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• Limited studies exist on microplastic
abundance in African ecosystem and or-
ganisms.

• High concentrations of hopanes,
phthalates, zinc and sodium reported.

• Lack of effective sampling and analytical
techniques revealed.

• No studies on microplastics in air and
terrestrial environment.

• High levels of microplastics detected in
fish from Egypt compared to other
parts of the world.
⁎ Corresponding author.
E-mail address: olubukola.alimi@mail.mcgill.ca (O.S. A

https://doi.org/10.1016/j.scitotenv.2020.142422
0048-9697/© 2020 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 11 July 2020
Received in revised form 13 September 2020
Accepted 14 September 2020
Available online 21 September 2020

Editor: Damia Barcelo

Keywords:
Microplastic
Persistent organic pollutants
Metals
Africa
Plastic pollution
Effects and risks
Despite Africa ranking top in mismanaged plastic waste, there is insufficient data on the extent of microplastics
and its interactionwith other contaminants in its ecosystems.Microplastics pollution has beendocumented glob-
ally, however, specific data from the continent is crucial for accurate risk assessment and to drive policies. We
critically reviewed 56 articles from 1987 to 2020 and provide an overview of the current knowledge of the abun-
dance and distribution of microplastics and associated contaminants in African aquatic systems and organisms.
Most of the studies were carried out in the marine environment and there is currently no available data on the
abundance of microplastic pollution in the African terrestrial environment. We show that across all studies,
5–100% of all sampled aquatic organisms contained microplastics. Concerning high levels of microplastics were
reported in fish from Egypt compared to other parts of Africa and the world. Across all persistent organic pollut-
ants sampled in microplastics, hopanes and phthalates were present at high concentrations while sodium and
zinc were high relative to other trace metals reported. The most frequently occurring plastics were polyethylene
followed by polypropylene and polystyrene. We found that most of the studies relied on visual inspection
(52%) > FTIR (38%) > Raman spectroscopy (5%) > Scanning electron microscopy (3%) > Differential scanning
calorimetry (2%) for identifying microplastics. Major gaps in sampling and identification techniques which
may have overestimated or underestimated the current levels were identified. We discuss other research prior-
ities and recommend solutions to address these issues associated with microplastic pollution in Africa.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

The global production rate of plastic has been increasing over the
past six decades due to their durability, versatility, and cost-efficiency,
reaching 360 million tons in 2018 (Plastics Europe, 2019). As a result
of widespread usage combined with mismanagement, plastic wastes
have become ubiquitous in the global environment. Over eight million
tons of plastics have been reported to be dislodged annually intomarine
ecosystem (Naik et al., 2019). After release and exposure to mechanical
abrasions, water, wind and sunlight, plastic debris in the environment
will undergo degradation and fragmentation into smaller sized particles
referred to as microplastics (MPs; fragments <5 mm) and nanoplastics
(NPs; fragments <0.1 μm) (Alimi et al., 2018). Theword “microplastics”
is thought to be first used in Africa by Ryan and Moloneys in their re-
searchpaper titled “Plastic and other artefacts on SouthAfrican beaches:
temporal trends in abundance and composition” in the year 1990 (Ryan
and Moloney, 1990). The term however became widely accepted
among researchers after Thompson's report in 2004 examined the
abundance of microplastics in sediment from beaches, estuarine and
subtidal around Plymouth, United Kingdom (Thompson et al., 2004).
Since then, several studies have reported on the accumulation and con-
tamination of micro/nanoplastics and the associated contaminants in
surface waters, sediments, estuarine, and subtidal habitats as well as
within aquatic and terrestrial organisms in every continent (Eerkes-
Medrano et al., 2015; Free et al., 2014; Van Cauwenberghe et al.,
2015). These studies have built increasing evidence that plastic particles
can be ingested and accumulated, adsorb and desorb contaminants, and
cause detrimental effects on organisms.

In the aquatic environments microplastics deleterious effects is enor-
mous. Microplastics have been reported to adsorb persistent organic pol-
lutants (POPs) from its surrounding environment which could be
released upon ingestion and/or be a pathway for transfer into their tissues
(Galloway et al., 2017; Rochman, 2015). Likewise, microplastics may con-
tain chemical additives added during their manufacturing process and
these toxic chemicals could leach from plastic particles leading to possible
negative impacts to an organism (Alimi et al., 2018; Hermabessiere et al.,
2017). The potential for microplastics to cause physical damage or injury
to a variety of exposed aquatic and terrestrial organisms has been widely
reported and includes adverse effect such as induction of oxidative stress,
reduction of predatory performance, oxidative damage, effects on repro-
duction, reductionof feeding rate,mortality, decreasedneurofunctional ac-
tivity, development of pathologies, among others (de Sá et al., 2018;
Fadare et al., 2019; Ribeiro et al., 2019). Consequently, this threatens the
aquatic live, which constitute a major part of the food web and supports
human existence. Plastic particles have been reported in food consumed
byhumans aswell as drinkingwater, raisingglobal concerns on food safety
(Koelmans et al., 2019; Ribeiro et al., 2020). Given the importance of
2

human safety and environmental protection, it is imperative to evaluate
the occurrence and distribution of microplastics. Monitoringmicroplastics
globally in various environmental compartments can provide basic empir-
ical data to ascertain the level of pollution, areaswith imminent threat, his-
torical trends, and organisms' exposure (Shim et al., 2017). Although, the
abundance and distribution of microplastics in most continents has been
well documented, data on the extent of pollution is lacking in Africa.

Africa is the world's second largest and second-most populous con-
tinent with a population estimated as 1.3 billion, equivalent to 16.7% of
the total world population (United-Nations, 2019). It is surrounded by
the Mediterranean Sea to the north, the Isthmus of Suez and the Red
Sea to the northeast, the Indian Ocean to the southeast and the Atlantic
Ocean to the west (Sayre, 1999). Africa like other continents is not
exempted from the current global challenges of plastic pollution. Be-
tween 1990 and 2007, from the available record of thirty-three coun-
tries out of fifty-four nations in Africa, the total estimated plastics
consumption is approximately about 172 million tons of polymers and
plastics valued at $285 billion (Babayemi et al., 2019). Even with this
high rate of consumption, there exist poor waste management policies
making the continent to rank tops globally in terms of mismanaged
plastic. Compared to other continents, Africa has the least amount of
freshwater bodies (9%) (Vallee et al., 2003) hence must be sustainably
managed. Microplastic pollution therefore poses additional burdens
on the African populace. Even though the first study reporting
microplastics (no sized definition at that time) came from Africa,
microplastics research in Africa is still in its infancy. Microplastic pollu-
tion awareness has increased in the last decade, however, very little is
known about the occurrence, distribution, and fate of microplastics in
different environmental compartments within the continent.

Despite available reviews onmicroplastics occurrence, fate in the envi-
ronment and ecotoxicological impact (Hamid et al., 2018; Shim et al.,
2018), there is no critical evaluation and synthesis of the current research
related tomicroplastics detected in aquatic ecosystems fromAfrican coun-
tries. Thus, this paper presents the current knowledge about the abun-
dance, distribution and fate of microplastics in different compartment
across the Africa. We (i) offer a perspective on the abundance of
microplastics in aquatic environment (sediments and surface waters)
and organisms, (ii) synthesize and critically analyze studies that report
the interaction of microplastics and persistent organic pollutants and
metals (iii) evaluate current sampling andanalyticalmethods and (iv) crit-
ically outline and discuss the knowledge gaps in microplastic research in
Africa while suggesting future research directions.

2. Literature search

An exhaustive literature searchwas carried out using Scopus, google
scholar databases and local journals for studies onmicroplastic in Africa
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from 1987 to June 2020. The purpose of the literature search was to
identify all peer-reviewed articles and review papers on microplastics
occurrence, abundance, transportation, fate and associated contami-
nants concentrations in different environmental medium from African
countries. The keyword queries were “microplastics AND Africa”,
“microplastic AND Africa AND contaminants” and “plastic particles/de-
bris AND Africa”. The retrieved articles were sorted into years of publi-
cation, after which the abstracts were vetted to remove studies which
were out of the scope of this review (mesoplastic and plastics). Alto-
gether, a total of 56 articles were considered, comprehensively evalu-
ated and recapitulated. Studies that fall into two or more broad
categories were counted as separate studies which sums up to 71 stud-
ies. Three grey studies found on the international pellet watch database
were included via google search. All reviewed studies were from 13
African countries namely, Algeria, Ghana, Nigeria, South Africa,
Tanzania, Egypt, Tunisia, Guinea-Bissau, Mauritania, Equatorial Guinea,
Mozambique, Ethiopia, and Kenya (Fig. 1a). The detailed description of
all studies is provided in the Supporting information (S1). Fig. 1 shows
an overview of the distribution of identified studies.

3. Current data on microplastics concentration in Africa

3.1. Abundance of microplastics in surface water and sediment

The proliferation and abundance of microplastics have been re-
ported in surface waters and sediments in different continents across
the world (Browne, 2015; Do Sul et al., 2014; Van Cauwenberghe
et al., 2015; Woodall et al., 2014). The earliest study ever reported on
the occurrence and distribution of microplastics in surface water in
Africa dates back to 1988. This study sampled plastic particles at the
Fig. 1. (a) Spatial distribution of microplastic publications across Africa (b) Dist
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sea surface in southwestern Cape Province of South Africa between Au-
gust 1977 and August 1978 (Ryan, 1988). Likewise, Nel and Froneman
conducted a study on surface water in South-eastern major bays of
South Africa, (Nel and Froneman, 2015) but this was not until
27 years after the initial study on the continent (Nel and Froneman,
2015). Scanty studies have emanated from Africa to date on the distri-
bution of plastic particles and their potential sources to the aquatic en-
vironments. This limits our understanding about the environmental
risks associated with microplastic pollution on the continent. Based on
the available literature to date, microplastics distribution in surface wa-
ters either frommarine or freshwater source have been reported in five
countries (about 9.3%) out of fifty-four countries on the continent
(Fig. 1). No study has emerged from central African region to date,
while South Africa is the only country from the southern part of Africa
that has reported all the studies onmicroplastics distribution and abun-
dance from the region. Hence, the comparison of microplastics abun-
dance in different regions of the continent appears difficult due to
limited studies and different measurement units used in reporting
microplastics abundance and distribution. Nonetheless, current infor-
mation presented in Tables 1 and 2 and Fig. 2 shows a summary of dif-
ferent studies conducted both in marine and freshwater systems. The
particle size range reported in the studies under review were in the
range of 0.0012–5 mm. In surface waters, the highest abundance of
microplastics were from South-eastern bays of South Africa and Ox
bow lake in Yenogoa, Nigeria having 1215 and 8369 particles/m3 re-
spectively. The two countries are among the highest producers of
mismanaged plastic waste per capita in Africa (Jambeck et al., 2018).
It is therefore not surprising that the highestmicroplastic abundance re-
corded on the continent was from these countries. However, it is note-
worthy to state that the concentrations reported inNigeriawas sampled
ribution of yearly publication in Africa. POP - persistent organic pollutants.



Table 1
Abundance of microplastics in surface waters across Africa.

Country Location Environmental
compartment

Microplastics abundance Particle sizes (mm) Reference

Ghana Sakumo II Marine surface water 0.09 p. mL−1 0.1–5 (Gbogbo et al., 2020)
Kenya Naivasha Lake surface water 0.407 ± 0.135 p. m−2; 1–5 (Migwi et al., 2020)
Nigeria Yenogoa Lake surface water 1004–8329 p. m−3 (dry season);

201–8369 p. m−3 (wet season)
0.02–0.5 (Oni et al., 2020)

South Africa Braamfontein Spruit, Johannesburg Stream surface water 705 p. m−3 0.053–4 (Dahms et al., 2020)
South Africa Orange-vaal River surface water 2.3 ± 7.2 p. L−1 (wet season);

1.4 ± 2.6 p. L−1 (dry season)
0.025–1 (Weideman et al., 2019)

Nigeria Niger Delta River surface water – <0.3 (Briggs et al., 2019)
Nigeria South eastern coast River surface water 440–1556 p. L−1 – (Enyoh et al., 2019)
Egypt Eastern Harbour Seawater 33–174 p. 100 g−1 dw 0.5–5 (Shabaka et al., 2019)
South Africa KwaZulu-Natal Marine surface water 5.54 ± 3.26 p/100 m2 (winter)

2.96 ± 2.94 p/100 m2 (summer)
0.25–1 (Naidoo and Glassom, 2019)

Kenya Central Kenya Surface seawater 110 p. m−3 0.25–2.4 (Kosore et al., 2018)
South Africa Cape town Bay of Biscay surface water 1.15 ± 1.45 p. m−3

Range: 0–8.5 p. m−3
0.25–5 (La Daana et al., 2017)

South Africa East and south coast Marine surface water 413.3 ± 77.53–1200 ± 133.2 p. m−3 0.63–5 (Nel et al., 2017)
South Africa South-eastern major bays surf-zone water 257.9 ± 53.36–1215 ± 276.7 p. m−2 0.080–5 (Nel and Froneman, 2015)
South Africa Durban Seawater 70.3 ± 119.3 p/10,000 L 0.02–1 (Naidoo et al., 2015)
South Africa South western cape province Marine surface water 3640 p. km−2 – (Ryan, 1988)
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during the rainy season and microplastic abundance has been observed
to be higher in surface waters during the rainy season than the dry sea-
son. For instance, 15,560 particles/m3 was reported in River Nakdong,
South Korea during the rainy season in comparison to 1410 particles/
m3 recorded during the dry season (Tsang et al., 2017). A similar trend
during the rainy season was reported in a parallel study carried out by
Weideman et al., 2019 in Orange-vaal river, South Africa (Weideman
et al., 2019). Also, an increase in microplastic abundance up to two-
folds was reported by Nadioo and Glassom, during the winter season
in comparison to summer in marine water from coastlines of South
Africa (Naidoo and Glassom, 2019). This suggests a significant
Table 2
Abundance of microplastics in sediments across Africa.

Country Location Environmental
compartment

South Africa Mutoti and Budeli Marine sediment

Ethiopia Lake Ziway Freshwater
Tunisia southern Mediterranean Marine sediment
Tunisia Gulf of Annaba Marine sediment

Tunisia Bizerte Freshwater sedimen

Ghana Sakumo II Marine sediment
Nigeria Yenogoa Lake sediment

South Africa Braamfontein Spruit, Johannesburg Stream sediment
Tunisia Sidi Mansour, Sfax-Tunisia Marine sediment
Nigeria Alpha, Oniru, Eleko, Lekki Beach sediment
Egypt Eastern harbour Marine sediment
South Africa South-east coast Beach sediment
South Africa South and east coast Riverbank sediment
South Africa Eastern Cape Town River sediment

Tunisia South/North Lake of Tunis Sediment
Tunisia Menzel Abderrahmane, Carrier bay,

Menzel Jemil, Channel of Bizerte
Lagoon sediment

Mauritania/Guinea-Bissau Banc d'Arguin; Bijagos archipelago Marine sediment
South Africa Durban Bay Marine sediment
South Africa East and south coast Marine sediment
South Africa South-eastern major bays Beach sediment

South Africa Durban Marine sediment
Algeria Southern west Mediterranean coast Azew gulf sediment
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relationship between microplastics abundance/distribution and sea-
sonal variation as this plays a crucial role in the transport of plastic par-
ticles from land-based sources into the aquatic system. In addition,
anthropogenic and industrial activities around andwithin these regions
have been identified as the major contributor (Naidoo and Glassom,
2019). On the other hand, a report from Kenya reported the lowest
microplastic abundance fromNaivasha lake surfacewater having an av-
erage value of 0.407 ± 0.135 particles/m3, comprising mainly of poly-
propylene, polyethylene, and polyester.

Sediments are known to be a huge sink for microplastic in the aquatic
environment due to the higher density of most plastic particles in water
Microplastics abundance Size
(mm)

Reference

120–6417 p. kg−1 dw (hot-dry
season);
5–94 p. kg−1 dw (hot-wet season)

0.5–5 (Mbedzi et al., 2020a)

6.3–115.9 p. kg−1 dw 0.15–5 (Merga et al., 2020)
129–606 p. kg−1 dw 0.0012–1 (Missawi et al., 2020)
182.66 ± 27.32–649.33 ±
184.02 p. kg−1 dw

0.81–2.16 (Tata et al., 2020)

t 2340 ± 227.15–6920 ±
395.98 p. kg−1 dw

0.2–5 (Toumi et al., 2019)

1.85 p. g−1 0.1–5 (Gbogbo et al., 2020)
1004–8329 p. m−3 (dry season);
201–8369 p. m−3 (wet season)

0.02–0.5 (Oni et al., 2020)

166.8 p. kg−1 dw 0.053–4 (Dahms et al., 2020)
2932 ± 63 p. m−2; 0.1–5 Chouchene et al., 2019
121 ± 38–170 ± 21 p – (Ilechukwu et al., 2019)
33–174 p. 100 g−1 dw 0.5–5 (Shabaka et al., 2019)
80–87 p. dm−3; 0.04 (de Villiers, 2019)
0–567 p. dm−3 – (de Villiers, 2018)
13.3–563.8 p. kg−1; 160.1 ±
139.5 p. kg−1

– (Nel et al., 2018)

316.03 ± 123 p. kg−1 dw 0.1–5 (Abidli et al., 2018)
7960 ± 6840 p. kg−1 dw 0.3–5 (Abidli et al., 2017)

0.7 ± 0.65–6.7 ± 2.40 p. mL−1 0.5–1 (Lourenço et al., 2017)
100–1900 p. kg−1 dw 0.315–5 (Matsuguma et al., 2017)
86.67 ± 48.68–754.7 ± 393 p. m−2 0.63–5 (Nel et al., 2017)
688.9 ± 348.2–3308 ±
1449 p. m−2

0.065–5 (Nel and Froneman, 2015)

749 ± 129.7 p/500 mL 0.02–1 (Naidoo et al., 2015)
– 1–5 (Bouchentouf and Driss, 2013)



Fig. 2.Distribution of publications reporting the abundance ofmicroplastics in various environmental compartments. Thewidth of eachnode/band is proportional to thenumber of studies
for that node. First layer; country, second layer: type of study, third layer: environmental system.
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(Woodall et al., 2014). Microplastics distribution in sediments reported
across the continent ranged from 5 to 18,000 particles/kg dry weight,
with the highest abundance recorded in lagoon sediments in Tunisia com-
prising of majorly fibers and fragments (Table 2). This study is one of the
highest microplastic abundances in sediments reported so far globally
and it was attributed to heavy marine and industrial activities around
this region, being ranked second in terms of seafood product exports
(Abidli et al., 2017). Sampling sites where high concentrations have been
reported include Beibu Gulf and the coastline of China sea (8714 parti-
cles/kg) (Qiu et al., 2015), Canadian Lake Ontario nearshore (20–27,830
particles/kg) (Ballent et al., 2016), and in the Kachelotplate (62,100 parti-
cles/kg) (Liebezeit and Dubaish, 2012).

Spatio-temporal distribution of microplastics in sediments was re-
ported from four studies in all the studies reviewed. Three of the studies
observed an increase in microplastics abundance in sediments during
the rainy/wet/winter season while one of the study reported the oppo-
site (Mbedzi et al., 2020a). Environmental factors such as hydrodynamic
may be responsible for this disparity in observation reported. Nonethe-
less, more field studies are required in this area of research for valid as-
sertion. In all studies, we see that the extent of microplastic pollution in
central Africa in unknown.

On the global scale, a review on Asia by Hamid et al.,2018 reported
the lowest concentration as 0.0034 ± 0.0258 and highest as 6390 ±
862.7 particle/m3 from Taihu and Sha lake of China respectively in sur-
facewater. Similarly, in Europe, 0.002±0.001 to 6980 particle/m3were
reported fromAveiro and Algarve in Portugal respectively (Hamid et al.,
2018). Furthermore, the microplastics abundance in sediments from
Europe, reported in particle/kg dryweight, ranged between 0 and 7 par-
ticle/kg in the Baltic coast of Germany and 672–2175 particle/kg in the
lagoon of Venice in Italy. In North America, the lowest and highest
microplastic concentration in sediments ranged between43 and 56 par-
ticle/kg and 306–443 particle/kg in the Dry Tortugas National park and
5

Virgins IslandNational Park inUSA respectively. Comparing these global
reviews and the present study, the high abundance of microplastic in
surfacewater and sediments reported in Africa, was found to be compa-
rable with some reported by Hamid et al., 2018 in America, Europe and
Asia (Hamid et al., 2018). On the contrary, a review by Shim et al., 2018
found higher levels in Asia, North America and Europe compared to
other continents (Shim et al., 2018) as well as this present study in
Africa. Several factors may be attributed to some of the high levels of
microplastic observed in Africa. This may be attributed to the lack of ef-
fective waste management system even though plastics are more con-
sumed in Asia and Europe than Africa. Another reason may be
attributed to overestimation of microplastic due to inappropriate ana-
lytical techniques (discussed in Section 7). Notwithstanding, more em-
pirical data is required for proper risk assessment.

3.2. Abundance of microplastics in aquatic organisms

The presence of microplastics in aquatic organisms is often used as
an indicator for microplastic pollution and potential to enter the
foodweb. In the African ecosystem, the evidence of microplastics accu-
mulation in aquatic organisms have been shown across 22 studies. Al-
though direct comparison across studies is difficult because of the
various units of measurement used, we attempt to provide a compre-
hensive overview to observe trends. Table 3 presents a summary of
field studies that assess the abundance of microplastics in marine and
freshwater organisms with 50% of all studies published in year 2020.
The target parts of the organism for assessing microplastics across all
studies ranged from the gastrointestinal tract, faeces and whole organ-
ism. The highest prevalence of microplastics (100%) was found in
worms (Gunnarea gaimardi) and gastropods (Lanistes varicus) in coast-
lines of South Africa and Nigeria, respectively. Some studies recorded
high concentrations of microplastics in organisms, irrespective of
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measurement units. In terms of wet weight, Akindele et al., 2020 re-
ported as high as 291 ± 26.55 particles per gramwet weight from 3 in-
sect species, with different feeding guilds in two Gulf of Guinea
tributaries in Nigeria (Akindele et al., 2020). Although the source of
the high levels of microplastic could not be accounted for, the sampled
sites in Nigeria are heavily populated zones (Akindele et al., 2020).
Abidli et al., 2019 reported high concentration of microplastics in mus-
sels from Tunisia (1031 ± 355.69 particles/kg) (Abidli et al., 2019). The
authors had previously shown that the sediment in same locationwas a
hotspot for microplastics (7960 ± 6840 particles/kg dry weight,
Table 2) (Abidli et al., 2017). Interestingly, Shabaka et al., 2020 recov-
ered 7000 particles/fish from the Mediterranean coast of Egypt which
is the current highest amount of microplastics ever recovered from
Table 3
Abundance of microplastics in aquatic organisms across Africa.

Country Location Compartment Organism

Egypt Eastern
Harbour

Marine Fish (8 species)

Nigeria Osun river Freshwater Insect (L. viridis
Siphlonurus sp.
Chironomus sp.)

Ethopia Lake Ziway Freshwater Fish (4 species)

Tunisia Tunisia Marine Fish (Serranus scriba)

South Africa Johannesburg Freshwater
(benthic)

Chironomus sp.

Tunisia Southern
Mediterranean

Marine Seaworm

South Africa Cape Town Marine Mussels (Mytilus galloprovincialis,
Choromytilus meridionalis, Aulacomya
ater)

South Africa Agulhas Bank Marine Fish (7 species)

Nigeria Eleyele Lake Freshwater Fish (8 species)

South Africa Mangrove Marine Juvenile Fish (O. mossambicus
O. mossambicus
T. jarbua
Mugil sp.
Mugil sp.
A. dussumieri)

Egypt Nile River Freshwater Fish (Nile Tilapia)
Fish (Catfish)

Ghana Eastern Central
Atlantic Ocean

Marine Sardinella maderensis
D. angolensis
Sardinella aurita

Nigeria Osun river Freshwater Gastropod (Lanistes varicus
Melanoides tuberculata)

Tunisia Lagoon of
Bizerte

Freshwater Mollusc (6 species)

South Africa Southeast
coastline

Marine Polychaete (Gunnarea gaimardi)

South Africa Barberspan
Nature Reserve

Freshwater Duck faeces
Duck feathers

Kenya Central Kenya Marine Zooplaankton (chaetognatha, copepoda
amphipoda, fish larvae)

South Africa Bloukrans River Freshwater Blood worm (Chironomus spp.)

Guinea-Bissau Bijagos Beach
Sediment

Shore bird

Tanzania South Shore
Lake Victoria

Freshwater Nile Perch (Lates niloticus)
Nile Tilapia (Oreochromis niloticus)

South Africa Durban
Harbour

Estuarine Fish (Mugil cephalus)

South Africa Southwestern
Cape

– Seabirds (21 species)
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aquatic organisms globally (Shabaka et al., 2020). Global reviews have
reported a maximum concentration of 8.99 particles/organism (Hamid
et al., 2018), 0.21–19 particles/organism (Herrera et al., 2019) and
57.2 particles/organism (Rezania et al., 2018). These high levels in
Africa (Egypt) compared to the rest of the world is concerning and
calls for urgent attention.

Most studies were focused on organisms from marine environ-
ments compared to freshwaters (Fig. 2). Freshwater systems are a
major pathway for the transport of microplastics from the terrestrial
to marine environment. Africa contains some of the largest freshwa-
ter bodies in the world which supports the water and food needs of
most of the populace, yet, the extent of microplastic pollution in
these systems are not known. Interestingly, a recent study by Khan
Microplastics abundance
(MPs/organism ⁎ = MPs/g dw
⁎⁎ = MPs/g ww # = MPs/mL)

Occurrence Size (mm) Reference

28 ± 21–7527 ± 9551 – < 2 (Shabaka et al.,
2020)

43.29 ± 43.29⁎⁎ – < 0.02 (Akindele
et al., 2020)62.36 ± 3.53⁎⁎

291.76 ± 26.55⁎⁎

4.4 ± 3.6
1.1–56.3 mg/kg ww

35% 0.1–5 (70%)
5–25 (<25%)

(Merga et al.,
2020)

3.63 ± 0.2–6.11 ± 0.2⁎ 1.78
± 0.26–6.03 ± 0.47⁎

– 0.00045–0.003 (Zitouni et al.,
2020)

19.8–96.7⁎⁎ 100% (Dahms et al.,
2020)

0.5 ± 0.1–3.7 ± 0.2⁎ – 0.0012–5 (Missawi et al.,
2020)

2.33 ± 0.2⁎ 4.27 ± 0.5 98% 0.05–1 (Sparks, 2020)

3.72 ± 2.73 87% < 5 (Sparks and
Immelman,
2020)

1–34 69.70% 0.126–1.53 (Adeogun
et al., 2020)

0.41 ± 0.57 38% 0.1–4.8 (Naidoo et al.,
2020)0.59 ± 0.73 45%

0.66 ± 0.81 48%
1.14 ± 1.25 59%
1.00 ± 1.46 55%
0.93 ± 0.75 69%
7.5 ± 4.9 75.90% 0.25–5 (Khan et al.,

2020)4.7 ± 1.7 78.60%
32 ± 2.7 41% – (Adika et al.,

2020)25.7 ± 1.6 33%
40 ± 3.8 26%
3.8 ± 0.83 100% – (Akindele

et al., 2019)1.7 ± 0.42 80%
1031.1 ± 355.69/kg ww 0.05–5 (Abidli et al.,

2019)
0.275 ± 0.215⁎ 100% – (Nel and

Froneman,
2018)

– 5% < 1 (Reynolds and
Ryan, 2018)– 10%

, 0.16–0.46 0.01–1.6 (Kosore et al.,
2018)

0.37 ± 0.44⁎ 75%
summer

– (Nel et al.,
2018)

1.12 ± 1.19⁎ 98% winter
0.1 ± 0.26–2.09 ± 3.15# 26% – (Lourenço

et al., 2017)
– 20% – (Biginagwa

et al., 2016)– 20%
3.8 ± 4.7 73% – (Naidoo et al.,

2016)
– 60% – (Ryan, 1987)
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et al., 2020 documented the first evidence of microplastic in the lon-
gest River in theworld, River Nile (Khan et al., 2020). This river is one
of the top ten rivers highlighted to be major culprits of plastic pollu-
tion to the oceans (Schmidt et al., 2017). The authors sampled the
gastrointestinal tracts of two fish species with two different feeding
habits (carnivore and herbivore) and found 75% of the samples to be
contaminated with at least one plastic particle. The mean concentra-
tion recorded was 7.5 ± 4.9 and 4.7 ± 1.47 microplastic/fish for Nile
tilapia and catfish respectively (Khan et al., 2020).

The type of plastics found in organisms across all studies vary signif-
icantly. A significant amount of studies report very high concentrations
of fibers. A recent study found 87% of 7 fish species to contain 95%
microfibers out of all microplastics in South Africa. While these levels
of microfibers are considerably high, the authors did not provide the
composition of the fibers (Sparks and Immelman, 2020). Some authors
reported high levels of fibers (67%) inmicroplastics collected frommus-
sels in South Africa (Sparks, 2020). Abdili et al., 2019 found that 97% of
microplastics inmussel recovered from Tunisiawerefibers (Abidli et al.,
2019). The work of Akindele et al., 2020 also showed that fibers dom-
inated the plastic types recovered from insects in Nigeria (Akindele
et al., 2020). Microfibers have been widely reported as among the
dominant plastic type found in most aquatic biota, (Rochman et al.,
2015) hence this high prevalence of microfibers are not surprising.
A wide variety of polymer types were recovered from organism
under review compared to those recovered from surface waters
and sediments (Fig. 3). Polyethylene is the most occurring plastic
type found in all organisms followed by polypropylene. This order
is also observed in surface waters. A recent study show that these
two polymers are also the most frequently occurring polymers in
freshwater systems (Koelmans et al., 2019). This correlates with
the global plastic demand which is polyethylene > polypropylene
(Geyer et al., 2017). Overall, few studies have investigated the accu-
mulation of microplastic in organisms in African ecosystems. Hence,
more studies are needed to fully understand the extent of pollution
for proper risk assessment.
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Fig. 3. The distribution of plastics types recovered from all studies across Africa. polyethyl-
ene – PE, polystyrene – PS, polyethylene terephthalate - PET, polypropylene - PP, polyvinyl
chloride – PVC, Polyamide (Nylon) – PA, Polymethylmethacrylate – PMMA, Polyethylene-
polypropylene copolymer – PE-PP CPM, Polyacrylates – PAK, Polyacrylonitrile – PAN, Poly-
ester – PES, Polyurethane – PU, Polydimethylsiloxane – PDMS, Poly (lauryl acylate) – PLA,
Butylbranham – BB, Ethylene propylene – EPP. Alkyd-varnish – AV. Summary of plastic
types for all studies are presented in Tables S6–S8.
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4. Abundance of persistent organic pollutants and metals in
microplastics across Africa

Several studies have shown that microplastic can act as sources and
sinks for persistent organic pollutants (POPs) as well as inorganic con-
taminants (Alimi et al., 2018). Source contaminants are intentionally
added ingredients (e.g. additives, phthalates, etc.) during the
manufacturing process to improve the physiochemical or mechanical
property of the plastic while sink contaminants are those that adsorb
unto the microplastic during its lifetime in the environment (e.g.
polychlorinated biphenyls, PCBs and dichlorodiphenyltrichloroethane,
DDTs). Some contaminants can be both source and sink contaminants
(e.g. phthalates). Due to their hydrophobic nature and high specific sur-
face area, microplastic readily adsorb organic contaminants, sometimes
accumulating several orders of magnitude levels higher than the back-
ground environment. Hence, this area of research is of interest to the
scientific community because these contaminants which have been
shown to cause adverse health defects on their own, can leach from
microplastic into other environmental compartments, bioaccumulate
in aquatic organisms and potentially get transferred through the food
web.

Although, programs (e.g. The Stockholm convention) have been put
in place globally to regulate and reduce the release of POPs into the en-
vironment, increasingly high concentrations of POPs are still being de-
tected globally. POPs have been well reported in the marine and
terrestrial environments and organisms in Africa (Bruce-Vanderpuije
et al., 2019; Hosoda et al., 2014). Emerging studies are now
documenting the levels of these contaminants in microplastics. Since
there is limited information on the levels of contaminants in
microplastics in freshwater systems, the focus of this section is on the
marine environment. The level of these pollutants is usually assessed
by analyzing discolored microplastic pellets collected from coastal
beaches. In addition to studies carried out by research institutes, Inter-
national Pellet Watch, a volunteer-based organization is using a citizen
science approach to document the global concentrations of organic pol-
lutants such as PCBs, polycyclic aromatic hydrocarbons (PAH)s, hexa-
chlorocyclohexane (HCH), DDTs, chloranes and hopanes (Takada,
2006). Fig. 4 presents a current overview of pollutants that have been
detected in microplastics from different studies in Africa. A total of 6
classes of organic contaminants (Fig. 3a) were identified from several
sites in 7 countries (Fig. S1). It is important to note that, due to the var-
iability observed even in same environmental sample, most studies re-
port the median concentration (circle symbol) rather than the mean
(cross symbol). It can be observed that all classes of POPs fall within
similar concentration ranges across all studies. For example, PCBs,
HCH, DDT generally fall between 0.5 and 100 ng/g while phthalates,
PAH and hopanes are >100 ng/g (Fig. 4a). Irrespective of the location
or country, the levels of hopanes recorded were high and ranged from
1699 to 39,301 ng/g. This concentration range is in the same order of
magnitude as those reported in Netherland (50571), USA (12301),
Portugal (70580) and United Kingdom (77084) (Yeo et al., 2017).
From Fig. 4a, the levels of phthalates in Nigeria - although reported as
mean concentration - is high (210 ng/g – 50,030 ng/g) in all 6 sampling
sites (Benson and Fred-Ahmadu, 2020). There are very few studies glob-
ally that examine the levels of phthalates inmicroplastics and this is one
of the first study to show its concentration in microplastics in Africa.
Phthalates are plasticizers added during the manufacture of plastics
(e.g. PVC) to enhance their flexibility, durability and transparency. In a
bid to delineate if the phthalates were inherent in the pellets or came
from the surrounding environment, the authors quantified the level of
phthalates from pristine pellets to range from 200 to 20,000 ng/g, indi-
cating that the phthalates recovered from the microplastics might have
originated from the pristine pellets rather than solely the surrounding
environment. Hosoda et al., 2014 sampled plastic pellets from 11
beaches in Ghana and found 13 PCB congeners with a total concentra-
tion ranging from 1 to 69 ng/g (Hosoda et al., 2014). The concentration



Fig. 4. An overview of contaminants associated with microplastics in coastlines across Africa. (a) Persistent organic pollutants (b) Metals. Details of all references are provided in the
supporting information (Table S3 & Fig. S1). Ag = silver, Al = aluminum, As = arsenium, B = boron, Ba = barium, Ca = calcium, Cd = cadmium, Co = cobalt, Cr = chromium,
Cu = copper, Fe = iron, K = potassium, Mg = magnesium, Mn = manganese, Ni = Nickel, Pb = lead, Sb = antimony, Sn = tin, Sr = strontium, Ti = Titanium, V = vanadium,
Zn = zinc. DDT-dichlorodiphenyltrichloroethane, HCH-hexachlorocyclohexane, PAH-polycyclic aromatic hydrocarbons, PCB-polychlorinated biphenyls.
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of PCBs in the background sediments was 0.57–32.2 ng/g suggesting
that the PCBs might have originated from other local sources or that
the microplastics have a stronger affinity for the contaminants com-
pared to the background sediments. The total range of PCB's sampled
from Ghana, Mozambique, Equatorial Guinea, South Africa and
Tanzania is generally in same/lower order of magnitude with those re-
corded in other parts of the world. For example, one study in Japan re-
corded a high range (28–2300 ng/g) of PCBs (18 congeners) in PE and
PP beached pellets from 47 locations (Endo et al., 2005). Another
study in Brazil found up to 7550 ng/g PCB from 41 beaches (Taniguchi
et al., 2016).

While these studies have provided the baseline concentration of
POPs in microplastics in Africa, it is unclear how these concentrations
vary seasonally or from year to year. A study by Ryan et al., 2012 re-
ported the long-term variation of PCBs, HCH and DDT from 3 South
African beaches over a 15-year span (Ryan et al., 2012). They showed
that the concentration of these POPs generally decreased over the
years studied.

Metals have also been shown to interact with microplastics in the
environment and is increasingly been studied worldwide. A lot of labo-
ratory studies have shown the potential for both pristine and degraded
microplastics to adsorb high levels of trace metals (Alimi et al., 2018;
Yang et al., 2019). In thefield,whenmicroplastics degrade, they become
oxidized thereby providingmore favorable sites for the accumulation of
trace metals. A recent first study reported the distribution and abun-
dance of 27 metals from pellets sampled in the Gulf of Guinea along
the Nigerian coast from 4 beaches (Fred-Ahmadu et al., 2020). The
microplastics sampled and extracted were identified as PS, PE and PP.
In general, they found that themean concentration of all 27 tracemetals
ranged from 210 to 251, 910 ng/g. Among all trace metals investigated,
calcium; Ca (40,720–58,610 ng/g), magnesium; Mg (15,390–68,200),
iron, Fe (18,240–43,830 ng/g), aluminum; Al (17,100–24, 810 ng/g), so-
dium; Na (32,970–251, 910 ng/g) and zinc; Zn (128,660–186, 290 ng/g)
were notably higher than others (Fred-Ahmadu et al., 2020). The source
is unclear as the background levels in sediments were not reported.
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Nevertheless, the location of the four sampling sites, Lagos, Nigeria is
highly populated and has a lot of industrial activities. The levels of Ca,
Mg, Na and Fe may not be surprising as they could have been accumu-
lated from the surrounding seawater. It is important to note that some
metals are added as additive during the manufacturing process (Hong
et al., 2018). However, the levels of Al and Zn are concerning. These
levels are in same or higher order of magnitude compared to those re-
ported in other parts of the world. One study reported 8000 ng/g Zn,
45,000 ng/g Al and 228,000 ng/g Fe in Brazil (Vedolin et al., 2018).

It is important to note that most of these studies do not report the
type and size of microplastics which prevents a holistic assessment. To
properly assess the risks associated with POPs and metals in
microplastics, more studies are needed to fully understand the spatial
distribution of these contaminants in the environment. Additionally, it
is important to have a unified measure of reporting for better compari-
son across studies.

5. Ecotoxicological studies of microplastics under laboratory
conditions

Despite the ubiquity of plastic debris in the African continent, only a
few laboratory studies have been carried out to elucidate the possible
effects of microplastics on aquatic organisms. Six (6) of these studies
(Table S2) evaluated the exposure of fish species while 1 study used
sea cucumber all of which are native to the African ecosystem. Several
endpoints such as mortality, neurotoxicity, physical effects, oxidative
stress, blood/haemolymph effects etc. are monitored in these studies.
A recent study exposed African freshwater catfish to PVC microplastics
via their diet (Iheanacho and Odo, 2020a; Iheanacho and Odo, 2020b).
They found that the plastic particles induced oxidative stress, neurotox-
icity and lipid peroxidation which significantly affected the physiologi-
cal state of the fish. Mbedzi et al., 2020 examined the functional
response of African Tilapia fish to polyethylene microplastics and
showed no negative effect was observed (Mbedzi et al., 2020b). In one
of the first studies to investigate sea cucumbers, H. cinerascens were
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exposed to polyester microfibers and low-density polyethylene frag-
ments (Iwalaye et al., 2020). They studied the uptake route via feeding
and respiratory trees and found 100% of the samples contained
microfibers attached to their respiratory tree and coelomic fluid. Sea cu-
cumber are known to be non-selective feeders and are an important
delicacy to some people, hence, more attention is needed on their inter-
action with microplastics in the environment. It is evident that labora-
tory studies investigating the effects of microplastics to organisms in
the African ecosystem is still in its infancy. Hence, more studies are
needed to assess the potential risks associated with these pollutants.

6. Sampling for microplastics analysis

Sampling techniques used in the collection of environmental sam-
ples for microplastics analysis, especially in the aquatic system is vital
to the overall estimation of its abundance. Although, there is no agree-
ment or consensus on sampling, due to the present limitation in the de-
tection techniques of microplastics in the water column, large sample
volume is required for surface water (Browne, 2015). Different sam-
pling methods have been employed across the globe such as trawling
with varying nets of plankton, neuston, and more effective methods
are being developed like direct fractionated pressure filtering of large
volume of water (>1 m3) through a filter cascade. Other known sam-
pling techniques are bulk samplingwith filtration, screening continuous
plankton recorder, direct in-situ filtration, ex-situ filtration and screen-
ing (Browne, 2015). The selection of any of these methods will depend
on factors such as the sampling source, volume to be sampled, depth
and the available equipment. In the studies under review, the majority
employed trawling nets for marine surface water sampling, bulk sam-
pling with filtration, direct in situ filtration, and ex situ filtration (e.g.
stainless steel bucket with filtration). Grab sampling, which is one of
two primary methods (grab and continuous sampling) commonly
used to sample water from bodies such as rivers, lakes or temporary
events such as stormwater, was also employed. This technique is not,
however, without limitations, especially for the sampling of marine sur-
face water for microplastics analysis. For instance, water current flow
may influence the microplastic abundance level, and there may be var-
iation with sampled area and depth, which may not give a reliable re-
sult. Hence, to improve reproducibility, large sample volume is
required for surface water. In this regard, sampling strategies will re-
quire additional equipment including vessels and flow meters, how-
ever, these have not been exploited very well to date in the studies
under review.

The particle size range of microplastics to be detected and identified
in sampled water is dependent on mesh size employed during sam-
pling. Hence, mesh size is a very important point to consider before
and during sampling process. The mesh sizes used for sampling in the
various studies reviewed varied between 20 and 5000 μm. In the litera-
ture, 3–4.5 m long nets with a mesh size of about 300 μm is commonly
used, and these can sample microplastics size of >300 μm (Browne,
2015). Only one study under review had used a mesh size of <300 μm
(Briggs et al., 2019). Although the use of a lower mesh size is reported
to improve microplastics detection limits, smaller or lower mesh net
size will increase the likelihood or the possibility of clogging as a result
of the presence of suspendedorganicmatter. This could possibly explain
why most of the reviewed studies used mesh sizes above 300 μm, thus
preventing net clogging. Nonetheless, underestimation of microplastics
in various environmental samples are inevitable due to lack of effective
sampling devices capable of capturing the smaller microplastics or
nanoplastics.

Sediment samples from coastal regions of beaches and rivers in
Africa have been collected using direct sediment grabs (i.e. stainless
spoons, stainless spatula etc.), sieving and collection in quadrats using
corers. Since there could be uneven deposition of sediment, factors in-
cluding the tideline, transects, intertidal, and depth of the sampling
area should be critically considered. It should, however, be noted that
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boat and very special equipment (box corer, gravity corer) will be re-
quired to collect deeper and benthic sediment samples, which may
not be readily available in most regions of the continent.

Contamination from sampling equipment during sampling cam-
paigns have been reported to be a major concern in microplastics anal-
ysis (Prata et al., 2019).Most of the studies under review failed to report
or consider sources of contamination during sampling. Few studies had
control samples for their experiment (including sampling or field
blanks), which makes the identification of any contamination source
(s) difficult. Microplastics are present everywhere; therefore, quality
control is crucial when carrying out sampling, because there are numer-
ous potential sources of contamination, which should be avoided. For
instance, sampling devices made of synthetic polymers must be
substitutedwith non-plastic tools. Also, the introduction of control sam-
ples and quality control measures are recommended to prevent exper-
imental error due to sampling instruments or sample handling.
Quantity control is key to the overall accurate assessment of the
microplastics abundance in field studies.

7. Analytical methods

Identification and quantification of microplastics in various environ-
mental samples involves a combination of reliable analytical methods,
as a single method cannot be adequate to elucidate microplastics from
complex samples. These methods include visual sorting (for large
microplastics, 1–5 mm size range), organic matter digestion, isolation
using various techniques such as filtration, density separation, and
staining. Thereafter, identification bymicroscopic or spectroscopic tech-
niques such as FTIR or Raman can be carried out.

Microplastics particles present in dissected tissues of aquatic organ-
isms are isolated using saline washes/density separation and organic
material digestion before possible visual inspection and chemical iden-
tification (Lusher et al., 2017). To isolate microplastics, 43% of the stud-
ies under review successfully digested the excised tissues using
potassium hydroxide (KOH) (e.g. KOH, 10%, 15%) with one study com-
bining 10 M KOH and hydrogen peroxide (H202) (34.5–36.5% v/v)
(Akindele et al., 2020). These have been adapted for the dissolution of
tissues of fish, mussel, and gastropod.

Surface water and sediment samples collected from the field may
contain plastic particles of different polymer types, sizes, shapes, and
color that must be separated or isolated (Hanvey et al., 2017).
Microplastics on plankton nets and sieves used for surface water sam-
pling are washed thoroughly several times with distilled water, or the
bulk water samples are transferred into glass containers, density sepa-
rated and/or filtered using either stainless steel sieves or glass fiber fil-
ters for identification.

For sediment samples, the most commonly used technique to extract
microplastics in the studies reviewed was density separation using satu-
rated salt solutions combined with filtration. This method was applied in
67% of the studies reviewed and involves introduction of a density sepa-
ration salt solution (with a known density), stirring vigorously for a
specific period, allowing the less dense particles to float to the surface
and filtering out the particles into various size categories (Hanvey et al.,
2017). In most of the studies reviewed, saturated sodium chloride
(NaCl) (e.g. density: 1.2 g/cm3, 140 g/L, 120 g/L, 100 g/L, 300 g/L) solution
is applied (Abidli et al., 2018; de Villiers, 2018; de Villiers, 2019; Shabaka
et al., 2019). NaCl is highly available, cheap, eco-friendly, and not toxic to
the environment or humans (Hanvey et al., 2017; Nuelle et al., 2014; Sun
et al., 2019). However, NaCl solution has been reported to be inefficient in
extracting high-density microplastics (low recovery) such as polyethyl-
ene terephthalate (PET) (density; 1.31–1.43 g/cm3), polyvinylchloride
(PVC) (1.41–1.61 g/cm3) or polyoxymethylene (1.20–1.58 g/cm3)
resulting in a possible underestimation of the reported data (Okoffo
et al., 2019). Alternatively, high-density salt solutions such as calcium
chloride (CaCl2) (1.5 g/cm3), zinc chloride (ZnCl2) (1.5–1.7 g/cm3) or so-
dium iodide (NaI) (1.6–1.8 g/cm3) has been recommended to improve
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extraction efficiencies and estimations, (Hurley et al., 2018; Quinn et al.,
2017) however, their usage are limited in studies in Africa. Only a few
studies under review had used NaI (1.6 g/cm3) and ZnCl2 solution
(1.7–1.8 g/cm3) (Matsuguma et al., 2017; Missawi et al., 2020). It should,
however, be noted that denser salts solutions have been reported to be
expensive and can pollute the environment if not handled properly,
which might have limited their usage in these studies. Nevertheless, a
combination of salt solutions to get high recovery rates of particles, espe-
cially for heavier polymers, is recommended for microplastics studies in
Africa. Studies are also recommended to explore the extraction efficien-
cies of salts solutions used on known microplastics fortified samples be-
fore being used on environmental samples.

Few of the studies under review applied digestion or purification
procedures aimed at eliminating organic matter from surface water
and sediment samples with the common agents being hydrogen perox-
ide (H2O2) (e.g. 30% H2O2) (Gbogbo et al., 2020; Matsuguma et al.,
2017) and Fenton reagent (H2O2 + Fe) (Briggs et al., 2019; Migwi
et al., 2020). The presence of organic matter in samples has been re-
ported to hinder proper identification of microplastics, hence proper at-
tention is needed. It is recommended that microplastics researchers in
Africa should combine density separation with organic material re-
moval or degradation steps to increase the extraction efficiencies and
identification of microplastics particles.

Visual identification of microplastics observed either directly or
under a stereoscope or microscope, was the most common method re-
ported (52%, Fig. 5). However, this method has been reported to be sub-
jective (as it is prone to human or observer error), time consuming, size-
dependent and may lead to under or overestimation of microplastics
(Coppock et al., 2017; Nel et al., 2019; Okoffo et al., 2019; Prata et al.,
2019). To assess how color (white, green and blue) and size (large;
~1000 μm and small; <400 μm) of plastic microbead influences under-
estimation as a result of observer error and/or technical error for exam-
ple, Nel et al., 2019 inoculated sediment samples varying in grain size
with known quantities of low-density polyethylenemicrobeads and ob-
served an overall underestimation of 78.59% (Nel et al., 2019). The tech-
nique has also been critiqued for proving difficulty in distinctive
analysis between synthetic and natural fibers. For example, Hidalgo-
Ruz et al., 2012 reported that microplastics characterized visually as
plastics were not confirmed following chemical analysis with a pre-
sumed70% error of plastics (Hidalgo-Ruz et al., 2012). To improve visual
inspection technique and minimize observer error, some studies in this
review have tried testing microplastics with a hot needle (Dahms et al.,
2020) and using staining dyes on particles (Chouchene et al., 2019;
Gbogbo et al., 2020) to increase accuracy to some extent.

Chemical characterization of isolatedmicroplastics by Fourier trans-
form infrared spectroscopy (FTIR) and Raman spectroscopy to confirm
5%2%3%

52%
38%

Visual/microscope
Fourier transform infrared spectroscopy (FTIR)
Raman spectroscopy 
Scanning Electron Microscopy 
Differential Scanning Calorimetry 

Fig. 5. Distribution of analytical methods used to identify microplastics across all studies
under review.
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their identity has been recommended to increase the accuracy of visual
counting/inspection or identification using microscopy (Hanvey et al.,
2017) This was the case in most of the studies reviewed as a combina-
tion of microscopy and spectroscopy (i.e., microscope and FTIR) were
used. From the various studies reviewed, 38% (Fig. 5) had access to or
used FTIR in analyzing microplastic particles extracted with less than
5% presenting spectra of these polymers in their studies. The remaining
used Raman (Missawi et al., 2020), Scanning Electron Microscopy
(SEM) (Briggs et al., 2019; Chouchene et al., 2019) andDifferential Scan-
ning Calorimetry (DSC) (Shabaka et al., 2019) techniques for polymer
identification. FTIR is capable of characterizing microplastic particles
>20 um in size while Raman microscopy allows the characterization
of microplastics <20 μm (but >1 um) (Okoffo et al., 2020). These tech-
niques are however not suitable for nano-sized particles (<0.1 μm)
identification, a major analytical challenge in microplastics research
across the world today. Some of the reviewed studies identified the
non-availability of FTIR or Raman as the limitation encountered during
their research. That notwithstanding, the results could be at best pre-
sented as potential microplastics rather than reaching a definitive con-
clusion on the abundance of microplastics in such environmental
samples. FTIR and micro-Raman spectroscopy are not readily available
everywhere (Majewsky et al., 2016) and could be a problem formost re-
search laboratory in developing countries.

Although there is currently no universally accepted analytical
methods available for microplastics analysis, emerging novel alterna-
tives include Pyrolysis-gas chromatography coupled with mass spec-
trometry (Pyr-GC/MS), thermal desorption gas chromatography mass
spectrometry (TED-GC/MS), thermogravimetric analysis coupled with
differential scanning calorimetry (TGA-DSC), Pressurized liquid extrac-
tion (PLE) combined with Pyr-GC/MS and Liquid chromatography
(Okoffo et al., 2019; Okoffo et al., 2020). The application of these tech-
niques, however, remains unexplored in studies in Africa.

8. Conclusion and research gaps

This study provides an overview of microplastic occurrence and dis-
tribution in different environmentalmatrices and organisms in Africa as
well as the associated contaminants. Generally, in the last five years, ap-
preciable increase has been observedwith respect to understanding the
occurrence and distribution of microplastics in different environmental
compartment across the continent. However, as this area of research is
fast emerging globally, there exist limited information in terms of em-
pirical data on microplastic pollution status in Africa. For instance, a
total of 15 studies were carried out on freshwater/marine surface wa-
ters, 22 studies for sediment samples and 22 studies for microplastic
in aquatic organisms. Studies in the marine environment are higher
than freshwater systems (Figs. 2 and S1). Considering the number of
countries in the continent, only 20.4% (11 of 54) have done at least
one study on microplastics abundance and 11% (6 of 54) on
microplastics interaction with contaminants. The highest occurring
plastic type in all studies are polyethylene > polypropylene > polysty-
rene > polyethylene terephthalate > nylon which slightly correlates
with global plastic demand and may reflect the plastic demand in the
continent. Most studies come from South Africa > Nigeria > Tunisia >
other 10 countries. Even with these studies, there still exist a huge gap
in our understanding of microplastic fate in Africa, namely,

• Freshwater systems serve as amajor channel formicroplastics pollution
from land-based sourceswhichwill eventually discharge their contents
into the marine environment. Two major Rivers in Africa (Nile and
Niger) have been reported to be among the top ten polluters of the
sea globally. This was predicted using the mismanaged plastic waste
generated in the River catchments to be between 6919 and 84,792
and 3185–35,196 tons/year for River Nile and River Niger, respectively
(Schmidt et al., 2017). Although one study has been conducted on
River Nile regarding microplastics in two fish species (Khan et al.,
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2020), no study has investigated the presence, concentration, and com-
position ofmicroplastics in surfacewaters or sediment in these twoRiv-
ers. Therefore, more studies are needed in these major systems.

• There are currently no microplastic studies on the terrestrial environ-
ment. The contribution of land-based sources to freshwater/marine sys-
tems across the continent is unknown. By understanding these links,
proper control measures can be implemented.

• There is a need to identify model organisms that can be used in ecotox-
icological assessment on the continent in other to predict the effect/im-
pact of microplastic on living organisms.

• Some of the studies reviewed did not include appropriate procedural or
experimental control which is not a good practice. In other to avoid
under or over estimation of microplastic concentrations, appropriate
controls must be introduced and reported.

• Most of the studies relied on visual identification (52%) to identify
microplastic. Efficient sampling and detection methods are vital to un-
derstanding the distributions of microplastics across the countries in
Africa. Lack of modern scientific equipment including Raman, FTIR,
and Pyrolysis GC–MSwere identified as amajor setback formicroplastic
research in the various studies reviewed. Although we are cautious in
our assessment, as most of the equipment is quite expensive and are
not readily available, we recommend funding of African research in
this regard and collaboration with other international laboratories.

• There is limited information on the interaction of metals and
microplastics in Africa. Only one study in Nigeria examined the levels
of 27 trace metals in beach pellets. More studies are needed in this
area to fully understand the risks associatedwithmicroplastics inAfrica.

• Also, to date, no study has examined themicroplastics abundance in at-
mospheric air in Africa. Research in this area is urgently required as
some African countries have been reported as being among the leading
countries in air pollution worldwide (Bauer et al., 2019). This is crucial
to the overall risk assessment ofmicroplastics on the continent of Africa.

We therefore recommend that various organizations both private
and government/public units should invest in microplastic research.
Also, educational institutions across Africa must cultivate young re-
searchers in this field of study as there are limited experts presently
on the continent. Effective policy formulation depends on the availabil-
ity of reliable data on the occurrence, distribution, transport and envi-
ronmental consequences of microplastics. Government at all levels
should encourage research to enhance acquisition of knowledge on
plastic pollution in the environment. Thiswill, in turn, assist the govern-
ment in policy formulation and regulation of plastic pollution in the en-
vironment. There is a need for more attention in terms of policies which
could help to improve better plastic waste management across the con-
tinent, which can only be achieved through research.
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