geophysical Research Letters, 39, 7601. https://doi.org/10.1029/2012GL051116

La Daana, K. K., Johansson, C., Frias, J., Gardfeldt, K., Thompson, R. C., & O’Connor, I.
(2019). Deep Sea Sediments of the Arctic Central Basin: A Potential Sink for Micro-
plastics. Deep Sea Research Part I: Oceanographic Research Papers, 145, 137-142.
https://nsuworks.nova.edu/sci-com-news/16
https://doi.org/10.1016/j.dsr.2019.03.003

Lagarde, F., Olivier, O., Zanella, M., Daniel, P., Hiard, S., & Caruso, A. (2016). Microplas-
tic Interactions with Freshwater Microalgae: Hetero-Aggregation and Changes in Plas-

tic Density Appear Strongly Dependent on Polymer Type. Environmental Pollution,
215,331-339. https://doi.org/10.1016/j.envpol.2016.05.006

Lambert, S., Sinclair, C., & Boxall, A. (2014). Occurrence, Degradation, and Effect of Po-
lymer-Based Materials in the Environment. In Reviews of Environmental Contamina-

tion and Toxicology, Volume 227 (pp. 1-53). Berlin: Springer.
https://doi.org/10.1007/978-3-319-01327-5 1

Law, K. L., Morét-Ferguson, S., Maximenko, N. A., Proskurowski, G., Peacock, E. E,,
Hafner, J., & Reddy, C. M. (2010). Plastic Accumulation in the North Atlantic Sub-
tropical Gyre. Science, 329, 1185-1188. https://doi.org/10.1126/science.1192321

Long, M., Moriceau, B., Gallinari, M., Lambert, C., Huvet, A., Raffray, J., & Soudant, P.
(2015). Interactions between Microplastics and Phytoplankton Aggregates: Impact on
Their Respective Fates. Marine Chemistry, 175, 39-46.
https://doi.org/10.1016/j.marchem.2015.04.003

Lusher, A. (2015). Microplastics in the Marine Environment: Distribution, Interactions
and Effects. In Marine Anthropogenic Litter (pp. 245-307). Cham: Springer.
https://doi.org/10.1007/978-3-319-16510-3 10

Lusher, A. L., O'Donnell, C., Officer, R., & O’Connor, I. (2016). Microplastic Interactions
with North Atlantic Mesopelagic Fish. ICES Journal of Marine Science, 73, 1214-1225.
https://doi.org/10.1093/icesjms/fsv241

Mensah, M. A. (1979). The Hydrology and Fisheries of the Lagoons and Estuaries of
Ghana. Marine Fishery Research Reports (Ghana) No. 7.

Moore, C. J., Lattin, G. L., & Zellers, A. F. (2011). Quantity and Type of Plastic Debris
Flowing from Two Urban Rivers to Coastal Waters and Beaches of Southern Califor-
nia. Revista de Gestio Costeira Integrada/Journal of Integrated Coastal Zone Manage-
ment, 11, 65-73. https://www.redalyc.org/articulo.0a?id=388340132008
https://doi.org/10.5894/rgci194

DOI: 10.4236/gep.2021.93005

72 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.93005
https://doi.org/10.1016/j.marenvres.2016.04.006
https://doi.org/10.1021/acs.est.5b06069
https://doi.org/10.1007/978-3-319-16510-3_4
https://doi.org/10.1029/2012GL051116
https://nsuworks.nova.edu/sci-com-news/16
https://doi.org/10.1016/j.dsr.2019.03.003
https://doi.org/10.1016/j.envpol.2016.05.006
https://doi.org/10.1007/978-3-319-01327-5_1
https://doi.org/10.1126/science.1192321
https://doi.org/10.1016/j.marchem.2015.04.003
https://doi.org/10.1007/978-3-319-16510-3_10
https://doi.org/10.1093/icesjms/fsv241
https://www.redalyc.org/articulo.oa?id=388340132008
https://doi.org/10.5894/rgci194

J. Acquah et al.

Napper, 1. E., Bakir, A., Rowland, S. J., & Thompson, R. C. (2015). Characterisation,
Quantity and Sorptive Properties of Microplastics Extracted from Cosmetics. Marine
Pollution Bulletin, 99, 178-185. https://doi.org/10.1016/j.marpolbul.2015.07.029

Obbard, R. W,, Sadri, S., Wong, Y. Q., Khitun, A. A,, Baker, I., & Thompson, R. C. (2014).
Global Warming Releases Microplastic Legacy Frozen in Arctic Sea Ice. Earth’s Future,
2, 315-320. https://doi.org/10.1002/2014EF000240

Oberbeckmann, S., Loder, M. G. J., & Labrenz, M. (2015). Marine Microplastic-Associated
Biofilms—A Review. Environmental Chemistry, 12, 551-562.
https://doi.org/10.1071/EN15069

Okoree, E. (2008). Fresh Water and Other Aquatic Ecosystems in Ghanaitle.
http://gh.chm-cbd.net/biodiversity/status-ghanas-biodiversity/biodiversity-aquatic-eco
sys-
tems/biodiversity-other-fresh-water-and-ecosysterms/biodiversity-ghanas-fresh-water-
and-other-aquatic

Peng, G., Zhu, B., Yang, D, Su, L., Shi, H., & Li, D. (2017). Microplastics in Sediments of
the Changjiang Estuary, China. Environmental Pollution, 225, 283-290.
https://doi.org/10.1016/j.envpol.2016.12.064

Rochman, C. M., Hoh, E., Kurobe, T., & Teh, S. J. (2013). Ingested Plastic Transfers Ha-
zardous Chemicals to Fish and Induces Hepatic Stress. Scientific Reports, 3, Article No.
3263. https://doi.org/10.1038/srep03263

Rummel, C. D,, Jahnke, A., Gorokhova, E., Kuhnel, D., & Schmitt-Jansen, M. (2017). Im-
pacts of Biofilm Formation on the Fate and Potential Effects of Microplastic in the Ag-

uatic Environment. Environmental Science & Technology Letters, 4, 258-267.
https://doi.org/10.1021/acs.estlett.7b00164

Sussarellu, R., Suquet, M., Thomas, Y., Lambert, C., Fabioux, C., Pernet, M. E. ],
Epelboin, Y. et al. (2016). Oyster Reproduction Is Affected by Exposure to Polystyrene
Microplastics. Proceedings of the National Academy of Sciences, 113, 2430-2435.
https://doi.org/10.1073/pnas.1519019113

Taylor, M. L., Gwinnett, C., Robinson, L. F., & Woodall, L. C. (2016). Plastic Microfibre
Ingestion by Deep-Sea Organisms. Scientific Reports, 6, Article No. 33997.
https://doi.org/10.1038/srep33997

Thompson, R. C., Olsen, Y., Mitchell, R. P., Davis, A., Rowland, S. J., John, A. W. G,
Russell, A. E. et al. (2004). Lost at Sea: Where Is All the Plastic? Science, 304, 838.
https://doi.org/10.1126/science.1094559

Underwood, A.J., Chapman, M. G., & Browne, M. A. (2017). Some Problems and Practi-
calities in Design and Interpretation of Samples of Microplastic Waste. Analytical Me-

thods, 9, 1332-1345. https://doi.org/10.1039/C6AY02641A

Wagner, M., Scherer, C., Alvarez-Muifioz, D., Brennholt, N., Bourrain, X., Buchinger, S.,
Marti, T. et al. (2014). Microplastics in Freshwater Ecosystems: What We Know and
What We Need to Know. Environmental Sciences Europe, 26, 1-9.
https://doi.org/10.1186/s12302-014-0012-7

Wang, F., Wang, F., & Zeng, E. Y. (2018). Sorption of Toxic Chemicals on Microplastics.
In Microplastic Contamination in Aquatic Environments (pp. 225-247). Amsterdam:
Elsevier. https://doi.org/10.1016/B978-0-12-813747-5.00007-2

Wilber, R. J. (1987). Plastic in the North Atlantic. Oceanus, 30, 61-68.

Woodall, L. C., Sanchez-Vidal, A., Canals, M., Paterson, G. L. J., Coppock, R., Sleight, V.,
Thompson, R. C. et al. (2014). The Deep Sea Is a Major Sink for Microplastic Debris.
Royal Society Open Science, 1, Article ID: 140317. https://doi.org/10.1098/rs0s.140317

DOI: 10.4236/gep.2021.93005

73 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.93005
https://doi.org/10.1016/j.marpolbul.2015.07.029
https://doi.org/10.1002/2014EF000240
https://doi.org/10.1071/EN15069
http://gh.chm-cbd.net/biodiversity/status-ghanas-biodiversity/biodiversity-aquatic-ecosystems/biodiversity-other-fresh-water-and-ecosysterms/biodiversity-ghanas-fresh-water-and-other-aquatic
http://gh.chm-cbd.net/biodiversity/status-ghanas-biodiversity/biodiversity-aquatic-ecosystems/biodiversity-other-fresh-water-and-ecosysterms/biodiversity-ghanas-fresh-water-and-other-aquatic
http://gh.chm-cbd.net/biodiversity/status-ghanas-biodiversity/biodiversity-aquatic-ecosystems/biodiversity-other-fresh-water-and-ecosysterms/biodiversity-ghanas-fresh-water-and-other-aquatic
http://gh.chm-cbd.net/biodiversity/status-ghanas-biodiversity/biodiversity-aquatic-ecosystems/biodiversity-other-fresh-water-and-ecosysterms/biodiversity-ghanas-fresh-water-and-other-aquatic
https://doi.org/10.1016/j.envpol.2016.12.064
https://doi.org/10.1038/srep03263
https://doi.org/10.1021/acs.estlett.7b00164
https://doi.org/10.1073/pnas.1519019113
https://doi.org/10.1038/srep33997
https://doi.org/10.1126/science.1094559
https://doi.org/10.1039/C6AY02641A
https://doi.org/10.1186/s12302-014-0012-7
https://doi.org/10.1016/B978-0-12-813747-5.00007-2
https://doi.org/10.1098/rsos.140317

J. Acquah et al.

Wright, S. L., Rowe, D., Thompson, R. C., & Galloway, T. S. (2013). Microplastic Ingestion
Decreases Energy Reserves in Marine Worms. Current Biology, 23, R1031-R1033.
https://doi.org/10.1016/j.cub.2013.10.068

Zarfl, C., Fleet, D., Fries, E., Galgani, F., Gerdts, G., Hanke, G., & Matthies, M. (2011).
Microplastics in Oceans. Marine Pollution Bulletin, 62, 1589-1591.
https://doi.org/10.1016/j.marpolbul.2011.02.040

Zbyszewski, M., & Corcoran, P. L. (2011). Distribution and Degradation of Fresh Water
Plastic Particles along the Beaches of Lake Huron, Canada. Water, Air, & Soil Pollution,
220, 365-372. https://doi.org/10.1007/s11270-011-0760-6

DOI: 10.4236/gep.2021.93005 74 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.93005
https://doi.org/10.1016/j.cub.2013.10.068
https://doi.org/10.1016/j.marpolbul.2011.02.040
https://doi.org/10.1007/s11270-011-0760-6

	Microplastics in Freshwater Environments and Implications for Aquatic Ecosystems: A Mini Review and Future Directions in Ghana
	Abstract
	Keywords
	1. Introduction
	2. Freshwater Ecosystems in Ghana
	3. Sources and Fates of Microplastics in the Freshwater Environment
	3.1. Sources of Microplastics
	3.2. Primary and Secondary Microplastics
	3.3. Environmental Fates of Microplastics

	4. Implications and Effects of Exposure to Microplastics in Ghana
	4.1. Implications of Microplastics Exposure
	4.2. Effects of Microplastics Exposure

	5. Conclusion, Knowledge Gaps and Research Needs
	Fund Items
	Conflicts of Interest
	References

