UBIQUITOUS PRESENCE OF MICROPLASTICS (MPs): A REVIEW OF OCCURRENCE, ABUNDANCES, SPATIAL DISTRIBUTION AND FUTURE EFFECTS IN THE SURFACE WATERS, KENYA

ABSTRACT
Plastics pollution has slowly become a global concern over the years due to the worldwide technological trends in production and consumption of plastic products and materials. Surface water of natural water bodies, man-made waterways and other inter-connected reservoirs provides wide and extensive network of routes for the uncontrolled disposal and dispersal of macro and microplastics (MPs). There is a growing concern on the negative impacts from plastic-associated waste and litter in both marine and freshwater systems.  Microplastics are defined as plastic (primary or secondary) materials of size less than 5000µm. Kenya issued a nationwide ban on single use plastics in 2018 and the EU issued a ban on the same, in 2019. As a result, there is a growing research in understanding the scale of the microplastics in the environment, with relatively more data documented for marine than freshwater ecosystems, yet both act as active conduits of different types of MP’s. Several government and community initiatives are geared towards removal of litter along waterways and beaches and ensure control of plastic pollution by involvement of all stakeholders. However, less information is documented from specific ecosystems studies and environmental samples, on the types of MPs, their environmental concentrations, and the potential effects and relationships with environmental factors. Recent documented studies have focused on the coastal marine waters, and only a few studies on the diverse small and large inland aquatic ecosystems. Therefore, this review provides documented data on MPs occurrences, abundances, spatial distribution in Kenyan aquatic ecosystems, with an overall target of creating more informed stakeholders on the plastic litter menace in aquatic environments and the potential ecological effects of MPs for developing better future risk assessments. Future studies on MPs should be targeted on gaps identified to develop action plans and solutions towards effective control and eradication 
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Introduction
Plastics pollution has slowly become a global concern over the years due to the worldwide technological trends in production and consumption of plastic products and materials. Surface water of natural water bodies, man-made waterways and other inter-connected reservoirs provides wide and extensive network of routes for the uncontrolled disposal and dispersal of macro and microplastics (MPs). There is a growing concern on the negative impacts from plastic-associated waste and litter in both marine and freshwater systems. Micro-scale plastic particles were discovered in the marine environment in the early 1970s (Carpenter and Smith 1972), when initial exploration of marine microplastics commenced. Some of the reported hotspot concentration in water (102,000 particles/m3, Noren and Naustvoll 2010) and sediments (621,000 particles/Kg, Liebezeit and Dubaish, 2012) are global evidence of MPs pollution. In 2018, UN Environment programme designated the theme of World Environment day as “Beat Plastic Pollution”, affirming the global concerns. Microplastics are defined as plastic (primary or secondary) materials of size less than 5000µm. Kenya issued a nationwide ban on single use plastics in 2018 and the EU issued a ban on the same, in 2019. As a result, there is growing research in understanding the scale of the microplastics pollution in the environment, with a relatively more data documented for marine than freshwater ecosystems, yet both act as active conduits and reservoirs of different types of MP’s. 
To date, the larger sized microplastic are the most studied and reported along the Kenyan coast (Okuku et al., 2022a,b; 2021; 2020a,b,c) and inland lakes (Okuku et al., 2024; Ogello et al., 2024). Several government and community initiatives are geared towards the removal of litter along waterways and beaches and ensure control of plastic pollution by involvement of all stakeholders. However, less information is documented from specific ecosystems studies and environmental samples, on the types of MPs, their environmental concentrations, and the potential effects and relationships with other environmental factors. Recent documented studies have focused on the coastal marine waters, and only a few studies on the diverse small and large inland aquatic ecosystems, especially lakes and rivers which provide a large surface area for MPs input, storage and remobilization after fragmentation into smaller particles.
Therefore, this review provides documented data on MPs occurrences, abundances, spatial distribution in Kenyan aquatic ecosystems, with an overall target of understanding the gaps in data; creating more informed stakeholders on the plastic litter menace in aquatic environments and the potential ecological effects of MPs; for developing better future risk assessments. Results from this study will be useful in understanding future actions and solutions towards effective control and eradication of MP’s in inland water resources for a sustainable fisheries; improved quality of the soil and aquatic ecosystems.
Materials and methods
The study analysed the accessible literature using online databases (Web of science, Scopus and Pubmed) on Plastics/macroplastics/microplastics/microbeads//nanoplastic/microplastics risk assessment/marine litter/marine debris, marine waters /freshwater/plastic polymers, and Kenya as key search words. All publications before March 2023 in studies conducted in the Kenya marine and inland waterbodies (surface water, sediments, soils, biota, risk assessment of microplastics) were selected for review. 
Coastal marine areas in Kenya
The Indian Ocean coastline in Kenyan (Figure 1) is part of the international waters and supports some of the extensive tropical mangrove ecosystems. The coast forms the baseline for a sea area or Exclusive Economic Zone (EEZ) measuring 230,000 Km2, including a narrow continental shelf about 3-5 Km in width with a total area of about 19,100 Km2, of which some 11,000 Km2 is trawlable (Ruwa, 2006). The coastal area with 2.5 million people has a higher population density of 77 people per Km2, and is mainly concentrated in urbanised areas   such as Mombasa, Tiwi, Kwale, Msambweni, Shimoni (southcoast) and Kilifi, Malindi and Lamu in the north coast. Fishing grounds are located in the south (Majoreni and Vanga coasts) and around Lamu archipelago, Ungwana bay (Tana river delta), north Kenya bank, and Malindi bank, characterized by the convergence of the South-flowing Somali current and north flowing Est African current during the NE-Monsoon season of November- March, resulting in upwelling and nutrient enrichment (Ruwa, 2006).
Studies on the microplastics were conducted at three creeks in Mombasa county (Tudor and Port-Reitz), and Kilifi county (Mida creek). A detailed description of the creeks and climatic conditions are provided by Kitheka et al. (1999) and Obiero and Onyando (2013). Microplastics were determined in the commonly commercially exploited fish species. The dermersal fish species included Gerres oyena (Forsskal, 1775) (Gerreidae family), the seagrass parrot fish/reef fish Leptoscarus vaigiensis (Quay & Gaimard, 1824), tiger perch Terapon jarbua (Forsskal, 1775) (Terapontidae family) , and sea bream Acanthopagrus  berda (Forsskal, 1775) (Sparidae family). Acanthopagrus berda inhabits brackish waters and is among the commercially important fish from the Indian ocean (Shilta et al., 2018) greatly valued by consumers and is also considered of great aquaculture potential. Brackish water, estuaries, sandy beaches, reefs are common habitats for Gerres oyena. while Leptoscarus vaigiensis inhabits hard substrates and reefs (FAO, 2010). The pelagic fish, Rastreliger kanagurta (Cuvier, 1816) (Scombridae family) is found in bays, harbours and deep lagoons in turbid plankton rich waters (FAO, 2010). 
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Figure 1. A map of East Africa showing the major lakes, Indian ocean and the coastal marine waters in Kenya
Lake Naivasha
Lake Naivasha (Figure 2) receives inflows from rainfall and two major rivers (R. Malewa and Gilgil), which contribute over 90% of the water inputs. The lake is among the rift valley lakes which have already witnessed the cyclic water level fluctuations, similar to water level rises in Lakes Turkana, Baringo and Bogoria. Water level rise that was witnessed since September 2010 and that significantly affected the areas in 2013 and again 2019, resulted in expansion of the lakes surface area, with submergence of nearly all the riparian land and displacement of thousands of people, with huge socio-economic impacts (GOK and UNDP, 2021).
Lake Victoria
Lake Victoria (Figure 3) is a large but relatively shallow freshwater lake (3,440 Km shoreline, 40m mean depth; 80 maximum depth, 68,800 Km2 water surface area) with a watershed (195,000 Km2) extending into Western Kenya highlands, northern Tanzania, Southern Uganda, Rwanda and Burundi. The Kenyan watershed (42,460 Km2) is drained by many extensive river drainage systems, with a total discharge of 778.3 m3 (42.4% of the whole basin), overally amounting to about 20% of the total lake water input (precipitation contributes over 80%). Bathymetry updates show most of the inner shore areas and islands around the main lake lie at about 50m (Hamilton et al., 2022) water depth. The main seasonal rains (short and long rainy seasons) coupled with storm waters cause occasional flooding of river channels in the low-lying lakeshore areas, transporting diverse suspended solid wastes loads into the lake. These are active conduits of plastic wastes into downstream surface waters. 
A decade ago the aquaculture production in Kenya grew from 1012 metric tonnes in 2003 to 21,487 metric tonnes in 2012 (FAO 2010). To enhance fish production due to the declining wild capture fisheries and address increasing demand of fish protein, the fisheries management has again introduced Nile tilapia cage farming since 2005. Therefore, the surface area of the lake currently supports cage aquaculture activities and cage structures at different sizes (volume of 4m3, 8m3, 10m3 and 131.3m3) and stocking densities (2250, 2500 and 3000 fingerlings per cage) (Aura et al., 2018), since the onset of tilapia cage culture in Lake Victoria (Kenya). According to unmanned aerial systems, satellite and GIS technologies study of 2019, the Kenyan portion supported over 4357 floating fish cages which covered 62,132 m2 (Hamilton et al., 2019, Aura et al. 2018). Also the COVID-19 health 
Note from Editorial Office
1. Author response: Figure 2 provided and source cited.
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Figure 2. Map of Lake Naivasha basin, Kenya (Source: Mutie. et al. 2020; Omondi et al., 2016).
crisis of 2020-2021 impacted all sectors and according to respondents contacted, the immediate diverse control measures were found to impact on Homabay and Kisumu fishers and fish traders’ household (88 households) livelihood incomes (Okronipa et al. 2023; Fiorella et al. 2021, Aura et al., 2020), albeit other factors were important. This was also thought to cause increased vulnerability of surface waters to solid waste contamination from disposal of synthetic masks, a contributor to MPs. 
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Figure 3. Map of the Lake Victoria (Kenya) basin showing location of major towns and wastewater treatment plants.


Sample collection
· Sampling design
· Surface water collection
· Water column 
· Trawl nets
· Sediment collection stainless steel sampler (e.g Ekman grab, ponar grab)






Extraction of MPs
· MPs Separation by density floatation
· Sample digestion using different treatments (mainly H2O2 & enzymes)
· Filtration stage





Identification and quantification of MPs
· Visual observation under dissecting microscope
· Classification of polymers (shape, colour)
· Advanced identification of polymer type







Figure 4: Stepwise sampling, extraction, identification and quantification of plastics polymers in environmental samples
NB: Web of science; Scopus and Pubmed online databases were used.and all publications before March 2023 for Kenyan marine and inland waterbodies were selected using keywords Plastics; marine water/freshwater; Kenya; macro/micro/nanoplastics; microbeads;marine debris/litter; plastic polymers risk
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Figure 5. Sketch diagram of the major pathways and distribution of microplastics  
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3. RESULTS AND DISCUSSION
There is a growing number of publications targeting MPs and evidence of  contamination, mostly in aquatic environments. Initial studies on the biota targeted fish species and zooplankton. The definition of MPs is standardized in size i.e micro = < 5,000 µm (Macro = > 20,000 µm; Meso = 5,000 - 20,000 µm, Micro = < 5,000 µm; Nano = < 100 nm ) in most studies.
The plastics debris / litter recorded from sediments and water of coastal marine waters and freshwater lakes is classified as MPs using abundance/occurrence data, size, colour, polymer type (but only a few studies). The distribution of most of the microplastics is linked to shoreline activities, but in general, data from lotic (rivererive) ecosystems is lacking.
 The data on the MPs accumulation in biota is not readily available/accessible, however, a few isolated sudies report concentration in GIT (gastro intestinal tract) and tissues. There are no simplified indices developed for water quality; and there are no levels recommended for regulations on water quality and sediments;  and other analysed compartments reported.
3.1. MICROPLASTICS STUDIES 
In the environment, macro and microplastics originate from different human activities, industrial wastes, wastewaters, surface runoffs and storm waters, and from agricultural sources, but can be transported and deposited in soils, air, surface marine and freshwater and deposited in bottom sediments. Several authors have endeavour to provide reviews of microplastics at varying times and regional scales in soils, oceanic/marine water and freshwater or both systems. Results from the web of science including 2010-March 2020 show a dismal number of publications for freshwater bodies (about 40%), although the articles regarding microplastic pollution exceed 3000 and 32% of them originated from China (14%) and the USA (18%). Other countries included in the search were Germany, Italy, France, Espania, Australia, Netherlands, Canada, Portugal and Brasil.
Most environmental studies rely on the FTIR and Raman spectroscopy for the identification and quantification of synthetic polymer particles due to their high effectiveness. Others employ other techniques such as Pyrolysis - Gas Chromatograpyh-Mass spectrometry (PyGC-MS) and liquid chromatogrphy. There are several variation in methods of collection of environmental samples for determination of microplastics . However the main steps remain the same in most studies, i.e collection of the target media of interest, initial preparation, separation and extraction, detection and description and final quantification (Figure 1).
Standardization of procedures for MPs analysis is of priority, and where standard methods are not employed, sample volumes used need to be specified for each sample type (solid or liquid sample). MPs are mostly of low density and undergo degradation to smaller particles or enter surface waters as microbeads. Larger plastic items sink and the gradient of MP concentration starts to be directly proportional to the water depth (Reisser et 2015). It is therefore to prioritize both the water column and sediments at different sizes in order to capture the true abundance of MPs. 
Although Africa has a considerable low production of plastics, there is a high consumption of plastic products for packaging, construction and building, household appliances, agriculture, automotive electrical and electronic consumer products. In generl, PE, PP and PVC are the commonly used polymers.
The fate and effect of microplastics in the environment largely depends on their properties  and composition. Polystyrene (PS, 1.04-1.08 g/cm3), acrylonitrile-butadiene-styrene (ABS, 1.04-1.06 g/cm3), polyamide (PA, 1.13-1.16 g/cm3), polycarbonate (PC, 1.20-1.22 g/cm3), cellulose acetate (CA 1.3 g/cm3), polyethylene terephthalate (PET/PETE, 1.38-1.41 g/cm3) and polyvinylchloride (PVC, 1.38-1.41 g/cm3) polymers have densities greater than 1 g/cm3 (Lechner et al., 2014), whereas polypropylene (PP, 0.85-0.92 g/cm3), expanded polystrene (EPS, 0.01-0.04 g/cm3) low density polyethylene (LDPE, 0.89-0.93 g/cm3), high density polyethylene (HDPE, 0.94-0.98 g/cm3) are below than 1 g/cm3.
3.2: Microplastic characterization and chemical compositions in Lake Naivasha
The microplastics study focussed on surface lake water. Surface water samples were collected in triplicate at each sampling site by towing a zooplankton net with 150‐μm mesh and mouth diameter of 0.30 m. Sampling was done in January 2019, and the towing was conducted at an average low speed of 2.5 to 3.5 knots and a short distance of 100m because the plankton net clogged easily. The trawl residues collected in the detachable polyvinyl chloride cod end were thoroughly rinsed into glass bottles and transported to the laboratory at 4 °C. 
Samples for microplastics analysis were collected from 7 study areas (Karati River mouth; Kasarani; Sher Karuturi discharge outlet; Kamere Beach; Elsamere Conservancy and Hippo Point) and reported as particles/Km2. The recovered microplastics were sorted into the 4 main shape categories, (fibers/filaments, fragments, films, and pellets as outlined by Viršek et al. (2016). Pellets were not present in all the samples.  Fibers/filaments were dominating (n = 69.5, ≈81%), and there was a significant difference (p<0.05) in concentration among the locations studied. Fibers and fragments were present in all 7 locations, whereas films were only present in 5 sites. Surfcae water MPs recovered from L. Naivasha were classified as fibres, fragment and films,. There were no significant differences among the locations for fragments (n = 13.5) and films (n = 2.5). The colours were mainly dominated by Black/brown, blue, red , green and white /transparent microplastics. Along the Kenyan coastal region, Kosore et al. (2018) reported white (51%) and black (26%) as the dominant colours of MPs in surface marine water. 
The concentrations of MPs in surface water varied from 0.183 ± 0.017 to 0.633 ± 0.067 particles/m2 (1.56 – 5.38 ± 0.57 particles/m3). River Malewa recorded the highest levels and the lowest at Hippo point. The mean microplastic concentration was 0.407 ± 0.135 particles/m2 (3.46 ± 1.15 particles/m3) measured over 21 shoreline trawls. The high microplastic abundance detected in Lake Naivasha was attributed to plastic properties, meteorological and hydrodynamic conditions, and river‐line inputs. There are no repeated studies in the study area for making comparisons on temporal variations in MPs. Again MPs accumulation in bottom sediments are lacking in this study, but widely documented in other aquatic systems (van Cauwenberghe et al., 2013; Tsang et al. 2017) Therefore, studies in a few mountain lakes in Kenya can also provide an indication of “background levels” in inland waterbodies, for comparison with hotspots of microplastic pollution, in areas mostly affected by increasing urbanization, although MPs have been found in remote areas in oceans and other pristine terrestrial regions. This could be associated to human activities and uncollected garbage at such sites and potential redistribution by current and water circulation.
Polymer identification provides useful information on possible sources of plastic that have either weathered or disintegrated to yield microplastics (Desforges et al. 2014). Of the total 86 microplastic particles recovered, 20 were analyzed using FTIR spectroscopy, of which 18 were found to have a polymer composition (Table 1). Polyethylene (n = 3), polyethylene terephthalate (n = 2), polyester (n = 7), and polypropylene (n = 5) plastic polymers were recovered (Figure 5). 
Similarly, because polyethylene and polypropylene polymers have been identified as the main components of fishing nets and lines (Wang et al. 2018), fishing activities could thus be hypothesized to contribute significantly to the concentration of microplastics in the lake. Polyethylene terephthalate and polyester are typically used in textile production of clothes, fleece, and blankets. These are released by washing and have been shown to be major sources of microplastic fibers (Hernandez et al. 2017), discharged into the lake by household waste discharge, surface run‐off, and atmospheric deposition. Interestingly, polyethylene terephthalate (1.37 g/cm3) was recovered from surface water of Lake Naivasha although it is known to be a “denser than water” polymer. This could be the result of other factors working together to influence the vertical distribution of microplastics in aquatic environments rather than particle density. 
Relationships of MPs with prevailing environmental conditions
· In L. Naivasha study, there were no statistically significant correlations between microplastic abundance and salinity, temperature, conductivity, dissolved oxygen, and total dissolved solids. However, there were strong positive association between microplastic abundance and turbidity, total 

Table 1: The abundance and composition of MPs in surface water and bottom sediments from Lake Naivasha (Kenya.

	Ecosystem
	Compartment 
	Zone
	N
	MP types
	Polymer
	Extraction
	Concentration range
	Analysis
	Publ. Ref.

	Freshwater
	
	
	
	
	
	
	Range
	Mean
	Units
	
	

	Lake Naivasha
	Surface water
	Surface
	20
	Shape; 
	
	Oxidation (30 % H2O2)
	0.183±0.017
	0.407±0.135
	Particles/m2
	ATR-FTIR
	Migwi et al. (2020)

	(2019 sampling)
	
	Plankton net trawls
	length & colour.
	
	Density separation
	to 0.633±0.067
	
	
	
	

	
	
	
	
	
	PP
	NaCl
	
	
	
	
	

	
	
	
	
	Fibers;
	PE
	
	
	
	
	
	

	
	
	
	
	Fragments;
	PES
	
	
	
	
	
	

	
	
	
	
	Films;
	PET/PETE
	
	
	
	
	
	

	
	
	
	
	Coloured
	PVC
	
	
	
	
	
	

	
	
	
	
	
	Nylon
	
	
	
	
	
	




nitrogen, and total phosphorus. With increased settlement and urbanization around the lake and its catchments, large water abstractions for agriculture and domestic uses have increased pollution pressures, resulting in highly contaminated surface run‐off from the catchment areas into the lake (Ndungu et al. 2015). Furthermore, degradation in the catchment by activities such as forest clearance have led to soil erosion and the consequent transport of nutrients into the lake (Njiru et al. 2017). High volumes of pesticides and fertilizers, together with effluents from the horticultural farms and informal settlements around the lake, have been reported to increase heavy metal and nutrient levels in the lake (Mutia et al. 2012), and consequently the quantities of microplastics.

Microplastics were ubiquitously detected in the surface waters of Lake Naivasha, with the highest abundance being recovered from the major inflow river into the lake. This finding suggests that the lake is greatly influenced by river‐line influences, and that potential microplastic sources include, but are not limited to, ineffective treatment of industrial, household sewage, and land‐based pollution in the river Malewa's catchment. Similarly, anthropogenic activities in/around the lake, together with selected physicochemical parameters, were found to influence the microplastic pollution in Lake Naivasha. The high concentrations of microplastics found in Lake Naivasha raise concerns over the need to develop measures to prevent the release or input of plastics into our aquatic ecosystems, by improvements in plastic waste management.
 
3.3: Microplastics in the coastal marine waters (Kenya)
At the onset and progression of the COVID - 19 pandemic in 2020 onwards to 2021, it was envisaged that uncontrolled garbage disposal and runoff water would contribute huge volumes of wastes into the marine environment. A study was conducted at 100 days (June 19th 2020) since the first case was reported to document quantities, distribution and composition of street, beach and marine floating litter. Okuku et al., (2020a) documented large variations in beach and floating litter classified as COVID-19 related and non-COVID-19 marine litter along some coastal areas of Kilifi and Kwale. Along remote (0.00 to 5.6 x 10-2 items/m2) and urban (ranged from 0.00 to 3.8 x 10-2 items/m2) coastal beaches, COVID-19 related items were in low densities (0.1 items/m2) and represented only 0.43 % of the total litter (Okuku et al. 2020a,b), a reflection of the containment measures which restricted movement to recreational facilities in the three counties and hindered local and foreign tourism activities.
Coastal beach trawl surveys during the COVID-19 pandemic recorded no COVID-19 related items (macro litter > 25mm), but non –COVID -19 related litter types and densities (34.337 Km2) varied from foam/styrofoam (1,042 items/Km2), plastic line /fibers (82,109 items/Km2), hard plastic (137,950 Km2), and soft plastic (126,236 items/Km2). Catchment discharge through rivers, physical trapping by mangroves, sheltered bays, and strong currents experienced during the SE-Monsoon which tends to transport litter to the north, contributed to the high densities of non-COVID-19 marine litter (Okuku et al., 2020a). Plastics dominated the marine litter documented but their fate in the marine environment is not clearly documented in relation to the sources. The snapshot of impacts from COVID-19 were considered short-lived, but with increasing awareness on the effects of plastic pollution, there is need to develop more specific studies and data, to inform on household recycling (for recyclable refuse) and better longterm solid waste management options. 



Table 2: The abundance and composition of MPs in fish tissues from coastal marine waters (Kenya).

	Ecosystem
	Compartment 
	Zone
	Species
	N
	Size range
	MP types
	Extraction
	Concentration in tissues
	Publ. Ref.

	Marine
	
	
	
	
	Weight (g)
	TL (cm)
	Shape; length& colour
	
	Range
	Mean
	Units
	

	Coastal creeks
	Biota
	Dermersal
	Terapontidae
	43
	16.3±0.17
	10.8±0.01
	Fibers;
	Digestion (10 % KOH)
	0.15±0.008
	0.240±0.04
	Particles/g
	Kerubo et al. (2021)

	(Mida; Tudor & 
	Fish (5 species; 
	Terapon jarbua
	
	to 74.8±0.1
	to 10.2±0.0
	Filaments;
	Separation
	to 0.31±0.01
	
	(Gut, Gills & flesh)
	

	Port-Reitz)
	 n=225)
	
	(Forskal, 1775)
	
	
	
	Fragments;
	NaCl
	
	
	
	

	(Jan & Sept 2018
	
	
	
	
	
	
	Pellets;
	
	
	
	
	

	sampling)
	
	
	Sparidae
	40
	11.9±0.1
	9.7±0.03
	Films
	
	0.16±0.003
	0.480±0.058
	Particles/g
	

	
	
	
	Acanthopagrus berda
	
	to 74.3±0.0
	to 9.8±0.01
	
	
	to 0.52±0.01
	
	(Gut, Gills & flesh)
	

	
	
	
	(Forskal, 1775)
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Gerreidae
	91
	12.8±0.2
	28.6±0.01
	
	
	0.041±0.032
	0.209±0.051
	Particles/g
	

	
	
	
	Gerres oyena
	
	to 28.2±0.2
	to 143.8±1.4
	
	
	to 0.21±0.011
	
	(Gut, Gills & flesh)
	

	
	
	
	(Forskal, 1775)
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Scaridae
	10
	143.1±0.74
	20±0.04
	
	
	N/A
	0.04±0.001
	Particles/g
	

	
	
	
	Leptoscarus vaigiensis
	
	
	to 10.2±0.5
	
	
	
	
	(Gut, Gills & flesh)
	

	
	
	
	(Quoy & Gaimard, 1824)
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Pelagic
	Scombridae
	41
	22.3±0.08
	118.6±0.15
	
	
	0.07±0.01
	0.132±0.011
	Particles/g
	

	
	
	
	Rastrellinger kanagura
	
	to 10.3±0.1
	to 32.5±0.06
	
	
	to 0.16±0.004
	
	(Gut, Gills & flesh)
	

	
	
	
	(Cuvier, 1816)
	
	
	
	
	
	
	
	
	




Table 3: The abundance and composition of MPs in surface water and zooplankton from coastal marine waters (Kenya).

	Ecosystem
	Compartment 
	Zone
	Size category
	MP types
	Polymer
	Extraction
	Concentration in tissues
	Analysis
	Publ. Refs

	Marine
	
	
	
	Shape; length & colour
	
	
	Total MPs
	Mean
	Units
	
	

	Coastal creeks
	Surface water
	Continental shelf
	Small size
	Fibers (2703.3±226)
	PP (52%)
	10 % KOH)
	NA
	Overall (2897.7±232)
	Particles/m3
	ATR-FTIR
	Kosore et al. 2022

	9 sites
	(Neuston nets)
	
	(20-250 µm)
	Fragments (164±20.4)
	HDPE (38%)
	Sieve
	
	Tudor (3161.3±363.7)
	
	
	

	Tudor (4 sites)
	250 µm; 500 µm
	
	Films (33.5±9.2)
	LDPE (10%)
	Filtration 0.8 µm
	
	Port-Reitz (2883.3±485.4)
	
	

	Port-Reitz (2 sites)
	
	
	
	
	Dissecting microscope
	
	Mida (2523.3±211.8)
	
	
	

	Mida (3 sites)
	
	
	
	
	
	
	
	
	
	
	

	(Jan & Sept 2019
	
	
	Medium size
	Fibers (2.7±0.3)
	
	
	N/A
	Overall (3.1±0.4)
	Particles/m3
	
	

	sampling)
	
	
	(250-499 µm)
	Fragments (0.3±0.1)
	
	
	
	
	
	
	

	
	
	
	
	Films (0.08±0.0)
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Large size
	All less than 1
	
	
	N/A
	Overall 0.6±0.1
	Particles/m3
	
	

	
	
	
	(500 to <5000 µm)
	
	
	
	
	Tudor ( <1)
	
	
	

	
	
	
	
	
	
	
	
	Port-Reitz ( <1)
	
	
	

	
	
	
	
	
	
	
	
	Mida ( <1)
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Marine
	Surface water
	Continental shelf
	N/A
	Fragments (55%)
	PP (52%)
	Wash-over 125 µm
	1473 (Total MPs)
	0.58±1.30
	Particles/m3
	ATR-FTIR
	Kosore et al. 2022

	Coastal creeks
	(Mantra net 300 µm)
	
	Films (40%)
	HDPE (38%)
	sieve
	
	
	
	
	

	6 sites
	
	
	
	Fiber (2%)
	LDPE (10%)
	(Preserve , 70% alcohol)
	
	
	
	
	

	
	
	
	
	
	
	Dissecting microscope
	
	
	
	
	

	
	
	
	
	Particle size (0.26 to
	
	
	
	
	
	
	

	
	
	
	
	2.4 mm)
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	11 sites 
	Surface water
	Zooplankton
	N/A
	Filaments (97%)
	LDPE (dominant)
	Stainless steel
	129 (Total MPs)
	Chaetognatta (1.46)
	Particles/Ind.
	
	Kosore et al. 2018

	
	
	(Zooplankton
	
	
	
	sieve (250 µm)
	
	Copepoda (0.33)
	Particles/Ind.
	
	

	
	
	horizontal tow net)
	
	Color (white 51%; black 42%)
	Dissecting microscope
	
	Amphipoda (0.22)
	Particles/Ind.
	
	

	
	
	
	
	
	
	
	
	Fish larvae (0.16)
	Particles/Ind.
	
	

	
	
	
	
	Particle size (0.01 to 1.6 mm)
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	




Table 4: The abundance and composition of MPs in Jelly fish (Crambionella orsini) from coastal marine surface waters (Kenya).

	Ecosystem
	Compartment
	Zone
	
	N
	MP types
	Polymer
	Extraction
	Concentration range
	Analysis
	Publ. Ref.

	Marine
	
	
	
	
	
	
	
	Range
	Mean
	Units
	
	

	Coastal creeks
	Surface water)
	Continental shelf
	
	n=9
	
	
	
	
	
	
	
	Awuor et al. (2021)

	
	(Sieve nets;
	
	
	Tudor (5)
	Shape;
	Not identified;
	10% KOH
	
	
	
	
	

	
	500 µm mesh)
	
	
	Port-Reitz (2)
	length & colour.
	MPs confirmed
	Sieve ( 38 µm
	
	
	
	
	

	(Tudor; Port-Reitz; Mida)
	
	Jellyfish (Crambionella orsini)
	Mida (2)
	
	with  needle test
	Filtration 0.8 µm
	0.05
	Dibaso (0.05)
	Particles/g
	
	

	(Jan/Feb Sept 2018)
	
	Mean wt.
	
	
	Colourless (53%);
	
	
	0.012 to 0.041
	Makupa (0.03±0.01)
	Particles/g
	
	

	
	
	Makupa (831-897 g)
	
	Black (23%);
	
	Dissecting
	0.022 to 0.028
	Mikindani (0.03±0.005)
	Particles/g
	
	

	
	
	Mikindani (890-1000 g)
	
	Red (9%);
	
	microscope
	
	
	
	
	

	
	
	Dibaso (289 g)
	
	
	Blue(7%;
	
	
	
	
	
	
	

	
	
	
	
	
	Yellow (4%);
	
	
	
	
	
	
	

	
	
	
	
	
	Green (3%);
	
	
	
	
	
	
	

	
	
	
	
	
	Purple (1%)
	
	
	
	
	
	
	






3.4: Microplastics in Lake Victoria
There exists very few studies on MPs from the lake. The first documented evidence of presence of MPs in the great lakes was reported by Biginagwa et al., (2016). Plastics were confirmed in the gastrointestinal tracts of fish (Nile perch Lates niloticus (11fish), and Nile tilapia, Oreochromis niloticus (7 fish). Plastics were confirmed in 20% individuals of each of the two fish species (Biginagwa et al., 2016) using attenuated total reflection-Fourier-Transform Infra Red (ATR-FTIR) spectroscopy. The secondary plastics polymers included PE, PU, PE/PP Co-polymer, and silicone rubber, which are commonly used in packaging, clothing, food and drink containers, insulation and industrial applications. Land and urban area wastes were the suggested as the main sources of the degraded MPs ingested by the fish. Despite the low number of publications on MPs, there is a wide awareness campaign and events  or public days on cleaning the beaches of Lake Victoria. 
Debris of microplastics (0 to 1,102 particles/Kg dry weight sediments), mesoplastics (0 to 218 particles/Kg d.wt.) and macroplastics (0 to 100 particles /Kg d.wt.) were investigated by Egessa et al. (2020a) in shoreline sediments and also in bottom lake sediments (micro-0 to 108 particles/Kg d.wt., meso-0 to 33 particles/ Kg d.wt., and macro- 0-77 particles/Kg d.wt. ) around the northern shores of Lake Victoria (Uganda). Across the size groups (micro, meso and macroplastics) the main forms of MPs found were films, filaments, fragments foam and pellets, with dominance of the shoreline and bottom sediments by films (> 54%) and filaments (>55%) respectively. Dominant polymer types included PE, PP, PE/PETE, PA, and PVC. Micro and mesoplastics (films, fragments and total plastics) in shoreline sediments revealed a strong and significant association. The mean abundance plastic debris (micro, meso and macroplastics) in shoreline sediments ( 75.2±50.0, 16.7±8.1, 18.1±4.6 particles/Kg d.wt.) was highest in fish landing beaches than in recreational beach areas (1.5±0.6, 3.1±3.1, 3.8±3.8 particles/Kg d.wt.), and also lake sediments near fish landing beaches (9.5±2.6, 2.1±1.5, 7.7±4.5 particles/Kg d.wt) recorded higher abundances than those from recreational areas (0.7±0.7, 0.2±0.1, 0±0 particles/Kg d.wt) , respectively. 
 Similarly, a non-parametric Spearmans rank correlation showed a strong correlation between MPs recorded in shoreline (macroplastics) and lake sediments (microplastics), with fish landing areas as areas of concern with regards to plastic pollution.
Egessa et al., (2020b) also reported low microplastic (size range 0.3 - 4.9 mm) abundances at Kagera and Katonga areas (sites in vicinity of river inflows), with much higher abundances at Bwondha, Ddimo, Kasensero (sites within fish landing sites in a rural setting), Kasenyi, Gaba and Masese (sites in vicinity of fish landing and recreational beaches, and within urban and semi-urban setting) in northern shores of Lake Victoria (Uganda). Transect sampling was done using a floating mantra net They were mainly degradation products from larger plastics. Microplastics were recorded in all the study sites and the overall abundance of MPs ranged from 2,834 - 329,167 particles/Km2 (0.02 - 2.19 particles /m3). The highest and lowest abundances were recorded in Bwondha, Ddimo, Kasensero (103, 333 to 329,167 particles/m2 or 0.69 to 2.19 particles/m3) and Kagera and Katonga areas (2,834 to 20,840 particles/m2 or 0.02 to 0.14 particles/m3) respectively. Microplastic of less than 1mm occurred in high proportion (36%) and were dominated by low density polymers of PE and PP. The analysed MPs were of local origin and mainly associated with community activities. 
Potential risks from microplastics exposure
Increasing demand for fish protein and a source of micronutrients and omega - 3 poly unsaturated fatty acids, means an increasing demand in aquaculture fish production as wild capture fisheries continue to dwindle. nutritional benefits of seafood and fish consumption are many, however, increasing presence of microplastics and potential trophic transfer of contaminant needs to be considered. There were no data on evaluation of microplastics as contaminant vectors (metallic contaminants or persistent bioaccumulative organic pollutants) or substrate for pathogenic microorganisms. From the published articles, there are few datasets on concentration of microplastics to allow evaluation of toxicity risks from exposure. Levels of microplastics in whole consumed aquatic species may be of concerns to human dietary exposure risks, although in most cases offals are removed from fish for food. The highest concentration of in some of the commonly identified additives or monomers found in MP’s and such as polybrominated diphenyl ethers (50 ng/g), nonylphenol (2,500 ng/g) octylphenol (50 ng/g) and contaminants such as non-dioxin – like polychlorinated biphenyls (2,970 ng/g) and polycyclic aromatic hydrocarbons (44,800 ng/g) used to evaluate human seafood dietary intakes, showed that MP’s contribute only a very small fraction of the total dietary intake of contaminants (i.e PBDE’s 0.0007 to 0.003 %; PAH’s 0.02 to 0.1 %; PCB’s 0.007 to 0.03 %) (EFSA 2008, 2011, 2012; JECFA 2016, 2006). However, according to EFSA (2016), after oral ingestion the largest faction (>90%) of the ingested microplastics (0.1-5000 µm) and nanoplastics (1-100 nm) are excreted via feaces, and only particles smaller than 150 µm may translocate across the gut epithelium causing systemic exposure. But still, commonly found additives and sorbed toxic chemical contaminants from the environment can contribute to toxicity in exposed individual species, due to the small size, large surface area, interaction with other organic contaminants, persistence of microplastics and presence of different polymers types. Future research should strive to provide more data through targeted monitoring of MP’s in environmental samples, to understand effects of nanoplastics and microplastics (<150 µm) in aquatic species utilized for food or feed and also target the endangered species. The widespread presence of microplastics and presence of different polymers in the environment calls for more investigations on marine sourced materials, to enable unravel the exposure routes to humans. The relevance and implications of microplastics exposure of seafoods species, and human health are still largely unknown (Bouwmeester et al. 2015, Koelmans et al., 2016). Established biofilms on MP’s alters the property of MP’s and can attract both organic and inorganic pollutant chemicals and pathogenic microbes (Glaser 2020), but conducted research suggests no conclusive evidence on adverse effect on human health from the pathogenic microbial community on microplastics. Besides presence of MPS’s in biota and potential trophic transfer, there are concerns of the potential presence of MP’s in other raw marine products such as seas salt. MP’s have been found in commercial salts from 128 brands and from 38 different countries spanning over five continents, with concentrations lower than those reported for blue mussels (Peixoto et al 2019). A study of Portugese saltworks showed a range of 595 to 5090 (sea salt) and 3325 to 6430 (well salt) microplastics /kg (Soares et al. 2020), dominated by fibres and fragments. by providing vital data and raising more awareness to the public about the “invisible” effects of this widely used plastic materials, we will be able to implement better solid waste management practices at household levels and encourage more reuse and recycling of wastes. There is a general paucity of data on MP’s concentrations and the lack of standardized methods/protocols may still make it difficult to compare concentrations on the same environmental samples or compartments across regions, ecosystems and study areas (Table 5). 


Table 5. A comparison of concentrations across different ecosystems

Ecosystems		Concentration and composition
Water							Sediments			Biota					
1.Lake Naivasha (a)	Plankton nets						Mean (0.407±0.135 part/m2)	NA					
			Mean (0.407±0.135 part/m2)				Range (0.23 to 0.7 part/m2)						
			Range (0.183±0.017 to 0.633±0.067 part/m2)										
			Composition: PP; PET; PES;				NA				NA		)			
Fibre; fragments; films													
2. Lake Victoria (b)	Mantra nets						NA				Fish nets				
3. Coastal waters (c )	NA							NA				Tow nets (500 µm)			
														Jellyfish- R (0.012 to 0.05 MPs/g).	

4. American Great Lakes (d)	Mantra trawl nets (333 µm)			NA				NA					
Mean (43,000 part/Km2)												
Lake Michigan (e)		Mean (17,000 part/Km2)			NA				NA					
Lake Erie (f)			Range (43,000-466,000 part/Km2)		NA				NA					
5. Lake Geneva (g)		Mantra nets (300 µm)				NA				NA					
				Mean (0.048 part/m2)				NA				NA					
6. Lake Taihu (h)		Plankton nets 														
				Mean (0.01 to 6.8 part/Km2)			NA				NA					
7. Three Gorges Dam (TGD),	Plankton nets 														
(China) (i)			R (1597-12611 n/m3) 				R (25-300 n/m3)		NA					
8. Lake Maggiore (j)		Mantra nets (100 µm)				NA				NA					
				R(0.02-0.29 part/m3)													
9. Urban lakes,		36items/L					67items/Kg			Fish(17items/ind.)			
Bangladesh (k) 																		

NB: a = Migwi et al. 2020; b = Biginagwa et al. 2016; c =Awuor et al., 2021; d =Eriksen et al. 2013; e =Manson et al., 2020; f = Manson et al., (2017); g =; h = Su et al., 2016; i = Di & Wang 2018; j =Binelli et al., 2024 ; k= Fariha et al. 2023; Part = particles of microplastics; R = Range; ind=individuals; n = number; 

CONCLUSIONS
There are several sources of MPs into freshwater and marine ecosystems, resulting in no clear conclusive source. The microplastics are widely distributed, but not well quantified in the different compartments of the surface waters in Kenya; despite the several publications which quanity macroplastic or macrolitter. There are also limited studies on effects of MPs on the aquatic fauna (fish , macroinvertebrates, zooplankton), and therefore more studies are of priority in the Kenyan surface waters. The notable potential impacts of concern from microplstics pollution includes:- loss of aesthetic quality of surface water/recreational use; -Ingestion by animals/toxicity from leachates or additives; -habitat degradation; light transperancy; surface for colonization; high potential for traslocation ; loss of biodiversity and trophic efficiency. The common major threats to tropical lake basins (i.e catchment degradation, climate change, landuse changes, wetland degradation, population expansion and urbanization) double up as factors accelerating transfer and accumulation of plastics.

Recommendations

Based on this study, the following are recommended: 
· Domestic sewage should be treated and screened before being released into Malewa River.
· Awareness should be created to sensitize the locals on the importance of Lake Naivasha conservation from the micro-plastic contaminants.
· [bookmark: _GoBack]The County government together with other relevant environment conservation stakeholders should impose heavy fines to those found discharging micro-plastic contaminants into the lake.
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