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Abstract

We present data on the occurrence of microplastics in fish from the Guinea current region
off Ghana’s Coast. Sardinella maderensis had the highest frequency of microplastics (41%),
followed by Dentex angolensis (33%), then Sardinella aurita (26%). Mean numbers of
microplastics ingested per fish were 31.89 + 2.67, 25.66 £ 1.58 and 39.99 = 3.79 for D.
angolensis, S. aurita and S. maderensis respectively. Industrially produced pellets were the
most dominant (31%) microplastic type followed by microbeads (29%), burnt film plastics
(22%) and unidentified fragments (9%). Microfibers (2%), threads (2%) and foams (<0.1%)
were the least occurring microplastics in the fish species. Condition factors estimated for D.
angolensis and S. aurita were greater than 1 and below 1 for S. maderensis. The findings of
the study show the common occurrence of microplastic in fish stocks and paves the way for

future studies on microplastics in this Region.

Keywords: Guinea current plastic pollution

1.0 Introduction

The amount of plastic waste generated globally each year is estimated to be approximately 275
megatons (MT), with 4.8 to 12.7 MT ending up in the oceans (Jambeck et al., 2015). Five countries in
Africa are among the top 20 plastic waste producers in the world (Jambeck et al., 2018). Ghana generates
more than 3000 tonnes of plastic waste daily, with more than 250,000 tonnes of the plastic waste
generated dumped into the Atlantic Ocean annually (Effah, 2019). The lack of clean drinking water in
some parts of the region exacerbates the problem, because drinking water is packaged in single use sachets
and plastic bags in many of the continent’s cities (Stoler et al., 2012). It is estimated that 8.2 billion, 7.3

billion and 277.4 million plastic sachets of water are consumed annually in Ghana, Nigeria and Liberia,
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respectively (Wardrop et al., 2017). These three countries generate a total of 28,000 tonnes of plastic
waste annually from high-density polyethylene (HDPE) and low-density polyethylene (LDPE) packaging
alone annually (Wardrop et al., 2017). As per the 2015 national population estimates, annual per capita
sachet water consumption was 149. | in Ghana, 20.0 | in Nigeria and 30.9 | in Liberia (UNDESA, 2015).
The annual per capita consumption in Ghana and Liberia alone are comparable to the 2013 per capita
bottle water consumption of 143.0 and 36.5 in the United States and the United Kingdom respectively
(BSDA, 2014), therefore, confirming high levels of packaged water consumption in West Africa, and
particularly in Ghana. Plastic waste presents not only an environmental issue for African countries but
also a major socio-economic development challenge impacting biodiversity, infrastructure, tourism and
fisheries livelihoods (Eriksen et al., 2014; UNEP, 2016; Jambeck et al., 2018).

Microplastics, defined as plastic particles <5 mm in length, constitute a major component of global
marine plastic litter (Arthur et al., 2009; Cole et al., 2011; Rezania et al., 2018). They originate from two
main sources; firstly, from the direct emission of microplastic products (e.g. microbeads), and secondly,
from breakdown of larger plastic debris (typically via photo-oxidative, chemical or mechanical
mechanisms) (Napper et al., 2015; Jambeck et al., 2015). They are are ubiquitous in nature and have been
reported across the entire marine environment i.e. from the sea surface to the deepest seabeds (Browne et
al., 2011; Liebezeit and Dubaish, 2012; Woodall et al., 2014; Alomar et al., 2016; Suaria et al., 2016; Zhu
et al., 2018). They have also been reported to occur in remote habitats of the Arctic and Antarctic oceans
(Obbard et al., 2014; Lusher et al., 2015; Isobe et al., 2017). It is estimated that as much as 5 trillion
microplastic particles, weighing over 250,000 tons, are currently floating in the global marine
environment (Eriksen et al., 2014).

Microplastic ingestion by fish and other marine organisms is an emerging concern due to the risks
such particles pose to the health and functioning of marine ecosystems (Lusher, 2015; GESAMP, 2016).
Chemical additives used in plastic manufacturing are known to leach into the marine environment and/or
directly into biological fluids (e.g. gastrointestinal tract fluids), resulting in potential toxic effects
(Rochman et al., 2014). Plastics have also been documented to act as vectors and/or accumulators of
contaminants. Given their hydrophobic properties, plastics have also been documented to sorb
hydrophobic contaminants and once colonized with biological media they can also become potent sorbents
for ecotoxic metals. In addition, plastic particles are known to take up volume in biological systems (e.g.
gastrointestinal tracts or blood vessels) and thereby inhibiting their natural functioning (Rochman et al.,
2014). The inadvertent consumption of plastics by humans has therefore raised major concerns across the
world but in particular in regions, such as East and West Africa, where the consumption of fish
components which are likely to be the main recipients of plastic particles (e.g. the gastrointestinal tract) is
more common (GESAMP, 2016; Browne et al., 2013; Rochman et al., 2013; Wright et al., 2017).
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Several studies have reported evidence of microplastic ingestion by species of fish,
invertebrates, birds and marine mammals from various locations worldwide (e.g., Cole et al., 2011; Lusher
et al., 2013, 2015; Rochman et al., 2015; Terepocki et al., 2017; Fossi et al., 2014). However, a major gap
in knowledge relates to the geographic representation of study areas. Available literature shows
monitoring studies for microplastics been reported for Europe, Asia, North America and South Africa
(Bessa et al., 2018; Allomar et al., 2017; Mizraji et al., 2017; Vendel et al., 2017; Glven et al., 2017;
Bellas et al., 2016; Nadal et al., 2016; Lusher et al., 2016; Lusher et al., 2013), with no reported data for
the Eastern Central Atlantic, particularly, West Africa. Our study, therefore, presents data on the
occurrence of microplastics in three commonly eaten fish species caught from the Eastern Central Atlantic

off the coast of Ghana.

2.0 METHODOLOGY

2.1 Study Area.

Fish specimens were obtained directly from landed boats at the Tema fishing harbor, Accra Ghana (Fig. 1;
Lat:5.6667, Long: -0.0167 111 N) between April and May 2019. The harbor attracts close to 400 fishing
vessels (including artisanal, industrial and semi industrial) fleeting in the nearshore and offshore areas of
the Central Coast of Ghana on daily basis. The coastal zone surrounding the harbor is as regarded one of

the most densely marine litter polluted regions in Ghana.

Ny @ b

W8S 0WS0T  OPW4E 0°W4DT O'W35 D'W30° 0W2§' NI OWIE | OWIO owE WO'E 0°E5" 0°E10° 3 0'E20" 0E25 0"E30° 7 0°ES5" 1'E

Fig. 1: Map showing fishing area within the Tema Fishing harbor in Ghana
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2.2 Sample collection

Fish samples (Sardinella maderensis, Sardinella aurita and Dentex angolensis) were collected from 50
fishing boats using a random sampling approach immediately following landing. A total of 155 fish
specimens were obtained for microplastic analysis. Samples were transported on ice and kept frozen until
they were ready for analysis at the wet laboratory of the Department of Marine and Fisheries Sciences and
the Ecological Laboratory of the University of Ghana. In the laboratory, fish samples were cleaned in
microplastic free distilled water to remove any externally adhered plastic as recommended by Lusher et al.
(2016).

2.3 Microplastic Extraction

Total body length (cm) and body weight (g) were measured for each fish prior to dissection. Fish species
were dissected from the anal opening to the head region and their entire gastrointestinal tracts removed
(Boerger et al., 2010; Lusher et al., 2016; Bessa et al., 2018). The gastrointestinal tracts were then exposed
to 20 mL of 10 M Potassium hydroxide (KOH) at 60°C for 24 hours to ensure their complete digestion,
leaving behind only plastic particles, following the methodology outlined by Bessa et al. (2018). Digested
fluids samples were then filtered through 1.2 um Whatman GF/C microfiber filter papers and residues
dried at 60°C for 24 hours prior to identification under the microscope.

2.4 Observation & Identification of Microplastics.

Identification of microplastics were carried out using a Leica EZ4 HD stereo microscope with image
analyses system 1C80 HD camera. Microplastics particles were counted, classified and categorized by type
according to their shape into fibers or threads (elongated), fragments (angular and irregular pieces), film
(thin and transparent) and their color (clear or green) following protocols outlined in the Spotter's Guide

developed by the Civic Laboratory for Environmental Action Research (CLEAR).

2.5 Quality Control

Robust measures were put in place to reduce/avoid microplastic contamination from the working
environment. These included maintaining a clean working station, depuration of fish under running
filtered water, soaking dissection kits in ethanol between samples to prevent cross contamination, wearing
cotton clothing throughout sample preparation and microscopy, setting up petri dishes containing

dampened 1.2 um Whatman GF/C microfiber filter papers during sample preparation and microscopy to
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account for airborne contamination and sealing digestion vials and petri dishes between laboratory

sessions.

2.6 Statistical Analysis

Statistical analyses were performed in PRIMER 6 and Origin 3 statistical software. Results obtained are
presented as mean + standard error of the mean (SEM). One-way analysis of variance (ANOVA) and
Tukey pairwise tests were used in testing differences in means of length, weight and microplastic numbers
among the three fish species. Correlation analysis and bivariate plots were performed between fish length
and weight, fish length and microplastic numbers and fish weight and microplastic numbers to establish

correlation patterns, r and slope (b) values of the fish species.

3.0 RESULTS
3.1 Morphometrics and Occurrence of Microplastics (MP) in Fish

D. angolensis, S. aurita and S. maderensis samples ranged in length from 19.0 cm to 23.3 cm, 21.0 cm to
25.0 and 13.4 cm to 27.7 cm and weighed between 81.0 g and 194.0 g, 86.7 g and 174.4 g, 83.0 and 154.5
g respectively. Significant difference was observed between the mean length of D. angolensis and S.
aurita (Tukey’s pairwise test; p=0.001) and in mean weights among all three fish species (ANOVA,; p <
0.05: Tukey’s pairwise test; p = 0.001). The length and weight of each species correlated positively
(spearman rho > 0.67) yielding a b value of ~3.0 for all three fish species (Table 1).

Table 1. Morphometric parameters and microplastic ingestion values for D. angolensis, S. aurita and S.
maderensis (MPs/individual) from Ghanaian coastal waters

Specie n Length (cm) Weight (cm) b Condition Factor MPs/Individual
D. angolensis 28 20.54 +0.26 134.78 +5.88 2.80 1.54 £0.05 31.89 +2.67
S. aurita 50 22.58 £0.16 117.37 £ 2.47 2.69 1.01+£0.01 25.66 + 1.58
S. maderensis 77 21.70£0.41 94.47 £4.20 2.69 0.88 £0.01 39.99 +3.79

Condition factors were greater than 1 for D. angolensis and S. aurita and a little below 1 for S. maderensis
(Table 1). Microplastics were found in the gastrointestinal tracts of all 155 fish samples analyzed with an
average of 33.90 + 2.10 particles per total fish. S. maderensis ingested the highest number of microplastic
particles (39.99 + 3.79), followed by D. angolensis (31.89 £ 2.67) then S. aurita (25.66 + 1.58) (Table 1).
Mean microplastic numbers differed significantly among all three fish species (ANOVA; P = 0.007;

Tukey’s pairwise test; p < 0.05). Generally, weak positive correlations were observed between
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microplastic numbers and fish length and weight of S. maderensis, however, the low R? values of the

obtained implied no strong relationship exists between these parameters (Fig. 2).
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Fig. 2: Bivariate plots of fish length against microplastics numbers (a-c; a= D. angolensis, b= S.aurita and
c= S. maderensis) and fish weight against microplastic numbers (d-f; d= D. angolensis, e= S. aurita and f=
S. maderensis).

3.2 Microplastic Characterization

The main types of microplastics found in the gut of the three fish species were fragments, microbeads,
films and threads (Fig. 3). Percent composition of plastic types obtained in all 155 fish samples followed
the order: industrially produced pellets (IPP; 31%) > microbeads (Mb; 29%) > burnt film plastics (BFP,
22% ) > clear plastic fragment (CFP; 6%) > white plastic fragment (WPF; 3%) > thread plastics (TP; 2%)
and microfibers (Mf; 2%) (Fig. 4).
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Fig. 3: Examples of microplastics found in D. angolenesis, S. aurita and S. maderensis from Ghanaian
coastal waters (a=white plastic fragment, b= microbeads, c= industrially produced pellets, d= plastic foam,
e= clear plastic fragment, f= plastic thread, g= burnt plastic film, h= green plastic fragment, i=microfiber)

Comparison among fish species showed a higher occurrence of the industrially produced pellets and burnt
plastic fragments in S. maderensis relative to D. angolensis and S. aurita while more microbeads were
recorded in D. angolensis than S. maderensis and S. aurita (Fig. 5). Although micro fibers, thread plastics
and foam plastics were the least occurring plastics, their occurrences were relatively higher in S.
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maderensis for microfibers, and S. aurita for both thread and foam plastics (Fig. 5). White and green
fragments were generally higher in S. maderensis clear fragments were higher in D. angolensis.

TP Mf
2% 2%

FP

0%
CPF
6%

GPF
5%

IPP
31%

Fig. 4: Total microplastic composition in fish from Ghanaian coastal waters based on extractions
performed on D. angolensis, S. aurita and S. maderensis. (Mf= microfiber, TP= thread plastic, Mb=
microbeads, IPP= industrially produced pellets, WPF= white plastic fragment, GPF= green plastic
fragment, CPF= clear plastic fragment, FP= foam plastic, BFP= burnt plastic film)
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Fig. 5. Types of microplastics detected in D. angolensis, S. aurita and S. maderensis caught from
Ghanaian coastal waters. (Mf= microfiber, TP= thread plastic, Mb= microbeads, IPP= industrially
produced pellets, WPF= white plastic fragment, GPF= green plastic fragment, CPF= clear plastic
fragment, FP= foam plastic, BFP= burnt plastic film)

4.0 DISCUSSION

Microplastics were determined as present in the gastrointestinal tract of all three fish species
studied. microplastic occurrence in the gut of the studied fish species was found to be frequent with S.
maderensis ingesting the highest amount of plastic debris and S. aurita ingesting the least. This high
occurrence of microplastics in the gut of S. maderensis and D. angolensis could be related to the fact that
both species most commonly reside in coastal regions (Koranteng, 1996; Troadec and Garcia, 1980),
where the influx of plastic debris is more significant than deeper regions. High microplastic ingestion rates
in S. maderensis relative to S. aurita can be linked to the distribution and movement patterns of the two
species. S. maderensis is a coastal, mostly euryhaline fish, often abundant near water course outlets with
adults confined over the shallow half of the continental shelf to about 50m water depth (Troadec and
Garcia, 1980). S. aurita prefers saline marine waters with adults wintering in water depths beyond 50m,
moving closer to shallower waters only when the upwelling season commences (typically in July),
thereafter, returning to winter in deeper waters by the winter (Ansa-Emmim, 1973). This sedentary nature
of the S. maderensis relative to S. aurita means it spends more time in coastal waters.

High ingestion of microbeads was recorded for D. angolensis whereas high ingestion of plastic
films, fibers and threads were recorded for S. maderensis and S. aurita. This could be linked to the fact

9
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that D. angolensis most commonly feed at the sediment-water interface (Koranteng 1996) while S.
maderensis and S. aurita are both pelagic feeders (Morote et al., 2008). As such, the lower surface area to
volume ratios of the former materials dictates that they are more likely to sink into the benthic
environment compared to the greater surface area to volume ratios of the latter materials which are more
likely to float on or within the water column (Li et al., 2018).

Microbeads, pellets and burnt films are prevalent in this study relative to fibers which have been
reported as widely occurring in most studies (Table 2). The exact source of microbeads and pellets in this
study remains unclear, however, the reported high occurrences may be related to input from discrete point
sources such as plastic processing plants where the abundance of plastic pellets or powders can be
considerable, factories and sewage discharges, transport at sea and offload from shipping terminals (Norén
and Ekendahl, 2009). The rise in the consumption of plastic sachet water and widespread use of
polyethylene bags for shopping in the West African sub-region may be linked to the reported abundances
in burnt films. Plastic sachet water bags form the major constitute of marine litter in Ghana (Tsagbey,
2009), hence, it is not surprising this study found burnt plastic films to be a dominant microplastic in all
three fish species.

Microfibres are among the most prevalent type of microplastics observed in the marine
environment (Bessa et al., 2018; Allomar et al., 2017; Mizraji et al., 2017; Vendel et al., 2017; Glven et
al., 2017; Bellas et al., 2016; Nadal et al., 2016; Lusher et al., 2016; Lusher et al., 2013) yet, they have
been reported to be least occurring in all three fish species studied. As washing of clothes in washing
machine is the main route of synthetic fibers into the coastal environment, we attribute the low numbers in
this study to the relatively low patronage of washing machines in the West African sub-region. Until the
last 10 years, over 90% of households washed their clothes by hand, which does not shed any significant
amount of synthetic fibers into the environment. It is however anticipated that microfibers may become a
major issue in the Gulf Guinea in the coming years since washing machines are now becoming popular in
many households.

Despite the high microplastic ingestion rates however, the values of the growth coefficient (b) was
approximately equal 3, indicating an isometric growth, i.e. length and weight are growing at
approximately the same rate (Beverton and Holt, 1996). Although no relationship was observed in fish
condition factors and microplastic ingestion, condition factors were greater than 1 in D. angolensis and S.
aurita and below 1 in S. maderensis implying healthy conditions in D. angolensis and S. aurita and
relatively poorer health in S. maderensis. The relatively lesser condition factor in S. maderensis may be
related to high ingestion rates reported in this study for this specie, however we caution that condition
factor may be affected by several environmental factors (Parrish and Mallicoate, 1995) which this study
did not account for. Foekema et al. (2013) reported no significant relationship between plastic ingestion

and overall condition of various fish species from the North Sea, arguing that the numbers of particles
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ingested were too small to cause feelings of satiation, intestinal blockage. Alomar et al. (2017) found no
evidence of oxidative stress or cellular damage in the liver of red mullet, Mullus surmuletus upon
ingestion of microplastics, although a small increase in the activity of glutathione S-transferase (GST) of
was detected which could be suggesting an induction of the detoxification systems. More studies therefore

need to be conducted to understand and relate microplastic ingestion to fish and human health.

5.0 Conclusions

The results of the study depict high microplastic ingestion rates in fish particularly, S maderensis from the
coastal waters of Ghana in the Gulf of Guinea, mainly, from microbeads, pellets and burnt plastic films.
Although we are unable to account for the source of pellets, we anticipate their occurrence may be tied to
shipping operations. In contrast to most studies conducted in Europe and America, our study found
synthetic fibers to be the least occurring microplastics. We attribute the high occurrences of burnt films to
the extremely high consumption rates of sachet water in the sub-region. Despite having high ingestion
values, the estimated condition factors suggest D. angolensis and S. aurita are in good health. The
condition factor of S. maderensis was however below 1, implying poorer physiological wellbeing. We
relate this to the rather sedentary coastal nature of this species, implying it is likely to spend more time in

polluted region than the other two dish species.
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