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Abstract 

 

Each year millions of tonnes of plastic are produced worldwide and around 8 million tons 

are deposited into our marine environment. Rivers comprise the major conduit for plastic 

transport with their deltas, estuaries and coastal lagoons being the key interface between 

lotic aquatic and the oceanic environment. However, we have very little knowledge of 

the role of coastal lagoons in the plastic pollution pathways. We present the spatial and 

temporal distribution and abundance of microplastics in sediments from two coastal 

lagoons in Ghana, West Africa. Sediment cores were taken from Mukwei Lagoon, Kpeshie 

Lagoon and from the mangroves at Kpeshie Lagoon; areas approximately 5-15km East 

from the centre of Accra. Microplastics were detected in all samples with a decreasing 

trend recorded from West to East.  All three sites recorded a similar depth profile for 

plastics: after an initial increase from the surface samples, there was a significant 

decrease in microplastic concentrations with depth. 

 

Keywords: Plastic pollution; coastal lagoons; mangrove; Ghana; Accra; sediment; 

management 

 

1. Introduction 
  
Plastic contamination is now so widespread across the world that the associated physical 

and chemical perturbations are ranked alongside Climate Change and water scarcity as a 

key planetary boundary threat (Villarrubua-Gómez et al., 2018; Rockström et al., 2009). 

Manuscript File Click here to view linked References
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Approximately 80% of all plastic emissions are derived from land-based sources, whilst 

20% are from ocean-based sources (Boucher and Friot, 2017; Pawar et al., 2016; Pokua, 

2015).  As plastics degrade, they form microplastics (particles <5mm) (Löder and Gerdts 

2015; Claessens et al. 2011) that are globally ubiquitous and can be found in the most 

remote locations such as the Earth’s poles and at the bottom of mid oceanic trenches 

(Karlsson et al. 2017; Willis et al. 2017; Fischer et al., 2016;  Thompson 2015; Woodall et 

al., 2014; Hidalgo-Ruz et al. 2012; Cole et al., 2011; Thompson et al., 2004). Several 

studies have reported the presence of microplastics in lagoonal environments where they 

can have an impact on the health of wildlife and humans (Lenaker et al., 2019; Loruenco 

et al., 2017; Vianello et al., 2013; Fabbri et al., 2000). According to Nakki et al. (2017), 

bioturbation plays an important role in shaping the vertical distribution of microplastics 

in such sediments as organisms, directly or indirectly, enable such particle transport via 

a host of mechanisms (Kristensen et al., 2012 as in Nakki et al., 2017). Biofouling, 

agglomeration with sediment particles and uptake into biological organisms can also 

result in the vertical movement of microplastics within water columns and even deep into 

the benthic sediment, due to associated changes in density and/or hydrophobicity, which 

can also facilitate their horizontal movement to new environments (Kooi et al., 2017).  

 

Plastic contamination is a relatively recent phenomenon in the Gulf of Guinea (Ackah et 

al., 2012). In the late 20th Century, the most problematic contaminants typically 

comprised those from the petroleum (namely tarballs) and agricultural (namely nutrient 

runoff) industries, in addition to coastal sediment fouling from a host of land-based 

industries (Gordon, 1998).  As with many other developing countries, Ghana is currently 

experiencing major challenges associated with pollution control, with plastic emissions 

being amongst the major issues. More than 3000 tons of plastic waste are generated 

every day; with approximately 23% of this waste being discharged into the coastal 

environment (Effah, 2019; Ackah et al., 2012). Water sachets (500ml), used for potable 

water, constitute as much as 85% of the plastic waste generated throughout the country. 

Plastic contains a wide range of ecotoxic chemicals (e.g. dioxins, persistent organic 

pollutants, polychlorinated biphenyls) which can leach into the environment and they can 

also trap contaminants (e.g. bacteria from faeces, hydrophobic contaminants via 

sorption, hydrophilic contaminants via sorption onto co-sorbed organic matter). Plastic 
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can also cause direct harm to organisms via a host of mechanisms due to their ingestion, 

inhalation and by trapping their movement. The sheer scale and complexity of such 

problems clearly demonstrates that plastic pollution is a major environmental issue 

(Owusu-Sekyere 2013; Stoler et al., 2012).  

 

Rivers are the major conduit for plastic emissions into the marine environment with 

estuaries and coastal lagoons being key interfaces between such terrestrial and marine 

systems (Thompson, 2015). Ghana comprises approximately 550 km of coastline which 

includes 90-100 coastal lagoons. Whilst being a major host for plastics, these transitional 

zones also constitute a crucial locus of ecosystem services (Apau et al., 2012; Gordon, 

1987). The lagoons, with their associated mangroves, support fisheries, absorb 

floodwaters, protect biodiversity and serve as roosting, nesting and feeding areas for a 

variety of local and migratory birds; for example Keta Lagoon and Sakumo II Lagoon are 

designated RAMSAR sites (Tettey, 2015; Apau et al., 2012; Diop, et al., 2001; Ntiamoa-

Baidu et al., 1997). One of the key challenges of microplastics within marine sediments is 

the potential to enter into marine pelagic fish: the fishing industry in Ghana directly 

supports 10% of Ghanaian’s livelihoods (FAO, 2016). Moreover, fish is considered the 

most important source of animal protein as it contributes 60% of Ghana’s animal protein 

intake (ATLAFCO, 2012). Despite the economic and social importance of lagoons, these 

are threatened by human impacts such as overexploitation of resources, pollution, and 

environmental degradation (Delegation of German Industry and Commerce in Ghana, 

2018). Little is known about the presence or distribution of microplastics in Ghana and 

there is a lack of community awareness and education on this issue. Such preliminary 

reports so far have only explored the surface distribution of microplastics (Lourenço et 

al., 2017; Naidoo et al., 2015; Nel and Froneman, 2015; Hosoda et al., 2014; Ryan and 

Moloney, 1990) and there is no available information on the depth profile of these 

contaminants in Ghanaian coastal lagoons. We record the spatial distribution and 

abundance of microplastics through the sediment column from a number of sites 

adjacent to Accra.  

 

2. Methods 
 

2.1. Sediment core collection and dissection  
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Sediment samples were collected between Accra and Tema from Mukwei (5o 36’31’ N, 0o 

03’16’ W) and Kpeshie (5o 33’52’ N, 0o 08’05’ W) lagoons (Figure 1). Mukwei Lagoon is a 

small lagoon located within the Ledzokuku Krowor Municipality in the Greater Accra 

Region, connected to the sea by a canal which reverses flow at high tide and thereby 

enables transport of seawater back into the lagoon (Tettey, 2015).  Mukwei Lagoon has 

two main sources of fresh water; from the Sakumono Estate to the east and Nungua 

township on the west (Tettey, 2015). The beach adjacent to Mukwei Lagoon, known as 

Mighty Beach, is a recreational area and fishing activities are restricted to cast nets and 

long-line fishing (Tettey, 2015). Kpeshie Lagoon is located in the La Dade-Kotopong 

Municipal District of the Greater Accra Region. The lagoon opens directly into the ocean, 

though it is periodically blocked by sand bars (Ansah et al., 2011). Previously, this lagoon 

was an important fishing ground for the surrounding community (Ansah, 2006 as in 

Korbla et al., 2019). 

 

Three sediment cores were collected: one from Mukwei Lagoon (MLC) and two from 

Kpeshie Lagoon; one near the coastline (KLC1) and the second near the mangrove forest 

remnant (KLC2) (Figure 3). The cores were 30 cm deep and 8 cm in diameter. Immediately 

following sampling, they were sealed with sodium polyacrylate and stored at room 

temperature for 10 days before being frozen at -18°C. Dissection was then performed 

using a handsaw wherein each core was sliced vertically at 1cm intervals, care was taken 

not to contaminate the sample in the slicing process, with each individual samples then 

stored at 4°C. 

 

2.2. Sediment moisture and loss on ignition analysis 

The moisture content of each sample was determined by measuring the mass change of 

one gram of sediment (taken every five centimetres) after heating at 105°C for 16 hours, 

followed by cooling in a desiccator at room temperature for 30 minutes. The organic 

matter content was then determined by heating at 550°C for four hours (followed by 

cooling in a desiccator at room temperature for 60 minutes), with the loss on ignition 

(LOI) calculated using the following equation: 
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𝐿𝑂𝐼550 = ((𝐷𝑊105 − 𝐷𝑊550) ∕ 𝐷𝑊105) × 100 

 

where DW105 represents the dry weight of the sample before combustion and DW550 the 

dry weight of the sample after heating to 550°C (Heiri et al., 2001). 

 

2.3. Particle size analysis 

 

To conduct particle size analysis, 1cm3 was taken from every five centimetres and placed 

in a 500 ml beaker. To prepare the samples for analysis, Jackson’s methodology to 

remove organic material was used (Hyeong and Capuano, 2000; Jackson, 1985). The 

organic material was removed by adding 10 ml of 30% hydrogen peroxide (H2O2) to the 

beakers in a fume cupboard and left overnight to start the digestion process. After that, 

another 10ml of 30% H2O2 were added and left for one hour before warming the samples 

at 50°C on a hot plate for two hours then briefly bringing to boil before cooling. To clean 

the samples of chemicals, and prepare them for the analysis, they were placed in 

centrifuge tubes, topped up with deionized water and centrifuged at 3500 rpm for 8 

minutes to remove any remaining chemical. The samples were washed twice more, 

centrifuged at 3500 rpm for 8 minutes and then oven dried at 105°C for 12 hours. Particle 

size analysis was carried out using the laser granulometer Malvern Mastersizer 2000® 

(pump speed=1500). Results were recorded as the particle volume percent in 100 size 

ranges between 0.02 and 2000 μm.  

 
 

2.4. Microplastics analysis 

 

To prevent airborne plastic particulate contamination and cross-contamination of plastic, 

glass laboratory products were used throughout and rinsed with deionized water before 

each use. The only use of plastics were the tubes used to collect the sediment. To assess 

potential contamination from airborne particles, a glass beaker was left open with 

deionized water during laboratory work. The deionized water was then examined under 

the microscope, wherein no contamination from airborne plastic particles was recorded. 

To determine the presence of microplastics, 10 cm3 of sediment, measured by volume 

displacement, was taken from each interval with two duplicates per depth. To recover 

microplastics from the sediment, the samples were treated with a mixture of 150 ml of 
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deionised water with 22.5 ml of 30% H2O2 (Burt, 2014; Klein et al., 2015). This solution 

was subsequently heated at 90°C for one hour to remove all the organic matter before 

the samples were cleaned using deionized water and passed through a sieve with a mesh 

size of 10 µm.  

 

To isolate microplastics, density separation was conducted following the method of Klein 

et al., (2015) by mixing 200 ml of a 350 gl-1 NaCl solution with the digested sediment, 

which was then stirred for two minutes. The sediment particles were allowed to settle 

for 16 hours before the supernatant was transferred to beakers and washed with 

deionised water to remove the NaCl (Klein et al., 2015). The remaining concentrated 

sample was filtered using a micropore filter and black microporous membranes 

(Whatman Cyclopore Track Etched Membrane 47 mm – 0.2 µm).  The membranes were 

allowed to dry and then the samples were dyed with Nile Red; for this purpose, a Nile Red 

stock solution was prepared at 1mg mL-1 in acetone (Maes et al., 2017). Microplastics 

were identified using a fluorescent microscope (Zeiss LSM 710) under red light at 12X 

magnification. Image J was used to quantify the particle size distribution of the 

microplastics in each photograph. 

 

 2.5. Analysis  
 

ANOVA/Kruskal-Wallis and Tukey tests were used to determine whether there was any 

statistical difference in either the number or size of microplastics as a function of location, 

depth, organic material and sediment size composition, with a significance level of 95%. 

Pearson/Spearman correlation was also implemented to determine correlations between 

the size/number of microplastics with depth, organic material and sediment size 

composition. All statistical analyses were conducted using RStudio 3.5.1.   

 
 
3. Results 

 

Core KLC2 contained the most organic matter overall (2.16 wt.% gr-1), followed by MLC 

(0.96 wt.% gr-1) and KLC1 (0.75 wt.% gr-1). Cores KLC2 and MLC recorded the greatest 

concentration of organic matter between 21 and 25 cm (4.17 wt.% gr-1 and 2.17 wt.% gr-
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1 respectively), while KLC1 exhibited a highest measurement in the first interval, between 

0cm and 5 cm, with 2.25 wt.% gr-1. Particle size analysis determined that for all locations 

the sediment was primarily composed of sand (63 µm-2000 µm) (Figure 2). More 

specifically, KLC1 sediment composition comprised 99.98 % sand and 0.02 % silt (4 µm-

62.9 µm); KLC2 comprised 78.47 % of sand, 17.11 % of silt and 4.42 % of clay (≤ 3.9 µm); 

and MLC sediment was 100 % sand (Figure 2, Appendix 1). Results also show that in KLC2 

particle size decreased with depth, while particle size remained relatively constant at sites 

KLC1 and MLC.  

 

A total of 964 microplastic particles were found in the three core samples across the three 

sampling locations; 467 particles were recorded in core KLC2, 295 particles in KLC1 and 

202 in MLC. The mean abundance of microplastics per 10 cm3 of sediment was 16.39 

±3.26 for KLC1, 25.94 ±3.13 for KLC2 and 11.22 ±2.69 for MLC (Figure 3). The ANOVA 

showed a significant difference between the abundance of microplastics and locations 

(p= 0.001). According to the Tukey Post-hoc test, this difference is most acute between 

KLC2-KLC1 and KLC2-MLC with p-values of p=0.04 and p= 0.0007 respectively. Results 

determined that the mean size of microplastic particles for each location was 26.63 ±5.88 

µm in KLC1, 38.35 ±7.71 µm in KLC2 and 17.98 ±5.25 µm in MLC. However, the ANOVA 

analysis between particles size and location did not display a significant difference 

(p=0.09).  

 

There was a gradual increase in the number of microplastic in KLC1 up to 15 cm, reaching 

a maximum at the 11-15 cm before the number of microplastics decline until the 29 cm 

(Figure 4-A). Moreover, there was a gradual increase in the number of microplastics in 

KLC2 up to 10 cm before the number of microplastics declined moderately until 15 cm, 

followed by a slight increase up to 20 cm, after which the number of microplastics showed 

a gradual drop from 21 cm to 29 cm (Figure 4-B). Finally, there was a slight rise in the 

number of microplastics, reaching a peak at the 6-10 cm depth interval before the 

amount of microplastics decreased dramatically until 29 cm (Figure 4-C).  

 

Analysis carried out in each location determined that microplastics distribution in KLC1 

varied significantly according to abundance and depth (p=2.19e-07) (Figure 5-A). The 
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Tukey Post-hoc test had revealed that the abundance of microplastics was significantly 

higher between the first three depth intervals as they showed p-values <0.05. In addition, 

the Tukey Post-hoc test showed that the abundance of microplastics was significantly 

lower after the interval 11-15 cm, with the exception between the last two intervals 

(p=0.88). In addition, Pearson analysis displayed a moderate negative correlation 

between depth and abundance of microplastics, r=-0.49. For KLC2 (Figure 5-B), the 

ANOVA test determined that there was a significant difference between the abundance 

of microplastics and depth (p=0.007). According to the Tukey Post-hoc test, there was a 

significant increase in the abundance of microplastics between 1-5 cm and 6-10 cm depth 

intervals (p= 0.02). In addition, the abundance of microplastics was significantly lower 

between the 6-10 cm and 26-29 cm depth intervals (p=0.008), as well as between the 16-

20 cm and 26-29 cm (p=0.04). After the Pearson correlation analysis between the 

abundance of microplastics and depth, a weak negative correlation of r=-0.29 was 

obtained. For core MLC (Figure 5-C) the ANOVA test showed that microplastics 

distribution varied significantly in abundance with depth (p=2.74e-05). The Tukey Post-

hoc test showed there was a significant decrease in abundance of microplastics between 

the first two intervals and four last depth intervals; all presented p-values <0.05. 

Moreover, the Pearson analysis showed a strong negative correlation, r=-0.69, between 

abundance and depth.   

 

The ANOVA showed that there was no significant difference between size and depth (p= 

0.50) of microplastic particles size in KLC1 (Figure 6-A), displaying a weak negative 

correlation (r=-0.30). For core KLC2 (Figure 6-B), the ANOVA test showed that there was 

a significant difference between microplastics size and depth (p=0.04). This difference 

corresponded to the depth intervals 1-5 cm and 26-29 cm (p=0.02); the Pearson analysis 

between microplastics size and depth resulted in a strong negative correlation (r=-0.66). 

For core MLC (Figure 6-C) the ANOVA test showed that there was no significant difference 

between microplastics size and depth (p=0.49) down the core with the Pearson 

correlation coefficient between these two variables displaying a weak negative 

correlation (r=-0.31). 
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4. Discussion 

 
Microplastics were detected in all three sampling sites, KLC2 being the most 

contaminated area accounting for approximately 80% of the microplastics. These results 

support a previous study (Tettey, 2015) that documented a decreasing amount of plastic 

waste in coastal lagoons from West to East. This spatial variability could be explained by 

the proximity to Accra, and the ensuing eastward prevailing flow of the Guinea Current 

(Lebreton et al., 2017).  There is also potential that quantities of these particles are being 

ingested by humans who eat locally caught seafood (Fauziah et al., 2015). Our results also 

show a significant decrease in microplastics abundance between locations KLC1 and KLC2 

which support previous studies that have showed mangrove areas to have a greater 

concentration of microplastics (Nel et al., 2017; Nor and Obbard; 2014; Yona et al., 2019). 

Mangroves and estuaries collect and retain microplastics from runoff (Nel et al., 2017) 

with the extensive root system of mangroves trapping a variety of debris, including 

plastics (Yona et al., 2019). Tides that inundate mangroves carry plastic wastes that, due 

to the presence of sand barriers, is ponded with the plastic debris stuck within the lagoon 

until there is either a high spring tide or a high river flow to flush the waste through the 

lagoon into the ocean (Yona et al., 2019).  

 

A significant difference in vertical microplastic distribution was recorded across the coast: 

all locations exhibited a low amount of microplastics in the upper sediment layers. The 

sediment-water interface is highly dynamic and are frequently removed and deposited 

by oceanographic events, preventing the sedimentation and accumulation of 

microplastics in the superficial sediments (Frère et al., 2017; Turra et al., 2014). The 

deeper layers contain greater amounts of microplastics as they might accumulate these 

particles for longer time periods. Additionally, the variability in abundance of 

microplastics in KLC2 along the core might be due to the presence of organic materials; 

organic materials not properly digested, especially remaining solids such as wood and 

leaves, may cause a false positive result as these materials could be dyed by Nile Red dye 

(Valine, 2019, Wang et al., 2018). According to LOI analysis, the intervals 16-20cm and 

21-25cm for KLC2 record the highest amounts of organic material. Additionally, the 
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significant difference between microplastics size and depth in KLC2 could be the result of 

the variability in sediment composition along the sediment column compared to KLC1 

and MLC that remain almost constant.  

 

Marine microscopic plastic litter is a contemporary societal problem and illustrates the 

challenge of balancing the use of plastic in daily life with its negative effect on the 

environment (Galloway et al., 2018). There are potential impacts from the plastics 

retained with the sediments, particularly if these are mobilized and enter into the biota 

and ensuing food chain. Therefore, in Ghana, like many countries, it is essential to 

improve waste management strategies such as recycling and reuse of plastic waste. There 

should be a promotion of litter-separation initiatives as the waste stream in Ghana 

contains high proportions of compostable materials and plastics (Ackah et al., 2012). 

However, before this could be implemented, the general public needs education on the 

correct use and disposal of plastics and its effects on the environment and their own 

health (Teye, 2012). Moreover, industries, especially those that produce plastics, should 

be required to contribute to the recycling of plastic wastes (Teye, 2012). The authorities 

should look for alternatives to improve the supply of drinking water to avoid the use of 

single use water sachets and water bottles. The challenge posed by microplastic requires 

society to actively engage and consider its role in consumption patterns and careless 

disposal (Galloway et al., 2018). 

 

5. Conclusions  
 

We have documented the concentration and particle size distribution of microplastics in 

two coastal lagoons within 20km of Accra, Ghana. Microplastics were recorded in all 

samples; such widespread presence suggests that these may be exhibiting a major impact 

on the security and purity of seafood stock in the region. Each site exhibited a peak of 

microplastic concentration at approximately 10cm depth.  This suggests that plastics are 

broken down into microplastics, which are then deposited in the shallow sediments (i.e. 

just beneath areas which can erode away). Further research is required in order to 

determine the mechanics behind this phenomenon. Whilst the entrainment of 

microplastics into the sediment will likely create additional complexities for remediation 
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(i.e. microplastic recovery), it could potentially act as a sink to isolate them from the near 

surface biosphere and the wider marine environment, which is a vitally important 

resource for the Ghanaian economy.  

 

Acknowledgments 
 

We would like to thank the staff of the Institute for Environment and Sanitation Studies 

and students from the Department of Marine and Fisheries Sciences, University of Ghana 

for helping with sample collection. We would also like to thank Maria Gehrels for her 

assistance in the laboratory work. This work was financially supported by the UK Global 

Challenges Research Fund (GCRFNGR2\10334), and the UK Chevening Scholarships, the 

UK government’s global scholarship programme, funded by the Foreign and 

Commonwealth Office (FCO) and partner organisations. 

 

References 

 
1. Ackah, R., Carboo, D., and Gymfi, E. (2012). Challenges of plastic waste disposal in 

Ghana: a case study of solid waste disposal sites in Accra. Elixir Mgmt. Arts, 49, 
pp. 9879-9885 

2. Andrady, A. (2011). Microplastics in the marine environment. Marine Pollution 
Bulletin, 62, pp. 1596-1605. 

3. Apau, J., Appiah, S., and Marmon-Halm, M. (2012). Assessment of water quality 
parameters of Kpeshie Lagoon of Ghana. Journal of Science and Technology, 32(1), 
pp. 22-31 

4. ATLAFCO. (2012). Fishery and aquaculture industry in Ghana. Review of the fishery 
and aquaculture industry, 1, pp. 1-51 

5. Boucher, J., and Friot, D. (2017). Primary Microplastics in the Oceans: a Global 
Evaluation of Sources. Gland, Switzerland: IUCN, pp.43 

6. Claessens, M., Meester, S., Van Landuyt, L., De Clerk, K., and Janssen, C. (2011). 
Occurrence and distribution of microplastics in marine sediments along the 
Belgian coast. Marine Pollution Bulletin, 62, pp.2199–2204 

7. Cole, M., Lindeque, P., Halsband, C., and Galloway, T. (2011). Microplastics as 
contaminants in the marine environment: A review. Marine Pollution Bulletin, 62, 
pp. 2588–2597 

8. Coppock, R., Cole, M., Lindeque, P., Queirós, A. (2017). A small-scale, portable 
method for extracting microplastics from marine sediments. Environmental 
Pollution, 230 pp. 829-837 

9. Delegation of German Industry and Commerce in Ghana. (2018). Access to clean 
drinking water & sustainable water management in Ghana. pp. 1-53 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 Jo

ur
na

l P
re

-p
ro

of



Journal Pre-proof
 
 

10. Diop, E.S., Gordon, C., Semesi, A.K., Soumare, A., Diallo, A., Guisse, A., Diouf, M., 
and Ayivor, J.S. (2001). Mangroves of Africa in Mangrove Ecosystems: Function 
and Management. L. D. de Larceda (ed.) Springer-Verlag, Berlin 292pp 

11. Effah, K. (2019). US Embassy laments Ghana’s inability to recycle plastic waste. 
Available at: https://yen.com.gh/126591-us-embassy-laments-ghana.html 
[Accessed 6 Sep 2019] 

12. Fabbri, D., Tartari, D., and Trombini, C. (2000). Analysis of poly(vinyl chloride) and 
other polymers in sediments and suspended matter of a coastal lagoon by 
pyrolysis-gas chromatography-mass spectrometry. Analytica Chimica Acta, 413(1-
2), pp. 3-11 

13. Fauziah, S., Liyana, I., and Agamuthu, P. (2015). Plastic debris in the coastal 
environment: The invincible threat? Abundance of buried plastic debris on 
Malaysian beaches. Waste Management & Research, 33(9), pp.812–821 

14. Fischer E., Paglialonga L., Czech E., and Tamminga, M. (2016) Microplastic 
pollution inlakes and lake shoreline sediments – A case study on Lake Bolsena and 
Lake Chiusi(central Italy). Environmental Pollution, 213, pp. 648–657 

15. Frère, L., Paul-Pont, I., Rinnert, E., Petton, S., Jaffre, S., Bihannic, I., Soudant, P., 
Lambert, C., and Huvet, A. (2017). Influence of environmental and anthropogenic 
factors on the composition, concentration and spatial distribution of 
microplastics: A case study of the Bay of Brest (Brittany, France). Environmental 
Pollution, 225, pp.211-222 

16. Galloway, T., Cole, M., and Lewis, C. (2018). Interactions of microplastics 
throughout the marine ecosystem. University of Exeter, pp. 1-22 

17. Gordon, C. (1998). The state of the coastal and marine environment of Ghana. In 
Ibe, C. and Zabi, S.G. (eds.) State of the Coastal and Marine Environment of the 
Gulf of Guinea.  UNIDO/UNDP/GEF CEDA, 158pp 

18. Gordon, C. (1987). The coastal lagoons of Ghana. In M. J. Burgis and J. J Symoens 
(eds.) African Wetlands and Shallow Water Bodies. ORSTOM 211, Paris, 650pp 

19. Heiri, O., Lotter, A., and Lemcke, G. (2001). Loss on ignition as a method for 
estimating organic and carbonate content in sediments: reproducibility and 
comparability of results. Journal of Paleolimnology, 25, pp. 101–110 

20. Hidalgo-Ruz, V., Gutow, L., Thompson, R., and Thiel, M. (2012). Microplastics in 
the Marine Environment: A Review of the Methods Used for Identification and 
Quantification. Environ. Sci. Technol., 46, pp. 3060−3075 

21. Hong, S., Shim, W., and Hong, L. (2017). Methods of analysing chemicals 
associated with microplastics: a review. Anal. Method, 9, pp. 1361–1368 

22. Hosoda, J., Ofosu-Anim, J., Sabi, E., Akita, L., Onwona-Agyeman, S., Yamashita, R., 
and Takada, H. (2014). Monitoring of organic micropollutants in Ghana by 
combination of pellet watch with sediment analysis: E-waste as a source of PCBs. 
Marine Pollution Bulletin, 86(1-2), pp. 576-581 

23. Hyeong, K., and Capuano, R. (2000). The effect of organic matter and the H2O2 
organic-matter-removal method on the δD of smectite-rich samples. Geochimica 
et Cosmochimica Acta, 64(22), pp. 3829-3837 

24. Jackson M. L. (1985). Soil chemical analysis - Advanced Course. 2nd ed., published 
by the author, Madison, WIS 53705. 

25. Karlsson, T., Vethaak, A., Almoroth, B., Arise, F., van Velzan, M., Hassellov, M., and 
Leslie, H. (2017). Screening for microplastics in sediment, water, marine 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 Jo

ur
na

l P
re

-p
ro

of



Journal Pre-proof
 
 

invertebrates and fish: Method development and microplastic accumulation. 
Marine Pollution Bulletin, pp.1-6  

26. Klein, S., Worch, E., and Knepper, T. (2015). Occurrence and Spatial Distribution 
of Microplastics in River Shore Sediments of the Rhine-Main Area in Germany. 
Environ. Sci. Technol, 49, pp. 6070−6076 

27. Kooi, M., van Nes, E., Scheffer, M., and Koelmans, A. (2017). Ups and Downs in 
the Ocean: Effects of Biofouling on Vertical Transport of Microplastics.  
Environmental Science and Technology, 51, (14) 7963-7971 

28. Korbla, L., Anom, P., and Obeng, J. (2018). Assessment of Heavy Metals in Water 
and Sediments of Sakumo II, Chemu and Kpeshie Lagoons – Ghana. West African 
Journal of Applied Ecology, 26(2), pp.56 – 71 

29. Lenaker, P., Baldwin, A., Corsi, S., Mason, S., Reneau, P., and Scott, J. (2019). 
Vertical Distribution of Microplastics in the Water Column and Surficial Sediment 
from the Milwaukee River Basin to Lake Michigan. Environ. Sci. Technol, 53(21), 
pp. 12227-12237 

30. Löder M.G.J., Gerdts G. (2015) Methodology Used for the Detection and 
Identification of Microplastics—A Critical Appraisal. In: Bergmann M., Gutow L., 
Klages M. (eds) Marine Anthropogenic Litter. Springer, Cham 

31. Lourenço, P., Serra-Goncalves, C., Ferreira, J., Catry, T., and Granadeiro, J. 
(2017). Plasticnell and other microfibers in sediments, macroinvertebrates 
and shorebirds from three intertidal wetlands of southern Europe and 
west Africa. Environmental Pollution, 231(1), pp. 123-133 

32. Maes, T., Jessop, R., Wellner, N., Haupt, K., and Mayes, A. (2017). A rapid-
screening approach to detect and quantify microplastics based on fluorescent 
tagging with Nile Red. Scientific Reports, 7(44501), pp1-10 

33. Naidoo, T., Glassom, D., and Smith, A. (2015). Plastic pollution in five urban 
estuaries of KwaZulu-Natal, South Africa. Marine Pollution Bulletin, 101(1), pp. 
473-480 

34. Nakki, P., Setalia, O., and Lehtiniemi, M. (2017). Bioturbation transports 
secondary microplastics to deeper layers in soft marine sediments of the northern 
Baltic Sea. Marine Pollution Bulletin, 119, pp.255–261 

35. Nel, H., and Froneman, P. (2015). A quantitative analysis of microplastic pollution 
along the south-eastern coastline of South Africa. Marine Pollution Bulletin, 
101(1), pp. 274-279 

36. Nell, H., Hean, J., Noundou, X., Froneman, P. (2017). Do microplastic loads reflect 
the population demographics along the southern African coastline? Marine 
Pollution Bulletin, 115, pp. 115–119 

37. Nor, N., and Obbards, J. (2014). Microplastics in Singapore’s coastal mangrove 
ecosystems. Mar. Pollut. Bull. 79, pp.278-283 

38. Ntiamoa-Baidu, Y., Piersma, T., Wiersma, P., Poot, M., Battley, P., and Gordon, C. 
(1997). Water depth selection, daily feeding routines and diets of water birds in 
coastal lagoons in Ghana. Ibis, 140: 89 – 103 

39. Owusu-Sekyere, E., Osumanu, I. K., and Osumanu, A-K. (2013) An Analysis of the 
Plastic Waste Collection and Wealth Linkages in Ghana. International Journal of 
Current Research, 5(1), pp. 205-209 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 Jo

ur
na

l P
re

-p
ro

of



Journal Pre-proof
 
 

40. Pawar, P., Shirgaonkar, S., and Patil, R. (2016). Plastic marine debris: Sources, 
distribution and impacts on coastal and ocean biodiversity. PENCIL Publication of 
Biological Sciences, 3(1), pp. 40-54 

41. Pokua, I. (2013). Assessment of marine debris and water quality along the Accra-
Tema coastline of Ghana. University of Ghana. pp. 1-141 

42. Rockström, J., Steffen W., Noone K., Persson A., Chapin F. S., Lambin E., Lenton T. 
M., Scheffer M., Folke C., Schellnhuber H., Nykvist B., De Wit C. A., Hughes T., van 
der Leeuw S., Rodhe H., Sörlin S., Snyder P. K., Costanza R., Svedin U., Falkenmark 
M., Karlberg L., Corell R. W., Fabry V. J., Hansen J., Walker B., Liverman D., 
Richardson K., Crutzen K., and Foley J. (2009). Planetary boundaries: exploring the 
safe operating space for humanity. Ecology and Society; 14(2): 32 

43. Ryan P. G., Moloney C. L. (1990) Plastic and other artefacts on South African 
beaches: temporal trends in abundance and composition. South African J Sci, 86, 
pp. 450-452 

44. Stoler, J., Weeks, J., and Fink, G. (2012). Sachet drinking water in Ghana’s Accra-
Tema metropolitan area: past, present, and future. Journal of Water, Sanitation 
and Hygiene for Development, 02(4), pp. 223-240 

45. Tettey, Q. (2015). Assessment of litter on the banks of some selected lagoons 
along the eastern coast of Ghana. University of Ghana. pp. 1-197 

46. Teye, R. (2012). Plastic Waste Management in Accra, Ghana. Arcada University of 
Applied Science, pp. 1-43 

47. Thompson, R. (2015). Microplastics in the marine environment: Sources, 
consequences and solutions. In M. Bergmann, L. Gutow, & M. Klages (Eds.), 
Marine anthropogenic litter. Berlin: Springer, pp. 185-200 

48. Thompson, R., Olse, Y., Mitchell, R., Davis, A., Rowland, S., John, A., McGonigle, 
D., and Rusell, A. (2004). Lost at Sea: Where Is All the Plastic? Sicence, 305(5672), 
pp.838 

49. Turra, A., Manzano, A., Días, R., Mahiques, M., Barbosa, L., Balthazar-Silva, D., and 
Moreira, F. (2014). Three-dimensional distribution of plastic pellets in sandy 
beaches: shifting paradigms. Scientific reports, 4(4435), pp. 1-7 

50. Valine, A. (2019). Nile Red Microplastic Validation: Enhancing the Study of 
Microplastics in Oregon’s River Water. Portland State University: University 
Honors Theses, 776, pp. 1-12 

51. Vianello, A., Boldrin, A., Guerreiro, P., Moschino, V., Rella. R., Sturano, A., and Da 
Ros, L. Microplastic particles in sediments of Lagoon of Venice, Italy: 
Firstobservations on occurrence, spatial patterns and identification. Estuarine, 
Coastal and Shelf Science, 130, pp. 54-61 

52. Villarrubia-Gómez, P., Cornell, S., and Fabres, J. (2018). Marine plastic pollution as 
a planetary boundary threat – The drifting piece in the sustainability puzzle. 
Marine Policy, 96, pp. 213-220 

53. Wang, A., Taylor, S., Sharma, P., and Flury, M. (2018). Poor extraction efficiencies 
of polystyrene nano- and microplastics from biosolids and soil. PLoS ONE, 13(11): 
e0208009 

54. Wentworth, C. Scale of grade and class terms for clastic sediments. State 
University of Iowa. pp. 377-392 

55. Willis, K., Eriksen, R., Wilcox, and Hardesty, B. (2017). Microplastic Distribution at 
Different Sediment Depths in an Urban Estuary. Front. Mar. Sci., 4(419), pp. 1-8 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 Jo

ur
na

l P
re

-p
ro

of



Journal Pre-proof
 
 

56. Woodall, L., Sanchez-Vidal, A., Canals, M., Paterson, G., Narayanaswamy, E., and 
Thompson, R. (2014). The deep sea is a major sink for microplastic debris. R. Soc. 
open sci., 1(140317), pp.1-8 

57. Yona, D., Sari, S., Iranawati, F., Bachhri, S., and Ayuningtyas. (2019). Microplastics 
in the surface sediments from the eastern waters of Java Sea, Indonesia [version 
1; peer review: 2 approved]. F1000Research, 8(98), pp. 1-14 

 
 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 Jo

ur
na

l P
re

-p
ro

of



Journal Pre-proof
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Map showing the sampling sites between Accra and Tema:  Kpeshie Lagoon (A), two 
sampling sites: Kpeshie Lagoon coastline (KLC1) and Kpeshie Lagoon Mangrove (KLC2); and 
Mukwei Lagoon (B), one sampling site (MLC). Photos by Robert Marchant. 

 

 

 
 
Figure 2. Particle size distribution of sediment samples collected at Kpeshie Lagoon (KLC1), 
Kpeshie Lagoon Mangrove (KLC2) and Mukwei Lagoon (MLC), classified according the Udden-
Wentworth grain-size scale (Wentworth, 1992) 
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Figure 4. Changes in the vertical distribution of microplastics taking into account depth intervals in 
A) Kpeshie Lagoon, B) Kpeshie Lagoon Mangrove and C) Mukwei Lagoon 

 
Figure 3. Boxplots of the microplastics abundance in the three sampling locations using 
normalized data. 
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Figure 5. Boxplots of the vertical distribution of microplastics in (A) Kpeshie Lagoon, (B) Kpeshie 
Lagoon Mangrove and (C) Mukwei Lagoon, according to depth intervals. 
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Figure 6. Boxplots of microplastic particles sizes in (A) Kpeshie Lagoon, (B) Kpeshie Lagoon 
Mangrove and (C) Mukwei Lagoon, according to depth intervals. 
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Highlights

 The abundance and distribution of microplastics (MP) in two coastal
lagoons within 20km of Accra were documented.

 Plastic waste is being broken down into MPs which are then deposited
in the shallow sediments.

 The widespread presence of MPs in the sediment column rise sharply
before decreasing with depth.

 MPs in the lagoon environment are likely exhibiting a major adverse
impact on the health and functioning of the biosphere.

 Mechanics behind microplastics’ entrainment into the sediment still
need to be elucidated.
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