
The Nelson Mandela AFrican Institution of Science and Technology

NM-AIST Repository https://dspace.mm-aist.ac.tz

Materials, Energy, Water and Environmental Sciences Research Articles [MEWES]

2023-12-01

Ecological consequences of microplastic

pollution in sub-Saharan Africa aquatic

ecosystems: An implication to

environmental health

Moto, Edward

Elsevier Inc.

https://doi.org/10.1016/j.hydres.2023.11.003

Provided with love  from The Nelson Mandela African Institution of Science and Technology



HydroResearch 7 (2024) 39 …54

Contents lists available at ScienceDirect

HydroResearch

journa l homepage: h t tp : / /www.kea ipub l i sh ing .com/en / jou rna ls /hydro research /
Ecological consequences of microplastic pollution in sub-Saharan Africa
aquatic ecosystems: An implication to environmental health
Edward Moto a, Miraji Hossein b, Ramadhani Bakari c, Alfred Said Mateso d, Juma Rajabu Selemanie,
Salma Nkrumah f, Asha Ripandab,e,� , Mwemezi J. Rwiza e, Elias Charles Nyanzag, Revocatus L. Machundae

a Department of Biology, College of Natural and Mathematical Sciences, P O Box 338, University of Dodoma, Dodoma, Tanzania
b Department of Chemistry, College of Natural and Mathematical Sciences, P O Box 338, University of Dodoma, Dodoma, Tanzania
c Department of Petroleum and Energy Engineering, The University of Dodoma, P.O Box 11090, Dodoma, Tanzania
d Department of Engineering and Energy Management, College of Earth Sciences and Engineering, The University of Dodoma, P.O. Box 11090, Dodoma, Tanzania
e Nelson Mandela– African Institution of Science and Technology, Nelson Mandera Road, P. O. Box 447, Arusha, Tanzania
f Sokoine University of Agriculture, P O Box 3000, Morogoro, Tanzania
g Department of Environmental and Occupational Health, School of Public Health, Catholic University of Health, and Allied Sciences (CUHAS), P. O Box 1464, Mwanza, Tanzania
� Corresponding author at: Department of Chemist
Mathematical Sciences, P O Box 338, University of Dodoma

E-mail address:asha.ripanda@udom.ac.tz(A. Ripanda)

https://doi.org/10.1016/j.hydres.2023.11.003
2589-7578/© 2023 The Authors. Publishing services by Els
creativecommons.org/licenses/by-nc-nd/4.0/ ).
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 6 August 2023
Received in revised form 27 September 2023
Accepted 18 November 2023
Available online 01 December 2023
Microplastic pollution (MPs) emerged as a signi � cant environmental concern due to its persistent nature. These
MPs particles endure in waters, soils, and even the atmosphere, posing potential threats to the entire ecosystem.
Aquatic organisms are at risk of ingesting MPs, leading to accumulation in tissues, ultimately affecting entire food
chain. This study aims to provide an overview of sources of MPs, distribution, and potential environmental
impacts. MPs have been documented in various substances such as bottled water, salts, seafood, and even the
air. However, the full extent of the health consequences on human exposure remains uncertain. Therefore, it is
imperative that we draw public attention to the presence of these pollutants in the environment. To mitigate
adverse effects of MPs, reducing plastic consumption, implementing improved waste management practices,
and advocating sustainable behaviors are essential for well-being of natural ecosystems and the health human
populations.
© 2023 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/ ).
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1. Introduction

Microplastics are condemned for decades, due to their effect on the
environment, including their persistence ( Geyer et al., 2017; Geyer,
2020; H and Ripanda, 2019; Miraji, 2018 ; Hossein et al., 2018). How-
ever, there is a lack of broad global knowledge, particularly about their
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prognosis despite their continual production and uses ( Geyer et al.,
2017). The global plastic production is continually increasing reached
390.7 million tonnes in 2021 ( Tiseo, 2022) compared to 288 t in 2012
(Tiseo, 2022), 200 t in 2002 ( Tiseo, 2022). It is unfortunately most of
the plastic material is released into the environment after their use.
The 2021 report indicate that only 9% of global plastic wastes were
recycled, >20% is mismanaged ( OECD, 2022), while >75% of plastic
waste globally is being discharged to land � lls or open environments
(Khan et al., 2020; Abdellatif et al., 2023 ; Liang et al., 2021). Efforts to
� ght plastic hazards have been given a global agenda. For instance, the
Basel Convention of 1989, classi� es plastic trash as hazardous waste
(Khan et al., 2020; Abdellatif et al., 2023 ; Liang et al., 2021;
Karungamye, 2022a; Karungamye, 2022b ; Karungamye et al., 2022 ).
Amendments of 2019, with the goals of strengthening control over
transboundary plastic waste movements and de � ning the convention's
application to such garbage. Global statistics indicate larger quantity of
plastic materials are being disposed off to the environment every year.
The 2015 capita plastic consumption in Africa was 16 kg/capita/year
(Khan et al., 2020; Abdellatif et al., 2023 ), meanwhile USA was 80 kg/
capita/year, and the consumption of 84.3 million tonnes reported
2019 ( Tiseo, 2022). Globally, the main producers of plastics are Asia,
China, North America, and Europe ( Gourmelon, 2015 ; Wang et al.,
2020a). Among the plastics materials, polyethylene Terephthalate
(PET) such that used for preparation of bottles and trays, high density
polyethylene (HDPE) including that used for production of toys and
denser bottles, and polypropylene (PP) used for preparation of tubs
are the most preferred and recyclable plastic material ( Dai et al., 2022;
Çepelio� ullar and Pütün, 2013 ); Whereas Low Density Polyethylene
(LDPE) used to make packaging bags, and Polystyrene (PS), used to
make pipes such as plastic cutlery which are least recyclable requiring
specialized facility are least preferred ( Dai et al., 2022; Çepelio� ullar
and Pütün, 2013 ). Similarly polyvinyl chloride (PVC), a synthetic plastic
polymer that is widely used in various applications due to its versatility
and durability ( Li et al., 2023). There are two main types: � exible PVC,
which is softer and more malleable and is suitable for applications like
electrical cables, in � atable structures, and vinyl � ooring; and rigid
PVC, which is strong and stiff and frequently used for pipes, � ttings,
window frames, and other construction materials ( Li et al., 2023). PVC
can be recycled, but because of its special qualities, it needs to go
through a different recycling process ( Lu et al., 2023). Recycled PVC is
frequently utilized in lower-grade applications ( Lu et al., 2023). On the
other hand, composites, cling � lm, polycarbonates and blisters are non-
recyclable ( Dai et al., 2022; Çepelio� ullar and Pütün, 2013 ).

Microplastics (MPs) are tiny particles of plastics measuring <5 mm
in size, basically originating from degrading, and disintegrated domes-
tic, industrial, and commercial plastic materials. Fig. 1 shows an insight
into microplastic sources and their environmental fate including possi-
ble interactions and exposure with aquatic organisms and humans, and
circulation in the ecosystems including aquatics.

MPs originate from multiple sources including fragments of substan-
tial plastic items, like bottles, packaging materials, and nets, through
Fig. 1. Sources of microplastic pollution, possible interactions and exposure wi
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natural degradation processes or mechanical forces ( Geyer et al.,
2017; Geyer, 2020; OECD, 2022; Kumar et al., 2021 ; Da Costa et al.,
2020). The shedding of synthetic � bers from textiles during washing,
the breakdown of pellets used in production, and the dispersion of
microbeads from cosmetics like exfoliating scrubs and toothpaste
(Geyer, 2020; OECD, 2022; Kumar et al., 2021 ; Da Costa et al., 2020;
Nyanza et al., 2014; Ejaredar et al., 2015), are all linked with MPs. MPs
are lightweight and some are resistant to degradation, allowing them
to dwell in the environment for long periods as hazards ( Torres et al.,
2021; Ripanda et al., 2023). The distribution of microplastic spans the
globe ( Lee et al., 2023; Meng et al., 2023 ), with both terrestrial and
aquatic ecosystems affected. Report indicates that oceans are hotspots
(Wilson et al., 2023 ; Campillo et al., 2023 ; Davtalab et al., 2023), for
microplastic accumulation. The currents and tides transport MPs across
vast distances, resulting in their deposition on marines ecology ( Wilson
et al., 2023; Campillo et al., 2023 ; Davtalab et al., 2023). Similarly, rivers
perform a crucial role in transferring MPs from inland sources to coastal
environments ( Silori et al., 2023 ), making them conduits for the dis-
persal of these pollutants. The marine environment faces signi � cant
ecological threats.

The effect of microplastic contamination on ecosystems is an emerg-
ing concern. Marine organisms can ingest MPs among or with food
(Koelmans et al., 2022; Rahman et al., 2023a; Rahman et al., 2023b;
Egbeocha et al., 2018), leading potential internal injuries. Filter-
feeding organisms, such as mussels and zooplankton ( Fossi et al.,
2014; Cole et al., 2013), are particularly susceptible to ingest large quan-
tities of MPs. This not only affects their health and reproductive capabil-
ities but also poses risks to higher-level predators, including � sh, birds,
and marine mammals ( Koelmans et al., 2022; Rahman et al., 2023a;
Rahman et al., 2023b; Fossi et al., 2014; Cole et al., 2013; Laursen
et al., 2023; Shruti et al., 2023 ; Buyukunal et al., 2023 ; Nantege et al.,
2023; Adikari et al., 2023 ). Moreover, MPs have the potential to alter
habitats, disrupt ecological interactions, and contribute to the transport
of other environmental pollutants. The incidence of MPs circulation
through the food chain raises concerns about human exposure and
health risks ( Rahman et al., 2023a; Buyukunal et al., 2023 ; Mamun
et al., 2023; Vitali et al., 2023 ). Studies have detected MPs in seafoods,
drinking water including bottled water, packed ready to use ice cubes
and even table salt ( Rahman et al., 2023a; Shruti et al., 2023 ;
Buyukunal et al., 2023 ; Mamun et al., 2023 ; Vitali et al., 2023 ). While
the full consequences of microplastic ingestion on human health are
not yet fully recognized, there are concerns about the probable transfer
of toxic chemicals such as bisphenol A and phthalates associated with
plastics into the human body ( Rahman et al., 2023b; Egbeocha et al.,
2018; Shruti et al., 2023 ; Buyukunal et al., 2023 ; Adikari et al., 2023 ).
Additionally, the physical effects of MPs on human tissues and organs
are still being investigated. However, a study by Ejaredar and Coallegues
(2015) ( Ejaredar et al., 2015), provided evidence that prenatal exposure
to phthalates is linked to negative behavioral and cognitive conse-
quences in children, including hyperactivity, attention issues, and de-
creased IQ (Ejaredar et al., 2015). Additionally, their study suggested
th aquatic organisms and humans, and circulation in the ecosystems.
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disability counseling 33.3% (22/66), wheelchair 7.6 % (5/66), other walking aid 24.2% 

(16/66), home-based care 3% (2/66), surgery 1.5% (1/66) and welfare services 1.5% (1/66).  

Additionally, 78.9% (71/90) of patients with physical disabilities who reported health 

problems in various health facilities could not get service (X2=30.00, df=1, p<0.001). Some 

of these services were unavailable in most dispensaries and health centers and sometimes 

even at the designated district hospital. Healthcare services reported and were not available 

included services related to chronic pain in joints 40.1%, stroke 22.9%, hypertension 5.7%, 

some acute conditions 4.3%, communicable diseases 4.3%and work-related conditions 4.3%. 

In addition, the nutritional deficiency was reported to be 2.9%, injury 2.9%, whereas urologic 

diseases, surgery, sleeping problems, the problem with the eyes, heart problem, HIV, 

generalized pain, diabetes, and depression were each reported to be 1.4%.  

Notably, the results showed that 45.6% (41/90) had experienced difficulties in accessing 

healthcare services, and 21.1% (19/90) were in a moderate situation. In comparison, 18.9% 

(17/90) had very problems accessing healthcare, and only 14.4% (13/90) had accessed these 

services quickly.  

In the district, there were no special health facilities for PWPDs and specialist nurses/ doctors 

dealing with PWPDs. Almost 93.3% (82/87) of PWPDs reported the unavailability of specific 

doctors for those in need (X2=68.14, df=1, p<0.001). The findings showed that 96.7 % 

(87/90) of the interviewed respondents with physical disabilities confirmed the absence of 

specialist doctors (X2=78.40, df=1, p<0.001). Most PWPDs rely on specialists from the 

regional hospital, far away from their neighborhood.  

�³Healthcare service delive�U�H�G�� �L�V�� �J�R�R�G�«�� although they can't get rehabilitation 

services in dispensaries, health centers, and designated district hospitals until waiting 

for an appointment at the regional hospital several times (Male, Government leader, 

39 years)�´�� 

A study conducted in northern Tanzania on disability needs assessment reported that PWPDs 

are not accessing healthcare services such as orthopedic, physiotherapy, and counseling 

(Baine, 2017). A similar study on disability status and multi-dimensional personal well-being 

among adolescents in the southern highlands region of Tanzania reported that access to 

healthcare services for PWPDs continued to be a challenge in the rural area. However, the 

Tanzanian government has to increase its budget by 35%   to rescue the situation (Quinones 
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SECTION B: AVAILABILITY OF HEALTHCARE SERVICES FOR PWPDs  

0.12 Do you use any assistive devices to help you get around or for selfcare? 

1. Yes  2. No  

0.13 If No, do you need any?  

1. Yes   2. No 

0.14 Which one do you need?  

1. Orthopedic footwear  

2. Artificial limb (leg/foot) 

3. A cane or walking stick  

4. Crutches   

5. A wheelchair 

6. A walker or a scooter 

7. An adapted motor vehicle 

8. Others 

���V�S�H�F�L�I�\���«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«  

0.15 Thinking of access overall, how difficult or easy was it to actually obtain the 

healthcare     services you needed within the past 12 months?  

1. Very difficult  

2. Difficult  

3. Moderate  

4. Easy  

5. Very easy  

0.16 How would you rate access to information on the available healthcare services from 

the following channel? for people with physical disability?  

Answer choice: 1. Very poor 2. Poor 3. Average 4. Good 5. Very good 6. N/A  

a. Work  

b. �7�K�H���G�R�F�W�R�U�¶�V���S�U�D�F�W�L�F�H�� 

c. Healthcare facilities  

d. Pharmacies 

e. Internet/websites  

f. Social media 

g. Tv 
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Appendix 5:     Poster Presentation 

 




















